ENGR-2300 Quiz 2 Spring 2022

ENGR-2300
Electronic Instrumentation
Quiz 2
Spring 2022

Print Name RIN

Section ____

I have read, understood, and abided by the Collaboration and
Academic Dishonesty statement in the course syllabus. The
work presented here was solely performed by me.

Signature:

Date:

On all questions: SHOW ALL WORK. BEGIN WITH FORMULAS, THEN
SUBSTITUTE VALUES AND UNITS. No credit will be given for numbers that
appear without justification. Unless otherwise stated in a problem, provide 3

significant digits in answers. Read the entire quiz before answering any questions.
Also it may be easier to answer parts of questions out of order.

E I You must include units. 1 P. Schoch and J. D. Rees



ENGR-2300 Quiz 2 Spring 2022

E I You must include units. 2 P. Schoch and J. D. Rees



ENGR-2300 Quiz 2 Spring 2022

I. Thevenin Equivalent And Voltage Follower (20 points) As stated on the cover page:
Round answers to 3 significant digits. Show formulas first and show your work. No
credit will be given for numbers that appear without justification.

, -— —_— —_— — — —-— \
| Rth Y} The Thevenin Equivalent Circuit consists of a
| MWN— voltage source in series with a resistor, which
| I provides a very simple replacement for much
I Vth [ more complex circuits. If we have this simple
| = I g RL  source, analyzing complex loads becomes quite

easy.

| . Load
I I .
| ]

\ -— _— _— _— —_— _— /
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a) (7 pts) Find the Thevenin equivalent voltage and resistance for the circuit below. The load is
to the right of the dashed line.

R1 R3
Vi 2k 1k
T
50
R2 R4 RLoad
2k 3k

A

lef T branch daes
omatfect unh or ki

Pk = K\ 2k = =750

|k + 3K

E I You must include units. 4 P. Schoch and J. D. Rees
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b) (7 pts) Now find the Thevenin equivalent voltage and resistance for the circuit below. The
load is to the right of the dashed line. (Hint. It may be useful to do this in stages. Calculate
the Thévenin voltage and resistance of the voltage source and first two resistors, then add in

R4 and R2.)
SYaqt 1
R4

R3 o
vl 1k 3k
R1 R2 R5
2k a4k RLoad
30
«_J

<~

F@v ’5%@6 1 \/M:ZO‘& 20V

[l +)

RAh= (k|2 = 467 2

I\/@‘f\/ Vﬁé\/aw CI‘VCM/HZ‘

657 3k T

A
(o [l h ] “lead )¢ HfZK £ 46T)
L_/—/__’___,
v = (WovoY (7667)

e o =
\H’k’\t/]_o ﬂ\‘]k - ‘O%%\( LU ooD + 3667 [é]lg_o—

E I You must include units. 5 P. Schoch and J. D. Rees
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¢) (4 pts) An ideal voltage follower is now placed between R1 and R4 as shown below. If we
do not connect an RLoad resistor to the circuit, what is the voltage at the load resistor?

>
ﬁ
L
R3 - R4
vi 1k - OPO7 3K
R1 R2 R5
2k S 4k RLoad
30 2
o
2k
JoV e — =9y
PR (Vin oF op amp]
\/OMWL = \/.’[/\ - 10\/
VAW — RIS 3
agd = 20V A [\ H

E I You must include units. 6 P. Schoch and J. D. Rees
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IL. Strain Gauges and Bridges (20 points)

+5V
¢
&

%gé 7 note thal the leFt and
i Fight branches ave ca i
v2 Voltase dividere 4pad

=h 3k divide o voltage stardiing

at -9V and hireasivg
jv (OvY 4 +4h v

a. (3 pts) In the strain gauge above, suppose that R3 has a value of 370€2. What is the
differential voltage output (V1 — V2)?

50
= (‘5)*@0] ——— = 0V
5% 0 xR 50

VA = (- 250 _
> = 5) 4 (\0) e © ~ 0134V

\/xu\{1 — 0.13%34 V

E I You must include units. 7 P. Schoch and J. D. Rees
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+5V
+5V
R1 g R3
500 ? R5
1k s N
+
WV +2 3 Ul Vout
A 2| OPAMP
=
1k -
R2 R4 R6
500 500 R7 -5V
10k
A
= 10k
RS

-5V

b. (6 pts) Now we look at a new strain gauge connected to a differential amplifier as shown
above. If the voltage Vout is 1.2V, find the value of R3. (Assume that the op amp is a
rail-to-rail chip, meaning that the output can reach the voltage of the power supplies;

otherwise assume it is ideal.)

V) o+ fi( R
vo= V., -V -
SV - V) e (Vo-vi)

12 V- l.?i
] < <v1_VIJ

Lz + 500

/U

o
{
i
-
O~
0
5

E I You must include units. 8 P. Schoch and J. D. Rees
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c. (6 pts) Suppose that the value of R3 in part b varies during normal operation. Assuming
that you keep the values of R7 and R8 equal, what is the maximum resistance that R3 can
have without saturating the op-amp? What is the minimum resistance it can have without

saturating the op-amp?

/\(\O{X Vwa;g\/) VJ_"\/l .l Sv - 0.9 VvV

\/2: 0.9 V C 500
‘ 51«10 -
[2/5 +500 0.5V y ﬂ?a:l_joq _Q

{\/\I}V\ VOLATIL — _EM v

_ ) 2_\/) - ’05{/) \/2:\05\/
500
(—5)+|0m1—0,5 v Ro = ¢ Sl

d. (3 pts) Name one change you could make to the differential amplifier circuit to increase
its sensitivity (in other words, the amount of change in the output voltage for every ohm
of change in R3. You answer should not be dependent on the current value of R3.)

C%ﬁ\/\gjmj )Qg anr d Q7 WLO iﬂ/f@/‘
(esctances will ocreasre  Yhe dpr G

gaz/\/. a”v\i Jfﬂ‘e#f?@ovg 3%‘6 Sﬁhf){)/[/JZyl

e. (2 pts) In Experiment 5 and Project 2, you were asked to consistently use the same
cantilever beam and strain gauge each time you came to class or open shop. Why was
this the case?

C%ahj)bﬂ Z)CJQMS l/\/ﬁm]cl l%fyadm(@ Meéfbyglﬂ’\fm% e Viroy

And /oy /fttu*/VQ vou *to recalibrede ctrgim Ganse

G ,

A beom dﬁﬂ(d\om (amé 6 thpo, TQQAD@J 1 Casse

Cach beam to recpond ’5("/7[?“0”%‘/ “l zeve deflection
E I You must include units. 9 P. Schoch and J. D. Rees
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a. For the circuits below, assume the op amps are ideal:

i. (2 pts)For the circuit on the left, given R¢ = 4k and Rin = 1kQ
or Vout/Vin % w +

ENGR-2300 Quiz 2

ITI. Operational Amplifier Applications (20 points)

Write-an equat

u"’**wm“
{/2’3{% %'\ mi{ { e Mg
\“ B 7N - a
Wi 5 Vout if Vin=2V Problem IIl.a.i. is the same as ii and
_ the correct solution is A=5 and
%:Af} - 9i/ Vout=10V,

ii. (2pts) For the circuit on the left given R¢=4kQ and Ry, —ﬁle
L—write an equation-for Vout/Vm /é .4 Ae -

e

L —_
f (/&a’}w - {7-" /' ~ o~
~~—2_ : ' What is Voutif Vin=2V

1
(‘/;:’ o 9«.3';3 - f fﬁ} M

iii. (2pts) For the circuit on the left, given Re= 3kQ and Rix = 1kQ

s

AT S A% 1.  Write an equation for-Vout-as ZLﬁ,ID,CHOn of V1 and V

. L C ur=3(V2v) L /@z (/Mz )

ﬂ 2. "What is Vout 1fV1 =3V and V2=1V,

Vit Grmi i Y, g

iv. For the cu‘cmt on the left, giverf Rin=10kQ and C=1uE~ ’,,L«
1. (1pt) Write an equation for Vout(t) as a ﬁmctlon of Vin(t) Re rI-

-| \ N
Yt ® e SU (e)d1 =~ —1uo WINCIE

bt )

2. (2pt) What is Vout(t) for t > 0 if Vin=0.2V (dc) and if Vout=0V when

t=0. A
Coavdt= 0Lt : |
Vb = - A0 (‘/“M‘*}
v T
3. (2pts) For AC steady state, what is the magnitude and phase angle of
Vout if Vin has a magmtude of M_phase angle of 0° and a frequency

5
of I0Hz. | = GO 2 v
= < {dc) Ty e ?4} ) /(/,;/ l{ Y] C

&Sy Zn ot U7
v. (2pts) For the circuit on the left, given R1=1kQ, R2=500€2, R3=1k€, and R

Rf=1kQ:
1.Write an equation for Vout/Vin

v, , = "’{/l/f)'-' 2Vr - V3

& ot
2. What is Vout if V1=-2V, V2=2V and V3=0.5V PN

i/::gm‘r - %"L mxii s C‘;} {% / ii ?

5o

—0

E E You must include units. 4 P. Schoch and J. D. Rees
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b. Answer the following questions based on the g 02\%
differentiator circuit show. For parts i. and ii. — V V)
assume the op amp is ideal. Ll 3.2k
800ohms | :
HE— /\ / *A__j“ e [ ‘
i. (2pts) For what range of frequencies will vi 2 Y 0. 0‘ 1;‘;*}/ -® Vo
this circuit behave as a differer ator? L

Give your answer in Hz.

A1 'F‘“““ '
< .= n . ¢,
WEe 4 D T an f; i

oo 10
. (2pts) For AC steady state, if Vi is a SkHz sinewave with an amplitude of 2V and a phase
angle of 0°, what is the amphtude and phase of Vo?

ff”@@w*;.wjm Tty as < 2 0k H+ V( = H{j~)V (j“‘/> H( %)/) - WWC

/ =
/ \a_«;} C? /(ff% N f/‘; 1 X10 /’(/ o /} i ‘
() 2 =90 /Mf (V)= /W/\f /’f% ) .'21/
j PR S YS TR T
f 4 v::* »%%U

-

iii. (3pts) Now assume the op amp is ideal except that Vo is limited to be -4 < Vo < 4V, this
limit is due to saturation of the op amp.
If Vi is a 4kHz sinewave, what is the maximum amplitude for Vi that won’t result in
saturation of the output stage of the op amp?

PRI TRE oYW ) IR "~ V. 8
| n Ao Gt = Hﬁwi ey

 An, Yo
n -
W Gx Ao P Ve, = — () il 2 - LV

%ﬁ: E You must include units. 5 P. Schoch and J. D. Rees
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IV — Concepts, Troubleshooting and Data Analysis (20 points)

a. (4 pts) Real components compared to ideal: In wnggf_ T ——
Experiment 5 you built and modeled the circuit on the | o ?j‘ ,
I'ight. * Y; tran 0 14m 9m 1u .\u {;F

W’P\?Lsseer('giom 1u 0.01 0.02) %m “
i. For the LTspice model you included R1. But you &

didn’t put a resistor there when you built the circuit. Why not? {lpt} .
g é AP i g oo Po g, ;
Rﬁf’ai »‘rv& sz« U?{{&w i %Qwﬂ' 4 BT ’;”"i’i‘nﬁ« g ié"z i e = e/

e 5% Fawm, ? 0-( L1

ii. Your partner wired the circuit with a 0.01uF capacitor rather than the 0.1uF capacitor
called for in the experiment. Would the oscillation frequency go up or do T and by what

percentage (to the nearest 1%)? {3pt} - ,,,l@\
W= g Y e
A |

o 16 7%
M""m o g ’5; /é }ryﬁég wt et ny Qe | @%j? £ y Z é )
(‘V m : w?fi aee ?@5{ é = @févz‘ o7 ’?La

5.0v a > I o i o
w® & @ iE. Y
e g T
e I < N O S T
: { LA T 17 O A = 2/ at
BN i I I M ) S A AV I W )
: ] 1 O YOI W | B i - A WO ALY A ;
Lo { { SR LSS Y1 P 1 i\ I &9
- i 5 ! ) O A4 O . 0 YW N 2 ) I\ ) S
- i ! it Y | 0 I W W gy
I i (S O | 300 O N N | B R " -
o ¥ [ I - I I 1] T
L. Y 1 85 L W A O A - VA N 0 0 O Y
pel] . N Ty 1 W .V
2.0017 { 1 N | W AT 5 | L 0V v
i) N N O W - L=
- O 1 L
QPP | ¥ A gt|Y
il ] LV :
=5.0V
Og S 10ms 20ms % 30ms 40rms 50ms 60ms 70ms 80ms gﬁ;&mw“g&rﬁ 100ms p ) o
\Q\w MMMMMMMMMMMM e ———— I LS ) M e ,4&‘?% »\ \;3 gr%m ¢
b. (4pts) The plot above shows a damped oscillation. The horizontal scale is time (5ms per © 69 liz
small division) and the vertical scale is voltage (0.5V per small division). The hori ﬂzonta}w —
scale is from Os to 100ms. The vertical scale is from -5V to 5V. ( W 57 $1 f})
Find the decay constant o and the angular frequency o for this data. You must mark-the-———
data pomts on the plot that you use for your answer. - 04:3 gd { -{ - 4

Aam‘;:* (?” hy wil/ wo-f er

S : . %/‘ g"’wﬁ. & L
4 - 2 J o e i Y e ) {
L -
& =AU Y22 S & P

Y - g .
E § You must include units. 6 P. Schtch and J. D. Rees

P




ENGR-2300 Quiz 2 Spring 2022
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TOTAL SUPPLY VOLTAGE - Volts FREQUEN -HZ LOAD RESISTANCE ~ {1
TPC 19. Open-Loop Voltage Gain vs. TPC 20. Maximum Qutput Swing vs. TPC 21. Maximum Output Voltage f& k\j
Supply Voltage Frequency vs. Load Resistance .

80

g 80

Q

®

o 40

2

<

& Tp=25C
a 20 Vg= =15V

Ay = +5 (1kid, 2500)

0 800
CAPACITIVE LOAD - pF
TPC 22. Small-Signal Overshoot vs. TPC 23. Large-Signal Transient TPC 24. Smali-Signal Transient
Capacitive Load Response Response

c. (6 pts) The OP37 is included in the ADALP2000 kit of parts and a page of the data sheet is
shown above. Use this to answer the following questions.

i.  (2pt) If the OP37 is powered by £15V supplies and has a 10k<2 load, what are the
expected max and min output voltages that the OP37 can achieve?

L Mese st omaady éhf@)w? W Yo - AL

e

ii. (2pt)If the load is changed to 600€2, what is the expected max and min output voltages?

May 3%’{ P T ”!!ﬁ/ !w: ;f'{ff ae ?@J" :z:}l 2 ? féﬁ!f
/£ Ve b ope WA g
iii.  (2pt) Staying with the OP37 and £15V supplies, and using a high resistance ??‘d reatgf; oA
than or equal to 10kQ): if a 1MHz signal is applied, what is the maximuny bitput voltade.

that the OP37 is expect to be able to provide?

4’}_ % o égj'"f Zu A f [ j e A é v ‘/)» /f«’

R
v

oS

%‘4 g You must include units. 7 P. Schoch and J. D. Rees
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d. (2pts) Which of the following op-amp configurations works best to amplify the signal from a
stain gauge bridge circuit? Circle one.

Voltage Follower Inverting Non-Inverting Differential

Adder Integrator Differentiator

e. (2pts) Explain in 25 words or less: Why does the Miller Integrator (practical integrator) have a
resistor across the capacitor while the ideal integrator doesn’t have one?
/}Tl[/ ﬁ/ Hvp s hoor ole €roo-s, Frlvrn Emduy 5\ 1 r—t
. ] / to @ Ay di
AN whe Com “?{"@w“ o f | &« e ot ‘:/“ € / 4
f 5

(!kf,twu?é
T@F“‘“” g/(" Hee T f?lwﬁjm»wm 7“\3 6““ ﬁf Fle crvem

Qw ole ¥ low f:';‘;ﬁqwgwww

%" /‘l%\)/ wif;?ai"fp ?{i & o ;;béw( ‘¢ 7O ﬁ%m;;j%

f. (2pts) What is the likely capacitance of a capacitor with a label of 104 on the side?

[0y o7 = 10
7(}@»@»@?3 — ot N ?‘Lf’&w

/¢ r\iC: ”:P ;OQ”JM J “ ;vg

A ! { [ aAllve
«
| 0 o7 e 1 e
3 ;o —

E E You must include units. 8 P. Schoch and J. D. Rees




