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RIN

Question I (20 points)

Question II (20 points)

Question III (20 points)

Question IV (20 points)

LMS Question is worth an additional 20pts

Total (80 points)

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. Read the entire quiz before answering any questions.
Also it may be easier to answer parts of questions out of order.
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1. Thévenin Equivalent And Voltage Follower (20 points)

The Thevenin Equivalent Circuit *
provides a very simple replacement a4 R3
for much more complex circuits. If § Lk
we have this simple circuit, analyzing Rliokad 3
changing loads becomes quite easy. '-'-'-"' \éU\ ‘\’A + AA— ‘\I B
In this problem, you are to find the —
Thévenin voltage and resistance for a R2 R4
circuit. 2k 2k
¢ *

a) Find Thévenin Voltage for the circuit assuming RLoad as load resistor. {4pts}

\/A — VB (ﬂt"('e\f Ye_vav(vx_ta, lpa.a( Yz,g"s'[]:-r>

£

b) Find the Thévenin Resistance. {4 pts}

To fnd Ry, Switch V, off > V. = o
CRCP(&C& (oa, Short

Cyeuit
R RI R2 P
llil A 8 "i = —%—_ N ' 4K
R2 R+ | R2 R4
2K 2K 2 K %
R = Rug =(RilR) +(Ra IR
- | 2K s 1
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¢) Find the current though RLoad after it is changed from 1kQ to 4.7kQ in the circuit. {2 pts}

QA2
_ 2V
2V _ RiLoad IRLOMQ -
‘[ = 4K s 61K
__l.__ 0 = O-298 m A

Or 2?@5‘/4,4

d) r False: A battery can be represented using a Thévenin equivalent circuit. {1 pt}

e) Trueo
pt}

@

Thevenin equivalent circuits are only useful for a specific load impedance {1

f) Two students, students X and Y, are given the same task. They are both asked to design a
circuit that is able to take in a sinusoidal voltage source V1 with 100 mV amplitude, as
shown in circuit diagrams below, and deliver the same sinusoid but with an amplitude of 75
mV to a load resistor of 100Q.

1. Student X designs a voltage divider as shown below. Will this student satisfy the design
criterion? Provide reason for your answer by calculating Vload. {2 pts}

- R2: Ricad
-+ VA ;
§ load R2+ RLQ&A
R1
1k
xg;;: 0100 + Vload Rl + 22- RRLOO_A
== zm fb V1 ¢ z+ LoaA
rete it () R
R2 RLoad :
%k 100 = 282 wmy <<TSmV

I 3 P. M. Schoch and M. Hameed

e
|



ENGR-2300 Quiz 2 Fall 2019

ii. Student Y designs a voltage follower as shown below. Will this student satisfy the design
criterion? Provide reason for your answer by calculating Vload .{2 pts}

+5Y 3
R1
1 vB
N~
VOFF = 0
VAMPL = 100m /T —i 31 ¥ Vioad
FREQ = 1kHz V)V > 6 ]
AC = 100m 2| 1 uA741
R2
3k & RLoad
100
-5V

i Vg = ____R?‘ V, = 15SmV ‘
vB = VLooml C Vo H'Dje. tollowe;>

iii.  Sketch the voltage waveform, Vload, measured by students X and Y across the
load resistor. Also sketch voltage waveforms for VA (same for both students) and =
pin 3 of op-amp, VB (only for student Y), on the same plot. Label your line plots '
clearly. Use VloadX, VloadY, VA, and VB for labelling. {4 pts}

Va
2\ "\ sV

v
/\ \‘ B ),LVLOAﬁY

A~ 7
/4 // T ] "*

[\
o

\
\ // |
\
\ A1 N\ i
\ /] \ // 5
\ // \
A

-100 1
0 012 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time [ms]

VA O\W\P\C‘H\a\e_ —> (co A\ \/ \)\Lo

Voltage [mV]
o

)
)

A
S

\

(
N

Mf((’{‘l’\pl e = g‘g"\\/ !

ADX
\f% v \}Loﬁn;\( = TISmV
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2. Strain Gauges and Bridges (20 points)

+5V
/\
+5V
R1 R3
R5
500 ? 1k k
3
++
Wy > 6 U1 Vout
. 2| 1 UA7BL
1k <
R2 R4 R6
500 500 R7
10k -5V
v 1 AN
-5V = 10k
R8

a) If Vout for the Bridge/Amp circuit output is 650 mV, find the value of R3. {8 pts}

b}ﬁM\M wafl;tfe*( .

\}Owb -
R¢ S
\IZ = [5— C——’S)] R= - < = OV
R+Rz2
éSO wm\ = lo K CO—Vl
('S
R4
R5+R+
= V= lo R sV = —-bswV
Re+Ry
= __Rj_ - o4935 > |Rg= 5132
R, + Ry
5 P. M Schoch and M. Hameed
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b) Now consider that R4 is an atmospheric pressure sensor, located higher than sea level.
At sea level, the sensor would balance the bridge (Vout = 0 V). Due to the increased
elevation, there is a consistent offset away from 0 V due to the decreased average
pressure. It is desired to re-balance the bridge to account for this (e.g., the offset is
removed). To do this, a “trim” resistor is added. Assuming the solution from part a. is
the offset value, what value would your trim resistor be and where would you place it? {4

pts} .
Mu (‘h{>le o?'h'ovxs

O (2 yealstoy in Seruen wite R4,
oR

@ (3> < yesaistory in  Serdex wit. R .
oR

¢) In experiment 5 and project 2, the bridge had two strain gauges in it, as shown below.
One was on the top of the beam and the other was on the bottom. What is the usefulness
in having two strain gauges? {2pts}

Iy Ag the bea nn Eo«JA, One

R1
350

A

TOP_STRAIN D% e  Strain g anges mcreatl
. A smce while the
Dthen de creases ot fhe

Some  halz .

This eﬁ@'% Aovble
e Seng v 83' e
MLy oot

BOT_STRAIN
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d) A circuit, shown to the right, consists
of two fixed resistors R1 and R2 , a

variable resistor, the resistance R3 of § R2
which can be adjusted, a resistor of § R1 1.5k
unknown value R4 , and 9.0 volt 6k )

battery. When R3 is adjusted to

12k ohms, there is zero current OVde =LVl Vop ‘ _ Vb
through the ammeter. What is T

the unknown resistance R4 ? {5 Ammeter
pts}

2eso  Cuvvend —H«)vov»ﬂf/\— 12k
Ommélpr = V, =V, .

\/A: Q(RB 3 q(i) - 6V
RI+R2 € K

Vv - 0{<R+ B - ARe Ly
b R.+R =
2 0 1'5K+R¢‘.

)

> 4R, = Ak t6R, > | R, = 3Kkn

e) True oonsidering a bridge with only 1 active element (e.g., bridge from part a),
the resistor in the same leg as the active element (R4) must be the same value as the two
resistors in the other leg (R1,R2). {1 pt}
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¢

Vi
3. Operational Amplifier Applications Ra \Z-z Ut
a. For diagram shown Vj, is the voltage on the non- Wy e
inverting op amp terminal. e WSV s et
1. (2pts) Determine V,, it terms of Vin. Assume _[AM e 3 °
an ideal op amp and use the Golden RuLes, =0 o
a.k.a. the op amp amalysis Tules. A

CI/IO (/Aq 47 ({4:"‘/"\

. (2pts)Explain in 25 words or hopefully less how you determine the answer to part i.

f . v A ta -~ AR 4
62/) /’h.éf y "f\/f'& f&'«/{’! lr\/kj CUvr/ 4 4‘\‘) 4 # } R

18 r il v, /714J,,1 e (- %,1 =

4

27 v

) iy | / 4a CAdina éfl 3
d%’ § " ;\ ;e J‘é;-—( J "éﬂ% T CUpr~sy 15 / }' {
. (2pts) For this circuit, if Vln(t) =0.2¢c0s2000t Volts, Ra=1kQ, Rb=1kQ, Rc=5kQ
What is Vout(t)" / /o,,\ EN 3 ro~F

V. , = f;., - é uJ’ = /2 coy 100 OF
" 4
)
b. The circuit shown is a Miller Integrator.
Given: Rin=2kQ, Rf=20kQ, C£=0.5uF A
1. (3pts)AC Steady State: if Vin is a —
sinusoidal waveform with a frequency o
of 500Hz, determine ® and determine Rin
the complete transfer function H(je) Vin: SNt
plugging the component values. For
the complete, don’t simplify by
assuming o is either very large or
small. Leave H(jo) as a ratio. )

W>1nf = 3me/;o¢ ok
Fron Crib shord HG‘”) MMM " 1)/(w»}f{’?.!*f}‘,f;»o}w)/i"w&zz}

. (2pts) If Vin=0.1V (dc) what is Vout‘? And for this case is the circuit an 1ntegrator‘7 (Yes
or No)? /2, . - IV

?&— C&)(p ’t C){Ng V:uuf, = (?

,,ng - fzfv t A N '.7[0 joﬂf(
m* I 2 P. M. Schoch and M. Hameed
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c. For the circuit shown answer the following ;;
questions: R1
i. (4pts) Determine Vout if: Vi W gm ; : V.
VI=1V dc, V2=1cos(5000t)V R2 6

§§~ "' o

ou —0Vout
R1=2kQ, R2=1kQ, R3=6kQ (7? = é‘” _J_'_S' A
ﬁ = . : U2 v+
AJJew = T2V
I'\

(&
:."-5)(\ ‘6*” m;(/‘;w@“t) = 6’°5§00"* -3 //

gﬁJJ

. (2pts) Assume that the op amp is ideal except that it has finite voltage supplies. For this }
circuit to work as you have determine in part i. what are the restrictions on V+ and V-2 %

V{zv;‘\é‘ G ¢ . C 'z 2 3V L,\/Pf V—-/( ﬂ?"b/ V,)\ :? ? w/,

‘/dﬁ"" i = - f-%= -~V ) G:ooc) AR5t~ 7\ V’ 2=V
Vr =4+9L |
—_— |

d. (Ipts) An integrator with an trlangle wave input will have a sineware a‘t the output?

Tme%f§5;> <5f“xé J%’ - ;‘w-{fkl

\:_\, /(/J 4[ € C bty ~.{

e
& e. (Ipts) A differentiator circuit with a tringle wave input will have a square wave at the 3
& outpgt? J - . . m= ¢ /Zb,?.# oT p*&'é
_ ) — (it = M . e
< Y L A
d ¢+ B
3
‘o
~&
¢ f. (1pt) The reason that two strain gauges are mounted on the cantllever beam rather than Just
-4 |
| one is to improve reliability? , / J .
~5 P y/V¢ fA e, "éc* ’f"f Al Cived)d
i J .
i
%«) True o(ffse) 3 f.
% M”"/f $ ? #{7 3
. s P { foih.
s - o # PV, 2 A y 78
‘, \? ) &) ot ‘ 4 & . [ X0 A
L <

; ; 4 | » / ¢
‘ To TN 2 0 7( B,, ) %/ -t
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4) Conc&)ts, Troublesh(r)ting and tha Analysis (/‘7 f [ set ”
o e / ! ) / — (

| H Y 4
17

4.0VTY

)
1
i T
)
3.0V Tt
N}
1)
T

]
%
&

2.0V
1

5] 08} 08888 A

04
Eiay e

oV

-1.0v

2.0 The vertical scale is in Volts, the

=5 horizontal is in ms, as labeled.
-4.0V

-5.0V

0s i s 10ns 12ns lins 1ams
o werts) ]

/—P ; R ( n-s Time
a. (10})\&)@0} shown is for a-damped oscﬂlatlon with an offset. ?ata collected from the cantilever beam
often has an offset. “The equation that repres /nt§ this data is: l’ P

il
v(t) = Ve~ cos wt + Voppser Jd A l// Kpi

Use data from the plot and determine: Vo , &, ®, and Vg Include units. You must mark
the points on the plot that you used. Note that this must rnatch the plot startin.gat-»wm- -

time=0sec. | 4/ ”"":f) dry . g o L
9Cyc/e, e 17”:/; =) /7{*/715 wc.61 [, l//fcp

/
ad /e S
Vs :’;‘Va/hf""l/”é:m;zww 7). h 2/)(@ o whee 67

e J

— e ——————
P ’ -{:l Uh('f) Vo -} Va ,f’/’;r'f* Vi ’J/;’ V(,L‘) -\/,f/yf ); e“b‘\( +, *“(;,)
0 C){m{ ! 2?/— "’bﬁ ﬁh *
"‘r‘f’f’\’ -thdf = Uy e // - i (2,.\9-‘%.5)

’T »d Loatk€e L{KS _’5_:-—1- ~e _3

” &/ ot P /'\(1_) :(0()(2 )

..L'u.- - , -

3(/*{" b. (2pts) Class room knowledgegﬁdtagks € / o = K "f7 14> /

,

All of the resistors used for the experiments were supplied in the bag of parts.
True or/ False

ii. Before any signatures will be provided by the instructors or TAs. hand-drawn
schematics must be prepared for all circuits in the experiment.

False
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c. (6pts) Consider the strain gauge circuit on the cantilever beam. Which of the following can
be used as a measurement of the beam tip velocity? Circle Yes or circle No

ii.

iii.

iv.

l/a‘)'

The strain gauge bridge signal with just a differential op amp circuit?  Yes or @

The accelerometer with just a differential amplifier? Yes orCMo)
The accelerometer with just a differentiator op amp circuit? Yes o@

The strain gauge bridge signal with a differential op amp plus a differentiator op amp
circuit? @ or No

Is there another configuration of signal and circuit that can be used to measure the beam
velocity? And if yes, what is that circuit? Yes/ or No

a(((e/-f, owq,-)b A 71«{\ l(\')?fro\, J‘o- (/.,(W.p.

-
Electrical Characteristics ot 5) (continued) §
-
Parameter [ Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain Ta=25C, R 22kQ
Vg = 220V, Vg = 215V 50 Vimy ‘
Vg = 15V, Vg = 210V 50 | 200 20 | 200 vimv
Tamin < Ta € Tamax:
Ry 2 2kQ,
Vs = 220V, Vo = 215V 32 Vimv
Vg = 215V, Vg = 210V 25 15 VimV
= #2V 10 Vimv
Output Voltage Swing Vs = 220V, ‘
2 —ﬂg_r v
< R 22 kQ, ( t154> v
V=15V il
R_ 210 kQ +12 | 14 £12 | 214 A\
R.22kQ +10 | 13 +10 fv@- \
Qutput Short Circuit Ta =25°C 10 25 35 25 25 / mA
Current TAM.N <Ta% TAMA/ 10 40 ( A\ mA ‘

d. (2pts) Using the 741 op amp data sheet information above, answert the following questions:

1.

ii.

If LM741A op-amp is pgwered with a +20V supply and a -20V supply, (Vs in data
sheet), what is the rangg! of output voltages that can be obtained if the load resistance is

2kQ? ;": / CV ASS L r"o/

If a 80Q2 load resistor is connected between output of
for a circuit using +15V and -15V supplies, What is
output voltages?

M741C op-amp and ground,
e expect range of obtainable

*
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