ENGR-2300 Quiz 2 Spring 2017

ENGR-2300
Electronic Instrumentation

“Quiz 2

Namgé /) \

Question I (20 points)

Question II (20 points)

Question III (20 points)

Question I'V (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. Thevenin Equivalent And Circuit Concepts

7 o \‘ The Thevenin Equivalent Circuit consists of — ”’ o
: MW a V9ltage SO0TGE in serie's with a resistor, jy
: I which provides a very simple replacement
.| I for much more complex circuits. If we have 2.5 »
— l e this simple source, analyzing changing loaéls V=
I 12V=
I i becomes quite easy. / by
I I Load / -
I - ’= a) (4pts) For an unknown circuit, the Voltage’across
e - RL was measured for different values of RL. The
results are displayed in the table. Find and draw the Thevenin Equivalent Circuit,
determine Vth to the nearest 0.1V and Rth to the nearest 0 le’ YV
RL Vload , 2 T AL
1kQ 3.43V
g . — > o - D
dsko | sov] ) ‘ 70 4 484s = 6
500k 11.7V] ? R g §a,, = Y
1Meg0 12.0V M},Hﬂ/ﬁ Ve -1/&1 /zfng\wwzmzl-w/t/

l

i

da;ﬁ g("‘ /j Oﬂ “5{“ @A b D 2- Q/Aﬂzq 6(0:»
\/) "}Z‘( Usge A~ )’ r/
G So e 1. V. ¥ V&
b) {4 pts} Circuit concepts: Strain Gauge. The circuit shown is the strain gauge used in

Exp. 5. Assume that if the beam is unstressed, Ral and Ra2 are both 300Q. Determine
Vout if the beam is moved so that Ra1=300.5Q and Ra2=299.5Q Be sure to note the

polarity of Vout.
VM AT
1;(9)) - OV
Ra1 —500 +7ﬂ0
v, - Y% _,
- Ra2 (;. Cs) > 2ﬁc?g + /i-";‘/ S -8 3mV
500,04 297.€ —_—
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¢) For the circuit shown, Rload represents the resistance of variable load connected to the

circuit of interest. A"..J
va 2 '/? .
Vioad .\l
| ‘ —) = 2+ 1 41Ck @a &
V = Rload
20 = oa / o

‘;“0 qu/),g;r =) AR

i.  {4pts} Determine the open circuit Vload, the voltage across the Rload when the
res1stanceyf Rload=o0. /. ‘(

l/ 'T'/?tr"
W, SV&°© _ 9,65

V =
/ G )T open circuit

_10(/'_.._.._)
- ]. 9S4

> 969

ii.  {4pts} Determine the short fircuit current, Ise, the E‘I_J.MI;ITQDIJh&Qil\gh Rload when

-2 /~ . Rload‘Of)J A ‘, ; J (/A"
g ‘V \ &.égb"r .20 ; ISC: b/' q l ~ A.
fe (2 :
Bl | ‘Zhﬂsé'é{;‘—h - L/ﬁ 1 /{
? - Y v mf&g,_____,b/,q”
| L ‘ L L
9 - e S
Ra-ile) = 06STH S
iii.  {2pts} Draw the Thevenin equivalent circuit. 4

> E———

jfg ) "fﬁ'k.-l*
Voo = VDA 2 ‘?65

iv.  {2pts} Determine the voltage Va when Rload =Q and when Rload=0<Q. Hint:
use the previous results.

@, 2 Ys TV ) G —f—,.L A40v
e

Va (Rload at w0) = 4:.,6 v

Va(Rload=0) =_H, 91 v/
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2. Harmonic Oscillators and Math
= For the circuit shown, Rcoil and L1 are the effective resistance
/ and inductance of a real (not ideal) coil. At low frequencies the

capacitor acts close to ideal. The models more complicated at
high frequencies.

In the real circuit, Reoil and L1 are distributed along the length
of the inductor. It is often useful to use a lumped parameter
model — all of the R is included into one (ideal) resistor and all
of the L is included in one (ideal) coil.

The circuit being modeled is simply an inductor in parallel with
a capacitor. At t=0 there is stored energy in the magnetic field
of the inductor as was done in both as physical experiment as
well as with PSpice simulation for Experiment 5.

10V s T ; :
4 \ /. | PR g S
28 e — Voltage across-€1
fﬁ LLZNIEN A v f
X s
/ T\ )
/. \ i N\ y 4 1.7
J \ / \ / \ 4 .. N N
I \ Vi \ I \ 7 Ju= N Lol N
/ \ A \ V4 / \: 4 N\ L }
/ )Y \ /. N /. \ \ V.
/ \ 7 \ / \ VA X £ y.
A I \ ) J / \ /. s N
|\ / \ / A\ L. 4 P .. .
9 v e x \i / N7 r Y 4 N > ] Y i
_ A P i V4 = r/; ;({iﬁ“ [2) & ) N
y G § - se— ot et 111 S e s SRR BF 2 B P by v A
fra AP A= : e .
< s 0 1.0ms 1.5m8 s 2.0m8
@&\____.ﬂ_..x}'/
WMM( Time

The horizontal scale is time (2ms full scale) and the vertical scale is Voltage (-10V to +10V).
a. Estimate the greatest |dV/dt| on this plot, give the value and mark the time pomt on the
graph This is for later in the probl7m {1pt} /Q v

. P 49 4 / Ce
o 5‘ Dby &)y Pt :‘f / » “ -
Inul  Sloge / D.06ms " 20 olrav ]
b. Find the decay constant a and the angular frequency o for th1sf data. Mark the poin
used on the plot. {6 pts} - A ( V25 Xt 5)

@ ~V o«,’ﬁ f=v J. 2CwS 7:(/18

AU af ('V'f* [68~s P Wie i
’ ““‘"’}1 _ L 113 X
aﬂ‘,ﬂm/’s 4"\/"“0 e '"g“""“f

N ———— 7 4 5%‘1- ‘ti‘ P i
. b ,?47/4-? f" of boH e i wl
}‘2,» 0,347 = a(/':ii: ) e

o { o : -\
LA/ L g\{& <Sé. 5;»*?{)

S

1}

,wg;ZU
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¢.  Write the mathematical expression for the voltage across C1, in one of the forms
V(t)=Ae™ cosmtor V(t) = Ae ™ sin wr , depending on which form fits the data better.
Give real values for the constants and provide units where appropriate. {4 pts}

sk =0 p st docasn =y V, oy - 174
dr Calé ll\gfb/ o m- ,daf}“‘ “"“‘*ﬂh/“_*i«w

v, (/8»\—5 f}! ‘5.?““63‘)‘!’/

‘,!

7
il

ﬂ'“‘r
P

e ot
t/ (\‘) - "9@ c’m ('3?”"’ {)

s —

d. Given C1=0.1uF, calculate ‘the values for L1 and Rcoil. {4pt}

( (
- /‘L - R e = ?.‘5 ?m
ol v L2 e (18.820%) "o0ig” ——

o

e. Using the result from part a. of this problem, and C1=0.1uF, determine the value of the
current in L1 at t=0. Crib sheet for Qulz 1 may help for thls and part f below {3 pts}

\ ‘» = 5 )
L (?o ) SRR
u(/v‘"‘)).w o oA = D A

f.  The energy stored in the electric field of a capacitor is W = %C V2 Determine the peak

energy stored in the capacitor. Include units. {2 pts}

IU/’ %7,?1/0/76'V

Mo

V(")/ /)/'M;‘) -3’2,? W

E I 5 P. M. Schoch and M. Hameed



ENGR-2300

3. Operational Amplifier Applications

Quiz 2

/@K Spring 2017
) N

a. For each diagram list what type of amplifier shown and the equation for Vout as a
function of the input signals and the component values. If there is more than one formula
for a given circuit, you only need to present one. {6pts}

V1 o-\A\AA

R2
V2 w"f‘\l’vﬁ‘e

——0

V3 e
3 o-"\N\N
vy Vout

O AQJ&-

iii. Typeis: Su m =t

Rin
O ATATAY
Vin
>R, ? T
+ » - ’*-zr - Fs
L Typeis: {llo"\ -»“3“ chatil ji. Type is: :,r‘m»%.egf -~ }0”\
4 ﬂ ‘\‘ ' '
Vout= ///J £ ) Vout= - me gu'ph ("()Q(”é
L R
R1 Rf

Vin 1.

- —

iv. Type is: | i v b

v. Type is: J i ( .#}

AT IR

d

< e o
Yone= ot /\ 1, Wy ‘/; Vout=_ — 2"/ .. (A%
Rf r Rin Rf
C My o—A, J:\v‘ﬁ o b‘\fﬁi‘a,""’v
Vi

—O

Vout ‘}—; 0
j j ve Vout
= ’==T } L= o «“!,\’g"\\"f\ N i‘“‘i”‘“‘\"ﬁ"" ;

o eres Gt Rin -

RE [+ A
vi. Type is: 0.#£ﬁ—4-4 P A n—f

Vout= l;;: (\/1 '“k/,)

i
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b. Vin of the circuit shown is connected lf
to the Waveform Generator 1 on the "o.01uF
Analog Discovery, which has been va
configured-to-b square wave e & —||||—||"°
R U
~witha amplitude of 100mV w—e-2xU%

VO (200mVp-p). Draw V1 in the gra.ph\ Vi kohms -,
belo 2pts ' )

e A 0 | =ik

0

i

-
& &’) - me -ej"‘/;
200y # e S ———
1/
G~
& .
/0% m
ov
—~ 1o
-200m¥
0= S0ns 100ms 15008 2000 25008 300 3"[Mms 400ms

In the graph below draw Vout for the circuit in part b. The input is the one given in part b.

&
Pick and label approprlate values for the y scale. For this part assume the op-amp is ideal. =
|
{6pts} . Suind L~ 105 L 10 [0 7,
A fz e Re = s T loant /N
W/ —
// e // AN |
//’ o \\ // N ///M ["i
\\ // e
| —oC he e
- :
o S 10ms 15ms 20ms 25 005 v 3/MIs Ann. =

o - 10 oy T ) (9)5

b e fﬂ A4 £ ~-‘ﬁ_>}‘ — — , \/ i
d ' \
Itﬁ‘m(

\ I V ’fV
) f‘ﬂ ’}_'% | §/)df" 53 ncv(}h/

V) TF Ve o
) PC shofF 75 o Koy

Ey o
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d. Now build the circuit.
{4pts}Draw lines to show how this circuit would :
be built and tested using the Analog Discovery
as the signal source and the oscilloscope display.
You must power the op-amp, either using I s R PN
batteries or the power supplies of the Analog VT kems | 6
Discovery. The figure shown is for the Analog 3 <
Discovery 2, but the connections are the same -0 i
for the original board.

OFFSET NULL ==

LRI
¥ 128 9101121418

AN ‘
« i v
¢
¢ A+ B+
9V battery a .| 9V_battery_b .
9vd

¢ Vdo=—

e. {2pts} The real 741 wouldn’t behave very well of this circuit. What would be the main
source of error in the output? And what version of this circuit could be used to aV01d the

problem" D( O ﬁ][)yp v C 'M/il /‘p\ J'\<
ye rh/'} Jas 7/«.4 ahvlér»u% Sa v-/’**”[!l'\j

$
/ /

/
Tom~at €

M Th opmamy will o

A, E M ‘;{.Jc:x. G
e MAfer T Fey=t N)m RSN
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4) Concepts, Troubleshooting and Data Analysis

a. Real components compared to ideal: In |
Experiment 5 you built this circuit: |

i.  {1pt}But you didn’t to add the 40Q @ é .

resistor. Why not? , . 1.4(1

LON s Ha ixbena] veridan

s ! 1

O+ ey Ca i 1
=0

Figure D-3,

1N£148

ik
r
N o]

‘E_}

ii.  {Ipt}There weren’t sufficient 22mH inductors this semester, so many teams used

2 10mH inductors to approximate the 22mH inductor. Should the 10mH
inductors be place - in parallel to best substitute for the 22mH
inductor? 4(:._( , @ g

iii.  {6pt} It was found that the 10mH inductors each had an internal resistance of
25€). So compared to using the 22mH inductor (as shown in part i. of this
problem) answer the following, (remember you are using 2 of the 10mH inductors
to substitute for 1 22mH inductor.)

i. Would the resonant frequency of the 10mH version b@her 0} lower

than that of the 22mH version? slidia ) S b
e = —n —
Ve Kimalle~ | = [ 4 L
ii. By what percentage would the frequency change, to fhe nearest 1%7? j
, G £ aa. i 2 — W, =
()dr‘h}/ I$ /70 Ql e | w’& ‘ O.Q,L'c n»p(?
(_,, g /~ 1il. Would the oscillation decay morq;}ar less quickly for the 10mH version
~compared to the 22mH version? P . .
W ; ) 4 ( e 5 ws

W

{

s . 2. " /‘ 8 4/ & C)( .

0‘q‘ ve l; %,& i B VT
7 b ‘
°< | A (mﬁtggﬁj
- | o
@ v € i A W Jvr &!f,

e T 3
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b. Classroom Knowledge and Tasks {4pts} True or False
1. Resistors needed for the experiments were provided in the bag of parts handed out
at the beginning of thejemester.

"f Aafs€

ii.  There is no reasonable need to ever calibrate the Analog Discovery board.

,v'f (ﬁ» .
(52

-
]
iii.  Before beginning a lab, at least one team member must read over and be generally
acquainted with the experiment or project write-up and the other required
reading materials listed on the EILinks page.
~7F
] €
iv.  Before beginning a lab, hand-drawn circuit diagrams must be prepared for all
circuits either to be analyzed using PSpice or physically built and characterized
using your Analog Discovery board.

T e

c. Which of the following op-amp configurations works best to amplify the signal from a
stain gauge bridge circuit? Circle one. {2 pts}

// “\\
Voltage Follower Inverting Non-Inverting Qifferentiaj

Adder Integrator Differentiator

d. Which of the following op-amp configurations works best to connect to the output of a
strain guage if it is'desired to find the velocity of the beam? Circle one. {2 pts}

\'\,

Voltage Follower Inverting Non-Inverting Differential
—————— ,.,‘_M;,‘;;;\%»%'
Adder Integrator " Differentiator >
/ ’ . ‘“”w
/ ‘”\ ,:-r",‘/j"
r) —
de
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¢. Circle the correct answer for the following:
The calibration constant for the ADXL150 accelerometer is given on page 3 of the
Project 2 write-up. It is also in the Class 14 lecture slides. It can also be found on the
data sheet which is available on the course website. (hint: these are either all true or all

talse)

False

f. The following is from the 741 data sheet:

-
Electrical Characteristics (o 5) (continueq) s, §
J/ N -
Parameter Conditions LM741A /o LM7ag N LM741C Units
Min | Typ | Max | Min [/ Typ Max | Min | Typ | Max
Large Signal Voltage Gain Ta=25C,R.22kQ \/;’ "
Vg = £20V, Vg = 215V 50 E Vimy
Vg = 215V, Vg = 210V /| 50 | 200 i 20 | 200 Vimy
Tamin < Ta € Tapax, ! §
R 22kQ, | } f
Vs = 220V, Vi = 215V 32 i t Vimy
s = £15V, Vg = £10V 25 | § il 15 Vimy
Vg = 25V, Vg = £2V 10 4 § Vimy
Output Voltage Swing Vg = 20V )
R, 2 10 kQ +16 i i v
Rea Ky £15 \ ] v
10 kQ V212 214 | /| 212 214 v
AARIRG LD “e104T15 | £10 | £13 v
Output Short Circuit N ge=75cC 10 | 25 [ 35 9 25 mA
Current Tamin € Ta € Tamax 10 40 mA

Using this data sheet answer the following {2 pts}:

If LM741 op-amp is powered with a +15V supply and a -15V supply,

(Vs in data sheet),
what is

the maximum output voltage you would typically expect the op-amp to be able to
achieve if the load resistance is 2kQ? ~+

= I

g Name the professor and a TA who is typically in your section of EI. First names count.
{1pts}
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