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ENGR-4300 Test 2 Spring 2007

Question | — Bridges and Damped Sinusoids (20 points)

1oy

ay -

s

i

24

e e e e Jooes
e

Z0ns 4Lbns 68ms sms 188ns 128ms

85
» BER1IY)
. . . Time . . ) . .
1) The figure above is the output signal from an amplified strain gauge bridge similar to the one you
are using for experiment 5. The signal has the form of: v(t) =TV,e ™ cos(wr) and has been calibrated to
indicate the displacement of the end of the beam as a function of time. The initial voltageatt =0

corresponds to a positive displacement of 1.8cm.

For partial credit: show your work and mark and label the graph with the data points you used.

a) (2pt) From the plot determine V, = i !i (include units)

by (2pt) What is the scaling constant for converting volts to cm? l'ecm =0. 2 %"‘
v
W

¢) (2pt) What is the displacement of the end of the beam at t = 100ms (include units)?

-2V Xozem =0.7T¢cm
V ——‘f/i:—-"“

dy (3pt) Write an expression for the displacement X(t) in terms of o and o.

X(4)= 1.9 e,'”cos(wz‘) cm

o) (2pt) Wri

¢ an equation or explain how you could determine the speed s(t) of the end of the beam as

time. SU’) = ‘%f X(f) = ﬁ!}_ !.8 é&tﬁj((‘ot) chm

i
a function of
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Question I — Bridges and Damped Sinusoids (continued)

Test 2

Spring 2007

2) The diagram on the right is a schematic of a bridge circuit on a cantilevered beam with 2 strain
gauges. Itis a little different from the one used for Experiment 5.

Ry wop represents the strain gauge on the top of the beam, Ryg pottom 18 the strain gauge on the bottom of

the beam.

g‘j'z{ v:;s;? = §§’§§f§ - f‘f}.,ht

) and both strain gauges have a resistance of

20002 if the beam isn’t deflected.

a) (4pt) 1f the beam is pulled up 1cm, the resistance of the top
strain gauge decreases by 2Q, and the resistance of the bottom
stain gauge increases by the same amount. Fill in the table below:

m Deflection Y out
lem up - 0.625mV
0 deflection 0 v
2 cm down - 2. CwV
202 209
| ;o Tt 02 + 200 200 4198

vr

= =0.625 wV

R1 Rsg_top
200
25vde ] Vieft Vright
Rsg_bottom R4
200
=0
Z2em d owy -

196

\/m=25
=-2.5wV/

_ 200
§92+200 Zoo+20Y4

by {4pt) Repeat the calculations but now assume that the circuit
configuration has changed to that on the right. o as
200 200
flection Y our A
¥ 'zgw\/ 25Vd;:: Vieft  Vright
OV Rsg_bottom Rsg_top
- 250wy +
=0
g[ 202 ___’_l‘f__. 2 cm down © 204
ove ” 19¢ T19cv200 204 +200

acement?
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Question Il — Thevenin Equivalents (20 points)

—AW MW—+-oh )
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24vde T § 24 (/ = y o0
I 2500
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1) (5pt) Find the Thevenin equivalent voltage with respect to A and B for the circuit shown above.

6k <
Vas = 2 sk veor - 48V Vl.’-i

2) (5pt) Find the Thevenin equivalent resistance with respect to A and B for the circuit shown above.

—MW—oR  (Sw+1.5k)¢k = /. Sk
¢t 15k r2.5k =k =Ry

3) (2pt) Draw the Thevenin equivalent circuit with labeled values and a load resistor of 4k between
points A and B. P

gy = 'tk R =Yk

B

4) (3pt) What is the voltage across the 4k load resistor in the circuit you drew in part 3)?

_th
Ve = 18 Gont ;/L

Apt) 1T a 10mH inductor were added to the circuit between A & B (4k load removed), what is the
vt current that will flow through the inductor (as time goes to infinity)?

ps | —>@ L - SHer
;- 1B o ypowh

lrmaf Uk P ——
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Question I — Op-Amp Applications (15 points)

Vout

Assume that power supplies have been properly connected to all three op-amps in the circuit above.
V1 is an ac source which can be represented as: 77/ (2) = 0.5sin(2z2000¢) Volts. (equ. 1) V2is a dc
source with a value of 1.5 Volts, V2(1) = 1.5 Volts. (equ.2)

1) (3pt) The circuit has 3 op-amps labeled as U1, U2, and U3. State what the op-amp circuit is for
each. Choices are: 1. Follower/Buffer, 2. Inverting Amp, 3. Non-inverting Amp, 4. Differentiator,
5. Integrator, 6. Adding (Mixing) Amp, 7. Difference (Differential) Amp.

U1 Circuit: 2 jwv AHP U2 Circuit; 3 NOW~ W, Bme

U3 Circuits 5 . AV G

a) Voltage at point Va

Vo= ~ ﬁ‘ Vin =-1 [o.sss»(_znzooof)]

Vg(f),: -2 sin(Z?TZOOof) V

by Voltage at point Vb
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Question 111 -~ Op-Amp Applications (continued)

3) (3pt) Determine the output voltage, Vout. Again use the form of equ. 1 and 2 above.

L - th - -
ng‘g gi—vk "}ZVB = %VOL“VB

Uy, (t) = sim (2mzomt)V = 3V

4y (3pt)y Will adding a 10k resistor between point Vb and ground change Vout? Explain why or why
not in 25 words or less.

NO Resistor 15 307 A LoD ON O0PAMP U2 ouTPUT.
THe wvompis smac. Op-amp witvr wice Nor chpme

Notuve £ chnnees .
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Question IV — Op-Amp Analysis (20 points)

71 R4
AN
V3
—ili
Vde ==,
WA741 A 0
2 4
- & lout
Vou
. ou 5 —P | Vout
. 3 / o
7
U1t VE 2 Rload
Slo=l 20
R3 § Vdc =0
=0

You are to use the above circuit to amplify the difference between two inputs. Assume the op-amp is
ideal.

1) (3pt) With resistors R3 = R4 = Sk and Rl = R2 = 1k, find the expression relating Vout to V1 and
V2 DirrerentiaL Ahp -

Ve = Re (V?—'V') "%‘(Vz’v:)zs—(vz'va)

i

2) (7pt) When your partner wires up the circuit, an extra wire is added that shorts out R2. Use the
golden rules of op~a1i1p analysis to find the new equation relating Voutto V1 and V2.

JW=s] Te VTV Vo Ve

Ik Sk
% (V:'VZ-) = Vz - Vout'
5V1 -S—Vz"vz_ = "th

ngc = 6 Vz - gV:
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Question I'V = Op-Amp Analysis (continued)

3) (4pt) You discover the problem in 2), but in the process of fixing it, you inadvertently short out R3.
Find the equation that now relates Voutto V1 and V2 T

P Voor y
: vt
Vove Ik OV Sk INDEFENDENT
I_.: V""O _ O"‘"\/Wr 0F V‘Z.

1k Y
= Vove = } Vwe = -5V

4) (3pt) The circuit is finally fixed as it should be and the power inputs are correctly set to +9V and
OV, V2 is sel to OV (grounded), and V1 is set to a 1V square wave (2V,,) with 0V offset. Sketch the

input and the output of the op-amp. Be sure to scale the y-axis. ( ¢ ) ( )) --5 V
Vg
6 - V
. T T T e Ve
&
i

‘f €
2 1 l[\/.h

o S e
N )
W an s s

> f

N : ! | {

i
W‘g “*”..‘ ‘__‘__! ;;,--"’:
-6

{%;z%} I V1 is set to OV (grounded) and V2 is a sine wave that varies between +0.5V, what is the
camum magnitude of the current lout from the op-amp? Note that lout goes into 2 resistors and
er the golden rules for op-amps!
=1, +1,

o M7V
= 2-5=C7 2.5
$ —
Sk 250

= Q. Y167 mB + [0, mA

Sk

. +95
A Tk +1k =047 mh
= 0.%4/67
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ENGR-4300 Test 2
Question V — Op-Amp Integrators and Differentiators (25 points)
?i; uz ™
Ut ™ M~ ged
3 }\ a5t Iv; Ra = aop-d : ou
a s -o ogp-2 — Ay L. —Fosd
e oo it 2.0, E o b usFH o
{ uﬁ?4!/ RS
L ~1iv
e f:i;} ~10 Ra j
- R S b =
Apf, Qa
e

1y Assume the op-amps in the circuit above are ideal and that power supplies are properly connected to

pins 4 and 7.
a) {5pt) Write down the transfer function for the first circuit Hi(jo) = Va/Vin?

Hy(jo) = -(oR2CH/(1+oRICI)

by (4pt) Write down the transfer function for the second circuit Hx(jo) = Vout/Va?

Hjay = -R4/R3

¢} {5pt) Find the total transfer function Hjo) = Vout/Vin.

Hja) = H (i) x Hx(jo) = joR2RICI/(R3+oRIR3CI)
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Question V — Op-Amp Integrators and Differentiators (continued)

d) (6pt) By calculating the approximate transfer function, show that at frequencies much lower than
o = 1/(R1CT), the circuit acts as a differentiator and at frequencies much higher than o, it acts as an

amplifier.

Hio(l®) = joR2R4C1/R3 This is a differentiator.

Hui(j@) = joR2R4C1/joRIR3CI=R2R4/R I1R3 This is an amplifier.

2) (5pt) In the range where the circuit works as a differentiator, what is the time domain equation for
the whole circuit (i.e. write an expression for Vout(t) as a function of Vin(t) = sin(wt) and the

T . Vout(jw) . jol0
necessary component values)? For this problem assume that ————-=H(J @) = =——— and that
Vin(jw) 1+ jw2

e 15 much less than Y.

Ihe time domain equation for a differentiator is Vout(t)=RC(dVin(1)/dt) and H(jw)=j wRC.

Qur differentiator has a transfer function of H(jw)=jwl0/1, therefore the time domain equation
must be

Vout(1) = (10/1)(dVin(t)/dy) = 10(d sin(ot)/dt) = 100 cos(ol)
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