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Name SOLUT!ON

Section 1

Question I (20 points)

Question II (20 points)

Question III (15 points)

Question IV (20 points)

Question V (25 points)

Total (100 points):

I questions: SHOW ALL WORK. BEGIN WITH FORMULAS, THEN
SUBSTITUTE VALUES AND UNITS. No credit will be given for numbers that appear
vithout justification.
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ENGR-4300 Test 2 Spring 2007

Question | ~ Bridges and Damped Sinusoids (20 points)
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1) The figure above is the output signal from an amplified strain gauge bridge similarto the one you
are using for experiment 5. The signal has the form of: v(r) = Vye ™ cos(er) and has been calibrated to
indicate the displacement of the end of the beam as a function of time. The initial voltage at t = O

corresponds to a positive displacement of 1.8cm.

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

a) (2pt) From the plot determine V), = OW (include units)
by (2pt) What is the scaling constant for converting volts to cn? ' Bem o
V

¢) (2pt) What is the displacement of the end of the beam at t = 10ms (include units)?
@ t=1o0ms V=75V = |.5cm

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

x(t) = |.8 e os (wt) em
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ENGR-4300

Test 2

Question I — Bridges and Damped Sinusoids (continued)

2) The diagram on the right is a schematic of a bridge circuit
on a cantilevered beam with 2 strain gauges. It is a little
different from the one used for Experiment 3.

Ryg 1op represents the strain gauge on the top of the beam,
Ris botiom 15 the strain gauge on the bottom of the beam.

I&?Z 1”{)& e { ’f'";g;};g -

af 5000 if the beam isn’t deflected.

V,..n) and both strain gauges have a resistance

Spring 2007

Rsg_top R3
R 500
10VdF—:_ Vieft Vright
R2 Rsg_bottom
500
=0

a) (4pt) If the beam is pulled up 1cm, the resistance of the top strain gauge decreases by 2Q2, and the
resistance of the bottom stain gauge increases by the same amount. Fill inthe table below:

Beam Deflection

\%

OU

lem up

I YopV

0 deflection

ov

ve

2 cm down

0.1 6wV

Voue™
lem > 10 [soh"f 98 502 +500

500 _  H9¢
2 om . ngt = [0 [500+50% & 9¢ +sw

down = 0.16 mV

by (4pt) Repeat the calculations but now assume that the circuit
configuration has changed to that on the right.

Beam Deflection Vot
lem up 20wV
0 deflection OV
2 cm down + ‘fO mV
, 498 502 ]
lem . Voye = 104954500 ~ 574500
vp

= -20mV

ci{ip) W
same displ

‘hich
lncement?

S€conD, b) CiIRcuIT

30f10

500 50

-4

= ‘fOpV

R1 R3
500 500
=
10VdeT Vieft  Vright
\%N Rsg_top Rsg_bottom
=0
so¥ 496 |
ke

Zcm : Vévt = IO[S'O
down

%+ 500 ??L*S“Oﬂ

=440mV

circuit’s output voltage v,y is more sensitive to strain gage resistance change for the
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Question I — Thevenin Equivalents (20 points)

—WN oA
So0

500

o 2.5k . Ck ﬁ

o TR wE 5

18vde ' . Sk

1.5k
ANV

=0
1) (5pt) Find the Thevenin equivalent voltage with respect to A and B for the circuit shown above.

£k -
VAB = 15 Sotbk +1.5 ='/’_/.2:-—/V, VTH

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

B (owsstlck =Isk
" I.5k +2.5k =_i/f_l_:fR7//

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

v = t R.= ¥k

[ s

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

_Th
V - ?2 Lfkf‘/k”__é__zw

i

ps I >0 [ = SHorT

I = -B'—Z- - 3m/4
MAX Yk %
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ENGR-4300 Test 2 Spring 2007

Question 111 — Op-Amp Applications (15 points)

.
1 BVde =0

|

Assume that power supplies have been properly connected to all three opamps in the circuit above.
V1 s ade source with a value of 1.5 Volts, VI(2) = 1.5 Volts. (equ. 1) V2isan ac source which can
be represented as: V2(t) = 0.5sin(2x20001) 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
cach. Choices are: 1. Follower/Buffer, 2. Inverting Amp, 3. Non-inverting Amp, 4. Differentiator,
5 Integrator, 6. Adding (Mixing) Amp, 7. Difference (Differential) Amp.

Ul Cireuit: 2, NV AMP U2 Circuit: 3, NoN-JWV. A7

U3 Circuit: 6. ADPDING

2){6py) Determine the voltage, relative to ground, at points Va and Vb asafunction of time. Write the
voltages in a form similar to equ. 1 and 2 above.
a) Voltage at point Va,

vi‘l =7 %f_f_ Vi = 'til(’*s)

Va(i) = -6V

b) Voltage at point Vb,

Vb = (I + ﬂ) Vm = 2(0‘5'51;;(27720001))

Gk

Vh (#) = sin (21 2000 )

L
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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.

\/g}gg = V(,L L‘-k VL = 'J{ VA,— %

Voot (ZL) = 3V = sm(erzoeet)V

45(3 géi} Will adding a 10k resistor between point Vb and ground change Vout? Explain why or why
not in 25 words or less.

NO ResIsTor 1S JUST A Load ON THe op-Amp owrrvr WL

Tue como 1s shace. Op-Ate wrev7 wilL NOT CHRME

NOTH!N? ELSE CHAWGES,
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Question IV — Op-Amp Analysis (20 points)

1 R4
My —\Wv

V3
—ilF
Vvde ==
wA741 ¥ 0
2 ™o = lout
6 —P» | vout

oy

Ry

o)
V+ vo Rload

=B

R3 § vde =

<
-

A

You are 1o 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 R1 = R2 = 1k, find the expression relating Vout to V1 and

V2, e - ANP :
DiFrerence AN V. = Re_ (VL -—V):-;-—;-iL (V,,-'V.)

ove R'n !

= S—(Vz_'V,)

23 (7pt) When your partner wires up the circuit, an eXtra wire is added that shorts out R4. Use the
golden rules of op-amp analysis to find the new equation relating Voutto V1 and V2.

Vo ? & 2

e [NDETENDET OF V,
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Question IV — Op-Amp Analysis (continued)

3) (4pt) You discover the problem in 2), but in the process of fixing it, youinad vertently short out R3.
Find the equation ig at now relates Voutto V1 and V2

I"V"O O = Ve

M:

1k Sk

’5: \/ = —'VOflt' ‘/ont: ]NDGPENDENT

vwc = - S'V, OF \/2_

[—
4) (3pt) The circuit is finally fixed as it should be and the power inputs are correctly set to +9V and
SOV, V2 is set to OV (grounded), and V1 is set to a 3V square wave (6V,,) with OV offset. Sketch the
input and the output of the op-amp. Be sure to scale the y-axis.

5{3) = -]5 Vv = - 9V power Sveery  OuTv HHITED To <9/

T §° = "o U
] ' : \Q/WTPT’

H

§

§
i g
I

Rl |

{

$3 ) "_\J -
, J &
“g B L] ! H
& §
2

&?%@Wa‘ﬁ“ T

5) (3pty If V1 is set to OV (grounded) and V2 is a sine wave that varies betweenn 0.5V, what is the
: "mw@ zizgzg;’zzmde of the current lout from the op-amp? Note that lout goes into 2 resistors and

= "‘

2 SV - 0467'/
Sk

2.5V _
Seo  ° [OmA

= 041674
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Question V — Op-Amp Integrators and Differentiators (25 points)

H o
§I ’ o 10w 2
1
u ™

W P ot I " Rz o

= &
#i 1 "0 oy iy

i} A G i W
uAT41 R
R g Loy
R =
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0

1) 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 H(jo) = Va/Vin?

Hi(jay = -(GoR2C1/(1+jaRICI)

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

H(ja) = -R4/R3

¢} (5pt) Find the total transfer function H(jo) = Vout/Vin.

Hja) = H (o) x Ha(jo) = joR2RICL/(R3+joRIR3CI)
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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
¢ = 1/(R1C1), the circuit acts as a differentiator and at frequencies much higher than o, it acts as an

amplifier.

Holjw) = joR2R4C1/R3 This is a differentiator.

Hiytjw) = joR2R4C1/jwRIR3CI=R2R4/RIR3 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(f) = sin(wt) and the

Vout(j ‘
necessary component values)? For this problem assume that M =H(jw) =~ jol0 and that
Vin(jw) 1+ jw2

w 15 much less than Y.

The time domain equation for a differentiator is Vout (1) =—RC(dVin(t)/dt) and Hfjw)=-j @RC.

Our differentiator has a transfer function of H(jw)=-jwl0/1, therefore t#re time domain
equation must be

Vout(t) = (-10/1) (dVin@)/dt) = -10d sin(ot)/dt) = -100 cos(ot)
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