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Question 1 ~ Bridges and Damped Sinusoids (25 points) é . j/ x,.,\
R _‘[ A o
Rb £ 2 T
_ va
(| ¥in Rt vt ™
= Vs m i 2o~ ggr-B Vout
é 5
pot §a~—l-w; I T I
Vp uazat = scope
Eﬁgr\g e J‘
g R3 e *":z*D
16
e
Bl =
"0

Above is figure of an amplified strain gauge bridge similar to the one you are using for
project 2. The circuit has the following values: Vin = 5V, Rb=1K ohms, R1 = 2K ohms,
R2 = 2K ohms, R3=10k ohms, R4=10k ohms, and the pot is a 2k pot.

a) Assuming the bridge is ideal and that 1t has been properly balanced, which of these
four plots is correct for each of the following four voltages on the figure: Vin, Vs, Vp,
and Vout. (Indicate the signal in the box below the plot). (8 points)
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b} What is the resonant frequency of the output signal in Hertz? (3 points)
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d) Write an equation for Vout in terms of Vs and Vp. Do not substitute numerical values
for the resistors. (2 points)

e) If Ry is the total resistance of the potentiometer, Ry, is the resistance between the
center of the pot and the source voltage, Ryorom is the resistance between the center of the
pot and ground, Ry, is the resistance of the strain gauge, and Rb is as shown in the figure,
which of the following are true statements? Assume the bridge is balanced and in its rest
position. (4 points) (Circle T or F for each statement.)

Rb R, .
Rb+R, R,,
Rb _ R, i
ng Rbottom
Rzop + Rbotlom - Rpat F
‘Riop — Rpot - Rtop F
Rb R

f) Starting with the equation from part d, derive an equation for Vout in terms of Vin for
this circuit. Use the resistor naming conventions we used in part € (Rpot, Riops Ruotiom» Rsgs
and Rb) and the other resistors in the circuit (R1, R2, R3, and R4). You will not need all
of these resistors in the answer. You cannot assume the bridge is balanced. You cannot
substitute numerical values for the resistors. You cannot express your answer in terms of
Vs and Vp. (4 points)
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Answers: Voo dtoes [ )

a) Vs, Vin, Vp, Vout
b) T=(305m-100m)/4=51.25m f=1/51.25m f= 19.5 Hz
) vO,t0 = 200mv,0.1s vi el = 100mv,0.305s

B 2 'F&»/
100m = 200m CEE(a*0.205) a=3ls . =) () 4 Qs

@f
75T ”‘3 f
dj Vout = -}E—(VS ~Vp) (R4 could also be R3, R1 could also be R2) /

e TTTT
J
R R
Vout = E(VS — Vp) Vs o £ Vin Vp = - battom o,
Rl R, +Rb R,
R
Vout = Eﬁ“. g Vin — Rbaﬁom Vin
RIl R . Rb R
g, pot
R, R
VOu[ - R4 g __ T “hottom Vln
RI R,+Rb R,

(R4 could be R3, RI could be R4, Rpot could be Riop+Rboitom)
(The above amount of simplification is sufficient.)

Alternate apswers:
.,x_
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+-~(R2)--(R3)--+
R23 = S00+1000 = 1500 R234 = (1500*2000)/(1500+2000)=857 ohms
Rth = 3000+857 = 3857 ohms

ENGR4300 Test2
!’ﬁW Vap = VI*(R4)/(R2+R4+R3)=6V*(2k)/(500+ 2k+1k) = 3.43V /
SR—;%) + 5
A we (RS) -+ e B g
52
|

)
283702
A A
é 300002
= R4V
= B
4 /

d) 2.35 = I (2706+4000) T=0.35mA
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ENGR4300 Test 2
Question 2 — Thevenin Equivalents (15 points)
R2 RS
AWV W A
é R4
RRL
= § R1
B
R3
T M
-0
V1=6V, R1=2k ohms, R2=500 ohms, R3=1k ohms, R4=2k ohms, R5=3k ohms
a) Find the Thevenin equivalent voltage with respect to A and B for the circuit shown

above. (5 points)

b) Find the Thevenin equivalent resistance with respect to A and B for the circuit shown

above. (5 points)

¢) Draw the Thevenin equivalent circuit with a load resistor of 3K between points A and

B. (3 points)

d) What is the current through the 3K load resistor in the circuit you drew in part ¢? (2

points)

Problem 3
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Given the following circuit:

No connection

R11 § 200

Vde i:__:_:

Vg

™Y,
100
Vag @

SET=1.0
FREQ=25Hz
VOFF = Ov

Note: Rsg is variable resistor to model a strain gauge. The SET=1.0 simple means that
the nominal resistance is the full 100©. Use 100Q for you analysis.

a} What is the voltage V, in the circuit above if the amplitude Vac=6 and Vdc = 0v?

e wf‘?‘%@ wth e Mi:i; g 5
3 ﬁ% |
de | allouwed anpres ) P

b) What is the voltage Vomp in the circuit above if the amplitude Vac=6 and Vdc = 0v?

TV e

¢) With Vdce = 6v and the amplitude of Vac = Ov, what is I,?
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e} Circle and label the op amp configurations on the schematic above, choosing from the
following types:

. Follower/Buffer
Inverting Amp
Non-inverting Amp
Differentiator
Integrator
Adding (Mixing) Amp
Difference (Differential) Amp

N W e

f) What values of R, and R, would you use to produce the following plot with Vdc = 6v
and the amplitude of Vac = 6v, if the probe’s output appeared as follows?
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Question 4 Op-Amp circuits (20 points) Assume the op-amp is ideal.

R3
A
Vneg
R1
AW
Vi
VOFF = .
VAMPL = 2
FREQ = R2 : : ] Vout
=g
V2 g “’% Rload
VOFF =
VAMPL = 17
EREQ = # =

== !

= 0 +10Vde =5

a) Above is a Capture schematic of an op-amp ci?uit that you sho‘a%i recognize. What
type of circuit is it? ; j | gm
& Eelf o é 2 j)

b) We assume that the op-amp is ideal. What are the two “golden rules” that we then use
to analyze the circuit? In some sections of the course this was referred to as the “virtual
short model.” So an alternative wording of this question is: what are the characteristics
of the virtual short op-amp model? (The answer is the same for either wording.)

i /- = { 2 P

c) IfV1 =08V, V2=0.5V, R]l =5k}, R2 = 5kQ, and R3 = 20k}, what is the value of
Vout in Volts? Show your work. )
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This is the same circuit as on the previous page.

R3
M
Vneg
R1 {
VA MWy o 10vae =
VOFF = b
VAMPL = 2 ! 1
FREQ = R2 o ] Vout
ly; oup-2
V2 3 = Rload
VOFF = | +—F0
VAMPL = U1
FREQ = ~| Vpos =
| 0
_ . i
= 0 Hovle =

¢) Write an expression for Vout in terms of V1, V2, R1, R2 and R&f

3

f) Assume that Vout on this op-amp will saturate if it gets to within 1.5V of either power
supply. If V1=-1.0V, R1 = 5k, R2 = 2kQ, and R3 = 20kQ: what is the range of voltage
for V2 that will keep the op-amp out of saturation? Give your answer in volts with 2
significant digits. (Note that the resistors have the same values as those used in part 4 of *
this probie Jbut-V-and V2 may be different.)
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Question 5 Op-Amp Integrators and Differentiators (20 points)
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Above is a Capture schematic of an op-amp cfﬁt t
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CA
il

1l
50N

i

+* 1
~10Vde =
Vneg 0

=t
A 2 ; 1
%z Wy \‘> ° ‘ Vout
VOFF = LES oU e]
VAMPL =
FREQ = 3 /<> o s Rioad
"0 U1
~ Vpos =0
- G !

+10Vde “”-'"9“”0

¢ ¢) The circuit above is the same circuit as the one used for parts 1 and 2, but now assume
that the nput is sinusoidal and that we are interested in steady state response. What is
H(jw), the transfer function for this circuit? H{jw) = Vout/V1. You must use the
component values, don’t leave the answer in terms of R1 or C1. Simplify your answer.

= m&)(}.ﬂxw"’)

R1
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The circuit below is used for the next two parts.
R1

MA—e
2k

C
11 2 b 1
| ! (’) \> 9 Vout
0 oy Rioad

Rs 3 .
50ohms %’O 1k
VOEE = Vin U1
VAMPL = ~] Vpos =a
FREQ =
—Jl—

0 HeVde =

) For this circuit, the input is sinusoidal. What is H(jw), the transfer function for this™
ircuit? H(jw) = Vout/V1. You must use the component values, don’t leave the answer
Anterms of R1 or Cl Simplify your answer.

Vout)/|Vin] at f45 Show your work or metho

i\fir partial credit.
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