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Question 1 – Bridges and Damped Sinusoids (20 points)
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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: 
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a) (7pts) From the plot determine:
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 = __________ (include units)


[image: image4.wmf]a

 = __________ (include units)


[image: image5.wmf]w

 = ___________ (include units)

For partial credit: 1) show your work, 2) mark and label the graph with the data points you used.
b) (3pts) This data was taken for a cantilevered beam similar to the one used for experiment 5, call it beam 2.  Yet another beam, beam 3, is made out of the same material as beam 2 and beam 3 has the same thickness and width as beam 2.  But the length of beam 3 is twice as long as beam 2.  What will be the frequency of oscillation of beam 3?  Give your answer in both Hertz and in radians/sec  Hint: don’t forget that the mass will be greater for the longer beam.
f = _____________
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Question 1 continued
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2) The diagram on the right is a schematic of a bridge circuit on a cantilevered beam with 2 strain gauges.  It is very similar to the one used for Experiment 5.

Rsg_top represents the strain gauge on the top of the beam, Rsg_bottom is the strain gauge on the bottom of the beam.

Let 
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 and both strain gauges have a resistance of 500Ω if the beam isn’t deflected.

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

	Beam Deflection
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	1cm up
	

	0 deflection
	

	2 cm down
	


b) (3 points)Repeat the calculations but now assume that the battery has discharged to the point where Vbat=9V.
	Beam Deflection
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	1cm up
	

	0 deflection
	

	2 cm down
	


c) (2pts)Use the results in the tables above.  Assume that you calibrated the beam when the battery was fresh, part a).  Then you make measurements the next week and the battery has discharged to 9V.  You don’t do a new calibration and you don’t measure the battery voltage.  In other words you use the calibration from a 10V battery but do an experiment with a 9V battery.

What will be the percent error in the position measurements done using the strain gauge bridge circuit?
d) (1pts)Will your calculation of the position (in part c) over state the actual position or understate the position?

Question 2 – Thevenin Equivalents (20 points)
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1) (5pts) Find the Thevenin equivalent voltage with respect to A and B for the circuit shown above.
2) (5pts) Find the Thevenin equivalent resistance with respect to A and B for the circuit shown above.
3) (2pts) Draw the Thevenin equivalent circuit with labeled values and a load resistor of 1k between points A and B.
4) (3pts) What is the voltage across the 1k load resistor in the circuit you drew in part 3)?

5) (5pts) If a 1uF capacitor were added to the circuit between A & B (1k load removed) and the frequency of V1 is allowed to change, what is be the corner frequency (Hz) of the filter’s output at A?
Question 3 – Op-Amp Applications (15 points)
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Assume that power supplies have been properly connected to all three op-amps in the circuit above.  V1th is a dc source with a value of 1.5 Volts, V1th(t) = 1.5Volts.  (equ. 1)  V2th is an ac source which can be represented as: V2th(t) = 0.2sin(2*π*2000*t) Volts.  (equ. 2)

1) (3pts) 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: ____________________

U2 Circuit: __________________
U3 Circuit: ____________________

2) (5pts) Determine the voltage, relative to ground, at points A, B, and C as a function of time.  Write the voltages in a form similar to equ. 1 and equ. 2 above.
a) Voltage at point A

b) Voltage at point B

c) Voltage at point C

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

Question 3 (continued)
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4) (2pts) Your partner suggested eliminating two of the op-amps in the circuit on the previous page.  The new circuit is given above.  Determine the voltage, relative to ground, at points A, and B as a function of time.  Write the voltages in a form similar to equ. 1 and equ. 2 on the previous page.
5) (2pts) Determine the output voltage, Vout for this circuit.  Again use the form of equ 1 and 2 on the previous page.
Question 4 – Op-Amp Analysis (20 points)
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Use the above circuit to amplify the difference between two inputs. Assume the op-amp is ideal.

1) (3pts) Using any resistor values from 1k to 50k (inclusive) pick values for R1 to R4 that will maximize the gain of the circuit.
2) (3pts) Write the expression for Vout in terms of V1 and V2 and the gain determined in 1).
3) (3pts) With V2 set to 0 Volts (grounded), derive the equation for Vout in terms of V1, and R1 - R4. Do not substitute in resistor values.
Question 4 – Op-Amp Analysis (continued)

4) (4pts) With V1 set to 0 Volts (grounded), derive the equation for Vout in terms of V2, and R1 - R4. Do not substitute in resistor values.
For 5) & 6), use the values R1 = R2 = 2k, and R3 = R4 = 80k.
5) (4pts) If V1 is a signal that varies between ±0.2 Volts and V2 is a signal that varies between ±0.05 Volts, what is a minimum appropriate value for the positive and negative op-amp supply voltages?
6) (3pts) If Vout is 10 Volts for an input on V1 while V2 is 0 Volts (grounded), how much current is the op-amp outputting (Iout in circuit) into Rload AND the rest of the circuit in 1)?
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Question 5 – Op-Amp Integrators and Differentiators (25 points)

Part A): Assume the op-amp in the circuit above is ideal and that power supplies are properly connected to pins 4 and 7.
1) (1pt) Above is a Capture schematic of an op-amp circuit that you should recognize. What type of circuit is it?
Circle one of the following:   a) Ideal Active Integrator,   b) Miller Integrator, 

c) Ideal Active Differentiator,   d) Practical Active Differentiator,    e) Diff amp,   f) Adder amp
2) (2pts) Assume the input is sinusoidal. What is H(jω), the transfer function for this circuit? H(jω) = Vout/Vin. Leave the answer in terms of Rf and C1, since you don’t know the value of Rf at this point.
3) (2pts) Assume that this circuit is connected to a sensor on a cantilevered beam that oscillates at 10Hz.  Pick Rf such that |Vout|/|Vin|=0.5 assuming that Vin(t) is a sin wave at 10Hz.
4) (1pt) Using your value of Rf from part 3), assume that there is 1mV of noise at 1kHz on the cantilevered beam signal, Vin.  What is the amplitude of this noise signal at Vout?

5) (1pt) Repeat part 4), but now the 1mV of noise on Vin is at 50kHz.  What is the amplitude of this noise at Vout?

Question 5 – Op-Amp Integrators and Differentiators (continued)

Part B)


Your partner claims that you can reduce the effect of the noise by adding a resistor to the circuit used in Part A).  You are to decide if she is right or wrong.  Use the figure above.  Again assume that power supplies have been properly connected.
1) (1pt) Above is a Capture schematic of an op-amp circuit that you should recognize. What type of circuit is it?
Circle one of the following:    a) Ideal Active Integrator,    b) Miller Integrator,
c) Ideal Active Differentiator,    d) Practical Active Differentiator,    e) Diff amp,     f) Adder amp
2) (2pts) Assume the input is sinusoidal. What is H(jω), the transfer function for this circuit? H(jω) = Vout/Vin. Leave the answer in terms of Rin, Rf and C1, since you don’t know the value of Rin at this point.
3) (1pt) What is the approximation of H(jω) when ω is very small?  Leave your answer in terms of ω, Rin, Rf and C1.
4) (1pt) What is the approximation of H(jω) when ω is very large?  Leave you answer in term of ω, Rin, Rf and C1.
Question 5 – Op-Amp Integrators and Differentiators (continued)


This figure is a copy of the one on the previous page just for convenience.  Still assume that the power supplies are properly connected.

Use the value of Rf that you determined in Part A), 4) of this question. 
5) (3pts) Use the value of Rf that you determined in Part A), 4) of this question.  It is known that the beam oscillates at 10Hz, so signals well above this frequency can be considered noise.  We’ll pick 100Hz as a break point between signal and noise.  Find a value for Rin so that the corner frequency is 100Hz.  
Rin = ________
Continue to use Rf from Part A) and now also use Rin calculated above.

6) (2pts) Determine the approximate magnitude of H(jω), |H(jω)|, (in other words, the magnitude of the gain), when the input signal is at 10Hz.  The answer should be a number.

7) (2pts) Determine the approximate magnitude of H(jω), |H(jω)|, (in other words the magnitude of the gain), when the input signal is at 1kHz.  The answer should be a number.
8) (2pts) Determine the approximate magnitude of H(jω), |H(jω)|, (in other words the magnitude of the gain), when the input signal is at 50kHz.  The answer should be a number.
Question 5 – Op-Amp Integrators and Differentiators (continued)
Part C)
Compare the circuits in Parts A) and B).  Use the resistance calculated in Parts A) and B).
1) (4pts) Fill in the table below, put the voltage in each space marked “Answer: ______”  These are just magnitudes.
	Vin
	|Vout |
Circuit in Part A)
	|Vout|
Circuit in Part B)

	0.1V sine wave at 10Hz

	Use Part A) 3)

Answer: ________
	Use Part B) 6)
Answer: ________

	1mV sine wave at 1kHz


	Copy answer from Part A) 4)

Answer: ________
	Use Part B) 7)

Answer: ________

	1mV sine wave at 50kHz


	Copy answer from Part A) 5)

Answer: ________
	Use Part B) 8)

Answer: ________


2) (1pt) EXTRA CREDIT: Comparing the two circuits for a signal at 10Hz with a small amount of noise at 1kHz and 50kHz, which of the following is most true?  (circle one)
a) The second circuit has better performance
b) The two are essentially the same for this application

c) The second circuit has worse performance

3) (1pt) EXTRA CREDIT: In 25 words or less, why?  Explain your answer to the question above.  We really won’t read beyond word # 25, so keep it short.
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