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Question 1 – Damped Sinusoids and Strain Gauge Bridge (25 points)

You are given a cantilever beam similar to the one you used in experiment 4.  You place two weights on the end of the beam (0.1 kg and 0.5 kg) and you get the following two plots.
Plot 1
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Plot 2
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1) What is the frequency of plot 1? (Use at least 2 significant figures) (2 points)
2) What is the frequency of plot 2? (Use at least 2 significant figures) (2 points)
3) What is the damping constant for plot 1? (Use at least 2 significant figures) (6 points)

4) Given the following formula, 
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, and assuming that the two data points that you found are ideal, find values for k and m. (6 points)
5) What is the mass of the beam? (3 points)
6) Using the chart for Young’s Modulus, determine the probable material that the beam is made out of given that the dimensions of the beam are: width = 1.2 cm, length = 18 cm, and thickness = 2 mm. (6 points)
[image: image4.png][ TABLE9.1

[ Young's Modulus Table of Values

Metal Elastic modulus Metal Elastic modulus
Wm2) (MN/m2)
aluminum, 99.3%, rolled 696%1010 | flead, rolled 15721010
fbrass 9.02x1010 | |platinum, pure, drawn 167% 1010
copper, wire, hard drawn 11621010 | siver, hard drawn 7755 1010
lg0ld, pure, hard drawn 7855100 | [steel, 0.38% C, annealed 200100
firon, wrought 19351010 [fungsten, drawn 35.5x 1010





Question 2 – Thevenin Equivalent Sources (20 points)
For the following circuit, show all work using resistor variable names (e.g. R1, R2, R3, R4, and RL) before substituting resistance values:
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a) Find the Thevenin voltage between points A and B: (7 points)

b) Find the Thevenin resistance between points A and B: (7 points)

c) Draw the Thevenin equivalent of the circuit shown, showing RL in the equivalent circuit: (3 points)

d) What is the voltage across A-B with the load resistor shown: (3 points)

Question 3 – Op Amp Applications (25 points)
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The following questions refer to the circuit on the previous page.

1) What type of op-amp circuit is between points A and B? (1 point)

2) What type of op-amp circuit is between points C and D? (1 point)

3) What type of op-amp circuit is between (B and D) and E? (1 point)

4) Write an expression for the voltage at point B, VB, in terms of the voltage at A, VA.  Please substitute values. (3 points)

5) Write an expression for the voltage at point D, VD, in terms of the voltage at C, VC.  Please substitute values. (3 points)

6) Write an expression for the voltage at point E, VE, in terms of the voltage at B, VB, and the voltage at D, VD.   Please substitute values. (3 points)

7) Write an expression for the output voltage at E, VE, in terms of the two input voltages in the circuit, VA and VC. (3 points)
8) Identify the signals at points A, B, C, D and E in the PSpice plot below. (10 points)
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Question 4 – Op Amp Analysis (30 points)

You are given the circuit below:
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1) What are the golden rules of op amp analysis (2 points):

1. 

2. 

2) Without a feedback connection, can the either of these rules be violated for an ideal op amp?  If so, which one(s) and why (2 points)?  

3)  Use the golden rules of op amp analysis to derive an expression for Vout in terms of Vin and the resistors in the circuit as labeled.  Do NOT substitute resistor values until instructed to do so.

a) Draw the circuit corresponding to the inverting terminal of the op-amp (3 points)

b) Based on the circuit in a) write the equation at the inverting terminal of the op amp (Do not substitute values) (3 points)
c) Draw the circuit corresponding to the non-inverting terminal of the op-amp (3 points)

d) Based on the circuit in c) write the equation at the non-inverting terminal of the op amp (Do not substitute values) (3 points)

e) Use these equations to solve for Vout in terms of Vin and resistor values R1-R6.  (Do not substitute values.)  (7 points)
f) Substitute resistor values into your equation from part c to get Vout in terms of Vin (3 points)
g) For the input signal shown in the circuit schematic, what is the minimum and maximum output voltages generated at Vout?  Show your work. (4 points)

Minimum:

Maximum:
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