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1) Damped Sinusoids (20 points)
You measure the mass of a cantilever beam and find that it is 40 grams.  Then you place a mass of 500 grams on the end of the beam and get the following plot.
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1) What is the frequency of the output? (Use at least 2 significant figures) (2 points)

2) What is the damping constant for the output? (Use at least 2 significant figures) (6 points)

3) Given the following formula, 
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, and recalling that mb is 40 grams,  find the value of k. (6 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 = 1.0 cm, length = 28 cm, and thickness = 2 mm. (6 points)
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[ 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





 2) Thevenin Equivalent Sources (18 points)

You build the circuit pictured below
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Given:  R1=30 ohms, R2=2K ohms, R3 = 3K ohms and R4=2K ohms.

Given: V2=6V

a) Find the Thevenin Equivalent voltage, Vth, of this circuit between point A and point B. (6 points)

b) Find the Thevenin Equivalent Resistance, Rth, of this circuit between point A and point B. (6 points)
c) Redraw the Thevenin equivalent model of the circuit (2 points).

d)  If you place a 5K ohm load on the circuit, what will the output voltage be between A and B? (2 points)
e) What is the current through the 5K ohm load resistor from d? (2 points)

3) Op Amp Applications – Digital to Analog Conversion (23 points)
One family of digital logic we’ll learn about later in the course uses signals that switch discretely between zero and +5V, corresponding to logic levels of 0 (low) and 1 (high), respectively. Here is a chart of the binary numbers from 1 to 16, their decimal equivalents, and corresponding voltage inputs:
c
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The following op amp circuit is configured as a digital to analog (D/A) converter. Our D/A converter shown here is a four bit converter: logic voltages at VA, VB, VC, and VD generate an output voltage at Vout.  VD is the lowest order bit corresponding to Vd (in the chart), VC corresponds to Vc, VB corresponds to Vb, and VA corresponds to Va.
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Component values for the circuit shown are as follows: R5 = 5k, R6 = 2k, R7 = 10k.

a) The D/A should generate output voltages between 0V for a binary input of 0000 to the full scale value of 15 when a binary input of 1111 is present with a proportional increase in voltage as the binary value increases from 0000 to 1111.  Determine the resistor values R1, R2, R3, and R4 that achieve this in the circuit. (10 points)
R1 = 


R2 =


R3 = 


R4 =

b) Show the output voltage at Vout will give the correct decimal value for the following two binary input combinations: (6 points).
0100 
0110
c)  What would the voltage be at point X, when the input to the circuit is the binary number 1000 (VA=5V)? (2 points)

d) If we increase R5 to 20K and leave all the other resistors the same, what would be the voltage at point X when the input to the circuit is the binary number 1000 (VA=5V)? (2 points)

e) When R5 is 20K and the voltage at X is the one you found in part d), what is the output at Vout?  Why?  (3 points)

4) Op Amp Analysis (19 points)
[image: image7.png]Vin

R1 R2







R1 = R2 = 6K,  R3 = R4 = 8K
a) What op-amp circuit given on your crib sheet does this circuit most closely represent?   (Hint: disregard specific resistor values) (2 points)

b) What are the golden rules of op amp analysis? (2 points)

c) Derive an expression for Vout using the rules for op-amp analysis.  Your result should be in terms of Vin and resistor values R1, R2, R3, and R4 (Do not substitute actual resistor values.)  (You cannot assume R1=R2 or R3=R4).  (12 points)
d) Substitute resistor values in this equation and write the equation for Vout in terms of Vin. (3 points)

Question 5 – Op-Amp Circuit (20 points)
In the circuit below, R1 = 50 ohms, C1 = 0.68(F,  R3 = 3K, and  R4=1K 
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a) What function is this circuit designed to perform? (2 points)
b) Write the transfer function Vout/V1 for this circuit. (Substitute in the values provided for the components.) (4 points)

c) Over about what frequency range (in Hertz) is the desired function of the circuit reliably performed?  [You can assume that the operation is being performed even when the output amplitude is very small.]  (2 points)

d) Assuming that you have created this circuit in PSpice, how would you set up a simulation to observe how it behaves over a range of frequencies? (3 points)

e) Make a sketch of the frequency response of this circuit.  Mark the corner frequency and the range of frequencies over which the circuit is performing the desired operation (4 points).

f) What type of filter does this frequency response most closely represent? (a low pass filter, a high pass filter, a band pass filter, a band reject filter)? (2 points)
g) During the time that the input to this circuit has a constant slope of 1 V/s, what will be the value of the output voltage? [Assume the circuit is in its operating frequency range.]  (3 points)






























PAGE  
- 10 -  


_1190740484.unknown

_1171735385.xls
Sheet1

		Decimal				Binary										Corresponding

		Value				Value										Voltage Inputs

						x2^3		x2^2		x2^1		x2^0				Va		Vb		Vc		Vd

		0				0		0		0		0				0		0		0		0

		1				0		0		0		1				0		0		0		5

		2				0		0		1		0				0		0		5		0

		3				0		0		1		1				0		0		5		5

		4				0		1		0		0				0		5		0		0

		5				0		1		0		1				0		5		0		5

		6				0		1		1		0				0		5		5		0

		7				0		1		1		1				0		5		5		5

		8				1		0		0		0				5		0		0		0

		9				1		0		0		1				5		0		0		5

		10				1		0		1		0				5		0		5		0

		11				1		0		1		1				5		0		5		5

		12				1		1		0		0				5		5		0		0

		13				1		1		0		1				5		5		0		5

		14				1		1		1		0				5		5		5		0

		15				1		1		1		1				5		5		5		5





Sheet2

		





Sheet3

		






