Op Amp Analysis (25 pts)
a) What are the golden rules of op amp analysis (2 pts):

1. 

2. 

Answer:

V+ = V-

I+ = I- = 0

Grading guidance: 1 point each

b) 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 pts)?  

The terminals of the op amp are very high impedance – ideally an open circuit – so it is certainly possible to set the voltages at the two terminals to be different, consequently, V+ = V- can be violated and the device can still be useful as a comparator.  The high intrinsic gain of the device will drive it to saturation at +Vdc if V+ > V- or at –Vdc if V+ < V-. I+=+-=0 cannot be violated if the input terminals are open circuit internal to the device.
Grading:1 pt for correct rule by itself (not if listed both rules), 1pt for any sensible explanation.
SUGGEST WE REORDER THE FOLLOWING AND SELECT 3 of 5 for the different test versions:

For each of the following circuits, determine if the circuit will function properly.  If not, state specifically all reasons that it will not function.  If it will function, draw two cycles of the input and corresponding output waveforms.  Specifically identify the average, minimum, and maximum voltages of your waveform both for Vin and Vout.  Label the time scale of the plot. (3 pts each).
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Will the circuit function?  If not, why?

If it will function, plot two cycles below:

[image: image2]
It will function, here’s the plot:

Grading: 1pt that it functions, 1pt shown inverting, 1pt for all 4 required labeling elements (half credit if any labels missed).
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Will the circuit function?  If not, why?

The power supply on V- has the polarity reversed so the device would not function properly.
If it will function, plot two cycles below:
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Will the circuit function?  If not, why?

If it will function, plot two cycles below:


[image: image7]
It will function, here’s the plot:
(Note that presence of R3 is intentional – if no current flows, there’s no voltage drop, and R3 doesn’t do anything. Is this too tricky?  If so, pls discard.)
Grading: 1pt that it has correct offset,, 1pt shown inverting, 1pt for all 4 required labeling elements (half credit if any labels missed).
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Will the circuit function?  If not, why?

If it will function, plot two cycles below:


[image: image10]
It will function, here’s the plot:

Grading: 1pt that it is not inverting, 1pt that it is clipped somewhere between +/-12 and 15V – exact rate of rise/fall is not important, 1pt for all 4 required – note different time scale (frequency @ 2kHz on this one), -1/2pt if they miss this.
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Will the circuit function?  If not, why?

No.  Two problems: a voltage follower feedsback on the negative terminal of the op amp, and the supply at pin 7 V+ provides a -15 volts to that pin.

If it will function, plot two cycles below:


[image: image13]
Given the following circuit, 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.

Version A
[image: image14.emf]+
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a) Write the equation at the inverting terminal of the op amp (3 pts):

b) Write the equation at the non-inverting terminal of the op amp (2 pts):

c) Use these equations to solve for Vout in terms of Vin and resistor values R1-R6 (4 pts).

d) Substitute resistor values into your equation from part c to get Vout in terms of Vin (1 pt)

e) For the input signal shown in the circuit schematic, what is the minimum and maximum output voltages generated at Vout?  Show your work. (2 pts)
Minimum:

Maximum:
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Version B
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a) Write the equation at the inverting terminal of the op amp (3 pts):

b) Write the equation at the non-inverting terminal of the op amp (2 pts):

c) Use these equations to solve for Vout in terms of Vin and resistor values R1-R6 (4 pts).

d) Substitute resistor values into your equation from part c to get Vout in terms of Vin (1 pt)

e) For the input signal shown in the circuit schematic, what is the minimum and maximum output voltages generated at Vout?  Show your work. (2 pts)

Minimum:

Maximum:
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Version C
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a) Write the equation at the inverting terminal of the op amp (3 pts):

b) Write the equation at the non-inverting terminal of the op amp (2 pts):

c) Use these equations to solve for Vout in terms of Vin and resistor values R1-R6 (4 pts).

d) Substitute resistor values into your equation from part c to get Vout in terms of Vin (1 pt)

e) For the input signal shown in the circuit schematic, what is the minimum and maximum output voltages generated at Vout?  Show your work. (2 pts)

Minimum:

Maximum:
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