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1. Op-Amp Rules

Here is an equivalent circuit of an op-amp (where we are assuming that Vss = —Vpp) for reference:
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(a) What are the currents flowing into the positive and negative terminals of the op-amp (i.e., what are i ™

and i7)? Based on this answer, what are some of the advantages of using an op-amp in your circuit
designs?
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(b) Suppose we add a resistor of value R; between uqy and ground. What is the value of vy, ? Does your

answer depend on R;? In other words, how does Ry, affect Avc? What are the implications of this with
respect to using op-amps in circuit design?

For the rest of the problem, consider the following op-amp circuit in negative feedback:

+
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(c) Assuming that this is an ideal op-amp, what is vgy?
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(d) Draw the equivalent circuit for this op-amp and calculate vy in terms of A, v;,, and Ry, for the circuit
in negative feedback. Does voy¢ depend on R;? What is vqy in the limit as A — oo?
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2. Testing for Negative Feedback
While it is tempting to say “if the feedback voltage is connected to the negative op-amp terminal, then we
have negative feedback”, this is not always true. Here is a two-step procedure for determining if a circuit is
in negative feedback:

» Step 1: Zero out all independent sources, replacing voltage sources with wires and current sources
with opens as we did in superposition. You do not need to zero out the voltage sources that serve as
the power supplies to the op-amp, since they are not treated as signals and are not considered part of
the op-amp.

* Step 2: Wiggle the output and check the loop. Assume that the output increases slightly. Check
the direction of change of the feedback signal and the error signal from the circuit. Any change in the
error signal will cause a new change in the output. This change is the feedback loop’s response to the
initial change.

— If the error signal decreases, then the output must also decrease. This is the opposite direction
we initially assumed, i.e. the loop is trying to correct for the change. So the circuit is in negative
feedback.

— If the error signal instead increased, then the output would also increase. This is the same direction
we initially assume, i.e. the initial increase lead to further increase. We call this positive feedback.

(a) Show that the voltage buffer circuit is in negative feedback. Note that here vy, is acting as a voltage
source.
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(b) Show that the inverting amplifier circuit is in negative feedback.
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