Midterm #1 Solutions — EECS 145L Fall 2001

1 Inverting
Op-amp Non-inverting | Differential op-
Op circuit op-amp circuit |amp circuit Instrumentation
Amp amplifier amplifier amplifier amplifier
High Z;, YES NO YES NO YES
Differential input [ YES NO NO YES YES
Defined gain over || NO YES YES YES YES
a frequency band

[1 point off for each wrong answer]

2a
Op-amp equation V=-AV,
i-Vo V3-Vo 0-V,
100 11 110
Vi = V5 +100/ —100/4 +100/, =201, -100/4
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[7 points off for setting up the first three equations but not solving them]
[10 points off for following through with the erroneous starting equation Vo = V{/101]

=0

Kirchhoff’s current law at node V7:

Kirchhoff’s current law at node V3:

W=

2

2b
f=10 Hz, A = 10°
=V1/201 =5x 103 V4 V3 = 100V1/(201 x 109) =5 x 1070 v Vo=-0.5V]
f=1MHz A=1
Vo = 100V1/10000 = 102 V4 V3 = 100V{/10000 = 102 V Vo=-102V;

[15 points off for determining As only]
[2 points off if some answers off by 2x]

To solve 2b without using 2a:
At 10 Hz, A = 107 is larger than the closed loop gain of 100 and the virtual short rule gives
Vo =V1500 Q/100kQ =5x 1073 V4 Vo=-100 V2 =-0.5V; V3=-Vy/105=5x%x 1070V,
At 1 MHz, A = 1, negative feedback fails, and the circuit gain is limited by the op-amp gain of —1
Vo=-V3
V7 = V3 (voltage drop across 1 kQ resistor is 1% of the 2V3 voltage drop across 100 kQ resistor)
Vo=V 1kQ/100 kQ =102V V3=102 V] Vo=-102V;
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3a  The lower corner frequency is given by the RC time constant of the high-pass filter
fo=1/2 MRC) = 1/(2 0.16 x 10-3) = 1 kHz

[1 point off for 6.25 kHz]
3b The frequency where the gain of the buffer amplifier falls to 0.5 is the frequency where A falls to 1
which is 1 MHz. [2 MHz was also allowed].

[4 points off if LPF formula used to get 500 to 2000 Hz]
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[5 points off if gain does not decrease as 1/f above 1 MHZz]
[5 points off if gain does not increase as f below the f¢ value answer in 33
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[2 points off for overall sign error, e.g. Vo =-V1 -V + V3 + V4]
[2 points off for a working circuit that uses three op amps]
[5 points off for using two differential amps to take Vi — V3 and V — V4 and then connecting the output

directly together]
[5 points off for one summing amp plus two resistors connected to the + input of a buffer amp; this input is

not a summing point]
[2 points off for the following circuit with resistor values shown because of the overall sign error, e.g. Vo =

V1 -V +V3+ V4]
[4 points off for the following circuit with no resistor values shown]
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