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Superposition principle

Op-Amps are linear to their inputs, thus we can apply superposition
principle
If you have several inputs.

@ Mentally put every but one input to the reference. Calculate the
output of such circuit.

@ Now put another input but put every other one to reference, and
calculate the output.

@ Keep doing this for every input.
@ Sum all the results and you get the resulting output.
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Summing inverting amplifier

R "R R R

ZinN = RN7 Zout =0

_ (Vim + Vin2 Vin3 VinN) Rf
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Naive differential amplifier
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for ideal Op-Amp (A > 1)

., R : R
Vout = _V/n1ﬁ1 + Vinz (1 -+ ﬁ)

Zimt = Ry, Zinp = 00, Zout = 0

Unfortunately, there is no way to get the output signal as the amplified
difference of the inputs. i.e. Vout # (Vint — Vin2),

Eugeniy Mikhailov (W&M) Math with Operational amplifiers 4/6



|IYUN. — 1 m_’
] Uo > t
3 ( 5
s
I - M
QL \ r m/ Y | J
il SEEnEP:
.ﬂ >
w \ / \ mL —
A 5 ~ o
=1/, | =< ” %
“ f(JJ’ Wi ] —\
o g6 =
2 1
g W\ N Al
S LRI ]
1 > ¥
(oY ) | N o
[e) L J i ~1 L.
] =\ ¥ )
st G ol
2 < > J
Sl I
WW | >
o |
[
Yy ] a
A " +
] = 3 s
Vm > —




Differential amplifier
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Mathematics with Op-Amps

By now we know how with a help from Op-Amps do summing and
subtracting signals. We also know hdw to multiply them by any
constant. l.e. we can do elementary math arithmetic with our input
signals.

Later we will learn how to integrate and take derivative of a signal.
Now you see why they are called Operational-Amplifier.

Note: multiplying two inputs together is not trivial task, though there
are specialized chip which can do it. There are also chips which can
do exponents and logarithm.
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