















































































































Ideal OpAmpCircuits

Voltage Bus Notation
Weoftenintroducesymbols to convey node connections
without explicitly drawingthem This often simplifies
diagrams esp for powergrid etc but does not changecircuitrules in any way Vste.g

vstuparrow
R1 pmpm

Vsfrac1xvs
Vs R2 R1

R2
negmp pmR3vs R3 frac1v
Vs

Vs

Amplifier a type ofdevice that serves an important
need in circuits and has many applications Anamplifiermay
be thought of as a three port device with a control part
a power port and an output port
Amplifiers use a smallquantity voltage currentpower at the
control port to deliver a largequantity from a powerpartto theoutputport
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Ideal OpAmpCircuits

The need for amplification is so common that engineers
have developed a class ofelectronic buildingblocks that
realize this function The OperationalAmplifier or

Op Amp

The symbol for an op amp
vs

0

model As

1
vt bot

vb pm KleftVVrightpm t Vout

fracT
vVI v1

Vont
0 overlineneg

1

negVs In reality dependentsource may
be referenced to Vs but thisdoesn't
changethe resultsignificentlybecause
K is BIG ideally krightarrowinfty

A prectical opamp has an open loopgain k that isvery
large 105 106 in practice Ideally we treat as krightarrowinfty

In practice the outputvoltage Vout is constrained to
remain within therangeof thepowersupply i e between
leftVsXsright or an even narrower rangee.g v3 or VstDeltaVrangle

Deltav out
VstDeltaVe.g if

sk

VST15VVS15VDeltaV3V vIleftvvright
Voet inleft1212rightv
range neg VSDeltaV







Circuits Ideal OpAmp
thereforeV OUT Kv IN fracR2R1R2v OUT

v out left1kfracR2R1r2rightkV in

v out fracK1kfracR2R1eta2VInfrac1frac1KfracR2R1R2V In

If kggfracR1R2R2Rightarrowv out fracR1R2R2v In

In this case bigenough 1 we get a gain G

see Demofracvv Gcong1fracR1R2
The gain G only depends on a resistor ratio

This holds so long as Gllk
It doesn't matter if open loop gain k is
nonlinear temperaturedependent time dependent etc

we traded a large but uncertain gain k fora smaller but precise gain GSensitivities nonlinear ities have been suppressed

This is achieved throughthe power of negativefeedback
If vinvt value the large open loopgain k drivesthe v pin to track close to the v pin

vtv fracvO
K
UT
simeqfracGVK IN Rightarrowvtv llvINvOUT

as krightarrowinfty ideal opamp vvrightarrow
The largegain drives v to beapproxVt This is a common
feature of negativefeedbackconnections wherethe output
is fed back throughthe large gain with negativeamplification







Circuits Ideal OpAmp
What is the output resistance of the inverting
amplifier with ideal op amp

Vs

i7fracsigmaVt
t

vOUT
frac0

v downarrowVSi1in uparrow ITESTV
TEST

sptilderightarrowi2R1vIN0 R2 nabla

vv0thereforeildots0
i0thereforei20

thereforev OUT v TEST 0i2cdotR20
thereforeR R out fracVI 0

wewouldget a similar result for a noninveting
amplifier with an ideal up amp


