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In the non-inverting op amp iruit we take a

fration of the output signal, Y , and subtrat it

from the input signal, X.

We an represent this using a blok diagram:

A = Y

E

: the gain of the op amp

B = W

Y
= 1

4

: gain of the feedbak path

The �+� and ��� signs indiate that the feedbak is

subtrated from X to give an �error� signal, E.

A gain blok has one input and one output

(indiated here by an arrow): V = A× U

An adder blok many inputs and one output. The

signs indiate whether eah input is added or

subtrated: Q = P1 + P2 − P3

Normally, inputs are on the left and outputs are on the right.
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• Label inputs, output and adder outputs

• Write down equations for the output and all adder outputs

Y = AE

E = X −BY

Never use Kiho�'s urrent law in blok diagrams.

• Solve the equations by eliminating unwanted variables

Y = AE= A (X −BY )= AX −ABY

⇒ Y (1 +AB) = AX ⇒ Y

X
= A

1+AB

AB is alled the loop gain of the iruit. If you

break the loop at any point and injet a signal ∆

after the break, this will ause the other side of the

break to hange by −∆×AB.
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Sometimes we have an additional blok at the

input shown here as C.

We see that E = CX −BY and, as before,

Y = AE

Eliminating E :

Y

X
= CA

1+AB
= C

A−1+B
≈ C

B

provided A−1 ≪ B.

Y

X

equals the forward gain, CA, divided by the loop gain plus one.

Inverting Ampli�er

Error signal is E , V+ − V−

Hene V+ = 0 ⇒ V− = −E

Op-amp output is Y = AE where A ≈ 105 is

the op-amp gain.

Use superposition, nodal analysis or weighted average formula to �nd an

expression for −E in terms of X and Y :

−E =
1

1
X+ 1

3
Y

1

1
+ 1

3

= 3

4
X + 1

4
Y = − (CX − BY )

Hene C = − 3

4
and B = + 1

4

and

Y

X
≈ C

B
= −3
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Central Heating:

X: Desired temperature

Y : Atual room temperature

A: Rather ompliated system of

boiler and radiators

Steam Engine Governor:

X: Desired Speed

Y : Atual Speed

A: Rotational speed auses weights to �y apart

(entrifugal fore) whih adjusts the steam

supply via a throttle valve.

Many Other Examples:

Eonomis: Demand↑ ⇒Prie↑ ⇒Supply↑ ⇒Supply=Demand

Biology: More rabbits ⇒Not enough food ⇒Less rabbits ⇒Enough food



Bene�ts of Negative Feedbak

7: Negative Feedbak

is Wonderful

Blok Diagram

Solving Blok

Diagrams

Inverting Ampli�er

Negative Feedbak

Examples

⊲

Bene�ts of

Negative Feedbak

Gain Stabilization

Distortion Redution

+
Interferene Rejetion

Cause/E�et

Inversion

Instability

Summary

E1.1 Analysis of Ciruits (2018-10340) Negative Feedbak Properties: 7 � 6 / 12

1) Gain Stabilization

The gain of a feedbak system is almost entirely determined by the

feedbak path and not by the gain of the ampli�ation path. This means

that you an get preditable gains even when the gain of the

ampli�ation path is unknown or time-varying.

2) Distortion Redution

High power ampli�ers are often non-linear, e.g. their gain dereases at

high signal amplitudes. Sine the gain of a feedbak system does not

depend muh on the gain of the ampli�ation path, the non-linearity has

little e�et.

3) Interferene Rejetion

External disturbanes have little e�et on the output of a feedbak

system beause the feedbak adjusts to ompensate for them.
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Gain is

Y

X
= A

1+AB
= 1

A−1+B

If A is very large then

Y

X
≈ 1

B

and the preise value

of A makes no di�erene.

�very large� means A−1 ≪ B ⇔ A ≫ 1

B

. So as long as A is muh larger

than the desired gain, its atual value does not matter.

For an op amp A ≈ 105 at low frequenies but less at high frequenies.

Motor Speed Control:

A is the �gain� of the ampli�er and motor

(units = rotation speed per volt = rad.s−1V −1

).

A annot be preisely known: it depends on

mehanial load and frition.

However this is OK so long as it is large enough.

We an sense the motor speed using gear-teeth and

a magneti (Hall e�et) sensor together with a

iruit that onverts frequeny to voltage.
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If A inludes a high-power ampli�er and/or

a mehanial system (e.g. a motor) it is

almost always non-linear.

y = 15x− 2x3

: gain dereases at high |x|
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x = sin t ⇒ y = 15 sin t− 2 sin3 t
⇒ y = 13.5 sin t+ 0.5 sin 3t

The gain is only 13.5 instead of 15

and harmoni distortion is added at a

multiple of the original frequeny.

The total harmoni distortion (THD)

is equal to

0.5
2

13.52
= 0.14%.
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Use feedbak to redue distortion

Put in feedbak loop with ×100 gain,

A = Y

E
= 100 Y

X

and B = 1

15

Even though A depends on the signal amplitude, the gain is

Y

U
≈ 1

B
= 15.
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The easiest way to derive trigonometrial identities is to use De Moivre's theorem

cos 3t+ i sin 3t = (cos t+ i sin t)3 = cos3 t+ 3i sin t cos2 t− 3 sin2 t cos t− i sin3
t.

Taking the imaginary part of both sides gives

sin 3t = 3 sin t cos2 t− sin3 t = 3 sin t
(

1− sin2 t
)

− sin3
t = 3 sin t− 4 sin3 t

and hene

sin3 t = 3

4
sin t−

1

4
sin 3t.
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The ampli�er output, Y , is a�eted by interferene, Z.

Y = average of 4X and Z weighted by ondutanes:

Y =
1

RO
4X+ 1

RZ
Z

1

RO
+ 1

RZ

= 3.996X + 1

1001
Z

Z is often muh bigger than X (e.g. mains � 230V).
RO is ampli�er output resistane.

Use feedbak to rejet interferene

Opamp gain = A ≈ 105⇒ X = A
(

U − Y

4

)

Y =
1

RO
4X+ 1

RZ
Z+ 1

4k
0

1

RO
+ 1

RZ
+ 1

4k

= 3.899X + 1

1026
Z

Eliminate X : Y = 4U + 1

100001026
Z

Interferene redued by the loop gain ≈ 105 .

�Interferene� inludes any external in�uene that

may a�et the output.

E.g. the mehanial load hanging on a motor or

an opened window in a heating system.
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Gain is

Y

X
= A

1+AB
= 1

A−1+B
≈ 1

B

If multiplying by B is easier than dividing by B, use

feedbak to multiply by

1

B

.

Division Ciruit

Multiplier iruit is quite easy to make: T = P ×Q

Use in feedbak loop to give Y = X

P

P must be +ve to ensure negative feedbak.

Phase Lok Loop

Easy to make a voltage ontrolled

osillator with fO = k × v

Phase omparator output is v ∝
∫

(fIN − fO) dt so v inreases whenever

fO < fIN and dereases when fO > fIN . When v reahes equilibrium, we

must have fO = fIN so v = 1

k
× fIN .

We have generated a voltage proportional to the input frequeny.

Used in FM radios and in many other iruits.
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The biggest problem of feedbak systems is the

possibility of instability.

Gain is

Y

X
= A

1+AB

. We have four ases:

AB > 0 Normal:

Y

X
≈ 1

B
< A

−1 < AB < 0 Inreased Gain:

Y

X
> A

AB = −1 Y

X
= ∞

AB < −1 Usually saturates or osillates if AB > 0 at DC

Delays are Death

For a sine wave, a delay anywhere within the loop of

half a period (e.g. 0.5 ms for 1 kHz) is the same as

multiplying by −1. At this frequeny the loop gain,

AB, is large and negative so the system beomes

unstable and osillates.

Quite a ommon problem: steering a boat, walking

when drunk, balaning a stik.

© Siene made simple
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Why negative feedbak is wonderful:

• The preise value of A does not matter as long as it is big enough

beause the gain is determined by the feedbak, B.

• It makes no di�erene if A varies with time or with signal amplitude

(i.e. A is non-linear).

• The e�et of external interferene at the output is redued by the

loop

gain, AB.

• If making a gain B is easy, you an use feedbak to make B−1

.

The one thing that an go wrong:

• Phase lags or delays an make a feedbak system unstable

(osillate).

• Must make sure that as frequeny inreases, the loop gain falls

below 1 before the phase shift reahes −180◦.
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