
voltage
current

e
q
u
a
l

V2 V1

output

value

amplifier

r
e
s
i
s
t
a
n
c
e

gain

circuit

input

take

positive

sinusoidal voltage

voltage source

potential

amp

negative

multiplied

happen

a
d
d

node

source

R2

diode

time

call

put

resistor

type

function

frequency

o
u
t
p
u
t
 
v
o
l
t
a
g
e

got

correspond

VL

divided

Vsat

operational amplifier

diagram

always

r
e
l
a
t
i
o
n
s
h
i
p

input voltage

comparator

example

R1

sum

become

d
i
r
e
c
t
i
o
n

I1

w
r
i
t
e

negative feedback

zero

0V

course

transfer function

application

op amp

relation

I2

appear

summer

connected

us
side

case

signal

minus signcalled

connect

impedancedifference

passe

seen

ω

o
s
c
i
l
l
o
s
c
o
p
e

added

inverting amplifier

found

R2 R1

start

show

effect

curve
fact

capacitor

B
o
d
e
 
d
i
a
g
r
a
m

Remember

VT1

depend
come

influence

observe

V
'
1

part

used

mean

increase

c
o
m
p
o
n
e
n
t

given

draw

suggest

a
n
a
l
y
s
e

change

a
n
o
t
h
e
r

V
H

power

point

create

l
a
b
o
r
a
t
o
r
y

variation

rather

taking

Vout

dB

DC voltage

negative terminal

slew rate

linear

certain

blue

phase

manufacturer

Uj

infinite

constant

replace

pulsation

module

goes

resistance ratio

completely independent

level

amplitude

electronic

stay

around

peak value

towards
ratio

high

mass

n
o
t
h
i
n
g

2V

term

pass

c
o
p
i
e
d

slopevolume

proportional

know

s
w
i
t
c
h

gain equal

non inverting

second

way

saturation 1
5
V

made

expression

thus

first

supply

charge

remind

enough

capable

h
i
g
h
e
r

low pass

simply

back

absolutely

using

link

plan

square

f
o
l
l
o
w

offset

V
r
e
f

earlier

gives us

Kirchhoff Law

saturated

characteristic
exactly

looking

allow

said

compared

something

state

multiply

arrive

order

parallel

form

virtual ground

end

Vcc

Video

1

https://mediaspace.epfl.ch/media/0_krg9vauf
https://mediaspace.epfl.ch/media/0_krg9vauf


Here is the diagram that I would like to show you, which is what we call
a voltage summer. You'll see here that we have an inverting amplifier
and we have created a virtual ground. This virtual ground is essential to
the use of this amp when it is in a linear area. So the potential here, is
the same as it is here. And if I put a resistor here, or a potential of 0V, I
will still find myself with a potential of 0V. When we look what happens
here, I can write all these resistors that you're seeing, from a V1 voltage
source, a V'1 voltage source, a V"1 voltage source or we could easily
write that the current I1 is simply equal to the voltage V1 divided by the
resistor R1, the same for the current I'1 which is equal to V'1 divided by
the resistor R'1. It's the same for the current I"1 which is equal to V"1
divided by the resistor R"1. But what's really interesting here is that the
potential is completely independent, it's controlled from this side. This
area here imposes the duplication from the negative feedback of the
level, or rather the potential of 0V towards this node here.
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It's absolutely not the voltages because the voltages that appear here,
you will see V1 here, you've got the voltage V'1 there and the voltage
V"1 here. And this will stay at 0V the entire time. So now let's look at
Kirchhoff's Law. Kirchhoff's Law tells us that current I is the sum of
this, plus this, plus that. Very good. This same currrent doesn't even
enter the amp. It goes through it, it will become I2. So I2 is always
equal to the sum of the currents I1 + I'1 + I"1. So it's a law that adds up
all the currents that pass through while the potential retains the same
value. And when we start looking at what will happen with the voltage
V2, let's remind ourselves that V2 is this one, this is V2, so V2 is equal to
-I2 x R2 . So all these currents are multiplied by the R2 resistor. They
transform into a voltage equal to the output of V2, and that gives us
something like this.
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Here is the diagram once we examine it with the links that have just
been explained. You'll see that the voltage V2 is equal to: V1/R1 +
V'1/R'1 + V"1/R"1, with + sign adding it all up, and which is multiplied
by the R2 resistor. In other terms, you have V1 which is multiplied by a
gain equal to -R2/R1 , the same for V'1, and for V"1. This type of circuit
allows us to carry out what is called a mixing of voltages. We can add
voltage sources that won't influence each other because we have a
potential here that is absolutely constant, independent from this part of
the circuit because your amplifier gives out negative feedback, while
this voltage here allows the potential of 0V to be copied to this node
here thanks to the virtual area. So this potential is managed by the
negative feedback and these different voltage sources are absolutely
independent from each other. In other words, you can connect three
voltage sources. We could say that we have one voltage source V1, and a
voltage source V'1, which are by nature completely independent.
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You can connect an audio source at this side here, another audio source
from the other side, so we could have some classical music here, here
we could have some pop music, and you could add a singer here, and
you would only have to put variable resistors here and you will have just
made what we call a mixing table, because you would be mixing three
voltage sources, where the voltage output is the weighted sum of these
three sources. You can then write down the gains, raise the volume of
the classical music by putting R2 higher up than <R1, lower the sound
of the pop music and wipe out the sound or the voice of anyone talking
who comes near the source. So this, this is the origin of what we call an
adder, and this adder takes over sources which are entirely independent
and sends them to the output. I would like to draw your attention to the
fact that this diagram here does not correspond with that diagram there.
In this diagram, the voltage that you see in the node to which we add the
current is always the same, 0V copied from here. The voltage that you
see here, is a voltage that's the same as V2, and the voltage V2 depends,
of course, on I.
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The voltage V2 is this voltage here, as you can see, but it's always
between the output of V2 and the virtual area. And the current that
comes from here passes through I2 and subsumes the voltage V2 with its
own value. However here, this voltage is in constant flux, including the
effect on this resistor and the current I1. So when this voltage increases,
you will see that the voltage V1 - V2 will influence the current I1, which
is not the case here. The voltage V1 is completely independent on the
variation of the voltage V2 because it is between V1 and the mass, so
between this node here and this node here. And this has nothing to do
with what is happening with the current I2 which is the sum of these
two other sources. Here, the voltage V2 depends on this current exactly,
this current, this current and the level of voltage here influences the
value of I1. It will also influence the value I'1 and the value of I"1.
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I now invite you to go to the laboratory and look at an example of a
summing amplifier, and with this summing amplifier, we will try two
inputs. Here is what you should connect. Take an operational amplifier.
Create two voltage sources, one source of sinusoidal voltage, with a
frequency of 1kΩ, and a peak value equal to 2V. In a second input,
connect a DC voltage source with a value equal to 10V and use the
diagram with the resistance ratio that I have suggested you put here. I
advise you take the sinusoidal input, and establish a gain. You have the
ratio that appears on this input here, this is the resistance ratio of R2
over R11 which is equal to 22kΩ over 10kΩ so this corresponds to 2.2.
With this 2.2, a much weaker signal with respect to the sinusoidal
voltage Ve1 and the DC voltage, I suggest that you perform a damping
effect, so put 22kΩ divided by 6.8 which leads us to 0.32 and, of course,
with this being negative, let's observe what appears at the output. So we
are in fact expecting a summation link with the minus signs. Ve1 will be
multiplied by the gain of 2.2. Ve2 will be multiplied by the damping of
0.32. Let's see what happens when we analyse this before connecting it
to an oscilloscope.
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Here is our circuit. We have the voltage generated with a peak value of
2V. You can see plus 2V, minus 2V, with a mean value of 0V. And here
is the DC voltage, which we have connected here, and the AC voltage
which was connected here, as we look at the output the sum of the two
balanced by the resistance ratio, and what we will see is that this
sinusoidal voltage which has become, of course, 10V multiplied by 0.32
and altered with a minus sign, will give us a value of -3.2, that you see
here will then become the average DC value at the output of V2. And so,
our sinusoidal voltage multiplied by a gain equal to 2.2, which we can
see here, will amplify with a 2.2 gain, and will invert the voltage, so we
have a phase shift of 180° between the input voltage and the output
voltage which is very visible at the output of this summer.
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I now suggest to you that you take the same circuit and connect different
types of voltage sources other than sinusoidal voltage. And as you can
see, this type of summer is capable of measuring or taking any type of
input voltage, incorporating them in and sending them to the output. For
example, here we have a sinusoidal voltage which we would like to add
to a square wave. It's enough to put it at the input of this summer and at
the output, we have this blue line which in fact corresponds to the sum
of a sinusoidal voltage and a square voltage. We suggest you do this and
observe the results with an oscilloscope. Here is a similar thing, we can,
of course, do this with a sawtooth wave with a sinusoidal voltage. You
have the sawtooth wave that we add to the sinusoidal voltage. I'll leave
that there so we can see the voltage in blue, which corresponds to the
sum of both of them once they've been through the summer. It's enough
to observe this on the oscilloscope and to do this exercise in your
laboratory to look at what's going on.
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And so, we've just finished looking at one use of an inverting amplifier,
and we've just found out that this inverting amplifier is capable of taking
an input signal, a voltage in this case, of multiplying it by a gain and
performing an amplification or a damping of this signal, sent to the
output and inverted due to a minus sign according to the gain that we
have reached. And with that we finish today's chapter.
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