THE AMPLIFIER

OBJECTIVES:
1) Explan the operation of the differentid amplifier.
2) Determinethe gain of each Sde of the differentid amplifier.
3) Determinethe gain of the differentid amplifier as afunction of frequency.
4)  Determine the common mode rejection percentage of the differentid amplifier.

INTRODUCTION

In this experiment it will be our god to acquaint you with the differentia amplifier and how the
device can be used to measure small bio-dectric Sgnds. Before usng the device s atoodl in
biologicad and physiologicad measurements, it will benefit you to have some idea of the basc
gructure of the differentia “amp”.

The differentid amp is bascdly a device that takes the "difference” between two voltage Sgnds.
Thereault of this subtraction is then amplified (or increased) o that it can be conveniently viewed on
an oscilloscope or other recording devices. We will see the usefulness of subtracting two voltage
ggnds in next week's experiment when we use the differentid amp to view cardiac 9gnds and
muscle potentids. A schemdic diagram of adifferentia amp is shown in figure 1.
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In the above diagram, the first red input lead has voltage V3, the second has Vp, and the black lead

defines a reference voltage . The input Sgnas can be thought of as the voltage differences
between the input lead and the reference voltage:

A:Va'Vr B:Vb'Vr

The subtractor part of the differentia amplifier forms the difference between the two input leads. C =
A - B =Vj3- Vp. Thevoltages here refer to voltages at any particular instant of time.
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Thissgnd (A - B) is then sent through an amplifier and its amplitude gets increased "k times. The
sgnd K (A-B) becomes the output from the dfferentid amp. The vdue "k" is the GAIN of the
amp.

output

input

The amplifier part of the differentid amplifier makes voltages bigger a each moment. It cannot
make the input voltage vary more or less quickly. Thus, an ided amplifier has no effect on the
frequency of itsinput sgnd C = A - B or on the shape as a function of time. It only changes its
gze. Of course, thesignd A - B can be quite different from A or B by themsdves.

GAIN =

It might appear asif the differentid amplifier takes the hard way by amplifying

(Va- Vi) - (Vp- V,) ingead of anplifying (V- Vp) directly. Any red amplifier actualy produces
(asyou will measure) an output reated to not just the difference of its inputs, but dso to their sum.
So without the reference sgna, we would have:

, L aV Vs
Output =k (Va- Vo) +9” g7
where g is known as the “ common mode’ gain, the gain for an input presented in “common” to both
amplifier would amplify only the difference, with g = 0 and k=100 or s0. How close it comes to
thisis measured by the common mode rgjection rétio,

CMRR=(1-g/k)  100%

Stray dectrica 9gnas from outsde sources, called noise, pervades the room where voltages V, and
Vp ae measured. The amplitude of this noise is often much greater than the amplitude of the
biologicd sgnds to be sudied. Since this noise is common to any signas measured in the same
area, we can make athird measurement, Vy, of just the noise:

Va=A +noise Vp=B +noise V, = noise

Without using the reference Sgnd, the noise cancels in the difference term, but not in the sum term.
Our imperfect amplifier would produce:

A +
e

Output=k”~ (A-B)+g~ +n0|se8

The differential arrangement uses as inputs A = (V4+ noise) — (V,+ noise) and B = (Vp+ noise) —
(Vi+ noise). Now, the noise dso cancelsin the sum term and we get:

A + Bp
e 2 o

Output=k”~ (A-B)+g”
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Noteif dl inputsareequd, V=V = V,, then A =B = 0, and we expect zero output.

Since the noise is much larger than the desired sgnds A and B, the arrangement which subtracts the
reference voltage produces much less contamination d the output Sgnd. The biologicd sgnds
would be completely obscured if not for this property of the amplifier, which is known as Commont
Mode Regjection, because it rgects Ssgnas sent in common to both of the input leads.

We will measure the characteristics of the amplifier by arranging input sgnas of A=0, then B=0, and
findly A=B. From the equations above, the output for these conditions should be

Out(A=0) = -B(k - g/2) » -kBif g<<k
Out(B=0) = A(k+g/2) » KA ifg<<k
Out(A=B) = Ag

A s=cond festure of the differential amplifier isthat it can be"AC coupled”. This means that thereis
an dectronic circuit that passes only input potentias varying fairly rgpidly intime. The AC coupling
circuitry will not pass congtant voltage DC or dowly varying voltage at frequencies below 1/2 cycle
per second. AC coupling aso removes any DC component from an AC signd. For example, a
sgnd that variesfrom 5 mV to 15 mV &, say, 10 Hz, isan AC signad with a DC component of 10
mV. (See Figure 2.) The AC coupler will remove the 10mV DC component and pass an AC sgna
varying from -5 mV to +5 mV to the amplifiers. AC coupling is accomplished by capacitorsin the
input circuit that act as a large resstance to DC sgnas. The differentid amplifier may dso be "DC
coupled” with no redtriction on the input. 1t amplifies whatever it sees a theinput: AC, AC + DC, or
pure DC. Note that the oscilloscope may also be AC-coupled using the switch under the input
connector.

Before AC coupling
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After AC coupling: (DC component eiminated)
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Fgure 2

In next week's experiment we will look at a specific biologica measurement, the eectricd potentids
produced by the human cardiac ryggda The heart puts out a sgnd varying from about -4 mV to

eats
+4 mV a afrequency of about S0
muscles. Customarily, placing an eectrode on the skin of each arm makes this measurement. There
is an amto-am DC potentid of about 20 mV due to the biceps and shoulder muscles. In
addition, the whole body acts as an antenna picking up eectromagnetic waves from the surrounding
gpace. These Sgnds are mostly 60 Hz from the 60-Hz power lines in the building.  In a typica
gtuaion this may produce a potential between any two points on the body of 50 - 60 mV with a
dominant frequency of 60 Hz. Thus, the cardiac Sgnas are completely logt in the noise.

= 1.2 Hz corresponding to the contractions of the cardiac

If the differentiad amplifier is connected to a subject as in Figure 3 with an dectrode on each arm
and one on a leg, which is the common reference point, the cardiac muscle sgnas can be
monitored. The AC coupling feature will remove the DC leve from the input due to the large
muscles in the body. The inputs to the amplifier are the AC potentid differences between the right
am and right leg, and between the left arm and right leg. The difference will be the AC potentia
difference between the right arm and the left arm. The noise induced by EM waves passing through
the body is common to both arm+leg inputs and thus is removed by the common mode reection
feature. The output isthe amplified cardiac sgnas done.

©
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The apparatus that we will use today are a differentid amp, asignd generator, and an oscilloscope,
shown scheméticdly in figure 4.
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The differentid amp is contained in a trangparent plastic box. On the right Side of the box, thereisa
connector with three wires with dligator clips atached. Two of them are "red” and the other oneis
"black”. The two red leads are the INPUT to the differential amp. The black lead is the ground or
reference for the sgnds sent into the two red leads. On the left Sde of box, there are two BNC
connectors for the OUTPUT of the amp. They are labded "AC" and "DC", for AC and DC
coupling, respectively. On the front, from the left, there are a power switch, the OFFSET adjusting
knob, the battery switch, the High/Low gain selection switch, and the DC/AC coupling sdection

switch.

Reference materid: review section of introduction on Making Graphs.
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Partners Name
Section

PROCEDURE:

Preparations:

Please ensure that the amplifier and its power supply (or battery if used) are turned ON.

1. Fne-adjust the DC OFFSET knob of the amplifier.

a)
b)
c)
d)
€)

9
2. @

Sat the amplifier coupling switch to DC

Connect the DC output to channel B of the oscilloscope.

Set the oscilloscope to DC coupling (LCD pand should show DC for channd B).

Turn the signa generator off. Y ou should see a horizonta trace on the scope.

Press the GND (ground) button on the scope to give a 0 volt input, and adjust the Y
position knob (channd B) on the scope so that the lineisin the middle of the screen. Thisis
where the oscilloscope itsdlf thinks O valtsis.

Now press the GND button again to look at the amplifier output when it has no input. This
is where the amplifier thinks that O voltsis. Adjust the OFFSET knob so that thelineisdso
in the middle of the screen. If you can't see the trace, the OFFSET knaob is badly out of
adjustment. Switch to the coarse-voltage sensitivity scale of 10 V/cm, center the trace with
the amplifier. Continue to center with finer and finer sengitivity scaes.

Turn the Sgnd generator back on.

Turn the amplifier OFFSET knob just a little. Isthe vertical postion of the trace on the

scope (channel B) affected by turning the OFFSET knob?

3. Put everything back to AC coupling.
Make the following settings and connections

a)
b)
c)
d)

€)

)

Set the amplifier coupling switch to AC.

Set amplifier to LOW gain.

Connect signd generator output to channel A of the oscilloscope.

Connect differentiad amp input (aligator clips) to signd generator output. One red lead goes
to OUTPUT (red connector) of the signa generator, the other red lead and the black lead
to GROUND (black connector) of the signa generator.

Connect the AC output to channel B of the oscilloscope.

Set oscilloscope to AC coupling (LCD panel should show AC for channd B).

Now, the scope is set up to view the input signa on channd A and the output signa on
channd B. The amplifier issat up for AC coupling.

4. With the amplifier set up for AC coupling, turning the OFFSET knob should not affect the
vertical pogtion of the output trace (channel B) on the scope except momentarily. (Only turn
the knob alittle, otherwise you will need to repeat step 1)
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Part |. Gain of the differentiad amp (at a congtant frequency = 200 Hz)

First, we wish to determine the GAIN of each sde of the differentid amp. To do this, we connect
one input lead (red) to OUTPUT of the signa generator, and the other input lead (also red) and the
black reference lead to the GROUND of the signal generator. That gives oneinput voltage (say B)
=0, and we measure ka; swapping the location of the red leads giveskr .

1
2.

o u

Set sgnd generator frequency at 200 Hz.

Set the peak-to-pesk voltage of the input signd to 5 mV. To st this, view channd A. Adjust
the output amplitude knob on the signd generator to set the desired voltage. Measure your
peak-to-pesk signd with the cursors. Adjust the amplitude knob on the signal generator to
increase or decrease your signa, then remeasure (It may be necessary to change the output
amplitude coarse stting). Repeat until you reach the desired voltage. Be sure to change scales
on the oscilliscope to get agood view of the signd if necessary.

Measure the peak-to-peak voltage of the output. To measure the output voltage, view channel
B on the scope and use voltage cursors to measure V. Record the data in the table below
(sdel).

Repest steps 2 and 3 for other input voltages shown in the table below.

Plot the output (vertical axis) vs. input (horizonta axis) voltage.

I nterchange the two red leads and repeat steps 2 through 5. Record the data in the table (side
2).

INPUT OUTPUT OUTPUT
(mv) (side 1) (side?)
(mVv) (mVv)

S.
10.
15.
20.
25.
30.

Questions:

1. Do the data points on the graph form gpproximately a straight line? If yes, what does the
dope of the line represent?

2. What units does the dope have?

3. Findthegain of each Sdefrom the dopes.

Gan(sidel) =
Gain (sde?) =

4. When one of the red leads is connected to the GROUND on the Sgnd generator, what is the

ggnd that isgoing into that Sde of the amplifier?
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5. Arethere any units associated with the gain of the amplifier? Why?

Part I1. Gain asafunction of frequency (at a constant INPUT=10 mV)

=

Set the input to 10 mV peak to peak.

Mesasure the output of the differential amp for each frequency shown in the table below.
Cdculate the gain of the differentid amp for each frequency. Adjust the input if necessary to
return it to 10mV.

4. Pot gan (verticd axis) vs. frequency (horizonta axis) on a semi-logarithmic graph.

wnN

FREQUENCY (Hz) | OUTPUT (mV) GAIN
20
50
100
200
400
600
700
800
900
1000
1300
1600
2000
5000

10000

Questions.

1. Isthegain you measured a 200 Hz consgstent with your measurement in part 1?

2. What hgppensto the gain of the differential amp at high frequencies?

3. Edimate the highest and lowest frequency sgnd one would encounter when looking a cardiac
ggnds. Is this amplifier adequate? (Hint: To see good detail in the shape of the heartbest,
fallowing dl the wiggles in the sgnd, you would need a frequency range of roughly .1f to 100f,
where f = the basic heart frequency. See page 4.)

Part I11. Commormode rejection
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To measure the percentage of commonmode rejection, we connect both input leads (red) to the
OUTPUT of the Sgnd generator. Attach the black lead to GROUND.

1. Settheinput to 1.0 volt and 200 Hz. Measure the peak-to-pesk voltage of the input by using
the voltage cursors (channd A).
INPUT = volts
2. Measure the peak-to-pesk voltage of the output by using the voltage cursors (channe B).
OUTPUT = mV = volts
3. Cdculate the common-mode gain.
Common-mode gain =g = OUTPUT/INPUT =
4. Cdculate the % commonmode rgection ratio (CMRR).
%CMMR = (1- gk)* 100 :g{_ common_mode_ gam g 100
gain_of one_ sdde g
= %
(Use the gain of ether sde that you determined from Part 1).
Questions.
1. When both input leads (red) are connected to the output of the Sgnd generator, what should be
the output of the differentid amplifier idedly?
2. ldedly, what should be the % CMRR for the differentid amplifier?
3. Compareyour vauefor the %CMRR with the idedl vaue. Arethey close?

10



