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EXTRACTION OF SIGNALS FROM NOISE

Equipment
Zener diode

Operational amplifiers

Lock-in amplifier
Overview

As youwill learnin your readingof the textbook,all electricalcircuits containsourcesof
noise. All real signals also contain unrelated “noise” at some level. Theréldemthat mustbe
solved in signal processing is to assure that the input sykiesnot increasethe naturalnoise of
the signal source. For very small signals this requireslow noise preamplifiers, typically
differential amplifierswith FET inputs. After minimizing the intrinsic noise of the signal source
and detection system, it is sfibssibleto enhancdhe desiredsignalrelativeto undesired'noise”
that accompanies it. In this experiment you will build a noise genergboovale a relatively large
noisevoltage. You will thenbuild an adderto add the noise to a sine wave from a signal
generator. You will then test twdifferent methodsfor enhancinghe signalrelativeto the noise.
The first is by computing the spectral density and the second is by usynglaronougletectoror
“lock-in amplifier”.

Procedure
|. Make a noise generator
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A Zener diode is constructed so that it breaks down in a nondestructive mannex suniieiently
large reverse bias. Under these conditions the voltage across the dieddyisidependendbf the
currentso thatits mostcommonuseis as a constantvoltage source. However, thereis also a
relatively large amountof randomnoiseon the voltage,particularly for the high voltage devices.
The left hand portion of the circuit of figureusesan op ampto amplify this noise. (Whatis the

purposeof the 0.1 pF capacitor?Build this portion of the circuit and examineits output on the
oscilloscope. We would like it to be white noise (actually “pink noise” or noisewith a high

frequencylimit). What, if any, characteristicslo you observeor exampleis therea 60 Hz or
other obvious periodic component? If so you may wish to change your circuit so as to eliminate it.
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Il. Measure the amplitude spectrum of the noise

Connectthe output of the first amplifier to channelO of the A/D interface used in
Experiment 1.A TestPointprogramcalled “noise.tst” hasbeenstoredfor you to useto examine
the signals in this lab. It will automatically take the Fourier transform of the sigrhlaomel*0”.
The algorithm used is called the Fast Fourier Transform (FFT). It requires many fewer
computationghana full DiscreteFourier Transform(DFT) but requiresthat the total number of
data points examined be a power of 2 such as 512, 2028, etc. Examinethe “action list” for
the start button to determine the sampling rate, number of samples anpanémeeter®f the data
sampling and analysis.

Now run the progranand examinethe amplitudespectrum(Peopleusually usethe power
spectrumwhich is the absolutesquareof the Fouriertransformandis proportionalto the signal
power per unit frequencyinterval. Unfortunately, squaringthe amplitude reducesthe relative
height of secondary peaks and makes them harder to seethefgany significantpeaks? If so,
do they correspond to what you observed on the sqdpescopepresentghe signalin the time
domain,the FFT representd in the frequencydomain. The time domaingraphin TestPointis
displayedwith too little time resolutionto show what you seeon the scope.)Does the spectrum
have any gradualfrequencydependenceor is it "white" (constant)over the range measured?
Explain whether this is consistent with the circuit that you have built.

Notice that the x and y axes of the plots can be adjusted to display only the cersjesaf
values. This is done in “Edit” mode. Double click on gliaphof interest,thenfollow the menus
which appear.

Put a low passRC filter in the circuit with a time constantlong enoughto yield a
measurablelrop off in the spectrum Notice that becausef aliasing,a 1 kHz samplingrate will
causethe noise spectrum of each 500 Hz interval(0-500,500-1000,1000-1500,etdg be
superimposed on 0-500 Hthus, a filter with cornerfrequencyabove500 Hz will only causea
relatively uniform drop in the noise spectrioy eliminatingthe higher500Hz intervals.It takesa
low corner frequency like 100Hp makean easily observablaesult. Recordanotherdataseries
and examine its FFT for consistency with the RC filter.

lll. Add a sine wave

Now, if you have not already done so, buthe right handportion of the circuit in Figure
1. The noise signal should have beensufficiently large so that no additional gain is needed.
Therefore the adderstagecanbe madewith a gainof 1. After construction,test that the noise
signal appears unchanged on the output of the second amplifier.

Add a sine wave from the signal generatoras shown in Figure 1, using a frequency
between 100 and 160 Hz. View the output of yamnplifier on the scopeand adjustthe generator
output so that it is several times the amplitude of the noise. This will assure that you wiltheotice
new peak in the spectrum at the frequencthefsinewave. Notice, however,thatthe sinewave
from the generator is very pure (the FFT is neadgléafunction) so that the peakwill consistof
only one or a few points. Therefore, if the signal genefedguencyis not exactlyon one of the
frequenciescomputedby the FFT it will not display its true Fourier amplitude. Test this by
changing the signal generator frequency a small amount and examining the FFT a feWMinaes.
could be done to improve the resolution of the FFT? Try it and describe the results.

Now adijustthe siagnal generatoiso that, on the scopetrace, the sine wave is just barely
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visible in the noise (that is a signal/noiseratio of about 1/1). Use this same level for the
measurements with FFT and lockin amplifier which follow.

Now measurghe amplitudespectrumagainand estimatethe ratio of the peak amplitude
from the signal generatotto the noise amplitudeat adjacentfrequencies. Is it greaterthan 1/1?
Explain and measure the difference if you shorten your record length from 4096 to 1024 points.

IV. Measure the signal with the lock-in amplifier
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The lock-in amplifier provides the best possible enhancement of the signal to noibetratio
is applicableonly whenthe frequencyof the desiredsignalis, or can be, synchronizedwith the
internal switching frequencyof the lock-in. The lock-in will be discussedin more detail in a
lecture. Sincewe are deriving our signaldirectly from a signalgeneratorwe canusethe output
from the same generator for the switching frequency.

Connectthe samenoisy signalusedin partlll to the lock-in amplifier signalinput. This
lock-in doesnot haveits own internal oscillator so that you mustconnecta signalfrom the same
generator that you are using for the signal sinusoid. Any wave form will work as ling &sge
enoughandrelatively free of noise. A fixed amplitude,5 Volt squareor sinewavewill beideal.
Connect it to the reference input.

Adjust the phase of the lock in so as to yield a maximum sigrtas canbe accomplished
with greatesprecisionby pushingthe buttonthatwill shift the phaseby exactly90 degreesand
adjusting the continuous phase adjustutl the lock-in output. Thenswitch backby 90 degrees
to obtain the maximum signal.

Estimatethe signalto noiseratio of the lock-in output, for the weakestsignal measured
above,with "pre-filter" time constantsof .01, .1, 1 and 10 seconds.With the 10 secondtime
constant, decrease the outfraim the signal generatotto find the smallestsignal voltagethat can
be detectedby the lock-in in the presenceof the noise. Finish your discussionby making a
guantitative comparisonbetweenthe minimum detectablesignal on the scope,in the Fourier
spectrum, and using the lock-in.

V. Experiments with Fourier transforms. See the accompanying Test Point note.
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