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MEASUREMENT OF THE CORRELATION COEFFICIENT OF TEMPERATURE
FLUCTUATIONS AT DIFFERENT POSITIONS IN THE ROOM

EQUIPMENT
Thermistor
Transformer
Lock-in Amplifier

INTRODUCTION

In this lab you will setup a resistancebridge to monitor variationsin the resistanceof a
thermistorasthe temperaturef the room varies. You will usethe lock-in amplifier to optimize the
signal to noiseratio of the bridge output. Temperaturdluctuationsas a function of time will be
recordedfrom two different locationssimultaneouslyby combiningyour datawith that of another
group. The cross correlation coefficient of the two data series as a function of the distancethetwee
thermistors will be used to determine the characteristic distance over which the temflactiatons
are correlated.The conceptof a "correlationlength” has provedto be a powerful tool in areasof
science such as stellar diameters, elementary particle diameters and the size of laser pulses.

The correlationcoefficient does not take accountof a possibletime lag betweenthe two
records. Thusif atravelingwave of temperature/ariation sweptacrossyour two locationsit could
lead to a verysmall correlationcoefficienteventhoughthereis a strongrelationshipbetweenthe two
signals. This would be clear if yamomputedthe crosscorrelationfunction andthe crossspectrum.
Therearea numberof alternativedor performingthe computationgequiredin this lab. If you are
familiar with the Excel spreadsheett will requirethe leasteffort on your part. You can also use
built-in functions inTestPoint or in Origin. If you prefer to write youown code,Basicand Fortran
are both available on the PC’s in the lab. In order to perform the analysixaath Origin, or your
own code, you will needto transferyour datafrom TestPoint. This can be doneto Crigin by
selecting the graph of your data in TestPoint, switchingworksheetin Origin andthenusing either
the Paste or Paste Link command. If you use your @vde,you will needto savethe datato a disk
file in ASCII format. This can be dori®y draggingthe disk icon from the TestPoint‘stock” into the
actionlist and providing an appropriatenamefor the file. If you havedifficulty settingup the data
analysis consult witlthe instructoror a TA. You canusenoise.tst to acquirethe data,addingany
modifications that are required by your method of data analysis.

PROCEDURE
Setup theresistancdridge

Use thesmall transformer the thermistor,and a decaderesistancéox to connecta bridge as
shown. R; is meantto be the thermistor. For the "drive" voltage(V;,) usea sine wave from your
signal generator at a frequency of a few hundred Hz. Use a coax "T" to connect the sametkegnal
referencesignalinput of the lock-in or, if you usea generatothat alsohasa fixed amplitudesquare
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wave output, connect it to the lock-in reference input. Connect the output ter(winalso the signal

input of the lock-in. Is thereany reasonto selectone side or the otherto connectto the lock-in
ground?

Furction
Generstor

Adjustthelock-in phase

Make certairthatthe bridgeis not nulled so thatthereis a finite signalon the lock-in. Increasehe
sensitivity of the lock-in until the meter shows easily readabledeflection. Thenadjustthe phaseto
maximizethe signal. Pushthe buttonto changethe phaseby 90, increasethe sensitivity, and fine
adjust the phase to null the signal. Release the 90 phase shift button and the phagpeasifiddgset
for maximum signal.

Yayr to Lock in
Amplifier

FReference

Thermistor

Adjustthedrive amplitude

In order to obtairthe highestpossiblesensitivity, the bridge drive voltageshouldbe setas high asit
can be without heating the thermistor. You can test for heating by findiatherthereis somedrive
voltage level at which the bridge balance point dependsedevel. If no suchvoltageis found, use
the maximumvoltageavailablefrom the generator. (You can double the voltage by connectingthe
generatorto only half of the transformerprimary so that you will geta 2:1 step up of the drive
voltage.)

Calibratethethermistor

Although we are primarily interested in the variations of the temperatunecaitd meanvalue, it will
be useful to have at least approximatecalibrationof the thermistor. You cando this by measuring
its resistanceat room temperatureand at your body temperature. Assume that the room is at
approximately 20C to 24C, that your bowynperatures 37C (fingersarecooler,say 34C), andthat
the thermistor is linear in this range.

Selectsensitivityrange

In order to obtain the largepbssiblevoltageswing from the lock-in output, you will wantto setthe
lock-in sensitivity such that the variationsroom temperaturewill correspondo a sizablefraction of
the full scale output range. However, if the sensitivity is set too high, the outpgowilf scaleand
you will not collectdata. Placethe thermistorbridge on the work benchwhere you intend to make
measurementandwatchthe meter. If it is biasedto oneside of null, adjustthe decaderesistorto
bring it near center. If the voltage swings are then sergll, increasethe sensitivity. If the meteris
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swinging off scaleat times, reducethe sensitivity. It may be necessaryo watch the output for a
minute or more to be certain of the size of the variations. The systebe sensitiveenoughto detect
whetheryou are standingnext to it; this meansthat the null also dependson where you are. An

improper null will show up as a DC contributiontte signal, which in turn limits the dynamicrange
of the data.

Selecffilter time constant

From your observationsabove, you should have someidea of the rate of changeof the room

temperaturevariations. Any fluctuationsat periodsshorterthan a few secondsare probably due to

either the inherentnoisein the electronicsor a stray 60 Hz signal. There will be a substantial
separation in frequency between these "noise" signals amdigh®om temperaturevariationsso that
you can further enhance your signal to noise ratio by selecting the longest appropriatastaetor

the lock-in filter. State the time constant which you used and give your criterion for selecting it.

Recordthetemperature

Now you should be ready to uFestPoint to record theemperatureas a function of time. Selectthe
A/D icon and set it to record at least 4096 points. In order to avoid "aliasing” you must saegse at
two times per filter time constant. This may not be a sufficiently long recordto include the longest
period fluctuations in temperature. If so, you will need to use a longer filter time constant and a slc
samplingrate. Before spendingthe time to collecta long time seriesof data,you shouldtest your
procedures on some shorter records. Notice that the time variasaifiggently slow that you would
need to record data for more than 15 minutes to indilgessibleperiodicities.(The largestperiodic
term will be at a period of 24 hours and there will likely be an annual term aski@igver,in order

to complete the experiments below before the end datiaatoryperiod (beforethe end of the year)
you will be forcedto useshorterrecords.If you are certainthat your techniquels working properly,
recordsof 15 to 30 minuteswill be the longestyou can obtain. Note that the apparatuss sensitive
enoughto detectthe temperatureise from the proximity of your body. Don't move aroundwhile
taking data!

Plot the data;examinethe spectrum
If there are any large peaks in the spectrum make a note of their frequencies.

Recordsimultaneousecordsandfind crosscorrelationcoefficients

Join with anothergroup to recordtheir lock-in output and yours at the sametime with the two
thermistorsat locations about 1 meter apart. The recording times would be guaranteedto be
“simultaneous” if both data series were recordethersamecomputer.However, if both recordsare
started at the same time, this should be more than accurate enough for tharisittonsthat you will

be recording.With the two recordsyou cannow computethe crosscorrelationcoefficient,p.. The
algebraic expression far is,
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ny is called the “covariancedf the two dataseriesby analogywith the “variance” of each, o, and
2

% You could use a series pfathiconsto performthis computationdirectly in TestPoint. If you

import the datadirectly into Excel, select“Tools” from the main menu, then “Data Analysis” and

finally correlation. With the correlation dialog box showing, you aaethe mouseand our keyboard

commandgo selectthe appropriatecolumnsfor input and output of the computation.If you use

Origin, you will needto combinethe covariancecomputationfor the two dataserieswith the sum of

squaresss) computation to determine tlae for eachdataseriesindividually. Thenusethe algebraic
operations icorio subtractthe meanfrom the dataseries. With the meanssubtractedorm both data
series you can now compute the correlation coefficient, .

Repeat the measurements and calculations at increasing separations between the two. You

might find thatp changes sign with distance. What could this mean (other than that your data is ba

Finally, plot In{o) vs. distance to see if it is approximately exponential. What is the minimum numbe
of points required? If it is exponential, then determine the approximate "correlation length" by usini
the "curve fit" icon to perform a linear fit.



