Physics 120B Lab #6 supplement Spring 1998
INSTRUCTIONS FOR USE OF TestPoint IN EXPERIMENT #6

A TestPoint program has beassembledor you which will allow you to collectandanalyze
data for experiment #6 as described in the instruction sheets. However, you afecastegderform
a numberof additionalexperimentswith the datato explorethe propertiesof time seriesand Fourier
transforms. We provide you with some instruction in the use of TestPoint to allow you towirg
experiments that are described in section Ill. In order to perform them you will need tvamakiens
of the program. Section Il provides you with a description of the funofidine itemsin the program
so thatyou canlearnhow to changethem. You shouldexplorethemand makechangego help you
understandhow it works. When you are finished, close the program without saving it so as to
leave the original one for use by other students.

TESTPOINT WINDOW STRUCTURE

If the program is not already loaded, open TestPoint anduth@erthe “File” menuselect”
Open”. Then doubleclick on thefile “noise.tst”. The TestPointWindow will thenpresentfour
panels, two of which overlap. On the upper left is the STOCK panel which contains icons fanell of
available actions or functions of TestPoint. These include actions such as writing to disk, rednevin
A/D value, graphing of data series, storage of ttatdisk files, or computations.In orderto activate
them, the user drags the desired Icon intaQBJIECT panelbelow the STOCK panelor directly into
the user display pandgbeledPanel#1, which occupiesthe upperright portion of the screen.n the
latter case, the Icon will also automatically appear in the OBJECT paneétuRfiebuttonandthe two
graphsare placedin Panel#1 by draggingthe correspondingconsfrom the OBJECT panel. After
they are placed in the panel they tmpositionedandsizedas desiredby appropriateactionwith the
mouse.

In the lower rightportion of the screen partly coveredby the display panel,is the “ACTION
LIST” panel for the “run” button. Thipanellists the actionswhich will occurwhenyou click on the
run buttonin Panel#1. The “action list” panelcan broughtto the foregroundby clicking on any
portion of it that is visible. If it is not visible at all, it can be activated by first togglin/tBBE item
in the main menu bar to MODE=EDIT. Then click on the run button in eithédB¥=CTpanelor the
Panel#1. Finally, in the main menu bar select “view” and then “action window.”

The “run” button action list will appear as follows:

1)Set no of samples to 4096

2)Acquire AID A/D1 #samplesao of sample rate=100Hz, Chanel(s)®
3)Draw graph input with A/D1,

4)Store in time series from A/D1,

5)Calculate fft with samps=no of sampleswave=A/D1,
6)Calculate Math2 with input=fft

7)Draw graph Graph fft with Math2

Each of these lines is creatled draggingan Icon eitherfrom the OBJECT panelor directly from the
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STOCK panel. The underlined items are those wba@tbe setby the programmer(you). Therest
of the line cannot be typeddirectly by the userbut is enteredautomaticallyupondraggingthe icons
into the action list.

Set

2
The first line was created by draggiadATH icon ( JX Ty ) into the actionlist and selecting“set”
from the choices, “set” and “calculate”, after the mouse button is released. The naofesdnples”
was created by us for this object by double clicking on it ifGBdECT panelandtyping in the name
in the appropriateplace. You can do this to inspectwhat we have done without changingit by
selecting*Cancel” on any window in orderto closeit. We are usingthis line so that the numberof
data points need be entered in only one place in the program rather than in each ofttie ligesit.
The number, 4096, after thi®” canbe changedoy you to any desirednumber. However,the Fast
Fourier Transform that we use below uses only data safriesgthsthat are powersof 2 (128, 256,
512, etc.).
AcquireAD
The second line was created by dragging the A/D icontiactionwindow and droppingit beneath
the first line. The highlighted item after “#Sample$ was insertedby draggingthe “no of samples”
label from the first line into this position. In this way, the oufipoin one actionis madethe input to
another. Theratecanbe typedin by handandyou may changeit as part of you experiment. The
“Channel(s)” item has been typed in by handla@nnelO but if you wish to connectyour signalto a
different channel you may change it.
Draw Graph
The third line was created by dragging a graphics icon to the next position in the action list. ABer lir
was written to the action list, the namkthe datato be plotted was providedby draggingit from the
name of the output of the previous line, “A/D1".
Storeln
This line was createdby dragginga “container”icon (a picture of a box labeled,x, with lid partly
open) to the next position in the action list. It was named “Herees’by us by doubleclicking on its
icon in the OBJECT panel and filling in tlagpropriatdine. The sourceof the datawas specifiedby
dragging the name of the output of the “Acquire A/D” line, “A/D1”, to this position.
Calculate
In this line we specifiedhat the computationshouldbe a fast Fouriertransform(fft) of datasampled
by the A/D. Inthis case,if you doubleclick on theicon in the OBJECT panel,you will seethatwe
typedin the nameof a procedureby hand, “fft(samps,wave).” For this we neededto look in the
TestPointmanualto determinewhat functions are available, how they should be called, what
parameters are needed, and what form the output assumes. The output of the fffasnm dfichree
data series; frequency, amplitude and phase.
Calculate
The second “calculation” line selects only the amplitude of the Fourier transform.

Draw graph
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Finally the amplitude of the fft is plotted in a second window.

For closer inspection of the graphs, click on the “insplatton of the appropriategraph(this
works onlywith MODE=Run).Thenselectzoomandusethe scroll barson the right sideandalong
the bottom to move to the desired portion of the plot.

Any item in the action list can be deleted by selectirgdthen pressingthe deletekey on the
keyboard. This will not remove it from the OBJECT panel so that it may be plaaeg attionlist at
a later time.

EXPERIMENTS WITH FOURIER TRANSFORMS

Adjust the amplitude of the sinewave (10QL&0 Hz) you haveusedin experiment#5 so that
the signal to noise ratio is approximately 10/1. Then record the Fourier transform for tectasks
statedbelow. Write a brief, quantitativedescriptionof the transformanda brief explanationof it in
terms of the Fourier transform theorems of chapgr Notice that the units of the frequencyaxis on
the graphof the Fouriertransformarenot Hz. The smallestfrequencyand the smallestfrequency
increment that can beomputedwith a discreteFouriertransformis 1/recordlength. Sinceyou have
recorded4096 pointsat a rate of 1000/secondyour total recordlengthwas 4.096 secondsand the
frequency increments are 1/4.096 = 0.244 Hz. Ttarsgxample the point at 1200 frequencyunits
on your fftcorrespondso 292.9 Hz.The highestfrequencythat can be processedvithout aliasingat
this sampling rate is 500 Hz.

Decrease the no. of samples to 128 and comntpale transformof the 4096 point record. Compare
the apparent width and shape of the spectral peak with that of the longer record.

Changethe signal to a triangle function and thento a squarewave. Notice, that new frequency
components appear in the transform at subharmonieglagas harmonics. Are thesefrequencies
really present in the time series? If not why do they appear in the transform?

Increasethe frequencyof the sine wave to about3/4 of the sampling frequencyso as to display
aliasing.

Modulate the frequency and taeplitudeof your original sine wave andinspectthe fft. Connectthe
output of the signal generatorto the VCF (voltage controlled frequency)input of the function
generator. Set the frequency of the siggaleratoto about20 Hz and monitor the outputof the
function generator on the scope so that you can sdeetii@encymodulation. Vary the amplitude
of the modulationaswell asthe frequencyand examinethe amplitudeand spacingof the “side
bands.”

*Multiply a sine wave time serieat your original frequencyby a Hammingwindow. The Hamming
window is already set uim the OBJECT panelas“hammingflt.” Dragit into the actionlist to a
position between line “4)Store” and line “5)Calculate fft”. Drag the name “time series” from line
into the “x= " positionof the Hammingflt line. Dragthe name“*hammingfit” into the “wave="
position of the calculatefft line. Describeand explain the difference betweenthe fft of the
windoweddatarelative to the unwindoweddata. Plot the dataafter it has passedthroughthe
Hamming window.
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* May not be implemented



