Physics Department

SP436 Lab

U. S. Naval Academy

EJT 9 Sep 07


Purpose:  To become familiar with the excitation and detection of the transverse wave modes on a wire and to be able to relate the resonance frequencies of the fixed-fixed modes to the tension and linear density of the wire.  To measure the Q of a resonating system.
References: 

1. KFCS chapter 2
2.  R.P. Feynman, R.B. Leighton and M. Sands, The Feynman Lectures on Physics, Vol.II (Addison-Wesley, 1965) chapter 38. 
Apparatus:  Copper wire, speaker, pulley, mass
Polytec PDV 100 Laser Doppler Vibrometer
S/N__________________
Agilent 35670A  spectrum analyzer  

S/N__________________

HP467A Power Amplifier


S/N__________________

SRS SR560 preamp



S/N__________________ 
Tektronix TDS3012B oscilloscope

S/N__________________ 
Procedure:  

1.  Measure the length, diameter, and mass of a fixed length of wire.  Determine its average density and the uncertainty.  How does your density compare with tabulated values for the density of copper?  What is the linear density of your wire?
2.  Set up the detection system in the “swept sine” mode for the spectrum analyzer as shown in the block diagram below.  Hang a mass of about 300 g over the pulley.  What is the tension in the wire?  What is the speed of the wave on the wire?  The equipment listed is somewhat generic.  Note any modifications you made from the basic block diagram in the space below.  

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

[image: image1]
Figure 1.  Block diagram for swept sine mode resonance analysis of a wire.
3.  Place a small piece of reflective tape on the wire at a position where you do not expect a node for the first 7 or so modes.  Recall:   
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KFCS 2.10.5. and 2.3.7
Place the Laser Doppler Vibrometer an optimum stand off distance from the tape as described in the users’s manual section 4.2.4. 
4.  Spectrum Analyzer Setup.
Instrument Mode:  Swept Sign

Source Level:  100 mv rms – do not overdrive the speaker.  If you see deformed sign waves on ch 2, lower the source level.
Linear Sweep

Manual Frequency:   
Start 50Hz




Stop 400 Hz

Resolution Setup:  Resolution:  at least 500 points/sweep

Trace Coordinate:  Linear Amplitude  
Scale:   Auto scale “on”


5.  Power and Pre Amp Setup.
Power Amp – 
1x amplification  (this should provide 100 mv rms to the speaker drive coils as seen on the multimeter and oscilloscope.  
Pre  Amp – 
Band pass filter  30 – 1000 Hz (adjust as needed)


AC coupling



Gain: ~2
6.  Data Collection and Recording.

Press start on the frequency analyzer to begin sweeping through the frequencies.  While data is being gathered, you will see the frequency increase on the analyzer and frequency counter.  A trace will be drawn on the display.  When complete press:

“Save/Recall”

 “Save Data”  
Format -> “ASCII” 
“Save Trace”

“To File”  
name the file using the letters on the keyboard

and finally, “enter” to save to an external floppy.
Now remove the spectrum analyzer and use the function generator as the source frequency set to the value you think is the fundamental.  Set the amplitude to 100 mv rms.  Slowly move the frequency until the wire begins to vibrate.  Identify the mode by the shape of the standing wave pattern.

7.  Change either the tension or the length of the wire and repeat. 


8.  Measuring the Q of a mode.  Adjust the reflecting tape and LDV to be optimized for detecting the fundamental (n = 1) mode.  Change the sweep frequency to be approximately 5 Hz above and below the fundamental frequency.  Adjust the source level to obtain a clean response.  Shift the trace coordinate to “dB magnitude.”  Take data and find the frequency and level for the peak amplitude.

Peak Freq:

_____________
Peak Amplitude Level:
_______________

Upper Half Pwr  Freq:
_____________     
Upper Half Pwr Amp. Level:
_______________
Lower Half Pwr  Freq:_____________     
Lower Half Pwr Amp. Level:
_______________

The upper half power freq is found by taking the cursor to the amplitude level 6 dB below the peak on the higher frequency side.  The lower half power freq is 6 dB below the peak on the lower frequency side.  Save the trace data to the disk for later plotting. 

8.  Shift the trace coordinate to “unwrapped phase.”  What happens to the phase as the wire goes through resonance?  Look at the real and imaginary parts of the voltage response.  Which plot actually gives the resonant frequency?  Examine the polar plot.     
Report:
1.  Import your data into a plotting program such as Origin or Excel.  Plot the LDV amplitude as a function of frequency.  Label the value for n associated with each peak along with its frequency.  Origin has a function that allows your to “pick peaks” to identify the resonance frequencies.  Consider using it.
2.  Construct a plot of resonant frequency versus mode number.  What is the slope of this line?  What should the slope be? 
3.  Plot the fundamental resonant mode as a function of frequency.  Label the peak, upper and lower half power frequencies.  Calculate Q.  
4.  What happens to phase during resonance? If you only looked at phase, what frequency would you have selected for the resonant frequency?  Is this the same as that observed on the amplitude plot?  Describe the real, imaginary, and polar plots of the LDV response
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