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ECE554 Instrumentation
In-Class Transducer Demonstration #2

Name:_________________________  Box:________

1. Electrodynamic Loudspeaker/Microphone Demo

a.   Cross-sectional view of the loudspeaker.  





b.   “Loudspeaker” mode of operation: The magnetic flux field B emanating radially outward from the central magnet pole.  As current flows through the coil, the speaker cone will be deflected upward or downward, since F = IL X B.

c.   Doppler Speed Measurement – Consider a loudspeaker connected to a sine-wave oscillator of frequency “Fsource”.  Then if the velocity of the loudspeaker relative to the listener, Vsource = 0 is zero, (or Vsource/Vsound = 0) the listener hears frequency Fsource, since Fsource wavefronts will pass over the listener every second.  But if the loudspeaker is moving away from the listener at a speed Vsource equal to 100% the speed of sound (Vsource/Vsound = 1), then the listener hears a frequency = 0, since no wavefronts will pass over the listener.   If the loudspeaker moves away from the listener at a speed Vsource = 50% the speed of sound, (Vsource/Vsound = ½), then only Fsource/2 wavefronts will pass over the listener per second.  From the above discussion, it should be clear that the frequency heard by the listener, Flistener, is given by

                     Flistener = Fsource – Fsource(Vsource/Vsound).  

Where the source frequency Fsource is said to by “Doppler frequency shifted” by 

                            Doppler Shift =  –Fsource(Vsource/Vsound)

If the loudspeaker is moving toward the listener, rather than away from the listener, then Vsource is negative, making the Doppler frequency shift positive, and now the listener hears a higher frequency.

Given that in air the velocity of sound is Vsound = 13080 in/sec, and assuming that Fource = 1 kHz, then if Vsource = 10 f/s away from the listener, then 

              Flistener = 1kHz-1kHz(10*12)/13080 =  1 kHz – 9.1Hz = 990.9 Hz

or if the loudspeaker moves toward the listener at 10 ft/sec (now the velocity is negative), the listener hears the frequency 1009.1 Hz.
Estimated frequency of 1 kHz source when speaker swung moving toward listener: Flistener______________   Doppler Shift = Flistener-1kHz = _______________

Vsource = Doppler Shift*(Vsound/Fsource) = ____________

d.   “Dynamic microphone” mode of operation: The Lorentz magnetic force formula,  

                                                            F = qV X B 

predicts that there is a force (called the motional electromotive force) on the (negatively charged) conduction electrons in the (upward moving) loudspeaker coil wire that tends to cause a current to flow that is proportional to the up/down coil velocity.  Output of dynamic microphone in response to typical speech volume 1 ft from speaker is on the order of _______mV.

2.   Variable Capacitor Transducer
a.   Air variable capacitor transducer - transduces angular displacement into a change in capacitance.  No contacts to wear or become “noisy” as with potentiometer, but its sensing circuit is more complex.
                                          Sketch of Variable Capacitor






At maximum capacitance:
Plate area = 2.5 cm^2, Plate spacing = 0.15mm, Number of capacitors in parallel = 4
Calculate C predicted                                 Cmeasured = ___________





3.   Piezoelectric Crystal Transducer

a.   Structure and transduction of transient mechanical displacements.

b.   Ultrasonic transducer operation at resonance using separate transmitter / receiver units.
Transmissive case – note the sharp resonance.  Why the double-humped response?  
                                  fres = __________________

c.   Reflective case.  Application: continuous-wave ultrasonic intrusion alarm (motion detector).  
                           How far away can intruder motion be detected?_____________

4.   Ultrasonic Velocity Measurement
a.   Sketch the reflective ultrasonic motion detector









In a 40 kHz ultrasonic motion detection system, the composite signal received at the receiving transducer consists of the sum of two component 40 kHz signals.  The first component is the reflected wave received from nearby stationary objects – this wave arrives with constant amplitude and phase. The second component is the reflected wave from an object moving directly toward the location of the transmitting and receiving transducers.  This second wave arrived with nearly constant amplitude, but it varies in phase, since it was reflected from a moving object.  Because the phase of the second component varies with respect to the first, the composite 40 kHz waveform’s amplitude will vary as the phase relationship between the two components goes “in and out of phase” with each other.  One complete cycle of variation of the interference pattern corresponds to the object moving through a distance of one-half wavelength w.r.t. the ultrasound send/receive site, since the total path length difference traveled (down and back) is 1 wavelength.  For a sound wave at 40 kHz, one wavelength = Vsound/f = (13080 in/s) / (40,000 1/s) = 0.327 inches.

b.   If the amplitude of the received composite wave is found to pass through N minima in one second (an N Hz “amplitude envelope” was observed on the 40 kHz signal using an oscilloscope), then the speed of the moving object is 

                                       Vobject = N*(0.327/2) in/s


c.   Can the direction of travel (away or towards the observation site) be determined from the “minima counting” measurement described above? 


d.   Estimated velocity = ______________   Observed envelope frequency = ___________

Calculated velocity of object = _________________


5.   Pulsed Ultrasonic Range Finder Demo

a.   Same diagram as before, except now the Agilent function generator is set to “burst mode” (10 cycles per burst).

b.   If the measured time delay between the transmitted and received tone burst is “Td”.  Then the distance (D) between the location of the transmitting/receiving transducers and the reflecting object must be given by

                                         D = Vsound*(Td/2)

Where Vsound = 13080 in/s.  (The factor 2 is due to the fact that the ultrasound must travel D meters down to the reflecting object and then D meters back again.)

 Measured Td = _________   Calculated Distance = _________ Meas Distance = ________
       Measured Td = _________   Calculated Distance = _________ Meas Distance = ________
       Measured Td = _________   Calculated Distance = _________ Meas Distance = ________

6.   Quartz Crystal Oscillator Circuit

a.   Quartz crystal used in feedback path between output and input terminals (collector and base terminals) of a BJT (inverting) amplifier.   Crystal provides feedback (with 180 degree phase inversion) at its mechanically resonant frequency.  Conditions for oscillation around a circuit loop: (1) loop gain > 1, (2) loop phase shift = n*360 degrees.  There is already a 180 degree phase shift in an inverting amplifier.  Crystal provides the additional 180 degrees of phase shift at its resonant frequency.

Draw circuit:







b.   By varying the power supply voltage, the oscillator carrier wave may be “modulated”, and a miniature radio transmitter created.  This is done by adding 5V DC offset to the Agilent function generator that is set to deliver an audio frequency tone of 1 Vpp amplitude.  This then replaces the DC power supply in the circuit above.  Sketch the sine-wave AM modulated wave:
7.   Thermocouple Junction Demo
a.   Nichrome/Copper thermocouple made by twisting copper wire and toaster wire together.  

b.   Measure DC voltage when both junctions at room temperature.  V = ________

c.   Measure DC voltage when one junction at room temperature and other at match flame temperature.  V = _______

d.   Measure DC voltage when both junctions at match flame temperature.  V = _____

e.   Peltier junction cooling effect?


8.   Thermistor Demo

a.   Measure approximate resistance of the thermistor demonstrated in class at room temperature (25 deg C)?  R = ___________

b.   Resistance at body temperature (35 deg C) R = _______

c.   When a lit match is held under it (500 deg C)  R = _______

d.   Reminder of theory of operation of a thermistor.  Why does its resistance fall with increasing temperature?  Why does the thermistor's resistance vs. temperature curve saturate (level off) at high temperatures?


9.   PN Junction Diode Thermometer Demo
What change in forward junction voltage would you expect if an (electrically insulated) diode junction (initially at room temperature, 25 degrees C) is brought up to body temperature?   Assume a forward junction current of 1 mA.  

a.   Fwd Bias Junction Voltage at 25 C (room temp) = _________
b.   Fwd Bias Junction Voltage at 35 C (body temp) = __________
c.   Observed change in Fwd Bias Junction Voltage per degree C rise = _________








