1
2

BE554 Instrumentation
In-Class Transducer Demonstrations

1. D’Arsonval DC Ammeter Movement (Discussed and displayed earlier in class)


2. 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 

                                          –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.

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.
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Magnetic Pickup – Faraday’s Law of Induction 


predicts that a voltage will be induced in a coil of wire that is proportional to the rate of change of the magnetic flux cutting the coil.  Coil responds to velocity of magnet moving near coil.  Application: magnetic tachometer, magnetic strip “card swipe” key card.  


2.   Strain Gage “Scale” Demo
a.   Bonded strain gage glued to top of cantilevered beam.  How much does its resistance change when the beam is (moderately) bent (without causing any permanent deformation of the beam)?  

Rzero_disp = ________
Rdownward_force = _______   DeltaR = Rdownward_force-Rzero_disp = _____
Rupward_force = ________    DeltaR = Rupward_force-Rzero_disp = ______


b.   Demo of strain gage force transducer (scale) used in one-active arm bridge circuit. Use a potentiometer in one arm of the bridge.  Adjust it in order to “balance the bridge” so the bridge output voltage is zero at zero displacement.  

c.   Use above circuit as a “scale” to measure weight of objects. Does it appear to be linear?

d.   4-active arm bridge formed by semiconductor pressure transducer.
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3.   Linear Variable Differential Transformer (LVDT) Displacement Transducer
a.   Structure of homemade LVDT. 

b.   What is the purpose of the powdered iron slug?

c.   Calculation of self-inductance of LVDT primary.  L = (N^2)(Area/length)mu, where N=11 turns, length=0.5 cm, Diameter = 0.7 cm, mu = 500*4*pi*10^-7 H/m.  Then L = 117 microHenrys.

d.   Excitation frequency = 1 MHz, so impedance of primary XL = 2*pi*f*L = 735 ohms, does NOT greatly load down the generator (Rout = 50 Ohms).


4.   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.


5.   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?  Reflective case.  Application: continuous-wave ultrasonic intrusion alarm.  

6.   Ultrasonic Velocity Measurement
a.   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? 


7.   Pulsed Ultrasonic Range Finder Demo

a.   Sketch the block diagram of the pulsed ultrasonic reflective ranging system that was demonstrated in class.

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.)

8.   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.
b.   By varying the power supply voltage, the oscillator carrier wave may be “modulated”, and a miniature radio transmitter created.

9.   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.


10.   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?


11.   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.


12.   Verification of Blackbody Radiation (Light Bulb / Variac Demo)
Color of bulb changes from red to orange to white to blue as the bulb filament voltage is gradually increased.  What is the approximate filament temperature when bulb has reddish tint? (Eqn 2.26: T = 2898/lambda_microns => T = 2898/(0.7 microns) =  4,140 K. When bulb has bluish tint?  T = 2898/0.4 microns = 7,245 K.


13.   Thermopile Far Infrared Detector Demo
a.   Thermopile detectors are capable of operating over a wide band of wavelengths, but this thermopile detector uses a LPF window material that is opaque to shorter, visible wavelengths, but transparent to longer infrared wavelengths.  Useful for ear thermometry.  
      Voltage generated when aimed at a person 1 foot away   _________
      Voltage when aimed at an inanimate object 1 foot away.    _________

b.   Differential IR detectors for use in IR intrusion alarm – Two IR detectors (wired in series opposing fashion) aimed at 45 degree angles to each other.  Background temperature can rise and fall (day -> sunset -> night -> dawn), but the difference between the two IR detector voltages remains zero, since both detectors generate the same voltage.  However, when an IR source (perhaps a human intruder?) moves into the field of view of one detector, but not the other, then the difference voltage becomes non-zero, and the alarm is tripped!


14.   Cadmium Sulphide Photocell Demo
a.   CdS photocell structure – doped bulk Cds semiconductor laid out in zig-zag on ceramic substrate, exposed to light through transparent window. 

Resistance in no light = _______  
Resistance in weak (room) light = _______  
Resistance in strong light (flashlight beam) = _____  

Reminder of theory of operation of this cell.  Assuming that the band gap of CdS is 1 eV, why can’t it be used to measure radiation in the far infrared region? (Recall lambda = 1240 nm / band_gap_eV.)  Why is its response nonlinear?  How does the structure and theory of operation of the CdS cell relate to that of the thermistor?
  

15.   Light Emitting Diode (LED)
a.   Light Source – LED forward biased to its maximum allowable forward current (10 mA)

b.   LED used as photodiode (reverse biased, with current sensed as voltage drop across series resistor)  
                      Measured reverse-bias current  
        


 no light = __________ mA
        


weak light = ________ mA      
        


strong light = _______ mA

c.   LED used as photovoltaic (solar) cell.  
Voltage at anode w.r.t. cathode of LED 
           no light = _________ V
          weak light = ________ V      
          strong light = _______ V.    (What appears to be the voltage limit?)

d.   Color measurement system using Red and Green LEDs

e.   More efficient photovoltaic cell.


16.   Phototransistor

a.   Sensitivity vs. response time for R = 1 kohm and R = 20 kohm (Use strobe light to measure.)

b.   Fiber Optic Cable - Critical Angle Measurement

c.   LED/Phototransistor Bar Code Scanner


17.   Adjustable Neutral Density Filter
Two Polaroid films one rotated with respect to the other to get varying attenuation.  Application: LCD displays, liquid crystal segment can be switched between two different states of polarization by a small electric field.  (Polaroid sunglass lens rotated in front of digital watch display.)


18.   Diffraction Grating 
For use in tunable optical BPF to separate light of different wavelengths.


19.   Convex Lens Focal Length Demo
Experimental measurement of focal length of double convex lens using laser pointer.  The principle used is that parallel rays perpendicular to the lens will all pass through the lens and be directed through the focal point on the other side of the lens.
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