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BE550 Biomedical Instrumentation  HW #7
Questions Related to Transducer In-Class Demonstrations

1. Electrodynamic Loudspeaker/Microphone Demo


a.   Sketch the cross-sectional view of the loudspeaker that was exhibited and explained in class.  Label each of its component parts.  

b.   Using F = IL X B, and with the magnetic flux field B emanating away from the central magnet pole, indicate the direction of the current flow through the speaker coil, so that the speaker cone will be deflected upward, away from the magnet.     

c.   Now consider the use of a loudspeaker as a "dynamic microphone":  
Use the Lorentz magnetic force formula,  F = qV X B to show that there is a force on the (negatively charged) conduction electrons in the (outward moving) loudspeaker coil wire that tends to cause a current to flow that is proportional to the coil velocity.    

d.   Show the direction of the induced current (assuming that the microphone coil is connected across a load resistance).  This force is called the "motional electromotive force”

e.   If I thrust a loudspeaker connected to a 4.00 kHz sine wave generator forward toward you at 3 ft/sec, you would have heard what frequency? (Show your calculations.) If I jerked the loudspeaker backwards away from you at 5 ft/sec, what frequency would you have heard?  If I held the loudspeaker stationary, what frequency would you have heard?

f.   Will the magnetic pickup coil demonstrated in class detect the presence of a stationary magnet inside the coil?  A moving magnet?  Explain your answers based on Faraday’s Law of Induction.

2.   Strain Gage “Scale” Demo


a.   In the class demo, the resistance of the top 120-ohm (approximate value) strain gage changed by about how many ohms (indicate value and sign) when an appreciable downward force (a weight) was applied to the beam, causing the end of the aluminum beam to deflect by about 0.5 inch?   At the same time, the bottom gage resistance changed by about how many ohms (indicate value and sign)?  (Recall that in our demo, there was actually only 1 gage, but I turned the bar over to simulate a 2nd strain gage on the bottom.)

b.   Based upon the observation above, explain why one, two, or even four strain gages are usually used in a bridge configuration, instead of simply passing a constant current through a single gage to monitor the voltage change across it.


3.   Linear Variable Differential Transformer (LVDT) Displacement Transducer

a.   Sketch the structure of the homemade LVDT that was demonstrated in class.  

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

c.   Assuming that this LVDT was wound on a slightly different 1 cm diameter form, the length of each coil was 0.60 cm, and the powdered iron magnetic coil slug had a relative permeability = 250, find the number of turns, N, needed to make the middle (primary) coil exhibit a self inductance of about L =  100 microH when the slug is positioned so that it is extends under all turns of this coil. The permeability of free space is  =  4*pi*10-7 Henrys/meter. 

d.   Explain why this LVDT was excited with a relatively high AC frequency  of 2 MHz.  Remember that the generator’s source impedance was 50 ohms.  Why was the use of 60 Hz excitation unacceptable?  To answer this question, first calculate the reactance of the 100 microH primary coil at both 60 Hz and 2 MHz.   Then compare these reactance values to the generator source impedance to explain why 2 MHz was a better choice of source frequency.


4.   Variable Capacitor Transducer

a.   Sketch the air variable capacitor transducer that was passed around in class and explain how it transduces angular displacement into a change in capacitance. 

b.    If such a variable capacitor consisted of 15 stator (stationary) plates connected in parallel and 15 rotor (rotatable) plates connected in parallel, each of area 50 cm2 and a spacing between each rotor (and stator) plate to be 0.1 cm.  Assuming the stator and rotator plates are perfectly aligned, the spacing between each stator and its adjacent rotor plate would therefore be 0.1/2 = 0.05 cm.  Find the maximum value of capacitance - assuming that 100% overlap exists at the maximum angular position of the rotor shaft.  Then find the minimum value of capacitance, assuming that 5% overlap exists at the minimum angular position of the shaft.  Recall that the permittivity of free space (air) is 8.854 x 10-12 Farads/meter. (Answer 2.568 nF, 0.1284 nF)


5.   Ultrasonic Motion Detector Demo

In the 40 kHz ultrasonic motion detection system demonstrated in class, the composite signal received at the receiving transducer consisted of the sum of two component 40 kHz signals.  The first component was the reflected wave received from nearby stationary objects – this wave arrived with constant amplitude and phase. The second component was 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 varying in phase, since it was reflected from a moving object.  Because the phase of the second component varied with respect to the first, the composite 40 kHz waveform’s amplitude would vary as the phase relationship between the two components varied “in and out of phase” with each other.  


a.   Determine the speed of the moving object (in inches per second) if the amplitude of the received composite wave was found to pass through 50 minima in one second.  (In other words, the amplitude envelope of the 40 kHz received signal had a frequency of 250 Hz.)  How many inches per second is the moving object traveling?  Assume that the speed of sound in air is 13080 inches/sec.  (answer 8.175  in/s)

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


6.   Pulsed Ultrasonic Range Finder Demo


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

b.   If the time delay between the transmitted and received tone burst was found to be 1.0 ms, what was the distance between the location of the transmitting/receiving transducers and the reflecting object?  (Answ: 6.54 inches)


7.   Sketch the 12 MHz quartz crystal oscillator circuit demonstrated in class.  Explain the operation of each component in your diagram.  Why did I then replace the 5V dc power supply with a “dc offset” function generator output, that was equivalent to a 5 V battery in series with a 2 V (peak) ac generator set to 800 Hz?


8.   Thermocouple Junction Demo

From what two metals was the thermocouple demonstrated in class made?  What junction voltage was measured when both junctions were at room temperature?  About what approximate voltage was measured when a match was held under one junction and the other junction was allowed to remain at room temperature?  What happened when I held a match under the other junction, allowing the other to be at room temperature?  Explain the concept of a Peltier cooling unit.


9.   Thermistor Demo

a.   What was the approximate resistance of the thermistor demonstrated in class at room temperature?  

b.   At body temperature?

c.   When a match was lit under it?

d.   Explain the theory of operation of a thermistor.  Why does its resistance fall with increasing temperature?

e.   Why does the thermistor's resistance vs. temperature curve saturate (level off) at high temperatures?


10.   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 placed in beaker of boiling water. Assume a forward junction current of 1 mA.


11.   Verification of Blackbody Radiation (Light Bulb / Variac Demo)

a.   Calculate the STRONGEST wavelength radiated by an incandescent bulb at filament temperatures of 3000 K, 4000 K, 5000 K, 7000 K, and 8000 K.  What approximate colors do these temperatures correspond to (for wavelengths below visible red, answer infrared; for wavelengths shorter than visible violet, answer ultraviolet)?


b.   Explain why high-temperature tungsten-filament (bluish-white photoflood) bulbs gradually lose up to 50% of their initial brilliance over their lifetime.  How has this problem been largely solved?


12.   Thermopile Far Infrared Detector Demo

a.   It has been stated that thermopile detectors operate over a wide band of wavelengths. Then why did the thermopile detector demonstrated in class NOT appear to respond to visible light sources?

b.   Describe two practical applications of the "far IR" detector demonstrated in class.



13.   Cadmium Sulphide Photocell Demo

a.   Sketch the CdS photocell shown in class. Explain the theory of operation of this cell.  

b.   Explain why it cannot be used to measure radiation in the far infrared region.

c.   Explain why its response is quite nonlinear.

d.   How does the structure and theory of operation of the CdS cell relate to that of the thermistor?  


14.   Light Transducer Demo

Choose which light transducer you would use from the list below, considering the three following devices which were demonstrated: photodiode, CdS photocell, phototransistor for each of the applications below:


a.   Photographer’s exposure meter, where high linearity is the most important requirement.

b.   Dawn-to-dusk street light where high sensitivity is a must, but the device can respond relatively slowly.

c.   Very fast fiber optic communication link, where high speed is the overriding concern.

d.   Bar code scanning wand, where intermediately high sensitivity and intermediately high speed are both required.

15.   Convex Lens Focal Length Demo
Describe the experimental procedure performed in class to measure the focal length of the glass (double convex) magnifying lens using the laser pointer.  Explain the theory behind it.

