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ECE554 Instrumentation Homework Assignment 1

1) Choose TWO common electronic instruments, and describe each of the sections of those instruments.  Consider: (a) sensor, (b) signal conditioning (processing), (c) output display,  (d) auxiliary elements, as classified in Section 1.2 of the textbook. (You may need to research your chosen instruments on the internet.)  Some example instruments that you might choose are: an audio sound level meter, a light level meter (for photography), an electronic compass, an electronic thermometer, or an “ultrasonic measuring tape”.
2) Give examples of pairs of instruments that exemplify each of the "alternative operating modes" that are discussed in Sect. 1.3 of the text, but do NOT use the same specific examples that are already given in the text! 
3) Refer to Text Problem 1.1 Make a table with rows labeled: INPUT, OUTPUT, IDEAL OUTPUT, DIFFERENCE,  % READING = (Difference/Output)*100%, and  % FULL SCALE = (Difference/20)*100%.  Assume that the IDEAL behavior is given as stated in the problem, the output is simply TWICE the input (no need to perform a linear least squares curve fit on the given data!)

a) Show that all data points will lie within a “funnel” given by the following independent nonlinearity specification: a “funnel” specified by “+ or -2.4 percent reading or + or - 0.5 percent full scale, whichever is greater.”  Can you find a similar specification for these data that employs even smaller numbers - after all, that is the challenge faced by the specification writer in an instrument design company - to come up with the best looking (smallest possible) error percentages for his company’s product that make it look BETTER than the competition, without telling a lie!

b) Also show that if we were to specify the instrument’s independent linearity using a simple percent of reading specification ONLY, it would have to be a considerably larger number, “+ or - 11.1 percent of reading.”
c) Finally, show that if we were to specify the instrument’s independent linearity using a simple percent of full scale specification ONLY, it would again have to be a larger number,  “+ or - 2.5 percent of full scale”.
4) Text Problem 1.2 (use the equation in the textbook to show that r = 0.9998, and hence the instrument is quite linear) 
5) (Not in book)  Use the equations given in the textbook to find the least-squares curve fit (the slope m, and the y-intercept b, for the linear approximation y = mx + b) to the data of Text Prob. 1.1.  Note that this curve fit only approximates the ideal desired behavior,  y = 2x.  Be sure to show intermediate steps in your work (use of a spreadsheet or MAPLE is fine, but include a printout of your computer output).  Answer: y = 2.0539x – 0.1347.
6) Research the Sharp GP2D12 infrared (IR) range measurement transducer on the internet.  Find the official product data sheet (Sharp_GP2D12_IR_Sensor_Specs.pdf) and also find the official Sharp product application note (Sharp_IR_Sensor_App_Notes.pdf).  (I have placed these in the ECE554 AFS folder if you cannot find them on the web.)
a) List its price in single-unit quantities from 3 different websites (indicate the websites from which the price was found) 
b) Sketch pictures containing light rays, showing the transducer’s internal structure, and by referring to your pictures, explain clearly and completely how this remarkable transducer works in terms of light ray triangulation (in less than one page).  
c) Indicate the range of distances that can be measured by this remarkable transducer.  List the approximate analog output voltages that correspond to the minimum and maximum distances that can be measured.  Indicate the specified time between measurements (give the specified nominal value as well as the uncertainty range).  What is the specified dc power supply voltage operating range?  What is the transducer’s maximum, minimum, and typical dc power dissipation? 

d) Explain the difference between the GP2D12 and the GP2D15.  In what sort of application would the GP2D12 be the best choice?  The GP2D15?
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1) Text Prob 1.4 (tau = 0.52 ms, phi50 = -9.3 degrees,  phi100 = -18.2 degrees)

2) Text Prob. 1.6  { magnitude = (1/Ks)/sqrt(1 + (ωB/Ks) 2), phase = -arctan(ωB/Ks)}

3) Text Prob. 1.7  (tau = (a-e)/h)

4) Ammeters, Voltmeters, Ohmmeters
a) Sketch all of the important parts of a D’Arsonval ammeter movement.  Show the orientation of the magnetic flux lines, and show the current direction for a DOWNSCALE needle deflection on this drawing.

b) If the meter coil has 100 turns, and the permanent magnet frame creates a magnetic flux density B of 0.01 weber/m^2 in the air gaps where the meter coil is located {a weber is 1 newton-meter/ampere}.  Find the torque (in Newton-meters) exerted by the magnetic field about the pivot point of the coil (which must be counteracted by the opposing torque developed by the ammeter’s torsion spring).  Imagine that the 100-turn meter coil is rectangular, and measures 3 cm (front and back sides, parallel to B field) by 1 cm (left and right sides, normal to B field.)  Assume that this coil carries a current of 100 mA.  (Answer: τmagnetic = 3*10 - 5 N-m, )

c) If the clock spring has a linear spring constant, and it exerts an opposing torque given by 
                                                      τspring =  θ(10 - 6) N-m, 
where the rotational angle θ is in degrees.  Find the angular displacement of the meter needle from its 0-current position with a meter current of 100 mA.  What is the angular meter needle deflection if the meter current is doubled to 200 mA? (Answer: θ = 30 degrees; 60 degrees)

d) State the “First Law of Instrumentation” (as explained in class).   Imagine that the 100 turn meter coil has a resistance of 2 ohms.  Then, what current would be measured by this ammeter if it were inserted (in series) with a circuit that consists of a 10 V battery connected across a 4-ohm load.  Calculate the percent error caused by the insertion of this “non-ideal” ammeter.  Please calculate % error as [(Measured – Ideal)/(Ideal)]100%.  (Answer: -33.3%)

e) Now what current would be measured if this ammeter were inserted (again in series) with a circuit consisting of a 10 V battery across a 400-ohm load.  Again calculate the percent error caused by the (series) insertion of this “non-ideal” ammeter.  (Answer: -0.498%)

f) State a general rule concerning the use of a “non-ideal ammeter” (an ammeter with a finite resistance) to measure current in an electrical circuit.  (To get an accurate measurement, how must the internal resistance of the ammeter compare with the net resistance inside the circuit loop in which the current is to be measured?)

g) Now imagine that this dc ammeter has a 0 - 1 mA full-scale deflection.  Furthermore, imagine that it has been turned into a dc voltmeter by placing this ammeter in series with a 5 k-ohm resistor.  Ignoring the meter coil’s internal resistance, which is small compared to the 5 k-ohm series resistance, what is the measurement range of the resulting dc voltmeter? 
(Answer: 5 V, 0 V)

h) Now consider a circuit consisting of the series connection of a 5 V battery, a 8 k-ohm resistor, and a 2 k-ohm resistor.  Calculate the percent error incurred when using the voltmeter of Part E to measure the voltage across the 2 k-ohm resistor that is part of this series circuit.  
(Answer: -24.24%)

i) Now consider a circuit consisting of the series connection of a 5 V battery, an 80 ohm resistor, and a 20 ohm resistor.  Calculate the percent error incurred when using the voltmeter of Part E to measure the voltage across the 20 ohm resistor that is part of this series circuit. 
(Answer: -0.319%.)

j) State a general rule concering the use of a “non-ideal voltmeter” (a voltmeter with a finite resistance) to measure voltage in an electrical circuit. (To get an accurate measurement, how must the internal resistance of the voltmeter compare with the resistances inside the circuit to be measured?)

k) Find the value of meter shunt resistance (Rshunt) that must be connected in parallel with the 0 – 1 mA ammeter (with an internal resistance of 20 ohms) in order to turn it into a 0 – 50 A ammeter.  Also determine the minimum permissible power rating of this shunt resistor. (Answers: Rshunt = 400 μΩ; Pshunt = 1 W.)

l) Find the value of resistance “Rx” that must be placed in series with a single 1.5 V flashlight battery and a 0 – 1 mA ammeter (assume this ammeter has an internal resistance of 20 ohms) in order to create an ohmmeter with a full-scale reading of 1 kilohm.  Also find the resistance indicated by the meter when the needle is 0% of full scale, 25% of full scale, 50% of full scale, and 75% of full scale.  (Answers: Rx = 480 ohms; 0% deflection => Rmeas = infinite ohms; 25% => Rmeas = 5.5 kilohm; 50% => Rmeas = 2.5 kilohm; 75% => Rmeas = 1.5 kilohms.)


