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First Name:_______________,    Last Name: __________________________

TAKE HOME MIDTERM, Due at beginning of class, Monday, October 28, 2002:
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Let 


w = frequency in radians/second

f  = frequency in Hertz

T = period in seconds

Write each of these in terms of the others


w =  (use f) : ____________  (use T) : ____________


f = (use w) : ____________  (use T) : ____________


T = (use w) : ____________  (use f) : ____________

What is the minimum sampling rate ( in seconds) for faithfully capturing a signal 

whose  w = 5? ___________.

Assume the speed of sound in air at sea level is 1,000 feet per second, and that the pressure at 17,000 feet is ½ that of sea level.  What is the speed of sound at 17,000 feet (assuming composition of air and temperature are identical) .____________________.
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See Euler’s formula, page 12 of Steiglitz.  Substitute w*t for theta, and write Euler’s formula below:

.________________________________________________________.

Now, take the derivative of the left hand side with respect to t, and express the right side using Euler’s formula again on this new expression.  (Do NOT take the derivative of the right side.)  Show that the new right side of the equation gives a vector perpendicular to the original.   

!! Work Here:

Programming and Signal Processing Exercise:  Digitally Sampling a Signal

Consider a voltage signal from a microphone which ranges from -1 volt to +1 volt in amplitude.  For example, a loud pure tone from a tuning fork at the A above middle C on a piano would yield a sine wave with frequency 440 Hz with amplitude 1 volt (i.e. cycling between +1V and -1V).  A quieter tone would have a lower voltage amplitude.  The A note an octave higher would be 880 Hz.  

Now, suppose this input is sampled with an 8-bit A/D converter (analog-to-digital) so that: 

-1V yields a digital value of  -128 

+1V yields a digital value 127

and intermediate voltages yield all the possible intervening byte values, i.e. full range yields 

256 = 28 sample points each of which can be represented as a byte of data.

Let “x” represent the input voltage and “y” represent the digital 1-byte output of the A/D converter.  Consider a new companding formula named MyLaw defined as the piecewise combination of two linear functions.  At voltages between +/- .25V the rule is 

y = 2*x*128 ;  (-.25 < = x <= .25)

and at the higher magnitude voltages it is

y = (2/3)*x*128 + 128/3;  (.25 < x <= 1.0)    and  

y = (2/3)*x*128 - 128/3;  (.25 > x >= -1.0) 
The plot of the companding function is shown below (compare to figure 5.1, p 55 Steiglitz):
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You can see that if y were scaled to range from -1 to 1 this would be a slope of 2 in the low voltage range and slope of 2/3 in the high voltage range.  Companding is a coding scheme.  The input “x” is voltage, and the output “y” is a digital code.

!! Do this:

1) Create a Java Project called “PiecewiseLinearCompanding” with a class in it called MyLaw which extends JFrame and incorporates appropriate GUI components (JTextFields, JButtons) for displaying inputs (x) and outputs (y).  The class should contain a method which performs the MyLaw companding formula, and its inverse (input byte yields output voltage).

The voltage values “x” should be of type “float” or “double” as you wish.

The digitally coded values “y” should be 8 bit bytes.

Your program should show JTextFields for inputting x and seeing y, and vice versa (feel free to use a separate set of fields for the companding and its inverse).

Since the bytes are fixed point variables, every step from one value to the next in “y” represents a jump in voltage.  This is  digitization error, the amount of “slop” in input per one digit of output change.

!! Question : a) How big is the voltage jump per unit step when y = 40? .____________. 

!! Question: b) How big is the voltage jump per unit step when y = 100? .___________.

(You may derive these from the equations, and verify by running your Java program.

Hint: if you make your Java program automatically display this when y is displayed, you are home free!)

Define Sensitivity of the coding scheme the reciprocal of voltage jump per code step, i.e., steps per volt.

!! Question: What is the ratio of sensitivity in case a to case b?  ._____________________.
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A valuable property of the wave equation is that arbitrarily complicated waves can be decomposed into simple sinusoids which are added together.  Thus, at any instant in time, adding voltages from these signals yields voltage which represents the complex wave, i.e. for an operation “f” on the summed wave, it is the same as adding the results on the individual waves:

f( x1+ x2) = f( x1) + f( x2)

Show that this is NOT generally true for the digital values of companded codes, i.e., 

y(x1) + y(x2)    DOES NOT EQUAL    y(x1 + x2)

!! Work here:

(Hint:  look at x1 = .2, x2 = .6; does the sum of the codes y(x1) + y(x2) = the codes of the sum, y(x1 + x2)  ?)

This implies that you cannot perform analysis (adding amplitudes, finding average energy, Fourier transforms) on companded signal data.  It must be converted back to linear form (x values or numbers proportional to x) before computations are performed.
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Hand in:

-  a Diskette with your complete project and code on it (including source code and .mcp like always) 

- Printout of screen shot of your GUI display illustrating x input of .55V corresponding output.

- Also, this entire paper test  with your answers filled in in ink.

