ECE 301

Fall Semester, 2002

HW Set #13

Due: November 21, 2002
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Use engineering paper.  Work only on one side of the paper.  Use this sheet as your cover sheet, placed on top of your work and stapled in the top left-hand corner.  Number the problems at the top of the page, in the center of the sheet.  Do neat work.  Underline your answers.  Show how you got your equations.  Be sure to show how you got your answers.   The weight of each problem is given.

(1) You are given the following circuit that is to serve as a low pass filter.

Vin(s) and Vout(s) are the input and output of the filter, respectively.
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             The value of the capacitor is 1 micro farad.

(a) Determine the transfer function, 
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,  in terms of s, R, C.  Do not 

use numerical value.

(b) Design a low pass filter, with a gain of 1 at w =0,  that has a cut-off 

frequency  (-3 dB point) of 100 Hz.  Using the 1 (F capacitor, what 

will be the value of R?

(c) Use MATLAB, and the command H = freqs(num,den,w),  to obtain the

frequency response of your filter.  Use w = 0:0.1: 1900 for w in the H

expresseion.  Use Hmag = abs(H) for the output of the filter, in your

MATLAB program.  Use plot(w, Hmag), along with grid, title, ylabel,

and xlabel to complete your output plot.  Include this plot and your

program when you turn-in this homework.  Verify from the plot that

the output is 1 at w = 0 and 0.707 at w = 2((100).

The program on the following page shows how you can use MATLAB

to run the frequency response of a general transfer function in s.

An Illustration of finding the frequency response of a transfer function.

% illustrating how to use MATLAB and freqs to 

% obtain the frequency response of an arbitrary

% transfer function in s:  Program freqlow.m

% Written for ECE 301, Fall Semester, 2002, w.l.green

% Office PC

%

% The transfer function is 0.0025s^2+s+100/s^2+20s+100

w = 0:0.1:200;

num = [0.0025  1  100];

den = [1  20  100];

H = freqs(num,den,w);

Hmag = abs(H);

plot(w,Hmag)

grid

title('Illustration of a frequency response')

ylabel('Output (absolute value)')

xlabel('Linear Frequency (rad/sec)')

%wx = .01:.1:10000;

%bode(num,den,wx)

%grid

The outputs for using freqs (a linear plot) and bode (a semi-log plot) are

shown on the next two pages.

(2) The following signals are separately  applied to your filter of problem (1).

(i) vin(t) = 5cos(2(50t), 

(ii)  vin(t) = 5cos(2(100t),  

(iii)  vin(t) = 5cos(2(300t)

             (a)  Use analytical methods to determine the steady state peak magnitude output

                   of your filter for each signal.

             (b)  Estimate from your frequency response plot, the steady state peak magnitude

                   output of the filter for each signal above.  Your results should be close to

                   what you obtained in (a).

(3) Obtain the linear frequency response of a 20th order butterworth bandpass filter

with a low frequency cutoff of 70 rad/sec and a high frequency cutoff of 120 rad/sec.

The following statements will probably be useful in doing this problem.

N = 20;                                              % N is the order of the filter

WL = the right value;  WH = the right value;

% WL is the low frequency cutoff value, WH is the high frequency cutoff

[Nbp,Dbp] = butter(N, [WL WH], ‘s’);

% Nbp, and Dbp are the coefficients of the numerator and denominator of

%  the band pass (bp) filter.  You really don’t need to see these but if you wanted % to, just use [Nbp, Dbp] as an open ended statement (no ;) and they will be %printed out  in decending powers of s  You may have to use something like,

% format long G, to see the numbers.

w = 0:0.1:200;

H = freqs(Nbp,Dbp,w);

Hmag = abs(H);

plot(w,Hmag,’*’)

grid

Make this plot with appropriate labels and turn it in along with your program.

If you have any questions about the MATLAB butter function just type 

help butter in the command window.

_1099315994.bin

_1099316182.unknown

