ECE 2240 FINAL EXAM prob 4 solution U
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The above filter circuit is intended to be complimentary to the filter designed in ECE
2240 Lab 4. That is, it is designed to have low gain at frequencies where the filter in
Lab 4 had high gain, and vice versa.
a) Find values of L; #0 and Lj # 0 such that the magnitude of the filter's transfer
function, H, has the following values:
|H(jo)|=1 at ®=2mn-1kHz
|H(jo)|=0 at ®=2m-3 kHz

b) Using the values of L; and L, you found in part (a), find the approximate
magnitude of H(jw) at ® = 215 kr/s. Your answer should be within 15% of the
actual value.

bonus)  Describe how increasing the value of R would affect the shape of the plot of the
gain, |IH(jw)l, versus m.

SOL'N: a) The parallel combination of L; and C, becomes an open circuit at resonant
frequency, which is here called ;.
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The solution is for the denominator to be zero, which is the same as the

resonant frequency:
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When L; and C open up, our gain will be unity, since no current will flow
through the vertical impedance and there will be no voltage drop across
Ry. So we want ®; to be 1 kHz.
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For the second constraint, we want the gain to be zero, meaning that the

entire vertical impedance should short out.

1

+j0)2L2 =0

: + jo,C
Joo Ly

We solve for L,, using ®, = 25t-3k 1/s and the value of L; from above.
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b) This is merely a calculation involving complex numbers. First, we

simplify the transfer function expression.
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where
JoC = j(2m)Sk(1p)Q = j10mmQ
JoL; = j(2m)5k(25m)Q = j250m 2
JoL, = j(2m)5k(3.2m)Q = j32w2

So we have the following calculation.
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bonus) In general, increasing R reduces v, and reduces the gain. The maximum

gain at 1 kHz and the minimum gain at 3 kHz still exist with the same
values as before. This means that the peak at 1 kHz will be narrower and
the dip at 3 kHz will be broader.



