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To do "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as

appropriate graphs and tabl es.

ECE 405 is an introduction to communication systems designed to efficiently and reliably transmit
information from one location to another. We begin with arelatively brief introduction to analog
communication systems and then introduce digital communication systems. The objective of the
first four investigations isto review frequency response, Fourier series and Fourier transform.

1. How are sinusoids special. How in particular is the steady state response of alinear circuit to a
sinusoid different from its steady state response to other periodic signals like pulse trains.

2. What do we mean by the frequency response of alinear circuit or system

3. Thefrequency response of acircuit like the following
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A .
X(t) = Acos(2pft +6) <i> 1 pf == Y(t) = Beos(2pft +¢)

is how the amplitude and phase of the sinusoidal steady state response varies as afunction

of frequency f

a. Make use of time domain arguments to explain why B will decrease as the frequency
increases. Hint - as the frequency increases the charges have less time to accumulate on

the plates of the capacitor

b. Make use of your result in part (a) to sketch the magnitude of the transfer function
|G(jf) =|B/A asafunction of the frequency f with |G(jf)| plotted on alinear scale and

f plotted onalog scale

c. Is|G(jf) lowpass, highpass or bandpass. How do you know

4. Given alinear circuit with transfer function asfollows
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sketch theinput x(t) = Acos(2pft) and the sinusoidal steady state output
y(t) = Bcos(2pft +¢ ) at each of the following frequencies. Be sure to draw the higher
frequency sinusoids on the same time scale as the lower frequency sinsuoids

a f=f, b f=f,

5. Given alinear circuit with transfer function as follows
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sketch theinput x(t) = Acos(2pft) and the sinusoidal steady state output
y(t) = Bcos(2pft +¢ ) at each of the following frequencies. Be sure to draw the higher
frequency sinusoids on the same time scale as the lower frequency sinsuoids

a f=f b f=f,

6. Given alinear circuit with transfer function as follows
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sketch theinput x(t) = Acos(2pft) and the sinusoidal steady state output
y(t) = Bcos(2pft +¢ ) at each of the following frequencies assuming zero phase shift. Be sure
to draw the higher frequency sinusoids on the same time scale as the lower frequency sinsuoids

a f=f b f=f, cf=f

7. Sketch the frequency response of an ideal
a Lowpass
b. Highpass
c. Bandpass

8. Find and sketch the sinusoidal steady state response y(t) of afirst order circuit with the
following transfer function

Y(jf) _ 5000
X 5000 + j2pf

G(jf) =

to theinput x(t) = 3cos(2p1000t)



9. Find the sinusoidal steady state response y(t) of a circuit with the following transfer function
5000
G(jf) = ———
Ut 5000 + j2pf

to theinput x(t) = 3cos(2p300t) + 2cos(2p1000t) + cos(2p3000t)

10. Sketch the magnitude of the following transfer function with f on alog scale

. 5000
G(if) = s
5000 + j2pf

11. What do we mean by the 3dB frequency f,,; of acircuit or system

12. What isthegainin dB at the 3dB frequency of the following circuit
IG(f)| dB
15

f (log scale)

13. Sketch the magnitudes of the frequency responses of the following filters as functions of
frequency with the magnitudes on alinear scale and the frequencies on alog scale

a. Lowpasswith f3gg=1000 Hz

b. Highpasswith f33g=1000 Hz

c. Bandpasswith lower 3dB frequency fi3gs =1 KHz and upper 3dB frequency
fu3dB =10KHz

14. Make use of Euler's Relation as follows

i . ro I
re’ =rcos(®)+ jrsin(6) b rcos(e):fze“’+§eJe
to express the following cosines as sums of complex exponentials

a. X(t) = cos (2p500t)
b. x(t) =3 cos (2p300t + 1.2)

15. Find the steady state response of afilter with the following frequency response
G(if)

f (KH2)
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to theinput x(t) =4 cos (2p2000t) cos (2p3000t). Hint - make use of the trig identify
cos(x)cos(y) = 0.5 cos (x+y) + 0.5 cos (x—y). Memorize thistrig identity.



