ECE 209 - FIRST ORDER CIRCUITS - INVESTIGATION 9
BODE PLOTS OF FIRST ORDER TRANSFER FUNCTIONS

FALL 2000 A.P. FELZER
Todo "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.

The objective of thisinvestigation is to see the affects of scaling the axis of frequency response
plotsin different ways.

1. Theobjective of this problem isto demonstrate the affects of using alog scale for the frequency
axis. Suppose we have a circuit with the following frequency response
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a. First sketch |G(jw)| for alinearly scaled frequency axis asfollows
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b. And then sketch |G(jw)| with the frequency axison alog scale as follows
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c. Describe the similarities and differences between the two scales. Discuss, in particular,
the spacing of the frequencies and the "locations' of the origins
d. Onwhich graphisit easier to read thegainsat w= 100 w =103 and w = 104. Why
e. What's the advantage of plotting w on alog scale
2. Theresults of Problem (1) were for an idealized frequency response. Now let's take alook at

some more realistic frequency responses
a. Make use of Mathcad to obtain a graph of the magnitude of
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over the frequency range 1 £ w £ 106 first with the frequency axis on alinear scale and
then on alog scale. Note that you can get your frequency axisto be plotted on alog scale

by replacing every w in G(jw) by 10V and then plotting over therange w=0 to w=6
b. Make use of your graphsto estimate the frequency where the gain is equal to
(/Q2) =0.707 of its maximum value
c. Which graph was easier to read. Why
d. Repeat parts(a) - (c) for
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3. The objective of this problem isto demonstrate the affects of plotting |G(jw)| on alog scale.
Suppose we have a circuit with the following frequency response

|IG(w)| (not to scale)

10
0.01 EE—
; ; ; ; ; w (log scale)
| 100 101 102 103 104
a. First sketch |G(jw)| on alinear scale asfollows
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b. Before we sketch |G(jw)| on alog scale we need to point out that by tradition we don't

simply plot log|G(jw)|. Instead we plot 201og|G(jw)| in units of dB (decibels) after
Alexander Graham Bell. Find the gainsin dB when

(i) |G]=100 (i) |6]=1
(i) |G|=10 (iv) |G|=01
c. Now sketch |G(jw)| for the graph at the beginning of this problem on alog scalein dB as
follows
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d. Describethe smilarities and differences between the two scales
e. Onwhichgraphisit easier to determinethegainat w = 1000. Why
f. What's the advantage of plotting |G(jw)| in dB. Note that we refer to plots of

20 log |G(jw)| in dB versuslogw as Bode Plots. You will seealot of Bode Plotsin
electronics and control systems courses

4. Theresults of Problem (3) were for an idealized frequency response. Now let's take alook at
more realistic frequency responses
a. Make use of aplotting calculator or computer to obtain a Bode plot of the magnitude of
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over the frequency range 1 £ w £ 106
b. Make use of your graph to estimate the frequency wherethe gainisequal to 0.01 of its
maximum value. Explain how you got your result
C. Repeat parts (a) and (b) for
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5. Thegains of simple lowpass and highpass circuits like the ones we've been working with
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have regions where the gains are relatively large and regions where they're relatively small. As
arule of thumb, we say that the boundaries between these regions are at the frequencies where
the gainsare /(2 of their maximum values - the frequency where the gain isequa to

% GGw), .

where |G(jw)|max IS the maximum value of the gain. One of the main reasons we choose the

factor 1/Q2 isthat the corresponding frequencies turn out to be relatively straightforward to
calculate - at least for smple circuits
a. Do the cdculationsto show that

el , 0 -
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We refer to afrequency where |G(jw)| is /G2 of its maximum value asa3dB
frequency w3zdB. Therefore

1G(j030) =%IG(jw)Imax

and so
2010g ( |G(jw.e)]) =2010g (IG(jo ), ) - 3B



Memorize these last two relations. Y ou will see wagg in many applications.
Graphicaly we have
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b. Plot aBode plot of the magnitude of the following transfer function

L~ 2000
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and then make use of it to find the 3dB frequency wagg

6. Show that the 3dB frequency wzgg of afirst order lowpass with transfer function
K
jw + a
IS Wagg =a. Memorizethisresult. Verify that thisiswhat you got in part (b) of Problem (5)

G(w) =

7. Make use of your result in Problem (6) to show that wsgg for afirst order RC circuit is given
by wags = YRTHC. Memorize thisresult

8. Given thefollowing circuit
R

A N
VS(t)éﬂ C —= Vo(t)

a. Find practical valuesfor R and C so that wsgg = 104
b. Find K of the transfer function
c. Sketch |G(jw)| asafunction of won alog scale

9. Show that the 3dB frequency wagg of afirst order highpass with transfer function
jo
jo +a

G(jw) =
IS W3gg =a. Memorize thisresult

10. Giventhefollowing first order RC circuit
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AVAYAY; +
vg(t) = cos (1000t) éﬁ) — vo(t)

Find and sketch vp(t) when wagg = 100
Find and sketch vp(t) when wsagg = 1000

Find and sketch vp(t) when wsgg = 104
Describe what happens to the amplitude of vp(t) as the 3dB frequency of the low pass
circuit increases. M emorize thisrelationship




