ECE 209 - INTRODUCTION TO FILTERS-INVESTIGATION 16
MAGNITUDE AND FREQUENCY SCALING
FALL 2000 A.P. FELZER

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.

The objective of thisinvestigation is to see how magnitude and frequency scaling affect the
frequency responses of circuits.

1. Theobjective of this problem isto introduce magnitude scaling. Given the following RC
circuit

152

NNV +
vg(t) <i> 1 mf —= Vo(t)

a. Find the voltage transfer function of this original circuit

Vo(jw)

orlg(J ) - VS

b. Now suppose we magnitude scale thecircuit by Ro= 1000 - replace every resistor,
capacitor and inductor by anew circuit element with impedance Rp = 1000 times as
much so that

Znew(ju)) = RJZorig(j(D) :lOOOZorig(j(D)

Draw the new magnitude scaled phasor circuit
c. Find thetransfer function

(] )_V(JOO)

of the new magnitude scaled circuit.

d. How isthe transfer function of the magnitude scaled circuit related to that of the original
circuit.

e. Why do you think G

S

Gyig(iw) and G, (jw) arerelated the way they are

2. Generalizing on the result of Problem (1) it can be shown that voltage and current transfer
functions as follows

A , [,(jo

Glio)=22  ad  G(jo) =)

are not affected by magnitude scaling - they stay the same. Find the new values of resistors R,

capacitors C and inductors L after they are magnitude scaled by Rg. Put your resultsin a

Table.




3. Find and draw the following circuit after it is magnitude scaled by Rg = 1000

1h 1000 pt
[

’D_O_G\ | +
Vs éz) 10 é Vol(jw)

4. Theobjective of this problem isto introduce frequency scaling. Given the following RC circuit
1K

NNV +
vs(t) <i> 1pf == vo(t)

a. Find and sketch the magnitude of the transfer function of thisoriginal circuit

_Vy(jo)
V.

S

Gorig(jw

with w plotted on alog scale.

b. Now suppose we frequency scale thecircuit by wg =10 - replace every resistor,
capacitor and inductor by anew circuit element with impedance given by

.y & mo_ ® 04
Znew(J(D) - Zoriggjw_og_ ZorigéJEg

Draw the new frequency scaled phasor circuit
c. Find and sketch the magnitude of the transfer function
. V. (jo)
G =0
e (J00) = =2

S

of your new frequency scaled circuit.
d. How isthe magnitude of the transfer function of the frequency scaled circuit related to
that of the original circuit.

e. Why doyou think G, ,(jo) and G, (jo) arerelated the way they are

rig

5. Generaizing on the result of Problem (4) it can be shown that if we frequency scale acircuit by
Wo then the gains of the new and scaled circuit will be related by

o o
G ()= Gy 1 ™

origR

e ew,9g
or equivaently
Gorig(jw) = Gnew(jwwo)

Make use of this result to sketch the frequency response of acircuit with the following
frequency response



10
after it isfrequency scaled by wgp = 100.

6. Find the new values of resistors R, capacitors C and inductors L after they are frequency scaled
by wp. Put your resultsin a Table.

7. Find and draw the following circuit after it isfrequency scaled by wg = 1000 and magnitude
scaled by Rp = 1000

1h 1000 pt
[

’D_O_G\ | +
Vs éz) 10 é Vol(jw)




