ECE 209 - FIRST ORDER CIRCUITS - INVESTIGATION 7
FREQUENCY RESPONSES OF FIRST ORDER RC CIRCUITS

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.

We know from the last two investigations that phasor circuits like the following

AN .
Vs=5 QJ‘;) ? = Ve(w)

have alot in common with linear resistor circuits. But thereis, of course, one fundamental
difference - the sinusoidal steady state responses of circuits containing capacitors and inductors
vary as afunction of frequency while those containing only resistors do not. The objective of this
investigation isto determinethe frequency responses of first order RC circuits - to see how
their sinusoidal steady state responses vary as functions of frequency.

1. Let usbegin with the following smple first order RC circuit
1K

AN .
vs(t) = cos (wt) éi) 1pf == Vvclt)

with sinusoidal steady state response v(t) equal to

Ve(t) = RV (jw)e"] = ReVe (jo &% = Vg (jo)|cosloot +B V (jo))

a. Find the steady state response of v(t) when w =0 and theinput is constant.
b. What will happen to the amplitude of the sinusoidal steady state v(t) asw increases.

Hint: How does increasing the frequency w affect the amount of time the equivalent
positive charges have to accumulate on the plates of the capacitor. And how, inturn,
does this affect the amount of charge that can accumulate during any given cycle of the
input vs(t).

c. Findthe steady state response of v(t) when w =¥

d. Make use of your resultsin parts (a)-(c) to sketch |V c(jw)| as afunction of frequency w.
Describe your graph.

e. Now find V¢(jw)

f.  Then make use of your result in part (€) to sketch [V (jw)| as afunction of frequency w

g. Reconcile any differences between your graphsin parts (d) and (f)

2. The objective of this problem isto continue with the circuit of Problem (1) asfollows



3.

1K ic(t)
AN ——

vg(t) = cos (wt) éﬂ —— 1y

to find how the sinusoidal steady state response of ic(t) varies as afunction of frequency.

a. Find the steady state response of ic(t) when w =0 and the input is constant.

b. What will happen to the amplitude of the sinusoidal steady stateic(t) asw increases.
How do you know.

c. Findthe steady state response of ic(t) when w =¥

d. Make use of your resultsin parts (a)-(c) to sketch [Ic(jw)| as a function of frequency w.
Describe your graph.

e. Now find Vc(jw)

. Then make use of your result in part (€) to sketch |Ic(jw)| as afunction of frequency w
g. Reconcile any differences between your graphsin parts (d) and (f)

In Problems (1) and (2) we found V c(jw) and Ic(jw) in the following circuit

1K ic(t)
NWN——
vs(t) = cos (wt) éﬂ 1pf == vc(t)

for the sinusoidal input vs(t) = cos (wt). Now find V c(jw) and Ic(jw) in terms of the phasor
Vs for the same circuit but with the more general input

v (t) = Acos(ot +8) = Re[\/sejmt]

Generalizing on the result of Problem (3) it can be shown that if alinear circuit isin the
sinusoidal steady state then each of the voltage and current phasors will be proportional to the
phasor of the input. For the circuit in Problems (1) and (2), in particular, we have

Ve(jo) =G (jo)V,  and  Ic(jo) =G(jo)V

Note that we refer to the G(jw)'s as transfer functions of the circuit - and that we write them

asratios of polynomialsin jw asfollows

. jo

G =
()=~ T000

a What'sthetransfer function G(jo)=V,(jw)/V, of acircuit with

V,(jo)=—2 v,
jo +1000

b. What's the transfer function G(jw)=1,(jw)/I, of acircuit with



. 1000
l(jo) =———1I,
joo +1000

c. What'sthe sinusoidal steady state response of the circuit in part (a) with input
vg(t) = 5 cos (1000t + 1)

d. What'sthe sinusoidal steady state response of the circuit in part (b) with input
is(t) = 3 cos (1000t - 1) ma

e. How aretransfer functions helpful - why do we go to the trouble of calculating them

5. For thefollowing circuit

ir(Y) 1K
—— AN C

vg(t) éi) 1K pf ——
2

a Find thetransfer function G(jm):_lRSm)

S

b. Find and sketch |G(jw)|. Describe what's happening asw increases.
c. Findig(t) when vs(t) =5 cos (1000t - 1.2)

6. For thefollowing circuit

it) *
is(t) S 1M =
-

a. Find thetransfer function G(jm):@

S

b. Find and sketch |G(jw)|. Describe what's happening as w increases.
c. Findi(t) when ig(t) =5 cos (1000t - 1.2) ma

7. For thefollowing circuit
1K

AN |+ .
vs(t) (l‘:) 1I=ré 1pf f vi(t) ¢ 0.5va(t) 1K é vo(t)
: _

a Find the transfer function G(jw):_vos(”)

S

b. Find and sketch |G(jw)|. Describe what's happening asw increases.
c. Find vo(t) when vg(t) =5 cos (1000t - 1.2)



