ECE 209 - PHASOR CIRCUITS - INVESTIGATION 4
IMPEDANCES, ADMITTANCES AND KIRCHHOFF'SLAWS

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.

Aswe saw in the last investigation, every sinusoidal voltage and every sinusoidal current has

associated with it a corresponding phasor V (jw) and I (jw) respectively. The goals of this
investigation are to find out how the voltage and current phasors of resistors, capacitors and
inductors are related to each other. And then to explore Kirchhoff's Laws for phasors. Theplanis
to start with time domain relations like we did in the previous investigations and then use Euler's
Relation to express the sinusoids in terms of complex exponentials.

1. Theobjective of thisfirst problem isto determine how V(jw) isrelated to I (jw) for resistors like
the following
ir() + VR(D)
R

when vR(t) and ir(t) are sinusoids of frequency w. We begin with a specific example and then

generaize.
a. Firstfind vg(t) = Rig(t) for a2K resistor with sinusoidal current

ir(t) = 5 cos (103t — p/6) ma = Re[5x10-3 eJP/6 ¢1000t]

and then make use of the result to find the corresponding voltage phasor Vr(j1000)
b. Next find vg(t) = Rir(t) for ageneral resistor of value R with sinusoidal current

ir(t) = A cos (103t + q) = Re [ 1r(j1000)e1000t]

and then make use of the result to find the corresponding voltage phasor Vr(j1000) as a
function of Ir(j1000).

c. Andfinaly make useof vg(t) = Rig(t) tofind Vr(jw) asafunction of Ig(jw) for a
resistor of value R with sinusoidal current ig(t) = A cos(wt+q) = Re[ Ir(jw)e™] and
sinusoidal voltage Vg(t) = B cos(Wt+ q) = Re[ Vr(jw)dWt]. Memorize this result.

2. The objective of this problem isto determine how V(jw) isrelated to I (jw) for capacitorslike
the following

i) + Ve(t) _
> /]
C

when v(t) and ic(t) are sinusoids of frequency w. Aswe did for resistors, we begin with a



specific example and then generalize.

a. First find ic(t):CdL(t) for alnf capacitor with sinusoidal voltage

ve(t) = 5 cos (103t + p/6) = Re [ 5dP/6 d1000t] volts

and then make use of the result to find the corresponding current phasor 1(j1000).

b. Nextfind i.(t) = Cd%t(t) for ageneral capacitor of value C with sinusoidal voltage

ve(t) = Acos (103t + q) = Re [ V(j1000)d1000t] volts

and then make use of the result to find the corresponding current phasor 1(j1000) asa
function of V¢(j1000).

c. Andfinally makeuseof i.(t)=C

dVét(t) to find Ic(jw) asafunction of V(jw) for a

capacitor of value C with sinusoidal voltage v¢(t) = A cos (Wt + Q) =
Re[Vc(w)eM] and sinusoidal current ic(t) = B cos (wt + f) = Re[ Ic(jw)e™M].
Memorize thisresult.

d. Sketch [V¢(jw)| asafunction of frequency w for a 1jf capacitor with current
ic(t) = 5 cos(wt) ma. Describe what's going on.

3. Theobjective of this problem isto determine how V (jw) isrelated to I(jw) for capacitors like
the following
i + Vi@ _ di (t)
=Lz
— wm=L
L

when v|_(t) and i (t) are sinusoids of frequency w.

di, (1

a Make use of the time domain relation for inductors v, (t) =L e tofindV_(jw) asa

function of I . (jw). Memorize thisresult.

b. Sketch |I(jw)| asafunction of frequency w for a 1mh inductor with voltage
v(t) = 5 coswt. Describe what's going on.

4. Make use of your resultsin Problems (1)—(3) to find the impedances Z(jw) of resistors,
capacitors and inductors as given by

A TG
and theadmittances Y (jw) as given by
1 I(jow)
Z(jo)  V(jo)
Put your resultsinaTable. M emorize them.

Y(jw)°




5. The objective of thisand the next problem isto look at two special impedances. First justify
that if the impedance of acircuit element N asfollows

+ Viw)

[(jw)
S S— N

iszero then N is equivalent to a short circuit. M emorize thisresult forever.
6. Now justify that if the impedance of acircuit element N asfollows

+ Viw)

[(jw)
— N

isinfinite then N is equivalent to an open circuit. Memorize thisresult forever.

7. The objective of this problem isto demonstrate Kirchhoff's Current Law for phasor circuits.
L et us begin with the following node N

i1(t) i2(t)
<< >
L i3(t)

i1(t) =5cos (103t - 2.6) ma
io(t) = 2 cos (103t + 1) ma
i3(t) = 3.33 cos (103t - 2.87) ma

with

a. By KCL these currents should satisfy i1(t) +ix(t) - i3(t) =0 at eachtimet . Verify that
they do in fact satisfy KCL (at least to within roundoff error) by plotting a graph of
i1(t) +io(t) - i(t).

b. Would you expect the magnitudes (amplitudes) of these currentsto satisfy KCL. Seeif
they do. Explain what's going on.

c. Would you expect the phasors of these currents to satisfy KCL. See what happens.
Reconcile your results with your expectations.

d. What would you expect, based on this example, is the relationship between current
phasors at arbitrary nodes.

8. Theabjective of this problem isto demonstrate Kirchhoff's VVoltage Law for phasor circuits.
Let us begin with the following circuit

+ Vo) —
— +
vi(t) va(t)

+ p—

with



vi(t) = 3 cos (103t + 1) volts
vo(t) = 2 cos (103t - 0.5) volts
v3(t) = 3.7 cos (103t - 2.71) volts

By KVL these voltages should satisfy vi(t) + vo(t) + v3(t) =0 at eachtimet . Verify

that they do in fact satisfy KVL (at least to within roundoff error) by plotting a graph of
va(t) + vo(t) + va(t).

. Would you expect the magnitudes (amplitudes) of these voltagesto satisfy KVL. Seeif
they do. Explain what's going on.

. Would you expect the phasors of these voltagesto satisfy KVL. See what happens.
Reconcile your results with your expectations.

. What would you expect, based on this example, is the relationship between voltage
phasors around arbitrary closed loops.



