Lab 3: Capacitors and Inductors
in AC circuits




Review of Complex Numbers
Imaginary
J=v-1

z=a-+ 7b b
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Review of Complex Numbers
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Review of Complex Numbers

Imaginary
j=V-1
2 =a+ jb= Ael?
Real
A = Va2 + b?
6 = tan~" (1)

eJ? = cos ¢ + jsin ¢

/2 = cos(Z) + jsin(Z) = j



OUR ESSENTIAL WORKING ASSUMPTION:
AC = SINUSOIDAL FUNCTION

———— —

T: Period Frequency: f=1/T



Resistor in AC circuit

V,e =V, sin wt

w=27f

w: radians/sec
f: Herz (1/sec)




Resistor in AC circuit

Ve =V, sin wt @ % R
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Capacitor in AC circuit

V,e =V, sin wt

w=27f

w: radians/sec
f: Herz (1/sec)




Capacitor in AC circuit

V,e = V,sin

Wit

w=27f

w: radians/sec
f: Herz (1/sec)
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Inductor in AC circuit

Ve = V, sin wt % L




Inductor in AC circuit

Ve = V, sin wt % L

VOLTAGE

CURRENT




Ohm's Law for L and C:
Impedance (Z)

Vo Vosinwt V, sin wt

C 7o

.

B E - wCV, cos wt - wC'V, sin (wt—l— %)




C

Zc

Ohm's Law for L and C:
Impedance (Z)

Ve o Vosinwt V, sin wt
I wCV,coswt wCV,sin (wt + %)
%45 V., sin wt V., sin wt

I - (Vo/wL) cos wt - (Vo/wL) sin (wt + %)



Ohm's Law for L and C:
Impedance (Z)

C P Vo Vosinwt _ C, blIl wt
- Io wCV,coswt wC 5111 t+ 3

90° phase shift

%L g _ Vi V., sin wt B 7sin wt
‘ L (Vo/wL)coswt  — (V,/uNL) sin (wt+Z

90° phase shift




Ohm's Law for L and C:
Impedance (Z)

_V(j_ 1

C Zc —

Ic jwC

V, L
| Iy, —J

90° phase-shift in polar form: ez = cos(g) + jsin(g) = J

Nl B
W =



Impedance of a Resistor:



Impedance arithmetic:
same as a resistor

T
— —_ "+ — = Ziotal = E Z;
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w=2mf

EXAMPLE 1

Resistance Reactance



EXAMPLE 2

Z_ZR+ZC

Resistance Reactance




EXAMPLE 3: Voltage Divider

R Zp

out

Vgut ZC 1/]&)0 - 1
Vi Zr+Zc R+1/jwC 1+ jwRC




EXAMPLE 4: Voltage Divider

L Zr

out

Vout o ZR o R - 1
Vi Zr+2;, R+jwlL 1+ jwL/R




\Y

out

R =2178Q
Vin C  C=14560F
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