Circuits and the Fourier Series

Examplel:

O

Wy ¢ >_‘b
O vlo 20 kQ % Vo:t(t)

The input to this circuit is the voltage of the voltage source

Vin (t)=2+4cos(100t)+5cos (400t +45°) V
The output is the voltage across the 20-kQ resistor

Vou (1) ==5+7.071cos (100t +135°) + ¢, cos (400t +6,) V

Determine the values of the resistance, R, the capacitance, C, the coefficient, C4, and the phase

angle, 6,.

Solution:
The network function of the circuit is:

Ry R R R
H(a)):vo(a)) ____JoC__l+ieCR___10' ___10° Z(180-tan™' (@CR))
V(o) 10* 10* 1+j@CR 14 (wCRY

The phasors of the input and output are related by
IV, (o)||H(2)|=|V; (o) and 2V, (0)=2H(0)+2V;(0)

When @ =0 (dc)




When @= 100 rad/s

135°=/H (a))+0° =180°—tan™’ (a)C R) = tan(45°) = (IOO)C (25000)
= C=04 pF
When o= 100 rad/s

‘ 25000 ‘
10*
1+ j(400)(0.4x106)(25000)‘

¢, =(5)|H(400) = (5

0, =45°+ ZH(400) = 45°+180—tan~' (400x0.4x10° x 25000) = 149°

Example 2:
The input to a circuit is the voltage

V;(t)=2+4cos(25t)+5cos(100t+45°) V

The output is the voltage
V, (t)=5+7.071cos(25t—45°)+c, cos(100t+6,) V

The network function that represents this circuit is

a):VO(a)): H,
H(o) V, (o) 1+j(;

Determine the values of the dc gain, H,, the pole, p, the coefficient, 4, and the phase angle, 6,.

Solution:
The transfer function is

V(@) 1+J-a|; 1+(“’j2

Y
The phasors of the input and output are related by
IV, (o)||H(2)|=|V; (o) and 2V, (0)=2H(0)+2V;(o)

When o= 0 (dc)



5=—=5(2)=H,(2) = H,=25 VNV
1+jB

Consequently, /H(w)=2/H_ —tan™' (%j =0—tan"' (%] =—tan’ (%)

When @w= 25 rad/s
—45°=/H(w)+0=—tan"' (2] = tan(45°)= CERN p=25 rad/s
p p
When @w= 100 rad/s

Example:

The input to this circuit is the voltage of the independent voltage source

V;(t)=6+4cos(1000t)+5cos (3000t +45°) V

The output is the voltage across a 500-€ resistor

V, (t)=3.75+2.34c0s (1000t —20.5°) +c, cos (3000t +6,) V

Determine the values of the resistance, R, the capacitance, C, the coefficient, c,, and the phase

angle, 6, .



Solution:
The network function of this circuit

R ”71
2 - R
H(a))—vo(w)— JoC 2

(o) R1+R2||_L R,+R,+ joCR,R,
Jo

where R, =500 Q.
The phasors of the input and output are related by

Vo (@)H(@) =M (@) and 2V, (@)= 2H(@)+ 2V, (o)
When o= 0 (dc)

R
»  _375 - Rl=(2'25ij=(2'25j(500)=3009
R,+R, 6 3.75 3.75

When @= 1000 rad/s

R, R
-20.5°= AH(a))=—tan_1[a)C L2 ] = tan(20.5°)=(1000)C(—(300)(500)j
R 1R, 800

= C=2pF
When @ = 3000 rad/s

500
Bt {8oo+ j(3000)(2><106)(500)(3OO)J(

5445") =2.076£-3.4°
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