Chapter 9, Problem 44
Calculate i(t) in this circuit


[image: image1]
Solution

 = 200

10 mH → jL = j(200)(10 x 10-3) = j2
5 mF → 1/jC = 1/(j(200)(5 x 10-3) = -j
Y = 1/Z = ¼ + 1/j2 + 1/(3 – j)

= 0.25 - j0.5 + (3 + j)/10 = 0.55 – j0.4

Z = 1/(0.55 – j0.4) = 1.1892 + j0.865

I = 6 <0º/(5 + Z) = 6 <0º/(6.1892 + j0.865)

= 0.96 <-7.965º

So
i(t) = 0.96 cos (200t – 7.956º)

Chapter 9, Problem 58

At  = 50 rad/sec, determine Zin for each of these circuits.


[image: image2]
Solution

(a)

10 mF → 1/jC = 1/(j(50)(10 x 10-3)

= -j2

10 mH → jL = j(50)(10 x 10-3) = j0.5

Zin = j0.5 + 1║(1 – j2)

= j0.5 + (1 – j2)/(2 – j2)

= j0.5 + 0.125 (1 – j2)(2 + j2)

= j0.5 + 0.125 (6 – 2j)

= 0.75 – j0.25

(b)

0.4 H → jL = j(50)(0.4) = j20

0.2 H → jL = j(50)(0.2) = j10
1 mF → 1/(jC) = 1/(j(50)(0.001) = - j20

For the parallel elements,

1/Zp = 1/20 + 1/j10 + 1/(-j20)

Zp = 10 + j10

Then Zin = 10 + j20 + Zp = 20 + j30 
Chapter 9, Problem 85

The AC bridge circuit below is called a Wien Bridge. It is used for measuring the frequency of a source. Show that, when the bridge is balanced, f = 1/(2√(R2R4C2C4))


[image: image3]
Solution

Let Z1 = R1, 
Z2 = R2 + 1/jC2
Z3 = R3, 
and
Z4 = R4║C4 = R4/(1 + jR4C4)
The condition for balance is
Z1/Z2 = Z3/Z4

or

Z1Z4 = Z2Z3
R1 R4/(1 + jR4C4) = (R2 + 1/jC2)R3
R1 R4(1 - jR4C4)/(1 + R42C42) = (R2 - j/C2)R3
We can equate the real and imaginary parts
R1 R4/(1 + R42C42) = R2R3
R1 R4R4C4/(1 + R42C42) =  R3/C2
If we divide the top equation by the other, we have

1/R4C4 = R2C2
2 = 1/(R2R4C2C4)

f = /2 = = 1/(2√(R2R4C2C4))
Chapter 10, Problem 1
Find vo in this circuit

[image: image4]
Solution

w = 1

10 cos(t - 45º) →
10 <-45º

5 sin(t + 30º) →

5 <-60º

1 H →

jL = j

1 F →

1/jC = -j

We can apply NVA
(10 <-45º - Vo)/3 + (5 <-60º Vo)/j = Vo/-j

j10 <-45º + 15 <-60º = j Vo
Vo = 10 <-45º + 15 <-150º = 15.73 <247.9º

So

vo(t) = 15.73 cos(t + 247.9º)
Chapter 10, Problem 4
Compute vo(t) in this circuit


[image: image5]
Solution

16 sin(4t - 10º) → 16 <-10º,

 = 4

1 H →

jL = j4
0.25 F→
1/jC = 1/(j(4)(0.25) = -j
NVA gives

(16 <-10º - V)/j4 + 0.5 Ix = V/(1 – j)

But

Ix = (16 <-10º - V)/j4

So
3 (16 <-10º - V)/j8 = V/(1 – j)

V = -j 48 <-10º/(4 + j)

Using voltage division,

Vo = Vx 1/(1 – j) = -j 48 <-10º/(1 – j)/(4 + j)

= 8.232 < -69.04º

So

vo(t) = 8.232 cos (4t – 69.04º)
Chapter 10, Problem16
Using nodal analysis, find V1 and V2 in this circuit.


[image: image6]
Solution

At node 1

j2 = V1/20 + (V1 – V2)/10 + (V1 – V2)/j5

j40 = (3 + j4) V1 – (2 + j4) V2
At node 2

(V1 – V2)/10 + (V1 – V2)/j5 + 1 + j = V2/j10

10(1 + j) = -(1 + j2) V1 + (1 + j) V2
Thus
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Chapter 10, Problem 69
For the differentiator shown below, obtain Vo/Vs. Find vo(t) when vs(t) = Vm sin t and  = 1/RC


[image: image8]
Solution

This is an inverting OpAmp so that
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When Vs = Vm and w = 1/RC

Vo = -jRC/(RC) x Vm = -jVm = Vm <-90º

Therefore vo(t) = Vm sin(t - 90º) = Vm cos t

Chapter 10, Problem 70
The circuit below is an integrator with a feedback resistor. Calculate vo(t) if

vs = 2 cos 4 x 104t


[image: image10]
Solution

This may also be regarded as an inverting amplifier
2 cos 4 x 104t →
2 <0º
 = 4 x 104
10 nF →


1/jC = 1/(j(4 x 104)(10 x 10-9) = -j2.5k 
Zf = 100k║-j2.5k = -j100/(40 – j) k
So Vo/Vs = -j100/(40 – j)/50


= -j2/(40 – j)

So
Vo = -j4/(40 – j) = 4 <-90º/40.01 < -1.43º
= 0.1 <-88.57º
So

vo(t) = 0.1 cos(4 x 104t – 88.57º)
Chapter 11, Problem 1.
If v(t) = 160 cos 50t V and

i(t) = -20 sin (50t - 30º) A, calculate the instantaneous power and the average power.

Solution

v(t) = 160 cos 50t

i(t) = -20 sin (50t - 30º)

= 20 cos (50t - 30º + 180º - 90º)

=20 cos (50t + 60º)

p(t) = v(t) i(t)
=160 x 20 cos 50t cos (50t + 60º)

= 1600 {cos (100t + 60º) +cos 60º}

p(t) = 800 + 1600 cos (100t + 60º)

P = 0.5 VmIm cos(v – i)

=0.5 x 160 x 20 cos60º

= 800 W

Chapter 11, Problem 3.

Find the average power absorbed by each element in this circuit.


[image: image11]
Solution

Average power in the inductor and the capacitor are both zero.

The phase angle of the voltage supply does not affect the average power, so we may represent the voltage as a purely real value of 10.

 = 2

1 H →

jL = j2

0.25 F →
1/jC = -j2

j2║(2 – j2) = (j2)(2 – j2)/(j2 + 2 – j2) = 2 + j2
Total current,

I = 10/(4 + 2 + j2) =1.581 <-18.435º

Resistor current,

IR = I(j2)/2 = jI = 1.581 <71.565º
Power in 4  resistor is

P = 0.5 I2 R = 0.5 x 1.5812 x 4 = 5 W

Power in 2  resistor is

P = 0.5 IR2 R = 0.5 x 1.5812 x 2 = 2.5 W

Check. Power in voltage source is

P = 0.5 V x I cos ( - 180º) = -0.5 x 10 x 1.581 cos(18.435º) = -7.5 W
That is, power leaving voltage source = total power dissipated in resistors
Chapter 11, Problem 4.
Find the average power absorbed by each of the elements in this circuit.


[image: image12]
Solution

Node voltage = V
(50 – V)/20 = V/(-j10) + V/(10 + j5)

V(1/20 + j/10 + (10 – j5)/(100 + 25)) = 5/2

V(25 + j50 + 40 – j20)/500 = 5/2

V = 2500/2/(65 + j30)

= 250 (13 – j6)/(13 + j6)/(13 – j6)

= 15.584 – j7.317

= 17.461 <-25.15º

Current in 20  is

I = (50 – 15.854 + j7.317)/20 = 1.746 <12.09º
Power in 20  is

P = 0.5 x 1.7462 x 20 = 30.49 W

Power into 50 V source is

P = 0.5 V x I cos ( - 180º)

= -0.5 x 50 x 1.7461 x cos 12.09º
= - 42.68 W

(That is, power comes out of the source)
Current in 10  resistor is

I = 17.461/√(102 + 52) = 1.562 A

Power in 10  resistor is

P = 0.5 I2 R = 0.5 x 1.5622 x 10 = 12.20 W

Power into L and C = 0

Check. P from voltage source = 42.68
Total power into resistors = 12.2 + 30.49 = 42.69 W

OK
Chapter 11, Problem 23
Find the rms value of the periodic signal below.


[image: image13]
Solution

v(t) = 15
0 < t < 2


=5

2 < t < 6
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Vrms = 9.574 V

Chapter 11, Problem24.

Determine the rms value of this waveform


[image: image15]
Solution

T = 2
v(t) = 5

0 < t < 1




=-5

1 < t < 2
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Vrms = 5 V

Chapter 11, Problem 27.

Calculate the rms value of the current waveform below.


[image: image17]
Solution

T = 5

i(t) = t

0 < t < 5
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Irms = 2.887 A
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