CHAPTER 10 -  sinusoidal steady-state analysis


List of topics for this chapter :

Nodal Analysis

Mesh Analysis

Superposition Theorem

Source Transformation

Thevenin and Norton Equivalent Circuits

AC Op Amp Circuits


nodal Analysis

Problem 10.1 Given the circuit in Figure 10.1 and 
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Figure 10.1
· Carefully DEFINE the problem.

Each component is labeled, indicating the value and polarity.  The problem is clear.

· PRESENT everything you know about the problem.

The goal of the problem is to find 
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, which is clearly labeled in Figure 10.1, using nodal analysis.  Thus, we need to label the nodes and ground.

To find 
[image: image4.wmf])

t

(

v

o

 without using derivatives and integrals, we must transform the circuit to the frequency domain.  This allows us to find the answer using algebra with complex numbers.  We can transform the circuit to the frequency domain after setting a reference value.  Let us use a reference of 
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In transforming to the frequency domain, remember that 
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Let us draw the circuit after the transformation into the frequency domain and labeling the nodes and ground.

· Establish a set of ALTERNATIVE solutions and determine the one that promises the greatest likelihood of success.

The problem clearly states that the problem be solved using nodal analysis.  Thus, the technique to solve the problem is set.  There is no reason to look at an alternative at this point.

· ATTEMPT a problem solution.

Let us begin by writing the node equations.

At node 1 :




At node 2 :
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Simplifying,
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Thus, the system of simultaneous equations is
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So,
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Hence,
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· EVALUATE the solution and check for accuracy.

Solving the problem with an alternate method, such as mesh analysis in this case, would show that the results of the problem solution are correct. 


Let us draw the circuit defining the loop currents for mesh analysis.

Write the loop equations.

Loop 1 :
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Loop 2 :
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Loop 3 :
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Simplifying the equations for loops 2 and 3,

Loop 2 :
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Loop 3 :
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Solve the third loop equation for 
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Now, substitute 
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Now, find 
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This answer is the same as the answer obtained using nodal analysis.  Our check for accuracy was successful.

· Has the problem been solved SATISFACTORILY?  If so, present the solution; if not, then return “ALTERNATIVE solutions” and continue through the process again.

This problem has been solved satisfactorily.
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Problem 10.2 [10.5]
Given the circuit in Figure 10.2 and 
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Figure 10.2
Let us start by building the ac circuit.  The voltage source,
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At node 1 :




At node 2 :
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Note that 
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 was substituted when writing the equation for node 2.

Substituting the equation for node 2 into the equation for node 1,



[image: image64.wmf]2

2

V

j

V

j

4

-

)

j

8

.

0

6

.

0

)(

j

2

(

10

-

+

+

+

=


or

[image: image65.wmf]2

.

26

j

6

.

0

170

V

2

-

=


Clearly,



[image: image66.wmf]°

Ð

=

÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

+

=

+

=

26

.

70

154

.

6

2

.

26

j

6

.

0

170

j

3

3

V

10

j

30

30

V

2

o

 volts

With a reference of 
[image: image67.wmf])

t

1000

cos(

A

f

+

,


[image: image68.wmf]=

)

t

(

v

o


[image: image69.wmf]volts

)

26

.

70

t

1000

cos(

154

.

6

°

+


Problem 10.3 Given the circuit in Figure 10.3 and 
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Figure 10.3
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mesh analysis

Problem 10.4 Given the circuit in Figure 10.4 and 
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Figure 10.4
First, we transform the circuit to the frequency domain using a reference of 
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There is only one unknown loop current, 
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Problem 10.5 Given the circuit in Figure 10.5 and 
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Figure 10.5
Transform the circuit to the frequency domain using a reference of 
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For loop 2 :
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Simplifying,
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Simplifying further,
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Find 
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Substituting this equation into the first loop equation we get,
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superposition theorem

The superposition theorem applies to ac circuits the same as it does for dc circuits.  This theorem is important if the circuit has sources operating at different frequencies.  Since the impedances depend on frequency, we must have a different frequency-domain circuit for each source.  The total response is obtained by adding the individual responses in the time domain.

Problem 10.6 Given the circuit in Figure 10.6, 
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Figure 10.6
Because the two sources have different frequencies, we need to use superposition to solve this problem.  Thus, 
[image: image110.wmf])

t

(

i

)

t

(

i

)

t

(

i

2

C

1

C

C

+

=

.

Start with the current source and a reference of 
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Next, use the voltage source with a reference of 
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Problem 10.7 [10.33]
Given the circuit in Figure 10.7 and 
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Figure 10.7
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Problem 10.8 Given the circuit in Figure 10.8 and 
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source transformation

Source transformation in the frequency domain involves transforming a voltage source in series with an impedance to a current source in parallel with an impedance or vice versa.  We must keep the following relationship in mind when performing source transformations.
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Problem 10.9 Given the circuit in Figure 10.9 and 
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Figure 10.9
Transform the circuit to the frequency domain using a reference of 
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Reduce the circuit using source transformations.  Begin with the 20(0(V source in series with 6( which becomes a 10/3(0(A source in parallel with 6(.

Now combine 6( || 8(  =  24/7(.  The 10/3(0(A source in parallel with 24/7( becomes an 80/7(0(V source in series with 24/7(.

To perform the next source transformation, we need to find the parallel equivalent of the resistor and capacitor in series.  We know that two series impedances and two parallel impedances are
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It can be shown that 
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Thus, the 80/7(0(V source in series with 24/7 – j4( becomes a 2.169(49.4(A source in parallel with 8.095 – j6.939(.

Combining 8.095( || 20(  =  5.763(.  We now need to find the series equivalent of the resistor in parallel with the capacitor.  It can be shown that 
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Thus, the 2.169(49.4(A source in parallel with 5.763 – j6.939( becomes a 9.618(9.69(V source in series with 3.411 – j2.833(.  Before redrawing the circuit, let’s combine the series resistances of 3.411( + 10(  =  13.411(.
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Thevenin and Norton Equivalent Circuits

Problem 10.10 Given the circuit in Figure 10.10 and 
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Figure 10.10
Because the circuit in Figure 10.10 has a capacitor, we can only determine 
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Now, find the short-circuit current, 
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Problem 10.11 [10.43]
Find the Thevenin and Norton equivalent circuits for the circuit shown in Figure 10.11.

Figure 10.11
To find 
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To obtain 
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[image: image228.wmf]R





[image: image229.wmf]I




     
[image: image230.wmf])

t

(

i



[image: image231.wmf]W

0




[image: image232.wmf]°

Ð

45

-

657

.

5

A

[image: image233.wmf]A

)

45

-

1000t

cos(

657

.

5

°



[image: image234.wmf]W

1




[image: image235.wmf]°

Ð

45

-

439

.

5

A


[image: image236.wmf]A

)

45

-

1000t

cos(

439

.

5

°



[image: image237.wmf]W

10




[image: image238.wmf]°

Ð

45

-

041

.

4

A


[image: image239.wmf]A

)

45

-

1000t

cos(

041

.

4

°



[image: image240.wmf]W

100




[image: image241.wmf]°

Ð

45

-

1314

.

1

A

[image: image242.wmf]A

)

45

-

1000t

cos(

1314

.

1

°



[image: image243.wmf]W

1000



[image: image244.wmf]°

Ð

45

-

138

.

0

A


[image: image245.wmf]mA

)

45

-

1000t

cos(

138

°



AC Op Amp Circuits

Problem 10.13 Given the ac circuit in Figure 10.13, find 
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Figure 10.13
Using nodal analysis at node a,
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Figure 10.14
Use the following ac circuit, with a reference of 
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In conclusion, the output,
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