Work solutions — Week 4

Superposition:

We use superposition in the following circuit to write an expression for the

unknown branch current ;.
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Solutions:
We first set the current source equal to zero (an open-circuit) and obtain the
portion of /i due to the voltage source as 0.2 A. Then 1f we let the voltage
source be zero (a short-circuit) and apply the current divider rule, the

remaining portion of /_1is seen to be 0.8 A.

We may write the answer in detail as:
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2. Find the current through 2 ohm resistor using superposition method.
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Solutions:

At first, find the current through 2Q resistor with 48V source acting alone. Hence replace the
24V source by a short circuit.

Here current I> flows through the load resistor.

To find the load current, find the total current supplied by the source (l4) with its total
resistance. Then apply current division rule and find the current through 2Q resistor with 48V
source acting alone.

Calculations for this step is as follows

8x2

Reg=4+ =4+1.6=5.60Q2
8+2

48
I =——=8.57A
total 56

8

Im(4sv)= 8.57x% 8+ 2 =6.86A

So, the current supplied by the 48V source is 6.86 Amperes.



Now consider the 24V source alone and replace 48 V source by a short circuit.
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Now find the total resistance of the circuit and by find the total current supplied by the

source.

Then apply current division rule at node ‘A’ and by find the current through 2 Q resistor while
24V source acting alone.

Req=8+%=8+1.33=9.330
24
'rtota.’= E=2.57A

4
hapan =257, 5 =1.71A

Here, the current supplied by the 24V source is 1.71 Amperes.

Finally, add the two currents considering their direction.

Here the two currents are flowing into the 2Q resistor with the same direction. So the total
current flowing through 2Q will be the algebraic sum of I,qay) and Lgay)-
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3. Find the current through 5 ohm resistor using superposition method.
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Solutions:

If you look the above circuit, it has a current and a voltage source. To reduce the complexity
of the problem convert 5A current source in to its equivalent voltage source.

After the source Transformation, the circuit can be redrawn as given below.
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At start, consider the 48V and replace 50V source by a short circuit. Now find the current
through the 5Q resistor by finding the total current and then applying current division rule at
node ‘A".

6Q 18 Q

The calculation steps are as follows.

5x 18

Reg=6+ g =6+3.91=9.910
48

o =g g7 =484 A

lso= 4.84*(18/18+5)=3.79A

Then, the current supplied by 48V voltage source is 3.79 A.

Now, consider the 50V voltage source only and replace 48V source by a short circuit. Now
find the total current supplied by the 50V source and apply current division rule at node ‘A’
to find the load current.
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The load current is calculated as follows,

6x5
Req= 18+m= 18+2.73=20.73 Q0
50
ftom=720.73 =241 A

lsasoy) = 241X =1.32 Amperes

6+5

So the current supplied by 50V voltage source is 1.32 A.

Now perform algebraic sum of the current flows through the load resistor. The current by
48V source flows in to the load. Since the 50V source terminals are reversed, the current
supplied by 50V source flows into the load in the opposite direction.

So the final current that flows through the load resistor can be calculated as,

6Q 18 Q




4. For the above question, let us use another method to solve it. We don’t do the source
transformation.
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Thevenin’s Theorem and Norton’s Theorem

5.

Consider the circuit shown below:
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(a) Find the Thévenin equivalent of the circuit to the left of terminals g and b.

(b) Findv when R, =+ Q).

Ll
3

(c) What value of R, absorbs the maximum power?

(d) For the value of R, determined in part (c), find the power absorbed by R, .



Solutions:

Please be noted that, % Q resistor
and the 1 Q resistor are not
connected to the voltage source
only one polarity end of them (/
point) is connected with one enc
the source, the other polarity end (E
point) of the resistors are open
the air. So we don’t need to consi
these two resistors in circuit 1. Sc
the 2V voltage is applied to the
resistor only. So the Vth1 is equa
2V.




Consider the circuit shown below:
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(a) Find the Thévenin equivalent of the circuit to the left of terminals a and b.
Cd v _1

(b) Find v when R, =5 Q).

(c) What value of R, absorbs the maximum power?

(d) For the value of R, determined in part (c). find the power absorbed by R, .



Solution:
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Consider the circuit shown below:
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(a) Find the Norton equivalent of the circuit to the left of terminals ¢ and 5.

(b) Use the result of part (a) to find 7.

Solution:
(a) First, find the Thevenin resistance R; by zeroing the voltage source;
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R=15Q/1AQ/N12Q)+1/3Q]=1/5Q/(1/3Q+1/3Q)=2/13Q.

Second, find the Thevenin voltage ; across the open terminals a and b:



(b) Given the Norton equivalent circuit above, use the current divider rule:

i=-I,x [1/ (1/4 Q)] / [/ R+ 1/ (1/4 Q)] =-88 /21 A




