For the circuit given in this problem, we want to determine the values of R and L so that maximum power is transferred to the resistor R.

In the circuit, both the independent current source and the voltage source are sinusoidal power supplies at a frequency of 1000 rad/s.

Firstly, we want to convert the circuit into frequency domain or phasor domain.

This is a maximum power transfer problem.

Generally, we start with finding the Thévenin equivalent with respect to the load terminals.

We disconnect the load impedance from the circuit and find the Thévenin equivalent circuit.

VTH is the equivalent voltage.

ZTH is the equivalent impedance.

Then we set the load impedance equal to the conjugate of ZTH.

The maximum power transferred to the load resistance should be ¼ times the magnitude of the Thévenin voltage squared divided by the resistance.

Here we need to use the RMS value of the Thévenin voltage.

Let’s convert the circuit into phasor domain.

For the current 1 cos (1000t), the phasor transform should be 1 at a phase angle of 0 degrees.

For the resistors, the resistance is just the impedance in phasor domain.

The phasor transform for the voltage source is 30 at a phase angle of 30° V.

For the capacitor, it’s 1 / jωC.

The frequency is 1000 rad/s.

The capacitance is .1 µF, so that’s .1 x 10^-6.

It is –j 10 kΩ.

The circuit is in phasor domain now.

Let’s look at the load impedance.

jωL is the impedance for an inductor.

Let’s try to find the equivalent circuit at the load terminals.

The Thévenin voltage should be the open circuit voltage.

If it’s an open circuit, there is no current flowing through the 5 kΩ resistor and -10j kΩ capacitor.

Let’s make the bottom node a reference node.
It should be 0 V here.

It’s grounded.

There is no current through the 5 kΩ resistor or the capacitor.

The voltage across the impedance should be the same.

That is VOC.

Let’s try to write the open circuit voltage by writing a Kirchhoff’s Current Law equation.

Here we want to set the current that leaves the node as positive, so for the current 1 mA that enters the node, let’s make it negative.

It’s -1 at 0°.

The voltage across the 10 kΩ resistor should be VOC and the current through the 10 kΩ resistor should be VOC divided by 10 kΩ.

It is a leaving current so it’s positive here.

The voltage across the 10 kΩ resistor is VOC – 30 at 30° divided by the resistance to get the current.

There is no current here, so this is equivalent to 0.

Let’s collect the coefficients for VOC.

[equations]

VOC should be 5 times 3.6+j1.5.
That is 18+j7.5.

The magnitude is 19.5 and the phase angle is 22.6°.

The open circuit voltage is the Thévenin equivalent voltage.

Now we need to find the impedance ZTH.

The circuit has only independent power supplies.

We can turn off the power supplies then find the equivalent impedance ZTH.

To turn off the current source, we make the current equal to 0.

We need to make it an open circuit here so the current is 0.

To turn off the voltage source, we need to make it a short circuit.

Look at the two 10 kΩ resistors.

They are in parallel because they share the same pair of nodes.

The two 10 kΩ resistor can be combined into a single 5 kΩ resistor, then the two resistors in series can be combined into a single resistor of 10 kΩ.

The resistor is in series with the capacitor, so the equivalent impedance should be 10-j10 kΩ.

For the next step, we need to set the load impedance equal to the conjugate of the Thévenin impedance.

The conjugate should be 10+j10 kΩ.

R should be 10 kΩ.

jωL is equal to the imaginary part of the conjugate of ZTH.

The frequency ω is 1000 rad/s.

Let’s make 10k into 10x10^3.

L should be 10 H.

We need to make the resistance 10 kΩ and the inductance equal to 10 H so that the maximum power can be transferred to the load resistance.

That is ¼ times the Thévenin voltage, which is 19.5 divided by the square root of 2, which is the RMS value.

So we have voltage squared divided by RL, which is 10 kΩ.

That is the load resistance.

It is equal to 4.75 mW.

That is the maximum power transferred to the load resistance R.
