A second-order circuit is given in this problem.

It has two resistors, one capacitor, and one inductor.

Firstly, we want to determine the transfer function, which is the s domain ratio of the output voltage to the input voltage.

Let’s convert the circuit into s domain.

For a resistor, the impedance is just the resistance.

For the capacitor, the impedance can be computed as 1 / sC.

The capacitance is 0.1 x 10^-6 F.

That is 10^7 / s.

For an inductor, the impedance is sL.

The inductance is .01.

We use upper case V to indicate the Laplace transform of the voltage variable.

To find the transfer function, we need to relate the output voltage variable to the input voltage variable.

We can write a Kirchhoff’s Current Law equation to relate the two variables.

We call the node on the top node 1.

The node on the bottom can be used as a reference node.

Let’s write a Kirchhoff’s Current Law equation at node 1.

The current through the 1 kΩ resistor should be the voltage drop over the resistance.

Vout – Vin is the voltage across the 1 kΩ resistor.

We then divide by the resistance to get the current.

The current through this branch should be Vout – 0, or just Vout, divided by the impedance in the branch.

The inductor and capacitor are in series, so their impedances are added.

The current through the third branch is equal to 0.

Let’s collect the coefficients for Vout.

[equation]

We can put –Vin/1000 on the right side, so it becomes +Vin/1000.

We can try to simplify this one step further.

We can multiply the equation by 1000 on both sides.

[equation]

The transfer function is the ratio of the output voltage to the input voltage.

That should be 1 over this coefficient of Vout.

[equation]

The numerator and denominator are multiplied by 10^4 / s + 10^-5 s.

[equation]

To make the transfer function in standard form, we need to get rid of s in the denominator and make the highest order coefficient of s in the denominator equal to 1.

The numerator and denominator should be multiplied by 5 x 10^4.

[equations]
From the transfer function, we can tell that it’s a bandreject filter.

Let’s try to analyze it in frequency domain.

In frequency domain, we need to set s equal to jω.

In frequency domain, the transfer function is a function of ω.

[equation]

s is jω. s² should be –ω².

[equation]

The magnitude of the transfer function is 0.5.

The numerator is just a constant real number, so it should be the absolute value of that real number.

The denominator is a complex number, so the magnitude should be the real part squared plus the imaginary part squared.

That is the magnitude of the transfer function.

[equation]
We get 0.5 when the frequency is 0 rad/s.

When frequency goes to infinity, the transfer function magnitude should be the limit of the transfer function magnitude function.

[equation]

The limit should be 0.5 when frequency goes to infinity.

When the frequency is the square root of 10^9 rad/s, that is the center frequency for the filter.

The transfer function magnitude should be minimized.

The numerator is -10^9 + 10^9, so that is 0.

The transfer function magnitude is maximized when frequency is 0 and when frequency goes to infinity, and is minimized at the center frequency.

For problem b, the maximum magnitude of the transfer function is 0.5 when frequency is 0 or when frequency goes to infinity.

The minimum magnitude of the transfer function is 0.

This is a second-order bandreject filter.
