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Problem set: Filters in series

Goal: See how filters work in series and see how they behave at their limits; learn how to design the filters so that they
function as if they were independent of one another.

1. Build the circuit below. The circuit comprises two filters in series.

W 1.59K .59 K

Cl’\ 1 + Draw a circle around each of filter.
a What kind of filter is each?

2. Connect the Discovery to your circuit.

Ensure the Discovery and circuit share a ground.

Use Wavegen 1 as the V_input signal.

Use Scope Channel 1 to monitor the input signal;

Use Scope Channel 2 to monitor the V dropped across the 2™ capacitor; we will
consider this the filter output.

Where should you connect Channell- and Channel2- in your circuit?

3. Add [ ] wetwor to collect an experimental Bode plot _
Your filter has a natural

W WaveForms 2 (new workspace) response time of RC.
Welcome <@ Help | Windows ==
e Network 1
File Control View Window What is its natural response
N Single D Run Scale: Logarithmic mEtart: 1kHz 4 Stop: 1 MHz J Samples: 100 [~ ] ire uenc I.n Hz p

[ wavegen

Offset: 0OV B Chose Start and Stop
frefestt M frequencies that will allow
% Magnitude . .

. Relativa to Channel 1_| you to see how this filter
Units: dB | <]

Tp: w0 g behaves far below and far
Bottom: -90 dB ]

above its natural response
4 Phase

Offset: 0° | ) lfeguean.

Range:  360°

Custom One

Use H Single to

Custom Two

+ Add Channel | ]
[ Channel 1
Offset: ov

produce a single sweep.

Gam: 1% . Save the Bode plot data
s [o¥ . through the export

100 kHz

feature.
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4. Compare the experimental results with the theoretical values

Recall that the amplitude of the output sine wave for a single filter of this type is:
1

J1+ (RCw)?

¢(radians) = atan(—RCw)

A(unitless) =

When we have two of these filters in series with no current flow between them, then the amplitudes multiply and the
phases add, namely the ideal response for 2 of these filters in series would be

1
A= ———
1+ (RCw)? Analytical
(theoretical) model
¢ = 2 atan(—RCw)

Compare your experimental Bode plot results to the prediction.

] / To compare A(theory) to A(measured), what units should you use?
\ How do you convert from dB to a unitless ratio or vice versa?

5. Change the R & C values and generate the Bode plot.

Now change the circuit as follows.

Ak g K + How is this circuit different
V\/' \ S \ > Chi from the first?
chite
—_— 0. uF 0,0l -MF What is the natural frequency
L * % of the second filter now?

This strategy will tend to reduce the current flow from one filter to the next. This circuit should be a closer
approximation to the ideal behavior where the two filters in series act as though they were each independent.

Create the experimental Bode plot and export the data.

6. Change the order of the filters and generate the Bode plot.
For your problem set,

compare the behavior of these
5.9 k 1.59k chz .8 three circuits (Step 4, 5, 6) to

wi the theoretical model.

——I—w
L
¢l 0.0]MF R Ocl’,(F
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7. Try two different filters in series as shown.

5 |MF +
O ‘M F O C l/\ a Draw a circle around each of filter.
l What kind of filter is each?

Oh\ 1,54 k \-5%’(

\

Generate and save the experimental Bode plot for the above circuit.

Like the two filters in series above, if these filters were acting independently of one another, we would simply square
the equation for the amplitude, A, and sum the phase shifts of each filter.

) Wh h . A and he fil h ) For your problem set,
% at are the equations for A and @ of the filter shown in compare the response of this

the circuit for Step 7? circuit to the theoretical

model. —

=r

8. Now try two low-pass and two high pass in series as shown below.

L54K 1.5%k OOIMF OO\uF /CL\Q

\/\/.
Cw IOIMF IO'MF %‘”k 158k

2’ Generate and save the experimental Bode plot for the above circuit.

=y

Note that if there were no current flow between the filters, the amplitude response would just be the product of the

four independent filters.
For your problem set,

Compare the experimental amplitude, A, plot to the ideal theory. compare the amplitude
response of this circuit to the
(You can ignore the phase relationship. ) theoretical model.

N

=p

Deliverables

For this assignment, turn in a bunch of Bode plots. All your plots should be clear, have axis labeled and have a short
caption for each one so we know what circuit corresponds to what data and whether the data is a measurement,

analytical expression or both.



