Understanding Filter Order: Play With the Settings!

Welcome to our interactive filter tool! Here you can change the filter order and watch how
the frequency response changes. In this guide, we explain in simple terms what the order
of a filter means and how it affects your signal—using two examples of bandpass filters that
pass frequencies from 500 Hz to 800 Hz.

What is Filter Order?

Filter order is simply how many reactive components (like capacitors or inductors) are used to
build the filter. Each reactive component introduces a “pole” in the filter’s transfer function:

e First-Order Filter: Uses one reactive element. It offers a smooth, gentle transition
between the passband (500 Hz to 800 Hz) and the rest of the frequency range. The
roll-off (attenuation) outside the passband is relatively gradual.

e Fifth-Order Filter: Uses five reactive elements. This means the filter cuts off un-
wanted frequencies much more sharply, giving you a very defined passband.

A simple RC (resistor-capacitor) circuit for a first-order filter has a cutoff frequency deter-

mined by:
1

Je= 2t RC"
Increasing the order (adding more elements) makes the cutoff steeper. That’s what you see
when you change the order in our interactive tool!

Interactive Examples

Below are two example figures that illustrate these concepts:

Example 1: First-Order Bandpass Filter (500 Hz — 800 Hz)

In this example, the filter doesn’t sharply cut off frequencies outside 500 Hz to 800 Hz. The
gradual roll-off means some of the unwanted signal might still sneak in, which is fine for less
demanding applications.

Example 2: Fifth-Order Bandpass Filter (500 Hz — 800 Hz)

This example shows a fifth-order filter that sharply cuts off frequencies outside the tar-
get range. The very steep roll-off means it more effectively eliminates unwanted frequen-
cies—perfect for applications where precision is critical.



Why Are the Figures Shown at the End?

We place these visual examples after the explanation so you can first learn the theory behind
filter order:

e Understand the basic idea: more elements lead to a steeper cutoff.
e Then see how that theory translates into a real-world frequency response.

e Finally, use the interactive tool to experiment with different orders on your own!

Conclusion

In summary, the order of a filter tells you how sharply it transitions between passing your
desired frequencies (500 Hz to 800 Hz in our examples) and attenuating the rest. A first-
order filter offers a smooth, gentle transition, while a fifth-order filter gives you a hard cutoff
with a very steep roll-off. Try adjusting the filter order in our interactive tool and see the
difference for yourself!
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Figure 1: First-Order Filter: The top plot shows the original noise signal, the middle plot
shows the filtered output (500-800 Hz), and the bottom plot shows the frequency response

with a gentle roll-off.
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Figure 2: Fifth-Order Filter: Here the same noise signal is filtered more strictly. The output
is tightly confined between 500 Hz and 800 Hz, and the frequency response shows a much
steeper drop-off outside this range.



