
Experiment BT-9: Passive Filters

Equipment Required

PC or Mac Computer

IX-TA-ROAM recorder, USB cable, power supply

A-BMET-B BMET Trainer Board

C-DIN-BB DIN to Breadboard Cable

C-BNC-BB BNC to Breadboard Cable

A-BMET-EC Electronic Components Set

Jumper Wires

Setup

1. Connect the C-DIN-BB Cable to port A5 on the TA-ROAM. Use extender cables for the yellow 
and brown leads.

2. Connect the C-BNC-BB Cable to the S1 (LV Stimulator) port on the TA-ROAM.

Figure BT-9-S1: IX-TA-ROAM, C-DIN-BB cable (port A5), C-BNC-BB cable (S1).
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Experiment BT-9: Passive Filters

Background

Many biomedical signals, such as ECGs, EMGs, and EEGs, are in specific frequency ranges. 
Unwanted signals outside these ranges can introduce noise and interfere with measurements. Filters are 
circuits that reduce unwanted frequencies while allowing desired frequencies to pass, making them an 
important part of biomedical instrumentation.

In previous labs, you investigated RC circuits, time-varying signals, and the frequency-dependent 
behavior of passive components. In this lab, you will build on those concepts by constructing passive 
filters and observing how they affect signals of different frequencies.

Using the BMET Trainer Board and TA-ROAM system, you will examine low-pass, high-pass, and 
band-pass filters, measure their frequency response, and determine their cutoff frequencies.

Students should reference past labs as needed.

Theory

1. Frequency

Frequency is how often a wave repeats. Different signals operate at different frequencies.

2. Why Filters Matter

Many signals, including biomedical signals, are in a limited frequency range, as shown in some 
examples below:

Biomedical Signals and Their Frequency Ranges

Signal Typical Frequency Range (Hz)

ECG 0.05–150

EEG 0.5–100

EMG 20–500
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Respiration <5

Any outside signals that are in the same frequency range can be accidentally picked up in your signals, 
creating noise.

3.1 Noise

Noise is unwanted random electrical signals that get mixed into the signal you are actually trying to 
use. It often appears as small fluctuations in the waveform. Filters can be used to reduce noise.

One common source of noise in biomedical signals is from picking up muscle activity from a different 
muscle than the one being measured from.

Another common noise source is power-line interference. Unfortunately, all AC power lines in the 
United States operate at 60 Hz, which falls right within the biomedical signal ranges shown above. As a 
result, you will often see medical devices and other biomedical-related equipment specifically filtering 
60 Hz noise.

3.2 Other Uses

Besides noise, filters can also be used to isolate certain signals. For example, many speakers allow you 
to separately turn up high and low frequencies (treble and bass). This requires the speaker to split these 
signals, adjust them, and then recombine them. Splitting the signals requires filters.

4. Passive Filters

Filters are circuits that allow some frequencies to pass while reducing others. The pass band consists 
of frequencies that are allowed through, and the stop band is frequencies that are stopped. These two 
bands meet at the cutoff frequency.

Remember that passive filters are filters that only use passive components, such as resistors, capacitors, 
and inductors.

A passive filter is basically a frequency-dependent voltage divider.
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5. Gain

Every circuit has an input and an output. Gain is how much bigger or smaller the output is than the 
input:

AV =
V out
V in

where A v is the voltage gain, V out is the output voltage, and V in is the input voltage. For example, if the 

output is amplified to be 10 times the input, then

10=
V out
V in

In this case, if we know that the input is 1 V, then we know the output is 10V.

6. Decibels

Decibels (dB) are a logarithmic way of expressing signal gain. They are a ratio between the measured 
signal and a base signal.

Remember that logarithms are a way to express powers. Just like we can rearrange multiplication to 
get division ( 2 3 = 6 and 6 / 3 = 2), we can rearrange exponentials to get logs:⋅

an = b and logab= n

For instance,

104 = 10,000 and log1010,000= 4

We can also use the convention that log base ten (log10) can just be written as log.

A decibel is thus defined as

dB= 10log( P1P0)
where P1 is the power that you’re measuring, and P0 is the power you are comparing it to. 
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We could go into the math behind decibels more, but really the only thing to remember for now is that 
the cutoff frequency is at the -3 dB point. This is where the output power (P1) is reduced by half:

dB= 10log( P1P0)= 10log(12)=−3.01

7. Low-Pass Filters

A low-pass filter (LPF) allows low frequencies to pass while reducing high frequencies. An example 
of the sort of frequency response you would get from a low-pass filter in Figure 2.

Figure 2. Frequency response of low-pass filter

This figure shows voltage as a function of frequency. The voltage in the pass band is at about 100% the 
input voltage value, while the voltage in the stop band is near-zero.

When you work with figures like this in LabScribe, you will be able to drag your cursors to where the 
decibel value is calculated as -3 dB.

Note: You can calculate the decibel value at any point by using the decibel formula above plugging in 

the power formula, P = V 2

R , with the known voltage and resistance values.

7.1 RC Low-Pass Filters

An resistor-capacitor (RC) low-pass filter circuit consists of a resistor followed by a capacitor 
connected to ground, with the output measured across the capacitor as shown in Figure 3.
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Figure 3. RC low-pass filter circuit schematic

The cutoff frequency of an RC filter circuit is

f c =
1

2π RC

where f c is the cutoff frequency (hertz, Hz), R is the resistance (ohms, Ω), and C is capacitance (farads, 

F).

7.2 RL Low-Pass Filters

An resistor-inductor (RL) low-pass filter circuit consists of an inductor followed by a resistor 
connected to ground, with the output measured across the resistor as shown in Figure 4.

Figure 4. RL low-pass filter circuit schematic

The cutoff frequency of an RL filter circuit is
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f c =
R2
2π L

where f c is the cutoff frequency (hertz, Hz), R is the resistance (ohms, Ω), and L is inductance (henries, 

H).

8. High-Pass Filters

High-pass filters (HPFs) allow high frequencies to pass while reducing low frequencies. The general 
frequency response of a high pass filter is shown in Figure 5.

Figure 5. Frequency response of high-pass filter 

Like this low-pass frequency response, this figure shows voltage over frequency. The voltage in the 
pass band is at about 100% the input voltage value, while the voltage in the stop band is near-zero.

8.1 RC High-Pass Filters

An RC high-pass filter circuit consists of a capacitor followed by a resistor connected to ground, with 
the output measured across the resistor as shown in Figure 6.
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Figure 6. RC high-pass filter circuit schematic

The cutoff frequency for an RC high-pass filter is the same as it was for the low-pass filter:

f c =
1

2π RC

8.2 RL High-Pass Filters

An RL high-pass filter circuit consists of a resistor followed by an inductor connected to ground, with 
the output measured across the inductor as shown in Figure 7.

Figure 7. RL high-pass filter circuit schematic

It has the same cutoff frequency formula as the low-pass RL filter:

f c =
R2
2π L
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9. Band Pass Filters

Band-pass filters only let middle frequencies pass, blocking out both high and low frequencies. Figure 
8 shows a basic band-pass filter frequency response.

Figure 8. Frequency response of band-pass filter

There are multiple ways to create a passive band-pass filter, as outlined below:

R.1 RLC Band Pass Filters

One way to create a band pass filter is by creating an resistor-inductor-capacitor (RLC) circuit, like the 
one in Figure 10:

Figure 10. RLC band-pass filter circuit schematic

BMET Trainer – PassiveFilters – Labs                    BT-9-8



R.2 Buffer Band Pass Filters

Another way to create a band-pass filter is by connecting a low-pass filter to a high-pass filter. In order 
to avoid loading effects (see Lab 3 for more information), a buffer must be placed between these filters. 
You will learn more about buffers in the next lab.

Pre-Lab Questions

1. On a voltage vs. frequency plot, how can you determine whether a filter is a low-pass, high-
pass, or band-pass filter?

2. What is the difference between a pass band and a stop band?

3. What does the cutoff frequency represent, and what is the approximate decibel value at the 
cutoff frequency?

4. A low-pass filter has a cutoff frequency of 100 Hz. Would you expect a 20 Hz signal or a 500 
Hz signal to have a larger output voltage? Explain why.

5. A high-pass filter has a cutoff frequency of 100 Hz. Would you expect a 20 Hz signal or a 500 
Hz signal to have a larger output voltage? Explain why.

6. Calculate the cutoff frequency of an RC filter with R=10kΩ and C=0.1μF.
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Experiment BT-9: Passive Filters

Exercise 1: RC Low-Pass Filtering

Aim: To understand how a passive RC low-pass filter affects signals of different frequencies.

Approximate Time: 30 minutes

Procedure

1. Locate Circuit R. 

2. Create a simple RC circuit by adding a 10k resistor at RR and a 0.1uF capacitor at CR.

3. Supply power and ground to the circuit using the C-BNC-BB cable.

a) Connect the red lead at INR. 

b) Connect the black lead to one of the GND pins in the Inputs section. 

4. Measure the voltage using the C-DIN-BB cable.

a) Connect the + (red lead) to the VCC pin in the Inputs section on the right of the board.

b) Connect the - (black lead) to the VEE pin.

c) Connect the ground (green) to a GND pin.

d) Connect the brown lead to the IN- pin.

e) Connect the yellow lead to OUTR.

5. Press the red REC button to start the recording in LabScribe. LabScribe will now supply power 
to the circuit.

6. Type “10 Hz” into the Mark box and press ENTER on the computer keyboard to mark the 
recording. 

7. Record for ~5 seconds.

8. Repeat the procedure above for frequencies of 20, 50, 100, 200, and 300 Hz. To change the 
input frequency, access the S1 stimulator output at the top of the LabScribe toolbar.

a) Enter ‘20’ into the F (Hz) box. 
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b) Press the Apply button to apply the change.

9. Click Stop to stop the recording and click File → Save As to save your data file.

Data Analysis

1. Scroll to the section of data recorded when the “10 Hz” mark was made in the recording.

2. Use the Half Display Time icon (single mountain peak) to view only 3-4 peaks in the display 
window. 

3. Enter into the Analysis window by clicking on the magnifying glass icon in the top toolbar. 

4. Look at the Function Table that is above the uppermost channel displayed in the Analysis 
window. The mathematical functions, Value1, Value2, and V2-V1 should appear in this table. 
Values for these parameters on the channel are seen in the table across the top margin of the 
channel. 

5. Place the cursors in the correct locations for measuring the peak-to-peak recorded voltage. 

6. Record these values in Data Table BT-9-L1.

7. Repeat the analysis procedure for the remaining marks.

8. Calculate the gain for each frequency measurement, and record these values in the third column 
of Data Table BT-9-L1. 

Table BT-9-L1: Data Table for Exercise 1 – RC Low-Pass Filtering

RC Low-Pass Filter Data

Frequency Input Amplitude Output Amplitude Gain

10 Hz
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20 Hz

50 Hz

100 Hz

200 Hz

300 Hz

Questions

1. How did the output voltage change as the input frequency increased? 

2. At approximately what frequency did the filter begin significantly reducing the output signal? 
How does this compare to the calculated cutoff frequency?

 

Exercise 2: RC High Pass Filtering

Aim: To understand how a passive RC high-pass filter affects signals of different frequencies.

Approximate Time: 30 minutes

Procedure

1. Locate Circuit M. 

2. Create a simple RC circuit by adding a 10k resistor at RM and a 0.1uF capacitor at CM.

3. Supply power and ground to the circuit using the C-BNC-BB cable.

a) Connect the red lead at INM. 

b) Connect the black lead to one of the GND pins in the Inputs section. 

4. Measure the voltage using the C-DIN-BB cable.

a) Connect the + (red lead) to the VCC pin in the Inputs section on the right of the board.
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b) Connect the - (black lead) to the VEE pin.

c) Connect the ground (green) to a GND pin.

d) Connect the brown lead to the IN- pin.

e) Connect the yellow lead to OUTM.

5. Repeat the procedure from Exercise 1 for frequencies of 10, 20, 50, 100, 200, and 300 Hz.

Data Analysis

1. Repeat the data analysis procedure from Exercise 1.

2. Complete Data Table BT-9-L2.

3. Calculate the gain for each frequency measurement, and record these values in the third column 
of Data Table BT-9-L2. 

Table BT-9-L2: Data Table for Exercise 2 – RC High-Pass Filtering

RC High-Pass Filter Data

Frequency Input Amplitude Output Amplitude Gain

10 Hz

20 Hz

50 Hz

100 Hz

200 Hz

300 Hz
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Questions

1. How did the output voltage change as the input frequency increased?

2. Why was the output voltage much smaller at 10 Hz compared to 300 Hz?

Exercise 3: RL Low-Pass Filtering

Aim: To understand how a passive RL low-pass filter affects signals of different frequencies.

Approximate Time: 30 minutes

Procedure

1. Locate Circuit Q. 

2. Create a simple RL circuit by adding a 100 ohm resistor at RQ and a 100 mH inductor at LQ.

3. Supply power and ground to the circuit using the C-BNC-BB cable.

a) Connect the red lead at INQ. 

b) Connect the black lead to one of the GND pins in the Inputs section. 

4. Measure the voltage using the C-DIN-BB cable.

a) Connect the + (red lead) to the VCC pin in the Inputs section on the right of the board.

b) Connect the - (black lead) to the VEE pin.

c) Connect the ground (green) to a GND pin.

d) Connect the brown lead to the IN- pin.

e) Connect the yellow lead to OUTQ.

5. Repeat the procedure from Exercise 1 for frequencies of 10, 20, 50, 100, 200, and 300 Hz.

Data Analysis

1. Repeat the data analysis procedure from Exercise 1.

2. Complete Data Table BT-9-L3.
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3. Calculate the gain for each frequency measurement, and record these values in the third column 
of Data Table BT-9-L3. 

Table BT-9-L3: Data Table for Exercise 3 – RL Low-Pass Filtering

RL Low-Pass Filter Data

Frequency Input Amplitude Output Amplitude Gain

10 Hz

20 Hz

50 Hz

100 Hz

200 Hz

300 Hz

Questions

1. How did the output voltage change as the input frequency increased? 

2. How does the behavior of an inductor in an RL filter compare to the behavior of a capacitor in 
an RC filter?

Exercise 4: RL High-Pass Filtering

Aim: To understand how a passive RL high-pass filter affects signals of different frequencies.

Approximate Time: 30 minutes
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Procedure

1. Locate Circuit L. 

2. Create a simple RL circuit by adding a 100 ohm resistor at RL and a 100 mH inductor at LL.

3. Supply power and ground to the circuit using the C-BNC-BB cable.

a) Connect the red lead at INL. 

b) Connect the black lead to one of the GND pins in the Inputs section. 

4. Measure the voltage using the C-DIN-BB cable.

a) Connect the + (red lead) to the VCC pin in the Inputs section on the right of the board.

b) Connect the - (black lead) to the VEE pin.

c) Connect the ground (green) to a GND pin.

d) Connect the brown lead to the IN- pin.

e) Connect the yellow lead to OUTL.

5. Repeat the procedure from Exercise 1 for frequencies of 10, 20, 50, 100, 200, and 300 Hz.

Data Analysis

1. Repeat the data analysis procedure from Exercise 1.

2. Complete Data Table BT-9-L4.

3. Calculate the gain for each frequency measurement, and record these values in the third column 
of Data Table BT-9-L4. 

Table BT-9-L4: Data Table for Exercise 4 – RL High-Pass Filtering

RL High-Pass Filter Data

Frequency Input Amplitude Output Amplitude Gain
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10 Hz

20 Hz

50 Hz

100 Hz

200 Hz

300 Hz

Questions

1. How did the output voltage change as the input frequency increased?

2. At low frequencies, how does the inductor behave in the circuit?

Post-Lab Questions 

1. Compare the response of a low-pass filter and a high-pass filter.

2. At the cutoff frequency, what should happen to the output voltage compared to the input 
voltage?

3. A filter has a measured input voltage of 4 V and an output voltage of 2.8 V at a certain 
frequency. Calculate the voltage ratio and determine whether the filter is near its cutoff 
frequency. 

4. A sensor produces unwanted high-frequency noise. Which type of filter would you use to 
remove this noise, and why?  
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