
Experiment BT-12: Filter Loading

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-12-S1: IX-TA-ROAM, C-DIN-BB cable (port A5), C-BNC-BB cable (S1).
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Experiment BT-12: Filter Loading

Background

In your op-amps lab, you learned about the effect of buffers in circuits and how they reduce the effects 
of loading. In this lab, you will see these effects in action.

Theory

1. Loading Review

Loads are anything that uses energy or power in a circuit. 

Loads are necessary to have a circuit operate, as the circuit cannot exist without its components. 
Unfortunately, loading effects can accidentally alter circuits when not accounted for. 

So what are loading effects? They are typically caused by the internal resistance of components causing 
voltage drops that draw current, thereby changing the circuit’s original voltage or current. 

For instance, loading can be caused by our measurement devices. Even though an ideal voltmeter 
draws no current, real measurement systems have finite input resistance. Whenever a device is 
connected to a voltage divider, it slightly alters the circuit and can change the voltage that it measures. 

2. Buffers Review

A buffer, as shown in Figure 1, are a type of inverting amplifier because they connect input and output. 
They are the simplest type of inverting amplifier because there V out and v− are directly shorted together 

with no components between them. As a result, they have no amplification, so the gain is 1.

 

Figure 1. Buffer circuit schematic
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Buffers reduce loading effects by using their high internal resistance to effectively create an open 
circuit between the inputs, thereby isolating the load.

3. Loading in Filters

Filters are commonly used to remove unwanted frequency components from a signal. Passive filters, 
such as RC and RL filters, rely on resistors, capacitors, and inductors to control how signals of different 
frequencies are passed or attenuated.

However, passive filters can be affected by loading. When another circuit stage or measurement device 
is connected to the output of a filter, the additional resistance can change the filter’s effective cutoff 
frequency and frequency response. For example, consider an RC low-pass filter. The cutoff frequency 
is determined by:

fc = 
1

2πRC

If a load resistance is connected to the output of the filter, the effective resistance is changed. This 
alters the cutoff frequency and can cause the filter to behave differently than expected. 

Common symptoms of filter loading include:

• Measured output amplitude is lower than the calculated value 
• Cutoff frequency shifts from the expected value 
• Frequency response changes when measurement equipment is connected 
• The filter no longer matches the predicted Bode plot 

Adding a buffer between filter stages prevents these effects by isolating the filter from the load. This 
allows the filter to maintain its designed frequency response. In this experiment, you will investigate 
the effects of loading on a filter circuit by comparing the output of a passive filter with and without a 
buffer. You will measure how loading changes the filter response and observe how a buffer minimizes 
these effects.

Pre-Lab Questions

1. What is a loading effect, and why can it cause problems in circuit measurements? 

2. Why does a voltmeter with a finite input resistance affect the voltage it measures? 

3. What is the voltage gain of a voltage follower circuit? 

4. Explain how a buffer reduces loading effects. 

5. For an RC low-pass filter, what happens to the cutoff frequency if the resistance decreases? 
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Experiment BT-12: Filter Loading

Exercise 1: Non-buffered Band Pass Filter

Aim: To investigate the effect of connecting a high-pass filter and low-pass filter directly together and 
observe how loading between filter stages affects the overall band-pass frequency response.

Approximate Time: 30 minutes

Procedure

This setup will use Circuits M and R. The Circuit connections are as follows:

Input → RC High-Pass → RC Low-Pass → Output 

1. Place a 10k resistor for both RM and RR.

2. Place a 0.1 uF capacitor for both CM and CR.

3. Place a short from OUTM to INR.

4. Apply an input signal using the C-BNC-BB cable.

a) Connect the red lead to INS. 

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

5. Measure the output signal using the C-DIN-BB cable.

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

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. 

6. Click on the Record button, located on the upper right side of the LabScribe Main window. The 
signal should begin scrolling across the screen. 

7. Click on the AutoScale All button on the LabScribe toolbar, to Autoscale all the channels.

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

9. Record for ~5 seconds.
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10. Repeat the procedure above for frequencies of 20 Hz, 50 Hz, 100 Hz, 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. 

b) Press the Apply button to apply the change.

11.

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

13. Calculate the predicted cutoff frequency for the resistor and capacitor values. 

Table BT-12-L1: Data Table for Exercise 1 – Non-buffered Band Pass Filter

Non-buffered Band Pass Filter Data

Frequency Input Amplitude Output Amplitude Gain

10 Hz

20 Hz

50 Hz

100 Hz

300 Hz

Data Analysis

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

2. Scroll to the beginning of the data file. 
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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 voltage. 

6. Record these values in Data Table BT-12-L1.

7. Calculate the gain for each frequency measurement, and record these values in the third column 
of Data Table BT-12-L1. 

Questions

1. Does the circuit behave as a band-pass filter? Explain how the output amplitude changes as the 
input frequency is increased and decreased.

Exercise 2: Buffered Band Pass Filter

Aim: To demonstrate how a voltage follower buffer isolates filter stages and reduces loading effects, 
resulting in a band-pass response that more closely matches theoretical predictions.

Approximate Time: 30 minutes

Procedure

This setup will use Circuits M, O, and R. The circuit connections are as follows:

Input → RC High-Pass → Buffer → RC Low-Pass → Output 

1. Use the same component values from Exercise 1. 

2. Add the Buffer Circuit (O) into the setup by adding shorts at:

a) OUTM to INO

b) OUTO to INR

3. Keep the C-BNC-BB and C-DIN-BB cable connections the same as in Exercise 1. 
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4. Repeat the procedure from Exercise 1 for frequencies of 20 Hz, 50 Hz, 100 Hz, and 300 Hz.

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

6. Calculate the predicted cutoff frequency for the resistor and capacitor values. 

Table BT-12-L2: Data Table for Exercise 2 – Buffered Band Pass Filter

Buffered Band Pass Filter Data

Frequency Input Amplitude Output Amplitude Gain

10 Hz

20 Hz

50 Hz

100 Hz

300 Hz

Data Analysis

1. Repeat the data analysis procedure from Exercise 1.

2. Record these values in Data Table BT-12-L2.

3. Calculate the gain for each frequency measurement, and record these values in the third column 
of Data Table BT-12-L2. 

Questions

1. Compare the frequency response of the buffered filter to the non-buffered filter from Exercise 1. 
What differences do you observe?

2. Why does placing a buffer between the two filters reduce loading effects? 
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Exercise 3: Filter Order

Aim: To understand how the order in which high-pass and low-pass filters are connected affects the 
resulting frequency response due to interactions between circuit stages.

Approximate Time: 30 minutes

Procedure

This setup will use Circuits M and R. The Circuit connections are as follows:

       Input → RC Low-Pass → RC High-Pass → Output 

1. Use the same component values from Exercise 1. 

2. Place a short from OUTR to INM.

3. Apply an input signal using the C-BNC-BB cable.

a) Connect the red lead to INR. 

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

4. Measure the output signal using the C-DIN-BB cable.

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

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 20 Hz, 50 Hz, 100 Hz, and 300 Hz.

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

Data Analysis

1. Repeat the data analysis procedure from Exercise 1.

2. Record these values in Data Table BT-12-L3.
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Table BT-12-L3: Data Table for Exercise 3 – Filter Order

Filter Order Data

Frequency Input Amplitude Output Amplitude Gain

10 Hz

20 Hz

50 Hz

100 Hz

300 Hz

Questions

1. Compare the output amplitudes from Exercise 1 to the output amplitudes from Exercise 3 for 
each frequency. How does changing the filter order affect these values?

Optional

Exercise 4: Mix-and-Match Filter Combinations

Aim: To compare different combinations of high-pass and low-pass filters and evaluate how filter type 
and circuit configuration influence the resulting frequency response.

Approximate Time: 30 minutes

Procedure

1) Select two available filter circuits and connect them together to create a cascaded filter 
configuration.
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a) Apply a sinusoidal input signal and observe the output waveform.

b) Adjust the input frequency and record how the output amplitude changes. Compare the 
response of different filter combinations and explain any differences observed.

c) Suggested circuits to investigate:
RL High-Pass + RC Low-Pass
RC High-Pass + RL Low-Pass
RL High-Pass + RL Low-Pass
RLC Band-Pass Filter

Questions

1. How did changing the filter types (RC vs RL) affect the frequency response?

2. Which filter combination produced the strongest band-pass response? Explain why.

3. How did the responses of the combined filters compare to the RLC band-pass filter?

Post-Lab Questions

1. What is filter loading, and why does it occur when multiple filter stages are connected together?

2. Why does a buffer reduce loading effects between two filter stages?

3. A voltage follower has a gain of 1. Why is it useful in a filter circuit if it does not amplify the 
signal?
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