

Low Pass Filtering Application: AC Ground for High Frequencies

Ann Trausch

Description of Activity
General description of activity:  The pickup is a transducer the takes the frequencies from the strings and generates an alternating electrical signal.  All unwanted high frequency noise such as trebles, some of the buzzing, etc., we will want to create a path to ground to eliminate and pass through to the jack the signal (cool sounds) that we wish to amplify.  The two components responsible for this function are the tone capacitor and rheostat (refer to Schematic 1) Capacitors are used for either storing energy or allowing a certain range of frequencies through and blocking others from being heard.   The series RC circuit that is made up of R1 and C1 in series is a low pass filter.  The reactance of the capacitor (capacitive reactance measured in ohms Ω) will change based on the frequency generated by the string.  Adjusting the tone potentiometer (typically a tapered versus linear) that is configured as a rheostat will allow more of the signal (frequencies) to go through to the amplifier was we increase the resistance of the rheostat; as we decrease the resistance the capacitor has more effect and blocks the frequencies (signal) from going out to the amplifier… the AC path to ground.  The typical cutoff frequency will be the same for each string at each octave of change in our analysis because we will set the rheostat for each test.  We can brighten the sound of the guitar by adjusting the rheostat and allowing more of the signal to be sent to the amplifier.  We can also change out the capacitor and by using a higher value capacitor this will have more impact on the frequency we lose and the guitar will sound deeper and darker; then using a smaller size capacitor.  
· The lower the resistance on the rheostat this will filter out more of the higher frequencies.  It is truly based on one’s preference 



Schematic 1: 

· The purpose of this activity is to observe and analyze the low filter action of the tone capacitor and variable resistor (tone potentiometer) of each string being played. Using a digital oscilloscope will make it easier to see the amplitude and measure the frequency of the tone.  

· Please include subjects and/or grades that this activity is suitable for:   Electronics, Mathematics, Physics.  Primarily a community college level; however a high school program with an electronics course in AC fundamentals can complete this activity.  This activity should be done after a student has completed an introductory lab on series RC circuits.


Learning Objectives:

 (List measureable objectives)
1. Students will identify the type of capacitor used in the guitar electronics kit.
2. Students will use an LCR meter to verify the nominal value and tolerance of the capacitor and tone potentiometer in the electronics kit, including verifying if the potentiometer is linear or tapered typed.
3. Students will use MultiSim and the Bode Plotter to verify the low-pass filter behavior.
4. Students will be able to verify the frequencies for each guitar string and verify the high frequency noise has a path to ground. 
5. Students will be able to hear the differences between the settings on the tone circuit and the quality of the guitar signal.


Standards:
Institutional Learning Outcomes for Rogue Community College: 
These five broad Institutional Learning Outcomes statements were developed by RCC faculty in 2009-2011.  They describe characteristics that we hope or expect our students to exhibit by the time they finish a degree or certificate at RCC.    The ILOs are, thus, the collegiate success dispositions that our students should aspire to, in addition to mastering the learning outcomes for their courses and program(s).
Application of Knowledge: Students will synthesize and use knowledge in familiar and unfamiliar situations to effectively solve problems and complete tasks.
Approach to Learning:  Students will engage in and take responsibility for intentional learning, seek new knowledge and skills to guide their continuous and independent development, and adapt to new situations. 
Communication:  Students will engage in quality communication using active listening and reading skills and expressing ideas appropriately in oral, written, and visual work. 
Critical Thinking:  Students will think critically and creatively about problems and issues in classroom or school, home, work, and community settings to create positive, sustainable solutions.   
Personal Growth:  Students will balance life and civic responsibilities, believe in themselves, accept and commit to change, self-reflect, and be tolerant and respectful of themselves and others. 

Electronics Department Programmatic Outcomes:
1. Identify and solve real-world problems through the application of electronics theory and concepts.
2. Calibrate, test, and repair analog and digital circuitry using industry standard test equipment.
3. Organize, interpret, and use technical information and documentation.
4. Communicate effectively across a variety of audiences: technicians, engineers, management, and customers.
5. Function collaboratively as a member of a team to achieve specified and measurable results.
6. Demonstrate flexibility, adaptability, and time management skills commensurate with industry productivity needs.
7. Demonstrate the ability to adhere to personal and industry safety standards.
8. Demonstrate life-long learning towards professional growth.
9. Negotiate and abide by the terms of agreement that define their employment.

Materials Required:

· Electronics parts from the guitar kit:
· Tone Capacitor
· Tone Potentiometer (500.0 k ohm)
· DMM and LCR meter with meter leads
· Variety of Capacitors to experiment (0.022uF, 0.047uF, and 0.10uF)
· Jumper wires with alligator clips
· Digital Oscilloscope with x10 probes 
· PC with MultiSim installed for analyzing the filter action using the Bode Plotter.
· Safety glasses

Safety:

safetys:




· Polarity of the capacitor and DC voltage rating on the capacitor.  Electrolytic and tantalum capacitors have a polarity and if you plug them in backwards they act like M80’s and implode before they explode.  
· Capacitors have a maximum DC voltage rating.  Do not increase the DC power supply above the DC voltage rating on the capacitor.  



References:


Watch videos on filtering, noise reduction, and getting better tone from an electric guitar.

Eric Coleman from StewMac about choosing tone capacitor.
https://video.search.yahoo.com/yhs/search?fr=yhs-mozilla-004&hsimp=yhs-004&hspart=mozilla&p=what+noise+does+the+tone+capacitor+eliminate+in+an+electric+guitar%3F#id=3&vid=c55badc53af6dcca866307f666226e91&action=click


All About Circuits – Audio Electronics:  
	https://www.allaboutcircuits.com/technical-articles/introduction-audio-electronics-sound-microphones-speakers-amplifiers/


Physics of Musics – Notes: 
http://www.phy.mtu.edu/~suits/notefreq432.html


Guitar Site – Circuit description about the characteristics of the 
http://www.guitarsite.com/news/Features/Potentiometers-Tone-Capacitors-Guitar-Circuits/

 
Activity:


1. Use the LCR and/or DMM meter to measure the capacitor and tone potentiometer:

C1 = _____________			R1 = ________________

0.047uF or 47.0 nF 	±10.0%			500.0kΩ±10.0%
2.  Determine if the tone potentiometer is a linear or tapped type (typically it is tapered).  Hint:  Connect one lead to an outer leg and the other lead to the middle (wiper).  Set the resistance to zero ohms.  Adjust the wiper to ¼ turn, then ½ turn, and finally ¾ turn; at each setting read the resistance.  

	¼ turn
	

	½ turn
	

	¾ turn
	



If the potentiometer is linear at ¼ turn or 25% of 500.0kΩ = 125.0kΩ; else an audio-log potentiometer will behave similar to the graph in Figure 1.

[image: A graph showing Linear, log(audio) and inverse log potentiometer tapers]
Figure 1.

3.  Document and then measure the frequencies and tone that the guitar will produce with an open string when it is in tune.  Tune the guitar as needed to come close to these frequencies.  If necessary ask for assistance in you are unfamiliar with the process.

	Open String
	Tone
	Frequency
	Measured Frequency on Scope

	6th
	
	
	

	5th
	
	
	

	4th
	
	
	

	3rd
	
	
	

	2nd
	
	
	

	1st
	
	
	




	Open String
	Tone
	Frequency (Hz)
	Measured Frequency on Scope*

	6th
	E2
	82.41 
	

	5th
	A2
	110.0
	

	4th
	D3
	146.83
	

	3rd
	G3
	196.0
	

	2nd
	B3
	246.94
	

	1st
	E4
	329.63
	


* Measured scope readings should be within ±5.0% of actual tone




4.  Tonal quality is a preference to the individual.  However, in this process we can verify that the low pass filter is working by measuring the output signal from the guitar and observing if there is any high pass “hum, hiss, buzzing, being seen on the oscilloscope.  We can also monitor the changes in the sound of the guitar as the rheostat is adjusted from maximum to minimum.  The setting of the variable resistor (R1) will be the same for each string.  The tone “variable resistance” potentiometer (configured as a rheostat) and capacitor in a basic electric guitar circuit is to provide a path to ground for high frequency noise and buzzing.  We will verify that there is an AC ground at high frequencies by measuring the period and calculating the frequency when the guitar is played.  If you are using a digital oscilloscope ask it to measure the frequency while playing the string.

4b.  *Optional Task.  Remove the C1 (0.047uF) capacitor from the tone circuit and place a 0.022uF capacitor in its place.  Run through the same procedures in step 4. What was the main difference between the two tones?



	Adjustable Component
	Percent of Turn on Rheostat (Tone Pot)
	By ear how much tone is being allowed through?
	What frequency are you measuring on the scope?
	Can you see any noise and/or hear any hissing, humming, etc.?

	R1 = 500.0kΩ
	Full CW or 100.0%
	
	
	

	R1 = 250.0kΩ
	½ CW or 50.0%
	
	
	

	R1 = 50.0kΩ

	Just off of minimum
	
	
	

	
	
	
	
	

	*C1 = 0.022uF
	Full CW or 100.0%
	
	
	

	
	½ CW or 50.0%
	
	
	

	
	Just off of minimum
	
	
	


*You may decide to skip this step if time does not allow or the ability to remove the capacitor.

Answer:  You will hear more tone at maximum or Full CW and verify little tone at minimum.  

[bookmark: _GoBack]
5.  To simulate what the Humbucker Pickup is doing to generate an alternating signal in MultiSim we will use an AC function generator set to 1.0Vpk at 82.41Hz or Low E.    Build Schematic 2 place the Bode Plotter into the circuit and run the simulator to verify the cutoff frequency and the behavior of a low pass filter.  Document the profile of the filter, cutoff frequency, and changes of the profile when changing the resistance of the potentiometer and capacitor.

[image: ]
Schematic 2:  

	Rheostat Setting
	Capacitor
	Frequency (Hz)
	Cutoff Frequency (fc)

	100.0% or 500.0kΩ
	0.047uF
	82.41
	

	50.0% or 250.0kΩ
	0.047uF
	82.41
	

	10.0% or 50.0kΩ
	0.047uF
	82.41
	

	100.0% or 500.0kΩ
	0.022uF
	82.41
	

	50.0% or 250.0kΩ
	0.022uF
	82.41
	

	10.0% or 50.0kΩ
	0.022uF
	82.41
	




Based on the Bode Plotter Results answer the following questions:

5a.  What type of filter is the tonal circuit?

5b.  What is the roll-off rate in decades and octaves?

5c.  What were the changes in the filter’s behavior when the Rheostat or Capacitor changed?



Answers to 5.  More signal is heard when the rheostat is turned to maximum.  At cutoff frequency for example the db is -3.dB the roll-off rate of a single pole filter is 20.0dB per decade or 6dB per octave.   

[image: ]

The comparison between changing the capacitor out is more lower frequencies are allowed through “brightening” the tone of the guitar before the roll-off rate occurs.  

[image: ]


Quiz


Q1.  Identify type of capacitor
	Capacitors
	Type

	
a.  
	

	
b.  
	

	
c.  
	

	
d.  
	

	
e.  
	

	
f.  
	

	
g.  
	




Answers 1:  a. Ceramic disk; b. Monolithic ceramic; c. Dipped silver-mica; d. Mylar (orange drop); e. Tantalum (polarity); f. Radial Aluminum Electrolytic (polarity); g. Axial Aluminum Electrolytic (polarity)
This question can be a matching 

Q2.  Determine the cutoff frequency with the rheostat set to 250.0kΩ with a 0.047uF capacitor on the tone circuit of the guitar.  

Answers2:  




Q3.  After you strummed the Low E guitar string and generated a 2.75Vpp signal; what will be the amplitude at the cutoff frequency?

Answer3:




Q4.  Calculate the capacitive reactance of the tone circuit using the A4 scale chart (E2, A2, D3, G3, B3, E4) as you strum the guitar strings.  measured in ohms (Ω)

	Frequency (Hz)
	Capacitive Reactance (Xc)

	82.41
	

	110.0
	

	146.83
	

	196.0
	

	246.94
	

	329.63
	











Answers4: 

	Frequency (Hz)
	Capacitive Reactance (Xc)

	82.41
	41.09kΩ

	110.0
	30.78kΩ

	146.83
	23.06kΩ

	196.0
	17.28kΩ

	246.94
	13.71kΩ

	329.63
	10.27kΩ



Q5.  Based on frequency and hearing ranges (20.0Hz to 20.0kHz) what is the impact of the size of capacitor on tonal quality?  

	a. No change
	b. It made the guitar sound darker
	c.  It made the guitar sound brighter
	


Answer5.  It made the guitar sound brighter


Q6.  What type of filters are being used in the guitar for tonal quality?
	
	a. High Pass Filter
	b.  Low Pass Filter
	c.  Band Pass Filter
	d. Band Block Filter
	e.  All Pass Filter

Answer6.  Low Pass Filter


Q7.  Given an input amplitude of 2.75Vp and an output amplitude of 1.94Vp what is the dB?

	a. -3db
	b. -20.0dB
	c. -6.0dB
	e. none of the above

Answer7.  dB = 20log(Vout/Vin) = -3.03 dB





Q8.  How many poles does the tonal circuit have?

	a. one
	b.  two
	c.  three
	d.  more information is required

Answer8.  One


Q9.  A low pass filter provides a _______path to ground.

	a.  DC 
	b.  AC
	c.  Both AC and DC
	d. None of the above

Answer9.  AC


Q10.  Increasing the resistance of the Rheostat for the tone control causes?
	a.  More signal to be heard
	b.  Less signal to be heard
	c.  Varies based on the wood used on the guitar
	d.  More information is required

Answer10.  More signal to be heard


Reviewing Faculty Cohort Members:

· Include at least two names and schools of reviewing faculty cohort members (refer to email list for faculty cohort member email addresses).

Cathy Mulleary cmulleary@roguecc.edu
Brenda Bunge: bbunge@grantspass.k12.or.us
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NOTES:

1. R1 IS TONE POTENTIOMETER CONFIGURED AS A RHEOSTAT

2. C1 IS TONE CAPACITOR

3. R2 IS VOLUME POTENTIOMETER



image16.png




image17.png




image60.png




image70.png




image18.png




