

Geometric Sequences, Fret Spacing, and CAD programming

Name: Cody Rosenberg/ Tyler Tjernlund (North Eugene High School)
Description of Activity
· Excel can be used to model how sequences of numbers in a table can be represented graphically to show growth patterns. The growth pattern we would like to analyze are geometric sequences in which numbers are generated by a multiplier and can be modeled with recursive or explicit formulas. This is what it takes to figure out fret spacing based on string length and applies to not just the “standard” scaling/tonality but to those used in other cultures.
· The purpose of this activity is to give students a chance to use Excel to analyze geometric sequences, especially sequences of fret distances from the nut.
· Student will also be given the chance to input data from data sheet into CAD software
· This is suitable for high school students and is mostly algebraic.  


Learning Objectives:

(List measureable objectives)
1. Students will be able to identify geometric sequences and model these sequences in Excel using tables and graphs.
2. Students will be able to correctly program CNC CAD software to cut out .02 inch-wide fret slots in a fretboard.
3. Students will be able to use CAD drawings to generate accurate tool paths that will be used on the CNC router.


Standards:
Common core and Oregon Skill Sets standards:
CCSS.Math.Content.HSF-IF.C.7e Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric functions, showing period, midline, and amplitude.
CCSS.Math.Content.HSF-LE.A.2 Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a description of a relationship, or two input-output pairs (include reading these from a table).
CCSS.Math.Content.HSN-RN.A.1 Explain how the definition of the meaning of rational exponents follows from extending the properties of integer exponents to those values, allowing for a notation for radicals in terms of 
rational exponents. 

MNPJ04.01.02 Analyze drawings using software functions/commands.

MNPJ04.01.03 Use software commands to set up drawing scale, format, dimensioning, etc.

MNPJ04.01.05 Use geometric and non-geometric editing commands

MNPJ07.01.02 Prepare models for computer numerical control (CNC) processes





Materials Required:

· Excel or other spreadsheet software
· Calipers.
· Laptops.  
· CNC CAD software
· Projector to display work done by teacher on his/her personal computer
· A variety of stringed instruments.

Safety:

safetys:




· When accessing shop space safety glasses are required.

References:

· Donald Duck in Mathmagicland. (1959). [ You Tube video excerpt]. Disney Motion Pictures. Retrieved from http://youtu.be/iEVGQKwKeCc
· French, Mark. (2012). Math and music. [You Tube video]. Retrieved from http://youtu.be/0raHDoTIGps
· Rosenberg, Cody. GoogleSheet of the Fibonacci Sequence and how the ratio of the numbers approaches the Golden Ratio --- https://docs.google.com/a/4j.lane.edu/spreadsheets/d/1watzr0EYAhmle-Agz97FS6Me7T8u-Or4zajSp51KCvw/edit?usp=sharing
· Stewart-MacDonald website “Fret Scale Length Explained” - http://www.stewmac.com/How-To/Online_Resources/Learn_About_Guitar_and_Instrument_Fretting_and_Fretw/Scale_Length_Explained.html
· Guitar Noise website. Chart of common scale lengths. http://www.guitarnoise.com/lessons/scale-length-explained/ 
· Ukulele scale lengths website. https://www.thomann.de/gb/onlineexpert_page_scale_length_and_size.html
· Fret board width website: http://www.vbguitar.com/reference-neck-width-for-acoustic-guitars/
· Oregon Skill Sets: http://www.ode.state.or.us/search/results/?id=271
· Ultimate guitar building fret spacing calculator https://docs.google.com/a/4j.lane.edu/spreadsheets/d/116pEv0uXNjb9TVd2s6B52NsmlFDBI-ALHucYyvjSxnw/edit?usp=sharing

 
Activity:

IN CLASS:
· Students will be given a short lecture describing the way in which tones were determined in the days of Pythagoras much like that described in the lesson “Fret Spacing Calculation.” Have students watch the clip of Donald Duck in Mathmagicland.
· Students will pair up and then be given various instruments (acoustic, electric, ukulele, kid-size guitar, etc). Their job is to collect data on the space between frets as measured with a caliper to the nearest thousandth. The data will be put into Excel in a table such that the first measurement will be between the smallest two frets (nearest the pickups). Each fret space will be labeled successively as 1, 2, 3, and so on (using the fret closest to the pickups as fret space 1).
· Students will then be given instructions on how to make a third column to the right of their data table that calculates the ratio of each number in the sequence to the one previous. They will be asked to look for a pattern. What ratio do they see?
· Students will then be given instructions on how to make a graph of their data using Excel. It should show an exponential increase. Teacher may guide a conversation about other times we see an exponential sequence (ex. bacteria growth, the population of humans, the spread of disease, etc.). Teacher may also talk about the Fibonacci Sequence and how it eventually reaches the Golden Ratio.
· Watch the Mark French video in which he describes the 12th root of 2 and kids can see where their weird ratio from their data collection came from. It’s actually the 12th root of 2!!!
· [image: ]Ask students what other factor affects where the frets should be cut on the neck (It’s the scale length!!!). Have a discussion about the different scale length and review (from the Mark French video) why the 12th fret is important
· Students will use Excel to design a spreadsheet that determines the fret cuts they’ll need to determine for the CNC machine for any scale length. They will need to know that the 12th root of 2 can be calculated by raising 2 to the power of 1/12. Teacher should guide the students through the process of first determining the distance of the first fret by dividing the scale length by 17.8…  NOTE: To derive the constant value of 17.817 from the “12th-root of 2” formula, use these steps:


Constant
		
Constant =

Constant = 17.817
· Using the above formula will result in the most precise measurements. Have students type this calculation into one of their cells. Then, have them type their scale length into another cell and label the cell “Scale Length.” Teach students how to program Excel to instantly calculate the distances between frets by making a table. The inputs will be the natural numbers 1 through 21. The first fret will be programmed to take the scale length and divide by the constant 17.817. The frets after that will all be the result of dividing the previous fret-spacing value by the 12th root of 2, thus a recursively-defined sequence. 
· Students will then be given instructions on how to program this into the CNC machine to cut the .020 inch fret slots at the locations determined by their spreadsheet.




IN THE SHOP:
· Students will access CAD software and create a fret board file that will be saved to generate a tool path on the desired scale length. Students will use these tool paths at a later point when the fret board is being milled out.
· Students will be given instruction on the basic overview of the CAD software and where the functions we’ll be using can be found. They will learn how to select specific design tools and how to use them appropriately. 
· Students will then receive basic instruction on generating a tool path and how they are based off the Cartesian coordinate system. Student will be introduced to several different tool path operations and the basic set up of a pocket tool path.
· In the software program Vectric V-Carve, students will use the poly line and measurement tool to layout fret board width and taper using handout. They will be required to layout multiple fret boards which will correspond to the appropriate scale lengths. These will need to be accurate and measured to the nearest hundredth.
· Using the measuring, polyline and move tools, students will accurately program vectors using the formula from their excel spreadsheet. They will input the correct calculations into the proper fields to generate accurate fret spacing.
·  Students will then select the pocket tool path operation and the .020 end mill from the tool file, which they were previously shown. 
· With appropriate tool path operation and tool file selected, students will input the correct cut depth, direction, and lead in into the appropriate fields. 
· Using the 3d preview function students will visually inspect their operation and determine visually if any errors occurred. 
· Students will also visually inspect their fret spacing and re-check their measurements using the measuring tool.


Activity

Use the following table of common scale lengths to determine the fret spacing to program into your CNC software:
Use following common fret board widths to select width for CAD design.
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Do the same for the following ukuleles:
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Use this handout to lay out fret board width and taper:[image: ]
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2x = scale length Actual string lengths won't
match the scale length because
sadd|le position varies. This is
the compensation needed to
intonate each string.

*Measure between the fretboard
edge of the nut and the string

contact point on the saddle.
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Fender Strat 255"

Taylor Acoustics 255"





image4.png
g1 - YBua) aleds

i

e

| o1 o1 [8

wogy - Yr8us) ajeds

A

g8 - YBUaY aleds

{

wose - Yi8ua) 3jeds

{

ungz - pBua) sfexs

{ ®
,_, Ly :_, LI ,:7

B

Scale length and size.

3 o ) 2 )
3 2 g k4 b -4 I

baritone

concert tenor

soprano

sopranino




image5.tiff
|

s o

SR — .

L [P YT —
4/ | 44mm; 1 3/8" ————

|43 mm; 1 11/16————

Classical nylon string guitars

- Some steel string guitars, mainly for fingerstyle,
(often called wide neck acoustic guitar)

- Nylon string crossover guitars

- Many Gypsy jazz guitars also have 1-7/8" neck

Some steel string guitars.

Most typical for steel string guitars — either
for strumming or fingerstyle
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Some steel string guitars
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