
ENGI 1102: The Art of Engineering 1 Exercise 4: Young’s Modulus

Exercise 4: Young’s Modulus

Name(s):

Uni(s):

Stress and Strain

The purpose of this exercise is to determine material properties of steel strings using the guitar. Specifically,
we will try to determine the Young’s modulus E of plain steel by using the relationship we developed between
the strain of the string and the frequency at which it vibrates, given below

ν =
1

2L

√
Eε

ρ

1. Download a spectrum analyzer (such as AudioXplorer http://www.arizona-software.ch/audioxplorer/
for Macs or Spectrum Lab http://www.qsl.net/dl4yhf/spectra1.html) and get a sample from your
guitar.

Recall from last week’s discussion that the sampling resolution (i.e. how well you can determine
frequencies) is limited by the length of your sample N . Both of these spectrum analyzers allow you to
change the number of samples taken in the FFT analysis.

(a) Set the number of samples to 256. Pluck a string on the guitar and try to visually determine the
frequency resolution of the spectrum analyzer.
Q: What is the frequency resolution (i.e. smallest difference between frequencies) you observe?

(b) Set the number of samples to 2048. Pluck a string on the guitar and try to visually determine
the frequency resolution of the spectrum analyzer.
Q: What is the frequency resolution you observe?

2. Now that we can determine the frequency of the sound generated by the guitar, using the equation
listed above, we will try to determine a value for E, Young’s modulus. First, record the fundamental
frequency (i.e. lowest frequency) that you observe when you pluck the string.

Then, increase (or decrease) the strain on the string by turning the tuning peg, and record a new
frequency. Remember that you will eventually want to compare the strain ε with the frequency ν
generated by the string, but for now, you can record the frequency (as the dependent variable) compared
to the number of turns of the tuning peg (as your independent variable). You should record at least
ten data points, recording frequency and number of turns for each point.

Hint : You don’t want to break your string without first recording enough data points, so you shouldn’t
turn the tuning peg more than 1/4 turn per data point.

3. Now that you’ve recorded your data, find a way to convert the number of turns that you recorded into
a strain ε. Remember that strain is defined by the equation

ε =
δL
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where δL is a change in length and L0 is the initial length. Thus, you want to find a mathematical
expression that relates the number of turns of the pegs to δL, since L0 is fixed.

4. In order to calculate Young’s modulus, we want to manipulate our data in a way that will be easier
to understand in the context of the principles behind it. In the boxed equation at the top of the page,
notice that ν is a function of

√
ε. What we want instead is a linear function of ε, in the form of

y = (m)ε

We can accomplish this by squaring both sides of the equation, giving us

ν2 =

(
E

4L2ρ

)
ε

Now, generate a plot of ν2 as a function of ε.

5. Use the polyfit function in Matlab to determine the value of the coefficient m (i.e. the slope) of the
plot. Remember, we want to consider the region where this relationship is linear, which means that
the material is behaving elastically, so you shouldn’t use all the data points you recorded.

Given that ρ ≈ 7.8g/cm3 for steel and the parameters you calculated in part 1, you should now be
able to calculate a value for Young’s modulus E. Express your answer in terms of GPa.

Hint : Be very careful with the units in this calculation! Also, take care to note that the boxed expres-
sion has a variable 2L, which represents the wavelength λ of the string, which is not the same as the
L0 value you use to calculate strain.
Q: What value for E do you calculate?
Q: A good estimate for the Young’s modulus of steel is 200GPa. How well does your result compare?
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