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a. What is the scale factor of the pocket ‘ukulele compared to the standard ‘ukulele?
Hint: scale factor of standard ‘ukulele is 1.

We can choose a length that is on both ‘ukulele and write it as a fraction. We can take any
length (length of strings, length of fretboard, height of body, etc.), but it is easiest to take the
length of the entire ‘ukulele. The standard ‘ukulele is 20 inches long and the pocket ‘ukulele
is 16 inches long. Writing this as a fraction gives us the following.
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We can reduce the fraction until the side that represents the standard ‘ukulele becomes 1. In
this case, we will reduce until the denominator becomes 1. The numerator, which represents
the relative length of the pocket ‘ukulele will then become our scale factor.
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So our scale factor is 0.8.

Bonus note

Note that we can write the fraction above, or its reciprocal. This is okay as long as we re-
member which one represents the standard ‘ukulele. You might want to discuss why this is
true with your students.

20in 20 5 5+5 1
16in 16 4 4+5 08

Whenever we divide numbers, we want to make sure that we don’t divide by zero. Ask the
students if we need to worry about dividing by zero in dilation problems. Why or why not?
We cannot have a zero in our fraction. If we did, it would mean that we somehow stretched
a point (zero length) until it had a nonzero length, and we can also shrink a nonzero length
until it became a point (zero length). But what scale factor can we multiply to zero length to
become a nonzero length? There is no such scale factor.

b. Why would someone want a pocket ‘ukulele instead of a standard ‘ukulele? Share your ideas
with the class.

Pocket ‘ukulele is better for kids who want to learn the ‘ukulele but have small hands. Pocket
‘ukulele is also much more convenient to carry with when you're walking on the beach,
hanging out in the mall, or riding the bus.
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2. We can also dilate the standard ‘ukulele to the size of a baritone ‘ukulele. This baritone ‘ukulele
is a little bit simplified. We'll talk more about that later.

Baritone "Ukulele (simplified)
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a. What is the scale factor of the baritone ‘ukulele compared to the standard ‘ukulele? Hint: scale
factor of standard ‘ukulele is 1.
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b. If the strings on the standard ‘ukulele are L inches long, how long are the strings on the bari-
tone ‘ukulele (in terms of L)?

3/2 is the scale factor of a baritone ‘ukulele compared to the standard ‘ukulele. So if the
strings of a standard ‘ukulele is L long, then the strings of a baritone ‘ukulele are (3/2)L
long.

¢. Suppose that the strings on both the standard and the baritone ‘ukulele are exactly the same,
except for length. In other words, they have the same tightness and thickness, are made of the
same material, etc., but they have different lengths. If you plan an open string on the standard
‘ukulele and it vibrates at frequency f, what frequency will the same string vibrate at on the
baritone ‘ukulele?

If everything besides the length of the strings are the same, then the frequency of the string
depends on the length alone. So if a string of length L vibrates at frequency f, then a string
of length (3/2)L should vibrate at frequency (2/3) f. Refer to Activity 2.3 if students need a
reminder of why this is true.
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d. The open strings of a standard ‘ukulele play (from top to bottom) G, C, E, and A. What are the
notes of the open strings of a baritone ‘ukulele?

Hint: If a note has frequency f, then its perfect fifth has frequency (3/2)f. You might have to
review Activity 4.3.

In the last part, we saw that a string on a baritone ‘ukulele vibrates at frequency (2/3)f if
the same string on a standard ‘ukulele vibrates at frequency f. From the hint, we also know
that (3/2) f is the perfect fifth of f. Consider this equation.

32
f=3\5f

This and the hint tells us that the strings of the standard ‘ukulele are the perfect fifths of the
notes of the baritone ‘ukulele. This means that the notes of the standard ‘ukulele are seven
semitones higher than that of the baritone ‘ukulele.
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G, G, E, A are seven semitones higher than C, F, A, D, respectively. So the open strings of a
baritone ‘ukulele play C, F, A, and D.

e. This baritone ‘ukulele is simplified. A real baritone ‘ukulele has more frets. Explain why more
frets are needed and support your ideas with the previous answers.

In Activity 4.1, we saw that there (theoretically) no upper limit to how high one can play on
an 'ukulele. In this activity, we saw that the baritone ‘ukulele can play notes that are seven
semitones lower than that of a standard ‘ukulele. So the baritone ‘ukulele needs more frets
than the standard ‘ukulele, because the baritone can play all of the same notes and more.

Note that the baritone ‘ukulele is designed for lower notes. Just because it can play the same
notes as the standard ‘ukulele, it doesn't mean that it would sound nearly as good.
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Activity 4.5 - *‘Ukulele Design I

The'ukulele is traditionally a right-handed instrument—you strum and pick with your right hand.
Many left-handed players just learn to play the ‘ukulele right-handed. Let’s look at some of the
other options.

1. Some players will just rotate the right-handed ‘ukulele 180° and play it upside down. (Notice
the order of the strings.)

Right-Handed “Ukulele Right-Handed “Ukulele
rotated standard

Suppose that a right-handed musician is playing a note by placing their finger at (x,y). If a left-
handed musician wants to play the same note on a rotated, right-handed ‘ukulele (like the one
pictured), where should he/she place their finger?

The frets have moved from the right to the left side and the strings have moved from top to
bottom. So both the x and y coordinates need to be reflected from (x,y) to (—x, —y)
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2. Some players do not want to play the right-handed ‘ukulele upside down. So, in addition to
rotating the right-handed ‘ukulele 180°, they restring/retune the instrument so the string order
is correct.

Right-Handed “Ukulele Right-Handed “Ukulele
rotated and restrung standard

Suppose that a right-handed musician is playing a note by placing their finger at (x,y). If a left-
handed musician wants to play the same note on a rotated, restrung, right-handed ‘ukulele (like
the one pictured), where should he/she place their finger?

The frets have moved from the right to the left side but the string order is the same. So only
the x coordinates need to be reflected from (x,y) to (—x,y).

3. Some players will spend extra money to buy a left-handed ‘ukulele that looks like a mirror
reflection of a right-handed ‘ukulele.

Left-Handed "Ukulele Right-Handed "Ukulele
standard standard
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Suppose that a right-handed musician is playing a note by placing their finger at (x,y). If a left-
handed musician wants to play the same note on a left-handed ‘ukulele (like the one pictured),
where should he/she place their finger?

The frets have moved from the right to the left side but the string order is the same. So only
the x coordinates need to be reflected from (x,y) to (—x,y).

4. So a left-handed player can play a right-handed ‘ukulele, a rotated right-handed ‘ukulele (like
in part 1), a rotated and restrung right-handed ‘ukulele (like in part 2), or left-handed ‘ukulele
(like in part 3). Which would you choose to do? Why? Why is it a better option to you than the
others?

This is an open-ended problem. Emphasis is on forming an argument and articulating the
logic behind it. Personally, | think that it is best to play a right-handed ‘ukulele (in the right-
handed style). This would empower a musician to pick up any available ‘ukulele and play
without the need to restring. This also allows an ‘ukulele player to use an electronic instru-
ment like the electric guitar that often has devices, knobs, and switches commonly placed
for a right-handed player.

Jimi Hendrix could play both right and left handed. When he was young, his father wanted
him to play right-handed, so he learned to do that. When he played left handed, sometimes
he turned his right-handed guitar around (with and without restringing). Other times, he
used a left-handed guitar.

Paul McCartney never felt comfortable playing right-handed. Although, he worked hard to
learn to play right-handed, since he always played better left-handed, he just stuck with that.
He used a left-handed guitar or a restrung right-handed guitar.



