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glass (a clock that measures time by the amount of sand that
trickles from one compartment to another) to be used at sea,
where the sand flows smoothly despite any rough waves.

One of the major contributions by Daniel Bernoulli was in the field
of hydrodynamics. His work, called “Hydrodynamica”, was
published while he was working in St. Petersburg, Russia. As the
title suggests, his work analyzed patterns of water flow in different
situations as well as the basic laws for the theory of gases.
During these years, Daniel won prizes from the Paris Academy
for his mathematical and scientific work and studied closely with
another mathematician, Euler.

The most famous discovery made by Daniel Bernoulli was about
the strings of musical instruments. He studied their vibrations
and showed that the movements (or oscillations) of the strings of
musical instruments are composed of a large number of
harmonic vibrations all superimposed on the string. He defined
the simple nodes and the frequencies of the oscillation of a
system. Even after leaving St. Petersburg, Bernoulli continued to
work with Euler on ideas about vibrating systems.

Daniel's father competed with him all his life and as Daniel won
more prizes, his father grew more angry. One time, Daniel and
his father tied for a mathematics award from the Paris academy.
Daniel's father was insulted by the idea of his son as his equal
and banished him from his house. Daniel's father even tried to
claim credit for Daniel's book by publishing a similar book and
dating it before that of Daniel's book. He wanted Daniel's work to
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PROBLEMS OF THE MONTH

1. How many numbers between 1 and 500 have the digit 2 or 7 in them?
‘How many have the digits 2 and 77? -

2. Which four numbers should you pick from the following table to get the
__largest possible sum? You are not allowed to pick two numbers from the

~same row or the same column e
4 2 9 7 - - "~/ Send us your solutions! Every month, we

will publish the best solutions on our

78356 | . _ -~ / website: www.mathexplorer.com. If we

3 3 4 1 ' — ' | el print your solutions, we will send you

-7 5 2 6 ' and your teacher free Math Exploren
pens!

1' 3. Which number is greater: 7/15 or 6/13 ? Can you draw picture to explain
your answer?

4. Find the total: (1— 1/3) + (1/2 = 1/4) + (1/3 — 1/5) + ... + (1/98 — 1/100) = 2 _

5. What is the 100th digit to the right of the decimal point in the decimal
form of the fraction 1/13?

Do problems 6-8 after reading the main article on pages 4 and 5.

6. Suppose the note G is tuned to the frequency 390 Hz.
a. Find the frequency of the G an octave higher than G (we’ll call it G’ ).
b. Find the frequency of the note a fifth above G. If we go up the -
scale that note is D.
c. What is the frequency of the note D'?
d. What is the frequency of the note A'?

7. If we tune A to a frequency of 440 Hz what iIs the name of the note that_ —

has frequency
a. 880 Hz?
b. 660 Hz?

8. Use the following table to answer these questions.
a. What is the frequency ratio of D to G?
b. Find the frequency ratio of A to D.
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en yo listen to usic, hat sort of '_
differences do you hear between the various

sounds? Some sounds are louder or softer than §

others, some are longer or shorter, some have
different sound qualities, and some are higher
or lower.

In music, we refer to the loudness or sofitness as §

the dynamics of sound. When the notes are
played, some longer or shorter than others, a

rhythm is created. The tone quality or timbre of B8
Jthe sound distinguishes the sounds of different &8

instruments such as the saxophone from the
violin. And when we talk about how high or

low the sound is, we are referring to its musical

yitch. When composers write music, they take
these four elements into consideration. These
our elementﬁ of muﬁlc all have characteristics

it can be described using mathematics. Let’s -

loukatﬂtepxtnhwhmwepluckasmng.
Sound originates from a string when it is
plucked, sending vibrations through the air
juntil it reaches our ears and we hear it.

There are several factors that affect the pifch of |
ithe plucked string. The length, the tension and |

the total mass of the string all affect the pitch.
For this article, let's look at how the length of a
4 certain string affects the pitch.

You'll notice that when you pluck a string that
" is attached at two ends, it vibrates, that is it
> movesbackmdfm'&l,asmtheﬁgum below.

Bl The vibrating string has two nodes, which are

the attachments at the ends. In science, sound is

B measured in frequencies, which measure the
number of impulses within a given time. A
= common unit of frequency used for audible
@ sounds is hertz (Hz). It is the mathematical way
i of describing pitches by counting the number

of vibrations of the plucked string in cycles per '
second.

& The lowest f'r'equté:ncy at which the string

vibrates is called the fundamental pitch, or the

B first harmonic. Simply plucking an open string
&on a violin, for instance, would produce the
= fundamental. If we put a finger down on a
B violin string at the half-way mark, we create a
third node. The sound that we hear is now
§ higher. In fact, the note is an octave higher than |

the fundamental and is sometimes referred to as

=t the second harmamc An octave is called that

because a standard musical scale has eight (oct

Dis the Latm root of 8) notes and the first and the §
_ last notes have the same name and similar







