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Questions

Students’
prior experiences

What do the needle
and record look like up
close?

Phenomena / Problems

Do other things that
make sound, like
instruments, also
move back & forth?

R SHmys. Siow Motic

How can we model

i b
instruments to = P
from L2

vibrate?

Does every object do
this when it makes a
sound?

How do vibrations at
the sound source

compare for louder vs.
softer sounds?

What We Figured Out

In order to sense a sound, it needs to travel
from a sound source to our senses. We had a
lot of questions about related phenomena
and some ideas for investigations to pursue,

There are wavy grooves on the record that
cause the needle to be pushed back and forth.
We thought that different patterns in the
grooves might be what makes different
sounds.

L

The instrument is changing shape and moving
back and forth after being struck or plucked.

=
We developed a model for why instruments
vibrate for a while after they are struck or
plucked. They deform, spring back, overshoot
their original position, and then repeatedly
change shape back and forth for a bit.

=
All matter is springy up to a point. It deforms
when we push or pull on it and will vibrate
back and forth for a bit after the force that
originally deformed it is removed. The
resulting vibration of that matter produces
sound.

(R

The amplitude of the vibrations of the sound
source increase for louder sounds, but the
frequency of those vibrations stays the same.
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Questions

How do vibrations at
the sound source
compare for higher vs,
lower pitch sounds?

How does the motion
detector make these
graphs anyway?

How can so many

different sounds be
coming from the
needle and the record
when you spin it?

How does a vibration
at the sound source
make something that is
far away move?

Is air being moved all
the way from the
sound source to my
ear?

Do we even need air to
hear sound?

Phenomena / Problems

Previous

| \ phenomena
from L1l and L2

What We Figured Out

l

Sound sources that produce higher pitch
notes vibrate more frequently.

The detector samples the position of the stick
25 times / sec. and stores this information as

number values in a digital file.

—
Changing the pattern in how you push or pull
on an object over time can cause it to vibrate
at different frequencies and with different
amplitudes.

We had competing models for what is
happening between the sound source and the
window that is causing it to move.

The air around the sound source isn’t
traveling all the way to our ears when we hear
a sound coming from the sound source,

Sound cannot travel across empty space.
Sound can travel through any state of matter
(a medium).
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How cah we model ‘ Solids, liquids, and gases are made of particles
Putting pieces sound traveling ; Pre‘”ousf moving through empty space. Particles can
together throush a solid. liauid Rhsnomena e bounce off of each other in a gas and can push
g it L9 and L10 : h other i lid auid
\J/ or gas? into each other in a solid or a liquid.
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Questions

What exactly is
traveling across the
medium?

How does sound make
matter move?

What is going on inside
the ear that can
explain why some
people can (or cannot)
hear certain sounds?

What transfers more
energy, waves of
bigger amplitude or
waves of greater
frequency?

Why do sounds get
harder to hear the
farther away | am from
their source?

Can | scoop sound back

together or prevent it
from spreading out in
order to make it
louder?

Phenomena / Problems

Previous
phenomena from B2
L9 through L11
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What We Figured Out

Sound is a pressure wave that travels
longitudinally through any medium. The
waves have a constant distance between
peaks in particle density (wavelength). Arrows
can help us represent the direction of energy
transfer across the medium.

o —
When a sounds source vibrates, it causes
pressure waves in the surrounding medium.
These transfer energy through collisions to
neighboring particles across the medium,
which can make any object it reaches vibrate.

Sound causes the ear drum to vibrate, which
transfers vibrations to other structures
behind it. Cells with hair-like structures in the
cochlea move in response to different
frequency vibrations that reach them and
send signals to the brain. Hearing loss is often
due to damage to any of these structures.

The amount of energy in a wave is directly

mw - proportional to the frequency of the wave,

and is related to the square of the amplitude
of the wave.

We can represent the direction of energy

b transfer across the medium using arrows

¥ | radiating away from the sound’s source to
account for why sound gets quieter the
further we are away from the source.

Smooth surfaces tend to bounce sound waves
off in a symmetric VV pattern (reflection). The
» | shape of some of structures (e.g. tubes, cones,
* dishes) can redirect reflected sound waves so
that they head toward a particular spot.
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Questions

If sound waves are
reflected when they
reach a barrier, then
why do we hear
anything on the other
side?

What else happens to
the energy of the wave
as it travels through
the medium?

How can we explain
our anchoring
phenomena and what
other questions from
our Driving Questions
Board can we now
answer?

Can a single object, like
a stereo speaker or a
needle, really be forced
to make all these
different sounds?

What is inside a
speaker that makes it
vibrate?

How are audio
recordings made,
copied, and replayed
today vs. long ago?

Phenomena / Problems

gil

All previous
phenomena from
L1 through L21

What We Figured Out

When a sound wave reaches a boundary
between two different media, some of the
sound energy is reflected back into the
original medium and some of it is transmitted
into the new medium. As it travels through
any medium, some of that energy seems to

“disappear.”

When energy is transmitted through a
medium, energy doesn’t actually disappear;
that energy is absorbed by the medium and
converted to thermal energy.

We explained our anchoring phenomena as
well as most of our original questions on our

Driving Questions Board.

The inside of a speaker vibrates back and forth
as music is played. Different patterns in the
amounts of electricity sent through a wire coil
can force a speaker to vibrate at different
frequencies and with different amplitudes.

A wire coil, magnet, and a cone/cup are the -
structures that make up a speaker (and a
microphone). They can produce sound from a

an electronic music player.

We developed a model for how sounds are
sampled, stored, and played back using digital
and analog methods (the Edison cylinder and a
vinyl record). We compared the advantages
and disadvantages of both methods.
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Sounds from a Distance?
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Each lesson identified on the previous pages has a gray box that describes what we figured out for that lesson. In the top right corner of that box is a
color coded identification tag. The four colors of those tags correspond to four subsets of ideas ideas (DCls and CCCs) developed in four distinct bends
in the storyline. Most lessons have one tag. Lesson 1, however, has multiple tags, because students form questions in it that motivate the four major

bends of the unit. Other lessons, such as lesson 13 and 20, have multiple tags, because students put together pieces of ideas from across multiple

bends in that lesson.

Each of the Four Bends Addresses A Different Portion of the DCls: ((Bend1 ] ((Bend2 ] ([ Bends ] [(Bend4 ]

PS4.A: Wave Properties
o Sound can make matter vibrate, and vibrating matter can make sound. (1-ps-4-1)
e Waves of the same type can differ in amplitude and wavelength. (4-ps4-1)
e Asimple wave has a repeating pattern with a specific wavelength, frequency, and amplitude. (ms-Psa-1)
e A sound wave needs a medium through which it is transmitted. (vs-ps4-2)

LS1.D: Information Processing
e Each sense receptor responds to different inputs (electromagnetic, mechanical, chemical), transmitting them as signals
that travel along nerve cells to the brain. The signals are then processed in the brain, resulting in immediate behaviors or
memories. (Ms-151-8)

PS1.A: Structure and Properties of Matter
e Matter of any type can be subdivided into particles that are too small to be seen...(5-P51-1)

PS4.B: Electromagnetic Radiation
e However, because light can travel through space, it cannot be a matter wave, like sound or water waves. (Ms-P$4-2)

e When light* shines on an object, it is reflected, absorbed, or transmitted through the object. (*sound is also referenced in the
evidence statements for MS-P54-2 for these wave like properties in its interaction with matter)

PS4.C: Information Technologies and Instrumentation
e Digitized signals (sent as wave pulses) are a more reliable way to encode and transmit information. (Ms-Ps4-3)

PS3.B: Conservation of Energy and Energy Transfer
e When the motion energy of an object changes, there is inevitably some other change in energy at the same time. (Ms-Ps3-5)

PS2.B: Types of Interactions
e Electric and magnetic (electromagnetic) forces can be attractive or repulsive, and their sizes depend on the magnitudes of
the charges, currents, or magnetic strengths involved and on the distances between the interacting objects. (ms-ps2-3)

Connections to the Preamble for PS4.A
® Sound is a pressure wave in air or any other material medium.
® The human ear and brain working together are very good at detecting and decoding patterns of information in sound (e.g.,
speech and music) and distinguishing them from random noise.
o When a wave meets the surface between two different materials or conditions (e.g., air to water), part of the wave is
reflected at that surface and another part continues on.

Each of the bends uses different combinations of cross-cutting concepts. bend
These are listed below: 1 5 3 i

Similarities and differences in patterns can be used to sort, classify, and analyze simple rates of change for natural phenomena. yes
Graphs and charts can be used to identify patterns in data. yes yes
Structures can be designed to serve particular functions by taking into account properties of different materials, and how yes yes yes
materials can be shaped and used.
Cause and effect relationships may be used to predict phenomena in natural or designed systems. yes yes yes yes
The transfer of energy can be tracked as energy flows through a designed or natural system. yes yes
Technologies extend the measurement, exploration, modeling, and computational capacity of scientific investigations. yes yes yes
Advances in technology influence the progress of science and science has influenced advances in technology. yes yes yes
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