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Big	  Ideas	  

• What	  is	  sound? 	  
• How	  do	  humans	  perceive	  sound?	  
• What	  are	  waves?	  
• How	  do	  changes	  in	  the	  nature	  of	  sound	  waves	  affect	  the	  sound?	  
• How	  fast	  does	  sound	  travel?	  
• How	  do	  we	  hear?	  
• How	  do	  instruments	  work?	  
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Goal	  	  

Design	  a	  unit	  and	  series	  of	  activities	  on	  sound	  and	  music	  that:	  

• Involve	  interactivity	  
• Involves	  as	  many	  senses	  as	  possible	  
• Uses	  free	  software	  
• Increases	  student	  understanding	  of	  music	  as	  it	  relates	  to	  sound	  
• Is	  accessible	  for	  students	  of	  many	  ages	  and	  ability	  levels	  

Goals	  for	  students:	  

• Help	  them	  to	  understand	  their	  bodies	  &	  their	  relationships	  to	  the	  physical	  world	  
• Continue	  to	  instill	  mathematical	  principles	  and	  dimensional	  analysis	  
• Provide	  experiences	  for	  students	  to	  analyze	  and	  create	  data	  and	  to	  make	  scientific	  arguments	  
• Create	  an	  appreciation	  for	  the	  complexity	  of	  music	  and	  sound	  

Intended	  Audience	  

11-‐12	  grade	  students,	  experienced	  in	  algebra	  and	  algebra	  II,	  in	  physics	  as	  a	  third	  year	  course	  after	  
completing	  chemistry,	  or	  with	  similar	  experience	  in	  dimensional	  analysis	  

Associated	  Next	  Generation	  Science	  Standards	  

HS-‐PS4-‐1:	  Use	  mathematical	  representations	  to	  support	  a	  claim	  regarding	  relationships	  among	  
frequency,	  wavelength,	  and	  speed	  of	  waves	  traveling	  in	  various	  media.	  

	  

Accompanying	  Textbooks	  

Active	  Physics	  Medicine,	  It’s	  About	  Time,	  Inc.	  Armonk,	  NY,	  2000.	  

Active	  Physics	  Core	  Select,	  It’s	  Amount	  Time,	  Inc.	  Armonk,	  NY,	  2005.	  

Kramer,	  Craig.	  Merill	  Physics,	  Glencoe,	  Burbank,	  IL,	  1995.	  

	  

Software	  Used	  

-‐ Visual	  Analyzer	  2011	  
-‐ Android	  Apps:	  

o FrequenSee	  
o SoundForm	  
o Decibel	  Meter	  

-‐ PhET	  Sound	  simulation:	  http://phet.colorado.edu/en/simulation/sound	  
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Common	  Student	  Misconceptions	  

1. Sounds	  can	  be	  produced	  without	  using	  any	  material	  objects.	  	  
2. Hitting	  an	  object	  harder	  changes	  the	  pitch	  of	  the	  sound	  produced.	  	  
3. Human	  voice	  sounds	  are	  produced	  by	  a	  large	  number	  of	  vocal	  cords	  that	  all	  produce	  

different	  sounds.	  	  
4. Loudness	  and	  pitch	  of	  sounds	  are	  the	  same	  things.	  	  
5. You	  can	  see	  and	  hear	  a	  distinct	  event	  at	  the	  same	  moment.	  	  
6. Sounds	  can	  travel	  through	  empty	  space	  (a	  vacuum).	  	  
7. Sounds	  cannot	  travel	  through	  liquids	  and	  solids.	  	  
8. Sounds	  made	  by	  vehicles	  (like	  the	  whistle	  of	  a	  train)	  change	  as	  the	  vehicles	  move	  past	  

the	  listener	  because	  something	  (like	  the	  train	  engineer)	  purposely	  changes	  the	  pitch	  of	  
the	  sound.	  	  

9. In	  wind	  instruments,	  the	  instrument	  itself	  vibrates	  (not	  the	  internal	  air	  column).	  	  
10. Music	  is	  strictly	  an	  art	  form;	  it	  has	  nothing	  to	  do	  with	  science.	  	  
11. Sound	  waves	  are	  transverse	  waves	  (like	  water	  and	  light	  waves).	  	  
12. Matter	  moves	  along	  with	  water	  waves	  as	  the	  waves	  move	  through	  a	  body	  of	  water.	  	  
13. When	  waves	  interact	  with	  a	  solid	  surface,	  the	  waves	  are	  destroyed.	  	  
14. In	  actual	  telephones,	  sounds	  (rather	  than	  electrical	  impulses)	  are	  carried	  through	  the	  

wires.	  	  
15. Ultrasounds	  are	  extremely	  loud	  sounds.	  	  
16. Megaphones	  create	  sounds.	  	  
17. Noise	  pollution	  is	  annoying,	  but	  it	  is	  essentially	  harmless.	  

Hapkiewicz,	  A.	  (1992).	  Finding	  a	  List	  of	  Science	  Misconceptions.	  MSTA	  Newsletter,	  38(Winterí92),	  pp.11-‐14.	  	  
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Lecture	  Notes	  and	  Activities	  

Major	  Topic	  0:	  Producing	  Sound	  

Demo:	  Can	  Telephone	  Activity	  

Materials	  Needed:	  Can	  Telephone	  

Activity:	  Take	  students	  into	  hallway,	  have	  them	  talk	  on	  the	  telephone	  when	  it	  is	  loose	  and	  when	  it	  is	  
taut.	  	  

Notes/Discussion:	  

How	  could	  you	  hear	  the	  person	  on	  the	  other	  end,	  even	  whispers?	  

• Sound	  was	  created	  by	  causing	  a	  vibration	  in	  the	  can,	  which	  traveled	  down	  the	  string,	  which	  
then	  transferred	  to	  the	  other	  can	  to	  your	  ear.	  

Why	  did	  it	  work	  when	  the	  string	  was	  not	  taut?	  

• The	  string	  has	  to	  be	  tight	  in	  order	  for	  a	  pressure	  variation	  to	  occur	  in	  the	  air.	  
• The	  string	  needs	  to	  vibrate	  which	  will	  cause	  regular	  variations	  in	  air	  pressure	  on	  the	  other	  

end.	  
• When	  it’s	  loose,	  it	  cannot	  continue	  the	  vibrations	  from	  your	  voice	  and	  will	  “fizzle	  out”	  

before	  reaching	  the	  other	  end.	  

When	  we	  look	  at	  sound,	  we’re	  going	  to	  be	  looking	  at	  how	  sound	  is	  produced,	  how	  it	  may	  travel,	  and	  
how	  we	  perceive	  it.	  	  All	  of	  the	  principles	  of	  sound	  are	  rooted	  in	  the	  idea	  that	  sound	  must	  travel	  through	  
a	  vibrating	  medium,	  such	  as	  the	  string	  in	  the	  can	  telephone,	  to	  be	  heard.	  	  When	  we	  are	  done,	  you	  will	  be	  
able	  to	  better	  describe	  how	  sound	  behaves	  as	  a	  wave,	  how	  sound	  is	  produced	  by	  instruments,	  and	  the	  
capabilities	  that	  humans	  have	  to	  hear	  it.	  
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Major	  Topic	  1:	  The	  Decibel	  Scale	  

Lecture	  Notes:	  

To	  measure	  the	  sound	  pressure	  level	  hitting	  your	  ears,	  we	  generally	  use	  the	  decibel	  scale.	  	  The	  scale	  
measures	  the	  sound	  intensity	  in	  Watts	  per	  meter	  squared,	  and	  they	  are	  converted	  to	  decibels	  (dB)	  using	  
the	  equation	  below:	  

β	  =	  10	  log	  (I/Io)	  

β	  represents	  the	  number	  of	  decibels,	  and	  this	  is	  determined	  on	  a	  logarithmic	  scale	  by	  comparing	  I	  to	  Io,,	  
the	  intensity	  for	  the	  threshold	  of	  hearing	  (softest	  possible	  sound	  that	  you	  can	  hear.)	  	  The	  threshold	  of	  
hearing,	  Io	  =	  10-‐12	  W/m2.	  

The	  table	  below	  shows	  the	  relationship	  between	  some	  common	  I/Io	  values	  and	  the	  decibel	  scale..	  	  
Notice	  a	  pattern?	  	  This	  is	  a	  logarithmic	  scale.	  	  So	  this	  means	  that	  for	  when	  I/Io	  =	  100	  =	  102(or	  the	  
pressure	  of	  a	  particular	  sound	  is	  100	  times	  that	  of	  the	  threshold	  of	  hearing),	  it	  means	  that	  the	  sound	  has	  
an	  intensity	  level	  of	  20	  dB.	  
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Continued	  Notes:	  

What	  are	  some	  situations	  where	  you	  have	  heard	  a	  sound	  that	  is	  so	  loud	  that	  it	  hurts	  your	  ears?	  	  How	  
many	  decibels	  do	  you	  think	  that	  sound	  was.	  

To	  give	  you	  some	  ideas	  of	  how	  the	  decibel	  scale	  works,	  here	  are	  some	  examples	  of	  common	  decibel	  
levels	  from	  the	  previous	  table	  that	  we	  have:	  

Softest	  sound	  you	  can	  hear	  –	  0	  decibels	  
Whisper	  –	  20	  decibels	  
Inside	  a	  bus	  –	  90	  decibels	  
Rocket	  launch	  -‐	  170	  decibels	  

	  

Mini-‐Lab:	  In-‐Class	  Decibel	  Calculation	  –	  What	  is	  the	  sound	  level	  of	  everyday	  life?	  

Materials	  Needed:	  

• Cell	  phone	  decibel	  meter	  app	  
• Students	  willing	  to	  be	  loud	  (should	  not	  be	  hard	  to	  find)	  

Have	  students	  use	  microphone	  to	  measure	  decibel	  level	  of	  various	  activities,	  have	  student	  volunteer	  
record	  decibel	  level	  on	  table	  

• Singing	  
• Humming	  
• Whispering	  
• Talking	  
• Yelling	  
• Screaming	  
• Radio	  far	  away	  
• iPod	  Earbuds	  

Any	  surprises?	  
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Demo:	  What	  happens	  when	  we	  measure	  multiple	  sounds	  for	  the	  same	  source?	  

Materials	  Needed:	  

• Enough	  drinking	  straws	  cut	  into	  “reed”	  instruments	  for	  everyone	  in	  class	  
• Decibel	  meter	  app	  for	  iPhone	  or	  Android	  

	  

Activity:	  

Have	  everyone	  practice	  playing	  their	  “instruments”	  for	  the	  rest	  of	  the	  class.	  	  Then,	  take	  measurements	  
of	  decibel	  levels	  using	  one	  instrument,	  then	  two,	  then	  the	  whole	  class.	  

Should	  conclude	  that	  each	  additional	  person	  playing	  (doubling	  the	  sound	  intensity)	  increases	  the	  
number	  of	  decibels	  by	  approximately	  3	  dB.	  

**Suggestions	  for	  learning	  to	  play	  reed	  instruments:	  Students	  will	  need	  to	  apply	  pressure	  with	  their	  
mouth	  (but	  not	  too	  much	  pressure	  so	  that	  it	  doesn’t	  vibrate)	  to	  the	  straw	  slightly	  past	  the	  point	  of	  the	  
“V.”	  	  Once	  they	  get	  it,	  they	  get	  it.	  	  If	  they	  are	  having	  trouble,	  suggest	  that	  they	  experiment	  with	  moving	  
their	  mouth	  forward	  and	  backward	  on	  the	  straw.	  

Discussion	  Questions	  

• What	  do	  you	  notice	  about	  the	  data?	  
• Does	  anything	  surprise	  you?	  
• Why	  do	  you	  think	  we	  have	  a	  decibel	  scale?	  
• If	  we	  had	  an	  increase	  of	  3	  dB	  for	  each	  additional	  instrument,	  by	  what	  factor	  do	  you	  think	  the	  

sound	  intensity	  changed?	  
• Do	  you	  think	  you	  have	  experienced	  hearing	  loss	  due	  to	  sounds	  at	  a	  dangerous	  level?	  
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Decibels	  -‐	  Data	  Tables/Handouts	  

1. In	  the	  table	  below,	  record	  the	  activity	  you	  participated	  in	  (whispering,	  talking,	  yelling,	  etc,	  and	  
the	  recorded	  decibel	  level.)	  

Activity	   Decibel	  Level	  

	   	  

	   	  

	   	  

	   	  

	   	  

	   	  

	   	  

	   	  

2. In	  the	  table	  below	  record	  the	  number	  of	  people	  playing	  straws	  and	  their	  decibel	  level.	  

Number	  of	  
People	  Playing	  

Decibel	  Level	  
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Accompanying	  Reading:	  Active	  Physics	  –	  Medicine	  pg.	  13,	  18	  
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Unsafe	  Listening	  -‐	  http://www.lasvegassun.com/community/press-‐releases/1610/	  

Optional	  Homework	  Activities	  for	  Students	  

Active	  Physics	  –	  Medicine	  pg.	  14	  –	  15	  “Physics	  to	  Go”	  Section	  

Merrill	  Physics,	  Chapter	  14.,	  pg.	  325	  #7,	  8	  
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Major	  Topic	  2:	  Frequency,	  Pitch,	  Sound	  as	  Waves	  

Essential	  Vocabulary	  
Wave	   Crest	   Trough	   Amplitude	  

	  
Frequency	   Wavelength	   Pitch	   Constructive	  

interference	  
Destructive	  
interference	  

Transverse	  wave	   Standing	  wave	   Volume	  

Period	  
	  

Node	   	   	  

	  

Section	  A:	  Waves	  	  

Demo	  	  &	  Lecture	  Notes	  

Materials	  needed:	  

• Slinky	  
• Handwritten	  wave	  handout	  

Students	  take	  notes	  and	  fill	  in	  written	  wave	  handout	  as	  we	  go	  along.	  

1. Demonstrate	  waves	  moving	  quickly,	  slowly,	  transverse	  waves,	  longitudinal	  waves,	  and	  standing	  
waves.	  	  	  

a. Transverse	  waves	  –	  particles	  of	  medium	  moving	  perpendicularly	  to	  the	  direction	  of	  the	  
wave	  

b. Standing	  waves	  –	  wave	  appears	  to	  be	  standing	  still	  
c. Longitudinal	  waves	  –	  particles	  move	  parallel	  to	  the	  direction	  of	  a	  wave	  

2. On	  worksheet	  have	  students	  identify	  crest,	  trough,	  and	  wavelength	  of	  wave.	  
a. Wavelength	  –	  shortest	  distance	  between	  points	  where	  the	  wave	  pattern	  repeats	  itself	  

(ex.	  crest	  to	  crest	  or	  trough	  to	  trough	  
b. Amplitude	  –	  maximum	  distance	  from	  rest	  or	  equilibrium	  position	  
c. Trough	  –	  low	  point	  of	  each	  wave	  motion	  
d. Crest	  –	  high	  point	  of	  each	  wave	  motion	  

3. Define	  wave	  motion	  
a. Frequency	  -‐	  #	  of	  waves	  that	  pass	  through	  a	  point	  per	  second.	  	  Hz	  or	  s-‐1	  or	  1/s	  
b. Period	  –	  time	  it	  takes	  for	  one	  complete	  wave	  to	  pass	  by	  (seconds)	  	  Equation:	  T	  =	  1/f	  
c. Velocity	  –	  distance	  wave	  moves	  over	  time.	  	  Equation:	  v	  =	  d/t	  

4. Wave	  interaction:	  
a. Constructive	  interference	  
b. Destructive	  interference	  
c. Two	  pulses	  sent	  down	  at	  same	  time	  
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Lab	  –	  Waves	  on	  a	  Snakey	  pg.	  292	  Merill	  Physics	  	  

Materials	  Needed	  

-‐ Slinkies	  for	  each	  group	  
-‐ Meter	  sticks	  
-‐ Stopwatches	  

Students	  do	  lab	  in	  groups	  of	  2-‐3,	  go	  over	  results	  as	  a	  class.	  

Focus	  particularly	  on	  the	  speed	  of	  a	  wave	  changing	  as	  it	  travels,	  applications	  to	  sound	  question,	  let	  them	  
play	  in	  general.	  
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Waves	  Mathematically	  Lecture	  Notes:	  

Review	  equations:	  

1. Relating	  period	  to	  frequency:	  	   	   	   (units	  of	  T	  typically	  in	  seconds)	  
	  

2. Relating	  calculating	  velocity	   	   	   (units	  of	  V	  typically	  in	  meters/sec,	  or	  m/s)	  

	  

Now	  that	  we	  have	  looked	  qualitatively	  at	  the	  behavior	  of	  sound	  waves,	  we	  need	  to	  be	  able	  to	  describe	  
them	  mathematically.	  	  We	  will	  use	  a	  fairly	  simple	  equation	  to	  relate	  the	  frequency	  of	  a	  wave	  to	  its	  
velocity.	  

This	  equation	  is:	  

	  

	  

Where	  	  

V	  =	  velocity	  in	  m/s	  

λ	  =	  wavelength	  in	  m	  

f	  =	  frequency	  in	  Hz	  or	  s-‐1	  

Can	  also	  rearrange	  the	  equation:	  

f	  =	  v/	  λ	   	   λ	  =	  v/f	  

Examples	  of	  problems:	  

Merrill	  Physics	  pg.	  293	  Example	  (See	  attached	  on	  next	  page)	   	  

v	  =	  λ·∙	  f	  

T	  =	  1/f	  

v	  =	  d/t	  
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Homework/	  Practice	  Problems:	  

Merrill	  Physics	  pg.	  293	  –	  Practice	  problems	  #1-‐4	  

Active	  Physics	  to	  go	  pg.	  337-‐339	  
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Determining	  the	  Speed	  of	  Sound	  -‐	  Whole	  Class	  Lab	  

Materials	  needed:	  	  

-‐ Computer	  with	  Sound	  PhET	  simulation	  
-‐ Two	  students	  to	  measure	  

Predictions:	  Write	  down	  on	  a	  piece	  of	  paper	  what	  you	  think.	  

1. Does	  all	  sound	  move	  at	  the	  same	  speed?	  
	  

2. Does	  sound	  or	  light	  travel	  faster?	  

Discuss	  with	  a	  partner	  before	  moving	  on.	  

Lecture	  notes:	  

(Demonstrate	  simulation	  with	  wave	  and	  time	  measurement)	  

http://phet.colorado.edu/en/simulation/sound	  

Using	  what	  we	  learned	  &	  a	  computer	  simulation,	  we	  are	  going	  to	  measure	  the	  speed	  of	  sound	  and	  see	  
how	  close	  we	  are	  to	  the	  actual	  value.	  

This	  simulation	  shows	  a	  sound	  wave	  moving	  over	  time	  and	  possible	  ways	  to	  measure	  it.	  

Directions	  for	  determining	  speed	  of	  sound	  (explain	  to	  students).	  

Method	  1:	  v	  =	  λ·∙	  f	  

1. We	  want	  to	  determine	  the	  velocity.	  	  We	  have	  an	  equation	  that	  can	  help	  us	  with	  velocity.	  

	  
v	  =	  λ·∙	  f	  

	  
2. We	  will	  need	  to	  measure	  the	  wavelength	  of	  the	  wave	  and	  the	  frequency	  to	  be	  able	  to	  determine	  

the	  velocity.	  	  One	  person	  will	  look	  at	  wavelength	  and	  one	  person	  will	  look	  at	  frequency.	  
3. To	  measure	  the	  wavelength:	  Use	  the	  ruler,	  measure	  crest	  to	  crest	  (lightest	  part	  to	  lightest	  part)	  

or	  trough	  to	  trough	  (darkest	  part	  to	  darkest	  part).	  	  Then,	  since	  velocity	  is	  most	  often	  given	  in	  
meters	  per	  second,	  calculate	  the	  wavelength	  in	  meters	  by	  converting	  from	  centimeters	  to	  
meters.	  

4. To	  measure	  the	  frequency,	  we	  need	  to	  find	  how	  many	  cycles	  we	  have	  per	  second.	  	  Measure	  in	  
cycles	  per	  0.10	  second	  (since	  otherwise	  it	  would	  take	  forever.)	  Then	  take	  cycles/.10	  to	  get	  
frequency.	  	  You	  can	  also	  just	  look	  up	  frequency	  on	  the	  simulation….	  	  

5. Rotate	  through	  so	  that	  different	  students	  get	  to	  measure	  each	  trial.	  	  Take	  turns	  being	  the	  person	  
who	  times	  and	  the	  person	  who	  counts.	  	  
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6. Use	  data	  given	  to	  calculate	  the	  overall	  wave	  velocity.	  
7. Change	  the	  frequency	  of	  the	  wave	  and	  repeat	  for	  up	  to	  five	  trials.	  

Method	  2:	  Using	  v	  =	  d/t	  

1. Using	  the	  ruler	  tool,	  choose	  a	  given	  distance	  to	  measure	  on	  the	  simulation.	  (5	  meters	  is	  a	  good	  
distance	  to	  choose.)	  

2. Line	  up	  the	  zero	  point	  of	  the	  ruler	  with	  the	  middle	  of	  the	  speaker.	  
3. You	  are	  going	  to	  determine	  the	  time	  it	  takes	  one	  part	  of	  the	  wave	  to	  travel	  five	  meters.	  Press	  

“start”	  and	  time	  how	  long	  it	  takes	  the	  wave	  to	  travel	  five	  meters.	  	  Stop	  timing	  as	  soon	  as	  the	  
wave	  reaches	  the	  five-‐meter	  mark.	  

4. Use	  the	  distance	  and	  the	  time	  to	  determine	  the	  velocity	  given	  the	  equation	  above.	  
5. Repeat	  for	  up	  to	  five	  trials.	  

	  

Method	  3:	  Using	  T	  =	  1/f	  and	  v	  =	  λ·∙	  f	  	  

1. In	  this	  case,	  you	  are	  going	  to	  measure	  the	  period	  of	  the	  wave,	  or	  the	  number	  of	  waves	  that	  pass	  
through	  a	  given	  point	  in	  time.	  	  Typically,	  we	  would	  look	  at	  waves	  that	  pass	  through	  per	  second,	  
but	  in	  this	  case,	  we	  are	  going	  to	  look	  at	  how	  many	  waves	  pass	  through	  the	  point	  in	  0.10	  
seconds.	  

2. Choose	  a	  particular	  point	  to	  watch.	  	  Have	  one	  partner	  time	  for	  0.10	  seconds,	  and	  have	  the	  other	  
partner	  count	  the	  number	  of	  waves	  (either	  crest	  to	  crest	  or	  trough	  to	  trough)	  that	  pass	  through	  
the	  particular	  point.	  

3. To	  find	  the	  period	  (T),	  take	  the	  seconds/number	  of	  waves.	  
4. Use	  this	  to	  find	  the	  frequency	  by	  solving	  the	  equation	  T	  =	  1/f	  for	  frequency.	  
5. Use	  the	  equation	  v	  =	  λ·∙	  f	  to	  find	  the	  velocity.	  
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Data	  Tables:	  

Method	  1:	  

Trial	  #	   Wavelength	   #	  of	  Cycles	   #	  Seconds	   Frequency	  
(cycles/sec)	  

Velocity	  

1	   	   	   	   	   	  
	  

2	   	   	   	   	   	  
	  

3	   	   	   	   	   	  
	  

4	  
	  

	   	   	   	   	  

5	  
	  

	   	   	   	   	  

	  

Sample	  Calculation:	  

Method	  2:	  
	  

Trial	  #	   Distance	   Time	   Velocity	  (d/t)	  
1	   	  

	  
	   	  

2	   	  
	  

	   	  

3	   	  
	  

	   	  

4	  
	  

	   	   	  

5	  
	  

	   	   	  

	  

Sample	  Calculation:	  
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Method	  3:	  

Trial	  #	   Wavelength	   #	  of	  Cycles	   #	  Seconds	   Period	  
(sec/cycle)	  

Frequency	  
(cycles/sec)	  

Velocity	  

1	   	   	   	   	   	   	  
	  

2	   	   	   	   	   	   	  
	  

3	   	   	   	   	   	   	  
	  

4	  
	  

	   	   	   	   	   	  

5	  
	  

	   	   	   	   	   	  

	  

Questions	  for	  Discussion	  

1. The	  actual	  speed	  of	  sound	  is	  calculated	  to	  be	  343	  seconds	  in	  air.	  	  Which	  of	  these	  methods	  comes	  
closest	  to	  determining	  that	  speed	  of	  sound?	  
	  

2. What	  are	  some	  sources	  of	  error	  in	  this	  experiment,	  and	  do	  you	  think	  they	  caused	  the	  results	  to	  
be	  too	  high,	  or	  too	  low?	  	  Why?	  

	  

	  
3. Which	  method	  did	  you	  most	  prefer	  for	  determining	  the	  speed?	  	  Why?	  

	  
	  

4. Do	  you	  believe	  that	  this	  simulation	  is	  reliable	  and	  accurate?	  	  Why	  or	  why	  not,	  and	  what	  are	  
some	  of	  its	  limitations?	  
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Demo	  –	  How	  do	  we	  describe	  sound	  using	  waves?	  

Materials	  Needed:	  

• Computer	  to	  play	  music	  

Play	  a	  few	  examples	  of	  music	  and	  ask	  student	  to	  describe	  sounds	  in	  it	  (High,	  low,	  loud,	  soft,	  etc.)	  

URL	  Music	  Examples:	  

http://www.youtube.com/watch?v=U6tV11acSRk	  	  (Here	  comes	  the	  sun.)	  

http://www.youtube.com/watch?v=Dlr90NLDp-‐0	  (Gregorian	  chant.)	  

http://www.youtube.com/watch?v=LXO-‐jKksQkM	  (Pumped	  up	  Kicks	  Dubstep.)	  

Notes:	  

The	  sounds	  that	  you	  hear	  are	  all	  in	  the	  forms	  of	  waves	  coming	  towards	  your	  ears,	  and	  they	  are	  all	  
different	  from	  each	  other	  because	  the	  waves	  vary.	  

Pitch	  &	  Waves	  

Notes:	  We	  use	  sound	  to	  make	  waves.	  	  When	  we	  do	  this,	  we	  make	  changes	  to	  the	  various	  parts	  of	  the	  
waves.	  

Wave	  components:	  

• Amplitude	  
• Frequency	  
• Speed	  
• Wavelength	  

Pitch	  Intro	  Lab:	  	  

Materials	  needed	  –	  computers	  with	  Visual	  Analyzer	  2011	  software	  or	  Smartphone	  with	  SoundForm	  app	  
or	  similar	  
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Pitch	  Intro	  Lab	  

Part	  1:	  Prelab	  and	  Predictions	  

There	  is	  a	  sound	  wave	  drawn	  in	  on	  the	  axes	  below.	  The	  axes	  display	  signal	  strength	  over	  time.	  	  Modify	  
the	  drawing	  of	  the	  wave	  on	  the	  axes	  to	  predict	  how	  the	  sound	  wave	  will	  change	  with	  pitch	  and	  volume.	  

1. Draw	  how	  the	  wave	  above	  will	  change	  when	  the	  volume	  of	  the	  wave	  goes	  up.	  

	  

2. Draw	  how	  the	  wave	  below	  will	  change	  when	  the	  volume	  of	  the	  wave	  decreases.	  

	  
3. Draw	  how	  the	  wave	  below	  will	  change	  when	  the	  pitch	  of	  the	  wave	  goes	  up.	  

	  
4. Draw	  how	  the	  wave	  below	  will	  change	  when	  the	  pitch	  goes	  down.	  
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Name	  ______________________________	  

Pitch	  Lab	  

Objective:	  Make	  a	  connection	  between	  the	  appearance	  of	  a	  wave	  including	  amplitude,	  wavelength,	  and	  
frequency,	  both	  quantitatively	  and	  qualitatively	  and	  the	  pitch	  and	  volume	  of	  a	  wave.	  

Materials:	  

-‐ Visual	  analyzer	  software	  &	  computer	  with	  microphone	  OR	  smartphone	  with	  a	  similar	  application	  
such	  as	  SoundForm	  for	  the	  Android	  

-‐ Reliable	  source	  of	  sound:	  ex.	  pitch	  pipe,	  human	  voice,	  recorder,	  synthesizer,	  etc.	  

Directions	  for	  Students:	  

Our	  goal	  is	  to	  qualitatively	  look	  at	  waves	  and	  make	  connections	  between	  the	  appearance	  of	  a	  wave	  on	  
the	  Visual	  analyzer	  software	  	  (or	  your	  phone)	  and	  the	  volume	  and	  pitch	  of	  the	  wave.	  	  When	  doing	  this	  
activity,	  you	  should	  think	  about	  how	  changing	  the	  quality	  of	  the	  sound	  you	  are	  producing	  affects	  what	  
appears	  on	  the	  screen.	  

Instructions	  

1. Practice	  making	  sounds	  on	  the	  visual	  analyzer.	  	  Try	  to	  make	  sounds	  as	  consistently	  as	  possible	  
and	  make	  them	  look	  as	  close	  to	  a	  sine	  wave	  as	  possible.	  	  You	  will	  not	  get	  exactly	  there	  because	  
every	  way	  of	  making	  sounds	  does	  not	  have	  just	  one	  pitch;	  there	  are	  various	  harmonics	  involved	  
in	  making	  each	  pitch.	  

2. Choose	  a	  particular	  pitch,	  observe	  the	  form	  of	  the	  wave,	  and	  draw	  it	  below:	  

	  

	  

	  

	  

	  

	  

3. Now	  experiment	  with	  making	  the	  pitch	  lower.	  	  Draw	  or	  describe	  how	  the	  wave	  has	  changed.	  	  
Use	  some	  or	  all	  of	  the	  following	  words:	  amplitude,	  wavelength,	  frequency,	  speed.	  
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4. Experiment	  with	  making	  the	  pitch	  higher.	  Now,	  draw	  or	  describe	  how	  the	  wave	  has	  changed.	  
Use	  some	  or	  all	  of	  the	  following	  words:	  amplitude,	  wavelength,	  frequency,	  speed.	  

	  

	  

	  

	  

	  

5. Experiment	  with	  making	  the	  pitch	  louder.	  	  Draw	  or	  describe	  how	  the	  wave	  has	  changed.	  
Use	  some	  or	  all	  of	  the	  following	  words:	  amplitude,	  wavelength,	  frequency,	  speed.	  

	  

	  

	  

	  

	  

Summary/Verbal	  Quiz:	  

1. What	  is	  frequency	  of	  a	  wave?	  
	  
	  
	  

2. What	  is	  amplitude	  of	  wave?	  

	  

	  

3. Draw	  two	  waves	  with	  different	  pitches.	  	  Identify	  which	  corresponds	  to	  the	  higher	  pitch	  and	  
which	  corresponds	  to	  the	  lower	  pitch.	  

	  

True	  or	  false:	  

1. A	  higher	  volume	  changes	  the	  frequency	  of	  the	  wave.	  
2. A	  higher	  pitch	  makes	  the	  wavelength	  shorter	  and	  the	  frequency	  faster.	  
3. A	  higher	  volume	  reduces	  the	  amplitude	  of	  the	  wave.	  
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Doppler	  Effect	  

Lecture	  Notes:	  

Have	  you	  ever	  noticed	  a	  change	  in	  pitch	  of	  a	  police	  siren	  or	  a	  train	  as	  it	  moves	  past	  you?	  	  This	  is	  due	  to	  
an	  effect	  know	  as	  the	  Doppler	  shift.	  	  This	  means	  that	  there	  is	  a	  sudden	  change	  in	  frequency	  (we	  hear	  as	  
pitch)	  of	  a	  moving	  object.	  

Materials	  needed:	  

Car	  with	  horn	  

Demo:	  

Have	  someone	  drive	  by	  while	  honking	  the	  horn	  and	  listen	  for	  changes	  in	  pitch	  

Explanation:	  

What	  happened	  to	  the	  pitch?	  

• As	  the	  car	  approaches,	  the	  horn	  pitch	  is	  higher	  than	  normal.	  (Sound	  waves	  approach	  you	  more	  
frequently.)	  

• As	  the	  car	  moves	  away	  from	  you,	  the	  pitch	  lowers.	  (Sound	  waves	  are	  encountered	  less	  
frequently.)	  

The	  Doppler	  shift	  occurs	  in	  all	  wave	  motion	  –	  sound,	  light,	  etc.	  

Examples:	  radar	  detectors,	  bats	  use	  to	  detect	  and	  catch	  flying	  insects,	  it	  is	  used	  to	  measure	  the	  speed	  of	  
a	  pitched	  baseball,	  motion	  detectors	  use	  CBL’s	  for	  this	  principle	  
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Accompanying	  Reading:	  

Active	  Physics	  –	  Medicine	  pg.	  25	  
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Optional	  Homework	  Activities	  for	  Students:	  

Active	  Physics	  	  Medicine	  –	  Physics	  to	  go	  pg.	  26-‐27	  
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Major	  Topic	  3	  –	  Hearing	  

Notes:	  How	  Our	  Ears	  Perceive	  Sound	  

Youtube	  video	  on	  Hearing:	  

https://www.youtube.com/watch?v=PeTriGTENoc	  

Reading	  as	  a	  Class:	  Active	  Physics	  pg.	  7,42-‐43,	  49	  

	  

	  

Demo:	  Hearing	  Loss	  with	  Age	  

Materials	  Needed:	  Computer,	  people	  of	  various	  ages	  

http://www.noiseaddicts.com/2009/03/can-‐you-‐hear-‐this-‐hearing-‐test/	  

Notes/Discussion:	  

As	  we	  age,	  over	  time	  our	  hearing	  becomes	  impaired,	  particularly	  at	  higher	  frequency	  levels.	  	  It	  can	  be	  
caused	  by	  job	  related	  hearing	  loss	  (overexposure	  for	  example),	  or	  it	  can	  be	  caused	  by	  listening	  to	  music	  
at	  an	  excessively	  high	  level.	  	  There	  is	  a	  fairly	  direct	  correlation	  between	  age	  and	  the	  frequencies	  at	  
which	  people	  can	  hear.	  	  Today	  we	  are	  going	  to	  use	  people	  of	  various	  ages	  to	  test	  the	  fundamentals	  of	  
hearing	  loss.	  	  This	  web	  page	  will	  play	  various	  pitches	  at	  increasingly	  high	  frequencies.	  	  Keep	  your	  hand	  
raised	  until	  you	  can	  no	  longer	  hear	  the	  pitch	  being	  played.	  	  Notice	  anything	  interesting?	  
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Major	  Topic	  4	  –	  Music	  and	  Instruments	  

Demo/Lecture	  Notes:	  

Materials	  Needed:	  Various	  Musical	  Instruments	  

Notes:	  

For	  a	  musical	  instrument	  to	  function,	  something	  in	  the	  instrument	  must	  vibrate	  to	  create	  a	  pressure	  
variation.	  	  As	  each	  instrument	  is	  demonstrated,	  detect	  where	  the	  source	  of	  vibration	  in	  the	  instrument	  is	  
coming	  from.	  

• Drum	  –	  surface	  (and	  barrel)	  
• Human	  voice	  –	  vocal	  chords	  (to	  change	  frequency,	  muscular	  tension	  is	  placed	  on	  chords)	  
• Brass	  –	  lips	  of	  person	  
• Reed	  instruments	  –	  air	  blown	  across	  reed	  
• Flute/whistle	  –	  air	  blown	  across	  opening	  in	  pipe	  sets	  column	  of	  air	  in	  pipe	  to	  vibration	  
• Guitar	  –	  strings	  being	  plucked	  

Let’s	  return	  to	  the	  idea	  of	  pitch	  (with	  regards	  to	  the	  frequency	  of	  wave)	  

Pythagorus	  found	  that	  when	  two	  strings	  had	  frequencies	  that	  were	  in	  2	  small	  whole	  number	  ratios	  (2:1,	  
3:2,	  4:3,	  etc.)	  pleasing	  sounds	  resulted!	  

• Two	  notes	  with	  frequencies	  that	  are	  related	  by	  the	  ratio	  2:1	  are	  said	  to	  differ	  by	  an	  octave.	  
(demonstrate)	  	  Example:	  note	  #1	  –	  420	  Hz,	  note	  #2	  –	  840	  Hz	  (note	  2	  is	  an	  octave	  higher)	  and	  
note	  #3	  –	  1680	  Hz.	  

• The	  ratio	  of	  frequencies,	  not	  the	  actual	  size	  or	  amount,	  is	  what	  is	  important.	  
• These	  small	  whole	  number	  ratios	  are	  important	  to	  making	  music:	  

Instrument	  Labs:	  

String	  Lab	  	  

Large	  Active	  Physics	  pg.	  340	  –	  344	  

Wind	  Lab	  

Large	  Active	  Physics	  pg.	  346-‐347	  
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Intonation	  

Lecture	  Notes:	  

Most	  sounds	  are	  not	  simple	  sine	  waves	  made	  up	  of	  just	  one	  frequency	  like	  the	  ones	  that	  we	  have	  been	  
seeing.	  	  Instead,	  most	  waves	  are	  a	  combination	  of	  various	  frequencies,	  that	  result	  in	  the	  sound	  having	  a	  
particular	  timbre	  or	  “tone	  color.”	  	  Two	  waves	  that	  have	  similar	  but	  not	  identical	  frequencies	  will	  result	  
in	  waves	  that	  have	  an	  oscillating	  intensity.	  	  This	  oscillation	  is	  known	  as	  a	  beat.	  	  The	  frequency	  of	  the	  beat	  
is	  the	  difference	  in	  the	  frequency	  of	  the	  two	  waves.	  	  It	  is	  possible	  to	  hear	  beats	  when	  instruments	  of	  
similar	  frequency	  are	  played	  at	  the	  same	  time.	  	  The	  human	  ear	  can	  detect	  beat	  frequencies	  of	  up	  to	  7	  
Hz.	  	  

Materials	  Needed:	  

Two	  of	  the	  same	  type	  of	  tunable	  instrument	  

Demonstration/Discussion:	  

Have	  two	  students	  play	  the	  instruments	  as	  in	  tune	  as	  possible.	  	  Then	  have	  one	  student	  dramatically	  
adjust	  the	  intonation,	  either	  with	  their	  embouchure	  or	  by	  changing	  the	  tuning	  slides,	  length,	  etc.	  of	  their	  
instrument.	  	  Observe	  the	  beats	  that	  are	  being	  produced.	  

Accompanying	  Reading:	  

Active	  Physics	  –	  Medicine	  pg.	  31	  
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Student	  Projects	  and	  Lab	  Reports	  

General	  

1. Measure	  the	  average	  hearing	  at	  high	  frequency	  of	  a	  variety	  of	  people	  you	  know.	  	  If	  possible,	  
consider	  people	  with	  a	  variety	  of	  ages,	  and	  people	  of	  both	  genders.	  	  For	  a	  potential	  research	  
question,	  consider	  either	  of	  the	  following:	  

o Which	  gender	  tends	  to	  hear	  better?	  
o How	  does	  hearing	  loss	  vary	  with	  age?	  

In	  your	  report,	  fully	  explain	  who	  your	  subjects	  you	  tested	  were,	  give	  data,	  and	  explain	  any	  
conclusions	  you	  drew	  and	  how	  you	  came	  to	  them.	  

2. Conduct	  a	  study	  of	  the	  physics	  of	  a	  particular	  instrument.	  	  Explain	  how	  it	  produces	  sound,	  its	  
physical	  capabilities,	  and	  its	  history.	  	  	  You	  are	  encouraged	  to	  choose	  instruments	  with	  unique	  
physical	  properties,	  such	  as	  bagpipes,	  Theremin,	  accordions,	  etc.	  	  Come	  up	  with	  an	  interesting	  
way	  to	  present	  and	  share	  the	  information,	  preferably	  involving	  an	  example	  of	  how	  the	  
instrument	  produces	  sound.	  	  
	  

3. Design	  or	  build	  a	  musical	  instrument,	  and	  use	  it	  to	  play	  something	  for	  the	  class.	  	  Provide	  a	  
detailed	  explanation	  of	  the	  materials	  you	  used	  and	  the	  purpose	  for	  each	  material.	  	  Please	  also	  
be	  prepared	  to	  demonstrate	  a	  simple	  song	  on	  the	  instrument	  to	  the	  class.	  	  Explain	  how	  your	  
instrument	  is	  similar	  to	  or	  varies	  from	  the	  “standard”	  version	  of	  your	  instrument.	  

4. Choose	  two	  genres	  of	  music	  and	  explain	  the	  differences	  between	  them.	  	  Differences	  may	  relate	  
to	  tempo,	  instruments	  used,	  general	  pitch	  range,	  mood,	  etc.	  	  Does	  there	  appear	  to	  be	  common	  
trends	  within	  a	  genre?	  	  Are	  there	  common	  trends	  between	  genres.	  
	  

5. Free	  Choice.	  	  Please	  get	  it	  approved	  first!	  	  

More	  Specific	  

If	  you	  need	  more	  specific	  ideas	  from	  the	  choices	  above,	  here	  are	  some	  that	  may	  get	  you	  started:	  

• Make	  a	  “glass	  bottle	  orchestra.”	  
• Design	  a	  set	  of	  drinking	  straw	  instruments	  that	  will	  play	  a	  whole	  octave.	  
• Determine	  where	  the	  harmonics	  are	  on	  a	  guitar.	  
• Determine	  the	  average	  bpm	  (beats	  per	  minute)	  of	  several	  songs	  of	  a	  variety	  of	  different	  genres.	  
• Create	  and	  explain	  the	  physics	  behind	  singing	  wine	  glasses.	  
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Part	  6:	  Final	  Unit	  Test	  –	  Sound	  and	  Waves	  

Answer	  each	  question	  below	  as	  thoroughly	  as	  possible.	  	  Remember,	  no	  work,	  no	  credit.	  	  Good	  luck!	  	  

1. For	  the	  following	  words,	  write	  the	  definition	  or	  draw	  a	  picture:	  
a. Wavelength	  

	  
	  
	  

b. Diffraction	  
	  

	  
	  

c. Destructive	  interference	  
	  

2. _________________	  interference	  can	  result	  when	  two	  waves	  add	  together	  to	  create	  a	  wave	  
with	  larger	  amplitude	  than	  any	  of	  the	  individual	  waves.	  
	  

3. _________________	  is	  the	  number	  of	  waves	  that	  pass	  through	  a	  point	  per	  second.	  

	  

4. If	  you	  triple	  the	  frequency	  of	  a	  vibrating	  object,	  what	  will	  happen	  to	  its	  period?	  
	  
	  
	  
	  

5. What	  physical	  characteristic	  of	  wave	  would	  you	  change	  to	  increase	  the	  loudness	  of	  a	  sound?	  	  To	  
change	  the	  pitch	  of	  a	  sound?	  

	  

	  

6. Find	  the	  wavelength	  of	  a	  34000-‐Hz	  ultrasonic	  wave	  in	  air.	  

	  

	  

7. What	  is	  the	  relationship	  between	  frequency	  and	  pitch?	  
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8. A	  sound	  absorber	  attenuates	  (increases)	  the	  sound	  level	  by	  30	  dB.	  	  By	  what	  factor	  is	  the	  sound	  
intensity	  increased	  when	  comparing	  it	  to	  the	  threshold	  of	  hearing	  (0	  dB)?	  

	  

	  

	  

	  

9. The	  sound	  of	  a	  soft	  whisper	  is	  about	  30	  decibels.	  	  When	  a	  second	  person	  starts	  talking	  at	  the	  
same	  time,	  what	  will	  be	  the	  total	  sound	  level	  of	  the	  people	  talking	  together?	  
	  
	  
	  
	  
	  
	  
	  

10. A	  sound	  with	  a	  frequency	  of	  432	  kHz	  is	  heard	  by	  Fido,	  the	  crazy	  dolphin.	  	  If	  the	  speed	  of	  sound	  is	  
150,000	  cm/s	  in	  seawater,	  what	  is	  the	  wavelength	  of	  the	  wave?	  

	  

	  

	  

	  

11. While	  watching	  ocean	  waves	  at	  the	  dock	  of	  the	  bay,	  Steve	  notices	  that	  10	  wave	  pass	  beneath	  
him	  in	  30	  seconds.	  	  He	  also	  notices	  that	  the	  crests	  of	  successive	  waves	  exactly	  coincide	  with	  the	  
posts	  that	  are	  5	  meters	  apart.	  	  What	  are	  the	  period,	  frequency,	  wavelength,	  and	  speed	  of	  the	  
ocean	  waves?	  

	  

	  


