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: Ch13:1
Period: Sound
How we graph sound:
l What is Sound? l Sound Wave Moving Through Air Molecules high pressure
. sound ) e human
Sound is the movement of DSk ,( high p r""”‘”\ pli & ]
compression wavces M 0000 & & soce X ,/ X FRE r /
(longitudinal waves) hitting 2000 © o 9000 { \ i |
our ears. These compression e%e0 o 9" s00e / A
waves are alternating high 2000 @ o 0000 i . =
and low pressure areas. The
air molecules vibrate back low pressure low pressure
and forth, but don’t move.
Sound needs a medium to (Q

Tiny hairs inside the travel through. Sound

Speakers imitate cochlea (inner ear) cannot travel through the "“'" s
sounds by pushing translate air pressure into vacuum of space. Space . ]

air and causing electrical impulses that can
vibrations. be read by the brain.

is silent (no matter what ©
you hear in the movies).

I Frequency = pm.hj Higher Frequency = Higher Pitch Elephants and
E submarines use
equen g 0 infrasonic sound
We hear the frequency of 20 Hz 17 m rumble of thunder ) f;ofoig;ngi)
sound as Pi‘;l"/" A hlilh’ljit?; 100 Hz 34m bass guitar over long distances. Very low
frequency we hear as a ugher 5 : frequencies (very bass) travel for
pitch. A lower frequency we 2,000 Hz 17 cm - fire truck S'ref‘ very long distances and can penetrate
hear as a lower pitch. 5,000 Hz 7 cm highest note of piano through water (just like thru cars).
10,000 Hz 34cm whine of a jet turbine

Dog whistles use
ultrasonic frequencies —

()

— — (CF,

- H‘-“-.

Humans can hear frequencies that ar frequencies above buran heas "r}x
ing, but perfect for dog ears!

between 20 Hz and 20,000 Hz! 4
Y
IAmplitude = Loudnes;l Loudness is measured in decibels (dB) A+10dB Fhange we
hear as twice as loud.
We hear pressure (the 10-15dB A quiet whisper, 3 feet away A 30 dB sound is twice as
amplitude) of sound as 30 dB A house in the country loud as a 20 dB sound.
loudness. It takes 65 dB Ordinary conversation, 3 feet away
more energy to create a 70 dB City traffic A -10 dB change we
louder sound. Too , hear as half as loud.
loud of a sound can 90 dB A jackhammer, 10 feet away )
0 ; : A 30 dB sound is half as
cause deafness. 120 dB The threshold of physical pain from loudness loud as a 40 dB sound.

Speed of Sound (v,) The speed of sound in air is about 340 m/sec (660 mph).

The speed of sound changes. You can use v, = fi. to find frequency or wavelength.
Hotter (faster) molecules AND use S = D/T to find distance or time (using v, for S).
conduct sound faster. Also,
justas heat travels faster in Ex. Find the wavelength of a 200 H= sound. ) _
solids, so does sound. e Motion faster than sound is called
v.= 340 m/s v="Ffh ko h=v/f supersonic. Supersonic planes give
; Apde f=200 Hz A= (340 m/s) = (200 Hz) their speed in multiples of Mach
2 = (1 X the speed of sound).
Air 340 A=? k“
Helium 965 Mach | =340 m/s (660mph)
= Ex. If vou hear a sound 3 seconds after vou Mach 2 = 680 nv's (1320 mph)
Water L33 see the motion. How far away is it?
Wood 2000 A sonic boom is caused by an object
Gold 3240 Vs =340 m/s vi=D/Tso D=v,T breaking through the sound barrier.
— T=13sec D = (340 nv/ (3 sec) Supersonic planes, bullets, and
Steel 3940 D=9 D bullwhips all make sonic booms.
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Name:

Period:

Ch 13:1

Faster than the speed of sound.

Fal
I. Sound db

o wailel D B. A wave caused by alternating high and
é SRTICHORIE low pressure.
3. Supersonic P{ C. The organ that detects sound waves.

ais D. A pressure wave caused by an object go-
 Hienm .?/ ing faster than sound.

5. Cochlea (/ E. A sound higher than humans can hear.

Where there is no sound because of its
vacuum.

l. Pitch %
2. d8 D B.

3. Space A 8
4, Loudncssg :

How we hear changes of frequency of
sound.

340 m/s in air.

D. How we measure loudness.

5. v, C\/ E.

The amplitude or strength of a sound.

Displacement vs. Position
5
8 T P =
250N \
E ;TN i i T
z 1
g o
5. L T \
L) N
A3
Q 4
-5
o o =2 =~ N Now W N
v 3] 3] (3]
Position (m)

Use the graph to answer these questions: A=
1 cycle is from [ m to 5 M ; 1/2cycleis from O mto

Amplitude (A) =

T T 2m
\on

32 wm

Total cycles: 2 \/Q ;

It is a sound wave; find frequency: \[ )\-@
2,40 ~ls = (2~ £

Is this frequency audible to humans (can we hear it)?

M es v(ed QYp & 20000HZ

C-—\FOhz

A wave's velocity is 90 m/sec with a trcqucncy of 6 Hz. What is
it’s wavelength? -
A=

V=4 WC otz

A sound wavc has a wavelength of 20 m. Find its frequency.

\I = AL
=V/y= ’éwxo‘“h :,K\Orpf%j

If a sound wave's frequency is 100 Hz. What is its period?

‘ = 1
JOO e 0.0ls|.
What is the above wave's wavelength?
A DT

i iR

A railroad crew is repairing a rail. You hear the hammer 0.5 sec-
onds after it is swung. How far away is the crew?

o0 Wz

You hear a plane 4 seconds after you see it. Find the distance to

the plane.
=Vt = (3uoml) (4 )

A B0 v

Why is space silent? sl \5 A \]&\U.A/l/‘/""’

RoMs —/EM Sownd needs pwadin.

FF 1 increase the energy I give a sound wave what changes:

T peatase A«\Q\‘\MQ

If 2 wave's fourth harmonic has a frequency of 40 Hz, what is its
natural frequency and what is the frequency of He?

S;’\_\-‘—\R; HOH%t/wQ

\OHe =
\ovexlb =

Ifa wave's fundamental is 6 Hz, what harmonic has a frequency of

B U e T So Vrethe

p——

Ltz m

.
[

~
A

2

Vephr=0.0115 S
L{

\,{
Could a human hear this frequency? { S

Mark the nodes and anti-nodes.

, &

How many wavelengths is it?

Find its period:

What harmonic is this?

If a sound is 40 dB loud. Answer how many dB these would be:

1) A sound twice as loud: HO & F)
2) A sound halfas loud: 2~ %

Compared to a 50 dB sound, you would hear a 60 dB as:

MLL@MWOO,

i kv
ind the fundamental frequency:
QZMWAJ / H%/ o
, AN
5th harmonic frequency: AJ
E x2pls T ﬁ(%} 80 Hz
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/ Ancillary Sound Topics
L B ] When two notes of sound are very close together we hear them fight with an alternating loud and
cats soft pattern, called beats (sounds like a fast “wah, wah, wah™).
Beats come from interference. When two A be‘"\ Combined Wave
waves of close frequencies interact they J Y T i # of beats =
interfere, causing alternating constructive = i all difference of two frequencies.
and destructive interference. The con- £
structive intgrfcrcncc 1s the loud part and :gj 1 , Ex 1: fi=345Hz; f, = 342 Hz
the destructive, the soft part of the pattern. | £ HYbeats=3
The closer the frequencies of the two % o " There will be three beats per second.
notes, the slower the beats. 2 4 H —
. p ol | Ex 2: f; = 805 Hz; f, = 810 Hz
On the graph there is one beat per second. -5 # beats =5
Frequency 1 = 680 Hz = / 2 - o ~
Frequency 2 = 681 Hz OR 679 Hz. L loud Time (sac)

| Doppler Effect l When a train or ambulance passes you the pitch drops. This raising and lowering of the pitch
PP is due to the movement of the sound source and is called the Doppler effect.

The Doppler effect occurs only when an object is moving towards you or away from you (relative to you). Since the speed
of sound cannot change (medium hasn't changed), the wavelength and frequency must. Note: The notes only changes as
the object moves past you, but stays constant while moving toward you. For a person moving the same speed as the sound
source (police car) there is no change of pitch, because there is no relative motion (they are moving together).

Sounds higher Sounds normal if at Sounds lower
in front. the same speed. behind.
3

b2 )

(Srevr e g,

For echo problems:

In front of the source Behind the source the
the sound waves are sound waves are stretched
compressed (shorter 1), Anything moving at the same speed as the source (longer 1), dropping the
raising the frequency (pitch). will experience no change in frequency. Jrequency (pitch).
I Timbre - j A flute and a clarinet can play the same note (frequency) but they sound very different.
st This quantity of sound coloration is called timbre (pronounced “tamber").
A person can sing the vowels “00” and “ee” on the same notes, . Even though a guitar and
The “00" sounds very dark, while the “ee” sounds very bright. ‘% Jlute can play some of the
The frequency of the note is that of the fundamental. The color of “?‘% same notes. you can easily
the note (bright, dark, dull, warm) is due to harmonics. The “00” "K"}c-%ﬁ dmm:g-' ;“:' 'fef" gy their
has mostly low harmonics. while the “ee” has a lot of high harmonics. Ry cotor orfimore.
[ Echoes ' Echoes are sounds that are reflected hack by a hard boundary.
\ \ D Many animals use echolocation ~ ==
_p_' ) i / > to see through dark water or at '

i

night! Animals use sound echoes

D///

to locate an object or prey.

2D
\ \ \ Y B s .
Jilio T Humans use echolocation, too,

in sonar (sound thru water), radar
(light waves thru air), and sonograms
(sound waves thru the human body).

An echo travels a distance of 2D:
there and back!
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Ancillary Sound Topics

Fal
1. Timbre b A. Using reflected waves to “see”.
7. Beats C B. How two sounds can have the same
frequency, but different sounds.

A Eehs 2 C. Created by two frequencies that are very
4. Echo- close to each other,

location D. Changing of pitch because of a moving
5. Doppler gt

Effect D E. A reflected sound.

N
" e ==
Na
6. In front (F), behind (B), or on the ambulance (O)?7
A i Pitch is lower?
B. F__ Pitchis higher?
C._& X is longer?

e }'SW
E. SO0\&péed of sound is greater?

F. ¢  Pitch is the same (unchanged)?

7. What happens as it passes you? P"‘ '\_O\N%MA &:‘OM
W o \ o

8. Note 1 has a frequency of 185 Hz. Note 2 has a frequency

of 189 Hz. How many beats do you hear? W veats i}e

3

f, = 366 Hz. There are 3 beats per second.

fr= Sp3 or E(bﬂf-f‘%—
10. If you heard 4 beats b and now you hear 2 beats,
are the notes morg-in-t r out-of-tune?
11.Use the graph at the right to answer the following.
A. Mark constructive interference (C) and destructive interfere

B. How many beats are shown per second? 2 bests [ s
C. If f; = 592 Hz and f; is higher, what is f5?

595 Hz

Combined Wave

a e Pal
|

pseit:

.

"
- o = N & O

Displacement (m)

o
w N
—
-
o=l

nce (D).

S0

St

12. What helps us distinguish between two different instruments?

T bre

13. A clarinet and an oboe play the same note.
A. How do the fundamental frequencies of the two notes

compare?  Sam e

B. What is different between the twg notes?
ré€sewce o ~ L7
JMM n—SrnA—c)

14. Which has higher harmonics: or a dark note?

REVIEW:
18.Find the period of a pendulum with a length of 35 cm.

19. A mass of 600 g is placed on a spring. It stretches 18 cm.
Find the spring constant of the spring.

F=Ex
Mg =\ X
(.uéﬂ(a‘?“[&b) = 'C(’\g““\

I5. A boat using sound to map the bottom of a deep lake. The
instrument reads 115 m deep.
A. What kind of echolocation is being used? Sona
B. How far do the sound waves travel to get back to the boat?

220 m
16. A person yelling into a canyon hears the echo in 1.4 seconds.
A. What is the speed of the yell? Zuo™lx

B. How deep is the canyon? N
J= vt = (31o"(s) (lHs) = 4Fom
Al = Z5< W\

17. A person claps their uanas, the echo is heard 1.5 seconds
later after it reflects off of a wall 254 m away. How fast is
the speed of sound for that temperature, and pressure?

5 i = X R - ™
v=o (294 XR Eﬁ?ﬂ@

o 5

V\e=32.F Nwm)

20. A sound has a frequency of 550 Hz in air. Find wavelength.

)\,__\L_; IUuonls d_m

SO He

21.Use the picture at the right to answer the following:
A. Ifthe string length is 2.8 meters, find the
wavelength of this harmonic.

2.9w2.52 151\
g .

B. What is the wavelength of the fundamental?

C. Can we hear this frequency?
e

D. Find the wave speed of this string.

(2,0v+2)
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