


Fundamental or first harmonic, f|

First overtone or second harmonic, f, = 2f]

Second overtone or third harmonic, f; = 3f;
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« Longitudinal Open at both ends

«f,=nvi2L (n=1,2,3,4..)

Figure 17.20
© John Wiley & Sons, Inc. All rights reserved.



« Longitudinal Open at One end

e f,=nv/iAL (n=1,3,57...)

" Frequency = 3f

Figure 17.22
© John Wiley & Sons, Inc. All rights reserved.
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(Quantization) wslgS
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Resonance in Air Columns, Example

A tuning fork is placed near the top of

the tube. T
When L corresponds to a resonance T S
frequency of the pipe, the sound is ‘ 51/4
louder. T i
The water acts as a closed end of a s
tube.
First Second Third
resonance resonance resonance

The wavelengths can be calculated
from the lengths where resonance
occurs. a8 b

(third (fifth
harmonic) harmonic)




(Fork) (Amige 5131 31 (oams 58 W v

Quality of Sound — Tuning Fork
3 r.
A tuning fork produces only the \j

fundamental frequency. Tuning fork
Tuning
g fork
Film 6 -
o
| l | | l

| |
3 4 56 7 89
Harmonics

|
1 2



(Flute) Ghamwge o 31 3 ax 30 Wi slavo

Quality of Sound — Flute
m r\\ {
The same note played on a flute J\\ U \/\/

sounds differently.
Flute

The second harmonic is very strong.

The fourth harmonic is close in strength
to the first.

Flute

Relative intensity

L1
1 2 3 4 5 6 78 9
Harmonics



(Clarinet) Ghamwgo 5131 31 (oo 59 Wi slave
Quality of Sound — Clarinet

i t

The fifth harmonic is very strong.

The first and fourth harmonics are very Clasfiet
similar, with the third being close to
them.

Clarinet

Relative intensity

1 23 45 67 89
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Condensations

#Z‘.'. p— p— . — M _ -
e
SO ==

T L T

L, L

(@ =

Wavelength

Truck at rest



Smaller
wavelength

Larger
wavelength

Truck moving



Quiz

A duck isflying overhead while you stand still. As it moves away, you hear its
guack at 190 Hz. Because you are a brilliant naturalist, you know that this type of
duck quacks at 200 Hz. How fast is the duck flying?




NEXRAD

« NEXt generation weather RADar

 Sends out radio waves

» Wave bounce off water drops in storms

» Radar receives echoes

« Computer checks to compare the frequencies

» Can compute to see how fast the clouds are spinning



Sub A (source) travels at 8.00 m/s emitting at a frequency of 1400 Hz.
The speed of sound in the water is 1533 m/s.
Sub B (observer) travels at 9.00 m/s.

What is the apparent frequency heard by the observer as the subs approach
each other? Then as they recede from each other?

Approaching each other:
5 _[v+v, ), (1533 m/s+(+9.00 m/s)
- |v-v,) 11533 m/s—(+8.00 m/s)
=1416 Hz

} 1400 Hz)

Receding from each other:
r [v +V, ]9 N ( 1533 m/s+(-9.00 m/s)

= , >) | 1400 Hz)
V-V, 1533 m/s—(-8.00 m/s)

=1385Hz



Ultrasound

Used in obstetrics to examine a fetus, used to examine some organs, and
blood flow

High frequency sound aimed at target
Sound reflects at boundary of tissues with different acoustic impedances
Computer compiles picture from where echoes come from



Cavitron Ultra Surgical Aspirator

Used to remove inoperable brain tumors
Tip of instrument vibrates at 23 kHz
Shatters tumor tissue that comes in contact

Better precision than aknife



High-Intensity Focused Ultrasound

Sound is focused on aregion of the body.

The waves entering the body don’t do damage

Only damage done where focused (like sun and magnifying glass)
The focused energy at target causes heating which kills abnormal cells



Doppler Flow Meter

Transmitter and receiver placed on skin

High frequency sound emitted

Sound reflects off of blood cells

Since cells are moving, Doppler effect exists

Computer can find rate of flow by counting the returned frequency
Used to find areas of narrowed blood vessels

Narrowest area = fastest flow



