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Announcement I

Lecture note is on the web

Handout (6 slides/page)
http:/‘highenergy.phys.tiu.edu/~zlee/1408/

**% (Clazz attendance 1= stronghy encouraged and will be
taken randomby. Alzo 1t will be uzed for extra credats.

HW Assignment #10 (Ch. 14.15.16) is placed
on MateringPHYSICS, and is due by
11:59pm on Wednesday, 4/29

Announcements I1

Final Exam
(All Chapters)
4/30 Thursday @ Sci7

7:30 am — 10:00 am
2.5 hours

Exams - Overview

* The exams are closed book. You may bring
one hand-written 3™ x 3" index card with
formulae, etc. Telephones, iPod and other
gizmos are not allowed. Small calculators are
allowed.

* The final exam is comprehensive (3~5 min
problems) and is a common exam for all
sections (~Total 20~15 problems: i.e. 12/
chapter) — YES, it’s a multiple choice exam!!

* Please bring a scaniron sheet (orange) for the
exam!!

Announcement 111

SI session by
Reginald Tuvilla

Next week, final exam review will be on
Monday 04/06 from 4:30 - 7:30.

(Room: HH 28)

Chapter 16 o7
i

Sounds VT

- Characteristics of Sound | =

- Matheraiical Reyresenition of Longiindimal Waves

* Inten=ity of Sound: Decibelz

» Sources of Sound: Vibrating Strings and Air Colamns
* Quality of Sound, and Noize; Saperposition

* Interference of Sound Waves; Beat:

* Doppler Effect & Shock Waves and the Sonic Boom




16-1 Characteristics of Sound

Sound can travel through any kind of matter, but
not through a vacuum.

e o ials  The speed of sound is

(AT a1 elm) different in different

Maicrial sprad gm0y materials;
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Speed of Sound in Air

* The zpeed of zound alzo dependz on the
temperature of the medinm

* Thiz iz particalarly important with gazes
* For air, the relationzhip between the zpeed and
temperature 1=

v—(33] m's) Ill | -
V\ 273C

— The 331 m's is the speed at 0= C
— T_ 1t the air temperatore in Celsins

16-1 Characteristics of Sound

Loudness: related to intensity of the
sound wave

Pitch: related to frequency (High or low)

Audible range: about 20 Hz to 20,000 Hz;
upper limit decreases with age

Ultrasound: above 20,000 Hz; see
ultrazonic camera focusing in following
example

Infrasound: below 20 Hz

16-2 Mathematical Representation of
Longitudinal Waves

Legamoma

Longitudinal waves are often P keen  fpoc ru r
called pressure waves. The
displacement is 90° out of
phase with the pressure.
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16-2 Mathematical Representation of
Longitudinal Waves

By considering a amall cylinder within the

fluid, we =ee that the change in pressure is
given by (B i= the bulk modulus):
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16-2 Mathematical Representation of
Longitudinal Waves

If the dizplacement i2 sinusoidal, we have

D = A sin{lcx -
AP = _ﬂ::l{j . AP = —{BAK cos{kx — ),
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It iz alzo given by AP_ = Bdk= pv'dk




16-3 Intensity of Sound: Decibels

mi}m“mmu“ The intensity of a wave is

B the energy transported per
e e Wit unit time across a unit area.
a1 The human ear can detect
el ek oA ' sounds with an intensity as
e w o lowas 102 Wim? and as
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16-3 Intensity of Sound: Decibels

The loudness of a sound i2 much more closely
related to the logarithm of the intensity.
sound level is measured in decibels (dB) and is
defined as:
)
g{imndB} |U|-::I-j_1l|,—-

I = the intensity of the sound whose level is to be determimed

I, (reference intensity) is taken to be the
threshold of hearing: 1, = 1.0 = 1072 W,/ m’

MNote: Threzhold of pain: = 1.00 Wim?*; 5= 120 dB

Sound Level, Example

* What is the sound level that corresponds to an
intensity of 2.0 x 10-" W/m? ?

= B=101log (2.0 x 10-" W/m? / 1.0 x 10-2 W/m?)
=10log 2.0 x 10°=53 dB

16-3 Intensity of Sound: Decibels

An increase in sound level of 3 dB,
which i3 a doubling in intensity, 12 a very
small change in loudness.

In open areas, the intengity of sound
diminizhes with distance:

o I_
.
However, in enclosed spaces this is
complicated by reflections, and if sound
travels through air, the higher

frequencies get absorbed.

16-4 Sources of Sound: Vibrating Strings
and Air Columns

Musical instruments produce sounds in
various ways—vibrating strings, vibrating
membranes, vibrating metal or wood
shapes, vibrating air columns.

The vibration may be started by plucking,
striking, bowing, or blowing. The vibrations

are transmitted to the air and then to our
ears.

16-4 Sources of Sound: Vibrating Strings
and Air Columns

TABLE 16-3 Equally ) .
Tempered Chramatic Seale’ This table gives

ke it e frequencies for the
o = octave beginning with
i e middle C. The equally
— — tempered scale is

I ! designed 20 that

——— — music gounds the

G or 3 s same regardless of
— — what key it is

n r transposed into.
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