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Welcome to The Media Streaming Journal
Greetings,
The smartphone and tablet have revolutionized the way that society has adapted to consuming
multimedia. The ability to access audio and video away from a desktop computer has allowed people to
access content on the go and away from the office or home. You are no longer tethered to a desk in
order to enjoy your favorite music or video.
The increase in a cumulative audience potential allows even lesser known content sub genres to gain a
small but dedicated following. Much like the portable transistorized radio hailed the coming of
commercial FM radio, portable electronic devices now allow you to have access to your favorite
multimedia from around the world - regardless of where you are.

The Internet is now the driving force for consuming the media that we enjoy and sharing that with
others.

This edition is inspired by Brian Eno - An Ending.
Change is the end result of all true learning.
Leo Buscaglia
Namaste
David Childers
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www.radiosolution.info
Our Mission

Let our friendly, knowledgeable staff assist you to build your project, such as an online radio station
using our high end reliable video and audio streaming technologies. We want to become your partner for
all your hosting needs, as well as your one stop shop for radio products such as custom D] drops and
radio ID’s.

Start An Internet Radio Station

Whatever you need to start Internet radio station, we will deliver! We provide high quality Internet Radio
services to make your music radio project a success. We can provide Wowza, Icecast, SHOUTcast hosting
and internet radio services to hobbyists, deejays, amateurs and established professionals. No radio
station client is too big or too small for Radiosolution.

Choose between complete hassle-free service packages or new features to add to start internet radio
station. Benefit from customized services and the latest in internet radio technology. You will receive
professional, personalized and better Internet Radio Station services than you have received up till now.
If you already have an Icecast or SHOUTcast hosting provider, we can still help you transfer your radio
server over to us with no hassle and at no charge.

Internet Radio Station Services

Launch your internet, digital, satellite or AM/FM radio station anywhere in the world with all of the right
tools. A broadcasting specialist is on standby to help you get started with an SHOUTcast or Icecast
hosting package. We have servers ready for reliable streaming in North America and Europe. Our hosting
packages have all the features you need to make your radio station project a success.

If you stream live or with an Auto DJ, we can provide you with the latest in web-based Cloud technology.
You will love the simple to use control panel. Discover how easy it is to manage live deejays, upload
fresh music and create custom scheduled programming. You will be able to track your listeners by
getting real time statistics.

Starting your own Internet radio has never been easier. Get in touch with us anytime to start your
Internet radio station.

Radiosolution is a SHOUTcast hosting provider located in Quebec Canada. We also offer Icecast, Wowza
and Web Hosting services. Contact us to discuss the best option available as you start internet radio
station. Radiosolution can provide personalized service in English, Dutch, and French. Starting an
internet radio station can be intimidating, many people want to start one, but have no idea where to
start. Radiosolution will be there for you every step of the way. Everyday people are searching the
internet for free SHOUTcast servers. With Radiosolution SHOUTcast hosting we will allow you to try our
services for FREE. By trying our services, you can be confident that you have chosen the best radio
server hosting provider. You have nothing to loose because we offer a 30 day satisfaction guarantee.
What are you waiting for? Contact us now! Radiosolution offers everything you need to start internet
radio station. You will not need to go anywhere else. We can create your website, market your station
and help you submit your station to online directories. We also feature the voice of Derek Bullard aka
Dibblebee He can create affordable commercials, DJ intros, sweepers, jingles, ids and so much more.
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Relax With The Sights And Sounds Of Nature

Scenic Television
Your Window To The World

Scenic Television is an Internet television station that presents the sights and sounds of nature 24 hours
a day. Let us soothe and relax you wherever you are. Savor the tropical beaches of Puerto Rico or relax
at a rain forest in Costa Rica. Meditate at the Danube River in Germany, or relish the view of Lake Zurich
in Switzerland. We have scenic videos from locations all over the world.

Scenic Television originates from the Gulf coast of South Alabama and broadcasts to a global audience.
The television broadcast is accessible on any device with an Internet connection. Such electronic devices

include desktop computers, laptops, tablets, smartphones, game platforms, and Internet-connected
televisions.

http://www.scenicradio.com

) We Are Your Information Resource
Are you looking for specialized data?

Are you swamped with information overload?

Do you need help finding the right information?
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We Can Help You
vector/downIoaaltii}fr':aeéﬂ?f\\,/vizlgfq(il'acsosTc/ﬁf_irt_BlSl.html Flnd The InformOtlon
That You Need

Our experienced data research analysts can wade through the vast information wasteland and find the
information that you need.

We can save you both time and money.

Contact us today
We can streamline data requirement planning.

info@radiosolution.info
We can provide business critical information acquisition.


http://all-free-download.com/free-vector/download/magnifying_glass_clip_art_23181.html
http://all-free-download.com/free-vector/download/magnifying_glass_clip_art_23181.html
http://www.scenicradio.com/

Elements Of Acoustical Engineering

The ultimate useful destination of all informative sound, direct or reproduced, is the human ear. In this
connection, great strides have been made in obtaining knowledge on the characteristics and action of
the human hearing machine. Measurements play an essential part in the advancement of any scientific
field. Instruments have been developed and standards have been established for the measurement of
the fundamental quantities in acoustics. The applications of acoustics in the field of music have led to a
better understanding of the stuff of which music is made. This knowledge has been applied to the
development of new musical instruments employing the latest electronic and acoustical principles.
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PREFACE

The first edition of this book, published in 1940, was the subject matter
of thirty lectures prepared for presentation at Columbia University. It was
an exposition of the fundamental principles used in modern acoustics and
a description of existing acoustical instruments and systems.

Many and varied advances were made in acoustical engineering in the
seven years following the issuance of the first edition. The second edition
of the book, published in 1947, covered the advances in acoustics which
were made in the period between the first and second editions. Since the
publication of the second edition, the developments in acoustics have been
on an ever greater scale than in the period between the first and second edi-
tions. Today, the science of acoustics includes the generation, transmission,
reception, absorption, conversion, detection, reproduction and control of
sound. An important division of acoustical engineering is sound repro-
duction as exemplified by the telephone, radio, phonograph, sound motion
picture and television. These sound reproducing systems are universally
employed in all variations of modern living. The impact of the reproduc-
tion of sound by these systems upon the dissemination of information, art
and culture has been tremendous.

The ultimate useful destination of all informative sound, direct or repro-
duced, is the human ear. In this connection, great strides have been made
in obtaining knowledge on the characteristics and action of the human hear-
ing machine. Measurements play an essential part in the advancement of
any scientific field. Instruments have been developed and standards have
been established for the measurement of the fundamental quantities in
acoustics. The applications of acoustics in the field of music have led to a
better understanding of the stuff of which music is made. This knowledge
has been applied to the development of new musical instruments employing
the latest electronic and acoustical principles.

Accelerated by the requirements in World War 11, tremendous advances
were made in underwater sound. The developments in underwater sound
have resulted in systems for detection and accurate location of underwater
craft and obstacles over great distances, depth sounders and other acoustic
applications in undersea communication. The industrial applications of
ultrasonics have unfolded a new field in acoustics. Some of the important
ultrasonic developments include the cleaning of machine parts, drilling and
flaw detection. The science of architectural acoustics has advanced to the
point where auditoriums, studios and rooms can be designed to obtain ex-
cellent acoustics under severe artistic conditions. With ever increasing in-

m
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dustrial expansion comes an increase in noise. Work is now under way
actively to control noise by the use of a variety of acoustic countermeasures.

The preceding brief description of the present status of acoustics shows
that it plays a very important part in our modern civilization. Furthermore,
the fundamentals and applications of the science of acoustics are so well
formulated and substantiated that a large area of the field of acoustics has
attained an engineering status. In preparing new material and in revising
existing material in the third edition, the same principles were followed as in
the first and second editions. Particular efforts have been directed towards
the development of analogies between electrical, mechanical and acoustical
systems because engineers have found that the reduction of a vibrating
system to the analogous electrical network is a valuable tool in the analysis
of vibrating systems. Each chapter has been brought up to date and ampli-
fied. Two new chapters on Complete Sound Reproducing Systems and
Means for the Communication of Information have been added. As in the
first and second editions most of the illustrations contain several parts so
that a complete theme is depicted in a single illustration.

The author wishes to express his appreciation to Miss Patricia Durnan
for her work in typing the manuscript and to his wife Lorene E. Olson
for assistance in compiling and correcting the manuscript.

Harry F. OLsonN
March, 1957
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SOUND WAVES

1.1. Introduction.—The term acoustics in its broadest sense is a term
used to designate an art and a science involving sound in all its manifold
forms and manifestations. Specifically, acoustics includes the generation,
transmission, reception, absorption, conversion, detection, reproduction,
and control of sound.

An important division of acoustics is the reproduction of sound which
is the process of picking up sound at one point, and reproducing it at the
same point, or at some other point either at the same time, or at some
subsequent time. The most common sound reproducing systems are the
telephone, phonograph, radio, sound motion picture, and television.

The radio, phonograph, sound motion picture, and television have made
it possible for all the people of the world to hear famous statesmen, artists,
actors, and musical aggregations where only a relatively small number had
been able to hear them first hand. It is evident that the reproduction of
sound has produced in a relatively short time a great change in the education
and entertainment of this and other countries. The impact of the telephone,
phonograph, radio broadcasting, sound motion pictures, and television
upon the dissemination of information, art, and culture has been tremendous.
The reproduction of sound in these fields has been as important to the
advancement of knowledge as the printing press and the printed page.

The ultimate useful destination of all informative sound, direct or repro-
duced, is the human ear. In this connection, great strides have been made
in obtaining knowledge on the characteristics and action of the human hearing
mechanism.

Measurements play an essential part in the advancement of any scientific
field. Instruments have been developed and standards have been established
for the measurement of the fundamental quantities in acoustics.

The applications of acoustics in the field of music have led to a better
understanding of the stuff of which music is made. This knowledge has been
applied to the development of new musical instruments employing the latest
electronic and acoustic principles.

Accelerated by the requirements in World War II, tremendous advances
were made in underwater sound. The developments in underwater sound
have resulted in systems for detection and accurate location of underwater

1



2 ACOUSTICAL ENGINEERING

craft and obstacles over great distances, in depth sounders, and in other
acoustic applications in undersea communication.

The industrial applications of ultrasonics have unfolded a new field in
acoustics. Some of the important ultrasonic developments include the
cleaning of machined parts, drilling, and flaw detection.

The science of architectural acoustics has advanced to the point where
auditoriums, studios, and rooms can be designed to obtain excellent acoustics
under severe artistic conditions.

With ever-increasing industrial expansion comes an increase in noise.
Work is now under way actively to control noise by the use of a variety of
acoustic countermeasures.

The preceding brief introduction to the present status of acoustics shows
that it plays a very important part in our modern civilization. Further-
more, the fundamentals and applications of the science of acoustics are so
well formulated and substantiated that a large area of the field of acoustics
has attained an engineering status.

In this book the author has attempted to outline the essentials of modern
acoustics from the standpoint of the engineer or applied scientist. It has
been the aim and purpose to make the book as complete as possible by
covering all the major aspects of modern acoustics as outlined in the
preceding text of the introduction. In order to cover a wide range of
readers, the book has been written and illustrated so that the derivations
may be taken for granted. The concepts of mechanical and acoustical
impedance have been introduced and applied so that anyone who is familiar
with electrical circuits will be able to analyze the action of vibrating systems.

1.2. Sound Waves.—Sound is an alteration in pressure, particle dis-
placement or particle velocity propagated in an elastic material or the
superposition of such propagated alterations.

Sound is also the sensation produced through the ear by the alterations
described above.

Sound is produced when air is set into vibration by any means whatso-
ever, but sound is usually produced by some vibrating object which is in
contact with the air. If a string, such as one used in a banjo or similar in-
strument, is stretched between two solid supports and plucked, sound is
produced which dies down in a fairly short time. When the string is
plucked it tends to spring back into its rest position, but due to its weight
(mass) and speed (velocity) it goes beyond its normal position of rest.
Then, in returning it again goes beyond its normal position of rest. The
excursions become smaller and smaller and finally the string comes to rest.
As the string moves forward it pushes air before it and compresses it, while
air rushes in to fill the space left behind the moving string. In this way
air is set in motion. Since air is an elastic medium, the disturbed portion
transmits its motion to the surrounding air so that the disturbance is propa-
gated in all directions from the source of disturbance.

If the string is connected in some way to a diaphragm such as a stretched
drumhead of a banjo, the motion is transmitted to the drum. The drum,
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having a large area exposed to the air, sets a greater volume of air in motion
and a much louder sound is produced.

If a light piston several inches in diameter, surrounded by a suitable
baffle board several feet across, is set in rapid oscillating motion (vibration)
by some external means, sound is produced (Fig. 1.1). The air in front of
the piston is compressed when it is driven forward, and the surrounding air
expands to fill up the space left by the retreating piston when it is drawn
back. Thus we have a series of compressions and rarefactions (ex-
pansions) of the air as the piston is driven back and forth. Due to the
elasticity of air these areas of compression and rarefaction do not remain
stationary but move outward in all directions. If a pressure gage were set

DRIVING
MECHANISM

PISTON

BAFFLE BOARD / :

F16.1.1. Production of sound waves by a vibrating piston.

up at a fixed point and the variation in pressure noted, it would be found
that the pressure varies in regular intervals and in equal amounts above
and below the average atmospheric pressure. Of course, the actual varia-
tions could not be seen because of the high rate at which they occur. Now,
suppose that the instantaneous pressure, along a line in the direction of
sound propagation, is measured and plotted with the ordinates representing
the pressure; the result would be a wavy line as shown in Fig. 1.1. The
points above the straight line represent positive pressures (compressions,
condensations); the points below represent negative pressures (expansions,
rarefactions) with respect to the normal atmospheric pressure represented
by the straight line.

From the above examples a few of the properties of sound waves and
vibrations in general may be defined.

Periodic Quantity—A periodic quantity is an oscillating quantity the
values of which recur for equal increments of the independent variable.

Cycle—One complete set of recurrent values of a periodic quantity
comprises a cycle; or, in other words, any one set of variations starting
at one condition and returning once to the same condition is a cycle.

Period—The period is the time required for one cycle of a periodic
quantity.

Frequency—The number of cycles occurring per unit of time, or which
would occur per unit of time if all subsequent cycles were identical with
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the cycle under consideration, is the frequency. The unit is the cycle per
second.

Fundamental Frequency.—A fundamental frequency is the lowest com-
ponent frequency of a periodic wave or quantity.

Harmonic—A harmonic is a component of a periodic wave or quantity
having a frequency which is an integral multiple of the fundamental fre-
quency. For example, a component, the frequency of which is twice the
fundamental frequency, is called the second harmonic.

Subharmonic.—A subharmonic is a component of a complex wave having
a frequency which is an integral submultiple of the basic frequency.

Wavelength.—The wavelength of a periodic wave in an isotropic medium
is the perpendicular distance between two wave fronts in which the dis-
placements have a phase difference of one complete cycle.

Octave—An octave is the interval between two frequencies having a
ratio of two to one.

Transducer.—A transducer is a device by means of which energy may
flow from one or more transmission systems to one or more other trans-
mission systems. The energy transmitted by these systems may be of
any form (for example, it may be electrical, mechanical, or acoustical) and
it may be the same form or different forms in the various input and out-
put systems.

The example of Fig. 1.1 has shown graphically some of the properties
of wave motion. It is the purpose of the next section to derive the funda-
mental wave equation. It is not necessary that the reader digest all
the assumptions and processes involved in order to obtain valuable infor-
mation concerning the properties of a sound wave.

1.3. Acoustical Wave Equation.—The general case of sound propaga-
tion involves three dimensions. The general relation for sound propaga-
tion of small amplitudes in three dimensions will be derived and then these
relations will be applied to special problems.

A. Eguation of Continuity.—The fundamental equation of hydrokinetics
is the equation of continuity. This equation is merely a mathematical
statement of an otherwise obvious fact that matter is neither created nor
destroyed in the interior of the medium. That is, the amount of matter
which enters the boundaries of a.small volume equals the increase of matter
inside. Consider the influx and efflux through each pair of faces of the
cube of dimensions Ax, Ay, and Az, the difference between the latter and
the former for the whole cube is

— [ Pu) ) 6(2':0)] Ax Ay Az 1.1

where x, y, z = coordinates of a particle in the medium,
%, v, w = component velocities of a particle in the medium, and

’

p’ = density of the medium.
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The rate of growth of mass 66_;; Ax Ay Az in the cube must be equal to
the expression 1.1. This may be written as

a(p u) n 3(%’}0) n 3(2’:?/) 0 12

op’
= +

where ¢ = time.

This is the equation of continuity which signifies the conservation of
matter and the three dimensionality of space.

B. Eguation of Motion.—Referring again to the space Ax Ay Az the
acceleration of momentum parallel to x is p’ Ax Ay Az aa—? The mean pres-
sures on the faces perpendicular to x are

(Po' opo’ Ax) Ay Az and (}‘) +a;b0 )A Az

where po’ = pressure in the medium.
9po
Bx
Equating this to the acceleration of momentum, the result is the equation
of motion,

The difference is a force Ax Ay Az in the direction of increasing x.

, ou o 3p0 6v _ 3}50 3w apo' 1.3
P~ & Pa- " faT & '
The equation of motion may be written
dV“”w —I— Grad po’ =0 1.4

C. Compressibility of a Gas.—1 he next property of a gas which is used
to derive the wave equation depends upon the thermodynamic properties
of gases. The expansions and contractions in a sound wave are too rapid
for the temperature of the gas to remain constant. The changes in pres-
sure and density are so rapid that practically no heat energy has time to
flow away from the compressed part of the gas before this part is no longer
compressed. When the gas temperature changes, but its heat energy
does not, the compression is termed adiabatic.

In the case of an adiabatic process,

P _ (”—')’ 1.5
Po P
where po = static pressure. The static pressure is the pressure that
would exist in the medium with no sound waves present.
The unit is the dyne per square centimeter.
p = static or original density,
po’ = total pressure (static 4 excess),
p' = instantaneous density (static + change), and
y = ratio of specific heat at constant pressure to that at con-
stant volume and has a value of 1.4 for air.
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D. Condensation.—A new term will now be introduced. Condensation
is defined as the ratio of the increment of density change to the original
density,

s=02—"F 1.6
P
Combining equations 1.5 and 1.6
p o (P,)y 1
- — 1= = —I— S)Y = 1 + S 1.7
Do P ( ) ”
or po’ = po + poys 1.8
The excess pressure, or instantaneous sound pressure p, is po’ — po.
P = poys 1.9

The instantaneous sound pressure at a point is the total instantaneous
pressure at that point minus the static pressure. The unit is the dyne per
square centimeter. This is often called excess pressure.

The effective sound pressure at a point is the root-mean-square value of
the instantaneous sound pressure over a complete cycle, at that point.
The unit is the dyne per square centimeter. The term ‘‘effective sound
pressure’’ is frequently shortened to ‘“sound pressure.”

The maximum sound pressure for any given cycle is the maximum
absolute value of the instantaneous sound pressure during that cycle.
The unit is the dyne per square centimeter. In the case of a sinusoidal
sound wave this maximum sound pressure is also called the pressure am-
plitude.

The peak sound pressure for any specified time interval is the maxi-
mum absolute value of the instantaneous sound pressure in that interval.
The unit is the dyne per square centimeter.

A dyne per square centimeter is the unit of sound pressure.

E. D’Alembertian Wave Equation—The three equations 1.2, 1.4, and
1.5 characterize disturbances of any amplitude. The first two are non-
linear save for small amplitudes. In general, acoustic waves are of in-
finitesimal amplitudes, the alternating pressure is small compared with
the atmospheric pressure and the wavelength is so long that #, v, v, and s
change very little with x, y, and 2. Substituting equation 1.6 in 1.2 and
neglecting high order terms,

os ou , ov , ow
5t+5c+8_y+§_0 1.10

The type of motion to be considered is irrotational, that is Curl V., =
0. That is a necessary and sufficient condition for the existence of a
scalar velocity potential ¢ which is defined as

% 08, =% 1.11

= a—x, V= a—yv = az
or
Vu,gw = Grad ¢
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Substitute equations 1.11 in 1.3 and multiply by dx, dy, and dz
1

0 ).

5td¢ = — ?dpo 1.12
or integrating

% _ _ (4

a f I3

Since the density changes very little, the mean density, p, may be used.
The [dp¢’ is the excess pressure; then
o _ P
A 1.13
where p = excess pressure.
From equations 1.9, 1.10, 1.11, and 1.13
2 2 2 2
%¢ ”P"(a—"S g 6-""‘):0 1.14

a2 p \ox® " 9y T 022
or this may be written

2
Z_t‘f = c2 V2p

which is the standard D’Alembertian wave equation for ¢. The velocity
of propagation is
vPo _ 1.15
P
For the velocity of sound in various mediums see Table 1.1.

TABLE 1.1. YOUNG'S MODULUS ), IN DYNES PER SQUARE CENTIMETER, POISSON’S RATIO o,

DENSITY p, IN GRAMS PER CUBIC CENTIMETER, VELOCITY OF SOUND ¢, IN METERS PER

SECOND, AND THE SPECIFIC ACOUSTICAL RESISTANCE p¢, IN GRAMS PER SECOND PER
SQUARE CENTIMETER

METALS
Substance 0 o ') c pc
Aluminum . . . 7.3 x 1011 .33 2.7 5200 140 x 104
Antimony . . . 7.8 x 1011 .33 6.6 3400 220 x 104
Beryllium . . . 26.0 x 1011 .33 1.8 12000 216 x 104
Bismuth . . . 3.19 x 1011 .35 9.7 1800 170 x 104
Cadmium . . . 5.3 x 1011 .30 8.6 2500 215 x 104
Cobalt . . . 19.0 x 1011 .30 8.7 4700 410 x 104
Copper . . . 11.0 x 1011 .35 8.9 3500 310 x 104
Gold . . . 8.0 x 101 .35 19.3 2000 390 x 104
Iridium . . . 52.0 x 101 .33 22.4 4700 1050 x 104
Iron Cast . . . 9.0 x 1011 .29 7.8 3400 270 x 104
Iron Wrought . . 20.0 x 101 .28 7.9 5100 400 x 104
Lead . . . . 1.7 x 1011 .43 11.3 1200 130 x 104
Magnesium . . . 4.0 x 1011 .33 1.7 4800 82 x 104
Mercury . . . e e 13.5 1400 190 x 104
Nickel . . . 21.0 x 1011 .31 8.8 4900 430 x 104
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METALS (continued)

Substance Q o P c pc
Palladium . . . 12.0 x 1011 .39 12.0 3200 380 x 104
Platinum . . . 17.0 x 1011 .33 21.4 2800 600 x 104
Rhodium . . . 30.0 x 1011 .34 12.4 4900 610 x 104
Silver . . . 7.8 x 1011 .37 10.5 2700 280 x 104
Tantalum . . . 19.0 x 1011 .31 16.6 3400 560 x 104
Tin . . . . 4.5 x 101 .33 7.3 2500 180 x 104
Tungsten . . . 35.0 x 1011 .17 19.0 4300 830 x 104
Zinc . . . . 8.2 x 1011 .17 7.1 3400 240 x 104

ALLOYS
Alnico . . . 17.0 x 1011 .32 7.0 4900 340 x 104
Beryllium Copper. . 12.5 x 1011 .33 8.2 3900 320 x 104
Brass . . . . 9.5 x 1012 .33 8.4 3400 290 x 104
Bronze Phosphor . . 12.0 x 1011 .35 8.8 3700 330 x 104
Duraluminum . . 7.0 x 1011 .33 2.8 5000 140 x 104
German Silver . . 11.6 x 1011 .37 8.1 3800 310 x 104
Monel . . . 18.0 x 1011 .32 8.8 4500 400 x 104
Steel C.08 . . . 19.0 x 1011 .27 7.7 5000 390 x 104
Steel C.38 . . . 20.0 x 1011 .29 7.7 5100 390 x 104
CeraMics, Rocks
Brick . . 2.5 x 101 1.8 3700 67 x 104
Clay Rock . 2.5 x 101 2.2 3400 75 x 104
Concrete 2.5 x 101 2.6 3100 81 x 104
Glass, Hard 8.7 x 1011 2.4 6000 144 x 104
Glass, Soft . 6.0 x 1011 2.4 5000 120 x 104
Granite 9.8 x 1011 2.7 6000 162 x 104
Isolantite 5.0 x 101 2.4 4600 110 x 104
Limestone 2.9 x 101 2.6 3300 86 x 104
Marble 3.8 x 101 2.6 3800 99 x 104
Porcelain 4.2 x 1011 2.4 4200 102 x 104
Quartz, Fused . 5.2 x 1011 2.7 4400 118 x 104
Quartz, 11 Optic . 10.3 x 101 2.7 6200 168 x 104
Quartz, 1 Optic 7.95 x 1011 2.7 5400 146 x 104
Slate . 5.8 x 101 2.9 4500 131 x 104
Ice .94 x 1011 .92 3200 29 x 104
WooDS (WITH THE GRAIN)
Ash 1.3 x 1011 e .64 4500 29 x 104
Beech 1.0 x 1011 e .65 3900 25 x 104
Cork . .0062 x 1011 cee .25 500 1.2 x 104
Elm 1.0 x 1012 e .54 4300 23 x 104
Fir . 1.1 x 1012 .51 4700 24 x 104
Mahogany 1.1 x 1011 R .67 4000 27 x 104
Maple 1.3 x 1011 . .68 4300 29 x 104
Oak, White 1.2 x 1011 . .72 4100 29 x 104
Pine, White .6 x 101 . .45 3600 16 x 104
Poplar 1.0 x 1012 . .46 4600 21 x 104
Sycamore 1.0 x 1011 ... .54 4300 23 x 104
Walnut 1.2 x 1011 ce. .56 4600 26 x 104

Across the grain, } to 4 of the above values fo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>