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Table A-1. The Probability Integral (Continued)
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L L v
ol =3

R L e
sehesrekaiisishalt

(=]

LA DN b Ld T

A e P P o e et e o e M e R R e o
eg2pelgghapuringey

%3

g

The Prebability Integral

Gl

g

Q 2 4 ] )

'-‘_———'—T—'_—'_—m

L 2 4 L} $

| 0.96611 96834 96653 96051 96705

B9672S 96751 96774 96706 MIID
D9GSH] Y654 GBBSE 96908 96930
056952 96971 96393 97016 97037
0.97059 95080 97100 97121 97142
057162 57153 97203 §7223 97243
07265 97253 97302 §7322 9714)
0.07300 97370 97198 97417 97436
Q97458 97471 07492 97510 97529
09756 97564 97582 97600 95617
0635 97852 9TGTD 97087 97704
Q772) 97938 97754 97ITY 91IST
097SIM 97320 97836 97352 97868
097554 9TI0L 97916 Fi931 9747
09962 971T 97993 99008 95023
0.95035 95052 75067 9022 95096
098110 95125 98119 981%1 98167
0.95:51 95195 98200 95222 96236
095240 95263 95276 93259 98302
0US31¢ 95328 95341 95134 953eh
008179 95392 25404 95416 98429
Q08341 95433 8463 €577 95459
| pos:00 93312 08124 95138 98344
\ 098535 9%367 985HD 95391 95602
L 098613 524 9835 9SOME 95637
0.95467 95678 9SA3S 98,09 05709
GO3719 23729 05719 95747 94750
D.95769 95779 YSLS9 95I95 95508
D95517 95577 Y8536 95546 95535
GOSSM 75873 98552 NSSH1 98900
098509 9SHE 98027 9SVIS G54
098932 °S6l 95949 55078 95956
095754 9003 9011 99019 99023
0.99013 99041 9008 PSS P04
Q9074 9081 G059 ALDE M4
00M 11 90113 99126 %9133 99140
099147 154 90161 99153 90173
059152 99139 9919 9202 99209
Q99216 99222 90220 99215 9242
00248 w254 99261 99267 9921}
099219 99385 9929] 99297 103
099307 99318 99321 99326 332
099335 99341 99349 99155 99360
099366 99371 99376 991R2 99387
099302 Y9IIT 93403 95408 99413
0.%M1S 99423 95413 99433 99438
009443 0447 K2 FMET FME?
0.59466 94T1 9NT6 PI450 IMES
0.99489 99404 Y0498 99502 99507

193

C.09532 99536 99540 99544 99548
099552 U556 99560 P56+ V568
0.99572 99576 99380 99383 99587
0.90591 99594 99393 99601 99605
0.99609 99612 M6L6 99619 96T
0.99626 99629 5963) 99616 7961y
0992 99646 99649 99652 9MSS
0.99655 PG] 99684 WEGT 99670
0.9%633 99676 99579 99632 9685
099658 PUGD1 D64 F9GIT 99659
0.99702 99705 95707 99710 99713
0.99115 9718 99721 99T W26
0.99728 95:3} 99731 99716 99718
099741 3741 W9T45 99748 99750
0.99783 9735 99757 99759 99562
099764 99766 9768 99770 99773
099775 90777 99719 99751 997E3
09785 99757 997SY 99791 9979
0.99795 9097 997 99901 99503
0.99505 99506 99505 95310 99812
0.09314 99515 99817 FiElY 99521
0959522 ¥I52¢ 99526 9EZT 99879
099511 WEI2 99534 99836 99R17
0.99519 Y9540 99542 99541 99845
0.99546 995438 99549 99551 99852
099354 09535 POSI7 90538 99559
09561 99862 853 9565 99866
0.99567 99569 9950 9967} 99873
0.99874 99575 99576 99877 99379
0.99550 99SR1 9§52 99583 99SS
099854 99837 99558 99589 99RO
0.9')391 99592 99593 998N

99900
99908
m
9914

cpaoco

0.99928 P23 99929 99930 99930
059931 99032 99933 9991) 99534
0.99938 99535 oM16 99317 99937
0.99938 99019 99939 HXKMG 99040
099941 99542 99M2 99347 99543
0.99044 90045 99945 99046 99946
Q99T 99947 9PHS 95949 999G
0.99950 99050 99931 99951 99952
099952 99951 99951 99954 99954
099955 99085 FMEE 99356 99957

L 0.99511 99515 99520 99524 99528 | 299 | 99957 PPVSR 9938 U995K P95
CF9532 99536 F9540 99544 9US4E | LIG | 0.H9959 PUNG) 99960 990A] 99961



APPERLIZ Z1: DISPERESIOR COEFFICIENTSE

194



10.000

1,000 }

1
o
+
L

"t 5 Jhiim = —Mr‘

it ol it Ll oy

AL T
i s

e
3

g b Bl
4

o g o

fipy S e ot )
HHAEE -"'

o, , melars
| |

130

TN T

A Y

W LK w1

___L_iTli'i

)
1
%

s N I

g

EREIE BT
8 kit
3] gl "L':E.

DISTANCE DOWNWIND, km

WiE seitp
“- ._‘:

TR0 BRI AT
LRI

0 ik 2

o |
) e g
£ ME v 50 iy 1 o

R

Figure A-1. Variation of Concentration Profile
Downwing from Point Source

195




- 7 malarg

5,
i 1201

PR ;

1,000+

togi-

Het
FEEFNIE 3
¥ :

BISTANCE DOWNWIND, km

g g
2% 3 3

S 5 9

x BE

e ;
- a
& 5

LIIRE. Oy

i ek

5 gt
EPKE:

; 1§ 13ET

AR BAL :
T d il

LI RE LR
S°EF

| B

Fompa

Tir

=

R

L[]

Figure A-2. Vertical Dispersion Coefficient as a Function of

Downwind Distance from the Sgurce

196



APPENDIX III: BTANDARD RORMAL CUMULATIVE PROBABILITY TARELE

187



Table A-2. Standard Normal, Cumulatjve Probability in Right-
Hand Tail (for negative values of z, areas are found
by symmetry)"

Aea = Pr (2= 3g)
L
0 2,
TSEXT DECIMAL PLACE OF 2,

2 0 1 2 3 4 5 [ 7 B [
0.0 500 .486 .492 488 .44 AB0 476 472 468 454
0.1 460 456 .452 .448 444 440 438 433 429 425
0.2 421 417 413 409 40§ 401 397 .394 .390 .386
0.3 382 .378 .374 371 36?7 J63 3% .356 352 .348
04 345 241 .337 334 2330 326,323 U319 318 312
05 .09 305 .30z .268 .295 201 208 284 251 278
0.6 .274 271 .268 .264 .261 .258 235 (251 248 245
0.7 .242 239 .236 .2331 .230 227 224 221 218 .15
0.8 .212 .209 .206 .203 .200 198 185 (192 .19 187
09 .184 181 179 178 174 171,169 (166 .164 .161
1.0 159 158 154 .152 .149 147 145 142 140 238
1.1 136 133 a1 .28 a2? 125 123 121 119 17
1.2 115 113 111 108 107 1068 104 .102 100 .099
1.3 087 .095 .0%3 .D92 .080 088 .087 .085 .084 .082
1.4 081 .079 078 .076 .075 074 072 071 069 .068
1.5 .087 .D5& .064 063 .082 061 059 .058 057 .056
1.6 .055 .054 .0531 .052 .051 049 048 .D47 046 .D46
1.7 045 .044 043 .042 041 040 030 .038 .038 .037
1.8  .036 .035 .034 .034 .033 032 031 031 Q30 .029
1.9 029 .028 .027 .027 .026 028 .025 .024 .024 .023
2.0 .023 022 022 .021 .01 020 020 019 018 .018
21 018 017 M7 017 .06 016 015 015 .015 .D14
22 M4 014 013 013 013 012 012 .012 .011 .011
2.3 011 .010 010 .010 .010 008 009 .009 .009 .008
24 .008 .008 008 .008 007 007 007 .007 .0O7 .006
2.5 .008 .006 .006 .08 .008 005 .005 .00 .005 .005
26 .005 .005 004 .004 004 004 .004 .004 .0D4 .004
2.7 .003 .003 .003 .003 .003 003 003 .003 .003 .003
2.8 .003 .002 .002 .002 .002 002 .002 .00 .002 .002
29 .002 002 .002 .002 .002 002 .00z .001 .001 .001
-2a. DETAIL OF TAIL {3133, FOR EXAMPLE, MEANS .00133)
2. 4228 179 .,139 .,107 .,B20 2621 466 .,347 .,236 .,187
3. 2135 068 887 .,4B3 337 2233 159 108 723 481
4. 2317 207 133 ..854 541 2340 4211 G130 783 479
S. w287 L170 998 L3579 333 #2190 5107 599 332 182

0 1 2 a 4 5 8 ? 8 9

* From Woonacott and Woonacott
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1. The Metric System

2. The SI System

3. Seven Base Units

4. Two Supplementary Units
5. SI Multiples and Prefixes
6. Conversion Constants (SI)

1. The Metric System

The need for a single worldwide coordinated measurement system was recognized over
300 years ago. Gabriel Mouton, Vicar of St. Paul in Lyons, proposed in 1670 a com-
prehensive decimal measurement system based on the length of one minute of arc of a
greart circle of the earth. In 1671 Jean Picard, a French astronomer, proposed the length
of a pendulum beating seconds as the unit of length. (Such a pendulum would have been
fairly easily reproducible, thus facilitating the wide-spread distribution of uniform stan-
dards.) Other proposals were made, but over a century elapsed before any action was
taken.

In 1790, in the midst of the French Revolution, the Nadonal Assembly of France
requested the French Academy of Sciences to “deduce an invariable standard for all the
measures and all the weights.” The Commission appointed by the Academy created a
system that was, at once, simple and scientific. The unit of length was to be a portion of
the earth’s circumference. Measures for capacity (volume) and mass (weight) were to be
derived from the unit of length, thus relating the basic units of the system to each other
and to nature. Furthermore, the larger and smaller versions of each unit were to be
created by multiplying or dividing the basic units by 10 and its multiples. This feature
provided a great convenience to users of the system, by eliminating the need for such
calculating and dividing by 16 (to convert ounces to pounds) or by 12 (to convert inches
to feet). Similar calculations in the metric system could be performed simply by shifting
the decimal point. Thus, the metric system is a “base-10" or “decimal” system.

The Commission assigned the name “metre” (which we now spell meter) to the unit of
length. This name was derived from the Greek word “metron” meaning “a measure.”
The physical standard representing the meter was to be constructed so that it would
equal one tenth-million of the distance from the north pole to the equator along the
meridian of the earth running near Dunkirk in France and Barcelona in Spain.

The metric unit of mass, called the “gram,” was defined as the mass of one cubic cen-
timeter (a cube that is 1/100 of a meter on each side) of water at its temperature of max-
imum density. The cubic decimeter (a cube 1/10 of a meter on each side) was chosen as
the unit of fluid capacity. This measure was given the name “liter.”
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Although the metric system was not accepted with enthusiasm at first, adoption by
other nations ocurred steadily after France made its use compulsory in 1840. The stan-
dardized character and decimal features of the metric system made it well suited to scien-
tific and engineering work. Consequently, it is not surprising that the rapid spread of the
system coincided with an age of rapid technological development. In the United States,
by Act of Congress in 1866, it was made “lawful throughout the United States of America
to employ the weights and measures of the metric system in all contracts. dealings. or
court proceedings.” o '

By the late 1860’s, even better metric standards were needed to keep pace with scien-
tific advances. In 1875, an international treaty, the “Treaty of the Meter,” set up well-
defined metric standards for length and mass, and established permanent machinery to
recommend and adopt further refinements in the metric system. This treaty, known as
the Metric Convention, was signed by 17 countries, including the United States.

As a result of the Treaty, metric standards were constructed and distributed to each
nation that ratified the Convention. Since 1893, the internationally agreed-to metric stan-

dards have served as the fundamental weights and measures standards of the United
States.

By 1900 a total of 35 nations—including the major nations of continental Europe and
most of South America—had officially accepted the metric system. Today, with the
exception of the United States and a few small countries, the entire world is using
predominently the metric system or is committed to such use. In 1971 the Secretary of
Commerce, in transmitting to Congress the results of a 3-year study authorized by the
Metric Study Act of 1968. recommended that the U.S. change to predominant use of the
metric system through a coordinated national program.

The International Bureau of Weights and Measures located at Sevres, France, serves as
a permanent secretariat for the Metric Convention, coordinating the exchange of infor-
mation about the use and refinement of the metric system. As measurement science
develops more precise and easily reproducible ways of defining the measurement units,
the General Conference of Weights and Measures—the diplomatic organization made up
of adherents to the Convention —meets periodically to ratify improvements in the system
and the standards.

2. The SI System

In 1960, the General Conference adopted an extensive revision and simplification of the
system. The name “Le Systeme International d'Unités” (International System of Units),
with the international abbreviation SI, was adopted for this modernized metric system.

Further improvements in and additions to SI were made by the General Conference in
1964, 1968, and 1971.

The basic units in the SI system are the kilogram (mass), meter (length), second (time),
Kelvin (temperature, ampere (electric current), candela (the unit of luminous intensity),
and radian (angular measure). All are commonly used by the engineer. The Celsius scale’
of temperature (0°C - 273.15 K) is commonly used with the absolute Kelvin scale. The
important derived units are the newton (SI unit of force), the joule (SI unit of energy),
the watt (SI unit of power), the pascal (SI unit of pressure), the hertz (unit of frequency).
There are a number of electrical units: coulomb (charge), farad (capacitance), henry
(inductance), volt (potential), and weber (magnetic flux). One of the major advantages of
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the metric system is that larger and smaller units are given in powers of ten. In the SI
systern a further simplification is introduced by recommending only those units with
multipliers of 10%. Thus for lengths in engineering, the micrometer (previously micron),
millimeter, and kilometer are recommended, and the centimeter is generally avoided. A
further simplification is that the decimal point may be substituted by a comma (as in
France, Germany, and South Africa), while the other number, before and after the
comma, will be separated by spaces between groups of three, i.e., one million dollars will
be §1 000 000,00.” More details are provided below.

3. Seven Base Units
a. Length—meter (m)

The meter (common international spelling, metre) is defined as 1 650 763.73 wavelengths
in vacuum of the orange-red line of the spectrum of krypton-86. The SI unit of area is
the square meter (m?). The SI unit of volume is the cubic meter (m?). The licer (0.001
cubic meter), alchough not an SI unit, is commonly used to measure fluid volume.

b. Mass—kilogram (kg)

The standard for the unit of mass, the kilogram, is a cylinder of platinumiridium alloy
kept by the International Bureau of Weights and Measures at Paris. A duplicate in the
custody of the National Bureau of Standards serves as the mass standard for the United
States. This is the only base unit still defined by an artifact. The SI unit of force is the
newton (N). One newton is the force which, when applied to a 1 kilogram mass, will give
the kilogram mass an acceleration of 1 (meter per second) per second. 1 N=1 kg-m/s?.
The SI unit for pressure is the pascal (Pa). 1 Pa=1 N/m?. The S! unit for work and
energy of any kind is the joule (J). 1 J=1 N+m. The SI unit for power of any kind is the
watt (W). 1 W=1 J/s. '

c. Time—second (s)

The second is defined as the duration of 9 192 632 770 cycles of the radiation associated
with a specified transition of the cesium-133 atom. It is realized by tuning an oscillator to
the resonance frequency of cesium-133 atoms as they pass through a system of magnets
and a resonant cavity into a detector. The number of periods or cycles per second is
called frequency. The SI unit for frequency is the hertz (Hz). One hertz equals one cycle
per second. The SI unit for speed is the meter per second (m/s). The SI unit for
acceleration is the (meter per second) per second (m/s?).

d. Electric current~ampere (A)

The ampere is defined as that current which, if maintained in each of two long parallel
wires separated by one meter in free space, would produce a force between the two wires
(due to their magnetic fields) of 2 x 107" newton for each meter of length. The SI unit of

voltage is the (V). 1 V=1 W/A_ The SI unit of electrical resistance is the ohm ().
1Q=1 V/A.

e. Temperature— Kelvin (K)

The Kelvin is defined as the fraction 1/273.16 of the thermodynamic temperature of the
triple point of water. The temperature 0 K'is called “absolute zero.” On the commonly
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used Celsius temperature scale, water freezes at about 0°C and boils at about 100°C. The
°C is defined as an interval of 1 K, and the Celsius temperature 0°C is defined as defined
as 273.15 K. 1.8 Fahrenheit scale degrees are equal to 1.0°C or 1.0 K; the Fahrenheit
scale uses 32°F as a temperature corresponding to 0°C.

f. Amount of substance — mole (mol)

The mole is the amount of substance of a system that contains as many elementary
entities as there are atoms in 0.012 kilogram of carbon 12. When the mole is used, the
elementary entities must be specified and may be atoms, molecules, ions, electrons, other
particles, or specified groups of such particles. The SI unit of concentration (of amount
of substance) is the mole per cubic meter (mol/m?).

g. Luminous intensity — candela {(cd)

The candela is defined as the luminous intensity of 1/600 000 of a square meter of a
blackbody at the temperature of freczing platinum (2045 K). The SI unit of light flux is
the lumen (Im). A source having an intensity of 1 candela in all directions radiates 2 light
flux of 4 7 lumens.

4. Two Supplementary Units

a. Plane angle —radian (rad)
The radian is the plane angle with its vertex at the center of a circle that is subtended by
an arc equal in length to the radius.

b. Solid angle —steradian (sr)

The steradian is the solid angle with its vertex at the center of a sphere that is subtended
by an area of the spherical surface equal to that of a square with sides equal in length 10
the radius.

5. 81 Muitiples and prefixes.

Muldples and submultiples Prefixes Symbols
1 000 000 000 DOQ  10'* | tera (ter‘a) T
1 000 000 000 10° | giga (ji ‘ga) G
1 000 000 10° mega (meg’'a) M
1000 107 kilo {kil ‘o) k
100 10t hecto {hek ‘to) h
10 1 deka (dek’a) da
Base unit 1 Ig*
0.1 197 | deci (des’i) d
0.01 107" | centi(sen 'ti) c
0.001 107 | milli (mil"'i) m
6.000 001 10°* { micro (mi ‘kro) u
0.000 000 001 0™ | nano (nan'o) n
0.000 000 00C 001 107 | pico (pe ‘ko) p
0.00C 000 000 000 001 107 | femto (fem ‘o) f
0.000 000 000 000 000 Q01 107** | atro (ar ‘to) ]
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6. Conversion constants (SI).

To converns from: To: Muldiply by: To convent from: To: Multiply by:
milugrams. m? mucrograms m* 1000 grams milligrams m’® 35 3452 100
micrograms. licer 1.0 grams m! 35314
ppm by voiume (20°C) | (24.04 M) mucrograms m® | 35.314x 100
ppm by weight 0.8347 micrograms ! | 1.0x10¢
ib 62 43 x 1O~ b 1000 @ 2 2046
micrograms. m! milligrams. m? 0.001 grams: m* milligrams m?! 1000.0
mucrograms licer 0.00} grams. fi? 0.02832
ppm by volume (20°C) | (0.02404 M) micrograms. m? | 1.0 < 10*
ppm by waight A%4.7 x 10™ mucrograms. fi* | 28 317 <108
Ib- fi? 62.43 x 1O Ib. 1000 i 0.06243
micrograms. liser milligrams. m* Lo micrograrma/ it milligrams. m* | 35.314 x |0
micrograms’ m? 1000 grams: ft? 1.0x 10~
ppm by volume (20°C) grams/m? 55,514 x 10"
ppm by weight 0.8347 mucrograms. m’ | 35.514
Ib: fr* 82.45x 107 lb, 1000 (1 2.2046 = 107
ppm bv volume (20°C) | milhgrams. m? (M. 24.04) na. of particles. ft? | na.. m* 35304
micrograms. m’ {M/0.02404) no.. L 35.314 x 107
mucrograms: ficer (M 24.04) no cm’ 35 34 = 10
ppm by weight 1M.20.8) ~ tons. tnit Ib. acre 3185
Ib: f2* 1M/3085.1 x 10%) Ib 1000 fi? 0.07174
ppm by weight miligrams. m? 1.194 grams. m? 0 3303
mucrograms. m? 1.198 x 1071 kb, km? 3503
micrograms. heer 1.198 muligrams. m? 3505
ppm by volume (20°C) | (268.8. M) milligrams. cm? | 0 03503
b fc? 748 x 10¢ grama. ft? 0.U8254
b f? milligrams. m? 16.018 = 104 Ib g 7000 0
mucrogyams: m? 16.018 x 10* micrometer m. 3.837 x 107
MuCTOETams: iuner 16.018 x 10* mm L.uxto?
ppm bv volume (20%C) | {385.1 x 10°- M}
ppm by weight 133.7 x 10#
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Great is the art of beginning,
but greater is the art of ending.

Henry Wadsworth Longfellow (1807-1882)
Elegaic Verse

205



