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Foreword

Widespread acceptance of the four printings of the first edition of Refer-
ence Data for Radio Engineers prompted this larger and improved second
edition. Like its predecessor, it is presented by the Federal Telephone and
Radio Corporation as an aid in the fields of research, development, produc-
tion, operation, and education. In it will be found all the material that
proved so useful in the first edition along with much additional data—some
the result of helpful suggestions from readers, others stemming from rapid
advances in the art, and still others now made possible by declassification
of many war developments.

While the general arrangement remains unchanged, the present edition has
been greatly enlarged and a subject index included. Chapters on trans-
formers and room acoustics have been added. The material on radio
propagation and radio noise has been revised. Because of their importance
in television, in radar, and in laboratory technique, the data on cathode-ray
tubes have been considerably expanded.

The section on electrical circuit formulas has been greatly enlarged; addi-
tions include formulas on T-II and Y-A transformations, amplitude modula-
tion, transients, and curves and numerous formulas on selective circuits.
The attenuator section contains comprehensive design formulas and tables
for various types of attenuators. The number of mathematical formulas
also has been considerably increased.

As revised, the wave-guide chapter includes equations for both rectangular
and cylindrical guides plus illustrations of field distribution patterns. Several
methods of coupling to the TEo,1 mode are illustrated. A table of standard
rectangular wave guides and connectors, giving useful frequency range and
attenuation, has been added. Design curves for the gain and beam width
of rectangular electromagnetic horn radiators are included, and a simple

formula for the gain of a paraboloid reflector is given. '



Many very helpful suggestions were received from the Armed Services.

Acknowledgment is made to Edward J. Content, consulting engineer, for
his contribution of the chapter on room acoustics; its inclusion was made
possible largely through the courtesy of the Western Electric Company in
permitting the use of their engineering data. Acknowledgment also is due
to |. E. Lempert, Alien B. Dumont Laboratories, Inc., for the descriptive
material on cathode-ray tubes; and to Professor L. Brillovin of Harvard
University for advice and suggestions on the wave-guide chapter.

In the compilation of this reference book, the cooperation of the following
I.T. & T. associate companies was invaluable:

International Telecommunication Laboratories, Inc., New York, N. Y.
E. M. Deloraine, president, and E. Labin, technical director

American Cable and Radio Corporation, New York, N. Y.
Haraden Pratt, vice president and chief engineer

Standard Telephones and Cables, Ltd., London, England.
C. E. Strong, chief engineer of radio division

International Telephone and Telegraph Corporation, New York, N. Y.

George lewis, assistant vice president, and H. P. Westman, associate
editor of Electrical Communication.

Recognition for contribution of specific material:

Federal Telecommunication Laboratories, Inc.,, New York, N. Y.

H. Busignies, director, G. S. Burroughs, W. A. Cobb, S. Frankel, J. J. Glauber,
D. D. Grieg, A. G. Kandoian, L. L. Libby, N. Marchand,* C. R. Muller,
E. M. Ostlund, W. Sichak, L. D. Smullin, N. S. Tierney, A. R. Vallarrino,
M. W. Wallace, A. J. Warner, and J. K. Whitteker

Federal Telephone and Radio Corporation, Newark, N. J.
E. G. Ports, technical director of radio division, H. Baker, W. F. Bonner,
C. L. Howk, W. W. Macalpine, G. T. Royden, and A. K. Wing

Mackay Radio and Telegraph Company, New York, N. Y.
R. McSweeny, C. E. Scholz, and L. Spangenberg
International Standard Electric Corporation, New York, N. Y.
J. C. Frick, G. H. Gray, and E. S. Mclarn

H. H. Butiner, chairman
Radio Reference Book Committee

H. T. Kohlhaas, editor

Editor of Electrical Communication

F. J. Mann, assistant editor
Managing Editor of Electrical Cammunication

*Formerly of Federal Telecommunication Laboratories, Inc.
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Conversion factors

CHAPTER ONE ]]

General information

. conversely
to convert Into multiply by multiply by
Acres Square feet 4,356 X 104 2.296 X 107
Acres Square meters 4,047 2.471 X 1074
Ampere-hours Coulomb 3,600 2778 X 10~¢
Amperes per sq cm Amperes per sq inch 6.452 0.1550
Ampere turns Gilberts 1.257 0.7958
Ampere turns per cm Ampere turns per inch 2.540 0.3937
Atmospheres Mm of mercury @ 0°C 760 1.316 X 1072
Atmospheres Feet of water @ 4°C 33.90 2.950 X 1072
Atmospheres Inches mercury @ 0° C 29.92 3342 X 107
Atmospheres Kg per sq meter 1.033 X 104 9.678 X 107%
Atmospheres Pounds per sq inch 14.70 6.804 X 1072
Bty Foot-pounds 778.3 1.285 X 107%
Btu Joules 1,054.8 9.480 X 107¢
Btu Kilogram-calories 0.2520 3.969
Bty Horsepower-hours 3.929 X 107¢ 2,545
Bushels Cubic feet 1.2445 0.8036
Centigrade Fohrenheit IC° X 9/5) + 32 (F° — 32 X 5/9
Circular mils Square centimeters 5.067 X 10°¢ 1.973 X 10°
Circular mils Square mils 0.7854 1.273
Cubic feet Cords 7.8125 X 10°% 128
Cubic feet Gallons (liq US) 7.481 0.1337
Cubic feet Liters 28.32 3.531 X 107
Cubic inches Cubic centimeters 16.39 6102 X 107
Cubic inches Cubic feet 5787 X 104 1,728
Cubic inches Cubic meters 1.639 X 1078 6.102 X 108
Cubic inches Gallons {liq US) 4329 X 1078 231
Cubic meters Cubic fest 35.31 2.832 X 107
Cubic meters Cubic yards 1.308 0.7646
Degrees {angle) Radians 1745 X 107 57.30
Dynes Pounds 2.248 X 1078 4.448 X 10°
Ergs Foot-pounds 7.367 X 1078 1.356 X 107
Fathoms Feet 6 0.16666
Feet Centimeters 30.48 3.281 X 1072
Feet of water @ 4°C Inches of mercury @ 0°C 0.8826 1133
Feet of water @ 4°C Kg per sq meter 304.8 3.281 X 107
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Conversion factors

to convert

cantinued

Into

multiply by

conversely
multiply by

Feet of water @ 4° C
Foot-pounds
Foot-pounds
Foot-pounds
Gallons
Gallons (liq US)
Goauss
Grams
Grams
Grams
Grams
Grams per cm
Grams per cu ¢cm
Grams per sq cm
Hectares
Horsepower (boiler)
Horsepower (metric)
1542.5 ft-Ib per sec)
Horsepower (metric}
(542.5 ft-Ib per sec)
Horsepower (metric)
1542.5 ft-1b per sec)
Horsepower
{550 ft-Ib per sec)
Horsepower
(550 ft-Ib per sec)
Horsepower [metric)
(542.5 ft-1b per sec)
Horsepower
(550 ft-1b per sec)
Inches
Inches
Inches
Inches
Inches
Inches of mercury @ 0° C
Inches of water @ 4° C
inches of water
Inches of water
Joules
Joules
Kilogram-calories
Kilogram-calories
Kilograms
Kilograms
Kilograms
Kg per sq meter
Kilometers
Kilowatt-hours
Kilowatt-hours
Kilowatt-hours
Kilowatt-hours
Kilowatt-hours
Kilowatt-hours
Kilowatt-hours

Pounds per sq foot
Horsepower-hours
Kilogrom-meters
Kilowatt-hours
Cubic msters
Gollons (liq Br Imp}
Lines per sq inch
Dynes

Grains

Ounces lavoirdupois}
Poundals

Pounds per inch
Pounds per cu inch
Pounds per sq foot
Acres

Bty per hour

Btu per minute

Foot-lb per minute
Kg-calories per minute
Btu per minute
Foot-Ib per minute
Horsepower

{550 ft-1b per sec)
Kg-calories per minute
Centimeters

Feet
Miles

‘Mils

Yards

Lbs per sq inch

Kg per sq meter

Ounces per sq inch

Pounds per sq foot

Foot-pounds

Ergs

Kilogrom-meters

Kilojoules

Tons, long (avdp 2240 Ib)

Tons, short {avdp 2000 Ib}

Pounds lavoirdupois)

Pounds per sq foot

Feet

Bty

Foot-pounds

Joules

Kilogrom-calories

Kilogram-meters

Pounds carbon oxydized

Pounds water evaporated
from ond ot 212° F

62.43

5.050 X 1077
0.1383
3.766 X 1077
3785X 107*
0.8327
6.452

980.7

1543
3527 X 1072
7.093 X 1072
5.600 X 1073
3613 X 1072
2.0481
2.471
3.347 X 108

41.83

3.255 X 10
10.54
42.41

33X 100

0.9843
10.69

2.540
8333 X 107
1.578 X 107%
1,000
2778 X 107*
0.4912
2540
0.5781
5.204
0.7376
107
426.9
4.186
9.842 X 107¢
1102 X 1078
2.205
0.2048
3,281
3413
2.655 X 108
3.6 X 108
860
3.671 X 108
0.235
3.53

1.602 X 1072
1.98 X 108
7.233
2.655 X 108
264.2
1.201
0.1550
1.020 X 1073
6481 X 1072
28.35
14.10
178.6
27.68
0.4883
0.4047
2.986 X 1078
2.390 X 107

3.072 X 107%
9.485 X 1072
2357 X 107*
3030 X 107%
1.014

9.355 X 107*

0.3937
12
6.336 X 104
0.001
36
2.036
3937 X 107*
1.729
0.1922
1.356
107
2.343 X 107%
0.2389
1,016
907.2
0.4536
4.882
3048 X 107
2.930 X 1074
3766 X 1077
2.778 X 1077
1.163 X 1073
2724 X 10°%
426
0.283



Greek alphabet

GENERAL INFORMATION ]5

name capital small commonly used to designate

ALPHA A a Angles, coefficients, attenuation constant, absorption factor,
area

BETA B B Angles, coeflicients, phase constant

GAMMA r v Complex propagation constant {capl, specific gravity, angles,
electrical conductivity, propagation constant

DELTA A ] Increment or decrement {cap or smalll, determinant {cap},
pernmittivity {cap}, density, angles

EPSILON E e Dielectric constant, permittivity, base of natural logarithms,
electric intensity

ZETA VA ¢ Coordinates, coefficients

ETA H n Intrinsic impedance, oefficiency, surface charge density,
hysteresis, coordinates

THETA o & 0 Angular phase displacement, time constant, reluctance, angles

IOTA I ¢ Unit vector

KAPPA K [ Susceptibility, coupling coefficient

LAMBDA A A Permeance {cap), wavelength, attenuation constant

MU M [ Permeability, amplification factor, prefix micro

NU N P Reluctivity, frequency

Xi = 3 Coordinates

OMICRON O (]

Pi I 4 3.1414

RHO P [} Resistivity, volume charge density, coordinates

SIGMA =z o Summation (cap), surface charge density, complex propagation
constant, electrical conductivity, leakage coefficient

TAU T T Time constant, volume resistivity, time-phase displacement,
transmission factor, density

UPSILON T v

PHI [} [ Scalar potential {cap), magnetic flux, angles

CHI X X Electric susceptibility, angles

PSt ¥ v Dielectric flux, phase difference, coordinates, angles

OMEGA Q w Resistance in ohms (capl, solid angle (cap), angular velocity

Small lotter is used except where capital is indicated.
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Unit Conversion Table g = £
H H
z 5| .3
" R
2 28 | B¢
° t - R
cgs -~ cgs i -Z -z
sym- electrostatic N | eloctromognetic Symmeiric N N
quantity bol equotion onit 1 onit or G::':sion ! '
length 1 centimeter 1 centimeter centimeter 1 1
mass m gram 1 gram gram
time [} second 1 second second 1 1
velocity [) v = I/l cm/sec 1 cm/sec cm/scc 1 1
acceleration a a =/l cm/sec? 1 cm/sec? cm/sec? 1 1
force F F=ma dyne 1 dyne dyne
work, energy W |W="F erg 1 erg erg 1077|107
power P P=W/ erg/sec 1 erg/sec erg/sec 107 10-7
permittivity of space € 1 statfarad/cm | 1 1/c? abfarad/cm | 1 statfarad/cm
charge q F = qiqz/er? | statcoulomb 1/c aheoulomb statcoulomb 10/c | 10
surface charge density | o o =g/4 statcoulomb/em?| 1/c abcoulomb/cm? | abcoulomb/cm? | 10/¢ | 10
volume charge density e _|o=gq/v statcoulomb/cm3| 1/¢ abcoulomb/cm? | statcoulomb/cm?] 10/¢ | 10
electric field strength E_ | E = —grad V| statvolt/cm ¢ abvolt/cm statvolt/cm c/108 | 1078
AlATie (o Clenly v 14~ statcoulomb Y x abcoulomb | ¥{r statcoulomb
displacement density D D=¢E cm? L8 cm? cm? 10/e
electric flux - line = line =
displacement v ¥ =DA 4= statcoulomb 1/e Yéx abooulomb 34 = stateoulomb 10/
capacitance [4 C=q/V statfarad = em | 1/¢? abfarad statfarad or em | 109/c? | 100
elastance S S§$=1/C statdarafl ¢t | abdaraf statdaraf c?/10% | 10~
polarization P statcoulomb/cm?| 1/c abcoulomb/cm? | statcoulomb/cm? 10/
potential v v=Ho T awon c abvolt statvolt c/108 | 10-8
potential diflerence q q
emf ] e = —dd/dt | statvolt c abvolt statvolt e/108 | 10-8
current I l_= dq/dt _statampere e _:Ehnmpere statampere 10/¢ 10
current density 3 o= I/A _statampere/cm? | 1/¢ abampere/cm? | statampere/cm? 10/¢ | 10
resisiance R R =e/1=V /1| statohm c? _abohm statohm c2/100 | 10-¢
resistivity P statohm X cm_jc? | abohm X em statohm X cm c?/10° | 10
conductance G G=1/R statmho /¢t | abmho statmho 10%/c2 | 10-*
conductivity ¥ y=1/p statmho/cm 1/c? abmho/cm statmho/cm 10%/c2 | 109
permeability of space Ho c—l, = s__tazh‘:nry abhenry/cm abhenry/cm
reluctivity v _u=_1/p_ =
pole strength m F = mima/ur?| statunit ¢ unit pole unit pole
magnetic moment =ml statpole X em | ¢ pole X cm pole X cm
intensity of magnetizotion | J pole/cm? pole/cm?
magnetic potential U 1/¢
magnetic potential diff q q
Eaohston stive force M 1/c gilbert gilbert lO/Io 10
magnetizing force H | H=M/I 1/c oersted oersted 10/c | 10
magnetic flux density e . Y ] s
magnetic induction © __ B,_ B=yuH statweber/cm c gauss gauss ¢/108 | 10-
- maxwell or line | maxwell or line "
magnetic flux _@» B ¢ = B4 statweber ¢ oF 1bvolt-see or abvolt-sec c/108 | 10~
reluctance R, | R=M/2 i 1/¢? | gilbert/maxwell | gilbert/maxwell | 10%/c? | 107
permeonce P | P=1/R, [ mazxwell/gilbert | maxwell/gilbert
inductonce L L = e/(dl /dt)| stathenry c? abhenry or cm | abheary or cm | ¢2/100 | 10-%

From “Rodlo," May, 1944 {compiled by John M. Borst)
The table gives the name ond defining equation for each unit in six systems and shows factors for the conversion of all units from one

system into any other.

Column 3, “equation,” of the table lists the relationships of the physical quantities Involved. Consider, os on exo'mple, column 5,
1 esu = N emu. The conversion factor in this column con be opplied in any of the following woys:
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b b = =
T | % |5 g 3= =
F 4 = - = =
' ) £2 ] ] s$22 | 22
2 %% z [t 3 ] X z
H § £z 3z §z $8=z z
s - -1t -1 S0 =S| =0
practical unit Lo n o Ny umnallonu M=Sl Imnl': lI .h‘\'l(s M':(Sl Ind':oln
or Rl nal- or v -
¢ vreationalized MKS | ooy np ized Glorgi unit alized
102 | 102 | 107 | meter 102 102 | meter 1 102
102 10-2 kilogram 108 100 | kil 1
second 1 1 1 second 1 1 seoond 1 1
cm/sec 102 10~ 10"* | meter/second 1072 102 meter /iecond 1 102
am/seot 102 102 | 10" | ‘meter/sec? 10 102 | meter/sect 1 101
joule _ joule -
10 10 ioter newton | 108 10-% E—“ newton 1
joule 107 1077 1 joule 107 107 | Jouls 1
watt 107 107 1 watt 10-7 107 | watt T |
1 1/(9X10%) farad 1
X /o mates Bor it 2/
coulomb 10/0 10 1 lomt 10/0 10 Jomt 1 1
coulomb/em? 105/ | 108 104 Jomb/m* 1076 | 108 lomb/m? 1 103
coulomb/oms 107/e 107 108 Jomb/m? 10°/e 107 lomb/m? 1 108
volt/em o/100 10~ 100 volt/m o/ 108 10— volt/m 1 100
/6 | 108 B coulomby | 108/4wo | 10874x | coutomb/ms Yr
10/0 10 Yr coulomb | 10/4xe | 10/4x | coulomb Yr
farad | 10076t | 108 1 farad 100/ct | 100 farad 1|1
daraf /100 |10 |~ 1 | daraf /100710 | daraf 1|1
108/0 | 108 lomb/m* 100/ | 108 lomb/m? 1
volt o/10 | 108 1 volt o/100 |10 | wvolt 1 1
volt o/100 10~ 1 volt c/100 10-¢ volt 1 1
ampers 10/e 10 1 ampere 10/c 10 ampere 1 1
ampere/cm? 10%/¢ 108 104 ampere/m? 108/¢ 108 pere/m? 1 104
ohm ot/100 109 1 ohm ¢Y/100 | 109 | ohm 1 1
ohm X em o/104 | 1071 | 10*° | ohm X'meter | ¢t/108 | 1071 | ohm X meter ! 10
mho 109/ct | 100 1 mho 100/c* | 100 mho 1 1
mho/em 101/ct | 101 10~% | mho/meter 101/0t | 108 mho/meter i 101
4x X 107 henry
109 beary/cm 107 beary/m e —
o/100 | 10°¢ dxe/10° | 4x/10° | weber [T
o/1000 | 10-10 47¢/10%| 4x/10'| weber X meter 4
o/108 | 10-¢ 4xc/10% | 4x/104 | weber/m? dr
10/0 10 1 10/4x0 | 10/4x Tr
1= amp turn 10/e 10 1 m'l"bl;gn 10/4xc | 10/4x | ampere turn Yr | YUr
Y amp turn 10 | 10 100 | ¥ramp m‘ 10/4xe | 10%/4x | ampere turn/m Yr | 10%/4x
weber/cm? 104/¢ 104 104 weber/m? c/104 10-¢ weber/m? 1 104
weber or volt-seo 100/¢ 100 1 weber = volt-sec| c/100 10— weber = volt-sec 1 1
tar,
}‘:o‘::’ HEY 100t | 100 1 y‘—'::& D | 10/4xct| 100/4x | amp turn/weber | Yr | Yr
weber weber
= /100 | 100 1 7= amp G 4xc?/100| 4x/100 | weber/amp turn ix
benry cy/100 | 10— 1 henry o/100 | 10~ henry 1 1
1. ‘Multiply number of esu by N to obtaln emy c = 2998 X 1010 c? = 8.988 X 1020
2. Number of emu/number of esu = N 1/c = 3335 X 10-12 1/ct = 1,112 X 1088
3. Magnitude of 1 esv/ itude of } emu = N 4x = 12,57 Yx = (.7958

To convert from emu 10 esu muliply by 1/N; note: MKS R) = subrafionalized MKS unit
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Electromotive force series of the elements

slement volts fon eloment volts lon
Lithium 29595 Tin 0.136

Rubidium 2.9259 Llead 0.122 Po*t
Potassium 2.9241 lron _ 0.045 Fot++
Strontium 292 Hydrogen 0.000

Barium 290 Antimony —0.10

Calcium 287 Bismuth —0.226

Sodium . 27146 Arsenic —0.30

Magnesivm 2.40 Copper —0.344 Cutt
Aluminum 170 Oxygen —0.397

Beryllium 1.69 Polonium —0.40

Uranium 1.40 Copper —0.470 Cuvt
Manganese 1.10 lodine —0.5345

Tellurium 0.827 Tellurium —0.558 TettHt
Zinc 0.7618 Silver —0.7978

Chromium 0.557 Mercury —0.7986

Sulphur 0.51 lead —0.80 Pttt
Gallium 0.50 Palladium —0.820

Iron 0.441 Fett Plotinum —0.863

Codmium 0.401 Bromine —1.0648

Indium 0.33 Chlorine -—1.3583

Thallium 0.330 Gold —1.360 Ayttt
Cobalt 0278 Gold —1.50 Avt
Nickel 0.231 Fivorine —1.90

Position of metals in the galvanic series

Corroded end (anodic,

or least noble)

Magnesium

Magnesium alloys

Zinc
Aluminum 2§

Cadmium

Aluminum 17ST

Steel or Iron
Cast lron

Chromium-iron (active)
Ni-Resist

18-8 Stainless (active)
18-8-3 Stainless (active)

lead-tin solders
lead
Tin

Nicke! {active)
Inconel (active)

Brasses
Copper
Bronzes

Copper-nickel alloys

Monel

Silver solder

Nickel (passive)
Inconel {passive)

Chromium-iron (passive)
18-8 Stainless (passive)
18-8-3 Stainless (passive)

Silver
Graphite
Gold
Platinum

Protected end (cathedie,
or most noble)

Note: Groups of metals indicate they are closely similor in properties.



Atomic weights

GENERAL INFORMATION ]9

atomic atomic atomic otomic
element symbol number e RTERt element symboi nUmbethastralght
Aluminum Al 13 26.97 Molybdenum Mo 42 95.95
Antimony Sb 51 121.76 Neodymium Nd 60 14427
Argon A 18 39.944 Neon Ne 10 20.183
Arsenic As 33 7491 Nickel Ni 28 58.69
Barium Ba 56 137.36 Nitrogen N 7 14,008
Beryllium Be 4 9.02 Osmium Os 76 190.2
Bismuth Bi 83 209.00 Oxygen (o] 8 16.0000
Boron B 5 10.82 Palladium Pd 44 108.7
Bromine Br 35 79.916 Phosphorus P 15 30.98
Cadmium Cd 48 112.41 Platinum Pt 78 195.23
Calcium Ca 20 40.08 Potassium K 19 39.096
Carbon C 6 12.010 Praseodymium Pr 59 140.92
Cerium Ce 58 140.13 Protactinium Pa N 231
Cesium Cs 55 13291 Radium Ra 88 226.05
Chlorine Cl 17 35.457 Radon Rn 86 222
Chromium Cr 24 52.01 Rhenium Re 75 186.31
Cobalt Co 27 58.94 Rhodium Rh 45 102.91
Columbium Cb 41 92.91 Rubidium Rb 37 85.48
Copper Cu 29 63.57 Ruthenium Ru 44 101.7
Dysprosium Dy [ 162.46 Samarium Sm 62 150.43
Erbium Er 68 167.2 Scandium Sc 21 45.10
Europium Eu 43 152.0 Selenium Se A 78.96
Fluorine F 9 19.00 Silicon Si 14 28.06
Gadolinium Gd 64 156.9 Silver Ag 47 107.880
Gallium Ga 31 69.72 Sodium Na 1 22,997
Germanium Ge 32 72.60 Strontium Sr 38 87.63
Gold Au 79 197.2 Sulfur S 16 32.06
Hafnium H 72 178.6 Tantalum Ta 73 180.88
Helium He 2 4.003 Tellurium Te 52 127.61
Holmium Ho 67 164.94 Terbium Tb 65 159.2
Hydrogen H 1 1.0080 | Thallium L1l 81 204.39
Indium In 49 11476 Thorium Th 90 232.12
lodine [ 53 126.92 Thulivm Tm 69 169.4
Iridium Ir 77 193.1 Tin Sn 50 118.70
Iron Fe 26 55.85 Titanium Ti 22 47.90
Krypton Kr 36 83.7 Tungsten w 74 183.92
Lanthanum Lo 57 138.92 Uranium ) 92 238.07
Lead Pb 82 207.21 Voanadium v 23 50.95
Lithium Li 3 6.940 Xenon Xe 54 131.3
Lutecium v 71 174.99 Ytterbium Yb 70 173.04
Magnesium Mg 12 24.32 Yttrium Y 39 88.92
Manganese Mn 25 54.93 Zinc Zn 30 65.38
Mercury Hg 80 200.61 Zirconium Zr 40 922

From the Journal of the American Chemical Society, 1943.



Centigrade table of relative humidity or percent of saturation

Reprinted by permission of the Foxbara Campeny, Faxbora, Mass.

wet bulb reading is 17° C, or o di

m difference between readings of wet and dry bulbs In degrees centigrade ':.y':’.".':'
contigrade {0.5/1.0]/1.5/2.0/12.513.0/3.5/40(43] 316 17 |89 |10]VV[12]13|V4[15]16(18]|20122124(26/28{30(32|34]36[38[40| centigrade
0 :

2 92 l 83(75|67|59]|52|43|36/27 |20 2
4 93|85(77|70| 63| 56|48 | 4) (34| 28]15 4
6 94|87 |80|73| 66160541474 |35]123 | 11 é
8 94 |B7 |81 |74 | 68| 62|56 |50|45]39)28|17 8
10 94 |88 |82 |76 (71 [65|60| 54|49 (44|34 23|14 10
12 94 | 89| 84178 (7368|863 |58!53(48)|38/30(21 12| 4 12
14 95|90 (84|79 [74]69165|60|55(51]4)1|33(24|16( 10 14
16 95|90(85)|81 (76|71 |67 | 62|58 |54])45|37(29|21|14] 7 16
18 95|90186|82|78]73 6% ] 65|61 | 57149 |42|35|27 200113 & 18
20 96|91 187 |82|78]|74(70 66|62(58151 |44(36(30| 28317 N 20

96192|87183|79|75(72 /68|64 |60]53|1456/40134 (27121 16|10 22
24 96|92|88)185(81177 (7470|6663 ] 56 43 (37 |31 |26 |21 14|10 24
26 96(92(89|85/81|77 (74 |7V |67 | 64|57 |51 |45|39(34]28(23{18/|13 26
28 9692|189 (85(82)78(75|72(68|65]|59 (53|47 (42137131 |26(21|17 (13 28
30 969389 (86|82)179(76|73(70(67 |61 |55({50(44|39135/30(24|20(16]12 30
32 9693908683 77|74 |71 | 68| 62| 56)51|46|41136|32|27123(19]15 32
M4 97 1939087184181 |77 (74|71 |69]63|58|53(48|43|38|34[{30,26(22|18(10 34
6 97 (9319087 84|81 (78 (75|72|70]64|59|54)|50|45741|36(32|28| 24012113 36
38 97 (94 90|87 |84|81(79|76|73|70]65|60|56|51|46]42/38|34|30|26123(16]10 38
40 97 194191 |88 |85]82(79|76|74|71]166|61|57|52|48]|44|40|36|32|29)25/(19|13 40
42 97|94 |91|88|85|82(80(77(74|72]|67|62|58|53|49|45/41|38|34131[27|21|15 42
a4 97 |94 |91(88|85183(80(77(75|73|6863|59)|54/50]|47|43[39|36|32|29|23(17|12 44
46 97|94 91 (89(86)83 81|78 (76]73|68|64)60)|55|52|48 44|41 |37 3431251914 46
48 97 | 94 89 |86]84 |81 |78|76|74|69 65|61 |56(53]49|45(42|39|35|33(27 (211612 48
50 97194192189 (871841820791 77175170 1 65/162157154150147143/40137134128 /2318114 | 50

Exomple: Assume dry bulb mdin% {thermameter expased directly ta atmasphere) is 20° C ond
erence af 3° C. The relative humidity at 20° C is then 74%.

~o
[—]



continved  Centigrade table of relative humidity or percent of saturation

dryl bulb difference between readings of wet and dry bulbs In degrees centigrade 5" I’.".':’
centigrade °.5||.°]‘.!|2.°|2.5I3.°|3.5|4.°|4.5| 51617|8|9(10]11(12]13{14]18 16|18|20|22| 24 26128)30|32]34(36/38]40 :olmrodo

52 97 | 94 | 92 l 69 |87|84 82|79 7717570 | 66)62|58|55]|51 |48 |44 |41 38|35/30(25/ 20|16 M 52
54 97 |95192190(87|85!82|80|78 7671 |67 [63(59|56)]|52|49|45]|42|39]136|31|2 20117113 54
56 97195/92|90|87185]83|80|78|76]72|68 |64 60|57 |53|50|46|4340|38|32(27|23 1lis|n 56
58 97 /95|93 |90188]85|83|80 79|77 |72|68|64]61 |57 |54|51 |47 |44(42]139 33 2(24120)16 12 58
60 o8 19593190 |88(86|83(81 79|77 73169 |65]62|58]|55|52|48|45|43]|40(35 30|22 18140 60
62 98|95|93 | 9N 86{84 |81 |79 78|73 |69 |66|62!59|56|53|49 |46 43|41 |36]|31 2)119(15(12 62
64 98 |95|93 |91 /88|86 |84 |82(80)|78]|74|70166]63|59|56|53|50|47 (444237 32|28 12412017 |13 64
66 98 95193 |91 189 |86(84 82|80 (78]74 |70 |67 | 64)|60|57|54|51|48|45]43 38(33|(292]125]21 (181512 66
68 98 (95|93 |9 89|87 (858281 [79]75|71|67| 64|61 |58|55|52]|49|46]44 3913430262219 (16113 68
70 98|96 93|91 (89|87 (858381 |79]|75|71 [68[65|61|58|55]|52|50(47 |44 40135 (N 20117 (141N 70
72 98|96 |94 92189878583 |81 |80|76[72]|69|65]62]|59|56]|53)50|48]45]|40 (32|28 24 (21 |18|15|12 72
74 98 |96 |94 |92|90]|87|85(83|82(80]76|72!69|66|63)60|57|54]51]|48]46 Nl37|33|229]|25 2(19|16(131 1 74
76 98 196 |94 |92| 90|88 |86 |84 |82(80]|76|73|70|66|63)|60 |57 154|52|49|47 4238|3430 26 |23 |20(17 (14]12 76
78 08|96 (9492|9088 /8684|8281 |77 (73|70 67 |64]61 |58 |55]|52)50 43 |38/34 (30|27 24 (21|18 |15]13 |10 78
80 98 96194 |92190|68 86(84 83|81 |77 |74 |71 |67 | 6461 5856|853 4339|3531 |28 24 (22| 19|16]14 | 11 80
82 98|96 |94|92|90|68 86|84 |83 81|77 (74171 | 68| 65])62]59]|56|54|51]49| 44|40 (32|29 |25 17115112 (10 82
84 98 |96 |94192|90]|88 |86 |85[83 81|78 |74 {71 |6B|65]|62 (59|57 |54|52]|49 45|40 3713|292 18l16[13 (N 84
86 9819694 |92| 91|89 |87 |85[83 82178 |75(72(69| 66|63 (60|57 |55]|52]|50)45 4|37 (3430|2724 |21 |12} 16[14 (12 86
88 98 |96195|93| 91|89 |87 |85[83 (82178 |75(72[¢69| 66|63 (60|58 |55|53]51]46 4238|3431 |28 |25 19117 (1513 88
90 98|97 95|93 | 9189 |87 |85(84|82]79]76(73 (69| 67|64 |61 |58])56]53]51 47 1 42|39 |35]32 |28 201181614 90
92 oslo7|os|oa|o1 |69 |87 86|84 |82]79176|73| 70|67 | 64|61 |59 (56 |54]52|47 |43 39 (3832|2926 |24| 2119|1614 92
94 wlo7los|9a|ot]|eo |88]|8s|84|83]|79|76]|73|70|67]|65|62|59 |57 |54]52|48[44|40|36]33 30|27 |24 |22]19 |17 |15 94
96 wloz|osloa|on o088 | 86|84 |83{80|76]|74|70|6B|65]|62|60|57|55]|53 (48 (44|41 |37 3431 |28|25)/22|20)18 |16 96
98 wio7|os]oa|92]90 |88 |8s|85|83]80|77 |74 |71 |6B|65)|63 60|58 55|53 |49 (45]41 (38 4|3 |28[26(2B8)21 19|16

100 w197 |95|93l92]90188185(85183180177174 71 168166163 1601581560154149[45[42138135132 29121 24122(19117 100

lZ NOILVWYO4NI TVYINIO
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Atmospheric pressure chart
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Weather data

Complled fram Climate and Man, Yearbook of A,
Govt. Printing Office, Washington, D, C,, 1941

Temperature exiremes

United States

Lowest temperature
Highest temperature

Alaska

Lawest temperature
Highest temperature
World

Lowest temperature
Highest temperature
lowest mean temperature lonnual)
Highest meon temperature lonnuall

Precipitation extremes

United States

Wettest state
Dryest state
Maximum recorded
Minimum recorded

World
Maximum recorded

Minimum recorded

World temperatures

—66° F
134°F

—-78°F
100° F

—90° F
136° F
—14°F

86°F

Lavisiana—average annual rainfall 55.11 inches
Nevado—uaverage annual rainfall 8.8] inches

Smyrna, Fla., Oct. 10, 19242322 inches in 24 hours
Bagdad, Colif., 1909-1913—3.93 inches in 5 years

New
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griculture, U. S. Dept. of Agriculture, U, S.

Riverside Range Stotion, Wyoming (Feb. 9, 1933
Greenland Ranch, Death Valley, Colifornia Uuly 10, 1933

Fort Yukan Uan. 14, 1934
Fort Yukan

Verkhayansk, Siberia {Feb. 5 and 7, 1892
Azizig, libya, Narth Africa (Sept. 13, 1922
Framheim, Antarctica
Massawa, Eritrea, Africa

Greenlond Ranch, Calif.—1.35 inches annual average

Cherrapunfi, India, Aug. 1841-—241 inches In T manth
{Average annual rainfall of Cherrapunii is 426 inches)

Bagui, Luzon, Philippines, July 14-15, 1911—46 inches in 24 hours

Wadl Halfa, Anglo-Egyptian Sudan and Awan, Egypt are in the “rainless”
areo; average annval rainfall is too small to be measured

territory mcx;l:wm lllll;ll;\lllllu ferritory mx;l:mm lll'l;ll;l'lll
NORTH AMERICA ASIA continved
Alaska 100 —-78 India 120 -19
Conada 103 -70 Iraq 123 19
Conal Zone 97 63 Japon L[] -7
Greenland 86 —46 Malay States ' 97 66
Mexico 118 n Philippine Islonds 101 58
U. S. A, 134 —66 lam 106 52
West indles 102 45 Tibet 85 -20

Turkey m -2
SOUTH AMERICA U.S. S. R, 109 -9
Argentina 15 -27
Bolivia 82 25 AFRICA
Brazil 108 21 Algeria 133 1
Chile 99 19 Anglo-Egyption Sudan 126 28
Venezvuela 102 45 Angola N 33

Belgion Congo 97 M
EUROPE Egypt 124 3t
British Isles 100 4 Ethiopia m 32
France 107 —14 French Equatorial Africa 18 45
Germany 100 —16 French West Africa 122 41
Iceland n -6 ltalion Somalilond 93 61
italy 114 4 Llibya 136 35
Norway: 95 —26 Morocco 1y 5
Spain 124 10 Rhodesia 103 25
Sweden 92 —49 Tunisia 122 28
Turkey 100 17 Unlon of South Africa m 21
U.S.S. R 10 —61

AUSTRALASIA
ASIA Australic 127 19
Arabla 114 53 Hawali N 51
China m -=10 New Zealand 94 2
Eost Indies 101 60 Somoan Isiands 96 61
French Indo-China 13 33 Solomon (slonds 97 70
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World precipitation

highest average fowest average yoarly
teeritory Jan April | July Jan Apell | July Oct average

inches | inches | inches In:hu inches | inches | inches | inches | inches
NORTH AMERICA o
Alaska 1371 10.79 8.51 2294 RE] A3 9 37 43.40
Canado 8.40 497 4.07 6.18 48 31 1.04 73 2685
Canal Zone 3.74 4.30 16.00 15.13 N 272 728 103t 97.54
Greenland 3.46 2.44 327 6,28 35 A7 N 94 24.70
Mexico 1.53 1.53 13.44 5.80 04 00 43 35 29.82
U. S, A 29.00
West Indies 4.45 645 580 6.89 92 118 1.53 544 49.77
SOUTH AMERICA
Argentina 6.50 4.72 216 335 16 28 04 20 16.05
Bolivia 6.34 177 16 1.42 386 1.46 Jdé 1.30 24.18
Brozil 13.26 1213 10.47 6.54 2.05 263 01 .05 55.42
Chile 11.78 11.16 16.63 8.88 00 00 03 00 4613
Venezvela 275 690 633 10.44 02 ril 187 346 40.01
EURCPE .
British Isles 5.49 367 .78 5.57 1.86 1.54 238 2463 316
france 327 2.64 2.95 4.02 1.46 1.65 .55 232 2748
Germany 1.88 279 5.02 297 1.16 1.4 292 182 26.64
Icelond 547 370 3.07 5.95 547 370 3.07 5.59 529
Iraly 4.02 4.41 2.40 532 1.44 1.3 .08 210 29.74
Norway 8.54 4.13 5.79 8.94 1.06 1.4 1.73 2.48 40.51
Spain 283 3.70 2.05 3.58 1.34 1.54 04 177 2274
Sweden 1.52 1.07 2.67 2.20 98 78 1.80 1.60 18.12
Turkey 343 1.65 1.06 2.52 343 185 1.06 2.52 28.86
U.S.S. R 1.46 1.81 3.50 207 A9 £3 20 A7 18.25
ASIA
Arcbia 116 .40 03 09 22 .18 02 09 3.05
China 197 5.80 13.83 6.92 .15 b1 578 &7 50.63
Eost Indies 18.46 10.67 6.54 10.00 7.48 2.60 20 79 78.02
French Indo-China J9 4.06 12,08 10.61 .52 2.07 9.24 .47 65.64
Indio k¥4 33.07 99.52 13.83 09 06 A7 00 7518
Iraq 1.37 93 00 .08 117 48 00 05 8.75
Japan 10.79 8.87 9.94 7.48 2,06 283 502 4.59 7018
Moalay States 9.88 7.64 6.77 8.07 9.88 7.64 6.77 8.07 95.06
Philippins Islands 223 1.44 1728 10.72 82 128 14.98 671 83.31
Siom 33 1.65 6.24 8.32 33 1.65 6.24 8.32 52.34
Turkey 4.13 275 173 Kk ) 205 1.73 21 93 25.08
U.S. S. R 1.79 205 3.61 49N 08 Jé 10 06 11.85
AFRICA
Algerio 402 2.06 35 341 52 B 00 05 9.73
Anglo-Egyptlon Sudan 08 417 | 787 4.29 00 00 00 00 1827
Angola 8.71 585 . 3.80 09 43 00 09 2346
Belgion Congo 9.01 6.51 13 277 3.69 181 .00 1.88 39.38
2 2.09 A6 28 .00 .00 00 .00 3.10
Ethiopla 59 3.42 10.98 3.39 28 an 823 79 49.17
French Equatorial Africa 9.84 13.42 é. 13.58 00 & .04 86 57.55
French West Africe .10 1.61 8.02 187 .00 00 .18 .00 19.51
Itolion Somaliland .00 3.66 1.67 242 .00 3.40 1.67 242 17.28
libya 3.24 A8 02 1.53 2.74 .18 00 &7 1317
Morocco 3.48 278 £07 247 131 36 £00 23 1587
Rhodesio 8.40 95 04 1.20 5.81 45 .00 88 29.65
Tunisla 236 1.30 08 1.54 236 1.30 08 1.54 15.80
Unlon of South Africa 6.19 379 383 879 06 o4} 27 JA2 26.07
AUSTRALASIA
Austrolio 15.64 53 6.57 2.84 34 B85 07 .00 2831
Howait 1.77 13.06 9.89 10.97 .54 2.06 1.04 197 8243
New Zealond 3.4 3.80 5.55 4.19 2.67 2.78 2.99 313 43.20
Samoan Islands 18.90 1.26 260 7.05 1890 11.26 2.60 7.05 118.47
Solomon Islands 13.44 8.24 626 79 1344 8.24 626 79N
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Principal power supplies in foreign countries

ferriory de velis ac velis frequency
NORTH AMERICA
Alaska 110, 220 60
British Honduras 110, 20
Conado 10 *110, 150, 115, 230 60, 25
Costa Rico 10 *10 40
Cubo 10, 220 *110, 220 &0
Dominican Republic no *110, 220 &0
Guatemala 220, 125 *110, 220 60, 50
Haiti 10, 220 60, 50
Honduras 110, 220 0, 220 40
Mexico 10, 220 *110, 125, 118, 220, 20 60, 50
Newfoundiond 10, 50, 60
Nicerogua 1o 110 0
Panama (Republic) 110, 220 60, 50
Panama {Canal Zonel 110 25
Puerto Rico 110, 220 10 [
Salvador 10, 20 *io 60
Virgin Islonds 10, 20
WEST INDIES
Bahamas s, 15 60
Borbodos no 50
Bermuda 10 60
Curacao 127 50
Jomaico 10 40, 60
Martinique 1no *10 50
Trinidad 110, 220 0
SOUTH AMERICA
Argenting 220 220, 225 50, 60, 43
Bolivia 110 *10, 220 50, 60

110, 120, 220 110, 115, 120, 125, 220, 230 50, 60
Chile 1o 220 50, 40
Colombia *10, 220, 150 60, 50
Ecuador 110, 220 60, 50
Paraguay 220 220 50
Peru 220, 110 220, 110 60, 50
Uruguay 220 =220 50
Venezuela 110, 220 *10 50, 60
EUROPE
Albonia 220, 125, 150 50
Austrio 220, 110, 150 220, 120, 127, 110 50
Azores 220 50
Belgium 220, 110, 120 220, 127, 110, 115, 135 50, 40
Bulgario 120 220, 129, 150 50
Cyprus (Br) 110 50
Czechoslovakia 220, 120, 150, 110 220, 110, 115, 127 50, 42
Denmark 220, 110 220, 120, 127 50
Estonia 220, 110 220,127 50
Finland *120, 220, 110 220, 120, 115, 110 50
France 110, 220, 120, 125 *10, ||5, 120, 115, 220, 220 50, 25
Germany 220, 110, 120, 250 ‘220 127, 120, 110 50, 25
Gibroltar 440, 220 76
Greece #220, 110, 150 ‘127 110, 220 50
Hungory 20, 110, 120 ‘lw, 106, 110, 220, 120 42, 50
Iceland 220 50
Irish Free Stote 220 *220, 200 50
ftaly 110, 125, 150, 220, 250, 160 ‘IS(:, 125, 120, 110, 115, 260, 220, 42, 50, 45
35

latvia 220, 130 220, 120 50
Lithvanio 220, 110 =220 50
Malta 105 100
Monaco 110 42
Netherlands 220 220, 120, 127 50
Norway 220 #220, 230, 130, 127, 110, 120, 150 50
Poland 220, 110 220, 120, 110 50
Portugal 220, 150, 125 220, 110, 125 50, 42
Rumanio #220, 110, 105, 120 |20 220, 110, 115, 105 50, 42
Russia 220, 110, 120, 115, 250 *120, 110, 220 50
Spain *110, 120, 115, 105 ‘120 125 150 10, 115, 220, 130 50
Sweden 220, 110, 120, 115, 250 220, 127, 50, 20, 25
Switzerlond 220, 120, 110, 150 ‘120 220, |45, 150, 110, 120 50, 40
Turkey 110, 220 ‘220, 10 50



%

Principal power supplies in foreign countries continued

forritery de volis ac volis froquency
EUROPE continved
United Kingdom 230, 220, 240 230, 240, others 50, 25, 40
Jugoslavia 110, 120 #120, 220, 150 50, 42
ASIA
Arabia 230 50
British Moloyu
Fed. Mola 230 50, 60, 40
Non-Fed. Kﬁalcy States 230
Straits Settlements *230 230 50
North Borneo 110 &
Ceylon 20 230 50, 60
China 220, 110 #110, 200, 220 50, 60, 25
Hawall 110, 220 60, 25
India 220, 110, 225, 230, 250 230, 220, 110, others 50, 25
French Indo-China 110, 120, 220, 240 #120, 220, 110, 115, 240 50
Iron (Persial 220, 110 220 50
traq 220, 200 220, 230 50
Japan 100 #100, 110 50, 60
Moanchurla 110 &0, 50, 25
Palestine 220 50
Philippine lslands 220 &0
Syria 10, 115, 220 50
Siom 100 - 50
Turkey 220, 110 220, 110 50
ARRICA
Angola {Port) 110 50
Algeria 20 *115, 110, 127 50
Belglan Congo 220 &0
British West Africa *220 230 50
British East Africa 220 *240, 230, 110, 100 50, 60, 100
Conary lslonds 110 *127, 110 50
Egypt 220 200, 110, 220 50, 40
Ethiopia {Abyssinia) 220, 250 50
Italian Africa
Cyrenaica 150 #110, 150 50
Eritreo 127 50
libya (Tripol 125, 110, 270 50, 42, 45
Somaliland 120 ‘230 50
Morocco (Fr) 110 5, 110 50
Morocco (Spanish) 200 ‘127 110, 1S 50
Moadagascar (Frd 120 50
Senegal ifr) 230 120 50
Tunisia 110 #110, 115, 220 50
Union of South Africa 220, 230, 240, 110 220, 230, 80
OCEANIA
Australia
New South Wales 240 240 50
Victoria 230 *230 50
Queensland 220, 240 240 50
South Australia 200, 230, 220 200, 230, 240 50
West Auvsiralia 220, 110, 230 250 40
Tasmania 230 240 50
New Zeoland 230 *230 5
Fiji Islonds 240, 110, 250
Society Islands 120 &0
Somoa no 50

Note: Where both ac and dc are available, an asterisk ™ Indicates the type of supoly and
voltage predominating. Where approximotely equal qwmm::‘ of ac and dc are available, an

osterisk precedes each of the principal vol . Ve

of preference.

The elocorlcach':‘ufhorlﬂu of Groo' Brlhln have adopted a plan of unifying electrical distribu-

tion syst

d over. The

| for both ac und dc wppllel will be 230 volts. Systems
d a

e
using other voltages will be ch

Cavution: The listings in these tables represent types of electrical supplies most generally used
in particular countries. For power supply chorucverlsﬁcs of particular cities of foreign couvn.

y will be 50 cycles.

tries, refer to the country section of Work i

partment of Commerce, Bureau of Foreign and D:
where definite information relative to specific Iocoﬁons is nocemry, the Electrical Division of

4 Mnrhls,

l of the U. S. De-

Washi

the above-named Bureou should be consulted.

are listed in order

. C. Incases



World time chart
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1:000m | 1:30pm | 2:00pm | 4.00pm | 6:00pm | 7:000m | 8:00pm | 9:00pm :83_.,;_%_.._88 1000m | 2:000m | 3:00am | £:300m | 7:000m | &00am | 9:000m [10:000m |11:00am |11:300m
2:00pm | 2:30pm | 3:00pm | 5:00pm | 7:-00pm | 8:00pm ( 9:00pm |10:00pm | Midnite | 1:000m | 0100 | 2:00am | 3:00am | 4:00am | 6:30am | 8:00am | 9:00am [10:000m |1 1:00om | Noon [12:30pm
3:00pm | 3:30pm | 4:00pm | 6:00pm | 8:00pm | 9:00pm |10:00pm |11:00pm | 1:00am | 2:00am | 0200 | 3:00am | 4:.00am | 5:00am | 7:30am | 9:00am [10:000m [11:00am Noon | 1:00pm | 1:30pm
4:00pm | 4:30pm | 500pm | 7:00pm | 9:00pm [10:00pm |11:00pm | Midnite | 2:00am | 3:00am | 0300 | 4:000m | 5:000m | 6:00am | 8:30am [10:00am [11:000m | Noon 1:00pm | 2:00pm | 2:30pm
§:00pm | 5:30pm | 6:00pm | 8:00pm |10:00pm (11:00pm | Midnite | 1:00om | 3.00am | 4:00am | 0400 | 5:00am | 6:00am | 7:00em | 9:30am (11:00om | Noon | 1:00pm 2:00pm | 3:00pm | 3:30pm
&00pm | 6:30pm | 7:00pm | 9:00pm |11:00pm | Midnite [ 1:00am | 2:000m | 400am | 500am | 0500 | &00am | 7:00am | 8:00am |10:30m | Noon | 1:00pm | 2:00pm | 3:00pm | 400pm | 4:30pm
7:00pm | 7:30pm | 8:00pm (10:00pm | Midnite | 1:000m | 2:00am | 3:000m | 5:000m | 6:00am | 0600 | 7:00am | 8:00am | 9:00am [11:30am | 1:.00pm | 2:00pm | 3.00pm 4:00pm | 5:00pm | 5:30pm
800pm | 8:30pm | 9:00pm 11:00pm |71:000m | 2:000m | 300am | 4:00am | 6:00am | 7.00am | 0700 | 8:00am | 9:00am (10:00am 12:30pm | 2:00pm | 300pm | 4:00pm | 5:00pm | &00pm | &30pm
9:00pm | 9:30pm [10:00pm | Midnite | 2:00am | 3:00am | 4:00am | 5:00am | 7:000m | 8:00am | 0800 | 9.00am [10:006m [11:000m 1:30pm | 3:00pm | 4:00pm | 5:00pm | 6:00pm 7:00pm | 7:30pm
10:00pm |10:30pm [11:00pm | 1:00am [ 3:00am | 4:000m | 5:000= | 6:00am | 8:00am | 9:00am | 0900 |10:00am [11:00am | Noon 2:30pm | 4:00pm | 5:00pm | 6:00pm | 7.00pm | 8:00pm 8:30pm
11:00pm |11:30pm | Midnite | 2:00am | 4:00am | 5:000m | 6:000m | 7:00am | 9:00am |10:00am | 1000 (11:00om | Noon 1:00pm | 3:30pm | 5:00pm | 6:00pm | 7:00pm | 8:00pm 9:00pm | 9:30pm
Midnite |12:30am | 1:000m | 3:00am | 5:00am | 4:00am | 7:00am | 8:00am [10:00am {11:00am | 1100 | Noon | 1:00pm 2:00pm | 4:30pm | é:00pm | 7:00pm | 8:00pm | 9:00pm |10.00pm 10:30pm
1:00am | 1:30am | 2:00am | 4:00am | &:00am | 7:00am | 8:00am | 9:000m |11:000m | Noon | 1200 | 1:00pm | 2:00pm 3:00pm | 5:30pm | 7:00pm | 8:00pm | 9:00pm [10:00pm 11:00pm |11:30pm
2:00am | 2:30am | 3:000m | 5:00am | 7:00am | 8:00am | 9:0Cam [10:000m | Noon | 1:00pm | 1300 | 2:00pm 3:00pm | 4:00pm | 6:30pm | 8:00pm | 9:00pm 10:00pm |11:00pm | Midnite [12:30am
3:00am | 3:30am | 4:00am | 6:000m | 8:00am | 9:00am |10:000m |11:000m | 1:00pm | 2:00pm | 1400 | 3:00pm | 4:00pm 5:00pm | 7:30pm ( 9:00pm (10:00pm [11:00pm | Midnite | 1:000m | 1:30cm
4:000m | 4:30am | 5:00om | 7:00am | 9:00am |10:000m |11:00am | Noon | 2:00pm | 3:00pm | 1500 | 4,00pm | 5:00pm | 6:00pm 8:30pm |10:00pm |11:00pm | Midnite | 1:00am | 2:00am | 2:300m
5:000m | 5:30am | 6:00am | 8:00am |10:000m |11:00am | Noon | 1:00pm | 3:00pm | 4:00pm | 1600 | 5:00pm | 6:00pm | 7:00pm 9:30pm [11:00pm | Midnite | 1:000m | 2:000m | 3:000m | 3:30am
6:000m | 6:30om | 7:00am | 9:00am [11:00am | Noon | 1:00pm | 2:00pm | 4:00pm | 5:00pm | 1700 6:00pm | 7:00pm | 8:00pm (10:30pm | Midnite | 1:00am | 2:000m | 3.000m | 4.00am | 4:300m
7:00am | 7:30am | 8:00am |10:00am | Noon | 1:00pm | 2:00pm | 3:00pm | 5:00pm | 4:00pm | 3800 | 7:00pm | 8:00pm | 9:00pm |11:30pm | 1:00om | 2:00am | 3:000m 4:00am | 5:00am | 5:300m
8:000m | 8:300m | 9:000m (11:00am | 1:00pm | 2:00pm | 3:00pm | 4:00pm | 6:00pm | 7:00pm | 1900 8:00pm | 9:00pm |10:00pm |12:300m | 2:00am | 3.00am | 4:00om | 5:000m | 6:00am | &:30om
9:00am | 9:30am |10:000m | Noon | 2:00pm | 3:00pm | 4:00pm | 5:00pm | 7:00pm | 8:00pm | 2000 9:00pm (10:00pm |11:00pm | 1:300m | 3:00am | 4:00am | 5:00am | 6:000m | 7:000m | 7.300m
10:000m |10:30am |11:00am | 1:00pm | 3:00pm | 4.00pm | 5:00pm | 6:00pm | 8:00pm | 9:00pm | 2100 10:00pm |11:00pm | Midnite | 2:30am | 4:.00am | $:000m | 6:00am | 7:00om | 8:000m | 8:300m
11:000m |11:30am | Noon | 2:00pm | 4:00pm | 5:00pm | 6:00pm | 7:00pm | 9:00pm |10:00pm | 2200 11:00pm | Midnite | 1:00am | 3:30am | 5:000m | 6:00am | 7:00om | 8:00am | 9:000m | 9:30am
Noon (12:30pm | 1:00pm | 3:00pm | 5:00pm | 6:00pm | 7:00pm | 8:00pm [10:00pm {11:00pm | 2300 | Midnite | 1:000m | 2:000m | 4:30am | 6:000m | 7:00am 8:00am | 9:00om (10:00cm (10:30am
1:00pm | 1:30pm | 2:00pm | 4:00pm | 6:00pm | 7:00pm | 8:00pm | 9:00pm (11:00pm Midnite | 2400 | 1:00am | 2:00am | 3:000m | 5:30am | 7:000m | 8:00am | 9:000m |10:00am |11:000m 11:30am

This chort is bosed on STANDARD TIME.
Possing heavy line denotes change of date.

When passing the heavy line going to the right ADD one day.
When passing the heavy line going to left SUBTRACT one day.

Courtesy, American Cable & Radic Corporation
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Eleciromagnetic Frequency Spectrum

Angstrom units
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Radio frequency classifications
frequency in kilocycles | designations® abbreviations wavelength in meterst | wavelength in feetf
10— 30 Very low VLF 30,000 -10,000 98,424 32,808
30— 300 Llow 3 10,000 -~ 1,000 32,808 - 3,281
300- 3,000 Medium MF 1,000 - 100 3281 - 328
3,000- 30,000 High HF 100 - 10 328 - 328
30,000— 300,000 Very High VHF 10 - 1 328 - 3.28
300,000~ 3,000,000 Ultra High UHF 1 - 0. 3.26~ 0.33
3,000,000-30,000,000 Super High SHE al- 0O 033 003

® Official FCC designation, March 2, 1943,
 Based on the established practice of considering the velocity of propaga-
tion in oir as 300,000 kilometers per second instead of the true velocity of
propagation of 299,796 kilometers per second,
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Wavelength vs frequency chart

= wavelength in feet
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A = wavelength in meters

Conversion factors for wavelength vs frequency chart

for frequencies from |  multiply fby |  multiply A by
30— 300 kilocycles 0.1 10.0
300~ 3,000 kilocycles 1.0 1.0
3,000— 30,000 kilocycles 10.0 0.1
30,000—- 300,000 kifocycles 100.0 0.01
300,000— 3,000,000 kilocycles 1,000.0 0.001
3,000,000-30,000,000 kilocycles 10,000.0 0.0001

Wavelength vs frequency formulas

300000
frequency in kilocycles

300,000 X 3.28
WEEER LIV L) frequency in kilocycles

Wavelength in meters, Ay =
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Frequency folerances

Cairo revision 1938

frequency bands (wavelengths) | column 1 column 2
A. From 10 to 550 ke (30,000 to 545 meters):
a. Fixed stations 0.1 0.1%
b. lond stations 0.1% 0.1%
c. Mobile stations using frequencies other than those of

bands indicated- under (d) 0.5% 0.1%
d. Mobile stations using frequencies of the bands 110-160 kc

12,727 to 1,875 meters), 365-515 ke (822 to 583 meters) 0.5%* 0.3%*
e. Aircraft stations 0.5% 0.3%
f. Broadcasting stations 50 cycles 20 cycles
B. From 550 to 1,500 kc {545 to 200 meters):
a. Broadcasting stations 50 cycles 20 cycles
b. Lond stations 01% 0.05%,
. Mobils stations using the frequency of 1,364 kc (220

meters) 0.5% 0.1%
C. From 1,500 to 6,000 ke {200 to 50 meters:
a. Fixed stations 0.03% 0.019,
b. Lond stations 0.04%, 0.02%,
. Mobile stafions using frequencies other than those of

bands indicated in (d}:

1,560 to 4,000 ke (192.3 to 75 meters) 0.1%"* 0.05%,*

4,000 to 6,000 ke (75 to 50 meters) 0.04%, 0.02%,
d. Mobile stations using frequencies within the bands:

4,115 to 4,165 ke {72.90 to 72.03 meters) . .

5500 to 5,550 ke (54,55 to 54.05 meters) 01% 0.06%
e. Aircraft stations 0.05% 0.025%,
f. Broadcasting:

between 1,500 and 1,600 ke {200 and 187.5 meters) 50 cycles 20 cycles

between 1,600 and 6,000 ke (187.5 and 50 meters) 0.01% 0.005%
D. From 6,000 to 30,000 kc (50 to 10 meters):
a. Fixed stations 0.02%, 0.01%
b. Lond stations 0.04% 0.02%
c. Mobile stations using frequencies other than those of

bands indicated under (d) 0.04%, 0.02%
d. Mobile stations using frequencies within the bands:

6,200 to 6,250 ke 148,39 to 48 meters)
8,230 to 8,330 ke (36.45 to 36.01 meters)

11,000 to 11,100 ke (27.27 to 27.03 meters) * »

12,340 to 12,500 ke (24.31 to 24 meters) 01% 0.05%

16,460 to 16,660 ke (18.23 to 18.01 meters)

22,000 to 22,200 ke {13.64 to 13.51 meters)
e. Aircraft stations 0.05% 0.025%
f. Broadcasting stations 0.01% 0.005%,

Column 1: Transmitters In service now and until January 1, 1944, after which date they will
conform 1o the tolerances indicated in column 2.

Column 2: New j Installed beginning Janvary 1, 1940.

* See preamble, under 3.
41t is recognized that a great number of spark transmitters and simple self-oscillator trans~
mitters exist in this service which are not able to meet these requirements.
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Frequency tolerances cantinued

The frequency tolerance is the maximum permissible separation beween the
actual frequency of an emission and the frequency which this emission should
have (frequency notified or frequency chosen by the operator).

This separation results from the following errors:

a. Error made when the station was calibrated; this error presents a semi-
permanent character.

b. Error made during use of the station {error variable from one transmis-
sion to another and resulting from actual operating conditions: ambient
temperature, voltage of supply, antennq, skill of the operator, et cetera).
This error, which is usually small in other services, is particularly important
in the case of mobile stations.

¢ Error due to slow variations of the frequency of the transmitter during a
transmission.

Note: in the case of transmissions without a carrier wave, the preceding definition applies to
the frequency of the carrier wave before its suppression,

In the case of ship stations, the reference frequency is the frequency on
which the transmission begins, and the figures appearing in the present
table, marked by an asterisk, refer only to frequency separations observed
during a ten-minute period of transmission.

In the frequency tolerance, modulation is not considered.

Note 1: The administrations shall endeavor to profit by the progress of the art in order to
reduce frequency tolerances progressively.

Note 2: It shall be understood that ship stations working In shared bands must observe the
tolerances applicable to land stations and must conform to article 7, paragraph 21 (2) (o},
{No. 186.]

Note 3: Radiotelephone stations with less than 25 wotts power, employed by maritime beacons
for communications with beacons isolated ot sea, shall be comparable, with reference to fre-
quency stability, to mobile stations Indicated in C above.

Note 4: Ships equipped with o transmitter, the power of which is under 100 wotts, working in
the band of 15604000 ke (192.3-75 meters), shall not be subject to the stipulations of column 1.

Reproduced from "Treaty Serles No. 948, Te! i G § Rodio Reguloti
{Cairo Revision, 1938) and Finol Radio Protoco! (Cairo Revision, 1938) annexed to the Tele-
communication Convention (Madrid, 1932 Between the United States of America and Othee
Powers,” Appendix 1, pp. 234, 235 and 234, United States Government Printing Office, Wash-
ington, D. C. References rofer to this publication.
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Frequency-band widths occupied by the emissions  Cairo revision, 1938*

The frequency bands necessary for the various types of transmission, ot the present state of
technica! development, are indicated below. This table is based solely upon amplitude modula-
tion. For frequency or phase modulation, the band widths necessary for the various transmissions
are many times greater.

total width of the band in cycles

type of transmission for transmission with two sidebands

A0 Continuous waves, no signaling
Al Telegraphy, pure, continuous wave | Numerically equal to the telegraph speed in bauds

Morse code for the fundamental frequency, 3 times this width
\ Baudot code for the 3d harmonic, etc.
Stop-start printer [For a code of 8 time elements (dots or blanks) per

letter and 48 time elements per word, the speed
in bauds shall be equai to 0.8 times the speed in
words per minute.]

Scanning-type printer 300-1,000, for speeds of 50 words per minute,
according to the conditions of operation and the
number of lines sc d {for ple, 7 or 121,
{Harmonics are not considered in the above
values.)
A2 Telegraphy modulated to musical | Figures appearing under Al, plus twice the highest
frequency modulation frequency.
A3 Commercial radiotelephony Twice the number indicated by the C.C.L.F. Opinions
{about 6,000 to 8,000).1
Broadcasting 15,000 to 20,000. )
A4 Facsimile Approximately the ratio between the number of

picture components® to be transmitted and the
number of seconds necessary for the transmission.
A5 Television Approximately the product of the number of picture
components? multiplied by the number of pictures
transmitted per second.

111 is recognized that the band width may be wider for multiple-channel radiotelephony and
secret radiotelephony.

2 Two picture components, one black and one white, constitute o cycle: thus, the modulotion
frequency equals one half the number of components transmitted per second.

*Soe F under Freq Tol s, Treaty Sories No. 948, Telecommunication.

Tolerances for the intensity of harmonics

of fixed, land, and broadcasting stations!  Cairo revision, 1938*

frequency bands | toleronces

Frequency under 3,000 kc (wavelength | The field intensity produced by any harmonic must be
above 100 meters) under 300 uv/m at 5 kilometers from the trans-

mitting antenna.

Frequency above 3,000 kc (wavelength | The power of o harmonic in the antenna must be
under 100 meters) 40 db under the power of the fundamental, but in

no case may it be above 200 milliwatis?

1 With regard to tolerances for mobile stations, an attempt shall be made to achieve, so far as
possible, the figures specified for fixed stations.

1A transmitter, the harmonic intensity of which is not above the figures specified but which
nevertheless causes interference, must be subjected to special intended to elimi
such interference.

* Soo F under Freq y Tol Treaty Series No. 948, Telecommunication
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Classification of emissions Cairo revision, 1938 *

1. Emissions shall be classified below according to the purpose for which
they are used, assuming their modulation or their possible keying to be only
in amplitude.

/
a. Continvous waves:

Type AO. Waves the successive oscillations of which are identical under
fixed conditions.!

Type Al. Telegraphy on pure continuous waves. A confinuous wave which
is keyed according to a telegraph code.

Type A2. Modulated telegraphy. A carrier wave modulated at one or more
audible frequencies, the audible frequency or frequencies or their combi-
nation with the carrier wave being keyed according to a telegraph code.
Type A3. Telephony. Waves resulting from the modulation of a carrier wave
by frequencies corresponding to the voice, to music, or to other sounds.
Type A4. Facsimile. Waves resulting from the modulation of a carrier wave
by frequencies produced at the time of the scanning of a fixed image with
a view to its reproduction in a permanent form.

Type AS. Television. Waves resulting from the modulation of a carrier wave
by frequencies produced at the time of the scanning of fixed or moving
objects.?

Note: The band widths to which these emissions correspond are Indicated
under Frequency-Band Widths Occupied by the Emissions,

b. Damped waves:

Type B. Waves composed of successive series of oscillations the amplitude
of which, after attaining o maximum, decreases gradually, the wave trains
being keyed according to a telegraph code.

2. In the above classification, the presence of a carrier wave is assumed in
all cases. However, such carrier wave may or may not be transmitted.
This classification does not contemplate exclusion of the use, by the admin-
istrations concerned, under specified conditions, of types of waves not in-
cluded in the foregoing definitions.

3. Waves shall be indicated first by their frequency in kilocycles per second
lkc} or in megacycles per second (Mcl. Following this indication, there shall
be given, in parentheses, the approximate length in meters. In the present
Regulations, the approximate value of the wavelength in meters is the quo-
tient of the number 300,000 divided by the frequency expressed in kilocycles
per second.

1 These waves are used only in special cases, such as standard frequency

emissions.

% Objects is used here in the optical sense of the word.

*See Footnote under Frequency Tolerances, Treaty Series No. 948, Tele-
communication.
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Relation betwesn decibels and power, voltage, and current ratios

The decibel, abbreviated db, is a unit used to express the ratio between two
amounts of power, P and P,, existing at two points,

By definition the number of db = 10 logmf;1
2

It is also used to express voltage and current ratios.

L

.The number of db = 20 logie Vi 20 logio
Vz Iz

Strictly, it can be used to express voltage and current ratios only when the
two points at which the voltages or currents in question have identical
impedances.

voltage voltage
power and current decibels power and current decibels
ratio ratio ratio ratio
1.0233 10116 0.1 19.953 130
1.0471 1.0233 0.2 25.119 50119 140
1.0715 1.0351 03 31623 150
1.0965 1.0471 0.4 39.811 . 6.3096 160
1.1220 1 0.5 50.119 7.0795 17.0
1.1482 1.0715 0.6 63.096 7.9433 18.0
1.1749 1.0839 07 79.433 8.9125 19.0
1.0965 08 1 0. 20.0
1.2303 1.1092 0.9 158.49 12.589 220
1.2589 1.1220 1.0 251.19 15.849 24.0
1.3183 1.1482 1.2 398.11 19.953 26.0
1.3804 1.174% 14 630.96 25.119 280
1.4454 1.2023 1.6 1000.0 31.623 300
1.5138 12303 1.8 1584.9 39.811 320
1.5849 1.2589 20 25119 50.119 34.0
1.6595 1.2882 22 3%81.1 63.096 3.0
1.7378 1.3183 24 6309.8 79.433 38.0
1.8197 1.3490 2.6 10¢ 100.000 40.0
1.9055 1.3804 28 108 X 1.5849 125.89 420
1.9953 1.4125 3.0 108 X 2.5119 158.49 44.0
1.4962 35 108 X 39811 199.53 46.0
2.5119 1.5849 40 108 X 4.3096 251.19 480
28184 1.6788 4.5 108 31623 50.0
3123 17783 50 108 X 1.5849 398.11 520
3.5481 1 55 108 X 2.5119 501.19 54.0
39811 1.9953 6.0 108 X 39811 i 630.96 560
50119 2.2387 7.0 108 X 6.3096 794.33 58.0
6.3096 2.5119 8.0 108 1,000.00 60.0
7.9433 28184 9.0 17 3,1623 700
10.0000 3.1623 10.0 100 10,000.0 80.0
12.589 3.5481 11.0 100 31,423 90.0
15.849 398 120 100 100, 100.0
To convert

Decibels to nepers multiply by 0.1151

Nepers to decibels multiply by 8.686

Where the power ratio Is less than unity, it is usual fo Invert the fraction
ond express the answer as a decibel loss
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B Engineering and material data

Copper-wire table —standard annealed copper

American wire gauge (B & S).*

diam- cross seclion ohms per # per ohm | ohms per b
govge | oy 1000#H | 1Pt | b oeelb | af 20° C 1 20°
no ’ clrevlar square at 20°C | 1,000 #t B e o
mils mils inches | (68°F) | (68°F) (68°F)
0000 | 4600 211,600 0.1662 0.04901 | 640.5 1.561 | 20,400 0.00007652
000 | 409.6 167,800 0.1318 0.06180 | 507.9 1.948 | 16,180 0.0001217
00 | 4.8 133,100 0.1045 0.07793 | 402.8 2.482 | 12,830 0.0001935
0 | 3249 105,500 0.08289 0.09827 | 319.5 3.130 | 10,180 0.0003076
1| 289.3 83,690 0.06573 01239 | 2533 3.947 | 8,070 0.0004891
2 | 257.6 66,370 0.05213 0.1563 | 200.9 4977 | 6,400 0.0007778
3| 294 52,640 0.04134 0.1970 | 159.3 6276 | 5,075 0.001237
4 | 2043 41,740 0.03278 0.2485 | 126.4 7914 | 4,025 0.001966
5| 1819 33,100 0.02600 03133 | 1002 9.980 | 3,192 0.003127
6 | 1620 26,250 0.02062 0.3951 7946 12.58 2,531 0.004972
7 | 1443 20,820 0.01635 0.4982 63.02 15.87 2,007 0.007905
8 | 1285 16,510 0.01297 0.6282 49.98 20.00 1,592 0.01257
9 | 144 13,090 0.01028 0.7921 39.63 25.23 1,262 0.01999
10 { 101.9 10,380 0.008155 0.9989 31.43 31.82 1,000 0.03178
n 90.74 8,234 0.006467 1.260 24.92 40.12 794 0.05053
12 80.81 6,530 0.005129 1.588 19.77 50.59 629.6 0.08035
13 71.96 5178 0.004067 2.003 15.68 63.80 499.3 0.1278
4 64.08 4,107 0.003225 2.525 12.43 80.44 396.0 0.2032
15 57.07 3,257 0.002558 3.184 9.858 101.4 314.0 0.3230
16 50.82 2,583 0.002028 4.016 7.818 127.9 249.0 0.5134
17 45.26 2,048) 0.0014609 5.064 6.200 161.3 197.5 0.8147
18 40.30 1,624 0.001276 6.385 4AN7 2034 156.6 1.299
19 35.89 1,288 0.001012 8.051 3.899 256.5 124.2 2.065
20 3196 1,02 0.0008023 10.15 3.092 3234 98.50 3283
21 28.46 810.1 0.0006363 12.80 2.452 407.8 78.11 s
22 25.35 642.4 0.0005046 16.14 1.945 514.2 61.95 8.301
23 22.57 509.5 0.0004002 20.36 1.542 6484 4913 13.20
24 20.10 404.0 0.0003173 25.67 1.23 817.7 38.96 20.99
25 17.90 320.4 0.0002517 3237 0.9699 1,031.0 30.90 Ry
26 1594 254.1 0.0001996 40.81 0.7692 1,300 24.50 53.06
27 14.20 201.5 0.0001583 51.47 0.6100 1,639 19.43 84.37
28 12.64 159.8 0.0001255 64.90 0.4837 2,067 1541 1342 |
29 11.26 126.7 0.00009953 81.83 0.3836 2607 .22 2133
30 10.03 100.5 0.00007894 103.2 0.3042 3287 9.691 3392
AN 8928 79.70 | 0.00006260 130.1 02413 4,145 7.685 539.3
32 7.950 63.21 | 0.00004964 164.1 01913 5227 6.095 857.6
3 7.080 50.13 | 0.00003937 206.9 0.1517 6,591 4.833 1,344
M 6.305 39.75 | 0.00003122 260.9 0.1203 8,310 3.833 2,168
35 5615 31.52 | 0.00002476 329.0 0.09542 | 10,480 3.040 3,448
36 5.000 25.00 | 0.00001964 4148 0.07568 | 13,210 2411 5,482
37 4.453 19.83 | 0.00001557 5231 0.06001 |6 660 1.912 8717
38 3.965 15.72 | 0.00001235 659.6 0.0475% | 21 0]0 1.516 | 13,860
39 3.531 12.47 | 0.000009793 | 831.8 0.03774 | 26,500 1.202 | 22,040
40 3145 9.888 | 0.000007766 | 1,049.0 0.02993 33 410 0.9534 | 35,040
Temperature coefficient of resistance:
The resi: of a conds at temp t°C s given by

Ry = R [1 + amlt — 201)

where Ra is the resistance at 20° C and o Is the temperature coefficient of resistance at 20° C.
For copper, aw = 0.00393. That is, the rellmmce ofa copper conduc'or increases approxi-
mately 4/10 of 1 percent per degree ig rige in e,

* For odditional data on wire, see pages 36, 37, 38, 60, and 124,
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Copper-wire table—English and metric unitst

tenpecicl o English units mefric unlls *
Amer
Birm resistance resistonce
wire wire | .:2"" diom ;';:"M ohms per diam ‘:“'M ohms per
99980 | gauge Q in PO | wire mile in 9 POC | wire km
AWG BWG SWG inches wire 20°C mm wire 20°C
(B&S) (NBS) mile o km 34
— —_ —_ .1968 618 1415 5_.9 1740 879
- - - J940 | 600 148 | dsaA | e 505
6 1920 589.2 1.485 4.875 166.2 922
— = -— .1855 SE 1.590 4713 1552 987
5 1819 528.9 1.654 4.620 149.1 1.028
7 .1800 5178 1.690 4.575 146.1 1.049
- - - am 500 1749 | 45 1412 1.086
7 1762 495.1 1.76% 4.447 140.0 1.098
- - - Je79 | 450 1945 | 4260 | 122 1.208
8 1650 435.1 2011 4.190 123.0 1.249
6 1620 419.5 2.086 4.5 183 1.296
8 1600 4090.2 2.139 4.062 153 1328
— — —_ 1582 _40_0 2.187 4.018 113.0 1.358
= -— = 1575 3953 2.213 4_0_ m.z 1.373
9 1480 350.1 2.500 3.760 98.85 1.552
7 1443 3327 2.430 3.865 93.78 1.634
9 1440 3314 2.641 3.458 93.40 1.641
- - - 1378 3025 2% | 35 85.30 1795
-— -_— —_ 1370 @ 296 3.480 84.55 1812
10 1341 .287.0 3.050 3.405 80.95 1.893
8 1285 263.8 3317 3.264 74.37 2.061
10 1280 2619 3342 3.252 7375 2077
—_— = _— .1251 _2_59 3.500 3.180 70.50 2173
—_ —_ —_ 1181 8 3.930 :19 62.85 2.440
9 Jd144 2002 4.182 2.906 58.98 2.599
— —_ — 120 @ 4.374 2.845 56.45 2718
12 ,10%0 189.9 4.609 2768 53.50 2.862
12 1040 1729 5.063 2.640 48.70 3.144
*10 1019 165.9 5274 2.588 46.77 3277
—_ = —_ 0984 154.5 5.670 2_.§ 43.55 3.520
—_ —_ = 0970 E 5.832 2460 4230 3.620
*14 .0830 no.\ 71.949 2.108 31.03 4.930
*2 0808 1044 8.386 2053 2.42 san
14 .0801 1023 8.556 2037 28.82 5315
- _ = 0788 99.10 8.830 2__0 27.93 5.480
*3 0720 8274 10.58 1.828 2.33 6.5
"4 0641 65.63 13.33 1.628 18.50 8.285
*6 0508 41.28 21.20 L2 11.63 13.07
*7 0453 3274 26.74 1.150 9.23 16.61
*8 0403 2598 3N 1.024 7.32 20.95
*9 0359 20.58 42.5 912 5.802 26.42
be'/] 0253 1027 85.24 b4 2.894 5296
24 .0201 646 135.5 St 1820 84.21
26 0159 4.06 2158.5 .405 1.145 133.9
27 .0142 322 2717 361 908 168.9
8 0126 2.56 27 321 720 2129

.# When used in cable, weight and resistance of wire should be increased about 3% to allow
for increase due to twist.

+ For additional data on wire,

see pages 35, 37, 38, 60, and 126.



Solid copperweld wire—mechanical and electrical properties

cross section welght Isk breaking load, aftenuation—db
size | diam area pounds | L ds feet | ©hms/1000 f at 68° F pounds per mile* ¢||'-nmm;l£e
AWG | fren | v 1000 mile ound | 40 30% olis | ey | 2% cond | 0% cond
mils toet mile Ppou! % o condy: conduct | 41 et | 4 rv_| wet | 40% | 309
4 2043 | 41,740 03278 1158 611.6 8.63 0.6337 0.8447 | 3,541 3934 — —_ —_ - — —
5 1819 | 33,100 02600 91.86 485.0 10.89 0.7990 1.065 2,938 3,250 — —_ — —_ — —_
é 1620 | 26,250 02062 72.85 384.6 13.73 1.008 1.343 2,433 2,680 078 | .086 103 | L109 450 686
7 |43 01635 s7.77 3050 17.31 1.270 1694 | 2,01 2,207 093 | 100 | 122 | 927 | 685 | 732
8 1285 | 16,510 01297 45.81 2419 21.83 1,602 2136 1,660 1,815 A 18 | 44 | 149 727 787
9 144 X 01028 36.33 191.8 27.52 2.020 2693 1,368 1,40 432 | 138 | 169 | 174 776 852
10 1019 | 10,380 008155 28.81 152.1 34.70 2.547 3.396 1,130 1,23t 156 161 196 | 200 834 920
1" 0907 | 8, 006467 120.6 43.76 3212 428 896 975 .83 | 188 | 228 | 233 910 | 1,013
12 0808 | 6,530 005129 18.12 95.68 5519 4.05 5.40 m 770 216 20 | 262 | 266 1,000 | 1,120
13 0720 | 5178 004067 1437 75.88 69.59 51N 6.81 490 530
14 0641 4,107 003225 11.40 60.17 87.75 6.44 8.59 400 440
15 0571 3257 002558 9.038 4772 1106 8.12 10.83 300 330
16 0508 | 2,583 o 7.167 37.84 139.5 10.24 13.65 250 270
17 0453 | 2,048 001609 5.684 30.01 175.9 1291 17.22 185 205
18 0403 1,624 001274 4.507 23.80 221.9 16.28 .71 153 170 E
19 | .0359 .001012 3.575 18.87 2798 20.53 27.37 1 135
20 0320 | 1,02 0008023 14.97 352.8 25.89 34.52 100 10 @
21 0285 810, 0006343 2248 11.87 444.8 65 43.52 73.2 811 z
2 | 0253 642.5 | .0005046 1783 9.413 560.9 4117 54, 58.0 64.3 m
23 0226 509.5 0004002 1.414 7.465 707.3 51.92 69.21 44.0 51.0 g
24 0201 404.0 10003173 1.121 5920 891.9 65.46 87.27 36.5 404 2
0179 3204 0002517 0.889 4.695 1,125 82.55 110.0 289 321 °
26 0159 254.1 0001996 0.705 373 1,418 104.1 1388 230 254
27 0142 201.5 0001583 0.559 2.953 1,788 131.3 175.0 18.2 20.1 »
28 0126 159.8 0001255 0.443 2342 2,255 165.5 20.6 144 159 2
29 0113 128.7 0000995 0.352 1857 2,843 208.7 2782 1.4 126 o
30 0100 100.5 0000789 0.279 1.473 3,586 350.8 9.08 10.0
N 0089 79.70 | 0000626 0.221 1.168 4,521 3319 442.4 7.20 7.95 k4
32 0080 63.21 | 0000496 0.175 0.926 5,701 418.5 557.8 571 630 »
3 .0071 50.13 | .0000394 0.139 0734 7,189 5277 703.4 4.53 5.00 -4
34 0063 39.75 | .0000312 0.110 0.582 9,065 6654 887.0 3.59 3.97 g
35 0056 31.52 | .0000248 0.087 0.462 11,430 839.0 1,19 2.85 3.14 -
k3 0050 2500 | 0000196 0.069 0.366 14,410 1,058 1,410 226 249 >
37 0045 19.83 | .0000156 0.055 0.290 18,180 1,334 1,778 .79 1.98 -
38 0040 1572 | .0000123 0.044 0.230 22,920 1,682 2,243 1.42 .57 [~ ]
39 0035 1247 | 00000979 0.035 0.183 28,900 121 2,828 113 1.24 >
40 .0031 9.89 1 .00000777 0.027 0.145 36,440 2675 3,566 0.893 0.986 =4
Note: Copperweld wire in sizes from No. 25 to No. 40 may be difficult to obtain ot present >
due to o shortage of facilities for moking these smaller sizes. PR
* DP Insulators, 12-Inch Wire Spacing, 1000 cycles —

For additional information on wire, see pages 35, 36, 38, 60, and 126,
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Standard stranded copper conductors

American wire gauge

individual *maximum
cirevlar size number wire “.’ble oreg weight weight resistance
mits | awe | °f diam | diam | square | [bsper | ibsper | um/1000 #
wires Thches inches inches 1000 # mile ot 20° €
211,600 4/0 19 1055 .528 0.1662 6533 | 3,450 0.05093
167,800 3/0 19 0940 470 0.13:8 518.1 2,736 0.06422
133,100 2/0 19 0837 419 | 0.1045 4109 2,170 0.08097
105,500 1/0 19 0745 373 0.08286 3257 1,720 0.1022
83,690 1 19 0664 332 0.06573 258.4 1,364 0.1288
66,370 2 7 0974 292 005213 2049 1,082 0.1624
52,640 3 7 .0867 260 0.04134 162.5 858.0 02048
41,740 4 7 0772 232 0.03278 128.9 680.5 0.2582
L1 5 7 .0488 206 0.02400 1022 539.6 0.3256
26,250 [ 7 0612 184 0.02062 81.05 4279 0.4105
20,820 7 7 0545 164 0.01635 44.28 3394 0.5178
16,510 8 7 0486 146 0.01297 50.98 269.1 0.6528
13,090 9 7 0432 130 0.01028 40.42 213.4 0.8233
10,380 10 7 0385 16 0.008152 3205 169.2 1.038
6,530 12 7 0305 0915 0.005129 20.16 106.5 1.650
4,107 14 7 0242 0726 0.003226 12.68 66.95 2.624
2,583 16 7 0192 0576 0.002029 7975 420 472
1,624 18 7 0152 0456 0.001275 5.014 2647 8.636
1,022 20 7 0121 0363 0.008027 3.155 16.66 10.54
* The resistance values In this table are trade ima far soft ar led copper wire and
are higher than the averoge values for commerciol cable. The fallowing values for the can-
ductivity and resistivity of copper ot 20° cenllgrade were used:
Conductivity in terms of | led Capper Standord 98.16%
Resistivity in pounds per mile-ahm 891..
The resistance of hard drawn capper Is slightly greater than the values given, being obaut 2%,
to 39, greater for sizes from 4/0 10 20 AWG.
Machine screw head styles
Method of length measurement
Sfundard
oval tound fillister
U ﬁ ﬁ L
Special
washer ovol fillister flat top straight side
binding binding binding binding
[ Y [§ L L L




Standard machine screw data including hole sizes

screw head hex nut washer clearance drilf* | tap driltt
lll: depth round fiat Alllster o hick
an ocross | across K= K-
od of minor od id no diom no | diom
lhr::dl thread | diam | min | max | max | min | mex flal | corner | ness ness
od | height od od | height
2-56 084 0116 0628 J46 070 172 124 055 187 217 062 Y .105 020 42 093 48 076
348 099 L0135 0719 169 078 A9 145 063 .187 217 062 Ya 105 020 37 104 44 .086
4-40 q12 L0162 0795 193 086 225 166 072 250 289 078 % 120 025 3 120 40 098
540 125 0162 0925 217 095 252 187 081 .250 .289 078 % 140 032 29 1346 36 106
6-32 .138 0203 0974 240 .103 279 208 089 250 .289 078 1 150 026 27 44 33 .13
312 361 109 % 032
8-32 Jd64 0203 1234 287 119 332 250 106 250 .289 078 % 170 .032 18 169 28 140
75 433 125 % 170 .036
10-32 190 0203 1494 334 136 385 292 A2 312 361 109 % .195 036 9 AL 20 161
375 433 J25 Y2 195 040
12-24 216 027 1619 282 152 438 334 141 75 433 125 ¥ 228 060 1 228 15 .180
437 505 J25 % 228 060
¥4-20 250 0325 .185 443 174 507 389 163 A7 505 :gg % 260 040 4 L] 204
I S0 | 77 | 25 | ng | 260 | 0
{ 156

All dimensions In inches.

¥ Clearance drill sizes are practical values for use of the engineer or technician doing his
own shop work.

t Tap drill sizes are for use in hand tapping materlal such as brass or soft stesl. For copper,
aluminum, or Norway iron, the drill should be a size or two larger diometer than shown. For
cost iron ond bokelite, or for very thin materlal, the top drill shovld be a size or two smoller
diameter than shown.

BE Viva 1VIYILVW ANV ONI¥3IINIONI



Insulating materials

electrical properties® physical properties
maberial dielectric constant power factor "”;";'; "lcnm':: soﬂolnlng
s expansion point
100~ 60~ 10~ 108~ kv/mmt por © C
Anlline Formaldehyde Resin 34 .003 .007 004 16-25 54 X 107 260° F
Casein 052 16-28 5 X10°¢ 200° F
Celluloss Acetate (plostic) 34 .007 .039 039 10-14 T 615 X 10°¢ 100-190° F
Cellulose Acetobutyrate 3.0 004 017 019 10-16 1N-17 X 10 110-180° F
Ebonite 28 .008 006 004 18 7 X10°¢ 140° F
Ethyl Cellulose 3.2 .005 028 024 16-28 3.4 X107 120°F
Gloss, Corning 707 4.0 0006 0008 0012 31 X107 1400° F
Gloss, Corning 774 5.0 0136 .0048 K 33 X 1077 1500° F
Glass, Coming 790 3.9 0006 0006 0006 8 X107 2600° F
Glass, Corning 7052 5.1 .008 0024 0036 47 X 1077 1300° F
Halowax 34 | .002 0014 .105 190°F
Isolontite 0018
Melomine Formaldehyde Resin 45 | .08 08 .03 18 3.5 X 10 260° F
Moethyl Methacrylate—a Lucite HM119 2.6 066 015 007 16 1144 X 10°¢ 160° F
b Plexiglos 26 064 015 007 16 8 X 10°¢ 160° F
Mico 54 .005 0003 0003
Mycalex 364 70 | .0064 0021 0022 4 89 X 109 660° F
Nylon FM=1 36 | .08 .020 018 12 57 X 10 160° F
Paraffin Ol 22 .0001 0001 0004 15 7.0 X107 liquid
Petroleum Wax (Paraffin Wox) 225 | .0002 0002 0002 8-12 M.P. 132° F
Phenol Formaldehyde Resins
a general purpose 40 | .08 04 014 4 34 X 107 275° F
b. mineral filled 43 024 006 012 20 A2 F
<. cast 80 | .05 .05 .08 10 7.5-15 X 10°¢ 140° F
Phenol Furfural Resins 40 | 20 04 .05
Polyethylene 225 | .0003 0003 0003 40 Varies 20°F
Polyisobutylene MW 100,000 222 | .0003 0003 0004 >0°F
Polystyrene MW 80,000 2.52 | .0002 0002 0003 30 7 X 10 175° F
Polyvinyl Carbazole 295 | .0017 0005 0006 | 31~40 4.5-5.5 X 10°¢ 300° F
Polyvinyl Chlor-Acetate 28 | .009 014 009 180° F
Polyviny! Chioride 2.9 012 016 008 180° F
Polyvinylidine Chloride-Saran 28 03 046 014 15 1.58 X 10™¢ 175°F
Quartz {fused) 38 | .0009 0002 0002 60 57 X 1077 3000° F
Shellac 3 006 031 .030
Styraloy 22 24 0010 0012 0043 0 1.8 X 10~¢ 150° F
Styramic 273 | .003 0002 .0002 7 X107 175°F
Styramic HT 262 | .0002 0002 0002 c 250° F
Ureo Formaldehyde Resins 50 | .032 028 .05 15 26 X 10°¢ 260° F
Wood—African Mahogany {dry} 21 01 .03 04
Balsa (dry} 13 | .048 012 013

* Values given are average for the materials listed.

1To convert Kilovolts per millimetor to volts per mil, multiply by 25.4
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Plastics: trade names

frade name composition frade name composition
Acryloid Methacrylate Resin Indur Phenol Formaldehyde
Alvar Polyvinyl Acetal Kodapak Ceilulose Acetate
Amerith Cellulose Nitrate Kodapak Il Cellulose Acetobutyrate
Ameripol Butadiene Copolymer Koroseal Modified Polyvinyl Chloride
Ameroid Casein ’ lectrofilm Polyvinyl Carbazole (con-
Bakelite Phenol Formaldehyde denser material; mica sub-
Bakelite Urea Formaldehyde stitute)
Bakelite Coelivlose Acetate Loalin Polystyrene
Bakelite Polystyrene Llucite Methyl Methacrylate Resin
Beckamine Urea Formaldehyde Resins Lumarith Cellulose Acetate
Beetle Urea Formaldehyde Lumarith X Celislose Acetate
Butacite Polyvinyl Butyral Lustron Polystyrene
Butvar Polyvinyl Butyral luvican Polyvinyl Carbazole
Cardolite Phenol-aldehyde (cashew nut  Makalot Phenol Formaldehyde
derivative) Marblette Pheno! Formaldehyde (cast)
Cerex Styrene Copolymer Marbon B Cyclized Rubber
Caotalin Pheno! Formaldehyde (cast) Marbon C Rubber Hydrochloride
Cellophane Regenerated Cellulose Film Melmac Melamine Formaldehyde
Celluloid Coellulose Nitrate Methocel Methyl Cellulose
Cibanite Aniline Formaldehyde Micabond Glycerol Phthalic Anhydride,
Crystalite Acrylate and Methacrylate Mica
Resin Micarta Phenol Formaldehyde (lomi-
Cumar Cumarone-indene Resin nation)
Dilectene 100  Aniline Fformaldehyde Syn-  Monsanto Cellulose Nitrate
thetic Resin Monsanto Polyvinyl Acetals
Dilecto Urea Formaldehyde (phenol Monsanto Cellulose Acetate
formaldehyde) Monsanto Phenol Formaldehyde
Dilecto UF Urea Formaldehyde Mycalex Mica Bonded Class
Distrene Polystyrene Neoprene Chloroprene Synthetic Rub-
Durez Phenol Formaldehyde ber
Durite Phenol Formaldehyde Nevidene Cumarone-indene
Durite Phenol Furfural Nitron Celiulose Nitrate
Erinofort Cellulose Acetate Nixonite Cellulose Acetate
Erinoid Casein Nixonoid Cellulose Nitrate
Ethocel Ethy! Cellulose Nylon Synthetic Polyamides and
Ethocel PG Ethyl Cellulose Super Polyamides
Ethofoil Ethy! Cellulose Nypene Polyterpene Resins
Ethomelt Ethyl Cellulose (hot pouring  Opalon Phenol Formaldehyde
compound) Panelyte Phenol Formaldehyde (lomi-
Ethomulsion Ethyl Cellulose  (lacquer nate)
emulsion) Panelyte Phenol Formaldehyde
Fibestos Cellulose Acetate Parlon Chlorinated Rubber
Flamenol Vinyl Chloride (plasticized) Perspex Methyl Methacrylic Ester
Formico Pheno! Formaldehyde (lami-  Plaskon Urea Formaldehyde
nation) Plastacele Cellulose Acetate
Formvar Polyvinyl Formol Plexiglas Methyl Methacrylate
Gaolalith Casein Plexiglas Acrylate and Methacrylate
Gelva Polyvinyl Acetate Resin
Gemstone Phenol Formaldehyde Plaskon Urea Formaldehyde
Geon Polyvinyl Chloride Plastacele Cellulose Acetate
Glyptal Glycerol-phthalic Anhydride Pliofilm Rubber Hydrochloride
Haveg Phenol Formaldehyde Asbes-  Plioform Rubber Derivative
tos Pliolite Rubber Derivative
Hercose AP Cellulose Acetate Propionate  Polyfibre Polystyrene
Heresite Phenol Formaldehyde Polythene Polyethylene
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Plastics: trade names  continved
frade nome composition trade name composition
Protectoid Cellulose Acetate Styron Polystyrene
Prystal Phenol Formaldehyde Super Styrex  Polystyrene
Pyralin Cellulose Nitrate Synthane Phenol Formaldehyde
PYA Polyvinyl Alcohol Tenite Cellvlose Acetate
Pyralin Celivlose Nitrate Tenite Il Cellulose Acetobutyrate
Resinox Phenol Formaldehyde Textolite Various
Resoglaz Polystyrene Textolite 1421 Cross-linked Polystyrene
Rhodolene M Polystyrene Tornesit Rubber Derivative
Rhodoid Cellulose Acetate Trolitul Polystyrene
Ronilla L Polystyrene Vec Polyvinylidene Chloride
Ronilla M Polystyrene Victron Polystyrene
Saflex Polyvinyl Butyral Vinylite A Polyvinyl Acetate
Saran Polyvinylidene Chloride Vinylite Q Polyvinyl Chloride
Styraflex Polystyrene Vinylite V Vinyl Chloride-Acetate Co-
Styramic Polystyrene-Chlorinated Di- polymer

phenyl Vinylite X Polyvinyl Butyral
Styramic HT Polydichlorstyrene

Wind velocities and pressures

indicoted velocities | actual velocities cylindrical surfaces flat surfaces
pressure |bs per sq ft pressure lbs per

miles per hour* miles per hour projected areos square foot

Vi Va P = 0.0025Va? P = 0.0042Vq?
10 9.6 0.23 04
20 17.8 0.8 1.3
30 257 1.7 2.8
40 333 28 47
50 40.8 42 70
60 48.0 58 9.7
70 552 7.6 12.8
80 622 97 16.2
90 69.2 12.0 20.1
100 76.2 14.5 24.3
10 832 17.3 291
120 90.2 20.3 34.2
125 937 21.9 36.9
130 97.2 23.6 39.7
140 104.2 27.2 45.6
150 11.2 30.9 51.9
160 1182 34.9 58.6
170 1252 39.2 65.7
175 128.7 41.4 69.5
180 132.2 437 73.5
190 . 139.2 48.5 81.5
200 146.2 53.5 89.8

* As measured with o cup anemometer, these being the average maximum
for a period of five minutes.



ENGINEERING AND MATERIAL DATA 43

Temperature chart of heated metals

] '
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Physical constants of various metals and alloys*

temp

coefficient of

relative | coefficient of | specific | thermal cond | melting
material resistance | resistivity at | gravity K point
20°C watts/cm°C °c
Advance (55 Cu 45 Ni) see | Constontan
Aluminum 1.64 .004 27 2.03 660
Antimony 2421 .0034 6.6 0.187 630
Arsenic 19.33 .0042 573 - sublimes
Bismuth 69.8 .004 9.8 0.0755 270
Brass (66 Cu 34 Zn} 3.9 002 8.47 1.2 920
Codmium 44 .0038 8.64 0.92 321
Chromax {15 Cr 35 Ni
balance Fe) 58.0 00031 7.95 0.130 1380
Cobalt 5.6 .0033 8.71 - 1480
Constantan (55Cu45Ni) 28.45 =+.0002 8.9 0.218 1210
Copper—annealed 1.00 00393 8.89 3.88 1083
hard drown 1.03 .00382 8.89 - 1083
Eureka (55 Cu 45 Ni) see | Constantan
Gos carban 2900 —.0005 - - 3500
Gold 1.416 .0034 19.32 0.296 1063
Idea! (55 Cu 45 Ni) see | Constanton
Iron, pure 5.6 .0052-,0062 7.8 0.67 1535
Kovar A (29 Ni 17 Co
0.3 Mn balance Fe) 28.4 - 8.2 0.193 1450
Lead 1278 0042 1.37 0.344 327
Magnesium 2.67 .004 1.74 1.58 651
Manganin (84 Cu 12 Mn
4 Ni) 26 =+.00002 8.5 0.63 910
Mercury 556 .00089 13.55 0.063 —38.87
Molybdenum, drawn 3.3 L0045 10.2 1.46 2630
Monel metal (67 Ni 30 Cu
1.4 Fe 1 Mn) 27.8 002 8.8 0.25 1300-1350
Nichrome | (65 Ni 12 Cr|
23 Fe) 65.0 00017 825 0.132 1350
Nickel 5.05 0047 8.85 0.6 1452
Nickel silver (64 Cu
18 Zn 18 Ni) 16.0 00026 872 0.33 no
Palladium 6.2 .0038 12.16 0.7 1557
Phosphor-bronze (4 Sn
0.5 P balonce Cu) 545 - 89 0.82 1050
Platinum 6.16 .0038 21.4 0.695 1771
Silver 0.95 .004 10.5 4,19 960.5
Steel, manganese (13 Mn|.
1 C 85 Fe) 411 - 7.81 0.113 1510
Steel, SAE 1045 {0.4-0.5
C balance Fe) 7.6~12.7 - 7.8 0.59 1480
Steel, 18-8 stainless
0.1 C 18 Cr 8 Ni
balance Fel 52.8 - 7.9 0.163 1410
Tantalum 9.0 0033 16.6 0.545 2850
Tin 6.7 0042 7.3 0.64 231.9
Tophet A (80 Ni 20 Cr} 62.5 .02-.07 84 0.136 1400
Tungsten 3.25 0045 19.2 1.6 3370
Zinc 34 0037 7.14 112 419
Zirconium 2.38 .0044 6.4 - 1860

* See following page.
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Physical constants of various metals and alloys  continved

Definitions of physical constants in preceding table

The preceding table of relative resistances gives the ratio of the resistance
of any material to the resistance of a piece of annealed copper of identical
physical dimensions and temperature.

1. The resistance of any substance of uniform cross-section is proportional
to the length and inversely proportional to the cross-sectioned area.

ol . . .
R= A where p = resistivity, the proportionality constant,

L = length, A = cross-sectional area, R = resistance in ohms.

If L and A are measured in centimeters, p is in chm-centimeters.

If Lis measured in feet, and A in circular mils, p is in ohm-circular mils per foot.
Relative resistance = p divided by the resistivity of copper {1.7241 X 10-¢
ohm-cm).

2. The temperature coefficient of resistivity gives the ratio of the change
in resistivity due to a change in temperature of 1° C relative to the resis-
tivity at 20° C. The dimensions of this quantity are ohms per ° C per ohm
or1/°C.

The resistance at any temperature is:

R =Ry 1 4+ all, Ry = resistance at 0° in ohms, T = temperature in
degrees centigrade, a = temperature coefficient of resistivity 1/° C.

3. The specific gravity of a substance is defined as the ratio of the weight
of a given volume of the substance to the weight of an equal volume of
water.

In the cgs system, the specific gravity of a substance is exactly equal to the
weight in grams of one cubic centimeter of the substance.

4, Coefficient of thermal conductivity is defined as the time rate of heat
transfer through unit thickness, across unit area, for a unit difference in
temperature. Expressing rate of heat transfer in watts, the coefficient of
thermal conductivity

wiL
K=——
AAT

" W = watts, L = thickness in cm, A = area in sq cm, AT = temperature in °C.

5. Specific heat is defined as the number of calories required to heat one
gram of a substance one degree Centigrade.

H = ms AT or change in heat m = mass in grams
AT = temperature change ° C s = specific heat in cal/gm/°® C



Thermocouples and their characteristics

/ » )/ | N 1 fealesmmal plati /plati plati /plath carbon/silicon
type pper/ | tron/ / | / | rhodium (10) rhodium (13) carbide
1
Composition, percent 100Cy  54Cu 48Ni |100fe  55Cu 44Ni [90Ni 10Cr 9ONI10Cr  95Ni 2A1 2Mn 15§ Pt 90Pt 10Rh Pt 87Pt 13Rh C SiC
99.9Cu  55Cu 45Ni 5Mn +-Fe, 89.6Ni 8.9Cr 97Ni 3AI4-Si
60Cu 40Ni Si 55Cu 45Ni [89Ni 10Cr 94N 2A1 1Si
2.5Mn 0.5F¢
89Ni 9.8Cr  1Fe 0.2Mn
Range of application, © C' | =250 1o +600 |—200 to 41050 [0 to 1100 0 to 1100 0 to 1550 to 2000
Resistivity, rﬁro-ohm-C.M. 1.75 49 no 49 70 49 70 2.4 10 21 |
Temperature coefficient of | 1
resistivity, ° .0039 .00001 .005 .00001 00035 0002 |.00035 000125 |.0030 0018
Mellin! temperature, °C 1085 1190 1535 1190 |1400 1190 {1400 1430 1755 <1700 | 3000 2700
EMF in mv reference junc. | 100° C 4.24mv | 100°C 5.28mv| 100° C 6.3mv 100° C 4.1 mv 100° C 0.643mv; 100°C 0.646mv|1210°C  353.6mv
tion at 0° 200 9.06 200 10.78 | 200 133 200 8.13 200 1436 | 200 1.464  [1300 385.2
300 1442 400 21.82 | 400 28.5 400 16.39 400 3251 | 400 3.398 1360 403.2
400 3316 | 400 43 600 2490 600 5222 | 600 5.561 1450 424.9
800 45.48 800 33.31 800 7.330 | 800 7927
1000 5816 1000 4131 1000 9.569 |1000 10470
1200 48.85 1200 1924 1200 13.181
1400 55.81 1400 14312 (1400 15.940
1600 16.674  |1600 18.680
Infl of P e |Subject to oxid Oxidizing and re-|Chromel ked by|Resi t idizing atmos-|Resi: 1o oxidiz-| Used os tube ele-
and gas atmosphere and alteration above|ducing atmosphere|sulphurous atmosphere.|phere very good. Resi to|ing ph: ve: ment. Coarbon
C due Cu, above|have little eflect on|Resistance to oxida-|reducing otmosphere poor./good. Resistance to sheath chemically

due constantan
wire. Ni-plating of
Cu tube gives protec-
tion, in acid-contain-
ing gos. Contamina.
fion of Cu oflects
calibration  greotly.
Resistance to oxid.
aim. good. Resistance
to  reducing atm,
good. Requires pro-
tection from acid

accuracy. Best used
in dry atmosphere.
Resistance to oxida-
tion good to 400°
Resistance to reduc-
ing atmosphere,
good. Protect from
oxygen, moisture,
sulphur.

tion good.
to
phere poor.

AR,

reducing atmos-

ted by sulphur, reducing
’o.';swlphurom gos, SOz and

reducing atmosphere
poor. Susceptible to
chemical alteration by|
As, Si, P vapor in re-
ducing gas (COs, Hs,
HsS, SOsi. Pt cor-
rodes easily above|
1000°, Used in gos-
tight protecting tube.

inert.

fumes.
Particular applications low temperature, in-|Low temperature, in- Used In oxidizing h Inter | Stand-|Similar to Pt/PtRh{101|Steel furnace and
dustrial. Internal com-|dustrial. Steel an- Industrial. Ceramic kilns, tubelard 630 to 1065° C. [but has higher emf. |ladle temperatures.

bu