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Foreword

The first American edition of Reference Data for Radio Engineers was
published by Federal Telephone and Radio Corporation in 1943. It was
suggested by a 40-page brochure of that title issued in 1942 by Standard
Telephones and Cables Limited, an English subsidiary of the International
Telephone and Telegraph Corporation.

Expanded American editions published in 1946 and 1949 were stimulated
by the widespread acceptance of the book by practicing engineers and
by universities, technical schools, and colleges, in many of which it has
become an accepted text. This fourth edition is sponsored by the Inter-
national Telephone and Telegraph Corporation in behalf of its research,
engineering, and manufacturing companies throughout the world.

Federa! Telecommunication Laboratories Division of International Telephone
and Telegraph Corporation has continued its major role of directing and
approving the technical contents of all the editions published in the United
States.

While dominantly the cooperative efforts of engineers in the International
System, some of the material was obtained from other sources. Acknowl-
edgement is made of contributions to the third and fourth editions by J. G.
Truxal of the Polytechnic Institute of Brooklyn; J. R. Ragazzini and L. A.
Zadeh of Columbia University; C. L. Hogan and H. R. Mimno of Harvard
University; P. T. Demos, E. J. Eppling, A. G. Hill, and L. D. Smullin of Massa-
chusetts Institute of Technology, and by A. Abbot, M. S. Buyer, J. J. Caldwell,
Jr., M. J. DiToro, S. F. Frankel, G. H. Gray, R. E. Houston, H. P. Iskenderian,
R. W. Kosley, George Lewis, R. F. Lewis, E. S. Mclarn, S. Moskowitz, J. J. Nail,
E. M. Ostlund, B. Parzen, Haraden Pratt, A. M. Stevens, and A. R. Vallarino.

Special credit is due to W. L. McPherson, who compiled the original British
editions, and to H. T. Kohlhaas and F. J. Mann, editors of the first two and
the third American editions, respectively. The present members of the Inter-
national System who contributed to the fourth edition are listed on the
following page.

Editorial Board

A. G. Kandoian, chairman

L. A. deRosa R. E. Gray W, Sichak
G. A. Deschamps W. W. Macalpine H. P. Westman
M. Dishal R. McSweeny A. K. Wing, Jr.

H. P. Westman, edifor J. E. Schlaikjer, assistant editor
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CHAPTER 1 ]

B Frequency data

Wavelength-frequency conversion

The graph given below permits conversion between frequency and wave-
length; by use of multiplying factors such as those at the bottom of the page,
this graph will cover any portion of the electromagnetic-wave spectrum.

M = wavelength in feet
328 @ S50 60 0 100 150 200 300
| P N N i 0 N i | | [, 0 (|

o
g

~e
L3

f = frequency in megocycles
3

10
N\
[}
AN
[}
H
' \\
3
[ 5 0 B X @ S0 60 0 10
Am = wavelength in meters
for frequencies from | multiply £ by multiply \ by
0.03 - 0.3 megacycles 0.01 100
03 - 3.0 megacycles 0.1 10
30 - 30 megacycles 1.0 1.0
30 -~ 300 megacycles 10 0.1
300 - 3,000 megacycles 100 0.01
3,000 - 30000 megacycles I 1,000 0.001
30,000 -300,000 megacycles | 10,000 0.0001
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Wavelength-frequency conversion continved

Conversion formulas
Propagation velocity ¢ = 3 X 108 meters/second

300,000 300

Wavelength in meters Ay = — ——— = ——————
fin kilocycles  f in megacycles

- ORI
f in kilocycles f in megacycles

Wavelength in feet Ay

1 Angstrom unit A = 3937 X 10~ inch
1 X 1071 meter
=1X10™ micron

1 micron u = 3.937 X 1078 inch
1 X 10-¢ meter
1 X 104 Angstrom units

Nomenclature of frequency bands

In accordance with the Atlantic City Radio Convention of 1947, frequencies
should be expressed in kilocycles/second at and below 30,000 kilocycles,
ond in megacycles/second above this frequency. The band designations as
decided upon at Atlantic City and as later modified by Comite Consultatif
international Radio Recommendation No. 142 in 1953 are as follows

band frequency l metric Atlantic City
number range subdivision frequency subdivision
|

4 3~ 30 ke Myriometric woves ! VIF | Very-low frequency
5 30— 300 ke Kilometric woves LF | low frequency
é 300~ 3,000 kc | Hectometric woves MF | Medium frequency
7 3,000- 30,000 kc Decometric woves HF | High frequency
8 30— 300 mc Metric woves VHF | Very-high frequency
9 300~ 3,000 mc Decimetric woves UHF | Ultro-high frequency
10 3,000—- 30,000 mc Centimetric woves SHF | Super-high frequency
11 | 30,000~ 300,000 mc Millimetric woves EHF | Extremely-high frequency

12 | 300,000-3,000,000 mc | Decimillimetric woves —_ —_

Note that band "*N"" extends from 0.3 X 10¥ to 3 X 10V cy; thus band 4
designates the frequency range 0.3 X 10* to 3 X 10* cy. The upper limit
is included in each band; the lower limit is excluded.

Description of bands by means of adjectives is arbitrary and the CCIR
recommends that it be discontinued, e.g., "ultra-high frequency” should not
be used to describe the range 300 to 3000 mc.
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Nomenclature of frequency bands  continved

Letter designations for frequency bands: letters such as X have been
employed in the past to indicate certain bands. These terms were originally
used for military secrecy, but they were later mentioned in general technical
literature. Those most often used are shown in Fig. 4 of the chapter “Radar
fundamentals."

The letter designations have no official standing and the limits of the band
associated with each letter are not accurately defined.

Frequency allocations by international treaty

For purposes of frequency allocations, the world has been divided into
regions as shown in the figure.
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Regions defined in table of frequency allocations. Shaded area is the tropical zones

The following table of frequency allocations pertains to the western
hemisphere (region 2). This allocation was adopted by the International
Telecommunications Conference at Atlantic City in 1947 and was confirmed
by the similar conference in Buenos Aires in 1952.

An asterisk (*) following a service designation indicates that the allocation
has been made on a world-wide basis. All explanatory notes covering
region 2 as well as other regions have been omitted. For these explanatory
notes consult the texts of the Atlantic City and Buenos Aires Conventions
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Frequency allocations by international treaty

conlinved

which may be purchased from the Secretary General, International Tele-
communications Union, Palais Wilson, Geneva, Switzerland.

Frequency assignments in the U.S.A. below 25 mc are in general accord
with the following table. Above 25 mc, the U.S.A. assignments comply with
the table, but the various bands have been subdivided among many services
as shown in the listings on pages 12 to 15.

Assignments of frequencies in each country are subject to many special
conditions. For the U.S.A. consult the Rules and Regulations of the Federal
Communications Commission, which may be purchased from the Superin-
tendent of Documents, Government Printing Office, Washington 25, D.C

kilocycles service kilocycles  service
10- 14  Radio navigation* 3200~ 3400 Broadcasting,* Fixed,* Mo-
14- 70 Fixed,® Maritime mobile® bile except aeronavtical mo-
70- 90  Fixed, Maritime mobile bile*
90—~ 110  Fixed,* Maritime mobile,* Ra- 3400- 3500  Aeronautical mobile*
dio navigation®* 3500~ 4000 Amateur, Fixed, Mobile ex-
110- 160 Fixed, Maritime mobile cept aeronavtical
160~ 200  Fixed 4000— 4063  Fixed*
200~ 285  Aeronautical mobile, Aero- 4063 4438  Maritime mobile®*
navtical navigation 4438- 4650  Fixed, Mobile except aero-
285~ 325  Maritime navigation (radio nautical
beacons) . 4650~ 4750  Aeronavtical mobile®
325~ 405 Aerqnolv'iCO! mobile,* Aero- | 4750 4850  Broadcasting, Fixed
navtical navigation 4850~ 4995  Broadcasting,*® Fixed,* Lland
405- 415  Aeronautical mobile, Aero- mobile®
nou!ico[ "°Vil9°:j?"' 3',1°'i':,m° 4995- 5005  Standard frequency®*
;:;'ig;,'m“ rodio direction | g405 5040  Broadcasting,* Fixed®
" -
415~ 490  Moritime mobile® Slotm crid S _
.\ . A0 5250— 5450  Fixed, land mobile
490~ 510  Mobile (distress and calling) h _
i 5450— 5480  Aeronavutical mobile
510~ 535 Mobile . e
__ 5480~ 5730  Aeronavtical mobile
535- 1605  Broadcasting 30— 5950  Fixed®
1605- 1800 Aeronavtical navigation, B" .
Fixed, Mobile 5950— 6200 roa'c‘lcoshng =
1800~ 2000  Amateur, Fixed, Mobile ex- | 6200- 6525  Maritime mobile
cept aeronautical, Radio nav- 6525- 6765  Aeronavutical mobile®
igation 6765~ 7000  Fixed*
2000— 2065  Fixed, Mobile 7000— 7100  Amateur®
2065- 2105  Maritime mobile 7100—- 7300  Amateur
2105~ 2300 Fixed, Mobile 7300~ 8195  Fixed®
2300— 2495 Broadcasting, Fixed, Mobile 8195 8815  Maritime mobile®
2495- 2505  Standard frequency 8815- 9040  Aeronavtical mobile®
2505- 2850  Fixed, Mobile 9040— 9500  Fixed®
2850~ 3155  Aeronavtical mobile® 9500~ 9775  Broadcasting®
3155~ 3200 Fixed,* Mobile except aero- 9775 9995  Fixed®
navtical mobile® 9995-10005  Standard frequency™
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Frequency allocations by international treaty confinved
kilocycles service | megacycles  service
10005-10100  Aeronavutical mobile® 88 - 100 Broadcasting®
10100-11175  Fixed* 100 - 108 Broadcasting
11175-11400 Aeronautical mobile* 108 — 118 Aeronautical novigoﬂon.
11400-11700  Fixed* 118 - 132 Aeronautical mobile®
11700-11975  Broadcasting® 132 — 144  Fixed, Mobile
1197512330  Fixed* 144 — 146  Amateur®
12330-13200  Maritime mobile® 146 ~ 148  Amateur
13200-13360  Aeronautical mobile® 148 — 174  Fixed, Mobile
13360-14000  Fixed* 174 — 216 Broadcosting, Fixed, Mo-
14000-14350  Amateur* bile
14350-14990  Fixed* 216 - 220 Fixed, Mobile
14990-15010  Stondard frequency® 220 - 225 Amateur
15010-15100  Aeronautical mobile® 225 — 235 Fixed, Mobile
15100-15450  Broadcasting® 235 — 328.6 Fixed,* Mobile*
1545016460  Fixed* 328.6—~ 3354 Aeronautical navigation®
16460—17360  Maritime mobile® 335.4— 420 Fixed,* Mobile®
1736017700  Fixed® 420 ~ 450  Aeronautical navigation,®
17700-17900  Broadcasting® Amateur*
17900-18030  Aeronautical mobile® 450 ~ 460  Aeronautical navigation,
18030-19990  Fixed* Fixed, Mobile
19990-20010  Standard frequency® 460 ~ 470  Fixed,* Mobile*
20010-21000 Fixed® 470 - 585 Broodcosﬂng‘
21000-21450  Amateur* 585 — 610  Broadcasting
21450-21750  Broodcosting® 610 - 940  Broadcasting®
21750-21850  Fixed® 940 — 960  Fixed
21850-22000 Aeronautical fixed, Aero- 960 - 1215  Aeronautica! navigation®
navtical mobile* 1215 - 1300  Amateur*
22000-22720  Maritime mobile® 1300 — 1660  Aeronavutical navigation
22720-23200  Fixed* 1660 — 1700  Meteorological aids (radio-
23200-23350  Aeronautical fixed,* Aero- sonde)
nautical mobile* 1700 - 2300  Fixed,* Mobile*
23350-24990  Fixed,* Land mobile* 2300 - 2450  Amateur®
24990-25010  Standard frequency® 2450 - 2700  Fixed,* Mobile*
25010-25600  Fixed,* Mobile except aero- 2700 - 2900  Aeronautical navigation®*
nautical® 2900 - 3300 Radio navigation®
2560026100  Broadcasting® 3300 - 3500 Amateur
26100-27500  Fixed,* Mobile except aero- 3500 - 3900 Fixed, Mobile
nautical* 3900 — 4200  Fixed,* Mobile*
27500-28000  Fixed, Mobile 4200 ~ 4400  Aeronautical navigation®
28000-29700  Amateur* 4400 — 5000  Fixed,* Mobile*
5000 - 5250  Aeronavtical navigation®
megacycles  service 5250 - 5650  Radio navigatien®
5650 — 5850  Amateur*
29.7- 44  Fixed, Mobile 5850 ~ 5925  Amateur
44 - 50 Broadcasting, Fixed, Mobile 5925 — 8500 Fixed,* Mobile*
50 - 54  Amoateur 8500 — 9800 Radio navigation®*
54 - 72 Broadcasting, Fixed, Mobile 9800 —10000  Fixed,* Radio navigation*
72 - 76 Fixed, Mobile 10000 ~10500 Amateur®
76 — 88 Broadcasting, Fixed, Mo. Above 10500 Not allocated by Atlantic
bile City Convention
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Frequency allocations above 25 mc in U.S.A.

The following listings show the frequency bands above 25 mc allocated to
various services in the U.S.A. as of 21 November 1956.* Note that many of
these bands are shared by more than one service.

Government

Armed forces and other departments of the national government.

24.99 — 25.01
2533 — 25.85
26.48 — 26.95
27.54 - 28.00
29.89 — 29.91
30.00 — 30.56
32.00 - 33.00

Public safety

34.00 — 35.00
36.00 - 37.00
38.00 - 39.00
40.00 — 42,00
132.00 — 144.00
148.00 — 152.00

157.05 — 157.25

Police, fire, forestry, highway, and

27.23 - 27.28
30.84 — 32.00
33.00 - 33.12
33.40 — 34.00
37.00 — 37.44
37.88 — 38.00
39.00 ~ 40.00
Industrial

42.00 — 42.96
44.60 — 47.68
72.00 = 76.00
153.74 — 154.46
154.61 - 157.50
158.70 — 162.00
166.00 — 172.40

162.00 — 174.00
216.00 - 220.00
225.00 — 328.60
335.40 — 400.00
406.00 — 420.00
1700 -1850
2200 —2300

emergency services.

453 — 454
458 — 459
890 — 940
952 - 960
1850 = 1990
2110 - 2200
2450 — 2700

Power, petroleum, pipe line, forest products, motion
builders, ranchers, factories, etc.

4400 - 5000
7125 = 8500
9800 — 10000
13225 - 16000
18000 — 21000
22000 — 246000
above 30000
3500 - 3700
6425 — 6875
10550 — 10700
11700 = 12700
13200 — 13225
16000 — 18000
26000 - 30000

picture, press relay,

25.01 — 2533 4296 - 4320 171.80 - 172.00 2110 — 2200
27.255 47.68 - 50.00 173.20 = 173.40 2450 — 2700
27.28 — 27.54 72,00 - 76.00 406.00 — 406.40 3500 - 3700
29.70 - 29.80 152.84 ~ 153.74 412.40 — 412.80 6425 — 6875
30.56 — 30.84 154,46 ~— 154.61 451.00 — 452.00 10550 — 10700
33.12 - 3340 158.10 — 158.46 456.00 — 457.00 11700 ~ 12700
35.00 — 35.20 169.40 — 169.60 890 - 940 13200 — 13225
3572 - 3596 170.20 = 170.40 952 - 960 16000 — 18000
37.44 - 37.88 171.00 = 171.20 1850 ~-1990 26000 - 30000

Land transportation

Taxicabs, railroads, buses, trucks.
27.255 152.24 — 152.48 952 - 960 6425 — 6875
30.64 - 31.16 157.45 — 157.74 1850 — 1990 10550 — 10700
35.68 - 3572 159.48 — 161.85 2110 — 2200 11700 - 12700
3596 -~ 36.00 452 - 453 2450 — 2700 13200 - 13225
4368 — 4460 457 - 458 3500 - 3700 16000 — 18000
72.00 = 76.00 890 — 940 26000 — 30000

* These allocations are revised at frequent intervals. Specific information can be obtained
from the Frequency Allocation and Treaty Division of the Federal Co ications Commission;
Woashington 25, D. C




FREQUENCY DATA ] 3

Frequency allocations above 25 mc in U.S.A. continved

Domestic public

Message or paging services to persons and to individual stations, primarily
mobile.

3520 - 3548 157.74 — 158.10 2450 - 2500 11700 ~ 12200
4320 - 4348 158.46 — 158.70 3500 - 3700 13200 — 13225
152.00 — 152.24 454 - 455 6425 — 6575 16000 ~ 18000
152.48 - 152.84 459 -~ 460 10550 ~10700 26000 — 30000

Citizens radio

Personal radio services.
27.255

460 ~ 470
Common carrier fixed

Point-to-point telephone, telegraph, and program transmission for public
use.

26.955 *76.00 - 88.00 2450 - 2500 10700 — 11700
29.80 ~ 29.89 t88 - 100 3700 ~ 4200 13200 - 13225
29.91 ~ 30.00 198 - 108 5925 — 6425 16000 ~ 18000
72.00 ~ 76.00 716 - 940 10550 —10700 26000 ~ 30000

* Territories of Alasko ond Howaii only.
1 Territory of Alasko only.
1 Territory of Howeii only.

International control

links between stations used for international communication and their
associated control centers.

952 — 960 2100 — 2200 6575 — 6875
1850 — 1990 2500 — 2700 12200 — 12700

Television broadcasting
54 - 72 76 - 88 174 - 216 470 — 890

Frequency-modulation broadcasting
88 — 108

Television pickup, links, and intercity relay

Studio-to-transmitter links, etc.
890 — 940 (Sound only) 1990 - 2110 6875 — 7125 12700 - 13200
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Frequency allocations above 25 mc in U.S.A.  continved

FM and standard broadcasting links and intercity relay

Studio-to-transmitter links, etc.

890 ~ 952

Standard broadcasting remote pickup

2585 - 26.48 166.0 — 170.2 455 ~ 456
152.84 - 153.38 450.0 - 451.0

Aeronautical fixed

29.80 — 29.89 2500 - 2700 12200 ~ 12700
29.91 - 30.00 6575 — 6875 13200 — 13225
72.00 — 76.00 10550 — 10700 16000 — 18000
2450 ~ 2500 26000 — 30000

Aeronautical, air-to-ground

108 - 132 6425 — 6575 13200 — 13225
2450 — 2500 10550 — 10700 16000 — 18000
3500 — 3700 11700 - 12200 26000 — 30000

Flight-test telemetering
217.4 - 217.7 219.3 - 219.6

Aeronavutical radio navigation

Instrument landing systems, ground control of approach, very-high-frequency
omnidirectional range, tacan, etc.

750 960 — 1215 2700 — 3300 5000 — 5650
108.0 ~ 1180 1300 — 1660 4200 — 4400 8500 — 9800
328.6 — 335.4

Radio navigation and radio location

Civilian radar, racon, etc.

2900 — 3300 5250 — 5650 8500 - 9800

Meteorological aids

Radiosondes, etc.
400 - 406 1660 — 1700 2700 — 2900



FREQUENCY DATA ] 5

Frequency allocations above 25 mc in U.S.A.  continued

Maritime
Communication between ships and/or coastal stations.

27.255 43.0 — 432 *72.0 — 76.0 156.25 — 157.45
35.04 - 3520 161.85 — 162.00

* For point-to-point use only.

Amateur
26.96 — 27.23 220 ~ 225 2300 — 2450 10000 — 10500
28.00 — 29.70 420 — 450 3300 — 3500 21000 — 22000
50.00 — 54.00 1215 — 1300 5650 — 5925 Above 30000
144.00 ~ 148.00

Industrial, scientific, and medical equipment

27.12 915 5850 18000
40.68 2450

International call-sign prefixes

AAA—ALZ United States of America ETA-ETZ Ethiopia
AMA-AQZ Spain EUA—EZZ Union of Soviet Socialist
APA-ASZ Pakistan Republics
ATA-AWZ India FAA-FZZ France and Colonies and
AXA-AXZ  Commonweolth of Australia Protectorates
AYA—AZZ  Republic of Argentina GAA-GZZ Great Britoin
BAA-BZZ China HAA-HAZ Hungary
CAA-CEZ  Chile HBA-HBZ  Switzerland
CFA-CKZ  Canado HCA~HDZ Ecuador
CLA-CMZ  Cuba HEA-HEZ Switzerland
CNA~-CNZ Morocco HFA—-HFZ Poland
COA-COZ Cuba HGA~-HGZ Hungary
CPA-CPZ  Bolivia HHA-HHZ Republic of Haiti
CQA~CRZ  Portuguese Colonies HIA-HIZ Dominicon Republic
CSA-CUZ  Portugal HIA-HKZ Republic of Colombio
CVA-CXZ  Uruguoy HLA-HMZ  Korea
CYA-CZZ Canada HNA-HNZ fraq
DAA-DMZ  Germany HOA-HPZ  Republic of Panama
DNA-DQZ Belgian Congo — Ruanda-Urundi | HQA-HRZ  Republic of Honduras
DRA-DTZ Byelorussian Soviet Sociolist HSA-HSZ  Siam
Republic HTA-HTZ  Nicaragua
DUA-DZZ  Republic of the Philippines HUA-HUZ  Republic of El Salvador
EAA-EHZ Spain HVA-HVZ  Vatican City State
EIA-EJZ lreland HWA-HYZ France and Colonies and
EKA—EKZ Union of Soviet Socialist Protectorates
Republics HZA-HZZ Kingdom of Saudi Arabia
ELA-ELZ Republic of liberia |IAA-ZZ ltoly ond Colonies
EMA-EOZ  Union of Soviet Sociolist JAA~ISZ Japan
Republics JTA-IVZ Mongolian People's Republic
EPA~-EQZ  fran JIWA-JXZ  Norwoy
ERA-ERZ Union of Soviet Sociolist JYA-IYZ Hoshimite Kingdom of Jordon
Republics JZA-IZZ Netherlands New Guineo
ESA—ESZ Estonio KAA—KZZ  United Stotes of America
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International call-sign prefixes

LAA-INZ
LOA-LWZ
LXA-LXZ
LYA-LYZ
LZA-12Z
MAA~-MZZ
NAA-NZZ
OAA-OCZ
ODA-0ODZ
OEA-OEZ
OFA-0JZ
OKA-OMZ
ONA-OTZ
OUA-0ZZ
PAA-PIZ
PJA-PJZ
PKA~-POZ
PPA-PYZ
PZA-PZZ
QAA-QZZ
RAA—RZZ

SAA-SMZ
SNA~SRZ
SSA-SUZ
SVA-SZZ
TAA-TCZ
TDA-TDZ
TEA-TEZ
TFA-TFZ
TGA-TGZ
THA-THZ

TIA-TIZ
TIA-TZZ

UAA-UQZ
URA-UTZ
UVA-UZZ

VAA-VGZ
VHA-VNZ
VOA-VOZ
VPA-VSZ

VTA-VWZ
VXA-VYZ
VZA-VZZ
WAA-WZZ
XAA-XIZ
XJA-XOZ
XPA-XPZ
XQA-XRZ
XSA-XSZ
XTA-XTZ

XUA-XUZ

Norway

Argentine Republic

luxembourg

Lithuania

Bulgaria

Great Britain

United States of America

Pery

Republic of Lebanon

Austria

Finland

Czechoslovakia

Belgium and Colonies

Denmark

Netheriands

Netherlands Antilles

Republic of Indonesia

Brazil

Surinam

(Service abbreviations)

Union of Soviet Socialist
Republics

Sweden

Poland

Egypt

Greece

Turkey

Guatemala

Costa Rica

Iceland

Guatemala

France and Colonies and
Protectorates

Costa Rica

France and Colonies and
Protectorates

Union of Soviet Socialist
Republics

Ukranian Soviet Socialist
Republic

Union of Soviet Socialist
Republics

Canada

Commonwealth of Australia

Canada

British Colonies and
Protectorates

India

Canada

Commonwealth of Australia

United States of America

Mexico

Canada

Denmark

Chile

China

France and Colonies and
Protectorates

Cambodia

continued

XVA-XVZ
XWA-XWZ
XXA-XXZ
XYA-XZZ
YAA-YAZ
YBA-YHZ
YIA-YIZ
YIA-YIZ
YKA-YKZ
YIA-YLZ
YMA~-YMZ
YNA-YNZ
YOA-YRZ
YSA-YSZ
YTA-YUZ
YVA-YYZ
YZA~YZZ
ZAA-ZAZ
ZBA-ZJZ

ZKA~-ZMZ
INA-ZOZ

ZPA-ZPZ
IQA-ZQZ

ZRA-ZUZ
IVA-ZZZ
2AA-2ZZ
3AA-3AZ
3BA-3FZ
3GA-3GZ
3HA-3UZ
3VA-3VZ
3WA-3WZ
3YA-3YZ
3ZA-3Z2Z
4AA—4CZ
4DA—4IZ
4JA—-41Z

4AMA—4MZ
4NA-40Z
4PA—-4SZ
4TA-4TZ
4UA—4UZ
4VA—-4VZ
4AWA—4WZ
4XA—4XZ
4YA—4YZ

SAA-SAZ
5CA-5CZ
6AA—6ZZ
TAA-7ZZ
8AA—-87Z
9AA—9AZ
INA-INZ
9SA-9SZ

Viet-Nam

Laos

Portuguese Colonies

Burma

Afghanistan

indonesia

Iraq

New Hebrides

Syria

latvia

Turkey

Nicaragua

Roumania

Republic of El Salvador

Yugoslavia

Venezuela

Yugoslavia

Albania

British Colonies and
Protectorates

New Zealand

British Colonies and
Protectorates

Paraguay

British Colonies and
Protectorates

Union of South Africa

Brazil

Great Britain

Principality of Monaco

Canada

Chile

China

Tunisia

Viet-Nam

Norway

Poland

Mexico

Republic of the Philippines

Union of Soviet Socialist
Republics

Venezvela

Yugoslavia

Ceylon

Peru

United Nations

Republic of Haiti

Yemen

Israel

International Civil Aviation
Organization

Llibya

Morocco

{Not allocated)

{Not allocated)

(Not allocated!

San Marino

Nepal

Saar
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Frequency tolerances Avanric City, 1947

frequency band |

type of service ond power |

10-535 ke | Fixed stations
10-50 ke 0.1
50 kc—end of band 0.02
Land stations
Coast stations
Power > 200 watts 0.02
Power < 200 watts 0.05
Aeronautical stations 0.02
Mobile stations
Ship stations I 0.1
Aircraft stations 0.05
Emergency [reservel ship transmitters, and
lifeboat, lifecraft, and survival-craft
transmitters 0.5
Radionavigation stations 0.02
Broadcasting stations 20 cycles
535-160S ke Broadcasting stations 20 cycles
' _ _
1605-4000 ke Fixed stations
Power > 200 watts 0.005
Power < 200 watts 0.01
land stations
Coast stations
Power > 200 watts 0.005
Power < 200 watts 0.01
Aeronautical stations
Power > 200 watts 0.005
| Power < 200 watts 0.01
| Base stations
Power > 200 watts 0.005
| Power < 200 watts [ 0.01
Mobile stations
Ship stations 0.02
Aircraft stations 0.02
land mobile stations 0.02
Radionavigation stations
Power > 200 watts 0.005
Power < 200 watts 0.01
0.005

Broadcasting stations
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Frequency folerances continued

frequency band type of service and power | tolerance In percent
4000-30,000 ke Fixed stations I
Power > 500 watts 0.003
I Power < 500 watts ‘ 0.01
land stations |
Coast stations { 0.005
Aeronautical stations
‘ Power > 500 watts | 0.005
Power < 500 watts 1 0.01
Base stations
Power > 500 watts 0.005
Power < 500 watts 0.01
Mobile stations
Ship stations 0.02
Aircraft stations 0.02
land mobile stations 0.02
Transmitters in lifeboats, lifecraft, and sur-
vival craft 0.02
Broadcasting stations 0.003
30-100 mc Fixed stations 0.02
Land stations 0.02
Mobile stations 0.02
Radionavigation stations 0.02
Broadcasting stations 0.003
|
1
100-500 mc Fixed stations 0.01
land stations 0.01
| Mobile stations 0.01
| Radionavigation stations 0.02
| Broadcosting stations 0.003
500-10,500 mc — 0.75

Naote: Requirements in the U.S.A. with respect to frequency toleronces are in aoll coses ot
least as restrictive {and for some services more restrictivel than the tolerances specified by
the Atlantic City Convention. For details consult the Rules and Regulations of the Federal
Cc icotions Cc ission.

Intensity of harmonics  Adontic City, 1947

In the band 10-30,000 kilocycles, the power of a harmonic or a parasitic
emission supplied to the antenna must be at least 40 decibels below the
power of the fundamental. In no case shall it exceed 200 milliwatts {mean
power). For mobile stations, endeavor will be made, as far as it is practicable,
to reach the above figures.
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Emissions are designated according to their classification and the width of
the frequency band occupied by them. Classification is according to type of
modulation, type of transmission, and supplementary characteristics.

type of supplementary
modulation type of transmission characteristics symbol
|
Amplitude : Absence of any modulation ——— A0
modulation
lTologrophy without the use of modulating
avdio frequency lon-off keying) _— Al
Telegraphy by the keying of a modulating
audio frequency or audio frequencies, or by
the keying of the modulated emission (Spe-
cial case: An unkeyed modulated emission.) _— A2
Telephony Double sideband, full
carrier A3
Single sideband, re-
duced carrier A3a
Two independent
sidebands, reduced
carrier A3b
Facsimile —_— Ad
Television = AS
Composite transmissions and cases not cov-
ered by the above —— A9
Composite transmissions | Reduced carrier A%c
Frequency Absence of any modulation [ ——— FO
{or phase)
modulation Telegraphy without the use of modulating
audio frequency (frequency-shift keying} = Fl
1
Telegraphy by the keying of a modulating
audio frequency or audio frequencies, or by
the keying of the modulated emission (Spe-
cial case: An unkeyed emission modulated by |
audio frequency.) — F2
1 -
: Telephony —_— F3
! |
Facsimile ‘ _ F4
Television ' —_— F5
Coﬁpasit:q}iébmmissions and cases not cov-
ered by the atiove —_— F9




20 CHAPTER 1

Designation of emissions continved

type of supplementary
modulation type of transmission characteristics symbol
Pulse Absence of any modulation intended to carry |
modulation information | e — PO
Telegraphy without the use of modulating
audio frequency —_— Pl

—
| Telegraphy by the keying of a modulating | Audio frequency or
oudio frequency or audio frequencies, or by | audio frequencies
the keying of the modulated pulse (Special | modulating the pulse
case: An unkeyed modulated pulse.) in amplitude P2d

'
Audio frequency or
audio frequencies

modulating the width
of the pulse P2e

Audio frequency or
audio frequencies
modulating the phase
lor position} of the

l pulse P2f
Telephony I Amplitude modulated | P3d
Width modulated P3e
1 Phase lor position)
‘ modulated P3f
Composite transmission and cases not cov- |
ered by the above | (7

Note: As an exception to the above principles, damped waves are designated by B.

Wherever the full designation of an emission is necessary, the symbol for
that class of emission, as given above, is prefixed by a number indicating
the necessary bandwidth in kilocycles occupied by it. Bandwidths of 10
kilocycles or less shall be expressed to a maximum of two significant figures
after the decimal.

The necessary bandwidth is that required in the over-all system, including
both the transmitter and the receiver, for the proper reproduction at the
receiver of the desired information and does not necessarily indicate the
interfering characteristics of an emission.

The following tables present some examples of the designation of emissions
as a guide to the principles involved.
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Designation of emissions continyed

description designation
Telegraphy 25 words/minute, international Morse code, carrier
modulated by keying only 0.1Al
Tetegraphy, 525.cycle tone, 25 words/minute, international Morse
code, carrier and tone keyed or tone keyed only 1.15A2
Amplitude-modulated telephony, 3000-cycle maximum modulation,
double sideband, full carrier 6A3
Amplitude-modvu'ated telephony, 3000-cycle maximum modulation,
single sideband, reduced carrier 3A3a
Amplitvde-modulated telephony, 3000-cycle maximum modulation,
two independent sidebands, reduced carrier 6A3b
Vestigial-sideband television lone sideband partially suppressed}, full
carrier lincluding a frequency-modulated sound channell I 6000AS, F3
Frequency-modulated telephony, 3000-cycle modvlation frequency, [
20,000-cycle deviation 46F3
Frequency-modulated telephony, 15,000-cycle modulation frequency,
75,000-cycle deviation 180F3
One-microsecond pulses, unmodulated, assuming a value of K = § 10000P0

Determination of bandwidth  Aransic City, 1947

For the determination of the necessary bandwidth, the following table may
be considered as a guide. In the formulation of the table, the following

working terms have been employed:

B = telegraph speed in bauds (see pp. 541 and 844)

N/T = maximum possible number of black+white elements to be trans-

mitted per second, in facsimile and television

M = maximum modulation frequency expressed in cycles/second

D = half the difference between the maximum and minimum values of the
instantaneous frequencies; D being greater than 2M, greater than
N/T, or greater than B, as the case may be. Instantaneous frequency

is the rate of change of phase

t = pulse length expressed in seconds

K = over-all numerical factor that differs according to the emission and
depends upon the allowable signal distortion and, in television, the
time lost from the inclusion of a synchronizing signal
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Determination of bandwidth

Amplitude modulation

description
ond class
of emission

necessory bondwlidth in
cycles/second

confinved

details

designation
of emission

Continvous-
wave

Bandwidth = BK

Morse code at 25 words/minute,
B = 20;

telegraphy where
Al K = 5 for fading circuits bandwidth = 100 cycles 0.1A1
= 3 for nonfading circvits
Four-channel multiplex with 7-
unit code, 60 words/minute/chan-
nel, B =170,K = 5;
baondwidth = 850 cycles 0.85A1
Telegraphy ' Bandwidth = BK 4+ 2M Morse code ot 25 words/minute,
modulated 1000-cycle tone, B = 20;
at auvdio where
frequency K = 5 for fading circvits bandwidth = 2100 cycles 2.1A2
A2 = 3 for nonfading circvits
Commercial | Bandwidth = M for single | For ordinary single-sideband
telephony sideband telephony,
A3 = 2M for dov-
ble sideband | M = 3000 3A30
For high-quality single-sideband
telephony,
M = 4000 4A30
Broadcasting | Bandwidth = 2M M is between 4000 and 10,000 de-
A3 pending upon the quality desired | 8A3 to 20A3
Facsimile, i _ KN Total number of picture elements
carrier mod- | Bondwidth = T +2M {black+white) transmitted per sec-
vlated by | ond = circumference of cylinder
tone and by | where theight of picture) X lines/unit
keying K =15 length X speed of cylinder rota-
A4 tion (revolutions/second). If diam-
eter of cylinder = 70 millimeters,
lines/millimeter = 3.77, speed of
rotation = 1/second, frequency
of modulation = 1800 cycles;
bandwidth = 3600 + 1242
= 4842 cycles 4.84A4
Television Bandwidth = KN/T Total picture elements (black 4
AS white) transmitted per second =
where number lines forming each image
K = 1.5 (This allows for | X elements/line X pictures trans-
synchronization and mitted/second. If lines = 500, ele-
filter shaping.} ments/line = 500, pictures/second
Note: This band can be re- | = 25;
duced when asymmetrical
transmission is employed | bandwidth = 9 megacycles 9000AS



FREQUENCY DATA 23

Determination of bandwidth continved

Frequency modulation

description
and class
of emission

necessary bandwidth in
cycles/second

details

designatien
of emission

Frequency-
shift
telegraphy*

Bandwidth = 8K + 2D

where

| Morse code at 100 words/ min-

ute. B = 80, K = 5 D = 425

Fl K = 5 for fading circvits bandwidth = 1250 cycles 1.25F1
= 3 for nonfading circuits
Four-channel multiplex with 7-unit
code, 60 words/minute/channel.
Then, 8 = 170, K = 5, D = 425;
bandwidth = 1700 cycles 1.7F1
Commercial | Bandwidth = 2M + 2DK | For an average case of commercial
telephony telephony, with D = 15,000 and
and broad- | For commercial telephony, | M = 3000;
casting K = 1. For high-fidelity
F3 transmission, higher values | bandwidth = 36,000 cycles 36F3
of K may be necessary |
Facsimile Bandwidth l {See facsimile, amplitude modula- '
F4 KN tion.) Cylinder diameter = 70 milli-
=7 +2M + 2D meters, lines/millimeter = 3.77,
cylinder rotation speed = 1/sec-
where ond, modulation tone = 1800 cy-
K= 15 cles, D = 10,000 cycles;
bandwidth = 25,000 cycles | 2sF4
Unmodulated | Bandwidth = 2K/t t=3X10%and K = §; |
pulse where K varies from 1 t0 10 |
PO according to the permissible | bandwidth = 4 X 10°® cycles | 4000P0
deviation in each particular
case from a rectangular
pulse shape. In many cases
the value of K need not ex-
ceed 6 |
|
Modulated | Bandwidth depends upon l
pulse the particular types of mod- l
P2 or P3 vlation used | l _

* CCIR Recommendation No. 87 (London, 1953) for F1 emission was

Bandwidth
Bandwidth

0.58 + 2.5D for 2.5 < 2D/B < 8
2.58 + 2.0D for8 < 2D/B < 20
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Standard frequencies and time signals

WWYV and WWVH?* a5 of March, 1956

The National Bureau of Standards operates radio stations WWYV (near
Woashington, D.C.) and WWVH (Mavi, Hawaii} which transmit standard
radio frequencies, standard time intervals, time announcements, standard
musical pitch, standard oudio frequencies, and radio propagation notices.

Standard frequencies are transmitted continuously day and night except as
follows:

WMWYV s silent for approximately 4 minutes beginning at 45 minutes
15 seconds aofter each hour.

WWHVH is silent for 4 minutes following each hour and each half hour.

WWHVH is silent for 34 minutes each day beginning at 1900 UT {Universal
Timel.

Vertical dipole antennas are employed and 100-percent amplitude double-
sideband modulation is used for second pulses and announcements. The audio
tones on WWYV are transmitted as a single upper sideband with full carrier.
Power output from the sideband transmitter is about one-third of the carrier
power.

standord wWwWv WWVH
frequency in me power in kw power in kw

2.5 07 —

5 8.0 20
10 9.0 20
15 9.0 20
20 1.0 —
25 0.1 —

Audio frequencies and musical pitch: Two standard audio frequencies, 440
and 600 cycles per second, are broadcast on all carrier frequencies. The
audio frequencies are given alternately, starting with 600 cycles on the hour
for 3 minutes, interrupted 2 minutes, followed by 440 cycles for 3 minutes,

* Based on U.S. Dept. of Commerce, National Bureau of Standards, Letter Circular LC 1009
with corrections. Information on these services may be obtained from the Radio Standards
Division, National Bureau of Standards; Bovlder, Colorado.
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Standard frequencies and time signals  confinved

and interrupted 2 minutes. Each 10-minute period is the same. The 440.
cycle tone is the standard musical pitch A above middle C.

Time signals and standard time intervals: The audio frequencies are in-
terrupted for intervals of precisely 2 minutes. They are resumed precisely
on the hour and each 5 minutes thereafter., They are in agreement with
the basic time service of the U.S. Naval Observatory so that they mark
accurately the hour and the successive 5-minute periods.

Universal Time (Greenwich Civil Time or Greenwich Mean Time) is an-
nounced in international Morse code each five minutes starting with 0000
(midnight). Time announcements in Morse code are given just prior to and
refer to the moment of return of the audio frequencies.

A voice announcement of Eastern Standard Time is given each § minutes
from station WWV; this precedes and follows each telegraphic-code
announcement.

A pulse or tick, of 0.005-second duration, occurs at intervals of precisely
1 second. Each pulse on WWV consists of 5 cycles of 1000-cycle tone and
each pulse on WWVH consists of 4 cycles of 1200-cycle tone.

The tones of WWV are interrupted precisely 40 milliseconds each second
except at the beginning and end of each 3-minute tone interval. The time
pulse commences precisely 10 milliseconds after commencement of the 40.
millisecond interruption. An additional pulse, 0.1 second later, is transmitted
to identify the beginning of each minute. No pulse is transmitted at the
beginning of the last second of each minute.

Accuracy: Frequencies transmitted from WWV and WWVH are accurate
to within 1 part in 10%; this is with reference to the mean solar second,
100-day interval, as determined by the U.S. Naval Observatory with a
precision of better than 3 parts in 10% Time intervals, as transmitted, are
accurate within = 2 parts in 108 + 1 microsecond.

Frequencies received may be as accurate as those transmitted for several
hours per day during total light or total darkness over the transmission path
at locations in the service range. During the course of the day, errors in
the received frequencies may vary approximately between -3 to +3
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Standard frequencies and fime signals  confinved

each hour

(WWVH silent 1900-1934 UT)

* One-minute announcement [nfervals:

|{stan announcement intervol end announcement in'crval}'
WWV | | code' ) voice & code ivoice|
| | “propagation § calland EST | UT 1EST|
notice

| codo’ ] code | |

WWVH [~ t
propogation 1 UT and call letters ! i

notice

30 60

time in seconds

1t North Atlantic propagotion natice ot 19.5 ond 49.5 minutes post sach hour,
4 North Pocific propagation natice ot 9 and 39 minutes post each hour,

Avdio freq ies and ts of WWV and WWVH.
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Standard frequencies and time signals  confinued

parts in 107, During ionospheric storms, transient conditions in the propa-
gating medium may cause momentary change as large os 1 part in 108,

Time intervals, as received, are normally accurate within 4 2 parts in
108 4+ 1 millisecond. Transient conditions in the ionosphere at times cause
received pulses to scatter by several milliseconds.

Radio propagation notices:* WWV broadcasts for the North Atlantic path
at 194 and 49} minutes past every hour. The forecasts are changed daily
at 0500, 1200, 1700, or 2300 Universal Time and remain unchanged for the
following 6 hours. The letter—digit combination is sent as a modulated tone
in international Morse code, the letter indicating conditions at 0500, 1200,
1700, or 2300 UT, respectively, and the digit the conditions forecast for the
following 6-hour period. On WWVH, the forecasts as broadcast are changed
at 0200 and 1800 UT and are for the next 9-hour period, these WWVH
forecasts being broadcast at 9 and 39 minutes past each hour for the North
Pacific path.

The letters and digits signify radio propagation quality as follows:

condition at 0500, 1200, I propagation
1700, or 2300 UT forecast conditions

W) 1 Useless
w . 2 Very poor
W Disturbed 3 Poor
w 4 Poor to fair
U Unsettled 5 Fair
N ) é Fair to good
N 7 Good
N [ Normal 8 Very good
N 9 Excellent

* Abstracted from, “North Atlantic Radio Warning Service,” CRPL-RWS.31, March 19, 1956,
National Bureau of Standards; Box 178, Fort Belvoir, Virginia and “North Pacific Radio Warning
Service," CRPL-RWS-30, March 19, 1956, National Bureay of Standards; Box 1119, Anchorage,
Alaska. The latest issues of these bulletins should be consulted for further information.
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Standard frequencies and time

Other standard-frequency stations

confinued

as of August, 1954

Rugby Tokyo Torino Johannesburg
Country England Japan Italy South Africa
Call sign MSF )4 IBF Zuo
Carrier power in kw 0.5 1 0.3 0.1
Days per week 7 7-2 Tuesday 7
Hours per day 24s 24 & 24
Carriers in mc 2.5, 5, 10° 2.5¢, 5t 108 d 5 5
Modulations in /s 1%, 1000 1, 1000 b, 440, 1000 | *
Duration of tone .
modulation in minutes | 5 in each 15 9 in each 20 5 in each 10! =
Duration of time
signals in minutes 5in each 15 continuous 5in each 10 continuous

* Total interruption of transmission from minute 15 to minute 20 of each hour.

® From 0800 to 1100 and from 1300 to 1600 UT.

¢ Transmissions are also made on 60 ke.

d Transmissions are also made on 4 and 8 mc.

® Daily from 0700 to 2300 UT.

f Mondays.

& Wednesdays.

b 5 cycles of 100-c/s modulation pulses.

i Interruptions for 20 milliseconds.

§ 440- and 1000-c/s tones alternately.

& 100 cycles of 1000-c/s modulation pulses.

See also list of foreign radio time signals in “Radio Navigational Aids,”" U. S. Navy Hydro-
graphic Office publication 205 for sale by the Hydrographic Office, Washington 25, D. C.
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B Units, constants, and conversion factors

conversely,
to convert into multiply by multiply by
Acres Square feet 4.356 X 104 2.296 X 1075
Acres Square meters 4047 2471 X 1074
Ampere-hours Coulombs 3600 2778 X 1074
Amperes per sq cm Amperes per sq inch 6.452 0.1550
Ampere-turns Gilberts 1.257 0.7958
Ampere-tyrns per cm Ampere-turns per inch 2.540 0.3937
Atmospheres Mm of mercury @ 0° C 760 1316 X 1073
Atmospheres Feet of water @ 4° C 3390 2.950 X 1072
Atmospheres Inches mercury @ 0° C 29.92 3342 X 1072
Atmospheres Kg per sq meter 1.033 X 104 9.678 X 1078
Atmospheres Newtons per sq meter 1.0133 X 105 0.9869X 1075
Atmospheres Pounds per sq inch 14.70 6.804 X 1072
Bty Foot-pounds 778.3 1.285 X 1073
Bty lJoules 1054.8 9.480 X 10—¢
Bty Kilogram-calories 0.2520 3.969
Bty Horsepower-hours 3.929 X 107¢ 2545
Bushels Cubic feet 1.2445 0.8036

° — EO_

Centigrade (Celsius) Fahrenheit c® +C40’Xx9/9§5—=f‘ (F3°2 + 40)
Chains {surveyor's) Feet 66 1515 X 1072
Circular mils Square centimeters 5067 X 107 1,973 X 108
Circular mils Square mils 0.7854 1.273
Cubic feet Cords 7.8125 X 1072 128
Cubic feet Gallons {liq US} 7.481 0.1337
Cubic feet Liters 28.32 3.531 X 1072
Cubic inches Cubic centimeters 16.39 6.102 X 1072
Cubic inches Cubic feet 5787 X 10~¢ 1728
Cubic inches Cubic meters 1.639 X 1078 6.102 X 104
Cubic inches Gallons (liq US) 4329 X 1073 231
Cubic meters Cubic feet 3531 2.832 X 1072
Cubic meters Cubic yards 1.308 0.7646
Degrees langle} Radians 1.745 X 107 57.30
Dynes Pounds 2248 X 107 4.448 X 10°
Ergs Foot-pounds 7.376 X 1078 1.356 X 107
Fathoms Feet 6 0.16667
Feet Centimeters 30.48 3.281 X 1072
Feet Varas 0.3594 2.782
Feet of water @ 4° C Incnes of mercury @ 0¥ C 0.8826 1133
Feet of water @ 4° C Kg per sq meter 304.8 3.281 X 107?
Feet of water @ 4° C Pounds per sq foot 62.43 1.602 X 107
Foot-pounds Horsepower-hours 5.050 X 1077 198 X 100
Foot-pounds Kilogram-meters 0.1383 7.233
Foot-pounds Kilowatt-hours 3.766 X 1077 2.655 X 100
Gallons (liq US} Cubic meters 3.785 X 103 264.2
Gallons (liq US) Gallons (liq Br Imp) (Canada)  0.8327 1.201
Gausses lines per sq inch 6.452 0.1550
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Conversion factors  confinved
conversely,
to convert inte multiply by multiply by
Grains {for humidity Pounds {(avoirdupois) 1.429 X 107¢ 7000
calculations)
Grams Dynes 980.7 1.020 X 107
Grams Grains 15.43 6.481 X 1072
Grams Ounces (avoirdupois) 3527 X 107 2835
Grams Poundals 7.093 X 107 14.10
Grams per cm Pounds oer inch 5.600 X 1073 178.6
Grams per cu cm Pounds per cu inch 34613 X 1072 27.68
Grams per sq cm Pounds per sq foot 2.0481 0.4883
Hectares Acres 24N 0.4047
Horsepower (boiter) Btu per hour 3.347 X 10¢ 2.986 X 107
Horsepower {metric) Btu per minute 41.83 2.3%0 X 1072
(542.5 ft-Ib per sec)
Horsepower Imetric) Foot-Ib per minute 3.255 X 104 3072 X 107
(542.5 ft-Ib per sec)
Horsepower (metric) Kg-calories per minute 10.54 9.485 X 1072
(542.5 ft-Ib per sec)
Horsepower Btu per minute 42.41 2357 X 107
(550 ft-ib per sec)
Horsepower Foot-Ib per minute 33X 10 3.030 X 107*
(550 ft-Ib per sec)
Horsepower Kilowatts 0.745 1.342
(550 ft-Ib per sec)
Horsepower (metric) Horsepower 0.9863 1.014
(542.5 ft-Ib per sec) (550 ft-Ib per sec)
Horsepower Kg-calories per minute 10.69 9.355 X 1072
(550 ft-ib per sec)
Inches Centimeters 2.540 0.3937
Inches Feet 8333 X 107 12
Inches Miles 1.578 X 107¢ 6.336 X 104
Inches Mils 1000 0.001
Inches Yards 2778 X 1072 36
Inches of mercury (@ 0° C Lbs per sq inch 0.4912 2.036
Inches of water @ 4° C  Kg per sq meter 25.40 3.937 X 107
Inches of water @ 4° C  Ounces per sq inch 0.5782 1.729
Inches of water @ 4° C  Pounds per sq foot 5.202 0.1922
Inches of water @ 4° C  In of mercury 7.355 X 1072 13.60
Joules Foot-pounds 0.7376 1.356
Joules Ergs 107 1077
Kilogram-calories Kilogram-meters 426.9 2.343 X 1073
Kilogram-calories Kilojoules 4.186 0.2389
Kilograms Tons, long (avdp 2240 Ib) 9.482 X 107¢ 1016
Kilograms Tons, shoit (avdp 2000 Ib) 1.102 X 107° 907.2
Kilograms Pounds lavoirdupois} 2.205 0.4536
Kilograms per kilometer Pounds lavdp) per mile (stat) 3.548 0.2818
Kg per sq meter Pounds per sq foot 0.2048 4.882
Kilometers Feet 3281 3.048 X 107¢
Kilowatt-hours Btu 3413 2.930 X 107¢
Kilowatt-hours Foot-pounds 2.655 X 108 3.766 X 1077
Kilowott-hours Joules 3.6 X 10¢ 2778 X 1077
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Conversion faclors continued
conversely,
to convert into multiply by multiply by
Kilowatt-hours Kilogram-calories 860 1,163 X 1073
Kilowatt-hours Kilogram-meters 3.671 X 108 2724 X 107
Kilowatt-hours Pounds carbon oxydized 0.235 4.26
Kilowatt-hours Pounds water evaporated 3.53 0.283
from and at 212° F
Kilowatt-hours Pounds water raised 2275 4395 X 1072
from 62° to 212° F
Knots®* inaut mi per hour)  Feet per second 1.688 0.5925
Knots Meters per minute 30.87 0.03240
Knots Miles (stat) per hour 1.1508 0.8690
Lamberts Candles per sq cm 0.3183 3.142
lamberts Candles per sq inch 2.054 0.4869
Leagues Miles {approximately) 3 0.33
Links Chains 0.01 100
Links (surveyor's) Inches 7.92 0.1263
Liters Bushels (dry US) 2.838 X 107 3524
Liters Cubic centimeters 1000 0.001
Liters Cubic meters 0.001 1000
Liters Cubic inches 61.02 1.639 X 1072
Liters Gallons {liq US} 0.2642 3.785
Liters Pints (liq US} 213 0.4732
loge Nor In N logio N 0.4343 2.303
Lumens per sq foot Foot-candles 1 1
Lux Foot-candles 0.0929 10.764
Meters Yards 1.094 0.9144
Meters Varas 1.179 0.848
Meters per min Feet per minute 3.281 0.3048
Meters per min Kilometers per hour 0.06 16.67
Microhms per cm cube Microhms per inch cube 0.3937 2.540
Microhms per cm cube Ohms per mil foot 6.015 0.1662
Miles (navticall® Feot 6076.1 1.646 X 10¢
Miles (nauticall Meters 1852 5.400 X 10~¢
Miles (navtical) Miles (statute} 1.1508 0.8690
Miles (statute} Kilometers 1.609 0.6214
Miles (statute) Foot 5280 1.894 X 10~
Miles per hour Kilometers per minute 2.682 X 107 37.28
Miles per hour Feet per minute 88 1136 X 1072
Miles per hour Kilometers per hour 1.609 0.6214
Millibars Inches mercury (32° F) 0.02953 33.86
Millibars Pounds per sq foot 2.089 0.4788
(10° dynes per sq cm}
Nepers Decibels 8.686 0.1151
Newtons Dynes 108 1078
Newtons Kilograms 0.1020 9.807
Newtons Poundals 7.233 0.1383
Newtons Pounds (avdp) 0.2248 4.448
Ovunces (flvid) Quarts 3125 X 107 32
Ounces lavoirdupois} Pounds 625X 107 16
Pints Quarts (liq US) 0.50. 2
Pounds of water {dist) Cubic feet 1.603 X 1072 62.38
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Conversion factors  continued

conversely,
to convert into multiply by multiply by
Pounds of water (dist) Gallons 0.1198 8.347
Pounds per inch Kg per meter 17.86 0.05600
Pounds per foot Kg per meter 1.488 0.6720
Pounds per mile (statutel  Kg per kilometer 0.2818 3.548
Pounds per cu foot Kg per cu meter 16.02 6243 X 1072
Pounds per cu inch Pounds per cu foot 1728 5787 X 10~¢
Pounds per sq foot Pounds per sq inch 6.944 X 1072 144
Pounds per sq foot Kg per sq meter 4.882 0.2048
Pounds per sq inch Kg per sq meter 703.1 1.422 X 1072
Poundals Dynes 1.383 X 10¢ 7.233 X 107
Poundals Pounds {avoirdupois) 3.108 X 107 32.17
Quarts Gallons (liq US) 0.25 4
Rods Feet 16.5 6061 X 1072
Slugs (mass} Pounds lavoirdupois) 32.174 3.108 X 1072
Sq inches Circular mils 1.273 X 10® 7.854 X 1077
Sq inches Sq centimeters 6.452 0.1550
Sq feet Sq meters 9.290 X 1072 10.76
Sq miles Sq yords 3.098 X 10¢ 3.228 X 1077
Sq miles Acres 640 1.562 X 1072
Sq miles Sq kilometers 2.590 0.3861
Sq millimeters Circular mils 1973 5067 X 107%
(Temp rise, °C) X (U.S.  Watts 264 379 X 1078

gal water) /minute
Tons, short lavoir 2000 tb)  Tonnes (1000 kg! 0.9072 1.102
Tons, long lavoir 22401b)  Tonnes {1000 kg! 1.016 0.9842
Tons, long lavoir 2240 ib)  Tons, short lavoir 2000 Ib) 1.120 0.8929
Tons (US shipping} Cubic feet 40 0.025
Watts Bty per minute 5.689 X 107 17.58
Watts Ergs per second 107 1077
Woatts Foot-Ib per minute 44.26 2.260 X 1072
Watts Horsepower {550 ft-ib per 1.341 X 1072 7457
sec)
Watts Horsepower (metric) 1.360 X 1072 735.5
(542.5 ft-1b per sec)

Watts Kg-calories per minyte 1.433 X 1072 69.77
Woatt-seconds ljoules) Gram-calories (mean) 0.2389 4.186
Webers per sq meter Gausses 104 1074
Yards Feet 3 0.3333

* Conversion factors for the nauticol mile and, hence,
national Nautical Mile, which was adopted by the U.S. Depar
Department of Commerce,
Mils,” National Bureau of Standards Technic
International Nautical Mile has been in use

for the knot, are based on the Inter-
tment of Defense and the U.S.

effective 1 July 1954. See, "Adoption of International Nautical

ol News Bulletin, vol. 38, p. 122; August, 1954. The
by many countries for various lengths of time.

Note: Pounds are avoirdupois in every entry except where otherwise indicated.

Exomples

a. Required, the conversion factor for pounds lavoirdupois) to grams. Duplication of entries

in the table has been reduced to

from which the required factor is obviously 453.6.

the minimum. An entry will be found for kilograms to pounds,

b. Convert inches per pound to meters per kilogram. A number of conversions have been
collected under the name, pounds. The desired factor appears under pounds per inch. Since
the factors must be interchanged, so the desired one is 0.05600.

the reciprocal is tabulated,
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Centigrade-to-fahrenheit conversion chart

o¢ oF °¢ oF °¢ ©F o¢ oF °¢ oF
vy v v v Yy v vy v Yy v
o ] +32 100 212 500 8,000 9,000

+20 200

-50 = -10 90 450 4,500
0,000

-100 800
0 180
“100 -150 20 80 400 4,000
7,000
-200 700

-20 160
=150 =30 70 350 3,500
-23%0

6,000
=300 600

«200 -40 =40 60 140 300 3,000
=350

- 400 500

=250 =50 80 250 2,500
=60 120

~27340 -459.72
absalute zera 4,000

=80 40 200 SC0 2000
~80 100

3,000
=70 20 150 300 1,500
~100 00
2,000
-80 20 100 1,000
200

-120 (1]

-90 10 50 800 — 1000

100

-140 40

degrees Kelvin (centigrode absolute ) =°C+273.18
degrees Rankine (fahrenheit absolute) =°F +459.72

«100 -4 o 32 o o
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Principal physical atomic constants®

Centimeter-gram-second units

vsvaf symbol | denominotion | valye and units
F’ = Ne/c Forodoy's constont Iphysicol scole) l 9652.19 == 0.11 emu Ig mole) ™t
N Avogodro's constont {physicol scolel ' {6.02486 == 0.00016) X 10% (g mole) ™t
h Plonck's constont 16.62517 &= 0.00023 X 1077 erg sec
m Electron rest mass 19.1083 4= 0.0003) X 107® g
e {4.80286 == 0.00009) X 10710 esy
- | Electronic charge
e = efc {1.60206 == 0.00003) X 10720 emy
e/m 15.27305 == 0.00007) X 1017 esv g~t
Charge-to-mass rotio of electron

e'/m = e/imc) 11.75890 == 0.000021 X 107 emu g~!
c Velocity of light in vocuumt 299,793.0 = 0.3 km sec™!
h/ime) Compton wavelength of electron 124.2626 == 0.00020 X 107 cm
o0s = h?/ldx2med First Bohr electron-orbit rodius 15.29172 == 0.000028 X 107% cm
¢ = {5’ ‘;—: BT:-' | Stefon-Boltzmann constont 10.56687 4= 0.000100 X 10™¢ erg cm™? deg™¢ sec™!
AmoxT | Wien displocement-low constont 10.289782 == 0.000013} cm deg
po = he/WUxmc) Bohr magneton 10.92731 == 0.000021 X 10~ erg gouss™!
Nm Atomic mass of the electron 15.48763 = 0.00006) X i107¢

{physicol scole)

|

My/Nm l Rotio, proton mass 10 electron mass 1836.12 & 0.02
Eom=e - 100/c Energy ossocioted with 1 ev {1.60206 == 0.00003) X 10772 erg -
mc3/Eo) X 107¢ | Energy equivolent of electron mass 10.510976 == 0.000007) Mev
k = Ro/N i Boltzmann's constont 11.38044 == 0.00007) X 1071 erg deg™! o
Reo E Rydberg wave number for infinite mass 11109,737.309 &= 0.012) cm™?
H | Hydrogen otomic mass {phy sico! scole) ]l 1.008142 = 0.000003
Re Gas constont per mole Iphysical scole) i 18.31696 = 0.00034) X 107 erg mole™! deg™!
Vo Stondord volume of perfect gas 22,420.7 =% 0.8) cm? otmos mole—t

Iphysicol scole)

* Extracted from: E. R. Cohen, ). W. M. DuMond, T..W. layton, and J. S. Rollett, “Analysis of
Variance of the 1952 Data on the Atomic Constants ond a New Adjustment, 1955, Reviews
of Modern Physics, vol. 27, pp. 363-380; October, 1955.

t Where c appe ars in the equations for other constants, it is the numerical value of the velocity
in centimeters per second.
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Principal physical atomic constants  continued

Meter-kilogram-second rationalized units

The following table is derived from that on p. 34; for further details regarding
symbols and probable errors, refer to that table.

vsval symbol denominotion | valve and wnits
Foraday’s constant [ 9.652 X 107 covlomb tkg-mole) =1
N Avogadro’s constant | 6.025 X 10% (kg-mole) !
h Planck’s constant 6.625 X 1073 joule sec
m Electron rest mass 9.108 X 10731 kg
e Electronic charge 702 X IO"':coulomb
e/m Electron charge/mass 1.759 X 101 coulomb kg=?
c Velocity of light in vacuum 2.998 X 10% meters sec™!
h/me Compton wavelength of electron 2.426 X 1012 meter
ao First Bohr electron-orbit radivs ‘ 5.292 X 1071 meter
o Stefan-Boltzmann constant 5.669 X 107 watt meter™? ideg K1 —¢
AmaxT Wien displacement-low constant 2.898 X 1077 meter Hegl()—
Ho Bohr magneton [ ‘;2_73 X 1072 joule meter? weber—! :
Nm Atomic moss of the electron _54; X 107¢
My /Nm Ratio, proton mass 1o eleciron mass | 1836
vo | Speed of 1.ev electron _5.-932 X 10% meter sec™?
E. Energy associated with | ev 1.602 X 10~ joule
r-m:’/Eo Energy equivalent of electron mass D OEO X 108 ev
l.t Boltzmann's constant 1.380 X 1072 joule {deg KI?
ém Rydberg wove number for infinite mass ‘—|.097 X 107 meter=?
;1 Hydrogen atomic mass 1.008
Ro = PV/MT Gas constant 8.3|—7 X 103 joule kg-molel~! (deg KI~?
Note: joule = (newton/meter?) meter?
Ve Standard volume of perfect gas olA0° C_ 22.42 m;iev' {kg-mole} -1
and | atmosphere {p. 29}

Properties of free space

Velocity of light = ¢ = 1/lu,e,) * = 2998 X 10° meters per second
186,280 miles per second

= 984 X 10° feet per second.
Permeability = u, = 47 X 1077 = 1.257 X 107% henry per meter.
Permittivity = ¢, = 8.85 X 10712 = (367 X 10° ! farad per meter.
Characteristic impedance = Z; = (/,n./e.)""2 = 376.7 = 1207 ohms.
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Unit conversion table

squation equivalent number of
in mks(r) mks(nr)

sym= mks(r) (rationalized) mks(nr) pract ety emuy (nonrationc
quantity bol units unit units units ized) unit
tength 1] meter (m) | 1 0 | 102 | 100 | meter (m)
moss m ‘! kilogram ( 1 | 10 | 108 |10 - kilogram
time R second 1 1 1| 1 |second
force | F E_F = ma newton 1 ) 1 | 0 ‘newton
work, energy _W_‘ W =Fl joule 1 1 107 107 joule
power P | P= wh watt 1 ‘_ 1 10 ‘ 10! watt
o_l:ml: d;u;gc — T | coulomb 1 ‘_T_ 3x10v _10"_-‘ coulomb
:o:lm. chorge density s |p= q/v coulomb/m? 1 | 107 } X100 | ;.:— coulomb/m
;urﬁuo thuvg: L:;ny e _: o=q/A coulomb/m? 1 ‘ _12-::: 3x10% —10-_l n coulomb/m
eleciric dipole momer "l P p=dq coulomb-meter | 1 I 100 | 3xion 10 coulomb-m
polarization P P =p/v | coulomb/m? 1 | 10 | 3x10 10~ coulomb/m
electric fleld intensity E |_E=F/g_|volt/m 1| 107 ! 10-¢/3 108 volt/m
Ei'"_'ﬂ" _€__| F = qt/4xel?] farad/m 4x jr_X_lU_" .l 36, X100 | 441011
displocement 7;| _l_)_! D =& coulomb/m? 4x »4,5&1 120 X108 | 4510
displacement flux L_ ¥ = DA “;‘“?“‘b 4x ix 122 X10° : 4x X107
o:', oluik potential _V_ V=El volt 1 | ' 10%/3 | 10'_— volt
current ‘ A 1= ampere 1 1 3x1o0° 10 ampere
valume current d:mn;"_i_‘ J=1/A | ampere/m? 1 104 , 3X104 10 | ampere/m
l_:ljr!u:.furr.n' i:nslzyt 7 k- K=1/ ampere/m 1 10— 3x1wr | 107 ampere/m
resistance | R_|R=v/1_|obm 1| 1 || e [obm
conductance G |G=1/R who 1 1 X 10n " 100 mbo
rosistivity | o |p=RAMl |obm-meter 1 e 1049 | 100 |chm-mete
E‘"‘"Y'L o v |- 1/p mhbo/meter 1 _10'1 { X100 101 mho/mete
capocitonce [ C=q/V farad 1 1 | #x10m 107 farad
elastance TS [S=1C |danf 1 1 109 | 100 [danaf
mognefic charge m weber Vix | 104x | 10120 | 108/4x
mognetic dipole moment| m |m =ml | weber-meter Vix | 1004 | 1/12x | 100/4x
magntization M| M= mye | weber/m? b | 104 | 109126 | 1004
magnetic feld intensity | H | H=nal/l ampere-turn/m [ dx | 4w X107 | 120107 | 4xX1073
permeabllity | Ta | Femtangn | henty/m Vae | 10074x | 10°9/36x | 10/4x
induction |8 |B- uH weber /m? | 1 | 00 103 10¢ weber/m
induction flux | & |e=BA |meber [T | e | w0 100 | weber
mmf, magnetic potentiol | M | M = HIl ampere-turn | 4 4x X107 | 122 X100 | 4xX107!
reluctance T TR | R M/e |smptom/meber | x| 4xx1070 | 36w X108 | 4rX10°¢
permeance | P | P=1/R | weber/smpturn | 1/4x ovee | 10°11/36r | 10%4r
inductance \_L— L=a/1 |benry l 1 |1 Twowe | 100 [henry

Compiled by J. R. Ragozzini
The velocity of light was taken as 3 X 10'

and L. A. Zadeh, Columbia University, New York.
centimeters/second in computing the conversion factors.

Equations in the second column are for dimensional purposes only.
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equivalent

equivalent number of number of equivalent

proctical ety number of emu
Soite | v [ emo ) GO || & unite
100 | 102 102 centimeter (cm) 1 1 centimeter (cm) (G) 1 centimeter (cm)
100 I 10 | 100 |gram 1 1 |gram G| 1 |gam
1 1 1 | second 1 1 |second G| 1 |second
105 I 100 | 100 [dyne 1|1 |dyme ©| 1 |dyme
_1:‘. 100 | 100 | joute 0 , 100 |erg G| 1 |ex
1 107 107 watt 107 107 frz/seeond (G) 1 grz/neoond
1 | 3x10* | 10 | coulomb | 3x100 | 107 |statooulomb  (G) | 10-9/3 | abooulomb
10| 73x100_ | 107 | coulomb/om? | 3100 | 101 | statooulombyemt (G) | 10-9/3 | abooolombyem
10~ 3X108 107% | coulomb/cm? [ 3xX100 10~! | statcoulomb/em? (G) | 10~19/3 | abeoulomb/cm?
10 | 3x10% | 10 | coulombem 3X100 | 10! | atateoulombcm (G) | 10-19/3 | absoulombecm
l;"_‘ 3x108 10 | coulomb/em? 3x100 107! | stateoulomb/em? (G) | 10~19/3 | abeoulomb/cm?
100 | 103 | 100 | volt/em 103 | 10 |statvolt/om  (G) | 3x108 ] abvolt/em
100 | oxi00 | 1o oxion | 104 @) | 10/
10 | 3x106 | 10+ 3x100 | 107 G) | 109/3
1 x| 10 3x100 | 107 @ | 10973
T |03 | 100 et 1043 | 100 |statvolt G) | 3x100 | abvolt
1 | 3x100 | 10 |ampere 3X100 | 107 |statampere  (G)| 10-1/3 | abampere
-0"— 3x108 10~¢ | ampere/cm? 3100 10! | statampere/em? (G) | 10-19/3 ;\bampere/cm’
0 3x%107 107 | ampere/em 3X100 10~ | statampere/em (G) | 10-0/3 | abampere/cm
1 1099 | 100 |ohm 104/9 | 10 | statohm G)| 9x10% | abobm
1 [ oxion | 10+ |mbo [“oxion | 107 | statmbo @) | 102/9 | abmbo
r 10-v/9 108 | obm-cm | 10-1/9 100 statohm-cm G) | 9X10% 3bohm-cm ~
-0"_ X100 10-2 | mho/cm gx1on 10~¢ | statmho/em (G) | 10»/9 |abmho/cm
1| oxi0n | 10+ |farad 9x104 | 10 |statfarad (cm) (G)| 10-2/0 | abfacad
1 |10 | 100 | daraf 1011/9 | 100 | statdaraf G) | 9x10% | abdaraf
o'_ 103/3 100 10-10/3 1 3X101 | unit pole @
w s | e 1003 | 1 3%109 | polecm G
» | 1643 | a0 1073 | 1 3x10 | pole/em? ©)
7| 3X100 | 107 | oersted axioe | 1 10-19/3 | oersted @)
” 10-13/9 107 gauss/oersted 10-%/9 1 9%10% | gauss/oersted (G)
¥ | 1093 | 100 |geus 03 | 1 3X100 | gause @)
* | 1093 | 100 | maxwell Gine | 1093 | 1 3X10% | maxwell (line)  (G)
r axi00 | 10 | gilbert X100 | 1 1079/3 | gilbert )
[ T9x100 | 100 | gilbert/maxwell | 9xio% | 1 102/9 | gilbert/maxwell (G)
® |10/ | 100 | maxwellgilbert | 109 | 1 9x10% | maxwell/gilbert (G)
T 109 1 T100 | beary 100179 | 100 | stathenry @ | 9x10% | abhenry (cm)  (G)

G = Gaussian unit.
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Metric multiplier prefixes

Multiples and submultiples of fundamental units such as: meter, gram, liter,
second, ohm, farad, henry, volt, ampere, and watt may be indicated by the
following prefixes.

prefix | abbreviation | multiplier prefix | abbreviation | multiplier
tera T 1012 deci d 107t
giga G 10° centi c 1072
mega M 108 milli m 107
myria ma 104 micro m 10°¢
kilo k 10° nano n 107°
hecto h 10? pico [ 10712
deca da 10

Fractions of an inch with metric equivalents

fractlons of | decimals of I fractions of | decimals of
millimeters millimeters
an inch an inch an inch an inch
|
% 0.0156 0.397 33, 0.5156 13.097
1% 0.0313 0.794 176 0.5313 13.494
36 0.0469 1.191 35, 0.5469 13.891
W 0.0625 1.588 % 0.5625 14.288
56 0.0781 1.984 3% 0.5781 14.684
3% 0.0938 2.381 196 0.5938 15.081
% 0.1094 2.778 3%, 0.6094 15.478
174 0.1250 3175 84 0.6250 15.875
% 0.1406 3.572 i 0.6406 16.272
56 0.1563 3.969 2% 0.6563 16.669
114, 01719 4366 136, 0.6719 17.066
s 0.1875 4763 4% 0.6875 17.463
136, 0.2031 5.159 156 0.7031 17.859
% 0.2188 5.556 236 0.7188 18.256
156 0.2344 5.953 1% 0.7344 18.653
Ya 0.2500 6.350 % 0.7500 19.050
1%, 0.2656 6.747 1%, 0.7656 19.447
% 0.2813 7.144 256 0.7813 19.844
1%, 0.2969 7.541 56, 0.7969 20.241
G 03125 7.938 134 0.8125 20.638
214 0.3281 8.334 53¢, 0.8281 21.034
37 0.3438 8731 7% 0.8438 21.431
3¢, 0.3594 9.128 55 0.8594 21.828
3% 0.3750 9.525 i 0.8750 22.225
235, 0.3906 9922 5% l 0.8906 22622
136 0.4063 10.319 2% 0.9063 23.019
2%, 0.4219 10.716 5% 09219 23.416
Us 0.4375 1n.n3 154 0.9375 23.813
2%, 0.4531 11.509 L1 0.9531 24.209
156 0.4688 11.906 31 0.9688 24.606
e 0.4844 12.303 03¢, 0.9844 25.003
Va 0.5000 12.700 o | 1.0000 25.400
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Greek alphabet

name capital  small commonly used to designate

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

BETA B B 6 Angles, coefficients, phase constant

GAMMA r % Complex propagation constant {cap), specific gravity, angles,
electrical conductivity, propagation constant

DELTA A o Increment or decrement (cap or smalll, determinant (cap)
permittivity (cap), density, angles

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

ZETA Z ¢ Coordinates, coefficients

ETA H Intrinsic  impedance, efficiency, surface charge density,
hysteresis, coordinates

THETA (2] ¥ 6 Angvlar phase displacement, time constant, reluctance, angles

IOTA | ¢ Unit vector

KAPPA K X Susceptibility, coupling coefficient

LAMBDA A bN Permeance (capl, wavelength, attenuation constant

MU M m Permeability, amplification factor, prefix micro

NU N v Reluctivity, frequency

Xi = £ Coordinates

OMICRON ©O o

I 11 T 3.1416

RHO P 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

PS! A4 Dielectric flux, phase difference, coordinates, angles

OMEGA Q w Resistance in ohms {capl, solid angle icap), angular velocity

Small letter is used pt where capital (cap) is indicated
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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,

number of db = 10 Iogm};—l
2

It is also used to express voltage and current ratios;

v I
number of db = 20 logio ! = 20 logio =

Vz 12
Strictly, it can be used to express voltage and current ratios only when the
voltages or currents in question are measured af places having identical
impedances.

voltage voltage
power and current decibels power and current decibels
ratio ratio ratio rolio
1.0233 10118 0.1 19.953 44668 | 13.0
1.0471 1.0233 0.2 25119 5019 140
1.0715 1.0351 03 31623 56234 150
1.0945 1.0471 04 39.811 6.3096 16.0
11220 1.0593 0.5 50.119 7.0795 17.0
1.1482 10715 0.6 63.096 7.9433 18.0
1.1749 1.0839 07 79433 8.9125 19.0
1.2023 1.0945 08 100.00 10.0000 200
1.2303 1.1092 0.9 158.49 12.589 20
1.2589 11220 10 25119 15.849 24.0
1.3183 1.1482 1.2 398.11 19.953 260
1.3804 11749 14 630.96 25119 28.0
1.4454 12023 1.6 1000.0 31.623 30.0
1.5136 1.2303 18 15849 39.811 20
1.5849 1.2589 20 25119 50.119 340
1.6595 1.2882 22 3981.1 63.096 360
17378 1.3183 24 6309.6 79.433 38.0
1.8197 1.3490 2.6 104 100.000 400
1.9055 1.3804 2.8 108 X 1.5849 125.89 420
1.9953 1.4125 30 108 X 2.5019 158.49 4.0
2.2387 1.4962 35 106 X 3.9811 199.53 460
2.5119 1.5849 4.0 108 X 6.3096 251.19 48.0
28184 1.6788 4.5 108 318.23 50.0
31623 1.7783 50 108 X 1.5849 398.11 520
3.5481 1.8834 55 108 X 2.5119 501.19 54.0
39811 19953 6.0 108 X 3.9811 630.96 56.0
50119 2.2387 7.0 108 X< 6.3096 79433 58.0
6.3096 2.5119 8.0 104 1,000.00 60.0
7.9433 28184 9.0 0 3,162.3 70.0
10.0000 31623 10.0 108 10,000.0 80.0
12.589 3.5481 1o 108 31,623 90.0
15.849 3.9811 120 1010 100,000 100.0
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 to invert the fraction and express the answer
as a decibel loss.



Atomic weights*

CHAPTER 3 4]

H Properties of materials

element symbol :l'::n"::r :::;:::' element symbol :‘:::l:r ;':":':
Actinium Ac 89 227 lead Pb 82 207.21
Aluminum Al 13 26.98 Lithium Li 3 6.940
Americium Am 95 =241 Lutetium lu n 174.99
Antimony Sb 51 121.76 Magnesium Mg 12 24.32
Argon A 18 39.944 Manganess Mn 25 5493
Arsenic As 33 749N Mercury Hg 80 200.61
Astatine At 85 21 Molybdenum Mo 42 95.95
Barium Ba 56 137.36 Neodymium Nd 60 144.27
Berklinium Bk 97 =243 Neon Ne 10 20.183
Beryllium Be 4 9.013 Neptunium Np 93 =239
Bismuth Bi 83 209.00 Nickel Ni 28 58.69
Boron B 5 10.82 Niobium Nb 41 92.91
Bromine Br 35 79.916 Nitrogen N 7 14.008
Cadmivm Cd 48 1241 Osmium Os 76 190.2
Calcium Ca 20 40.08 Oxygen O 8 16.0000
Californium Cf 98 =244 Palladium Pd 44 106.7
Carbon C é 12.010 Phosphorus P 15 30.975
Ceriym Ce 58 140.13 Platinum Pt 78 195.23
Cesium Cs 55 13291 Plutonium Py 94 =238
Chlorine Cl 17 35.457 Polonium Po 84 210.0
Chromium Cr 24 52.01 Potassium K 19 39.100
Cobalt Co 27 58.94 Praseodymium Pr 59 140.92
Copper Cu 29 63.54 Promethium Pm 61 147
Curium Cm 9 =242 Protactinium Pa 9N 231
Dysprosium Dy 66 16246 Radium Ra 88 226.05
Erbium Er 68 167.2 Radon Rn 86 222
Europium Eu 63 152.0 Rhenium Re 75 186.31
Fluorine F 9 19.00 Rhodium Rh 45 10291
Francium Fe 87 223 Rubidium Rb 37 85.48
Gadolinium Gd 64 156.9 Ruthenium Ru 44 1017
Gallium Ga 31 69.72 Samarium Sm 62 150.43
Germanium Ge 32 72.60 Scandium Sc 21 44.96
Gold Au 79 197.2 Selenium Se 34 78.96
Hafnium Hf 72 178.6 Silicon Si 4 28.09
Helium He 2 4.003 Silver Ag 47 107.880
Holmium Ho 67 164.94 Sodivm Na n 22,997
Hydrogen H 1 1.0080 Strontium Sr 38 87.63
Indium In 49 11476 Sulfur S 16 32.06
lodine i 53 12691 Tontalum Ta 73 180.88
Iridium le 77 193.1 Technetium Te 43 98
Iron Fe 26 55.85 Tellurium Te 52 127.61
Krypton Kr 36 83.80 Terbium Tb 45 159.2
Lanthanum la 57 138.92 Thallium Tl 81 204.39

* From "Handbook of Chemistry and Physics,” 34th edition, Chemical Rubber Publishing Com-

pany; Cleveland, Ohio.
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Atomic weights continved

afomic atomie afomic afomic
element symbol Mo o S eight element symbol number  welght
Thorium Th 90 232.12 Vanadium v 23 50.95
Thulium m 69 169.4 Xenon Xe 54 131.3
Tin Sn 50 118.70 Ytterbium Yb 70 173.04
Titanium Ti 2 47.90 Yttrium Y 39 88.92
Tungsten w 74 183.92 Zinc Zn 30 65.38
Uranium U 92 238.07 Zirconium Zr 40 91.22
Electromotive force
Series of the elements
slement volts ion | element volts ion
Lithium 2.9595 Lt Tin 0.136 Sntt
Rubidium 2.9259 Rb* Llead 0.122 Pb*+
Potassium 2.9241 Kt Iron 0.045 Fettt
Strontium 2.92 Srit Hydrogen 0.000 Ht
Barium 2.90 Batt Antimony —0.10 Sh++
Calcium 2.87 Cao** Bismuth —0.226 Bit++
Sodium 2.7146 Nat Arsenic —0.30 Asttt
Magnesium 2.40 Mgt Copper —0.344 Cutt
Aluminum 1.70 Al Oxygen —0.397 o~
Beryllium 1.69 Bett Polonium —0.40 Refan
Uranium 1.40 Y+t Copper —0.470 Cut
Manganese 1.10 Mntt lodine —0.5345 I~
Tellurivm 0.827 Te ™ Tellurium —0.558 Tet+++
Zinc 07618 Zntt Silver —0.7978 Agt
Chromium 0.557 Crtt Mercury —0.7986 Hg*t
Sulphur 0.51 S—- Lead —0.80 Ppt++t
Gallivm 0.50 Gattt Palladium —0.820 Pd+t
Iron 0.441 Fett Platinum —0.863 Pt
Cadmium 0.401 Cd*+t Bromine —1.0648 Br~
Indium 0.336 ([ aad Chlorine —1.3583 cr
Thallium 0.330 T+ Gold —1.360 Ayttt
Cobalt 0.278 Co*t Gold —1.50 Ayt
Nickel 0.231 Nitt Fluorine —1.90 F~

Position of metals in the galvanic series

Corroded end (anodic,
or least noble)
Magnesium

Magnesium alloys

Zinc

Alyminum 25

Cadmium

Aluminum 175T

Steel or lron
Cast lron

Chromium-iron {active)
Ni-Resist

18-8 Stainless lactivel
18—-8-3 Stainless lactive)

Lead-tin solders
lead

Tin

Nickel lactive)
Inconel (active)

Brasses

Copper

Bronzes
Copper-nicke! alloys
Monel

Nickel (passive)

Inconel [passive)
Chromium-iron (passive)
18—8 Stainless (passive)
18-8-3 Stainless (passive)
Bllve: N

Graphite

Gold

Platinum

Protected end (cathodic,
or most noble)

Nates Groups of metals indicate they are closely similar in properties.
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Periodic chart of work functions*

— grovp
period |1 B wm | w v ] v ] W vn
ATB | A8 /A8 A[8 A(B |ATB|A]B
e | Be B T | T 1 T
2 |23 [337| |4 439 | L ;
3 Ne Mg Al 'si Pl s | | |
270 | ads| 3zl la — | = | ||
T | ca s [1i v C | (M| [Fe |Co M
215 | 276 [ = | | 409 [40] Jas| |35 436 | 4.18 (484
J— — | | |
Cu ! Zn | Go | ] Ge [ As | Se l | {
| 447 | | 374 3.96 4.5 s | 472 ‘
—| s —— e —— | ————— |
s [® | se ||y zZr b Mo Te | (R (®n b
213 235 - 384 | 399 427 | - [452 | 4.65 | 482
—_—— ] — |
[ Ag | Cd | In Sn Sb Te ; |
] ) = an 408 473 i
6 (G| (8o | |l HI [16 | |w | #e Os |[r _|m
e | |22 33 3.5 42| 40| 51| |4ss| 45| s
R B e S ] ) | J |
[ A Hg | T P | 18! Po [ ' I
4.58 | 452 3.76; 402 % I | | |
—_—— — ) | I !
7 |f | |k Ac Th [ fo v [ | ] [
- - = EXT = 3.74 [ ,
—_— T | )
Rore Ce (Pr [Nd  Sm |
earths |27 |27 |33 32

* Mean of published data, 1924~1949. From
Journal of Applied Physics, vol. 21, pp. 536

Temperature—emf characteristics of thermocouples*

, H. B. Michaelson, "Work Functions of the Elements,”
—540; June, 1950,
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* From R. L. Weber, “"Temperature Measurement and Control,” § 400 '_0‘61
Blakiston Co., Philadelphia, Pennsylvania; 1941; see pp. 68-71. 300
1000 1400

deg C



Thermocouples and their characteristics

continved  Electromotive force

€ ¥ILdVHO vv

type l pper/ Iron/ n 1/ " +/al " l, o /,(‘o) pltn /,(13) urt::lx‘ldll.lzon
T
Compasition, percent llOOCu 60Cy 40Ni |100Fe  60Cu 4CNi'|9ONi 10Cr 55Cu 45Ni [9ONi 10Cr  94Ni 2A1 IMn lSi\ Pt 90Pt 10Rh | Pt 87Pt13Rh | C SiC
*Range of application, SC|—200 to +300 |—200 to +1382 [0 1o +1100 |—200 to 41200 10 to +1450 10 to +1450 to 42000
Resistivity, micro-ohm-cm  ]1.75 49 {10 49 |70 49 70 24 "0 21 |
Temperature coefficient o'l | ‘ |
resistivity, per °C 00039 0.00001 0005 0.0001  0.00035 0.0002  10.00035 0.000125 10.0030 0.0018
Melting temperature, °C _|1085 1190 11535 1190 1400 1190 1400 1430 11755 1700 | 3000 2700
emf in millivolts; 100° C 4.24mv | 100°C 528mv| 100°C 6.3mv 100°C 4.) mv 100°C 0.643mv| 100°C 0.646mv[1210°C  353.6mv
reference junction at 0° C| 200 9.06 200 10.78 200 13.3 200 8.3 200 1.436 200 1.464 |1300 385.2
300 14.42 400 21.82 400 28.5 400 16.39 400 3.251 400 3398 |1360 403.2
600 33.16 600 443 600 24.90 600 5222 600 5.561 1450 424.9
800 45.48 800 331 800 7330 | 800 7927
1000 58.16 1000 4131 1000 9.569 1000 10.470
1200 48385 1200 11.924 1200 13.181
1400 5581 1400 14312 1400 15.940
1600 16.674  |1600 18.680
Influence of temperature |Subject to oxidation|Oxidizing and re.|Chromel attacked by"‘ i e 10 oxidizing atmos-| Resi e to oxidizi here very |Used as tube ele-
and gos atmosphere and alteration above ducing phere|sulphurous phere.|phere very good. Resistance 10 good. Resistance to reducing atmosphere |ment. Carbon
400° C due Cu, obove‘hove lifle effect on Resistance to oxida-|reducing atmosphere poor.| poor. Susceptible 10 chemical alteration |sheath chemically
by As, Si, P vapor in reducing gas (COsy, [inert.

600° due constanton
wire. Ni-plating of
Cu tube gives protec-
tion, in acid-contain-
ing gos. Contamina-
tion of Cu oflects
colibrotion  greatly.
Resistance to oxid.
otm. good. Resistance
to reducing atm.
good. Requires pro-
tection from acid
fumes.

accuracy. 8est used
in dry atmosphere.
[Resistance 1o oxido-
tion good to
‘Resiﬂonce to reduc-
ing atmosphere
good. Protect from
oxygen, moisture,
sulphur.

tion good. Resistance
to reducing atmos-
phere poor.

Aflected by sulphur, reducing
Orssulphurous gas, SO1 ond
HaS.

Hs, H2$, SO1). Pt corrodes easily above
1000°, Used in gas-tight protecting tube.

Particular opplications

low ture, in-

low P e, in-
dustrial. Internol com.
bustion engine. Used
as o tube element
for measurements in
steam line.

P
dustriol.  Steel on-
Inealing, boiler flyes,
tube stills. Used In
reducing or neuvtral
latmosphere.

< iy, h

Used in

Inter Stand-|Similar to Pt/PIRh{I0)

stills, electric furnoces.

* for prolonged usage; can be used of higher temperature for short periods.

e.
Industrial. Ceramic kilns, tube

ard 630 to 1065° C.  [but has higher emf,

Steel furnace aond
ladle temperatures.
laboratory meas-
urements.
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Physical constants of various metals and alloys

avg coeff
relative temp specific | coeff of | thermal | melting
material resist- coeff of gravity | thermal | expan point

ance” resistivity cond | (X1079) °c
Advance (55 Cu, 45 Ni) see | Constantan
Aluminum 1.64 0.0039 2.70 2.03 287 660
Antimony 24.21 0.0036 6.7 0.187 10.9 630
Arsenic 19.33 0.0042 573 — 3.86 | sublimes
Bismuth 69.8 0.004 9.8 0.0755 13.4 N1
Brass (66 Cu, 34 Znl 3.9 0.002 8.47 1.2 20.2 920
Cadmium 4.4 0.0038 8.64 0.92 316 321
Carbon, gas 2900 —0.0005 —_ _— —_ 3500
Chromax {15 Cr, 35 Ni,

balance Fe) 58.0 0.00031 7.95 0.130 — 1380
Cobalt 546 0.0033 8.9 _ 12.4 1495
Columbiym see | Niobium
Constantan (55 Cu, 45 Ni) 28.45 =-0.0002 89 0.218 148 1210
Copper—annealed 1.00* 0.00393 8.89 3.88 16.1 1083

hard drawn 1.03 0.00382 8.94 —_ _ 1083
Duralumin 3.34 0.002 27 1.603 — 500-637
Eureka (55 Cu, 45 Ni) see | Constantan
Gallium 56.8 — 5.903-6.093| 0.07-0.09 18.0 29.78
German silver 16.9 0.00027 87 0.32 18.4 1110
Germanium =450 — 535 _ _ 958.5
Gold 1416 | 0.0034 19.32 2.96 143 1063
Ideal {55 Cu, 45 Ni) see | Constantan
Indium 9.0 0.00498 7.30 0.057 33.0 156.4
Iron, pure 54 0.0052-0.0062 7.86 0.67 12.1 1535
Kovar A (29 Ni, 17 Co,

0.3 Mn, balance Fe) 28.4 —_— 8.2 0.193 6.2 1450
Lead 12.78 0.0039 11.34 0.344 29.4 327
Magnesium 2.67 0.004 1.74 1.58 29.8 451
Manganin (84 Cu, 12 Mn,

4 Ni) 26 =4-0.00002 8.5 0.63 —_ 910
Mercury 55.6 0.0008% 13.55 0.063 — —38.87
Molybdenum, drawn 33 0.0045 10.2 1.46 6.0 2630
Monel metal {67 Ni, 30

Cu, 1.4 Fe, 1 Mn) 27.8 0.002 8.8 0.25 163 |1300-1350
Nichrome | (65 Ni, 12

Cr, 23 Fe) 65.0 0.00017 825 0.132 — 1350
Nickel 5.05 0.0047 8.9 0.6 15.5 1455
Nickel silver {64 Cy, 18

Zn, 18 Ni} 16.0 0.00026 8.72 0.33 — 1mo
Niobium 132 0.00395 8.55 _ 7.1 2500
Palladium 6.2 0.0033 12.0 0.7 1n.o 1549
Phosphor-bronze (4 Sn,

0.5 P, balance Cu) 5.45 0.003 89 0.82 16.8 1050
Platinum 6.16 0.003 214 0.695 9.0 1774
Silicon _ -_ 24 0.020 4.68 1420
Silver 0.95 0.0038 10.5 4,19 18.8 960.5
Steel, manganese (13Mn,

1C, 85 Fel 41,1 —_ 7.81 0.3 — 1510
Steel, SAE 1045 (0.4-0.5 |

C, balance Fe) 7.6-127 —_ 7.8 0.59 150 1480
Steel, 18-8stainless (0.1 C,

18Cr,8Ni, balanceFe) | 52.8 — 7.9 0.163 191 1410

* Resistivity of copper =

1.7241 X 10™* ohm-centimeters.
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Physical constants of various metals and alloys  continved

ovg coeft
relative temp specific [ coeff of | thermal | melting
materlal resist- coeff of gravity | thermal | expan point
ance® resistivity cond | (X107%) 9
Tantalum 9.0 0.003 16.6 0.545 6.6 2900
Thorium 18.6 0.0021 n2 _ 12.3 1845
Tin 6.7 0.0042 7.3 0.64 26.9 231.9
Titanium 47.8 _— 4.5 0.41 8.5 1800
Tophet A {80 Ni, 20 Cr) 62.5 0.00014 8.4 0.136 —_ 1400
Tungsten 325 0.0045 19.3 1.4 4.4 3370
Uranium 3240 0.0021 187 1.5 —_ =1150
Zinc 34 0.0037 7.14 112 26.3 419
Zirconium 2.38 0.0044 6.4 — 5.0 1900

Relative resistance: The 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. The resistance of ony
substance of uniform cross-section is proportional to the length and inversely
proportional to the cross-sectional area.

R = pl/A

where

p = resistivity, the proportionality constant
L = length

A = cross-sectional area

R = resistance in ohms

1f L and A are measured in centimeters, p is in ohm-centimeters. If L is measured
in feet, and A in circular mils, p is in ohm-circular-mils/foot.

Relative resistance = p divided by the resistivity of copper (1.7241 X 10-¢
ohm-centimeters)

Temperature coefficient of resistivity gives the ratio of the change in re-
sistivity due to a change in temperature of 1 degree centigrade relative to
the resistivity ot 20 degrees centigrade. The dimensions of this quantity are
ohms/degree centigrade/ohm, or 1/degree centigrade.

The resistance at any temperature is
R = Ry [1 + s (T — 20)]

where

Rse = resistance in ohms at 20 degrees centigrade

T = temperature in degrees centigrade

az = temperature coefficient of resistivity/degree centigrade at 20 de-
grees centigrade
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Physical constants of various metals and alloys  confinued

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.

Coefficient of thermal conductivity is defined as the time rate of heat trans-
fer through unit thickness, across unit areaq, for a unit difference in tempera-
ture. Expressing rate of heat transfer in watts, the coefficient of thermal
conductivity

K = WL/AAT
where
W = watts

L = thickness in centimeters
A = area in centimeters?
AT = temperature difference in degrees centigrade

Coefficient of thermal expansion: The coefficient of linear thermal expansion
is the ratio of the change in length per degree to the length at 0° C. It is
usually given as an average value over a range of temperatures and is
then called the average coefficient of thermal expansion,

Temperature charts of metals

On the following two pages are given centigrade and fahrenheit tempera-
tures relating to the processing of metals and alloys.

Soldering, brazing, and welding: This chart has been prepared to provide,
in a convenient form, the melting points and components of various common
soldering and brazing alloys. The temperature limits of various joining
processes are indicated with the type and composition of the flux best suited
for the process. The chart is a compilation of present good practice and
does not indicate that the processes and materials cannot be used in other
ways under special conditions.

Melting points: The melting-point chart is a thermometer-type graph upon
which are placed the melting points of metals, alloys, and ceramics most com-
monly used in electron tubes and other components in the electronics industry.
Pure metals are shown opposite their respective melting points on the right
side of the thermometer. Ceramic materials and metal alloys are similarly
shown on the left. The melting temperature shown for ceramic bodies is that
temperature above which no crystalline phase normally exists. No attempt
has been made to indicate their progressive softening characteristic.
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Temperature charts of mefals  confinued

Soldering, brazing, and welding processes*

alloys for soldering and brazing

temp operation flux temp components remarks name
v v v v v v v
.F ‘c
2400
22004-1200
welding 4
20007
°F °C
180009 18004982
high=
temperature dry borax
L brozing 4
1600 poste A1800T8T 54 Cu,46 Zn ;pol':‘v' |
raz
10 borox+ llo
baric ocid 50 Ag,34Cu,| generol olloy
800 +woter 1028d 774 16 Zn purpose ETX
1400+ 45;;,230 Cv,
hord solder n silver solder
iha fi + L ORVET PR
silver loldc; AU g£ -?rgl (1549 50Cu,5Pb no‘:‘-.:u'"ms Sit Fos
s ral -
1200 nrsless lnglgg: | mm“: Eosy-Flo
iron, stoin -
600 W 11001593 Iou'l'ul,
brass,
1000+ eoppc'v,dc.
intermediote
8004 solder ) TR in':z:o?iuh
L ye l 9 u} o
400 ”9'6. (17501399 220 ,; Sn
?suoloéum,
1
600 H,
1 i [§4] 5454285 | 30 S0, TOPL
rosin in
al(i:)hol dlasat2a0 50 Sn, S50Pb ﬁmn and hatf
40014 402n cl freezes tecti
200 | soft solder< ZONH‘c.I: seities 63Sn,37Pb A eutectic
ot some
40 (:;.0 Yemp.
rosin
200+ -
J 50Bii3Cd Wood's metal
00 142761 ospbis

* By R. C. Hitchcock, Research Laboratories, Westinghouse Electric Corp., East Pittsburgh, Pa.
Reprinted by permission from Product Engineering, vol. 18, p. 171; October, 1947,
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confinuved

Melting points of metals, alloys, and ceramics*

alloys temperature
ceramics °F °c metalsy
v \{ v
7.000' _— 4,000
Tharia (ThOp) & Graphite
4 Py .
- 3,000 Tung
Calcia (Ca 0} i 3000 o9 lj " |Tua !
Beryllia (Be 0} 7 | OyDCesum
Strontia Sr o__, 3,600 _—:—_ 2,000 Niobi
Aluming Alg Oy 3,500 "] .
Bario Ba O 3,400  —4900 Zirconium
= Thorium
3300 3 ooo oo
f == Bloti
Ouartz S,04 3,100 ____' 1,700
3,000 -1
2,900 = ;600 Chromium
2800 - —————— Ball ‘l'm
Duroloy 18-8 2,700 [~ 1,500 .

- - Nicke!
xovgr ——— | 2,600 |~ - (T silicon
Nichrome 1V s g AU
) " | 2,500 - 8eryllium
Topheta— | 2,900 = 1, 300

2,300 |~ ]
Nickel Coinoge, Pre - Wor U.S.A: 2,200 -] 1,200
F Solder 2,100 |- Uranium
2,000 -——. 1,100 Copper
Av 37.5, Cu sz.sj—n.soo — ] . Gold
Bross Cu B85, 152n 1,800 = 4000 Sitver
Vi

= 1 a 5

AV B0, Cu 20 1,700 =1 900 e
1,600 |— 1

- ] Borlum

BT 1,500 [~— B00—— E.COchum
1,400 |— ] 2
1,300 | 700

] -
Easy-Fla 3 W00 ="~ L. Mognesium
Ensy-FIoAS—’—‘lJoo [~ 600 9
Gold 80, Indium 20 506 -

S$n 60, Ag 40 900 :-_J 500
P 800 [— Zing
700 = 400
=7 Mercury (boils)
o 600 —— 300 Lead
30-70 Soft Solder =55 [ 1
50-50 Soft Solder e Tin
400 |- 200
63-37 Soft Seder— 300 [ ] di
200 :r— 100
100 —~] 5 Gallium
* By K. H. McPhee. Reprinted by permission from Electronics, vol. 21, p. 118; December, 1948,
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Wire tables*

Solid copper—comparison of gauges

Amer. | Birming: British diameter area welght
can ; hn;n') mmdd.
Stubs ar. square per per
(BaS)| Tion | (NBS) | mils | milli- | circular | i, | 3quare | 1000 feet | kilometer
S wire wire meters mils melers Inches in 0
gouge | gauge pounds | kilograms
- 0 - 340.0 8.636 115600 58.58 0.09079 350 51
0 - - 3249 8.251 105500 53.48 0.08289 319 475
- - 0 324.0 8.230 105000 53.19 0.08245 318 472
- 1 1 300.0 7.620 90000 45.60 0.07049 273 40¢
1 - - 289.3 7.348 83490 4241 0.06573 253 3n
- 2 - 284.0 7.214 80460 40.87 0.06335 244 343
- - - 283.0 7.188 80090 40.58 0.06290 242 361
- - 2 276.0 7.010 76180 38.60 0.05963 21 342
- 3 - 259.0 6.579 67080 33.99 0.05269 203 302
2 - - 257.6 6.544 66370 33. 0.05213 201 299
- - 3 252.0 6.401 63500 3218 0.04988 193 28¢
- 4 - 238.0 6.045 56640 28.70 0.04449 173 255
- - 4 2320 5.893 53820 2.27 0.04227 163 242
3 - - 2294 5827 52630 26.67 0.04134 159 237
= S - 220.0 5.588 48400 24.52 0.03801 147 217
- - 5 220 5.385 44940 22.77 0.03530 136 202
4 - - 204.3 5.189 41740 21.18 0.03278 126 188
- 6 - 203.0 5.156 41210 20.88 0.03237 125 186
- - 6 1920 4.877 36860 18.68 0.02895 n2 166
S - - 181.9 4.6 33100 1677 0.02600 100 149
- 7 - 180.0 4.572 32400 16.42 0.02545 98.0 146
- - 7 176.0 4.470 30980 15.70 0.02433 93.6 139
- 8 - 165.0 419 27220 13.86 0.02138 86.2 123
[ - - 1620 4,116 26250 13.30 0.02042 79.5 ns
- - 8 160.0 4.064 25400 12.97 0.02011 77.5 1ns
- 9 - 148.0 3759 21900 11.10 0.01720 663 98.6
7 - - 1443 3.665 20820 10.55 0.01635 63.0 93.7
- - 9 144.0 3.658 20740 10.51 0.01629 628 93.4
- 10 - 134.0 3.404 17960 9.098 0.01410 543 80.5
8 - - 128.8 3.264 14510 8.366 0.01297 50.0 744
- - 10 1280 3.251 16380 8.302 0.01267 49.6 738
- n - 120.0 3.048 14400 7.297 0.01131 43.6 64.8
- - n 1160 2.946 13460 6818 0.01057 40.8 60.5
9 - - 114.4 2.906 13090 6.634 0.01028 39.6 589
- 12 - 109.0 2769 11880 6.020 0.009331 359 5
- - 12 104.0 2.642 10820 5.48) 0.008495 327 48.7
10 - - 101.9 2.588 10380 5.261 0.008155 314 468
- 13 - 9500 | 2.413 9025 4.573 0.007088 273 40.¢
- - 13 9200 | 23% 8444 4.289 0.006648 25.6 38.1
n - - 90.74 | 2305 8234 4.172 0.006467 249 37.1
- 14 - 8300 | 2.108 6889 3491 0.005411 20.8 310
12 - - 80.81 2.053 6530 3309 0.005129 19.8 2.4
- - 14 80.00 | 2.032 6400 3.243 0.005027 19.4 288
- 15 15 7200 1.829 5184 2627 0.004072 16.1 34
13 - - 71.96 1.828 5178 2424 0.004067 157 233
- 16 - 45.00 1,651 4225 2141 0.003318 128 19.0
4 - - 64.08 | 1.628 4107 2,081 0.003225 124 18.§
- - 16 64,00 1,626 4096 2075 0.003217 123 18.4
- 17 - 58.00 1,473 3344 1,705 0.002642 10.2 151
15 - - 57.07 1,450 3287 1.650 0.002558 9.86 147
- - 7 5600 | 1422 3136 1.589 0.002463 9.52 141
16 - - 50.82 1.291 2583 1,309 0.002028 7.82 1.6
- 18 - 49.00 1.245 2401 1217 0.001886 7.27 108
- - 18 48,00 1.219 2304 1,167 0.001810 6.98 104
17 - - 45.26 1.150 1.038 0.001609 6.20 9.23
- 19 - 4200 1.067 1764 0.8938 0.001385 534 7.94
18 = - 40.30 1,024 1624 08231 0.001276 492 732
- - 19 40.00 1.016 1600 0.8107 0.001257 484 7.21
- - 20 3600 | 0.9144 1296 0.6567 0.001018 393 5.84
19 - - 3589 | 09116 1288 0.6527 0.001012 390 5.80
- 20 = 3500 | 0.8890 1225 0.6207 0.0009621 a7 5.52
- 2 2 3200 | 08128 1024 0.5189 0.0008042 3 4.62
20 - - 3196 | 08118 1022 0.5176 0.0008023 3.09 4.60

* £or information on insulated wire for inductor windings, see pp. 114 and 278.
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Annealed copper (AWG)

AWG| diom. | crowsteclon | chmuper | por #1 per chm | ohms per I
B&S | eterin clreular S0t at 20°C | 1000 ft Hperlb | of 29" [4 at 20° C
gavge | mils mils inches (68° F) (68° F) (65°F)
0000 | 440.0 211,600 0.1662 0.04901 | 640.5 1.561 | 20,400 0.00007652
000 | 409.6 167,800 0.1318 0.06180 | 507.9 1.968 | 16,180 0.0001217
00 | 3548 133,100 0.1045 007793 | 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 0.1239 | 2533 3.947 | 8,070 0.0004891
2| 257.6 66,370 0.05213 0.1563 | 200.9 4.977 | 6,400 0.0007778
3 | 2294 52,640 0.04134 0.1970 | 1593 6276 | 5,075 0.001237
4 | 2043 41,740 0.03278 0.2485 | 126.4 7914 | 4025 0.001946
5 | 181.Y 33,100 0.02600 03133 | 100.2 9.980 | 3,192 0.003127
6 | 1620 26,250 0.02062 0.3951 79.46 12.58 2,531 0.004972
7 | 1443 20,820 0.01635 0.4982 43.02 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 2523 1,262 0.01999
10 | 1019 10,380 0.008155 0.9989 31.43 31.82 1,001 0.03178
n 90.74 8,234 0.006467 1.260 24.92 4012 794 X
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 43.80 4993 0.1278
14 64.08 4,107 0.003225 2.525 1243 £0.44 396.0 0.2032
15 57.07 3257 0.002558 3.184 9.858 1014 3140 0.3230
16 50.82 2,583 0.002028 4.016 7.818 1279 245.0 0.5136
7 4526 2,048 0.001609 5.064 6.200 161.3 192.5 08167
18 40.30 1,624 0.001276 6.385 49017 203.4 156.6 1.299
19 3589 1,288 0.001012 8.051 3899 256.5 1242 2.065
20 31.96 1,022 0.0008023 Q.15 3.092 3234 98.50 3.283
2 28.46 810.1 0.0006363 12.80 2452 407.8 7801 5221
2 2535 6424 0.0005046 16.14 1.945 514.2 61.95 8.301
23 22.57 509.5 0.0004002 20.36 1.542 648.4 49.13 13.20
24 20.10 404.0 0.0003173 25.67 1.223 817.7 38.96 20.99
25 17.90 3204 0.0002517 3237 0.9699 1,031.0 30.90 3337
2 15.94 254.1 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 464.90 0.4837 2,067 15.41 134.2
2 1.26 126.7 0.00009953 81.83 0.3836 2,607 1222 2133
30 10.03 100.5 0.00007894 103.2 0.3042 3,287 9.691 339.2
A 8.928 79.70 | 0.00006260 130.1 0.2413 4,145 7.685 5393
32 7.950 63.21 | 0.00004964 1641 0.1913 527 6,095 857.6
33 7.080 50.13 | 0.00003937 206.9 0.1517 6,591 4.833 1,364
34 6.305 39.75 | 0.00003122 260.9 0.1203 8,310 3.833 2,168
35 5.615 31.52 | 0.00002476 3.0 0.09542 | 10,480 3.040 3,448
3% £.000 2500 | 0.00001964 4148 0.07548 | 13,210 2411 5,482
7 4.453 19.83 | 0.00001557 5231 0.06001 | 16,660 1912 8717
38 3.965 15.72 | 0.00001235 659.6 0.04759 | 21,010 1.516 3,
39 3.531 |2.47I 0000009793 | 8318 0.03774 26,500 1.202 22,040
40 145 9.888 | 0.000007766 | 1049.0 0.02993 | 33,410 0.9534 35,040

Temperature coefficient of resistance: The resistance of o conductor at temperature T in de-
grees centigrade is given by

R = Ry [14 as (T— 201]

where Ry Is the resistance at 20 degrees centigrade and oo is the temperature coefficient of
resistance ot 20 degrees centigrade. For copper, a = 0.00393. That is. the resistance of a
copper conductor increases approximately 4/10 of 1 percent per degree centigrade rise in
temperature,
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Hard-drawn copper (AWG)*

S welght maximum cross-sectional
AWG wire breaking | o0 oy resish G
B&S | diameter load in ln’ pounds pounds {ohms per
gavge | Ininches | pounds Ibs/in? per per Lm:':)' circular square
1000 feet mile mils inches
4/0 0.4600 8143 49,000 640.5 3382 0.05045 211,600 | 0.1662
3/0 0.4096 6722 51,000 507.9 2682 0.06381 167,800 0.1318
2/0 0.3648 5519 52,800 402.8 riv4 0.08021 133,100 0.1045
1/0 0.3249 4517 54,500 N9.S 1687 0.1011 105,500 0.08289
1 0.2893 3488 56,100 2533 1338 0.1287 83,690 0.06573
2 0.2576 3003 57,600 200.9 1061 0.1625 66,370 0.05213
3 0.2294 2439 59,000 159.3 841.2 0.2049 52,630 0.04134
4 0.2043 1970 60,100 126.4 667.1 0.2584 41,740 0.03278
5 0.1819 1591 61,200 100.2 529.1 0.3258 33,100 0.02400
- 0.1650 1326 62,000 8241 4351 0.3961 27,225 0.02138
é 0.1620 1280 62,100 79.46 419.6 0.4108 26,250 0.02062
7 0.1443 1030 63000 | 6302 3327 0.5181 20,820 0.01635
- 0.1340 894.0 63,400 54.35 287.0 0.6006 17,956 I 0.01410
8 0.1285 826.0 63,700 49.97 2639 0.6533 16,510 0.01297
9 0.1144 661.2 64,300 39.63 209.3 0.8238 13,090 0.01028
- 0.1040 550.4 64,800 32.74 172.9 0.9971 10,816 0.008495
10 0.1019 5§29.2 64,900 31.43 165.9 1.039 10,380 0.008155
n 0.09074 4229 65,400 24.92 1316 1310 8,234 0.006467
12 0.08081 337.0 65,700 19.77 104.4 1.652 6,530 0.005129
13 0.07196 268.0 65,900 15.68 8277 2.083 5178 0.004067
14 0.06408 235 66,200 1243 65.64 2626 4,107 0.003225
15 0.05707 169.8 66,400 9.858 5205 3312 3,257 0.002558
16 0.05082 135.1 66,600 7.818 41.28 4.176 2,583 0.002028
7 0.04526 107.5 66,800 6.200 3274 5.266 2,048 0.001609
18 0.04030 | 85.47 67,000 4917 25.96 6.640 1,624 0.001276

*Courtesy of Copperweld Steel Co., Glassport, Pa. Based on ASA Specification H—4.2 and
ASTM Specification B-1.

Modulus of elosticity Is 17,000,000 lbs/inch2. Coefficient of linear expansion is 0.0000094 /degree Fohrenhelt.
Waeighis ore based on o density of 8.89 groms/cm? ot 20 deg centigrode lequivolent to 0.00302699 Ibs/circular
mil /1000 feet).

The resistonces are moximum volues for hord-drown copper ond are based on o resistivity of 10.674 ohms/circulor-mil
foot ot 20 degrees centigrade (97.16 percent conductivity) for sizes 0.325 inch ond lorger, ond 10.785 ohms/circulor-
mil foot ot 20 degrees centigrode (96.16 percent conductivity) for sizes 0.324 inch ond smoller.

Tensile strength of copper wire (AWG)*

hard drawn medium-hord drawn soft or annealed
wire A ranki ot braaki T braakl
AWG diameter tensile load tensile load tensile foad
B&S n sirength in strength in sirength in
gauge inches Ibs/in? pounds Ibs /in? pounds Ibs /in? pounds
1 0.2893 56,100 3688 46,000 3024 37,000 2432
2 0.2576 57,600 3003 47,000 2450 37,000 1929
3 0.2294 59,000 2439 48,000 1984 37,000 1530
4 0.2043 60,100 1970 48,330 1584 37,000 1213
5 0.1819 61,200 1591 48,660 1265 37,000 961.9
- 0.1650 62,000 1326 - — — -
é 0.1620 62,100 1280 49,000 1010 37,000 7629
7 0.1443 63,000 1030 49,330 806.6 37,000 605.0
- 0.1340 63,400 894.0 - — — —
8 0.1285 63,700 826.0 49,660 6439 37,000 479.8
9 0.1144 64,300 661.2 50,000 5142 37,000 380.5
- 0.1040 64,800 550.4 —_ - - -
10 0.1019 64,900 529.2 ,330 4104 38,500 314.0
" 0.09074 65,400 4229 50,660 327.6 38,500 249.0
12 0.08081 65,700 337.0 51,000 2816 38,500 197.5

*Courtesy of Copperweld Steel Co., Glassport, Pa.
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Solid copperweld (AWG)

cross-seclional welight 1 breaking load, attenvation in characteristic
AWG | dlam orea pounds pounds ohms /1000 # ot 68° F pounds decibels/mile* impedonce*
IG:S. inch circular square f:.'o per 409, 30% 409, 30% 40% cond | 30%cond | 40% | 30%
gavg mils inch toet mile pound duct duet di duct dry | wet | dry | wet | Sond cond
= o : - n 1
4 .2043 | 41,740 03278 115.8 611.6 8.63 l 0.6337 0.8447 | 3,541 3,934 -— —_ | —_ -— -—_ —_
S 1819 | 33,100 02600 91.86 485.0 10.89 0.7990 1.065 2,938 3,250 — — i -— -— —
6 1620 | 26,250 02062 7285 384.6 13.73 1.008 1.343 2,433 2,680 078 084 103 109 650 486
7 1443 | 20,820 .01635 §7.77 305.0 17.31 1.270 1.694 2,011 2,207 093 100 J22 A7 685 732
8 1285 | 16,510 .01297 45.81 2419 2183 1.602 2136 1,660 1,815 RN .18 144 149 727 787
9 L1144 | 13,090 01028 36.33 1918 27.52 2.020 2.693 1,368 1,491 132 138 169 174 776 852
10 1019 | 10,380 008158 28.81 1521 34.70 2.547 3.396 1,130 1,231 156 161 .196 200 834 920
n .0907 8,234 006467 22.85 120.6 4376 3.212 4.28 896 975 .183 [ 188 | 228 233 910 | 1,003
12 0808 I 530 005129 18.12 95.68 85.19 4.05 5.40 ni 770 216 220 262 266 | 1,000 1,120
13 .0720 5,178 004067 14.37 75.88 69.59 811 6.81 490 530
14 .0641 4,107 003225 11.40 80.17 87.75 6.44 8.59 400 440
15 0871 l 3,287 1002558 9.038 47.72 110.6 8.12 10.83 300 330
16 .0508 2,583 K 7.167 37.84 139.5 10.24 13.65 250 270
17 0453 2,048 001609 5.684 30.01 175.9 129 17.22 185 205
18 .0403 1,624 001276 4.507 23.80 219 16.28 211 153 170
19 0359 1,288 001012 3.575 18.87 2798 20.53 27.37 122 135
20 .0320 1,022 .0008023 2.835 14.97 352.8 25.89 34,52 100 10
21 .0285 810.1 ' 0006363 2.248 11.87 444.8 32,65 43.52 732 81.1
2 0253 642.5 0005046 1.783 9.413 560.9 41.17 54.88 58.0 64.3
23 0226 509.5 0004002 1414 7.465 707.3 51.92 69.21 46.0 51.0
24 .0201 404.0 .0003173 1121 5.920 891.9 65.46 87.27 36.5 40.4
25 .0179 320.4 0002517 0.889 4.695 1,125 82.55 110.0 28.9 321
26 0159 254.1 0001996 0.705 3723 1,418 104.1 I 138.8 230 I 254
27 .0142 201.5 .0001 583 0.559 29583 1,788 131.3 175.0 18.2 200
28 0126 159.8 0001255 0.443 2.342 2,255 165.5 220.6 14.4 159
29 .ong 126.7 0000995 0.352 1857 | 2,843 208.7 2782 1.4 126
30 .0100 100.5 0000789 0.279 1.473 3,586 263.2 350.8 9.08 10.0
31 .0089 79.70 = .0000626 0.221 1.168 4,521 3319 4424 7.20 7.95
32 .0C80 63,21 | .0C00496 0.175 0.926 | 5,701 418.5 557.8 871 l 6.30
33 0071 50.13 | .0000394 0.139 0.734 7,189 527.7 703.4 4.53 5.00
34 0043 39.75 | .0CCC312 0.110 0.582 9,065 665.4 887. 3.59 3.97
35 .0056 31.52 ' .0000248 0.087 0.462 11,430 | 839.0 L9 2.85 ‘ 3.4
36 .0050 25.00 | .0000196 0.069 0.366 14,410 1,058 1,410 2.2 249
37 .0045 19.83 | .0000156 0.085 | 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 1.57
39 .0035 12.47 | .00000979 0.035 0.183 28,900 2,12 2,828 1.13 1.24
40 0031 9.89 | .00000777 0.027 l 0.145 | 36,440 2,675 X 0.893 0.986

* DP insulators, 12-inch wire spacing at 1000 cycles/second.
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Fusing currents of wires

The current I in amperes at which a wire will melt can be calculated from:
I = K2

where d is the wire diameter in inches and K is a constant that depends on
the metal concerned. The table below gives the fusing currents in amperes
for 5 commonly used types of wire. Owing to the wide variety of factors
that can influence the rate of heat loss, these figures must be considered as
only approximations,

| german
AWG diam pp lumi silver iron tin
Bas din K = K = K = K = K=
gavge |  inches 10,244) | 7s85) 5230) 3148) 1642)
40 0.0031 w7 | | 090 ' 0.54 0.28
38 0.0039 2.50 1.85 127 077 0.40
36 0.0050 3.62 268 | 1.85 L1 0.58
Y] 0.0063 512 ' 379 | 261 ' 1.57 0.82
| 1
2 0.0079 7.19 532 l 367 l 221 115
30 0.0100 102 7.58 523 315 1.64
28 0.0126 144 107 7.39 4.45 232
26 0.0159 l 20.5 152 10.5 631 3.29
| |
2 0.0201 | ®2 | 21 149 897 4.68
2 0.0253 42 30.5 210 127 661
20 00319 58.4 82 | 28 17.9 9.36
19 0038 | 697 516 35.5 214 12
i !
18 0.0403 829 | 414 23 25.5 133
7 0.0452 98.4 729 502 302 158
16 0.0508 n 868 59.9 360 18.8
15 | 0.0571 140 103 I 714 430 24
|
| 1
n 0.0641 166 123 849 s11 266
13 00719 197 146 100 07 | 37
12 0.0808 235 174 120 723 377
n 0.0907 280 207 143 80 | 449
. ! .
|
0 | oo 333 247 170 102 534
9 0.1144 396 293 ( 202 122 635
8 0.1285 72 349 241 145 756
7 0.1443 561 ‘ 416 267 173 90.0
6 | 01620 668 495 [ 3a 205 107

Courtesy of Automatic Electric Company; Chicago, Ili,
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confinved

Wire tables

Physical properties of various wires*

copper
aluminum
properly annealed hard=drawn 99 percent pure
Conductivity, Matthiessens stondord In percent 99 to 102 96 to 99 6110 63
Ohms/mil-foot ot 68°F = 20°C 1036 10.57 16.7
Circulor-mil-ohms/mile ot 68°F = 20°C 54,600 55,700 88,200
Pounds/mile.ohm ot 68°F = 20°C 875 896 424
Mean temp coelficient of resistivity/°F 0.00233 0.00233 0.0022
Mean temp coefficient of resistivity/°C 0.0042 0.0042 0.0040
Meon specific grovity 8.89 8.94 2.68
Pounds/1000 feet/circulor mil 0.003027 0.003049 0.000909
Weight in pounds/inch? 0.320 0322 0.0967
Meon speclfic heat 0.093 0.093 0.214
Mean melting point in °F 2,012 2,012 1,157
Meon melting point in °C 1,100 1,100 625
Meon coefficient of linear expansion/°F 0.00000950 0.00000950 0.00001285
Mean coefficient of linear expansion/°C 0,0000171 0,0000171 0,0000231
Solid wire Ultimote tensile strength 30,000 to 42,000 45,000 o 68,000 20,000 to 35,000
Average lensile strength 2,000 60,000 ,000
( Volues in ) Elostic limit 6,000 10 16,000 25,000 to 45,000 14,000
pounds/in? Average elostic limit 15, ,000 14,000
Modulus of elosticity 7,000,000 to 13,000,000 to 8,500,000 to
17,000,000 ,000,000 11,500,000
Averoge modulus of elosticity 12,000,000 16,000,000 9,000,000
Concentric Tensile strength 29,000 to 37,000 43,000 to 65,000 25,800
strond Averoge tensile strength 35,000 54,000 _
Elostic limit 5,800 to 14,800 | 23,000 to 42,000 13,800
( Volues in ) Averoge elostic limit —_— 27,000 —_
pounds/ind Modulus of elosticity 5,000,000 to 12,000,000 Approx
000,000 10,000,000

from “T

* Reprinted by p

Stranded copper (AWG)*

Towers,” Americon 8ridge Company, Pittsburgh, Po.; 1925; p. 169.

AWG number '“da':'d."'l cable area welght weight m:::::':
clrcular B&S w?r‘ﬂ diom In l::;l':' ::::.': II%'O'O”O" Ib':.lr:' ohms /1000 ft
mils gouge inches at 20° C
211,600 4/0 19 0.1055 0.528 0.1662 653.3 3,450 0.05093
167,800 3/0 19 0.0940 0.470 0.1318 518.1 2,736 0.06422
133,100 2/0 19 0.0837 0.419 0.1045 410.9 2,170 0.08097
105,500 1/0 19 0.0745 0.373 0.08286 3257 1,720 0.1022
83,690 1 19 0.0664 0.332 0.06573 258.4 1,364 0.1288
66,370 2 7 0.0974 0.292 0,05213 204.9 1,082 0.1624
52,640 3 7 0.0867 0.260 0.04134 162.5 858.0 0.2048
41,740 4 7 0.0772 0.232 0.03278 128.9 680.5 0.2582
33,100 5 7 0.0688 l 0.206 0.02600 102.2 539.6 0.3256
26,250 é 7 0.0612 0.184 002062 81.05 4279 0.4105
20,820 7 7 0.0545 0.164 0.01635 64,28 339.4 0.5176
16,510 8 7 0.0486 0.146 0.01297 50.98 269.1 0.6528
13,090 9 7 0.0432 0.130 0.01028 40.42 2134 0.8233
10,380 10 7 0.0385 0.116 0.008152 3205 169.2 1.038
6,530 12 7 0.0305 0.0915 | 0.005129 20.16 106.5 1,650
4,107 14 7 0.0242 0.0726 | 0.003226 12.68 66.95 2.624
2,583 16 7 0.0192 0.0576 | 0.002029 7.975 2.1 4172
1,624 18 7 0.0152 0.0456 | 0.001275 5014 26.47 6.636
102 | 2 7 0.0121 0.0363 | 0.0008027 | 3.155 16.66 10.54

* The resistonce vo'ues In this toble ore trode maximo for soft or onnealed copper wire and ore higher than the
average volues for commerciol coble. The following volues for the conductivity ond resistivity of copper ot 20 degrees

centigrode were used:
1A

dard.

Conductivity in terms of Inter!
Resistivity in pounds per mile-ohm:

greater for sizes from 4/0 to 20 AWG.

led Copper S

98.16 percent

891.58
The resistonce of hord-drawn copper s slightly greater thon the volyes given, being obout 2 percent to 3 percent



PROPERTIES OF MATERIALS 5]

steel crucible plow steel, copper—~lad
iron (Siemens= steel, high extra=high
{Ex BB) Martin) strength strength 30% cond 409, cond
168 87 — — 294 39.0
62.9 119.7 122.5 125.0 35.5 26.6
332,000 632,000 647,000 660,000 187,000 140,000

4,700 8,900 9,100 9,300 2775 2075
0.0028 0.00278 0.00278 0.00278 0.0024 -
0.0050 0.00501 0.00501 0.00501 0.0044 0.0041
777 7.85 785 7.85 8.17 8.25
0.002652 0.002671 — — 0.00281 0.00281
0.282 0.283 0.283 0.283 0.298 0.298
0.113 0.117 - - -_ -_

2,975 2,480 - — = —

E 1,360 b b - -
0.00000673 0.00000662 —_ - 0.0000072 0.0000072
0.0000120 | 0.0000118 - - 0.0000129 0.0000129

50,000 to 55,000 | 70,000 to 80,000 - - _ —_
55, 75,000 125,000 187,000 60,000 100,000
25,000 to 30,000 | 35,000 to 50,000 —_ — _— =
30,000 38,000 69,000 130,000 30,000 50,000
22,000,000 to 22,000,000 to — = = -

27,000,000 29,000,000
26,000,000 29,000,000 30,000,000 30,000,000 19,000,000 21,000,000

- 74,000 to 98,000 | 85,000 to 165,000 | 140,000 to 245,000 | 70,000 to 97,000 -

-_ 80,000 t 125,000 180,000 80,000 -

- 37,000 to 49,000 - — - -

- ,000 70,000 110,000 - -_

- | 12,000,000 I 15,000,000 15,000,000 = -

Machine screws

Head styles—method of length measurement

Sfunda rd
oval round fillister hexagonal
- L
Special
washer oval fillister fiat-top straight-side
binding binding binding binding

U m




continved Machine screws

Dimensions and other data

screw | threads per inch ! drlli* tap drilit thead hex nut washer
diometer roynd fiat fillister
max max maoax max mox across | ocross | thick- thick-
no dia coorse | fine no dia no lnches | mm o] ] height oD oD height fiat corner | ness oD [f+] ness
T | 000 | — | 8 52 [ 0068 | 5% | 0047 | 12 | 0113 | 0053 | 019 | 00% | 0059 | 0.1% | 0.171 | 0046 | — | — —
| , | | ,
1 | 0073 | e | 72 o | oo | s3 | oos0 | 1.5 | 0138 | 0061 | 046 | 0me [ 0070 | 0156 [ 0171 | 0046 | — [ — —
2 | coes | s6 o4 | 42 | 0094 | 50 ; 070 | 18 | 0l&2 |00 | 0172 | 0140 | 0083 | 0.187 | 0205 | 0062 | 1/4 | 0.093 | 0.032
@ — 7 |00 | 20 !
3 | 009 7 | olos ' 0187 | 0078 | 0.199 | 0161 | 0095 | 0187 | 0205 | 0062 | 174 | 0a0s | 0020
_ P 45 | oos2 | 21 |
o | — @ |00 | 23 | ' ' |
4 | on2 n | o012 { g 021 | 0088 | €225 ‘o.las 0.107 |o.2so 0275 | 0093 | /16 | 0125 | 0.032
_ 4 42 | oosa | 24 ! . .
| [
4 = 33 | 0002 | 26 | [ | |
s | 0azs 2 | 013 ! | 023 | 0095 | 0252 | 0205 | 0120 | 0312 | 0344 | 0109 | 3/8 | 0140 | 0082
= 4“ ¥ | ol04 | 26 | | :
32 — 3% | 0107 | 27 | [ 5/16 | 0.006
6 | 0138 27 | 014 | | 0260 | 0103 | 0279 | 0226 | 0132 | 0312 | 0344 | 0109 | 0.5 |
— | | 3 [on3 | 29 » « 38 | 0.046
H 1|
) — | | » i 013 | 3.5 | ( | Y | 0032
8 | 0.le4 18 | 0170 | { [ 0309 | o9 | 0332 | 0270 | 0186 | 0344 | 0373 | 0.125 | 0.186
| - 3% I | 2 | o138 | 35 L Ine 0.046
| % — | 25 | 0150 @ 38 716 | 0.038
0 | o1% 9 | 019 { [ 0359 | 0136 | 0.385 l 0313 | 0.180 i 0375 | 0413 | 0125 |——-—| 0218 |
_ 2 20 | 0159 | 40 [ 2 0.063
| [ ( { | |
{ 2 — 16 | 0177 | 45 [ 72
12 | 0216 2 | o | 0408 | 0.152 | 0438 | 037 | 0205 | 0437 | 0488 | 0156 | 0250 | 0.063
- 28 14 | 0182 | 46 | ‘ | ! . 9/16
20 — 7 | 0200 | 1 | (0437 | 0488 | 0203 | 9/16 0.040
v | 0250 — | 17784 | 0472 | 0.174 I 0.507 | 0414 | 0.237 0.281
_ ) | 3 o3 | 55 | 0500 | 0577 | 0250 | 5/8 0063

All dimensions in inches except where noted.

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

TTop-driIl sizes are for use in hand tapping material such as brass or soft steel. For copper, aluminum, Norway iron, cast iron, bakelite, or for very thin
material, the drill should be a size or two larger diameter than shown.

€ YALdVHY 89
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Drill sizes*
————————s

drill inches drill Inches drill Inches deill Inches

0.10 mm 0.003937 1.30 mm 0.05118) 3,10 mm 0.122047 no 4 0.209000

0.15 mm 0.005905 no 55 0.052000 Kin 0.125000 5.40 mm 0.212598

0.20 mm 0.007874 1.35 mm 0.053149 3.20 mm 0.125984 no 3 0.213000

0.25 mm 0.009842 no 54 0.055000 3.25 mm 0.127952 5.50 mm 0.216535

0.30 mm 0.01811 1.40 mm 0.055118 no 30 0.128500 4 in 0.218750
no 80 0.013000 1.45 mm 0.057086 3.30 mm 0.129921 5.60 mm 0.220472
no 7934 0.013500 1.50 mm 0.059055 3.40 mm 0.133858 no 2 0.221000

0.35 mm 0.013779 no 53 0.059500 no 29 0.136000 5.70 mm 0.224409
no 79 0.014000 1.55 mm 0.061023 3.50 mm 0.137795 575 mm 0.226377
no 78% 0.014500 g in 0.062500 no 28 0.140500 no ) 0.228000
no 78 0.015000 1.60 mm 0.062992 % in 0.140625 5.80 mm 0.228344
YKin 0.015625 no 52 0.063500 3.60 mm 0.141732 5.90 mm 0.232283

0.40 mm 0.015748 1.65 mm 0.064960 no 27 0.144000 Itr A 0.234000
no 77 0.016000 1.70 mm 0.066929 3.70 mm 0.145669 156, in 0.234375

0.45 mm 0.017716 no 51 0.067000 no 26 0.147000 6.00 mm 0.236220
no 76 0.018000 175 mm 0.068897 375 mm 0.147437 Itr 8 0.238000

0.50 mm 0.019685 no 50 0.070000 no 25 0.149500 6,10 mm 0.240157
no 7§ 0.020000 1.80 mm 0.070856 3.80 mm 0.149606 Itr C 0.242000
no 7414 0.021000 1.85 mm 0.072834 no 24 0.152000 6.20 mm 0.244094

0.55 mm 0.021653 no 49 0.073000 3.90 mm 0.153543 irr O 0.246000
no 74 0.022000 1.90 mm 0.074803 no 23 0.154000 6.25 mm 0.246062
no 73}4 0.022500 no 48 0.075000 3% in 0.156250 6.30 mm 0.248031
no 73 0.023000 1.95 mm 0.076771 no 22 0.157000 tr E } 0.250000

0.60 mm 0.023622 % in 0.078125 4,00 mm 0.157480 Yin .
no 72 0.024000 no 47 0.078500 no 21 0.15%000 6.40 mm 0.251968
no 7114 0.025000 2.00 mm 0.078740 no 20 0.161000 6.50 mm 0.255905

0.65 mm 0.025590 2.05 mm 0.080708 4.10 mm 0.161417 Itr £ 0.257000
no 71 0.026000 no 46 0.081000 4,20 mm 0.165354 6.60 mm 0.259842
no 70 0.027000 no 45 0.082000 no 19 0.166000 ir G 0.261000

0.70 mm 0.027559 210 mm 0.082677 4.25 mm 0.167322 6.70 mm 0.263779
no 6914 0.028000 2.15 mm 0.084445 4.30 mm 0.169291 g in 0.265625
no 69 0.029000 no 44 0.086000 no 18 0.169500 6.75 mm 0.265747
no 6814 0.029250 2.20 mm 0.086614 Hein 0.171875 Irr H 0.264000

0.75 mm 0.029527 2.25 mm 0.088582 no 17 0.173000 6.80 mm 0.267716
no 68 0.030000 no 43 0.089000 4.40 mm 0.173228 6.90 mm 0.271653
no 67 0.031000 2.30 mm 0.090551 no 16 0.177000 Ite | 0.272000
Y8 in 0.031250 235 mm 0.092519 4,50 mm 0.177185 7.00 mm 0.275590

0.80 mm 0.031496 no 42 0.093500 no 1§ 0.180000 Itr ) 0.277000
no 66 0.032000 3G in 0.093750 4.60 mm 0.181102 7.10 mm 0.279527
no 65 0.033000 2.40 mm 0.094488 no 14 0.182000 Itr K 0.281000

0.85 mm 0.033464 no 41 0.096000 no 13 0.185000 30 0.281250
no 64 0.035000 2.45 mm 0.096456 4.70 mm 0.185039 7.20 mm 0.283464

0.90 mm 0.035433 no 40 0.098000 475 mm 0.187007 7.25 mm 0.285432
no 63 0.036000 2.50 mm 0.098425 3% in 0.187500 7.30 mm 0.287401
no 62 0.037000 no 39 0.099500 4.80 mm 0.188976 frr t 0.290000

0.95 mm 0.037401 no 38 0.101500 no 12 0.18%000 7.40 mm 0.291338
no 61 0.038000 2.60 mm 0.102362 no N 0.191000 Itr M 0.295000
no 6014 0.03%000 no 37 0.104000 4.90 mm 0.192913 7.50 mm 0.295275

1.00 mm 0.039370 2.70 mm 0.106299 no 10 0.193500 e in 0.296875
no 60 0.040000 no 36 0.106500 no 9 0.194000 7.60 mm 0.299212
no 59 0.041000 2.75 mm 0.108247 5.00 mm 0.194850 Itr N 0.

1.05 mm 0.041338 % in 0.109375 no 8 0.199000 7.70 mm 0.303149
no 58 0.042000 no 35 0.110000 5.10 mm 0.200787 7.75 mm 0.305117
no 57 0.043000 2.80 mm 0.110236 no?7 0.201000 7.80 mm 0.307086

1.10 mm 0.043307 no 34 0.111000 3¢ in 0.203125 7.90 mm 0.311023

1.15 mm 0.045275 no 33 0.113000 no 6 0.204000 % in 0.312500
no 56 0.0446500 2.90 mm 0.114173 5.20 mm 0.204724 8.00 mm 0.314960
¥ in 0.046875 no 32 0.116000 no § 0.205500 Itr O 0.316000

1.20 mm 0.047244 3.00 mm 0.118110 525 mm 0.2064692 8.10 mm 0.318897

1.25 mm 0.049212 no 31 0.120000 5.30 mm 0.208661 8.20 mm 0.322834

* From New Departure Handbook.
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Drill sizes continved
e

drill | inches | drill inches drlil inches dritl inches
- - 5

Ir P | 0.323000 9.60 mm 0.377952 B in 0.546875 3G in 0.781250
8.25 mm 0.324802 9.70 mm 0.381889 14,00 mm 0.551180 20.00 mm 0.787400
8.30 mm 0.326771 9.75 mm 0.383857 % in 0.562500 81 in 0.796875
UG in 0.328125 9.80 mm 0.385826 14,50 mm 0.570865 20.50 mm 0.807085
8.40 mm I 0.33708 Itr W 0.386000 G in 0.578125 e in 0.812500
Itr Q@ 0.332000 9.90 mm l 0.389763 15.00 mm 0.590550 21.00 mm x 0.826770
8.50 mm 0.334645 3G in 0.390625 184 in 0.593750 8 in 0.828125
8.60 mm 0.338582 10.00 mm | 0.393700 ¢ in 0.609375 T4 in 0.843750
Itr R 0.339000 Itr X 0.397000 15.50 mm 0.610235 21,50 mm 0.846455
8.70 mm 0.342519 e Y 0.404000 5 in 0.625000 ¢ In 0.859375
g in 0.343750 134 in 0.406250 16.00 mm 0.629920 22,00 mm 0.846140
8.75 mm | 0.344487 Itr Z 0.413000 Y in 0.640625 WKin 0.875000
8.80 mm 0.346456 10.50 mm 0.413385 16,50 mm 0.649605 22.50 mm 0.885825
e S 0.348000 ¢ in 0.421875 2% in 0.656250 54 in 0.890625
8.90 mm | 0.350393 11.00 mm 0.433070 17.00 mm 0.669290 23.00 mm 0.905510
9.00 mm | 0.354330 T in 0.437500 4G In ' 0.671875 Mo in 0.906250
fr T 0.358000 11.50 mm 0.452755 W in 0.687500 g i 0.921875
9.10 mm 0.358267 Mg in 0.453125 17.50 mm 0.688975 23.50 mm 0.925195
3 in 0.359375 136 in 0.468750 ¢ in 0.703125 Bgin 0.937500
9.20 mm l 0.362204 12,00 mm l 0.472440 18.00 mm 0.708660 24.00 mm 0.944880
9.25 mm 0.364172 UG in 0.484375 3G in 0.718750 o in 0.953128
9.30 mm 0.356141 12.50 mm 0.492125 18.50 mm 0.728345 24,50 mm 0.964565
fir U 0.348000 YKin l 0.500000 % in 0.734375 UG in 0.968750
9.40 mm 0.370078 13.00 mm 0.511810 19.00 mm 0.748030 25.00 mm 0.984250
9.50 mm 0.374015 3G in 0.515625 Y%in 0.750000 3¢ in 0.984375
3 in 0.375000 % in 0.531250 96 in 0.765625 Lin 1.000000

hr v 0.37700C 13.50 mm 0.531495 19.50 mm I 0.767715

Sheet-metal gauges

Systems in use

Materials are customarily made to certain gauge systems. While materials
can usually be had specially in any system, some usual practices are shown
below.

material sheet | wire
Aluminum B&S AWG (B&S)
Brass, bronze, sheet B&S —_
Copper B&S AWG (B&S)
Iron, steel, band and hoop BWG —
Iron, steel, telephone and teiegraph wire _ BWG
Steel wire, except telephone and telegraph = W&M
Steel sheet us .
Tank steel BWG —
Zinc sheet “Zinc gauge"

proprietary | —_




Sheet-metal gauges

Comparison of gauges*

confinved
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The following table gives a comparison of various sheet-metal-gauge
systems. Thickness is expressed in decimal fractions of an inch.

Birming. Wash. & British United American
- AWG am or Moen standard | London or States Standord
gauge B&S Stubs HE NBS ofd English | stondard | preferred
BWG SWG us thicknesst
0000000 — - 0.490 0.500 - 0.50000 -
000000 0.5800 - 0.440 0.464 - 0.45875 -
00000 0.5165 — | 0430 0.432 — 0.43750 —
0000 0.4600 0.454 0.3938 0.400 {054 | 040625 —
000 0.409 0425 | 03625 0372 0425 037500 -
00 0.3648 0.380 03310 0.348 0.380 0.34375 -
0 0.3249 0.340 03065 | 0324 | 0340 031250 -
1 0.2893 0.300 0.2830 0.300 0300 | 028125 -
2 0.2576 0.284 0.2625 | oe 0.284 0.265625 —
3 0.2294 0259 0.2437 0252 0.259 0.250000 0.224
4 0.2043 0.238 0.2253 0.232 0.238 0234375 0.200
5 0.1819 0.220 02070 | o212 0220 0.218750 0.180
6 0.1620 0203 | 0.1920 0192 0.203 0.203125 0.160
7 0.1443 0180 | 0.1770 0.176 0.180 0.187500 0.140
8 0.1285 0.165 0.1620 0.160 0.165 | 017875 0.125
9 0.1144 0.148 0.1483 0144 0.148 | 0.156250 0.112
10 0.1019 014 | 0130 | 0128 0134 0.140625 0.100
n 00974 | 0.2 01205 0.116 0.120 | 0125000 0.050
12 0.0808) 0.109 0.1055 0.104 0.109 | olovrs 0.080
13 0.07196 0.095 0.0915 0.092 0.095 0.093750 0.071
14 0.06408 0.083 0.0800 0.080 0.083 | 0078125 0.063
15 0.05707 0.072 0.0720 0.072 0.072 0.0703125 0.056
16 0.05082 0.065 0.0625 0.064 0.065 0.0625000 0.050
17 0.04526 0.058 00540 0.0 0.058 00562500 | 0.045
18 | 004030 | 004 0.0475 0.048 0.049 0.0500000 0.040
19 0.03589 0.042 0.0410 0.040 0.040 | 00437500 | 0.036
20 00319 | 0035 0.0348 0.036 0.035 ’ 0.0375000 l 0.032
21 0.02846 0.032 003175 | 0032 .0315 ©.0343750 0.028
2 0.02535 I 0.028 0.02860 0.028 0.0295 | 0.0312500 0.025
2 0.02257 0025 | 002580 ‘ 0.024 0.0270 0.0281250 0022
24 0.02010 0.022 0.02300 0.022 00250 | 0.0250000 0.020
25 001790 | 0020 | 0.02040 0.020 0.0230 0.0218750 0.018
2% | 00159 0.018 0.01810 0.018 0.0205 0.0187500 0.016
27 001420 | 0016 | 001730 0.0164 00187 | 0.0171875 0.014
28 0.01264 0014 0.01620 0.0148 00165 0.0156250 0.012
| 002% | 0013 0.01500 0.013 0.0155 00140425 0.011
30 0.01003 0.012 0.01400 0.0124 ' 0.01372 0.0125000 0.010
] 0.008928 0.010 0.01320 00116 0.01220 0.01093750 0.009
32 0.007950 0.009 0.01280 0.0108 0.01120 0.0101525 |  0.008
33 0.007080 0.008 0.01180 0.0100 0.01020 0.00937500 0.007
M| 0.0068 0007 | 00140 | 00092 0.00950 000859375 0.006
35 0.005615 0.005 0.00950 0.0084 0.00900 0.00781250 -
| 1
% 0.005000 0.004 0.00900 0.0076 0.00750 0.007031250 -
% 0.004453 - 0.00850 |  0.0068 0.00650 0.006640625 -
38 0.003965 - 0.00800 0.0040 0.00570 0.006250000 _
39 000353 - 0.00750 0.0052 0.00500 - -
w0 0.003145 = 000700 |  0.0048 0.00450 — -
|

* Courtesy of Whitehead Metal Products Co., Inc.

t These thicknesses are intended to express the desired thickness in decimals. They have

relation to gauge numbers; they are approximately related to the AWG sizes 3-34,

no
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Cammercial insulating materials*

The tables on the following pages give a few of the important electrical
and physical properties of insulating or dielectric materials. The dielectric
constant and dissipation factor of most materials depend on the frequency
and temperature of measurement. For this reason, these properties are
given at a number of frequencies, but because of limited space, only the
values at room temperuture are given. The dissipation factor is defined as
the ratio of the energy dissipated to the energy stored in the dielectric
per-cycle, or as the tangent of the loss angle.”For dissipation factors less
than 0.1, the dissipation factor may be considered equal to the power fac-
tor of the dielectric, which is the cosine of the phase angle by which the
current leads the voltage.

Many of the materials listed are characterized by a peak dissipation factor
occurring somewhere in the frequency range, this peak being accompanied
by a rapid change in the dielectric constant. These effects are the result
of a resonance phenomenon occurring in polar materials. The position of
the dissipation-factor peak in the frequency spectrum is very sensitive to
* Most of the data listed in these tables have been taken from “Tables of Dielectric Materials,”
vols. -1V, prepared by the laboratory for Insulation Research of the Massachusetts Institute

of Technology, Cambridge, Massachusetis; January, 1953 and from, "Dielectric Materials and
Applications,” A. R. von Hipple, editor; John Wiley & Sons, Inc., New York, N. Y.. 1954,

I dielectric constant of
1 (frequency in cycles u“»de_‘—
materiol composition T | | 2.8
°C 1 60 | 1+ 100 108 1 x100 | M1Qw 60
ceramics ) . | |
AlSiMag A-35 Magnesiurn silicate 231 6.14] 596 5K4| 575 5.60 5.36 0.017
AlSiMag A-196 Magnesium silicate 25| 5.0/ 5.88 5.70/ 5.60! 5.2 5.18 0.0022
AlSiMag 211 Magnesium silicate 25 6.00 5.98 5.97 596 59 — 0.012
— | —_— |
|
AlSiMag 228 Magnesium silicate 25 6.41) 6.40| 6.36 6.20 597 5.83 0.0013
AlSiMag 243 Magnesium silicate 22| 6.32] 6.30| 6.22| 6.10] 578 575 | 0.0015
Ceramic NPCT06 = l — 1205 [29.5 [29.5 - — —_
—| | |
| | |
Ceramic N750T98 - 25 — [K3.1 [83.4 |R3.4 | 834 - —
Ceramic N1400T110 — 25 — |130.F130.2/130.0f — —_ —_
Coors AI-200 Aluminum oxide 25( — | 8.83 8.80 8.80| 8.79 — -
Crolite 29 Oxides of aluminum, silicon, magunesium, |
calcium, barium 24 — | 8.04] BO4| — | 540 — —
Magnesium oxide = 25 — | 9.65 9.65 9.05| — -
Porcelain Dry process 25| 5.5 | 5.36) 5.08 5.04 — -— 0.03
| Y I U A S W -
Porcelain | Wet process 25| 6.5 i - 0.03
Steatite 410 | .= ) 25| 5.77 i - =
TamTicon B | Barium titanatet 26(1250 1200 {1143 x 100 ' 0.056
TamTicon MC Magnesium titanate 25 — |18 13 138 13.8 3.7 —_
TamTicon C Calcium titanate 25! 168 |167.7/167.7 167.7 165 = 0.006
TamTicon § Strontiun titanate 25l — 233 |232 |232 — - -
— - | 1. | 1.
TI-Pure R-200 Titanium dioxide (rutile) 26/ — | 100 } 00100 — I — |
Zirconium porcelain Zi-4 - 25| — | 640l 6.32] 630 .23 - | -

t Dielectric constant and dissipation factor are dependent on electrical field strength.
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temperature. An increase in the tem-
perature increases the frequency at
which the peak occurs, as illustrated
qualitatively in the sketch at the right.
Nonpolar materials have very low
losses without a noticeable peak; the
dielectric constant remains essentially
unchanged over the frequency range.

T >T,

dissipation factor

logarithmic frequency

Another effect that contributes to dielectric losses is that of ionic or elec-
tronic conduction. This loss, if present, is important usually at the lower end
of the frequency range only, and is distinguished by the fact that the dis-
sipation factor varies inversely with frequency. Increase in temperature in-
creases the loss due to ionic conduction because of increased ionic mobility.

The data given on dielectric strength are accompanied by the thickness of the
specimen tested because the dielectric strength, expressed in volts/mil,
varies inversely with the square root of thickness, approximately.

The direct-current volume resistivity of many materials is influenced by
changes in temperature or humidity. The values given in the table may be
reduced several decades by raising the temperature toward the higher end
of the working range of the material, or by raising the relative humidity of
the air surrounding the material to above 90 percent.

dissipation factor at

ol dielectric dc volume thermal ex- molisture
(frequency in cycles/second) strength in resistivity in pansion absorp-
I 3 2.5 volts /mil of | ohm—cm of (linear) in | softening polnt | tion in
108 108 108 x10* X100 25°C | 28°C parts /°C in°C percent
TR i | ; l
0.0100 | 0.0038 | 0.0037 | 0.0041 | 0.0058 225 (10 > 104 8.7X107¢ 1450 <0.1
0.0059 | 0.0031 0.0016 | 0.0018 0.0038 240 (37) [ > 101 8.9X10-¢ 1450 <0.1
0.0034 | 0.0005 | 0.0004 0.0012 -_ — >0 9.2X10~+ 1350 0.1-1
0.0020 | 0.0012 l 0.0010 | 0.0013 0.0042 — - 6810~ 1450 <0.05
0.00045| 0.00037| 0.0003 | 0.0006 0.0012 200 (39 > 10t 10.5X10+ 1450 <0.1
0.00049| 0.00016| 0.0002 | — —~ - - - - ~
| |
0.00045| 0.00022 0.00046] — — == —_ ‘ - _ —
0.00055| 0.00030| 0.00070] — —_ = et = -— —
0.00057| 0.00033 0.00030 0.0010 | — = - | = = -
| :
0.0019 | 00011 | —~ 0.0024 — l - 7.7X107¢ 1325 =
<0.0003 |<0.0003 |<0.0003 I = = — -_ = _ -
0.0140 | 0.0075 | 00078 | — - | - = = = -
| | -
0.0180 | 0.0000 | 0.0135 — — - - - - -
0.00:0 | 0.0007 | 0.0006 | 000089 - - — - — -
0.0130 | 0.0105 - 030  |0.60 75 1012-1018 I = 1400-1430 0.1
1 [
00011 | 00004 | 0.0005 | 0.0017 | 00085 l = = = = =
0.00044| 0.0002 = 0.0023 = 100 1012-101¢ -- 1510 <0.1
0.0011 | 0.0002 | 0.0001 - _ 100 | 10:2-10¢ - 1510 0.1
0.0015 | 0.0003 | 0.00025| — = - | - I = -— =
0.0040 | 0.0023 | 0.0025 | 0.0045 [ - - - - - -
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Commercial insulating materials  continved

dielectric constant at [
(treq y in cycles/ d)
material composition T I l 3 l 2.3
°Cc| 60 | 103|108 | 108 | X10¢ X101 60
glasses
Corning 0010 Soda-potash-lead silicate ~20% lead oxide| 24| 6.70| 6.63| 6.43| 6.33| 6.10 6.87 0.0084
Corning 0120 Soda-potash-lead silicate 23| 6.76| 6.70 0.65‘ 6.65| 6.64 6.51 0.0050
Corning 1990 Iron-sealing glass 24| 8.41| 8.38| 8.30| 8.2 7.99 7.84 -
Corning 1991 — 24| 8.10| 8.10| 8. 8.00| 7.92 -_ 0.0027
Corning 7040 Soda-potash-borosilicate 25| 4.85| 4.82| 4.73| 4.68) 4.67 4.52 0.0055
Corning 7050 Soda-borosilicate 25| 4.90] 484 47 4.75‘ 41| 464 | 00083
Corning 7060 (Pyrex) Soda-borasilicate 25 — | 497 484 484 482 | 465 —
Corning 7070 Low-alkali, potash-lithisborosilicate 23| 4.00| 4.00| 4.00| 4. ‘ 4,00 3.9 0.0006
Corning 7720 Soda-lead borosilicate 24| 4.75| 4.70| 4.62| — 4.60 = 0.0093
- n |
Corning 7750 Soda-borosilicate-=80% silicon dioxide 25| — | 442 4.38} 438 438 | — —
Corning 7900 96% silicon dioxide 20| 3.85| 3.85| 3.85| 3.85| 3.84 3.82 0.0006
Fused silica 915¢ Silicon dioxide 25| — | 3.78 3.78| 378 3.78 -
Quarts (fused) 100% silicon dioxide 25| 3.78/ 3.78 3.78] 3.78| 3.78 3.78 0.0009
plastics
Alkyd resin Foamed diisocynate 251 — |1.223/1.218] 1.20] 1.20 | —_ —
Araldite CN-501 Epoxy resin 25| — | 3.67| 3.62( 3.35| 3.09 — -
Araldite CN-504 Epoxy resin 25| — | 3.99] 3.69| 3.39| 3.15 - -
Bakelite BM120 Phenol-formaldehyde 25| 4.90| 4.74| 4.36| 3.95| 3.70 3 0.08
Bakelite BM250 Phenol-formaldehyde, 66% asbestos fiber,
preformed and preheated 25| — |22 '5.3 5.0 5.0 5.0 —
Bakelite BM262 Phenol-aniline-formaldehyde, 62% mica 25| 4.87 4.80I 4.67| 4.65| -— 4.5 0.010
|
Bakelite BT—48-306 100%, phenol-formaldehyde 24| 8.6 7.l5| 54 | 44 3.64 — 0.15
Beetle resin Urea-formaldehyde, cellulose ) 27. 6.6 | 6.2 | 5.65 5.1 | 457 - 0.032
Bureau of Standards casting | 32.5% polystyrene, 53.5% poly-2,5-di-
resin chlorostyrene, 13% hydrogenated ter- |
phenyl, 0.5% divinyl-benzene 25‘ — | 282 2.021 2.62{ 2.9 - —
| —_— |
Catalin 200 base Phenol-formaldebyde . | 22/ 888270 = 4.80 - 0.05
Chemelec MI-405 75% Teflon, 25% calcium fluoride 25 — | 2.50| 2.50| 2.50| 2.50 - —
Chemelec M1-407 88%, Teflon, 127, ceramic 25| — | 302 2.71) 263 — = =
|
Chemelec MI1-411 75% Teflon, 25%, Fibreglas 25| — | 2.14] 2. 14| — - —_
Chemelec M1-422 809, Teflon, 20% titanium dioxide 25 — | 2.72| 2.72| 2.72| — -_— _
Cibanite 100% aniline-formaldehyde 25| 3.60| 3.58) 3.42 3.40| 3.40 -_ 0.0030
DC 996 Methyl, phenyl, and metbyl-phenyl
polysiloxane resin 25 — | 2.90; 2.90| 2.90] — —_ —-_
DC 2104 laminate XL-269 | 35% methyl and phenyl polysiloxaneresin, |
65% ECC-181 Fibreglas 25 — | 4.14 4.l3| 4.10( 4.07 - =
Dilectene-100 100% aniline-formaldehyde 25I 3.70| 3.68| 3.58) 3.50, 3.44 - 0.0033
Dilecto (Mecoboard) 459, eresol-phenol formaldehyde, 15% tung |
oil, 15% nylon . 25| — | 3.98| 3.46, 3.23( 3.11 -— —
Dilecto (Teflon laminate | 65-66% Teflon, 32-35% continuous-
GB-112T) filament glass base 25 — | 2.74] 2.73| 2.73| — -_ -
Durez 1601 natural Phenol-formaldehyde, 67% mica 26| 5.1 | 4.94) 4.60| 4.51| ¢.48 - 0.03
|
Durite 500 Phenol-formaldehyde, 65% mica, 4% |
lubricants 24( 5.1 | 5.03| 4.78| 4.72! 471 -— 0.015
Epon resin RN—48 Epoxy resin 25| — | 3.63| 3.52| 3.32[ 3.04 - -
Formica FF—41 Melamine-formaldehyde, §5% filler 26| — | 6.00 5.75| 55 -— —_ —_
Formica XX Phenol-formaldehyde, 50% paper laminate | 26| 5.25| 5. 15| 4.60| 4.04| 3.57 — 0.025
Formvar E Polyvinyl formal 26| 3.20| 3.12| 2.92' 2.80| 2.76 2.7 0.003
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disslpation factor af dielectric dc volume | thermol ox- molsture
(freq y in cycles/ d strength in resistivity in pansion absorp-
I 2.5 volts/mil at ohm=cm at | (linear) in | softening point | tion in
100 108 108 X108 X110t 25° C 25°C paris /°C in°C percent
0.00535| 0.00165| 0.0023 | 0.0060 0.0110 - 100 at 250° | 90X10~7 626 ==
0.0030 | 0.0012 | 0.0018 | 0.0041 0.0127 - 10% at 250° | 87X1077 630 -—
0.0004 0.0005 | 0.0009 | 0.00189) 0.0112 - 10 at 250° 132X10~7 484 Poor
H 1 |
0.0009 | 0.0005 | 0.0012 | 0.0038 —_ _ 4X10° at 250° | 128X10~7 527 -
0.0034 | 0.0019 | 0.0027 | 0.0044 0.0073 _ 5X10° at 250° 49X1077 697 —
0.0056 | 0.0027 | 0.0035 | 0.0052 | 0.0083 _ 108 at 250° 46X10°7 703 —
0.0055 | 0.0036 I 0.0030 | 0.0054 | 0.0090 = 7X107 at 250° i 50X10~7 693 =
0.0005 | 0.0008 | 0.0012 | 0.0012 0.0031 - 101 at 250° 31X107 746 —
0.0042 | 0.0020 = | - = _ 6108 at 250° ‘ 36107 756 -
f | |
|
00033 | 00018 | — | 0.0043 I = l = 3X10°at 250° | 42X10~7 701 -
0.0006 | 0.0006 | 0.0006 | 0.00068| 0.0013 — 5X10° at 250° 8x10™ 1450 -
0.00026| 0.00001| 0.00003| 0.000% - | - | - - — —
| 1 1
0.00075| 0.0001 | 0.0002 I 0.00006' 0.00025 ! 410 (19 I > 100 5.7X1077 1667 —

0.00147| 0.0041 | 0.0038 | 0.0034 == | |

00024 | 0.019 | 0034 | 0.027 — | 050" l >3.8X107 | 477X107% | 109 (distortion) 0.14
00104 | 0027 | 0030 | 0.3 — - = -~ =
|

| ] | i
| ! | o
0.0220 | 0.0280 l 00380 | 00438 | 00390 300 G 101 3040X10% | <135 (distortion) | <0.6
0370 | 0125 = = 0.032 = = = 145 (distortion) =
0.0082 | 00055 | 00057 | — 00089 | 325-375G1") |  2X10M | 10-20X10-¢ (100-115 (distortion)| 0.3
0082 | 0060 | 0077 | 0052 = 217 (4% = 8.3-13X10"* | 50 (distortion) 0.42
0024 | 0027 | 0050 | 00555 | — 375 (0.0857) = 2.6X10% | 152 (distortion) | 2
]
o.oonss' 0.00047 o.bonl 00005 | — = | — - - -
0.0290 | 0.050 — | o108 = 200 37) = 7.5-15X10% | 40-60 (distortion) | —
0.00051 o.ooos| 00000 | 0.00068] — = = = = —
0070 | 0015 | 00158 | — = - — — _ _
11 1
0.00096| 0.0007 , 00010 | — = = — — - -
0.00077| 0.00020| 0.00024| — = = - - Z -
0.0041 | 00078 | 00039 | 00029 | — 800 (}%) = 6.49X 10 126 0.05-0.08
00015 | 00018 | 0.00165 — = - — — — _
00020 | 00022 | 00031 ! ooom| — — - - | _ _
0.0032 | 0.0061 | o.oossl 00026 | — 810 (0.068) |  >10m 5.4X10° 125 0.06-0.08
| ) - P -
f | f
0.0344 | 00263 | 00216 00220 | — -~ — — - —
0.00061) 0.00058| 0.00118 — = - — — - —
0.021 | 00080 | 0.0064 | 00062 | — = [ = = = —
- :
0.0104 l 0082 | 00115 | 00126 | — = — — - —
00038 | Oorsz | 00264 | 0031 = = = = = =
00119 | 00115 | 0020 | — = = = 1.7X10° = 08
1 \ 1
0.0165| 0034 | 0057 | 0060 = — = — = —
00100 | 0019 | 0013 | 00113 | 00115 | 860 (0.0347) >5X 10 7.7X107 190 13
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Commercial insulating materials  confinved
dielectric constant of
y in ¢y¢lu, d)
material composition T | I l |
oc | 60 | 107 | 10¢ | 100 | X100 xtow 60
plasties==continuved
Geon 2046 59% polyvinyl-chloride, 30% dioctyl | |
Herdonn 51 P ) phosphate, 6% stabiliser, 5% ller 2| 7.5 | 610/ s.ssl 300 280 | — | o#s
'ermo potting
compound Alkyd resin 25| — | 2.95/ 2.70 2.59| 2.53 - -
Hydrogenated polystyrene | Polyvinylcyclohexane 24| — | 2.25| 2.25 2.25| 2.25 - -
! |
Hysol 6020 Epoxy resin 25| — | 3.90| 354' 320 301 = =
Hysol 6030, flexible potting
compound Epoxy re 25| — | 6.15| 4.74| 3.61| 3.20 —_ -
- Polychlorotrlﬂuoroethylene 25| 2.72 263| 2.42| 2.32| 2.29 2.28 0.015
1 |
1 ) | 1
Kel-F, grade 300P25 Plasticized polychlorotrifiuoroethylene 25 — | 2.75i 2.51| 237 231 = -
Koroseal 5CS-243 63.7% polyvinyl-chloride, 33.1% di-2-
etl ylhexyl-phtlnhte, lead silicate 27| 6.2 | 5.85| 3.60| 2.9 2.73 — 0.07
Lumarith 22361 Ethylcellulose, 13% plasticiser 24| 3.12| 3.06 2.92| 2.80] 2.74 2.85 -
1
| |
Marco resin MR-25C Unsaturated polyester 25 — | 3.24| 3.0 2.90| 2.77 - -
Melmac molding compound | Melamine-formaldehyde, 40% wood flour,

1500 187, plasticizer ) 25 — | 6.31 5.10( 4.20 - =
Melmac resin 592 Melaine-formaldebyde, mineral filer | 37| 8.0 | 6.25| szo 4% 467 | — | oos
Micarta 254 Cresylic acid—formaldebyde, 50% |

a-cellulose . X 25| 5.45| 4.95| 4.51| 3.85] 3.43 3.21 0.008
Nylon 610 Polyhc}amethylgn_e-ldlplmlde 25| 3.7 | 3.50| 3.14| 3.0 2.84 2.73 0.018
Permafil 3256 linked addition polymer 24 — | 4.22| 3.86) 3.5 — 3.0 -
| | Po——
|
Plaskon alkyd special | |

electrical granular Alk{d resin 25| — | 5.10| 4.76| 4.55| 4.50 - —
Plaskon melamine Melamine-formaldehyde,a—cellulose 24| — | 7.57| 7.00{ 6.0 4.93 - -
Plaskon 911 Unsaturated polyester 24| — | 3.81| 3.56 3.25| 3.07 - -

S ) )
. | P
Plasticell Expanded polyvinyl chloride 25| — | 1.04) 104 104/ 104 — —
Plastic CY-8 97% poly-2,5-dichlorostyrene 24| — | 2.61| 2.60| 2.60| 260 2.59 -
Plexiglass Polymethyl methacrylate 27| 3.45| 3.12 2.76| — | 260 - 0.064
l )
Polyethylene DE-3401 0.1% antioxidant 25| 2.26] 2.26) 2. 26[ 2.26) 226 226 |<0.0002
Polyethylmethacrylate - 22 — | 278 2.5 2520 281 | 25 =
Polyisobutylene - 25| 2.23| 2.23) 2.23| 223 228 | — 0.0004
| t () i
Polystyrene 25| 2.56| 2.56| 2.56| 2.55| 2.5 2.5¢4 |<0.00005
Polystyrene fibers Q-107 l-mleron-dmnﬁ 26| — | 2.14] 2.14] 204 211 - -
Polyvinyl chloride W-174 85% Geon 101, 35% Paraplex G-25 25| — | 4.77| 3.52| 3.00( — -_ -
| | ] | |
| ]
Pyralin Cellulose nitrate, 25% camphor 27 114 84| 66 | 52| 374 - 2.0
Red Glyptal 1201 Alkyd resin 4.5 | 3.9 | = | — _ =
Rexolite 1422 = 25l — | 2.55 2.55! 2.55| 2.54 = =
Saran B-115 Vinylidene-vinyl chloride copolymer 23, 5.0 | 4.85| 3.18| 2.82| 2.71 0.042
Styraloy 22 Copolymer of butaliene, styrene 23 24 | 24 | 24 | 24 ‘ 24 | 2 40 0.001
Styrofoam 103.7 Foamed polystyrene, 0.25% filler 25' 1.03, 1.03 1.03| — 1.03 1.03 | <0.0002
= | i | |
Teflon Polytetrafluoroethylene 22/ 21 | 2112121 2.1 r 208 [<0.0005
|
Tenite I (008A, Hy) Cellulose acetate, plasticised 26| 4.59 . 4. 48' 3.90! 3. 40[ 3.25 n 0.0075
Tenite I1 (205A, Hy) Cellulose acetate-butyrate, plasticised 26| 3.60| 3 48 3. 30 3.08. .2.91 = 0.0045
Vibron 140 Croas-linked polystyrene 25| 259 259[ 258 2.58) 2.58 - 0.
Vinylite QYNA 100%, polyvinyl-chloride 20| 3.20| 3.10| 2.83| 2.85| 2.84 - 0.0115
Vinylite VG5901 62.5% polyvinyl-chloride-acetate, 20% ‘
plasticiser, 8.5% misc 25| — | 85|34 30 2.88 - —
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dissipation factor ot dislectric dc volyme | thermal ex. molsture
(freq y in cycles/! d) strength in resistivity In pansion absorp-
3 ' 2.5 volis/mil at ohm=cm at (linear) in | softening paint | tlon in
108 108 108 X108 X 1010 25° C 25°C parts /°C in°C percent
0.110 | 0089 | 0030 | 00116 - 400 (0.0757) 8X10M - 60 (stable) 0.5
0.041 | 00124 | 0.0120 | 0.0125 - - - - = —
0.0002 [<0.0002 |<0.0002 | 0.00018) — = | = = = =
0.0113 | 0.0272 | 0.0299 | 0.0274 - - - = = =
0.048 | 0.084 | 009 | 0.038 - - — - - =
00270 | 0.0082 | — 0.0028 |  0.0053 I - I 101 — — -
0.0207 | 0.0175 | 0.0186 | 0.0093 - | - = = = —
0.100 | 0.093 | 0.030 | 0.0112 — = = = = -
0.0048 | 0.0115 | 0.0160 | 0.0196 [ 0.630 522 (1) X101 - 51 (distortion) 150
00072 | 0.0138 | 0.0190 | 0.0130 - - - = - -
0.0173 | 0.032 | 0050 | 0.052 e = = = — -
0.0470 | 0.0347 | 0.0360 | 0.0410 - 450 (31 3X100 3.5X10% | 125 (distortion) 0.1
|
0033 | 0.036 | 0.055 | 0.051 0038 | 1020 (0.0337) 3X101 3x10°¢ >125 1.2
00186 | 0.0218 | 00200 | 0.0117 | 0.0105 400 (37) 8X 101 103X10+% | 65 (dlstortlon) 1.5
0.0120 | 0.030 | 0.034 - 0.029 600 (0.0607) - 10-13X10°% [>150 (distortion) 0.07
0.0236 | 0.0140 | 0.0138 | 0.0108 - = - - - =
00122 | 0.041 | 0085 | 0.103 - 300400 - - 99 (stable) 0.4-0.6
0.0125 | 0.0240 | 0.0220 | 0.0175 - - = - - iy
1
0.0011 | 0.0010 | 00010 @ 00055  — = - — — -
<0.0002 | <0.0002 | 0.00025 0.00031 0.0029 — — — -
0.0465 | 00140 | — 0. 0057 — 990 (0.0307) >5X10 8-9%10% | 70-75 (distortion) | 0.3-0.6
|
<0.0002 | <0.0002 | 0.0002 o.ooo:ui 0.0006 | 1200 (0.0337) 107 19x10—; 95-105 (distortion)| .03
{varys .
00204 | 0009 | — | 00075 | 0.0083 | = = = 60° (distortion) | Low
0.0001 [ 0.0001 | 0.0003 | 000047 — 600 (0.0107) - 25 (distortion) Low
{
<0.00005{ 0. 00007I<o 0001 | 0.00033| 0.0012 | 500-700 (}7) 10 6-8X10% | 82 (distortion) 0.05
0.00063| 0.0003 | 0.0004 | 0.00063 - - - - 0-80° (distortion) | Slight
0.0930 | 0.0550 | 00415 | — - - - - - -
0.100 | 0.064 0.103 0.165 - - - 9.8X10°% - 2.0
0.060 0.032 = —_ — — = — = —
0.00011] 0.00013| 0.00038 0.00048] — - — = — _
: | 1
0063 | 0.057 | 0018 | 00072 — 300 (37) 101108 15.8X10- 150 <0.1
0.0006 | 0.0012 | 0.0052 | 0.0032 | 0.0018 | 1070 (0.0307) 6X 101 5.9X10°% 125 0.2-0.4
<0.0001 I<ooooz =] 00001 | — = = = 85 Low
<0.0003 l<0.0002 <0.0002 | 0.00015 0.0006 | 1000-2000 1017 9.0X10° | 66 (distortion, 0.00
(0.0057-0.0127) stable to 300)
00175 | 0039 | 0038 | 0.031 0.030 | 290-600 (1°) - 8-16X10-+ 60-121 2.9
0.0097 | 0018 | 0.017 | 0028 - 250400 (37) - 11-17 10+ 60-121 23
0.0005 | 0.0016 | 0.0020 | 0.0019 - — — - -
0.0185 | 0.0160 | 0.0081 | 0.0055 - 400 (37) 101 6.9X10% | 54 (distortion) | 0.05-0.15
0.118 ‘ 0.074 | 0.028 | 00106 - - - - — -
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Commercial insulating materials  confinved

_ dlelectric constantel | @
q y in cycles/; d)
material composition T | | l ' 3 | 2.5
°C | 60 | 103 | 100 | 100 | X100 X101 60
plastics==continved
Vinylite VG5904 §4% polyvinyl-chloride-acetate, 41%
plasticizer, 5% misc X 25| — | 75| 43133 2.04 - -
Vinylite VYNW Polymer of 95% vinyl-chloride, §%
vinyl-acetate 20] — | 3.15] 2.90' 2.8 2.7¢4 - -
organic liquids .
Argclor 1254 | Pentachlorobiphenyl 25, 5.05, 5.05) 3.70, 2.75| 2.70 - 0.0002
Aviation gasoline |100 octane 25! — | — ] 1.04 1.94' 1.92 l - —
Bayol-D 77.6% paraffins, 22.4% naphthenes 24| 2,06 2.06 2.06' 2,06 2.06 - 0.0001
| | |
Bensene Chemically pure, dried | 25| 2.28| 2.28/ 2.28) 2.28| 2.28 ‘ 228 <0.0001
Cable oil 5314 Aliphatic, aromatic bydrocarbons 251 2.25 2.25) 2.25| 2.25| 2.22 - 0.0006
Carbon tetrachloride - 25| 2.17| 2.17) 2.17| 2.17| 217 | = 0.007
f—|
DC-550 Methy] and methyl-phenyl polysiloxane 25| — 2.90‘ 2.90) 2.88) 277 - -
DC-710 Methyl and methyl-pheny] polysiloxane 25| — | 2.98 298| 295 2.79 — —
Ethyl aleobol Absolute 2% — | — |24.5 (2377 65 - -
Ethylene glycol — 28 — | — [41 |4l 12 — -
Fractol A 57.4% paraffins, 42.6% naphthenes 26| 2.17) 2.17| 217/ 217 217 212  |<0.0001
Halowax oil 1000 60% mon-, 40% di-, trichloronaphthalenes | 25| 4.80| 4.77| 4.74| — 3.52 — | 030
- | i I | |
Ignition-sealing compound 4 | Organo-siloxane polymer 25| 2.75) 2.75 2.75) 2.74| 2.65 - 0.002
IN-420 Chlerinated Indan 24 5.77| 57| — | — — - 0.00004
Jet fuel JP-3 - 25 — | — | 2.08 2.08) 204 - —
— |
Kel-F grease, e 40 Polychlorotrifluoroethylene 25 — | 2.88 278 — | 220 - ’ -
Kel-F oil, e 1 Polychlorotrifluoroethylene 25 — 2.61| 2.61| 258 234 -
Marcol 72.4% paraffins, 27.6% naphthenes 24| 2.14 2.]4| 2.14| 2 Ml 2.14 - |<o.002
1.
Methyl aleohol Absolute analytical grade 25 — | — |31, l31.0 23.9 - -
Primol-D 49.4% paraffins, 50.6% naphthenes 24’ 2.17| 217 2.17 2.17' 2.17 — <0.002
Pyranol 1467 Chlorinated bensenes, diphenyls 25| 4.40| 4.40 4.40| 4.08 284 - -
| | | |
Pyranol 1476 Isomeric pentachlorodiphenyls 26| 5.04/ 5.04| 3.85| — | 2.70 - -
Pyranol 1478 Isomeric trichlorobensenes 26| 4.55| 4.53) 4.53 4.5' 3.80 - 0.02
Silicone fluid SF96-40 - 25 — | 211 2.7l| 2.7 270 ' - -
f—1 [—| f
Silicone fluid SF96-1000 —_ . 25i — | 2.73| 2.73| 273 2.7 - -
Silicone fluid SC200 Methyl or ethyl siloxane polymer (1000 cs)| 22| 2.78( 2.78 2.78) — 2.74 — 0.0001
Silicone fluid SC500 Methyl or ethyl siloxane polymer (0.65¢s) | 22, 2.20| 2.20/ 2.20' 2.20| 2.20 2.13 | <0.001
— | | |
1 [ 1)
Styrene dimer — 25 — [ — | 2727 l 2.5 - -
Styrene N-100 Monomeric styrene 22| 240| 2.40 2.40 240 240 - 0.01
Transil oil 10C .Ahphntic. aromatie hydrocarbons 26| 2.22] 2.22 2.22 2.20l 2.18 - | 0.001
| [ | ! 3
|
Vaseline I — 25' 2.16] 2.16' 2.16/ 2.16' 2.16 - | 0.0004
waxes
Acrawax C Cetylacetamide 24| 2.60: 2.58| 2.54| 2.52| 248 l 2.44 ‘ 0.025
Beeswax, yellow - ) 23| 2.76! 2.66' 2.53 2.45 2.39 - —_
Ceresin, white Vegetable and mineral waxes 25 23 23|23 | 23 l 2,25 — | 0.0009
f—") |
Halowax 11-314 Dichloronaphthalenes 23 g-“ 3.04| 208 203 280 — | 010
Halowax 1001, cold-molded | Tri- and tetrachloronaphthalenes | 26/ 545 545 5.40 4.2' 2.92 2 | 0,002
Kel-F-wax 150 Polychlorotriflucrocthylene { zsl T} 2.97) 2.52] 2.25] 2.23 - l —
Opalwsx Mainly 12-hydroxystearin 24142 (103 | 32 | 27| 285 25 0.12
Paraffin wax, 132° ASTM Mainly Car to Caw aliphatio, saturated |
hydrocarbona 25| 2.25) 2.25 2,25/ 2.25/ 2.25 22 |<0.0002
Vistaws» Polybutene 25 234 2.34| 234/ 2.30, 2.27 - 0.0002




PROPERTIES OF MATERIALS Bg

dissipation factor of dielectric dc volumo thermol ex- melsture
(freq y in cycles/ d) th in pansi ebsorp.
l | 2.5 volhfmll at ohm-cm o' (linear) in softening point | tion in
108 106 100 | x100 | xiow 25° 25° C parts/°C in°C percent
0071 | 0.140 } 0.067 | 0.034 = I = l — - I - —
0.0165 | 0.0150 | 0.0080 | 0.0059 = = = - - -
0238 |, 0.0170 | 0.0044 = = — - - _
= 0.0001 | 0.0014 = = = _ - -
<00001 |<0.0003 | 00005 | 000133 — 300 (0.1007) = 1X10% | —26 (pour point) | Slight
A ) o
I 1
<0.0001 <ooom )<ooool <0.0001 |<o.oom — = = -
<0.00004 0.0018 | — 300 (0.1007) = — | —40 (pour point) | —
0.0008 <ooooo4 <00002 | 00004 | — — - - o =
| |
1
00170 | 000038 — | 0.021 - - - - _
0.00016| 0.0010 | — 0014 = = — — — -
= 0.0% | 0062 | 0250 | — — - - —
| | |
— | G0 | 00is | 100 = - — _ _ _
<0.0001 |<0.0003 | 0.0004 | 0.00072| 00019 | 300 (0.1007) = 7.06X10-¢ (< —15 (pour point)| Blight
00050 |<0.0002 — | 025 = = = 2.1X10-¢ | —38 (melts) ~
1 1. 1.
|
o.oooel 0.0004 | 0.0015 | 00092 | — 500 (0.010) 1108 63X 10~ = =
00010 | — - = = - 101 = 10 (pour point) =
= | 00001 | — o.ooss| - - = | = | s =
1 1 1.
| |
0.00038] 0.043 | — | 0014 - - - | - - =
0.00023| 0.00020 0014 | 0087 | —— = - - - -
<0.0001 <o.oooz| — | ooo0e7 — 300 (0.1007) = | 7.5%10¢ | —12 (pour point) | Slight
f | |
= 0.20 0.038 | 0.64 = = = | - — _
<0.0001 |<o.oooz = 0.00077] — = = 6.91X10~¢ | <—15 (pour point)| Slight
0.0003 | 0.0025 | 0.13 0| — 300(0.100) — Z = e
i .
0.0006 | 0.25 = o.oo42| = = = = 10 (pour point) =
0.0014 | 0.0002 | 0.014 | 0.23 = = = - ik -
<0.000003 <0.0001 | — 0.0095 | — — - - -
| 1 |
<0.000003|<00001 | — | 00108| — - - _ _ _
0.00008| <0.0003 00006 | — = = — — —
<0.00004/ <0.0003 | 0.00014| 0.00145| ©0.0060 [250-300 (0.1007) = 1.598X10-% | —68 (inelts) Nil
| ]
— 0.0003 | 0.0018 | 0.011 - - - = = -
0.005 |<0.0003 | — 0.0020 = 300 (0.1007) 3x10 = | = 0.06
<0.00001/ <0.0005 | 0.0048 | 00028 = — 300 (0.1007) = = —40 (pourpoint) | —
0.0002 | <0.0001 | <0.0004 | oooossl — — = = - -
0.0068 | 0.0020 | 0.0012 | 0.0015 | 0.0021 = - = 137-139 (melts) =
0.0140 | 0.0092 | 0.0000  0.0075 — = — = 45-64 (melts) =
0.0006 | 0.0004 | 0.0004 000046, — = - - 57 -
|
0.0110 ' 0.0003 | 0.0017  0.0037 —_ —_ — —_ 35-63 (melts) Nil
00017 = 00045 027 | 0058 | 0020 — — — 91-94 Low
00093 | 0054 0.027 | 00113 — = = = pl pls
021 | oM | 0027 00167 | 00160 | - - — 86-88 (melts) —
<0.0002 |<0.0002 |<0.0002 | 0.0002 | <0.0003 ‘ 1060 (0.0277) >5X101 |l3.0x10" 36 Very low
00003 | 0.00133 0.00133| 00009 | — = | s z It Y
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Commercial insulating materials  confinved
] dielectric constont at
(# in cycles/ d)
material composition T | I 3 23
oC | 60 | 10%| 10¢ | 100 | X10° X10w 60
rubbers N
GR-I (butyl rubber) Copolymer of 98-99% isobutylene, 1-2% | | | [
isoprene 25( 2.39| 2.38| 2.35 2.35| 235 - 0.0034
GR-I compound 100 pta polymer, 5 pta sinc oxide, 1 pt |
tuads, 1.5 pts sulfur 25| 2.43| 2.42| 240 2.39| 238 - 0.005
GR-S (Buna 8) cured 8tyrene-butadiene copolymer, fillers, lubri-
canta, etc. 25| 2.96 2.96I 2.90| 282 2.75 - 0.0008
GRS (Buna 8) uncured Copolymer of 75% butadiene, 25%styrene| 26| 2.6 | 2.5 | 2.50 2.45( 245 - 0.0005
Gutta-percha — 25| 2.61{ 2.60| 2.53| 2.47| 2.40 - 0.0005
Hevea rubber Pale crepe 25/ 24 | 24 | 24 | 24 215 | — 0.0030
Hevea rubber, vulcanized | 100 pta pale erepe, 6 pta sulfur 27) 2.94| 204 2.74 242 236 | — 0.005
Hycar OR Cell-tite Based on butadiene polymer 25| — | 1.40| 1.38| 1.38[ 1.38 - -
Kralastic D Natural Nitrile rubber 25| — | 3.54| 3.20| 2.78| 2.6 — —
Neoprene compound 389, GN ] 2 6.7 | 660 626 4.5 | 400 | 40 | 0018
Royalite 149-11 Polystyrene-acrylonitrile and | '
polybutadiene-acrylonitrile 25 — | 520 441 — 3.13 - —
SE—450 Silicone-rubber compound 25| — | 3.08| 3.07 3.05| 207 | — -
SE-072 Silicone-rubber compotnd | o5( — | 335 3.20{ 3.18] 303 | — =
Silastic 120 o 8il last , 50%
dioxide 25| 5.78| 5.76] 5.75| 5.75| 5.73 _ 0.056
Silastic 152 Siloxane elastomer 25| — | 2.95| 2.95| 2.95| 2.90 - -
Silastic 181 45% il lastomer,55%silicon dioxide| 25| — | 3.30| 3.20( 3.18] 3.1 - -
Silastic 6167 33% sil lastomer, 67% tit
dioxide 25( — [10.1 {10 |10 10 = -
Thiokol FA Organic polysulfide, fillers 23[ — (22601110 130 16 13.6 -
woods®
Balsawood -_ 26| 1.4 | 1.4 ) 1.37| 1.30] 1.22 — 0.058
Douglas Fir -—_ 25| 2.05 2.00' 1.93| 1.88| 1.82 1.78 0.004
Douglas Fir, plywood —_ 25| 2.1 | 21 [ 1.90| — - 1.6 0.012
Mahogany -_ 25| 2.42| 2.40| 2.25( 2.07| 1.88 1.6 0.008
Yellow Birch - 251 2.9 | 2.88| 2.70| 2.47| 213 1.87 0.007
Yellow Poplar _ 25| 1.85| 1.79| 1.75| — 1.50 14 0.004
miscellanecus
Am| | Foesil resin | 2627272685 — | 26 | — 0.0010
Cenco Sealatix DeKhotinsky cement 23 3.95 3.75 3.23) — | 2.96 | —= 0.049
Plicene cement e | 25 248 248 2.48) 247 240 - 0.005
| —— |
Gilsonite 99.9% natural bitumen | 26 2.69| 2.66 2.58 2.56 — - 0.006
Shellac (natural XL) Contains ~ 3.5% wax 28| 3.87| 3.81 3.47| 3.10 2.86 ' _ 0.006
Mycalex 400 Mica, glass 25 — | 745 739 — | - | - -
Mycalex K10 Mica, glass, titanium dioxide 24 — 93 90— | — | — =
Mykroy, grade 8 Mica, glass 25 — | 6.81 6.73| 6.72| 6.68 6.66 —_
Ruby mica Muscovite 26 54 | 54 | 54 54| 54 = 0.005
Paper, Royalgrey = 25 330 3.20 2.99 2.77| 2.70 = 0.010
lenium Amorphous 25| — | 6.00 6.00 6.00 6.00 | 6.00 =
Quinterra Asbestos fiber, chrysotile | 25 — | 4.80 3.1 | — | — - -
Quinorgo 3000 85% chrysotile asbestos, 15%, organic ' ' [ | l
material | 25( — |64 33| — — -
Sodium chloride Fresh cryatals | 25 — | 590 580/ — | ~— §.90 =
Soil, sandy dry — | 25' — | 2,91 259 255 2.55 | - -_
8oil, loamy dry = 25 — | 2.83) 2.53 248 2.44 — =
Ice From pure distilled water =12) — | — | 4.15 345 320 | = =
Snow Freshly fallen snow =20 — | 333 1.20 1.20| 1.20 | -— —
Snow IH:rd-packed snow followed by light rain —6] — | = | 1.55] — | 15 | — -—
Water Distilled 25| — | — | 782 78 | 767 34 -

* Field perpendicular to grain.




dissipation factor af
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_cissipation Ta dieleciri dec volume | thermal ex- molsture

{frequency in cycles/second) h In istivity in P ¥ absorp-

3 2.5 vomrmll at ohm-cm at (linear) in soffening point tion in

100 | 100 108 X100 | X10 25° € 25° C parts/°C in°C percent
0.0035 | 0.0010 | 0.0010 | 0.0009 ! - - = — — _
0.0060 | 0.0022 ‘ 0.0010 | 0.00003) — — = - - —_

]

0.0024 | 0.0120 | 0.0080 | 0.0057 - 870 (0.0407) 2101 - - -
0.0009 | 0.0038 | 0.0071 | 0.0044 | — - — _ —
0.0004 | 0.0042 | 0.0120 | 0.0060 - - 108 = — —
0.0018 | 0.0018 | 0.0050 | 0.0030 - = = — — —
0.0024 | 0.0446 | 0.0180 | 0.0047 = = — — — —
0.0058 | 0.0056 ' 0.0047 | 0.0039 - = — - - —
0.0052 | 0058 | 0027 | 0.0093 - - = =
0011 | 0038 | 0000 | 0034 | 0.025 300 (}%) 8x 101 = = Nil
00165 [ 0.108 | — 0.020 - = — — — —
0.00072) 00011 | 0.0030 | 0.0158 - - - — - -
0.0067 | 0.0030 i 0.0032 | 00097 | — = = = = =
0.0030 | 0.0008 | 0.0027 | 0.0254 - = = = — =
0.00052| 0.00054| 0.0020 | 0.0100 - 350 (4 - = = —
0.0067 | 0.0037 | 0.0029 | 0.0100 - 450 (4 - - - -
0.0026 | 0. 0.0027 | 0.045 — = = = - —
1.20 0.39 0.28 0.22 0.10 - - - - -
0.0040 | 0.0120 | 0.0135 1 — = - — —_ —_
0.0080 | 0.026 | 0.033 | 0.027 0.032 - - - - -
00105 | 0.0230 | — - 0.0220 - — — - —
0.0120 { 0025 | 0.032 | 0.025 0.020 - — - = =
0.0090 | 0029 | 0.040 | 0.033 0.026 - — - - -
0.0054 { 0.019 - 0.015 0.017 - - - — —
0.0018 | 0.0056 | — 0.0090 - 2300 ¢ Very high — 200 —
0.0335 | 0.024 - 0.021 - — — 98X10° | 80-85 -
0.00355| 0.00255/ 0.0015 | 0.00078 — - - — 60-65 -
0.0035 | 00016 00011 | — | — - — - | 155 (melts) -

0.0074 | 0.031 | 0.030 | o. - - 101 - 80 Low after

ng
0.0019 | 00013 | — = l - | = = — — —
00125 | 00026 | — | 0000 | — | - | - - 400 <05
0.0066 | 0.0026 | 0.0025  0.0038 | 0.0081 — — — - =
0.0006 | 0.0003 | 0.0002 | 0.0003 | — |3soo-5000(.o40') 5X101 - - -
0.0077 | 0.038 | 0.086 | 0.056 - | 202gn - — - =
0.0004 |<0.0003 |<0.0002 | 0.00018] 0.0013 = - = - -
0.15 0025 | — i = — - —
| |

0.231 | 0.087 - - - | - - - - -
<0.0001 |<0.0002 | — — | <0.0005 - - - - -
0.08 0.017 - 0.0062 - | - - - - -
0.05 0.018 — 0.0011 - — - - - -
— 0.12 0.035 | 0.0009 - — - - - -
0492 | 00215 — 0.00029) — | — - - - -
— | 02 — | 0.0009 l = l = = - = =
- 0040 | 0005 | 0.157 | 02650 - 100 - - —
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Ferrites

—

Ferrite is the common term that has come to be applied to a wide range of
different ceramic ferromagnetic materials. Specifically, the term applies to
those materials with the spinel crystal structures having the general formula
XFe,O,, where X is any divalent metallic ion having the proper ionic radius
to fit in the spinel structure. To dote, ferrites have been prepared in which
the divalent ion has been manganese, iron, cobalt, nickel, copper, cadmium,
zinc, and magnesium. All of the known ferrites are mutually soluble in each
other without limit; a wide range of magnetic and electrical properties can
be obtained from specially formulated mixed ferrites that can be thought
of as solid solutions of any two of the simple ferrites described above. Thus
nickel—zinc ferrite can be prepared with the composition Nii-sZnsFe:O4,
where 8 can take any value from zero to unity.

Several ceramic ferromagnetic materials have been prepared that do not
have the basic formula XFe;O4 but common usage has included them in the
fomily of ferrite materials. Thus, “lithium ferrite™ has been prepared; the
chemical formula of this material can be written as (Lig.sFeq.s) Fe2Oy4. 1t can
be seen that in this compound, the divalent X ion has been replaced by
equal amounts of monovalent lithium and trivalent iron. Certain microwave
applications have made it important to obtain ferrites with high Curie
temperatures and lower saturation moments than can be obtained from any
of the mixed ferrites discussed above. This has been accomplished by
replacing part of the trivalent iron by some other trivalent ion such as
oluminum. Thus a typical composition might be NiAl.Fes ;O where x
could, in principle, vary from zero to two. Strictly speaking, these materials
are not ferrites, but common usage includes them in the ever-growing list
of ferrite materials. This substance can be thought of as a solid solution of
nickel aluminate in nickel ferrite. Both materials have the spinel crystal
structure and like all spinels, are completely soluble in each other.

The spinel crystal structure consists of a cubic close-packed oxygen lattice
throughout which the metallic ions are distributed.* Two types of interstices
exist in the oxygen lattice that will accommodate the metallic ions. In one
of these interstices, the metallic ion is surrounded by four oxygen ions
thot occur at the corners of a regular tetrahedron. In the other, the metallic
ion is surrounded by six oxygen ions occurring at the corners of a regular
octahedron. The tetrahedral positions are commonly referred to as the
A positions and the octahedral as the B positions, following the notation
of Néel who developed the first satisfactory theoryt explaining the mag-

* For a very clear and concise description of the spinel structure see: A. F. Wells, “Structural
jnorganic Chemistry,” Oxford University Press, London, England; 1946: pp. 85-87 and 379-385.
t L Néel, "Magnetic Properties of Ferrites: Ferromagnetism and Antiferromagnetism,” Annales
de Physique, volume 3, pp. 137-198; 1948.
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Ferrites  continued
S

netic properties of these materials. There are twice as many B positions
occupied in the spinel lattice as there are A positions; a spinel is known
as a normal or inverse spinel depending upon how the metallic ions are
distributed between the A and B positions. Thus, if both trivalent ions in
the molecule are in the B positions and the divalent ion is in the A position,
the spinel is normal. Many ferrites, however, are inverse spinels, and in
these the trivalent iron ions are equally divided between the A and B
positions, and the divalent metallic ion is in the B position. The distribution
of ions can be inferred from magnetic data, but neutron-diffraction experi-
ments give the most direct and unequivocal evidence available today for
determining the ionic distribution. Evidence from both sources indicates
that zinc, cadmium, and manganese ferrites are normal spinels, while all
other known ferrites except magnesium are inverse. Magnesium is partially
inverse and partially normal, the exact distribution of ions between the two
sites depending upon the exact heat treatment of a particular sample.

The presently accepted theory of ferrites, verified to some extent by neutron-
diffraction experiments, indicates that the magnetic moment of the ions in
the A sites is aligned antiparallel to the magnetic moment of the ions in the
B sites. Thus, basically, ferrites belong to the class of antiferromagnetic
rather than ferromagnetic materials, However, they constitute a special
class of antiferromagnetic substances, since the magnetic moment in one
site normally is larger than that in the other site and hence there is a net
magnetic moment in one direction. Thus, even though ferrites are funda-
mentally antiferromagnetic, macroscopically they exhibit the properties of
ferromagnetism. Néel has suggested that materials that exhibit this property
of uncompensated antiferromagnetism constitute a special class of materials
and has proposed the name of ferrimagnetism to describe the phenomenon.
In most of their important macroscopic properties, however, ferrites can
be treated as ordinary ferromagnetic materials.

This theory quite accurately accounts for the saturation moment of most
ferrites, and in addition, it explains how it is possible to add a diamagnetic
ion such as divalent zinc to nickel ferrite and to increase the saturation
moment of the material. Thus in pure nickel ferrite, half of the trivalent iron
ions are in the A sites and half are in the B sites, while all of the divalent
nickel is in the B sites. Since the magnetic moment of the ions in the A sites
is aligned antiparallel to the moments in the B sites, the magnetic moments
of the iron ions effectively cancel each other and the net saturation moment
of nickel ferrite is due to the nickel ions alone. Since divalent nickel has two
unpaired electrons, it is expected that “the saturation moment of nickel
ferrite should be 2 Bohr mog‘n'e"tons per molecule. 1t is experimentally
measured to be 2.3 Bohr magnetons. When zinc is added to nickel ferrite



continved  Ferrites

saturation |
saturation Curle moment first-order saturation
ferrite moment temperature in Bohr X-ray lattice isotropy gnetosiriction
in gausses in °C magnetons density I J tant K, A X 108
n3
| |
Ni Feg O, 3400 585 l 23 5.38 8.34 —0.06 \ —-22
Nio.s Zno.z Fes Oy 4600 460 35 — { — — | —18.5
Nio.. Zno-« Fes O. 5800 340 48 - § - - | —15.0
I {
Nio.s Zno.4 Fea Oy 5500 290 50 —_ | _— — — 83
Nio.3 Zno-s Fea Oy 2600 85 40 — —_ —0.004 - 10
Mn Fes Oy 5200 300 .0 5.00 8.50 —0.04 — 14
Mng.g Zng.s Fes Oy —_ 100 6.0 = . —0.004 ]
Fe Fez Oy 6000 585 4.1 5.24 8.39 —0.135 ‘ +4
Co Fez O4 5000 520 38 529 8.38 +-2000 —250
: l [
s =
Cu Fe3 O4 1700 455 13 535 {, - - -
lio.; Fez.; 0. 3900 670 .6 475 833 -_ | -
Mg Fes Oq 1400 440 11 4.52 8.36 —0.05 —
Mg Al Fe O, — — | 03 — — — -
NI Al.s Fey.74 Oa 1300 506 \ 1.30 - 831 - —
NI Alo.qs Fer.68 Os 900 465 ‘ 0.61 —_— 8.28 el —
|
Ni Alo.gz Fey.as Ou 0 360 0 — 8.25 — -
Ni Al Fe Oq 900 198 0.64 5.00 | 8.20 — —

=
2
>
2
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to form the mixed ferrite, NiysZnFesOy, the zinc enters the A site and
displaces & ions of trivalent iron, forcing them over to the B sites. Thus in
this material, the A sites are occupied by & ions of zinc and (1 — &) ions of
iron per molecule and the B sites are occupied by (1 + &) ions of iron and
{1 = &) ions of nickel. Since trivalent iron has § unpaired electrons, giving
it a magnetic moment of 5 Bohr magnetons, it is to be expected that the
saturation moment of nickel-zinc ferrite will be (2 + 88) Bohr magnetons
per molecule. It is found experimentally that the moment of nickel—zinc
ferrite follows this formula approximately until about half the nickel has
been’replaced by zinc li.e., § = 0.5). On further additions of zinc, the
exchange fields that account for the ferromagnetic property become so
greatly weakened that the material rapidly becomes paramagnetic at room
temperature.

The behavior of the conductivity and dielectric constant of ferrites is not
well understood. They behave as if they consisted of large regions of
fairly low-resistance: material separated by thin layers of a relatively poor
conductor. Therefore, the dielectric constant and conductivity show a
relaxation as a function of frequency with the relaxation frequency varying
from 1000 cycles/second to several megacycles/second. Most ferrites
appear to have relatively high resistivities (=~ 10® ohm~centimeters) if
they are prepared carefully so as to avoid the presence of any divalent
iron in the material. However, if the ferrite is prepared with an appreciable
amount of divalent iron, then both the conductivity and dielectric constant
are very high. Relative dielectric constants as high as 100,000 and resistivi-
ties less than 1 ohm-centimeter have been measured in several ferrites
having a small amount of divalent iron in their composition.

The accompanying table lists some of the pertinent information with respect
to the more-important ferrites. Properties such as electrical conductivity
and dielectric constant, which are extremely structure-sensitive, are not
listed since slight changes in method of preparation can cause these prop-
erties to change by several orders of magnitude. Also not included in the
table is the initial permeability of ferrite materials since this is also a
structure-sensitive property. The initial permeability of most ferrites lies
between 100 and 2000. In general, the ferrites listed in the table have the
following properties in common.

Thermal conductivity = 1.5 X 1072 calorie/second/centimeter?/degree C
Specific heat = 0.2 calorie/gram/degree C

Young's modulus = 1.5 X 102 dynes/centimeter?
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B Components

Standards in general

Standardization of electronic components or parts is handled by several
cooperating agencies. The Radio-Electronics-Television Manufacturers’
Association (RETMA) and the American Standards Association (ASA) are
active in the commercial field. Electron-tube standardization is handled by
the Joint Electron Tube Engineering Council (JETEC), a cooperative effort
of RETMA and the National Electrical Manufacturers Association (NEMA),

Military (MIL) standards are issued by the U. S. Department of Defense or
one of its agencies such as the Armed Services Electro-Standards Agency
{ASESA).

These organizations establish standards for electronic components or parts
{and in some cases, for equioments) for the purpose of providing: inter-
changeability among different manufacturers’ products as to size, per-
formance, and identification; minimum number of sizes and designs; uniform
testing of products for acceptance; and minimum manufacturing costs. In
this chapter is presented a brief outline of the requirements, characteristics,
and designations for the major types of component parts used in electronic
equipment,

Color coding

The color code of Fig. 1 is used for marking electronic components.

Fig. 1—Standard electronics-industry color code.

significant decimal toleronce | voltage chorocter-
color figure multiplier in percent® rating Istic
|

Black 0 1 =+20 (M) _ A
Brown 1 10 +1 100 B
Red 2 100 +2 (G) 200 C
Orange 3 1,000 +3 300 D
Yellow 4 10,000 ‘ GMVE 400 E
Green 5 100,000 =5t 500 F
Blue [ 1,000,000 +6 600 G
Vi