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Standard Units

Chapter

12

Reference Data

Name Symbol Quantity

ampere A electric current

ampere per meter A/m magnetic field strength
ampere per square meter A/m? current density

Becquerel Bq activity (of a radionuclide)
candela cd luminous intensity

coulomb C electric charge

coulomb per kilogram C/kg exposure (x- and gamma-rays)
coulomb per sqg. meter Cc/m? electric flux density

cubic meter m° volume

cubic meter per kilogram m°/kg specific volume

degree Celsius °C Celsius temperature

farad F capacitance

farad per meter F/m permittivity

henry H inductance

henry per meter H/m permeability

hertz Hz frequency

joule J energy, work, quantity of heat
joule per cubic meter J/m® energy density

joule per kelvin J/K heat capacity

joule per kilogram K J/(kg-K) specific heat capacity

joule per mole J/mol molar energy

kelvin K thermodynamic temperature
kilogram kg mass

kilogram per cubic meter kg/m® density, mass density
lumen Im luminous flux

lux Ix luminance

meter m length

meter per second m/s speed, velocity

meter per second sq. m/s* acceleration

(Continued on next page)
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Standard Units Continued

Name Symbol Quantity

mole mol amount of substance
pascal Pa pressure, stress
pascal second Paes dynamic viscosity
radian rad plane angle

radian per second rad/s angular velocity
radian per second squared rad/s® angular acceleration
second s time

siemens S electric conductance
square meter m? area

steradian sr solid angle

tesla T magnetic flux density
volt \Y electrical potential
volt per meter Vim electric field strength
watt w power, radiant flux
watt per meter kelvin W/(meK) thermal conductivity
watt per square meter W/m? heat (power) flux density
weber Wb magnetic flux
Standard Prefixes

Multiple Prefix Symbol
10" exa E

10" peta P

10" tera T

10° giga G

10° mega M

10° kilo k

10° hecto h

10 deka da

10" deci d

10 centi c

10° milli m

10° micro w

10° nano n

10™ pico p

107 femto f

10 atto a




Common Standard Units for Electronics Work

Unit Symbol
centimeter cm
cubic centimeter cm’
cubic meter per second m®/s
gigahertz GHz
gram g
kilohertz kHz
kilohm kQ
kilojoule kJ
kilometer km
kilovolt kV
kilovoltampere kVA
kilowatt kW
megahertz MHz
megavolt MV
megawatt MW
megohm MQ
microampere UHA
microfarad uF
microgram ug
microhenry uH
microsecond us
microwatt uw
milliampere mA
milligram mg
millihenry mH
millimeter mm
millisecond ms
millivolt mV
milliwatt mW
nanoampere nA
nanofarad nF
nanometer nm
nanosecond ns
nanowatt nW
picoampere pPA
picofarad pF
picosecond ps
picowatt pW
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Power Conversion Factors (Decibels to Watts)

dBm dBw Watts Multiple Prefix

+150 +120 1,000,000,000,000 10" 1 terawatt
+140 +110 100,000,000,000 10" 100 gigawatts
+130 +100 10,000,000,000 10" 10 gigawatts
+120 +90 1,000,000,000 10° 1 gigawatt
+110 +80 100,000,000 10° 100 megawatts
+100 +70 10,000,000 10’ 10 megawatts
+90 +60 1,000,000 10° 1 megawatt
+80 +50 100,000 10° 100 kilowatts
+70 +40 10,000 10°* 10 kilowatts
+60 +30 1000 10° 1 kilowatt

+50 +20 100 10° 1 hectowatt
+40 +10 10 10 1 decawatt
+30 0 1 1 1 watt

+20 -10 0.1 10~ 1 deciwatt
+10 -20 0.01 107 1 centiwatt

0 -30 0.001 10° 1 milliwatt
-10 -40 0.0001 107 100 microwatts
-20 -50 0.00001 10° 10 microwatts
-30 -60 0.000,001 10°° 1 microwatt
-40 =70 0.0,000,001 107 100 nanowatts
=50 -80 0.00,000,001 10°° 10 nanowatts
-60 -90 0.000,000,001 107° 1 nanowatt
=70 -100 0.0,000,000,001 107"° 100 picowatts
-80 -110 0.00,000,000,001 107" 10 picowatts
-90 -120 0.000,000,000,001 107" 1 picowatt
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Voltage Standing Wave Ratio and Key Parameters

VSWR Reflection Return Power Percent
Coefficient Loss Ratio Reflected
1.01:1 0.0050 46.1 dB 0.00002 0.002
1.02:1 0.0099 40.1 dB 0.00010 0.010
1.04:1 0.0196 34.2dB 0.00038 0.038
1.06:1 0.0291 30.7 dB 0.00085 0.085
1.08:1 0.0385 28.3dB 0.00148 0.148
1.10:1 0.0476 26.4 dB 0.00227 0.227
1.20:1 0.0909 20.8 dB 0.00826 0.826
1.30:1 0.1304 17.7 dB 0.01701 1.7
1.40:1 0.1667 15.6 dB 0.02778 2.8
1.50:1 0.2000 14.0 dB 0.04000 4.0
1.60:1 0.2308 12.7 dB 0.05325 5.3
1.70:1 0.2593 11.7 dB 0.06722 6.7
1.80:1 0.2857 10.9dB 0.08163 8.2
1.90:1 0.3103 10.2dB 0.09631 9.6
2.00:1 0.3333 9.5dB 0.11111 11.1
2.20:1 0.3750 8.5dB 0.14063 14.1
2.40:1 0.4118 7.7 dB 0.16955 17.0
2.60:1 0.4444 7.0dB 0.19753 19.8
2.80:1 0.4737 6.5dB 0.22438 22.4
3.00:1 0.5000 6.0 dB 0.25000 25.0
3.50:1 0.5556 5.1 dB 0.30864 30.9
4.00:1 0.6000 4.4 dB 0.36000 36.0
4.50:1 0.6364 3.9dB 0.40496 40.5
5.00:1 0.6667 3.5dB 0.44444 44.4
6.00:1 0.7143 2.9dB 0.51020 51.0
7.00:1 0.7500 2.5dB 0.56250 56.3
8.00:1 0.7778 2.2dB 0.60494 60.5
9.00:1 0.8000 1.9dB 0.64000 64.0
10.00:1 0.8182 1.7 dB 0.66942 66.9
15.00:1 0.8750 1.2dB 0.76563 76.6
20.00:1 0.9048 0.9dB 0.81859 81.9
30.00:1 0.9355 0.6 dB 0.87513 97.5
40.00:1 0.9512 0.4 dB 0.90482 90.5
50.00:1 0.9608 0.3dB 0.92311 92.3




Specifications of Standard Copper Wire

Wire Diam. | Circularl Turns Per Linear Inch'| Ohms | Current- | Diam.
Size in mil Per Carrying | in
AWG | mils | Area enam. SCE  DCC | 100 ft’ | Capacity’| mm

1 289.3 83810 - - - 0.1239 119.6 7.348
2 257.6 05370 - - - 0.1563 94.8 6.544
3 229.4 62640 - - - 0.1970 75.2 5.827
4 204.3 41740 - - - 0.2485 59.6 5.189
5 181.9 33100 - - - 0.3133 47.3 4.621
6 162.0 26250 - - - 0.3951 37.5 4.115
7 144.3 20820 - - - 0.4982 29.7 3.665
8 1285 16510 7.6 - 71 0.6282 23.6 3.264
9 114.4 13090 8.6 - 7.8 0.7921 18.7 2.906
10 101.9 10380 9.6 9.1 8.9 0.9989 14.8 2.588
11 90.7 8234 10.7 - 9.8 1.26 11.8 2.305
12 80.8 6530 12.0 11.3 10.9 1.588 9.33 2.063
13 72.0 5178 135 - 12.8 2.003 7.40 1.828
14 64.1 4107 15.0 14.0 13.8 2.525 5.87 1.628
15 57.1 3257 16.8 - 14.7 3.184 4.65 1.450
16 50.8 2583 18.9 17.3 16.4 4.016  3.69 1.291
17 45.3 2048 212 - 18.1 5.064 2.93 1.150
18 40.3 1624 236 212 19.8 6.386 2.32 1.024
19 35.9 1288 26.4 - 21.8 8.051 1.84 0.912
20 32.0 1022 29.4 258 23.8 10.15 1.46 0.812
21 28.5 810 33.1 - 26.0 12.8 1.16 0.723
22 25.3 642 37.0 313 30.0 16.14 0.918 0.644
23 22.6 510 413 - 37.6 20.36 0.728 0.573
24 20.1 404 46.3 37.6 35.6 25.67 0.577 0.511
25 17.9 320 51.7 - 38.6 32.37 0.458 0.455
26 15.9 254 58.0 46.1 41.8 40.81 0.363 0.406
27 14.2 202 649 - 45.0 51.47 0.288 0.361
28 12.6 160 72.7 54.6 48.5 64.9 0.228 0.321
29 11.3 127 816 - 51.8 81.83 0.181 0.286
30 10.0 101 90.5 64.1 55.5 103.2 0.144 0.255
31 8.9 50 101 - 59.2 130.1  0.114 0.227
32 8.0 63 113 741 61.6 164.1  0.090 0.202
33 71 50 127 - 66.3 206.9 0.072 0.180
34 6.3 40 143  86.2 70.0 260.9 0.057 0.160
35 5.6 32 158 - 73.5 329.0 0.045 0.143
36 5.0 25 175 103.1 77.0 4148 0.036 0.127
37 4.5 20 198 - 80.3 523.1 0.028 0.113
38 4.0 16 224 116.3 83.6 659.6 0.022 0.101
39 3.5 12 248 - 86.6 831.8 0.018 0.090

1. Based on 25.4 mm.
2. Ohms per 1000 ft measured at 20°C.
3. Current-carrying capacity at 700 circular mils per amp.
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Celsius-to-Fahrenheit Conversion

°Celsius °Fahrenheit °Celsius °Fahrenheit
-50 -58 125 257
—45 -49 130 266
-40 -40 135 275
-35 -31 140 284
=30 —22 145 293
-25 -13 150 302
-20 4 155 311
-15 5 160 320
-10 14 165 329
-5 23 170 338
0 32 175 347
5 41 180 356
10 50 185 365
15 59 190 374
20 68 195 383
25 77 200 392
30 86 205 401
35 95 210 410
40 104 215 419
45 113 220 428
50 122 225 437
55 131 230 446
60 140 235 455
65 149 240 464
70 158 245 473
75 167 250 482
80 176 255 491
85 185 260 500
90 194 265 509
95 203 270 518
100 212 275 527
105 221 280 536
110 230 285 545
115 239 290 554
120 248 295 563
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Inch-to-Millimeter Conversion

Inch 0 1/8 1/4 3/8 1/2 5/8 3/4 7/8 Inch
0 0.0 3.18 6.35 9.52 1270 15.88 19.05 2222 O
1 2540 2858 31.75 34.92 3810 4128 4445 4762 1
2 50.80 53.98 57.15 60.32 6350 66.68 69.85 73.02 2
3 76.20 79.38 8255 8572 8890 92.08 9525 9842 3
4 101.6 1048 108.0 1111 1143 1175 1206 1238 4
5 127.0 1302 1334 1365 139.7 1429 146.0 1492 5
6 152.4 155.6 158.8 161.9 1651 1683 1714 1746 6
7 1778 181.0 184.2 1873 190.5 193.7 196.8 2000 7
8 203.2 206.4 209.6 2127 2159 219.1 2222 2254 8
9 228.6 231.8 2350 238.1 2413 2445 2476 2508 9
10 254.0 2572 2604 2635 266.7 269.9 273.0 2762 10
11 279 283 286 289 292 295 298 302 11
12 305 308 311 314 317 321 324 327 12
13 330 333 337 340 343 346 349 352 13
14 356 359 362 365 368 371 375 378 14
15 381 384 387 391 394 397 400 403 15
16 406 410 413 416 419 422 425 429 16
17 432 435 438 441 445 448 451 454 17
18 457 460 464 467 470 473 476 479 18
19 483 486 489 492 495 498 502 505 19
20 508 511 514 518 521 524 527 530 20
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Millimeters-to-Decimal Inches Conversion

mm Inches mm Inches mm Inches

1 0.039370 46 1.811020 91 3.582670
2 0.078740 47 1.850390 92 3.622040
3 0.118110 48 1.889760 93 3.661410
4 0.157480 49 1.929130 94 3.700780
5 0.196850 50 1.968500 95 3.740150
6 0.236220 51 2.007870 96 3.779520
7 0.275590 52 2.047240 97 3.818890
8 0.314960 53 2.086610 98 3.858260
9 0.354330 54 2.125980 99 3.897630
10 0.393700 55 2.165350 100 3.937000
1 0.433070 56 2.204720 105 4.133848
12 0.472440 57 2.244090 110 4.330700
13 0.511810 58 2.283460 115 4.527550
14 0.551180 59 2.322830 120 4.724400
15 0.590550 60 2.362200 125 4.921250
16 0.629920 61 2.401570 210 8.267700
17 0.669290 62 2.440940 220 8.661400
18 0.708660 63 2.480310 230 9.055100
19 0.748030 64 2.519680 240 9.448800
20 0.787400 65 2.559050 250 9.842500
21 0.826770 66 2.598420 260 10.236200
22 0.866140 67 2.637790 270 10.629900
23 0.905510 68 2.677160 280 11.032600
24 0.944880 69 2.716530 290 11.417300
25 0.984250 70 2.755900 300 11.811000
26 1.023620 71 2.795270 310 12.204700
27 1.062990 72 2.834640 320 12.598400
28 1.102360 73 2.874010 330 12.992100
29 1.141730 74 2.913380 340 13.385800
30 1.181100 75 2.952750 350 13.779500
31 1.220470 76 2.992120 360 14.173200
32 1.259840 77 3.031490 370 14.566900
33 1.299210 78 3.070860 380 14.960600
34 1.338580 79 3.110230 390 15.354300
35 1.377949 80 3.149600 400 15.748000
36 1.417319 81 3.188970 500 19.685000
37 1.456689 82 3.228340 600 23.622000
38 1.496050 83 3.267710 700 27.559000
39 1.535430 84 3.307080 800 31.496000
40 1.574800 85 3.346450 900 35.433000
41 1.614170 86 3.385820 1000 39.370000
42 1.653540 87 3.425190 2000 78.740000
43 1.692910 88 3.464560 3000 118.110000
44 1.732280 89 3.503903 4000 157.480000
45 1.771650 90 3.543300 5000 196.850000




Conversion of Common Fractions to Decimal and Millimeter Units

Common Decimal mm Common Decimal mm
Fractions' Fractions' (approx.) Fractions Fractions (appox.)
1/128 0.008 0.20 1/2 0.500 12.70
1/64 0.016 0.40 33/64 0.516 13.10
1/32 0.031 0.79 17/32 0.531 13.49
3/64 0.047 1.19 35/64 0.547 13.89
1/16 0.063 1.59 9/16 0.563 14.29
5/64 0.078 1.98 37/64 0.578 14.68
3/32 0.094 2.38 19/32 0.594 15.08
7/64 0.109 2.78 39/64 0.609 15.48
1/8 0.125 3.18 5/8 0.625 15.88
9/64 0.141 3.57 41/64 0.641 16.27
5/32 0.156 3.97 21/32 0.656 16.67
11/64 0.172 4.37 43/64 0.672 17.07
3/16 0.188 4.76 11/16 0.688 17.46
13/64 0.203 5.16 45/64 0.703 17.86
7/32 0.219 5.56 23/32 0.719 18.26
15/64 0.234 5.95 47/64 0.734 18.65
1/4 0.250 6.35 3/4 0.750 19.05
17/64 0.266 6.75 49/64 0.766 19.45
9/32 0.281 7.14 25/32 0.781 19.84
19/64 0.297 7.54 51/64 0.797 20.24
5/16 0.313 7.94 13/16 0.813 20.64
21/64 0.328 8.33 53/64 0.828 21.03
11/32 0.344 8.73 27/32 0.844 21.43
23/64 0.359 9.13 55/64 0.859 21.83
3/8 0.375 9.53 7/8 0.875 22.23
25/64 0.391 9.92 57/64 0.891 22.62
13/32 0.406 10.32 29/32 0.906 23.02
27/64 0.422 10.72 59/64 0.922 23.42
7/16 0.438 11.11 15/16 0.938 23.81
29/64 0.453 11.51 61/64 0.953 24.21
15/32 0.469 11.91 31/32 0.969 24.61
31/64 0.484 12.30 63/64 0.984 25.00

! Units in inches.
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Conversion Ratios for Length

Known Quantity Multiply By Quantity to Find
inches (in) 2.54 centimeters (cm)
feet (ft) 30 centimeters (cm)
yards (yd) 0.9 meters (m)

miles (mi) 1.6 kilometers (km)
millimeters (mm) 0.04 inches (in)
centimeters (cm) 0.4 inches (in)

meters (m) 3.3 feet (ft)

meters (m) 1.1 yards (yd)
kilometers (km) 0.6 miles (mi)
centimeters (cm) 10 millimeters (mm)
decimeters (dm) 10 centimeters (cm)
decimeters (dm) 100 millimeters (mm)
meters (m) 10 decimeters (dm)
meters (m) 1000 millimeters (mm)
dekameters (dam) 10 meters (m)
hectometers (hm) 10 dekameters (dam)
hectometers (hm) 100 meters (m)
kilometers (km) 10 hectometers (hm)
kilometers (km) 1000 meters (m)
Conversion Ratios for Area

Known Quantity Multiply By Quantity to Find
square inches (in’) 6.5 square centimeters (cm?)
square feet (ft*) 0.09 square meters (m?)
square yards (yd®) 0.8 square meters (m?)
square miles (mi?) 2.6 square kilometers (km?)
acres 0.4 hectares (ha)

square centimeters (cm?) 0.16 square inches (in’)
square meters (m?) 1.2 square yards (yd®)
square kilometers (km®) 0.4 square miles (mi’)
hectares (ha) 2.5 acres

square centimeters (cm?) 100 square millimeters (mm?®)
square meters (m?) 10,000 square centimeters (cm?)
square meters (m?) 1,000,000 square millimeters (mm?®)
ares (a) 100 square meters (m?)
hectares (ha) 100 ares (a)

hectares (ha) 10,000 square meters (m?)
square kilometers (km?) 100 hectares (ha)

square kilometers (km?) 1,000 square meters (m?)




© 1999 CRC PressLLC

Conversion Ratios for Mass

Known Quantity Multiply By Quantity to Find
ounces (0z) 28 grams (Q)
pounds (Ib) 0.45 kilograms (kg)
tons 0.9 tonnes (t)

grams (Q) 0.035 ounces (0z)
kilograms (kg) 2.2 pounds (Ib)
tonnes (t) 100 kilograms (kg)
tonnes (t) 1.1 tons

centigrams (cg) 10 milligrams (mg)
decigrams (dg) 10 centigrams (cg)
decigrams (dg) 100 milligrams (mg)
grams (Q) 10 decigrams (dg)
grams (g) 1000 milligrams (mg)
dekagram (dag) 10 grams (g)
hectogram (hg) 10 dekagrams (dag)
hectogram (hg) 100 grams (Q)
kilograms (kg) 10 hectograms (hg)
kilograms (kg) 1000 grams (Q)

metric tons (t) 1000 kilograms (kg)
Conversion Ratios for Volume

Known Quantity Multiply By Quantity to Find
milliliters (mL) 0.03 fluid ounces (fl 0z)
liters (L) 2.1 pints (pt)

liters (L) 1.06 quarts (qt)

liters (L) 0.26 gallons (gal)
gallons (gal) 3.8 liters (L)

quarts (qt) 0.95 liters (L)

pints (pt) 0.47 liters (L)

cups (c) 0.24 liters (L)

fluid ounces (fl 0z) 30 milliliters (mL)
teaspoons (tsp) 5 milliliters (mL)
tablespoons (tbsp) 15 milliliters (mL)
liters (L) 100 milliliters (mL)
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Conversion Ratios for Cubic Measure

Known Quantity Multiply By Quantity to Find

cubic meters (m°) 35 cubic feet (ft°)

cubic meters (m°) 1.3 cubic yards (yd®)

cubic yards (yd®) 0.76 cubic meters (m°)
cubic feet (ft°) 0.028 cubic meters (m°)
cubic centimeters (cm’) 1000 cubic millimeters (mm?)
cubic decimeters (dm°) 1000 cubic centimeters (cm’)
cubic decimeters (dm?®) 1,000,000 cubic millimeters (mm?)
cubic meters (m°) 1000 cubic decimeters (dm°)
cubic meters (m°) 1 steres

cubic feet (ft°) 1728 cubic inches (in%)

cubic feet (ft°) 28.32 liters (L)

cubic inches (in’) 16.39 cubic centimeters (cm®)
cubic meters (m°) 264 gallons (gal)

cubic yards (yd®) 27 cubic feet (ft%)

cubic yards (yd®) 202 gallons (gal)

gallons (gal) 231 cubic inches (in’)

Conversion Ratios for Electrical Quantities

Known Quantity Multiply By Quantity to Find

Btu per minute 0.024 horsepower (hp)

Btu per minute 17.57 watts (W)

horsepower (hp) 33,000 foot-pounds per min (ft-lb/min)
horsepower (hp) 746 watts (W)

kilowatts (kW) 57 Btu per minute

kilowatts (kW) 1.34 horsepower (hp)
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Basic Electrical Units

Unit

Symbol

Definition

Ampere

A

One ampere is the constant current flowing in two parallel
conductors one meter apart that would produce a force of
2x 107 newtons per meter of length.

Coulomb

One coulomb is the charge that is moved in one second by a
current of one ampere.

Farad

One farad is the capacitance of a capacitor that produces a
potential of one volt between the plates when charged to one
coulomb.

Henry

One henry is the inductance of a coil that has one volt in-
duced in it when the current varies uniformly at one ampere
per second.

Joule

One joule is the work done by a force of one newton acting
over a distance of one meter.

Ohm

One ohm is the resistance between two points of a conductor
that produces a current of one ampere when one volt is ap-
plied between these points.

Siemens

One siemens is the conductance between two points of a
conductor that produces a current of one ampere when one
volt is applied between these points. Reciprocal of the ohm.
(Formerly mho).

Volt

One volt is the potential difference between two points in a
wire carrying one ampere when the power dissipated be-
tween these points is one watt.

Watt

One watt is the power that produces energy at one joule per
second.

Weber

Wb

One weber is the magnetic flux that produces an electromo-
tive force of one volt in a circuit of one turn as the flux
changes uniformly from maximum to zero in one second.
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