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1-2 MATHEMATICAL TABLES

Table 1.1.1

The table gives also the angle subtended at the center, and the ratio of h to D.
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Segments of Circles, Given h/c
Given: h = height; ¢ = chord. To find the diameter of the circle, the length of arc, or the area of the segment, form the ratio h/c, and find from the table the value of
(diam/c), (arc/c); then, by a simple multiplication,

diam = ¢ X (diam/c)

ac = c X (arc/c)

area = h X ¢ X (area/h X ¢)

h Diam ) Arc ) Area ) Central . h )
E c Diff T Diff hxc Diff angle, v Diff m Diff
00 1,000 6667 0.00° 0000

1 25010 1249 1,000 2 6667 g 458 jgg ‘0004 1‘2‘
2 12520 0 1.001 : 6669 2 9.16 pras 0016 b
3 8.363 Bl 1,002 ; 6671 Z 1373 P 0036 >
4 6.290 oo 1,004 z 6675 . 18.30 - 0064 >
% oo a2 010 3 o 6 o737 = 0142 =
7 3641 i 1013 s 6693 : 3188 - 0192 -
8 3.205 - 1017 . 6701 : 36.36 PO 0250 o
9 2.868 ot 1021 . 6710 " 40.82 o 0314 o
10 2.600 . 1.026 6720 45.26° 0385
217 6 1 439 77
1 2.383 Al 1032 : 6731 b 49.63 — 0462 z
2 2203 e 1038 e 6743 2 53.98 - 0545 >
3 2053 . 1044 6756 58.30 0633
127 7 14 27 o
4 1926 e 1051 : 6770 " 6257 o 0727 oy
I 1725 o Lo67 8 601 16 7058 a8 po 103
. . . . : .
7 1641 & 1075 6818 : 7511 p 1036 o
8 1569 e 1084 18 6836 13 79.20 482 1147 e
9 1,506 5 1004 3 6855 o 83.23 ~ 1263 S
20 1.450 1.103 6875 87.21° 1379
1 1.400 " 1114 E 6896 - 9113 §g§ 1499 gg
2 1.356 o 1124 " 6918 x 95.00 polf 1622 =
3 1317 - 1136 2z 6941 . 98.81 s 1746 s
4 1.282 ® 1147 > 6965 ) 10256 o 1873 e
25 1.250 1.159 6989 106.26° 2000
6 1222 52 1171 % 7014 > 109.90 ggg 2128 ﬁg
7 1196 x 1184 - 7041 o 11348 o 2258 I
8 1173 2 1197 3 7068 i 117.00 > 2387 =
9 1152 a 1211 " 7096 » 120.45 o 2517 =
30 1133 1225 7125 123.86° 2647
1 1116 g 1239 1;‘ 7154 gi 127.20 ggg 2777 gg
2 1101 ® 1254 e 7185 3 130.48 > 2906 =
3 1,088 > 1.269 © 7216 - 13370 3 3034 b
4 1075 2 1284 » 7048 ¥ 136.86 ae 3162 2
35 1.064 1.300 7280 130.97° 3289
6 1054 12 1316 12 7314 ﬁ 14302 ggg 3414 gi
7 1,046 s 1332 e 7348 - 146.01 o 3538 -
8 1,038 8 1349 v 7383 > 148.94 o 3661 =
9 1,031 : 1366 it 7419 - 151.82 o 3783 2
40 1.025 1383 7455 154.64° 3902
1 1.020 2 1401 12 7492 gg 157.41 gz 4021 ﬂg
2 1015 ; 1419 e 7530 - 160.12 s 4137 w
3 1011 . 1437 - 7568 o 16278 oy 4252 -
4 1,008 5 1455 - 7607 - 165.39 s 4364 o
45 1.006 1.474 7647 167.95° 4475
6 1.003 f 1493 ig 7687 jg 170.46 gﬁé 4584 ig?
7 1002 : 1512 o 7728 o 172,91 ™ 4601 o
8 1,001 ! 1531 " 7769 P 175.32 oea 4796 o
9 1,000 : 1551 - 7811 - 177.69 it 4899 o
50 1.000 1571 7854 180.00° 5000

* Interpolation may be inaccurate at these points.
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MATHEMATICAL TABLES 1-3

Table 1.1.2 Segments of Circles, Given h/D
Given: h = height; D = diameter of circle. To find the chord, the length of arc, or the area of the segment, form the ratio h/D, and find from the table the value of
(chord/D), (arc/D), or (area/D?); then by a simple multiplication,

chord = D X (chord/D)

ac = D X (arc/D)

aea = D? X (area/D?)
This table gives also the angle subtended at the center, the ratio of the arc of the segment to the whole circumference, and the ratio of the area of the segment to the
area of the whole circle.

h Arc . Area . Central . Chord . Arc . Area )
D 5 Diff Dz Diff angle, v Diff D Diff Ciream Diff Cirdle Diff
09 O 2003 o0 13 — 2296 B 1990 o 638 o000 17
' *835 ' 2 ' %956 : *810 : 265 : 2
2 2838 o 0037 P 3252 I 2800 It 0903 oo 0048 o
3 3482 o 10069 2z 39.90 e 3412 e 1108 o 0087 e
4 4027 o 0105 b 46.15 o 2919 I 1282 e 0134 i
05 4510 0147 51.68° 4359 1436 0187
6 4949 :gg 0192 - 56.72 :f"gg 4750 :g?é 1575 :gg 0245 g
7 5355 o 0242 3 6137 Iyt 5103 . 1705 ey 0308 s
8 5735 e 0294 = 65.72 — 5426 I 1826 - 0375 o
9 6004 N 10350 69.83 5724 : 1940 0446
341 59 *391 276 108 74
10 6435 v206 0409 o 7378 va7a 6000 - 2048 o 0520 8
1 6761 . 0470 77.48 6258 2152 0598
314 64 %350 241 100 82
2 7075 - 0534 o 8107 - 6499 o 2252 . 0680 -
3 7377 I 10600 o 8454 o 6726 o 2348 - o764 o
4 7670 o 0668 % 87.89 I 6940 o 2441 - 0851 ¥
15 7954 0739 91.15° 7141 2532 0941
6 8230 gg 0811 I 9431 gég 7332 igi 2620 gg 1033 gi
7 8500 . 0885 n 97.40 - 7513 e 2706 x 1127 p
8 8763 o 0961 ® 100.42 e 7684 s 2789 - 1224 ot
9 2021 28 11039 s 10337 o 7846 A 2871 = 1323 I
20 09273 1118 106.26° 8000 2952 1424
1 09521 gg 1109 g; 109.10 g% 8146 i;g 3031 » 1527 igﬁ
2 0.9764 " 1281 4 111.89 o 8285 = 3108 14 1631 re
3 1.0004 o 1365 ) 11463 o 8417 = 2184 »® 1738 o
4 10239 = 1449 oy 11734 o 8542 2 2050 » 1846 oS
25 10472 1535 120.00° 8660 3333 1955
6 10701 o 1623 o 12263 o 8773 P 3406 n 2066 b
7 10928 o a7 ot 12523 o 8879 100 3478 I 2178 e
8 11152 o 1800 » 127.79 o 18980 x 3550 r 209 m
9 11374 o 1890 - 130.33 o 9075 o 3620 n 2407 e
30 11593 1982 132.84° 9165 3690 2523
1 11810 o 2074 4 135.33 et 9250 - 3759 ot 2640 n
2 12025 o 2167 o 137.80 ik 9330 ® 2828 - 2759 e
3 12239 o 2260 o 140.25 o 0404 n 13896 % 2878 o
4 12451 o 2355 o 14267 9 0474 2 2963 o 2908 =
35 1.2661 2450 145.08° 9539 4030 3119
6 12870 ggg 2546 gg 147.48 ggg 19600 gé 4007 2&73 3241 ig
7 13078 o 2642 o 149.86 s 9656 > 4163 ® 3364 b
8 13284 o 2739 ol 15223 il 9708 > 4229 * 3487 =
9 13490 - 2836 ot 15458 o 9755 - 4204 ® 3611 -
40 1.3604 2934 156.93° 9798 4359 3735
1 13898 o 3022 - 159.26 o 0837 > 4424 ® 3860 b
2 14101 o 3130 - 161.59 o 9871 o 4489 > 2986 o
3 14303 - 3229 s 163.90 s 9902 o 4553 ) 4112 o
4 1.4505 o 3328 o 166.22 et 9928 x 4617 ) 4238 b
slum m g mE o m u | om .| S o
7 15108 201 3627 100 173.12 230 9982 14 4809 64 4618 127
8 15308 o 3727 0 175.41 s 9992 © 4873 - 4745 b
9 15508 o 2827 10 17771 o 0098 o 4936 o 4873 b
50 15708 3927 180.00° 1.0000 5000 5000

* |nterpolation may be inaccurate at these points.
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Table 1.1.3 Regular Polygons
n = number of sides
v = 360°/n = angle subtended at the center by one side
a = length of one side = R (2 sin%) =r <2tan%)
R = radius of circumscribed circle = a Vzcsc\—2/> =r (sec\—21>
r = radius of inscribed circle = R (cos%) =a (J/z cot\—2/>
v . v
Area = a2 (J/A n cot§> =R%(¥2nsinv) =r2 (n tan E)
n v Area Area Area R R a a r r
a2 R? r2 a r R r R a
3 120° 0.4330 1.299 5.196 0.5774 2.000 1.732 3.464 0.5000 0.2887
4 90° 1.000 2.000 4.000 0.7071 1414 1414 2.000 0.7071 0.5000
5 72° 1721 2.378 3.633 0.8507 1.236 1.176 1.453 0.8090 0.6882
6 60° 2.598 2.598 3.464 1.0000 1.155 1.000 1.155 0.8660 0.8660
7 51°.43 3.634 2.736 3371 1.152 1.110 0.8678 0.9631 0.9010 1.038
8 45° 4.828 2.828 3.314 1.307 1.082 0.7654 0.8284 0.9239 1.207
9 40° 6.182 2.893 3.276 1.462 1.064 0.6840 0.7279 0.9397 1.374
10 36° 7.694 2.939 3.249 1.618 1.052 0.6180 0.6498 0.9511 1.539
12 30° 11.20 3.000 3215 1.932 1.035 0.5176 0.5359 0.9659 1.866
15 24° 17.64 3.051 3.188 2.405 1.022 0.4158 0.4251 0.9781 2.352
16 22°.50 20.11 3.062 3.183 2.563 1.020 0.3902 0.3978 0.9808 2514
20 18° 3157 3.090 3.168 3.196 1.013 0.3129 0.3168 0.9877 3.157
24 15° 4558 3.106 3.160 3.831 1.009 0.2611 0.2633 0.9914 3.798
32 11°.25 81.23 3.121 3.152 5.101 1.005 0.1960 0.1970 0.9952 5.077
48 7°.50 183.1 3.133 3.146 7.645 1.002 0.1308 0.1311 0.9979 7.629
64 5°.625 325.7 3.137 3.144 10.19 1.001 0.0981 0.0983 0.9968 10.18

Table 1.1.4 Binomial Coefficients

n(n—1 n(n — 1)(n — 2 : nn—1)(n—=2)---[n—(r — 1 . n

Mo=1 (N)y=n (n),= (1 < 2) (n); = ( T 2)(>< 3 ) etc. in general (n), = ( 1)>(< ™ )3 < .[. - ><(r )]. Other notations: nC, = (r) = (n),

n (Mo (M2 (n)2 (Ms (M4 (Ms (Ms ()7 (Ms (Ms (M1o (Mwu (M2 (Mas
1 1 S H N A B BT L AL SRCEECN AEUL ICTCRN SECUUN BN
2 1 2 1 ..................................................................
3 1 3 3 l ............................................................
4 1 4 6 4 l ......................................................
5 1 5 10 10 5 1 ................................................
6 1 6 15 20 15 6 N B A LU AL BTN BTN N
7 1 7 21 35 35 21 7 N S A L L AL SRR
8 1 8 28 56 70 56 28 8 1 ..............................
9 1 g 36 84 126 126 84 36 9 1 ........................
10 1 10 45 120 210 252 210 120 45 10 1| ] | e
11 1 11 55 165 330 462 462 330 165 55 11 I A
12 1 12 66 220 495 792 924 792 495 220 66 12 i
13 1 13 78 286 715 1287 1716 1716 1287 715 286 78 13 1
14 1 14 91 364 1001 2002 3003 3432 3003 2002 1001 364 91 14
15 1 15 105 455 1365 3003 5005 6435 6435 5005 3003 1365 455 105

NoOTE: For n = 14, (n)y4 = 1; for n = 15, (n)y, = 15, and (n);5 = 1.
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MATHEMATICAL TABLES 1-5

Table 1.1.5 Compound Interest. Amount of a Given Principal
The amount A at the end of n years of a given principal P placed at compound interest today isA = P X xor A = P Xy, according as the interest (at the rate of r
percent per annum) is compounded annually, or continuously; the factor x or y being taken from the following tables.

Years r==6 8 10 12 14 16 18 20 22
Values of x (interest compounded annually: A = P X x)
1 1.0600 1.0800 1.1000 1.1200 1.1400 1.1600 1.1800 1.2000 1.2200
2 1.1236 1.1664 1.2100 1.2544 1.2996 1.3456 1.3924 1.4400 1.4884
3 1.1910 1.2597 1.3310 1.4049 1.4815 1.5609 1.6430 1.7280 1.8158
4 1.2625 1.3605 1.4641 15735 1.6890 1.8106 1.9388 2.0736 2.2153
5 1.3382 1.4693 1.6105 1.7623 1.9254 2.1003 2.2878 2.4883 2.7027
6 1.4185 1.5869 1.7716 1.9738 2.1950 2.4364 2.6996 2.9860 3.2973
7 1.5036 1.7138 1.9487 2.2107 2.5023 2.8262 3.1855 3.5832 4.0227
8 1.5938 1.8509 2.1436 2.4760 2.8526 3.2784 3.7589 4.2998 4.9077
9 1.6895 1.9990 2.3579 27731 3.2519 3.8030 4.4355 5.1598 5.9874
10 1.7908 2.1589 2.5937 3.1058 3.7072 4.4114 5.2338 6.1917 7.3046
1 1.8983 2.3316 2.8531 3.4786 4.2262 51173 6.1759 7.4301 8.9117
12 2.0122 25182 3.1384 3.8960 4.8179 5.9360 7.2876 89161 10.872
13 21329 2.7196 3.4523 4.3635 5.4924 6.8858 8.5994 10.699 13.264
14 2.2609 2.9372 3.7975 4.8871 6.2613 7.9875 10.147 12.839 16.182
15 2.3966 3.1722 41772 5.4736 7.1379 9.2655 11.974 15.407 19.742
16 2.5404 3.4259 4.5950 6.1304 8.1372 10.748 14.129 18.488 24.086
17 2.6928 3.7000 5.0545 6.8660 9.2765 12.468 16.672 22.186 29.384
18 2.8543 3.9960 5.5599 7.6900 10.575 14.463 19.673 26.623 35.849
19 3.0256 4.3157 6.1159 8.6128 12.056 16.777 23.214 31.948 43.736
20 3.2071 4.6610 6.7275 9.6463 13.743 19.461 27.393 38.338 53.358
25 4.2919 6.8485 10.835 17.000 26.462 40.874 62.669 95.396 144.21
30 5.7435 10.063 17.449 29.960 50.950 85.850 143.37 237.38 389.76
40 10.286 21.725 45.259 93.051 188.88 378.72 750.38 1469.8 2847.0
50 18.420 46.902 117.39 289.00 700.23 1670.7 3927.4 9100.4 20796.6
60 32.988 101.26 304.48 897.60 2595.9 7370.2 20555.1 56347.5 151911.2

NOTE: This table is computed from the formulax = [1 + (r/100)]".
Years r==6 8 10 12 14 16 18 20 22

Values of y (interest compounded continuously: A = P X y)

1 1.0618 1.0833 1.1052 1.1275 1.1503 1.1735 1.1972 1.2214 1.2461
2 1.1275 11735 1.2214 1.2712 1.3231 1.3771 1.4333 1.4918 1.5527
3 1.1972 1.2712 1.3499 1.4333 1.5220 1.6161 1.7160 1.8221 1.9348
4 1.2712 1.3771 1.4918 1.6161 1.7507 1.8965 2.0544 2.2255 2.4109
5 1.3499 1.4918 1.6487 1.8221 2.0138 2.2255 2.4596 2.7183 3.0042
6 1.4333 1.6161 1.8221 2.0544 2.3164 2.6117 2.9447 3.3201 3.7434
7 1.5220 1.7507 2.0138 2.3164 2.6645 3.0649 3.5254 4.0552 4.6646
8 1.6161 1.8965 2.2255 26117 3.0649 3.5966 4.2207 4.9530 5.8124
9 1.7160 2.0544 2.4596 2.9447 3.5254 4.2207 5.0531 6.0496 7.2427
10 1.8221 2.2255 2.7183 3.3201 4.0552 4.9530 6.0496 7.3891 9.0250
11 1.9348 2.4109 3.0042 3.7434 4.6646 5.8124 7.2427 9.0250 11.246
12 2.0544 26117 3.3201 4.2207 5.3656 6.8210 8.6711 11.023 14.013
13 2.1815 2.8292 3.6693 4.7588 6.1719 8.0045 10.381 13.464 17.462
14 2.3164 3.0649 4.0552 5.3656 7.0993 9.3933 12.429 16.445 21.758
15 2.4596 3.3201 4.4817 6.0496 8.1662 11.023 14.880 20.086 27.113
16 2.6117 3.5966 4.9530 6.8210 9.3933 12.936 17.814 24.533 33.784
17 27732 3.8962 5.4739 7.6906 10.805 15.180 21.328 29.964 42.098
18 2.9447 4.2207 6.0496 8.6711 12.429 17.814 25.534 36.598 52.457
19 3.1268 4.5722 6.6859 9.7767 14.296 20.905 30.569 44.701 65.366
20 3.3201 4.9530 7.3891 11.023 16.445 24533 36.598 54.598 81.451
25 4.4817 7.3891 12.182 20.086 33.115 54.598 90.017 14841 244.69
30 6.0496 11.023 20.086 36.598 66.686 12151 22141 403.43 735.10
40 11.023 24.533 54.598 121.51 270.43 601.85 1339.4 2981.0 6634.2
50 20.086 54.598 148.41 403.43 1096.6 2981.0 8103.1 22026.5 59874.1
60 36.598 12151 403.43 1339.4 4447.1 14764.8 49020.8 162754.8 540364.9

FORMULA: y = (f/100)xn,
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Table 1.1.6 Principal Which Will Amount to a Given Sum

The principal P, which, if placed at compound interest today, will amount to a given sum A at theend of nyearsP = A X x' or P =
A X y', according as the interest (at the rate of r percent per annum) is compounded annually, or continuously; the factor x’ or y’
being taken from the following tables.

Years r==6 8 10 12 14 16 18 20 22

Values of x' (interest compounded annualy: P = A X Xx')

1 .94340 .92593 .90909 .89286 87719 .86207 .84746 .83333 .81967
2 .89000 .85734 .82645 79719 .76947 74316 71818 .69444 .67186
3 .83962 79383 75131 71178 .67497 .64066 .60863 .57870 .55071
4 79209 73503 .68301 .63552 .59208 55229 51579 48225 45140
5 74726 .68058 .62092 56743 .51937 47611 43711 40188 .37000
6 .70496 .63017 .56447 .50663 45559 41044 37043 .33490 .30328
7 66506 58349 51316 45235 .39964 .35383 31393 .27908 .24859
8 62741 .54027 46651 40388 .35056 .30503 .26604 .23257 .20376
9 .59190 .50025 42410 .36061 .30751 .26295 .22546 .19381 .16702
10 .55839 46319 .38554 .32197 .26974 .22668 .19106 16151 .13690
11 52679 42888 .35049 .28748 .23662 19542 16192 13459 11221
12 49697 39711 .31863 .25668 .20756 .16846 13722 11216 .09198
13 .46884 .36770 .28966 .22917 .18207 .14523 .11629 .09346 .07539
14 44230 .34046 .26333 .20462 15971 12520 .09855 .07789 .06180
15 41727 31524 .23939 18270 .14010 10793 .08352 .06491 .05065
16 .39365 .29189 21763 16312 12289 .09304 .07078 .05409 .04152
17 37136 27027 19784 .14564 .10780 .08021 .05998 .04507 .03403
18 .35034 .25025 .17986 .13004 .09456 .06914 .05083 .03756 .02789
19 .33051 23171 .16351 11611 .08295 .05961 .04308 .03130 .02286
20 .31180 .21455 .14864 .10367 07276 .05139 .03651 .02608 .01874
25 .23300 .14602 .09230 .05882 .03779 .02447 .01596 .01048 .00693
30 17411 .09938 .05731 .03338 .01963 .01165 .00697 .00421 .00257
40 .09722 .04603 .02209 .01075 .00529 .00264 .00133 .00068 .00035
50 .05429 .02132 .00852 .00346 .00143 .00060 .00025 .00011 .00005
60 .03031 .00988 .00328 .00111 .00039 .00014 .00005 .00002 .00001
FORMULA: X' = [1 + (r/100)] ™" = 1/x.
Years r==6 8 10 12 14 16 18 20 22
Values of y' (interest compounded continuously: P = A X y')
1 .94176 92312 .90484 .88692 .86936 .85214 .83527 .81873 .80252
2 .88692 .85214 .81873 .78663 .75578 72615 .69768 .67032 .64404
3 .83527 78663 74082 .69768 .65705 .61878 .58275 .54881 .51685
4 78663 72615 .67032 .61878 57121 52729 48675 44933 41478
5 74082 .67032 .60653 .54881 49659 44933 40657 .36788 .33287
6 .69768 .61878 .54881 48675 43171 .38289 .33960 .30119 26714
7 65705 57121 49659 43171 .37531 32628 .28365 .24660 .21438
8 .61878 52729 44933 .38289 .32628 .27804 .23693 .20190 17204
9 .58275 48675 40657 .33960 .28365 .23693 .19790 .16530 .13807
10 .54881 44933 .36788 .30119 .24660 .20190 .16530 .13534 .11080
11 .51685 41478 .33287 26714 .21438 17204 13807 .11080 .08892
12 48675 .38289 .30119 .23693 .18637 .14661 .11533 .09072 .07136
13 .45841 .35345 27253 .21014 .16203 .12493 .09633 .07427 .05727
14 43171 .32628 .24660 .18637 .14086 .10646 .08046 .06081 .04596
15 40657 30119 22313 16530 12246 .09072 .06721 .04979 .03688
16 .38289 .27804 .20190 .14661 .10646 .07730 .05613 .04076 .02960
17 36059 .25666 .18268 .13003 .09255 .06587 .04689 .03337 .02375
18 .33960 .23693 .16530 .11533 .08046 .05613 .03916 .02732 .01906
19 .31982 .21871 .14957 .10228 .06995 .04783 .03271 .02237 .01530
20 .30119 .20190 13534 .09072 .06081 .04076 .02732 .01832 .01228
25 22313 13534 .08208 .04979 .03020 .01832 01111 .00674 .00409
30 .16530 .09072 .04979 .02732 .01500 .00823 .00452 .00248 .00136
40 .09072 .04076 .01832 .00823 .00370 .00166 .00075 .00034 .00015
50 .04979 .01832 .00674 .00248 .00091 .00034 .00012 .00005 .00002
60 .02732 .00823 .00248 .00075 .00022 .00007 .00002 .00001 .00000

FORMULA: y' = e (7100)xn = 1/y
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Table 1.1.7 Amount of an Annuity
The amount S accumulated at the end of n years by a given annual payment Y set aside at the end of each year isS= Y X v, where the factor v is to be taken from the
following table (interest at r percent per annum, compounded annualy).

Years r==6 8 10 12 14 16 18 20 22
Values of v
1 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2 2.0600 2.0800 2.1000 2.1200 2.1400 2.1600 2.1800 2.2000 2.2200
3 3.1836 3.2464 3.3100 3.3744 3.439%6 3.5056 35724 3.6400 3.7084
4 4.3746 4.5061 4.6410 4.7793 49211 5.0665 52154 5.3680 5.5242
5 5.6371 5.8666 6.1051 6.3528 6.6101 6.8771 7.1542 7.4416 7.7396
6 6.9753 7.3359 7.7156 8.1152 8.5355 8.9775 9.4420 9.9299 10.442
7 8.3938 8.9228 9.4872 10.089 10.730 11414 12.142 12.916 13.740
8 9.8975 10.637 11.436 12.300 13.233 14.240 15.327 16.499 17.762
9 11.491 12.488 13.579 14.776 16.085 17.519 19.086 20.799 22.670
10 13.181 14.487 15.937 17.549 19.337 21.321 23.521 25.959 28.657
11 14.972 16.645 18.531 20.655 23.045 25.733 28.755 32.150 35.962
12 16.870 18.977 21.384 24.133 27.271 30.850 34.931 39.581 44.874
13 18.882 21.495 24.523 28.029 32.089 36.786 42219 48.497 55.746
14 21.015 24.215 27.975 32.393 37.581 43.672 50.818 59.196 69.010
15 23.276 27.152 31.772 37.280 43.842 51.660 60.965 72.035 85.192
16 25.673 30.324 35.950 42.753 50.980 60.925 72.939 87.442 104.93
17 28.213 33.750 40.545 48.884 59.118 71.673 87.068 105.93 129.02
18 30.906 37.450 45.599 55.750 68.394 84.141 103.74 128.12 158.40
19 33.760 41.446 51.159 63.440 78.969 98.603 123.41 154.74 194.25
20 36.786 45.762 57.275 72.052 91.025 115.38 146.63 186.69 237.99
25 54.865 73.106 98.347 133.33 181.87 249.21 342.60 471.98 650.96
30 79.058 113.28 164.49 241.33 356.79 530.31 790.95 1181.9 1767.1
40 154.76 259.06 422.59 767.09 1342.0 2360.8 4163.2 7343.9 12936.5
50 290.34 573.77 11639 2400.0 4994.5 10435.6 21813.1 45497.2 94525.3
60 533.13 1253.2 3034.8 7471.6 18535.1 46057.5 114189.7 281732.6 690501.0

FORMULA: v {[1 + (r/100)]" — 1} = (r/100) = (x — 1) + (r/100).

Table 1.1.8 Annuity Which Will Amount to a Given Sum (Sinking Fund)
The annua payment Y which, if set aside at the end of each year, will amount with accumulated interest to a given sum Sat the end of nyearsisY = SX v/, where
the factor v’ is given below (interest at r percent per annum, compounded annually).

Years r==6 8 10 12 14 16 18 20 22
Values of V'
1 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
2 48544 48077 47619 47170 46729 46296 45872 45455 45045
3 .31411 30803 .30211 .29635 .29073 .28526 .27992 27473 26966
4 .22859 22192 .21547 .20923 .20320 19738 19174 .18629 18102
5 17740 17046 .16380 15741 15128 14541 13978 .13438 12921
6 .14336 13632 12961 12323 11716 11139 10591 .10071 09576
7 11914 11207 10541 .09912 .09319 .08761 .08236 .07742 07278
8 .10104 .09401 .08744 .08130 .07557 .07022 .06524 .06061 .05630
9 .08702 08008 .07364 .06768 .06217 .05708 .05239 .04808 .04411
10 .07587 06903 .06275 .05698 .05171 .04690 .04251 .03852 .03489
1 .06679 06008 .05396 .04842 .04339 .03886 .03478 03110 02781
12 .05928 05270 .04676 .04144 .03667 .03241 .02863 02526 02228
13 .05296 04652 .04078 .03568 .03116 .02718 .02369 02062 01794
14 .04758 04130 .03575 .03087 .02661 .02290 .01968 01689 01449
15 .04296 03683 .03147 .02682 .02281 .01936 .01640 01388 01174
16 .03895 03298 .02782 .02339 .01962 .01641 .01371 .01144 00953
17 .03544 02963 .02466 .02046 .01692 .01395 .01149 .00944 00775
18 .03236 02670 .02193 .01794 .01462 .01188 .00964 00781 00631
19 .02962 02413 .01955 .01576 .01266 .01014 .00810 00646 .00515
20 .02718 02185 .01746 .01388 .01099 .00867 .00682 00536 .00420
25 .01823 01368 .01017 .00750 00550 .00401 .00292 .00212 .00154
30 .01265 00883 .00608 .00414 00280 .00189 .00126 .00085 .00057
40 .00646 .00386 .00226 00130 00075 .00042 .00024 .00014 .00008
50 .00344 .00174 .00086 00042 00020 .00010 .00005 .00002 .00001
60 .00188 .00080 .00033 00013 00005 .00002 .00001 .00000 .00000

FORMULA: V' = (r/100) = {[1 + (r/100)]" — 1} = 1/v.
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Table 1.1.9 Present Worth of an Annuity
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The capital C which, if placed at interest today, will provide for a given annua payment Y for aterm of n years before it is exhausted is C = Y X w, where the factor
w is given below (interest at r percent per annum, compounded annually).

Years r=6 8 10 12 14 16 18 20 22
Values of w
1 .94340 92590 .90910 .89290 87720 .86210 .84750 .83330 81970
2 1.8334 1.7833 1.7355 1.6901 1.6467 1.6052 1.5656 1.5278 1.4915
3 2.6730 25771 2.4869 2.4018 2.3216 2.2459 2.1743 2.1065 2.0422
4 3.4651 3.3121 3.1699 3.0373 29137 2.7982 2.6901 2.5887 2.4936
5 4.2124 3.9927 3.7908 3.6048 3.4331 3.2743 3.1272 2.9906 2.8636
6 49173 4.6229 4.3553 41114 3.8887 3.6847 3.4976 3.3255 3.1669
7 5.5824 5.2064 4.8684 4.5638 4.2883 4.0386 3.8115 3.6046 3.4155
8 6.2098 5.7466 5.3349 4.9676 4.6389 4.3436 4.0776 3.8372 3.6193
9 6.8017 6.2469 5.7590 5.3282 4.9464 4.6065 4.3030 4.0310 3.7863
10 7.3601 6.7101 6.1446 5.6502 52161 4.8332 4.4941 4.1925 3.9232
11 7.8869 7.1390 6.4951 5.9377 5.4527 5.0286 4.6560 4.3271 4.0354
12 8.3838 7.5361 6.8137 6.1944 5.6603 5.1971 4.7932 4.4392 41274
13 8.8527 7.9038 7.1034 6.4235 5.8424 5.3423 4.9095 45327 4.2028
14 9.2950 8.2442 7.3667 6.6282 6.0021 5.4675 5.0081 4.6106 4.2646
15 9.7122 8.5595 7.6061 6.8109 6.1422 5.5755 5.0916 4.6755 4.3152
16 10.106 8.8514 7.8237 6.9740 6.2651 5.6685 5.1624 4.7296 4.3567
17 10.477 9.1216 8.0216 7.1196 6.3729 5.7487 5.2223 4.7746 4.3908
18 10.828 9.3719 8.2014 7.2497 6.4674 5.8178 5.2732 4.8122 4.4187
19 11.158 9.6036 8.3649 7.3658 6.5504 5.8775 5.3162 4.8435 4.4415
20 11.470 9.8181 85136 7.4694 6.6231 5.9288 5.3527 4.8696 4.4603
25 12.783 10.675 9.0770 7.8431 6.8729 6.0971 5.4669 4.9476 45139
30 13.765 11.258 9.4269 8.0552 7.0027 6.1772 5.5168 4.9789 45338
40 15.046 11.925 9.7791 8.2438 7.1050 6.2335 5.5482 4.9966 4.5439
50 15.762 12.233 9.9148 8.3045 7.1327 6.2463 5.5541 4.9995 4.5452
60 16.161 12.377 9.9672 8.3240 7.1401 6.2492 5.5553 4.9999 4.5454

FORMULA: w = {1 — [1 + (r/100)] ~"} +[r/100] = Vv/x.

Table 1.1.10 Annuity Provided for by a Given Capital

The annual payment Y provided for aterm of n years by a given capital C placed at interest today isY = C X w' (interest at r percent per annum, compounded annu-

ally; the fund supposed to be exhausted at the end of the term).

Years r==6 8 10 12 14 16 18 20 22
Values of w'
1 1.0600 1.0800 1.1000 1.1200 1.1400 1.1600 1.1800 1.2000 1.2200
2 54544 .56077 57619 .59170 .60729 .62296 .63872 .65455 .67045
3 37411 .38803 40211 41635 43073 44526 45992 AT473 48966
4 .28859 .30192 .31547 .32923 .34320 .35738 37174 .38629 140102
5 .23740 .25046 .26380 27741 29128 .30541 .31978 .33438 34921
6 .20336 21632 22961 24323 .25716 27139 .28591 .30071 .31576
7 17914 19207 .20541 21912 .23319 24761 .26236 27742 .29278
8 16104 17401 18744 20130 21557 .23022 .24524 .26061 .27630
9 .14702 .16008 17364 .18768 .20217 .21708 .23239 .24808 .26411
10 .13587 14903 .16275 .17698 19171 .20690 22251 .23852 .25489
11 .12679 14008 .15396 .16842 .18339 .19886 .21478 .23110 24781
12 .11928 13270 .14676 .16144 .17667 .19241 .20863 .22526 .24228
13 11296 12652 .14078 .15568 17116 .18718 .20369 .22062 .23794
14 .10758 12130 13575 .15087 .16661 .18290 .19968 .21689 .23449
15 .10296 11683 13147 .14682 16281 17936 .19640 .21388 23174
16 .09895 11298 12782 .14339 15962 17641 19371 21144 22953
17 .09544 10963 12466 .14046 .15692 17395 19149 .20944 22775
18 .09236 .10670 .12193 .13794 .15462 .17188 .18964 .20781 .22631
19 .08962 .10413 .11955 .13576 .15266 17014 .18810 .20646 .22515
20 .08718 10185 11746 .13388 .15099 .16867 .18682 .20536 .22420
25 .07823 .09368 .11017 .12750 .14550 .16401 .18292 .20212 .22154
30 .07265 .08883 .10608 12414 .14280 .16189 18126 .20085 .22057
40 .06646 .08386 .10226 12130 .14075 .16042 .18024 .20014 .22008
50 .06344 .08174 .10086 12042 .14020 .16010 .18005 .20002 .22001
60 .06188 .08080 .10033 .12013 .14005 .16002 .18001 .20000 .22000

FORMULA: W' = [r/100] + {1 — [1 + (r/100)] "} = Lw = V' + (r/100).
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Table 1.1.11 Ordinates of the Normal Density Function

1
f = —— @ X2
®=—=e

21
X .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
.0 .3989 .3989 .3989 .3988 .3986 .3984 .3982 .3980 .3977 .3973
1 .3970 .3965 .3961 .3956 .3951 .3945 .3939 .3932 .3925 .3918
2 .3910 .3902 .3894 .3885 .3876 .3867 .3857 .3847 .3836 .3825
3 .3814 .3802 .3790 3778 .3765 .3752 .3739 3725 3712 .3697
4 .3683 .3668 .3653 .3637 .3621 .3605 .3589 .3572 .3555 .3538
5 .3521 .3503 .3485 .3467 .3448 .3429 .3410 .3391 .3372 .3352
.6 .3332 .3312 .3292 3271 .3251 .3230 .3209 .3187 .3166 3144
7 3123 .3101 .3079 .3056 .3034 .3011 .2989 .2966 .2943 .2920
.8 .2897 .2874 .2850 .2827 .2803 .2780 2756 2732 .2709 .2685
9 .2661 .2637 .2613 .2589 .2565 .2541 .2516 .2492 .2468 2444
10 .2420 .239%6 2371 2347 .2323 .2299 2275 2251 2227 .2203
11 .2179 .2155 2131 .2107 .2083 .2059 .2036 .2012 .1989 .1965
12 1942 .1919 .1895 .1872 .1849 .1826 .1804 1781 1758 1736
13 1714 .1691 .1669 .1647 .1626 .1604 .1582 1561 .1539 .1518
14 .1497 1476 .1456 .1435 1415 1394 1374 1354 1334 1315
15 1295 1276 .1257 1238 1219 .1200 .1182 1163 1154 1127
16 .1109 .1092 1074 .1057 .1040 .1023 .1006 .0989 .0973 .0957
17 .0940 .0925 .0909 .0893 .0878 .0863 .0848 .0833 .0818 .0804
18 .0790 .0775 .0761 .0748 0734 .0721 .0707 .0694 .0681 .0669
19 .0656 .0644 .0632 .0620 .0608 .0596 .0584 .0573 .0562 .0551
2.0 .0540 .0529 .0519 .0508 .0498 .0488 .0478 .0468 .0459 .0449
21 .0440 .0431 .0422 .0413 .0404 .0396 .0387 .0379 .0371 .0363
22 .0355 .0347 .0339 .0332 .0325 .0317 .0310 .0303 .0297 .0290
23 .0283 .0277 .0270 .0264 .0258 .0252 .0246 .0241 .0235 .0229
2.4 .0224 .0219 .0213 .0208 .0203 .0198 .0194 .0189 .0184 .0180
25 0175 .0171 .0167 .0163 .0158 .0154 .0151 .0147 .0143 .0139
2.6 .0136 .0132 .0129 .0126 .0122 .0119 .0116 .0113 .0110 .0107
2.7 .0104 .0101 .0099 .0096 .0093 .0091 .0088 .0086 .0084 .0081
2.8 .0079 .0077 .0075 .0073 .0071 .0069 .0067 .0065 .0063 .0061
29 .0060 .0058 .0056 .0055 .0053 .0051 .0050 .0048 .0047 .0046
3.0 .0044 .0043 .0042 .0040 .0039 .0038 .0037 .0036 .0035 .0034
31 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026 .0025 .0025
32 .0024 .0023 .0022 .0022 .0021 .0020 .0020 .0019 .0018 .0018
33 .0017 .0017 .0016 .0016 .0015 .0015 .0014 .0014 .0013 .0013
3.4 .0012 .0012 .0012 .0011 .0011 .0010 .0010 .0010 .0009 .0009
35 .0009 .0008 .0008 .0008 .0008 .0007 .0007 .0007 .0007 .0006
3.6 .0006 .0006 .0006 .0005 .0005 .0005 .0005 .0005 .0005 .0004
37 .0004 .0004 .0004 .0004 .0004 .0004 .0003 .0003 .0003 .0003
38 .0003 .0003 .0003 .0003 .0003 .0002 .0002 .0002 .0002 .0002
39 .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0001 .0001

NOTE: x is the vaue in left-hand column + the value in top row.
f(x) is the value in the body of the table. Example: x = 2.14; f(x) = 0.0404.
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Table 1.1.12 Cumulative Normal Distribution
x 1
F(x) = J' — 2 gt
o
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— 27
X .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
.0 .5000 .5040 .5080 5120 .5160 .5199 5239 5279 .5319 .5359
1 .5398 .5438 5478 5517 5557 5596 .5636 5675 5714 5735
2 .5793 .5832 5871 .5910 .5948 .5987 .6026 .6064 .6103 .6141
3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 .6517
4 .6554 .6591 .6628 .6664 .6700 6736 6772 .6808 .6844 .6879
5 .6915 .6950 .6985 .7019 7054 7088 7123 7157 7190 7224
.6 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
7 .7580 7611 7642 7673 7703 7734 7764 7793 7823 .7852
8 7881 7910 .7939 7967 7995 .8023 .8051 .8078 .8106 .8133
9 .8159 .8186 8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389
1.0 .8413 .8438 .8461 .8485 .8508 .8531 .8554 .8577 .8599 .8621
11 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830
12 .8849 .8869 .8888 .8906 .8925 .8943 .8962 .8980 .8997 .9015
13 .9032 .9049 .9066 .9082 .9099 9115 9131 .9147 .9162 9177
14 .9192 .9207 .9222 .9236 .9251 .9265 .9279 .9292 .9306 9319
15 .9332 .9345 .9357 .9370 .9382 .939%4 .9406 .9418 .9429 .9441
16 .9452 .9463 .9474 .9484 .9495 .9505 .9515 .9525 .9535 .9545
17 .9554 .9564 .9573 .9582 .9591 .9599 .9608 .9616 .9625 9633
18 .9641 .9649 .9656 .9664 9671 .9678 .9686 9693 .9699 .9706
19 9713 9719 .9726 9732 9738 9744 .9750 9756 9761 9767
20 9772 9778 .9783 .9788 .9793 .9798 .9803 9808 .9812 .9817
21 .9812 .9826 .9830 .9834 .9838 .9842 .9846 9850 .9854 .9857
22 .9861 .9864 .9868 .9871 .9875 .9878 .9881 .9884 .9887 .9890
23 .9893 .9896 .9898 .9901 .9904 .9906 .9909 9911 .9913 9916
24 .9918 .9920 .9922 .9925 .9927 .9929 .9931 .9932 .9934 .9936
25 .9938 .9940 .9941 .9943 .9945 .9946 .9948 .9949 .9951 .9952
26 .9953 .9955 .9956 .9957 .9959 .9960 .9961 .9962 .9963 .9964
27 .9965 .9966 .9967 .9968 .9969 .9970 .9971 .9972 .9973 .9974
28 9974 .9975 .9976 .9977 .9977 9978 .9979 .9979 .9980 .9981
29 .9981 .9982 .9982 .9983 .9984 .9984 .9985 9985 .9986 .9986
3.0 .9986 .9987 .9987 .9988 .9988 .9989 .9989 .9989 .9990 .9990
31 .9990 9991 .9991 .9991 .9992 .9992 .9992 .9992 .9993 9993
32 .9993 .9993 .9994 .9994 .9994 .9994 .9994 .9995 .9995 .9995
33 .9995 .9995 .9995 .9996 .9996 .9996 .9996 .9996 .9996 .9997
34 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9998

NOTE: x = (a — w)/o where ais the observed value, u is the mean, and o is the standard deviation.

x isthe value in the left-hand column + the value in the top row.
F(x) is the probability that a point will be less than or equal to x.
F(x) isthe value in the body of the table. Example: The probability that an observation will be less than or equal to 1.04 is .8508.

NOTE: F(—x) = 1 — F(X).
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Table 1.1.13 Cumulative Chi-Square Distribution

t x(N—2)/2e-X2 dy
FO = L 272[(n — 2)/2]!

F
n .005 .010 .025 .050 .100 .250 .500 .750 .900 .950 975 .990 .995
1 .000039 .00016 .00098 .0039 .0158 101 455 1.32 2.70 3.84 5.02 6.62 7.86
2 .0100 .0201 .0506 .103 211 .575 1.39 277 4.61 5.99 7.38 9.21 10.6
3 0717 155 .216 .352 .584 121 2.37 411 6.25 7.81 9.35 113 12.8
4 .207 297 484 711 1.06 1.92 3.36 5.39 7.78 9.49 111 133 14.9
5 412 .554 .831 115 1.61 2.67 435 6.63 9.24 111 12.8 151 16.7
6 676 .872 124 1.64 2.20 3.45 535 7.84 10.6 12.6 144 16.8 185
7 .989 124 1.69 217 2.83 4.25 6.35 9.04 12.0 141 16.0 185 20.3
8 134 1.65 218 2.73 3.49 5.07 7.34 10.2 134 155 17.5 20.1 22.0
9 1.73 2.09 2.70 3.33 417 5.90 8.34 114 14.7 16.9 19.0 217 236
10 2.16 2.56 3.25 3.94 4.87 6.74 9.34 125 16.0 18.3 205 232 252
11 2.60 3.05 3.82 4.57 5.58 7.58 10.3 13.7 17.3 19.7 219 247 26.8
12 3.07 3.57 4.40 523 6.30 8.44 113 14.8 18.5 210 233 26.2 283
13 357 4.11 5.01 5.89 7.04 9.30 12.3 16.0 19.8 224 24.7 217 29.8
14 4.07 4.66 5.63 6.57 7.79 10.2 133 171 211 23.7 26.1 29.1 31.3
15 4.60 523 6.26 7.26 8.55 110 143 18.2 22.3 25.0 275 30.6 32.8
16 514 5.81 6.91 7.96 9.31 119 153 19.4 235 26.3 28.8 32.0 343
17 5.70 6.41 7.56 8.67 10.1 12.8 16.3 20.5 24.8 27.6 30.2 334 35.7
18 6.26 7.01 8.23 9.39 10.9 13.7 17.3 216 26.0 289 315 34.8 37.2
19 6.84 7.63 8.91 10.1 11.7 14.6 18.3 227 272 30.1 329 36.2 38.6
20 7.43 8.26 9.59 10.9 124 155 193 23.8 28.4 314 34.2 37.6 40.0
21 8.03 8.90 10.3 11.6 13.2 16.3 203 249 29.6 327 355 38.9 414
22 8.64 9.54 110 12.3 14.0 17.2 21.3 26.0 30.8 33.9 36.8 40.3 42.8
23 9.26 10.2 117 131 14.8 18.1 22.3 271 32.0 35.2 38.1 41.6 44.2
24 9.89 10.9 12.4 138 15.7 19.0 233 28.2 33.2 36.4 39.4 43.0 45.6
25 10.5 115 131 14.6 16.5 19.9 24.3 293 344 37.7 40.6 443 46.9
26 11.2 12.2 138 154 17.3 20.8 253 30.4 35.6 38.9 41.9 45.6 48.3
27 11.8 12.9 14.6 16.2 18.1 217 26.3 315 36.7 40.1 432 47.0 49.6
28 12.5 13.6 153 16.9 18.9 227 273 326 379 413 445 48.3 51.0
29 131 143 16.0 177 19.8 23.6 28.3 33.7 39.1 42.6 45.7 49.6 52.3
30 138 15.0 16.8 185 20.6 245 29.3 348 40.3 43.8 47.0 50.9 53.7

NOTE: n is the number of degrees of freedom.
Values for t are in the body of the table. Example: The probability that, with 16 degrees of freedom, a point will be = 23.5 is .900.
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Table 1.1.14 Cumulative “Student’s” Distribution
(n — 1) \
t 2 °
F@) = f n—2 o X2\ (0+172 dx
7m< )l\/wn(l+—>
2 n
F

\ 75 .90 .95 975 .99 .995 .9995
1 1.000 3.078 6.314 12.70 31.82 63.66 636.3
2 .816 1.886 2.920 4.303 6.965 9.925 31.60
3 .765 1.638 2.353 3.182 4.541 5.841 12.92
4 741 1.533 2132 2.776 3.747 4.604 8.610
5 727 1.476 2.015 2571 3.365 4.032 6.859
6 718 1.440 1.943 2447 3.143 3.707 5.959
7 711 1.415 1.895 2.365 2.998 3.499 5.408
8 .706 1.397 1.860 2.306 2.896 3.355 5.041
9 .703 1.383 1.833 2.262 2.821 3.250 4781
10 .700 1.372 1.812 2.228 2.764 3.169 4.587
11 .697 1.363 1.796 2.201 2.718 3.106 4.437
12 .695 1.356 1.782 2179 2.681 3.055 4.318
13 .694 1.350 1771 2.160 2.650 3.012 4221
14 .692 1.345 1.761 2.145 2.624 2977 4.140
15 .691 1.341 1.753 2131 2.602 2.947 4.073
16 .690 1.337 1.746 2.120 2.583 2921 4.015
17 .689 1.333 1.740 2.110 2.567 2.898 3.965
18 .688 1.330 1.734 2.101 2.552 2.878 3.922
19 .688 1.328 1.729 2.093 2.539 2.861 3.883
20 .687 1.325 1.725 2.086 2.528 2.845 3.850
21 .686 1.323 1721 2.080 2518 2.831 3.819
22 .686 1.321 1717 2.074 2.508 2.819 3.792
23 .685 1.319 1714 2.069 2.500 2.807 3.768
24 .685 1.318 1711 2.064 2.492 2.797 3.745
25 .684 1.316 1.708 2.060 2.485 2.787 3.725
26 .684 1.315 1.706 2.056 2479 2.779 3.707
27 .684 1.314 1.703 2.052 2473 2771 3.690
28 .683 1.313 1.701 2.048 2.467 2.763 3.674
29 .683 1311 1.699 2.045 2.462 2.756 3.659
30 .683 1.310 1.697 2.042 2.457 2.750 3.646
40 .681 1.303 1.684 2.021 2423 2.704 3.551
60 .679 1.296 1671 2.000 2.390 2.660 3.460
120 677 1.289 1.658 1.980 2.385 2.617 3.373

NOTE: n is the number of degrees of freedom.

Valuesfor t arein the body of the table. Example: The probability that, with 16 degrees of freedom, apoint will be =2.921is
.995.

NoOTE: F(—t) = 1 — F(t).
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Table 1.1.15 Cumulative F Distribution

m degrees of freedom in numerator; n in denominator

G(F) = FI(m+ n = 2)/2]'mm2nv2x(m=2)/2(n + mx)~—Mm+m/2 dx
b [(m — 2)/2]'[(n — 2)/2]!

Upper 5% points (F g5)

Degrees of freedom for numerator

1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 %o

1| 161 200 216 225 230 234 237 239 241 242 244 246 248 249 250 251 252 253 254

2 | 185 19.0 19.2 19.2 193 193 194 194 194 19.4 194 194 194 195 195 195 195 195 195

3| 101 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.74 8.70 8.66 8.64 8.62 8.59 857 8.55 853

4 | 771 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 591 5.86 5.80 5.77 5.75 572 5.69 5.66 5.63

5| 661 5.79 541 5.19 5.05 4.95 4.88 4.82 477 4.74 4.68 4.62 4.56 453 4.50 4.46 4.43 4.40 4.37

6 | 599 5.14 4.76 4.53 4.39 4.28 421 4.15 4.10 4.06 4.00 3.94 3.87 3.84 3.81 3.77 3.74 3.70 3.67

7 | 559 4.74 4.35 4.12 3.97 3.87 3.79 373 3.68 3.64 357 351 3.44 341 3.38 3.34 3.30 327 3.23

8 | 532 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.28 3.22 315 3.12 3.08 3.04 3.01 297 2.93

9 | 512 4.26 3.86 3.63 348 337 3.29 323 3.18 314 3.07 3.01 294 2.90 2.86 2.83 2.79 275 271

5 10 | 4.9 4.10 371 348 3.33 322 314 3.07 3.02 2.98 291 2.85 277 2.74 2.70 2.66 2.62 2.58 2.54
g 11 | 484 3.98 3.59 3.36 3.20 3.09 3.01 295 2.90 2.85 279 272 2.65 261 257 253 249 245 2.40
g 12 | 475 3.89 3.49 3.26 311 3.00 291 2.85 2.80 2.75 2.69 2.62 254 251 247 243 2.38 2.34 2.30
é 13 | 467 3.81 341 3.18 3.03 292 2.83 277 271 2.67 2.60 253 2.46 242 2.38 2.34 2.30 225 221
5 14 | 4.60 3.74 3.34 311 2.96 2.85 2.76 270 2.65 2.60 253 2.46 2.39 2.35 231 227 222 2.18 213
"é 15 | 454 3.68 329 3.06 2.90 279 271 2.64 2.59 254 248 2.40 233 2.29 2.25 2.20 2.16 211 2.07
'% 16 | 4.49 3.63 324 3.01 2.85 274 2.66 259 254 2.49 242 235 228 224 219 215 211 2.06 201
= 17 | 445 3.59 3.20 2.96 281 270 261 255 249 245 2.38 231 223 219 215 2.10 2.06 201 1.96
5 18 | 441 3.55 3.16 293 277 2.66 2.58 251 2.46 241 234 227 219 215 211 2.06 2.02 197 1.92
g 19 | 438 352 313 2.90 274 2.63 254 248 242 2.38 231 223 216 211 207 2.03 1.98 193 1.88
g., 20 | 435 3.49 3.10 2.87 271 2.60 251 245 2.39 235 228 2.20 212 2.08 2.04 1.99 1.95 1.90 184
o 21 | 432 347 3.07 2.84 2.68 257 249 242 2.37 2.32 2.25 218 210 2.05 2.01 1.96 1.92 187 181
22 | 430 344 3.05 2.82 2.66 2.55 246 240 2.34 2.30 223 215 2.07 2.03 1.98 194 1.89 184 178

23 | 428 3.42 3.03 2.80 2.64 253 244 237 2.32 2.27 2.20 213 2.05 201 1.96 191 1.86 181 1.76

24 | 426 3.40 3.01 2.78 2.62 251 242 2.36 2.30 225 218 211 203 1.98 1.94 1.89 184 179 173

25 | 424 3.39 2.99 2.76 2.60 249 2.40 234 2.28 224 216 2.09 201 1.96 1.92 187 182 177 171

30 | 417 3.32 2.92 2.69 2.53 242 2.33 227 221 2.16 2.09 201 1.93 1.89 184 179 174 1.68 162

40 | 4.08 3.23 284 2.61 245 234 2.25 218 212 2.08 2.00 1.92 184 179 174 1.69 164 158 151

60 | 4.00 3.15 2.76 253 2.37 225 217 210 2.04 1.99 1.92 184 175 1.70 1.65 159 153 147 1.39

120 | 3.92 3.07 2.68 245 2.29 218 2.09 2.02 1.96 1.91 183 175 1.66 161 155 1.50 143 135 125

® 3.84 3.00 2.60 2.37 221 2.10 2.01 194 1.88 1.83 175 167 157 152 1.46 1.39 132 122 1.00

Upper 1% points (F o)

Degrees of freedom for numerator
1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 ©

4052 | 5000 | 5403 | 5625 | 5764 | 5859 | 5928 | 5982 | 6023 | 6056 | 6106 | 6157 | 6209 | 6235 | 6261 | 6287 | 6313 | 6339 | 6366
98.5 99.0 99.2 99.2 99.3 99.3 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.5 99.5 99.5 99.5 99.5 99.5
34.1 30.8 295 287 282 279 277 275 273 272 271 26.9 26.7 26.6 26.5 26.4 26.3 26.2 26.1
212 18.0 16.7 16.0 155 152 150 148 14.7 145 14.4 142 14.0 139 138 137 137 136 135
16.3 133 121 114 110 107 105 103 10.2 101 9.89 9.72 9.55 9.47 9.38 9.29 9.20 9.11 9.02

137 109 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.72 7.56 7.40 7.31 7.23 7.14 7.06 6.97 6.88
122 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.47 6.31 6.16 6.07 5.99 5.91 5.82 5.74 5.65
113 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.67 5.52 5.36 5.28 5.20 5.12 5.03 4.95 4.86
106 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 511 4.96 4.81 4.73 4.65 457 4.48 4.40 431
10 | 100 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 4.71 4.56 4.41 4.33 425 417 4.08 4.00 3.91

11 | 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 454 4.40 4.25 4.10 4.02 3.94 3.86 3.78 3.69 3.60
12 | 933 6.93 5.95 541 5.06 4.82 4.64 4.50 4.39 4.30 4.16 4.01 3.86 3.78 3.70 3.62 3.54 3.45 3.36
13 | 9.07 6.70 574 521 4.86 4.62 4.44 4.30 4.19 4.10 3.96 3.82 3.66 3.59 351 343 3.34 3.25 317
14 | 8.86 6.51 5.56 5.04 4.70 4.46 4.28 4.14 4.03 3.94 3.80 3.66 351 343 3.35 3.27 3.18 3.09 3.00
15 | 868 6.36 542 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.67 3.52 3.37 3.29 321 3.13 3.05 2.96 2.87

16 | 853 6.23 5.29 477 4.44 4.20 4.03 3.89 3.78 3.69 355 341 3.26 3.18 3.10 3.02 293 2.84 275
17 | 8.40 6.11 5.19 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.46 331 3.16 3.08 3.00 292 2.83 275 2.65
18 | 829 6.01 5.09 4.58 4.25 4.01 3.84 371 3.60 351 3.37 323 3.08 3.00 292 2.84 275 2.66 257
19 | 819 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 343 3.30 3.15 3.00 2.92 2.84 2.76 267 2.58 249
20 | 810 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 337 323 3.09 294 2.86 2.78 2.69 2.61 252 242

21 | 8.02 5.78 4.87 4.37 4.04 381 3.64 351 3.40 331 317 3.03 2.88 2.80 272 2.64 2.55 2.46 2.36
22 | 795 572 4.82 431 3.99 3.76 3.59 3.45 3.35 3.26 312 2.98 2.83 275 2.67 2.58 2.50 2.40 231
23 | 7.88 5.66 4.76 4.26 3.94 371 354 341 3.30 321 3.07 293 278 2.70 2.62 254 245 235 2.26
24 | 7.82 5.61 472 4.22 3.90 3.67 3.50 3.36 3.26 317 3.03 2.89 274 2.66 2.58 249 2.40 231 221
25 | 7.77 557 4.68 4.18 3.86 3.63 3.46 3.32 322 313 299 2.85 270 2.62 253 245 2.36 227 217

30 | 7.56 5.39 451 4.02 3.70 3.47 3.30 317 3.07 2,98 2.84 2.70 255 247 2.39 2.30 221 211 201
40 | 731 5.18 431 3.83 351 3.29 312 2.99 2.89 2.80 2.66 252 237 2.29 2.20 211 2.02 192 180
60 | 7.08 4.98 4.13 3.65 3.34 312 2.95 282 2.72 263 2.50 2.35 220 212 2.03 194 184 173 160
120 | 6.85 4.79 3.95 348 317 2.96 2.79 2.66 2.56 247 234 219 2.03 195 186 176 1.66 153 138
% 6.63 4.61 3.78 3.32 3.02 2.80 2.64 251 241 232 218 204 188 179 170 159 147 132 100

©CO~ND OB WNE

Degrees of freedom for denominator

NOTE: mis the number of degrees of freedom in the numerator of F; n is the number of degrees of freedom in the denominator of F.
Values for F are in the body of the table.

G is the probability that a point, with m and n degrees of freedom will be = F.

Example: With 2 and 5 degrees of freedom, the probability that a point will be = 13.3 is.99.

SOURCE: ‘' Chemical Engineers' Handbook,'* 5th edition, by R. H. Perry and C. H. Chilton, McGraw-Hill, 1973. Used with permission.
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Table 1.1.16 Standard Distribution of Residuals
a = any positive quantity
y = the number of residuals which are numericaly < a
r = the probable error of a single observation
n = number of observations
2 4 Diff 2 4 Diff
r n r n
0.0 .000 25 .908
1 054 o 6 921 3
2 107 53 7 931 10
3 .160 53 8 .941 9
4 213 51 9 .950 7
0.5 .264 3.0 .957
6 314 s 1 963 e
7 .363 8 2 .969 5
8 A11 45 3 974 4
9 456 24 4 .978 4
1.0 .500 35 .982
1 542 - 6 985 3
2 .582 a7 7 .987 3
3 .619 36 8 .990 1
4 .655 23 9 1991 >
15 .688 a1 4.0 .993 6
6 719 29
7 748 5.0 .999
27
8 775 o5
9 .800 23
2.0 .823
1 .843 ig
2 .862 17
3 .879 16
4 .895 13
Table 1.1.17 Factors for Computing Probable Error
Bessel Peters Bessel Peters
n n
0.6745 0.6745 0.8453 0.8453 0.6745 0.6745 0.8453 0.8453
Vin—-1) Vvn(n — 1) vn(n — 1) mwn—-1 Vin—1) Vvn(n — 1) Vvn(n — 1) mwn—1
2 .6745 4769 .5978 4227 30 1252 .0229 .0287 .0052
3 4769 2754 .3451 1993 31 1231 .0221 .0277 .0050
4 .3894 1947 .2440 1220 32 1211 .0214 .0268 .0047
5 3372 1508 1890 0845 - T pas o o
6 3016 1231 1543 .0630 ' : : !
7 2754 .1041 1304 .0493 35 1157 .0196 .0245 .0041
8 .2549 .0901 1130 .0399 36 1140 .0190 .0238 .0040
9 .2385 .0795 .0996 .0332 37 1124 .0185 .0232 .0038
10 2248 0711 .0891 .0282 gg iég?l 8%% 8238 %gg
11 .2133 .0643 .0806 .0243 : ’ ’ ’
12 .2034 .0587 .0736 .0212 40 .1080 .0171 .0214 .0034
13 1947 .0540 .0677 .0188 45 1017 .0152 .0190 .0028
14 1871 {0500 0627 0167 50 .0964 .0136 .0171 .0024
15 .1803 .0465 .0583 .0151 55 .0918 .0124 .0155 .0021
16 1742 .0435 .0546 .0136 60 0878 0113 0142 0018
17 .1686 .0409 .0513 .0124 65 0843 0105 0131 0016
18 .1636 .0386 .0483 .0114 : ’ : ’
19 .1590 .0365 .0457 .0105 70 .0812 .0097 .0122 .0015
20 1547 0346 0434 0097 75 .0784 .0091 .0113 .0013
21 .1508 .0329 .0412 .0090 80 .0759 .0085 .0106 .0012
22 1472 .0314 .0393 .0084 85 .0736 .0080 .0100 .0011
23 1438 .0300 .0376 .0078
2 1406 0287 0360 0073 90 .0715 .0075 .0094 .0010
’ ’ ’ ’ 95 .0696 .0071 .0089 .0009
25 1377 .0275 .0345 .0069
2% 1349 0265 ‘0332 0065 100 .0678 .0068 .0085 .0008
27 1323 .0255 .0319 .0061
28 .1298 .0245 .0307 .0058
29 1275 .0237 .0297 .0055
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Table 1.1.18 Decimal Equivalents
Common fractions
Exact
From minutes and seconds into From decimal parts of a degree into 8 16 32 64 decimal
decimal parts of a degree minutes and seconds (exact values) ths ths nds ths values
[0} 0°.0000 0" 0°.0000 0°.00 o’ 0°.50 30 1 .01 5625
1 .0167 1 .0003 1 0’ 36" 1 30’ 36" 1 2 .03125
2 .0333 2 .0006 2 112" 2 31 12" 3 .04 6875
3 .05 3 .0008 3 1’ 48" 3 31’ 48" 1 2 4 .06 25
4 .0667 4 .0011 4 2' 24" 4 32' 24" 5 .07 8125
5 .0833 5" .0014 0°.05 3 0°.55 33 3 6 .09 375
6 .10 6 .0017 6 3' 36" 6 33’ 36" 7 .10 9375
7 1167 7 .0019 7 4' 12" 7 34’ 12" 1 2 4 8 125
8 1333 8 .0022 8 4' 48" 8 34’ 48" 9 .14 0625
9 15 9 .0025 9 5 24" 9 35’ 24" 5 10 .15 625
10 0°.1667 10" 0°.0028 0°.10 6’ 0°.60 36’ 11 .17 1875
1 .1833 1 .0031 1 6’ 36" 1 36’ 36" 3 6 12 1875
2 .20 2 .0033 2 712" 2 37" 12" 13 .20 3125
3 .2167 3 .0036 3 7' 48" 3 37’ 48" 7 14 .21 875
4 .2333 4 .0039 4 8’ 24" 4 38’ 24" 15 .23 4375
15 .25 15" .0042 0°.15 9’ 0°.65 39 2 4 8 16 25
6 .2667 6 .0044 6 9’ 36" 6 39’ 36" 17 .26 5625
7 .2833 7 .0047 7 10" 12" 7 40’ 12" 9 18 .28 125
8 .30 8 .005 8 10" 48" 8 40' 48" 19 .29 6875
9 .3167 9 .0053 9 11’ 24" 9 41' 24" 5 10 20 3125
20 0°.3333 20" 0°.0056 0°.20 12 0°.70 42' 21 .32 8125
1 .35 1 .0058 1 12’ 36" 1 42' 36" 11 22 .34 375
2 .3667 2 .0061 2 13" 12" 2 43 12" 23 .359375
3 .3833 3 .0064 3 13’ 48" 3 43' 48" 3 6 12 24 375
4 40 4 .0067 4 14’ 24" 4 44' 24" 25 .39 0625
25' 4167 25" .0069 0°.25 15’ 0°.75 45' 13 26 .40 625
6 4333 6 .0072 6 15’ 36" 6 45' 36" 27 .42 1875
7 45 7 .0075 7 16’ 12" 7 46’ 12" 7 14 28 4375
8 4667 8 .0078 8 16’ 48" 8 46’ 48" 29 45 3125
9 4833 9 .0081 9 17’ 24" 9 47" 24" 15 30 .46 875
30 0°.50 30" 0°.0083 0°.30 18’ 0°.80 48' 31 .48 4375
1 .5167 1 .0086 1 18’ 36" 1 48' 36" 4 8 16 32 .50
2 .5333 2 .0089 2 19" 12" 2 49' 12" 33 .51 5625
3 .55 3 .0092 3 19’ 48" 3 49’ 48" 17 34 .53 125
4 .5667 4 .0094 4 20" 24" 4 50" 24" 35 .54 6875
35 .5833 35" .0097 0°.35 21 0°.85 51’ 9 18 36 .56 25
6 .60 6 .01 6 21’ 36" 6 51’ 36" 37 .57 8125
7 .6167 7 .0103 7 22' 12" 7 52" 12" 19 38 .59 375
8 .6333 8 .0106 8 22' 48" 8 52' 48" 39 .60 9375
9 .65 9 .0108 9 23’ 24" 9 53’ 24" 5 10 20 40 625
40' 0°.6667 40" 0°.0111 0°.40 24 0°.90 54 41 .64 0625
1 .6833 1 .0114 1 24’ 36" 1 54’ 36" 21 42 .65 625
2 .70 2 .0117 2 25" 12" 2 55" 12" 43 .67 1875
3 7167 3 .0119 3 25’ 48" 3 55’ 48" 11 22 14 .68 75
4 7333 4 .0122 4 26" 24" 4 56’ 24" 45 .70 3125
45' .75 45" .0125 0°.45 27 0°.95 57’ 23 46 .71 875
6 .7667 6 .0128 6 27’ 36" 6 57’ 36" 47 .73 4375
7 .7833 7 .0131 7 28’ 12" 7 58’ 12" 6 12 24 48 75
8 .80 8 .0133 8 28’ 48" 8 58’ 48" 49 .76 5625
9 .8167 9 .0136 9 29’ 24" 9 59’ 24" 25 50 .78 125
50’ 0°.8333 50" 0°.0139 0°.50 30 1°.00 60’ 51 .79 6875
1 .85 1 .0142 13 26 52 .8125
2 .8667 2 .0144 0°.000 0".0 53 .82 8125
3 .8833 3 .0147 1 3".6 27 54 .84 375
4 .90 4 .015 2 7".2 55 .85 9375
55’ .9167 55" .0153 3 10".8 7 14 28 56 875
6 .9333 6 .0156 4 14" .4 57 .89 0625
7 .95 7 .0158 0°.005 18" 29 58 .90 625
8 .9667 8 .0161 6 21".6 59 .92 1875
9 .9833 9 .0164 7 25".2 15 30 60 9375
60’ 1.00 60" 0°.0167 8 28".8 61 .95 3125
9 32"4 31 62 .96 875
0°.010 36" 63 .98 4375
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1.2 MEASURING UNITS
by David T. Goldman

REFERENCES: ‘‘International Critical Tables,”” McGraw-Hill. ‘‘Smithsonian
Physical Tables,”” Smithsonian Institution. ‘‘ Landolt-Bornstein: Zahlenwerte und
Funktionen aus Physik, Chemie, Astronomie, Geophysik und Technik,”’
Springer. ‘*Handbook of Chemistry and Physics,”” Chemical Rubber Co. ‘‘Units
and Systems of Weights and Measures; Their Origin, Development, and Present
Status,’”” NBS LC 1035 (1976). ‘* Weights and Measures Standards of the United
States, aBrief History,”” NBS Spec. Pub. 447 (1976). ** Standard Time,”” Code of
Federal Regulations, Title49. ** Fluid Meters, Their Theory and Application,”” 6th
ed., chaps. 1-2, ASME, 1971. H. E. Huntley, ‘' Dimensional Analysis,”’ Richard
& Co., New York, 1951. **U.S. Standard Atmosphere, 1962,” Government Print-
ing Office. Public Law 89-387, ‘‘Uniform Time Act of 1966."" Public Law 94-
168, ‘‘Metric Conversion Act of 1975."" ASTM E380-91a, ‘‘Use of the Interna-
tional Standards of Units (SlI) (the Modernized Metric System).”” The
International System of Units,”” NIST Spec. Pub. 330. ** Guidelines for Use of the
Modernized Metric System,”” NBS LC 1120. ‘**‘NBS Time and Frequency Dis-
semination Services,”” NBS Spec. Pub. 432. ** Factors for High Precision Conver-
sion,”” NBS LC 1071. American Society of Mechanica Engineers Sl Series,
ASME SI 1-9. Jespersen and Fitz-Randolph, ** From Sundials to Atomic Clocks:
Understanding Time and Frequency,”” NBS, Monograph 155. ANSI/IEEE Std
268-1992, ‘‘ American National Standard for Metric Practice.”’

U.S. CUSTOMARY SYSTEM (USCS)

The USCS, often called the ‘‘inch-pound system,”’ is the system of
units most commonly used for measures of weight and length (Tablel
[T:Z3). The units are identical for practical purposes with the corre-
sponding English units, but the capacity measures differ from those
used in the British Commonwealth, the U.S. gallon being defined as
231 cu in and the bushel as 2,150.42 cu in, whereas the correspond-
ing British Imperial units are, respectively, 277.42 cu in and 2,219.36
cuin(lImpga = 1.2 U.S. ga, approx; 1 Imp bu = 1.03 U.S. by,

approx).

Table 1.2.1 U.S. Customary Units
Units of length
12 inches = 1foot
3feet = lyard
5% yards = 16> feet = 1rod, pole, or perch
40 poles = 220 yards = 1 furlong
8 furlongs = 1,760 yards _ ]
— 5,280 feet } = Lmile
3 miles = 1league
4 inches = 1 hand
9inches = 1gspan
Nautical units
6,076.11549 feet = 1 international nautical mile
6 feet = 1 fathom
120 fathoms = 1 cable length
1 nautical mile per hr = 1 knot

Surveyor’s or Gunter’s units

7.92 inches = 1link
100 links = 66 ft = 4 rods = 1chan
80 chains = 1mile
33Y%z inches = 1 vara(Texas)
Units of area

144 square inches = 1 square foot

9 square feet = 1 square yard

30%a square yards = 1 square rod, pole, or perch

1-16

160 square rods
= 10 square chains
= 43,560 square feet
= 5,645 sq varas (Texas)

= lacre

{ 1 ‘*section” of U.S.

640 acres = 1 square mile = government-surveyed land

1 circular inch
= areaof circlelinchin } = 0.7854 5q in
diameter
1 square inch = 1.2732 circular inches
1 circular mil = area of circle 0.001 in
in diam
1,000,000 cir mils = 1circular inch

Units of volume

1,728 cubic inches = 1 cubic foot
231 cubic inches = lgdlon
27 cubic feet = 1 cubic yard
1 cord of wood = 128 cubic feet
1 perch of masonry = 16%2to 25 cu ft

Liquid or fluid measurements

4 gills = 1pint

2 pints = 1 quart

4 quarts = 1galon
7.4805 gallons = 1 cubic foot

(Thereis no standard liquid barrel; by trade custom, 1 bbl of petroleum oil, unre-
fined = 42 gal. The capacity of the common steel barrel used for refined petro-
leum products and other liquidsis 55 gal.)

Apothecaries’ liquid measurements

60 minims = 1liquid dram or drachm
8 drams = 1liquid ounce
16 ounces = 1pint

Water measurements

The miner’sinch is a unit of water volume flow no longer used by the Bureau of
Reclamation. It is used within particular water districts where its value is defined
by statute. Specifically, within many of the states of the West the miner’sinch is
¥s0 cubic foot per second. In othersit isequal to ¥ cubic foot per second, whilein
the state of Colorado, 38.4 miner’s inch is equa to 1 cubic-foot per second. In
S| units, these correspond to .32 X 1076 md/s, .409 X 10~ md/s, and .427X
1076 md/s, respectively.

Dry measures
2 pints = 1 quart
8 quarts = 1 peck
4 pecks = 1 bushel

1 std bbl for fruits and vegetables = 7,056 cu in or 105 dry qt, struck measure
Shipping measures

1 Register ton = 100 cu ft
1 U.S. shipping ton =40 cu ft

= 32.14 U.S. bu or 31.14 Imp bu
1 British shipping ton =42cuft

= 32.70 Imp bu or 33.75 U.S. bu

Board measurements
(Based on nominal not actual dimensions; see Table 12.2.8)

_ J144 cuin = volume of board
1 board foot = 7% o and 1 in thick

Theinternational log rule, based upon ¥4 in kerf, is expressed by the formula
X = 0.904762(0.22 D2 — 0.71 D)

where X is the number of board feet in a4-ft section of alog and D isthe top diam
inin. In computing the number of board feet in alog, the taper istaken at ¥z in per
4 ft linear, and separate computation is made for each 4-ft section.
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Weights
(The grain is the samein all systems.)

Avoirdupois weights

16 drams = 437.5 grains = 1 ounce
16 ounces = 7,000 grains = 1 pound
100 pounds = 1 centa
2,000 pounds = 1 short ton
2,240 pounds = 1long ton
1 std lime bbl, small = 180 Ib net
1 std lime bbl, large = 280 |b net
Also (in Great Britain):
14 pounds = 1 stone
2 stone = 28 pounds = 1 quarter
4 quarters = 112 pounds = 1 hundredweight (cwt)
20 hundredweight = 1long ton
Troy weights
24 grains = 1 pennyweight (dwt)
20 pennyweights = 480 grains = 1 ounce
12 ounces = 5,760 grains = 1 pound

1assay ton = 29,167 milligrams, or as many milligrams as there are troy ounces
in a ton of 2,000 Ib avoirdupois. Consequently, the number of milligrams of
precious metal yielded by an assay ton of ore gives directly the number of troy
ounces that would be obtained from aton of 2,000 Ib avoirdupois.

Apothecaries’ weights

20 grains = 1scruple®
3 scruples = 60 grains = ldrams
8 drams = lounces
12 ounces = 5,760 grains = 1 pound

Weight for precious stones
1 carat = 200 milligrams
(Used by almost all important nations)

Circular measures

60 seconds = 1 minute

60 minutes = 1 degree

90 degrees = 1 quadrant
360 degrees = circumference
57.2957795 degrees = 1 radian (or angle having

(= 57°17'44.806") arc of length equal to radius)

METRIC SYSTEM

In the United States the name ‘‘metric system’ of length and mass
units is commonly taken to refer to a system that was developed in
France about 1800. The unit of length was equal to 1/10,000,000 of a
quarter meridian (north pole to equator) and named the metre. A
cube 1/10th metre on a side was the litre, the unit of volume. The
mass of water filling this cube was the kilogram, or standard of mass;
i.e, 1 litre of water = 1 kilogram of mass. Metal bars and weights
were constructed conforming to these prescriptions for the metre and
kilogram. One bar and one weight were selected to be the primary
representations. The kilogram and the metre are now defined indepen-
dently, and the litre, although for many years defined as the volume of
a kilogram of water at the temperature of its maximum density, 4°C,
and under a pressure of 76 cm of mercury, is now equal to 1 cubic
decimeter.

In 1866, the U.S. Congress formally recognized metric units as a
legal system, thereby making their use permissible in the United States.
In 1893, the Office of Weights and Measures (now the National Bureau
of Standards), by executive order, fixed the values of the U.S.
yard and pound in terms of the meter and kilogram, respectively, as
1lyard = 3,600/3,937 m; and 1 |b = 0.453 592 4277 kg. By agreement
in 1959 among the national standards|aboratories of the English-speaking
nations, the relations in use now are: 1 yd = 0.9144 m, whence 1 in =

Click herefoviea
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254 mm exactly; and 1 Ib = 0.453 592 37 kg, or 11b = 453.59 g
(nearly).

THE INTERNATIONAL SYSTEM OF UNITS (SI)

In October 1960, the Eleventh General (International) Conference on
Weights and Measures redefined some of the original metric units and
expanded the system to include other physical and engineering units.
This expanded system is caled, in French, Le Systéme International
d’Unités (abbreviated SI), and in English, The International System of
Units.

TheMetric Conversion Act of 1975 codifiesthe voluntary conversion of
the U.S. to the Sl system. It is expected that in time al units in the
United States will be in S| form. For this reason, additional tables of
units, prefixes, equivalents, and conversion factors are included below
(Taes 122 and 1.2.3).

Sl consists of seven base units, two supplementary units, a series of
derived units consistent with the base and supplementary units, and a
series of approved prefixes for the formation of multiples and submulti-
ples of the various units (see[Tables T221 and Multiple and
submultiple prefixes in steps of 1,000 are recommended. (See ASTM
E380-91a for further details.)

Base and supplementary units are defined [NIST Spec. Pub. 330
(1991)] as:

Metre Themetreis defined asthe length of path traveled by light in
avacuum during atime interval 1/299 792 458 of a second.

Kilogram Thekilogram isthe unit of mass; it isequal to the mass of
the international prototype of the kilogram.

Second The second is the duration of 9,192,631,770 periods of the
radiation corresponding to the transition between the two hyperfine
levels of the ground state of the cesium 133 atom.

Ampere The ampere is that constant current which, if maintained
in two straight parallel conductors of infinite length, of negligible
cross section, and placed 1 metre apart in vacuum, would produce be-
tween these conductors a force equal to 2 X 10~ 7 newton per metre of
length.

Kelvin The kelvin, unit of thermodynamic temperature, is the frac-
tion 1/273.16 of the thermodynamic temperature of the triple point of
water.

Mole The moleisthe amount of substance of a system which con-
tains as many elementary entities as there are atoms in 0.012 kilogram
of carbon 12. (When the mole is used, the elementary entities must be
specified and may be atoms, molecules, ions, electrons, other particles,
or specified groups of such particles.)

Candela Thecandelaistheluminousintensity, in agiven direction,
of asource that emits monochromatic radiation of frequency 540 X 1012
hertz and that has a radiant intensity in that direction of Yess watt per
steradian.

Radian The unit of measure of a plane angle with its vertex at
the center of a circle and subtended by an arc equa in length to the
radius.

Steradian The unit of measure of a solid angle withitsvertex at the
center of a sphere and enclosing an area of the spherical surface equal to
that of a square with sides equal in length to the radius.

Sl conversion factors are listed in Table T.2.4 3l phabetically (adapted
from ASTM E380-914, ‘* Standard Practice for Use of the International
System of Units (SI) (the Modernized Metric System).”” Conversion
factors are written as a number greater than one and less than ten with
six or fewer decimal places. This number isfollowed by the letter E (for
exponent), a plus or minus symbol, and two digits which indicate the
power of 10 by which the number must be multiplied to obtain the
correct value. For example:

3.523 907 E — 02 is 3.523 907 X 10~2 or 0.035 239 07

An asterisk (*) after the sixth decimal place indicates that the conver-
sion factor is exact and that all subsequent digits are zero. All other
conversion factors have been rounded off.
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Table 1.2.2 Sl Units

CIICK Nereto View,

Quantity Unit Sl symbol Formula
Base units*
Length metre m
Mass kilogram kg
Time second s
Electric current ampere A
Thermodynamic temperature kelvin K
Amount of substance mole mol
Luminous intensity candela cd
Supplementary units*
Plane angle radian rad
Solid angle steradian s
Derived units*
Acceleration metre per second squared m/s?
Activity (of aradioactive source) disintegration per second (disintegration)/s
Angular acceleration radian per second squared rad/s?
Angular velocity radian per second rad/s
Area sguare metre m?
Density kilogram per cubic metre kg/m3
Electric capacitance farad F A -slV
Electrical conductance siemens S AlV
Electric field strength volt per metre V/m
Electric inductance henry H V - s/A
Electric potentia difference volt \% WIA
Electric resistance ohm 0 VIA
Electromotive force volt \% WIA
Energy joule J N-m
Entropy joule per kelvin JK
Force newton N kg - m/s?
Freguency hertz Hz Us
Illuminance lux Ix Im/m?
Luminance candela per square metre cd/m?
Luminous flux lumen Im cd:sr
Magnetic field strength ampere per metre A/m
Magnetic flux weber Wb V-s
Magnetic flux density teda T Wh/m?
Magnetic potential difference ampere A
Power watt w Js
Pressure Pa N/m?2
Quantity of electricity coulomb C A-s
Quantity of heat joule J N-m
Radiant intensity watt per steradian W/sr
Specific heat capacity joule per kilogram-kelvin J(kg - K)
Stress pascal Pa N/m?
Thermal conductivity watt per metre-kelvin W/(m - K)
Velocity metre per second m/s
Viscosity, dynamic pascal-second Pa-s
Viscosity, kinematic square metre per second m?/s
Voltage volt \Y, WIA
Volume cubic metre m3
Wave number reciprocal metre I/m
Work joule J N-m
Units in use with the S+
Time minute min 1min=60s
hour h 1h=60min=3600s
day d 1d=24h=86400s
Plane angle degree ° 1° = #/180 rad
minutef ! 1" = (Y%0)° = (#/10,800) rad
secondf " 1" = (Ye0)' = (7/648,000) rad
Volume litre L 1L=1dmé=10"3m?
Mass metric ton t 1t=103m3
unified atomic mass unit§ u 1u= 166057 X 10?7 kg
Energy electronvolt§ eV leV =160219 X 107%°J

* ASTM E380-91a

T These unitsare not part of Sl, but their use is both so widespread and important that the International Committee for Weightsand Measuresin
1969 recognized their continued use with the S| (see NIST Spec. Pub. 330).
F Use discouraged, except for special fields such as cartography.

§ Vauesin Sl units obtained experimentally. These units are to be used in specialized fields only.
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Table 1.2.3 Sl Prefixes*

Multiplication factors Prefix Sl symbol
1 000 000 000 000 000 000 000 000 = 10%4 yofta Y
1 000 000 000 000 000 000 000 = 102t zeta z
1 000 000 000 000 000 000 = 108 exa E
1 000 000 000 000 000 = 10% peta P
1 000 000 000 000 = 102 tera T
1 000 000 000 = 10° giga G
1000000 = 106 mega M
1000 = 10° kilo k
100 = 10? hectot h
10 = 10t dekat da
01=10"1 decit d
0.01 =102 centit c
0.001 = 103 milli m
0.000 001 = 106 micro o
0.000 000 001 = 10~° nano n
0.000 000 000 001 = 1012 pico p
0.000 000 000 000 001 = 1015 femto f
0.000 000 000 000 000 001 = 1018 atto a
0.000 000 000 000 000 000 001 = 10~ zepto z
0.000 000 000 000 000 000 000 001 = 10-24 yocto y

* ANSI/IEEE Std 268-1992.
1 To be avoided where practical.

Table 1.2.4 Sl Conversion Factors

To convert from to Multiply by
abampere ampere (A) 1.000 000*E+01
abcoulomb coulomb (C) 1.000 000* E+01
abfarad farad (F) 1.000 000*E+09
abhenry henry (H) 1.000 000*E—09
abmho siemens (S) 1.000 000*E+09
abohm ohm (2) 1.000 000*E—09
abvolt volt (V) 1.000 000*E—08
acre-foot (U.S. survey)? metre® (md) 1.233 489 E+03
acre (U.S. survey)? metre? (m?) 4.046 873 E+03
ampere, international U.S. (A n_us)® ampere (A) 9.99843 E-01
ampere, U.S. legal 1948 (Ays_4s) ampere (A) 1.000 008 E+00
ampere-hour coulomb (C) 3.600 000*E+03
angstrom metre (m) 1.000 000* E—10
are metre? (m?) 1.000 000* E+02
astronomical unit metre (m) 149598 E+11
atmosphere (normal) pascal (Pa) 101325 E+05
atmosphere (technical = 1 kg;/cm?) pascal (Pa) 9.806 650*E+04
bar pascal (Pa) 1.000 000* E+05
barn metre? (m?) 1.000 000*E—28
barrel (for crude petroleum, 42 gal) metre? (m3) 1.589 873 E—01
board foot metre? (m3) 2.359 737 E-03
British thermal unit (International Table)° joule (J) 1.055 056 E+03
British thermal unit (mean) joule (J) 1.05587 E+03
British thermal unit (thermochemical) joule (J) 1.054 350 E+03
British thermal unit (39°F) joule (J) 1.05967 E+03
British thermal unit (59°F) joule (J) 1.05480 E+03
British thermal unit (60°F) joule (J) 1.05468 E+03

Btu (thermochemical)/foot?-second

Btu (thermochemical )/foot?-minute

Btu (thermochemical )/foot?-hour

Btu (thermochemical)/inch?-second

Btu (thermochemical) -in/s- ft2- °F
(k, thermal conductivity)

Btu (International Table) - in/s- ft?- °F
(k, thermal conductivity)

watt/metre? (W/m?)
watt/metre? (W/m?)
watt/metre? (W/m?)
watt/metre? (W/m?)
watt/metre-kelvin (W/m-K)

watt/metre-kelvin (W/m-K)

1.134 893 E+04
1.891 489 E+02
3.152 481 E+00
1.634 246 E+06
5.188 732 E+02

5.192 204 E+02

Btu (thermochemical) -in/h-ft2- °F watt/metre-kelvin (W/m-K) 1.441 314 E-01
(k, thermal conductivity)
Btu (International Table)-in/h-ft?-°F watt/metre-kelvin (W/m-K) 1.442 279 E-01

(k, thermal conductivity)

Btu (International Table)/ft?

Btu (thermochemical )/ft2

Btu (International Table)/h-ft2- °F
(C, thermal conductance)

joule/metre? (Jm?)
joule/metre? (Jm?)
watt/metre?-kelvin (W/m?- K)

1.135653 E+04
1.134893 E+04
5.678 263 E+00

Btu (thermochemical)/h- ft2- °F watt/metre>-kelvin (W/m?- K) 5.674 466 E+00
(C, thermal conductance)
Btu (International Table)/pound-mass joule/kilogram (J/kg) 2.326 000*E+03
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Table 1.2.4 Sl Conversion Factors (Continued)

To convert from to Multiply by
Btu (thermochemical)/pound-mass joule/kilogram (Jkg) 2.324 444 E+03
Btu (International Table)/lbm-°F joule/kilogram-kelvin (Jkg- K) 4.186 800*E+03
(c, heat capacity)
Btu (thermochemical)/Ibm- °F (c, heat joule/kilogram-kelvin (Jkg- K) 4.184 000 E+03
capacity)
Btu (International Table)/s- ft?- °F watt/metre>-kelvin (W/m?- K) 2.044 175 E+04

Btu (thermochemical)/s- ft2- °F

Btu (International Table)/hour

Btu (thermochemical )/second

Btu (thermochemical)/minute

Btu (thermochemical )/ hour

bushel (U.S)

calorie (International Table)

calorie (mean)

caorie (thermochemical)

calorie (15°C)

calorie (20°C)

calorie (kilogram, International Table)

caorie (kilogram, mean)

caorie (kilogram, thermochemical)

caorie (thermochemical )/centimetre?-
minute

ca (thermochemical )/cm?

ca (thermochemical )/cm?- s

cal (thermochemical)/cm-s-°C

ca (International Table)/g

cal (International Table)/g-°C

cal (thermochemical)/g

cal (thermochemical)/g-°C

caorie (thermochemical )/second

caorie (thermochemical )/minute

carat (metric)

centimetre of mercury (0°C)

centimetre of water (4°C)

centipoise

centistokes

chain (engineer or ramden)

chain (surveyor or gunter)

circular mil

cord

coulomb, international U.S.
(Cint-us)®

coulomb, U.S. legal 1948 (Cys_sg)

cup

curie

day (mean solar)

day (sidereal)

degree (angle)

degree Celsius

degree centigrade

degree Fahrenheit

degree Fahrenheit

deg F-h-ft%/Btu (thermochemical)
(R, thermal resistance)

deg F-h-ft%/Btu (International Table)
(R, thermal resistance)

degree Rankine

dram (avoirdupois)

dram (troy or apothecary)

dram (U.S. fluid)

dyne

dyne-centimetre

dyne-centimetre?

electron volt

EMU of capacitance

EMU of current

EMU of electric potential

EMU of inductance

EMU of resistance

ESU of capacitance

ESU of current

ESU of electric potential

ESU of inductance

watt/metre?-kelvin (W/m?- K)
watt (W)

watt (W)

watt (W)

watt (W)

metre® (md)

joule (J)

joule (J)

joule (J)

joule (J)

joule (J)

joule (J)

joule (J)

joule (J)
watt/metre? (W/m?)

joule/metre? (Jm?)

watt/metre? (W/m?)
watt/metre-kelvin (W/m- K)
joule/kilogram (Jkg)
joule/kilogram-kelvin (Jkg- K)
joule/kilogram (Jkg)
joule/kilogram-kelvin (Jkg- K)
watt (W)

watt (W)

kilogram (kg)

pascal (Pa)

pascal (Pa)

pascal-second (Pa- s)
metre?/second (m?/s)

meter (m)

meter (m)

metre? (m?)

metre® (md)

coulomb (C)

coulomb (C)
metre® (md)
bequerel (Bq)
second ()
second (s)
radian (rad)
kelvin (K)
kelvin (K)
degree Celsius
kelvin (K)
kelvin-metre?/watt (K - m3/ W)

kelvin-metrez/watt (K - m?/ W)

kelvin (K)
kilogram (kg)
kilogram (kg)
kilogram (kg)
newton (N)
newton-metre (N - m)
pascal (Pa)
joule (J)
farad (F)
ampere (A)
volt (V)
henry (H)
ohm (Q)
farad (F)
ampere (A)
valt (V)
henry (H)

2.042 808 E+04
2930711 E-01
1.054 350 E+03
1.757 250 E+01
2928 751 E-01
3.523 907 E—02
4.186 800*E+00
419002 E+00
4.184 000*E+00
418580 E+00
418190 E+00
4.186 800*E+03
419002 E+03
4.184 000*E+03
6.973 333 E+02

4.184 000*E+04
4.184 000*E+04
4.184 000*E+02
4.186 800*E+03
4.186 800*E+03
4.184 000*E+03
4.184 000*E+03
4.184 000*E+00
6.973 333 E—02
2.000 000*E—04
133322 E+03
9.80638 E+01
1.000 000*E—03
1.000 000* E—06
3.048* E+01
2.011684 E+01
5.067 075 E—10
3.624 556 E+00
999843 E-01

1.000 008 E+00
2.365 882 E—04
3.700 000*E+10
8.640 000 E+04
8.616 409 E+04
1.745 329 E—02
te = toc + 273.15
te = toe + 27315
te = (Lo — 32)/1.8

tq = (tr + 459.67)/1.8

1.762 280 E-01
1.761 102 E-01

te = t-n/18

1.771 845 E—03
3.887 934 E—03
3.696 691 E—06
1.000 000*E—05
1.000 000* E—07
1.000 000*E—01
160219 E-19
1.000 000* E+09
1.000 000* E+01
1.000 000* E—08
1.000 000* E—09
1.000 000* E—09
1.112 650 E—12
33356 E-10
29979 E+02
8.987 554 E+11
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To convert from

to

Multiply by

ESU of resistance

eg

erg/centimetre?-second
erg/second

farad, internationa U.S. (Fint_us)
faraday (based on carbon 12)
faraday (chemical)

faraday (physica)

fathom (U.S. survey)2
fermi (femtometer)

fluid ounce (U.S))

foot

foot (U.S. survey)?2
foot3/minute

foot%/second

foot® (volume and section modulus)
foot?

foot* (moment of section)d
foot/hour

foot/minute

foot/second

foot?/second

foot of water (39.2°F)
footcandle

footcandle

footlambert
foot-pound-force
foot-pound-force/ hour
foot-pound-force/minute
foot-pound-force/second
foot-poundal

ft?/h (thermal diffusivity)
foot/second?

free fal, standard

furlong

ga

gallon (Canadian liquid)
gallon (U.K. liquid)

gallon (U.S. dry)

galon (U.S. liquid)

gallon (U.S. liquid)/day
gallon (U.S. liquid)/minute
gamma

gauss

gilbert

gill (U.K.)

gill (U.S)

grade

grade

grain (1/7,000 Ibm avoirdupois)
gram

gram/centimetre3
gram-force/centimetre?
hectare

henry, international U.S. (H,nT_us)
hogshead (U.S)
horsepower (550 ft - 1bf/s)
horsepower (boiler)
horsepower (electric)
horsepower (metric)
horsepower (water)
horsepower (U.K.)

hour (mean solar)

hour (sidereal)
hundredweight (long)
hundredweight (short)
inch

inch?

inch® (volume and section modulus)
inch3/minute

inch* (moment of section)d
inch/second

inch of mercury (32°F)

ohm (Q)

joule (J)

watt/metre? (W/m?)
watt (W)

farad (F)

coulomb (C)
coulomb (C)
coulomb (C)

metre (m)

metre (m)

metre® (m3)

metre (m)

metre (m)
metre3/second (m?3/s)
metre3/second (m3/s)
metre® (md)

metre? (m?)

metre* (m?*)
metre/second (m/s)
metre/second (m/s)
metre/second (M/s)
metre?/second (m?/s)
pascal (Pa)
lumen/metre? (Im/m2)
lux (1x)
candela/metre? (cd/m?)
joule (J)

watt (W)

watt (W)

watt (W)

joule (J)
metre?/second (m?/s)
metre/second? (m/s?)
metre/second? (m/s?)
metre (m)
metre/second? (m/s?)
metre® (m3)

metre? (m3)

metre? (m3)

metre® (md)
metre3/second (m3/s)
metre3/second (m3/s)
tesla(T)

tesla (T)
ampere-turn

metre® (md)

metre® (m3)

degree (angular)
radian (rad)
kilogram (kg)
kilogram (kg)
kilogram/metre3 (kg/m3)

kilogram (kg)
kilogram (kg)

metre (m)

metre? (m?)

metre? (m3)
metre3/second (m3/s)
metre* (m?*)
metre/second (m/s)

pascal (Pa)

8987 554 E+11
1.000 000*E—-07
1.000 000*E—03
1.000 000*E—07
999505 E-01
9.648 70 E+04
9.64957 E+04
965219 E+04
1.828 804 E+00
1.000 000*E—15
2.957 353 E-05
3.048 000*E—01
3.048 006 E—01
4719 474 E-04
2.831685 E—02
2.831685 E—02
9.290 304*E—02
8.630 975 E—03
8.466 667 E—05
5.080 000*E—03
3.048 000*E—01
9.290 304*E—02
298898 E+03
1.076 391 E+01
1.076 391 E+01
3.426 259 E+00
1.355 818 E+00
3.766 161 E—04
2.259 697 E—02
1.355818 E+00
4214011 E-02
2.580 640*E—05
3.048 000*E—01
9.806 650* E+00
2.011 68 *E+02
1.000 000* E—02
4.546 090 E—03
4.546 092 E—03
4.404 884 E—03
3.785 412 E-03
4.381 264 E-08
6.309 020 E—05
1.000 000*E—09
1.000 000*E—04
7.957 747 E-01
1420654 E-04
1182941 E-04
9.000 000*E—01
1570 796 E—02
6.479 891*E—05
1.000 000*E—03
1.000 000*E+03
9.806 650*E+01
1.000 000*E+04
1.000 495 E+00
2.384 809 E-01
7.456 999 E+02
9.80950 E+03
7.460 000*E+02
735499 E+02
7.460 43 E+02
74570 E+02
3.600 000 E+03
3.590 170 E+03
5.080 235 E+01
4535924 E+01
2.540 000*E—02
6.451 600* E—04
1.638 706 E—05
2731177 E-07
4.162 314 E-07
2.540 000*E—02
3.386 389 E+03
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Table 1.2.4 Sl Conversion Factors (Continued)

To convert from to Multiply by
inch of mercury (60°F) pascal (Pa) 337685 E+03
inch of water (39.2°F) pascal (Pa) 249082 E+02
inch of water (60°F) pascal (Pa) 24884 E+02
inch/second? metre/second? (m/s?) 2.540 000*E—02
joule, international U.S. (Jnr_us)® joule (J) 1.000 182 E+00
joule, U.S. legal 1948 (Jys_45) joule (J) 1.000 017 E+00
kayser 1/metre (1/m) 1.000 000*E+02
kelvin degree Celsius tc =t — 273.15
kilocalorie (thermochemical )/minute watt (W) 6.973 333 E+01
kilocalorie (thermochemical )/second watt (W) 4.184 000*E+03
kilogram-force (kgf ) newton (N) 9.806 650* E+00
kilogram-force-metre newton-metre (N - m) 9.806 650* E+00
kilogram-force-second?/metre (mass) kilogram (kg) 9.806 650* E+00
kilogram-force/centimetre? pascal (Pa) 9.806 650* E+04
kilogram-force/metre® pascal (Pa) 9.806 650* E+00
kilogram-force/millimetre? pascal (Pa) 9.806 650* E+06
kilogram-mass kilogram (kg) 1.000 000*E+00
kilometre/ hour metre/second (m/s) 2777778 E-01
kilopond newton (N) 9.806 650*E+00
kilowatt hour joule (J) 3.600 000*E+06
kilowatt hour, international U.S. joule (J) 3.600 655 E+06

(kWhI NT—US)b
kilowatt hour, U.S. legal 1948 joule (J) 3.600 061 E+06
(kWhys_sg)
kip (1,000 Ibf) newton (N) 4.448 222 E+03
kip/inch? (ksi) pasca (Pa) 6.894 757 E+06
knot (international) metre/second (m/s) 5.144 444 E—-01
lambert candela/metre? (cd/m?) 3.183 099 E+03
langley joule/metre? (Jm?) 4.184 000* E+04
league, nautical (international and U.S.) metre (m) 5.556 000* E+03
league (U.S. survey)? metre (m) 4.828 042 E+03
league, nautical (U.K.) metre (m) 5.559 552*E+03
light year metre (m) 9.46055 E+15
link (engineer or ramden) metre (m) 3.048* E-01
link (surveyor or gunter) metre (m) 2.01168* E-01
litree metre® (md) 1.000 000* E—03
lux lumen/metre? (Im/m?) 1.000 000* E+00
maxwell weber (Wb) 1.000 000* E—08
mho siemens (S) 1.000 000*E+00
microinch metre (m) 2.540 000*E—-08
micron (micrometre) metre (m) 1.000 000* E—06
mil metre (m) 2.540 000*E—05
mile, nautical (international and U.S.) metre (m) 1.852 000*E+03
mile, nautical (U.K.) metre (m) 1.853 184*E+03
mile (international ) metre (m) 1.609 344*E+03
mile (U.S. survey)? metre (m) 1.609 347 E+03
mile? (international) metre? (m?) 2.589 988 E+06
mile? (U.S. survey)? metre? (m?) 2.589 998 E+06

mile/hour (international )

metre/second (m/s)

4.470 400*E—01

mile/hour (international ) kilometre/ hour 1.609 344*E+00
millimetre of mercury (0°C) pascal (Pa) 1.333224 E+02
minute (angle) radian (rad) 2.908 882 E—-04
minute (mean solar) second (s) 6.000 000 E+01
minute (sidereal) second (s) 5.983 617 E+01
month (mean calendar) second () 2.268 000 E+06
oersted ampere/metre (A/m) 7.957 747 E+01
ohm, international U.S. (Qn1_us) ohm (Q) 1.000 495 E+00
ohm-centimetre ohm-metre (- m) 1.000 000*E—02
ounce-force (avoirdupois) newton (N) 2.780 139 E-01
ounce-force-inch newton-metre (N - m) 7.061 552 E-03
ounce-mass (avoirdupois) kilogram (kg) 2.834952 E-02
ounce-mass (troy or apothecary) kilogram (kg) 3.110 348 E—-02

ounce-mass/yard?
ounce (avoirdupois)(mass)/inch®

kilogram/metre? (kg/m?)
kilogram/metre3 (kg/mq)

3.390 575 E—02
1.729 994 E+03

ounce (U.K. fluid) metre® (md) 2.841 307 E-05
ounce (U.S. fluid) metre® (md) 2.957 353 E-05
parsec metre (m) 3.08374 E+16
peck (U.S) metre3 (mS) 8.809 768 E—03
pennyweight kilogram (kg) 1555174 E-03
perm (0°C) kilogram/pascal-second- 572135 E-11
metre? (kg/Pa- s- m?)
perm (23°C) kilogram/pascal -second- 574525 E-11

metre? (kg/Pa-s-m?)
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Table 1.2.4 Sl Conversion Factors (Continued)

To convert from to Multiply by
perm-inch (0°C) kilogram/pascal -second- 145322 E-12
metre (kg/Pa-s-m)
perm-inch (23°C) kilogram/pascal -second- 145929 E-12
metre (kg/Pa-s-m)
phot lumen/metre? (Im/m?) 1.000 000* E+04

pica (printer’s)

pint (U.S. dry)

pint (U.S. liquid)

point (printer's)

poise (absolute viscosity)
poundal

poundal-foot?
poundal-second/foot?
pound-force (Ibf avoirdupois)
pound-force-inch
pound-force-foot
pound-force-foot/inch
pound-force-inch/inch
pound-force/inch
pound-force/foot
pound-force/foot?
pound-force/inch? (psi)
pound-force-second/foot?
pound-mass (Ibm avoirdupois)
pound-mass (troy or apothecary)
pound-mass-foot? (moment of inertia)
pound-mass-inch? (moment of inertia)
pound-mass-foot?
pound-mass/second
pound-mass/minute
pound-mass/foot®
pound-mass/inch3
pound-mass/gallon (U.K. liquid)
pound-mass/gallon (U.S. liquid)
pound-mass/foot-second

quart (U.S. dry)

quart (U.S. liquid)

rad (radiation dose absorbed)
rem (dose equivalent)

rhe

rod (U.S. survey)?

roentgen

second (angle)

second (sidereal)

section (U.S. survey)?

shake

slug

slug/foot®

slug/foot-second

statampere

statcoulomb

statfarad

stathenry

statmho

statohm

statvolt

stere

stilb

stokes (kinematic viscosity)
tablespoon

teaspoon

ton (

ton (long, 2,240 1bm)

ton (metric)

ton (nuclear equivalent of TNT)
ton (register)

ton (short, 2,000 I1bm)

ton (short, mass)/ hour

ton (long, mass)/yard?

tonne

torr (mm Hg, 0°C)

township (U.S. survey)2

unit pole

metre (m)

metre? (m3)

metre? (m3)

metre

pascal-second (Pa- s)
newton (N)

pascal (Pa)
pascal-second (Pa- s)
newton (N)
newton-metre (N - m)
newton-metre (N - m)
newton-metre/metre (N - m/m)
newton-metre/metre (N - m/m)
newton-metre (N/m)
newton/metre (N/m)
pascal (Pa)

pascal (Pa)
pascal-second (Pa- s)
kilogram (kg)

kilogram (kg)
kilogram-metre? (kg - m?)
kilogram-metre? (kg - m?)
kilogram/metre? (kg/m?)
kilogram/second (kg/s)
kilogram/second (kg/s)
kilogram/metre® (kg/m3)
kilogram/metre3 (kg/m3)
kilogram/metre3 (kg/m3)
kilogram/metre3 (kg/m3)
pascal-second (Pa- s)
metre® (md)

metre® (m3)

gray (Gy)

sievert (Sv)
metre?/newton-second (m?/N - s)
metre (m)
coulomb/kilogram (C/kg)
radian (rad)

second (s)

metre? (m?)

second ()

kilogram (kg)
kilogram/metre3 (kg/m3)
pascal-second (Pa- s)
ampere (A)

coulomb (C)

farad (F)

henry (H)

siemens (S)

ohm (2)

volt (V)

metre® (md)
candela/metre? (cd/m?)
metre?/second (m?/s)
metre® (m3)

metre® (md)

kilogram (kg)

kilogram (kg)

kilogram (kg)

joule (J)

metre® (md)

kilogram (kg)
kilogram/second (kg/s)
kilogram/metre3 (kg/m3)
kilogram (kg)

pascal (Pa)

metre? (m?)

weber (Whb)

4.217 518 E-03
5.506 105 E—04
4.731 765 E—04
3.514 598*E—-04
1.000 000*E—01
1.382 550 E—01
1.488 164 E+00
1.488 164 E+00
4.448 222 E+00
1.129 848 E—01
1.355 818 E+00
5.337 866 E+01
4.448 222 E+00
1.751 268 E+02
1.459 390 E+01
4.788 026 E+01
6.894 757 E+03
4.788 026 E+01
4535924 E-01
3.732 417 E-01
4214011 E-02
2.926 397 E-04
4.882 428 E+00
4535924 E-01
7.559 873 E—03
1.601 846 E+01
2.767 990 E+04
9.977 633 E+01
1.198 264 E+02
1.488 164 E+00
1101221 E-03
9.463 529 E—04
1.000 000*E—02
1.000 000*E—02
1.000 000*E+01
5.029 210 E+00
2.579 760*E—04
4.848 137 E—06
9.972 696 E—01
2.589 998 E+06
1.000 000*E—08
1.459 390 E+01
5.153 788 E+02
4.788 026 E+01
3.335640 E-10
3.335640 E-10
1112 650 E—12
8.987 554 E+11
1.112 650 E—12
8.987 554 E+11
2.997 925 E+02
1.000 000* E+00
1.000 000*E+04
1.000 000*E—04
1478676 E—05
4,928 922 E-06
2.916 667 E—02
1.016 047 E+03
1.000 000*E+03
4.20 E+09
2.831 685 E+00
9.071 847 E+02
2519 958 E-01
1.328 939 E+03
1.000 000*E+03
133322 E+02
9.323 994 E+07
1.256 637 E—07
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Table 1.2.4 Sl Conversion Factors (Continued)

To convert from to Multiply by
volt, international U.S. (V nr—us)® valt (V) 1.000 338 E+00
volt, U.S. legal 1948 (Vs_sg) volt (V) 1.000 008 E+00
watt, international U.S. (W,nr_us)® watt (W) 1.000 182 E+00
watt, U.S. legal 1948 (Wys_s5) watt (W) 1.000 017 E+00
watt/centimetre? watt/metre? (W/m?) 1.000 000* E+04
watt-hour joule (J) 3.600 000*E+03
watt-second joule (J) 1.000 000*E+00
yard metre (m) 9.144 000*E—01
yard? metre? (m?) 8.361 274 E-01
yard® metre® (md) 7.645 549 E-01

yard®¥/minute metre3/second (m?3/s) 1.274 258 E—02

year (caendar) second (s) 3.153 600 E+07
year (sidereal) second (s) 3.155 815 E+07
year (tropical) second (s) 3.155 693 E+07

a Based on the U.S. survey foot (1 ft = 1,200/3,937 m).

b |n 1948 anew international agreement was reached on absolute electrical units, which changed the value of the volt used in this
country by about 300 parts per million. Againin 1969 anew base of reference was internationally adopted making a further change
of 8.4 parts per million. These changes (and aso changes in ampere, joule, watt, coulomb) require careful terminology and
conversion factors for exact use of old information. Terms used in this guide are:

Volt as used prior to January 1948—volt, international U.S. (Vn7_us)

Volt as used between January 1948 and January 1969—volt, U.S. legal 1948 (Vnt-—4g)

Volt as used since January 1969—volt (V)

Identical treatment is given the ampere, coulomb, watt, and joule.

¢ This value was adopted in 1956. Some of the older International Tables use the value 1.055 04 E+03. The exact conversion
factor is 1.055 055 852 62* E+03.

d Moment of inertia of a plane section about a specified axis.

€ |n 1964, the General Conference on Weights and Measures adopted the name *‘litre’” as aspecial namefor the cubic decimetre.
Prior to this decision the litre differed slightly (previous value, 1.000028 dm3), and in expression of precision, volume measure-

ment, this fact must be kept in mind.

SYSTEMS OF UNITS

The principa units of interest to mechanical engineers can be derived
from three base units which are considered to be dimensionally inde-
pendent of each other. The British *‘ gravitational system,”’ in common
usein the United States, uses units of length, force, and time as base units
and isalso called the *‘foot-pound-second system.”” The metric system,
on the other hand, is based on the meter, kilogram, and second, units of
length, mass, and time, and is often designated as the ‘‘MKS system.”’
During the nineteenth century a metric ‘‘gravitational system,”” based
on a kilogram-force (also called a‘‘kilopond’’) came into general use.
With the development of the International System of Units (Sl), based
as it is on the origina metric system for mechanical units, and the
general requirements by members of the European Community that
only Sl units be used, it is anticipated that the kilogram-force will fall
into disuse to be replaced by the newton, the SI unit of force.[Table T25]
gives the base units of four systems with the corresponding derived unit
given in parentheses.

In the definitions given below, the *‘ standard kilogram body’’ refers
to the international kilogram prototype, a platinum-iridium cylinder
kept in the International Bureau of Weightsand Measuresin Sevres, just
outside Paris. The **standard pound body’" isrelated to the kilogram by
aprecise numerical factor: 11b = 0.453 592 37 kg. Thisnew *‘ unified”’
pound has replaced the somewhat smaller Imperial pound of the United
Kingdom and the slightly larger pound of the United States (see NBS
Spec. Pub. 447). The *‘standard locality’’ means sealevel, 45° |atitude,

Table 1.2.5 Systems of Units

or more strictly any locality in which the acceleration due to gravity has
the value 9.80 665 m/s? = 32.1740 ft/s?, which may be called the
standard acceleration (T2hle 1.2.6).

The pound force is the force required to support the standard pound
body against gravity, in vacuo, in the standard locality; or, it isthe force
which, if applied to the standard pound body, supposed free to move,
would give that body the *‘ standard acceleration.”” The word pound is
used for the unit of both force and mass and consequently is ambiguous.
To avoid uncertainty, it isdesirable to call the units*‘pound force’” and
“‘pound mass,”’ respectively. The slug has been defined as that mass
which will accelerate at 1 ft/s? when acted upon by aone pound force. It
is therefore equal to 32.1740 pound-mass.

The kilogram force is the force required to support the standard kilo-
gram against gravity, in vacuo, in the standard locality; or, it isthe force
which, if applied to the standard kilogram body, supposed free to move,
would give that body the ‘‘ standard acceleration.”” The word kilogram
is used for the unit of both force and mass and consequently is ambigu-
ous. It is for this reason that the General Conference on Weights and
Measures declared (in 1901) that the kilogram was the unit of mass, a
concept incorporated into S| when it was formally approved in 1960.

The dyne is the force which, if applied to the standard gram body,
would give that body an acceleration of 1 cm/s? i.e, 1 dyne =
1/980.665 of a gram force.

The newton is that force which will impart to a 1-kilogram mass an
acceleration of 1 m/s?.

Dimensions of units British Metric
in terms of ‘‘gravitational ‘‘gravitational CGS Sl
Quantity L/M/FIT system’’ system’’ system system
Length L 1ft 1m lcm 1m
Mass M (1 slug) 1g 1kg
Force F 1lb 1kg (1 dyne) AN)
Time T 1s 1s 1s 1s
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Table 1.2.6 Acceleration of Gravity

TIME 1-25

Latitude, 9 Latitude, S R
deg m/s? ft/s? g/g° deg m/s? ft/s? g/g®
0 9.780 32.088 0.9973 50 9.811 32.187 1.0004
10 9.782 32.093 0.9975 60 9.819 32.215 1.0013
20 9.786 32.108 0.9979 70 9.826 32.238 1.0020
30 9.793 32.130 0.9986 80 9.831 32.253 1.0024
40 9.802 32.158 0.9995 90 9.832 32.258 1.0026

NoTE: Correction for atitude above sea level: —3 mm/s? for each 1,000 m; — 0.003 ft/s? for each 1,000 ft.

SouRCE: U.S. Coast and Geodetic Survey, 1912.

TEMPERATURE

The Sl unit for thermodynamic temperatureisthekelvin, K, which isthe
fraction 1/273.16 of the thermodynamic temperature of the triple point
of water. Thus 273.16 K is the fixed (base) point on the kelvin scale.

Another unit used for the measurement of temperature is degrees
Celsius (formerly centigrade), °C. The relation between a thermody-
namic temperature T and a Celsius temperature t is

t=T-27316K

Thusthe unit Celsius degree is equal to the unit kelvin, and a difference
of temperature would be the same on either scale.

In the USCS temperature is measured in degrees Fahrenheit, F. The
relation between the Celsius and the Fahrenheit scales is

toc = (g — 32)/1.8
(For temperature-conversion tables, see Sec. 4.)

TERRESTRIAL GRAVITY

Standard acceleration of gravity is g° = 9.80665 m per sec per sec, or
32.1740 ft per sec per sec. Thisvalue g° is assumed to be the value of g
at sealevel and latitude 45°.

MOHS SCALE OF HARDNESS

This scale is an arbitrary one which is used to describe the hardness of
several mineral substances on ascale of 1 through 10 (Table I.Z.7). The
given number indicates a higher relative hardness compared with that of
substances below it; and a lower relative hardness than those above it.
For example, an unknown substance is scratched by quartz, but it, in
turn, scratches feldspar. The unknown has a hardness of between 6 and
7 on the Mohs scale.

Table 1.2.7 Mohs Scale of Hardness

1. Tdc 5. Apatite 8. Topaz
2. Gypsum 6. Feldspar 9. Sapphire
3. Calc-spar 7. Quartz 10. Diamond
4. Fluorspar

TIME

Kinds of Time Three kinds of time are recognized by astronomers:
sidereal, apparent solar, and mean solar time. The sidereal day is the
interval between two consecutive transits of some fixed celestial object
across any given meridian, or it is the interval required by the earth to
make one complete revolution on itsaxis. Theinterval isconstant, but it
is inconvenient as a time unit because the noon of the sidereal day
occurs at al hours of the day and night. The apparent solar day is the
interval between two consecutive transits of the sun across any given
meridian. On account of the variable distance between the sun and
earth, the variable speed of the earth in its orbit, the effect of the moon,
etc., thisinterval isnot constant and consequently cannot be kept by any
simple mechanisms, such as clocks or watches. To overcome the objec-
tion noted above, the mean solar day was devised. The mean solar day is

the length of the average apparent solar day. Like the sidereal day it is
constant, and like the apparent solar day its noon always occurs at
approximately the same time of day. By international agreement, be-
ginning Jan. 1, 1925, the astronomical day, like the civil day, is from
midnight to midnight. The hours of the astronomical day run from O to
24, and the hours of the civil day usually run from 0to 12 A.M. and 0 to
12 p.M. In some countries the hours of the civil day aso run from
0to 24.

The Year Three different kinds of year are used: the sideredl, the
tropical, and the anomalistic. The sidereal year is the time taken by the
earth to complete one revolution around the sun from agiven star to the
same star again. Its length is 365 days, 6 hours, 9 minutes, and 9 sec-
onds. The tropical year is the time included between two successive
passages of the vernal equinox by the sun, and since the equinox moves
westward 50.2 seconds of arc a year, the tropical year is shorter by 20
minutes 23 seconds in time than the sidereal year. As the seasons de-
pend upon the earth’s position with respect to the equinox, the tropical
year is the year of civil reckoning. The anomaligtic year is the interval
between two successive passages of the perihelion, viz., the time of the
earth’ s nearest approach to the sun. The anomalistic year isused only in
specia calculations in astronomy.

The Second Although the second is ordinarily defined as 1/86,400
of the mean solar day, thisis not sufficiently precise for many scientific
purposes. Scientists have adopted more precise definitions for specific
purposes: in 1956, one in terms of the length of the tropical year 1900
and, morerecently, in 1967, onein terms of a specific atomic frequency.

Frequency isthereciprocal of timefor 1 cycle; the unit of frequency is
the hertz (Hz), defined as 1 cycle/s.

The Calendar The Gregorian calendar, now used in most of the civi-
lized world, was adopted in Catholic countries of Europein 1582 and in
Great Britain and her colonies Jan. 1, 1752. The average length of the
Gregorian calendar year is 365Y4 — Yao0 days, or 365.2425 days. Thisis
equivalent to 365 days, 5 hours, 49 minutes, 12 seconds. The length of
the tropical year is 365.2422 days, or 365 days, 5 hours, 48 minutes, 46
seconds. Thus the Gregorian calendar year is longer than the tropical
year by 0.0003 day, or 26 seconds. This difference amountsto 1 day in
dlightly more than 3,300 years and can properly be neglected.

Standard Time Prior to 1883, each city of the United States had its
own time, which was determined by the time of passage of the sun
across the local meridian. A system of standard time had been used
sinceitsfirst adoption by therailroadsin 1883 but wasfirst legalized on
Mar. 19, 1918, when Congress directed the Interstate Commerce Com-
mission to establish limits of the standard time zones. Congress took no
further steps until the Uniform Time Act of 1966 was enacted, followed
with an amendment in 1972. Thislegidlation, referred to as‘‘the Act,’”’
transferred the regul ation and enforcement of the law to the Department
of Transportation.

By the legislation of 1918, with some modifications by the Act, the
contiguous United States is divided into four time zones, each of which,
theoretically, was to span 15 degrees of longitude. Thefirst, the Eastern
zone, extends from the Atlantic westward to include most of Michigan
and Indiana, the eastern parts of Kentucky and Tennessee, Georgia, and
Florida, except the west half of the panhandle. Eastern standard time is
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based upon the mean solar time of the 75th meridian west of Greenwich,
and is 5 hours slower than Greenwich Mean Time (GMT). (See dlso dis-
cussion of UTC below.) The second or Central zone extends westward to
include most of North Dakota, about half of South Dakota and Ne-
braska, most of Kansas, Oklahoma, and all but the two most westerly
counties of Texas. Central standard time is based upon the mean solar
time of the 90th meridian west of Greenwich, and is 6 hours slower than
GMT. The third or Mountain zone extends westward to include Mon-
tana, most of 1daho, one county of Oregon, Utah, and Arizona. Mountain
standard time is based upon the mean solar time of the 105th meridian
west of Greenwich, and is 7 hours slower than GMT. The fourth or
Pacific zone includes all of the remaining 48 contiguous states. Pacific
standard time is based on the mean solar time of the 120th meridian
west of Greenwich, and is 8 hours slower than GMT. Exact locations
of boundaries may be obtained from the Department of Transporta-
tion.

In addition to the above four zones there are four others that apply to
the noncontiguous states and islands. The most easterly is the Atlantic
zone, which includes Puerto Rico and the Virgin Islands, where thetime
is 4 hours slower than GMT. Eastern standard time is used in the Pan-
ama Canal strip. To the west of the Pacific time zone there are the
Yukon, the Alaska-Hawaii, and Bering zones where the times are, respec-
tively, 9, 10, and 11 hours slower than GMT. The system of standard
time has been adopted in al civilized countries and is used by ships on
the high sess.

The Act directs that from the first Sunday in April to the last Sunday
in October, the time in each zone is to be advanced one hour for ad-
vanced time or daylight saving time (DST). However, any state-by-state
enactment may exempt the entire state from using advanced time. By
this provision Arizona and Hawaii do not observe advanced time (as of
1973). By the 1972 amendment to the Act, a state split by atime-zone
boundary may exempt from using advanced timeall that part whichisin
one zone without affecting the rest of the state. By this amendment, 80
counties of Indianain the Eastern zone are exempt from using advanced
time, while 6 counties in the northwest corner and 6 counties in the
southwest, which are in Central zone, do observe advanced time.

Pursuant to its assignment of carrying out the Act, the Department of
Transportation has stipulated that municipalities located on the bound-
ary between the Eastern and Central zones are in the Central zone; those
on the boundary between the Central and Mountain zones are in the
Mountain zone (except that Murdo, SD, isin the Central zone); those on
the boundary between Mountain and Pacific time zones are in the
Mountain zone. In such places, when the time is given, it should be
specified as Central, Mountain, etc.

Standard Time Signals The National Ingtitute of Standards and
Technology broadcasts time signals from station WwV, Ft. Callins, CO,
and from station WWVH, near Kekaha, Kaui, HI. The broadcasts by
WWV are on radio carrier frequencies of 2.5, 5, 10, 15, and 20 MHz,
while those by WWVH are on radio carrier frequencies of 2.5, 5, 10,
and 15 MHz. Effective Jan. 1, 1975, time announcements by both
WWV and WWVH are referred to as Coordinated Universal Time, UTC,
the international coordinated time scale used around the world for most
timekeeping purposes. UTC is generated by reference to International
Atomic Time (TAI), which is determined by the Bureau International de
I"Heure on the basis of atomic clocks operating in various establish-
ments in accordance with the definition of the second. Since the differ-
ence between UTC and TAI isdefined to be awhole number of seconds,
a ‘‘leap second’ is periodically added to or subtracted from UTC to
take into account variations in the rotation of the earth. Time (i.e., clock
time) is given in terms of 0 to 24 hours a day, starting with 0000 at
midnight at Greenwich zero longitude. The beginning of each 0.8-sec-
ond-long audio tone marks the end of an announced time interval. For
example, at 2:15 P.M., UTC, the voice announcement would be: ** At the
tone fourteen hours fifteen minutes Coordinated Universal Time,”
given during the last 7.5 seconds of each minute. The tone markersfrom
both stations are given simultaneously, but owing to propagation inter-
ferences may not be received simultaneously.

Beginning 1 minute after the hour, a 600-Hz signal is broadcast for
about 45 s. At 2 min after the hour, the standard musical pitch of 440 Hz
is broadcast for about 45 s. For the remaining 57 min of the hour,
aternating tones of 600 and 500 Hz are broadcast for the first 45 s of
each minute (see NIST Spec. Pub. 432). The time signal can also be
received via long-distance telephone service from Ft. Callins. In addi-
tion to providing the musical pitch, these tone signals may be of use as
markers for automated recorders and other such devices.

DENSITY AND RELATIVE DENSITY

Density of abody isits mass per unit volume. With Sl unitsdensitiesare
in kilograms per cubic meter. However, giving densities in grams per
cubic centimeter has been common. With the USCS, densities are given
in pounds per mass cubic foot.

Table 1.2.8 Relative Densities at 60°/60°F Corresponding to
Degrees APl and Weights per U.S. Gallon at 60°F

) . 1415
(Calculated from the formula, relative density = 1315 + deg AP deg AP )

Lb per Lb per
Degrees Relative u.s. Degrees Relative u.s.
APl density galon APl density gallon
10 1.0000 8.328 56 0.7547 6.283
1 0.9930 8.270 57 0.7507 6.249
12 0.9861 8212 58 0.7467 6.216
13 0.9792 8.155 59 0.7428 6.184
14 0.9725 8.099 60 0.7389 6.151
15 0.9659 8.044 61 0.7351 6.119
16 0.9593 7.989 62 0.7313 6.087
17 0.9529 7.935 63 0.7275 6.056
18 0.9465 7.882 64 0.7238 6.025
19 0.9402 7.830 65 0.7201 5.994
20 0.9340 7.778 66 0.7165 5.964
21 0.9279 7.727 67 0.7128 5.934
22 0.9218 7.676 68 0.7093 5.904
23 0.9159 7.627 69 0.7057 5.874
24 0.9100 7.578 70 0.7022 5.845
25 0.9042 7.529 71 0.6988 5.817
26 0.8984 7.481 72 0.6953 5.788
27 0.8927 7.434 73 0.6919 5.759
28 0.8871 7.387 74 0.6886 5.731
29 0.8816 7.341 75 0.6852 5.703
30 0.8762 7.296 76 0.6819 5.676
31 0.8708 7.251 7 0.6787 5.649
32 0.8654 7.206 78 0.6754 5.622
33 0.8602 7.163 79 0.6722 5.595
34 0.8550 7.119 80 0.6690 5.568
35 0.8498 7.076 81 0.6659 5.542
36 0.8448 7.034 82 0.6628 5.516
37 0.8398 6.993 83 0.6597 5.491
38 0.8348 6.951 84 0.6566 5.465
39 0.8299 6.910 85 0.6536 5.440
40 0.8251 6.870 86 0.6506 5415
41 0.8203 6.830 87 0.6476 5.390
42 0.8155 6.790 88 0.6446 5.365
43 0.8109 6.752 89 0.6417 5.341
44 0.8063 6.713 90 0.6388 5.316
45 0.8017 6.675 91 0.6360 5.293
46 0.7972 6.637 92 0.6331 5.269
a7 0.7927 6.600 93 0.6303 5.246
48 0.7883 6.563 94 0.6275 5.222
49 0.7839 6.526 95 0.6247 5.199
50 0.7796 6.490 96 0.6220 5.176
51 0.7753 6.455 97 0.6193 5.154
52 0.7711 6.420 98 0.6166 5131
53 0.7669 6.385 99 0.6139 5.109
54 0.7628 6.350 100 0.6112 5.086
55 0.7587 6.316

NOTE: The weights in this table are weights in air at 60°F with humidity 50 percent and
pressure 760 mm.
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Table 1.2.9 Relative Densities at 60°/60°F Corresponding to
Degrees Baumé for Liquids Lighter than Water and Weights
per U.S. Gallon at 60°F

) . 60° 140
(Cal culated from the formula, relative density 50 F 130 + deg Baumé)
Lb Lb
Degrees Relative per Degrees Relative per
Baumé density galon Baumé density gallon
10.0 1.0000 8.328 56.0 0.7527 6.266
11.0 0.9929 8.269 57.0 0.7487 6.233
12.0 0.9859 8211 58.0 0.7447 6.199
13.0 0.9790 8.153 59.0 0.7407 6.166
14.0 0.9722 8.096 60.0 0.7368 6.134
15.0 0.9655 8.041 61.0 0.7330 6.102
16.0 0.9589 7.986 62.0 0.7292 6.070
17.0 0.9524 7.931 63.0 0.7254 6.038
18.0 0.9459 7.877 64.0 0.7216 6.007
19.0 0.9396 7.825 65.0 0.7179 5.976
20.0 0.9333 7.772 66.0 0.7143 5.946
21.0 0.9272 7.721 67.0 0.7107 5.916
220 0.9211 7.670 68.0 0.7071 5.886
23.0 0.9150 7.620 69.0 0.7035 5.856
24.0 0.9091 7.570 70.0 0.7000 5.827
25.0 0.9032 7.522 710 0.6965 5.798
26.0 0.8974 7.473 72.0 0.6931 5.769
27.0 0.8917 7.425 73.0 0.6897 5.741
28.0 0.8861 7.378 74.0 0.6863 5.712
29.0 0.8805 7.332 75.0 0.6829 5.685
30.0 0.8750 7.286 76.0 0.6796 5.657
31.0 0.8696 7.241 77.0 0.6763 5.629
320 0.8642 7.196 78.0 0.6731 5.602
33.0 0.8589 7.152 79.0 0.6699 5.576
34.0 0.8537 7.108 80.0 0.6667 5.549
35.0 0.8485 7.065 81.0 0.6635 5.522
36.0 0.8434 7.022 82.0 0.6604 5.497
37.0 0.8383 6.980 83.0 0.6573 5471
38.0 0.8333 6.939 84.0 0.6542 5.445
39.0 0.8284 6.898 85.0 0.6512 5.420
40.0 0.8235 6.857 86.0 0.6482 5.395
41.0 0.8187 6.817 87.0 0.6452 5.370
42.0 0.8140 6.777 88.0 0.6422 5.345
43.0 0.8092 6.738 89.0 0.6393 5.320
44.0 0.8046 6.699 90.0 0.6364 5.296
45.0 0.8000 6.661 91.0 0.6335 5.272
46.0 0.7955 6.623 92.0 0.6306 5.248
47.0 0.7910 6.586 93.0 0.6278 5.225
48.0 0.7865 6.548 94.0 0.6250 5.201
49.0 0.7821 6.511 95.0 0.6222 5.178
50.0 0.7778 6.476 96.0 0.6195 5.155
51.0 0.7735 6.440 97.0 0.6167 5.132
52.0 0.7692 6.404 98.0 0.6140 5.100
53.0 0.7650 6.369 99.0 0.6114 5.088
54.0 0.7609 6.334 100.0 0.6087 5.066
55.0 0.7568 6.300

Relative density is the ratio of the density of one substance to that of a
second (or reference) substance, both at some specified temperature.
Use of the earlier term specific gravity for this quantity is discouraged.
For solids and liquids water is amost universally used as the reference
substance. Physicists use a reference temperature of 4°C (= 39.2°F);
U.S. engineers commonly use 60°F. With the introduction of Sl units, it
may be found desirable to use 59°F, since 59°F and 15°C are equiva-
lents.

For gases, relative density is generally the ratio of the density of the
gasto that of air, both at the same temperature, pressure, and dryness (as
regards water vapor). Because equal numbers of moles of gases occupy
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equal volumes, the ratio of the molecular weight of the gasto that of air
may be used as the relative density of the gas. When this is done, the
molecular weight of air may be taken as 28.9644.

The relative density of liquids is usually measured by means of a
hydrometer. In addition to a scale reading in relative density as defined
above, other arbitrary scales for hydrometers are used in various trades
and industries. The most common of these are the API and Baumé. The
API (American Petroleum Institute) scale is approved by the American
Petroleum Institute, the ASTM, the U.S. Bureau of Mines, and the
National Bureau of Standards and is recommended for exclusive usein
the U.S. petroleum industry, superseding the Baumé scale for liquids
lighter than water. The relation between API degrees and relative density

(sedTaREeTZY) is expressed by the following eguation:

1415

rdl dens 60°T60°F | o-O

Degrees API =

The relative densities corresponding to the indications of the Baumé
hydrometer are given inlahlesT29land|1.2.10.

Table 1.2.10 Relative Densities at 60°/60°F Corresponding
to Degrees Baumé for Liquids Heavier than Water

(Cal culated from the formula, relative density % F= %)

Degrees  Relative Degrees  Relative Degrees  Relative
Baumé density Baumé density Baumé density
0 1.0000 24 1.1983 48 1.4948
1 1.0069 25 1.2083 49 1.5104
2 1.0140 26 1.2185 50 1.5263
3 1.0211 27 1.2288 51 1.5426
4 1.0284 28 1.2393 52 1.5591
5 1.0357 29 1.2500 53 1.5761
6 1.0432 30 1.2609 54 1.5934
7 1.0507 31 1.2719 55 16111
8 1.0584 32 1.2832 56 1.6292
9 1.0662 33 1.2946 57 1.6477
10 1.0741 34 1.3063 58 1.6667
11 1.0821 35 1.3182 59 1.6860
12 1.0902 36 1.3303 60 1.7059
13 1.0985 37 1.3426 61 1.7262
14 1.1069 38 1.3551 62 1.7470
15 1.1154 39 1.3679 63 1.7683
16 1.1240 40 1.3810 64 1.7901
17 1.1328 41 1.3942 65 1.8125
18 1.1417 42 1.4078 66 1.8354
19 1.1508 43 1.4216 67 1.8590
20 1.1600 44 1.4356 68 1.8831
21 1.1694 45 1.4500 69 1.9079
22 1.1789 46 1.4646 70 1.9333
23 1.1885 47 1.479

CONVERSION AND EQUIVALENCY TABLES
Note for Use of Conversion Tables (Tables]
211 through 1.2.34)

Subscripts after any figure, O, 9, etc., mean that that figure is to be
repeated the indicated number of times.
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Table 1.2.11 Length Equivalents
Centimetres Inches Feet Yards Metres Chains Kilometres Miles
1 0.3937 0.03281 0.01094 0.01 0.054971 105 0.056214
2.540 1 0.08333 0.02778 0.0254 0.001263 0.0,254 0.0,1578
30.48 12 1 0.3333 0.3048 0.01515 0.053048 0.0;1894
91.44 36 3 1 0.9144 0.04545 0.0;9144 0.0,5682
100 39.37 3.281 1.0936 1 0.04971 0.001 0.0;6214
2012 792 66 22 20.12 1 0.02012 0.0125
100000 39370 3281 1093.6 1000 49.71 1 0.6214
160934 63360 5280 1760 1609 80 1.609 1
(As used by metrology laboratories for precise measurements, including measurements of surface texture)*
Light bands, T
Surface texture monochromatic Surface texture Precision Close-tolerance
Angstrom (U.S.), microinch helium light foreign, measurements, § measurements, Metric USCS
units A win count¥ um 0.0001 in 0.001 in (mils) unit, mm unit, in
1 0.003937 0.0003404 0.0001 0.0,3937 0.053937 0.061 0.0g3937
254 1 0.086 0.0254 0.01 0.001 0.0,254 0.0s1
2937.5 11.566 1 0.29375 0.11566 0.011566 0.0529375 0.0,11566
10,000 39.37 3.404 1 0.3937 0.03937 0.001 0.0,3937
25,400 100 8.646 254 1 0.1 0.00254 0.0001
254,000 1000 86.46 254 10 1 0.0254 0.001
10,000,000 39,370 3404 1000 393.7 39.37 1 0.03937
254,000,000 1,000,000 86,460 25,400 10,000 1000 254 1

* Computed by J. A. Broadston.

T One light band equal's one-half corresponding wavelength. Visible-light wavelengths range from red at 6,500 A to violet at 4,100 A.
F One helium light band = 0.000011661 in = 2937.5 A; one krypton 86 light band = 0.0000119 in = 3,022.5 A; one mercury 198 light band = 0.00001075 in = 2,730 A.

§ The designations ** precision measurements,”” etc., are not necessarily used in all metrology laboratories.
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Table 1.2.12 Conversion of Lengths*
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Inches to Millimetres Feet Metres Yards Metres Miles to Kilometres
millimetres to inches to metres to feet to metres to yards kilometres to miles
1 25.40 0.03937 0.3048 3.281 0.9144 1.094 1.609 0.6214
2 50.80 0.07874 0.6096 6.562 1.829 2.187 3.219 1.243
3 76.20 0.1181 0.9144 9.843 2,743 3.281 4.828 1.864
4 101.60 0.1575 1.219 13.12 3.658 4374 6.437 2.485
5 127.00 0.1969 1.524 16.40 4572 5.468 6.047 3.107
6 152.40 0.2362 1.829 19.69 5.486 6.562 9.656 3.728
7 177.80 0.2756 2134 22.97 6.401 7.655 11.27 4.350
8 203.20 0.3150 2.438 26.25 7.315 8.749 12.87 4971
9 228.60 0.3543 2.743 29.53 8.230 9.843 14.48 5.592
*EXAMPLE: 1in = 25.40 mm.
Common fractions of an inch to millimetres (from ¥4 to 1 in)
64ths Millimetres 64ths Millimetres 64th Millimetres 64ths Millimetres 64ths Millimetres 64ths Millimetres
1 0.397 13 5.159 25 9.922 37 14.684 49 19.447 57 22.622
2 0.794 14 5.556 26 10.319 38 15.081 50 19.844 58 23.019
3 1.191 15 5.953 27 10.716 39 15.478 51 20.241 59 23.416
4 1.588 16 6.350 28 11.112 40 15.875 52 20.638 60 23.812
5 1.984 17 6.747 29 11.509 41 16.272 53 21.034 61 24.209
6 2.381 18 7.144 30 11.906 42 16.669 54 21.431 62 24.606
7 2.778 19 7.541 31 12.303 43 17.066 55 21.828 63 25.003
8 3.175 20 7.938 32 12.700 44 17.462 56 22.225 64 25.400
9 3.572 21 8.334 33 13.097 45 17.859
10 3.969 22 8.731 34 13.494 46 18.256
11 4.366 23 9.128 35 13.891 47 18.653
12 4.762 24 9.525 36 14.288 48 19.050
Decimals of an inch to millimetres (0.01 to 0.99 in)
0 1 2 3 4 5 6 7 8 9
.0 0.254 0.508 0.762 1.016 1.270 1.524 1.778 2.032 2.286
a1 2.540 2.794 3.048 3.302 3.556 3.810 4.064 4.318 4572 4.826
2 5.080 5.334 5.588 5.842 6.096 6.350 6.604 6.858 7.112 7.366
3 7.620 7.874 8.128 8.382 8.636 8.890 9.144 9.398 9.652 9.906
4 10.160 10.414 10.668 10.922 11.176 11.430 11.684 11.938 12.192 12.446
5 12.700 12.954 13.208 13.462 13.716 13.970 14.224 14.478 14.732 14.986
.6 15.240 15.494 15.748 16.002 16.256 16.510 16.764 17.018 17.272 17.526
7 17.780 18.034 18.288 18.542 18.796 19.050 19.304 19.558 19.812 20.066
.8 20.320 20.574 20.828 21.082 21.336 21.590 21.844 22.098 22.352 22.606
9 22.860 23.114 23.368 23.622 23.876 24.130 24.384 24.638 24.892 25.146
Millimetres to decimals of an inch (from 1 to 99 mm)
0. 1 2. 3. 4. 5. 6. 7. 8. 9.
0 0.0394 0.0787 0.1181 0.1575 0.1969 0.2362 0.2756 0.3150 0.3543
1 0.3937 0.4331 0.4724 0.5118 0.5512 0.5906 0.6299 0.6693 0.7087 0.7480
2 0.7874 0.8268 0.8661 0.9055 0.9449 0.9843 1.0236 1.0630 1.1024 1.1417
3 1.1811 1.2205 1.2598 1.2992 1.3386 1.3780 1.4173 1.4567 1.4961 1.5354
4 1.5748 1.6142 1.6535 1.6929 1.7323 1.7717 1.8110 1.8504 1.8898 1.9291
5 1.9685 2.0079 2.0472 2.0866 2.1260 2.1654 2.2047 2.2441 2.2835 2.3228
6 2.3622 2.4016 2.4409 2.4803 2.5197 2.5591 2.5984 2.6378 2.6772 2.7165
7 2.7559 2.7953 2.8346 2.8740 29134 2.9528 2.9921 3.0315 3.0709 3.1102
8 3.149%6 3.1890 3.2283 3.2677 3.3071 3.3465 3.3858 3.4252 3.4646 3.5039
9 3.5433 3.5827 3.6220 3.6614 3.7008 3.7402 3.7795 3.8189 3.8583 3.8976
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Table 1.2.13 Area Equivalents
(1 hectare = 100 ares = 10,000 centiares or square metres)
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Square Square Square Square Square Square Square miles
metres inches feet yards rods chains Roods Acres or sections
1 1550 10.76 1.196 0.0395 0.002471 0.0,9884 0.0;2471 0.043861
0.056452 1 0.006944 0.0;7716 0.0,2551 0.051594 0.0,6377 0.051594 0.052491
0.09290 144 1 0.1111 0.003673 0.032296 0.0,9183 0.0,2296 0.0,3587
0.8361 1296 9 1 0.03306 0.002066 0.0,8264 0.0002066 0.043228
25.29 39204 272.25 30.25 1 0.0625 0.02500 0.00625 0.059766
404.7 627264 4356 484 16 1 0.4 0.1 0.0001562
1012 1568160 10890 1210 40 25 1 0.25 0.03,3906
4047 6272640 43560 4840 160 10 4 1 0.001562
2589988 27878400 3097600 102400 6400 2560 640 1
Table 1.2.14 Conversion of Areas*
Sqin Sqcm Sq ft Sgm Sqyd Sgm Acresto Hectares Sq mi Sq km
tosgcm tosgin tosgm to s ft tosgm tosgyd hectares to acres to sq km to sg mi
1 6.452 0.1550 0.0929 10.76 0.8361 1.196 0.4047 2471 2.590 0.3861
2 12.90 0.3100 0.1858 21.53 1.672 2.392 0.8094 4,942 5.180 0.7722
3 19.35 0.4650 0.2787 32.29 2.508 3.588 1.214 7.413 7.770 1.158
4 25.81 0.6200 0.3716 43.06 3.345 4.784 1.619 9.884 10.360 1.544
5 32.26 0.7750 0.4645 53.82 4.181 5.980 2.023 12.355 12.950 1.931
6 38.71 0.9300 0.5574 64.58 5.017 7.176 2.428 14.826 15.540 2317
7 45.16 1.085 0.6503 75.35 5.853 8.372 2.833 17.297 18.130 2.703
8 51.61 1.240 0.7432 86.11 6.689 9.568 3.237 19.768 20.720 3.089
9 58.06 1.395 0.8361 96.88 7.525 10.764 3.642 22.239 23.310 3.475
* EXAMPLE: 1in? = 6.452 cm2.
Table 1.2.15 Volume and Capacity Equivalents
Cubic Cubic Cubic U.S. Apothecary U.S. quarts u.s. u.s. Cubic decimetres
inches feet yards fluid ounces Liquid Dry gallons bushels or litres
1 0.0;5787 0.0,2143 0.5541 0.01732 0.01488 0.0,4329 0.054650 0.01639
1728 1 0.03704 957.5 29.92 25.71 7.481 0.8036 28.32
46656 27 1 25853 807.9 694.3 202.2 21.70 764.6
1.805 0.001044 0.0,3868 1 0.03125 0.02686 0.007812 0.0,8392 0.02957
57.75 0.03342 0.001238 32 1 0.8594 0.25 0.02686 0.9464
67.20 0.03889 0.001440 37.24 1.164 1 0.2909 0.03125 1.101
231 0.1337 0.004951 128 4 3437 1 0.1074 3.785
2150 1.244 0.04609 1192 37.24 32 9.309 1 35.24
61.02 0.03531 0.001308 33.81 1.057 0.9081 0.2642 0.02838 1
Table 1.2.16 Conversion of Volumes or Cubic Measure*
Cuin mL Cu ft Cum Cuyd Cum Gallons Cu ft
to mL tocuin tocum tocu ft tocum tocuyd tocu ft togalons
1 16.39 0.06102 0.02832 35.31 0.7646 1.308 0.1337 7.481
2 32.77 0.1220 0.05663 70.63 1.529 2.616 0.2674 14.96
3 49.16 0.1831 0.08495 105.9 2.294 3.924 0.4010 22.44
4 65.55 0.2441 0.1133 141.3 3.058 5.232 0.5347 29.92
5 81.94 0.3051 0.1416 176.6 3.823 6.540 0.6684 37.40
6 98.32 0.3661 0.1699 211.9 4.587 7.848 0.8021 44.88
7 114.7 0.4272 0.1982 247.2 5.352 9.156 0.9358 52.36
8 131.1 0.4882 0.2265 2825 6.116 10.46 1.069 59.84
9 1475 0.5492 0.2549 317.8 6.881 11.77 1.203 67.32

* EXAMPLE: 1in® = 16.39 mL.
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Fluid ounces mL to Liquid pints Litresto Liquid quarts Litresto Gallons Litres Bushels to Hectolitres
to mL fluid ounces to litres liquid pints to litres liquid quarts to litres to gallons hectolitres to bushels
1 29.57 0.03381 0.4732 2113 0.9463 1.057 3.785 0.2642 0.3524 2.838
2 59.15 0.06763 0.9463 4.227 1.893 2113 7.571 0.5284 0.7048 5.676
3 88.72 0.1014 1.420 6.340 2.839 3.170 11.36 0.7925 1.057 8513
4 1183 0.1353 1.893 8454 3.785 4.227 15.14 1.057 1410 11.35
5 147.9 0.1691 2.366 10.57 4732 5284 18.93 1.321 1.762 14.19
6 177.4 0.2092 2.839 12.68 5.678 6.340 22.71 1.585 2114 17.03
7 207.0 0.2367 3.312 14.79 6.624 7.397 26.50 1.849 2.467 19.86
8 236.6 0.2705 3.785 16.91 7.571 8.454 30.28 2113 2.819 22.70
9 266.2 2.3043 4.259 19.02 8517 9.510 34.07 2.378 3171 25.54
* EXAMPLE: 1 fluid oz = 29.57 mL.
Table 1.2.18 Mass Equivalents
Ounces Pounds Tons
Kilograms Grains Troy and apoth Avoirdupois Troy and apoth Avoirdupois Short Long Metric
1 15432 32.15 35.27 2.6792 2.205 0.0,1102 0.0,9842 0.001
0.0,6480 1 0.0,2083 0.0,2286 0.0,1736 0.0,1429 0.0,7143 0.0,6378 0.0,6480
0.03110 480 1 1.09714 0.08333 0.06857 0.0,3429 0.0,3061 0.0,3110
0.02835 4375 0.9115 1 0.07595 0.0625 0.0,3125 0.0,2790 0.0,2835
0.3732 5760 12 1317 1 0.8229 0.0;4114 0.053673 0.0;3732
0.4536 7000 14.58 16 1.215 1 0.0005 0.0,4464 0.0,4536
907.2 140, 29167 320, 2431 2000 1 0.8929 0.9072
1016 15680, 32667 35840 2722 2240 112 1 1.016
1000 15432356 32151 35274 2679 2205 1.102 0.9842 1
Table 1.2.19 Conversion of Masses*
Short Metric Long
tons tons tons Metric
Ounces Grams Pounds Kilograms (2000 Ib) (2000 kg) (2240 1b) tons
Grains Grams (avdp) to (avdp) to to to to to
to to to ounces to pounds metric short metric long
grams grains grams (avdp) kilograms (avdp) tons tons tons tons
1 0.06480 15.43 28.35 0.03527 0.4536 2.205 0.907 1.102 1.016 0.984
2 0.1296 30.86 56.70 0.07055 0.9072 4.409 1814 2.205 2.032 1.968
3 0.1944 46.30 85.05 0.1058 1.361 6.614 2722 3.307 3.048 2.953
4 0.2592 61.73 113.40 0.1411 1.814 8.818 3.629 4.409 4.064 3.937
5 0.3240 77.16 141.75 0.1764 2.268 11.02 4.536 5.512 5.080 4.921
6 0.3888 92.59 170.10 0.2116 2722 13.23 5.443 6.614 6.096 5.905
7 0.4536 108.03 198.45 0.2469 3.175 15.43 6.350 7.716 7.112 6.889
8 0.5184 123.46 226.80 0.2822 3.629 17.64 7.257 8.818 8.128 7.874
9 0.5832 138.89 255.15 0.3175 4.082 19.84 8.165 9.921 9.144 8.858
* EXAMPLE: 1 grain = 0.06480 grams.
Table 1.2.20 Pressure Equivalents
Columns of mercury at Columns of water at
temperature 0°C and temperature 15°C and
= 9.80665 m/s? = 9.80665 m/s?
Pascals Bars 105 Poundsf 9 m g m's
N/m? N/m? per in? Atmospheres cm in cm in
1 10-5 0.000145 0.00001 0.00075 0.000295 0.01021 0.00402
100000 1 14.504 0.9869 75.01 29.53 1020.7 401.8
6894.8 0.068948 1 0.06805 5171 2.036 70.37 27.703
101326 1.0132 14.696 1 76.000 29.92 1034 407.1
1333 0.0133 0.1934 0.01316 1 0.3937 13.61 5.357
3386 0.03386 0.4912 0.03342 2.540 1 34.56 13.61
97.98 0.0009798 0.01421 0.000967 0.07349 0.02893 1 0.3937
248.9 0.002489 0.03609 0.002456 0.1867 0.07349 2.540 1
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Table 1.2.21 Conversion of Pressures*

CIICK Nereto View,

Lb/in? to Barsto Lb/in? to Atmospheres Barsto Atmospheres
bars Ib/in? atmospheres to Ib/in? atmospheres to bars
1 0.06895 14.504 0.06805 14.696 0.98692 1.01325
2 0.13790 29.008 0.13609 29.392 1.9738 2.0265
3 0.20684 43511 0.20414 44.098 2.9607 3.0397
4 0.27579 58.015 0.27218 58.784 3.9477 4.0530
5 0.34474 72.519 0.34823 73.480 4.9346 5.0663
6 0.41368 87.023 0.40826 88.176 5.9215 6.0795
7 0.48263 101.53 0.47632 102.87 6.9085 7.0927
8 0.55158 116.03 0.54436 117.57 7.8954 8.1060
9 0.62053 130.53 0.61241 132.26 8.8823 9.1192
* EXAMPLE: 1 Ib/in2 = 0.06895 bar.
Table 1.2.22 Velocity Equivalents
cm/s m/s m/min km/h ft/s ft/min mi/h Knots
1 0.01 0.6 0.036 0.03281 1.9685 0.02237 0.01944
100 1 60 3.6 3.281 196.85 2.237 1.944
1.667 0.01667 1 0.06 0.05468 3.281 0.03728 0.03240
27.78 0.2778 16.67 1 0.9113 54.68 0.6214 0.53996
30.48 0.3048 18.29 1.097 1 60 0.6818 0.59248
0.5080 0.005080 0.3048 0.01829 0.01667 1 0.01136 0.00987
44.70 0.4470 26.82 1.609 1.467 88 1 0.86898
51.44 0.5144 30.87 1.852 1.688 101.3 1.151 1
Table 1.2.23 Conversion of Linear and Angular Velocities*
cm/s ft/min cm/s mi/h ft/s mi/h rad/s r/min
to ft/min tocm/s tomi/h tocm/s tomi/h to ft/s to r/min to rad/s
1 1.97 0.508 0.0224 44.70 0.682 147 9.55 0.1047
2 3.94 1.016 0.0447 89.41 1.364 293 19.10 0.2094
3 591 1.524 0.0671 134.1 2.045 4.40 28.65 0.3142
4 7.87 2.032 0.0895 178.8 2.727 5.87 38.20 0.4189
5 9.84 2.540 0.1118 2235 3.409 7.33 47.75 0.5236
6 1181 3.048 0.1342 268.2 4.091 8.80 57.30 0.6283
7 13.78 3.556 0.1566 312.9 4.773 10.27 66.84 0.7330
8 15.75 4.064 0.1790 357.6 5.455 11.73 76.39 0.8378
9 17.72 4572 0.2013 402.3 6.136 13.20 85.94 0.9425
* EXAMPLE: 1 cm/s = 1.97 ft/min.
Table 1.2.24 Acceleration Equivalents
cm/s? m/s? mi(h-s) km/(h-s) ft/(h-s) ft/s? ft/min? mi/(h-s) knots/s
1 0.01 36.00 0.036 118.1 0.03281 118.1 0.02237 0.01944
100 1 3600 3.6 11811 3.281 11811 2.237 1.944
0.02778 0.0002778 1 0.001 3.281 0.0009113 3.281 0.0006214 0.0005400
27.78 0.2778 1000 3281 0.9113 3281 0.6214 0.5400
0.008467 0.00008467 0.3048 0.0003048 1 0.0002778 1 0.0001894 0.0001646
30.48 0.3048 1097 1.097 3600 1 3600 0.6818 0.4572
0.008467 0.00008467 0.3048 0.0003048 1 0.0002778 1 0.0001894 0.0001646
44.70 0.4470 1609 1.609 5280 1.467 5280 1 0.8690
51.44 0.5144 1852 1.852 6076 1.688 6076 1.151 1
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Table 1.2.25 Conversion of Accelerations*

CIICK Nereto View,
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cm/s? km/(h-s) km/(h-s) ft/s? ft/s? ft/min? mi/(h-s) mi/(h-s) knots/s knots/s
to to to to to to to to to to
ft/min2 mi/(h-s) knots/s mi/(h-s) knots/s cm/s? m/(h-s) knots/s mi/(h-s) km/(h-s)
1 118.1 0.6214 0.5400 0.6818 0.4572 0.008467 1.609 0.8690 1151 1.852
2 236.2 1.243 1.080 1.364 0.9144 0.01693 3.219 1.738 2.302 3.704
3 354.3 1.864 1.620 2.045 1.372 0.02540 4.828 2.607 3.452 5.556
4 472.4 2.485 2.160 2,727 1.829 0.03387 6.437 3.476 4.603 7.408
5 590.6 3.107 2.700 3.409 2.286 0.04233 8.046 4.345 5.754 9.260
6 708.7 3.728 3.240 4.091 2.743 0.05080 9.656 5.214 6.905 1111
7 826.8 4.350 3.780 4772 3.200 0.05927 11.27 6.083 8.056 12.96
8 944.9 4971 4.320 5.454 3.658 0.06774 12.87 6.952 9.206 14.82
9 1063 5592 4.860 6.136 4115 0.07620 14.48 7.821 10.36 16.67
* EXAMPLE: 1 cm/s? = 118.1 ft/min?.
Table 1.2.26 Energy or Work Equivalents
Metric British
Joules or Kilogramf- Kilowatt horsepower- Horsepower- Litre- thermal
Newton-metre metres Foot-poundsf hours hours hours atmospheres Kilocalories units
1 0.10197 0.7376 0.052778 0.053777 0.053725 0.009869 0.052388 0.0,9478
9.80665 1 7.233 0.052724 0.0537037 0.053653 0.09678 0.002342 0.009295
1.356 0.1383 1 0.0,3766 0.0551206 0.0,50505 0.01338 0.0;3238 0.001285
3.600 X 108 3.671 X 10° 2.655 x 10° 1 1.3596 1.341 35528 859.9 3412
2.648 x 106 270000 1.9529 x 108 0.7355 1 0.9863 26131 632.4 2510
2.6845 x 106 2.7375 X 105 1.98 X 108 0.7457 1.0139 26493 641.2 2544
101.33 10.333 74.74 0.0,2815 0.0,3827 0.0,3775 1 0.02420 0.09604
4186.8 426.9 3088 0.001163 0.001581 0.001560 41.32 1 3.968
1055 107.6 7782 0.0,2931 0.053985 0.053930 10.41 0.25200 1
Table 1.2.27 Conversion of Energy, Work, Heat*
Ft- Ibf Joules Ft- 1bf Btu Kilogramf- Kilocalories Joules Calories
to to to to metres to to kilogramf- to to
joules ft- 1bf Btu ft-Ibf kilocalories metres calories joules
1 1.3558 0.7376 0.001285 778.2 0.002342 426.9 0.2388 4.187
2 2.7116 1.4751 0.002570 1,556 0.004685 853.9 0.4777 8.374
3 4.0674 22127 0.003855 2,334 0.007027 1,281 0.7165 12.56
4 5.4232 2.9503 0.005140 3,113 0.009369 1,708 0.9554 16.75
5 6.7790 3.6879 0.006425 3,891 0.01172 2,135 1.194 20.93
6 8.1348 4.4254 0.007710 4,669 0.01405 2,562 1.433 25.12
7 9.4906 5.1630 0.008995 5,447 0.01640 2,989 1.672 29.31
8 10.8464 5.9006 0.01028 6,225 0.01874 3,415 1911 33.49
9 12.2022 6.6381 0.01156 7,003 0.02108 3,842 2.150 37.68
* EXAMPLE: 1 ft-Ibf = 1.3558 J.
Table 1.2.28 Power Equivalents
Metric Kgf-m Ft-1bf Kilocaories Btu per
Horsepower Kilowatts horsepower pers pers pers s
1 0.7457 1.014 76.04 550 0.1781 0.7068
1.341 1 1.360 102.0 737.6 0.2388 0.9478
0.9863 0.7355 1 75 5425 0.1757 0.6971
0.01315 0.009807 0.01333 1 7.233 0.002342 0.009295
0.00182 0.001356 0.00184 0.1383 1 0.0,3238 0.001285
5.615 4.187 5.692 426.9 3088 1 3.968
1415 1.055 1434 107.6 7782 0.2520 1




Copyright (C) 1999 by The McGraw-Hill Companies, Inc. All rights reserved. Use of
this product is subject to the terms of its License Agreement.

1-34 MEASURING UNITS

CIICK Nereto View,

Table 1.2.29 Conversion of Power*
Metric Kilowatts Horsepower Metric
Horsepower Kilowatts to horsepower to metric to metric horsepower
to kilowatts horsepower to kilowatts horsepower horsepower to horsepower
1 0.7457 1.341 0.7355 1.360 1.014 0.9863
2 1491 2.682 1471 2.719 2.028 1.973
3 2.237 4.023 2.206 4.079 3.042 2.959
4 2.983 5.364 2.942 5.438 4.055 3.945
5 3.729 6.705 3.677 6.798 5.069 4.932
6 4.474 8.046 4.412 8.158 6.083 5.918
7 5.220 9.387 5.147 9.520 7.097 6.904
8 5.966 10.73 5.883 10.88 8.111 7.891
9 6.711 12.07 6.618 12.24 9.125 8.877
* EXAMPLE: 1 hp = 0.7457 kW.
Table 1.2.30 Density Equivalents* Table 1.2.31 Conversion of Density
Short tons Grams per mL Short tons
Grams Lb per Lb per (2,000 Ib) Lb per Grams per mL to Lb per cu ft to to short tons per cu yd to
per mL cuin cu ft per cu yd U.S. ga Ib per cu ft grams per mL per cu yd grams per mL
1 0.03613 62.43 0.8428 8.345 62.43 0.01602 0.8428 1.187
27.68 1 1728 23.33 231 187.28 0.04805 2.5283 3.560
0.01602 0.0,5787 1 0.0135 0.1337 312.14 0.08009 42139 5.933
1187 0.04287 747 1 9.902 437.00 0.11213 5.8995 8.306
0.1198 0.004329 7.481 0.1010 1 561.85 0.14416 7.5850 10.679
* EXAMPLE: 1 g per mL = 62.43 |b per cu ft.
Table 1.2.32 Thermal Conductivity
Calories per Watts per Calories per Btu- ft per Btu-in per
cm-s-°C cm-°C cm-h-°C ft2-h-°F ft2-day - °F
1 4.1868 3,600 241.9 69,670
0.2388 1 860 57.79 16,641
0.0002778 0.001163 1 0.0672 19.35
0.004134 0.01731 14.88 1 288
0.00001435 0.00006009 0.05167 0.00347 1
Table 1.2.33 Thermal Conductance
Calories per Watts per Calories per Btu per Btu per
cm?-s-°C cm?-°C cm?-h-°C ft2-h-°F ft?-day - °F
1 4.1868 3,600 7,373 176,962
0.2388 1 860 1,761 42,267
0.0002778 0.001163 1 2.048 49.16
0.0001356 0.0005678 0.4882 1 24
0.000005651 0.00002366 0.02034 0.04167 1
Table 1.2.34 Heat Flow
Calories per Watts per Calories per Btu per Btu per
cm?-s cm? cm?-h ft2-h ft2- day
1 4.1868 3,600 13,272 318,531
0.2388 1 860 3,170 76,081
0.0002778 0.001163 1 3.687 88.48
0.00007535 0.0003154 0.2712 1 24
0.000003139 0.00001314 0.01130 0.04167 1
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