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nautical mile

amile

chain ferlong mile fathom Lys b Lo Jbe
. .. . rbigd o 20 e
e gt iy ol S pr IR
m in ft va mile a mile
e Syl merre | 1 39.3701 3.280 84 1.093 61 0.049 799 7 497097 x 10-3| 6213 71 x 104 0.546 807 539612 x 16~4] 5.399 57 x 104
m = .
gl Sl inch | 040254 1 0.0833333 | 0.0277778 | 1.26263 x 10-3} 1.262 63 x 10-4| 1.57828 x 10-5| 1.388 89 x 10-2| 1,370 61 x 10-5| 1.371 49 x 10~
n =
oh Sy 1 foot | 0.3048 12 1 0.333333 | 0.0151515 1.515 15 x 10-3| 1.89394 x 10| 0.166 667 1,644 74 x 104 1.64579 < 104
't
oLy §yand | 09144 36 3 1 0.045 454 5 454545 x 10-3] 5.681 82 x 10| 0.5 493421 x 104 | 493737 X 102
yd ’
1 chain = 201168~ |92 66 2 1 0.1 0.0125 it 1.085 53 % 10-2{ 1.08622 x 102
1 furlong = | 201.168 7920 660 220 10 1 0.125 110 0.108 533 0.108 622
1 mile = | 1609344 | 63 360 5280 1760 80 3 1 880 0,368 421 0.868 976
-1 fathom = | 1.8288 7 6 2 9.09091 x 102 9.09091 x 10° 3} 1.13636 x 10-3| 1 9,865 42 x 10-4| 9.874 73 X 10~4
r-w...;._m..._cmrw._r_._rhm i )
TUK nautical | 185348 72 960 " 6080 2026.67 92,1212 9,212 12 1.151 52 1013.33 1 1,000 64
wodlows | 1852 720134 | 6076.12 2025.37 92.0624 9.206 24 1.150 78 1012.69 0.999 361 1
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(AU) 92~ o=y K = 1,496 x 1011 m (v)
(pe) Su sl S = 3.0857 x 1016 m (v)
(1y.) S o Se= 9.4605 x 1015 m (v)
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(1in = 0.0254 m)
1 foot (ft} = 12 inches (in) (1 ft = 0.3048 m) (f)
1 yard (yd)= 3 feet (ft) (1 vd = 0.9144 m)
1 chain = 22 yards (yd} (1 chain = 20.1168 m) ‘ ()
1 furlong = 10 chains (1 furlong = 20(1.168 m) ($)
1 mile = § furlongs (1 mile = 1609.344 m)
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I micro-inch (uin) = 10-6in = 00254 um = 254 X 10-9m (v)

I thou = 10-3in = 284pm = 254 x10-6m

I mil = 10-3in = 254um = 254 x 10-6m {(A)

1 point = gin(" L i) = 0.351 mm (" Leyis) (q)

I iron = g in . = 0.529 167 miin (Vo)

1 line = X in ' = 0.635 mm (1y)

1 line or ligne = Lin = 2.116 67 mm (vv}
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lem = gin = 4.233 33 mm (vv)

1 hand = 4in = §0.16 cm (V)

1 link g™ s chain = 0.66 ft = 0.20f 168 m

1 US survey fo0t g lsp o™ goovwms it = s m = 0.304 801 m

1 fathom = 6ft = 18288 m

1 rod, pole, perch = 5kyd = 50292 m (10)

1 engineer’s chain = 100 ft = 3048 m -

1 cabie-length — —_— (1

1 UK nautical mile = 6080 ft — 1853.18 m #)

1 telegraph nautical mile = 6087 ft = 1855.32m (vy)
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2
1 mm2 = ('1%'0'(‘70) o 10-6 m?
| cm? = (T‘;Lo)“ = 1074 m?

2
1 dm? =- (%) = 10-2 m2

2
1 km2 = (IOOOm) = 106 m2
casl g phw S o0 sloasly 5 o= (& cwede) JTop =y

1a = 100 m2 '
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o—bw =¥ g2
&t S S—sa e o e e s rood acro &t b
mZ ha in? ft2 yd2 mile?
1 square metre = 1 1x 104 1550.00 10.763 9 119729 0.884 22 x 104 247 65 x 104 3.861 02 x 10-7
M2 eyie S
1 hectare = 10 000 1 1550.00 x 104 107 639 11 959.9 9.884 22 2471 05 3.861 62 x 103
ha e S
u.macmno inch = 6.4516 x 104 6.4516 x 10-8 1 6.944 44 x 103 7.716 05 x 104 6.376 90 x 10-7 1.594 23 x 167 2.450 98 x 1010
in? & m..{# K
1 square foot = 0.092 903 ¢ 9.290 30 x 10-6 144 1 0.111 111 518274 x 10-5 223568 < 105 3.387 01 x 10-¢8
12 g cgh
1 square yard = 0.836 127 8.361 27 x 10~5 1296 9 1 8.264 46 x 10—+ 206612 x 104 3.22831 x 10-7
yd? Vel ol .u»r o
I rood = 1011.71 0.101 171 1 568 160 10 890 1210 1 0.25 3.900 25 x 104
1 acre = | 4046.86 0.404 686 6272 640 43 560 4840 4 1 1.5625 x 143
1 square mile = 2.589 99 x 106 258.999 4,014 49 x 109 2,787 84 x 107 3.097¢ x 106 2560 640 1
mile2
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circular mil s Sk Falal g
am? in?
| circular mit® = 1 5.05707x10-4 | 7.853 98107
& risadas Ko} square millimetre = 1973.53 1 1.550 00 x 103
mm?
ot gl Se 1 square inch ES 1.273 24> 106 645.16 "1
in2

. 3gd aanlpe p — ¥ 3% ¥ pudyS &y circular mil N VPVL | JUR”

s b 555031051 61y " Ygema (ha o) lSa oTobal 5l & Ly asly ol
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oster Sme = 10728 m2
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sl e
1 square toot (ft2) = 144 square inches (in2) (1 in2 = 6.4516 x 10-4 m2)
I squan:: yard (yd?) = 9 square feet 12 = 0.0552 03 0 m2)
| rood = 1210 square yards (1yd2 = 0.836 127 m?)
1 acre = 4 roods == 4840 square yards (1 rood := 101171 m?)

_ _ (1 acre := 4046.86 m2)
1 square mile {mile?) == 640 acres (1 mile2 == 2.589 99 x 106 m?2)
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‘8 wwl circular mil
X
1 circular mil = 7.853 98 x 10-7in? = 5,067 07 x 10-40 ml"
(Jsb o =) JuloiSy e . ¢
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casl
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SlaaS g Ly = F Jyoo

e s V] *ans | g e g NRIR UK bushel US dry pint | US bushel
dmd
m Iht A a J o . w
3 ¢ in3 53 yd?
1 cubic metre =1 1000 999.972 6l 023.7 35.3147 1.307 95 27.495 1 1816.17 283776
m3 .lbmb r .b
1 cubic decimetre r
dm3 & b= {000 1 0999972 | 61.0237 0.035 314 7 130795 x 103 | 0.027 496 1 1.816 17 0.028. 3776
1litre ~aSayiagws
I+ S,
1 litre Amﬁ"w“v.w._n 1.000028 x 10-3| 1.000 028 1 61.025 5 0.035 315 7 1.307 99 x 10~3 | 0.027 496 9 1.816 22 0028 378 4
1 cubic inch = | 1.63871 » 10-5 | 1.638 71 x 10-2 | 00163866 |1 578704 x 10-4 | 2.143 35 x 10-5 | 4.505 81 x 104 | 0.020 761 6 | 4.650 25 x 10~
i e el S
1 cubic foot = | 00283168 28.3168 28.3161 1728 1 0.037 0370 0.778 604 51.4281 0.803 564
fi3 fh- .n.bb S
lcubicyard £ = |0.764 555 764.555 764.533 46 656 27 1 21.0223 1388.56 21.6962
yd3 S 3,ly - i
1 UK bushel = | 0.0363687 36.3687 363677 2219.36 1.284 35 0.047 568 § 1 66.0517 1.032 06
1 US dry pint = | 5.506 10 x 10-4 | 0.550 610 0.550 595 | 33.600 3 0.019 444 6 7201 71 x 104 | 0.015 139 7 1 0.015 625
1 US bushel = | 00352391 35.2391 35.2381 2150.42 1.244 46 0.046 091 0 0.968 939 14 1
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1dm3 = (.;_g) = 10-3Im3
3
Iemd == (.ir—;—)) = 10-6ml
1 mm3 = (T:)BOT))J — 10-9 m?
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Fud S = 1dm? = 103 m3
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(1) Fdsfee s ml.

1 hl == 100 litre = 10-! m3

I
&_l_)litrc = [0-5m3
100

I ml = (—{.-)Iitre = 106 m3 = | cm3
1C00

1cl

tul = (._l_)litre = 10-9m3 = 1 mm?
106
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GtlaS s g LY Jyaa

—sSa yie (1901) %5300 | casSe il wa ugh UK pint %% | UK gallon %%% | US liquid pint | US ga.lon
JL-M.-T{. 3
dm?d
*®
m3 i in3 10 m UKpt UKgat US lig pt USgal
I cubic metre =1 1000 999.972 610237 35.3147 - 1759.75 219.969 2113.38 264172
m3 [.-h.kv- S
1 cubic decimetre .
dm3 S b= | 6.001 1 0.999 972 61.023 7 0.035 314 7 1.759 75 0.219 969 2.113 38 0264 172
1 litre* wuSe e
! * e S,
1 Titre (1901)* n = 9
5oy _,Wr.._ &= | 1000028 x 10-3| 1.000 028 1 61.025 5 0.035 315 7 1.759 80 0.219 975 2.113 44 0.264179
1 cubic inch g%~ | 163871 x 10-5 | 0.0163871 | 0.0163866 |1 578704 x 10~4 | 0.0288372 | 3.60465 x 10-3 | 0.0346320 { 432900 » 103
in? A
1 cubic foot @y 2 = | 0.028 316 8 28.3168 28.3161 1728 1 49.8307 6.228 83 | 59.8442 7.480 52
o o
1 UK pints = | 0.568 26! x 10~3] 0.568 261 0.568 246 314.6774 0.020 068 0 1 0.125 1.200 95 0.150 119
UKpt
1 UK gallon sx% = | 4.546 09 x 103 | 4.546 09 4.545 96 277.420 0.160 544 $ 1 9.607 60 1.200 95
UKgai
1 US liquid pint = | 4731 76 x 104 | 0.473 176 0.473 163 28.875 0.016 710 1 0.832 674 0.104 084 1 0.125
US lg pt
1 US gallon = |3.78541 x 10-3 | 3.785 41 3.785 31 231 0.133 681 6.661 39 0.832 674 s 1
USgal

cogdsarle v o F wlvar (1401) s Sl 20t sl w
. 3gm g0 834al pdimperial pint w«
. dgm g0 a0l p& 1mperial gallon wwx
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e pagiile ) {140 'lm...r_rﬂ_..: s pie! UK minim UK fluid drachm UK fluid ounce US fluid ounce
m o omd in3 UKniin UK fi de UK fl oz US 1 oz
1 cubic centimetre |
em? pacole K p= 1 0.999 972 0.061 023 7 16.8936 0.28: 561 0.035 195 1 0.0338!40
1 millilitre  cuSa .
{18 vt.‘.{rﬂf = 1.000 028 1 0.061 025 5 16.8941 ‘ 0.281 568 00351961 00338150
1 cubic inch = 16.3871 16.3866 1 276.837 4.613 95 0.576 744 0.554°113
ind g PN -
1 UK minim = ¢.059 1939 0.059 1922 3.61223 x 103 1 0.016 666 7 208333 «x 1073 2.001.58 % 103
UKmin
1 UK fluid drachm = 3.551 63 3.551 53 0.216 7134 60 1 0,125 0.120 095
UK fldr
I UK uid ounce == 28,4131 28.4123 1.733 87 480 8 1 0.960760
UK il oz
1 US fuidd cupce = uo.udm. 295127 1.804 69 499.604 8.126 4 1.040 84 1
LS Aoz
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cad 18
yd3 e ol S = e b 27 2 0,764 555 m3
13 S wed K= oo p| 1728 < 0.028 316 8 m>

in? e = = 1.638 71 < 10-5m?
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I UK gill

1 UK pint

1 UK quart
[ UK gallon
1 UK pint

1 UK guart
I UK peck

1 UK bushel

[ UX minim
1 UK fluid drachm
I UK fluid ounce

f

I

i

o

I

b

0.960 760 US minim
0.960 760 US fluid ®dram
0.960 760 US fluid =*,ounce
1.200 95 US gill

1.200 95 US liquid pint
1.200 95 US liquid quart
1.200 95 US gallon

1.032 06 US dry pint
1.032.06 US dry quart
1.032 06 US peck

1.032 06 US bushel

I US minim

1 US gill

1 US gallon

"1 US ffuid* dram
1 US fluid®Mounce

! US liquid pint
1 US liquid quart

1 US dry pint
1 US dry quart

= [.040 84 UK minim

= 1.040 84 UK rluid drachm

1.040 84 UK fluid ounce
0.832 674 UK gill

0.832 674 UK pint
0.832 674 UK quart
0.832 674 UK gallon

= 0.968 939 UK pint

- 0.968 939 UK quart

1 US peck = 0.968 939 UK peck
1 US bushel = 0.968 939 UK bushel
. J’Azao dd*.bje.‘l cel.ndram sﬂ‘s S!ﬂTJJ %
- a9 o0 00l 500 asbe cunce (O 00T 0 x
eyt o 39 el 50 Jeas Lol sl s
1 UKgal = 4.546 09 dm3 * '

4.546 09 litre %
- 4,545 96 litre (1901)

sl oas oolo plac 5 0 T calise shial g Glasl y WodSl IS 0 Lo !

(2ol aiils oS gypo 9) Ceds

UKmin
UK fl dr
UK fl oz
UKpt
UKqt
UKgal

4",

| minim %

1 fluid drachm»*%= 60 minim

1 fluid ounce = 8 fluid drachms

I gill

il

5 fluid ounces

Sapie Joleo jlads

= 0.059 193 9 ¢cm3
3.551 63 ¢cm?

28.4131 cm3
0.142 065 am3

i

i
i

1 pint - = 4 gills (= 20 fluid ounces) = 0.568 261 dm3
I quart = 2 pints == 1,136 52 dm?
1 gallon = 4 quarts (= 160 fluid ounces) = 4.546 09 dm3
1 peckxx == 2 gallons ' = 9.092 18 dm3
1 bushel xx = 4 pecks == 36.3687 dm3

obor e pol bl lensS S Tslaoa o f S S LT slaaaly v -y
pom (5 mSe ylas] Glﬁ.lns.i,ao,.,;,u&@l\'r\ pre Solie (16 0l JE L sps o

0l B o Bl gl g Lsie ) Jyo jlbushel, peck,drachm, fluid, minim

4.546091879
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JLaaslaeS g3y 53) wde sl Koyie Joleo Hluda
— 1 US minim = 0.061 611 5 cn?
fidr 1 US fluid dram ¥ == 60 minims = 3.696 69 cm?3
USfloz 1 US fluid ouncei®* = 8§ fluid drams = 29.573 Scm3
gi 1 US gill = 4 Huid ounces = 0.118 294 dm3
lig pt 1 US liquid pint = 4 gills (= 16 fluid ounces) = 0473 176 dm?
lig qt 1 US liquid quart = 2 liquid pints = 0.946 353 dm3
USgal | US gallon = 4 liquid pints ( = 128 fluid ounces) == 3.785 41 dm?
bbi I US barrel {waiss! ) = 42 gallons == 158.987 dm?

3 L;!K#,PTLJ*:"-! L onn-s‘,g S alge SpSezlast s - Jelaig@‘saf-[gs‘-b-‘-’-!; B R Bk

AT PRI K Oi.‘.‘..: iy 0° OT;_QJ.“.:\a 61)?‘ Iy les!

(shLealls S &5y90 53) e asly Sayio Joleo 5l a3
mm 1 US dry pint = 0.550 610 dm?
dry qt I US dry guart == 2 dry pints .= 1,101 22 dm3
pk 1 US peck = § dry quarts == 8.809 76 dm?
bu 1 US bushel = 4 pecks = 35.2391 dm?
bbl (dry) 1 US dry barrel == 7056 cubic inches = 115627 dm3
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il e gt BAYE S oS St oSay o bl 5 KojoT 0 Sied v S9ys S8 o

Loy g g
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1 board foot

1 cord
1 standard

. J)‘d D8 u’h.m

I R ‘J,)@)Ka.,ol:....liﬂ‘__.,gw).\asi:.,,.i)b,‘sh.\;l,ﬂh ¥

= 144 in3 (= 2.359 74 dm?)
= ]28 ft3 (= 3.624 56 ni?)
= 165ft3 (= 467228 m?)
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fifs apols r ;_.,,,S__,
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1 metre per second squared = | 1 3.280 84 0.101 972
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standard acceleration
due to gravity = | 9.806 65 32.1740 1

& 1Gal = 1cmfs? = [072m/s? CLagd ey é-"f‘-!:ce-"’,:'
! mGal = 10-% m/s2



YA

pr—> . \¥
rlygoag shol asly & oS cul (kg ) pSokS ST ptu j3 prr (ulal anly iy ¥
olosle o ol e jpear cmged b il 0SS oIl ey wgas i 02
(+ 2555 510 sy K055 o 5o Lew by Loy Sl e

S Tl s Golasl ol 1S wigty Jols oS pym amly ol gl camgs Ly o1y
g I.; « Mg r;& s ls f.s,.:.u. A;_-i-LSIgsLB-\-'-,&ﬂ o fJS °3|3 QJJS alol u—-;b
' :wlﬂ)cﬁ%QTﬁlj?')‘—iul“s:.ug*f)s}gseﬂjmgf)s-.r]-:‘

1000 kg

I Mg

i
g = j500 %8

I mg = 10-6kg
Tng = 10-%2kg
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e LTl s a2lip (1) sl s Ty GludSl o ) ol anly by

I1b = 0.453 592 37 kg
p—= oty el g sloasly wjge o0 aiplishial y Glasl e Blayt g 1y
cewlood asia
25l & = 16 ounces (0z) (1 oz = 28.3495 g)
gl & == 16x16 drams (dr) (1 dr = 1.771 85 g)

sl K = 7000 grains (gr) (1 gr = 0.064 798 91 g)
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] stone = 14 %34 (= 635029 kg)
1 quarter (gr) = 28 ax,l, (= 12.7006 kg)
1 cental (ctl) = 1003k (= 45.3592 kg)
1 huncjredweigh: wwi) = 112 &by (= 50.8023 kg)
1 ton (ton) = 2240 %3k (= 1016.05 kg)

1 short hundredweight (sh cwt) = 100 sk (= 45.3592 kg)

1 short ton (sh ton) = 2000 25l (= 907.185 kg)
5000 1bsbus oS 'l Sg s 2 Spabe 33,8 pasnie S| e yrige JE 0r 5 535 KapT o)
hundred S asl g 2ph0 1bSpaie S3s0 & byl (gan o Sy50 o Mol 2l
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1 scruple’ ¥ = 20 grains (= 1.29598 gram)
1 drachm* (o baISH)0) — 3 scruples (= 3.887 93 gram)
1 dram ( Se 5 1,2) = 3 scruples (= 3.887 93 gram)
1 ounce* = 24 scruples = 480 grains (= 31.1035 gram)

(8:p!,2 oz apy bt ;5 0z apoth)
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(0.001 kg) or dr oz oz tr or oz apoth
1 gram {0.001 kg) S5 =1 5 15.4324 0.564 383 0.257 206 00352740 0.032-150 7
o ¢
I metric carat e blps K== 0.2 1 3.086 47 0.112 877 0.051 441 2 7.054 79% 16-3 6.430 15%x 103
1 grain * =] 0.064 798 9 0.323 995 1 0.036 571 4 0.016 666 7 2.28571x10-3 2.083 33x10-3
er
1 M”.,:: (avoir) (pmsaiig) = 1.771 85 8.859 23 2734375 1 0.455 72 0.0625 0.056 966 1
1 drachm ?boﬂs,A sleolsylsy=| 3.887 93 19.4397 60 2.194 29 1 0.137 143 0.125
1 ounce (avoir) ==| 28.3495 141.748 4375 16 7.291 67 1 0.911 458
oz (oo 03jg) i} S .
[ ounce (troy or apoth) | . -
oz tr or oz apoth =1 31.1035 155.517 430 17.5543 8 1.097 14 1
S 3ds) g5y
(sleley,lo b /
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o> (1000 kg) wigle UK hundredweight short hundredweight™ | w5 & short ton*
(megagram Mg) b cwt sh cwt ton sh ton
1 tonne (1000 kg) (1 Mg) =1 2204.62 19.6841 | Nw.o.._..mm 0.984 207 1.102 31
t o Sa 1
1 pound =| 453592 x 104 1 8.928 57x10-3 6.01 4.464 29 x 104 0.0005
b sigly S
1 hundredweight =] 0.050 802 3 112 1 1.12 0.05 0.056
cwt
1 short hundredweight ® = 0.045 359 2 100 0.892 857 1 0.044 642 9 0.05
sh cwt
1 UK ton =| 1,016 05 2240 20 224 1 1.12
ton o 5 Sy
1 short ton® =| 0.907 185 2000 17.3571 20 0.892 857 1
sh ton
-9gd g0 0agals  cental 28 Lokl j ¢ Cul Syl Yoo g9lus 9 2 8u 0T goaly sSshort hundred weight
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1 assay ton { o LwdS1) == 32.667 g (1)
1 assay ton (18 »1) = 29.166 g (v)
1 shug = 32174016 (= 14.5939 kg) (v)
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Jelo o azal 1 (db/mile) (= 2.818 49 % 10-4 kg/m)

o,k e o eSSl s 1 (ton/1000 vd)
Jelbo o =t 2 1* (ton/mile) (= 0.631.342 kg/m)

(= 1.111 16 kg/m)

0320013 18 Jsas,o ¥ — 18 5T =18 51 — 18 sless slaasly Joos sl o

-t;uu"

. las K 2Sa, ¢ cehls 3 19 7 | . ‘
(S9l5S 5 658 55y « 57 ledag o9 3508 9290) (—J,—_rg-g)c’-‘“-"sﬁfﬁ V$

Chu‘.\s-',).u r;,-LS:SIo&Zn.\)JCLmA",r r)’ ‘swlml .L'l-‘,.‘_.\f'

2
( kg/m” )
cazl g 032 Fade aoly K oS e

a3 518 & ‘C‘L“' asly o “.-g-)S,_.s J,L.\.';..d,,;.gl».\.:—‘,.\'_]F

pr 5o ¢S5 (g/m2) (= 0001 kg/m2)

mo Feeisbe ye oSk (mgfem2) (= 0.01 kg/m?)
e parkes p Sekee (mg/mm2) (= 1 kg/m?)
tSe o pSslS (kg/haj (= 0.0001 kg/m?)

““"')"JC)‘:’A“' ‘CL\.., "\"3)'- e A'Gu"\’bﬂksh‘)lﬂ N =15

ar s ooo ;2 35k (/1000 ft2) (= 488243 x 10-3 kg/m?)

ar b momst (0z/yd2) (= 3.390 57 X 10-2 kg/m2)
FRCT SreTY (oz/ft2) (= 0.305 152 kg/m2)
acre - sk (Ib/acre) (= 1.120 85 x 104 kg/m?2)

pom Jelo o oISl s (ton/mile2) (= 3.922 98 x 104 kg/m?)

cewl ead sala v5 Jyas o g slaasly Jras sl e

(600 lsS 3 58 5Sa; « o0 (sladg 50 952, 3350) p s> woly yo ol b 03 pbwe 1YY

2
S S cwl (m” k) 0 SelS 5 prjeie STolus 0 050 b gubulamly iy vy
carl peas guie aaly



g 22ly o e L 15 Jgno

(5slaS 9 58 5Sa; « 57l sl 50 9,01 3500)

A

. . > .P..uf . > ..r...ur rﬂl_mkv— o> * . v
| e p 5548 & S tene & 35k 1 gyl & S iyl | acre & Sbm el i
ka/m? b/ 1000 N2 oz/yd? ozfft? b/acre ton/mile2 kgha
NP AR A K X I kilogram per square metre =1 204.816 29,493 5 3.277 06 892179 2549.08 1x104
) kg/m2:
&r Sy Yeeew syl & 1 pound per thousand square feet ==| 4.882 43x10-3 | ¢ 0.144 0.016 43.56 12.4457 48.8243
Ib7recn w2 :
&0 3% sl & 1 ounce per square yard =[ 0.0339057 6.944 4 1 o._ 111t 302.5 86.4286 328.057
ozfyd?
FYIPROIN JURCT K 1 ounce per square fe ot =={ 0.305 152 62.5 9 1 27225 7717.852 3051.52
ozfft?
acre g kS 1 pound per acre =| 1.120 85x10-4 | 0.022 956 8 3305 79x10-% | 3.67309x10-4 | I 0.285 714 1.126-85
Ibfacre
oo e g omell 5 & 1 UK ton per square mile , =| 3.92298x10-4 | 0.080348 9 0.011 570 2 1.285 58x10-3 '35 1 392293
ton/mile2
,x...rnv& AR K 1 kilogram per hecture ¥ =} [XIi0-4¢ 0.020 451 6 2949 35103 | 3.27706x10-4 | 0.852 177 1 0.254 908 1
" kg/ha _
2 2 2 2 " S,
Img/mm = 100mg/cm =1000g/m = (kg/m" ) &PPe wuw.frn *




\i4

(@iaslsS 5 &)l 5Sa, ¢ 3B slang 59 208 390) i a2ly v pha b c0huy g L Y Sy

. ..mﬂuﬂ Sislypgpoplin | ol raim 3l | ale precys n.m”r . il w...m.. | Wr ¢ 59k o ji5n
m2/kg 1000 ft2/1b w__“\c,u ft2foz acreflh mile2/ton ha/kg
1 square metre per kilogram® =1 4.882 43x10-2 1 0.0339057 0.305 i52 1.12085x10-4 | 3.92298x10-4 | 1x10~4
2lea*
m?/kg ¥ 0 SO 5 ptpnSe
1 thousand square feet per pound =| 204.816 1 6.944 44 62.5 0.022956 8 0.080 348 9 0.0201481 6
1 square yard per ounce = 29.4935 0.14 1 9 3.305 79 10-3 | 0.011 570 2 2.949-35% 103
yd?foz ol a3 S
i square foot per ounce = 3.277 06 0.016 0.111 111 1 3.67309x10-4 | 1.285 58103 | 3.277 06104
ft2foz ooal g pege i |
I acre per pound ={ 8921.79 43.56 302.5 27225 1 35 0.892 179
acreflb sugly pacre Sy
1 square mile per UK ton = 2549.08 12.4457 86.4286 7717.857 0.285 714 1 0.254 908
mileZ/ton It 5w Jile Se ]
I hectare per kilogram - 1x104 48.8243 339.057 3051.52 1.120 85 392298 1
hafk
ke RERTIRRTAYS

, ‘ > -
2 - =

3

n’/g =(n/kg) pSykS 5 prsere Sew




127
ey ol e cppr anly e Ko Jylase S glasady v oy
05 » ferre (m3g) (= 1000 m?/kg)
pSeke o pepe ascle (cm2mg) (= 100 m2/kg)
p ke 1 aem M(mm%mg}ﬂ(; 1 m?/kg)
e 5oL o JSa (ha/ke) (=10 000 m¥kg)

:n.:;...!),)'c,za., e ..\.-»‘,J._.Cfn... A'éb»l,ﬂsh)\, Y=Y
Saly e pee g lpm (1000 fi2/lb) (= 204816 n¥fkg)
ousl  pepe Sk (0%07) (= 29.4935 m¥Yke)
il mp g (f30z) (= 327706 mikg)
sl wacra  (acre/lb) (= 8921.79 m2/kg)

et les o e Jebo (mile2fton) (= 2549.08 m?/kg)

ccaw ol sols \Y J,.\.'_» e «)‘L L_sl.b..\;-l, ._J_-..\.u._sl.‘_u).o

hlnS aaly y phe 214
Sl S anly o b ¢l 03y b Ay anlia 20 B sl b oS 6 S0 2l
c3518 05,8 5,0 LS, sy hies 5o

ar gy S IE o ae Sl i e e Jeas Sl o VA Jade )0
il 02 0313 gl K

Sl aaly b L4 Jyon

Ay pepre o6 ¢ prrsk AEy ey
m2/l yd2/gal ft2/gal ",
1 square metre per litre = |1 5.437 08 48.9337
m?/1 Fird gt prgayia Sy
1 square yard per gallon == | 0.183 992 7 1 9
yd¥gal g ae ol
1 squarc foot per gallon = | 0.020435 8 0.111 111 1
ft2/gal Ay arr b Sy




YA

s 'S e
vew! (kg m )‘T..S.);;.ﬁr;,l,S.SIa&;...s)a S eltasly iy g

Panlg e ol o el Jolama 3500 o yo &S 5 )50 So slrasly .y~ 19
3 .
(g/em’ ) meisle e 054 "(g/ m1 ) j5d sl 521000 kg /m
RO UL e GJ[S_-V» L;.,J&‘gln..\,‘,)hs‘a)‘.‘, Y =11
e g e 355k (Wbfin3) (=27 679.9 kg/m?)
usSa b e aialy (B3 (= 16.0185 kg/m?)
usSe 3,k el 2 (UKton/yd3) (== 1328.94 kg/m3)
S B 5wl (Ib/UKgaD. (= 99.7763 kg/m?)
S nTHE 5 sk (Ib/USgal) (=  119.826 kg/m3)
"l " Yo Ll b b cwdoas snla 1 q Jyan j0 e slaasly Jeas Slewe e
coys aanl oo
( iH )..I-E:"‘,o
—2>
NS,.L,S‘SIalS:...,\).; (C‘L‘S‘f"""’|ﬂf f..m.’d.« r)"sl-ld)rk_‘bj_g axla sV = Yo
.ML@ AML’.‘.&A -\:»',t_g,_'ASuul ( kg /m3 )ua.ls«o).‘ia).a
ff*-‘"f- 05 S oyge o " Ygane y cunl o e 5 S splue sy o
L34l . L_
1 kg/m3 =1 g/dr.l5~.—s1 &/l x Pt o
Sharcasls 0,0 8 0,0 cble sl " Mes oS &‘E‘-U‘TS Ls..___,]S.:l,_sln.u-l,)-lL_gla)l,, Y —Yo
' LB
S gd e S (gr/ftY) == 0.228 835 x 10-2 kg/m3)

oSl A6 e S (gr/UKgal) (= 0.014 253 8 kg/m3) /

ol il g (ST ) s I
Gy JE>
b ) 20 b b oy ty gz G131 e g i Saped 3 il Dl s 2
o " p¥hol sil T Gy pun o (SBy . puz 39 P sl opae Lelyd Gy
0y g0 S 0y ged S sl ar ) " ey

C0gd axalpe (Jud) Y — ¥ SSwar . 999.972 kg / n> =(1901) S oo » oS S oY
oz aoly pr (g Suf) prm ¢ Sl sl - 9 ol 0 s slidae o clils a5y

.f.'_hb»l,ﬁd,ﬂotﬂholb&gﬁiﬂﬁ)ohc(@b&g}l)
0.999972 kg / e =(1901) 55 3 o5 S . ¥



Bl

Ll cwloas gnie slaygsS 5l arlio g =T uile 0gyy sl 1935 50 gelio (951 59 anmy
Jedss e el g pebiis 5n) ol 51 el glice 1a ;958 (el o Ll 5 boasly pe
plasl gob sla s lem g o liiio 583 ¢ oy iz 510 el (55955 )l L & lssly 5 L L
$ly eIl g paie Gl slaaie; ;o b sges kb y sy Jeaos Gledyon e g o

casliealanl J..all L,...: L;l.no:..:.) OL,Q..‘.‘..;L\

lbdbo! Glea "lal soge LpS gu,b 50 Jolae wldS oS 3514 slayle ;0 bl Loge ealicul
o Lie g s slmasly 3 0068 18 Gom Sl Sly Slaly Glase a0 Sl et gl

caslosalilty, ".BJ.,IB”:.SCJ:...)J,A.\.,‘Afua_.JB- wlaMbol Sl

2 4l 3 gy g0 0 gyl Ly Qlhbiele 5 b Glaasse 1) arie el ] !

caogle b pTole b spase u ) peo R IRV RNPIF Y BEV-SOPLIN | Y

o0 s lme g Sliiad pbs



T4

(£ ) JE= .12 Jyoe

fb/USgal
(0 T JUSERTIS

e
r oSS Aol w8 | A e oS | pinl e sl wpp p Sigly » gl p Sy Sl 2t pol 5 55p
wasle o N {(18a1) S s K Kl e
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1 kiiogram per cubic metre == 1 0.001 1.000028 < 10-3} 361273 - 10-% a.m:«m 80 x 1072 1 7.52480 x 10~% | 1.002 24 > ]0~2 ! (.834 540 x 10-2
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Volume and capacity

BS 350

", uoyred retsadut , pajfex o%[y §
" und yeusadust , pajjes os[y |
“£'F 35 (J061) 351 3 pUB ‘annyf 9y Jo uoheue|dxs 104 ,

285N
1 8 ¥L9 ZE8°0 6¢ 1999 189 €£1°0 €T 1€ §81°¢ TP S8L'E | ¢-0 X I¥S8LE uoned g0 [
dbirsn
S0 I 80 +01°0 ¥L9 ZE8'0 T 0IL 910°0 SLEST €91 L0 SLLELPO | v-01 X 9L IELY waid pmbi g T
1e8n
$6 0071 09 L03'6 I 8 ¥PS 09170 0T¥LLT 96 SPC'H 60 9PS'F | c-01 X 60 9F5 P {uoed M 1
wiin
611 0510 €6 GOT'T ST1'0 1 0 890 0200 PLLO'PE SbT 995°0 19T 895°0 | ¢~ 01 X 19T $95°0 bmd NN |
[l
6 08P'L rhees £8 8770 LOES 6¥ 1 8T 191¢°87 291£°8T 8 91€ 820°0 1003 210> [
. gl
=00 X 00 678°F 0789 PEO0 | €-01 > <9 p09'¢ TLEB QOO | »-OI X PO LBLS 1 9 98¢ 910°0 1L8€910°0 | c-01 X TL 8E9°'T Goun oiqna |
6L1 1970 ¥EiTT SL6 6TT0 08 6501 LSTE ss00 S STO'IS . 1 820 000°T {¢- O X 870 000°T «{106T) om0y T
i
I [
LT Y970 BECETE 696 6170 SL6SLT L¥1g 5€0°0 L £20'19 L6 6660 1 1000 swp
AU HOND [
n:.-
Uy BEEIIZ 696617 SL6SLI L¥FIESE LETO 19 IL6'666 9001 1 anaw g |
®3g0) bl SN Lo i) W N cuf [ o
» 3T
cuap
azpmyzIp
uofie? g | yurd pynby S LB 1 Jyad ¥y Joo) dqnd wup aqnd | L, (1o6T) 200 Hqm anaw wqnd

"3dA} ploq ul pmund are senfes 13exg
(panunuoa) Aloeded pue swn|oA gy sjqey

13



(T OS[R 936} M | = (WD ¢ Q] = AN | ‘HLON
€ 995 ([061) 011 ) PUE 2] 3 Jo TopwIE(dYs 30 4

zo g SN
1 t8 0v0'1 L 9TER #09°66F 69 #08°1 LTLS'6T sELg’6C | = oumopmusSn 1
20 PN
09L 096°0 I 8 08k L8 EELT ¥ AL 14 1EIpez | =~ %omno pmg 3N 1
p o 3N
£60 OZI'D §T10 1 ] PEL 9ITO £5 155°€ €9 165°¢ | = WySRpPPMB AN T
_M Y
oy £- 01 % 8§ 1007 -0l % ££ £80°T L 999 910°0 1 £-01 X £2TI9°E T T61 6500 6¢61 650°0 | = urono NN 1
— . gul
. €11 #55°0 L 9L5°0 §6€19F Leesr | ¥ 998¢°91 WeEor | = Yyou} 2R |
- . 0518 ££0°0 1961 5600 89 187°0 1768°91 5 570 190°0 1 8T 000'T | = «(106T) ansmmu
—
e ) ™
(U ® anmn |
oo 0 ¥18 ££0°0 [ $61 SE0'0 19¢ 1870 976891 L £70 190°0 L6 666°0 1| = fmd
W 24WNTI0 MNGRI |
° zo g SN 20 1 ¥ P YN i o [ ym
Oc annnpw
To s
3 m ouno pIoy §1 auno ping NN wypdelp ping AN Wi W L ETTRR T ) {1061) a11¢[|UD QWL IqND
75 IM -2df pjog Ut piuLd are sonfea Jaexy
ms (panunuoa) Ayoeded pue aWN|OA “Op ajqel

14



BS 350 : Part1:1974

Volume and capacity
Modulus of section
Second moment of area

Table 40. Relationship between UK {imperial) and US units of capacity

1 UK minim = 0.960 760 LS minim

1 UK fluid drachm = 0.960 760 US fluid* dram
1 UK fluid outice = 0.960 760 US fluidt ounce
1 UK gill = 1.200 95 US gill

1 UK pint = 1.200 95 US liquid pint

1 UK quart == 1,200 95 US liquid quart
1 UK pgallon = 1.200 95 US gallon

| UK pint = 1.032 06 US dry pint

1 UK quart = 1.032 06 US dry quart

1 UK peck = 1.032 06 US peck

1 UK bushel = 1.032 06 US bushel

1 US minim == 1.040 84 UK minim

1 US fluid* dram  ~ 1.040 84 UK fluid drachm
1 US fluid{ ounce = 1.040 84 UK fluid ounce
1 US gill = 0.832 674 UK gill

1 US liquid pint = 0.832 674 UK pint

[ US liquid quart 0.832 674 UK quart

i

1 US gallon = (.832 674 UK gallon
I US dry pint = 0.968 939 UK pint

1 US dry quart = 0.968 939 UK quart
1 US peck = 0.968 939 UK peck

1 US bushel = 0,968 939 UK bushel

* Sometimes also known as the liquid dram in the USA.
1 Sometimes also known as the liquid ounce in the USA.

5. Modulus of section, first moment of area

5.1 These quantities have the same dimensions as volume; the coherent SI unit is therefore the metre
cubed (m?),

5.2 They may also be expressed in terms of the cube of any suitable submultiple of the metre; the centi-
metre cubed (cm?3) and millimetre cubed (mm?3) are commonly used.

5.3 In imperial units the foot cubed {ft3) or inch cubed (in?) are usually used.

The relationship between the above-mentioned units can be seen or inferred from Table 4a.

6. Second moment of area, or geometrical moment of inertia

The coherent SI unit for this quantity is the metre to the fourth (m4). Other commonly used units are the
centimetre to the fourth (cm) and millimetre to the fourth (mm4) and, in imperial units, the foot to the
fourth (fi#) and inch to the fourth (in4). See Table 6 for conversion factors for these units.

Table 6. Second moment of area
Exact values are printed in bold type.

m4 cm* ft4 in4
Imé¢ = |1 1 x 108 115.862 2 402 510
lemé = |1 x 10-8 1 115862 % 10-6 | 0.024 025 1
1f4 = |0.863097 x 10-2 | 863097 1 20 736
lind = | 416231 x 10-8 41,6231 482253 X 10-5 |1

NOTE. 1 mm#* = 10~4 cm4 = 1012 m4,
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Plane angle

A4y amended
Suiv 1983

7. Plane angle

7.1 The coherent SI unit of plane angle is the radian (symbol rad}, a supplementary® unit. It is the angle
between two radii of a circle which cut off on the citcumference an arc equal in length to the radius. .
Thus a complete circle subtends an angle of 2r rad at its centre, and a right angle (L) equals

2n p n 4
7 fad = 5 rad. | |
7.2 Angular units of such practical importance that they are retdined for general use in conjunction with
the SI are the traditional units degree (°), minute ('), second ().

The full circle subtends an angle of 360 degrees (360°) at its centre, and thus the right angle
(L) = 90 degrees (50°).

n
1 degree {1 °) — 60 minutes (607) = Earad
n
| minute (]’) = 60 seconds (60“) = 60 x 180 rad
d " ﬂ
1 second (1') T 3600 % 180 rad

Itis offen convenient to express sub-divisions of the degree in decimal form, rather than to use minutes
and seconds.
7.3 A unit of plane angle used in some continental countries is the grade (*) or, as it is called in Germany,
the gon. This is a one-hundredth of a right angle.

; o
i* {or 1 gon) = 0.9° = ﬁrad

Naotes on section 7
1. Note the possibility of confusion between the hundredth part of a grade in angular measure and the term Centigrade (cor-

rectly called Celsius) in connection with temperature.

2. The unit * mil * is sometimes used in connection with angular measure. For some putposes the angular mil is taken to be
one thousandth.of a radian (10 -3 rad), which is equivalent lo 3 26.25". Ther is, however, another concept in which an angular
mil is equal to 360/6400 degtees ie. 3" 22.5”. For other meanings of * mil * see 2.6, 3.5, and 4.4.

3. in English there is no commonly used expression for the * full angle * subtended by a circle. [n German the term * Yollwinket®

is used.

For interconversion factors for the units mentioned in 7.1, 7.2 and 7.3 see Table 7.

Tahle 7. Plane angle
Exact values are printed in bold type.

radian right angle degree minute sccond grade (or gon)
¥ad L @ ’ " ' gon
1 radian = 1 0.636 620 57.2958 343775 206 265 6).6620
rad
1 right angle = | L.570 80 1 90 5400 324 000 100
1 degree = | 00174533 0.011 1111 1 60 3600 111111
1 minute — | 2.00888x10-¢ | 1.851 85x 104 | 0.016 666 7 | 60 1.851 85x10-2
1 second - 4.848 14 <105 | 3.08642%xt0-6 | 2.77T 78> 10-4 00166667 | 1 3,086 42x 104
1 grade (or gon) = 0.015 708 0 0.01 0.9 4 3240 1
] Bon

* [n October 1980 the Internation
the International System as a clas
leaves open the possibility of using these or not in expres:
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Solid angle
Time

8. Solid angle Linear velocity

The coherent SI unit of solid angle, the only unit in common use for solid angle, is the steradaip
(symbol sr), a supplementary* unit. Tt is the solid angle which, having its vertex at the centre of a sphere,
cuts off an area of the surface of the sphere equal to that of a square with sides of length equal to the radius
of the sphere.

A complete sphere subtends a solid angle of 4= st at its centre.

9. Time

9.1 The SI unit of time is the second (symbol s), a base unit. It is now defined as the duratjpa-of ecified
number of periods of a particular atomic radiation; for details see BS 3763, RN
9.2 Prior to 1967 the second was defined as a specified fraction of the time taken by the Earth to complite
a particular orbit of the Sun. (This second, the ¢ ephemeris second ’, is retained for{use as a spocidl.unit
in astronomy, and is as nearly equal to the SI unit as the highest precision of meas }thenl could per it
in 1967.) \\ T

9.3 Other units of time of such practical importance that they are retained for general use in conjunction
with the SI are:

minute (min) I min = 60s
hour (h) 1h = 60 min = 3600s
day (d) 1d = 24h = 364005 .

9.4 Longer durations of time are conveniently expressed in terms of the week, month or year, but the last
{wo of these cannot in general be explicitly related to the second (of time).
lweek = 7d = 604800s
1 month == 28, 29, 30 or 31 days (according to calendar)
1 yeart == 12 months = 365 or 366 days (according to calendar)= 8760 h or 8784 h (according to calendar). i

Jufv fes ¥

MNotes on section 9

1. The only time unit commonly used in conjunction with the SI prefixes is the second; e.g. the submultiples millisecond (ms),
microsecond (ss) and nanosecond (ns) whichi are in wide technological use.

2. The symbol * 2’ is used for year.

3. The seale of Internatonad Atomic Time (TAI). based directly on the atomic radiation defining the second. 1§ maintained by i
the Bureau International de FHeure {B§H) in Paris, Legal time in the UK. as in most countries. is based on 4 related scale. that of  fw 90
Co-ordinated Universat Time (L TC). broadeast by an international petwerk of radio stations. UTC is defined in such a manner

that it differs from T Al by a whole number of seconds. The dillerence U TC-TAl was st equal to — 105 on | january 1972, the

date ol application ol the reformulation of L TC (which previousiy involved a frequency offset),

This dillerence can be changed in steps of I s. but the use of & positive of negative leap second at the end of 4 month of UTC.
preferably in the first instance at the cnd of December or of June. and in the second instance at the end of March or ol September.

o keep UTC in agreement with the time defined by the rotation of Earth with an approximation better than 0.9 s On | January

1981 the difference UTC - TAY was — 19 5. In fact, the lega! times of most countries are offset from UTC by aw hole number of

bours (hecause ol time zones and "daylight sas ing’ arrangemenis).

10. Linear velocity (speed) (length/time}
10.1 The coherent SI unit of linear velocity is the metre per second (symbol m/s), a derived unit.
10.2 Multiples and submultiples of the metre per second are formed By using any of the SI prefixes in
conjunction with the metre.
10.3 A metric unit often used for speed is the kilometre per hour (km/h).
1 km/h = 0.277 778 m/s

10.4 Various speed units used in the imperial system are:
foot per second 1fyys = 0,348 mfs
inch per second lin/s == 0.0254 mfs
foot per minute 1 ft/min = 0.005 08 mfs
mile per hour} | mile/h = 0.447 04 m/s .
10.5 The knot, one nautical mile per hout, is a unit used for speed in nautical and aeropautical contexts.
The fnternational knot {kn) is metric-based, being equal to one international nautical mile per hour.
| kn — 1852 m/h = 0.514 444 m/s
The UK knot is imperial-based and obsolescent, being equal te one UK nautical mile per hour.
1 UK knot = 6080 ft/h = 0.514 773 m/fs
For intecconversion factors for the above units see Table 10.

* |0 October 1930 the International Committee of Weights and Measures decided 1o interpret the class of supplementary URILS 1R 3 amended

the International System as a class of dimensionless derived units tor which the General Conference of Weights and Measures duby Josd

[eaves open the possibility of usiog \hese or not in expressions of derived units of the International System.

 The year referred (o here is the ' calendar year'. Calendar adjustments are based on the * tropical year *, the time interval
between Lwo consecutive passages (in the same direction) of the Sun through the Earth’s equatorial plane. In 1900 the duration
of the * tropical year * was 365.242 198 78 d and it is decreasing at the rate of 6.14 x 10 -6 days per century.

{ Traditionally indicated by the abbreviation m.p-h.
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Angular velocity
Frequency

1LY The Coherent §) unit of angular velocity is the radian per second (radys), 5 derived upjy,
1.2 Other units uged are: '

radian per Mminute {rad/min)
revolution Ber minuge (rev/min) or (r/min)
fevolution pey second (rev/s} or (r/s)
degree per Minute ( */min)

degree per second { °/s)

lor interconvcrsinn factors for the abgve units see Table 14,

Table 11, Angular velocity angd velocity of rotation
Exact valiyes are printed jn bold lype

radian per radian per fevolution per revolution per degree pey degree per
second minute second minute second minute
- rad/s rad/min rev/s Fev/min °ls “fmin
0.159 155

57.2958 3437.75

0.954 930 57.2955

! revolugion Pee mingte 6.283 1o 0.016 665 7 360
revingin
o3

| depice Per minge =1 2.908 28 1G4 0.0i7 453 31 4.629 63 x 10 -5 2777 18y 10-3 0.016 656 7 / 1
/Min

I rudian r second 1
radys

I radign ber minue 0.016 666 ~

tad/min

I revolution Per sccond = 6.283 19

e /s

12, Frequency (number/time)
12.1 The colerent SJ unit of frequency {of 2 waye Or periodic phenomenou) 13 the hertz (symbaoi Hz), a

12.2 The coherent ) unii of rotationa] frcqueucy (e.g. a frequency associated wigh the mechanjea) rotation
. . . | , .
of a shaft) is also the inverse second, fe, ;—(or 570, s Commonly known g the revolution Per secong

{rev/s or rfs).

§

* The terms - rotationg| velocity . Totationa| speed " and " speed of rotation * gre omnmonly uged as allernative terms for
angutar velacity, by are also often thought of as a frequcncy, particularly when being €Xpressed in revolutions per minure,
OF per’second, When frcquency is meant, the revolution should not be identifieq with angle as it js gp identified in Table 1]
It rc\'mlution = 21 radians — 360 °), byt should be thought of 4s'a number, and a clearer term for expressing (fig concept is

' rotationg] f‘requency ", (See also section 12, Frequency,)
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13. Acceleration (length/time squared)
13.1 The coherent SI unit of acceleration is the metre per second squared (symbol m/s2), a derived unit.

13.2 The centimetre per sccond squared (cm/s2), a submultiple of the above, is also called the galileo or
gal (symbol Gal). :

1 Gal = 1 emfs? = 10-7 m/fs2

A unit that has been commonly used in geodesy is the milligal {(mGal).

| mGal = 10-3 Gal = 10-5 m/s?

13.3 The most-used unit in the imperial system for acceleration is the foot per second squared (ft/s2).

1 1tfs2 = 0,3048 m/s?

13.4 The standard acceleration of 9.806 65 m/s2 plays an important part in the definition of certain units
in the older technical systems. When the acceleration of free {all has this value the term * standard gravity ’
is used, the associated symbol for this quantity being g,

The acceleration due to gravity is sometimes used as a unit of acceleration, and called ‘ g°, particularly
in aeronautical engineering and centrifuge technology. For the sake of precision the standard value
9,806 65 m/s should be taken for this unit. A close approximation in imperial units is 32.1740 ftfs2, These
are frequently rounded to 9.81 m/s2 and 32.2 fi/s2. '

Interconversion factors for the above units can be seen or inferred from Table 13.

Table 13. Acceleration
Exact values are printed in bold type

metre per second foot per second standard acceleration due to
squared squared gravity
mys? ft/s? &
1 metre per second squared = | 1 3.280 84 0.101.972
m/s2
1 foot per second squared = | 0.3048 1 00310810
fifs2
standard acceleration
due to gravity = | 9.8306 65 32.1740 1
En
NOTE. 1 Gal. = 1cmfs2 = 10-2 m/s?
1 mGal == 103 m/s2 (see 13.2).
14. Mass

14.1 The coherent SI unit of mass is the kilogram (symbol kg}, a basc unit. It is defined as equal to the mass
of the international prototype of the kilogram (which is in the custody of the International Bureau of Weights

and Measures at Sévres near Paris).
14.2 Because the name of the base unit of mass already contains the SI prefix * kilo ’, multiples and sub-
multiples are formed by adding SI prefixes to the word * gram *. Examples are megagram (Mg}, gram (g),

milligram (mg) and microgram (ug), as follows:
Refer to note

1 Mg = 1000 kg —_
]

lmg = 10-6kg —

lug = 10-2kg 1

In practice the megagram is usually referred to by the special name  tonne’ (symbol t), and is often
calted the * metric ton * in the UK and in the USA.
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14.3 Some other units of mass having associations with the mettic system are:
Refer to note
1 metric carat == 200 milligrams = 2 x 104 kg 5

1 quintal (q) = 100 kg —
1 atomic mass unit (u) 1.660 53 x 10-27 kg —
14.4 The primary unit of mass in the imperial system and in the USA is the pound {Ib). In the UK Weights

and Measures Act, and in similar legislation in the USA, it is defined precisely and exactly as follows:
11b = 0.453 592 37 kp

14.5 The connection between multiples and submultiples of the pound is indicated in the following traditional
lists of named UK and US units of mass.
Avoirdupois units
(a) UK and US units
! pound

fi

16 ounces {(oz) (1 oz = 28,3495 )
16 <16 drams (dr) (1dr = 1.771 85 g)
= 7000 grains (gr} (lgr = 0.064798 91 g)

it

(b) UK units only

1 stone = 14 pounds ' = 6.35029 kg)
1 quarter {gr) = 28 pounds = 12.7006 kg)

I cental {ctl) = 100 pounds = 453592 kg)

I hundredweight (cwt) == |12 pounds = 50.8023 kg)

I ton {ton) = 2240 pounds (== 1016.05 kg)

(c) US umits only

| short hundredweight (sh cwt) = 100 pounds (== 45.3592 kg)

I short ton (sh ton) 2000 pounds (= 907.185 kg)

{In the USA the word: ton refers to the * short ton * of 2000 1b uniess otherwise specified. The terms * long
ton’ or ‘ gross ton * are sometimes used, referring 1o the ton of 2240 Ib, The hundredweight of 112 1b is
often called the * long hundredweight *. The use of the ‘ long* units is decreasing in the USA.)

Apothecaries’ units (used in the UK ™ and the USA)

I scruple* = 20 grains (= 1.29598 gram)
I drachm* (in UK) == 3 scruples (= 3.887 93 pram)
[ dram (in USA) = 3 scruples (= 3.887 93 gram)
| ounce* = 24 scruples = 480 grains (= 31.1035 gram)

(cz apoth in UK
oz ap in USA)
Troy units (used in the UK and the USA)
I ounce troy = 1 apothecaries’ ounce = 480 grains (== 31.1035 gram)
(oz tr in UK
oz tin USA)

{The apothecaries’ ounce™ and the ounce troy are identical in mass and differ from the avoirdupois ounce.
Uniess otherwise qualified, the term ounce and its abbreviation oz signify the avoirdupois ounce. The
pound troy has no legal basis in the UK but is legalized in the USA, where it is defined as a mass equal to
5760 grains.

1 pound troy (USA only} = [2 ounces troy = 5760 grains (= 0.373 242 kg)

The grain has the same value in the avoirdupois, troy. and apothecaries’ systems, and is abbreviated to
arin the UK)

14.6 Some more specialized UK and/or USA named units of mass are:
Refer to note

| assay ton (UK) == 32.667 & 3
1 assay ton {US) = 29.166 g 4
i slug = 32,1740 lb (= 14.5939 kg) 5
I international corn bushel - 60 b (= 27.2155 kg) 6

For interconversion factors for many of the units of mass mentioned above see Tables 14a, 145 and 14c.

* The apothecaries’ units (scruple, drachm, and apothecaries® ounce} have been iflegal since 1 January 1971 for use in the
United Kingdon1.
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Notes on section 14

1. The alternative name * gamma * (symbual v) is sometimes used to indicate a micrograim, )

2. The metric carat has internalional sanction for use in trade in diamonds, fine pearls, and precious stones. In the UK the legal
abbreviation for this unit is CM,

3. The number of milligrams in a UK assay ton is equal to the number of ounces troy in a UK ton.

4. The number of milligrams in a US assay ton is equal to the number of ounces troy in a US (short) ton,

5. The slug is the British wcchnical unit of mass. One pound-force acting on this mass produces an acceleration of 1 foot per
second squared.

6. Used for the sale of wheat under International Wheat Agreement, 1949,

Table 142. Mass
Exact vilues are printed in bold type.

kilogram pound slag
kg Ib
1 kilogram = |1 2.204 62 0.068 521 8
kg
1 pound = | 0.453 592 37 1 0.031 081 O
b’
t slug = 1 14.5939 32.1740 1

22



1974
Mass

Part 1

BS 350

“wopBury PANUN Y} UL 38T 10} [EF] JIBUO| OU 21E (3UNO SAIEINIOAE PUL WHITIP) $)un Jsaumssyiede ay )

"SIIAYSAS SOLIEONNOAT PR 4017 *SI0UNPIIOAE YT UT InJeA JwEs 24) sey wedd [ .

yodezo 10 13 zo

1 Pl L60r ] 8 LPec Ll {13} LIS°ECH SE01 1L (ode ._c._no.;v S0UnO
Z0
8S¥ 1160 1 L9 16T°L 91 S'LEY 8FLIp] S6PL8T (f1ear) asuno |
YA N ] thl LETO 1 67 P61°C 09 L6EY'6] £6 L8]C |- {yyode) urygorip |
ip
[ 996 950°0 ST90°0 6L S5F°0 i SLEPELT 7 658°8 SRELLT b= (1104w} welp |
13
§- 01 X €F €80T £-0T~NTIL S8TC L 999 9710°0 ¥ 145 9500 1 $66 ETL°0 6 B6L v90°0 |- Luleg |
£- 0T X¢CT 0Er9 £-01 X 6L PSO°L T Ihr 150°0 LIRTIT O Ly 980t I 70 = 1eded dlaw |
g
L 0S1 ZE0'0 0 ¥LT SE0°0 90T LST0 £8¢ ¥95°0 pIErCl s [ (3% 100°Q) weid |
yode zo0 30 1) z0 20 p a8 (5Y 100°0)
{yode 30 Loy} asuno {04} 22UND (prode) unpeap (a10A®w) wesp Lt " Eu..w

JRITD ILAING ‘

LA prog U pausd e sames pevy

(panunuos) ssepy “qy| 91qeL

23



“(11 [OGLUAS) , [E1USD , Y3 PAI[Ed SAWNALOS *H[) BYY UL ‘St {41 0UT JO) HuFtampupunt LOUS YL "SHUN G .

1974

]
L3

Part 1

o) ys
1 LS8 T6B'0 174 [FA%:#A 0002 ¢81 L06'0 = »U01u0yE |
ol
A N i it 07 orTe Coor0l = Ho1 N i
1m0 s
SO0 6 (9 +P0°0 I LS8 7680 001 7 65E SHOD |=  £IUSIOMpRIpuUn( WOYS |
. i Mo
9500 s0'0 (Ao I r £ 708 0500 |- 1T lampaspurty
q1
0000 $~-QL X 6T PIF¥ 10°0 £- 01X LS 8768 1 - QL XT6 SECY 1= punod |
1
1€ 2011 L0T v86°0 Sr0TC IPR961 T9v0Z2 I = {8 1) (3% 0001) 2uuol |
uo) qs oy pLER L) i3] {31y weaBrdow)
4 U0} LIOYS uol My | <JYBI2MpITPUNY JI0YS w31aupaspuny Y1y pumod (81 gOO1) Juma)

BS 350

Mass

-ad4y plog u1 pajund dIe sanfea Joexy
{penuiuos) sset "Opl @IqeL

24



BS 350 : Part1:1974

Mass per unit length

15. Mass per unit iength (or linear density) {mass/length)

15.1 The coherent SI unit of mass per unit length is the kilogram per metre (symbol kg/my), a derived unit.

15.2 Two specialized units of linear density used in the textile industry and which have an association
with the metric system are:

ltex = 1 gram per kilometre = 10-6 kg/m

1 denier = 1 gram per 9 kilometres = 0.111 112 x 10-5 kgim

15.3 A selection of imperial vnits used in industry, often for wires, rods etc. is:

1 pound per inch (Ib/in) {= 17.8580 kg/m)

1 pound per foot {Ib/ft) (= 143816 kg/m)

1 pound per yard (Ib/yd) (= 0.496 055 kg/m)

I pound per mile (Ib/mile) (= 2.818 49 x 10-4 kg/m)
1 UKton per 1000 yards (ton/1000 yd) (= 1.111 16 kg/m)

I UKton per mile (ton/mile) (= 0.631 342 kg/m)

Interconversion factors for the units in 15.1 and 15.3 are given in Table 15. For further information on 15.2
reference should be made to BS 947 which gives tables for calculating the tex values of numbers or counts
in other systems, including denier.
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Mass per unit area

16. Mass per unit area (mass/length squared)
(applicable for example to sheet metal, plating etc., and in agriculture)

16.1 The coherent SI unit is the kilogram per square metre {kg/m32), a derived vnijt.
16.2 Other commonly used metric units are:

gram per square metre {g/m?2) (= 0.001 kg/m?}
milligram per square centimetre (mg/cm?2) (= 0.0l kg/m?)
milligram per square millimetre (mg/mm?2) (= I kg/m2)
kilogram per hectare (kg/ha) (= 0.000] kg/m?2)

16.3 A selection of imperial units is:
pound per thousand square feet (lb/1000 £2) (== 4,882 43 x 10-3 kg/m2)

ounce per square yard (oz/yd?2) (= 3.390 57 » 102 kg/m?)
ounce per square foot (oz/ft2) (= 0.305 152 kg/m?)

pound per acre (Ibjacre) {= 112085 104 kg/m?)
UK ten per square mile (ton/mile?) (= 392298 - 10-4 kg/m2)

For interconversion factors for the above see Table 16.
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Area per unit mass

17. Specific surface, or area per unitmass
fapplicable Lo sheet metal, plating, etc., and in agriculture)

17.1 The coherent SI unit is the square metre per kilogram (m2/kg), & derived unit,
17.2 Other commonly used metric units are:

square metre per gram (m?2/g) {= 1000 m2kg)
- square centimetre per milligram {cm?/mg) {= 100 m¥kg)
‘square millimetre per milligram (mm2/mg)} (= I mkg)
hectare per kilogram (ha/kg) (—10 000 m%/kg)

17.3 A selettion of imperial units is: ‘
thousand square feet per pound (1000 ft2/ib) (= 204.816 m2/kg)

square yard per ounce (yd2joz) (= 29.4935 m?/kg)
square foot per ounce (ft2foz) (= 3.277 06 mZ/kg)
acre per pound (acre/lb) (= 8921.79 m2/kg)
square mile per UK ton (mile?/ton) {= 2549.08 m2/kg)

For interconversion factors for the above see Table 17.
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Area per unit capacity
Density
18. Area per unit capacity

Another combination with somewhat similar application is * area per unit capacity * (used for the * covering
power * of paints, etc.). Table 18 gives interconversion factors for square metres per litre, square yards

per UK gallon, and square feet per UK gallon.

Table 18. Area per unit capacity

square metre per litre square yard per gallon square foot per gallon
m2fl yd2/gal {t2/gal
1 square metre per litre = | 1 5.437 08 48,9337
m2/l
1 square yard per gallon == 0.183 992 1 9
yd2jgal
 square foot per galion == | 0.020 435 8 0.111 111 ' 1
ft2fgal

19. Density* (mass/volume)
19.1 The coherent SI unit of density is the kilogram per cubic metre (kg/m3), a derived unit.

19.2 Other commonly used metric units are:
gram per cubic centimetre (gfem3) ]
or _ {= 1000 kgfm3)
gram per millilitre (g/ml){

19.3 A selection of imperial units is:

pound per cubic inch (ibfin3) (==27 679.9 kg/m?)
pound per cubic foot (1b/ft3) (=  16.0185 kg/m?)
UK ton per cubic yard (UKtonfyd3) (= 1328.94 kg/m?)
pound per UK gallon (Ib/UKgal (=  99.7763 kg/m3)
pound per US gallon (Ib/USgal) (= 119.826 kg/m?)

For interconversion factors for the above see Table 19. See also section 20, Concentration.

« It should be noted that * relative density ' (i.e. density/reference density) is a dimerisionless quality. The relative density of a
substance is defined as the ratio of the mass of a given volume of that substance to the mass of an egual volume of a reference

substance, under conditions which should be specified for both substances.
When the reference substance is water the term * specific gravity * is commonly used for relative density. For conversions of

readings of hydrometers on different density and specific gravity bases see BS 718,
t 1 gram per millilitre {1901 = 999.972 kg/m3. See 4.3, litre.
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Concentration

20. Concentration (mass/volume)

20.1 The coherent SI unit for the expression of concentration® (in the sense of the mass-of a substance
per unit volume of a solution, or tie like) is the kilogram per cubic metre (kg/m?), a derived unit.

This unit is equal to 1 gram per cubic decimetre, and is commonly expressed as 1 gram per litre.

1 kg/m3 =1 g/dm3 =1 gfi
20.2 Some imperial and US units which are in practical use for the statement of concentration are:

grain per cubic foot (gr/ft3) (== 0.228 835 x 10-2kg/m3)

grain per UK gallon (gr/UKgal) (= 0.014 253 8 kg/m3}

grain per US gallon (gr/USgal) (= 0.017 118 1 kg/m3)

ounce per UK gallon (oz/UKgal) (= 6.236 02 kg/m3)

ounce per US gallon (oz/USgal) (= 7.489 15 kg/m?3)

fFor interconversion factors for the above see Table 20. See also section 1Y, Density.

* Concentration is sometimes expressed in other ways, for exampie, mass (of a substance) per unit mass (of a solution), or,

in physical chemistry, in terms of moles per unit volume.
t 1 gram per litre (1901} = 0,999 972 kg/m 2. See 4.3, litre.
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Specificvoiume

21. Specific volume (volume/mass)

21.1 The coherent SI unit of specific volume (which is the reciprocal of density) is the cubic metre per
kilogram (m?kg), a derived unit.
21.2 Another commonly used metric unit is:
litre* per kilogram (i/kg) = 0.001 m/kg.
21.3 A selection of imperial units is:

cubic foot per pound (ft3/Ib) (= 0.062 428 0 m3/kg)
cubic inch per pound (in3/Ib} (= 3.612 73 x 10-3 m3/kg)
cubic foot per UK ton (ft3/UKton) (= 2.786 96 x 10-5 m3/kg)
UK gallon per pound (UKgal/lb) (= 0.010 022 4 m3/kg)

For interconversion factors for the above see Table 21.

* 1 litre (1901) per kilogram = 1.000 028 x 1073 mY/kg. See 4.3, litre.
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Mass rate of flow
Volume rate of flow

22, Mass rate of flow (mass/time)

22.1 The coherent ST unit of mass rate of flow is the kilogram per second (kg/s), a derived unit.

22.2 Anothicr commonly used metric unit is the kilogram per hour (kg/h).

I kgth = 277778 x 10-4 kg/s

22.3 A selection of imperial units is:
(= 0.453 592 kg/s)
(= 1.259 98 x 104 kg/s)

pound per second (1b/s)
pound per hour (Ib/h)

UK ten per hour (UKton/h)

= 0.282 235 kg/s)

For interconversion factors for the above see Table 22.

Table 22. Mass rate of flow
Exact values are printed in bold type.

kilogram per kilogram per pound per pound per UK ton per
second hour second hour hour
ke/s kg/h Ih/s Ib/h UKton/h
I kilogram per second =| 1 3600 2.204 62 7936.64 3.543 14
kg's
I kilogram per hour = 2.777 78104 [ 1 612395 <10 4 ] 2.204 62 | 98420710 4
kgl
| pound per seccond =] 0.453 592 1632.93 1 3600 1.607 14
Ib/s
I pound per hour 1.259 98 10 -1 [ 0.453 592 277718 <104 1 1 4.464 29 104
Ib/h '
I UK ton per hour  =={ 0.282 232 1016 .05 0.622 222 2240 1
UKton/h
|

23. Volumerate of flow* (volume/time)

23.1 The coherent Sl unit of volume rate of flow is the cubic metre per second} (m3/s), a derived unit.

23.2 Some other commonly used metric units are:

cubic metre per hour (m
litre T per second (I/s)
litret per minute {I/min)
titee per hour (I/h)

3/h)

23.3 A selection of imperial units is:

cubic foot per second § {
cubic foot per hour (ft3/

ft3/s)
h)

UK gallon per second (UK gal/s)
UK gallon per minute (UKgal/min)
UK gallen per hour {UKgal/h)

(= 2.777 78 x 10-4 m3/s)
{= 0.001 mi/s)

(= 1.666 67 > 10~5 m3fs)
(= 2.777 78 = 10~7 m3/s)

(== 0.028 316 8 m3/s)

(- 7.86579 » 10-6 m3fs)
(== 4.546 09 x 103 md/s)
(= 7.576 82 »x 103 m3fs)
(== 1.262 80 x 10-6 m/s)

For interconversion factors for the above see Table 23.

* For jases, the comversion factors given here are based on. the ussumption that the reference conditions of temperatiue,

pressure and humidity remain |

inchanged.

+ The cubic metre per second is sometimes known as the " cumec ™)

i The litre (1901) = 1.000 028

litre (see 4.3},

& The cubic foot per second is sometimes known as the * cuseg "
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Traffic factors

24, Traffic factors
(in connection with valume of fuel consumed, distance run and load carried)

It should be noted that in European countries fuel consumptions are usually expressed in terms of litres
per kilometre, or litres per 100 kilometres, i.e. volume of fuel per distance run (see Table 244). In the UK
the reciprocal factor (distance/volume) in terms of miles per gallon is used (see Table 244). Figure [ is a
graph indicating the relationship between litres per 100 kilometres and miles per gallon, over the range

10 miles to 100 miles per gallon.

Table 245. Fuel consumption (volume/distance)
FExact values are printed in bold type.

litre per kilometre*

UK gallon per mile

US galion per mile

1/&km UKgzal/mile USgal/mile
| litre per kilomeire* = |1 0.354 006 0.425 144
I/km
1 UK gallon per mile = | 2.824 81 1 1.200 95
UK gal/mile
1 US gallon per mile = |235215 0.832 674 1

USgal/mile

* Several European countries use the factor * litre per 100 kilometres *.

Table 246. Fuel consumption {distance/volume}
Exact values are printed in bold type.

kilometre per litre

mile per UK gallon

mite per US gallon

km/l mile/UKgal mile/USgat
! kilometre per litre = i1 2.824 81 ¢ 2.352 15
km/l
I mile per UK gallion = | 0.354 006 1 0.832 674
mile/UK gal
1 mile per US gallon = | 0425144 1.200 95 |

mile/USgal

Mass carried x distance
1 tonne kilometre

| UKton mile

= 0.611 558 UKton mile
= 1.635 17 tonne kilometre

Mass carried x distance/volume

1 tonne kilometre per litre

= 2,780 20 UKton mile per UK gallon
1 UKton mile per UK gallon = 0.359 687 tonne kilometre per litre
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Moment of inertia
Momentum
Angular momentum

25. Momentof inertia (mass x length squared)

25.1 The coherent SI unit of moment of inertia is the kilogram metre squared (kg m2), a derived unit.

25.2 Some other metric unils which have been used are:
kilogram millimetre squared (kg mm?) (1 kg mm?2 = 10-6 kg m?)

gram centimetre squared (g cm?) (lgem?2 = 10-7kgm?)
25.3 A selection of imperial units is:

pound foot squared (Ib ft2) (= 0.042 140 1 kg m?)

pound inch squared (Ib in2) (= 2.926 40 x 104 kg m2)

ounce (avoir) inch squared {oz in2) (= 1.829 00 x 10-5 kg m2)

For interconversion factors for the above see Table 25.

Table 25. Moment of inertia
Exact values are printed in bold type.

kilogram metre pound foot pound inch ounce inch
squared squared squared squared
kg m? Ib ft2 1 in2 oz in?
1 kilogram melre squared = |1 23.7304 3417.17 54 674.8
kg m?
1 pound foot squared = | 0.042 140 | 1 144 2304
Ib ft2 -
1 pound inch squared = |292640104 | 6944 44x10°3 | 1 16
It in2
I ounce inch squared = |1.82900%10-5 | 4.340 28 x 104 | 0.8625 1
oz in?

NOTE. 1 kg m? = (0% kg mm? = 107 g em2.

26. Momentum (linear) (mass x velocity)

The coherent ST unit of momentum is the kilogram metre per second.
Some key conversion factors arc:
[ kgmfs = 723300 lbft/s
11b ftfs = 0.138 255 kg m/s
{1 kgm/s = 105 g cm/s)

27. Angular momentum (mass < velocity x length)

The coherent ST unit of angular momentum is the kilogram metre squared per second,

Some key conversion factors are:
1 kg m?/s == 23.7304 Ib ft2fs
116 Mt2fs == 0.042 140 | kg m2/s
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Force

28. Force (mass » acceleration)

28.1 The coherent S1 unit of force is the newton (N), « derived unit with a spoecial name. Expressed in terms
of base units of the SI the newton is the kilegram metre per second squared (kg m/s2) and is that force
which, when applied to a body having a mass of one kilogram, gives it an acceleration of one metre per
second squared.

28.2 Other metric units of force of historical or practical importance are:
the dyne (dyn), the force unit in the centimetre-gram-second systent,
the sthéne (sn), the force unit in the metre-tonne-second system, and )
the kilogram-force (kgf), which is often described as the metric technical unit of force. In Germany and
some other continental countries the kilogram-force is called the kilopond (with symbol kp).
I'dyn = 1 g cm/s? (= 10-3 N}
Isn = 1tm/s? (=103 N)
The kilogram-force (or kilopond) is that force which, when applied to a body having a mass of one
kilogramn, gives it the standard acceleration* due to gravity (i.c. 9.806 65 mfs?),
Thus,
I kgl {or kp) - - 9.806 65 kg m/s2 (= 9.806 65 N)
28.3 In the foot-pound-second system the coherent force unit is the poundal (pdl).
1 pdl = 11bfi/s2
== 0.453 592 37 x 0.3048 kg m/s?
(= 0.138 255 N) (approximately)
The corresponding technical force unit in general use in the UK and USA is the pound-force (Ibf). It is
that force which, when applied 1o a body having a mass of one pound, gives it the standard acceleration
duc to gravity.

Thus,
I Ibf = 9—82(?—6-5— Ib fi/s2
0.3048
== 12,1740 pdl (approximaltcly)
(= 4.448 22 N)t

Further technical force units associated with the pound-force are the ounce-force (0zf), the UK ton-foree
(tonf) and the US ton-force. In the USA a unit of 1000 lbf named the * kip’ is often used.

I ozf ~ e lbf - (=0278014N)
I tonf = 2401bf (= 996402 N).
1 US ton-force = 2000 1bf (== 8896.44 N)

1 kip (USA only) = 1000 Ibf (= 4448.22 N)
28.4 The kilogram-force (kgf), and the pound-force (Ibf) and its associated units, are both exactly defined
in terms of the standard acceleration due to gravity. Because local aceeleration due to gravity usually differs
stightly from standard acceleration, it follows that the forces exerled by gravity on bodies having a mass of
1 kg or I b are rarely exactly equal to 1 kgf or | 1bf respectively, and account has to be taken of this when
very high precision is required. See also section 29, Weight.

Interconversion factors for the above units are given, or can be readily inferred, from ‘Fable 28.

* Bee 134
T In exact terms, 0.453 592 37 x U.806 65 N,
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29. Waeight

29.1 Meaning of ‘ weight *. The term * weight ' is commonly used e¢ither to denote mass or force, i.e. the
mass of a body or the force of gravity acting upon it. It is used in the sense of mass in the UK Weights
and Measures Act, 1963 and in common parlance; it is used in the sense of force by CGPM and in scientific
and some technical work.

As weight values may be found quoted in either mass or force units both usages are accommodated in these
conversion tables. To convert weight units when nsing weight in the mass sense use Tables 14a, 144 or 1dc:
to convert weight units when using weight as a force use Table 28.

is equal to the mass (in kilograms) multiplied by the local gravitational accelerati
squared). For most practical purposes variations in local gravitational accelerati
standard value of 9.806 65 m/s2 is assumed (usually rounded to 9.81 m/s2).

It is the standard value of 9.806 65 m/s2 that is used in defining with precision t
the kilogram-force and the pound-force.

29.3 Accurate weight conversions, Conversions from one system of units to another on 4 mass to mass
basis, or on a force to force basis, can be made with good accuracy by using the tables for sections 14 and 28
respectively, However, to obtain the accurate relationship of a mass to its associated gravitational force
account has to be taken of the exact local value of the earth’s gravitational field. The downward force on
the mass is also affected by the bupyancy of any displaced atmosphere.
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30. Moment of force, or torque (force * length)
30.1 The coherent SI unit of moment (of force) is the newton metre (N m), a derived unit, See the note
below concerning the energy unit, which has a different physical significance.
30.2 A metric unit often used for moment, or torque, in continenlal countries is the kilogram-force metre
(kgf m).

| kgf m = 9.806 65 N m

This unit is called the kilopond metre (kp m) in Germany.

30.3 A selection of imperial units is:

poundal foot (pdl It) (= 0.042 140 } N m}
pound-force foot {Ibf ft) (= 1.355 82 N m)
pound-force inch (Lbf in) (= 0.112985 N m)

‘UK ton-force foot (tonf ft) (= 3037.03 N m)

ounce-force inch (ozf in) (= 7.061 55 x 10-3 N m)

NOTE. The product newion X metre (N m) also expresses the SI unit for work done, or energy, a unit having the special
name joule (J), (see section 36, Energy). However, torque and energy are dilferent physical quantities; both are dimensionally
force x length but in the lonmer the directions of the force and length components are perpendicular to each other while in

the latter they are in linc with each other.

With imperial units a distinction between torque units and energy units is made (by convention) by reversing the order of
the units: .g. the foot pound-force (ft 1bf) is an energy unit and the pound-force foot (Ibf £) a torque unit. There is no similar
convention used or advisable with metric (including ST} units; it can be seen for exaniple that m N (the reverse of N m) would

easily be mistaken for millinewton. ]
Metric moment or torque units should be exprossed as indicated in 30.1 and 30.2 above.

It may be useful 10 point out that because both torque and energy are dimensionally the same (force x length) there is a
numenica! correspondence between energy conversion tables and terque conversion tables.

Fot interconversion factors for the above see Table 30.
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31. Force perunitlength” (force/length)

31.1 The coherent SI unit is the newton per metre (N/m).
31.2 Another metric unit that may stitl be encountered is the dyne per centimetre (dynfcm).

1 dynjcm = 103 Nfm

No interconversion tables are provided for force per unit length. The main reason for mentioning it here
is to show the distinction from torque.

32. Pressure (force/area)

32.1 The coherent SI unit of pressure is the newton per square metre. N/m2, for which the special name

pascal (symbol Pa) was approved by the CGPM in 1971.

‘One pascal represents a very small pressure. and its multiples kilopaseal (kPa) (or kN/m2) and megapascal

(MPa) (or MN/m2) are therefore frequently used.

312 Arising from the historical evolution of the SI from the CGS system, some pressure units have a decimal

relationship with the pascal. These are the dyne per square centimetre (dynfcm2) (sometimes called the

barye), the piéze {pz), and the bar (bar)t. Only the last of these, with its multiples, persists in commeon use,
The dyne per square centimetre is also a very small pressure:

1 = 103N
(m/100)2
The piéze is the coherent pressure unit in the metre-tonne-second system, being equal to one sthéne per

square metre:
1pz = 1sn/m2 =1 x 103 Nfm2 = | kN/m2 = 1 kPa.

The bar, 106 dynjecm?, is legally recognized in EEC countries and has a magnitude not far removed from
that of usual almospheric pressure at sea [evel.

1 bar == 108 dynfem?2 - 106 3 0.1 N/m2 = 105 N/m2 = 103 P,

One of its submultiples, the millibar, is widely used in the expression of barometric pressures.

32.3 Also in common use on the Continem are the technical pressure units, the kilogram-force per square

metre, and, in particular, the kilogram-force per square centimetre:
| kgf/m2 = 9.806 65 N/m?2 (exactly) - = 9.806 65 Pa
1 kgffem2 = 0.980 665 x 105 N/m?2 (exactly) = 0.098 066 5 MPa
In Germany and some other Continental countries the kilopond (kp} is used in place of the kilogram-force

(kgf), e.g. | kp/em2 = | kgf/cm2,

These technical units have a simple relationship with conventional columns of water expressed in metric

terms (see 32.5).

32.4 Some imperial units in use, and that are expressed directly in terms of force per unit area, are:
poundal per square foot (pdl/ft2), the coherent unit in the foot-pound-second system
pound-force per square foot (Ibf/ft2)
pound-force per square inch (Ibffin2)
UKton-force per square foot (tonf/ft2)
UK ton-force per square inch (tonf/in2)

0.453 592 37 x (0.3048) N

I dyn/cm? -~ — 0.1 N/m? = 0.1 Pa.

technical units

I pdljfi2 =

(0.3048 m)?
= 1.488 16 Pa (or N/m2) APProx.
0.453'592 37 x 9.806 65 N
I Ibfjft2 = O3B ™)
" = 47.8803 Pa (or N/m?2) APPTOX.

* For example, surface tension. _
t The internatjonally tecognized unit symbol (or the bar is the same as the unit name. In meteorology, however, the commonty
used symbol for the millibar is simply mb.
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1 Ibffin= == 144 1bl{ft2 - 6894.76 Pa (or N/m?2) " approx.

| UKtonf/ft2 = 2240 Ibfjft2 = 1.072 52 x 105 Pa (or N/m2) approx.

| UKtonffin2 = 2240 Ibf/in2 == 1.544 43 x 107 Pa {or N/m2) approx.

The pound-force per square inch (Ibfjin2) is often known and shown by the abbreviation p.s.i., but,
although widely used in the UK and USA, this abbreviation is inconsistent with the internationally recognized
symbology for units. [n the USA, the expression * k.s.i.” is often used to signify kips per square inch {ie.
1000 1bffin?).

32.5 Liquid columns. Pressures are ofien measured in terms of the height of column of liquid, .g. of mercury
or of water. The pressure associated with a given height is dependent upon the density of the liquid and the
focal acceleration due to gravity. The following pressure units, based upon conventional density and gravity
conditions, are internationally recognized:

the conventional millimetre of mercury (symbol mmHg);

the conventional inch of mercury (symbol inHg);

the conventional millimetre of water (symbol mmH ;0};

the conventional inch of water (symbol inH,0).

The metre of water (mH ;0) and foot of water (ftH,0) are also used.

1 mmH»0 = 0.001 m x 1000 kg/m3 x 9.806 65 m/fs2 = 9.806 65 N/m2 = 9.806 65 Pa

(This is the pressure due to an ideal column of water of length 1 mm and of uniform density 1 g cmJ,
when under the standard condition g, = 9.806 65 m/s2}

1 mmHg = 13.5951 mmH ;0 = 13.5951 x 9.806 65 Pa

== 133.322 Pa (approx.)*

1inH;0 == 254 mmH,0 = 9,806 65 »x 25.4 Pa
== 249.089 Pa (approx.)

| inHg = 254 mmHg = 9,806 65 x 13.5951 x 254 Pa
== 3386.39 Pa (approx,)

1 ftH .0 304.8 mmH,0 = 304.8 x 9.806 65 Pa

= 2989.07 Pa (approx.}
Another pressure unit in common use known as the torr is equal, within one part in 7 million, to the
conventional millimetre of mercury (mmHg). Tt is, however, precisely defined in terms of the pascal as
follows:

| 1 325.ﬂp
torr = ey a

= 133,322 Pa (approx.)

Because of ils size, the pascal is well-suited to vacuum technology. However, in addition to the millibar
and torr and their submultiples, the term * micron * meaning micrometre of mercury (umHg), is stili common
in this field. The symbol nmHg is sometimes {incorrectly) contracted to p.

Following from its definition. the conventional miilimetre of water is exactly equal to the kilogram-force
per square metre:

1 mmH,0 = 1 kgfifm?2 (or kp/m2)

Similarly, 10 mH,0 = | kgffcm?2 {or kp/em?2).

32.6 Atmospheres. Attention is called to the significance of the following terms and symbols:

Standard atmosphere (atm). This is an internationally established reference for pressure of 101 325 Pa,
being equal to 760 mmHg within one part in 7 million. It should not be regarded or used as a unit, but it
is of great importance and in widespread use as a reference.

The technical atmosphere (at). This unit, which is used on the Contmcnt is equal to the kilogram-force
per square centimetre, or kilopond per square centimetre:

1 at = [ kgf/cm? (or kp/cm?) = 98 066.5 Pa

32.7 * Absolute * and * gauge . All the pressure units mentioned in 32.1 to 32.6 may be used to state the
magnitude of an absolute pressure or of a pressure difference, and misunderstandings in lulerprctatlon and
conversion may arise if the quantity concerned is not clearly expressed.

It has been internationally recommended that pressure units themselves should not be modified to indicate
whether the pressure value is * absolute * {i.e. with zero pressure as the datum) or * gauge ' (i.e. with atmos-
pheric pressure as the datum). .

* For detailed informalion on barometer conventions see BS 2520,
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Both in the UK and USA it wus common practice 10 use the abbreviation p.s.i. to indicate 1bf/in2, and (v
differentiate between gauge and absolute pressures by adding the further letters * g’ and ‘a’ to make
‘psig’ and ‘psia.’ respectively. A similar situation existed in German practice, where the symbol for
the technical atmosphere (at) was modified to atii or ata to indicate the expression of * gauge * (iiber) or
‘absolule” pressure respectively*. Of these, only *at’ was an internationally recognized unit symbol;
lurthermore the modifications did not change the units of measurement, but were in fact an indication of
the quantity being expressed.

From the recommendation in the second paragraph it follows that, if the context leaves any doubt as
to which quantity is reeant, the word ‘ pressure’ should be qualified appropriately:

e.g. ' at a gauge pressure of 12.5 bar’

or *at a gauge pressure of 1.25 MPa *

or *at an absolute pressure of 2.34 bar’

or ‘at an absolute pressure of 234 kPa°,

Absolute pressures are always positive, but gauge pressures are shown as negative when indicating a
pressure less than the datum pressure.

It is common practice in the power and provess industries to refer (o * vacuum * values,

c.g. ' | mmHg vacuum’ represents a gauge pressure of —1 mmHg, and

“ one per cent of vacuum * represents a gauge pressure of minus one per cent of the datum atmaosphere
1n use.

* With the ati, the datumi is an absolute pressure of 1 al,

lnterconversion. factors for the above units are given, or can be deduced from, Tables 324, 324 and 32¢. Sec
also section 33, Stress.
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33. Strass (force/area)

Though it is a different physical quantity, stress is naturally trealed with pressure, since it is also {orce
divided by area. Many, but not all, of the units mentioned in connection with pressure are used for stress,
so the conversion factors in Tables 32¢, 324 and 32¢ will be found useful.
The coherent SI unit of stress is again the pascal (Pa), i.e. the newton per square metre (Nfm?2).
Technical units that have been widely used for stresses in metals and some other materials are the kilogram-
“force per square millimetre (kgffmm2), pound-force per square inch (Ibf/in2) and UKton-force per square
inch (UKtonf/in2)}*. In the change to 8I, a practical unit of similar size to the kgf/mm? was sought, the
first proposal being the hectobar (hbar), which came into some use. However, the hbar is being abandoned
in favour of the N/mm?, which can be otherwise stated as MN/m2 or MPa:

[ Nfmm? = I MN/m? = | MPa
1 kgfimm? = 9.806 65 N/mm? == 9,806 65 MPa
| hbar = 100 bar = 102 x 105 N/m? = 10 MPa

NOTE. Interconsersion factors for these and other units uscd [or stresses are given or can be deduced from Tubles 32, 320
and 32r, See also section 32, Pressure.

34. Viscosity, dynamic (stress/velocity gradient)

34.1 The coherent ST unit of dynamic viscosity is the pascal second (Pa s), which muy also be expressed as
the newton second per square metre (N s/m2), or as the kilogram per metre second (kg/(m s) ).
This unit has also been called the poiseuille (P} in France. (It should be noted that this is not the same

as the poise (P), described in 34.2).

34.2 The poise (P) is the corresponding CGS unit.
I P = 1dynsicm?2 = 10" Nsfm2=10"1Pas.
The commonly used submultiple is the centipoise (cP).
lcP=10-2P =103 Pas.

34,3 Other metric and imperial units that have been used for dynamic viscosity are:

kilogram-force second per square metre (kgf s/m?2)
poundal second per square foot = pound per foot second, Ibf{fi 5) (pdl s/ft2)
round-{orce second per square foot = slug per foot second, slug/(ft s} (Ibf s/ft2)
pound force hour per square foot = slug hour per foot second squared, slug h/{ft s2} (Ibf h/ft2)
pound-force second per square inchy (Ibf s/in2}
pound per foot hour (16/ft h)

I kgf sf/m2 == 9.806 65 Pa s
1 pdl s/ft2 = 1.488 16 Pas
1 1bfs/ft2 = 47.8803 Pas
1 Ibf h{fi2 = 1.723 69 x 105 Pas
11 1bf 5/in2 = 6894.76 Pas
PIbfith = 4.133 7% x 10~4 kg/(m s) = 4.133 79 < 104 Pa s

NOTE. For reference 0 frequently used but empirical units of viscosity, such as the Redwoud seoemd, see section 33,
Viscosity, kinematic,

Interconversion factors for most of these units are given in Table 34.

* In the USA, the expression * k... is often used e signily Kips pee square.inch (i.c. 1000 1bffin-).
1 Sometimes called the * reyn "
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Viscosity (kinematic)

35. Viscosity, kinematic (length squared/time)

35.1 The coherent 8! unit of kinematic viscosity (which is dynamic viscosity divided by density) is the
metre squared per second (m2fs).
35.2 The corresponding CGS unit is the stokes (St).
1St=1cm?s = 10-4m2fs
The common submultiple is the centistokes {cSt).
1 ¢St = 10-2 8t = 10~ m2/s (= 1 mm2/s)
35.3 Another metric unit sometimes used is the metre squared per hour {mZ2/h).
1 m2fh == 2.777 78 x 10-4 m2/s
35.4 A selection of imperial units is:

inch squared per second infs
foot squared per second ft2/s
inch squared per hour infh
foot squared per hour ft2/h

linf/s = 6.4516 x 10-4 m2/s

1 ft2fs = 9.290 30 x 10-2 m2/s

[inZ/h = 1.792 11 x 10-7 m2/s

1 ftz/h = 2.580 64 % 105 m2/s
35.5 The units referred to in 35.1 to 35.4 are absolute units with physical dimensions, as distinct from
values on frequently used but empirical scales such as Redwood No. 1, Saybolt Universal, and Engler
degrees. For tables from which viscosity values in these empirical scales niay be converted to centistokes
see ESDU* Item No. 68036, sponsored by the Institution of Mechanical Engineers.

Interconversion factors for the units in 35.1 to 35.4 are given in Table 35. Note that this table may be used for
the conversion of values of thermal diffusivity, which also has the dimensions of length squared/time.

* ESDU Item No. 68036 * Introductory memorandum on the viscosity of liquids and the classification of lubricating oils*

obtainable from: ;
Engineering Sciences Data Unit, 251-259 Regent Street, London WIR 7AD.
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36. Energy (work, heat, etc.)

36.1 The coherent S1 unit for the expression ol «il furms ol energy is Lhe joule (symbol J).
lust as cnergy arises in many ways, the connection between the joule and other St units may be indicated
in different ways, e.g.:

1} = | Nm (force = distance, newton metre}
1 W s (electrical energy, watt second)
| Pa m3 (pressure x volume, pascal cubic metre)
(1]’115 unit was, prior to the SI, known as the absolute joule, but it is now simply the joule (). The
* international * joule, which became obsolele in 1948, was approximately equal to 1.000 19 J))

36.2 Arising from the historical development of the SI from the CGS system, the umit of energy in the
CGS system (the erg) is decimally related to the joule.

lerg=1ldyncm = | ¥ 103N x 0.0l m

= 10-"TNm = 10-7)

36.3 A unit in cxtensive use for the expression of electrical cnergy is the kilowatt hour (AW h).

FkWh = 1 x 1000 x W x 3600s

= 3.6 x 106 W5 == 3.6 MJ

36.4 Two other metric units used for the expression of energy are the kilogram-forve metre® (kfg m) and
the litre atmosphere.

lkgf m = 9.806 65 N'm = 9.806 65 )

1 litre atmosphere = 1 dm3 x 101 325 Pa - 101325 Pam?
= 101,325 )
(The Jitre used here is equal to 1 decimetre cubed (see 4.3), and the atmesphere used is the standard atmos-
phere (sec 32.6).)

36.5 Some corresponding imperial units used for the statement of encrgy are the foot poundal (ft pdl), the
foot pound-force (ft Ib) and the horsepower hour (hp h).
[ftpdl = 1 x 0.3048 m x 0.453 592 37 x 0.3048 N (see 31.3)
= 0.042 140 1 J (approx.)

i

[ fribl = 1 % 0.3048 m x 0.453 592 37 . 9.806 65 N (sec 31.3)
== ].355 82 J (approx.)
I hp k= 550 ft Ibffs :< 3600 s (see 37.3)

== 1.98 =2 106 fr [bf
= 2.684 52 :: 106 ) (approx.)
36.6 Heat units. Heat is one of the forms of energy and, as stated above, the SL unit for all forms is the

joule. The lollowing heat units originally arose from the concept of the heat required to warm unit mass of

water through unit temperature, but some of these are now precisely defined in terms of the joule:

the various ecafories {originally relating to the gram of water and the degree Celsius);

the various British thermal wnits (originally relating (o the pound of water and degree Fahrenheit); and

the various Centigrade hear units (based on the pound of water and the degree Celsius).

The specific heat capacity of water changes with temperature and a number of different calonies, British
thermal units, and Centigrade heat units came into use according to their means of definition.

Three of the calories are still in some practical use and in precise work need to be separately identified.
These are the International Table calorie (cal;}, the thermochemical calorie (cal,) and the 15°C calorie
(cal; <} described below:

| calyy = 4.1868 J (as defined at the Fifth International Conlerence on Properties ol Steam, London 1956).

| caly, = 4.1840 I (a * defined ’ calorie).

| calys == 4.1855 1 (approx.) (This is defined as the amount of heat required to warm 1 g of air-free water

from 14.5 "C 10 15.5 °C at & constant pressure of 1 atm. The joule equivalent shown abave was
adopted by the CIPM in 1950 as being the most accurale vaiue which could then be deduced
from experiment.)

Assovialzd with the cals are the thermic (th), also sometimes described as Lhe * fonne- calorie * and the
irigorie, used in connection with the extraction of hieat.

{ thermiec - 106 cal;s = 4.1855 MJ {approx.)

1 frigorie = - 103 cal;s = —4,1855 kJ (approx.)

* Known as the kilopond metre (kp m) in Germany.
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The *calorie * commonly referred 10 in nutritonal science is in fact a Kilocalorie, which is sometimes
called a * kilogram-caloric * or * large calorie *, In this standard, if the symbol cal is used without qualification,
it refers to the International Tabie calorie (calyp). (The dietitians calorie is based on the cal;s.)

The most important British thermal unit (Btu), and (he one used throughout this standard, is the onc
corresponding to the International Table calorie and is defined by the equation:

I Bluflb = 2,316 J/p

thus | Blu = 2,326 x 453.592 37 J = 1055.06 J (approx.)

Among other British thermal units formerly in use but now obsolescent are:

the * 60 °F British thermal unit* (heat required to warm 1 Ib of water from 60 °F (o 61 °F).

I Btugossy == 1054.5 J (approx.) )

the * mean British thermal unit’ (1/180 of the heat required to warm | Ib of liquid water from 32 I
to 212°F).

| BtUppun == 1055.8 ) (approx.)

The British thermal unit used for most purposes by the British Gas Industry relates 10 the 15 “C calorie
and is equal to:

2.326 x 453.502 37 . H1859

4.1868
Associated with the Btu is the therm, used as an energy unit by the Gas Industry.

I therm = 100 000 Blu = 105.5 MJ (approx.)

The * Centigrade heat unit ’ (C.H.U.), based on the Ib of water and the *C, s still sometimes used.

I C.H.U. == 1.8 Btu (but to each British thermal unit there corresponds 4 Centigrade heat unit)
FCHU. . = 1.8 Bu,,.,, = 19004 {approx.)

= 1054.73 J {approx.)

For interconversion factors for most of the above units see T'ables 36¢ and 365.
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37. Powaer {energy/time)
37.1 The conerent SI unit for all forms of power, including heat flow rate, is the walt (symbol W), which
is equal to the joule Eer second. ‘
I W =11Js ‘.
The kilowatt (kW) is a commonly-used multiple of the watt.
37.2 Two metric technical units of power are the kilogram-force metre per second (kgf m/s) and the metric

~ horsepower*.
i ned 1 kgf m/s = 9.806 65 }js = 9.806 65 W
’ 1 metric horsepower = 75 kgl m/s = 735.49% W

7.3 Similar technical units in the imperial system are the foot pound-force per second (ft Ibffs) and the

horsepower {hp).
10t Ibfjs = 1.355 82 J/s (sec 36.5) = 1.35582 W
1 hp = 550 ft lbf/s = 745.700 W

37.4 The following is a selection of heat flow units shown in terms of the watt:
czlorie per second 1 calfs = 4.1868 W
kilpcalorie per hour 1 keal/h = 1163 W see 36.6
British thermal unit per hour | Btu/h = 0.293 071 W
“ ton of refrigeration ’ == 12 000 Btufh = 3.516 85 kW

For interconversion factors for most of the above units see Table 37.

* The metric horsepower goes under the name * cheval vapeur® in France and sometimes the symbals ch or CV are used. In

Germany it is called the * Pferdestirke * (symbol P5).
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38. Temperature, including temperature difference or interval

38.1 The SI unit of temperature is the kelvin {(K). 1t is ene of the base units of the SLand is defined as a
specified fraction (g of the thermodynamic temperature of the triple poinm* of water. The kelvin is
used for the expression ol thermodynamic temperature, for which the datum is absolute zero; it can also be
used for the expression of any temperature difference or temperature interval.

38.2 The temperature unit in most practical use in metric countries. and recognized for use in conjunclion
with the S1, is the degree Celsius ( °C). The now incorrect term * Centigrade ' is still in widespread use for
Celsius. The zero datum for Celsius temperature (I C) 15 now exactly defined by the thermodynamic
temperature 273,15 K; formerly it vas defined by the melting point of ice at ! atm. The unils of temperature
difference, one degree Celsius and cne kelvin, are exactly equal, by definition. In this sense

1°C = 1K
and any temperature difference therefore has the same numetical value when expressed in "C as it has

when expressed in K.
For formulae showing the interrelationships between Celsius temperatures and thermodynamic lempera-

tures expressed in kelvins, and some other temperatures mentioned below, sec Table 38.
38.3 Traditional in practical use in the UK and USA is Fahrenheit temperature, now being rapidly displaced
by Cclsiu:}'. The Fahrenheit scale is not formally defined, but it is generally recognized that:
32 °F 13 the ice point
212 °F is the boiling point of water at | atm
and that the unit of temperature difference one degree Fahrenheit (1 °F) is equal to five ninths of the unit of

temperature difference the degree Celsius (1 °C). In this sense

() - (50

For formulae giving the interrelationship between Fahrenheit, Celsius, and other temperatures see Table 38.

38.4 For thermodynamic temperatures, the degree Rankine {“R) is still occasionally used. The unit
intervat of the degree Rankine is equal to ! °F. a thermodynamic temperature of 0 “R being absolute zero.
See Table 38.

38.5 In the last edition of this standard, for remperature interval the letters *deg’ were recormmended,
instead of the degree sign ( °) which was reserved for temperature. In 1967-68, the 13th CGPM considered
the arguments for and against this practice and decided to recommend that the use of * deg” should be
discontinued.

38.6 For the purpose of practical measurements the CIPM adopted in 1968 the * International Practical
Temperature Scale of 19687, IPTS - 68, based on reproducible fixed points and interpolation instruments
and procedures. The IPTS - 68 has been designed so that the Inlernational Practical Kelvin and Celsius
temperatures closely approximate the Kelvin and Celsius temperatures described in 38.1 and 38.2. The
IPTS - 6% is defined only from a thermodynamic temperature of 13.81 K upwards.

* The emperature at the triple point of waler, (where water, ice, and ‘water vapour are in equilibriumy is very slightly remove!
from the lemperature of the melting point of ice at atmospheric pressure (the ice poiat).
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Table 38. Equivalent values on four temperature scales

For the same temperature, if [/T] K, /8]°C, [t]°F and {r]° R represent that temperature on the Kelvin,
Celsius, Fahrenheit and Rankine scales respectively, then the formulae relating the pure numbers [T], f0],
[1] and [r] are as shown below.

foumur

(kClVinS) {T}' = -{Bl + 27345 = g (lll + 459.67) - g [r; Judy e
(degrees Celsius) [8) = (T] - 21345 = 3 ({1} - 32) =§ ¢ [r]— 491.67)

(degrees Fahrenheit)y  ft/ = %/T/_gsg.m = % (6] + 32 = 1] - 45967

{degrees Rankine) (v} = %!TI = % 10/ + 4967 = [Uf + 459.67

NOTE. Temperature difference. For the same temperature difference:

. e 5 . .
(temperature difference in “C or K) = 5 {temperature difference in °F or "R}

39, Specific energy [(energy or heat)/mass]

39.1 There are several different terms for energy per unit mass which are used in different contexts, e.g.
specific enthalpy
specific latent heat
calorific value, mass basis
The SI unit for all such quantities is the joule per kilogram (J/kg).

19,2 Other units sometimes used in metric countrics are:
kilocalorie per kilogram (kcal/kg) (see 36.6)
kilogram-force metre per kilogram (kgf m/kg)
1 kealr/kg = 4186.8 J/kg
1 kcal,n/kg = 4184 J/kg
1 kealjsikg 4185.5 J/kg (approx.}

1 kgf m/kg = 9.806 65 J/kg

39.3 Corresponding imperial units are:

British thermal unit per pound {Btu/lb)
foot pound-force per pound (ft 1bi/1b)
1 Blu/lb = 2326 J/kg

1 ft Ibfjlb = 2.989 07 J/kg (approx.)

For interconversion factors see Table 39.
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40. Heat content, volume basis (heat/volume)
e.g. calorific value, volume basis

40.1 The SJ unit for this quantity, which is mainly used in conuection with the combustion of gaseous or

liquid fuels, is the joule per cubic metre (J/m?). For most practical purposes either the kJ/m3 or MJ/m3 are

suitable multiples.

40.2 Units that have been in common use in metric countries are:
kilocalorie per cubic metre (kcal/m3) (see 36.6 for the various calories)
thermie per litre (thylitre)

| kealgr/m?3 = 4186.8 J/m?
| kcaly/m?3 = 4184 j/m3
! kcaljs/m3 == 4185.5 J/m?

1 thermie/litre = 4185.5 x 106 J/m3 (see 4.3 for litre)

40.3 Corresponding imperial units are:
British thermal unit per cubic foot (Btu/ft%)
therm per UK gallon (therm/UKgal)

I Btu/fid = 37 258.9 J/m3
1 therm/UKgal = 2.32080 x 1010 Jfm?

40.4 In the above and in Table 40q it is assumed that, where gases are concerned, the volumes involved in

the conversion have the same reference conditions of temperature, pressure and humidity. For some con-

versions of calorific value (volume basis), when the reference conditions are different, see Tables 406 and 40c.
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Part 1
Heat content, volume basis

BS 350
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Heat content, volume basis

Specific heat capacity

Table 40c. Conversion factors used by the UK Gas Industry

The following information and conversion factors are extracted from the booklet * SI Units and conversion
factors tor use in the British Gas Industry * issued by the Gas Council and Society of British Gas Industries,
May 1972 edition.

The conversion factor for converting from British thermal units per cubic foot (measured at 60 °F, 30
inches Hg (@ 60 °F 53 “N) and saturated with water) to megajoules per standard cubic metre (measured
at 15°C 1013.25 mbar and dry) is:
1 Btu/ft3 = 0.037 96 MJ/m? I MJ/m3 = 26.34 Bu/ft3
Other conversion factors for various conditions are given in the table below.
Whereas two bases for the British thermal unit arc included, for practical purposes there is no signifi-
cant difference between them. In the gas industry the British thermal unit is based on the 15° calorie,
M. jm3 Btu/ft3 Btu/fe}
15°C 60 °F, 30 inches 60 °F, 30 inches
1013.25 mbar Hg (IT calorie) Hg (15° calorie)
Dry Sat Dry Sat Dry Sat
MIfm3 Dry 11 0.9832 26.80 | 26.33 26,81 | 206.34
15°C Sat | 1.017 1 27.26 | 26.78 2727 12679
1013.25 mbar
Btu/fi? Dry { 003731 003669 |1 09826 | 1.000 | 09829
60 °F 30 inches Sal [ 003797 | 003734 {1.018 |1 1.018 1.000
Hg (International calorie basis)
Btu/fi? Dry | 0.037 30 | 0.036 67 | 0.9997 '| 0.9823 | 0.9826
60 °F 30 inches Sat | 003796 | 0.037 32 | 1.017 0.9997 1.018 1
Hg (15° calorie basis)

NOTE. (This note is. for users of BS 350 and is not part of the GC/SBGI booklet.)

Allention is called to the following differences in the refercnce bases of Tables 406 and 40c.

(f) In Table 404 the only British thermai unit used is the one corresponding to the International Tabie ealocic (sec 36.6).
In Table 40c this Btu is indicated by the parentheses (International calorie basis) or (IT calorie), and factors relating to a Btu
bascd on the 15°C calorie are stated in the preamble above the table and included in the table.

(2} The pressure * 30 inches Hg * as shown and under the conditions stated in Table 40¢ is given s being equal to 1013.7405
mbar. The pressure 30 inHg shown jn Table 405 (and as defined at 32.5) is, approximately, 1015.9166 mbar.

41. Specific heat capacity " (heat/(mass x temperature interval))

4L.1 The SI unit of specific heat capacity is the joule per kilogram kelvin (§/(kg K)).
41.2 The degree Celsius is often used in the expression of the above unit:
!l J/(kg °C) = 1 Jj(kg K)
and a similar remark applies wherever kelvin or K is mentioned in the remainder of section 41.
41.3 Other metric units are:
kilocalorie per kilogram kelvin (kcal/(kg K)) (See 38.6 for Lhe various calories.)
kilogram-force metre per kilogram kelvin (kgf m/(kg K) )
I kealrf(kg K) == 4186.8 Jjkg K)
| keal,/(kg K) = 4184 J/(kg K)
1 kcalysftkg K} = 41855 J/(kg K)
! kgl m/(kg K) = 9.806 65 J/(kg K)
41.4 Corresponding imperial units are:
British thermal unit per pound degree Fahrenheit (Btuj(ib °F))
foot pound-force per pound degree Fahrenheit (fi Thi/(lb °F))
I Btu/(lb ‘F) -~ 4186.8 }j(kg K)
I fuIbfi(Ib °F) = 5.380 32 J/(kg K)

For interconversion factors for the above units see I'able 41.

* The older and simpler term ‘ specific heat * referred to heat capacities, usuzily on a mass basis but sometimes on a volume
basis. Tt is now preferred to reserve for * specific * the meaning * per unit mass "
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Foreword

This standard deals with interconversion from one unit of measurement to another for a number of quantities
which are in general use in engineering, industry and trade. The subjects covered are, broadly, metrology,
mechanics and heat; the standard does not deal with purely electrical units.

BS 350 was first published in 1930, and was revised in 1944 and again in 1959, It was then that the standard
was split into two parts, Part 1 dealing with the basis of tables and conversion Jactors, and Part 2, which
fist appeared in 1962, giving detailed conversion tables for the more frequently used conversions. From
those tables in Part 2 conversions could be read off directly or assessed by interpolation, and the onus of
multiplication by a six figure factor was removed. In 1967 a Supplement (PD 6203) was issued to Part 2, giving
additional detailed tables for SI conversions. BS 350 Part 2 was withdrawn in 1981 since many of the tables
included in it had become inconsistent with the International System of Units (SI) and the increasing use of pocket
calculators was considered to have made such tables, which often required interpolation, obsolete. PD 6203 is,
however, still valid and has been retained.

This, then, is a revision (confirmed on the incorporation of Amendment No. | in 1983) of BS 350: Part 1: 195%
and provides a comprehensive list of conversion factors and notes on their use. The units in about fifty quantities of
measurement are given, together with such definitions, and information on the derivation of conversion factors, as
are considered necessary for the purpose.

The experience gained with the earlier editions has been a reliable guide to the choice of quantities to be
treated in this revision. Only information now considered obsolete has been discarded, and the quantities
dealt with have remained substantially unchanged. There have, however, been considerable additions made
to the units, and consequently to the conversion factors, and the standard has been fundamentally re-
arranged for the reason which follows,

In this edition, while interconversion factors between all the important units treated are given, the standpoint
from which the various units and conversion factors are discussed is the SI. This marks an important departure
from the carlier editions which originally argued from the imperial system and later perforce adopted a mixed
imperial-metric standpoint. Imperial units are being progressively discarded and their retention as the standpoint in
this standard would have acled as a brake to the progress of metrication. Furthermore, the SI, under the custedy of
the General Conlerence of Weights and Measures, forms the precise and natural basis for conversion information
on units, and offers firm prespects of an international harmonization in unit practice, after which conversion factors
will no longer be required.

The “standardization function of this standard lies in the provision of conversion factors reliable to a
stated accuracy. The other important but extraneous information in it is there to help the general user
when he is faced with the need to make conversions. BS 350 does not purport to define quantities or units,
or to standardize the letter symbols or abbreviations used for units. These matters are dealt with
elsewhere, but their mention is necessary here and has been made up-to-date with the latest international
and national decisions.

Where factors are given in bold print it is to show that they are exact; in general, factors have been
rounded to include six significant figures, thus permitting accuracies satisfactory for most practical purposes.
The computation of each factor has as far as possible been made from first principles, using eight or more
significant figures to minimize the possibilities of errors in rounding. By comparison with previous editions
(including BS 350 : Part 2) deviations by one digit in the last significant figure of factors involving the UK
gallon may sometimes be noticed. These have arisen because the computation in the previous editions was
based on | UKegal = 4.546 09 dm?. Since November 1976 the definition of the galion in the Weights and Measures
Act 1963 has been 4.546 09 dm3, Before that date the definition in the Weights and Measures Act 1963 was such that
the gallon could be calculated to be 4.546 091 879 dm? (o ten significant figures and, on advice from the Natignal
Physical Laboratory, a mare accurate factor was used as a basis for the computation in the present edition. The
return, in November 1976, by precise definition to what had earlier been used as an approximation for the value of
the gallon (i.e. 4.546 09 dm”) clearly implies changes, in some cases, in the final figure of factors involving the UK
gatlon and in particular, the reversal of the changes as described that occurred between the present and the previous
editions of the standard, Table 23 has however now been corrected in this respect. The six sipnificant figures given
fer conversion factors invelving the 15 °C calorie are not warranted by the accuracy of definttion of that particular
unil, but have been retained for the sake of consistently in the layout of the tables.

Six-figure factors are unnecessarily precise for many practical purposes, and will be rounded to fewer
significant figures as appropriate. The Department of Trade and Industry has asked users of thess tables
to be reminded that conversions for trade purposes should be based on the statutory definitions of units
in the Weights and Measures Act, 1963. Section 24 of that Act makes it an offence to give short weight or
measure (or to overcharge for the goods supplied if they are offered at the stated price per unit weight or
measure). The conversion factors should therefore always be chosen so that the rounding is in the customers'
favour, regard being paid to any statutory requirement (such as Marking of Goods Reguiations) there
may be in this respect.

A5 amended
Juiy 1984

As added
July 1981

Asamended
July I983

As amended
July 1947

As amended
July 1981

A+ delered
July 1983

As amendmd
Sy 1983
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Conversion factors and tables

Part 1. Basis of tables. Conversion factors

1. Number

1.1 The following prefixes, with significance, name, and symbol as shown below, are used to denote decimal
multiples or submultiples of {metric} units. These prefixes developed in conjunction with the metric system,
and are now authorized as * 51 prefixes '

Table1s. Prefixes denoting decimal multiples or submultiples
To indicate multiples

| YL

o et 10" | exa E
x 10'* {peta |P
% 10' | tera T
x 10° giga G
x 10% mega | M
x 10 |kile |k
x 107 hecto | h
x 10 ‘deca da
To indicate submultiples
x 101 deci d
¥ 102 centi c
v 10-3 milki nl
% 106 Mmicro 1
x 10-9 nano n
x 10-12 | pico P
x 10-13 femto f
w 1018 atto a

1.2 Regarding the meaning of million, billion, etc. the convention shown in Table 14, accords with the
decision: of the 9th General Conference of Weights and Measures, Paris 1948, and is in use in European
countries including the United Kingdom.

Table15. Meaning of million, billion, trillion, etc.

Corresponding
Term Significance decimal factor
mitlion thousand x thousand | 106
billien million X million 1012
trillion million x billion 1018
quadriltion | million X trillion 1024

A different convention is in use in the United States of America, where * million’ signifies a thousand
times a thousand (106), * billion * signifies a thousand times a million (109), * trillion * signifies a million
times 2 million (1012), and * quadriliion * signifies a million times a US billion {1015).

In view of the differences Between Furopean and USA practice, ambiguities can easily arise with the
words * billion °, * teillion ’ and * quadrillion ’, therefore their use should be avoided.

4
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Length
2. Length
2.1 The SI unit of length is the metre (symbol m}. It is one of the base units of the 51 and is now defined in
terms of a specified number of wavelengths of a particular atomic radiation, as given in BS 3763.
NOTE. The titles of BS 3763 and all other British Standards referred to in this text are listed on the inside back cover,
2.2 Multiples and submultiples of the metre are formed by using any of the SI prefixes given at 1.1; kilometre
(km), decimetre (dm), centimetre (cm), millimetre (mm) and micrometre (pm) are common examples. An
alternative term for the micrometre, abrogated by the CGPM but still in common use, is * micron *, The
symbol p, associated in the past with the micron, is incorrect; pm should be used.
2.3 Some units of length having associations with the metric system but not forming part of the SI are:

1 angstrém (A) = 10-10m Refer to note
1 international nautical mile (n mile} = 1852 m

| astronomical unit (AU = 1.496 x 10llm I
1 parsec (pc) = 3.0857 x 1046 m 2
1 light year (1.y.) = 94605 x 1015 m 3

2.4 The definitive UK (or imperial) and US unit of length is the yard, legally defined (since 1939 in the
USA and since 1963 in the UK} as follows:

1 yard = 0.9144 m
2.5 The connection between multiples and submultiples of the yard is indicated in the following traditional
table of named UK and US units of length, defined (for the UK) in the Weights and Measures Act, 1963.

([in = §,0254 m) Refer to note
1 fool (ft) = 12 inches (in) (I fi = 0.3048 m) 4
1 yard (yd}= 3 feet {ft) (1yd = 0,9144 m)
1 chain  -- 22 vards (yd) (1 chain  =: 20,1168 m) 5
| furlong == 10 chains (I furlong = 201.168 m)
I mile -= 8 furlongs (! mile = 1609.344 m) 6

2.6 Some less usual, or more specialized, UK and US named units of length are:

I micro-inch (pin) = J0-6in = 0.0254 ym = 254 x 10-9m Refer to note
! thou == 10-3in = 284pm = 254 x 10-Sm 7
! mil = 10-3in -- 254pm = 254 x 1076m 8
1 point = L in (approx) = 0,351 mm (approx) 9
I iron = 4 in = 0.529 167 mm 10
1 line = 4 in = 0.635 mm 11
1 line or ligne = Lin = 2.116 67 mm 12
1 emn = yin = 4.233 33 mm 13
1 hand = 4 in = k0.I6 cm 14
I link == 4 chain = 0.66 = 0.201 168 m
1 US survey foot = = M = (;..’;{2}:8801 m
1 fathom ;6 ft = L m
! rod, pole, or perch == 5k yd == 50292 m 15
1 engineer’s chain = 100 ft = 30.48 m
i cable-fength —- — 16
I UK nautical mile = 6080 ft = 1853.18 m i7
I telegraph nautical mile == 6087 ft == 1855.32 m

Nutes on section 2
1. Approximalely the mean distance between the Sun and the Earth.
2. The distance at which | AU subtends an angle of 1 second (1),
3, Approximate distance travelled by light in 1 year.
4, An exception is the US survey foot, shown in 2.6,
S. The legally defined chain, commaonly called Gunter's chain in the USA.
6. Also known as a statute mile. There is no recognized abbreviation for mile and the complete word * mile* is used as the
unit symbol.
7. Colloquial, for vne-thousandth of an inch.
R, Colloguial, for onc-thousandth of an inch. For other meanings of mil sce 3.5, 4.4 and {Note 2) of section 7.
v. Printing trade. (Originally defincd by 83 picas-: 83 :{ 12 points = 35 cmh.
0. Boot and shoe trade.
I1. Butten trade,
12, Watch trade.
13, Printing trade.
t4. Feight ol horses,
i5. Obsolete.
16. A nautical term not precisely defined in the UK. Inits most general concept it is equal to one-tentih of an unspecified nautical
mile, but other values have been used, including the vahse 120 fathoms (720 3.
17. Obsolescent as the interuational nattical mile becomes adopted in the UK.

For conversion factors for a number of widely-used units of length see Table 2.

5
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Area

3. Area (length squared)

3.1 The coherent SI unit of area is the square metre (symbol m2), a derived unit,

3.2 Areas are also expressed in terms of the squares of any of the multiples and submultiples of the metre
formed by the use of the SI prefixes, e.g. square millimetre (tnm?2), square centimetre (cm2), square decimetre
(dm?2), square kilometre (km2).

In accordance with the rule concerning prefixes attached to units raised 10 a power, the relationship
between each of these and the square metre is as follows:

2
| mm2 == (T(I)DT)'O) = 10-6 m2
2
lem2 = (TI(I)I_O) == 10-4m?
2
ldm2 - (Ir_g) = 10-2 m?

i

2
[ km? = (]000111) = 106 m2

3.3 A metric unit with a special name is the are (symbol a).
la=100m2
This, and more especially its multiple the hectare {symbol ha), are used for land measurement of area.
1 ha =100 a = 10 000 m?
Another specially named metric unit is the barn, used in atomic physics in the measurement of cross
sections.
| barn = 10-28 m?

3.4 The connection between various traditional UK and US units of area, and their relationship to the
square metre, are as follows:

Refer to nole

| square foot (ft2) = 144 square inches (in2) (I in2 == 6.4516 x 10-4 m2)
| square yard (yd2) = 9 square feet {1fi2 = 0.0929030m?)
1 rood = 1210 square yards (lyd2 = 0.836 127 m2) 1
1 acre = 4 roods — 4840 square yards (I rood = 101571 m?)
{1l acre = 4046.86 m2)
1 square mile (mile2} = 640 acres {1 mile2 = 2.589 99 < 106 m2)

1.5 A specialized UK and US unit of area {used in connection with sections of wire) is the * circular mil ".
Refer to note
I circular mil - - 7.853 98 ¢ 10-7in2 == 506707 < 10-10 m2 2

Notes on section 3

1. The rood is obsolescent in Lhe UK and rarely used in the USA.
2. The circular mil has an area equal wo that of a circle one-thousandth of an inch in diameter. For other meanings of mil sce

2.6, 4.4 and section 7, Noie 2.

For conversion factors for a number of widely-used units of area see Tables 3a and 35.
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Table 35. Area of section of wire
Exact values are printed in bold type

circular mil square millimetre square inch
mm2 In2
I circular mil* :z 1 5.067 07x 104 7.853 98107
| square millimetre == 1973.53 1 1.550 00 x 103
mm2
1 square inch s 1,273 244106 645.16 1
in2

* For definition of circular mi!, see 3.5, Note 2.

4. Volume and capacity {length cubed)

4.1 The coherent ST unit of volume is the cubic metre (symbol m3), a derived unit.

4.2 Volumes are also expressed in terms of the cubes of any of the multiples and submuitiples of the metre
formed by the use of the SI prefixes; of these the cubic decimetre (dm3), the cubic centimetre {cm?), and the
cubic millimetre (mm3) are common examples.

The relationship between each of these and the cubic metre is as follows:

3
1 dm} = (T’g) = 103 m3

3
tem? = (%) = 10-6 m3

( m )1' == 10-9 m3
1000

43 In the SI no distinction is drawn between units of volume and units of capacity. However, a metric
unit with a special name, used in conjunction with the ST and commaonly used for the measurement of liquids
and fluids, is the litre (symbol 11).

1 litre = 1dm3 = 10-3 m?3
(This definition has applied in the S since 1964, but see 4.3.1 below.)

The SI prefixes are used with the litre, leading for example to the hectolitre (hl), centilitre (cl), miltilitre
(ml} and microlitre (ul).

I hl = 100 litre = 10-1 m?

t

1 mm?3

fel = (_L)Iitrc = 10-5m}
100 N

iml = (M_l_)!ltrc = 10-6m3 = ] cm?
1000

] .

[l - (__.)lltrc 10 m¥ == | mm?

106
4.3.1 Units of capacity for the measurement of liquids (and sometimes of dry goods also) have been treated
as base units at various times in the past, and have been defined independently of length. Thus in the metric
system from 1901 to 1964 the litre was defined as the volume occupied by a mass of one kilogram of water
t Although in this standard the symbol used for the itre is the lower case letter *I*, it has long been recognized that in some  _isamemicd
typefaces it was difficult to distinguish between the lower case letter 1" and numerat [ The 16th General Conference of Weights  Jufv 7953

and Measures (1979) accordingly recognized the use of the upper case letter 'L" as an alternative symbol for the litre. 1n British
Standards "L’ is now the prefeired symbol but *T', which is still widely used, is recognized as acceptable. See also BS 5553,

9
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under specilied conditions (at its temperature of maximumn density and under a pressure of one standard
atmosphere). Since 1964, however, the litre has been re-defined within the SI as a special name for the
volume of one cubic decimetre {which is as it was before 1901}. Since | November 1976, the 1964 definition has
heen embodied within the law of the United Kingdom. Because of these changes, where a very high degrec of
precision is called for, it is necessary to establish which definition of the litre is intended. In the tables which follow
in this standard a litre as defined according to the 1901 delinition is described as the *litre (1901)", and the litre as it is
now defined according to the Slis described simply asthe ‘litre’.

1 litre (1901) = 1.000 028 litre

4.4 In the French (imber trade the volume of one cubic metre gocs under the obsolescent name * stére’
{(symbol st). Similacly, in the timber trade in Germany the cubic metre has been described as the * Festmeter’
(Fm) or * Raummeter * {Rm), and these two special names are also obsolescent.

Another obsolescent metric-based volume unit is the * mil’, used in the UK in pharmaceutical work,
particularly for prescriptions, to denote a millilitre (see British Pharmacopoeia, 1953). For other meuanings
of * mil * see 2.6, 3.5, and section 7, Note 2.

4.5 The conneclion between the traditional UK and US units of volume and their relationship to the
cubic metre are as follows:

Symbol Unit Metric equivalent
yd? I cubic yard == 27 cubic feet = (.764 555 m3
fid 1 cubic foot == 1728 cubic inches = 0.028 316 8 m?
ind | cubic inch = 1.638 71 % 105 m3

4,6 As with the litre in the metric system, it is customary (o regard certain UK and US volumetric units as
units of capacity. These include the UK gallon and its multiples and submultiples, and the US gallon and
US bushel, with their multiples and submultiples. The UK and US units of capacity differ markedly from
each other* and it is therefore important 1o avoid confusion in their use. The prefixes UK and US are used
for purpose of their identification in this standard but the qualifications UK or US are frequently omitted
in practice. Care is particularly necessary with conversions of the gallon in order to identify which gallon
is concerned.

4.6.1 UK units of capacity. These are all based on the UK gallon (UKgal), defined in Schedule | of the
Weights and Measures Act, 1963, as the space occupied by 10 pounds weight of distilled water under certain
conditions specified in the schedule.
Key conversion factors are:

1 UKpgal =- 4.546 09 dm?3

= 4,546 09 litre

4.545 96 litre (1901)
The connection between the UK gallon and its various multiples and submultiples is shown in the following
list:

H

Symbeol (if any) »~ Unit Metric equivalent
UKmin 1 minim+ = 0,059 193 9cm?
UK Adr 1 fluid drachmf = 60 minim == 3.551 63 cm3
UK fl oz t fluid ounce = 8 fluid drachms = 28.4131 cm?

-— U gill == 5 fluid cunces == 0.142 065 dm?
UKpt 1 pint = 4gills (= 20 fluid ounces) = 0.568 261 dm?
UKqgt ! quart == 2 pints = 1,136 52 dm?
UKpal I gallon = 4 quarts {== 160 fluid ounces) == 4.546 09 dm?
— I peck} = 2 gallons o= 909218 dm?3

36.3687 dm?

fi

— ! bushel} = 4 pecks

4.6.2 US units of capacity. The US units of capacity are defined in terms of a specified number of cubic
inches. The US gallon is equal in volume to 231 cubic inches and is used for the measurement of liquids
only. The US bushel is equal in volume to 215042 cubic inches and is used for the measurement of dry
commodities only.

* For a direct comparison of UK and US units of capacity see Table 4d,

-+ The minim, fluid drachm, peck and bushel are now deleted from Schedule 1 to the UK Weights and Measures Act, 1963,

and it is now illegal to use these units for trade purposes.

10
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The connection between the US gallon and its various multiples and submultiples is shown in the following
list:

4.6.3 US wnits of capacity (liquid measure only)

Symbol (if any) Unite Metric equivalent
— I US minim “oe= 0,061 611 5 em?
fl dr i US fluid dram* = 60 minims == 3.696 69 cm?
USfl oz | US fluid ouncet = § fluid drams = 29,573 5cm)
14} 1 US gill = 4 fluid ounces = 0.118 294 dm?
lig pt 1 US liquid pint = 4 gills (= 16 fluid ounces) = 0.473 176 dm3
liq qt 1 US liquid quart = 2 liquid pints ‘ = 0.946 353 dm?
USgal I US gallon = 4 liquid quarts (= 128 fluid cunces) =  3.785 41 dm3
bbl | US barrel (for petroleum) = 42 gallons = }158.987 dm3

4.6.4 US units of capacity (dry measure only). The connection between the UJS bushel and its various
multiples and submultiples is shown in the following Hst:

Symbol (if any) Unit Metric equivalent
- I US dry pint = 0.550610 dm?
dry qt I US dry quart == 2 dry pints == 1,101 22 dm?
pk 1 US peck = 8 dry quarts = 8.809 76 dm?
bu 1 US bushel = 4 pecks = 352391 dm?
bbi (dry) 1 US dry barrel = 7056 cubic inches = 115.627 dm?3

Notes on 4.6

1. In the UK different values are used for the barrel for different purposes (e.g. the wine barrel is nominally 31} UKgal and the
beer barrel nominally 36 UKgal).
2. The barrel (bbl) referred to in the list of US capacity units for dry measure only is the standard barrel in the US for fruits.
vegelables and dried commodities, with the exception of cranberries. Cranberries are sold in the US by reference to a standard
cranberry barrel containing 5826 cubic inches.
3. There are other bushels having different capacities from those mentioned in 4.6.
4. Other specialized units of capacity used in the UK timber trade are

1 board foot = 144 in3 (= 2.359 74 dm3)

1 cord = {28 {13 (= 3.624 56 m3)

1 standard = 165 {12 (= 4.672 28 m3)
This last is sometimes known as the * Petrograd standard "
3. The cran, used in the UK fishing industry, is equal to 374 UK gallons.

For conversion factors for a oumber of widely-used units of volume or capacity see Tables 4a, 4b, 4c and 4d.

* Somctimes also known as the liquid dram (lig dr) in the USA,
t Sometimes also known as the liquid ounce (liq oz) in the USA,

11
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Specific entropy
Heat capacity, volumae basis

42. Specific entropy [heat/{mass x thermodynamic temperature)!

Table 41 may also be used for the conversion of values of specific entropy, expressed in joules per kilogram,
kelvin, J/(kg K), in kilocalories per kilogram kelvin, kcal/(kg K), or in British thermal units per pound
degree Rankine, Btu/{lb °R).

43. Heat capacity, volume basis * [heat/(volume x temperature interval)]
43.1 The SI unit of heat capacity, volume basis, is the joule per cubic metre kelvin (J/(m? K)}.

43.2 The degree Celsius is often used in the expression of the above unit:
1){{m? °C) =11/(m3 K) '
and a similar remark applies wherever kelvin or K is mentioned in section 43.
43.3 Other metric units are:
kilocalorie per cubic metre kelvin (kecal/{m? K)) (see 36.6 for the various calories).
] keal,y/(m? K) = 4186.8 J/(m3 K)
I keal,,/(m? K) = 4184 J{{m3 K)
1 kecal s/{m? K) = 4185.5 J/(m3 K)
43.4 The corresponding imperial unit is:
British thermal unit per cubic foot degree Fahrenheit (Btu/(ft3 °F))
1 Bly/(ft> °F) = 67 066.1 Jj(m3 K)
For interconversion factors for the above units see Table 43. In Table 43 and in the above conversion factors
it is assumed that, for gases, the volumes involved in the conversions are measured under the same con-
ditions of temperature, pressure and humidity.

* This is sometimes known as * specific heat, volume basis * but see [ootnote to section 41,

Table 43. Heat capacity, volume basis

Exact values are printed in bold type.

joule per cubic kilocalorie! per | thermochemical | 15 °C Kilocalorie | British thermal

metre kelvint cubic metre Kilocalorie per per cubic metre | unit per cubic
kelvin cubic metre kelvin foot degree
kelvin Fahrenheit
Jjim? K) kealyr/(m? K kealyp/(md K) keal;s/(m3 K} Btu/(t3 °F)
I joule per cubic metre
ketvint = |1 0.238 846 =103 { 0.239006x 103 | 0238920103 | 149107 x 10 ~¢
J(m3 K)
1 kilocalorie} per cubic
metre kelvin = [ 4186.8 1 1.000 67 1.000 31 0.062 428

kcalir/(m3 K)

1 thermochemical kilocalorie
pet cubic metre kelvin = | 4184 0.999 331 1 0.999 642 0.062 386 2

kealyn/(m3 K)

1 15 °C kilocalorie per
cubic metre kelvin = | 4185.5 0.999 690 1.000 36 1 0.062 408 6

kealig/(m? K)

I British thermal unit per

cubic foot degree
Fahrenheit = | 67 066.1 16.0185 16.0292 16.0234 1

Btuj{f13 °F)

t Wherever the kelvin oceurs in this table it may be replaced by the degree Celsius { °C), e.g. J/{m3 K} is often shown as J/{m3 °C).
1 This is the International! Table kilocalorie, For & description of the three calories mentioned see 36.6.

NOTE. In this table it is assumed that, for gases, the volumes involved in the conversions are measured under the same conditions
of temperature, pressure and humidity.

72



BS 350 : Part1:1974

Heat flux density

44. Heat flux density (heat/(area x time))

44.1 The SI unit for this quantity, which is sometimes known as intensity of heat flow rate and commonly
appears, for example, in calculations of heat losses from surfaces, is the watt per square metre (W/m?2).

44.2 Other metric units are:
calorie per square centimetre second {cal/(cm? s)) (see 36,6 for the various calories)
kilocalorie per square metre hour (keal/(m?2 h))
1 calypf(cm2 s) = 41 868 W/m?
I kealyr/(m2 h} = 1.163 W/m?
44.3 Corresponding units in the imperial system are:
British thermal unit per square foot hour (Btu/(ft2 h))
watt per square inch (W/in2)
1 Btuf(ft2 h) = 3,154 59 W/m?2
1 W/in2 = 1550.00 W/m2

For conversion factors for the above see Table 44.

Table 44. Heat flux density, intensity of heat flow rate (e.g. heat loss from
surfaces)

Exact figures are printed in bold type.

W/m? W/in2 calr/{em2 s) kealii/(m2 h) | Btu/{ft2 h)
| watt per square metre =] 1 6.4516 < 104 (0.238 846 104 0.859 845 0.316 998
W/m?2
| watt per square inch =| 1550.00 1 370212102 | 133276 491,348
W/in?

—

calorie* per square _
centimetr‘e second | 41 B68 27.0116 | 36 000 132721
Cal.-;,r'(cmz 5)

kilocalorie* per square
metre hour
kecal¢/(m2 h)

1.163 7.503 21 10-4 | 2777 78 105 | 1 0.368 66%

British thermal unit
per square foot hour =| 3.154 59 | 2.03522:<10-3 | 7.534 61 < 10-5 | 2,712 46 1
Bru/(ft2 h)

*This refers to the International Table calorie. For other calories see 36.6,
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Thermal conductance

46. Thermal conductance (heat transfer coefficient)
[heat/(area x time X temperature difference)] or [power/(area x (emperature difference)]*
45.1 The SI unit is the watt per square metre kelvin [W/(m2 K)]
45.2 The degree Celsius ( °C) is often used in the expression of the above unit:
1 Wiim? °C} = 1 W/(m2 K}
and a similar remark applies wherever kelvin or K is mentioned in section 45.
45.3 Other metric units are:
calorie per square centimetre second kelvin  [eal/(em? s K}]
kilocalorie per square metre hour kelvin [keal/(m2 h K}]
(The conversion factors given below refer to the International Table calorie, see 38.6 {or vther calories.)
1 cal/(cm? s K) = 41 868 W/(m2 K) '
1 keal/(m2 h K) = 1.163 W/(m2 K)
45.4 The imperial unit in common use is:
- British thermal unit per square foot hour degree Fahrenheit [Btu/(it?2 h °F)]
l lilu/{f’l2 i °F) = 5.678 26 W/(m2? K)

For interconversion factors for the above units see Table 45,

Table 45. Thermal conductance

Exact values are printed in bold type.

Wim? K)j callf(em? s K) keall/(m2 h K) Bu/([t2 b °F)

watt per square
metre kelvint =|1 0.238 846> 1041 0.859 845 0.176 110
W/{m2 K}

calorief per square
centimetre second kelvin  ==| 41 868 1 36 000 7373.38
cal/{cm2 s K)

kilocaloriei per square
metre hour kelvin =| 1,163 277778105 | 1 0.204 816

keal/(m2 h K)

British thermal unit per
square foot hour
degree Fahrenheit
Btu/(ft2 h °F)

5.678 26 1.356 23> 10 -4 | 4.882 43 1

* Also corresponds to {(heat flux density/temperature difference).
+ Wherever the hehvin veeurs in this table it may be replaced by the degrec Celsius: c.g. WimE K) 15 often shown as Wfim?2°C)

t This refers to the Internationa! Table calorie, For other caiories sce 36.6,
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Thermal conductivity

46. Thermal conductivity
[heat x length/(area x time x temperature difference)]

46.1 The ST unit is the watt per metre kelvin [W/(m K)]

46,2 The degree Celsius ( °C) is often used in the expression of the zbove unit:
1 W/m °C) = 1 W/(m K)
and a similar remark applies wherever kelvin or K is mentioned in section 46.
46.3 Other metric units are: '
caloric per centimetre second kelvin  [ecal/(cm s K)]
kilocalorie per metre hour kelvin fkcal/(m h K})
(The conversion factors given below refer to the Inernational Table calorie. See 36.6 for other calories).
1 calf(em s K} = 418.68 W/(m K) ‘ ’
1 keal/(m b K) = 1.163 W/(m K)

46.4 Two imperial units in common use are:
British thermal unit per foot hour degree Fahrenheit [Blu/{tt h “F)]
British thermal unit inch per square foot hour degree Fahrenheit  [Btu in/{f12 h °F)}
| Btuf{ft h °F) == 1,730 73 W/(m K)
I Bluinf{fi? h °F) = 0.144 228 W/(m K)

For interconversion factors for the above wnits sec '1'able 46,

Table 46. Thermal conductivity
Exact figures are printed in bold type.

W/im K)* cal/{cm s K)t keal/(m h K) Btu/{fth°F) Biuin/(ft2h °F)
1 watt per metre kelvin* =| | 0.238 846102 (.859 845 0.577 789 6.933 47
Wi(m K) '
1 caloriet per centimetre
second kelvin = 418.68 1 360 241.909 2902.91
calf{cm s K)
i kilocalorie* per metre
hour kelvin =| 1.163 2777131073 | 1 0.671 969 8.063 63

keal/(m h K)

1 British thermal unit per
foot hour degree Fahrenheit={ 1.730 73 4.13379x10-3 | 1.488 16 1 12
Btu/(ft h °F)

1 British thermal unit inch per
square foot hour degree = 0.144 228 3444 82 x10-4 | 0.124 014 0.083 3333 | 1
Fahrenheit
Btu in/(ft2 h °F)

* Wherpxer the kelvin eccurs in this table it may be replaced by the degree Celsius ( °C) e.g. WHm K) is often shown as W/(m °C).
1 This refers Lo the International Table calorie. For other calories see 36.6.
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Thermal rasistivity

47. Thermal resistivity (area x time x temperature difference/(heat x length))}

The SI unit of thermal resistivity (the inverse of thermal conductivity) is the metre kelvin per watt (m K/W).

Interconversion factors between the above and some other units are given jn Table 47. Similar remarks con-
cerning the use of the degree Celsius and the other calories apply as in section 46 and Table 46.

Table 47. Thermal resistivity
Exact figures are printed in bold type.

m K/W cm s K/cal*| m h K/keal®* ft h °F/Btu ft2 h °F/(Btu in)
1 m K/W =1 418.68 | 1.163 1.730 73 0.144 228
lems Kjcal* =] 0.238 846x10-2| 1 27771 718 % 10-3 | 4133 79103 3.444 82x 104
I mh K/keal* =] 0.859 845 360 1 1.488 16 0.124 014
1 ft h °F/Btu =| 0.577 789 241909 | 0.671 969 1 0.083 333 3
I f12 h °F/(Btu in) = 6.933 47 290291 | 8.063 63 12 1

* This refers o the International Table calorie. For other calories see 36.6.

NOTE. For thermal conductivity, see Table 46, the notes to which also apply here.
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(heat/(volume x time)], or (power/volume)
48.1 The S unit for this quantity is the walt per cubic metre (W/m?},

48.2 Other metric units are:

calorie per cubic centimetre second
kilocalorie per cubic metre hour

BS 350

[calf{cm? 3)]
[keal/(m3 h)]

Part 1:1974

Heat release rate

Thermal diffusivity
48. Heatrelease rate (e.9. as used in connection with furnaces)

The conversion factors given below refer to the International Table calorie, (See 36.6 for othér calories),
| calf{cm3s) = 4.1868 » 106 W/m3

I keal/(m3 h) = 1.163 W/m?
48.3 A similar imperial unit is:

British thermal unit per cubic foot hour

1 Btu/(ft> h) = 10.3497 W/m?

[Btu/(ft3 h)]

For interconversion factors for the above units see Table 48,

Table 48. Heat release rate

Exact values are printed in bold type.

wait per cubic calorie */cubic kilocalorie */cnbic British thermal
metre centimetre second metre hour umit/cubic foot hour
Wim? calf/(cm? 5) keal/(m3 h) Bru/(ft? b) :
I watt per cubic metre =1 0.238 846 % 10-6 | 0.859 845 9.662 11 102
w‘ImS :L
1 calorie* per cubic . '
centimetre second ==| 4,1868 x 106 1 3.6x 106 4.045 33x 105
calf(cm3 s) ot
. ,\
| kilocalorie® per b
cubic metre hour ==| 1.163 2777 18x10-7 | } 0.11% 370
kealj(m3 h) '
1 British thermal unit
per cubic foot hour =| 10.3497 2471 99x10-6 | 8,899 15 1

Btu/{ft3 h)

* This refers to {he International Table calorie. For other calories see 36.8.

1 Wiem? = 108 W/m? - 1 MW/m3.

49, Thermal diffusivity (area/time)

The SI unit of therma! diffusivity (which is thermal conductivity divided by heat capacity per unit volume)
is the metre squared per second {m2/s).
Since kinematic viscosily has the same dimensions as thermal diffusivity, for units and conversion factors

reference can be made to Section 35 and Table 35,
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Commentary
Appendix A
Commentary on imperial and metric systems of measurement and units

A.l Development of units, In the pust, units have evolved in a huphazard manner to imeet the basic neasure-
menl requirements of early and often unconnected socicties. With improvement in communications and
extension of trade it became necessary 1o standardize the units in use and also to eslablish the relationship
between existing units used Lo measure the same physical quantities. Often, as this latter process developed,
the numerical factors relating one such unit to another were cumbersome and difficult to use in calculations
(for example, the mile is 1760 yards and the UK ton is 2240 pounds}, Moreover, while one physical quantity
might be a simple derivative of another, there was often no correspondingly simple relationship between
their respective units, (for example, area and volume are simple derivatives ol length, but ! acreis 4840 square
vards and | UK gallon is 0.160 544 cubic feet).

As science and technology devcloped, any new and complex units were required. Inevitably these were
derived from the available units in common usage and the result was a muddled conglomeration of technical
units involving many awkward factors which were diflicult to remember and inconvenient to use. The learning
of these factors has long been a necessary part of scientific and engineering education.

A.2 Unit systems and coherence. The various physical quantilics used in science and technology are related
to one another by certain mathematical or physical Jaws. For exumple, area equals fength multiplied by
fength, velocity equals length divided by time, force equals muass multiplied by acceleration, momentum
equals mass multiplied by velocity.

In u coherent system of units, the units used to measure the various physical quantities are consistent
with these physical laws. A minimum number of independent physical quantities are arbitrarily selected
and base unils are defined for these. Units for all other physical quantities can then be derived in accordance
will the physical laws, preserving a unity relationship in terms of the base units, Thus, if unit area results
when unit length is multiplied by unit fength, the units are coherent with the particular physical law expressing
the relationship between length and area, and no factors are involved in calculations concerned with this
relationship.

With fusther development of science and technology, certain * systems of units came into use, {forexampie
the foot-pound-second system and the centimetre-gram-second system). While the base units concerned
were clearly defined, the total extent of each of these systems and also units for some physical quantities
were in certaim respects vague, The units comprising these systems were coherent with respect to some of
the physical Jaws, but not to others.

A.3 Imperial systems (in technology). In British technology the most widely used system has been one in
which the basc units for length, mass and time are the foot, pound and second respectively. But, in this
widely-used system there is a non-coherent relationship between the units used for mass, force and accelera-
tion i.e. there is not * dynamic coherence . The unit of force used is the pound-force (sometimes described
as a* technical unit of force ), and, because this force acting on a mass of one pound produces an acceleration
of ' g (= 32.2 feet/second? approximately), the factor 32.2 is introduced in an awkward manner into maoy
engineering calculations.

There are two other systems based on imperial units used in some gections of industry which are dynamically
coherent. The first is a variant of the foot-pound-sccond system which has the poundal as its force unit.
The poundal acting on a mass of one pound produces an acceleration” of unity (t foot/second?). The other
is the fool-slug-second system in which the mass unit is the slug (=32.21b approximately) and the force
unit the pound-torce. Again. the acceleration produccd by the pound-force on the slug is unity.

In the above, only dynamic coherence has been mentioned. While this is of vital importance in mechanics,
there are many other important physical quantities and laws; further basc units had to be introduced and
the corresponding units that came about in conjunction with these imperial systems were frequently non-
coherent. Furthermare, in dealing with the foot-pound-second, and foot-slug-second systems, there are the
practical complications in calculations caused by the awkward relationships between the foot, inch and yard,
and the pound and ton. In the measurement sense these units all form part of the imperial system.

LR
A.4 Comparison of United Kingdom (UK or imperial) and United States systems of measurement. The yard
has the same value in both the UK and US systems and is defined in terms of the SI base unit of length,
the metre. Similarly, the pound has the same value in the UK and US systems and is defined in terms of

the S1 base unit of mass. the kilogrium.
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The UK Weights and Measures Act. 1963, makes these delinitions vaiid for all purposes in the UK. In
the USA the same definitions are valid for all purposes except for coast and geodetic surveys within the
USA, for which the foot previously adopted there will continue temporarily to be used under the name
* US survey foot .

Most of the subsidiary units of length arc identical in both the UK and US systems.

There are marked differences between some subsidiary units of mass used in the UK and US systems,
notably in the *long* and * short ” tons and hundredweights. These differences arise from diflerent whole
number relationships between unils.

There are also marked differences between the subsidiary units of capacity used in the UK and US systems.
These differences arise boil from some different whole number relationships between units and also from
different definitions of capacity in the two systems,

In order to avoid confusion where those differences occur, the units 1o be distinguished are denoted by
the use of prefixes, for example:

UK gallon, symbolized by UK gal

US pallon, symbolized by USgal ‘_
This notation is similar to one adopted by the International Organization for Standardization (180). In
certain contexts the qualification * imperial * or * imp * is also used to make it clear that the unit qualified
by UK does in fact belong to the imperial system of units.

A.5 The metric system of measurement, In Britain, units of length, weight (mass) and so on have been
standardized for a long time, but prior to the adoption of the metric system this was not the case in France
and in other continental countries. When the metric system was introduced it met two main requirements.
The first was the standardization and definition of the important units of measurement, the metre for length
and the gram for mass, from which other units then required for general use and for trade were derived.
The second was the provision ol a convenient and systematic relationship between different-sized units for
the same quantity. These were related by powers of ten and a system of prefixes developed (o indicate these
powers. This gave a flexible means of expression for a wide range of magnitudes, avoiding the need for very
large or very small numerical values, and enabled the different-sized units to be memorized and converted
with ease.

A.6 Metric systems (in science and technology). In lechnology, as at present and taking ali countries into
account, probably the most widely used metric system is one in which the basc units for length, mass and ttme
are the metre, kilogram and second respectively, but in which there is a non-coherent relationship between
the units for mass, force and acceleration. The unit of force used is the kilogram-force (somectimes described
as a * melcic technical unit of force *), and because this force acting on a mass of 1 kilogram produces an
acceleration of * g’ (9.81 m/s2 approximately) the factor 9.81 is introduced in an awkward manner into
many engineering calculations. The system is being steadily superseded by the International System (S1),
mentioned below.

There are other metric systems still in use in some sectors of industry and science which are dynamically
coherent, and from the first two of which the development of the SI can directly be traced. Some are:

Description and abbreviation mass unit force unit
centimetre-gram-second (CGS)  gram . dyne
metre-kilogram-second (MKS) kilogram newton
metre-tonne-second {MTS) tonne sthéne

Scientists were quick to recognize the convenience of the metric approach in the CGS and this system
was developed by them to meet their immediate needs, according to their knowledge at ihe time, and among
other things it served in the development of electrostatics and electromagnetism. Although it gained con-
siderable usage in industrial technology, many of the associated units were inconveniently sized for this
purpose. [t was also clear that more than the three base units provided in the CGS were required in the
framework of the metric system to deal adequately with the physical guantities required in science and
technology, and that some of the subsidiary units that had come into use in conjunction with the CGS
were not coherent.

These factors led in due course to the evolution of the MKS system, thence to the MKSA, incorporating
the independent quantity electric current and the base unit ampere. This system embodied the joule as
the derived and coherent unit of energy in all its forns, and the watt as the unit of power.

A7 The Internationai System of units (SI). This, sometimes described as the * modern metric system ’, is the
most recent extension of the metric system, expanding on the MKS to inciude a total of seven base units
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and two supplementary units which, in conjunction with derived units, will meet all known needs for o

coherent system of units both in science and technology.
The base and supplementary quantities, and their units (defined in BS 3763) arc:

Quantity . Name of unit Symbol
Length metre {Base) m
Mass kilogram .- kg
Time . second " 1
Electric current ampere ” A
Thermodynamic temperature  kelvin " K
Amount of substance mole - mol
Luminous intensity candela " cd
Plane angle radian (Supplementary)  rad
Solid angle steradian " sr

There are, for practical applications or for everyday life, certain other units, some metri¢ and some non-
metric, which at present are authorized for use in conjunction with the International System. Such units
are listed in categories in BS 3763 : 1970 and their use introduces an element of non-coherence.

The metric prefixes, which now form part of the International System, are shown in detail in 1.1, As is
evident from the foregoing description of a coherent system, the use of multiples in the form of a prefix
also introduces non-coherence, but in the SI the prefixed units still retain a simple decimal relationship
one with the other. This is an important feature, which is not sacrificed by the fact that the base unit for

mass is the kifogram.
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B.1 Detailed conversion tables. Detailed conversion tables for the units marked with an asterisk can be found in

PD 6203.

Length

inches to millimetres

millimetres to inches

fractions of an inch, in sixty-fourths, to decimals of
an inch and to millimetres (Range: 0 to 1 inch)

inches and fractions of an inch to millimetres
(Range: O to 12 inches)

inches to centimetres (Range: 0 to 109 inches at
intervals of one inch)

feet to metres

metres to [eet

feet and inches to metres

yards to metres

metres to yards

miles to kilometres

kilometres 1o miles

Area

square inches (o square centimetres
square centimetres to square inches
square fecel to square metres

square metres to square feet

square yards 1o square metres
square metres to squarc yards
acres (o hectares

hectares to acres

square miles to square kilometres
square kilometres o square miles

Volume

Cubic inches to cubic centimetres
Cubic centimetres to cubic inches
Cubic feet to cubic metres

Cubic metres to cubic feet

Cubic yards to cubic metres

Cubic melres to cubic yards

Cubic feet to UK gallons

LK gatlons to cubic feet

Cubic feet (o litres (15901)

Litres (1901) to cubic feet

UK gallons to litres (1901)

Litres (19011 10 UK gailons

UK tiuid ounces to millilitres (1901
Millilitres {1901) to UK {luid ounces
*UK gallons to litres

*Litres to UK gallons

*UK fuid ounces to millilitres
*Millilitres to UK fluid ounces

Second moment of area

inches* to centimetres4
centimetres? 10 inches#

Angle
degrees, minutes and seconds 1o radians
radians to deprees, minutes and seconds

Velocity

feet per second to miles per hour
miles per hour to feet per second

feet per second to kilometres per hour
kilometres per hour to feet per second
miles per hour to metres per second
metres per second to miles per hour
miles per hour to UK knots

UK knots to miles per hour

Mass

grains to grams

grams o grains

ounces (aveir) to grams
grams to ounces {avoir)
pounds to kilograms
kilograms to pounds
UK 1ons to tonnes
tonves to UK tons
pounds to UK tons
UX tons to pounds

Mass per unit length

pounds per foot te kilograms per metre
kilograms per metre to pounds per foot
*pounds per inch lo kilograms per metre
*Lilograms per metre {0 pounds per inch

Mass per unit area

*aunces (Avoir) per square yard 1o kilograms per
square metre

*kilograms per square metre tu ounces {avoir) per
square yard

Density

pounds per cubic foot to kilograms per cubic metre
kilograms per cubic metre to pounds per cubic foot
pounds per UK gallon to grams per millilitee (1901}
grams per millilitre (1901) to pounds per UK gailon
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Force

pounds-force to megadynes
megadynes to pounds-force
*kilograms-force to newtons
*newtons to kilograms-force
*nounds-force to newtons
*newteons to pounds-force
*UK tons-force 1o kilonewtons
“*kilonewtons to UK tons-force

Pressure, stress

pounds-force per square inch to kilograms-force
per square centimetre

‘kilograms-force per square centimetre to pounds-
force per square inch

pounds-force per square foot to kilograms-force
pet square metre

kilograms-force per square metre to pounds-force
per square foot

UK torns-force per square inch to k:lograms-fax‘oe
per square millimetre

kilograms-force per square millimetre to UK tons-
force per square inch

UK tons-force per square foot to tonnes-force per
square metre

;tonnes-foree per square metre to UK tons-force per.

square foot

pounds-lorce per square inch to millimetres of
mercury

millimetres of mercury to pounds-force per square
inch '

millimetres of mercury to millibars

miliibars to millimetres of mercury

feet of water to pounds-force per square inch

pounds-force per square inch to feet of water

*UK tons-force per square inch to meganewtons
per square melre

*meganewtons per square metre to UK tons-foree
per square inch

*nounds-force per square inch to kilonewtans per

square metre

*Lilonewtons per square metre to pounds-force per
square inch

*pounds-force per square foot to newtons per
square metre .

*newtons per square metre to pounds-force per
square foot

*inches of mercury to kilonewtons per square metre

*Lkilonewtons per square metre to inches of mercury

“*feet of water to kilonewtons per square metre

*kilonewtons per square metre to feet of water

*inches of water to kilonewtons per square metre

*kilonewtons per square metre to inches of water

82

Work, energy

foot pounds-force to joules

Joules to feot pounds-force

foot pounds-force to kilogram-force metres
kilogram-force metres to foot pounds-forcs
*kilowatt hours to megajoules

*megajoules to kilowatt hours

Power

horsepower to kilowatts
kilowatts to horsepawer

Temperature

Conversion of temperatures from degrees Fahren-
heit to degrees Celsius, and vice versa

Quantity of heat

British thermal units to kilojoules
kilojoules to British thermal units
calories to joules

joules to calories

British thermal units to kilocalories
kilocalories to British thermal units

Calorific value (mass basis)

Btu/lb to kcalikg
kealfkg to Btu/lb
*Biu/lb to kI/kg
*kJ/kg to Btu/lb

Calorific value (volume basis)

Btu/ft3 to kcal/m3

kcal/m3 to Btu/ft3

*Biu/fft3 to kJ/m?3

*kJfm3 to Bru/ft3

now called heat capacity (volume basis) in this
standard. See also the note on page 83 which applies
to many of the following units. '

Specific heat (volume basis)

Btu/ft} degF 1o kcal/m3 degC
kcal/m3 degC to Btu/ft? degF
*Btu/ft3 deg F to kJ/m3 degC
*kJ/m3 deg C to Btu/ft? degF

Intensity of heat flow rate

Btu/ft2 h to W/m?
W/m2 to Btu/ft2 h
kcalfm? h to W/m2
W/m?2 to kcal/m2 h
Btu/ft? h to keal/m2 h
kcal/m? h to Btu/ft2 h



Thermal conductance

Btu/fi2 h degF to kcal/m?2 h degC
kecal/m2 h degC to Btu/ft2 h degF
*Btu/ft2 h degF to W/m2 degC
*W/m2 degC to Btu/fi2 h degF
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Thermal conductivity

Btu/t h degF to W/m degC

W/m degC to Btu/ft h degF
keal/m h degC to W/m degC

W/m degC to keal/m h degC
Btu/ft h degF to kcal/m h degC
kcat/m h degC to Btu/ft h degF
Btu/ip/ft? h degF to kcal/m h degC
kcal/m h degC to Btu in/fi2 h degF

NOTE. In this standard degC has been replaced by K and degF by °F. (See section 38 and, in particular, 38.5).

B2. General information

Usefill general information is contained in the following publications.

Presentation of numerical values {fineness of expression: rounding of numbers)

The International System of units (SI)

Specification for SI units and recommendations for the use of their multiples and of certain other units
Specification for quantities. units and symbols

BS 1957
BS 3763
BS 5555
BS 5775

PD 5686

Part
Part
Part
Part
Part
Part
Part
Part
Part
Part

Part 13

N - A

. General principles
. Space andtime
. Periodic and related phenomena

Mechanics
Heat

. Electricity and magnetism

. Light and related electromagnelic radiations
. Acouslics

. Physical chemistry and molccular  physics

. Atomic and nuclear physics

Part 10.
Part 11,
Par 12.

Nuclear reactions and ionizing radiations

Mathematical signs and symbols for use in the physical sciences and technology
Dimensionless parameters

Solid state physics

The use of 51 units
SI — The Internationat System of Units, HMSO (dth edition I98")
Changing to the metric system. Conversien factors. symbols and definitions, HMSO (Sth edition 1979)

B3. Someother British Standards containing conversion information
British Standard ~ Title

BS 718
BS 860
BS 874
BS 947
BS 1797
BS 2520
BS 2856

Density hydrometers and specific gravity hydrometers

Tables for comparison of hardness scales

Methods of determining thermal properties, with definitions of thermal insulating terms
Universal system for designating linear density of textiles (Tex system)

Tables for use in the calibration of volumetric glassware

Barometer conventions and tables

Precise conversion of inch and metric sizes on engineering drawings

83
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Alphabetical list of symbols for units and prefixes

Symbols and abbreviations for units, and symbols for prefixes, to which any reference has been made in
this standard, are listed below together with their textual references. Most but not all of these are inter-

nationally recognized.

Greek letters and some special signs are shown at the end.
This list is not extended to include combinations of units, or combinations of prefixes and units, except
for a few examples. Many further examples of such combinations are to be found throughout the text and
in the general index, pages 88 to 100.

Symbol or ahbreviation

ENNN}.}

ata

atm

ati

AU

bar

bbl

bbl (dry)
Btu
Btumenn
Btugo/ 61
bu

c

¢

°C

cal
Caln'
caly,
Call 5

cd

ch
C.H.U
cl

cm

cP

cSt

ctf

‘ cumec’
‘ cusec’
CY

cwt

d

d

da

deg

dm

dr

dry qt
dyn

erg

Name of unit or prefix, where appropriaic

ampere

Angstrdm

are

atto (prefix)

year

technical atmosphere

technical atmosphere (absolute, German)
standard atmosphere

technical atmosphere (gauge, German)
astronomical unit

bar

barrel (US, for petroleum)

dry barrel (US)

British thermal unit

mean British thermal unit

60 °F British thermal unit

bushel (US)

centi (prefix)

cycle

degree Celsius

calorie

International Table calorie
thermochemical calorie

15°C calorie

candela

cheval vapeur {metric horsepower) (French)
Centigrade heat unit

centilitre

centimetre

centipoise

centistokes

cental

cubic metre per second

cubic foot per second

cheval vapeur (metric horsepower, French)
hundredweight

day

deci (prefix)

deca (prefix)

(to indicate temperature interval)
decimetre

dram {avoirdupois)

dry quart (US)

dyne

erg
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Textual refercnce

AT
2.3
33
1.1
9, note 2
2.6
27
32.6
327
23
322
4.6.3

4.6.4

36.6

36.6

36.6

4.6.2, 4.6.4
1.1

12.1

382

36.6

36.6

36.6

36.6

A7

37, footnote
36.6

4.3

22

342

352

14.5

23, footnote
23, footnote
37, footnote

14.5

9.3
1.1
L1
38.5
22
14.5
464
28.2
36.2



Synibol or abbreviation
°F

f

fdr

fl dr

floz

Fm

ft

ftH ,0

gn
1

Gal

gon

hbar

ki’
kW h

b
1bf
lig dr
lig oz
lig pt
lig qt
ly.

mb

‘mil’
‘mil’
“mil”’
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Name of unit or prefix, where apprepriate

degree Fahrenheit

femto (prefix)

fluid drachm

fiuid dram (US}

fluid ounce

Festmeter (German)

foot

conventional foot of water
giga (prefix)

gram

acceleration due to gravity
standard acceleration due to gravity
grade

galiteo (or gal)

gallon

gill (US)

gon {or grade)

grain

hecto (prefix)

hour

hectare

hectobar

hectolitre

horsepower

horsepower hour

hertz

inch

conventional inch of mercury
conventional inch of water
joule

kelvin

kilo (prefix)

kilogram

kilogram-force

1000 pounds-force (US)
kilometre

knot (international)
kilopond (kilogram-force, German)
kips per square inch (US)
kilowatt

kilowatt hour

litre

pound

pound-force

liquid dram (US)

liquid ounce {US)

liquid pint (US)

liquid quart (US)

light year

mega (prefix)

metre

milli {(prefix)

millibar

(of area)

(of angle)

(of length)
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383
1.1

4.6.1
4.6.3
4.6.1
4.4
2.5

325 7 . -

1.1 / ' g
142 ¢ , i
134 ' S
134 - :

73

13.2

4.6.1
46.3
7.3
14.5

1.1

9.3
3.3
33
4.3
313
36.5

j2.t

2.5

32.5
325
36.1
38l

1.1
14.1

28.2
28.3
22

10.5

28.2
24
371
36.3
43

14.4

28.3

4.6.3, footnote
4.6.3, footnote
4.6.3

4.6.3

23

1.1

2.1

1.1

32.2, footnote

3.5, and note 2

7, note 2

2.6, and note 8



Symbol or abbreviation

tonf

u
UKgal
UKpt
UKqt
USgal
w

yd

’

I7]

Name of unit or prefix, where appropriate

ton-force

atomic mass unit
gallon (UK)

pint (UK)

quart (UK)

gallon (US)

watt

yard

degree (of angle)
minute (of angle)
second (of angle)
degree (temperature)
‘ gamma ’ (microgram)
micro (prefix}
(micron of mercury)
micron

microgram
micro-inch
microlitre
micrometre (or micron)
microsecond

(right angie)
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28.3
14.3
4.6.1
46.1
4.6.1
4.6.3
371

2.4

12

7.2

7.2
38210 38.5
14, note 1
1.1

325

22

14.2

2.6

4.3

2.2

9, note 1
7.1
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‘The names of the quantities, subjects, units and prefixes 10 which reference has been made in this standard
are listed below with their references. Against units or prefixes the corresponding symbol is also indicated.

Term Symbol Textual reference ‘Table reference
and important nofes

absolute (pressure) 327 —
acceleration 13 13
acceleration, standard £n 13.4 13
acre 34 3a
acre per pound acreflb 17.3 17
ampere A Al —
angle, plane 7 7
angle, right L 7.1 7
angle, solid 8 -
Amrgstrdm 23
angular momentum 27 —
angular velocity 11 11
apothecaries’ units 14.5 —_
are a 3.3 _
area 3 —
area, first moment of 5 4a, 4c
area, second moment of 6 6
area per unit capacity 18 i8
area per unit mass 17 17
assay ton (UK) 14.6 and note 3 —
assay ton (US) 14.6 and note 4 —
astronomical unit AU 2.3 —
atmosphere, standard atm 326 326
atmosphere, technical at 326 324, 32b
atmosphere, technical (absolute, German)  ata 32.7 —
atmosphere, technical (gauge, German) ati’ 327 —
atomic mass unit u 14.3 —
atto a L1 ia
avoirdupois units 14.5 14a, 14b, l4c
bar bar 322 326
barn 33 o
barrel (beer, UK) 4.6, note 1 —
barrel (cranberry, US) 4.6, note 2 —
barrel (wine, UK) 4.6, note 1 —
barrel (petroleum, US) bbl 4.6.3 ——
barrel, dry (US) bbl (dry) 464 —
barye {dynfem?2}) 322 —
billion 1.2 16
British thermal uait Btu 36.6 36b
British thermal unit, International Table Btu;y 36,6 36b
British thermal unit, mean Btugean 36.6 —
British thermal unit, 60 °F Btugg;s; 36.6 —
British thermal unit (used by Gas Industry) 36.6 —
British thermal unit inch per square

foot hour degree Fahrenheit Btu in/(ft2 h°F) 46.4 46
British thermal unit per cubic foot Btu/ft? 40.3 40a, 406, 40¢
British thermal unit per cubic fool

degree Fahrenheit Btu/(ft3 °F) 434 43
British thermal unit per cubic foot hour Btu/(ft3 h) 48,3 48
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Term Symbol Textual reference Table reference
and important notes

British thermal unit per foot hour degree

Fahrenheit Btu/(ft h °F) 46.4 46
British thermal unit per hour Btu/h 374 37
British thermal unit per pound Btu/lb 39.3 39
British thermal unit per pound degree

Fahrenhéit Buw/(lb °F) 41.4 4]
British thermal unit per square foot hour  Btu/(ft2 h) 44.3 44
British thermal unit per square foot hour

degree Fahrenheit Btu/{ft2 h °F) 45.4 45
bushel (UK) 46.1 and note 3  4d
bushel (US) bu 4.6.2, 4.6.4 4a, 4d
bushel, international corn 14.6 and note 6 —
cable-length 2.6 and note 16 -
calendar year a 9.4, footnote —
caloric cal 36.6 36h
calorie, dietitians see 36.6 use 365
calorie, International Table calir 36.6 36b
calorie, kilogram- see 36.6 use 365
calorie, thermochemical caly, 366 36b
calorie, tonne- see 36.6 use 366
calorie, 15° cal;s 36.6 36b
calorie per centimetre second kelvin cal/tcm s K) 46.3 46
calorie per cubic centimetre second calf(cm3 5) 48.2 48
calorie per second cal/s 374 37
calorie per square cenlimetre second cal/(cm? s) 44.2 44
calorie per square centimetre second kelvin calf(em2 s K) 453 45
calorific value, gases, with differing

reference conditions 40.4 405, 40¢
calorific value, mass basis 39 39
calorific value, volume basis 40 40a, 405, 40¢
candela cd A7 —_
capacity 4 4a, 4b, 4c, 4d
carat, metric CM (sec i4, note 2) 14.3 144
Celsius, degree °C 38.2 38
cental ctl i4.5 o
centi < 1.1 la
Centigrade see 38.2 —
Centigrade heat unit C.HU 36.6 —_
centilitre cl 4.3 use 4a, 4b, 4c
centimetre cm 2.2 use 2
centimetre cubed cm? 52 use 4a, 4¢
centimetre per second squured cmyfs? 13.2 13
centimetre second kelvin per calorie cm s K/cal 47, note 47
centimetre to the fourth cm#4 6 6
centipoise cP 34.2 34
centistokes ¢St 35.2 i5
chain 2.5 2
chain, engineers’ 2.6 —
chain, Gunter’s 2.5, note 5 2
cheval vapeur (metric horsepower, French) CV, ch 17, footnote 37
coeflicient, heat transfer 45 45
concentration 20 20
conductance, thermal 45 45
conductivity, thermal 46 46

88



BS 350 : Partt1:1974

Genaeral index

90

Term Symbol Textual reference Table reference
and important notes

cord 4.6, note 4 —
corn bushel, international 14.6 and note 6 —
cran 4.6, note 5 —
cubic centimetre cmd 42 use 4a, 4¢
cubic decimetre dm? 4.2 4a, 4b
cubic foot ft3 45 4ga, 4b
cubic foot per hour ft3jh 233 23
cubic foot per pound ft3/Iv 21.3 21
cubic foot per second ft3/s 233 23
cubic foot per UK ton ft3/UK ton 213 21
cubic inch in3 4.5 4a, 4b, 4c¢
cubic inch per pound in3/lb 21.3 21
cubic metre m? 4.1 4a, 4b
cubic metre per hour m?fh 232 23
cubic metre per kilogram m3/kg 21.1 21
cubic metre per second m3/s 23.1 23
cubic millimetre mm?3 42 4
cubic yard yd3 4.5 4a
‘cumec’ 23.1, footnote 23
‘cusec’ 23.3, footnote 23
cycle c see 12.1 —
cycle per second cfs 12.1 —
day d 9.3 —
deca da 1.1 la
deci d 1.1 la
decimetre dm 2.2 use 2
deg deg 38.5 —
degree Celsius 'C 38.2 38
degree Fahrenheit °F 383 38
degree (of angle) “ 72 7
degree per minute °fmein 11.2 11
degree per second °fs 11.2 11
degree Rankine . °R 38.4 33
denier 15.2 -
density 19 19
density, lincar 15 15
density, relative 19, footnote —
diffusivity, thermal 49 see 35
drachm (apothecaries’, UK) 14.5 146

" drachm, fluid (UK) UK 1fl dr 4.6.1 4c, 4d
dram (apothecaries’, US}) 4.5 —_
dram (avoirdupois) dr 14.5 14b
dram, fluid (US) ft dr 4.6.3 44
dram, liquid (US) lig dr 4.6, footnote 4d
dynamic viscosity M K
dyne dyn 28.2 28
dyne per centimetre dyn/cm 31.2 —
dyne per square centimetre dyn/cm? 322 —

em 2.6 and . note 13 —
energy 36 36a, 36b
energy, specific 39 39
Engler degree 55 —
enthalpy, specific 391 39
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entropy, specific 42 - see 41
ephemeris second 92 —
erg erg 36.2 —_—
Fahrenheit, degree °F 383
fathom 26
femto f 1.1
Festmeter {German) Fm 44
flow rate, mass 22
flow rate, volume 23
flux density, heat 44
foot ft 2.5
foot, board 4.6, note 4
foot, US survey 2.6 —
foot cubed f3 5.3 4a
foot hour degree Fahrenheit per British

thermal unit ft h “F/Btu — 47
foot of water ftH ;0 325 32¢ ,
foot per minute ft/min 10.4 10
foot per second ft/s 10.4 10
foot per second squared ft/s2 13.3 i3
foot poundal ft pdl 36.5 36a
foot pound-force ft 1bf 36.5 36a, 36b
foot pound-force per pound ft 1bff1b 39.3 9
foot pound-force per pound degree

Fahrenheit ft Ibff/(lb °F) 41.4 41
foot pound-force per second ft Ibf]s 373 kY)
foot squared per hour ft2/h 354 35
foot squared per second ft2/s 35.4 35
foot to the fourth [t4 6 6 '
force 28 28 £
force per unit length 31 —
frequency 12 —
frigorie 36.6 use 36h
furlong 2.5 2
gal Gal 132 13
galileo Gal 13.2 13
gallon (UK) UKgal 4.6.1 4p, 4d
gallon {UK) per hour UKgal/h 233 23
gallon (UK) per mile UKgal/mile 24 24a
gallon (UK) per minute UKgal/min 233 23
gallon {(UK) per pound UK gal/lb 21.3 21
gatlon (UK) per second UKgal/s 23.3 23
gallon (US) USgal 4.6.2,4.6.3 4b, 4d
gallon (US) per mile USgal/mile 24 24a
gamma ¥ 14.2, note | —
gauge (pressure) 327 —
giga G 1.1 ia
gill (UK) 4.6.1 dd
gill (US) g 463 ad
son o .3 ,
grade | |l S
grain gt 4.5 144
grain per cubic foot gr/lt3 20.2 20
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Term Symbol Textual reference Table reference
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grain per UK gallon gr/UKgal 20.2 20
grain per US gallon gr/USgal 20.2 - 20
gram g 14,2 14b
gram centimetre squared g cm? 25.2 25
gram per cubic centimetre gfom’ 19.2 19
gram per cubic decimetre g/dm? 20.1 20
gram per litre gl 20.1 20
gram per millilitre g/ml 19.2 19
gram per square metre g/im2 16.2- 16
gravity, specific 19, footnote —
gravity, standard En 13.4 13
hand 2.6 and note 14 ——
heat 36, 36.6 36b
heat capacity (volume basis) 43 43
heat content (volume basis) 40 40a, 40b, 40¢
heat flow rate, intensity of 44 44
heat flux density 44 44
heat release rate 48 48
heat transfer coefficient 45 45
hectare ha 33 3a
hectare per kilogram hafkg 17.2 17
hecto h 1.1 ia
hectobar - hbar X} 32a

. hectolitre hl 4.3 see 4a, 4b
hertz. Hz 12.i —
horsepower hp 373 37
horsepower, metric see 37.2, footnote 372 37
horsepower hour hp h 365 36a, 365
hour h 9.3 —
hundredweight cwt 14.5 14¢
hundredweight, long (US) 14.5 -
hundredweight, short (US) sh cwt 14.5 l4c
imperial system, commentary on Appendix A —
inch in 2.5 2

- inch cubed in3 53 4a, 4c
inch of mercury, conventional inHg 325 32b, 32c
inch of water, conventional inH,O 325 32
inch per secend infs 10.4 10
inch squared per hour in2fh 354 35
inch squared per second in2fs 354 35
inch to the fourth in* 6 6
inertia, geometrical moment of 6 6
inertia, moment of 25 25
intensity of heat flow rate 44 44
inverse second 5| 12.1, 12.2 —
IPTS - 68 8.6 —_
iron 2.6, note 10 —_
joule ] 36.1 36a, 36b
joule, absolute J 36.1 364, J6b
joule, international 36.1 —
joule per cubic metre Hm? 40.1 40a, 408, 40c¢
joule per cubic metre degree Celsius J{(m3°C) 43.2 43
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joule per cubic metre kelvin }{m3 K) 43.1 43
joule per kilogram Jikg 39.1 39
joule per kilogram degree Celsius J/(kg °C) 41.2 use 41
joule per kilogram kelvin Ji(kg K) 41.1 41
kelvin K 381 38
kilo k 1.1 la
kilocalorie per cubic metre kcal/m3 - 40.2 40a, 405, 40¢
kilocalotie per cubic metre hour kcalf(m3 h) 48.2 48
kilocalorie per cubic metre kelvin kcal/{m3 K) 43.3 43
kilocalorie per hour keal/h 374 37
kilocalorie per kilogram kcal/kg 39.2 39
kilocalorie per kilogram kelvin keal/(kg K) 41.3 41
kilocalorie per metre hour kelvin kcal/(m h K) 46.3 46
kilocalorie per square metre hour kcal/(m2 h) 442 4
kilocalorie per square metre hour kelvin kcal/{(im? h K) 45.3 45
kilogram kg 14.1 l4a
kilogram-force kgf 28.2 28
kilogram-force metre (energy) kgl m 36.4 36u
kilogram-force metre (torque) kgf m 30.2 30
kilogram-force metre per kilogram kgf mfkg 392 39

(kp m/kg)
kilogram-force metre per kilogram kelvin  kgf mf(kg X) 41.3 41
kilogram-force metre pet second kgl mfs 372 37
kilogram-force per square centimetre kgffcm? 323 32a, 326
kilogram-force per square metre kgffm2 323 32c
kilogram-force per square millimetre kgf/mm? 3 324, footnote
kilogram-force second per square metre kgf s/fm2 343 34
kilogram metre squared kg m? 25.1 25
kilogram millimetre squared kg mm?2 25.2 25
kilogram per cubic metre (density) kgfm?3 19.1 19
kilogram per cubic metre {concentration)  kg/m3 201 20
kilogram per hectare kg/ha 16.2 16
kilogram per hour kg/h 22.2 22
kilogram per metre kg/m 151 15
kilogram per metre second kg/(m s) 4.1 see 34
kilogram per second kg/s- 22.1 2
kilogram per square metre kg/m?2 l6.1 16
kilometre km 22 see 2
kilometre per hour km/h 10.3 10
kilometre per litre kmfl | 24 24
kilopascal kPa 32.1 see 32a, 32b, 32¢
kilopond kp 28.2 28
kilopond metre (energy) kpm 36.4, footnote 36a
kilopond metre (torque) kpm 302 30
kilepond per square centimetre kpfcm?2 323 32q, 326
kilopond per square metse kpfm?2 see 32.3 32
kilowatt . kW 371 use 37
kilowatt hour kW h 36.3 36a, 366
kinematic viscosily 35 35
kip (US) 28.3 28
knot {international) kn 10.5 10
knot (UK) 10.5 10
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latent heat, specific 39.1 k)
length 2 2
light year Ly. 23 —
ligne 2.6 and note 12 —
line 26andnotes11,12 —
linear density 15 15
linear velocity 10 10
link 2.6 —
litz: i 43 4a, 4b, 4c
litre (1901) 4.3 4a, 4b, 4c
litre atmosphere 364 36a
litre per hour i/h 23.2 23
litre per hundred kilometres 1100 km 24 Fig. 1
litre per kilogram Ykg 21.2 21
litre pef kilometre lfkm 24 24a
litre per minute l/min 23.2 23
litre per second Ifs 23.2 23
mass 14 14a, 145, 14¢
mass per unit area 16 i6
mass per unit length 15 15
mass rate of flow 22 22
mass unit atomic u 14.3 —
mega M 1.1 la
megagram Mg 14.2 14¢
megapascal MPa 321 32a
metre m 2.1 2
metre cubed m? 5. 4q
metre hour kelvin per kilocalorie m h K/keal — 47
metre kelvin per watt m K/W 47 47
metre of water mH ;0 325 see 32a
metre per second mfs 10.1 10
metre per second squared m/s? 13.1 13
metre squared per hour m2/h 353 35
metre squared per second m2/s 35,49 35
metre to the fourth m* 6.1 6
metric caral (see 14.3, note 2) 14.3 14b
metric horsepower (see 37.2, footnote)  37.2 37
metric system, commentary on Appendix A —
micro u I.1 ia
microgram Mg 4.2 use 144
micro-inch uin 26 use 2
microlitre ul 4.3 use 4¢
micrometre um 22 use 2
micron pum 2.2 use 2
micron (pressure unit) umHg () 325 use 32¢
microsecond us 9, note 1 —
* mil *, circular {of area) 3.5and note 2 3b
“mil * (of angle) mil 7, note 2 —
*mil’ (of length) mil 26and note § 2
"mil”’ (of volume) 4.4 4c
mile mile 2.5 2
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mile, international nautical n mile 23 2
mile, statute mile 2.5 and note 6 2
mile, telegraph nautical 2.6 —
mile, UK nauticai 2.6 and note 16 2
mile per gallon {(UK) mile/UKgal 24 24b and Fig. i
mile per gallon (US) mile/USgal 24 24b and Fig. |
mile per hour mile/h 104 10
milli m 1.1 la
millibar mbar (mb) 32.2 and footnote  32b, 32¢
milligal mGal 13.2 13
milligram mg 14.2 use 146
milligram per square centimetre mgfcm? 16.2 6
milligram per square millimetre mg/mm?2 16.2 i6
millilitre ml 43 4c
millimetre mm 22 use 2
millimetre cubed mm? 52 use 4a
millimetre of mercury, conventional mmHg 32.5 32¢
millimetre of water, conventional mmH ;0O 32.5 3¢, footnote
millimetre to the fourth mm* 6 6
million 1.2 14
millisecond ms 9, note | —_
minim {UK) UKmin 4.6.1 4c, 4d
minim (US) 4.6.3 4d
minute (of angle} 7.2 7
minute {of time) min 9.3 —
modulus of section 5 da
mole ‘ mol A7 —
moment, first, of area 5 4q
moment, geometrical, of inertia 6 6
moment of force 30 30
moment of inertia 25 25
mormentum, angular 27 -—
momentum (linear) 26 —_
month 9.4 —
nano n 1.1 la
nanosecond ns 9, note ] —_
nautical mile {(international) n mile 23 2
newton N 28.1 28
newton metre Nm 30.1, 36.1 30
newton per metre N/m 311 —
newton per square metre N/m? 32.1 32q, 32b, 32¢
newton per square millimetre N/mm? 33 Ra
newton second per square metre N s/m? .1 .use 34
number 1 la, 1b
ounce (apothecaries’ UK) oz apoth 14.5 144
ounce (apothecaries' US}) oz ap 14.5 145
ounce {avoirdupois) 0z 14.5 144
ounce, fluid (UK) UKAfl oz 4.6.1 dc, 4d
ounce, finid (US) USfl oz 4.6.3 4c, 44
ounce, liquid (US) liq oz 4.6.3, footnote 4c, 4d
ounce-force ozf 283 28
ounce-force inch ozf'in 0.3 30
ounce inch squared oz in2 253 25
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ounce per square foot oz/ft2 16.3 16
ounce per square yard ozfyd? 16.3 16
ounce per UK gallon oz{UKgal 20.2 20
ounce per US gallon oz{USgal 20.2 20
ounce troy {UK) oz tr 14.5 14b
ounce troy (US) ozt 14,5 145
parsec. pc 2.3 -
pascal Pa 321,33 32a, 32b, 32¢
pascal second Pas 34.1 34
peck (UK) 4.6.1 44
peck (US) pk 46.4 44
peich 2.6 and note 15 —_—
Petrograd standard 4.6, note 4 —
Pferdestirke (metric horsepower, German) PS 37, footnote a7
pico P 1.1 la
pidze pz 32.2 —
pint (UK) UKpt 4.6.1 4b, 4d
pint, dry (US) 464 da, 4d
pint, liquid (US) lig pt 4.6.3 45, 4d
plane angle 7 7
point 2.6 and note 9 —
poise P .2 ——
poiseuille (French) Pl 34.1 —
pole 2.6 and note 15 —
pond (gram-force, German) [ see 28.2 —
pound b 144 ida, l4¢
pound foot squared 1b ft2 25.3 25
pound-force Ibf 283 28
pound-force foot Ibf ft 303 30
pound-force hour per square foot Ibf hfft2 343 34
pound-force inch Ibfin 30.3 30
pound-force per square foot ibf/ft2 _ 324 32¢
pound-force per square inch ibf/in2 (p.s.i.) 324 32a, 32b
' 33 32a, 32
pound-force second per square inch Ibf sfinZ 343 —
pound-force second per square foot Ibf s/ft2 343 34
“pound inch squared Ib in2 25.3 25
pound per acre lbfacre 16.3 16
pound per cubic foot lb/ft3 19.3 19
pound per cubic inch Ib/in3 19.3 19
pound per foot Ib/ft 15.3 i5
pound per foot hour 1b/(ft h) 343 see 34
pound per foot second Ib/(ft 5) 343 34
pound per (UK) gailon ib/UKgal 19.3 19
pound per (US) galion 1b/USgal 19.3 9
pound per hour b/h 223 22
pound per inch Th/in 15.3 15
pound per mile Ib/mile 15.3 15
pound per second Ib/s 223 22
pound per thousand square feet 1b/100C f12 16.3 16
pound per yard Ib/yd 153 15
pound troy (US) 14.5 —
poundal pdl 283 28
poundal foot pdl ft 303 30
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poundal per square foot pdi/fi2 324 32a
poundal second per square foot pdl s/ft2 343 34
pounds-force per square inch {absolute) psia 327 —
pounds-force per square inch (gauge) psig 32.7 —
power £y kY,
pressure 32 . 32a, 32b, 32¢
ST

quadrillion 12 BRI
quart (UK) UKqt 46.1 4d ;)
quart, dry (US) dry qt 464 4, 1,/
quart, liquid (US) ligqt 4.6.3 Ad e
quarter qr 14.5 ~
quintal q 14.3 —
radian rad 7.1 7
radian per minute rad/min 11.2 11
radian per second rad/s L1 i1
Rankine, degree °R 384 38¢
Raummeter (German) Rm 44 use 4a, 4b
Redwood number 35.5 —_
refrigeration, ton of 374 —
relative density 19, footnote _
release rate, heat 48 48
resistivity, thermal 47 47
revolution per minute rev/min

(angular velocity) r/min 11.2 11
revolution per minute rev/min

{rotational frequency} 1f min 12.3 —_
revolution per second revfs

(angular velocity) rfs i1.2 Il
revolution per second rev/s

(rotational frequency) /s 12.2 —
‘reyn’ 34.3, footnote —
right angle L 7.1 7
rod 2.6, pote 15 —
rood 34,note 1 3a
rotation, speed of 11, footnote —
rotational speed 11, footnote —
rotational velocity 1t, footnote —
Saybolt scale 35.5 --
Scale, International Practical

Temperature, of 1968 IPTS - 68 38.6 -
scruple (apothecaries') 14.5 -—
second (of angle) " 712 7
second (of time) 3 9.1 —
second, ephemeris 9.2 —
second, inverse g1 12,1, 12.2 —
section, modulus of 5 4a
short hundredweight sh cwt 145 l4c
short ton sh ton 14.5 14c
slug i4.6 and note 5 14a
slug hour per foot second squared stug h/(ft %) see 34.3 use 34
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slug per foot second

solid angle

specific energy

specific entropy

specific gravity
specific-heat

specific heat, volume basis

specific heal capacity

specific latent heat

specific surface

specific volume

speed

speed, rotational

square centimetre

square centimetre per milligram
square decimelre

squarc foot

square foot hour degree Fahrenheit

per British thermal unit inch
square foot per gallon
square foot per ounce

square [oot (thousand) per pound

square inch

square kilometre
square metre

square melre per gram
square metre per kilogram
square metre per litre
square mile

square mile per ton
squire millimetre
square millimetre per milligrain
square yard

square yard per gallon
square yard per ounce
standard, (Petrograd)
standard atmosphere
standard gravity
steradian

stére (French)

sthéne {French)

stokes

stone

stress

suiface, specific

technical atmosphere

technical atmosphete, absolute, German

temperature

temperature, (hermodynamic
temperature difference
temperature interval

tera

tex

slug/{ft s)

cm?
cmZjmg
dm2

fi2

{t? h “F/(Btu in)
ft2fgal
ft2oz
1000 f12/lb
in2

kmn?

m2

mifg
m2fkg
m2f]

mile?
mile2/ton
mm?
mm?2/mg
yd2
yd?/gal
yd2foz

atrm
&a
st
st
sn
St

at
ata

98

343

8

39

42

19, footnote

41, footnote

43 and footnotes
to 41

4]

39.1

17

21

10

11, fovtnote

12

17.2

32

14

18
17.3
17.3
14
3.2
il
17.2
17.1
18
34
t7.3
32
17.2
34
18
17.3
4.6, note 4
2.6
134
8
44
28.2
35.2
14.5
33
17

326
2.7
38

see 33
38

38

1.§
15.2

M
39

see 41

43
4t
39
17,
21
Y

use Ja
use 17
use 3a
3Ja

47

18

17

17

3a, 36
use 3a
3a
use 17
17

18

la

17

3b, 3a
17

3a

18

17
326

13

use 4a, 46
use 28
use 35
32a, 32b, 32¢
17

32a, 326

38

la
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therm 36.6 -—
therm per galion therm/UK gal 40.3 40a
thermal conductance 45 45
thermal conductivity 46 46
thermal diffusivity 49 see 35
thermal resistivity 47 47
thermie th 36.6 use 366
thermie per litre th/litre 40.2 40a
thermodynamic temperature see 38 —
‘ thou’ thou 2.6, note 7 use 2
time 9 —
ton ton 14.5 l4¢
ton, assay (UK) 14.6 and note 3 —
ton, assay (US) 14.6 and note 4 —
ton, gross (US) 14.5 —
ton, long (US) 14.5 —
ton, short (US) sh ton 14.5 14¢
ton-force tonf 28.3 28
ton-force (US) UStonf 28.3 use 28
ton-force foot tonf ft 303 30
ton-force per square foot tonf/ft2 324 32a
ton-force per square inch tonifin2 324 32a

33 32a
ton mile UKiton mile 24 under 24b
ton mile per gallon UKton mile/UKgal 24 under 244
ton of refrigeration 374 —_
ton per cubic yard ton/yd3 193 19
ton per hour ton/h 223 22
ton per mile ton/mile 153 15
lon per square mile ton/mile2 16.3 16
ton per thousand yards ton/100¢ yd 15.3 15
tonne t 14.2 14¢
tonne-calorie see 36.6 use 36b
tonne kilometre t km 24 under 244
tonne kilometre per litre t km/1 24 under 24
torque 30 30
torr s 326
traffic factors 24 24a,24band Fig- 1
trillion 1.2 1h
tropical vear a 9.4, footnote —
troy units 14.5 —
unit, atomic mass u 14.3 o
* vacuum ’ values 32,7 —
velocity, angular 11 11
velocity, linear 16 10
velocity, rotational 11, footnote —
viscosity, dynamic 34 4
viscosity, kinematic 35 35
volume, and capacity 4 da, 4, 4c, 4d
volume, specific 21 21
volume rate of flow 23 23
Yollwinkel (German) 7, note 3 —
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waltt w 37.1 7

watt per cubic metre Wim3 48.1 48

watt per metre degree Celsius W/(m °C) 46.2 46

watt per metre kelvin W/{m K) 46.1 46

watt per square inch W/in2 43 44

watt per square meire W{m? 44.1 44

watt per square metre degree Celsius W/(m2*C) 45.2 45

watt per square metre kelvin W/(m? K) 45.1 45

week 9.4 —

weight 29 14a, 14b, 14c
28

work 36 36a, 360

yard yd 24 2

year a 94 —

year, calendar a 9.4, footnote —

year, light ly. 23 —

year, tropical a 9.4, footnote —
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P1) 5686

Density hydrometers and specific gravity hydrometers

Tables for comparison of hardness scales

Methods of determining thermal properties, with definitions of thermal insulating lerms
Universal system for designating linear density of textiles {Tex System)

Tables for use in the calibration of volumetric glassware

Presentation of numerical values (fineness of expression; rounding of numbers}
Barometer conventions and tables

Precise conversion ol inch and metre: sizes ON engineering drawings

The International System of units (Sh

The use of St units
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