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{ international
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 1074| 493737 X 10~4
yd ’
1 chain = 201168~ |92 66 2 1 0.1 0.0125 it 1.085 53 x 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)

il s 515 a0 BTy Sl o ol L pase b Job islaasly 51 (gine o5 — ¥

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)

_ (b oo =) o oY

.&L@&hb‘,&ﬁm"(m &Aj—ﬁ) C'J‘J"'SIW)"‘CL"G"L"""’| =Y

ardes < e Sl 3930 Ol gim Tt s Slasl pogas e b pobau uJS ek &t Y
2
(k) gnsashS (@n

et ons sols ol i g3 g sin s e laiper Stk O S

2
T ) per pawisle o (MW )cr

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 '

s 3yls salisal 3y pla Case 5o o cuwl g>Ybol (1Y)

s ol s lial 3 g0 cawl &b‘J‘ §ly oS Sl u:-}ﬂa.al (v¥)

s ahas Jlassad 8 gpe g ol 832055 gy yolo Jb> 50 perch,pole, rod ol (15)

Sy p2Ss iy pilye iy 50 o ol 83 eps3 " bl 53 gl gl ol (17)
LS p2 (720£t) 120fathons  glax 3 549 el gl GJ"__J stlss Jule
. gl g0 833

s gyuse 3y 0 QRO PRV oLl jo Madb o sl Jebo oo o8 e sz (1Y)

o Sl

L ops sambe ¥ Jpaz eu ¢ Sag0 )i ar Sk oS Job Jusws slewys 3t stk sl



Y

o—bw =¥ g2
&t S S—sa e o e e s rood acro &t =l
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 G2 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 107 245098 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 X 105 3.58701 x 108
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

1 ha = 100a = 10 000 m2 'J’)@)Sﬂq
(barn) ol e 95y 48 oy ol Sosed 5o phiie pha (5805105l (55 oS %0 0l
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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)

Sayg S & bemen g blie phu Sl BTy olzulSl jo o opas axlyp—y
‘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 . ¢

PN 3
casl
{ly
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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 28.3776
m3 .lbmb r .b
1 cubic decimetre "
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 0.028 378 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

g sarliay o ¥l ey (1900) ey S it sl
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3
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 0.264 172
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 0.264 179
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 1 4.329 00 x 10
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 0.0338150
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 »= 10-3
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 0.960 760
UK il oz
1 US fuidd cupce = uo.udm. 295127 1.804 69 499.604 8.126 4 1.040 84 1
LS Aoz

cogd sl f Sy e (190)) S g A sl x

3
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3
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(1301) sied Sy = 1.000028 7
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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 pl Lol ol S Tslhanly— polnS S LT sloaaly v - ey
pom (5 mSe ylas] Glﬁ.lns.i,ao,.,;,u&@l\'r\ p Solue (15l JE L sps o

03l B o Bl gl g L33y | Jyu slbushel, peck,drachm, fluid, minim

4.546091879

Paeda vas x

3

Sl (590 d ¢ 5las yeal gy ol 8 ols Jls ,0 5 cul



! is 5

Yo
G| sSa 5—'&:1 YV /¥Y p Salua @EsyT Jiy e . g"

SRS P e | C‘l“’)""')‘j‘?" sl ‘5);54)-1_;_”

JEI PRV PRI R QL‘.‘..' P PL OT(_&J."..&«: LSI}."S s.'sl.nbb L;,Ef‘..'foﬂsw 4.];\_,|‘J

Lol le 6;‘)‘&*61ﬁ&l?\£‘yﬁ_’)&T‘slﬂb‘, Y—F—¥

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

Slemih b, lelip osz an S i 05— ¢ 2k 3 Joy sl S b st ¥

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 (= 4.67228 m?)

v g g0 uals o (1iq dr) gldram oK K0l ;0 %
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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

axl e long hundred weight pbar 1, oT "Ysawe al xyb192 1 weight
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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 {r or oz apoth
1 gram {0.001 kg) S5 =1 5 15.4324 0.564 383 0.257 206 00352740 0.032 1507
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%x10-3
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 /

o aiald t_u_bhn bfb Cg_ )9 ounce

v Cawl r.v_....nm G?..__b.hb?uu Flt_kw r.v_wk 3 .hl_hbh- G—D.r..wh sly grain ‘u_..rw- *

sdram g ¢ sleleyls S0 gbasly 9,8




T

02 Y= 1¥F Jysa

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)
1 corn bushel sHedl e == 60 1b . (= 27.2155 kg) {¥)

sasasls ¥ vF 5 Y 1F 91 =1 dsox o pp sleasly Lo sl o

.L‘Lul

Pom o )= 1 ¥ Jyan

pSHS agly slug
kg b
1 kilogram = {1 2.204 62 0.068 521 8
ke ¢SS
1'pound = | 0.453 592 37 1 0.031 0810
b iyl Sy
1 shug = | 14.5939 32.1740 I 1

() (ohe B2 L) dsb soly v 2 10
cazl oo0ad gade asly S, oS
me e r b 0 0S50 agmy s ppt e Kl go s B Gl oYy

Ttex = jeplS v 05V = 10-6kg/m
I denier = 5aslSq 2 0,5V = G111 112 x 10-6 kg/m

o Sy (Lol S SlB) iyl slaws ply ¢ LGl assay  ton Ko e Sedie slass ()

S29S o5 K (Lol S Sh) gl olass iy Kl assay ton & pSale oldw (Y1)

B8 g G2 S e Sl S oS Gl LKLl j8 pya Gles asly s1Ug (1)
- A5 g0 Slangl agals jedan 51 igd S il
cogtige Joe 117 R Jlo (ol ooy oo logy poaas Gub ol By 5 51y (F)
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Fert S8 S el o 1 cogh e 239§ Sl 335l R NUFTAR 3 P Jele s puetZil o5
bbf lees »
ke W/fin B0t hiyd /mile ton/ 16060 yd
o epp S S | kilogram per metre® =11 0.055 9974 0.671 969 2.0t591 3545.00 0.899 958
kg/m
gatr 24 | pound per inch = 17.8580 i 12 k) 63 360 16,0714 28.2857
Ib/in
b g agl S | pound per foot =i 1.488 16 }0.083 333 3 1 3 {8280 1339 29 2387 12
v/t _
a,bp 5k & 1 pound per yard =:| 0.496 035 0.027777 6 0.333 333 1 17560 0.446 429 0.785 71
Ib/vd
Sty asgly & - | pound per mile ==| 281849104 | 1.578 28 % 10-3 .. 1,892 94104 |} 5681 82104 |} 2536 53% 10+ | 4564 9% 10~¢
Ib/mile
Ll 1 UKton per 1000 yards o ! 1.111 16 0.0622222 0.746 667 2.24 39424 1 176
&L—na-.-x »OQN__OOO V.&
Jibye el 3 & 1 UKton per mile =| 0.631 342 0.035353 8 0.424 242 127273 2240 0.568 182 1

ton/mile

(t / km ) pogdS y2 (5 So=(kg / m ) 5oy pSekeS S
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=t sk 1 (lbfin) (= 17.8580 kg/m)

cab 0 2gl 1 (IB/f1) (= 1.488 % kg/m)
sl 1 (Ib/yd) (= 0.496 055 kg/m)

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?)

cowl ead e3la v 5 Jyas o g sleasly oo sl e

(600 sS 3 58 5Sa; « o0 sladpy 50 95,8 3390) py> a>ly 3o o L 0509 b 1YY

2
S S el (m” 1 kg) ¢ SelS 5 arjeiie STolGus 50 053 b gubulamly iy vy
cazl posa gude aaly
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(5slaS 9 58 5Sa; « 57l sl 50 9,01 3500)
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. . > .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 48.8242
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 717.852 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 1.120 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 *
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(@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 0.020 481 6
1 square yard per ounce = 29.4935 0.14 1 9 3.305 79 10-3 | 0.011 570 2 2.949 35% 10 -3
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
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2 - =

3

n’/g =(n/kg) pSykS 5 prsere Sew
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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
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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 / m> =(190)) s oo o oS S oY
oz aoly pr (g Suf) prm ¢ JBa sl - adige Olr 8 S5 slidape o clils a5y

.f.'_hb»l,ﬁd,ﬂotﬂholb&gﬁiﬂﬁ)ohc(@b&g}l)
0.999972 kg / n =(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
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(£ ) 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
kg/m3 g/cm3 g/ml (1901) Ibfin3 IL/ftd UKton/yd3 Ih/UKygal ih'USgal
{g/m})

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
Reimd e gia g p Syl S

1 gram per cubic centimetre = 1000 1 1.000 028 0.036 1273 62.4280 0.752 480 10.0224 8.345 40
gomd = Am.\BnguEur?wha

} gram peor millilitre (1901) n,.h.. 999,972 0.999 972 1 0.036 126 3 62,4262 0.752 459 10.0221 8.345 17
w_,.iso:c..o_wtﬁr.&_.m -

I pound per cubdic inch = 2767199 27.6799 276807 1 1728 20.828 6 277.420 231
Ib/ind - ..nrm...n_ PUKVH I

1 pound per cubic foot = 16,0185 0.016 018 5§ Q.6016 0189 578704 x 1074 |1 0.012053 6 0.160 544 0.133 681
mG\:u {.EMD [W.- r b...h—.n ,hr.

1 UK ton per cubic yard i 1328.94 1.328 94 1.328 98 0.0480l1 0 82,9630 1 13,3192 11.0505
UHton/yd3 Frgmallitiny

o L |

1 po.nd per UK gallon = 99,7763 0.099 776 3 0.05% 779 1 3.60465 < 107} {627 83 0.0750719 7 1 0.832 674
b UKgal ol I8 5 sl

1 po:nd per US gallon = 119.826 .19 826 0.119 830 4.32900 x 10-3 | 7.450 52 0.050 1670 1.200 95 1
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oblds Xo r_ubﬁ
rﬁawﬂ..hsn“gwwmh (Va1 ¥l 08 grain grain ) grain ST S8 5 oyl
g/dm? M..Wn g/l (1901)* AR el I | T IS S | ot B e gl | 0z/USgal
gl Ay pS g/t gr/UKgal ge/USgal 0z/UKgal
1 kilogram per cubic metre
kg/m3 oo o SelS S b
1 gram per clbic decimetre =1 1.000 028 436.996 70.1569 58.4178 0.160 359 0.133 526
g/dm3  usSe jiapws pr p 5 S
1 gram per litre
ML ul.L » zm Se
1 gram per litre (1901)* =| 0.999 972 1 436,983 70.1549 58.4162 0.160 354 0.133 523
g0 (1901 )% 50 0 05 S
1 grain per cubic foot =| 0,228 835x10-2 | 0.228 842x10-2 | 1 0.160 544 0.133 681 3.669 57x10-4 | 3.055 56104
a:.».ﬂw r...-m_. gd p grain S
1 grain per UK gallon =| 0.014 253 8 0.014 254 2 6.228 83 1 0.832 674 2.28571<10-3 | 1.903 25X 103
gr'UKgul > arain Sy
= walicl IS
1 grein per US gallon, grain =| 0017 118 1 0.017 1185 7.480 52 1.200 95 1 274503% 103 | 22857110
mﬂCmma e I
1 ounce per UK gallon ,, ..y Si=| 6.2306 02 6.236 20 2725.11 437.5 364.295 1 0.832 674
oz/UKyal il JE
1 otnce per US gallen 7.489 15 7.489 36 3272.73 muu..ﬁm 4375 1.200 95 1
0z USgal = =4 ul.
ST

T.»._rv_%&.,._q F o ar) pSedeS 2 (1901) A Se=0 oooowmxpo-waw\wm »

cwl grain saws o

L ogd annlpe ju B2

b 97 culMe g ?.Wa.v.r.hcr.. g cuise .y ot ot
19 Jed> & .Y padys
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SemT A6 0 S (gr/USgal) (= 0.017 118 | kg;m3)
eSS I8 5 syl (02/UKgal) (= 6.236 02 kg/m3)
@S n T 4 iyl (0z/USgal) (= 7.489 15 kg/m3)
TR 10 G i el sas esls Yo Jyas o i basly Gl Jeas Glen e
| c 9yt aarl ea
3 ( Y )o3ey p2re o Y
cul(m™ kg ) pSehS e ie ¢ STolius jo (JEx usSim)osey ponm amly .y — 1y
.-\..:.L‘so a.\.:&:.:m ..\.g.f’&,,as
RSP RTINS ST SR JUR VERL GCIRV P g 3
3
0,001 m”/kg = (1/kg) pSekS o * =l
el oad Gl g 0 050 pro guedSl slaasly 5hisle,l oy — vy

syl yrocasle wgi (f3/1b) (= 0.062 428 0 m3/kg)
asly o e mint Gnd/lb) (= 3.612 73 > 10-5 mifkg)
ol 5 e e b (ft3/UKton) (= 2.786 96 » 10-5 m3/kg)
gl p el JE (UKgal/lb) (= 0.010 022 4 m3jkg)

cewloaz osls vy Jyan o YL slaasly foos sl s

(o) ol s slae 1Y

soly & o el (kg /8) aml o 0SS ST ebus o ol gopr Jlade aly 1YY
casl g 0ad Fhie

(kg /B) cas b o ¢ SokSc 3ps00 L8 e sbia el 6l S 550 S amly oy —vY
1 kg/h == 2.777 78 x 10-4kg/s
SRENEI EUTON It B O ARSI w&lgh»bﬂ@la)l, =YY
aml 2l (ib/s) (== 0.453 592 kgfs)

i cele a5l (Ib/h) (= 1259 98 x 104 kg/fs)

‘F_;L. iS5 (UKton/h) (= 0.282 235 kg/s)

Ll saz sala vy Jpam o Ml slaasly Joos Sl o

1.000028 x10 °m>/kg =pSekS v (1901) el s
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p SokS g s p 8ok H Sgly gy cuaSa g3 Sigly o i gl | B 5 e g9 [ gl oS .
mi/kg YVkg ft3/1b in3flb ft3/ton UK gal/lb
1 cubic metre per kilogram =1 1000 - 16.0185 27679.9 358814 99.7763
mi/kg p S o aia yie Sy
1 litre™ per kilogram =t 0.001 1 0.016 018 5 27.6799 35.8814 0.099 776 3
likg PENRE. INRS
1 cubic foot per pound ={ 0.062 428 0 62428 0 1 1728 2240 6.228 83
f13/1b sigly e gy K
1 cubic inch per pound =| 3,612 73x10-% 0.036 127 3 5.787 04104 1 1.295 30 32604 65 10~3
in3/lb Sigly e ase el S
1 cubic foot per UK ton == 2,786 96 10-5 0.027 869 5 4,464 29% 104 0.771 429 1 . 2.780 73% 103
ft3fton Gl 5 e s g S L
1 UK gallon per pound =} 0.010 022 4 10.0224 0.160 544 _ 277420 359.618 1
UKgal/lb . !
Sl p el JE Sy

c g asalye " S ¢ F iy arynd 1.000028 = (1q0y) pad S
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olsz goor slode LYY Jsoo

8L o o SkS ash o 0 SpbS | el yanyly el pagly | canlup pundol o0
kgfs kgih Ib/s ‘Ib/h UKton/h
|1 kilogram per second =| 1 3600 2,204 62 7936.64 | 3.543 14
Kgfs  auls o pSpbS S
1 kilogram per hour =| 2.777 78104 {1 6,123 95x10-4 | 2.204 62 | 9.84207> 10-4
kg/h el pSplS S0
1 pound per second =| 0.453 592 1632.93 1 3600 1.607 14
Ib/s swls o aiply &
1 pound per hour =| 1.259 98 10-4 | 0.453 592 2.777 78)< -4 |1 4,464 29104
ib/n el sl S
1 UK ton per hour = 0.282 235 1016 .05 0.622 222 2240 1
UKton/h
(TE})* ol game 5lade vy

K oS el (v_m3/s) Moy S e 5ToKM Jo Gl o e anly Ly — vy

casl g sad Gude asly

Dot ol e ccw! Jgam 3590 ol 50 oS 5500 Sy sleasly .y — 1y

weele pr e ie (m3/h) (=2.77778 x 10-4 mi[s)
asl e (Us) (= 0.001 m3/s)

83533 yo f (I/min) (= 1.666 67 x 105 m3fs)

cusbu o 5l Wh) = 2.777 78 X 10-7 m3/s)

bl e )18 ar cagye )8 ar b et sl S IS T laas Ty Sk Ly — vy
e (fL3/s) dkx (== 0.028 316 8 m3/s)
casle o oSe gb (fr3m) (= 7.865 79 X 10-6 m3/s)
0l e eSSt I8 (UK gal/s) (= 4.546 09 X 10-3 m3/s)
Sl gl g B ylpd 35,8 Jho jo b cawl a0l suls Loyl o oS deaws lawwrd 38 ol x

bl go Cughy g 5L85 < Dyl a0 Heeid
. Ogd g0 sas-bid "cumec"h.’],_u S ¢ ool g wuSa yio ,;BK »x
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ol pme lobo vy Jyox

' . . _ 0 TS
ol o yio | bl e osls 5l FEVCRRE e b ot ol il y i g el
mi/s m¥h Us lfmin i fti/s ft3/h UKgal/s U zal/min cxaEE
1 cubic metre N .
per second 1 3600 1600 60 008 3.6« 108 35.3147 127 133 219.96% 13 198.1 791 889
mys by cafe .h..
1 cubic metre _ )
per hour ==] 2777781074 | 1 2,777 18x 1071 | 16.6667 1000 9.809 63 103 | 35.3147 0.061 102 5 3.666 15 219.969
mih el caloyn K
1 :.3.«.52.
second =| 0.001 3.6 1 50 3600 0.035 314 7 127.133 0.219 969 13,1981 791.889
s b ¥ 5t & .
1 titre®per .
minute ] =| 1,666 67x10-% | 0.06 0.016 667 1 60 5.885 78 x10-4 | 2.118 83 3.666 15:< 1073 { 0.219 969 13.1981
Hmin ooy l...,r.L =
.._.l_:ai
per hour =1 0.277 7718 %106 0.001 0.277 718 x10-31 00166667 | 1 9.809 63106 1 0.0353147 | 6.11025x10-5 | 3.666 15x10~3 | 0.215 969
1 cubic foot
second . =] 0.028 316 8 101.941 283168 1699.01 101 94¢ 1 3600 6.228 83 373.730 2242 33 ¢ 104
£ ?t_t > [.-Mb Lugd L i
1 ¢.:bic fout
per hour =; 7.865 79%x 106 | 0.028 2168 7.865 79 10~ | 0.471 947 28.3168 0.277 7718%x 1073 1 1,730 23x10-3 | 0.103 §14 6228 33
f15h el o cule g Sy :
1 c Kogallon _ X1 JE rv
per second G 4,546 09 %X 10~Y { 16.3659 4.546 09 272.766 16 365.9 0.160 544 5771957 1 60 3600
U'~xgai/s el . :
1U~ nﬂzcﬂ- Gllrln._ rul_—W :h\ . -
per minuld by 7.576 82 10-% | 0.272 766 7.576 82 x10-2 | 4.546 09 272,766 2.67573x10-3 | 9.632 62 0.016 666 7. 1 60
UKgal/min . 4 '
1 UK gallon 5! J6 S , . ‘ .
pe- hour b, = 1962 80%10-6 | 4.546 09 10-3 | 1,262 80x10~3 | 0.075 768 2 | 4.546 09 4.459 55x10-5 | 0.160 544 0.277 718 x 1073| 0.016 666 7 1
UKgal/h ” . :

.fx..!_r..-uh-bn..lwt.v bx_&.bhnﬁtbﬂtf_bb»hrmﬁtm
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Volume and capacity
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Volume and capacity
Modulus of section
Second moment of area

Table 4¢. Relationship between UK (imperial) and US units of capacity

0.960 760 US minim
0.960 760 US fluid* dram
0.960 760 US fiuidt ounce

1 UK minim
1 UK fluid drachm
1 UK fluid ounce

(|

1 UK gill = 1.200 95 US gill

I UK pint = 1.200 95 US liquid pint
1 UK quart = 1,200 95 US liquid quart
1 UK gallon == 1.200 95 US gallon

I UK pint = 1.032 06 US dry pint

I 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 fluidt ounce = 1.040 84 UK fluid ounce

1 US gill = (.832 674 UK gill

1 US liquid pint = 0.832 674 UK pint

1 US liquid quart == 0.832 674 UK quart
1 US gallon = (.832 674 UK gallon
{1 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.
+ 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 (m3).

5.2 They may also be expressed in terms of the.cube of any suitable submultiple of the metre; the centi-
metre cubed (cm3) and millimetre cubed (mm3) 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 (m#4). Other commonly used units are the
centimetre to the fourth (cm¢) and millimetre to the fourth (mm#4) and, in imperial units, the foot to the
fourth (ft4) 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 cm4 ft4 in4
Imé = |1 1 x 108 115.862 2 402 510
lemd = |1 x10-8 1 1.158 62 x 10-6 | 0.024025 1
1ft4 = |0.863097 x 10-2 | 863097 1 20 736
lin¢ = | 416231 x 10-8 41.6231 482253 x 10-5 |1

NOTE. 1 mm4 = 104 cm* = 10-12 m4.
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Plane angle

ts amended
Julv 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 circumference 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 p.d d
4 rad = yrad |
7.2 Angular units of such practical importance that they are retained 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 °y at its centre, and thus the right angle
(L) = 90 degrees (90 °).

4

n
I degree (1°) — 60 minutes (60) = =5 rad
n
| minute (1) = 60 seconds (60"") = 60 < 180 rad
1 d (1" : d
second (1) T 3600 x 180 ra

Itis often 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
1# (or 1 gon) = 0.9° = 2ﬁrad

Notes 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 purposes the angular mil is taken to be

one thousandth.of a radian (10 -3 rad), which is equivalent to 3’ 26.25”. There is, however, another concept in which an angular
mil is equal to 360/6400 degrees i.e. 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. In German the term * Vollwinket*

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

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

radian right angle degree minute sccond grade (or gon)
rad L ° ’ - 8 gon
1 radian = 1 0.636 620 57.2958 3437.75 206 265 63.6620
rad
1 right angle = 1.570 80 1 90 5400 324 000 100
1 degree = |0.0174533 0.011 1111 1 60 3600 1.111 11
1 minute = 2.908 88 10-¢ | 1.851 85x10~4 | 0.016 666 7 1 60 1.851 85x 102
1 second — | 4848 14x10-6 | 3.086 42x10-6 | 2.777 78104 0.0166667 | 1 3.08642x104
{ grade (or gon) = | 0.0157080 0.01 0.9 54 3240 1
B gon

* In October 1980 the International Committee o
the International System as a class of dimension
leaves open the possibility of using these or not in expressions o
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f Weights and Measures decided to interpret the class of supplementary units in
less derived units for which the General Conference of Weights and Measures
f derived units of the International System.
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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. It 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 4x sr at its centre.

9. Time
9.1 The SI unit of time is the second (symbol 5), a base unit. It is now defined as the durw ecified
number of periods of a particular atomic radiation; for details see BS 3763. &

9.2 Prior to 1967 the second was defined as a specified fraction of the time taken by t
a particular orbit of the Sun. (This second, the * ephemeris second ’, is retained forfuse as a special unit
in astronomy, and is as nearly equal to the SI unit as the highest precision of meas Erh@:nt could per;
in 1967.) e
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) lh = 60min = 3600s
day (d) 1d =124h = 86400s

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 = 6048005
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 lo calendar). 1vaded

Fuh tosd

Notes 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 (us) and nanosecend (ns) which are in wide technological use.

2. The symbol *a ' is used for year.

3. The scale of International Atomic Time (TAl). based directly on the atomic radiation defining the second. is mamtaimned by e
the Burcau International de PHeure (BiH) in Paris. Legal time in the UK. as in most countries. is based on a related scale. that of Jun #9133
Co-ordinated Universal Time (LTO). broadcast by an international network of radio stations. UTC is defined in such a manner

that it differs from TA1 by a whole number of seconds. The difference UTC-TAL was set equal to — 10s on | January 1972, the

date of application of the reformulation of UTC {which previously involved a frequency offset).

This difference can be changed in steps of I s. but the use of a positive or negative leap second at the end of a month of UTC.
preterably in the first instance at the end of December or of June. and in the second instance at the end of March or of September.

1o keep UTC in agreement with the time defined by the rotation of Earth with an approximation better than 0.9 5. On 1 January

1981 the difference UTC — TAl was — 195, In fact. the legal times of most countries are offset from UTC by a whole number of

hours (because of time zones and "day light saving” arrangements).

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).

| km/h = 0.277 778 m/s

10.4 Various speed units used in the imperial system are:
foot per second ift)s = 03048 m/s
inch per second 1infs = 0.0254 m/s
foot per minute 1 ft/min = 0,005 08 m/s
mile per hourf 1 mile/h = 0.447 04 m/s
10.5 The knot, one nautical mile per hour, is a unit used for speed in nautical and aeronautical contexts.
The international knot (kn) is metric-based, being equal to one internationa! nautical mile per hour.
| kn — 1852 m/h = 0.514 444 m/s
The UK knot is imperial-based and obsolescent, being equal to one UK nautical mile per hour.
1 UK knot = 6080 ft/h = 0.514 773 m/s

For interconversion factors for the above units see Table 10.

* In October 1980 the International Committec of Weights and Measures decided to interpret the class of supplementary units in v amended
the International System as a class of dimensionluss derived units for which the General Conference of Weights and Measures Juby J9N3
leaves open the possibility of using these or not in expressions of derived units of the International System.

t The year referred to here is the * calendar year *. Calendar adjustments are based on the * tropical year’, the time interval

between two 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.

1 Traditionally indicated by the abbreviation m.p.h.
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Angular velocity
;o Frequency
11." Ang ular velocity * (angle/time)

1L1 The Coherent §] unit of angular velocity is the fadian per second (radfs), 5 derived upjp,

1.2 Other units used are

radian per Minute (rad/min)
revolution Per minuge (rev/miny op (r/min)
revolution ber second (rev/s) or (r/s)
degree per minute (°/min)

degree per second (°/s)

For interconvcrsion factors for the abhgye units see Table 1;.

Table 11 - Angular velocity and velocity of rotation
Exact values are printed jn bold type

radian per radian per revolutjon per revolution per degree per degree per
second minute sceond minute second minute
rad/s rad/min rev/s rev/min °/s °/min

I radian Per seeond ’ 1 60 0.159 155 / 9.549 30 57.2958 3437.75
radys

0.954 939 57.2955

I radign per minuge =10.016 666 - 0.002 652 58
rad/min

I revolution ber sccony 6.283 19 60 360 21 600
ey /s f
360

I revolution per minute — 6.283 19 0.016 666 7
revimyjn

0.002 777 78 0.166 667 60

i
"

1 degree per secongd
s

I degree Per miny(e =1 2.908 88 x 10-4 0.017 453 3 4.629 63 x 10-5 2777 78 % 10-3 0.016 666 7 1
/min

12, Frequency (number/time)

12.1 The coherent Sy unit of frequency (of a wavye or periodic phenomcnon) i3 the hertz (symboj Hz), a
derived ypjp with g Special name, Formerly in this country the hertz was called the Cycle per second (c/s),
Expresseqd in terms of base unjtg of the ST both the hertz ang the cycle per second are the inverse second

12.2 The coherent §J unit of rotational frcquency (eg. a frequency associated wipy the mechanicg] Iolatjion
. . . S | . ,
of a shaft) js also the inverse sccond, je, ;(or ST, It s commonly known a5 the revolution Per secongd

(rev/s or r/s).

0's

NOTE. See also the Note under section |1, Angular velocity.

* The termg ¢ retational velocity *, « rotationa| Speed ” and *speed of Totation * are commonly yseq as alternative terms for
angular velogit , but are also often thought of as a frcquency, particular]y when being expressed jn revolutions ber minuyte,
OF per’second. When l'requency is meant, the revolution should not be identified with angle as jt js so identified in Table 1]
1 revolution = 27 radians - 360°), but should be thought of as a number, ang a clearer term for €Xpressing this concept is
‘ rotationa] frequency . (See also section 12, Frequencyi)
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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 cm/s2 = 10-2 m/s?

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

1 mGal = 10-3 Gal = 105 m/s?

13.3 The most-used unit in the imperial system for acceleration is the foot per second squared (ft/s?2).

1 ft/s2 = 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 fall has this value the term * standard gravity
is used, the associated symbol for this quantity being £,.

The acceleration due to gravity is sometimes used as a unit of acceleration, and called “ g7, particularly
in aeronautical engineering and centrifuge technology. For the sake of precision the standard value
9.806 65 m/s2 should be taken for this unit. A close approximation in imperial units is 32.1740 ft/s2, These
are frequently rounded to 9.81 m/s2 and 32.2 ft/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
m/s? ft/s2 &n
1 metre per second squared = | 1 3.280 84 0.101 972
m/s?
1 foot per second squared = | 0.3048 1 0.031 0810
ft/s?
standard acceleration .
due to gravity = | 9.806 65 32.1740 1
En
NOTE. 1 Gal. = 1com/s2 = 10-2m/s?
1 mGal = 10-5 m/s2 (see 13.2).
14. Mass

14.1 The coherent SI unit of mass is the kilogram (symbol kg), a base 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 ST prefixes to the word * gram ’. Examples are megagram (Mg), gram (g),

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

1 Mg = 1000 kg -
i

'e = o0 ke -

1 mg = 10-6kg -

lpg = 10-9kg i

In praclice the megagram is usually referred to by the special name * tonne’ (symbol t), and is often
called the ¢ metric ton ’ in the UK and in the USA.

20
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14.3 Some other units of mass having associations with the metric system are:
Refer to note

| metric carat == 200 milligrams = 2 x 10-4 kg 2

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:

I1b = 0.453 592 37 kg

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
I pound

1

16 ounces (oz) (1 oz = 28.3495 g)
1616 drams (dr) (I dr = 1.771 85 g)
== 7000 grains (gr) (1 gr = 0.064 798 91 g)

fi

il

(b) UK units only

1 stone = 14 pounds (= 6.350 29 kg)
1 quarter (qr) = 28 pounds (= 12.7006 kg)

1 cental (ctl) = 100 pounds (= 453592 kg)

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

[ ton (ton) = 2240 pounds (= 1016.05 kg)

(e) US units only

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

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

(In the USA the word ton refers to the * short ton * of 2000 Ib unless otherwise specified. The terms * long
ton” or ‘ gross ton * are sometimes used, referring to 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 (= 1.295 98 gram)
I drachm* (in UK) == 3 scruples (= 3.887 93 gram)
I dram (in USA) = 3 scruples (= 3.887 93 gram)
| ounce* = 24 scruples = 480 grains (= 31.1035 gram)

(oz apoth in UK
oz ap in USA)
Troy units (used in the UK and the USA)
1 ounce troy = I 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.
Unless 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) == 12 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
gr in the UK.)

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

I assay ton (UK) = 32.667 g 3
1 assay ton (US) = 29.166 g 4
1 slug = 32.17401b (= 14.5939 kg) 5
I international corn bushel -~ 60 1b (= 27.2155 kg) 6

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

* The apothecaries’ units (scruple, drachm, and apothecaries’ ounce) have been illegal since ! January 1971 for use in the
United Kingdom.
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Notcs on section 14

1. The alternative name * gamma ' (symbol v) is sometimes used to indicate a microgram.

2. The metric carat has international sanction for use in trade in diamonds, fine pearls, and precious stones. [n 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. Thke 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 technical 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 14a. Mass

Exact values are printed in bold type.

kilogram pound slug
kg Ib
1 kilogram = |1 2.204 62 0.068 521 8
kg
1 pound = | 0.453 592 37 1 0.031 0810
ib
| slug = | 14.5939 32.1740 1
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Mass per unit length

15. Mass per unit length (or linear dansit\?) (mass/length)

15.1 The coherent SI unit of mass per unit length is the kilogram per metre (symbol kg/m), 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

I denier = I gram per 9 kilometres = 0.111 112 x 10-6 kg/m
15.3 A selection of imperial units 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) (= 1.488 16 kg/m)

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

1 pound per mile (Ib/mile) (= 281849 x 104 kg/m)
1 UKton per 1000 yards (ton/1000 yd) (= 1.111 16 kg/m)

1 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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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/m2), a derived unit.
16.2 Other commonly used metric units are:

gram per square metre (g/m?2) (= 0.001 kg/m2)
milligram per square centimetre (mg/cm?2) {= 0.01 kg/m?)
milligram per square millimetre (mg/mm2) (= 1 kg/m2)
kilogram per hectare (kg/ha) (= 0.0001 kg/m?)

16.3 A selection of imperial units is:
pound per thousand square feet (1b/1000 ft2) (== 4.882 43 x 10-3 kg/m2)

ounce per square yard (oz/yd?2) (= 3.390 57 » 10-2 kg/m?)
ounce per square foot (oz/ft2) {= 0.305 152 kg/m?)

pound per acre (lb/acre) {= 1.120 85 2 10-4 kg/m?)
UK ton per square mile (ton/mile2) (= 3.922 98- 104 kg/m?)

For interconversion factors for the above see Table 16.
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17. Specificsurface, or area per unit mass
(applicable Lo sheet metal, plating, etc., and in agriculture)

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

square metre per gram (m?/g) (= 1000 m%/kg)
. square centimetre per milligram (cm?/mg) = 100 m2/kg)
“square millimetre per milligram (mm2/mg) == 1 m2/kg)
hectare per kilogram (ha/kg) (— 10 000 m2/kg)

17.3 A selection of imperial units is: :
thousand square feet per pound (1000 ft*/ib) (= 204.816 m2/kg)

square yard per ounce (yd2/oz) (= 29.4935 m?/kg)
square foot per ounce {ft2/oz) = 3.277 06 m2/kg)
acre per pound (acre/lb) (= 8921.79 m?/kg)
square mile per UK ton (mile2/ton) {= 2549.08 m2/kg)

For int'erconversion factors for the above sec Table 17. -
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Density
18. Area per unit capac

ity

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 galion square foot per gallon
m2/l yd2/gal f12/gal
1 square metre per litre = | 1 5.437 08 48.9337
m2/]
1 square yard per gallon == | 0.183 992 1 9
yd?/gal '
1 sq\’1are foot per gallon = | 0.020 435 8 0.111 111 1
ft2/gal

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 me
gram per cubic centimetre (g
or
gram per millilitre (g/ml)t

tric units are:

Jem?) )

f (= 1000 kg/m3)

19.3 A selection of imperial units is:

pound per cubic inch (Ib/in3)

pound per cubic foot (Ib/ft3)

UK ton per cubic yard (UKton/yd?3)
pound per UK gallon (Ib/UKgai)

pound per US gallon (1b/US

(:
(=
(=
ga]) =]

==27 679.9 kg/m3)

16.0185 kg/m3)

1328.94 kg/m3)

99.7763 kg/m3)
119.826 kg/m?3)

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 i

readings of hydrometers on different density and specific gravity bases see BS 718.
+ 1 gram per millilitre (1901) = 999,972 kg/m3. See 4.3, litre.
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substance, under conditions which should be specified for both substances.
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Concentration

20. Concentration (mass/volume)

20.1 The coherent Sl unit for the expression of concentration® (in the sense of the mass-of a substance
per unit volume of a solution, or the like) is the kilogram per cubic metre (kg/m3), a derived unit.

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

1 kg/m3 =1g/dm3 =1 g/i
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 10-2 kg/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 (0z/UKgal) (= 6.236 02 kg/m3)

ounce per US gallon (0z/USgal) (= 7.489 15 kg/m3)

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

* Concentration is sometimes expressed in other ways, for example, 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/m3. See 4.3, litre.
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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 (m3/kg), a derived unit.
21.2 Anothcr commonly used metric unit is:
litre* per kilogram (I/kg) = 0.001 m3/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 (in3/1b) (= 3.61273 x 10-5 mi/kg)
cubic foot per UK ton (ft3/UKton) (= 2.786 96 x 105 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 10-3 m3/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 SI unit of mass rate of flow is the kilogram per second (kg/s), a derived unit.
22.2 Another commonly used metric unit is the kilogram per hour (kg/h).
1 kg/h = 2777 78 x 104 kg/s
22.3 A selection of imperial units is:

(= 0.453 592 kg/s)
(= 1.259 98 X 10—+ kg/s)

pound per second (lb/s)

pound per hour (Ib/h)

UK ton 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
kg/s kg/h Ib/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 =1 2.777 78104 |1 6.123 95210 4 220462 | 9.842 07 10 4
kg/h
I pound per sccond =] 0.453 592 1632.93 1 3600 1.607 14
Ib/s
I pound per hour 1.259 98 % 104 | 0.453 592 277778 1074 | 1 4.464 29 x 104
Ib/h
I UK ton per hour  =| 0.282 233 1016 .05 0.622 222 2240 1
UKton/h

23. Volume rate of flow ™ (volume/time)

23.1 The coherent S1 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 (m3/h)

litref per second (I/s)

litre} per minute (I/min)

litre} per hour (I/h)

23.3 A selection of imperial units is:

cubic foot per second §

(ft3fs)

cubic foot per hour {ft3/h)

UK +gallon per second (UK gal/fs)
UK gallon per minute (UKgal/min)
UK gallon per hour (UKgal/h)

(= 2.777 78 x 104 m3/s)

(= 0.001 m3/s)
(= 1.666 67 >
(= 2.777 78 =

105 m3/s)
10=7 m3/s)

(= 0.028 316 8 m3s)

(- 7.86579
(== 4.546 09
(=: 7.576 82
(= 1.262 80

For interconversion factors for the above see Table 23.

% 10-6 m3/s)
x 1073 mi/s)
< 10-3 m3/s)
X 10-6 m3/s)

* For gases, the conversion factors given here are based on the assumption that the reterence conditions of temperature,
pressure and humidity remain unchanged.

t The cubic metre per second is sometimes known as the * cumec .

¥ The litre (1901) = 1.000 028 litre (sce 4.3).
¥ The cubic foot per seccond is sometimes known as the ' cusec ™.
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Traffic factors

24. Traffic factors
(in connection with volume 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.¢. volume of fuel per distance run (see Table 24a). In the UK
the reciprocal factor (distance/volume) in terms of miles per gallon is used (see Table 24b). Figure 1 is a
graph indicating the relationship between litres per 100 kifometres and miles per gallon, over the range

10 miles to 100 miles per gallon.

Table 245. Fuel consumption (volume/distance)

Exact values are printed in bold type.

litre per kilometre*

UK gallon per mile

US gallon per mile

1/km UKgal/mile USgal/mile
| litre per kilometre* 1 0.354 006 0.425 144
I/km
1 UK gallon per mile 2.824 81 1 1.200 95
UKgal/mile
1 US gallon per mile = 0.832 674 1

USgal/mile

2.352 15

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

Table 245. Fuel consumption {distance/volume)

Exact values are printed in bold type.

Kilometre per litre

mile per UK gallon

mile per US gallon

km/1 mile/UKgal mile/USgal
| kilometre per litre 1 2.824 81~ 2.352 15
km/l
I mile per UK gallon 0.354 006 1 0.832 674
mile/UKgal
1 mile per US gallon 0.425 144 1.200 95 1

mile/USgal

Mass carried X distance
1 tonne kilometre

| UKton mile

= 0.611 558 UKton mile

Mass carried x distance/volume

1 tonne kilometre per litre

1.635 17 tonne kilometre

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

25. Momentofinertia (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 units which have been used are:
kilogram millimetre squared (kg mm?2) (1 kg mm2 = 10 -6 kg m?)

gram centimetre squared (g cm2) (1 gem2 == 10-7 kg m?)
25.3 A sclection of imperial units is:

pound foot squared (Ib £t2) (== 0.042 140 1 kg m?)

pound inch squared (Ib in2) (= 2.926 40 x 10-4 kg m?)

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

For interconversion factors for the above see Table 25.

Table 25. Moment of inertia

Exact values arc printed in bold type.

kilogram metre pound foot pound inch ounce inch
squared squared squared squared
kg m? Ib ft2 1b in2 oz in2
1 kilogram metre squared = |1 23.7304 3417.17 54 674.8
kg m?
1 pound foot squared ~. 1 0.042 140 1 1 144 2304
1b ft2 i}
1 pound inch squared = |292640%10°4 | 6.94444x10-3 |1 16
b in2
I ounce inch squared = 11.82900x10-5 | 4.34028x10-4 | 0.0625 1
oz in?

NOTE. 1 kg m? = 106 kg mm? = 107 g cm2.

26. Momentum (linear) (mass x velocity)

Tl}e coherent SI unit of momentum is the kilogram metre per second.
Some key conversion factors arc:
I kgm/s = 7.233011bft/s
11b ft/s = 0.138 255 kg m/s
{1 kg m/s = 105 g cm/s)

27. Angular momentum (mass < velocity x length)

The coherent SI unit of angular momentum is the kilogram metre squared per second.

Some key conversion factors are:
1 kg m2/s = 23.7304 Ib ft2/s
116 ft2fs == 0.042 140 | kg m?/s
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28. Force (mass < acceleration)

28.1 The coherent SI unit of force is the newton (N), a derived unit with a special name. Expressed in terms
of base units of the SI the newton is the kilogram 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 system,
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).
Idyn = 1 gemfs2 (= 10-3 N)
I'sn = 1tm/s2 (=103 N)
The kilogram-force (or kilopond) is that force which, when applied to a body having a mass of one
kilogram, gives it the standard acceleration* due to gravity (i.c. 9.806 65 m/s2).
Thus,
1 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).
I pdl = 11bft/s2
== 0.453 592 37 x 0.3048 kg m/s2
(= 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 to a body having a mass of one pourd, gives it the standard acceleration™
duc to gravity.

Thus,
9.806 65
1 1of = 03048 Ib ft/s2
= 32.1740 pdl (approximately)
(= 4.448 22 N)t

Further technical force units associated with the pound-force are the ounce-force (0zf), the UK ton-force
(tonf) and the US ton-force. In the USA a unit of 1000 1bf named the * kip ' is often used.

I ozf < elbf  (=0278014N)
I tonf = 2401bf (= 9964.02 N).
1 US ton-force = 2000 bf (= 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
i terms of the standard acceleration due to gravity. Because local acceleration due to gravity usually differs
slightly from standard acceleration, it follows that the forces exerted by gravity on bodies having a mass of
1 kg or 1 1b are rarely exactly equal to 1 kgf or 1 Ibf 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 Table 28.

* See 13.4.
T In exact terms, 0.453 592 37 x 9,506 65 N.
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29. Weight

29.1 Meaning of * weight °. The term * weight * is commonly used either 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 using weight in the mass sense use Tables 144, 14b or 14c:
to convert weight units when using weight as a force use Table 28. =
29.2 Relationship between force of gravity and mass. The force of gravity (for example xpr;s%q in
is equal to the mass (in kilograms) multiplied by the local gravitational acceleratigh (in fitctre9 per
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 deﬁnin‘g with precision t {¢ hinical force units,
the kilogram-force and the pound-force. L e
29.3 Accurate weight conversions. Conversions from one system of units to another on a 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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1y amended
Tudv 1983

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 continental countries is the kilogram-force metre
(kgf m).

1 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 (pd! ft) (= 0.042 140 1| N m)}
pound-force foot (Ibf ft) (= 1.355 82 N m)
pound-force inch (Ibf in) (= 0112985 N m)

UK ton-force foot (tonf {t) (= 3037.03 N m)

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

NOTE. The product newton 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, Encrgy). However, torque and energy are dilferent physical quantities; both are dimensionally
force x length but in the former the directions of the force and length components are perpendicular to each other while in
the latter they are in jinc 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; e.g. the foot pound-force (ft 1bf) is an energy unit and the pound-force foot (Ibf {t) a torque unit. There is no similar
convention used or advisable with metric {including SI) units; it can be scen for example that m N (the reverse of N m) would
easily be mistaken for millinewton.

Metric moment or torque units should be expressed as indicated in 30.1 and 30.2 above.

It may be useful 1o point out that because both torque and energy are dimensionally the same (force x length) there is a
numerical correspondence between energy conversion tables and torque conversion tables.

For interconversion factors for the above see Table 30.
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31. Force per unitlength” (force/length)
31.1 The coherent SI unit is the newton per metre (N/m).
31.2 Another metric unit that may still be encountered is the dyne per centimetre (dyn/cm).
I dyn/cm = 10-3 N/m
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 kilopascal (kPa) (or kN/m2) and megapascal
(MPa) (or MN/m2) are therefore frequently used.
32.2 Arising from the historical evolution of the SI from the CGS sysiem, some pressure units have a decimal
relationship with the pascal. These are the dyne per square centimetre (dyn/cm2) (sometimes called the
barye), the piéze (pz), and the bar (bar)t. Only the last of these, with its multiples, persists in common use.

The dyne per square centimetre is also a very small pressure:
1< 10-5N

(m/100)2

The piéze is the coherent pressure unit in the metre-tonne-second system, being equal to one sthéne per
square metre:

[ pz = |l snjm2 = | x 103 N/m2 = 1| kN/m2 = | kPa.

The bar, 106 dyn/cm?, is legally recognized in EEC countries and has a magnitude not far removed from
that of usual atmospheric pressure at sea level.

1 bar = 106 dyn/cm? = 106 > 0.1 N/m? = 105 N/m2 == 103 Pa.

One of its submultiples, the millibar, is widely used in the expression of barometric pressures.
32.3 Also in common use on the Continent 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/m2 (exactly} = 9.806 65 Pa

1 kgfjcm2 = 0.980 665 x 105 N/m2 (exactly) = 0.098 066 5 MPa

In Germany and some other Continental countries the kilopond (kp) is used in place of the kilogram-force
(kgh), e.g. I kp/em2 = | kgf/cm?.

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)
technical units

1 dyn/cm? :- = 0.1 N/m? = 0.1 Pa.

pound-force per square inch (Ibf/in2)
UK ton-force per square foot (tonf/ft2)
UKton-force per square inch (tonf/in2)

_ 0.453 592 37 x (0.3048) N

Fpdite? (0-3048 m)2
= 1.488 16 Pa (or N/m?) approx.
0.453'592 37 x 9.806 65 N
Hefifz - = (0.3048 m)?
 — 47.8803 Pa (or N/m?) approx.

* For example, surface tension.
t The internationally recognized unit symbol for the bar is the same as the unit name. In meteorology, however, the commonly
used symbol for the millibar is simply mb.
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I Ibf/in- = 144 Ibf/f12 .- 6894.76 Pa (or N/m?) ‘ 4pprox.

| UKtonf/ft2 = 2240 Ibf/ft2 = 1.072 52 x 105 Pa (or N/m?2) approx.

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

The pound-force per square inch (Ibf/in2) 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. In the USA, the expression ‘ k.s.i.” is often used to signify kips per square inch (i.e.
1000 tbfjin2).

32.5 Liquid columns. Pressures are often measured in terms of the height of columif of liquid, e.g. of mercury
or of water. The pressure associated with a given height is dependent upon the density of the liquid and the
local 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.

I mmH,0 =- 0.001 m x 1000 kg/m3 x 9.806 65 m/s? = 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 cm?,
when under the standard condition g, = 9.806 65 m/s2)

I mmHg == 13.5951 mmH,0 = 13.5951 x 9.806 65 Pa

== 133.322 Pa (approx.)*

9.806 65 » 25.4 Pa
— 249.089 Pa (approx.)

Il

1 inH,O == 254 mmH,0

I inHg = 254 mmHg == 9.806 65 < 13.5951 x 254 Pa
== 3386.39 Pa (approx,)
1 ftH -0 3048 mmH,0 = 30483 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). It is, however, precisely defined in terms of the pascal as
follows:

101 325.0

I torr = ——:lga—l"a

= 133.322 Pa (approx.) 7

Because uf its 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 still common
in this field. The svmbol pmHg is sometimes (incorrectly) contracted to .

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

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

Similarly, 10 mH»,0 = 1 kgf/cm?2 (or kp/cm?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 Continent, is equal to the kilogram-force
per square centimetre, or kilopond per square centimetre: '

1 at = | kgf/cm? (or kp/cm2) = 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 interpretation and
conversion may arise if the quantity concerned is not clearly expressed.

[t 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 information on barometer conventions see BS 2520.
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Both in the UK and USA it was common practice to use the abbreviation p.s.i. to indicate Ibf/in2, and (o
differentiate between gauge and absolute pressures by adding the further letters ‘g’ and “a’ to make
‘ps.ig’ and ‘ps.ia’ 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
“absolute * pressure respectively*. Of these, only ‘at’ was an internationally recognized unit symbol;
furthermore 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 meant, the word * pressure’ should be qualified appropriately:

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

or ‘ata 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 process industries to refer (o * vacuum ’ values,

c.g. * I 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 atmosphere
in use.

* With the ati, the datum is an absotute pressure of 1 at.

Interconversion factors for the above units are given, or can be deduced from, Tables 324, 326 and 32¢. Sec
also section 33, Stress.
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33. Stress (force/area)

Though it is a different physical quantity, stress is naturally treated 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 324, 320 and 32¢ will be found useful.

The coherent SI unit of stress is again the pascal (Pa), i.e. the newton per square metre (N/m?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/in?) and UKton-force per square
inch (UKtonf/in2)*. In the change to S, 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/mmn?2, which can be otherwise stated as MN/m2 or MPa:

I N/mm> = | MN/m? = | MPa
1 kgf/mm2 = 9.806 65 N/mm2 == 9.806 65 MFa
! hbar = 100 bar = 102 x 105 N/m? == 10 MPa

NOTE. Interconsersion factors for these and other units used for stresses are given or can be deduced from Tables 34, 32/
and 32c. Sce 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 may also be expressed as
the newton second per square metre (N s/m2), or as the kilogram per metre second (kg/(m $)).
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.
1P = Ildynsjcm?2 = 10-1 Ns/m2 =10-1 Pas.
The commonly used submultiple is the centipoise (cP).
I cP=10-2P = 10-3Pas.

34.3 Other metric and imperial units that have been used for dynamic viscosity arc:

kitogram-force second per square metre (kgf s/m?)
poundal second per square foot = pound per foot second, 1b/(ft s) (pdl s/ft2)
pound-force 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 inchf (Ibf s/in2)
pound per foot hour (Ib/ft h)

| kgf s/m2 == 9.806 65 Pa s
| pdls/ft2 — 1.488 16 Pas
1 1bfs/ft2 = 47.8803 Pas
I Ibf h/ft2 = 1.723 69 x 105 Pas
11 1bf s/in2 = 6894.76 Pa s
IIbjfth = 4.13379 X 10-4 kg/(ms) = 4.13379 x 10-4 Pa s

NOTE. For reference to frequently used but empirical units of viscosity, such as the Redwood sccond, see section 33,
Viscosity, kinematic.

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

* [n the USA, the expression * k.s.i.” is often used to signify Kips per square inch (i.c. 1000 1bf/in-).
t Sometimes called the ‘ reyn ",
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Viscosity (kinematic)

35. Viscosity, kinematic (length squared/time)

35.1 The coherent SI unit of kinematic viscosity (which is dynamic viscosity divided by density) is the
metre squared per second (m2/s).
35.2 The corresponding CGS unit is the stokes (St).
1St =1cm2s=10"4m?/s
The common submultiple is the centistokes (cSt).
1 ¢St =10-28t = 1076 m2/s (=1 mm2/s)
35.3 Another metric unit sometimes used is the metre squared per hour (m2/h).
1 m2/h = 2.777 78 x 104 m2/s
35.4 A selection of imperial units is:

inch squared per second in2/s
foot squared per second ft2/s
inch squared per hour in2/h
foot squared per hour ft2/h

1in2/s = 6.4516 x 104 m2/s

1 ft2/s = 9.290 30 x 10-2 m?/s

lin2/h = 1.792 11 x 10-7 m2/s

I ft2/h = 2.580 64 x 10-5 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 may 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 SI unit for the expression of afl forms of energy is the joule (symbol J).
Just as energy arises in many ways, the connection between the joule and other SI units may be indicated
in different ways, e.g.:

1} = 1 Nm (force x distance, newton metre}
= 1 W s (electrical energy, watt second)
= | Pa m3 (pressure x volume, pascal cubic metre)
(This unit was, prior to the SI, known as the absolute joule, but it is now simply the joule (J). The
‘international * joule, which became obsolete 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 unit of energy in the
CGS system (the erg) is decimally related to the joule.
lerg=1dynem = | X [0-5N x 0.0l m
= 10-7TNm =10-7]
36.3 A unit in cxtensive use for the expression of electrical energy is the kilowatt hour (KW h).
FkWh =1 x 1000 x W x 3600 s
= 3.6 x 106 W s == 3.6 MJ

36.4 Two other metric units used for the expression of energy are the kilogram-force metre® (kfg m) and
the litre atmosphere.
1 kgf m = 9.806 65 N m = 9.806 65 J
1 litre atmosphere = 1 dm3 x 101 325 Pa - [01.325 Pa m?
= 101.325)
(The litre used here is equal to 1 decimetre cubed (see 4.3), and the atmosphere used is the standard atmos-
phere (see 32.6).)

36.5 Some corresponding imperial units used for the statement of energy are the foot poundal (ft pdl), the
foot pound-force (ft 1bl) and the horsepower hour (hp h).
1t pdl = 1 x 0.3048 m x 0.453 592 37 x 0.3048 N (see 31.3)
= 0.042 140 1 J (approx.)
1 % 0.3048 m x 0.453 592 37 ~ 9.806 65 N (see 31.3)
= 1,355 82 J (approx.)
I hp h = 550 ft Ibffs 1< 3600 s (see 37.3)
== 1.98 > 106 ft Ibf
= 2.684 52 1. 106 ) (approx.)
36.6 Heat units. Heat is one of the forms of energy and, as stated above, the SI unit for all forms is the
joule. The following 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 calories {originally relating to the gram of water and the degree Celsius);

the various British thermal units (originally relating to the pound of water and degree Fahrenheit}; and

the various Centigrade heat units (based on the pound of water und the degree Celsius).

The specific heat capacity of water changes with temperature and a number of different calories, 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,y), the thermochemical calorie {cal,,) and the 15°C calorie
(cal; <) described below:

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

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

I cal|s == 4.1855 ) (approx.) (This is defined as the amount of heat required to warm I g of air-free waler
from 14.5 °C to 15.5 °C at a constant pressure of I atm. The joule equivalent shown above was
adopted by the CIPM in 1950 as being the most accurate value which could then be deduced
from experiment.)

Associated with the calys are the thermie (th), also sometimes described as the * tonne-caloric ” and the

irigoric, used in connection with the extraction of heat.

| thermie - 109 cal;s = 4.1855 MJ (approx.)

I frigorie = - 103 cal ;s = —4.1855 kJ (approx.)

I ft1bf

* Known as the kilopond metre (kp m) in Germany.
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The  calorie’ commonly referred 10 in nutriuonal science is in fact a kilocalorie, which is sometimes
called a " kilogram-caloric ’ or * large calorie *. In this standard, if the symbol calis used without qualification,
it refers to the International Table calorie (calir). (The dietitians calorie is based on the calys.)

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

I Btu/lb = 2,326 J/g

thus | Btu = 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 b of water from 60 °F to 61 °F).

I Btuggse; == 1054.5 ) (approx.) )

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

! BtUp,eun == 1055.8 J (approx.)

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

4,
2.326 x 453.59237J . %2—; = 1054.73 J (upprox.)

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

I therm = 100 000 Btu ~ 105.5 MJ (approx.)

The * Centigrade heat unit * (C.H.U.), based on the Ib of water and the “C, is still sometimes used,
{ C.H.U. == 1.8 Btu (but to each British thermal unit there corresponds a Centigrade heat unit)

I CHU. e, = 1.8 Buu,,,., = 19004 J {approx.)

For interconversion factors for most of the above units sce Vables 364 and 365.
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37. Power (energy/time)

37.1 The coherent SI unit for all forms of power, including heat flow rate, is the watt (symbol W), which

is equal to the joule »{)er second. '
1W=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*.
ll“\/“";r’;‘:n:n/ 1 kgf m/s = 9.806 65 J/S = 9.806 65 W
‘ ) 1 metric horsepower = 75 kgf m/s = 735.499 W

37.3 Similar technical units in the imperial system are the foot pound-force per second (ft Ibf/s) and the

horsepower (hp).
1 ft Ibffs = 1.355 82 J/s (see 36.5) = 1.35582 W
1 hp = 550 ft Ibf/s = 745700 W

37.4 The following is a selection of heat flow units shown in terms of the watt:
calorie per second 1 calls = 4.1868 W
kilpcalorie per hour ! kcal/h = 1.163 W see 36.6
British thermal unit per hour 1 Btu/h = 0.293 071 W
“ ton of refrigeration’ = 12 000 Btu/h = 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 symbols ch or CV are used. In
Germaoy it is called the * Pierdestérke * (symbol PS).

62



1974
Power

Part 1

BS 350

‘9g¢ OS[E 29§ "aLI0[ED QB L [BUOHIBUIUL 9} 0) SI9J2J SI(L o

y/mg
1 966 1570 8 866 6900 | +-01 XS 0t6'E 8519170 | »-01X9% $86'C | -0l X 6P 86T 1.0 £62°0 | = Inoy jod Jrum jeuuy; ysnng |
/ey
€ 896 1 8LLLLTO | -01X19 6561 S8L LS80 | €-OIXPT 185K £65 811'0 1 | = Inoy 33d ,ILOTEJONY |
s/fes
098T° 1 9t T} e-001x68 vI9S £0880°€ | ¢-0I X9 T69°C SE6 90 8981V | = puods 33d 4315082 |
dy
1384474 981 1F9 LO1'8LY 1 0ss L8 €10°1 T0h0°9L 00L'SPL | = Jomodasioy |
sf1ary
¥ 979V 6L S91°1 TE8 €TE'0 | - 0781 8181 I] e-01X0p e8] SST 8ET1°0 w|wssel | = puoses Jad 005-puncd 3005 §
£9°605T Siyzes 1L9°SL1 0t 9860 9Ly THS 1 SL 66P'SEL | = lamodasioy snau |
s/w 13y
LIsy'ee 0T Tev'8 ST THET 6051 €10°0 [0€LTL € €Le 100 I €9 908°6 | = puod3s 1ad anam sd10j-weIBoMy |
M
PLCIPE P8 658°0 Or8 8LT0 | - 01> T0 IvE'l TS LEL'O | £-01 <9 65¢71 L6 101°0 1] = uem |
uy/mg y/jesy s/ie> dy shary s/u J3% m
puoRS
anoy aod pun anoy Jod puodas Jad puodas Jad Jasodasioy Jad 3w
jeuLIdy) yshiag » ALIOJESO[ Y cou0jEd Jasmodasioy | 33a0j-punod J00) Jrgaw 3210)-wedoy JEm

-ad£3 ploq ul pojuud e senfea joexy

JeMmod

‘LE ejqel

63



BS 350 : Part1:1974

Temperature

38. Temperature, including temperature difference or interval

38.1 The SI unit of temperature is the kelvin (K). 1t is one of the base units of the SI and is defined as a
specified fraction (750 of the thermodynamic temperature of the triple point® of water. The kelvin is
used for the expression of 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 conjunction
with the SI, is the degree Celsius ( °C). The now incorrect term * Centigrade * is still in widespread use for
Celsius. The zero datum for Celsius temperature (0 C) is now exactly defined by the thermodynamic
temperature 273.15 K formerly it was defined by the melting point of ice at 1 atm. The units of temperature
difference, one degree Celsius and one kelvin, are exactly equal, by definition. In this sense

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

For formulae showing the interrelationships between Celsius temperatures and thermodynamic tempera-
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 Celsiu#. The Fahrenheit scale is not formally defined, but it is generally recognized that:

32°F i$ the ice point

212 °F is the boiling point of water at 1 atm
and that the unit of temperature difference one degree Fahren heit (1 °F) is equal to five ninths of the unit of

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

e () - )

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
interval of the degree Rankine is equal to 1°F. a thermodynamic temperature of 0 “R being absolute zero.
See Table 38.

38.5 In the last edition of this standard, for temperature 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 1968 °, IPTS - 68, based on reproducible fixed points and interpolation instruments
and procedures. The IPTS - 68 has been designed so that the International Practical Kelvin and Celsius
temperatures closely approximate the Kelvin and Celsius temperatures described in 38.1 and 38.2. The
I1PTS - 68 is defined only from a thermodynamic temperature of 13.81 K upwards.

* The temperature at the triple point of water, (where water, ice, and water vapour are in equilibrium} is very slightly removed

from the temperature of the melting point of ice at atmospheric pressure (the ice point).
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Table 38. Equivalent values on four temperature scales

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

Ivuricr

(kelvins) JT] = (6] + 27315 = g ([t] + 459.67) = g el Juby 1
(degrees Celsius) (6] = JT] - 273.45 = g (Jt - 32) _ % C[t] - a9167)

(degrees Fahrenheity [/ = 3 [T/~ 45967 = 3 (0] + 32 = [1] - 496

(degrees Rankine) /v] = %/T/ = % /8] + 491.67 = [t] + 459.67

NOTE. Temperature difference, For the same temperature difference:

. s 5 . .
(temperature difference in “C or K} = g (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 ail such quantities is the joule per kilogram (J/kg}.
39,2 Other units sometimes used in metric countries are:
kilocalorie per kilogram (kcal/kg) (see 36.6)
kilogram-force metre per kilogram (kgf m/kg)
| keal;z/kg = 4186.8 J/kg
1 keal,,/kg = 4184 J/kg
1 kcal;s/kg = 4185.5 J/kg (approx.)
1 kgf mjkg = 9.806 65 J/kg
39.3 Corresponding imperial units are:
British thermal unit per pound (Btu/1b)
foot pound-force per pound (ft 1bf/1b)
1 Btu/lb = 2326 J/kg
| ft Ibf/lb = 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 SI unit tor this quantity, which is mainly used in connection with the combustion of gaseous or
liquid fuels, is the joule per cubic metre (J/m3). 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 (th/litre)

1 kcalyr/m3 = 4186.8 J/m?

| kecaly/m3 4184 J/m3

1 kcalys/m3 == 4]85.5 J/m?3

| 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/ft3)
therm per UK gallon (therm/UKgal)

I Buy/ft3 = 372589 J/m3
| therm/UKgal = 2.32080 x 1010 Jjm3

40.4 In the above and in Table 40a 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 40b and 40c.

It
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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:
I Btu/ft3 = 0.037 96 MJ/m3 I MJ/m3 = 26.34 Btu/ft3
Other conversion factors for various conditions are given in the table below.
Whereas two bases for the British thermal unit are 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.J/m3 Btu/ft3 Btu/ft3
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
MJ/m3 Dry |1 0.9832 26.80 | 26.33 26.81 26.34
15°C Sat 1.017 1 27.26 | 26.78 27.27 26.79
1013.25 mbar
-
Btu/ft3 Dry [ 0.03731 [0.0366% |1 0.9826 1.000 0.9829
60 °F 30 inches Sat {0.03797 |0.03734 | 1.018 1 1.018 1.000
Hg (International calorie basis)
Btu/fi3 Dry }0.03730 | 0.036 67 | 0.9997 | 0.9823 1 0.9826
60 °F 30 inches Sat [ 0.03796 |0.03732 i 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.)

Atiention is called to the following differences in the reference bases of Tables 40h and 40c¢.

(1) In Tablc 40b the only British thermal unit used is the one corresponding to the International Table calorie (sec 36.6).
In Table 40c this Btu is indicated by the parcntheses (International calorie basis) or (IT calorie), and factors relating to a Btu
based 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 40c is given as being equal to 1013.7405
mbar. The pressure 30 inHg shown in Table 406 (and as defined at 32.5) is, approximately, 1015.9166 mbar.

41. Specific heat capacity * [heat/(mass x temperature interval)]

41.1 The SI unit of specific heat capacity is the joule per kilogram kelvin (J/(kg K)).
41.2 The degree Celsius is often used in the expression of the above unit:
1J/(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)) (Sec 38.6 for the various calories.)
kilogram-force metre per kilogram kelvin (kgf m/(kg K))
I kcal/(kg K) == 4186.8 J/(kg K)
I keal,,/(kg K) 4184 J/(kg K)
1 kecalys/tkg K} 4185.5 J/{kg K)
I kgf m/(kg K) = 9.806 65 J/(kg K)
41.4 Corresponding imperial units are
British thermal unit per pound degree Fahrenheit (Btu/(lb °F))
foot pound-force per pound degree Fahrenheit (ft Ibf/(Ib °F))
I Btu/(lb “F) == 4186.8 J/(kg K)
I ft Ibf/(Ib °F) = 5.380 32 J/(kg K)

For interconversion factors for the above units see Table 41.

i

* The older and simpler term * specific heat ' referred to heat capacities, usually 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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BS 350 : Part1:1974

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 againin 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
first 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. 1 in 1983) of BS 350 : Part 1 : 1959
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 earlier 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 acted as a brake to the progress of metrication. Furthermore, the SI, under the custody of
the General Conference of Weights and Measures, forms the precise and natural basis for conversion information
on units, and offers firm prospects 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 | UKgal = 4.546 09 dm3. Since November 1976 the definition of the gallon in the Weights and Measures
Act 1963 has becn 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 dm3 to ten significant figures and, on advice from the National
Physical Laboratory, a more 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
gallon 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 significant figures given
for conversion factors involving the 15 °C calorie are not warranted by the accuracy of definition of that particular
unit, 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 these 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 Regulations) there
may be in this respect.

As amended
July 1983

As added
July 1983

As amended
July 1983

As amended
July 1983

As amended
July 1983

Avdeleted
July 1983

As amended
Jiely 1983
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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 ‘ SI prefixes ".

Table 15. Prefixes denoting decimal multiples or submultiples
To indicate multiples

x 10
x 10"
x 10"
x 10°
x 10°
x 10°
% 107
x 10

exa
peta
tera
giga
mega
kilo
hecto
‘deca da

Tr=ZzOSTm

To indicate submultiples

x 10t
% 10-2
< 103
x 106
x 10-9
x 1012
x 1015
w 10718

deci
centi
milli
micro
nano
pico
femto
atto

® g B3 FE R oA

1.2 Regarding the meaning of million, billion, etc. the convention shown in Table 1b, 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.

Table16. Meaning of million, billion, trillion, etc.

Corresponding
Term Significance decimal factor
mitlion thousand X thousand | 106
billion million x million 1012
trillion million x billion 1018
quadnllion 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 a million (10!2), and * quadrillion * signifies a million times a US billion (10!5).

In view of the differences between Furopean and USA practice, ambiguities can easily arise with the
words * billion’, * trillion * 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 Sl 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 (um) are common examples. An
alternative term for the micrometre, abrogated by the CGPM but still in commeon use, is ¢ micron ’. The
symbol p, associated in the past with the micron, is incorrect; pum should be used.
2.3 Some units of length having associations with the metric system but not forming part of the SI are:

1 Angstrom (A) = 10-10m Refer to note
1 international nautical mile (1 mile) = 1852 m

1 astronomical unit (AU) = 1496 x 1011 m 1
1 parsec (pc) = 3.0857 x 1016 m 2
1 light year (L.y.) = 9.4605 x 1015 m 3

2.4 The definitive UK (or imperial) and US unit of Jength is the yard, legally defined (since 1959 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.

(Iin = (.0254 m) Refer to note
1 foot (ft) = 12 inches (in) (I ft = 0.3048 m) 4
1 yard ¢{yd)= 3 feet (ft) (1 yd = 09144 m)
1 chain -+ 22 yards (yd) (1 chain == 20.1168 m) 5
! furlong == 10 chains (I furlong == 201.168 m)
I mile -= 8 furlongs (I mile = 1609.344 m) 6

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

1 micro-inch (jtin) = 10-61in = 0.0254 ym = 254 X 10-9m Refer to note
1 thou = 10-3in = 254pm = 254 X 10-6m 7
1 mil = 10-3in == 254 pm = 254 x 10-6m 8
1 point = 2% in (approx) = 0.351 mm (approx) 9
I iron = gin = (.529 167 mm 10
1 line = Lin = 0.635 mm 11
1 line or ligne = Lin = 2.116 67 mm 12
1 em = gin = 4,233 33 mm 13
1 hand = 4in = 10.16 cm 14
I link = & chain = 0.66 ft = 0.201 168 m
1 US survey fool = Ao ft = gmm == 0.304 801 m
! fathom 2 6 ft = 1.8288 m
! rod, pole, or perch == 5t yd := 5,0292 m 15
1 engineer’s chain = 100 ft == 30.48 m
! cable-length — — 16
1 UK nautical mile = 6080 ft == 1853.18 m 17
I telcgraph nautical mile == 6087 ft == 1855.32 m

Notes on section 2

. Approximately the mean distance between the Sun and the Earth.

. The distance at which 1 AU subtends an angle of 1 second (1.

. Approximate distance travelled by light in 1 year.

. An exception is the US survey foot, shown in 2.6.

. The legally defined chain, commonly 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 one-thousandth of an inch.

%, Colloguial, for onc-thousandth of an inch. For other meanings of mil sce 3.5, 4.4 and {Note 2) of section 7.

Y. Printing trade. (Originally defincd by 83 picas:= &3 ¢ 12 points = 35 cm).

10. Boot and shoe trade.

i1, Butten trade.

12. Watch trade.

13. Printing trade.

14. FHeight of horses,

15. Obsolete.

16. A nautical term not precisely defined in the UK. In its most general concepl it is equal to one-tenth of an unspecified nautical
mile, but other values have been used, including the value 120 fathoms (720 ft).

17. Obsolescent as the interaational nautical mile becomes adopted in the UK.

B SIS I

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 (mm2), square centimetre (cm?2), square decimetre
(dm?2), square kilometre (km2).

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

2
I mm?2 == (%—0) = [0-6 m2
2
lem? = (-]%6) = 10-4 m2
2
I dm?2 - (-I%) = 10-2 m2

2
I kmz = (lOOOm) = 106 m2

3.3 A metric unit with a special name is the are (symbol a).
| a = 100 m2
This, and more especially its multiple the hectare (symbol ha), are used for Jand measurement of area.
1 ha = 100 a = 10 000 m?2
Another specially named metric unit is the barn, used in atomic physics in the measurement of cross
sections.
| barn = 1028 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 note

1 square foot (ft2) = 144 square inches (in2) (1 in2 = 6.4516 x 10-4 m2)
I square yard (yd?) = 9 square feet (1 ft2 = 0.092 903 0 m?)
! rood = 1210 square yards (1 yd2 == 0.836 127 m2) 1
1 acre = 4 roods = 4840 square yards (1 rood = 1011.71 m2?)
(1 acre = 4046.86 m?2)
1 square mile (mile2) = 640 acres (1 mile2 = 2.589 99 x 109 m2)

3.5 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 > 107 in2 == 5.067 07 < 1010 m2 2

Notes on section 3

1. The rood is obsolescent in the UK and rarely used in the USA.
2. The circular mil has an area equal to that of a circle one-thousandth of an inch in diameter. For other meanings of mil sce
2.6, 4.4 and section 7, Note 2.

For conversion factors for a number of widely-used units of area see Tables 3a and 35.
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Area
Volume and capacity
Table 36. Area of section of wire

Fxact values are printed in bold type

circular mil square millimetre square inch
mm?2 in2
1 circular mil* == 1 5.067 07 x 104 7.853 98 %107
1 square millimetre == 1973.53 1 1.550 00x 103
mm?2
1 square inch vz 1.273 24 < 106 645.16 1
in2

* For definition of circular mil, 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 (¢m3), and the
cubic millimetre (mm3) are common examples.

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

3

I dm? = (]_"(;) = 103 m}
3

lemd = (%O) = 10-6 m3

3
1 mm3 = (1_(1)]—(])6) = 10-9 m3

4.3 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 SI and commonly used for the measurement of liquids
and fluids, is the litre (symbol I1).

1 litre == 1 dm? = 10-3m3
(This definition has applied in the SI since 1964, but see 4.3.1 below.)

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

I hi == 100 litre = ]10-! m3

el =: (—l—-)litrc = 10-5 m3
100 -

I ml= (ml—)litrc = [0-6m3 = 1cm3
1000

fpl (_’_)mre C10-9m? = 1 mm?
706

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

+ Although in this standard the symbo! used for the litre is the lower case letter *I’, it has long been recognized that in some s amended
typefaces it was difficult to distinguish between the lower case letter *I" and numeral I. The 16th General Conference of Weights Julv 1953

and Mecasures (1979) accordingly recognized the use of the upper case letter 'L” as an alternative symbol for the litre. In British
Standards ‘L" is now the preferred symbel but *I', which is still widely used, is recognized as acceptable. See also BS 5555.

9
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under specified conditions (at its temperature of maximum 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 L November 1976, the 1964 definition has
been embodied within the law of the United Kingdom. Because of these changes, where a very high degree 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 definition is described as the *litre (1901), and the litre as it is
now defined according to the Sl is described simply as'the ‘titee’.
1 litre (1901} = 1.000 028 litre

4.4 In the French timber trade the volume of one cubic metre goes under the obsolescent name ° stére’
(symbol st). Similarly, 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 meanings
of * mil ” see 2.6, 3.5, and section 7, Note 2.

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

Symbol Unit Metric equivalent
yd3 1 cubic yard == 27 cubic feet = 0.764 555 m3
ft3 1 cubic foot = 1728 cubic inches = 0.028 316 8§ m?
in3 1 cubic inch = 1.638 71 x 10-5m3

4.6 As with the litre in the metric system, it is customary to 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
cach other* and it is therefore important to 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 1 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 UKgal = 4.546 09 dm3

= 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:

i

Symbeol (if any) -+ Unit Metric equivalent
UKmin | minim+t = 0.059 193 9 cm?
UK fidr 1 fluid drachmt = 60 minim == 3.551 63 cm3
UK fl oz I fluid ounce = 8 fluid drachms == 284131 cm3
— t gill = 5 fluid ounces == 0.142 065 dm?
UKpt | pint = 4gills (= 20 fluid ounces) = 0.568 261 dm?
UKqt 1 quart == 2 pints = 1.136 52 dm3
UK gal 1 gallon = 4 quarts (== 160 fluid ounces) = 4.546 09 dm?
— ! peck} = 2 gallons = 9.09218 dm?3
-— ! bushel} = 4 pecks = 36,3687 dm?

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 2150.42 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 iliegal to use these units for trade purposes.

10
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Volume and capacity

The connection between the US gallon and its various multiples and submultiples is shown in the following
list:
4.6.3 US units of capacity (liquid measure only)

Symbol (if any) Unit Metric equivalent
—_ 1 US minim == 0,061 611 5 cm?
fl dr 1 US fluid dram* = 60 minims = 3.696 69 cm?3
US fl oz 1 US fluid ouncet = 8 fluid drams = 29.573 5 cm3
gi 1 US gill = 4 fluid ounces = 0.118 294 dm3

lig pt 1 US liquid pint = 4 gills (= 16 fluid ounces) = 0.473 176 dm3
lig qt 1 US liquid quart = 2 liquid pints = 0.946 353 dm3
USgal 1 US gallon = 4 liquid quarts (== 128 fluid ounces) =  3.785 41 dm3
bbl 1 US barrel (for petroleum) = 42 gallons = 158.987 dm3

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

Symbol (if any) Unit Metric equivalent
- 1 US dry pint = 0.550 610 dm}
dry gt I US dry quart == 2 dry pints = 1.101 22 dm3
pk 1 US peck = 8 dry quarts = 8.809 76 dm?
bu 1 US bushel = 4 pecks = 35.2391 dm3
bbl (dry) 1 US dry barrel = 7056 cubic inches = 115.627 dm3

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.
vegetables 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 = 128 f13 (= 3.624 56 m3)

1 standard = 165 ft3 (= 4.672 28 m3)
This last is sometimes known as the * Petrograd standard '
5. The cran, used in the UK fishing industry, is equal to 374 UK gallons.

For conversion factors for a number of widely-used units of volume or capacity see Tables 4a, 45, 4c and 4d.

* Sometimes also known as the liquid dram (lig dr) in the USA.
1 Sometimes also known as the liquid ounce (liq oz) in the USA.
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Specific entropy
Heat capacity, volume basis

42. Specific entropy [heat/(mass x thermodynamic temperature)l

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/(Ib °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:
1J/(m3 °C) = 1 Jj(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 (kcal/(m3 K)) (see 36.6 for the various calories).

| kealiz/(m3 K) =
I kealy,/(m3 K) =
1 keal;5/(m3 K) =

4186.8 J/(m3 K)
4184 J/(m3 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 Btu/(ft> °F) = 67 066.1 J/(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 footnote 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 kelvin{ cubic metre kilocalorie per per cubic metre | unit per cubic
kelvin cubic metre kelvin foot degree
kelvin Fahrenheit
J/(m3 K) keal/(nm3 K keal,,/(m? K) kcal;s/(m3 K) Btu/(ft3 °F)
1 joule per cubic metre
kelvint =11 0.238 846 < 103 | 0.239006x 103} 0.238920> 10 -3 ) 149107 x10-6
J/(m3 K)
1 kilocalorie} per cubic
metre kelvin == | 4186.8 1 1.000 67 1,000 31 0.062 428 0
keal;r/(m3 K)
1 thermochemical kilocalorie
per cubic metre kelvin = | 4184 0.999 331 1 0.999 642 0.062 386 2
kcaly,/(m3 K)
1 15 °C kilocalorie per
cubic metre kelvin = | 4185.5 0.999 690 1.000 36 1 0.062 408 6
kcahs/(mi’ K)
{ British thermal unit per
cubic foot degree
Fahrenheit = | 67 066.1 16.0185 16.0292 16.0234 1
Btu/(ft3 °F)

T Wherever the kelvin occurs in this table it may be replaced by the degree Celsius ( °C), e.g. }/(m3 K) is often shown as J/(m3 °C).
1 This is the International Table kilocalorie. For a 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.
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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/m2),

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 (kcal/{m?2 h))
I calyr/(cm? s) = 41 868 W/m?
1 kcal;r/(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 Btu/{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.

Wim?2 W/in2 calir/(cm? s) kealir/(m2 h) | Btu/(ft2 h)
1 watt per square metre =] 1 6.4516 < 104 0.238 846 < 10-4| 0.859 845 0.316 998
W/m?
1 watt per square inch =| 1550.00 1 3702 12x10-2 | 1332.76 491.348
W/inz2

—

calorie® per square
cenlimelpe second | 41 868 27.0116 | 36 000 13 272.1
cal;1/(cm2 s)

—_—

kilocalorie* per square
metre hour = 1,163 7.503 21104 | 277778105 | 1 0.368 669
kcal,r/(m2 h)

—

British thermal unit
per square foot hour =| 3.154 59 | 2.03522'<10-3 | 7.534 612 10-5 | 2.712 46 1
Btu/(ft2 h)

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

45. Thermal conductance (heat transfer coefficient)

[heat/(area x time X temperature difference)] or [power/(area X temperature 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 W/(m2 °C) = 1 W/(m2 K)
and a similar remark applies wherever keivin or K is mentioned in section 45.
45.3 Other metric units are:
calorie per square centimetre second kelvin  [calf(cm? s K)]
kilocalorie per square metre hour kelvin [kcal/(m2 h K))
(The conversion factors given below refer to the International Table calorie, see 38.6 for other ctlories.)
1 cal/(cm2 s K) = 41 868 W/(m2 K)
1 kcal/(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/(it2 h *F)]
{ Blu/(f2 h “F) = 5.678 26 W/(m2z K)

For interconversion factors for the above units sce Table 45.

Table 45. Thermal conductance

Exact values are printed in bold type.

W/(m?2 K)i calf/(cm?2 s K) keali/(m2 h K) Btu/(ft2 b °F)

watt per square
metre kelvint =| 1 0.238 846:< 10-4| 0.859 845 0.176 110
W/(m2 K)

calorief per square
centimetre second kelvin  =| 41 868 1 36 000 7373.38
cal/(cm?2 s K)

kilocalorie} per square
metre hour kelvin =( 1.163 277778x10-5 {1 0.204 816

kcal/(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

H

* Also corresponds to (heat flux density/temperature difference).
T+ Whereser the hehvin oceurs in this table it may be replaced by the degree Celsius: e.g. W/(mi K} is often shown as W/(m?2°C)

t This refers to the International Table calorie. For other calories sce 36.6.
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Thermal conductivity

46. Thermal conductivity
theat x length/(area x time x temperature difference))

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

46.2 The degree Celsius { °C) is often used in the expression of the above 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:
calorie per centimetre second kelvin  [cal/(cm s K)]
kilocalorie per metre hour kelvin [kcal/(m h K)]
(The conversion factors given below refer to the International Table calorie. Sce 36.6 for other calorics).
I cal/(em s K) = 418.68 W/(m K) '
! keal/(m h K) = 1.163 W/(m K)

46.4 Two imperial units in common use are:
British thermal unit per foot hour degree Fahrenheit {Btu/(ft h “F)}
British thermal unit inch per square foot hour degree Fahrenheit  {Btu in/(f12 h °F)]
1 Btu/(ft h °F) == 1.730 73 W/(m K)
I Btuin/(ft2 h °F) = 0.144 228 W/(m K)

For interconversion factors for the above units see ‘Table 46,

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

W/(m K)* cal/(cm s K){ keal/(m h K) Btu/(ft h “F) Btuin/(ft2-h °F)

I watt per metre kelvin* =| 1 0.238 846 x 10-2| 0.859 845 | 0.577 789 | 6.933 47
W/(m K) ‘

1 caloriet per centimetre
second kelvin =| 418.68 1 360 241.909 2902.91

cal/(cm s K)

I kilocalorie* per metre
hour kelvin =} 1.163 2777 78x10-3 |1 0.671 969 8.063 63

kecal/(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)

I British thermal unit inch per
square foot hour degree ={ 0.144 228 3444 82x10-4 | 0.124 014 0.0833333 | 1
Fahrenheit
Btu in/(ft2 h °F)

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

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 in 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/kcal* ft h °F/Btu ft2 h °F/(Btu in)
| m K/W =| 1 41868 | 1.163 1.730 73 0.144 228
lcms Kjcal*  =| 0.238 846x10-2| 1 2777 718x10-3 | 4133 79 10-3 | 3.444 82x 104
I mh K/kcal* =] 0.859 845 360 1 1.488 16 0.124 014
| ft h °F/Btu =| 0.577 789 241.909 | 0.671 969 1 0.083 333 3 B
I ft2 h °F/(Btu in) =| 6.933 47 2902.91 | 8.063 63 12 1

* This refers to 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 release rate
Thermal diffusivity

48. Heatrelease rate (e.g. as used in connection with furnaces)
[heat/(volume x time)], or (power/volume)
48.1 The SI unit for this quantity is the watt per cubic metre (W/m3),

48.2 Other metric units are:
calorie per cubic centimetre second [cal/(cm3 s)}
kilocalorie per cubic metre hour [kcal/(m3 h))
The conversion factors given below refer to the International Table calorie. (See 36.6 for othér calories).
1 cal/{cm3s) = 4.1868 x 106 W/m3
1 kealj(m3 h) = 1.163 W/m?
48.3 A similar imperial unit is:
British thermal unit per cubic foot hour [Btu/(ft3 h)]
1 Btu/(ft3 h) = 10.3497 W/m?3

For interconversion factors for the above units see Table 48.

Table 48. Heat release rate

Exact values are printed in bold type.

watt per cubic calorie*/cubic kilocalorie */cubic British thermal
metre centimetre second metre hour unit/cubic foot hour
W/m3 calf(cm3 s) keal/(m3 h) Btu/(ft3 b)

1 watt per cubic metre =| 1 0.238 846 x 10-6] 0.859 845 9.36é 11x10-2
W/m3 :

1 calorie* per cubic ‘ '
centimetre second =| 4,1868 x 106 1 3.6 <106 4.04i 33x 105
cal/(cm3 s) .

1

1 kilocalorie* per o
cubic metre hour =| 1.163 2777 18x10-7 | 1 0.11% 370
kcal/(m3 h) |

1 British thermal unit
per cubic foot hour =| 10.3497 2471 99%x10-6 | 8.899 15 1

Btu/(ft3 h)

* This refers to the International Table calorie. For other calories see 36.6.
1 W/em3d = 106 W/m3 » | MW/m3.

49. Thermal diffusivity (area/time) -

The SI unit of thermal diffusivity (which is thermal conductivity divided by heat capacity per unit volume)
is the metre squared per second {m2/s).

Since kinematic viscosity 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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Appendix A
Commentary on imperial and metric systems of measurement and units

A.1 Development of units. In the past, units have evolved in a haphazard manner to meet the basic measure-
ment requirements of early and often unconnected societies. With improvement in communications and
extension of trade it became necessary o standardize the units in use and also to establish the relationship
between existing units used to measure the same physical quantities. Often, as this latter process developed,
the numerical factors relating one such unit to another were cumbersome and difficuit 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 of length, but 1 acre is 4840 square
vards and | UK gallon is 0.160 544 cubic feet).

As science and technology developed, many 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 difficult to remember and inconvenient 1o 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 quantitics used in science and technology are related
to one another by certain mathematical or physical laws. For example, arex equals length multiplied by
length, velocity equals length divided by time, force equals mass multiplied by acceleration, momentum
equals mass multiplied by velocity.

In a coherent system of units, the units uscd to measure the various physical quantities are consistent
with these physical laws. A minimum number of independent physical quantities are arbitrarily selected
and base units are defined for these. Units for all otlier physical quantities can then be derived in accordance
with 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 length, 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 further development of science and technology, certain * systems * of units came into use, (for exampie
the foot-pound-second system and the centimetre-gram-second system). While the base units concerned
were clearly defined, the totat extent of cach of these systems and also units for some physical quantities
were in cert&im 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 base 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
asa* 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 many
engineering calculations.

There are two other systems based on imperial units used in some sections of industry which are dynamically
coherent. The first is a variant of the foot-pound-second system which has the poundal as its force unit.
The poundal acting on a mass of one pound produces an acceleration of unity (1 foot/second?). The other
is the foot-slug-second system in which the mass unit is the slug (=32.2 Ib approximately) and the force
unit the pound-tforce. Again, the acceleration produced 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 base units had to be introduced and
the corresponding units that came about in copjunction with these imperial systems were frequently non-
coherent. Furthermore. 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, inchand yard,
and the pound and ton. In the measurement sensc these units all form part of the imperial system.

WS
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 SI base unit of mass, the kilogram.
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The UK Weights and Measures Act, 1963. makes thesc definitions valid 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.

T'here are marked differences between some subsidiary units of mass used in the UK and US systems,
notably in the *long " and * short’ tons und hundredweights. These differences arise from ditterent whole
number relationships between units.

There are also marked differences between the subsidiary units of capacity used in the UK and US systems.
These differences arise both 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 to be distinguished are denoted by
the use of prefixes, for example:

UK gallon, symbolized by UK gal
US gallon, symbolized by USgal

This notation is similar to one adopted by the International Organization for Standardization (ISO). 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 measurcment. 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 of 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 to 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 numerica!l values, and enabled the different-sized units to be memorized and converted
with ease.

A.6 Metric systems (in science and technology). In technology, as at present and taking all countries into
account, probably the most widely used metric system is one in which the base units for length, mass and time
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 (sometimes described
as a * metric technical unit of force ’), and because this force acting on a mass of ! 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 (SI),
mentioned below.

There are other metric systems still in use in some sectors of industry and science whiclh 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 the 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. It 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 quantities 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 forms, and the watt as the unit of power.

A.] The International 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 include 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 a
coherent system of units both in science and technology.
The base and supplementary quantities, and their units (defined in BS 3763) are:

Quantity Name of unit Symbot
Length metre (Base) m
Mass kilogram v kg
Time second " s
Electric current ampere ' A
Thermodynamic temperature  kelvin ' K
Amount of substance mole v 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 kilogram,
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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: 0 to 12 inches)

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

feet to metres

metres to feet

feet and inches to metres

yards to metres

metres to yards

miles to kilometres

kilometres to miles

Area

square inches to square centimetres
square centimetres to square inches
square feet to square metres

square metres to square feet

square yards to square metres
square metres to square yards
acres to hectares

hectares to acres

square miles to square kilometres
square kilometres to 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 metres to cubic yards

Cubic fect to UK gallons

UK gallons te cubic feet

Cubic feet 1o litres (1901)

Litres (1901) to cubic feet

UK gallons to litres (1901)

Litres (1901) 10 UK gallons

UK fluid ounces to miltilitres (1901)
Millilitres (1901) to UK {luid ounces
*UK gallons to litres

*Litres to UK gallons

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

Second moment of area

inches4 to centimetres4
centimetres? to inches*

Angle
degrees, minutes and seconds to radians
radians to degrees, 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 (avoir) to grams
grams to ounces (avoir)
pounds to kilograms
kilograms to pounds
UK tons to tonnes
tonnes to UK tons
pounds to UK tons
UK tons to pounds

Mass per unitlength

pounds per foot te kilograms per metre
kilograms per metre to pounds per foot
*pounds per inch to kilograms per metre
*kilograms per metre 10 pounds per inch

Mass per unit area

*ounces (avoir) per square yard to kilograms per
square metre

*Kilograzns per square metre tu ounces (avoir) per
square yard

Density

pournds per cubic foot to kilograms per cubic metre
kilograms per cubic metre to pounds per cubic foot
pounds per UK gallon to grams per millilitre (1901)
grams per millilitre (1901) to pounds per UK gallon
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Force

pounds-force to megadynes
megadynes to peunds-force
*kilograms-force to newtons
*newtons to kilograms-force
*pounds-force to newtons
*newtons to pounds-force
*UK tons-force to 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
per square metre
kilograms-force per square metre to pounds-force
per square foot ;
UK tons-force per square inch to kilograms-force
per square millimetre
kilograms-force per square millimetre to UK tons-
force per square inch
UK tons-foree per square foot to tonnes-force per
square metre
; tonnes-force per square metre to UK tons-force per
square foot
pounds-force per square inch to millimetres of
mercury
millimetres of mercury to pounds-force per square
inch ‘
sillimetres 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 metre ‘
*meganewtons per square metre to UK tons-force
per square inch
*pounds-force per square inch to kilonewtons per
square metre
*kilonewtons 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
*kilonewtons 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
*Kkilonewtons per square metre to inches of water

Work, energy

foot pounds-force to joules

joules to foot pounds-force

foot pounds-force to kilogram-force metres
kilogram-force metres to foot pounds-forca
*kilowatt hours to megajoules
*megajoules. to kilowatt hours

Power

horsepower to kilowatts
kilowatts to horsepower

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/ib to kcal/kg
kcal/kg to Btu/lb
*Btu/lb to kJ/kg
*kJ/kg to Btu/lb

Calorific value (volume basis)

Btu/ft3 to kcal/m3

kcal/m3 to Btu/ft3

*Btu/ft3 to kJ/m3

*kJ/m3 to Buy/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/ft3 degF to kcal/m3 degC
kcal/m3 degC to Btu/ft3 degF
*Btu/ft3 deg F to kJ/m3 degC
*kJ/m3 deg C to Btu/ft3 degF

Intensity of heat flow rate

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

*W/m2 degC to Btu/ft2 h degF W/m degC to kcal/m h degC

‘ Btu/ft h degF to kcal/m h degC
kcal/m h degC to Btu/ft h degF
Btu/in/ft2 h degF to kcal/m h degC
kcal/m h degC to Btu in/ft2 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. I ameon
BS 1957  Presentation of numerical values (fineness of expression; rounding of numbers) Jul 1A
BS 3763  The International System of units (SI)
BS 5555  Specification for SI umits and recommendations for the use of their multiples and of certain other units
BS 5775  Specification for quantities, units and symbols
Part 0. General principles
Part 1. Space and time
Part 2. Peniodic and related phenomena
Part 3. Mechanics
Part 4. Heat
Part 5. Electricity and magnetism
, Part 6. Light and related electromagnetic radiations
Part 7. Acoustics
Part 8. Physical chemistry and molecular physics
Part 9. Atomic and nuclear physics
Part 10. Nuclear reactions and ionizing radiations
Part 11, Mathematical signs and symbols for use in the physical sciences and technology
Part 12. Dimensionless parameters
Part |3. Solid state physics
PD 5686  The use of Sl units
S| — The International System of Units. HMSO (4th edition 1982)
Changing to the metric system. Conversion factors. symbols and definitions. HMSO (5th edition 1979)
B3. Some other British Standards containing conversion information
British Standard Title
BS 718 Density hydrometers and specific gravity hydrometers
BS 860 ~ Tables for comparison of hardness scales
BS 874 Methods of determining thermal properties, with definitions of thermal insulating terms
BS 947 Universal system for designating linear density of textiles (Tex system)
BS 1797 Tables for use in the calibration of volumetric glassware
BS 2520 Barometer conventions and tables
BS 2856 Precise conversion of inch and metric sizes on engineering drawings
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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 abbreviation

ati

AU

bar

bbl

bbl (dry)
Btu
Btu,con
Btugo/ 61
bu

c

c

°C

cal

calir
cal,,
Calls

cd

ch
C.H.U
cl

cm

cP

cSt

ctl

‘ cumec’
‘ cusec’
Ccv

cwt

d

d

da
deg
dm

dr

dry qt
dyn
erg

Name of unit or prefix, where appropriate

ampere

dngstrém

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 Celisius

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 reference

A7
2.3
33
1.1
9, note 2
32.6
327
32.6
327
2.3
322
4.6.3

4.6.4

36.6

36.6

36.6

4.6.2, 4.6.4
1.1

12.1

38.2

36.6

36.6

36.6

36.6

A7

37, footnote
36.6

43

22

342

352

14.5

23, footnote
23, footnote
37, footnote

"14.5

9.3
1.1
L1
385
22
14.5
4.6.4
28.2
36.2



Symibol or abbreviation
°F

f

fl dr
fl dr
fl oz
Fm

ft

ftH ,O
G

g

£

£n

Gal
gal
gi
gon
gr

h

h

ha
hbar
hi

hp
hp h
Hz
in
inHg
inH 2'0

kg
kef
kip
km

kn

kp
‘kesi’
kW
kW h

lb
1bf
lig dr
lig oz
lig pt
liq gt
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Name of unit or prefix, where appropriate

degree Fahrenheit

femto (prefix)

fluid drachm

fluid dram (US})

fluid ounce

Festmeter (German)

foot

conventional foot of water
giga (prefix)

gram

acceleration due to gravity
standard acceleration due to gravity
grade

galileo (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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Textual reference

383
1.1

4.6.1

463

4.6.1

4.4

2.5
32.5

100 S
142 . i
134 ¢+ o
134 -

13 D

13.2

4.6.1
4.6.3
7.3

14.5
1.1

9.3
3.3
33
43
373

36.5
12.1

25

325
3255

36.1
38.1

1.1
14.1

28.2
28.3

2.2
10.5

28.2
324
371

36.3

43

14.4
28.3

4.6.3, footnote
4.6.3, footnote
4.6.3

46.3

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

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 angle)

87
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Textual reference

28.3
14.3
4.6.1
4.6.1
4.6.1
4.6.3
37.1

24

7.2

7.2

7.2
38.2t0 38.5
14, note 1
1.1

325

2.2

14.2

2.6

43

2.2

9, note |
7.1
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General index

The names of the quantities, subjects, units and prefixes to 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 notes

absolute (pressure) 32.7 —
acceleration 13 13
acceleration, standard 2 13.4 13
acre 34 3a
acre per pound acre/lb 17.3 17
ampere A Al —
angle, plane 7 7
angle, right L 7.1 7
angle, solid 8 -
amgstrom 23
angular momentum 27 —
angular velocity 11 11
apothecaries’ units 14.5 —_
are a i3 —
area 3 —
area, first moment of 5 4a, 4c
area, second moment of 6 6
area per unit capacity 18 18
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 32b
atmosphere, technical at 326 32a, 32b
atmosphere, technical (absolute, German)  ata 32.7 —
atmosphere, technical (gauge, German) atié 32.7 —
atomic mass unit u 14.3 —
atto a 1.1 la
avoirdupois units 14.5 14a, 14b, 14c
bar bar 32.2 325
barn 33 —
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 {dyn/cm?2) 322 —
billion 1.2 16
British thermal unit Btu 36.6 36b
British thermal unit, International Table Btuyy 36.6 36b
British thermal unit, mean Btug,ean 36.6 —_
British thermal unit, 60 °F Btugo/ 61 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/ft3 40.3 40a, 40b, 40c
British thermal unit per cubic foot

degree Fahrenheit Btu/(ft3 °F) 43.4 43
British thermal unit per cubic foot hour Btu/(ft3 h) 48.3 48
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Symbol

Textual reference
and important notes

General index

Table reference

British thermal unit per foot hour degree
Fahrenheit

British thermal unit per hour

British thermal unit per pound

British thermal unit per pound degree
Fahrenhéit

British thermal unit per square foot hour

British thermal unit per square foot hour
degree Fahrenheit

bushel (UK)

bushel (US)

bushel, international corn

cable-length

calendar year

calorie

calorie, dietitians

calorie, International Table

calorie, kilogram-

calorie, thermochemicat

calorie, tonne-

calorie, 15°

calorie per centimetre second kelvin

calorie per cubic centimetre second

calorie per second

calorie per square centimetre second

calorie per square centimetre second kelvin

calorific value, gases, with differing
reference conditions

calorific value, mass basis

calorific value, volume basis

candela

capacity

carat, metric

Celsius, degree

cental

centl

Centigrade

Centigrade heat unit

centilitre

centimetre

centimetre cubed

centimetre per second squared

centimetre second kelvin per calorie

centimetre to the fourth

centipoise

centistokes

chain

chain, engineers’

chain, Gunter’s

cheval vapeur (metric horsepower, French)

coefficient, heat transfer

concentration

conductance, thermal

conductivity, thermal

Btu/(ft h °F)
Btu/h
Btu/lb

Btu/(1b °F)
Btu/(ft2 h)

Btu/(ft2 h °F)

bu

a
cal

calyr
caly,

calys

cal/(cm s K)
cal/{cm3 s}
cal/s
cal/{cm2 s)
cal/(cm2 s K)

cd

CM (see 14, note 2)
°C

ctl

c

C.H.U

cl

cm

cm3

cm/s?

cm s K/cal
cm4

cP

¢St

CV,ch

89

46.4
374
39.3

414
443

45.4

4.6.1 and note 3
46.2, 4.6.4

14.6 and note 6

2.6 and note 16
9.4, footnote
36.6

see 36.6

36.6

see 36.6

36.6

see 36.6

36.6

46.3

48.2

374

44,2

453

40.4

39

40

A7

4

14.3
38.2
14.5

1.1

see 38.2
36.6

4.3

2.2

52

13.2

47, note
6

34.2
352

2.5

2.6

2.5, note §
37, footnote
45

20

45

46

&
&

366
use 366
36b
use 365
36b
use 366
366

46

48

37

44

45

40b, 40c¢
39
40a, 405, 40c

4a, 4b, 4c, 4d
145

38

la

use 4a, 4b, 4¢
use 2

use 4a, 4c
13

47

6

34

35

2

2

37

45

20

45

46
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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 cm3 4.2 use da, 4¢
cubic decimetre dm3 42 4q, 4b
cubic foot ft3 4.5 4a, 4b
cubic foot per hour ft3/h 23.3 23
‘cubic foot per pound ft3/1b 21.3 21
cubic foot per second ftd/s 23.3 23
cubic foot per UK ton ft3/UK ton 21.3 21
cubic inch in3 4.5 4q, 4b, 4¢
cubic inch per pound in3/lb 21.3 21
cubic metre m3 4.1 4aq, 4b
cubic metre per hour mi/h 23.2 23
cubic metre per kilogram m3/kg 21.1 21
cubic metre per second mi/s 23.1 23
cubic millimetre mm3 4.2 4c
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 93 —
deca da 1.1 la
deci d 1.1 la
decimetre dm 22 use 2
deg deg 38.5 —
degree Celsius °C 38.2 38
-degree Fahrenheit °F 38.3 38
degree (of angle) ¢ 72 7
degree per minute °/min 11.2 11
degree per second °ls 11.2 11
degree Rankine . °R 384 38
denier 152 -
density 19 19
density, linear 15 15
density, relative 19, footnote —
diffusivity, thermal 49 see 35
drachm {(apothecaries’, UK) 14.5 14b

" drachm, fluid (UK) UK fldr 4.6.1 4c, 4d
dram (apothecaries’, US) 14.5 -—
dram (avoirdupois) dr 14.5 14b
dram, fluid (US) fldr 4.6.3 4d
dram, liquid (US) liq dr 4.6, footnote 44
dynamic viscosity 34 34
dyne dyn 28.2 28
dyne per centimetre dyn/cm 31.2 —
dyne per square centimetre dyn/cm?2 322 —

em 2.6 and.note 13 —
energy 36 36a, 366
energy, specific 39 39
Engler degree 35.5 —
enthalpy, specific 39.1 39
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‘Term Symbol Textual reference Table reference
and important notes

entropy, specific 42 - see 41
ephemeris second 92 C =
erg erg 36.2 —_
Fahrenheit, degree °F 383 33
fathom 2.6 2
femto f 1.1
Festmeter (German) Fm 4.4 4b
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 ft3 5.3 4a
foot hour degree Fahrenheit per British

thermal unit ft h “F/Btu -— -47
foot of water ftH,0 325 32c ,
foot per minute ft/min 10.4 10
foot per second ft/s 10.4 10
foot per second squared ft/s2 133 13
foot poundal ft pdl 36.5 36a
foot pound-force ft 1bf 36.5 36a, 365
foot pound-force per pound “ft 1bf/tb 393 39
foot pound-force per pound degree

Fahrenheit ft 1bf/(1b °F) 41.4 41
foot pound-force per second ft Ibf/s 373 37
foot squared per hour ft2/h 354 35
foot squared per second ft2/s 35.4 35
foot to the fourth ft4 6 6
force 28 28
force per unit length 31 —
frequency 12 —
frigorie 36.6 use 36h
furlong 2.5 2
gal Gal 13.2 13
galileo Gal 13.2 13
gallon (UK) UK gal 4.6.1 4b, 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 UKgal/lb 21.3 21
gallon (UK) per second UK gal/s 233 23
gallon (US) USgal 4.6.2,4.6.3 4b, 4d
gallon (US) per mile USgal/mile 24 24a
gamma Y 14.2, note | —_
gauge (pressure) 32.7 —
giga G 1.1 la
gill (UK) 4.6.1 4d
gill (US) gi * 46.3 4d
gon gon
grade [ e f 7.3 7
grain gr 14.5 14b
grain per cubic foot gr/ft} 20.2 20
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Term Symbol Textual reference Table reference
‘ and important notes

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 g/cm3 19.2 19
gram per cubic decimetre g/dm3 20.1 20
gram per litre g/l 20.1 20
gram per millilitre g/ml 19.2 19
gram per square metre g/m2 16.2 16
gravity, specific 19, footnote —
gravity, standard £ 134 13
hand 2.6 and note 14 -—
heat 36, 36.6 360
heat capacity (volume basis) 43 43
heat content (volume basis) 40 40a, 406, 40¢
heat flow rate, intensity of 44 44
heat flux density 4 44
heat release rate 48 48
heat transfer coeflicient 45 45
hectare ha 33 3a
hectare per kilogram ha/kg 17,2 17
hecto h 1.1 la
hectobar hbar 33 32a

. hectolitre hi 43 see 4a, 4
hertz Hz 12.1 —
horsepower hp 37.3 37
horsepower, metric see 37.2, footnote 3712 37
horsepower hour hp h 36.5 36a, 366
hour h 9.3 —
hundredweight cwt 14.5 14c
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 325 325, 32¢
inch of water, conventional inH,0 32,5 32c
inch per second in/s 10.4 10
inch squared per hour in2/h 354 35
inch squared per second in2/s 354 35
inch to the fourth in4 6 6
inertia, geometrical moment of 6 6
inertia, moment of 25 25
intensity of heat flow rate 4 44
inverse second sl 12.1, 12.2 -
IPTS - 68 38.6 —_
iron 2.6, note 10 —
joule J 36.1 36a, 366
joule, absolute J 36.1 36a, 36b
joute, international 36.1 —
joule per cubic metre J/m3 40.1 404, 40b, 40¢
joule per cubic metre degree Celsius J/(m3°C) 432 43



BS 350 : Part1: 1974

General index
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joule per cubic metre kelvin J/(m3 K) 43.1 43
joule per kilogram J/kg 39.1 39
joule per kilogram degree Celsius J/ (kg °C) 41.2 use 41
joule per kilogram kelvin J/i(kg K) 41.1 41
kelvin K 38.1 38
kilo k 1.1 la
kilocalorie per cubic metre kcal/m3 - 40.2 40a, 40b, 40¢
kilocalorie per cubic metre hour kcal/(m3 h) 48.2 48
kilocalorie per cubic metre kelvin kcal/(m3 K) 433 43
kilocalorie per hour kcal/h 374 37
kilocalorie per kilogram kcal/kg 39.2 39
kilocalorie per kilogram kelvin kcal/(kg K) 413 41
kilocalorie per metre hour kelvin kcal/(m h K) 46.3 46
kilocalorie per square metre hour kcal/(m2 h) 4.2 44
kilocalorie per square metre hour kelvin kcal/(m2 h K) 45.3 45
kilogram kg 14.1 14a
kilogram-force kgf 28.2 28
kilogram-force metre (energy) kgf m 364 36a
kilogram-force metre (torque) kgf m 30.2 30
kilogram-force metre per kilogram kef m/kg 39.2 39

(kp m/kg)
kilogram-force metre per kilogram kelvin  kgf m/(kg K) 413 41
kilogram-force metre per second kgf mfs 37.2 37
kilogram-force per square centimetre kgf/cm? 323 32a, 326
kilogram-force per square metre kgf/m2 323 32¢
kilogram-force per square millimetre kgf/mm2 33 324, footnote
kilogram-force second per square metre kgf s/m2 343 34
kilogram metre squared kg m2 25.1 25
kilogram millimetre squared kg mm2 25.2 25
kilogram per cubic metre (density) kg/m3 19.1 19
kilogram per cubic metre (concentration)  kg/m3 20.1 20
kilogram per hectare kg/ha 16.2 16
kilogram per hour kg/h 222 22
kilogram per metre kg/m 15.1 15
kilogram per metre second kg/(m s) 4.1 see 34
kilogram per second kg/s 2.1 22
kilogram per square metre kg/m?2 16.1 16
kilometre km 22 see 2
kilometre per hour km/h 10.3 10
kilometre per litre km/l . 24 24b
kilopascal kPa 321 see 32a, 32b, 32¢
kilopond kp 282 28
kilopond metre (energy) kpm 36.4, footnote 36a
kilopond metre (torque) kpm 30.2 30
kilopond per square centimetrc kp/cm? 323 32a, 32b
kilopond per squarc metre kp/m2 see 32.3 32c
kilowatt kw 37.1 use 37
kilowatt hour kW h 36.3 36a, 365
kinematic viscosity 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 39
length 2 2
light year Ly. 23 —
ligne 2.6 and note 12 —
line 2.6andnotes11,12 —
linear density 15 s
linear velocity 10 10
link 26 —
litr: i 43 4a, 4b, 4c
litre (1901) 43 4q, 4b, 4c
litre atmosphere 364 36a
litre per hour I/h 23.2 23
litre per hundred kilometres 1/100 km 24 Fig. |
litre per kilogram I/kg 21.2 21
litre per kilometre Ifkm 24 24a
litre per minute l/min 23.2 23
litre per second Ifs 23.2 23
mass 14 14a, 14b, 14c
mass per unit area 16 16
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 2.1 32a
metre m 2.1 2
metre cubed m? 5.1 4a
metre hour kelvin per kilocalorie m h K/kcal — 47
metre kelvin per watt m K/W 47 47
metre of water mH ,0 325 see 32a
metre per second m/s 10.1 10
metre per second squared m/s2 13.1 13
metre squared per hour m2/h 353 35
metre squared per second m2/s 35,49 35
metre to the fourth m4 6.1 6
metric carat (see 14.3, note 2) 14.3 145
metric horsepower (see 37.2, footnote)  37.2 37
metric system, commentary on Appendix A —_
micro 1 i.1 la
microgram ug 4.2 use 145
micro-inch Hin 2.6 use 2
microlitre pl 43 use 4¢
micrometre pum 2.2 use 2
micron pum 22 use 2
micron (pressure unit) umHg (p) 325 use 32¢
microsecond ps 9, note 1 —_
* mil *, circular (of area) 3.5 and note 2 3b
*mil * (of angle) mil 7, note 2 —
“mil” (of length) mii 2.6 and note 8 2
*mil” (of volume) 4.4 4c
mile mile 25 2
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mile, international nautical n mile 2.3 2
mile, statute mile 2.5 and note 6 2
mile, telegraph nautical 2.6 —
mile, UK nautical 2.6 and note 16 2
mile per gallon (UK) mile/UKgal 24 24) and Fig. |
mile per gallon (US) mile/USgal 24 24b and Fig. |
mile per hour mile/h 10.4 10
milli m 1.1 la
millibar mbar (mb) 32.2 and footnote 325, 32¢
milligal mGal 13.2 13
milligram mg 14.2 use 145
milligram per square centimetre mg/cm? 16.2 i6
milligram per square millimetre mg/mm2 16.2 16
millilitre ml 4.3 4c
millimetre mm 22 use 2
millimetre cubed mm3 5.2 use 4a
millimetre of mercury, conventional mmHg 32,5 32¢
millimetre of water, conventional mmH ,0 32.5 32¢, footnote
millimetre to the fourth mm¢ 6 6
million 1.2 16
millisecond ms 9, note | —_
minim (UK} UKmin 4.6.1 4c, 4d
minim (US) 46.3 4d
minute (of angie) 7.2 7
minute (of time) min 9.3 —
modulus of section 5 da
mole mol A7 —
moment, first, of area 5 4a
moment, geometrical, of inertia 6 6
moment of force 30 30
moment of inertia 25 25
momentum, angular 27 —
momentum (linear) 26 —
month 9.4 —
nano n .1 ia
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 31.1 —
newton per square metre N/m2 32.1 32a, 32b, 32¢
newton per square millimetre N/mm? 33 32a
newton second per square metre N s/m2 341 use 34
number I la, 1b
ounce (apothecaries’ UK) oz apoth 14.5 146
ounce (apothecaries’ US) oz ap 14.5 14b
ounce (avoirdupois) oz 14.5 146
ounce, fluid (UK) UKfl oz 4.6.1 4c, 4d
ounce, fluid (US) USfl oz 4.6.3 4c, 4d
ounce, liquid (US) liq oz 4.6.3, footnote 4c, 4d
ounce-force ozf 28.3 28
ounce-force inch oz in 303 30
ounce inch squared oz in2 253 25

95



BS 350 : Part1:1974

General index

Term Symbeol Textual reference Table reference
and important notes
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) oztr 14.5° 14b
ounce troy (US) ozt 14.5 14b
parsec. pc 23 —
pascal Pa 32.1,33 32a, 32b, 32¢
pascal second Pas 34.1 34
peck (UK) 4.6.1 4d
peck (US) pk 4.6.4 4d
perch 2.6 and note 15 —
Petrograd standard 4.6, note 4 -
Pferdestirke (metric horsepower, German) PS 37, footnote 37
pico p 1.1 la
pitze pz 322 —
pint (UK) UKpt 4.6.1 4b, 4d
pint, dry (US) 4.6.4 4a, 4d
pint, liquid (US) lig pt 4.6.3 4b, 4d
plane angle 7 7
point 2.6 and note 9 —
poise p 4.2 .
poiseuille (French) Pl 34.1 —
pole 2.6 and note 15 —
pond (gram-force, German) p see 28.2 —
pound ib 14.4 14a, l14c
pound foot squared 1b f12 25.3 25
pound-force Ibf 28.3 28
pound-force foot 1bf ft 303 30
pound-force hour per square foot 1bf h/ft2 34.3 34
pound-force inch Ibf in 30.3 30
pound-force per square foot ibf/ft2 324 32c
pound-force per square inch ibf/in2 (p.s.i.) 324 324, 32b
33 32a, 32b
pound-force second per square inch Ibf s/in2 34.3 —
pound-force second per square foot 1bf s/ft2 343 34
pound inch squared Ib in2 25.3 25
pound per acre Ib/acre 16.3 16
pound per cubic foot 1b/ft3 19.3 19
pound per cubic inch Ib/in3 19.3 19
pound per foot 1b/ft 153 15
pound per foot hour 1b/(ft h) 343 see 34
pound per foot second Ib/(ft s) 34.3 34
pound per (UK) gallon Ib/UKgal 19.3 19
pound per {US) gallon Ib/USgal 19.3 19
pound per hour Ib/h 223 22
pound per inch Ibfin 15.3 15
pound per mile Ib/mile 15.3 15
pound per second 1b/s 22.3 22
pound per thousand square feet 1b/1000 ft2 16.3 16
pound per yard Ib/yd 15.3 15
pound troy (US) 14.5 —
poundal pdl 28.3 28
poundal foot pdi ft 303 30
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poundal per square foot pdl/ft2 324 32a
poundal second per square foot pdl s/ft2 43 M
pounds-force per square inch {(absolute) ps.i.a 3217 —
pounds-force per square inch (gauge) p-si.g 32.7 —
power 37 37
pressure 32  32a, 32b, 32¢
quadrillion 1.2
quart (UK) UKqt 4.6.1
quart, dry (US) dry qt 464
quart, liquid (US) liq gt 463
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 11.1 11
Rankine, degree °R 384 38¢
Raummeter (German) Rm 4.4 use da, 4b
Redwood number 358.5 —
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) r/min 12.3 —
revolution per second rev/s

(angular velocity) r/s 15.2 I
revolution per second rev/s

(rotational frequency) /s 12.2 —
‘reyn’ 34.3, footnote —
right angle L 7.1 7
rod 2.6, note 15 —
rood 3.4, note 1 3a
rotation, speed of 11, footnote —
rotational speed 11, footnote —
rotational velocity 11, footnote —
Saybolt scale 35.5
Scale, International Practical

Temperature, of 1968 IPTS - 68 386 -
scruple (apothecaries’) 14.5 —
second (of angle) " 7.2 7
second (of time) 5 9.1 —
second, ephemeris 9.2 —
second, inverse sl 12.1, 12.2 —
section, modulus of 5 4a
short hundredweight sh cwt 14.5 14c
short ton sh ton 14.5 14c
slug 14.6 and note 5 14a
slug hour per foot second squared slug h/(ft s2) see 34.3 use 34
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Table reference

slug per foot second

solid angle

specific energy

specific entropy

specific gravity

specific heat

specific heat, volume basis

specific heat capacity

specific latent heat

specific surface

specific volume

speed

speed, rotational

square centimetre

square centimetre per milligram
square decimetre

square foot

square foot hour degree Fahrenheit

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

square foot (thousand) per pound

square inch

square kilometre
square metre

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

square mile per ton
square millimetre
square millimetre per milligram
square yard

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

stére (French)

sthéne {(French)

stokes

stone

stress

surface, specific

technical atmosphere

technical atmosphere, absolute, German

temperature

temperature, thermodynamic
temperature difference
temperature interval

tera

tex

slug/(ft s)

cm?
cm2/mg
dm?

fi2

t2 h °F/(Btu in)
ft2/gal
ft2/oz
1000 ft2/lb
in2

km?

m?

m?/g
m?/kg
m2/i

mile?
mile2/ton
mm?
mm2/mg
yd2
yd?/gal
vd2/oz

am
&n
Sr
st
sn

St

at
ata
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343

8

39

42

19, footnote

41, footnote

43 and footnotes
to 41

41

39.1

17

21

10

11, footnote

3.2

17.2

32

34

18
17.3
17.3
34
32
3.1
17.2
17.1
18
34
17.3
3.2
17.2
34
18
17.3
4.6, note 4
32.6
13.4
8
44
28.2
352
14.5
33
17

326
32.7
38

see 38
38

38

1.1
15.2

34
39
see 41

43
41
39
17
21
10

use 3a
use 17
use 3a
3a

47

18

17

17

3a, 3b
use 3a
3a
use 17
17

18

3a

17

3b, 3a
17

3a

18

17
326
13

use 4a, 4b
use 28
use 35

32a, 32b, 32c
17

324, 32b

38

la
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therm 36.6 —
therm per gallon therm/UKgal 40.3 402
thermal conductance 45 45
thermal conductivity 46 46
thermal difTusivity 49 see 35
thermal resistivity 47 47
thermie th 36.6 use 36b
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 14¢
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 l4c
ton-force tonf 28.3 28
ton-force (US) UStonf 28.3 use 28
ton-force foot tonf fi 303 30
ton-force per square foot tonf/ft2 324 32a
ton-force per square inch tonf/in2 324 32a

33 32a
ton mile UKton mile 24 under 246
ton mile per gallon UKton mile/UKgal 24 under 24b
ton of refrigeration 374 —
ton per cubic yard ton/yd? 19.3 19
ton per hour ton/h 22.3 22
ton per mile ton/mile 15.3 15
ton per square mile ton/mile2 16.3 16
ton per thousand vards ton/1000 yd 15.3 15
tonne t 14.2 14¢
tonne-calorie see 36.6 use 36b
tonne kilometre t km 24 under 24b
tonne kilometre per litre t kmy/1 24 under 24b
torque 30 30
torr 325 326
traffic factors 24 24a, 24band Fig. |
trillion 1.2 b
tropical vear a 9.4, footnote —
troy units 14.5 —_
unit, atomic mass u 14.3 —
* vacuum * values 32,7 —
velocity, angular 11 11
velocity, linear 10 10
velocity, rotational 11, footnote —
viscosity, dynamic 34 34
viscosity, kinematic 35 35
volume, and capacity 4 4a, 4b, 4c, 4d
volume, specific 21 21
volume rate of flow 23 23
Vollwinkel (German) 7, note 3 —
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watt w 371 37

watt per cubic metre W/m3 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 443 4

watt per square metre W/m?2 4.1 44

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

watt per square metre kelvin Wj(m2 K) 45.1 45

week 94 -—

weight 29 14a, 145, 14c
28

work 36 36a, 36b

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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This standard makes reference to the following British standards:

BS 718
BS 860
BS 874
BS 947
BS 1797
RS 1957
BS 2520
BS 2856
RS 3763
P S6R6

Density hydrometers and specific gravity hydrometers

Tables for comparisen 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

Presentation of numerica! values (fineness of expression; rounding of numbers)
Barometer conventions and tables

Precise conversion of inch and metric sizcs on engineering drawings

The International System of units (St

The use of ST units
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