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PREFACE

THE steady support which this book has received
has led, except during the war years, to fairly
frequent reprinting. Because of this, it has been
possible to change the values of individual constants
when necessary and to rectify minor mistakes and
blemishes. Much has changed in the world of physics
in the twenty-odd years since the first cdition, and it
says much for the original choice of contents that it is
still difficult to suggest alternative matter for any of the
tables. However, in the present edition a slight increase
in size has made it possible to undertake a more extensive
overhaul and the opportunity has been seized to include
a short section on the M.K.S. system of units, and to
expand one or two of the tables, notably that of the
stable isotopes. In addition to this, the section on
photometric units has been re-written. These altera-
tions and additions should increasc still further the use-
fulness of this collection  In conclusion, 1 wish to thank
all who have taken the trouble to write to me to draw
my attention to superior determinations, or to mistakes,
or simply to offer advice or criticism.
W.H.J.C.

HeryoT-WATT COLLEGE,
EDpINBURGH
April, 1958
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THE FUNDAMENTAL UNITS OF THE
C.G.S. SYSTEM :

HE fundamental units are those of Length, Mass,
and Time. .

Length (L). The metre, at present an arbitrary unit,
is the distance at 0° C. between two marks on a standard
platinum-iridium bar kept.at Paris. Originally intended
. tobe 107 of the earth quadrant through Paris, it is recog-

nised now that it is only 0-99980 10~7 of the quadrant,
and, moreover, that the definition itself is faulty. The
present more satisfactory definition is that itis 15653164-13
wave-lengths of the red cadmium line, measured in dry
air at 15° C. and normal pressure.

Mass (M). The unit of mass, again arbitrary, although
originally based on the metre (since it was intended to
‘be the mags of a cubic decimetre of pure water at 4°C.),
is the kilogramme. It is & mass of platinum.iridium

kept in Paris. :

E‘ime (T). The unit is the second, 1/86400 of a mean
solar day, which is jtself 4 vather abstract unit: Owing
- to the complicatedenfation of tHevparth it is not easy to.
find an adequagedelnition f $fe, second ; for most
practical . purpeséd it may be baséden the interval be-
tween two ccﬁssiy_e intersections of a fixed star by any
given meril ian, <Fhis _in"oa,rﬁul, ‘known as & sidereal

day, is equdl to 86164 secondls.
" From: these fundamental units-are¥derived the sub-
units :—

Length. Kijometre . (km.), @é%tetre (dm.), centi-
metre (cm.), millilhetre’ (min.). #Also the micron p =
102"5l mm. and the millimicro® uu = 107¢ mm. 1 ang.
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strom unit (A.U.) = -3 em. 1 X.unit (X.U.) = 101
cm. -

Square measure (L?). Square metre (sq. m.), square
centimetre (8q. cm.), ete. 1 Ar = 100 sq. m., 1 Hektar =
10,000 8q. m.

Volume (L3). Cubic centimetre (c.c.), etc. The
practical unit is now the millilitre. The litre (i.e. the
volume of 1 kilogramme of pure water at 4° C.) was
originally intended -to - be 1000 ¢.c., but is now recognised °
to be 1000-028 c.c. 1 c.c. = 0-999972 millilitre.

Mass. Gramme (gm.), decigramme (dgm.}, ecenti-
gramme (cgm.), milligramme (mgm.). In practice
these units are also used as units of force (i.e, Weight).
At gea level, in latitude 45°, a kilogramme under gravi-
tational attraction exerts a force of 980616 dynes, or
1 kilogramme weight.
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GexeraL DEFINITIONS AND UnrTs

Velocity (LT™%). A point which moves with uniform
rate of change of position is said to have uniform
velocity. The unit is a rate of change of position of
1 om. per second. ' ‘ ‘

Angular velocity (T~7), or rate of change of angle. A
rate of change of 1 radian (§7-296°) per second is the unit.

Acceleration (LT-%) or rate of change of velocity.
When the velodity of a point changes at the rate of
1 em. per second per second it is said to experience unit

acceleration. . -

Angular acceleration (T~2): rate of change of angular
velocity. The unit is 1 radian per second per second.

Force (LMT-%). A mass which moves with accelera-
tion is said to be acted upon by & force which is defined
to be the product mass x acceleration. The unit is the
Dyne, that force which, acting upon a mass of 1 gm,,
produces an acoeleration of 1 cm. per second per second.
The practical unit is the gramme weight, 980-616 dynes.
(Sea level, lat. 45°)

Energy or Work (L®MT-%). When a force moves its
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point of applieation in the direction in which the force
is aoting, it i8 said to do work. The work done in this
way by a force of 1 dyne moving over & distance of 1 cm.
is the unit of work, the Erg. The pra,ctmal unit is the
Joule, 107 ergs.

Power (I}MT“’), or the rate at which work is done.
The unit is a rate of 1 erg. per sec. The practical unit
is the Watt, 107 ergs. per sec. (also 1 volt-ampere or
" 1 joule per sec.). 1 horse-pawer equals 746 watta.

Density (ML™®): the mass of unit volume of a sub-
stanoe. A substanoce of which 1 millilitre has & mass of

1 gm. is of unit density. The specific gravity of a sub-
utmco‘ia the ratio of ite density to that of water.

" Preasure (L-IMT-%), When a force is applied not
at & point but over an area the force per unit ares is
known as the pressure. The unit is the dyne per aq. em.
A practical unit for meteorological purposes is the Bm‘,
10% dymes per sq. ¢m. 1 normal atmosphere (0° C

760 mam. Hg, ¢ = 980-665) is equal to 1-01325 bar.

ApsorLUTE ELECTRICAL AND MagNETIC UNITS

Charge. The electro.magnetio unit, EM.U., is the
quantity delivered by unit current in one second (10
coulombs). The electro-static unit, E.S.U,, repels an
equal quantity 1 cm. away in vacuo with a force of
1 dyne (1/3 X 10~* coulomb).

Currens. 1 EM.U., flowing in a circle of radius 1 om.,

exerts a force of 2 dynes on a unit pole at the centre (10
amperes). The ES.U. is a rate of flow equal to unit
eharge per second (1/3 X 10-* ampere).
- Elsélromotbive . force or potential difference. The
EM.U. confers on | E.M.U. charge the power to do 1 erg.
of work (10-* volt). The E.8.U. confers on 1 E.8.U.
charge the power to do 1 erg of work (300 volts).

Resislance. Allows unit EM.F. to produce unit
current. (1 EM.U. = 107° ohm, 1 ES.U. =9 x 1Qu
ohma.} .

Cl ity. The unit is possessed by a conductor on
which unit charge can be placed with the expenditure
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of 1 erg of work. (1 EMU. =10 farad, 1 BSU.
== 19 X 10~ farad.) A sphere of radius 1 cm. has in
. air a capacity of 1 E.S.U. ’

Magnetic pole sirength. 1 EM.U. it possessed by a pole
which repels an equal pole 1 om. away $n vactio with a-
force of 1 dyne.

Magnetic field strength. 1 EM.U. is possessed by a
field which exerts s foroe of 1 dyne on unit pole {1 gausa).
(1L EB.U. = 1/3 x 1071 gaugs.)

Self or mutual induciance. 1 E.M.U. is possessed by -
& conductor in which unit EM.F. is induced by. unit
_ o of current per second (10-* henry). (1. ES.U.
a= 9 X 101 benry.) o " )

Practical units. .

The practical electrical units are the ampere, the volt,
and the ohm. By the Weights and Measures (Elgetrical
Standards) Order, 1949,&&:0& units when defined in
terms of the c.g.s. electromagnetic units are row the
legal ‘units for Great Britain. The working standard
in each case is embodied in an apparatus kept at the
National Physioal Laboratory, Teddington.

The M.K.8. (rationalised) system of units.

A systema of units baged on the metre, kilogramme, and
second is coming into increasing use internationally,
and finds favour because in many cases its units coincide
with existing practical units. Since unit acoeleration
in this system is 1 m. per sec.?, and the unit of mass is
1 kg. the unit of force (the newton) is 10° dynes. The
acceleration due to gravity is 9-81 m. per sec.?, and the
practical unit of force, the kilogramme-weight, is 9-81
newtons. The unit of work or energy is the joule (1
newton-metre). Note that in this system the density
of water is 1000 kg. per m.3.

By adding as a fourth unit one of the practical elec-
trical units it is possible to develop an internally con-
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aym m which the electrical units. are the

, volt, ohm, coulomb, fersd, ;o
- , Wati. By &furtherpostulate that apit

charge and unit pole be associated respectively with

'umtebehmnndumtm&gnehcﬂux (instead of with 4

units) a system of units known as the rationalised

"MEB. system is obtsined, with which many of the
. equations of e[actromngneﬁsm are simplified or nade
" ." more symmetrical and analogies between field theory .
- and cirenit theory and, Between these theories and -

mechanies are emphasised. [ts advantages are especi-
ally great; when dealing with field probiems and mioro-

;. Wave engiheering.

Units

The value in brackets gives the equivalent number of
¢.g:8. electromagnetic units. “

A The constant current which produces a

.~ fares of 2 % 10~ newtons per m. between two parhllel

conductors through which it flows, if these conductors

: ate infinitely long, of neghg:ble ceoss section, and spaoed
. i vacuo 1 m. apart. (1/10.)
Coulomb

. The .total charge transferred when a
current of 1 ampere flows for 1 second. (1/10.)

Volt. A difference of potential of 1 volt exists be.
twesn bwo points if 1 joule of work is done when 1
coulomb is transferred between them. (10%.)

+» Ohm. The resistance of a conductor which
1 ampere when a difference of potential of 1 volt exists
between its ends. (10°)

Unit electric field strength, 1 volt per m. (10%), exists

" at 8 point if the force exerted on 1 coulomb at the point:
is 1 newton.

Unst iotal displacement lor electric ﬁux, Coulomb
(40{10). One umt of total d\splacement is associated
each unit of charge. ‘
~ Unit displacement density. Coulomb per m.? (4w/10°),

_ A densxty of tubes of displacement such that unit charge
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i;diaphoed across unit ares (1 m.3) placed normal to
em

Unit capacitance, Coulomb per valt, Farad (10-°) is
possessed by a conductor if 1 joule of work is
in giving the conductor unit charge. (With the sssump-
tion of the particular unite of force and charge it is
necessary to write the Coulomb equation in the form

F= QlQ:l‘i""‘o’ 1
where «, takes the value 8:854 x 10-!? farad per m.)

Unit magnetic flux, Volt-second, Weber (10‘), is ocut
in a magnetic field in 1 sec. by & straight conductor
maintained perpendiculsr to the flux, and moving with
uniform velocity in a direction perpendicular both to
itself and the flux, if a steady E.M.F. of 1 volt is induced
. -in the conductor. :

Unit magnetic flux dcrmty, Weber per m.* (104).

Unit magnetic pole, Weber (10%/4x), is associsted with
each tube of unit magnetic flux.

" Unit magnetic field sirength, Ampere per m.. (4::/103),
exists at a point in vacuo at which the flux deasity is
47/10” webers per m.?.

Unit self or mutual inductance, Weber per ampere,
henry (10°), is possessed by a conductor when an E.MF.
of 1 volt is induced in it by & rate of change of current
of 1 ampere per see.

Heat Units.

The fundamental heat unit is now f.he joule, 107
The Calorie is the amount of heat required to raise
temperature of 1 gm. of water by 1° C. The 15° calorie
is the amount required to raise the temperature from
14-5 to 16-6° C.

Mechanical equivalent of heat. One 156° calorie equals-
4-1855 joules. One 20° calorie equals 4-1816 joules.



MISCELLANEOUS CONSTANTS

ASTRONOMICAL AND GEODETICAL DATA

PgsrrioNs oF SELEcTED FIXED STARS

-1

lhghtyear==95 X 10%% km,
1 parsec. = 30'8 X 10" km.

Jan. 1, 1958
Distanoce
Neoms. In light- | Right ascension, Deolination,
Yean,
o Ursee Minor (Pole h. m. s e
star) . . . 480 1 54 08 + 89 041
a Tauwri (Aldebaran) 57 ¢ 33 30 + 16 258
B Orionis (Rigel) . 540 5 12 31 - 8 150
‘« Aurigae (Capella) . | . 43, 5 13 35 + 45 b75
o Canis Majoris
(Biriua) . 38 | 6 43 17 — 16 398
a Leonis (Regulus) 56 |10 08 08 + 12 103
o Virginis (8pica) 360 {13 22 58 — 10 56-7-
.| @ Bootis {Arcturus) . 40 |14 13 456 + 19 240
« Scorpii (Antares) . 125 16 26 50 — 26 20-4
o Lyrae (Vega)’ .27 |18 356 31 438 44:3
« Aguilae (Altair) 16 {19 48 44 4 8 454
« Pegagsi (Markab) . 86 |23 02 40 + 14 589
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- CONSPITUTION OF THE ATMOSPHERE
bywuha‘:t by weight at
e lavel, seq lovel,
7560 Nitvogen. 3 10¢ Xendh. -
23405 -Oxygen. 84 10~ Neon.
13 - ki 10-* Helium.

Argou.
0047 Carbon dioxids. 7 10~ Hydrogen.
14 10~ Kryp;n »
Stratosphere begins at approx. 12 km.
Equivalent height of the Heaviside-Kennelly layer
(Region E), 100 km.
Equivalent height of the Appletmn layer (Region F),
230 km.
Mean temperature gradient = 6-5° 0. per km,
Voltage gradient, average value in fine weather == 100
volts per metre.

MiscrLaANROUS CONSTANTS

1° of latitude at the poles = 111-71 km.
1° of latitude at the equator
= 110-56 km.
Constant of stellar aberration
= 2045”7,
Gonstant of earth’s precession
= 50-26’" per year.
Nutation = 8-21”.
- Gravitational constant (G)= 6-670 10~® cm.? gm.~? seo.™,
Length of seconds pen-
dulum (period 2 secs.) = g/r%.
at latitude 45° = 99-367 cm.
" Formula for calculating g at any place -

g = 980-616 — 2-5928 cos (2 X latitude) -
-+ 0-0068 cos® (2 X latitude) — 0-0003 (ht in metres).




— A .vwm«u:.vm

-— -— -] - -— — 1 — |80l 00sg)  omg
o191 oot1 1 | se1| €0T | o¥/%| 0oser |L3T | 800-0 | -mer WNT|P 885 L¥0T| S¥6EH| ¢ oumdey
&8 | es8| 3 | 1| st8 | wU/T{o001g {980 | 1900 |mermor| PeAve | geess -  mmwp
s A i
95|  sworpnv o] 10| €899 | 96/T[000611 {635 | 9900 |Tyr WoOI| P L1 A85] 8aH anyeg
P ] 0107 6 | ¥8-1} %1081 | 91/1[009z51 (81T | 8}00 [ ‘woo We [ PrIe-AT1 | OLLL snplap
osc8s| Lg| 3 | st | 990 |26T/T| e8ty (10T | 0600 éh.mma .ﬂuma%hc_ L1353 T uR
as.lowoss| 1| we| oo |ses/t|vonar 00| too lmoguee | pwcase |ovent * vy
— we| o | ev| 6 | o |oomr|we| w00| wos | worwes |wmsor muwp
- o2 o | oLy |s180 0 | 0008 | 0| 9030 — P 618 | 98L0 Lmony
Y E . | m o | uw » . [
AR R AP IR Bl
gk m mm % m ! m ww g8 | mm M | 58 E
Pl i | (PR PR RO Rl |

L




10

(4ep
AL MG YL PLE= | VIL WeF | Jvum)) .
qjucw (velapiy YGLPLE 0z1 9t 6E-¢ | 301 X 98L |,L3 L9 sL¥E 9 18
xoadde
L L899 E3=ondrpe
0} iogenbe po -omouy
901 @G YO PoOC~
i poreply
Wy 01 X I8¢ = LeTILET
woLVU 0) eoueIF] aer0d
“wWR 001 XL9-GPY= ™ I§ (0¥ 391) 9-99L31
vas 03 GOWESyy | "W 9q G EI P — 919-086 | L19.¢| »0l *86.9 — Ioyunbe —_—
i
i) ]
3="T0 TR $0-0 F 00-3= 0009
Jusysuce repog | N I-6 ‘P 95{¥oadde| 07 X 1-L5 | BE-T | 001X ¥86-1 | 188 | 901 E6E-1 | .99 .2€
“uofI0T . aag - . “IojRurep
0. 1008 "mp | &Yy way . oIy .
‘,3__538.5_:0 «oﬁmﬂom ams | <% ? .nwﬂ Bl T oo Hnﬁouh-

NOOJ GNV HIEVH ‘NAS KHI 10 SLNVISNOD



STANDA.RD TIMES OF THE WORLD 11

120 olock mlddsy (12) at Greenwich. Each oountry
iven with ite oorresponding time according to the
24. our m. Countries which uwse summer time

are prin in italios. .

Purresw Domirions, ¥10.  Seyohelles, 18, : Eritrea, 15
Somaliland, 18. Eathonis, 14
Australia— Btraits Settlements, 19. Fintend, 14,
Nowthern Toezitory, 24} ‘Tunganyika, 15. Fronce, 12.
Rew South Wales, 2. Trinided 8, Germany, 13,
G ‘susland, 23, Ugands, 14} Girosoe, 1.
Bouth Austeslia, 214 Union 8, Afrios, 14 Haddd, 7.
Vieloris, 23, Zanzibar, 15. " Hollond, 124,
Tammeckh, 2. Prox s F » Bondaras, 6.
West Australia, 20, CrAL, - RN Hungary, 18
Barbados, 8 Toeland, 11,
Brit. N. Boraeo, 20. Albanis, 13. Iraq, 15.
Camercons, 13. America, United States— . Jtaly, I4.
Conadg—~— Atlantic Time, 8, Japan, Kores, 21. - .
B of kug. 05°, 8, Enstemn Time, 7. Latvis, 4. -~
Long. 68.-89°, 7. Centiral Tite, 6. Lithnania, 13,
Central, 6. Mountain Time, & Luaxembourg, 12.
W. of long. 103°, 5. P-dﬁc’nme, Moxicn, 6, 4.
Ceyln, 17§ Alasks, 2. Morooos, 12,
Cypems, 14 Argentine, 3. Rorway, 13,
Wi, Anstris, 13, Panamsa, 7.
Gialtar, 18 Bdgiurn, 12. Pary, 7.
Gold Cosst, 12. Braxid, ¥., 8. Poland, 13.
Hong-Kong, 20. Central, 8- Portugal, 12,
Indie {exocept Caloutts), w. 17 Bumanis, 14.
. Bulgaris, 14. Salvador, 6
Jamaion, 7. Ohile, 1. Soviet Russls, 14, \8
15. Ghins, K., Spain, 13
Malay Btates Fed., 1t French Indo-, 18, Sweden, 13.
Makie, 18. Colubia, 7. Switzeriand, 13
Mauciting, 18. Costa Rica, 6 Syria, 14
x-.ui-ul.ﬂ. Gube, 7. Tunis, 13.
Kigeda, 13. Crachoslovakia, 13 Turkey, 14
Paleitias, 14 Deamark, 18. Urageay, 8}
Bhodesls, 14 Dospivivcan, 7. Veoesuals, 7.



