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RATIONALIZATION OF UNITS

V.V.L. Feo

k¥
I. Systems of Units
1. Mechanics: 7 Systems.’
1) F.P.S.g C-G-S'g are all
McKoSe ¥ forms af
2) C°G'S'% ibsolute Systems _ M,T,s,g the 'Metrie
3) M.K.S. | System.
4) F.P.S. |
§ ;
. 5) C.G.S.g Gravitational Systems
L 6) M- K. Su(
7) M.7.8. (Tonne) = 10° kg. = 10° gr.

"9, "Rleetricity and Magnetism.

e.su: The CGS asbsolute electrostatic system.

_e.mu: The CGS absolute electromagnetic system.

Prac: The practical system.
Intérnat.: Tha*Inhefnational system.
G. :'The'Gaussian sy stem |
his : Heavislde-Torentz system.

MIE : The 'MIE' unrationallsed system (German)



11,
12.
13.
14,
15,

2
MIE + The 'MIE' Rationalised system (Cerman)
MKS A : The MKSA unrationalised |
MKSA : The MKSA Rationalised (now known as 'SI' -

- the practical, absolute system).
CGS-Franklin: Unrationallsed,
CGS~Blot : Unrationallsed.
Definitive (Campbell~1933)

Ampere-Ohm(Karapetoff) 1941,

‘The SI: System International

(Accepted in 1960 at the XTI General Conference of

Weights and Measures with six basic units:

Quallty ~© Unit Symbo
Length - Matre ; m
Mass Kilogramme kg
Time Second S
Electric Current Ampere A
Temperatﬁre Degree (Kelvin) OK
Luminbus Intensity Candele - ed

The 'SI' system is the metric system of tomorrow

for Seience, Brglheering and Technology. It unifles the

2 CGS systems and the Practical system,



Rationalised MKSA System {RMKS A)

i

What Tndla adopted in December 1956 is the MKSA. This
1s evident from the definition of 'Ampere' in the Covernment
of India Act. IEC addpted MKSA system in 1950 and thus the
1Battle of Units! required for over 180 years seemed to

be'at ah and,

What is rationalisation?

Rationallsation means the transferring of the ublquitous
factorsw, 2r, 4r from some of the basic equations in electro-
statics and electromagnetics. Any system of units can be
trationalised!. Maxwell and Oliver Heaviside suggested in
léth century that the system of units then in ~vogue were
“"irrational' and hence necds rationalisation. {Quote 0liver-

*Heaviside)
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+S5. Units R.M.K.S. Units

1. M.M.F, of a coll of 4r NI
N turns ' . Amp. turns NI Amp. turns
_ 2 .
+ 2, Inductance of a 4 N7A 4 -9 2A 4B
solenold 1 an 1078 NT— an Henry
3., Capacity of parallel 1A x109F kA F
p?ates drd d
k1l 9 or k1
4, Capacity of ;——?57—)X 107 F e, Farads
concentive 10g{n/T o8

eylinders
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%: /m = /(/u‘{ /(A'n’ where

S absolute permeability;
/l/uo-_-; pgrmeability of free space = ‘.477/107 = 1.287 X10~6H/m:

./MT: relative permeability of the medium (dimensionless)

Flux density product in the medium )

]
Flux density product in free spaoe.‘j

Similarly, € = €, = €,, where

€ = absolute permittivity
) -9 -

€y = permittivity of free space = 10 ° }9,8

. Oxdar 31
. | | = 8,854 x 10" 2p/n

€p = Relative permittivity of the medium (dimensionless’

.’ — ( Permittivity of a medium
. Permittivity of free space.

Note; !/h%: 1, €, = 1 for vacuum or air,

Values of Permeability and Permittivity in different systems

Tgble
hhhhh |— -—--—-—-h&-—_———ﬂ--——--4—u---—-——n—-——tr——w-—n—-n—qn—ﬂ——f—--—no—.——-u——-_.q_.—_.—._p——-————um—n
6.G. 8. Systems M.K.S. Systems
% @.8:u e.m.u | MKS RMKS A
£ :
i . G
1 _ 7 la +7  Permeabllity
: /A~f L. L sec?/cm2 | L(unity) 1077 1:??%g7x of free
¢ 9x1020 ™~ : 10~6 H space
1 10~92| 10-9 Permittivity
o Llunit y)~ | ;9 ——— 3677 of free gpace.
= 1 sec?/end 2 |=g.854x -

9%1020 10-12p/m




The new definition of Ampere (from January 1948)

1The Ampere 1s the strength of the constant surrent
which, flowing through two parallel, rectiiinear conductors
of negligible cirecular cross-section and placed in vacuo
at a distance of one meter from each 6bher, produces between
these two conductors a foree of 2 x 10~7 newtons per meter of

thelr length',

The mechanlcal force

§
, i F=m, I Ip
, per meter length of each% /M“ or d (Amp%geég iguation)
§

conductor; lm long.
1 meter ; /A¢Q§ 47 x 1077 H/m

d

- U

T (in Newtons) =4y x 10~7 x 1 x 1 = 2 x-10"7 N/m
““5;“” ,



The advantages of the Raﬁionalised System

1. A single, coherent, absdlute system.

o, Draws a clear-cut distinction between the unit of mass and
unit of force.

3. Supplies the units formerly missing in the former 'Practical’
System of units.

4. in the R.M.K.8.,, possible to draw simple anslogies.
evg. with heat flow; transmission of sound energy.

5, Puts 2r and 4r wherce they belong.
6. Informative ﬁature of 'BH!' = 4w.times energy (in ergs.)/cu.cm.
In M.K.S. =Joules/cu me
Displacement D in coulombs/me
Flux & in Volt-seconds,(Webers)
first

:
Treatment of electric ity/and then magnetism more rationdl
because all magnetism 1s electrical in origln.

-3

+ 8, It meets the requirements of electrical and radio englneers
in their every day life far better than any alternative.

9, *Using IMTI or LMTQ dimensional system, will avold fractional
indices.

10. Scope fof new ideas in the development of experiments to
‘determine the magnitudes of ju, and €.

11. Brings out that, in vacuo, B and H are differen (both
numerically- and in nature)y also are D apd € in electrostatics)



CHAPTER I

The Force; 'NEWTON'!' IN ELECTRICITY AND MAGNETISM

Contents

g 1. The NeWton'and the Coulomb
( 2. The Newton and the Amnere
3. The Newton and the Voit

4. The Newton and the Electricfield

5. The Newton and the Electron volt
. 6. The Newton znd the Magnetic Induction
¥ 7. The Newton and the Magnetic Pole
) APPENDIX
To

prove that: _Henry _Newton
meter )
dAmpere
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CHAPTER 1 ,
The Forces "EWION' IN ELECTRICLTY AND MAGNETIGHM

' 1.The 'Newton' and the 'Coulomb'. Coulomb is the mnit of

eleotric charge—(Symbol:C). It i1s most easily specified in

tems of the force of repulsion on an identical charge.

Coulemb®s Law states that F yz.. =k 91 dp (1)
=z ’
where,'éi = g constant of proportionality =

o x 10° newton-metres®

=z y 91 and g are in coulombs and
ceulon

"4 in metrex. Then Felec.is in 'newtons?,

Thus, 1f q3 1s a point charge of 1 C and dg 1s also a
point charge of 1 C and d wequals 1 meter, then

F =9 x 10° W, (2)
. glec ﬂ—-iifﬁg‘-ﬂ

9000 million Newtons 1s a tremendous force}ﬂe get en idea of
the very large magﬁitude of the charge; Coulomb, if we
coﬁbare the electrical end gravitational forces between two
one k@ masses that carry a charge of one Coulomb each and

are one meter apart.

_o DL Mg
grav-."G' ) (3)
d .
where G = 6.670 x 1073 Neowtons-metre
_ ~11 1° e
Fyray,= 6467 x 10 1% 26,67 x107 hewton (4)

2 PRI
1
Thus, the electrieal forces are very much gregter than the

gravitational forces gt the same dlstance.

Felee, 9x10°
For o T Ty This ratlo 1s of the order of
Erav. 6,67x10 10%° times




...2...
Therefore, we must conclude that a coulomb is a very,very large
‘charges Most statlc electric charges met with in electrlical work
are of the order of micro—coulombs=(ld"60). fetually, many
statle charges are much smaller, The charge of a proton, which

is the smallest possible charge, 1s only 1;6 X 16_196.

2,The 'Newton' gnd the 'amperc*®. The definition of 'Ampere',the

unit of electric current in the 'SI' system involves the force,
"Wewton', This is quite a novel feature as the force is;
2'x 1077 N/m, This is derived as followss

In the *SI' system; the foree between twe parallel

conductors is

I. I,/ | | -
F:P:szt 6y

‘ or d A
, .where/) = /\Mo v 4y X 10-“7 ' newton ér heury
‘ ampere? meter !
. ! (vide appendix)
: {(in the RMESLH System)
(Note . }k::fif.f\c; _ ; where fA{ 1s the relatine permmbi-
1ity end M, = pemeability of free spacs)} foér alr or vacuum
Mg =10 A4 = JALTI

/ ‘ ;
If, Il.* 12 = 1 amp. and f€, = 1 meter, d = 1 meter

‘ -2 o
Then, F= 44 x 10 7 Newton x 18 x 14 x lw (6)
' ampere r X m

= 2 x 1077 Newton

Thus, ¥he ampere is expressed in tems of the 'meter' and
the 'newton', In practicey the anbere can be established with

the ald of s meter-stick and a spring balancs,




-
The unit of potential difference

3, The 'Newton and the 'Volt'
is the volt-(abbreviateds V), By definition, the p.d. between

two points is given by s (Vg — V1) = Ed

Cvolt] = ggﬁng_} [meter |
- l—Newton_. metar-" [J Jaul
| Coftlomb Coulomb
(4 IJ= Nem) (7
Thus; a volt is a "Joule per couiomb";
sinee, E = ira; L the unit of electric field intensity

c8uld be expressed as a 'volt per meter'.
Thig mesns thagt

newton
‘coulomb meter (8)

Thus, a different unit of 'electric field intensity' is
derived, The abo&e dimensional‘equation does ne} reallj stape

a,new fact, for by cross-multiplying by (meter), we get,

. -Newton., meter
Volt = Coulomb (9)

In many cases, 1t 1¢ preferagble to express an Yelectric field

intensityl in terms of 'volt per meter®, '

For example, if the p.d. between two parallel plates is 100
volts and thelr separation is lOfcm'(O.l meter), than we
atonce spy that the elechric field intensiwy is;

Vo = Vq°
Be 2 Lo 100 3500 4 volts/meter.
d 0.1

or, we can say that the electric field intensity is

‘1000 newtons/coulomb.




i
4, The "Newton' snd the 'electriec field. The electric field

intensity(E) at any point is measured as the force experienced
~per unlt charge piaced at that point. '

woE o= 2 (10)
In the 'S8I' system, since a newton 1s the unit of force and
~a coulomb the unit of electrostatic charge, the unit of
alectric fleld 1ntenéity is a *newton per coulomb',
The electric fieldstrength in any direction 1s also defined as
the potential gradient in the direction

dv

T = o~ ax ‘ (11)

The unit of electrib field will be one volt per mster.
From the above two equations, 1 newton/coulomb = 1 volt/meter.
Electric field intensity éan be expressed either way,

S 'Newton' and the 'electron volt's A unit of energy,
frequentiy used in Physics and Electronics, is the 'electron—

' vol.' Qabbreviateds 'ev'), In this case, the unit of charge

" is the charge of an clectron = 1.8 x 1019 coulopb disregarding
the minus'sign before it, the unit of poteﬁtial is the volt,

fin electron volt can be‘expressed in terms of a joule.

Cev] C1.6 (1019 3 Cv]
1.6°(10719) [Cev]
146 (210719 [y
(" 1-Joul = 1 coulomb x volt) (12)

1

i

IF

Thus, an 'electron volt' =.1.6 x ld"lg.joule, and a "joule is
3

nothing but a 'newton-meter'.

*

t
t
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6. The 'Newton® and 'Megnetic Induction's B, the magnetic

inductidn, a vector quentity, characterises the magnsetic field.
The magnitude of B 1s given b& the equation:

B =t (13)
¢V sin -

where | q 1s the magnitude of the charge, v 1ts veloclty,
the angle Between v and the direction of the magnetic
field, and F, the force acting on a moving charge at the point.

" When F 1s expressed in newtons, q in coulombs, and v in

meters/sec, B will be in “Webers per squalre meter', now called
a 'Egé;gl . Thus, one *Tesla' is the magnetic induction of é
magnetic fleld in which one coulomb of charge, moving wlith a
component of veloclty perpendicular to the field (v sin )
equal to one meter/sec., ls acted on by a foree of one newton.

. 1 Tesla = 1 newton _ 104gauss (14)
: coulomb x mater/sec,

In the 'SI' system, ‘Tesla' (symbol:'T') is the unit of

magnetic induction,

7.The 'Newton* and the 'magnetic pole's In the SI system,

coulomb's law of force between two magnetic poles 1s given bys

F = K.mj mo (
compare this with the coulomb's law for
g 7 electric charges)
whers |
X - (15)
- - (15
: 4 i newton ’
(4 x/’ © ampered
where . .= peméghility of free space = 4y X 16-7 N/Ag
my m
~ F (in newtons) = 172 — (16)

16 1€ x 10™742



‘The oad value of 1 newton, got into the equation
16 72 x 1077 |
in the - 'SI' system because of the value assigned to /- ., the

magnetic space constant

7 N

=(4 ¢ x 10 2 or Henry/meter) | (17)

In eqn, 16, by putting mj = mg = 1 and r = 1, we can define
a 'Weber' as that pole, which repels an equal pole of the same

polarity with a foree of _“,,_JE_ﬂaﬁT newtons, when" $he
' ‘\ 18 1T2X 3.0-

poles are one meter gpart in vacuum. 1 weber=108 maxwells, in

the glectro-magnetic system of units, the coulomb's law is

usually stated as followss—

F(in dynes) = Ol ™2 18)
- (
Ve
= 1, when My =g = l, and d = 1 cm, Then

{
I

where
F*= 1 dyne,

Bventhough the method of radial magnetic field due to
ok 1solated pole is to be replaced in the RMKSA system by the
unil form magnetic field produced by a solenoid in the study of

magnetism, yet the concept of a magnetic pole is useful for an

understanding of this subject.
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HPPENDIX

Henry 7] . ["Newkon
fo prove that . [meter_ mz]

" Henry | = 1 Weber ] [‘ 1 -
[ meterj Mpere| ¥ |_ meter
Volt.,second 1

Ampere

iH

( 1 Weber=lvolt,.sec.)

meter

= Volt.(second x fmpere)’

Ismpere2 . meter

=(Volt.eowlomb)I=fJoule/meter |
”ﬁmperez meter. ’ amplerezn{( 1 JoulesValt.Cowlomb)

y » Mater ., Newton | ' ( ' 1 Joules meter-newton)
meter , ampered

kS [HenryT - [ Newton
o peker _ Ampered
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TIME

(Units apd Scales from microcosmos to
MacTocosSmos )

e

1. Introduction

"Pime 1s the independent variable in the laws of machanics!'.
Though this 1s the best definition that can be given of 'time’,
yet it does not define the idea completely. 1In truth, we know of
no way of defining t{me tabgolutely'. Time will simply e what
it is for all men, viz., an uninterrupted series of successive
moments, each of which corresponds to a numberf‘ The division
of time into years, months, days, hours,.minutes and seconds,

a division consecrated by long usage, corresponds to a numerical
éyétem, which is, in reallty, rather complicated, but appears to
us ag simplg only on nccount of long-established habit., The
astronomer no longer explores a world of 'space! alone but a
four-dimensional structure, which he calls the 'space-time
coptinuum'. To the mathematician, this presents no difficulty
but to most of us these ldeas appearl abstruse because we live im-
a world of passing time in which the past is gone, and the

future is yet to come. We are content with this, because we are

just 1iving in the present.’

X aristoble (384-322 EC) spoke of time as the 'number of motion'.

* teibnitz (1646-1714) said: 'Time 1s the abstract of all
relations, of sequence; space 1s the abstract of all relations
of coexistence. '
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. . 2, UNITS OF TIME

Though the ultimate unlt of time in science and engineering
1s the tsecond!, most prominent among the natural time units are:
. the 'yvear! and the !day'. Bven though their meaning rarely
‘challenges the judgement of a practical person, these simple
units, nevertheless, prove troublesome to the scientist.

tNatural standards! of time are few in number but difficult to

‘certiﬂy.

2.1 The Year

| Roughly speaking, the yéar is the veriod of revolution of
the earth about the Sun, but its length depends upon what is
chosen as the reference for the pericd in questicn, and events are
11lgefined in a universe, in which all bodles move. There are at
Iegst five different 'years'. 7hus, if ore specifies the year to
‘be'the interval between one apparent passage of the Sun through a

‘point"in the sky, fixed with respect to the stars, and another

such passage, he obtalns what is called the SILEREAL YEAR.
Its length is 365 days, 6 hours, 9 months, 9 seconds -
the days, months, hours , minutes and seconds involved here are

mean 'solar units' - (defined below). The TROPICAL YBAR is the

interval between two successive vernal equlnoxes. Its length 1s .
365 days, 5 hours, 48 minutes and 46 seconds. This s an
important unit in our dally life, because it is in unison with
the seasons in nature. The difference between the ‘Sidefeal Year!
and the 'tropical year' was discovered by Hipparchus, the Greek,
in 130 B.C.



CIf the period of the earth's revolution is measured from the
moment at which the earth is closest to the Sun (perihelion) to
"the.ggxt similar moment, the interval thus obtained is the NODAL
YEAR of length: 346 d. 7 h. 53 m. Though this differs wldely

from others, it has a significance as a basls for predicting SOLAR
and LUNAR eclipses. Then, which 1s the 'true year'?

The 1ife of any neople is governed to a greatb extent by the

| calendar and the calendar, in order to be useful, should match
--with the seasons. The most asccurate calendar, as established by

| the scientists recert ly, corresponds to that of the MAYAS of Central
Americd. Though their time of reckdning was based on lines other
than ours, they determined the duration of the year more accurately
than other peovles.

. The followlng table gives the duration of the length of

the year according to different calendars: .
Table 1

1. Julian calendar - 365,250,000 days

2. Gregorian calendar 365,242, 500 ‘day's

3. Mayan calendar - 365,242,129 days

4, Txadt astronomical
‘ year - 365,242,195 days

5, Tropical year of the
modern astronomers

365,242,195 days

6. Civil year ~ 365 day~ (ordinarily)
. 366 days (for a leap vear)

7. Sidereal yecar - 365 days, 6 hrs. 9 minutes,
9 secs. (2 few minutes
longer than the average
ctvil year)




2. 2 The Daz

A day 1is the period of rotation of the earth about 1its
own axis. The basic requirement of a standard of time 1s a
repetitive process, in which a uni form pattern of recurring

features may be recognised. Standards are therefore based on:

1. the rotation of the earthg

2. the oseillation of a free pendulum
or a flab spiral spring;

3. the vibration of a moleeule or a

quarts crystal.
,Forlall these, the main agsumption is constancy of recﬁrrenqe in
interval. _
* Any time based on the rotation of the earth will only be
und form Lf the rate of rotation is uniform and it is now known
that this condition is not exactly fulfilled. Therefore, the
aStféhomers have adopted a new standard called 'EPHEMERIS TIME!
(E.T. ).

Ephemeris Time: The orbital motions of the moon and planets are
used for ephemeris time. It 1s free from the irregularities in
mean solar time caused by the variation in the rate of rotation of
the earth, and is determined in practice as a correction to
Greenwich mean time, which wili bring observations of the right
ascension and declinatlon of the moon into agreement with the

theoretically calculated values. Clocks are pot actually regulated




to ephemeris time; 1t is sufficlent to keep a record of the

corrections necessary. JAean solar time at Greenwich 1s called

“GoMn To

2,3 The Second
( The unit of time is the second. It 1s defined as the

fraction

1 . |
51,556,505, 0747 °F the tropieal year for 1900.

January 0 at 12 h.E.T., This new unit of time is, by defihition;
{nvaretle being a fixed fraction of an unambiguous interval of
time. This 1s élmost what the I.S.I. had adopted in the !'standards
of weight and Measures Act'! 1956; while adopting the metric g stem

in.India. The Act actually defined as followsi~

'A secord means L . of the length of the tropical
31, 656,925,975

“year,for 1900.0, the year commencing at 12.00 hours universal

‘time on the first day of January, 1900°'.

By a resolution of the International Committee of Weights
amd Measures in 1956, the second of 'ephemerils time! becomes the
tSECOND!. A scale of time, based on an alternative natural
standard 1s vrovided hy a continuously running quartz clock,
calibrated with reference to an atomic or molecular resonator.
The frequency of a selected caesium resonance has been
provisionally determined as 9,192,631,770 cycles per ephemeris
second. The caesium sfandard thus provides an accurate and
accessible time-scale avproximate to ephemeris sscond. (see

sec,11).



4 Different WMayg!

- It is Imperative to state what recurring event 1s to
mark the end of the pveriod called a day., If we take it as the

time between two successive culminations of a fixed star, we get

'ﬁhe 'SIDEREAL DAY!., If we measure from solar noon to the next
solar noon by noting the length of the stylus on a sun dial,

we get the 'SOLAR DAY'!, Because the earth, while revolving about

. the Sun, also revolves about 1ts own axis, our observer on

f-earth sees one less culmination ofthe Sun than he sees culmination

of a fixed star. Therefore, a year is about 365 solar days but

366 sidereal days. More accurately, the sideréal day 1s shorter
by 3m _56's than a solar day. ‘'Solar time! is-more useful than a
'sidereal time! but unfortunately the solar day fluctuates
through the year. The chief cause of these fluctuations is the
‘eccentriclty of the earth's orbit. To ecorrect for these fluctua-
tionsy the astronomer introduces a fictitious 'mean sun!, which
passes through the wernal equinox at the same time as the actual
~Sun but moves with uniform angular veloelty along the celestial
equator. All times referred to this fictitious Sun are called

- 'MEAN SOLAR TIMES'!'. The di fference between the ‘'mean' and 'true!

solar time is known as the 'time equation'. It is zero thriece
a year - in mid April, mid June and early September but reaches

-a maximum of about 15 min. on certain months (in mid February
more than 14 min. behind the clock and early in Novemher wheh it

is more than 16 min. ahead of the clock)

Thus,years and days are-the intervals of duration, which



3

4,
" b,

G.
7.

seience has woven into the thread of time. There are no simple
natural rhythms of convenlent period in terms of whieh the day

can be calibrated, the human heart beat being too irregular.

In the F.P.S., C.G.S. and M.K.S. systems of units -

(both absolute and gravitatlonal) - the unit of time 1s the

‘ ; L o 1 f
SECOMD'. It is the interval of time equal to 86,400 of o
tmean solar day!_— (defined alrewdy). The Intermtional

Astronomical Union glves the following definition: the

. l -
(ephemeris) seconq is equal to 5T, 556,026,075 of the tropical

year, for 1900.0 January O d,12 h, epheteris time.

3. SCALES QF TIME

Time hag di fferent meanings on different scales. This is

~an important aspect of the cosmoses of which there are at least

* SRVEN,

Table 2: A Table of Cosmoses

Protocosmos: the ult imate unmani fest cosmo 8 of the Absolute.

Ayocosmo s: the first manifestations of all possible systems
of the worlds.

Macrocosmos: the cosmos of the individual systems within
the Avocosmos. In relation to Man, this is the
zalaxy-(the Milky way) - which contains the
solar system.

Deut.erocosmos: The cosmos of solar system.

Mesocosmos: The cosmos of planets, to which our earth
belongs.

Tritocosmos: The cosmos of organic 1ife.

Microcosmos: The cosmos of MAN



The following table gives the tlumes for the 7 cosmoses listec
sbove and also for: (1) cell, (2) =atom, (3) electron and (4) proton
" An essential feature of the cosmoses is that they are all

di scontinuous. There are four significant times, which determines

the character of any cosmos, vizi-

1) the time of the quickest noticeable impression;

"~ 2) the time for breathing;
3) the period of waking and sleeplng;

4) the 1ife span.

Table 3

The Times of the Cosmoses

o ¢ uickest Brest: Waking and
osmos G impression sleeping L1 fe o

1., Protocosmo’s 3 X 1018 yre. 9 x 10%9 yrs. 3x1023 yrs. 9x10%%

2, Ayocosmos

(all possible .
yorlds) ox 10 | 3x10l,, ox10*?,, ax1c®

. Macrocosmos

(the starry .
galaxy) 3x10® ,, 9x10¥,, 8x10¥% ., oxioW

Deuterocosmos 6 10

(Sun) 80 ,, B x 107 ,, 9x10™ , 3x1019 -
Mesocosmos .

(Barth) . 24 hrs, 80 ,, 3x106 ,, o9xlo*v |,
Pritocosmos - |
(organic 1ife) 3 secs. 24 hrs. g0 ,, 3x10%,,
Mierocosmos 4

(Man) 1077, 3 secs. 24 hrs. 80 ,, .
Cell 104 ) 3 secs. 24 hrs.
Atom ‘ 10~% secs. 3 secs.

. Blectron ' 10 sec.

Proton 3 x1078




The following table summarises the shove 1listed 4 characteristics

for: (1) organic 1ife, (2) man and (3) Cell.

Table 4
Quickest . "Waking and
Costos impression Breath () Ceping T4 fe
1. Organic life 3 secs. 24 hrs. 80 years 3 million
years
2, Man . Tﬁ%ﬁﬁﬁ S6CSs. 3 secs. 24 hr'sT 80 yegrs
. o ]
3. Cell ‘ —— 33 3 secs. 24 hrs.

300,000, 000 10,000

In the case of wan, these four significant times are,
on an average, related to each other by a factor = 30,000

(approximately).

0. 2 _E_%gs_ = 30,000; | 24 X 60 x 6?); 28,8000 (. 30,000);

3
10,000

(\80 X 322 X 243“: 29, 200 -2 30,000,
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From the above table, we note that the organic 1ife,

as a whole, breathes once a day, whereas in the cosmos of celis
5 .day represents 1ts complete 1ife spam, There fors, one infevs
that the tlme saales of the df fferent cosmoses are alsd relat-v
'by a factor of 30,000 - (see Table 5). In the cosmos of ma

the times are in accordance with ordipary - veryday experience.

Je breath in ~nd out, on an average, ONCe in 3 secons. Day

and night follow every 24.RHours ard the average 1ffe nf man ia of
the order of 80 years-(Biblical span of life: 70 years), The Lwunc

of quickest impressicn is perhaps unfamillar, but we Tiad that

the eye can be aware »f a flash of light lasting for about

L cea.: Lf bthe duration is shorter thn this n
10,000 : s ° | 7
impression is received by the ratina. In the cosmos of celisz,

it is a physiologlcal fact that the ordinary cells in 1iviag

e

-

matter do have a life-time measured in days; they are contl
dying =nd belnsg replaced and sume of the cells of the Thody

1ive for hardly 24 hours!

The tjme sca]e of oryanic 1life is again consiscent wilb

what we can appreclate, Though the individual cells nave Hhe 'z

own breath, the major wocessss of organic life, like tie THON:
SYNTHESIS in plants or the intake of food and excretion of wes ate

in animals, have a rhythm connected to the earth's diurnal

[}

period of 'rotatlon.
At the »her end of the acals (wale Np.8),we hwe

a 1ife of only 3 sedons for AD atom and 367666 sec. for an

olectron. The electron is elusive, We can never say that an
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slectron exlists at any moment or place but only that there is
some evidence that it was there a moment ago. Supposed 1ife
of some of the particle of nucleus is very much less than a
millionth of a second -~ e.g.
for a Muon: (2.212 + 0,001) x 1076 sec.

Hyperon: (2.206 + 0.086) X 10-10 gee.

The seven corsposes (4 to 10 in Table 3) form an
integrated system. At one end of the scale, we have the Sun,
the primary source of energy for all the succeeding cosmoses.
Phis very energy is derived from the formation of afoms by the
integration of electrons at the other end of the scale. Therse
1s a simllar corresvondence between the earth and the atoms;

and between organic 1life and cell. |

This relaiionship can be expressed in terms of 'Relativs
Time Scales'. The time scale of the sun is (30,000)° times
longer than that of man, while the time scale of the electron
is (30,000)3 times shorter, s> that the two combined equal to
the time scale of‘man. Similsarly, with the other cosmoses in

the period, as shown in the Table &, below.
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Table 5
Cosmo s Relative Time
Secale
1. sun < . (30,000)°
9. Earth e (30,000)2
3, Organic Iifex (30,000)
4, Man - - ~ = == |-}~ _ .1 (unity)
5, Cell - 1/30,000
6. Abom { o — 1/(30,000)2
7. Blectron ———— (30,0%0)3

This is only another way 5f saying that man's
‘understanding is limited by his 'scalet., Therefore, 1t is
clear that 'timet' has different meanlvgs in different cosmoses,
which have different relative time scales,

4, OCCURREWCE OF TIME IN PHYSICAL
QUANTITIES

Time occurs in the meagurement of a number of ohy sical
quantities: This is readily seen from the following dimensional

equations: -
Dimensional value

(1) Velocity: (1ine:7) (v = [Lﬁ'T“';]
{angular’ [w]) = ]
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Accln:  (linear) [Q,j - EL.T"?'_]

(angular) ?é =[] - [ﬂ?’m?iJ

; quLT"‘]

(3) Momentum: (}nm xif)

AngiLlar momentums (1] + Tw :l:L%PﬂT;{J(g%e?nirzizge moment

1

= [(mLT > ]

(4) Force [F:]'
(B) Impuse [ﬁrxtj ~ [;VIL‘T—‘j
(6) Work of energy | 17} — '[f“xLl'T—&l]

(7) Power | (el - [_pq[:1~1~—EL]

Ty

(8) Frequeney (4] [fra‘:l

Thus, the 'time' 1s one of the three physical quantities

length, mass and time arbitrarily chosen as three basie

quantities in any system of units but, as a dimension, pervades

in a number of important gquantities 1In physics and enhgineering

1ike: veloclty, acceleration, momentum, force, work or

energy.
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&, COSMOIQGICAT, CONSIDERATIONS

'In relation to time standsrds, the physiglst's criterion
is that the use of an acceptable-standard along with other
standards of méasurements, @Qables intultively recognized
1rregularittes of the external world to be described in terms
of simple quantitative laws. Such a body of laws, when it
becomes sufficlently all embracing, qualifies for reeognition
as a 'cosmology!'.' Lack of vrecisely deflned standards did
not, however, prevent the anclents from elaborating thelr fanci-
ful pre-scientific cosmologlies, and, in later times; the slow
process of refinement of definition of a standard proceeded in
barallel with the gradual simplification of the world pilcture
of the astronomer!'.

Actually, the procession of the equinoxes was discovered
by HIPPARCHUS in 130 B.C. while ow modern cosmology starts from
16th century A.D. The cosmological beliefs of our age are:

1) The sun differs from any om of the stars only in that it is
nuch nearer the earth (by & factor of 10° than the nearest of
them).,

2) It 1s enormously larger than the earth, which seen from the
sun revolves 1n a plane orbit around it, at a distance which
varies continuously within a fange of 3,37ﬁof the meam during

each revolution, the mean distance remainlng constant,
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3) The earth rotates about an axis which is inclined to the
plane of its orbit (the angle between this axls and the normal
to.the orbit belng aboub 239271), the sense of its rotation
Vbéing the same as the sense of its revolution about the sun.

4) The rotational.axis itself rotates very slowly abaut a
direction normal to the earth's orgit, in the sense ovpodfe

to that in which the normal orbit is described. The basic
assumption for our sclentific time standard is that the sidereal
day is repeated indefinitely as a constant interval. This is
seen in its true context as the assumption in cosmology that the
period »f rotation of the ear*h about its axis is cdnstant. The
apparenﬁly'complete success o f Newtonian mechanics, for two
tenturies after his denth, in describing the phenomena of the
external warid on the basis of this assumption, is ample proof
of 1ts close approximation to 'truth'. Now there are two
questions to be considered:-

1) whether there is any re'ﬁnt evidence tlrat the above assumption
is not strictly valid?

2) whether its acqeptance involves any logical inconsistencfss?
The answers to these questions can he summed up as follows:

The rate of the earth's rotation is, in faect, slowly decreasing,
though by no more than 1 part in 108 ver century (corresponding
to an increase of feriod of rotation of less than 0.00L second
per 100 years). The varlous influences, which might produce
changes in our standard time-kesver, at this stage in its

evalution very nesrly cancel one another out,
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6. THE GEOIOGIC TIME SCALE

Geologlists 'read! the earth's history in sufficient

detail that they can locate the major events of the last 4 billion
years (4 x 109 years) and fit them into the sequence of

tgeologlc time scalet'. In this time scale, as in the human

time scales, the historical record 1s less accurate the farther
back in time we go. Reliable dating in years has been available
only since the 1930's. The named intervals of geological time
~are of unequal duration, because the original division Sf time

was based on the relative tlime of geological events .and not
absolute years. Archeologists sveak of the 'Bronze Age' or

the 'Stone Agé', without referring to a speclfic date in years.

) The mag5r diviginon of geélogical time are called 'ERAS'.
Eras are divided inbto 'periods!', Division of veriods are

4called 'BPOCHS ', Epochs are portions og geologlcal time, generally

comprising only a 'few million years',

8.1 Develosment of the Geologin Time Scale.

The geoldgic time scale 1s the end-product of a thought -
sequance extendiné ever two centuries. Classification of geologle
time into portions.c5mparab1e to 'ERAS!', can be “ated from the
late 18th century. The use of formal jgeologic time scale on un
international-basis was lntroduced only in 1893. The modern
¢lassification scheme 1s now considered an arbitrary division
of continuous geologle tire into named segments corresvonding

to rock exposures at classical lacalities.
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The foliowing “able gives the geologic time serle.
Oldest rocks: 4.0 billlon yoears old = 4 x 109 years. Age of
element s (maximum 9ousible age of earth) = 5.6 hillion years.

&

Age of stony meteoriises: 4.5 billion yvesrs,

The Geologic Time Scala

Million

« nof
y3.irs nge

Era Perind ach

1 purrternarn Bieistocencs

10 _ Plincene.

23 Canozol:z Terﬁiary Miocene

34 Coigocene
) _ oy e
Eocene
"0 Paieocens
135 _ Crataceons

Mesoznic Jurausic
180 —

200 Tricssic

Parmien

270 —_ ———

Palaozolce Peunsylvanina

Davania
400 nevanlian

430 églgrian oo (Paken from p.<7% e
490 Ordovician 473 ol 'onesuins Ly

340 Gamol an  ~hysiecal Sclence- Ly

300 _ _ . gidpey Rosen Robory
Late ' Stegfried John M leii-
Precamtlan gon, Harfer and Poir,

1900 T - - N.Yo)
Barly
4000 FPrecembian

Dates besea on work by J. L. XULP, 196C.

- e —— u— s mab e
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6.1 Determining Dates in years -

The concept of half-life in a radloactivity decay

' geries provides a key to developing 'Radlio active dating!
methods,

A half-life 1s defined as the time required for half of
the inital radio active atoms in a sample of radloactive
substances to disintegrate to daughter products of radio active
transformation., Age of a mineral crystal containing uranium
[&his was suggested by

— . f =& a
=~ RO Of uianiumf toms Bortrae e nod at
no. O avoms o U+ Pb Yale in 1907.

The half-1ife of 92U700 1s 4.5 billion yesrs.

The age »f the crystal 1s: half-11fe in years multiplied by age
of erystal expressed in half lives.

Table 7

Half lives of the Uranium Serjies

U238 s 4.5 X 104 year P§l4 « 26.8 min.

mh?3% 124.1 aay B2 10,7 ,,

Pa?34 :1.18 min _ Pglé . 1.64 x 10”4 sec.
U234 l52.48 X 105 year P%lo : 19.4 year |
;230 ;g x 10* B,210: 5 days
Rm226 : 1,620 39 POZlO: 188,4 days
Rn??o : 382 ys Pbglez stable
p 218 ;: 3.05 min,
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6.2 Units of Measurement »f Quantities of Radio Active Decay.

When the nuclei of radio active matter decay, three types
of radiation are emitted: (1) alpha, (2) beta spnd (3) gamma
radlation. Radlo active decay is described by the following

quantities:

| 1. The decay constant

2. .Half-11ife perlod

2. Radic¢ activity

4., Sveciflc Radiocactivity

5. Concentration of radis active matter in
medlia like air, water, etc.

% 6,3 Units of measurement »f these quantities.
. 1. Decay Constant. The decay constant is a quantity egual to

the provortion of radioactive atoms decayihg in one second. The

unit of measurement 2f decsy constant ;\ can be determined from:

AN - - NNt

where N = noe of atoms in the radisactive substance at the

beginning of the time interval dt, and

dN = no. of atoms, which decay over the

time (dt).

From the above eguation, we f{ind that

e (NLNH>
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{s a dimensionless gquantity. Therefore, the decay constant
is measured in (sec™1).
o. Half-1ife: The half-life (T) is the time in which half the
nuclel of a radicactive material decay. The half 1ife 1is
measwred in time unlts: seconds, minutes, hours, days or years.'

(see sec.6.1).

3. Radioactivity: The radloactivity of a substance is the number

»f atoms which decay per second in a given radioactive prepara-

tion. Radloactivity = & - = AN

T

1.s. radloactivity is proportional to the amount of radioactiVe
matter in the given preparation. Henee measuring the radle-
activity is actually the same as meaéuring the amount »>f radio
active matter (the two quantities belng Airectly proportional).
) The radisactivity of a preparation, in terms of o

and P'decay, is measured in units called: 'Curies' or 'Rutherfordsf

1. Tha gurie:- It is the amount 5f radioactive substance which

undergoes exactly 3.7 x 1010 decays a second. The curie is

used to form the fractional units: Millicurie and JA curie.

2, The Rutherford: It 1is the amount »f radioactive matter which

undergoes 106 decays a second.

The 'Curie! and 'rutherford! ave related as follows: -~
1 curie = 3.7 x 10% rutherfords
L rutherford = 2.7 x 107% curie
(Tne actithy 5»f a prevarabion in terms of gamma rays is

measured im gram- PQLL salents of radium).
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7. MRASUREMENT OF TIME

Time measure@ent conslsts in counting the repetitions
of my. recurring phenomenon, and 1T the interval between
successive recurrences 1s appreciable, in further subdivision.
The phenomenoh mo st often used is the rotation of the earth,
where the cdunting is done by ‘days'. Days are measured by
observing the vpassages of the meridian by stars,and are sub~-
divided into hours, minutes and seconds by precision clocks.
However, as dlscussed already, the day is subject to variation
in duration., Therefore; when the utmost precision is required
years are measured and subdivided._ Broadly, a time~-interval
imy be measured in 2 ways:-

) as the duration or interval hetween two known epochs;
2) simply by countinp from an arbitrary starting polnt, as 1is
done with the ald ofa s’cnp’ vaiah,

7.1 Time Interval Measurement,

For the measurement of elapsed periods of time, there
are two classes of times:
1) clocks, watches, etc., which measure the time of the day:
11) stop~watches, which measure time intervals.
The smallest measurable time interval is 10" 0gee.
A large number of devices and methods are available
for me asurl ng time~intervals-(short or long). These devlices

are based on the following nrineiples: -
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1. Timers controlled by the acceleratlion due to gravity:

These include pendulum and water clocks and glasses.

2, Mechanical vibrations depending upon the constancy of the
elastic properties of materials: e.g. vibrating reeds,

tuting forks, quartz crystals, balance wheel escapement units
used in ordinary watches, clocks and stopwatches. Electric

circults are required to obtain time measurements with tuning
forks and quartz and quartz crysﬁals. (Clocks “aged on quartz

crystals are called terystal clocks!')

3, Blectrical oscillations depending upoh the constancy of
clrcuit elements: - These include the rate of discharge

of a capacitance and inductance~capacitance cireults. They

are used in laboratories to measure short intervals ¢f time.

4, Vibration of ntoms in the atomic clock: Thi s measures the

time of day precisely:

5. The rotation of the members of the solar system about their
axes and about the sun: They are used in measuring longer

periods of time. The rotation of the earth about its own axis’
determines the length of the day; the rotation of the earth
about the sun determines the year. Instruments for direct
measurement include translt telescopes, sundials, ete.

6. The velocitv of 1ight or of other electromagnetic raliiation:

This 1s used in time-lnterval measurement.- Radiowaves,
which have the same velocity as that of light mcy traverse
cavity resonators, that 1s a fixed distance and 1f the traverse

1s repetitive, result in an slectrical output of a particular
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frequency, which can be used to measure small time intervals.
The difference in the veloelty of light and of electriecity
flowing in wires (using the KERR cell as a valve), 1s utilised
for measurlng very small intervals of time .

7. Radloactivity decay: This can be used to measure both (1)

long and 1i) short intervals of geologic time, (see 6. 1)

8, The measurable rate of mechanigal rotation of a body:-

This 1s used to measure time intervals ns the rotating body can
be made to give =z periodic gignal by a rotating mirror,'é.g.
the reflection of light focussed upon the mirror at one point

of its rotation will give this signal.

8., Relativistic Time

Tingteln's theory of Relativity deals with fundamental
ideas concerning: space,time, mass, motion , gravitation, energy,
ete. Some of these ideas are difficult to gresp because they
appear to‘be opposed to our everyday experlence., A few aspects
of relativity in relation to time, will be mentioned below:

(1) The relationship between time and space: Tk +ee dimensions
are necessary to 1§cate a point_on the earth. They correspond

to (1), height, (2) length and (3} breadth. But, according to
tRelativity', we must use a fourth dimension, 'time', to plnpoint
a certain event. TFor example, 1f we wish to meet some one inside
a deep mine, we have to specify both: (1) &hen ai (2) where.

Here we make use of four dimensions of 'space-time!,
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Thus in the development of the theory of relativity an
attempt is made that ftime' on par’ with the dimensions of
length. This attempt met with considerable suecess, though
this led to fhe entering of the perplexing quantity into

specification.

(11) Space, motion and time are relative armd depend upon the
frame of reference that we choose. |

Thus we live in a multi-dimensional space~-time universe
that may be fintte or infinite in extent and whose beglnning
and ultimate destiny we do not know. '
111) It has been predicted by rehtivity, that passengers oh a very
ahigh speed, space-ship would become {aged' mueh more slowly
on a long journey theaa their relations and friends upon the earth.
This would result in thousands of years belng elapsed as per the
years measured on the earth, before the journey was completed,
but this interval of time would be measured only in 'decades!

by the passengers in the high speed space~ship. This 1s due
to !Timé dilation!'.

8.1. Time Dilat="lon Formula

v A+
tt=t% e
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If on earth a time t elrsses, then on a space-ship
travelling with velocity, elapsed time is t!', given by the
formula, in which ¢ is the velocity of 1light.

Time dilation becomes noticeéble only when VU is close
to ¢. As long as (%%H) is < 17, tr differs from t by less
than 1/2?@only.

9. 'CHRONON:! THE UNIT OF TIME FOR THE ATOMIC WORILID'

One !'Chronont! is equivalent to 10'24 seec, This ﬁnit may
prove to be the ultimate tatom of time!. The unit of neuro-
physiologlcal time (whiéh presumably controls our thodght
processes) is expected to be of the order of a millisecond
th”S sec.) In recent years, speculatlions concerning a smallest
interVal of time have been revived, following the discovery that
the electron ant the proton have effective diameters of thé
order of 10"1acm. it hns been suggested that this may be the
smallest length that can be determined. Correspondingly, the
shortest interval of time may be obtnined'by dividing this length
by the highest possible veloéity (that of e.m. wave in
vacuo = 3 x 1010 em/sec.). On this basis, it follows that a

tehronon' is 6f the order of <; 10-13

_loTe 10~%% gec.
5 X 1010 ‘98(.‘.
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10. NANOSECOND FOMPUTING

' The computer industry ls now on the verge of completing
a2 most significant jumo in computing speed ~ from microseconds
to milli-microseconds or nano-seconds (10~9) - having succeeded
in translating fast physical phenomena into fast computing
techniques 1g which the operations occur in the time light
travels one foot. Speed of light in vacuum is 11.8 in/n sec .

or 1 ft/n sec, Nano second techniques are now in a state of

consolidation.

11. THE LATHST INTERNATIONAL UNIT QF TIMB

'The 12th GCGPM: General conference on Weights and
Measures, considering that, in splite of the results obtained
in the use of Cesium as an atomlc freguency standard, the time
has not yet come for the general conference +0 adopt a hew -
definition of the tsecond!', a fundamental unit of the
International System of units - (abbreviation '8I'), because
of the new and important progress, which may arise from current
researches, and considering also that iﬁ is not possible to wait
ahy longer to hase ﬁhysical measurements of time on atomic or
molecular frequency standards, empowered the international
committee on Welghts and Measures to designate the atomic or
molecular standasrds of frequency to be used temporarily.

The International Committee then acquainted the CGPM

with the following declaration:

\
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The standard to be used. is the transition between the
hyperfine levels F = 4, M = 0 and ¥ = 3, ¥ = 0 of the fundemehtal
state Qfs%f of the Cesium 133 atom unperturbed by external flelds.
The v alue: 9,192,631,770 hertz 1s assigned to the frequency of
this transition' (Resolution transltated from the origilnal French,

passed in 1964)

12. TIME ZONES OF THE WORLD

12.Y Zone and Standard Times:

In order to =vold the inconvenience of the econtinuous
change of mean solar time with longitude, 'zone time! oI

teivil time! is the time generally nsed. Barth is divided into

24 time-zones, each approximately 150 wide and centred on
standard longitudes 0°, 152, 30°, 45% and so on. With each of
these zones, the time kept is the mean solar time of the standard
meridian., All civilized natlons use 'zone time'. Zone time is
reckoned from O and 24 hour for the most official purposes,

the time in hours and minutes belng expressed by a four figure
group followed by zone designation.

12.2 International Date Tinet

Persons goinz westward around the earth must advance
their time by one day, and thése golng eastward must retard
their time by one duy, in order to be in agreement with their
neighbours, when they return home from théir voyage. The
International Date Tine is the name given to a 1line following
approximately the 180°th meridian but avoiding inhabitea islands,

where the change of date 1s made conveniently.
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Soﬁé Measured Time Intervals

The table below shows the wide range of time intervals
that can be measured:

Seconds
Age of the earth 1.3 x 10%7
Age of the pyramid of cheops 1.5 x 10%t
Human 1ife expectancy (USA) 2 x 10°
Time of the earth's orbit around the sun (1 year) 3.1 x 197
Time of the earth's rotation atout the axis(l day)8.6 x 104 !
period of the Beho IT Satellite 5.1 x 107 B
Half 1ife of the free neutron 7.0 x 102 .
Time between the normal hearbeabs 8.0 x 107t '?
Period of concert -~ A tuning fork 2.3 X 10"3
Half life of the muon 2.2 x 10-6
Period of oscillation of 8 cm microwave 1.0 x 10-10
-pypleal period of rotation of a molecule - 1 x 10712 o
Half 1ife of the neutral pion 2.2 x 10°16 :
Perlod of osciliation of a 1l-Mev gamma Tay "4 x 10"21

: (calculated)

Time for a fast elementary particle to pass 2 x ;0"23

through a mediumized nucleus (calculated)

———

(Extracted from Table 1-2, p.7 of 'PHYSICS' by David Halliday
and Robert Resnick (John Wiley, New York, 1966)
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ENERGY

(UNITS IN PHYSICS, ENGINEERING AND TECHNOLOGY)

Introduction

UNITS (General)

Work or energy units in the U.K. and UiS, As

The energy unit: Q

Sound energy unit.

Units of energy in e.m. radiation

Units of energy in Thermal radiation |
Units of energy in Photometric energy quantities;

Units £.r quantities chsracterising the interaetion
betwesn Radiation and Matter.

Energy units in atomic fleld.
Atomlc Energy.
Energieélof the partlele accelerators

The atomlc system of units - The unit of energy.

-
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ENERGY
(Units in Physics and Engineering)

1. Introduction.

1.1. What is energy?” A definition:

The usual definition of energy is the ‘cavacity for
doing work'. A broader definition is 'Capacity for osroducing

effecfs', which may differ very widely -~

e.g. 1) changing the nosition of a bodys
i1) deforming a body;

1i1) raising the temperature of body.

1.2. Forms ‘
Bnergy exists in several forms:-
i)_Mechanical, 2) Thermal, 3) Chemical, 4) Acoustieal,
5) Electrical, 6) Magnetic, 7) Gravitational, 8) Radiation,
9) Nuclear energy. A
The object of thils monogranh is to review the yarious
units of energy in 8Sclence, Engineering and Teechnolegy and also

in Nuclear Physics.
2., UNITS (General)

Units of twork!' and tenergy! are the.same..

2) Bnergy {s always thé nroduct of 2 factors:-

(intensity factor) x (capacity factor)
Mechanical work (in ergs,) = Force (in dynes) x distance (in cm)

Y9 )y = Pressure (dynes/cmz) x Volume (in an®)




The usual units in mechanics:-

System Absolute Gravitational unit af work

unit of
' 1 foot- .
F.P.S: voundal 1 foot~pound = 32 ft. pdls.

!
i
¢.G.8. 1 dyne-cm |} - Os
k or erg. i 1 em, gr (wt) =93l dynes
Mo KI S-' 1 metre—' ﬁ
or S.1I. , neyton i
= 107 ergs: §
or 1 Joulel

1 metre-kg. (forece) = 981 Joules

tPower'is fenergy' exvended 1n unit.time - therefore 'vower!
multiplied by 'time!' gives the eneréy. In the field:of mechanics,
there is a common British unit df power called:s the Hofqe
Power (H.,P.), which is 550 foot pounds of work done ver second
or 650 ¥ €0 = 33,000 ft.1bs.per minute.

There. 1s fhe corresponding metric horse vower, 75 kaf

metre/sec. which is slightly less than the British hoarse power,

BI‘- Hi Po

i

746 watts
736 watts

1)

metric ,,

To avoid this confusion, the use of 'horse power! itself has
to be altogether disentinued and hence' 'Joulgt will be the
only unit of energy for all branches of Sclence, Engineering
and Technology, internationélly. In electrical engineering,
the kilowatthour will be the main unit of energy and for bigger
energies, megawvatthourse (Mwh) = 108 watthours, and gigawatt.

hours (Gwh) = 102 watthours will be used. Similarly, from the



coherent unit: Wattsecond, Kilowattsecond (kws) and megawatt
gecond (Mws) should be the derived units.

The following energy units are eqgual:-

1 Joule = 1 Newton-metre ==1 wattsecond =1 Volt. Amp.Second

a—

= kg.m%/s2

while 'Joule!' could be used for all branches, as the unit of
energy,

'Newton-metre! is useful in mechanics,

twatt-second! (and its multinles) in magnetism.
tKi lowatthour!' ( - Y im electricity.

(1) In the case of heat,

heat (in calories) = Tempr, difference (in degrees)
x heat capaclty (cal/deg)
(i1) elec. energy or work

(in Joules) = Potential difference (in Volts) x
cherge (1n coulombs)

it

Mag. field strength (in Gauss
x magnetisation)

(111i) Magnetic energy (in ergs)

it

(iv) Gravitational ,, (in ergs) Torce of gravity (in dynes) x

height (in cm)

The relationshlp between them 1s shown by the
following Table.
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Table 1
Unit k.w.h.  keal  kgfi cal We 84
Kilowatt 1 860 3.67x10° 8,6,x10° 3.6x10°
Kilocalorie 1.16 x 1073 1 427 10° 4.,18x10°
Kilopondmetre 2,72x10-6 2.85x10_§ 1 2.35 9.81
Caloric 1.16 x 108 1073 0,427 1 4,18
Wattsecond  2.78 x 10772.39x107% 0.102 . 0.239 1

There are a large number of units particularly in English
sveaking countries as the heat energy units. They are:-

1. The British Thermal Unit (abb: B._Th. U): It is the heat

required to raise the temperature of 1 1b of water through 1°
Fahrenhelt.
5. The centrigrade heat unlt (abb: C.H.U,): It is the heat

required to raise the temperature of 1 1b of water through 1° e,

3. A 'Therm' is a bigger unit than the B. Th. U.

1 Therm = 10° B, Th. U.

The relationshiv among mechanical, electrical and thermal units

ig ag follows:




Conversion factors: -

Table 2.
1 f£t. 1b. = 0.000020377 kwh
1 B.Th.U. = 0.000293 kwh
I 1J = 4.2 X i07 ergs/calorie
1J = 778 ft. 1bs/B.Th.U.
1 kwh. = 1.341 h.»n, hours
1 C.HU, = 1900 J.
1 1b.caloric = 4E36 gr. calories “
"1 B.Th.,U, = 252 gr. Calories
1 Therm = 100,000 B.Th.U,

Note: The elecﬁrical energy 1s measured in kilowatthours.

One kwh is called 'B.0.T.' or 'B,T.U.' This has to be
dlstinguished from British Thermal unit (B.Th.U.). A B.Th.U.

is a very small unit compared to B.0.T. (1 B.Th.U. = 0,000293 kwh)

3., Work or energy units in the U.K, and the U.8.A.

As stated already, the horse power as the unit of power
and the horse jower hour, as the unit of energy, are wldely
s ed both La the U.K. -and the U.8. A |

The following table zives the relationshiv among:-

1) ft 1b, 2) ho. hr., 3) B.Th.U. and 4) k. cal.




Table 3 \
ft. 1b. hp. hr. B.Th.J. K.Cal
Foat pound @) 5.06x 10-7 1.29x107° 3.25x10"%
Horse vower hour 1. 98%10° (E) 2F 50 645
B. Th. U. 778 3,93 x 1074 (§> 0,253
Kilocalories | "(2>

4, The onergy unit: @

Tn estimating the total power resources of the earth,

avery large unit, symbol: Q, has been introduced.

108 B, Th.U.

i

L Q
2.5 x 1047 k. cal

1)

= 2,93 x 1034 kuh
~ 293000 Twh
Because of the large amounts of ehergy involved in global
consumption, this large unit of energy has beeh introduced.
It is used for 'energy content!, not telectricity equivalent!',

of fuel reserves.

H

1 Q Ls aporoximately = 300 x 1042 kwh

408 2 1012 h.p.hr.

i

0.25 x 1018 k. cal.

1




Exact conversion formulae arei-

5.93 % 1012 xwh = 393.0 x 10%2 H.?.h,

i
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1.05518 x 1021 Joule
1.07699 x 1090 k gm.

0.251996 x 108 keal

I
il

il

il

7.7826 x 1020 ft. 1b.

£. Sound Energy Units

1gound energy! and 'Sound energy density':=~

The narticles éf an elastic medium through which sound
waves are propagated undergo an oscillating motion and therefore
possess kinetlc ancd potential energy. This energy 13 called the

3 & tsound energy ',

The amount of sound energy contained in a unit volume of
elastic medium is called the sound energy density, given by the

equation: -
]

W o R y

where w 1s the sound energy contained in the volume V.
In 8,I., units, W= .fjﬁzig . Thus, the unit of sound energy

vy _
density in the Mks or 'S.I.!' system isthe energy dehsl ty at which

1 Joule of energy 1 s concentrated in 1m° of the medium. Its
dimensions are:-~
E e J - D/ \‘J

[ vl 2

. -
. X
YVv f%g, Ay .

= W\Tl krg LSt




The sound energy density in the ¢.G.8, system is erg/cm35 its

dimensions being: em™T, g, sec~2.

5.1 Sound Bnergy Flux:-

The sound energy flux through a surfacd 1s the amount of
energy passing through the surface during one veriod, in a
direction normal to the surfaceQ

The sound energy flux ¢> 1s obtatned from the equation: -

b RS TAV,

where W is the mean energy density for one overiod,
8 {s the area of the surface,
T is the period,

Y is the sveed in sound

Putting k = 1, W= 1 j/mB, T =1 sec, S5 = 1m2 and V¥ = 1lm/sec..

we get the unit of energy flux in the MKS System:-

s (gD = 1Lty o Taee AT | s

‘)1&‘5 Ale, B
The sound energy flux is measured in the CGS system 1n ergs.

6.3 Mean sound energy flux:- The mean sound energy flux through

" g surface is the average amount of energy wer nericd massing
through a glven surface per anit of time. The mean flux
is dgtermined from the equation:-
gﬁ :;iiijé_ — !4\-Eb.-7ﬁ'g3// ::!?!k\é:;4§’vg
T T
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Assuming that k = 1, @ = 1.J/n°, S = Im® and V = Im/sec, the

" unit for the mean flux in the MKS System becomes:-

- AR,

The unit of mean sound energy flux through a surface in the MKS
1 System 1s the mean sound energy flux of the sound waves for
which one joule of energy passes through the given surface ‘1s

i& one second. “ .

[F] -[=][s10v] -l g e, TEn e AR
=t Ke AR

In the CGS System, the unit of mean mean energy flux 1s the
5; Eergs/sec), 1ts dimension being (cmz.g.sec“s).
if | As seen from the sbove, the mean sound epergy flux ls measured -

in urh ts of power {(watts).

5.4 SOUND INTWNSITY (Sound Strength).

The sound intengity or strength 1s the mean sound

energy flux through a unit areas




10

where 45 1s the mean sound energy flux through the sgrface S,
Sound intensity can also be defined thus: 'The aﬁount of sound
energy, average per period; oasslng through a unit area per unit
time'. Assuming that % = 1, ZP = 1J/s and S = 1m°, we get that
the unit of sound intensity in the MKS system is:

o1l _
IMksCry s 1. 8~ _ (I, 1 watt
1VVVL' = At ™

The unit of sound intensity in the MKS system is taken as the
iﬁtensity at which 1 Joule of energy/period passes through
lm? of a surface (perwendlcular to the direction of prépagation)
in one second., The dimensions of thils unit are:-

_ ¢ s ke Y -3

B e i S

There fore, the sound intensity is measured in the CGS system

(in erg/sec—cmgxits dimension being (g.sec."B). These units

of sound intensity are tarely used.

6. Units of energy ip Tlectromaghetie Radiation.

The range of electromagnetic waves subjected to a

scientific study ko far ere of wavelengths: 106

em to X rays,
(of a wavelength of lo‘lgcm.) Although, these waves may differ
to wave length as well as mode of excitaﬁion, mos£ tynes of e.m.
radiation have certain common physical oroperties, such as:

(1) volumetric density of the energy, (2) energy flux,

(3) Intensity of energy flux, (4) surface density of energy flux.
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6.1 Units for the messurement of energy gquantities in
Blectromagnetic Radiation.

The energy density is the amount of energy, contained in

a unit VOlume.- There are two radiation energy densities:-

(1) Integfiral energy density: - It 1s the total energy of the
e.m. radiation for all wavelengths present in the unit volume,
The integral energy densit& 'w' ts determined from the equation.

dw

W = "Qj] , where J,hd is the total energy for all wavelength
present in the volume 4V,
The unit of measurement of the integral energy density is:-
In t?e MKS System: I/mS (dimensions: n~L, kg. sec~?)

In the CGS System: arg. /om® ( ,, em~t, g, see™?)

2, Snectral energy densgity: -

If we isolate the e.m. radiation with wavelength: A to )W
(;? N+ d—}\) | and determine the radiatlon energy in a unlt
volume of wavelength within the range AL;\', then the ratio:
‘ WA s %%f%%‘ is called the radiation energy density.
Therefore, the spectral energy density 1s a quantity numerically
egqual to the energy concentrated in a uhit volume and corres-
vonding to a single'interval of wave length near the wavelength

>\. From the above equation, we find that the spectral energy

is measured: -
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In the MKS system: in J/m%.m (dimensions: m~2. kg. sec, "2)

In the CCS System: in erg./cm2 c.m. (dimensionss em=2, g. secT?)
These units are used for measuring the spectral energy density
over the radio wave band. TFor e.m. waves of shorter wavelength
(1ncluding the visible spectrum, we use the units. \J/(mB.A)

and erg/(cm2 A), since the length of these waves are usually
expressed in Angstrom units (A% = 10~ -8 em).

The spectral density can also be determined with resoect
to the frequency interval. Then the spectral energy deqsity of
radiation w , is taken as the energy concentrated in a unit
volume and corresvording to a single interval of freguencies
close to the frequency /. The units of measurement of spectral
density, with reference to the unit frequency interval, can be

obtatned from the equation:

" dor
Y F dy
From this equation, 1t follows that the sneetral energy density
i s measured: .
In the MKS system: in J/mg. sec."l (dimensions: m“l. kg. see~1)

In the CGS system: in erg/cemd soc~L (dimensions: em™2. g. sec™%)

&, 1.2 Radi ant energy flux or Radiant flux:-

The energy flux of e.m. radiation over a surface is the
energy transferred by e.m. waves through a given surface vper
unit time. The following kinds of energy flux are usually

considered: -
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1. The Integral Radlant Plux (qb):— This is the total energy
tfansferred by anh ar?a.s by waves of all wavelength per unit
time, The integral flux is obtaihed‘from the eauation.

qb < ?%f%f , where c{bu is the energy transferred over the.
surface in the time Ott .

It follows that the integral flux is measured in units of ‘power'

i_-eo

in the MKS system: in J/see (watt) and

in the CGS system: in erg./sec.

2., SPECTRAL RADIANT ENERGY FLUX

This flux <¢3~(.¢3/) is the energy.transfered by e.m.
waves through an area S per upit time internal of wave length
.near a wavelength } (or per unit interval of frequency near a
frequencyy ).

The spectral energy flux is determined from the equatlons:

p- (55)
%) C%%‘) |

From these equations, 1t follows that the sveetral energy flux

is:

in the "MKS system, in watts/m (dimensions: m. kg, sec=2)
‘or in watts/sec"l (dimensions: m2 kg. sec™2)
in the CGS system, in erg/(sec.cm) (,, em.g.soc=3)or

erg/sec, see~l (dimensions cmg.gsec"z)
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These units are useful in me asuring the spectfél radiant energy
flux for electromagnetic wavelengths., (In the regihn of‘the

shorter wavelength, we use the unitss (watts/A°) and (erg/sec.A?).

3. ENERGY FLUX INTENSITY

The 'surface energy flux density' or 'energy flux Intensity'

1s the energy flux through a unit of surface.

There are two enorgy flux intensities:-

1. The integral energy flux intensity:  This is the total flux
through a unit of surface. A
The integral flux intenéity I 1s determined from the equation:-

G[%) , where d i1s the internal energy flux through
T - H;{gd 7 the surface.

T

Therefore, it follows that the integral flux intensity is measured,
In the MKS system, in watt/m? (dimensions: kg. sec.”2) and in

the CGS system, in erg./(sec.cmg) (dimensions: g. see~3),

2, The spectral energy flux intensity:- The swectral radiant

energy flux',l;x(::fjl) 1s the spectral energy flux passing
through a unit. The sovectral flux intensity is determined by

the equation: : [
AP _\‘,"L‘Pu

—

L

|
NG e Ty A

?
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where ot, é}\ <0L (P))) is the spectral energy flL%X through an
area, oLb.- There fore the spectral flux intensity 1s measured.
In the MKS system, in watt/(m.m?) (dimensions: m=L, kg, sec~l
or in watt/(sec'l.mz)(dimeﬁsions Keg. sec"g)‘
In the CGS system in erg/(sec. c.m. erf ) (dimehsions cm“l.g.sec”B)
in erg/(sec.sec™lem2) (dimensions of g. sec~2)

The above units are used in measuring the snectral flux intenslty
of radio wsves:

The spectral energy flux 1ntenéity of e.m. waves of shorter
wave-length (x-rays, gamma rays) is usually measured in units:

o . ;
watt/(A-n2) or erg/(sec—ﬁtcmz).

7. UNITS OF THERMAL RADIATION

2.1. Definition:~ Thermal radiation is radiation {ssuing from

a body heated by energy reaching 1t from an outslde source.
Radl ating bodles are described by tw> quantities:-

| 1) Integral emissivity; and 2) spectral emissivitx.ywhen
thermal radiation falls on the surface of a body,the body absorbs
some of the energy. Different bodies are capable of absorbing
radiant energy incident upon them, to different extents. This
ability ef a body is_described.as the tabsorption' of a body.

7.2 Units of measurement for thermal radiation anhd absorntion.

1) Integral emissivity of a body (symbol: R): This equals ttie

total,l.e. the energy of all wavelengths radisted from a unit
surface of the body ner unit time. Thus, the inﬁegral emissi~
ity is the integral energy flux radiated froma unit surface of

%

the body, . R =
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wherecL? integral energy flux emitted from the surface °Léof the
radiating body: ’

mhis quantity R is measured:

In the MKS system, in watt/m? (dimensions: kg/see~l)

In the CGS sy stem, 1in erg/cmg. sec (dimensidns: 2. sec™1)

In usual nractice, R is meésured in cal/{em®. sec) or

watt/cmg.

2, Snectral emissivity of a body: The spectral emissivity of a
radiating body 1s the energy emitted from a unit surfacé of the
body/unlt time and per unit interval of wavalength, near the
anelehgth”) . The spectral emisslvity is also defined as the
snectral enepgy flux from a unit surface of the body.

@he spectral emissivity 15\(:{§) y 1s datarziced ﬁy the

equations: -\)‘;\ i, CC.‘P’)
d A

_ oLy
wa ¥y % g

where éL€P%(jA‘TX;) - 1s the spectral flux from the surface

of the radlating body.

From the above equatlions, the spectral emissivity is measured:
In the MKS system, in watt/(m.m2) (dimensions: m~* kg. sec™3

or in watt/m.sec=t ( ,, : ”’kg.sec‘z)
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In the CGS system, 1n Lprg/(cm.cmz.sec)] (dimensions'cm'l.g.seC”a)
or in erg/em® (cimensions: g.se§‘2)

In usual practice, the soectbal emissivity 1s also measured in

the units: Eﬁatt/(cmz,i):]and [?al/(cmz.%)il

N.B.:- The svectral emissivity is also called 'RADIANCE! and at
a given temperature, is a function of wavelehgth (and hence of

frequency).

3. Absorptlvity of a Body: (SymboliQy): This quantity equals

the ratio of the radiation energy absorbed by the body to the
radiation energy incident upon it. Since the vropartion of the
energy absorbed by the body differs according to the waverlength

the absorotivity must be determined for a narrow_wavehand close

: to wavele ngth 9\ where ciid};\is the radiation energy absorhed

?A by the body and c{uuiﬁj;tkm radiation ehergy inciaent on the

1 vody (both corresponding to the ﬁavebé,hd q ‘,\near the quelength}\).
| The ratio: C%“JE\ ) can be replaced by the ratlo of energy

fluxes: O{__:..gz\ v H(é\)n%e Ay = GL(?,R, where O Ql%
aug)% LI

is the spectrai energy flux absorbed by
the body

and C&«qr>\‘is the spectral energy flux
incident upon it.

From the above equation, it is seen that the absorptivity of a

body 1is a dimensionless quantity. Therefore, it does not have

any unit of measurement.
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8. UNITS OF PHOTOMETRIC ENERGY QUANTITIES

~

‘8.1 Introduction.

In contrast to the quantities of radiatioh econsldered so

far, the measurement of ph:tometric quantitles is based on the

g physiological action of light. Hence,to some extent, it becomes

; a subjective agsessment because radiations of different wavelengths
give rise to different impression optically. On the one hanrd,

this distinetion is qualitative (l.e. different wavelength oproduce

“different colour sensgtions) and, on the other hand; it is

quantitative (i.e.different wavelength produce optical sensations
of widely varying intensity). The most powerful sensatibn due to
%1ght, at constant radiant energy flux 1ls produced by the wave-
length-of 5565 m?¢ . Radiant energy at the wavelength of the
visible region of the snectrum, ovroduces less impression.
Radiant enorgy of A > 0,76~ or < 0.4pis not visible at all.
Owing €' the subjective nature of the photometric quanti-
ties, people perceive different areas of the\spectrum in
diffepent ways. Therefore, while measuring photometric
quantities, we have to ugse the tfaverage! sensitivity 2f the eye.
That average is established by comparisen of the individual
sensitivlty of the eyes of a large number of people who do nct

have defects of vision.
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The mean sens'itivity of the eye is described by a quantlity
called:

'Wigibllity Factor!

8,2 Units of measurement of nhotometric quantities: -

1. The Candle Power: of a source L1s a quantity determining the

energy radiated by the source »er unit time, rated on the basis
of its lighting effect,

The unit of candle power Ls the GANDIE (abb: C)

9, The Candle: (definition)s It ig the luminous, intensity of
1/60 sq.cm. of blac¢k body radiation at the temverature of solid -
fication of platinum.

Phis 'new candle' is related as follows to the previous
gtandard, called the 'International Candle!' (now obsolute):

1 New Candle: 0.995 international candle

2, Luminous Flux: The luminous flux emitted by a 1ight source in

solid angle 1s the quantity numerically equal to the product
of the candle nower 1 of the source ar3 of the solid angle, 1.e.
If we assume that I = 1 candle and dw = 1 steradian in the above

formula, we derive the unit of TUMINOUS FLUX, called the 'LUMEN!

4., LUMBN (Ddefinition): It is the luminous flux which is emitted
by an isotropic volht source of 1 candle in a solid angle of

1 steradian. This Lumen is related to the 'International lumen
thus:

1 International Lumen = 1.00056 new lumens.

i

1 New lumen 0,995 international lumens.

'



20
The total luminous flux emitted by a source of éandle
nower I 1s equal to: F- g0 L
The luminous flux 1s also defined thus: The luminous flux through
a surface dA 'is the energy transferred through the surface by

radiation per unit time, as evaluated by its optical impression.

5. VISIBILITY FACTOR (abbrn:\Lk ) It is the ratio of the luminous

flux F to the radiant energy flux (?>\ wrodueing this lumindus

fiux 1.e.
r
e
P
In the above equation, the energy flux, describes light-as-a nurely

nhysical phenomenon, while the luminous flux F desceribes it as a

psychological phenomenon.

The guantity 4)) shows how much energy vasses through
a surface ner unit of time, and F shbws'how much impressionh the
1ight energy makes on the human eye.

Thus, the visibility factor is a quantity relatilng the
characteristics of_light both as (1) a physical and (2) a psycho-
physical phenomenon. The visibility factor ig a subjective
quantity and therefor , the numerical value of this factor 1s a
subjective quanbity and therefore, the numerical value of this
factor is different for di fforent people, and even for the same
eye, the visibility factor varies according to wavelength. For
thé average eye, the greatest visibility faector occurs at a wave-
length A = 550 mpr . Tor XD 760 m]uomcioo w e the visivi-

11ty factor 1is zero.
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Units: The visibility factor is measured in (lumen/watt) or
(Lumen/(erg/sec)

6. Illumination of a source:- The illumination (I) is determinad

by the luminocus flux incldent on a unlt area. It follows from

definition that:
e dF
= dA

The units of measuremcnt for i1llumination are:-
(I) lux = (1umen/m2) and (2) phot'= (lumen/cmz)
(M.K.S. unit) (C.G. S, Unit)

(1) The LUX (Definition): It is the illumination produced by a

luminous flux of 1 lumen uniformly distributed over an area sof

one square meter,

2) The PHOT (Definition): It is the illumination produced by a
luminous flux distributed over an area of one square cms

The LUX and the PHOI are intef—related thus:

) __4_ ’;
oy M b e T
A "IV\.;)" | . f04(/qu‘ CmN

1 lux = 10"4 Phot
or 1 »hot = 10% lux.
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. EMITTANCE (abb:R) It is the quantity of luminous flux
emitted ver unlt area of a radiating surface,

2. AF

Sodb
where dF = total luminoué flux emitted from the area ds.
Comparing this equation with that in para © it 1s clear

that temittance'! should be measured in the same unit as

1llumlnation, i.e. in 'luxes® or tphots!'.

8. BRIGHTNESS (Abb: B):- This is a quantity deseribing the

emittance of a body in a particular direction. The brightness
1s defined as the quantity of luminous flux radiated in a given
direction by a unit 1lluminating surface in a solid angle of

1 steradién. Briéhtness can also be defined as the ratio of the
candle power in a givem direction to the projection of the
illuminating surface onto a vlane perpendicular to the given
direction.

Brightness is calculated from the formula:-

2 B S
' Seas @ o e
where dF 1s the luminous flux emitted from an area S dw
1s the solid angle within which the flux 1s emitted, CP ts the
angle between normal to the area and the directions of emittance

and S C()(P is the projection of the area 5 onto the
direction determined by the angle ¢ .
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9, Units of Brightness

The ngmes of the units are: 1) the 'STILB' and 2) 'NIT!' .
1) The STILB: (abbreviation (C/em). - It 1s the brightness of the
surface, one sq. cm. of which radiates one candle in a directlian
verpendicular to the surface.
2) The NIT (abbrn- (c/cm?) It 1s the brightness of a surface,
ohe square meter of which radiates one candle in a direction
perpendicular to the surface.

Relationship between the 'STILB! and the 'NIT!

b
e le _ lo'c G .
Lstitb = ——, s T o f et
l(i/sw ( {0 "nN) M

sti1b = 10% nit

9. UNITS FOR QUANTITIES CHARACTERISING THE INTRRACTION BETWEEN

RADIATION AND UATTER.

When X-rays, gamma Tays, corvuscular radiation ( rays,
neutrons) are nassed through matter, ionization of the atoms
in the matter occurs.. During the process of jonilzation, part of
the radiation energy 1s 10st. This phenomenon 1s called
tabsorption of radiatioﬁ energy! by the matter.. The degree of
‘1onisation of a substance' and the amount of radiation energy
absorbed by 1t are indicative of the interaction between the
radiatlon and matter. They form the basis of the quantities

introduqed to describe this effect.



The units of the various quantities involved in the interaction
between radlation and matter are given below:

1. Absorbed Dose (Abbn:D):- The 'absorbed dose' or merely 'dose’

{s the amount of radiation energy absorbed by 1 cm3 (or 1g) of a
medium through which rédiation has passed.

While caleulating the amount of radiation energy absorbed
per unit of volume or area of a s?ecific medium, the 'roentgen'
1s used as the unit. while caleulating ver unit mass of the
medium the trad! is used as the unit.

2. Roentgen (abbn: r):- Deflinition: The roentgen is the dose

of x-ray or gemma radiation such that anp assoclated corpuscular
emission per 0.001293 g of air produces, in aipf lons éérrying

a charge of 1 e.s.u. nf electricity, of eitherfsign (+'gr -}

The number: 0.001293 g is the mass of lem® of alr at N.T.P.
By the expression: !associated corpuscular emission...;prodﬁces,
in alr, lons....t, the following is me ants -

tThe passage of x-rays and.gagma radiation through a
substance, does not directly ilonise the substance. %heir action
can be reduced to the creation of a cornuscular emission (high
speed electron flow) inside the suhstance itself., The cﬁllision
between -the electrons am rtoms cnuse the fonizatlon, which is
noticed in the substance when x-rays and gammé :ays are phssed i

through 1t.?
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The coherent- subunits of roentgen are: (1) milliroentgen (mr)

and (2) microroentgen (fxﬁ o

The roentgen and the smaller units mentioned above, are
used only with regard to the dosage of x-rays and gamma rays,
1.e. to determine the dosage of e.m. radiation.

5. CORPUSCULAR RADIATION:- Measucement of the dosase of the

corpuscular radiation (0(){5 rays and neutrons, etc.) 1s made in
units-called ‘rens' (roentgen, equivalent ohysical), The 'rev’
is the dose of ionlzinz radiation at which the energy abgsorbed
by a substance equal 5o the loss 1n energy during ionizatiou
caused by 1r of x~rays or gamma radiation.

In physical reactions, 1 rep of corvuscular radiatlon

= 1r of e.m. radiatlion.

During the nast few years, the 'rad', a ncw unit of dogage hss
come into common use...

The rad is A dose of ionis:d radtation at which 1 Zrrw
of irradiated materin~l absorbs 100 ergs of energy.

Rplationship between_All_flq rad and (25 the .roentgen.

To establish this relationship, we have to calculate
the smount of energy which is absorbed by 1 g of a medlum wnen
the radiation dose is 1x. Compafing this energy with 102 crge

of energy ylelds the ratio between the rad and the roentgen.
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From the defipition of the roentgen, it follows that a

dose of 1r corresponds to the enarzy required to produce, in

0.001293g of air, the exact number of vairs of lons such that the
tdtal (+ve or -Ve)fcharge aquals 1. statcoulomb,

The following 3 tables give the exvosure and absorbed
dogas of radiation. Roentgen and milliroentgen are units which
are used to measure the effect of electromagnetic radiation
(xnrmys,)/:rays); they are units of exposure dose. The roehtgen
equivalent, physical (abbr. as tpep') 1s usad to measure the
physical effect of cornuscular radiation (aﬂ){b , neutron-
radiation).

The roentgen equivalent, man (abbr. as tremt'), and the
1millirem! are used to snecily the biologiCai gffect of corpu-
qular radiation eapeclally on man. They are units of absorbed

dose.

Table 4

Unit R mR

——— 3 — ——— PP —=

Roentgen ' 1 103

Mt liircentgen 1079 1
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Table 5

rep

Roentgen, 1
equivalent (Physical)

Tahle ©
rem mrem
Roentgen g 103

equTVQlent,maTQ

millirem...... 10"3 1

5. Blological effect of Radiatlon,
The unit of biological effect of radliation 18 the EBR

(Bquivalent Biologicel Roentgen}. The LBR is the dose of

radigtion (of any typé) which, when absorbed by human tissue,

produces a binlogleal effect equivalent to the action of 1r

1n order to find the value of this
multinlied by

of X-rays or gamma TAYS.

radiatlion, we must exnress the dosage Lln Teps,

the eoefficient of relative biologlcal intensity ki

D €rBr): R D (vep)
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The coefficient k differs with the type of radiation, e.g.,

k = 1 for x-rays and gamma and beta radiation

k

i

20 for 4 radiatlon

k 10 for vroton,

il

4, INTEGRAL ABSORBED DOSE. The integral absorbed dose or

integral dose consideration. The integral dose bx/can be

determined from the eguation: N - %b'w»])

where D 1s the radlation dose,

m is the mass of the substance for which we are determining
the dose,

k is the pronortionality factor.
if k=1, m = 1g and D = 1 rad, the unit of measurement ofthe
integral dose 1s 1 8. rad.

Sipee 1 rad = 109 ergs/s, we get 1 g, rad. = 100ergs.

5, ABSORBED DOSE RATHE:

The absorbed doge rate is A quantity equal to the dose

absorbed per unit tiwe., i.e., it is determined by the ratio:
D
P
t

where D is the dose and t is the time over which 1t 1§ received.
It follows that the dose rate s measared in units of r/sec,

r/min, or r/hr. or also rad/sec, rad/min, rad/hr.
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6. INTRGRAL ABSORB.LD RATH:

The integral absorbed dose rate 1is the radiation energy

absorbed by the entire volume under investigation, per unit time.

~f
It is calculated from N=: J;r ., From this questlon, it is

sean that the unit of integral absorbed dose rate 1s the (g.rad)/

see or erg/see, and

| ¢ad ooy
1 T4l

10. ZNERGY UNITS IN ATOMIC FIELD

In the field of atomic energy, there are tws more

.1 quahtities inVolviné energy -

.(1) Radtation energy (in ergs) = energy gquantum RV(ergs/photon)
. x no. of nhotons (N)

(2) Atomlc enerpy (in orgs) N (ergs/gram) x Mass (in gr).
Anart from these, a unit of energy usod in atamic and

nuclear ohysics is the 'Electrof Volbtt.

Electron volt: (abbreviation ev)i Definition)

The electron volt is the energy acquired by a particle

with a charge equal to the elemehtary charge (electron charge)

after passing through a notential differonce of 1 volt. \ﬂ

1 ov = 1.60 x 10710 7 = 1,60 x 10712 erg = 1, qsxlo*Zokgf.m.
The relationship between the 'electron-volt!' and the 'erg!' ean -

1

be derived ag follows:
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The work done by an electric field in displacing a

chorge is exprossed by the equation: W = Bq,where W = word done

H

q = magnitude of the charge

and E

i

potential difference.

Subgtituting into this equation, the ékectron_charge:
e = 4.80 x 10-10 @, 6. 8¢ (q) and the voltage T = 1V = —5%5
cogesie.mitte (v), we gob:

lov = 4.80 x 1070 x 5%6 - 1,60 x 10~12 erg.

when we want afhigger unit than tev', we can use Mégaelectron

volt., (Mev) which 1s blgger unit of energy 10% e.v. and a still
blgger unlt Bev = 107 e.v.

I Mev = 1.60 x 1071° joules = 1.60 x 10-% erg. = 1.63 x,10f14kgf.m.
The. units: ev, Meﬁ and Bev, are widely used in atomlc and nuclear
physies. These three units of energy (ev, Mev and Bev), are

used to define phenomena in a single atom: They can be converted
into any other unit of energy. The atomic unit of mass is calledq,
mass unlt!, abbreviated to: MU An importanﬁ‘fundamentél |
‘sonstant of phjsics'is the number L, givihg the ratio hetween

the microscopic unit gamma and the mass unlt MU

1 gramme = LMU
L = 6.025 x 10°°
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I, 15 called the Loschmidt® number or the Avogadro number.

We obtain the weight of the atom of any'elemént exvressed in
gemmes by dividing its atomic wt., which is always given in MU,
by the Toschmidt number L = 6,025 X 1023,

Since the atomic weight of hydrogen—==1, the reclprocal
of I gives approximately the mass *“y\ of the hydrogen atom,

~

expressed in gramme.

™y = 1.67 x 107%% gn,

The hydrogen atom 13 the tlightest among the atoms of all elements,
but the electron, which can be considered as the atom of negative

electriclty, 1s much lighter still. Its mass fﬂqe’is glven by:

T -~ 0.0055 MU = 6,91 x 10727 gr.

11. ATOMIC ENERGY

11.1. What has been called ‘'atomic energy! during the past

two decaﬁes is the energy released by nuclear processes, in
which not only the electronic shells of the atom are affected,
but also the internal structure of their'nuclei. The energy
turnover of nuclear processes is millions of times greater than
that of the very tftame ' chemical reactions involvirg only the
outer shells. The following example, a chemical reaction will
amplify the above remarks. The’process of burning coal, is

shown by the formulae: - C + O > Oy
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releases 4.17 ev per carbon atoms, which corresponds to a heat
value of 80560 kcal per kg. or 14,500 B, Th. U. per 1b of pure
carbon. Again, the @wocess of combination of hydrogen and
oxygen to form water releases 2.5 ev per molecule of ‘41§> y
corresponding to a heat value of 29,000 kecal/kg = 52,200 B.Th.U,

per 1b of hydrogen.

11, 2 Mass and energy: Binstein's eguation:-

Einstein predicted in 1905 the mutual conversion of
matbter into energy and vice versa. This is stated by the simple

formula: -

i

B ‘ mcz,

, ;Hheré m 1s the increase or decrease of the mass of a bhody, the
energy of‘which,ié jpnereased or decreased by the amowt E.

Tre mass 'm'ﬁs expressed in grammes, the energy E in ergs and 'c',
the veloeity of light 1n em/sec (=3 X 10lO em/sec).

The convefsion factof c? =9 x 1020 1g so large that all
the energy we can supply to a body by heating it or by other
means will not suffice to obtalnh a.measurable inerease of its
mass. |

The éonvarse side of the excessive exchange rate in the
conversion between matber and energy is the result that any
weighable charge of the mass of a body wh;ch is not simply
caused by adding or taking away of a number of atoms or molecules
must involve enormous nuclel fram primary particles. Atomic
energy 1s produced in two distinct ways: (1) Fission and

(2) Fusion.
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The fusion vrocess is the more efficient, as 1s evident

from the table helow:-

Table 7
Tmaginary fusion reanction forming: kvwh ver kg.
Helium from ?rotons ~nd peutrons ' 190 million
Oxygen from helium 24.2 millien
Neon from helium and oxygen 6:25 million

From the mass/energy relationship E. = mcz, the following
table gives the cotwersion data among (1) e.v (2) kg and (3) atomic

‘mass unit (a.meu.)

Table 8
Unit 8.V, kg, 8, M,
| . - -36 -
11 GlectTOB.VOLt 1 1.783 x 10 1:.074 x 107~
2 1 ke ~ 5. ¢20% 10°° 1 6.025 x 1026
3 1 amu 9.81 x 10° 1.600 x 10-27 1

(1L atomic mass unit = 1.660149 x 1024 g)
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12, ENERGIES OF THE PARTICLE ACCRIERATORS.

Particle accelerators are‘among the most useful tools
in nuclear physics. Tnergles of several millbn electron volts
have been avallable for many years-(during the lasf 356 years)-
from the early accelerators (such as the ft;tage nultipliers,
the electrostatic generator, and the eyclotro).

Elementary particles have been classifled as:-

1) Iow energy particles ) below 10 Maev.
2) High energy partlicles . greater than 10 Mev,
3) Ultra high energy particles (Billlon-Volt range) ,, -100 Mev
: or 1 BRev.
’ , , of
 The following table gives the progress in the increase/energies_

achlieved with acceleratorss -

- Table 9

Year Accalerator . Mev
1932 Ceacade generator 0.8

1932 Cyclotron — 1.2

1936 Electrostatic generator 5.0

1936 Cyclotron | 6

1939 ., | 10

1942 'y G0

1947 - 30.00
1948 Synehroton 38.00

1962 Proton ,, (Brookhaven cosmotron)2800 or 2.8 Bev
ralsed in 1954 to 3.0 Tiev.

195686 Bevatron (Berkeley) 6000 or 6.0 ,,
1966 (at Geneva) 30,0000r 30.0 ,,
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Cosmic ray partlcles have been observed, which are
millions of times as energetic as those produced by the biggest
accelerating_machines. Particles with energies up to 30,000
million ele ctron volﬁs or 30 Bev are produced by the biggest
machines, but particles of aboutb 1014 million e.v. have been
detected in cosmic rays. Therefore, the.biggest machines
(particlefaccelerators) are still very far from belng able %o
produce particles ns energetic as the moTe energetic ones in the

cognlc rays.

13, The AtomiclSystem of Units ~ The Unit of Energy:-~

Tn order to reduce the numéricél.computation work in
problems of atomic physics, Hartree of England suggested this
aystem of units.in 1927.- In this system, the unit of charge
is 'e', the charge on the electron (1.6 x 10~19 coulomb); the’
unlt of mass is the rest mass of ab eiectrpn (9 % 10~31 kg. );
and the unit of length tat is the radius of the first pohr orbit
in the thydrogen' atop (0.83 x 10-8 cmj{ the unit of time 1s-
the recivrocal of the angular velocity 1/4 wRC = (2.4 x 10‘17390),
shore R 1s the Rydberg's constant and’c the velocity of light.
The unit of action 1s (h/2ﬁ),‘where h is the Planck's constant.
The unit of energy 1s (eg/az) = 2 ﬁhc. mhis is the potential
energy of the unlt charge situated at unit distance from a

similar charge end which'is also equal to bwice the tonization
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energy of the hydrogen atoms., It was also suggested that
2,.2 U= el ‘
since ﬁf /a%) can be written as{ “. : , the quantity
me . i i
i should be used as a unit of energy, named after

HARTREE.

In the Hartree system itself, the unit of enmergy 1s
2 Rhe, where R is the Rydberg constant for hydrogen, 2 Re is
the éuantum frequency that has this energy as Lts quantum energy,

and 2R is the quantum wave number of a quantum of unit energy.
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