Units and Dimensions

[he qu.m(im‘\ which can be measured by

. an instrument and by means of which we can describe the laws
of physics are called physical quantitics ¢ kel

‘ i [here are two types of physical quantities.
|, Fundamental quantities 5 Derived ..
o 2 erived quantities
pundamental Quantities (Base quantities) :
o of minimum number of quantities require . ) . o ,
A set € . < are called fundam Il lm“““‘ required to give a consistent and unambiguous description of all other quantitics
p ¢cs are calle amental or base quantiti - . :
of physt ot Lo ll or base quantities. The fundamental quantities should be independent of cach other. In
. sre are seve aments antitie , o j : ‘
S.l. there are S un th quantities. They are mass, length, time, temperature, luminous intensity, electric current
and number of particles.

sl.pplcmcnlary Quantities :
There are I\\If)dnmli quantities 1o supplement the fundamental quantities called supplementary quantities namely plane
angle and solid angle. A phenomena relating angular motion can be expressed in two different ways e.g. a particle moves
from A to B along an arc. ’ 8
First statement : A travels a distance ¢ on the circumference of a circle of radius .
Second statement : A travels through an angle 0 on the circumference of a circle of radius r.
{
These ways arc dependent as 0 =— . So these angular quantities are called supplementary
" )
quantities.
Derived quantities
These quantities are derived [rom fundamental quantities e.g. velocity, force, momentum ete.
Note : Any set of independent quantities can be chosen as basic quantities by which all other physical
quantities can be derived.
Unit :
To measure a physical quantity, we have to compare it with a certain basic, arbitrarily chosen, internationally accepted
reference standard. This reference standard is called a unit.
The international system (S.I) contains three classes of units. They are:
1. Fundamental (base)units 2. Supplementary units 3. Derived units
1. Fundamental units
These units are reference standard of fundamental physical quantities.
Quantity Unit Symbol

Length metre m

Mass kilogram kg

Time second

Luminous intensity candela

Temperature Kelvin

6 Electric current ampere
7

Number of particles mole

2, Supplementary units :
We have two supplementary quantities. They are plane angle and solid angle. Their units are radian (symbol is ‘rad’) and

steradian (symbol is ‘sr’) respectively.

Derived units :
Derived units are formed by combining fundamental units and are used as reference standard for derived quantities e.g.

unit of force is kg—m/s” = newton (N).

S.I prefixes and multiplication factors :




Multiplication factors

lOI8

T

L

10’

10°

107

10°

107

[0
TR
TR

For lengths, other units are also used
1 angstrom (A) =10""m | fermi = 10" m
I Parsec =3.26 light years | X-ray unit (XU)=10"m

1 Micron=10"m 1 Astronomical unit (AU)= 1.5 x 10" m

1 light year =9.46 x 10" m | Shake = 10"%s
Solar constant = 1340 Wm™ I torr = Imm of Hg = 133.3 Pa
1 barn = 107 m’ I Chandra Shekar limit = 1.4 x mass of Sun

Points to be remembered while using S.I. units :
1. Even if a unit is named afier a person, the unit is not written with capital initial letter.
2. For a unit named after a person, the symbol is a capital letter.
3. The symbols are never expressed in plural form.
4. Full stops and other punctuation marks are not to be written after symbols.

Dimensions of a Physical Quantity :
“The dimensions of a physical quantity are the powers (or exponents) to which the base quantities are raised to represent
derived unit of that quantity.”
The seven fundamental or base quantities chosen in SI are called seven dimensions of the physical world. They are
usually denoted with square brackets [ ]. Thus, length is represented by [L], mass by [M], time by [T], electric current by
[A] or [1], thermodynamical temperature by [K] or [6], Luminous intensity by [Cd] and amount of substance by [mol].
Note that using the square brackets [ ] round a quantity means that we are dealing with the dimensions of the quantity.
In mechanics, all the physical quantities can be writter] in terms of the dimensions of (L], [M] and [T]. For example
Volume = lengthx breadth x height
Volume = [L] x [L] x [L]=[L’]
Mass = [M]
Mass
Volume
M]
(L]
Density = [ ML T’]

Density =

Density =




to present density, we have 2 .
Thus~ ; -0¢ dimensions i to raise [L] to the power -3 and [M] to the power 1 . Therefore. density is said to have
negative three dimensions in length one dimension of mass

As unit of time is not required in representing density, we write

v = [ML”T"], and say that v : -
Delnsﬂ}th [ ] ) volume has 1 dimension in mass and zero dimension in time in addition to -3 dimensions
in length.

gimilarly, for velocity, we write,

) displacemen L,
Velocity = »_p.—ut = [__]
time [

Velocity = [L' T']=[M°L' T}
Hence the dimensions of velocity are : zero in mass,*+1 in length and —1 in time.

Note that 1n dimensional representation, the magnitudes are not considered. It is the quality of the physical quantity that
matters. For example, speed, velocity, initial velocity, final velocity, change in velocity, instantaneous velocity, relative
velocity — all are equivalent in this context having dimensions [M0 L' 'I—']

Dimensional Formulae and dimensional Equations :

The expression which shows how and which of the base quantities represent the dimensions of a physical quantity is
called the dimensional formula of the given physical quantity.

For example, as deduced above, (M’ L' T is the dimensional formula of velocity. It reveals that unit of velocity depends
on [L] and [T]. It does not depend on [M]. Further, unit of velocity varies directly as unit of length and inversely as unit of
time.
An equation obtained by equating a physical quantity with its dimensional formula is called the dimensional equation of
the physical quantity.
Dimensional equation of volume (V) is represented as

v=MLT]
Dimensional Lquations of Some Quantities :
change in velocity

(1) acceleration = :
time taken

- LIT 2 0 -2
(i) a == =LT* =[M°LT ]
(iii) As force = mass X acceleration
F=[M]x [L'T"]
F=[M'L'T’]
Example 1: Write dimensions of the gravitational constant G, Potential difference, Capacitance, Inductance, Specific

heat.

2
mnt, Fr
Solution : We know that ' = G l2 2= 1G=
=

= [6]= bt L[TLJ_ = [6]=[M™LT”

[M] [

ork MLT” 23
Potential difference ¥V = MOTERT e = ML Tl

charge IT




charge /T_’/( _ MO
work MIET *
charge

work h current by MIT™ _; i — /= MIT 272
charge ~  time IT r

_MxSx K=>S=LT?K"

cific heat » change in temperature = ML'T ™

i f 'hi ormula
of a physical quantity will be same, it doesn't depend on which formul

formulae of some of the important quantities are derived below and are listed in Table. The S| ypjs of

ihese guantities are also given in the table.
SL Ne. Quantities

S.I. unit/symbol Dimensional formula
m [L]
ms”’ [ET")
ms™ [L'I‘zj
N [MLT?]
J [ML*T?]
[ML*T?]

Force
Work/Energy
Torgue/moment of force N-m
Pressure Pascal = Nm™ [ML'T7]
Surface Tension Nm™ [MT?]
Density kg m” [ML7]
Momentum kg ms™ [MLT]
Coefficient of Viscosity Poisulle or Pa-s [ML'T"]
W [ML*T?]
Nm? [MLT?]
Angular displacement rad No dimensions
Angular Momentum kg m’ s [ML*T ]
Relative Density no unit No dimensions
Strzin no unit No dimensions
Specific heat Fho? X! LT
Intensity Wm™ [MTJ]
Planck’s constant J-S [MLZ’T’]
[ztent Heat J kg’ [L2 Tz]
Coefficient of thermal conductivity Wm” K [MLT’K"]
Mechaniczl equivalent of heat no unit no dimensions
Boltzrmann constant JK! [MLZTZK”]
B AP I mob* ke [MLTK "mol”]
-y e £ [AT]
lectric potentizl ICl =y [ML*T°A™]
ric intensity NC! [MLT’A"]
F [M"L'éf“Az]

Y 1
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Splution :

Can a quantity l"a"; dime

Does the magnitude of 2 q'_mt':t;. depend on t!

Name three physical quamitif:s vhich have s

A coach told his team. "Muscl
coach.

E. m. L. G denote energy, mass, 2ns
EL*
m°'G*

If velocity V, force F and energy E are taken 25
If the force, length and time are taken as fundamental quar uantiti

Suppose the velocity of light (c) accelerat ion due 10 gravity fgg and
What will be the dxmensmnal formula for mass in this system of units:

Write two quantities which has units but no dimensions

_EL  will be that of

Answers
1. Yes 2No 3. Xes 4.\\'0rk,Encrg),Mom:n'.offorcc s M'Tt

6. ML'T’ 7EV? 8FL'T 9M = pg ¢ 10 Angular displacement, Sound intensity level

Uses of dimensions

It can be used to verify the dimensional correctness of a physical equation.




] dded together or subtracted from one another only if they have th
) quantibes may be ad = ulk hysical quantities. Thus, mass can‘not. be added (o velogj
e “T:QUblrJF! >1ml;r-P5i,"; le principle is called the principle of h"”logc; Y
cannat be s;&::;:::i from tlm\ci i zmecspofa“ equation, and also in‘ deducing relatiop
mt.;;:::?i:;o:f::m ondimensions. only that Equation is correct, iy,

i ective dimensions of base q
side of E > equal to the resp
one side of the Equation are .

c hall]c

o O
YCity o
<’\Ilmng\l
Ahich |hc
antity o, the

civen relation. we shall write the dimensions of the quantities on both sides of the relatiop
:dimsnsions is obeyed. the formula is dimensionally correct.
: = lorque, is
but not physically correct.
correctness of the relation t=2my/{/g where £ is length and t is time period of 4 simple
fion due to gravity. )
s write the dimensions of various quantities on the two sides of the given relation:

~ (As2x has no dimensions)

[T]As LHS.=R.H.S., dimensionally, therefore the given Equation is dimensionally correct.

! Only those physical quantities can be added or subtracted from each other which have the same dimensions, For

cisiznce can be added or subtracted from distance only and not from any other quantity. Thus L+ L =LandL

ubtracted from some other distance, what is left is some distance only, whatever be jts
istance is irrelevant because we are considering dimensions only. That is why we do not write L+,

ils this consistency test, it is wrong. But if the equation passes this consistency test, it is not
dimensionally correct equation may not actually be a physically correct equation. But a
y Incorrect inconsistent equation is a physically incorrect equation.
1fy the comrectness of the equation v =u + at
[LT’]
=[LT’]
=[LT’xT]=[LT"]
] iimensionally correct.
Example 5: Check the correctness oflhe relation v~ 1 = 245, where the symbols have their usual meaning.
Solution : The given relationis vV — /=243
imensions on either side, we get,

“F-LTP
[.. 2 hasno dimensions)

. =R.H.S.. dimensionzlly = Equation js dimensionally correct.

, - ; |
Example 6 : Check the accuracy of the relation v = —
2/

T
\/:;-’ Where v js the frequency. 7 is length, T is tension and m 15

s g b af of e
mass of unit Jength of the string.

- I /7
Solution :The given relation is v=— [—
2l N\'m

Writing the dimensions on either side, we get




s =Y (T'1=[M"L"T]
[T
RHS: 20\ m

As 172 has no dimensions, tension is force and m = mass / | h
: ass / lengt

L [MLT?
L i L =S |
L \All L\/l—l\ -E(ll ) [ [.\JAL"T I]

ASLHS. = R.H.S. dimensionally = Equation is dimensionally correct

ample 7 : Check the correctness of the relati Y a . .
Examp e relation, S, = u +:(2n —1), where u is initial velocity, a is acce! rat

S, is the distance traveled by the body in nth second.

H . ive > | 2 1 1c 3 a
Solution :The given relationis S,, =u +:(2”_1)

Writing the dimensions on either side, we get
distance L
— = =LT"=[M"L‘T-']

H'S = Sn/l - .
L A time T

a ’ " -
RHS.=ut ;(2;1—1) =LT"+LT7(T) =LT'+LT "' =LT" =|M 005l

As LHS = RHS, dimensionally = Equation is dimensionally correct.
Example 8 : In Vander Wall’s equation (P“‘*I—il:-)(l'—b): RT . What are the dimensions of a and b ? Here, P

pressure, V is volume T is temperature and R is gas constant.

a

Solution : The given equation is (P+ I——j(l"—b) =RT

As pressure can be added only to pressure therefore, a/V* represents pressure P

ie., li' =P
a=PV?.
a=(MLT)(L) =[MTT"]
Again, from volume V, we can subtract only the volume. Therefore,

b=V=[L]= [M°L~’T“]

b must be representing volume only i.e

hex

in the relation P=—"".

Example 9 : Write the dimensions ofaand b , Where P is power, X is distance and tis time.
a

b—Xx"

Solution : The given relation is P = ;
a

As ¥ is subtracted from b, therefore, the dimensions of barex’ie. b= [L7]
We can rewrite relation as

G

al

3 Ti 12 b [M 'LUT:}

P

a=—= ____‘_—————
P [MUT |[7]
Example 10 : Find dimension X and y of sin ( xt’ - yt)

Solution : xt’ - ytis an angle hence dimensionless.

1S




used to derive relationship between different physical quantitics.

" dimensions. we can derive the formula of a

yhysical quantity
phy quantity. provided y,

ity depends.
uantity in terms of these factors, com
“ities in terms of mass. length and time on cither side of the equation. Using princip)
b . ~ % . ¢
L and T on both sides of the dimensional equation. The {hye
h . g ) e
dimensions. On substituting these valye.

en physical g bine them to form an cquatiop

- the powers of M.
htzin the values of three unknown powers
the preliminary form of the relation/equation.

u

sion for ume period (1) of a simple pendulum, winch may depend upon @ A mass of bop

leration due to gravity (£)-

»f proportionality.

ss m of largest stone that can be moved by a flowing river depends upon the velocity, v

tion due to gravity g. Find dimensionally a relation for m.

_—

---- (i)

---- (iii)
On solving.

So relatio

may depend upon length (/) of the string, tension (T) in the string

and mass per unit length (m) of the string. Using the method of dimensions, derive the formula for v.

Example 13 : The frequency of vibration (v) of a string
| ) ) £

Solution : Letv=KF T m N )

; C i - aC1 less <tz 1 alityv 2 > 7 > T H
where K is dimensionless constant of proportionality and 4, b, ¢ are the powers of [, T and m respectively to represent V.

mass M

The tension T stands for force whose dimensions are M'L'"T?*)and m=— l ML }
length L

Writing the dimensions in (i), we get




[M"L”T"]: L (M'LT2) (ML)
=LA MS T2 MF 1L
[MOLOT_IJ: Mb e Lu +/)—( rr‘y,
ApPlyi"g the principle ofhomogencily ofdimcnsions, w
b+c=0

a+b—c=0
2b=-1 orb="%

e get

fom (i), €=—b=-7

1
from (iii), @ +?)' _(

1 1
+—+—=0o0ra=-1.
o 2

Putting these values in (), we get  V=K/' T2 ;2o 1 = E I
m

Drawbacks of dimensional analysis in deriving relationship between different physical quantities.:

1. By this method, one cannot find the magnitude of dimensionless constant and gets no idea about dimensional
constant.

It is not applicable if the relations involve trigonometric, exponential or logarithmic functions.
It is difficult to guess the parameters (variables) on which the quantity of interest may depend.
If numbers of variables are more than number of equations then exact form of physical relation cannot be derived.

Practice Paper
IfP=bt+ ST d , where P = pressure, t = time, then what is the dimensions of ¢ ?
t

2 S b - : :
The velocity v of a particle at any instant of time t is given by v = at + —— . Obtain the dimensions of a, b and c.
t+c

Given that y = a cos (i,qx], where t represent time in sec and x and y represents distance in metre. Write
P

dimensions of a, p, q.

If the unit of force becomes 3 times, length becomes l, times and time becomes 2 times, the unit of power will

change "
Find the unit of length, mass and time, if the unit of force, velocity and energy, respectively are 100 dyne, 10 cm

s™ and 500 erg. n T,

Calculate x in the equation (velocity)" = (pressure diff})™ x (density)™

In a certain problem in fluid mechanics it is found that surface ten§|0ndT 12 an important factor. The other
significant variables in the problem are velocity V, force F, densn{h BG Crosy-sactional, areg .A' .Usmg
dimensional methods, derive an expression for force in terms of the other quantities. Assume force is directly

proportional to square of surface tension.
Force F is given in terms of time t and distance x by
F=AsinCt+BcosDX
A
Then find the dimensions of -l—;- and =




A quantity X is given by &L . where & is the permittivity of free space, L is a length, AV is a potentig]
’ > i At
difference and As is a time interval. The dimensional formula for X is the same as that of:

a) resistance b) charge ¢) voltage d) current

If velocity (V), acceleration (A) and force (F) are taken as fundamental quantities instead of mass (M), length (L)
and time (T). the dimensions of Young's modulus would be
a) FA?V? b) FA?2V? ¢) FAv* d) FA%V?

Answers
I. ML'T 2. a=LT?c=T,b=L3. a-=L, P=T, q= L 4. 3/4 times

5 Scm,ﬁis,ng 60t 3 7.F = kT~ 8.MOLOTO, MOLIT‘l 9.d 10.¢

=

dv-

ALL THE BEST




