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UNITS AND MEASUREMENTS 2.19

Examples based on
* - . Measurement of Time
FormuLae Usep
Fractional error in time =E@En§. intime _ Af
Time internal t

Units Usep

Times t and At are in second.

@'Jm MPLE 25. The average life of an Indian is 56 years. Find
the number of times the human heart beats in the life of an
Indian, if the heart beats once in 0.8 s,

Solution. Average life of an Indian = 56 years
=56 x 365.25 x 24 x 60 x 60 s
Period of heart beat =0.8 s

Total number of heart beats in 56 years

56x 365.25x% 24
pas 51;8 : 60)(—60 =2.2x 10° times.

EXAMPLE 26. The mean life of an elementary particle pion
is2 x 10~ nanosecond, The age of the universe is about 4 x 10°
years. Identify a physically meaning time interval that is approxi-
mately half way between these two on a logarithmic scale.
Solution. Mean life of pion,
f=2x10""ns=2x10""x10""s
=2x10" 5210714
Mean life of universe,
t, = 4x10° years =4 x 10° x3x 107 s
=12 x107 s=10"

Let t be the time interval that is half way between t,
and t, on the logarithmic scale. Then

logt= %[log t, +logt,]

= Zl[hag 1076 + log 10"7]

:%[_1“17]:0.5:1

: t=10s
which is the time taken by an athlete to run a 100 m track.

# PrROBLEMS FOR PRACTICE

1. Find thé number of seconds in 1 year. Expn;ss the:::!n
in order of magnitude.  (Ans, 3.158 x10" s, 10")

2. Find the number of times the human heart beats in
the life of 60 years of a man, assuming that the h%art
beats once in 0.8 s. (Ans. 2.3668 x 10” s)

- 3. Two atomic clocks allowed to run for average life of

an Indian (say, 70 years) differ by 0.2s only.’

Calculate the accuracy of standard atomic. clocl%in
measuring a time interval of 1s. (Ans. 1 s in 10 s)

I 4. Age of the universe is about 10"V years whereas the
mankind has existed for 10° years. For how many
seconds would the man have existed if age of
universe were 1 day ? (Ans. 8.64 s)

% HINTS
3.” Here t = 70 years = 70 » 365 + 17

[17 days added due to 17 leap years in 70 years]

or bt = 25567 days = 25567 = B6400 s
At=02s
Fractional error in time
Al 0.2

— = =0.904 x 1071 = 19710,
t 25567 x 86400

So the accuracy shown by atomic clock is 10 ° part
inlsorlsin10s

4. Magnification in time

_ Ageof mankind  10°
Age of universe 1017

-

Apparent age of mankind
=10"* x1day =10~ * x86400s = 8.64 5.

2.20  DIMENSIONS OF A PHYSICAL QUANTITY

40. What do you mean by seven dimensions of the
world ?

Seven dimensions of the world. All the derived
physical quantities can be expressed in terms of some
combination of the seven fundamental or base
quantities. We call these fundamental quantities as the
seven dimensions of the world, which are denoted with
square brackets [ ].

Dimension of length = [L]

Dimension of mass = [M]

Dimension of time = [T)

Dimension of electric current = [A]

Dimension of thermodynamic temperature = [K]
Dimension of luminous intensity = [cd]
Dimension of amount of substance = [mol]

41. What do you mean by dimensions of a physical
quantity ? Explain with the help of an example.
Dimensions of a physical quantity. The dimensions
of a physical quantity are the powers (or exponents) to which
the fundamental quantities must be raised to represent that
quantity completely.
For example,
Mass _ Mass
Volume Lengthx breadthx height

Density =
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. Dimensions of density
___ M
(LI[L](L]

Hence the dimensions of density are ‘1" in mass, ‘-3’
in length and ‘0’ in time.

2.21 ¥V DIMENSIONAL FORMULAE AND

=ML 3= M1

Examples : The dimensional formula of the volume

is [M°L3T°] and that of momentum is [MLT" ']

Dimensional equation. The equation obtained },
equating a physical quantity with its dimensional formuly j;

called the dimensional equation of the given physical quantit, y

DIMENSIONAL EQUATIONS

42. What is meant by dimensional formula and

dimensional equation ? Give examples.
Dimensional formula. The expression which shows

how and which of the fundamental quantities represent the
dimensions of a physical quantity is called the dimensional

formula of the given physical quantity.

Dimensional

bable 2.8 Dimensional Formulae and Sl units of some physical quantities

Examples : The dimensional equation of force js

[Force)=[MLT %]

The dimensional equation for pressure is
[Pressure] = [ML" il

formuale and SI units of some
physical quantities are given in table 2.8.

S. : :
o Physical Quantity
Area
2. | Volume
Density

33
4. | Speed or veloc:ty

5. | Acceleration

11. | Pressure

13. | Gravitational constant ‘G’

14, | Impulse of a force

15. | Stress

16. | Strain

17. | Coefficient of elasticity

6. | Momentum
7. | Force _
8. | Work
9. | Energy
10. | Power

Relation with other
quantities

Length % breadth
Length x breadth x height

Mass
Volume

Distance
Time
Change in velocity
Tlme -

Mass X velom ty

Mass x acceleranon

_,,.A_E.orce % distance

Amount 01" work

| Work

Time

12. Moment of forl:e or torque :

- - - — e ——

Ay

“ | Force

i Force
Area

Force -2 by dlstance

Force (distance)?
Mass x mass

Force x time

Area

I'Change in dimension
Original dlmenswn

ke
Stress

SIram

Dimensional formula

SI unit

LxL =12 = [M°2TY]
LxLxL=[M°*T?)

M Mo

=MLT?]

M xLT™! = [MLT™!
M xLT? = [MLT?

MLT xL = [ML*T %)
[MLZT 1
g Y
i = [ML*T)
MIIT2
—T_[ML‘ ™
- . L
MLT 2 xL = [ML*T ]
MLT 2L* oty
—_— — =[M" =2
T R i
MLT 2 xT = [MLT "]
MLT 2

—= ML—- -2
77— =l ]
IMLT) (dimensionless)

ML T2

T [MLT?)

W

Pa or Nm =

Nm™ |
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3L,
2.
2.
2.

Phys:'ml' Ouant:ty

Surface tensmn
Surface energy
Coefficient of viscosity
Angle
Angular velocity

Angular acce]erahon
Mnment of inertia

Radius of gyratmn

Angular momenl:um

T-ratios
{sin 6, cos 'B, tan 0)

28.
29.

 Time penud

Frequency

Planck’s constant g

Relatwe densnty

Velocity grladient

. | Heat or el:tthalpy

Pressure gradimt

Force constant

Specific heat

Latent heat T

Thermal conductivity

Entropy

Uruversal gas constant

.l

: Pressure

Relation with other
quantities
Force
Length

E{ﬁ e
Area

Force xdistance
Area x veIocxty

Are
Radlus

- .Angle

Time
Angular velocity

Time

| Mass x (distance)?

Distance

Mass x velocity x radius

Length
Length

| Time

=
Time perlod

_ Energy i

v Frequency

' Deneity of substance

Density of water at 4°C

Ve!oc:t}'
Distance

D1stance

Furce

Displacement

Ene:rgy

Heat
Mass % Tem peralure

Mass

'Heat x distance
Area x temp. % time

" Heat
Temperature
PV

nT

D!‘meusfona! formu!a SI unit
e e
MLLT o MT =MLY Nm

S e i PR
ML;T Mr2=[MroTy [Im
MLT2 xL T Nm~2 s

I} xLT =T or Pas
% 1= (M°T%] (dimensionless) | rad
%z T [M“L“T' i rad s’
T__l o =[MDLUT_1] rads™ 2 ¥
T
= [MLIT”] kg m?

LM“LT ] m
MXLT xL [MLQT‘II kg_mzs.;l
L
~=1=[M"L"1T”)] (dimensionless) | —

T= [M“LU s

%:T 3 [M”L"T 1] s”! or Hz
MFTE T |

s F_ 2 [MLZT 1] ]5

e M°L°T) s
(dimensionless) o

=y -:I - =
_L% __T— [MULUT-I] 5
ML-'I]'T G = [ML— 2T —Z} Pa l'l'l_lI

s _ o
MLT = [MLUT_z] Nm
ML T2 ] ]

v -2 % ]
_N%[T[;: _[M Lz ZK_I'} JkE]KI
I\;I'_l;"‘;;f_‘z" Oy 2 b J kh_l
e g 8
MI2T 2.1 S MLT® K1) JsimK?

I*K-T
S M2 28
MLT™ [MI2T 2K JK
ML T2 J ol K-

mol - K

= [MAT 2K mol ]

7
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L

51.
52.

53.

Electric charge

Phys:cai auantfty

Boltzmann s constant

Stefan’s constant

Solar constant

Mechamcal equwalent
of heat

Electrical potential

Remstance

Capacitance
Inductance

Permittivity of free space

Relative permittivity or
dielectric constant

Intensity of electric field

Conductance
Spedific resistance or
resistivity

Specitic conductance or
conductivity

Electric dipole mome:..

=%

| Potential difference

Relation with other
quantities

Energ)r

Temp-erature

Energy

Area x time x (temp ¥

Ene_rgy
Area x time
W

Time x Current

Work
Charge

Current
Charge
Potential difference

EMF
Current,ur t1me
‘i1 ‘fz

0" g2

1.
G:-—
p .
rf)w.u'

| srroa

Dimensional formula

e
| ggi—__i =M1
(dimensionless)

T. A=[M°L°TA]
2 -2

MLT  pefra
TA o

= [ML*T A7)

i [M—TL—ZT 4A2]

2 3- —1
MLATF lfa [MLZT_ZA_zl
AT-AT
MLT 2 2
= [M“IL‘3T4A2}

a pure ratio = [MOLD'I'O]

| (dimensionless)

MLT2
AT
1
M2 732
(MI2 T2A2.12
- - L
[M-IL—3T3A2]

=[MLT >A7]

[M“‘LET A%

_[ML3T -3A-2]

AT-L =[M"LTA]

SI unit

Js' m 2K

c (mulomb]
V (volt)

€1 (ohm)
F (farad)
H (henry)

A N Im 2

Cm

Magnehc moment

61.

Pole sl:rength

kg
qo sin 0

¢ =BA
i dnr . F
0= ——
I 12 /

Cu rrent x area

Magnehc moment
Magnetic length

=

e
MT 2A™L 12 = M T2A
A= MOLTO A
AZ_oron

|[ T (tesla)

| Wh (weber)
|

|
|

3

Am”

Am
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~_Examples based on
Derivation of D .Eﬂsiohal Formulae
Concepr Usep

The dimensional formula of a physical quantity
can be obtained by defining its relation with other

quantities, whose dimensions in M, L and T are
known.

ExampLE 27. Name the physical quantities whose dimensional

formulae are as follows :
() MET-2 (i) MET 3
() MC'T-1 @ ML T-2
Solution. (i) M2 T2 = MLT 2.

(iiiy MT ~2

= Forcex distance = Work.

B 3 MI*T 2
(if) MUEAT? =22 o Wtork = Power.
T Time
Gi) MT2 MLT? _ Force
L Length
= Surface tension or force constant.
yME T DT e
*T! Areax velocity gradient
= Coefficient of viscosity.
) ML 2 = MLT 2 _ Force

I Area
= Pressure or stress.

ExamPLE 28. Deduce the dimensional formulae for the
following physical quantities :
(Q)_Gravitational constant [Delhi 13]
(i) Power (iff) Young's modulus
(in)- Coefficient of viscosity ~ (v)-Surface tension
(vi)-Planck’s constant.
Solution. (i) According to Newton's law of gravitation,

- =
F=G —i54
(= LAIP] _MLTAL popapapogy
[y ][m,] MM or
G i = Work = Forcex Distance
Time Time
Power]= MET - L _ viz2 1.

(ifi) Young's modulus,
Y_Longimdjnalstress _E/A_F L

" Longitudinal strain _ Al/I A’ Al

MLT 2L
y i 2 hoincios s
(¥l 12

=ML T 2].

EXAMPLE 29.
following physical quantities :

(iv) Coefficient of viscosity,

Force Force 3 Distance

1= Areax velocity gradient ~ Area Velocity

MLT 2L e
=———==[ML"T"].
] TREE
(v) Surface tension,
_ Force
Length
-2
[6] = ML[T [MT 2]
(vi) Planck’s constant,
fiw Energy
Frequency
[h]= = =[MLT'].

Deduce the dimensional formulae of the

(1) Heat (if) Specific heat  (iii) Latent heat

(iv) Gas constant

(v) Boltzmann's constant

(vi) Coefficient of thermal conductivity
(vii) Mechanical equivalent of heat.

Solution. (i) Heat = Energy

[Heat] = [ML*T?].

(i) Specific heat = _ Heat
Massx temperature
22
[Specific heat] = ML T T
M.K
(ii1) Latent heat = _Ir_{_eiE
Mass
MLT 2
[Latent heat] = =[1’T 2].

(iv) PV =nRT
= _Ii“{ _ Forcex volume

nT molx areax temp.
_MLTE

mol . 2. K
= [ML*T 2K 'mol ].

[R]

(v) Boltzmann's constant,

s Heat
~ Temperature
2r~2
k=M T vt 2.

N S
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(vi) Coefficient of thermal conductivity,
Heat x distance

K=
Areax timex temperature difference
MLI*T 2 L ]
k]=————=[MLT K
[x] Z T K ]
(vif) Joule’s mechanical equivalent of heat,
fom Work
Heat
ML?T2 -
”]=W=I=IM LT ].

ExAMPLE 30. Find the dimensional formulae of (i) charge
(ii) potential (iii) resistance (iv) capacitance.

Solution. (i) Charge, g=Current x time

% (4] =[ATI.
(if) Potential,
V= Work
Charge
ML2T 2 § ki
V]=———=[ML*A T
(V] T [ 1
(iif) Resistance,
g  Potential difference
Current
ML2A-IT3
= *—T—— =[ML2A 2T _3] 4
(fv) Capacitance,
_ Charge
Potential
o AL g 5 a
[C]—W—[M L A°T*]

ExampLe 31. Taking velocity, time and force as the
fundamental quantities, find the dimensions of mass.

Solution. Force = Mass x Acceleration
Velocity
Time

= Mass x

_ Force x Time

~ Velodity
[Mass] = [FTV ']

i /.* EXAMPLE 32. If density p, acceleration due to gravity gand
| frequency v are the basic quantities, find the dimensions of force.
Solution. We have p =ML 3, g =LT?, v=T"!
Solving for M, L and T in terms ofp, g andv, we get
M =pgv 8, L=gv 2 T=v"!
[Force] = MLT ~2 =pgvb.gv 2. v?
=[pg*vel

EA’}‘MPLE‘: '!‘E' I}ffhe v{lt’ocffy {]fh‘ghf l':', ﬂ('{'ff[’!‘dfm,'l‘ d”f' |'41
gravity g and atmospheric pressure p are the fundamental

quantities, find the dimensions of length.
Solution. We have,

c= LT_I, gz LT -2’ ,U:ML] .-I--l
2T2 (LT!Y _(CZ 1

LT2 LTZ |g J“

[Length] = L=

ExamprLE 34. The number of particles crossing a unit area
perpendicular to X-axis in unit time is given by
i — D.Flf”'.
X, — X,
where n, and n, are number of particles per rm.-'; vol. ume for
the values of x meant to be x, and x,. Find the dimensions of
the diffusion constant D.

. n,—n
Solution. As n=-D a
X, — X
2 1
D= ML) (nurner‘i(‘&“}«'}
(n, —ny)
Now n =number of particles per unit area per second,
[#]=L?T"!

n, —n; = number of particles per unit volume
_1-3
[n, —n]=L

X, —x, = position

[x, —x]=L
—2m-1
Hence [D]= %_L =[*T7).

*¥ PROBLEMS FOR PRACTICE

1. Deduce dimensional formulae for (i) angle (i7) angular
velocity (iif) angular acceleration (iv) torque (v)
angular momentum and (v/) moment of inertia.

[Ans. (i) Dimensionless (i) T ~' (i) T °
(@)ML2T 2 (o) ML> T ™' (vi) ML

2. Obtain dimensions of (i) impulse (if) power
(1if) surface energy (iv) coefficient of viscosity (v)
bulk modulus (v) force constant.

[Ans. (i) MLT ="' (i) ML2T ~ 2 (i) MLOT 2
(@ML ' T @MU T2 oy MLO T 2

3. By the use of dimensions, show that energy per unit
volume is equal to the pressure.

4. Show that angular momentum has the same physical
units as the Planck’s constant & which is given by
the relation E = hv.

5. If force (F), length (L) and time (T) are chosen as the
fundamental quantities, then what would be the
dimensional formula for density ? (Ans. FL™ 4 T°!)
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6. Calculate the dimensions of force and impulse

takins velocity, density and frequency as basic
e quantities. (Ans. po? v~ 2, pviv )
7

- Find the dimensions of linear momentum and
¢ surface tension in terms of velocity v, density p and
frequency v as fundamental quantities,

(Ans. pv* v~ 3, p v 1}

8. In the expression P= E[2 ;5 G2 ; Em land G |,

denote energy, mass angular momentum and
gravitational constant, respectively. Show that P is

a dimensionless quantity. [Exemplar Problem)

£ HINTS
3. Energy per unit volume

-

4 Elnerg_),r_il\d_L2 T _ MLT -

Volume 7 16
Force

= ——— = Pressure.
Area

4. Angular momentum,

L= mor
[L]= MLT'.L = ML?*T!
As E=hv
s
v
ML? T2
== =M T =[]

6. v=LT !, p=ML 3, v=T"!

Solving for M, L and T in terms of v, p and v, we get
- T=v'!, L=ov], M=pvdy 3
[Force] =MLT "2 =pz® v 3 .ov 1 .2 =priv?
[Impulse] = Force x time =pov*v v !=pptyv?
7. Using the dimensions of M, L and T as obtained in
Problem 6, we get

[ pl=[mv]=MLT !

=pv3v_3.nv' ov=potv?
Surface tension = _Fpru;_’_
Length
-2
= % =MT 2=po¥v 3% =po’v L.

8. [A=ML*T 2, [M]=M, [[]=ML2T !,
[G]l=M’T 2
[ EP J* MI2T 2MI2T ! P
M® G2 E MS[M—1L3T—2]2
o o U

e STWMPLOTY
M215T -4 @M

2.22  DIFFERENT TYPES OF VARIABLES
AND CONSTANTS
43. How can we classify variables and constgnts on
the basis of dimensions ? Give examples of each type.

Different types of variables and constants. On the
basis of dimensions, we can classify quantities into four
categories :

1. Dimensional variables. The physical quantities
which possess dimensions and have variable values are called
dimensional variables.

Examples. Area, volume, velocity, force, etc.

2. Dimensionless variables. The physical quantities
which have no dimensions but have variable values are called
dimensionless variables.

Examples. Angle, specific gravity, strain, etc.

3. Dimensional constants. The physical quantities
which possess dimensions and have constant values are
called dimensional constants.

Examples. Gravitational constant, Planck’s constant, etc.

4. Dimensionless constants. The constant quantities
having no dimensions are called dimensionless constants.

Examples. 7, ¢, etc

APPLICATIONS OF
DIMENSIONAL ANALYSIS

44. Mention some applications of dimensional analysis.

223

Applications of dimensional analysis. The method
of studyimg a physical phenomenon on the basis of
dimensions is called dimensional analysis. Following are
the three main uses of dimensional analysis :

1. To convert a physical quantity from one system
of units to another.

2. To check the correctness of a given physical
relation.

3. To derive a relationship between different
physical quantities.

CONVERSION OF ONE SYSTEM OF
UNITS TO ANOTHER

45. How can a physical quantity be converted from
one system of units to another ? Explain it with the help
of a suitable example.

2.24

To convert a physical quantity from one system of
units to another. It is based on the fact that the
magnitude of a physical quantity remains the same,
whatever may be the system of units, If u; and w, are the
units of measurement of a physical quantity Q and n,
and n, are the corresponding numerical values, then

Q= =yt
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-* i 37 lue of Stefan’s constant % HiINTS
xampLE 37. In CGS system, the value of Ste _
EX:: 5.67 x 107° ergs Va2 K™% Find its value in SI 3. [Density] = ML
? -3
units. Given1 ] =10 erg. i

Solution. In CGS system, o= 567=10"" erg
s~ 1em™ 2K~ %. The SI unit ?fzwcvrk is joule. We have,
191-5-_-10‘7Iand1t:m=10 m o

. The value of Stefan’s constant in SI units is

” o=567x10"°110"71)s" 1 (107 2m] 2K *

~567x10"5x10"7 x 10* Js'm 2 K™*
=5.67%x 10%Js ' m 2K 4.

: 3 ] is 1 kN, unit of length 1 km
Examrir 38. If the unit of force is 1 kN, f
and the unit of time is 100 s, what will be the unit of mass ?

MLT2T? FT?
Solution. M = L = L
_1000Nx 10*s? _ 4 Ns?
1000 m m

-2 2
=104£SL-5 =10* kg.
m

¥ PRoOBLEMS FOR PRACTICE

¥ Convert one dyne into newton. [Himachal 09]

(Ans. 107° newton)

/f’ If the value of universal gravitational constant in SI
is 6.6x10 7" Nm? kg 2, then find its value in CGS
system. [Himachal 09]

(Ans. 6.6x107® dyne cm?%g 2

3, The density of mercury is 136 gem™? in CGS
system. Find its value in SI units,

(Ans. 136 x 10> kg m ™ )

4. The surface tension of water is 72 dyne cm™'.
Express it in SI units. (Ans. 0.072 Nm " ')
5. An electric bulb has a power of 500 W, Exgrcss itin
CGS units. (Ans. 5% 10" erp s 1)

6. If the value of atmospheric pressurc is 10° dyne
om” 1, find its value in SI units. (Ans. 10° Nm - 2y

7. In SI units, the value of Stefan’s constant is
0=567x10"%Js"' m 2 K", Find its value in
CGS system. (Ans. 5.67 » 10 ° ergs 'em 2 K" |

8. Find the value of 100 ] on a system which has 20 cm,
250 g and half minute as fundamental units of
length, mass and time.  (Ans. 9 « 10° new units)

9. If the units of force, energy and velocity are 20 N,
200 ) and 5 ms ™!, find the units of length, mass and
time. (Ans. 10m, § kg, 2 5)

10. When 1 m, 1 kg and 1 min are taken as the funda-
mental units, (the magnitude of the force i 30, unils.
What will be the value of this force in CCS system ?

(Ans. 17 dyne)

1365 cm ™ ? =13.6 x10° kgm .
4, [Surface Tension] = M'T 2

72dyne cm ™! = 0.072 Nm 1.
6. [Pressure] = M'L"'T2

. 18 1 Vet 1 1 1-2
=107 | = | [222 2 2108
nz Lkg}[]m} LSJ 10°

10° dyne cm ™% = 10° Nm 2.

7. o=567x10 “]s"'m'zliﬁi_4
=5.67x10"" x10” erg s~ (100em) > K~
= 5.67 x10°° ergs ' em 2K 4,

8. [Work] =ML T 2

1r 2 -~ -2
1kg Flmwlf 1s

n = ]D()[—— ]

| 250 g | l ;._"EJ_:;m-J. (.5 min }
1 2r 7-=2
=100 "!@ﬂ I]Q_Q':“_‘_]! | 1s |
250 ¢ | | 20cm | 30
=100 x4 %25 %30 x30 - 9«10 new units,
9. (MMLT"2=20N (i) MLT 200
(i) LT ' =5 ms
R ” 200
Dividing (i) by (1), 1. = : 10 m
Putting the value of L. in (i1),
10T '=50rT=2s
From (1),
Mx10x(2) *-20 or M =8 kg.
p 1 1y L]0 2
[ Thky Im [ | I min |
10, n, = 36| | ]
- Y ! lem | Is |
[ | L | ;
| 1000 ¢ L 100em || 60s 10" dvne
L g }! lem | | Is
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_UNITS AND | MEASUREMENTS 2.29

e e e

‘ - 5 V32
FXAMPLE ‘“ Check the dimensional consistency of the it RHS - 1 [T] = 3 | MLT = ]
e equaAtions ; s ) [I] \iml L] mut' o
folloemy 67y W
Q) de-Broglic wroelength, A= — LTV e
rite, 0.« |20M "
(i) Escape velocity, © \,' R [Himachal 03] [LHS] = l\] r
) Given A Hence the relation s correct.
; iven A= —
Solution. { mo INAMPLE 45, By the method of .nnun\wh test the accuracy
5 i isto 2 3 f
As wavelength is a shstance; of the equation : TR
|A]l=L " a0 d Y
21
L= Planck’s constant “L 2 S L where 818 the depression produced in the middle of a bar of
Also e Mass x velocity M\ LT ! length I, breadth b oand depth d, when it s loaded in the
; ; ; S— muddle with mass m. Y is the Young's modulus of the
»» Dimensions of LHS = Dimensions of RHS material of the bar.
Henee megiw:n:ﬂli.Tnn is dimensionally consistent, Selition. [LHS] = (8] depresiioi =L
2 GM 3
(i) Given == lRllS]:.-[.'ffﬁj : \ ‘
[ul - e ;
1 1 ) r\lﬂ‘\‘* xoaoee 10.71“\"{'\ L lq_ n}_‘th
1 =
ZGM] M E}T__} =“-: T 2]2 S LT} 4 X hl‘t,‘ 1\‘"]1 X d!.}‘th X \u'l,m}‘ s modulus
R L e L
LU MLt T

.+ Dimensions of LHS = Dimensions of RHS
Hence the equation is dimensionally correct.
. Check by the method of dimensions whether  Exaniprs :zn Find the dimensions of afb in the equation :

[LHS] = [RHS]. Hence the relation is cornect.

EXAMPLE .
m.ﬁg;aﬂu‘ng equations are correct ; F =avx + b3, where Fis foree, x is distance and ¢ is iina
() E=mc (i) T=2x Jj [Delhi 98] Solution. [aVx]=[F)
8 ‘
. _1F] _ MlT U3 e 2
(i) v= F, where v = velocity of sound, + la]= [\;'1'.] LI =ML T =
P ' )
s, )=
P = pressure and p = density of medium.
(o) v =3 \/: , where v = frequency of vibration, [, ] T
"r I o 1
[ = length of the string, T = tension in the string and la/b)= MLI_- L =L Vay2
m = mass per unit length. 4‘ MLT i
Solution. _\J'M_ Fimd the dimensions ,‘)f ax bin the re lation -
=[E]= = MLT? .
(l) [LHS] [E]-, E“‘Ergy 12 oo P=— "' ;y where P s potwer, x 1s distance and t s tine
[RHS]=[mc"]|=M[LT " =MLT at e,
Hence the relation is clcarr\?ct.”1 Solution. [b]=[x?]=12 . | P| -
[N [ L ] = [m‘]
1] IRH5]= = O] se—— =T 2 N
“ Vigl (LT or [ui:-”-}li — — M T3
{ l_— L
[LHS]=[T]=T. [t] l‘»‘l ™
Hence the relation is correct. Hence [axbl=M'12T?
p] ML T2 le i M The Vander Wall's equation for a as is
1 5 e e = LTr- «
{'I} [RINI l [pl MLJ LP+ ll?l.]['l.'-. M= RT
1 i : . i
[LHS]=[v]=LT"". Determine the dimensions of a and b, Henoe wrte the 8]
units of a and b, [Himachal 06C ; Central Schoals 14]

Hence the relation is correct.

T Ty - ’ - - e . E e
LV T ASREAR T D e SoRN :
B LAV L

,-ME‘- Ty
:S.Ll A R A
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-

Solution. Since dimensionally similar quantities
can be added or subtracted, therefore,

s

| or (a) =[PV )= ML T 2| (L) = MLPT 2

Also  [b]=[V]=1],

The SI unit of a is kg m”s™2 and that of b is m”,
Exasrre 49. When white light travels through glass, the
refractive index of glass (u = velocity of light in airlvelocity
of light in glass) is found to vary with wavelength as

woeAs =5 Using the principle of homogeneity of dimenisions,
X .

find the ST unils in which the constaits A and B must be

expressed. '
Solution. Here p = Mﬁf .”_!;h_t_ .h}_l'_i_r_.

Velocity of light in plass

= a dimensionless numboer

[A]=[n]=a dimensionless number

B
w2 ]
[Bl=[n](¥]=1.17=*
Hence A, being dimensionless, has no units and Sl

unit of B is mZ,

ExXAMPLE 50. In the equation : y = a sin (of - kx), t and x
stand for time and distance respectively.  Oblain  the
dimensional formula for wand k.

Solution. An angle is a dimensionless quantity,

1+ 1
wl]=1 or =—=—=T
[wt] (@] T
[kx]=1 or (kJetul=p1,

[x] L

Examrrr: 1. Rule out or accept the followin g formulae for
kinetic energy on the basis of dimensional arguments

(1) 13_6"“"2 (i) %—mvz +ma  [Central Schools 08]
Solution. K.E. = % mv?

Dimensions of K.E.=[ML*T~?)

(i) Dimensions of 1% mo? = [MI2T~2)

This formula is dimensionally acceptable for K.E.
(i) Bnmvz:’+|ma]=[ML2T“2}+{MLT'2]

This formula cannot be accepted for K.E. as it is
dimensionally inhomogeneous.

et m—— s s s ke s s e

R

v ProsLeMs For PRACTICE

1‘

I~

a

Test the dimensional conslstency of the f(I;I fn;ﬂing
coguations : (1) ve1+ al ({fy o= 1l 501

(i) v* =i = 2as [Himachal (7¢]

(Ans. All relations are dimensionally correcy)

The viscous force ‘I acting on a small sphere of

radius ‘¥ moving with velocity v through a liquid js

piven by I = oo, Caleulate the dimcminni-a of n,

the coefficlent of viscosity. (Ans. ML T T,

The distance covered by a particle in time t is given
by x wa+ bt + cd? 4w dt? : find the dimensions of

i, b, cand d. (Ans. L; LT, LT, LT

The critical velocity of the flow of a liquid through a

21 wherepis the
rp

pipe of radius r is given by o, =
density and 1 is the coefficient of viscosity of the
liquid. Check if this relation is dimensionally
correct, (Ans. Correct)
The rate of flow (V) of a liquid flowing through a
pipe of radius r and a pressure gradient (P/) is

4

given by Poiscuille’s equation : y - % P

8 nl
Check the dimensional consistency of this equation.
(Ans. Correct)
Testif the following equation is dimensionally correct :

Fim 2 Scos O
g
where h= height, S =surface tension, p =density,
r=radius, and g = acceleration due to gravity.
(Ans. Correct)
Find the dimensions of the quantity vin the equation,
2 2
nl

length of the tube in which the fluid of coefficient of
viscosity nis flowing, x is the distance from the axis

of the tube and pis the pressure difference.
(Ans, LT 1)
Find the dimensions of the quantity ¢ from the

, where a is the radius and [ is the

mi? 5
— , where T is the time

Yy
period of a bar of length I, mass m and Young's
modulus Y, (Ans, LY)

An artificial satellite of mass m is revolving in a
circular orbit around a planet of M and radius R. 1f
the radius of the orbit of the satellite be r.

Justify by the method of dimensions that the time
3

expression,

T=2n

period of the satellite is given by: T= 2" {r

RYg’



10. Find the dimensions of (a xb) in the equation :
b s 2
S
at
time.
11. Find the dimensions of (a/b) in the equation :
a-t?
bx

where P is pressure, x is distance and ¢ is time.
(Ans. MT ~%)

12. Time period of an oscillating drop of radius r,

3
. : pr
density p and surface tension Sis : t = K i3

: where E is energy, x is distance and t is

(Ans. M1 L2 T)

pP=

Check the correctness of the relation. [Himachal 04]
(Ans. correct)

Out of formulae (i) y = asin 2nt / Tand (1) y = asin vt
for the displacement y of particle undergoing a
certain periodic motion, rule out the wrong formula
on dimensional grounds. (where a = maximum
displacement of the particle, v= speed of the
particle, T = time period of motion). [Delhj 09]

13.

® HINTS
1 () [W]=LT "', []=LT "7,
[at)=LT~2.T=LT"!

(i) [s]=L, [ut]=LT.T=L,

[Elal ’] =T 2=

[A=[LT P=12T7
[P =(LT P =12 T2
[2aS]=LT2L=12T?
4. [v,]=critical velocity =LT =%
[_K_ﬂ] - 1'_M_L:1_Ta__1.q LT!
rp L.ML
Hence the relation is correct.
5. [V]= Rate of flow of liquid
— Volume / Time = L*T"!

[n Pr‘J_ML'ITZ-L‘_Lsrl

(iif)

g8l | MUTIL
Hence the relation is correct.

6. [n=L

25c0s 0 | MT2.1 i
P8 LML, LT
Hence the relation is correct.
ML'T "3 (12 -1 ML'T 1
T oMmr?!

= LT,

7. [ﬂ] 1 [m-l T-ill [L]

UNITS AND MEASUREMENTS 2.31
4n? mi’ - M2 T
B' [‘f] = SYT 2 = ML—IT"Z . -[-2 &

9. [T]=T

2n f'r—3 | ___If_]”z:.r
RVg| L|LT? '

Hence the relation is correct.

2 _ 12 T4
11 [a]=[t"]=T [P]:'E‘!.uji
T? TR sl
= —= = gl
or =TT
“ o :
[a/b]= M_iT—:MT 2,
If__.-s =3 3 1/2
12 [RHSI{K‘}&}{[ML ”L—]] ~[T] = [LHS]
3 [MT %]

13. Refer to the answer of NCER1" Exercise 2.14.

DEDUCING RELATION AMONG THE
PHYSICAL QUANTITIES

48. How can the method of dimensions be used to
deduce a relation among the physical quantities ? Explain
it with the help of a suitable example.

To derive the relationship among physical
quantities. By making use of the homogeneity of
dimensions, we can derive an expression for a physical
quantity if we know the various factors on which it
depends.

2.26

Example. Let us derive an expression for the
centripetal force F acting on a particle of mass m
moving with velocity v in a circle of radius r.

Let E=Knf o° o (1)
where K is a dimensionless constant. W riting the dimen-
sions of various quantities in equation (1), we get

[MLT2 I ] 1 [MI” ['L"]' -1 ]!.Ilarl
or MIL|T—2 s Mﬂ L!‘ + ;'T— tl.

Comparing the dimensions of similar quantities on
both sides, we get

Fan o' ¢ or

a=1
b+c=1 or c=l=-b=1-2=-1]
-2==0 or b=2

From equation (1), we get
5
mvu* "

F=Kmvirl=k=o

r
This is the required expression for the centripetal
force.
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2.32 PHYSICS-XI

Examples based on

Deriving Relationship between

Physical Quantities
Conceer Usep
By using the principle of homogeneity of dimen-
sions, the form of expression for a given physical
quantity can be obtained if we know the factors
upon which that physical quantity depends,
ey
’b;{x_,q,wm.]-ﬁ 2. Consider a simple pendulum, having a bob
attached to a string, that oscillates under the action of the
force of gravity. Suppose that the period of oscillation of the
simple pendulum depends on (i) mass of the bob (ii) length
I of the pendulum and (1ii) acceleration due to sravity g at
the place. Derive the expression for its time period using

method of dimensions, INCERT)
Solution. Let us assume that T o pf' |0 o
or T= KFH“ Ib Rll '“{U

where K is a dimensionless constant.
The dimensions of various quantities are
[T]=T, [m =M, [l]=L, [g)=LT "2
Substituting these dimensions in eqn. (1), we
T=[MJ* [L]" [LT -2
M{)LGTI = M? LJ: top - 2c
- Equating the exponents of M, L and T on both
sides, we get

gL‘I

or

a=0, b+c=0, -2¢=1

On solving, a=0,

c=—=

b=t
2 2

T=Km1'2g-V2_ g E
- &

From experiments, K =2 r.

T=2n E

Vs

ExampLE 53. The velocity ‘v’ of water waves depends on
the wavelength ‘d', density of water ‘p’ and the acceleration
due to gravity 'g’. Deduce by the method of dimensions the
relationship between these quantities. [Central Schools 08]

Solution. Let v = K 3%p"¢* ()

Therefore

¥

where K = a dimensionless constant.
Dimensions of the various quantities are
[v]=LT"}, [A]=L, [p]=ML?, [g]=LT"?
Substituting these dimensions in equation (i), we get
(LT )= (L [ML?)'[LT )¢
MOLIT-1 = Mbpe - 3b+c-2c

—

Equating the powers of M, L and T on both sides,

b=0, a=3b+c=1 -2c=-1
1
On solving, nzzl, b =0, fzi

| !
p:K}.ipoL\rz:K‘ﬁ»‘g‘.

A
EXAMPLE 4. Assuming that the mass M of the largest
stone that can be moved by a flowing river depends upon ‘v’
the velocity, 'p' the density of water and on 'g’, the accele-
ration duc to gravity. Show that M varies with the sixt
power of the velocity of flow.
M= Kv" p" g

where K =a dimensionless constant.

Solution. Let (1)
Dimensions of the various quantities are
Ml=M, [v]=LT"", [p]=ML"?, [g]=LT"?
Substituting these dimensions in equation (i), we get
[M] = (LT ML) '[LT2)f
MILGTO = M.‘- 4= A+ iy 2c
Equating the powers of M, L and T, we get
b=1, a-3b+c¢=0, -a-2¢=0
On solving, a=6, b=1, ¢=-3
M= Kv®p! ¢ 3
M e °,
Exanierr 55. The velocity of sound waves ‘v' through a
medim may be assumed to depend on :
(1) the density of the medium ‘d’ and
(i) the modulus of elasticity ‘E’,

Deduce by the method of dimensions the fornula for the
velocity of sound. Take dimensional constant K = 1.

Solution. Let the velocity of sound waves be given by
v=Kd" E (D)
where K = a dimensionless constant.

Hence

Dimensions of the various quantities are

[v]=LT"!, [d)=ML3
(E] = stress _  force E’IL_T_‘1 - ML~ T2
strain  area x strain |2 s | .

Substituting these dimensions in equation (i), we get
(LT )= ML) (ML -2
MULIT—I =M"* b L da - b T- 2%
Equating the dimensions of M, L and T, we get
a+b=0, -3a-b=1, -2b=-1

or

P 1 1
On solving, a=-=, p=—
b 5 y >

v= Kid L"JL-I.’I or i .'l E . [ K - ”
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EXAMPLE 56. The frequency V' of vibration of a stretched
string depends upon :
(1) its length |,
(1) its mass per unit length ‘'m’ and
(iii) the tension T in the string.
in di jonally an expression for frequency v.
Obtain dimensionally an expr S i
Solution. Let the frequency of vibration of the
string be given by
v=KI*n TS (1)
where K =a dimensionless constant.
Dimensions of the various quantities are :
[vI=T"%, [l]=L, [T]=Force=MLT?
mass =E = ML..]
length L
Substituting these dimensions in equation (i), we get
[T)=[LF (ML [MLT %[
MY L= M TN
E,quatmg the dimensions of M, L and T, we get
b+c=0, —2¢=-1

[m]=

or

a-b+c=0,
1

1
On solving a=-1, b=—2—, f—z-

o= KI—-lm— IIZTIR

K |T
I i i | =5

CxAMPLE 57. A planet moves around the sun in nearly
;mfa:r orbit. Its period of revolution ‘T * depends upon :

() radius v’ of orbit (i) mass ‘M * of the sun and =
(¢if) the gravitational constant G. o N o POD

Show dimensionally that T* « r°. e R i

Solution. Let T=K* M G (1) EXamPLE 59. Derive by the method of dimensions. arn

here K = a dimensionless constant.
Dimensions of the various quantities are :
[T]=T, [r]=L, Ihﬂ;hg
(1= P _ ML:;M-L M2
e i
ituting these dimensions in equation (i), we get
et Tﬁqmw”m‘ﬁ*l‘
MOLOT! = MR T X
Equating the dimensions of M, L and T, we get
b-c=0, a+3c=0, -2¢=1

On solving,
=2, b=
=2

T = KP2M12G 12
g KPP
or = MG
T2 x rJ.

Examrie 58. Reynold number Ng (a dimensionless
quantity) determines the condition of laminar flow of a viscous
liquid through a pipe. Ny, is a function of the density of the
liquid p’, its average speed “v" and coefficient of viscosity 1",
Given that N is also directly proportional to ‘D’ (the
diameter of the pipe), show from dimensional considerations
pv D
n
The unit of v in SI system is kg m ' s~
Solution. Let N, = Kp* "y D (1)

that N x

where K = a dimensionless constant.
Dimensions of various quantities are
[Ngl=1=M'1" 7Y

[P]=ML?, [v]=LT !,
=ML"'T-!, (D)=L

Substituting these dimensions in equation (i), we get

ML T%) = ML (LT P it I[L]
MPLOT = Me € -3 vb-cod b

Equating the powers of M, L and T, we get
a+c=0, —-3a+b-—c+1=0, -b-c=0
On solving, a=1, b=1, ¢=-1

Ng=Kplp'qn1 D:KELQ

expression for the volume ofa liguid _ﬂu:m’ng out per second
through a narrow pPipe. Assume that the rate of flow of liquid

depends on
(1) the coefficient of viscosity W' of the liquid
(11) the radius v’ of the pipe and

(i11) the pressure gradient [ i’] along the pipe.
Take K="
8

Solution. Let volume
through the pipe be given by

V=Kn* #H’] ()

where K = g dimensionless constant.

flowing out per second
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Dimensions of the various quantities are

(V]= volume _ E = 131!
time T
=ML T}, [r]=L
p | _ pressure _ force
{ 1 jJ ~ length ~ area x length
_MLT? oo
.1

Substituting these dimensions in equation (i), we get
(T 1) =ML T (L) ML T %)
M[}LJT-I =ancL—n+b—2rT—a -2
Equating the powers of M, L and T, we get
d+c=0, —a+b-2¢=3, —a-2¢c=-1

or

On solving,
a=-=1, b=4, c=1
1
0
nrtp
or V= o [Poiseuille’s equation]
|

Examrrr 60. The period of vibration of a tuning fork
depends on the length [ of its prong, density d and Young's
modulus Y of its material. Deduce an expression for the
period of vibration on the basis of dimensions.

Solution. Let T=KIFd’y* (1)
where K = a dimensionless constant.
Dimensions of various quantities are
[T]1=T, (=L, [d]=ML"3, [Y]=ML !T>?
Substituting these dimensions in equation (i), we get
T=[L) [ML 3P ML ! T-2f
MULOT! = M+ e e -3b-c -2
Equating the powers of M, L and T, we get
b+c=0, a-3b-c=0, -2c=1
On solving,

or

a=1,
T=KId?y-12_ g E.
Vy

EXAMPLE 61. The frequency v of an oscillating drop may
depend upon radius r of the drop, density p of the liguid and
surface tension S of the liquid. Establish an expression for v
dimensionally. [Delhi 13]

Solution. Let v=Kr~ pt s sk}

where K = a dimensionless constant.

Dimensions of various quantities are
V=T % [r]=L, [p]=ML?> [S]=MT"1
Substituting these dimensions in equation (i), we p,
T-' = (L)' [ML )" [MT " ?J
MOLOT 1 = Mb e e -3 T 2

or
Equating the powers of M, L and T on both side
b+c=0, a=-3b=0, -2¢=-1
On solving,
S D
2. 2 2
v=Kr 3;2p-- 1/2 g1/2 _ g .'IE-
\or’

Examrre 6z, The escape velocity v of a body depends upon
(1) the acceleration due to gravity of the planet and (ii) the
radius of the planet R. Establish dimensionall 'y the relation-
ship between v, ¢ and R. [Himachal 06 ; Delhi 03]

Solution. Let v = Kg* R"
where K =a dimensionless constant.
Putting the dimensions,
LT ' =[LT2P[L)f =L *PT %
Equating the powers of L and T,

a+b=1, -2a=-1
a:l, b:—l—

2 2

Hence wv=Kg'? RV2=k JgR.

EXAMPLE 63. A large fluid star oscillates in shape under
the influence of its own gravitational field.  Using
dimensional analysis, find the expression for period of
oscillation (T) in terms of radius of star (R), mean density of
flutd (p) and universal gravitational constant G.
[Chandigarh 04]

Solution. Let T = KR"p"G"
where K is a dimensionless constant.
Putting the dimensions,
T' = [LP ML 3P (M- 3T 2F

or MULI}TI = Mb = :‘L— 3b+ 3¢ ‘JT 2

Equating the powers of M, L and T, we get

b-¢=0, -3b+3c+a =0, -2¢=1

On solving,

n=0, 1

nt

F

T= KRUp 1.’_‘(} I/

1
2

fl C=

2



3 PrRopLEMS FOR PRACTICE

1. The wavelength A assoclated with a moving electron
depends on its mass m, its velocity v and Planck’s

constant h, Prove dimensionally that A « %;.

[Himachal 04 ; Chandigarh 08]

Obtain an expression for the centripetal force F
acting on a particle of mass m moving with velocity
vin a circle of radius r. Take dimensionless constant
K=1 [Himachal 2000]

mv*
, Fm—
[Ana ,_

3. The orbital velocity v of a satellite may depend on
its mass m, the distance r from the centre of the
earth and acceleration due to gravity g. Obtain an
expression for its orbital velocity. (Ans. v = K /rg)

¥ 4. A small spherical ball of radius r falls with velocity v

through a liquid having coefficient of viscosity n,

Find the viscous drag F on the ball assuming it
depends on n, rand v. Take K= 6m.

(Ans. F = 6mry)

5. The velocity of a freely falling body is a function of
the distance fallen through (h) and acceleration due
to gravity g Show by the method of dimensions

that o= K |/gh.

6. Using the method of dimensions, derive an expression
for the energy of a body executing SHM ; assuming
this energy depends upon its mass m, frequency v
and amplitude of vibration r. [Himachal 06]

(Ans. E= Kmv? r?)

7. A body of mass m hung at one end of the spring executes
SHM. Prove that the relation T = 2mm/ k is incorrect,
where k is the force constant of the spring. Also
derive the correct relation. (Ans. T= K+m/k)

8. Assuming that the critical velocity v, of a viscous
liquid flowing through a capillary tube depends
only upon the radius r of the tube, density p and the
coefficient of viscosity n of the liquid, find the
expression for critical velocity. E]_]

rp

9. By the method of dimensions, obtain an expression
for the surface tension S of a liquid rising in a
capillary tube. Assume that the surface tension
depends upon (1) mass m of the liquid (ii) pressure p
of the liquid and (iif) radius r of the capillary tube,

Take K=1/2 (Ans, S=pr/2

). The depth x to which a bullet penetrates a human
body depends upon (i) coefficient of elasticity nand
(i) kinetic energy E . By the method of dimensions,

1/3
show that : xx[%—] .

Ans, U=

11,

A U-tube of uniform cross-section contains mercury
upto a height i in either limb. The mercury in one
limb is depressed a little and then released. Obtaln
an expression for the time period of oscllation
assuming that T depends on I, p and g,

[A..,.. Tk h]

Vg

The critical angular velocity w, of a cylinder inside
another cylinder containing a liquid at which its
turbulence occurs depends on viscosity n, density p
and the distance d between the walls of the
cylinder. Find an expression for o_ .

12,

\

Ans. w, = K n!-

pd

13. A body of mass m is moving in a circle of radius r
with angular velocity o Find expression  for
centripetal force acting on it by the method of

dimensions.  [Himachal 03, 09C] (Ans. F = Kmro?)

14. Consider a simple pendulum, The period of

oscillation of the simple pendulum depends on its
length ‘" and acceleration due to gravity '¢’. Derive
the expression for its period of oscillation by the
method of dimensions. [Himachal 06, 06C, 07]

X HINTS
1. Let A= Km" o' I, then
MULIT{} = [M]ui[_rr—l]h[MLZTd]r
=M +cL!=+2rT—b-c
b+2c=1, -b-c=0
On solving, a = -1, b=-1, ¢=1
h h

or le—>:
muv

F=Kn® 1’ v, then

111 - i .

MAT 2=[MLIT I].l [L]b[LTIIL
= ML *P*cT-0-¢
a=1],

a+c=40,

4. Let

-a+b+c=1
Onsolving, a=b=c=1

“d-c==2

Hence F= Knrv=6mro.
6. Let E= Km" v! 1%, then

MTL?.T -2 = IM]J [T - lil.'“' [L]‘ - hl“ L‘. _1__ )

(Stoke’s law)

a=1 b=2 ¢=2 Hence E=Kmv:
7. [LHS]=[T]=T
9
[RHS) = {‘_r_‘_"f} M g2
k MT "+

force MLT? . |
v (k)= Force MLT™" . (-2
Length L |

[LHS] # [RHS}] Hence the relation is incorrect.
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To find the correct relation, let T = K m® kP, then
T! = [M)* IMTHZ]*’ =M?*b T2
a+b=0, —2b=1
On solving, a:-21, b=l

.
Hence T= Knl/2 =12 - va’ﬁ—f'.

8. Let v. = Kr'p® n°, then
LT =[L)" ML~ (ML ! T -1y

= Mﬁ'-ﬁ-fLﬂ = 3b—CT~('

b+c=0, a-3-c=1, -¢c=-1
On solving ,
a==1 b==-1 ¢c=1
K
y= Krilpipl=20
rp

10. Let x = Kn" [E )", then

L' =ML} T2 (ML? T -2
=Mt -a+2 7-20 -2
H+b=0, -—:‘?+2b=L -2a-2b=0
On solving, H=—§1,b=l

3
E 1/3
Hence x = Kn~ /3 E;‘B:K[—ij .
n
12. Let o, = Kn* pbd‘,then
T-I ={M-L_I T—]]a’ IML- 3]!? [L]L‘
=Ma+bL—a‘—3b+rT-n
a+b=0, -a-3b+c=0, —a=-1
On solving ,
a:.L b:-—L f:—z
r. -3 42 _ Knq
Hence w, = Kn'p™1 4 B,
pd

2.27 ¥ LIMITATIONS OF DIMENSIONAL
ANALYSIS

49. Mention the limitations of the method of dimen-
sional analysis.

Limitations of the method of dimensions :

A" The method does not give any information
about the dimensionless constant K.

L)./It fails when a physical quantity depends on
more than three physical quantities.
3. It fails when a physical quantity (eg.,
s=ut+ 51 at?) is the sum or difference of two or
more quantities.

kﬂ(lt fails to derive relationships which involye

trigonometric, logarithmic or exponential function

5. Sometimes, it is difficult to identify the factorg

on which the physical quantity depends, The

method becomes more complicated when dime,
sional constants like G, I, etc. are involyeq.

2.28 SIGNIFICANT FIGURES

50. What is meant by significant figures in ,
measured quantity ?

ignificant figures. The significant figures are
normally those digits in a measured quantity which are
known reliably or about which we have confidence iy our
measurement plus one additional digit that is uncertain
The larger the number of significant figures in a
measurement, the higher is the accuracy of the
measurement. Suppose the time period of a simple
pendulum is 1.62s. This digits 1 and 6 are reliable and
certain, while the digit 2 is uncertain. So the time
period has three significant figures. Again, suppose
the length of an object is measured as 273. 6 cm. It has
four significant figures. The digits 2, 7 and 3 are
reliable while the digit 6 is uncertain.

31. State the rules for counting the number of
significant figures in a measured quantity.
Rules for determining the number of significant
figures :
(1) All non-zero digits are significant. So 13.75 has
four significant figures.

(it) All zeros between two non-zero digits are signi-
ficant. Thus 100.05 km has five significant figures,

(ii) All zeros to the right of a non-zero digit but to the left
of an understood decimal point are not significant.
For example, 86400 has three significant figures.
But such zeros are significant if they come from a
measurement. For example, 86400 s has five
significant figures.

(iv) All zeros to the right of a non-zero di git but to the left
of a decimal point are significant. For example,
648700. has six significant figure.

(v) All zeros to the right of a decimal point are signi-
ficant. So 161 cm, 161.0 cm and 161.00 cm have
three, four and five significant figures respectively.

(vi) All zeros to the right of a decimal point but to the left
of a non-zero digit are not significant. So 0.161 cm
and 0.0161 cm, both have three significant
figures. Moreover, zero conventionally placed
to the left of the decimal point is not significant.

(vii) The number of significant figures does not
depend on the system of units. So 16.4 cm, 0.164 m
and 0.000164 km, all have three significant figures.



