Units & Dimensions /
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1.

UNITS & DIMENSIONS

PHYSICAL QUANTITIES :

The quantities which can be measured by an instrument and by means of which we can describe the
laws of physics are called physical quantities. Till class X we have studied many physical quantities
eg. length, velocity, acceleration, force, time, pressure, mass, density etc.

Physical quantities are of three types

Fundamental Derived Supplementary

. Quantities Quantities
Basic quantities

Fundamental (Basic) Quantities :
® These are the elementary quantities which covers the entire span of physics.
® Any other quantities can be derived from these.

® All the basic quantities are chosen such that they should be different, that means independent of
each other. (i.e., distance (d), time (t) and velocity (v) cannot be chosen as basic quantities

(because they are related as V = %). An International Organization hamed CGPM : General

Conference on weight and Measures, chose seven physical quantities as basic or fundamental.

Length  Time Mass Temperature Electrical Luminous Amount
L) M (M) (K) current Intensity of
(A) (Cd) Substance
(mol)

These are the elementary quantities (in our planet) that's why chosen as basic quantities.

In fact any set of independent quantities can be chosen as basic quantities by which all other

physical quantities can be derived.

YT T T T

V) (S) (R) (Cd) (mol)
Area Velocity Density Sp.Heat Resistance Luminous mole
Capacity Intensity
Can be chosen as basic quantities (on some other planet, these might also be used as basic
guantities)
But
(L) (A) (V).
Length Area Velocity

cannot be used as basic quantities as
Area = (Length)? so they are not independent.
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2.

Derived Quantities :
Physical quantities which can be expressed in terms of basic quantities (M,L,T....) are called derived
guantities.
i.e., Momentum P = mv

- (m) displa.lcement _ ML _ ML LLT-1

time T

Here [M!L'T-1] is called dimensional formula of momentum, and we can say that momentum has

1 Dimension in M (mass)

1 Dimension in L (length)
and —1 Dimension in T (time)
The representation of any quantity in terms of basic quantities (M, L, T....) is called dimensional formula
and in the representation, the powers of the basic quantities are called dimensions.

Supplementary quantities :
Besides seven fundamental quantities two supplementary quantities
are also defined. They are

0

® Plane angle (The angle between two lines)
® Solid angle

FINDING DIMENSIONS OF VARIOUS PHYSICAL QUANTITIES :
® Height, width, radius, displacement[etc. eF]re]z a kind of length. So we can say that their dimension is [L]
Height

[Width]

[radius]§ L]

[displacement]/

here [Height] can be read as “Dimension of Height”
® Area = Length x Width

So, dimension of area is [Area] = [Length] x [Width]

= [L] < [L] =[L7]

For circle

Area = mir?

[Area] = [r] [r’]
[1][L7]
[L7]
Here & is not a kind of length or mass or time so = shouldn’t affect the dimension of Area.
Hence its dimension should be 1 (MPL°T?) and we can say that it is dimensionless. From similar
logic we can say that all the numbers are dimensionless.

[200]

1] \
3] Q; MLT =1
{1} _ Dimensionless

2
® [Volume] = [Length] x [Width] x [Height] = L x L x L= [L?]
For sphere
Volume = inr?’
3

[Volume] :{gn} [r]] = (1) [L3] =]L%]

So dimension of volume will be always [L3] whether it is volume of a cuboid or volume of sphere.
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Dimension of a physical quantity will be same, it doesn’t depend on which formula we are using
for that quantity.

® Density = mass
volume
[Density] _ _[mass] _ M3 = [M1L-3]
[volume] L
® Velocity (v) = displacement
time
Displacement L
[V] = % = ? = [MOLlT—l]
® Acceleration (a) = ((j:i_\t/
_ dv—kind of velocity _ LT  _,
[B1= Gt S kind ofime - 1 T
® Momentum (P) = mv
[P]=[M] V]
= [M] [LT]
= [MlLlT—l]
® Force (F) =ma
[F] = [m] [a]
=[M][LT7]

= [MILIT-2](You should remember the dimensions of force because it is used several times)
® Work or Energy = force x displacement
[Work] = [force] [displacement]
= [MILIT-2] [L]

= [M1L2T‘2]
® Power = vyork
time
1 21-2
(Power] = WOkl - MLT ™ _ sy o7-9)
[time] T
® Pressure = Force
Area
1y 11+-2
[Pressure] B orcciin MLZT = MIL-1T -2
[Area] L
1. Dimensions of angular quantities :

® Angle ()

(Angular displacement) 6 = Ar.c

radius
[0] = _[Ar.c] =L [MOLOT?] (Dimensionless)
[radius] L
® Angular velocity (o) = 9 ;o] = 161 -1 [MOLOT-]
t M 7T
0y 01-1
® Angular acceleration (a) = do ; [o] = [do] - MLT [MOLOT-2]
dt [dt] T

® Torque =Force x Arm length
[Torque] = [force] x [arm length]
= [MILIT-2] x [L] = [M1L?T?]
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2. Dimensions of Physical Constants :
e Gravitational Constant :

/\g

If two bodies of mass m: and m; are placed at r distance, @_,_ ______ [remnmn- <_@
F F

both feel gravitational attraction force, whose value is, o

Gmm,
r.2
where G is a constant called Gravitational constant.

Gravitational force Fg =

Fg- [ClImim,]
]
L7 = [CIMIM]
]

[G] = M-1L3 T-2

e Specific heat capacity :
To increase the temperature of a body by AT, Heat required is Q = ms AT
Here s is called specific heat capacity.
[Q] = [m] [s] [AT]
Here Q is heat : A kind of energy so [Q] = MIL2T -2
[MIL2T-2] = [M] [s] [K]
[s] = [MOL2T—2K1]

e Gas constant (R):
For an ideal gas, relation between pressure (P)
Value (V) , Temperature (T) and moles of gas (n) is
PV = nRT where R is a constant, called gas constant.

(PIVI=[l[RILTT .. 1)
_ [Force]
here [P] [V] = (Areal
From equation (1)
[P1[V]=[n] [R][T]
= [MIL2T-?] = [mol] [R] [K] = [R] = [M'L?T-2 mol-* K-1]
e Coefficient of viscosity :
If any spherical ball of radius r moves with velocity v in a
viscous liquid, then viscous force acting on it is given by
Fv = 6mnrv
Here n is coefficient of viscosity
[Fv] = [67] [n] [1] [V]
MILIT =2 = (1) [n] [L] [LT-1]
[n] = MIL-1T -2
e Planck’s constant :
If light of frequency v is falling , energy of a photon is given by

[Area x Length] = [Force] x [Length] = [ML1T-?] [L] = M1L2T-2

E=hv Here h = Planck’s constant
[E] = [h] [V]
1 1 1
v = frequency= —— = ]z ———MM—= | =
Time Period [Time Period] T
so MIL2T-2=[h] [T
[h] = MIL2T-1

9
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3. Some special features of dimensions :

® Suppose in any formula, (L + o) term is coming (where L is length). As length can be added only
with a length, so a should also be a kind of length.
So [o] =[L]

® Similarly consider a term (F — B) where F is force. A force can be added/subtracted with a force

only and give rises to a third force. So B should be a kind of force and its result (F — ) should also
be a kind of force.

a third force 4/@\)[3 should be a kind of

and its dimension force= [p]=M' L' T

will also be M" L' T
Rule No. 1 : One quantity can be added / subtracted with a similar quantity only and give rise
to the similar quantity.

Solved Exvample

Example 1. % = Fv +£2 . Find dimensional formula for [a] and [B] ( here t = time, F = force, v = velocity,
X
x = distance)
Solution : Since dimension of Fv = [Fv] =[ML1T-?] [L1T-1] = [ML2T-9] ,
SO [%} should also be ML?T-3
X

By ors; gy = LT
]

and {Fv + ﬁz} will also have dimension ML2T -3, so L.H.S. should also have the same
X

dimension ML2T -3 SO [o] _ M2IL2T -3 [a] = MIL2T -1

[t*]
Example 2. For n moles of gas, Vander waal’s equation is (P—%) (V —b) = nRT. Find the dimensions of

a and b, where P is gas pressure, V = volume of gas T = temperature of gas

(P}’] v -(%) =nRT

Solution :

should be should be
a kind of a kind of
pressure volume
[ _ gy iroo 3
N Sofbl=L

Bl _papiT-2 o [ =miLsT
(S

0

Rule No. 2 : Consider a term sin(0)

Perpendicular
Hypoteneous
= Whatever comes in sin(......) is dimensionless and entire [sin (....... )] is also dimensionless.

dimensionless
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Similarly :
dimensionless dimensionless
dimensionless dimensionless

_ : dimensionless _ _
dimensionless dimensionless

dimensionless

— Solued Example

dimensionless

dimensionless

Example 3. o= 52 sin (Bt)(here v = velocity, F = force, t = time). Find the dimension of o and 3
v
Solution : oc=£2
Vv
dimensionless
dimensionless =B [M = 11
BI=[T"1]
1 12
so [ = LFL = MLT T _ oy oo
v LT
_ RV? 2B _ _ . 4 . .
Example 4. o= B—z loge | —- where F = force , v = velocity. Find the dimensions of o and f.
v

Solution :

dimensionless

dimensionless

Rr _
[v?]
-1 = p=were
as [o] = _[F][;’Z] = [o] = —[Ml"szszLszZ] = [o] = MIL-1TO
5] T 7]

4. USES OF DIMENSIONS :

e To check the correctness of the formula:
If the dimensions of the L.H.S and R.H.S are same, then we can say that this eqgn. is at least
dimensionally correct. So this equation may be correct.
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But if dimensions of L.H.S and R.H.S is not same then the equation is not even dimensionally
correct.

So it cannot be correct.

mv?>

e.g. A formula is given centrifugal force Fe =

(where m = mass , v = velocity , r = radius)
we have to check whether it is correct or not.
Dimension of L.H.S is
[F] = [MiLT2]
[m] [v?] _ [M][LTP?
[r] [L]

So this eqgn. is at least dimensionally correct.

Dimension of R.H.S is = [MILIT-2

Thus we can say that this equation may be correct.

Solved Example

Example 5. Check whether this equation may be correct or not.
2
Solution : Pressure Pr= # (where Pr = Pressure , F =force
TtoX

v = velocity , t = time , x = distance)
Dimension of L.H.S = [Py] = MIL-1T -2
[8] [F] [v*] _ [MLT?][L°T?] _
[] [t*] [X] [T] [L]
Dimension of L.H.S and R.H.S are not same. So the relation cannot be correct.

Sometimes a question is asked which is beyond our syllabus, then certainly it must be the
guestion of dimensional analyses.

Dimension of R.H.S = = MIL2T -6

Example 6. A Boomerang has mass m surface Area A, radius of curvature of lower surface = r and it is
moving with velocity v in air of density p. The resistive force on it can be —

“.r
o
2 vA m 2pVv A A Ar 2pv A Ar
(&) =5 [p—j (8) “= log [p—j (C) 2pv2A log (p ] (D) =25~ log ["—j
TAr m m
Answer : ©
Solution : Only C is dimensionally correct.

i

e We can derive a new formula roughly :

If a quantity depends on many parameters, we can estimate, to what extent, the quantity depends

on the given parameters !

Solued Example

Example 7. Time period of a simple pendulum can depend on
Mass of Length of Gravitational
Pendulum the string acceleration

(m) (0) (9)
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Example 8.

So we can say that expression of T should be in this form
T = (Some Number) (m)2 (£)°(g)°

Equating the dimensions of LHS and RHS,

MOLOTL = (1) [MY]2 [|_1]b [LIT-2]c

MOLOTl = Ma Lb+c T 2c

Comparing the powers of M,L and T,

get a=0,b+c=0,—-2c=1

S0 a:O,b:%,c:—% so T = (some Number) M0 L2 g-1/2

T = (Some Number) F
g

/\g

1111111

The quantity “Some number” can be found experimentally. Measure the length of a pendulum

and oscillate it, find its time period by stopwatch.

Suppose for ¢ = 1m, we get T = 2 sec. so

2 = (Some Number) fi
9.8

= “Some number”’ = 6.28 = 2n.

Natural frequency (f) of a closed pipe

Depends on i
i | (M
Length of Density of Pressure of
the tube air air
© (P) (P) h
So we can say that f=(some Number) ()2 (p)° (P)°

HRGIIE T

MOLOT-1=Mb+tc|a-3b-cT-2c

comparing powers of M, L, T

O=b+c
0O=a-3b-c
-1=-2c

geta=-1,b=-1/2, c=1/2

So f=(some number) %F
P
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0

e We can express any quantity in terms of the given basic quantities.

Example 9.

Solution :

Solued Example

If velocity (V), force (F) and time (T) are chosen as fundamental quantities, express (i) mass
and (ii) energy interms of V, Fand T

Let M = (some Number) (V)2 (F)° (T)°

Equating dimensions of both the sides

MILOTO = (1) [LIT-1]a [MILLT -2]b [Ti]e

MILOTO = pMbLa+b T-a-2b+c

geta=-1,b=1,c=1

M = (Some Number) (V1 F1TY) = [M] = [V2FLTY
Similarly we can also express energy interms of V, F, T
Let [E] = [some Number] [V]2 [F]° [T]°

= [ML2T-2] = [MOL°T®] [LT-1]2 [MLT-2]e [T]°

= [MleT—Z]z[Mb Lat+ b T—a—2b+c]
= 1=b;2=a+b; -2=-a-2b+c
geta=1;b=1;c=1

E = (some Number) VIFiT! or [E] = [VA][FY[TY].

° To find out unit of a physical quantity :
Suppose we want to find the unit of force. We have studied that the dimension of force is
[Force] = [MILIT2]
As unit of M is kilogram (kg) , unit of L is meter (m) and unit of T is second (S) so unit of force can be
written as (kg)* (m)! (s)-2 = kg m/s? in MKS system. In CGS system, unit of force can be written as (g)*
(cm)! (s)? =gcm/s2

oI, LIMITATIONS OF DIMENSIONAL ANALYSIS :

From Dimensional analysis we get T = (Some Number) \/Z
g

so the expression of T can be

/N

_|
I
a1
o
Q|
_|
I
ot
=}
«
-
i

~

T=2n |- T:\/z+(to)
g 9

®

Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029 ADVUD -9



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Units & Dimensions / ﬂ—
® Dimensional analysis doesn’t give information about the “some Number”: The dimensional constant.
® This method is useful only when a physical quantity depends on other quantities by multiplication

and power relations.

(i.e., f=xayd 7z

It fails if a physical quantity depends on sum or difference of two quantities
(ef=x+y-2)

i.e., we cannot get the relation

1 . . .
S=ut+ > at?> from dimensional analysis.

® This method will not work if a quantity depends on another quantity as sine or cosine, logarithmic or
exponential relation. The method works only if the dependence is by power functions.

® \We equate the powers of M,L and T hence we get only three equations. So we can have only three
variable (only three dependent quantities)

So dimensional analysis will work only if the quantity depends only on three parameters, not more
than that.

——— Solved Example

Example 10. Can Pressure (P), density (p) and velocity (v) be taken as fundamental quantities ?
Solution : P, p and v are not independent, they can be related as P = pv?, so they cannot be taken as
fundamental variables.
To check whether the ‘P’, ‘p’, and V' are dependent or not, we can also use the following
mathematical method :
[P] = [ML*T]
[p] = [MIL=TO]
[V] = [MOL*T-]

1 -1 -2
Check the determinant of theirpowers: |1 -3 0| =1(3)—-(-1)(-1)-2(1) =0,
o 1 -1

So these three terms are dependent.

DIMENSIONS BY SOME STANDARD FORMULAE :-

In many cases, dimensions of some standard expression are asked

e.g. find the dimension of (Hoso)

for this, we can find dimensions of po and eo, and multiply them, but it will be very lengthy process.
Instead of this, we should just search a formula, where this term (ogo) comes.

It comesinc= ! (where ¢ = speed of light)
Mo€o
1
= Hoeo= —
c
1
[Mogo] = — = W =L2Te
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Example 11.

Solution :

Solved Evample

Find the dimensions of

(i) eoE? (g0 = permittivity in vacuum, E = electric field)
2

(i) B (B = Magnetic field, po = magnetic permeability)

Mo

1 .

(il — (L =Inductance, C = Capacitance)
JLC

(iv) RC (R = Resistance, C = Capacitance)

(v) % (R = Resistance, L = Inductance)

(vi) E (E = Electric field, B = Magnetic field)

(vii) Geo (G = Universal Gravitational constant, go = permittivity in vacuum)
¢

(viii) == (de = Electrical flux; om = Magnetic flux)

m

(i) Energy density =1/2 goE?
[Energy density] = [e0E?]

[is E
2

= MLLL1T-2

» |_ [energy] _M1*T?
0 [volume] L2
2

(i) 18 = Magnetic energy density
2 p,

z

Mo

1

(iii) \/ﬁ
|:ii| = [0)] = 1
JLc T

(iv) RC
[RC

[B_Z}_ [energy] = M'LT?

BZ

} = [Magnetic Energy density]
Mo

= MILAT-2

[volume] L3

= angular frequency of L — C oscillation

=T-1

= Time constant of RC circuit = a kind of time
] = [time] = T

(v % = Time constant of L — R circuit

[%} = [time] = T?

(vi) magnetic force Fm = qvB , electric force Fe = gE

=

(vii) Gravitational force Fq =

[Fm] = [Fe] = [qvB] = [qE] = E} =[v] =LT?

2 2
m . 1
> Electrostatic force Fe= 4
r

neg r?

2 2 2 LN2
[Grr; } ) [41118 (:_2} ' [Geol = [%:I = |:(:1_)2j| = APT2M2
0

ES

1% | _|ES|_|E|_ N = T
(viii) {E}_[BS} {B} [v] (from part (vi)) =LT
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0

Dimensions of quantities related to Electromagnetic and Heat (only for X1l and XlIlI students)

(i) Charge (q) : We know that electrical current i = dq =2 small_cha_rge flow
dt  small time interval

- _ [da] . _ [d] _
[l = @ [A] = el [a] = [AtTY]

kod, _ 1 g9
2

(i) Permittivity in Vacuum (eo) : Electrostatic force between two charges Fe = 2 >
r TEQ r

_ 1 [94][a]
Fe] =
[]me [r7
MILIT-2= _1 —[AT][AT] ; [80] =M1L3T4A2
Dleol L1
(iii) Electric Field (E) : Electrical force per unit charge E = F/q

E=H- MLT] _ ppar-sac
[al  [A'TY
(iv) Electrical Potential (V) : Electrical potential energy per unit charge V = U/q

_ M: [M1L2T—2]

= M1L2 T-3A-1
v [a  [A'TY
(v) Resistance (R) : From Ohm’s law V = iR
(VI = [i] [R]
[MIL2TSAY] = [AY [R] ;  [R] = MLL2T-2A2
q [q _  [A'TY

(vi) Capacitance (C): C v = [C] VI~ MLeTOA T
[C] = M-1L2 T4A?

(vii) Magnetic field (B) : magnetic force on a current carrying wire Fm =i /B = [Fm] = [i] [¢] [B]
[MILTT-2] = [AY] [LY] [B] [B] = MLLOT-2A1

_ Mo i

(viii) Magnetic permeability in vacuum (po) : Force/length between two wires 5
T

~ | T

M'L'T™ _ [uo] [AlIA]
L [ W
(ix) Inductance (L) : Magnetic potential energy stored in an inductor U =1/2 Li?
[U] = [1/2] [L] [i]?
M*L2T2] = (1) [L] (A)?
[L] = MLL2T-2 A2

=[] = MILIT-2 A2

(x) Thermal Conductivity : Rate of heat flow through a conductor Z—? = KA(Z—TJ
X

M9 8T MU KL s s
(] [][][dx] ; T [][][Ll] v [K]
(xi) Stefan’s Constant (c): If a black body has temperature (T), then Rate of radiation energy emitted
dE - 4 - @: 4
i OATH; ] [o] [A][T4]
[M1L2T—2] _

[ [o] [L[KT] 5 [o] =[MILOTK]

(xii) Wien’s Constant : Wavelength corresponding to max. spectral intensity. Am = b/T (where T = temp.
of the black body)

pol= 5 W=gd BI=(UK)
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UNIT
° Unit : Measurement of any physical quantity is expressed in terms of an internationally accepted
certain basic standard called unit.
(] S| Units : In 1971, an international Organization “CGPM” : (General Conference on weight and

Measure) decided the standard units, which are internationally accepted. These units are called S| units
(International system of units)

1. Sl Units of Basic Quantities :

. SI Units
Base Quantity

Name Symbol | Definition

The metre is the length of the path traveled by light in
Length metre m vacuum during a time interval of 1/299, 792, 458 of a second
(1983)

The kilogram is equal to the mass of the international
prototype of the kilogram (a platinum-iridium alloy cylinder)

HEES L EEEL kg kept at International Bureau of Weights and Measures, at
Sevres, near Paris, France. (1889)
The second is the duration of 9, 192, 631, 770 periods of the
. radiation corresponding to the transition between the two
Time second S

hyperfine levels of the ground state of the cesium-133 atom
(1967)

The ampere is that constant current which, if maintained in
two straight parallel conductors of infinite length, of negligible
Electric Current | ampere A circular cross-section, and placed 1 metre apart in vacuum,
will produce between these conductors a force equal to 2 x

10'7 Newton per metre of length. (1948)

Thermodynamic The kelvin, is the fraction 1/273.16 of the thermodynamic

Temperature sy K temperature of the triple point of water. (1967)
The mole is the amount of substance of a system, which
Amount of . - .
Substance mole mol contains as many elementary entities as there are atoms in
0.012 kilogram of carbon-12. (1971)
The candela is the luminous intensity, in a given direction, of
Luminous a source that emits monochromatic radiation of frequency
4 candela cd 12 i i o
Intensity 540 x 10~“ hertz and that has a radiant intensity in that
direction of 1/683 watt per steradian (1979).
2. Two supplementary units were also defined :

® Plane angle — Unit = radian (rad)
® Solid angle — Unit = Steradian (sr)

3. Other classification :
If a quantity involves only length, mass and time (quantities in mechanics), then its unit can be written in
MKS, CGS or FPS system.

KS system CGS system FPS_system
meter kig\sec Y g \sec
CM gram S€c  foot pound
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For MKS system :
In this system Length, mass and time are expressed in meter, kg and second. respectively. It
comes under Sl system.

For CGS system :
In this system ,Length, mass and time are expressed in cm, gram and second. respectively.

For FPS system :
In this system, length, mass and time are measured in foot, pound and second. respectively.

Sl units of derived Quantities :

displacement (metre)
time (second)

So unit of velocity will be m/s

change in velocity _ m/s _

time S (S
Momentum = mv, so unit of momentum will be = (kg) (m/s) = kg m/s
Force = ma, Unit will be = (kg) x (m/s?) = kg m/s? called newton (N)
Work = FS, unit = (N) x (m) = N m called joule (J)
work

time

Velocity =

m

Acceleration = >

Power =

, Unit =J/ s called watt (W)

Units of some physical Constants :

® Unit of “Universal Gravitational Constant” (G)
8
F= —G(mlg(mZ) = kg>;m = G(kg)z(kg) sounitofG= -
r S m kg s
® Unit of specific heat capacity (s) : Q =ms AT ; J=(kg) (S) (K), Unitof s=J/kg K
® Unit of po : force per unit length between two long parallel wires is: % = ;—0 il
Tr

N_r (A)A)

) N
Unit of wo= —
m @ (m Y

Sl Prefix : Suppose distance between kota to Jaipur is 3000 m. so
d = 3000 m =3 xZ00®m
kilo(k)

= 3 km (here ‘K’ is the prefix used for 1000 (103))
Suppose thickness of a wire is 0.05 m

d=005m =5x@Q0>m

centi(c)
=5 cm (here ‘c’ is the prefix used for (10-2))

Similarly, the magnitude of physical quantities vary over a wide range. So in order to express the very
large magnitude as well as very small magnitude more compactly, “CGPM” recommended some

standard prefixes for certain power of 10.

Power of 10 Prefix Symbol Power of 10 Prefix Symbol
10%8 exa E 1071 deci d
10%° peta P 1072 centi c
1012 tera T 1073 milli m
10° giga G 1078 micro u
108 mega M 107° nano n
103 kilo K 10712 pico p
102 hecto h 10715 femto f
10! deca da 10718 atto a

/\
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Solved Evample

Example 12.  Convert all in meters (m) :

(i) 5 um. (i) 3 km (iii) 20 mm (iv) 73 pm (V) 7.5 nm
Solution : (i) 5um=5x10"°m

(i) 3km=3x%x10®m

(iii) 20 mm =20 x 103m

(iv) 73 pm =73 x101?m

(V) 75nm=75x10"°m

Example 13. F =5 N convert it into CGS system.

3
Solution : F=5 kgxzm -5 1O g)(1200 €M) _ & x 105 9T (in CGS system).
s S
This unit (@) is also called dyne
s

3

Example 14. G =6.67 x 10—11m—2 convert it into CGS system.

kg s
3 3 3
Solution : G =6.67 x 1011 " = (6.67x1013) m =6.67 x 108
kg s (1000g)s gs
Example 15. p =2 g/cm®convert it into MKS system.
. 1073 kg
Solution : p=2g/lcmd® =(2) ——
(10°m)?

=2 x 108 kg/m?
Example 16. V =90 km/hour convert it into m/s.
(1000 m)

Solution : V =90 km/hour = (90)
(60 x 60 second)
V = (90) 1000) m
3600, s
v=gox > 1
18 s
V =25m/s

a8
7. POINT TO REMEMBER

To convert km/hour into m/sec, multiply by %

——— Solued Evample

Example 17. Convert 7 pm into um.
Solution : Let 7 pm = (x) um, Now lets convert both LHS & RHS into meter
7% (10°)m=(x) x 10-%m
get x=7x 10
So 7 pm = (7x10-8) um
Some Sl units of derived gquantities are named after the scientist, who has contributed in that
field a lot.
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0

8. S| Derived units, named after the scientist :
Sl Units
S.N | Physical Quantity . Symbol of the | Expression interms | Expression in terms
Unit name . . .
unit of other units of base units
Frequency S
1. _1 hertz Hz Oscillation st
(f= T ) s
Force 2
2. (F = ma) newton N e Kgm/s
Energy, Work, Heat . 2,2
3. (W = Fs) joule J Nm Kgm“/s
Pressure, stress
4. P =E) pascal Pa N/ m? Kg/m s?
A
Power,
2 3
5. (Power = ¥) watt w J/s Kgm“/s
6. Electrlc_c_harge coulomb C - - As
(q=it)
Electric Potential
Emf. .
7. U volt Vv J/C Kgm“/s A
(V=-)
q
Capacitance
8. c=9 farad F ClV A% s* | kgm?
v
9 Electrlt(:\:;\I:Riesl)stance ohm o VIA kg m?/ s* A2
Electrical
Conductance i
10. : Slemens S, O AlV s® A% kg m?
R V
L Magnetic field tesla T Wb / m? Kg/s? Al
2 2
12. Magnetic flux weber Wb Vs orJA kg rRI/ S
2 2
13. Inductance henry H Whb/A kg n,,j\z/ S
14. . ACt.'V'ty of . becquerel Bq Disintegration st
radioactive material second
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9.

10.

Some Sl units expressed in terms of the special names and also in

terms of base units:

Sl Units
Physical Quantity In terms of special .
In terms of base units
names
Torque (t = Fr) Nm Kgm?®/s®
Dynamic Viscosity
dv isei
Fo=nA Poiseiulle (P ¢) or Pa s Kg/ms
dr
Impulse (J =F At) N s Kgm/s
Modulus of elasticity
stress N/ m? Kg/m s®
(Y===>) d
strain
Surface Tension Constant (T)
F N/m or J/m? Kg/s®
(T=2) J
4
b ity (5) Jikg K
pecific Heat capacity (s . cal R ol
(Q=msAT) (old units ——) m7s*K
g °C
Thermal conductivity (K)
-3 -1
(d_Q:KAd_T) W/mK m kg s~ K
dt dr
o . _F 3 .1
Electric field Intensity E = — V/m or N/C mkgs~ A
q
Gas constant (R) (PV = nRT) or
molar Heat Capacit
Racty J /K mol m?kgs? K mol*
C= i
( )
MAT

CHANGE OF NUMERICAL VALUE WITH THE CHANGE OF UNIT :

Suppose we have
If we convert

{=7cm — =
it into metres, we get

7

100

we can say that if the unit is increased to 100 times (cm—m),

the numerical value became ﬁ times (

So we can say

. 1
Numerical value «« —
unit

7> —

7
100

/\
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We can also tell it in a formal way like the following :

Magnitude of a physical quantity = (Its Numerical value) (unit) = (n) (u)

Magnitude of a physical quantity always remains constant, it will not change if we express it in some

other unit. So

(n) (u) = constant

1 n,u, = n,u,

. 1
numerical value ¢ ——

——— Solved Example

Example 18.
Solution :

Example 19.

Solution :

unit

If unit of length is doubled, the numerical value of Area will be ................

As unit of length is doubled, unit of Area will become four times. So the numerical value of Area

will became one fourth. Because numerical value oci,t ,
uni
Force acting on a particle is 5N.If unit of length and time are doubled and unit of mass is halved
than the numerical value of the force in the new unit will be.
kg xm

sec?

Force = 5

If unit of length and time are doubled and the unit of mass is halved.

1><2
2

(2)?

N[

Then the unit of force will be times

. . . . 1
Hence the numerical value of the force will be 4 times. (as numerical value oc—_t)
uni

®
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Note : ** Problems require knowledge of quantities from the syllabus of class XII.

Bl Exercise-1

% Marked Questions can be used as Revision Questions.

PART -1: SUBJECTIVE QUESTIONS

**7], Complete the cross word :
1 2
3 4
5
6 7
8 9
10 11
12
13
14
15 16
Across Down
1. Unit of pressure ﬁz = A (6) 1. 102m=0One ... 9)
m
2.  Aunit of length measures atomic
distances . (8)
3. Unit of a physical quantity whose
dimension is M'L?T-2 ... (4)
3. Unit of magnetic flux ... (5)
4. Unit of magnetic field ... (5)
5. A unit of distance that is equal to
3.08 x 10%m, and is used to measure astro
nominal distances ... (6)
6. Unit of conductance (: ;j
Resistance
which is equivalent to Siemens ...... 3)
7 A gquantity whose dimension is same as that
" ofenergy. . (6)
8. A unit of pressure (1mm of Hg pressure) 9.  Number of particles is expressed in....... 4)
....... 4)
10. Abbreviation used for 106 ... (5) 11. Unit of a physical quantity which is
dimensionless ... (6)
12. Nuclear distances are measured in .....(5) 12 Unit of capacitance =~ ... (5)
13. Unit of luminous intensity ... (7)
14. Angular speed of a fan is usually written in
........ 3)
15. ergcem= L. (4)
16. Unit of inductance ... (5)
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2.n If the velocity of light 'c', Gravitational constant 'G' & Plank's constant 'h' be chosen as fundamental

units, find the dimensions of mass, length & time in this new system .

3. Test if the following equations are dimensionally correct :

4
(a) s = prgh / cos6 (b) v = ?E )V = Prit (d) f = ,m_gé
Mo nt I

where h = height, S = surface tension, v = Speed of sound, p = density, P = pressure, V = volume,

n = coefficient of viscosity, f = frequency and I = moment of inertia.

PART -1l : ONLY ONE OPTION CORRECT TYPE

1. Which of the following sets can’t enter into the list of fundamental quantities in any system of units?
(A) length, mass and velocity (B) length, time and velocity
(C) mass, time and velocity (D) length, time and mass

2= Adimensionless quantity

(A) never has a unit (B) always has a unit  (C) may have a unit (D) does not exit
3. A unit less quantity
(A) never has a nonzero dimension (B) always has a nonzero dimension
(C) may have a nonzero dimension (D) does not exit
4, Which pair of following quantities has dimensions different from each other.
(A) Impulse and linear momentum (B) Plank’s constant and angular momentum
(C) Moment of inertia and moment of force (D) Young’'s modulus and pressure

5.x The velocity of water waves may depend on their wavelength A, the density of water p and the
acceleration due to gravity g. The method of dimensions gives the relation between these quantities as
(A)vi=kx1lg-tp? (B)vi=kghi (C)vi=kgrp (D) v2 = kA8 gipt

where k is a dimensionless constant

6.»  The value of G = 6.67 x 1011 N m2 (kg)—2. Its numerical value in CGS system will be :
(A) 6.67 x 108 (B) 6.67 x 108 (C) 6.67 (D) 6.67 x 10-5

7. Force applied by water stream depends on density of water (p), velocity of the stream (v) and
cross-sectional area of the stream (A). The expression of the force can be
(A) pAV (B) pAV2 (C) p’Av (D) pA2v

8. If unit of length and time is doubled, the numerical value of 'g' (acceleration due to gravity) will be :
(A) doubled (B) halved (C) four times (D) remain same
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PART - lll : MATCH THE COLUMN

2%,

Bl Exercise-2 |

Match the following :

Physical quantity Dimension Unit
(1) Gravitational constant'G'  (P) MILIT! (@) N.m
(2) Torque (Q) MLL3T? (b) N.s
(3) Momentum (R) ML L1T-2 (c) Nm?/kg?
(4) Pressure (S) MLL2T-2 (d) pascal

Match the following :

Physical quantity Dimension Unit

(1) Stefan's constant 'c’ (P) MILIT2A2 (a) W/m?2

(2) Wien's constant ‘b’ (Q) MILOT3K (b) K.m.

(3) Coefficient of viscosity 'n'  (R) MLOT-3 (c) tesla .m/A

(4) Emissive power of radiation (S) MCLI1ToK?! (d) W/m2.K#
(Intensity emitted)

(5) Mutual inductance 'M* (T) MIL2T2A2 (e) poise

(6) Magnetic permeability 'wo’  (U) MIL-2T-L (f) henry

w Marked Questions can be used as Revision Questions.

PART -1: ONLY ONE OPTION CORRECT TYPE

1w

2.

4.3

Force F is given in terms of time t and distance x by F = A sin C t + B cos Dx. Then the dimensions of
A Cc .

— and — are given b

B D g y

(A) MLT-2, MOLOT-L (B) MLT-2, MOL-1TO (C) MOLOTO, MOLAT-1 (D) MOLIT-1, MOLOTO

What are the dimensions of electrical resistance?
(A) ML2T2A2 (B) ML2T-3A2 (C) ML2T-3A2 (D) ML2T—2A"2

J‘& =a" sin‘lF—l} . The value of niis :
J2ax - x? a

(A)O (B) -1 1 (D) none of these
You may use dimensional analysis to solve the problem.

2p¢

An unknown quantity "a" is expressed as o = 2r[131_a Iog(1+
ma

j where m = mass, a = acceleration,

¢ = length. The unit of o should be

(A) meter (B) m/s (C) m/s? (D) s
2 h
A quantity a is defined as o = , Where e is electric charge, 7i=— is the reduced Planck’s
AneyCh 2n
constant and c is the speed of light. The dimensions of a are [Olympiad (State-1) 2017]
(A) [MOLOTOO] (B) [M* L1 T2 172] (C) M2 LT 19 (D) [MO L3 T2 17

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Units & Dimensions / ﬂ—

6.

The equation correctly represented by the following graph is (a and b are constants)

A

longy

\4

long x
[Olympiad (State-1) 2017]
(A)x+y=hb (B) ax2+ by2=0 (C)x+y=ab (D) y = ax®

The physical quantity that has unit volt-second is [Olympiad (State-1) 2017]

(A) energy (B) electric flux (C) magnetic flux (D) inductance

PART - Il : SINGLE AND DOUBLE VALUE INTEGER TYPE

1w

2.3

a
In the formula; p = %e RTV  find the dimensions of 'a’ and 'b’, where p = pressure, n = no. of moles,

T = temperature, V = volume and R = universal gas constant.

A particle is performing SHM along the axis of a fixed ring. Due to gravitational force, its displacement

at time t is given by x = a sin wt.

m
In this equation o is found to depend on radius of the ring (r), mass of the ring (m) and gravitational

constant (G). Using dimensional analysis, find the expression of o in terms of m, r and G.

PART - Il : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

1»n

2.

Choose the correct statement(s):

(A) All quantities may be represented dimensionally in terms of the base quantities.

(B) A base quantity cannot be represented dimensionally in terms of the rest of the base quantities.
(C) The dimension of a base quantity in other base quantities is always zero.

(D) The dimension of a derived quantity is never zero in any base quantity.

Choose the correct statement(s) :

(A) A dimensionally correct equation may be correct.
(B) A dimensionally correct equation may be incorrect.
(C) A dimensionally incorrect equation may be correct.

(D) A dimensionally incorrect equation must be incorrect.

/\
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3.

A parameter o is given by o = %
9

(here o = Stefan’s constant, h = Planck's constant, 6 = absolute temperature) then

(A) Dimension of ‘a’ will be L2 T2
(B) Unit of ‘e’ may be m? s2

(Weber)(Q)?(Farad)?

(C) Unit of ‘e’ may be
(Tesla)

(D) Dimension of ‘o’ will be equal to dimension of (&] where R = gas constant, i = Electrical current,

m

¢,, = magnetic flux

PART - IV : COMPREHENSION

Comprehension

1=

2.3

3n

The Vander waal equation for 1 mole of a real gas is (P+%J (V — b) = RT where P is the pressure,

V is the volume, T is the absolute temperature, R is the molar gas constant and a, b are Vander waal

constants.

The dimensions of a are the same as those of
(A) PV (B) PV? (C) P2V

The dimensions of b are the same as those of
(AP (B) V (C) PV

The dimensional formula for ab is
(A) ML2 T2 (B) ML T2 (C) ML® T2

(D) PIV

(D) NRT

(D) ML8 T-2

/\
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w Marked Questions can be used as Revision Questions.
* Marked Questions may have more than one correct option.

PART - | : JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARS)

1.*  Some physical quantities are given in Column I and some possible Sl units in which these quantities

may be expressed are given in Column II. Match the physical quantities in Column I with the units in

Column II.
ColumnI
(A) GMeMs

[IT-JEE-2007; 6/184]
Column II
(p) (volt) (coulomb) (metre)

G - universal gravitational constant,

Me - mass of the earth,

Ms - mass of the Sun

3RT

®)

(aq) (kilogram) (metre)3 (second)-2

R - universal gas constant,

T - absolute temperature,

M - molar mass
2
© q'.f?
F - force,
g - charge,
B - magnetic field
GM,

(D) R,

(r) (metre)? (second)—2

(s) (farad) (volt)? (kg)?

G - universal gravitational constant,

Me - mass of the earth

Re - radius of the earth

2. Match List I with List IT and select the correct answer using the codes given below the lists :

List1
P. Boltzmann constant
Q. Coefficient of viscosity
R. Planck constant
S. Thermal conductivity
Codes :

P Q R
A 3 1 2
B) 3 2 1
€ 4 2 1
D) 4 1 2

ListIT [JEE (Advanced) 2013; 4/60]
[ML2T-1]

[ML1T-

[MLT-3K-1]

[ML2T-2K-1]

P wbdPE

wwsDd©®
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Units & Dimensions / ﬂ—

3.

4>

5*

To find the distance d over which a signal can be seen clearly in foggy conditions, a railways engineer
uses dimensional analysis and assumes that the distance depends on the mass density p of the fog,
intensity (power/area) S of the light from the signal and its frequency f. The engineer find that d is
proportional to S¥n. The value of n is: [JEE (Advanced) 2014, P-1, 3/60]

Planck's constant h, speed of light ¢ and gravitational constant G are used to from a unit of length L and
a unit of mass M. Then the correct options(s) is (are) [JEE (Advanced) 2015 ; P-1, 4/88, -2]

(A)M o« (B) M o« G (C) Lo +h (D)L« JG

In terms of potential difference V, electric current I, permittivity o, permeability po and speed of light c,
the dimensionally correct equations(s) is(are) [JEE (Advanced) 2015 ; P-2, 4/88, -2]

(A) pol” =g,V (B) ol = HoV (C) I=gV (D) pocl = £V

Consider an expanding sphere of instantaneous radius R whose total mass remains constant. The
expansion is such that the instantaneous density p remains uniform throughout the volume. The rate of

fractional change in density (EEJ is constant. The velocity v of any point on the surface of the

p
expanding sphere is proportional to [JEE (Advanced) 2017; P-2, 3/61, —1]
(A) R3 (B) R (C) R2%3 (D) 1/R

PARAGRAPH “X”

In electromagnetic theory, the electric and magnetic phenomena are related to each other. Therefore,
the dimensions of electric and magnetic quantities must also be related to each other. In the questions
below, [E] and [B] stand for dimensions of electric and magnetic fields respectively, while [e0] and [uo]
stand for dimensions of the permittivity and permeability of free space respectively. [L] and [T] are
dimensions of length and time respectively. All the quantities are given in Sl units.
(There are two questions based on PARAGRAPH “X”, the question given below is one of them)

[JEE (Advanced) 2018; P-1, 3/60, —1]
The relation between [E] and [B] is
(A) [E] = [B] [L] [T] (B) [E] = [BI[LI* [T]  (C) [E]=[B][L][T]* (D) I[E]=[B][L]™*[T]T™

The relation between [go] and [uo] is
(A) [uo] = [eo] [LI? [T]?  (B) [uo] = [eo] [LI72 [T]*  (C) [po] = [eo]™* [L]* [T]7 (D) [po] = [eo] * [L]72 [T]?

PART - 1l : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

2.8

3n

Which of the following units denotes the dimensions ML2/Q?, where Q denotes the electric charge?
[AIEEE-2006, 3/180]
(1) H/m?2 (2) Weber (Wb) (3) Wh/m? (4) Henry (H)

The dimension of magnetic field in M, L, T and C (Coulomb) is given as [AIEEE-2008, 3/105]
(1) MT2C2 (2) MT1C? (3) MT-2C1 (4) MLT-1C

Let [ e o] denote the dimensional formula of the permittivity of vacuum. If M = mass, L = length, T = time
and A = electric current, then : [JEE(Main) 2013, 4/120, -1]
(1) [e0] = [MIL3T2A]  (2) [eo] = [MIL-8T*A?]  (3) [eo] = [MIL2T1A?] (4) [eo] = [MIL2T1A]

A man grows into a giant such that his linear dimensions increase by a factor of 9. Assuming that his

density remains same, the stress in the leg will change by factor of : [JEE (Main) 2017, 4/120, -1]

1 1
@ 5 29 ®) 3 (4)81
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Units & Dimensions /

EXERCISE-1 EXERCISE-2
PART - | PART - |
1. 1. © 2 (B8) 3. (©)
‘Plals|clalL 4 (A) S. (A) 6. (D)
I N Wl AlT]T ! ©
C G 5p E E
o) s 1A B S PART -1l
MHlo| ['TIO|R|Q|U[E L 1. [a] = ML5T?mol-1[b] = L3
85 SIRE g 2 Cy R A 2. ® = (some number) ’C:_sm
2 (M1 1CIRIO PART - Ili
FIE|RIMIT AlL 1. (ABC) 2. (ABD) 3. (ABC)
A “C|A|N[D|E|L|A
TRy i PART - IV
A A 1. B 2 (B8) 3. (D)
D[ Y[N[E oH[ E [N R]Y
EXERCISE-3
2_ [M] = [h1/2_Cl/2_G—1/2] : [L] - [h1/2_ C—3/2_Gl/2] y PART — I
[T]=[h¥2]. C=. G¥7] 1L (A @;:B)->0();
3. All are dimensionally correct. (C) > (1), (s); (D) > (1), (s)
© 3 3 4. (ACD)
PART - I 5. (AC) 6. (B) 7. (C)
B) 2. (© 3. (A) 8. D)
4. (C) 5. (B) 6. (A)
(B) 8. (A)
PART - I
PART - lI 1. @ 2 @ 3 @)
1L 0->Q-0;@ )@ & 0
(3) = (P) > (b); (4) = (R) — (d)
2. (1) = (Q) = (d); (2) = (S) — (b)
B —->WU)—>(); @) —>R) —(a)
B) > (M —>(®; (6) > ((P)—>(c)
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Unit & Dimension /

2.3

HINT OF SOLUTION OF UNIT & DINMENSION

EXERCISE-1
PART - |
HIET - |

‘pPlals|cla|L

I N w|alT|T

C G| [P E|l |e

o s| [a B{ |S

‘M{H|O| |'T|O|R|Q|U]|E L

E Rl [S Rl [A

]TIo|R|R|O| |E ™M

R oM 1 [ PR[O

e[ E[R[M][ T AlL

A cla[N[D[E[L]A

“RP[M I

A A

=D Y[N[E SHE[N[R]Y

Answer is itself the solution. STR & W3 & U 8o 2 |

We have the equation IR U THIHRIT B
Gmym,

2 i
fe
[G] = M3T2 ... (i

hTC = Energy it

] gzt qq =Lr

(7]
A =L
[h] = ML2T oo, (ii)
[€] =LTL s (iii)

taking the product of (i) & (ii) FHIHRI (i) T (i) BT IO PA R

[G] [h] = L5T-3
[c]® = L°T-2
. [GIhl _
[c]®
GY2nl2c-3/2 _
again from (jii) SaRT AHHROT (jii) A
_ GU2pl2c8/24 | gli2p1i2512

[L]
T =—
[T] ic]
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Unit & Dimension /

2.n

5n

6.

8.»n

From (i) ¥R (i) &
[h] = ML2T-

_ MGhc®
[h] = GY2hl/2.-5/2

[h] = MGY2h1/2c-3+5/2

or G-l/2 hl/2 Cl/2 =M

All are dimensionally correct.  fa¥ig ®u & ¥+ 9 B |

PART -1l
HIT - 1l

Velocity depends on length and time, so cannot be taken as base quantities.

a7, g SR FHY WX R PRl § o 39 o AR TE HH Hhd © |

Angle is dimensionless but has unit (radian or degree)

P17 fIAEN 8 oifhs Ars fSas ar fSlh &1 Jaoan 21
It is obvious. I8 Fd: W ? |

[moment of force] = [F] [d] = ML2T2.
[Moment of Inertia] = [I] = ML2
[gereel] = [F] [d] = ML2T-2 .

[Srewa amgul] = [1] = ML2

[V] — [k] [}\‘a pb gc] = LT-1=La Mb |_—3b Le T—2c
= LT1= Mb |_a—3b+c T—Zc
= a=%,b=0,c=%

S0, V2 = kg

G =6.67 x 101 N m2 (kg)—2
= 6.67 x 10-1% x 10° dyne x 1002 cm?/ (10%)? g® = 6.67 x 10-8 dyne-cm2-g—2

It is obvious
IJE W WE B |

[g] = LT-2 and numerical value « i
unit
[g] = LT-2 iR TR 71 o« ——

HIdD

/\
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Unit & Dimension /

PART - 1l
HAT - 1
1 F= sz [G] — [F][rz] — MLT72L2
| r? [mym,] M?
=M1L3T=2

[Torque] [FaTeet] = [f] [d] = MLT-2L = ML2T-2
[Momentum] [EdT]= [m] [v] = MLT-1

_[F] _ MLT?

- [AsinCt] = MLT?

= - = _— = L—lT—2_
Pz - e M
: _ I () I Y/ K e
2. (i) U = cAT* = [c] = A K MT-3 K4
(ii) AT=b = [b] = [A] [T] = LK
_ Fl _MLT? _
(iii) F =6mrv = ] = v L ML T
. P _MT?
(IV) I:K :L—2 = MLO T3
(V) Energy i = %Mi2 = [M] = % = ML2T-2 A2
|

vy U BY

VI [2p]
_ _[B*1[V]
= [uo] = [l
Also, F=qVB = B= il

qv
_ (FPIV] _ op2
[1o] VU] MLT—2A Ans.
EXERCISE-2
PART - |

All the terms in the equation must have the dimension of force

= [A] [MOLOTO] = MLT-2
= [A] = MLT-2
Similarly, [B] = MLT-2
m = MOLOTO
[B]
Again [Ct] = MOLOT® = [Cl=T1
[Dx] = MOLOTC = [D]=L1
L _ ot
[D]
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FHieRer § 9 uel @ fau a1 @) o 9 anfey
[AsinCt] = MLT2

= [A] [MOLOTO] = MLT-2

= [A] = MLT-2

9l RE, [B] = MLT-2
[A] = MOLOTO
[B]

g [Ct] = MOLOTO = [C]=T1
[Dx] = MOLOT® = [D] = L-
B = MOLLT-L
(D]

V=IR

V has the dimensions of @I faar &
[work] _ ML?T2

= =ML2 T3 A1
[charge] AT

V=

CR= M opeTe Az
1]
V=IR
V has the dimensions of @) fa#1 ®

[work] _ ML?T2

= =ML2 T3 A1
[charge] AT

V=

. [R]= [[V]] ML2 T-3 A2

denominator 2ax — x?> must have the dimension of [x]?

(~-we can add or substract only if quantities have same dimension)
W 2ax — X2 B fAR [x]2 & 8 ARy

(-8 DI T4 B SiTS IT TSI DA 8, Od PRI &1 A F99 2 )

[\IZax -x? J =[x]

Also, dx has the dimension of [x]  dx @ fa\T Y 981 & S [x] @1 2|

X dx
V2ax — x?

X dx
2 7 i famLe
J2ax - x2

Equating the dimension of L.H.S. & R.H.S. we have
TR 9 9 9 U @) AR 9HE e R

is having dimension L

[a"] = MOLLTO  { .. sint (5—1) must be dimensionless fawE 8T =fEY }
a

~n=1
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Unit & Dimension /

4,

[a] = {%} ..(0)

{i} (] =wmoLoTo

ma

- {%}:[a]: [ =L

-5 w]

— (7]
=P &
= [MlLlT-ZLZ]m = [MIL3T2 M-1L-3T?2] =[MP LO T9]

logy=mlogx +C
log y = logc’xm

PART - I

y =c'xm
y = axb

2
Li= L—' = E = volt — second

i
[b] =[V]=L3

[PV] ML2T 23

al=[RTV]=— .[V]z= — —
[a] = [RTV] ] \Y%i ol
= ML5 T-2 mol-1.

Let, ® = KM2r’G¢  where K is a dimensionless constant.
Writing the dimension of both the sides and equating then we have,

T1 = MaLb(M—lLST—Z)c
= Ma-=<¢ Lb+3c T—Zc
Equating the exponents

—-2c=-1 orc= E,
2

b+3c=0 or —-3c=b=-3/2
a-c=0.c=a=+1/2
Gm
r_3
M, o = KMarbGe I8 K T faareq fadice &
M1 MR AR forad g7 aRIER &R W
T = MaLb(M—lLST—Z)c

= Ma=< |_b+30T—2c
TRYTATh] BT SRTIR B TY
-2c=-1 or c=1/2,
b+3c=0 or -3c=b=-3/2
a-c=0.c=a=+1/2

Thus the required equation is ® = K

G
7e T w2 o =K r_;"
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Unit & Dimension / ﬂ_

PART - Il
1. All A, B & C are obvious.
A, Bd C 9l Wa: W 2|
2. It is obvious
_ oo oMt
> o] [60%] MT3K™*K* ol
So, unit of o will be m2sz
IQ:, o BT AT M2S2 BT |
(weber) (Q)°(Farad)® _ Tm?. Q°F? _ g2
Tesla T
PART - IV
1. [Pl= [%} = [@=[P1V2
2. [b] = [V]
3. [a] [b] = [PV2] [V] = [P] [V3] = ML T2 [L3]3 = ML8 T-2
EXERCISE-3
PART - |
HI - |
1. (A) % = Force

e
[GMeMs] = [Force] [9¢]] [Re?]
=MLT2L2 = ML3T2
Hence SI unit of GMeMs, will be (kilogram) (meter3)(sec—2)
ie same as (volt) (coulomb) (metre)
3 GMeMs &1 SIAEG B8R (faam) (+91%) (HdHvs-2)
S f6 @94 ©  (dlee) (Fa™) (HIeR)

(B) fﬂ = VRrMms.
M

{E} =[Vrms]? =L2T2

MO

Hence SI unit will be (metre)? (second)2 ie same as (farad) (volt)?2 (kg)™*
Ja: SIATAG BRN ()2 (FHvs)2 S 6 9 ' (BRe) (A@ree)? (kg)t

[F*] _ [q°v°B’]

C = = [V?] = L2T-2
© [@°B*]  [a°B’] .
Hence SI unit (metre)? (second)— i.e. same as (farad) (volt)? (kg)—
I SIATHS (H1)? (AHTS)2 S fd HE 7 (B3S) (A@ree)? (kg)t
-2
(D) GM, _ [Force] [Re] _ MLT L - 2T
Re [Mass] M
Hence SI unit will be (meter)-2 (second)2 i.e. same as (farad) (volt)? (kg)™
J: SIAEG (W2 (HAHUS)2 S fd 9 & (BRS) (A@ree)? (kg)t

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
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Unit & Dimension /

2. (p) U= %kT = MLT2 =K K = [K] = ML2T-2K-1
dv MLT2
F=mA— = =———— =ML1T?
DF= M i AT L
(N E=hv =  MLT2=[h] T =  [h]=ML2T
24+-3
(S) d_Q:%j [k]:MLT L = MLT-3 K-
dt ¢ 2K
3. d=k (p* (S) (f)e
a [ppt21-2 c
- = MpMET
L L2 T
O=a+hb
1:—%::a:—1 SOmtbzl
3 3
0=-3b+c
So3d:n=3

4> M =h*xcy G?

M = (ML2T-4X (LT-4)Y (M2 L3 T-2)2

x—z=1

2x+y+3z2=0

—X-y—-2z=0

x—l y =
2!

MOL%\/E

For L

x-z=0

2x+y+3z=1

—X-y—-2z=0
1

N |-

L
NS

x= 1 -3
2 2
1
h
Lafcs/z

y
NS

55 (A

Energy of inductor IR&cd &1 Soll = R >

VAR

N
1
NP~

1MN°A 2
2
1 A

Energy of capacitor HeTR= &1 Jholl = %CV2 ==& EVZ

HO%IZ &

2

A %Vz have same dimension 919 41 §

So sHfeldl pol? & o V2 have same dimension FaT a1 &

€ Q=cv
Q_tv

% have unit of speed a7l &1 ATH® &

So I=eocV
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Unit & Dimension /

47R?
3

6. m = xp

¢n(m) = 6n(%) + (n(p) + 3/n(R)

7. In terms of dimension
fom @ Ui |
gE =qvB
E=vB
[E] = [B] [LT]

8. C= 1
Mo €o

c2= 1
Ho So
Ho = . C2

[0l = [ L2 T2

1. Energy stored in inductor
IR H Afad Sl

u=1ipe
2
242 2
=G g
Q*IT? Q

PART - lI

Since Henry is unit of inductance L

URb L BT J5d 28 B |

(4) is correct. T8 B |

2. From F=qvBd

= [MLT-?] = [C] [LT] [B]

- [B] = [MC-1T-1]

3 Fo_ 1 9%
4ngy R?
= %l
AnFR?
2 2
Hence & = ¢ > = [A-I;] 5 =M L3 TA%
N.m MLT™ . L
Ans. (2)
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Unit & Dimension / ﬂ_

4. volume of man becomes = (9)3 times
weight of man becomes = 93 times
Cross section area in leg = 92 times
weight
Area
JATEHT BT AT = (9) TAT BT SIRAT
JTEHT BT MR = 93 A1 B SR
IR BT IIRY BIC &7 = 92 AT 8 SR
JRYge = — = 9 T[T & S

&>Th

stress = =9 times
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HANDOUT UNIT & DIMENSION

PHYSICAL QUANTITIES :

1.

The guantities which can be measured by an instrument and by means of which we can describe the
laws of physics are called physical quantities. Till class X we have studied many physical quantities
eg. length, velocity, acceleration, force, time, pressure, mass, density etc.

Physical quantities are of three types

Fundamental Derived Supplementary
_or Quantities Quantities
Basic quantities

Fundamental (Basic) Quantities :

° These are the elementary quantities which covers the entire span of physics.
° Any other quantities can be derived from these.
° All the basic quantities are chosen such that they should be different, that means independent

of each other. (i.e., distance (d), time (t) and velocity (v) cannot be chosen as basic quantities
(because they are related as V = d/t). An International Organization named CGPM :
General Conference on weight and Measures, chose seven physical quantities as basic or

fundamental.
Length  Time Mass Temperature Electrical  Luminous Amount
(L) (T) (M) (K) current Intensity of
(A) (Cd) Substance
(mol)

These are the elementary quantities (in our planet) that's why chosen as basic quantities.
In fact any set of independent quantities can be chosen as basic quantities by which all other
physical quantities can be derived.

e, 4+ oy b

A (V) (p) (S) (R) (Cd) (mol)
Area Velocity Density Sp.Heat Resistance Luminous mole
Capacity Intensity
Can be chosen as basic quantities (on some other planet, these might also be used as basic
guantities)
But l l l
L () V)
Length Area Velocity

cannot be used as basic quantities as
Area = (Length)? so they are not independent.

Derived Quantities :
Physical quantities which can be expressed in terms of basic quantities (M,L,T....) are called derived
guantities.
i.e., Momentum P =mv = (m) M - Mo MLLIT-?
time T

Here [M! L T-1] is called dimensional formula of momentum, and we can say that momentum has

1 Dimension in M (mass)

1 Dimension in L (length)
and —1 Dimension in T (time)
The representation of any quantity in terms of basic quantities (M, L, T....) is called dimensional formula
and in the representation, the powers of the basic quantities are called dimensions.

/\
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Units & Dimensions ﬂ—

3.

Supplementary quantities :
Besides seven fundamental quantities two supplementary quantities are also defined.

They are
° Plane angle (The angle between two lines) 9
° Solid angle

FINDING DIMENSIONS OF VARIOUS PHYSICAL QUANTITIES :

Height, width, radius, displacement etc. are a kind of length. So we can say that their dimension
is [L]

[Height]

[Width]

[radius]kﬁ 2

T
[displacement]
here [Height] can be read as “Dimension of Height”

Area = Length x Width

So, dimension of area is [Area] = [Length] x [Width] = [L] x [L] = [L?]

For circle

Area = rtr?

[Area] =[] [r] = [1] [L7] = [L7]

Here m is not a kind of length or mass or time so © shouldn’t affect the dimension of Area.
Hence its dimension should be 1 (M°L°T?) and we can say that it is dimensionless. From similar

logic we can say that all the numbers are dimensionless.
[200]

4] \
3] Q[Moﬁﬁ]:l

[1} _ Dimensionless

2
[Volume] = [Length] x [Width] x [Height]
=LxLxL= [|_3]
For sphere

Volume = %nr3

[Volume] = [gn} [r¥1=(1) [L3] =L
So dimension of volume will be always [L®] whether it is volume of a cuboid or volume of
sphere.

Dimension of a physical guantity will be same, it doesn’t depend on which formula we
are using for that quantity.

Density = Mass
volume
[Density] = 4S9 _ M3 = [MiL-9]
[volume] L
Velocity (v) = d|spla_ceme nt
time
M = [Dlspllacemat] _ L = [MOLIT-1]
[time] T

Acceleration (a) = dv/dt

= dv_ kindof velocity = LT _ 1
dt  kind of time T
Momentum (P) = mv
[P]=[M] [V] = [M] [LT] = [M*L*T]
Force (F)=ma
[F] = [m] [a] = [M] [LT~?] = [M*L'T~?]

(You should remember the dimensions of force because it is used several times)

/\
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Units & Dimensions ﬂ—

1.

2.

Work or Energy = force x displacement
[Work] = [force] [displacement]
= [MILIT-2] [L]= [ML2T-2]

Power = vyork
time
1L 24+-2
[Power] = [[\':;/rzr:]] = M LTT = [MIL2T-3]
Pressure = Force
rea
L 1+-2
[Pressure] = [[pr)rrce]] M LZT = MIL-1T -2
ea L
Dimensions of angular quantities :
Angle (6)
(Angular displacement) 6 = Arc
radius
[6] = % = E = [M°L°T?] (Dimensionless)
radiu
Angular velocity (o) = %
[o] = or_1. [MOLOT-1]
T
Angular acceleration (o) = ((jj—(f
0y 01
[OL] = [dOJ] — M LT - [MOLOT_Z]

[dt] T
Torque = Force x Arm length
[Torque] = [force] x [arm length]
= [MILIT2] x [L] = [M1L2T-2]

Dimensions of Physical Constants :

Gravitational Constant :

@)oo ()

9 9
If two bodies of mass m1 and m: are placed at r distance, both feel gravitational attraction force,
whose value is,
Gmym,
r2

where G is a constant called Gravitational constant.

Gravitational force Fg =

_ [Gllmy][m,]
[Fe] 2]
1121 - [CIMM]
[MILIT-2] [LZ]

[G]=M-1L3T-2

Specific heat capacity :
To increase the temperature of a body by AT, Heat required is Q = ms AT
Here s is called specific heat capacity.

[Q] = [m] [s] [AT]
Here Q is heat : A kind of energy so [Q] = M1L2T 2

[MIL2T=2] = [M] [s] [K]
[s] = [MOL2T—2K]
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Units & Dimensions ﬂ—

° Gas constant (R) :
For an ideal gas, relation between pressure (P)
Value (V), Temperature (T) and moles of gas (n) is
PV = nRT where R is a constant, called gas constant.

[P] V] =[] [RI [T] ovvveernnn. )

_ [Force] .
here [P] [V] (Area] [Area x Length]
= [Force] x [Length]
- [l\/IlLlT‘Z] [|_1] = MLL2T-2
From equation (1)
[P1[V] = [n] [R] [T]
= [ML2T-?] = [mol] [R] [K]
= [R] = [ML2T-2 mol K-1]

° Coefficient of viscosity :
If any spherical ball of radius r moves with velocity v in a viscous liquid, then viscous force
acting on it is given by

Fv = 6mnrv

Here n is coefficient of viscosity

[Fv] = [6m] [] [r] [V]
MILAT =2 = (1) [n] [L] [LT-1]

[n] = MiL-2T 2
° Planck’s constant :
If light of frequency v is falling, energy of a photon is given by
E = hv Here h = Planck’s constant
[E] = [h] [v]
1 1 1
v = frequency = ——— = v]=——— = | =
Time Period [Time Period T
S0 MIL2T-2 = [h] [T Y]
[h] = M1L2T-1
3. Some special features of dimensions :

° Suppose in any formula, (L + o) term is coming (where L is length). As length can be added
only with a length, so a should also be a kind of length.
So [a] =[L]

[ ] Similarly consider a term (F — ) where F is force. A force can be added/subtracted with a force
only and give rises to a third force. So 3 should be a kind of force and its result (F — ) should
also be a kind of force.

a third force 4/@\>B should be a kind of
and its dimension force= [p]=M"' L' T
will also be M' L' T
Rule No. 1: One quantity can be added / subtracted with a similar quantity only and give rise to the
similar quantity.
a p
Example 1. — =Fv+ —
t2 x2
Find dimensional formula for [a] and [B] (here t = time, F = force, v = velocity, x = distance)
Solution : Since dimension of Fv = [Fv] =[MILT2] [LT-Y] = [ML2T-9] ,
S0 {%} should also be M*L2T-3
X
[B] =M L2T-3
[x*]
[B] = ML4T -2
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Units & Dimensions ﬂ—

and {Fv+£2} will also have dimension M3L2T -3, so L.H.S. should also have the same
X
dimension M1L2T -3
so 10 ypper-s
[t°]
[o] = MIL2T -1
Example 2. For n moles of gas, Vander waal’s equation is

(P——j (V—b) = nRT
V2

Find the dimensions of a and b, where P is gas pressure, V = volume of gas T = temperature of

gas
Solution :
(P —j (Vb)) =nRT
should be :hﬁ;](ljdot;e
a kind of volume
pressure
So % =MIL-1T-2 So[b]=
(V<]
[a] =MLlLLlT-2
(N
= [a] = M1 L5 T-2
Rule No. 2: Consider a term sin(0)
.. . A endicdar | . . .
Here 6 is dimensionless and sin® Rerpendicar is also dimensionless.
Hypoteneous
= Whatever comes in sin(...... is dimensionless and entire [sin (....... )] is also
dimensionless.
/‘ dimensionless
dimensionless
Similarly :

1/ dimensionless

dimensionless

; dimensionless

dimensionless

¥ dimensionless

dimensionless

4 dimensionless

dimensionless

,/ dimensionless

dimensionless
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Units & Dimensions

Example 3.

Solution :

Example 4.

Solution :

Solued Example

F
V2
Find the dimension of o and

.
\'

o= sin (Bt) (here v = velocity, F = force, t = time)

dimensionless

dimensionless =[B] [t =1
B1=[T"1
L 14+-2
so o=t = MLT ] oy -ago
2
o= FLZ loge (2_7;[3) where F = force, v = velocity
B v

Find the dimensions of a and f.

dimensionless

dimensionless

= —[2[\7/‘]2[]{3] =1 = L[zllT[[f]Z =5 = [B] = L2T -2
2 1 1+-21r 21-2
as [a] :—[F]B[Z] ] = =MET T L[LTZTJEL]ZT L o fg=meeim

4. USES OF DIMENSIONS :

Example 5.

Solution :

To check the correctness of the formula :

If the dimensions of the L.H.S and R.H.S are same, then we can say that this eqgn. is at least
dimensionally correct. So this equation may be correct.
But if dimensions of L.H.S and R.H.S is not same then the equation is not even dimensionally
correct. So it cannot be correct.

2

e.g. A formula is given centrifugal force Fe = .

r
(where m = mass , v = velocity , r = radius)
we have to check whether it is correct or not.
Dimension of L.H.S is
[F] = [M'L'T]
Dimension of R.H.S is
MmI[v?] _ MILT P

[r] [L]

So this eqn. is at least dimensionally correct.

= [MIL1T-2]

thus we can say that this equation may be correct.

Solued Example

Check whether this equation may be correct or not.

3Fv?
Pressure Pr= ——— (where P = Pressure , F = force

2.2
ToteX
v = velocity, t = time, x = distance)
Dimension of L.H.S = [P] = M1L-1T -2
[BI[FI V] _ MLT2][L2T ]

[m] (%11 [T11L]
Dimension of L.H.S and R.H.S are not same. So the relation cannot be correct.
Sometimes a question is asked which is beyond our syllabus, then certainly it must be the
guestion of dimensional analyses.

Dimension of R.H.S = = M1L2T -6

®
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Units & Dimensions ﬂ—
Example 6.

A Boomerang has mass m surface Area A, radius of curvature of lower
surface = r and it is moving with velocity v in air of density p. The resistive
force on it should be —

W r
‘4

2 2
(&) 222 jog (L] (B) Z2V°A 1og (PR () 2pveatog [P (D) 2PV A 1o [PAT
r2 TAr r m Tm r2 Tm

Solution : Only C is dimensionally correct.

° We can derive a nhew formula roughly :
If a gquantity depends on many parameters, we can estimate, to what extent, the quantity
depends on the given parameters!

Solued Example

Time period of a simple pendulum can depend on

Example 7.
1111111/

Mass of Length of Gravitational l
Pendulum the string acceleration

(m) ) (9)

So we can say that expression of T should be in this form
T = (Some Number) (m)2 (¢)°(g)°

Equating the dimensions of LHS and RHS,

MOLOT = (1) [M3]2 [L1]P [L1T-2]c

MOLOTL = M2 |_b+c T-2c

Comparing the powers of M,L and T,

get a=0,b+c=0,-2c=1

SO a=0,b=12,c=-1/2

S0 T = (some Number) MO0 L2 g-1/2

T = (Some Number) \/Z
g

The quantity “Some number” can be found experimentally. Measure the length of a pendulum
and oscillate it, find its time period by stopwatch.
Suppose for £ = 1m, we get T = 2 sec. so

2 = (Some Number) 1/% = “Some number’ = 6.28 ~ 2m.

Example 8. Natural frequency (f) of a closed pipe

Depends on
‘ Y

L

Length of Density of Pressure of
the tube air air

© (p) (P)

So we can say that f = (some Number) (£)2 (p)b (P)¢
H = (1) [LIF ML [MALAT-2)e

MOLOT-1 = Mb+c|La-3b-c T-2c
Comparing powers of M, L, T
O=b+c
0=a-3b-c
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Units & Dimensions

Example 9.

Solution :

-1=-2c
get a=-1,b=-1/2, c=1/2
So f = (some number) % P
p

We can express any quantity in terms of the given basic quantities.

Solved Evample

If velocity (V), force (F) and time (T) are chosen as fundamental quantities, express (i) mass
and (ii) energy interms of V, Fand T
Let M = (some Number) (V)2 (F)° (T)°
Equating dimensions of both the sides
MILOTO = (1) [L2T-2]a [MILIT -2]b [T
MLILOTO = Mb [a+b T -a-2b+c
get =—1,b=1c=1
M = (Some Number) (V1 F1TY) = [M]=[V1FTY
Similarly we can also express energy interms of V, F, T
Let [E] = [some Number] [V]2 [F]° [T]¢
= [ML2T-2] = [M°LeT®] [LT-]2 [MLT-2° [T]¢
= [MIL2T-2] = [MP La+ b T-a-2b+c] — l=b;2=a+b; -2=-a-2b+c
get a=1l;b=1;c=1

E = (some Number) VIF'T! or [E] = [VY][FY[TY].

° To find out unit of a physical quantity :
Suppose we want to find the unit of force. We have studied that the dimension of force is
[Force] = [MILT-]
As unit of M is kilogram (kg) , unit of L is meter (m) and unit of T is second (s) so unit of force can be
written as (kg)* (m)! (s)-2 = kg m/s? in MKS system. In CGS system, unit of force can be written as (g)*
(cm)! (s)2 =gcm/s2

LIMITATIONS OF DIMENSIONAL ANALYSIS :

From Dimensional analysis we get

T = (Some Number) \/Z
g

so the expression of T can be

/ \

or or
T:SO\/Z T= \/Z log (......)
g g
or or

Tzzn\/Z T:\/Z+(to)
9 g

Dimensional analysis doesn’t give information about the “some Number” : The dimensional constant.

This method is useful only when a physical quantity depends on other quantities by multiplication and
power relations.

(i.e., f = x2ydz°)

It fails if a physical quantity depends on sun or difference of two quantities
(lef=x+y-2)

. . 1 . . .
ie., we cannot get the relation S = ut + > at? from dimensional analysis.
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Units & Dimensions ﬂ—

o This method will not work if a quantity depends on another quantity as sine or cosine, logarithmic or
exponential relation. The method works only if the dependence is by power functions.
(] We equate the powers of M, L and T hence we get only three equations. So we can have only three

variable (only three dependent quantities)
So dimensional analysis will work only if the quantity depends only on three parameters, not more than

- Solved Example

Example 10. Can Pressure (P), density (p) and velocity (v) be taken as fundamental quantities ?
Solution : P, p and v are not independent, they can be related as P = pv2 ,so they cannot be taken as
fundamental variables.
To check whether the ‘P’, ‘p’, and V' are dependent or not, we can also use the following
mathematical method :
[P] = [MiLT2]
[p] = [MiL2T°]
[V] = [MeLiT4]
Check the determinant of their powers :

1 -1 -2
1 -3 ol =10)-(-1-1)-2()=0,
o 1 -1

So these three terms are dependent.

UNIT :

L Unit :
Measurement of any physical quantity is expressed in terms of an internationally accepted
certain basic standard called unit.

° Sl Units :
In 1971, an international Organization “CGPM” : (General Conference on weight and Measure)
decided the standard units, which are internationally accepted. These units are called Sl units
(International system of units)

1. Sl Units of Basic Quantities :

. SI Units
Base Quantity

Name Symbol | Definition

The metre is the length of the path traveled by light in
Length metre m vacuum during a time interval of 1/299, 792, 458 of a second
(1983)

The kilogram is equal to the mass of the international
prototype of the kilogram (a platinum-iridium alloy cylinder)

Mass e kg kept at International Bureau of Weights and Measures, at
Sevres, near Paris, France. (1889)
The second is the duration of 9, 192, 631, 770 periods of the
Time i s radiation corresponding to the transition between the two

hyperfine levels of the ground state of the cesium-133 atom
(1967)

The ampere is that constant current which, if maintained in
two straight parallel conductors of infinite length, of negligible
Electric Current | ampere A circular cross-section, and placed 1 metre apart in vacuum,
will produce between these conductors a force equal to 2 x

10”7 Newton per metre of length. (1948)

Thermodynamic The kelvin, is the fraction 1/273.16 of the thermodynamic

Temperature kelvin K temperature of the triple point of water. (1967)
Amount of The mole is the amount of substance of a system, which
Substance mole mol contains as many elementary entities as there are atoms in

0.012 kilogram of carbon-12. (1971)
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Units & Dimensions ﬂ—

2.

Two supplementary units were also defined :
° Plane angle — Unit = radian (rad)
° Solid angle — Unit = Steradian (sr)

Other classification :

If a quantity involves only length, mass and time (quantities in mechanics), then its unit can be written in
MKS, CGS or FPS system.

KS system CGS system FPS_system
meter klg\sec v \sec
cm gram sec foot pound

° For MKS system :
In this system Length, mass and time are expressed in meter, kg and second. respectively. It
comes under Sl system.
° For CGS system :
In this system ,Length, mass and time are expressed in cm, gram and second. respectively.
° For FPS system :
In this system, length, mass and time are measured in foot, pound and second. respectively.
S| units of derived Quantities :

displacemat(metre)
time(second)
So unit of velocity will be m/s

° Velocity =

) Acceleration = changelln velocity _ m/s _m
time S 52
) Momentum = mv
so unit of momentum will be = (kg) (m/s) = kg m/s
) Force = ma
Unit will be = (kg) x (m/s2) = kg m/s? called newton (N)
o Work = FS
unit = (N) x (m) = N m called joule (J)
w ork
) Power = —
time

Unit = J / s called watt (W)
Units of some physical Constants :

o Unit of “Universal Gravitational Constant” (G)
_ G(my)(my) kgxm _ G(kg)(kg)
e T TE T
s m
m3
so unit of G = >
kgs
Sl Prefix :

Suppose distance between kota to Jaipur is 3000 m. so
d =3000 m =3 xZ00®m

kilo(k)
= 3 km (here ‘k’ is the prefix used for 1000 (103))
Suppose thickness of a wire is 0.05 m
d=0.05m =5xm

centi(c)
=5 cm (here ‘c’ is the prefix used for (1072))

Similarly, the magnitude of physical quantities vary over a wide range. So in order to express the very
large magnitude as well as very small magnitude more compactly, “CGPM” recommended some
standard prefixes for certain power of 10.
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Power of 10 Prefix Symbol Power of 10 Prefix Symbol
1018 exa E 107t deci d
10%° peta P 1072 centi c
1012 tera T 1073 milli m
10° giga G 1078 micro u
108 mega M 107 nano n
103 kilo K 10712 pico p
102 hecto h 10715 femto f
10! deca da 10718 atto a
Example 11. Convert all in meters (m) :
i m. i m (i mm iv pm V) 7.5 nm
. ()5 p (if) 3 km(iii) 20 (iv) 73 (V) 7.5
Solution :
(@) 5 um =5x10-%m
(i) 3 km =3x10°m
(iii) 20 mm =20 x 103m
(iv) 73 pm =73 x102m
(V) 7.5 nm =75%x10"°m
Example 12. F =5 N convert it into CGS system.
Solution :
3
F=gkaxm_ g5 Q07 0)00cm) o 145'9M iy cGS system).
2 2 S2
This unit (w) is also called dyne
(S
G
Example 13. G =6.67 x 10-1% - convert it into CGS system.
gs
m3
Solution : G=6.67 x10-11 2
kgs
3 3
= (6.67x10-11) (100—”“)2 =6.67 x 108 S
(1000Q)s gs
Example 14. p=2g/cm3
convert it into MKS system.
Solution : p =2g/lcm?
103k
=@ <%
(20“m)
= 2 x 108 kg/m3
Example 15. V=90 km / hour
convert it into m/s.
Solution : V =90 km / hour = (90) (Y 17)
(60x 60second)
V = (90) 1000) m
3600, s
v=gox =1
18 s
V=25m/s
POINT TO REMEMBER :

To convert km/hour into m/sec, multiply by 5/18.
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Units & Dimensions ﬂ—

Solued Example

Example 16. Convert 7 pm into um.
Sol. Let 7 pm = (x) um, Now lets convert both LHS & RHS into meter
7x(100)m =(x)x10"®m
get X=7x10-°
So 7 pm = (7x10-%) um
Some Sl units of derived quantities are hamed after the scientist, who has contributed in that field a lot.

8. Sl Derived units, named after the scientist :

Sl Units
SN | Physical Quantity Unit name | Symbol of the | Expression in terms | Expression in terms
unit of other units of base units
Frequency _——
Oscillation
1. 1 hertz Hz == st
(f==) s
T
Force 2
2. (F = ma) newton NEEE | (SSR Kgm/s
Energy, Work, Heat . R 2
3. (W = Fs) joule J Nm Kgm®/s
Pressure, stress
4. _F pascal Pa N/ m? Kg/m s?
(P=2)
A
Power,
2 &
5. (Power = ¥) watt W J/s Kgm®/s

CHANGE OF NUMERICAL VALUE WITH THE CHANGE OF UNIT :

Suppose we have
If we convert 7

itintometres ,we get 100
we can say that if the unit is increased to 100 times (cmm),

/=7cm

the numerical value became i times | 7 —> L
100 100

So we can say
. 1
Numerical value o« —
unit

We can also tell it in a formal way like the following :
Magnitude of a physical quantity = (Its Numerical value) (unit)

=(n) (u)
Magnitude of a physical quantity always remains constant, it
will not change if we express it in some other unit.

So (n) (u) = constant

1 n1u1 = n2u2

. 1
numerical value «c ——
unit
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Units & Dimensions ﬂ—

Solved Evample

Example 17.  If unit of length is doubled, the numerical value of Area will be ................
Solution :

As unit of length is doubled, unit of Area will become four times. So the numerical value of Area

. . 1
will became one fourth. Because numerical value oc—_t,
uni

Example 18. Force acting on a particle is 5N.If unit of length and time are doubled and unit of mass is halved

than the numerical value of the force in the new unit will be.

Solution : Force = 5 kgxm
sec?
If unit of length and time are doubled and the unit of mass is halved.
E>< 2 1
Then the unit of force will be | -2 2 N times
2) 4

. : 2 . 1
Hence the numerical value of the force will be 4 times. (As humerical value OC_'t)
uni

EXERCISE
Which of the following sets cannot enter into the list of fundamental quantities in any system of units?
(A) length, mass and velocity (B) length, time and velocity
(C) mass, time and velocity (D) length, time and mass
A dimensionless quantity
(A) never has a unit (B) always has a unit  (C) may have a unit (D) does not exit
A unit less quantity
(A) never has a nonzero dimension (B) always has a nonzero dimension
(C) may have a nonzero dimension (D) does not exit

The velocity of water waves may depend on their wavelength A, the density of water p and the
acceleration due to gravity g. The method of dimensions gives the relation between these quantities as
(A)ve=ki1lgtp? (B)ve=kghi (C)v2=kgirp (D) v2=kA3g?lpt?

where k is a dimensionless constant

The value of G = 6.67 x 10~ N m2 (kg)=2. Its numerical value in CGS system will be :
(A) 6.67 x 108 (B) 6.67 x 106 (C) 6.67 (D) 6.67 x 105

Force applied by water stream depends on density of water (p), velocity of the stream (v) and cross—
sectional area of the stream (A). The expression of the force should be
(A) pAV (B) pAV? (C) p*Av (D) pA?v

If unit of length and time is doubled, the numerical value of 'g' (acceleration due to gravity) will be :
(A) doubled (B) halved (C) four times (D) remain same

/\
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Units & Dimensions

8.

9.*

10.*

11.

Force F is given in terms of time t and distance x by
F=AsinCt+BcosD x

Then the dimensions of g and % are given by

(A) MLT-2, MOLOT-1  (B) MLT-2, MOL-IT®  (C) MOLOTO, MOLIT-L (D) MOLLT-L, MOLOTO

Choose the correct statement(s):
(A) All guantities may be represented dimensionally in terms of the base quantities.

(B) A base quantity cannot be represented dimensionally in terms of the rest of the base quantities.

(C) The dimension of a base quantity in other base quantities is always zero.
(D) The dimension of a derived quantity is never zero in any base quantity.

Choose the correct statement(s) :

(A) A dimensionally correct equation may be correct.

(B) A dimensionally correct equation may be incorrect.
(C) A dimensionally incorrect equation may be correct.
(D) A dimensionally incorrect equation must be incorrect.

a
In the formula; p=LRT
V-b

n =no. of moles, T =temperature, V =volume and R = universal gas constant .

Comprehension # 1

The Vander waal equation for 1 mole of a real gas is

(P+%) (V—b)=RT

e RV find the dimensions of 'a’ and 'b', where p =

pressure,

where P is the pressure, V is the volume, T is the absolute temperature, R is the molar gas constant

and a, b are Vander waal constants.

12. The dimensions of a are the same as those of

(A) PV (B) PV2 (C) P2V (D) PIV
13. The dimensions of b are the same as those of

(A) P (B) V (C) PV (D) nRT
14. The dimensional formula for ab is

(A) ML2 T-2 (B) ML“ T-2 (C) ML T-2 (D) ML8 T-2

ANSWER KEY OF EXERCISE

(B) 2. (©) 3. (A) 4, (B) 5. (A) 6. (B) 7. (A)
8. © 9.* (A) (B) (C) 10.* (A) (B) (D) 11. ML5 T-2 mol-1 . 12. (B)
13. (B) 14. (D)

/\
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