UNIT & DIMENSION

Young's modulus of elasticity Y 1s expressed in terms of three derived quantities, namely, the gravitational

constant G, Planck's constant / and the speed of light ¢, as Y = ¢® h” G. Which of the following is the

correct option ? |[JEE(Advanced) 2023]
(A.)ﬂ:lﬁ:_lﬂ’:_z (B)E{:—’?,B:—I?Y:—2
(C)ﬂ—:lB:_lﬂ’zz (D)ﬂ:_7:l3:1:?:_2

In a particular system of units, a physical quantity can be expressed in terms of the electric charge e,

electron mass me, Planck's constant h, and Coulomb's constantk = i , where €¢ 1s the permittivity of
T E,

vacuum. In terms of these physical constants, the dimension of the magnetic field is [B] = [e]” [mE]ﬁ [h]"

[k]a. The valucofa + B3 +y+ 0 1s : |[JEE(Advanced) 2022]

A physical quantity S is defined as S=(ExB)/ u, , where E is electric field, B is magnetic field and p,, is

the permeability of free space. The dimensions of S are the same as the dimensions of which of the

following quantity (1es) ? |JEE(Advanced) 2021]
Ener Force .. Ener Power
(A) = (B) ———— (C) ——= (D)
charge X current Length X Time Volume Area

Sometimes 1t 1s convenient to construct a system of units so that all quantities can be expressed 1n terms of

only one physical quantity. In one such system, dimensions of different quantities are given in terms of a

quantity X as follows: [position] = [X"]; [speed] = [X l'Ji]; [acceleration] =[X"]; [linear momentum] = [X"];

[force] = [X']. Then - [JEE(Advanced) 2020]
(Aot p=20 B)ptgq-—r=p

COp-qgtr=a D)yptg+r=p

Let us consider a system of units in which mass and angular momentum are dimensionless. It length has
dimension of L, which of the following statement (s) 1s/are correct ? [JEE(Advanced) 2019]
(A) The dimension of force 1s L (B) The dimension of energy 1s -

(C) The dimension of power 1s L (D) The dimension of lincar momentum 1s L

PARAGRAPH "X"

In electromagnetic theory, the clectric 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 ficlds respectively, while [ €] and [up] 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 SI units.

(There are two questions based on Paragraph " X", the question given below is one of them)

The relation between [E| and [B] 1s :- |[JEE(Advanced) 2018]
(A)[E]=[B][LIT] ~ (B)[E]=[BIIL] [T]  (C)[E]=[BJ[LI[T]"  (D)[E]=[BI[L] [T]"




10.
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PARAGRAPH "X"

In electromagnetic theory, the electric and magnetic phenomena are related to cach other. Therefore, the
dimensions of clectric and magnetic quantities must also be related to each other. In the questions below,
|E] and [B] stand for dimensions of e¢lectric and magnetic fields respectively, while [ €¢] and [pg] 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 SI units.

(There are two questions based on Paragraph " X", the question given below is one of them)

The relation between [ €g| and [ug] 15 :- |JEE(Advanced) 2018]
(A) [po] = [€o][LT[T]” (B) [o] = [€ol[L] *[TT*

(C) [o] = [€o] " [LIT]™ (D) [po] = [€o] ' [LI[TT"

A length-scale (/) depends on the permittivity (g) of a diclectric material, Boltzmann constant kg, the

absolute temperature T, the number per unit volume (n) of certain charged particles, and the charge (q)

carried by each of the particles, Which of the following expressions(s) for ¢ 1s(are) dimensionally correct?

[JEE(Advanced) 2016]

s || na o= || sl C) 4 = . q- - q-

In terms of potential difference V, electric current I, permittivity gy, permeability yy and speed of light c,

the dimensionally correct equation(s) 1s(arc) |JEE(Advanced) 2015]
(A) pol”® = gV? (B) g0l = poV (C) 1 =gocV (D) wocl = g9V

Planck's constant h, speed of light ¢ and gravitational constant G are used to form a unit of length L and a
unit of mass M. Then the correct option(s) 1s(are) :- |JEE(Advanced) 2015]
(A) Moc /e (B) M /G (C) Locvh (D) LG

To find the distance d over which a signal can be secen clearly in foggy conditions, a railways engineer
uscs dimensional analysis and assumes that the distance depends on the mass density p of the fog,

intensity (power/arca) S of the hight from the signal and its frequency f. The engineer finds that d 1s
proportional to S'"™ The value of n is. |JEE(Advanced) 2014]
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SOLUTIONS
Ans. (A)
Y =c*hPG?
ML'T™ = (LT H*ML* T )M 'L’ T2

L= Bt (1)
—1=o+2p + 3y sl )
=== p—27 ...(3)
—3=pB+y
=B —v
—2=20 = pB=-1,y=2
—1=a0a-2-6 o="7
Ans. (4)

[(M!'T2A = [AT] [m]" [MO2T '] [MIPA 2T ]
MIT2A ! = P70y 2r+38 po—7-48  a-23
Compare : p+y+d=1;2y+35=0,
o—=7—40 =2, a—20=-=1
Onsolvingoa=3,p=2,y=-3,0=2
ot+tpB+y+d=4
Ans. (B, D)

My
S 1s poynting vector denotes flow of energy per

unit area per unit time

-~ Wwatt
S =

,:r

e

m

Hence B, D are correct

Ans. (A, B)

(1ven,

L=x" (D)
LT ' =xP (2)
LT *=x" ..(3)
MLT ' = x1 ()
MLT = x" .(5)
(l) L T = P

a

Sol.

Sol.

From (3)

(L

X 5
5 2(0=P) =
= at+tp=2 (A
From (4)
M = x4

From (5) = x9=x" x*P

=  atr—q=4...(6)

Replacing value 'a' in equation (6) from (A)
Pp-ptr—-q=p

- pt+q-r=p(B)

Replacing value of 'B' in equation (6) from (A)
2o +2r—2g=a+p
o=p+2q—2r

Ans. (A, B, D)

Mass = M'L’T"

MVr=M"LT
|
o L I aAg07 0D
thF_L—NdLT
=T (1)

Force=M'L'T™ (1n SI)
=ML L™ (In new system from equation (1))
[
el D
Encrgy =M LT (In SI)
=MLl (In new system trom cquation (1))
2
Energy

Power = —
Time

=M'L°T (in SI)

=M LL° (In new system trom cquation (1))
=

Lincar momentum = M'L'T™ (in SI)
-ML'L™ (In new system from equation (1))

o o

Ans. (C)
E
We have —=B
C
_ Bl s
[B] [C:—[E]L T




Fa

Sol.

Sol.

(A)

(B)

(€)

(D)

Sol.

(A)

Ans. (D)
We have,

; 1
Sl =
 Hy €

— 2T 2 = = [po] = [€o] '[LT[TT’

1
o ][0 ]
Ans. (B, D)
We know,

2 2

1 :
F = 1 — 9 (Fr¥)4n
4mg, 1° £

So, dimension

2

9 _ dim (Fr?) = MLT *x L*= ML’T™
E{}
o 3
Similarly; E ZEKBT =
dim (KgT) = dim(Encrgy) = ML*T
ng’> \/L3 xML'T? 1
ek, T ML°T L
(E)x vol \/MLZTE wf
MLT * x L*

\/ Fr’ (vol)*” \/MLT XU x L _ 5 _

(Ke) ML>T

Fr’(vol)"® \/MLTELE <L _ .
Energy ML'T™

[.. dimension n = dim [L] o

vol
Ans. (A, )
Using C = : &
\/ Ho <o

R = Ho we can check the correctness.

<0
“012 = E(}VZ

V2
== =R’
ey I

" R2 = R2 correct

(B)

(€)

10.

Sol.

eol = v
S _V

bo 1

1

g R not correct
R
= €eqcV

I e e D
i, G

Vv vHo o
L_ E—” :L correct
R L, R
p{}Cl =gV

1o C _ \Y

= I

|

Ho _R

€ \/Hﬂ =0

. L [Ho RzE—R incorrect

So ¥V So €

Ans. (A, C D)

h] = ML i i ]
c]=[LT ]
G]=[M'L’T?]

For unit of length
LetL o« h*¢' G
—> From principle of homogeneity
|[LHS] =[RHS]

Oy 09 _ JeoTaxevr welaw mnar=ly 3z
— [MLT|=[ML"T '|"[LT |7[M LT "]
MO L T'f} _ M}{—z LZ:{— y + 3z T—x—y—lz
comparing we get

X—2Z=1
2x+y+3z=1
—X—-y—272=0
Solving we get, x:lﬂy:__‘z’?zzl
2 2 2
[ = h(j
n:

For unit of mass

LetM o h™ ¢’ G°
Solving 1n similar manner as above

]
chctx—— =

e




11. Ans. (3)

Sol. L= (D"(d)(H)”
[ = (-M]L{}T—?;JR(MI L—E)y(-T—l)E
L=M "Y1

—3y=1 X+y=0

L =0 (D’

n=23




