Units & Dimension

) 4

TOPIC : UNIT & DIMENSIONS

EXERCISE # 1
SECTION (A)
(Joule}
1. Watt hour = * 5€¢ /(60 x 60 sec) = 3.6 x 102 Joule
3. Micron, light year & angstrom are units of length and radian is unit of angle.
4, According to Stefan's law,

E « T4 or E =oT*
Here, o is proportionality constant called the Stefan's constant.
The unit of stefan's constant is watt metre =2 kelvin—* or W/m?2-K#*

1
14. nu = constantson o« Y

15. N1 U1 = N2 U2

2
G ML) [[;M;ML] ]
O -2 1000 ) {100 60
Uz = M,L,T57] = nz = 100

s? B (metre)?

16,  a= 4 (second)* _ m2 s-4

nz2=nz =3.6

17. Angular momentum L = mvr
m

(L) = (k) [Se‘:] _(m) =kgm2 s
(L) = (kg m2s72). (s) =Joule — s

18. 1 Joule = 107 erg
1leV=1.0x10"°Joule=1.6 %101 x 107 erg=1.6 x 102 erg

metre® _ (100cm)’
19, (G] = M L3 T . kgsec?  (1000gram)sec?
1 SI=1000 CGS
SI
CGS = 1000

21, [E]=[M!L2T-2 = (3M)! (3L)2 T2
[E] = 27 [ML2 T-]

22. New unit = x metre
1

1 metre = X new unit

B
1m2= X (new unit)?

Energy
24. Q =oT4= areax Time
Energy
_ areaxTimex(Temp)*

o

&—
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Joule
In Sl. unitof o = m? secx kelvin®
Energy

2 -4
In CGS. unit of ¢ = CM” secxkelvin
Joule

Value of 6 = C1 . metre? — secx kelvin*
107 erg erg

77 3 T e kel
Value of o in CGS = C;. 10" cm” sec kelvin™ (Take Cy is constant number) = 1000C; . ¢M" sec kelvin

Value of 6 in SI = Cy Sl
Value of 6 iINnCGS=1000C1 CGS
Ratio of Sl to CGS.
C1 SI=1000 C1CGS

SI

CGS = 1000

1

25. KE.= 2 mVv2
[KE] = ML2 T-2]
If unit of M and L are doubled
Then unit of K.E.
K.E. =[(2M) (2L)2 T3] = 8 [ML2 T
unit of K.E. is 8 times.

26. Parallactic second is a unit of distance.
29. Substitute the units for all the quantities involved in an expressioin written for permittivity of free space.
By coulomb's law, the electrostatic force
o1 9% S
4ng, 2 N O an” 2F
Substituting the units for g, and F, we obtain unit of
. coulombxcoulomb  (coulomb)?
newton —(metre)>  newton — (metre)?
= C?% N-m?
SECTION (B)
1 \F 1 [MLTZ 1 1
- — — _ —
1. f£Vm - LIV MU - L LT = (Ll = [frequency]
1
2. (1)S= 2 a2, [L]=[LT?[TY=]L]

mr2 1"

ML

|

@v="'Mm,  [LTY= { = [T

| )
0

@t= 9, [=[T

3 ]
2
g | _ [LT =T2 notequalto[T]
V2 TP
r

(4) a= N Ltz = M =7y

3. [Dipole moment] = LIT, [¢e] = ML3/IT®  [E] = ML/T?.

&—
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4, Magnetic flux (¢) through a surface of area (A) is the total number of magnetic lines of induction passing
through that area normally. Mathematically, magnetic flux
¢ =BA
but magnetic force
F
F = Bil or B= |l
putting the value of B in Eq. (1), we have
[MLT—?—][B]
Thus, dimensions of ¢ = [ALJ = [ML2 T2 A1)
E _EIMUET?] oy
— —1
5. E=hv = h=planck'sconstant= V = [h] VI [
(a) Linear momentum = mass x velocity
or p=mxyv or [p] = [m]x[v] = [M] [LT-Y] = [MLT 1]
(b) Energy [E] = [ML2T-2]
(c) Angular momentum = moment of inertia x angular velocity
or L=lxw=mr2w [+ 1=mr
[L] = [L7[T-] = [ML?T]
(d) Power = froce x velocity or P=FxV ~[P] = [MLT-Z[LT] = [ML2 T3]
Hence, option (C) is correct.

6. Substitute the dimensions for thequantities involved in an expressioin written for gravitational constant.
According to Newton's law of gravitation, the force of attraction between two masses m1 and mz separated
by a distance r is,

Gmm, o _ Fr®
F= r? mym,
Substituting the dimensions for the quantities on the right hand side, we obtain
IMLT2][L?]
2
dimensions of G = M]
IMLT?][L?]
c= M1 =psty
15. The dimensions of torque and work are [ML2 T?]
16. h = Planck’s constant = J—s = [ML2T-1]
P =momentum = kg m/s = [MLT]
17. As we know that formula of velocity is
1 1 1
v= VHogo ve= Hofo = [LT-12 Hofo = 2 T2
18. F = at™® + bt*?
{F}_ MLT 2 [F}_{MLT‘Q}
t| | T 2] T2
8] = = [MLT=] p=tt0 LT ey
b= AP

20. T AV/V
[B] = ML T2

21. x=Kamt"

[L]=[L T2 [T]"
[L]= [Lm 772
m=1, n-2m=0 n=2
HEkT
22, [3]=[mvr] [P] = [mv] > Pl Lmv]op=1
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r = distance

23. [t(1=[F.1]
[MLT-2.L] = [ML2T-?]
S
24, (1) Angular momentum J = n 2n n and 2n are dimensionless so [J] = [A]
(2) [W] = [ML?T-?] = [Torque]
(3) Impulse = change in momentum. = AP. P and AP have same dimensions
(4) [Torque] = [ML2T-2] [moment of inertia] = [ML2TC] Not same
g
5. [w]=L"d=T
26. (1) [G] = [M1L3T?]
£
(2) &= fo unit less and dimension less because € and o are permittivity of medium and vaccum
having same dimensions.
(3) relative velocity Vas = Va—Vs dimension of velocity
(4) Density = ML-3
Energy | |ML?T?
mass x length ML )
27. = [LT-2] same as acceleration
m,m
28. [Gl=L "2d =[MLL3T?
29. S=za+bt+ct?
s
2
unit of C = unitof ¥ = metre sec2 = [work]
31. [mc?] = [M (LT-1)?] = [ML2T-]
a
32. Sh=a+ 2 (2n+1)
Sh is displacement in n" sec. So, [Sn] = [M? L1TY]
33. Light year is distance travelled by light in one year.
34. [G] = [Mt L8 T-?] rest are ratios of similar quantities so dimensionless.
35. All are ratios of similar quantities.
36. F=at+bt?
F F
Lt vy Ts N [ Gl
[a] = = MLT > [b] = = MLT
A
37. A and B of different dimensions then only B is correct among the options given. Addition is possible for
guantities of same dimension for logarithm and exponential are taken to dimension less quantity.
38. 102 + 3, powers are dimensionless. So, [at] = MOLOTO
[a] = [MOLOT-L
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39.

40.

41.

42.

43.

44,

45.

&—

[M] = [F2 T° V<]
[MILOTO] = [(MLT-2)* (T)° (LT-)9]
Equating dimensions of M, Land T

l1=a, O=a-+c, O0=-2a+b-c
a=1 c¢c=-1, b=1
[M]=F1 TtV

[F]=[P2\v> T

[MLT-?] = [(ML2 T-2)2 (LT-1)° (T)°]
equating powers of M, Land T

l=a, 1=-a+h, -2=-2a-b+c
a=1, b=2 c¢=2

[F] = [pV? T7]

n = cm*kY
[n] = [em* kY]

ol

[T =
—2\Y
M MLT
L
[MO Lo T—l] -
Equating power of M, Land T
O=x+y
1 1
_1:_2y y= 2, X:_2
[V] = [gP h]
[LT-] = [(LT-?)P (L)]
Equating power of Land T
1 1
1=p+q, _]_:_2p1 p:2 q:2
[V] = [E° d]
[LT] = [(MLT-2)P (ML=3)7]
equating power of M, Land T
O0=b+a, 1=-b-3a
1 1
—1=-2b, = b= 2, a=-2

[Y] = [F2 A° D]
ML T-2] = [(MLT-?)2 (L?)° (ML)
equating power of M, Land T

l=a+c, -1=a+2b-3c

-2=-2a a=1, c=0

b=-1

[Y] = F A1 D°

[T]=[MOL° TY] as F = 6nnrv
P:} {MLTQ} {mrz}_ ML2
— —1 - -1 -1

(1) [n] = v _ LLT ML T o 67 MLT'T

= [L3T]
1
{ fBrcnmr}_ [ML‘W"M.LT

g LT [ML’W T’”z]

- -2
(3) LoV IMLT ) < a7y
None of the three options have dimension of time.

(@)
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46. F = 6nnrv
[Fl _ [MLT?]
p= VI T

[n

[n] = [ML7 T
48. From Newton’s formula

dimensionsof force
F dimensionsof area x dimensions
of velocity — gradient 2110 -
n= A(AVX/‘AZ) Dimensions of n = y=9 = LI
EXERCISE #2

1. T « Padb Ec

Pressure [P] = [ML™1 T2

Density [d] = [ML™3]

Energy [E] = [ML2 T

T o [ML2 T-2]2 [ML=3]P [ML2 T2

[MO LO Tl] - [Ma +b+c La- 3b+2c T-2a- 2c]

= a+b+c=0 (1)
= —a-3b+2c=0 ... (2)
= -2a-2c=1 . 3)
(W and (2)—2b+3c=0 oo, (4)
putin (1)

3 S
a+ 2 +c=0 a=— 2
putin (3)

=
—2\ 2 ) _c=1 3c=1 c=

s, 203
a= 2 ¢ -2 \3/ __656

1
Putc= 3 in(4)

% 1
b= 2 = 2
T P—516d1:’2E11‘3

B

2. V=at+ HY
v
M = [af] [a]= [1

LT

1= [ =7
t + y says that dimension of y
[v] = [t] = [v] = [T]

B
W=L” > [Bl=MIT]
[8] = [LT-4] [T] = [L]

[MLT?]

1
] = [ ML T-Y
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3. V oc A2 dP ge
[VI =[N [d]° [g]°
[MOLT-] = [L]2 [ML3] [LT-2]°
b=0, a-3b+c=1 —-2c=-1
1 11
c= 2 , a=1- 2 =2
Vo A2 g2 = V2 x \g
4, y =asin (At— Bx + C)
At—Bx +C is angle, so it has no dimension
[At] = [M° L° T = [A] =[T] [t]=[T]
[Bx] = [M°L°TI] = [B] =L [X] = [L]
[C]=[M°L°TI
1rz (-5
5. & Mo M2
Here, Z, n1 & n2 are dimensionless & [A\] = L. So, [R] = L™
7. X = A? sin kt
t denote time
As angle is dimensionless so [kt] = MOLOTO
11
k= [ T so, unit of kis Hertz
8. F = a sin kix + b sin kat
Here F, x & t denote force, distance and time again angle is dimensionless.
1
s0 [kix] = MO LO TO, So, [ki] = X = 1~ = metre-?
1
[k2t] = MO LO TO, So k=l =71 = sect
9. E, m, J and G are Energy, mass, angular momentum and gravitational constant respectively
ES | [ (MET2)MLETY
mSGZ M5 (M—1L3T—2 )2 _ MO LOTO
Angle is dimensionless quantity among given options.
10. [m] =[C]*[G] [h]?
[MlLOTO] = [MOLT—l]x [M—l L3T—2]y [MLZT—Z]Z
equating dimensions at M, L, T
l=-y+z .. 1)
O0=x+3y+2z ... (2)
O=x-2y-z ... 3)
(2) and (3)
O=y+z .. (4)
by (1) and (4)
1 1 11
zZ= 2, y:_2, x:—2y—z:1—2:2
1
x= 2 [m] = C12 G-1/2h1/2
X
11, F= 98" | cthen  [x] = [F. density]
[X] = [MLT=2. ML=%] = [M?2 L2 T?]
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12.

13.

14.

15.

17.

18.

20.

21.

22.

&——

[V] = [P]* [o]

[MO LY T-1] = [ML-T T-2] [ML-8pY
equating dimensions of M and L
O=x+y, ... (1)
1=-x-3y ... (2)

1 1
1=—x+3x x= 2, y=-2
[V] = P12 o122

y = Asin (wt — kx)
wt — kx is angle i.e., dimensionless.

%)L
[wt] = [kx] - Kl Lt o Velocity

Magnetic potential energy stored in inductor
1

U= 2 L2

[Li7] = ML2 T-2

[a] = LT [c]=T o] = L
[k X] = MOLOTO [K] = L1

E=kF2 AP Te

[ML2T-2] = [MLT-2)2 [LT-2]P [T]°

[M LZT—Z] = [Ma Latb T-2a-2b+ c]

a=1 a+b=2, —2a-2b+c=-2
a=1b=1,¢c=2

E = k FAT?

X = 3YZ2
[X]=[Y][z)
X1 M'%Q’T?
[Y] = [2]2 = |V|2Q_2T_2 = M—3L—2Q4T4

1
(None of the four choices) 2 €oE? is the expression of energy density (Energy per unit volume)

24+-2
o
Yl s ety

From this question, students can take a lesson that even in IIT-JEE, questions may be wrong or there
may be no correct answer in the given choices. So don’t waste time if you are confident.

4Newton 5 4Metre  Joulea

Joule = (Newton) (Metre) = 4 4 - 16
Hence 1 Joulea = 16 joule (Joulea is new unit of energy)

EXERICSE # 3
PART -1

(i) Dimension of velocity = [MOL1T-1] Here,a=0,b
(i) Dimensions of acceleration = [MOLT—2] Here,a=0,b
(iii) Dimensions of force = [MIL1T-2] Here,a=1
(iv) Dimensions of pressure = [M1L-1T-] ~ Here,a=1
~ The physical quantity is pressure.
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2. Energy density of an electric field E is
1sOEz
ug = 2 where g0 permittivity of free space
Energy ML?T 1
Volume > =MLT-2  Hence, the dimension of 2 goE? is ML-LT-2
9
3. InCGS = d=4 M’ f unit of mass is 100 g and unit of distance is 10 cm
(o) [0
100 100
So density = 10 = \10 (10cm) =40 unit
Lowm MV
A F=Mx T? =TT = F= T = FTV-1=M
5. Let surface tension o = E2 VP T¢
1y 1-2 b
M L T — (M1L2Tf2 )a (L] (T)C
Equating the dimension of LHS and RHS T
MLLOT-2 = Ma|_2a+b T—Za—b +cC
=> a=1,2a+b=0, —2a—-b+c=-2
> a=1lb=-2c=-2
PART -1l
oM
1. L*
N1 U1 = N2 U2
M, L, T 3
N LN =128>{M‘} LZ} 128{@}{§} 1
-~ 128 MR = na o 2]t ] 2 50 | 1100 _ 158 x 20 x 64 =40
2. Let Y=V, F, A) Y =K VXFY Az, K - Unitless
< M=VFFYAR Ao MU = LT MLT2 (LT
[M] [L2] [T2] = [M]Y [Lxv+e] [T>2v-22] y=1x+y+z=-1
—X—-2y—-2z2=2 X+z=-2
X+2y+2z=2 z=2,x=-4
X+272=0 [YI=[V*F AZ
L [_|L R |_|L] LR
3 CVR R CRV R|RC|V
[T l E E - 1 - A
- TIV]_LV I
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