ICON

CHAPTER 2: MEASUREMENTS AND GENERAL PHYSICS

Test Your Concepts-l (Based on Principle of
Homogeneity: Verification)
(MI2)(MLT2)(12772)
1 =
=)
= [Q]=MT"

So, dimensions of Q are 1 in mass, zero in length and
-2 in time.

2. Yes, like work and torque, pressure and stress, surface
tension and spring constant, angular momentum and
Planck’s constant etc.

3. MIPT?Kk™, M7
4, [v]=DT"

s e

. [ EJ? ]=(ML2T2)(ML2T1)2
MG (pF)(mpT2)

=M1°1°

7. [x]=[Capacitance]={%}= %

Q

= [x]=MT?T7Q?
[z]:[m:[i]:m—lg—l

go

Since x = 3yz’

= [x]=[y][zz]

= MrrQ = [y )

> [l-wrrT!

2

8. Yes, is actually the Fine Structure Constant,
2he,c
which happens to be a pure number having a value
1
137"
9. Here [,u]= Velocity of light in air

Velocity of light in glass
Since [u]=a dimensionless number = M’['T°

= [Al=[u]=a dimensionless number = ML'T°

10.

Also [%]:[,u]

= [Bl=[u)l2*]=(ML1°) 2 = 2

Hence A, being dimensionless, has no units and SI unit

of B is m”.

Since trigonometric functions are dimensionless, so
[tanf]= ML'T"

But [0]=LT"

- Dimensions of LHS # Dimensions of RHS

Hence the given relation is dimensionally wrong.

This relation can be corrected by dividing RHS by the
speed u of the rainfall. So the corrected relation is

v
tanf=—.
u

Test Your Concepts-Il
(Based on Principle of Homogeneity:
Conversion)

1L

1 2 -2
pyen | M) (L) (L
UM, L )T
2 2 2

2 -2
= py—sng e )(Im)(1s
akg \fm)\ys

= n,=418a7'fy
So, 418 ] = 4.18 &' f%y* new units
100 W=100Js=10" erg {17=10" erg}
10 poise.
F=20N,E=200], v=5ms"
Since E=FL

L= £ = 20 =10m

F 20

Since v=LT""
= 5=10T"
= T=2s
Further F = MLT™

= 20=M(10)(2)>

80
M= gk
10 08

CHAPTER 2
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10.

1g [1cm]_3

= n, = —_— —_—
20g A\ 5cm
1

= n,=8x—x5x5x5
20

= n,=50

So, 8 gcc™ =50 new units

1hp=746 W

[p]=MLT™ and [¢]= MT
Since [v]=LT™, [p]=ML?, [v]=T"
So, let
pv4 - MIIAT
= po'=MLT™*

4 4
o MITC it
14 T

= p= pv4v3
Similarly,

So, pe< o'V’ and O'WPUT

Speed of light = 1 new unit of length/s

Time =8 min 20 s=8x60+20=>500 s

Distance between the earth and the sun is
d =Speed of light x time =1x 500

= d =500 New units of length.
F=MLT™

FT?
= M=FTL'= -

(1000 N)(100'5)°
(1000 m)

= M=10"kg

Given that,
S=2cal cm *min
Butas1 cal=4.18],1cm=10"m and 1min=60s

S:ﬂzl.élxl[]g’%

(107" (60) m’s

= S$=14kWm™

Test Your Concepts-lll (Based on Principle of
Homogeneity: Dependence)

T o d°r"S°
= T=ki's® (1)
where k is a dimensionless constant.

Taking dimensions on both sides of (1) and applying
the Principle of Homogeneity we get

T=(M2) (L) (MT2)

= T - Mﬂ+CL—33+bT—2C
So, we get —2c=1

13 1

= T=kJ2r2§ ?

S i
S
foc p"dbEC
= t=kp'd’E
where k is a dimensionless constant
= =M (M) (M)
- T= Ma+b+cL—n—3b+2cT—2a—2c
Using Principle of Homogeneity we get
a+b+c=0 (1)
-a-3b+2c=0 ..(2)
—20-2c=1 ...(3)
From (3), we get

1
atc=-=
2
Substituting in (1)

—l+b:0
2
= bh==
2
Substituting in (2), we get

—H—§+2C=0
2

= —a+20=§ 4
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Hints and Explanations H.7

Adding (3) and (4), we get Adding (1) and (3), we get
a=1
—3a= 2 = bh=-1
5 = 1-(-1)+c=1 {=of (2)}
= a=--
6 = c=-1
Substituting in (3), to get So,a=1,b=-1,c=-1
W
5 -
2| -——1|-2c=1 T
(-5 -
5 . . . .
= 3" 2c=1 In Fluid Mechanics, this law is also called the Stokes’ N
Law with the value of k = 6. (a4
5 L
= 2c=--1
3 5. Let the rate of flow of volume of the liquid be denoted =
2 by V. o
= =3 Volume <
3 Then[V]=[ : ]=L3T‘1 L
1 Time U
= == )
3 Now, Ve nr'p*
Hence we get = V=kn'r P
a=-2 o 1 . 1 where k is a dimensionless constant and p is the pres-
6 2" 3 sure gradient. So
311 Pressure 2
=| —— [=ML"T
= T=kp ¢d’E3 [¥] |: Length }
a b e 31 =1 )b 22 ¢
T ocm’ ¥4 = Pri=(mot) (L) (Me2r2)
T — km‘qu!-c = L3T71 - Mﬂ+l’Lﬂ7[+b*2(T*.’?*2[
o o Using Principle of Homogeneity, we get
T=M(MLT?) I atc=0 (1)
= T=M"ler? —a+b-2c=3 (2
Using Principle of Homogeneity, we get -1-2c=-1 .(3)
a+b=0 (1) From (1) and (3), we get
b+c=0 ..(2) c=1
2bh=1 e = a=-1 [ of (D}
IR S = —(-1)+b-2(1)=3 {- of (2)}
2 2 2 = b=4
% ,% % So, we get
Hence T =km?*f 2/ a=-1,b=4, c=1
- 4
= T=k H_h' = V=k r p
f n
Vg o Wanbrc

This expression is also called the Poiseulle’s Equation,
which governs the flow of a liquid through a horizon-
= rl=(pMrT2) (MIT! )l’ I¢ tal tube across the ends of which a pressure gradient
(p) is maintained. Also we shall see in hydromechanics

= U= kW"nbr(

= LT—l - Mn+bLn—!?+(T—2n—b

_ n
Using Principle of Homogeneity, we get that for this case k= g 50
a+b=0 (1 !
a-b+c=1 (2 V=§[?Jp {Poiseulle’s Equation}

2a-b=-1 .03
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o, o< n'p'd"

w, = kn'p'd"

where k is a dimensionless constant
o =M (v ) (LY
Y e

Using the Principle of Homogeneity, we get

a+b=0 (1)
-1-3b+c=0 ..(2)
-a=-1 .(3)
= a=1,b=-1,c=-2
So, we get

n
=kl —
v [pdz}

No it would not be possible to obtain dimensionally
a relation for h without the additional experimental

information that ;e L This is because without the
r
information J; o 1 , we will get four variables to be cal-

r
culated from three equations which is just impossible.
So, we shall be writing

hoer"d "
= h= kr‘lS“dbgc
where k is a dimensionless constant
= L= (wmr2) () ()
o [ = MH-Bbtep-20-e

Using Principle of Homogeneity, we get

a+b=0 (1)

-1-3b+c=1 ..(2)

-20-2c=0 ...(3)
So, (20+®) gives

2b-2c=0 ..(4)
Again 20+@ gives

b=-1
= a=1 {-- of (1)}
= c¢=-1

So,a=1,b=-1 and c=-1
= h =:‘cr‘15'd"1g_1

- ()
rgd

To show that the planet obeys Kepler’s Third Law of
planetary motion, we have to prove that

T? oy’

10.

Now, according to the problem, we have
T o 1" MG
= T=k"MGE
where k is a dimensionless constant.
= T=I'M'(MPT2)
o T = Mbepeder2e
Using the Principle of Homogeneity, we get

b-c=0 (1)
a+3c=0 .(2)
-2c=1 (3
= c=—1, b:—l, a:E
2 2
So, we get
301 1
T =kr2M2G 2

TZ — kZ 1‘3
MG

Since the product MG is constant, so
T? o
Wehave p= M3, g=LT?, v=T"

Solving for M, L and T intermsof p, ¢ and v,
we get

M=pg*V®, L=gv?, T=v"
= [Force|=MLT *= (pg3 v )(gvfz )(v2 )
=pg'V
Let the quantity be Q then,
Q=f(v F.T)

Assuming that the function is the product of power
functionsof v, F and T,

Q=Kv'F'T* (1)

where Kis a dimensionless constant of proportionality.
The above equation dimensionally becomes

[Q]=(LT ) (MLT2) (T

ie, [Q]=[Mm![vr—2v] )
(a) Q=mass
te, [Q]=[M]

So Equation (2) becomes
M= Mny+yT—X—2y+z
its dimensional correctness requires

y=1,x+y=0 and -x-2y+z=0
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which on solving yields
x=-1; y=1land z=1
Substituting it in equation (1), we get
Q=Kv'FT
(b) Q= energyie, [Q]= MI'T™
So equation (2) becomes

MIT2 = MY+
which in the light of principle of homogeneity 3,
yields

y=1, x+y=2 and -x-2y+z=-2
which on solving yields

r=y=z=1

So equation (1) becomes
Q=KoFT

Test Your Concepts-1V (Based on Errors,
Significant Figures, Vernier Calliper and
Screw Gauge)

V 38

1. R=—=-=4Q
I 2
AR AV Al
—_— _+_
R VvV 1
= /oﬁ (% %]100 4.
R 8§ 2
= /ﬁ (@ —O) 16.25%
R 8§ 2
AR 1625
= —=——
R 100
_ AR_1625 A
100
= AR=0.65Q
So, R=4Q+16.25% or R=(410.65)Q
2. d=—
Ibh
Actual value of density is given by
_ 39.3 !
(512)(256)(037) ®
= d=81gec
Ad _Am Al Ab Ah
Now —=—+—+—+—
d m | b h
Ad_ 01 001 001 0.01

rl 393 512 256 0.37

Hints and Explanations H.9

= ¥><100%=£+ ! + ! + !
d 393 512 256 037

= % x100%=0.25+0.19+0.39+2.7

Ad

= F %x100% = 3.6%

So, d=8.1gec™ £3.6%

Least Count =1 MSD -1 VSD
Since N VSD=(N-1)MSD

~ 1VSD= (N I}MSD
N

= Least Count =1 MSD - ( NN 1 )MSD

CHAPTER 2

= Least Count =[¥)M§D

1
= Least Count = EMSD

Since 1 MSD = 1 mm

1
So, least count = N mm

1
= Least count =—— c¢m

10N
Length of cylinder,
h=454 cm {3 significant figures}
Radius of cylinder,
r=175cm {3 significant figures}

Volume of cylinder V,
= V=ar'h=314x(175) x 454 cm®

= V=43657775 am’ =437 em’
{Rounded off upto 3 significant figures}

Column A Column B

17236 5
510 m 3
270 2
420 g
7042.6 5
0.017 2
6.1x10™ 2
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10.

Measured Rounded off value to
Value Three Significant Figures
7.364 7.36
8.3251 8.33
9.445 9.44
15.75 15.8
7.367 7.37
9.4450 9.44
15.7500 15.8

(a) 11.439=114, because the least number of signifi-
cant figures after the decimal is 1.

(b) 2.43 =24, because the least number of significant
figures after the decimal is 1.

(c) 44.064 = 44, because the least number of signifi-
cant figures is 2.

(d) 107.843 =108, because the least number of signifi-

cant figures is 3 (not 2), because 1100 ms' has
four significant figures.

(a) Least count
Smallest division on main scale

"~ Number of divisions on vernier scale
= LC.= i mm = 0.1 mm
10

= LC.=0.01cm
(b) So, the length,
L=N+n(LC.)=(102+3x0.01) cm
= L=1023m

LC.= L =0.01 mm
100

Linear scale reading =6 (pitch) =6 mm
Circular scale reading =n(L.C.)=40x0.01=0.4 mm
So, total reading = (6+0.4) = 6.4 mm

Here zero of vernier scale lies to the right of zero of
main scale, hence, it has positive zero error.

Further, N=0, x=5

So, least count or Vernier constant is 0.01 cm

Hence, Zero error= N+ xx V.C.

= Zeroerror=0+5x0.01

= Zero error =0.05 cm

So, zero correction =—0.05 cm

Hence the actual length will be 0.05 cm less than the
measured length.

Single Correct Choice Type Questions

1.

Maximum possible error

‘ AH Al AR
H

x100 =2Tx100+Ex100+%><100

max
[ H=1Rt}
Hence, the correct answer is (D).

The MKS unit of n= kg is kgm™s™
ms

The CGS of 1= B s gem™s7!
cms
s _ kg cms
fNcgs ms g
Thiks _ 10° gXxXcmxs

=10
Negs 100 ecmxsxg

Hence, the correct answer is (A).

i=Ktanf

Since tanfis a dimensionless physical quantity and
hence the unit of k is equivalent to that of current i.e.
ampere

Hence, the correct answer is (B).

Impulse = change in momentum

So, the dimensions of impulse and momentum are the
same.
Hence, the correct answer is (C).

Coefficient of viscosity

tangential force

~ contact area x velocity gradient

newton _ newton s
/s~ 2
m?xm/ = m
I m

= n=

_kgms_l;g

s’m?>  ms

Hence, the correct answer is (B).

2

. ,an
Pressure correction P’ = F

_ P'V® (Pressure correction )( Volume )
n’ (amount of gas )’

(Nm™2 )( m’ )2
mol®

= a

Nm® _ kgmm- [ 1N=1kgms?}

= = ==
mol?>  s*mol?



10.

11.

12.

ICON

i kgm5 B kgm5

: (as mol is a number)

s‘mol> s

Hence, the correct answer is (C).

e

medium. Hence its dimensions are equivalent to those
of velocity.
Hence, the correct answer is (A).

is the velocity of electromagnetic waves in a

There are 6 significant figures in the number 108.023 as
all the figures define a particular measurement. In the
number 00.19 there are only two significant figures as
the zeroes on the left of decimal point and the zeroes
on the right of non-zero numbers after the decimal
point are not significant.

Hence, the correct answer is (A).

1 1
H=————=——-
areax time [°T
[ =)= —— =+
P2 Volume T I3
[xz—x1]=L
o p._Mx-x) L‘Zz‘L [l
n, =1, L

Hence, the correct answer is (A).

% and RC are the time constants of LR and RC

circuits respectively. Hence their dimensions are equal
to those of time.
Hence, the correct answer is (A).

V=d"E
Writing dimensions on two sides of the equation
b a
(L] =ML 2] [ ML ]
= LT_l - Mﬂ+bL—3ﬂ—bT—2b

Comparing the dimensions on two sides, we get
a+b=0

-3a-b=1
“2b=-1
Solving for a and b, we get
b:l and a:—1
2 2

Hence, the correct answer is (A).

All the three represent the electrostatic potential
energy stored in a condenser
1 14 1
U=-CV*=-L="qV
2 Tac o]

13.

14.

15.

16.

17.

Hints and Explanations H.11

The dimensions of energy and work are the same

s u{ir iz

Hence, the correct answer is (B).

v} = MI’T™

Force F

Mass = = FI7'T?

Acceleration LT
Hence, the correct answer is (A).

[CZLR]=[C2L2§]=[(LC)Z(§H

and we know that frequency of LC circuits is given
1 1 . . . .
by f=——, ie, the dimension of LC is equal to
v 2rJLC 1

[1?] and [%] gives the time constant of L-R cir-

CHAPTER 2

cuit so the dimension of = is equal to [T]. By sub-
R

stituting the above dimension in the give formula
()]s Fir-ir)

Hence, the correct answer is (B).

From the principle of dimensional homogeneity
[at]= dimensionless

= [a]=[l]=T‘1
t
Similarly [ xh@

[a]
= [o]=lxlla]=LT"
Hence, the correct answer is (A).

From the dimensional homogeneity [x?]=[B]

= [B]=I*
1
[A][xi]
Also [U]= === -
o] [x?]+[B]
1
- MLZTZ:[A]LZ

LZ
7
= [Al=MI2T?
7 n
Now [AB]= (MLZT’Z)XLz =ML2T?

Hence, the correct answer is (B).

Let x =length, then
[X]=[L] and [dx]=[L]
By principle of dimensional homogeneity

X . .
l: —} = dimensionless
a

= [al=[x]=[L]
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18.

19.

20.

21.

By substituting dimensions of each quantity on both
sides we get

L
Jr

= n=0

LH'

Hence, the correct answer is (C).

Here, ? as well as 2% are dimensionless (angle)

ie. [@}[zﬂ}: MOIOT°
2 )

So
(i) unit of ctis same as that of 4

(i) unit of x is same as that of A4

(i) [@]{zﬂ] and
P T

. X . . .. . (%
(iv) = is unit less but this is not the case with n

Hence, the correct answer is (D).
Since, measurement of a physical P = nu = constant

1
= MUy =My, OF Ne< -
Hence, the correct answer is (D).
n,=100,M;=1g,L,=1cm, T, =1sec,and M, =1kg,
L, =1metre, T, =1 minute

By substituting these values in the following conver-
sion formula

! —ﬂ( ]JH(Ll]b(TI]C
R DY L T.
2 2 2

where a=1, b=1, c=-2

1 1 -2
e —100( 18 ( 1em ]( 1s )
: Tkg ) \ Tmeter ) \ 1 minute

1 _
0, =100 & ( Lem )1(2]2:3.6
? 10°g ) L10>em / \60s

Hence, the correct answer is (C).

Relation between centigrade and Fahrenheit
K-273 F-32
5 9

X-273 X-32

According to problem 5

= X=57425

Hence, the correct answer is (B).

23.

24.

25.

Because 1 newton = 10° dyne
Hence, the correct answer is (D).

We know that the dimensional formula of Young's
modulus is ML'T™ and its C.G.S. unitis gem'sec™
and MKS. unit is kgm™'sec™.

1 -1 -2
(322
MZ LZ TZ

1 -1 -2

o w18 (ﬂ] (1_8)
lkg )\ 1m Is

So, conversion factor

[ [ 4o
n |10%g|l10°em ] [1s] 10

Hence, the correct answer is (C).

[P1=[MET]
Using the relation

a b c
=) (2 5
M, J\L ) \T
1 2 -3
ny = (1x10°) 258 (m )[ Ls )
10kg ) \1dm / \ 1 min

{As TMW =10° W }

2 -3
o my=10f 1X8 (@] [1—5] =2.16x10"2
10kg \ 1dm 60 s

Hence, the correct answer is (A).

2
Uy =0y —

p
o2
= [t )-[e ] o
ay = mof
i [Lsz_z]:[Llez]aﬁ -(2)
b

and Pzz—

off

= [MLT? | =[ ML T2 )% -.(3)

1
b
Dividing equation (3) by equation (2) we get
_ MM
*(ap)op a’p?
Squaring equation (1) and dividing by equation (2) we
get



26.

27.
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Dividing equation (1) by equation (2) we get
o
B

Hence, the correct answer is (B).

L=T

Let the new system be designated as 2 and the old
system be designated as 1. Then

m_(MY(LY(LY
1 M, Ly T

For velocity

m_(MY(L)(L)
] M, L T
%2 ~(100)(100)™ =1
1
So, no change for velocity and hence, OPTION (A) is

incorrect
For Force

n_(MY(LY(RY)
m M, L T
= —==|—|(100)(100

( = Jaoo)100)
n_ 1

n, 1000

So, OPTION (B) is correct
For Energy

m_(M)(LY(R)"
i M, L T

m (1) 100 1001
~ _(10](100) (100)

=

m
- m_1
n 10

So, OPTION (C) is incorrect
For Pressure

m_(M(L)(%)
1 M, L T

m_ (1) 000 (100
~ _(10](100) (100)

]
o Mm_ 1
m 107

So, OPTION (D) is also incorrect.
Hence, the correct answer is (B).

[E]=[MmrPT2]
1 eluoj =[100 kg | x[1 km " x[100 sec]

28.

29.

30.

31.

Hints and Explanations H.13

= 1eluoj=100 kg x10° m? x 107 sec™
= leluoj=10" kg m* xsec™ =10" Joule
Hence, the correct answer is (A).

Tgems™ =107 kgx 107 mxs™

= lgmes” =107 kgxmxs™' =107 Ns
Hence, the correct answer is (D).

Given m=mass =[M], n=coefficient of rigidity =

[ML'T2], L=length =[L].
By substituting the dimensions of these quantities we
can check the accuracy of the given formulae

(MY oM
[T]_ZE([n][L]J _[ML—lT—zL] )

Hence, the correct answer is (D).

CHAPTER 2

Let m o c*'GYH*
= m=K"G'I*

By substituting the dimension of each quantity in both
sides and using the Principle of Homogeneity

(MO | = k[T T [ Mt P2 ) [T T

[Ml LOTO :| — [M—y+zLx+3‘u+2xT—_\'—2y—z ]
By equating the power of M, Land T on both sides, we
get

-y+z=1, x+3y+2z=0 and -x-2y-z=0
Solving above three equations we get,

1 1 1
X=-—, y:—— and Z=—
2 2 2
= e CLI{ZGJ’Q}'IHZ

Hence, the correct answer is (B).
[p.\’QyCZ :| - MULUTO
By substituting the dimension of each quantity in the
given expression
(M2 T (M T LT = M7

N Y] ey el M YU L

Equating the power of M, L and T in both sides, we get
x+y=0, —x+z=0and 2x-3y-z=0

Solving the above equations, we get
x=1,y=-1,z=1

Hence, the correct answer is (B).

32. Writing dimensions of both sides

[B)=[2] [Lr Ty
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33.

34.

35.

36.

37.

38.

- [LSTD] - [L2a+,8Ty—,B]

By comparing powers of both sides 2¢+ =3 and
y-B=0

which gives f=y and ¢= %(3_/3),

ie. azf=y

Hence, the correct answer is (B).

KAV A

r
By substituting the dimension of each quantity in both
sides

Let A=

. [L]=[L]-[L3][L-*]
[L]

= L?=I

= x=-2

= A}

1

= Aoc?

Hence, the correct answer is (B).

Volume =a® =(7.023) = 373.715 m?
In significant figures, the volume of cube will be

373.7 m’ because the side of the cube has four signifi-
cant figures.
Hence, the correct answer is (C).

Unit of luminous intensity is candela.
Hence, the correct answer is (C).

Assume the thickness of window pane to be 3 mm. If
t is the time taken by light to penetrate it, then
. Thickness of Window Pane
- Speed of Light

3x107
3x10°
Hence, the correct answer is (C).

' =10

Heat energy
Mass

Latent Heat =

So, unit of latent heat is Jkg™ .

Hence, the correct answer is (C).

E=oT!
= [El=[c][T*]
MLzT‘Z 6]k
I’T

= [o]=MTK™

Hence, the correct answer is (B).

39.

40.

41.

42.

43.

A

45.

46.

F = (mass)(acceleration )

= F=MLT™>
= T2=ﬂ
F

11 1

= T=MZI2F?

Hence, the correct answer is (A).

dyne 70x10° N
an 107 m
= 70 dynecm '=7x102 Nm'

Hence, the correct answer is (B).

70 dyne cm™ =70

Temperature is a fundamental quantity independent
of all expressed.
Hence, the correct answer is (D).

[ Density | = ML
a b ¢
Since 1, =n, ML)k
My J\ L ) \ T

where a=1, b=-3, ¢c=0 and n,=8, n,="?

-3
e B
20g J\5am

= n2=8><%><5x5><5

= np,=50

So, New Density is 50 new units
Hence, the correct answer is (B).
[ergrxf1 ] = [force]

Hence, the correct answer is (A).

Force
[Pressure] = {
A

} =ML T
rea

Hence, the correct answer is (D).
[F]=MLT™

= [F1=(10g)(10 am)(0.15)>
= [FI=10* gems?=0.IN  {- 1N=10" dyne}

Hence, the correct answer is (A).

R=£
A
RA VA WA WAt
= p:— =—=

L1 g gl

(- (M2T2)(2)(T)
(Q*)(r)

Hence, the correct answer is (A).

- MPTQ?



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

ICON

SI unit of pressure is pascal.
Hence, the correct answer is (C).

{g(az -b? )h ] =% = Volume

Hence, the correct answer is (D).

[ Angular momentum | = [ mor | = MI'T™
[joulesecond | = ML’T ™"

Hence, the correct answer is (D).

x=at+bt* +c

= [x]=[at]=[p*]=[c]

= lal=mhr™, [b]=mh™2, [c]=m
Hence, the correct answer is (B).

= ¢ = Velocity of Light in vacuum.
VHeE

Hence, the correct answer is (A).

109.832x 0.6107 must have 4 significant figures.

Hence, the correct answer is (C).

[7]=[Energy]= ML’T™?
Hence, the correct answer is (A).

MIT™ _[Work]
T [Time]
Hence, the correct answer is (D).
L] Mt
sl = MOLLT?
p| MLT
Hence, the correct answer is (A).
1

eoc —
Jn
= e—l = & = \/I = 2
€ 1
e, X
= —=—
22 2
Hence, the correct answer is (D).

MI*T™ = =[Power]

[U]=[gf]=[i] and [t]=Ic]

t+c
= lc]=T
= [t+c]=T
SRS
T

= [b]=L and [a]=LT?

So, [al=LT?, [bl=L, [c]=T
Hence, the correct answer is (C).

58.

59.

60.

61.

62.

64.

65.

66.

67.

68.

69.

71.

72.

Hints and Explanations

H.15

[me?] = [Energy | = MI’T™
Hence, the correct answer is (C).
kgms™" is the unit of momentum.
Hence, the correct answer is (B).

1micron=10"% m
Hence, the correct answer is (C).

_ £

=03

where E is energy per second per unit area. So,
o =wattm K™

Hence, the correct answer is (C).

o

Ns is unit of impulse. Though 1 Ns=1kgms™

it is not a unit of momentum.
Hence, the correct answer is (B).

Fe Gmlzm2
r
2
= [G]={ Pr :|=M—1L3T—2
m1n12

Hence, the correct answer is (C).
[KE]=MI’T?

= [KElpew =(2M)(2L) T

= [KE]., =8(MI*T2)=8(KE)4

Hence, the correct answer is (A).

See drawbacks of dimensional analysis.
Hence, the correct answer is (A).

Y= Stress
Strain
[ Force ]
[Y]= [Stress] _ Area
[Strain] M°I°T°
= [yl=FA7'D"

Hence, the correct answer is (B).

=

1 decapoise = 10 poise
MKS=10(CGS)

Hence, the correct answer is (B).

[Light year|=L

Hence, the correct answer is (D).

Torque and work have same dimensions.
Hence, the correct answer is (B).

[ﬁ] =M1°7°
P

still

CHAPTER 2
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73.

74.

75.

76.

77.

79.

= [t=[p]

So, unitof t and p are the same.
Hence, the correct answer is (D).

1eV=16x10"]

Hence, the correct answer is (C).
FocD'VPA

MLT? = (M2 ) () (12
MLT—2 — MaL—3a+b+2cT—b

=
= a=1, 3a+b+2c=1, -b=-2
= 3+2+2c=1
= =1
So, F=DV’A'
= F=AVD
Hence, the correct answer is (A).
X = SoL[ﬂ]
At
X ( C)(L)(AV] = Capacitance
L At Length
= X= C( ﬂ]
At
AV A
= C— = —Q = Current
At At

So, X happens to be the current.
Hence, the correct answer is (D).

| £ |- trime)

Hence, the correct answer is (D).

loc cgPp?

L=(Lr) (Lr?) (M)
L= MY[oB-rT-o-2B-21

y=0, a+f=1and —¢-24=0
_ﬁ -1

p=-1and a=2

L A

So, I=c*¢'p"

Also, we could have done this by taking dimensional
formulae for velocity and acceleration and eliminating .
Hence, the correct answer is (A).

v=G"M'R*
= LTl =(MBT2) (M) (L)Y
= LT—l - M—ﬂ+bL3ﬂ+CT—2ﬂ

80.

83.

86.

87.

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

1
= a=b,3a+c=1, a:E

1 1 1
= b=—,c=——,a==
2 2 2
11
G2M? _ |GM
= U= Y
- R
R2

Hence, the correct answer is (B).

T=21ir\/I

8

47{2(!‘]
8

- ool

= A_g=£1+2[£J
g | T

= T?=

= A x100=1%+2(3%)=7%
8

Hence, the correct answer is (A).

1\/?
V=—, |—
21\'m
il [MLT?
LY [m]

1 MLT?
I* [m]
= [m]=MLT°

Hence, the correct answer is (A).

GM
§=—7

= T_2 =

_ 3%
p= 47Gr
Hence, the correct answer is (C).

- 0

Hence, the correct answer is (B).

2
[1£0E2 ] = [;%:| = [Pressure] = ML'T™?



88.

89.

90.

91.

92.

95.

97.

100.

ICON

(A), (B) and (C) all have units same as energy per unit
volume.

Hence, the correct answer is (D).

[at?]= MI°T®

= [a]=ML'T?

Hence, the correct answer is (B).

103.

Magnetic Moment = (Current) (Area)
= [Magnetic moment]= AI”

Hence, the correct answer is (C).

Surface Tension o E°V'T*
a b c
= MT2=(MI2T2) (LT) (T)
— MT—2 - MﬂLG+bT—2ﬁ—b+C
= a=1,2a+b=0, 2a-b+c=-1
= b=-2and 2+2+c=-2
= a=1,b=-2,c=-2
So, the desired relation is EV2T~2 OR
Work Done

Surface tension =
Change in Surface Area

poE E
IZ ( VT )2
Hence, the correct answer is (A).

=EV2T?

X Capacitance
[Y]= ? = . Y
( Magnetic Induction )
MflszQsz
MQT? =

Hence, the correct answer is (B).

= [Y]= MLt

[At]= M°I°T®
= [A]=MI"T!
Hence, the correct answer is (B).

Velocity }
Electric Field

107.

[Mobility |~ [
st

=y
But 1N =1kgms™

ms™!

~ kgms2C™!
Hence, the correct answer is (A).

= [u] =Cskg™!

2
ve o . . .
tanf=— is both numerically and dimensionally
g
correct.
Hence, the correct answer is (A).

102.

104.

106.

Hints and Explanations H.17

Amplification factor is the ratio of identical physical
quantities, so it has no units.
Hence, the correct answer is (D).

AY AM AL AT
—=a—-+b—+c—
Y M L T

= A—l}/(%):(aa+ﬁb+yc)°/o

Hence, the correct answer is (C).

Since T =21 ‘/I
8

= T’= 4%2[1]
g

[ . . .
So, the relation T% =~ is just dimensionally correct,

CHAPTER 2

but numerically incorrect.
Hence, the correct answer is (C).

lMSD:%(l em)=1mm

10 VSD = 8 MSD
1VSD=-> MsD
10

Least count =1 MSD -1 VSD

= LC:lmm—i mm
10

LC=£ mm
10

LC= 2 cm =0.02 cm
100

Hence, the correct answer is (B).

50 VSD =49 MSD
1VSD = Y MSD
50
= VC=1MSD-1VSD

VC=1 MSD—%MSD

=
1
= VC=— MSD
50
= 1MSD = 50 (VC) = 50(0.001 cm)
= 1MSD = 0.05¢m = 0.5 mm
= 1MSD=05mm

Hence, the correct answer is (B).
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108.

109.

110.

111.

112.

113.

ICON

Device

Least Count

1. Metre Scale 1 mm

2. Vernier Calliper 0.1 mm

3. Screw Gauge 0.01 mm

4. Spherometer 0.01 mm

114.

Hence, the correct answer is (D).

LC= 1 MSD
N

1
0.005 cm =—(0.1cm)
N

~ 011000
T 0.005 50
= N=20

Hence, the correct answer is (B).

LC=1MSD-1VSD

L .1 1vep
10N 10

11
= 1VSD=—-——
10 10N

= 1VSD=l(1—l]
100" N

{ 1MSD=

= 1VSD=1MSD(1—1)
N

= NVSD =(N-1)MSD
Hence, the correct answer is (C).

100 VSD = 99 MSD

~ 1VSD =2 MSD
100

LC=1MSD-1VSD

~ LC=1MSD--22 MSD
100

= LC=0.01MSD
= LC=0.01(1mm)=0.0l mm

Hence, the correct answer is (C).

Error can be, at the maximum equal to the least count

of the device used.
Hence, the correct answer is (D).

1
J/Number of readings

Error o<

131.

136.

0]
— am
10

115.

137.

E, [100 1

E V400 2
Hence, the correct answer is (B).

Vernier constant is actually the least count of the
device.
Hence, the correct answer is (D).

The fraction of a degree of an angle is measured with
the help of angular vernier, which is provided in
spherometers and sextants used to measure angular
displacements.

Hence, the correct answer is (C).

As x=at*+band therefore [a]l=[LT?] and

[b]=[LI.
= [ab)=[1?T72]
Hence, the correct answer is (A).

Let time period depends on mass (m), amplitude
(A) and constant (k) as T e m®aPk?.

MIZT™2 ]”
3

M°I°[T] e M“Lﬁ[

= ML[Tle M7 4T
Equating dimensions both sides
a+y=0

==y

Y2 _-1/2,1/2
foem’ a7k

{m
foc, |—

ak
foc—

a

=

Hence, the correct answer is (A).

Dimensionally
F=MLT?
In C.G.S. system

ldyne=1g1cm (1s)”



138.

139.

In new system
1x=(10g)(10 cm)(0.15)”

ldyne_1g Ilom (105)2
Ix 10g 10em\ 1s

= ldyne= 1x

1
—X
10,000
= 10° dyne=1x
= 10x=10 dyne=1N
_1

10
Hence, the correct answer is (A).

_[A-x]
[Fl= [B][¢]
(L]

_ _ [y
N [B]_[MLT_z][T] T

Hence, the correct answer is (C).

X

_ [T
2 er]

Dimension of [TI] = [%}
[n]=(MLT]

Dimensions of y = Fr"
[u]=[MLT2]L"
N [#] — MLn+1T—2
Let n depend on mass m mean speed v and constant
u as
nee m'o'

o (M e Mo LT ] [ T2 )
- [ML—]T—I ] - Ma+cLb+c(n+1)T—b—25
Equating dimensions on both sides, we get
a+c=1
c=1-a
b+c(n+1)=-1
b=-[1+c(n+1)]
—(b+2c)=-1
b=1-2¢
1-2c=—[1+c(n+1)]
2c-1=1+c(n+1)
2c-c(n+1)=2
c[2-n-1]=2
cl1-n]=2

2

(=———
n—1

L e

U

140.

141.

142.

143.

Hints and Explanations H.19

and b=1—2€=1+i= n-l+d
n-1

n+3
n-1
n+l n+3 2

= nxmn—lyn—lju n-1

b

Hence, the correct answer is (B).

If number of observations are large, then average
deviation

CHAPTER 2

1

= Possible error = -
No. of observation

Hence, the correct answer is (A).

According to Faraday’s law, electric potential is
_d¢
dt
and according to photo-electric effect, we have
eV=hv

- v=(ﬁ)v )

[4

(1)

From equations (1) and (2) we can see that magnetic
h

flux (¢) and — have the same dimensions.
e

Hence, the correct answer is (A).

E_Z N {EUEZ } | energy/volume
Ho | Leotto | | (1/speed of light )’

_ e
R E_}z[energy(spee ) :|

| 4y volume
[ 2 22722

- |E =[MLT3LT }=[MLT4]
L Ho L

Hence, the correct answer is (B).

Since, according to Wien's Law,
A, =0
E
nergy  _ oT*
Area x Time
a Energy
(Area x Time)T*

o obt =( Energy ]A‘l
AreaxTime ) "

= b= l;ﬂT‘l and
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150.

151.

152.

153.

154.

155.

156.

157.

g IMPT2
= [ob Li[f][ﬂ [4]=[Mmri1]

Hence, the correct answer is (B).

Because constant involved (G) is not dimensionless.
Hence, the correct answer is (D).

[ox]= ML'T’

= lel=MT'T’
= [Bx]=[T]

= [Bl=ML'T'

= [pt]=ML'T

= [B]=M"L'T!

Hence, the correct answer is (D).

Since, we have [P]= MI*T™

So, unit of P =20 kgx (10 m)* x (5 sec)”

= P=16 W
Hence, the correct answer is (A).
[”’m]=[1]=b
K
Hence, the correct answer is (C).
AY_20D W
Y D I
AY (0.01] (0.05)
= = — |+ —
Y 0.4 0.8

= A}/—Y =2x0.025+0.0625

AY
= a =0.05+0.0625=0.1125

= AY=2x10"x%0.1125=0.225x10"

So, (2+0.2)x10" Nm™
Hence, the correct answer is (B).

[ ot + B+ |= MI°T®
= lal=T7,[B]=T", [7]=1
Hence, the correct answer is (A).

T=(ML2) (ML) (mT2)

= a+f+y=0 (1)
= —0-3B=0 (2)
= 2a-2y=1 ...(3)

Hence, the correct answer is (A).

T? :4:r2i
g

_4::21

= —?

= %x100=£x100+2£x100
g ) T

= £=y+2x
8

Hence, the correct answer is (C).

2

158. Since, F=—1—
drmeyr

= ke’=Fr’
he
Enerey E=—
gy 2

= hc=EA

2 2 2
¢ =FL=PL=[M0L0T0]
dmeghe he  EA

Hence, the correct answer is (A).

So,

cim? (M2 M) M2 ]
EZ [MlLZT—Z ]2

Hence, the correct answer is (A).

160. —Af”;’ :A—/;1+A—J;2

fnet fl fZ

Hence, the correct answer is (C).

159. =[T]

dzy, 2
161. —7 =— = Acceleration
dx®  dt

Hence, the correct answer is (D).
Multiple Correct Choice Type Questions

1. For light travelling in a medium, we have

_ Velocity of light in vacuum

~ Velocity of light in medium

where y is the refractive index of the medium. So, we
have that the given relation in question is dimension-
ally correct but numerically incorrect.

Hence, (A) and (C) are correct.

2. [y]=[ar]=[8]
= [Al=LT? and [B]=LT™®
Now, [A®]=1°T* and [B?]=12T¢
3
2],
[?]
Hence, (A), (B) and (C) are correct.
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All are the drawbacks of dimensional analysis.
Hence, (A), (B), (C) and (D) are correct.

Refractive index, poisson’s ratio and specific gravity
are dimensionless.
Hence, (A), (B) and (D) are correct.

[@]:MOLDTG (1)

A

= [ct]=[A] {(A) is correct}
[zﬂ}=MGL‘]TD .(2)
A

= [x]=[4] {(B) is correct}

From (1) and (2)
T
A1 LA
A
AL LA

So, (C) is also correct and the above result also shows
that (D) is incorrect.
Hence, the correct answer is (C).

Dyne em™? is the unit of pressure, stress and Young's
Modulus.
Hence, (A), (B) and (C) are correct.

[Renold’s number ]=[ Coefficient of friction ]= M°["T°
[Curie] =[Frequency |= M'L'T™

[Latent heat] =| Gravitational potential | = M"L*T
Hence, (A), (B) and (C) are correct.

L=G"r*

= L=(Mr2) (Lrt) (METt)

o [ MOTRYRdiey-

Using the Principle of Homogeneity, we get

~x+z=0 (1)
3x+y+2z=1 .-(2)
-2x-y-z=0 ...(3)
Solving equations (1), (2) and (3), we get
S VO S
2 2 2

Hence, (B) and (C) are correct.

Please remember that dimensional correctness does not
guarantee numerical correctness of a physical relation.

Hence, (A), (B) and (C) are correct.

12.

13.

14.

15.

16.

17.

25,

Hints and Explanations H.21

. Electrical unit of energy is kWhr . So (A) is correct

Also
2
(volt)*(sec)(ohm)™ = (%Jt

where R is the resistance, t is the time and V is the
electric potential difference. Now since we know that

2
W:(%)t. So, we get (B) as the another correct

option.
We have (pascal) (foot)” as the unit of force, so (C) is
incorrect

Finally, we have
(weber )(ampere ) = (¢ )(1)= LI’ { ¢5=LI}

Now since %LI2 =Energy associated with the

CHAPTER 2

magnetic field of a solenoid, so (D) is also correct.
Hence, (A), (B) and (D) are correct.

x= [E] = [ velocity | = S [i]
B y Vo CR
So, all x, y and z have dimensional formula same as

that of velocity.
Hence, (A), (B) and (C) are correct.

[Light year] = [Wavelength] = [Radius of gyration] = L
Hence, (B) and (C) are correct.

The units parsec, light year and micron represent length.
Hence, (A), (B) and (C) are correct.

[Impulse] = [Linear momentum] = MLT™

[Planck's constant] = [Angular momentum] = ML T
[Young's modulus] = [Pressure] = ML'T?

Hence, (A), (B) and (D) are correct.

Energy per unit volume represents pressure or stress
or modulus of elasticity.
Hence, (B), (C) and (D) are correct.

Magnetic

Energy |=[Pressure]= ML'T

Density
Hence, (A) and (B) are correct.

1 1 1
Since —=—+—
v ou

= f"l =v 4y
= Alf")=alu)+al?)

= (1) 72 = (-)uAu+(-1)v%A0
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30.

Au  Av
=777

A
72

u v

So, (A) is correct.

From (1), A—f=f( Au  Av

—+
14‘2

f

. &z(ﬂ)[&J,&

u+v le

f

So, (C) is also correct

Hence, (A) and (C) are correct.

()

So, (B) is correct
Further

, [ @
So, (C) is correct
Further

ti\

I
o
=|R,
—

=]

|
I
—
‘L‘.:;|QN
N S—,——
—_—
|
~—

—

1l
—
=[S,
M —
—

—

- ()
pNB
. r=[“—z]z
p

ICON

So, (A) is also correct
Finally, we have

’ st

p=mv
- (g (%)
)
= ’—im'v—i
”‘(ﬁ) ‘(ﬁS]*’

So, (D) is also correct.
Hence, (A), (B), (C) and (D) are correct.

Reasoning Based Questions

1L

Light year is distance travelled by light in vacuum in
1 year.

The wavelength is the distance between two consecu-
tive crests or troughs of a wave.

The dimensions of both light year and wavelength is

[MDLTD ] s0, both represent distances.
Hence, the correct answer is (A).
[c]=LT"=3x10°ms™

and [g]: LT =10ms™

-1 8
= E=’LTQ=1”=3><10 =3x10"s
g LT 10
= T=3x10"s

Hence, the correct answer is (B).

Surface energy is defined as the work done per unit
surface area.

So, dimensional formula of surface energy is
272
MET e, T
2

Hence, the correct answer is (D).

CM G 4 _,
=2 =" x—zR
g R R P
4GrR,p
3
__ 38
P=4Grr,

Hence, the correct answer is (A).

4 3}
 M==-zR
[ M= 2k

1 micron= 10"m
This measurement is used to measure the microscopic
distance (length of biological cell) by the microscope.
Hence, the correct answer is (A).
Electrostatic potential is given by
Ve Work done
Charge



10.

11.
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= V « work done
Hence, Statement 1 is true.

From Equation (1),
(V)= [Work done]
[ Charge |
252
= [V]= M;]]: = MI’T A

Hence, statement 2 is true. But statement 2 is not the
correct explanation to statement 1.
Hence, the correct answer is (B).

The distance travelled in a particular second has
dimensions same as that of velocity and not as distance.
Statement-2 is an obvious correct statement.

Hence, the correct answer is (D).

Since E = % mvz

§=A7m+@=1%+2(2%)=5%
E m v

Hence, the correct answer is (A).
Dimensions of [&,|=M"L°T*A®
Dimensions of [ Uy ] = MLT2A™

| { 1 }= 1
Viogo | (MAPT A2 ) (MLT2472)

L
= ———=—= Velocit
T y

1 1
= —_— =
[ VHo€o :| Cr?

11 9x10’
- - -7
s oo, 10

4

Also,

= \/L =v9x10" =3x10° ms' =¢
T

Hence, the correct answer is (A).

The percentage of moisture in air is measured by
hygrometer and the degree of hotness of a body is
measured by the thermometer. Hence, statement 1 is
false and statement 2 is true.

Hence, the correct answer is (D).

A=dnr’

Fractional error A4 = 2&
A r

(Error will not be involved in constant 47 )

= % %100 =2x%0.3% =0.6%

12.

13.

14.

15.

16.

17.

Hints and Explanations H.23
So, Al = 45 is false
r
Hence, the correct answer is (C).
| M7
Pressure gradient = —=+———= = ML
& ix . [L] [ ]

Which is different with the dimension of pressure.
Since, like quantities can be added or subtracted,
so, we cannot subtract the pressure from pressure
gradient.

Hence, the correct answer is (D).

Trigonometrical ratio have no dimensions. So, method
of finding dimensions cannot be utilised for deriving
formulae which are dependent on trigonometrical
ratios.

CHAPTER 2

Hence, the correct answer is (A).

The physical quantities which do not depend on the
other quantities are called fundamental quantities.
Also, length, mass and time are not derived quantities
but are fundamental quantities.

Hence, the correct answer is (C).

According, the Principle of Homogeneity of dimen-
sions, an equation representing the physical quantity
is true, only when the dimensions on LHS and RHS
must be the same. The dimensions of a physical quan-
tity are the powers to which the fundamental units are
raised to get the required physical quantity.

Hence, the correct answer is (B).

Nuclear cross section is measured in unit called barn.
In SI system the value of 1 barn =10 m?. Therefore,
Statement-1 is true and Statement-2 is false.

Hence, the correct answer is (C).

The given relation is

T
= f'= T T being tension.

MLT?| |[MLT?
= [m]:{tlfzz}:[ ] ]=[ 5 _2]
2f [LZ—Z] [P
T
=M= Mass = linear mass density.
[L] Length

Hence, the correct answer is (C).
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18.

19.

20.

21.

22,

23.

Avogadro number is the number of atoms /molecules/
ions/nuclei/particles present per mole of a sample.
So, it has unit mol™ and hence is not dimensionless.
Hence, the correct answer is (D).

Statement 1 is true because it is an obvious statement
known to us.

However Statement 2 is incorrect because dimensional
correctness may or may not establish numerical cor-
rectness of a physical relation.

Hence, the correct answer is (C).

AU is an astronomical unit. It is the mean distance
between earth and sun.

1AU=149%10"m=15x10"m

A is angstrom unit 1A =10""m
Hence, the correct answer is (A).
Suppose = kv'p’g°

a b c

= MIOT' =(L7) (M2 ) (LT2)
— MLOTO - Ml!Lﬂ—3b+(T—ﬂ—2(
According to Principle of Homogeneity, we get

b=1 (1)
a-3b+c=0 (2
-a-2c=0 ~.(3)

= c¢=-3 anda=6
So, a=6,b=1, c=-3
%

= m:.k—3

g

Hence, the correct answer is (B).

Pressure is given by

Force Force x Distance
Pressure = =

Area  Area x Distance

Energy

= Pressure= = Energy density

ume
Thus, pressure has the dimensions of energy density.
Hence, the correct answer is (A).

Since, the graph is a straight line therefore P o (.
= P=constant xQ

= 2 _ constant = slope of the straight line.

Hence, the correct answer is (A).

Linked Comprehension Type Questions

1

Please keep in mind that acceleration due to gravity
just represents the gravitational field or gravitational
intensity.

Hence, (A) and (C) are correct.

10.

11.

12.

Torque and moment of force have same dimensional
formula.
Hence, the correct answer is (B).

Remember that actually, force is negative energy
gradient.
Hence, the correct answer is (C).

Surface tension, surface energy and spring constant all
have same dimensional formula.
Hence, the correct answer is (B).

Pressure, stress, energy density, modulus of elasticity
all have same dimensional formula.
Hence, the correct answer is (A).

[V]=[b]

Hence, the correct answer is (B).

{57
= [a]=[pV2]

Hence, the correct answer is (C).

All pV, pb and a_I; has dimensional formula same as

that of RT.
Hence, the correct answer is (C).

As discussed already, [;—g} =[RT]

b
[a—] “[v2]=rf
RT
Hence, the correct answer is (D).

[RT]1=[pV]=[Energy]

Hence, the correct answer is (A).

[c]l=c=LT? (1)
[Gl=G=M’T? (2)
[h]=h=MI*T ..(3)
= E = M?

G

111
= M=c2G 2)2

Hence, the correct answer is (A).

Gh_LT?
¢ pPre
= [2=Ghe>

311
= L=c2G2h?

Hence, the correct answer is (B).



13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24,

ICON

Put value of L (in terms of ¢, G and h) in (1), we get 25.
3211 26.

T=c 2G%h?
27.

Hence, the correct answer is (C).

Least count of metre stick =1 mm=0.1 cm

‘oage error = % x100% = % x100% = 0.2%

Hence, the correct answer is (B).

Am x100% =
m

-3
M x100% =0.01%

Hence, the correct answer is (D).

AT

—x100% = 0.2
T

4x60

x100% = 0.083%

Hence, the correct answer is (C).

Angular Momentum, Planck’s constant and energy
per unit frequency have same dimensional formula.
Hence, the correct answer is (C).

32

Frequency, angular frequency, angular speed and

speed gradient all have same dimensional formula. 33,

Hence, the correct answer is (A).

Electric field strength and electric potential gradient
have same dimensional formula.

Gravitational field strength and gravitational poten-
tial gradient have same dimensional formula.

Hence, (A) and (D) are correct.

Latent heat, gravitational potential, kinetic energy per
unit mass, gravitational potential energy per unit mass
all have same dimensional formula.
Hence, (A), (B) and (C) are correct.

Angle, Strain and Fine structure constant all are
dimensionless.
Hence, (A) and (C) are correct. o

[D]=[T?],

[12]

= C=[mLT]

Hence, the correct answer is (B).
(5] _
(T]

= [Bl=[mLT]

Hence, the correct answer is (C).
11 1

b [ (T

Hence, the correct answer is (A).

[F]

31.

36.

40.

Hints and Explanations H.25

The correct answer is (A).

The correct answer is (B).

The correct answer is (D).

Combined solution to 25, 26, 27

Let we< V"

= @«xR’

= @M

= o<l

=  o=kV'R'mT

Equating power of same base in dimensional formula

of LH.S. and R.H.S and solving.
a:%, b=f%, c=f%, d=f%

So, me< V3

CHAPTER 2

13

= @W=<R
The correct answer is (B).
The correct answer is (D).
The correct answer is (A).
Combined solution to 31, 32, 33

E % F
MI*T™ LT}

(mer?) P

MT2= =
(MI?T?) E

= [S]=

= [L]=MI*T! =M=£
(LT ')(MLT?) VF

o fere, METP _E
(LT)(MLT) VF

. The correct answer is (A).

[CIT]_ 3.

The correct answer is (B).

The correct answer is (C).

Combined solution to 34, 35, 36

T = kp"d"E*

T=1(MT2) (M) (M2T2)
a+b+c=0

—a-3b+2c=0

—2a-2c=1

L

Quantities having same dimensions can only be added
and in In(x) and sin(x), x is always dimensionless.
Hence, the correct answer is (B).
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43.

4.
45.
46.

Quantities having same dimensions can only be added
&in In(x) and sin(x), x is always dimensionless.
Hence, the correct answer is (C).

The correct answer is (A).

The correct answer is (B).

The correct answer is (B).

Combined solution to 44, 45, 46
[a]=[PIlV] = MI*T
[b]=[v]=D

]JHW]
[T]

= [R = MI*T?K!

Matrix Match/Column Match Type Questions

1.

A=(q)

B (p)
C-(r)
D—(t)

L
[E] = [Inductive Time Constant |=T

[CR]=[Capacitive Time Constant | =T
[%} = Velocity |=LT""

[L} - [(VelOCi’fy )2] _pr

Ho€o

A=(p, 9
B—(rt)
C=(p.9
D—(s)
Stress, pressure and energy density have same dimen-
sional formula ML'T 2. So,

(A) = (p, q)
Strain, Angle, Fine structure constant are dimension-
less physical quantities. So,

(B) = (r 1)
Modulus of elasticity has the dimensional formula
same as that of stress, pressure and energy density. So,

© =9
Torque has dimensional formula, same as that of
energy ie., MI'T™2.

A—(s)

B—(p)
C—(r)
D-(q)

[Specific Heat | = [T K™

[ Boltzmann'’s Constant ] = MI*T 2K}
[ Wein’s Constant | = LK

[Stefan’s Constant ] = MT K™

A—(q,1)

B-(q)
C—(pst)
D—(q)

[Impulse]= MLT ™" = [Linear Momentum]

[Planck’s Constant ] = MI*T™
[ Angular Momentum | = ML*T™

[ Energy per unit frequency | = [%} =[h]

A-(rs)

B—(p,q

C—(1)

D—(p,q)

Stress, bulk modulus have unit Nm™.

Force constant, surface tension and surface energy
have unit Nm™ and 1Nm™ =1 kgs‘z.

Torque has a unit Nm

A= (pt)

B—(r)

C=(9

D—(r)

Angle and fine structure constant is dimensionless

A= (r)
B—(s)

C—=(p.qr)
D — (t)

[ Latent Heat] = [M] =1’
Mass

[Mean Square Velocity | = [k‘gT} =T
i

However unit of latent heat is ]kg_1 .

[amdﬁcﬂaqz[l(ég]}=ﬁT4K4
m\ AT

. S]=j0ule

= [GM,M,]=joule)(metre)
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Since joule = (coulomb)(volt)

= [GM,M;]=(volt)(coulomb)(metre)
Also, [GM,M,]=ML'T™

= [GM,M,]= (kilogram )(metre)’ (second ) *
2
Now,[3RT}= P [em ] .
M q*B? R,

2
Also ﬁ:[%ﬁ]:[%}:(fﬂrad )(VDlt)z(kng

10. A ()

B-(p)
C—(p)
D—(q)

_F ¢
AN

B v=_5"

(A) y

17. A-(r)

6o
= [n]=ML'T

[ Angle|=[Strain] =1

.
[Stress]—[A]—ML T

Integer/Numerical Answer Type Questions

r 2
) B2 | (MPT?)(MIT) MOLOT0
’ 5~2 |~ 2
MG L (M3 )(MPT?)
[ 2
2. | |=Mm°T°
| 2heyc
= x=2

4
3. Since we know that V=£r—p,soweget x=4,y=1
and z=1. 81

Hints and Explanations H.27

F=20N,E=200], v=5ms |
Since E=FL

-E_200_

F 20
Since v= LT
= 5=10T"
= T=2s

10 m

Further F=MLT ™

= 20=M(10)(2)7

= M=@=8kg
10

2— "M
w L) T,

2 -2
= n,=418 kg )(1m (s
okg \pm)\ys

= m=418c'py?

CHAPTER 2

So, 4.18 | = 4.18 o' By* new units
To show that the planet obeys Kepler’s Third Law of
planetary motion, we have to prove that
T? o r?
Now, according to the problem, we have
T o 1"MLG"
= T=k'MG
where k is a dimensionless constant.
= T=I'M(MPT2)
= T — Mb—('La+3CT—2(
Using the Principle of Homogeneity, we get
b-c=0 (1)
a+3c=0 (2
“2c=1 .(3)
1 1
= C=__rb=—_; H=E
2
So, we get
3 11
T=kr?Ms%G ?
By experiments, we know that
k=2m
3
> 7= 4;:2( r—]
GM
So,a=2,b=3,c=1,d=1
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1. "ﬂ:[ b }=[LT‘1]
i e e
Since, F = qzz
dreyr

S [a]- [ATT
O M2 I [ 2]

B, [ \/ﬂ=[u-l]x[AzM—lL—w1=[M—IL—ZT3AZ]
Ho

Hence, the correct answer is (D).

[p]= MLT = [Phs?]

= MLr =M (M) (mr )

o MLT™! = MrHv+e2esdypy-2z

Applying Principle of Homogeneity, we get

x+y+z=1

2(x+y)=1

= X+y=

M| =

N O

11
= [p]=12h052

Hence, the correct answer is (D).

]”:2?:\/I
8

!

2

= g=47r§
§=g+£=(E+E]X]OO
g 1 T \5 30

= £=6.80/0
8

Hence, the correct answer is (A).

ICON

Since p=§

So, maximum percentage error in p will be given by

%xloo% =(Am] x100% +3(AL) x100% ...(1)
p m L

This is only possible when error is small, which is not
the case in this question.

However, if we apply equation (1), then we get

Ap=3100 kgm™

Let us now calculate the error, without using the
approximation, by calculating the minimum and max-

imum values of the density. Now,
m._. 9.9 3
Prmin = == =7438 kgm™ and
Voo (0.11)°

P = e~ 100 _ 355 6 kg ?

Vmin ( 0.09 )

= A= (P = Ponin ) = 6416.6 kgm™

So, correct answer should be (C) but not (B).
Hence, the correct answer is (C).

5.29x7=37.0 cm
Answer should be in 3 significant digits.
Hence, the correct answer is (B).

X =5Y7?

= Yo % (1)
Q> [AM?]

Since X=C=-= "~ —_
E [mrT?]

= X=[MTL?1*A?]
Also, Z=B= F
IL

= Z=[Mr?a7]
So, from equation (1), we get
g M AR
[Mr247 ]
= v=[M3rrtAY]

Hence, the correct answer is (D).



7.

10.

11.

ICON

[R]:\/‘U:O
&

Hence, the correct answer is (C).

LC= E =(.005 mm
100

Zero error, e =-3x0.005=-0.015 mm

Thickness = (5.5+ 48 x0.005+0.015) mm
= Thickness =5.755 mm

Hence, the correct answer is (C).

[T1=[GT T [c)f

a b c
= T=[MPT2][MPT ] [LT ]
Applying Principle of Homogeneity, we get

-a+b=0
= a=b ..(1)
3a+2b+c=0
= Ba+c=0 (2)
-2a-b-c=1
= 3a+c=-1 ..(3)
From (2) and (3), we get
(1=l,b=l,c=—E

Hence, the correct answer is (A).

Since p=128 kgm™

128 k
p=—3b

1m®

128 1000 128

3 —TX20=40
(@) 50 4

25
Hence, the correct answer is (C).
Volume of cylinder is given by

3 Dh
4

Vv

- V= g x34.2%(12.6)* = 4264.39 cm?

Since, — =

AV _24D A
V. D h

12.

14.

Hints and Explanations H.29

AV _2x01 0.1
Vo126 342

= AV =80.157

Reducing the answers to appropriate significant
figures, then

V = 4260+ 80 cm®

Hence, the correct answer is (C).
o
Since [—} = M°I°1°
okT
= [x?]=[0kT]

= [eMPT?]=12

= [al=MTT?

CHAPTER 2

Also[ef]=MLT

= M'T?[B]=MLT?

= [B]=M’LT*

Hence, the correct answer is (B).
[V]=L'T™

[Al=LT7

[Fl=M''T™

Force
Area

Since Y =

= [Y]=M'L'T?

= MIT2=[FI[APIV]

o MUTMT2 = MopetBrT2a-28~y

By Principle of Homogeneity, we get
a=1,p=2,y=-4

Hence, the correct answer is (C).

Since the least count is given by

LC.= Pitch
" Number of division on circular scale
3
= 5x10%= &
N
= N=200

Hence, the correct answer is (A).
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15 [LHL]:?
rco TV
, 1.,
Since W=EH

= [mr2r2]=[142]

= [11=[M*T2472]

Since V = H
q
22
= [:;]:MLT =MI*T3A™
AT
I MI*T2A7 o
P oA J
rcv] TMLT A

Hence, the correct answer is (A).

16. Density of a material is given by
m_m
P=VTE
For maximum error in p

dp_dm i
p m l

o~ d_”xmo:d—mxmme’?><100=1.5+(3><1)=4.5%
P m

Hence, the correct answer is (C).

17. Least count = em=5x10" cm

5x100
Thickness of wire is

D:4x% cm+30x L.C.

= D=4x0.05m+30x5x10* cm
= D=020cm+0.0150 cm =0.2150 cm

Hence, the correct answer is (B).

18. As we know A—S=2x£ and ﬂ:SxﬂzéxA—S
S r Vv r 2 S
AV 3
—_—
Vo2

Hence, the correct answer is (A).
19. For planck length, I =kG"i'c"
(ML) = (M 22 (M2 P [T

[MOLTO | = [ Mpeap3ps2a¢r)p=(2p4aer) |

20.

21.

22,

On comparing powers of M, L and T from both
sides, we get

-p+q=0, 3p+2q+r=1, -(2p+g+r)=0

1 —
On solving these equations, p=q= 2=

12
Iz(G—f) {Take, k=1}

C

Hence, the correct answer is (C).

Relative error in A is given by

AA_3AP 200 18R AS

+
A P Q 2R S

The maximum percentage error in the value of A
will be

%x100=3x0.5+2x1+%x3+1.5=6.5%

Hence, the correct answer is (A).

From Kepler’s law

24 s
GM
2 3
. M=(4i]r_2
G )T
AM AT _Ar
- = _+3_
M T r
A
Since,—rzﬂ
T
= ‘@ —28 oyi0?
M T

Hence, the correct answer is (C).

Let m=kT*C'h* where k is a dimensionless constant.
= [MOT]=[TT LT M2

= [MI°T®] = [ MErr+ e ]

= z=1,y+2z=0and x-y-z=0

Solving, we get, x=-1, y=-2, z=1; on putting
values we get

[M]=[T7C?h]

Hence, the correct answer is (C).



23. Here, P=a"p2ld
AP 1Aa _Ab _A Ad
—=——+2—+3—C+4—
P 2a b c d

= (%xlﬂﬂ]%:(l&+2A—b+3£+4%d]x100%
C

2a b
So, percentage relative error in the measure-
ment of P is
AP

?xl[lo% =(%x2+2x1+ 3x3+4x5]%= 32%
Hence, the correct answer is (D).

24. Here, tj=90s, t,=91s, T;=95s, T, =925

LC.=1s
zt.

S0
Mean of the measurements, {f)= *W

<”:90+91195+92=925

I|F -t
; 2+1
Mean deviation = - St +3+0 =15s
N 4
Since the least count of the instrument is 1s, so

reported mean time =(92+2) s.

Hence, the correct answer is (A).

25. Electrical conductivity = (M7

Hence, the correct answer is (B).

26. Given, A, B, C and D have different dimensions.
Also, AD=CIn(BD)

log is the dimensionless, so [B]= ﬁ
Also, [AD]=[C]
C [C]
A
W |5 |- =t1c
ADZ} [ADIID]
= - D
[ S
So, i—Ai—C D which is not meaningful.
BD C

®) [Bc?]=[B2][A2D*]= A2[BDJ =[A%]

(A%-B*C?) is meaningful.

© [g] [AD]=[C]

= ( %— C] is meaningful.

27.

28.

29.

Hints and Explanations H.31

(D) (%] is not meaningful as A and C both

have different dimensions.
Hence, (A) and (D) are correct.

Here, capacitance C = ke*afh*c"
[cl=[mL2A%T*]
[e]=[ATI, [ay]=ILI
[cl=[LT], [nl=[M'LT]
(M2 At = (AT P LY (e FlET T
Comparing both sides, we get
x=2,z=-1, y+2z+a=-2, x-z-a=4
On solving these equations, we get

x=2,y=1,z=-1,a=-1
2

Also, [Cl=u so u=2"
he

Hence, the correct answer is (C).

lel=[1T], [m]=[M], [c]=[LT7]
[n]=[MLT], [ ]=[MLI?T2]
If gty = ke"m"c°h? , then
[mer2r2] = (e vy e T [ T
By equating powers, we get a=-2, b+d=1
c+2d=1,a-c-d=-2

Solving these equations, we get
a=-2;b=0;c=-1;d=1

wl-| ]

Hence, the correct answer is (C).

Let (%J is derived quantity which is derived from
SA8 1

three fundamental quantities 7, (—] and [—]
h P8

By using Principle of Homogeneity of dimensions,

we get
S5

= :f]*MIT‘SL[n1=[M1L-lT-11

= :S%}:[BT—ZI;[;—g}=[M-1L2T2]

CHAPTER 2
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S 0 il BV e VY U by el W DY o 3
Comparing both sides, we get

x+0-z=1,-x+y+2z=0and -x-2y+2z=-3
Solving these equations, we get

32

x=1,y=1,z=0

Q_ 546
AT

Hence, the correct answer is (A).

30. Measured value of the length of rod =3.50 cm

So, least count of the measuring instrument must be
0.01 cm

= LC=01mm 33.

For, vernier scale, 10 MSD =1 ¢m =10 mm

= 1MSD=1mm

Also, 9 MSD =10 VSD
LC.=1MSD-1VSD=(1-0.9) mm=0.1 mm

Hence, the correct answer is (C).

31. According to Coulomb’s law

Fo_L_ @
drey 1

_ L ad

" 4n Fr?

ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

4;:1{3]
1. m=
" ( 3 )P

Taking log both sides, we get

ln(m):ln(%]+ln(p)+31n(R)

Differentiating with respect to time, we get
ldp 3dR

0=0+—
pdt R dt

(2%
dt p\ dt

= [80]=[[AT][AT] =M A7

MLT 2 |[L ]

Hence, the correct answer is (C).

R=Y
I
AR _AV A
R V 1

The percentage error in R is

g><100=£><100+£[><100=3‘Vo+3"/o=6°/o
R V 1

Hence, the correct answer is (D).

(i) All the non-zero digits are significant

(ii) All the zeros between two non-zero digits are sig-
nificant, no matter where the decimal point is, if
atall.

(iii) If the number is less than 1, the zero(s) on the
right of decimal point but to the left of the first
non-zero digit are not significant.

(iv) The power of 10 is irrelevant to the determination
of significant figures.

According to the above rules

23.023 has 5 significant figures
0.0003 has 1 significant figures
2.1x10™* has 2 significant figures

Hence, the correct answer is (B).

= ©v«R

Hence, the correct answer is (A).
Distance covered by the stone

1 5, 1 2
L==¢t"==—x10xt
28 73 !

= = L
1540
V5

Time taken by sound to reach the top is
L L
tZ == —
v 300
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So total time taken is

\F L
= |[— 4+ —
5 300

Time interval between dropping a stone and receiving
the sound of impact is

gr=— Ly (idL)
300

52
1 1 dL

= dT=————dL+—=001
25420 300

300
= dL:i
16
= d—Lxl[}O—ixlxloo—Ezl%
L 16 20 16

Hence, the correct answer is (A).

For C;: 10 VSD =9 MSD =9 mm

= 1VSD=0.9 mm

Since least count for vernier calliper 1 is
(LC) =1MSD-1VSD
= (LC);=0.1mm=0.01cm
Reading Main Coinciding |( Least
=| Scale (+| . ..
of G . Divisions )| Count
Reading
= (Reading of C; )=2.8 cm+(7)(0.01) cm =2.87 cm

For C,: 10 VSD=11MSD =11mm
= 1VSD=11mm
Least count for vernier calliper 2 is
(LC), =1MSD-1VSD =-0.1 mm = -0.01 cm
= (Reading of C,)=(2.8+0.1-0.07) cm =2.83 cm

Hence, the correct answer is (C).

1MSD=5.15cm - 5.10 cm = 0.05 cm
245 am

1VSD = =0.049 cm

= LC=1MSD-1V5D=0.01cm

Hints and Explanations H.33

Since

Diameter Main Vernier
Least
[ of ]=[ Scale ]+[ Scale J(C
. , . ount

Cylinder Reading ) | Reading

= D=510+(24)(0.001)=

Hence, the correct answer is (B).

5124 cm

Ad=Al= —5 mm = 0.005 mm
100
Since, Y = AMLg

ld?

(V)T AT)

2)(0.5/100
(31)205100_002 g 28d_(2)(05100)
1) 025 d 05
= AJ:ZE
I 7

Hence, the correct answer is (C).

Least count of screw gauge = % =0.01 mm = Ar

Diameter, r = 2.5 mm+ 20 x % =270 mm

Ar  0.01
= —=—

r 270
= ﬂ><100=L

r 2.7

mn

")
_TE _—
3 \2

where 7 is the diameter of sphere

= ﬁ><100={A—m+3(£)}><100
d m r

Now, density, d =

ﬁ Am 100+3><( )xlOO
d m r

= E:2%+3><L=3.11%
d 27
Hence, the correct answer is (C).

Least count of vernier callipers
LC=1MSD-1VSD

Smallest division on main scale

= ILC= — -
Number of divisions on vernier scale

)

CHAPTER 2
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20 divisions of vernier scale =16 divisions of main ~ 10. Length of air column in resonance is odd integer mul-

A
scale tiple of —.
vsD =26 mm=038 ;
= 1 "0 mm=U.6 mm Hence, the correct answer is (A).
= LC=1MSD-1VSD=1mm-0.8 mm=0.2 mm Pitch
. 11. Leastcount LC = — -
Hence, the correct answer is (D). Numberof divisionsoncircularscale
0.5
8. T:ZE\F,whereTzi = LC=5=0.01mm
g n
Now, diameter of ball is
= £=2ﬂ\F D=(2><0.5 mm)+(2575)(0.01)=1.2 mm
" g Hence, the correct answer is (A).
(4722)(n? )1
= A¢ Al _AT
I . B_2000

g 1 n

%errorin g is In answer (D) error in Ag is minimum and number of

Ag Al 2At observations made are maximum. Hence, in this case
? x100= ( T + T) x100% error in ¢ will be minimum.
Hence, the correct answer is (D).
- F =[O'l+ 2><0'1]><100=0.3125%
64 128 13. Dipole moment = (charge) x (distance)
(01 . 2%0.1 00— 046875 Electric flux = (electric field) x (area)
T 64 o ’ Hence, the correct answer is (D).
0.1 2x0.1
Ep=|==+ %100 = 1.055% i oM _M
= fm ( 20 ) 14. Density, p= VoI
Hence E; is minimum Ap AM Ar AL
) = ——=—+2—+—
Hence, the correct answer is (B). p M r L
A . . .
CFL_4FL . (4)(1x98)(2) _, 4 005, 0005, 006

9, Y=-"-=1= p 03 05 e
Al 78l 7(04x10°) (08x10°) | |

= L =0.01+0.02+0.01=0.04

= Y=2x10" Nm™ p
AY Ad Al = %RE= % x100=0.04 x100 = 4%
Further —=2 7 + T p

Hence, the correct answer is (D).
AY (A
- or={ M)y :
d) \1 15, [a—]=[M°L“T°]
ko
= AY:{zx@Jr@}xleo“ k0
04 08 [a]:[_}
7
= AY=0.225x10" Nm?2

Further [p]{%}

= AY=02x10" Nm™ {by rounding off}

= (Y+4AY)=(2+02)x10" Nm? R [ﬁ]{%]:[k_ﬁ’}

Hence, the correct answer is (B).



16.

17.

18.

19.

20.

ICON

Dimensions of k6 are that to energy. Hence,
MI*T™ 01200
1= s D
Hence, the correct answer is (A).

3
V=0 =(1.2><10‘2m) 1728 %107 m®

Since the length (1) has two significant figures, the
volume (V) will also have two significant figures.

Hence, the correct answer is (A).

AV
X= E{]L[_)
At

CEl) e

()
At

_ Capacitance
- Length

X= Ci—tv = @ = Current

So, X happens to be the current.

Hence, the correct answer is (D).

1 o] | B 72
~gE* |=| — |=[Pressure]= ML''T
2 24

Hence, the correct answer is (B).

X Capacitance
[Y]= 72| . . \2
(Magnetic Induction )

MTLQT? 3,2 ~drrd

[Y]

Hence, the correct answer is (B).

Substituting the dimensions of mass [M], length
[L] and coefficient of rigidity (ML'T2] we get

T=27r\/ML is the right formula for time period of
n

oscillations.

Hence, the correct answer is (D).

Hints and Explanations H.35

21. RC has dimensions of time and V has the dimen-

sions of L ﬁ
dt

Hence [L]—[lxz] !
"LRCV | LT A

Hence, the correct answer is (B).

current

[ 55]2 : } _[mrr2]x [MLZTIZF _[MOr070]
MG 1 [ve ] x[mMPT2]

Hence, the correct answer is (B).

Multiple Correct Choice Type Problems

1. Angular momentum | =muor

MI?
= U]=T

CHAPTER 2

Since m and | are dimensionless, so
T=I

. ML
Since, p=mv=—
T

Since M is dimensionless, so
o[t}

Similarly, (Energy):‘?\fﬂ_&z: % _2
Mz

(Power)=——=—5——==
T 12112
ML L _
(FDI‘CE):F=ﬁ=L3

Hence, (A), (C) and (D) are correct.

2. [kgT|=|[Energy]=[FL]
QZ
[e]= [—2} and [n]=L173
FL
where () is charge, F is force, L is length

Hence, (B) and (D) are correct.

3. ErrorinT

T = 0.52+0.56+0.57+0.54+0.59

mean —
5

=0.556=0.56 s
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and AT, = 0.04+0.00+O.;]1 +0.02+0.03 _0.02s

Percentage error in T is given by
AT .02
—x100% = 002 %100 = 3.57%
T 0.56
Percentage Error in r is given by
Ar x100% = €1 %100 =10%
r 10
7(R-71)
58

= T2=47r27(Rr)
S5 g

_287:2 R-r
= =5 le

Since, T =2r

So, error in measurement of ¢ is

£=(AR+A”)+2£=£+2><0.0357
g R—r T 50

= ﬁxlﬂl}zll%
8

Hence, (A), (B) and (D) are correct.
4. Meh"G*
a b ¢
Mo (ME2T) (LT7Y) (MPT2)

o Ma—cL2a+b+3cT—a—b—2r:

a-c=1 (1)
2a+b+3c=0 -.(2)
a+b+2c=0 ..(3)
On solving (1), (2), (3)

a:%, b=+%, c=f%
= Moc\/E

In the same way we can find that,
Lo hY2c32G12

Locvh, L<\/G
Hence, (A), (C) and (D) are correct.

5. (A) Energy of inductor

2

1 12 = 1 pN"A 2
2 2 1

Energy of capacitor is
levas 180(A]V2
2 2 \d

So, K A12 and &,V have same dimensions
1 d

= u,I* and &V* have same dimension

o e [ HEHE

{ C=dneyr, CV=gq,c= %]
Hence, (A) and (C) are correct.

For Vernier Callipers

1MSD = 1 cm
8
5VSD =4 MSD
= 1VSD=E MSD=£><1:l cm
5 5 8 10
Least count of vernier calliper =1 MSD -1VSD
1 1
LC== cm-— cm=0.025cm
8 10
(a) and (b)

Pitch of screw gauge =2x0.025=0.05 cm

Least count of screw gauge = % cm = 0.005 mm

(c) and (d)
Least count of linear scale of screw gauge =0.05

Pitch =0.05x2=0.1 cm

Least count of screw gauge = % cm = 0.01 mm

Hence, (B) and (C) are correct.

T=ﬁ=2s

20
Further, t =nT =20T
= At=20AT

& _aT

t T

= AT:IAt =(2](1)=0.05 s
f 40

Further, T =2x \/I
8

= T« g_l’fz

= £><1OO:—1>-<£><100
T 2

8



10.

% error in determination of g is

§><100=f200><AT—T

8
Ag _ 200 0.05 59,
g 2
Hence, (A) and (C) are correct.
(A) L= ? or henry = weber
i ampere
di
B) e=-L] —
® e=-1(%]
e volt-second
= =—— or henry = ———
(di/dt) ampere
(C) U==Li*
= L= 2—2 or henry = joule >
i (ampere)

(D) U= %Liz =i"Rt

= L=Rt orhenry = ohm-second
Hence, (A), (B), (C) and (D) are correct.
[Renold’s Number ]=[ Coefficient of friction]= M°[°T°
[ Curie] = Frequency | = M’L'T™

[Latent Heat ] = [ Gravitational Potential ] = M°[*T 2
Hence, (A), (B) and (C) are correct.

Linked Comprehension Type Problems

1

In terms of dimension, F, =F,
= qE=quB
= E=uB
[E]=[BI[LT"]
Hence, the correct answer is (C).
1
JHogo
, 1

= "=
Ho€Ey

Cc=

_ .l
= lp=¢&¢C

= [4]=[&] " [L?1?]

Hence, the correct answer is (D).

Hints and Explanations

H.37

In r=In(1-a)-In(1+a)
Differentiating, we get

r 1-a 1+a

or, we can write

S

r 1-a 1+a
N 2
ro1-a
2Aa -2Aa
= Ar= —( 5 )( r)= 5
1-a (1+a)
Hence, the correct answer is (B).
N = Npe ™
InN=InN, - At
Differentiating w.r.t. 4, we get
T
N dA
dN 4
o la=N__ N
Nt 2000x1

Hence, the correct answer is (C).

N = Number of electrons per unit volume

= [NI=[?], [e]l=[q]=[1t]=[AT]
[e]=[MT4%]

Substituting the dimensions, we can see that

Ne?
meg

Angular frequency has also the dimension (7]

=[17]

Hence, the correct answer is (C).

w:zﬁ:%

2 2
L g

® Ne?
me,

Substituting the values, we get 4 =600 nm

Hence, the correct answer is (B).

CHAPTER 2
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Matrix Match/Column Match Type Questions

1.

A time varying magnetic field will produce a non-
conservative electric field. Due to this electric field,
a current starts flowing in the resistive loop and
heat is produced.

A—=(pt)
B—(q,st)
C—o(prt)
D—-(q)
For (p)

f=Mgsing

Net forceon Y due to

X= J(Mgcosﬂ)z +(Mgsing)” = Mg

(B) As the inclined is fixed. So, gravitational P.E. of
X is constant.

(C) AsKE.is constant and P.E. of Y is decreasing. So
mechanical energy of (X +Y) is decreasing.

For (q)

(A) Force on Y due to X will be greater than Mg
which is equal to ( Mg + repulsion force )

(B) Asthesystemismovingup, P.E. of X isincreasing
(C) Mechanical energy of (X +Y) is increasing

(D) Torque of the weight of Y about point P =0
For (1)

(A) ForceonY dueto X =\/[(M+m0)g]2+(Mg)z

(B) As the system moves down, gravitational P.E. of
X decreases

(C) As the system moves down, total mechanical
energy of (X+Y) also decreases

(D) 1,20
For (s)

P

(A) Force on Y due to X =Buoyancy force which is
less than mg

(B) As the sphere moves down, that volume of water
comes up, so gravitational PE. of X increases.

(C) As there is no non-conservative force, so total
mechanical energy of X+Y remains conserved.

(D) 1,20

For (1)

Mg X

(A) As the sphere is moving with constant velocity
B+ f,=Mg
soforceon Y dueto X is B+ f, = Mg

(B) As the sphere moves down, that volume of water
comes up, so gravitational PE. of X will increase

(C) Increase in mechanical energy is the work done
by friction force which is negative.

= AU=W;=-ve
(D) Tp =0

A-=(p,q
B—-(rs)
C-o(ns)
D—(r,s)



ICON

[GMEMS

=joul
; ] joule
= [GM,M;]=(joule)(metre)

Since joule = (coulomb)(volt)
= [GM,M;]=(volt)(coulomb)(metre)

Also, [GM, M, |= ML’T™

= [GM,M;]=(kilogram)(metre )’ (second )
2
Now,[3RT}= 12:2 = M, =v*
M q°B R,

Also v* = [ Energy] = |: cv? } = (farad) (volt)’ (kg) '

Mass Mass

Integer/Numerical Answer Type Questions
1. Since there are four equal divisions in each c¢m, so

1
least count is Z cm

60 cm |
PIN
o | !
Origin 45 em |
75cm

Object distance i.e., distance of pin from lens is
u=-(75-45)=-30 cm

1. 1 1
= AM=—+-—-=-cm

4 4 2
Similarly, image distance is

v=+(135-75)=+60 cm

Hints and Explanations H.39

Applying Error Analysis on the expression

1 1 1
———=—,weget

v ou f
S0, Mu_of
LA f2
= A—f><1OD=(A—f+A—Z[]fxlOO%
f vt ou

= Y%ageErrorin f is

?c—fx100=|: 0.5 N 0.5

> 2}><20x100
(60)" (30)
= A?fx100=1.39%

Given, d =0.5 mm

CHAPTER 2

Y =2x10" Nm™

= [=1m

™y
4
o Al 1.2x10x1 03 mm

%x(leO“‘i)zx,’leO“

LC of vernier = (l - %) mm = (0.1 mm

So, 3" division of vernier scale will coincide with main
scale.

E(t)=A%™ (1)

a=02s"

(@) %100 =1.25%
A

(dtx100) = 1.5¢

[%)x100=1.50%
=
= (dtx100)=15x5=75

= (‘%‘E)xwo =i2(%]x100ia(dtx100)
Taking log on both sides of equation (1), we get
logE =2log A - at

dE
—=J_r2@iradt
E A
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Equating the powers of M and L, we get
O=a+b
1=-3a

= (%E]XIOU=ﬂ(%)x1001a(dtx100)

= (d—E] x100=%2(1.25)+0.2(7.5)
E Solving these two equations, we get

Since, during propagation, errors are always added
up, 5o

b=

LW W =

= n=

(%E)xl()[] =125+15=14%

, Y=M,where Al=25x10"" m
4. Letd=k(p)'(SV(f) Alfl

where, k is a dimensionless constant. Then, - Y= E( i)
A\AI
MY[ M2 1Y AY 107
nOEa TR
[E 2T T = Y ><100—25><10_5 %100 = 4%



