Chapter

Units And Measurements

Topic-1: Unit of Physical Quantities

1.  The S7unit of inductance, the henry can be written as
[1998 - 2 Marks]

(b) volt-sec/amp

(d) ohm-second

(a) weber/fampere
(c) Joule/(ampere)?

2. Column I Column I1
A GMM, G- (p) (volt) (coulomb)(metre)
universal gravitational
constant,

M, — mass of the earth,
M_ —mass of the Sun
3RT

/|
gas constant,

(q) (kilogram) (metre)?

(second) 2

, R—universal

B)

T — absolute temperature,
M—molar mass

2
© —2F—2, F—Force, (r) l('mv:t_'re]2 (second)
q B
g — charge,
B —magnetic field
GM ;
(D) £ G —universal (s) (farad) (volt)? (kg)™
[+
M, —mass of the earth,
R, radius of the earth [2007]
3 Column I Column 1
(A) Capacitance (i) ohm-second
(B) Inductance (i) coulomb’joule~!
(C) Magnetic Induction (iii) coulomb (volt)!
(iv) newton (amp-metre)~!

(v) volt-second (ampere) ™!
[1990 - 3 Marks]

&Y ] e
4.  Give the MKS units for each of the following quantities.
(A) Young's modulus [1980]

(B) Magnetic Induction (C) Power ofa lens

Topic-2: Dimensions of Physical Quantities

A dimensionless quantity is constructed in terms of
electronic charge e, permittivity of free space g, Planck’s
constant h, and speed of light ¢. If the dimensionless
quantity is written as e“aUBth'S and » is a non-zero integer,
then (o, B, v, 8) is given by [Ady. 2024]
(a) (2n,—n,—n,—n) (b) (n.—n,-2n,-n)
(¢) (n,—n,—n,—2n) (d) (2n,—n,—2n,-2n)
2. Young's modulus of elasticity Y is expressed in terms of
three derived quantities, namely, the gravitational constant
G, Planck's constant h and the speed of light c, as
Y = ¢*hPG?". Which of the following is the correct option?
[Adv. 2023]
(b) a=_'?1 ﬁz_l's?’:-z
(d a=-7 B=1y=-2

5ol

@) a=7 p=ly=—2
() a=7, p=-1,y=2

3.  Area of the cross-section of a wire is measured using a

screw gauge. The pitch of the main scale is 0.5 mm. The
circular scale has 100 divisions and for one full rotation of
the circular scale, the main scale shifts by two divisions.
The measured readings are listed below. [Adv. 2022]

Meas urement Main scale | Circular scale
condition reading reading
Two arms of gauge 0 division 4 divisions
touching each other
without wire
Attempt-1: With wire | 4 divisions 20 divisions
Attempt-2: With wire | 4 divisions 16 divisions

What are the diameter and cross-sectional area ofthe wire
measured using the screw gauge?
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A2
(a) 2.22+0.02 mm, n(1.23 £0.02)mm’
(b) 2.22+0.01 mm, (1.23 +0.01)mm?
(c) 2.14=0.02 mm, (1. 14+0.02)mm*
(d) 2.14£0.01 mm, n(1.14 0.0 ymm*
4. Let[e,]denotethe dimensional formula of the permittivity

of vacuum. If M = mass, L.=length, T=timeand A= electric
current, then: [2012]
@ € =MTL3T2A] () =ML TA%
© &=[M'L?TIAY] @ & =[M'L2T'A]

5.  Which of the following set have different dimensions?
(a) Pressure, Young’s modulus , Stress [20058]
(b) EMF, Potential difference, Electric potential
(¢) Heat, Work done, Energy
(d) Dipole moment, Electric flux, Electric field

6. Pressure depends on distance as, P=%GXP[‘%§] ’

where a,  are constants, z is distance, k is Boltzman’s
constant and 0 is temperature. The dimension of B are
(a) MLO7O by ML [2004S]
(c) M°L210 (d) MILIT?

7. A quantity X is given by SOL%E where g, is the
t

permittivity of the free space, L is a length, AVisa potential
difference and At is a time interval. The dimensional formula
for X is the same as that of [2001S]
(a) resistance

(c) voltage

(b) charge
(d) current

8. The dimension of (é—) agEz (&, permittivity of free

space, E electric field) [20008S]
(a) MLT! (b) MI2T?
() ML'T? (d) ML’T!

@

9. Ina particular system of units, a physical quantity can be
expressed in terms of the electric charge e, electron mass
m_, Planck's constant h, and Coulomb's constant

1

4n g
terms of these physical constants, the dimension of the
magnetic field is [B] = [e]* [m JP [A] [K]°. The value of o+
sy G [Adv. 2022]

10. To find the distance d over which a signal can be seen
clearly in foggy conditions, a railways-engineer uses
dimensions 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 /. The engineer
finds that d is proportional to §'”. The value of n is

[Adv. 2014]

. where € is the permittivity of vacuum. In

The dimension of electrical conductivity is

1. b e
[1997 - 1 Mark]

12.

13;

14,

Physics

The equation of state for real gas is given by

(P + %} (V —b) = RT . The dimensions of the constant

ais s [1997 - 2 Marks]
In the formula X = 3YZ2, X and Z have dimensions of
capacitance and magnetic induction respectively. The
dimensions of Y in MKSQ sytem are 5
: [1988 - 2 Marks]|
Planck’s constant has dimension ’
[1985 - 2 Marks]

15.

16.

17.

18.

A physical quantity § is defined as S =(E x B)/ po,
where E iselectric field, B is magnetic field and y is the
permeability of free space. The dimensions of S are the same
as the dimensions of which of the following quantities ?

[Adv. 2021]
Ener: Force
@ ——8——  (b) :
Charge » Current Length x Time
Ener; Power
@ —r (@
Volume Area

Sometimes it is convenient to construct a system of units
so that all quantities can be expressed in 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] = [XP]; [acceleration] =[X];
[linear momentum] = [X¥]; [force] =[X"]. Then [Adv.2020]

(@ a+p=2p (b) p+q-r=pB

© p—g+r=o (d) prg+r=p

Let us consider a system of units in which mass and
angular momentum are dimensionless. If length has
dimensions of L, which of the following statement(s) is/
are correct? [Ady. 2019]

(a) The dimension of force is

(b) The dimension of linear momentum is L~}
(¢) The dimension of energy is L2

(d) The dimension of power is L™

A length—scale (/) depends on the permittivity (¢) of a
dielectric 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 expression(s) for /
is(are) dimensionally correct? [Adv. 2016]

2
25 ﬂq 2 BkBT
(a) ! \(&kBT} (b) 1_11'[ nqz }
2 ' 2
!’ = ———'———'-q I: __———q
© 1#[ 3 nzrszT} (d) “‘[ enkaT]
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19. In terms of potential difference F, electric current I,
permittivity €,, permeability 1, and speed of light c, the

dimensionally correct equation(s) is(are)  [Ady. 2015]
@ polr=¢gV? (b) gl=pyV
(c) I=¢gxcV (d) pyel=gV

20. Planck’s constant i, speed of light ¢ and gravitational
constant G are used to form a unit oflength L and a unit of

mass M. Then the correct option(s) is(are) [Adv.2015]
(@ Mx ¢ ® Mx JG
() L d L= G

21.  Let [¢q] denote the dimensional formula of the permittivity

of the vacuum, and [;] that of the permeability of the

vacuum, If M = mass, L =length, 7'=timeand /=electric
current, [1998 - 2 Marks]

@ [egl=M"'L> T2 ®) [eo) =ML T* I

© [el=MLT2r? (@ [pol=MIT'I

22. The pairs of physical quantities that have the same
dimensions is (are) : [1995S]
(@) Reynolds number and coefficient of friction
(b) Curie and frequency of a light wave
(c) Latentheat and gravitational potential
(dy Planck’s constant and torque

23. The dimensions of the quantities in one (or more) of the
following pairs are the same. Identify the pair (s)
(a) Torque and Work [1986 - 2 Marks]
(b) Angular momentum and Work
(¢) Energy and Young’s modulus
(d) Ltght year and Wavelength

24, Match List I with List II and select the correct answer

using the codes given below the lists: [Ady. 2013]
ListI List I

P. Boltzmann constant 1. [ML2T!]

Q. Coefficient of viscosity 2. [ML'T1]

R Planck constant 3. [MLT K]

S. Thermal conductivity 4. [ML2T?K™!]

A3
Codes:
| SRS T 2T
@3 1l o274 @3, 1215 4
@) 2 00 -3 T A, SR [ R

25. Match the physical quantities given in column I with
dimensions expressed in terms of mass (M), length (L),
time (7)), and charge (Q) given in column II and write the
correct answer against the matched quantity in a tabular
form in your answer book. [1983 - 6 Marks]

Column1 Column II
Angular momentum MLT?
Latent heat ML*Q™
Torque ML*T!
Capacitance M0
Inductance MR8
Resistivity o e

&1 -
Passage

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 [¢,] and [,] 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 SIunits. [Adv. 2018]
26. Therelation between [£] and [B] is

(@ [E]=[BIZITY ® [E1=[BIL) 7]

© [E=BILm @ EFBIE
27. Therelation between [¢;] and [j,] is

@ [ngl=[egl P2 ) )= [e) (L1217

© [rl=lg ' LPITT? (@) [IJO] [EOT1 [Z1? [TJ‘

28. Wnte the dimensions of the foilowmg in terms of mass,
time, length and charge [1982 - 2 Marks]
i) magnetic flux
(1) rigidity modulus

29. A gas bubble, from an explosion under water, oscillates
with a period T proportional to p®d”E¢. Where ‘P’ is the
static pressure, ‘d” is the density of water and ‘E” 1s the total
energy of the explosion. Find the values of ¢, b and c.

[1981- 3 Marks]|

Topic-3: Errors in Measurements & Experimental Physics

1. The smalltst dmsmn on the main scale of a Vernier calipers
is 0.1 cm. Ten divisions of the Vernier scale correspond to
nine divisions of the main scale. The figure below on the
Jeft shows the reading of this calipers with no gap between
its two jaws. The figure on the right shows the reading with
a solid sphere held between the jaws. The correct diameter

of the sphere is [Ady. 2021]

( main scale | 3 mainscale 4

0 Yernier scale 10
(b) 3.11cm
(d) 3.17¢cm

0 Vernier scale 10
(a) 3.07cm

(c) 3.15cm
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3.

A person measures the depth of a well by measuring the
time interval between dropping a stone and receiving the
sound of impact with the bottom of the well. The error in
his measurement of time is 8T = 0.01 seconds and he
measures the depth of the well to be L = 20 meters. Take
the acceleration due to gravity g = 10 ms~ and the velocity
of sound is 300 ms~!. Then the fractional error in the
measurement, L/L, is closest to [Adv. 2017]
(@) 02% (b) 1% (c) 3% (d) 5%
There are two Vernier calipers both of which have 1 ecm
divided into 10 equal divisions on the main scale. The
Vernier scale of one of the calipers (C,) has 10 equal
divisions that correspond to 9 main scale divisions. The
Vernier scale of the other caliper (C,) has 10 equal divisions
that correspond to 11 main scale divisions. The readings
of the two calipers are shown in the figure. The measured
values (in cm) by calipers C, and C,, respectively, are

9 5 ; [Adv. 2016]
G ML%%#L
0 5 10
2 3 4

G

(a) 2.85and2.82 (bS) Z.S%Dand 2.83

(c) 2.87and2.86 (d) 2.87and2.87

The diameter of a cylinder is measured using a Vernier
callipers with no zero error. It is found that the zero of the
Vernier scale lies between 5.10 cm and 5.15 cm of the main
scale. The Vernier scale has 50 divisions equivalent to 2.45
cm. The 24 division of the Vernier scale exactly coincides
with one of the main scale divisions. The diameter of the

cylinder is [Adv. 2013]
(a) 5.112Zcm (b) 5.124cm
(c) 5.136em (d) 5.148cm

5

In the determination of Young's modulus (Y = 4ML3)

wld
by using Searle’s method, a wire of length L = 2 m and

diameter d = 0.5 mm is used. For a load M = 2.5 kg, an

extension /= 0.25 mm in the length of the wire is observed.

Quantities 4 and / are measured using a screw gauge and

a micrometer, respectively. They have the same pitch of

0.5 mm. The number of divisions on their circular scale is

100. The contributions to the maximum probable error of

the Y measurement [2012]

(a) due to the errors in the measurements of d
and / are the same.

(b) due to the error in the measurement of d is twice that
due to the error in the measurement of /.

(¢) due tothe error in the measurement of [ is twice that
due to the error in the measurement of d.

(d) due to the error in the measurement of d is four times
that due to the error in the measurement of /.

The density of a solid ball is to be determined in an

experiment. The diameter of the ball is measured with a

screw gauge, whose pitch is 0.5 mm and there are 50

divisions on the circular scale. The reading on the main

10.

1.

12.

~ Physics

scaleis 2.5 mm and that on the circular scale is 20 divisions.
Ifthe measured mass of the ball has a relative error of 2 %,
the relative percentage error in the density is [2011]
(a) 09% (b) 24% ) 31% (d) 42%
A vernier calipers has 1 mm marks on the main scale. It has
20 equal divisions on the Vernier scale which match with 16
main scale divisions. For this Vernier calipers, the least count
1$ [2010]
(a) 002mm (b) 005mm (¢) O.lmm (d) 02mm
Astudent performs an experiment to determine the Young's
modulus of a wire, exactly 2 m long, by Searle’s method. In
a particular reading, the student measures the extension in
the length of the wire to be 0.8 mm with an uncertainty
of £ 0.05 mm at a load of exactly 1.0 kg. The student also
measures the diameter of the wire to be 0.4 mm with an
uncertainty of + 0.01 mm. Take g = 9.8 m/s? (exact). The
Young's modulus obtained from the reading is [2007]
(@ (20+0.3)x 10" N/m? (b) (2.0+0.2)* 10" Nim?
(©) (20+0.1)x 10" N/m? (d) (2.0£0.05) 10" N/m?
A student performs an experiment for determination of
[ an?e)
£L= P J . The errorin length £ is Af and in time T'is AT

and n is number of times the reading is taken. The

measurement of g is most accurate for  [2006 - 3M, 1]
AL AT n

(a) Smm 0.2 sec 10

(b) Smm 0.2 sec 20

(¢c) Smm 0.1 sec. 10

(d) 1Tmm 0.1 sec 50

In a screw gauge, the zero of mainscale coincides with
fifth division of circular scale in figure (i). The circular
division of screw gauge are 50. It moves 0.5 mm on main
scale in one rotation. The diameter of the ball in figure (i)
is [2006 - 3M, ~1]

2 10

i) !

Figure {i}

Figure (if)
(a) 2.25mm
(¢) 120mm
A wire of length ¢ =6+ 0.06 cm and radius #=0.5+0.005 cm
and mass m= 0.3 £ 0.003 gm. Maximum percentage error in

(b) 220mm
(d) 125mm

density is [2004S]
@ 4 (b2 (© 1 (d) 68

A cube hasa side of length 1.2 x 10-°m. Calculate its volume.
(@) 1.7x10°%m’ (b) 1.73x10%m [2003S]
(c) 1.70x 107%m? (d) 1.732x107m?
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13.

14.

15.

16.

The dlmunsmnb ofa cone are meaqured usmg a qcale w1th
a least count of 2 mm. The diameter of the base and the
height are both measured to be 20.0 cm. The maximum
percentage error in the determination of the volume is

[Adv. 2024]
Inan etpenment for determination of the focal length ofa
thin convex lens, the distance of the object from the lens
is 10+ 0.1 em and the distance of its real imiage from the
lensis 20 + 0.2 em. The error in the determination of focal
length of the lens is n%. The value of nis

[Adv. 2023]
The energy of a system as a ﬁmctlon oftime t is given as
E(t)=A4* exp(-at,) where a= 0.2 s 1. The measurement of
A has an error of 1.25%. Ifthe error in the measurement of
time is 1.50%, the percentage error in the value of E(7) at
i=5sis [Ady. 2015]
During Searle’s exPerlment, zero of the Vernier scale lies
between 3.20 * 1072 mand 3.25 x 10-2 m of the main scale.
The 20" division of the Vernier scale exactly coincides
with one of the main scale divisions. When an additional
load of 2 kg is applied to the ‘Wllf: the zero of the Vernier
scale still lies between 3.20 x 102 mand 3.25 x 102 m of
the main scale but now the 45 division of Vernier scale
coincides with one of the main scale divisions, The length
ofthe thm mua.lhc wire is 2 m and its cross-sectional area
is 8 x 10~7 m?2. The least count of the Vernier scaleis 1.0 %

103 m. The maximum percentage error in the Young’s
mudulus of the wire is [Adv. 2014]

18.

19.

An optu.a.l bench has 1.5 m long scale having four equal
divisions in each cm. While measuring the focal length of
a convex lens, the lens is kept at 75 cm mark of'the scale
and the object pin is kept at 45 cm mark. The image of the
object pin on the other side of the lens overlaps with
image pin that is kept at 135 em mark. In this experiment,
the percentage error in the measurement of the focal length

ofthe lens is [Adv. 2019]
A steel wire of diameter 0.5 mm and Young's modulus
2% 10" N m 2 carries a load of mass M. The length of the
wire with the load is 1.0 m. A vernier scale with 10 divisions
is attached to the end of this wire, Next to the steel wire is
areference wire to which a main scale, of least count 1.0
mm, is attached. The 10 divisions of the vernier scale
correspond to 9 divisions of the main scale. Initially, the
zero of vernier scale coincides with the zero of main scale.
If the load on the steel wire is increased by 1.2 kg, the
vernier scale division which coincides with a main scale
divisionis Takeg=10ms* andn=3.2.
[Adv. 2018]
The side of a cube is measured by vernier callipers (10
divisions of a vernier scale coincide with 9 divisions of
main scale, where | division of main scale is I mm). The
main scale reads 10 mm and first division of vernier scale
coincides with the main scale. Mass of the cube is 2.736 g.
Find the density of the cube in appropriate significant
figures, [2005 - 2 Marks]

20.

21,

€

n:a’ ]

22.

23,

24,

A5

In Searle’s experiment, which is used to find Young’s
Modulus of elasticity, the diameter of experimental wire is
D=0.05 em (measured by a scale of least count 0.001 cm)
and length is L = 110 cm (measured by a scale of least
count 0.1 cm), A weight of S0 N causes an extension of X
= (0.125 ¢m (measured by a micrometer of least count
0.00Tem). Find maximum possible error in the values of
Young’s modulus. Screw gauge and meter scale are free
from error. [2004 - 2 Marks)

A screw gauge having 100 equal divisions and a pitch of
length | mm is used to measure the diameter of a wire of
length 5.6 cm. The main scale reading is 1 mm and 47" circular
division coincides with the main scale. Find the curved
surface area of wire in cm? to appropriate significant figure.

)
usenw=—,1,.
(usen - )

[2004 - 2 Marks]

(]

Inan e-xperi_mcnl to determine the acceleration due to grav-
ity g. the formula used for the time period of a periodic

%—_rl . The values of R and r are
g

measured to be (60 + 1) mm and (10 & 1) mm, respectively.
In five successive measurements, the time period is found
to be 0.32s, 0.56s, 0.57s, 0.54s and (0.59s. The least count of
the watch used for the measurement of time period is 0.01s.
Which of the following statement(s) is (are) true?
[Ady. 2016]
(a) The errorin the measurement of r is 10%
(b) The error in the measurement of T is 3.75%
(¢) Theerror in the measurement of T is 2%
(d) The error in the determined value of gis 11%
Consider a Vernier callipers in which each 1 cm on the
main scale is divided into 8 equal divisions and a screw
gauge with 100 divisions on its circular scale. In the Vernier
callipers, 5 divisions of the Vernier scale coincide with 4
divisions on the main scale and in the screw gauge, one
complete rotation of the circular scale moves it by two
divisions on the linear scale. Then : [Ady. 2015]
(a) Ifthe pitch of the screw gauge is twice the least count
of the Vernier callipers, the least count of the screw
gaugeis 0.01 mm
If the pitch of the screw gauge is twice the least count
of the Vernier callipers, the least count of the screw
gauge is 0.005 mm
(c) Ifthe least count ofthe linear scale of the screw gauge
is twice the least count of the Vernier callipers, the
least count of the screw gauge is 0.01 mm
(d) Ifthe least count of the linear scale of the screw gauge
is twice the least count of the Vernier callipers, the
least count of the screw gauge is 0.005 mm
Using the expression 2d sin 8 = X, one calculates the values
of'd by measuring the corresponding angles 8 in the range
0 to 90°, The wavelength X is exactly known and the error
in B is constant for all values of 6. As 6 increases from 0°
[Adv. 2013
(a) The absolute error in d remains constant
(b) The absolute error in d increases
(¢} The fractional error in d remains constant
(d) The fractional error in d decreases

motion is T=2x

(b)
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25. A student uses a simple pendulum of exactly 1m length to
determine g, the acceleration due to gravity. He uses a
stop watch with the least count of 1 sec for this and records
40 seconds for 20 oscillations. For this observation, which
of the following statement(s) is (are) true? [2010]
(a) Error ATin measuring 7, the time period, is 0.05 seconds
(b) Error ATin measuring 7, the time period, is 1 second
(c) Percentage error in the determination of g is 5%

(d) Percentage error in the determination of g is 2.5%

510 _
: Passage

Ifthe measurement errors in all the independent quantities are
known, then it is possible to determine the error in any
dependent quantity. This is done by the use of series expansion
and truncating the expansion at the first power of the error. For
example, consider the relation z=x/y. If the errors in x, y and z
are Ax, Ay and Az, respectively, then

xtAc i Ax Ay ¥
= . Wl - S
i 7 y( x)[li y]

‘51
: ] 4 : ;
The series expansion for [l t—y}i) » to first power in Ayfy, is

1 T (Av/y). The relative errors in independent variables are
always added. So the error in z will be

Az= 2{2‘54‘—&2"].
2

=)

Physics

The above derivation makes the assumption that Ax/x <« 1,
Ayly <« 1. Therefore, the higher powers of these quantities are
neglected. [Adv. 2018]

(1-a)

26. Consider the ratio r = to be determined by

ta
measuring a dimensionless quantity a. [fthe error in the
measurement of @ is Aa (Aa/a < 1, then whatis the error
Arin determining »?

Aa 2Aa 2Aa 2ala
(a) (1+a) (b) (1+a) () (-a?) (d) 1-a2)

27. Inan experiment the initial number of radioactive nuclei
is 3000, It is found that 1000 + 40 nuclei decayed in the
first 1.0s. For x| < 1, In(1 +x)=x up to first power in x.
The error AL, in the determination of the decay constant
A, ins7lis
(a) 004 (b) 0.03 (c) 0.02 (d) 0.01

28. Ifn™ division of main scale coincides with (n+1)™ divisions
of vernier scale. Given one main scale division is equal to

‘a’ units. Find the least count of the vernier.
[2003 - 2 Marks]

Topic-4: Miscellaneous (Mixed Concepts) Problems

Passage
A dense collection of equal number of electrons and positive
ions is called neutral plasma. Certain solids containing fixed
positive ions surrounded by free electrons can be treated as
neutral plasma. Let ‘N’ be the number density of free electrons,
each of mass ‘m’. When the electrons are subjected to an electric
field, they are displaced relatively away from the heavy positive
ions, If the electric field becomes zero, the electrons begin to
oscillate about the positive ions with a natural angular frequency
‘mp’ which is called the plasma frequency. To sustain the
oscillations, a time varying electric field needs to be applied that
has an angular frequency ®, where a part of the energy is
absorbed and a part of it is reflected. As o approaches wpall the

free electrons are set to resonance together and all the energy is
reflected. This is the explanation of high reflectivity of metals.

[2011]

1.  Taking the electronic charge as ‘e’ and the permittivity as

‘g,”. Use dimensional analysis to determine the correct

expression for @ .
N gy N
MEQ ) mEU

P
Ne meq

@ 1me0 (b) 1‘ e

2.  Estimate the wavelength at which plasma reflection will
occur for a metal having the density of electrons
N =4 x 1027m~3, Taking ¢, = 10~'! and mass m = 10737,
where these quantities are in proper SI units.
(@) 800nm (b) 600nm (¢) 300nm (d) 200nm
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Topic-1 : Unit of Physical Quantities

(a,b,c,d) 2. A->p,qgBornsCorsDoLS
Topic-2 : Dimensions of Physical Quantities
@) 2. (a) 3. (¢ 4. (b 5 (d 6. (o) 7. (d) 8. (©
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© 27. @ | _
Topic-3 : Errors in Measurements & Experimental Physics
(© 2. (b 3. ® 4 b 5 @ 6. (© 7. (@) 8. (b

@ 120 me - W B B@ 16002k (139) 18. (300) 19. (2.66gem™)
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Hints & Solutions

Topic-1: Unit of Physical Quantities

(a,b,c,d)
(a) Inductance, L = Flux(¢) ~_ weber — penry
Current({) ampere
\dt) di/dt amp A

(©) UssLP=L= M tp- “’,
2 e A
@ L= d_c-f_ = (—?]re’f = ohmxsec
i/at air
henry = ohm — sec
A-p.q
Using F = (—'W‘Zﬂi = GMM, = Fr’ = Nm? = kg .ff;__ ond

! s
=kgm3s?
Also (volt) (coulomb) (metre) = (joule) (metre)
(- volt = Joule/coulomb)
=(N—m)(m)= NmZ=kg mis 2

B—-rns e
. [3RT _ 2 _3RT
Using v, .« = \ M Vems =7
.
Unit of s m? st

1
Also (farad) (volt)? (kg)™' = (joule) kol (o =5cv2}

=N-mkg! =kgms2mkg ! =m?s
C-orns

Using F= gvB = V= —,,E
7B
Unit of 2 is m2s~ which is further equal to Fi kgl
D—rns

‘ ey /zc;M _, 2_26M
Reason : Escape velocity v, = VR R

; GM . ,
Unit of —~ is m” 52,
Capacitance C = c: = i—{ coulomb-volt}, coulomb?-joule™!
q

L )
Inductance R =t and R =1? ohm-sec, volt-second (ampere) !

F
Magnetic Induction F*= l[B = B = 7 newton (ampere-metre) 1

(AL
(i) The M.K.S. unit of Young’s modulus [}’ = !L/%FJ is
A iy

Nm=,

1.

(i) The M.K.S. unit of magnetic induction | B :EJ is
5 4
tesla or wh/m=.
(i) The MK.S. unit of power of lens p=— i
f(in metre)

dioptre or ml.

) Topic-2: Dimensions of Physical Quantities

(@) For dimensionless quantity
CQ SE:I"I?CS e MGLUTUAO
Substituting dimensions of the physical quantities in the
above relation and equating the dimension of LHS and
RHS
= (AT)%M-'L-3T#A2)B(ML2T-H)Y(LT )3
= AOMOLITO
a+28=0,0+4p—y—8=0,—B+y=0and—3p+2y
+8=0
o=-2B,Bp=vandy=39
o=2n,p=-n,y=—n,6=-n
(@) Given, Y =c*hPGY
ML-IT-2 = (LT-HAMLAT HAM 13T 2y
Equating Power

1=5=—y (1)
—1=a+2B+3y (i)
2=—a-B-2 (i)
3=B+y .(1v)
(By adding eq. ii & iii)
Now by adding eq. (i) & (iv) we get,
~2=2p8
s p=-1,y=-2
-1=0-2-6 ..o=7
Pitch 2x0.5

= = = =0.01mm

() Leastount= —— e =00 V.

Zeroerror=4xL.C=0.04 mm

Attempt 1: d, = MSR+ CSR —zeroerror

dl =4%x0.5+20=0.01-0.04 =2.16mm
Attempt 2: d, =4 x 0.5+16 x0.01 —~0.04=2.12mm
2.16+2.12

Sojde. = =2.14 mm

Now, Ad, =0.02 mm and Ad, =_0.02 mm
_ 10.02|+|-0.02

ag= 10RO oot mm

So,d=2.14+0.02 mm
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a110

10.

: 2
Area (A)=nR?= n(%) =:'c(1.(]’;')2 =1.147 mm?

AA _2AR —Eéé—zx 0.02

A R d 2.14

= el x1.14n = 0.021
So, area = m(f.l4i 0.02) mm?
1 qq2 __ 9%
F e e =k A
(b) As we know, A%y R 0 4nFR2
2 2

Hece, g9 = — [ATE -~ vt 13T A

Nam?  [MLT 2)[I?]

(@ Electricflux ¢p =E.S
Dimensionally ¢z # £ (electric field)

Dipole moment, p = charge (g) * distance (d)

(¢) The power of an exponent is a number or constant.

Therefore, dimensionally Ekei = [M°L°T®]

2r-29711[0 =
£E ke . a=w_L_":[E]___][_l=[MLT 2]

_doule 3272671 andz = (L]

As k
elvin

o o
And, dimensionally P= = = B= 5
P P

=2
_A{L_Z__ = [MULZTG]

= ML'T?

o pF _rag-ip2
‘:. P_A [ML'T ]]

B0l e D
RPAE A(AV)
AV _ (AL, AV
At AAV) M
_A) 2 AV _Aq
AV PP M A

(d) Capacitance, C =

U X =EDL

=1 (current)

(c¢) Here (15] 5052 represents, energy density i.c.,

energy per unit volume.
E 22 b

g [_1_ DEZ]= [Energy] _ ML’T ML

o Bri1rr1®
@ [B]=[e]"[m]'[n]'[k]
= MT2A! = ACTOMEMYL T TMPL A 2T
=p+y+d=L-2=0-7—43, - 1=a—-28
2y+38=0
>a=3p=2y=-38=2=>a+pf+y+5=4
(3) Let docp*S”f?=Kp*S’f* where K is a
dimensionless constant.

MOL}T{) - M* -—3xMyT—-3yT—z
Equating dimensions both sides

MOL].TG = Mx+yL-3xT—3y—z

11.

12.

13,

14,

15.

16.

17.

2
Conductivity, 0= —=——=——=

a MLT
Here, [;2-]=[P]=>[a]={PV21= = 1% = MIST?
X=[C)=M" 12T Q%
. G
[2)=[B1=MT' @] [ =3‘238“’e“]

= [MT“Q“ ]2

Using £ = hv = Planck’s constant,
A{LIT_Z :
E_E ’ [T—l] ]=[MI2T 1]

(b, d) Given physical quantity,

SR |
S =[ExB]—
Ho
Here S is known as poynting vector and it represents flow
of energy per unit area per unit time

Energy _ Power _ Force
AreaxTime Area LengthxTime
(a, b) Given position, L = [X%]

Speed, LT! = [XP]

Acceleration, LT = [XP]
Linear momentum, MLT! = [X9]
Force, MLT2 = [X1]

§=

o o
Position e T X4 _xoB
Speed [XE']
p
Acceleration = EPEEI. =~ _X__ —XP
Time X%

Xu‘ﬁﬂ’ =Xﬁ i a+p:2ﬁ
Hence option (a) is correct.
linear momentum

Force = z
time

x4
by S TmarB-amT=q+B-(h-p)
=r=q-B+p=>p+q-r=p
Hence option (b) is correct.
(a, b, ¢) According to question, dimensions of angular
momentum [mvr] = MPLOT® and of mass [m] = MOLOT®
MI2T' = ML’ = T=1?

X1=

0 700
Momentum p=mv= m_.ﬁi_f-_zq__-[‘_
2
Energy E= -I—mvz = s =L?
2 2 m
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18,

19.

E L—-2 L-? -4 20.
P P =—= = ——= L
OWeEr P T L2
-2
Force Fatal.ops
e Sl

(b, d)
Dimensions of [n] = [L ], [¢] = [4T]

2
[ﬂ =[F]=[Uxr]=[MCT ]

[kgT] = [U]= [MLT2)
Dimension of / = [L]

Ei 1

= #[er]x[vxn =[n]x[r] _ |'L—3 [L"]

]e(kBT Gy n] WO

(g’ fe) \IMUxr]
_—.‘ 1 = =[L]
\Vinllrl 22

21.
2
& RES= L | Smegl
€ (kBT) nzf3

E oo 3/2
s U Pl =1
[ r][U][L‘Z} (L]

2
@ RES =L x—tx—
: g | (kgT) n' 22,

1 1 1
f]mr‘]\ﬂrﬂ

% [L]——-‘[L]
(']

RHS.=

l-'-(]

(a,c) Using, C= and R =

Hoo

[2— pﬂﬂ EG_—KZ_-—R2 e “D 2
e e &gy S L (-5_0_}
Hg 23 I b 1
(b) ggl=py V= ‘E;*F“E (*> V=RI) 24.
Dimensionally incorrect.
(c) I=g,CV

1
VHoEg
Dlmenswnally correct.
(d) pCl=¢gV
uo_V e W TN
1

Dimensionally incorrect.

Alll

(a,c,d)
As Planck’s constant A, speed of light ¢ and gravitational
constant G are used as basic units for length L and Mass
M so,L oc i & GF ki)
and Mo B 1 G woen (1)
Dimensions of [h] = [M L2 T], [¢]=[L T]
[Gl=[M113 T2

Using principle of homogeneity of dimensions
For eqn. (i)

[MOL T()l =[Mx L2x T—x][Ly T—y][M—z L3z T—-Zz]
MOVL 70 = px—2) [(2x+y+32) p(-x~y-22)
On comparing powers from both sides, we get
x-z=0,2x+y+3z=1,=x-y-22=0
On solving these eqns., we get

| 3 1

j= —— g=—

P Tt s

,kG
L=K : K is a constant.

In the same way solving eqn. (ii) we get,

h
M =K'\/§; XK' is a constant.

=

(b, ¢) Using F= —Q‘Qiz— s
(4meg)r i Ho&o
(o1 7

H % = = = 173 2

CE. [30] [F][?‘z] MLT_zle M T‘!’

1 1 PRE, 8.

= = i
(ko] ElCP (M7'C°T*) ]

=[MLT %1%
(a, b, ¢)

Reynold’s number

= Coefficient of friction = [M°L°7] i.e., dimensionless.
Curie is the unit of radioactivity (number of atoms decaying
per second) and frequency also has the unit per second i.e.,
[MOLOT1).

Latent heat = s and Gravitation potential = —
Dimensionally same [M°L2T2]

(a, d) Torque, T=F x r % sin 0

and work done, W= F x d x cosf

Dimensionally, t= W= [ML2T 2]

Dimensionally, light year = wavelength = [L]

(c) Boltzmannn constant [KB]:"E [ e 1 KBT}

2
* [Kpl=ML*TK™ P &
Coefficient of viscosity [n] = = = ~lp-1
ML*T2 —
Planck constant, h = —=———7"=5 ML 21!
Vi B
_He

Thermal conductivity K, nuctiviey = TAAT

ML’ T2 xL b

= LA

TxL" xK



Al12

25.

26.

2%7.

28.

29,

. Latent heat [L] = O/m [L] = [L

Angular Momentum = mvr = ["MLET“ 1
|
Torquet=Fxr[t]= [ML 4

Capacitance C = l——, [C]= [ML21%Q%)
2
Inductance L = iT;[L] = [ML20™1]

RA L
Resistivityp= = - and R=— . [p]=[ML’T"'0?]

(¢) Using, C =§ where C = speed of light

E=CB=LT"'B
(d) We know that

& 1 C2= 1
HoEq Hogo

. Mo = SEIL—ZTZ [ C=LT—1]
F
(i) Magnetic Flux ¢ = B4 =;A

= [M'LZT"‘Q"[]

(ii) Modulus of Rigidity = % = [ML1T2)
uestion, T oc PAdPEC or q [P]“z[d}b[E]c

or L°T1] [MLYT2)0 (ML [ML2T-2)

or MOL Tl = Mu+b+c L—a—3b+ e p-2a-2c

gadmte=0 8% - O - g (i)
—a-3b+2c=0 e (1)
=R e SO SR RS (iii)

Solving, eqns. (i), (ii) and (iii) we get
a=-5/6,b=1/2,c=1/3.

Topic-3: Errors in Measurements

=) & Experimental Physics

(¢) Since I0VSD=9MSD .. 1VSD=-126MSD

9
Least count (L.C.) = 1 MSD - IVSD = [1 = E] MSD

=0,1MSD=0.1%0.1cm=0.01 cm
Since 0 of Vernier scale lie before 0 of main scale.
Zero error = - [10 6] L.C.=-4x0.01cm
=— (.04 cm .. Correct diameter of the sphere
= Reading — Zero error = 3.1 + 1 X L.C. — (- 0.04}
=3.1+1x0.01+0.04=3.11+0.04cm=3.15cm
(b) Depth of the well=L=20m
Time taken by stone to reach the bottom of well,

X 1
f, = _2£ [usmg, L= —grz]
1 2 2
Time taken by impact sound to reach the person,

ty=—
v
Total time taken in the process is given by,
2l 218L bL
T=t +t,= |—+=— L 8T=
ENE e J‘ 2L
On substituting the given values we get,

2y
17300

P hysics]

oL 300 8T

Fractional error, —x100 =~———x100
16 L
16 20

(b) For C, vernier calliper,
LC.=1MSD-1VSD=Imm~-09mm=0.1 mm=0.01 cm
[~ 10VSD=9MSD=9mm]
Reading=MSR +L.C. x VSR =2.8+(0.01)x 7=2.87 cm
For C, vernier calliper,
LC.=1mm-1.1mm T
LC=-0.1mm=-0.01 em
Reading=2.8+ (10-7) x 0.01=2.83 cm
(b) In the measurement, the diameter of cylinder,
D=M.S.R+(VS.R)*(L.C.), L.C.=(IMSD-1VSD)

= (5.15=5. 10)—[2—42)— .001 cm
50

10 VSD= 11 MSD= 11 mm{]

s D=510+24%0.001=5.124cm
(a) The maximum possible error in ¥ dueto / and d
AY Al 2Ad

i l d
Least count =

—E—S—mm 0.005 mm

Here, Ad = Al = 0.005 mm

- b oy AL_0005mm 1
rror contribution o ] —"—-—0 Smm 50

E P 2Ad _2x0.005mm _ 1
rror contribution R e e
i d 0.5mm 50
Hence contribution to the maximum possible error in the
measurement of y due to [ and d is the same.
(¢) Least count of screw gauge
Pitch 0.5

e . =—_=0-01mm=Ar
divisions on circular scale 50

Diameter, -=M.S.R.+(C.S.R) x (L.C.)

Pitch
No. of division on circular scale

0.5
Diameter, = 2.5 mm + 20 x ?0— =2.70mm
_A._r_ 0.01 f lgg_i
v 270 r 2.7
m

Now, density, d = % =

o)
— Tr =
¢ AL

Percentage error in density, —x 100

1‘; d
. {M+3(£]}x100= -A’—nx100+3x(£]x10{)
m ¥ m f e

1
=204+ 3 % —:3 11%
d 20 d1v1smns on the vemier scale

= 16 divisions of main scale
*. 1 division on the vernier scale
——l-éd"' f mai l—lﬁ—xlmm—OS
=20 ivisions of main scale = — =0.8 mm

‘We know that least count, L.C. = IMSD - 1VSD
=1mm-0.8mm=02mm
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8.

10.

11.

12.

13.

14.

®) Y_F,r“'A_‘imgL_ 4x1x%9.8x2

(L D 7;(0..4x10_3)2><{0-8"10_3)

=2.0x10"" N/m? .
Nowé.}:-z_‘ﬁﬁ+é€

¥ D /
[+ the value of m, g and L are exact]
0.01 0.05

= 2X——+——=2x0,025+0.0625
0.4 08

=0.05+0.0625=0.1125
= AY=Yx0.1125=2x10!! x0.1125=0.225 x 10!
=0.2x10''N/m?
Reading of Young’s modulus = (¥ + AY)
=(240.2)x10'" N/m?
(d) Relative error in g, A = —é{ +2 al
fed / 4
Al and AT are least and number of readings taken are
maximum in option (d), therefore the measurement of g is
most accurate.

(c) Least nt <
c count = :
) no. of divisions on circular scale
0.5
= —=0.0lmm
50

Zeroerror=5 % L.C.=5 % 0.01 mm=0.05 mm
Diameter of ball = [Reading on main scale] + [Reading on
circular scale = L.C.] — Zero error
=0.5%2+25%0.01-0.05 =1.20 mm

m

(ﬂ) Densit)gp:in.=_m—= 2
v, 4df fnr
Taking log and differentiate for errors
Ap Am 2Ar Af
L e —
p m r £

From question, putting the values of
Al =0.06 cm, £ =6cm; Ar=0.005cm; r=0.5¢em,

A . g 5
m=0.3 g; Am=0.003 g in eqn. (1) we get= o 100
Percentage error in density,
ﬂXlUO =-4—x100= 4%.
p 0

(@ Volumeofcube, V= £*=(1.2 x 102 m)®
=1.728%106m3 = ¥=1.7x105m?,

As length has two significant figures so volume has also
two significant figures.

1
(3) Volume ofacone= V =§n(R}2 H

dv dR dH
= e
Vv R...H
02 02
=|2x—+— %100
Percentage error [ % 20 + 20]"

(1) Given: Differentiating lens formula, u=10+0.1 cm,
v=20+0.2cm

15,

16.

17.

18,

Al13
R S i 1
———=—2 —dv+—du=——df
Y w € T eRReR
b Siletdbaanit A3 20
—d—=——m—==——c5f=—cm
200 10 favE 20 3
1 1 Lol
=4 (0.2)+ (0.1) = —df
(20)° (10)? i
df:i[@x0.2+@x0.l]
91400 100

1
:>df=a(0.2+0.4]=>df=%f
o 06 3 1
f 9 20 100
df 1
.'.%error=?><100=17.b-x100=1%
4) E(ﬂ = 42 g5t = 42 02t
< log, E=2log,A-0.2¢
dE  dA dt

i iati pet =—=2——02—x¢
On differentiating we get 7 2 -

As errors always add up
Exlﬂﬂ=2(ﬁxl{]ﬂ]+0.2t(£x]l}0)
E A t

d.
= —E'K 100=2%1.25%+0.2x5x 1.5%=4%

FL
(4) Young’s modulus ¥ =——
Axl
Here F, A and L are accurately known.
Percentage error in Young’s modulus

[=(45-20)xL.C=25x 105m

%}:xl{)O:%f-—XIOO _1.0x107°

x100 =4%
25%107°

i
(1.39) u+ Au= (75— 45) + [Tﬂ =(30+0.5) cm

[
viAv=(135-75)% [Z'*Z] =(60+0.5)cm
We know that

i o Bt o B ol =
v u f v: ou? g2 G
T lggl 0
i £ 60 30 f
£=L & fi=20cm
f 20
Substituting the values in egn. (1)

0.5 g 0.8 S AF
Hence percentage error in the measurement of focal length
Af 0.277
2

-f—xl{)(}: - =100 =1.388% =1.39%

Fl
(3.00) We know that A/ = __l_’



Al14

19,

20.

21.

22.

1.2x10x1 =

2
5x107*

%2x10""!

L.C. of vernier calliper =1 MSD -1 VSD

=[l—i)=0.lmm
AR

As9MSD=10VSD

The third marking of vernier scale will coincide with the
main scale because least count is 0.1 mm.

(2.66 g cm™3)

L.C.=1MSD-1VSD

= IMSD-%MSD (*+ 9MSD=10VSD)

1 ik ]

EMSD:(WH mm=(,] mm
(- 1MSD =1 mm)

Reading of side, | =MSR + VSR (LC) = 10 mm + 1 x 0.1 mm
=10.1mm=1,01cm

= [l— —9—) MSD =
10

2.736
Now, density = - f;— = £ -266 g/cm3
volume (1_01)
(Rounding off to 3 significant figures)
(1.09 x 10'° N/m?)
Young’s modulus, ¥ =f
oung’s modulus rLD:‘ X

Maximum errorin ¥

[AY) [wj AX AL
=2 —|+—+—
4 D XN

2(0001){0.001]{01) alieo
0.05 0.125/ \110
Since, W=50N;D=0.05cm= 005><10—2m

X =0.125cm =0.125 x 102m;
L=110cm=110x%102m

50x4x110x1072

3.14(0.05x1072) x (0.125x107%)
*. Maximum possible error in the measurement of ¥
AY =(0.0489)Y=0.0489 x 2,24 x 1011
=1.09 x 10'9N/m?

(2.6 em?) Least count, L.C. = -ir:)—lgl‘ﬁmmm

Diameter = MSR+ CSR * (L.C.)
=1mm+47 % (0.01) mm=1.47 mm

=224 % 101"'N/m?

Curved surface area = 2mr] =21r£23—1 = nDI

2
-2 1.47 x 56 mm? =2.58724 cm?
= 2.6 cm? (Rounding off to two significant figures)
(a, b, d)
0.52+40.56+0.57+0.54 +0.59
Tmenn = 6

=0.556=0.56 8
Error in reading T, .. — T13 Trean — T25 Trnean
T4; Tmean = TS

N T3; Tmean 5

23.

24,

0.04+0+0.0140024003 _ 0o 0 s

6
% error in the measurement of *T"

E 100-—9—0% 100=3.57%
0.56

Mean error =

T
% error in the measurement of g

3§x100=2£x100+(AR+“]x100
T R-r

g
1+1
= 2(3.57)+ 100 )
B57) [GD—IOJX AN
% error in the measurement of r

e 100=_><100—1o%
T

(b, ¢) Vermer callipers

lem
1 MSD= —8—' =0.125cm

4
S5VSD=4MSD .. IVSD=E><0.125 =0.lcm

L.C.=1MSD-1VSD
=0.125¢cm—0.1em = 0.025cm
Screw gauge
If the pitch of screw gauge is twice the L.C of vernier
callipers then pitch = 2 x L.C. of vernier calliper = 2 % 0.025
=0.05cm.
L.C. of screw gauge
Pitch

Total no. of divisions of circularscale

= -O—Dgcm =0.0005 0.005
100 cm= mm.

Now if the least count of the linear scale of the screw
gauge is twice the least count of venier callipers then
L.C. of linear scale of screw gauge = 2 x 0.025 = 0.05cm.
Then pitch =2 % 0.05 =0.1cm.

0.1
. L.C. of screw gauge = T‘Ecm 0.001cm = 0.0Imm.

(d - 2dsinB=)
dég} Z"[ cosecOcot 0]
d(d) = - % cosech cotd dO .. (ii)
Dividing (ii) by (i) we get

d(d)
d =cotBdo

As 0 increases from 0° to 90°, cot 0 decreases and therefore
d(d)

d

A
= ECOS@CG - (1)

decreases

i.e., the fractional error in d decreases.
(a, ¢) The length of the string of simple pendulum is exactly
1 m (given), therefore the error in length A/ =
Further the possibility of error in measuring time is 1s in
40s as the least count of stop watch is 1s.
AE AP
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26.

27.

28.

A115

total time 40

no. of oscillations 20
Sy £ p Y e s
E a0 40
Now for measuring error in ‘g’

Time period T = = 2 seconds

= AT =0.05sec

l
using, T =2n L .'.g=41r2——
g £

. Percentage error in ‘g’
£‘g-><100=%—gxl(}(.}+2A—I_;'ﬂ-)-tl(}l(}'

.'.ﬁxlﬁﬂ=0+2[—l-]x100=5%
g 40
o r-(2) = L. M-a Mo
l1+a ¥ (-a) (+a)
Ar _Aa  Aa Aa(l+a+l a)
= =—+
¥ ien dwe (1-a)l+a)
e 2Aa (l-a)= 2Aa
(1-a)1+a) (1+a) (1+a)®
(¢) Using, N=Nge ™ = InN =InNy—ht
Differentiation with respect to A

1 dN AN 40
= ———=0-t= A =—= =0.02
N dh Nt 2000><1
(n+1)V.S.D=nMSD.. 1VSD= —-:MSD

Least count, (L.C.)=1 M.S.D-1V.S.D

o)
—/MSD

1 a 2
= —— M.S.D.= ——units [ 1 MSD = a units]
1 n+l
CE—J Topic-4: Miscellaneous (Mixed Concepts)
=, Problems

1. (c) Charge, e = It = [AT], angular frequency,
—= [

T

No. of electrons per unit volume, N = [L~], Permittivity of
free space, €, = [M' L3 A? T

Now substituting the dimensions of above quantities we get,

m=

NZ -3 252
e AT H T,I
me, \MMILAT
. ¢ me
2. ) Op=,——=2nv=2n-= A=2nc,|—
S A Ne

—30 ~11
= 2% 22 ax108 12{_1 x16 S =600 nm
7 4x10%7 x(1.6x107'%)
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