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PHYSICAL QUANTITIES

All quantities that can be measured are called physical quantities.
e.g. length, mass, force, work done, etc. In physics we study about
physical quantities and their inter relationship.
There are two types of physical quantities

(/) Fundamental quantities

(if) Derived quantities
Fundamental Quantity: Physical quantities which cannot be
expressed in terms of any other physical quantities are called
fundamental physical quantities.
E.g. length, mass, time, temperature etc.
Derived Quantity: Physical Quantities which are derived from
fundamental quantities are called derived quantities.
E.g. Area, density, force etc.

MEASUREMENT

Measurement is the comparison of a physical quantity with a
standard of the same physical quantity.
Different countries followed different standards.

Units of Measurement:

A fixed measurement chosen as a standard of measurement to
measure a physical quantity is called a Unit.

To measure a physical quantity means to determine the number of
times its standard unit is contained in that physical quantity.

A standard Unit is necessary for the sake of

(i) Accuracy,
(if)y Convenience,
(iif) Uniformity and
(iv) Equal justice to all.
The standard unit chosen should have the following characteristics.

(i) Consistency (or) invariability
(i) Awvailability (or) reproducibility
(iii) Imperishability (Permanency)
(iv) Convenience and acceptability.
The numerical value obtained on measuring a physical quantity is
inversely proportional to the magnitude of the unit chosen.

= =]

Where 1, and n, are the numerical values U, and U, are the
units of same physical quantity in different systems.

Fundamental unit: The unit used to measure the fundamental
quantity is called fundamental unit.

e.g., Metre for length, kilogram for mass etc.

Derived unit: The unit used to measure the derived quantity is
called derived unit.

e.g., m? for area, gm cm for density etc...

Systems of Units:
There are four systems of units

F.P.S C.GS
M.K.S SI

FPS or British Engineering system: In this system length, mass
and time are taken as fundamental quantities and their base units
are foot (ft), pound (Ib) and second (s) respectively.

CGS or Gaussian system: In this system the fundamental
quantities are length, mass and time and their respective units are
centimetre (cm), gram (g) and second (s).

MKS system: In this system also the fundamental quantities are
length, mass and time but their fundamental units are metre (m),
kilogram (kg) and second (s) respectively.

Units of some fundamental physical quantities in different systems

Type of Physical
physical Quantity
Quantity
Length cm m ft
Fundamental Mass g kg Ib
Time S s s

International system (SI) of units: This system is modification
over the MKS system. Besides the three base units of MKS system
four fundamental and two supplementary units are also included
in this system.

Based on SI there are three categories of physical quantities.

7 fundamental quantities

2 supplementary quantities

and derived quantities

SET OF FUNDAMENTAL QUANTITIES

A set of physical quantities which are completely independent of
each other and all other physical quantities can be expressed in
terms of these physical quantities is called Set of Fundamental
Quantities.

Fundamental Quantities and Their S.I. Units

There are seven fundamental quantities and two supplementary
quantities in S.I. system. The names and units with symbols are
given below:

SI Base Quantities and Their Units

S.No. Physical quantity Unit Symbol

1 Length Metre m

2 Mass Kilogram kg

3 Time Second s

4 | Temperature Kelvin kg

5 | Electric current Ampere A

6 | Luminous Intensity Candela cd

7 Amount of substance | Mole mol

Supplementary quantities

1. | Plane angle Radian Rad

2. | Solid angle Steradian st
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Physical Quantity

Definiti
(SI Unit) efinition

Length (m)

The distance traveled by light in

vacuum in second is

299,792,458
called 1 metre.

Mass (kg) The mass of a cylinder made of

platinum-iridium alloy kept at
International Bureau of Weights and

Measures is de-fined as 1 kilogram.

The second is the duration of
9,192,631,770 periods of the radiation
corresponding to the transition
between the two hyperfine levels of the
ground state of the cesium-133 atom.

Time (s)

Electric Current (1) If equal currents are maintained in
the two parallel infinitely long wires
of negligible cross-section, so that the
force between them is 2 x 107 newton
per metre of the wires, the current in

any of the wires is called 1 Ampere.

Thermodynamic

The fraction the

Temperature (K) 273.16
thermodynamic temperature of triple

point of water is called 1 Kelvin

Luminous Intensity (cd) |1 candela is the luminous intensity

of a blackbody of surface area
;mz placed atthe temperature
600,000

of freezing platinum and at a pressure
of 101,325 N/m2, in the direction
perpendicular to its surface

Amount of substance | The mole is the amount of a substance

(mole) that contains as many elementary
entities as there are number of atoms
in 0.012 kg of carbon-12.

There are two | Angle = arc / radius 0 =1/ r

supplementary units too:
1. Plane angle (radian)

2. Solid Angle (steradian) | €2 = Area/ (Radius)?

= KEY NOTE

+ Symbols for a unit named after a scientist should have a
capital letter. eg: N for newton, W for watt, A for ampere.

¢ Full names of the units,even when they are named after
a scientist should not be written with a capital letter. Eg:
newton, watt, ampere, metre.

¢ Units do not take plural form.
Eg: 10 kg but not 10 kgs, 20 W but not 20 Ws, 2A but not 2
As

+ No full stop or punctuation mark should be used within or at
the end of symbols for units.
Eg: 10 W but not 10 W.

Some Special Units for Length:

angstrom (A) =10, =10"% cm

nanometre (nm) =10 m =10 A

Fermi= 10" m

Micron = 10% m

X-ray unit= 10" m

1 A.U. = Distance between sun & earth
=1.496x10'1 m

Light year =9.46 x 10> m

Par sec = 3.26 light years = 30.84 x 1015 m

Bohr radius = 0.5 x 10719

Mile = 1.6 km

Some Special Units for Mass:
Quintal = 100 kg

Metric ton = 1000 kg

Atomic mass unit (a.m.u) = 1.67 x 102" kg

Chandra Sekhar Limit =1.4 times mass of the sun

Some Special Units for Time:

One day = 86400 second

Shake = 1078 second

One light year is distance travelled by light in one year in vacuum
or air. This unit is used in astronomy.

Astronomical unit is the mean distance of the earth from the sun.
This unit is used in astronomy.

Abbreviations for multiples and sub multiples:

MACRO Prefixes

Multiplier Symbol Name
10! da Deca
10? h Hecto
103 K Kilo
106 M Mega
10° G Giga
1012 T Tera
101 P Peta
1013 E Exa
102! Z Zetta
10% Y Yotta
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MICRO Prefixes

Multiplier Symbol Name

107! d deci
102 c centi
1073 m milli
1076 u micro
1079 n nano
1072 p pico
10715 f femto
10718 a atto
10721 z zpto
1072 y yocto

Some important conversions:

5. 4
1Kmph = —ms
T

1 newton = 10° dyne

1 joule = 107erg

1 calorie=4.18 J
leV=16x101°J

I gem™ = 1000 Kgm

1 lit= 1000 cm3 = 1073 3
1IKWH =36 x 10°]J

1 HP=746 W

1 degree = 0.017 rad

1cal g ' =4180 JKg!
1IKgwt=9.8 N

1 telsa = 10* gauss

1 Am™' = 4n x 1073 oersted

1 weber = 108 maxwell

= TRAIN YOUR BRAIN /=

Q. Convert 1 newton (SI unit of force) into dyne (CGS unit of
force)
Ans. The dimensional equation of force is
[F] = [M' ')
Therefore if n,, u, and n,, u, corresponds to SI & CGS unit
respectively, then

1 1 -2
M T
Ny, = Ny = Ny =1y [Vl} {%} {Fl} =1
2 2 2

-2
{k—g}[ﬁ}[q —1x1000x100x1=10°
g |Lem | s

= 10°Dyne=1N

Some physical constants and their values:
1 amu=1.67 x 10?7 Kg =931 MeV
1 atm =76 cm Hg = 1.013 x 10° Pa

Avagadro number (N) = 6.023 x 10?3
Permittivity of free space = 8.854 x 10712 Fm!
Permeability of free space (p,) = 4m x 107 Hm™!
Joule’s constant (J) = 4.186 J Cal™!

Planck’s constant (4) = 6.62 x 10734 Js
Rydberg constant (R) = 1.0974 x 107 m™!
Boltzmann’s constant (K) = 1.38 x 10723 JK~!
Stefan’s constant (c) = 5.67 x 108 Wm? K
Universal gas constant (R) = 8.314 J mol™! K!
=1.98 cal mol! K™!

Wien’s constant (b) =2.93 x 1073 mK

Measurement of Length

We are familiar with some direct methods for the measurement of
length. For example, a metre scale is used for lengths from 1073
m to

DIMENSIONS AND DIMENSIONAL FORMULA

All the physical quantities of interest can be derived from the base
quantities. “The power (exponent) of base quantity that enters into
the expression of a physical quantity, is called the dimension of
the quantity in that base. To make it clear, consider the physical
quantity force.

Force = mass X acceleration

length/time
8§ X ————
time
= mass X length x (time)
So the dimensions of force are 1 in mass, 1 in length and -2 in
time. Thus
[Force] = MLT?
Similarly energy has dimensional formula given by
[Energy | = ML>T
i.e. energy has dimensions, 1 in mass, 2 in length and -2 in time.
Such an expression for a physical quantity in terms of base
quantities is called dimensional formula.
Physical quantity can be further of four types :
1. Dimension less constant i.e. 1,2,3, 7 etc.

2. Dimension less variable i.e. angle O etc.
3. Dimensional constant i.e. G, & etc.
4. Dimensional variable i.e. F, v, etc.

DIMENSIONAL EQUATION

Whenever the dimension of a physical quantity is equated with its
dimensional formula, we get a dimensional equation.
Dimension

Dimensions of a physical quantity are the powers to which the
fundamental units are to be raised to obtain one unit of that quantity
Dimensional Formula

An expression showing the powers to which the fundamental units
are to be raised to obtain one unit of the derived quantity is called
Dimensional formula of that quantity.
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In general the dimensional formula of a quantity can be written as
[M*LYT#]. Here x,y,z are dimensions.

Dimensional Constants

The physical quantities which have dimensions and have a fixed
value are called dimensional constants.

Eg: Gravitational Constant (G), Planck’s Constant (%), Universal
gas constant (R), Velocity of light in vacuum (c) etc.,

Dimensionless Quantities

Dimensionless quantities are those which do not have dimensions
but have a fixed value.

(a) Dimensionless quantities without units.
Eg: Pure numbers,angle etc.,

(b) Dimensionless quantities with units.
Eg: Angular displacement-radian, Joule’s constant-joule/
calorie,etc.,

PRINCIPLE OF HOMOGENEITY

The magnitude of a physical quantity may be added or subtracted
from each other only if they have the same dimension, also the
dimension on both sides of an equation must be same. This is
called as principle of homogeneity.

Dimensional Variables

Dimensional variables are those physical quantities which have
dimensions and do not have fixed value.

Eg: velocity, acceleration, force, work, power... etc.

Dimensionless Variables

Dimensionless variables are those physical quantities which do not
have dimensions and do not have fixed value.,

Eg: Specific gravity, refractive index, Coefficient of friction,
Poisson’s Ratio etc.,

= TRAIN YOUR BRAIN /==
Q. The distance covered by a particle in time ¢ is given by x = a
+ bt + ¢t + df? ; find the dimensions of a, b, ¢ and d.

Ans. The equation contains five terms. All of them should
have the same dimensions. Since [x] = length, each of the
remaining four must have the dimension of length.

Thus, [a] =length =L

[b]=L, or [b]=LT"!
[c] =L, or  [c]=LT?2
and [df]=L or [d]=LT3

USES OF DIMENSIONAL ANALYSIS

(i) To check the dimensional correctness of a given physical
relation
It is based on principle of homogeneity, which states
that a given physical relation is dimensionally correct if
the dimensions of the various terms on either side of the
relation are the same.

= KEY NOTE

¢ Powers are dimensionless

* sin 0, eq, cos 0, log 6 gives dimensionless value and in above
expression 0 is dimensionless

¢ We can add or subtract quantity having same dimensions.

= TRAIN YOUR BRAIN ===

Q. The position of a particle at time ¢, is given by the equation,
v,
x(t) = EO (1 — e, where v, is a constant and o > 0. The
dimensions of v & o are respectively.
(@) ML' TO & T! by MIL' T &T
() MOLI T & T () M' L' T & LT2
Ans. (¢) [V ]1=[x][a]=M°L'T ' & [a] [{] = M°LT°

= [a] = MOLOT!

Q. Check the accuracy of the relation 7 =2n \/Z for a simple
g

pendulum using dimensional analysis.
Ans. The dimensions of LHS = the dimension of 7= [M°LT"]

1/2
dim.of length j

The dimensions of RHS =
dim.of acc”

(" 27 is a dimensionless const.)

L\
_ (LTZ J _ (Tz)vz —(T)=[M°1°T"]

(ii) To establish a relation between different physical
quantities

If we know the various factors on which a physical
quantity depends, then we can find a relation among
different factors by using principle of homogeneity.

To convert units of a physical quantity from one
system of units to another

It is based on the fact that,

Numerical value x unit = constant

So on changing unit, numerical value will also get
changed. If n, and n, are the numerical values of a given
physical quantity and u, and u, be the units respectively
in two different systems of units, then

nu, = Ny,

= TRAIN YOUR BRAIN /==

Q. Let us find an expression for the time period t of a simple
pendulum. The time period t may possibly depend upon (i)
mass m of the bob of the pendulum, (ii) length 1 of pendulum,
(iii) acceleration due to gravity g at the place where the
pendulum is suspended.

Ans. Let (i) £ oc m? (ii) ¢ oc £° (iii) ¢ oc g©
Combining all the three factors, we get
t oc m*g¢  or t oc Km®(bg*
Where K is a dimensionless constant of proportionality.
Writing down the dimensions on either side of equation, we
et
%TI = [MN[LP|[LT?]¢ = [MeLP* < 7]

(iii)

K X

Comparing dimensions we can get 1= g

UNiITs AND MEASUREMENTS
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Q. A calorie is a unit of heat or energy and it equals about 4.2 M, =1kg M,=akg

J, where 1 J = 1 kg m%/s%. Suppose we employ a system L,=1m L,=p metre
of units in which the unit of mass equals o kg, the unit of T,=1s T, = second
length ?quals B metref the unit o{ t1mf 125 ¥ second. Show that Dimensional formula of energy is [MZ2T-2]
a calorie has a magnitude 4.2 o' ~*y* in terms of the new 1 2 )
; M L4
units. Now, m=n|l—||—||=
M, || L] |T,

Ans. 1 cal =4.2 kg m?s2

1 2 )
SI New system _42 1 kg l_m l_s —40 a_IB_zyz
n, =42 n,=1? oakg||Bm||ys

The Following is the list of some Physical Quantities with their Formula and Dimensional Formula

. q q Dimensional .
Physical Quantity Explanation or Formulae Formulae S.I.Unit
Distance, Displacement, Wave Length,
1. Radius of gyration, Circumference, [M° L' T m
Perimeter, Light year, Par-sec.
2. Mass [M! L0 T0] kg
Period of i T . _ total time
3. crod of oscifiation,  Lime, Hme No.of oscillations [MO L0 TH s
constant
T = Capacity x Resistance
070 -1
4. Frequency Reciprocal of time period n =% MEL7T] Hertz (Hz)
Area A = length x breadth [M° L% T9] m?
Volume V = Length x breadth x height [M° L3 T m3
M
7. Density = 2% M L3 T kgm3
Volume
8. |Linear densit o Moss M L TO kgm!
. inear density Length [ ] gm
displacement
9. Speed, Velocity V= p— MO L' T ms !
time
Ch in Velocit
10. | Acceleration q=—2nge 1N Veocly [MOL' T2 ms2
time
11. | Linear Momentum P =mass x velocity M L' T kgms™!
12. Impulse J=TForce x time M L' T Ns
13. | Force F = Mass x acceleration M L' T2 N
W = Force x displacement
o KE = L a2
14. | Work,Energy,PE, KE, Strain Energy | >E= mgh; KE = EM 4 [M'L* T2 J(or) N.m
1
SE =5 % Stress x Strain x Volume
Work
15. | Power p=" [M' [2 T3] IS (or) watt
time
Force
. .| pressure =
16. Pressure , Stress, Modulus of Elasticity Area M L T2 Nm 2 (or) Pascal
(Y, n, k) y _ Stress
Strain
@ /1—0\ FuLL Course Stupy MATERIAL NEET-XI
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The Following is the list of some Physical Quantities with their Formula and Dimensional Formula

] q q Dimensional .
Physical Quantity Explanation or Formulae Formulae S.I.Unit
Change in dimension
17. Strain - g : - [MO L0 79] No units
Original dimensions
Work
18. | Strain energy density E=— [M' L' T2 Jm3
Volume
length of
19. | Angular displacement 0= erlg—?arc MO L0 1] rad
radius
20. | Angular Velocity W= angular d?splacement [M° L° T1] rads™!
time
h i 1 locit;
21. | Angular acceleration o= Changein al'lgu arveosy [M° L0 T2 rads2
time
22. | Angular momentum L = Linear momentum X arm M L2 T Js
ener
23. | Planck’s constant h=—EY [M' L2 TN Js
frequency
24, Angular impulse Torque x time M L? T] Js
25. Torque T = force x L distance M L T2 Nm
Acceleration due to gravity(g)=| _ weight ) 5 5
26. gravitational field strength "~ mass (M0 L T7] ms ™~ or Nkg
. o F.d? s i
27. Universal gravitational Constant G= (ML T2 Nm- kg
MM,
28. | Moment of inertia 1= MK? M L2 T°) kgm?
. . dv 0 i .
29. | Velocity gradient . [M° L° T] S
X
Surface Tension, Surface energy,| S = m}llrface .energy = lforceh
. changeinarea lengt
30, | Spring Constant [M' L0 T2 Nm! or Jm 2
_ force
Force Constant clongation
t. tial st
31. | Coefficient of Viscosity - BT TR M L T Pas (or) Ns m~2
Velocity gradient
32. Gravitational Potential Gravitational field x distance [M° L2 T2 JKg!
33. | Heat energy ms0 M L? T2] Joule
34. Temperature 0 [MOLOT0. 0] Kelvin (K)
; dQ 17272 o1 -1
35. Thermal Capacity 70 = Mass x Sp. ht [M'L* T~ 67'] JK
heat ener
36. | Specific heat Capacity S(or)C = —=TEEY. [M°L2 T2 671 JKg'K!
massxtemp.
heat
37. | Latent heat (or) Calorific value [ =22 CEy [M° L? T2] JKg!
mass
D N
UNITS AND MEASUREMENTS @ @



The Following is the list of some Physical Quantities with their Formula and Dimensional Formula

. q q Dimensional .
Physical Quantity Explanation or Formulae Formulae S.I.Unit
38. | Water Equivalent W=MC [M' L T°] kg
39. Coefficient of Thermal expansion o or B or y ask Rl k!
. PV
40. Universal gas constant R=— [M'L2T26 " mol'!] |Jmol!'K!
nT
R
41. Gas constant ( for 1 gram) r= M L2 T2?20 " mol™'] |Jkg!' K!
Mol.wt
R
42. Boltzman constant (for 1 Molecule) = M L2 T2 67 JK-! molecule™!
AvagadroNo.
. . w 0 .
43. Mechanical equivalent of heat J= 7 [MO L0 1] no S.I. units
.d IS
44. Coeff of Thermal Conductivity K= AQA 07 M L' T3 671 i;]m_ran_lK (or)
dQ  heatener
45. | Entropy 40 _ heatenergy [M! 12 T2 61 K-
T  temperature
AE Jst m? K* (or)
’ = 170 723 4
46. Stefan’s Constant c AT O [M LY T~ 677 W2 K-
R d0  temp X time
" (dQ)  Heat
47. Thermal resistance (d?) - [M'L2 T 0] KsJ!
or R=_4
K.A
4 T . dient Change in temp d6 01] Ko
. emperature gradien —_———=— - m-
perature & length dl
Change in pressure  d
49. Pressure gradient g P =L [M' L2 T2 Pascal m™!
length dl
Ener AE
50. Solar constant —gy = — [M'LO T3] Js'M2 (or) Wm™
area X time AT
51. |Enthalpy Heat. (AQ) [M' L2 T2 Joule
M =1L (or)
52. Pole strength Magnetic Momement [MOL TOA] Am
Mag.Length
53. Magnetic Moment M =2l x m = pole strength x length of MO L2 70 A] Am?
magnet
54. Magnetic intensity (or) Magnetising field = p W;z [MO LT TOA] Am™!
o
5S. Intensity of Magnetisation 1 =M = Magnetic Moment [MOLTTOA] Am™!
14 Volume

&
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The Following is the list of some Physical Quantities with their Formula and Dimensional Formula

. q q Dimensional .
Physical Quantity Explanation or Formulae Formulae S.I.Unit
56. Magnetic flux ¢=BxA = (Magnetic induction x [M! 12 T2 A Wb
area)
- M tic fl F -2
57. Magnetic induction field strength p=2 - Vasncic fux _ & M LY T2 AT Tesla (?lr ) Y}/bm
A area il (or) Na™'m
4n.Fd’
58. Magnetic permeability of free space Yo = T ML T2A2] Hm'!
ml .mz
. . I 07070 i
59. Magnetic susceptibility Y= T [M° L°TY] No units
60. Electric current 1 [MOLOTOA ] A
61. Charge QO = Current x time MOLOT A] C
62. Electric dipole moment P = Charge x distance [MOLOT .A] Cm
Electric field strength (or) Electric field _ _force L1 3 Aol .
63. Intensity Charge [M'LT=A™] NC
64. Electrical flux (¢,) Electrical Intensity x area MI'L3T3 A Nm2C!
Work
65. Electric potential (or) Potential difference | ¥ = M'L2T3 A V
Charge
66. Electrical resistance R= POt'—dlff M!' L2 T3 A2 Q
Current
1 1 i
67. Electrical conductance C= 2 =m [M'L2T3A?] ?;)ho (or) siemen
. . o R.A
68. Specific resistances (or) Resistivity p (or) = e M'L3T3 A2 Ohm m
. 1
Electrical conductivity Resi_stiVity ) [ML3 T3 A% Ohm™ m™ (or)
69. Current density (Current per unit area of |/ = Electrical Intensity siemen m~! 70
cross section) Current MO L2 TOA] Am™?
x Conductivity or [ ]
area
Ch:
70. Capacitance C= Q = Lgé [M'L2T*A?] F
V' Potential
I dE _ Voltage x time
71. | Self (or) Mutual Inductance dl Current [M'L?T2A7] H (or) Wb/amp
dt
72. Electrical permittivity of free space €y = (]1_(122 [M'L3T*A?] farad/m
4nFd
Ch:
73. Surface charge density ~atee [MOL2T! Al Cm™
area
Light
74. | Luminous flux ~Tenctey [M! L2 T3] Lumen
time
D o
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The Following is the list of some Physical Quantities with their Formula and Dimensional Formula

. q q Dimensional .
Physical Quantity Explanation or Formulae Formulae S.I.Unit
AE Luminious flux Lumen m>2 (or)
75. Intensity of illuminati Ilumi 1= = M! Lo T3
ntensity of illumination (or) Iluminance ALAA ( area j [ ] Lux.
76. Focal Power 1 MO L1 T9] Dioptre
~ focal length

717. Wave number (Propagation constant) 1 [MO L1 T9] m!

V==

A

Physical Quantities Having Same Dimensional Formulas:

Distance, Displacement, radius, light year wavelength, radius of
gyration [L]

Speed, Velocity, Velocity of light [LT!]

Acceleration, acceleration due to gravity, intensity of gravitational
field, centripetal acceleration [LT2]

Impulse, Change in momentum [MLT!]

Force, Weight, Tension, Thrust [MLT?]

Work, Energy, Moment of force or Torque, Moment of couple
[ML*T]

Force constant, Surface Tension, Spring constant, Energy per unit
area [MT]

Angular momentum, Angular impulse, Planck’s constant [ML>T']

Angular velocity, Frequency, Velocity gradient, Decay constant,
rate of disintegration [T']

Stress, Pressure, Modulus

[ML'T2]
Latent heat, Gravitational potential [L>72]

of Elasticity, Energy density

Specific heat, Specific gas constant [L27107']
Thermal capacity, Entropy, Boltzmann constant, Molar thermal
capacity, [ML>T207']
Wave number, Power of a lens, Rydberg constant [L ]

L
Time, RC,ENLC (T)
Power, Rate of dissipation of energy, [ML>T3]
Intensity of sound, Intensity of radiation [MT]
Expansion coefficient, Temperature coefficient of resistance [K]
Electric potential, potential difference, electromotive force [ML>T~
3 [—1]
Intensity of magnetic field, Intensity of magnetization [/L']
Frequency, angular frequency, angular velocity, Disintegration
constant and velocity gradient have same dimensional formula
[M°LOT 1]
Relative velocity and velocity have same dimensional formula
[M°LT
Work, energy, heat, torque have same dimensional formula [ML>T]

Pressure, stress, coefficient of elasticity, energy density have same
dimensional formula [ML'T2]

Momentum and impulse have same dimensional formula [MLT']

Angular momentum and Plank’s constant have same dimensional
formula [MLT347']

Electric field and potential gradient have same dimensional
formula [MLT347"]

Surface tension, surface energy, force gradient and spring constant
have same dimensional formula [MLT?]

Acceleration and gravitational field intensity have same dimentions
[M°LT?
Force, weight and Energy gradient have same dimentions [MLT?]

Rydberg’s constant and propagation constant have the same
dimentional formula [M°T179]

Light year, wave length and radius of gyration have same
dimentional formula [M°LT0]

Strain, Poisson’s ratio, refractive index, dielectric constant,
coefficient of friction, relative permeability, Magnetic susceptibility,
Electric susceptibility, angle, solid angle, Trigonometric ratios,
exponential constant are all dimensionless.

If L,C and R stands for inductance, capacitance and resistance
respectively then £,\/ LC,RC and time have same dimentional
R

formula [M°LOT]

Coefficient of linear expansion, coefficient of superficial expansion
and coefficient of cubic expansion have same dimesion [ LT
K

Solar constant and poynting vector have the same dimenstions
[MLT-3]

= TRAIN YOUR BRAIN ==

Q. If P is the pressure of a gas and p is its density, then find the
dimension of velocity
(a) P"2p~ 12
(C) Fl/2p1/2
Ans. (a)Method -1
[P]=[ML'T?]
[p]=[ML™]
Dividing eq. (1) by (2)
[(Pp 1= [T

(b) P1/2p1/2
(d) Fl/2p—l/2

(1)
)
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= [LT—I] = [P1/2p-1/2]
Method - II

voc Pépb

v=FkP? p®

[LT'] = [ML'T-2)* [ML>]

= [V] — [P1/2p—1/2]

1 1
a=2.b=—— =[N=[P"%p"?

2

LIMITATIONS OF DIMENSIONAL ANALYSIS
METHOD:

Dimensionless quantities cannot be determined by this method.
Constant of proportionality cannot be determined by this method.
They can be found either by experiment (or) by theory.

This method is not applicable to trigonometric, logarthmic and
exponential functions.

In the case of physical quantities which are dependent upon more
than three physical quantities, this method will be difficult.

In some cases, the constant of proportionality also possesses
dimensions. In such cases we cannot use this system.

If one side of equation contains addition or subtraction of physical
quantities, we cannot use this method.

MEASUREMENT OF LARGE DISTANCES

Larger distances such as the distance of a planet or a star from
the earth cannot be measured directly with a metre scale. An
important method in such cases is the parallax method.

When an object located against a specific point on a wall is viewed
with only one eye, say first with left eye and next with right eye,
then the position of the object seems to change with respect to the
point on the wall. This is called Parallax. The distance between the
two points of observation is called the Basis.

The distance D of a far away planet ‘P’ is measured by observing
it from two different places on earth say 4 and B separated by
distance AB = b as shown in the figure.

p
A

=)
w)

A b B

The angle 6 between the two directions along which the planet
is viewed at the two points is measured, which is called parallax
angle or parallactic angle. Since 0 is small, 4B can be considered
as an arc of length of a circle with center at P and the distance D

as radius b

Once the distance ‘D’ of a planet is determined, the diameter ‘d’
and angular size of planet can be estimated by same method. Two
diametrically opposite points M & N of planet are viewed through

(12)

telescope from a point 4 on earth. The angle o between the two
directions viewed is measured. Then by considering MN as arc of
length of a circle with centre at 4 and the distance D as radius, we
can write

d
d=D _a
o (or)a 5

Estimation of Size of Molecule

Very small sizes like size of molecule can be measured by special
microscope called Tunnelling microscope. The size of molecules
can be estimated by a simple method explained as below.

To determine molecular size of oleic acid, diluted solution of oleic
acid in alcohol of concentration ‘C’ is prepared. Lycopodium
powder is spread on the surface of water taken in a trough. ‘n’
drops of prepared solution each of volume V" are put in the water.
The drops spread into a thin, large and roughly circular film of
molecular thickness on water surface. The diameter of thin film is
measured which gives the areas ‘4’ of the film. The thickness ‘7’
of the film is nothing but molecular size as it is mono-molecular
layer.

.. Size of molecule = thickness of film

_ volume of the film

area of the film

. nVC
le.,t=

We use certain special length units for short and large lengths.
These are

18) 1113 Definition and Conversion

1 fermi 1f=10"m

1 angstrom 1A=10"m

1 astronomical unit | 1 AU = (average distance of the sum from
the earth)

=1.496 x 10" m
11y=9.46x 10" m
(Distance that light travels with velocity of

1 light year

3 x 10®m/s)in 1 year
3.08 x 10°m
Parsec is the distance at which average

1 par sec

radius of earth’s orbit subtends an angle of

1 arc second

Measurement of Mass

Mass is a basic property of matter. It does not depend on the
temperature, pressure or location of the object in space. The SI
unit of mass is kilogram (kg).

While dealing with atoms and molecules,the kilogram is an
inconvenient unit. In this case, there is an important standard unit
of mass, called the unified atomic mass unit (1), which has been
established for expression the mass of atoms as “unified atomic
mass unit is (1/12) of the mass of an atom of carbon-12 isotope”

(162 C) Including the mass of electrons
lu=1.6x 107 kg

UNiITs AND MEASUREMENTS
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= KEY NOTE

Mass of commonly available objects can be determined
by common balance. Large masses are determined by
gravitational methods, while small masses are measured by
mass spectroscopes, which work on the principle of motion
of charged particles in electric and magnetic fields

MEASUREMENT OF TIME

To measure any time interval we need a clock. We now use an
atomic standard of time, which is based on the periodic vibrations
produced in a caesium atom. This is the basis of the caesium
clock, sometimes called atomic clock. The caesium atomic clocks
are very accurate. In Principle they provide portable standard.
The national standard of time interval ‘second’ as well as the
frequency is maintained through four caesium atomic clocks. A
caesium atomic clock is used at the national physical Laboratory
NPL),New Delhi to maintain the Indian standard of time.

Accuracy and Precision

The numerical values obtained on measuring physical quantities
depend upon the measuring instruments, methods of measurement.
A unit of measurement of a physical quantity is the standard
reference of the same physical quantity which is used for
comparison of the given physical quantity.

Accuracy refers to how closely a measured value agrees with the
true values.

Precision refers to what limit or resolution the given physical
quantity can be measured

Accuracy refers to the closeness of observed values to its true
value of the quantity while precision refes to closeness between
the different observed values of the same quantity. High precision
does not mean high accuracy. The difference between accuracy and
precision can be understand by the following example: Suppose
three students are asked to find the length of a rod whose length
is known to be 2.250cm .The observations are given in the table.

Stu-  Measure- Measure- Measure- Average
dent ment-1 ment-2 ment-3 length
A 2.25cm 2.27cm 2.26cm 2.26cm
B 2.252cm 2.250cm | 2.251cm 2.251cm
C 2.250cm 2.250cm | 2.251lcm 2.250cm

It is clear from the above table , that the observation taken by a
student A are neither precise nor accurate. The observations of
student B are more precise . The observations of student C are
precise as will as accurate

Types of Errors

Uncertainity in measurement of a physical quantity is called the
error in measurement.

The difference between the measured value and true value as per
standard method without mistakes is called the error.

Error = True value - Measured value Correction = — error
True value means, standard value free of mistakes.

Errors are broadly classified into 3 types:

(i) Systematic errors
(if) Random errors
(iif) Gross errors
Systematic Errors

The errors due to a definite cause and which follow a particular rule
are called systematic errors. They always occur in one direction.
Following are some systematic errors

Constant Error

Systematic errors with a constant magnitude are called constant
eITOIS.

The constant arised due to imperfect design, zero error in the
instrument or any other such defects. These are also called
instrumental errors.

Zero Error:
The error due to improper designing and construction.

Ex: If a screw gauge has a zero error of -4 head scale divisions,
then every reading will be 0.004cm less than the true value.

Environmental Error:

The error arised due to external conditions like changes in
environment, changes in temperature, pressure, humidity etc.

Ex: Due to rise in temperature, a scale gets expanded and this
results in error in measuring length.

Imperfection in Experimental Technique or Procedure:
The error due to experimental arrangement, procedure followed
and experimental technique is called Imperfection error.

Ex: In calorimetric experiments, the loss of heat due to radiation,
the effect on weighing due to buoyancy of air cannot be avoided.

Personal Errors or Observational Errors:

These errors are entirely due to personal pecularities like individual
bias, lack of proper settings of the aparatus, carelessness in taking
observations.

Probable error o .
no. of readings
Ex: Parallax error

Random Errors

They are due to uncontrolled disturbances which influence the
physical quantity and the instrument. These errors are estimated
by statistical methods
1
no. of observations
Ex: The errors due to line voltage changes and backlash error.

Random error oc

Backlash errors are due to screw and nut.

Gross Errors

The cause for gross errors are improper recording, neglecting
the sources of the error, reading the instrument incorrectly, sheer
carelessness

FurLL Course Stupy MATERIAL NEET-XI
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Ex: In a tangent galvanometer experiment, the coil is to be placed
exactly in the magnetic meridian and care should be taken to see
that no other magnetic material are present in the vicinity.

No correction can be applied to these gross errors.

When the errors are minimized, the accuracy increases.

The systematic errors can be estimated and observations can be
corrected.

Random errors are compensating type. A physical quantity is
measured number of times and these values lie on either side of
mean value-with random errors. These errors are estimated by
statistical methods and accuracy is achieved.

& KEY NOTE

¢ Personal errors like parallax error can be avoided by taking
proper care.

¢ The instrumental errors are avoided by calibrating the
instrument with a standard value and by applying proper
corrections.

True value and Errors

True Value

In the measurement of a physical quantity the arithmetic mean of
all readings which is found to be very close to the most accurate
reading is to be taken as True value of the quantities. If a,, a,, a,

1 n
............ a, are readings then true value %mean = ;z a;
i=1

Absolute Errors

The magnitude of the difference between the true value of
the measured physical quantity and the value of individual
measurement is called absolute error.

|True value - measured values|

Aa; = |a a)

mean i

The absolute error is always positive.

Mean Absolute Error

The arithmetic mean of all the absolute errors is considered as
the mean absolute error or final absolute error of the value of the
physical concerned.

Ad =|Aa1|+|Aa2|+———|Aan|=l

o0
mean Z |Aai |
i=1

n ni

The mean absolute error is always positive.

Relative Error

The relative error of a measured physical quantity is the ratio of the
mean absolute error to the mean value of the quantity measured.

. Aa
Relative error = —1can

amean

It is a pure number having no units.

Percentage Error

Sa:{MXIOO}%

amean

& KEY NOTE

Relative error and percentage error give a measure of accuracy
i.e., percentage error increases accuracy decreases

Combination of Errors
e Error due to addition
IfZ=A4+B
AZ = A4 + AB (Max. Possible error)
Z +AZ=(4*AA)+ (B +AB)

AA+AB
A+ B
+AB

x100
A+B

e Error due to subtraction
IfZ=A4-B
AZ = AA + AB (Max. Possible error)
ZExAZ=(A+tAA)— (B AB)

Relative error =

Percentage error =

. AA+ AB
Relative error = ——
A-B
Percentage error = +AB x100

o Whether it is addition or subtraction, absolute error is same.

More admissible error AU =+ (Ax)2 +(Ay)2
« In subtraction the percentage error increases.
e Error due to Multiplication
AZ AA AB

IfZ=A4ABthen —="41"
Z A B

AZ . . .
7 is called fractional error or relative error.

AZ
Percentage error = - x100

= [EXIOOJ +(§x100j
A B
o Here Percentage error is the sum of individual percentage
errors.
e Error due to Division:
Z=—=
B
Maximum possible relative error
AZ_Ad AB
Z A4 B

Max. Percentage error in division AZ = M + AB
V4 A B

UNiITs AND MEASUREMENTS
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e Error due to Power

IfZ=4"
AZ AA
22 p=22
Z A
 In more general form
AP B4 . . . .
If 7= then maximum fractional error in Z is
Cr
AZ AA AC

—=p—tqg—+r—
zZ pA qB C

As we check for maximum error a + ve sign is to be taken for
the t A
eterm r——
C

Maximum Percentage error in

Z :£><100 = pﬁx100+q§x100+r£x100
VA4 A B C

TRAIN YOUR BRAIN

Q. In an experiment, two capacities measured are (1.3 = 0.1)
WLF and (2.4 £ 0.2) pF. Calculate the total capacity if the two
capacitors are connected in parallel with percentage error

Ans. Here, C, =(1.3£0.1) uF and C, = (2.4 £ 0.2) pF.

In parallel, Cp =C +C, =13 + 24 = 37 uF
ACP =x (AC, + AC,)) = £ (0.1 + 0.2) = £ 0.3 % error

=+ E><IOO:J_r8.1%
3.7

Hence, Cp =3B.7£03)uF=3.7nF £8.1%

Significant Figures:

A significant figure is defined as the figure, which is considered
reasonably, trust worthy in number.

Eg: m=3.141592654
(upto 10 digits)

= 3.14 (with 3 figures )
=3.1416 (upto 5 digits )

& KEY NOTE

The significant figures indicate the extent to which the readings
are reliable.

Rules for Determining the Number of Significant
Figures:

All the non-zero digits in a given number are significant without
any regard to the location of the decimal point if any.

Ex: 194,52 has five significant digits.

1945.2 or 194.52 all have the same number of significant digits,that
is 5.

All zeros accruing between two non zero digits are significant
without any regard to the location of decimal point if any.

Ex: 107008 has six significant digits.

107.008 or 1.07008 has also got six significant digits.

If the number is less than one, all the zeros to the right of the
decimal point but to the first non-zero digit are not significant.

Ex: 0.000408

In this example all zeros before 3 are non-significant.

(7) All zeros to the right of a decimal point are significant if they
are not followed by a non-zero digit.
Ex: 40.00 has 4 significant digits
(#7) All zeros to the right of the last non-zero digit after the
decimal point are significant.
Ex: 0.05700 has 4 significant digits
All zeros to the right of the last non-zero digit in a number having
no decimal point are not significant.

Ex: 4030 has 3 significant digits

Rounding off Numbers

The process of omitting the non significant digits and retaining only
the desired number of significant digits, incorporating the required
modifications to the last significant digit is called rounding off the
number.

Rules for Rounding off Numbers:

The preceding digit is raised by 1 if the immediate insignificant
digit to the dropped is more than 5.

Ex: 4727 is rounded off to three significant figures as 4730.

The preceding digit is to be left unchanged if the immediate
insignificant digit to be dropped is less than 5.

Ex: 4722 is rounded off to three significant figures as 4720

If the immediate insignificant digit to be dropped is 5 then there
will be two different cases

(a) If the preceding digit is even, it is to be unchanged and 5 is
dropped.
Ex: 4.7252 is to be rounded off to two decimal places. The digit
to be dropped here is 5 (along with 3) and the preceding digit 2
is even and hence to be retained as two only
4.7252=4.72

(b) If the preceding digit is odd, it is to be raised by 1
Ex: 4.7153 is to be rounded off to two decimal places. As the
preceding digit 1 is odd, it is to be raised by 1 as 2.
47153 =4.72

Rules for Arithmetic Operations with Significant
Figures:

In multiplication or division, the final result should retain only that
many significant figures as are there in the original number with
the least number of significant figures.

Ex: But the result should be limited to the least number of
significant digits-that is two digits only. So final answer is 9.9.

In addition or subtraction the final result should retain only that

many decimal places as are there in the number with the least
decimal places.

Ex: 2.2 +4.08 +3.12 + 6.38 = 15.78. Finally we should have only
one decimal place and hence 15.78 is to be rounded off as 15.8.

TRAIN YOUR BRAIN

Q. Two bodies of masses (15.6 £ 0.2) gram and (23.9 = 0.3)
gram are put in a bag of negligible mass. What is the total
mass of bag?
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Ans. Sum of the masses = 15.6 + 23.9

=395¢g
Max. Error in sum of masses =+ (0.2 + 0.3)
=+05g
". Total mass = (39.5 £ 0.5) gram
VERNIER CALIPERS

It is a device used for accurate measurement. There are two scales
in the vernier calipers, vernier scale and main scale. The main scale
is fixed whereas the vernier scale is movable along the main scale.
Its main parts are as follows:

(i) Main scale: It consists of a steel metallic strip M,
graduated in cm and mm at one edge and in inches and
tenth of an inch at the other edge on same side. It carries
fixed jaws A and C projected at right angle to the scale as
shown in figure.

C ( D % S Main Scale
0 1 [ ! 10 [E
G|-|-|-|+ |||||||IITIIII|||IITIIII|||IITIIII|IIIITIIII|||II?IIII|IIII|M:|
oP
A B
(@) Vernier Scale: A vernier V slides on the strip M. It can be

fixed in any position by screw S. It is graduated on both
sides. The side of the vernier scale which slides over the mm
side has ten divisions over a length of 9 mm, i.e., over 9 main
scale divisions and the side of the vernier scale which slides
over the inches side has 10 divisions over a length of 0.9
inch, i.e., over 9 main scale divisions.

Movable Jaws: The vernier scale carries jaws B and D
projecting at right angle to the main scale. These are called
movable jaws. When vernier scale is pushed towards A and
C, then as B touches A, straight side of D will touch straight
side of C. In this position, in case of an instrument free from
errors, zeros of vernier scale will coincide with zeros of
main scales, on both the cm and inch scales.

(The object whose length or external diameter is to be
measured is held between the jaws A and B, while the
straight edges of C and D are used for measuring the internal
diameter of a hollow object).

Metallic Strip: There is a thin metallic strip E attached to
the back side of M and connected with vernier scale. When
the jaws A and B touch each other, the edge of strip E
touches the edge of M. When the jaws A and B are separated,
E moves outwards. The strip E is used for measuring the
depth of a vessel.

(iii)

(iv)

Determination of Least Count (Vernier Constant)

Note the value of the main scale division and count the number n
of vernier scale divisions. Slide the movable jaw till the zero of
vernier scale coincides with any of the mark of the main scale and
find the number of divisions (n — 1) on the main scale coinciding
with n divisions of vernier scale. Then

nV.S.D.=(n-1)M.S.D. or1 VS.D.= M.S.D. (n lj
n

-1 1
or V.C.=1MS.D.-1VSD.= (1 _n_] MSD =—-MSD
n n

Determination of Zero error and Zero Correction

For this purpose, movable jaw B is brought in contact with fixed
jaw A.
One of the following situations will arise.
(i) Zero of Vernier scale coincides with zero of main scale (see
figure)

0 05 M 1

VlO

In this case, zero error and zero correction, both are nil.
Actual length = observed (measured) length.

(if) Zero of vernier scale lies on the right of zero of main scale

(see figure)
0 0 1

Here 5" vernier scale division is coinciding with any main
sale division.
Hence, N=0,n=5,L.C.=0.01 cm.
Zeroerror N=n x (L.C.)=0+5x0.01 =+ 0.05 cm
Zero correction = — 0.05 cm.
Actual length will be 0.05 cm less than the observed
(measured) length.

(iii) zero of the vernier scale lies left Oof the main scale.

0 O.r M 1
i
Here, 5™ vernier scale division is coinciding with any main
scale division.
In this case, zero of vernier scale lies on the right of —0.1 cm
reading on main scale.
Hence, N=-0.1cm,n=5, L.C.=0.01 cm
Zero error=N+n x (L.C.))=—-0.1 +5 x 0.01 =-0.05 cm.
Zero correction = +0.05 cm.
Actual length will be 0.05 cm more than the observed
(measured) length.
Experiment

Aim: To measure the diameter of a small spherical/cylindrical
body, using a vernier caliper.
Apparatus: Vernier caliper, a spherical (pendulum bob) or a

cylinder.

Main Scale

UNiITs AND MEASUREMENTS
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Theory: If with the body between the jaws, the zero of vernier
scale lies ahead of Nth division of main scale, then main scale
reading (M.S.R.) =N.

If n™ division of vernier scale coincides with any division of main
scale, then vernier scale reading (V.S.R.)

=n x (L.C.) (L.C. is least count of vernier caliper)

=n x (V.C.) (V.C. is vernier constant of vernier caliper)
Total reading, TR. = M.S.R. + VS.R.=N +n x (V.C.)

Precautions (to be taken)

1. Motion of vernier scale on main scale should be made
smooth (by oiling if necessary).

2. Vernier constant and zero error should be carefully found
and properly recorded.

3. The body should be gripped between the jaws firmly but
gently (without undue pressure on it from the jaws).

4. Observations should be taken at right angles at one place and
taken at least at three different places.

Sources of Error

1. The vernier scale may be loose on main scale.

The jaws may not be at right angles to the main scale.
The graduations on scale may not be correct and clear.
Parallax may be there in taking observations.

TRAIN YOUR BRAIN

Q. The least count of vernier caliper is 0.1 mm. The main scale
reading before the zero of the vernier scale is 10 and the
zeroth division of the vernier scale coincides with the main
scale division. Given that each main scale division is 1 mm,
what is the measured value?

Ans. Length measured with vernier caliper

D

=reading before the zero of vernier scale + number of vernier
divisions coinciding
with any main scale division x least count

=10mm+ 0 X 0.1 mm=10mm=1.00 cm

SCREW GAUGE

This instrument (shown in figure) works on the principle of
micrometer screw. It consists of a U-shaped frame M. At one end
of it is fixed a small metal piece A of gun metal. It is called stud
and it has a plane face. The other end N of M carries a cylindrical
hub H. The hub extends few millimetre beyond the end of the
frame. On the tubular hub along its axis, a line is drawn known as
reference line. On the reference line graduations are in millimetre
and half millimeter depending upon the pitch of the screw. This
scale is called linear scale or pitch scale. A nut is threaded through
the hub and the frame N. Through the nut moves a screw S made
of gun metal. The front face B of the screw, facing the plane face
A, is also plane. A hollow cylindrical cap K, is capable of rotating
over the hub when screw is rotated. It is attached to the right hand
end of the screw. As the cap is rotated the screw either moves in or
out. The bevelled surface E of the cap K is divided into 50 or 100
equal parts. It is called the circular scale or head scale. Right hand
end R of K is milled for proper grip.

Ratchet R

In most of the instrument the milled head R is not fixed to the
screw head but turns it by a spring and ratchet arrangement such
that when the body is just held between faces A and B, the spring
yields and milled head R turns without moving in the screw.

In an accurately adjusted instrument when the faces A and B are
just touching each other, the zero marks of circular scale and pitch
scale exactly coincide.

Determination of Least Count of Screw Gauge

Note the value of linear (pitch) scale division. Rotate screw to bring
zero mark on circular (head) scale on reference line. Note linear
scale reading i.e. number of divisions of linear scale uncovered
by the cap.

Now give the screw a few known number of rotations. (one
rotation completed when zero of circular scale again arrives on the
reference line). Again note the linear scale reading. Find difference
of two readings on linear scale to find distance moved by the screw.

Then, pitch of the screw

_ Distance moved by in n rotation
No. of full rotation (n)

Now count the total number of divisions on circular (head)
scale.

Then, least count
Pitch

Total number of divisions on the circular scale

The least count is generally 0.001 cm.

Determination of Zero Error and Zero Correction

For this purpose, the screw is rotated forward till plane face B of
the screw just touches the fixed plane face A of the stud and edge
of cap comes on zero mark of linear scale. Screw gauge is held
keeping the linear scale vertical with its zero downwards.
One of the following three situations will arise.
(/) Zero mark of circular scale comes on the reference line
(see figure)
In this case, zero error and zero correction, both are nil
Actual thickness = Observed (measured) thickness.

Circular
Scal
0 ‘LZS/ cale
Reference
< line

N
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(i)

(iii)

Zero mark of circular scale remains on right of reference
line and does not cross it (see figure).

Here 2" division on circular scale comes on reference line.
Zero reading is already 0.02 mm. It makes zero error + 0.02
mm and zero correction — 0.02 mm.

Actual thickness will be 0.02 mm less than the observed
(measured) thickness.

Circular
5 \LZ/ Scale
Reference
< line

N

Zero mark of circular scale goes to left on reference line
after crossing it (see figure). Here zero of circular scale
has advanced from reference line by 3 divisions on circular
scale. A backward rotation by 0.03 mm will make reading
zero. It makes zero error — 0.03 mm & zero correction + 0.03
mm.

Circular
Scale

Reference
line

Actual thickness will be 0.03 mm more than the observed
(measured) thickness.

Experiment

Aim: To measure diameter of a given wire using a screw gauge
and find its volume.
Apparatus: Screw gauge, wire, half metre rod (scale).

Theory:

(1) Determine of least count of screw gauge
(2) Ifwith the wire between plane faces A and B, the edge of the

cap lies ahead of Nth division of linear scale.

Then, linear scale reading (L.S.R.) =N

If nth division of circular scale lies over reference line.
Then, circular scale reading (C.S.R.) =n x (L.C.)

(L.C. is least count of screw gauge)

Total reading (T.R.)=L.S.R. + C.SR.=N+n x (L.C.)

(3) If D be the mean diameter and 1 be the mean length of the

UNiITs AND MEASUREMENTS

2
wire. Then volume of the wire, V = n(%) /

Calculation

Mean diameter of the wire,

Do D,(a)+D,(b)+....+D,(a)+ D, (b)

=...Ccm

Mean length of the wire,

L+ L+l
s

[ ...cm

Volume of the wire

Result The volume of the given wire is = ...

2
V= n[Bj I=..cm’
2

cm?

Precaution (to be taken)

1.

While taking an observation, the screw must always be
turned only in one direction so as to avoid the backlash error.
At each place, take readings in pairs i.e. in two directions at
right angles to each other.

The wire must be straight and free from kinks.

Always rotate the screw by the ratchet and stop as soon as it
gives one tick sound only.

While taking a reading, rotate the screw in only one direction
so as to avoid the backlash error.

Sources of Error

(i) The screw may have friction.

(if) The screw gauge may have back-lash error.
(iif) Circular scale divisions may not be of equal size.
(vi) The wire may not be uniform.

Q.

Ans. (b) In vernier caliper main scale 10 cm.

TRAIN YOUR BRAIN

A vernier caliper has its main scale of 10 cm equally divided
into 200 equal parts.
coincides with 12 mm on the main scale. The least count of
the instrument is—

() 0.020 cm
(c) 0.010 cm

Its vernier scale of 25 divisions

(b) 0.002 cm
(d) 0.001 cm

10 cm divided in 200 divisions. 1 div. = 21—000

=0.05 cm.

D
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25V =24S.

V=S
S—V:S—£S=LS

25 25
- 1S=0.05 cm

or vernier constant = % =0.002 cm

Least count = 0.002 cm
Q. One centimetre on the main scale of vernier caliper is divided
into ten equal parts. If 10 divisions of vernier scale coincide
with 8 small divisions of the main scale, the least count of the
caliper is —
(a) 0.005 cm
(b) 0.05 cm
(¢) 0.02 cm
(d) 0.01 cm
Ans. (¢) 1 main scale div=0.1 cm
10V =28S
V= i s
10
S-V= S—ES :is. =lS
10 10 5
But 1S=0.1 cm
= 01 =0.02 cm
5

Least count = 0.02 cm

Q. In four complete revolutions of the cap, the distance traveled
on the pitch scale is 2mm. If there are fifty divisions on the
circular scale, then

(a) Calculate the pitch of the screw gauge

(b) Calculate the least count of the screw gauge
Ans. Pitch = 0.5 mm, L.C. =0.001 cm

Pitch of screw = Linear distance traveled in one

Revolution

Pzszm:O.S mm = 0.05 cm

Least count

_ Pitch
no. of divisions in circular scale
= % =0.001 cm
50

Q. The pitch of a screw gauge 0.5 mm and there are 50 divisions
on the circular scale. In measuring the thickness of a metal
plate, there are five divisions on the pitch scale (or main
scale) and thirty fourth division coincides with the reference
line. Calculate the thickness of the metal plate.

Ans. Thickness of sheet = 2.84 mm.

Pitch of screw = 0.5 mm.

LC= E =0.01 mm.
50

Thickness = (5 x 0.5 + 34 x 0.01) mm
=(2.5+0.34)=2.84 mm

—
ILLUSTRATIONS

1. A new system of units is proposed in which, unit of mass is o
kg, unit of length is f m and unit of time is y s. What will be
value of 5 J in this new system?

(a) Sap?y (b) So'p3y?

(0) So?ply? (d) So !By
Ans. (b) Joule is a unit of energy.

n=35 n,=?

M, =1kg M,=oakg

L=1m L,=Bm

T=1s T,=ys

Dimensional formula of energy is [ML2T?]. Comparing
with [M2LPT®], we get
a=1,h=2c==2

a b c
w3 (1) 7]
2 2 2

1 2 -2 2
-5 kg 1_m 1_5 _ SYZ =507 B2y
akg ) \Pm) \ys aoff

2. Given that y=AsinK2Tn(ct—x)ﬂ where y and x are

measured in meter. Which of the following statements are

true?
(a) The unit of A is same as that of x and A
(b) The unit of A is same as of x but not of A

(¢) The unit of ¢ is same as that of 2
. . 2n
(d) The unit of (ct —x) is same as that of —

Ans. (@) f = Asin K%H [c —x] Since Angle has [M°L°T°]

dimensions. .. {2% (ct— x)} needs to be dimensionless

R [MerT | % =et=[M°L'T"]
A
x=1=[MLT"],A=[M°L! T
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3.

Ans.
. The speed of light c,

Ans.

If the unit of force and length are doubled, the unit of energy
will be:

(a) 1/4 times the original ~ (b) 1/2 times the original
(c¢) 2 times the original (d) 4 times the original

(d) Work = Energy =F’. L’=2 F x 2 L, 4 times the original
gravitational constant G and
Planck’s constant h are taken as fundamental units in
a system. The dimensions of time in this new system should
be:

(a) [Gl/2h1/20—5/2] (b) [G—1/2h1/2c—1/2]

(C) [G—I/Z h1/2c—3/2] (d) [G—1/2 h1/2C1/2]
@c=[M'L'T',G=[M!'L*T?,h=[M'L>*T]
T=c*G"he

[ Tl] — [ MO Ll T—l]a [ M—l L3 T—2]b [ Ml LZ T—l]c

[ Tl] =Mbtec [a3bt2c T-a-2bc . K=
a+3b+2c=0, a+2b+c=-1

Solving the three equations
a=-572,b=%,¢c=12

T= [ C—S/Z Gl/2 h1/2]

. By what percentage should the pressure of a given mass of

gas be increased so as the decrease in its volume is 10% at a
constant temperature?

(a) 5% () 7.2%
(c) 12.5% (d) 11.1%
Ans. (d) PV = constant

P’ [V—lO—Vj PV

100
P,(lOOV—lOVj _py

100

P’ 20V =PV mP

100 9

6.

UNiITs AND MEASUREMENTS

Percentage in crease in volume

~

I—P)
x100%
P

(150}) PJXIOO%
P=11.1%

Percentage error in the measurement of mass and speed are
2% and 3% respectively. The error in the estimation of kinetic
energy obtained by measuring mass and speed will be:

(a) 12% (b) 10%

(o) 2% (d) 8%

El?
Ans. (d) [mSGZ ) =

Ans. (@) K = L2
2
AK _ am 28V
K m 1%
&=2+3><2
K
BK gy
K

7. If E, m, 1 and G denote energy, mass, angular momentum and

2
gravitational constant respectively, the quantity ( F;l 2)
m'G

has the dimensions of:
(a) Mass
(c¢) Time

(b) Length
(d) Angle

[MlLZT—Z ][M L2 T—l ]2
(MM LT ]

[M3L6T4]

= m = I:MOLOTO:|

Mass = [M!] Length = [L!]

Time = [T']
A'BS
8. If Z=—— and AA, AB, AC and AD are their absolute
cD”

errors in A, B, C and D respectively. The relative error in Z is:

AA 1AB AC 3 AD

(a) —=4 —t—+=
A 3 B C 2D
() AZ_,AA 1AB AC 34D
Z A 3B CcC 2D
© 82_484 188 AC_34D
A 3B C 2D
AA 1AB AC 3 AD
(d) 22484, 188 8¢5
A 3B C 2D
gk
Ans. (a) Z:AB3
%
AZ AA 1AB AC 3AD
— =4 —t——t—+ =
zZ A 3B C 2D

9. In an experiment four quantities a, b, ¢ and d are measured

with percentage error 1%, 2%, 3% and 4% respectively.
31,2

% error in P

Quantity P is calculated as follows: P =
is:

(a) 4%
(c) 10%

Ci
(b) 14%
(d) 7%

)
2

&



312 Ans. (a _ AfeTbTe
Ans. (b) P =20 jgziP&JrzA_bJrngA_dj (@ X=ML'T
o " ! b ¢ 4 dX  dM  dL dT
=+(3x1+2x2+3+4) = £14% Sea—tb—tc—
X M L T
10. The respective number of significant figure for the number dxX b
23.023, 0.0003 and 2.1 x 103 are: ~ CAotbproy
(a) 5,1,2 ) 5,1,5 15. In dimension of critical velocity, of liquid flowing through
© 5,5,2 () 4,4,2 a tube are expressed as v oc[n*p’r”] where n, p and r are the
7 o coefficient of viscosity of liquid, density of liquid and radius
Ans. (a) 23.023 — 5,0.0003=1,2.1 x 103 =2 of the tube respectively, then the values of x, y and z are
. . o ‘ given by:
11. The dimensions of coefficient of viscosity and self inductance @ 1,11 B 1.-1,-1
are:
(@) ML T, [ML2T21?] (© -1,-1.1 @ -1,-1,-1
(b) M2L' T, [ML2T' 12 Ans.(b) v, <[ n'p'r |
(¢ IML'T,ML3T 172 [L1T71:| o |:M1L71T71:|" |:M1L73:|y |:L1:|Z
() [M'L' T2, [M' L’ T2 1] . :
- X+y —Xx-3y+z -X
Ans. (@) 1 = F B dimensions of force [LT JOC [M ][L ][T J
1 A(AV/AL) D.of areaxD. of velocity gradient Taking comparison on both size
—[MLT_Z]—[ML’lT’l] x+y=0,—x-3y+tz=1,—x=-1
[T x=ly=-1,z=-1
dimensions of e [MI*T 1] 16. The absolute error in density of a sphere of radius 10.01 m
" D. of I/dimension of t [I/T] and mass 4'6923 kgis: ,
L=[ML2T21? (a) 3.59 kg m™ (b) 4.692 kg m-
| () 0 (d) 1.12kgm™
12..5,=U+-a(2t-1) is: m 4.692x3
Ans. (@) p= 1 = - -
(a) Only numerically correct 42 4x3.14x(10.01) x10
3

b) Only dimensionally correct
(b) Only Y p=1.12 x 10° kg /m?

abs. errors:
Am=1gm=0.001 kg

(c¢) Both numerically and dimensionally correct
(d) Neither numerically nor dimensionally correct

Ans. (d) S, = distance traveled, U = velocity so, it is not

dimensionally correct. AR =0.01'm
13. What are dimensions of E/B? Ap _Am +3 Ar
(a) [LT] (b) [LT?] poom 7
-1 21
(c) [MLT] (d) [ML?T'] o= ( 2.2(9); . 31X00621JX 112%10°
Ans. (@) E_MLT”A™ ' ‘
SO BT MT A =3.59 kg /m3
E 17. The dimension of Planck’s constant equals to that of:
-1
B LT (a) Energy () Momentum
(¢) Angular momentum (d) Power
2nd solutions Ans. (c) Dimensions of Planck’s constant, h = FEnﬂ
Ratio E/B is the speed of EM wave. requency
22
.. Dimension of E/B is the dimension of speed. _ [ML T ]
-1
14. A physical quantity is given by X = [M?L°T*]. The percentage [T ]
error in measurements of M, L and T are a, B, y. Then, the _ [MLszl}
maximum % error in the quantity X is:
(a) ao+bB+cy (b) ao+bB—cy Dimensions of angular momentum L
i b c = Moment of inertia / X Angular velocity

c) —+—+— None of these
( ) a B Y (d) — [MLZ][TI] — [MLZTLI]
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18. In the following dimensionally constant equations, we have  Ans. (¢) According to Ohm’s law,

X A%
F=———+ Y where F = force. The dimensional V=Rlor R=—
Linear density I
formula of X are Y are: : . W [MLzT?Z}
Dimensions of V=—==———=
(@) MLT?2], [M2LOT?] (b) [M?LOT 2], [MLT? a  [Im]
(¢) IML?>T™#], [M2L2T7?] (d) None of these [MLz 5 /IT]
| X ~[R]= MLT
. [Y]=[F] = [MLT 2] 20. fA=(1.0m=0.2) gmand B=(2.0+0.2) m, then VAB is:
(@) 14m+£04m () 1.4l m=£0.15m
[MLT?]= X | x- [MLT (¢) 14m=03m (d 1.4m=02m
ML

Ans. (d) ¥=VA4B =41.0x2.0=1414m

19. Dimensions of resistance in an electrical circuit, in terms of

dimension of mass M, length L, time T and current I, would Rounding off x = 1.4 m
be:
Ax 1({AA AB 102 0.2
(a) [ML?T?] (b) [ML?T-'T1] . 5[7 +Fj 5 [1 572 0) 0.2 m (in rounded figure)
(c) [MLAT17] (d) MLPT=I] ~AB =(14+02)m
UNiTs AND MEASUREMENTS @
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Topicwise Questions

DIMENSIONS & DIMENSIONAL FORMULA

1.

The dimensions of magnetic moment are:
(a) L2A! (b) L2A!
(c) LA? (d) L2A73

. The velocity “V” of a particle is given in terms of time t as

V=at+L.
t+C

The dimensions of a, b, C are:
(@) L2 ;ML ; T2 (b) LT?;LT;L
(¢) LT2;L;T (d) L;LT; T?

. Which of the following pairs of physical quantities does not

have same dimensional formula?

(@) Work and torque

(b) Angular momentum and Planck’s constant
(c) Tension and surface tension

(d) Impulse and linear momentum

. The equation of a wave is given by:

y:Asinm(i—kj
v

where o is the angular velocity and v is the linear velocity.
The dimension of k is:

(a) LT
(¢) T

b)) T
(d) T

. A unitless quantity:

(a) May have a non-zero dimension
(b) Always has a non-zero dimension
(¢) Never has a non-zero dimension
(d) Does not exist

. Young’s modulus of steel is 1.9 x 10! N/m?. When expressed

in CGS units of dyne/cm?, it will be equal. to (1 N = 10° dyne,
1 m?=10*cm?)
(@) 1.9 x 1010
(c) 1.9 x 10"

(b) 1.9 x 101!
d) 1.9 x 103

. A dimensionless quantity:

(a) May have a unit (b) Never has a unit

(¢) Always has a unit (d) Doesn’t exist

. The position x of a particle at time “t” is given by-

— V0 -at
X = :(1 -e )
Where v, is a constant and a > 0.
The dimensions of v, and a are:
(@) MOLT !'and T'! (b)) M°LT%and T!
(¢) ML T 'and LT (d) M°LT'and T

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The dimensions of intensity are:

(@) M'LOT3 (b) M2LI T2

(¢) M'L2T? (d) M?LOT3

Surface tension has the same dimensions as that of:
(a) Coefficient of viscosity (b) Impulse

(¢) Momentum (d) Spring constant

Which one of the following has the dimensions of pressure?
ML M

(a) T (%) e
M M

(o) (d) —
LT’ LT

The dimensions of RC, where R is resistance and C is

capacitance are same as that of:
(b) Time

(d) Square root of time

(a) Inverse time

(¢) Square of time

Dimensions of gravitational constant are:

(a) M'L3T2 (b) M2L3T!

(c) M3LIT2 (d) M1L.2T3

The dimensional formula of magnetic flux is:

(a) M'L?T2A! (b) M'LOT2A2

(¢) MPL2T2A2 (d) M'L2T'A3

The dimensions of planck's constant and angular momentum
are respectively:

(@) M'L*T'and M'LT!  (b) M'L2T ! and M'L?T?

(¢) M'LT ' and M'L?*T!  (d) M'L>T ! and M'L?T"!
Photon is quantum of radiation with energy E = hv, where v

is frequency and h is Planck’s constant. The dimensions of h

are the same as that of:
(a) Linear impulse (b) Angular impulse

(¢) Linear momentum (d) Angular velocity

The pair having the same dimensions are:

(a) Angular momentum, work

(b) Work, torque

(c) Potential energy, linear momentum

(d) Kinetic energy, velocity

[ML3T-'Q 2 is dimensions of:

(b) Conductivity
(d) None of these
[ML2T™3] is the dimension of:

(a) Work (b) Power

(c) Force (d) Momentum

FurLL Course Stupy MATERIAL NEET-XI
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20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

If R and L represents respectively resistance and self
inductance, which of the following combinations has the
dimensions of frequency?

@ } ® L
L R

R L
(©) \E (@ \/g

Which of the following ratios express pressure?
(a) Force/Length
(c) Energy/Area

(b) Energy/Volume
(d) Force/Volume

The dimensions of interatomic force constant are:

(a) MT? (b) MLT!

(¢) MLT? (d) ML'T!

The dimensions of emf in MKS system of unit is:

(a) ML'T2Q? (b) ML?T2Q2

(¢) MLT2Q""! (d) ML2T2Q"!

The physical quantities not having same dimensions are:
(a) Speed and (pg,) "

(b) Torque and work

(¢) Momentum and Planck’s constant
(d) Stress and Young’s modulus

The dimensions of physical quantity X in the equation force
X

= ———— is given by:

Density is given by

(a) M'LAT (b) MPL2T!

(¢) ML /2T (d) MIL2T"!

1
The dimension of is that of:
VEoHo

(a) Velocity
(c) Capacitance

(b) Time
(d) Distance

Given that V is speed, r is the radius and g is the acceleration
due to gravity. Which of the following is dimensionless?

(a) Vg (b) Vr/g

(¢) V3g/r (d) Vrg

Which of the following is not a unit of time?

(a) Second (b) Minute

(¢) Year (d) Light year

The dimensions of potential are the same as that of:

(a) Work
(b) Electric field per unit charge
(¢) Work per unit charge

(d) Force per unit charge

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

If v= ,E , then dimensions of vy are:
p

(a) [MLOTY] (b) MOLOT ]
(c) [M'LOTY] (d) [ML'T]
In the relation:

y = a sin (ot — kx),

the dimensional formula for k is:

(a) [M'LT] (b) [ML™'T]

(¢) [MOLT] (d) [MOL'T]

In the relation y = a cos (ot + kx), the dimensional formula for
kx is same as that of®

(a) a/w (b) aly

(c) wt/a (d) ya/ot

Suppose refractive index p is given as:

L=A+ )%

Where A and B are constants and A is the wavelength, then
dimensions of B are same as that of:

(a) Wavelength (b) Volume

(c) Pressure (d) Area

The modulus of elasticity is dimensionally equivalent to:
(a) Strain (b) Force

(c) Stress (d) Coefficient of viscosity

In the relation: % = 20)sin(0)t +0, ), , the dimensional
t

formula for (wt + ¢,) is:

(a) [MLT] (b) [MLT]

(¢) [MLT"] (d) [MOLOT]
Dimensions of Stefan’s constant are:

(@) ML?>T7] (b) [IML?>T 20674
(¢) M T30 (d) MLOT7]

With usual notation, amongst the following, the one which
does not represent the dimensions of time is:

ot

(© [Vic]

(b) [RC]

* |z

The dimension of angular momentum is:
(a) [ML?T7] (b) ML T]
(o) [MLT'] (@) [ML*T™]

. . . . 1 .
The dimensions of “K” in equation W = Esz is:

(@) M'LOT?]
(0 M'L'T7]

(b) [MOL! T]
(d) [M' L°T-]

41. i is the dimension of:
30. The dimensions formula for latent heat is: 21
(a) [MOL?T ] (b) [MLT] (a) Velocity (b) Momentum
(¢) [ML2T2] (d) [ML?T ] (¢) Energy (d) Angular momentum
/D N
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APPLICATIONS OF DIMENSIONAL ANALYSIS

42.

43.

44.

45.

46.

47.

48.

In a particular system, the unit of length, mass and time are
chosen to be 10cm, 10g and 0.1 sec respectively. The unit of
force in this system will be equivalent to:

(a) 0.IN (b) IN
(c) 10N (d) 100N

If momentum (p), area (A) and time (T) are taken to be
fundamental quantities, then energy has the dimensional
formula:

(a) pA~IT! (b) p*AT
(C) pA—l/ZT (d) pAl/zT—l
If units of length, mass and force are chosen as fundamental

units, the dimensions of time would be:

(a) M1/2 L—1/2 F1/2 (b) M1/2 L1/2 F1/2

(C) M1/2 L1/2 F—1/2 (d) Ml L—1/2 F—1/2

If speed of light (c), acceleration due to gravity (g) and

pressure (P) are taken as fundamental units, the dimensions
of gravitational constant (G) are:

(@) gP? (b) *g'P?
(C) c0 gz Pl (d) c2 g2 P2
If energy (E), velocity (V) and force (F) be taken as
fundamental quantity, then what are the dimensions of mass:

(a) EV? (b) EV?2

(¢) FV! (d) FV2

If area (A), velocity (V) and density (p) are taken as
fundamental units, what is the dimensional formula for force?
(a) [AV?p] (b) [A*Vp]

(c) [AVp?] (d) [AVp]

A student writes the escape velocity as:

M
v [

The equation is:
(a) Dimensionally incorrect (b) Dimensionally correct

(¢) Numerically correct (d) Both (a) and (¢)

ERRORS & MEASUREMENT, SIGNIFICANT
FIGURES
49. The number of significant figures in 0.06900 is:
(@) 5 (b) 4
(c) 2 d 3
50. If the length of rod A is 3.25 £+ 0.0lcm and that of rod B is

51.

4.19 £+ 0.01cm, then the rod B is longer than rod A by:
(a) 0.94+0.00 cm (6) 0.94+0.01 cm
(¢) 0.94+0.02 cm (d) 0.94£0.005 cm

The sum of the numbers 436.32, 227.2 and 0.301 in
appropriate significant figures is:

(a) 663.821 (b) 664
(c) 663.8 (d) 663.82

52.

53.

54.

5S.

56.

57.

58.

59.

60.

61.

A physical quantity A is related to four observations
a’b’
cd

of measurement in a, b, ¢ and d are 1%, 3%, 2% and 2%

a, b, ¢ and d as follows, A = . The percentage errors

respectively. What is the percentage error in the measurement

of quantity A?

(a) 12% b) 7%

(c) 5% (d) 14%

The numbers 2.745 and 2.735 on rounding off to 3 significant

figures will give:
(a) 2.75 and 2.74 (b) 2.74 and 2.73
(¢) 2.75 and 2.73 (d) 2.74 and 2.74

Error in the measurement of radius of a sphere is 1%. The
error in the calculated value of its volume is:

(a) 1% (b) 3%
(c) 5% d) 7%
Measure of two quantities along with the precision of

respective measuring instrument is:

A=25ms!'+0.5ms,B=0.10 s+ 0.01 s. The value of
AB will be:
(a) (0.25£0.08) m (b) (0.25+0.5) m
(¢) (0.25£0.05) m (d) (0.25+0.135) m
A wire has a mass 0.3 = 0.003g , radius 0.5 + 0.005 mm and

length 6 £ 0.06 cm. The maximum percentage error in the
measurement of density is:

(@) 1 (b) 2
(c) 3 (d) 4
The values of two resistors are R, = (6 + 0.3) KQ and

R, = (10 £ 0.2)KQ. The percentage error in the equivalent
resistance when they are connected in parallel is:

(a) 5.125% (b) 2%

(c) 3.125% (d) 10.125%

Which of the following measurement is most precise?
(a) 5.00 mm (b) 5.00 cm

(c) 5.00 m (d) 5.00 km

If x=a", then fractional error Ax is equal to:

X
(a) i[gj (b) in(%)
a a
(o) J_rnlogeE
a

(d) tn logE
a

If voltage V = (100 = 5)V and current I = (10 + 0.2)A, the
percentage error in resistance R is:

(a) 52% (b) 25%

() % (d) 10%

The mean length of an object is 5 cm. Which of the following

measurements is most accurate?
(a) 4.9 cm (b) 4.805 cm
(¢) 525cm (d) 5.4 cm
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MEASURING INSTRUMENTS

62.

63.

64.

65.

66.

67.

UNiITs AND MEASUREMENTS

In an experiment, it is required to measure the distance
between two points which are between 0.7 m to 0.8 m
apart. Which of the following instruments should be used so
that the distance can be measured to within an accuracy of
0.001 m?

(a) A metre rule and a pair of vernier calipers

(b) A half-metre rule

(¢) A metre rule

(d) A ten-metre measuring tape

Which of the following comprises of one vector and one

scalar quantity?
(a) Distance, Mass (b) Magnetic Field, Velocity

(c) Speed, Displacement  (d) Force, Acceleration

The figure below shows the final reading on a vernier
caliper with a zero error of -0.3 mm. What is the actual
measurement?

10 cm 11 cm
‘||||\|||| m
|I 1 I| [TTI |
0 5 10
(a) 10.32 cm (6) 9.99 cm
(¢) 10.05 cm (d) 9.72 cm

A workman measures, as accurately as possible, the length
and internal diameter of a straight copper pipe. The length
is approximately 600 cm and the internal diameter is
approximately 2 cm.

What is the best combination of instruments for the work-
man to use?

Internal Diameter Length
A. |Ruler Ruler
B. |Ruler Tape
C. | Vernier Calipers Ruler
D. | Vernier Calipers Tape
(a) A () D
(c) B (d) C
Compared to 5 kg of feathers, 3 kg of iron has:

(a) Less mass and less inertia

(b) More mass and more inertia

(¢) Less mass and more inertia

(d) More mass and less inertia

In a vernier calipers, one main scale division is X cm

and n division of the vernier scale coincide with (n-1)
divisions of the main scale. The least count (in cm) of

the calipers is:
n—1

(@) (“_‘ljx
n

() X

) (Lj
n n-1

68.

69.

70.

71.

72.

73.

74.

75.

A student measure the diameter of a thick wire using a screw
gauge of least count 0.001 cm. The main scale reading is
2 mm and zero of circular scale division coincides with 50
division above the reference level. If the screw gauge has a
zero error of 0.002 cm, the correct diameter of the thick wire
is:

(a) 0.248 (b) 0.428
(c) 0.521 (d) 0.224
In a vernier caliper, ten smallest divisions of the vernier scale
are equal to nine smallest division on the main scale. If the

smallest division on the main scale is half millimeter, then the
vernier constant is—

(a) 0.5 mm (b) 0.1 mm
(¢) 0.05 mm (d) 0.005 mm
A vernier caliper has 20 divisions on the vernier scale, which

coincide with 19 on the main scale. The least count of the
instrument is 0.1 mm. The main scale divisions are of—

(a) 0.5 mm (d) 1 mm
(¢) 2 mm (d) 1/4 mm
A vernier caliper having 1 main scale division = 0.1 c¢m is

designed to have a least count of 0.02 cm. If n be the number
of divisions on vernier scale and m be the length of vernier
scale, then

(@) n=10,m=0.5cm b)) n=9,m=0.4cm
(¢) n=10,m=0.8 cm (dn=10,m=0.2 cm

The dimensions of a rectangular block measured with a
vernier caliper having least count of 0.1 mm is 5 mm x 10
mm % 5 mm. The maximum percentage error in measurement
of volume of the block is

(@) 5% (d) 10 %
() 15% (d) 20 %

The pitch of a screw gauge is 0.5 mm and there are 100
divisions on it circular scale. The instrument reads +2
divisions when nothing is put in-between its jaws. In
measuring the diameter of a wire, there are 8 divisions on
the main scale and 83rd division coincides with the reference
line. Then the diameter of the wire is

(a) 4.05 mm (d) 4.405 mm
(c) 3.05 mm (d) 1.25 mm
The pitch of a screw gauge having 50 divisions on its circular

scale is | mm. When the two jaws of the screw gauge are in
contact with each other, the zero of the circular scale lies 6
division below the line of graduation. When a wire is placed
between the jaws, 3 linear scale divisions are clearly visible
while 31st division on the circular scale coincide with the
reference line. The diameter of the wire is :

(a) 3.62 mm (b) 3.50 mm

(c¢) 3.5mm (d) 3.74 mm

The smallest division on the main scale of a vernier caliper
is 1 mm, and 10 vernier divisions coincide with 9 main scale
divisions. While measuring the diameter of a sphere, the zero
mark of the vernier scale lies between 2.0 and 2.1 cm and
the fifth division of the vernier scale coincide with a scale
division. Then diameter of the sphere is

(a) 2.05 cm (b) 3.05cm
(¢) 2.50 cm (d) None of these

¢

&
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Learning Plus

. The quantity X =

. The time dependence of a physical quantity P is given by

P =P, exp (—at?), where o is a constant and t is time. The
constant o is:

(b) Has dimensions T2

(d) Has dimensions T?

(a) Dimensionless

(¢) Has dimension of P

. Which of the following sets cannot enter into the list of

fundamental quantities in any system of units?
(a) Length, time and velocity

(b) Length, mass and velocity

(¢) Mass, time and velocity

(d) Length, time and mass

. Dimensions of ‘ohm’ are same as (where h is planck’s

constant and e is charge):

@t 0 I
(5] (5]
Cp @ 2
(S (S

g, LV

; €, is the permitivity of free space,

8.

10.

The SI unit of energy is J = kg m? s2 that of speed v is ms™!

and of acceleration a is ms~2. Which of the formula for kinetic
energy (K) given below can you rule out on the basic of
dimensional arguments (m stands for the mass of the body).

I. K=m?? II. K = (1/2) mv?
IILK = ma IV.K = (3/16) mv?
V. K= (%jmvz +ma
(@) Tand IT

(c¢) Mand IV

(b) Only 11
(d Ll and V

31,172

. A physical quantity P is given by P = D The quantity

which brings in the maximum percentage error in P is:

(@) A (b) B
(c) C (d) D
Abody travels uniformly a distance of (13.8 + 0.2)m in a time

(4.0 £ 0.3)sec. The velocity of the body within error limits is:
(a) (3.45£0.2)m/sec (b) (3.45 +£0.3)m/sec
(¢) (3.45+0.4)m/sec (d) (3.45 +£0.5)m/sec

&

L is length, V is potential difference and t is time. The  11. If Q :F and Ax is absolute error in the measurement of
dimensions of X are same as that of: X, Ay is absolute error in the measurement of Y, then absolute
(a) Resistance (b) Charge error AQ in Q is:
(c) Voltage (d) Current
| | | - @ AQ=%[n™sm®
. The velocity of a particle (V) at a instant (t) is given by X y
V = at + bt? the dimension of b is: A A
X
(a) L (b) LT! (b) AQ =+ nT+m7y\JQ
(c) LT?2 (d) LT3
. If force (F), length (1) and Current (I) and time (T) are taken (¢) AQ=1= ng — mﬂjQ
as bases then the dimensions of ¢, are: X y
(a) [FL’I>T?] (b) [F'L212T? nAx mA
-1y 2 @ AQ=% = =-==1Q
(c) [F'L2T1] (d) [FPL’T1] X y
. If Planck’s constant (h) and speed of light in vaccum (¢)  12. The length of arod is (11.05 = 0.05)cm. What is the length of
are taken as two fundamental quantities, which one of the two rods?
following should not, in addition, be taken to express length, (a) (22.1 £0.05) cm (b) (22.1+£0.2) cm
mass and time in terms of the three chosen fundamental (¢) (22.10 £ 0.05) cm (d) (22.10 £0.10) cm
quantities? . . . . .

. 13. A uniform wire of length L, diameter D and density p is
(i) Mass of electron (me) stretched under a tension T. The correct relation between
(ii) Universal gravitational constant (G) its fundamental frequency f, the length L and the diameter

.. D is:

(iii) Charge of electron (¢) s 1 1
foo— b) foo——
(iv) Mass of proton (mp) (@) fo LD () for LVD
(a) (1), (i1), (iii) (b) (), (ii), (iv) 1 1
. : (€ foes d) foe—s
(c) (1), and (iii) (d) only (i) D LD
@ FurL Course STuny MATERIAL NEET-XI



14.

15.

16.

17.

18.

19.

20.

UNiITs AND MEASUREMENTS

If E = energy, G = gravitational constant, I = Impulse and
2

M = mass, then dimensions of are same as that of

EZ
(a) Time (b) Mass
(¢) Length (d) Force
2
The dimension of , where e, €, h and c are electric

ne, he

charge, electric permittivity, Planck’s constant and velocity
of light in vacuum respectively
(a) [ML'T] (b) [MLT]
(o) [MLT’] (d) [M°LT]
A gas bubble formed from an explosion under water oscillates
with a period T proportional to p® d® E¢, where p is pressure, d
is the density of water and E is the total energy of explosion.
The values of a, b and ¢ are
(@) a=1,b=1,c=2

5 1 1

¢) a=—b=—,c=—
© 6 2 3

(b)a=1,b=2,c=1

5 1
a=—-—,b=
(@) .

1

-, c=—
2 3

A normal human eye can see an object making an angle of
1.8° at the eye. What is the approximate height of object
which can be seen by an eye placed at a distance of 1 m from
the object?

h
I 1.8

:H:\
¢ 1m >

(b) 2m cm
(d) 3mcm

(@) Tem
(c) 4mcm

oz
In the relation p—- %o ke P is pressure, Z is the distance,

K is Boltzmann’s constant and 6 is the temperature. The
dimensional formula of a will be:

(@) M'L'T] (b) M'L?T']

() M'LOT] (d) [M°L2T 1]

Consider the  equation %(J.l—: ~d§) = A( -p) where

F = force, s = displacement, t = time and P = momentum.

The dimensional formula of A will be :

(a) MOLOTO (b) MLOT®
(¢) MILOT? (d) MOLOT!
IfP, Q, R are physical quantities, having different dimensions,

which of the following combinations can never be a
meaningful quantity?

@ P-Q (h) PQ - R
R
@ (PR=Q")

© £Q
R R

21.

22,

23.

24.

25.

26.

27.

28.

Given that the displacement of an oscillating particle is given
by y = A sin(Bx + Ct + D). The dimensional formula for
(ABCD) is:

(@) [ML'T)
(©) ML T

(b) MPLT]

(d) [MLT]
(04

+d

Force F and density d are related as F = then find the

dimensions of o
(a) [MI/ZL—‘/ZT—Z]
( C) [MS/ZL—%T—Z]

(b) [M3/2L‘/2T2]
(d) [M?L"T?]

Frequency is the function of density (p), length (a) and
surface tension (T). The value is:
k 1/2a3/2 k 3/2a3/2

(a) a2 (b) % a

JT JT

1/2,_.3/2
(3] kp a’” (d) None of these

T3/4
A liquid of coefficient of viscosity n is flowing steadily

through a capillary tube of radius “r” and length “1”. If V is
volume of liquid flowing per second, the pressure difference
“P” at the end of tube is given by:

4

(@) p =MV (b p=S0t
nr v
8l 4

(© p=17 @ p=31Y
Tr nl

The mass and volume of a body are 4.237 g and 2.5 cm’,
respectively. The density of the material of the body in correct

significant figures is:
(a) 1.6048 g cm (b) 1.69 gcm3
() 1.7gcm> (d) 1.695 g cm™

The length and breadth of a rectangular sheet are 16.2 cm and
10.1 cm, respectively. The area of the sheet in appropriate

significant figures and error is:
(a) 164 +3 cm? (b) 163.62+2.6 cm?
(c) 163.6 £2.6 cm? (d) 163.62 +3 cm?

You measure two quantitiecsas A=1.0m=*=0.2m,B=2.0m

+ 0.2 m. We should report correct value for VAB as:
(@) 14m+04m () 1.4l m=£0.15m
(c) 1.4m=+03m (d 1.4m+02m

On the basis of dimensions, decide which of the following
relations for the displacement of a particle undergoing simple
harmonic motion is not correct?

(@) y=asin2n /T

a . (tj
(¢) y=—smn| —
t a

vt
b =asin—
®) y n

(d) y= a\/i(sin%—c()sz_j

&

it
T
@
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Multiconcept MCQs

. Planck’s constant (h), speed of light in vacuum (c) and

Newton’s gravitational constant (G) are three fundamental
constants, which of the following combinations of these has
the dimension of length?

G

(@) % (b) L
hG vhG

© |— d ——~
c% CA

. The relative density of a metal may be found by hanging a

block of the metal from a spring balance and nothing that in
air, the balance reads (5.00 + 0.05)N while in water, it reads
(4.00 + 0.05)N. The relative density would be quoted as:

(a) 5.00+0.05 (b) 5.00+11%

(¢) 5.00+0.10 (d) 5.00 + 6%

8.

. Given: Force =

A uniform wire of length L and mass M is stretched between
two fixed points, keeping a tension F. A sound of frequency p
is impressed on it. Then the maximum vibrational energy is
existing in the wire when p=

ML

1
(0)5 F

(© 2xf

FL
®) \3p

1 |F
@ ML
. What are the dimensions of

a Bf) density + B3

(a) ML2T2 , ML
(C) M2L72T72 , M1/3 Lfl

(b) M2L4T—2 , M—1/3 L—l
(d) M2L2T2 ML

a-t

&

] ) ) o 10. The dimension of a/b in the equation P = where P is
. fin a Yemlir gahpers., one inam. sce.l(lie dIYIIfl(OIl 11)8 (71( cm and ft{ pressure, x is distance and t is time, are: X
ivision of the vernier scale coincide with (n-1) divisions o 21 3 _
the main scale. The least count (in cm) of the calipers is: (@) [MTLT] (b) [MT~]
- o (o) [LT] (d) [ML3 T
(a) ( a0 jx ) (Hj 11. IfE, m, | and G denote energy, mass, angular momentum and
2
X X gravitational constant respectively, the quantity ESZ >
() = @ |\ L m°G
n n-1 has the dimensions of:
. The speed of light c, gravitational constant G and Planck’s (a) Mass (b) Length
constant h are taken as fundamental units in a system. The (¢) Time (d) Angle
dimensions of time in this new system should be 12. If th its of leneth locit df half. then th
V2125 PR . e units of length , velocity and force are half, then the
(@) [G ]/zh ]/20 3/1 (b) IG 1/zh1/201/2] units of Power will be :
() [G™Fh e (d) [G"hTFe™] (4) Doubled (b) Halved
. The position of the particle moving along Y-axis is given as 1 )
y = At2 — Bt3, where y is measured in metre and t in second. (© 1 th (d) Remain unaffected
Then, the dimensions of B are 13. Suppose mass, velocity & time were fundamental physical
(a) [LT?] (») [LTY quantities then find the dimensional formula of pressure.
() [LT] (d) [MLT?] (@) (M'VIT?] (b) [M'VT]
312 Mlv—2T73 M2V72T—3
. A physical quantity x is given by x = 2k . The percentage © ] @1 ]
m+/n
error in the measurements of k, 1, m and n are 1%, 2%, 3%  14. According to Newton, the viscous force acting between
and 4% respectively. The value of x is uncertain by louid 1 . A) and veloci dient (AVJ ,
(a) 8% (b) 10% iquid layers of area (A) and velocity gradien A7 is
() 12% (d) None of these given by F = —nAE , where 1) is constant called coefficient
. iltl is kn(;l\;w(li that t(flle timthf re\./oluti(in T of ? igtellite aro:mci of viscosity. The dimensional formula of 1 is:
e earth depends on the universal gravitational constan P 01070
G, the mass of the earth M, and the radius of the circular (@) [ML2 l; ] (b) M 5 1:1]
orbit R. Obtain an expression for T using dimensional (¢) [ML=T7] (@ ML T™]
analysis. d
’ 3 f 3 15. Given that I—X =a'sin” (ﬂ] where a = constant
(a) 27 R_ (b) R_ 2ax - x> a ’
GM GM o : :
using dimensional analysis, the value of n is-
(c) nri (d) None of these (o) 1 () -1
GM (© 0 (d) None of the above
@ FurL Course STuny MATERIAL NEET-XI



UNiITs AND MEASUREMENTS

—

NEET Past 10 Years Questions

. If E and G respectively denote energy and gravitational
constant, then E/G has the dimensions of: (2021)
(@) M]ILIT] (b) [M][LO][T]

() [MZL2][T] (@ [M][L][T]

. A screw gauge gives the following readings when used to
measure the diameter of a wire 2021
Main scale reading : 0 mm

Circular scale reading : 52 divisions

Given that 1 mm on main scale corresponds to 100 divisions
on the circular scale. The diameter of the wire from the above

data is:
(a) 0.026 cm (b) 0.26 cm
(c) 0.052 cm (d) 0.52 cm

. If force [F], acceleration [A] and time [T] are chosen as the
fundamental physical quantities. Find the dimensions of

energy. (2021)

(a) [F][A][T?] (b) [FI[A][T]

(c) [FI[AT][T] (d) [F1[A][T]

. A screw gauge has least count of 0.01 mm and there are
50 divisions in its circular scale.

The pitch of the screw gauge is: 2020)
(a) 0.25 mm (b) 0.5 mm
(¢) 1.0 mm (d) 0.01 mm

. Taking into account of the significant figures, what is the

value 0f 9.99 m — 0.0099 m? (2020)
(a) 998 m () 9.980 m
(¢) 99m (d) 9.9801 m

. Dimensions of stress are : (2020)

(a) [ML?T?]
(0) ML'T?]

(b) [MLT?]

(d) [MLT 7]

. The intervals measured by a clock given the following
readings:

1.25s,1.24s,1.27s,1.21 sand 1.28 s. What is the percentage
relative error is the observations?

(2020 Covid Re-NEET)
(a) 4% (b) 16%
(c) 1.6% (d) 2%
. The angle of 1’ (minute of arc) in radian is nearly equal to
(2020 Covid Re-NEET)

(a) 4.85 x 10 rad
(¢) 1.75x 102 rad

(b) 4.80 x 10-6 rad
(d) 2.91 x 10* rad

9.

10.

11.

12.

13.

In an experiment, the percentage of error occurred in the
measurement of physical quantities A, B, C and D are 1%,
2%, 3% and 4% respectively. Then the maximum percentage

- A2
of error in the measurement of X, where X = - will be
chD?

3 (2019)
(a) (—J% (b) 16%

13
(c¢) —10% (d) 10%
A student measured the diameter of a small steel ball using a

screw gauge of least count 0.001 cm. The main scale reading
is 5 mm and zero of circular scale division coincides with 25
divisions above the reference level. If screw gauge has a zero

error of —0.004 cm, the correct diameter of the ball is (2018)
(a) 0.053 cm () 0.525 cm
(¢) 0.521 cm (d) 0.529 cm
A physical quantity of the dimensions of length that can be
formed out of ¢, G and 47:80 is [c is velocity of light, G is
universal constant of gravitation and e is charge]: (2017-Delhi)
(@) CZ[G ¢ r (b) L{ ¢’ r
4me, ¢’| Gdng,
]

© Lo @ i{a ¢ r

c”  4dmg, c 4,
A student performs an experiment of measuring the thickness

of'a slab with a vernier caliper whose 50 divisions of the main
scale. He noted that zero of the vernier scale is between 7.00
cm and 7.05 cm mark of the main scale and 23" division of
the vernier scale exactly coincides with the main scale. The
measured value of the thickness of the given slab using the

caliper will be: (2017-Gujarat)

(a) 7.73 cm (b) 723 cm
(¢) 7.023 cm (d) 7.073 cm
Planck’s constant (h), speed of light in vacuum (c) and

Newton’s gravitational constant (G) are three fundamental
constants. Which of the following combinations of these has

the dimension of length? (2016 - Iy
hc Ge
(a) e (0) W
vh hG
() YO @ |
C C

)
€

&



14. If energy (E), velocity (V) and time (T) are chosen as the  17. In an experiment four quantities a, b, ¢ and d are measured

fundamental quantities, the dimensional formula of surface with percentage error 1%, 2%, 3% and 4% respectively.
. . . 31.2
tension will be: (2013) Quantity P is calculated as follows P = 40 9 error in P is:
(a) [EV'T 2] (b) [EV2T2] od .
N |
(¢) [E-VT] (d) [EV-T] (@) 4% (b) 14%
15. If dimension of critical velocity of liquid flowing through a © 10% ) 7%
tube are expressed as v oc[n*p¥r*] where n, p and r are the
coefficient of viscosity of liquid, density of liquid and radius ~ 18. The dimensions of (uogo)’”2 are: (2012 Mains)
of the tube respectively, then the values of x, y and z are (a) [LY2T17] (b) [L7'T]
given by: (2015 - Re)
@ 111 ) 111 () [LT] (d) [L'T"]
a s Ly s Ly T
(¢) -1,-1,1 (d) -1,-1,-1 19. The damping force on an oscillator is directly proportional to

. . the velocity. The units of th tant of rtionalit :
16. If Force (F), Velocity (V) and Time (T) are taken as ¢ velocity. The umis ot the constant of proportionatity are

fundamental units, then the dimensions of mass are:  (2014) (2012 Pre)
(@) [FVT!] (b) [FVT2 (a) kgms™! (b) kg/ms
(¢) [FV'TT] (d [EVIT] (c) kes™! (d) kgs

—
ANSWER KEY

Topicwise Questions

1. (b) 2. (c) 3.(c) 4. (b) 5.(c) 6. (c) 7. (a) 8. (a) 9. (a) 10. (d)
11. (¢) 12. (b) 13. (a) 14. (a) 15. (d) 16. (b) 17. (b) 18. (a) 19. (b) 20. (@)
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Learning Plus

1. (b) 2. (a) 3.(b) 4. (d) 5. (d) 6.(c) 7. (d) 8.(c) 9. (b) 10. (b)
11. (d) 12. (a) 13. (a) 14. (a) 15. (d) 16. (a) 17. (a) 18. (¢) 19. (a) 20. (b)
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Multiconcept MCQs

1. (d) 2. (b) 3.(c) 4. (a) 5. (¢) 6.(c) 7. (a) 8. (d) 9. (c) 10. (b)

11. (d) 12. (¢) 13. (b) 14. (d) 15. (¢)
NEET Past 10 Years Questions
1. (d) 2. (¢) 3.(a) 4. (b) 5. (a) 6. (c) 7.(c) 8. (d) 9. (b) 10. (d)

11. (d) 12. (¢) 13. (¢) 14. (b) 15. (b) 16. (d) 17. (b) 18. (¢) 19. (¢)
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Topicwise Questions

1. (b) Magnetic moment = Current X Area = L?A!
2. (¢) As C is added to t, therefore, C has the dimensions of T.

As E:V,

t

b=Vxt=LT!xT=(L)
-1
From V = at, azzziz[LT_z]
t

3. (¢) (a) Work = force x distance = [MLT2][L] = [ML?T?]
Torque = force x distance = [ML? T2]

(b) Angular momentum = mvr = [M][LT'][L] = [ML?*T ]

[MLT ]
Planck’s constant = — = e
v 1]

(c) Tension = force = [MLT?]

=ML ]

force [MLT ]

= =[MI°T]
length [L]

Surface tension =

(d) Impulse = force x time = [MLT2][T] = [MLT]
Momentum = mass % velocity =[M][LT '] = [MLT ']

X
[—) and K has
%

5. (¢) A unitless quantity never has a non-zero dimension, i.e., it

4. (b) From the principle of homogenity
dimensions of T.

is dimensionless.
6. (¢) Given, Young’s modulus Y = 1.9 x 10'! N/m?
IN =10’ dyne
Hence,Y = 1.9 x 10! x 10° dyne/(100)?> cm?
We know that Im = 100 cm
2 Y =1.9x10"x 10° dyne/(100)?> cm?
=1.9 x 104 dyne/cm?
Y = 1.9 x 10! dyne/cm?

7. (a) A dimensionless quantity may have a unit. For example:
angle has a unit but is dimensionless.

8. (@) As a x tis dimensionless

11 o
Also; Xx=20 v, =Xa=[LT’1J
a

9. (a) Intensity = Energy per second per unit area

ML'T .
== (M'TT ]
MLT™
10. (d) Surface tension = Force _ [ :| = [MLO T’z:l
Length [L]
MLT™
Spring constant = Force = [ ] = I:ML0 T J
Length [L]
F MLT” . M
11. (¢) P=X= = =[ML1T 2]: o
12. (b) RC:(Xj(ijz q_Ixt_,
I)\V I I
Gmm,

13. (@) From; F =

r2

oo Fr? =(MLT’2)L2

- _ I:M71L3T72
mm, M

. F
14. (a) Magnetic flux (¢) = BA= [EJA

= —(ML];(LZ ) =[MTT?A™]



E MLZT’Z

15.(d) h=—= =[MLT]

L=lo=(ML)(T")= [MlLZT-‘]

16. (b)) We know that energy of radiation, E = hy,
22
< BTy
[v] [T

Angular impulse = 1dt = AL = Change in angular

momentum
Hence, dimension of angular impulse
= Dimension of angular momentum = [ML2T"1].

This is similar to the dimension of Planck’s constant 4.

17. (b) Dimensions of work and torque = [ML?*T2]

[R][A]
[L]

18. (a) Resistivity (p) = [ML2T1Q 2]

where; R =

Work

19. (b) Power =
Time

[work]_[MT*]
[Tlme] [T]

. [Power] = = [MLZT’3]

2. (@ R__V/1

— = Frequenc
L VxT/I T q Y

Force

21. (b) We know that pressure =
ea

_ Work
Volume

Force x Distance _ Energy

Pressure =

Area x Distance Volume

22. (a) K =y x 1, = [ML'T-?] [L] = [MT2]

¥ = Young’s modulus and r, = Interatomic distance

di
23. =L—
(d) e= "

[¢]= [MLZTZAZJ{ T} {ML T

24. (¢) Momentum [MLT"'], Planck’s constant [ML2T ]

25. (¢) [X]=[F] < [p]"*

By
= [MLT]x [%} — ML 2T

} [MET?Q ']

26. (@)

= C = Velocity of light
Mo

1
So dimension of velocity and is same
VHo&o

27. (a) Angle of banking;

2 2
A\l . .
tan® = — ie.,, — isdimensionless
rg rg

28. (b) We know that 1 light year = 9.46 x 10'! m = distance that
light travels in 1 year with speed 3 x 103 m/s.

29. (¢) According to definition of potential.

[v]=

Q] [mrT? s
30.(a)AsQ—mL:>[L]=%:%:[M T ]
31. (@) Vz\/E or yzv—zp

p P
[T e

[ML T ]
32. (b) Here; kx is dimensionless. Hence,
[k]= { } [ML'T"]

Since (wt — kx) is dimensionless.
33. (b) Here, [a] = [y].

a . . . . .
So, — is dimensionless. Same is the case with kx.

y
34 (d) A Velocity of light in vaccum b .
. > = . . . . 5 T 1
s Velocity of light in medium enee o
dimensionless.

Thus, each term on the RHS of given equation should be

dimensionless.
% is dimensionless, i.e., B should have dimensions of A2,
i.e., area.
stress . . .
35.(c) E= — = E = stress (strain has no dimensions)
strain

36. (d) Here, (ot + ¢) is dimensionless because it is an argument

of a trigonometric function.

37. (¢) According to stefan’s law, energy emitted per second per

unit area is:
[M T2/ T]

6]

E=eocT'= [o]= :[MT%OAJ

dI
38.(d) e= L[a}

(e b /alfa

[dI] — [d]]

_[wllae] _ [w]
[a]{dl]  [ar
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% [MIPT? A7 ]

o _la]
07

[TE]- (M A o )

=[1]" =[1]=> - {%} ~[1]"

39. (d) Angular momentum L = Moment of inertia I X Angular
velocity @

(AT

et

= [ML2T*A?]

[ML?] [T']=ML2 T"!

=[Mr7]

.. Dimensional formula L =

[ML2 7]

(]

40. (a) W = ;KX2:>[K]

[x ]

41. (d) According to the relation
nh
L = — = Angular momentum
2n
42. (a) F=

=[(10g)" (10cm)! (0.15)2]
=[(102kg)' (10'm)! (10%s2)] = F=10"'N=0.1 N

[MILIT2]

43. (d) Given, fundamental quantities are momentum (p),
area(A) and Time (T).We can write energy, E oc p® A?T¢,
E= kpa Ach

Where k is dimensionless constant of proportionality.

Dimensions of E =[E] =
[A]=1[2]
[T]=I[T]

[E] = [K] [p]* [A]° [T]°

Putting all the dimensions, we get

[ML2T2] and [p] = [MLT ]

ML2T72 — [ML’]LI]a [LZ]b [T]c = MaLZb +a T7a+ c

By principle of homogeneity of dimensions,

a=1,2b+a=2
— 2b+1=2 = b=1/2-a+c=-2
= c=—2+a=-2+1=-1

Hence, E = pAl/ 2Tt
44. (¢) F= M!'L! T2
T2 — M I“l = T= M2 112 gp-12
F

UNiITS AND MEASUREMENTS

45. (c) Let G=C* g¥ P*
M IL3T2] = [LT '] * [LT?] ¥ [ML"'T?)?
= MZ? [XH—2 T-x-2y-22
Applying principle of homogeneity of dimensions, we get
z=-1,x+ty-z=3
—X—-2y—-2z=-2
On solving, we get,
y=2,x=0=..G=C0g?P!
46. (b) Let m oc E* VW F*
By substituting the following dimensions:
[E] = [ML?T 2], [V] = [LT '], [F] = [MLT 7]
and by equating the both sides
[EV]

x=1,y=-2,z=0,So [m]=

47. (a) F = A®VBpy
or [MLT 2] = [L2]* [LT ']# [ML3]
=[Mr L2+ B3y T-B]

This gives : y=1,=2,2a+pf-3y=1

ora=1;F=[AV?p]
MDT2xM [
48. (d) Dimensions of RHS = {—2}
L
1/2
=[MLT2]"2 = —[L% #LHS

[V.]=[MLT"]
Hence; given equation is dimensionally incorrect.

49. (b) In 0.06900, the underlined zeros are not significant.
Hence, number of significant figures is four.
50. (c) Ax=a—-b = (Aa+ Ab)
=4.19-3.25+(0.01 +0.01) = 0.94+0.02 cm
51. (b) The sum of the numbers can be calculated as 663.821

arithmetically. The number with least decimal places is

227.2 is correct to only one decimal place.

The final result should, therefore be rounded off to one
decimal place i.e., 664.

52. (d) Percentage error in A (2Aa 3Ab iy E lAZJ

a b ¢ 2 d

= (2><1+3><3+1><2+%><2]%:14%

/;\
LS

&



53. (d) Rounding off 2.745 to 3 significant figures it would be
2.74. Rounding off 2.735 to 3 significant figures it would
be 2.74.

Ar 1 3

x—=3x =—=3%
r 100

sa.(0) &Y =3
v 100

55. (a) Given, A=25ms!'+05ms!, B=0.10s+0.01s
x=AB=(2.5)(0.10)=0.25 m,

0,075
0.25

_0.05+0.025
0.25

0.5 0.01

Ax AA AB
= - —+
25 0.10

x 4 B

Ax = 0.075 = 0.08 m, rounding off to two significant

figures.

AB = (0.25 +0.08) m

m
56. Since; p=—5—
(d) Since; p L
[Apj <100 = (Am 2Ar
P m

~ (0.003

AL) x100
L

o 0.005 N 0.06}(100

J’_
0.3 0.5 6

=(0.01 +0.02 +0.01) x 100 =4

=(6+03)KQ, R,

_ RIRZ
" R,+R,

57. (d) R, =(10£02)KQ R =7

[Let (R, +R,) = X]

RIRZ

or R = = R, =InR, +InR, —1InX

AR

P _

Differentiating,
X

AR, AR, [ Ax
+ +-——
R, R,

p 1

In addition or subtraction, errors are calculated as follows:

Ax is mean (AR, + AR)) =Ax = 0.3+02 =0.25Q
. 6Q+10Q 80— Ax _0.25 031
X
03 02 0 25

.. Totalerrors = — + —
6 10 8

AR
=0.05+0.02+0.03125=0.10125 .'.?zm%

58. (a) All given measurements are correct upto two decimal
places. As here 5.00 mm has the smallest unit and the
error in 5.00 mm is least (commonly taken as 0.01 mm if

not specified). Hence, 5.00 mm is most precise.

60. (c¢) Given : Voltage V = (100 + 5)V
Current [ = (10 £ 0.2)A

According to ohm’s law, V=1IR or R =V/I

Taking log on both sides, log R =log V —log |
Differentiating, we get; AR _av_al
R \% I
AR AV Al
For maximum error, — = — + —
R VvV 1

Multiplying both sides by 100 for taking percentage,

AR AV Al

We get, —x100 = —x100+—x100
R v I

Percentage error in resistance R

AV Al 5 0.2
=__ - =—x100+—x100 = 7%
v x100+ . x100 100 10 0

61. (a) Given length /=5 cm

Now, checking the errors with each option one by one,

we get
AlL=5-49=0.1 cm AL=5-4.805=0.195 cm
AL=525-5=025cm Al,=54-5=04cm

Error Al | is least.

Hence, 4.9 cm is most precise.

62. (¢) 63. (¢) 64. (¢) 65. (b)
66. (@)
67. (¢) One main scale division, 1 M.S.D =x cm

(n—-1)x

One vernier scale division, 2 V.S.D =
n

Least count=1M.S.D—-1 V.S.D
_nX-nxX+Xx X

=—Ccm
n n

68 . (a) Correct diameter of the thick wire
=M.S.R + (n x LC) — zero error

=0.2+(50 % 0.001)-0.002
=0.2+0.05-0.002
=0.248

Note: We have to subtract the zero error from the reading

as here zero error is positive.

59. (b) If, x = a" then; 2% = 4n[ 22 69. (c) 70. () 71. (¢) 72. (a)
- X a 73. (b) 74. (d) 75. (a)
@ @ FurL Course STuny MATERIAL NEET-XI



T
Learning Plus

1. (b) P=P exp (-at?)
As P and P have the same units, therefore at? must be

dimensionless for which o = % =T

N

(a) Length, time and velocity can be deduced from one
another. Therefore, they cannot enter into the list of

fundamental quantities in any system.

h  MLT

3.(b ) —= =ML*T A~ = Resistance (ohm)
(AT)’
4.(d) [5, % L= [C] ( c:%j
X = aLV_CV_Q_ current
t t t
5.(d) V= at + bt? [V]=[bt?]
LT !'=bT2 = [b] = [LT?]
1 a9
6. =— 22
©F 4ne, d’
. _ [9,9,] _ [ITXIT] “[F'12T2 2
E = g T ] L ]
7. (¢) We know that dimension of
h=[h] = [ML?T']; [¢] = [LT '], [m ] =M
[G]=[M'L*T] [e] = [AT], [m ] = [M]
21 -1
[E}:[MLT I[LT ]:[M2] Mo ke
G M 13T2] G
271
B_IMETY b [G_NGh
¢ [LT cM cNhe B2
_ [L]_~NGh _Gh
As,C=1LT"! = [T]= ] o2, o

Hence, a, b or d, any can be used to express L, M and T in
terms of three chosen fundamental quantities.

8. (d) Dimensions in L.H.S and R.H.S are same for II and IV.

9. (¢) Quantity C has maximum power, irrespective of sign. So
it brings maximum error in P.

10. (b) Here ; S=(13.8 £0.2)cm ; t = (4.0 £ 0.3)sec

V:%:3.45m/sec

Also; ﬂ = i(A—S+£]
A" S t

AV =+0.0895x3.45=+0.3
V =(3.45+0.3) m/sec

(02 0.3

j +0.0895
13.8 4.0

11. (b) Here, maximum fraction error is:
8Q [ M, mij
Q Xy
.. Absolute error in Q, i.e.,

AQ: [ E-F%]Q
y

X

12. (d) In the sum or difference of measurements we do not retain
significant digits in those places after the decimal in which
there were no significant digits in any one of the original

values.
13. (a) The fundamental frequency is given by f = 2L \/f
Lyu

| = mass per unit length

2
M:pTCT =

1
f o« — (as T, mw and p are constants)
LD

14. (a) Substituting the dimension of G,I, M and E, we get,

GIM® [M'UT?][MLT'][M’]
- [ML2T72]2

Dimension of

= dimension of time

=[T]

15. (a) We know that, [e] = [AT], [g,] = [M'L>T*A?],

[h] = [ML2T '] and [c] = [LT "]

) e’ _ A’T?
"l 4nghe | | MTLPT!A? xMUT ! x LT
_ [MA’ILOTO ]
16. (d) According to question, T oc p*d°E*
[MOLOT] =k [ML'T-2]2 [ML-3]° [ML?T 2]
Where, k is constant.

On comparing dimensions of similar terms, we have

[MOLOT] - k[Ma+b+c L—a—3b+20 T2a-20]

UNiITS AND MEASUREMENTS
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On comparing powers of M, L and T, we have

0O=atb+tc ..(1)
0=-a—-3b+2c ..(i0)
1 =-2a-2c ..(iii)

On solving Egs. (i), (ii) and (iii), get

_ 1.8xmx100
180

h =h=ncm

18. (a) In given equation, % should be dimensionless-

10 _ [MDT?K™ xK | [mer?]

dir= .a\|_ = FS
19. (¢) [a(jF ds)}—[A(F p)} :{T}:[App]
=[A]= S =;1:M*‘
pt MLT "xT
20. (@) Physical quantities having different dimensions cannot be
added or subtracted.

As P, Q and R are physical quantites having different
dimensions, therefore they can neither be added nor

quantity.

21. (b) Trigonometric function are dimensionless

B=L o MO
X

D=ML'T® C= % =ML'T!

A = Dimension of y = MOL!T? [ABCD] = MLOT-!

22. (¢) [oc]:[F][\/a] = MLT2[ML3]"2 = [M32L12T2]

23. (d) Letn=Kkp?a" T where [p]=[ML7], [a]=[L] and [T] = [MT2]

Comparing dimensions both sides, we get-

a=-1/2 , b=-3/2 and ¢c=1/2

kT
n=k —1/2 a73/2 T71/2 =
n p p|/2a3/2

24.(c) LHS=P=M'L'T?)

gnly _ ML'T (L)(L3T’1)

RHS=
nrt r

=(ML'T?)

25. (¢) In this question, density should be reported to two

significant figures.

Density = % =1.6948

2.5 cm

As rounding off the number, we get density = 1.7
26. (a) Given, length/=(16.2+0.1)cm
Breadth 5 = (10.1 £0.1) cm

Aread =1xb

=(16.2 cm) x (10.1 cm) = 163.62 cm?

Rounding off to three significant digits, area A = 164 cm?

AA_AL Ab_ 01 01 1014162 263

A I b 162 101  162x10.1 163.62
A = Ax_203 =163.62 x 2.63 =2.63 cm?
63.62 163.62

AA =3 cm? (By rounding off to one significant figure)

Area, A= A+AA=(164+3) cm?.

27. (d) Given,A=1.0m+=02m,B=20m+02m

Let,Y =vAB =./(1.0)(2.0) =1.414m

Rounding off to two significant digit Y = 1.4

ﬂ_l[& A_B}_l[o.z o.zJ 0.6

+ — | —=+=|=—

Y 2LA B 211.0 201 2x20

N _ 0.6Y =0.6><1.4=0.212
2x2.0 2x2.0

Rounding off to one significant digit AY = 0.2 m
Thus,correct value for VAB =r+Ar=1.4£02m

28. (¢) Now by principle of homogeneity of dimensions L.H.S
and R.H.S of (a) and (d) will be same and is L.

For (¢) [L.H.S]=L [RHS] = % =LT"

[L.H.S] #[R.H.S]
Hence, (c) is not correct option.
In option (b) dimension of angle is [vt] i.e., L

= RHS=LL=L?’and LHS=L = LH.S#RH.S.

So, option (b) is also not correct.

&

e

FurLL Course Stupy MATERIAL NEET-XI




-
Multiconcept MCQs

1. (d) £ c h* GY ¢?
MOLITO = [MLZ T—l]x [M—l 13 F[LZ]y [LT—I]Z
- [M]x—y [L]2x+3y+z [T]—x—2y—z

equation: x —y =0

VvhG
Z([ C3/2
2. (b) Relative density = Welgl,lt = .a -
Loss of weightin water
p=290_5q50  dP_005 01 50
1.00 P 500 1.00

P=5.00+11%

3. (¢) One main scale division, 1 M.S.D =x cm

(n—-1)x

n

One vernier scale division, 2 V.S.D =

Least count=1M.S.D—-1 V.S.D

nx —nx+x X
=—=—Cn
n n

4. (@) Time «c*G’h* = T =kc* G h”

K = dimension proportionality constant

[LHS] = [RHS]
= [ML'T]=[LT'T[M LT F[MLT ']
- [MOLOT] — [Mfy+zLx+3y+22T7X72yfz]

Comparing the powers of M, L and T, we get
—y+z=0 ..(1)

o+3y+2z=0 ..(ii)

—x—2y—-z=1 ..(ii)

On solving Egs. (i), (ii) and (iii), we get

X = _é =7 = l
2 2
Hence, dimensions of time are [G!?h"2¢/2].
5.(c) As,Y=At - Bt} [Y]=[Bt3]
[L]1=B[T’] - [B]=[LT]
2k
6.(c) x=
(©) dn
Percentage error in
x, B 100 =( 38k 240 1An Am)Y 4
X k {  2n m
Ax

—xlOO:[3xl+2x2+%x4+3} =12%

X

UNiITS AND MEASUREMENTS

2x+3y+z=1 —x-2y-z=0

7. (@) We have [T] = [G]* [M]® [R]®
[M]° [L]° [T]' = [M]® [L]* [T]%* x [M]° x [L]°
= [M]b—a [L]c+3a [T]—Za

Comparing the exponents

For[T]:1=—2a:>a=—%
For[M]:O:b—a:bza:—%

For[L]:O:c+3a:>c:—3a:—%

Putting the values we get

R3
GM

o IR
The actual expression is T =2m,|—
GM

8. (d) m o< (F)* (M) (L)°

T oc G—I/ZM—I/ZRS/Z oc

T-! = (MLT-2 (M) (L)*

T71 — Ma+b La+c T72a

a+b=0  |p=_' atc—=0 lo=_t
2 2
Da=-1 azl w=kF2M 12112
2
F
:k —
M5 ML

9. (c) P = density = M'L"3 B=M"3L"!

Also; o= force x density =MLT2x ML= =[M2L2T?]

= E} —[Px]=ML T 2L =MT 2

B2 }:[MLzT‘ZJ[MZL“T‘z] oo

11. (d) - [mSGZ [MSJ[M’2L6T4J

2

As angle has no dimensions, therefore has the

52
. . m'G
same dimensions as that of angle.

ao @



12. (c) P=L2VbPFe
[ML2T-3] = [L]? [LT-']b [MLT2]°
c=1 2=at+b+c atb=1
-3=-b-2¢ a=0
b=1
P=VIF!

13. (b) [P] = M*V'T?

-2 y
MLT ™ (L)Y 7 M2 = Mmooy
L2

T
=>x=1y=-1 Zz-y=-2 =>z=-2+y=-3

-1
14. (d) Dimensions of velocity gradient % = [L[i] ] = [T"]
Given F = —n%
F [MLT? ] o
n= = —=|ML"T
W) T
AZ

15. (¢) The integral on LHS is in the form of log x, which is a
number. Hence; a" must be a number, for which n = 0.

c
NEET Past 10 Years Questions

1. (d) E = energy = [ML?T 2]
G = Gravitational constant = [M~'L3T2]
so. E_[E]  wmrT?

GT[e) o MR

Pitch

2. (¢cgLC.=
© CSD

1mm
= 700 = 0.0lm=10.001cm

Radius = M.S. + n(L-1)
=0+52(0.001)
=0.052 cm
3. (@ ExcF2APT®

[M'L?T ] ec [M'L?J* [LT 2] [T]°
a=1
atb=2=b=1
—2a-2b+c=-2

= c=2
a=1lb=1c=2
E o [F] [A] [T*]

Pitch

Number of divisions on circular scale

4. (b) Least count =

. 0.01mm = L itch

= pitch = 0.5 mm.

5. (@) In subtraction the number of decimal places int he result
should be equal to the number of decimal places of that
term in the operation which contain lesser number of
decimal places.

9.99
—0.0099

9.98 — 3 significant figures.

6. (¢) Stress = Force

ea
M!L'T™
Stress = M!L-1T-2

7. (¢) Mean of given observations

_1.25+1.24+127+1.21+1.28
5

=1.25sec

Mean of errors

~0+0.01+0.02+0.04+0.03
5
o1
5
% error = 0.1>100 =1.6%
5x1.25

8 1 minute of —1'—L0—Lxlradian
. (d) 1 minute of arc 0 T

=291 x 10* radian.

1

A’B2
1

C3p?

9. (b) X=

&

VTR
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%error,gXIOO:2&x100+l§x100+1£x
X A 2B 3C
100+3£x100
D
=2%+ 1%+ 1%+ 12%
=16%

10. (d) Reading = MSR + (n % LC) + zero error
=0.5+(25x0.001) +0.004

=0.529 cm

— [LT—l]a [M—l L3 T—Z]b [ML3 T—Z]c

eZ

4,

1. (@) L=[c] [G]b{

=Lat 3b+3c T2 —2b-2¢ M—b +c

a+3b+3c=1;, —a-2b-2c=0; -b+c=0

1
5 !

: V4
L= C*ZG% |:e_:|

4me,
E

:|1/2

Least count = 1MSD - 1VSD

2
L=—|G-S

2

4me,

12. (¢)
=5x1072 —£><5><10’2
50
Thickness =7 +23 x 103 =7.023 cm

1B.© ) Gre
LT = (T (T (1
— Mx—yL2x+3y+zT—x-2y_Z

Equating:
iy ol 3
X+3y+z= \/E
—x-2y-z=0] =l 4
o2

UNiITS AND MEASUREMENTS

14. (b) S.T o« [ER [VIP [T
oc [ML2T2J* [LT 1P [T]°
MT-2 oc M2 [ 22b T-2a-btc
On comparing both sides
2a+b=0,-2a-b+c=-2
a=1,b=-2, c=-2
we get

ST=EV2T2
15. (b) v, o [nxpyrz]
[L‘T"] oc [M‘L‘]T“ ] [M]L‘3]y [L‘ ]

(LT Joe [ Lo | 7

Taking comparison on both size
x+ty=0,=x-3y+z=1,—=x=-1

x=1ly=-1,z=-1

16. (d) [ Force } Force
[Mass] = - = —
Acceleration Velocity/time
=[FV'T]
17.00) 2 AP Aa _Ab Ac Ad
= =>—=%3—+2—+—+—
cd P a c d

=+(3x1+2x2+3+4)= £14%

=[LT]

18. (¢) Speed of light, ¢ =

1
vV Ho€o

19. (¢) LetF=kv

Elcas

Hence units of k is kgs™!

MLT™
LT

(]

&
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