The value of a physical quantity is generally expressed as the product of a number and

its unit. The unit is simply a particular example of the guantity coneerned which is used
as a reference.

. . .
e.g. The speed v of a particle may be expressed as v= 25 m / s = 90 km/h, where metre
per second and kilometre per hour are alternative units for expressing the same value of
the

UNITS AND
MEASUREMENTS
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| Physical Unit
In order to define unirts for all fundamental quantities or base quantirics, we use Si ;niﬁ .ant Fieures and
the term fundamental units or base units and then to define units for all other IR BUTES ¢

., . .
quantities as products of powers of the base units that_we call derived units. I hfl'um.ht-lg oii

Hence, a complete set of these uni, die. both the base tnirs and derived timis, is * D!'n’c«n“}ﬂ“a] F'nrml'l]iﬂ' and
known as the system of units. Dimensional Equations

PHYSICAL QUANTITIES

All those quantities which can be measured dirf:f_'[ly or ir‘.f.{ir.':u:t]g.-r and in rerms of
which the laws of ph}'sics can be ::xprf:ssrd are called p]‘:ysica] quantities.

Physir_'a] quantities can be further divided into two types:

(i) Fundamental Quantities

Those ph)'sical quantitics which are indtptndtnt of other physli:al quantitics
and are not defined in terms of other ph}'sical quantities, are called fundamenral
quantities or base quantities.

e.g. Mass, length, time, temperature, luminous intensity, electric current and the
amount of substance, erc.

(ii) Derived Quantities
Those quantities which can be derived from the fundamental quantities are
called derived quantities. e.g. Velocity, acceleration and linear momentum, ete.
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MEASUREMENT OF
PHYSICAL QUANTITIES

The measurement of physical quantity is the process of
comparing this quantity with a standard amount of the
physical quantity of the same kind, called its unir.
Hence, to express the measurement of a physical quantity, we
need to know two things
(i) The unit in which the quantity is measured.
{ii) The numerical value or the magnitude of the
quantiry{ﬂ), i.e. the number of times that unir () is
contained in the given physical quantity.

ur

4’ Numerical Value Inversely Proportional
to the Size of Unit

The numerical value (n) is inversely propartional to the size (u) of the
unit.

L

1
ne — = pu=constant.
u

e.g. The magnitude of a quantity remains the same, whatever may
be the unit of measurement.

Derived Units

The units of measurement of all other physical
quantities which can be obrained from fundamental
units are called derived units.

Speed = Distance

& Time
Unit of distance

o eneed
Unlt ¢ sp:ca U[li.t l}F ti.m-l:

= =ms

m -1
5
Unit of spcud (i.e. ITIS_I} is a derived unit.

THE INTERNATIONAL
SYSTEM OF UNITS

A system of units is the cumplcn: set of units, both
fundamental and derived for all kinds of physical
quantities.

The common systems of units used in mechanics are
given below

Hence, 1 kp=1000g
We may write as  Q=m,
where n,, n, are the nurme
measurement of the same

PHYSICAL U

The standard amount of s phvsical-g
the physical quantity of

: v cho o 1511 2
ing 15 ical uni .
The essential r:qujrcmm | umm Sthﬁir

(i) It should be of suitable size.

(ii) It should be easily accessible.

(iii) Ir should not vary with time.

(iv) It should be casily reproducible.

(v) It should not depend on physical conditons like

pressure, volume, temperature, ctc.

The physical unit can be classified into two ways that can be
given as below :

Fundamental Units

The physical units which can neither be derived from one
another, nor they can be further resolved into more simpler
units are called fundamental units. The units of fundamental
quantitics, i.c. length, mass and time are called fundamental
units or base units.

(I TNy Syste = 'ng System
of units, which uses foot as the unit of lcngth,

pound as the unit of mass and second as the unit

POIN-T-

for lcngth, mass and time, rcspl:ctivcl .

tya;nnal System of Units (51 Units) The
system of units, which is ac:;:ptcd int:matiuna]l}r
for measurement is the System Internationaled’
Units (French for International System of Units)
abbreviated as 51,

The SI, with standard scheme of symbnls, units and
abbreviations, was developed and recommended by
General Conference on Weights and Measures in
1971 for international usage in scientific, technical,
industrial and commercial work.

This system of units makes revolutionary changes in the
MKS system and is known as rationalised MKS
system. It is helpful to obtain all the physical quantiries
in Physics.



In SI system, there are seven base units and two supplementary units as listed below:

S1 base quantities and units
Sl units
Base quantity
Name Symbol Definition
Length Metre m One metre is the length of the path travelled by light in vacuum during a time
interval of 1/299,792,458 of a second. (1983)
Mass Kilogram kg One kilogram is equal to the mass of the international prototype of the kilogram
(a platinum-iridium alloy cylinder) kept at international Bureau of Weights and
Measures at Sevres, near Paris, France. (1889)
Time Second s One 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. (1967)
Electric current Ampere A One ampere is that constant current which, if maintained in two straight parallel
conductors of infinite length, of negligible circular cross-section, and placed
1 m apart in vacuum, would produce a force between these conductors equal to
2 x 1077 N/m of length. (1948)
Thermodynamic | Kelvin K One kelvin is the fraction 1/273.16 of the thermodynamic temperature of the triple
temperature point of water. (1967)
Amount of Mole mol One mole is the amount of substance of a system which contains as many
substance it i 1)
Luminous ( inous intensity in a given direction of a source that emits
intensity n of frequency 540 x 10" Hz and that has a radiant intensity
w slg . (197
-

Supplementary

quantity

Plane angle

Solid angle Steradian sr One steradian is the solid angle subtended at the
centre of a sphere, by that surface of the sphere,
which is equal in area, to the square of radius

of the sphere.

: dA

ie. dQ=—
e

Note

« The FPS system is not a metric system. This system is not in much use these days.

« The drawback of CGS system is that many of the derived units on this system are inconveniently small.
« The advantages of MKS system is that some of the derived units are of convenient size.



S| derived units with special names

Sl unit

TR e oma Sopmmnem e
Frequency Hertz Hz - g™
Force MNewton N - kg ms™ or kg m&®
Pressure, stress Pascal Pa NAm? or N kgm™'s™ or kgk®m
Energy, work, quantity of heat Jaule J Nm kgn's™ or kgm'&®
Power, radiant flux Watt w JisorJs™ kgm® s or kgm®se*
Quantity of electricity, electric charge |Coulomb C - As
Electric potential, potential difference, | Vaolt v W/A or WA kg m?s™ A™" or kg /s A
electromotive force
Capacitance Farad F civ A 5% kg™t
Electric resistance Ohm Q VA kgt s~
Conductance AN rergs A’
Magnetic flux Vs or JfA kgmsT A

Magnetic field, magnetic
magnetic induction

Inductance kg mfe A2

Luminous flux, luminous power | Lamen . m - cdfar

Murioacs The[Untold Story Of KOTA.-

Activity {of a radio nuclide/ radioactive | Becquerel Bq - 5™

source)

Absorbed dose, absorbed dose index | Gray Gy Jikg rr:FIs" _;:-r
g




Some Sl derived units expressed by means of S1 units

Sl unit
Phayslonl quanthy MName Symbol Expression in terms of S| base units
Magnetic moment Joule per tesla Jr’ m’ A
Dipole moment Coulomb metre Cm sAm
Dynarmic viscosity Poiseville or pascal second Plor Pasor m kgs™
or newton second per square N s>
metre
Torque, couple, moment of force Newton metre N m m® kgs™
Surface tension Newton per metre M/m kg s™
Power densily, imadiance, heat flux density | Watt per square metre Wir? kg s~
Heat capacity, entrapy Joule per kelvin JiK m’ kgs™ K™
Specific heat capacity, specific entropy Joule per kilogram kelvin Jikg K me s K
Specific energy, latent heat Joule per kilogram kg m’ s
Radiant intensity Watt per steradian W s kg 572 S
Thermal conductivity Watt per metre kelvin wWm™ K mkgs™ K™’
Energy density Joule per cubic metre Jfr? kgm g~
Electric field strength Vi AR
Electric charge density mAs
Electricity flux density
Permittivity
Permeability mkgs? A~
Molar energy | Jouls pel ok l{mal aEkgsmal!
wareein ey Rrstold Story OF KOTA
Molar enfropy, molar heat capacity Joule per mole kelvin Jimal K m kg 5™ K™ mol™
Exposure (X-rays and y-rays) Coulomb per kilogram Cikg kg™ s A
Absorbed dose rate Gray per second Gyfs m s~
Compressibility Per pascal Pa™ mkg™'s?
Elastic moduli Newton per square metre Mim? or Nm™ kgm's™
Pressure gradient Pascal per metre PaimorNm™®  kgm™s™
Surface potential Jaule per kilagram JkgorNmikg mfs™
Pressure energy Pascal cubic metre Pam®orNm  kgm®s™
Impulse Newton second N s kgmss™!
Angular impulse Newton metre second Mms kgmf g™
Specific resistance Ohm metre am kgm®s™ A™

Surface energy Joule per square metre Jimf or Nfm kgs™




PROBLEM SOLVING STRATEGY
(UNIT CONVERSION)

(i) Identify the relevant concept Unit conversion is
important to recognise what it's needed. In most
cases, you are best off using the fundamental SI units
(length in metres, mass in kilograms and time in
seconds) within a pmb]cm.

(ii) Set up the problem Units are mulriplied and
divided just like ordinary algebraic symbols. It gives
us an easy way to convert a quantity from one set of
units to another.

(iii) Execute the problem c.g., We say that 1 min = 60 s.
So, the ratio of (1 min)/(60 s) equal to 1/60, as does
its reciprocal (60 s)/(1 min). We may multiply a
quantity by either of these factors without changing
the quantity’s by physical meaning. To find the
number of seconds in 3 min, we write as

3 min= (3 m.in](lﬁﬂs =180s

min

(iv) Evaluate your answer Check whether your answer is
reasonable. Is the result 3 min = lﬂﬂs rcasnnah]:’ Is

ADVANTAGES OF SI OVER
OTHER SYSTEMS OF UNITS

(i) Slis a coherent system of units All derived units
can be obrained by simple multiplication or division
of fundamental units without introducing any
numerical factor.

(ii) SI is a rational system of units It uses only one unit
for a given physical quantity. e.g, all forms of energy
are measured in joule. On the other hand, in MKS
system, the mechanical energy is measured in jnu]z:,
heat energy in calorie and electrical energy in wartt
hour.

(iii) SI is a metric system The multiples and
submultiples of SI units can be expressed as powers
of 10.

ie.ax 10,

(iv) SI is an absolute system of units It does not use

gm\ritatinna] units. The use of ‘g’ 15 not rcquimd..
Some General Units (Outside from 51)

Symbol Value in SI Unit

Name

your answer is can

Calculate the angle of
(i) 1* (degree)
(if) 1°* {semnd of arcjo

Minute min 60 s

mip = 3600 5
86400 s

365.25d=3.156 = 107 &

-hthE

Sel. .. .._2¢
) 1°= Jf' 7% 180

36{]
(ii) 1arc sec =1" = —=

60 60 =60
= 1 Xil‘ad
60 = 60 180

=485 %107 rad

&«

Rules for Writing SI Units
+ Small letters are used for symbols of units.
» Symbols are not followed by a full stop.

« The initial letter of a symbol & capital only when the unit is
named after a scientist.

* The full name of a unit always begins with a small letter even if
it has been named after a scientist.

+ Symbols do not take plural form.

huetantold stféfyeﬂeea‘%—

Bar bar 0.1 Mpa:ﬂﬁ Pa

Curie Ci 3.7 x 10"s™

Roentgen R 2.58 =107 Cfkg

Quintal q 100 kg

Barn b 100 fr? =107 m?

Area a 1 dam® =10’

Hectare ha 1 hm? = 10*

Standard atm 101325 Pa = 1013x10° Pa

atmospheric pressure




ABBREVIATIONS
IN POWERS OF TEN

When the magnitudes of the physical quantities are very
large or very small, it is convenient to express them in the
multiples or submultiples of the SI units.

The various prefixes used for powers of 10 are listed below
in table

Prefixes for Powers of Ten
Multiple Prefix Symbol  Sub-multiple  Prefix Symbol
1) deca  da 107 deci d
10° hecto h 107 ceni ¢
10* kilo k 107 milli m
10° mega M 107 micro
10° giga G 107 nane  n
107 tera T 107 pico p
0% peia P 1078 fermto
10/ exa E

c.g. I megaohm,
1 milliampere
1 kilometre,
1 microvolr o
1 decagram,

<OTA

(iii) Parallactic second It is the distance at which an arc
of length 1 astronomical unit subtends an angle of
1 second of arc. 1 parsec= 3.084x 10" m =3.26 ly

(iv) Micron or micrometer, | jim = 107 m

(v) Nanometer, 1| nm = 107 m

(vi) Angstrom unit, 1 A=10""m

(vii) Fermi This unit is used for measuring nuclear sizes
1Fm=10" m
EXAMPLE |2| Length Conversion
How many parsec are there in one metre?
Sol. Given, 1 parsec = 3,084 x 10" m
or 3.084x 10" m = 1 parsec
1
REETTYRTI
=325 % 107" parsec

EXAMPLE |3| Relation between different unit of

length
unit, light year
and parsec. Arrange them in decreasing order of their
magnitudes.

‘POINE:

1ly thx 0"

——=63% 10"

ﬁ IHEVIET, L
t

122:.‘2‘:;2?# ‘Untold Sto rymﬁfhm*ml o

1 picofarad or 1 pF =107"* F

> CGS, MKS and Sl are Decimal Systems of Units

As we know that, CGS, MKS and 51 are metric or decimal
systems of units. This is because the multiplies and
sub-multiplies of their basic units are related to the practical
units by powers of 10,

SOME IMPORTANT
PRACTICAL UNITS

For Length/Distance
(i) Astronomical Unit It is the mean distance of the
carth from the sun, 1 AU= 1.496x 10" m
(i) Light year It is the distance travelled by light in
vacuum in one year. 1 ly= 9.46x 10" m

1 parsec _ 3.08% 10" _
1y " 9.46% 10"
1 parsec = 3.26 ly i)
Comparing results from Eqs. (i) and (ii), we get
1 parsec > 1ly=> 1 AU

For Mass
(i) Pound, 1 Ib=0.4536 kg
(ii) Slug, 1 Slug=14.59 kg
(iil) Quintal, 1 q =100 kg
(iv) Tonne or Metric ton, 1 t= 1000 kg

{v) Atomic mass unit (it is defined as the 1/12th of the
mass of one ;'C atom) 1 amu= 1.66 x 10~ kg

For Time
(i) Solar day It is the time taken by the earth to complete

one rotation about its own axis w.r.t. the sun.



(ii) Sedrial year It is the time taken by the carth to
complete one rotation abour its own axis w.rr a
distant star.

(iii) Solar year It is the time taken by the carth o

complete one revolution around the sun in its orbir.
1 solar year= 365.25 average solar days
= 366.25 sedrial days

(iv) Tropical year The year in which there is total solar
eclipse is called tropical year.

(v) Leap year The year which is divisible by 4 and in
which the month of February has 29 days is called a
leap year.

(vi) Lunar month It is the time taken by the moon to
complete one revolution around the carth in its orbit.

1 lunar month= 27.3 days
(vii) Shake It is the smallest practical unit of time.

1 shake=10"% s
EXAMPLE |4| A Clock

{vi) Electron volt,
1eV=1.6x 1077 ]
(vii) Erg (for energy/work),
lerg= 107 ]
(viii) Kilowart hour (for cncl:gﬂ.
1 kWh=3.6x 10°]
(ix) Horse power (for power),
1 HP =746 W
(x) Dioptre (for power of a lens),
1D=1m™

(xi) Degree (for angle), 1° :E rad

TOPIC PRACTICE1 |

OBJECTIVE Type Questions

1. Ais the fundamental quantity. Here, A refers to

Some examples are gi
(1) oscillation of a
(i1) rotation of earth
(1i1) revolution of e

(3)Tass
(b) velocity
(c) acceleratlon

(d

(a) u s it does not depend
ever, ther three

For Areas
(i) Barn, 1 barn=
(ii) Acre, 1 acre= 4047 m?
(iii) Hectare, 1 hectare= 10* m

For Other Quantities
(i) Litre (for volume), 1 L=10" cc=10""m?

Where, cc represents cubic centimetre, i.c. cm”.

(i1) Gallon (for volume),
In USA, 1 gallon =3.7854 L
In UK, 1 gallon=4.546 L

(iii) Pascal (for pressurc), 1 Pa = 1 Nm™
Pressure exerted by carth’s, atmosphere.
1atm = 1.01x 10° Pa

(iv) Bar (for pressure),
1 bar=1atm= 1.01x 10° Pa= 760 mm of Hg

(v) Torr (for pressure),
1 torr = 1 mm of Hg column = 133.3 Pa

2

lo—zs hE‘ Untﬂld St;?m:;@f'ﬂm rein1m?

(c) 234812373 (d) 652189, 63

Sol. (b) The number of wavelengths of Kr*® in 1 mis
1650763.73.

3. The solid angle subtended by the periphery of an
arealcm? at a point situated symmetrically at a

distance of 5 cm from the area is

(a) 2x107% sr (b) 4107 sr
(c) 6x107% sr (d) 8x107% sr
dA  1em?

Sol. (b) Solid angle, dQ = — =
r (5 cm)*

=004 sr
=4x107 sr

4. Which of the following is not a physical

quantity?
(a) Time (b) Impulse
(c) Mass (d) Kilogram



Sol (d) Kilogram represents the unit of a physical quantity.
But other three, i.e. time, impulse and mass are the
physical quantities.

5. The quantity having the same unit in all system

of unit is
(a) mass (b) time
(c) length (d) temperature

Sol (b) Time is the quantity which has the same unit in all
systems of unit, i.e. second. Other three quantities, i.e.
mass, length and temperature have different units in

different systems.

12.
Sol

13.
Sol.
14.

Sol

How many light years make 1 parsec?
3.26 light years make 1 parsec.

Which of these is largest : astronomical unit,
light year and parsec?

Parsec is larger than light year which in turn is larger
than an astronomical unit.

Which unit is used to measure size of a
nucleus?

The size of nucleus is measured in fermi.

1 fermi =10""m

6. SI unit of capacitance is 15. What is the difference between nm, mN and Nm?
(a) ohm-second (b) Wb Sol nm stands for nanometre, 1 nm =10~ m, mN stands for
(c) coulomb (volt -1 (d) A-m? milli-newton, 1 mN =10~ N, Nm stands for newton
Sol. (c) SI unit of capacitance is coulomb {volt)™ . However, metre.
ohm-second is the unit of inductance, Wb is the unit of 16. How many amu make 1 kg?
magnetic flux and A-m” is the uinit of magnetic moment. Sol 1amun =166 %107 kg
7. The damping force on an oscillator is directly 1 kg = = =06x107 amu
proportional to the velocity. The unit of the 166 % 10°
constanl:_nl:-f prnpnmn:l ality is . 17. Human heart is aninbuilt clock. Comment.
(@) kgms™  (b) kg ms () kgs (d) kg s Sol. True, because human heart beats at a regular rate.
Sol. (c) Given, damping,f locity
F oy . Define one Barn. How it is related with metre?
. One barn is a small unit of area used to measure area of
= k== m cor cti

8. Number of fermi i

ORT ANSWER 'l'}'pc Questions

INT

Exir

2in km/h>

(a)10°F  (b)10%7

Sol {c]lfenm{FJ-lﬂ'“ThE' Untﬂld Stﬂfy a;*

or lm_——lﬂl"
WD

9. Number of degrees present in one radian is

(a) 58° (b) 57.3° (c) 56.3° (d) 56°
Sol (b) We know that,
i radian = 180°
radian-ﬁ— ﬂ ®T=573"
n 22

VERY SHORT ANSWER Type Questions
10.

Is it possible to have length and velocity both as
fundamental quantities? Why?

Sol Mo, since length is fundamental quantity and velocity is
the derived quantity.

11. How many astronomical units make one metre?
Sol. 1m=6.67x 1077 AU

20.

Sol.

21.
Sol

= (3600)" % 107" km/h*
= 1.20% 10° km/h*

Does AU and A represent the same unit of
length?
No, AU and A represent two different units of length.
1 AU = 1 astronomical unit = 1496 x 10" m

1 A =1angstrom= 107"

Find the value of one light year in giga metre.
We know that,
1ly =946 % 10" m

Also, 1Gm=10"m
5
1@=M=9.4&xm‘ Gm
10



22, Ifthe velocity of light is taken as the unit of
velocity and year as the unit of time, what must
be the unit of length? What is it called?

S0l Unit of length = Unit of velocity x Unit of time

=3x10°ms™ x1 year
=3%10"ms™ x365% 24 X 60 % 605
=945x10"ms ™ =1ly

How many metric tons are there in teragram?

8

In 1 teragram = 10" g

In 1 metric ton =10°kg =10° x10° =10° g

. Number of metric tons are in teragram

2
= M =10"
10° g

24. What is common between bar and torr?
Sol Both bar and torr are the units of pressure.

1 bar = 1 atmospheric pressure

= 760 mm of Hg column
=10°N/m*

1 torr = 1 mm of Hg column

1496 x 10"
MSD, F=s——

=486 107 parsec

28. The radius of atom is of the order of 2 A and
radius of a nucleus is of the order of fermi. How
many magnitudes higher is the volume of atom
as compared to the volume of nucleus?

Sol R, ie radiusofatomis2A=2x10"m

R

v Le. radius of nucleus is 1 fermi =107 m

3

2x107"

SET -
10”

29. The unit of length convenient on the atomic
scale is known as an angstrom and is denoted
by A.
1A=10""m.The size of the hydrogen atom is
about 0.5 A. What is the total atomic volume in

*. 1 bar = 760 torr

25. The mass of a pr
many protons w

Sol Number of protons=-

m” of a mole of hydrogen atoms?| [NCERT]
pl. Radius of a hydrogen atom (r) =05 A =05 % 107" m

POINT..

=5234 x 10 ¥ m?

ETEIT

N

LONG ANSWER T;l;hﬁsulntﬂld Sto ry Of:ﬁﬁf (N)

26. Why length, mass and time are chosen as base
quantities in mechanics?
Sol In mechanics, length, mass and time are chosen as the
base quantities because
(i) there is nothing simpler to length, mass and time.
(i1} all other quantities in mechanics can be expressed in
terms of length, mass and time.

(iii) length, mass and time cannot be derived from one
another.

27. Express the average distance of earth from the
sun in (i) light year (ii) parsec.
Sol  Average distance of earth from the sun is (r)
ie. r=1AU=149% %10" m
_ 1496 x10"

—ly =158 107" ly
946 % 10

2. Atomic volume of 1 mole of hydrogen atoms (V)

= Volume of a hydrogen atom x Number of atoms
Vi=sVxN

=5236x 107" %6023 %10%m”

=3152x107 m

30. Why has second been defined in terms of
periods of radiations from cesium-1337?
Sol Second has been defined in terms of periods of radiation,
because
(i) this period is accurately defined.
(ii) this period is not affected by change of physical
conditions like temperature, pressure and volume
etc.

(iii) the unit is easily reproducible in any good laboratory.



SENERT YOUR TOPICAL UNDERSTANDING
OBJECTIVE Type Questions

1.

Which one of the following is not a unit of British

system of units?
{a) Foot (b) Metre
{c) Pound {d) Second

Which of the following statement is incorrect
regarding mass?

(a) It is a basic property of matter

(b} The SI unit of mass is candela

(c) The mass of an atom is expressed in u

{d) None of the above

Pascal is the unit of

(a) force (b) stress () work (d) energy

. The surface area of a solid cylinder of radius 2.0 cm

and height A cm is equal to 1.5 10* (mm)®. Here, A
refers to

(a) 0.9 cm {b) 10 cm

{c) 30 cm (d)-15.cm

If the wvalue of | force is 100 N and
acceleration is 0.001 ms™ %, what is the
mass in this system of units?

(a)10* kg (h)10* kg

(c)10° kg (d)10° kg

Young's modulug of steel is 1.9x 10" N /m", When

expressed in CGS units of dyne/cm’, it will be equal
to (1N=10° dyne,1 m? =10° em®)

value of
value of

[NCERT Exemplar]
(a)1.9% 10" (b)1.9x 10"
(c)1.9x10" (d)1.9x 10"

If the size of bacteria is 1p, then the number of
bacteria in 1 m length will be

{a) one hundred {b) one crore
{c) one thousand {d) one million

. Among the given following units which one is not

unit of length?
{a) Angstrom {b) Fermi
{c) Barn (d) Parsec

Age of the universe is about 10" yr, whereas the
mankind has existed for 10° yr. For how many
seconds would the man have existed if age of
universe were 1 day?
(a) 9.25
(c) 86s

(b) 102’5
(d) 105s

Answer
1. (b 2. (b) ‘ 3. (b) ‘ 4 (b) ‘ 5. (g
6. (c) 7. (d) 8 (o 9. (@

VERY SHORT ANSWER Type Questions

10.

11.

12.
13.

Explain the concept of mass, length and time which
is related to basic or fundamental quantities in
mechanics,

How do we make the choice of a standard/unit of
measurement?

Why MES system had to be rationalised to obtain SI?

What is a coherent system of units?

SHORT ANSWER Type Questions

14.

15.

16.

17.

18:

19.

Briefly, explain the measuring process of any
physical quantity.
Why ‘metre’ has been defined in terms of wavelength

and ‘second’ in terms of periods of radiation or
rotation?

Calculate the suriace avea of a solid cylinder of
diameter 4 cm and height 20 cm in mm?.
[Ans. 27657.1 mm*)

The density of air is 1.293 kg/ m. Express it in CGS
units. [Ans. 0.001293 g/cc]

What is the average distance of earth from the sun?
[Ans. 1.496 =10'" m]

An Astronomical Unit (AU) is the average
distance between earth and the sun,
approximately 1.50 x 10® km. The speed of light
is about 3 x 10®m/s. Express the speed of light in

astronomical unit per minute.  [Ans. 0.12 AU/min]

LONG ANSWER Type I Questions

20.

21.

22,

The radius of gold nucleus is 41.3 fermi. Express its
volume in m?*. [Ans. 295 %107 m*)

Which unit can be used for measuring of very small
masses?

“Five litres of benzene will weigh more in summer or
winter”. Comment.

Is the measure of an angle dependent upon the unit
of length?



24. The height of mercury column in a barometer in Calcutta

a laboratory was recorded to be 75 cm. Calculate this
pressure in SI and CGS units using the following data.

Specific gravity of mercury = 13.6, Density of watch
=10* kg/m?, g = 9.8 m/s? at Calcutta. Pressure = hpg

25. The normal duration of ISc Physics practical
period in Indian colleges is 100 minutes.
Express this period in microcenturies, 1
microcentury= 10" %100 years. How many
microcenturies did you leep yesterday?

[Ans. 1.9 microcenturies|

in usual symbols. [Ans. 10" N/m*, 10 x 1¢° dyne/cm® ]

| TOPIC 2|
Significant figures & Rounding off

SIGNIFICANT FIGURES

Normally, the reported result of measurement is a number
that includes all digits in the number that are known
reliably plus first digit thar is uncertain. The digits thar are
known reliably plus the first uncertain digit are known as
significant digits or significant figures.

e.g. When a measured distance is reported to be 374.5 m, it
has four significant figures 3, 7, 4 and 5. The figures 3, 7, 4
are certain and reliable, while th: ngJt 5 is uncertain,

Rule 6 The multiplying or dividing factors, which are
neither rounded numbers nor numbers representing
measured values are exact. They have infinite
number of signiﬁc;mt digits as per the condition.

e.g. In radius, r =§ and circumference, s =27r, the

factors 2 is an exact number. It can be written as
2.0, 2.00 and 2.000, etc. as required.

Rule 7 The number of mgmﬁcam f'gl.m:s does not depend
tem of units. So, 16.4 cm, 0.164 m and

Clearly, the digits beyo
any result are superfluons
The rules for determining
figures are

slgmﬁ-:.ant. pOLNE 15, 1

d are therefore, significant. If we can rewrite the same length
x = 0004700 km; x = 470.0 cm and x = 4700 mim.

ar all.

e x=1007 has o Sghibatt fcir& D) | €

x=1007 also contains four significant figures.

Rule 3 1f the number is less than one, the zero(s) on the
right of decimal point and to the left of first
non-zero digit are not significant.
eg In 0.005704, the underlined zeros are not
signiﬁ-:.am. The zero berween 7 and 4 is signiﬁcant.
The number of signiﬁcant ﬁgu.rﬂ is 4.

In a number without a decimal point, the terminal
or trailing zeros are not significant.

Rule 4

eg. x=3210 has three significant figures, the
trailing zeros are not signiﬁca.m:.

Rule 5 The trailing zero(s) in a number with a decimal
point are signiﬁcam‘
e.g. 3.500 has four significant figures.

per rule 4, we wo h x = 4700 mm
ﬁ as four
an change the

number uf s.lgnlfic'ant I‘lgures {Hule 7

To remove such ambiguities in determining the number of
significant figures, the best way is to report every measurement
in scientific notation (in the power of 10).

In this notation, every number can be expressed as

ax 1ot

where, a is the number between 1 to 10 and bis any positive or
negative exponent (or power) of 10.
Then, the number can be expressed approximately as 10* in
which exponent (or power) bof 10 is called order of magnitude
of the quantity.

¥=4700m = 4.700 x 107° km

In this case, the number of significant digit is 4, as the power
of 10 is irrelevant to the determination of significant figures.




EXAMPLE |1| Uncertainty in Measurement
Write down the number of significant figure in the
following.

(i) 0.072 (ii) 12.000 (iii) 0.060
(iv) 3.08 x 10" (v) 1.2340 (vi) 0.04
Sol (i) Two (1) Five (ii1) Two

(iv) Three (v) Five (vi) One

ROUNDING OFF

The result of computation with approximate numbers,
which contain more than one uncertain digit, should be
rounded off. While rounding off measurements, we use the
following rules by convention:

Rule 1 1If the digit to be dropped is less than 5, then the
preceding digit is left unchanged.
e.g. x=7.82 is rounded off to 7.8.

Rule 2 1f the digit to be dropped is more than 5, then the
preceding digit is raised by one.
e.g. x =6.87 is rounded off o 6.9.
Rule 3 1f the digit to be dropped is 5 followed by
digits other than zero, then the preceding digit is
raised by one.
Rule 4 If the digit o
zeros, then the
it is even.
e.g. x=3.250h
Rule 5 If the digit to

zeros, then the

is odd.

pr LA PRESTINGT

accuracy. Inaccuracy in the measurement of any one
variable affects the accuracy of the final result.

Therefore, the result of arithmetical operations performed
with measurements cannot be more accurate than the
original measurement themselves. The following rules for
arithmetic operations with significant figures that make
final result more consistent with the precision of the
measured values.

Addition and Subtraction

In both, addition and subtraction, the final result should
retain as many decimal places as are there in the number
with the least decimal places. e.g. The sum of three
measurement of length 2.1 m, 1.78 m and 2.046 m is 5.926
m, which is rounded off to 5.9 m (upto smallest number of
decimal places in the three measurements).

Similarly, if x = 12.587 m, and y = 12.5 m, then (x = y) is
12587 =125 =0.087 m, which is rounded off to 0.1 m,
upto smallest number of decimal places in y.

Multiplication and Division

In multiplication or division, the final result should retain

¢ original

bcr with the least significant figures.
The speed of light is 3.00 X 10* m/s and

=95x10"” m

eg x=3750is nr.ﬁgmij ntnld §m[¥| Aﬁl

EXAMPLE |2| Precise Value
Round off the following number as indicated
(i) 18.35 upto 3 digits = 18.4
(ii) 143.45 upto 4 digits = 143.4
(iii) 189.67 upto 3 digits = 190
(iv) 321.1355 upto 5 digits =321.14
(v) 31.325 x 10~ upto 4 digits = 31.32x 107

(vi) 10155 x 10° upto 4 digits = 101.6 x 10°

RULES FOR ARITHMETICAL
OPERATIONS WITH
SIGNIFICANT FIGURES

Any result is calculated by compounding (i.e. adding/
subtracting/multiplying/dividing) two or more variables,
which might have been measured with different d:gr::s of

1cant figures]

9«6

Each side of a cube is measured to be 7.203 m. What are the
total surface area and the volume of the cube to
appropriate significant figures? [NCERT]
Sol. Given, Side of the cube =7.203m
Total surface area = 6 x (side)” = 6 (7.203)°
=311.299254 m* = 311.3 m*
[Rounded off to 4 significant figures]
Volume = (side)’ = (7.203)"
= 373714754 m* = 373.7 m".
[Rounded off to 4 significant figures)

EXAMPLE |4| Density of a Substance

5.74 g of a substance occupies 1.2 em® . Express its density
keeping significant figures in view. [NCERT]



Sol Density = Mass _5T4g
Volume 1.2 cm?
=4783gcm™
=48gcm

[Rounded off upto 2 significant figures)

RULES FOR DETERMINING
UNCERTAINTY IN THE RESULTS
OF ARITHMETIC CALCULATIONS

Rule 1 Suppose, we use a metre scale to measure length
and breadch of a thin rectangular sheets as 15.4 cm
and 10.2 cm, respecrively.

Each measurement has three significant figures and
a precision upto first place of decimal. Therefore,
we can write length ({}=(15.4 £01) cm

01
=]i4:i:(—)<lﬂl])=lié cm = 06%
15.4

Similarly, breadth (£) = (10.2£ 0.1} cm

Relative error in 1.04 kg is
001
+ (—]Xlﬂﬂ =+1%
1.04
Similarly, the relative error in 9.24 kg is
+ (“‘")mm +0.1%
924

Thus, the relarive error depends on the number itself.
Rule 4 In a multi-step compurtation, the intermediare
results should be calculated to one more significant
figure in every measurement, then the number of
digits in the least precise measurement.
eg x=958 has three significant digits. Now,
. .1 1
reciprocal of x is " =9:,—3 =0104, rounded off o
three significant digits. When we take reciprocal of
0.104, we ger 9.62, rounded off to three significant
digits.
1 1
However, if we calculate — =—— =01044, rounded
x 958

off to four signiﬁca.nt ﬁgu.ru. then
1

0.1 100
= lﬂ'.ﬂi(—] % = 10.2 cm * 1%
10.2
Thus, the error OWL
5 15.4x 10.2% (0.

= 157.08 cm

=15708cm*

=(15708 +2

01044
Thus,

l'l'.“[all'llﬂg one more exira

'l‘l (u s} WQ'Ll.I-d
w of roundi ng

As per ru]c, the fi ue of contain on
s RO RYSld,
inal

one significant figures, we can write rh
result as A=(157 +3)em”

Rule 2 If a ser of experimental data is specified o n
significant figures, a result obrained by combining
the dara will also be valid to n significant figures.
eg x=137 m and y=8.08 m, both have three
significant figures.

Now, x—y=137-8.08=562m

So, the final result should retain as many decimal
places as, there is the number with least decimal
places. Therefore, rounding off to one place of a
decimal, we get x = y=5.6 cm

Rule 3 The relative error of a value of number specified to
" signiﬁcant ﬁgurcs depends not only on #, but also
on the number itself.

e.g. my = (104 0.01) kg

and my = (9.24£0.01) kg

ot Rl ek el

appropriate number of significant figures.
(i) Add 6.2q, 4.33q and 17.456¢
(ii) Subtract 63.54 kg from 187.2 kg
(iii) 75.5 x 125.2 x 0.51
213 x 24.78
™ sz
Sol (i)62g+433g+ 17456 g= 27.986=280¢
[rounded off to first decimal place]
{ii) 187.2kg — 63.54kg = 123.66kg= 123.7kg
[rounded off to first decimal place]
(iii) 755 % 125.2 x 051 = 4820826 = 4300

[rounded off upto two significant figures)
(iv) 23X 2478 _ 5115193 = 0115
458.2

[rounded off to three significant figures]



EXAMPLE |6]
The length, breadth and height of a rectangular block of
wood were measured to be
1=1213+002cm, b=816 £0.01cm

and h=346+001cm
Determine the percentage error in the volume of the block
upto correct significant figures.

Sol Volume of block, V = Ibh

The percentage error in the volume is given by
AV
— ¥ 100 = [£+ Ab + ﬁﬁ]
v 1
M ELREI)
1213 Bl6 346
200 100 100
=—t —+—
1213 Bl6 346
= 01649 + 01225 + 0.2890
=058%
[rounded off to two significant figures])

| TOPIC PRACTICE 2 |

=100

4. The mass and volume of a body are 4.237 g and
2.5em?, respectively. The density of the material
of the body in correct significant figures is

[NCERT Exemplar]
(a) 1.6048 g cm ™ (b) 1.69 g cm™
(c)17g cm ™ (d) 1.695 g em™
Sol. (c) In this question, density should be reported to two
significant figures.
4.237g
25cm®
= 1.6948
As rounding off the number, we get density =17

Density =

VERY SHORT ANSWER Type Questions

5. Ifall measurements in an experiment are taken
upto same number of significant figures, then
which measurement is responsible for
maximum error?

Sol. The maximum error will be due to
(i) measurement which is least accurate.
(ii) measurement of the quantity which has maximum
power in the formula.

6. Round off to four significant fi

OBJECTIVE Type
1. The ratio of the vo
volume of the nuc

(a) 10" (b) 10

Sol (a) Radius of atom =
Radius of nucleus =10/

(i) 36.879 (i) 1.0084
(i) 36.88

(ii) 1.008

| @ OI:Ngh fn;thzem

All such zeros are not significant. e.g. x = 678000 has

S ‘ h 2

only three significant figures.

Ratio =
Ratio of volume = EJ

2. The number of significant figures in the numbers
48000 = 10* and 48000.50 are respectively,

(a)5and 6 (b)5and?7 (c)2and?7 (d)2andé
Sol. (b)4.2000 x 10 has 4, 8 0, 0, 0 = 5 significant digits.
4800050 has 4, 8,0, 0, 0, 5, 0 => 7 significant digits.

3. 1f3.8x 107 °is added to 4.2x 10~ ® giving due
regard to significant figures, then the result will
be

(a) 4.58% 107°
{c) 45 107°
Sol (b) By adding 3.8x 107
=458x 107

(b) 46 x107°
{d) None of these

and 42x 107
=458% 107

. we get

As least number of significant figures in given values are
2, s0 we round off the result to 4.6 x 1w

he Untold Sﬁ'ﬁﬁ‘”‘y‘“ﬁf‘ ROTA™

6 5— 6.32 Jll 18 =+/0.4242, upto one decimal place
= 043 (having 2 significant figures).

SHORT ANSWER Type Questions

9. Ajeweller put a diamond weighing 542 gin a
box weighing 1.2 kg. Find the total weight of the
box and the diamond to correct number of
significant figures.

Weight of diamond =542 g =000542 kg

Total weight = 1.2 + 000542
=1.20542kg =12kg
10. The voltage across a lamp is V = (6.0 +0.1) volt
and the current passing through it
I ={4+02) ampere. Find the power consumed

Sol.

by the electric lamp upto correct sig;niﬂchnt
figures. Given that power, P = VI



Sol.

As, V=(60%101)V, [=(40+02)A
Power, P=VI =6.0x4.0=24 W
and maximum error in power measurement

P | |
=0.017 +0.050= 0.067
AP =0.067%x P
=0067x24=16W

Power consumed by the electric lamp within error limit
is(24 £1.6) W.

LONG ANSWER Type I Questions

Sol.

12.

The mass of a box measured by a grocer’s
balance is 2.3 kg. Two gold pieces of masses
20.15 g and 20.17 g are added to the box. What is
(i) the total mass of the box (ii) the difference in
the mass of the pieces to correct significant
figures? [NCERT]
Given, mass of the box (m) = 23 kg

Mass of first gold piece (m, ) = 2015 g = 002015 kg

Mass of second gold piece (mz) 20.17 g = 002017 kg

AP Aa Ab
— X100=%|3] — x 100 | + 2| — x 100
) 4 a b
1{Ac Ad
+—| — %100 |+ | —x 100
2\ ¢ d

Given A—x100=1% AT”xloo 3%
a

£XIOO =4%, ATdXIOO 2%

c

: %xloo=i[3x(l)+2x(3)+1;><(4)+(2)]

=+[3+6+2+2]%=%13%
As the result (13%) has two significant figures, therefore,
the value of P = 3763 should have only two significant
figures. Rounding off the value of P up to two significant
figures, we get P =3.8

13. State the number of significant figures in the

following [NCERT]
(i) 0.007 m? (ii) 2.64 x10* kg

(iii) 0.2370 g/cm® (iv) 6.320 J
(v) 6.032N/m? (vi) 0.0006032 m?

Sol. The number of significant figures in the given quantities

given below

(i) Total mass of

As the mass of the
decimal place, thé
have only one
mass of the boxu

Total mass of
(11) Difference in

(i) In 0.007, the number of signific ﬁgutes is 1
because in a number Iess than 1, the zero's on the
ight d the let of the first

.

of mﬁc' t figures is 3

because all non-zero digits are si
10 are not taken in sngmﬁcant figure.

decimal.)

A physical quantity P is related to four
observables g, b, c and d are as follows

P=a’b*/Jed

The percentage errors of measurement ina, b, ¢
andd are 1%, 3%, 4% and 2%, respectively. What
is the percentage error in the quantity P? If the
value of P calculated using the above relation
turns out to be 3.763, to what value should you
round off the result? [NCERT)

P=a*h® j+fcd

Maximum relative error in physical quantity P is given by
AP (m] (&b] 1(&:] (Ad]
— =ty —|+2l—|+=|—|+|—
P a b 2\ ¢ d

~ Maximum percentage error in P is given by

Given,

T1iz Untold StoBEOFKOTA -

(The masses of two gold pieces has two decimal
places, therefore, it is correct up to two places of

(iv) In 320, the number of significant figures is 4 (reason

(v) In 6.032, the number of significant figures is 4 (reason
is same as in part ‘iii’).

(vi) In 0.0006032, the number of significant figures is 4
(reason is same as in part ‘i').

14. Write down the number of significant figures in
the following

(i) 5238N
(iii) 34.000 m

(ii) 4200 kg
(iv) 0.02340 N/m

Sol (i) 5238 N has four significant digits.
(i) 4200 kg = 4.200 % 10" kg has four significant figures
(iii) 34.000 m has five significant digits.
(iv) 0.02340 N/m has four significant digits.

15. Compute the following with regards to

significant figures.
(i) 46 x 0128 () 29995x 158
1592

(iii) 876 + 0.4382



Sol (i) 46x0128=05888=059

The result has been rounded off to have two
significant digits (as in 4.6)

09995 x 153
1592
The result has been rounded off to three significant

digits (as in 1.53).
(i11) 876 + 04382 = 8764382 = 876

As, there is no decimal point in 876, therefore, result
of addition has been rounded off to no decimal point.

16. The length, breadth and thickness of a
rectangular sheet of metal are 4234 m, 1.005 m
and 2.01 cm, respectively. Give the area and
volume of the sheet to correct significant
figures. [NCERT)

7 If different values of a same quantity are given in
different units, then first of all convert them in

same units without changing the number of
significant figures.

length (/) = 4.234 m, Breadth (b) = 1.005m
Thickness (t)= 201 cm =00201m

(i1) = 096057 = 0961

Sol. Given,

Mass of the Sun (M)

Density of the Sun =
Volume of the Sun (V)

[ Density = - ]
olume

M__3M __ 3x20x10”
4nR*  4%x314 x(70x10%)

p =
1R

3x10%

628 X343 %10

p =14 x10° kg/m*
This density is of the order of density of solids and
liquids and not of gases.
The temperature of inner core of the sun is 10’ K while
the temperature of the outer layers is nearly 6000 K. At
so high temperature, no matter can exist in its solid or
liquid state. Every matter is highly ionised and present
as a mixture of nucleus, free electrons and ions which
is called plasma. The density of plasma is so high due to

inward gravitational attraction on outer layers due to
inner layers of the sun.

=1392x10°

Estimate the average mass density of sodium

Area of sheet ( A) = 24dsthbbsttotttd)

As, thickness has |
therefore, rounding

we get  Area of sh
Volume of sheet (V)

atom assuming its size to be about 2.5 A (Use
the known values of Avogadro’s number and
the atomic mass of sodium). Compare it with

sodium in it alline phase
> the ensities of the same
i 2If so, why? [NCERT]

Given, radius of sodium atom,

1A=10" m]

Rounding off up to three significant figures, we get
Volume of the sheet = 00855 m*

LONG ANSWER Type 11 Questions

17. The sunis a hot plasma (ionised matter) with its
inner core at a temperature exceeding 10'K and
its outer surface at a temperature of about
6000 K. At these high temperatures, no
substance remains in a solid or liquid phase.

In what range do you expect the mass density
of the Sun to be, in the range of densities of
solids and liquids or gases? Check if your guess
is correct from the following data. [NCERT]

Mass of the Sun = 2.0x 10*° kg

and radius of the Sun = 7.0x 10°m.
Given, mass of the sun (M) = 20 x 1o’°kg
Radius of the Sun (R) =70 x10* m

Sol.

THEThtold Stemy -Gk TA

= % X 314 x (25 x107°)* = 6542 x 10 m*

Number of atom in one mole of sodium

= Avogadro’s number (N)
N =6023 x 10”

~. Atomic volume of sodium

= Volume of one atom of sodium

x Number of atoms

=6542 %107 x 6023 x 10 =394 x 10~ m*

Mass of a mole of sodium = 23 g = 23 x 10"°kg
Mass

. Average mass density of sodium =
Volume

_ 23x10”°
394 107
Density of sodium in crystalline phase
=970 kg/m* = 97 x 10° kg/m*
The two densities are of the same order of magnitude
because in solid state, atoms are tightly packed.

=5.84 x 10° kg/m* = 584 kg/m”*



Aen S8 YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions
1. Size of the universe is of the order of
(a)10* m (b) 10 m (c) 10* m (d) 10" m
2. To determine the number of significant figures,
scientific notation is
(a) a* (b) ax10® (c) ax10?

3. In 4700 m, significant digits are
(a) 2 (b) 3 (c) 4 (d 5
4. The number of significant figures in 0.06900 is
[NCERT Exemplar]
(a) 5 (b) 4 (c) 2 (d)3
5. The sum of the numbers 436.32, 227.2 and 0.301 in
appropriate significant figures is
[NCERT Exemplar]
(d) 663.82

(d) ax10*

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

| TOPIC 3|

Dimensions @

Prﬂduct DF I.Cn.gth SD, 15 lm!:l'llerl ]S glv':ﬂ
V =[L]x[L]x[L]=[L*]
As there is no mass and time in volume, so the dimension of
volume is expressed as
V=[M"*T?)
Simi]a.r]y, for force, it is the pmduct of mass and
acceleration. It can be expressed as

F = mass % acceleration = mass x 0
(time)
*. The dimension of force is given by

[ ]

=[M]x —=[MLT™)

Note

Using the square bracket [ | round a quantity means that we are
dealing with the ‘dimensions of the quantity.

6. Choose the correct option.
(a) 300—25=—50 (b)300— 25 =050
(c) 300+ 25 =550 (d) 300+ 25 = 5500

Answer
1. (b)
6. (b)

’ 2. (b 3

4. (b) ‘ 5. (b)

VERY SHORT ANSWER Type Question

7. What do you mean by order of magnitude of a
length?

LONG ANSWER Type I1 Questions
8. What is the difference between 5.0 and 5.00?

9. What is meant by significant figures? Give any four
rules for counting significant figures.

O B o 1 |

ENSIONAL FORMULAE

of the
1 of the

C'XPICSSIDH Whlch SI.'!.OWS hu-w .'I.IICI. wl’ucl:

diec s s tdeld gg‘ﬁbr&& B ROTA=">

e.g. Some of the dimensional formulae are as given below
Acceleration =[M L T_z]
Mass density = [ML7T"]
Volume =[M**T%)
The equation obtained by equating a physical quantity with
its dimensional formula is called the dimensional equation
of the given physical quantity.
c.g. Some of the dimensional equations are as given below
Linear momentum = mass x velocity =[M'L'T™']
Impulse = Force x time =[M'L'T)
Moment of Inertia = mass x radius of gyration
— [M |L2T 0 ]



Problem Solving Strategy

(Finding Dimensional Formulae)

1. First read the problem carefully and then find
out whether we have given with the formulae or

any law to describe in it
2. Write the formulac of a physical quantity for

EXAMPLE |1| Dimension of Gravitational Constant
Find out the dimensions of universal gravitational constant
used in Newton's law of gravitation.

Sol  According to Newton's law of gravitation, the force F,
between two masses m, and m, separated by distance r can

be given as F=G%

which the dimensions to be known. . o
3. Convert the formulac of derived physical Where,G:unTerml gravitational cnmzstnnt
quantity into fundamental quantities, e.g. Gg=tr__ Newton xtﬂmml
acceleration= Length/Time My My (kg)
4. Write  the corresponding  symbols  for c= (mass xacceleration)x (metre)”
fundamental quantities, e.g. mass = [M], length (mass)®
=L, 1 ( Change in veloci
_ nge in velocity 3
time = [T], etc. " mass [ Time ]x{[ength:l
5. Make proper algebraic combination and get o _(Length)®  Distance
the result. Mass % Time -~ Time
6. TI:I m;.rra.ng: the dimensions in order i.e. ) (Lf [L] M T
[M], [L], [T] ..... M] x 1] 1]
Dimensional Formula of Some of the Irnportant Mechanical Quantities
Physical quanﬁtr Dimensional formula Sl unit
Area LxL =12 = [M° L2 T9]
Volume
Density el
3
Specific gravity = =1=[M" ® %)= no dimensions g units

N Story © KOTA

Linear momentum

mass * velocity

MxLT- =M L' 7]

change in velocity

LIT
: TN Y T A e =2
Acceleration - = [ | ms
Acceleration due to change in velocity LA (MO L' T ms™
gravity () time taken T
. _ 1 M
Force mass % acceleration Mx LT = [MLU'T®) (newton)
Impulse force * time MLTZxT=[M L' T Ns
Pressure forcefarea MLTG Nm™
From Mewton's law of gravitation.
ereat F=S8mms o o FP [MLT""]L
Universal constant of e mm, =ML TR Nm? kg™
gravitation (G) )
where F is force between masses
m,,m, at a distance r
Work force = distance MLTZ xL=[M L2 T2 J (joule)
Energy (All types) work M T J (joule)




Physical quantity Relation with other quantities Dimensional formula Sl unit
Moment of force force = distance MLTE xL=[M L* T7) N-m
work ML T2 i g2
= =M 2T
Power ime T [ ] W (watt)
, force MLT? i, 0 1
Surface tension ength — =ML 7] N
Surface energy Energy of free surface M L2 T J
force MLT?
Force constant Teplacement - =M L° T2 -
Thrust force M L T2 onton)
N
Tension force [M' L' T) (newton)
=2
Stress, Pressure % M 'L'I =[M' L' ) N2
change in dimension L
strain original dimension r- M L°T%) Mo units
. . stress M LT M L1 T2 .
Coefficient of elasticity strain —=ML"T N

Radius of gyration (K]

Moment of inertia (/)

Angle (8 or Angular
displacement (3)

Angular velocity ()

Angular acceleration

Angular momentum

=TT

ML =[M' L T°)

Tarque fo [MLZ] [T®)=[M' L2 T hem
Wavelength (L) length of one wave, i.e., distance L=[ML'TH) m
1 1 1 =1
ibrati =T =M LT s” orHz
Frequency (v) number of vibrations/sec T [ 1 (hertz)
Angular frequency (w) 2 r x frequency T =M LO T) radiirufse
Velocity of light in distalm:e travelled L =M LU T ms-"
vacuum (c) time taken T
V'Elf.h:' |_T-1
Velocity gradient dl—w —_- T =M L°T) g
volume L _ 3 —1
— =T AT =1
Rate of flow o = [ ] e
' _snergy (E) MLET® _ 2 1
Mass M _
Linear mass density (m) length T =M LT T kg ™




Physical quantity Relation with other quantities Dimensional formula Sl unit
Distance travelled in nth distance L_ Ve L' T) ms™"
second time T

. =1
Avogadro's number (V) Mumber ﬂ; ;ﬁmﬁ ﬂnﬁ;m in one (M® 1° 79 mole
Magretic dipole mement (M) M= 1A AL =M 2T A0 Am®
M 2
Pole strength (m) m== %=AL =M L' TP A" Am
From Coulomb's law in magnetism, Hm™!
F= “_n.ﬂfz_ where m,_m, are
Magnetic permeability of in Tl IML'I'E ILz =[M' L' T2 A72)
free space (1 ) strengths of two poles; [ALF
g = 42FI7)
iy My
) potential difference MLET-3A"
Resistance (R) ﬂl.lT'EIlﬂl — " LE Q (ohm)
. cl‘ﬂ'gB AT _ 1 g =2 2
Capaciance (C) ool diferance WET A M TN F e
charg AT
Surlace density of charge o= 28 T TAY Cor?
Electric dipole moment-{p) a(2a) AT dy=fM0 L T ATy
Specific Resistance MEETA) (2] _ a3 -
resistivity (p) — =M LT A% ohmm
Conductance (G) b
Conductivity (@) W=[W1 L T A%) !
Electric flux LT
Faraday constant
Mass defect (Am) Sum of masses of nucleons - M L2 T9) kg

mass of nucleus

Binding energy of nucleus {mass defect) x (speed of light)®

M LT =[ML2T2)




EXAMPLE |2| Pull Over Buddy

Derive the dimensions formula of physical quantities.
(i) Tension
(ii) Velocity gradient

(iii) Linear mass density
(iv) Impulse

Sol.

(i) Tension = force = mass = acceleration
[M]x [LT™?] = [MLT )

- ) o Velocity [LT™']
(i) Velocity gradient = ————= - (1]
(iii) Linear mass dfns1ty=%=%= [ML™]

(iv) Impulse = force x time = [MLT2]x[T] = [MLT™]

DIMENSIONAL ANALYSIS
AND ITS APPLICATIONS

The dimensional analysis helps us in deducing the relations
among different physical quantities and checking the
accuracy, derivation and dimensional consistency or its
homogencity of various numerical expressions.

[%m2]=[LT—2mT’1=[L1

As all the terms on both sides of the equations have the same

dimensions, so the given equation is dimensionally correct.

EXAMPLE |3| Test of Consistency
Check whether the given equation is dimensionally

correct vt =mgh
2 =My [NCERT)]

Sol. The dimensions of LHS
= [M] LT = [ML*T™)
The dimensions of RHS = [M] [LT?][L]= [ML*T ]

The dimensions of LHS and RHS are same and hence the
consistency is verified.

EXAMPLE |4| Analysis of an Equation
Check the dimensional consistency of the following
equations.

(i) de-Broglie wavelength, A = —

Its applications are as g
1. Checking the d

2. Conversion of and

ﬂll‘l ons

oA =

1 o e L
[M]x (LT" ]

Consistency of

e i TRETIHYOHH Story L KOT M, o

the same dimensions.

Thus, mass cannot be added to velocity or an electric
current cannot be subtracted from time. We use the
principle of homogencity of dimensions to check the
consistency and correctness of an equation.

The principle of homogeneity of dimension states that a
physical quantity equation will be dimensionally correct, if
the dimensions of all the terms occurring on both sides of
the equation are same.

c.g. Let us check the dimensional consistency of the
equation of motion as

o
S=u el
2

Dimensions of different terms are
[s]=[L]
(ue]=[LT™")[T]=[L]

(1i) Here, v= 1’—R-

1/2
LHS v=[LT™] Rusz[mTM.
G=MTPT?), R=[L),M=[M]
~1y 325 ¢ 12
=[M LLT M] = [T = [LT7)

~. Dimensions of LHS = Dimensions of RHS
Hence, the equation is dimensionally correct.

2. Conversion of One System
of Units into Another

As we know numerical value is inversely proportional to the
size of the unit but the magnitude of the physical quantity
remains the same, whatever be the system of its
measurement.



b Lo
= ny=—0
Hy

Le. Myl = Al L1
Where, #; and n, are two units of measurement of the
quantity and »#; and n, are their respective numerical values.
IfM|, L, and T are the fundamental units of mass, length
and time in one system and while for other system, M ,, L,
and T, are the fundamental units of mass, length and time
then #, —[M'L T land u, =[M] L'ﬁ TS

BT
el

EXAMPLE |5| Energy Estimation

A calorie is a unit of heat or energy and it equals about 4.2
J, where 1J = 1kg-m®/s*. Suppose we employ a system of
units in which the unit of mass equals o kg, the unit of
length is f m, the unit of time is ¥ s. Show that a calorie
has a magnitude 4.2 ¢ ' *y* in terms of new units.

[NCERT]

mIMILATY)

From Eq. () n, = M T x50

Dimensional formula of power is [ML*T™*]
. a=lLb=Z2andc=-3

SI New System
n =1 n2=?
M, =1kg=1000g M,=100g
L =1m= 100 cm L, =100 em

T, =15

] ][]
-fi] el Gl

= 216 % 10

T, =1min =60s

- 60 Jmin~ ' = 2.16 % 10* new units of power.

3. Deducing Relation among

the Physical Quantities
The method of dimensions is used to deduce the relation
among the physical quantities. We should know the
dependence of the physical quantity on other quantities.

We will ﬂ:plain with the Fﬂ]]nwing illustration.

length and time i

and unit is always col

that oscillates under the action of the force o

nse, the time period ¢ of oscillation of ¢

C 3, é ¢ anc tI'IC djml:nsmns ﬂ.l'ld -é 15 Cllan! n]:ss

e 2
gl

n, = 4207y new unit

—2, 2

1 cal = 4. 207" f*y" new unit

EXAMPLE |6 Power Estimation
Find the value of 60] per min on a system that has 100 g,
100 cm and 1 min as the base units.

which is the SI unit of power

u| *

gUntold Sy OFKOTA™ "

MLT'|=M“L*[LT )"
:M¢L5¢ eT—z.r

Apply‘ing the pri.m;ip]c nflwmng:m:it}' of dimensions, we get
-1
a=0,-2c=1 = c=—,
2

b+e=0 = b== =:n€a=2l

Substituring the values of 4, # and ¢ in Eq. (i), we get

Izkmnf”?'g_”z szI
£
:‘=.|{-JE
£



So, dimensional a.na]ysis is very useful in l:lcl:lucing relarions
among the inl:cn:lcpcndl:nt physica] quantiries. It can nnly
test the dimensional validity but not the exact relationship
berween physiv:a] quantiries in any given equation.

Problem Solving Strategy

{ Derive an Expression)

(iii) acceleration due to gravity g at the place.

Sol.

Derive the expression for its time period using method
of dimensions. [NCERT]

Let us assume that T e m*["g°
T = km"I g
where, kis a dimensionless constant.

or

i)

1. Read the pmb]cm carcful]y and understand the The dimensions of various quantities are
concept of the problem before proceeding further. (T]=T,{m] =M
B el (andiies which are fnown and [=L[g=1T"
, ;' " ;:" :" ';t ,;jm' for all ohuicl Substituting thase dimensions in Ba. (1), wa get
. Identify the i arameter for i a _
quantivies, L P P T = [MPLP[LTF
4. Equartion, the relationships berween the physical or  MUPT! = MeLAreT
quantities, should be written down next. ine the ts of M. L and T on both side
Naturally, the selected equation should be E,c,l, get & the exponents of M, B
consistent with the physical principles identified in a=0b+c=0 -2 =1
the previous step. X .
5. Solve the set of equation for the unknown quantities On solving,a=0, b= T =3
in terms of the known. Do this algebraically, without 7
substituting values until the next step ,except where T =km Mg~ = k‘!:
terms are zero. &
6. Substitute the known values, together with their From experiments, k =2%
units obtain & numerical value with units for cach The _ ]
ik refore, T=2r_|—.
unknown. g
7. Check your 213[ er. Do the units match? Is the
order of magnituf PLE |8| A Stretched Spring

Limitations of D
(i) It does not give an
l:luarlt]ty 15 4 sCalar

(it) It gives no infar
constant in the

., nf mass m hung at one end of the spring executes

POHEFE

ve the
2nm

It is given that T = -

(ii1) We cannot driw
l:rigunnmcrrica]
:xpon.cnl:ia] funcrion whjch have no dimensions.

(iv) If a quantity depends on more than three factors,
l'l.'.wing dimensions, the formula cannot be derived.
This is because, equating the powers of M, L and T
on either side of the dimensional equartion, then we
can obrtain three cquations from which we can
compute three unknown dimensions.

EXAMPLE |7| An Oscillating Bob
Consider a simple pendulum, having a bob attached to a
string, that oscillates under the action of the force of
gravity. Suppose that the period of oscillation of the
simple pendulum depends on

(i) mass m of the bob,

(ii) length [ of the pendulum and

wnitold Sto tore Of KOTA

_MLT” z]
[L]

Force

Lenglh

k=

- ]]

LHS # RHS
Hence, the relation is incorrect.
To find the correct relation, suppose T = km"k", then
[T]' = [MF [MT*F = M= T

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

-1
On solving, we get b= ?,a

T =km l!Zk—i.iZ

T=kJE
k



EXAMPLE |9| Vibration of Stretched String
The frequency ‘v’ of vibration of stretched string depends
upon
(i) its length [,
(ii) its mass per unit length ‘m" and
(iii) the tension T in the string
Obtain dimensionally an expression for frequency v.
Sol  Let the frequency of vibration of the string be given by
v=KPmtT* i)
where K = a dimensionless constant
Dimensions of the various quantities are
v=[T"'LI=[LLT=[T]
Force = [MLT™ 7]
_ mass
" length
Substituting these dimensions in Eq. (i), we get
[T~ )= [LF (ML (MLT™*F

or [MaLnT— 1] = [Mb +epe - b+ e 2:]
Equating the dimensions of M, L and T,
we get

and m =[ML ']

b+c=0a-b+c=0and—-2c=-1

We get,
ce=-1/2a=1/2andb=3/2

T o dH2p¥ig12
r 3

ie. T e dL
[s]

TOPIC PRACTICE 3 |

OBJECTIVE Type Questions

1. Which of the following has unit but no
dimension?
(a) Angle (b) Strain
(c) Relative velocity (d) Relative density
Sol. (a) Angle has unit of radian but has no dimensions
because, 8= i
F
i.e., it is the ratio of two quantities of same dimensions.

2. Which of the following has same dimension as
that of Planck constant?
(a) Work
{b) Linear momentum

on solving, a
v)F

or (v)

EXAMPLE 10| T
a Smatt Drop

]
(d) Impulse

(c) As, E=hv

Angular momentum = mvr = [M] [LT™"] [L] =[ML*T™)

fntace tension (vhooe RS A £ S E]

unit length) depends upon the density d, the radius r and
the surface tension o©. Derive dimensionally the

relationship T e \[dr*/c.
Sol. Let the time of oscillation of a small drop of a liquid is
given by
Tod*rd*
T =kd*r*d’ i)

where, K = a dimensionless constant
Dimension of the various quantities are

6 =[MT?)} d=[ML"}r=[L]
Substituting these dimensions in Eq. (i), we get,
e, [MOL'T']= k[MLFLP[MT T

- [M"‘ L-!cub-lwzcl

Equating the dimensions of M, L and T, we get,

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

Stimpye T

(b) Pressure, Young's modulus, Stress
(c) Heat, Work, Energy
(d) Emf, Potential difference and potential

Sol. (a) Heat, work and energy are same things, so they have
same dimensions.
Emf, potential difference and potential have the same
dimensions.

force

force
Pressure = , stress =
area area

Stress _ force / area
" Strain _ dimensionless
So, they have same dimensions.
But dimension of Dipole moment = [M°L'T'A")
dimenslion of electric field = [M'L'TA™]
and dimension of electric flux = [M'L*T™A™)
hence they are different.

= force [ area




4. Obtain the dimensional equation for universal

gas constant.
{a) ML*T"? mol™ 'K~ "]
(b) [ML* T™' mol™* K™%]
(€) [M?LT™ '"mol™' K™
(d) [M LT *mol™' K™ 7]

Sol (a) According to ideal gas equation for universal gas
constant.
i.e., pV= nRT, where n is the number of moles of gases.

_()) _ ML T 1)
((T) ~ (mol] (K]

= [ML*T™ mol™K™]

(i §
Density +
What are the dimensions of a, j?
() ML T~ %], ML)
(b) [M*L T‘“] ML ]
(© ML T M LT
(d [M* L7FTT, [m:!]

5. Given, force =

lkg 1m [t min]”
m=En
1z 1 cm 1s

R R

1cm 1s

VERY SHORT ANSWER Type Questions

8. Write the dimensional formula of wavelength
and frequency of a wave.

Sol Wavelength [A]=[L] Frequency[v]=[T™"]
9. Obtain the dimensional formula for coefficient
of viscosity.
Fdx _ [MLT][L)
Adv ™[] [LT7]
=[ML'T™]

Sol. Coefficient of viscosity (1) =

10. What is the dimensional formula for torque?
Sol [ML*T™)
11. Write three pairs of physical quantities, which
have same dimensional formula.

Sol (i) Work and energy
(iii) Pressure and stress

(i1} Energy and torque

Sol (c) Dimensions of B* = Dimensions of density = [ML™]

=T

Also, of = Force
= [MZL—ZT—Z]
6. In the formula

of capacitance a
respectively. The
are

KOTA

. Express a joule in terms of fu ndamemlal unit.
[ Energy = [ML™=T*]

_l x ] 2 g—z 1 x -2
R st
I it is 1

. Name some physical quantities which are
dimensionless.

(@ ML TR By ™

0w i heotirrtold Gemis i e TR

Sol. (c) Given, [x] = capacitance = [M™' L™ T* A%)
[2] = magnetic induction = [MA™ T™]
[MT'LAT AY)

=ML Al
[MA™ TP [ ]

S0, [y]=
7. When 1 m, 1 kg and 1 min are taken as the
fundamental units, the magnitude of the force is
36 units. What will be the value of this force in
CGS system?
{a) 10° dyne (b) 10° dyne (c) 10® dyne (d) 10* dyne
Sol (b) As, dimensional formula of force = [MLT™]

m=36M=1kg L, =1m T =lmin==60s
n="M=1gLl,=lemT,=1s
So, conversion of 36 units inta CGS system

e o] [ [2]

d’s number

Is Av dro's number a dimensionless quantity?
Sol No, it has dimensions. In fact, its dimensional formula is
[mol™].
16. If x = a+bt +et’, where x is in metres and ¢ is
second, what is the dimensional formula of ¢?

Sol. Here, x=[L]
I=[T} x =ct?
[L]=ex[TY
= []-cz:tc—[LT_zl
[T

17. What are the dimensions of a and b in the
relation : F = a+ bx , where F is force and (x) is
distance?

Sol. [a)=[F]=[MLT?} [5] _H_[E]_[m-z]



SHORT ANSWER Type Questions
18. Find the dimensional formulae of (i) Kinetic
energy and (ii) Pressure.

Sol. (i) KE= %m‘ i.e.. dimensional formula of KE is[ML*T ]
(i) Pressure = —— = == 2 = [ML™'T™)
ea

19. State dimensional formulae for stress, strain
and Young's modulus.

Sol. Strain is dimensionless quantity.

Dimensional formula for stress is [ML™T™]
Young's modulus has same dimensional formula as stress
ie [ML™'T™]

20. Using the relation E = hv, obtain the dimensions
of Planck's constant.

Sol. We know that dimensional formula of energy E of
photon is [M'L*T™*] and dimensional formula of
frequency vis [T _1]

[E] _ M'L*T™]

v

=M T

(=

Dimensional constants are quantities having dimensions
but having a constant value, e.g, gravitation constant
(G). Planck’s constant (H), Stefan’s constant (@) etc.

24. Abook with many printing errors contains four

different formulae for the displacement yof a
particle undergoing a certain periodic motion

[NCERT]

(i) ¥ =t:rs'1|:12%'l (ii) y =asinvt

(3ol

(iv) y =( 2 ] [si.nz— +Cos—

£ T T
(where, a = maximum displacement of the
particle, v = speed of the particle, T = time
period of motion). Rule out the wrong formulae
on dimensional grounds.

Sol According to the principle of homogeneity of
dimensions, if the dimensions of each term adding or
subtracting in a given relation are same then it is
correct, if not then it is wrong. The dimension of LHS of
each relation is [L], therefore, the dimension of RHS
should be [L] and the argument of the trigonometrical
function i.e. angle should be dimensionless.

21. Magnitude of force
object moving with
where k is constant

Sol Since, F =k

F]

(']

= [M] 1

Hence, [k]=

(1) As % is dimensionless, therefore, dimension of

BHS = [L} This formu]a is correct.

(ii) [Ljsin[L]
Therefore, this
nula I8
=[LT™]

L I -y
N

iil) Dimension of RHS =

22

the bn&y Use the equation to obtain
dimensional formula for moment of inertia [
Also write its SI unit.

Sol. The given relation is E = lEi:nz
_E] [MLZT_“]rMLzT_z]
T 7 l T J
Its 51 unit is joule.

= [M17]

=

Distinguish between dimensional variables and
dimensional constants. Give example too.

Sol. Dimensional variables are those quantities which have
dimensions and whose numerical value may change.
Speed, velocity, acceleration ete., are dimensional
variables.

e R ATAEG1d sgm”’ “wg" LR Ls

fore this

=[L]
As angle is dimensionless and dimension of RHS is
equal to the dimension of LHS, therefore, this
formula is correct.
25. Afamous relation in Physics relates ‘moving

mass’' m to the ‘rest mass'my of a particle in
terms of its speed v and speed of light ¢. (This
relation first arose as a consequence of special
relativity due to Albert Einstein). A boy recalls
the relation almost correctly but forgets where
to put the constant ¢. He writes m = ':2“ —
Guess, where to put the missing c? N [%JCER‘I’l

1-v2)"

Sol The relation is written by the boy m =



26.

Sol.

27.

28.

Sol.

According to the principle of homogeneity of As dimensions of both terms on LHS are equal to the
dimensions, the dimensions on either side of a relation dimensions of RHS, the relation is dimensionally correct.
must be same ie., the powers of M, L, T on either side of 29

S ) The speed of sound in a solid is given by the

Dimension of m is equal to the dimension of m,, formula E
therefore, the denominator (1 — v*)'? should be v=_|—
dimensionless. In denominator 1 is dimensionless but P

where, E is coefficient of elasticity and pis
density of given solid. Check the relation by
method of dimensional analysis.

factor v* is not dimensionless.
To make it dimensionless, we have to divide it by the
same physical quantity with same power, therefore, it

should be v*/c?, to become dimensionless. Sol. In the given relation dimensions of LHS terms v are
— m, (LT}
B e e e NG Dimensional formula for E and p are [ML™'T™*]
[; = "_z] and [ML™]
c Jp—
. o = MLT'T P 2m=2 _ -1
If x = a+bt +ct”, where x is in metre and ¢ in Dimenslons of RS m = VIT™ = [LT™)
second, what are the units of a,b and ¢? As dimensions of LHS and RHS of the equation are same.
As x =a+bt +ct’, where x is in metre and t in second. Hence the equation is dimensionally correct.

Hence, in accordance with the principle of homogeneity 30
of dimensions, we have .

Unit of a = x = metre

If force F, length L and time T are taken as
fundamental units then what be the dimensions

. of mass?
Unit of b = unit of T m/s and Sol. Suppose dimensions of mass M be [F*L’ T*] Then, we
. ‘ i 2 have
Unit of ¢ = unit or‘—2 =m/(s) M) =[MLT*F[LF[TF
A man walking briskly in rain with speed v must =ML e

slant his umbrella N2 akine an anole 8 a=la+b=0—-2a+c=0
with the vertic b=—a=-lc=2a=2

'Hence, dimensions of mass M are [F'L™'T?),
checks that the

v—=0,08-0,as I i
this relation ca Z is the distance, and 8 is the temperaturel What
correct relatio! [NCERT] is the dimensional formula of p?

s —@ZI® . 3 z
s LS Untold SEory O KL TA
The left hand side of i D u ry =
;_::3‘_’“°'“?'“:"fl;‘;h“f“°“ of the relation = (LT We find that a/b = dimensions of p and b= [ML™T™]
The dimension of LHS is not equal to the dimension of Therefore, dimensional fonm:lla of pis obtained as
RHS. Therefore, this relation is not correct. a [L'K] =[M™L°T?K]

= = prose g s
To be dimensionless, the RHS should be -‘-’-. [ML 'T 2] (ML ‘T z]
u

T Ca T P 32. The SI unit of energy is J = kgm’s™, that of speed

. vis ms™ and acceleration g is ms™. Which of the
‘(,Zzheclzt the correctness of the relation formulae for kinetic energy (K) given below can
—u” =2as by method of dimensions. The you rule out on the basis of dimensional

symbol have their usual meaning.
The relation is given as v’ —u” = 2as
On LHS Dimension of v* = [L*T™)

arguments (m stands for the mass of the body)?
(i) K=m?%»?® (ii) K=(12)mv?
(iii) K =ma (iv) K =(316)my*

and u? = [LT'P = [1*T7)

1
RHS 225 = [LT][L) = [T (v) K=[E] mv? + ma

[NCERT]



Sol

33.

Ans.

34.

As §1 unit of energy, ] = kgm®s ™,
Sa, [energy]= [ML*T™¥]

() [m*v?] = [M?] [LTF = [MALPT-2)
(ii) [1/2m*v?] = [M] [LT™ ] = [ML*T)

(iii) [ma] = [M] [LT ] = [MLT )

{iv) [3/16mv?] = [M] [LT™'J* = [ML*T™¥]

{v) The quantities (1/2)mv" and ma have different
dimensions and hence, cannot be added.
Since, the kinetic energy K has the dimensions of
[ML*T™] formulae (i), (iii) and (v} are clearly ruled
out.
Dimensional analysis cannot tell which of the two,
(ii) or (iv), is the correct formula. From the actual
definition of kinetic energy, only (ii) is the correct
formula for kinetic energy.

How will you convert a physical quantity from

one unit system to another by method of

dimensions?

If a given quantity is measured in two different unit

system, then Q = nu, = nu,

Let the dimensional formula of the quantity be [M*1"T*],

then we have n, [M{L} Tf] = n, [M3L5, T3]

Sol.

36.

Sol.

Suppose wavelength A associated with a moving particle
depends upon (i) its mass (m), (ii) its velocity (v) and
(iii) Planck’s constant (r)
h = km"v'K
where, k is a dimensionless constant.
Writing dimensions of various terms, we get
[M'L'T®] = [M]*[LT™ ' [ML*T'F
= Manifz:T—!-—c
Comparing power of M, L and T on two sides of
equation, we have
a+c=0b+2c=1l—-b—c=0
Wegeta=—-1Lbh=-1c=+1
kh

Hence, the relation becomes L = —
mv

The orbital velocity v of a satellite may depend
on its mass m, distance r from the centre of
earth and acceleration due to gravity g. Obtain
an expression for orbital velocity.

Suppose orbital velocity of satellite be given by the
relation v=kmr'g

where, k is a dimensionless constant and a, b, ¢ are
unknown powers.

Writing dimensions on two sides of equation, we have

Here M,.L;, T, are
and time in first
unit system.

Hence, n, = n1|: :

[(M°L'T™] = [M]*[LF [LTF
- [MnLllﬂT—zrl

Ap nsional
eq i

On solving these equations, we find that

a=0k= +-;‘|1'u:|:'-+l

—1

g€,20 cm and 1 min a

In first system, M, =1kg, L, =1m, and T, =1s

]J!I.SEI:D]IdEY.EtED‘I, M,=100g, L, = 20m,
T, =1min=60s

wnes [ R

=60 1000 g [} 100 cm 1:

100 g || 20 cm 6ﬂs
1099, 199, 1% w6060 x 60
100

=3.24x 10° units

n, = 60W, power is [M'

=60 x

. The wavelength i associated with a moving

particle depends upon its mass m, its velocity v
and Planck’s constant h. Show dimensional

relation between them.

Untuld Story'OF KOTA

LONG ANSWER Type 11 Questions

37.

Sol.

Alarge fluid star oscillates in shape under the
influence of its own gravitational field. Using
dimensional analysis, find the expression for
period of oscillation (T) in terms of radius of
star (R). Mean density of fluid {p) and universal

gravitational constant (G).

Suppose period of oscillation T depends on radius of star
R, mean density of fluid p and universal gravitational
constant (G) as
T = kR*p*G®, where k is a dimensionless constant
[MPLAT] = [LF ML ML T2 F
- I'Mb—an—ﬂr+3cT—2c'|



38.

Sol.

39

Comparing powers of M, L and T, we have
b—ec=0
a-3b+3c=0 and -2 =1
On simplifying these equations, we get
c=-1/2,b=-1/2,a=0

Thus, we have T = kp™'?G™'" = k

=

Find an expression for viscous force F acting on
a tiny steel ball of radius r moving in a viscous
liquid of viscosity nwith a constant speed v by
the method of dimensional analysis.

It is given that viscous force F depends on (i) radius r of
steel ball, (ii) coefficient of viscosity 1 of viscous liquid
(iii) Speed v of the ball

ie, F = kr"nfv", where k is dimensionless constant
Dimensional formula of force
F=[MLT?],r=[L)
n=[M'T"'"T"Jand v = [LT™"], we have
IMLT ] = [LF ML T P ILT ' F
o [MaL--bnT-b-cl
Comparing powers of M,L and T on either side of

Sol.

From the table of fundamental constants in this
book, try to see if you too can construct this
number (or any other interesting number you
can think of). If its coincidence with the age of
the universe were significant, what would this
imply for the constancy of fundamental
constants?

Few basic constants of atomic physics are given below.
Charge of an electron (e) =16 x107°C
Speed of light in vacuum (¢) = 3 x 10*m/s
Gravitational constant (G) = 667 x 10™"' N-m*/kg*
Mass of electron (m,) =91 x 10" kg
Mass of proton (mP) =167 X107 kg
Permittivity of free space (g,) = 885 x 107" N-m*/C?
On trying with these basic constants, we can get a
quantity whose dimension is equal to the dimension of
time. One such quantity is y

e
l61tz£:m’m,zc’6
On writing dimensions of each quantity on RHS,
[x]

x=

equation, we get o= [AT]‘
MTLPTAA%E x M) x [MJ x [LT™' P x [M7'L*T™)
= le- 1-2+1 LG-S- STJ-8+ 2+ SAl- C]
On solving, these aho = 6— o .

Hence, the relation be

A great physicist o
loved playing he n rical values of
fundamental cons%#‘:ea ‘d
to an interesting observation. that
from the basic constants of atomic physics
mg, m, and the gravitational constant G, he could
arrive at a number with the dimension of time.
Further, it was a very large number, its

magnitude being close to the present estimate
on the age of the universe (~15billion yr).

irac roun

Now, substituting values of all constants in the
relation,

given

n19y¢

St T ROTR

=218x10" s
=69x10* yr =10° yr

=1billion yr
The estimates value of the quantity x is close to the age
of the universe.



ASSESS

OBJECTIVE Type Questions

1.

. Which physical qua

The dimensional formula of Avagadro's number is
(@) M'L'T"]

(b) [mole™ ']

(c) [mole]

(d) M L'T?)

Dimension formula of AQ, heat supplied to the
system is
(a) [ML*T™ "]
() (ML*T™ "]

(b) [MLT™ %)
(d) [MLT']

. Which of the following is not a dimensional

constant?

{(a) Gravitational constant
(b)n

(c) Planck’s constant

(d) Gas constant (K)

YOUR TOPICAL UNDERSTANDING

8. The density of a material in CGS system is 10 g cm ™. If
unit of length becomes 10 ¢cm and unit of mass
becomes 100 g, the new value of density will be

(a) 10 units (b) 100 units (c) 1000 units (d) 1 unit

Answer
1. (b) 2. (a) 3 (b 4. (o 5. (b
6. (b) 7. (b 8. (k)

VERY SHORT ANSWER Type Questions

9. Write the dimensional formula corresponding to
(i) Photon and (ii) Calories.

10. Name at least seven physical quantities whose
dimensions are [ML™T ).

11. Write the dimensional formula of torque.
12. Name the physical quantity of the dimensions given

Which of the following has neither units nor that

dimensions? (i) [ML™'T™), (i) (ML T ),
{a) Angle Fre 2m-3 : Om-2
(b) Energy X

(c) Relative density
(d) Relative velocity

{a) Force and power
{b) Torque and engr;
{c) Torque and powe
{d) Force and torque

ORT ANSWER Type Questions

. iomal
I{
it} Veloct i

{1.11} Angular veluclty

On checking th i m.sim:uon istency  of
equation, it is based on the pri mmial
{a) homogeneity of equations

{(b) homogeneity of dimensions

(c) homogeneity of expressions

(d) homogeneity of formula

Force (F) and density (d) are related as F =

ol
B+d
Then, the dimensions of ot and f§ are
l:ﬂ-] [MS.E L— HZT— 2]- [m— 3 TB]

(h} [M 372 L— 1.!2.1.— 2], [M]_ﬂ L— 312 Tﬂ]
(€) (MPLAT™ ') ML T
(d) [M LT™?], [ML™*T™*]

'riitlﬂn

Stw Sors Km‘

5. What are the advantages of expressing physical
quantities in terms of dimensional equations?

16. How can you check the correctness of a
dimensional equation?

17. Are all dimensionally correct equations numerically
correct? Give one example.

18. Let us consider the equation %mvz =mgh, where M

is mass, v is the velocity of the body, g is the
acceleration due to gravity and h is the height.
Check whether the equation dimensionally correct.

[Ans. Correct]



19. In CGS system, the value of Stefan’s constant (o) is

567 % 10~° ergs'cem ™K ~*. Write down its value in
ST units. [Ans. 567 x107* Js"'m~K™]

LONG ANSWER Type | Questions

20. Find the dimensions of constant ‘@ and ‘¥ occurring
in van der Waals' equation.

[p+—][V b] = RT

v? [Ans. a=[M' I'T™),b=[L*)

21. In Poiseuille’s equation, ¥
the dimension of .

22. Write the dimensions of a and b in the relation
E =b-x*/at, where E,x and t represent energy,
distance and time, respectively.

23. The resistivity p of the material depends on the

length [, diameter d and resistance R of the wire.
Derive the relation for resistivity using the method

of dimensions.
¥
[meo-i( 2|

=npr* /8nl, determine

LONG ANSWER Type Il Questions
24. Assume that the mass (M) of the largest stone that
car moved by the following river depends only upon
the velocity v and the density p of the water,
alongwith the acceleration due to gravity g. Show
that m varies with sixth power of the velocity of the
flow. [Ans. M = kv®]
25. The escape velocity v of a body depends upon (i) the
acceleration due to gravity of the planet and (ii) the
radius of the planet R. Establish dimensionally the
relationship v, g and R. [Ans. v =kJ_|;_R]

26. Explain the principle of homogeneity of

dimensions. What are its uses? Illustrate by giving
one example of each.

27. Using the principle of homogeneity of dimensions
find which of the following is correct.

4 2.3
W1’ =4n%?, (@I = % and
(iif) ¢ = 4m’r?
T 4M

SUMMAR

= Allmequanutm i
= Types of piy:l

NORV:N POINT

ose measurement is necessary, are called physical guantities.

(i) Fundame
in terms of

Dol B A o s F oot PO TAX

(i) Derived guantities Those physical quantities which are derived from fundamental quantities are called derived quantities. e.g. velocity,

aceeleration, force ete.

= Unit The standard amount of a physical quantity chosen to measure the physical quantity of the same kind is called a physical unit.

= Types of physical units

(i) Fundamental units The physical units which can neither be derived from one anather, nor they can be further resolved into more simpler units

are called fundamental units. e.g. kg, metre, second etc.

(i) Derived wnits All other units which can be expressed in terms of fundamental units are called derived units

e.q.mfs,m /s, ete.

= The comparision of any physical quantity with its standard unit is called measurment.

= Rules for finding significant figures

= The dimensions of a physical quantity are powers (or exponents) to which the base guantities are raised to represent the quantity.
= The expression which shows how and which of the base quantities represent the dimensions of a physical guantity is called the dimensional formula.

= The equation which expresses a physical quantity in terms of the fundamental units of mass, length and time is called dimensional equation.

= |f the dimensions of left hand side of an equation are equal to the dimensions of right hand side of the equation, then the equation is dimensionally
correct. This is known as homogeneity principle. Mathematically [LHS] =[RHS]



CHAPTER
PRACTICE

OBJECTIVE Type Questions

1.

8.

Which one of the following physical quantities is
not a fundamental quantity?

(a) Luminous intensity

(b) Thermodynamic temperature

(c) Electric current

(d) Work

. Among the given following system of unit which

is not based on unit of mass, length and time?

{a) CGS (b) FPS (c) MKS (d) sI
. Find the value of 129 g— 7.05 g.

(a) 584 g {b) 5.8g

(c) 5.86 ¢ (d) 59¢

. The numbers 2.745 and 2.735 on rounding off to

3 significant figereswill give—{NCERT Exemplar}
{a) 2.75 and 2.74 {b) 2.74 and 2.73
(c) 2.75 and 2.73 (d) 2.74 and 2.74

. The length and breadth of a rectangulas sheet are

16.2 cm and 10.1 cm, respectively. The area of the
sheet in appropriate significant fisures and error,
is

(a)164% 3 cm?
(c)163.6%* 2.6 cm®

(b)163.62% 2.6 cm®
(d)163.62% 3 cm™

If the unit of force is 100N, unit of length is 10 m
and unit of time is 100 s. What is the unit of mass
in this system of units?

(a)10° kg
(c)10” kg

(b) 107 kg
(d)10° kg

. If P, 0, R are physical quantities, having different

dimensions, which of following combinations
can never be meaningful quantity?

(a) P;Q] (b) FQ-R
_ 2
{C}% {d) R-Q

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

9.

R
(a) 7

R L
(c) J; (d) =

In the gas equation [p - %J (V-0)=RT,the

dimens;ong ofaare
(a) [ML'T™ 7]

(c) [ML*T™?)

() (M~'L'T )
d M~

ASSERTION AND REASON

Direction (QQ. Nos. 10-14) [n the ﬁﬂaw:'ng questtons, fwo
statements are given- one labelled Assertion (A) and the other
labelled Reason (R). Select the corvect answer to these guestions
ﬁﬂm the codes (a), (B), (c) and (d) as given below

10.

11

12.

13.

{a} Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.
(b} Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.
(c) Aesertion is true but Reason is false.
(d) Assertion is false but Reason is true.
Assertion The unit based for measuring
nuclear cross-section is ‘barn’.

Reason 1barn=10"""m"

Assertion Préssure has the dimensions of energy
density.

Reason Energy density = Energy

VLI] ume

Assertion The method of dimensions analysis
cannot validate the exact relationship between
physical quantities in any equation.

Reason It does not distinguish between the
physical quantities having same dimensions.

Assertion Letus consider an equation
(1/2) my*® = mgh

where, m is the mass of the body, v is velocity,
g is the acceleration due to gravity and h is the
height.

Reason Equation is dimensionally correct.



magnetism and electricity, the additional base

14. Assertion A cesium atomic clock is used at NPL,
New Delhi to maintain the Indian standard of unit of electric current is ampere.
time. (i) The dimensions of universal gravitational
Reason The cesium atomic clocks are very constant are
accurate and precise. (a) ML~ ¥ T?] (b) [ML? T~ 3]
CASE BASED QUESTIONS @M LT @MALET )

Direction (Q. Nos. 15-16) This question is case study based

question. Attempt any 4 sub-parts from given question.

15.

Measuring Experiment

The true value of a certain length is near

3.678 cm. In one experiment, using a measuring
instrument of resolution 0.1 em, the measured
value is found to be 3.5 ¢cm, while in another
experiment using a measuring device of greater
resolution, say 0.01 cm, the length is

(ii) The coefficient of thermal conductivity has
the dimensions
(@) [ML"'T? K¥) ) MLTT 3K "]
(© MLT K™ (d) [MLT™® K]
(iii) Dimensions of resistance are
@ [MT *A""]  mMLET3A T
(© [MALT-* A="]  (d) [ML®T~3 A]
i

(iv) Given, force = ——.
Density +

determined to be 3.38 em.
What are the dimensions of a, 7

(i) Which measuring experiment is more @ [MLz T-2 ], ML 1,,r3]

accurate? o a3 Y3y =1
(a) First (b) Second (b) [ML'T™7], (ML)
{c) Either (a) or (b}  (d) Neither (a) nor (b) (€) M2L72T-2), (M¥3 LT )
(ii) Which measuring experiment is more (d) [M2 L7272, ML)
pl'EE}SE? V) Which of the following has unit but no
(a) F'I“t dimension?
(c) Either (a) or a) Angle (b) Strain
(iii) A device which i i sity
length to an a¢c
(a) screw pauge r
{b) spheromete (d) 2. (d) 3. () 4. id) 5. (a)
Ea‘l (a) (a) 9 ch 0.
(c) vernier callipe

(d) Either (a)or ( 15 l] (a) Ul] Ib]

e ntold S5t OEROT

g“ﬁ"r‘r‘;’““’” VERY SHDRT ANSWER Type Questions

(b) mistake 17. Wavelength of a laser light is 6463 A. Express it

E;:; precision in nm and micron. [Ans. 646.3 nm, 0.6463 1]
accuracy

18. Find the value of 1 J of energy in CGS system of

(v) The accuracy in measurement may depend on
units. [Ans. 107 CGS units]

(a) limit, resolution
{(b) precision, limit

(c) limit, accuracy

(d) precision, accuracy

SHORT ANSWER Type Questions
19. Find the value of the following upto the

16. Dimensions Analysis
All quantities in mechanics are represented in
terms of base units of length, mass and time.
Additional base unit of temperature (kelvin) is
used in heat and thermodynamics. In

appropriate significant figures in the following.
(a) 3.27 + 33.5472 (b) 53.312 - 53.3

(c) 202 x23 (d) 3.908 x5.5
[Ans. (a) 36.82 (b) zero (c) 46 (d) 21]



20.

21.

If unit of force, velocity and energy are
100 dyne, 10 cm/s and 400 ergs, respectively.
What will be the unit of mass, length and time?

[Ans. 4 g, 4 cm, 0.4]

If p represents radiation pressure, ¢ represents
the speed of light and g represents the radiation
energy per unit area per unit time.

Calculate the non-zero integers such that
p*g'c’ is dimensionless.

LONG ANSWER Type [ Questions

22.

24.

26.

How many significant figures are there in the
following results for quantities measured in the
laboratory?

(a) 3.0120 (b)123.0km (c) 0.006235 s
(d)0.23x107 () 100.007g (f) 143000 km

If velocity of sound in air v depends on the
modulus of elasticity E and density p.

E
[Ans. v= kJT_H

Find expression of v.

27.

elasticity nand (ii) kinetic energy E,. By the

method of dimensions, show that x = [Et]}é
n

Rule out or accept the following formula for
kinetic energy on the basis of dimensional
arguments.

()R = %mvz (ii) K = %mvz +ma

[Ans. x =1, y=-1z=1]

Miss Rita in her Physics class was explaining
how to use a vernier calliper to measure small
dimension. Her student Anubha was confused
that why didn't we used a metre scale for the
purpose, She asked Miss Rita who explained her
that a proper instrument and unit should be
used to get accurate measurement. Large
dimensions such as distance of earth from Sun
is measured in light year (ly) whereas size of
nucleus is measured in fermi (fm).

(i) What values of Anubha and her teacher do

Check the relati
dimension.

If the time perio

drop depends
(r) of the drop,
Derive an exp

analysis.

The depth x to which a bullet penetrates a
human body depends upon (i) coefficient of

DNG ANSWER Type 1l Qucatmn

you appreciate?
L L | (11) Give the physical quantities of following units.
(a) Parsec (b) Joule

—

iii) Give the physical quantities measured by
1 ﬂ mEt‘

wire of

The Uttt smrymf 0 b b -

R =(30%2)Q and L =(75.00 £0.01) cm, find the
percentage error in p upto correct significant
figures. [Ans. 14%]



