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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Hence, a complete set of these units, i.e. both the base units and derived units, is - D!m“m!{"m] ['E:-rml_l]ﬂ{: and
known as the system of units. Dimensional Equations

PHYSICAL QUANTITIES

All those quantities which can be measured dirtr:[l}' or i.ﬁdi.l’tf.‘t]!f' and in rerms of
which the laws of ph}'sics can be ::xprf:ssrd are called p]‘:ysif:a] quantities.

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

(i) Fundamental Quantities

Those physical quantitics which are indtptndcnt of other physlcal 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 quantty with a standard amount of the
physical quantity of the same kind, called its unir.

Hence, to express the measurement of a physica| 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
quantity(n), i.e. the number of times that unir () is

contained in the given ph}-’sical quantity.

Numerical Value Inversely Proportional
to the Size of Unit

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

or

¥

1
ne — = pu=constant.
u

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

Hence, lkg=1000g

We may write a5 Q=mu; =nly

where my, i, are the numerical values and u, u, are the two units of
measurement of the same guantity.

PHYSICAL UNIT

The standard amount of a physical quantity chosen to measure
the physical quantity of the same kind is called a physical unit.
The essential requirements of physical unir are given as below:
(1) It should be of suitable size.

(i1} It should be casily accessible.

(ii1) It 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.
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Derived Units

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

Speed =

Distance
eg. L

Time

) Unit of distance
Unit of speed =—————
Unirof time

m -1
— =ms
5

Unit of spocd (i.e.ms™") is a derived unit.

THE INTERNATIONAL
SYSTEM OF UNITS

A system of units is the camp|ﬂc set of units, both
fundamental and derived for all kinds of physical
quantitics.

The common Systems of unirs used in mechanics are
given below

(i) FPS System It is the British cnginecring system
of units, which uses foot as the unit of |cngth.
pound as the unit of mass and second as the unit
of time.

(ii) CGS System It is based on Gaussian system of
units, which uses centimetre, gram and second
for lcngth, mass and time, rcspl:ctivcl].c

(111} MKS System It uses metre, kilogram and second
as the fundamental units of length, mass and
time, respectively.

(iv) International System of Units (S Units) The
system of units, which is acc:pmd int:rnaticna"y
for measurement is the System Internationaled’

Units (French for International System of Units)
abbreviated as 51,

The SI, with standard scheme of S}rmhols, 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.
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In SI system, there are seven base units and two supplementary units as listed below:

SI 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 elementary entities as there are atoms in 0.012 kg of carbon-12. (1971)
Luminous Candela cd One candela is the luminous intensity in a given direction of a source that emits
intensity monochromatic radiation of frequency 540 x 10'? Hz and that has a radiant intensity
in that direction of 1/683 watt per steradian. (1979)
Some supplementary quantities and their Sl units
Supplementary ‘ Sl units
quantity Name Symbol Definition
Plane angle ' Radian rad One radian is the angle subtended at the centre of a circle
by an arc equal in length to the radius of the circle. 0= ds
ie. = g_S_ r
r
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 =
P
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.
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S| derived units with special names

Sl unit

e Name  Symbol  SPssonntems Eepregion n e
Frequency Hertz Hz - g™
Force MNewton N - kg m s~ or kg mg®
Pressure, stress Pascal Pa MATE or Nm™ kagm™'s™ or kak®m
Energy, work, quantity of heat Joule J Nm kg™ or kg mf®
Power, radiant flux Watt w Jsords™! kgm® s~ or kg’ e?
Quantity of electricity, electric charge |Coulomb C - As
Electric potential, potential difference, | Volt v WA or WA kgm?s™ A~ or kgmis? A
electromotive force
Capacitance Farad F Civ A st kg e
Electric resistance Ohm 0O ViA kgt s73Aa2
Conductance Siemens S AN m kg's? A
Magnetic flux Weber Wb Vs or JiA kgms™ A
Magnetic field, magnetic flux density, |Tesla T W/ kgs? A~
magnetic induction
Inductance Henry H WhyA kg mis=2 a2
Luminous flux, luminous power Lumen Im - cofsr
Ilurminance Lux I im/rm’ m edsr™
Activity {of a radio nuclide/ radivactive | Becguerel Bq - g™
source)
Absorbed dose, absorbed dose index | Gray Gy Jikg mt fs? or
nr s~
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Some 51 derived units expressed by means of S1 units

Physical quantity

Magnetic moment
Dipole moment

Dynamic viscosity

Torque, couple, moment of force
Surface tension

Power density, imadiance, heat flux density
Heat capacity, entropy

Specific heat capacity, specific entropy
Specific energy, latent heat

Radiant intensity

Thermal conductivity

Energy density

Electric field strength

Electric charge density

Electricity flux density

Permittivity

Permeability

Molar energy

Angular momentumn, Planck constant
Molar entropy, molar heat capacity
Exposure (X-rays and y-rays)
Absorbed dose rate

Compressibility

Elastic moduli

Pressure gradient

Surface potential

Pressure energy

Impulse

Angular impulse

Specific resistance

Surface energy
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Sl unit
Name Symbaol Expression in terms of S| base units

Joule per tesla JT me A
Coulomb metre Cm sAm
Poiseville or pascal second Plor Pasor m kgs™
or newlon second per square N
metre
Newton metre Nm m? kgs™
Newton per metre Nfm kgs™
Watt per square metre Wi kgs™
Joule per kelvin JIK m kgs™ K™
Joule per kilagram kedvin Jdikg K mf s K
Joule per kilogram Jikg ms™
Watl per steradian T kg 572 51
Watt per metre kelvin wm™ K mkgs™ K™
Joule per cubic metre Jim® kg g™
Volt per metre Vim m kg g2 A
Coulomb per cubic metre Cim* mAs
Coulomb per square metre Cim® meAs
Farad per metre Ffm md kg™t A2
Henry per metre Hfm m kg g2 A~
Joule per mole Jimol m kgs™ mal™
Joule second Js kgm®s™
Joule per mole kelvin Jimol K m? kgs™ K™ mal™
Coulomb per kilogram Cikg kg™ s A
Gray per second Gy/s m?g™?
Per pascal Pa=' mhkg™ s?
MNewton per square metre Mfm? or N2 kg m 52
Pascal per metre Pafmor Nm™  kgm™s™
Joule per kilogram Jikgor Nmikg  mfs™
Pascal cubic metre Pam® or Nm kgm® g2
Newton second Ms kg mss™
MNewton metre second Nms kgmt g™
Ohm metre am kgm®s™ A7

Joule per square metre Jim? or Nfm kg s™
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PROBLEM SOLVING STRATEGY
(LINIT 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 pn:rHcm.

(1) Set up the pml:l]mn Units are multipli:d and
divided just like ordinary algebraic symbols. It gives
us an easy way to convert a quantity from one set of
units to another.

(111) Execute the pmh]em e.g., We say that 1 min = 60 s.
So, the rato of (1 min)/(60 s) cqua] to 1/60, as does
its r:cipmcal (60 s)/{1 min). We may multipl}-" a
quantity by ecither 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 min]( 603 ]= 180 s

1 min
(iv) Evaluate your answer Check whether your answer is
reasonable. Is the result 3 min = 1805 reasonable? Is
your answer is consistent with an unit of conversion?

EXAMPLE |1| Conversion of Units
Caleulate the angle of
(i) 1° (degree)

(ii) 1"" (second of arc or arc sec) in radian. [NCERT]
Sol. [:l]' 1° =2—nl‘ﬂd=i= 2
360 180 7x 180

= 1.746% 107 rad
1 1®
(ii) 1arcsec=1" = —=
60 60 =60
1 s

= o —— I
60 % 60 180
=485 %107 rad

Rules for Writing Sl 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.

&«
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ADVANTAGES OF SI OVER
OTHER SYSTEMS OF UNITS

(i) Slis a coherent system of units All derived units

can be obrained b}r simph: multiplicatinn 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 jnulc,
heat energy in calorie and electrical energy in watt

hDU L.

{iii) SI is a metric system The multiples and
suhmuhipl:s of 51 units can be :xpn:sscd as powers

of 10,

e ax 10,

(iv) SI is an absolute system of units It does not use
gnwitatiana| units. The use of ‘g’ 15 not r:quircd.

Some General Units (Outside from 51)

Name Symbol Value in Sl Unit
Minute min E60s

Haour h 60 min = 3600 5

Day d 24 h=86400 s

Year y 36525d=3.156 x 107 5
Degree “ 1* = (m/180 rad

Litre L 1dm? =10 m?

Tonne t 10° kg

Carat c 200 mg

Bar bar 0.1 MPa=10° Pa

Curie Ci 37 = 10"%s”

Roentgen R 258 x107 Cikg

Quintal q 100 kg

Barn 100 i =107 m?

Area a 1 dam® =10°m®

Hectare ha 1 hm? = 10*

Standard atm 101325 Pa = 1013x10° Pa
atmospheric pressure

e @)
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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 prcﬁxc.-‘. used for powers of 10 are listed below
in table

Prefixes for Powers of Ten

Multiple Prefix  Symbol Sub-multiple Prefix Symbol
(i) deca da 10 deci d

10° hecto h 107 ceni ©

10° kilo k 107 milli m

1 [i mega M 107 micro

10° giga G 107 nane  n

10 tera T 107" pico p

10" peia P 107" femioc |

10 axa E 107 atto a

e.g 1 megaohm, MQ=10° Q2
1 milliampere or 1 mA = 107 A
1 kilometre, 1 km =10° m
1 microvolt or 1pV = 107° V
1 decagram, 1da g=10g
1 nanosecond or 1 ns=10""s
1 centimetre, 1 em =10"* m
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,

K«

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.
(ii) Light year It is the distance travelled by light in
vacuum in one year. 1 ly= 9.406 10" m

Get More Learning Materials Here : i
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(111) Parallactic second It is the distance ar which an arc
of length 1 astronomical unir subtends an angle of
1 second of arc. 1 parsec= 3.084% 10" m=3.26ly

{iv) Micron or micrometer, 1 m = 10" m
(v) Nanometer, | nm = 10~ m
(vi) Angstrom unit, | A=10""m

(vii) Fermi This unit is used for measuring nuclear sizes
1 Fm=10" m

EXAMPLE |2| Length Conversion
How many parsec are there in one metre?
Sol Given, 1 parsec =3.084% 10" m

or 3.084x 10" m= 1 parsec

Im= = parsec

3084 % 106
=325 % 107" parsec

EXAMPLE |3| Relation between different unit of
length
Deduce relations between astronomical unit, light year
and parsec. Arrange them in decreasing order of their
magnitudes.
Sol Weknowthat 1AU=15% 10" m
1ly=946% 10" m
1 par sec= 3.08 x 10" m
1ly 946x 107
1AU  15x 10"
1ly=6.3x 10° AU i)
Conversion of light yvear into parsec

= 63x% 10

1 parsec  3.08x 10"
1ly 946 10"
1 parsec = 3.26 ly i)

ie., = 3.26

Comparing results from Eqs. (i) and (i), we get
1 parsec > 1ly> 1 AU

For Mass
(i) Pound, 1 Ib=0.4536 kg
(i1) Slug, 1 Slug =14.59 kg
(iii) Quintal, 1 q =100 kg
(iv) Tonne or Metric ton, 1 ¢=1000 kg
{v) Atomic mass unit (it is defined as the 1/12th of the
mass of one }.IC atom) 1 amu=1.66 % 10~ kg

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

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

(iii) Solar year It is the rime rmken by the carth 1o
cnmpl:tc one revolution around the sun in its orbit.

1 solar year= 365.25 average solar days
= 366.25 sedrial days

(iv) Tmpical 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 d:-l].-'s

(vif) Shake It is the smallest pmctic:-ﬂ unit of time.

1 shake=10"% s

EXAMPLE |4| A Clock
Which type of phenomena can be used as a measure of
time? Give three examples.

Sol. A phenomena which repeats itself at regular intervals
can be used as a measure of time.

Some examples are given below

(1) oscillation of a pendulum

(ii) rotation of earth around its axis
(iii) revolution of earth around the sun

For Areas
(i) Barn, 1 barn= 10" m?
(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?.
(ii) Gallon (for volume),
In USA, 1 gallon =3.7854 L
In UK, 1 gallon=4.546 L
(iii) Pascal (for pressure), 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
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{vi) Electron volt,
leV=16x107"]
(vii) Erg (for energy/work),
lerg= 107" ]
(viii) Kilowart hour (for energy),
1 kWh=3.6x 10°]

(ix) Horse power (for power),

1 HP =746 W
(x) Dioptre (for power of a lens),
ID=1m"™"

T
1) D fo le), 1°=—rad
(xi) Degree (for angle) 50 ra

TOPIC PRACTICE1 |

OBJECTIVE Type Questions

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

(a) mass
(b) velocity
(c) acceleration
(d) linear momentum

Sol. (a) Mass is the fundamental quantity as it does not depend
upon other physical quantities. However, other three
quantities, i.e. velocity, acceleration and linear
momentum are not fundamental quantities as these
show their dependency on fundamental quantities.

2. How many wavelength of Kr*® are there in 1 m?
(a) 1553164.13 (b) 1650763.73
(c) 2348123.73 (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) 4 x107% sr
(c) 6x107° sr (d) 81077 sr

Sl (bEckid angie,diim 20 u 10
r*  (5em)’

=004 sr
=4x107 sr

4. Which of the following is not a physical

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

e @)
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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.

6. S1 unit of capacitance is
{a) ohm-second (b) Wh
{c) coulomb (volt)™ {d) A-m*
Sol. (c) SI unit of capacitance is coulomb {volt)™ . However,
ohm-second is the unit of inductance, Wb is the unit of
magnetic flux and A-m” is the uinit of magnetic moment.

7. The damping force on an oscillator is directly
proportional to the velocity. The unit of the
constant of proportionality is

(a)kgms™ (Bkgms™ (c)kgs™ (dkgs
Sol. (c) Given, damping force = velocity
Fev=F=kv
=5 k= i
v
a -
Unit of k = U“# aiy = kg—m_s =kgs™
Unit of v ms™"
8. Number of fermi in one metre is
(a)10°F  (0)10YE  (0)10F  (d)10"F
Sol (c)1 fermi (F)=10"" m
or Im= ; =10"F
— 15

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°
1 r:ldi:lll=@= E ®T=573°
T 22

VERY SHORT ANSWER Type Questions

10. Isit possible to have length and velocity both as
fundamental quantities? Why?

Sol. No, since length is fundamental quantity and velocity is
the derived quantity.

11. How many astronomical units make one metre?
Sol 1m=667x 107" AU
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12. How many light years make 1 parsec?

Sol. 3.26 light years make 1 parsec.

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

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

14. Which unit is used to measure size of a
nucleus?

Sol. The size of nucleus is measured in fermi.

1 fermi=10"m

15. What is the difference between nm, mN and Nm?
Sol. nm stands for nanometre, 1 nm =10~ m, mN stands for

milli-newton, 1 mN =107 N, Nm stands for newton
metre.

16. How many amu make 1kg?
Sol 1amun =166 %107 kg

lkg= =06 %107 amu

166 %107

17. Human heart is aninbuilt clock. Comment.
Sol. True, because human heart beats at a regular rate.

18. Define one Barn. How it is related with metre?

Sol. One barn is a small unit of area used to measure area of
nuclear cross-section.

1 barn =107 m*

SHORT ANSWER Type Questions

19. Express an acceleration of 10 m/s® in km/h?.
10m _ _10x 107
(5 h]z
G060 |
=(3600)" % 107" km/h*
= 1.29x 10° km/h*

Sol. Acceleration =

20. Does AU and A represent the same unit of
length?

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

1 A =1angstrom= 107" m

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

Also, 1Gm= 10° m
15
1ly =w= 946 % 10° Gm
10
| oucr vere @
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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?
Unit of length = Unit of velocity ® Unit of time
=3x10°ms™ x1 year
=3%10"ms™ x365% 24 X 60 % 605

Sol

=945x10"ms™" =1ly

23.
Sol

How many metric tons are there in teragram?
In 1 teragram = 10 g
In 1 metric ton =10°kg =10° x10° =10° g
. Number of metric tons are in teragram
= ﬁ =10*
10° g

24,
Sol

What is common between bar and torr?
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
*. 1 bar = 760 torr

25. The mass of a proton is L67 x 10 kg. How
many protons would make 1 g7

Total mass

Sol Number of protons=
Mass of each proton
107

2%
= — =599 X 10
167x 1077

LONG ANSWER Type I Questions

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"

P ly =158 107" ly
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28.

Sol

29.

Sol.

Sol

e @)

1496 x 10"
Also,p=—— C

308 % 10"
=486 107 parsec

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 velume of atom
as compared to the volume of nucleus?

R,.ie radius of atomis2A=2x10"m

R, Le. radius of nucleus is 1 fermi = 10 m

4 4
z 3
vy 3™ IR,
V.\.' i T R:r [RNJ
3 1
[ el
o |2X10 J =8 x 10"
10

The unit of length convenient on the atomic
scale is known as an angstrom and is denoted
by A

1 A=10""" m. The size of the hydrogen atom is
about 0.5 A. What is the total atomic volume in
m? of a mole of hydrogen atoms? [NCERT]
Radius of a hydrogen atom (r) = 05 A =05 x 107" m

4
Volume of each hydrogen atom (V) = E]"I:a’3

= % x3.14 % (05 x 107

=5234 x 10 V' m?

Number of atoms in 1 mole of hydrogen
= Avogadro’s number (N')
= 6023 % 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”

=3152% 107 m

Why has second been defined in terms of
periods of radiations from cesium-1337?

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.
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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 value of force is 100 N and value of
acceleration is 0.001 ms™ ¢, what is the value of
mass in this system of units?

(a)10® kg (b)10* kg

(€)10° kg (d)10° kg

Young's modulus of steel is 1.9x 10'' N /m®. When
expressed in CGS units of dyne/em?, it will be equal
to (IN=10° dyne, 1 m® = 10° em?)

[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
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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 surface area 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,

e @)

The radius of gold nucleus is 41.3 fermi. Express its
volume inm?>. [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?
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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

in usual symbols. [Ans. 10" N/m?,10 x 10" dyne/cm*]

25. The normal duration of ISc Physics practical
period in Indian colleges is 100 minutes.
Express this period in microcenturies. 1
nﬁcmcentuxy:m"sxmﬂ years. How many
microcenturies did you leep yesterday?

[Ans. 1.9 microcenturies)

| 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
rc|iably p|us first digit that is uncertain. The digils that are
known reliably plus the first uncertain digit are known as
sigpiﬁca.nt digit.s or sigpifica.nt ﬁgures.

e.g. When a measured distance is rcpurtcd to be 374.5 m, it
has four significant ﬁgurcs 3,7, 4 and 5. The ﬂgurcs 3,7, 4
are cerrain and reliable, while the digit 5 is uncertain,
Clearly, the digits beyond the significant digits reported in
any result are superfluous.

The rules for d:tcrmining the number of signiﬁcant
figures are

Rule 1 All non-zero digits are significant.
e.g. x =1234 has four significant figures.
Rufe 2 All the zeros berween two non-zero digits are

significant, no matter where, the decimal point is, if
ar all.

e.g. x=1007 has four significant figures and
x=1007 also conrains 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
significant. The zero between 7 and 4 is significant.

The number of significant figures is 4.
Rule 4

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

e.g. x=3210 has three significant figures, the
trailing zeros are not significant.

Rule 5 The trailing zero(s) in a number with a decimal
point are significant.

e.g. 3.500 has four significant figures.
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Rule 6 The multplying or dividing factors, which are
neither rounded numbers nor numbers representing
measured values are exact. They have infinite

number of significant digits as per the condition.
d .
e.g. In radius, r= E and circumference, s =21, 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 significant figures does not depend
on the system of units. So, 16.4 cm, 0.164 m and

0.000164 km, all have three significant figures.

ns Ambiguity in Significant Figures

There can be some confusion regarding the trailing zeros.
Suppose a measured length is reported as x = 4700m. Clearly,
the zeros are meant to convey the precision of measurement
and are therefore, significant. If we can rewrite the same length
as x = 0.004700 km; x = 470.0cm and x = 4700 mm.

As per rule 4, we would erroneously conclude that x = 4700mm
has two significant digits. While x = 0.004700 km has four
significant digits and a mere change of units cannot change the
number of significant figures (Rule 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.

e @)
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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 (i1) 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 If 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 =06.87 is rounded off to 6.9.

If the digit to be dropped is 5 followed by
digits other than zero, then the preceding digit is
raised by one. e.g. x =16.3511s rounded off to 16.4.

If the digit to be dropped is 5 or 5 followed by
zeros, then the preceding digir is left unchanged, if

it is even.

Rule 3

Rule 4

e.g. x =3.250 becomes 3.2 on rounding off.
If the digit to be dropped is 5 or 5 followed by

zeros, then the preceding digits is raised by one, if it

is odd.
e.g. x=3.750 is rounded off to 3.8.

Rule 5

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 b}' cnmpounding (Le ;u:ldingJI
subtracting/multiplying/dividing) two or more variables,
which might have been measured with different d:grc:s of
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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
as many significant figures, as are there in the original
number with the least significant figures.

e.g. The speed of light is 3.00 x 10* m/s and one year has
31557 x 107, then light year is given by
=300x10* x3.155 x 107
=94685x 10" m
=95%10" m
[Rounded off upto 2 significant figures]

EXAMPLE |3| A Rolling Cube
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)® = (7203)3
= 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 cm’ . Express its density
keeping significant figures in view. [NCERT]
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Mass _ 574g Relative error in 1.04 kg is
Volume 1.2 cm?

4783 g em™
-1

Sol DEI'.ISlt}" =

001
+ [—] #*100==x1%
1.04

48gcm .. . . .
Similarly, the relative error in 9.24 kg is

[Rounded off upto 2 significant figures|
001
i[ )xl[}{lzil].l%

RULES FOR DETERMINING 924
UNCERTAINTY IN THE RESULTS Thus, the relative error depends on the number itself.
OF ARITHMETIC CALCULATIONS 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.

Rule 1 Suppose, we use a metre scale to measure length
and breadth of a thin rectangular sheers as 15.4 cm
and 10.2 cm, respectively.

eg x=958 has three significant digits. Now,

Each measurement has three significant figures and 1 I
a precision upro first place of decimal. Therefore, reciprocal of x is — =——=0104, rounded off to

we can write length (/) =(15.4 01) cm X )
three significant digits. When we rake reciprocal of

=154+ [ﬂ » 1{]0) =15.4 cm £ 06% 0.104, we ger 9.62, rounded off to three significant
15.4 digits.
Similarly, breadch (&)= (10.2£ 0.1) cm i 1
: However, if we calculate — = - 01044, rounded

[ 0.1% 1 U{]] N
=102+ ———— % =102 cm 1% S

10.2 off to four significant figures, then
Thus, the error of the product i.e. area of thin sheet

1
—— =958, rounded off to three significant digits.

is 15.4% 10.2% (0.6+ 1.0) em” 01044
=157.08 cm* £ 1.6% Thus, reraining one more extra digits in
16 intermediate steps of complex calculations would
=15708cm?* + [— * 15}'_[}3],:1-11 2 avoid additional errors in the process of rounding
100 oft the numbers.

=(157.08 iZ.SI}crnl_

EXAMPLE |5| Appropriate Numbers of Significant

As per rule, the final value of area can contain only

iy . . Number
three significant figures and error can contain only Ive the followi i h |
one significant figures, we can write the final Solve the following and express the result to an

result as A =(157 +3)cm> appropriate number of significant figures.
(i) Add 6.2g, 4.33q and 17.456q

Rule 2 If a ser of experimental data is specified to » (ii) Subtract 63.54 kq from 187.2 kg

significant figures, a result obrained by combining

the dara will also be valid o » significant figures. (iii) 75.5 x 125.2 = 0.51
eg x=137 m and y=8.08 m, both have three (iv) 2.13 x 24.78
significant figures. 4582
Now, x—y=137-8.08=562m Sol ()62g+433g+ 17456 g= 27.986= 280 ¢
So, the final result should retain as many decimal [rounded off to first decimal place]
places as, there is the number with least decimal (ii) 187.2kg — 63.54kg = 123.66kg = 123.7kg
places. Therefore, rounding off to one place of a [rounded off to first decimal place]
decimal, we get x = y=5.6 cm (iii) 755 % 125.2 x 051 = 4820826 = 4800
Rule 3 The relative error of a value of number specified to [rounded off upto two significant figures)
n significant figures depends not only on n, bur also 913 % 2478
on the number iself. (iv) =0115193=0115
=g my = (1.04+ 0.01) kg [rounded off to three significant figures]

and my = (9242 0.01) kg
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EXAMPLE |6]
The length, breadth and height of a rectangular block of
wood were measured to be

[=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

AY wio0=(2L Ak AR) 100
b h
002 001 001
—_—
1213 Bl6 346
200 1000 100
=—t—+—
1213 816 346
= 01649 + 01225 + 0.2890
=058%
[rounded off to two significant figures]

| TOPIC PRACTICE 2

OBJECTIVE Type Questions

1. The ratio of the volume of the atom to the
volume of the nucleus is of the order of
(a) 10" (b) 10% (c) 0™ (d) 10"

= 100

Sol (a) Radius of atom =107 m

Radius of nucleus = 107"* m
10

Ratio = 10
1

o
Ratio of volume = I{lﬂ"' }3 =10"

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

{a)5andé (b)5and7 (c)2and? (d)2andé6
Sol (b)48000 > 10" has 4, 8, 0, 0, 0 = 5 significant digits.
4800050 has 4. 80,0, 0, 5, 0 = 7 significant digits.

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

be
(a) 4.58% 1077 (b) 46 x107°
{c) 45 107° {d) None of these

Sol (b) By adding 3.8% 107 and 42x 107, we get
=458% 107* = 458x% 10~

As least number of significant figures in given values are
2, so we round off the result to 4.6 107,
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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™
()17 gem™ (d) 1.695 g em ™

Sol. (c) In this question, density should be reported to two
significant figures.
4.237g

25em’
= 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 figures
(i) 36.879 (ii) LOOS4
(i) 36.88 (ii) 1.008
7. In a number without decimal, what is the
significance of zeros on the right of non-zero
digits?
L All such zeros are not significant. e.g. x = 678000 has
only three significant figures.

8. Solve with due regard to significant figures
J6.5-6.32

JJ6.5— 6.32 = 4/0.18 =J0.4242, upto one decimal place

= 043 (having 2 significant figures).

Sol

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
=120542kg =12kg
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.

10.

by the electric lamp upto correct significant
figures. Given that power, P = VI

e @)
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Sol.

As,V=(60%0.1)V, I=(40%02)A

Power, P= VI =6.0x4.0=24 W
and maximum error in power measurement

AP _AV _AI_01, 02
P Vv I 60 40

=0.017 +0.050 = 0.067
AP =0.067x P

=0067x24=16W

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

LONG ANSWER Type I Questions

i1

Sol.

12.

Sol

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 (m, )= 20.17 g = 002017 kg
(i) Total mass of the box (M)=m +m, +m,

=23+ 002015 + 002017

= 234032kg

As the mass of the box has least decimal place i.e. one
decimal place, therefore, total mass of the box can
have only one decimal place. Rounding off the total
mass of the box up to one decimal place, we get

Total mass of the box (M) = 23 kg
(i) Difference in masses of gold pieces
(Am)=m, —m,
=2017 — 2015=002¢g
(The masses of two gold pieces has two decimal

places, therefore, it is correct up to two places of
decimal.)

A physical quantity P is related to four
observables a, 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 {ﬂm] {ﬂ.b] l{ﬂ.f] [Ad]]
— =ty —|+2l—|+=|—|+|—
P a b 2L ¢ d J

~ Maximum percentage error in P is given by

Given,

13.

Sol.

AP (Aa ) (Ab ]
— X100=*|3| — x 100 | + 2| — x 100
P a b

I[Ac ) (Ad )]
+——x100|+ | —x100
2\ ¢ d J
Given ﬂxloo=1%.ATbxnoo=3z

a

£XIOO=4%.%EXIOO=2%
c

k3 %xloo=:t[3x(l)+2x(3)+l;><(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

State the number of significant figures in the

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

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

The number of significant figures in the given quantities

are given below.

(i) In 0.007, the number of significant figures is 1
because in a number less than 1, the zero’s on the
right of the decimal point but to the let of the first
non-zero digit are not significant.

(ii) In 264 x10*, the number of significant figures is 3
because all non-zero digits are significant, power of
10 are not taken in significant figure.

(iii) In 0.2370, the number of significant figures is 4, as all
non-zero digits left to decimal and trailing zero are
significant.

(iv) In 6.320, the number of significant figures is 4 (reason

.....

(vi) In 0.0006032, the number of significant figures is 4
(reason is same as in part ‘1),

14. Write down the number of significant figures in

the following

(iii) 34.000 m
Sol (i) 5238 N has four significant digits.

(i) 5238N (ii) 4200 kg

(iv) 0.02340 N/m

(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.

... 0.9995x 1.53

(i) 46 x D128 (i) ——=

(iii) 876 + 0.4382
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Sol (i) 46x0128=05888=059
The result has been rounded off to have two
significant digits (as in 4.6)
19995 X
(i) 09995 X153 _ 096057 = 0961
1592
The result has been rounded off to three significant
digits (as in 1.53).
(ii1) 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, .L005 m
and 2.01 cm, respectively. Give the area and
volume of the sheet to correct significant
figures. [NCERT)]

=y It 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.

Sol. Given, length(/)=4.234 m, Breadth (b) = 1.005m

Thickness (t)= 201 cm = 00201 m
Area of sheet (A)=2(Ixb+bxt+tx])
= 2[(4.234 x 1.005) + (1005 X 0.0201)
+ (00201 x 4.234)]
= 2 X 43604739 = 87209478 m*
As, thickness has least number of significant figures 3,
therefore, rounding off area up to three significant figures,
we get  Area of sheet (A) =872 m?

Volume of sheet (V)=Ixbxt

=4.234 X 1005 x 00201

= 00855289
Rounding off up to three significant figures, we get
Volume of the sheet = 00855 m*

LONG ANSWER Type 11 Questions

17. The sun is 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.

Sol. Given, mass of the sun (M) = 20 x 10¥kg
Radius of the Sun (R) =70 x10° m
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Mass of the Sun (M)

Density of the Sun =
Volume of the Sun (V)
- Density= o
Volume
pa M _ 3 M _ _ 3x 20 10"

inR’ 4R 4 %314 x (70 x10*)

3
30

2310 =1392x10*

" 628 %343 x10%

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 107 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.

18. Estimate the average mass density of sodium
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
the density of sodium in its crystalline phase
970 kg/ms. Are the two densities of the same
order of magnitude? If so, why? INCERT)

Sol. Given, radius of sodium atom,

r=25A=25x10"m [“1A=10""m]

4
Volume of sodium atom = — ntr’
3
4 - .
-k 314 % (25 x107%)* = 6542 x 107 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 x10~°m*

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

. ; N
. Average mass density of sodium = iass
Volume
%107
= 22X =584 %107 kg/m® = 584 ke/m®
394 x10

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.
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aen 8] YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions
1. Size of the universe is of the order of
(@)10°m  (b)10* m (€)10® m (d)10" m

2. To determine the number of significant figures,
scientific notation is
(a) a* (b) ax10

(c) ax10* (d) ax10*

3. In 4700 m, significant digits are
(a) 2 (b) 3 (c) 4 @ 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]|

(a) 663.821 (d) 663.82

(b) 664 (c) 663.8

| TOPIC 3|

6. Choose the correct option.
(a) 300—25=—50 (b) 3.00— 25 =050
(c) 300+ 25 = 550 (d) 300+ 25 = 5500

Answer
1. (b)

2. (b) 3 (@ 4. (b) 5. (b)
6. (b)

VERY SHORT ANSWER Type Question
7. What do you mean by order of magnitude of a
length?
LONG ANSWER Type 11 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.

Dimensions of a Physical Quantity

The dimensions of a physical quantity are the powers (or
exponents) to which the units of base quantities are raised
to represent a derived unit of that quantity. There are seven
base quantities and are represented with square brackets [ |
such as length [L], mass [M], time [T], electric current [A],
thermodynamic temperature [K], luminous intensity [cd]
and amount of substances [mol].

e.g. The volume occupied by an object is expressed as the
product of length. So, its dimension is given by

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")

Similarly, for force, it is the product of mass and
acceleration. It can be cxprcsscd as

lcngth

F = mass % acceleration = mass x

(time)?
. The dimension of force is given by

L i
F =[M]x%=[MLT 2]

MNote

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

Get More Learning Materials Here : i

'DIMENSIONAL FORMULAE

AND DIMENSIONAL
EQUATIONS

The cxpression which shows how and which of the
fundamental quanrities represent the dimension of the
physical quantity is called the dimensional formula of the
given ph}rsical quantity.
e.g. Some of the dimensional formulae are as given below
Acceleration =[M Y ir-2 ]
Mass density =[ML™T"]
Volume = [i"«-"[']']_.':| Tu]
The equarion obtained b].r equaring a physical quantity with
its dimensional formula is called the dimensional equation
of the given physic.al quantity.
e.g. Some of the dimensional equations are as given below
Lincar momentum = mass % vclucir}-' :[M]]'_'T_l]
Impulse = Force x time =[M'L'T)
Moment of Inertia = mass x radius quJ.rmtiun

=[MIL_‘TL'F'I

e @)
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Problem Solving Strategy
( Finding Dimensional Formulae)

1. First read the pmblcm -::el.n:f'u":,.F and then find
out whether we have given with the formulae or
any law to describe in it

2. Write the formulac of a ph}-’sicﬂ quantity for e mz

which the dimensions to be known.

be givenas F=G———=

3. Convert the formulae of derived ph}’sicﬂ

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

Where, G = universal gravitational constant

2 2
quantity into fundamental quantities, e.g. 0= Fr” _ Newton x f;matre}
acceleration= Length/Time my My (kg)

4. Write  the corresponding  symbols  for _ (mass xacceleration) x (metre)”
fundamental quantities, e.g. mass = [M], length {mass)®
=[L] 1 [ Change i i
’ _ nge in velocity 2
time = [T, etc. — [ Time Jx{]_.ength}
3. I\:.akc qmpcr algebraic combination and get oo {Length} Distanr:e
SR BEUlL. ) Mass = Tune Time
G, Thr;r mirra;g: the dimensions in order i.e. oo L ILI M T
[M], [L], [T] ..... ™M) x (1] (1]
Dimensional Formula of Some of the Important Mechanical Quantities
Physical quantity Relation with other quantities Dimensional formula Sl unit
Area length x breadth LxL =12 =M L2 TY m
Volume length = breadth = height LxlxL=L%=<[M" * T) m’
mass M 1 -3
. L (Y O el -3
Density walume [ ] kg m
B ) density of body M/L? o . . )
Specific gravity density of water at 4°C e =1=[M? L? T%) = no dimensions  ng units
d or velocity distance Dil.displacement E LT =[I".-'I° R T"] s~
ime T
Linear momentum mass x velocity MxLT =M L' T] kg ms’
Acceleration M LIT =LT% =M L' T ms™?
time taken
Acceleration due to change in velocity LIT 2o (M L' T2 s2
gravity () time taken T
Force mass x acceleration Mo LT = [ML'T™) {ne:ftm}
Impulse force = time MLTZ =T = [M1 U T"] MNs
Pressure forcefarea ML'I' =ML T Nm™
From Mewton's law of gravitation.
Ui ' F=CMm o 6o FP [MLT2] L2
l"ll'u'lEfE.ﬁ] constant o 2 i G= - [M-1 E T-2] Nm2 kg'z
gravitation (G) ) 2 MM
where F is force between masses
m, m, at a distance r
Wark force = distance MLT? xL =M L2 T2 J (joule)
Energy (All types) work M LT J (joule)
Get More Learning Materials Here : & m @& www.studentbro.in



Physical quantity Relation with other quantities Dimensional formula S unit
Moment of force force x distance MLT® xL = [M1 ¢ T'E] MN-m
k 2 2
Power m M:[M‘ * T W [watt)
fime T
force 2
Surface tension m M LTT' =[M‘ L° T'z] M
Surface energy Energy of free surface M L2 T2 J
force MLTZ
Force constant Tepiacement - =[M'L° T N’
N
Thrust force [|'~-'|1 L 1'2] (newton)
. M
Tension force M L' T2) (newton)
i -2
Stress, Pressure = M L: =[M' L' ) N
area L
change in dimension L MO L0
. L _pae oo .
o original dimension L [ ] Mo units
stress M LT _
Coefficient of elasticity : —_—M T N2
strain 1
Radius of gyration (K) distance L=[M" L' T% m
Moment of inertia (/) mass (radius of gyration)® ML =[M' L T°) kg m’
Angle {8 or Angular length () Lo oo -
displacement @) radius(r) L [ ) radian
. angle {6) 1 1 0 -1
_ ==T =M LT -1
Angular velocity () timet) T [ | rad s
) change in angular velocity VT 2 o 072 =
Angular acceleration (o) S taken T [ ] rad s
Angular momentum fm (ML) [T"]=[M' L* T7) kg m* s~
Torque ot [ML] [T2] = [M' L2 T2) N-m
Wavelength (L) length of one wave, i.e., distance L=[ML'TH) m
1 -1
Frequency (v) number of vibrations/sec T =T'= ["“'F L T'1:| sm;rul-]lz
Angular frequency (w) 2 n x frequency T'=[ML°T) laﬂiinfse
"u"El'EEIII'y' of Ilghl in I:IiSIEII'ICE' travelled E =IMﬂ L-| T_.-I] ms=!
vacuum (c) time taken T
velocity LT |
i i — =TT -1
Velocity gradient Sance [ ] 5
3
Rate of flow volume Loori=pe 1) s
fime T
. energy (£} MLET? 2
Planck's constant (h) frequency (v) = =M L*T) J-s
Mass M -
Linear mass density (m) m T =ML T kg m!

Get More Learning Materials Here: 1 m
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Physical quantity Relation with other quantities Dimensional formula S1 unit
Distance travelled in nth distance L_ Ve L' T) .
- ms
second time T
. Mumber of al lecules i le™
Avogadra's number (N} umber g?a;n;?uﬁmg e 1 o [M®LP T i
Magnetic dipole moment (M) M=1A AL® =[M° P T2 &) Am®
M 2
Pole strength (m) m== hTL=AL = L' T A" Am
From Coulomb's law in magnetism, Hrm™!
F=EaMM uh ,
Magnetic permeability of 4n B8 T[Ty 81€ IMLT'E IL2 —[M' L' T2 A2
free space (u,) strengths of two pzoles: [ALF
i, = 4r[FI)
Ty Mg
) potential difference MLET=24 M L2 =
LT T — =[M'LPTRA
Resistance (R) pap— A [ ] 2 (ohm)
charge AT 12 2
. —_charge —_— =ML T A
Capacitance (C) potential difference MEZT2 AT [ | F (farad)
h AT -
Surtace density of charge o= —= = M L# T AT) cm!
area L
Electric dipole moment (p) gl2a) AT =M L' T A" Cm
Specific Resistance or Ra MEET2A) (2] _ a3 -2
resistivity (p) ] —— — =M L T* A7) ohmm
1 1 1,-2 2
Conductance (G) 3 W=["r L2 T A%) ohm™'
1 1 1 =3 2
ivi - =M P TP A -1
Conductivity (c) 5 T [ | ohm
Electric flux Electric field x area MUT?AT [P =M 2 T2 A7) Nr? G-
Avogadro number x elementary AT =ML T A mol™!
Faraday constant charge ol [ ] C
Mass defect (Am) Sum of masses of nucleons - [M' L° ) kg
mass of nucleus
Binding energy of nucleus {mass defect) x (speed of light)? M [LT)? =[ML*T2) J
Get More Learning Materials Here : & m @& www.studentbro.in



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]2 [LT™*] = [MLT™]
Velocity [LT™)
Distance  [L]
Mass _ [M]
Length  [L]
{iv) Impulse = force = time = [MLT ] x[T] = [MLT™]

(il) Velocity gradient = =[T™]

(iii) Linear mass density = = [ML™]

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
homogeneity of various numerical expressions.
Its applications are as given below
1. Checking the dimensional consistency of equations
2. Conversion of one system of units into another
3. Deducing relation among the physical quantities

1. Checking the Dimensional

Consistency of Equations

The magnitudes of physical quantitics may be added
together or subtracted from one another only if they have
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

L .53
S=ut+—at
2

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

Get More Learning Materials Here: 1

Baf]:[u—l] /[T =[L]

As all the terms on both sides of the equarions have the same
dimensions, so the given equation is dimensionally correct.

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

1 5
correct —mv*® = mgh.
2 [NCERT)]

Sol. The dimensions of LHS
=[M] [LT7'] = [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 = X
my
(ii) Escape velocity, v = %

Sok. (i) Given: k=<2t
mv

LHS as wavelength is a distance A = [L]
h _ Planck’s constant

Also RHS, —=
mv  Mass X Velocity
ML*T™
_ bt
M]x[LT™]
- LHS = RHS

Hence, the given equation is dimensionally correct.
(ii) Here, v= |28
IRV
LHS v=[LT™] RHS= [”’T"]
G=[MTPT?], R=[L],M=[M]

mer2m ]
- [ g ] - [LZT—2]NZ - [LT-’]

~. 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.

m @& www.studentbro.in



b Lo

Le. iy = Rty =2 Hy = .. (1)
Hy
ere, w, and wu, are units of measurement of the
Wh p and n, two units of t of th
quantity and s, 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 u, =[M#15 T ) and #, =[M414 T

n [MZLTY) [M]]"[LLHT] ]
From Eq. (i) n ,—— m|l—| |—||—
[M3L5TS) Mp| L] T

M, T 1T T
o) 2] 7]
M, | L, | [T,
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 eguals o kg, the unit of

length is B m, the unit of time is ¥ s. Show that a calorie
has a magnitude 4.2 ¢ ' ?y? in terms of new units.

[NCERT]

Sol. The dimensional formula of energy = [ML*T™]

Let M;, L,, T; and M,, L,, T; are the units of mass,
length and time in given two systems.

M,=1kg M, =akg

LI_ =1m, L2 = B m

T,=15T,=7vs
For any physical quantity, the product of its magnitude
and unit is always constant.

mu, =ngu,
=32
ar n]_ 42}(M
iy [M,LT)
[nm, ] 1, 1 [T, T

e
oo o] ]

n, = 4207y new unit

1 cal = 4. 207" B%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.
Sol. Given, P = —— = ———=1watt

which is the SI unit of power

Get More Learning Materials Here : i

Dimensional formula of power is [ML*T™*]
a=lLb=2ande=-3

SI New System
n =1 n, =7
M, =1kg=1000g M,=100g
L =1m= 100 cm L, =100 em

e e
[lluﬂnﬂn] [:Ez] [60]

= 216 % 10°

Ty=1min =60s

o 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 relarion
among the physical quantities. We should know the
dependence of the physical quantity on other quantities.
We will explain with the following illustration.

Consider a simple pendulum having a bob artached to a
string that oscillates under the action of the force of graviry.
Suppose, the time period ¢ of oscillation of the simple
pendulum depends on its length ({), mass of the bob (m)

and acceleration due to graviry (g).
Let t=km"I*g¢ (i)

Where a, b, ¢ are the dimensions and £ is dimensionless
constant of pmportiunaliry.
Considering dimensions on both sides in terms of M, L, T,
we get
MOLT'|=M“L*[LT )"
=M -'rI_.!r + e T =2
Appl}ring the principh: ufhamog:ncity of dimensions, we get

a=0,=-2r=1 = c=—
2

::!;:l
2

b+e=0 = b=-

Substituting the values of @, & and ¢ in Eq. (i), we get

::km“f”lg'”z Z'&JI
£

= =k i

£

e @)
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So, dimensional anal}r:is is very useful in dcducing relarions
among the intcrdcpcndcnt physics] quanriries. [t can unl)-'
test the dimensional validity but not the exact relationship
berween ph)-'sic:;] quantiries in any given equation.

Problem Solving Strategy

(Derive an Expression)

1. Read the pmblcm carcﬁ.llly and understand the
concept of the problem before proceeding further.

2, Wrire all physical quantities which are known and

unknown and list them.

[#%)

. Identify the physical parameter for all physical

quantities.

4. Equation, the relationships berween the physical
quantities, should be written down next.

Narturally, the selected equation should be
consistent with the physical principles identified in
the previous step.

5. Solve the ser of equation for the unknown quancities
in terms of the known. Do this algebraically, without
substiruting values unril the next Step ,except where
terms are zero.

6. Substitute the known wvalues, togtth:r with their

units obtain 4 numerical value with units for each
unknown.

7. Check your answer. Do the units maich? Is the
answer reasonable? Is your answer consistent with an
order of magnitude estimare?

Limitations of Dimensional Analysis
(i) It does not give any information whether a physical

quantity is a scalar or a vecror.

(i) It gives no information about the dimensionless
constant in the formula eg. 1,2, 3 .. Terw.

(iii) We cannot drive the formula containing the
trigonometrical  function  logarithmic  function,
cxpuncnti:;] function which have no dimensions.

(iv) If a quantity depends on more than three factors,
h.wing dimensions, the formula cannot be derived.
This is because, equating the powers of M, Land 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

Get More Learning Materials Here : i

(iii) acceleration due to gravity g at the place.
Derive the expression for its time period using method
of dimensions. [NCERT]

Sol. Let us assume that T e m®["g°
or T= km"f‘hg‘ i)
where, k is a dimensionless constant.
The dimensions of various quantities are
[T]=T,[m] =M,
MN=1,[g=1T7"
Substituting these dimensions in Eq. (i), we get
T =ML [LTF
or  MUT' = MPLPHT
Equating the exponents of M, L and T on both sides,
we get
a=0b+c=0-2c =1
1

1
On solving, a=0, b=—= c=-—=
2 2

T =km Mg~ = kJI
8

From experiments, k =2n

T= Z‘EJI_
£

EXAMPLE |8| A Stretched Spring

A body of mass m hung at one end of the spring executes
SHM. Prove that the relation T =2mm/k is incorrect,
where k is the force constant of the spring. Also, derive the
correct relation.

Therefore,

Sol 1tisgiven that T = me
LHS, T=[T]
RHS, 2".1':_!11 = lMJz - sz]
€ MT

.o Force  [MLT™)
"7 Length  [L]
LHS # RHS
Hence, the relation is incorrect.

=[MT™? ]}

To find the correct relation, suppose T = km°k", then
lTII — [Mr[MT—2r — Ma+bT—2b

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

-1
On solving, we get b= ?,a - =
T = k2102

T=iu'CJE
k

Hence,

e @)
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EXAMPLE |9| Vibration of Stretched String
The frequency ‘v’ of vibration of stretched string depends
upon
(1) 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=KPm'T® )
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'f [MLT™ 2F
or [MGLQT— 1]=['.'L'15+:Lﬂ_l'+:T_ 2:J
Equating the dimensions of M, L and T,

and =[ML ']

we get

b+c=0a-b+c=0and-2c=-1
.r;t=—l..f;r=—l£|.n.1:l|:=l

2 2

(v)= KI™'m~ P12
or I{v.J'}=£JE
I Vm

EXAMPLE |10| Time Period of Oscillation

a Small Drop
The time of oscillation T of a small drop of a liquid under
surface tension (whose dimensions are those of force per
unit length) depends upon the density d, the radius r and
the surface tension o©. Derive dimensionally the

relationship T o ,Idﬂ/o.

Sol. Let the time of oscillation of a small drop of a liquid is
given by

on solving,

Tod*rd
T =kd*r’d’ ()
where, K = a dimensionless constant
Dimension of the various quantities are
o=[MT?), d=[ML?}r=([L]
Substituting these dimensions in Eq. (i), we get,
MOLOT!) = kML [LP [MT*F
- [M”‘ L'“"’T'k]
Equating the dimensions of M, L and T, we get,
a+c=0-2c=1 -3a+b=0

Le.

Get More Learning Materials Here : i

We get,
ce=-1f2a=1/2andb=3/2

T dlr2r3f2ﬂ.—lf2
P ]dr
o

| 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= :
r

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
{c) Angular momentum

(d) Impulse
Sol (c) As, E=hv
-2
or h =%=[M;“‘_T ]:[MLQT""]

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

3. Which of the following sets have different
dimensions?
(a) Dipole moment, Electric field and Electric flux
(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

, stress =
area area

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

hence they are different.

Pressure =

= force / area

e @)
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4. Obtain the dimensional equation for universal
gas constant.
{a) ML*T"? mol™ 'K~ "]
(b) [ML* T~ mal™* K™ 7]
(€) [M?LT™ '"mol™' K™
(d) [M LT ? mol™' K™ 7]

Sol (a) According to ideal gas equation for universal gas ]

constant.
i.e., p¥F= nRT, where n is the number of moles of gases.
_(p)(V) _ ML T2 1Y)
Tm(T) [mol] [K] 9.
= [ML*T™ mol™'K™]
5. Given, force = ¢ . Sol
Density +

What are the dimensions of a, j?

Sol.

(a) (ML*T™ %], [ML™ 7] 10.
(b) [MPL'T™ ], (ML Y Sol.
() ML T7F), (M L7 1.
(d) M*L7AT7 %), (ML)
Sol (c) Dimensions of B* = Dimensions of density = [ML™] Sol.
B= (M7 1) 2.
Also, ot = Force % Density = [MLT™] [ML™] Sol.
= [M*L*T™)

6. In the formula x = 3yz ? x and z have dimensions 13.
of capacitance and magnetic induction, Sol.
respectively. The dimensions of yin MKS system 14
are
fa) (M~2L72TYAY) (b) [M™3 L7% TYA3) Sol.
(€) [M~* L% T®A"Y) (d) [M~'L™'T2AY]

Sol. (c) Given, [x] = capacitance = [M™' L2 T* A" 15.
[z] = magnetic induction = [MA™ T™] Sol.
=lyg=2end 54 2
So. [yl=ip i = MO L T 16.
7. When 1 m,1kg and 1 min are taken as the Sol

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™]

[1 kg]l [1m -|l [1 mirn'l_2

" e e (5

_ . [1000 g |[100 em T [ﬁﬁ_ 3 dvne
-36[ 1g }l_ 1em _1 |_15J =107 dy

VERY SHORT ANSWER Type Questions

. Write the dimensional formula of wavelength

and frequency of a wave.

Wavelength [A]=[L] Frequency [v]=[T"]

Obtain the dimensional formula for coefficient
of viscosity.

Fdx _ [MLT][L)

Adv ™[] [LT7]
=[ML'T™)

Coefficient of viscosity (1) =

What is the dimensional formula for torque?
[ML*T™)

Write three pairs of physical quantities, which
have same dimensional formula.

(i) Work and energy
(iil) Pressure and stress

(i1} Energy and torque

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

Hence, 1] =1kg = 1 m*= 157 =1kgm*™

Are all constants dimensionless?

Mo, it is not possible.

. Name some physical quantities which are

dimensionless.

Solid angle, relative density, strain, Reynold’s number
and Poisson’s ratio.

Is Avogadro’s number a dimensionless quantity?
Mo, it has dimensions. In fact, its dimensional formula is
[mol™].

If x = a+ bt +ct®, where x is in metres and  is
second, what is the dimensional formula of ¢?

Here, x=[L]
= [T]: x =ct?
[L]=ex[TY
= H=i: = e=[LT™]

[T?]

17. What are the dimensions of @ and b in the

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

[ ] T3]

Le, n,=

Get More Learning Materials Here : i

e @)

relation : F = a+ bx , where F is force and (x) is
distance?

F]_[meT2]

Sol. [a)=[F]=[MLT™®] [b]= [;] = [TJ =[MT™]
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SHORT ANSWER Type Questions
18. Find the dimensional formulae of (i) Kinetic
energy and (ii) Pressure.

Sol. (i) KE= %mva ie., dimensional formula of KE is[ML*T ™)

Force _ [MLT™’]

=[ML'T
Area [L*] [ ]

(i) Pressure =

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

Sol  Strain is dimensionless quantity.
Dimensional formula for stress is [ML_’T_E]
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™']

_ ﬂ= [Ml]_zT_zj

vl

- [MLLZT—lj

21. Magnitude of force F experienced by a certain
object moving with speed v is given by F = kv?,
where k is constant. Find the dimensions of K.

(Al

Sol Since, F = kv
=2
Hence, [k]= £2]= &12]
1 [LT7]
=MLY
22. The rotational kinetic energy of a body is given

by E = L1w? wherewis the angular velocity of
the bﬂ&}t Use the equation to obtain
dimensional formula for moment of inertia I.
Also write its SI unit.

Sol The given relation is E = %Imz

;o LE]_ [MI_ZT_a]rMI_zT_z]= ML?]
[ 7 [ T
Its 51 unit is joule.

23. 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.
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24.

Sol

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

A book with many printing errors contains four

different formulae for the displacement yof a

particle undergoing a certain periodic motion
[NCERT]

(i) y= .rzsirlELI (ii) y =asinvt

T
o (5ol

(iv) y= [ z ] [si.n Znt + Ccos 2”)
E 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.
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.

2t
(1) As T is dimensionless, therefore, dimension of

BHS = [L] This formula is correct.
{ii) Dimension of RHS = [L]sin[LT™"] [T] = [L] sin[L]
As angle is not dimensionless here. Therefore, this
formula is wrong.
(iii) Dimension of RHS = 0] sinm = [LT™"]sin[TL™]
T L

As angle is not dimensionless here, therefore this
formula is wrong.

(iv) Dimension of RHS = [L]I:Sj“m + cos m]
(1] (1]
=[L]
As angle is dimensionless and dimension of RHS is
equal to the dimension of LHS, therefore, this
formula is correct.
A famous 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 c. (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 = Lﬂz,
Guess, where to put the missing c? 1-v%)

[NCERT]
Sol The relation is written by the boy m = —(1 _":[; =
m @& www.studentbro.in



26.

Sol.

27.

Ans.

28.

Sol

According to the principle of homogeneity of
dimensions, the dimensions on either side of a relation
must be same i.e., the powers of M, L, T on either side of
a relation must be same.

Dimension of m is equal to the dimension of m,,
therefore, the denominator (1 — vz)”z should be
dimensionless. In denominator 1 is dimensionless but
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.

Hence, the correct relation shouldbe m = PR T

1/2
=¥
c2

If x = a+bt +ct?, where x is in metre and ¢t in
second, what are the units of a,b and ¢?
As x = a+ bt +ct?, where x is in metre and t in second.
Hence, in accordance with the principle of homogeneity
of dimensions, we have

Unit of a = x = metre

Unit of b = unit of '1= m/s and

Unit of ¢ = unit ofi2 =m/(s)*
t

A man walking briskly in rain with speed v must
slant his umbrella forward making an angle 6
with the vertical. A student derives the
following relation between 6 and v: tan6 = v and
checks that the relation has a correct limit as
v— 0, 8 0, as expected. (We are assuming
there is no strong wind and that the rain falls
vertically for a stationary man). Do you think
this relation can be correct? If not, guess the
correct relation. [NCERT]

Relation derived by the man, tan® = v

The left hand side of the relation is dimensionless as it is
a trigonometrical function.

The dimension of right hand of the relation = [LT™"]

The dimension of LHS is not equal to the dimension of
RHS. Therefore, this relation is not correct.

To be dimensionless, the RHS should be !.
u

Hence, the correct relation becomes tanf = A4

u
Check the correctness of the relation
v:—u®=2as by method of dimensions. The

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

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

RHS 2as = [LT™)[L] = [L*T ™)

29.

Sol.

30.

Sol.

As dimensions of both terms on LHS are equal to the
dimensions of RHS, the relation is dimensionally correct.

The speed of sound in a solid is given by the

formula
E
V= ’—
p

where, E is coefficient of elasticity and pis
density of given solid. Check the relation by
method of dimensional analysis.
In the given relation dimensions of LHS terms v are
(LT™}
Dimensional formula for E and p are [ML™'T™]
and ML)

Jp——
Dimensions of RHS = %— =V T? = [LT™)
As dimensions of LHS and RHS of the equation are same.
Hence the equation is dimensionally correct.

If force F, length L and time T are taken as
fundamental units then what be the dimensions
of mass?
Suppose dimensions of mass M be [F*L’ T*] Then, we
have
[M] = [MLT*F[LF[TF
a MaLa+b T-Za«

a=la+b=0-2a+c=0

b=—a=-lc=2a=2
Hence, dimensions of mass M are [F'L™'T?),

LONG ANSWER Type I Questions

31

Sol.

32.

Get More Learning Materials Here: m

In the relation p = (a/b)e™ %/ pis the pressure,
Z is the distance, and 6 is the temperature. What
is the dimensional formula of p?

Since, e~“*™ is dimensionless, we have aZ /6 =1
or a=3=£=[[_"l(]
Z- 'L

We find that a /b = dimensions of pand b= [ML™'T™]
Therefore, dimensional formula of p is obtained as
a [L7'K]

= = =[MTL'TK
ML'T™?] (MLT'T) L ]

P

The SI unit of energy is J = kgm’s™, that of speed

vis ms™ and acceleration g is ms™. Which of the

formulae for kinetic energy (K) given below can

you rule out on the basis of dimensional

arguments (m stands for the mass of the body)?
(i) K=m%?3 (ii) K=(12)mv?

(iii) K =ma (iv) K=(316)mv*

) Jh[%) my"+ ma [NCERT]
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Sol

33.

Ans.

34.

Sol

35.

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

(i) [m*v?] = [M2] [LT'] = [M?L2T )
{ii) [1/2m*v?] = [M] [LT™' ] = [ML*T™)

(iii) [ma] = [M] [LT ] = [MLT™]

(iv) [3/16mv*] = [M] [LT7'J = [ML*T ]

{v) The quantities (lfz}mvz 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°L*T¢],
then we have n, [M?14TF] = n, [MAL5TE]

Here M,.L;, T, are the fundamental unit of mass, length
and time in first unit system and M,,L,, T, in the second

unit system.
ERIREN

s e e e

This relation helps us to convert a physical quantity from
one unit system to another.

Find the value of 60 W on a system having 100
€, 20 cm and 1 min as the fundamental units.
m, =60W, power is [M'L*T™]
In first system, M, =1kg, L, =1m, and T, =1s
In second system, M, =100 g, L, = 20m,

T, =1min=60s
ERIRIERN

e e | e

-3
=5nfmuu g [ 100 cm][ 1s ]

and

|_1DD gl 20cm J|60s
=60x@xﬁxﬁxﬁnxﬁuxﬁu
100 20

=3.24x 10° units

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.

Get More Learning Materials Here : i

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)
A= km*v'K
where, k is a dimensionless constant.
Writing dimensions of various terms, we get
[MOLITY) = [MP[LT PIMLATF
= Mu+rLb+2;T—!r—c
Comparing power of M, L and T on two sides of
equation, we have
a+c=0b+2c=1—-b—c=0
Wegeta=—-1Lbh=-1c=+1
kh

Hence, the relation becomes A = —
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 =km g

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

Writing dimensions on two sides of equation, we have
[ML'T™] = [M]"[LP[LTF
= [MnLElﬂT—zrl
Applying principle of homogeneity of dimensional
equation, we find that
a=0= bte=1=-2k=-1
On solving these equations, we find that

d=ﬂ,b=+lﬂl‘ldt'=+lz

V= .ic:"“lz_g”2 = v= k.JE

LONG ANSWER Type Il Questions

37.

Sol.

e @)

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*Gr. where k is a dimensionless constant
[MPLAT! )= [LF ML P M LA T2 F
= [:'I-'ib_ch_ﬁ+3cT_2c|
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38.

Sol.

39.

Comparing powers of M, L and T, we have
b—c=0
a-3b+3c=0 and -2 =1
On simplifying these equations, we get
c=-1f2,b=-1/2,a=0

A [2 k
Thus, we have T = kp~'*G™'* =
:;pG

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
(1ii) Speed v of the ball

i.e, F = kr"n"v", where k is dimensionless constant
Dimensional formula of force
F=[MLT?],r=[L]
n=[M'T"'"T"Jand v = [LT™"}, we have
IMLT?] = [LFM'L' T PILT'F
= (Moo 4]

Comparing powers of M,L and T on either side of
equation, we get

a=1
a-b+c=1
—b—c=-2

On solving, these above equations, we get

a=1b=landc=1
Hence, the relation becomes

F=krnv

A great physicist of this century (PAM Dirac)
loved playing with the numerical values of
fundamental constants of nature. This led him
to an interesting observation. Dirac found that
from the basic constants of atomic physics
me, my 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).

Sol.

Get More Learning Materials Here: m

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%my/s

Gravitational constant (G) = 667 x 107" N-mzlkgz
Mass of electron (m,) =91 x 10" kg

Mass of proton (m ) =167 x 1077 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

4
e

- lbnzafm’mfc’G
On writing dimensions of each quantity on RHS,
[x]
- (aT]*
T IMTLTAYR x M) x [MP x (LT P x [M7'L*T™)

=[‘12- 1-2+1 Lb-}- STO—S«P 2+ SAJ-C]

= lMs- Sp6-6p9-8p4- 4]
=[M°L°TA")=(T)

Now, substituting values of all constants in the given
relation,
(16 x107*%)*

16 X (314)* x (8854 x 1072 )* x (167 x 1077)
x (91 x 107"y x (3 x10*)® x (667 x107"")

X

=218x10" s
=6.9x10* yr =10 yr
=1billion yr

The estimates value of the quantity x is close to the age
of the universe.
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serli! YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions
1. The dimensional formula of Avagadro’s number is
@[M'L'T']
(b) [mole™ ']
(c) [mole]
(d)[M°L'T]
2. Dimension formula of AQ, heat supplied to the

system is
(a) [ML*T™?] (b) [MLT™ "]
(€} [ML*T™ "] {d) [MLT']

3. Which of the following is not a dimensional
constant?
(a) Gravitational constant
by
(c) Planck’s constant
(d) Gas constant (K)

4. Which of the following has neither units nor
dimensions?
(a) Angle
(b) Energy
(c) Relative density
(d) Relative velocity

5. Which physical quantities have same dimension?
{a) Force and power
{b) Torque and energy
{c) Torque and power
{d) Force and torque

6. On checking the dimensional consistency of
equation, it is based on the principle of
{a) homogeneity of equations
(b) homogeneity of dimensions
(c) homogeneity of expressions
{d) homogeneity of formula

7. Force (F) and density (d) are related as F = o

B+~J'E

Then, the dimensions of o and f are
() [Ms.rz L uzT—z]l [ML™ 3 Tu]

by M LT M L T
(c) [ML*T '), [ML™'T™ )

(d) [M LT ?], [ML™ 2T~ %)

Get More Learning Materials Here : i

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. (o)

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
that

(i) [ML7'T),
(iii) [ML*T*] and

(i) (ML T %),
(iv) [ML°T 3]

SHORT ANSWER Type Questions
13. Write the dimensional formula of
(i) Thrust
(ii) Velocity gradient
(iii) Angular velocity
14. Write the dimensions of (&) Radius of gyration

(b) Moment of force, (c) Moment of inertia,
(d) Work done, (e) Strain, (f) Stress.

15. 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.

1
18. Let us consider the equation Emwz =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]

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

567 x107° ergs*cm ™K ~*. Write down its value in
SI units. [Ans. 567 =107 Js"'m™K™)

LONG ANSWER Type | Questions

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

[p +12][F —b]=RT
v [Ans. a=[M' I'T7),b=[L"]

21. In Poiseuille’s equation, V = mpr* /8nl, determine
the dimension of 1.

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.
2
[Ans. p=k [%J]

SUMMARY

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 :k.Jg_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.

2.3
() T2 = 4%, (i) T2 = “Tr and
(i) 72 4’
111 =
4M

= All the quantities in terms of which laws of physics are described and whose measurement is necessary, are called physical guantities.

= Types of physical guantities

(i) Fundamental quantities The physical quantities which can be treated as independent of other physical guantities and are not usually defined
in terms of other physical quantities are called fundamental guantities. e.g. mass, length , time ete.

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

acceleration, 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.

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

e.g.mfs,m /s, etc.

= 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 quantity 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]

Get More Learning Materials Here : i
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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) 51
. Find the value of 129 g— 7.05 g.

(a) 5.84 ¢ (b) 58¢

(c) 5.86 g id) 59g

. The numbers 2.745 and 2.735 on rounding off to

3 significant figures will 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 rectangular sheet are

16.2 ¢m and 10.1 em, respectively. The area of the
sheet in appropriate significant figures and error
is

(a)164% 3 cm?®
{c)163.6% 2.6 cm®

{b)163.62% 2.6 cm®
{d)163.62% 3 em?
If the unit of force is 100 N, 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?

{n}[‘“;@] (b) PO- R

(c)—

PR-Q*

(d)

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

Get More Learning Materials Here : i

9.

R
(a)=

L
R L
i_ 4 =
(c) I (d) -

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

dirnensj ong ofaare
(a) [ML'T™")

(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.

1.

12.

13.

e @)

{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) Assertion 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 lbarn=10""m?

Assertion Pressure has the dimensions of energy
density.

E
Reason Energy density = —
[1]IJJT]C
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) mv® =m gh

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.
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14. Assertion A cesium atomic clock is used at NPL,
New Delhi to maintain the Indian standard of
tirme.

Reason The cesium atomic clocks are very
accurate and precise.

CASE BASED QUESTIONS

Direction (Q. Nos. 15-16) This question is case study based
question. Attempt any 4 ju.ﬁh-parﬁ ﬁ'ﬂm EIVEN guestion.

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 ¢m, the measured
value is found to be 3.5 ¢m, while in another
experiment using a measuring device of greater
resolution, say 0.01 em, the length is
determined to be 3.38 em.

(i) Which measuring experiment is more

accurate?

(a) First (b) Second

(c) Either (a) or(b)  (d) Meither (a) nor (b)
(ii) Which measuring experiment is more

precise?

(a) First (b) Second

{c) Either (a) or(b) (d) Neither (a) nor (b)
(iii) A device which is used for measurement of

length to an accuracy of about 10" m is

(a) screw gauge

(b} spherometer

{c) vernier calliper

(d) Either (a) or (b)
(iv) Instrument contains some uncertainty. This

uncertainty is

(a) error

{b) mistake

{c) precision

(d) accuracy
(v) The accuracy in measurement may depend on

(a) limit, resolution

{(b) precision, limit

(c) limit, accuracy

(d) precision, accuracy

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

Get More Learning Materials Here : i

magnetism and electricity, the additional base
unit of electric current is ampere.

(i) The dimensions of universal gravitational
constant are
(@) [ML™3 T2] (b) [ML? T~7]
@M LT %] (@ M?LPT 7
(ii) The coefficient of thermal conductivity has
the dimensions
(a) ML T K*)
(c) MLT- ¥ K™ "]
(iii) Dimensions of resistance are
@ [MT *A""]  mMLET3A T
(€ [MALT-2 A™"]  (d) [ML3T- 2 A
o
Density + Ba-
What are the dimensions of a, 7
(@) [ML*T™2], [ML™ ")
(b) ML T2, (MPL )
(c) MPL72 T3], (M¥3 77
(d) [M? L=3T-2], [ML™?]
{v) Which of the following has unit but no

) MLTT 3K "]
(d) [MLT™3 K]

(iv) Given, force =

dimension?

{a) Angle (b) Strain

{c) Relative velocity (d) Relative density

Answer

1. (d) 2. (d) 3. (b) 4. (d) 5. (a)
6. (a) 7. (a) B. (a) 9. (c) 10. (c)
1. (a) 12. (3) 13. (@ 14. (a)
15. (0 (@ (i) () ) (dy (i) @ (v (&)

16. (i (e Gk id @

VERY SHORT ANSWER Type Questions
17. Wavelength of a laser light is 6463 A. Express it

in nm and micron. [Ans. 646.3 nm, 0.6463 1]

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

units. [Ans. 107 CGS units]

SHORT ANSWER Type Questions

19. Find the value of the following upto the

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

(c) 202 x23 (d) 3.908 x 5.5
[Ans. (a) 36.82 (b) zero (c) 46 (d) 21)
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20. 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]

21. 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. How many significant figures are there in the
following results for quantities measured in the

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

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

[m_m\]ﬂ

24. Check the relation § = ur + %arz by method of

Find expression of v

dimension.

25. Ifthe time period (T) of vibration of a liquid
drop depends on surface tension (s) and radius
(r) of the drop, and density (p) of the liguid.
Derive an expression for T using dimensional
i k]
analysis. [Am‘ e &]
L1

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

Get More Learning Materials Here : i

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

%
method of dimensions, show that x = [&]
n

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

. 3 . 1
ijR==—mv ii) K=-mv +ma
(1) T (i) 3
[Ans. x =1L y=-1Lz=1]
28. 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
you appreciate?
(ii) Give the physical quantities of following units.
(b) Joule
(iii) Give the physical quantities measured by
following instrument

(a) Parsec

(a) Barometer (b) Pyrometer

LONG ANSWER Type II Question
29. Specific resistance p of a thin circular wire of
radius r in cm, resistance R in £ and length L in
cm is given by p=(rr’R) /L. If r = (026 +0.01) cm,

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