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Measurements

. 01

STUDENT'S LEARNING OUTCOMES (SLO’s)
After studying this unit, the students will be able to:

¥

O O O A

Make reasonable estimates of value of physical quantities [of those quantities that are discussed in the topics of this

grade].

Use the conventions for indicating units, as set out in the S| units,

Express derived units as products or quotients of the S base units

Analyze the homogeneity of physical equations [Through dimensional analysis]

Derive formulae in simple cases [Through using dimensional analysis]

Analyze and critique the accuracy and precision of data collected by measuring instruments

Justify why all measurements contain some uncertainty.

Assess the uncertainty in a derived quantity [By simple addition of absolute, fractional of percentage uncertainties]

Quoltte answers with correct scientific notations, number of significant figures ancl units-in all experimental and numerical
results. :

— INTRODUCTION

@ What is Physics? Describe its importance and comforts?

Ans. Physics is the branch of science that deals with the study of matter, energy, and the fundamental forces of

nature.
It explores how objects move, interact, and behave Under various conditions. Physics seeks to understand the

laws and principles that govern the universe,from the smallest particles to the largest galaxies.

Importance of Physics

()

(ii)
(iii)
(iv)

(v)

Understanding the Universe: Physics helps .us comprehend the fundamental workings of the natural world,
including the origin and structure of the universe.

Technological Advancements: Many modern technologies—such as electricity, computers, smartphones, and
medical imaging devices—are.based.on principles of physics.
Everyday Applications: Physics explains everyday phenomena like

essential for solving practical problems.
Foundation for Other Sciences: Physics forms the basis of many other scientific fields, including chemistry, -

gravity, sound, light, and heat, making it

astronomy, and engineering. .
Innovation and Development: Knowledge of physics drives innovation in industries like space exploration,

renewable energy,. transportation, and communication.
Physics iscrucial for scientiﬁ;*ﬁderstanding, technological progress, and improving our quality of life.

Comforts Provided by Physics

@i
(ii)

(iii)

Electricity and Appliances: Physics principles allow us to generate and use electricity, powering lights, fans,

refrigerators, air conditioners, and other household devices. ;
Communication: Technologies like mobile phones, television, and the internet are made possible through

physics-based innovations in waves and electromagnetism.
Transportation: Cars, airplanes, and trains operate on the principles of mechanics and thermodynamics, which

are bra/n;hes of physics. : %

/
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(iv) Medical Advancements: Tools
th'(‘ugh physics
not only essential for underste

like X-rays, MRI machines

Physics 15
we rely on in daily hife

and radiatior

ynding the universe bu
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t also for providing the comforts and tect

" 1.1 PHYSICAL QUANTITIES AND THEIR UNiTS

@: What are physical quantities? Explain.

Ans. Physical Quantities

Definition
A physical quantity is a property of a mat

be measured and expressed using a number (magnitude) and a

unit
Examples: All base and derived quantities.

Base Quantities
Definition

Base quantities are the fundamental physical quantities that are

independent and from which other quantities are derived.
Examples: Length, mass, time, temperature, etc.
Derived Quantities
Definition

from the base guantities using mathematical relationships.
Examples: Force, work, power, pressure, etc.

erial or system that can

Derived quantities are the physical quantities that are den{ﬁdk

Areas of Physics
Mechanics
Heat &
Electromagnetism
Optics
Sound
Hydrodynamics
Special relativity
General relativity
Quantum meehianies
Atomig physics™%
Moleculas phsigs
Nucledr physics
ol Solid stat@ physics
Paticlesphysics
,§uperconduct|wt/
Superfluidity

«ﬁ!%- ; ‘T»Magnetohydrodynamuc 5

Space physics

& thermodynamics

| ‘Bogigeering physics

Interd;’ﬂ’hm

areas of Phy,m
As 1foph/
Biﬁp”iysgc; ‘
Chem‘"d‘ r)h/ ics

£eophysics
Pedical physics
Physical
rJ(F'dn(ququ/
Physics of music

quantntnes. The system that was estall
The International system of unitse(SP
industry, and everyday life to er ‘ C
Base Units
Definition

A base unit is a unit‘bsurement adopted for a base

quantity. _

There are se : nits for physical quantities namely:

length, ma@ emperature, electric current, light or

luminous.in and amount of substance (with special
number of particles). Prefixes such as milli,

etc. may be used with them to express smaller

The names of base units for these physical quantities
together with symbois are given in table (1.1).

Derived Units
Definition

his.the globally accepted standard for measurement. It is used in science,
onsistency and clarity in measurements across the world.

Table 1.1: Base Units

Physical Quantity Sl Unit Symbol
Length Metre m
Mass Kilogram kg
Time Second S
Electric current Ampere A
Thermodynamic Kelvin K
temperature
Intensity of light Candela Cd
Amount of substance Mole mol

A derived unit is a unit that result from mathematical combination of S| base units.
The units of plane angle and solid angle have also been included in the list of derived units since 1995.
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Table 1.2: Derived Units

Physical Quantity Unit Symbol | In terms of base units
Plane angle radian rad Dimensionless
Soné-ang;e steradian o dimensionless

Force newton N kgms*
Work joule J Nm= kg mé §°%
Power watt W Js'=kgmis?
Electric charge coulomb C As
Pressure pascal Pa Nm?=

Ans. The S unit permits the use of.certain additional

units in addition to base and derive Uik , Suchds:
*  the traditional mathematical units for measuring angles (degree, arc Inte Information
minute, and arc second), : |
. the traditional units for standard time are (minute, hour, day, and year).
. the logarithmic units bel (and its multiples, such as the decibel), o ¥ f v
¢ ™o metric units commonly used in ordinary life: the litre for volurr/sé%# N o p ! i e
and the tonne (metric ton) for large masses, 49" veleice
. tWo non-metric scientific units are atomic mass unit (g}ﬁW i
& 3 V‘{'}; 1m§ -
electron volt (eV). \ ¥4, O i
. the nautical mile and knot, units traditionally used at <on, a% n 10 .* Mosquito
_~ N A
meteorology. r & ﬁ% » ; L
. the acre and hectare, common metric units of land arag. J 5
. the bar is a unit of pressure and it is commonly used B¢ the millibar in 10° ‘
meteorology and the kilobar in engineering. % §
gl’ ' ; g : g ” 10"’ - Oil tanker
. the angstrom and the barn, units used in phy#ics an stﬂénomy, -
¢ 1 Mount Everest
) ' s
: 107 L € £amn
101'1 L * &”‘

1. 'Massis a which g (©) Luminous intensity (d) Speedy” g
{A) Derived ¢ (B) Basey” | & Which of the following is the base unit in the §i
(C) Both derive i Pase (D) None of these _system? A
2. Which one abase unit in 512 : (@) joule (b) secondy”
Gral (B) joutey” () newton (d) watt
(D) ampere 7. Which of the following pairs both represent base
3 forﬂ\efactor‘\dgmaybe: jik (3) Acceleration and time  (b) Mass and speed
L Wymetre (8) secondy” . () Length and temperature v’
“(C) kilogram (D) radian '(d’ Force and area o
4. Which is the base quantity? : 8. Fbytk.:l qﬁ‘mmy "W-huurl base unit is:
e it - e
Qe {OF Electrié Current ; (sc:mk?::um ©kgm's?
b -‘m?ofthe following is mtbase quantity in the S| A OR i e Srmiloca
(@) Electric current () Temperature (C) Three' dimensional
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10.  Which of the following is a derived quantity? 19.  Which pair has same units?
(A) Mass (B) Velocity v/ (A) Work and power
(€) Length (D) Time (B) Momentum and impulse v
11.  Which is base quantity? (C) Force and torque (D) Torque and power
(A) Timev’ (B) Force 20. Which is the base quantity?
(C) Power (D) Velocity (A) Area (B) Volume
12.  An example of base quantity Is: (C) Lengthv” (D) Density
(A) Area (B) Length\/ 21. Solid angle subtended at the centre of a sphere of
(C) Velocity (D) Volume radius “r” in steradian is:
13.  The SI unit of intensity of light is: (A) 2n (B) 4nv”
(A) ampere (B) mole () on (C) Bs
(C) candelay” (D) joule 22. Which is not a base unit in Sl units?
14. Supplementary units are: (A) kilogram (B) joule.\/
A) 20 (8) 3 (C) ampere (D) kelvin
(©) 4 (D)5 23. Which of the following is derived unit?
15.  The S! unit of power in terms of base unit is: (A) newtonv” (Bymetre
(A) kgm™'s2 (8) kgm™'s™ (C) candela (D) mole
(C) kgms™ (D) kgm?s v~ 24. The unit of work in basewunits is:
16. Which of the following is a derived quantity? (A) kgm;z ) (B) kgm:f :
(A) Forcev” (B) Mass (C) kgm’s ¥ (B)ikgn=ss
(C) Length (D) Time 25. The total base units are:
17. The solid angle subtended at the centre of sphere by ) 7 (B) 6
an area of its surface equal to the square of radius of (€5 (D)3
the sphere is called: 26. . The unit of solid angle is:
(A) degree (B) radian (A)Radian (B) Degree
(C) minute " (D) steradiany” (C) Steradianv” (D) Revalution
18. The example of derived unit is: |1 27. =-radian is equal to:
(A) candela (B) ampere (A) 0° (B) 90°
(C) coulomby” (D) none of these .| (C) 180°v~ (D) 360
g&‘z What is meant by Scientific notation and prefixes? Explain.
Ans. Scientific Notation ,
Definition , 3 Table 1.3
Scientific Notation is a way of expressing numbers that are too large | Some Prefixes for Powers of Ten
or too small to be conveniently written in decimal form. Factor Prefix Symbol
It may be referred to as scientific form or standard form. 1018 atto a
Numbers are expressed.in standard form called scientific notation, 1015 femto f
which employs powers of ten. The internationally accepted practice is 10-12 pico )
that there should be only one non-zero digit left of decimal. Thus, the 109 e n
number 1347 should be written as 1.347 x 10° and 0.0023 be T ;
expressed as 2.3 x 107, 5 U -
Prafixes™ 10™ milli m
Definitios 1072 centi c
: : 107! i d
Prefixes are letters or groups of letters added to the beginning of: 1%, ded P
words to change their meaning. - deca -
In measurement prefixes are used to indicate multiples or fractions of 103 he.ctor a
a unit, making it easier to express quantities across different scales. 105 kilo k
For example, “kilo" means a thousand times the base -unit (e.g. 109 ege M
kilogram) = 1000 grams, while “milli” denotes one - thousandth of the 10 glga G
base unit e.g., millimetre =1/1000" of a metre. 10" tera T
10" peta P
108 exa E
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6. State the conventions for using I units in detail

Ans. Conventions of Using SI Unit
Use of

(iy  Each SI unit is represented by as
are the same in all languages.
important,

[For example: For ampere, we should use "A”
Nsec”, Sl not S.I.

(i)  Full name of a unit does not begin with capital letter.
For example: newton, metre, etc, except Celsius.
(i)  Symbols appear in lower case.
: For example: "m" for metre, “s” for second, etc., exception “L" for litre.
(iv)  Symbols named after scientists have initial letters capital.
For example: “N" for newton, “Pa” for pascal, "W" for watt.
v) Symbolsandprefixesareprintedinupright(roman)
styleregardlessofthetypestyleinsurroundingtext
For example: a distance of 50 m.
(vi) Symbolsdonottakepluralform.
For example: 1 mm, 100 mm, 1 kg, 60 kg.

(vii) No fullstop or dot is placed after the symbol except at thé end of the

sentence.

(vii) Prefix is written before and without space to base unit.
For example: "mL" not m L or “ms” not m s.

Sl units requir i . Sy
quires special care, more particularly in writing prefixes. Some points to be noted are:

ymbol not an abbreviation. These symbols
Hence, correct use of the symbol is very

_’-C:L——uY/

'

= For your Informationjé‘
p—

not “amp”; for seconds, “s" not

Interval (s)

Age of the universe
Age of the Earth
One year

One day

Time between normal -

heartbeats

Period of audible
sound waves

Period of'typical
radiowaves

Periad of vibration of
an atom in a solid
Period of visible light
waves

5 x 10"

S84 x 10"

32%10
86 x 10*

8x10"’
1x 1073
1x 10

1 %10
2107

(ix) Base units are written one space apart. Leave a space even between the number (value) and the symbol.

For example: 1 kg, 10 m s’ etc.

(x) Compound prefixes are not allowed:
For example: 1ppF should be 1 pF.

(xi) When base unit of multiple is raised to a power, the power applies to whole multiple and not to base unit alone.

For example: 1 km? = 1 (km)? = 1 %(10% m)% = 1x10® m2
(xii) Use negative index notation (m s ')instead"of solidus (m/s).
(xiii) Use scientific notation, that is, one non-zero digit left of decimal.
For example: 143.7 = 1437 X 10°.
(xiv) Do not mix symbols and names inthe same expression.
For example: metre per second or m s™', not metre/sec or m/second.

(xv) Practical work should be recorded in most convenient units depending upon the instruments being used.
For Example: Measurements using screw gauge should be recorded in mm but the final results must be

recorded to the appropriate base units.

(xvi) System Internationa! do not allows the use of former CGS System units such as dyne, erg, gauss, poise, torr , etc.

1.  Thequantity 2.3 x 10~ can be written as: The ratio of micro to mega is egual to:
(A)0.0023v" (B) 0.023 (A) Femto (B) Picov”
() 0.23 (D) 23 (C) Tera (D) Peta
' ! : : 5. How many nanometres in a metre?
2.  The term 124.7 can be written in scientific notation A0 < Thion
as: 9 : 9
3 (€)10°v" (D) 10°.
(A)1.247 x 10°V/ (B) 1'247X104 6.  One femto is equal to:
(C) 1.247x10" (D) 1.247x10 ) 10 (3)10-13“
3.  The prefix femto is equal to: (© 10" D) 10"V
(A) 10° (B) 10" 7.  One ggi?; is equal to: 8
14 D) 10"V (A) 10 (B)10
v e (©) 10" ©10"



https://v3.camscanner.com/user/download

nin'

8 The rl!h'ol 1 Mtomﬁ"‘?{:.‘t.?'”“m"" - 12 ﬂw pr:ﬂr pito is squal to: D
Q' i
8 ™ quantity of 1 (km)’ s 'qu:h ::':m 13, Which of the following Is the least multiple?
15\ L B \ﬂhm;v ::‘“ L0 (A) At (R) Fermto
1L 10m (€Y Nano (D) Pien
m?-'“kwm ® 10"y 14,  One tera is equal to: ;
r:w:':“: ;(‘nmh (A) l()f-* (m) 110’1”
11, The ratio of one nanometre to one attometre is: @107V WEW
AL (8) 10 "

1.3 UNCERTAINTY IN MEASUREMENT

7. What is meant by uncertainty in a measurement? How the uncertainty in instrument is
indicated?
Ans. Uncertainty in Measurement »
Definition
The uncertainty of measurement describes the approximate value by which thoact%& differs from the true valye
Explanation \
Every instrument is calibrated to a certain smallest division ma

on i and this fact puts a himit regarding its

rement 1s the smallest division or
N uncertainty about its value. When 3
ing on the scale. You can estimate the
nt This is called absolute uncertainty |t s

accuracy. When you take a reading with one instrument, its_|
graduation on its scale. Hence, every measured quantity
Mmeasurement is made, it is taken to the nearest graduatio
maximum uncertainty as being one smallest division of t
one millimetre on a metre rule that 1s graduated in mill

For example, if one edge of the book concides wi
with uncertainty 15 given by

(335 £ 0.05) cm ~ (100 + 0.05) em = (2

ltmmsmnmnrutlengﬂ\ofmmot '
005 cm, which is equivalent to

Uncertainty may be recorded as

m mark and the other with 33.5 cm, then the length

n 234 cm and 23.6 cm. Hence, the maximum uncertainty is
of 0.1 em. Infact, it is equal to least count of the metre rule.

ey . Absolute uncertainty
X Measurnd value

Absolute uncertairty
" Measured value ™ 100%

Um;l:,h.nw _ :
modern Mnadmeeusuallymimateonedi it nd is certain:
with a digital 43 mnmhuwmdﬂuhstdignlfthelmdigt?flmtﬁ‘gy “?nw::
3 mmm“:'mMZunh:?mdigih ttuiaymeanthnthotndivlgism
s ot rally sgnibcant. G111 hm”"”ﬂ"“f’"w””‘""““""‘”'
um-mmauanmmmm
NW&\;M inQ expenment . .
Mn_lhmhmnmmm- WSS A _ Sh
T reduce uncentainty, we usually time muhi S g ,
Example: We measure the time for 10 oscitatio FOMS: wihag neld - 4
" = 1585 then the time period Tis: , S S

ot =

3 RGP O
. =k N—
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2. Estimate Uncertainty in Time Measurement
Uncertainty in time measurement can come from:

(i) Stopwatch resolution (€9, 10.01 5 or 401 5)
(i) Human reaction time (typically +0.2 s for starting and stopping combined):
If timing 10 oscillations: '

uncertainty in ty, = 40.2 ¢ (reaction time)

Then uncertainty in the period T is;

Mo 025
Al = 10 2 10 =40025s

S0, result could be written as:

T=1584+0025s O
3.  Alternate: Standard Deviation (If we have Multiple Trials) S !
If we repeat the Experiment several times, calculate the mean and standard desiation
Example: Suppose we measure 10 oscillations in S times and get periods.
15751595 158 5,160s,156%

1.57 + 159 + 158 + 160 + 1.
Tt M, (S 59 553 60 156)s .

e values,

Standard deviatior ~ 0016 s

Standard deviatt

\n

So, the period would be: T=158+001s .
1.4 USE OF SIG

N
gi What are significant figures? Descri :

Ans. Significant Figures

Uncertaxﬁty in mean (standard error) AT =

Definition
Significant figures are the digits in hat carry meaning contribution ta its precision.
This includes all non-zero digits, s between them, and any trailing zeros in a decimal number.

Examples .
() 123.45 has 5 significant figuse
(i) 0.00450 has three significant figures, :
(The leading zeros otsignificant)
_ */
Use of Significant Fig . Inter "'_"‘9 Information
(i) Precision R @ tion: They _show hOW_ precise a measurement } 10® ® : 2
.18, More g canttigures mean higher precision. ."'m"""
(i) Mea nt’'Communication: They indicate the reliability of ti?e 10 mw
urdent equipment. For instance, a metre rule marked in [ |
es allows more significant figures than one marked in | P Height of &
ce res. : : . ; md
(iii) Calculation Rules: When doing calculations (addition, subtra;tlop. 10" - Datancets
multiplication, or division), significant figure rules help to maintain B the Sun g .-
appropriate precision. - i .-..“'""". ]
e Multiplication / Division: The result should have the same e e o 0
number of significant figures as the number with the fewest, . = 3 £58
*  Addition / Subtraction: The result should be rounded to the - nearest guiaxy
same decimal as the least precise value. Order of magnitude of smmds?ns.
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Importance

Using the correct number of significant fiqures prevent false precision and ensures consistency in scientific and
technical communication

Reasons for Using Significant Figures in Measurements

To Reflect Measurement Precision : :
Significant figures indicate the precision of a measurement by showing how many digits are known reliably
based on the instrument used. This helps to convey the level of uncertainty in the measurement.

To Ensure Consistency in Calculations : s -
Using significant figures in calculations ensures that results are not reported with unrealistic precision, It
maintains consistency and prevents misleading calculations based on overly precise or inaccurate nambers,

Ig 10. What rules should be observed while counting significant figures?

Ans. Working with Significant Figures
Counting significant digits

U]

(i)
(iii)

(iv)

v)

All digits 1,2,3,45,6,7,8,9 are significant. However, zeros may or may not be sngn{ﬂcant In case of zeros, the
following rules may be adopted:

A zero between two significant figures is itself significant.

Zeros to the left most significant figure are not significant. For example nonetof the zeros in 0.00467 or 02 59
are significant.

Zeros to the right of a significant figure may or may not be significantyIn decimal fraction, zeros to the right of a
significant figure are significant. For example, all the zeros in 3.570 @r 7.4000 are significant. However, in integers
such as 8, 000 kg, the number of significant zeros is determined By the precision of the measuring instrument. If
the measuring scale has a least count of 1 kg, then there are four significant figures written in scientific notation
as 8.000 x 10 kg. If the least count of the scale is 10 kg..then the number of significant figures will be 3 written
in scientific notation as 8.00 x 10° kg and so on.

When a measurement is recorded in scientific notation or standard form the figures other than the powers of
ten are significant figures. For example, a measurementrecorded as 8.70 x 10* kg has three significant figures..

@ Describe the rules observed for significant figures while multiplying or dividing numbers.
Ans. Multiplying or Dividing Numbers ‘

0]
- (i)
(iii)

Keep the number of significant fi 'f"gur'es‘in the product or quotient not more than that contained in the least
accurate factor i.e,, the factor.containing the least number of significant figures. For example, the computation of
the following using a calculator, gives: ?
,.5.348 x 1072x 3.64 x 10*

_ ! 5 1.336 Pagiee.
As the factor 3.64 x 10 the least accurate in the above calculation has three significant figures, the answer
should be written to 3:significant figures only. The other figures are insignificant and should be deleted. While
deleting_ the' flgures, ‘the last significant figure to be retained is rounded off for which the following rules are -
followgd, \
If me firs di@u dropped is less than 5, the last digit retained should remain unchanged.
If thefirst dlglt dropped is more than 5, the digit to be retained is increased by one.
If the" mgut to be dropped is 5, the previous digit which is to be retained is increased by one if it is odd and
retained as such if it is even. For example, the following numbers are rounded off to three significant figures as
follows. The digits are deleted one by one.

43.75 is rounded off as 438

56.8546  is rounded off as 56.9

73.650 is rounded off as - 73.6

64.350 is rounded off as 64.4

Following this rule, the correct answer of the computation given in section (ii) is 1.46 x 10°,

= 145768982 x 103
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&6_12 What rules should be followed in adding and subtracting numbers?

Ans. In Adding or Subtracting Numbers

@ What are the limitations of significant figures?

The number of decimal places retained in the answer should ' Quick Quiz '
be equal to the smallest number of decimal places in any of

the quantities being added or subtracted. In this case, the

1. Give the correct number of significant
figures for 00054 m, 003030 m,

number of significant figures is not important. For example, we 400 m 05m, 820 x 10° m

add the following quantities: Abe o4 3 £ :

® ;2412 ; (i) 27543 2. Give the answer to the appropriate number
5 b3 . 410 of significant figures. a
P i3 2602 kg + 36.02 kg + 54.1 kg =7
75.523 8.1273 Ans.2692

Correct answer is 75.5 m 813 m : 3. Give the answer to the apprapriaténumber

In case (i), the number 72.1 has the smallest decimal places, of significant figures.

thus the answer is rounded off to the same position which is 3.54kg -24 kg = ?

then 755 m. In case (b), the number 4.10 has the smallest Ans.1.1 i
number of decimal places and hence, the answer is rounded 4. Give the answeplo TR approprlate el

off to'the same decimal position which is then 8.13 m. of signifigant figy
245 x103m x246m/36m =7

Ans.1.7 x10°

Ans. Limitations of Significant Figures

Significant figures are a useful tool in representing the precisionef measurements, in science and engineering,
but they do have several limitations:

() Lack of Clarity with Uncertainty: Significant figuresagive a rough indication of precision, but they do not
explicitly show the uncertainty in a measurement. FeFmore*precise work, uncertainty should be expressed with
error margins (e.g., + 0.02).

(i) Ambiguity with Zeros: It is sometimes unclear, howymany significant figures a number has, especially when
written without scientific notation. For examplej 1500 could have two, three, or four significant figures
depending on the context. W V¢

(iii) Not Suitable for all Calculations: Using significant figures in complex calculations (like trigonometric functions)
can be misleading if rounding is deneteo early or improperly. .

(iv) Over-simplification: Significant figures provide a simplified rule for rounding but may not reflect the actual
measurement process or ins;t'm‘meht,ptrecision accurately. _ :

(v) Inconsistent with Statistical Methods: In data analysis and experimental science, statistical methods (e.g.,
standard deviation, cohﬂde‘n.&gvifr\tervah) and much more accurate and meaningful for expressing precision than
significant figures, J - ' : SN

_(vi) Depending on Nlea'surement Conventions: The rule of significant figures are conventions and do not
universally apply ingevery scientific or engineering context, particularly in computer science or where exact
values (like colintiig numbers) are used. e :

1.  Significant figures in 0.0010 are: 4.  The significant figures in 0.04060 are:

e ®B) 2v" (A) 2 (8) 4V
<3 (D)4 @5 (D) 6

2. Which one of the following is the correct record for | 5.  Significant figures in 0.0004813 are:

the diameter of a wire when measured with a screw gé; i‘/ 83)))73

‘m?
(g:)uzg_ ;cz: b com'mt o 0.0(?3‘)! ;'?’Qﬂ\cm 3 6.  The significant figures in 34.676 are:
(©) 2312 cmv” (D) 2.3124cm e e

3. Significant figures in 0.00567 are: o ©3 (D) ?\/
(A) 2 ®3v ¢ : :

(C) 4 (D) 5
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10.

..

12.

13,

14,

15.

16,

A student added three figures 72.1, 112 and 0.003
The correct answer regarding the rules of the
addition of the significant figures will be:

(A) 75 4213 (B) 7542
Q) 7Say (D) 755

The number of significant figures in 0.0173 are:
A 2 (B) 3v

(C) 4 (D)5

Number of significant figures in 01.020mm are:
(A) & (B) 3

Q) d4v (D) S

275.00 has the significant digits:

(A) 2 (B)3

4 ) SV

Significant figures in 0.0010 are:

(A) 1 (8) 2v"

(3 (D)4

The number of significant figures in 0.00232 are:

(A) 6 (B) 5

(€ 3v” (D) 4

In 5.47 x 19.89 = 108.7983, answer should be written
as:

(A) 108 8 (B) 1089

(€) 109v” (D) 108.79

Significant figures in 0.0045 are:

(A) 1 (8)3

(€ 4 0)2v”
Which of the following number has three significant '
figures? o ¢
(a) 00450y (b) 4500 N\
() 0.0045 (d) 45000

The result of the calculation 4.56 u® :
reported as:

(@) 638 (b) 64y b

(©) 6384 (d) 6.

The nifmber of significant are:

(A 2

©) 4

If we round off 6434546 up to three significany
figures, the best answer Is:
(A) 64 3

(C) 645

The significant figures in 0.0004813 are:

(A) 8 (8) 7

(C) 4V (D) 3

5.348 » 10 *» 3,64 » 10"
The correct answer of — 5386 - =
(A) 1.46 = 10° (B) 1 451
(C) 1457 « 10°V (D) 1.5 10"
The quantity 0.00467 has significant flguees: =

(A) 3V B4 N ?

5 (D) 64

Significant figures in 0.00826warey,

(A) 3V ; ® 49

©5 N O

Significant ﬁgummdhom are:

(A) 3V f /N, VB4

€6 RV D) 7

The sum gf threenumbers 2.7543, 4.10, 1.273 up to

<t éég!lkplace is:
(8) 813y

'{;’.V N % ; (D) 8.127

25. in_Seientific notation, the number 0.0001 may be
_ | written as:
] % 10° (8) 10 °

: (D) 10 < 10*

. Which of the following best
measurement with uncertainty?

(A)36m (B) 3.6 + 0.2m

(€)36ms v (D) 3.6 with no unit

If you add two quantities with uncertainties, how do

you find the uncertainty in the result?

(a) Add the uncertainties directly. v

(b) Multiply the uncertainties

(€) Take the average of the uncertainties

(d) Subtract the uncertainties

18
(B) 644
(D) 64 6

19,

20, is:

1

10
A N

2%

22.

23.

24,

expresses a

27.

1.5 PRECISION AND ACCURACY

how close a given set of measurement
- ug-hnehﬂnr.

w“ ” V n 3 v

The precision of 3 measurement is determined by
count, the more precise is the measurement.

Accuracy is the closeness of a measurement to the exact or accepted value of a physical quantity.

the terms precision and accuracy with reference to measurement of physical

are to their true value. Whereas precision is how close the

the instrument or devicebeing used. The smaller the least
It is expressed

by the fractional or percentage uncertainty. The smaller the fractional orpercentage uncertainty, the more

accurate is the measurement.

for example the length of an object is recorded as25.5 cm by using a metre rule having smallest division in
millimetre 1ts precision or absolute uncertainty (least count) = 0.1 cm.
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0.1em
Fractional uncertainty = 5¢°¢ 0 ® 0.004

cm

0.1cm
Percentage uncertainty = 5c¢" = x 100 = 0.4%

Another measurement taken by Vernier Callipers with least count 0,01 cm is recorded as 0.45 cm. It has precision
or absolute uncertainty (least count) = $+0.01 cm,

! 0.01
. Fractional uncertainty = 045 g: =0.02

Percentage uncertainty = gg; z: x 100 = 2%

Thus, the reading 25.5 cm taken by metre rule is although less precise but is more accurate having less
percentage uncertainty or error.

Whereas the reading 0.45 c¢m taken by Vernier Callipers is more precise but is less accurate. If fact, it is the
relative measurement which is important. The smaller a physical quantity, the more precise instrument should be
used. Here the measurement 0.45 cm demands that a more precise instrument, such as micrometer screw
gauge, with least count 0.001 ¢m, should have been used. Hence, we can conclude that:

A precise measurement is the one which has less precision or absolute uncertainty and an accurate
measurement is the one which has less fractional or percentage uncertainty.

1.6 ASSESSMENTOFTOTAL UNCERTAINTY IN THE FINAL RESULT
g‘g How is the total unggrtainty in the final result assessed? Explain.

Ans. Assessment of Total Uncertainty in the Final Result

By knowing the uncertainties in all the factors involved in a calculation; the maximum possible uncertainty or
error in the final result can be found as follows:

(i) For Addition and Subtraction

Absolute uncertainties are added. For example, the distance between two positions x, = 15.4 + 0.1 cm and
: X, = 25.6 cm £ 0.1 cm is recorded as:

X=X,-% =102+02cm
and addition of two lengths is:

[, =8510.1 cm andl; = 12:6 0.1 ¢cm recorded as:

l=4L+1,=211£02cm
(ii) For Multiplication and Division : T ‘

Percziitage uncertainties are added. For example, the maximum possible uncertainty in the value of resistance R

of a conductor determined by the potential difference V applied across the conductor resulting in current
flowing through it is estimated as under:

Let V=34:01V
' 1=068+005 A
g .
Using . R= T
\ L 01V _ = . For Your Information
Percentage.uncertainty in V' = 37577 100 = 3% Travel time of light
et} Xidoa _005A e MoontoEarth 1min20s
Percentage uncertainty in /= 5 cgmx 100 = 7% Gt Bl 6 it B
Hence, total percentage uncertainty in the value of Ris 3 + 7 = 10% Pluto to Earth 5h20s

The value of R will bc written as:
' 34V
R=066A
Hénce, R = 5.0 # 0.5 ohms, uncertainty being an estimate only, is recorded by one significant figure.

= 5.0 ohm
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(iii) - For Power Factor: . .
"~ The percentage uncertainty is multiplied by the power factor in the formula. For example, the calculation of

. = o i ik
cross-sectional area of a cylinder of radius r = 1.25 cm using formula fqr Arga A = .rcr_ is ‘given by the %ag_e
uncertainty which is A = 2 x %age uncertainty i radius r. As uncertainty Is mult!phed by power factor, it
increases the precision demand of measurement. When the radius of a small sphere is measured as1.25 ¢m by
Vernier Callipers with least count 0.01 ¢m, then
The radius r is recorded as r=125+0.01 cm

, .01
%age uncertainty in radius.r is r=75g x.100 = 0‘8_%
Total percentage uncertainty.inarea A =2x0.8=1.6%"
Thus - A = ar? % ;
: = 3.14 (1.25)% = 4.906 cm? with 1.6% uncertainty.

* Thus, the result should be recorded as A = 4.91 + 0.08 cm?

Example 1.1: The length, breadth and thickness of a metal sheet are 2.03 m, 1.22 m and 0.95 €m respectively,
Calculate the volume of the sheet correct up to the appropriate significant digits.
Solution: : : '
Given that; :
‘Length (=203m
Breadth - b =122m
Thickness h = 0.95.cm = 0.95 x 102 m
To Find: ° e ‘ : : ‘
: V=2 > &
Calculations: . TN ey N
As  Volume V=Ixbxh=203mx122mx095x10%m
Rl A ) S e .\ e : ,
As the factor 0.95 cm has minimum number-of significant figures equal to two, therefore, volume is
~ recorded-up to 2 significant figures, hence, V.=2.4 x 102 m3. et
Example 1.2: The mass of a metal box measured by a lever balance is 3.25 kg. Two silver coins of masses 10.01 g
| and 10.02 g measured by a beam balance are'added to it. What is now the total mass of the box correct up to the
| appropriate precision? ' 3 i e PR e ‘ : :
Solution: : : s, G N
~ Total mass when silver coins are‘addedto box = 3.25 kg x 0.01001 kg + 0.01002 kg
- : , : : =327003kg ! : :
Since least precise mass/is 3.25 kg, having two decimal places, hence, total mass should be reported to 2
decimal places which is the.appropriate precision. X : -
Thus  Total mass= 3.27 kg , She
Example 1.3: The diameter and length of a metal cylinder measured with the help of Vernier Caliipers of least
~count 0.01 cm are 1.25.cm and 3.35 cm, respectively. Calculate the volume V of the '.cylirider'and uncértajnty in it.
Solution: { N L2 g - : :
Given that; * % SN T s
Diameter “d'=1.25 cm with least count 0.01 cm '
Length [ = 3.35 cm with least count 0.01 cm
Absolute uncertainty in length = 0.01 cm
To Find: . £, '
£ : e 1 :
Calculations: : : Rt , ' 5
%age uncertainty in length = (0.01.cm / 3.35 cm) x 100% = 0.3%
Absolute uncertainty in diameter = 0.01 cm R :

%age uncértainty in diameter = (0.01 cm / 1.25 cm) x 100% = 0.8%


https://v3.camscanner.com/user/download

2
= 2l = x';[

Volume

Total uncertainty in V = 2 (%age uncertainty in diameter) + (%age uncertainty in length)

=2+08% +03%=19%
Then

Thus V=1(411+008 cm’

V=314 » (125 cm)? » 335 cm® = 4.1089842 cm? with 1.9% uncertainty

| where 411 cm? 15 calculated volume and 0.08 cm? is the uncertainty in it.
WA
1. The percentage uncertainty in mass and velocity are (A) 001 (8) 002v"
2% and 3% the maximum uncertainly in the (€003 (D) 045

10.

1.

measurement of kinetic energy is:
(A 11%

(B) 8%y
(C) 8% (D) 1%
I x1, = 10.5 + 0.1¢m and x; = 26.8 + 0.1cm xp-x1, 1%
given by:
(A) 163 40 1em (8) 163+ 02 cmy”
(C) 161 +0cm

(D) 163 +0 3cm
The percentage uncertainly in radius of a sphere is

2%. The total percentage uncertainly in the volume of
the sphere is:

(A) 2% (B) 4%
€) 6%y (D) 8%

For total assessment of uncertainty in the final result
obtained by multiplication we add:

(A) Absolute uncertainties

(B) Fractional uncertainties

(C) Percentage uncertainties v’

(D) Error

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

(R) 7% (B) 5%

(€ 3%V (D) 1% :

1V = 5.2 £ 0.1 volt. The percentage uncertainly of V*
will be:

(A) 2% (B) 4%
(€) 6%V~ (D) 1%

A precise measurement is the one which has:

(A) Greater Precisiony” " (B) Less Precision

(C) Medium Precision /(D) More % error

If error in measurement of radius of circle is 2% then
permissible error in its area will be:

(A) 1% (B) 2%

(C) 4% V" (D) 8%

There are four.readings of a micrometer to measure
the diameter of a wire in mm are 1.21, 1.23, 1.25,
1.23.The mean of deviations is:

(A) 002mm (B) 0.01 mmv”

(C) 0.10mm (D) 0.20mm ]
Absolute uncertainty in a measuring instrument Is
equal to:

(A) Least countv” (B) Accuracy

(C) Fractional uncertainties (D) Percentage uncertainties

A measurement taken by Verniercalliper with least

count as 0.01cm is recorded as 0.45cm, it has
fractional uncertainty.

12.

13.

14,

15.%

16.

17.

18.

19.

20.

In order to reduce the uncertainty in finding time
period of a vibrating body, it is advised to count:

(A} Small number of swings

(B) Large number of swings

(C) Infinite nurnber of swingsy

(D) Both A and C

The uncertainty in the time period of a vibrating
body is:

(A) Least count ~ Mo of wbrations

(B) Least ¢bunt & No 6f vibrations

(C) Least count.~ Mo of vibrations v

(D) Least count = Mo, of vibrations

If r =°2.25 £ 0.01 cm them (%) percentage uncertainty
inris:

(A) 0.225% (8) 22.5%

(C102% (D} 0.4% v

Length of an object is recorded as 25.5 ¢m by using a

meter rod having smallest division in millimeter. The
fractional uncertainty is:
(A) 0.400

(8) 2.550
(€)0.004v" (D) 0.100
Which of the following measurement is more precise:
(A3127s— - {B)3127s
(€)31.27 s (D) 3327 sy

The percentage error in the measurement of voltage,

- current, resistance and power are 2%, 6%, 8% and

12% respectively. The accurate measurement is of:

(A) Current (8) Voltage

(C) Resistance (D) Powery”

In a simple pendulum experiment percentage
uncertainty in L are 0.5% and 1.5% respectively. The
maximum percentage uncertainty in LT is:

(A) 2.5% (B 2% —
(€)3.5% (D) 4%y

The fractional uncertainty in the measurement of
radius r = 2.25 + 0.01 em is:

(A) 04 (B) 0.04

(€)0.004v" (D) 0.0004

The percentage uncertainties in length and width of a

rectangle are 2% and 3%. Its area has percentage
uncertainty.

(A) 1% v

(B) 5%
(€) 6%

(D) 2% .
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20.

21,

22,

23,

24.

5 T ey = - —)

The percentage uncertainties In length and wldth of a (A) Precise but not accurate v

rectangle are 2% and 3%. Its area has percentage (B) Accurate but not precise

uncertainty. (C) Both precise and accurate

(A) 1% (B) 5% v~ (D) Neither precise nor accurate

(C) 6% (D) 2% 25. If a scale glves different weights for the same object
Velocity of an object is 1% uncertainty and mass has every time, it Is sald to lack:

2% uncertainty. What is the total uncertainty? (A) Accuracy (B) Precisionv”

(A) 3% (B) 2% (C) Uncertainty (D) Resolution

(©€) A%V~ (D) 1% 26. Which of the following set, of data best represent,
Which of the following best expresses a high accuracy and hlgh precision if the true value j5
measurement with uncertainty? 50.0?

(A) 3.6 m, (B)3.6 02 my” (A) 499, 500, 50.1v" (B) 45.0, 55.0, 50.0

(C) 3.6 ms™? (D) 3.6 with no units (C) 49.0, 49.1, 49.2 (D) 50.5;50.6, 50.7

A length is measured is; L = 25.4 + 0.2 cm. What does | 27. Which instrument is more precise for measuring
the value 10.2 represent? small lengths?

(A) The resolution (B) The value (A) Metre rule (B) Measuring tape

(C) The uncertaintyy” (D) The error (C) Protractor (D) Vernier callipers v~

If a scale always read 2 kg, heavier that the actual : oo
value, the measurements are:

1.7 DIMENSIONS OF PHYSICAL QUANTITIES_'

@ Explain with examples the wrmng of physical quantities into their dimensions.

Ans. Dimensions of Physical Quantities

~

Definition

Dimensions of a physical quantity refer to the powers’ (or .exponents) to which the fundamental physucal
quantities (like mass, length, time, etc.) must be raise torepresent that physical quantity.

Explanation

Check the homogeneity of the relation; v = iy

Dimensions deal with the qualitative nature of /a physical quantity in terms of fundamental quantities. The
quantities such as length, depth, height, diameter, lightyear are all measured in metre and denoted by the same
dimension, basically known as length given by symbol L written within square brackets [L]. Similarly, the other
fundamental quantities, mass, time, electric current and temperature are denoted by specific symbols [M], [T].
[A] and [6], respectively. These five dimensions have been chosen as being basic’ because they are easy to
measure in experiments.
The dimensions of other quantmes indicate how they are related to the basic quantities and are combination of
fundamental dimensions. For example, speed v is measured in metres per second, so it has the dimensions of
length [L] dwnded by time [T :
M=I[L/rl=1( W'] = [T
As the acceleration a ='Av/ At
Dimensions of acceleration are i
[a) = v/ [T) = [LT")/ [T] = [LT"]
Also, dimensions of force can be written as

[F = [m] [a]= [M] [LT}] = [MLT
By the use of dimensionality, we can check the homogeneity- (correctness) of a physmal equation, and also, we

can derive formula for a physical quantity.

where v is the speed of transverse wave on a

stretched string of tension T, length [ and mass m.

Ans. We have to check the homogeneity of the equation i.e., we have to ensure that both sides of the equation have

the same dimensions..

Txl
The equation is: v = ™
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Step 1: Finding the dimensions of R.H.S

We write the dimensional formula for each quantity: -
s [T] = Force = [MLT?) o o...........%
.. (] = Length = [L] =
. [m] = Mass = [M] ::
Now ps e b
(Tx0 = [MLT? x L] = (ML2T?) %
Tel MeTy =l L
m = ST o
. Taking the square root =
VIeT2) = 1) M |
RHS ST - 7 7 ot (i) bl

Step 2: Finding the dimensions of L.H.S

Conclusion: The equation; v = "\ /T': l

T Interesting Information
RHS =\ [ ’

e [v] = speed = LT} - : T (i) . 100 _EE ﬁ

Comparing Eqgs. (i) and (i) k . - _ o m_g
LRS: [LT_q] =RHS: [LTT‘] » -100 m‘;‘:

As both sideg have the same dimensions, so the relation in homogeneous. 200 [ srtecomenaa §

-m absoluts reto

Some Specific Temperature

is dimensionally homogeneous.

g‘@ What is meant by homogeneity of physical ec{uations? Explain by giving an example.
Ans. Homogeneity of Physical Equations: '

Ans.

(i)
(iiy
(i)
(v)
(v)
(vi)

The correctness of an equation can be checked by showing that the ‘dimensioins of quantities on both sides of
the equation are the same. This is known as principle of homogeneity. ‘ '

Example:Suppose a car starts from rest (v; =/0) and covers a distance S in'time tmoving with an acceleration a.
Theequation of motion is given by, |\ TS : ’

S= vit+ %atz
i 1
or S = 2at2 :

Numerical factors like 1/2 have no.dimensions, so they can be ignored. By putting the dimensions of both sides
of the equation: ;

=3 [S).= [al [t°)

Writiné the symbols of dimensions L] = LT3 13

_ K[ (L] =[LT2 T
Or : ’ # [L] 7 [L] . - . .
This shows that dimensions on beoth sides of equation are the same, therefore, thg equation is dimensionally correct.

19. What are the benefits of using _dimensid'ns of a physical quantity?

Benefits of Dimensions i 1ol

The key benefits of using dimensions of a physical quantlty. are:
Checking the correctness of equations (dimensional analysis).
Deriving formulae. '

Converting units. -

Simplifying complex problems.

Identifying fundamental and derived quanti!‘.ifes. ‘
Understanding the nature of physical quantities.
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Is?
20. What are the limitation of dimensional analysis ’

e

Ans, Limitations of Dimensions ;
‘ ‘ ‘ ' analysis) are.
The limitations of dimensions of a physical quantity (or dimensional ye's)
()  Cannot determine dimensionless constants. '
ions.

th the same dimensions.

(i)  Applicable ohly to dimensionally consistent equat
tial, or logarithmic functions.

(i)  Cannot distinguish between physical'quantities wi
(v) Cannot derive equations involving trigonometric exponen

(vi)  Only gives proportionality, not exact gquations.
(vit) Limited when empirical data is essential.

Example 1.4: Derive a formula for the centripetal

speed. Assuming that centripetal force depends on

Solution: As force depends on mass m of the objec
Focmmbr

F = (constant) m® m2 ¢ ; \ - :

where the exponents (powers) 3, b and c are to be determined. By the principle of_homogen'elty, t.he Q|mensions

on both sides of the equation should be the same. Since, constant has no dimension so by ignoring it, we write

the above equation in terms of dimensions as,
[F] = [m“] [m") [r] i B ot A \
[MLT?] = [M?] [LT)P [LI° ' a5
[MLT-2] = [M?] [LT')P [

[MLT2) = [M? L°*€ T] ,
Comparing the powers of dimensions on both sides of the above equation, we have

force required to keep an object moving along a circle with uniform
mass of the object, radius of the circle and uniform speed.
t, radius r of the circle and uniform speed v, we can write:

*

>

&£

a=1
b+c=1
~b=-2

Solving the above equations, we have a =1, b =2, ¢ = -1
Putting the values of a, b and c in equation (i), we have
F = (constant) mV ! ‘

or F = (constanty mv?/ r
The numerical value of the constant cannot'be determined by dimensional analysis. However, it can be found by

experiments. in the above equation, numerical value of the constant happens to be “1*, so the equation reduces

to; F=mvr
Qs
1.  Which of the following physical quantities has the | 6.  Dimensions of the ratio of angular momentum to
same dimensions and Impulse? linear. momentum is: :
(a) Force (b) Work _ (A) (M°LT° ]V (B) (M'L'T']
(c) Momentumy” (d) Power ‘ (©) (M'L*T) ©) (ML
2.  Whichof the following quantities is dimensionless? 7.  Thé dimensions of pressure are:
(a) ‘Angular.velocity (b) Strainv” sy (A) MLT? (B) ML?T™
«  (c) Pressure (d) Temperature Q NjL"T’z\/ (D) MLT? =
3.  The dimensions of power are: 8. The numerical value of constants in any formula
(A) ML2TY) (B) [MLT”] cannot be determined by dimensional analysis,
©) IMET)V (D) [MAL2T) howeve.r‘, it can be found by
4, The dimensions of coefficlent of viscosity “n” are: , A Addlt!on ) (B) Phy sicaI'Qua‘ntities
A MTY ‘ (B) (MLT?) - ~ (C) Experimentsv” (D) Uncertainly
© MLT) (D) [ML"37'°] | 9. Which pair has the same dimensions? :
5. Which one has the same dimensions? (2) ;N briang c;‘)ower (B) Force and Torgus.
(A) Work and power (B) Momentum and energy (LA RO BTG PO ({2 Naverfiene )

(C) Work and torquey” (D) Power and pressure
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10. The dimensions of work are: (©I'n O (7
(A) (MLT") (B) (MLT’) 20. Which pair has same dimensions?
v (O ML (D) (MLT)V (A) Work and Power (B) Momentum and impulsey”
11. The dimension [M°LT°] represents the quantity: (C) Force and torque (D) Torque and power
(A) Length\/ (B) Mass ] ' l
(C) Time (D) Velocity 21, The dimensions of ”g‘are the same as that of:
12.  The dimensional formula for the quantity of light (A) Timeyv” (B) Energy
year is: .
(A) (LT’# (8) (7] (C) Velocity (D) Force :
() ML*T) (D) [L1v” /rx/
22,  The dinfensions of the relation \ [~ are equal to the
13. Which of the following pair has the same dimensions? 4 :
(A) Work and power (B) Momentum and Energy dimensions of:
(C) Power and Pressure (D) Work and Torque v’ (A) Force (B) Momentum
14. The dimensions [ML*T?) belong to: (C) Acceleration (D) Velocityy”
(A) Pressure (B) Momentum 23, The dimensions of Einstein equation E.=/mcare:
(C) Power (D) Heat energyv” (A) MLT?) (8) ML)
15. The dlmenslons of density are: (€) [ML*T (D) MUYy
(A) [ML_SI\/ (8) (M 11'2]1 24. The dimension of angular accelération is:
(€) (ML) (D) (ML) A [T) By LT Y
16.  [M°L°T™"] refers to: © Y © 17
A)V i i '
(C) Feloqty 5 (B) Time period 25. The dimensions of kinetic energy are similar to that of:
» (C) Frequency (D) Force d (A) Power (B) Torque\/ ’
17. The dimensions of torque are: (C) Momentum (D) Pressure
A 241 ’ -
EC; %IL-Z ;}2] \/ (B) (ML Z-TL 26, [M°LT").are the dimensions of:
(D) (ML ‘ (A) Force (B) Velocityv”
18. The dimensions of acceleration due to gravity are: (C)Work Done ° (D) Momertum
A -
(A) [MLI‘]/ (8) (ML) ) 27." The dimensions of gravitational constant are:
(C) [LT ] (D) [MLDT ] (A) [M3L1TZ] (B) (M'1L3T'zl/
19.. The dlmensions of angular velocity are: (C) (M°LT? (D) (M'C*TY)
(A) [LT] (B)[LT?) . -

I ADDITIONAL SHORT ANSWER QUESTIONS

1. Differentiate between base and derived quantities.

Base Quantities

Derived Quantities

Definition

“The minimum number (7) of those physical quantities in | “Physical quantities whose. definitions are based on
terms of which other physical quantities can be defined | other physical quantities are called derived
are called base quantities.” : quantities.” '

: A : Examples
Length, mass, time, temperature, electric current, intensity | Speed, velocity, acceleration, force, momentum,
of light and amount.of substance. .| Torque etc. ‘ ‘

Q.2 How many micro seconds are there in one year? ot
Ans. One year = 365x24x60x60s

= 31536000 s

= 3,1536 x 10s

+=3.1536 x 10" x 10% x 10
= 3.1536 x 10" micro s 107 = p (micro)
lone year = 3.1536 x 10" us|

Q.3 What are derived quantities?

Ans. These are physical quantities that are obtained from combmatlons of base quantities through mathematical
operations.
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Q.4 How are derived quantmes formed? ‘

Ans. They are formed by multiplying and dividing base units.

Q.5 Whatis Sl system?

Ans. It provides a universal standard for measurements used worldwide in science, industry and everyday life.

Q.6 What are significant figures?

Ans. They are the digits in a number that carry meaningful information about its precision.

Q.7 Why are significant figures important in measurements?

Ans. They show the accuracy and reliability of a measurement.

Q.8 What is the rule for multiplication and division of a measurement? . ‘ . .

Ans. The result should have the same number of significant figures as the value with the least number of significant
figures.

Q.9 What s the rule for addmon and subtraction wuth significant figures?

Ans. The result should have the same number of decimal places as the value of the least number of decimal places.

-10 4
5.348 x 101 3;63 64 x 10 up to appropriate significant figures.

Q.10 Using rules of slgmﬁcant figures, compute

5348 x 10719 x 3.64 x 10* 5.348 x 3.64 2o

A 1336 SR TECLY
= 14.5708982 x 10°
= 145708982 x 10°

In multtphcanon and dlwsuon the number of significant. flgures are.not. more than that contained inthe least
accurate factor.

So, according to above rule 1.46 x 10° are appropriate 5|gn|fcant flgures
Q.11 What is accuracy and precision?

Ans. Accuracy is how close a measured value is to the true or accepted value Precision is_how close repeated
measurements are to each ather.

Q.12 Can a measurement be precise but not accurate?
Ans. Yes, if repeated measurements are close to eachother but far from the true value _
Q.13 Can a measurement be accurate but not precise? = . S ;

Ans. Yes, if measurements are close to thetrue value but vary widely from each.other. -
Q.14 How can precision be improved?

Ans, By using better instruments and consistent measurement techniques. - ‘
Q.15 Isa precise measurement is also an accurate measurement? Explain your answer.

Ans. A precise measurement means closeness of two measured values to each other while an accurate measurement
means how close a measured value to the true value.

So, if the measurements-are close to each other as well as close to the true value, then such measurements will
be precise as well as accurate. :

Q.16 What is uncertainty in measurement?
Ans. Uncertainty is the doubt or possible error in the result of any measurement
Q.17 What causes uncertainty in measurement? :
Ans. Instrument limitatioris, human error and environmental condmons
Q.18 What is absolute uncertamty?

Ans. The margin of error in the measured value, expressed with the same result.
Example: 200 + 05 cm

Q.19 What is relative uncertainty?

Ans. Itis the ratio of absolute uncertainty to the measured value.
Absolute uncertainty

_ Measured value

Q.20 Why is it important to report uncertainty in measurements?
Ans. It indicates the reliability and precision of the measurement.

1

Relative uncertainty =
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- Q.21 How uncertainty can be reduced in a timing experiment? :
" Ans. Timing uncertainty can be reduced by taking large number of readings and find their mean value.

Example:
Let, the time period of 30 vibrations of the simple pendulum be 54.6 s.

546
Then time for one vibrationis 7 = 30 =182s

Q.22 Give that; V = (5.2  0.1) volt. Find its percentage uncertainty.
Ans. V=(52 + 0.1) volt
Absolute uncertainty = 0.1
Measured value =52
o% age uncertalityin V = Absolute uncertainty
: - Measured value

x 100

; 0.1
% age uncertainry inV = 5o x 100 = 1.92% ~ 2%

IZo age uncertainty in V2 /d
Q.23 Find the percentage uncertainty in the volume of a cylinder, if the percentage uncertainties in Iength and
diameter of the cylmder are 0.3% and 0.6% respectively

~ Ans. Volume ofa cylinder =V=nrl= n(g) |

: di
Volume of a cylinder = V = ”4~ (r ='g‘)

Data
. % age uncertamty in fength H=03%
% age uncertainty in diameter (d) = 0.6 %
S0 % age uncertamty in Volume (V) = (% are uncertainty in () + 2 (% age uncertainty ind )
: =03 % + 2(0.6 %) : -
_ =03%+12%
: [% age uncertainty in volume =15 %} '
> Q.24 The volume of a sphere is V 47 .689"em* with 1.2% uncertamty What is the correct range of volume

measurement? SRR

Ans. - Volume of a sphere = V= -g-iz‘r3

'Data: Measured value = 47.689 cm?

Percentage uncertalnty inV'=12
Absolute uncertamty

As 4 Percentage u_ncertamty inVv= Mo va|ue x 100%
S Absolute uncertainty
ke 47.689

1.2 x 47.689 - ‘
| TR Absolute uncertamty T k
. Absolute uncertainty = 0.6 cm? Cedg
So, the correct range of volume measurementis A :
, V = (47.7 + 06) cm’] v
'Q.25 What are dlmensmns of a physucal quantity?
Ans. Dimensions show how a physmal quantity depends on the base quantmes hke mass, length, time, etc.

'Q.26 What are dimensions important in physics?
Ans. They help in checking the correctness of equations and converting units.

Q.27 What is dimensional analysis?
Ans. Itis a method of using dimensions to check the correctness of equations ta derive relationship.

x 100%
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Q.28 Can dlmensuons help in deriving formulae?

Ans. Yes, using the principle of homogeneity of dimensions,

Q.29 Calculate the dimension of Physical quantities, if possible, 2n and rupees hundred.

Ans. Both 2z and rupees hundred have no dimensions,
Because 2z has no umit and rupees hundred is not a physical quantity. So both can’t be expressed in terms of
dimension. Because dimensional analysis is the method to express the physical quantities in terms of ~most
fundamental quantities.

Q.30 Write the dlmensmns of:

(i) Force g (ii) Energy - (iii) Angular momentum
(iv) angular Velocity (v) Work * (vi) Torque
Ans. : :
()  Dimensions of Force : [F] = [(ma] = [m] [a] = [M] [LT?] = [MLT™]
(1)  Dimensions of Energy : (W] = [Fd] = [F] [d] = [MLT] [L] = [ML*T™?]’
(i)  Dimensions of angular momentum: U = [mvr] = [m]VIIF] = MJILT "IL] = (MLPT™]
(iv) Dimensions of angular velocity: [o] = [[Ez]] %%] T
(v)  Work: (W] = [F.d] = [MLT2] L] = IML?T]_ :
b1 Terge: [ = (1 [F] = L] (ma] = [ [m] (a] =1 (MLILT?) = [LMLT?] = ML

Q.31 Differentiate between dimensional and non-dimensional variables.
Ans.

Non-Dimensional Variables

Dimensional Variables:

Definition
The physical quantities having dimensions are | The physical quant1t|es havmg no dtmenSIons are
called dimensional variables. | called non-dimensional variables.
Examples :
[ Length, Force, Velocity, Momentum etc. ] Plain angle, Solid angle, Stram etc. ]

Q.32 Differentiate between dimensional and non-dimensional constants.
Ans.

Non-Dimensional Constants

Dimensional Constants

' Definition
The physical constants having.dimensions are | The physical constants having no dimensions are
called dimensional constants. called non-dimensional constants.
Examples ,
rrawtatlon constant, g, k.n, h, etc. [ Refractive index, g, m, e, etc. |

Q.33 Find percentage uncertainty in the volume of a cyllnder if percentage uncertainties in length and .
dlameter of cylinder.are 0.2 and 0.8% respectively.

2
d
Ans. Volume of Cylinder =V = nr gl =:r[ﬂ [

nd?t
=sV="7"- o

N

% age uncertainty in length () = 0.2 % ’ ‘

% age uncertainty in diameter (d) = Q. 8%

S0,% age uncertainty in volume = (% uncertainty in l) + 2(% uncertainty ind)

= 0.2% + 2(0.8%)
: = 0.3% + 1.6%
EA age uncertainty inV__ = 1.9"/9]

Q.34 Check correctness of E = hf dimensionally.
Ans. E = hf .
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LH.S:

"E=w-=Fd

[E] = MLT ) (U

E=mTy L 0
R.H.S:
hf

byl 2T

vl ™"
T s RS T e (i)

From eq (i) and (ii) we conclude that
E = hfis dimensionally correct.

Q.35 Why d‘o we find it useful to have two units for the amount of substance, the kilogram and the mdle?
Ans. Both kilogram and mole are used as units for the amount of a substance. ’ :

Kilogram

(i) Kilogram is used‘ for ordinary measurement | (i) Moleis used for stlentific work.

of mass. - . (i) Mole is used for small mass of.a substance

(i) Kilogram is used for large-scale mass of a 1e.at micro levek
substance Le., at macro level. ' ' ‘
(iii) One kilogram of different substances contains | (i) One mole of all substances contains the same
different number of molecules. : number of “atoms/molecules te., Avogadro's
|y L Ty | number. (ie, No= 6022 x 10%) ;
(iv) !(ilogram is used when number of (iv) Mole s used when number of atoms /
9 molecules are not required but weight of molecules are required. |
the substance is required. ‘ : T'maole = 6.02 x 10 atoms / molecules

Q.36 Three students measured the length of a needle ‘with a scale on which minimum division is 1 mm and
recorded as (i) 0.2145 m (i) 0.21 m (iii) 0.214 m. Which record is correct and why? |

Ans. 0.214 is correct record : - T
Reason:

Least count of the scale= 1 mm = 0.00T'm, which is in three decimal points:
Therefore, the third reading 0.214.m is correct because this reading is in three decimal points.
Q.37 Does a dimensional analysis give any information-on constant of proportionality that méy appear in an
algebraic expression? Explain. aioimand
Ans. A dimensional analysis-does,not give any information about the value of constant of proportionality presentin
the algebraic expression. This constant can be determined theoretically or practically. The formula for time.
period of simple pendulum is: '
' I

T=21 =
"Ny

where dimension analysis does not give any information about 27 -
" However, dimensions of some constants of proportionality can be determined by the dimensional analysis.
Example: Dirnensions of G, the gravitational constant are given by, ' :
; (Gl= M AT '
Q.38 Write the dimensions of:

(i) Pressure : (i) Density.
Ans. (i) Dimensions of Pressure - _ : A
Pressure is defired by relation, :
; Force - F _ : :
P="Area ~ A - : .

+ ~ _2 & °
Lﬂ _-lM_LT—l o [ML-1T—2}

Dimensions of preésure =[Pl = (A= ua
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Dimension of pressure = ML™'T3
(if) Dimension of Density:
Density is defined by relation,

Mass _ M
Densxty Volume V
™M
Dimensions of Density = ‘[[711 = {:—:} = [ML73]

[Dimensions of Dens:ty = [ML ﬂ

Q.39 The wavelength ) of a wave depends on the speed v of the wave and its frequency f. knowing that
Al=1L . (VI=ILT™ and [f]=[T""] :

Decide which of the following is correct, f = vA or f = %

Ans. Dimension of wavelength = [A] = [L]

Dimension of speed = [v] = [LT]
Dimension of frequency [ f] = [T]
(i) Forf=va, Dimensions of LHS =[f]=[T"]

Dimensions 6f RH.S = [v] [A] = [LT"] (L] = (3T
Since, dimensions of LH.S # dimensions of R.H.S, therefore, the equation f = viis not correct.
(i) Forf=wv/, Dimensions of LH.S = [f]= [T ‘ ‘
M AT @
"t w - e $YN
Since, dimensions of LH S = dimensions of R.H.S, therefore, the equatlon f= v/ . is correct.
Q.40 How many nano seconds in 1 year?

" ' Dlmensmns of RH.S

Ans. Given: Time = 1 year
To Find: ’
No. of nanoseconds in 1 years =7
‘Calculations:

Seconds in one year = (365 x 24 x 60 x 60).s
: One year -31536x1057
One second = 10° nanoseconds = 10° ns
= 3.1536 x:10"s _
=3.1536 x 107 x 10° ns
- =3.1536 % 10“' ns
Q.41 Dlmension of coefficient of viscosity.

Ans. As; FZ =6 .
= _
6m is dlmensmnless because it has numeric value so,
: [Fl_ [MLT? :
R U gD TR
3 = [MLT'T] ‘

[_soLvep exercise | _
| MULTIPLE CHOICE QUESTIONS '| z
Tick (v) the correct answer. ' ' : '

11 The purpose of study and discoveries in Physics is:
/(a) - the probing of interstellar spaces (b) the betterment of manklnd\/
(¢) the development of destructive technology in warfare
(d) development in-aesthetics for the world
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1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.10

1.1

112

1.13

1.14

1.15

1.16

The length of a steel pipe is in between 0.7 m to 0.8 m. Identify from the following, the appropriate instrument
to be used for an accuracy of 0.001 m.

(a) A micrometer screw gauge (b) A metre rule

(c) Aten metres measuring tape (d) A Vernier Callipersy”

The ‘diam\eter of a steel ball is measured using a Vernier Callipers and its | ‘Illl m
reading is shown in the figure. What is the diameter of the steel ball? ‘””[TWTV"H”” ””]”H‘"”[H”\“”[
(@) 1.30cm (b) 1.39cmv” 0 ' 2 3

() 1.40¢em : (d) 1.31cm

The figure_ shows the reading on. a micrometer screw .gauge used to . : 1s
measure diameter of a thin rod. One complete turn of the thimble is 0.50 - 20

mm and there are 50 lines on the circular scale. The diameter of the rod is: 15 |
(a) 3.67 mmv’ ' (b) 317 mm : '
© 4.17 mm ‘ (d) 4.20 mm e
The number of significant figures of a measurement are defined as:

(a) they reflect the accuracy of the observation in a measurement

(b) they are the figures which are reasonably reliable

() they are the accurately known digits and the first doubtful digit of a measurement
(d) all of the abovev” ;

The number of significant figures in the measured mass 2500.0 kg is: . '

(a) two (b) three (¢) four (d) fivev”

The sum 12 kg + 2.02 kg + 5.1 kg according to appropriate precision is: :

(a) 19kg _ . (b) 19.0kg (©) 19.1kgv - (d) 19.12 kg
The answer to appropriate precision for the subtraction (1.126-0:97268) is: :

(a 0.15 , : (b) 0.153v/ © (001533 (d) 0.15332
The answer of the product (2.8723 x 1.6) to the appropriate iumber of significant figures is:

(a) 4.59568 (b) 4.595 P (c) 459 (d) 4.6V

The answer to the mathematical division (45.2 +/6.0) in apprapriate number of significant figures is:
(@ 7.5v° : (b) 753 , (c) 7.533 (d) 7.5333

The answer to the following mathematical operation 244 m x 100 m / 50 m to the appropriate number of
significant figures is:

4 cm

(a) 4880 m (b) 4900 m () 488x10° m (d) 4.9 x 102 mv/

The ratio of the dimensions of force and.energy is: '

@71 (b) T © L R

Identify which pair from the following does not have identical dimensions. ,

(a) Work and torque (b) Angular momentum and Planck's constant

() Moment of inertia and moment of forcev” (d) Impulse and momentum’

The following figures are of the same Vernier Callipers. Figure 8 1 £ 20 AN

(1) shows the.reading when the jaws are closed while : ‘W—MLJ

Fig. (2) shows the reading when a solid cylinder is placed Fig. 1 Fo.2

between the jaws. The length of the cylinder is:

(@ 3.26.cmv”’ (b) 3.30cm . (¢) 334cm ©~ (d) 420¢cm

The least count of an instrument determines: : : '

(a) precision of a measurementy” (b) accuracy of a measgrement

(c) fractional uncertainty of a measurement - (d) percentage uncertainty of a measuremer?t : :
A measuring tape has been graduated with a minimum scale division of 0.2 cm. The allowed reading using this
tape may be: ;

(@ 805¢cm " (b) 80.6cmv” () 80.65 cm (d) 80.7 cm
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[ SHORT ANSWER QUESTIONS

1.1 What are base units and derived units? Give some examples of both these units.
Ans. Base Units:Base units are the fundamental units of measurement in the International System of Units (SI) tha
~are defined ndependently. Thése units are used to measure base quantities like length, mass, time, electy;
current, temperature, amount of substance and luminous intensity. 3
Examples of base units
* Meter (m) - for length e Kilogram (kg) - for mass
» Second (s) - for time « Ampere (A) - for electric current
 Kelvin (K) - for temperature + Mole (mol) - for the amount of substance
¢ ‘Candela (Cd) - for luminous intensity
Derived Units:Derived units are units that are formed from the combination of base units according to_physical laws
and relationships. These units express quantltles that involve more than one base unit. : .
Examples of derived units
» Metre per second (ms ') - for velocity
» Kilogram per cubic metre (kgm™3) - for density
e newton (N) - for force (1 N = 1 kgms™)
* Joule (J) - forenergy (1J = 1 Nm)
e pascal (Pa) - for pressure (1 Pa = 1. Nm™2)
1.2 How many significant figures should be retained in the following?
. (i) Multiplying or dividing several numbers (i) Adding or subtracting numbers
Ans. The rules for significant figures depend on whether you are multiplying/dividing or addingsubtracting numbers,

(i) - Multiplying or Dividing Several Numbers
When multiplying or dividing several numbers, the result should be rounded to the same number of significant

figures as the mumber with the least significant figures in the-calculation.
Example:4.56 (3 significant figures) x 1.4 (2 significant figures) = 6.384. The result should be rounded to 2
significant figures (the least among 3 and 2), giving 6.4. :

(ii)) Adding or Subtracting Numbers
When adding or subtracting numbers, the result.should be rounded to the same decimal place as the number

with the least number of decimal places.
Example:12.11 (2 decimal places) + 18.0 (1" decimal place) = 30.11. The resuli should be rounded to 1 decimai
place (since 18.0 has 1 decimal place), giving 30.1.

1.3 How is the Vernier scale related to the main scale of a Vernier Calhpers? What is meant by L.C. of the
Vernier Callipers? b

Ans. The Vernier scale is a secondary scale.on a Vernler Callipers that slides along the main scale to provide more
precise measurements, It is‘designed to measure fractional parts of the smallest unit on the main scale, thus
improving the precision of measurements.  * .

'How they are related?

Main Scale: The main scale provides the primary measurement, typncally in millimetres or centlmetres The
smallest division onthe main scale is usually 1 mm or 0.1 cm. »
Vernier Scale: The Vernier scale is graduated in such a way that it allows measurement of fractions of the
smallest division.on the main scale. The number of divisions on the Vernier scale is usually chosen so that each
division on the Vernier scale is slightly shorter or longer than one division on the main scale. This difference '
allows-the user to read more accurately by comparing the position of the zero point of the Vermer scale to the
divisions.on the main scale. :
For example, if the main scale measures up to-1 mm, the Vernier scale might be divided into 10 parts, each
representing 0.1 mm. When the zero point on the Vernier scale aligns with a point on the main scale, it allows
for measurements that are more precise than the main scale's smallest division. By reading where the divisions
on the Vernier scale match up with divisions on the main scale, the user can measure to a fraction of the
smallest division on the main scale such as 0.1 mm.
In short, the Vernier scale enhances precision of the mam scale:by enabling readings that are more precise than

what the main scale alone would allow.
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Least Count

The least count of a Vernier Callipers is the smallest length that can be measured with the instrument. It is
determined by the difference between the value of one main scale reading and one Vernier scale reading.
Mathematically, it is calculated as: 2% |

Least count = Value of one main scale division - Value of on Vernier scale division

- For example, if the main scale has divisions of 1 mm and the Vernier scale has 10 d|V|5|ons over 9 mm the least

1.4

Ans.

1.5

. Ans.

1.6

Ans.

1.7

Ans.

(b)
@
. (d)

1.8

, Ans.

(i)

count would be:

9 mm
Least-count = 1 mm —T =0.1 mm

Thus, the least count of the Vernier Callipers would be 0.1 mm.
Write the following numbers in scientific notation:

(a) 143.7 (b) 206.4 x 102

(@) 1.437 x 10% ' (b) 2.064 x 10*

Write the following numbers using correct prefixes:

(a) 580 x 102 g, (b) 0.45x 105 s

(@) 58,000 g = 58k'g (b) 45x10%s =45 ps

Kinetic energy of a'body of mass m movmg with speed v is given by 1 /2 mv2 What are the dimensions
of kinetic energy?

The formula for kinetic energy is given'by.

KE-l‘ >
E=5mv

To determine the dimensions of kinetic energy, we need to find the dimensions of each quantity involved.
e Mass (m) has the dtmenSIon of mass, denoted as [M].

¢ Velocity (v) has the dlmensmn of length divided by time, denoted as [LT].

1
Now, the dimensions of: K.E = 3 mv? are:
[KE] = M] LT = M [L2T])
So, the dimensions of kinetic energy are: [MLT™].
This correSponds to the dimensions‘of energy or work.

How many significant figures are there in the following measurements? :
(i) 37 km . (i) 0.002953-M~ (iii) 7. 50034 cm ' (iv) ZO0.0‘m

f(a) 2 significant figures -
(37 is whole number with no decnmabpomt and both dlglts are non-zero)

4 significant figures 1

(Leading zeroes are not s:gnlflcant only2,9,5and 3 counts)

6 significant figures. ‘

(All digits are significant, mcludmg zeros between and after non-zera dlgltS) = _
4 significant figures - : G s Bl T

: (The trailing zero after the deC|ma| pomt is sugmﬂcant including preasmn)

Write the dimensions of: (i) Planck’s constant (ii) angular velocity.

(iy'Planck’s constant has the dimensions of action, which |s energy multlplled by tlme

[Mass] x [Length)? = [M] x [L%]

= i = MLZT-Z
.Energy ' Timel 2 = ]
Time=T - :
_ : i
So, dimensions of Planck’s constant = x [M= ML2TY

(1]
Angular velocity is the rate of change of angular displacement with respect to time.

Angular displacement is dimensionless quantity, so angula_r velocity has dimensions of Time
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1.1

Ans.

(i)

1.2

Ans.

0]

(ii)

(iii)

Conclusion : ’
(iii) 0.424 m is the correct record because it reflects the appropriate number

1.3
Ans.

1

1 .
Dimensions of angular velocity = Timel =M~ (m

CONSTRUCTED RESPONSE QUESTIONS
ce, the kilogram and the mole?

Why do wé find it useful to have two units for the amount of a substan ‘
Having both the kilogram and-the mole as units for the amount of substance is useful because they serye

different purposes in different contexts. - 5 s i I aTon :
Kilogram (kg) is a unit of mass, which is used to quantify the amount of material In termsf od‘re?tl Y mea\ge'g t.‘lt
is a practical unit when dealing with larger quantities of matter or when mass is di y ured in
experiments or real-world scenarios. ) _
nce used to count entities like atoms, molecules, ordons. The mole

Mole (mol) is a unit of the amount of substa ; ! , o / |
allows scientists to relate the macroscopic (bulk) amount of material to 'the microscopic (atomic or molecular)

F - 23 it
scale. One mole corresponds to Avogadro’s number (approximately (6.022 x 10 ))._Of entities. ; _
The two units are connected, as the:mass of one mole of a substance is eq-ual to |ts.n_ﬂolar mass (in grgms). Th_|s
relationship allows chemists to move seamlessly between macroscopic quantities (kg) and microscopic

quantities (moles) when conducting experiments, performing calculations, or designing reactlc?ns.

Thus, the kilogram is practical for measuring ‘the total mass of a sample, while the -mole is fundamental for
understanding chemical reactions and molecular behaviour. , ' :

Three students measured the length of a rod with a scale on which, minimum division is 1 mm and
recorded as: (i)-0.4235 m (ii).0.42 m (iii) 0.424 m. Which record is correct and why? _

To determine which student's measurement is correct, we must/consider.the least count of the measuring scale
and the concept of significant figures. ' '

Given: The scale has divisions of 1 mm = 0.001 m. So, the least
us analyze each measurement. -

04235 m :
This has 4 decimal places, i.e., precision up to 0.0001
more precise than the scale allows.

Incorrect due to over-precision.

042 m . _ o .
This has two decimal places, i.e., precision up‘to 0.01 m. This is less precise than the scale’s least count.

Acceptable, though nbdt using the full precision of the instrument.
It has 3 decimal places (precision up to 0.001 m). This matches the least count of the instrument. This is the

correct measurement.

count (smal'lest measurable unit) is 0.001 m, Let

m. But the scale can only measure up to 0.001 m, so this is

of significant figures based on the least

count (1 mm or 0.001 m)of the:scale:

Why is the kilogram (not the gram), the base unit of mass. ,

The kilogram is the base unit of mass in the International System of Units (Sl) because of its historical role in
standardizing mass measurement. Initially, in the late 18th century, the kilogram was defined as the mass of a
liter of water, which was a practical and reproducible reference.

However, over time, the kilogram was later defined by a physical object as a platinum-iridium cylinder kept at
the (International Bureau of Weights and Measures (BIPM) in France. This was known as the “International

-Prototype of the Kilogram.” ' \

The decision to use the kilogram, rather than the gram, as the base unit arose from the need for a convenient
unit that could be easily scaled up or down for practical use. Since mass measurements often involve objects of
various sizes, starting with the kilogram as a standard made more sense than using the gram, which ‘would have
required frequent conversions for everyday applications.

In 2019, the kilogram was redefined based on fundamental constants, specifically Planck’s constant, rather than
a physical object, making it more accurate and stable in terms of scientific measurements. But the kilogram

remains the base unit for mass because of'its historical and practical significance.
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_ Ans.

®

(i)

(iii)

15

Ans.
(a)
(b)

1.6

Ans.
0
@)

(iii)
(iv)

Example: If 10 pencils measure 2

Consider the equation; P = Q + R.

If Q and R both have the dimensi ‘
ions of [MLT], what are the dimensi MW .
SI? : . = ons of hat are th .
If the dimensions of Q were different from those of R, could we determine dimensions o: P?U“lts o

Given that the dimensions of i
et il of both P and Q are R (Mass x Length x Time), we can infer the following:

Since P= Q R and both Q r »
and Rh e he S imé i [ i . ‘
i l + : i. ’ [ ?V t ame dlmenSlonS OI [MLI ll tl le d"ILe“slc I" S

Dimensions of P = [MLT]
Units of P in SI
The units of P, like Q and R, will depend on the dimensions [MLT]. In the Sl system:
. M (Mass) has units of kilograms (kg), ' ; .
. L (Length) has units of meters (m),
. T (Time) has units of seconds (s).
So, the units of P in SI will be:
Unitof P=kgms
If the dimensions pf Q were different from those of R:
If Q e_:r_1d R have different dimensions, it would be impossible to directly add them because the physical
g;:g:tl;!;w\::rt::dmnﬁn:f o_f the s;rr.\e kind. Iq that case, we cannot determine the/dimensions of Q+Rina
i , , since -a ding quantities with different dimensions does not have a clear physical
What is the least count of a clock if it has:
(a) Hour's hand, minute’s hand and second’s hand
(b) Hour's hand and minute’s hand
The least count of a clock refers to the smallest time interval that.can be measured by the clock’s hands. Let's
look at both scenarios: :
Clock with hour's hand, minute’s hand, and second's hand:
The'second’s hand moves one second per tick, so the Ieast_'count is 1 second.

Clock with hour's hand and minute’s hand:
The minute’s hand moves one minute per tick. but the hour's hand moves slower. The smallest interval that can

be measured is the movement of the minute’s hand, which corresponds to 1 minute. 50, the least counts are:

(a) 1 second s  (b)1minute : ’
How can the diameter of a round pencil be measured using metre rule with the same accuracy as that of
Verzic: Callipers? Describe. ' ‘

To measure the diameter of.a ro

follow these steps: : ‘ :
Place several identical pencils side by side on a flat surface so that they are tightly packed in a straight line. For

example, align 10 pencils tocreate a larger width that can be measured more accurately. o

Use the metre rule to /measure the total width of the packed pencils. Ensure the metre rule is placed
perpendicular.to the pencils for an accurate reading. : i

Noté the totallength, ensuring you measure to the smallest possible division on the metre rule.

Divide the total-width by the number of pencils to obtain the averageé diameter of one pencil.

By measuring the combined width of multiple- pencils, any error in reading is averaged{out across_the to;cal
number of pencils. This effectively increases the accuracy of the measurement, approaching the precn;ton of a

Vernier Callipers.

und pencil-using'a metre rule with the same accuracy as a Vernier Callipers,

total width of 7.5 cm, the diameter of one pencil is:

. _75cm
Diameter = "—""10

human error and the limitation

= 0.75cm : . :
This technique reduces s of the meter rule’s precision by leveraging the larger
measurement range.
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1.7

How would be the readings differ if the screw gauge is used instead of a Vernier Callipers to measure the
thickness of a glass plate?

- Ans. When measuring the thickness of a glass plate with a screw gauge instead of a Vernier Callipers, the key

(0

(i)

difference lies in the precision and the method of measurement:

Precision

A screw gauge typically provides higher precnsuon than a Vermer Callipers. While a Vernier Callipers can measure
up to 0.01 cm or 0.1 mm, a screw gauge can measure to 0.001 cm or 0.01 mm, offering more accurate readings,
Measurement Method it

Vernier Callipers: The measurement is taken by reading the scale dlrectly on the jaws that clamp around the
object (in this case, the glass plate).

Screw Gauge: The measurement is taken by rotating the screw mechanism until the spindle touches the object,

~ and the reading is taken from the thimble scale and the main scale.

(ili) Reading Differences

When using a screw gauge, the reading will typically involve interpreting both the_main s:cale (usually a linear
scale) and the thimble scale (which gives the finer measurement), whereas the vernier calliper has a main scale
and a sliding vernier scale to read the measurement.

(iv) Glass Plate Measurement

1.8 Write the correct reading of the length of a solid cylinder as

Vernier Callipers: You would place the glass plate between the jaws and clamp it, ‘and then read the scale
directly. However, the glass plate may not fit easily into the jaws if it's too thick.

Screw Gauge: The plate would be placed between the spmdle and anvil, and the mlcrometer screw would
measure the thickness more precisely. However, if the glass plate is thick, it may.require several measurements
to ensure accuracy, as screw gauges are typically better for measuring smaller objects like wires or thin plates. .

1 Main Smloz 3 / 4

T Mm.l ; u!

shown in the figure if there is an error of +0 02 cm in the Vernier

|'unhm

Callipers. W
N Vemlor Scala
Ans. Main scale reading ' _ =2.6.cm -
Vernier scale line coinciding with the M.S reading =9 .
Vernier constant Y o G ¢

1.9 There are 50 divisions on the circular scale of a screw gauge. If the head

Observed length of solid cylinder. = M:S reading + Vernier scale reading

=26cm+001cmx9
Observed length

=2.69cm
. Zero error = +0.02 cm
Zero correction ==0.02 cm
Hence Actual length = 2.69 cm - 0.02 cm
- =267c¢cm

(thimble) of the screw is given 10 revolutions, then the spindle advances
- by 5 mm. There is also zero error as the 2" division of the circular scale
coincides with the datum line and zero of circular scale is below the
datum line.-What is the thickness of a glass slab as measured by the

{escribed screw gauge shown in the figure? iR P 3
An.. Reading completed on the main scale = 6.5 mm
B 0.5 mm
‘Least count = T =0.01 mm
Zero error ='+0.01 mm
Zero correction =-0.01 mm
It is because on closing, the screw gauge still shows 0.1 mm reading, so correction should be -0,01 mm.
Therefore, total thickness of glass slab is: : '

d=65mm+027m = 677 mm
As 27" line coincides with datum line, thus, corrected thickness will be:

6.77 mm - 0.01 cm = 6.76 mm
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1.10 What is meant by a dimensionless quantity? Give one example. ;

Ans. A dimensionless quantity is a physical quantity that has no units and no physical dimensions. It is a pure number.
resulting from the ratio or.combination of quantities where the units cancel out.
Example: The refractive index is a dimensionless quantity. It is the ratio of the speed of light in vacuum to the

speed of light in a medium, n =§

Since both ¢ and v have the same units (ms™), the units cancel out making dimensionless.
Other common example of a dimensionless quantity is angle in radians, since it is the ratio of arc length to

radius. )

1.11 A student uses a screw gauge to determine the thickness of a ‘ 35
sheet of paper. The student folds the paper three times and O gg
measures the total thickness of the folded. sheet. Assume that R f‘;
there is no zero error in the screw gauge. The reading of screw

gauge is shown in the figure. Find the thickness of the sheet. : / ] )

g

0.5 mm
Ans. Least count = T 0.01 mm

Reading completed on the main scale is:
1 mm + 26 x 0.01 mm = 1.26 mm y
As 26" line coincides with datum line. -
If zero correction is zero, then corrected thickness of 3 pages is 1.26 mm.
Thickness of a single page will be:
1.26 mm . .
LT 0.158 mm

1.12 Round off each of the following numbers to 3 significant figures and write ybur answer in scientific
notation. ' ek : ; ;

(a) 0.02055 (b) 4656.5
Ans. (a) 0.02055 o N
Rounding to 3 significant figures:
0.0206~ _ : :
In scientific notation; it can be written as;
2.06 x 10?
(b) 4656.5° ' -
. Rounding to 3 significant figures:
4660 e &V o
In scientific notation; it can be written as:
4.66 x 103 '

COMPREHENSIVE QUESTIONS

1.1 What is meant by uncertainty in a measbrement?\ How the uncertainty in a. digital instrument is
~ indicated? LS : i g

T el

A'ns,See QI N : , e et : _

1.2 'Differentiate between the terms precision and accuracy with reference to measurement of physical
quantities. e ‘ PSRN X ; _

Ans. See Q. 14 . : s i R T s >

1.3 (a) What is meant by significant figures? Write two reasons for using ther\nin_ measurements. How to find
the uncertainty in a timing experiment such as the time period c‘\f a simple pendulum?
Ans. See Q. 8and Q.9 » L L iy \; B L £
(b) The mass of a solid cylinder-is 12.85g. Its length is 3.35 cm and diameter is 1.25 cm. Find‘the.df@o{;‘
: its material expressing the uhcerﬁintym{density. Fdrin e —
Ans. The density p is given by A ' ' L=

el

\k_
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m
P=y

For a solid cylinder, the volume is:
\ 2

V=arfh=n (—) h
’ r 2
Given values:

Mass m=1285g

Length h=3.35cm

Diameter =1.25cm

We assume standard instrument uncertainties:

. Mass = 0.01 g

e . Length and diameter = £0.01 cm

As r=%=ﬁ§2'ﬂ=0.625cm

Volume V = 7 (0.625 cm)? (3.35 cm) = 3.14 x 0.3906 x 3.35 = 4111 cm

12.85
Density p = Zﬁ—cr!h?z 3126 gcm™3

Now °
Uncertainty in Volume:
AV _2Ad Ah '
v=d*h
AV 001 001
kel TR T
So AV = 0019 x 4111 ~0.078 cm®
Uncertainty in Density:
Ap _Am AV
p - m .
_2 001 0078
=12.85* 4111
Ap 0.0198 x 3.126 ~ 00629cm‘3
Final answer is:
p= 313:&:0069cm‘3

1.4 - Explain with examples the writing of physical quantities into their dimensions. Write lts two benefits.
Ans. See Q. 16 and Q. 19

1.5 Check the homogeneity of the relation:

Txl

m
where v is the speed of transverse wave on a stretched string of tension T, length land mass m.

. Ans. See Q. 17
' | NUMERICAL PROBLEMS I

3

z0016+0003z0019

~ 111~ 0.0008 + 0,019 = 0.0198

ve=

1.1 Astronomers usually measure astronomical - =365x24 x60x60s
" distances in light years. One light year is the ' = 31536000 s

distance: that light travels in one year. If speed =3.1536 x 10’s
of light is 3 x 10° m s“ what is one light year in | - Speed of light =v=c=3x108ms
metres? : . ; ; ToFind: Distance =S5=?

Solution:= . ; N Formula: S=vt=ct
Given Data: : ) Calculations: ' '

Hinee=-t =T year .- | § =3 x 108 ms'x 3.1536 x 107 s
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1.2

Solution:
(a) Given Data:
Time = 1 year
To Find:
Number of seconds in 1 year = ?
Calculations:

One year = 365 » 24 » 60 < 60 ¢
= 31536000 s -
= 31536 » 107s

lone year = 32 . 107 o]

(b) Given Data:
Time = 1 second
To Find:
Number of years in 1 second = ?
Calculations:
Tyear = 31536 x10" s
or 31536 x10" s = 1 year
1
or 1§=—————
* 731836 x 107 VO
{one second = 31 » 10 years| .
13

=946 <105 m
One light year = 95 « 10 m Ans.

Write the estimated answer of the following in
standard form.

(a) How many seconds are there in 1 year?
(b) How many years are in 1 second?

The length and width of a rectangular plate are
measured to be 183 cem and 14.60 c¢m,
respectively. Find the area of the plate and state

the answer to correct' number of significant
figures. 4 ~

Solution:

Given data:

Length = L = 18.3 cmi (3 significant figures)

Width = W = 14.60 em (4 significant figures)
To find: p

Area = A =7
Calculations:
Area = Length'x Width
or A=LxW '
or» " A= 183 cm x 1460 cm = 267.18 cm?

When multiplying or dividing, the result should be
reported with the same number of significant
figures as the value with the fewest significant
figures. So, the result should be given to 3
significant figures.

Thus A =267 cm?

Find the sum of the masses given in kg upto
appropriate precision:

(i) 3.197 (ii) 0.068

1.5

Sol.

(iii) 13.9
The given masses are:
3.197 (3 decimal places)
0.068 (3 decimal places)
139 (1 decimal place)
3.28 (2 decimal places)
Adding the numbers:
3.197 +-0.068 + 3.28 + 3.28 = 20.445
Rounding off the result:
The result must be rounded off to 1 decimal place,

as the least precise measurement is 139 kg.
Therefore

Ans.

The diameter and length of a metal cylinder
measured with the help of a Vernier Callipers of
least count 0.01 cm are 1.22 cm and 5.35 ¢cm

respectively. Calculate its and
uncertainty in it.

(iv) 3.28

volume

‘Solution:

Given data:
Diameter= d = 1.22 cm
Length={=h=535em
Least count of Vernier Callipers = 0.01 cm
S0 uncertainty ind and h; Ad = Ah = 0,01 cm
Calculations:

To calculate volume and its uncertainty for a
cylinder, we will use the formula:

N (g)h_nd?fh
-nz = 4

Putting the values
3.14 « (1.22 ¢cm)® < 535 cm
V=
4
% 3.14 » 1.488 cm? « 535 cm
~ 4

25.0015 cm?
Ve 2625 em?

v

For uncertainty in volume:

AV _ Ad ah
-l R
LAV 00t 001

v =2*722 %535

=2 x 0.0082 + 0.00187
< 0.0164 + 0.00187

~ 001827

Now, calculating the absolute uncertainty:
AV = 0.01827 x 6.25 cm?
=0.1142 em?
Thus V= (6.25+0.11) cm3
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1.6 Show that the expression; v?- v2? = 2aS is .

[} i
dimensionally correct, where v is the initial

velocity, a is the acceleration and v is the

velocity after covering a distance S. Show that
the famous “Einstein equation” E = mdc is
dimensionally consistent.

Solution:
Given that:

vi-vi=2as (i
Velocity ‘v’ has the dimensions: [v] = [LT™"]
Acceleration ‘a’ has the dimensions: [a] = (LT
A Displacement or distance ‘S’ has the dimensions:
(S) = (L]
Dimensions of left hand side (v~ v?) of Eq. (i)
are:
Since both v; and v; have the same dimensions, so
[v7] = v = [LT-)? = [L2T?)
Therefore, the LH.S has dimensions: [L2T3]
Dimgnsions of R.H.S of Eq. (1) are:
In 2a$, the constant ‘2’ is dimensionless, so we only
consider 'a’ and 'S'. . '
- [alIS] = (LT3 [u) = (12T
Since both sides have same dimensions, therefore,
the equation v%- v2 = 2a$ is dimensionally correct.

1.7 Show that the famous “Einstein equation”

E = mc? is dimensionally consistent.

Solution:

1.8

Given Data:
E = mc?
Calculations:
LH.S e i
As - E=W=Fd
So [£] = [MLTT'] L]
or (6] = [MLAT™2 ST o
R.H.S :

e} = (M) LT
or = [mc}) =ML T
From.equation (i) and (ii), we have -
E=mc g
As the dimensions of both sides of the equation are
the same, therefore, the above equation is
dimensionally consistent. A :

(i)

Derive a formula for the time period of a simple
pendulum using dimensional analysis. The

Solution:

- Equation (i) becomes as:

or T = constant ‘g‘

various possible Ifactors on which the time

period T may depend are:

(i) length of the pendulum

(ii) mass of the bob m -

(iii) angle 8 which the thread makes with the
vertical ;

(iv) acceleration due to gravity g.

Asstifia T FocPmbat o o N Q)
Angle 6 is dimensionless (it has no physical units),
so it cannot be included in dimensional ‘analysis, -

T=kPmPg'y
where k is dimensionless constant.
Writing the dimensions of all the quantities:

o (i)

T(Vtir-ne period) =
[(Iength) =
m(mass) = [M]

g(gravitatio'nal acceleration) — m
§dbstituting dimensions in Eq. (i)
[T] = [L]? [M]P [LT3]¢ = L2 MP L T7%¢
: [T] = [La +c Mb T—ZC] .
Now, equating powers of fundamental dimensions
on both sides; : 3
- PowerofLia+c=0
Powerof M: b=0
" PowerofT: -2c=0

“Now solving the equations’

From b=0 ,
It means that mass has no effect on time period.
" From e = e :
Or= .. ZoTess
"From a+c=0"
S e
. or a=-c=3

For finding the final expressiénz

T=kxlV2 g2 =k x\[é :

This gives:
Tk ]+
: 9
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