Chapter # 01

Measurements

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

¥
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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 51 units,

Express derived units as products or quotients of the SI 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 or percentage uncertainties]

Quote answers with correct scientific notations, number of significant figures and units in all experimental and numerical
results.

—— , INTRODUCTION

@ What is Physics? Describe its importance and comforts?

ML-Physi-:s is the branch of science that deals with the study of matter, energy, and the fundamental forces of

nature.

lt'explnres how objects move, interact, and behave under various conditions. Physics seeks to understand the
laws and principles that govern the universe, from the smallest pamcles to the largest galaxies.

Importance of Physics

0}

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

(ii) Technological Advancements: Many modern technologies—such as electricity, computers, smartphones, and
medical imaging devices—are based on principles of physics.

(ili) Everyday Applications: Physics explains everyday phenomena like gravity, sound, laght, and heat, making it
essential for solving practical problems.

(iv) Foundation for Other Sciences: Physics forms the basis of many other scientific fields, including chemistry,
astronomy, and engineering,

(v) Innovation and Development: Knowledge of physics drives innovation in industries like space exploration,
renewable energy, transportation, and communication.
Physics is cruclai for scmnhﬁcﬁdemtandmg. technological progress, and improving our quality of life.

Comforts Fruu'ldld by Physics .

(i)  Electricity and Appliances: Physics principles allow us to generate and use electricity, powering lights, fans,
refrigerators, air conditioners, and other household devices,

(i) Communication: Technologies like mobile phones, television, and the intemet are made possible through

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

are brangches of physics. .



{iv) Medi:al Advancements: Tools like x rays, MRI machines, and radiation therapy in medicine are developed

through physics.

Physics is not only essential for understanding the universe but also for providing the comforts and technologies

we rely on in daily life.

1.1 PHYSICAL QUANTITIES AND THEIR UNITS

Ez: What are physical quantities? Explain.

Ans. Physical Quantities

Definition
A physical quantity is a property of a material or system that can
be measured and expressed using a number (magnitude) and a
unit,
Examples: All base and derived quant:tles

Base Quantities

Definition
Base quantities are the fundamenta1 physical quantities that are
mdependent and from which other quantities are derived.
Examples: Length, mass, time, temperature, etc.

Derived Quantities

Definition ,
Derived quantities are.the physical quantities that are derived

Areas of Physics
Mechanics
Heat & thermodynamics
Electromagnetism
Optics
Sound
Hydrodynamics
Special relativity
General relativity
Quantum mechanics
Atomic physics
Molecular physics,
Nuclear physics
Solid state physics
Particle physics

from the base quantities using mathematical relationships. EUWE"E““M‘Y
Examples: Force, work, power, 5 upertiuidity )
i > S Magnetohydrodynamics
= Space physics

Interdisciplinary

areas of Physiics
Astrophysics
Biophysics
Chemical physics
Engineering physics
Geophysics ?
Medical physics
Physical
oceanography
Physics of music

1.2 INTERNATIONAL SYSTEM OF UNITS

gﬁ‘z What is International System of units? Describe base quantities and derived quantities.

Ans. International System of Units

In 1960, an international committee agreed on a set of definitions and standards to describe the physical
quantities, The system that was established is called the System International (SI).
The International system of units (SI) is the globally accepted standard for measyurement. It is used in science,
industry, and everyday life to ensure cnns:stency and clarity in measurements across the world.

Base Units Table 1.1: Base Units _
Definition Physical Quantity S1 Unit Symbol
A base unit is a-unit of measurement adopted for a base Length il Metre m
quantity. Mass - Kilogram kg
There are seven base unlts for physical quanmies namely:, =
Time Second 5
length, mass, time, temperature, electric current, light or ——
luminous intensity and amount of substance (with special | Electnic current Ampere A
reference to the number of particles). Prefixes such as milli, | Thermodynamic Kelvin . K
micro, kilo, etc. may be used with them to express smaller'| temperature '
or larger quantities. ) , Intensity of light =~ Candela Cd
The names ,ﬂf base umts_fqr 1the5e physical quantities |- AOLnt Of Sbeance Mole Tl
together with symbols are given in table (1.1).

Derived Units
Definition

A derived unit is a-unit that result from mathematical combination of SI base units.
The units of plane angle and solid angle have also been included in the list of derived units since 1995,



Table 1.2: Derived Units
‘Physical Quantity Unit Symbol | In terms of base units
Plane angle | radian rad Dimensionless
Salid angle 'stEradiain " sf dimensionless
Force - _newton N kg m s
Work joule - J Nm=kgm’s?
Power watt W Js'=kgm?s
Electric charge coulomb C , As 7
" Pressure pascal Pa Nmi=zkgm's?

gi In addition to base an. derived units, which other units does System International permit?

Ans. The Sl unit permits the use of certain additional units in addition to base and derive units. Such as:

+ the traditional mathematical units for, measuring angles (degree, arc Interesting Information
minute, and arc second). 10" » Eiudru- n
. the traditional units for standard time are (minute, hour, day, and year). - © Proton
« the logarithmic units bel (and its multiples, such as the decibel). . 107 & Urankis stom
=« two metric units commonly used in ordinary life; the litre for volume 10" p ! DNA molecule
and the tonne (metric ton) for large masses. ' 10™ I e Col
. two non-metric scientific units are atomic mass unit (m) and the -
electron valt (eV), 10" i
- the nautical mile and knot; units lr.'m:intll::mallg.ir used at sea and in 10* k * Mosquito
meteorology. s e ]
. the acre and hectare, common metric units of land area. E "m
. the bar is a unit of pressure and it is commonly used as the millibar in 10 b W -
meteorology and the kilobar in engineering. 10 [ = y .
- the angstrom and the barn, units used in physics and astronomy. ; Off “f“”
0" |
- Mount Everast
107 |
10" | @ Earth
10 _wﬁ Sun
Order of magnitude of some masses,
1. Massis a which quantity: (c) Luminous intensity  (d) Speedy”
{A) Derived (B) Basev” 6.  Which of the following is the base unit in the 5I
({C) Both derived and base (D) None of these system?
2.  Which oneis not a base unit in 517 {a) joule ’ {b) secondv”
(A) kilogram (8} joulev” (¢} newton (d) watt
(C) kelvin (D) ampere 7.  Which of the following pairs both represent base
I quantities?
‘3., Unit used for the hctor‘\f;‘ may be: {a) Accelerationand time (b) Mass and speed
(A) metre {E} secondy’ {c) Length and temperaturey’
(C) kilogram (D) radian (d) :Force:and area
4 Which is the base quantity? B, Physlcal quantity “pressure” in term nfbul unit is:
(A) Charge v/ 13) Area (A) kg 'ms ° v (B) kg'ms ?
(C) Force (D) Electric Current (©) I:g m's : (D) kgm's
5. Which of the following Is not base quantity in the 51 | >+  Solidangle is: o -
’f’““‘? (A) Qne dimensional (B} Two dimensional
(a) Electric current (b) Temperature (C) Three dimensionaly” (D) Four dimensional




10, Which of the following is a derived quantity? 19.  Which pair has same units?
(A) Mass (8) Velocityy” (A) Work and power .
(C) Length (D) Time (8) Momentum and impulsev”
11,  Which is base quantity? (C) Force and torque (D) Torque and power
(A) Timev” (8) 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 (8) Lengthy” 21.  Solid angle subtended at the centre of a sphere of
(C) Velocity (D) Volume radius “r" in steradian |s:
13.  The 5l ubit of intensity of light is: (A) 2n (B) 4nv"
(A) ampere (B) mole (C) 6x (D) 8
(C) candelay” (D) joule 22, Which is not a base unit in 51 units?
14. Supplementary units are: (A) kilogram (B) joulev”
) 2v” (83 (C) ampere (D) kelvin
() 4 (D)5 23. Which of the following is derived unit?
15.  The Sl unit of power in terms of base unit Is: (A) newtony” (8) metre
(A) kgm's? (8) kgm~'s™? (C) candela (D) mole
(C) kgms 2 (D) kgm's 'y 24, The unit of work In base units i
16.  Which of the following is a derived quantity? (A) kgms® () kgms®
(A) Forcev” (B) Mass (©) kgm’s v (D) kgm™'s®
(C) Length (D) Time 25. The total base units are:
17. The solid angle subtended at the centre of sphere by (A) 7 (8)6
an area of its surface equal to the square of radius of Q)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) Revolution
18. The example of derived unit is: 27. x-radian Is equal to:
(A) candela (B) ampere (A) O° (8) 50°
(C) coulomb v (D) none of these (C) 180°v~ (D) 360
E&: What is meant by Scientific notation and prefixes? Explain.
Ans. Sclentific Notation '
Definition 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. 0% atto .
Numbers are expressed in standard form called scientific notation, | g5 femto f
which employs powers of ten. The internationally accepted practice is 10-'2 pico D
that there should be only one non-zero digit left of decimal, Thus, the | 07 e a
number 1347 should be written as 1.347 x 10° and 00023 be = e :
expressed as 2.3 x 1073, —= micro u
Prefi . milli m
10~ centi g -
D."l*u“. " -1 H
Prefixes are letters or groups of letters added to the beginning of 1::], . ::; :i
words to change their meaning. rs) ™ 'h :
In measurement prefixes are used to indicate multiples or fractions of 0 ",'f““
a unit, making it easier to express quantities across different scales. L = kilo k
For example, “kilo" means a thousand times the base .unit (eg. L8 s M
kilogram) = 1000 grams, while “milli" denotes one — thousandth of the m’g. . gga G_
base unit e.g., millimetre =1/1000" of a metre. 10" tera T
10" peta P
108 exa E




gg.__ State the conventions for using S! units in detail.

Ans. Conventions of Using 5! Unit
Use of Sl units requires special care, more particularly in writing prefixes. Some points to be noted are:

(i)  Each Sl unit is represented by a symbol not an abbreviation. These symbols o —r o
are the same in all languages. Hence, correct use of the symbol is very | =! wa
important. ?

For example: For ampere, we should use A" not “amp”; for seconds, “s” not Interval (s)
wsec”, Sl not S, Age of the universe 5 x 10V

(i)  Full name of a unit does not begin with capital letter. Age of the Earth 14 x 107
For example: newton, metre, etc, except Celsius. One year 32x107

(ili}y Symbols appear in lower case. One day 8.6 « 10
For example: “m” for metre, “s” for second, etc., exception “L" for litre. Time between normal

(iv) Symbols named after scientists have initial letters capital. heartbeats 8x 10"
For example: “N* for newton, “Pa" for pascal, "W" for watt. Pericd of audible

(v} Symbolsandprefixesareprintedinupright(roman) sound waves 1x107?
styleregardiessofthetypestyleinsurroundingtext. Period of typical
For example: a distance of 50 m. radiowaves 1x10°¢

{vi) symms,dgngm;‘epmmfum, Periad of vibration of
For example: 1 mm, 100 mm, 1 kg, 60 kg. an atom in a solid 1x 10"

(vii) No fullstop or dot is placed after the symbol except at the end of the | Period of visible light 2 x 107"
sentence. ) waves

{wiii) Prefix is written before and without space to base unit.
For example; ‘mL* notm Lor *ms® notms.
{ix) Base units are written one space apart. Leave a space even between the number (value) and the symbaol.
For example: 1 kg, 10 m s, etc.
{x) Compound prefixes are not allowed:
For example: 1uuF 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 x (10° m)? = 1x10° m?
(xii) Use negative index notation (m s7') instead of solidus (m/s).
(xiii) Use scientific notation, that is, one non-zero digit left of decimal.
For example: 143.7 = 1,437 x 102
(xiv) Do not mix symbols and names in the same expression,
For example: metre per second or m 57", 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 International do not allows the use of former CGS System units such as dyne, erg, gauss, poise, torr , etc.

mQsW

1. Thequantity 2.3 x 10° can be written as: 4. The ratio of micro to mega is equal to:
(A) 0.0023v" (B) 0.023 {A) Femto (B) Picov”
(C)0.23 (D) 23 (C) Tera (D) Peta

2. The term 124.7 can be written in scientific notation | 5:  How many nanometres in a metre?
as: (10" (8)10"

(A) 1247 x 10°Y (B) 1.247x10° ©10°V (©) w0*
(C) 1.247x10" (D) 1.247x10" B ;T“ s equal to: -
3. The prefix femto is equal to: :c; 10 W
A 10° 8 10" ) 10"y
2 & 7. One gylg. is equal to:
(€) 10 (0) 10" (A) 10° v @ne*
(€ 10" (D) 10"




8.  The ratio of 1 femtometrete 1 nanometre is: () 10*v" {o)10™
() 10°%y” (8)10° 12. The prefix pico is equal to:
© 10’ (D) 10* (A 10 (8) 10"
9.  The quantity of 1 (km)?® is equals to: ; {cy10” (D) 10"
(A) 15 10°m’ v’ (8) 1 x10°m’ 13.  Which of the following is the least multiple?
(©1+10'm (D) 1x10*m? (A) Attov” (B) Femto
10. One peta is equal to: - (€) Nano (D) Pico
* (Ane® (B) 10" 14, One tera Is equal to:
{c) 10" (ono® - (Ay10" (8 10°
11. The ratio of one nanometre to one attometre is: () 10"v" (M 10"
(A110°™? ® 10" .o

1.3 UNCERTAINTY IN MEASUREMENT

g‘,z What is meant by uncertainty in a measurement? How the uncertainty in a digital instrument is

. indicated? '

Ans, Uncertainty in Measurement

Definition
The uncertainty of measurement describes the approximate value by which the actual value differs from the true value.

Explanation !
Every instrument is calibrated to a certain smallest division mark on it and this fact puts a limit regardmg its
accuracy. When you take a reading with one instrument, ‘its limit-of measurement is. the smallest division or
graduation on its scale. Hence, every measured quantity has some uncertainty about its value. When a
measurement is made, it is taken to the nearest graduation or marking on the scale. You can estimate the
maximum uncertainty-as being one smallest division of the instrument. Thls |s called absolute uncertainty. It is
one millimetre on a metre rule that is graduated in millimetres.
For example, if one edge of the book coincides with 10 cm mark and the other with 33.5 tm, then the length
with uncertainty is given by

(33.5 £ 0.05) em - (10.0 £ 0.05) €m = (235 £ 0.1) em |

It means that the true length of the book is in between 23.4 cm and 23.6 cm. Hence, the maximum uncertainty is
+0.05 c¢m, which is equivalent to an uncertainty of 0.1 cm. Infact, it is equal to least count of the metre rule.
Uncertainty may be recorded as:

Absolute uncertainty

Measured value
Absolute uncertainty

or  Percentage uncertainty.= = mm ed vl 100%,

Fractional uncertainty =

Uncertainty in Digital Instruments

Some modern measuring instruments have a digital scale. We.usually estimate ﬂnEdlgII beyond what is certain:
‘with a digital scale, this is reflected in some fluctuations of the last digit. If the last digit fluctuates by 1 or 2, write
down that last digit. If fluctuation is more than 2 or so in the last digit, it may mean that the reading is being
influenced by some factor such as air currents, Regardless of the reason, a large fluctuation may mean that the
displayed digit is not really significant. Y

8. How to find the uncertainty in a timing experiment such as the time period of a simple pendulum?

Ans. To find the uncertainty in a timing experiment, such as measuring the time period of a simple pendulum, we
typically consider both random errors (e. g.. due to reaction time or stopwatch resn!utlnnl and systematic error
(e.g, air resistance, amplitude effects).
Let us know how we can calculate the uncertainty in a standard school or laboratory experiment.
1. Use Multiple Oscillations
To reduce uncertainty, we usually time multiple oscillations (e.g., 10 or 20 rather than just one).
Example:. We measure the time for 10 oscillations:
tio = 15.8 5, then the time period T is:



Lo 1585
“10° 10 .
2.  Estimate Uncertainty in Time Measurement
Uncertainty in time measurement can come from:
(i) Stopwatch resolution (e.g., £0.01 s or £0.1 5)
(ii) Human reaction time (typically +0.2 s for starting and stopping combined)
If timing 10 oscillations:
Uncertainty in typ = 20.2 s (reaction time)
Then uncertainty in the period T is:
Atip- 025

= 1.58s

TS0 = 10 = 20025
So, result could be written as;
T=158+2002s

3.  Alternate: Standard Deviation (If we have Multiple Trials)
It we repeat the experiment several times, calculate the mean and standard deviation of those values.
Example: Suppose we measure 10 oscillations in 5 times and get periods.
1.575,1.595, 1.585,1.60s, 1.56 5

1.57+ 159 + 158+ 160 + 1.56) ¢
Then I‘n.*ll.f.-anT=i - g ) =158%

Standard dewiation = 0.016 s

. tand iation 0.0165s :
Uncertainty in mean (standard error) AT = Standard Gevig = =— =0.007 s
\n \s

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

[g: What are significant figures? Describe their use.

Ans. Significant Figures
Definition
Significant figures are the digits in a number that carry meaning contribution to its precision.
This includes all non-zero digits, any zeros between them, and any trailing zeros in a decimal number.
Examples
()  123.45 has 5 significant fgures
(i) 0.00450 has three significant figures.
(The leading zeros are not significant)

Use of Significant Figures  Interesting Information /

(i) Precision Representation: They show how precise a measurement : e r 4
is. More significant figures mean higher precision. } [ a8 nudlous
(i) Measurement Communication: They indicate the reliability of the b [l o mﬂ
measurement equipment. For instance, a metre rule marked in :
millimetres allews mare s.ugmf icant figures than one marked in o |k ' ma-
centimetres. i Diamotor of
(iii) Calculation Rules: When doing calculations (addition, subtraction, = . eoraill
multiplication, or division), mgnnﬁcant figure rules help to maintain the Sun !
appropriate precision. , N 2’.?3"‘ :
=  Multiplication / Division: The result should have the same w* = Dhameter of the *
number of significant figures as the number with the fewest. i lemr
»  Addition / Subtraction: The result should be rounded to the |, 10" |- m;:;

same decimal as the least precise value. . Order of magntude of some distances.




Importance

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

Reasons for Using Significant Figures in Measurements

1.

Ans. Working with Significant Figures

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

Using significant figures in calculations ensures that results are not reported with unrealistic prensmn It
maintains consistency and prevents misleading calculations based on overly precise or inaccurate numbers.

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

Counting significant digits

() Al digits 1,2,3,4,56,7,8,9 are significant. However, zeros may or may not'be significant In case of zeros, the
following rules may be adopted:

(i) A zero between two significant figures is itself significant.

(i) Zeros to the left most significant figure are not significant. For example, none of the zeros in 0.00467 or 02.59

(v)

v)

are significant. _

Zeros to the right of a significant figure may or may not be significant. In decimal fraction, zeros to the right of a
significant figure are significant. For example, all the zeros in 3.570 or 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° kq. 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 » 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 measurement recorded as 8.70 x 10* kg has three significant figures.

11. Describe the rules observed for significant figures while multiplying or dividing numbers.

Ans. Multiplying or Dividing Numbers

0]
(if)
(ir)

Keep the number of significant figures 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 10~2x 3.64 x 10
1336 = 1.45768982 x 107
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 figures, the last significant figure to be retained is rounded off for which the folinwmg rules are
followed:

If the first digit dropped is less than 5, the [ast digit retained should remain unchanged.
If the first digit dropped is more than 5, the digit to be retained is increased by one.
if the digit 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

73650  isrounded offas © 736

64.350 is rounded off as B4.4

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




Ans. In Adding or Subtracting Numbers

, off 1o the same decimal position which is then 8.13 m.

12. What rules should be followed in adding and subtracting numbers?

The number of decimal places retained in the answer should " Qﬁtk Quiz .

be equal to the smallest number of decimal places in any of | 1. Give the correct number of significant
the .quantities being added or subtracted. In this case, the figures for 00054 m, 003030 m,|

number of significant figures is not impnrtént. For example, we 400m, 05 m, 820 % 108 m
add the following quantities: Ans.2, 4, 3,3 ;
(i) 721 (iiy 2.7543 2. Give the answer tp the appropriate number
342 4.10 of significant figures.
0003 1.273 2602 kg + 36.02kg + 54.1kg =7
75.523 8.1273 Ans.2692 .
Correct answer is 75.5 m 813m 3. Give the answer to the appropriate number
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 A;ﬁ kg -24 kg =7 '

then 755 m. In case (b), the number 4.10 has the smallest

number of decimal places and hence, the answer is rounded A Gave: the fuer10 the appmprite Dumbar

of significant figure.
245x10°mx246m/36m=7
Ans.1.7 = 10°

13. What are the limitations of significant figures?

Ans. Limitations of Significant Figures

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

(i) Lack of Clarity with Uncertainty: Significant figures give a rough indication of precision, bm they do not
explicitly show the uncertainty in a measurement. For more precise work, uncertainty should be expressed with
error margins (e.g. £ 0.02).

(i) ﬁmhigulty with Zeros: It is sometimes unclear how many significant figures a number has, especnaliy when
written without' scientific notation. For example; 1500 could have two, three, or four significant figures
depending on the context.

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

(iv) Over-simplification: Significant figures provide a simplified rule for rounding but may not reflect the actual
measurement process or instrument precision accurately.

(v) Inconsistent with Statistical Methods: In data analysis and experimental science, statistical methods (e.g.
standard deviation, confidence intervals) and much more accurate and meaningful for expressing precision than
significant figures. :

(vi) Depending on P-lmurement Conventions: The rule of significant figures are conventions and do not
universally apply.in every scientific or engineering context, particularly in computer science or where exact
values (like counting numbers) are used.

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

(A1 _ (B) 2v" (n) 2 (B) 4v"
(Cr3 (0) 4 (C) 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 {A) B (8)7
gauge of least count of 0.001 &{I\! C) 4y (D) 3
(A) 23cm (B) 2.31cm 6.  Thesignificant figures in 34.676 are:

(€} 2312 emv” (D) 2.3124em (A) 2 (B) 4

3. Significant figures in 0.00567 are: rl (cy3 (D) 5+

(A) 2 (B) 3v”

(Cl4 D) S



9’

10.

1.

12.

13,

14,

15.

16.

.

A student added three figures 72.1, 3.32 and 0.003.
The correct answer regarding the rules of the
addition of the significant figures will be:

(A) 75.423 (B) 75.42

(C) 75.4v" (D) 75.5

The number of significant figures in 0.0173 are:
(A) 2 (8) 3v/

(C) 4 (0) 5

Number of significant figures in 01.020mm are:
{A) 2 (B) 3

(©) 4v" (D) 5

275.00 has the significant digits:

(a) 2 (8)3

(C) 4 (D) 5v"

Significant figures in 0.0010 are:

(A) 1 (B) 2v"

(C) 3 (D)4

The number of significant figures in 0.00232 are:
(A) 6 (8)5

€ 3v (D) 4

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

() 108.8 (8) 1089
(C) 109y (D) 108.79
Significant figures in 0.0045 are:
(A1 (B)3 -

(C) 4 (D) 2v"

Which of the following number has three significant
figures?

(a) 0.0450v" (b) 4500
{c) 00045 {d) 450.00
The result of the calculation 4,56 x 1.4 should be
reported as: i
(a) 6.38 (b) 6.4y
(c} B384 (d) 63
The' niimber of significant figures in 0.00407 are:
(A) 2 (8 3v”
(D) 5.

(€ 4

18.

19.

20.

21.

22,

23,

24,

25.

26,

27.

if we round off 64.34546 up to three significant
figures, the best answer is:

(A) 4.3 (B) 644"
{C) 645 (D) 646
The significant figures in 0.0004813 are:
(Ayae 7
(C) 4w (D) 3
5.348 » 10~%x 3.64.x 10*
The correct answer of 1.336 :
(A) 1.46 « 107 (8) 1.451 . 10}
(€) 1.457 < 10° (D) 1.5 <107

The.quantity 0.00467 has significant figures:

(W 3v° (B) 4
(C}5 D6
Significant figures in 0.00876 are:
(A 3V ® 4
[C)5 D)6
Significant figures in 0.00846 are:
(A 3v" (8) 4
()6 )7

The sum of three numbers 2.7543, 4.10, 1.273 up to
correct decimal place is:

(A) 812 (B) 8.13v"

(C) 81273 (D) 8127

In Scientific notation, the number 0.0001 may be
written as:

(a) 102 (& 10

(€10 (D) 10 = 10°*

Which of the following best expresses a
measurement with uncertainty?

(Al36m | (B} 3.6 £+ 0.2m

(C) 3.6 ms 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

(c) Take the average of the uncertainties

(d) Subtract the uncertainties

1.5 PRECISION AND ACCURACY

gﬁ Differentiate between the terms precision and accuracy with reference to measurement of physical
quantities. .

Ans. Precision and Accuracy
Definition i _
Accuracy is how close a given set of measurement are to their true value, Whereas precision-is how close the

measurement are to each other.

Explanation
The precision of a measurement is determined by the instrument or devicebeing used. The smaller the least

count, the more precise is the measurement.

Accuracy is the closeness of a measurement to the exact or accepted value of a physical quantity. 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. Its precision or absolute uncertairity (least count) = 0.1 cm.



0.1em
Fractional uncertainty = 5o ¢~ = 0.004

0.1 em ,
Percentage uncertainty = 572" 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 cm

0.45 cm

0.01 cm
Percentage uncertainty = 045 cm * 100 = 2%

Fractional uncertainty = =0.02

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 Vemnier Callipers is more precise but is less accurate. In 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 ¢cm, 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‘i How is the total uncggrtainty in the final result assessed? Explain.
Ans. Assessment of Total Uncertainty in the Final Result

0]

(i)

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: .
For Addition and Subtraction
Absolute uncertainties are added. For example, the distance between two positions x, = 154 + 0.1 cm and

x, = 25.6 cm £ 0.1 cm is recorded as:

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

l;=85%0.1 cmand [; = 126 0.1 cmrecorded as:

=4+ L=211+02cm

For Multiplication and Division
Perceiwage 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=340V i
f=068+005A
! V
Using R=7
Percentage uncertainty in V= [3!:_-# 100 = 3% F:‘::?;:iﬁ:ﬂﬂ?;::n
N , | Moon to Earth 1min20s
Percentage uncertainty in | = U,EE A“ 100 = 7% Sun to Earth 8 min 20 s
Hence, total percentage uncertainty in the value of Ris 3 + 7 = 10% Pluto to Earth 5ha0s
The value of R will be written as:
34V
R= 0.68 A = 5.0 chm

Hence, R = 5.0 + 0.5 ohme, uncertainty being an estimate only, is recorded by one siéniﬁcant figure,



{uli} Fnr Power Factor:
The percentage uncertainty is multiplied by the power factor in the formula. For example, the calculation of
cross-sectional area of a cylinder of radius r = 1.25 cm using formula for Area A = ar® is given by the %age
uncertainty which is A = 2 x %age uncertainty in radius r. As uncertainty is multiplied by power factor, it
increases the precision demand of measurement. When the radius of a small sphere is measured as1.25 cm by
Vernier Callipers with least count 0.01 cm, then

The radius r is recorded as r=125% ﬂ.m cm
! ﬂﬂ‘l
%sage uncertainty in radius r s =457 100 = 0.8%

Total percentage uncertainty in afea A =2 x 0.8 =1.6%
Thus - A=ar :

© =3.14(1.25)2 = 4.906 cm’ with 1.6% uncertainty.
Thus, the result should be recorded as A = 491 + 0.08 cm?®,

Example 1.1: The length, breadth and thickness of a metal sheet are 203 m, 1.22 m and 0.95 cm respectively.
Calculate the volume of the sheet'carrect up to the appropriate significant digits.
Solution:

Given that;

Length 1=203m

Breadth b=122m

Thickness h=095¢cm =095 x 10 m
To Find: ¥

V=2
Calculations:
As Volume V=lxbxh=203mx122mx0.95x102m
= 235277 x 10? m?

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 10* m’.
Example 1.2: The mass of a metal box measured by a lever balance is 3.25 kg. Two silver coins of masses 1001 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?
Solution:

Total mass when silver coins are added to box = 3.25 kg = 0.01001 kg + 0.01002 kg

= 3.27003%kg

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,

Thus Total mass = 3.27 kg
Example 1.3: The diameter and Iength of a metal cyhnder measured.with the help of Vemier Callipers of least
count 0,01 cm are 1.25 cm and 3.35 cm, respectively. Calculate the volume V of the cylinder and uncertainty in-it.
Solution:

Given that'

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:
V=7
‘Calculations: ..
%age uncertainty in length = (0.01 cm / 3.35 cm)x 100% = 0.3%
Absolute uncertainty in diameter = 0.01 cm
%age uncertainty in diameter = (0.01 cm / 1.25 cm) x 100% = 0.8%




Volume =nrfl=n %I‘

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

=2x08% +03%=19%
Then

Thus V=(411+008) cm?

where 4.11 cm” is calculated volume and 0.08 cm’ is the uncertainty in it.

V = 3.14 % (1.25 em)® = 3.35 em™® = 4.1089842 cm? with 1.9% uncertainty

10.

11,

The percentage uncertainty in mass and velocity are
2% and 3% the maximum uncertainly in the
measurement of kinetic energy is:

(A) 1% (B) 8%+

(C) 6% (D) 1%

If %1, = 10.5 + 0.1cm and x; = 26.8 + 0.1cm Xz-x3, is
given by:

(A) 163 £0.1cm (B) 163 £ 0.2 cmv”

(€) 16.1 =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%
(C) 6% (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

(DY Error

Error in the measurement of radius of sphere Is 1%.
The errar in the calculated value of its volume Is:

(A 7% (B) 5%

(C) 3%V~ (D) 1%

| V = 5.2 £ 0.1 volt. The percentage uncertainly of v’
will be:

(A) 2% (B) 4%

(C) 6%V~ . (D) 1%

A precise measurement is the one which has:

(A) Greater Precisiony” (B8) Less Précision

{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) 0.02mm (B) 0.01 mmv”

(C) 0.10mm (D) 0.20mm

Absolute uncertainty In a measuring instrument is
equal to:

(A) Least county” (B) Accuracy

(C) Fractional uncertainties (D) Percentage uncertainties
A measurement taken by Vernlercalliper with least
count as 0.01¢m is recorded as 0.45c¢m, it has
fractional uncertainty.

12.

13,

14,

15.

6.5

17.

18.

19.

(A)0.01 (B) 0.02v"

(C)0.03 (D) 0.45

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 number of swings v*

(D) Both A and €

The uncertainty in the time period of a 1|.rII:r:|lIﬂg
body is:

(A) Least count = No. of vibrations

(B) Least count + Mo. of vibrations

[C) Least count + No. of vibrations v~

(D) Least count - No. of vibrations

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

(A) 0.225% (B) 22.5%

(C) 0.2% (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 (B) 2.550

(C) 0.004v" (D) 0.100

Which of. the foltnwing measurement is more precise;
TVEL FIL (B)3127s

[€)31.27s (0)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 (B) Voltage

(C) Resistance (D) Powerv”

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%

(C) 3.5% (D) 4%V~

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

(A) 0.4 (B) 0.04

(C) 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
(C) 6%

(B) 5%
(D) 2%



The percentage uncertainties in length and width of a

20. (A) Precise but not accurate v
rectangle are 2% and 3%. Its area has percentage (8) Accurate but not precise
uncertainty. (C) Both precise and accurate
{A) 1% (B) 5% v (D) Meither precise nor accurate
(C) 6% (D) 2% 25. If a scale gives different weights for the same object
21. 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
(O 4%V (D) 1% 26. “Which of the following set, of data best represents
22. Which of the following best expresses a high accuracy and high precision if the true value is
measurement with uncertainty? - 50.07 :
(AY36m (B) 36+ 02 mv” (A) 49.9, 50.0, 50.1v" (B) 45.0, 55.0, 50.0
(C)36ms™ (D) 3.6 with no units (C) 490, 49.1, 49.2 (D) 50.5, 506, 50.7
23. Alength is measured is; L = 25.4 £ 0.2 em. What does |, 27. Which instrument is more precise for measuring
the value +0.2 represent? small lengths?
{A) The resclution (B) The value {A) Metre rule (B) Measuring tape
(C) The uncertainty v (D} The error (C) Protractor (D) Vernier callipersv”
24. . If a scale always read Z kg, heavier that the actual .
value, the measurements are:

1.7 DIMENSIONS OF PHYSICAL QUANTITIES

16. Explain with examples the ‘h—w‘iﬁhg 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 physical
guantities (like mass, length, time, etc.) must be raise to represent that physical quantity.
Explanation
Dimensions deal with the qualitative nature of a physical quantity in terms of fundamental quantities. The
quantities such as length, depth, height, diameter, light year 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 (8], respectively. These five dimensions have been chosen as being basic because they are easy to

measure in experiments.

*

The dimensions of other quantities indicate how they are related to the basic quantitjes and are combination of
fundamental dimensions. For example, speed v is measured in metres per second, so it has the dimensions of

length [L] divided By time [T].

V1= [/ [T]= [T = LT

As the acceleration a = Av/ At
Dimensions of acceleration are

@l = M/ [T = LT/ [T = LT

Also, dimensions of force can be written as

[F] = [m] [a]= [MLLT?) = MLT)
By the use of dimensionality, we can check the homogeneity (correctness) of a physical equation, and also, we

can derive formula for a physical quantity.

17

z ﬂiukﬂuhomogmhynfﬂnr:lhﬂmr='\ /?ﬂwhﬂevh 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.

r
The equation is: v =~ }—vn-:—‘



Step 1: Finding the dimensions of R.H.S

Tl Interesting Information
RHS = T

We write the dimensional formula for each quantity:
. [T) = Force = [MLT™] ""‘F""*“#

. (] = Length = [L]
. [m] = Mass = [M]
]

MNaw

[Tx 0 = MLT-] x [L] = [MLT 7]
M - IM_UI:—El e [LET—EI

2 v raeeomed ¥ OB BEBRU.

m - [M! " ﬁ.—-r
Taking the square root
- “LET-II P '[LT-II ey beily
RHS = [LT"] o 1)

Step 2: Finding the dimensions of LH.S ” s ﬂ
B [vl=speed=[LT") ~ .. (i) Mo oty
Comparing Egs. (i) and (i) e e A

LH.S: (LT') = RHS: [LTY 0 R

As both sides have the same dimensions, so the relation in homogeneous. ] e

- il . B e
Conclusion: The equation; v ="\ /[~ is dimensionally homogeneous. Some Specific Temperature

; ‘18. What is meant by homogeneity of physical equations? Explain by giving an example.

Ans. Hﬁmngueneity of Physical Equations:

Ans.

(i)
(i)
(iii)
(iv)
(v)
[vi)

The correctness of an equation can be checked by showing that the dimensions 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 § in time tmoving with an acceleration a.
Theequation of motion is given by,

S=vt+ %ﬂ.‘.‘z

or §= %a!"
Numerical factors like 1/2 have no dimensions, so they can be ignored. By putting the dimensions of both sides
of the equation:
(5] = [a] [£*)
Writing the symbols of dimensions  [L] = [LT™] [T?)
L= [LT2 T3

or [tl=[

This shows that dimensions on both sides of equation are the same, therefore, the equation is dimensionally correct.

19. What are the benefits of using dimensions of a physical quantity?

@

Benefits of Dimensions

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

Converting units.

Simplifying complex problems,

Identifying fundamental and derived quantities.
Understanding the nature of physical quantities.



Eg_‘ﬁ What are the limitation of dimensional analysis?

Ans,

(U]
(i)
(iif)
v)
(Vi)

(wii)

Limitations of Dimensions

The limitations of dimensions of a physical quantity (or dimensional analysis) are:
Cannot ﬂetermme dimensionless constants,

Applicable l:ljnl1.|I to dimensionally consistent equations.

Cannot distinguish between physlcai quantities with the same dimensions.

Cannot derive equations involving trigonometric exponential, or logarithmic functions.
Only gives proportionality, not exact equations.

Limited when empirical data is essential.

Example 1.4: Derive a formula for the centripetal force required to keep an object moving along a circle with uniform :
speed. Assuming that centripetal force depends on mass of the object, radius of the circle and uniform speed,
Solution: As force depends on mass m of the object, radius.r of the circle and uniform speed v, we can write:

Fem®mbrf i

F = (constant) m? m® ¢ .
where the exponents (powers) a, b and c are to be determined. By the principle of homogeneity, the dimensions
on both sides of the equation should be the same. Since, constant haa:‘no dimension so by ignoring it, we write
the above equation in terms of dimensions as,

(A = [m°] [m*] [)

[MLT?] = [M*] [LT® (U
[MLT?] = [M] [LT™')° (L)
[MLT-3] = [M? LB*< T-h)
Comparing the powers of dimensions on both sides of the above equation, we have
a=1 '
btc=1
~b=-2

Solving the above equations, we havea=1,b=2,¢= -1
Putting the values of g, b and ¢ in équaﬁﬂﬂ (i), we have
F = (constant) mZ
or F = (constant) 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

e o o mOsQ

2

Which of the following physical quantities has the
same dimensions and impulse?

{a) Force (b) Work

(c) Momentumv” (d) Power

Which of the following quantities is dimensionless?
{a) Angular velocity (b) Strainy” \

(€) Pressure {d) Temperature
The dimensions of power are:

(A) (MLT? (B) [MLT)

(© IMLT) (0) (MT)

The dimensions of coefficient of viscosity "n" are:

(A) IMLT Y (B) (MLT™)

(©) [MLT'] (D) (ML7T?

Which one has the same dimensions?

(A) Wark and power (B). Momentum and energy

(C) Work and torquey” (D) Power and pressure

Dimensions of the ratic of angular momentum to
linear momentum Is:

(A) [MPLT*] v/ (8) (M ’L‘T‘J,
(C) M'L*T") (0) ML)
The dimensions of pressure are:

(A) MLT? (8) MLPT
©ML'T* (D) MLT?

The numerical value of constants in any formula
cannot be determined by dimensional analysis,
however, it can be found by

{A) Addition (B) Physical Quantities
(C) Expeﬁmentsv” (D} Uncertainly
Which pair has the same dimensions?

{A) Work and power (B) Force and Torque

(C) Torque and power (D} None of these%{f



10. The dimenslons of work are: (€ w'n o) (r v

(A) (MLTY) (B) [MLTY) 20. Which pair has same dimensions?

() ML r1] .’ (D) [MLT v (A) Wark and Power {B) Momentum and impulse v’
11. The dimension [M°LT"] represents the quantity: (C) Force and torque (D) Torque and power

(A) Lengtha/ (B) Mass ! :

(C) Time ' (D) Velocity 21. The dimensions nf‘\/';' are the same as that of:
12. The dimensional formula for the quantity of light {A) Timev” ' (B) Energy

year i==1 , (C) Velocity (D) Force

(A ILT ] (8) [T i >,

(C) (MLT) (0) [L1v 22. The dimensions of the relation ’\[_:_au equal to the
13, Which of the following pair has the same dimensions? diminiinim i

{A) Work and power (B) Momentum and Energy -

(C) Power and Pressure (D) Work and Torquev” . (A) Force r (B) Mnme.gtum
14.  The dimensions [MLIT‘] belong to: {C) Acceleration (D) "vl'e,lucntyv“" -

(A) Pressure (8) Momentum 1‘:3. The dimensions of Einstein equation E = mc are:

(C) Power (D) Heat energy v’ (A) MLTY] (8) (ML 'T)
15. The dimensions of density are: (© MLT) (D) ML)y

(A ML (8 ML) 24. The dimension of angular acceleration is:

(©) ML)V (D) (ML) (A) [T) N
16.  [M°L'T"] refers to: © My (o) [T

(A} Velocity (B) Time period ' 25. The dimensions of kinetic energy are similar to that of:

(C) Frequency v (D) Force {A) Power (B) Torque v
17. The dimensions of torque are: ' (C) Momentum - (D) Pressure

(A) (ML) (8) (MLET") 26. [M°LT'] are the dimensions of:

© MET ) (D) ML) : (A) Force (B) Velocityv”
18, The dimensions of acceleration due to gravity are: (C) Work Done (D) Momentum

(A) [(MLT) (B) [MLT] 1 27. The dimensions of gravitational constant are:

LTV’ (D) [ML°T™) (A) (MIL'TY) (B) M1V
19. The dimensions of angular velocity are: (C) (M*LT] (D) (M'CT')

(A [LT) (8) [LT)

“ADDITIONAL SHORT ANSWER QUESTIONS _ ]

1. Differentiate between base and derived quantities.
=) Ans,

Base Quanttie; 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.”
' 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?
Ans. Oneyear =365x24x60x60s
= 31536000 s
= 31536 x 10s
= 31536 x 10" x 10° x 10%
= 3.1536 x 10" micro s 1076 = p (micro)
One year = 3.1536 x 10" ps|
Q.3 What are derived quantities?

Ans. These are physical quantities that are obtained from combinations. of base quantities through mathematical
operations. .




Q.4 How are derived quantities formed?

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

Q.5 What is Sl system?

Ans. [t 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 is the rule for addition and subtraction with significant figures?

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

5.348 x 107"%x 3.64 x 10*

Q.10 Using rules of significant figures, compute 1336 up to appropriate significant figures.
5348 % 1079« 364 x 10* 5348x364 . .
1336 =138 W

= 145708982 = 10°
= 1.45708982 x 10°
In multiplication and division, the number of significant figures are not more than that contained in the least
accurate factor.
S0, according to above rule 1.46 x ‘H}j are appropriate significant figures.
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 other, ;
Q.12 Can a measurement be precise but not accurate?
Ans. Yes, if repeated measurements are close to each other but far from the true value.
Q.13 Can a measurement be accurate but not precise?
Ans. Yes,'if measurements are close to the true value but vary widely from each other,  ~
Q.14 How can precision be improved?

Ans. By using better instruments and consistent measurement techmques
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 i5 the doubt or possible error in the result of any measurement,

Q.17 What causes uncertainty in measurement?

Ans. Instrument limitations, human error and environmental conditions.

Q.18 What is absolute uncertainty? :

Ans. The margin of error in the measured value, expressed with the same result.
Example: 20.0 £ 0.5 cm

Q.19 What is relative uncertainty?

Ans. )t is the ratio pf absolute uncertainty to.the measured value.

; " Absolute uncertainty
Relative uncertainty =~y - c o™ e

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



- 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 5.

54.6
Then time for one vibration is T = ﬁ =182s

Q.22 Give that; V = (5.2 £ 0.1) volt. Find its percentage uncertainty.
Ans. V = (5.2 + 0.1) volt
Absolute uncertainty = 0.1
Measured value =52
Absolute uncertainty
Measured Value

% age uncertainty in V = x 100

0.1
% age uncertainty inV = T35 x 100 = 1.92% = 2%

52
bﬁ age uncertainty in V= zﬂ

Q.23 Find the percentage uncertainty in the volume of a cylinder, if the percentage uncertainties in length and
diameter of the cylinder are 0.3% and 0.6% respectively. :

Ans. Volume of a cylinder = V = ar¥l = {g) l

) ) wd il
Volume of a cylinder = V = T (f = %)

Data:

% age uncertainty in length ({) = 0.3 %

% age uncertainty in diameter (d) = 0.6 %
S50 % age uncertainty in Volume (V) = (% are uncertainty in [ ) + 2 (% age uncertainty in d]

=03%+ 2(06%)
B =03%+12%
[% age uncertainty in volume = 1.5 %}
Q.24 The volume of a sphere is V = 47.689 cm® with 1.2% uncertainty. What is the correct range of volume

measurement?

Ans. Volume of a sphere = V = %n—r"‘

Data: Measured value = 47.689 cm?
Percentage uncerfainty inV = 1.2
Absolute uncertainty

As  Percentage uncertainty inV = Rissitnsanakss » 100%
Absolute uncertainty
1.2 = 47689 x 100%
1.2 % 47.689 :
~ 100 ° Absolute uncertainty:

Absolute uncertainty = 0.6 cm’
S0, the correct range of volume measurement is
|V = (47.7 £ 06) cm|
Q.25 What are dimensions of a physical quantity?
Ans. Dimensions show how a physical quantity depends on the base quantities like 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 to derive refationship.




Q.28 Can dimensions-help in deriving formulae?
Ans. Yes, using the principle of homogeneity of dimensions.
Q.29 Calculate the dimension of Physical quantities, if possible, 27 and rupees hundred.
Ans. Both 2n and rupees hundred have no dimensions. '
Because 2x has no unit and rupees hundred is not a physical quantity. So both.can't be expressed in terms of

dimension. Because dimehsional analysis is the method to express the physical quantities in terms of most
fundamental quantities,

Q.30 Write the dimensions of:
(i) Force (ii) Energy (iii) Angular momentum
(iv) angular Velocity {v) Work (vi) Torque
Ans.
(i) Dimensions of Force : [F] = [ma] = [m] [a] = [M] [LT 2] = [MLT}]
(i) Dimensions of Energy (W] = [Fd] = [F] [d] =.[MLT?] [L] = IML3T™)
(i) Dimensions of angular momentum: [L] = [mvr] = [m]vIiF] = (MILT L] = [ML3T )
} 1
(iv) Dimensions of angular velocity: [w] = % = ‘H‘ = [T
(v} Work (W] = [Fd] = [MLT™] (L] = [ML?T?)
(vi) Torque: [x] = [r] [F] = [L] [ma] = [L] [m] fa] = [L] (M] [LT?] = [LMLT %] = [MLT 7]

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

Dimensional Variables

Non-Dimensional Variables

E __Definition ,
The physical quantities having dimensions are | The physical quantities having no dimensions are
called dimensional vanables. called non-dimensional variables.
Examples
| Length, Force, Velocity, Momentum etc. | Plain angle, Solid angle, Straih etc.
Q.32 Differentiate between dimensional and non-dimensional constants.

Ans.

Dimensional Constants Mon-Dimensional Constants

: Definition
The physical constants having difmensions are | The physical constants having no dimensions are
called dimensional constants. , called non-dimensional constants.
_Examples
| Gravitation constant, g, k. . h, etc. - | Refractive index, €. . e, etc. |

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

Ans. Volume of Cylinder = V = ar’l =n|-"g':[: [
oy Bl . g
il 2

% age uncertainty in length () = 0.2 %

% age uncertainty in diameter (d) = 0.8 %

50,% age uncertainty in volume = (% uncertainty in [) + 2(% uncertainty ind)

= 0.2% + 2(0.8%) '
. =03% + 1.6%
{?S age uncertaintyinV._ ‘= 1.9%]

Q.34 Check correctness of E = hf dimensionally.
Ans, E = hf




LH.5:

E=w=Fd

[E] = [MLT"] L]

{E] = [ML2T-?) S
R.H.S:
hf

tﬁ;EﬂH[MHT2|

M)
hf=(MLTH (i)

From eq (i) and (ii) we conclude that
E = hf is dimensionally correct.
Q.35 Why do we find it useful to have two units for the amount of substance, the kilogram and the mole?
Ans. Both kilogram and mole are used as units for the amount of a substance. w1l e .
Kilogram BRARE 1367  R Simete e e
(i) Kilogram is used for ordinary measurement | (i) Mole is used for scientific work.
of mass. (il Mole is used for small mass of a substance
() Kilogram is used for large-scale mass of a | i.e, at micra level,
substance i.e., at macro level.
(i) One kilogram af different substances contains | (i) *One male of all substances contains the same
different number of molecules. number of atoms/molecules Le, Avogadro's
, . number. (ie, Ny = 6.022 = 10%)
(iv) Kilogram s used when number of (iv) Mole is used when number of atoms /

molecules are not required but weight of molecules are required.
1 mole = 6.02  10° atoms / molecules

the substance is required.

Q.36 Three students measured the iength' of a needle with a scale on which minimum division is 1 mm and
recorded as (i) 0.2145 m (ii) 0.21 m (iii) 0.214 m. Which re:nrd is correct and why?
Ans. 0.214 is correct record
Reason:
Least count of the scale=-T mm = 0.001 m, which s n thrce decimal points.
Therefore, the third reading 0.214 m is correct becayse this reading is in three decimal points,

Q. 3? Does a dimensional analysis give any information on constant of proportionality that may appear in an
algebraic expreﬁsinn? Explain.

Ans. A dimensional analysis does not give any information about the value of constant of proportionality present in
the algebraic expression. This constant can be determined theoretically or practically. The formula for time
period of simple pendulurrr is:

T=2n /g
where dimension analysis does not give any information about 2= z
However, dimensions of some constants of proportionality can be determined by‘the dimensional analysis.
Example. Dunensions of G, the gravitational constant are given by,
(G)= M7'L°T )
Q.38 Write the dimensions of:
(i) Pressure (i} Density.

Ans. (i) Dimensions of Pressure

Pressure is defined by re!atfan

_Force F
= Area T A
1F]  [MLT?)

Dimensions of pressure = [P] = A~ =ML T )

Tk



Dimension of pressure = ML™'T
(ii) Dimension of Density:
Density is defined by relation,

Mass M

?élrur'ne v
Dimensions of Density = ‘E:%]l = {F]"'i. = ML)
IDimensions of Density = [ML™]

Q.39 The wavelength ) of a wave depends on the speed v of the wave and its frequency f. knowing that
M=W . M=WLT7) and [f]=[T")

Density =

Decide which of the following is correct, f = VA or f = 1. P
Ans. Dimension of wavelength = [A] = [L]
Dimension of speed = [v] = [LT)
Dimension of frequency [f] = [T
(i) Forf=va, Dimensions of LHS =[f]1=([T"]
Dimensions of RH.S = [v] [A] = [LT7"] [L] = [13T™]
' Since, dimensions of LH.S #dimensions of RH.S, therefore, the equation f = vhAis not correct.

(i) Forf = v/, Dimensions of LHS =[f)= [T
. 5 h
Dimensions of RHS = {-:-1] = 1# » EL{E’J = [T

Since, dimensions of LH.S = dimensions of RH.S, therefore, the equaiinn f=v/ \iscorrect
Q.40 How many nano seconds in 1 year?

Ans. Given: Time = 1 year
To Find:
Mo. of nanoseconds in 1 years =7
Calculations:

Seconds in one year = (365 x 24 x 60 x 60) s
One year =3.1536x10"s
One second = 10° nanoseconds = 10° ns
¢ =31536x10"s
=3.1536x 10" x 10" ns
=3.1536 = 10" ns
Q.41 Dimension of coefficient of viscosity.

Ans. As; FL = 6mnrv
F
or =T
6n is dimensionless, because it has numeric value so.
R 5 N "/
O =T ey
o= (MU
| SOLVED EXERCISE I
[ MULTIPLE CHOICE QUESTIONS ]
Tick (v') the correct answer.
1.1 The purpose of study and discoveries in Physics is: .
(a) the probing of interstellar spaces (b) the betterment of mankindy”

(c) the development of destructive technology in warfare
(d) development in aesthetics for the world



1.2

1.3

14

15

1.6
1.7

1.8
1.9

1.10

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) A ten metres measuring tape (d) A Vernier Callipersv” :

The diameter of a steel ball is measured using a Vernier Callipers and its M 1lillli|

reading is shown in the figure. What is the diameter of the steel ball? |||u|mr|'ru LA nnlu|||u|||||:m|u|uu
{a} ‘1.30 cm (b) 1.39 Cm\/r o 1 2 3 iem

() 1.40cm ' (d} 1.31em _

The‘figuri:; shows the reading on a micrometer screw gauge used to ; ' 2% . ‘
measure diameter of a thin rod. One complete turn of the thimble is 0.50 0

mm and there are 50 lines on the circular scale. The diameter of the rod is: 15 l

(a) 3.67 mmy” (b) 3.17 mm 1

(c}) 417 mm (d) 4.20 mm '
The number of significant figures of a measurement are defined as:

(a) they reflect the accuracy of the observation in @ 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 (c) four (d) fivey”

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

(a) 19kg (b) 19.0 kg (c) 19.1 kgv” (d) 19.12 kg

The answer to appropriate precision for the subtraction (1.126-0.97268) is: _

(a) 0.15 b) 0.153v (c) 0.1533 (d) 0.15332

The answer of the product (2.8723 = 1.6) to the appropriate number of significant figures is:

(a) 4.59568 (b) 4.595 (c) 4.59 (d) 46v .
The answer to the mathematical division (45.2 + 6,0) in appropriate number of significant figurés is:
(a) 7.5v" (b) 7.53 . (¢) 7.533 _ (d) 7.5333

The answer to the following mathematical operation 24.4 m x 100 m / 5.0 'm to the appropriate number of
significant figures is:

(a) 4880 m (b) 4900 m (€) 488=10°m (d) 49 < 108 my”
The ratio of the dimensions of force and energy is: ;

(@) T b) 77 (0L ' (@ L'V

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

(a) Work and torque 3 (b) Angular momentum and Pfanck s constant
{¢) Moment of inertia and moment of forcey” {d) Impulse and momentum

The following figures are of the same Vernier Callipers. Figure 2 3 4 4
(1) shows the reading when the jaws are closed while MWM
Fig. (2) shows the reading when a solid cylinder is placed Fig. 1 Fig. 2

between the jaws: The length of the cylinder is:

(a) 3.26 cmv” (b) 330 cm (c) 334 cm (d) 4.20 ¢cm

The least count of an instrument determines;

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

(c) fractional uncertainty of a measurement {d) percentage uncertainty of a measurement

A measuring tape has been graduated with a minimum scale division of 0.2 cm. The allowed reading using this
tape may be:

- (a) 80.5¢m (b) 806 cmy” (c) 80.65 cm (d) 807 em



1.1
Ans.

[ SHORT ANSWER QUESTIONS |

What are base units and derived units? Give some examples of both these units.
Base Units:Base units are the fundamental units of r"neasuren':_gnt in the International System of Units.(SI) that

-

" are defined independently.. These units are used to measure base guantities like length, mass, time, electric

current, temperature, amount.of substance, and luminous intensity.

Examples of base units

» Meter (m) - for length « 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 physlcal laws

and relationships. These units express quantities that involve more than one base unit.

Examples of derived units

» Metre per second (ms ') - for velocity

« Kilogram per cubic metre (kgm ) - for density
« newton (N) - for force (1 N = 1 kgms™?)

s Joule (J) = for epergy (1) = 1 Nm)

» pascal (Pa) - for pressure.{1 Pa = 1 Nm'*}

1.2 How many significant figures should be retained in the following?

(i) Multiplying or dividing several numbers (ii) Adding or 5ubtractmg 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 number with the least significant figures in the calculation.

Example:456 (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.

(i) 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 declmal place) = 3!‘.‘! 11. The result shﬂuld be rounded to 1 decimal
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 Callipers? What is meant by L.C. of the
Vernier Callipers? .

Ans. The Vernier scale is a secondary scale on a Vernier 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, typically in millimetres or centimetres. The
smallest division on the 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 Vernier 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 Vemier scale aligns withr a:point on the mainscale, 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 main scale by enabling readings that are more precise than
what the main scale alone would allow.



Least Count

14

Ans.
1.5

Ans.
1.6

Ans.

137
Ans,
(b)
(c)

(d)

(i)

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:

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

For example, if the miain scale has divisions of 1 mm and the Vemier scale has 10 divisions over 9 mm, the least
count would be:

; 9m
Least count = 1 mm ~*'1"E" =01 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 10%

{a) 1.437 x 10? (b) 2.064 x 10°

Write the following numbers using correct prefixes:

(a) 580 x10% g - (b) 045105

(a) 58,000g = 5B kg (b) 45x10Fs=45us

Kinetic energy of a body of mass m moving with speed v is given by 1 /2 mv2. What are the dimensions
of kinetic energy?
The tormula for kinetic energy is given by

. S
=2m@
To determine the dimensions of kinetic energy, we need to find the dimensions of each quantity involved.

« Mass (m) has the dimension of mass, denoted as [M].
= Velocity (v) has the dimension of length divided by time, denoted as [LT"").-

‘1
MNow, the dimensions of K.E = > mv? are:

(KE] = (M] [LT "% = [M] [L*T-F)
So, the dimensions of kinetic energy are: [ML?T?],
This corresponds to the dimensions of energy or work,

How many significant figures are there in the following measurements?

(1) 37 km (ii) 0.002953 m (iii) 7.50034 cm (iv) 200.0 m
(a) 2 significant figures

(37 is whole number with no decimakpoint, and both d;gats are non-zero)

4 significant figures

(Leading zeroes are not significant, only 2, 9, 5 and 3 counts)

6 significant figures

(All digits are significant, including zeros between and after non-zero digits)

4 significant figures

(The trailing zero after the decimal point is significant, including precision)

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

- () Planck’s constant has the dimensions of action, which is energy multiplied by time.

[ﬂlass]xﬂ.ength}z [M] x [LF)

Ene = er-2
oy [Time]® m , i
Time=T
MLET2
S0, ﬂlmEﬂSmﬂS of Planck’s constant = LT x [T= [ML3TY]

(M
Angular velocity is the rate of change of angular displacement with respect to time,

Angular displacement is dimensionless quantity, so angular velocity has dimensions of ﬁ;_



Dimensions of angular velocity.= TTm-re]"' m 7 I"z' l]
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CONST RUL‘T ED HEPONSE QUEST[DNS
1.1 Why do we find it u:eful to I'uwe h\ro unlts fur the amnunt of : a suhstance. 'fhe kilogram arqid the mnie?

Ans. Having both the Inlugram and the mole as units for the amotnt of substance i usei‘ﬂlnﬁe:ause 1hey sen.re
different purposes in different contexts.

(i)  Kilogram (kg) is a unit of mass, which is used to quantify the amount,of matenahn terms of its physicalweight. It
is a practical unit when dealing with larger quantltuzs of matter or when mass is djrectly measured in
experiments or real-world scenarios. Ao waiiingd walnal o0l o Hi

(i) Mole (mol) is a unit of the amount of substance, used tocolnt entitlestike:atoms,dinolecyles; 'aHtun‘sf!Thdrrh‘nle bt
allows scientists to relate the macroscopic (bulk)) &mountofimaterial to the microscopic (atomic ur‘mbremmrj
scale. One mole corresponds to Avogadro’s number (approRimately (6.022 x 10%%)) of entities. 1
The two units are connected, as the mass of one mole oef&f.qlaitﬂ[cﬁ&s, ?ﬂHQiﬁmﬁsinﬂlﬂﬂ..tﬁfrﬁg} grafn:;rs; [I'hns .
relationship allows chemists to move seamlesﬂy bgtwcen macroscopic quanti (kg) 2 '_“!‘FF.‘_?SEC{I?"
quantities (moles) when cnn-ductmg expernments, perfnrmmg calculﬂtmﬂs or designing reactions. .
Thus, the kilogram is practical for measuring the total mass nf a sample. while the mole is fundamental for "’

Z/understanding chmiﬁtﬂﬂraifmbﬁs‘«andﬂrmeﬂulaf behavioun?ioe anivem o 226 o vbod 5 Yo ygrena sitenid 3.7

1.2 Three students measured the length of a rod with a scale on which minimum dhrfslbn is 1’ mm and
. recorded as: (i) 0.4235 m (ii) 0.42 m (iii) 0.424 m. Which record is ‘correct and why? <"}

Ans. To determine which student’'s measurement is correct, we must consider the least count of the nieaSurmg scale
and the concept of significant figures.
Given: The scale has @ivisions of 1immi =000 1 il So, the least count {'Emhllest measuraﬁle unit)as! m‘m m I.er
us analyze each measurement. k) 26 balonsi ovesanih @i 26 1 zdnky

() 04235m |' 11} 26 bitonsd s v hoboeeb drgoat & i
This has 4 decimal places, |e precision up to 0.0001 m, But the scale can r:mF':.r measure up to {} 001 m, so this is
more precise than the scale allows. e
Incorrect due to over-precision. RITT v

@) 042m T i) e v
This has two decimal places, i.e., precision up to 0.01 m, This | |s Iess pfecme th%p E},".Fﬁﬁ?l[%, Iepst cc:- un tj -t

_ Acceptable, though not using the full precision of the lnstrument. :
@iii) It has 3 decimal Eyaies {?reclsmn Gp t 0.001 R} This“miatches the |éast C%unf Hthe’ Hhsmrrnbnt‘ms Is the

correct measu my bEQBE. U (i) in k2

Conclusion - (095 ner 916 i o hos hinogdarmizen on i mdinun siodw o Gt

(iii) 0.424 m is the correct record because it reflects the appropriate number of 5|gnif:cant hgures baﬁd on:the IEﬂst id
count (1 mm or 0.001 m) of the scale. SIU0S £ Bng ¢ NG aneditings 10r SR BRI

1.3 Whyhthekilugmm{mtthtgmm} thuhauunitofma:s sepnt tnembingie i
Ans. The kilogram is the base unit of Ma4@h the International ISystem of Unitsi{SIp because: ofiits: htstoncal role)in
standardizing mass measurement. Initially, in the late 18th {entury the kilogram was defined:as the: mma:# a (b
liter of water, which was a practical atftPreproducibile referencelt 1% = 101107 | I6hian sl wiiE te oo
However, over time, the kilogram was I3jen-elpfined by 2. physical QRiect 253 iplatinum;: mqlumncylm‘qiqr Iggpl_: jat -
the International Bureau ﬁﬁlﬂﬂﬁ%‘q andnNeasyres @]Pwinm,francg.l This, was known .as -the 'Intematmnar
Prototype of the Kilogram.”
The decision to use the kilogram, rather than the gram,asithe: basr: unlt arnsefrurn 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 appljcations, {* 1104
In 2019, the kilogram was redefined based on fundamental tonstants, specifically Planck’s constant, rather than
a physical object, making ibmore atoyrateiand stablecin:terms, of scientific measurements.: But the. kilogram

remains the base umt foaq mass because of its hlstuncai and pfacncal sngmﬁtance
o znnianamib 2erl Vo eyt
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If @ and R both have the dimensions of [MLT], what are the dimensions nf_gf‘%ai’ if8 Ehe GAHY 3K in
(SIiF thé dilnensions of Q were differentfrom thosé bY R)'could We detérmine dimensions ot pr 1Y A

Ans. Given that the dimensions of both P and Q aré ﬁﬂﬁﬂizr'ﬂ['énathcﬁf‘me} e Can infer the followin ng:
() Dimensions of P

1”%&'#‘@&@3&%%\(@ Qﬂﬂkﬂ.?g%kﬁe’ ﬂgﬂ% ﬁljﬁafﬂgg'gm M ﬁrﬁ' e llfsm?(g“ will’ be tth sifrne as

nman.ﬂq (i}

£ 15110 10 m2 FpUGE .'r:h Jofmn o
ﬂﬂ%?ﬂﬂ‘]ﬁ&;ﬁpﬁfh’iﬁ'&“ﬂg boriaM nomsiuzsal (i)
Mp{fnensmniﬂ 15¢ 1{1 2wkl ont no yliaeub alsdz et pribea yd naNet 2 namausam ori :21aqilie2 1atmaV
“_“ Units of P in ﬁ d he di LTI | {aislg 226lp a1 9263 2Nk ni) Pajdo
ﬁmﬁiﬁug ﬁlkke {":\Jh?nﬁ I}] Hﬂl LEEPEHEE On}" wr_hTaEta“ ag?u[lMlun\i?lmES 1}F=sn=m zesm arlT mgu:,a woie
{ s uniis o ngrams: Q}- wleae e 9t b 9lede sidimid sy mo) nedsd 2 pnibee adr by W

. L{Length] has units of meters (m), o [r"rh aftl (i)
[ %ul [ \aq"’ﬂﬁ”?nﬁg“mﬁﬁf ?ﬁfi"?nﬂ? [fnh scpatr avloven yllsacred Hiw Erubsfn arlt apusp watz & pnizu naiw
&

9rm¢r?"ﬂ ‘?%Pf.?dﬂ:él WIH?@ 3t sponadw (tnsmanuzeam tonit o 2ovip rsidw) eledz aldrurt arll brs (alaoe
Unitof P=kgms Ansmeweeom arlt beoy of alsd2 1oy il s b

R dmens tnamoaizeaM afsid 22n {wi)

(i) If the dimensions of Q were different from those of R: M atsid 22kl )

21df,Q-and R have liffesent, dimensionss jtswould, e dmpossible o directly addhthem, becaysesthe, physical
quantities would not be of the; same.king.i1n.$hat fasenwe.cannof determina thesdimansions.of-Q i+ Riin a

. Shraightforward, manne, since, adding. Iquantjﬁgls_: with different .dimensions;dags. ngt have: Aﬂéﬁ'ﬂ!f phmcaf
1 BRIy 1 1govs o ugrat yent ii dairs @i 916lg 226lp ot 1 JovowoH yloeidang 910M 2RenANIM) BUl STLasemMm

1-5 What|s the:least count of a clock ifit Illnlzr.*:rrrl 1ot 1911ad yilEdigy! 216 290UGD WHI2 26 YIEILI36 S12Na Of
q.l HM' mnd‘" ﬁm‘?’ ” 'M w&mrﬁ!m s o ctpnal odf Yo pnibesr Pamon ey ez 8.0

15iraV st ol ma $0.0+ Yo 10ms ne 2i oradr i srupit add ni mwoniz

Ans. t:»k.ir'illz‘J fa'éh::ckl"rléflelrkj to the smallest time interval that can be measured by the clock’s handsidLet's
|$'°I: Hbm_ﬂ.fm}'

(a) Clock with hour’s hand, minute's hand, and secumﬂs’hanct priboo siesz misM enh
The second’s hand'moves one second per tlr.k. so thi least cquntis 1 $ééond.:1w prubisinios anil aloos wimaV

(b) Clock with hour's hand and minute’s hand: 10.0 = INEI200 1Y

The minute’s hand moves:ane minute peeﬂitk-'hm.'ﬂ'm hour's hand moves slower) The smallest intérval that'¢an
be measured is the movement ofithe; minute's hand, which corresponds to 1 minute. So, the least counts are:
(a) 1 second (b) 1 minute  maeAC = ch1pnol Laviaeas
1.6 How can the diameter of a round pencil Wﬁﬂﬂﬂl‘ed using metre rule with the same accmq Maf
Verni<: Callipers? Describe. ma
Ans. To measure the diameter of a routith pentil uﬂr@i mn'!le roléswith the same accuracy as a Vernier EaIIIpers.
follow these steps. ma YO.8 =

(i) Places ncils sidg.y siderpny .ﬂaws‘yﬁﬁmﬁﬁmwﬂgmmmwﬂmsjeamtﬁmfnre r

va

e 'mple.al;-pn— m':u to creats 3 |agger width, that can be measured mere aseuratelyo e odi = o i)
(H) Usp the matretrilé|to; measucg the, Sotal widih Pf.dhevieacked pencils.Ensuse Sbe: metre: ~ru1emi.s. plaged
pefpendicular _F_"l‘ﬁ‘e enicils for an;accurate reading, \siusiis 3o oisx bas snll mussl add e cbiniino

Note thelotal length, ensuring you,measure,fn ihs spallest Beshiple division.en she.metre ;FEJP.N anii mt
(iii) Divide the tofal width by the number of pencils to obtain the a%ge#mﬂm wwaz Badit:
(iv) By measuring the combined width of multiple pencils, any error in mﬁmgrm@ggd ouf, A0S, the. total
number of pencils. This effectively increases the accuracy of the ﬁuasuremen:. approaching the prmsmn of a
Vernier Callipers. mm 100 = 5T = :

Example: If 10 pencils measure a total width of 7.5 cm, the dlameter q[ one pencil is:

10 0al
m:ﬂTScm = 1 100 re I _,ﬂ!.'_

: 75¢
Diameter = 10

"This te ted'muque vediclS himan evorang ihénllmlmhuns of the meter "'mg mgd;}égiw Ilﬁqqrqéthg the, Iﬁ,rger

measure .
: mentmnge, mmITo=miS0+ mmeda=b

b tiw zzanshird? batranod 2urdl anil museb dnw 2abizimies snl 24

wen e = e FO0 - i T



1.7

Ans.

()

(i)

(iii)

(iv)

1.8

Ans.

19

AL

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?

When measuring the thickness of a glass piate with a screw gauge instead of-a Vernier Callipers, the key
difference lies in the precision and the method of measurement:

Precision ;

A screw gauge typically provides higher precision than a Vernier 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

Vernier Callipers: The measurement is taken by reading the scale directly 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.

Reading Differences . - '

When using a screw gauge, the reading will typically involve interpreting both the main scale (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.

Glass Plate Measurement

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 spindle and anwil, and the micrometer 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.

Write the correct reading of the length of a solid cylinder as |0 - H

shown in the figure if there is an error of +0.02 cm in the \rtmler
Callipers. ‘

Main scale reading =26cm

Vernier scale line coinciding with the MS reading =9

Vernier constant =001

Observed length of solid cylinder = M.S reading + Vernier scale reading
=26m+001cm=9

Observed length = 269 cm

Zero error = +0.02 cm

Zero correction : = -0.02 cm

Hence Actual length = 2.69 cm - 0.02 cm
=267 cm

There are 50 divisions on the circular scale of a screw gauge. If the head 35

(thimble) of the screw is given 10 revolutions, then the spindle advances 4 =-30

by 5 mm. There is also'zero error as the 2™ division of the circular scale =25

coincides with the datum line and zero of circular scale is below the 2

datum line. What is the thickness of a glass slab as measured by the .
escribed screw gauge shown in the figure?

Reading completed on the main scale = 6.5 mm

0.5mm
Least count =" ey *® 0.01 mm

]

. Zero error = +0.01 mm

Zero carrection =-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:
677 mm-0.01 cm = 676 mm



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 numbe: *
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

% T ; £
speed of light in a medium, n=7

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
~ sheet of paper. The student folds the paper three times and O
measures the total thickness of the folded sheet. Assume that
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. / ] )

sBREH

0.5 mm :
Ans. Least count = 50 = 0.01 mm

Reading completed on the main scale is:

1 mm + 26 x 0.01 mm = 1.26 mm

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:

126 |
~S < 0158 mm

1.12 Round off each of the following numbers to 3 significant figures and write your answer in scientific
notation.
(a) 0.02055 (b) 4656.5
Ans. (a) 0.02055
Rounding to 3 significant figures:
0.0206~ _
In scientific nﬂtafiﬁn,'ft can be written as;
2,06 x 10° -
(b) 46565
Rounding to 3 significant ﬁgures
4660
In scientific notation, it can be written as:
4.66 x 103

- COMPREHENSIVE QUESTIONS.

1.1 What is meant by uncertainty in a measurement? How the uncertainty in a digital Instrument is
= Indlﬂm

Ans. SEEQ 7

1.2 'Differentiate between the terms precision and accuracy with reference to measurement of physical
quantities. |

Ans. See Q. 14 %

1.3 (a) What is meant by significant figures? Write two reasons.for using thern.in measurements. How to find
the uncertainty in a timing experiment such as the time period # a simple pandnlum?

T,

Ans. See Q. 8 and Q 9 -
() The mass of a solid cylln:l!rh 12.85 g. Its length is 3.35 cm and diameter is 1.25 cm, Find the d:nmy‘mL

its material expressing the ume:ﬁlntyin tha density. R~
Ans. The densl.ty p is given by —~

)



m .algmexs sno avid Tylitncup 22slnoiznamib & 1n.ﬁr-cl trssm zi tsd'W
i 9w 5 211 By -al!ruaml‘} lsdzyilc) on bis 2finu on 260 161 Vineup 1edizydg 6 21 YInslp 22slnoiznamib 4
For a !ﬂlrd qflmder the volume:iss 2 2tinu ardl swwdw zaititneup o noilenidmos o oifey arif moll Qn::llu.::
tost s o dripil fo baoge gols 3o oites il 2i 11 \gisneup z2alnoiznamib & 2i xobni svieitor 9dT slgmexd
V=nrth= n(—) h 2 :
\2 ; = muibam & m idpil 1o basge
Ghen values:
s é%u wmib prctsm Juo foones 2tinu sdi ("2m) 2tinu 9mez ort sved v bns 3 ffod sami2
of ripn l e ’ro 'm?i .u*stﬁ irosmie enetbsy m slgne 2i ‘@‘ﬂﬂﬁup zzslnoiznamib & 1o slgmexs nommod 1erii0
2 1
Dlam ter =1 251:m A

nt dheeriagidaid? sds snirmiasab of spucp wsiz s 2szu insbutz A

brs zomit sowdr vagsag adt zblot fnsbutz odT .1ageq 1o 19ade
= +0,0P8H 2mua2A sadz bablel arlt Yo 229mbiddt lstor sy 2:w2Bem
wod2 1o gnibssy odT .opusp w12 odf ni 1oms orax on 2i svadt

Wea é@gﬁgﬂh dar

or.t
nA

FrT

2nA

As r= i 0.625 cmiasrlz adt Yo 2zandairz ads baid .owpit o al nwm{z zi apuLp
Volume V=1 (0,625 cm)? (335 cm) = 3. 14x 0.3906 x 335 = 4,111 cm? ... 20 3 Ny o
12‘35 rmrn = DE = Jru I~
Density p =—93s 3.12& gcm™ i mks , " "
4111 cm :2i alesz nism 9rld no batslgmod pnibssA
Now ' ; mmas| = mm (00 = d% + mm [
Uncertainty in Volume: anil mutsb ririw 2abidniod anil “as aA
AV 2ad  Ah Lmien 95.7 21 29p6q £ Yo 22anddird) bsi>anod narlt 019 2i neifdsnod oves i
Ve d Y ad lliw ap6q alpniz & 1o 22emiidT
av 001 0.01 mmast

82ron =
e =2x 125 33511:!]015*13[103 =0019 MM 8

sititne=izgont SowenaENg 0T9%+401Y 20078 ciiboitinpiz £ of :admun pniwollot adt 1o dass Yio bnuoh
Uncertainty in Density: .noiseton
Ap Am AV 2. d2ab (d) 22080.0 (s)
P " m*V £2050.0 (8)
: t tneaitingiz € or pnibnuof
_p_ 001 0078 sy gl 2ig
=32.85 Y4111 snmmmgaamga | uGED.U_
6p = 0.0198 x 3 125’ 0.062 g cm? 26 naniw ad ned 1 noilslon ahinaizz nl
5 i 1 ¢
Final answer is: * Or » 308
c.a2ah

p=313+006 g cm™
1.4 Explain with examples the writing of physical quantities into their di

Ans. See Q.76 and Q. 19 26 nattivw ad ne2 1 nolelon Jtitnume nl

1.5 Guchthhmmgmeitynfunnhﬂon.l_'_ f ‘Or « 3.p
2 { amzhauaﬂqmm
2i InaroiRere Vi e wﬁmﬂwm AlAPEtened $tiing amww lavid mass ! W
Shateaibni
Ans. See Q. 17 Ao BT

iesieyrlq To rasmiziuzesm of sonkaalg stk oowtad o1sitnsiaRid
1.1 Astronomers usually measure astronomical . =365 x 24 x 60.518Qcup
distances in light years. One light year is the =31535m?5_ AT

beiit of wlistange-that.light teavelelin.one yortalf.speesh{ orivw Searwpit inesitinBiaJa3Rlisll S 26aw (s)
» of light is 3 %10htwsd, whatis oo light yeab ini{ 26 riouz $Pead Sk HORFNFE R SN IO b

metres? ] ToFind: Distancé =52 D hin & 0ol
Yo RPN (1 hinid .o 25,1 2i istemeib bns m> 2E.E 20 dspnsl a;rE 3 %Iﬁ 2i 18bnilbYo? B0 226m odT
Given Data: tiznpb arit o1l gnizzoiguo Isinedsem 29i

SR

2nhA

{d)

owgil Ineatingiz £ o1 prubnucH
mw%ummhmnn.

It

2nh
st

2nA
E.l

2né
(d)

Time=t=1 year - . 5 3@@y‘ﬂ£ﬂr %?é;ﬁf‘}?lq? $nA
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Solution:
(a) »

R

(b)

1.3

Solution:

"To Find:'

P 1

OBV

ol o =946 10 IM0s

[One light year =915 k10 hmj\Ans.T boiag |
Write the estliiiated’aisiWér of the following in i «i*
v A wntla,.c 129 41:decimab place) 12#ts yiinolav

i dod adt Yo oo [i

standard form.

(b) How many years arein 1 sdcond?

o Vi vi1g of aub noitntaladas (vi)

Elven Dt noitulod

\

‘Tlme ='1 year

i T i H jl.nq"\

« J.OP

'Number of seconds’ |h 1 ye#_r = i e ‘
Calculations: 7 TR

Dnej}ear = 365 = 24 = 60 x Eﬁs

2l 31536000 8¢ !

nulyyS3evie’s |
|une*,rear =32 x 107 s +

it e A0 aneaEn

nnnnnn

Given Data: 'l_ fupn :
: 1 .oiTime = 1 second
ToFind: 1] r NOGUIVR L
Number of years in 1, SEF‘-"ﬂd;r Snimumecu
Calculations; ) Yt o) = 11
1year & 3, 153 x'I:
3.1536,x107 s - s = uear

aURS wold

or 15 =

= 1535 x1
lone secund 5.1 = 100 years| !

The length and wid‘th of a reclangulir plate an!
measured to be 18 3 ‘em and 14, 60 em,
respectively. Find the area nf the Elste nnd state
‘the ‘answer to correct nun-rber at' s:gmﬁcam

figures. ‘ I

|
Given data: !

Length = L FEStm{S mgﬁiﬁcan’t“f'gures} |

Width = W =-14.60 cm (4 significant-figures)|
To find: |

. Arga = e lnait o1 pbr I'."Il.!-l !

C:Icuiatinns.

Arbals Length ::lelh
or A =L=W ,
or = 18.3 cm = 1460 cm = 267.18 cm?
When multlplwng or dividi ing, the result should be
reported with 'the same numbeér “of significant
figures as the value! with cthe fewest significant
figures. So, the ‘result should-be given to 3
significant figures.

Thus A =267 ecm?

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

() 3.197 (i) 0.068

ravig 2T |

ﬂ'T years - R

Ad

-

a

A TRV p E A H '-Lehgtﬁ ‘:I'_IJ:E =I5 3.'5‘{“"; 2Rk

-

foike uﬁ

ent '[II“ 33 !\f ﬂﬂf!u.'.‘ﬂqng Jii‘tvl 3{;3 .

. T gwer?rnas es are; i :
Lifini o 13 Y9714 n‘lﬁ?FﬁEes‘i craiznsmi

nﬁﬂﬂﬂmﬂaﬁﬁj ﬁlgbeﬂ o Jyhsolovw

S = 3 326 (2-decimalplaces) cucmel ot

Adding the numbessiziznos yilsnoiznamib '
3.197 + 0.068 + 3.28 + 3.28 = 204457102

Ruunﬁing off the result Aan) vavio

, The result must be rounded off to 4, decimal place,

. as the least precise measurérnent is 139 kg
i E‘The‘ré-'fﬁ"ré""‘”dfﬁ'b adr 26 v ol .

I" T4 = fal anop gif) 266l '8 noilsroaladdA
arail o, 2 .*A"n‘lsr:- nemassigeid ¢
1 5 The diamemr an:l length of a ‘metdl cylinder
) .p# 1measured with thechelpnofa Vemnier Callipers of
least count 0.01 cm are 1.22 cm angd,5.35 cm
- Fespectively., . Calculate,, its,volume and
un:eruintyin it. . [T =
. Solution:
Gm,n‘d:t;u. s rael 2.0
Digvnéter. iﬂdfﬂ D0k AP anm-.rnfmﬂ

' vl = [%v]

iy syoteandT
Least count of Vernier Callipefs -'“ﬂﬂ"t'fﬁﬁ‘i"
So, uncertamtyirsdanu!h, l&d 4h = 001 em

ot rCal:lllﬂm iz averl 2 3}
' To'scalculate’ volume ‘:,md s :Uncertainty for a

qﬂﬁ’}a ni: m“alﬁs 3? ’%’R?”'?mi* worie .1
EMLHJR titz zi " =3

g

He

noitulo?

Putting the values 54601 navio

u 3.14 « (1.22 cr)?%.5.35 cm
4 :2naitaiudled
3.14 x 1.488 cm? % 5.35cm 2. HJ
Ve bM= W - 3
2500183 M1 = T3] o2
i) . Vs P "'!1.535'57!',13 10
For uncertainty in VO ume: . <.H.A

AV ad Tafd 1M - Com
(i} . Vg AR T =m0
av ? .wﬁf‘ urm,l i) b'ﬁ“l i) noitsups mond

7 i_.r *322*53gm =3

f MOBGUPSs 91 E’Z#WJWWB?W'“ arl7 2A
naHRIPS  9vatea1i 4 ﬁ:m‘f”‘i amee o)

= Dmsz?irrmanm vHenoiznarmib

lginiz W‘Eﬁl?ﬂﬁﬁﬁ tHE 369

AT zizyico ULWTMZEW muluba nq
-&1,142:11?

Thus V = (6.25+0.11) cm?




1.6

Show that the expression; vf"— v = 2a§ is.

dimensionally correct, where v is the initial
velocity, a is the acceleration and v, is the
velocity after covering a distance §. Show that
the famous “Einstein equation” E = md s

dimensionally consistent.
Solution:
Given that:
""1 - v = 2aS I (] ]

1.7

Velocity 'v' has the dimensions: [v] = [LT-"]
Acceleration ‘a’ has the dimensions: [a] = [LT)
A Displacement or distance 'S' has the dimensions:

S1=1

Dimensions of left hand side (v~ v?) of Eq. (i)

are:
Since both v; and v; have the same dimensions, so

v = v = LT = (LT
Therefore, the LH.S has dimensions: [L2T9)
Dimensions of R.H.S of Eq. (1) are:
In 2aS, the constant ‘2" is dlmensmnfess. so we only
consider 'a’ and °S'.

[al [S] = [LT2] L] = (LT3
Since both sides have same dimensions, therefore,
the equation v;?- v = 2a$ is dimensionally correct
Show that the famous “Einstein equation”
E = mc’ is dimensionally consistent.

Solution:

1.8

Given Data:

E = mc
Calculations:
LHS
As E=W=Fd
So (€] = [MLT™) [L)
or (8 = (MLPT )
R.H.S

[mc) = (M) LT}

or [md) = METY . (i)
From equation (i) and (ii), we have '

E=mc
As the dimensions of both sides of the-equation are
the same, therefore, the above equation is
dimensionally consistent.
Derive a formula for the time period of a simple
pendulum using dimensional analysis. The

various possible factors on which the time
period T may depend are:
(i) length of the pendulum
{if) mass of the bob m
(iif) angle © which the thread makes with the
vertical
(iv) acceleration due to gravity g.
Solution:

Assume T I* m® g%0¢ e (i)
Angle 9 is dimensionless (it has no physical units),
so it cannot be included in dimensional analysis.
Equation (i) becomes as:

T=kPmb®g" 1)
where k is dimensionless constant.
Writing the dimensions of all the quantities:

Tltimpeﬁod] =M
'iﬂcnglh} =
m!mass} =M

g{grwilal‘rona! acceleration) m

Substituting dimensions in Eq. (ii)

m = [L]" [M]t' [I.T"‘?']: =L® Mb Le T2

[T] = [L®* € MP T-% ;
Now, equating powers of fundamental dimensions
on both sides;

Powerof :a+c=0

Powerof M: b=0

Powerof T: -2c=0
Now solving the equations
From - b=0
It means that mass has no effect on time period.
From -2c=1

-1

ar C‘-‘:

From a+c=0
]

or a=-—c=j3
For finding the final expression:
[
T:kxf‘ﬂg'”z=k - E
This gives: :
[
T=k™\|T
g

{
ar T= mnstantﬂ




