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In this unit student should be 2

Describe Physics.
Describe the scope
technology and society.
State SI base un Ry

pe temperature and electrical quantities by

making use of both analogue scales and digital

splays particularly, short time interval by ticker
timer and by C.R.O.
Check the homogeneity of physical equations by
using dimensionality and base units.
Derive formulae in simple cases using dimensions.
Why all measurements contain some uncertainty.
Distinguish between systematic errors (including
zero errors) and random errors.
Measure the diameters of few ball bearings of
different sizes and estimate their volumes mention
the uncertainty in each result.

1E8 I eRtS

Analyze and evaluate the above experiment and
suggest improvements.

Assess the uncertainty in a derived quantity by
simple addition of actual, fractional or percentage
uncertainties.

Identify dependent and independent variables.

Draw line of best fit and error bar

Draw extrapolation.

Write answers with correct scientific notation,
number of significant figures and units in all
numerical and practical work.

Identify that least count or resolution of a measuring
instrument is the smallest increment measurable by
it.

Differentiate between precision and accuracy.
Explain why it is important to use and instrument of
smallest resolution.

Explain the importance of increasing the number of
readings in an experiment.

Interpret the information from linear or nonlinear
graphs / curves by measuring slopes and intercepts.




Unit 1: Physics and Measuvements

Measurements in physics play a crucial role in DO YOU ,

understanding and quantifying physical phenomena. They ~ KNOow<®
involve the determination of various properties such as ———
length, mass, time, temperature, and energy. Precise and Migrating birds use celestial

accurate measurements provide the foundation for = cues and magnetic field generated

scientific investigations and the development of theories by Earth's molten core to reach
and models. their destination

1.1 Scope of Physics:

What do fly birds, moving automobiles, looking blue
skies and vibrating cellular phones have in common?
They all follow physics or physical laws.

Birds use the difference in air pressures above and below
their wings to keep them aloft. Automobiles follow the

principles of mechanics and thermodynamics to transfer stoged ga moving tires. The
sky seems blue when sunlight strikes and scatters off nit aﬁs oxygen molecules in the
atmosphere. Lastly, cellular phones use electronic & and the principles of

electromagnetic waves to transfer energy and infg ne to another phone.

1.1.1 Physics:

Physics 1s a branch of science that see and describe the fundamental principles
and laws governing the natural wqrl sses the study of matter, energy, space, and
time, and how they interact wit

The goal of physics is to d¢vglop of mathematical models and theories that can explain
and predict the behawigr cal systems. These models are based on observations,

experiments, and me ments, and are refined through a process of hypothesis testing and
verification.

m. It includes concepts such as Newton's laws of motion, kinematics, momentum, and
rgy.

Electromagnetism: Electromagnetic theory explains the behavior of electric and magnetic
fields, as well as their interaction with charged particles and currents. It encompasses topics
like electric and magnetic forces, electromagnetic waves, and the principles underlying
electricity and magnetism.

?\—
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Thermodynamics: Thermodynamics deals with the study of heat, energy, and their
transformations. It explores concepts like temperature, entropy, energy conservation, and the
behavior of gases and fluids.

Optics: Optics focuses on the properties and behavior of light. It covers topics such as
reflection, refraction, diffraction, and the interaction of light with various materials and optical
systems.

Quantum Mechanics: Quantum mechanics is the branch of physics that deals it
behavior of particles at the atomic and subatomic levels. It describes phenomena th:

mechanics cannot explain, such as wave-particle duality, quantum superpositigp;~amnd
entanglement.

Relativity: Relativity theory, including both special relativity and genefal relati deals with
the behavior of objects in extreme conditions, such as those inyolving, It eds or strong
gravitational fields. It explores concepts like time dilation] gth coftraction, and the
curvature of space-time.

These are just a few examples of the many subfigld
role in understanding the fundamental nature o
particles to the vast scales of galaxies and
advancements and has practical applic
medicine, and telecommunications.

ics. Physics plays a crucial
from the microscopic world of

6us industries, including engineering,

1.1.2 Physics: Scope in Sci¢gnge, ology and Society:

Physics plays a significapt~gole e, technology, and society across various domains.
Here are some key aspect ¥ghting the scope of physics in these areas:

Science:

hysics provides fundamental laws and principles that form the basis of
tural world. It explores the behavior of matter, energy, forces, and their
bling scientists to develop theories and models to explain phenomena.

understanding. It seeks to uncover new insights into the nature of the universe, from the
microscopic realm of particles to the vast expanse of the cosmos.

Interdisciplinary Connections: Physics often intersects with other scientific disciplines, such
as chemistry, biology, astronomy, and geology. It provides a framework for understanding
complex systems and phenomena, facilitating interdisciplinary research and collaboration.
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Technology:

Engineering Applications: Physics principles are employed in various engineering fields. For
example, electrical engineers rely on electromagnetism, materials engineers utilize quantum
mechanics, and mechanical engineers apply laws of motion to design and optimize
technologies.

electronic devices, telecommunications, and information te
semiconductor physics, quantum mechanics, and electromagnetis
these fields.

Society: o

Medical Applications: Physics contributes t
scans, MRI, and ultrasound. It also facilita
and medical diagnostics.

aging technologies like X-rays, CT
ts in radiation therapy, laser surgery,

understanding the properties of materials and
developing new materials applications, including electronics, transportation,

construction, and energy teghifologi

Environmental St hySics plays a role in studying climate change, atmospheric
physics, and ' onitoring. It helps in developing sustainable technologies and
i of human activities on the planet.

erall, physics provides the foundation for scientific advancements, technological
itfnovations, and a deeper understanding of the world we live in. Its scope extends across
diverse fields, contributing to the progress of science, technology, and society as a whole.

1.2 SI Base, Derived Units and Supplementary Units

Units are standards of measurement that are used to express physical quantities such as
length, mass, time, temperature, electric current, and many others. Units provide a way to
quantify and compare the magnitude of physical quantities, and to communicate these
measurements in a clear and concise manner.
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There are various systems of units, including the International System of Units (SI), which is
the most widely used system in the world. Other systems of units, such as the British system or
the U.S. customary system, are also used in certain regions or industries.

1.2.1 SI Base Units:
SI units, also known as the International System of Units, are a system of units used for
measurement that has been officially adopted by the International System of Units (SI). This
system is used for scientific, engineering, and technological applications, and it provigé
consistent and standardized way of measuring physical quantities.

Tablel.1 SI Base Quantities and Units 7\
Unit Abbr::vation

Quantity

Length meter m
- Time second s
Mass | kilogram N g
" Electric Current ampere (\ \ O
~ Thermodynamic Temperature  kelvin gy \
' Amount of Substance ' mole A\\) mol
Luminous Intensity ca a(oA Y cd
\7
SI Derived Units: \
Derived units, in the context of ) ¢ units of measure that are defined based on
combinations of base units. In nte nal System of Units (SI), there are many derived

units that are used to express dif] sical quantities.
Derived units are those whichare ed by the multiplication or division of base units.
For example, the SI unit o g »the derived unit newton (N): One newton is equal to

' liter/cubic meter

' square meter - m
» Force ' newton N
Speed / Velocity " meter per second - m/s

Supplementary Units:

Supplementary units, in the context of measurement, are units of measure that are not
part of the base units in the International System of Units (SI) but are used to express
certain physical quantities that are not directly covered by the base units.
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Supplementary units are the dimensionless units that are used along with the base units in the
SI units. Supplementary quantities are geometrical quantities of circle and sphere.
Table 1.3: Supplementary Units

Physical  Supplementary S

Quantifies unit ymbol Definition
A unit of measurement of angles equal to
57.3° equivalent to the angle subtendgd at
Plane .
Radian rad the center of a circle by an arc ed
Angle
length to the radius as shown i
().
The solid angle subtende of a
Solid Steradian St sphere by an aree'l S ual to the
Angle square of the radiu thatssphere as shown
in figure 1.k
‘:)’
/— T S
0 / Il
—, o “
R Steradian
Fig: 1.1 (a) and (b)
1.2.2 Deriv ; its bducts or Derived units as quotients of the base units.

pfined based on a combination of base quantities and has a derived unit

Symbol Product / Quotient SI Base Units

Pascal Pa N/m? kgm's?
Energy / Work Joule J N.m kg m? s
Power Watt W J/s kg m* s
Electric Resistance = Ohm Q V/A kg m* s” A”
Capacitance Farad F C/V kg!' m?s* A’
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Conventions for units in physics follow established standards to ensure consistent and

standardized communication of measurements. Here are some key conventions for units in
physics:

1.2.3 Conventions for Units:

International System of Units (SI): The SI system is the globally accepted standard for units of
measurement in physics. It provides a coherent set of base units and derived units that
various physical quantities. The SI units are used to express measurements consisteqtl
facilitate scientific communication.

Base Units: The SI system defines seven base units, which are used to exp e@‘
physical quantities.

Prefixes: The SI system incorporates a range of prefixes that can be base units to
represent multiples or fractions of those units. These prefi ake Tt=Casier to express
measurements across a wide range of magnitudes. Some co fa¥ixes include kilo (k),
mega (M), milli (m), micro (n), and nano (n).

Appropriate choice of units: Iffig
being measured. Using co
representation of physical or example, using meters per second (m/s) for speed
and meters per second squ %) for acceleration.

1.2.4 Meagure niques:

To measu physical quantities, various techniques and instruments are used. Here

Moredver, there are certain digital methods to measure the length such as laser rangefinders,
digital sliding cliper, odometer, etc

Mass:

Physical Balance: A balance or weighing scale can be used to directly measure the mass of an
object. In some cases, mass can be inferred from measurements such as weight (force due to
gravity) using the appropriate conversion factors.




Time:

Mechanical clocks: This is a traditional method that uses a
mechanism, such as a swinging pendulum or a rotating
escapement, to keep time. Examples include grandfather
clocks, cuckoo clocks, and wristwatches.

Atomic Clock: For highly accurate and precise time
measurements, atomic clocks, such as cesium or rubidium
atomic clocks, are used.

Measurement of Speed by the ticker timer:
The ticker timer is simply a piece of apparatus that we use to
measure time. When you work out the speed of an object you
need to know how far it goes in a certain time.

Slow

———— e — -

1
1
1
[
1
1
Getting faster :
1
0

D
" KNOW 2

In ancient times su
shown in figure belo

ime Measurement Devices
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-

Sandglass
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"A. KNow‘ .
Solar daytime, or simply

"daytime," refers to the
period of the day when
the Sun is visible in the
sky. It is the time between
sunrise and sunsetf

yard are
units  of
based on body
6 - However, these
its are not reliable as the
length of body parts varies
from person to person.
Therefore, people realized
the need for Standard
Units of Measurement

i:: sz@nd pendulum were used to measure time each of them is

4 . /Hg\ N
%@E

Pendulum

Activity: Make a water clock by using two water bottles with some color liquid. You are

going to create ancient time piece.
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Temperature: A)
Thermometer: A thermometer can be used to measure temperature.
Various types of thermometers, such as liquid-in-glass thermometers, ggqe
digital thermometers, or infrared thermometers, are available for different
temperature ranges and applications (Fig: A).

Thermocouple: Thermocouples are temperature sensors that utilize the
temperature-dependent voltage across the junction of two dissimilar
metals. (Fig: B).

Reservoi

Fig: 1.

Measuring Instruments for electrical quantities: (B
Voltmeter: Voltage can be measured using a voltmeter,

which is connected in parallel to the circuit or component  junction
being measured.

Ammeter: Current can be measured using an ammeter,
which is connected in series with the circuit or component

etal 2

. H ource

being measured. Fig: 1.3 (B)

Ohm meter: Resistance can be measured

ohmmeter or a multimeter, which measures 8 Typical thermistor

resistance of a component or circuit (Fig: C) E 7 ©
&l Linearized

Cathode Ray Oscilloscope (C.R.0):

thermistor (Two parallel resistors)

electronic ,
Temperature
measurement .
. Fig: 1.3 (C)
e common techniques
€RO can be used to measure the  JAMMN -
aying its waveform on the screen. WV H)

Fig: 1.4 (CRO)
N — fmmn S

ensionality:

Dimension: the nature of a physical quantity is known as dimension.

The dimensions of length, mass and time is dented by [L], [M] and [T] respectively. Also, for
electric current [A] and thermodynamic temperature is [K]. As derived quantities are products
or quotients which means formula may differ but their dimensionality is equalized.

The dimensions of a physical quantity are the power to which the units of the base quantity are
raised to represent a derived unit of that quantity.

Displacment _ [L] _ [MOLT_l]

Velocity = a2 7]
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Here the dimension of velocity is zero in mass, one in length and negative one in time.
Some dimensions of physical quantities are given as under in table 1.5.

Table 1.5: Dimensional formula for various physical quantities

Physical Quantities Expression Dimensional Formula
Area Length xBreadth [L?]
Density Mass/ volume [ML™]
Momentum Mass x velocity [MLT?]
' Work / Energy ' Force x displacement | [ML*T?]
Electric Charge Current x time [AT]
Gravitational Constant | [Force x(distance)’] / mass> | [M'L7f
' Moment of Inertia - Mass x (distance) | ]
Moment of force ' Force x distance | >
Angular Momentum Linear Momentum x dist [o ]

" KNO ?

—’_"— @
Applications of Dimensionality:
St

Dimensionality is a fundamenta

e To check the cons
e Toderivet
e To change

o#imensionality are:

t give information about the dimensional constant.

formula containing trigonometric function, exponential functions, logarithmic
function, etc. cannot be derived.

It gives no information about whether a physical quantity is a scalar or vector.

1.3.1 Homogeneity of Physical Equation by Dimensionality:

Dimensionality or dimensional analysis is a technique used in physics to check the consistency
of equations and measurements. It involves analyzing the dimensions of each term in an
equation to ensure that the units on both sides of the equation are equivalent. If the units on
both sides do not match, then the equation is either incorrect or incomplete. Dimensional
analysis can also be used to derive equations for physical quantities by analyzing the
dimensions of the various terms involved.

] \—
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For example, S = Vit + ' at® expresses a relation between distance, speed, acceleration and
time. The dimensions of each quantity are added on both sides and then found equal i.e., [L].
So, equation is homogenous equation or dimensionally correct.

. Worked Example 1.1
Show that the equation for impulse Ft = m Vi—m Vi = m (V¢ - Vi) = m AV is dimensionally
correct.
Solution:

Step 1: write above equation in dimensional form we have.
[MI[LI[T?I[T] =[MI[L][T]" + [M]J[L]T]"

Step 2:

Therefore [M]L][T]" = [M][L][T]" and the equation is correct, bo
dimensions of momentum.

1.3.2 Using dimension to derive equation:
Consider the oscillations of a simple pendulum. We assumgath: e %iod of the pendulum
[T] depends on following quantities:

(1) the mass of the pendulum bob [M]
(i1) the length of string of the pendulu @

(111) the gravitational acceleration

Therefore, the equation can be writtengs;
T=km"I"g"
Where x, y and z are unknown p@wers is a dimensionless constant.

The dimensional form is
[T]= [MJ [L} [L} [T
Equating the indj M\L{and T on both sides of the equation, we get:

M:0=x
L:0=y+

AV,

geinal equation therefore becomes
T=k(1/g)"
Which is what we would expect for a simple pendulum. Dimensionality does not give us the

value of the dimensionless constant k which can be shown by other methods to be 2m, so it
becomes
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1.3 Errors and Uncertainty:
Error and uncertainty are two related but distinct concepts in various fields, including
statistics, science, and engineering. Here's a distinction between the two:

Error: Error refers to the discrepancy between a measured or observed value and the true or
expected value.

The main difference between errors and uncertainties is that an error is t.
the actual value and the measured value, while an uncertainty is
between them, representing the reliability of the measurement

1.4.1 Uncertainty in measurements:
Any experiment will have a number of measurement cbwill be made to a certain
degree of accuracy. There is always a degree of ungertamtwwheh measurements are taken; the
uncertainty can be thought of as the difference ] ctual reading taken (caused by
Uncertainties are not the same as

errors
» Errors can be because of iss pent or methodology that cause a reading to

be different from the s
» The uncertainty is a g4
is expected to lie,

For example: The ca
a stop watch to

second. and e to find distance to the
nearest of: (for small distances in a
laboratgq useful to have a rough idea of

at you might expect before starting

stematic error and Random Error:

ors are common occurrences in Physics and
there are two specific types of errors that may
occur during experiments.

Systematic Errors:

Systematic errors are errors that have a clear cause
and can be eliminated for future experiments as shown
in fig: 1.5.

Figure 1.5

?\—
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N o

Instrumental: When the instrument being used does not Function properly causing error in the
experiment (such as a scale that reads 2g more than the actual weight of the object, causing the
measured values to read too high consistently)

There are four different types of systematic errors:

Environmental: When the surrounding environment (such as a lab) causes errors in the experiatent
(the scientist cell phone's RF waves cause the geiger counters to incorrectly display the radiagion

Observational: When the scientist inaccurately reads a measurement wrong (s ﬂ t
standing straight-on when reading the volume of a flask causing the volyme |t orrectly
measured)

Theoretical: When the model system being used causes the resul be inatetfate (such as being
told that humidity does not affect the results of an experiment wher\t lﬂloes)

Random Errors:
Random errors occur randomly, and sometime b e/cause as shown in fig:1.6.

There are two types of random errors:
Random Error
Observational: When the observer K nt
t p A /J ) »/'A’_,

observational mistakes (such n scale
correctly and writing down values{ tifat ar antly too
low or too high)

Environmental: n le changes occur in
the environmen expariment (such as students
repeatedly openin g the door when the pressure
is bei cawsimg fluctuations in the reading)

Systematic Errors are errors that occur in the same direction consistently, meaning that if the scale
was off by and extra 3lbs, then every measurement for that experiment would contain an extra 3 Ibs.
This error is identifiable and, once identified, they can be eliminated for future experiments

Random Errors are errors that can occur in any direction and are not consistent, thus they are hard
to identify and thus the error is harder to fix for future experiments. An observer might make a
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mistake when measuring and record a value that's too low, but because no one else was there when it
was measured, the mistake went on unnoticed.

1.4.3 Measure the diameters of a few ball bearings of different sizes and estimate
their volumes. Mention uncertainty in each result. analyze and evaluate the above
experiment and suggest improvements.

To measure the diameters of different-sized ball bearings and estimate their volum
assume we have a caliper with a measurement uncertainty of £0.01 mm. Hereg e
of measuring three ball bearings and estimating their volumes:

Ball Bearing 1:

Diameter measurement: 512 mm + 0.01 mm (u t
diameter

h er)
Radius = > = 256 mm + 0.005m Ar
Volume = gm’3 _2 @ o
~ Ar is very small as compared to r so th r@ and higher power will be
neglected
Vo % + 4mtr?Ar
V+AV = 4@ + 4(3.14)(2.56)2(0.005))
@b 0.24 + 0.41)mm3

Volume of ball bearipg 1 is e 70.24mm?3 with uncertainty of 0.41 mm?

Ball Bearing
Diameter measurement: 3.78 mm
Radius = diameter/2 = 1.89 mm

0.01 mm

+

+ 0.005 mm
4

V+AV = 57[1”3 + 4mr?Ar

V+ AV = (28.26 +0.22)mm3
e of ball bearing 2 is found to be 28.26mm? with uncertainty of 0.22 mm?

Ball Bearing 3:
Diameter measurement: 7.25 mm + 0.01 mm
Radius = diameter/2 = 3.62mm + 0.005 mm

4
V+AV = §nr3 + 4mr?Ar

V 4+ AV = (198.60 + 0.82)mm3
Volume of ball bearing 3 is found to be 198.60mm? with uncertainty of 0.82 mm?

j \_
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Analyze and evaluate the above experiment and suggest improvements. '
Now let's evaluate the experiment and discuss potential improvements:

Measurement Technique: The use of a caliper is a common and practical approach for
measuring ball bearing diameters. However, to improve accuracy, consider using a
digital caliper with higher precision and readability. This can help reduce
measurement errors and enhance the quality of the results.

multiple readings for each ball bearing and calculate the average. This
random errors and provides a more accurate representation of the t

Calibration: Regular calibration of the measuring instrumgnt, s

crucial to ensure accurate measurements. Ensure theaca ibproperly calibrated
before each measurement session to minimize systemat
y in the volume calculations

Uncertainty Analysis: While we estimated ’0"

based on the uncertainty in the radius % is important to consider other

potential sources of uncertainty, suchSas\t dgufacy of the volume formula and the

assumption of perfect spherical comprehensive analysis of uncertainty
nt

should involve considering al e rces of error.

control measures to ensure the ball bearings used
ent shape, surface quality, and are free from defects that

yield more accurate and reliable results.

. Worked Example 1.2

If the'Yadius of sphere is measured a 9 cm with an error of 0.02 cm. Find the approximate error
in calculating its volume.

Solution:

Step 1:

R=9cmand AR =0.02 cm

Volume of sphere = gnr3 By differentiating both sides, we get

AV AR
=3 —
R

v
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AV AR 0.02
T =3 xT=3x(22)=0.0067
So, the error in volume calculation is approximately 0.67%.
Step 2:
4
V = —mR3
3T

4
V.= -§><1'r><(93)=904cm3

The absolute error in volume is approximately 904 x 0.0067= 6.1 cm’
Therefore, the approximate error in calculating the volume of the sphere is 6.1 ¢

 Worked Example 1.3
If radius of a sphere is measured as 7.5 cm with error of 0.03 cm, thgsapproximate error in
calculating its volume.
Solution:
Step 1: o

Let R be the radius and V be the volume of the s

V= g niR3 Differentiating both sides, we

Let AR be the error in R and the corresp. w’V is AV, then
AV .03) T
V_< 757

Step 2:

IfR is given 7.5 cm and A 0.03 ¢

V=:m75"=176AL5c

The absolute error in @m is approximately 1767.15 x 0.004 = 7.1 cm®
Therefore, t 0X € &rror in calculating the volume of a sphere is 7.1 cm’.

xJZalculation of Derived Quantities:
ingle measurement:
imself on his bathroom scale. The smallest divisions on the scale are 1Newton

s his weight as closest to the 142Newton mark. He knows his weight must be larger
141.5 Newton (or else it would be closer to the 141-newton mark), but smaller than 142.5
ewtons (or else it would be closer to the 143-newton mark). So, his weight must be

Weight = 142 + (0.5 newtons.

In general, the uncertainty in a single measurement from a single instrument is half the least
count of the instrument.

Fractional and Percentage Uncertainty

What is the fractional uncertainty in man’s weight?

Uncertainity in weight

Fractional Uncertainity = Value for weight

—
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0.5 newtons

= ——=0.0035
142 newtons
What is the uncertainty in man’s weight, expressed as percentage of his weight?

0.5
Percentage Uncertainity = 142 X 100% = 0.35 %

Combining Uncertainties: Adding or Subtracting:
The length of a copper wire at 30°C is 18.2+0.04 cm and at 60°C is 19.7+0.02 cm. Fing/the
absolute uncertainty and the extension of the wire.

Absolute uncertainty = 0.04 + 0.02 = 0.06

Extension of the wire = (19.7-18.2) +£0.06

Extension of the wire = 1.5 mm + 0.06

Multiplication or Division in an equation, percentage uncertainty o

together.

The weight of an iron block is 8.0+0.3 N and is placed on a wogden a, 3.5+0.2 m’
Find the percentage uncertainties of the values and then ca@: 16 te exerted by the
block.

Percentage uncertainty in the weight= (0;83) X 100 = <-"W
Percentage uncertainty in the area =(%) x 100 4 "0
% uncertainty = 3.75 % + 5.71 % = 9.46 %

Pressure = 2 = 2.3 Pa
3.5

Absolute Uncertainty in the

Percentage uncertainity X
Since both the weight angsthe art
same final answer becom
Pressure = 2.3+0.2

. Worked Example 1.4

5701 cube is giveh as 5.75+0.3 cm and ydu want to find absolute uncertainty

VOLUME = L* = (5.75)’=190 cm’
Step 2:

Percentage uncertainty =3 X (&) X 100 = 15.65%

Absolute uncertainty in volume = 190+15.65 cm®
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Self-Assessment Questions:

A girl needs to calculate the volume of her pool, so that she knows how much water she will
need to fill it. She measures the length, width and height as under:

Length = 5.56+0.14 m

Width=3.12 £ 0.08 m

height = 2.94+0.11 m

What will be the pool’s volume with uncertainty? (51.0 + 8.8%)

1.5 Graph:

Graphs are visuals that show relationships between; intended to display a
way that is easy to understand and remember. Graphs are used to ends,
patterns and relationships between sets of data. Graphs may be preferab . certain
types of data. The graph you choose will often depend on the ke intg Y yant others to

learn from the data you’ve collected.

1.5.1 Dependent and Independent Variables:

study, and is expected to c
variable. The dependent v
variable, or output variable.

There are different S 0 that can be used to represent the relationship between
dependent and indep riables, including scatter plots, line graphs, and bar graphs. The
choice of gra he type of data and the nature of the relationship between the

Ay
40

b graph: 3
graph is a type of graph used to =

he relationship between two variables
sed to show the general trend in the data.
line of best fit is a straight line that is drawn in
a way that it best represents the underlying pattern
in the data. 16

28

24

. . - ., - Line of best fit
The line of best fit is shown in figure 1.7 and it is , *
drawn in a way that best represents the underlying \
pattern in the data.
4
0 4 8 12 16 20 24 28 32 36 40 >
Figure 1.7

—
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\ §
Error Bar: 4

Error bars are graphical representations of the uncertainty or variability in a set of data points.
They are often used in scientific plots to indicate the precision of the data being plotted as
shown in figure 1.8.

Response by Time
82 —
80 —
y

76 —
74 — — C‘
72 — ‘~ : >

| | | |

Time o
Figure 1.8

Error bars are usually plotted as vertical or horizo nding from the data points on a

graph. The length of the error bars indicates the rtainty or variability in the data.
Shorter error bars indicate greater precision, ¥hj or bars indicate less precision.

Error bars are useful in indicating the reléabi curacy of the data, and they allow the
reader to assess the significance of th ientific research, error bars are often used

to determine the statistical signj
results of different experiments.

A simpler display is a plgt of t for each time point and error bars that indicate the
variation in the data.

technique that involves using observed data to estimate values

data that was collected. In Volume vs temperature

Q
o
o
=
a
=
W
5"
o
=
o
w
.
w2
=
=
aQ
o
o
-t
o
Volume

shown'in figure 1.9, If we extrapolate the line till it

intercepts the temperature axis, in result we reach _( v,

zero kelvin temperature. 21315

In summary, extrapolation is a technique used to

make predictions or estimates about future or e

unseen data based on the trends or patterns in the .- ’extrapolation 0, 0)
existing data. 7=—273.15°C Temperature (in °C)

Figure 1.9
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1.6 Significant Figures:

Significant figures are the digits in a number that are meaningful in terms of the precision of
the measurement. They provide information about the degree of accuracy of a measurement
and are used to report the results of experiments and calculations.

1.6.1: Rules of Significant Figures:
The rules for determining significant figures are as follows:

1. All non-zero digits are significant. For example, the number 12.3 has three gfghjficant
figures.

2. Zeros between two non-zero digits are significant. For example, the n as
three significant figures.

3. Zeros to the right of the decimal point and to the right of - igit are
significant. For example, the number 0.0056 has three signj '
4. Zeros to the left of the first non-zero digit in a numpef are,not significant. For

example, the number 0.0056 has two significant figures.
5. Zeros at the end of a number after the decimal pQi t bgfore the last non-zero digit,
are significant. For example, the number 12.30 stgnificant figures.

It is important to be consistent in reporting th res in a calculation, as this
provides information about the accuracy of en performing calculations with
numbers of different precision, it is necess e result to the appropriate number of

significant figures based on the rules abx
sider the significant figures. When adding,

niwibers, the answer should contain only as many
lved in the operation that has the least number of

When performing calculation
subtracting, multiplying or,
significant figures as the bera
significant figures.

Example:

bthis operation, the least number of significant figures in the operation is four so the
inal answer must have five significant figures.

2. An engineer measure the length of wall as 2.345m and width 8.3482m the area of the
wall will be
2.345 mx 3.56 m = 8.3482 m’= 8.35 m".
The final answer has three significant figures because the least number of significant
figures in the operation is three that is 3.56.

3. The following values are part of a set of experimental data: 618.5 cm and 1450.6mm.
Write the sum of these values correct to the right number of significant figures.

\—
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Or 1450.6/10 = 145.06¢cm.
or
618.5 cm + 145.06 cm = 763.56 cm
The least number of significant figures in the original values is 4, so write the answer to
this significance. The sum is written as 763.6cm.

Scientific Notations:

In scientific notation, a number is expressed as a power of 10 multiplied by a coeffici
For example, the speed of light in vaccum is 299 792 458 m/s. In scientific not
number can be expressed as 2.99792458 x 10* m/s conveniently it can be writ{é
It is important to note that scientific notation does not change the value ef t
provides a convenient way of expressing and manipulating very large of yery snta mbers.

1.7.1 Least Count or Resolution:

The least count or resolution of a measuring instrument is t st increment that can be
measured by that instrument. It is the smallest divi
represents the smallest change that can be detect
count of a ruler is 0.1 cm, then it can only WHs to the nearest 0.1 cm. The least
count or resolution of a measuring instr
thus the level of detail that can be ob

le of the instrument and

es the precision of the instrument and
easurement.

D 0000 O 1]

o 1 2 3 4 §5 & B
cm

00000000
1 12 13 14 15 16 17 18 19 20 21 22 23 24 25

& 7 -] ]

4] 1 4 B 10
_ bt dashn elitilens b vt el oabets b el s bonalons bl il il s el bl

Figure 1.10 ruler

oun inYersely proportional to the precision of measurement equipment. The
the imum value of an instrument can measure, the lower will be L.C., and the
e the precision.

Since digital Vernier L.C. (0.01 mm) is smaller than mechanical Vernier L.C. ((0.02 mm).
Mechanical Vernier will measure a 6+0.21 mm dimension as 6+0.20 mm or 6+0.22 mm.
Whereas digital Vernier will measure it 6+0.21. Therefore, Digital Vernier is more precise
compared to mechanical Vernier because it has a smaller Least-Count.

Accuracy is also inversely proportional to the Least-Count. Accuracy of an instrument is
always less than its L.C. because it cannot measure better than the minimum value it can
measure.
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1.7.2 Difference Between Accuracy and Precision.
Accuracy Precision

Accuracy is referred to the level of Precision suggests the level of variation
agreement between the actual measurement that happens in the values of several
and the absolute measurement. measurements of the same factor.

It represents how closely the results agree
with the standard value.

Represents how closely results agree with
one another. Z\

Multiple measurements are
comment about precision.

Single-factor or measurement is required.

Occasionally, a measurement may happen to

be accurate by chance, while consistent Results can be prec put” being
accuracy and precision are required for a | accurate.
measurement to be reliable. A
\—/
1.7.3 Significance of Resolution:
| reasons:

Using an instrument of smallest resolution is important
1. Precision: The smallest resolution of a ng€ i
which is the degree of reproducibiM
smallest resolution ensures that
and consistency.
2. Accuracy: The smallestare

ment determines its precision,
surement. Using an instrument of

a measuring instrument also affects its

accuracy, which is th ness of a measurement to its true value. Using
an instrument of s str tidn helps to ensure that the measurement is as close
as possible to the a v, f the quantity being measured.

3. Detail: The €nalles tion of a measuring instrument determines the level of
detail that c Obtained from a measurement. Using an instrument of smallest
resolufiomn for the measurement of finer details and features, which can be
1mpe in_wdrious applications, such as scientific experiments or engineering

ncertainty: The smallest resolution of a measuring instrument is directly
poftional to the reduced uncertainty in a measurement. The smaller the resolution,
smaller the uncertainty, and the more accurate the measurement.

.4 Importance of Repeating Experiment:
Increasing the number of readings in an experiment is important for several reasons:

1. Improved precision: The more readings taken in an experiment, the more accurate
and precise the data becomes. This is because additional readings can help to account
for any random errors that may have occurred in the first few readings.

Reduced uncertainty: Taking more readings in an experiment reduces the uncertainty
in the data, which is the degree of random error associated with a measurement. The

?\—
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larger the number of readings, the smaller the uncertainty, and the more accurate the
data becomes.

3. Better representation of the underlying trend: Taking multiple readings in an
experiment can help to reveal underlying trends in the data. This can be especially
useful in cases where the data may be affected by external known factors, or where
the data may be influenced by unknown factors.

4. Increased confidence: Taking multiple readings in an experiment increases the
confidence in the results of the experiment. The larger the number of readings
more robust and reliable the data becomes, and the more likely it is to repreggn
true underlying relationship between variables.

In summary, increasing the number of readings in an experiment is important jeimg

precision, reduce the uncertainty, better represent the underlying trend, @ 3
confidence in the results of the experiment.
1.7.5 Interpreting Data from Graphs:
Linear and nonlinear graphs are graphical representation athematical relationships
between variables. By measuring slopes and intercep oty faw interpret important
information about the nature of the relationship begw?e les represented on the
graph.
1. Slope: The slope of a line or curve rep e Yat
the vertical (y) coordinate divided

respect to another. It is calculated a
by the change in the horizontal ¢ between two points on the line or
curve. The slope has units of? ents the steepness of the line or curve. If
\
t.

of change of one variable with

the slope is positive, the 0 es from left to right. If the slope is negative,
the line or curve falls fran{ left

2. Intercept: The ingercept e or curve is the point at which the line or curve
crosses the verti 1s. It is the value of the dependent variable (y) when the
idpJe.

independept=varia equal to zero. The intercept represents the initial value of

(@t ar

the depe

Obsg saph as shown in figure 1.11, x - axis is
sho imgey and Y axis is showing position. It is
obge pat position is linearly increasing in positive

linear.

To determine the slope and intercept of the graph in figure
1.11,

compare it with the equation of straight line
y=mx+c...... (1.3)

where m is the slope, c is the point of intercept. Now slope can be determined as

I—» Time (s)
0 5 10 15

Fig. 1.11 linear graph
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As the intercept of the line is at origin so the intercept will be zero (¢ = 0). Note that slope of a
straight line always constant

Non-linear graph
In contrast to the previous example, let's graph the

s . " Position (m)
position of an object with a constant, non-zero A
acceleration starting from rest at the origin as shown in 30
figure 1.12. The primary difference between this curve 204
and those on the previous graph is that this line actually
curves. The relation between position and time is 104

quadratic when the acceleration is constant and
therefore this curve exhibits a non-linear relationship.

Time (s)

Slope is a characteristic exclusive to straight lines. This igur on linear graph
emphasizes that there is no single, constant velocity 1
such cases. The velocity of an object under these cj
indicating acceleration. In the case of a curved [

each point along the curve, it is not possible < ‘a a uniform velocity by calculating the

slope alone. %

?\—
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MMARY

®> Physics: is a branch of science which studies the nature and behavior of matter, energy,
and the interaction between them.

®> Derived Unit: A derived quantity is defined based on a combination of base q
and has a derived unit that is the exponent, product or quotient of these base url

®> Ticker Timer: The ticker timer is simply a piece of apparatus that we [
time.

®> Electrical Quantities: The standard units of electrical measurg
expression of voltage, current and resistance are
and Ohm [Q] respectively.

®> Dimensionality: The way in which the derived quan

ntities

can be shown by the dimensions of the quantity.

®> Uncertainty in measurements: Any experipe

igflificant Figures: The significant figures refer to the number of important single digit

ough 9 inclusive) in the coefficient of an expression in scientific notation.

Accuracy: The degree to which the result of a measurement conforms to the correct

value or a standard’ and essentially refers to how close a measurement is to its agreed

value.

®> Precision: The quality of being exact’ and refers to how close two or more
measurements are to each other, regardless of whether those measurements are accurate
or not.

®> Resolution is the ability of the measurement system to detect and faithfully indicate
small changes in the characteristic of the measurement result.
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“’?EXE’RGIS*E

Section (A): Multiple Choice Questions (MCQs)

1. The respective number of significant figures for the numbers 23.023, 0.0003 and 2.1x107

are:
a.5, 1,2 b.5 1,5
c.5,5,2 d4,4,2
2. Which among the following is the supplementary unit:
a. Mass b. Time
c. Solid angle d. Luminosity
3. The unit of solid angle is
a. Second b. Steradian
c. Kilogram d. Candela
4. The quantity having the same unit in all system of unit is:
a. mass b. time (o]
c. length d. terpprera

5. Random errors can be eliminated by:
a. taking number of observations and t
b. measuring the quantity with mor i

c. eliminating the cause
d. careful observations
6. Systemic error can be:
e

a. either positive or neg c. positive only

b. negative only d. zero error
7.[MLT™] is dimensiona of.

c. displacement
d. pressure

c. impulse and momentum
d. specific heat and latent heat

c. cause and effect

d. reason

10. Dfmensions of kinetic energy is the same as that of :
a. Acceleration c. Work
b. Velocity d. Force

—
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Section (B): Structured Questions

CRQ’s:

1. Give an example of (I) a physical quantity which has a unit but no dimensions. (II) a
physical quantity which has neither unit not dimensions. (III) a constant which has a
unit. (IV) a constant which has no unit.

2. When rounding the product or quotient of two measurements, is it necessary to consider
significant digit?

3. Drive the equation for period of oscillations of a mass suspended on a vertj by

dimensional analysis. i.e., T = 2@ ’;

4. Find the dimensions of the following.

(a)work (c)power
(b)energy (d)ymomentum

5. You measure the radius of a wheel to be 4.16 cm. If gQu mu 2 to get diameter,
should you write the result as 8 cm or as 8.32 cm?,dys answer.

6. Ify=a+bt+ct’ where y is in meters and t in secon ‘Qe unit of ¢?

7. Differentiate between accuracy and prec131

8. Define dependent and independent vari

9. Differentiate systematic error and r
10. Enlist the limitations of dimensi
11. Describe least count of Vernj
12. Describe extrapolation

uge micrometer.

types by supported an example?
ficant figures. State the rules for determining the number of

Lo bovol oot

Numerical:
1. What is the percent uncertainty in the measurement 3.67 = 0.25 m? (6.8%)
2. What is the area, and its approximate uncertainty, of a circle with radius 3.7 x 10* cm
4.3+ 0.11)x10° cm’
3. An aero plane travels at 850 km/h. How long does it take to travel 1.00 km? (4.23 s)

\—
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4. A rectangular holding tank 25.0 m in length and 15.0 m in width is used to store water
for short period of time in an industrial plant. If 2980 m® water is pumped into the tank.

What is the depth of the water? (7.95 m)
5. Find the volume of rectangular underground water tank has storage facility of 1.9 m by
1.2 m by 0.8 m. (1.824 m’)

6. Two students derive following equations in which x refers to distance traveled, v the
speed, the acceleration, and t the time and the subscript (0) means a quantity at time t=0:
(a) x = vt* + 2at and
(b) x = vot + 2at’, which of these could possibly be correct according to dimepsi
check? (a) Incorrect (b) Correct

7. One hectare is defined as 10* m*. One acre is 4 x 10* ft*. How many

hectare? (Hint: 1 m = 3.28 ft.) (2.69 acres)
8. A watch factory claims that its watches gain or lose not more tha
How accurate is this watch, express as percentage? (3.1

9. The diameter of Moon is 3480 km. What is the volume of the Mo
would be needed to create a volume equal to that of Ea

(Hint: Radius of Earth = 6380 km) Qw m’, 49.3)
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inte’two perpendicular components.
ature of displacement.
interpret patterns of motion of objects using displacement-time graph, velocity-

tertfine the instantaneous velocity of an object moving along the same straight line by
suring the slope of displacement-time graph.
Derive equation of uniformly accelerated motion.
Solve the problems.
Understand projectile motion.
Calculate height, range and time of flight using equations of projectile motion.
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Even a person without a background in physics has a collection of words that can be used to
describe moving objects. Words and phrases such as going fast, stopped, slowing
down, speeding up, and turning provide a sufficient vocabulary for describing the motion of
objects. In physics, we use these words and many more. We will be expanding upon this
vocabulary  list  with  words such  as distance, displacement, speed, velocity,
and acceleration. As we will soon see, these words are associated with physical quantities
that have different definitions. The physical quantities that are used to describe the motion of
objects can be divided into two categories. The quantity is either a vector or a scalar

Scalar Quantities:
All those physical quantities which can be specified by a magnitude and
known as "Scalar Quantities"'.

Scalar quantities do not need direction for their description. S
subtracted, multiplied or divided by the simple rules of algebra.

Examples:
Work, electric flux, volume, viscosity, density, power, re@nd electric charge etc.

Vectors Quantities:
All those physical quantities having both pf3
also obeys the Vector Algebra are kno

We can not specify a vector quantity wi éRHOn 1ts direction.
Examples:
Displacement, Velocity, acce 1 momentum, etc.

Representation of Vecto

e in two ways
pepresentation

ical representation:
graphical method vectors are denoted by a line (e
segment with arrow, the starting point of line is called wag®

tail and the ending point of line having arrow is known
as head of vector. The length of line showing the
W
Fig: 2.1 Representation of vector

wer®

magnitude of given vector as shown in figure2.1

Pas

Tail
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Addition of vectors by Head to Tail method N
(Graphical Method):
Head to Tail method or graphical method is one of -
the easiest methods used to find the resultant vector
of two of more than two vectors. 0

Consider two vectors A and B acting in the directions 0 —a
as shown in figure 2.2:

Head to tail rule is a method of vector addition in
which tail of second vector is connected by head of
first vector. All vectors are connected in this way.

s
Finally, from tail of first vector to the head of last Fig: 2
vector we will draw a vector called resultant vector. Addition A dB

Mathematically for resultant vector ‘R’

B = 0A+AB o
R=4+B....Q1
Addition of Vectors:
Properties of vector addition:
Commutative law of vector addition:

Consider two vectors Aand B .
represent two adjacent sides

construct a parallelogram
OACB as shown in the dia

the resultant vector R.

gram. onal OC represents

Therefore

rred to as the commutative law of vector addition. it shows that the order in
are added has no physical significance as shown

Associative law of vector addition:
The law states that the sum of vectors remains same irrespective
of their order or grouping in which they are arranged.

Consider three vectors Z, B and C )
Applying "head to tail rule" to obtain the resultant of (Z+§ ) o=

and (l_i’) +C ) Then finally again find the resultant of these three
vectors:

>4
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R =O0P + PR Or
R=4+B+C) —» @)
and
OR =0Q + QR
R=A+B)+C —> (ii)
Thus from eq. (i) and (ii)
A+ B+ C=A+B)+C...... 2.3)

This fact is known as the Associative Law of Vector Addition as shown in figure 2.4

Magnitude of resultant vector:
Magnitude or resultant vector can be determined by using either Cosine g

Resultant by cosine law R= A2+ B2 —2ABcos <0

A _ B _ R
Sina  Sinp ~ Sin@

Resultant by sine law

Multiplication and division of vector by number;

A vector can be multiplied and divided by a m{
multiplication/division by positive number, / gnly changes the magnitude of given
vector. If number is negative then the ¢ writhe direction of vector also as shown in

figure 2.5 (a) and (b).
I P

" KNOW
‘Zl[].)e()l:iltlil\lllelt[illzll::geli‘y @ m:l:;:):’g The product of a vector v by a scalar
s quantity (m) follows the following
V N rules: o
\% » (m) V=V (m)... commutative law
Q of multiplication.
—2? > m(nV) = (mn) V ... associative law
of multiplication .
C ¢.»(2) and (b): multiplication of > m + n) V = m V +
vedtqf by positive and negative number W B distribotive law of
multiplication.

Self-Assessment Questions:

1. What happens to the direction of a vector when it undergoes scalar multiplication?

2. If vector A has components (3, -2) and vector B has components (-1, 5), what are the
components of A + B?

?\—
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Cartesian coordinate system:
Cartesian coordinate system is a set of three mutually perpendicular lines (X-axis, Y-axis
and Z-axis) with common initial point called origin used to find out location of any point
as shown in figure 2.6. y
Such as you are presenting data on a line graph, or

simply .
finding the location of a car park on a map of a R ag X
National Park, you will need to have an understanding /a/

z

a
y

of coordinates.

There are many coordinate systems among them
Cartesian or Rectangular coordinate system is one of Fig: 2.6 Cartesia
most used and easy to understand.
In a rectangular coordinate system, vectors can be classified into differep

a rectangular coordinate system:

Unit vector: \
"A unit vector is defined as a vector in any specified y
direction whose magnitude is unity i.e. 1. A unit vector v Equal Vectors
only specifies the direction of a given vector. "

vo vectors are considered equal
A unit vector can be determined by dividing t if they have the same magnitude
its magnitude.

and direction

For example, unit vector of a vector A is :
a=-....
A

._)
A -
A’
The symbol is usually a lowerca: 1ith a "hat / cap /

circumflex", such as:

)
S

ounced "a-hat")
In three coordinate  system  unit

vectors (f,

A free vector can be moved or translated without changing its v

A S
essential characteristics, such as magnitude and direction. \K’/rv\ ~
It is represented by an arrow and is not attached to any specific e / ™

point in space. Consider a free vector A changing its position in

. o b : ; >y
XYZ plane without changing its direction and magnitude is an / -
. ree vector
example of free vector as shown in fig: 2.8

X
Fig: 2.8 free vector

—/ ]
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Position vector:
A Vector that indicates the position of a point in a coordinate
system is referred to as position vector.

Suppose we have a fixed reference point O, then we can — & % %)
specify the position the position of a given point P with respect L

to point O by means of a vector having magnitude and

direction represented by a directed line segment OP, this O (o, 0,0) *
vector is called position vector and represented by 7 as Fig: 2.9 position p8gtor

shown in figure 2.9.

These are some of the types of vectors commonly
encountered in a rectangular coordinate system.
Understanding these types and their properties can be
helpful in various mathematical and physical applications
involving vectors.

Resolution of vector:
The process of splitting a vector into rectangular
components is called "RESOLUTION OF V
We can resolve a vector into three compogieg
x-component, y-component, z-co
three axis of coordinates system re
These components are called
vector.

{iie g a null vector is a resultant vector
% ) of two equal vectors acting in
Ndponents of opposite directions.

0=14+ (—4) =0

Method of resolvi
Consider a vector

o rectangular components:

a point making an angle 6 with positive X axis. VectorV is

represented b ine QA as shown in fig: 2.10. From point A draw a perpendicular AB on X-

axis. Suppo A represents two vectors. Vector OA is parallel to X-axis and vector

BA i -axis. Magnitude of these vectors are Vyand V,respectively. By the
etho 0 tail we notice that the sum of these vectors is equal to vector V.

1zontal component of V along x-axis

= Vertical component of V along y-axis
y y

A

<

Pan
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Magnitude of horizontal component
Consider right angled triangle

OB
0A
OB = 0ACos 6

Cos 0 =

V,=VCos @

Magnitude of vertical component
Consider right angled triangle

=S
Sinf = —
0A
o

BA =0ASin6

V,=VSin

Direction of the Vector

Ta

N -2
Va

Addition of vectors by,

omponents method:

Consider two vecto V{ a aking angles 0;and 6, with +ve x-axis respectively.

Y Y
——
!
b
0
X D52 =
Fig: 2.11 (a) Fig: 2.11 (b)
Resolve  vector V_l) into  two  rectangular

components V_l,; and V_ly) as shown in fig: 2.11 (¢).
Magnitude of these components are:
le = V1 Cos 01
and Fig: 2.11 (¢)
Vly — V1 Sin 91
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Resolve vector V_Z) into two rectangular components V,, and V3, as shown in figure 2.11(c)
Magnitude of these components are:

Vyx =V, Cos 8,

and

Vyy =V, Sin 6,
Now move vector V—z)parallel to itself so that its initial point (tail) lies on the terminal point
(head) of vector V_l) as shown in the Fig: 2.11 (c).
Representative lines of V_l) and W are OA and OB respectively. Join O and B whigh 1 1 to
resultant vector of V—l) and V_Z’

Resultant vector along X-axis can be determined as:
OD =0C + CD
0D =0C+AE - CD=AE
R, = le + V_Zx)
R_x)= V{CosB0;+ V, Cos @

R, = V, Sin 6,......(2.8)
Now we will determine the nitutle\Qf resultant vector by using the Pythagoras’ theorem.
Hy n =

S

0 = Base? + Perpendicular?
OB|* = |0OD|* + |DB|?
R* =R%+R;

R= [R2+RZ

W, Cos B, + V, Cos 0,)2+ (V4 Sin6y + VySin6,)2......(2.9)

ally th¢’direction of resultant vector will be determined.
i invthe right angled triangle < DOB:
DB
tan < DOB = 5

R,
tan < DOB = tan0 = R

X

0 = tan‘l(;:—z) ...... (2.10)

Where 0 is the angle that the resultant vector makes with the positive X-axis. In this way we
can add a number of vectors in a very easy manner. This method is known as addition of
vectors by rectangular components method.

—
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Self-Assessment Questions:

1. Define a unit vector and its significance in vector representation.
2. What is a position vector, and how is it used in Cartesian coordinates?

Product of two vectors:

There are two types of vector product which can be classified as
» Scalar product (Dot product)
» Vector product (Cross product).

Scalar or dot product:
The scalar product of two vectors A and B is written as A. B and is defined af

“When two parallel vectors are multiplied, their resultant
quantity will be a scalar, this is called scalar or dot product.”

A.B =ABcos0.....(2.11)
Where A and B are the magnitudes of vectors A and B a
angle between them.
For physical interpretation of dot product of tw
these are first brought to a common origin.

Then, AB = (4) (proje i
As shown in fig: 2.12. Fig: 2.12
AB =4 (magnitu nt of B in the direction of A)
0s0) = ABcos 0O
Similarly . (Acos0) = BAcos 0
We come across this typd duct when we consider the work done by a force F whose

point of applicati ves
of F, as shown 1

w e = Force x Displacement
Work done = Fd cos 6
F.d = Fd cos 8 = work done

e fis the angle between Fandd

. Worked Example 2.1 ALl
Find G.b when d=1—2j+kandb = 31— 4) — 2k
Step 1:
d=i=Zftk Lj=kj=1k=0
b=30—4j -2k o
b= (1—2j+k).(3i—4j—2k)=3+8-2 ~ii=fj=kk=1
d.
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Characteristics of scalar product:
A.B = ABcos 6
B.A = BAcos 6

It can be used to find the angle between two vectors.
A.B = B.A
» The order of multiplication is irrelevant. In other words scalar product is commutative.
» The scalar product of two mutually perpendicular vectors is zero, hence thesgavectors

are also called as Orthogonal vectors.
A.B = AB c0s90° = 0 since cos90° = 0 as shown in
» In case of unit vectors i, j and k, since they are mutually perpendic -
i.j=7J.k=K.1=0 6
» The scalar product of two parallel vectors is equal to the
product of their magnitudes. Thus, for parallel vectors
(0 = 0%

A.B = AB cos0° = ABsince cos0° = oi/ —
» In case of unit vectors /

ii=jj=kKE= f
» And for antiparallel vectors (6 =
A.B = AB AB since cos0° = —1

» The self-product of a vecto Ped square of its magnitude.

M= AA cos0° = A?

d B in terms of their rectangular components
A+ Ayj+ A K). (Bl + Byj + B,K)

A.B = A,B,+ AyBy, + A,B,

- \ T AxB
grpendicular vectors are multiplied, their | ®
quantity will be a vector, this is called vector ]
’ A

Vhere n is a unit vector perpendicular to the plane  counter clockwise Clockwise
containing A and B as shown in fig: 2.15. its direction
can be determined by right hand rule. For that purpose,
place together, the tails of vectors A and B to define the
plane of vectors A and B. the direction of the product lR B
vector is perpendicular to this plane. Rotate the first

vector A into B through the smaller of the two possible

angles and curl the fingers of the right hand in the Fig: 2.15

»  Scalar product of twofvgctor;
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direction of rotation, keeping the thumb upright. The direction of the product vector will be
along the upright thumb, as shown in the fig: 2.15. because of this direction rule, B x A is a
vector opposite in sign to A x B as shown in fig: 2.16. Hence,

A€

% _/J\“)_/
| VN

Fig: 2.16 (a) and (b)

Characteristics of cross product:
» Since A x B is not the same as B x A, the cross product is non-gognmy#tative.
AXB=—-BXxA

» The vector product is associative i.e. if m is a scalar, (o)
(mA) X B = A
» Vector product is distributive over the a Q
A x (B + B x C
(A XB B xC
» The cross product of two perpendi s has maximum magnitude
A X B\= 1 since sin90° =1
= ABn
» The cross product of tw ectors is null vector, because for such vectors
0 = 0%0or 180°
A AB sin0° 1l sin0° = 0,sin180° = 0
A X B = ABsin180°1
AXB =0
AxXxA=0
Also

ixi =jxj=kxk=0
case of unit vectors, since they form a right handed system and are mutually
perpendicular.

Cross product of two vectors A and B in terms of their rectangular components is:
A X B = (A,i+ Ayj+ ALK) X (Bxi+ Byj + B,K)
A X B = (AyB, — A;B))1+ (A;By - AxB,) ] + (AxBy, — AyBy) K
Cross product or vector product can be written as,

—
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A X B =

The magnitude of A X B is equal to the area of the
parallelogram formed with A and B as two adjacent Fig:2.17 cross product o
sides as shown in fig: 2.17.

Examples of vector product:
When a force F is applied on a rigid body at a point whose
position vector is r from any point of the axis about which
the body rotates, then the turning effect of the force, called
the torque
T=7FxF
Lets consider the Force of 5N is acts perpendicularl
edge of door to open it, the distance from the z
calculate the torque produced. )
T=2mXx5N .
7=10Nm

Position vector of point P
has components x, y, z.

The force on a particle of chargg ity v in a Fig: 2.18
product.
xB Positive direction
B 2
ent vector: -
petod towards the point P in Negative direction
atéy system is known as positionor | | | | | x (m)
e position vector can be written -3 -2 -1 0 1 2 3

ﬂ > r=ni+ nj+ Kk Origin
S ‘e’ssment Questions:

o vectors A and B are parallel to each other, what is the value of their cross product?
. If vector A has components (2, -3, 5) and vector B has components (-1, 4, 2), what is their
dot product A - B?

Speed and velocity:

Speed is a measurement of how fast an object moves relative to a reference point. It does not
have a direction and is considered a magnitude or scalar quantity. So we can also consider the
speed as the magnitude of velocity. Speed can be figured by the formula:

Speed = Distance/Time

j \—
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or
s=d/t N
» The direction of V,, is the same as the displacement
AT,
» The standard unit for speed is m/s.

» Dimensional formula of speed is [LT™].
There are different types of speed Such as:

Average speed:
The average speed of an object is greater than or equal to the
magnitude of the average velocity over a given interval of time.
The two are equal only if the path length is equal to the
magnitude of the displacement.

Uniform Speed:
If an object covers equal distances in equal intervals of time
the speed of the moving object is called uniform speed.
type of motion, position — time graph is always a strai

Instantaneous speed:

Instantaneous speed is the speed of an obj
moment in time. It is different from aver
divided by total time.

In this measurement, the time At

Velocity:
When an olyj
changlng

Brvals (At), in which the displacement occurs:

called velocity.
Velocity =Displacement /Time

‘ KNOW,

——

Two dimensions
the position of an object is
described by its position
vector 7(t) always points
to particle from origin
Displacement ¢
measured as

Path of
an object

X

_4

mption, its position changes with time. But how fast is the position
gad in what direction? To describe this, we define the quantity average
fclocity is defined as the change in position or displacement (Ax) divided

Velocity is a vector quantity its SI unit is meter per second (m/s). Its dimensional formula is

[LT].

Displacement-time graphs:

In physics graph is very powerful tool to find out the visually relation between two quantities.
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Displacement-time graphs show how the displacement of a moving object changes with time

as shown in Fig: 2.19.

A

Displacement

Time

@

>

>

Displacement

Time

(b)

Displacement

>

Figure 2.19 (a) Zero velocity (b) Uniform velogity (c)
o

e velocity

Average velocity:
It is the total displacement covered by a bod
total time taken as the graph of average v,
the fig:2.20 (a) and (b).

» If the instantaneous velocity

equal to the average velgCh 2
be moving with unifj
» Mathematically avdrafe veld
written as: Path

Fig: 2.20 (a
Average veloci . (@)

Tangent \

ar moment in time. In this measurement, the time
0. vis tangent to the path in x-y graph;

P=lm¥, =tm>r=%" e .
T T S0 A dr T ' ¢ Fig: 2.20 (b)
~ dr dx ~ dy A 2 g
dt dt dt

j \—
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| Worked Example 2.2 |

A turtle starts at the origin and moves with the speed of vo=10 cm/s in the direction of 25° to
the horizontal.

(a) Find the coordinates of a turtle 10 seconds later.

(b) How far did the turtle walk in 10 seconds?

1
|
|
|

d=u,t E_!/ =dsin @

Uy, = Uy sin 6

I
|
|
[
—X

Q x=dcos @ I\

(a) (@)’

Step 1: you can solve the equations independently for h ng@ (x) and vertical (y)
components of motion and then combine them!

Vo=, +7,

» X components:

Vo, =V, €0825° =9.06 cm/s @ Vol =90.6 cm
» Y components: %

Vo, =V, SIN25° =4, Ay =v, t=42.3 cm
Step 2:
» Distance from the origin:
=\/Ax” + Ay* =100.0 cm

Acceleration:

celeration:
If thé” velocity of an object increases with time, its
acceleration is positive.

Negative Acceleration:
If the velocity of an object decreases with time, its
acceleration is negative. The negative acceleration is also

called retardation or deceleration graph of retardation is )
given in the fig: 2.21.
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(i) Uniform acceleration: A body is said to have uniform acceleration if magnitude and
direction of the acceleration remains constant during particle motion.

Note: If a particle is moving with uniform acceleration, this does not necessarily imply
that particle is moving in straight line. e.g. Projectile motion.

(ii) Non-uniform acceleration: A body is said to have non-uniform acceleration, if
magnitude or direction or both, change during motion.
Average & Instantaneous Acceleration:
Average acceleration:

The direction of average acceleration vector is the direction of the change in ve s
. AV
Clm,g = A—[
= Avr o Avy % 9 g
aa"g = At I+ At J= aavg.xl +aavg,y.]
Instantaneous acceleration: o)
g .Aﬁcﬁﬁdﬁdvedqu¢
aslim =lm—=— da=—=—"i+—j=ajA .15)

0 YN dr dt dt o dt
ange in velocity during a given time

Instantaneous acceleration is defined as. 1
interval such that the time interval go
» The magnitude of the velgeit can change

» The direction of the nge, even though the magnitude is constant

tion can change

iform Acceleration:
ribed in terms of displacement, distance, velocity, acceleration, time.

on(a). Therefore they can only be applied when acceleration is constant and motion
(n a straight line. The three equations are,
Ve =V + at
sz = V? + 2as
S = Vit + Yat?
Where displacement (s), initial velocity ( V;), final velocity ( Vr), acceleration (a) and time (t).

» Equations of kinematics are valid for uniform acceleration.

?\—
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Derivation of Equation of Motion:

The equations of motion can be derived using the following methods:
» Derivation of equations of motion by Simple Algebraic Method
» Derivation of equations of Motion by Graphical Method

In the previous classes you have learn to derive these equation by algebraic methods, In this

sections, the equations of motion are derived by graphical method

Derivation of First Equation of Motion by Graphical Method:
The first equation of motion can be derived using a velocity-time graph for a movi
with an initial velocity of u, final velocity v, and
acceleration a.

In the figure 2.22,

The velocity of the body changes from A to B in
time t at a uniform rate.

BC is the final velocity and OC is the total time t.
A perpendicular is drawn from B to OC, a parallel
line is drawn fromAtoD, and anothe

in _ C
perpendicular is drawn from B to OE (repre FiOT. ;2(02
by dotted lines). =
Following details are obtained frgM t} above:

The initial velocity of the boa
The final velocity of the bod

From the graph, we kngWtha
BC = BD + DC

Therefore, v + RC

v = BD + 0A = 04)
Finally,

wce OA = U)o e e (1)

a = Wlope of line AB

a = BD/AD

Since AD = AC = t,the above equation becomes:
BD = at ........ (i)

Now, combining Equation (i) & (ii), the following is obtained:
v=u-+at

*
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Derivation of Second Equation of Motion by Graphical Method
From the fig: 2.23, we can say that
Distance travelled (s) = Area of figure OABC

= Area of triangle ABD + Area of rectangle OADC

s =(1/2AB xBD) + (0A x 0C)
Since BD = EA,the above equation becomes
s=(1/2AB X EA)+ (uxt)
As EA = at,the equation becomes because V
= at; EArepresent the velocity (V)
s=1/2Xat Xt+ut
by rearranging, the equation becomes
s =ut+ 1/2at?

m

Velocity (v) —»
>

o

1g: 2 23
Derivation of Third Equation of Motion by Graphical Method

From the fig: 2.24, we can say that The total distance %awelled, given by the Area of
trapezium OABC. O
Hence,

S = Y% (Sumof Parallel Sides) X Hei E
S=%(0A+CB)xO0C

Since, 0OA = u, CB = v,and OC
The above equation becomes
S=%u+v) Xt
Now,sincet = (v- u)/

The above equation can T : }
S=%((u+v) x (U~ !
Rearranging the eg aiywe get

w/a Fig: 2.24

Velocity (v) —
>

o

-Asusment Questions:
e displacement-time graph is a straight line, what does it indicate about the object's
motion?
2. What does the area under a velocity-time graph represent?

?\—
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' Worked Example 2.3 |

A Car with an initial speed of 1 m/sec was in motion for 10 minutes, and then it came to a
stop, the velocity right before it stopped was 5 m/sec. What was the constant acceleration of
the car?

Solution:

Step 1: Write the known quantities and point out quantities to be found.
Initial Velocity = 1 m/sec

Final Velocity = 5m/sec

Time for which the car was in motion = 10 mint

Acceleration =7

Step 2: Write the formula and rearrange if necessary
Using First equation of motion,
Vv = u+ at

o

Step 3: Put the value in formula and calculate
5 =14+ ax (10 x 60)

a
a
a

X

600 = 4
4/600
0.0066 m/sec?
S:g Woi Example 2.4
Qin the initial velocity of the cycle was 1 m/sec. Find

U d equation of motion to find the acceleration of the cycle,

Step 2: Write the formula and rearrange if necessary
Second Equation of motion,S = ut + 1/2(at?)

Step 3: Put the value in formula and calculate
2000 = 1 x 480 + 1/2(a x 480?%)

2000 = 480+ 115200a

1520 = 115200a

a= 0.0139m/sec?

—
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Projectile Motion:
In this universe we see different objects motion in different dimensions, some are moving
along a linear path, like a car travelling along a rectilinear path and some are moving along a
circular path/track. If a cricketer hits a ball which is placed on the ground, this ball will follow
a curved path and will hit the ground, also if a missile is fired [

then we see it will always follow a curved path which are the
examples of two dimensional motion. In this section we will be
able to know the answers of these questions that what affects
the motion of bodies which is responsible for the curved Path
motion of bodies.
Projectile motion:
» The motion of an object in a plane under the influence
of force of gravity of earth. —_—————
» Qravitational force of earth is responsible for the
Projectile motion and the curved path followed a
projectile is called its trajectory.
Assumptions for projectile motion:
It is easy to analyze the projectile motio
assumptions are in consider:
» 1. The value of acceleration due to

Fig: 2.25

» 2. The effect of air resistance is §
» 3. Projectile motion is not afi

Average velocity vector
The red ball is dropped.at tlte

as equal Ax, and v, during each time At. Projectile motion is
analyzed td : horizontal motion with constant velocity and vertical motion with

constax

— . . s e .
N .
T'he > ion in projectile motion:
f
¢ mQ{iQ body in X, y plan is shown in fig: 2.26
Al the top of the trajectory, the projectile has zero vertical
.\".l‘“' iy (v, 03, but its vertical acceleration is still — g
1 S .
o - :
g Uy g pC Ty ! Vertically, the projectile
\ . ¢4 I8 in constant-acceleration
oy v < ™ e }
7 W v, H monon in Iesponse 10 the
_ ™ 11 earth’s gravitational pull
P 5 N !4 . ) R
oo bt ['hus its vertical velocity
o | 1
changes by equal amounts
»>—x .é dunng cqual ime intervals
0| Yoy
v vy, v
O = = e - S . .
Honzontally, the projectile is in constant-velocity motion: Its horizontal acceleration
is zero, so it moves equal x-distances in equal ime intervals
.
Fig: 2.26
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ax = 0 ay = —g
Horizontal Vertical
Ve =V, Tal Vv, =V, ta,t
X=X, =V l+tat’ Y=Y, =v0yt+%ayt2
vx2 =v0x2+2ax(x—x0) vy2 =v0y2+2ay(y—y0)

vor is constant. Vo, =V, €086, .. (2.16)
vgy changes continuously. voy = vesinBp ... (2.17)

After considering all the conditions the Equations will be

vV, =V, vV, =V, — &t 2 o
X=Xy+ vyt y:y0+v0yt—;—gt
Time taken by projectile to reach the maximu
If we consider t is the time required to achie 1 height by a projectile then it can
be found by using 1*' equation of motion.
0 ©,3ind - gt

V,Sinf = gt

V,Sin0
t= °t

th = tg =
_ V,Sin
Thus T= 2V°Z“‘e (2.18) g

—/1
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Maximum height reached by the projectile:
The maximum vertical distance covered by the projectile is called maximum height. It is
denoted by ‘H’ the maximum height reached by the projectile can be found by using formula:

Y= Vit +2agt?

- V,Sin6_. 1 VoSind
H = V,Sinb( )+5 (=8) ——)
2 g
= v2sin?0 _ v2sin? 0
g 28
vg sin“ 6
H= P EmREE (2.19)

o

Int~of projection and point of

is represented by ‘R’ and can
be found by formula.

X =V, T

and

2Sin0 Cos@ = Sin 26

jectile Motion at Various Initial Angles:

rom the mathematically relation of range we observe that V, and g are constants, so
maximum range of the projectile can be achieved only when Sin 26 becomes maximum (Sin
26=1). as we know that Sin90° = 1; this relation shows that the maximum range can be
achieved only projectile will be launched at angle of 45°.

Taking R = R,,4, and 6 = 45°

_
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__ v3 Sin2(459%)

Rmax - g y(m)
R - vZ Sin90°
max g 150 .
VZ v;=50m/s
=~ (2.21)
g 100

Thus for the maximum horizontal range,

the angle of projectile should be 45°.

Complementary values of the initial angle

result in the same range

» The heights will be different The

maximum range occurs at a projection
angle of 45°

The range of different projected bodies at different angle is shown in fi

50

Fig: 2.27 range cover,

Self-Assessment Questions
1. When an object is projected horizontally, how do€s ¢
2. Can the range of a projectile be increased

answer.

29
\D)
1 elocity change over time?
s initial velocity? Explain your

Solution:

Step 1: Write the

Initial Velocity ¥

angle 6 = 5Q°

g = 9.8ms

StepeZt Wri ula and rearrange if necessary
: e of flight is,

Step ¥ Put the value in formula and calculate

T = 2 X 20 X sin50°/9.8

T= 2x20x0.766/9.8

T= 30.64/9.8

T = 3.126 sec

Therefore time of flight is 3.126 second.
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SUMMARY

Study of motion without considering the forces involved is called Kinematics.
Location of an object in space or co-ordinates system is known as Position.
Change in position of an object in particular direction is called Displacement.
Total path length traveled by an object is called Distance.

Magnitude of the velocity vector; how fast an object moves is known as Speed.
Velocity is the Rate of change of position; includes direction.

Rate of change of velocity; can be positive or negative is called Accelera
Uniform Motion is the Constant speed and direction.

Changing speed or direction is known as Non-Uniform Motion.

Velocity of an object at a specific moment in time is known as Velocity.
Average Velocity is the Total displacement divided by the total t1

Equations of Motion are the Mathematical expressions li diaacement, velocity,
acceleration, and time for uniform and constant accelesation\mytiemn.

Deceleration is the negative ac

Retardation is also known ti

Motion under the influencg df grayity@lone, with no other forces acting on the object is
known as Free Fall.
Projectile Motion 1
horizontally gad ver

Time of .¢; 1 time taken by a projectile to reach the ground.
Horizgntal dstence

povered by a projectile is known as Range.
The @ ange of projectile can be obtained at the angle of 45°.

tion of an object under the influence of gravity, moving
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:7EXERC‘I§E

Section (A): Multiple Choice Questions (MCQs)
1. To get a resultant displacement of 10m, two displacement vectors of magnitude 6m and
8m should be combined:

(a) Parallel (b) Antiparallel
(c) At an angle of 45° (d) Perpendicular to each other
2. The velocity of a particle at an instant is 10 m/s and after Ssec the veloci 1s
20m/s. The velocity 3 sec before in m/s is:
(a) 8 (b) 4
(c) 6 (d) 7
3. A ball is thrown upwards with a velocity of 100 m/s. It will fedch t
(a) 10 sec (b) 20 sec
(c) 5 sec (d) 40 sec
4. Two projectiles are fired from the same poi it Losame speed at angles of

projection 60° and 30° respectively. Whic
(a) The range will be same
(c) Their landing velocity will be sangt
5. The ratio of numerical values o

wing is true?

if time of flight will be same
and average speed of a body is always:

(a) Unity B) Unity or less
(¢) Unity or more (d) Less than unity

6. If the average velociti aNb8dyVetcome equal to the instantaneous velocity, body is
said to be moving wi

(b) Uniform velocity
(d) Variable acceleration

7. of a projectile, the acceleration is:
(b) minimum
(d)g
8. gle the range of projectile becomes equal to the height of projectile?
(b) 45
() y6° (d) 30°
¢ angle at which dot product becomes equal to the cross product is:
(a) 65° (b) 45°
(c) 76° (d) 30°
10. If the dot product of two non-zero vectors vanishes; the vectors will be:
(a) in the same direction (b) opposite direction to each other
(c) perpendicular to each other (d) zero

?\—
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CRQ)s:

1. Is the range equivalent to the horizontal distance in the projectile motion, or do
they have distinct meaning? Explain

2. [Ifair resistance is taken into account in case of projectile motion, then what
parameters of projectile are influenced?

3. What are some real-life examples of projectile motion? Can motion of an aero
plane be considered as projectile motion? Explain

4. Where do we use the concept of speed and velocity in our daily life? Can yo
give some examples?

5. Can an object have an initial velocity of zero and still experience uni
accelerated motion

ERQs:

1. What are three equations of uniformly accelerated mgtion an they are
derived? \> O
PLOTE

2. How does the horizontal component of velogity o} e motion behaves?
3. What is the significance of the area unde @

-time graph in the context of
accelerated motion?

4. How do the initial launch angle
5. Explain the concept of indepgnde
projectile motion

ect projectile motion?
n horizontal and vertical motion in

Numericals:

the rate of 12 m/s. At a height of 80 m above the

6 is d ed. How long does the package take to reach the ground?
(Ans: 5.4 sec)
ats

xeowing a ship each exerts a force of 6000 N, and the angle

on, it covers a distance of 36 meters. Calculate:
cceleration of the car
(b) the total distance covered by the car during this time. (Ans: 8m/s* 100 m)
4. Show that the range of projectile at complementary angles are same with examples?
5. At what angle the range of projectile becomes equal to the height of projectile?

(Ans: 76%)
6. A marter shell is fired at a ground level target 500 m distance with an initial velocity
of 90 m/s. What is the launch angle? (Ans: 71.4%

—
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Pride bf Pakistan, Arshad Nadeem, th¢ first South asian to cross the 90 meter barrier in
Binningham as he clinched the goid medal, breaking the commonwealth games record in
4 Javelin throw

ribe elastic and inelastic collision with examples
Rptve different problems of elastic and inelastic collisions between two bodies in one dimension by using
law of conservation of momentum.
Describe that momentum is conserved in all situations. (Rocket Situation)
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Dynamics is the also the branch of mechanics in which we study about the motion with
reference of force. In this chapter students will able to learn the behavior of force, how it plays

its role to change the state (rest or motion) of body.
e

Newton’s Laws of Motion " KNO ™

Sir Isaac Newton’s laws of motion explain the relationship External Force?
between a physical object and the forces acting upon it. = An external force is defined as the
Understanding this information provides us with the basis =~ change in the mechanicg/Onergy
of modern physics. that is either the kinegic epogg¥or

the potential energ
These forges=aig

Newton’s first law: Inertia Ve ~
Newton’s first law states that every object will remain at  oyternalfor _ tio, D
ﬁa;e d.air zeSi )

rest or in uniform motion in a straight line unless

a 1stance
compelled to change its state by the action of an external — ~N
force. This tendency to resist changes in a state of motion U ) A
is inertia. There is no net force acting on an object (i OF
the external forces cancel each other out). Then the ob
will maintain a constant velocity. If that velocy 4 Rogctian
then the object remains at rest. If an externa 4 Gonstant Force Appiled i The Horizontal Directior)

an object, the velocity will change becauge
The first law of motion is also known

Inertia
The property by virtue of w,
motion is known as inertia.
the measure of the in€ftiq o
Numerical Applicatid

poses any change in its state of rest or of uniform
mass of the body greater is the inertia. That is mass is

s 0; a = 0; v = constant (In the absence of external applied force

velocity of b ma’ n€hanged.)
Physiged Apj of inertia or newton’s first law
1. oving car suddenly stops, passenger’s head gets pulled in the forward

on to prevent this action diver fasten seat belts.

hen we hitting used mattress by a stick,
dust particles come out of it. ,
In order to catch a moving bus safely we h! 7KNOW‘
must run forward in the direction of
motion of bus.
4. Whenever it is required to jump off a
moving bus, we must always run for a Net force (Fnet): The sum total and
short distance after jumping on road to direction of all forces acting on the
prevent us from falling in the forward object.
direction.

Acceleration: a measurement of how
quickly an object is changing speed.
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Newton’s Second Law: Force

Forces can be balanced or unbalanced. An unbalanced force causes something to accelerate. It

depends on the net force acting on the object that always causes acceleration.

The acceleration of an object depends on the mass of the object and the amount of force

applied.

Acceleration of an object is directly proportional m ,

to the applied force | KNOW.
aaF 1) ’

Acceleration of an object is inversely

If you double the mass, you double
force. If you double the accelgfats

proportional to the mass of an object you double the force.

a0 1/m (2) What if you double th
By combining both equations (1) & (2) accelerati

F @ =
aa kE ~ k=1 Doubling the ms§ and cleration
a=F/m uad rce.
F=ma...... 3.1
o
. Worked Example

A 50 N force applied on a box of mass 8.16 kgat®
surface. What is the acceleration of produced in. .
Solution:

Step 1: Write the known quantities and p %
quantities to be found.
F=50N
m=8.16 kg

a="7?

Step 2: Write the formula dagrange if necessary

e right across a horizontal

a
6.13 ms™

The eration of the box is found to be 6.13ms™.

Newton’s Third Law: Action & Reaction FBA

Whenever one object exerts a force on a second object,

the second object exerts an equal and opposite force on [——— B

the first. His third law states that for every action (force) A

there is an equal and opposite reaction. If object A FAB

exerts a force on object B, object B also exerts an equal
and opposite force on object A as shown in fig: 3.1.
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In other words, forces result from interactions.

For every force acting on an object, there is equal force acting in the opposite direction. Right
now, gravity is pulling you down in your seat, but Newton’s Third Law says your seat is
pushing up against you with equal force. This is why you are not moving. There is balanced
force acting on you— gravity pulling down, your seat pushing up.

Examples

1.  The motion of lift from an airfoil, the air is deflected
downward by the airfoil’s action, and in reaction, the
wing is pushed upward.

ii. The motion of a spinning ball, the air is deflected to one
side, and the ball reacts by moving in the opposite

iii. The motion of ajet engine produces thrustand hot
exhaust gases flow out the back of the engine, and a

thrusting force is produced in the opposite direction. A force is called the
Self-Assessment Questions: éf’a,c DA
1. Suppose that the acceleration of an object is either force exists without

this mean that there are no forces acting on i the other.
2. Can objects with different masses expé€ehcd\ th They are equal in strength

magnitude of force when they interagt AW vy not? and opposite in direction.

) They occur at the same time
3.2 Momentum and impulse .
(simultaneously).

East mass = 3000kg
mass = 1000kg speed= 60kl

speed = 60km/h

with a compact car.
gckage moves after the

Consider A moving van colM
What determined which

collision?

How do you decide | knock the billiard balls?

We cannot usg second law to solve such problems
because wg ry little about the complicated forces

involv

um and Impulse
sical quantity that describes the quantity of motion in a

dy is called momentum. '
The momentum of a moving body is defined as & ,(//"' _
“the product of mass and velocity of a moving body is p = He
called linear momentum”

P=mV ... (3.2) 0 .
Momentum is a vector quantity and its direction is the same Momentum p is a vector quantity
as that of velocity.as shown in figure 3.2 Fig: 3.2

? \—



Unit 3: Dynamics

Explanation
Momentum is that property of a moving body which determines how much effort is required
to accelerate or stop a body. Hence, it may also be termed as quantity of motion of a body.
From various observations it is concluded that greater effort is required to stop a body if it
possesses either greater mass or greater velocity or both.

Units Of Momentum
In S.I. system: Ns [1 Ns = 1 kg m/s]
In C.G.S. system: dyne.S
In F.P.S. system: lb.s
Dimensions of Momentum
The dimension of momentum is [MLT].
Newton 2™ Law and Linear Momentum
Newton’s Second Law can be used to relate the momentum of an objdctfto th tant force
acting on it ‘
F=mi=m%

) dt OR' O
Newton’s second law can be written in terms of momey :
Keeping mass as constant

The change in an object’s momentum di 8
acting on the object
Ap a nwomentum -
\p ﬂ RN =F
At ¢ interval

dpsed time equals the constant net force

Impulse

Definition
forceqdnd the

sufiterval At during which it acts.
J =3F.At...... (3.4)
J = F.At =AP
J =AP ... (3.5)

Self-Assessment Questions:

1. How is impulse related to the change in momentum of an object?

2. An object with an initial momentum of 50 kg m/s experiences an impulse of 100 Ns.
Calculate its final momentum.

3. A golf club exerts an average force of 800 N on a golf ball for 0.02 seconds. If the initial
velocity of the ball is 40 m/s and its final velocity is 60 m/s, what is the impulse
experienced by the ball?
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. Worked Example 3.2 ’
A hockey puck with a mass of 0.2 kg is sliding on the ice at a velocity KNOW. "
of 10 m/s. It collides with a wall and bounces back with a velocity of -
8 m/s. The collision lasts for 0.1 seconds. Calculate the impulse  Compare momentum
experienced by the hockey puck and the change in its momentum. A kinetic cpcrey

Changes in

Solution: momenturpepend
Step 1: Calculate the initial momentum (p_initial) of the hockey puck i :

before the collision:
p_initial = mass X initial velocity

initial = 0.2 kg x 10 m/s = 2 kg-m/s
Step 2: Calculate the final momentum (p_final) of the hockey
after the collision:
p_final = mass X final velocity the distance over
p_final = 0.2 kg x (-8 m/s) = -1.6 kg-m/s which the net force
Step 3: Calculate the change in momentum (Ap): acts, and it is

o)
Ap =p_final - p_initial scalar quantity.
Ap = (-1.6 kg-m/s) - (2 kg-m/s) =-3.6 kg-m/s
i N g hockey puck

Step 4: Calculate the impulse (J) exper et lithe

during the collision: derivative of any
J=Ap quantity 1s zero, 1t
=-3.6 kg'm/s must be a constant
c

The impulse experienced by, during the collision is - quantity.)
3.6 kg'm/s, and the change tum is also 3.6 kg-m/s.

Law of Conservati omentum

The law of cox inear momentum states that if no external forces act on the
system of 00 idif\gyobjects, then the vector sum of the linear momentum of each body
remaing constangandits not affected by their mutual interaction.

Alte spates that if net external force acting on a system is zero, the total momentum

the mains constant.

us consider a particle of mass ‘m’ and acceleration ‘a’. Then, from 2" law of motion,
dP
F=—
dt
If no external force acts on the body then, F=0,
F=22=0....06)

In result P remains constant or conserved.

? \—
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Law of Conservation of linear momentum for two colliding bodies
Let us consider two objects of masses m; and m, moving in

straight line with initial velocities u; and u, as shown in g @
figure 3.4(a). When two objects collide, they experience @)
equal and opposite forces on each other for short time At as

shown in figure 3.4(b). These forces cause a change in the
momentum of the objects. After collision, objects moves in

WA
»> n -

Before collision

the same direction but with different velocities v; and v, ""Q
respectively as shown in fig: 3.4(c).
At the time of collision My exerts force on Mz is Fj, (b) At collision

Fi; = (myv; —mayuy)/At
in reaction m, exerts force on m, which is F,;
Fp1 = (mqvy —mquy)/At
As per statement of Newton’s 3™ law
F12 = —F21 ...... (37)
(myv; —mauy)/At = —(mqv; —mquy)/At
mqvq + myvU, = MquUq + mousy ...... (38)
Above equation shows that in the absence of an exfe
collision is equals to total momentum after coll
remains conserved during the collision.

total momentum before
other words total momentum

Elastic and Inelastic Collision

Elastic Collision
An elastic collision is that in w entum of the
system as well as kineti

V——

Fig: 3.5

r two non-rotating spheres of mass m;and
m, moving initially along the line joining their centers with
velocities ujand uyin the same direction. Let u;is greater than u,. They collide with one
another and after having an elastic collision start moving with velocities vi and v, in the same
directions on the same line as shown in fig:3.5.

Momentum of the system before collision = m;u; + mous

Momentum of the system after collision = m;v; + mav>
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According to the law of conservation of momentum:

miu; + mpuz=m;vi + maeva

m;vy —miu; = mpuz — mpVva

1’1’11(V1 - U1) = mz(Ilz - Vz) ...... (3.9)

Similarly

K_.E of the system before collision = %> mju;? + % mou,?

K_.E of the system after collision = 2 mivi? + % mpv»?

Since the collision is elastic, so the K.E of the system before and after collision is co d.
Thus

Vamyvi? + Y% mpva? = Y myui? + ¥ mouy?

% (1’111V12 + m2V22) =1 (11111112 + V5 moup?

I’I'l1V12—Il’l1ll.12=n’]2uz2 —]312V22

1’1’11(V12-U12) = mz(lI22-V22)

mi(vit+ur) (vi-ur) = mp(uatva) (W2-va) ...... (3.10)

Dividing equation (3.10) by equation (3.9)
mi(vitu)(villu) my(uxtva)(uallvsa) o

my(viluy) a my(uz[ v
vitu; = utva Q
From the above equation
Vi=uz +va -ug
V2=Vvitu -up (11
Putting the value of v
my (V1-u1) =mp (112-
my (vi-up) =my{u2-

1-Ing)uy + 2m; u;

C (myrmy)

(m; +my) (3.11)

my (vi-u;) = ma(uz-va)
mi(uz+va-ur-up)=mo(uz-va)
m;(uxt+v2-2u1)=ma(uz-v2)
miuz+m;vz-2miu;=msuz-movs
m;va+mava=2miu+matz-mius
vao(my+my)=2m;u;+(mz-m; )uz
V.= 2my uy + (mp-my) W
2 (mytmy)  (my+my) (3.12)
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Self-Assessment Questions:
1. How does kinetic energy change in an elastic collision? Why?
2. What happens to the objects involved in an inelastic collision after the collision?

. Worked Example 3.3

Two objects, A and B, are initially at rest on a frictionless surface. Object A has a mass of 0.5
kg, and object B has a mass of 0.8 kg. Object A collides with object B. After the colligran,
object A moves to the right at a velocity of 4 m/s, and object B moves to the left at a_ve

of 2 m/s.
a) Calculate the total momentum before the collision.

b) Calculate the total momentum after the collision.

c) Calculate the kinetic energy before and after the collision.

Step 1: a) Total momentum before the collision:

Step 2: Initial momentum of both objects is zero since they at re efore, the total
momentum before the collision is 0 kg-m/s. (o)

Step 3: b) Total momentum after the collision:
Total momentum after the collision is the sum of thg t of*objects A and B:

Both objects are initially at rest, § int§jay, kinetic energy is zero.
Step 5: d) Kinetic energy '

The friction and normal forces are
really components of a single
contact force

Contact force

surface of another solid object as shown in fig:3.6. its
motion is always opposed by a retarding force. This force
is called friction. Thus, friction is the force directed . .= = & |
opposite to the direction of motion or attempted motion. componenty
The frictional force is always parallel to the surface in

contact.

.\
Normal-force
L'UIHPUHCIH n

Push or pull
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Origin of Friction

Classical view

According to Classical view, when two objects are

kept in contact, there forms an interlock between

the irregular surfaces and to break the interlock, we Block
need an extra force. This force measures the force
of friction.

Modern view

According to modern theory, friction is due to
intermolecular force of attraction between the
surfaces in contact. When two surfaces are put

|
together, the actual area of contact is very less than @
the apparent area of contact. The pressures at the
O

Floor

W

contact points are very high and the molecules are
pushed very close so that attractive forces between
them weld the surfaces together at contact points o —

g . . . SCOPIC level, even Smootn suriaces
(which is called cold welding). To break t ol Fhey tend to catch and cling

attachment we need an extra force as sho Fig: 3.7
fig:3.7.
Types of Friction %

Static Friction
The friction force that comgs fnto playj®etween the two surfaces when one body tends to move

Qody static friction.

on the surface of othg

gfatic friction is called limiting friction.

e that comes into play between the two surfaces when one body moves on
her body is called kinetic friction.

//f= /l,{z?Z/ ...... (3.13)
e two types of kinetic friction. They are:

a) Sliding Friction

The friction that exists between two surfaces when one body is sliding on the other is called
sliding friction. For example: friction between the wood block and the road when the wood
block slides on the road.

b) Rolling Friction
The friction that exists between two surfaces when one surface is rolling over the other is
called rolling friction. For example: friction between the tyre of moving vehicle and the road.

j \—
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Laws of Friction
a) The frictional force opposes the relative motion of two surfaces.

b) The frictional force is parallel to the surfaces in contact.

c) The frictional force is directly proportional to the normal reaction.

d) The frictional force is independent of the area of contact.

e) The frictional force depends upon the nature of the two surfaces in contact and their
state of roughness.

f) The kinetic friction is independent of the relative velocities of the surfaces.

(

b)
. .
./
I, " o
i TN t—

No applied force, Weak applied force, Stronger applied force,
box at rest. box remains at rest. box remains just about togsli constant speed.
No friction: Static friction: Static friction: inetic friction:
\

—

(e) T~

Box at rest; static friction Box moving; kinetic friction
equals applied force. is essentially constant.

Fig: 3.8

i0n with the normal reaction as shown in fig:3.9.

In ALAC, L A
A

AL F =4

tang =>===- -

b AC R 8
Tl ] 5
. E -, = - >

,*r': —r

Tana=p m— e
Figure: 3.9 v

Therefore, tangent of angle of friction is called coefficient of friction.
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Relation between Angle of Friction and Angle of Repose

Angle of repose is defined as the minimum angle made by an inclined plane with the
horizontal such that an object placed on the inclined surface just begins to slide.

Let us consider a body of mass ‘m’ resting on a plane.

Also, consider when the plane makes ‘0’ angle with the horizontal, the body just begins to
move.

Let ‘R’ be the normal reaction of the body and ‘f” be
the frictional force.
Here,
mgsinf = -f > (1)
mgcosd = -R ——>(ii)
Dividing equation (i) by (ii)
mgsind B of
mgcosb R
f
Tanf = R
Or, TanO = p, where ‘p’ is the coefficient of frictj
Or, Tan® = Tana  (tana = p)
where ‘a’ is the angle of friction

0=a
Angle of repose is equal to angle of ;?E%i@
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Angle of friction

Angle of Repose
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Uunit 3: Dynamics

Dynamics: Study of the forces and torques that cause motion and the resulting effects.

Force: Push or pull on an object; causes acceleration.

Newton's Laws of Motion:

First Law (Law of Inertia): An object at rest stays at rest, and an object in md
in motion unless acted upon by an external force.

force acting on it and inversely proportional to its mass.
Third Law (Action-Reaction): For every action, there is an e
Inertia: Resistance of an object to changes its state in its motj ;
Friction: Resistance force between two surfaces in contact; osegMelative motion.

Normal Force: Force exerted by a surface to suppog™the we an object in contact
with it.
- Momentum: Product of an object's mass and uantity of motion; conserved

in a closed system.

is equal to the total momentu
Elastic Collision: Collision,

WEXERCISE

Sectiog (A) e Choice Questions (MCQs)
ange of linear momentum of a body is called a:
force b) Angular force
d) Impulse

e term mass refers to the same physical concept as:
a) weight b) inertia
c) force d) acceleration
Which one of the following force is also called as self adjusting force ?
a) frictional force b) tension
c) Weight d) Thrust
The laws of motion shows the relationship between:
a) velocity and acceleration b) mass and velocity
c¢) mass and acceleration d) force and acceleration

j \—
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10.

The motion of rocket in the space is according to the law of conservation of:
a) Energy b) linear momentum
¢) mass d) angular momentum

A bomb of mass 12 kg initially at rest explodes into two pieces of masses 4kg
and 8kg . The speed of 8kg mass is 6 m/s. The kinetic energy The kinetic energy
of 4 kg mass is:

a)32] b) 48]

c)114]J] d) 288 1J

If momentum is increased by 20% then K.E increases by:

a) 44% b) 55%

c) 66% d) 77%

The kinetic energy of body of mass 2kg and momentum of 1
a)llJ b)21J

c)3J d)41]

For the same kinetic energy, the momentum is maxj fob

a) an electron b) a proton

c¢) a deuteron
A 3kg bowling ball experiences a net forCs
a) 35 m/s2
c) 5 m/s2

hat will be its acceleration.

Section (B): Structured Que )
CRQs:

I.

. How does mass affed
. What are the di

State Newton's secone

force?

1. Explain Newton's Second Law of Motion and how it relates force, mass, and acceleration.

Provide an example to illustrate the concept.

2. How does the conservation of momentum apply in each type of collision? Give real-life

examples of both types of collisions.

3. Explain how the concept of impulse is related to the change in momentum of an object.

Provide an example of an everyday life where impulse plays a significant role.

4. State the law of conservation of momentum. Provide an example from everyday life that

—

demonstrates the principle of momentum conservation.
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Numericals:

1. A car weighing 9800 N is moving with a speed of 40 Km/h. On the Application of
breaks it comes to rest after traveling a distance of 50 meters. Calculate the average
retarding force? (Ans: 1234. 57 N)

2. A helicopter weighs 3920 N. Calculate the force on it if it is ascending up at the rate
of 2m/s®>. What will be the force on helicopter if it is moving up with a constant speed
of 4 m/s? (Ans: 4720 N, 3920 N)

3. A 100 grams bullet s fired from a 10 kg gun with a speed of 100m/s. Whet\
speed of recoil of the gun? (Ans: 10 m/s)

b ofcord so that

5. A 50 grams bullet is fired into a 10 kg block that is suspe ¢
its cgnterof gravity rises

it can swing as a pendulum. If the block is displaced so t
by 10cm, what was the speed of bullet?
6. A 70-gram ball collides with another ball of

40 gram. The initial velocity of
afQest. If the collision were

perfectly elastic, what would be the velogi ‘ g after the collision?
(Ans: - 3m/s, 6 m/s)
7. A truck weighing 2500 kg and 0 a velocity of 21m/s collides with a

dnd car move together after the impact.
(Ans: 15 m/s)

stationary car weighing 1000
Calculate their common vel

?\_
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Amusemeut Park, Hill park, Karachi

\)

Define angular displace§ Angutar¥€locity and Angular acceleration and express angular displacement
in radians.

Solve problemeBywsing$ #*r6andv = rw
Describe the{gu§ gtion in curved path due to perpendicular Force
Derive Qi a= rw%a = v/

¢ 3 F= mv?/r

‘ In this unit student should befahle tg

orce, or a Normal Force.
then a vehicle travels round a banked curved at specified speed for the banking angle, the
ptal component of the normal force on vehicle causes the centripetal acceleration.
Wescribe the equation tanB = v? /rg, relating banking angle 0to the speed V of vehicle and the

d

Define the term orbital velocity and drive relationship between orbital velocity, gravitational constant,
mass and radius of orbit.

Define the moment of inertia.

Use the formula of moment of inertia of various bodies for solving problems.
Define the angular momentum

Explain the law of conservation of momentum.

Define the Torque as the cross product of force and moment arm.

Derive a relation between torque, moment of inertia and angular acceleration.
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4.1 Kinematics of Angular Motion

The kinematics of rotational motion describes the relationships among rotation angle, angular
velocity, angular acceleration, and time. Relationship between angle of rotation, angular
velocity, and angular acceleration to their equivalents in linear kinematics.

we derive all kinematic equations for rotational motion under constant acceleration:

4.1.1 Rotational Quantities

Rotational motion happens when the body itself is spinning. Examples the earth sping#fig on its
axis and the turning shaft of an electric motor. We see a turning wheel motion,
different system of measurement.

There are three basic systems of defining angle measurement.
The revolution is one complete rotation of a body. This unit of measureme t@a iohd] motion
is the number of rotations. its unit is the revolution (rev).

Tt | cj ference is 27tr,

S0 on is 27 radians.

Tlamakes 1 radian 360°/2xn
or about 57.3°.

Angular Displacement
It is defined as the angle with its vertex at the center of
a circle whose sides cut off an arc on the circle equal td

its radius figure 4.1. where s =r and 6 = 1 rad, the ,‘
_ S .
= 4.1)

Where

0 = angle determined by sandri.e. a ‘ ent

s = length of arc of the circle

r = radius of the circle

Angle 6 is measured in radighg1s de as the ratio of

two lengths: the length of the radius of a
i e

circle. Since the lefgtl ratio cancel, the
» A useful relationship is

Angle in radians is the
: 0 ration of arcs s to radius . 0 = s/r.
tion. Therefore, 1 rev = 360" = Here 0 is a little less than 1 radian.

radian is a dimensio &
2 rad equajs
2m rad Fig: 4.1
sec of angular measurement divides the circle of rotation into 360 degrees (360° =
ev). degree is 1/360° of a complete revolution.

(rad), which is approximately 57.3° or exactly (360 / 2r), is a third angular unit of

rement.
1° = 27 /360° = 0.0175 rad

Angular Velocity

Any object which is rotating about an axis, every point on the object has the same angular
velocity. The tangential velocity of any point is proportional to its distance from the axis of
rotation.

?\—
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Angular velocity is the rate of change of angular

displacement and denoted by
A8
Waverage = A_t ............... (42)

o = Angular Velocity

0 = Angular Displacement

t = time

This angular velocity is generally measured in radians per
second, but angles are actually dimensionless. The SI unit
for angular velocity is s but it usually writes as rads™.
Angular velocity is considered to be a vector quantity, with
direction along the axis of rotation in the right — hand rule
The instantaneous angular velocity, which is defined as the
instantaneous rate of change of the angular displacement
with respect to time, can then be written as

Axis
of rotation

. A8
T R— (4.3)

The angular velocity is also referred as angular frequ
w=T=2nf ... (4.4) Asf= 1/t

Another practical unit of angular velgt
minute (rpm) , usually used in indf
and odometer of vehicles.

: (A)
1rp g
@
angulal quantities e
33 ‘ 0

v
rotating counter clockwise as
)
IL\» +%
-

ufion per

pOtg machines

Couterclockwise rotation

rotat§ ofockwise then the direction of angular velocity ClosRswiae ntston

- :

Mnward as represented in figure 4.3b. (B)

Ang Acceleration

In rotational motion, changing the rate of rotation involves a -
change in angular velocity and results in an angular A
acceleration. For uniformly accelerated rotational motion, 0
angular acceleration is defined as the rate of change of angular an
velocity. That is

a=22 (4.5)

t
o = Angular acceleration




Unit 4: Rational and Civcular Motion

Aw = Change in angular velocity

t = time

It’s unit is rad/s”.

The instantaneous angular acceleration, which is defined as the instantaneous rate of change
of the angular acceleration with respect to time.

4.1.2 Relationship between Linear and Angular quantities
Consider an object revolving in circle, which involve angular as well as lineg
stadium race ground, moving in circular laps but counted in linear terms. The-eg
motions as under:

0 =s/r—-———————————— )

yEEH e mrmesse=== (i)
o=0/t—-————————————- (iii)

Therefore, combining and substituting s / r for 0 in eq (¢ tdih

w(r) = (%) (r) Multiply both sid @

wr =% whereas s/t = v

V=ro ... (iv)

V = linear velocity of point c oMeflown as tangential velocity
r =radius

o = angular speed.

Similarly
fV=rmi d()d both&ides by t then
14 Y

Self-Assessment Questions:

1. How does angular velocity differ from linear velocity? How are their units related?

2. Describe the difference between clockwise and counterclockwise rotations in terms of
angular displacement and angular velocity.

3. Can angular acceleration be negative? If so, what does a negative angular acceleration

indicate about the object's motion?
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( Worked Example 4.1 | 4

The platter of the hard drive of a computer rotates at 7300 rpm (a) What is the angular velocity
of the platter? (b) if the reading head of the drive is located 3.1 cm from the rotation axis , what
is the linear speed of the point on the platter just below it? (c) If a single bit requires 0.55 pm of
length along the direction of motion, how many bits per second can the writing head write when
itis 3.1 cm from the axis?

Data:

rev =f=7300 rpm
o="7?

r=3.1cm

v=7

size of bit = 0.55 um
Size of bits / time = ?

Solution:
Step 1: (a)
_ 7300 rev/min it rev $ (o]
~ 60s/min ' N s )¢
The angular velocity is

€ axis is given by

w = 2nf =2n 2
Step 2: (b)The linear speed of point 3.1 ¢
4.5 = 23. 7—
Step 3: (c): Each bit requiges 0.5 , So at a speed 23. 7 m/s , the number of bits passing

the head per second is

m = 43 x 10° bits per second
B> X 107
or 43 megabits /s

Table: 4.1(Put this table in Do You Know)

’ Linear Motion Rotational Motion
S
S =Vt 6=;or9=wt
1 2 1 2 a constant
S=Vit+=- at 0= wt+=-at
7 2 2 o constant

—
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Vf + Vi wyr + w;
Vavg = 2 Wavg = 2
tant
V=V, +at | o=+ at @ constant
tant
. Worked Example 4.2 |

A motor cycle wheel turns 3620 times while being ridden for 6.50 minutes
speed in rev/min (rpm)?
Data:

t=6.50 min

no of revolutions = 3620 rev
0="7?

Solution:

Step 1: formula
0

O
w Tt @
t
_ 3620 rev e Iuti
— o —,— revolutions p

gular

® =557 rpm

4.2.1 Centripetal Bagce .-
An object moving sifcle is experiencing an /
acceleration, oVing along perimeter of /
changing subsequently an ¢

g to Newton’s second law of
experiences an acceleration must

seeking. \ /
The force which causes the acceleration is directed N~ _--
towards the center of the circle and is called

a centripetal force.
Centripetal force is exerted towards center of the circle. if the string break, however, there would
no longer be a centripetal force acting on stone, which would fly off tangent to the circle.

Fig: 4.4
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The Centripetal Force Formula is given as the product of mass and tangential velocity squared,
divided by the radius that implies that on doubling the tangential velocity, the centripetal force
will be quadrupled. Mathematically it is written as:

B B e 4.7)

"
Some Examples:

Earth <«
"\, Centripetal
force
{ \
|
Sun
>

(a) Planets orbiting Sun  (b) Turning car at roundabout  (c) Rollég coabter over loop
Fig: 4.5

4.2.2 Centripetal Acceleration. (o)
Figure 4.6 shows an object moving in a circular path g ed. The direction of the

ation is in the direction of
of rotation i.e. the center of the
1gure. We call the acceleration of
a net external force) the centripetal
“center seeking.”

the change in velocity, which points directly to
circular path. This is labeled with the vector
an object moving in uniform circular moti
acceleration; centripetal means “towaed, th

Centripetal acceleration, the acc bject moving in a circle, directed towards
the center.
Derivation for centripet§ gle Av A2

AV =V, -V,

Following the figure 4.6, db ¢ Phat the tringle formed by the

rea ing for Av, we get

Av = = AS Dividing both sides,

v _2 o5

At r At

i—: = a. and % = v then, the magnitude of centripetal acceleration is Fig: 4.6
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It is useful to show centripetal acceleration in terms of angular velocity. Substituting V=r ®
into centripetal acceleration formula, we get

(ro)?
a. = ——=row’

Oe=T® .oiieninnnnn.. (4.9)
We can express the magnitude of centripetal acceleration using either of two equations.

Self-Assessment Questions:
1. In what direction does centripetal acceleration point for an object moving in a circular\path?
2. Is centripetal force a conservative force? Why or why not?

 Worked Example 4.3

What is the magnitude of force and the centripetal acceleration of A gdr hawing
following a curve of radius 500 m at a speed of 100 km/h? also ¢ arg/Me acceleration with
that due to gravity for this fairly gentle curve taken at high spe¢

Data:

m=300kg

r=500 m

o
V =100 km/h =27.8 m/s
a.="?
Solution: Step 1: formula
e
a. = 7
_ (27.8)?

%= T500
a.~1.54 m/s?

F=ma. =
F =
co centripetal acceleration with acceleration due to gravity by taking ratio, we get
a. 1.54
<:!E —=——g9=0.157g
g

g 9.8
is noticeable gravity impact especially if you don’t wear seat belt.

4.2.4 Centripetal acceleration caused by Tension force.

An acceleration must be produced by a force. Any force or combination of forces can cause a
centripetal or radial acceleration. For examples are the tension in the rope constraint the motion
of the ball, the force of Earth’s gravity on the Moon to keep them in orbit, friction between roller
skates, a rink floor, and a banked roadway’s force on a car. Any net force causing uniform
circular motion is called a centripetal force. The direction of a centripetal force is toward the
center of curvature, the same as the direction of centripetal acceleration.

j \—
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If a ball is tied to the end of a string and whirling in a circle,

the ball accelerates towards the center of the circle as shown

in figure 4.7. The centripetal force which causes the inward
acceleration is from the tension in the string caused by the
person’s hand pulling the string plus the weight of the ball &
also having its implications. The centripetal force on the Q@t &
object equals the tension of the string plus the weight of the O:Q/
ball, both acting toward the center of the vertical circle. @y/
Mathematically:

F.=F+E,

F, = mrvz —mg

The centripetal force on the object is equal to the difference
between the tension of the string and the weight of the
object. The tension is exerted inward toward the center of the vertical
is directed away from the center of the vertical circle. Mathem: lly:

F, = F,—F, (o)
F = mv?

r
[f the string breaks there is no longer a resultant f;
motion in a straight line at constant speed.

on the ball, so it will continue its

A banked curve is a curve that h
with respect to the ground on
positioned as shown in #Puge 4" reason for
she moving object
depends on the forte ki > On a curve that is
along that curve will
afic friction that will point
e circular pathway restricted
. This frictional force will be
creating centripetal acceleration,

acting on the object such as a car; will act at an angle with the horizontal, and that will create a
component normal force that acts along the x axis. This component normal force will now be
responsible for creating the centripetal acceleration required to move the car along the curve.
Therefore, for every single angle, there exists a velocity for which no friction is required at all
to move the object along the curve. This means that the car will be able to turn even under the
most slippery conditions (ice or water).
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4.2.6 Banking dependence on angle and speed of vehicle.

Banked Curves
Let us suppose banked curves, where the slope of the road helps you assign the curve figure
4.10. The greater the angle 6, the faster and easily you can take the curve. Race tracks for bikes
as well as cars, for example, often have steeply banked curves. In an “ideally banked curve,” the
angle @ is such that you can assign the curve at a certain speed without the support of friction
between the tires and the road. We will derive an expression for 6 for an ideally ban
For ideal banking, the net external force equals the horizontal centripetal force in

equal the centripetal force and the weight of the car,
A free -body diagram is shown in figure 4.9 for a car on a frictionless
angle 6 is ideal for the speed and radius r, then the net external
centripetal force. The only two external forces acting
on the car are its weight and the normal force of the
road N. (A frictionless surface can only exert a force

Nsinf = F, = Fq

Fig: 4.9

gsgponents of the two external forces must be equal in magnitude and
figure 4.10, we note that the vertical component of the normal force

meaning that t
opposite in n.
is Ncosé, an

an combine these two equations to eliminate N and get an expression for 86, as

olving the second equation for N=mg/(cos6) and substituting this into the first yields
mv?

Cos  r

mgtanf = £

2

v
tanf = —
rg

2

6 = tan? (g) ............... 4.11)

This expression can be understood by considering how 8 depends on vandr. A large 8 is
obtained for a large v and a small ». That is, roads must be steeply banked for high speeds and

j \—
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sharp curves. Friction helps, because it allows you to take the curve at greater or lower speed
than if the curve were frictionless. Note that 6 does not depend on the mass of the vehicle.

. Worked Example 4.4 )

Curves on some test tracks and race courses, such as M-1 Islamabad — Lahore Motorway, are
very steeply banked. This banking, with the support of tire friction and very stable car
configurations, allows the curves to be taken at very high speed. To illustrate, calculate the speed
at which a 100 m radius curve banked at 30° should be driven if the road were frictionles
Approach

We first note that all terms in the expression for the ideal angle of a banked curve

speed are known; thus, we need only rearrange it so that speed appears on the lefeetTang
then substitute known quantities. @

Solution:
Step 1:
Data:
r=100m
0 =300 o
= 7
Step 2:
UZ
tanf = — : :
rg
v=,rgtanf @
Step 3:
v = v/100x 9.8x tan 30
v=23.8m/s
4.3 Orbital Velocity
Orbital velocity is the spedd bed to achieve orbit around a heavenly body, such as a planet
or a star. This regeirestravalifig at a sustained speed that:
» Aligns with th Ndedven) Yt ody’s rotational velocity

[} slow down and be pulled back down to earth, via the force of gravity. By contrast, a

satellite (such as the one that powers your phone’s GPS or the one that transmits a Direct
TV signal) does not need to expend fuel to maintain its orbit around the earth. This is
because such satellites travel at a velocity that overrides the force of gravity.

4.3.1 Velocity, Radius

Newton’s laws of motion are governing motion of all objects. The same laws which govern the
motion of objects on earth also extended to the heavenly bodies to govern the motion of planets,
moons, and other satellites. Already we had discussed the bodies in circular motion.
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Orbital Speed

Suppose a satellite with mass Mgawliee Orbiting a central body with mass Mcenra. The central body
could be a planet, the moon, the sun or any other heavenly body which may be capable of causing
reasonable acceleration over a less massive body nearly. When the satellite is moving in a
circular motion, then the net centripetal force acting upon this orbiting satellite is

_ Msatelitevz
Fc = ==
This net centripetal force is the resultant of the

gravitational force which attracts the satellite |nstantaneous
towards the central body Velocity

A7 Centripetal fg
X, (Earth’s gravit

FG = G Mgatellite Mcentral

R2
Since F. = Fg, then
Msatellitev2 — G Mgatellite Mcentral
R R2
V2 — G Mcentral
2 o
V= G Mcentral 4.12 Fig: 4.10
- R (4.12) rbital velocity of satellite

G = Gravitational Constant = 6.67x 107! Nm>

Meentrat - Mass of earth = 5.98 x 10 kg
0 f earth
eir mass, will travel at the same speed v in a
particular orbit radius

R = distance from the center of objec
» Recall that since t irec of a planet orbiting in circular motion is constantly
changing, it has ce et cleration

GMcentrat

Where:

T = Time period of the orbit (s)

R = orbital radius (m)

G = Newton's Gravitational Constant

M = mass of the object being orbited (kg)
The equation shows that the orbital period T is related to the radius r of the orbit. This is
also known as Kepler’s third law
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Self-Assessment Questions:

1. What factors influence the orbital velocity of an object around a celestial body, such as a
planet or a star?

2. Compare the orbital velocity of a satellite around earth and moon. How do their orbital
velocities differ?

. Worked Example 4.5

The International Space Station orbits at an altitude of 400 km above the surface of
What is the space station's orbital velocity?

Solution:

Step 1:

The orbital velocity depends on the distance from the center of mass o E3 e space
station. This distance is the sum of the radius of the Earth and the distande fromhe space station
to the surface:
r=(6.38 x 106 m) + (400 km)

r = 6380000 + 400000 m
r=6780000 m

o
Step 2:
The orbital velocity can be found using the fo g
. G Mcentral
= \f R
Step 3:

V= 6.673x10~11x5.98x10%4
B 678000

V=7672 m/s
The orbital velocity of the yonal Space Station is 7672 m/s.

4.4 Moment of : ,
Moment of inerti property of the body by virtue of it resists \\ KNOW.

p which is the sum of the products of the mass of -

simply’it can be described as a quantity that adopts the amount of
torque necessary for a specific angular acceleration in a rotational =~ A }llzfsg: "i;“tg;e:gzail?’;il‘;?ef
axis. Moment of Inertia is also known as the rotational inertia or = .ia t%ran oo ot sl
angular mass. The higher the moment of inertia, the more resistant a = diameter but has equal mass.
body is to angular rotation.

A body is usually made from several small particles forming the entire mass. The mass moment
of inertia depends on the distribution of each individual mass concerning the perpendicular

distance to the axis of rotation.

—/

<

3
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Mathematically, the moment of inertia can be expressed in terms of its individual masses as the
sum of the product of each individual mass and the squared perpendicular distance to the axis
of rotation.
I=Xmr’ ..o, (4.14)
I = Moment of Inertia
m = Mass
r =distance to axis of rotation
The moment of inertia is measured in kilogram square meters (kg-m?), its dimensiong#formula
is[M'L*T"] .
The moment of inertia depends upon the following factors:
» Shape and size of the body
» The density of body
» Axis of rotation (distribution of mass relative to the axis)

4.4.2 Rotational Inertia of a two particle system
Consider a rigid body containing of two particles of masgm'gon 608 y arod of length L with
negligible mass.

(a) Two particles each at perpendicular dist . the axis of rotation.
For two particles each at perpendicular
distance ¥ L from the axis of rotation, we Rotation Axis through center

have:

= 3IXmr? =(m)(§L)2+ (mMAS

— Lony2 »l < .
I'=-mLl®............. (4. ; %L ol

m

%L

Fig: 4.11

Rotation Axis through end of rod

mgp¥¢ to find I using either " i
¢ Yirst is as in part (a) we have .
bne. The*perpendicular distance r is zero L _h
particle on left and L for the particle + o
gthe right. We have:
I =m(0)?+ml? Fig: 4.12

I=ml? ..cccovn. (4.16)

Second Method:

As I about an axis through the center of mass and because the axis here is parallel to that center
of axis, we can apply the parallel- axis theorem.

I =1, +MAh?

j \—
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2
_1_ .9 1
I=32mL +(mn)QL)
I = mlL>?

Moment of Inertia of Various bodies:

Consider a solid cylinder with mass M, and radius R. The
moment of inertia of a solid cylinder rotating about its central
axis is given by the formula:

Let's assume we have a solid cylinder with a mass of 2 kg
and a radius of 0.5 meters. The moment of inertia would be:

1
I = = (2kg) (0.5m)? g: 4.13

1
o
I =0.5kg. m?
the moment of inertia of the solid cylinder is O. q
Moment of Inertia of a Hollow.Cylinder: Hollow
Consider a hollow cylinder with mass € s a, and 11y, o Cylinder
outer radius b. The moment of ingrtja cylinder 73 ")
0

rotating about its central axis is rmula:

[ =-m(a® +b?) ... (4.1 (
Let's consider we have gTe er with a mass of 3 kg, ;

an inner radius of 0.4 mgterSyand an outer radius of 0.6 @

meters. The m f ineftia would be: o

Fig: 4.14

Solid
sphere

Consider a solid sphere with mass M and radius R. The moment
of inertia of a solid sphere rotating about its center is given by
the formula:

5

- = 2 2 4
1=2MR2...... . (4.19) =2

Fig: 4.15
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Let's assume we have a solid sphere with a mass of 1 kg and a ,

radius of 0.3 meters. The moment of inertia would be:
3 KNOW.

] = % (1kg) (0.3m)?

I = 0.036 kg. m?
The moment of inertia of the solid sphere is 0. 036 kg. m?

These examples demonstrate how to calculate the moment of
inertia for different bodies. However, it's important to note that
the moment of inertia can vary depending on the axis of rotation
and the specific mass distribution within the object.

Self-Assessment Questions: L ass is
1. How does moment of inertia differ from mass? What role does 9 concentrated
play in moment of inertia? farther from its
2. How does the moment of inertia of an object chan (s@Xkis|  axis of rotation.
of rotation is shifted closer to or farther from j

4.5 Angular Momentum

o a change in their angular velocity as

change in their linear velocity. This is due
ry to get on a bicycle and try to balance without
. But once you start pedaling, these wheels pick up
pesist change, thereby balancing gets easier.

3 point parﬁcle. axis of rotation L -r xp

nt e.g. Earth revolving around the Sun.
mentum L, of a point particle is the vector
its position / moment arm and linear momentum.
............... (4.20)
magnitude of angular momentum is
L=rp Sin6 as p=myv
Where 0 is angle between position and momentum vectors. Fig: 4.16
Its direction is perpendicular to both position and linear momentum and determined by right-
hand rule.
L= mvr Sin 6 For 6 = 90°
L= mvr
The maximum magnitude of angular momentum.

j \—




Unit 4: Rational and Civcular Motion

4.5.2 Law of conservation of angular momentum
The law of conservation of angular momentum states that when no resultant external torque acts
on a body, its angular momentum remains constant.

In figure 4.17, consider a particle in uniform circular motion due to a force acting on the particle
that is centripetal force required to deflect the particle to keep it in circular path.

(The central force is a force whose line of action passes through a fixed point.) The centripetal
force always points towards the center of the circle so it produces no torque about an origin at
the center of the circle.

The law of conservation of angular momentum then ensures that the angular momen

particle is constant. The angular momentum is constant in magnitude (mro” remains

constant in direction (the motion is confined to the plane of rotation).
It is worth emphasizing that the above discussion relies on the origin being at

l@t 1 af the
1Q anit of the

circle. In Figure 6 a different origin O has been chosen, on the axis of p6tati
plane of rotation. In this case angular momentum is

L=7xp
E=(T||+rl)><p o Lo
L= (n x p) + (7L X p)

that the angular momentum has a component L, = r|

is perpendicular to the axis of rotation and is not ¢
is not a problem because, relative to the origj 4

particle experiences a torque N e Fis
the centripetal force acting along —r,.

Moreover, because r is constant fw€ have

dLy < g 9

_ dp _ _
——T"XH—T"XF T

in that diregign.

dL_

at

dL
where T = 0 ( integrating both sides)

L= stant

Hence, the angular momentum of the particle is conserved if the net torque acting on it is zero.

Self-Assessment Questions:

1. How is angular momentum different from linear momentum? Explain the key differences
between the two.

2. How does angular momentum change when an object's moment of inertia is altered, but its
angular velocity remains constant? Provide an example to illustrate this concept.
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. Worked Example 4.6

A basketball spinning on the finger of an athlete has angular velocity w = 120.0 rad/s. The
moment of inertia of a sphere that is hollow, where M is the mass and R is the radius. If the
basketball has a weight of 0.6000 kg and has a radius of 0.1200 m, what is the angular
momentum of this basketball?

Solution:

Data:

o =120 rad /s

m = 0.60 kg

1=0.120 m
Q
We can find the angular momentum of the basketball by using the n4,0 pla of a sphere

that is hollow, and the formula. The angular momentum will be:

L=1Iw

1=2/3 MR

1=0.66 x 0.60 x ( 0.12)?
[=5.76x 10°

L=5.76x 10°x 120

L =0.6912 kg.m?/s

The angular momentum of the basket % ng will be 0.6912 kg. m?*/s.

4.6 Torque

Torque is an important qua ibing the dynamics of a rotating rigid body. There are

many applications of fQrque rld. We all have an intuition about torque, as when we use
a large wrench to uns astubborn bolt. Torque is at work in unseen ways, as when we press
on the accelergtar in & salising the engine to put additional torque on the engine. Or every
time we maqy i i

pndency of a force to turn or twist. Example of torque.

Wrench Door Opening

Fig: 4.18

4.6.1 Torque or Moment of Force

Torque is produced when a force is applied to an object produce a rotation. This turning effect
of the force about the axis of rotation is called torque. torque is also known as moment of
force.

\—
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Consider a body which can rotate about O (axis of rotation). A
force F acts on other end whose position vector with respect to
O is r as shown in figure 4.19 The distance from the pivot point
to the point where the force acts is called the moment arm. The 0 Y[ AV
force is in x-y plane, so resolved to act accordingly. Torque is

defined as the cross product of moment arm and force.

1 | r >|
T=7XF............... (4.21) | I
|z| = r.F sin@

ITI =r (F sin 9)

|z| = F.(rsin @)

Torque is positive if directed outward from paper and negative
inward to paper.

Torque is always perpendicular to the plane r and F. Thus
clockwise torque is negative and counter-clockwise is
positive. The SI unit of torque is kgm?*s” and dimesionally it
can be written as [ML*T]. e you are from the
s™ he closer you are to

e iinges, the harder it is to
ush. This is what happens

when you try to push open a
door on the wrong side. The

Self-Assessment Questions:
1. What causes torque to occur in a system? Ho
different from force?

the correct side.

2. How does the distance between 'the torque you created on the
(fulcrum) and the point of applicatio\o SR 5 e cinaller than e wonld
torque? ‘A ‘A have been had you pushed

“ A\

ked Example 4.7 |

al force on the lower arm, bent as shown in figure. For
18 about the axis of rotation through the elbow joint, assuming the
the elbow as shown. / ~

‘ 700 N )
-~

Axis al »

S.0cm

(b)T=rLF=rSin0O F
T =(0.05) Sin 60° x 700
T=30N.m

N =

The arm exerts less torque at this angle than when it is at 90°. Weight machines at gyms are
designed on these parameters.
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4.6.2 Derivation a relation torques, moment of inertia and

angular acceleration. oy F
Consider a particle of mass m rotating in a circle of radius r at the end 7 S

of a string whose mass is negligible as compared to mass of string. [ I m
Assume that a single force F acts on mass as shown in figure: 4.20. V4
The torque gives rise to the angular acceleration is T =r F. -~
Newton’s second law of motion is F =m a, Fig: 4.20

Tangential linear acceleration 0y, = rao
Equation ... can be rewritten as
F=mr aMultiplying both sides with r
rF = mria

= la
ToCQ
We have a direct relation between the angular acceleratlon and
applied torque where as mr” is representing rotational ine
called moment of inertia.

st as planets fall
around the sun, stars

i ) o ] (o) fall around the
Now let us consider a rotating rigid object, such gl Jothting  centers of galaxies.
about an axis through its center, which could be a ) o think Those with
of the wheel as containing of many pa fed at various insufficient
distances from the axis of rotation. We ca, N\, J#each particle  tangential speeds are
of the object, and then sum over allat he sum of the  pulled into, and are
various torques is just the total torgqué go?blf_d up lfiya the
St=Emd)a galactic nucleus —
If each particle is assigned be ,3,4....), then Wl a etk
[=% mr’=m r?+m 1 15¥5 DyRTUTI
By combining equat{o

about a fixe




Unit 4: Rational and Civcular Motion

Re“ ' ip
,‘ b/w Linear &
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®> Angular displacement is the ratio of two lengths: the length of the arc and the radius of a
circle.

®> Angular velocity is the rate of change of angular displacement

®> Angular acceleration is the rate of change of angular velocity.

®> The force which causes the acceleration is directed towards the center of

called a centripetal force.

The acceleration of an object moving in a circle, directed towards t

o)
o>

with the square of its distance from the axis of ro
®> The moment of inertia of a body about an &%
center is equal to the sum of moment of }
the center and product of the mass ofthé
the two axes.
®> The angular momentum, of a
arm and linear momentum.
®> The law of conservatje

®> The turning effg
®> Static torque i
®> DynamigtQrqud
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:?ExeR’GEICSfE

Section (A): Multiple Choice Questions (MCQs)

1.

One radian is about

a) 25° c) 45°
b) 37° d) 57°
Wheel turns with constant angular speed then:

a) each point on its rim moves with constant velocity

b) each point on its rim moves with constant acceleration
c) the wheel turns through equal angles in equal times

d) the angle through which the wheel turns in each second increages fs
e) the angle through which the wheel turns in each second dec
The rotational inertia of a wheel about its axle does not depend|
a) diameter c) dastribu
b) mass ofyotation

A force with at given magnitude is to be applie a\whe€l. The torque can be
maximized by

a) applying the force near the axle, radia
b) applying the force near the rim, radi
c) applying the force near the axlg
d) applying the force at the ri
An object rotating about a

ass

c¢) is definition o w 2
d) followsdisectly fpdm " Newton’s second law.

fhe equator towards east c) north
o the equator towards the d) towards the Sun.

one of 2 kg is tied to a 0.50 m long string and swung around a circle at angular
velocity of 12 rad/s . The net torque on the stone about the center of the circle is
a) 0N.m c) 12N.m
b) 6 N.m d) 72 N.m
A man, with his arms at his sides, is spinning on a light frictionless turntable . When he
extends his arms
a) his angular velocity increases
b) his angular velocity remains same
c) his rotational inertia decreases
d) his angular momentum remains the same.
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9. A space station revolves around the earth as a satellite, 100 km above the Earth’s
surface. What is the net force on an astronaut at rest inside the space station?
a) equal to her weight on earth
b) a little less than her weight on earth
c) less than half her weight on earth
d) zero (she is weightless)
10. If the external torque acting on a body is zero, then its
a) angular momentum is zero
b) angular momentum is conserved
c) angular acceleration is maximum
d) rotational motion is maximum
Section (B): Structured Questions
CRQ:
1. For an isolated rotating body, what is the relation betwee
2. When the moment of inertia of a rotating body is halyed, the
angular velocity?
Compare kinematics equation of linear motion

3

4

5.

6. Derive relationship between torque
7. List the moment of inertia depe
Q

1

A car mechanic applies a force of 800 N to a wrench for the purpose of loosening a bolt.
He applies the force which is perpendicular to the arm of the wrench. The distance from
the bolt to the mechanic’s hand is 0.40 m. Find out the magnitude of the torque applied?
(320 N.m)

2. A car accelerates uniformly from rest and reaches a speed of 22 m/s in 9 s If the diameter
of a tire is 58 cm, find
(a) the number of revolutions the tire makes during this motion, assuming no slipping,
and
(b) the final rotational speed of the tire in revolutions per second. (55 rev, 12 rad /s)

?\—
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3. An ordinary workshop grindstone has a radius of 7.5 cm and rotates 6500 rev/min.

(a) Calculate the magnitude of centripetal acceleration at its edge in m/s? and convert
it into multiples of g.
(b) What is the linear speed of a point on its edge?
(3.47x10* mv/s®, 3.55x10%g, 51 m/s)
4. A satellite is orbiting the Earth with an orbital velocity of 3200 m/s. What is the orbital
radius? (3.897 x 10'm)
5. A satellite wishes to orbit the earth at a height of 100 km (approximately 60 mi
above the surface of the earth. Determine the speed, acceleration and orbital pep
the satellite. (Given: Mean = 5.98 x 10** kg, Rearn = 6.37 x 10° m)
(7.85x10° m/s, 9.53 m/s’, 1.44 }
6. A thin disk with a 0.3m diameter and a total moment of inertia of 0.4
about its center of mass. There are three rocks with masses of 0.2
the disk. Find the total moment of inertia of the system.? (0.464

7. What is the ideal banking angle for a gentle turn of 1.20 kgayadiu hway with a
105 km/h speed limit (about 65 mi/h), assuming everygge Is at the limit? (4.14%)

8. A 1 500-kg car moving on a flat, horizontal road neg }fﬁ{i‘lﬁ
curve as shown in Figure 4.21. If the radius of th dg :

9. A system of points shown in figixe¥
all lie in the same plane. WIE : the

ent of inertia of the system about given axis?
(0.135 kg m®)

10N\ 6a) What is the angular momentum of a 2.9 kg uniform cylindrical grinding wheel of
radius 20 cm when rotating 1550 rpm? (b) How much torque is required to stop it in 6
s? (9.5 kg-m’/s%, - 1.6 N.m)

11. Determine the angular momentum of the Earth (a) about its rotation axis (Assume the
Earth as uniform sphere), and (b) in its orbit around the Sun (Take Earth as a particle
orbiting the Sun). The Earth has mass 6 x 10** kg and radius 6.4 x 10°m, and is 1.5 x
10® km from the Sun. (7.3 x 10* kg-m®/s, 2.7 x 10** kg m’/s)

*
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In this unit student should befable to '
o | ~ Describe the concept ofwgrk i s;ﬁj}.‘ the

ement d in the

fable examples.
done from the force-

Recall the concept of K.E

Derive the equation of K.E by using W=F.d

Recall the concept of potential Energy.
Derive the equation of P.E from W =F. d.
Show that the work done in gravitational
field is independent of path.

Calculate gravitational potential energy at a
certain height due to work against gravity.

Describe that the gravitational PE is
measured from a reference level and can be
positive or negative, to denote the
orientation from the reference level.

Use equations of absolute potential energy
to solve problems.

Explain the concept of escape velocity in
term of gravitational constant G, mass m and
radius of planet r.

Express power as scalar product of force and
velocity.

Explain that work done against friction is
dissipated as heat in the environment.

State Work Energy theorem.

Utilize work — energy theorem in a resistive
medium to solve problems.

State law of conservation of energy

Explain Law of conservation of energy with
the help of suitable examples.
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5.1 Work:

Work is a very important physical concept Physics, it has usually different meaning as
used in our daily life. In Physics work can be defined as, when a force is applied on a body it
produces the displacement in a body in the direction of force, then we can say work is done on
a body. There are some few important examples in which there occurs no work done, like If a
person holds a bucket vertically in a hand and displaces it horizontally then in this case work
by the gravity said to be zero, also if a person is circulating a body attached in a string, in
which tension acts as a centripetal force, in this case work done on a body is also z n this
chapter we will discuss about the answers of this questions.

5.1.1 Work done by a constant force:
If a force applied to an object does not change with
respect to time, it is known as a constant force.
Work is measured by the product of the applied
force and the displacement of the body in the
direction of the force that is:
Work = (force). (displacement in the direction
of the force)
If a force F acting on a body prod Q
displacement S in the body in the directi e
force (Fig. 5.1(a), then the work dong
is given by:

W =Fs...... 5.1)
If the force F is making A
direction of displacement ¢
then the work done ig
because F cos 0 i

direction of da cenmends F. o Findy ]
Note: The ar component of force /—/ 7
Fsin es n the cart. *""fﬂ Sy / ‘
aWcomponent of force Fcos@ is I | .
work done on a body.
rk can also be defined as the scalar or Fig: 5.1(b)

dot product of two parallel vectors force
and displacement, since it follows the laws of scalar product.
» Work is a scalar physical quantity. The Joule (J) is the SI unit of energy and work.
» Joule is defined as the amount of work done when a force of one newton (1 N) is
applied over a distance of one meter (1 m) in the direction of the force.
Mathematically, 1 joule is equal to 1 newton-meter (N-m).
OR
the amount of energy transferred or expended to move an object.
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5.1.2 Different cases of work done by constant force:
i) Positive work:
If Force and displacement are in

parallel to each other as shown in ¥
figure 5.2a work done on a body will —>
®

be maximum.

Fig: 5.2 (a)

W=Fs Cos 6 Cos(0)=1
W =FsCos 0
W =Fs
Example: Coolie pushing a load horizontally

ii) Zero work: If Force and displacement
are mutually perpendicular to each other as
shown in figure 5.2b work done on a bgdy
will be zero.

¢

W = Fs Cos 6 Cos(90) = 0 ‘a/
W =Fs Cos 90
W=0

Example:
1. Work done by a centrigefal fg is always zero, in this case
tangential ~displacgment d” ALentripetal force are mutually
perpendicular with er hence work done on a body will be

v

Fig: 5.2 (b)

Zero. ®
2. Coolie cafryiig Ja logd on his head and moving horizontally with
[hen he applies force vertically to balance weight
s 8igplacement is horizontal.
ork: If Force and displacement are in anti-parallel direction
Kdone on a body will be negative.  /
W =Fs Cos 6 Cos(180) = —1
W =Fs Cos 180
W =-Fs Fig: 5.2 (c)

Example: Work done on a body against gravitational field is negative, in this case a body is
being displaced against the gravitational force as shown in figure 5.2¢, hence displacement
vector and force are anti-parallel to each other so work done on a body will be negative.
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5.1.3 Work done by constant displacement time graph:
To calculate the work done by a force-displacement graph, you need to find the area under the
graph. The area represents the work done.

If the force-displacement graph is a straight line as depicted in figure 5.3, the work done can
be calculated using the formula:
Work = Force x Displacement

; i Force
where the force is constant along the line.

A

However, if the graph is not a straight line as
shown in figure 5.4 A, you will need to break the
area under the graph into smaller shapes (e.g.,
rectangles, triangles) and calculate the area of
each shape separately. Then, you sum up the
areas of all the shapes to find the total work done.

Here's a step-by-step process to calculate the
work done by a force-displacement graph whe
it's not a straight line:

Divide the graph into smaller shapes, Fig: 5.3
rectangles or triangles, by drawi
perpendicular to the displacem
represented in figure 5.4 B.

Displacement

(A)

Force

Calculate the area of each tely. For

triangles, the area is g Work Done

Displacement

For re tw &s, tHC area is given by the formula: A

ea pOrce X Displacement © (B)
culatp/the area for each shape and write it§

up the areas of all the shapes to find the total
work done.
Total Work = Areal + Areall 4+ Arealll

AREA Il

AREA |
AREA Il

By following this process, we can calculate the — >
work done by a force-displacement graph that is isplacement

not a straight line. Fig: 5.4
Constant force displacement graph
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. Worked Example 5.1 )

Calculate the work done from the following force-displacemnt graph.

Solution: o
Step 1: Write the known quantities and gz
point out ez | . ...
Force F = 4N
Base of Area Il =4m _ AREA Il =
Base of Area Il = 8m g 3
Base of Area III =4m “
Step 2: Write the formula and rearrange -
k 4m Displacemen 1 6m

if necessary

Area Il = Area of rectangle = Force x displacement
Area | & lll = Area of triangle =% X Force X Displacement fo)

Total workdone = Areal + Areall + Arealll
Step 3: Put the value in formula and calculate

Total workdone = Wy = Areal + Areall +

1 1
W = > X Force X Displacement + Forc nt + > X Force X Displacement
Wr = 2 X 4N X 4m + 4N x 8m + Zo04

.+~

Wt =8N.m+32N.m+8N.m=
Wr =48]
A —

Self-Assessment Questiohs

1. When does worlghaye a pdsiive value, and when does it have a negative value? Provide
examples of eac c@.
2. In what ugpits is gically measured, and how are these units related to force and

force i1s a force that changes in magnitude or
as a function of time, position, or any other relevant
variable. Unlike a constant force, which remains unchanged, a
variable force can have different values at different points or
moments.

In this condition we consider the variable force to be variable
for any elementary displacement ds as shown in figure 5.5, and
work done in that elementary displacement is evaluated. Total
work is obtained by integrating the elementary work from initial
to final limits.

Fig: 5.5 Variable force
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AW = F . Ads

AW=Y F.Ads...... (5.3)
Variable forces can arise in various situations and fields of study. Here are a few examples:
Spring Force, Frictional Force etc.

Work done by variable force and its graphical calculation:

Consider a body covers displacement from x; to x¢ , when a variable force acts o it

clarify the situation, we plot the graph between force and displacement cover y
as shown in figure; 5.6 (a and b).

Feot Area = AA = F(X)A x

B e

O

(b)

Fig: 5.6 (a and J ce displacement graph
the area under the covered line i 5 the work done by the body. To calculate the
work done by the body we ¢ ed displacement into small segments
Axq,Ax,,Axz .....Ax, and onding forces for each segment are
FXI'FXZ'FX3 ""'FXTL [ 2
We know the work d ch segment will be Wy, Wy, W, ... .... W,.
The total wg

e inthis case willbe Wy = Wy + Wo + Wy + - W, = Y W;
n

le.Axl +F—2x).Ax2 +F—x:;.AX3 + "'+E’.Axn = EE.A—XL)
)

L

gﬁf-Assessment Questions:
1. How does the concept of work done by a variable force differ from work done by a
constant force?

2. How can you represent a variable force graphically to analyze the work done?
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5.3 Kinetic energy: '

The faster the object moves, the greater is its kinetic energy when the object is stationary its
kinetic energy is zero. (The energy possessed by a body by virtue of its motion called kinetic
energy)

To find an expression for K.E of an object in motion, we must calculate the work done by the
object. This work done must be equal to the change in K.E of the object

Suppose a force is applied on an object and it produces displacement in the direction of force
along x-axis as depicted in figure 5.7

Hence work is done on a body which is stored in the form of kinetic energy in a body ayht
calculated as:

Work done by the body W= F.S =FScos6 |Cosg((;)0= 1

=F.S Cos6 F
=F.S I
W=F.S ~ (F = ma) E

W =masS — (i) |
By using the 3™ equation of motion (vf? — vi? = 2as)

take the value of s by introducing the initial ‘ .'"1 —
(v; =0,vr =v) Fig: 5.7
v2—0= 2as
2
= Z_a put this value in equation (i) %
2
5 2a 2
K.E=-mv®.... (5.5)
This is an expression for Kagetic a body.

Worked Example 5.2

P e e
5 '

A car with a mag P00KS is tréveling at a velocity of 25 m/s. Calculate the kinetic energy
of the car.
Solution:
00 kg
~25m/s

ula for kinetic energy is given by:

Kinetic Energy K.E = %mv2

Step 3:

Substituting the given values into the formula:
1

K.E = 5 (1200)(25)?

= 375,000 Joules
Therefore, the kinetic energy of the car is 375,000 Joules.

—
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Self-Assessment Questions:
1. How does the kinetic energy of an object change when its mass or velocity changes?
2. Can an object have a negative kinetic energy? Explain your answer.

5.4 Potential energy:
» How do energy concepts apply to the descending duck? AT
» We will see that we can think of energy as being stored and
transformed from one form to another
When work is done on a body against any field/ force, an energy is

[13 2

stored in a body called potential energy. When a body of mass “m” is
lifted to a height “h” against the gravitational force (mg), work is

done on it. This work is stored in it in the form of gravitational ,
potential energy. “The energy possessed by a body by virtue of 4 o -
position is called potential energy P.E”. MRLion
Gravitational potential energy: Ve
When work is done on a body against the gravitation ofdn '
earth from y; level to y2 level: 0

%rav =Fs=-mg (y1 —¥2) Fig: 5.8
Woray = Mgy, — mgy,
Wyraw = mgh ......

W= mg

Hence Potential energy is stored j
earth so:

P.E =mgh
Thus, potential energy of d e earth’s gravitational field at a height “h” is “mgh”
which is positive qugntity w ect to earth’s surface which is supposed to be the level of
an arbitrary zero pot @l

work is done against gravitational force of an

Self-Assess s¥ons:
fa ctermine the gravitational potential energy of an object in a given

object have negative potential energy? Explain your answer.

- ork done against gravitational field:

nsider a body of mass ‘m’ which is taken every slowly to small height ‘h’ in the
gravitational field such as that the acceleration of the body is zero. The work done in moving
the body is given by:

Work done =Foh=F;hCos@...... (5.7)
Where ‘F..’ is the external force applied on the body . Since the external force applied on the
body and the displacement are along the same direction, therefore work done by external force
‘Wey’ 1s given by :
Wex = Fexh ~---—-—---—-(Cos 0° = 1)

?\—
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As the acceleration of the body is zero therefore magnitude of external force is equal to that of
the force of gravity i.e.

Fex =mg A
Therefore Wex =mgh  -——---—-- (5.8)
Work done “Wg’ by the gravitational force ‘Fg’ is given by

- 5
W, = F,.h=Fgh Cos 180°

W, = -Fg.h Ij“g and h are in opposite |
direction then angle between them is 180
Since Fy=mg
We=-mgh
OR -Wy=mgh ---—--emmmmmmmv (5.9)
Comparing eq (5.8) and (5.9)
Wex = 'Wg

By putting the value of Wg from eq. (5.9), we get

Wex =-We =(-mgh) =mgh ....
This work done on the body by an external force agay
form of potential energy and is known as gravitatj
Therefore Ug=Wer=- ™
This gravitational potential energy is the gola 1 energy of the body with respect to
some orbitary zero level..

Workdone in gravitational fiel inde ent of path:
To prove the statement that the ¢ in the gravitational field is independent of path.
in gravitational field shown in Fig: for simplicity the

~Sicosa=h
~F= mg
s Cos90°=0

ZCOS 90°=0

Weoa = F.S; =F.S; Cos (180 — B)

- F.S3 (—Cos ) ~ S3Cosff =h S2
=-F.S3Cos 8 ~ F=mg Fig: 5.10
= — mgh

Thus, total work done along path A BCA
= (mgh) + (0) — (mgh)
=0

—
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Thus, either the body is moved from A to B and B to C or it is moved directly from A to C, in
both the cases the work done is same, such type of field or force in which the work done is
independent of path is called conservative field and in conservative field work done in a closed
path is always zero.

Self-Assessment Questions:
1. When is the work done against a gravitational field positive, and when is it negative?

Provide examples for each case.
2. How does the work done against gravity affect the potential energy of an obje

5.6 Absolute gravitational potential energy:

Absolute potential energy at a point is the amount of work done in dy from
infinity to that point.
Expression for absolute gravitational .
potential energy: (E) - T
Consider a body of mass ‘m’ at point A (1) in & |
the gravitational field . If the body is lifted to a ! |
far point B (‘n’ ) in the gravitational field then : | |
work done in moving body can not be dire 1 : . | |
found using the formula: ! o | |
Work done = Force x displacemgty | | ! ! | !
Because the gravitational force wil fr—— a3 4 Mm-1 I
constant for such a large distanc /- | ! | | ; !
To overcome this difficulty ance R ¥ * YYy ¥ ¥

between A and B in to large flumbgr\gPintervals
each of width Ar ri 1l that the Earth
gravitational force t ut this interval may Fig: 5.11

al force on the body at point 1 then

here G = Gravitational constant
Me = Mass of earth and
R, = Distance of point 1 from the center of the earth.
Similarly ifr, be the gravitational force on the body at point 2 then its magnitude is given by:

GmM,

2
r

?\—

F, =
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Where 1, = Distance of point 2 from the centre of the earth.

N
The magnitude of the average force F acting through out the first interval is give by:

F=E+ﬂ
2
GmM, GmM,
2 + 2
Iy ry 1 GmMe GmMe
F= = ot ——
2 2| ;s
Or F:GmMe i+i—|:GmMe £+i—| @
2 r12 rZZJ 2 I',12 rZZJ
But 2 — 11 = Ar —--m-meemem- (1) (@
Therefore 12 = 1] FAr---------—-—- (i1)
Thus F = GmM,
2
£_G o (Ar)? +r,?
ror,’

As Ar is very s efope(’(Ar)? is negligible small

_ GmM, {er + 2r1At}

Therefore
2 I"12 r22
% S p— (5.12)
I'.1 r2

Work done in lifting the body from point ‘1’ to ‘2° given by:

W1ez=l_:) .A_>r =FAr Cos 0

_)
Since F and Ar are along the same direction.
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Therefore 0 =0°and Cos 0° =1
Therefore Wis2=FAr

By putting the values of ‘Ar’ and ‘F’ from eq (i) and (iii) , we get.

Wiso = SMMe () GmMe(uj

r r
= GmM, (— - ——
r1 r.2 r1 If.2

Wiso = GmMe(i—l) ...... (5.13)
r r,

Similarly the work done in lifting the body fro
given by :

to 4 --—--- and(n—1)tonis

1

W1 = GMm, (L — _)
r r

n

n-1
dQme«th lifting the body from ‘1’ to ‘n’ is given by:
W =Wisot Wosst Wasst ... Wa1)s1

W=GmM, (1 _1,

I'1 rn
This work done is stored in the body as potential energy.
Thus P.E of the body at B with respect to point A

P.E = GmM. (i - l)
r r

n
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