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BENCHMARKS

Ask questions that can be investigated empirically.

Develop solutions to problems through reasonatigervation, and investigations.

Design and conduct scientific investigations.

Recognize and explathe limitations of measuring devices.

Gather and synthesize information from books and other sources of information.

Discuss topics in groups by makingat presentations, restating or summarizing what others have said,
asking for clarification or elabatian, taking alternative perspectives, and defending a position.
Justify plans or explanations on a theoretical or empirical basis.

Describe some genetahitations of scientific knowledge.

Show how common themes of science, mathematics, and technofdgyrageal world contexts.
Discuss the historical development of the key scientific concepts and principles.

Explain the social and economical advantag@s$risks of new technology.

Develop an awareness and sensitivity to the natural world.

Describe thdnistorical, political and social factors affecting developments in science.

Appreciate the ways in which models, theories and laws in physics have $teerated validated
Assess the impacts of applications of physics on society and the environment.

Justfy the appropriateness of a particular investigation plan.

Identify ways in which accuracy and reliability could be improveuhvestigations.

Use terminology and report styles appropriately and successfully to communicate information.
Assess the validitgf conclusions from gathered data and information.

Explain events in terms of Neomedmumés | aws and
Explain the effects of energy transfers and energy transformations.

Explain mechanical, electrical and magnetic propertieslafssand their significance.

Demonstrate an understanding of the principles related to fluid dynamics and theirttiapglica
Explain that heat flow and work are two forms of energy transfers between systems and their
significance.

Understand wave propés, analyze wave interactions and explain the effects of those interactions.
Demonstrate an understanding of wave modléight as e.m waves and describe how it explains
diffraction patterns, interference and polarization.
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Unit - 01

Measurement

APrecision and accuracy
A Dimensional

ity

A express deri veoq
guotients of the basenits.

A State the conventions for indicatin
units as set out in the Sl units.

A explain

why al|l
some uncertainty.
A distinguish bet
(including zero errors) and randog

errors.

A i dent $tcoyntar redation df
a measuring instrument is the smalles
Incrementmeasurable by it.

A differentiate
accuracy.

A assess the unc
quantity by simple addition of actug
fractional or

Percentagencertainties

A q wmswers with correct scientif
notation, number of significant figure
and units

in all numerical and practical work.

[ WHAT IS MEASUREMENT?.
A ', si Let's go!
time & NS
height /& &~ weight
) ‘
) . I’l'l'l'll
temperature ‘/"" length
U
Topic Understandings Skills
The scope of Physics A describe the sc|f measure, using appropria
A S base, s uppl ({technology and society. techniques, the length, mas
units A state SI Dbase (| tme, temperature an
A Errors and un c (supplementary units for various electrical  quantities by
A Us e iocahtfiguresy ni f Measurements making use of both atogue

scdes and digital displays
Particularly  short  time
interval by ticker timer and b
C.R.O.

measure length and diamef
of a solid cylinder and heng
estimate its volume

Quoting proper number o
significant figures.

measure the diameters of
few bal bearingsof different
sizes and estimate their
Volumes  Mention  the
uncertainty in each result.
analyze and evaluate tf
above experiment and sugggs
improvements.
determine the radius ¢
curvature of a convex ler
and concave lens using a
Speedometer

Unit overview

i)The Scope of Physics
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Introduction to Physics:

Physics is the study of energy,
field because it is concerned with mated energy at all levedsfrom the most fundamental particles of reato the
entire universe. Some people would even argue that physics is the study of everything! Important concepts
include motion, forces such as magnetism and gravity, antsfof energy such as light, sound, and electrical ene

Scope of Physics

The study of the basic natura of mattar
T he most fundamental scence

= Expiains Tundarmental smteraciions of chermisiry,
Dicology, &tc. al the MMormic or molecuiGar lewel

Life Sciences Physical Sciances
EBiocloagy Fhysics
Health-related Chemistry
discipimmes Seaeology

Astronomy, etc.

2)SI base, supplementary and derived units

Sl derived units are units of measment
derived from the seven base units specified by the International System of Units (Sl). They are eithe
dimensionlessrocan be expressed as a product of one or more of the base units, possibly scaled by
appropriate power of exponentiation.

The 3 has special names for 22 of these derived units (for example, hertz, the Sl unit of measureme
frequency), but the resterely reflect their derivation: for example, the square metre (m2), the Sl deriv
unit of area; and the kilogram per cubic m¢kg/m3 orkdgmi 3) , t he SI deri ved

The names of Sl derived units, when written in full, are always in ager However, the symbols for un
named after persons are written with an uppercase initial letter. For example, the syinéx fisr"Hz",
but the symbol for metre is "m".
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S| derived units with names

. . Quantity S1 Unit Symbol Name Base Units

Formed by combining
Frequency Hz hertz -

. Base Force N newton kg-m-s~=
Pressure or stress Pa pascal kg-m *-s°®
Energy or work J oule kg-m?-s 7

* Supplementary or Guantry of nest 3 Joule Kgm.s -

% e Power radiant flux w watt kg-m?-s 2

e Other derived units Electric charge c coulomb As
Electric potential v voit kg-m*-s 2-A?
Potential difference v voit kg-m*-s A"
Electromotive force v voit kg-m*-s 2-A""
Capacitance F farad Az.s*-kg '-m?
Electric resistance Q ohm kg-m?-s 2-A 7
Conductance S siemens kg '-m *-s-A’
Magnetic flux Wb weber m’-kg-s *-A""
Magnetic flux density 1 J tesla kg-s *-A*
Inductance H henry kg-m?-s2-A*
Luminous flux Im lumen cd
lluminance Ix lux cd-m ?
Celsius temperature® C degree Celsius K
Activity (radionuclides) Bq becqueret s
Absorbed dose Gy gray me.s2
Dose equivalent S, sievert me-s 2

03.Use of significant figures:

-
Significant Figures

In Between Nonzero

Leading Zefos DAglts Trailing

Zeros | / \/ Zeros
L, o.od5o§3<_l

04 Errors , uncertainties ,Precision and accuracy

Introduction

All measurenents of physical quantities are subject to uncertainties in the measure
Variability in the results of repeated measurements arises because variables that can affect the mee
result are impossible toold constant. Even if the "circumstancesuld be precisely controlled, the resul
would still have an error associated with it. This is because the scale was manufactured with a certs
of quality, it is often difficult to read the scale perfgctractional estimations between scale kirag may
be made and etc. Of course, steps can be taken to limit the amount of uncertainty but it is always th

In order to interpret data correctly and draw valid conclusions the uncertainty must be dnainchtiealt

with properly. For the resultf@ measurement to have clear meaning, the value cannot consist of the
measured value alone. An indication of how precise and accurate the result is must also be include
the result of any physical measment has two essential components: (huAerical value (in a specified
system of units) giving the best estimate possible of the quantity measured, and (2) the degree of ur

associated with this estimated value. Uncertainty is a parametactgraing the range of values within
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https://www.youtube.com/watch?v=l2yuDvwYq5g

whichthe value of the measurand can be said to lie within a specified level of confidence. For exam
measurement of the width of a table might yield a result such as 9.3 €m. This result is basically
communicating that the person making the nneasient believe the value to be closest to 95.3cm but it
could have been 95.2 or 95.4cm. The uncertainty is a quantitative indication of the quality of the res
gives an answer to the question, "how welksl the result represent the value of tha@ngjity being
measured?"”

The full formal process of determining the uncertainty of a measurement is an extensive process inv
identifying all of the major process and environmental variables and evalusingffect on the
measurement. This pra=is beyond the scope of this material but is detailed in the ISO Guide to the
Expression of Uncertainty in Measurement (GUM) and the corresponding American National Standg
ANSI/NCSL Z5402. However, there amaeasures for estimating uncertainty, saststandard deviation,
that are based entirely on the analysis of experimental data when all of the major sources of variabil
sampled in the collection of the data set.

The first step in communicatingehresults of a measurement or group of mesments is to understand th
terminology related to measurement quality. It can be confusing, which is partly due to some of the
terminology having subtle differences and partly due to the terminology beingvumagly and

inconsistently. For exampléhe term "accuracy" is often used when "trueness" should be used. Using
proper terminology is key to ensuring that results are properly communicated.

True Value

Since the true value cannot dlesolutely determined, in practice an accepted referealue is used. The
accepted reference value is usually established by repeatedly measuring some NIST or ISO traceak
reference standard. This value is not the reference value that is foundguiblishreference book. Such
reference values are risight” answers; they are measurements that have errors associated with then
well and may not be totally representative of the specific sample being measured

Accuracy and Error
Accuracy is the claness of agreement between a measured value andehaline. Error is the differeng
between a measurement and the true value of the measurand (the quantity being measured). Error
include mistakes. Values that result from reading the wrahgevor making some other mistake should
explainedand excluded from the data set. Error is what causes values to differ when a measuremen
repeated and none of the results can be preferred over the others. Although it is not possible to com
eliminate error in a measurement, it can be contralfeticharacterized. Often, more effort goes into

determining the error or uncertainty in a measurement than into performing the measurement itself.

The total error is usually a combination of systematic error and random error. Many times resultsedre
with two errors. The first error quoted is usually the random error, and the second is the systematic ¢
only one error is quoted it is tlkembined error.

Systemic errors

Systematic error tends to shift all measurements in a systematic wegt sothe course of a number of
measurements the mean value is constantly displaced or varies in a predictable way. The causes n
known or unknan but should always be corrected for when present. For instance, no instrument ca
be calibrated péectly so when a group of measurements systematically differ from the value of a stat
reference specimen, an adjustment in the values shouldde nSystematic error can be corrected for o
when the "true value" (such as the value assigned tlibaat@n or reference specimen) is known.

Random errors
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Random error is a component of the total error which, in the course of a number of meatsjreanies in
an unpredictable way. It is not possible to correct for random error. Random errocggafor a variety
of reasons such as:

Lack of equipment sensitivity. An instrument may not be able to respond to or indicate a change in
quartity that is too small or the observer may not be able to discern the change.

Noise in the measurement.oide is extraneous disturbances that are unpredictable or random and ca
completely accounted for.

Imprecise definition. It is difficult to exdly define the dimensions of a object. For example, it is difficy
to determine the ends of a crackiwmeasuring its length. Two people may likely pick two different
starting and ending points.

Trueness and Bias

Trueness is the closeness of agreerhetween the average value obtained from a large series of test 1
and an accepted true. The ternhogy is very similar to that used in accuracy but trueness applies to th
average value of a large number of measurements. Bias is the differemeerbttte average value of the
large series of measurements and the accepted true. Bias is equivdlertbtal systematic error in the
measurement and a correction to negate the systematic error can be made by adjusting for the bias

Precision, Repeadbility and Reproducibility

Precision is the closeness of agreement between independent measuremguntify under the same
conditions. It is a measure of how well a measurement can be made without reference to a theoretic
value. The numéx of divisions on the scale of the measuring device generally affects the consistency
repeated measurents and, therefore, the precision. Since precision is not based on a true value the
bias or systematic error in the value, but insteadpedds only on the distribution of random errors. Th
precision of a measurement is usually indicatethbyuncertainty or fractional relative uncertainty of a
value.

Repeatability

Repeatability is simply the precision determined under conditions whegame methods and equipmen
are used by the same operator to make measurements on identical speRiepeaducibility is simply the
precision determined under conditions where the same methods but different equipment are used b}
different operator tonake measurements on identical specimens.

Uncertainty

Uncertainty is the component of a reportedieahat characterizes the range of values within which the
value is asserted to lie. An uncertainty estimate should address error from alepei$scts (both
systematic and random) and, therefore, usually is the most appropriate means ofngxgiresgicuracy of
results. This is consistent with ISO guidelines. However, in many measurement situations the syste
error is not address awaly random error is included in the uncertainty measurement. When only ran
error is included in thencertainty estimate, it is a reflection of the precision of the measurement.

4.Dimensionality

Dimensionality in statistics refers to how many attributes a dataset has. For
example, healthcare data is notoriooistfaving vast amounts of variables (e.g. blood pressure, weight,
cholesterol level). In an ideaorld, this data could be represented in a spreadsheet, with one column

representing each dimension.
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Reference pages

https://flexbooks.ck12.org/cbookikd-middle-schoolphysicalscienceflexbook
2.0/section/1.9/primary/lesn/scopf-physicsmsps

https://www.google.com/search?q=SI|+base,+supplementary+and+derived+units&riz=1C1CAFB_en
PK905&hl=en&sxsrf=ALeKk030w1ltmwjQqJlgmB 1levD7QBACcRw:1591678784937&source=Inmsé&
=isch&sa=X&ed=2ahUKHRvjlhsrE-

fPpAhV|xKYKHashBOwWQ AU0AXoECBAQAwW&biw=1366&bih=576#imgrc=WzDv_Ty2NFG9KM

https://www.nde

ed.org/GeneralResources/ErrorAnalysis/Uncertainty Terms.htm#:~:text=Error%20is%20the%20difference%?2
Nn%20the%20true%20ust, measurand%20and%20the%20measured%20value.&text=Accuracy%20is%20an?
ession%Rof,with%20some%20level%200f%20confidence

https://www.google.com/search?q=Dimension&tbm=isch&vedt&Ewj6gKSpjvTpAhXM44UKHZgnDTkQ2

cCegQIABAA&og=Dimension&gs Icp=CgNpbWcQA1Dh1RRYrN8UhnFGgAcAB4AIABpgqlAaY KkgEDNyOx
MAEAOAEBgQELZ3dzLXdpeilpbWcé&sclient=img&ei=DC3fXvrKMszHIwSYz7TIAw&bih=625&biw=1366&r|z=
C1CAFB_enPK904PK905#imgrc=fv@KbWxNSjxM
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Assessment

<

=i Measurement

The main focus of this unit is to introduce and explore
measurement as non-standard units can be used to measure
objects

Mass is a measure of how heavy an object is. Mass can be
measured using non-standard units. Students can make
comparison statements.

The activities and problems presented will give the teachers
opportunities to assess students’ knowledge of linear
measurement and mass. Students will be engaged in
opportunities to communicate their understandings individually
and with others, develop and apply strategies to measure objects
and make connections to prior knowledge, justify their thinking
and represent their understanding in a variety of ways.

Assessment Methods or Strategies

e Whole class/ group observations-checklists
Individual anecdotal observations- sticky notes
Individual interviews- with those who need intervention

e Journals or learning logs-written communication and
representation- Class Journal on Measurement

e “Show What You Know” or Exemplar Problems to score
using a rubric from NCTM

Learning Objectives

A d e s scope &f Phydichie science, technology and society.
A state SI base units, derived units, and su
measurements.
A express der i vrgubtientsof thebasawitspr oduct s o
A state the conveadsetouisthedSounitsi ndi cating units
A explain why al/l measurements contain some
A distinguish between systematic errors (inc
A i d éat ledstfcqunt br resolution of a measuring instrument is the smallest
increment measurable by it.
A differentiate between precision and accur a

A assess the uncertainty in a derived quant.i
percentagencertainties.
guote answers wi t munmberof significant figuresand unitsf i ¢ not a
in all numerical and practical wark

(p))
w
puli
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Unit-02

Vectors and Equilibrium

Topics Understandings Skills
A Cartesian coordinate system A Students will be able to: A Students will be able to:
A Addition of vectors by head to A Describe the Cartesiamordinate A Determine the weight of
A tail rule system body byvector addition o
A Addition of vectors by A Determine the sum of vectors using forces using perpendicul
A perpendicular components head to tail rule. components.
A Scalar produodf two vectors A Represent a vector into two A Verify the two conditions
A Vectors product of two vectors perpendicular components. of
A Torque A Determine the sum of vectors using|A equilibrium using a
A Equilibrium of forces perpendicular components. suspended metred.
A Equilibrium of torques A Describe scalar product of two vecta
in term of angle between them.
A Describe vector product of two vectq
in term of angle between them.
A State the method to determine the
direction of vector ppduct of two
vectors.
A Define the torque as vector produot
F.
A List applications of torque or momer|
due to a force.
A State first condition of equilibrium.
A Sate second condition of equilibrium
A Solve two dimensional problems

involving forces (statics) ugy 1st andnd

Conditions of equilibrium.
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Unit overview
Cartesian coordinates

Cartesian coordinates allow one to specify the location of a point in the plane, or{ditheesional space
The Cartesian coordinates (also called rectangular coordinates) of a point are a pair of numbers (in
dimensias) or a triplet of numbers (in threlgmensions) that specified signed distances from the coord
axis.

Cartesian coordinates of the plane

The Cartesian coordinates in the plane are specified in terms)attimedinates axis and tlyecoordinde
axis, as illustrated in the below figure. The origin is the intersection afahdy-axes. The Cartesian
coordinates of a point in the plane angtten as X,y). The first numbek is called thex-coordinate (ox-
component), as it is the signedtdisce from the origin in the direction along thaxis. Thex-coordinate
specifies the distance to the rightXis positive) or to the left (ikis negative) of thg-axis. Similarly, the
second numbeyis called they-coordinate (oy-component), ai is the signed distance from the origin in
the direction along thg-axis, They-coordinate specifies the distance abovg (& positive) or belw (if y is
negative)thesa x i s. The foll owing figure, t h dreguaitstothe
left and two units up from the origin.

ka

\l
Addition of vectors by Head to Tail method

To addvectorv to vectoru Movevectorv (keeping its length and orientation the same) untthitgsouches
theheadof u. Thesumis thevectorfrom thetail of u to theheadof v

IAddition of vectors by Head to Tail method (Graphical Method)

Head to Tail method or graphical method is one of the easiest method used to find the resultant
two of more than two vectors.

DETAILS OF

METHOD

Consider two vector* and E!‘racting in the directions as shown below:
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In order to getheir resultant vector by head to tail method we must follow the following steps:
STEP #1

Choose a suitable scale for the vectors so that thelgecptotted on the paper.

STEP # 2

Draw representative lir ©* of vector /

Draw representative lir = of vector B such that the tail ¢ B coincides with the head of vectA .

N
B
B
A .
w 5 > —E
o‘;’#
"
e
Cré;r
1:-"’:::Ij
s 4
STEP #3
Join 'O" and 'B'.
represents resultant vector of given ves * and Elie.
M
R
0
w ) — E - -
A
OB =0A + AB
gl
& —_— — = — =
_1:,"5"0 —
Lo R=A+B
STEP #4

Measure the length of line segm'“and multiply it with the scale choosen initially to get the
magnitude of resultant vector.
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STEP #5
The direction of the resultant vector is directed from the tail abvi™ to the head of vect(l_ifr

Addition of vectors by perpendicular components.
To see how to add vectors using perpendicular components, consider Figure, in which thédvectors
andB are added to produce the resultant

Vi

VectorsA andB are two legs o& walk, ancRis the resultant or total displacement. You can use analyt
metods to determine the magnitude and directioR of

If AandB represent two legs of a walk (two displacements), Bisrthe total displacement. The person
taking the walk eds up at the tip of R. There are many ways to arrive at the same point. lalagrtie
person could have walked first in thelxection and then in the-girection. Those paths are theand y
components of the resultaxandRy. If we knowRxandRy, we can findR andd using the equation&= &
(A2x+A2y) andd=tari 1(Ay/Ax)
When you use the analytical method of vector addition, you can determine the components or the m
and direction of a vector.

Step 1. Identify the xand yaxes that will be used in the problemhen, find the components of each
vector to be added ahg the chosen perpendicular axddse the equationr8&x=Ac o s d

andAy=A s i tafidid the components. In Figure, these componentfxafg,Bx, andBy. The angles that
vectorsA and B make with the-axisared Aandd Brespectively.

Y|
B, |
N Iy
A,
W ~L— E -
H X

To add vector#\ andB, first determine the horizontal and vertical components of each vector. These
dotted vector&\x,Ay,Bx andBi y

shown in the image.
Step 2. Find the components of the resultant along each ayistding the components of thedividual

vectors along that axis. That is, as shown in Figure,

Rx=Ax+Bx
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The magnitude of the vectofscandBx add to give the magnitudexof the resultant vector in the
horizontal direction. Similarly, themagnitudes of the vectofs/ andBy add to give the magnitudy of the
resultant vector in the vertical direction.

Components along the same axis, saytheis, are vectors along the same line and, thus, can be adde
one another like ordinary numliseiThe same is true for compnts along thg-axis. (For example, &9
block eastward walk could be taken in two legs, the first 3 blocks east and the second 6 blocks east
total of 9, because they are along the same direction.) So resolving vettt@smponents along commor
axes makes it easier to add them. Now that the compondRi@refknown, its magnitude and direction cz
be found.

Step 3. To get the magnitude

of the resultant, use the Pythagorean theorem:

RER2x+R2yi T T T 1T 11 n
Step 4. To get the direction of thhesultant:
d=tani 1R{/RX)

Scalar product of two vectors
One of the ways in which two vectors can be combined is known as the scalar product. When we ca
the scalar product of two vectors the result, astlree suggests is a scalar, rather than @wda this unit
you will learn how to calculate the scalar product and meet some geometrical applications

. Definition of the scalar product Study the two vectors a and b drawn in Figure 1. Note that weihave
the two vectors so that their tails atethe same point. The angle between the two vectors has been la

d. Two vectors ,a and b, drawn so that the a
as follows

The scalar product of a and|allsthé modulus, brimagaitdde bfa, |b
the modulus of b, and d is the angle between

Vectors product of two vectors

The crosgroducta x b is defined as\gctorc that is perpendicular (orthogonal) to both a and b, with a
direction given g the righthand rule and a magnitude equal to the area of the parallelogram thattires
span

The vector product and tisgalar producare the two ways of multiplying vemts which see the most
application in physics and astronomy. The magnitude of the vector product of two vectors can be
construced by taking the product of the magnitudes of the vectors times the sine of the angle (<180

between them. The magnitudethe vector product can be expressed in the form:
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http://hyperphysics.phy-astr.gsu.edu/hbase/vsca.html#vsc1

- =
AxBl - ling
- = B - AxB is perpendicular

AxB =ABsin® 70 A to both A and B

magn i
agnitude Calculation

and the direction is given by thight-hand rule If the vectors are expressed in terms of unit vectors i, j,
k in the X, y, and z directions, then the vector product can be expressed in the rather cunfoensome

A.‘-‘:E =i(Asz“AzBﬂy}_j(Asz_Ang}+H{A3{BF_A'¥'E:{}
which may be stated somewhat more compactly in the forndefeaminant

Torque

Torque moment moment of forcerotational forceor "turning effect"” is the rotational equivalent of linear
force The concept originated with the studiesArghimedesof the usage devers Just as a linear force ig
a push or a pull, a torque can be thought of as a twist to an object around a apisciiaother definition
of torque is the product of¢hmagnitude of the force and the perpendicular distance of the line of actic
force from the axis of rotation. The symbol for torque is typicaltiie lonercaseGreek lettetau. When
being referred to amomentof force, it is commonly denoted .

In three dimensions, the torque ipsgeudovectgrfor point particlesit is given by theross producof the
position vector distance vectgrand the force vector. The magnitude of torque of a rigid body depends
three quantities: the force applied, theer arm vectdiconnecting the point about which tteeque is being
measured to the point of force applicationd #ime angle between the force and lever arm vectors. In
symbols:

t=Fxr
t=|F|x|r| sig
where,
tis the torque vector ands the magnitude of the torque,
r is the position vector (a vector from the point about which the torque is being measured to the poin
the force is appéid)

F is the force vector,

x denotes theross produgtwhich produces a vector thatgsrpendialarto bothr andF following the
right-hand rule

4 is the angle between the force vector and the lever arm vector.

The Sl unitfor torque is Nm.

Equilibrium of forces

A forceis a vector quantity which eans that it has both a magnitude (size) and a direction associated
it. If the size and direction of tHercesacting on an object are exactly balanced, then there is rioroet

acting on the object and the object iglda be inequilibrium.
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Equilibrium - 2 Forces -y

|

Example 1 -.<:| Force #2=F2
Equilibrium Force #1 =F1

s : 2

Example 2
Force #2 =F2
Non-equilibrium  Force #1 =F1

Non-equilibrium
F1 > -F2
F1 -F2=F net

Equilibrium

Force Equation: F1 =-F2
F1 + F2=Fnet=0

No net external force Net external force
Object at rest - stays at rest Object accelerates
Newton’s 15t Law of Motion Newton’s 2" Law of Motion

Equilibrium of torques

A very basic concept when dealing witihhquesis the idea oéquilibriumor balance. ... If the size and
direction of theorquesacting on an object are exactly balanced, then there is torgeeacting on the

object and the obg is said to be i_eq.uilibriu_m.
Equilibrium - 2 Torques o’

Example 1
Equilibrium

Example 2

Non-equilibrium

Ti=F1x L1 | © T2=F2 x L2

Equilibrium : Non-equilibrium
- P T =-T2 T2 > -T1
orque Equation: T1 +T2=Tnet=0 T1 + T2 =T net

Net external torque
Object experiences angular
acceleration

No net external torque
Object at rest - stays at rest
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Videos

Torque and Equilibrium

Static Equilibrium

PiS o

Féx

b Spen «
- AN Static_Equilibrium
ZFx=0 e =0
ZFY: 0
> =

Reference pages

http://www.citycollegiate.com/vectorXe.htm
https://mathinsight.org/cartesian_coordinates
https://phys.libretexts.org/Bookshelves/College Physics/Book%3A_College Physics (OpenStax)/03
Two-Dimensional Kinematics/3.04%3A Vector Addition _and Subtractiemalytical Methods
http://www.mathcentre.ac.uk/resources/uploadeefrsralarproe?20091.pdf
http://hyperphysics.phastr.gsu.edu/hbase/vvec.html

https://en.wikipedia.org/wiki/Torque
https://www.google.com/search?client=firefbyd&g=Equilibrium+of+torques
https://www.google.com/search?g=equilibrium+in+physics&tbm=isch&ved=2ahUKEwjj
h90zrvTpAhVUs6QKHeupC Q2-

cCegQIABAA&og=equilibrium+in+physics&gs _lcp=CgNpbWcQAzICCAAYAqgAMaYIABAFEB4yBg(
AEAUQH|IGCAAQBRAeMqgYIABAFEB4yBggAEAUQH|IGCAAQOBRAeMgYIABAFEB4yBggAEAQQ
HjoECAAQQ1CpyQpYO
UKYOLNCmgAcAB4AIABKwOIAawWKgEIMiIOXMC4wL]GYAQCgAQGaAQtnd3Mtd2I6LWItZwé&sclie
nt=img&ei=sE TXv7vHtTmkgXr0660Dw&bih=626&biw=1366&client=firefoxo-
d#imgrc=X6P8VtgwVVEtFM
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https://www.google.com/search?q=equilibrium+in+physics&tbm=isch&ved=2ahUKEwj-h9OzrvTpAhVUs6QKHeupC_UQ2-cCegQIABAA&oq=equilibrium+in+physics&gs_lcp=CgNpbWcQAzICCAAyAggAMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAgQHjoECAAQQ1CpyQpY0-UKYOLnCmgAcAB4AIABkwOIAawWkgEIMi0xMC4wLjGYAQCgAQGqAQtnd3Mtd2l6LWltZw&sclient=img&ei=sE7fXv7vHtTmkgXr066oDw&bih=626&biw=1366&client=firefox-b-d#imgrc=X6P8VtqwVVEtFM
https://www.google.com/search?q=equilibrium+in+physics&tbm=isch&ved=2ahUKEwj-h9OzrvTpAhVUs6QKHeupC_UQ2-cCegQIABAA&oq=equilibrium+in+physics&gs_lcp=CgNpbWcQAzICCAAyAggAMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAgQHjoECAAQQ1CpyQpY0-UKYOLnCmgAcAB4AIABkwOIAawWkgEIMi0xMC4wLjGYAQCgAQGqAQtnd3Mtd2l6LWltZw&sclient=img&ei=sE7fXv7vHtTmkgXr066oDw&bih=626&biw=1366&client=firefox-b-d#imgrc=X6P8VtqwVVEtFM
https://www.google.com/search?q=equilibrium+in+physics&tbm=isch&ved=2ahUKEwj-h9OzrvTpAhVUs6QKHeupC_UQ2-cCegQIABAA&oq=equilibrium+in+physics&gs_lcp=CgNpbWcQAzICCAAyAggAMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAgQHjoECAAQQ1CpyQpY0-UKYOLnCmgAcAB4AIABkwOIAawWkgEIMi0xMC4wLjGYAQCgAQGqAQtnd3Mtd2l6LWltZw&sclient=img&ei=sE7fXv7vHtTmkgXr066oDw&bih=626&biw=1366&client=firefox-b-d#imgrc=X6P8VtqwVVEtFM
https://www.google.com/search?q=equilibrium+in+physics&tbm=isch&ved=2ahUKEwj-h9OzrvTpAhVUs6QKHeupC_UQ2-cCegQIABAA&oq=equilibrium+in+physics&gs_lcp=CgNpbWcQAzICCAAyAggAMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAgQHjoECAAQQ1CpyQpY0-UKYOLnCmgAcAB4AIABkwOIAawWkgEIMi0xMC4wLjGYAQCgAQGqAQtnd3Mtd2l6LWltZw&sclient=img&ei=sE7fXv7vHtTmkgXr066oDw&bih=626&biw=1366&client=firefox-b-d#imgrc=X6P8VtqwVVEtFM
https://www.google.com/search?q=equilibrium+in+physics&tbm=isch&ved=2ahUKEwj-h9OzrvTpAhVUs6QKHeupC_UQ2-cCegQIABAA&oq=equilibrium+in+physics&gs_lcp=CgNpbWcQAzICCAAyAggAMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAUQHjIGCAAQBRAeMgYIABAFEB4yBggAEAgQHjoECAAQQ1CpyQpY0-UKYOLnCmgAcAB4AIABkwOIAawWkgEIMi0xMC4wLjGYAQCgAQGqAQtnd3Mtd2l6LWltZw&sclient=img&ei=sE7fXv7vHtTmkgXr066oDw&bih=626&biw=1366&client=firefox-b-d#imgrc=X6P8VtqwVVEtFM
https://www.youtube.com/watch?v=d_cMlorXDg0
https://www.youtube.com/watch?v=qGvFAl5CK_c
https://www.youtube.com/watch?v=PqkQ0P4NYxk
https://www.youtube.com/watch?v=z4pd_K44QUo

Learning Outcomes

The students will:

Describe the Cartesian coordinate system.
Determine the sum of vectors wusing head t
Re pr e s antottwo perpenelicutaraccomponents.

™

Determine the sum of vectors wusing perpen
Describe scalar product of two vectors in
Describe vector product of two vectors 1in
Define the odwtrgqrue as vector pr

List applications of torque or moment due

State first condition of equilibrium.
State second condition of equilibrium.

A
A
A
A
A
ﬁ St a etkod to Hetermine the direction of vector product of two vectors.
A
A
A
Solve wo dimensional problems involving forces (statics) using 1st &hcbaditions of equilibrium.
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Unit-3

FORCE AND MOTION

Pull

Magnetism

& >
Gravity Friction Acceleration
Topics Understandings Skills
A Displacement A Thestudents will: The studets will:
A Average velocity and A Describe vector nature of |A Analyzeand interpret patterns of
A instantaneous velocity A displacement. motion of objets using
A Average acceleration and A Describe average and (i) Displacementime graph
A instartaneous acceleration instantaneouselocities of |(ii) Velocity-time graph
A Review of equations of objects. (i) Accelerationtime graph
A uniformly accelerated motion A Compare average and  |A Measure the free fall time of a
A Newt on 0 snotiora ws instantaneouspeeds with | ball using a ticketimer and
A Momentum and Impulse average and instantaneouf hence cal cul ate
A Law of conservation of Velocities A Evaluate your result and identify
A momentum A Interpret displacemesiime | the sources ofreor and suggest
A Elastic collisions in one andvelocity-time graphs of| improvements.
A Dimension objects moving alongthe Al nvesti gate the
A Momentum and explosive same straight line. free fall method
forces A Determine thénstantaneouA Investigate momentum
A Projectile motion velocity conservation by colliding
A Rocket motion of an object moving along | trolleys and tiger-timer for

the same straight line by
measuring the slope of
displacementime graph.
Define averageacceleration
(rateof change of velocity
aav = v [/

elastic and inelastic collisions

A Investigate the downward force,
along an inclined plane, acting
on a roller due to gravity and
study its relationship with the
angle of inclination by plotting

graph between force asdi n d
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and instantaneous
acceleration (as the limitin
value of aerage
acceleration

A Distinguish between positi
andnegative acceleration,
uniform and
variable acceleration.

A Determine thénstantaneou
acceleration of an object
measuring the slope of
velocity-time graph.

A Manipulate equation of
uniformly accelerated
motion to solve problems.

A Explain that projectile
motion is twodimensional
motion in a vertical plane.

A Communicate the ideas of
projectilein the absence of]
air resistance that.
Horizontal compoant (VH)
of velocity is constant.

A Acceleration is in the
verticaldirection and is the
same as that of a vertically
free falling object.

A The horizontal motion and
verticalmotion are
independent of each other

A Evaluate using equations (
uniformly accelerted
motion that for a given
initial velocity of frictionles
projectile.

1. How higher does it go?

2. How far would it go along the

level land?

3. Where would it be after a give

time?

4. How long will it remain in air?

A Determine for a projectl

launched fom ground height.

1. launch angle that results in thq

maximum range.

2. Relation between the launch

angles

that result in thsame range.

A Describe how air resistan

affects
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both the horizontal compone
and

vertical canponent of velocit
and

hence the range of the
projectile.
AApply Newt on
explain the motion of objects i
a variety of context.
A Define mass ( as the prope
of a body whichresists changg
iIn motion).
A Describe and use of the
conapt of weight as the effect
of a gravitational field on a
mass.
A Describe the
second law of motion as rate
change of momentum.
A Cor el ate Newt
of motion and conseation of
momentum.
A Show awareness that
Newt on 0 = ndt exacs
but provide a good
approximation, unless an obje
is moving close to the speed
light or is small enough that
quantum effects

become significant.
A Define Impulse (as a produ
of impulsive force and time).
A Describe the effect ofra
impulsiveforce on the
momentum of an object, and 1
effect of lengthening the time,
stopping, or rebounding from
the collision.
A Describe that while
momentum of a system is
always consengein
interaction between bodies so
change in K.E. usualliakes
place.
A Solve different problems of
elastic and inelastic collisions
between two bodies in one
dimension by using law
of conservation of momentum
A Describe thi
conservedin all situations.
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A Identify thi
elasticcollision, the relative
speed of approach is equal
to the relative speed of
separation.
A Differenti at
explosion and collision (object
move apart instead

of coming nearer).

Science, Technology and Society Connections

The students will:
A Outline the forces involved in causing a ¢
when
A Coasting with no pressure on the accelerat
A Pressing on the accelerator.
APressing on #brakes.
A Passing over an icy patch on the road.
A Climbing and descending hills.
A Investigate and expl ain t he(eg dsha putlaunched froma
shoulder height) on a maximum range and the affect of laundé fama given height.
Describe to what extent the air resistance
A Evaluate the eff ect dof nmaonehsices iodonneciomeith theachamding
momentum such as safety helmet, seat belgd rest of the car seat.
A Describe the conservation of momentum for
A Assess the reasons fzonesinhbuibup areas andthk @ddition of air bags
crumple zones to vehicles with resptxthe concepts of impulse and momentum.
A Explain in terms of | aw of conservation of
rocket in a straight line esidering short thrusts during which the mass remains
constant
A Descri be t hketthruststnecessarydofcausela epaae webicle to
change direction along a circular arc in a region of space where gravity is negligible.

Unit overview

Displacement

R B Path taken
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A displacemenis a vector whose length is the shortest distance from the initta tinal position of a
point P undergoing motion. It quantifies both the distance and direction of the net or total motion alo
straight line from the initial position to the finabsition of the point trajectory.

Videos:

DISTANCE AND
DISPLACEMENT

350K +

VIEWS

Average velocity and instataneous velocity

Theinstantaneous velocityis the specific rate of change of position (or displacement) with respect to
at a single point (x,t) , whilaverage velocityis theaveragerate of change of position (or displacement)
with respect to timever an interval.

Video:

Average Velocity

) = 4%+ Vot + So

ViD= s
. Sk -s@)
= B

Averageacceleration and instantaneous acceleration

Average accelerations the change of velocity over a period of tifmstantaneous accelerations the
change of velocity over an instance of time. Constant or unid@caleation is when the velocity changes
the same amount in every equal time period

Video:
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https://www.youtube.com/watch?v=21BwUNDOQno
https://www.youtube.com/watch?v=AwxT1xjMP9g

Review of equations of uniformly accelerated motion

vt Graph
A

P

Velocity v

At =t-t,

>

Time t —>

First Equatiorof motion. The first equatioof motionis v = u +at v = u + a twhere v is the final

velocityand u is ...

Second Equationf motion. Second equatioof motion gives distance traveled by a moving body

intime t. ...

Third equatiorof motion. This equation gives the velocity acquired by the bodyaveling a

distance s

Uniform acceleration

The differential equation of motion for a particle of constant or uniform acceleration in a straight line
simple: the acceleration is constant, so the second derivative of the position of the objectns. ddresta

results of this case are summarizetbly.

Constant translational acceleration in a straight line

These equations apply to a particle moving linearly, in three dimensions in a straight line with consts
acceleratiorSince the position, velocity, and acceleration are collifallel, and lie on the same lirie)
only the magnitudes of these vectors are necessary, and because the motion is along a straight line
probem effectively reduces from three dimensions to one.
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https://en.wikipedia.org/wiki/Acceleration
https://www.youtube.com/watch?v=npDIYd6vc_s

V=U+ al
[T S
s=("5) 1
b ] |
Vo= + 2as
L2
s=ut+ sat

I 4
§S=vt- Fdar
Newt onds | aws of moti on

Newton's first law

Main article:Inertia

The first law states that if theet force(the vector sumof all forces acting on an objeas) zero, then thevelocityof
the object is constant. Velocity isvactorquantity which expresses Hothe object'sspeedand the direction of its
motion; therefore, the statement that the object's velocity is constant is a statement that both its speed and th
direction of its motion are castant.

The first law can be stated mathematicallyevithe mass is a nerero constant, as,
Consequently,

1 An object that is at rest will stay at rest unless a force acts upon it.
1 An object that is in motion will ntachangédts velocity unless a force acts upon it.

This is known asiniform motion An objectcontinuego do whatever it happens to be doing unless a for
is exerted upon it. If it is at rest, it continues in a state of rest (demonstrated when atlaisle&léully
whipped from under dishes on a tabletop and the dishes remain in their initial state of rest). If an obj
moving, it continues to move without turning or changing its speed. This is evident in space probes t
continuously move in oat spaceChanges in motion must be imposed against the tendency of an obije
retain its state of motion. In the absence of net forces, a moving object tends to move along a straig
path indefinitely.

Newton placed the first law of motion to ddtah frames of referencir which the other laws are
applicable. However, Newton implicitly referred to the absoluterdinate of cosmos for this frame. Sing
we cannot pecisely measure our velocity relative to a far star, Newton's frame is based on a pure
imagination, not based on measurable physics. In current physics, an observer defines himself as in
frame by preparing one stone hooked by a spring ratatng the spring to any direction, and observing t
stone static and the length of that spring unchanged. By Einstein's equivalence principle, if there wa
such observer A and another observer B moving in a constant velocity related to A atheiBAvll both

observe the same physics phenomena. if A verified the first law, then B will verify it too. In this way,
definition of inertial can get rid of absolute space or far star, and only refer to the objects locally reac
and measurable.

A partide not subject to forces moves (related to inertial frame) in a straight line at a constaft&geed

Newton's first law is often referred to as the of inertia Thus, a condition necessary for the uniform
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motion of a particle dative to an inertial reference frame is that the totaforee acting on it is zero. In thi
sense, the first law can bestated as:

In every material universe, the motion of a particlainpr ef er ent i al referenc
action of forces whose total vanished for all times when and only when the velocity of the particle is
constant i n tcleinitigllynatrést or is ynifomn moptem in the preferential fmm 0 ¢ o n

that state unless compelled by forces to changf it.

Newton's first and secdrlaws are valid only in an inertial reference frame. Any referenaced that is in
uniform motion with respect to an inertial frame is also an inertial framé&aldean invariancer the
principle of Newtonian relativity

Newton's second law

The second law states that the rate of change of momentum of a body is directly proportional to the force apy
this change in momentutakes place in the direction of the applied force.

The second law can also be stated in seofran object's acceleration. Since Newton's second law is valid only fc
constarimass systemsy can be takeoutside thdifferentiationoperator by theonstantactor rule in

differentiation Thus

whereF is the net force appliedhis the mass of the body, aads the body's acceleration. Té1uhe net force applie
to a body produces a proportional acceleration. In other words, if a body is accelerating, then there is a.féite
application of this notation is the derivation@fSubscript C

The above statements hint that the second law is merely a definitiontaf precious observation of nature.
However, current physics restate the second law in measurable steps:

(1) ddining the term 'one unit of mass' by a specified stone,

(2) definingthe term 'one unit of force' by a specified spring with specified length

(3) measurindpy experiment or proving by theory (with a principle that every direction of space are equivalent
force can be added as a mathematical vector,

(4) finally conclude that These sias hint the secal law is a precious feature of nature.

The second law also implies thenservation of momentumwhen the net force on the body is zethe momentum
of the body is constant. Any net force is equal to the rate of change of the momentum.

Any mass that is gained or lost by the system will cause a change in momentum that is not the result of an e»
force. A different equation is necesgéor variablemass systems (séelow).

Newton's second law is an approximation that is increasingly worse at high speeds beedabesifc effects.
According to modern ideas of how Newton was using his termind8gle law is understogdn modern terms, as
an equivalent of:

The change of momentum of a body is proportional to the impulse impressed on the body, and happens alon
straight line on which that impulse is impressed.

This may be expressed by the formula , where is the time derivative of the momentum . This equation
can be seen clearly in théren Libraryof Trinity College, Cambridgdn a glass case in which Newtemanuscript
is open to the tevant page.

Motte's 1729 translation of Newton's Latin continued with Newton's commentary on the second law of motion
reading:

If a force generates a motion, a double force will generate double the motion, a triplaifdecthe motion, whether,
thatforce be impressed altogether and at once, or gradually and successively. And this motion (being always
the same way with the generating force), if the body moved before, is added to or subtracted from the fiamer
according as they diregtlconspire with or are directly contrary to each other; or obliquely joined, when they are

obligue, so as to produce a new motion compounded from the determination of both.
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The sense or senses in which Newton used his termgyohnd how he understood thecond law and intended it to
be understood, have been extensively discussed by historians of science, along with the relations between N
formulation and modern formulatiof4.

Impulse

AnimpulseJ occurs whenaforctEact s over antanditiegivendP®lof t i me o
Since force is the time derivative of momentum,

This relation between impulsad momentum is closer to Newton's wording of the s tam 22
Impulse is a concept frequently used in the analysis of collisions and irffglacts.

Variable-mass systems

Variablemass systems, like a rocket burning fuel and ejecting spent gases, dosedand cannot be directly
treated by making mass a function of time in the secondathat is, the following formula is wroré?

The falsehood of this formula can be seen by noting that it doesspecGalilean invariancea variablemass objec
with F = 0 in one frame will be seentohavé 0 i n a r®Thé m@mect Equadion ®f . motion for a body
whose masm varies with time by either ejecting or accreting mass is obtained by agphg second law to the
entire, constanmass system consisting of the body and its ajiéatereted mass; the result is

whereu is the velocity of the escaping or incoming mass relative to the body. From this equation one can deri
equation of motion for a varying mass system, for examplél stodkovsky rocket equatiordnder some
conventions, the quantitydmv/dt on the lefthand side, which represents tdvectionrof momentumis defined as a
force (the force exerted on the body by the changing mass, such as rocket exhaust) and is included in the qu
Then, by substituting the definition of acaalgon, the equation becosiE = ma.

Newton's third law

= D
A

An illustration of Newton's third law in which two skaters push against each other. The firs
skater o the left exerts aormal forceN:»> on thesecond skater directed towards the right, and the second skate
exerts a normal forceNon the first skater directed towards the.left
The magnitudes of both forces are equal, but they have opposite directions, as dictated by Newton's third law

The third law states that all forces between two objects exist in equal magnitude and
opposite direction: if one ¢ect A exerts a forc&a on a second obje&, thenB simultaneously exerts a
forceFs on A, and the two forces are equal in magnitude and opposite in dirdetien:F&.22 The third
law means that all forces drgeractionsbetween different bodi¢&!E or different regions within one
body, and thus that there is no such thing as a force that is not accompanied by an equal and oppos
In somesituations, the magnitude and direction of the forces are determined entirely by onevof the
bodies, say Body; the force exerted by Bodyon BodyB is called the "action", and the force exerted b
Body B on BodyA is called the "reaction”. This lawe sometimes referred to as #ionreaction law

with Fa called the "action" an#ls the "reaction”. In other situations the mégde and directions of the

Prepared by Sir M. Ayub Ansari under the supervisichoa I Q' Y bl KSSR

a dzy


https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-29
https://en.wikipedia.org/wiki/Impulse_(physics)
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-30
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-Serway-31
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-Harman-32
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-Stronge-33
https://en.wikipedia.org/wiki/Closed_system
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-Halliday-26
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-Kleppner-27
https://en.wikipedia.org/wiki/Galilean_invariance
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-plastino-25
https://en.wikipedia.org/wiki/Tsiolkovsky_rocket_equation
https://en.wikipedia.org/wiki/Advection
https://en.wikipedia.org/wiki/Momentum
https://en.wikipedia.org/wiki/Normal_force
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-resnick83-34
https://en.wikipedia.org/wiki/Interaction
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-35
https://en.wikipedia.org/wiki/Newton%27s_laws_of_motion#cite_note-36
https://en.wikipedia.org/wiki/Reaction_(physics)
https://en.wikipedia.org/wiki/File:Skaters_showing_newtons_third_law.svg

forces ae determined jointly by both bodies and it isn't necessary to identify one force as the "action'
the other as the "reaction”. The action and the reaction are simultaneous, and it does not matter whi
called theactionand which is calledeaction both forces are part of a single interaction, and neither for
exists without the othé#?

The two forces in Newtds third law are of the same typeg(eif the road exerts a forward frictional force
on an accelerating car's tires, then it is also a frictional force that Newton's third law predicts for the {
pushing backward on the road).

From a conceptual stdpoint, Newton's third law is seen &ina person walks: they push against the flog
and the floor pushes against the person. Similarly, the tires of a car push against the road while the
pushes back on the tid@ghe tires and road simultaneously pasfainst each other. In swimming, ergon
interacts with the water, pushing the water backward, while the water simultaneously pushes the pe
forwardd both the person and the water push against each other. The reaction forces account for the
in these examples. These forces depenfiliciion; a person or car on ice, for example, may be unable t
exert the action force to produce the needed reaction$érce.

Newton used the third law to deritlee law ofconservation of momentuf# from a deeper perspective,
however, onservation of momentum is the more fundamental idea (derivédio@ther's theorertom
Galilean invariance and holds in cases where Newton's third law appears to fail, for instancéondeen
fields as well as particles carry momemtuand inquantum mechanics
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Momentum and Impulse

Momentum

The momentum of a body is equal to its mass multiplied by its velocity.
Momentum is measured in NNote that momentum is a vector quantity, in other words the direction is importa

Impulse

Theimpulseof a force (also meased in N s) is equal to the change in momentum of a body which a fd
causes. This is also equal to the magnitude of the fortigoheual by the length of time the force is appliec
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T Impulse = change in momentum = force x time

Video

il
Momentum

& Khan Academy

Law of conservation of momentum states that

For two or more bodies in an isolated system acting upon each other, their total momentum remains
unless an external force is applied. Therefore, momentum can neither be created nor destroyed.

Derivation of Conservation of Momentum

Consider two colliding particles A and B whose masses are m1 and m2 with initial and final velociti¢
ul and vl of A ad u2 and v2 of B. The time of contact between two patrticles is given as t.

A= (V1 U1) (change in momentum of particle A)

B=nm(Vv2l u2) (change in momentum of particle B)

FBA= T-AB (from third law of motion)

FBA=MRZ a2=np(v21 u2)t FAB=MZ a1=mu(vit u)t me(vai u2)t=t mu(vit ur)t MUL+MRU2=MVi+nev2

Therefore, above is the equation of law of @mation of momentum wherayui+nmeuz is the

representation of total momentum of particles A and B before collisiomavtH-neVvz2 is the
representation of total momentum of particles A and B after collision

Elastic collisions in one dimension
An elastic cdlision is onethat conserves internal kinetic energy. Conservation of kinetic energy and

momentum together allow the final velocities to be calculated in terms of initial velocities and masse
dimengonal two-body collisions

Video
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Elastic Collision

MV, + MV = myVt = MV,

Momentum and explosive forces

Whether it is a collision or agexplosion if it occurs in an isolated system, then each object involved encounters
same impulse to cause the sam@mentunchange. The impulse amdomentunchange on each object are equal i
magnitude ad opposite in direction. Thus, the total systawmentunis conserved

What are explosive forces?

Definition of explosive forceA forcerepresented with separate values for the heat liberated by the
explosivedecomposition and the detonating rate.

Video

Comservabion o Momentum S k
Explosions

Projectile motion

Projectile motion is a form ahotion where an object moves in a bilaterally symmetrical, parabolic pat
The path that the object follows is called its trajectory. Projectile motion only occurs when there is or]
applied at the begning on the trajectory, after which the onlyerference is from gravity. In a previous
atom we discussed what the various components of an object in projectile motion are. In this atom w
discuss the basic equations that go along with them irpthead case in which the projectile initial
posiions are null (i.e. x0=0 and y0=0 )
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Initial Velocity

The initial velocity can be expressed as x components and y components:
ux=utcosd
uy=utsind

In this equation, u stands for initial velocity magnitude dnefers to projectile angle.

Time of Flight

The time of flight of a projectile motion is the time from when the object is projectee tone it reaches
the surface. As we discussed previously, T
depends on the initial velocity magnitude and the angle of the projectile:
T=2tuy/g
T=2tutsind d

Acceleration

In projectile motion, there is no acceleration in the horizontal direction. The acceledatighe vertical direction is
just due to gravity, also known as free fall
ax=0
ay=1g
Velocity
The horizontal velocity remains constant, but the vdriiekocity varies linearly, because the acceleratio
constant. At any time, t and the velocity is:
ux=utcos!
uy=utsindi gtt

You can also use the Pythagorean Theoremto find velocityd ( u2x +u2y)
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Displacement

At time, t, the displacement components are:
x=utttcos!
y=utttsindi 1/2gt
The equation for the magnitude of the displacemet isS=K2+Y2)

Maximum Height

The maximum height is reached when vy=0

Using this we can rearrange the velocity equation to find the time it will take for the object to re&nlimaeight
th=utsind d

where th stands for the time it takes to reach maximum height. From the displacement equation we can find ti
maximum height
h=usin Ztg

Range

The range of the motion is fixed by the conditysrO
Using this we can rearrangeetparabolic motion equation to find the range of the motion:

R=wetsinf d.

£

Videos
=TT
Rocket motion
Rocket motion is based on Newton's third | aw, w h

react i gase@re exHawmgted throughnozzle of the rocket and produce the adibwoe The reactiorforce

acting in the opposite diréon is called the thrugorce.
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(~a=n Forces on a Rocket &

Lift

Drag
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Learning Objectives

The students will
A Describe vector nature of displacement.

A Describe average amhlects.nstantaneous velocities
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https://www.google.com/search?source=hp&ei=BZzgXq2wOIiAjLsP64yo0Ac&q=Rocket+motion&oq=Rocket+motion&gs_lcp=CgZwc3ktYWIQAzICCAAyAggAMgIIADICCAAyAggAMgIIADICCAAyAggAMgIIADICCABQzStYzStg9TJoAHAAeACAAfECiAHxApIBAzMtMZgBAKABAqABAaoBB2d3cy13aXo&sclient=psy-ab&ved=0ahUKEwjtxuWl7PbpAhUIAGMBHWsGCnoQ4dUDCAY&uact=5
https://www.google.com/search?source=hp&ei=BZzgXq2wOIiAjLsP64yo0Ac&q=Rocket+motion&oq=Rocket+motion&gs_lcp=CgZwc3ktYWIQAzICCAAyAggAMgIIADICCAAyAggAMgIIADICCAAyAggAMgIIADICCABQzStYzStg9TJoAHAAeACAAfECiAHxApIBAzMtMZgBAKABAqABAaoBB2d3cy13aXo&sclient=psy-ab&ved=0ahUKEwjtxuWl7PbpAhUIAGMBHWsGCnoQ4dUDCAY&uact=5
https://www.youtube.com/watch?v=S6CPoJiOK_M

A Compar e astarganemus speaalisvdth avarage and instantaneous velocities.

A 1 nter pr e-timednd sepditgineaymaghs df objects moving along the same straight line

A Determine the instant aaagthesame stiaightlinetbyasurifg the slop® b |
of displacementime graph.

A Define average acceleration (as rate of change
limiting value of average acceleration when time irdetv ot appr oaches zer o).

A Distinguish bet ween p omfdrm andvarialderaccelaratiomat i ve acce

A Det e rimstamaseous hceeleration of an object measuring the slope of veltieitygraph.

A Manipul at e e g u detatecbmotion tb solveprobleams.ml y acc e

A Explain that pdimejsieat matidn & aveditdalipam i s t wo

A Communicate the ideas of a projectile in the a
() Horizontal component (VH) of velocity is constant.

(ii) Acceleration is in the vertical direction and is the same as that of a verfieadifalling object.

(i) The horizontal motion and vertical motion are independent of each other.

A Evaluate using equations of u itial felodtyof fiyctioaleasspeojedtile. a
1. How higher does it go?

2. How far wold it go along the level land?

3. Where would it be after a given time?

4. How long will it remain in air?

A Determine for a projectile launched from groun
1. launt angle that results in the maximum range.

2. relation between the launch anglest tlesult in the same range.

A Describe how air resistance affects both the h
hence the range of the projectile.

A Apply Newtonés | aws to explain the motion of o

ADefine mass ( as the property of a body which resists change in motion).

A Describe and use of the concept of weight as t

ADescribe the Newtonds second | aw of motion as r g

A emteNwtonds third | aw of motion and conservatio

A Show awareness that Newtonds Laws are not exac
moving close to the speed of light or is small enough that quantum effects beconieasignif

A Define | mpulse (as a product of impulsive forc

A Describe the effect of an i mpul sive f orngthetime t
stopping, or rebounding from the collision.

wDescribe that while momém of a system is always conserved in interaction between bodies some change i

usually takes place.

Solve different problems of elastic and inelastic collisioesveen two bodies in one dimension by using law

of conservation of momentum.

A Dribestltat momentum is conserved in all situations

A ldentify that for a perfectly elastic collisio
separation.
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Unit-04

Work and Energy

Topic Understandings Skills
A Wor k done by [The students will: The students will:
force A Describe tA Investigate, at d
A Wor k as scal iworkinterms of the comparing daborerand an
force and displacement product of force Frad electric notor for carrying the
A Wor k gravifya i n st [displacementd in bricks to the top of the building.
A Work done by AThe di r ect il ldentfythe economy involved.
A GravitationalWorkas A Il nvestigate that
point scalar product of F and ¢ is dropped from rest onto a hard
A Escape velocihA Distingui g plane surface, it usually returns to

A Power as
force and velocity
A Work energy
resistive medium
A Sources and
Conventional sources of
energy

SCa

positive,

negative and zero work
with

suitable examples.
A Describe t

calculated from the area
underthe force
displacemat graph.
A Explain gr
as an example of field of
force and define
gravitational field
A Strength aorce per unit
mass at a given point.
A Prove that gravitational
field is a conservative fielg
A Compute and show that

75% of its original height after
bouncing. What percentage of the
energy of the ping pong ball is lost
on each bounce? What happens to
that energy?

A Design an investi
determine how the efficiency of an
electric motor varies
with load.

the work done bgravity as
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a mass 0O0moé i
one given point to anothe
does not depend on tpath
followed.

A Describe that the
gravitational PE is
measured from a refereng
level and can be positive

negative, td

orientation from the
referencdevel

A Hain the concept of

escape

velocity in term of
gravitational

constant G, mass m and
radius of planet r.
A Differenti
andnon-conservativdorces
giving examples

of each.
A Express pd
productof forceand
velocity.
A (iain that work done
against

friction is dissipated as
heat in the environment.
A State the
energy losses in practical
devices and the concept ¢
efficiency.
A Ut i | ienergywa
theorem in a resistive
medium to solve prdbms.
A Dusssarnd make a list

limitations of some
conventional

sources of energy.
A Describe t
some

nonconventional sources
of energy.

Science, Technologyrad Society Connections

The students will:

A I dentify, by estimating the cost, benefits
in lifting objects by a crane.

A Explain why a car going uprgangbritieflat. r equi r es
A Ildentify energy conversions.

(i) moving car engine
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(ii) thermal power station
(iif) Hydroelectric power station

A Investigate and explain how global <climate
Sunandisinfluenced byadyneme process (e.g. <c¢cloud format.
rotation) and static conditions (e.g. the position of mountain ranges and oceans)

A Explain how trash can bgasutilized for prod

Chapter overview

Work done by a constant force
The wak done by a constant force can be defined as the product of the displacement of the object (t
the force is applied) and the component of the constant force which is parallel to the direction of
displacenent. It is important to note that the worknédoy a constant force is always directly proportiona
the product of the magnitude of the applied force and the displacement of the object to which the for
applied.

Work Done by a Constant Force

Work
W =F,d = Fd cosO
For a CONSTANT force!

Videos

| "W How To Calculate Work.

by o= W=Fdesel
’

Work as scalar product of force and displacement

A quantity whch has only magnitude but no direction is known as a scalar quantity.

Work is done only when a force produeestion. Andit is the product of the force exerted on the the bo
and the distance moveg the body in the direction of force.

i.e. W=F.s

Work is actually the scalar product of force and displacement and hence is a scalar quantity.
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https://www.youtube.com/watch?v=d6MhIBpmJnE
https://www.youtube.com/watch?v=p6IMTWx6zUU

W =F.s

i.e. W =Fs cosf
where F is the force, s the displacementéndt he angl e bet we & rccording o éhe 4
angled, wor k c angative orgesosi ti ve, ne

Work is the outcome of the force and displacement caused by the body.
Force and displacement are vector quantities (they have both magnitude and direction) and the dot
of two vector quantites always gives a scalar quantity. S& was only magnitude but not direction.

W ork

Work = Force x ““parallel distance”
(parallel component
of displacement)

] e W, —Fd,,
i parallel

F = average force
computed over
the distance

dparatter

Urrits: N -rmr—=.J =" joules" = (kg-m2/s2)

When 7 is not parallel to d , then we must take the comporert
of F which is parallel to .

Iv“h: I cosé IfF =100 N and € = 30 degreces.
I,“’: 7 siné@ Compute Fv and Fh
Wk _ ],‘hd: I(cosO)d Ifd =5 m. compute W

* for those of you who have had advanced math. the parallel component is computed by the dof product of the force and displace ment vectors

,F‘i:
:h; 3=(~1~)$.(,,\)3
: ilano
i i3=d10,05 .40, 1,0)
? i'i:"j‘l'OQO:l-‘o»n-o
vizd=Y)=1!
[-‘1?- ﬁl
ol
5]
Work against gravity

So farwe have only considered objects falling under gravity. Let's now consider the work done when
an object. In order to lift an objetttat has mass), we have to apply an upward foncgyto overcome the
downward force of gravity. If this force raist® object through a height then the work done is:

W=Fd=mgxh=mgh
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https://www.youtube.com/watch?v=WV8XT2x9WX8
https://www.youtube.com/watch?v=ZDn5unX6HII

(b)
Placing a sucase on a luggage rack involves doing work against gravity. (b) The stored energy is rel
the suitcase fallsff the rack.
So if an object of magsis raised through a height the work done on the object is equalhtgh and so
this amount of eergy is transferred to the object. (Notice that this equation is identical to the one des
an object falling nder gravity,
Of course, this ties in very well with everyday observations. If you lift a heavy suitcase onto a luggag
in a train, ora heavy bag of shopping onto a table, you are very aware that you are doing work again
gravity. You will also beaware that more work is required to lift a more massive object, or the same 0
to a greater height, and these 'observations' are amtsigth the work done being equalngh

Videos

W= F-d -
‘ Q ains
’ [ 14.IN Work done up @ ramp a9
b et grow'fy...
| fiod
fr=m.a
J: IOKJT"L?INIsL
Tv ] £y ® f{?l N
an o‘o:){(‘L “j“."‘"\ 5.—,.\,'.-1\,
\/ﬂ'{v«vﬂ & foree e
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https://www.youtube.com/watch?v=Ddo69jlPVbk
https://www.youtube.com/watch?v=5oYJnhkfwpY

Work done by variable force
The area enclosed by the rectangle of length equal to the magnitude of force F(x) and width equal tc
di spl acement @x, gi ves t heuration.r.kThud, donaevarinbje forcé, the
work done can be expressed as a definteginal of force over displacement for any system.

So far we have defined work done biz@cewhich is constant in both magnitude and direction.
However, work can be done by fordéat varies in magnitude and direction duringdisplacementf the
body on which it ais.

For simplicity consider the direction of force acting on the body to be alaxgalso consider the force
F(x) is some known function of position x

Now total displacement or path of the bodyhat
with in each interval force F(x) can be considered to be approximately conssawtasbelow in the figure

£

AN

AR LA

.‘i_{—:x: . o X, X.; E
.\..I '\:I X_

Figure 3. Calculation of work done by variable force F(x) in moving a body from Ato B
Work done in moving the body from $o x2 is given by
W= Fi cpw h e r &xo-xpXx
Total work done in moving the body from point A to pdint
W=F(x1)) qaxF(x) pxF(x3) g@x...+F(4) X
W= E F ¢pwhere i=1to i=n 4)
Where E is the symbol of summati on
Summation in equation 4 is equal to shaded area in figure 3(a) .More accuracy of results can be obt
making these intervanfinitesimally smaller
We get the exact value of work done by making each intervaust small such that #9160 which
means curved path being decomposed into infinite number of line segment i.e
W= ijcpx> OE E (q00( (5)
W=Uxbxaf dUx bWhd d«
The integral of F(x) w.r.t x between the limits and % and integral can bevaluated using methods of
calculus if F(x) of x is known
Instead of x if the force also acts along y and z axdiiextion of force keeps on changing then work do
by such a force is given by

W=U F(r)dr whanthg i n(6f he | i
Where F(r)=F(x)i +F(y)j+ F(z)k

mits r

and dr=dxi +dyj+ dzk
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https://physicscatalyst.com/mech/newtons-laws-of-motion.php
https://physicscatalyst.com/mech/Distance-and-Displacement.php

Here F(x),F(y) and F(z) are rectangular components of the fonag &algy and z axis .Similarly dx,dy and
dz are rectangular components of displacement along

X,y and z axis

Work done by the variable foredong xaxis can also be calculated using the graphical way also. The i
enclosed by the Force displacement gibeswork done by the variable force

Videos

Work & Variable Force

=41
Yl TN
A—_LW
—

(w-itrmd]

& /L ! \N:‘SVYVF()OJX
i! ] s

Gravitational Potential at a point

The gravitational potential at a point in a gravaaal field is the work done per unit mass that would ha
to be done by some externally applied force to bringaasive object to that point from some defined
position of zero potential, usually infinity. It is the gravitational potential difference ket chosen
point and the position of zero potential.

Gravitational potential is often represented by the syabo

If the field is due to an isolated massive point object (or any object of finite size), then it is conventio
define the potential tbe zero at an infinite distance from the object; the potential is negative everywh
else because the gravitaial force is always attractive.

Gravitational potential is also defined as the gravitational potential energy per unit mass relativenieda
position of zero potential energy. The two definitions are equivalent.

Discussion

There is a strong similayitbetween gravitational potential and electrostatic potential. In both cases, th
underlying forces depend on the separatipof interactingobjects as . and, in both cases, the change
the potential is defined via the work done in changing tharaépn between the interacting objects. The
difference lies in the nature of the force: charges may be positive or negative, so the diedtrieséation
may be attractive or repulsive. The force of gravity is always attractive.

Sl unit

Jkg?

Expressed in S| base units

m? s?

Other commonly used unit(s)

none

Mathematical expressions

Rai sing an obj eladtthesbrface ahg Rartlalealisea aghange apgravitational poten
PV = goph
where g i s the gravitati on alsmichleds than&he radiub & thesHar
More generally,

®V=GMR-GMR + tp=GMR i+ o

whereM andR are, repectively, the mass and radius of the Earth,@mglthe universlagravitational
constant.

Related entries
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https://www.youtube.com/watch?v=LbAxcMQ7J6c
https://www.youtube.com/watch?v=Jtt4ySwu0EM

Gravitational field

Potential energy

In context

The difference in gravitational potential between sea level and the summit of Mount Everest is aboul
8.7x 10% Jkg'L. If a mountaineer of mass 1R@ travels from s& level to the Everest summit, the
gravitational potential energy of the Eartfountaineer system increases by abou8.@® J.

Video

4 Gowsbbond) Pl duste apesd st

Gare shiedie gy
e wann e 6 JLIPTS

-G -
A

L'z‘

Escape velocity

Escape velocity is the speed thaidect needs to be traveling to break free of a planeioon's gravity
well and leave it without further propulsion. For example, a spacecraft leaving the surface of Earth n
be going 7 miles per second, or nearly 25,000 miles per hour to leniinfalling back to the surface or
falling into orbit.

A Delta Il rocket blasting off. A large amount of energy is needed to achieve escape veloatityfrom Jet
Propulsion Laboratory's Planetary Missions & Inginents image gallery
Since escape velocity depends on the mass of the planet or moon that a spacecratft is blasting off of

spacecraft leaving the moon's surface could go slower thanastimg off of the Earth, because the moo
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https://www.youtube.com/watch?v=_B3c4K8zEpU

has less gravity thathe Earth. On the other hand, the escape velocity for Jupiter would be many time
of Earth's because Jupiter is so huge and has so much gravity.

Escape
Velocity in Escape Velocity

Body Mass Kilometers/ in Miles/Hour
Second

Ceres (larges

asteroid irthe 1,170,000,000,000,000,000 .64 1430.78 mph
: km/sec

asteroid belt)

The Moon Zg’600’000’000’000’000’000 2.38 km/sec 5320.73 mph

Earth %980’000’000’000’000’000’000 11.2 km/sec |25038.72 mph

Jupiter 715,000,000,000,000,000,000,000,000 k¢/59.5km/sec  |133018.2 mph

Sun 1,990,000,000,000,000,000,000,000,000 618. km/sec 1381600.8 mph

Sirius B (a

white dwarf |2,000,000,000,000,000,000,000,000,000 5,200. km/se(|11625120 mph
star)

One reason that manned missions to other planets are diftiquén is that a ship would have to take
enough fuel into space to blast off of the other planet when the astronauts twwagadtbme. The weight o
the fuel would make the spaceship so heavy it would be hard to blast it off of Earth!

Videos

_‘.‘

Power as scalar product of force and velocity
Power may be defined as the rate of daumgk or the rate of usingnergy These two definitions are

equivalent since one unit of energy must be used to dar@hef work. Often it is convenient to calculate|
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http://hyperphysics.phy-astr.gsu.edu/hbase/wcon.html
http://hyperphysics.phy-astr.gsu.edu/hbase/enecon.html
https://www.youtube.com/watch?v=tijs4ROmBzA
https://www.youtube.com/watch?v=nkccBTXOclY

the average power.

Pavg = ok FoosBx

This can be rearranged in the form:

P = F cosO v,

avg 8|

It turns out that this is a general form and that instantaneous power can be
calculated from the expression:

P

instantaneous = F cosb v

—_— —

which in vector notation is the scalar product: P =F-v

In the straightforward cases where a constant force moves an object at constant velocity, thejpstwer
= Fv. In a more general case where the velocity is not in the sameatirastihe force, then the scalar
product of force and velocity must be used.

The standard unit for power is the watt (abbreviated W) which is a joule per second

Video

Work energy principle
The workenergy principle states that

AAn increase in the kinetic energ
of positive work done on the body by the resultant force acting dotally. Converselya decrease in
kinetic energy is caused by an equal amount
Video

Work Energy
Principle

Physics Essentials - 051

Sources and uses of energy
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https://www.youtube.com/watch?v=9mWq8tGuS6Q
https://www.youtube.com/watch?v=LNk2mUbnKus

1. Solar Energy

Solar power harvests the energy of the sun througiy wsillector panels to create conditions that can th
be turned into a kind of power. Large solar panel fields are often used in desert to gather enough po
charge small substations, and many heonge solar systems to provide for hot water, coaimd)
supplement their electricity. The issue with solar is that while there is plentiful amounts of sun availa
only certain geographical ranges of the world get enough of the direct power of tbelsag enough to
generate usable power from this s

2. Wind Energy

Wind power is becoming more and more common. The new innovations that are allowing wind farm
appear are making them a more common sight. By using large turbines to take awaildlale the power
to turn, the turbine can then tuargenerator to produce electricity. While this seemed like an ideal solu
to many, the reality of the wind farms is starting to reveal an unforeseen ecological impact that may
make it an ideal abice.

3. Geothermal Energy

Geothermal energy is theengy that is produced from beneath the earth. It is clean, sustainable and
environment friendly. Hi gh temperatures are
delay of radioactive p#cles. Hot rocks present below the earth heats upv#tter that produces steam. Tk
steam is then captured that helps to move turbines. The rotating turbines then power the generators
Geothermal energy can be used by a residential unit or on a lalgégeaindustrial application. It was
used during anent times for bathing and space heating. The biggest disadvantage with geothermal €
that it can only be produced at selected sites throughout the world. The largest group of geothermal
plants in the world is located at The Geysers, a gaotidreld in California, United States.

4. Hydrogen Energy

Hydrogen is available with water(H20) and is most common element available on earth. Water cont
two-thirds of hydrogen and can be founccombination with other elements. Once it is separdtedn be
used as a fuel for generating electricity. Hydrogen is a tremendous source of energy and can be use
source of fuel to power ships, vehicles, homes, industries and rockets. It is ebymple¢wable, can be
produced on demand and doesleaie any toxic emissions in the atmosphere.

5. Tidal Energy

Tidal energy uses rise and fall of tides to convert kinetic energy of incoming and outgoing tides into
electrical energy. The generation okegy through tidal power is mostly prevalent in cabateas. Huge
investment and limited availability of sites are few of the drawbacks of tidal energy. When there is in
height of water levels in the ocean, tides are produced which rush bafdkthrd the ocean. Tidal energy
is one of the renewédsource of energy and produce large energy even when the tides are at low sp¢
6. Wave Energy

Wave energy is produced from the waves that are produced in the oceans. Wave energy is renewal
environment friendlyand causes no harm to atmosphere. It can be harnessed along coastal regions ¢

countries and can help a country tduee its dependance on foreign countries for fueddiing wave
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https://www.conserve-energy-future.com/15-easy-ways-to-become-environmentally-friendly.php

energy can damage marine ecosystem and can also be a source of disturbance to private and comr
vessels. It is highly dependent on wavelength and can also be a source of visualeapdlintisn.

7. Hydroelectric Energy

What many peoplare not aware of is that most of the cities and towns in the world rely on hydropows
have for the past century. Every time you see a major dam, it is providing hydropowetdotacal station
somewhere. The power of the water is used to turnrgtme to produce the electricity that is then used.
The problems faced with hydropower right now have to do with the aging of the dams. Many of then
major restoration work to neain functional and safe, and that costs enormous sums of money. Therdr
the worldbés drinkable water supply is also c
water that provides them power too.

8. Biomass Energy

Biomass energis produced from organic material and is commonly used throughout the world. Chlor
present in plants capt ur bdae dioxiefrorm thenad and wateefrog the
ground into carbohydratesrtiugh the process of photosynthesis. When the plants are burned, the wa
carbon dioxide is again released back into the atmosphere. Biomass generally include crops, @ants
yard clippings, wood chips and animal wastes. Biomass energy isaudezhfing and cooking in homes
and as a fuel in industrial production. This type of energy produces large amount of carbon dioxide i
atmosphere.

9. Nuclear Power

While nucleampower remains a great subject of debate as to how safe it is to usé)ethdr or not it is
really energy efficient when you take into account the waste it produbesfact is it remains one of the
major renewable sources of energy available to tdwThe energy is created through a specific nucle
reaction, which ishen collected and used to power generators. While almost every country has nucle
generators, there are moratoriums on their use or construction as scientists try to resolaedsdfsposal
issues for waste

10. Fossil Fuels (Coal, Oil and Natural Gas)

When most people talk about the different sources of energyishewtural gas, coal and oil as the optio
T these are all consideréal be just one source of energy from fossil fuEtsssil fuelsprovide the power foi
most of the world, primarily using coal and oil. Oil is converted into npaogucts, the most used of whic
is gasoline. Naturajas is starting to become more common, but is used mostly for heating applicatiot
although there are more and more natgespoweredvehicles appearing on the streets. The issue with
fossil fuels iswofold. To get to the fossil fuel and convert ituse there has to be a heavy destruction af
pollution of the environmeni he fossil fuel reserves are also limitegpecting to last only another 100
years given are ls& rate of consumption.

It 1 sndt easy to determine which of these di
good and bad points. While advocates of each power type toutdkeire best, the truth is that they are «
flawed. What needs to happen is a concerted effort to change how we consume energy and to creatg
balance between which of these sources we draw from.

Video |
I
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https://www.conserve-energy-future.com/Advantages_Disadvantages_BiomassEnergy.php
https://www.conserve-energy-future.com/waste-management-and-waste-disposal-methods.php
https://www.conserve-energy-future.com/Advantages_FossilFuels.php
https://www.conserve-energy-future.com/PollutionTypes.php
https://www.youtube.com/watch?v=YbAWny7FV3w
https://www.youtube.com/watch?v=V2BU1HYBnLg

Conventional sourcesf Energy

When we cannateuse a source of energy after usingitonceveel | t hem fAconvent.
or HAremrewable energy resourceso. They are the
include coal, petroleum, natural gas and nuclear energys @ikimost widely used source of energy.

OAl wagurround yourself with positive energyo
energwe 6r e tal ki ng ab ogyihthemD And ard thesegthlingshcanveatioralrs@urces
energy? But, before that what are conventional sources of energy? How do we obtain this energy? $
living beings use energy for various vitakiaities inside as well as outside their bo8y, let us study abot
various conventional sources of energy

Video

\ \( :n ta ﬁ:} ,\\ |
CONVENTIONAE" *
NON-CONVENTIONAL|

ENERGY SOURG ESaer
p i,

e Al
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https://physicscatalyst.com/mech/workddmnevariableforce.php
https://spark.iop.org/gravitationgabtental#gref
http://www.grg.northwestern.edu/projects/vss/docs/seasronment/2vhatsescapevelocity.html
http://hyperphysics.phastr.gsu.edu/hbase/pow.html
https://www.conservenergyfuture.com/differenenergysources.php
https://www.toppr.com/guides/physics/sourcdsenergy/conventionagdourcesof-energy
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https://www.toppr.com/guides/physics/work-and-energy/energy-and-types-of-energy/
https://www.topperlearning.com/answer/why-is-work-a-scalar-quantity-although-force-and-displacement-are-vector-quantities-answers-apart-from-work-has-magnitude-but-no-direction-i-want-to-k/k1pq9v55
https://www.topperlearning.com/answer/why-is-work-a-scalar-quantity-although-force-and-displacement-are-vector-quantities-answers-apart-from-work-has-magnitude-but-no-direction-i-want-to-k/k1pq9v55
https://www.open.edu/openlearn/science-maths-technology/motion-under-gravity/content-section-3
https://physicscatalyst.com/mech/workdone-by-variable-force.php
https://spark.iop.org/gravitational-potential#gref
http://www.qrg.northwestern.edu/projects/vss/docs/space-environment/2-whats-escape-velocity.html
http://hyperphysics.phy-astr.gsu.edu/hbase/pow.html
https://www.conserve-energy-future.com/different-energy-sources.php
https://www.toppr.com/guides/physics/sources-of-energy/conventional-sources-of-energy/
https://www.youtube.com/watch?v=Zgp86PVXXuQ

Unit 05

Rotational and Circular Motion
ircular Motion

South Pole

Rotation
North Pole

Revolution

Arctic Circle

Tropic of Cancer
Equator

Tropic of Capricom

Summer in north

Sun'’s rays perpendicular
to Tropic of Cancer

<
Winter in south
Fall In north Spnngy
\ 8

Sun's rays perpendicular
to Tropic of Capricom

Spring in north | Fall m

Winter in north

Summer in south

Topics

Understandings

Skills

A inmatics of angular motion
A Centripetal
centripetal acceleration

A Orbital wvelo
A Artificial s
A Artificial g
A Mo menertia o f

A Angul ar mome

1

The students will:

A Define angul a
angular velocity ad angular
acceleration and express
angular displacement in radians.

A Solve problem

v =ryY .

A State and use
angular motion to solvproblems

involving rotational motions.

A Describe quaa

curvedpath due to a perpendicular

force.

A Derive and us
accel eration a

A S ol vms ugingentripetal

forceF mr ¥ | , F =

A Describe situ
centripetal acceleration is causeq

a tension force, a frictional force, &

The students will:
A Demonstrate t
angular momentum by spinning
stool and dumbles (weights).
A Demonstrate t
centrifuge
e.g. washing machine dryer.
A Determine the
of a fly wheel.

gravitational force, or a norma forg
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A E ik pHema vehicle travels
round a banked cuevat the
specified speed for the banking
angle, the horizontal component o
the normal force on the vehicle
causes the centripetal acceleratiof
A Describe the
rel ating b th& spee
v of the vehicle anthe radiusof
curvature r.
A Expl ain t haut
into orbits round the earth because
the gravitational force between the
earth and the satellite.
A Explain that
satellites appedo be weightless.
Descri be ravityw
createdo counter balance
weightless.
A Define the te
derive relationship betweeanbital
velocity, the gravitational constant
mass and the radius of the orbit.
A A n ahht gatellites can be use
to send informatin between places
on the earth which are far apart, tq
monitor conditions on earth ,
including the weather, and to
observe the universe without the
atmosphere getting in the way.
Describe that
satellites are usually put into orbi
high above the equator atitht they
orbit the earth once a day so that
they appear stationawhen viewed
from earth.
A Define moment
and angular momentum.
A Derive a tomlea
momentof inertia and angular
acceleration.
A Explain conse
momentum as a universal law an
describe examples of conservatior
angular momentum.
A Use the for mu
inertia of various bodies for

solvingproblems.

Science,Technology andSociety Connections

The students will:
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A  Assess the suitability of the recommended
curvature of some roads.

A Describe the experience noparkst ol | er coaster
A dorive the principles and benefits of weather forecasting and communication satellites.

A Evaluate the accuracy of the information p
A write a report on an i nfsdrarhdtoindn search on

Chapter overview

Kinematics of angular motion
Angular kinematicss the study of rotational motion in the absence of forces. The equations of angula
kinematics are extremely similar to the usual equatiokgematics with quantities ke displacements
replaced by angular displacements and velocities replaced by angular velocities. Just as kinematics
routinely used to describe the trajectory of almost any physical systemgiioearly, the equations of
angular kinematics are relewan most rotating physical systems.
Basic Equations of Angular Kinematics
In purely rotational (circular) motion, the equations of angular kinematics are:
V=ro, 2 L a=arcETr ¥
The tangential velocity describes the velocity of an object tangent to its path in rotational motion at
angul ar f r e g urThis ig thexvelacity dn objactwiowldsfollow if it suddenlpke free of
rotational motion and traveled along a straighe.| The rate of change of this velocity is the tangential
acceleratiora. The centripetal accelerationia a second acceleration experienced by rotating objects,
because changing the directioiha velocity vector requires an acceleration. Since tleeiin of the
velocity vector changes constantly in rotational motion, rotating objects must be continuously accele
towards the axis of rotation by some force providing a centripetal aaeter
From the above equations, the usual kinematic equsatioldl in angular form. If an object under goes
constant an g Wdlphd thatotal angukardsplacement it
d 71 o=Wot+l/ 220t
w h e pisthednitial angle and Ws the initial angular velocity. Similarly, the angular velocity changes
according to:
=W+ 20 (YT d
in terms of the angular displacement, or
¥= oMt
in terms of time.
Though the above derivation gives the magnitudes of angular quantities correctly, it does not captur
that angulaquantities aralsovector quantitiesThe direction in which the angular velocity points can b
found from the righthand rule: curving the fingers of yorght hand along the direction of rotationuyo
thumb points in the direction of the angular velocity vector, along the axis of rotation. This is true by
definition; although it seems strange since the vector is perpendicular to the rotation, thisrdaiims out
to be the only way to formulateconsistent vector theory of rotational forces.

Centripetal force and centripetal acceleration

What is a centripetal force?

A centripetal force is a net force that acts on an object to keep it maleing a circular path.
Centripetal accelerationve learned thatrgy object traveling along a circular path of radius r with velocit
experiences an acceleration directed toward the centerzof its path,

ac= VIr

However, we shouldiscusshowthe object came to be moving along the circular path in the first place
Ne wt o dadvtells Lisithat an object will continue moving along a straight path unless acted on by i
external force. The external force here is the geeitl force.

It is important to understand that thentgetal force is not fundamental forgebut just a label given to th

net forcewhich causes an object to move in a circular path. The tension force in the string of a swing
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https://brilliant.org/physics/mechanics-2/kinematics
https://brilliant.org/wiki/vector-introduction/
https://www.khanacademy.org/science/physics/centripetal-force-and-gravitation/centripetal-forces/a/science/physics/centripetal-force-and-gravitation/centripetal-acceleration-tutoria/a/what-is-centripetal-acceleration
https://www.khanacademy.org/science/physics/centripetal-force-and-gravitation/centripetal-forces/a/science/physics/forces-newtons-laws/newtons-laws-of-motion/a/what-is-newtons-first-law
https://www.khanacademy.org/science/physics/centripetal-force-and-gravitation/centripetal-forces/a/science/cosmology-and-astronomy/universe-scale-topic/light-fundamental-forces/v/four-fundamental-forces

tethered ball and the gravitational force fiag a satellite in orbit are both examples of centailgerces.
Multiple individual forces can even be involved as long as they add up (by vector addition) to give a
force towards the center of the circular path.

Starting withN e wt o raws 2 W

a=F/m
and then equating this to the centripetal acceleration,

v2/r= FIm
We can show that the centripetal force Fc

Fc=mv/r

and is always directed towards the center of the circular path. Equivalently, if waisgiilar velocitythen
becaus v =r ¥

Fc=mrw/

Videos

CENTRIPETAL FORCE

( \A ﬁ ‘ y
-4 €
v v Xl

)

CENTRIPETAL ACCELERATION

Orbital velocity

In gravitationally boundystems, therbital speeaf an astronomical body or object (eptanet
moon artificial satellite spacecraftor stal) is thespeedat which itorbitsaround either thbarycenteor, if
one object is much more massive than tieiobodies in the system, its speed relative taémeer of mass
of the mos massive body.

The term can be used to refer to either the mean orbital speed, i.e. the agesever an entire orbit, of
its instantaneous speed at a particular point in its orbit. Maximum (instantaneous) orbital speed occl
periapsigperigee, perihelion, etc.), while minimwpeed for objects in closed orbits occurs at apoapsis
(apogee, aphelion, etc.). In ideal tlvody systems, objects in open orbits continue to slow down foasve
their distance to the barycenter increases.

When a system approximatesa-body systeminstantaneous orbital speed at a given poitii@frbit
can be computed from its distance to the central body and the ogpeciic orbital energysometimes
called "total energy". Specific orbitahergy is constant and independent of position.

Radial trajectories

In the following, it is assuntkthat the system is a twandy system and the orbiting object has a negligik
mass compared to the larger (central) object. Inweald orbital mechanicst is the system's barycenter,
not the larger object, which is at the focus.

Specific orbital energyor total energy, is equal to K.EP.E. (kinetic engyy 1 potential energy). The sign
of the result may be positive, zero, or negative and the dlgrugesomething about the type of orbit.

If the specific orbital energis positive the orbit is unbound, or open, and will follolwaerbolawith the
larger body thdocusof the hyperbola. Objects in open orbits do not return; once past periapsis their
distance from the focus increases without boundr&dial hyperbolic trajectory

If the total energy is zero, (K.E = P.E.): the orbit ga@abolawith focusat the other body. Seadial

parabolic trajectoryParabolic orbits are also open.
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https://www.khanacademy.org/science/physics/centripetal-force-and-gravitation/centripetal-forces/a/science/physics/forces-newtons-laws/newtons-laws-of-motion/a/what-is-newtons-second-law
https://www.khanacademy.org/science/physics/centripetal-force-and-gravitation/centripetal-forces/a/science/physics/torque-angular-momentum/torque-tutorial/v/relationship-between-angular-velocity-and-speed
https://en.wikipedia.org/wiki/Gravitational_binding_energy
https://en.wikipedia.org/wiki/Planet
https://en.wikipedia.org/wiki/Natural_satellite
https://en.wikipedia.org/wiki/Satellite
https://en.wikipedia.org/wiki/Spacecraft
https://en.wikipedia.org/wiki/Star
https://en.wikipedia.org/wiki/Speed
https://en.wikipedia.org/wiki/Orbit
https://en.wikipedia.org/wiki/Barycentric_coordinates_(astronomy)
https://en.wikipedia.org/wiki/Center_of_mass
https://en.wikipedia.org/wiki/Apsis
https://en.wikipedia.org/wiki/Gravitational_two-body_problem
https://en.wikipedia.org/wiki/Specific_orbital_energy
https://en.wikipedia.org/wiki/Specific_orbital_energy
https://en.wikipedia.org/wiki/Specific_orbital_energy
https://en.wikipedia.org/wiki/Hyperbola
https://en.wikipedia.org/wiki/Focus_(geometry)
https://en.wikipedia.org/wiki/Radial_hyperbolic_trajectory
https://en.wikipedia.org/wiki/Parabola
https://en.wikipedia.org/wiki/Focus_(geometry)
https://en.wikipedia.org/wiki/Radial_parabolic_trajectory
https://en.wikipedia.org/wiki/Radial_parabolic_trajectory
https://www.youtube.com/watch?v=2ib5I4z9op8

If the total energy 1 s nega torcloged. Theé mdion wil bebon dn.
ellipsewith onefocusat the other body. Seadial elliptic trajectoryfree-fall time. Planets have bound
orbits around the Sun.

Transverse orbital speed

The transverse orbital speed is inversely proportional to the distance to the central body because of
of conservation oaAngular momentunor equivalentlyKeplers second lawThis stateshat as a body
moves around its orbit during a fixed amount of time, the line from the barycenter to the body sweep
constant area of the orbital plane, regardless of which part of itsteeldbty traces during that period of
time.

This law implies hat the body moves slower nearafgapsighan near itperiapsisbecause at the smalle
distance along the artcneeds to move faster to cover the same area.

Mean orbital speed

For orbits with smalleccentricity the length of the orbit is close to that of a circular ond,the mean
orbital speed can be approximated either from observations oftihal periodand thesemimajor axi®f

its orbit, or from knowledge of thmasse®f the two bodies and the semimajor axis.

V=2 a+ T=

wherev is the orbital velocitya is thelengthof thesemimajor axisn meters;T is the orbital period, and
€=GM is thestandard gravitational paramet&his is an approximation that only holds true when the
orbiting body is of considerably lesser mass than the central one, and edgestciose to zero.
Whenone of the bodies is not of considerably lesser masg&saeitational twebody problem

So, when one of the massssalmost negligible congryed to the other mass, as the cas&&thandSun
one can approximate the orbit velocy.

or assuming equal to the body's radius

Vo=VelliC
WhereM is the (greater) mass around which this negligible mass or body is orbiting,iankeescape
velocity.
For anobject in an eccentric orbarbiting a much larger body, the length of the orbit decreasesviatal
eccentricitye, and is arellipse This can be used to obtain a more accurate estimate of the average or
speed:

Vo = - —& — —€ — ——

—e — ———¢€
T 4 64 256 16384

The mean orbital speed decsea with eccentricity.

Instantaneous orbital speed

For the instantaneous orbital speed of a body agjawey point in its trajectory, both the mean distance g

the instantaneous distance are taken into account

(2 1
)

whereg is thestandard gravitational parametdrthe orbited bodyr, is the distance athich the speed is to
be calculated, andis the length of the s&i-major axis of the elliptical orbit. This expression is called th
vis-viva equation

For the Earth gperihelion the value is:
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https://en.wikipedia.org/wiki/Ellipse
https://en.wikipedia.org/wiki/Focus_(geometry)
https://en.wikipedia.org/wiki/Radial_elliptic_trajectory
https://en.wikipedia.org/wiki/Free-fall_time
https://en.wikipedia.org/wiki/Angular_momentum
https://en.wikipedia.org/wiki/Johannes_Kepler
https://en.wikipedia.org/wiki/Kepler%27s_laws_of_planetary_motion
https://en.wikipedia.org/wiki/Apoapsis
https://en.wikipedia.org/wiki/Periapsis
https://en.wikipedia.org/wiki/Eccentricity_(orbit)
https://en.wikipedia.org/wiki/Orbital_period
https://en.wikipedia.org/wiki/Semimajor_axis
https://en.wikipedia.org/wiki/Mass
https://en.wikipedia.org/wiki/Length
https://en.wikipedia.org/wiki/Semimajor_axis
https://en.wikipedia.org/wiki/Standard_gravitational_parameter
https://en.wikipedia.org/wiki/Gravitational_two-body_problem
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Sun
https://en.wikipedia.org/wiki/Escape_velocity
https://en.wikipedia.org/wiki/Escape_velocity
https://en.wikipedia.org/wiki/Orbital_eccentricity
https://en.wikipedia.org/wiki/Orbital_eccentricity
https://en.wikipedia.org/wiki/Ellipse#Circumference
https://en.wikipedia.org/wiki/Standard_gravitational_parameter
https://en.wikipedia.org/wiki/Vis-viva_equation
https://en.wikipedia.org/wiki/Perihelion

2 1
1.471 x 10" m  1.496 = 10" m

.‘.I,-'Il,:ﬂ?’ x 10% m3s 2. (
which is slightly faster than Earth's average orbital speed of 2&18)@&s expected frokepler's 2nd Law

) Center-to-center Altitude above ) ) Specific orbital
Orbit ) Speed Orbital period
distance the Earth's surface energy

) ~ 30,300 m/s

Earth's own rofation at surface (for

) ) 6,378 km 0 km 465.1 m/s (1,674 km/ or 1,040 mph) 23 h 56 min -62.6 MJkg
comparison— not an orbit)
B ) ) 1h 24 min ‘
Orbiting at Earth's surface (equator) | 6,378 km 0 km 7.9 km/s (28,440 km/h or 17,672 mph) e -31.2 Mlikg
Circular orbit: 6.9-7.8 km/s (24,840-28,080 km/h or R —
Low Earth orbit 6,600-8,400 km 200-2,000 km 14,430-17 450 mph) respectively 2118 min -29.8 Mlikg

Elliptic orbit: 6.5-8.2 km/s respectively

) ) 1.5-10.0 kmv's (5,400-36,000 km/h or )
Molniya orbit £,900-46,300 km 500-39,900 km ) 11 h 58 min -4.7 MJlkg
’ 3,335-22 370 mph) respectively

Geostationary 42,000 km 35,786 km 3.1 km/s (11,600 km/h or 6,935 mph) 23 h 56 min -4.6 MJ/kg

. 0.97-1.08 km/s (3,492-3,888 km/h or )
Orbit of the Moon 363,000-406,000 km  357,000-399,000 km 27.3 days -0.5 MJikg

2,170-2,416 mph) respecfively
Video

Orbltal Velocity

E ka

GRAVITY
AND

@RBWAL L VELoCITY

Artificial satellites

A satellite is an object in space that orbits or circles around a bigger object. There are two kinds of g
natural (such as the moon orbiting the Earth) or artificial(siscthdnternational Space Station orbiting t
Earth).

There are dozens upon dozens of natural satellites in the solar system, with almost every planet hay
least one moon. Saturn, for examias at least 53 natural satellitesd between 2004 and 2017, it also
had an artificial on@ theCassini spacecrafivhich explored the ringed planet and its moons.

Artificial satelites, havever, did not become a reality until the r2idth century. Thérst artificial satellite
was Sputnika Russian beadball-size space probe that lifted off on Oct. 4, 1957. That act soukeh of
the western world, as it was believed the Soviets did not have the capability to send satellites into s

Video
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https://en.wikipedia.org/wiki/Kepler%27s_laws_of_planetary_motion#Second_law
https://en.wikipedia.org/wiki/Kepler%27s_laws_of_planetary_motion#Second_law
https://www.space.com/20812-saturn-moons.html
https://www.space.com/17754-cassini-huygens.html
https://www.space.com/17563-sputnik.html
https://www.space.com/17563-sputnik.html
https://www.youtube.com/watch?v=vbD1fNiWWfo
https://www.youtube.com/watch?v=nxD7koHdQhM

Polar Satellite

£
r'-f > " “ :
“;.én

Artificial gravity (sometimes referred to @seudo gravityis the creation of amertial forcethat mimics the
effects of egravitationalforce, usually byotation Artificial gravity, orrotational gravityis thus the
appearance of @entrifugal forcan arotating frame of referendg¢he transmission afentripetal
acceleratiorvia normal forcein the nonrotating frame of reference), as opposed to the force experienc
linear acceleratigrwhich by theequivalence principles indistinguishable from gravity. In a more genera
sense, "artificiagravity" may also refer to the effect of linear accati®n, e.g. by means ofracket engine
Rotational simulated gravity has been used in simulations to help astroaaufertextreme conditions.
Rotational simulated grayithas been proposed as a solutiohuman spaceflight the advershealth
effects caused by prolonged weightlessnElesvever, there are no current practical outer space applica
of artificial gravity for humans due to concerns atibe size and cost of a spacecraft necessary to @0
usefulcentripetal forceomparable to the gravitational field strength on Earth

Videos
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https://en.wikipedia.org/wiki/Inertial_force
https://en.wikipedia.org/wiki/Gravity
https://en.wikipedia.org/wiki/Circular_motion
https://en.wikipedia.org/wiki/Centrifugal_force
https://en.wikipedia.org/wiki/Rotating_frame_of_reference
https://en.wikipedia.org/wiki/Centripetal_acceleration
https://en.wikipedia.org/wiki/Centripetal_acceleration
https://en.wikipedia.org/wiki/Normal_force
https://en.wikipedia.org/wiki/Linear_acceleration
https://en.wikipedia.org/wiki/Equivalence_principle
https://en.wikipedia.org/wiki/Rocket_engine
https://en.wikipedia.org/wiki/Human_spaceflight
https://en.wikipedia.org/wiki/Effect_of_spaceflight_on_the_human_body
https://en.wikipedia.org/wiki/Effect_of_spaceflight_on_the_human_body
https://en.wikipedia.org/wiki/Centripetal_force
https://www.youtube.com/watch?v=bA-V2DixZBk
https://www.youtube.com/watch?v=jZbr4ssg7tY

Moment of Inertia

Moment of inertia

example: twirling a broom handle

mass concentrated
around spin axis

easier to twirl

[needs less force] ; Iugge f“"tpl;el
arder to twir
small couple [needs more force]

mass distributed away
from the spin axis

f apply to a spheré

Moment of inertias the name given to rotational inertia, the rotational analogastfor linear motion. It
appears in the relationships for the dynamics of rotational motion. The momeettiaf must be specified
with respect to a chosen axis of rotation. Fppeat massthe moment of inertia is just the mass times th
square of perpendicular distance to the rotagixis, | = mt. That point mass relationship becomes the b
for all other moments of inertia since any object can be built up from a collettpmint masses.

Prepared by Sir M. Ayub Ansari under the supervisichoa I Q' Y bl KSSR

a dzy


http://hyperphysics.phy-astr.gsu.edu/hbase/mass.html#mas
http://hyperphysics.phy-astr.gsu.edu/hbase/mi.html#mix
https://www.youtube.com/watch?v=b3D7QlMVa5s
https://www.youtube.com/watch?v=im-JM0f_J7s

-

Linear F = ma Linear  gp — %mv
Newton's Second Moment Kinetic Energy
Law .
1 2
Angular 7= [ of Inertia || anguar KE=1lio

/

Linear p=mv
Momentum
Angular L=/lw

Videos

More Moment
of inertia

%4 Khan Academy

Angular momentum

The angular momentum is the
same at every point on an
orbit. When it

is closer, it
increases
speead.

-
--------------
-----
-

---------
----------------

-
......

-
- -
-------
-
-

. ) L5
Linear F.d=A [E”ﬂ” ]
Work-Energy

1 2
Angular rmde =A [E lw ]

Moment Oﬂ‘m

Definition, Equation,
Example, Experiment

The angular momentum of a particle of
mass m wth respect to a chosen origin i<

given by

L = mvr sin d

or more formally by theector product
L=rxp

The direction is given by theght hand
rule which would give L the dire@in out
of the diagram. For an orbit, angular
momentum igonservedand this leads to
one ofKepler's lawsFor a circular orbit, L
becomes

L = mvr
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http://hyperphysics.phy-astr.gsu.edu/hbase/vvec.html#vvc1
http://hyperphysics.phy-astr.gsu.edu/hbase/vvec.html#vvc5
http://hyperphysics.phy-astr.gsu.edu/hbase/vvec.html#vvc5
http://hyperphysics.phy-astr.gsu.edu/hbase/conser.html#conamo
http://hyperphysics.phy-astr.gsu.edu/hbase/Kepler.html#c5
https://www.youtube.com/watch?v=lwO0V5FitAo
https://www.youtube.com/watch?v=ZrGhUTeIlWs
https://www.youtube.com/watch?v=fHDB7PMUdZE

DDy |

et O - .

Reference pages
https://www.khanacademy.org/science/physics/centrifeta&-and-gravitation/centripetalorces/a/what
is-centripetéforce

https://en.wikipedia.org/wiki/Orbital _speed

https://en.wikipedia.org/wiki/Artificial _gravity
http://hyperphysics.phastr.gsu.edu/hbase/amom.htmi
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https://www.khanacademy.org/science/physics/centripetal-force-and-gravitation/centripetal-forces/a/what-is-centripetal-force
https://www.khanacademy.org/science/physics/centripetal-force-and-gravitation/centripetal-forces/a/what-is-centripetal-force
https://en.wikipedia.org/wiki/Orbital_speed
https://en.wikipedia.org/wiki/Artificial_gravity
http://hyperphysics.phy-astr.gsu.edu/hbase/amom.html
https://www.youtube.com/watch?v=iWSu6U0Ujs8
https://www.youtube.com/watch?v=y7WV9PPus3o

Uniti 6

Fluid dynai

4 ‘ o AN ’
w ' \
: J l

'Y A\

Topics Understandings Skills
A Streamline and Turbulent  [The students will: The students will:

flow A define the terms: steady A investigate the effect of
A Equation ofcontinuity (streamline or laminar) flow, moving air on pressure by
A Bernoullids e incompressible flow and non demonstrating with Venturi
A Applications |A viscousflow as applied to the meter.

equation motion of an ideal fluid. A investigate the fall of spheric
A Viscous fluids A explain that at a sufficiently high  steel lalls through a viscous
A Fluid Friction velocity, the flow of viscous fluid  medium and determine

Terminal velocity

undergoes a terminal velocity
A transition from laminar to A coefficient of viscosity of the
turbulen@ conditions. fluid

A describe that the majority of  |A investigae the viscosity of
practical examples of fluid flow different liquids by measurin

and resistance to the terminal velocity.
A motion in fluids involve turbulentA describe of systolic pressure
rather than laminar conditions. and diastolic pressure and u
A describe equat sphygmomanoster to
= Constant, for the flow of an |A measure blood pressure.
ideal and

A incompressible fligd and solve
problems using it.

A identify that the equation of

continuity is a form of the

principle of conseration of

mass.

describe that the pressure

difference can arise from differe

rates of flow of a fluid

3>
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(Bernoulli effect).
derive Bernoulli equadin in the

form P + | }v2
+ J gh = const a
for the case of horizontal tube o
flow.

> >3 >3

interpret and apply Berndul

Effect in the: filter pump, Ventur

meter, in, atomizerglow of air

over an aero foil and in blood

physics.

A describe that real fluids are
viscous fluids.

A describe that viscous forces in 3

fluid cause a retarding force on

object movinghrough it.

Chapter Overview

1.Streamline and Turbulent Flow

streamline flow. n. (General Physics) flow of a fluid in which its velocity at any point is
constant or varies in a regular manner. It can be repeskbgtstreamlines. Also called: viscous flow
Compare turbulent flow See also lamifiamv.

(General Physics) flow of a fluid in which its velocity at any point is constant or varies in
regular manner. It can be represented by stinam

Streamline Flow
Streamline flow in fluids is defed as the flow in which the fluids flow in parallel layers
such that there is no disruption or intermixing of the layers and at a given point, the velocity of each
particle passing by remains constant with time. Here, at low fluid velocities aiteen® turbulent velocity
fluctuations and the fluid tends to flow without lateral mixing. Here, the motion of particles of the fluid
follows a particular order with resgieto the particles moving in a straight line parallel to the wall of the
pipe suchthat the adjacent layers slide past each other like playing cards.
To understand the liquid flow pattern better, click on the links provided below:

Reynolds Number
Poiseul | ka@wv §ormula

Streamlines

Streamlines are defined as the path takepdticles of a fluid under steady flow conditions. If we repres
the flow lines as curves, then the tangent at any point on the curve gives the direction of fluid velocit

point.
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(a) Laminar flow

vy

(b) Turbulent flow

Streamlines

As can beseen in the image above, the curves describe how the fluid particles move with
respect to time. The curve provides a map for the flow of this given fluid, and for a steady flewarhis
stationary with time i.e., every particle passing a point behexesstly as the previous particle that has ju
passed that point.

The streamlines in a laminar flow follow the equation of continuity, i.e., Av = constant, where, A is th
crosssectional area of the fluid flow and v is the velocity of the fluid at tloamp Av is the defined as the
volume flux or the flow rate of the fluid, which remains constant for steady flow. When the area of th
crosssection is greater, the velocity of thguid is lesser and vice versa.

# Laminar Flow and Turbulent Flow:

*

%* Laminar Flow:

» If the flow is smooth and if the layers in the flow laminar flow
do not mix macroscopically then the flow is called
laminar flow. In laminar flow layers will glide over
each other without mixing.

%* Turbulent Flow:

turbulent flow

» In turbulent flow fluid layers mix macroscopically —
and the velocity/temperature/mass concentration —— e,

at any point is found to var @/er a time period. :CDQ(
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Types Of Fluid Flow - Laminar, Turbulent & Transitional Flow

laminar flow

“LaminarFlow  —» \

2.Equation of continuity:

The continuity equation reflects the fact that mass is conserved
any nonnuclear continuum mechanics analysis. The equation is developed by adding up the rate at
mass is flowing in andut of a control volume, and setting the netlaw equal to the rate of change of
mass within it.

EQUATION OF CONTINUITY

! Axf

Now, consider the diid flows for a short interval of time in the tube. So, assume that short interval of t

as ot . I metfhl i d i wmiel |l tcover a distance of x
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https://www.youtube.com/watch?v=lrXkcJ56rNk

At this time, the distance covered by the fluid will be
px 1 = v 1ot

Now, at the lower end of the pipe, thdwwoe of the fluid that will flow into the pipe will be:

V. = Al ox1 = Al v1 ot

ltisknownthatrmss (m) = Density (4) T Volume (V). S
ml= Density I Vol ume

=> 0 0 i (Equation 1) poml = J 1A1v

Now, the mass flux has to be calaigd at the lower end. Mass flux is simply defined as the mass of th
fluid per unit tme passing through any cressctional area. For the lower end with cresstional area Al,
mass flux will be:

eml/ ot =0 g I1Equatod 2)
Similarly, the mass flux at the upper end will be:

pom2/ pt =0 g IZEqUANoR 3)

Here, v2 is the velocity of the fluid throug
the adosssectional area of the upper end.

In this, the density of the fluid between tlogvker end of the pipe and the upper end of the pipe remains
same with time as the flow is steady. So, the mass flux at the lower end of the pipe is equal to fbg m
at the upper end of the pipe i.e. Equation 2 = Equation 3.
Thus,

] 1A1v 1 =0 g ZEy2atiof 4)
This can be written in a more general form as:

} A v = constant

The equation proves the law of conservation agsin fluid dynamics. Also, if the fluid is incompressiblg
the density wilk e mai n constant for steady fl ow. So, }

Thus, Equation 4 can be now written as:
Alvl =A2v2
This equation can be written general form as:

A v = constan
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Now, if R is the volume flow rate, the above equation can be expressed as:

R = A v = constant

Video:

DBwus

| The Learning App

3Ber noulublitibore 6 s eq

The simplified form of Bernoulli's equation canfienmarized in the following memorable word equatig
static pressure + dynamic pressure = total pressure. Every point in a steadily flowing fluid, regardles
fluid speed at that point, h&s own unique static pressure p and dynamic pressure q.

he Bernoulli equation states that
P+ %p‘.f2+ pgh = constant
where poiethe pressure, [ s the densiny, Vo is the velaeiny,
I iz efevation, and g is the gravitationa! acceleration
Where
points 1 and 2 lie on a streamline,
the fluid has constant density,
the flow is steady, and
there is no friction.
Although these restrictions sound severe, the Bernoulli equation is very usef
partly because it is very simple to use and partly because giwagreat insight into the balance betweer
pressure, velocity and elevation.

How useful is Bernoulli's equation? How restrictive are the assumptions governing its use? Here we
some examples.

Pressure/velocity variation

Consider the steady, flow of a constant density fluid in a convergir
duct, without losses due to friction (figure 14). The flow therefore satisfies all the restrictions governi
use of Bernolli's equation. Upstream and downstream of the contraction we make thevmresional
assumption that the velocity is constant over the inlet and outlet areas and parallel.
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https://www.youtube.com/watch?v=ycgJvnm24ks

|:|1 ‘.?1 — | -
| L, |2 Py
I x Ry | By
e Onedimensional duct showing control volume

When streamlines are parallel the pressure is constant across them, except
hydrostatic head differences (if the pressure was higher in the middle of the duct, for example, we w
expect the streamlines to diverge, ancgwiersa). If we ignore gravity, then the pressures over the inlet
outlet areas are constant. Along a streamline on the centerline, the Bernoulli equation and the one
dimensional continuity equation give, respectively,

p,-py = Lp(Vy - V)
and ANV, =AM,
Therefore,
A, <Ay, VoV
VoV, p<p,

decreasing ared = inercasing velocity
iereasitig veloelly = decreasing previure

These two observations provide an intuitive guide for analyzing fluid flows, even wh
the flow is not onalimensional. For example, when fluid passes over d Bolily, the streamlines get clog
together, the flow velocity increases, and the pressure decreases. Airfoils are designed so that the f
the top surface is faster than over the bottom surface, and therefore the average pressure over the t
is less than the average pressure over the bottom surface, and a resultant force due to this pressure
is produced. This is the source of lift on an airfoil. Lift is defined as the force acting on an airfoil due
motion, in a direction nonal to the direction of motion. Likewise, drag on an airfoil is defined as the fo
acting on an airfoil due to its motion, along the direction of motion.

An easy demonstration of the lift produced by an airstreaniresga piece of
notebook paper and two books of about equal thickness. Place the books four to five inches apart, &
the gap with the paper. When you blow through the passage made by the books and the paper, whg
see? Why?

Two more examples:

Example 1

A table tennis ball placed in a vertical air jet becomes suspended in the jet, and it is ver)
to small perturbations in any direction. Push the ball down, and it springs back to its equilibrium posi
push it sideways, andtirapidly returns to its original position in the center of the jet. In the vertical
direction, the weight of the ball is balanced by a force due to pressure differences: the pressure ove
half of the sphere is lower than over the froalf becage of losses that occur in the wake (large eddies
form in the wake that dissipate a lot of flow energy). To understand the balance of forces in the horiz
direction, you need to know that the jet has its maximum velocity in the centergareldbityof the jet

decreases towards its edges. The ball position is stable because if the ball moves sideways, its oute
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moves into a region of lower velocity and higher pressure, whereas its inner side moves closer to th
where the velocytis highe and the pressure is lower. The differences in pressure tend to move the ba
towards the center.

Example 2

Suppose a ball is spinning clockwise as it travels through the air from left to right The fo
acting on tle spinningoall would be the same if it was placed in a stream of air moving from right to le
shown in figure 15.

.

(hy

Figure 15. Spinning ball in an airflow

A thin layer of air (a boundary layer) is forced to spin with the ball because of viscg
friction. At A the motion due to spin is opposite to that of the air stream, and therefore near A there i
region of low velocity whee the presse is close to atmospheric. At B, the direction of motion of the
boundary layer is the same as that of the external air stream, and since the velocities add, the press
region is below atmospheric. The ball experiences a force dotimgA to B, causing its path to curve. If
the spin was counterclockwise, the path would have the opposite curvature. The appearance of a si
on a spinning sphere or cylinder is called the Magnus effect, and it well known to all participarits in b
sports, espcially baseball, cricket and tennis players.

Stagnation pressure and dynamic pressure

Bernoulli's equation leads to some interesting
conclusions regardintpe variatiorof pressure along a streamline. Consider a steady flow impinging ot
perpendicular plate (figure 16).

shagmaion
point

stagmaion
streamline

=

Stagnation point flow.

There is one streamline that divides the flow in half: above this streamline
the flow goes over the plate, and below this streamline all the flow goes under the plate. Along this ¢
streamline, the fluid moves towards the pl&ece the flav cannot pass through the plate, the fluid mus
come to rest at the point where it meets the plate. In other words, it "stagnates.” The fluid along the
dividing, or "“stagnation streamline" slows down and eventually comes to rest witflectiale at he
stagnation point.

Bernoulli's equation along the stagnation streamline gives
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2 2
Fr.’+ _%ﬂll{! = pr)+ %pﬂi

where the point e is far upstream and point O is at the stagnation point. Since the velocitaghtiteon
point is zero,

! 2
P+ zPY% =p,

staife pressure + dynamic pressuyre = SHIgNaion Pressue

The stagation or total pressure, p_0, is the pressure measured at the point where t
comes to rest. Isithe highest pressure found anywhere in the flowfield, and it occurs at the stagnatio
It is the sum of the static pressure (p_0), and the dynamassure measured far upstream. It is called th¢
dynamic pressure because it arises from the mofitmedluid.

Videos

4. Applications of Bernoul |

All preceding applications of Bernoulli's equation involved simplifying conditions
such as constant height or constant pressure. The next exaraptere general application of Bernoulli's
eguation in which pressureghocity, and height all change

To find Pressure

In certain problems in fluid flows we know the velocities at two points of the
streamline and pressat one point. The unknown is the pressure of the fluid at the otinéripcsuch
cases (i f they satisfy the required conditio
find the unknown pressure. One such example is

Flow through a Nozzle:
ltds a converging nozzle. Flow ente
the nozzle at atmospheric pressure. We have
Equation betweeinlet ar outlet points and calculate the unknown pressure assuming that the chang
elevation in zero.
In this example there is no change in elevation. The converging nozzle causes fluid to accelerate. F
energy balance feature of the equatiancan sayhe increase in velocity results in the drop in the press
at the outlet of the nozzle.

To find Velocity
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https://www.youtube.com/watch?v=UJ3-Zm1wbIQ
https://www.youtube.com/watch?v=dCYkh0n3YbE

In problems where the pressure and elevation at two points and velocity at one p
known, and we havto findt he unknown velocity, Bernoul l i &s
velocity. One such example is

Flow through a Siphon:

Siphon is used to drain a fluid from a reservoir at a highetl fo dower
l evel . Here it is required to find the veloc
Equation between the reservoir surface and the exit point of the siphon where the fluid leaves the tu
Pressure at both pointssame (atraspheric), velocity at the reservoir is negligible because the reservg
large. Velocity at the exit point can be calculated by using the values of elevation at the two points.

In this example we can say the decrease in elevation or theigbeadmanifests as the velocity of the
fluid at the exit point of the siphon tube.

Videos

Application of
Bernoulli's Principle

5.Viscous fluids:

Viscosity is the property of a fluid which offers resistance to the movement of
fluid. All the real fluids have a certain amount of viscosity, while a viscous fluid has a large amount @
viscosity. Examples includdoney, molasses, glues, Ketchup.

Viscosity is a phenomenon in which fluids restsisir shear deformation by
providing resistance between the layers of the fluid . Streamlined flow is generally the case influigtsoy
because the resistance offered reduces it's speed .
For example ,

If we consider the case of tea and honey flowing in a tube ,we can observe that honey tre
slower than that of water because it offers higher resistarnibe ghear deformation.
In the previous chapter on fluids, we introduced the basic ideas of pressure, fluid flow,
the applicéion of conservation of mass and of energy in the form of the continuity equation and of
Bernoul |l i ds equat iashpdrostaties.sTpreughbut thosd discussians wewestridted
ourselves to ideal fluids, those that do not exhibit any dmeti properties.

Often these can be neglected and the results of the previousrdmpied
without any modifications whatsoever. Clearly mass is conserved even in the presence of viscous fr
forcesand so the continuity equation is a very general result.

Real fluids, however, do heonserve mechanical energy, but over time wi
lose
some of this welbrdered energy to heat through frictional losseghigchapter we consider such behavi
known as viscosity, first in the case of simple fluids such as water. We study theaffest®sity on the

motion of simple fluids and on the
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https://www.youtube.com/watch?v=xfeIX9kYJFE

motion of suspended bodies, such as macromolecules, in thesevithidspecial attention to flow in a
cylinder, the most important geometry of flow in biology. The complex nature of blood as iz Studied
next leading into a description and

physics perspective of the human circulatory system. We conclude the ahigipgediscussion of surface
tension and capillarity, two important surface phenomena in fluids. In Chapter 13 we return teethe ge
notion of the loss of welbrdered

energy to heat in the context of thermodynamics.

Video:

Viscosity of Fluids
s X —>

4
A
\A

Stationar

\]c\oci’r‘f _ (v B v
SrAA.‘&ﬂ‘\' - (—/E_B F = b A (T>

6.Fluid Friction:

Fluid friction is the force that resists motion either within the fluid itself or of another
medium moving through the fluid. There is internal friction, which is a result of the interactions betwe
molecules of th fluid, ard there is external friction, which refers to how a fluid interacts with other mat

What Is a fluid?

Have you ever wondered why it's easier to squeeze a tube of toothpaste than it is
squeeze honey into yotga? Haveyou ever put your hand out the window while driving and felt the win
resistance pushing back on your hand? Both relate to fluid friction.

Let's first get a grasp on fluids. A fluid, in contrast to a solid, is a material with no fixed shiape tha

constanty deforms when acted upon by an outside force. You probably think of things like water and
as fluids; however, gases, such as air, and substances like motor oil are also fluids. The property thg
them to seem very different fromakaother isviscosity. Viscosity is the measure of a fluid's resistance f
flow because of its internal friction. This is why honey is much harder to squeeze out of the bottle thg
ketchup. It also describes why it is more difficult to move in a swimmaag) ghan itis on dry land.

What Is Fluid Friction?

Fluid friction is the force that resists motion either within the fluid itself or
another medium moving through the fluid. There is internal frictionghvis a reult of the interactions
between molecules of the fluid, and there is external friction, which refers to how a fluid interacts wit
matter.

Internal Friction
Let's first take a look at internal fluid ftion. To tre naked eye, a fluid is a continuo

medium. If you look at a fluid under a high powered microscope, however, you'd see that fluids are 4
made up of molecules separated by a considerable amount of empty space. To deform a fluiceézg.,

honeythrough a small hole), the molecules need to move relative to each other by squeezing past o
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https://www.youtube.com/watch?v=PoG14wRRQmM

displacing one another. This is internal friction and is what prevents a fluid from flowing. The more ir
friction, the harder it is to get the tegules tomove and the harder it is to force the fluid to deform. But
internal friction isn't always a negative consequence. For instance, without internal friction, you woul
be able to drink through a straw because the fluid would not be cohesivghetio enble it to be
transported in such a manner.

7. Terminal velocity:
Air Resistance

TERMIMNAL VELOCZITY
Unbalanced forces change a body's speed,
An abject falling vertically has twe forces acting on it,
weight acting downwards and air resistance acting upwards

A R

!

\Z

!

Gravity

At the beginning of its fall, travelling slowhy, weight is
larger than air resistance, so it accelerates downwards,

Az speed increases, weight stays the same but air
W ¢ ht resistance increases, 5o the ferces balance and it falls ar
Elg constant speed. This is called terminal velocity.

Is the maximum velocity attainable by an object as it falls through a fluid (air is the m
common examp). It occurs when the sum of the drag force (Fd) and the buoyancy is equal to the
downward force of gravity (FG) acting ¢ime object. Since the net force on the object is zero, the objed
zero acceleration.
In fluid dynamics, an object is moving & terminal velocity if its speed is constant due to the restrainif
force exerted by the fluid through which it is moving

As the speed of an object increases, so does the drag force acting on it, \
also depends on the substance it is passing through (for example air or water). At some speed, the ¢
force of resistancwill equal the gravitational pull on the object (buoyancy is considered below). At thi
point the object ceases to accelerate amtirnees falling at a constant speed called the terminal velocity
(also called settling velocity). An object moving downwtaster than the terminal velocity (for example
because it was thrown downwards, it fell from a thinner part of the atmospherehanged shape) will
slow down until it reaches the terminal velocity. Drag depends on the projected area, here, theigsc
section or silhouette in a horizontal plane. An object with a large projected area relative to its mass,
parachutghas a lower terminal velocity than one with a small projected area relative to its mass, suc
bullet. In general, fothe same shape and material, the terminal velocity of an object increases with si
This is because the downward force (weighprigoortional to the cube of the linear dimension, but the
resistance is approximately proportional to the eeesgion area which increases only as the square of t
linear dimension. For very small objects such as dust and mist, the terminalvsleeisily overcome by
convection currents which prevent them from reaching the ground and hence they stay suspeadad i
for indefinite periods. Air pollution and fog are examples of this.

Learning Objectives
Define the terms: steady (streamlindaminar) flow, incompressible flow and non viscdlasv as applied

to the motion of an ideal fluid.
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Explain that at a sufficiently high velocity, the flow of viscous fluid undergoes a transition from laming
turbulence conditions.
Describe that the mayjity of practical examples of fluid flow and resisce tomotion in fluids involve
turbulent rather than laminar conditions.
Describe equation of continuity3A = Constant, for the fl ow of 3
problems using it.
Identify that the equation of continuity is a form bétprinciple of conservation of mass.
Describe that the pressure difference can arise from different fdtew of a fluid (Bernoulli effect).
Derive Bernoul |l ie equat Foonstantfarthe case offharizontal ®be of fldw
Interpret and apply Bernoulli Effect in the: filter pump, Venturi meter, in, atomizers, flow of air over a
aepfoil and in blood physics.
Describe that real fluids are viscous fluids.
Describe that vismus forces in a fluid cause a retarding force on an object moving through it.
Conceptual linkage:
2This chapteis built on
Work & Energy Physics IX
Dynamics Physics IX
Properties of Matter Physics IX

Explain how the magnitude of the viscous force in fluid flow depends on the ahdpvelocity of the
object.

Apply di mensional analysis to confirm the fo
constant ( St o lagferé urider lainaf conditiohshinea viscous fluid.

Apply Stokesd | aionfortermidakvelociy®f sghericakbody faleng through a viscol
fluid.

Length
120150 minutes depending on age group/prior knowledge
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https://www.google.com/search?q=streamline+and+turbulent+flow&rlz=1C1CAFB_enPK904PK905&tbm=isch&source=iu&ictx=1&fir=gVY10hRSJpmHTM%253A%252CwIdYUg0jSErcvM%252C_&vet=1&usg=AI4_-kTbLJXTfnL0wuws-hfaI2ORNV9abQ&sa=X&ved=2ahUKEwiWncj7svbpAhUEsaQKHZCCB7UQ_h0wA3oECAsQCA&biw=1366&bih=625#imgrc=Mr4JkhOETcFkaM
https://www.google.com/search?bih=625&biw=1366&rlz=1C1CAFB_enPK904PK905&hl=en&ei=C2HgXuCZOMbQ6QSj44CQBQ&q=Equation+of+continuity%3A&oq=Equation+of+continuity%3A&gs_lcp=CgZwc3ktYWIQAzICCAAyAggAMgIIADICCAAyAggAMgIIADICCAAyAggAMgIIADICCABQ6hxY0TNgpz1oAXAAeACAAYkDiAGJA5IBAzMtMZgBAKABAaABAqoBB2d3cy13aXqwAQA&sclient=psy-ab&ved=0ahUKEwigy8CGtPbpAhVGaJoKHaMxAFIQ4dUDCAw&uact=5
https://www.google.com/search?bih=625&biw=1366&rlz=1C1CAFB_enPK904PK905&hl=en&ei=C2HgXuCZOMbQ6QSj44CQBQ&q=Equation+of+continuity%3A&oq=Equation+of+continuity%3A&gs_lcp=CgZwc3ktYWIQAzICCAAyAggAMgIIADICCAAyAggAMgIIADICCAAyAggAMgIIADICCABQ6hxY0TNgpz1oAXAAeACAAYkDiAGJA5IBAzMtMZgBAKABAaABAqoBB2d3cy13aXqwAQA&sclient=psy-ab&ved=0ahUKEwigy8CGtPbpAhVGaJoKHaMxAFIQ4dUDCAw&uact=5
https://www.google.com/search?bih=625&biw=1366&rlz=1C1CAFB_enPK904PK905&hl=en&ei=C2HgXuCZOMbQ6QSj44CQBQ&q=Equation+of+continuity%3A&oq=Equation+of+continuity%3A&gs_lcp=CgZwc3ktYWIQAzICCAAyAggAMgIIADICCAAyAggAMgIIADICCAAyAggAMgIIADICCABQ6hxY0TNgpz1oAXAAeACAAYkDiAGJA5IBAzMtMZgBAKABAaABAqoBB2d3cy13aXqwAQA&sclient=psy-ab&ved=0ahUKEwigy8CGtPbpAhVGaJoKHaMxAFIQ4dUDCAw&uact=5
https://www.google.com/search?bih=625&biw=1366&rlz=1C1CAFB_enPK904PK905&hl=en&ei=C2HgXuCZOMbQ6QSj44CQBQ&q=Equation+of+continuity%3A&oq=Equation+of+continuity%3A&gs_lcp=CgZwc3ktYWIQAzICCAAyAggAMgIIADICCAAyAggAMgIIADICCAAyAggAMgIIADICCABQ6hxY0TNgpz1oAXAAeACAAYkDiAGJA5IBAzMtMZgBAKABAaABAqoBB2d3cy13aXqwAQA&sclient=psy-ab&ved=0ahUKEwigy8CGtPbpAhVGaJoKHaMxAFIQ4dUDCAw&uact=5
https://www.google.com/search?bih=625&biw=1366&rlz=1C1CAFB_enPK904PK905&hl=en&ei=C2HgXuCZOMbQ6QSj44CQBQ&q=Equation+of+continuity%3A&oq=Equation+of+continuity%3A&gs_lcp=CgZwc3ktYWIQAzICCAAyAggAMgIIADICCAAyAggAMgIIADICCAAyAggAMgIIADICCABQ6hxY0TNgpz1oAXAAeACAAYkDiAGJA5IBAzMtMZgBAKABAaABAqoBB2d3cy13aXqwAQA&sclient=psy-ab&ved=0ahUKEwigy8CGtPbpAhVGaJoKHaMxAFIQ4dUDCAw&uact=5
https://www.google.com/search?q=Bernoullie%E2%80%99s+equation&rlz=1C1CAFB_enPK904PK905&oq=Bernoullie%E2%80%99s+equation&aqs=chrome..69i57j0l7.1658j0j8&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Bernoullie%E2%80%99s+equation&rlz=1C1CAFB_enPK904PK905&oq=Bernoullie%E2%80%99s+equation&aqs=chrome..69i57j0l7.1658j0j8&sourceid=chrome&ie=UTF-8
https://www.brighthubengineering.com/hydraulics-civil-engineering/53072-applications-of-bernoullis-equation/
https://www.brighthubengineering.com/hydraulics-civil-engineering/53072-applications-of-bernoullis-equation/

Unit 07

Oscilllations

Topic Understandings Skills
A Si mpl e Har mo [Thestudents will: The students will:
(S.H.M) A Describe simpA Verify that tn
A Ci r cionlamdrSHNho t | oscillations. simple pendulum is directly
A Practical SHIA De s c rsarp enditiemsf@ proportional to the square root of
spring and simple pendulum) | execution of simple harmonic | length and hence find the value of

A Ener gy cons e| motons. g from the gaph.
A Free and for|/A Describe thatA Det e racceleraiontdiedo
A Resonance moves in a circle, the motion of iff gravity by oscillating masspring
A Damped osci || projectionon the diameter of th¢ system.

circles is SHM. A Determine the

A Define the t ¢ vibratinga metallamina

period, frequency, angular suspending from different points.

frequencyand phase difference a

express the period in terms of bo

frequency and angular frequeng

A Identify and

¥2xXx as the def

SHM.

A Prove that th

attached to a spring is SHM.

Prepared by Sir M. Ayub Ansari under the supervisictho a | QI Y bl KSSR a dzy



A Describe the
between kinetic energy and
potential energy during SHM.

A Analyze the n

pendulum is SHM and calaitk its

time period.

A Des cr ialexampesaf c

free and forced oscillations

(resonance).

A Describe grap
amplitude of a forced oscillation
changes with frequency near to

natural frequency of the system.

A Descr i kxampesd c
damped oscillations with

particular reference to the efforts

the degree of damping and the
importance of critical damping i
cases such as a car suspension
system.

A Describe qual
which determine the freguncy
response and sharpness of the
resonance.

Unit overview
Oscillations

Oscillations are periodic motion, that is, motion that repeats over time. This kind
of motion appears in many contexts (music, satellites, pendulums, etc.).

As we saw in the previous video, the orbit
of lo around Jupiter produces a Cosine
curve.

For example, lo takes about42.5 hours for
it to make a full trip aroundJupiter. The
term we use to describe this is the Period

4

T Since we know that the period is one full
cycle, that means mathematically that
\/ w =2 = 27f which insure that the

Cosine function completes the same cycle
in the same time.

x = A cos(wt — ¢)
e (Zn )
= A cos Tt—d)

Simple Harmonic Motion (S.H.M)
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Simpleharmonic motion is defined as a jelic motion of a point along a straight line, such that its
acceleration is always towards a fixed point in that line and is proportional to its distance from that p

The motion of garticlemoving along a straight line with @tceleratiorwhose direction is always towarg
afixed pointon the line and whose magnitude is proportional to the distance from the fixed point is c:
simple harmonic motion [SHM].

Raal Space Phasa Space

Simple harmonic motion shown both in real spacegrase spacdheorbit is periodic (Here thevelocity
andpositionaxes have been reversed from the standard convention to align the two diagrams)

In the diagram, &imple harmonic oscillatpconsisting ba weight attached to one end of a spring, is
shown. The other end of the spring is connected to a rigid duppdr as a wall. If the system is left at re
at theequilibrium position then there is no nietrce acting on the mass. However, if the mass is displace
from the equilibrium position, the sprimxertsa restoringelasticforce that obeyslooke's law
Mathematically, the restoring forées given by

F=-kx

whereF is the restoring elastic force exerted by the spring(imits:N), k is thespring constantN-m' 3,
andx is thedisplacementrom the equilibrium position (m).

Videos

References

https://www.sciencedirect.com/topics/émeering/simpleharmoniemotion
https://en.wikipedia.org/wiki/Simple harmonic motion
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https://en.wikipedia.org/wiki/Particle
https://en.wikipedia.org/wiki/Acceleration
https://en.wikipedia.org/wiki/Fixed_point_(mathematics)
https://en.wikipedia.org/wiki/Phase_space
https://en.wikipedia.org/wiki/Orbit_(dynamics)
https://en.wikipedia.org/wiki/Periodic_function
https://en.wikipedia.org/wiki/Velocity
https://en.wikipedia.org/wiki/Position_(vector)
https://en.wikipedia.org/wiki/Harmonic_oscillator
https://en.wikipedia.org/wiki/Mechanical_equilibrium
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Exertion
https://en.wikipedia.org/wiki/Elasticity_(physics)
https://en.wikipedia.org/wiki/Hooke%27s_law
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Newton_(unit)
https://en.wikipedia.org/wiki/Hooke%27s_law
https://en.wikipedia.org/wiki/Newton_(unit)
https://en.wikipedia.org/wiki/Displacement_(vector)
https://www.sciencedirect.com/topics/engineering/simple-harmonic-motion
https://en.wikipedia.org/wiki/Simple_harmonic_motion
https://en.wikipedia.org/wiki/File:Simple_Harmonic_Motion_Orbit.gif
https://www.youtube.com/watch?v=uM2HpLBVAkA
https://www.youtube.com/watch?v=jxstE6A_CYQ

Circular motion

Uniform Circular Motiondescribes the movement of an object travelicgaularpath with constant speed
The onedimensional projection of thisiotioncan be described agmple harmonic motiarA point P
movingon ecircularp at h wi t h a const ant ngunidgoumicirmular wogoh o c i t

video
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Practical S.H.M system(mass spring and simple pendulum)

Mass spring

Simple harmonic motion is governed by a restorative force. For a gpasg system, such as a block
attached to a spring, the spring force is responsible for the oscillation.

F=T1 k X
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https://www.youtube.com/watch?v=CzcmUiD39VI

This image shows a sprirlgass system oscillating through one cycle about a central equilibrium posi
The vectors of force, acceleration, and displacement from equilibrium are given at each for the five [
shown.

Since the restoring force is proportional to displacement from equilibrium, both the magnitude of the
restoring force and the acceleration is the greatest at the maximum points of displacement. The neg
tells us that the force and acceleratwe in the opposite direction from displacement.

F=ma
T kx=ma
a=T\kx

The mass's displacement, velocity, and acceleration over time can be visualized in the graphs below
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- Time (s)

Xmin_¢

Figure 2. The position vs. time graph for the spmmass system iRigure 1.

Time (s)

amin_

Figure 4. The acceleration vs. time graph for the spmiags system in figure 1.

Videos

Reference
https://www.khanacademy.org/sciencefdyysicsl/simpleharmoniemotionap/inroductionto-simple

harmoniemotion-ap/a/introductiofto-simge-harmoniemotionreview
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https://www.khanacademy.org/science/ap-physics-1/simple-harmonic-motion-ap/introduction-to-simple-harmonic-motion-ap/a/introduction-to-simple-harmonic-motion-review
https://www.khanacademy.org/science/ap-physics-1/simple-harmonic-motion-ap/introduction-to-simple-harmonic-motion-ap/a/introduction-to-simple-harmonic-motion-review
https://www.youtube.com/watch?v=IUJBFeokd-0

Simple pendulum

¢ N Rigid support
o,
Point

ol of
’ s, sSuspension

" -- Bob
Extreme .* ',
position Mean /
. osition
J A ‘ ¢ Extreme
‘ - position
......... Beenene="""
~ - Amplitude

We see that aimple pendulum has a smdibmeter bob and a string that has a very small mass but is
strong enough not to stretch appreciably. The linear displacement from equilibsutmeidengttof the arc.
Also shown are the forces on the bob, wahicr e s ul t i mgsindtoveatd thé emjuilibrem o f
positiord that is, a restoring force.

Pendulums are in common usage. Some have crucial uses, such as in clocks; some are for fun, sug
chil dés swing; and s o me onaffishinglinesFor small éisplacemestsy & h
pendulum is a simple harmonic oscillatorsitnple penduluns defined to have an object that has a sma
mass, also known as the pendulum bob, which is suspended from a light wire or string, such as sho
Figure 1. Exploring the simple pendulum a bit further, we can discover the conditions under which it
performs simple harmonic motion, and we can derive an interesting expression for its period.

We begin by defining the displacement to be the arc ledtte see from Figure that the net force on the
bob i s tangent ingsind (fhe weaghioghas nodhporegimgrdskalong the string
andmgsind tangent to the arc.) Tension in the string exactly cancels the compogeo&d parallel to tle
string. This leaves metrestoring force back toward the equilibrium positionl at0.

Now, if we can show that the restoring force is directly proportional to the displacement, then we ha
simple harmonic oscillator. In trying to determine if werdna simple harmonic oscillator, we should note
that for small angles (less than about 15°) &id (sind andd differ by about 1% or less at smaller angles
Thus, for angles less than about 15°, the restoring Foise
Fa mg.d

The displacemerttis directly proportional tal. Whend is expressed in radians, the arc length in a circle
related to its radiud_(in this instance) bg =L dso that

d=s L
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For small angles, then, the expression for the restoring force is:

FAT mgLs

This expression is dhe form:F =1 kx, where the force constant is given by k=mgL

and the displacement is given by s. For angles less than about 15°, the restoring force is directly
proportional to the displacement, and the simple pendulursim@e harmonic oscillator

Using this equation, we can find the period of a pendulum for amplitudes less than about 15°. For th
pendulum:

T = 2|(Mm/&= 2 |mdmg/L
Thus,

T = o[
for the period of a simple pendulum. This result is interesting because of its simplicity. The only thin
affect the period of a simple pendulum are its length and théeeatten due to gravity. Ae period is
completely independent of other factors, such as mass. As with simple harmonic oscillators, thefper
a pendulum is nearly independent of amplitude, especiallisifess than about 15°. Even simple pendul
clocks can be finely adjted and accurate.

Note the dependence dfong. If the length of a pendulum is precisely known, it can actually be used t
measure the acceleration due to gravity.

Videos

GEIGE)

Refrence

https://courses.lumenlearning.com/physics/chaptetftt-simplependulum/

Energy conservation in SHM

Energy and the Simple Harmonic Oscillator
To study theenergy of a simple harmonic oscillator, we need to consider all the &remergy. Consider
the example of a block attached to a spring, placed on a frictionless surface, oscillating in SHM. The
potential energy stored in the deformation of the spring is

U=1/2x%.
In a simple harmonic oscillator, the energy oscillates between kinetic energy of the mass K=ah®mv
potential energy U = 1/2kstored in the spring. In the SHM the mass and spring system, there are no
dissipative forces, so thetal energy is the sum of the potential energy and kinetic energy. In this sect
we consider the conservation of energy of the system. The concepts examined are valid forall simp
harmonic oscillators, including those where the gravitational forge @laole.

, Which shows an oscillating block attached to a spring. In the case of undamped SHM, the energy o
back and forth between kinetic and potential, going complétaty one form of energy to the other as th

system oscillates. So for tsenple example of an object on a frictionless surface attached to a spring,
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https://courses.lumenlearning.com/physics/chapter/16-4-the-simple-pendulum/
https://www.youtube.com/watch?v=LbQuKZD3svI
https://www.youtube.com/watch?v=r2gnD5NEplY

motion starts with all of the energy stored in the springlastic potential energyAs the objecttarts to
move, the elastic potential energy is converted into kinetiggnbecoming entirely kinetic energy at the
equilibrium position. The energy is then converted back into elastic potential energy by the spring as
stretched or compressed. TNeocity becomes zero when the kinetic energy is completely converted,
this cycle then repeats. Understanding the conservation of energy in these cycles will provide extra
here and in later applications of SHM, such as alternating circuits.

v=0F
K R &  ~Vmnax
/////(ﬁ@ 1 ka2 //”//I.@F 0 Im(-vp)?
X=0 X IA x=0
(a) (b)
E_V>0 F=0 Vyay =i
s o T o 1111 o e
x=-A x=0 x=0

MVAR] 3
X=0x=A
(e)
The transformation of energy in SHM for an object attached to a spriadrimtionless surface. (a) When
the mass is at the position x = + A, all the energy is stored as potential energy in the spring & FH&k/
kinetic energy is equal to zero besauhe velocity of the mass is zero. (b) As the mass moves toward
T Athe mass crosses the position x = 0. At this point, the spring is neither extended nor compresse(
potential energy stored in the spring is zero. At x = 0, the total eneatj\kisetic energy where K =
12m@E> (c) The mass continues to move until
toward x = + A. At the position x = TA, the
1 2 k (®andthe kinetic energy is zero. (d) As the mass passes through the position x = 0, the kineti
is K = 12mwas and the potential energy stored in the spring is zero. () The mass returns to the pos
+ A, where K =0 and
U=1/2kA2,
, Which shavs the energy at specific points on the periodic motion. While staying constant, the energ
oscillates between the kinetic energy of the block and the potential energy stored in the spring:
ETotaFU"‘K:]./Zk)(2+:|./2m\/2
The motion of the block on a spring in SHM is defined by the position x(t) =¥Acbs) with a velocity of
v ( t ) ¥sim(xrti+A). Using these equations, the trigonometric identitydessird = 1 andy =ak/m, we

canfind the total energy of the system:
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Erotar = %kﬂz cos® (wt + @) + %mAzwz sin® (wt + @)

142 2 1 o kY.
Ekﬂ cos (wt + @) + Em}l (E sin” (wt + ¢)

= %kﬂﬂ cos® (wt + @) + %kﬂz sin® (wt + @)

= %kﬂﬂ cos® (wt + @) + %mAEwZ sin® (wt + @)

= %kﬂﬂ (cos?(wt + @) + sin® (wt + ¢))

L, 42

5 kA=
The total energy of the system of a block and a spring is equal to the sum of the potential energy sta
the spring plus the kinetic energy of the block and is proportional to the square of the ampéitude E
=1/2kA2. The total energy of the system is constant.
A closer look at the energy of the system shows that the kinetic energy oscillates likecuaiael
function, while the potential energy oscillates like a cospgared function. However, the total energy fa
the system is constant and is proportidnghe amplitude squared.
shows a plot of the potential, kinetic, and total energies of the block and spring system as a function
Also plotted are the position and velocity as a function of time. Befiore t = 0.0 s, the block is attached
the spring and placed at the equilibrium position. Work is done on the block by applying an external
pulling it out to a position of x = + A. The system now has potential energy stored in the springe Attir
0.00 s, the position of the block isuzdi to the amplitude, the potential energy stored in the spring is eq
Uu=12
kAZ?, and the force on the block is maximum and points in the negatiirection (k= T k A) . TH
and kinetic energy dhe block are zero at time t = 0.00 s. Atdit = 0.00 s, the block is released from re

Position vs. Time

)
+A 4
Mass on a Spring -
E
1 x
5 kA? s 4
SR 7 Total
g /\ / \ A
§ / \.\ / \\‘ u Time (s)
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c , \ 2 5
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/ \ // \f< *Vmax f e
‘/'l o | l\r/' T T \r - s 4 /
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Position vs. Time

Mass on a Spring

x(m)

Time (s)

Energy (J)

Velocity vs. Time

max /

= 1 el
1 ko2 v
2

+V,

v(mis)

Time (s)

1 ”
—Eroa —K=3m¥ —U Time (s)

Graph of the kinetic energy, potential energy, and total energy of a block oscillating on a spring in S
Also shown are the graphs of position versue tand velocity versus time. The total energy remains

constant, but the energy oscillates between kinetic energy and potential energy. When the kinetic er
maximum, the potential energy is zero. This esamhen the velocity is maximum and the miasa the
equilibrium position. The potential energy is maximum when the speed is zero. The total energy is t
of the kinetic energy plus the potential energy and it is constant.

Videos

@‘f‘ X=A V=0

l».‘v—.v—w—ﬁ—ﬁ
' 2 EY

N2 Khan Academy

Reference
https://phys.libretexts.org/Bookshelves/University Physics/Book%3A University Physics (OpenStg
p%3A_ University Physics | Mechanics%2C Sound%2C Oscillations%2C and Waves (OpenSt
%3A Oscillations/15.03%3A Energy in_Simple Harmonic_Motion

Free and forced oscillations

If an oscillator is displaced and then released it will begin to vibrate. If no more external forces are a
to the system it is free oscillator If a force is continually or repeatedly applied to keep the oscillation
going, itis aforced oscillator
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https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_University_Physics_(OpenStax)/Map%3A_University_Physics_I__Mechanics%2C_Sound%2C_Oscillations%2C_and_Waves_(OpenStax)/15%3A_Oscillations/15.03%3A_Energy_in_Simple_Harmonic_Motion
https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_University_Physics_(OpenStax)/Map%3A_University_Physics_I__Mechanics%2C_Sound%2C_Oscillations%2C_and_Waves_(OpenStax)/15%3A_Oscillations/15.03%3A_Energy_in_Simple_Harmonic_Motion
https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_University_Physics_(OpenStax)/Map%3A_University_Physics_I__Mechanics%2C_Sound%2C_Oscillations%2C_and_Waves_(OpenStax)/15%3A_Oscillations/15.03%3A_Energy_in_Simple_Harmonic_Motion
https://www.youtube.com/watch?v=zJtCmpH--70
https://www.youtube.com/watch?v=7Kmlio3Jlho

Videos

7 j FORCED OSCILLATIONS AND RESONANCE 7 FORCED OSCILLATIONS AND RESONANCE

Reference
http://salfordacoustics.co.uk/soumgves/oscillation/fre@scillationsforced-oscilationsandresonance

Resonance

Resonance occurs wie material oscillates at a high amplitude at a specific frequency. We call this
frequency resonant frequency. The dictionary defines resonance as,

ifithe state of a syst e nbrationis pvddicedhn responsatb anextenmal | |
stimulus, occurring when the frequency of the stimulus is the same, or nearly the same, as the natur,
vi bration frequency of the system. o

Physics defines Resonance as

A phenomenon in which an external foarea vibrating system forces another systeound it to vibrate
with greater amplitude at a specified frequency of operation.

Videos
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Reference
https://byjus.com/physics/resonance/
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http://salfordacoustics.co.uk/sound-waves/oscillation/free-oscillations-forced-oscillations-and-resonance
https://byjus.com/physics/resonance/
https://www.youtube.com/watch?v=ST0QlbytnBQ
https://www.youtube.com/watch?v=36_PtW-tmAM
https://www.youtube.com/watch?v=ATRzwhk7UvY
https://www.youtube.com/watch?v=dihQuwrf9yQ
https://www.youtube.com/watch?v=yY3hB-yH8NU

DampedOscillations
Damped Oscillations

igid suppon *» Non-conservative forces may be present
— Friction is a common nonconservative force

neglect = [ — No longer an ideal system (such as those dealt with
gravity =i so far)
* The mechanical energy of the system diminishes in
-_x.,.ﬁ.‘ time, motion is said to be damped

+ The motion of the system can be decaying
oscillations if the damping is “weak”.

Winre:
T S 1 - Ae B2

If damping is “strong”, motion may die away without oscillating.
Still no drivina force. once svstem has been started

Vioieos

Reference
https://web.njit.edu/~kenahn/11spring/phys106/Lecture/L23.pdf

Learning Outcomes

The students will:

A Describe simpllatoesx ampl es of free osci
A De s cr i yocenditioasdos exacation of simple harmonic motions.

A Describe that when an object moves in a ci
SHM.
A Define the terms anyplarireaguenceand phase difference afdrexpipss e
period

in terms of both frequency and angular frequency.

A I dentify and-w2>xe ashet heequdaetfiiomi;ngg=equati on o
A Pr o v emotiomai masg attaghed to a spring is SHM.
A Describe the interchanging between kinetic
A Analyze t he mdutuinis 8HMoahd calculaté ithtime periqu.e
A Describe practi cadosolatienmpesoaasiceof free and f o
A Describe graphically how the amplitude of
frequency of the system.

Describe practical exampl es of da mppefthe degreeiof

damping and the importance of critical damping in cases such as a car suspension system
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https://web.njit.edu/~kenahn/11spring/phys106/Lecture/L23.pdf
https://www.youtube.com/watch?v=Yjup_BcfJtg
https://www.youtube.com/watch?v=BKhKm8zyMkA

Unit 08

vnpaccimnemny
- 5

Waves

Wave Length
_
1 Time/Se
=ttt —t—t
4
-~ 27‘[
Lk = —xX
I (p A Trough

T X = displacement

i

https://sol-binal blogsnot.com

Understandings

Skills

Topics

A Periodic wav
A Progressive
A Transverse a
waves

A Speed of sou
A Newtonéds for
Laplace correction

A Superpositio
A Stationary w
A Modes of vib
A  Fundament al
harmonics

A Vibrating ai
organ pipes

A Doppler effe
applications

A Generati
use of ultrasonic

on,

The students will:
A Describe whi
wave motion as illustrated by
vibrations in ropes, springs an
ripple tank
Demonstrate
waves require a medium for
their propagation while
electromagnetic waves do not
A Define and 4
terms to the wave model,
medium, displacement,
amplitude, period, comprsi®n,
rarefaction, crest, trough,

wavelength, velocity.

A Solve probl g
equation:

v = f @&

A Describe thig
transferred due to a progressi
wave.

The students will:

A 1 n vteesketch and interpret
the behaviour of wave fronts as
they reflect, refract, and diffract by
obsening (i) Pond ripples / ocean
waves / harbour waves amusement
park waves pools.

A Determine frequ
Mel deds apiparat us
sonometer.

A Investigate the

stretched strings by sonometer or
electromagnetimethod.

A Determine the w
in air using stationary waves and to
calculate the speed of sound using
resonance tube.

A Study the inter
waves in a Youngyd
arrangement and determine the
wavelength of ultrasonic waves.

A I dentify thd
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vibrations of particles in a
medium.
A Compare trar
longitudinal waves.
AExplain that speed of sound
depends on the properties
medium in which it propagate
and describe |
of speed of waves.
A Describe thgé
correction in
for speed of sound in air.
A Identify theé
speed oBound in air depends.
A Describe thg
superposition of two waves
from coherent sources.
A Describe the
interference of sound waves.
A Describe the
formation of beats due to
interference of non coherent
sources.
A Explain the
stationary vaves using graphic
method
A Define the t
antinodes.
A Describe mog
strings.
A Describe for
stationay waves in vibrating a
columns.
A Explain the
frequency of a mechanical wa
coming froma moving object &
it approaches and moves awa|
(i.e. Doppler effect).
A Explain that
also applicable to e.m. waves.
A E x thé painciple of the
generation and detection of
ultrasonic waves using
piezoelectric transducers
A Hain the main principles
behind the use of ultrasound t
obtain diagnostic information
about internal structures.

Unit overview
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Periodic Wave

A periodic wave is a waweith a repeating continuous pattern which determines its wavelength and
frequency. It is characterized by the amplitude, a period and a frequency. Amplitude wave is diegetly]
to the energy of a wave, it also refers to the highest and lowest paimtafe. Period defines as time
required to complete cycle of a waveform and frequency is number of cycles per second of time.
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|

'3'|';;1
[k
|
]
[i]

Periodic Wave Relationships

| +—— Wavelength ——| Velogity of
propagation
—- !Hp‘

f = frequency
T = Period

The relationshigdistance = velocity x time" is the basic wave;relationship. With the wavelength as
distance, this relationship becomes= v1". Then using‘r =1y Tgives the standard wave relationship

Videos

Reference pages
https://www.eeweb.com/profile/andrevarter/articles/periodievave
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https://www.eeweb.com/profile/andrew-carter/articles/periodic-wave
https://cdn.eeweb.com/articles/articles/Periodic-Wave-1-1336318190.gif
https://cdn.eeweb.com/articles/articles/Periodic-Wave-2-1336318190.gif
https://www.youtube.com/watch?v=zw_1dyC2z8A
https://www.youtube.com/watch?v=XSQ9SGryfg4

Progressive waves

A wave which travels continuously in a medium in the same direction without the ahatsgemplitude is
called a travelling wave or@ogressive wave.

Video

A measure of the difference between 2 different waveforms. (Expressed in degrees or
radians)

Phase Difference

==}

1 ™ (T - .
}'I‘Jl‘;r UtreenCL =

Reference
https://byjus.com/physics/progressiwave/

Transverse and longitudinal waves

LONGITUDINAL WAVE | '°  TRANSVERSE WAVE

Longitudinal Wave

Transverse Wave
Wavelength

wavelength
I crest / )

l Amplitude

W iUU‘ ’

equilibrium

I | |

Compression Rarefaction Compression

Displacement

€ ofair — trough I.I)
molecules

Transverse Waves

For transverse waves the displacement of the medium isnoicpkar to the direction of propagation of th
wave. Aripple on a pon@dnd awave ona stringare easily visualized transverse waves.

Displacement

Velocity of
Propagation

Transverse waves may occur
on a string, on the surface of
a liquid, and throughout a solid.

Transverse waves cannot propagate in a gas or a liquid because there is no mechanism for driving
perpendicular to thpropagation of the wave.
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https://byjus.com/physics/progressive-wave/
http://hyperphysics.phy-astr.gsu.edu/hbase/Sound/wavplt.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/waves/string.html#c2
https://www.youtube.com/watch?v=a8u2I9MdeEM

Longitudinal Waves

In longitudinal waves the displacent of the medium is parallel to the propagation of the wave. A wav
a "slinky" is a good visualizatiolsound waves in aare longitudinal waves.

Velocity of
Propagation  —

HHHIHHHIHHHHHHIHHHH

Dis placement

Video
I
‘ ‘i&

AV E ¢
H»«ND MOVEMENT

Reference
http://hyperphysics.phastr.gsu.edu/hbase/Sound/tralon.html

Speed of sound in air

Sa Speed of Sound R%E:ﬁ“
Sound w\‘“"‘f/ %/ %/
Bell

Speed of sound (a) depends on the type of medium and the
temperature of the medium.

a=sqit(¥YRT)
v = ratio of specific heats (1.4 for air at STP)

R =gas constant (286 m?/s 2/K for air)
T = absolute temperature (273.15 + °C)

Speed of sound Iin air
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http://hyperphysics.phy-astr.gsu.edu/hbase/Sound/tralon.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/Sound/tralon.html
https://www.youtube.com/watch?v=0Anh9HthWgQ

The speed of sound is an essential parameter used in a variety of fdlysicsThe speed of sound refers
to the distance travelled per unit tiemby a sound wave propagating through a mediubhe speed of
sound in air at AT is 343.2 m/s which translates to 1,236 km/h.

[BBYJUS

eaning App

Propagation of sound through fluids. The places with high density of balls is experiencing Compression and the empty spaces in between are
undergoing Rarefaction. The wavelength is the graph of the pressure variation.

The speed of sound in gases is proportionaléstiuare root of the absolute temperature (measured in
Kelvin) but it is independent of the frequency of the sound wave or the pressure and the density of ti
medium. But none of the gases we find in rdaldireideal gaseand this causes the properties to slightly
change.

Video

Speed of Sound

VX 33)40.6T

\l:% = \V}

\ls‘o\id > \I\U{(U"& > \)ju

Reference
https://byjus.com/physics/speeftsoundpropagation/
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https://byjus.com/physics/ideal-gas-equation/
https://byjus.com/physics/speed-of-sound-propagation/
https://www.youtube.com/watch?v=kr4nOru3JZU

N e wt dommOlssand Laplace correction

Newtons formula for the speed of sound

Newtons worked on the propagation of sound waves through the air. He assumed that this process
propagation is isothermal. Absorption aetease of heat during compression and rarefaction will be
balanced, thus, the temperature remains constant throughout the process.

AccordingtoBoy | eds | aw

PV = Constant

Where,

P is pressure

V is thevolume of gas.

On differentiating above equation we get

Pav+VvdP=0

t PdV =-VdP

t P= VdPd\EdPT (dV/V)

t P=B

Where,B=dP/i (dV/V) is bulk modulus of air.

The velocity of the sound wave can be writtefi as

v=a81/ |}

Thussubstituting B =P we get

v=a8/ |

Speed of sound in air

At Normal Temperature and Pressure, the velagfigound in air is given by

v=a8/ |

Where atmospheric pressure P = 1.1013N/n?

The density of air’()= 1.293 kg/m

v=P /34 (1. 6/1LRB3) 1 IBOn's

The value got here does not match with the experimental value. That is 332m/s. Whichtirapkeme
correction should be done to Newtonds equat.

Lapl ace Correction for Newtond
He corrected the Newtons formula &aysuming that, there is no heat exchange takes place as the
compression and rarefaction takes place very fast. Thugrtiperature does not remain constant and th
propagation of the sound wave in air is an adiabatic process.
For an adiabatic process

PV = Constant

Where,

[ is adiabatic index=C p/Cv

Cp specific heat for constant pressure

Cy specific heat for constant volume.

Differentiating both the sides we get
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https://byjus.com/physics/boyles-law/

VTdP + PyVT 1dV =0
Dividing both the sides by v

VdP + PyVdV =0Py=—-%__ R

The velocity of sound is given by

/B
U= ]

Substituting B= ¥P in above equation we get-

Velocity of sound formula

P
fil

Velocity of sound

Calculate the velocity foundwavel si ng Lapl ace correction to N
and Pressure.

Velocity of the sound formula is given by

v=ap/})

Where,

Adiabatic index 1 1.4

Where atmospherigressure P = 1.1013x1R/m?
Thedensity of air ()= 1.293 kg/m

Substituting the values in the equation we get

v= aP/=8)( 1. 41 ¥1.203)=332is0

Which has a very good match with the experimental value
Reference

https://byjus.com/physics/lapla@®rrection/

Superposition of waves

According to the principle of superposition. The resultant displacement of a number of waves inam
at a particular poins the vector sum of the individual displacements producexhbly of the waves at tha
point.

r\y

Principle of Superposition

Principle of Superposition of Waves

Considering two waves, travelling simultaneously along the same stretched string in opposite directi
shown in the figure above. We can see imagegweformsn the string at each ingthof time. It is

Prepared by Sir M. Ayub Ansari under the supervisichoa I Q' Y bl KSSR

a dzy


https://byjus.com/physics/sound-waves/
https://byjus.com/physics/laplace-correction/
https://byjus.com/physics/wave-theory-of-light/

observed that the ndisplacementf any element of the string at a given time is the algebraic sum of tt
displacements due to each wave.

Let us say two waves are travelling alone and the displacements of any element of these twanbaves
represented byigx, t) and y(x, t). When these two waves overlap, the resultant displacement can be ¢
as y(xt).

Mathematically, y (X, t) = &x, t) + y(x, t)

As per the principle of superposition, we can add the overlapped waves alggbtaipadiduce aesultant
wave Let us say the wave functions of the moving waves are

y1 = f1(Xi vt),

y2 = f2(Xi vt)

eéeé.

Yn = fn (X' Vt)

then the wave function describing the disturbance in the mechnnbe described as

y=fi(xT vt)+ fa(xT vt ) + o0& wt) f

o,y =x | =li(xK0vh)

Let us consider a wave travelling along a stretched string given(@®yfy=Asin(kxi ¥t ) and 3
wave, shifted from t hgt)f=iAsis(kxi bty & (pPhase G, g
From the equations we can see thathlthe waves have the same angular frequency, same angular we
number k, hence the samwavelengthand the same amplitude A.

Now, applying the superposition principle, the resultant waviedsatgebraic sum of the two constituent
waves and has displacement y(x, t) = Asini(kxt ) + Axs$i n (kX

As,sinA =sinB =2sin(A+B)/2 .cos( A1 B) / 2

The above equation can be writtas,

y(x, t) = [2A c0s1/2 ] sin(kx T wt + 1/24)

The resulant wave is a sinusoidal wave, travelling in the positive X direction, where the phase angle
of the phase difference of the individual waves and the amplitu@e@sl/2«] times the arplitudes of the
original waves.

Videos

Wave Interference

Reference
https://byjus.com/jee/superpositiaf-waves/

Stationary waves
Standing wavgalso calledtationary wavecombination of two waves moving in opposite directions, ea
having the samamplitudeandfrequency The phenomenois the result of interference; that is, when wa
are superimposed, their energies are e#ldded together or canceled out. In the case of waves moving
the same directionpterferenceproduces a traveling wave. For oppositely moving waves, interference

produces awscillating wavdixed in space.
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https://byjus.com/physics/types-of-waves/
https://byjus.com/physics/types-of-waves/
https://byjus.com/physics/wavelength-of-light/
https://byjus.com/jee/superposition-of-waves/
https://www.britannica.com/science/amplitude-physics
https://www.britannica.com/science/frequency-physics
https://www.britannica.com/science/interference-physics
https://www.britannica.com/science/oscillating-wave
https://www.youtube.com/watch?v=LJbpXx8fMUk
https://www.youtube.com/watch?v=JZaFl8yR1tc
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fixed nodes in a standing wave

Videos

Reference
https://www.britannica.com/scienstandingwavephysics

Modes of vibration of strings

The frequencies at which standing waves can be set up on a string are the string's natureiefseqhey
can be determined quite easily. The first thing to note is that the end of the stringdddibyg the person is
tightly gripped so any pulse or wave that returns to the person's hand will be reflected and inverted.
Therefore both ends of tlstring can be considered to be fixed and so must be at nodes of the standin
wave. But you learned eagtithat the distance between adjacent nodes is half a wavelength. So, the |
of the string must be an exact number of half wavelengths. That &ritigemust be one half wavelength
long, two half wavelengths long (i.e. one whole wavelength longethalf wavelengths long, four half
wavelengths long (i.e. two whole wavelengths long), etc. If the length of the string is denbtaddthe
wavelength bya; then this can be expressed in the following way:

=lh or hoor E.‘-‘a ar 2h or ...
z2 z

This can be written more concisely as:

In'_:n_h
2

whereni s an integer number (i.e. 1, 2, 3, 4, &
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https://www.britannica.com/science/standing-wave-physics
https://cdn.britannica.com/18/4418-004-EF21A9E2/Location-nodes-standing-wave.jpg
https://www.youtube.com/watch?v=GsP5LqGtkwE
https://www.youtube.com/watch?v=J_Oto3mUIuk

Rearranging this equation, we can show that the wavelengths of standing waves that can betket up

string are therefore given by:
2L

R R
n

However, the frequency of a wave is related to its wavelength by the expriessi@wherev is the wave

speed. Therefore, the natural frequencies for the string are given by:

The different standingvave patternnown asnormal modes of vibration. The solid and dashed lines
indicate the positions of the string at opposite phase positions in the cycle. You should be able to se
each normal mode the string contains an integer number of half wavelengths.

mode wavelength frequency

o 3 " W 2L
A A second L l—

\\ // ! L
N o~ \ 7 9 oF
§ v"/ .\\'_ N\ third :‘_1_‘. 31
N ™ N A 7 3 2L
\\ \ : '2 fourth £ -3_‘
N 4 2 L

The firstfour normal modes of vibration of a string fixed at each end. The solid and dashed lines ind
the positions of the string at opposite phase positions in the cycle

In the first moder{ = 1) there are nodes at either end of the string but desnelseWwere on the string. The
frequency at which this standiwgave pattern will be set upfs v/2L. The first mode is known as the
fundamental modeand, for this reason, the first natural frequency tends to be referred to as the

fundamental frequengy.

In thesecond moden(= 2) there are again nodes at either end of the string but now there is also a no
the middle of the string. The frequency at which this standiage pattern will be set upfis v/IL. This is
twice the value of the fundamehfeequercy.

In the third moder(= 3) there are nodes at either end of the string and two more nodes positioned al
string. The frequency at which this standingve pattern will be set upfiss 3v/2L. This is three times the
value of the fundameat frequency.

In the fourth moden(= 4) there are the anticipated nodes at either end of the string and three more
positioned at equal distances along the string. The frequency at which this staadegattern will be set
up isf = 2v/L. This is four times thealue of the fundamentaldquency.

You may well be seeing a trend emerging here! The frequencies at which standing waves are set ug
string are harmonically related. If the frequency at which the first mode occurs is dienthted the
frequenciesat which the second, thirand fourth modes occur arl, 2f; and 4; respectively. This set of
frequencies and its indefinite continuatiom,(%f1, /72é ) i s known as a harm
natural frequencies form a harmonic series esake vibrating string @nof the most useful means of
producing musical sounds
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https://www.open.edu/openlearn/ocw/mod/oucontent/view.php?id=3514&extra=thumbnailfigure_idm45386151302880

Video

Reference
https://www.open.edu/openlearn/sciesmathstechnology/engineeringnd

technology/technoloqgy/creatirmusicatsounds/conterdgections.4

Fundamental mode and harmonics.

The lowestesonant frequenayf a vibrating object is called its fundamental frequency. Most vilgati
objects have more than one resonant frequency and those used in musical instruments typically vibt
harmonics of the fundamental. A harmonicedided as an integer (whole number) multiple of the
fundamental frequency. Vibratirgirings open cylindrical air columnsndconical air columnsvill vibrate
at all harmonics of the fundament@llinders with ol end closedill vibrate with only odd harmonics of
the fundamental. Vibratinppembranesypically produce vibrations at harmigs, but also have some
resonant frequenaewhich are not harmonics. It is for this class of vibrators that theaegnonebecomes
useful- they are said to have somen-harmonic overtones.

The nth harmonic = r the fundamental frequency.

Video

standing waves combine to
produce the consonant intervals

ONRTONES

HaRRoNEE

£  first

21,

31, :

(3/2 wavel
2f + 3f = afifth

itk

length)

‘ ‘ ’ ‘
a

Reference
http://hyperphysics.phastr.gsu.edu/hbase/Waves/funhar.html

Vibrating air colum ns and organ pipes
Vibrations of Air Column in Pipes

Musical wind instruments like flute, clarinet etc. are based on the principle of vibrations of air columr|
to the superposition of the incident wave and the reflected wave, longitudinal stati@vas/ave formed ir
the pipe.
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https://www.open.edu/openlearn/science-maths-technology/engineering-and-technology/technology/creating-musical-sounds/content-section-5.4
https://www.open.edu/openlearn/science-maths-technology/engineering-and-technology/technology/creating-musical-sounds/content-section-5.4
http://hyperphysics.phy-astr.gsu.edu/hbase/sound/reson.html#resdef
http://hyperphysics.phy-astr.gsu.edu/hbase/Waves/string.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/Waves/opecol.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/Waves/clocol2.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/Waves/clocol.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/music/recmem.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/music/otone.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/Waves/funhar.html
https://www.youtube.com/watch?v=cnH2ltfW48U
https://www.youtube.com/watch?v=A1aoGaU5EYE
https://www.youtube.com/watch?v=0FoA1bBM10M
https://www.youtube.com/watch?v=0Rfushlee0U

™
?\..1:41 (ﬂ)

Stationary waves in a closed
pipe (Fundamental mode)

Organ pipes

Organ pipes are musical instruments which are used to produce musical sound by blowing air into tf
Organ pipes are two types (a) closed organ pipes, closee @&nd (bppen organ pipepen at both ends.
(a) Closed organ pipe

If the air is blown lightly at the open end of the closed organ pipe, then the air column vibrates (as s
figure) in the fundamental mode. There is a node at the closed ead antinode at the open endl i

the length of the tube,

| = ay/4 oray = 4l e. .. (1)
If nyis the fundamental frequency of thibrations andris the velocity of sound in air, then
n= vvall ée. .. (2)

If air is blown strongly at the open endeduencies higher thdandamaetal frequency can be produced.
They are called overtondsig.b & Fig.c shows the mode of vibration with two or moogles and antinode

A , A
|
W)
l A l
N
A
A
1 NA
13=4I/3 15=415
(b) (c)

Overtones in aclosed pipe
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| =/4 3aras= 43 6. .. (3)

Thus,n= y¥73%4l=3n ¢é. . . ( 4)
This is the first oertone or third harmonic.
Similarly, rs = 5v/4l = 5n e. .. (5)

This is called as second overtone or fifth harmonic.

Therefore the frequency of pth overtaag2p + 1) n where 1 is the fundamentdtequency. In alosed
pipe only odd harmonicg@produced. Th&equencies of harmonics are in the ratioof 1 : 3: 5.....
(b) Open organ pipe

When air is blown into the open organ pipe, the air column vibrates in the fundamed&hs shown in
figure. Antinodes are foned at theends and a node fiermed in the middle of thgipe. Ifl is the length of
the pipe, then

=N

Stationary wawves in an

open pipe
[=ay2 Or & =2l ée. .. (1)
V = max = m2l
The fundamental frequency,
ny = v/2l e. .. (2)

In the next mode ofibration additionahodes an@ntinodes are formed as showrfig.b and Fig.c.
[=8s0rv=mnae=mn(l)

So, m=v/l=2n ée. .. (3)
This is the first overtone or second harmonic.
Similarly,
=N
i)

s X » > >
2 2

13 = 2}/3
(c)

Overtones in an
open pipe
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= y¥F3#20=3n é. .. (4)

This is the second overtone or thirdrhanic. Therefore the frequency of Bvertone is (P + 1)iwhere n
is the fundamental frequency.

The frequencies of harmonics are in theratioof 1 :2: 3 ....

Resonance air column apparatus

The resonance air aohn apparatus consists of a glass @kebout one metre in length (as shown in figy
whose lower end is connected to a reservoir R by a rubber tube.

The glass tube is mounted on a vertical stand with a scale attached to it. The glagsatdlyefilted with
water. The level of water in ¢htube can be adjusted by raising or lowering the reservoir.

A vibrating tuning fork of frequency n is held near the open end of the tube. The length of the air co
adjusted by changing the watewvéé The air column of the tube acts like a closeghn pipe. When this a
column resonates with the frequency of the fork the intensity of sound is maximum.

Here longitudinal stationary wave is formed with node at the water surface and an antindde aopan
end. If I1 is the length of the resomagiair column.

Resonance air column apparat

o/ 4:+e | e. .. (1)
where e is the end correction.
The length of air column is increased until it resonates again with the tuning farik. thé length of the ai

column.
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3o/ 4+e= | &. .. (2)
From eaations (1) and (2)

ol 22i#4) (I e. . . (3)
The velocity of sound in air at room temperature
v = nailp 2. (I ( 4)

End correction

The antinode is not exactly formed at thew@nd, but at a small distance above the openTdmslis called
the end correction.

Asli+e=a/ 4and Io+e=3 &/ 4

e= (ki 3ly/2

It is found that e = 0.61r, where r is the radius of the glass tube.

Video
I

Sources of Sound:
Vibrating Strings and Air Columns

Reference

https://www.askiitians.com/lfee-wavemotion/vibrationsof-air-columnin-pipes/

Doppler effect and its applications

When an ambulance crosses you witlsiten blaring, you hear the pitch of the siren change: as it
approacheshte si rends pitch sounds higher than whe
common physical demonstration of the Doppler effect. But, have you taken the time to undbestand
phenomenon of the Doppler effect and its causes? If the answer théi@ead on the article to understa
clearly and answer any given questions on Doppler effect in exams.

How is the Doppler Effect Defined?

Doppler effect is an importaphenomenon that is usefala variety of different scientific disciplines,
including planetary science: Astronomers rely on the Doppler effect to detect planets outside of our s
system or exoplanets’he Doppler effect or the Doppler shift describies change in frequenof any kind
of sound or light wave produced by a moving seuwrith respect to an observer. Waves emitted by a sc
travelling towards an observer gets compressed. In coMiagts emitted by a source travelling away fr¢
an oberver get stretched out. We can define the Doppler effect as
Doppler Effect is an icrease (or decrease) in the frequency of sound, light, or other waves as the sol
observer move towards (or away from) each other.
Many mistake Doppler effect to begicable only for sound waves. It should be noted that the Dopplef
ef f ect ustapmysonséund. If works with all types of waves including liggdwin Hubbleused the
Doppler effect to determine that theiverses expanding. Hubble found thdte light from
distantgalaxieswas shifted toward lower frequencies, to the redadriie spectrum. This is known as a r¢
Doppler shift or a redhift. If the galaxies were moving toward Hubble, the light would have been blue
shifted. Doppleradarsalsohelp meteorologists learn about possibimadoes

Discovery of Doppler Effect
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Doppler was the son of a stonemason, who went on to become a celebrated academic and scientist
school young Christian studied astronomy and mathematics in Salzlbixesoma, and at the age of 38
went on to work at the Prague Polytechnic in Czedwvasiia. Only a year later, he found fame by

discovering that the observed frequency of light and sound waves is affected by the relative motion
source and the detect(in other words their positions in relation to one anotlad this became knovas
the Doppler Effect. On 17 March 1853, at the age of only 49, Christian Doppler died from respiratory
disease in Venice.

Understanding Doppler Effect In Real Life

To uncerstand the Doppler effect let us imagine the following scene. You are standuhg desad and a
police car with its siren turned on, drives
i sndt so | oud when ireachessa maximumawhdniitsstust heside,youwdiminish
again as it crosses anaues away from you.

Consider another instance. Two people A and B are standing on the road as shown below in the pic

N

Which person do you think hears the sound oféweing engine with a greater magnitude? You know tf
its person A. But why?

Thisis where we discuss the Doppler EffecBappler Shift To highlight this effecyou should understan
the difference between the two situations given below.

Situation 1: How is the pattern of wavdsrmed when you suddenly jump into a pond?

Situation 2: How is the pattern of waves formed when you are walking in a pond?

The image give below highlights the difference between wave patterns in both situations.
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This difference is because the sourcéhefwaves in the second case moves. This is what the Doppler
is. It is named after the physicist Christian Doppler who proposgthtthe 19th century. The Doppler
effect is the change of frequency of a wave emitted as observed by an obseiagrrgiative to the
source. In this, the frequency received by the observer is higher during the approach, identical when
relative pogions are the same, and keeps lowering on the recession of source. If both the source an
observer are moving, thetéd Doppler Effect is calculated based on both these motions.

Let us say that light waves travel from a source to an observer. In thjsloasvave travels the fixed
distance across which the source and the observer are located. But there are casigisavbéthe two is
moving, that is, the source is moving relative to the observer, or vice versa. It is in these scenarios tl
Dopder effect comes into the picture.

Doppler Effect Formula

In physics, where the speed of the receiver and the salatwe to the medium are lower than the veloc
of waves, the relationship between emitted frequénapd observed frequenéys given by:

f=(cxvrctv9)fo

Where

cis the velocity of waves in the medium

vr is thevelocity of the source relative to theedium

vsis thevelocity of the receiver relative to the medium

The frequency decreases if either is moving away from the other.

Applications of Doppler Effect

Some Doppler effect applications are provided in the points mentioned below:
Sirens

Radar

Astronomy

Medical Imaging

Blood Flow Measurement
Satellite Communication
Vibration Measurement
Developmental Biology
Audio

Velocity Prdile Measurement

Doppler Effect In Light

The Doppler effect also affects the light which is emitted by other bodies in space.t he body
shiftedo the | ight waves are spread apdanttea
light waves are compacted and it is coming towards us. The detailed explanation of the Doppler effe
light is given belov.

Red Shift and Blue Shift:

When the light source moves away from the observer, the frequency received by the obhbdrwdess
than the frequency transmitted by the source. This causes a shift towards the red end of the visible |

spectrum. Astronomers call it as teelshift
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When the light source moves towards the observer, the frequency received by the ahbd&wgreater
than the frequency transmitted by the source. This causes a shift towards tfiequghcy end of the
visible lightspectrum. Astronomers call it as thleie shift

Doppler Effect In Sound
For sound waves which propagate in a medium, the velocity of the source and the observer are rela
medium in which the waves are transmitted. The total Doppler effect may, therefore, result from mot
the observer, motion of tledurce, or mion of the medium. These effects are separately analyzed.

Video

Reference
https://byjus.com/physics/doppieffect/

Generation, detection and use of ultrasonic
Physics of Ultrasound

Generation of ultrasonic sound waves
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Ultrasound uses ultrasonic (above the range of human hearing) sound waves that are produced ang
within an ultrasound transducer. The physical concept underlying the transducemiéztiebectric effect
Thisis the property of some materials that causes them to change in shape when an electric current
applied to them. Alternatively, a change in shape can provoke an electric current to form. A ultrasou
transducer contains a piece of piezoelectric mateefeen two electrodes. An osciliating current is
applied, causing the piezoelectric material to vibrate rapidly and generate ultrasound waves.

Properties of ultrasonic sound waves

Ultrasound waves interact with tissue in various ways.

They areattenuatedthrough absorption and scattering.

Absorption occurs due to loss of energy as heat, particularly in tissues that are unable to oscillate (g
Scattering occurs with small inhomogeneities (eg. small vessel, soft tissue septa). Some of this scat
returns to the probe, giving the characteristic ‘grainy' apperance to ultrasound images

Waves may be reflected or refracted, similar to light ‘rays' passing through different media
Reflection of the wave returns a signal to the transducer, and occlbswatdary between two media,
perpendicular to the wave direction

Refraction of the wave occurs at oblique angles between two different mediums, and may lead to er
depth estimation

Detection of ultrasonic waves

Ultrasonic waves which return to the eor, either by reflection or scattering, cause the piezoelectric
material to vibrate, generating an electric signal that is converted into an image.

Use of Ultrasound

Ultrasound is a relatively safe imaging procedure, but needs some experiencedfresanages can be
easily read. It is most useful for interstitial or intracavitary brachytherapy, but can also be used in so
singlefield applications (eg. breast boost).

Advantages

No ionising radiation

Not invasive (with some exceptions, eg. prastitrasound may require a rectal probe)
3D or 4D ultrasound is available

Useful in brachytherapy to verify anatomy or location of applicators

Inexpensive

Disadvantages

Gives no information on attenuation coefficients of tissue

Unable to produce DRR

Operatordependent

Limited to certain body sites (unable to scan through bone or gas)

Ultrasound waves are affected by refraction the depth seen on the scan may not be accurate
Poor image resolution due to scattering artefact

Video
_—
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~N= @oal velocity
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Reference
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Learning Outcomes

The students will:

A Describe what is meant by wave moandripple taaks i

A D e traterthat mechanical waves require a medium for their propagation while electromagnetic \
do not.

A Define and apply the following terms to th
compression, rarefactig crest, trough, waveletig velocity.

A Solve problems using the equation: v = fa.
A Describe that energy is transferred due to
A ldentify that sound waves are vibrations o
A Compare transvwavese and |l ongitudinal

A Ex p | a edof sbumcadepersd an the properties of medium in which it propagates and descri
Newt onds formula of speed of waves.

A Describe the Laplace correction in Newtono
A | d e nfactors gn whidh speed of sound in éépends.

A Describe the principle of superposition of
A Describe the phenomenon of interference of
A Describe the phenomenon of foooohemritsoorces.of be
A E x p | amation of btationfrpwaves using graphical method

A Define the terms, node and antinodes.

A Describe modes of vibration of strings.

ﬁ Describe formation of stationary waves in

Ex p | aivedchahge in frdosercy of a mechahiwave coming from a moving object as it
approaches and moves away (i.e. Doppler effect).

A Explain that Doppler effect is also applic
A Explain the principl e tm$onidwaes upiegrpiezoaettiamsducessn
A Explain the main principles behind the use
structures.
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Uni9

Physical Optics

Topics Understandings Skills

A Nature of | iThestudents will: The students will:

A wWave front |w RSAONRGS tA3 o Ay@SaiGaA3arasS GKI
A Hwy 6s pr i nc jelectromagnetic waves spectruj  needs a very small slit because the

A Interferencew RSaZONAROGS (K9 wavelength of lightis small.
-Youngds doubl ¢ront. w RSY2yaidNlGS RAT
Michl eson ©6s |o &btz 8piycdpkandus diffraction of water wavesni aripple tank
A Diffracti on [ttoconstructwave front after with

A Pol arizat i o ntimeinterval both a wide gap and a narrow gap.

w adlasS GKS yS
observe interference of light.

w RSAONARGS | 2
experiment and the evidence
provides to support the

wave theory of light.

w B cdour pattern due t
interference in thin films.

w RSaONROGS GKS
of Michelson Interferometer an
its uses.
w SELXIAY RATTH
that interference occurs betweg
waves that have

been diffracted.

w RS aONX 6 Son éf kght
is evidence that light behaves |
waves.

KSyOS> OSNRTFe@

w YSIadaNBE GKS 4&f
St SYSyid WRQ 2F | R
the

known wavelength of laser light.

w RSY2yadN)rGS GKS

and polarization of e.m. waves bidg
microwave apparatus.

w RSGSN¥AYS GKS &
using a diffraction grating a
spectrometer.

w YSI&adaNBE G§KS RAL
using laser.

w RSGSNI¥AYS GKS LA

by using a diffraction grating and laser.

w R 8s¥fate polarization of light wav
using two Polaroid glasses and LDR an
al f dza ¢
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w RSaONAOGS I yR
at a narrow slit.

w RSAONAOGS GKS
grating to determine th
wavelength of light and

carry out calculations usi
RaAAYy ' Ty<o

w RSAONROS a K
diffraction of Xrays throug
crystals.

w SELXFAYy L2
phenomenon associated w
transverse waves.

W ARSY(GATEeR Iy
polarization is produced by
Polaroid.

w SELXIAYy GKS
Polaroid on Polarization.

w S B hdtv pake polarized ligh
is produced and detected.

Chapter overview

Physical Optics

Physical opticss also the name of appgoximationcommonly used in opticglectrical
engineeringandapplied physis In this context, it is an intermediate method betwgmymetric optics
which ignoresvaveeffects, andull waveelectromagnetisiwhich is a precistheory The word "physical”
means that it is more physicabingeometricor ray optics ad not that it is an exact physical theory.
This approximation consists of ugimay optics to estimate the field on a surface anditftegratingthat
field over the surface to calcudathe transmitted or scattered field. This resembleBdine approximation
in that the details of the problem are treated parturbation

In optics, t is a standard way of estimating diffraction effectsalio, this approximation is used to
estimate some effects that resemble optical effects. It models several interference, difinaction a
polarization effects but not the dependence of diffractio polarization. Since this is a hiffjequency
approximation, it is often more accurate in optics than for radio.

In optics, it typically consists of integrating ragtimated field over a lensiirror or aperture to calculate
the transmitted or scattd field.

In radarscatteringt usually means taking thaurrentthat would be found ontangentplaneof similar
materid as the current at each point on the front, i. e. the geometrically illuminated pastaifeaed
Current on the shadowed parts is taken as zero. The approximate scattered field is tieth lop
integral over these approximate currents. Thisseful for bodies with large smoatbnvexshapes and for
lousy (low-reflection) surfaces.

The rayoptics field or current igenerally not accurate near edges or shadow boundariessunl
supplemented by diffraction amtdeeping wavealculations.

The standard theory of physical optics has some tiefethe evaluation of scattered fields, leading to
decreased accuracy away from the specular dire&improved theory introduced in 2004 gives exact
solutions to problems involving wave diffraatidy conducting scatterers.

1.Nature of light
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INTRODUCTION

Dual nature of light means light has tw
different nature, sometimes it behaves
like a particle sometimes it behaves lik
a wave.

I discuss a few of the famous
experiments which establishes the natu
of light i.e. light is a wave or a particle.

Electromagnetic spectrum

When you think of light, you probably think of what your eyes can see. But the light to which our eye
sensitive is just the beginning; it is a sliver of the total amouligtaf that surrounds us.
Theelectromagnetic spectruimithe term used by scientists to describe the entire range of light that ex|
From radio waves to gamma rays, most of the light in the universe is, in fact, invisible to us!
Light is a wave of alterating electric and magnetic fields. The propagatidnofg ht 1 sndt n
waves crossing an ocean. Like any other wave, light has a few fundamental properties that describe
is itsfrequency measured ihertz(Hz), whichcounts the number of waves that pass by a point in one
second. Another closely related propertyevelengththe distance from the peak of one wave to the pe
of the next. These two attributes areersely related. The larger the frequency, the smiddéewavelengthi
and vice versa
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