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Table of physical constants

Specific heat of water

B.P of water under 1 atm. Pressure

Melting point of ice under 1 atm.

Latent heat of vaporization of water

Latent heat of fusion of ice
Absolute zero

Mass of the earth

Mass of the moon

Mass of the sun

Radius of the earth

Radius of moon’s orbit
Universal gravitational constant
Universal gas constant
Boltzmann constant

Plank’s constant

Rydberg’s constant for hydrogen
Speed of light in vacuum

Rest mass of electron

Rest mass of proton

Rest mass of neutron

Charge on an electron

Charge on a proton

Permittivity of free space
Permeability of free space
Avogadro’s number

Radius of first orbit of hydrogen

C =4200J/kg-°C
=]100°C =212°F = 373 k
=0°C=32F =273k
=2.26 x10° J/kg.
=3.36 x10° J/ kg.
=-273°C=0k

M= 5.98 x 1024 kg.

Mmn = 7.36 x10?2 kg.

Ms = 1.97 x1039 kg.

Re. = 6.38 x106 m.

Ry =3.84x108m
G=6.67x10711 N-m2/kg-.
R = 8.313 J/mole-k.
k=138x10-23J/k.
h=6.63x10 34 J-s.

Ry =1.097x107 m™1.
c=2.98x108 m/s.

Mme = 9.11x10 ~31 kg.

mp = 1.67x10 ~27 kg.

mp = 1.68x10 27 kg.
e=—-1.6021x10 19 coul.
e=+1.6021x10 19 coul.
go= 8.85x 10 ~12C2/N-m?2.
Lo = 4nx 10 -7 web. /A-m.

Ny = 6.02x1023

r=0.53x10-1m = 0.53 A

Commonly used geometrical formulae:

Area of a circle = r? Circumference of a circle=2mn r
Surface area of a sphere =4nre
Volume of a sphere = % T r3
Quadratic formula : Ifax2+bx+c=0 then
x=-b*\Vb?2-4ac
2a
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(

o )
Physics and
measuremen ts)

Physics:

Q.No.1: What is physics?

Ans: Physics is a branch of science that deals with the study of matter and energy and the
interaction between them; hence it is that branch of science that seeks to understand and
describe the fundamental principles and laws governing the natural world.

'éPhysics is basically an experimental science, it, therefore, depends upon the
objective observations and accurate measurements of various natural phenomenon.

Main branches of physics:

Physics is divided into many branches, each branch deals with different aspects of
physical world.

e Classical mechanics (Newtonian physics) is based on old but still valid
theories and supported by old experiments. Newtonian physics can be classified as classical
in nature. Classical physics, broadly speaking, is divided into:

(i) Mechanics (ii) Electricity (iii) Magnetism (iv) Electromagnetism (v) Sound (vi) Heat.
(vii) Optics. (viit) Thermodynamics. (ix) Spectroscopy etc.

Electromagnetism is basically a study of interaction between electric and magnetic
fields, interaction of these fields with charged particles and current carrying conductors,
production and propagation of electromagnetic waves etc.

Thermodynamics is basically a study of conversion of heat energy into mechanical
energy (work) and vice versa. It also deals with the study of entropy, behavior of gases at
different temperatures.

Optics is the study of properties of light such as refraction, reflection, interference and
polarization etc.

e Modern physics deals with new ideas supported by
phenomenon some of which could not be explained by classical physics.

Modern physics was developed successfully during the last century by many famous
scientists such as Max. Plank, Einstein, Compton, De Broglie, Bohr, Rutherford etc.

Some of the branches into which modern physics is divided are:

(1) Quantum mechanics (ii) Relativity (iii) Nuclear physics (iv)Solid state physics (v) Electronics
(vi) Plasma physics (vii) Particle physics (viii) Space physics etc.

Quantum mechanics is a branch of modern physics that deals with the behavior of particles
at atomic and subatomic levels, deals with wave-particle duality, quantum superposition etc.

6
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Einstein’s theory of Relativity (special theory and general theory) deals with behavior
of objects at speeds close to speed of light, such as a change in mass of a body, length
contraction, time dilation etc. It also deals with space-time.

Q.No.2:Give some applications of physics in various fields.

e Engineering fields: Physics principles are applied in different branches of
Engineering e.g. electrical engineer applies principles of electricity and magnetism, mechanical
engineer applies laws of motion, momentum, torques etc. while designing a vehicle and so on.

e Energy and power: generation, transmission and utilization of electrical
energy, production and conversion of nuclear energy for peaceful purposes, solar energy,
energy storage in lithium battery etc. could not be achieved without the knowledge and
application of physics.

e Electronics and communication: telecommunication, development of
various electronic devices and information technology depend on the study of semiconductors,
quantum mechanics and electromagnetism.

e Medical applications: Knowledge and applications of various branches of
physics contributed in the development of X-rays, MRI, Ultrasound, laser surgery, radiation
therapy etc.

e Material science: Research and understanding of properties of materials
resulted in the development of new materials for various applications in electronics,
transportation etc.

e Environmental studies: Physics plays a very important role in the study of
climate change. It is used to monitor environmental changes and predict daily weather.

e Education and scientific literacy: Education in physics promotes critical
thinking, problem solving skills and scientific mindset.

Physical quantities:

Q.No.1: What is a base or a fundamental quantity?

Ans: Quantity which cannot be derived from another quantity or cannot be resolved
into any other quantity more fundamental, is called a base or a fundamental quantity.

Q.No.2: What are derived quantities?

Ans: Quantities which can be expressed as some combination of base quantities are
called derived quantities.

e Units are standards of measurement used to express physical quantities.
Units of base quantities are called base or fundamental units and units of derived
quantities are called derived units.
®:Derived units are obtained by multiplication, division or multiplication as well as

division of base units.

Q.No.3: What is a system of units?

Ans: A set of base and derived units is called a system of units.
There are various systems of units such as C.G.S system, British engineering system and S.I
or international system of units. Out of these S.I system is most modern and is widely used
throughout the world in scientific, engineering and technological applications.

Q.No.4: Name S.I base quantities?

Ans: There are seven base quantities in S.| system, they are:
(7) length (ii) mass (iii) time (iv) electric current  (v) thermodynamic temperature
(vi) amount of substance, (vii) luminous intensity,

7
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Q.No.5:Name the S.I units of base or fundamental quantities?
Ans: S.| units of base quantities are:

Quantity S.I Unit
1. | Length. meter m
2. | Mass. Kilogram kg.
3. | Time. second S
4. | Electric current. ampere A
5. | Thermodynamic temperature. | Kelvin Kk
6. | Amount of substance. mole mol.
7. | Luminous intensity. candela cd

Supplementary units
Supplementary units are units of quantities that are not covered by Sl system of units.
Supplementary units are dimensionless units and are used along with base unit in S| system.

’éSupplementary quantities are geometrical quantities related with angle at the
center of a circle or of a sphere.

Physical Quantity Supplementary | Symbol
Unit
Plane angle (angle at the center of a circle) | Radian Rad
Solid angle (angle at the center of a sphere) | Steradian Sr

Q.No.6: Define plane angle and its S.I unit.

Ans: It is the angle subtended at the center of a circle by an arc.

Angle subtended at the center of a circle by an arc is said to be | radian if length of the arc
is equal to radius of the circle. 1 rad = 57.3°.

Q.No.7: Define solid angle and its S.I unit.

Ans: |t is the angle subtended at the center of a sphere by a certain area of its surface.

Angle subtended at the center of a sphere by the area of its surface is said to be
| Steradian if the area of the surface is equal to square of radius of the sphere.

Q.No.6: Name some derived quantities and give their S.I. units.

Ans: Some of the derived quantities and their S.I units are:

Quantity. S.I unit
1. | Area square meter m?
2. | Volume cubic meter m3
3. | Speed or velocity. meter per second m/s
4. | Acceleration. meter per second square m/s?
5. | Force. kilogram-meter per second? or newton N
6. | Torque or moment of force. | newton-meter N-m
7. | Momentum. kilogram-meter per second kg. m/s or N-s
8. | Work, energy Joule. J
9. | Power Joule/sec. or watt watt

'éNote that: While specifying units they should be written in lowercase (small) letters
and in singular form except when magnitude of the quantity is greater than 1. Symbol of a unit
of a quantity derived from name of a scientist must be written in capital letter (such as Newton
N as a unit of force, Kelvin K as a unit of absolute or thermodynamic temperature and so on.)
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Q.No.7: What is light year?
Ans: ltis the unit of distance.
Long distances such as distance between stars, galaxies etc. are measured in light year.
One light year is the distance travelled by light in vacuum in one year.
Since S=vt .. 1lightyear (S)=3x10% m/s x (365 x 24 x 60 x 60 s)

1 light year = 9.47x10" m

Our beautiful little galaxy, called Milky way galaxy, is spiral shaped. Sun is a star of
intermediate size and luminosity. Sun along with the whole solar system (including our
beautiful littte EARTH) revolves in Milky way at some distance from its center.

There are more than about two billion stars in our galaxy. Some larger and some
smaller than the sun. There is a large number of galaxies in our universe.

Galaxy nearest to our galaxy is called ANDROMEDA, is at about 2 million light years
away. (It means that light coming from Andromeda galaxy will take about 2 million years to

Q.No.8: What is angstrom unit A?

Ans: It is the unit of length (distance).

It is used when we come across short lengths. Wave length of light is very short, therefore,
it is usually measured in angstrom unit.

1A=10-""m
Q.No.9: What is electron volt (ev)?

Ans: Electron volt (ev.) is the unit of enerqgy.
It is a small unit of energy. Energy in various nuclear reactions is measured in electron volt.

1ev.=1.6021x10-"°J | (Multiples: Mev. and Bev.)

Dimensions:

Q.No.1: What are dimensions of a physical quantity?

Ans: Dimensions of a physical quantity represent the physical nature of the quantity.
Dimensions of a physical quantity is some combination of dimensions of base quantities raised
to some suitable power.

Q.No.2: What are dimensions of base quantities?

Ans: Dimensions of base quantities are “[L]” (for distance), “[M]” (for mass) “[T]” (for time),
[A] for electrical current and [K] for thermodynamic temperature. Dimensions of all other
quantities are derived from the dimensions of base quantities.

On the basis of their dimensions, physical quantities are classified as:

Dimensional quantities:

Quantities having dimensions are called dimensional quantities e.g. velocity,
acceleration, force, momentum etc. are dimensional quantities.

Dimensionless quantities:

Quantities having no dimension are called dimensionless quantities e.g. strain, angle
etc. are dimensionless quantities.

Dimensional constants:

Quantities having a constant value and at the same time having a dimension are called
dimensional constants e.g. Universal gravitational constant “G”, Plank’s constant “h”, speed of light in
vacuum “c”, permittivity of free space “¢,”, permeability of free space “u,” etc. are dimensional constant.

9
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Dimensionless constants: Quantities having a constant value but do not have any
dimension are called dimensionless constants, they are merely numbers e.g. 2, 3, «, \5, (7)? etc.
Use of dimensional analysis: Dimensional analysis can be used for the following
purposes:
1. For checking a result:
Any equation can be verified for correctness by finding out the dimensions of different terms.
2. Derivation of a result:
Various quantities can be derived with the help of dimensional analysis.
3. For changing units:
Units can be changed from one system to another.
Limitations of dimensional analysis:
Some of the limitations of dimensional analysis are:
1. It doesn’t give information about dimensional constant.
2. Relations involving trigopnometric, exponential and logarithmic functions cannot be derived.
3. It does not provide any information about whether the quantity is scalar or a vector.

Dimensions of various physical quantities:
Find the dimensions of following quantities:

1. Area 11. Torque

2. Volume 12. Frequency “v”

3. Density 13. Wave length “A”

4. Speed or velocity 14.Universal gravitational constant “G”
5. Acceleration 15. Plank’s constant “h”

6. Force 16. Angular velocity “o”

7. Momentum 17. Angular acceleration “o”.
8.Work or energy (K.E, P.E or 18. Angular momentum “L”.
any form) 19. Electric charge “q”.

9. Power

10. Pressure

10
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1-Area:

Area = length x breadth
(Dimensions of area = dimensions of
length x dimensions of breadth)

= [L] x [L] = [L?].

Dimensions of area are [L?].
2-Volume:
Volume = length x breadth x height

= [L] x [L]x [L] = [L].
Dimensions of volume are [L3].

3- Density:
Density =_mass = [M] =[ML™3].
Volume  [L3]
Dimensions of density are [ML™3]
4- Speed or velocity:
Speed = distance covered= [L] =[LT-"]
Time taken [T]
Dimensions of speed or velocity are [LT™"]

5- Acceleration:
Acceleration =_change in velocity (Av)
Time taken (1)
[LT =[LT-"]x[T"] = [LT2].
[T]
Dimensions of acceleration are [LT2].
6- Force (any type):

Force = mass x acceleration
[M]x[LT-23] = [MLT-2].
Dimensions of force are [MLT—?]

7- Momentum:
Momentum = mass x velocity
= [M]x[LT="] = [MLT-"].
Dimensions of momentum are [MLT-"].
8- Work or energy (K.E, P.E any form)
Work = Force x distance covered
in the direction of force.
= [MLT-2] x [L] = [ML2T-2].
Dimensions of work or energy are [ML2T~2]
. KE-= % m V2.
“1” is a dimensionless constant, hence the
dimensions of K.E will be:
= [M] x[(LT-")?] = [ML?T2]
Dimensions of K.E are [ML?T-?].

« PE=mgh.
Hence the dimensions of P.E will be:
[M]x[LT2]x[L] = [ML2T-?]
Dimensions of P.E are [ML2T—2]
This shows that dimensions of all forms of
energy will be [ML2T-2].
9- Power:
Power is rate of doing work or rate at which energy
is converted from one form to another form.
Power =Work done or energy converted
time
Dimensions of work or energy= [ML2T-?]
Dimensions of power = [ML?T—2]
T
Dimensions of power=[M L2T‘2]x[T‘1]=[M[L2%"3]
e Dimensions of power are [M L2 T-3].
10- Pressure:
Pressure = Force
Area
Dimensions of pressure=[MLT—2]
[L?]
= [MLT-2] x[L?]= [ML™'T-?]
eDimensions of pressure are [ML='T—?]
11- Torque:
Torque = Force x moment arm.
Dimension of torque=[MLT-2]x[L]=[ML?T-?]
e Dimensions of torque are [ML?T—2].
12- Frequency:
Frequency = Number of vibrations
Time
Dimensions of frequency =

Dimensionless
Dimension of time
Dimensions of frequency = dimensionless

[T]
Dimensions of frequency = 1 = [T-"]
[T]
e Dimensions of frequency are [T-"]
13- Wave length “A”.
Wave length= distance between two
consecutive crests or troughs.
e Dimensions of wave length are [T]
14- Universal gravitational constant “G”:
According to law of gravitation:
F =G mimg G=_Fr?
r2 mimg2

11
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*. Dimensions of G = [MLT?]x[L?]
[M][M]
.. Dimensions of G= [MLT2]x[L?]x[M~2]
eDimensions of Universal gravitational constant
“G” are [M~'L3T-2].
15- Plank’s constant “h”:
According to quantum theory energy of each

photonis: E=hv h=E
A%
.". Dimensions of h = [ML2T]
[T

= [ML2T-2] x [T]
Dimensions of plank’s constant are [ML2T-"]
16- Angular velocity “o”:
w=0
t
“0”is a dimensionless quantity, hence
e Dimensions of w are =1 = [T].
[T]
17- Angular acceleration:
Angular acceleration o = Ao
At

Dimensional analysis:

Dimensions of acceleration =[T-"
[T]
= [T x [T]=[T72].
e Dimensions of angular acceleration are [T2].
18- Angular momentum “L”:
Angular momentum =m v r Sin 0
SinO is a dimensionless quantity, hence
Dimensions of angular momentum
=[M]x[LT-"]x[L]= [ML2T-"]
¢ Dimensions of angular momentum are
[ML2T-].
19- Electric charge “q”
Electric current is the rate of flow of electric
charge through a cross section of a conductor:
Electric current = Electric charge / time
Electric charge = Electric current x time
Dimensions of charge is [A] and of time is [T]
Dimensions of electric charge = [A]x[T]
Dimensions of electric charge = [AT]

Basic rule for dimensional analysis:

While verifying the dimension vise correctness of an equation, the basic rule to be
followed is that if an equation contains a number of terms which are to be added and/or
subtracted, all terms must have the same dimensions.

Prove that the following relations are dimensionally correct:

rectilinear motion. (Equations of motion)

Total time of flight of a projectile (or total time taken by a projectile to move from point of

or h= Vo? Sin? 6/ 2g

1. vr=vitat. Equations of uniformly accelerated
2. S=vit+3at
3. 2aS=vf2-v;2
4. E=mc? 5.E=hv.
6.

projection to target) is given by: t= 2VoSin6/g
7. Maximum height reached by a projectile: h=$% Vo2 Sin%0/ g
8. R=Vo?Sin 26 Horizontal range of a projectile.

g

9. VA=V
10. Time period of a simple pendulum executing S.H.M (or when amplitude of vibrations is

small). T=2n/L

Vg

11.Frequency “f” with which a string must vibrate so that one loop is produced is given by:

12
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w’is linear density of the string, “L” length of one loop and “T” is tension in the string.

12. Centripetal acceleration ac: ac = v?
r
13. Centripetal acceleration ac: ac =r m?
14.Centripetal acceleration ac: ac=4nr
T2
15. Centripetal force Fe: Fe= m V2

r
16.Fringe spacing (Young'’s double slit experiment) Ax= A L/D

13
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Solution:

In order to prove that a physical relation is
dimensionally correct we will have to show that
both sides of an equation must have the same
dimensions.

1. vp=v;+at
Substituting the dimensions of each quantity
we get: [LT-']=[LT-"] + [LT23] x[T]
[LT-"] = [LT-"] + [LT"]
[LT-"] = [LT"
Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

2. S=v;t+ 3 at?
“1” is a dimensionless quantity:

[L]‘[LT‘1]><[ 1+ [LT2]x[T?]
[L]1=[LT]+[LT®] But ([T°]=1)
Hence [L] = [L] +[L] [L]=[L]

Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

3. 2aS=vA-
“2” is a dimensionless quantity,
[LT2] x[L] = [(LT")?] + [(LT)?]
[LZT—Z] = [LZT—Z] + [LZT—Z]
[L2T-2] = [L2T-2]
Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

4. E=mc?
(Einstein’s equatlon “E” is energy, “c” is speed of
light and “m” is mass converted into or produced
from energy). Substituting the dimensions of each
quantity we get: [ML2T-?] = [M] [(LT-")?]
. [ LZT—Z] - [ LZT—Z]
Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.
5. E=hv.
According to quantum theory energy of each
quantum (or photon) is given by this equation.
[ML2T-2] = [ML2T-"] x[T-"]
[ML2T-2] = [ML2T-2]
Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.
6. Total time of flight of a projectile is
given by: t=2Vo,Sin0
g
“2 and Sin 6” are dimensionless quantities,

[T]=[LT7]
[LT-2]
[T] = [LT-"] x L-'T?
[T]=[L°T] [T1=1[T]

Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

7. Maximum height reached by a
projectile:

h=% Vo28in20 OR h=Vo?Sin20

g 2g
“1 and Sin 0” are dimensionless quantities,
[L]= M)_] OR [L]=[L2T?] x [L7'T?]
[LT-2]
[L]=[LTO] [L]=[L]

Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

8. R=VJ2Sin 20

g
“Sin 20” is a dimensionless quantity,

L) =LLTP1 OR  [L] =[(LT-'}2)x [LT?]
[LT2]
[L] = [LT2] x LT
[L] = [LT] [L] = [L]

Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

9. VvA=v
we get: [T-1] x [L] = [LT-"]
[LT-T] = [LT-]

Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

10. Time period of a simple pendulum:

T=2xn /L  “2n"is adimensionless quantity:
9
[T]=(_[L1 % or [T]=([LIx[L-"T2)
{[LT‘z]
TI=(T?)? -~ [T]1=[T]

Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

M. forv)=_1_ [T
2L 7
This formula gives us the “fundamental frequency”
(or frequency with which a string vibrates when
one stationary wave is formed). “T” is tension in
the string, “L” length of one loop and “n” is the

14
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linear density (or mass per unit length) of the
string. “2” is a dimensionless quantity:

[T-'1=1_ {[MLT-Z]

[L]
[T-"] = [L7"] (IMLT2] x [M-"] x [L])?
[T"]= L 1] ([M° LZT-Z])‘ (MO =1)
[T = [L7"] ([L2T2])F = [L"] x L T
[T-"] = [L°] x [T~"] [LO]=1
[T-"]=[T]

Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

12. Centripetal acceleration ac:
ac = V2

[LT2] = T‘1|) OR [LT-2] = [L?T2] x [L™"]

[L]
[LT2] = [LT]
Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

13.Centripetal acceleration ac: ac = r ®?
[LT-2] = [LI([TI")? [LT-%]= [LT]
Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.
14. Centripetal acceleration ac

ac=4rn’r
T2
“4n?” is a dimensionless quantity:
[LT2]=]L]
[T2]
[LT2] = [LxT?] .. [LT2]=[LT]

Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

15. Centripetal force Fe:
Fc m v?

r
[MLT-?] = [M] [(LT-")]
[L]
[MLT-2] = [ML2T-?] x[L™]
[MLT2] = [MLT-?]
Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

16.Fringe spacing (Young’s double slit
experiment)
Ax= AL
d

Fringe spacing “Ax” is the distance
between two adjacent bright or dark fringes (its
dimension will be L). Hence:

[L]=[L][L] OR [L]=[L?] x[L"]
[L]
[L]=[L]

Both sides of the equation have same dimensions,
therefore, the given equation is dimensionally correct.

15
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Uncertainty:

Uncertainty is the degree of doubt in the measurement or an estimate.
There is always a certain degree of uncertainty in measurement which may be caused by the
equipment used or techniques employed. Uncertainty is the difference between actual value
and the standard value.

Uncertainty in a measurement from a single instrument is half the least count of the
instrument used.
Fractional and percentage uncertainties:

Fractional uncertainty in a measurement is given by:

Fractional uncertainty = Uncertainty in the measurement
Value of the measurement

Whereas percentage uncertainty is actually the fractional uncertainty which is expressed in
percentage,

Percentage uncertainty = Uncertainty in the measurement 1 100%
Value of the measurement

Errors:

Error in a measurement is the difference (discrepancy) between measured and true (or
actual) value.
Systemic errors:

Errors that have a clear cause and can be eliminated are known as systemic errors.

Types of systematic errors:
Instrumental errors, Environmental errors, Observational errors and

Theoretical errors are four different types of systematic errors.

« Instrumental error is caused by improper or defective instrument.

+» Environmental error is caused by the surrounding environment.

% Observational error is caused by observer taking inaccurate measurements.

*+ Theoretical error is caused by wrong theoretical assumptions.
Random errors: Errors that occur randomly and apparently may not have any cause. These errors
are difficult to identify and therefore, are difficult to fix.

Graph:

Graph shows relationship between various quantities that is easy to understand and remember.
Q.No. 1: What is meant by proportional quantities?
Ans: If changes in one quantity depend upon the changes in some other quantity then they
are called proportional quantities.
€< The exact mathematical relation between these quantities may be different. One of the
quantities is called independent variable, \Whereas the other quantity is called dependent
variable.
Independent variable is that which we change or changes by itself. The independent
variable is sometimes also called an input variable.
Dependent variable is that which changes because of changes in the independent
variable. Sometimes it is also called an output variable.
Different types of graphs can be used to represent the relationship between dependent
and independent variables. Choice of graph depends upon the type of data and nature of
relationship between the variables.
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Q.No. 2: What is meant by directly proportional quantities?

Ans: If on changing one physical quantity the other one also changes in the same
way and in the same proportion i.e. by increasing one quantity (independent variable)
the other quantity (dependent variable) also increases or vice versa. (In other words, if
one quantity is doubled the other also doubles or if one quantity is halved the other also
reduces to half.) then the quantities are said to be directly proportional to each other.

®:<Graph between directly proportional quantities is a straight line.

Q.No. 3: What is meant by inversely proportional quantities?

Ans: If on changing one physical quantity the other one changes in the opposite way
in the same proportion i.e. by increasing one quantity the other quantity decreases or
vice versa. In other words, if one quantity is doubled (increased two times) the other one
decreases by two times (means it becomes half) and so on, then the quantities are said to be
inversely proportional to each other.

Significant figures:

Significant figures in a measurement are defined as the figures in a number which can be
realized (i.e. number of digits which can actually be measured accurately with a given
instrument.).

Greater the number of significant figures in a measurement greater is the accuracy and
smaller is the percentage error in that measurement.

The limit of accuracy in a measurement is equal to the least count of the measuring
instrument used.

Q.No. 1: Give general rules to find the significant figures in a given number.

Ans: Rules which are generally followed to find significant figure are:

1. All non-zero digits are significant.

2. Zeroes lying between non-zero digits are significant.

3. Zeros to the right of decimal point and to the right of a non-zero digit are
significant.

4. Zeros to the left of first non-zero digit in a number are not significant.

5. Zeros at the end of a number after the decimal point but the last non-zero
digit are significant.

6. When two or more numbers are used in a calculation, the number of
significant figures in the answer will be equal to the smallest number of
significant figures in any one of the original factors.

17
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: The respective number of significant
figures for the numbers 23.023, 0.0003, and
2.1x1073 are:

(@5,1,2 (b)5,1,5 (c)5,4,2 (d)4,4,2
Q.No.2: Which among the following is the
supplementary quantity:

(a) Mass (b) Time (c) Solid angle (d) Luminosity
Q.No.3: The unit of solid angle is:
(a) Second (b) Steradian (c) Kilogram (d) Candela
Q.No.4: The quantity having the same unit in all
systems of unit is:
(a) Mass (b) Time (c)Length (d) Temperature
Q.No.5: Random errors can be eliminated by:
(a) Number of observations and their mean.
(b)Measuring the quantity with more than one instrument
(c) Eliminating the cause (d) careful observations
Q.No.6: Systemic error can be:
(a) Either positive or negative  (b) Positive only
(c) Negative only (d) Zero error
Q.No.7: [MLT?] is the dimensional formula of:
(a) Strain (b) Displacement. (c) Force (d) Pressure
Q.No.8: Which of the following pair has the same
dimension?

(a) Moment of inertia and Torque

(b) Impulse and Momentum

(c) Surface tension and Force

(d) Specific heat and Latent heat
Q.No.9: Dependent variable is:

(a) Cause (b) Cause and effect

(c) Effect (d) Reason
Q.No.10: The dimension of force is:

(2013 Karachi Board)

o [MLT] o[MLT™"] o[MLT?] o[MLT™?]
Q.No.11: The dimensions of torque are:
o [ML2T]. o [ML?T2]. [ML?T?]. e [MLT™].

(2014, 2008 Karachi board)
Q.No.12: The dimension of “°G” is:
(2016,2015,2011,2003 Karachi board)
o [ML=2T3] o [M~'L2T3] o [M~'L3T2] o [M~'L2T?]
Q.No. 13: The unit of luminous intensity is:
(2018,2014,2007 Karachi board)
e Decibel. e Candela. e Diopter. e W/m2.
Q.No. 14: The dimensions of angular velocity are:
(2018, 2002 Karachi Board)

o [MLOT-"] o [MLOT-2] o [MOLOT-'] o [MOLOT9]

Q.No. 15: The dimensions of physical quantity

“force” are: (2019 Hyderabad Board)
(@) MOL'T! (b) MTL'T
(c) MOL'T-" (d) M'L'T2

Q.No. 16: The quantity having the same unit in
different systems of unit is:

(2025 Karachi Board)
e Length e Temperature

e Mass e Time
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Answers:

-

(1) (c)5,4,2

(2) Solid angle.

(3) Steradian.

(4) Time.

(5) Number of observations and their mean
(6) Either positive or negative.

(7) Force.

(8) Impulse and Momentum.

(9) Effect.

@)
)
>
aQ
)
o
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Numericals:
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Q.No.1: What is the percent uncertainty in
the measurement 3.67+ 0.25 m?
Solution:
Value of measurement = 3.67 m
Uncertainty in measurement = £0.25 m

% uncertainty = Uncertainty in measurement x
100%

Value of measurement
% uncertainty = 0.25 x 100%
3.67
% uncertainty = 6.81 %
'éPercentage uncertainty is 6.81 %
0Q.No.2: What is the area and its approximate

uncertainty of a circle with radius 3.7x10%m.

Solution: r = 3.7x10%cm. A=?
A= mr2 = 22/7 x (3.7x10%? = 4.3x10°
cm?.
€ Area of the given circle is 4.3x10°
cm?

Q.No.3: An aero plane travels at 850 km/h.

How long does it take to travel 1.00
km?
Data:

Speed of aero plane v = 850 km/h.

Distanced =1.00km. Timet=7?
Solution:
v=d
sec

t v 850

®:Aero plane will take 4.23 sec. to travel 1.00
km.
Q.No.4: A rectangular holding tank 25 m in
length and 15.0 m in width is used to store
water for a short period of time in an
industrial plant. If 2980 m® water is pumped
into the tank. What is the depth of water?
Data:

t=_d =1.00 =0.00118 h=4.23

L=25m W=15.0m D=7
Volume V = 2980 m3.
Solution:

Since volume of the tank = volume of water
stored

-V = length(L) width(W) depth(D) ..
w

D=V/L

D= 2980 =7.95m.
25 x15

€< Depth D of the tank is 7.95 m.
Q.No.5: Find the volume of a rectangular
underground water tank which has storage
facility of 1.9 m by 1.2 m by 0.8 m?
Data:

L=1.9m.
Solution:

W=12m. D=08m.

V=LWD

V=19x12x0.8=1.824 m®.

€< \/olume of the tank is 1.824 m>.
Q.No.6: Two students derive the following
equations in which “x” refers to the distance
traveled, “v” the speed, “a” the acceleration
and “t” time and the subscript “o0” means a
quantity at time t = 0.

(a) x = v t? + 2at and

(b) x = v, t + 2at?

Which of these could possibly be
correct according to dimensional analysis.
Solution:

Dimensionally an equation will be correct
if dimensions on both sides of equation are
same.

Hence substituting dimensions of various
quantities on both sides of given equations we
get:

(a) x=vt*+2at
dimensionless)

[L]=[LT"]x [T?] + [LT-2]x[T]
[L]=[LT']+[LT]
€ Since dimensions of both sides of this
equation are not the same therefore, this
equation is dimensionally incorrect.

(b) x=vot+2at? (2is
dimensionless)

[L]=[LT"] x [T]+[LT?]x[T?]
[L] = [LT°] + [LTO] (T°=1)
[L]=[L]+[L]

[L]=[L]

€ Since both sides of above equation
has same dimensions hence this equation is
dimensionally correct.

Q.No.7: One hectare is defined as 10* m2.

One acre is 4x10* ft2. How many acres are in
one hectare? (1 m = 3.28 ft)

(2is

Data:
1 hectare = 10*m? 1 acre = 4x10* ft2.
1 m=3.28 ft. No. of acres in 1
hectare=?
Solution:

Since 1m=3.28ft. .. 1m?=(3.28)?= 10.7584
ft2
1 hectare = 10* m? =10.7584 x10* ft?
No. of acres in 1 hectare = 10.7584 x10* = 2.69
4x104
®<Hence there are 2.69 acres in 1
hectare.
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Q.No.8: A watch factory claims that its
watches gain or lose not more than 10
seconds in a year. How accurate is this
watch, express in percentage.

Solution:

Uncertainty = = 10 sec. per year.
No. of seconds in one year = 365 x 24 x 60 x 60

= 31,536,000
seconds.

% uncertainty = 10
31,536,000
®% uncertainty = 0.0000 317 % OR 3.17x 1075
%
Q.No.9: Diameter of the moon is 3480 km.
What is volume of the moon? How many
moons would be needed to create a volume
equal to that of the earth?

(Radius of earth = 6380 km)
Data:

Diameter of moon D = 3480 km

Radius of moon Rp =3480/2 = 1740

x 100%

km.
Volume of moon V =?
Radius of the earth Re = 6380 km.
No. of moons equal to volume of the earth =?
Solution:
Volume of moon Vm = 4/3 x © Rm®
Vi = 4/3 x 22/7 x (1740)% = 2.2075 x10"° km?
Volume of earth Ve = 4/3 x 1 Re2
Vi = 4/3 x 22/7 x (6380)° = 1.08824 x10'?
km3
No. of moons required to have volume equal to
the volume of earth = 1.08824 x10'? = 49.296
2.2075 x101°
€:49.296 moons will be required to have
volume equal to the volume of the earth.
Q.No. 10: Show that the following formulae
are dimensionally correct:
(@QV=fr (b) T=27x _m
k
(2016, 2013 Karachi Board)
Solution:
(@ V=fi
Dimensions of “V”, “f” and “A”are [LT-'],[T"]
and [L] respectively. .. [LT™']=[T"] x [L]
[LT-"] = [LT]
Both sides of the equation have same dimensions,
hence, the given equation is dimensionally correct.
(b) T=2n/_m
k
“k” represents the force constant or spring
constant; it is given by:

k=F
X
Dimensions of k =

(Hook’s law)

IMLT]

[L]
. Dimensions of k = [MLT-?]x[L~"]= [ML°T?]
“2n” is a dimensionless quantity,

[T] ([L°] = 1)
{[MLOT‘2

[T] = (IM] x [M-"T2])?

[T] = (M°T 2)} ([M°] = 1)

[T]=[T]
'GSince both sides of the equation have the
same dimensions, therefore, the given formula is
dimensionally correct.
Q.No.11; Show that the equation
f=_1 | Ex1 is dimensionally correct and
21V m
find the dimensions of kinetic energy.
(2017 Karachi
Board)

Solution:
“2” is a dimensionless quantlty, hence

[T]=1 [[MLT2)[L] ¢
Ll
[T-] =[L7"] ([ML?T-?] x [M~
[T-"]= [L"] ([MOL2T2])?
[T-'] = [L"] ([L2T-2))%
[T] =[] = [L'T7]
[T-"] = [L°T]
[T-]=[T"]
'GSince both sides of the equation have the

same dimensions, therefore, the given equation
is dimensionally correct.

Dimensions of K.E = $ m V2.
“1” is a dimensionless constant, hence the
dlmenS|ons of K.E will be:
= [M] x ([LT-])? = [ML?T2]
<Dimensions of K.E are [ML2T—2].
Q.No.12: Prove that the equation
T=2nx /L is dimensionally correct.

g (2025 Karachi Board)
Solution:
Time period of a simple pendulum:

T=2n/£
d

“2n” is a dimensionless quantity:

1])%
([M°] =1)

(L0 =1)
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" {[LT‘2]

or  [T]= (1L x [L-1T2]>=

or [T] = [L]2 x [L71T?] £

or [TI=[LEx[L]#x[TY*
[T1=[T2F .  [T1=[T]

'é Both sides of the equation have same
dimensions, therefore, the given equation is
dimensionally correct.

Q.No. 13: Prove that the following equation is
dimensionally correct. (2025 Karachi
Board)

F=_mv?
r
This is the formula for centripetal force.
Dimensions of any force = [MLT-?]
Substituting the dimensions of F, m, vand rin
the given equation we will get:

[MLT-2] = [M] [LT-"7?
[L]
[MLT-2] = [M] [L? T-2]x [L™]
[MLT-2] = [MLT-?]
'GSince both sides of the equation

have the same dimensions, therefore, the
given equation is dimensionally correct.
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(Do you know that.......... \
Speed of light in vacuum is about 3 x10% m/s.
It means thatit travels 3 x10® m (300,000,000 meters or
300,000 kilometers) in one second.
Distance traveled by light in one second = 3 x10® m
Distance traveled by light in one minute = 3 x10% x 60 m
Distance traveled by light in one hour = 3 x108 x 60x 60 m
Distance traveled by light in one day (24 h)= 3 x108x60x60x24 m
Distance traveled in one year (365 days)=3x108x60x60x24x365 m
Distance traveled in one year (365 days)= 9.46x10" m
+ This distance traveled by light in one year is called

“Light year”.
< Hence: 1 light year = 9.46x10"° m.

\_ J

Physicsis the most logical, interesting and

easy subject if you Understandi, i you don’t
then it becomes a difficult and boring subject.

Try to Understand it you will never regret.
This book is for those who want to study

and Understand good quality physics.
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ERRinematics

Scalars:

Q.No.1: What are scalars? Give some examples of scalars.

Ans: Scalars are physical quantities which do not have direction.

Examples: Distance, speed, work, power, energy, time, temperature, electric charge,
electric and magnetic flux, potential difference, density, volume, area, frequency, wave length,
specific heat, etc.

Two or more scalars can be added, subtracted or multiplied like ordinary numbers.

Vectors:

Q.No.2: What are vectors? Give some examples of vectors?

Ans: Vectors are those physical quantities which have magnitude as
well as direction and obey vector algebra.

e Hence vectors cannot be described completely without mentioning their direction.

Examples: Velocity, displacement, acceleration, force, momentum, torque, angular
displacement, angular Velocity, angular acceleration, angular momentum etc.

Q.No.3: How are vectors denoted?

Ans: Vectors are denoted by bold faced letters such as A, B, C etc., In hand written

————
material it is a convention to put an arrow above the alphabet such as A, B, C etc.
Q.No.4: How is the magmtude of vector denoted9

Ans_T)he magnitude of a vector F is d_e)noted by | F | itis read as modulus of F” or simply

“mod. F”. It gives the absolute value of F. The magnitude of a vector F is also denoted by F
(without an arrow over the alphabet).
Representation of a vector: (Graphical representation)

Q.No.5: How is a vector represented graphically?

Ans: Graphically a vector is represented by a directed line segment. The length of this
straight line corresponds to the magnitude of the vector according to a suitable scale and it
points in the direction of the vector.

Addition of vectors:

Q.No. 1: How are vectors added?

Ans: Because of their direction, vectors cannot be added as ordinary numbers. While
adding two or more vectors their direction has to be considered. Hence vectors can be added
by head — tail rule (Geometrical method) or by trigonometric method (Rectangular component
method).
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Q.No.2: What is resultant vector?

Ans: Resultant of two or more vectors is a single vector whose magnitude and
direction are such that it produces the same effect as the combined effect of given vectors.
Geometrical method (head to rule):

Q.No.3: Describe head to tail rule method of vector addition?

Ans: In head to tail rule of vector addition, tail of second vector is joined with the head of
first vector, tail of third is joined with head of second vector and so on, in this manner all the
vectors to be added are joined to-gather. Their sum vector or their resultant vector is obtained
by joining the head of last vector with the tail of first vector by a straight line. Length of this
straight line corresponds to the magnitude of resultant an arrow is put at the end of this line
joined with the head of last vector it shows its direction.

—_— = —>>
Hence: A+B=R
Properties of vector addition: 43‘0\
Addition of vectors obeys: ->

(1) Commutative law. B
(2) Associative law.

Commutative law of vector addition: A
—_— — — —> .
Q.No.1: Show that A + B =B + A. Head to tail rule

OR

Prove commutative law for vector addition?
—_—— > —>

Ans: Toprovethat A+ B=B +A. OR  To prove commutative law for vector addition,
both sides of the above equation must give the same resultant.

To f|nd A + B according to head to tail rule, head ofA is joined with the tail of B but to find

—>

B + A we will join the head of B with the tail of?We can see from the following diagram

that in both the cases same diagonal oit)he parallelogram is obtained as their resultant.
A

/

B ﬁ —>
>> [
A+B

—
A

R+B=B+A Proved.
Hence vectors can be added in any order. In other words, we can say that vector
addition obeys commutative law.
Associative law: _ _

-» —_— = >
Q.No.2: Showthat(A+B) C=A+(B+C)
—_——> —)—)

Ans: To prove that (A + B) +C=A+( Cz OR To prove associative law for vector
addition, first of all we will add vectors “A” and “B” their resultant “ac” will then be added to “C”,
—> —>—> —>
their resultant “ad” will be obtained i.e. (A+B) +C
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—_ =
A+ (B+C)

a —_— >
A+B)+C
Similarly for getting R.H.S, wg)add vector “B” and “C” first and their resultait)represented by
“bd” is then added to vector “A” we will get their resultant represented by “ad”.

This will give us the R.H.S of the above equation i.e. A + (B + C).

Since the same resultant “ad” is obtained, therefore, addition of vectors obeys associative
law. It means that vectors can be added making any group.

—> > > — >

Hence: (A+B)+C=A+(B+C). Proved.

e Vectors can be added in any grouping.

Q.No.3: What is the resultant of vectors having the same direction?

Ans: If two or more vectors to be added are in the same direction then the magnitude of
their resultant will be equal to the sum of magnitudes of the individual vectors, whereas it's
direction is same as the direction of original vectors.

Q.No.4: What is the resultant of two opposite vectors?

Ans: Magnitude of resultant of two opposite vectors will be equal to the difference of
magnitudes of individual vectors, whereas the direction of resultant is same as the direction of
the larger vector.

e The resultant of two vectors equal in magnitude but opposite in direction is a null
vector (vector whose magnitude is zero).
Q.No.5: What is the resultant of a vector and its negative vector?

Ans: Resultant of a vector and its negative is a null vector.

In other words, resultant of two vectors equal in magnitude but opposite in direction is
always a null vector.

Magnitude of resultant vector: (Law of Cosine)
— —> —> — —> > _
If A +B =R, where R is the resultan{ of A and B, and If “0” is the angle between them, then

the magnitude of the resultant vector “R” or magnitude of sum of two vectors A and B can be
determined by Law of Cosine, according to which:

R2=A2+B2+2 AB Cos 6
R=VvA2+B2+2ABCos 9

|A+B|=vAZ+B2+2AB Cos 0

—
€ Note that ‘0’ is the angle between Aand B when their tails are at_tge sarpe point.
€:Above equations give us the mag%udegi resultant of two vectors A and B or they

give us the magnitude of sum of two vectors A and B.

27



Rawala’s new physics notes XI

Multiplication of a vector by a positive number:

— —>
When a vector “A” is multiplied by a positive number “m” a new vector “B” js obtained,
whose magnitude is equal to “m” times the magnitude of the original vector “A” it’s direction
remains unchanged.

zﬂ»/

In the above figuresm=3%,1,2,3, .......

BmA

Multiplication of a vector by a negative number:

—>

_» When a vector “A” is multiplied by a negative number “— m” the magnitude of new vector
—>

“B” thus obtained is equal to “m’ tlmes the magnitude of the orlglnal vector “A” but because of

the negative sign the direction of B is opposﬂe to the direction of ¢ A

=—mA
In the above figuresm=—-%, -1, -2, =3, .......

« Henceifa negatlve sign is placed before a vector it's direction reverses, it's
direction changes by an angle of 180 °. s s

€ Note that in the above muItipIi_c)ations vectors A and B are ofige same type, having the
same unit. For example, if a force ‘F” is mumﬁlied by “2” we get “2 F” which ii)also a force
whose magnitude is twice the magnitude of “F” its unit is same as the unit of F.

Division of a vector by a number:
Q.No. 1: Describe division of a vector by a number.

—>
Ans: Division a vector “A” by a non-zero number “n”

by “m” where “m” is the reciprocal of “n” (m = 1/n).
—> —>
_A=mA
— n
The direction of vector “mA” depends upon the sign of “m

Unit vectors:
Q.No.1: What is a unit vector?
Ans: A Unit vector is that whose magnitude is “1” (one).

e A unit vector is used to specify direction.
e Unit vectors are represented by small alphabets with a cap “*” on it.

—>
is equivalent to the multiplication of “A”
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Q.No.2: How is a unit vector calculated?
N

—
Ans: Unit vector “a@” parallel to a given vector A can be calculated by dividing the given

vector “A” by its magnitude A. Hence

Unit vector = vector
Magnitude of the vector

In other words, any vector “A” can be split into two parts, one part A represents it’s
A
magnitude and the other part “a”
—
A =Aa AN >
Q.No.3: What are rectangular unit vectors or i, j and k?
Ans: In order to represent the three-dimensional coordinate system three mutually

perpendicular vectors are used. These three mutually perpendicular vectors, called
A A A A

represents it’s direction.
A

rectangular unit vectors are i, jand k. It means that their magnitude is “1” but i is along

A A
+x -axis, j is along +y-axis and k is along +z-axis. Hence they are used to represent x, y and
Z-axes. Y a A
To represent —x, — y and —z -axes, — i, —j and —k are used.
ty
-z
A
j A A A
o —i A-k
A ) +x - X ( N
N7 =J
tz
-y

Q.No.4: What is a free vector?

Ans: A free vector is that vector which can be moved parallel to itself without changing its
magnitude and/or direction and applied at any point.

Q.No.5: What is a position vector?

Ans: A position vector is that vector which is used to give position of a point or anything
with respect to a fixed point, such as the origin of a coordinate system (It means that it tells
you how far and in what direction is a point from the origin of a coordinate system).
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®:Position vector is usually represented by r. Components of a position vector are

called its coordinates. In terms of its coordinates a position vector is given by:
A A A

T xi+ yj+tzk
In terms of magnitude of its_c)oordinates, the magnitude of position vector is given by:
S [r|=r=vx2+y2+z2
| r| = ris the magnitude of position vector.
e Position vector is actually the distance of a given point from the origin, in a
particular direction (its M.K.S unit is meter).
Q.No.6: What is negative of a vector?
Ans: Negative of a vector is another vector whose magnitude is same but the direction is
opposite.

—_—

A —
Negative of a vector: -A

Q.No.7: What is null vector?
Ans: A null vector is that vector whose magnitude is zero.

Resolution of vectors:

Q.No.1: What is resolution of vectors?

Ans: The process of splitting a vector into two or more components (parts) is called resolution
of vectors. Once the process of resolution is complete, the vector is said to have been
resolved.

e Two dimensional vectors are resolved into two mutually perpendicular components,
one along x- and the other along y-axis. Similarly, a three-dimensional vector can be resolved
into three mutually perpendicular components, along x-, y- and z-axes.

e Since these components are mutually perpendicular and along sides of a rectangle,
hence these components are also known as the rectangular components.
e Note that a component along a given axis represents the effective value of the

vector in that particular direction.
Q.No.2: Derive formulae for rectangular components of a two dimensional

vector A making an angle “0” with +x-axis?
—_ —

Ans: Let a vector “A” be represented by a directed line segment “OP” making an angle “0”
with +x-axis as shown.

ty
Angle “0” is taken in anticlockwise
sense starting from +x-axis.
S k P
—> —>
Al A
0
@) — +x
Ax Q
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— — —
If perpendlculars are drawn from the head of A on the two axes then ‘OQ” represents “Ax’ x-

component of v. _gctorA and “OS” represeqts Ay y- component of vector. A
Since QP = OS, Therefore, Ay can also be representgd by QP.

In A OQP: Cos 0= 0Q But 0Q-= |A]=A.
oP oP= A=A
Cos 0= Ax
A
A, = A Cos 0 A

In terms_o)flts magnitude and direction (using a rectangular unit vector “i’) x-component of
any vector “A” is given by:

—> A
Ax=ACos 9 i
Similarly, in A OQP: .
Sino= QP But QP=|A,l=A,
oP op=TA|=A
Sin6=_Ay_
A
Ay=ASin 0 A
In terms of its magnitude and direction (using a rectangular unit vector “j') y-component of
any vector ° A is given by: A
Ay =ASin6 j

Composition of a vector with the help of its components:
If components of a vector are known then the vector itself can be determined by taking the
vector sum ﬂs components

—>
Hence if Axand Ay are the of components of a vector “A”, then by head to tail rule, if head
—>
of A is joined with tail of Ay their resultant will be vector A as shown:

+y
P
— L
A Ay
0
O — tx
Ax Q

Magnitude of A:

To find the magnitude of vector A consider AOPQ: In this triangle, according to
Pythagoras theorem: (OP)? = (0Q)?+(QP)?

—>
But OP =A (magnitude of vector A) S
0Q = A, (magnitude of x-component Ax)

31



Rawala’s new physics notes XI

—>
QP = A, (magnitude of y-component Ay)
A2=A2+A2 .. A=VAZ+AZ|

This formula gives us the magnitude of a two-dimensional vector “A” in terms of
magnitudes of its_c;)mponents Axand A,.

Direction of A:
To find the direction of the vector A or in other words the angle “6” which it
makes with +x-axis, consider AOPQ, In this triangle,

—
Tan 6 = QP But OQ = A (magnitude of x—componentéx))
oQ QP = A, (magnitude of y-component A)
Tan 6= A, s [6=tan-"_A,
Ax Ax

Q.No.3: How is magnitude of a three-dimensional vector calculated using its
rectangular components?
Anf)lf Ax Ay and A, are magnitude of components of a vector, then magnitude of the

vector A can be calculated by:

A=\AZ+AL+AS?

Addition of vectors by rectangular components:
In order to undgr)stand the addition of vectors by rectangular component method,

consider two vectors “A1” making an angle “61” and E making an angle “62” with +x-axis.
First of all, we will follow head to tail rule to add them and then we will add them by their
rectangular components. We must get the same resultant (answer vector) by both the
methods. —
To add these v_e)ctors by head to tail rule method, we wil will join the head of A1 with the tail

of A2 Their resultant “A” will be obtained by joining the tail of A1 with the head of Az. Hence line
OQ represents their resultant A making an angle “6” with x-axis.

ty

0]

Now if we resolve A1 and A2 into x - and y-components, we get:
A

A A A
— —
OR=A1xi=A1Cos 011 PS=A2i =A2C0s 021
A A A A
— —
RP=A1,j =A1Sin01j SQ=A2,j =A2Sin 02
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OT=0OR +RT

But: RT =PS = Az and OT = A
. OT=0OR +RT
A= Atx+ Aoy
OR Ax=A1Cos 01 + A2 Cos 02.
Similarly: TQ=TS +SQ

But TS=RP=Aiy and SQ =Azy
Ay = A’Iy + A2y

OR Ay= A1 Sin 01 + A2 Sin 62

—>
Axand Ay represent the magnitudes of rectangular components of the resultant vector “A”.
—>
Hence the magnitude of the resultant vector “A” is determined by:

A=VAZ+A2
Similarly, the direction of the resultant vector A or in other words the angle which
it makes with +x-axis, is given by:

0=tan " _A,_
Ax
»
The resultant vector obtained by this method is represented by OQ, making an angle “6”

with +x-axis.

e Hence whether vectors are added by head to tail rule or with the help of their rectangular
components, we get the same resultant.

o Addition of vectors by rectangular component method is more accurate, it is especially
use full in adding three dimensional vectors.

¢ By this method any number of vectors can be added at a time, in this method of
addition of vectors diagrams are not needed, values of trigonometric ratios at various angles to
calculate values of components are needed.

Steps to be taken for addition of vectors by rectangular component
method:
1. Resolve each given vector into its x- and y-components.
2. Add magnitude of all x-components, with their + or — signs, to
get the magnltude of x-component A,of the resultant:
A= At Aoy + Az + oo
OR Ax=A1Cos 01 +A2C0s 02+A3Cos O3 +...........
3. Add magnitude of all the y -components, with their + or — signs,
to get the magnitude of y-component A, of the resultant:
Ay =Aiy+ Agy +Asy + .
OR Ay =A1Cos 61+ A2Cos 02+ A3 Cos 03 +...........
Magnitude of the resultant:
Now calculate the magnitude of resultant A by:

A=VAZ+A,?2
OR A=VAZ+A/2
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Direction of the resultant:

»
To find the direction of resultant A, calculate the angle “6” which the resultant makes
with +x-axis by:

0=tan" A,
A
€ Note that the above formula will give us the angle which the resultant makes with
+x-axis in the first quadrant in anticlockwise sense.
€< Also note that the positive or negative sign of a component of the resultant
depends upon the location of the resultant vector in first, second, third or fourth quadrants. If
the resultant vector is in any quadrant, other than the first quadrant, then it’s direction must be
corrected.

Product of vectors:

Scalar or dot product:

Q.No.1: What is scalar or dot product of vectors?

Give some examples.

Ans: If multiplication of two vectors results in a scalar quantity then such type of
multiplication of vectors is known as scalar product.

OR
When two parallel vectors are multiplied then the quantity obtained will be a scalar, this type
of multiplication is known as scalar product.
Since this type of product of vectors is represented by a dot placed between vectors to be
multiplied, hence it is also called dot product.
Examples.1: — —_—
Work is the scalar or dot product of force “F” and the resulting displacement “d”. It is a

scalar quantity, although it is the product of two vectors.
———
Work =F . d

Examples.2:
Electric flux “¢” is the number of lines of electric force passing normally through a
surface, it is a scalar quanﬂ It is equal to the scalar or dot product of electric intensity (or
strength of electric field) “E” and vector area A_A)g the surface.
Electric flux ¢ = E. AA

Examples.3: —_— —
Power is the scalar product of force “F” and velocity “v”. Power is a scalar quantity.
—> >
Power=F .v

Q.No.2: What is the formula for finding the magnitude of scalar quantity
obtained in scalar or dot product.

Ans: Formula for finding the magnitude of scalar quantity obtained in dot product of two
vectors is:

——>
A.B =ABCos 9

—> —>
Where “0” is the angle between vectors A and B.
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Q.No.3: Show that dot product of two non-zero vectors is zero when vectors
are perpendicular to each other.
Ans: Magnitude of scalar or dot product of any two vectors is given by:

——>
A.B =ABCos6
If given vectors are perpenﬂ)mia)r to each other, angle “0” between them will be 90°:
A.B =AB Cos 90° (Cos 90° =0)
—>—>
A.B=0
Hence if scalar product of two non-zero vectors is zero then the vectors are

perpendicular to each other (6 = 90°).
A A

Q.No.4: Show thati.j=0.

Ans: According to the definition of dot product:
AN A

i.j=ij Cos®
A A

“n “wen

Since “7’ is along x -axis and “j " is along y —axis, hence the vectors to be multiplied are
perpendicular to each other and angle “0” between them is 90°. Therefore,

A A A A
i.j=1ijCos 90° (Cos 90°=0) OR i.7=1x1x0
A A
i.j=0
A A A A
Similarly:  j. k=0 and k.i=0.

Q.No.5: At what angle is value of scalar or dot product of two vectors of
given magnitude maximum.
Ans: Magnitude of sggla_r)or dot product of any two vectors is given by:
A.B =ABCos 6
Maximum value of Cos 6 is “1” when “0” is 0° or when vectors are parallel to each other.
Hence: >
A.B=ABCos0° (Cos0°=1)
—
A.B=AB
Hence scalar product of two vectors is maximum when vectors are parallel to each other or
the angle between them is “0°”.

—_— —> —_ >
Q.No.6: Show that A.A=|A|2 OR A.A=A2
—> —>
Ans: Since the angle bggvgn vectors to be multiplied A and A is zero, therefore,

A.A=AACos0° (Sine A 7 A)
R A=A (Cos 0° = 1)
e Hence dot product of a vector by itself is equal to the square of

magnitude of the vector.
A A

Q.No.7: Show thati. i=1.
Ans: According to the definition of dot product:
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A A AN A
i.1=11Cos 0 ©=0°1i/1, i=1)
A A A A
i.1=1x1x Cos 0° OR i.i=1x1x1 (Cos 0°=1)
A A
i.1=1
A A A A
Similarly, j-j=1 and k.k=1.

Laws obeyed by scalar or dot product:

Commutative law:
—= > > —>

Q.No.1: Show that A. B=B . A. OR
Show that scalar product obeys commutative law.
Ans: Scalar or dot product of two vectors is basically equal to the magnitude of first vector

multiplied by the pﬂ))legtl)on of second veit;)r on the first \E)ctor.

—>
i.,e. A.B = (magnitude of A) (projection of B on A)

> B Cos 6 — - —
To find A'. B.we will multiply the magnitude of A by the projection_gf B og A. But the

—>
projection of Bon A is B Cos 0, wherelg”ls)the angle between vectors A and B, hence:

A.B=ABCos 9
—_——— —_ —_ —_
Similarly, B . A = (magnitude of B)(projection of A on B)
— —>

In the following diagram we can see that the projection of A on B is A Cos 0. Hence:
B.A=(B)(ACos0)
—__

B.A=ABCos9

— — A Cos 0 ¢-..
Projection of Aon B is o™
taken by dropping a
perpendicular from

the head of Ajp the

direction of B

Right hand side of both equations is same, therefore, A. B =B . A.
. L = ———
e Scalar or dot product obeys commutative lawi.e. A.B=B.A.

e |t means that the scalar product of vectors can be taken in any order.
Q.No.2: What is the scalar product of vectors opposite to each other?
Ans: By definitio_n)m_agnitude of scalar product of two vectors is given by:
A.B=AB Cos 6.
—_— —>>

In this case the angle between A and B is 180°
——

A.B=ABCos180°  (Cos 180°= —1)
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—_——
A.B=-AB
Scalar or dot product of vectors opposite to each other is negative.
Q.No.3: Give scalar or dot product of vectors in terms of their rectangular
components.
Ans: In terms of their rectangular components, dot product of any two vectors is given by:

— —> A A A A A A
A.B=(Aci+Ayj+Axk). Bxi+Byj+Bkk)

——>
A.B=(A«Bx+AyBy+ AxBx)
(This result is obtained by taking i. i=j.j=k.k=1andi.j=j.k=k.i=0)
Vector or cross product:
Q.No. 1: What is vector or cross product?

Ans: If multiplication of two vectors results in a vector quantity then

such type of multiplication of vectors is known as vector product.
OR

When two perpendicular vectors are multiplied then the quantity obtained will be a vector,

this type of multiplication is known as vector product.
Since this type of product of vectors is represented by a cross placed between vectors

to be multiplied hence it is also called cross product.

—_— - —>

AxB=C

—
e The new vector “C” thus obtained is known as product vector.
Q.No.2: What is the magnitude of vector product?
Ans: The magnitude of vector which is obtained as a result of vector product of vectors A

—
and B (It is also called product vector) is glven by:

—> —
OR AxB=ABSin6 n

A

Where “njis a ypit vector it shows the direction of product vector, “0” is the angle between
vectors A and B.

Q.No.3: How is the direction of product vector found?

Ans: Direction of the product vector is found with the help of right-hand rule.

Q.No.4: State right hand rule.

Ans: According to right hand rule, first of all tails of representative lines of vectors to be
multiplied is joined to gather. Then rotate the vector which appears first in the product towards
the second through smaller of the two possible angles. Then curl the fingers of right hand in
the direction of rotation, stretch the thumb it will point in the direction of the product vector.

The product vector is always perpendicular to the plane formed bL
— —> —

the original vectors A and B, it is always perpendicular to both A as well as B.

Q.No.5: Show that cross product of two vectors is zero when vectors are
parallel to each other.

Ans: Vector or cross product of any two vectors is glven by:

—_— —
AxB =ABSinO n
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If given vectors are parallel to each other, angle “6” between them will be 0°:
A
—> —

AxB =AB Sin0°n (Sin 0° = 0)
—_— —>

AxB=0
Hence if vector product of two non-zero vectors is zero then the vectors are parallel or
opposite to each other (9_=) 0°_,E = 180°).

Q.No.6: Show that A x A=0__ A
Ans: By definition: AxA =A ASin6 n
—_——> —_— —>
AxA =AASin0° (A and A are parallel to each other)
——>
AxA=0 (Since Sin 0° = 0)
—>
e Hence vector product of a any vector A by itself will be zero.
A A A A A A

Similarly, ix i=0, jxj=0 and kx k=0.
Q.No. 7: If vectors are perpendicular to each other? (Or the angle between
them is 90°) their vector or cross product is maximum.

Ans: Vector product of any two vectors is given by:
A

— —>
AxB=ABSind n

— —_—
When 0 = 90°or when vectors A and B are perpendicular to each other.

A
> —> —_—

A xB=ABSin90° n (A LB, 0=90°)
—> —> 4
AxB=AB n (Sin 90° = 1)

e Vector product has a maximum magnitude if vectors to be multiplied are
perpendicular to each other.

A A A
Q.No.8: Show thatix j = k.
Ans: By definition: * A

ixj=i j Sin90°n
A

A A A

(6 = 90° because i is along x-axis and j is along y -axis, i L j.)
A A A

ixj=1x1x1n (i=j =1, Sin 90°=1)
A A A
ixj=1n
AN A
Direction of i x j, on applying right hand rule, comes out to be along + z-axis. In other
words, the vector obtained is of magnitude “1” and its direction is along + z -axis (hence it is
A

a unit vector along +z-axis). The unit vector along + z-axis is k. Hence:
AN A A

ixj =k
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A A A A A A
Similarly, Jjxk =1 and kxi=j
Commutative law: _, _, —> > >
Q.No.9: Show that A x B=Bx A OR AxB=-BxA
OR
Show that vector product does not obey commutative law.
Ans; By definition:  * > — A A
AxB=ABSino6n and BxA=BASin6n=ABSin6n

—> > ——>
These equations show that the magnitude of A x B is same as the magnitude of B x A. But
since both productigiv_e)vector quantities, hence applying rig_m @d rule to the following

figure we see that A x B is directed out of paper whereas B x A is directed into the paper.

F‘,‘ —> —>
— —> B B
A x B out of paper
A [ A

B x A into the paper

.
.
.
.
.
.
.
.

Two vectors are said to be different if either their magnltudg dlrectlon or magnitude as well

—> >
as their direction is different. Since the directions ofA X B and that of B x A is different,
therefore, they are not equal.

e In other words, vector or cross product does not obey commutative law, because on
changing the order of vectors to be multiplied the direction of product vector comes out to be opposite.
It means that: e — —>
AxB= BxA

—_— —>
If a negative sign is placed before a vector then it's direction reverses, Since B x A gives a

vector quantlty, therefore, the direction of — B x A after reversing becomes same as the

— —>
° HenceBxA is negative ofoB
> ——> h
But AxB=ABSin0n BxA =—ABSin0n
A A A

Q.No.10: Show thatjx i =-k.
Ans: Vector product does not obey commutative law because on changing the order of
A A

vectors to be multiplied the direction of product vector reverses. In the present case j x i
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A

comes out to be a unit vector along —z-axis, which is —k. Hence:

A A A
jxi=-k
A A A A A A
Similarly, kxj=—-1i and ixk =—j

— —
Q.No.11: How ts a umt vector perpendicular to A as well as B and to the

plane formed by A and B determmed°

Ans: Since the direction of A X B, on applying right hand rule, comes out to be

A
—> —>

perpendicular to A as well as B and to the plane formed by A and B, therefore, if n represents
the direction ofA X B then:

——> A —_—> —>— A
AxB =ABSinon or AxB=|AxB|n
——>

Hence a unit vector perpendicular to any two vectors A, B and to the plane formed by them
is given by:

—> —>
n is a unit vector perpendicular to A, B and to the plane formed by A and B.
Q.No.12: Give the determinant form in which cross product may be written?

Ans: If vectors A and B are expressed in terms of their rectangular components then their

vector product can be found by solving their determinant i.e.
. A A A —

if A=Aci+Ayj+ Ak and B=Bxi+ Byj+ B2k Then:

A A A

A A A

—> —> |i j k

AxB= Ax Ay Az

Bx By B:

e This is the determinant form of vector or cross product.
Q.No.13: Give some examples of vector product.

Ans: Example. 1: Torque “t” is the turning effect of a force produced in a body about a

certain axis. It is a vector quantity. It is equal to the vector or cross product of position vector “r

and force ? E—
=rxF

o D_r)ct|on of torque is determined by right hand rule. Its direction is same as the
direction of Fx F .
Example.2: When a charged particle carrying charge “q” movmg with some velocity “v”

enters a magnetic field of strength (called magnetic flux denS|ty)“B” it experiences a force “F”
given by:

— >
=q(vxB)
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Magnitude of this force is “q v B Sin 6”, where “6” is the angle at which the charged

—>
particle enters a magnetic field or it is the angle between the direction of magnetic field “B” and

the direction of 7 The direction of this force is determined bL;ight hand rule (It's direction is same_

as the direction of v x B) it is always perpendicular to “v” , “B” and to the plane in which v and B
are.

Example.3: Angular momentum is a vector quantity, basically It is the momentum of a
body whose motion is angular. Angular momentum of a body about a fixed point (such as
origin of a coordinate system or axis of rotation) is the vector or cross product of its position

vector ?and its linear momentum ?

>
I=rxp

—
Where “r’ gives position of the body (or a point) with respect to the fixed point (such as axis of
rotation of the body or origin of a coordinate system).

Q.No. 14: Give properties of vector or cross product.

Ans: Vector or cross product shows following properties:
—_— >

(9) AxB=-BxA

It shows that cross product does not obey commutative law.
= = S > >

(i) Ax(B+C)=AxB+AxC

A A

(iv) ixi=0,  jxj=0 and  kx k=0

A A A A A A A A A

ixj=k, jxk=i, and kxi=j,
A

A A A A A A A A

jxi=—k kxj=—i and ixk =—j

Displacement:
Q.No.1: What is displacement? y Displacement

Ans: |t is the shortest straight-line distance between initial and
final positions of a body. Or it is the change in position of a body.

Position of a body with respect to a fixed point (origin of axes) is
given by a position vector; hence its displacement will be the

difference of final and initial pg;itiggvggtors i.e. x
Ar=rz2-r1;

¢ Displacement is a vector quantity; its magnitude is equal to the distance between
the two positions and it is directed towards the final position of the body.
e I's S.l unitis “m™.

Speed:

Q.No.2: What is speed of a body?

Ans: It is the distance covered by a body in unit time.
Or It is the rate of distance covered.
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Speed =_Distance covered.
Time taken

V=S.

t

e Speed is a scalar quantity.
e S.| unit of speed is m/s or ms -1. Its dimensional formula is [LT~]

Velocity:

Q.No.3: What is velocity?
Ans: It is the distance covered by a body in unit time

in a particular direction.

OR it is speed of a body in a particular direction.
OR It is the rate of displacement of the body.
Velocity = Displacement
Time
—> —>
V=S

 Velocity is a vector quantity. Its direction is same as the direction of
displacement (or direction of motion).

e S.lunit of velocity is m/s or ms -1 (same as the unit of speed).

e lIts dimensional formula is [LT~]

e In terms of its rectangular components, it is given by:
A A

—> N .
V=Veit Vyj

Q.No.4: What is average velocity?
Ans: It the total displacement of the body divided by total time taken.
Average velocity =Total displacement
Total time taken
e It is determined by dividing the total displacement of the body by the time taken.
Q.No.5: What is instantaneous velocity?
Ans: Velocity of a body at a particular instant (or during a very short
interval of time, or at a particular point) is called its instantaneous velocity.
e |tis determined by first finding the displacement of the body
during a very short interval of time and then dividing that displacement by the short time

interval.
—> .. —>
Vinst. = limit _As
At—0 At
“limit ” is read as limit At approaches to zero, it means that the time

At—0 interval is so short that it is close to zero (but not equal to zero).
Q.No.6: When does velocity become variable?
Ans: Velocity is a vector quantity, hence like any vector quantity it
becomes variable when either there is a change in its magnitude (or in other words, there is
a change in speed of the body), direction or there is a change in magnitude and direction both.
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Q.No.7: What is uniform velocity?
Ans: Uniform velocity is that which does not change in magnitude and/or in direction.
Or it is the equal distance covered by a body in equal intervals of time in a particular
direction (however short the time interval may be).
e When a body moves with a uniform velocity it's instantaneous and average
velocities are equal.

—_=> —> i
Vav. = Vinst. v = uniform.

Q.No.8: How is velocity of a body calculated from its distance-time graph?
Ans: If the direction of motion is not changing then the velocity of a body can be calculated
from its distance-time graph by finding slop of the graph.
Q.No.9: What is the shape of distance-time graph when a body moves with a
uniform velocity?
Ans: When a body moves with a uniform velocity it's distance-time graph will be a straight
line, passing through origin (as shown in diagram).

Slope (velocity) = BC

AB
A B BC=S
AB = At

Time (s)
(Distance-time graph)
¢ Slope of this type of graph is same at all points, which shows that velocity of the body
is same everywhere, In other words this shape of distance-time graph is for a body moving
with a uniform velocity.
Q.No.10: What is the shape of distance-time graph of a body moving with a
variable speed, in the same direction?
Ans: For a body moving with a variable speed the distance-time graph will be a curve. The

shape of the curve depends upon the variation in the speed of body (velocity of a body may also
be variable due to a change in its direction).

e In this case, slope of the curve at a given point on the curve is found, which gives
instantaneous speed of the body at that instant. The slope of the curve will not be the same at
all points (in other words, its speed will not be the same at different instants).
Acceleration:

Q.No.11: What is acceleration?

Ans: Rate of change of velocity of a body is called its acceleration.
Acceleration = change in velocity

Distance (m)

time taken
— > — — —
a=Av Or a= Vi—V;
At t

. Acc_e#aration is a vector quantity; its direction is same as the direction of change in
velocity “Av” of the body.

o If vp>v; i.e. if velocity of a body increases then its acceleration will be positive, the
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direction of acceleration and the direction of motion will be same.

o If ve<v;i.e. if velocity of a body decreases then its acceleration will be negative, It is
also called retardation or deceleration, in this case the direction of acceleration and the direction
of motion will be opposite.

e S.| unit of acceleration is “m/s2” or “m s -2’
e Its dimensional formula is [LT-?] .
Q.No.12: What is instantaneous acceleration?
Ans: |t is the acceleration of a body at a particular instant or during a very short interval of
time.

e It can be calculated by finding the change in velocity during a very short interval of

time and then dividing this change in velocity by the short interval of time.

— —
aints. = limit ﬂ
At—>0 At

“limit” is read as “limit At approaches to zero”, it means that the time

At—0 interval is so short that it is close to zero (but not equal to zero).

Q.No.13: What is uniform acceleration?

Ans: When there is an equal change in velocity in equal intervals of time (whether the time
interval is short or long) then the acceleration of the body is said to be uniform.

* When a body has uniform acceleration it's average and instantaneous accelerations
will be equal (It means that the rate of change of velocity of the body will be equal whether it is
measured during a short or a long interval of time).

Q.No.14: How is acceleration of a body calculated from its velocity-time
graph?
Ans: Acceleration of a body is equal to the slop of its velocity-time graph.

e The slope of velocity-time graph for uniform acceleration is same at all instants.

e The slope of velocity-time graph for non- uniform acceleration is different at different
instants.

e The slope of velocity-time graph for retardation is negative.

e The slope of velocity-time graph for uniform velocity is zero (because motion of the

body is non-accelerated).
Q.No.15: What is the shape of velocity-time graph if acceleration of the
body is uniform?
Ans: If a body moves with a uniform acceleration the shape of its velocity-time graph will
be a straight line, passing through origin.

Slope (acceleration) = BC

Velocity (m/s) C AB
{BC = AV
A B AB = At
Time (s)

(Velocity-time graph)
Q.No.16: What is the acceleration of a body moving with uniform velocity?
Ans: When a body moves with a uniform velocity i.e. its velocity does not change due to
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any reason then it's acceleration will be zero.

Q.No.17: What is the shape of velocity-time graph if velocity of the body is
uniform?

Ans: If a body moves with a uniform velocity the shape of its velocity-time graph will be a
straight line, parallel to time axis.

vi |A— B
Velocity (m/s) | i Slope (acceleration) = 0
Av=vi-v1=0
g it At=AB =t2—-1t1

A Time (s) B

Q.No.18: When does motion of a body become accelerated?

Ans: Motion of a body becomes accelerated when it moves with a variable velocity.

It means that motion of a body will be accelerated only when either there is a change in
magnitude, change in direction or there is a change in magnitude as well as direction of its
velocity.

Q.No.19: What type of acceleration is produced when only the direction of
velocity changes?

Ans: When there is a change only in the direction of velocity of a body the resulting
acceleration is called centripetal acceleration.

e In this case the path followed by the body will be circular in shape, and the direction of
acceleration will be towards the center of the circular path. s

€ Important note: *The angle between velocity v and centripetal acceleration ac WI||
be 90°, Similarly the angle between velocity v and the force (centripetal force) will be 90°.

Q.No.20: What is non-uniform acceleration?

Ans: Acceleration of a body will be non-uniform if there is an unequal change in its velocity
in equal intervals of time.

Q.No.21: Is it possible for a body to have acceleration when moving with a:

(i) Constant velocity. (i) Constant speed.

Ans: A body can have acceleration only when it’s velocity changes. Velocity of a body is
said to have changed when there is either a change in its magnitude, direction or a change in
magnitude as well as direction.

(7) A body cannot have acceleration when it moves with a constant velocity.

(ii) A body can have acceleration when it moves with a constant speed, because speed
represents only the magnitude of velocity of the body. Direction of its velocity may be
changing. Hence the body can have acceleration because of the change in direction of velocity
although its speed may be uniform.
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Equations of motion:

Q.No. 1: Give the equations of motion.
Ans: If “S, v;, v¢” and “a” are the distance covered, initial and final velocities and uniform
acceleration of a body, the time taken t are related by the following equations of motion:
vr=v;+ at
S=vit+4$at?
2aS=vp2—v;?
» While applying these equations, “v;” is taken as zero (0) when the body starts moving
from rest. “v¢’ is zero when a moving body finally comes to rest. “a” is positive when vr > v;.
Similarly, “a” is negative when there is retardation (or deceleration) or when v¢<v;.
€ Important note: these equations can only be applied to a body if it moves with a

uniform acceleration along a straight line. Also, that the direction of initial velocity “v;” is taken
as a reference, any vector quantity whose direction is opposite to the direction of “v;” is taken
as negative. Based on this idea acceleration due to gravity is taken negative “— g” throughout
projectile motion. Because in vertical direction acceleration is “g” directed downward, whereas
initial velocity in vertical direction at the point of projection “vo,” is upward. All equations of projectile

motion are based on this idea.

Motion in two dimensions:

Q.No. 1: What is two-dimensional motion?
Give some examples.
Ans: If a body moves in two directions simultaneously (along x- and y-axes), (or it moves
in a plane) then its motion is called two-dimensional motion.
®:Motion along a circular path and projectile motion are common examples of two-
dimensional motion.

Projectile motion:

Q.No.1: What is projectile motion?

Give examples of projectile motion.

Ans: If a body moves with a constant velocity along horizontal direction and at the same
time falls freely under the action of gravity (i.e. it has a constant vertical acceleration “g”), then
its motion is called projectile motion.

Examples:

Motion of a shell fired from a gun, motion of a kicked football, jumping of a frog or a locust,
motion of a shuttle cock in badminton etc.

€:<Projectile motion is two dimensional, in one plane. Projectile motion in vertical and
horizontal directions can be treated independent of each other.

Q.No.2: On what assumptions is the study of projectile motion based?

Ans: Following assumptions are made to make the study of projectile motion simple and
easy to understand:

(i) There is no air resistance.

€ (Air resistance basically affects the projectile motion in horizontal direction, in other
words, no force is assumed to act on a projectile in horizontal direction).

(i) Value of “g” throughout the projectile motion is assumed to be constant.

(iii) There is no effect of earth’s rotation on projectile motion.
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€ (In reality rotation of the earth affects projectile motion when a projectile has to cover
long distance to hit a target e.g. an intercontinental missile, which covers long distances, takes
a long time during which the rotation of earth changes position of the target).

Explanation:

Let a projectile, such as a shell fired from a gun, be projected with initial velocity “Vo”
making an angle “0” with the horizontal. Assuming that the air resistance is negligible, its initial
velocity “Vo” can be resolved into “x” and “y” components. Taking x -axis along the horizontal
and y-axis along the vertical direction, Vox and Vo, the x- and y-components of the initial

velocity Vo are given by:

Vox = Vo Cos 0 and Voy = Vo Sin 0
Vy=0

Voy=VoSin 0

Vo

0 Vor-VoCos 0
ox=Vo

. ——>

Point of projection v, \grget

As we have assumed that there is no air resistance, which t?;ls\i/cally affects the motion
of a projectile in horizontal direction, therefore, no force is assumed to act on the projectile in
horizontal direction (Fx= 0). Therefore, there will be no acceleration in x-direction, In other
words, component of its velocity V. will remains constant throughout its motion.

®:On the other hand, as the projectile (shell) has some weight, therefore, it will
experience a constant downward force, in y-direction, (= its weight). Hence there will be a
constant downward directed (in y-direction) acceleration “g”. Since this acceleration is opposite
to the direction of initial velocity “Vo,” in y —direction, at the point of projection (upward), hence
we will take it with a minus sign “— g” throughout the projectile motion.

Velocity of the projectile at any point will have two components “V,” and “V,". Velocity
“V” with which it hits the target (or its net velocity at any instant) can be calculated with the help
of “Vx" and “V" at that instant:

V = V Vx2 + Vy2 Where Vx = VOx
All equations of motion are independently applicable to projectile motion in horizontal as well
as to vertical directions.

Along x -axis. Along y -axis.
ax=0 ay=-gd
Vix=Vox=VoCos 0 | Vy=Voy—gt
x=Voxt y=Voyt—3gt2
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Time taken by projectile to reach the highest point “T”,

In vertical direction force of gravity acts on the projectile as a result of which the
projectile has a constant vertical acceleration ‘g’, this constant acceleration is opposite to the
initial velocity in vertical direction at the point of projection. Hence a, = — g. Similarly, due to
this acceleration, as the projectile rises its velocity decreases and becomes zero at the highest
point, projectile will take some time “T” to reach the highest point. Hence In the vertical
direction: Voy = Vo Sin 0

ay=-d
Vy = 0 (at the highest point)
Time to reach the highest point T =?
On substituting these values in the following equation of motion, we get:

Vy=Voy—gt
0= VOy g T
T = Vo = Vo Sin 0
g g

Total time of flight “t”.

Projectile takes time T to reach the highest point it will take same time T to return to the
ground. Hence total time of flight will be “t = 2T".

The total time of flight or in other words time for which a projectile remains in the
airwillbe: t=2T

t=_2Voy_ or t= 2VoSin]
g g

€< Total time taken by a projectile to move from point of projection to target depends
upon the angle of projection “6” and upon its velocity “Vo” with which it is projected.

®:For a given projectile projected with a certain velocity “Vo” since the value of Sin 6
depends on the value of “0” and the value of Sin 6 increases as “0” is increased, therefore,
larger the angle of projection “6” longer is the time of flight.

Maximum height reached “h”:
When a projectile reaches the highest point on its path its velocity component in y-direction
“V" is zero, hence for maximum height:
Voy = Vo Sin 0
Vy=0 (at the highest point)
a=-g
y=h
t=T=Voy
g
On substituting the above data in the following equation, we get:
y=Voy T - g T?
h= VOyX Vo 2 g{ﬁy}

2

h

]
@5@5
I\)

g Voy?
2

Nl—‘

g
Voy ?

g

h

NI—\
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h=1 Voud ButVoy=VoSino - [h=%V028in26
G g

®:From the above formula for maximum height reached by a projectile we can see
that for a given projectile greater the angle of projection more is the height reached (also called
vertical range).
Range of a projectile “R”:

The total horizontal distance covered by a projectile from the point of projection to the point
where it lands (target point) is called its range R.

Since in the horizontal direction there is no acceleration (because there is no force in
this direction), therefore, distance covered by a projectile in x-direction during any time “t” after
the takeoff is given by: x=Voxt

Hence for total distance covered from the point of projection to target or in other
words for range x= R.

. R = Vox t
But  Vox=Vo Cos 0 & t=2VoSin6 (Total time of flight)
g
R=VoCos0x2VoSind=2V.2Sin6 Cos 0
g g
But 2 Sin 9 Cos 6 =Sin 20 Hence range “R” of a projectile projected with a certain
velocity “Vo”, at an angle “0” to the horizontal is given by:
R= Vs Sin20

g
®:From the above formula we can see that the range of a projectile projected with a
given initial velocity “Vo” depends upon the value of Sin 20. Greater the value of Sin 26
longer is the range of a projectile.
®:From the formula for range we can also see that range of a projectile will be equal for
two angles of projection which are equal amount lesser or greater than 45°.
Maximum range “Rmax.””
Range of a given projectile is
maximum when Sin 26 is maximum. The
maximum value of Sin 2 0 is 1”. This is
possible when:
20=90° (Because Sin 90° =1)
In other words: 0 =45°
®:Range of a projectile will be (90°- 6)
maximum (i.e. it will cover maximum
distance in horizontal direction) when it is 0
projected at an angle of 45°.
Maximum range “Rmax.” of a projectile is given by:

Rmax. = Vo 2 (Sin26=1)
g I
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Section-A Multiple-Choice Questions MCOQOs:

Q.No.1: To get a resultant of 10 m, two
displacement vectors of magnitude 6 m and 8 m
should be connected:

(a) Parallel (b) antiparallel

(c) At angle of 45° (d)perpendicular to each other

Q.No.2: The velocity of a particle at an instant is
10 m/s and after 5 sec, velocity of the particle is 20
m/s. Velocity 3 sec before in is:

(a) 8 (b) 4 (c)6 (d)7

0Q.No.3:A ball is thrown upward with a velocity of
100 m/s. It will reach the ground after:

(a) 10 sec. (b) 20 sec. (c)5sec. (d)40 sec
Q.No.4: Two projectiles are fired from the same

point with the same speed at angles of 60° and 30

° respectively. Which of the following is true?

(a) Their range will be the same.

(b) their maximum height will be same.

(c) Their landing velocity will be same.

(d) their time of flight will be same.
Q.No.5: The ratio of numerical values of average
velocity and average speed of a body is always:
(a) Unity. (b) unity or less (c) unity or more.
(d) Less than unity.
Q.No.6: If the average velocity of a body
becomes equal to the instantaneous velocity, body
is said to be moving with:
(a) Uniform acceleration. (b) Uniform velocity.
(c) Variable velocity. (d) Variable acceleration.
Q.No. 7:At the top of a trajectory of a projectile,
the acceleration is:
(a) Maximum. (b) minimum. (c)zero (d)g
0Q.No.8: At what angle the range of a projectile
becomes equal to the height of projectile.

(a) 65° (b)45° (c)76° (d) 30°

Q.No.9: The angle at which dot product becomes
equal to the cross product is:

(a) 65° (b) 45° (c) 76° (d) 30°
Q.No.10: If the dot product of two non-zero
vectors vanish, the vectors will be:

(a) in the same direction.  (b) opposite direction

each other.

(c) perpendicular to each other. (d) zero.

Q.No.11 J x jis equal to: (2003 Karachi Board)
°j2 e eONEe e zero

A A

Q.No. 12: The dot product of unit vector i & kis:
(2003 Karachi Board) *
e ZEero o1 o -1 o]
—> —
Q.No.13: If F =4i—-2jand d = 3i + 4j, the work
done willbe: (2003 Karachi Board)
¢ 4 joule ¢ 8 joule e2joule e 12joules

——> — —>
Q.No.14: Ifa.b=0whena=0, b0 the two
vectors are: (2004 Karachi Board)

e parallel e Opposite e perpendicular
—— >
Q.No.15: When |A +B| =|A - B|, the angle
between the vectors A and B is:
(2004 Karachi Board)

e Zero e 45° e 90°
A AN A
Q.No.16: If i, jand k are the unit vectors

A A

along x-,y- and z-axes respectively, then k x j:
(2009 Karachi Board)
A A
o °o—1 o1 o —1
Q.No. 17: If a vector is divided by its own
magnitude, the resulting vector is called:
(2009, 2003 Karachi Board)

¢ Position vector e unit vector e null
vector o free vector
— -
Q.No.18:If A=ai and B =bj, then
—>—
A xBisequalto: (2012 Karachi Board)
A A

¢ 0. e abk e— abk e None of these.
Q.No. 19: Two forces act together on an object; the
magnitude of their resultant is minimum when the
angle between them is:
(2013 Karachi Board)

e 0°. e 45° e 90° ¢ 180°
- "~ A - A
.No.20:If A=5i+j and B=2k
Then A — B is equal to: (2014 Karachi board)
AN A A AN A A
05z+]+2k o5i—j— 2k
AN A
o5 o5l—J+2k

—>
Q.No.21: If% BZ0, AxB=0andA=0
vector B is equal t0:(2016,14,05 Karachi board)
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¢ Equal to A eZero. e Perpendicular to?

9
e Parallel to A. AAA
Q.No.22: The magnitude of product k .(j x i)
(2017, 2016 Karachi Board)
ezero o1 =1 oKl
Q.No.23: Two perpendicular vectors having
magnitudes of 4 units and 3 units are added; their
resultant has the magnitude of:
(2018, 08,09 Karachi Board)
e 7 units e 12 units e 25 units e 5 units

— —>
Q.No.24: If F = 3i, and d = 6/, the work done will be
(2019 Karachi Board)

e zero. 2 9 18

A AN ANA

Q.No.25: (ix j).(jx iis: (2019 Karachi Board)
A

o —1 o k o1 ® ZEero
—_—_ — >
Q.No.26:IfA . B=0,A x B=0thenBiis:
(202_2)Karachi Board)
e zero vector. e equal to A.

e perpendicular to A. e not parallel to A.
AN A A

Q.No.27: i. (kxj)is equal to:
(2022 Karachi Board)
A

° 1 ° —1 [ ] 0 ° l
Q.No.28: If a vector has three rectangular
components each equal to “a”, magnitude of the
vector will be: (2022 Karachi Board)
eVv3a e3a ea° V3 a
Q.No.29: It is not a vector quantity:
(2022 Karachi Board)
e Force e Torque e Frequency e Weight
0Q.No.30: When two bodies of unequal weights
are dropped simultaneously from the same height,
then:
e Heavier body will reach the ground earlier
¢ Lighter body will reach the ground earlier
¢ Both of them will reach the ground at the
same time.
Q.No.31: Direction of retardation is:
e Same as the direction of motion.
e Opposite to the direction of motion.
¢ Perpendicular to the direction of motion.
Q.No.32: When a body moves with a constant speed
in a circle: (2005 Karachi Board)
« its velocity is changing
e its acceleration is zero
e its acceleration is increasing
e its velocity is uniform.

0Q.No.33: When a constant force is applied on a
body, it moves with: (2007 Karachi Board)

o Constant speed.

» Constant velocity.

e Constant acceleration. e None
Q.No.33: A helicopter weighing 3920 N is moving
up with a constant speed of 4 m/s. The force on
the helicopter is: (2012 Karachi Board)
e 4720 N. e3920N. 3924 N. 3916 N.
0Q.No.34: If the average and instantaneous
velocities of a body are the same, the body will
move with: (2013 Karachi Board)

¢ Variable velocity. ¢ Uniform velocity.

¢ Variable acceleration e Uniform acceleration.
Q.No.35: A bus of weight 30000 N is moving with
uniform velocity of 14 m/s. Its acceleration is

(2017 Karachi Board)
e 14 m/s. e ZEro.
o7 m/s. ¢« 9.8 m/s.

0Q.No.36: If velocity of a body is decreasing, The
direction of acceleration is:
(2016 Karachi Board)

¢ In the direction of velocity.

¢ Opposite to the direction of velocity.

o Perpendicular to the direction of velocity.

¢ 60° to the direction of velocity.
Q.No.37: If the time interval is very small (At—0), the

rate of change of velocity of a bogy is called:
(2019 Karachi Board)

e average acceleration ¢ Acceleration.

¢ Instantaneous acceleration

e constant acceleration
Q.No.38: A projectile is fired at an angle ‘0’ with the
horizontal. Its velocity will be minimum at:

(2017 Karachi Board)
e the point of projection. e the highest point.
e point of landing on the ground.
« all point of its path.
Q.No.39: A bullet is fired horizontally with
20 m/s, in the absence of air friction its horizontal
velocity component after 2 s will be:
(2018 Karachi Board)
e40m/s. e¢20m/s. ¢10m/s. e 5m/s

Q.No.40: The horizontal range of a projectile depends
upon: (2010 Karachi Board)

e The angle of projection.

e The velocity of projectile.

e ‘g’ at the place. o All of them.
Q.No.41: A projectile is thrown at an angle of 30° with
the horizontal having a certain initial velocity. It
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will have the same range if thrown with the same
velocity at an angle of: (2009 Karachi Board)
e 45° * 60° e75° e15°
Q.No.42: Motion on a curved path when one
component of velocity is constant and the other is
variable is called: (2004 Karachi Board)
e Circular motion. e Projectile motion.e Vibratory motion.
Q.No.43: When the dot product of two vectors is
negative then the angle between them is:

(2015 Hyderabad Board)
(@) 0° (b)90° (c)180° (d) 360°
Q.No.44: A ........ vector can be displaced parallel
to itself. (2015 Hyderabad Board)
(a) Position. (b) Unit (c) Null. (d) Free.
Q.No.45: ......... component of velocity remains
same during the motion of a projectile.
(2015 Hyderabad Board)
(a) Horizontal. (b) Vertical.

(c) Both (a) & (b) (d) None of these
Q.No.46: The path followed by a projectile is
(2016 Hyderabad Board)
(a) Linear. (b) circular. (c) Parabola (d) Hyperbola.
Q.No.47: The dot product of i and j is:
(2018 Hyderabad Board)
(@)k (b)one (c)Zero (d) None of these
Q.No.48: Scalar product of two vectors obeys:
(2018 Hyderabad Board)
(a) Snell’'s law (b) commutative law.

(c) Associative law. (d) Both b and c.
—_— — —

Q.No.49: If | A.B| = |A x B| then the angle
—>
between A andE)is: (2018 Hyderabad Board)
(a) 0° (b)45° (c)60° (d)90°
A

AN A A

Q.No.50: If i, jand k are unit vectors , then (i x j):
(2025 Karachi Board)
A A

e Zero o1 o] ok
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Answers:

(1) perpendicular to each other (45) Horizontal.
2) 6m/s (46) Hyperbola.

)
)
3) 20 sec. (47) Zero
)
)

4) Their range will be the same. (48) Both b and c.
5) Unity. (49) 45°

6) Uniform velocity. A
7) g (50) k
8) 76°.

9) 45°
10) Perpendicular to each other.
11) zero.
12) zero.
13) 4 joules.
14) Perpendicular
15) 90°
A
(16) -1
(17) unit vector.
A

(
(
(
(
(
(
(
(
(
(
(
(
(
(

(18) abk.
(19) 180°.

AN A A
20)5i+j-2 k.
21) Zero.

23) 5 units.
24) zero.

27) -1

28)V3 a

29) Frequency

30) the highest point.

31) Same as the direction of motion.
32) its velocity is changing

(33) Constant acceleration.

(34) Uniform velocity.

(35) zero.

(36) Opposite to the direction of velocity
(37) Instantaneous acceleration

(38) the highest point.

(39) 20 m/s.
(40) All of them.
(41) 6.0°
(

42) Projectile motion.
(43) 180°
44) Position.
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Numericals:

Q.No.1: A helicopter is ascending at a rate of
12 m/s. At a height of 80 m above the ground a
package is dropped.

How long does the package take to
reach the ground?

Data:

Initial velocity of the package =velocity with

which helicopter is ascending  vi=12m/s

Net displacement of the package S = 80 m.

Time taken to reach the ground  t=?
Solution:

Initial velocity of the package is equal to the
velocity with which helicopter is ascending, hence
after being dropped the package will move upward
for a short time and then fall downward. In other
words, initial velocity of the package is upward
and the acceleration “g” and the net displacement
“S” are in the downward direction (opposite to the
direction of v;), Hence:

vi=+12m/s a=-g & S=-80m

Distance covered by the package is given by: o
S=vit+3at?

—80=12xt+5x—-98xt2

-80=12t -49t2

49t2-12t-80=0

®:This is a quadratic eq

%
solution by quadratic formwa is gl y:

x == b + Vb2 — 4ac (quidr e Brmula
2 &

—(=12) £V (= 12)

249

N

(A

A%4.9x— 80

t= =12+ 1712
N 9.8
U 1.98 Hence,
OR t=12-41.98
9.8
OR t=-29.38
9.8
t=5. 45 sec. OR t=-2.99 sec.

Since time cannot be negative, therefore, the
package takes 5.45 sec. to reach the ground.

\\:'\
\ g

Q.No.2: Two tug boats are towing a ship, each
exerts a force of 6000 N, and the angle be@
0
Magnitude of force F41= 6000 N,= 6x

the two ropes is 60°.
Calculate the resultant force on the shi
Magnitude of force F2= 6000 6x1 5N

Data:

Angle
Magnitude of the resu t rc F ?
Solution:

Let F1 and Fz bet
two ropes making an
then the magnltude
law of cosi

orce xerted by the
ith each other,
Lﬂ nt ‘F”, according to
ive

Fﬂ +F\12+2F1F2COSO

F=(6x108)2+16x 102+ 2x6x103x6x10°Cos 60
|
6+36%10°+72x10°% 0.5
\H0Bx10° |F=10392N)

~Magnitude of the resultant force acting
e shipis 10392 N.
NQ.No.3: A car starts from rest and moves with
a constant acceleration. During the 5" second
of its motion, it covers a distance of 36 m,
calculate:
(i) The acceleration of the car.
(ii) The total distance covered by the
car during this time.
Data:
Initial velocity vi=0
Distance covered during 5" second S=36m
Acceleration a=?
Total distance covered in 5 s, S5 =?
Solution:
(7)) Let the total distance covered by the car
in 5 seconds be 85 given by:

Ss=vit++at?= 0+ %a(5?
S5=12.58 couieiennn.. (i)

Distance S4 covered in 4 sec. is given by:
Ss=vit+tati= 3 a (4)?
S4=8a i, (id)

Distance covered during 5™ second will be:
S 5 — S 4 = S
125a-8a=36
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4.5a=36 a=36

'éAcceIeration of the car is 8 m/s2.
(i) Total distance covered by the car in 5 sec. is
given by:

Ss=v;t+ % at?

Ss= 0+%x8x(5)
€< Total distance covered by the car is 100m
Q.No.4: Show that range of a projectile at
complimentary angles is same.

Ans: Range of a projectile is given by:

R=VSin20

g

'é From the formula for range of a projectile we
can see that for a given value of “V,” range of a
projectile depends upon the value of Sin 20. This
formula shows that range of a projectile will be
equal for two angles of projection which are equal
amount lesser or greater than 45°, since:

(45°+ o) and (45°- ) are any two angles of
projection which are equal amount “a” greater or
lesser than 45° for which range of the projectile will
be equal. These angles are complimentary * \
angles i.e. sum of these angles is 90°.

For example, range of a given projectileiw

%l"
be equal at 60° and 30° because 30°<45°< e\ 1
(30°is 15°less than 45° and 60° is 15° (Nth
45° and 30°+ 60° = 90°). \

| 3 <Similarly range of the erJecthe equal
be

at 15° and 75° angles of Ie% se 156°<
45° < 75° (15°is 30° 1 Sﬁan 45‘and 75°is
o+ 75° = 90°).

30° greater than 45° an

Q.No.5: At what a‘ngle the range of a projectile
becomes equ hg ht of projectile?
Ans: Rangegof tk isR=_VSin26

g
Maxerm reached h = Vo2 Sin? 6
R=Hh" \sﬂz 0= Sinte

29
pens when 6 = 76°. Hence at 6 = 76°
SIA2x76 = Sin 152 = 0.5
Sin2 0 = Sin? 76 =(_Sin 76)2=(0.9703)%=0.9415 = 0.5
2 2 2 2 2

Q.No.5: A mortar shell is fired at a ground
level target 500 meter distance with an initial

velocity of 90 m/s.

What is its launch angle?
Qx

Data:
RH =500 m
Vo = 90 m/s
en

Horizontal range
Initial velocity
Launch angle

Solution:
Ru = V,o? Sin 26 p,
g (4 \3
500 '\
9.8
Sin 206 = 500 x 942
90 490

Horizontal range of a projectile is @iv
= (90)? Sin 20
Sin 20 8049
( g1

6049

‘37 2°

But rang Jprojectile is same for two launch
angles whigh are equal amount greater or lesser

\ﬁi Hence the second possible launch angle
in 0°-18.6° = 71.4°,
\Launch angle = 71.4°)
)0.No.6: Find the angle between
— A A A
A=2i+2j-k
— A A A
B=6i-3j+2k
Solution: — —
Angle between vec’éors A and B is given
0=Cos™' _A.B

AB

A

by:
A

0= Cos™"(2i+ 2j— k) . (6i— 3] + 2Kk).
V(27+(27+(=1)?V (6)+(=3)*+(2)?

A A A A

Since i.j=0, j.k=0 and k.i=0
AN A A A A

0=Cos'12i.i—-6j.j—2k. k.
V4 +4+1V36+9+4

A A A A A A
Since i.i=1, j.j=1 and k. k=1
0=Cos"'12-6-2

V9 V49
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0=Cos™'_4
3x7
0=Cos™' 4 =Cos10.1905
21

0= 79.01°

'é The angle between vectors is 79°.
Q.No.7: Find the work done in moving an

—> A A A
object alongavector: r=3i+2j-5k
A A A
—

if applied forceis: F=2i -j-k
Solution:
Work done is the dot prod&:t of applied force
F and splacemeit)r Therefore,
Work = F .
A AN A A A A
Work=(2i -j—k).(3i+2j- 5k)
A A A A
Since i.j=0, j.k=0 and k.i=0
AN A AN A AN A
Work=61i.i—-2. ]+5k k
A A A A A )\
But i.i=1, JJ—'Iandkk 1 a
Work =6—2 +5
.No.8: —> A A A \ N
If t A=ai+j-2k
o vectors A=a i+j <%
B=i+aj+ kare perpendlcular ea ther,

then find the value of “a”. #

A

2i—6j-3k
A A

A

A A

Data: _

A=
—

B=4i+ 3j—k_) — "
Unit vector Lto Aand B U =?

Solution: —_—— — — A
By definition: AxB=|AxB|U

U is a unit vector Qergendlcula r to
%

the plane ofA and B. But

/\
2—6

4O
(f&%ﬂ — 2x—1)
’i\@

+j(-12+2) + k(6 + 24)
A A

A

—_——— |

AxB=

A

——>
A x B = i (—6x—1-3x%

A
+k(2x§~
%A\
AxB =i$
|

AxB =15i-10+30 k
—>
A x B |=V(15)2 +(=10)%+ (30)?
| A% Bl \1225+1oo+9oo V1225=35

“a
’\\

A
U=15i-10j+30k=15i-10j+30 k
35 35 35 35
®<Hence a unit vector perpendicular to A

A A

, (2 cht Board) ;‘,)well as?wnl be:
Solution: <5 _5 A A A A
A.B=0 nAJ_B) U=ii_lj+i k]
7 7 7
a l+J &QJ Q.No. 10: If one of the rectangular components
of force 50 N is 25 N. Find the value of the
But . J A 0 and k.i=0 other. (2010 Karachi Board)
Data:
- Qa?“ J g2k k=0 Let F=50N.andFx=25N
- Then Fy=?
Y 4 - 2= = y
,\2 9\ Ay A Solution:
| A= 2i—6j—3k B= 4i+3j k Since Fx=FCos® OR 25=50Cos 0
Find a_upit vector perpendicular to the plane of Cos0=25=05 OR 0=Cos"0.5
A and B. 50 0 =60°

(2017,16,14,11,2,1999 Karachi Board)

The other component is:
Fy,=F Sin 8 =50 Sin 60°
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F, =50 x 0.866 \F, = 43.3 N|
Q.No.11: Two forces of magnitude 10 N and 15 N
are acting at a point. The magnitude of their
resultant is 20 N. Find the angle between them

(2004, 1993 Karachi Board)
Data:
Magnitude of F1=10 N
Magnitude of F2=15 N

Magnitude of resultant F = 20N

Angle between F1 & F2 0 =7
Solution:

According to law of Cosine, the
magnitude of the resultant is given by:
F? = F12 +F22+ 2 F1F2 Cos 0
Where 0 is the angle between F1& Fa.
(20)?=(10)?+(15)*+ 2 x 10 x 15 x Cos 0
400 =100 +225 +300 Cos 0
400 - 325 =300 Cos 6
Cos0=75=025 . 06=Cos'0.25
300
Q.No.12: Two forces of equal magnitude are
acting at a point, find the angle between the two

forces when the magnitude of resultant is also ®
equal to the magnitude of either of these forces.

\Q‘i

Q.No. 13: Two possible angles to hit a target
by a mortar shell fired with initial velocity of 98
m/s are 15° and 75°. Calculate the range of
projectile and the minimum time required to hit

the target? (2004,1995 Karachi Board)
Data:

Initial velocity Vo=9

Angles for same range 0=1

Range of projectile R=7 Q

Minimum time required tf ?
Solution: N

Range of a projectile is &\er\ >
R = Vs Sin 20
g
@)_Sln2x15° ( e at 15°)
s
R 9604 0% R = 490 m
9.8

@%‘ the projectile is 490 m for both

the anglesyThe projectile will take minimum time

to Ni target when it is fired at smaller of the
ible angles, hence

T=2V,Sin0

Data: (2003 Karachi Board) (/-\ g
Force F1 = Force F2 ! T=2x98xSin15° [T =5.176 sec]
Magnitude of their resultant F = m 9.8

Angle between F1 and F2;

Solution: \
antefiany two

'@
Magnitude of resbi:
forces when angle b een them is 0,
according to law of C is given by:
F=+F+2 +Rg? + 2lF1F2 Cos 0
therefore,

+2F2Cos 0

Q \QFZ = F2 COS 0
—F2=2F2Cos 6
Q\\ - —F2
2 F? NG,
Cos 0=-% —120°
0=Cos'-% F, F1 ,,,,, >

e\

®The projectile takes minimum time of
5.176 sec. at 15°to hit the target.
Q.No. 14:
- " —
A=3i+j-2k & B =-i+3j+4k
— —>
Find the projection of A on B.
(2013 Karachi Board)

A A A A A

Solution:
By definition:
—

B A B (projection ofA on B)

Hence: — > >
Projectionof AonB=B.A

B

A A A A A A

(Bi+j—-2k).(—i+ 3] + 4k)

A A A A

——
B.A=
—_——

B A=—31 i+3j.j-8k.k
B A——3+3 8
B A——8

..Angle between the two forces is 120°.
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Similarly: B = (= 1)2+(3)? + (4)?
B=V1+9+16=126
— —
".|Projection of Aonto B= -8
V26

Q.No.15: A body starts from rest and moves
with constant acceleration 10 m/sec?, how
much distance will it travel in the 4t" sec of its

motion. (2019 Karachi Board)
Data:
Initial velocity vi=0
Acceleration a =10 m/s?

Distance covered during 4" second S = ?
Solution:
Distance traveled in 4 seconds Su:
Si=vit+ % at?
Ss= 0+ %10 (4)?
S4=80m.............. (9)
Distance traveled in 3 sec. Ss:
Sy=v;t+ % at?

Ss= 0+ 310 (3)?
S3=45m ...l (i)

Distance traveled during 4" second will be: ®
S=8S,-S3=80-45=35m \

®:Distance traveled during 4" sec is 35 m{_ _|
Q.No.16: — N A A

Two forces F1=3i-2j+5 k@d
t:F‘
G

A A
o*te\me body.

2022ﬁ1rachl Board)

—_ A

F=i+6j+2 kactonabodyw

displaced anng r =44
Calculate work d

Solution:

Net force acting on F= F1+ F2

3\§§k7'+ (i+6j+2 k)

J+7k

F=(

{ A A
Wo&\— (4i+4j+7 k).(4i-j+3
\ AN A

K=16i.i-4j.j+21k.k
Work = 16 -4 + 21 [Work = 33 Joules.|

A

k)

A A A A

Q.No. 17: At what angle the horizontal

range of projectile becomes equal to its

vertical range? Prove mathematically.
(2025 Karachi Board)

Data:
Angle
Horizontal range RH = Vertlcal ra
= Maximum height “h” re
Solution:

Range of projectile is RH = _V. (Sm 2

ig
Maximum height reached h %}

But Ru=
Sln 20 %
OR SI‘Z
This ha 76° Hence at 6 = 76°

x76 = Sin 162 = 0.5
=( Sln 76)?=(0.9703)?=0.9415= 0.5

e
e
Sin2 0 =
2 2

‘?c‘,é At an angle of 76° horizontal range
mjectlle becomes equal to its vertical

nge.

-

5

8
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I!!I Unit. 3.... 25

yYynamics.

Dynamics is the branch of mechanics that deals with motion of a body with reference
to force.
Newton’s laws of motion:

First law of motion:

According to Newton'’s first law of motion:

‘“A body tends to continue its state of rest or of uniform
motion unless a force is applied on it”.

Hence in the absence of any external force a body at rest will remain at rest and a body
in motion will continue its motion along a straight line with uniform speed.

€I reality we see that a body in motion comes to rest after covering some distance. This is so
because frictional forces, such as air resistance, contact friction etc. bring the body to rest. If all these
frictional forces are eliminated, however they may be small, then the body will continue its motion with
uniform velocity.

e First law of motion is also known as law of inertia.

Inertia:

Inertia is the property of matter by virtue of which it tends to oppose any
change in its state of rest or of uniform motion.
Hence if a body is at rest it will tend to remain at rest forever unless a force is applied to move
it, similarly if a body is in motion it will tend to continue its motion with uniform velocity unless a
force is applied to change its velocity.
Inertia of a body depends upon its mass greater the mass of a body larger is its inertia
and therefore, more difficult it is to stop it if it in motion or to move it if it is at rest.
Hence mass of a body is a measure of its inertia.
Second law of motion:

According to second law of motion:
‘“When an unbalanced force acts on a body it produces acceleration in the body in its
own direction such that the magnitude of acceleration is directly proportional to the

_)magnitude of force and inversely proportional i‘,’ mass of the body”’.

If ‘F’ is_tbe El]balancedj)orce, acceleration produced is ‘a” and ‘'m’ is mass of the body,

then: axF and acc1/m .. ax F a=k F (Butk=1)
m m

F=ma

-
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Direction of acceleration ‘@’ produced in the body is always same as the direction of
unbalanced force ?(unbalanced force is the resultant or vector sum of all the forces acting on
the body).

Unit of force: Unit of force can be defined with the help of second law of motion,
according to which: F=ma

Hence the S.I unit of force will be ‘kg-m/s?’ which is commonly known as Newton.

‘¢ Force is said to be one Newton (1N) if it produces
an acceleration of 1 m/s? in a body of mass 1 kg”.

Q No.1: Can a balanced force produce acceleration in a body?
Ans: No. Acceleration is produced only by unbalanced force (i.e. . In this case, the body either
remains at rest or moves with a uniform velocity.

Third law of motion:

According to Newton’s third law of motion:

“To every action there is an equal and opposite reaction’.

Action and reaction are two forces exchanged between two bodies when the interact with each
other.
Q.No.3: Do action reaction cancel each other since they are equal and opposite
forces?
Ans: Two equal and opposite forces acting on the same body cancel each other. Although
action and reaction are equal and opposite forces but they act on two different bodies.
Action is the force exerted by first body on the second whereas reaction is an equal and
opposite force applied by the second on first. Hence they do not cancel each other.

Momentum:
Momentum may be defined as:
‘The product of mass and velocity of a body’.
Hence: Momentum = mass x velocity
Momentum = mV
Momentum of a body depends upon its mass and velocity.

Momentum of a moving body actually represents the quantity of motion present in the body.
% Momentum tells us how difficult or how easy it is to stop a moving body. It is difficult to
stop a body having large momentum. (In other words, it is difficult to stop a fast

moving and a heavy body).
% Momentum is a vector quantity; its direction is same as the direction velocity of the
body.
S.I unit and dimensions of momentum:
The unit of momentum is the product of units of mass and velocity.
Hence the S.I unit of momentum is kg-m/s which is same as N-s.
Dimensions of momentum are [MLT-"].
Q.No.1: What is the relation between momentum and second law of motion?
Ans: When a force acts on a body it changes its momentum such that the rate of change in
momentum of the body is equal to the force acting on it. This is the relation between
momentum and second law of motion.
Q.No.2: Derive a relation between momentum of a body and second law of motion.
Ans: Consider a body of mass ‘m’ moving with a certain velocity ‘v/. Let a force ‘F’ be
applied on it for time ‘A t’ such that the velocity of the body changes and becomes ‘vr.
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Therefore:  Initial momentum = mv;
Final momentum = m vr
Change in momentum = m vi—m v;
Rate of change in momentum = m vr—m v;

At
But  vr—v;=a (Acceleration of the body)
At
Hence, Rate of change of momentum of a body =m a
But m a = F (Force)

Rate of change of momentum of a body = Force acting on the body
F=mvi—my;
Vi = Ap = change in momentum
At At Time
‘“When a net (or unbalanced) force acts on a body it changes
its momentum such that the rate of change of momentum of
the body is equal to the force”.

Impulse: -~
Impulse of a force is the product of force ‘F’ and the short interval of time ‘A t” for which it
acts.

— —
In vector form: F=mvi—m

» It is a vector quantity.
» It is also equal to the change in momentum of the body. Hence

D3

D3

FAt =A_B

Law of conservation of linear momentum:
Q.No.1: State law of conservation of linear momentum?
Ans: According to law of conservation of momentum:

“If no external force acts on a system of two or more interacting bodies the total
linear momentum of the system remains constant.”

It means that when bodies interact (collide with each other, exerting action reaction
forces upon each other) in a system on which no external force is acting, momentum of
individual bodies may change. Some bodies may gain and some may loose, but the total
momentum of the system before collision is equal to the total momentum after collision.

Proof of law of conservation of momentum:
Q.No.2: State and prove law of conservation of momentum?
Ans: Consider a system of two colliding bodies of masses ‘m1’ and ‘mz2’ moving with velocities
‘U1’ and ‘U2’ respectively in the same direction, such that no external force acts on them ‘mz2’ is
behind ‘m1’ and is moving faster than m1. There will be a collision between the two bodies. Let
their velocities after collision be V1" and ‘V2’ respectively.

Therefore, when the bodies come in contact with each other only action and reaction
forces are exchanged between them.

Let ‘At’ be the time for which the bodies come in contact with each other during the
collision, and ‘F12’ be the force acting on ‘m+’ (exerted by mz2), then:

Fi2=m1 V1i—m1 Ut (Action force)
At
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Similarly force ‘F21" acting on mz (exerted by m1) is given by:

F21 = m2 V2 — m2 Uz (reaction force) U. U,
At >
Their velocities after collision be V1’ and V2’ respectively.
Since the system is isolated (It means that no external

force acts on the two bodies), therefore, when the bodies come in
contact with each other only action and reaction forces are
exchanged between them.

Before collision

. . . . Reaction Action
Let ‘At’ be the time for which the bodies come in contact >
with each other during the collision, and ‘F1’ be the force acting on E F:
‘m1’ (exerted by mz), then: During collision
Fi1=m1V1i—m1 U1 (action force) a v,
At — —>
Similarly force ‘F2’ acting on m2 (exerted by m1) is given by:
F2=m2V2—-m2U> (reaction force) @
At

After collision

Accordilgto third law of motion, action and reaction are equal and opposite, hence
—

Fio==F2 OR miVi—miUi=-(mz2V2—m2Uy)
At At
M1 Vi—mi1U1=—m2V2+m2U:2
mi Ut +ma2Uz2= miVi+mz2V2

Left hand side of the above equation gives us the total momentum of the
colliding bodies before and right-hand side gives us their total momentum after
collision.

Total momentum before collision = Total momentum after collision

In other words, If no external force acts on a system of colliding bodies the total
momentum always remains constant (Or Momentum of a system is said to be conserved).
Momentum of individual bodies may change, body/bodies may gain and body/bodies may
loose but if no external force acts on a system then total momentum of the system remains
constant.
Elastic collisions:
Q.No.3: What are elastic collisions?
Ans: Elastic collisions are those in which momentum as well as kinetic energy of the
system is conserved. It means that during an elastic collision:
e Total momentum before collision = Total momentum after collision.
e Total kinetic energy before collision= Total kinetic energy after collision.
(Elastic collision takes place between hard bodies having smooth surface)
Inelastic collisions:

Q.No.4: What are inelastic collisions?

Ans: Inelastic collisions are those in which momentum of the colliding bodies may be
conserved but kinetic energy is not conserved. In other words:

e Total momentum before collision may be equal to total momentum after collision.

e Total K.E before collision is not equalto total K.E after collision.

62



Rawala’s new physics for XI

®:During an Inelastic collisions kinetic energy of the system is converted into other forms of
energy (mostly into heat energy).

¢ Inelastic collision takes place between soft and rough bodies; the kinetic energy is
converted partly into heat and partly used to change shape of the colliding bodies.

e When two cars collide, they dent each other (in other words they change each
other’s shape). For making a dent on the other car each car has to do work on the other using its own
kinetic energy. Also, bodies of colliding cars get slightly hot.

Q.No.5: What is one dimensional collision?
Ans: One dimensional collision is that in which the colliding bodies move along the same line
before and after the collision.

Elastic collision in one dimension:

Q.No.6: Two spherical non-rotating bodies of masses ‘m;’ and ‘mz2’ moving with
velocities ‘U;’ and ‘Uz’ respectively collide elastically. Assuming that both the bodies
move along the same straight line before and after the collision, that passes through

their centers, derive expressions for their final velocities U

‘V:’ and V3’ 2% Uﬁl
Ans: Consider two solid spherical non-rotating bodies of

masses ‘m+’ and ‘m2’ moving with velocities ‘U+" and ‘U’ respectively

along the same line which passes through their centers. Let the body of

mass “my” be behind “m” and U>>U;, then there will be a collision Before collision

between the two bodies (this collision is one dimensional, because the v, v,

two bodies move along the same straight line which passes through >

their centers before and after the collision). Let “V1"and “V,” be their

velocities after collision.

Assuming the collision to be elastic (for which momentum and kinetic

energy both must be conserved), on applying law of conservation of After collision

momentum we get:
Total momentum before collision = Total momentum after collision
m1U1 + m2U2 = m1Vi+ m2V2
miU1 = m1V1 = mz2V2 = maU2
m1 (U1=V1)=m2 (V2=U2) ..o (7)
Similarly on applying law of conservation of kinetic energy we get:
Total initial kinetic energy = Total final kinetic energy
Fm1U2+ $maU22 = $m1Vi2 + $maV2?
FmiU12= 1 m1Vi2= § maV22 = $ maU2?
3 m1(U12=V12) = £ m2 (V22 = U2?)
m1 (U1=V1) (U1 +V1)=m2(V2=Uz2) (V2+ U2) .............. (id)

Derivation of “V:”:
Divide equation (ii) by the corresponding sides of equation (i).
m1 (U1=V1) (U1 + V1) =m2 (V2= Ugz) (V2+ U2)
m1 (U1 = V1) m2 (V2= U2)
Ui+ Vi=Vot Uz o (iid)
. V2=Ui+Vi= U2
Substituting the above value of “V2” in equation (i), we get:
m1 (U1= V1) = mz2 (U1+ V1= U= U2)
m1U1 = m1V1 = m2 U1+ m2V1 = 2mzU2
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Derivation of “V>”:

m1V1+ m2V1 = m1 U= maU1+ 2m2U2
V1 (m1+ mz2) = (M1 — m2) U1+ 2m2 U2

o Vi=(mi=—m2) Ui+  2m2 U2
(m1+ m2) (m1+ mg)

From equation (iii) we have: V2= U1+ V1= U2

On substituting the value of “V1”, we get:

Vo=U1+ (m1—=m2) Ui+ 2m2U2 = U2
(m1+ m2) (m1+ m2)
V2=U1{1+§m1-m21}+U2{-ﬂ2m2 -}
(

(m1+ m2) m1+ mg)

Vo = U1{(m1+ m2)+ (m1 = mz)} + U2{2 mz2 = (m1+ mz)}

(m1+ m2) (m1+ m2)

Vo = 2m1_ Ui+ (m2—m1) U2
(m1+ m2) (m1+ m2)

Friction:

Friction is a force which opposes motion of a body.
Force of friction exists between a body and the surface on which the body slides/rolls or

between the body and the viscous medium through which it moves.
Hence force of friction is always against the direction of motion of a body and it acts parallel to
the surfaces in contact.

Origin of friction (Cause of friction).

Classical physics:

According to classical physics when two surfaces are in contact, their irregular surfaces

are inter-locked. Hence to move one surface over the other an extra force called force of

friction is needed.

Modern physics:

According to modern physics, when two surfaces are in contact, intermolecular force of

attraction between molecules of the two surfaces resist the motion of one surface over the
other thus causing force of friction.

Types of friction:

Friction between the body and the surface when the body is at rest relative to the

surface and tends to move is called static friction.

Force of friction between a body and a surface relative to which it is in motion is called
kinetic or dynamic friction.

Kinetic friction is slightly less than the static friction.

When a body slides on a surface the corresponding force of friction between the body and
the surface on which it slides is called sliding friction.

When a body rolls on a surface the corresponding force of friction between the body and
the surface on which it rolls is called rolling friction.
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®:Force of friction depends upon roughness of surfaces in contact, their
temperature, their material, their area of contactetc. Hence rolling friction is less than
the sliding friction because area of contact between surface and the rolling body will be less.

®:Force of friction is a self-adjusting force. Hence when a gradually increasing force
is applied on a body at rest it is balanced by the force of friction because of its self-adjusting
nature and the body still remains at rest, until a certain limit is reached. If the applied force is
increased beyond this limit the body starts moving with acceleration (in accordance with
second law of motion). The maximum force of friction between the body and the surface up to
which it remains at rest is called limiting friction.

Force of friction “f" is directly proportional to the normal reaction “R” or the force with
which the body presses the surface. focR

Where “u” is the constant of proportionality it is known as coefficient of friction.
Coefficient of friction is of two types:

(/) Coefficient of static friction ps.

(i) Coefficient of kinetic friction px.
< us because force of friction between the body and the surface when the body is in motion is
less than when it is at rest.
Force of friction can be decreased by either making the surfaces smooth, by using a lubricant,
by using ball bearings or by making a fast-moving body oblong in shape.
Q.No.1: Why is force of friction called a self-adjusting force?
Ans: When the force applied on a stationary body is increased from a very low value, force of
friction also increases so that the body still remains at rest, until a maximum value of force of friction
(called limiting friction) is reached. If the applied force is increased beyond the limiting friction the body
starts moving with acceleration. In other words, before moving, force of friction adjusts its value equal
and opposite to the applied force so that the body remains at rest, hence, it is called self-adjusting

force.
Q.No.2: What is coefficient of friction?
Ans: Coefficient of friction is the ratio of force of friction “f’ to the normal reaction “R”.
Coefficient of friction is of two types:
(i) Coefficient of static friction ps. (At rest)

(ii) Coefficient of kinetic friction p.  (In motion)
Q.No.3: What is the S.I unit of coefficient of friction?
Ans: Since coefficient of friction is a ratio of two similar quantities, hence, it does not have any unit.
Angle of friction:
Angle of friction is the angle between force of friction “f* and the normal reaction “R”.
If “a” is the angle of friction, then Tan o =p
Where “u” is the coefficient of friction. It means that tangent of angle of friction is also
called coefficient of friction.
Angle of repose:
Angle of repose is the minimum angle made by an inclined surface with the
horizontal at which a body placed on the inclined surface just starts sliding.
Relation between angle of repose “0” and angle of friction “a”:
Relation between angle of repose 6 and the corresponding angle of friction a is that
0=a
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: The rate of change of linear
momentum of a body is called:

(a) Linear force. (b) Angular force.

(c) Power. (d) Impulse.
Q.No.2: The term mass refers to the same
physical concept as:

(a) Weight. (b) Inertia.

(c) Force. (d) Acceleration
Q.No.3: Which one of the following force is
also called as self-adjusting force?

(a) Frictional force. (b) Tension.

(c) Weight. (d) Thrust.
Q.No.4: The laws of motion show the
relationship between:

(a) Velocity and acceleration.

(b) Mass and velocity.

(c) Mass and acceleration.

(d) Force and acceleration
Q.No.5:: The motion of a rocket in space is
according to the law of conservation of:

(a) Energy. (b) Linear momentum.

(c) mass. (d) Angular momentum.
Q.No.6: A bomb of mass 12 kg. initially at rest
explodes into two pieces of masses 4 kg. and
8 kg. The speed of 8 kg. mass is 6 m/s. The
kinetic energy of 4 kg. mass is:

(@)32J (b)48J (c)114J (d)288J
Q.No. 7: If momentum is increased by 20%
then K.E increases by:

(a) 44% (b) 55% (c) 66% (d) 77%
Q.No.8: The kinetic energy of mass 2 kg. and
momentum of 2 Ns is:

@1Jd ((b)2J (c)3J (d)y4J
Q.No.9: For the same kinetic energy, the
momentum is maximum for:

(a) an electron. (b) a proton.

(c) a deuteron. (d) alpha particle.
Q.No. 10: A 3 kg. bowling ball experiences a
net force of 15 N. What will be its acceleration.
(@) 35 m/s?. (b) 7 m/s?. (c) 5 m/s?. (d) 35 m/s?.
Q.No.11: The unit of linear momentum is:

(2003, 2004 Karachi Board)

e N/s e Ns e Js e J/s

Q.No. 12:The rate of change of linear
momentum is equal to:
(2004 Karachi Board)
¢ Acceleration. o force. e torque
Q.No. 13: In an elastic collision of two bodies:
(2008 Karachi Board)

e Kinetic energy is conserved

e Momentum is conserved.

¢ Both K.E and momentum are

conserved.

Q.No. 14:The property of fluids due to which
they resist their flow is called:
(2012 Karachi Board)

e Static friction. e Coefficient of friction.

e Viscosity. e Terminal velocity.
Q.No. 15: A helicopter weighing 3920 N is
moving up with a constant speed of 4 m/s. The
force on the helicopter is:

(2012 Karachi Board)
e 4720 N 3920 N. 3924 N. 3916 N.
Q.No. 16: Kinetic friction is always:

(2016 Karachi Board)

e Greater than static friction.

e Equal to static fiction.

e Less than static fiction. e Zero.
Q.No.17: If ‘F’ be the limiting friction and ‘R’
be the normal reaction, then the coefficient of
static friction will be equal to:

(2019, 2015 Karachi Board)
eF/R eR/F eFR e1/FR
Q.No. 18: If the average velocity of a body is
equal to instantaneous velocity, the body is
said to be moving with:

(2025 Karachi Board)

e Uniform velocity. e Variable velocity

¢ Uniform acceleration e Variable acceleration
Q.No. 19: This force is called “Self-adjusting

force”. (2025 Karachi Board)
e Tension. e Frictional force
¢ Weight. e Thrust
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Answers:

(1) Linear force.

(2) Inertia.
(3) Frictional force.
(4) Force and acceleration
(5) Linear momentum.
(6) 288 J
(7) 44%
8) 1J

(9) alpha particle.
(10) 5 m/s?.
(11) Ns
(12) force.
(

(

(

(

(

(

14) Viscosity.

15) 3920 N.

16) Less than static fiction.

17)F/R

18) Uniform velocity.
\(19) Frictional force

13) Both K.E and momentum are conserved.
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Numericals:

Q.No.1: A car weighing 9800 N is moving
with a speed of 40 km./h. on the application of
the brakes it comes to rest after traveling a
distance of 50 m. Calculate the average
retarding force.

Data:
Weight of the car W = 9800 N.
Initial velocity v; = 40 km/h.=40x1000m=11.11m/s

60x60 s
Final velocity vi=0
Distance covered S=50m.
Average force F ="

Solution:
2aS=vi2-v;?
2 x ax 50 =(0)?-(11.11)?
100 a = - 123.457
a=-123.457=— 1.23457 m/s?
100
If ‘m’ is mass of the car, then: W=mg
m=_W =9800= 1000 kg.
g 9.8
F=ma (second law)

F = 1000x—1.23457 |F =— 1234.57N]

'é Negative sign shows that the retarding force
acting on the caris 1234.57N.
Q.No.2: A helicopter weighs 3920 newton.
Calculate the force on it if it is ascending at the
rate of 2 m/s2. What will be the force on it if it is
moving up with a constant speed of 4 m/s?
Data:

Weight W = 3920 N.
Upward acceleration a=2m/s?
Constant speed v=4m/s.
Force on the helicopter F ="

Solution:

In the first case helicopter is moving upward with

an acceleration of 2 m/s?, therefore, the upward

lifting force “F” exerted by its engine and blades is

greater than its weight “W” (downward). Hence,
Unbalanced force = F - W

F-W=ma (bysecond law)
But m=_W =3920= 400 kg.
g 9.8
F — 3920 = 400x2
F —3920 =800

F =4720 N

F =3920 + 800

In the second case, the helicopter moves up
with a constant speed, therefore, it's acceleration
‘a’ will be zero

F-W=ma F-W=0
F=wW |F=3920N. |
Q.No.3: A 100 gm. bullet is fired from a
10 kg. gun with a speed of 1000 m/s.
What is speed of recoil of the gun?
Data:
Mass of bullet

m =100 gms = 0.1kg

Mass of the gun M =10 kg.
Speed of the bullet ~ V1=1000 m/s.
Speed of the gun Vo =7?.

Solution:

According to law of conservation of momentum:
Total initial momentum = Total final momentum
Since the gun and the bullet both are initially

at rest, therefore, total initial momentum is
zero. Applying law of conservation of momentum

we get:
O=mVi+MV;
0=0.1x1000 + 10 V2
10V2,=-100
V2=-100 |Vz=- 10 m/s.]
10

’é Negative sign shows that after firing the bullet,
the gun moves backward (opposite to the direction of
motion of the bullet). This backward movement of the
gun after firing is called recoil of the gun.

Q.No.4: A machine gun fires 10 bullets per
second into a target. Each bullet weighs 20 gm.
and had a speed of 1500 m/s.

Find the force necessary to hold the gun in
position.

Data:

Mass of each bullet m =20 gm. = 0.020 kg

Number of bullets fired per sec. =10

Velocity of each bullet after firing V=1500 m/s

Force necessary to hold the gun in position F=?
Solution:

Machine gun and the bullets form one
system. Before firing both are at rest, their total
initial momentum is zero. To conserve momentum
their total momentum after firing must also be zero.
This is possible only if the machine gun has equal
and opposite momentum (after firing) to that of the
bullet. In other words, the machine gun must
recoil (move backward).
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Force necessary to hold the gun in position is
equal to the reaction force exerted by the bullets
on the gun. This force is also equal to the rate of
change of momentum of the bullets. (velocity of
bullets before firing U = 0). Hence,
F = rate of change of momentum of 10 bullets.
F = change in momentum of 10 bullets
Time
F=10(mV-mU)
t
F =10 (0.02x1500 — 0.02x0) (t=1s)

1
F =300 N

F =10 x 0.02 x 1500

'éTo hold the machine gun in position while firing
10 bullets per sec. 300 N force will be required.
Q.No.5: A 50 gm. bullet is fired into a 10 kg block
that is suspended by a long cord so that it can
swing as a pendulum. If the block is displaced so
that its center of gravity rises by 10 cm.

What was the speed of the bullet?

Data:

Mass of the bullet m = 50 gm. =0.050 kg

Mass of the block M =10 kg.
Height through which C.G rises h=10 cm=0.10 m
Velocity with which bullet collides the block U1="?
Solution:
Since the gun is initially at rest, therefore, its initial
momentum is zero, and initial momentum of bullet
is mU4. After collision the bullet lodges itself into
the block and both swing as a pendulum. Let V> be
the velocity with which the bullet-block system
swings immediately after the collision, then total
final momentum will be mV, + MV, or (m + M)Va.
Applying law of conservation of momentum we get:
Total initial momentum = Total final momentum

m U4 = (m + M) \Y3

0.05U;=(0.05+10) V2

0.05 U4 =10.05 V2

K.E of bullet-block system after collision
changes into its P.E as its C.G rises.

K.E lost = P.E gained
3 (M+M)Va2=(m+M)gh
3 (0.05 +10)V42= (0.05 +10) 9.8x0.1
3 410-05 V2= 10.05 x 9.8 x 0.1
V,2=2x0.98 OR V,?=1.96

V2= +1.96 V.= 1.4 m/s.
Immediately after collision the bullet-block system
will move with a velocity of 1.4 m/s. On substituting
the value of V2 in equation (i) we get:

0.05 U1 =10.05 V2

0.05 U; = 10.05 x 1.4

Us=10.05 x 1.4 (U, = 281.4 m/s|
0.05

’é Speed of the bullet just before collision

with the block was 281.4 m/s.
Q.No.6: A 70 gram ball collides with another
ball of mass 140 gram. The initial of the first
ball is 9 m/s to right while the second ball is at
rest. If the collision were perfectly elastic, what
would be the velocity of two balls after the
collision?
Data:
Mass of first ball
Initial velocity of first ball ui=9m/s (right)
Mass of second ball m»=140 g= 0.140 kg
Initial velocity of second ball u.=0
Final velocities of both balls vq & v2=?
Solution:
Velocity v+ of first after collision is given by:
vi=(m1—=my) us+ 2my Us
(mq+ my) (m1+my)
vi=(0.07-0.140)x9+_2x0.140 %0
(0.07 + 0.140) (0.07 + 0.140)
vi=—=_0.07 x9+0 IV1=—3m/Sl
0.210
..Negative sign shows that, after an elastic collision
with heavier second ball, the first ball moves opposite
to its initial direction of motion i.e. to left.
Velocity v. of second ball after collision is given by:

my=70g=0.07 kg

Vo= _2my _ug+ (ma—myq) Uz
(my+mz) (Mmq+my)
vo=_ 2x0.07 x9+(0.140 —0.07)x0

(0.07 + 0.140)
vo= 2x0.07x9+0
0.21

'<Velocity of second ball after collision is
6 m/s. to right.
Q.No.7: A truck weighing 2500 kg and moving
with a velocity of 21 m/s collides with a
stationary car weighing 1000 kg. The truck and
car move together after the impact. Calculate
their common velocity?

(0.07+ 0.140)

Data:
Mass of the truck m+ = 2500 kg
Initial velocity of the truck ur=21mj/s
Mass of the car m2 =1000 kg
Initial velocity of the car u2=0

Final velocity of both  vi=va=v =7
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Solution:
Applying law of conservation of momentum:
Total initial momentum = Total final momentum
muq +muz=mqVa+ my vz
Sine after collision both move together,
therefore, vi=vo=v
m Ui +muZ=(m1 +m2)v
2500x21 + 1000x0 = (2500 +1000)v
52,500 + 0 =3,500 v

5250 (—15mp)
3,500

’é Speed of both after collision is15 m/s.
Q.No.8: A stone is dropped from the peak of a
hill. It covers a distance of 30 meters in the last
second of its motion. Find the height of the peak.

(2013 Karachi Board)
Data:

Initial speed vi=0.

Distance covered during the last second = 30 m.

Height =Total distance covered Si= ?
Solution:

Let ‘t’ be the total time taken by the stone to
reach the ground, then height of the cliff or in other
words, total distance covered by the stone is given
by: Si=vit+3at?

Si=0xt+3x9.8xt?

St=49t..... (/)

Distance covered S (1) during (t —1) sec. is
given by:

Sen=Vi(t=1)+ 3 a (t-1)?
Sieny = 0 x (t=1) + 3 x 9.8x(t=1)?

Sen=0+ 4.9 (t2-2t +1)

Sen=4.91t2-9.8t+4.9 ....(i)

But distance covered during the last second is:

St— S-1)= 30 m. Therefore,
494+ — 4904 +98t-4.9=30
98t =30+4.9
t= 34.9 = 3.56 second.
9.8

Height of the cliff will be equal to the total vertical
distance covered (during t sec.):

Si=49¢

St=4.9(3.56)> (St =62.14 m]

&< Height of the cliff is 62.14 m.

Q.No.9: A car is waiting at a traffic signal. As it
turns green, the car starts ahead with a
constant acceleration of 3 m/s2. At the same
time a bus traveling with a constant speed of 20
m/s overtakes and passes the car.

(a) How far beyond its starting point the
car overtakes the bus?

(b) What will be the velocity of the car at
that time? (2013 Karachi Board)
Data:

Initial velocity of the car  v;=0

Acceleration of the car ~ a = 3m/s?

Constant speed of bus v =20m/s.

(a) Distance beyond the starting point at which car
overtakes the bus S=7?

(b) Final velocity of the car vy ="?
Solution:

(a) Let “t” be the time after which car
overtakes the bus. Distance covered by the car in
time “t”: Si=vit+sat

Si=0xt+3x3xt

S1=15t ... (7)

Distance covered by the bus during the

same time: S;=vit+3at?
S2=20xt (bus is travelling with uniform
speed, a =0)

S2=20t . (i)

When the car overtakes the bus at that
moment S1=S; OR 15t=20t

1.5t=20
t=20 =13.33 second
1.5

The car overtakes the bus after 13.33
second at a distance beyond the starting point,
givenby: S;1=1.512

S1=1.5x(13.33)?

S1=15x177.78

|S: =266.67 m|
(b) velocity of car when it overtakes the bus:
VF= Vit at
vy=0+3x13.33
Q.No.10: An electron in a vacuum tube
starting from rest is uniformly accelerated by
an electric field so that it has a speed of 6x10°
m/s after covering a distance of 1.8 cm.
Find the force acting on the electron.
Take mass of electron as 9.1x10-% kg.
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Data:
Initial velocity vi=0.
Final velocity vr=6x108 m/s
Distance covered S=1.8cm=0.018 m
Mass of the electron m = 9.1x1073" kg
Force F=2

Solution

2aS= Vf2 — Vi2
2 x ax 0.018 = (6x106)% — (0)2
0.036 a = 36x10"
a=36x10"
0.036
According to second law of motion
F=ma =9.1x103" x 10"

|F=9.1x1015 N|

’é Accelerating force (such a force speeds up a

body) acting on the electron is 9.1x10 -16 N.
Q.No.11: A bullet having a mass 0.005 kg is
moving with a speed of 100 m/s. It penetrates
into a bag of sand and is brought rest after
moving 25 cm. into the bag. Find the
decelerating force on the bullet. Also calculate
the time in which it is brought rest.

a = 1015 m/s2.

Data:
Mass of bullet m = 0.005 kg.
Initial speed vi =100 m/s.
Final speed vi=0
Distance covered S=25cm. =0.25m
Decelerating force  F =7
Time taken t=2?
Solution:

2aS= Vf2 - Vi2
2 xax 0.25 = (0)? - (100)?
0.50 a = -10000
a =- 10000
0.50
a =- 20000 m/sz2.
According to second law of motion \
F=ma
F = 0.005 x — 20000
|F=- 100 N|

Negative sign shows that the force acting
on the bullet is decelerating (or retarding) in
nature, such a force slows down a body i.e. it
produces deceleration. Therefore, the magnitude
the decelerating force acting on the bullet is
100 N. Since,

VF=Vvita t

0 =100 -20000t

20000 t = 100
t=_100 |t = 0.005 sec]
20000

'é The bullet takes 0.005 sec. to come to rest.

Q.No. 12: A machine gun fires 10 bullets per
second into a target. Each bullet weighs 30 gm.
and had a speed of 1500 m/s.

Find the force necessary to hold the gun in
position. (2025 Karachi Board)
Data:

Mass of each bullet m =30 gm. = 0.030 kg

Number of bullets fired per sec. =10

Velocity of each bullet after firing V=1500 m/s

Force necessary to hold the gun in position F=?
Solution:

Machine gun and the bullets form one
system. Before firing both are at rest, their total
initial momentum is zero. To conserve momentum
their total momentum after firing must also be zero.
This is possible only if the machine gun has equal
and opposite momentum (after firing) to that of the
bullet. In other words, the machine gun must
recoil (move backward).

Force necessary to hold the gun in position is
equal to the reaction force exerted by the bullets
on the gun. This force is also equal to the rate of
change of momentum of the bullets. (velocity of
bullets before firing U = 0). Hence,
F = rate of change of momentum of 10 bullets.
F = change in momentum of 10 bullets
Time
F=10(mV-mU)
t
F =10 (0.03x1500 — 0.03x0) (t=1s)

1
F =10 x 0.03 x 1500 F =450 N

'éTo hold the machine gun in position while firing
10 bullets per sec. 450 N force will be required.
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Do you know that.......
There are four FUNDAMENTAL FORCES in nature:

% Strong force.

D)

>

Electromagnetic force.
Gravitational force.
Weak force.

Strong force, this is the strongest force in nature, it
keeps nucleons (protons and neutrons) togather in a
nucleus. It is a short range force. Its range is even
shorter than diameter of a heavy nucleus.

This force is about 100 times stronger than the
electromagnetic force.

Field particles Gluons are exchanged in this force.

Electromanetic force, this force is basically an
interaction between electric and magnetic fields.
Electromagnetic force is responsible for the formation of
atoms and molecules, in general whole chemistry is due
to this force.

Field particles_photons are exchanged in this force.
This force is about 103¢ times stronger than the
gravitational force.

Gravitational force, exists between all bodies having
mass .It is a long range force, it means that this force
acts over very long distance.

Field particles_Gravitons are exchanged in this force.

Weak force, Weak force exists during certain nuclear
reactions such as in beta decay. This force is
responsible for the stability of atoms. It is a short range
force.

Field particles W and Z bosons are exchanged in this force.
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Rotational and
circular motion ,

Angular motion:

When a body either spins or moves along a circular path its motion is called angular
motion (or circular motion).
Angular displacement “0”:

Angle subtended by a body or a point at the center of its circular path is called its
angular displacement, represented by 0.

Let a body be moving along a circular path of radius “r’ and P+ and P2 be its
instantaneous positions. Length of the arc between points P1 and P2 represents the linear
displacement “S” of the body, whereas the angle subtended by the arc at the center of the
circular path represents its angular displacement “0”.

P2

A

P4

Unit of angular displacement:

Radian:

The S.I unit of angular displacement “6” is radian.

e Angular displacement “0” is said to be one radian (1 rad.) if length of the arc “S” is
equal to radius “r’ of the circular path. Hence this unit of angle can be defined as the ratio of
length of the arc S and radius r of the circle.

6 =1radian when S=r
06=3S S=r6
r
This equation is valid only when “6” is measured in radian.
Degree
Most commonly used unit for the measurement of angle is degree.
e |If circumference of a circle is divided in 360 equal parts then the angle subtended by

each part at the center of the circle is called one degree 1°, In other words for one
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complete revolution, angle subtended at the center of the circle will be 360°.
e Since “0” is the ratio of two similar quantities (S and r), therefore, it is a
dimensionless quantity.

Relation between degree and radian:

For one complete revolution of a body, the angle subtended at the center of the circle is
360° whereas the distance covered by the body along the circular path is equal to the
circumference 2 = r of the circle. Therefore,

S=2nr & 0 = 360° (for one complete revolution)
But 06=S Therefore, 0=2nf
r +
0 = 2 wradian (for one complete revolution)
Therefore, 2 n radian = 360°
1 radian = 57.296° or |1 radian = 57.3°
Similarly, 1° =2 n/360° = 0.0175 radian.

Angular velocity ««":

Rate of change of angle at the center of the circular path is called angular velocity
“‘o” of the body.

OR itis the rate of change of angular displacement of a body.
o= A0
At

Angular velocity “o” is a vector quantity. Its direction is determined by_right hand
Rule. It is always directed along the axis of rotation and depends upon the direction of
angular motion of the body.

€ If a body is moving in clockwise direction then “o” will be directed into the paper
away from the reader along the axis of rotation (or revolution).

& If a body is moving in anticlockwise direction then “o” will be directed out of paper
or towards the reader along the axis of rotation (or revolution).

To find the direction of angular velocity ‘o’ of a body, first of all curl the fingers of your
right hand in the direction of motion of the body (clockwise or anticlockwise) about the axis of
rotation then the stretched thumb will point in the direction of angular velocity. This is also
known as right hand rule.

€ S.| unit of angular velocity “o” is rad. /sec (radian per second) or s™*.

€ Angular velocity is sometimes called angular frequency.

Note that every point on a rotating object has the same angular velocity where as its linear
velocity at any point will be along the tangent (also called tangential velocity) to the circular
path and its value will be proportional to distance of the point from axis of rotation of the body.
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Direction of rotation Direction of rotation

Axis of rotation Axis of rotation

Average angular velocity “wav”’:

It is the total angular displacement divided by total time taken
OR ltis the angular velocity of a body during any interval of time.

wav=_A0
At
Where ‘A 0’ is the total angular displacement of the body during any time ‘At”.

Instantaneous angular velocity “winst.”:

It is the rate of angular displacement of a body at a particular instant or at a

particular point.

OR ltis the angular velocity of a body at a particular instant or at a particular point.
Instantaneous angular velocity of a body can be determined by finding the angular

displacement of the body during a very short interval of time ‘At’ just before or after the instant,

and then dividing it by that short time interval. Time interval ‘At’ is so short that it approaches to

zero (it is not exactly zero) Hence:

oinst. = Limit AD
At—>0 At
Uniform angular velocity:
If a body has equal angular displacement in equal intervals of time, however short the
time interval may be, then it is said to have uniform angular velocity.
When the angular velocity of a body is uniform its average and instantaneous angular
velocities are equal, i.e.

Mav = Minst. o = uniform

In other words, if a body is moving with a uniform angular velocity the angular
velocity of the body will be equal whether it is measured in a long or a short time interval.

Angular acceleration:

Rate of change of angular velocity of a body is called its angular acceleration.

— —>
a= Ao
At

Where ‘A ®’ is the change in angular velocity in time ‘A t’
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If ‘w/ is the initial and ‘or is the angular speed of a body after some time ‘At”, then the
magnitude of its angular acceleration ‘o’ is given by:
a=0f—0i

At

€ Angular acceleration “a” is a vector quantity.

€ S.| unit of angular acceleration is rad./s2.

€ Angular acceleration of a body is said to be 1 rad./s? if its angular velocity changes
by 1 rad./s in 1 second.

In other words, angular motion of a body is said to be accelerated if its angular
velocity is changing (increasing or decreasing).

Average angular acceleration:

It is the total change in angular velocity divided by total time taken

OR
It is the angular acceleration of a body during any interval of time.
Qlay = A ()
At

Where ‘A o’ is the total change in angular velocity of the body during any time ‘At”.
Instantaneous angular acceleration:

It is the angular acceleration of a body at a particular instant or at a particular point.
OR itis the rate of change of angular velocity during a very short interval of time or at a
particular point.

€ Instantaneous angular acceleration of a body can be determined by finding the
change in angular velocity ‘A @’ during a very short interval of time ‘At’ just before or after the
instant, and then dividing it by that short time interval. ‘At is so short that it approaches to zero
(it is not exactly zero) Hence:

Qinst. = Limit  A®
At—0 At
Uniform angular acceleration:

If there is equal change in the angular velocity of a body in equal intervals of time,
however short the time interval may be, then it is said to have uniform angular
acceleration.

€& When the angular acceleration of a body is uniform its average and instantaneous
angular accelerations are equal, i.e.

Olav = Olinst. o = uniform

In other words, if a body has a uniform angular acceleration then there will be equal
change in its angular velocity in equal intervals of time whether it is measured in a long or a
short time interval.

Relation between linear and angular quantities:
Consider a point moving along a circular path of radius ‘r’, such that it covers a linear

distance ‘AS’ along an arc which makes an angle ‘A9’ at the center of circular path in time ‘At
or in other words, angular displacement of the body is ‘A8’ in time ‘At”.
Hence: AS=rAD
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On dividing both sides of this equation by At (time taken)

AS=r A6
At At
But AS=V (Linear velocity of the body)
At
And AfB=0 (Angular velocity of the body)
At
Therefore, V=ro

It means that, at any instant linear velocity V' is equal to ‘r times angular velocity ‘o’
of the body.

€ Note that at any given instant angular velocity ‘o’ is directed along the axis of
rotation (or axis of revolution) and the linear velocity 'V’ is directed along the tangent to the
circular path at that instant. This linear velocity is also called tangential velocity (Since it is
directed along the tangent to the circular path).

If the angular velocity of a rotating body is changing such that Ao is change in its
angular velocity in time At and AV is the corresponding change in linear velocity of a point on
the rotating body, then: AV =r Ao

On dividing both sides of this equation by At, we get:

AV =1 Ao
At At
a=ruoa

It means that, at any instant linear acceleration ‘a’ (also called tangential acceleration)

of a point on a rotating body is equal to ‘r’ times its angular acceleration ‘o’

Q: Why do points on a disc, rotating with uniform angular speed, lying away
Jfrom the axis of rotation, move with a higher speed than points lying close to it,
although both have the same angular speed?

Ans: Linear speed V'’ of any point on a rotating body at any instant in terms of its
angular speed ‘o’ is given by: V=ro

This formula shows that if a disk is rotating with a uniform angular speed », The angular
speed of all points on it will be equal because they will all subtend equal angles at the center in
equal intervals of time.

Since their linear speed V' depends not only upon their angular speed ‘o’ but also upon
radius ‘r’ of their circular path. Therefore, their linear speed will be different.

€ Points on a rotating body which are close to the axis of rotation will have smaller
linear speed V' because distance ‘r’ of these points from the axis of rotation (radius of their
circular path) is small.

®:Points lying away from the axis of rotation of a rotating disk move with a higher
linear speed.
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Equations of angular motion:
Corresponding to equations of uniformly accelerated linear motion there are equations
for angular motion when angular acceleration of the body is uniform.

Linear motion Angular motion
Vr=V;+at of=oitat
S=Vit+3at? 0=wit+3at

2aS=V2=-Vi? |200=w02-0?

Centripetal acceleration ac:
Acceleration of a body directed towards the center of a circular path is called centripetal
acceleration, its magnitude is given by:
ac=_v?
r
Where “r’ is radius of the circular path, and “v” is the_linear speed of the body.

Derivation of Centripetal acceleration ac:

When a body moves along a circular path it's linear velocity at any instant is directed
along the tangent to the circular path at that instant. Hence as the body continues its motion
the direction of its linear velocity continuously changes. It means that motion of the body is
accelerated. Acceleration produced in the body is due to a change only in the direction of
its linear velocity, it is called centripetal acceleration.

Since K.E of a body depends upon the magnitude and not upon the direction of

linear velocity therefore, kinetic energy of the body does not change.

— —>
Let V1 and V2 be the velocities of a point at two successive positions after an interval of time

‘At and ‘A®’ be the angular displacement at the center of circular path of radius ‘r’ during
—> —>

that time. If the body is moving with a uniform speed then the magnitudes of V1 and V2 will be
equal but the direction of these velocities will be different (each along the tangent at two
different points along the same circular path). Hence these two are different velocities. But
their magnitude V1 =V2=V. >

The change in linear velocity AV cap be
determined by joining the tails of%_a)nd V2.

Line joining the hegds represents ‘AY’, directed
from the head o% to the head of V2 (According to
head to tail rule_)zgthelgal velocity and V1 is the
initial velocity, V2 =V1 + AV) >

Since the change in velocity ‘AV’ is directed
towards the center of the circular path,
therefore, acceleration is also directed towards
the center. This acceleration is called
centripetal acceleration.
Triangles OAB and CPQ are similar. Therefore:

AB =0OA

PQ CP
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But AB=AV, PQ=AS, OA=V & CP=r

AV =V

AS r

AV=V AS
r

Divide both sides of the above equation by A t:

AV =V AS

At r At

But AV =a.. & AS=V
At At

Therefore, the magnitude of centripetal acceleration ac is given by:
ac=_V2
r

Direction of centripetal acceleration ‘ac’ is same as the direction of change in

—_—

velocity ‘A V', Which is directed towards the center of the circular path, therefore, ‘ac’ is also
directed towards the center of the circular path.

€ Note that the centripetal acceleration is due to a change only in the direction
of linear velocity, it is not due to any other reason.

®:Also note that whenever a body moves along a circular path with whatever speed
(with a constant or a variable speed) it will always have centripetal acceleration due to a
change in direction of its linear velocity.
Centripetal force F.:

Force required to move a body along a circular path is called centripetal force or in
other words, it is the force required to produce centripetal acceleration in a body.
This force is called centripetal because it is always directed towards the center of
circular path followed by a body.

€ Centripetal force is always required when a body moves along a circular path. If this
force is not provided the body will not move along a circle or part of a circle. If centripetal force
is removed during circular motion of a body it will fly off the circular path and will move along
the tangent to the circle at the point from where this force is removed.

€ In case of our solar system, our beautiful little earth revolves around the sun
because the gravitational force of the sun on earth provides the necessary centripetal force.

€ In case of the moon, moon revolves around the earth because the gravitational
force of the earth on moon provides the necessary centripetal force.

¥ |In case of an atom, negatively charged electron revolves around the positively
charged nucleus because the attractive Coulomb force of the nucleus provides the necessary
centripetal force.

€ In case of a stone tied at the end of a string when whirled the stone
revolves along a circular path because tension in the string provides the necessary centripetal force.

Centripetal force acting on a_body is given by:
Fc= myv 2
r

Fe=mro? (V=rom)
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Fce=4nm’mr (0 =2m)
T2 T
Where r’ is radius of the circular path, and ‘v’ is its linear speed, ‘o’ is its angular speed
and ‘T’ is the period of revolution (time to complete one revolution) of the body.

Motion of a car on a curved flat road:

Consider a car taking a turn on a curved flat road. Curved road is a part of a big circular
path. We know that when any object moves along a circle or part of a circle centripetal
force must be provided to it. In this case friction between tires of the car and road surface
provides the necessary centripetal force. Magnitude of this force depends upon many factors
such as road conditions (i.e. its roughness, icy/ rainy conditions), upon condition of tires,
speed of the car etc. The car cannot travel at high speed and may skid if the road is
smooth/icy/rainy and tires are worn out. In other words, motion of a car on a flat curved
road depends mainly upon force of friction. If friction is less than required the car may skid.

Banked curve: (Karachi Board 2024)

Banked curve is a curved road whose outer side is raised and makes some angle “6”
with the ground.

Purpose of making a banking curve is to decrease dependence of moving vehicles on
friction.

Assuming that there is no force of friction
between road surface and tires of the car, then
forces acting on the car on a banked curve are its
weight W = mg (vertically down ward) and normal
reaction “N” acting on the car, perpendicular to the
road, and makes a certain angle “0” with the
horizontal.

Resolving N into components we see that:

Component N Sin 6 provides the centripetal
force m v2 , necessary to move the car on banked curved road without skidding, and

r

Component N Cos 6 balances weight W = mg of the car.

Nsin®y |

N cos 6

NSIn0=mv?.................. (i)
r
NCosO=mg........eeennnen (i)
Dividing equation (i) by (ii) we get:
| V2
NSin6=_r (But Sin 6 = Tan 0)
MN-Cos 6 =mg Cos 6
Tan 0= v?2
rg

P2
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This formula gives us banking angle “0” for ideal banked road (road free of friction) in
terms of speed “v” of the car, radius “r” of the curved road.

e |tis use-full for designing and constructing good quality banked curved roads on a
high way. This formula is also used in designing banked curve for racing cars and motor bicycles etc.

e For high speed and sharp curved road banking angle must be large. Hence
for each banking angle and radius of the circular path there is a maximum speed limit with which a car can travel
without skidding. If speed of the car is more than this speed limit car will move along a larger circle, on the other
hand if speed of the car is below this speed limit it will move along a smaller circular curve.

e Note that the banking angle “6” does not depend on mass “m” of the car.

e Also note that this derivation is for frictionless road surface, if there is friction it will
also help to take a sharp turn with high speed on the banked road.

Using the above formula for banking angle maximum speed with which a car can be

driven on a banked curve can also be calculated by rearranging the formula. Speed “v” is given
by: v2=rgTan 0

v=+vrgTan®

Example:
Calculate the speed at which a car can be driven safely on a 100 m curve banked at 25°.

(Assuming the road to be frictionless)

Solution:
v=vYrgTan® OR v=+100x9.8xTan 25° = v 456.98 = 21.4 m/s= 77 km/h.
Orbital velocity: (Karachi Board 2024)

Velocity with which a satellite orbits (revolves around) a heavenly body is called its
orbital velocity.

Orbital velocity of a satellite orbiting any heavenly body at the center can be calculated
by applying Newton’s law of universal gravitation. Heavenly body at the center can be earth,
moon, sun etc. and the satellite may be earth (revolving around the sun), moon (revolving
around the earth), an artificial satellite (revolving around the earth) etc.

Gravitational force exerted on satellite by the body at the center provides centripetal
force necessary to keep the satellite in orbit.

According to Newton’s law of gravitation, force Fc with which body at the center attracts
the satellite is given by:

Fe=GmM
R2
Where m is mass of the satellite., M is mass of the central body.

‘G’ is universal gravitational constant (G = 6.67x10~"" N-m?/kg?).
R radius of the orbit (or distance between centers of satellite and the central body)
Centripetal force Fc required to keep the satellite in orbit is given by:

Fc=m V2
R
Since Fc=Fc Therefore, mVi=GmM

R2

Z W

V2=GM OR v=\/e
R R

81



Rawala’s new physics for XI

With the help of above formula orbital speed of any satellite can be calculated, provided
we know mass M of body at the center and distance R between centers of the two bodies (G
is the universal gravitational constant).

Note that the orbital velocity V of the satellite at any instant is directed along the
tangent to its circular path at that instant.
Period of revolution “T”:

Time in which a satellite completes one revolution around the central body is called its
period of revolution T.

In one revolution the satellite covers a linear distance of “2 = R” equal to the

circumference of the orbit. Hence Speed = distance
time
Therefore, V=2=nR
T
V2 =4 n2 R?
T2
But VZ=GM
R
Therefore, 4 1°R?2=GM
T2 R
T2=4 2R3
GM

With the help of this formula time in which a satellite completes one revolution around the
central body (its period of revolution) can be calculated, this is also known as KEPLER’S law.

Inertia:

It is the property of a body to resist a change in its state of rest or of uniform
linear motion. It means that if a body is at rest it tends to remain at rest and if it is in motion
it tends to continue its motion without any change in its velocity. Inertia of a body depends only
upon its mass.

Hence it is difficult to move a heavy body if it is at rest and if it is in motion then it is
difficult to speed it up or slow it down.

It is easy to move a light body if it is at rest, easy to slow it down or speed it up a light body.
Heavy body has more inertia but light body has less inertia. In other words, due to inertia
a body tends to resist linear acceleration.

Hence inertia is for translational or linear motion.

Moment of inertia:

Moment of inertia is actually rotational inertia it means thatit is the property of a
body to resist its angular acceleration or it shows how difficult or easy it is to change angular
velocity of a body.

e If moment of inertia of a rotating body is large it will be difficult to change
(increase or decrease) its angular velocity or it will strongly resist any change in its angular
velocity.

¢ If moment of inertia of a rotating body is small it will be easy to change
(increase or decrease) its angular velocity.
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Moment of inertia is for angular or circular motion it is also called rotational inertia. It
depends upon size and shape, mass, distribution of mass of a body and upon the
location of axis of rotation.

If m1, m2 ,ms3 .... are mass of particles at perpendicular distance r1, rz, r3,... respectively
from axis of rotation of the rotating body, then the moment of inertia “I” of the whole body is
given by:

I[=Xm;r? (i=1,23 ...... )

It means that moment of inertia of the whole body is equal to the sum of products of
mass and square of perpendicular distance of particles of the body from the axis of rotation.
Moment of inertia is also known as rotational inertia.

MKS unit of moment of inertia is kg.m2. It is a scalar quantity.

Dimensions of moment of inertia are [M* L2 T9].

Difference between inertia and moment of inertia;

e Inertia is for linear (or translational) motion but moment of inertia is for
rotational (or angular) motion of a body.

e Due to inertia bodies resist linear acceleration “a” but due to moment of
inertia bodies resist angular acceleration “o”.

¢ Inertia depends only upon mass of the body but moment of inertia depends not
only upon mass but also upon the_distribution of mass of the body, location of axis of
rotation and the perpendicular distance of the rotating object from the axis of rotation.

e Bodies of same mass but of different shapes and sizes may have different
moment of inertia.

e Momen of inertia is also called rotational inertia.
Moment of inertia (or rotational inertia) of a two-particle system:

Consider two rigid spherical bodies each of mass “m” connected at the ends of a rod of
length “L” and of negligible mass. Let the rod rotates about its center so that the axis of rotation
passes perpendicularly through its center. Under this condition perpendicular distance of each
spherical body from the axis of rotation will be “ 3 L”. Moment of inertia of this two-body system

will be: axis of rotation
I=Smir2=mx (3L)2+mx (3 L)2 pul .
I = % m L2 %L ..................... "%L __________

If the axis of rotation passes perpendicularly through one of rods ends i.e. if the rod
rotates about one of its ends then perpendicular distance from axis of rotation of mass at this
end will be zero whereas for the mass at the other end it will be equal to length “L” of the rod.
Hence axis of rotation m

I=XmirZ=mx (0)>+ mx L? mIL
[=mL?2 L
This example shows that moment of inertia depends also upon the location of axis of rotation.
Moment of inertia of different bodies:
e Moment of inertia of a solid cylinder of mass “M” and radius “R”, rotating
about its axis is: =i MR2
e Moment of inertia of a hollow cylinder of mass “M”, inner radius “a” and outer
radius “b” rotating about axis passing through its center is:
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I=3M (a2 +b?
e Moment of inertia of a solid sphere of mass “M” and radius “R” rotating about

axis its center is: I= 2 MR?
5
e Moment of inertia of a solid rod of mass “M” and length “L” rotating about one
of its ends is: =i MR2

Angular momentum:
Angular momentum is for rotational motion; it tells you how difficult it is to change
angular velocity of a body.
—> —_— —_—
Angular momentum “L” is the cross product of position vector “r” and linear momentum “p”.
—_—— —>
L=rx p
o__)lt is a vector quantity. Its direction is always perpendicular to the plane
containing r and linear momentum p and can be determined by right hand rule.
e Its MKS unit is kg m?/s.
e lIts dimensions are [M L2 T-]
Since linear momentum of a body is the product of its mass “m” and linear velocity “v”
hence magnitude of angular momentum of a body about a certain axis of is given by:

. . .L =myv r_S_Qe . s
“0” is the angle between the position vector “r" and linear momentum “p” of the body.

If 6 = 90° then, L=mvr Sin 90°
L=mvr

But v =r o, Where o is the angular velocity of the body. Hence,
L=mr’o

But mr2=1, where “I" is moment of inertia of the body. In other words,
L=To

We know that angular velocity o of all the points on a rotating body is same whatever
their location may be. Angular momentum, therefore, depends upon its moment of inertia.
Higher the moment of inertia of a body higher will be its angular momentum and more difficult it
will be to stop a rotating/spinning/rolling body.

Law of conservation of Angular momentum:

Law of conservation of angular momentum states that:

“If net torque acting on a body is zero the
angular momentum of the body remains constant”.

Torque or moment of force:
Torque “t” or is moment of force the turning effect of a force produced in a body about a certain axis.

It is a vector quantity. It i%}ual to the vector or cross product of position vector “r” relative to a certain

[ mill

axis of rotation and force “F”.

— > —>
T=rxF

o Direction of torque is determined by right hand rule. Its direction is same as the
—
direction of r x F .

e Torques which produce anticlockwise turning in a body with respect to the observer are

84




Rawala’s new physics for XI

directed outward (by right hand rule) are taken as positive whereas torques which produce clockwise
turning (directed inward) are taken as negative.

Magnitude of torque acting on a body is given by:

t=rFSin6 —> o

Where “0” is the angle between position r and force F. —

Magnitude of torque acting ona body is maximum when applied force F is
perpendicular to the position vector r, In other words angle 6 is 90°.
Relation between torque and moment of inertia:

According to Newton’s second law of motion:

F=ma
But linear acceleration “a” and angular acceleration “o” are related by:
a=rao

Note that this formula is valid when the body is moving along a circular path with
angular acceleration “a” in this case linear acceleration “a” will be directed along tangent to the
circular path. In other words, linear acceleration in the above formula is also called tangential
acceleration. Substituting the relation between linear and angular accelerations in second law

we get:

F=mra
Multiplying both sides by “r’ we get:
rF=mr?a
But: r F =1 (torque acting on the body)
and mr? =1 (moment of inertia of the body)
Hence: t=la
If “I” is constant, then
TCA

This is the form of Newton’s second law for angular/circular motion. It shows that when
a net torque “1” acts on a body it produces an angular acceleration “a” in it such that torque is
directly proportional to the angular acceleration produced. In this case the constant of

proportionality is “I” moment of inertia of the body.
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: One radian is about:

(a)25° (b) 45° (c) 37° (d) 57°
Q.No.2: Wheel turns with constant angular speed
then:

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

(d) the angle through which wheel turns in each
second increases as time goes on.

(e) the angle through which wheel turns in each
second decreases as time goes on.

Q.No.3: The rotational inertia of a wheel about its
axle does not depend upon its:

(a) diameter.  (b) distribution of mass.

(c) mass. (d) speed of rotation.

Q.No.4: A force with a given magnitude is to be
applied to a wheel. The torque can be maximized
by:

(a) applying force near the axle radially outward
from the axle.

(b) applying force near the rim radially outward.
(c) applying force near the axle parallel to a
tangent to the wheel.

(d) applying force at the rim tangent to the rim.
Q.No.5: An object rotating about a fixed axis, “I" is
its rotational inertia and “o” is its angular
acceleration. It

(a) is the definition of torque.

(b) is the definition of rotational inertia.

(c) is the definition of angular acceleration.

(d) follows directly from Newton’s second law
Q.No.6: The angular momentum vector of earth
about its rotation axis, due to its daily rotation is
directed:

(a) tangent to the equator towards east.

(b) tangent to the equator towards west.

(c) north. (d) towards the sun.
Q.No.7: A stone of 2 kg is tied to a 0.50 m long
string and swung around a circle at angular
velocity of 12 rad/s. The net torque on the stone
about the center of the circle is:

(@)ON.m (b)6N.m (c)12N.m (d) 72 N.m
Q.No.8: A man with his arms at his sides, is
spinning on a light frictionless turntable. When he
extends his arms:

(a) his angular velocity increases.

(b) his angular velocity remains same.

(c) his angular velocity decreases.

(d) his angular momentum remains same.

Q.No.9: A space station revolves around the earth
as a satellite, 100 km above the earth surface.
What is the net force on an astronaut at rest inside
the space station?

(a) equal to her weight on earth.

(b) a little less than her weight on earth.

(c) less than half her weight on earth.

(d) Zero (she is weightless)

Q.No. 10: If the external torque acting on a body is
zero, then it

(a) angular momentum is zero.

(b) angular momentum is conserved.

(c) angular acceleration is maximum.

(d) rotational motion is maximum.
Q.No.11: If ® is the angular speed of a particle
moving in a circle of radius ‘r’, the centripetal
acceleration will be: (2004 Karachi Board)

cmr *or? °*’r
Q.No.12: Every point on a rotating body has the
same: (2004 Karachi Board)

e Linear velocity. e Angular velocity.
eLinear acceleration.
Q.No. 13: When a body moves with a
constant speed in a circle:
(2005 Karachi Board)
e Its velocity is changing.
elts acceleration is zero.
e Its acceleration is increasing.
e |ts velocity is uniform.
Q.No. 14: The rate of change of angular
momentum with respect to time:
(2007 Karachi Board)
e Force. e Angular velocity
e Angular acceleration. e Torque
Q.No.15: Angle subtended at its center by an
arc whose length is equal to its radius is:
(2008 Karachi Board)

e 37.3° 047.3° e57.3° 67.3°
Q.No.16: The unit of angular velocity is:
(2015 Karachi Board)
e radian/cm. e meter/sec.

e radian/sec. e radian/sec?.
Q.No.17: One radian is equal:
(2025 Karachi Board)
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¢ 0.017° e 35.7° e57.3° «0.117°
Q.No. 18: The turning effect of a force about
the axis of rotation is called:

(2025 Karachi Board)
e Momentum. e Inertia.
e Orbital velocity. e Torque.

Answers:

/ (1) 57°
(2) The wheel turns through equal

angles in equal time.

(3) Speed of rotation.

(4) Applying force at the rim tangent to
the rim.

(5) follows directly from Newton’s
second law.

(6) towards the sun.

(7) 6 N.m

(8) his angular velocity decreases.
(9) Zero (she is weightless)

(10) angular momentum is conserved.

(11) w?r

(12) Angular velocity.

(13) Its velocity is changing.

(14) Torque.

(15) 57.3°

(16) radian/sec.

(17) 57.3°

(18) Torque.
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Numericals:

Q.No. 1: A car mechanic applies a force of
800 N to a wrench for the purpose of loosening
a bolt. He applies the force which is
perpendicular to the arm of the wrench. The
distance from the bolt to the mechanic’s hand
is 0.40 m.

Find out the magnitude of torque applied?

Data:

F=800N r=040m t=7?
Solution:

t=FrSino (6 =90°)

t =800 x 0.40 x Sin 90° =320 Nm
€< Magnitude of torque applied is 320 Nm.
Q.No.2: A car accelerates uniformly from rest
and reaches a speed of 22 m/s in 9 s. If the
diameter of a tire is 58 cm. Find:
(a) the number of revolutions the tire makes
during this motion, assuming no slipping.
(b) the final rotational speed of the tire in
revolution per second.
Data:
V=0, Vr=22m/s, t=9s,
d=58cm=0.58m r=0.29m
(a) No. of revolutions =?
(b) Final rotational speed ws="?
Solution:
(a) Circumference of a wheel
=2nr=2x22/7x0.29=1.82m
vi—vi=at 22 -0=ax9
a=22/9 = 2.44 m/s?
Distance travelled:
S=vit+zat?
S=0+%x244(9)2=99 m.
No. of revolutions = __ distance traveled
Circumference of a wheel
No. of revolutions = 99/1.82=55 revolutions.
(b)vr=reog of=vy =22 =75.86 rad/s
r 0.29
There are 2 = radians in one revolution.
Hence No. of revolutions/s in 75.86 rad/s
or=75.86 = 12 revolutions/s
2n
€< (a) Number of revolutions are 55 revolutions
(b) Final rotational speed is 75.86 rad/s
= 12 revolutions/s

But

Q.No.3: An ordinary workshop grindstone has
a radius of 7.5 cm. and rotates 6500 rev/min.
(a) Calculate the magnitude of
centripetal acceleration of its edge in m/s? and
convert it into multiples of g.
(b) What is the linear speed of a point on

its edge?
Data:
Radius r=75cm.=0.075m
Rotational speed = 6500 rev/min.
= 6500 rev/s.
60
(a) Centripetal acceleration ac="7?
(b) Linear speed V =?

Solution:

(a) Centripetal acceleration in terms of
angular speed is given by:

ac=r o

ac = 0.075x (6500)? = 880.2 m/s2.

(60)°
€ Centripetal acceleration of the edge is

880.2 m/s2.

(b) Linear speed of a point on the edge is
given by: V=ro
V = 0.075x 6500 = 8.125 m/s.

60

€ Linear speed of point on the edge is
8.125 m/s.
Q.No.4: A satellite is orbiting the Earth with an
orbital velocity of 3200 m/s.

What is the orbital radius?
Data:

Orbital velocity

Orbital radius R=7

Mass of the earth M =5.98x10%* kg

Universal gravitational constant

G =6.67x10""" N-m?/kg?

V = 3200 m/s

Solution:
Since: V2’=GM OR R=GM
R &
R= 6.67x10~"" x 5.98x10%*
(3200)2

R=3.895%x10" m
®: Orbital radius 3.895 x107 m.
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Q.No. 5: A satellite is to orbit the earth at a
height of 100 km (approximately 60 miles)
above the surface of the earth. Determine the
speed, acceleration and orbital period of the
satellite.
(Given Mearth = 5.98x10%* kg, Rearth = 6.37x10° m)
Data:

Height h =100 km.=10°m
Rearth = 6.37x10° m.
Radius of orbit R = Reartn + h

= 6.37x10%+10%= 6.47x108 m

Mearth = 5.98x10% kg

Speed V =?
Acceleration a="?
Orbital period T=?

Universal gravitational constant
G = 6.67x10"" N-m?/kg?
Solution:

VZ=G M OR V=/GM
R R

V =/6.67x10-""x 5.98x10%4=" 61648.563
6.47x108
€V = 7851.7 m/s. OR 7.851x103% m/s.
Since the satellite is moving along a
circular path therefore, it must have centripetal
acceleration, given by:
®a = V2= (7.851x10%)2= 9.53 m/s>.
R 6.47x108
Orbital period can be found by:
T2=4 12 R® = 47%x (6.47x106)3
GM  6.67x107"'x 5.98x10%
T2 = 26,806,836
T =~26,806,836=5177.53 s=5177.53 h=1.44h
3600
€ Orbital period is 1.44 h.
0Q.No.6: A thin disk with a 0.3 m diameter and a
total moment of inertia of 0.45 kg.m? is rotating
about its center of mass. There are three rocks
with masses of 0.2 kg on the outer part of the
disk. Find the total moment of inertia of the
system.
Data:
Diameter d=0.3 m, Radiusr=d/2=0.15m
Moment of inertia of disk I = 0.45 kg.m?
Mass of each rock m = 0.2 kg.
Total number of rocks n=3
Total moment of inertia =7

Solution:
Moment of inertia of each rock = m r?
= 0.2 (0.15)2 = 4.5x10-3 kg.m>.
Total moment of inertia of rocks = 3(4.5x10-3)
Total moment of inertia of rocks=1.35x10-2 kg.m?
Total moment of inertia of the disk =
moment of inertia of disk + moment of inertia
of rocks
Total moment of inertia of disk = 0.45+1.35x1072
= 0.4635 kg.m?
€< Total moment of inertia of disk is
0.4635 kg.m?.
Q.No. 7: What is the ideal banking angle for
a gentle turn of 1.20 km radius on a highway
with a 105 km/h speed limit (about 65 mil/h)
assuming everyone travels at the limit?
Data:
Radius of highway r =1.20 km.= 1200 m
Speed limitv = 105 km/h = 105x1000 m/s

60x60
=29.17 m/s.
Ideal banking angle 6 =7
Solution:

Banking angle is given by:
0=Tan~" _v?2

rg
0=Tan-" _(29.17)2=Tan " 0.0723

1200x9.8
06=4.14°

€ |deal banking angle is 4.14°.
Q.No.8: A 1500 kg car moving on a flat,
horizontal road negotiates a curve as
shown in fig. If the radius of the curve is
35.0 m and the coefficient of static friction
between the tires and dry pavement is
0.523, find the maximum speed the car can
have and still make the turn successfully.
Data:
Mass of the car m = 1500 kg
Radius of the curve r=350m
Coefficient of static friction us = 0.523
Max. safe speed v =7
Solution:
In this case the centripetal force is
provided by force of friction between road and
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tires of the car, therefor,
Force of friction = centripetal force
ps R=mv2
r
But normal reaction R = m g (weight of car)
us FA-g = m V2
r
v2=psgr=0.523 x 9.8x35
v2 =179.389
v=+179.389 = 13.394 m/s.
€& Maximum safe speed the car can
have is 13.394 m/s.
Q.No.9: A system of points shown in fig.
Each particle has same mass of 0.3 kg and
they all lie in the same plane. What is the
moment of inertia of the system about

given axis?
my= 0.3kg

r;=40 cm m

4 \\0, 3
! fo
a—QO

r1=20 cm

Data: «>
Mass
Distance

m1 =mz2 =m3 = 0.3 kg.
ri=20cm.=0.20 m.
rz=40cm.=0.40 m.
rs =50 cm. =0.50 m.

Moment of inertia of the system = ?
Solution:

Let the axis of rotation be passing
through “A”, perpendicular to the plane of
paper. Hence:

Total moment of inertia of the system

=m1 (r1)? + m2 (r2)? + ms3 (ra)?

=0.3(0.2)>+0.3(0.4)2+0.3(0.5)?

= 0.135 kg.m>.

€ Total moment of inertia of the

system is 0.135 kg.m?.
Q.No. 10:(a) What is the angular
momentum of a 2.9 kg uniform cylindrical
grinding wheel of radius 20 cm when
rotating 1550 rpom?

(b) How much torque is required to
stopitin 6s?

Data:

(a) Angular momentum L="7

Mass of the wheel M = 2.9 kg.

Radius of the wheel R =20 cm = 0.20 m

Angular speed o =1550 rpm.

= 1550 x 2n/60 rad./s = 162.32 rad./s
(Angular speed “w” is given in rpm “revolution
per minute”, angle subtended in each
revolution is 2x radian. .. 1 rpm = 2z radian in
60 second)

(b) Torque required

Time to stop

Solution:

(a) Angular momentum is given L=1®
But I=%MR?2 For cylindrical wheel
Therefore, L=+ MR2 o
L =1 2.9 x (0.20)2 x162.32 = 9.414 kg-m?/s.

(b)Since torque “1” is the rate of change
of angular momentum, and we have to stop the
rotating grinding wheel, therefore, its final angular
momentum “L/ must be taken as zero.

t=AL =Ls—L;i=0-9.414 = -1.569 N-m

At At 6

®: Angular momentum is 9.414 kg-m?/s and
—1.569 N-m toque will be required to stop it.
Q.No.11: Determine the angular momentum
of the earth

(a) about its rotation axis (Assuming
the earth as a uniform sphere).

(b) in its orbit around the sun (Take

Earth as a particle orbiting the sun).
The earth has mass 6x10?* kg and radius
6.4x10% m. and is 1.5x108 km from the sun.
Data:

Angular momentum of the earth L =7

(a) about its rotation axis =?
(b) about its orbit around the sun =?

Mass of the earth M= 6x10%* kg

Radius of the earth Re = 6.4x10% m.

Distance between earth and the sun
R =1.5x108 km.= 1.5x108x103 m=1.5x10""m
Solution:

(a) Angular momentum (in its rotation
axis):L=1o

T ="
t=6s.
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But 1=2 MR? (Forsphere) and o =2xn
5 T
Where T is the time in which earth completes
one rotation about its axis (24 hours)
=24 x 60 x 60 s = 86400 s.

L=2 MRe?x 2

) T
L =2 x6x10%x (6.4x108)? x 2n
5 x 86400

L = 7.149 x1032 kg-m?/s.
(b) Angular momentum of earth in its
orbit around the sunL =1 ®
But I=MR? and o=2xn
T
Where “T” is the time in which earth
completes one revolution around the sun
=365 x 24 x 60 x 60 = 31,536,000 s.
and “R”is radius of earth orbit (distance
between sun and center of earth)
= Re + R=6.4x10% + 1.5x10"" = 1.5x10""'m.
L=Io=MR?%x21=6x10% (1.5x10")?2 x 2n
T 31,536,000
L = 2.69x104° kg-m?/s.

& Angular momentum of earth in its rotation
axis is 7.149 x1033 kg-m?/s and in its orbit
around the sun is 2.69x104° kg-m?/s.

Q.No. 12: A car is traveling on a flat
circular tack of radius 200 m at 30 m/s and
has a centripetal acceleration ac = 4.5 m/s2.

(a) If mass of the car is 1000 kg what
frictional force is required to provide the
acceleration?

(b) If the coefficient of static friction
‘us’ is 0.8, What is the maximum speed at
which the car can circle the track?
Data:
Radius of the track r=200m
Speed of the car v=30m/s
Centripetal acceleration ac = 4.5m/s?
Mass of the car m = 1000 kg
(a) Frictional force f="
(b) Coefficient of static friction us=0.8
Maximum speed v =7

Solution:

(a) The car is travelling on a circular
track, centripetal force required is provided by
force of friction between car tires and the road,
therefore:

f= Fc but Fc=m ac
f= m ac
f=1000x45 (F=4500N )

Alternate method:
f=mv?=1000 (30)°>= 1000 x 900
r 200 200
(b) Maximum force of friction between tires
and the road when coefficient of static friction
is ‘us’ is given by:
f=usR=pusmg=0.8 x 1000 x 9.8 = 7840 N
This max. force of friction provides
centripetal force required for moving the car along
the circular track with maximum speed, hence:
fmax. = M Vmax.?
r
7849 = 1000 x Vmax.2
200
Vmax.? = 7849 x 200 = 1568
1000
Vmax. =V1568 | Vmax. = 39.6 m/s |
& The car can circle with a maximum
speed of 39.6 m/s. If the car exceeds this
speed it will skid out of the circular track.
Q.No. 13: Tarzan swinging on a win of
length 4 m in a vertical circle under the
influence of gravity. When the win makes
an angle of 20° with the vertical, Tarzan has
a speed of 5 m/s.
Find his centripetal acceleration at this

instant. (2016, 2013 Karachi Board)
Data:
Length of the wine = Radius of the
circular path r=4m.
Angle with vertical 0 = 20°.
Tangential speed v=5m/s.
Centripetal acceleration ac=?

Solution:
Centripetal acceleration of Tarzan is given by:
ac= v2 =(5)°=25
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[ 4 4
la. = 6.25 m/s2.]

€ Centripetal acceleration of Tarzan is
6.25 m/s?

Q.No. 14: A string 1 m long would break
when its tension is 69.6 N.

Find the greatest speed at which a
ball of mass 2 kg. can be whirled with the
string in a vertical circle.

(1996 Karachi Board)

Data:

Length of the string = radius of the circle

r=1m.

Tension in the string T =69.6N

Mass of the ball m = 2 kg.

Maximum speed of the ball V =7?
Solution:

When the ball is whirled in a vertical
circle tension in the string will be maximum
when the ball is at the lowest level from the
ground, in this position tension “T" in the string
will be vertically upward and weight ‘mg’ of the
ball will be vertically downward. The
unbalanced force (upward, towards the center)
which provides the necessary centripetal force
to move the ball in circle will be T— mg,
therefore: T-—mg =m V?

r

69.6 -2x9.8=2V?

1
69.6 —19.6 =2 V?

50=2V?
V2 =25
V=125 V=5m/s.

& The greatest speed with which the
ball can be whirled is 5§ m/s.
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I!!I Unit. 5.... 25

( )
Work, enexrsy
and power

\_
Work:

Q.No. 1: What is work?
Ans: Work is said to be done by a force when it displaces a body in its own direction.
OR — —>
Work is the scalar or dot product of force “F” and displacement “d” Hence it follows laws obeyed
by scalar product of vectors.

J

— —)
Work =F . d
The magnitude of work is given by:
Work = F d Cosﬁ)

—>
Where “0” is the angle between force “F” and displacement “d”.
In other words, work done is equal to the product of displacement and component of force in
the direction of displacement. Hence if a force makes some angle with the
direction of displacement then:
Work = (F Cos 6) d
Where F Cos 6 is the component of force in the direction of displacement.
Q.No.2: Is work a vector quantity?

Ans: Work is a scalar quantity because it does not have a directig&

although it is the product of two vectors, force ‘F’)and displacement “d”.
Q.No.3: When is work done maximum? —_— —_
Ans: Maximum amount of work is done when force “F” is in the direction of displacement “d” (or
direction of motion, when angle between them 6 = 0°).

Work = F d Cos 6

Work = F d Cos 0°

Work max. = F d (Cos 0°=1)

Sin O

T

Q.No.4: When is work done zero? —
Ans: Work done is zero when force s perpendicular to displacement “d” i.e. the angle between
them is 90°. Work = F d Cos 0
Work = F d Cos 90°
(Cos 90° = 0)

e When you walk on a level floor carrying a brick you do no work on the brick because the
vertical force supporting the block has no component in the direction of horizontal motion.

¢ When a body moves along a circular path, force responsible for its circular motion is
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called centripetal force. work done by the centripetal force on the body is Z€ro.
¢ When a body slides along a surface, work done by the normal reaction acting on the
body perpendicular to the plane is zerg. —
In all these examples Force “F” & displacement “d” are perpendicular to each other, 6 = 90°.
(Note that work may be done by other force/s but not by the forces mentioned above)
Q.No.5: When is work done negative?
Ans: Work done is negative when a force is opposite to the direction of displacement i.e. the angle

between them is 180°. Work = F d Cos 0
Work = F d Cos 180°
Work=-F d (Cos 180° =-1)

®:<\Work done by force of friction is negative, because force of friction is opposite to the direction
of motion (Or direction of displacement) of the body.
Q.No.6: When a body is lifted what is the sign of work done on the body by:

(1) lifting force. (2) gravitational force.
Ans: When a body is lifted:

(1) Work done on the body by lifting force is positive because the direction of lifting force is
same as the direction of vertical displacement of the body (both are upward) i.e. the angle “6”
between the direction of force and displacement is 0°.

(2) Work done on the body by the gravitational force of the earth is negative because the
direction of gravitational force (downward) is opposite to the direction of vertical displacement (upward)
of the body i.e. the angle “6” between the direction of force and displacement is 180°.

Q.No.7: What is the S.I unit of work and its dimensions?

Ans: The M.K.S or S.I unit of work is “Joule J” (Basically it is N. m).

Work done is said to be “1 J” if a force of “1 N” displaces a body through “1 m”.
e Dimensions of work are [ML2T=2].

Work from Force - displacement graph:

Shape of a graph between force F and displacement?,depends upon whether the force in
magnitude and direction throughout the displacement is constant or not.
If magnitude of the force is constant and it is in the direction of displacement then the graph between
force and displacement will be a straight line parallel to displacement axis. In this case the amount of
work done will be equal to the area under the straight-line graph.

Work done = F d= area under the graph
d=(d2—di)
Force
F i
0 .

Displacement
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Work done by a variable force:

(1) If the magnitude of force is variable (increasing or decreasing) and the direction of force
remains the same throughout motion of the body, then shape of the graph between force and
displacement depends upon the changes in the magnitude of force. In such a case the amount of work
done can be determined first by dividing the entire displacement into a large number of small
displacements, each displacement Ad must be so small that the force has practically a constant value
throughout that particular small displacement. Then work done during each small displacement is
calculated. Sum of all these will give us the total amount of work done.

In this case amount of work done from the graph will be equal to the area under force-displacement
curve (The shape of the curve depends upon the type of variations in the magnitude of force).

(2) If the variable force is such that both its magnitude and direction are continuously changing with
time then in that case work done can be calculated by finding the work done during small displacements using

magnitudes of force during that small displacement, displacement Ad and angle between them and then finding
their sum.

——>
Total work done=>_F.Ad

€ (Note thatwhen work is done on a body it gains and when work is done by a body it loses
some form of energy).

Energy:

Q.No.1: What is energy?
Ans: Energy is the ability of doing work.
If a body is capable of doing work it has energy.
The amount of energy possessed by a body will be equal to the amount of work which a body can do.
€I work is done on a body it gains an equal amount of some form of energy, and when work is
done by the body it loses the same amount of energy.
®<Energy is a Scalar quantity.
®:<Energy has many forms such as mechanical, electrical, magnetic, heat, sound, nuclear,
elastic energy etc. These forms of energy are inter-convertible; it means that one form of energy
can be converted into another form.
Q.No.2: What is the S.I unit of energy, and dimensions of energy?
Ans: Unit of energy is same as the unit of work. S.I unit of energy is “Joule”.

e Dimensions of energy are [ML?T—2]

Kinetic energy (K.E):

Q.No.1: What is kinetic energy?

Ans: Energy possessed by a body by virtue of its motion is called kinetic energy. When a body is

in motion it is capable of doing work. This ability of doing work when a body is in motion is called kinetic
energy.

Q.No.2: On what factors does the kinetic energy of a body depend?

Ans: K.E possessed by a body is directly proportional to its mass “m” and to the square of its velocity
“Vz”.

€It means thatK.E of the body changes in the same way and in the same proportion as its
mass is changed i.e. if mass of a body is doubled its K.E will be doubled, if mass is halved its K.E will
also be halved, if mass is increased by four times its K.E will also increase by four times and so on.

® KEofa body depends on square of its velocity, hence K.E of the body changes by square
of number of times its velocity is changed. In other words, if velocity of a body is doubled (increased
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by two times) it's K.E will increase by four times (square of two times), if its velocity is increased by
three times (i.e. tripled) then it's K.E will increase by nine times (square of three), If velocity is
decreased by two times its K.E will decrease by four times, and so on.

®:If mass and velocity of a body both are doubled then it's K.E will increase by eight times,
because with mass it will increase by two times and with velocity it will increase by four times, hence
K.E will increase by eight times. (Total number of times K.E changes is equal to the product of number
of times it changes with a change in mass and velocity).

Derivation:

Q.No.3: Derive a formula for kinetic energy (K.E).
Ans: Kinetic energy possessed by a body is equal to the amount of work which a moving body can do,
or K.E gained by a body is equal to the amount of work done on it in moving it.

Consider a body of mass “m” thrown vertically upward with a certain velocity “V,”. Velocity of the
body decreases as the body rises and becomes zero at the highest point.
Initial K.E given to the body at the point of projection is equal to the work done on it to throw it upward,
this K.E is used up to do work against gravity as the body rises up. Hence to calculate K.E possessed
by the body at the point of projection we will calculate the work done by the body against gravity.

Let “h” be the height reached by the body at which its velocity becomes zero (Or it is the vertical
distance through which the body does work against gravity).
Work done by the body is given by: ——

Work done by the body =W . h

Where “W” is the lifting force.
: Work done by the body =W h Cos 6
Work done by the body =W h Cos 0°
(6=0° because lifting force and displacement are in the same direction)
: Work done by the body=W h  (Cos 0° =1)
Work done by the body=mg h

In the vertical direction : Vr=0 (at the highest point.
V;=V (atthe point of projection)
a=-g

S=h (height to which the body rises).
On substituting the above data in the following equation of motion, we get:
2aS= sz -V;?
-2gh=(0)-(Vv)?
h=_Vv2
2g
But Work done by the body=mg h
: Work done by the body =m g V2
2g
Work done by the body = 3 m V 2
Since work done by the body to rise against gravity through a certain height “h” is equal to the

amount of K.E possessed by it at the point of projection, hence:

KE=4mV?2

Gravitational potential enerqy (P.E):

Q.No.1: What is potential energy?
Ans: Energy possessed by a body by virtue of its position or configuration in the gravitational field
is called gravitational potential energy.
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Potential energy is of many types, such as gravitational P.E, electric P.E, elastic P.E, magnetic
P.E, etc.

Gravitational P.E is the energy due to position of a body in the gravitational field. It is equal to
the amount of work which the body can do while moving in the direction of gravitational field or the
amount of work done on the body to move it against the direction of gravitational field.

But electric P.E is the energy possessed by a charged body due to its position in the electric

field.
A body gains P.E when work is done on it but it loses P.E when work is done by it.

Derivation:

Q.No.2: Derive a formula for gravitational potential energy?
Ans: Consider a body of mass “m” lifted through a certain vertical height “h”, since the body is
moved against gravity hence work has to be done on it. This work done on the body will be stored as
the gravitational potential energy.

But work done on the body to lift it is (by the lifting force)=m g h

PE=mgh

The above formula to calculate P.E of a body is valid only when the force “m g” applied to lift the
body is constant throughout the displacement “R”. This is possible only when “h” is small (of the order
of tens of meters) but if the displacement is large (of the order of thousands of meters) then the force
applied no longer remains constant throughout the displacement. Hence the above formula is not a
general formula to calculate gravitational P.E it is applicable only to small ordinary vertical heights.

Work done against the gravitational force:

Weight (= mg) of a body is the force with which it is attracted by the earth. Work done in the
gravitational field of the earth can be positive or negative, depending upon whether the body is allowed
to move in the direction of gravity (downward) or it is moved against the direction of gravity (upward).

If a body is allowed to move freely in the direction of gravity (downward, allowed to fall freely)
then work is done by the body. It will be positive, as can be seen:

——)
Work done =W . h

Where ‘Wis weight of the body and Wis the vertical height between initial and final positions
of the body, through which the body is allowed to move in the direction of gravity. Since W/ h (6 = 0°),
the magnitude of work done is given by:

Work done =W h Cos 0

Work done =W h Cos 0° (Cos0°=1)
Work done=W h

Work done=mgh

Similarly, if a body is lifted (moved upward) through vertical height “h” without accelerating it,

then the work is done on the body and the amount of work done is given by:
Work done =W h Cos 6
Work done =W h Cos 180° (Cos 180°=-1)
Work done=-W h
Work done=-mgh

It shows that work done against gravity (by the gravitational force, weight) is negative.

& (Note that when work is done on a body it gains and when work is done by a body it loses some
form of energy).
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Q.No.3: Prove that gravitational field is a conservative? (2016 Karachi Board)
Ans: Proof:

Any force field is said to be a conservative field if work done in it is independent of path
followed and the net amount of work done in a closed path is zero.

To prove that the gravitational field is conservative, we will move a body in a closed path such
as CBAC and calculate the net work done. The body is moved from C to B then B to A and finally from
A to C. It means that initial and final positions of the body is point C. In other words, the body is
moved in a closed path CBAC.

w
dz d3
B ds W C
W (= mg) is weight of the body.
Work =W d; Cos 90° =0 (angle between W and d; is 90°)

CtoB

Work =W d, Cos 180°=—W d,=—m gd, (angle between W & d; is 180°,Cos180°=—1)

BtoA

Work =W d3 Cos 0 (But in triangle ABC, ds; Cos 6 = d,)
AtoC

Therefore, Work=Wd,=mgd,

AtoC
Hence network in closed path CBAC will be:
Work = Work + Work + Work
CBAC CtoB BtoA AtoC

Network =0-mgd,+mgd;
CBAC

Net work done =0
In closed path CBAC

€< This shows that work done in the gravitational field is independent of path followed it
depends only upon the vertical height d» (or h) between initial and final positions, also that net work
done in a closed path is zero. Hence gravitational field is a conservative field.
Gravitational and electric fields are conservative fields.

Note that in a conservative field work is always reversible. For example, when we
throw a ball up in the air, it slows down as its kinetic energy is used to do work against gravity,
it is converted into the gravitational potential energy. But on the way down, the potential energy
is used to do the same amount of work in moving the body, hence it is converted back into
kinetic energy and the ball speeds up. If there is no air resistance, the ball will land as fast as it
was thrown.

98



Rawala’s new physics notes for XI

General formula for gravitational potential energy.

Q.No.4: Derive a general formula for gravitational potential energy?
Ans: To derive a general formula for gravitational P.E we apply Newton’s law of gravitation.

Consider a body of mass “m” lifted from point “1” to point “N” in the gravitational field of the earth
through a long distance. Force between the body and earth over such a long distance will not be
constant over such a long distance.

Hence to calculate the amount of work done to displace the body, we will divide the entire
displacement into a large number of small displacements each must be so small that the magnitude of
the force through that small displacement practically remains constant.

According to Newton’s law of gravitation, the magnitude of force between the body and the
earth at points 1 and 2 is given by:

F1=G _m M. F,=GmM,
r12 rzz

Where “M¢” is mass of the earth and “m” is mass of the body, r1 and rz are the distances of
points 1 and 2 respectively from the center of the earth.

Let “Ar” be the magnitude of displacement of the body from 1 to 2, then the average force
between earth and the body between these points will be:

Fav.= F1+ F;
2
G mMMc+G mM, GmMe{L+L}
Fav. = r 2 = rn’ r’

ra
2
Fov. = Gm Me{i+i}
2 r12 rzz

Earth

Work done to displace the body from 1 to 2 through “Ar” is given by:
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Work = Fay. Ar  Where Ar = (r,—r)

12

Work=GmM.[1 + 1 {(r.—r)
12 2 rlz r-22

Work = Gm Mc[ r2+ ri? }(rz—l’1)

12 2 r 2 r 2
1 12
Butry=ri+Ar .. Work = Gm MeJ (ri+ Ar)2 + ri2 |(ra—r1)
12 2 I,12 r.22
Work = Gm Mo ri2+ 2rAr +Ar + ry2 }(rz— ri)
12 2 I,12 r.22

Since Ar is small .. Ar? can be neglected.
Work = Gm Mcf ri2+ 2riAr + ry? }(rz— r)

12 2 r1 rz
Work = Gm M, |'2 ri?+ 2riAr | (r2—r1)
12 2 r1 I’z

Work =Gm MJ 2 ri(ri+ Ar) }(rz— r)
12 2 r1 I’z

Work = Gm M, { r1§r1+ Ari } -r)
12 r1 rz

Work = Gm Me{ rafri+ r,—ri) }( 2— 1)
1-2 rlz r22

Work = Gm Me{ rir, }(I’z— r)

152 r.12 r.22

Work = Gm Me{_rz_— ry }

12 rirz rir

Work:GmMeI 1 -L}
12 ry ry

Since work done on a body to displace it against the gravitational force of the earth is equal to
the P.E gained by it, therefore:
P.E=Gm Me{L-L }
12

r r
Similarly: P.E=Gm ME{L—A}
253
r rs
P.E=Gm Me{i - L}
34 ] rs . ra

PE=GmM.f 1 - 1
N-2—N-1

N2 N1
P.E=Gm Me{L—L }
N-1—-N et I

The total P.E of the body between point 1 and N will be equal to the sum of the above equations

and is given by:
PE=GmM. | 1 - 1
1-N r 'n
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€< The above equation actually gives us Change in potential energy of the body (in this case
P.E gained) between any two points such as 1 and N in the gravitational field of the earth. It is equally
valid for short as well as long distance, hence it is a general formula for P.E gained or lost between
any two points in the gravitational field of the earth.

Absolute potential energy:

Q.No.5: What is absolute potential energy of a body at a point?
Ans: Absolute potential energy of a body at a point in the gravitational field is the amount of
work done to move the body from that point to a very far off point.

A point which is very far from the center of the earth may be considered to be outside the
gravitational field of the earth, hence the potential energy of a body at such a point will be zero.
Absolute potential energy of a body at point “1” can be calculated by assuming point “N” to be at
infinity, hence on substituting ry = o in the following formula we get:
PE=GmM.| 1 - 1

1->N ri rn

Absolute potential energy at point “1” is given by:
PE=GmM.J 1 -1 }
abs. ri ©

But 1 =0 P.E = Gm M.
© abs. r

Since the gravitational force is attractive in nature, therefore, absolute potential energy of a body

is given by: .. P.E=-Gm M,
abs.
r

It means thatif a body is moved from a given point to infinite distance its potential energy
increases and becomes zero at infinity (It is a negative quantity).
Absolute potential energy of a body of mass “m” at the surface of the earth is given by:

P.E=-Gm M.
abs. Re
Similarly absolute potential of the body at any height “h” above the surface of the earth is given by:
P.E=-Gm M.
abs. Re + h
PE=-_GmM.

abs. Re 1+L
Re

PE==-GmMe |1+ h |’
abs. Re Re
According to Binomial theorem:

{1+h_}'1=1—1+12— .........
Re Re R62

Since “h” is small as compared to “R.”, therefore, terms with higher powers of “h” are negligible,

{1+h_ S=f1-h
Re Re
PE=-GmM. [1- h
abs. Re Re
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Escape velocity:

Q.No.1: What is escape velocity?

Ans: Escape velocity of a planet is the minimum velocity with which a body must be projected
up so that it escapes gravity of that planet and never return back.
Explanation:

When we throw a body up, it rises against gravity of the earth and after reaching a certain height
it starts falling back. Actually while throwing up we do some work on the body, this work done is stored
in the body as kinetic energy. Due to this K.E the body now has the ability to do work against gravity.
As the body rises up its K.E is used to do work against gravity. After reaching a certain height this K.E
is totally used up. (K.E lost is stored as P.E) At this instant the body comes to rest for a moment and
then it starts falling because of the gravitational pull.

If we keep on throwing the body up with more and more velocity, in other words, give it more
K.E it rises higher each time it will return back to Earth.

If thrown vertically upward with a certain velocity, called escape velocity, the body escapes
gravity of the earth. Thrown with such a high velocity body has now enough K.E just to overcome
gravitational pull. It now follows a parabolic path and does not return to the earth.

Derivation:

Minimum velocity required to escape the gravity (OR escape velocity) can be derived with the
help of law of conservation of energy.

At the surface of earth total energy of the body will be equal to the sum of its initial K.E and
Initial P.E. Similarly at the highest point its total energy will be equal to the sum of its final K.E and P.E.
Hence according to law of conservation of energy:

Total initial energy = Total final energy
K.E initiat + P.E initial = K.Efinat + P.E final
% M Vinitial 2 +( = GM Me ) initial = % M Vinal 2 +(= Gm Me ) final
Re r
Where M. = mass of the earth. Re = radius of the earth. m = mass of the body
G = universal gravitational constant V = velocity of the body.
r = total distance from center of earth to highest point.
Potential energy is negative showing that it is attractive in nature.

If the body is thrown with escape velocity “Vesc” then reaching the highest point its K.E is totally

used up ( K.Esnal = 0) this will happen at infinite distance where its P.E fna Will also be zero, here the

body will not have the ability to fall back.
Applying law of conservation of energy we get: Example: Escape velocity for earth.
1M Ve ?=GmMe =0+0 Vese =N2GMe /Re
R, Vese. = \ 2% 6.67x10"'x 5.98x1024 / 6.38x10°
Vesc. = 11182 m/s = 11.182 km/s.
Vesc 2= 2 G M, Escape velocity on the surface of earth at
"R, different locations may be slightly different
because average radius of the earth is used
Vesc = / 2 G M. in this formula. Radius of earth is different at
T different Iocations, Earth bulges out at the
This formula gives us escape velocity at the | €9uator, here radius of earth is more, flattens a
surface of earth (Mo and R are mass and radius of little at poles, here radius of the earth is small.

earth).

This formula can be used to calculate escape velocity for any planet, using mass of the planet
and its radius.

Escape velocities required for some planets using this formula are:

For earth: Vesc = 11.2 km./sec. For moon: Vesc = 2.38 km./sec.
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For sun: Vesc = 618 km./sec.
We can see from these values that escape velocity depends upon mass and radius of a planet.

Acceleration due to gravity “g” on the surface of a planet can also be used to calculate its escape

velocity. Since g=GM
RZ
On substituting the value of g in escape velocity formula and then simplifying it we get:
Vesc =V2 g R

e This formula can be used to calculate escape velocity of any planet provided the
acceleration due to gravity “g” on its surface and its radius “R” are known.
Both the above formulae give us the same value of escape velocity for a planet.
If velocity of a body is less than the escape velocity the body will return back to the given planet.

Hence escape velocity is the minimum velocity required to escape the gravity of a planet.

Power:

Q.No.1: What is power? Give its dimension.
Ans: “Rate of doing work or rate of transferring energy is called power”.
(or it is also equal to the rate of conversion of energy from one form to another).

OR — —
Power is the scalar or dot product of force F and velocity v.

e Dimensions of power are [M L2 T-3].

e Power is a scalar quantity.
Power = work done or enerqgy transferred

Time taken
——
Power= F.d
t ——>
But Z=v_) Power=F .v
t
Average power is given by:
Power ay. = Work done
Total time taken
——
Power av= F.d
4t
OR Power av. = F . Vau.

Instantaneous power “Power nst” (power at a particular instant or at a particular time) can be
calculated by imposing a limit on time taken, in this case time taken must be very short and must
approach to zero (not equal to zero).

Power ins. = F. Limit @
%At -0 At
OR Power inss=F . Vinst.

Power is a Scalar quantity.
Q.No.2: What is the S.I unit of power?
Ans: Unit of power is “watt’.
Power is said to be 1 watt when 1 joule of work is done in one second.

1 watt = _1 Joule 1W=1J/s
1 second
1 kilowatt (kw) = 10° w & 1 megawatt (Mw) = 10° w
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Since Power = Work or energy Work (Or energy) = Power x time
Time
®:<Hence the unit of work (or energy) can also be expressed as a product of unit of power and
the unit of time.
If power is expressed in kilowatt (kw) and time in hours (h) then the unit of work (Or energy) will
be kilowatt-hour (kwh):

1 kilowatt-hour (kwh) = 1 kw x1h

1 kwh =1000w x 3600s (1w = 1j/s)

1 kwh = 3.6 x10° Joules.

1 kwh = 3.6 MJ (1 unit of electrical energy)

®:On commercial scale electrical energy is measured in “kwh”.

(We can define 1 kwh (Or one-unit electrical energy) as the power delivered by an electrical machine of
one kilowatt running continuously for one hour). As an example. If a pressing iron of 1 kw is
continuously on for 1 h it will convert 3.6x10° Joules of electrical energy into heat energy.

Law of conservation of energy:

Q.No.1: State law on conservation of energy?
Ans: Energy can neither be created nor destroyed.

One form of energy can be converted into another and so on, but the conversion from one form
to another is always such that the total amount of energy before and after the conversion is equal.

€ Note that when a piece of paper is burnt we will get heat, light along with ashes and carbon
dioxide. If we study this simple chemical reaction we will find that during this process energy is not
created nor is the matter destroyed.

We know that paper is obtained after chemically processing a certain plant. This plant grows
using water and fertilizers from the soil and solar energy. (solar energy during photosynthesis, chemical
energy during the formation of new bonds etc. are stored). In other words, energy was already stored
in paper in different forms. This stored energy is converted into heat and light etc. when we burn it.
Experiments show that the total energy stored comes out to be exactly equal to the energy obtained
after burning process is complete. Similarly, matter is also converted from one state to another, such as
from paper and oxygen of air into carbon dioxide and ashes etc. During this process new bonds are
formed. (In general, combustion is an ordinary exothermic chemical process).

€ Also note thatenergy can neither be created nor destroyed similarly matter can neither be
created nor destroyed. If means that matter and energy cannot be converted into each other. These
are old concepts and are valid under normal conditions.

According to Einstein, matter and energy are interconvertible. It means that matter can be
converted into energy and vice versa, this conversion takes place according to Einstein’s famous
equation: E=mc?

In fission and fusion reactions, applied in atom bomb and hydrogen bomb, tremendous
amount of energy is released due to the conversion of mass into energy. The amount of energy
released reactions (fission or fusion) is enough to destroy a whole city. This energy can also be used
for peaceful purpose by converting into some useful form such as electricity as is done in nuclear
reactors.

In pair production electron - positron pair is produced by converting energy into matter. Both
electron and positron are matter particles.

Interconversion of K.E and P.E.

Consider a body of mass “m” held at a certain height “h” above the ground. At this point velocity
of the body is zero, as it is at rest, hence its kinetic energy will also be zero. Relative to the ground it will
have potential energy “mgh”.
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Now if the body is released and allowed to fall freely, its velocity keeps on increasing as
it falls, in other words, its kinetic energy will increase. But since it falls down its
height “h” above the ground decreases and hence its potential energy also decreases.
It is found that in the absence of any opposing force (such as air resistance), while
falling down body will lose P.E and at the same time gain an equal amount of K.E.
Hence P.E possessed by the body at the starting point is totally converted into K.E on
reaching the ground. In other words, it will have maximum velocity just before hitting
the ground. Hence we can write:

P.E lost = K.E gained

If “vV” is the velocity with which the body reaches the ground then:

mgh=4% mV2
If a body is thrown vertically upward with velocity “V” (or thrown upward with some K.E)
then while going up against gravity its velocity decreases i.e. its K.E energy decreases,
it is used to do work against gravity due to which its P.E will increase. After reaching the
highest point its velocity reduces to zero. Here it has maximum P.E and zero K.E. While
going up body keeps on loosing its K.E and at the same time gains an equal amount of
P.E. In this case”

K.E lost = P.E gained

FmV=mgh

®:<\While falling down if there is an opposing force (any frictional force, such as air resistance)

then a part of P.E lost by the body will be used to do work against the opposing force. In this case:

P.E lost = K.E gained + work done against frictional force
mgh=%mV2+fh

Where “f” is the force of friction. PE=mgh V=0
In this case the body will come down with lesser speed. (lesser K.E) K.EE=0 ‘
®:<\While going up if there is an opposing force (any frictional "
force) then a part of K.E of the body will be used to do work against the I
opposing force. In this case: I
K.E lost = P.E gained + work done against frictional force :
$mV2=mgh+fh | K
In this case the body will rise to a smaller height. i
|
Note that: energy used to do work in both the cases appears as heat, |
This heat is immediately taken away by the surrounding atmosphere. |
=PE=0
| KE=3 m\2
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: Work done by centripetal force is
always:

(@) Maximum.  (b) Minimum.

(c) Zero. (d) None of these.
Q.No.2: A body of mass 5 kg. is moving with
a momentum of 10 kg m/s. A force of 0.2 N
acts on it in the direction of motion of the body
for 10 sec. The increase in kinetic energy is:

(@)28J (b)3.2J (c)3.8J (d)44J
Q.No.3: Kinetic energy of a light body and a
heavy body is same. Which body has maximum
momentum?

(a) Light body. (b) Heavy body.

(c) Both have same momentum.

(d) none of them.

Q.No.4: Two bodies of masses 1 kg and 2 kg
have equal momentum. The ratio of their kinetic
energies is:

(@21 (b)3:1 (c)1:3 (d) 1:1
Q.No.5: A body falls from height “h”. After it
has fallen a height h/2, it will possess:

(a) Only potential energy.

(b) Only kinetic energy.

(c) half potential half kinetic.

(d) more kinetic less potential.

Q.No.6: Which of the following quantity can
be multiplying force and velocity?

(a) acceleration. (b) power.

(c) torque. (d) work.

Q.No. 7: The minimum velocity given to an
object so that it emerges out from the
gravitational field of earth is about:

(a)11.2 km/s. (b)15.3 km/s.

(c) 5 km/s. (d) 9.8 km/s
Q.No.8: When one joule of work is done on a
body in one second, power of body is said to be:

(a) One watt. (b) 0.5 watt.

(c) zero. (d) 100 watts
Q.No.9: The absolute potential energy of an
object depends on:

(a) Object’s mass and height.

(b) Object’s mass and speed

(c) Object’s shape and size.

(d) Object’s color and temperature.

Q.No. 10: The escape velocity of a planet
depends on which of the following factors?

(a) Mass of the planet only.

(b) Radius of the planet only.

(c) Both mass and radius of the planet.

(d) Density of the planet.

Q.No.11: The work done by a conservative
field along a closed path is:

(2008 Karachi Board)

e Positive. e Negative. e Zero. e None.
Q.No. 12: When a body moves vertically, the
work done will be:

e Positive e Negative eZero e Maximum
Q.No. 13: If speed of a body is halved, its
kinetic energy becomes:

(2011 Karachi Board)
¢ One fourth e Half eThree times e None of these
Q.No. 14: The work done by a conservative
force along a closed path is:

(2011 Karachi Board)
e Positive e Negative e Zero e None of these
Q.No. 15: A bucket of mass 10 kg. is moved
downward in the gravitational field through a
distance of 1 m. The work done in this case is
equal to: (2012 Karachi Board)

10 J ¢ 98 J e—-08J «0.1J
Q.No. 16: The rate of doing work is zero when
the angle between force and velocity is:

(2012 Karachi Board)

o 0°. ® 45°, e 180°. e 90°.
Q.No.17: A weight lifter consumes 500 J of
energy to lift a load in 2 second. The power
used by him is: (2013 Karachi Board)

125 watt. e 250 watt.

e 500 watts. e 1600 watt
Q.No. 18: If mass and speed both are
doubled, the kinetic energy will be:

(2014,05Karachi board)

e Double. e Four times.

e Six times. e Eight times.
Q.No. 19: Kilowatt hour is the unit of:

(2014 Karachi board)
e Power. e Time. e Force.

S N N N

e Energy.
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Q.No.20: This one of the following is not the
unit of power: (2015 Karachi Board)
¢ horse-power. e joule/sec.
e kilowatt-hour. ¢ foot-pound/sec.
Q.No.21: Both kilowatt hour and electron volt

are the units of: (2017 Karachi Board)
e power. e energy.
e charge. e angular momentum

Q.No.22: A 600N man runs up a stair of 4 m
height in 3 seconds. The power needed is:
(2018 Karachi Board)

e 240 watts. e 350 watts.

e 450 watts. e 800 watts.
Q.No.23: If velocity a body is doubled and its
mass is reduced to one fourth, its kinetic
energy will be: (2022, 18,12 Karachi Board)

e doubled e unchanged e halved e four-fold
Q.No.24: one kilowatt-hour is equal to:
(2022, 2016 Karachi Board)

e 3.6x108J. e 3.9x108 J.

e 3.6x108J. e 3.6x10°J.
Q.No.25: The dot product of force and velocity
is: (2022 Karachi Board)

o Work, e Power.

e Momentum. e Energy.

- " - 7

Q.No.26: If F=3 i and d =6 j, then work
done will be: (2022 Karachi Board)
A A A A

° 2] ° 3] ° 6] ° 0]
0Q.No.27: A boy pushes a toy caron a
horizontal floor with a force of 10N up to a
displacement of 2m, work done by gravity on
the car will be: (2022 Karachi Board)

e 20J e 10J e5J 0
Q.No.28: A force acting on a body is
perpendicular to its displacement, the work

done is equal to: (2022 Karachi Board)
e Positive. e Negative.
e Zero. e Infinite.

Q.No.29: A field of force in which the work is
independent of path is called a ... field.
(2014 Hyderabad Board)
a) Conservative. (b) Non conservative.
c) Energetic. (d) None of these.

(
(

Q.No.30: The work done on a body is zero,
then angle between the applied force and
displacement is: (2015 Hyderabad Board)

(@) 0° (b)45° (c)90° (d)180°
Q.No.31: The dot product of force and
velocity is ......... (2016 Hyderabad Board)

(a) Work. (b) Power.

(c) Energy. (d)Torque.
Q.No.32: The rate of change of energy is
called .......... (2019 Hyderabad Board)

(a) Work (b) Power

(c) Force (d) None of these
Q.No.33: Work done by centripetal force is:

(2025 Karachi Board)

e Maximum. ¢ Negative.

e Zero. e Infinite.

Q.No.34: The minimum velocity required for
an object to escape earth’s gravitational field

is approximately: (2025 Karachi Board)
e 11.2 km/s. e 5 km/s.
e 15.3 km/s. ¢ 9.8 km./s.
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Answers:

Kl) Zero. (24) 3.6x108J
(2) 44 J (25) Power
(3) Heavy body. (26) 04
(4) 2:1 (27) 0
(5) Half potential half kinetic. (28) Zero
(6) Power. (29) Conservative.
(7) 11.2 km/s (30) 90°
(8) One watt. (31) Power
(9) Object’'s mass and height. (32) Power.
(10) Both mass and radius of the planet. (33) Zero.

(11) Zero.

(12) Negative
(13) One fourth
(14) Zero
(15)98 J

(16) 90°

(17) 250 watts
(18) 250 watts
(19) Energy
(20) kilowatt-hour.
(21) energy.
(22) 800 watts.

Qﬂ unchanged

(34) 11.2 km/s.
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Numericals:

Q.No.1: A man pulls a trolley through 10 m by
applying a force of 50 N which makes an angle
of 60° with the horizontal. Calculate the work
done by the man.
Data:
Force applied F=50N
Distance covered d=10m
Angle between force and displacement 6 = 60°
Work done W =?
Solution:
Work done is given by Work =F d Cos 6

Work = 50x10xcos 60°
|Work =250J |

Work =500 x 0.5

Q.No.2: A 100 kg man runs up a long stair in
9.8 second. The vertical height of the stairs is
10 m. Calculate its power.
Data:
Mass of man m = 100 kg
Time taken t = 9.8 second
Vertical height h=10m
Power P=7
Solution: C‘

As the man runs up the stairs he does wefk
against gravity, rate of doing work i er.
But work done against gravity is gi%

Work against gravity =

Power = Work =m g h

Time
Power = 100x9.8x10\

r = 1000 Watt)

Amount of K.E lost = P.E gained
1 x (original K.E) = P.E gained
Ix(Zmv®)=mgx
On substituting the expressionfor v2 in the
above equation we get:
Ix(zmx2gh)= (x=1n
Q.No.4: A 70 kg man runs up a%ill through a

height of 3 m in 2 seco
(a) How much isfdone against
)

gravitational field =1 z
(b) Wh&ﬁ rage power output?

Mass m = . ighth=3m Timet=2s.
woOgk done against gravity = ?
ewer P =?

Work done against gravity = W h Cos 6
= is man’s weight (downward)
Y  Work done =m g h Cos 180°
(Force W is opposite to displacement h)
Work done =70 x 9.8 x 3 x -1 = - 2058 Joules,
«(b) Power = work = 2058 = 1029 watt
Time 2
neutron travels a distance of 12 m in
terval of 3.6x10~* second. Assuming
it eed to be constant, find its K.E.
Mass of neutron = 1.7x107?" kg.

9.8 ~

Q.No.3: When o%t:i;s thrown upward it
rises to a heighty high is the object in
terms of “h” it has lost one third of its

original kine ergy?

Data:
Neight reached =h

elght at which the object looses one third

it's X=?
lution:
n an object is thrown upward it looses K.E and at

the same time gains an equal amount of P.E, provided
there is no air resistance. .. K.E lost = P.E gained
~3mv2=mgh OR v2=2gh
Where “v” is the velocity with which the
object was originally thrown upward.
Let “x” be the height at which the object
losses one third its original K.E.

Data:
Distance covered S=12m
Time taken t = 3.6x10™* second
Mass of neutron m = 1.7x107%7 kg.
Kinetic energy K.E =7

Solution:

Speed v = distance = 12 =3.33x10* m/s
Time 3.6x10™

KE=%mv2=% x 1.7x107% x (3.33x10%)?

K.E = 9.44 x 107'° Joules.
Q.No. 6: A stone is thrown vertically upward so
that it can reach a height of 10 m. Find the
speed of stone when it is just 2 m above the
ground.
Data:

Height h=10m

Height above the ground =2 m

Speed 2 m above ground v = ?
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Solution:
K.E with which stone must be thrown so
that it reaches 10 m height can be found by:
K.E at the ground P.E at the highest point
imv2=mgh
v=vY2gh=v2x9.8x10 =196 = 14 m/s
Hence speed with which stone is thrown up to reach
10 m height is 14 m/s.
Considering the downward motion of stone:
vi=0at 10 m height, v;=? at 2m above ground

a=g, S=10-2=8m
Applying equation of motion: 2 a S =vf2—v;?
2x9.8x8=vi?2- (0)°
156.8 = v¢? vi=V156.8 = 12.5 m/s.

'é Speed 2 m above the ground will be 12.5 m/s.
Q.No.7: The potential energy of a body at the
top of a building is 200 Joule. When it is
dropped its K.E just before striking the ground
is160 Joule. Find work done against the air
resistance.
Data:
P.E at the top =200 J

Work done against air resistance
Solution:

While falling:

P.E lost by the body = K.E gained b
+ work done agaij i
200 = 160 + Wo
Work done against air reS| ce =
Q.No.8: Find the ene ivalent of 1 gram.

Data:
Mass m = %‘R 0.001 kg
Energy
Solutton %
Einstein’s matter can be

convert ergy and vice versa, according to
followj ion:
02
E*= 0.001 x (3x108)2
=9 x10" Joules

'é Energy equivalence of 1 gram is
9 x10" Joules.
Q.No.9: A 1 kilowatt motor pump pumps water
from ground to a height of 10 m. Find how
much liters of water it can pump in one hour.
(Density p of water = 1000 kg/m?)

o,

Data:
Power P =1 Kw = 1000 watt
Time t=1h =23600 sec.
Height h=10m

Density of water p = 1000 kg/m?3)

Number of liters pumped= ?
Solution: &‘

1 hour

If “m” is mass of water pumped,
OR Pt=m
1000 x 3600 = m@‘( 10
m = 600 = 36,735 kg.

Power P = work to pu
x 10
But density o& p =_mass of water m
Volume of water V
= Mm% 36735 = 36.735 m>.
1000

But 1 m3 31000 liter
’<Volume of water that can be pumped in

_ . neuur will be V = 36.735x 1(')00 = 36735 lit.
B =200 = 3.67x10* liters
K.E just before striking ground = 160£ .No. 10: A rocket of mass 2 kg. is launched in

air, when it attains height of 15 m the 400 Joules
of its chemical fuel burns. Find speed of the

ro t maximum height.
ass of the rocket m = 2 kg.
Vertical height attained h=15m
Fuel burnt = Work done W =425J
Velocity at maximum height v =7

Solution:

Due to the burning fuel work is done on the
rocket and it moves upward against gravity with an
increasing velocity. Hence it gains K.E as well as P.E
as it rises:

Work done = K.E gained+ P.E gained

Work done=3mv2+mgh

400=32xVv>+2x9.8x15

400 = v+ 294
v2=400-294 =106
v=V106 v = 10.3 m/s

'é Velocity of rocket at the highest point
(15 m above the ground) is 10.3 m/s.
Q.No.11: A motor pumps water at the rate of
500 gm. /min to a height of 120 m. If the motor
is 50% efficient then how much input electric
power is needed?
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Data:
Mass of water pumped = 500 gm/min
= 0.500 kg/60 sec.
Height h=120m.  Efficiency E = 50%
Input power =7?
Solution:
Output power =m gh =0.500x9.8x120
t 60
Output Power = 9.8 watt.
Efficiency = Output power x 100%
Input power
Input power = output power x 100%
Efficiency
Input power = 9.8 x100%= 19.6 Watt
50
'é 19.6 Watt (or approximately 20 Watt)

Input power will be needed.
Q.No. 12:Calculate the work done by a force given

I\ L\ L\

ﬁsi +8j +10k in displacing a body from the
position A to the position B. The position vectors

of A and B are: AAA A
ra=4 i+7j+4k
N N N
~ C
re=9i+5j+7k q-)
(1994 Kar 1 rd)
Solution:
Displacement of the body is gi )
———
Ar=rg—ra
A} A

Ar = (91+5] +7k) \4 14k)

Q\U 4k

FAr

Ar— 91+5 +

{

+3

5o
%

A

(61 +8j +10k).(51— 2j+3 k)
A

A AN A

$

N

ce 1.j=0,j.k=0 and k.i=0

AN A A AN AN

. Workdone=30i.i-16j.j+30 k. k
ALY AN A} A
i.i=1,j.j=1 and k.k=1
Work done =30-16 + 30
—> Work done = 44 Units
(If F and displacement Ar are expressed in M.K.S
units then the unit of work done will be in Joules.

But

0Q.No.13: An object weighing 98 N is dropped
from a height of 10 m. It is found to be moving
with a velocity of 12 m/s just before it hits the
ground. How large was the frictional force
acting upon it? (2012 Karachi Board)

Data:
Weight W=mg=9
Mass m = W/g =98/ &
Height y
Velocity
Frictional force
Solution:
Loss of P.E=K.E galne ot gainst friction
mgh
98 x10 = (12)2+ fx 10
=720%10 f
0=10f
=260
f= 260 f =26 N
No.14: Aforce F =3i+4 j-5 Kkdisplaces a
— A A
dy through r =2 i- k. Calculate the work
done. (2012 Hyderabad Board)
Solution: _,

A A AN ANA A A

Q)rk=F. r
A A A A A
%\V<ark=(3i+4j-5 K).(2i-k)

Sincei.k=j.i=j.k=k.i=0

Therefore, AN AN
Work=(6i.i+5 k. k)
AN A A A

But i.i=k.k=1
Work=6 +5

Work = 11 Units
Q.No.15: A pump is needed to lift water
through a height of 3 m at the rate of 600
gm/min. What must the minimum power of the

pump be? (2015 Hyderabad Board)
Data:

Height through which water is to be

lifted h=3m

Rate at which water is to be lifted

=600 gm/min.

Power P="

Solution:

Since the rate of lifting water is 600 g/min.
Mass of water to be lifted in one min.is 600 g.
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-. Mass of water to be lifted in one second is
600/60 gm = 10 gm = 0.010 kg.
Rate of doing work to lift water = Rate at which it
gains P.E.
=mgh (t=1sec)
t
=0.01x 9.8 x3 J/s=0.294 J/s.
1

But the rate of doing work is called power.

'é Power needed to lift water = 0.294W
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Fluid stati@

Fluids: 3
There are three states of matter. States of matter that can ro@a lled fluids.

Since liquids and gasses can flow therefore, broadly speakin & lled fluids.
Fluid statics is a branch of physics in which we study properti€s,ofta stationary fluid (i.e. a
fluid at rest).

Similarities and differences between

physical properties of liquids@nd gasses:

Physical Gasses & Liquids
property
Volume. No fixed volume, assu Fixed volume (although there is a slight change

volume of the contain n volume when high external pressure is
t‘ applied).
Shape. No fixed shape. Av Na fixed shape.
Density. Low densit igeg.density compared to gasses.
Compressibility | Highly compréssible. pressibility.

Viscosity. Negligibl

er viscosity, some liquids are highly
ose.

Note that a} i egl’ﬂuid is that which is incompressible, it means that its volume
cannot be chang lying external pressure on its surface. Since density is mass per unit volume,
therefore, densit& deal fluid remains constant since its mass and volume both are not changing.
In other wordsjgasses are not an ideal fluid, volume of liquids do not change appreciably on

applying ext réssure on their free surface, therefore, they can be considered as ideal fluids in
ordinary s

Pas s&law:
cgording to Pascal’s law:
AR S

“When pressure is changed at any point in a stationary fluid,
this change in pressure is equally transmitted to all points in the fluid”.

Applications of Pascal’s law:

(1) Hydraulic brake system:

Hydraulic brake system of cars is an application of Pascal’s law. Brake system of a car has a
cylinder, called master cylinder, it is attached to the brake padel. When the driver presses the brake
padel this increased pressure pushes the piston in the master cylinder. This increased pressure is
transmitted equally to each brake cylinder provided with rear wheels in a front wheel drive car.
Increased pressure is transmitted to entire braking system through the incompressible brake fluid
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(brake oil) filled in each cylinder and a strong metallic tube that connects all the cylinders with each
other. In modern cars front wheels are provided with strong metallic disc rotating along with the wheel.

Increased transmitted pressure opens the brake pad which applies a strong force of friction to
the rotating wheel drum, forcing the car to slow down. As soon as the brake padel is released pistons in
all cylinders move back to their original positions, a spring pulls back the brake shoe and the car is
again able to move as before.

(2) Hydraulic lift:
Pascal’s law is applied to lift heavy objects such as a heavy car by applying a smal or@

hydraulic lift.
Hydraulic lift has a U-shaped container filled with an incompressible liquid (aliquid that
cannot be compressed on applying force on it, so that its volume does not chageepl g it density

constant. Real liquids show slight change in their volume on being compressedfiefice this is true for
an ideal liquid). Container has two cylinders at its two ends; both provided y pistons. One of the
cylinders is narrower than the other cylinder which carries a platfor ( car can be parked

easily.

F2

B
If a force F1 is a\)ligg)the piston of smaller cylinder of area A1, then pressure applied will be
@I
r

is incompressible, therefore, according to Pascal’s law, this increased

P1= F1/A4. Since the li
pressure will be e smitted throughout the liquid. Pressure on piston of wider cylinder will be
same as the pr r smaller piston, but since this piston is of large area “A,” therefore, force on
this piston wi %Iarge so that pressure on this piston is the same. If F» is the output force at

piston of wi ider of area A the pressure on it will be P2 = F2/A..

C
t input pressure P4 = Out put pressure P:
>

Thereﬂ)} Fi=F
& Al Ao

=_A
A\

'I'Il'l'l
= o

Fo=_Az Fq
A4

We can see from this formula that the value of output force (Force required to lift heavy
load i.e. a car) can be increased to any desired value by increasing the area of output (larger)
piston that carries the car.
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Mechanical advantage of hydraulic lift: Mechanical advantage of any machine is the ratio of
output force to input force (Load lifted to effort applied). It tells you about how many times the force
required to lift a load will be greater than the applied force.

In this case:

Mechanical advantage of a Hydraulic lift = F»
F4
If mechanical advantage of a lift is 100 then that machine will be able to lift a 100 times heayier load, it
means that this particular machine will be able to lift a 10000 Newton car by applyin 0
Newton on the smaller piston.

Example: Let the radius of smaller piston be 25 cm. (= 0.25 m), radius of wider Sisto e 1 m. and the

applied force is 90 N, then:
Fz = Ag_ F1 = Tt_rgz—F1 3 ‘
Aq T 1 %‘
F2=Q2—F1=§1!2X90=16X 4

r2 (0.25)?
From this example you can see that output force can Be ingreased by 16 times i.e. only
90 N input force will be needed to lift 1440 N load (this is ideallift, free of friction, if there is
friction then a part of input energy will be wasted to overcome ffiction).

Mechanical advantage of this lift will be Output force/ input force =F»/F1 = 1440/90 = 16

Upthrust (or Buoyant force): C‘\
When a body is immersed in a fluid (any liqllid or«asgas) it experiences an upward force, exerted
by the fluid, this force is known as upthrust o nt force.

Pressure in a fluid depends mainly u
into a fluid there will be a difference in pres
body.

its\density and depth, as a body is immersed deeper
ofithe liquid between lower and upper surfaces of the

&

We know that pressure in equal at all Y]d acts in all directions lying at the same
depth, hence when a body is fully i rsed into a flu essure exerted by the fluid on the upper
surface of the body is less than tfle pressure at its lo ce (Lower surface is deeper)

This difference in pressure results n upward direct rce acting on lower side of the body, called
upthrust or buoya e.
Due to upthrust ears to be lighter when immersed in a fluid i.e. its apparent weight is

less than its true wei

Upthrust helps io
Since depsi

pressure, in

body and tends to prevent it from sinking.
uids is more than the density of gasses due to which liquids exert more
ords, upthrust in liquids is much more than in gasses.
fisity of the object is less than the density of liquid, the object will float
*l ensity of the object is equal to the density of liquid, the object will remain
in the liquid just like a fish.
(/* If density of the object is more than the density of the liquid the object will sink,
}he upthrust will be smaller than weight of the body and will not be enough to support it.
chimede’s principle:
According to Archimede’s principle:
“When an object is immersed into a liquid it experiences
upthrust equal to weight of the liquid displaced.”
The magnitude of upthrust depends upon:
o Volume of the body immersed, because more is the volume of the body immersed
more is the volume of fluid displaced, more will be the upthrust.
e Density of the fluid more is the density of fluid more will be the upthrust.
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DUQ to L‘M exerted by the Volume of liquid displaced = volume of body immersed. If
liquid the object appears to loss some of || 5 oy is fully immersed then the volume of liquid

iFS vyeight. Hence a bpdy immersed in a displaced is equal to total volume of the body but if a
liquid appears to be lighter. In other body is partially immersed then volume of liquid displaced
words: will be equal to volume of the body inside the liquid.

Apparent weight of a body = its actual weight — upthrust
The magnitude of upthrust or buoyant force,

according to Archimede’s principle, is given by: Density p = mas
mass of liquid displaced m = density, of liquid p
Buoyant force = density of fluid x Volume of fluid x volume iquid displaced.
displaced x acceleration due to gravity. ms 2‘
Upyant force)= m g

Buoyant force=p V g oyant force)= p V g

Principle of floatation:
A needle made of steel sinks in water whereas hu ips made of steel do not sink,

instead they float. The reason for this observation is that a neeglé™isplaces a small volume of liquid

and the weight of liquid displaced is quite small as coméred talweight of the needle. Hence the

upthrust acting on the needle is not enough to supportit refore, it sinks. A huge cargo ship because

of its shape and because of large empty spaces |n hip displaces large volume of liquid. Weight

of this large volume of liquid displaced is enoug p*)ort a loaded cargo ship and prevents it from
sinking. C
In other words: 2
“ A floating object displ ht of ﬂuid equal to its own weight’.
Ships and submarines are this pri principle of floatation is based on

Archimede’s principle.
In gasses (eg air):
“An object (e. balloon) sur ded by air experiences
orce qual to weight of air displaced”.
Airships and hot air balmo tQ displace large quantity of air, such that if weight of air displaced is
more than balloon’s we@ht than balloon rises up (because there will be more upthrust). But if
weight of air dlsp less than balloon’s own weight than balloon descends (because there will be

less upthrust)d% air displaced is equal to balloon’s own weight than balloon hovers at a
i

constant altit ause there will be equal upthrust)
Surfac

nS|on of a liquid may be defined as:
e force per unit length acting on either side of an imaginary line drawn
AR S

on the liquid surface at rest. Direction of this force is along
tangent to the surface and is perpendicular to the line”
Surface tension = F (SI'unit N/m)
L

Due to surface tension, surface of a liquid acts as a membrane. It is the surface tension due to which
surface of a liquid tends to have minimum surface area. Due to surface tension, a liquid supports a
needle, liquid surface assumes a concave shape, liquid rises in a capillary tube and a liquid bubble
is spherical in shape and so on.
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: A completely submerged object
always displaces its own
(a) weight of fluid. (b) volume of a fluid
(c) density of a fluid.  (d) Area of a fluid.
Q.No.2: The pressure exerted on the ground
by a man is greater when:

(a) he stands with both feet flat on the ground.
(b) he stands flat on one foot.

(c) he stands on the toes of one foot.

(d) he lies down on the ground.

Q.No.3: In a stationary homogeneous liquid:
(a) pressure is the same at all points.

(b) pressure depends on the direction.

(c) pressure is independent of any atmospheric
pressure on the upper surface of the liquid.

(d) pressure is the same at all points at the
same level.

Q.No.4: one piston in a hydraulic lift has an
area that is twice the area of all others. Whe
the pressure at the smaller piston is incre

by Ap the pressure at the larger piston: ée
(a) increases by 2 Ap  (b) increase
(c) increases by Ap. (d) incr:
Q.No.5: In vacuum, an object
(a) No buoyant force.
(c) no weight.

0.No.6: The pressure,
does NOT depend

oR:
(a) Water densi %epth of the pond.
(c) surface are? nd. (d) None of these

Q.No.7: Ar nded by a weighing

scale weighs out of water and 3 N when

submer ifwater. What is the buoyant force
= y

(b) 5N. (c) 8 N. (d) 15 N.
: “An object completely submerged in
uid displaces its own volume of fluid”. This

is:

(a) Pascal’s paradox. (b) Archimede’s principle
(c) Pascal’s principle. (d) true, but none of the above
Q.No.9: Salt water has greater density than
freshwater. A boat floats in both freshwater
and salt water. The buoyant force on the boat
in saltwateris ............. that in freshwater.

(a) equal to (b) smaller than

(c) larger than (d) same as

Q.No. 10: You fill a tall glass with ice and then
add water to level the glass’s rim, so some
fraction of the ice floats above rimﬁen ice

melts, what happens to water level*
(a) water overflows the rim. 6
(b) water level drops. &

(c) water level stays at the rim

(d) it depends on the diuéice in

density between nd ice.
Q.No.11 Th f surface tension is:
25 Karachi Board)

\ T
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Answers:

(" (1) Weight of fluid.
(2) he stands on the toes of one foot.

(3) pressure is the same at all points at the same level.

(4) increases by Ap.

(5) No buoyant force.

(6) surface area of the pond.

(7)2

(8 )Archlmede s principle

(9) Larger than

(10) Water level stays at the rim.

©
R\,
S
R

&
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Numericals:

Q.No.1: In a hydraulic press a force of 20 N is
applied to a piston of area 0.20 m2 The area of
the other piston is 2.0 m2, What is:
(a) Pressure transmitted through the fluid
(b) The force on the piston.

Data:
Force on smaller piston Fi=20N
Area of smaller piston A:1=0.20 m?
Areas of larger pistons Az = 2.0 m?
(a) Pressure transmitted P=?

(b) Force on the piston (Larger) F» =7

Solution:
(a) Pressure is equally transmitted everywhere

(Pascal’s law), Hence pressure on smaller piston:

P=F; =_20 =100 N/m?or 100 Pa.

Ar  0.20

(b) Force on the larger piston is given by:

F2=P Az= 100 x 2.0
Q.No.2: The pressure in a water pipe on the
ground floor of a building is 4x10° Pa but thre
floors up it is only 2x10° Pa. What is height
between the ground floor and the third fl r.‘
Water in the pipe may be assumed to be
stationary, density of water =1x
Data:
Pressure of water at ground floo
Pressure of water at third floor = 2x10° Pa

Density of water p =1x10% kg/m3.
Height between the roo*> c ’ h="7

Solution: Q e
Difference réssures = P4 — P,
\ 1—P2=pgh
%5—2x105 = 1x10° x 9.8 h
& ¢ 2x105=9.8 x10%h

But
0° h=20.4m

%.8 x103
0.3:»The small piston of hydraulic press
s an“area of 10.0 cm?. If the applied force is
500 N,

what must the area of the large piston
be to exert a pressing force of 4800 N ?
Data:
Area of small piston A1=10.0 cm?= 0.001m?
Applied force F1=50.0N
Output force F,=4800 N
Area of large piston Az =7

™= 2x10° Pa

Solution:
According to Pascale’s law:
P1 = Pz OR F1/A1 = Fz/ Az
. Ao=F A== 4800 x 0.001
F4 50.0

A, =0.096 m* =960 c

Q.No.4: Mechanical advant deraulic

jack is 420. Find weight of the viest
automobile that can be ?‘by an applied

force of 55 N.

Data: o\
Mechariic !&a ge M.A =420
Applied F =55N.
jest welight lifted W =?

= W_= Output force (Load lifted)
F  Input force (applied force)

W = M.A x Input or applied force F
m: A flat-bottom river barge is 30 ft wide,
ft long and 15 ft deep.
(a) how many ft3 of water will displace
while the top stays 1 m. above the water.

(b) What load in tons will the barge
ccmmer these conditions if the empty
@ ighs 160 tons in dry dock.

Length L = 85 ft. Width (breadth) b = 30 ft.

Depth h=151t

(a) Volume of water displaced V=7

(b) Load in the barge =7

Weight of barge W =160 tons.
Solution:
(a) Volume displaced V=L b (depth immersed)
Volume displaced V = 85 x 30 x (15-3.28)
(1m above water =3.28ft) = 29886 ft3.
But 1 m3 = (3.28)3 ft3.
. Volume displaced V = 29886 m3= 847 m?®.
(3.28)3
(b) Weight of water displaced =Bouncy = p V g
=1 x10%x 847 x 9.8 =8300.6 N
(Density of water is taken as p = 1 x 103kg/m?)
But 1 tone = 9807 N
Bouncy = 8300.6 tones = 846.4 tones.
9807

Load in the barge = Bouncy — weight of the barge
Load in the barge = 846.4 —160 =_686.4 tones
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Q.No.6: A canal lock gate is 20 m wide and
10 m deep. Calculate the thrust acting on it
assuming that the water in the canal is in level
with the top of the gate. Density of water is
1000 kg/m?.
Data:
Width W =20 m, Depthh=10m
Density of water p = 1000 kg/m?3.
Thrust F=7?
Solution:
Average pressure on the gate P= p g (average depth)
= 1000 x 9.8 x 10 = 49000 N/m?.
2
Thrust F = P A =49000 (20 x 10)
Thrust F = 9800000 N= 9.8 x105 N.
Q.No.7: A tank 4 m long, 3 m wide and 2 m
deep is filled to the brim with paraffin (density
800 kg/m?). Calculate the pressure on the base.
What is the thrust on the base?

Data:

Length L =4 m. width (or breadth)W =3 m

Depth h=2m density p = 800 kg/m® ¢
Pressure P = ? Thrust -?

Solution: C‘

Since P =_Force = mg ~F

Area Lb
Density p=mass =_m

m= \Q
Volume Lbh
P=plLbhg=pgh
Lb g
Pressure on the ba%e = aJO x 9.8 x2
25680 N/m?2.(or Pa)

re x Area

Thrust on the bas&})‘e
Thrust = 156 =15680x4x3 = 188160 N.
gt
ep

Q.No.8: Ar ar boat is 4.0 m wide, 8.0 m
long and
uch water will it displace if the
s above the water?
hat load will the boat contain under
nditions if the empty boat weighs
.60x10* N in dry dock?
Data:
Length L =8.0 m. WidthW=4.0m
Depth of boat inside waterh=3.0-1.0=2.0 m.
(a) Volume of water displaced V =?
(b) Load in the boat W =?
Solution:
(a) Water displaced = volume of boat submerged
=L W h =8.0x4.0x2.0 = 64.0 m®.

t

(b) Bouncy = Weight of boat + Load in the boat
But Bouncy = weight of liquid displaced = p g V
p g V = Weight of boat + Load in the boat
Load in the boat = p g V — Weight of boat
Load in the boat=1000x9.8x64 — 8.60x10*
Load in the boat = 627200 — 8.60x10%
Load in the boat = 541200 K

Q.No.9: A hot air ballon ha of
2200 m3. The density of air a rature of

inside the ballon at a te rature of 100°C is
0.946 kg/m?3. )

How much wei he hot air balloon lift?
Data: &

Volume of halloon e of displaced air V=2200 m?3
Density f%ide he ballon  ps= 0.946 kg/m?.
Densi ir olitside the ballon p2=1.205 kg/m?3.

ightifted W=7

Solution
t of balloon = p1 gV = 0.946 x 9.8 x 2200

=20395.76 N

=1.205 x 9.8 x 2200

= 25979.8

But Upthrust = Weight of balloon + Weight lifted

- % Weight lifted = Upthrust — Weight of balloon
.'.Weight lifted = 25979.8 — 20395.76
eight lifted = 5584.04 N.

ives us maximum load that can be lifted)
Q.No. 10: A spherical balloon has a radius of
7.15 m and is filled with helium. How large a
cargo can it lift, assuming that the skin and
structure of the balloon have a mass of
930 kg? Neglect the buoyant force on the cargo
volume itself.
Data:

Radius of balloonr=7.15m

Volume of balloon V=4 nr3=_4 x 22 (7.15)®

3 7

Volume of balloon V = 1531.73 m?.

Mass of balloon m =930 kg

Cargo lifted Ww=7?

Density of Helium p1= 0.179 kg/m?.

Density of air p2=1.29 kg/m?.
Solution:
Upthrust = Weight of balloon + Weight of helium

+ Cargo lifted
.. Cargo lifted = Upthrust — Weight of balloon
— Weight of helium

20°C is 1.205 kg/m?®. The@sity f the hot air

L 4
\thhrust =p2gV

4
3
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.. Cargo lifted=pogV-mg-pigV
(volume of air displaced=volume of helium or of balloon)
.. Cargo lifted = 1.29x9.8x1531.73 — 930x9.8
—0.179x9.8x1531.73

.. Cargo lifted =19364.13 — 9114 — 2686.96
.. Cargo lifted =19364.13 — 11800.96

Cargo that can be lifted = 7563.17 N.
Q.No.11: A tank 4 m long, 3 m wide and 2 m
deep is filled to the brim with paraffin of
density 800 kg/m?3.

Calculate the pressure on the base.

(2025 Karachi Board)
Data:
Length L =4 m. width (or breadth)WW =3 m
Depth h=2m density p = 800 kg/m?
Pressure P = ?
Solution:
Since P =_Force = mg
Area Lb
Density p=mass =_m m=pLbh
Volume Lbh 'S
P=
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:1-7'1uid dynamics

Fluids:

There are three states of matter. States of matter that can flow are called fluids.
Since liquids and gasses can flow, therefore, broadly speaking they are called fluids.

Fluid dynamics:
Fluid dynamics is a branch of physics in which we study properties of a flowing fluid.

Fluid friction or viscosity:

Imagin a number of layers of a flowing liquid. The lowest layer of a flowing liquid which is in
contact with a solid surface will be at rest, It retards the flow of layer immediately above it, which in
turn retards the flow of next layer above it, in this manner each layer opposes the motion of layer
immediately above it. Hence there is an internal force of friction between adjacent layers of a liquid, this
force of friction acts parallel to the surface of layers and is known as fluid friction or viscous force
and this property of fluids is called VISCOSITY.

Liquids have higher viscosity than gasses.

Viscosity slows down the flow of a fluid. Since honey has a very high viscosity as compared with
water, therefore, honey flows slowly whereas water can flow quickly. Similarly, a gas can flow easily as
compared a liquid because gasses have low viscosity.

Honey, syrup, motor oil, cooking oil, paints etc. are liquids of high viscosity, hence they flow
slowly. Whereas water, sprit, kerosene oil etc. are liquids of low viscosity, therefore they can flow
quickly. In general gasses have even lower viscosity as compared to liquids.

Viscous force “F” between layers of a liquid is directly proportional to the rate of change of
velocity of liquid layers with respect to distance “Av/1” perpendicular to the direction of flow of layers.
Viscous force is also directly proportional to area “A” of contact of layers.

Hence: Foc—AAv
l
OR F=-nAAv
l
Where “n” is the constant of proportionality known as “coefficient of viscosity”.

“_n “_ 9

Highly viscous fluids have high value of coefficient of viscosity “n”. In other words, “n” is a
measure of viscosity of a fluid. Negative sign is used just to show that the viscous force opposes
internally the relative motion between different layers. Hence if there is velocity gradient between
different layers of a fluid there will be viscous force between them due to which it will have some
viscosity.

For Honey the value of “n”is high and for water the value of “n” is low, which shows that honey
is a highly viscous and water is less viscous, as a result of which honey flows slowly and water flows
quickly.

Viscosity of a fluid also depends upon its temperature. As the temperature of a liquid rises its
viscosity decreases. But viscosity of a gas increases with a rise in its temperature.

S.lunitofn isN.s/m?>=Pa.s (N/m? = Pascal Pa)

C.G.S unitof n is dyne . s/cm?
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But C.G.S unit of  is commonly known as “Poise” (i.e. dyne . s/cm? = poise)
1 N . s/m?=10 poise.

Velocity gradient:
Velocity gradient may be defined as:
“The rate of change of velocity with respect to distance
normal (perpendicular) to the direction of flow of liquid layers”.
Higher the value of velocity gradient more viscous is a fluid i.e. the fluid will offer more force to
resist the liquid flow or to the motion of a body through it.

Terminal velocity:

When a small spherical body of radius “r’ is dropped slowly in a viscous fluid of coefficient of
viscosity “n” then at first it falls under its weight and has some acceleration. As soon as it enters the
fluid the fluid exerts a force opposite to its weight. This force exerted by the fluid because of Its viscosity
is called “Drag force’. As soon as the drag force balances weight of the spherical body, net force
acting on the falling body will be zero, hence acceleration of the body also becomes_zero. It then on
moves down with a uniform velocity. This constant velocity with which the spherical body moves
through the fluid is called its “terminal velocity.”

Viscous or drag force exerted by a fluid on a body moving through it depends upon viscosity
of the fluid, size, shape and terminal velocity of the body.

According to Stocke’s law viscous or drag force “F” acting on a small spherical body of radius
“r’ moving with a uniform velocity “v” through a viscous fluid of coefficient of viscosity “n” is given by:

F=6nnrv

Note that this formula is valid only for a spherical body moving with a uniform velocity through
a viscous fluid. Formula for drag force for any other shape will be different.

When a spherical body moves with a constant terminal velocity through a viscous medium, its
weight is balanced by viscous drag force, hence:

6nnrv=mg

If “p” is the density of the viscous medium and (4/3) = r? is volume of the spherical body, then is

mass “m” is given by:

m=px (43)nrd
Brnrv=px (4/3)nrig
v=px(4/3)nrd
6nnr

Simplifying this equation we get: Qg
91

%y “ "

This formula gives us terminal velocity “v” of a spherical body of density “p” moving through a

viscous medium of coefficient of viscosity “n” at a given location (constant g). It shows that the terminal

“y 9

velocity “v” is directly proportional to square of radius (r?) of the spherical body.
Types of fluid flow:
Liquid flow is two basic types steady and unsteady flow.

Steady (Streamline or Laminar) flow:

In steady flow of a fluid properties of the fluid do not change with time.

For example, velocity “v” of particles of the fluid, viscosity of the fluid “n” and pressure “P” of the
fluid etc. do not change with time.

It means that velocity “v” of particles of the fluid will be the same everywhere and in the same
direction at different instants. In other words, particles of the fluid will travel parallel to each other with

the same velocity at different instants, and will not cross each other’s path.
e Streamline is a line which shows path of a particle in a flowing fluid, such that a
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tangent to the line at any particular instant shows the direction of velocity of a particle at that instant.
In steady or streamline or laminar flow of a fluid streamlines showing the path of moving
particles of the fluid are parallel to each other, in other words all the particles of the fluid move in the
same direction with the same velocity.
Steady, streamline or laminar flow of fluids is usually observed when a fluid of high viscosity is
flowing slowly.

Unsteady (irregular or turbulent) flow:

In unsteady flow of a fluid properties of the fluid change with time.

For example, velocity “v” of particles of the fluid, viscosity of the fluid “n” and pressure “P” of the
fluid etc. change with time.

It means that velocity “v” of particles of the fluid will be different everywhere. In other words,
particles of the fluid will travel with different velocities in different directions, and will cross each other’s

path.

In unsteady, irregular or turbulent flow of a fluid streamlines showing the path of moving
particles of the fluid are not parallel to each other, in other words particles of the fluid move in
different directions with different velocities, different streamlines cross each other.
Incompressible flow:

Incompressible flow of a fluid is that in which during the flow density does not change, although
pressure may change. Mostly liquids are incompressible whereas, gasses are compressible.

(In other words, under normal conditions liquids may be considered incompressible, whether they are at
rest or in motion)
Non-viscous flow:

It is the flow of an incompressible and non-viscous fluid in which a fluid can flow without any
dissipation of energy for doing work against viscous force.

All real fluids have some viscosity; some have low and some have high viscosity. Hence
depending upon their viscosity there is some dissipation of energy during their flow. It means that a
totally incompressible fluid having zero viscosity will be an ideal fluid.
Raynold number:

Raynold number is the ratio of inertial force to the viscous force.
Since it is the ratio of two similar quantities therefore, it is a dimensionless quantity.

Raynold number is given by:

Raynold number = fluid velosity * internal diameter
Kinetic viscosity
Where Kinetic viscosity = Dynamic viscosity
Fluid density
e If Raynold number “Re” is less than 2300 (Re < 2300) then the flow of fluid is

Laminar or regular.

¢ [f Raynold number is greater than 2300 but less than 4000 (2300 > Re < 4000)
then the flow of fluid is transient, this type of flow of a fluid occurs just before the turbulent
conditions.

e If Raynold number is greater than 4000 (Re > 4000) then the flow of fluid is

turbulent.
Equation of continuity:
For an incompressible fluid the mass flow rate Am/At (rate of flow of its mass) at different points
through the fluid is constant. This is in accordance with law of conservation of mass.
Let a liquid flow from point P to Q in time At with
velocity v through wider section of a pipe of area A,
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P Q
then the volume of liquid flowing from P and Q will be T —~ RL S
“A1AX". But velocity "v1" with which liquid is flowing is given . O Vi i 0 A,
by: velocity vq = Distance covered Ax OR Ax =vq At i ) -—
time taken At L Avevs At
.. volume of liquid flowing from P to Q will be “A1 v1 At”. Ax=v; At y=v

Density of liquid p = mass of liguid Am
Volume of liquid

p= Am
A1 V1 At
OR Am=p AtVi. (l)
At

This equation gives us mass flow rate of the liquid between P and Q.
Similarly mass flow rate of the liquid between R and S is given by:
Am=p Aovo ool (ii)
At
Mass flow rate Am/At (rate of flow of mass of liquid) at different points in a flowing liquid is
constant. Hence left hand side of both equations will be equal.
P A1 Vi=p Az V2
Since the liquid is incompressible therefore, its density

p” throughout the pipe will be the same.

A1 V1 =A2 V2

This equation is known as equation of continuity.
From this equation we can see that when a liquid flows through wide pipe of area of cross section “A¢”
its velocity “v1” will be small i.e. the liquid will flow slowly whereas while flowing through narrow section
of the pipe of small area of cross-section “A.” its velocity “v1” will be high i.e. the liquid will flow with
high speed. In other words, large “A:” small “v,” and small “A,” large“v.”. This shows that speed of a
fluid changes with diameter of the pipe.

The product “A v” gives us “volume rate of flow”.

Its S.1 unit is m?%/s.

Bernoulli’s principle:

Bernoulli’s principle (or Bernoulli’'s theorem or Bernoulli’'s equation) is based upon law of
conservation of energy. It states that:

P+% pv2+ pgh = constant

Derivation:

Consider an incompressible fluid (such as water) flowing with velocity “v,” through a pipe of area of
cross- section “A;”. Force “F,” is exerted from left side moves the liquid through “Ax;”. This force will do some
work “F;1 Axs”on the liquid, where Ax; is the distance through which the liquid moves from P to Q.

Similarly force “F,” exerted to oppos its {

Flow, this force acts over distance “Ax;". R—2_, S \
Hence work done by this force will be H Y

“F, Ax,”. Net work done on the liquid Axy / L\ A R

Is given by: F1 "\l N Ve Axa

Net work done on = F; Ax;— F, Ax, 4 l} Ay —— h

This work done on the liquid will change ~ 2

Its kinetic and potential energies, as the h1[ P Q

liquid flows with different velocities “v,” | === -========-SSooooSoomTTSoSmS o mm o mmm e mmm

and “vy” between points P Q and R S. \ Reference level /
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at the same time, it is lifted from height “hs” to “h2” (“h1” and “h2” are measured from some
reference level). Hence:
Change in kinetic energy = 3 m1 v12 — 3 m2 v2?
Change in potential energy = migh1— magh2
Net work done on the liquid must be equal to the sum of change in Kinetic and
potential energies, Hence
F1 Ax1—F2 Ax2= (3 m1 vi2 — 3 m2 v22) + (migh1— mzgh2)

OR F1 Ax1+3 m1vi2 + migh1=F2 Ax2+ 3 m2 v22 + megh2
For incompressible liquid mass “m+” flowing from P to Q will be equal to “m>” flowing from R to S,
mi=mz2=m

. F1Ax1+3 mvi2+mghi1=F2 Ax2+ $ m v22 + mgh>
But F1=P1 A1 (P1is the pressure of fluid at the left-hand side),

and F2=P2A2 (P2Is the pressure of fluid at the right hand side)
P1 A1 Ax1+3 mvi2 + mgh1= P2 A2 Ax2+ 5 m v22 + mgh2

But A1 Ax1=V1 (V1 = volume of liquid between P and Q)

and A2 Ax2=V2 (V2 = volume of liquid between R and S)

P1Vi+3 mvi2+mgh1=P2Va+ 5 mv2?2 + mgh2
Since the liquid is incompressible (cannot be compressed) its volume “V1” flowing from
P to Q will be equal to its volume “V2” flowing during the same time from Rto S, i.e. V1 =V2=V
Pi1V+:mvi2+mghi1=P2V+ 3 mv2?+mgh2
Dividing this equation throughout by “V” we get:
g Pi+3 m vi?2+ mghi1=P2+3% m v22+ m gh>
\Y Vv Vv \Y
But density p=_mass m_( p is the density of fluid, which is constant everywhere for an
Volume V
incompressible fluid)
Pi+3pVvi2+pgh1=P2+ 3 pVva?+pgho
In other words: P +% p v2 + p g h = Constant
This is Bernoulli’s equation.

'é Note that while flowing through a pipe of variable area of cross section, in wider section of
the pipe pressure of the liquid is high, but speed of flow is low, whereas, in narrow section of the pipe
pressure is low but speed of flow is high. These observations are in accordance with Bernoulli’s
theorem, equation of continuity is also satisfied.

Applications of Bernoulli’s principle:

There are many devices, machines etc. whose working is based upon Bernoulli’s
principle. For example working of “Venturi meter’ which is used to measure rate of flow of a
fluid through a pipe, just by measuring the pressure difference at two points of different area of
cross section, “Bunsen burner” (used for heating purpose in laboratory), ordinary spray
pump, also called an “Atomizer” (used for spraying insecticide, mosquito sprayer), shape of
wings of airplane acts as “an airfoil” that moves through air with such a speed that a
pressure difference above and below the airplane is produced. This difference in pressure
provides lift to the airplane. This pressure difference takes place in accordance with
“Bernoulli’s principle”.
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: For an incompressible fluid the flow
rate is:

(a) equal for all surfaces.

(b) constant throughout the pipe.

(c) greater for the larger parts of the pipe

(d) None of the above.

Q.No.2: Bernoulli's principle states that for
horizontal flow of a fluid through a tube, the
sum of the pressure and energy of motion per
unit volume is:

(a) increasing with time.

(b) decreasing with time.

(c) constant. (d) varying with time.
Q.No.3: Which of the following is associated
with the law of conservation of energy in fluids?

(a) Archimede’s principle.

(b) Bernoulli’s principle.

(c) Pascal’s principle.

(d) Equation of continuity
Q.No.4: As the speed of a moving fluid
increases, the pressure in the fluid:

(a) increases.  (b) remains constant.

(c) decreases,

(d) may increase or decrease, depending
on the viscosity.

Q.No. 5: If the cross- sectional area of a pipe
decreases, what happens to the fluid
viscosity?

(a) Increases. (b) decrease.

(c) remains the same.

(d) depends on the fluid density
Q.No.6: A sky diver falls through the air at
terminal velocity. The force of air resistance on
him is:

(a) half his weight.

(b) equal to his weight.

(c) twice his weight.

(d) cannot be determined from the
information given.

Q.No. 7: Wind speeding up as it blows over
the top of a hill:

(a) Increases atmospheric pressure.

(b) decrease atmospheric pressure.

(c) Doesn’t affect atmospheric pressure there.

(d) equal’s atmospheric pressure.

Q.No.8: A fluid is undergoing “incompressible”
flow. This means that:

(a) the pressure at a given point cannot
change with time.

(b) The velocity at a given point cannot
change with time.

(c) The velocity must be the same
everywhere.

(d) The pressure must be the same
everywhere.

(e) the density cannot change with time
or location.
Q.No.9: A fluid is undergoing steady flow.
Therefore:

(a) the velocity of any given molecule of
fluid does not change.

(b) the pressure does not vary from
point to point.

(c) the velocity of any given point does
not vary with time.

(d) the density does not vary from point
to point.
Q.No. 10: The equation of continuity for fluid
flow can be derived from the conservation of:

(a) energy. (b) mass.

(c) volume. (d) pressure.
Q.No. 11: This is associated with law of
conservation of energy in fluids:

(2025 Karachi Board)

e Archimede’s principle.

e Pascal’s principle.

e Bernoulli’s principle.

e Equation of continuity.
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Answers:

(1) constant throughout the pipe.
(2) constant.
3) Bernoulli’s principle.

(

(4) decreases,

(5) remains the same.

(6) equal to his weight.

(7) decrease atmospheric pressure.

(8) the density cannot change with time or
location.

(9) the density does not vary from point to
point.

(10) mass.

(11) Bernoulli’s principle.
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Numericals:

Q.No. 1: Two spherical raindrops of equal
size are falling through air at a velocity of
0.08 m/s. if the drops join together forming
a large spherical drop, what will be the new
terminal velocity?
Data:
Initial terminal velocity of rain drops
(before combining)  v1=0.08 m/s
Newl terminal velocity of rain drop
(after combining) v2 =7
Solution:
Let “r’ be the radius of each drop before
combining and “R” be the radius of lager drop
after combining. Then since terminal velocity
of a spherical body moving through a viscous
liquid is directly proportional to square of its
radius, therefore:

V1 oc 12 and v2oc R?

vi=r2 OR 0.08=r

v2 R? v2 R?

v2=0.08 ... (7)

(r/R)?

But volume of drops before and after are given
by: 4 nr 4 nR3

3 3
But volume of combined drop will be twice

the volume of each combining drop.
4 nR3=2(4 nrd)
3 3

Taking cube root of both sides we get:

—

T = 3% (3) =0.7937
R
Put this value of (r/R) in equation (3).
v2=0.08 ......... (7)
(r/R)?
v2=_0.08 =0.127 m/s.
(0.7937)?

®<New terminal velocity is 0.127 m/s.

Q.No.2: Calculate the viscous drag on a
drop of oil of 0.1 mm radius falling through
air at its terminal velocity.

(Viscosity of air = 1.8x107° Pa-s.

Density of oil = 850 kg/m3.)

Data:

Viscous drag F="?

Radius of oil drop r = 0.1 mm =1x10~*m

Viscosity of air n = 1.8x10~° Pa-s.

Density of oil p = 850 kg/m3.
Solution:

According to Stocke’s law viscous or drag
force on a small spherical body is given by:

F=6nnrv

But (first we will have to find terminal
velocity) terminal velocity of the spherical oil drop

isgivenby: v=2r’pg
9n
v =2x (1x10%4)2 x 850 x 9.8
9 x 1.8x10™°
v =1.028 m/s.

Dragforce F=6nnrv

F=6nrnx1.8x10°x 1x10%x1.028

F =3.4879 x108 N.

®:Drag force on the oil drop is

3.4879 x10-8 N.

Q.No.3: What area must a heating duct
have if air moving 3.0 m/s along it can
replenish the air every 15 minutes in a
room of volume 300 m3. Assume air
density remains constant.
Data:

Velocity v=3.0m/s.

Time taken t =15 min.=15x60 s.= 900 s

Volume of the room V =300 m3.

Area of heating duct A=?
Solution:

Volume of a fluid passing a given point
per second, called volume rate of flow is

given by: VMV =Av
t
300 =Ax3
900
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A= _300 =0.111 m2
900x3
®:Area of heating duct must be 0.111 m2.

Q.No.4: Water circulates throughout a
house in a hot -water heating system. If
water is pumped at a speed of 0.50 m/s
through a 4.0 cm diameter pipe in the
basement under a pressure of 3.0 atm.

What will be the flow speed and
pressure in a 2.6 cm diameter pipe on the
second floor 5.0 m above? Assume the
pipes do not divide into branches.
Data:

Speed of water in the basement vi = 0.5 m/s
Diameter of pipe in the basement r =4 cm=0.04 m
Radius of pipe in the basement r1 =0.02 m.

Pressure in the basement
P1 =3 atm.=3 x1.01x10% N/m?=3.03x105 N/m?
Flow speed at second floor v2 =?
Pressure at second floor P2 =?
Diameter of second floor pipe d=2.6 cm
Radius of second floor pipe r2 = 0.013m
Height of second floor h2 =5 m.
Density of water ~ p = 1000 kg./m3
Basement is taken as reference hence, h1 =0
Solution:
Since A1wvi=A2v2
v2= A1vi=mnri¥vi==%(0.022x0.5
A2 T 122 = (0.013)?
v2 =1.183 m/s.
According to Bernoulli’s theorem:
P1+ 3 p vi2+ pghi1= P2+ 3p v22+ pgh2
3.03x10%+ £ 1000x (0.5)2 + 0
= P2 + 3 x1000x (1.183)2+ 1000x9.8x5
P2=3.03x10%+ 3 1000x (0.5)?

-1 x1000x (1.183)2- 1000x9.8x5
P2=3.03x10%+ 125 - 699.745 - 49000
P2=253425.255 N/m? = 253425.255

1.01x10°

P2=2.51 atm.
®:Flow speed on the second floor is
1.183 m/s and pressure is 2.51 atm.
Q.No.5: What is the volume rate of flow of
water from a 1.85 cm diameter faucet if the
pressure head is 12 m?

Data:
Volume rate of flow V="
t
Diameter of faucet d =1.85 cm.
=0.0185 m.

Radius of faucet r =d/2 =0.0185/2 m
r=0.00925m

Height of pressure head h =12 m.

Solution:

According to law of conservation of energy:
P.E lost while falling down = K.E gained
mgh = 3 m v2

v2=2gh v=+vy2gh
v=12x9.8x12 =15.336 m/s
(“v” is the velocity with which water
flows from the faucet).
According to equation of continuity:
VA=Av But A=nr?
A =nr?=7(0.00925)? = 2.688x10* m?
A v =V =volume rate of flow of water
t
Av =2688x10"x15.336
Av=1V =4122 x1073 m?s.
t
€:<\/olume rate of flow of water will be
4.122 x10-3 m3/s.

Q.No.6: The stream of water emerging

from a faucet ‘neck down’ as it falls. The

cross-sectional area is 1.2 cm? and

0.35 cm?. The two levels are separated by a

vertical distance of 45 mm as shown in

figure. At what rate does water flow from
the tape.

Data:

Cross sectional area at upper level
A1 =1.2 cm?
Cross sectional area at lower level
A2 = 0.35 cm?
Vertical distance h = 45 mm =4.5 cm
Rate of flow vit="7?

Solution:

According to equation of continuity:

Rate of flow of water at upper level v/t = Av;

Rate of flow of water at lower level v/t = A,v,

Hence: Awvi= Ayv, Squaring both sides
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A12V12= A22V22 ................ (l.)
Acceleration with which water falls is
hence applying equation of motion,
v22—vi2=2gh We get:
v2?2=vi2+2gh
Putting this value of v2? in equation (i) we get:
A12 V12= A22 (V12 + 2 g h)
A12 V12= 10\22V12 + 2 Azzg h
A12 V12— A22V12 =2 Azzg h
(A= A vi2=2A,2gh
vi2= 2A,2gh
(Alz_ A, 2)
Substituting the values of known
quantities we get: (Note that in this numerical
all quantities are in C.G.S units.)
vi2= 2 x(0.35)°x 980 x 4.5
(1.2)?— (0.35)?
1080.45 =1080.45 =820.076
1.44 -0.1225 1.3175
vi1 =+ 820.076 = 28.637 m/s.
Rate of flow of water at upper level = A.v,
Rate of flow of water at upper level
=1.2x 28.637 = 34.36 m®/s.
€< Rate of flow of water at upper level is
34.36 m®/s.
Q.No.7: Water leaves the jet of a horizontal
hose at 10 m/s. If velocity of water within the
hose is 0.40 m/s. Calculate the pressure within
the hose. Density of water is 1000 kg/m* and
the atmospheric pressure is 100000 Pa.
Data:
Velocity of water inside the hose vi= 0.4 m/s
Pressure within the hose P+ =7
Velocity of water at the hose v2 = 10 m/s.
Atmospheric pressure P2 =100000 Pa.
Density of water p = 1000 kg/m?3
Solution:
According to Bernoulli’s theorem:
P1+ 3 p vi2+ pghi1= P2+ 3p v22+ pghz
Since the hose is horizontal, therefore, h1= h2
(which means that there is no change in P.E)
P1+ % p vi2 = Pa+ 3p v22
P1+4x1000(0.4)?=100000+%x1000(10)?
P1+ 80 = 100000 + 50000
P1=149920 Pa = 1.499x105 Pa.

g

V1=

®:Pressure of water with the hose is
1.499x10° Pa.
Q.No.8: What is the maximum weight of an
aircraft with a wing area of 50 m? flying
horizontally. Velocity of air over the upper
surface of the wing is 150 m/s and that at
lower surface is 140 m/s. density of air is

1.29 kg/m3,

Data:
Maximum weight an aircraft W =?
Wing area A =50 m?,
Velocity of air over the upper surface of
the wing v2 =150 m/s.
Velocity of air over lower surface

V1=140 m/s.

Density of air p = 1.29 kg/m3.

Solution:

According to Bernaulli’s equation:

P1+ 3 pvi2=P2+  p v2?
(Since the plane if flying horizontally therefore
there is no change in potential energy involved
- pght = pgh2)
P1-P2= % pv22-3 pvi?

= x1.29 x (150)2 - 3 x1.29x (140)?

P =14512.5-12642 = 1870.5 N/m
P=F/A
F=W= PA=1870.5x 50 = 93525 N.
€<Maximum weight of the aircraft is 93525 N.
Q.No.9: A liquid flows through a pipe with
a diameter of 0.50 m at a speed of 4.20 m/s.
What is the rate of flow in L/min.?
Data:

But

Diameter of pipe  d =0.50 m.

Radius of pipe r=0.50/2m=0.25m
Speed of liquid v=4.20 m/s.

Rate of flow in L/min. Vit="7

Solution:
Rate of flow of a liquid V/t=Av=nriv
Rate of flow =n (0.25)?x 4.20= 0.824668 m?/s.
1litre=10m3® and 1min.=60s
. Rate of flow of a liquid = 0.824668x60 L/min
103
Rate of flow of a liquid = 49480 L/min.
®:<Rate of flow of a liquid through the
pipe is 49480 L/min.
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KElectric field

Electrostatics:
Electrostatics is a branch of physics which deals with the behavior of charges at rest,
Like charges (both positive or both negative) repel and unlike charges (one
positive other negative) attract each other.
Unit of charge:
S.l unit of charge is coulomb.
Comparison between electric and gravitational force:
e Gravitational force is attractive but electric force between charges may be
attractive or repulsive in nature.
e Gravitational force is a long-range force but electric force is a short-range force.
It means that the gravitational force acts over long distances but electric force acts over a short
distances.
e Gravitational force is weaker than electric force.
e Formation of our solar system is due to the gravitational force between sun and other
planets.
e Formation of atoms, molecules etc. is due to electric force between oppositely charged
electrons and protons or between oppositely charged ions.

Coulomb’s law:
Q.No. 1: State and explain Coulomb’s law.
Statement:
“The force of attraction or of repulsion between two point charges

is directly proportional to the product of charges and
inversely proportional to the square of distance between them?”.

Formula: > A
F=_1 q1.Q2 r2 — —
4meo r2 (i.e ......... S .eL
Derivation: g2 a1
Since like charges repel and unlike charges attract each = s
other, therefore, according to Coulomb’s law, the magnitude Fs r F,
of force “F+1” with which “+q1” repels “+q2” when the distance < '? """""""""" ®q1 >
between them is “r’, is given by: LikGZCharqu repel
F1oc Q102 Fic 1
)
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On combining both the proportionalities we get: —> —>
F1oc Q102 @F_l) .................. (F.Z._e
r2 q1 r qz
F1= Kqg1Q2 Unlike charges attract
r2
Where “K” is the constant of proportionality, it's value Note that force exerted by

depends upon nature of medium present between the || charges on each other always

charges and upon the system of units in which “F”, “q” actalong the line joining
their centers and are

and “r’ are measured. . :
. . always equalin magnitude
The value of “K” forKvacu:Jm in S.l or M.K.S system is: | put oyeeositein dire?:tion.
4 1eo
Where “eo” is a universal constant, it represents the permittivity of free space. Its S.I
value is 8.85x10~'2 C?/N-m?. Hence.
K= 1 = 9%10° N-m?2/C2 Note that when two charges exert
T—_ . force on a third charge, the total or net
4 1 go force on that charge is the vector
In other words, Fi= 1 q192 sum of forces that the two charges
2 would exert individually. Similarly, if
4dmeg r
OR F1= 9x10° there are more charges then net force
1= IX 91—2% on any charge will be the vector sum
r of forces exerted by all the other
These equations give us the magnitude of force |[ charges.

“F1” with which +qg1 repels +q2 (These equations help
to solve numericals). Since “F1” is a vector quantity, therefore, its direction must be specified.
A

To include its direction in the abgve formula, multiply the right side by a unit vector r12,
directed from +q1 to +Qa. A

Fi=_1 q1Q2 ri2

4 1eo r2

Since action and reaction are equal and opposite (Newton’s third law), therefore, force

-> -> ->
“F2” exerted by “+q2” on “+q1” will be F2=—F1. Hence it is given by:

A

-
Fo=— 1 qig2 ri2
4 1t eo r2

Effect of medium upon force between charges:

Q.No.2: What happens to force between charges when a medium is
present between them?
Ans: As compared to vacuum, force between charges decreases by “&r” times when a
medium is present between them. _, A
Fi=__1 q1q2 riz
4 1eo r2
€r
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Constant “er” is known as “relative permittivity of the medium?, it is taken
relative to the vacuum. Its value for a given medium is constant and depends upon nature of
the medium. Force between two point charges with a medium of relative permittivity “&”

between them is given by:

A
->

Fi=_ 1 q1g2 r2

4 meoer r2

A

Fi=_ 1 q1g2 r2

4ag 12

Where € = goeris the (Total) permittivity of the medium.
e Forair &=1.0006, hence force between two point charges in air and in vacuum will be
practically equal and can be calculated by above equations.

e For water “e” is 80, it means that force between charges, as compare to vacuum,

decreases by eighty times if they are put in water. —~
* * . Test E
Electric field: chanme . &/?
Q.No.1: What is electric field?
Ans: Electric field is said to exist at a point at which a q r
positive test charge experiences a force of electrical nature. @
OR Electric
“The space around a charged body in which field due to
it attracts or repels other charges is called electric field”. a positive
An electric field modifies the space around a charge such that charge q
other charges experience a force when they are placed in this space
(attraction when they are unlike, repulsion when they are like). This Test
modified space around a charged body in which it attracts or repels other charge %
charges is called electric field of the charge. rod:
Q.No.2: What are electric lines of force?
Ans: An electric line of force is an imaginary line drawn in such a q
manner that tangent to this line at a given point gives the direction of ©
electric field at that point. 5 Electric
1. Electric lines of force show the direction of E at each point. field due to
2. These lines are continuous, they originate from positive and A negative
terminate at the negative charge, and are directed from charge q

positive to negative charge.
3. Electric lines of force are radial and do not intersect each other.
4. Spacing of these lines give a general idea about the strengE:;h of the field, hence
where lines of force are bunched together (closely spaced) E is strong and
where they are farther apart E is weak.
Parallel electric lines of force, equally spaced represent a uniform electric field.
Hence for oppositely charged plates the electric field or in other words lines of
electric force are directed from a positively charged to a_negatively

charged plate.

oo
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S :

\_/ Same direction,
Less spacing
’\ Strong and uniform Note that the test charge
D\

electric field must be positive and of a very
ifferent directiogs, % small magnitude.
Different spacing. > It must be very small so that it
Non-uniform electric > does not alter the already

existing electric field whose
intensity it is to measure.

field. >

Same direction,

More spacing
Weak and uniform

electric field

Strength of electric field or Electric intensity:
Q.No.3: Define electric intensity at a point in an electric field.
Also give its S.I unit.
Ans: “Electric intensity or strength of an electric field at a
point in an electric field is the force experienced by the test
charge divided by the magnitude of test charge”.
OR

“Electric intensity at a point is the force per unit charge’.

“go” is the magnitude of test charge.
Electric intensity is a vector quantity; its direction is same as the direction of
electric force experienced by a positive test charge.
e Electric intensity due to a positively charged body is directed away from the
body. (Because a positively charged body repels positive test charge).
e Electric intensity due to a negatively charged body is directed towards the
body. (Because a negatively charged body attracts positive test charge).

S.I unit of electric intensity:

The S.I unit of electric intensity is N/c (newton per coulomb) or v/m (volt per meter).

Q.No.4: Derive an expression for electric intensity at a point near an
isolated point charge.

Ans: Consider an isolated point charge “+q”. If a positive test charge “+qo” is placed at
distance “r” from it in its electric field, the test charge will experience a repulsive force,

according to the strength of the field at that point.
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According to Coulomb’s law the force _I?with which “+q” repels the test charge “+qo” is
given by: —> A
F=_1 qQQo r
A 4 meo r2
“r’ is a unit vector directed away from the field producing charge (i.e. away from point charge

(1]

+q). Hence electric intensity 'I?at a diﬁancg r’ from “+q” is given by:

Hence,

For a negative point charge “— q”, electric intensity at a point is given by:
A

-
E=-_1 qr
4 1eo r2

A
-

In this case the direction of E will be opposite to the direction of r (i.e. towards the charge).
Effect of medium upon electric intensity:

Q.No.5: What is the effect of the presence of a medium upon electric
intensity at a point?

Ans: Electric intensity at a point decreases by ¢r times if a medium is present between
the field producing charge and the given point (er is the relative permittivity of the medium).
In other words, a test charge placed at such a point will experience a weaker force as the
electric field has become weak.

Q.No.6: How is net (or resultant) electric intensity at a point due to a
distribution of several isolated point charges found?

Ans: If there are two or more isolated point charges distributed randomly, then the net
(or resultant) electric intensity at a point due to such a charge distribution will be equal to the
vector sum of intensity due to individual point charges.

In such a case, first of all using the above formula, find the intensity at the given point due
to each point charge separately. Then considering their directions find their vector sum.

> > >
If E4, E2, Es,....... represent strength of electric fields (or elgctric intensities) at a point
due to charges q1, 92, qs, ...... etc. then the net electric intensity E at the point is given by:
> > > >
E=E+Ex+ E3,.......)
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Electric dipole:
An electric dipole is a pair of two equal and opposite charges
“+q” and“- q” separated by a very small distance “d”.

Electric field produced by an electric dipole at any point is directed from positive to the
negative charge and it has maximum strength along a straight line joining the two charges,
called axis of the dipole.

Electric dipole moment pis a vector quantity. Its magnitude p is equal to the
product “q d” the magnitude of charge “q” and the distance “d” between the charges, it
represents the strength of the dipole and is directed from the negative charge “— q” to
positive charge “+q”.

Electric field due to a dipole along its axis:

Let the small distance between two equal and opposite charges “+q” and “— q”, forming a
dipole be “d”. Along the axis of the dipole at point “P” at distance “r’ from “+q” electric intensity
due to “+q” will be:

Ei=K g (where K= _1_itis called Coulomb’s constant)
r2 4 7 eo

“E+” is directed away from charge “+q”. Similarly at the same point “P” electric intensity

due to “— g” will be:
E2=K_q
(r+ d)?
“E2” is directed towards charge “- q".
Since “E1” and “E2” are in opposite directions therefore, net electric intensity at “P” will be:

E=E1-E2
E=KQ_—K — :EZ'EI:

r2 (I"+ d)2 g *q P
E=KqJ1- 1 i

¥ vt s

Electric field due to a dipole

E=KqJ(+d)> rz} along its axis.

{ r2 (r+ d)?

E=KqJr?+2rd+d>-r?
r2(r>+ 2 r d+ d?)
Since distance “d” between the charges is very small (Imagine the distance between

hydrogen atom and oxygen atom forming a dipole in water molecule) as compared with “r”,
therefore, neglecting the negligible terms we get:

E=Kq {2 rd
r
OR E=2Kqad
r3
But (product of a charge and distance between charges) “q d = P”, it is known as “dipole moment”:
E=2KP
3
But K=_1 (E=2x 1 E) ................. (i)
4 1eo 4 1eo r3
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€ This formula gives us strength of electric field (or electric intensity) at a point along the
axis of a dipole. It shows that the strength of electric field of a dipole along its axis depends
upon its dipole moment “P” which is the product of charge “q” and small distance “d” between
the charges and not only upon the magnitude of charge, it also shows that the strength of field
decreases rapidly with “r". (inversely proportional to r3).
Electric field due to a dipole at a point perpendicular to its axis:

Horizontal line joining a dipole “+q” and “—q” shows its axis. Strength of electric field at a

point “P” at an equal distance “r" from each charge and perpendicular to axis of the dipole will
be equal to “E1” and “E2”, where “E1” and “E2” are strength of electric field at “P” due to “+q”"and

“—q” respectively.
E1Sin®
E2Cos6 0 P E> E4
E2Sin6

E
By head-tail rule
(Net electric field is directed
to left i.e. towards negative charge)

B =2

Ml Ty ———

A

—q d/i2 d/i2 +q axis of dipole

Electric field due to a dipole at “P”

Electric intensity “E+” due to positive charge is away and “E2” due to negative charge is
towards the charge. Resolving E1 and E2 into horizontal and vertical components we see that
vertical components E+1 Sin 6 and E2 Sin 6 cancel each other (Since they are equal and
opposite to each other, because “q” and “r” for each charge is equal). But horizontal
components E1 Cos 6 and E2 Cos 6 are in the same direction (towards the negative charge)
hence they will add up, net strength of electric field at point P is given by:

E=E1Cos6+E2Cos 6 Ei=E2=Kq
E=2KgCos6 r
r2

In triangle PQR: Cos 6 = d/2
r
E=2Kqgd2 =2Kgd=_1 gd

rz r 2r3 4me 13
But q d =P (called electric dipole moment)
E=_1 P
4 meo r3

In triangle PQR:  r2=(d/2)? + y?  therefore, r=+ (d/2)?+ y?
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Hence E=_1 P
4 g0 {(dI2)? + y 232
Distance “d” between the two charges, forming a dipole is very small as compared to
“y’ hence it's higher power terms are negligibly small. Neglecting (d/2)? we get:
E=_1_ _P_
4ne y?3
“y’ can be taken as equal to “r” since d/2 is negligible.

( =1 P) ................. (id)
4 7 eo r3

Comparing equations (i) and (ii) we conclude that the electric field is stronger at a point
along the axis of a dipole than at an equal distance from charges perpendicular to the axis.

€ Type of electric field due to a dipole is used in microwave oven. Food to be heated is
subjected to an alternating electric field.

% Due to high electro-negativity shared pair of electrons shifts slightly towards oxygen
atom in a water molecule, due to which a small negative charge appears at Oxygen
end and a small positive charge at Hydrogen ends. As a result of which water
molecules behave as a dipole. When electric field is applied to a water molecule it
turns to align with the direction of applied field. If an alternating field is applied, water
molecules start vibrating/rotating (as it tends to align itself with the direction of electric
field), thereby rubbing with their neighboring molecules. As a result of which its
temperature rises.

% In a Microwave oven food to be heated is subjected to an alternating field, due to the
presence of water molecules in the food, it is heated by the mechanism described
above.

Electric flux:

Q.No. 1: Define electric flux passing through a surface.
Ans: “Electric flux “A¢” passing through a surface is the scalar

—>
or dot product of electric intensity “E” and vector area
—>
“AA” of the surface”.

— —>
Ad=E . AA

Electric flux is a scalar quantity. The magnitude of electric flux is given by:
Ap=EAACos O _
Where “0” is the angle between the electric intensity E and vector area AA

(When tails of E and AA are joined together).
e Physically the electric flux is a measure of number of lines of electric force
passing normally through a surface in an electric field.
e S.| unit of electric flux is N m?/C.
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Q.No.2: What is vector area ‘ﬂ)” ?

Ans: Area normally is a scalar quantity, but in this case area of a E’
surface has a directional effect upon the number of lines of force
passing through the surface. Because if the surface makes different angles ‘
with the electric field then the flux passing through it (i.e. the number of
lines passing through it) is different for different angles. Hence area of the
surface is taken as a vector. It is called vector area of the surface. Its
magnitude is equal to the geometrical area of the surface and its direction is taken
along the outward drawn normal to the surface.

Q.No.3: Under what condition is flux passing through a surface:

(i) maximum (ii) minimum?

Ans: (i) Condition for maximum flux: _

If a surface is perpendicular to the electric field, then “E” will be

Vector area

parallel to the vector area W so that angle between them is “0=0°". E
Under this condition maximum number of lines of force will pass
through it, in other words flux passing through it will be e
maximum.
Magnitude of maximum flux passing through a surface is given E
by: A¢ = E AA Cos 0° Maximum flux
Ad = E AA (Con0°=1) -

(i) If the surface is parallel to the electric field, then “E” will
be perpendicular to the vector area “AA”, so that “6 = 90°”. Under this
condition no line of force will pass through the surface, in other

—

E:;

words, flux passing though the surface will zero. This is the %

condition for minimum flux. 3
A = E AA Cos 90° _—
Ap=0 (Con 90° =0) Minimum flux

Electric flux through surface of any shape enclosing a charge:

By following these necessary steps electric flux passing through a closed surface of any
geometrically regular or irregular shape can be determined:

Step 1: Divide the given surface into a large number of patches.
The process of dividing the surface into patches should be continued until each patch obtained
must be plane in shape.

Step 2: Détermine the electric flux through each

patch.

——

Let A1 = (E . AA);
——

Ad2 = (E . AA):

——

Ads = (E . AA)s

G Flux through a closed
Adn ="(E . AA)n be the flux surface
through 1st, 2nd 3rd n' patch.
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Step 3: Since electric flux is a scalar quantity, therefore, total flux through the given
closed surface will be equal to the sum of flux through all the patches.
Hence, total flux “¢” through the surface having n patches is given by:
i=1

¢ =X Adn
"l
OR d=2(E.AA )

n=1 i=n

Y isread as sigma i =1 to i =n. It means that the closed surface has been divided
into “n” patches and to find the total flux “¢” add flux through patches number 1 to patch
number n.

Q.No.4: Derive a formula for electric flux through the surface of a sphere
due to a point charge “+q” at its center.

Ans: Imagine a small positive point charge “+q” located at the center of a sphere of

radius “r". To find the electric flux through the surface of a sphere, divide the surface into large

number of small patches each of area EA\) Each patch
must be so small thaugs practically plane in shape, so
that the direction of “AA” comes out to be the same at all
points on a patch. Since the point charge is located at the
center, lines of force will originate from the center of the
sphere. In other words, each patch wlt))e

perpendicular to the electric field (i.e. to E ). Hence
electric flux through each patch will be maximum and is
given by: s
Ad =E AA Cos 0° (E and AA are parallel to each other) || Flux through a sphere
Ad = E AA
Since flux is a scalar quantity, therefore, the total flux through the sphere will be
equal to the sum of flux through individual patches.
Total flux through the sphere ¢ = X E AA
But the magnitude of electric intensity at the surface of the sphere due to a point charge
“+q” at its center is given by:

E=_1 q
4mte r 2
Total flux through the sphere ¢ =% _1 g AA
4dme r 2

—>
Since each patch is at equal distance from the point charge “+q” therefore, E is same for
all the patches and can be taken as common in the above summation.

Total flux through the sphere ¢ = q Z.AA
4 MTeE I 2
But =. AA =4 5 r 2 = Total surface area of the sphere
Total flux through the sphere ¢ = q 4nr?
4 TeEo I 2
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¢=aq

€o

This formula shows that the electric flux through the surface of a sphere is independent
of position of the point charge inside the sphere.
Gauss’s law:
According to Gauss’s law:
“Electric flux passing through any closed surface (of any shape) is
1/co times the total charge enclosed by that closed surface”.
Hence: ¢ = 1 x Total charge enclosed
€o
¢=q

€o

Electric potential:
Q.No. 1: Define potential difference between two points in an electric field.
Ans. Potential difference between two points in an electric field may be defined as:
“The amount of work done to move a positive
test charge from one point to another divided by the
magnitude of the test charge”.

Potential difference = Work done

Note that when work is done
on a charge it gains electric P.E

Test Charge but when work is done by the
AV = AU charge it looses electric P.E.
Jdo
OR “It is the change in potential energy per unit charge”.

Potential difference is a scalar quantity.
Q.No.2: Define S.I unit of potential difference.
Ans. The S.I unit of potential difference is volt.
Potential difference between two points in an electric field is said to be one volt (1V) if one
joule (1J) of work is done to move one coulomb (1 c¢) charge from one point to another.
1 volt = __1 joule
1 coulomb
Potential difference between two points:
Q.No.3: Derive an expression for potential difference between two points
in an electric field.
Ans. If a small charge “+qo” is moved from point “A” to_gnother point “B” against the
direction of electric field then work has to be done on it. Let “Ar” be the displacement of charge

q from point A to point B, —

and F be the force on charge ‘q’ in the electrlc field, then the amount F
of work done (work is the dot produ_Lo_;and Ar) is given by: —_—

e . AwW=F. BAr Jo

But F=qoE where E is the el&ctric intensity (or strength of electric
field) throughout displacement Ar.

— —
AW =qo E . Ar
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This work done on ‘qo’ is independent of the path followed, it changes electrical

potential energy of the charge. The change in electric potential energy “AU” (increase in P.E)
of charge “+qo” is equal to the amount of work done on it.

AU = AW
> — —>
But AW=qoE.Ar AU=qoE. Ar
—_— —>
: AU =E .Ar
Jo

AU/qo represents the change in potential energy per unit charge or the work done per

unit charge. But work done per unit charge is called potential difference AV between the
two points A and B.

—_ —>>

AV=E . Ar

Potentia difference between two pcin)ts is also the dot or scalar product of electric
intensity E and the displacement Ar.

Note that: This formula for calculating potential difference between two points is
valid only when_ﬁhe electric field is uniform throughout the
displacement “Ar”. Electric intensity between two given points may be
uniform only through small displacements, hence this formula can be
applied when the displacement Ar is small.

Absolute potential:
Q.No.4: Define absolute potential at a point in an electric field.
Ans. Absolute potential at a point in an electric field may be defined as:
“The amount of work done per unit charge when the
charge is moved from infinity to that point”.
e The point at infinity is outside the electric field. Hence, it will be at zero potential
(no work is done to move a test charge).

Absolute potential at a point in electric field due charge “q” (at distance “r” from the field
producing charge “q”) is given by::

V=_1 _a
4 1o r

Potential difference between any two points:

Potential difference between any two points in an electric field can also be determined
by finding the difference in absolute potential at these points.

To find the potential difference between two points 1 and 2 in electric field produced by

a charge “q” let the distance of each point from charge “q” be “r1” and “r2” respectively.
Potential (absolute potential) at each point will be:

Vi=_1 _aq and Vo= _ 1 g

4eo I dneo 2
Hence the potential difference between these points is given by:

AV =V2-Vi= g {1 - 1 }
4 7o r2 r1
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This is a general formula for finding potential difference between any two points in an

electric field produced by a charge “q”.
Q.No.5: Derive a relation between electric intensity E and

potential difference AV. (2015 Karachi Board)
Ans. Potential difference between two nggrby_goints in an electric field is given by:
AV =E .Ar
AV =E Ar Cos 0 —_—

Where “0” is the angle between the direction of electric field E and the direction of
displacement Ar. In this cagse 6 = 180°, because the displacement AT is opposite to the
direction of electric field

' AV = E Ar Cos 180°

AV =—=E Ar
E=- AV
Ar

e AV/Aris called the space rate of variation of potential between the points.
The space rate of variation or the rate of change of potential with
respect to distance is called “potential gradient”’. Hence,
“Electric intensity at a point is equal to the
negative potential gradient at that point”.
This is also the relation between electric intensity E, potential difference AV and the
distance Ar between the points.

e The above formula also gives “volt/meter” as the unit of electric intensity.

e Note that when a charge is moved against an electric field work has to be

done on it and it gains potential energy but if it moves in the direction of a
field work is done by it and therefore, it loses potential energy.

If a charge is free to move, then the positive charge moves from a point at higher
potential to a point at lower potential, whereas a negative charge moves from a point at
lower potential to a point at higher potential.

Q.No.6: Give a relation between kinetic energy and potential difference.

Ans. Since,
Potential difference AV = AW
q
AW = q AV

Where AW is the work done, it is also equal to the change in potential energy AU. When
a charge looses electrical potential energy it gains an equal amount of kinetic energy and vice
versa. Hence if a charge is allowed to fall through (or accelerated by) a potential difference AV
then it loses potential energy given by:
AU =q AV
At the same time, it will gain an equal amount of kinetic energy, given by:
AU=%myv?2

FmvZ=q
(tmvz=aav)

In other words,
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Electron volt:
Q.No.7: What is electron volt?

Ans. “Electron volt” is the unit of energy commonly used in atomic and nuclear
physics.

“One electron volt (1ev.) is the amount of energy
gained by an electron when it is accelerated
through a potential difference of 1 volt”.
Hence,
AV =1 volt, q=e=1.6021x10 ~'° cool.
The kinetic energy gained by the electron is given by:
FmvZ2=qAV
mv 2=1.6021 x10 ~19x 1
$mv2=1.6021x10-"19J

1ev.=1.6021 x10 194 )

Similarly: 1 Mev =106 ev
1 Bev =10"? ev
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Section-A Multiple-Choice Questions MCOQOs:

Q.No.1: A 2 uC point charge is located at a
distance “d” away from 6 uC point charge,
what is the ratio of F12/F21?

(a)1/3 (b) 3 (c) 1 (d)12
Q.No.2: The minimum charge on an object
cannot be less than:

(a) 1.6x10~"° C.

(c) 9.1x10° C.

(d) No definite value exists
Q.No.3: Two charges are placed at a certain
distance. If the magnitude of each charge is
doubled the force will become:

(a) vath of its original value.

(b) 4 times its original value.

(c) 1/8th of its original value.

(d) 8 times its original value.

Q.No.4: Which of the following can be
deflected while moving in the electric field?

(a) neutron. (b) photon.

(c) electron. (d) (a) and (b)
Q.No.5: The flux through a flat surface of
area “A” in a uniform electric field “E” is
maximum when the surface area is:

(a) Parallel to E  (b) perpendicular to E

(c) placed 45° to E (d) placed 60° to E.
Q.No.6: The product of charge “q” and small
separation “d” between two charges of same
magnitude and opposite in nature is known as:

(a) Electric dipole.  (b) Moment arm.

(c) Electric dipole moment.

(d) Flux of electric field.

Q.No.7: 12 J of work is to be done against an
electric field to take a charge of 0.01 C from
one point A to another point B. The potential
difference between B and A is:

(a)120 V. (b) 1200 V.

(c)1.2V. (d)12 V.

Q.No.8: The force between two charges placed
in air is F. If air is replaced by a medium of relative
permittivity € then force is reduced to:

(@) F &r (b)F/e  (c)elF (d) e &r
Q.No.9: The negative gradient of potential is:

(a) potential energy. (b) voltage.

(c) electric field intensity.

(d) electric flux.

(b) 3.2x10-° C.

Q.No. 10: The electric flux through a plane
area will be half of its maximum value when

area is held at an angle of ....... With electric
field.
(a) 30° (b) 60° (c) 45° (d) 90°

Q.No.11: The concept of electric lines of
force was introduced by a famous scientist

called: (2006 Karachi Board)
e Newton. e Einstein.
e Coulomb. e Faraday.

Q.No. 12: Which of the following cannot be
the unit of electric intensity?
(2007 Karachi Board)

e N/coulomb. ¢ VVolt/meter.

e Joule./ coul.-meter. e Joule/coulomb.
Q.No. 13: Two positive point charges repel
each other with a force of 4x10-* N when
placed at a distance of 1 meter. If the distance
between them is increased to 2 m, the force of
repulsion will be: (2008 Karachi Board)

e 1x10™* N. e 8x107 N.

e 2x10™* N. e 4x10™* N.

Q.No. 14: The change in potential energy per
unit charge between the two points in an
electric field is called: (2009 Karachi Board)

e Intensity. e Flux.

e Potential difference. o Permittivity.
Q.No. 15: This is not a scalar quantity:

(2018, 2014 Karachi board)

e Electric flux. e Electric intensity.

e E.M.F. e Electric potentials
Q.No.16:The scalar product of electric
intensity (E) and vector area (AA) is called:

(2019 Karachi Board)

e electric flux. e electric force.

e electric potential.

e electric flux density
Q.No. 17: Joule per coulomb is equal to:

(2021, 2014, 2012 Karachi board)

e Farad e Henry e Ampere e Volt
Q.No. 18: When a dielectric is placed in an
electric field, it becomes.

(2021 Karachi Board)
¢ Negatively charged only.
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¢ Positively charged.
e Polarized e Conductive
Q.No. 19: If the separation of two positive
charges is halved then electrostatic force of
repulsion becomes:
(2021,2015, 2007 Karachi Board)
° % times o % times e 2times o4 times

Q.No.20: The unit of potential gradient is:
(2023 Karachi Board)

(A) Volt/meter.
(B) Coulomb/meter. (C)Volt/Ampere
(D) Volt x Ampere. —_—

Q.No.21: The flux thg)ugh an area “‘A”in a
uniform electric field “E” is maximum when the
—_— —

angle between E and A is:
(2025 Karachi Board)

e 0° e 30° e 60° e 90°
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Answers:

(1) 1.

) 1.6x10-19 C

3) 4 times its original value.
4) electron.
5) Parallel to E
6) Electric dipole moment.
7) 1200 V

9) electric field intensity.
10) 60°

11) Faraday

12) Joule/coulomb.

13) 1x107™* N.

14) Potential difference.
15) Electric intensity.
16) electric flux.

17) Volt

18) Polarized

19) 4 times

(2
3
(
(
(
(
(
(
(
(
(
(
(
(
(
(
E
(20) Volt/meter
(
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Numericals:

Q.No. 1: (a) Calculate the value of two
equal charges if they repel one another
with a force of 0.1 N when situated 50 cm
apart in vacuum.

(b) What would be the size of
charges if they were situated in an
insulating liquid whose permittivity is ten
times that of vacuum?

Data:

(a) Charges in vacuum q1=0q2="?

Force between charges F=0.1N

Distance between charges r =50cm.= 0.5m

(b) Charges in insulating medium q1=q2="

Permittivity of medium er=10 &o
Solution:
(a) Force between charges in vacuum is given by: | .
F=kaqiaz (k=_1 =9x10°Nm?/C? )(q1=q2=q)| "

r2 4meo

9°=Fr?=0.1 x(0.5)2=2.778x10-12 C?

k 9x10°
q= V2.778x10-2=1.667x10-5 C.
OR 1.667 nuC.

€:<\V/alue of each charge in vacuum

is1.67x10=¢ C. or 1.667 uC.
(b) For an insulating medium (coulomb constant)
K=k =9x10° =9x108 Nm?/C?

€r 10

Force between charges in the medium:
F=Ka?

I'2
g?>=Fr2=0.1x(0.5)2=2.778x10""" C?

K 9x108
q=v2.778x10"77=5.271x10-5 C.
OR 5.271 uC.

®:Value of each charge in an insulating

medium is5.271x10-5 C. or 5.271 nuC.

Q.No.2: How far apart must two protons be
if the magnitude of electrostatic force
acting on either one due to the other is
equal to the magnitude of gravitational
force on a proton at Earth’s surface?

(Mass of proton =1.67x10"%" Kg.
charge on proton = 1.6x10-1° C)

Data:
Distance between proton r =?
Mass of proton m = 1.67x10-%7 Kg.
Charge on proton e =1.6x10""°C

Electrostatic force on either =

Gravitational force on a proton at earth

surface is equal to its weight mg.
Solution:

Electrostatic force between protons F=K €2

r2
F = 9x10° (1.6x10"9)?= 2.304x10-28

r2 r2

F =m g (gravitational force)
2.304x10-28 = 1.67x10727x9.8

r2
r’= 2.304x10-2 =0.014
1.6366x10-26
r=v0.014 = 0.119 m.

€ Distance between protons is 0.119 m

Q.No.3: An electron of charge 1.6x10-1° C
is situated in a uniform electric field of
intensity 1200 volt/cm. Find the force on it,
it’s acceleration and the time it takes to
travel 2 cm. from rest.

(electronic mass = 9.1x10%' kg)

Since:

Data:
Charge of electron q =e =1.6x10-"° C.
Mass of electron  m =9.1x10-31 kg.
Electric intensity  E = 1200 volt/cm.

= 1200 x100 V/m. = 12x104 volt/m.

Force on electron F =?
Acceleration of electron a =?
Distance moved S=2cm.=0.02m
Initial velocity vi=0
Time taken t =7

Solution:

Force on electron is given by:
F=qE=1.6x10""9x12x104
F=1.92x10""4 N.

Since: F =ma (Newton’s second law).
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1.92x104=9.1x103" x a
a=1.92x10""* = 2.11x10'6 m/s2.
9.1x10731
S=vit+ 3at?
0.02=0+ % x2.11x1076 12
t?=__ 0.02 =1.8957x10"8
1.055x10'6
t = V1.8957x10-™ = 1.3769 x10~° s.
Q.No.4: An alpha particle (nucleus of helium
atom) has a mass of 6.64x10?" kg and a charge
of 2e. What are the (a) magnitude and
(b) direction of the electric field that will
balance the gravitational force on the particle.
Data:
Mass of alpha particle m= 6.64x10-27 kg
charge of alpha particle q =2e
= 2x1.6x10-"°C = 3.2x10"°C
Magnitude and direction of electric field =?
Electric force = gravitational force.
Solution:

Since:

Since:  Electric force = gravitational force.
- gE=mg
E=mg=6.64x10"%"x 9.8 = 2.0335x10-'N/C
q 3.2x1019

€ Gravitational force is downward therefore,
electric field must be upward so that it exerts
an upward force on the alpha particle to
balance the gravitational force acting it.
Q.No.5: A proton and an electron form two
corners of an equilateral triangle of side
length 2.0x10-% m. What is the magnitude of
net electric field these two particles
produce at the third corner?
Data:
Charge of proton = Charge of electron = e
Length of each side of equilateral triangle

L =2.0x10% m.

Magnitude of net electric field at third corner E =7
Solution:

Electric field due to electron: €2
E1=ke =9x10%1.6x10°"10 <&*

12 (2.0x107%)2 <
E1 = 360 N/C.

(Directed towards
Electron, as shown)

+e

Electric field due to proton:

E2=ke =9x10°1.6x10-'° =360 N/C.
L2 (2.0x1076)2

(Directed away from proton as shown)

Since the charges of
equal magnitude are Q’A <Q

at the corners of an

equilateral tringle (triangle E

of equal sides), therefore, all electric fields will
also be equal in magnitude (as shown in
vector diagram).

o Magnitude of net electric field at third
side will also be 360 N/C.

Q.No.6: Figure shows two charged particles
on x-axis —=q = — 3.20x10-"°* C atx =—=3.00 m
and q = 3.20x10~"° C at x = 3.00 m. What are
the (a) magnitude and (b) direction (relative to

the +direction of x-axis) of the net electric field
produced at point P aty = 4.00 m?

Data:
Charge
Distance
Charge

q1=-3.20x10""° C.
x1=— 3.00 m.(along x-axis)
g2 = 3.20x10-'° C.
Distance x2 = 3.00 m. (along x-axis)
Net electric field at point P E ="
Distance y=4.00 m. (along y-axis)
Solution:
Distance of g1 from P (Pythagoras theorem)
=V () +H(y)PP =V (=3)* + (4
=« 9+16 =V25=5m.
Similarly distance of g2 from P = 5 m.
(a) Electric field due to q1:
E1= k g1 =9x10%x3.20x10-19=1.152x10-1° N/C
52 25
(E1 is directed towards q1 as shown)

150



Rawala’s new physics for XI

Electric field due to q2:
E2= k g2 = 9x109x3.20x10-19=1.152x10~1° N/C
52 25
(E2 is directed away from g2 as shown)
Net electric field (Electric intensity) at
point P will be equal to the resultant of E1 and
E-.

Resolving E1 and E2 E2

into components we see E. Sin 60°
that E1 Sin 60° is E»Cos 60°_6 o
cancelled by E2 Sin 60°. Eicos60° 60°

(E1 Sin 60° and E2 Sin 60° E1 E+ Sin 60°

are equal and opposite)

Hence the net electric field at point P will be:
E = E1 Cos 60° + E2 Cos 60°

( E1Cos 60° and E2 Cos 60° are in the same

direction)
E =1.152x10719x0.5+1.152x10-19x0.5
E =1.152x10-1° N/C.

Net electric field E is directed along — x-axis.
Q.No. 7: A proton and an electron form two
corners of an equilateral triangle of side
length 5 um. What is the magnitude of net
electric field these two particles produce at
the third corner?

Solution:
See solution of Q.No.5.

Q.No.8: The square surface shown in fig,
measures 3.2 mm on each side. It is
immersed in a uniform electric field with
magnitude E = 1800 N/C and with field lines
at an angle of 6 = 35° with a normal to the
surface, as shown.

Normal

/

Take that normal to be directed “outward” as
though the surface were one face of a box.
Calculate the electric flux through the surface.
Data:
Length of each side L = 3.2 mm
=3.2x103m

Area of square A =3.2x1073x3.2x103 m?
=1.024x10"° m?
(Vector area A is taken along the

outward drawn normal to the surface)

Magnitude of electric field E = 1800 N/C
Angle with the normal = 35°

Angle between E and the normal (or A)

6 = 180-35 = 145°

Electric flux d=?
Solution:
Electric flux through the surface is given by:
é=EACos6

¢ = 1800 x 1.024x10~° Cos 145°
¢ =—1.51 x10-2N m?/C.
Q.No.9: An electron is liberated from the
lower of two large parallel metal plates
separated by a distance h =2 cm. The
upper plate has a potential of 2400 V
relative to the lower. How long does the
electron take to reach it?
Data:
Charge on electron e = 1.6x10-1°C
Mass of electron  m =9.1x10-3'kg.
Separation of plates S =2 cm.=0.02 m
Potential difference V = 2400 volt.
Time taken t="?
Initial velocity of electron v; =0
Solution:
F=qE and E=V/d
F=qV=1.6x10"2x 2400 = 1.92x10-"* N
d 0.02
F=ma (second law of motion)
1.92x10"%=9.1x103'x a
a=1.92x10""=2.11 x10'® m/s?.
9.1x10-31
Therefore, S=v;t+ 3at?
0.02=0+ % 2.11 x10%6 2
t’=_ 0.02 =1.896x10""8 .
1.055 x10'6
t=1.377x10°s
Electron will take 1.377x10~° s to reach
the upper plate.

But
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Q.No. 10: Two large parallel plates are 1.5 cm
apart and have charges of equal magnitudes but
opposite signs on their facing surfaces. Take the
potential of the negative plate to be zero. If the
potential half way between the plates is 5.0 V,
What is the electric field in the region between
the plates?
Data:
Separation of plates d=1.5 cm =0.015m
Potential of negative plate V1 =0

Potential half way V2 = 5.0 volts.
Electric field E =7?
Solution:
Potential difference AV =V2—- V1
=5-0=5volt

Distance of the point half between the
plates where electric field is required
d =Total separation of plates=0.015=0.0075 m
2 2
Electric field in this region between the
plates can be found by:

AV=Ed OR 5=E x0.0075
E=_5 =666.67V/m.
0.0075

Q.No.11: Two unequal point charges repel
each other by a force of 10 newtons when they
are 10 cm. apart. Find the force which they
exert on each other when they are 1 cm apart.
If the magnitude of one point charge is —
4.25x107° C, find the magnitude of the other.
(2018 Karachi Board)

Data:
Fio=10 N, d=10cm=0.1m
Fi=7 when d=1cm=0.01m
qi1= - 4.25x10° C gz = ?
Solution:
F1o - 9)(109 d1.92
(0.1)?
10 = 9x10° g1 Q2
(0.1)?
9192 =10 x(0.1)>=1.1111111x10""" C?
9x10°
F1=9%x10° g1 02 (qi1g2 = 1.111111x10""" C?)
(0.01)2
Fr= 9x10° 1.11111111x10~"
(0.01)?

®:<Force between charges when they are 1
cm apart will be 2000 N.

(Distance between charges decreases by 10 times,
therefore, force increases by 10?times Coulomb’s law)

g19z2=1.1111111x10"" C?
q1=-4.25x10°C
—4.25x10% q2 = 1.1111111x10~""
92 =1.1111111x10"""[=- 2.6 14x 10-5C]
—4.25x10°
'éMagnitude of the other charge is
-2.614x10-5C.
Q.No. 12: A charged particle of charge 2x 10°°
C, in an electric field between two parallel
metal plates 4 cm. apart, is acted upon by a
force of 10“N.

(a) What is the intensity of electric field?
(b) What is potential difference between the

But

plates? (2022 Karachi Board)
Data:
q=2x10°C, d=4cm.=0.04m F=10*N.
E=? V=2
Solution:
(@) E= F=10* (= 5x10* N/C)
q 2x10°

(b) V = E d= 5x10%x0.04 l V = 2000 volt.'
Q.No. 13: A particle of charge 3.2x107'° C and
mass 2.48x107?" kg is held motionless between
two horizontal parallel plates separated by 5
cm. Find the potential difference between the
plates. (2023, 16, 09 Karachi Board)
Data:
Mass of particle m = 2.48x107%’kg
Charge of a-particle q=3.2x10"°C
Separation of plates d=5cm=0.05m
Potential difference between plates V = ?
Solution:
Since particle is in equilibrium, therefore,
upward force F = down ward force mg
ButF=qE and E=_V
qV=mg d
d
3.2x107"°_V =248x10"?x 9.8
0.05
V = 2.48x10"%" x 9.8x 0.05
3.2x107"°
V= 1.2152x10~%'
3.2x107"°

|v=3.8x10-7 voit |
®:Potential difference between the plates
to make the particle motionless is 3.8x10 -7 volt.
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Q.No. 14: How many electrons should be
removed from each of the two similar
spheres each of 10 gm. so that the e.s.
repulsion be balanced by gravitational
force. (2015,2010, 2006 Karachi Board)
Data:
Mass of each sphere m = 10 gm = 0.010 kg.
Charge on each electron e =1.6 x10""°C.
No. of electrons to be removed from each
sphere n="?
Solution:

On removing electrons from spheres
each of them becomes positively charged and
so they repel each other. In this case,

e.s. repulsion = Gravitational force
1 gq =G _mm
4 r €o =F% =F’_L_
9x10° x g2=6.67x10"1"x0.010 x 0.010
Q%=7.41x10"%
g = 8.609 x10~'3 Coulomb
‘q’ is the charge on each sphere for which
e.s. repulsion is balanced by gravitational
attraction between the two spheres.
But g=ne
Where ‘n’ is the number of electrons and ‘e’
is the charge on each electron.
: n=_q =8.609 x10~'3
e 1.6 x10719

&n = 5.38 x106 electrons)

<5.38 x 105 electrons must be
removed from each sphere so that e.s.
repulsion between the spheres is balanced by
gravitational force.

153



Rawala’s physics notes for XI

Microwave oven 000000000 0OC0OCOOS

When charged particles are subjected to electric field th rlence
a force, due to which positive charges move in E ir t|on
of force and negative charges move opposite to it,.if Hgds free to do so.
If the electric field is alternating then the partl es rate, moving in
one direction during a half cycle and in opposite di cho ring the next half
cycle. It's frequency of vibration is same as the f{ uen\cy\of the alternating field.
% This is the basic idea on which workiQ microwave oven is based.
% Because of higher electronegativity, shar ir of electrons slightly shifts
towards oxygen end. Thus a partla\j%aﬂve charge “-28” appears on
oxygen and a partial posmve ‘+0” on each hydrogen atom
in H20 molecule. Like charge \o rogen atoms repel each other,
increasing th %\31 angle to about 104°.

When a water mo bjected to an alternating electric field
to align itself with it moves in one direction during half cycle
thengdh o te direction in the remaining half cycle.

Net restl | t it starts rotating, While rotating it rubs with its
neig rlng‘fﬁolecule Due to friction the temperature rises.

\ tAis mechanism, water contained food can be
¢ heated/cooked in a microwave oven

Water molecule IN e highly polarized.
I

154



Rawala’s physics notes for XI

Unit. 9..... 25
-
| &) it N
apacitors|
G ‘ (@
Capacitors: ¢,
Q.No.1: What is a capacitor? 'S\
Ans: Capacitor is an electrical device used to store electric rge‘and

electrical energy. ~
e A simplest capacitor consists of two conducting Iate(:w,parallel to each other
and separated by small distance. Space between the plates iSwusually fitled with a suitable
insulator, called a dielectric medium. \’ h
p

The amount of charge stored “Q” on any one plate of a : tor is directly proportional to the
potential difference “V” across it. ‘&

QxV

'@ "_l ‘_ + -
X c il
* Circuit notation " -
Where “C” is the constant of proportic&el?% own as + -
.

capacitance of the capacitor.

Definition of capacitance C:
Q.No.2: Define capacitance of a ‘eapacitor and define its S.I unit. +
Ans: Capacitance of a capacitorg ay be defined as: |

“The amount of charge required to produce unit Vv
potential dif] acrgss its plates” Capacitor
e Capacitance of capacitor actually represents its charge
storing abilityi.e. Is us that how much charge a capacitor can
store per unit potential di er&nce across its plates.

o %\éﬁan‘ of capacitor depends upon area “A” of its plates, their separation “d”
r

and properties dfelectric medium (Which is a suitable insulator) present between its
ords capacitance of a capacitor depends upon its geometry and nature
tween its plates).
U"é o]\‘;gpacitance C:
it of capacitance is “farad’.
%xmpacitance of a capacitor is said to be one farad (1 F) if on giving one coulomb (1 C)
r

to one of its plates the potential difference across it rises by one volt (1 V).
1 farad = _1 coulomb
1 volt
Submultiples of farad are: 1uF=10"°F
1up F = 1pico farad (1 p F) =10-"? F
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Types of capacitors: Variable capacitors:

Capacitance of these capacitors can be changed to any desired value within a suitable
range. Usually a variable capacitor has two parallel sets of metallic plates. One set of plates is
fixed while the other set can be rotated with its plates rotating between the plates of first
without touching it. In this manner distance between plates and the area of a plate facing \

nearby plates also changes which results in a change in the overall capacitance of the
capacitor.

Variable capacitors are used in tuning circuits of transmitters and receivers of dlff
applications such as radios, televisions etc.

Ceramic capacitors:
These capacitors use ceramic as a dielectric medium and are not pcﬁnx 2
Ceramic capacitors are used in high voltage laser power supplies, power cir: kers etc.

Mica capacitors
These capacitors use mica as a dielectric medium and are not%%?d.
These capacitors can be operated at high voltages and high power f low capacitance.
Film capacitors:
Usually paper or polyester is used in these capacitors as d\h{ectrlc medium
Film capacitors are used in high power electronic apphcstl s such as X-ray flashes, phase

shifters, pulse lasers etc. -

Electrolytic capacitors:

These capacitors use some electrolyte between thely plates as a dielectric medium.
Electrolytic capacitors are polarized hence their ter s are marked with + and - signs.
These are used to reduce the unwanted ripp? age”

Electrolytic capacitors have high capacitances a re used in almost all power supplies.
These capacitors stabilize output voltage :n%pply current at a uniform rate.

Some uses of capacito aily life electrical appliances:
Capacitors are widely used in‘ele 'c?&appliances.
S afe

For example, capaci sed in all tuning circuits, such as in channel selector
of a TV-set, tuning circuitsgn rastmitters and receivers, neon signs, road signals,
wireless sets, washing r‘h@ water pump, electric fan, mobile phones, automobile
indicators, computer Iectromwatches power supplies used to smooth and regulate
current, ..............

J Dur ch |ng a capacitor, energy is stored in it in its electric field in the form
of electrical p rgy, hence when a camera flash light is switched on, capacitor
connected \%g I‘ash light discharges quickly and this stored energy produces a strong light

>

flash, so at\s also produced.
\ Material Dielectric constant
Er

Vacuum 1
\ Air 1.0006
Polyethylene 2.3
2.5

Waxed paper

Nylon 4.1
Mica 7
Water 81
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Mica whose ¢ris 7 (according to the table given in your text book), is the most
suitable dielectric medium for capacitors, because it can withstand rapid changes in
potential difference and the resulting rapid changes in electric field between plates of a
capacitor. Chemically it does not easily react.

Although water has the highest value of ‘e’ (81) but it cannot be used as a diel CK

medium in a capacitor. Water conducts with a slightest acidic impurity in it, so charge ca
stay on any plate. More over chemically water reacts with oxygen of the air and/or plat.%
whi

material of the capacitor forming undesirable compounds (especially ionic compounds
conduct away charges). ‘ ‘
Capacitance of a parallel plate capaciton ') \

Q.No.3: Derive an expression for capacitance of a parallelf\l}t
capacitor with air or vacuum between its plates.
hgf

Ans: Consider a parallel plate capacitor whose each plate is of ‘A” and are
separated by a small distance “d”. Let “+ ¢” and “-~ ¢” be the surfa%% ge density
(charge per unit area is called surface charge density) on thefwoipla espectively. Distance
between the two plates must be very small so that the electrie fie\d@etween them is
uniform. \

The magnitude of electric intensity “E” or strenm electric field at any point
between the two oppositely charged plates is given by: >

E = 2 & +0—0O
€o » a - + :
Hence potential difference “V” betweeg |ates will be: I —
V=Ed (/\ +11C
- +
V=20 xd »
& [ \
Buto= Q. S i Qd I I
A \ VA e
OR QAN oo i v
\\?f @ Parallel plate
o~ e capacitor with air
Charge “Q” on a plat any capacitor is given by:
. (s y QV """" Jorrrmmrmr T (i2) Note that: Positively charged body is
Com parlng%ua ns (i) and (i) we get: said to be at higher and negatively charged
& CV=AsV body at a lower potential. Potential of a
‘V —do— charged body depends upon the amount of
charge on it. If a negatively charged body is
\ ¥ brought close to a positively charged body
3 C=A €o the potential of positive body lowers and
\ \ d that of negatively charged body rises. In

other words, when oppositely charged

Q ngce capacitance of a parallel plate capacitor is || bodies are brought close to each other
potential difference between them

ectly proportional to area “A” of the plates decreases without affecting their charge.

ersely proportional to separation “d” of || Thisis the idea on which working of a
capacitor is based.

plates.
For high capacitance, plates must be of large

area “A” and their separation “d” must be small.
Since plates of a capacitor are oppositely charged, and opposite charges attract each
other with a force inversely proportional to squire of distance between them. Therefore,
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oppositely charged plates must be separated by a small distance, so that plates can hold large
quantity of charge. Opposite charges will stay on the plates because of strong attraction
between them. Hence for high capacitance (large charge per unit potential difference) distance
“d” between the plates must be small
Q.No.4: Derive an expression for capacitance of a parallel plate
capacitor with a dielectric medium between its plates. \
Ans: If the space between plates of a capacitor is completely occupied by a diel \
medium of relative permittivity “c/”, then the strength of electric field (or electric intensity)

between the two plates decreases by “er” times and is given by: ‘ ‘

E=_o
€o €r (4 3
But potential difference between the plates is given by:
V=Ed
: V=ocd
Eo &r

But the charge stored by any capacitor of ca@mtanee “cr
is given by:

Q C’ ............... &lll | 4

Comparing equation (i) and (ii) we gek: \ A L
C'V=AV eocer

d

)
Q.No.5: Show thdt the%:zcitance of a parallel plate capacitor (or in
ca

general capacitanc citor) with a dielectric medium is more than
it’s capacitance Iﬁout asdielectric medium between its plates.

Ans: Capamta €4, of a parallel plate capacitor without a dielectric between its plates
is given by: C=As
d
But capacit b’\of the same parallel plate capacitor with a dielectric between its plates is
given by: Y C'=Acoer
\ d

ng% (c'=«cC

\t shows that capacitance “C’ ” of a capacitor (Or in other words charge storing capacity)

a dielectric medium is &, times greater than capacitance “C” of the same capacitor
without a dielectric medium between its plates (OR we can say that a capacitor will store more
charge with a dielectric medium than without any medium). The value of “er” is more than 1.
Where “er” is known as relative permittivity of the medium, it is also known as dielectric

constant of the medium.

158



Rawala’s physics notes for XI

Explanation of polarization:

Q.No.6: Why does capacitance of a capacitor increase when a dielectric
medium is inserted between its plates?

Ans: When a dielectric medium, which is a suitable insulator, (such as mica, waxed
paper etc.) is inserted between plates of a capacitor molecules of the insulator are pol d.
Due to the attraction between positively charged plate and the negatively charged
electrons of atoms of the medium. The electrons in each atom are shifted slightly towa;%
positively charged plate. This side of the dielectric, therefore, becomes slightly negative (9,
whereas the opposite end of each molecule, due this shift, =
becomes slightly positive. Hence oppositely charged poles appear on
ends of each molecule. This phenomenon is called polarization.
“er” measures the ability of polarization. Different media have
different value of &r. Positively charged end of all molecules will be
towards the negative and negatively charged end will be towards
positive plate of the capacitor. Due to the presence of opposifl\y r ‘.
charged molecules in the vicinity of charged plates of the S R
capacitor, potential of plates will decrease without affecti thei?\\
charge, as a result of which they can hold more charge. ::\
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In other words, their capacitance increases. Polarization

Q.No.7: What is relative permittivity or di
Ans: Since: C'=¢ C‘\ﬂ

. Er > C" .'
er = Capacitance of a capacitor with %/dreléctric medium between its plates
Capacitance of the am@c%\‘clfor without a dielectric medium

ctric constant &?

Hence dielectric constant “cr\g edium may be defined as:
“The ratio citance of a capacitor with
the the capacitance of the same

t the medium between its plates”.
Since “g” is a ratioof twosimilar quantities, therefore, it does not have a unit.
Q.No.8: How caﬁcitance of a capacitor be increased?
Ans: Capacitan of'a capacitor can be increased by:
the area of its plates, because Coc A.
the separation of plates, because Coc 1/d.
suitable dielectric medium, because C increases with «r.

v
tions of capacitors:

Paﬁ l combination of capacitors:

.No.9: When capacitors are connected in parallel, derive an expression
capacitance of the combination.

Ans: Two or more capacitors are said to be connected in parallel if each one of them
is connected across the same two points or same two wires. A suitable potential
difference “AV” is applied across the combination. In a parallel combination of capacitors the
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potential difference across each capacitor is same, but each capacitor will store different

charge, according to its capacitance.

Consider a parallel combination of three capacitors of
capacitances “C+”, “C2” and “Cs”, the potential difference across
which is “V” Let the charge stored by them be “Q+”, “Q2" and
“Q3” respectively. Then:

Q1=C1V, Q2=C2V, & Q3=Cs3V.

Total charge stored by the combination is given by:

Q=Q1+Q2+Qs
Q=CiV+C2V+C3V
Q=V(C1+C2+C3).evvnininnnnnns (7)

This combination of capacitors can be replaced by a
single capacitor whose capacitance “C.’, called equivalent
capacitance, is of such a value that it stores the same charge ombination

\Q.

“Q” stored by the combination when the same potential of capacitors

difference “V” is applied across it. This is the equivalent (‘ \

capacitor for the combination. Hence, & \\ Co

Q=CeV (ii) \ I_
Comparing equations (i) and (ii) we get: \\
CeV V(C1+C2+C3)’ \ +|-_
'Ce=C1+C2+C3 \ﬂ \/

“When two or more capacitors are co ed in parallel QquiL.lent
their equivalent capacitance is_éq o the sum of capacitor

capacitance of individual ,capacitors”

Note thatin a paralle ion of capacitors,

®:Potential difference acr h capacitor is same.

®:Amount of chargesstorethis different, according to their individual capacitance
(Large capacitance mor\ .
®:Net (or equ$t) capacitance is always higher than the highest individual

capacitance. ~
Series combinatién of capacitors:

.No. two or more capacitors are connected in series, derive an
expression f 't or equivalent capacitance of the combination.

%‘opr more capacitors are said to be connected in series if the second plate of
first c@ag\ i$ connected with the first plate of second capacitor, second plate of second
cap?i or issgonnected with the first plate of third capacitor and so on .......... A suitable

tential difference “AV” is applied across the combination.

\1 a series combination of capacitors, the potential difference across different capacitors
is erent, but each capacitor will store the same amount of charge whatever
their capacitance.

Let “V17, “V2” and “V3” be the potential difference across capacitors of capacitances “C+”,
“C2” and “C3” respectively and “Q” be the charge stored on each capacitor. Then:
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Q=C1V1 s Vi=_Q  Similarly: V2= Q & Vi= Q
C1 C2 Cs

<+

Series combination of capacitors

Equivalent
Capacitor.

Total potential difference “V” acting across this combln(l wilhbé equal to the sum of
V17, “Vz” and “V3". Hence: \

V=Vi+V2+V3 \ \
V=Q+Q +Q «
Ct C2 GCs \ >
V=QJ1+1+1 | € ....% ... (i)
C1 C2,4Cs \“
This series combination can be replacgs}\ single capacitor whose capacitance “C.”
is of such a value that it stores the same a f charge “Q” when the same potential

difference “V” is applied across it. This single capacitor is called equivalent capacitor, it's

capacitance “C.’ is called equwale@pacﬂance Hence,
................ (i)

Comparing equatloqs‘ we get
1+1+1
V e C1 C2 Cs3
=1+ 1+ 1
Ce Ci C2 Cs

hen two or more capacitors are connected in series
rocal of their equivalent capacitance is equal to the sum
f reciprocals of capacitance of individual capacitors”

e thatin a series combination of capacitors,
% <Charge stored on different capacitors is same.
®:Potential difference across different capacitors is different.

®:Net (or equivalent) capacitance is always less than the least individual
capacitance.
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Charging and discharging of a capacitor through a resistor
(RC circuit):

When a certain potential difference V is applied across a capacitor it charges
exponentially, similarly a charged capacitor also discharges exponentially.it means that
the capacitor does not charge or discharge immediately, but depending upon it's ow
value and the value of load (resistance) connected with it, it takes some time to fully cr%

or fully discharge.
. . ¢

Explanation: Charging: ‘\

Consider a capacitor of capacitance “C” connected in series to a resistanceR” and a
battery of voltage “V”, through a switch. This series combination is called Re- cifcuit. When the
switch is closed in position “1” at that instant since the capacitor =
initially has no charge, potential difference across it will be zero C| |
and the potential difference across the resistor will be “V” J—v 11 L
(voltage of the battery), as a result of which some current starts —_ l R
flowing through resistor R, this current starts charging the ‘
capacitor. As the capacitor charges potential difference acros it 1 Switch
starts increasing (because Q = CV) whereas potential diff ence Charging
across “R” decreases, so that at any latter instant potentj xe
difference of the battery will be equal to the sum of pote rence across “R” and “C”

(Series combination). When the capacitor is fully chgrged e current through “R” stops flowing
at that instant potential difference across “R” becgk ero where as potential difference
across “C” will be equal to voltage “V” of the battery.
Capacitor charges exponentially, \i!\%ﬁs that, at first it charges quickly and
then with the passage of time charging process,slows down. Hence at any instant if “Q” is the
charge stored and “Qo” be the maximum%gd that can be stored, making the capacitor fully

charged, then:

o )
J

Where “e” is the base of ngtlral logarithm, its value is 2.718,
“t” is the charging time&\mRC” s known as “TIME
CONSTANT" for a gi RC- eifcuit. Value of time constant
depends upon the val froduct “RC”.

Smaller the\x@Iu f time constant (or of RC) shorter
is the time of inggin other words capacitor charges

uickly. > \ Charging time t )
Hi e value of time constant_longer is the time of
chargi N er words capacitor charges_slowly.

Wh&k a;ﬁcitor is charged for one time constant, in other words,t=11t=1RC

O %C€9

¢ ¥ Q=Q(1-e)  OR Q=Q(1-e’) OR Q=Q(1-_1)
Q=Q(1-_1) OR  Q=Qo(1-0368) o
2718
Q= 0.632 Qo oR  (a=632%0fQ,)

It means that after one time constant (1 t = 1 RC) the amount of charge stored on a
capacitor will be 63.2% of total amount of charge that a given capacitor can store.
Similarly after 2 time constants the amount of charge stored will be 86.5 % of total charge.
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After 3 time constants the amount of charge stored will be 95 % of total charge.

After 4 time constants the amount of charge stored will be 98.2 % of total charge.

After 5 time constants the amount of charge stored will be 99.3 % of total charge.
Hence after five-time constants a capacitor of given value with some load (resistance)
connected with it in series may be considered fully charged.

Note that, during the charging process charge on the capacitor increases, C
in the circuit decreases and potential difference (voltage) across the capacitor incre

decreases a
Discharging: ¢ i
Now if the switch in the circuit is moved to position 2 then the battery will be \ 9
disconnected In other words now there is no external source of emf that can &ly charge
S

to the capacitor. Hence the capacitor will start discharging through the resistor “R¥and
current will again flow in the circuit through the resistor “R” but this time in o irection.
Capacitor discharges exponentially, it means that, at first it discharges quickly and
then with the passage of time discharging process slows down. Hence%i#at the beginning of
discharge “Qo” is the charge on capacitor then at any later instant

charge “Q” remaining on it is given by: < H

L {
LT L
AN

After one time constant | 2

ie. t=11t=1RC Q=Qoe - RC/RC QOR Switch
Q=Qo__1 OR Q=0.368Q0c OR Q=36.8% of Qo Discharging

2.718 “‘l
It means that after 1 time constant 36.8 % of o’} Tharge will remain on the capacitor
whereas 63.2 % of Qo will discharge througt’(’gg\Q (resistance).

After two-time constantst=2 1 =2 RC P
Q=Qoe2RERC OR Q= Qo e, ‘R\Q= Qo _1
Q=0.135 Qo OR Q= 13.%0 (2.718)? (Qo
It means that after 2 time co a.ﬁ .5 % of “Qo”
charge will remain on the gapacit lereas 86.5 % of Qo
esi

will discharge through th{ nce).
Similarly, after 3 timeonstants 5% of “Qo” will remain on
sC)f o

~

Discharging

the capacitor wherea % will discharge through the

°0 %8'9¢

load (resistance)N
After 4 time cal ta}ﬁs 148 % of “Qo” will remain on the

capacitor wher8as)982 % of Qo will discharge through the 1T timet
load (resista \ )

e
After Sufi sﬁnts 0.7 % of “Qo” will remain on the
cap«itor\v@reas 99.3 % of Qo will discharge through the load (resistance).

\Wote that, during the discharging process charge on the capacitor decreases,
r in the circuit increases and potential difference (voltage) across the capacitor
d

eereases.

Time constant. Time constant may, therefore, be defined as the time during which a fully
neutral capacitor stores 63.2 % of Qo charge during charging process or during discharging
process 36.8 % of Qo charge remains and 63.2 % of Qo charge flows away from it.
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Energy stored in a charged capacitor:

e During charging a capacitor, energy along with charge is also stored in it, in its
electric field, in the form of electrical potential energy. Hence when a camera flash light is
switched on, capacitor connected with the flash light discharges quickly and this stored energy
produces a strong light flash, some heat is also produced.

Charging of a capacitor takes some time, during this time each plate stores equal and o \'ﬁ
charge. At the beginning of charging process both plates are neutral so they are at zer:
_elra

potential. But as the charging process continues positive plate receives more and mo
positive and the negative plate receives more and more negative charge. Electricaljpote of
positively charged plate increases and that of negative plate decreases, in o  words,
the potential difference between the plates increases. This happens untilée kg(; ?ates are
fully charged. Let the total amount of charge stored at the end of charging p(% n any one
plate is “Q” (+Q on positive, — Q on negative plate) and the potential di nce across the
plates is “V”. At the beginning of charging process potential differenc ss the plates was
“0” and at the end is “V”. Hence the average potential difference is ff' ince,

Potential difference = Work or eier,

Charge * \\
Therefore, in this case: Iv= Enerﬁ
E-10)) °* ButQ=CV
Energy stored in a charged capacitor, theriforg depends upon its capacitance “C”, charge “Q”

stored and the potential differenceVsac its plates.
For a given capacitor (for %ﬁi\elu of “C”) energy stored depends upon voltage “V”

and charge “Q”. Higher the volt “more is the charge “Q” stored and therefore, more is
the energy “E”. But if a certain limiis.Crossed charge stored starts leaking. Hence there is a
limit to the voltage that QMpli safely. Value of safe maximum operating voltage is
written on each capagitor. @

»

\\‘\'\*"

)

Xal
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: The capacitance of a capacitor is
NOT influenced by:

(a) Plate thickness.  (b) Plate area.

(c) Plate separation (d) Nature of the dielectric
Q.No.2: What is the value of capacitance of a
capacitor which has a voltage of 4 V and has
16 C of charge?

(@)2F (b) 4F (c)6 F (d)8F
Q.No.3: Capacitors are used in electric power
supply system to:

(a) Improve power factor. (b) Reduce line current.
(c) Provide voltage stability. (d) Switching.
Q.No.4: |In a variable capacitor, capacitance
can be varied by:

(a) Turning the rotatable plates in or out

(b) Changing the plates.

(c) Colliding rotatable plates.

(d) Changing the material of plates.
Q.No.5: Energy stored in a capacitor is:

(@)E=zCV (b) E=3CV?

(c) E =CV? (d) E = 3CV >
Q.No.6: The time constant of a series RC
circuit consisting of 100 uF capacitor in seriés.
with a 100 Q resistor is: -
(@a)0.1s (b)0.1ms (c)0.01s O
Q.No.7: The charging of a capacj\%&gh
a resistance follows:

(a) Linear law. (l)‘Squa&w.

(c) Exponential law. {bl) Nefie,of the above.
Q.No.8: When the t chargefon a capacitor
is doubled, the energ ed:

(a) Remainsg,the Same. (b) is doubled.

(c)ish '0 (d) is quadrupled.
Q.No.9: The ¢ itor of capacitance C is
charged %a resistor R. The time
consta&tg\t harging circuit is given by:

(a) «(b)1/ RC (c)RC (d)R/IC
apacitor blocks:

a) alternating current. (b) direct current
(c) both alternating and direct current.
(d) neither alternating nor direct current.
Q.No.11: A dielectric k = 2 is inserted

between the plates of a 19.8 uF capacitor. Its
capacitance will become. (2005 Karachi Board)

Q.No. 12: Coulomb /volt is the unit of:
(2007 Karachi Board)
¢ Resistance e Resistivity e Current ¢ Capacity

Q.No. 13:The capacitance of a capacitordoes
not depend on the: (2009 Karachi B
¢ Area of the plates. e Nature of theplat
. v
¢ Distance between the plates. (@

e medium between the plat

Q.No. 14: If the area of therplat 'a parallel
plate capacitor is doubled,‘ﬁii}itance:
(2012 achi Board)
e Remains unchang%o is half.
e is doubled.  edsNn sed four times.
Q.No.15: If citers of capacitances

4 uF and 2 pfy r connected in series, the

equivale| apac ce is:
(2021,06 Karachi Board)

02pF e 133 uF 0.76 uF
0. @ 16: When a dielectric is placed in an
ele fleld it becomes:
\' (2021, 09 Karachi Board)
\  Negatively charged only
D e Positively charged only
e Conductive
Q.No. 17: If two capacitors 5uF and 7uF are
connected in parallel, their equivalent
capacitance will be: (2021 Karachi Board)
¢ 0.12uF e 12uF ¢ 0.34uF 29puF
Q.No. 18: If distance between the plates of a
capacitor of capacitance C is doubled and
area of plates is halved, the capacitance will
become: (2022,17,16 Karachi Board)
o C/4 oC e 4C e2C
Q.No. 19: Coulomb/volt is equal to:
(2023 Karachi Board)
(A) Newton (B) Joule (C) Farad (D) Ohm
Q.No.20: Charging of a capacitor through a
resistance follows: (2025 Karachi Board)
e Coulomb’s law. e Exponential law.
e Power law. e Inverse square law.

\

e Polarized

¢10puF o18uF 22 uF 39 pF
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Answers:

)

(3) SW|tch|ng

4) Turning the rotatable plates in or out
) E=%CV2

) O. 01 S

) Exponential law.

) |s doubled

(10) direct current.
(11) 39 puF

(12) Capacity

(13) Nature of the plates.
(14) is doubled.

(15) 1.33 uF

(16) Polarized

(17) 12 pF

(18)C

(19) Farad

(20) Exponential law.

o

[Type text]
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Numericals

Q.No. 1: The capacitance of air-filled
parallel plate capacitor is 1.3 pF. If the
separation of plates is doubled and wax is
inserted between them. The new capacitance
is 2.6 pF.
Find the dielectric constant of the wax.
Data:
Capacitance withoutwax C =1.3 pF
Capacitance with wax C'=2.6 pF
Separation of plates with wax = 2 d
Dielectric constant of wax & =7?
Solution:
Capacitance without wax is given by C=A &0 /d
Capacitance with wax is given by C’'= Agogr/2d
C'=¢eC/2
26=¢e1.3/2

OR &=26x2

1.3

*

€ Dielectric constant of wax is 4.
Q.No.2: Three capacitors have capacitanc
10, 50 and 25 pF respectively as shown,i
fig. Calculate:

(i) Charge on each when conne
parallel to a 250 V supply.

(ii) total capacitance.
(iii) potential differentﬁ
when connected in series

Data:

C1=10 pF ..
Cs=25uF

3 _/

(7) onh‘each

% 250 v

Q{77 S

ii) Total capacitance Parallel connection

=?

n series:

(iii) potential difference across each:
Vi=? V2=7? V3 =7

Solution:

In parallel:

(?) In parallel combination potential diffgtence
across each capacitor is equal to appii
potential difference V, hence

Q1 =C1V, Q2=C2V =C3V

Q1 =10x 250, | Q2 = 50x25 Qs = 25x250
Q1=2500 uC| Q2=125 Q3 =6250 uC
Q1=25mC 1 Q2=1 Q3 =6.25 mC

allel combination:
3%10+50+25 =85 puF

(ii) Total capacit
C

250 v
Series connection

In series combination total capacitance
is given by:
1+1+1

C2 GCs

Cr
=6.25 uF

OR 1

10

=+

+ 1=8

25 50

1
50
ge on each capacitor: Q=CV=6.25 x 250
Q=1562.5 uC

In series combination of capacitors equal
charge stores on each capacitor, hence

V1= Q =1562.5 x10% | V2= Q = 1562.5x 10
C1 10x 1076 C2 50x 1078
V1=156.25v V2=3125v
V3= Q =1562.5 x107
Cs 25x1078
V3=62.5v
To check the result: V=V1+V2+V3

V =156.25 + 31.25+ 62.5 = 250 v

Q.No.3: Three capacitors are connected
across a potential difference of 100 volts as
shown in fig. Find the charge and potential
difference across each.
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Co=3 uF
C1=2 pF Cs=5uF
L
I
100 v
Data:
Ci=2uF C2=3pF Cs=5pF
V =100 volt
Chargeoneach Q4=?, Q2=? and Q3=7?

Potential difference across each V1=? V2=? V3=7?
Solution:
C2 and Cs are connected in parallel,
o Ce=C2+Cs3
Ce=3+5=8uF

Ci=2puF Ce=8pF

—H

100 v

Charge on C:
Q=CV=16x10"%x100=1.6 x 104 C
Since C1 and Ce are in series, therefore charge
on each is same (=1.6 x 10™ C) Hence:
Q1=1.6x10%C =160 uC
Potential difference across Ci:

Vi= Q1=1.6 x 10~*= 80 volt
C1 2x 1078
Potential difference across Ce:
Ve= Qe =1.6 x 1074 =20 volt.
Cc  8x107 \
Since C;, and Cj3 are connected ingarallel;
therefore potential difference acro@ 20 V.
V2 = V3 = 20 volts
Charge on each:
Q2 = C2 V2 =3 x 1076x 20='60 81075 C=60 uC
00 x10C=100 uC

Qs = C3 V3=5 x10;°x
Q.No.4: Capaci charged through a
large non- reactiv istance by a battery

c
of constant N V. For this arrangement, if
the capaéei aS a capacitance of 10 pF

charge.
Capacitance C=10puF
Resistance R=1MQ
Charge Q =90% of Qo= 0.9 Qo

Time for 90% total charge t =7
ion:
e constant of the circuit:
1x108 x 10 x107® = 10 seconds
g charging of a capacitor, at any instant:
Q=Qo(1—eth) ButQ=CV,
0.90V=V (1-eth)
090=(1—-e"'") OR 0.9-1=-¢tfr
0.1= e t/o

Taking natural log (In) of both sides (use your
scientific calculator), we get:

In0.1=-1t/10

t=-10(In 0.1) = 23 sec

®:Hence the capacitor will take 23 sec. to
charge up to 90% of total charge.
Q.No.5: What capacitance is required to
store energy of 10 kWh at a potential
difference of 1000 V?
Data:
E =10 kWh = 10x1000x60x60 J = 36x10° J
V =1000 volt C=?

&
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Solution:
=3C V2
36x10%= 3 C (1000)2 OR C =2x36x10°
(1000)?
®:Capacitor must be of C=72F
Q.No.6: A 2.0 uF capacitor and a 4 uF
capacitor are connected in parallel across
a 300 V potential difference. Calculate the
total energy in the capacitors.
Data:
Ci=2uF
Solution:
C1 and Cz are in parallel, therefore net
capacitance in the circuit:
C=Ci1+C2 C=2+4=6uF=6x10°F
Total energy in the capacitors:
E=3CV2

C2=4puF V=300volt E-=7

Solution:
C1 and C2 are connected in series,
therefore, their net capacitance is given by:

A =1+1
cC Ci1 C
A1 =1+1=4+175
C 2 8 8 @

Total charge stored on the !ination
= char: on C:
Q=CV-= XJ 6 X 300
Q=48 x1& lomb.
Sinc and are connected in
series, ther &harge on each capacitor will
be same 1.e. x 10~#4 coulomb. Hence,
4.8 x10~4 coulomb.

And:
E =3 6x107% x (300)2=0.27 J . Q2 =4.8 x10+ coulomb.)
Q.No.7: A 12.0 V battery is connected to a 1

capacitor, resulting in 54.0 uC of charge
store on the capacitor. How much ener
is stored in the capacitor?

Data:

Energy stored E =% g
Solution:
E=2QV \

E =354x107®
Q.No.8: Two c&cit s 2 uF and 8 pF are

joined in series a

charge and potential

300 volt is a

Fi&
diﬁer&\ r'each capacitor.
Da%* .
m acitance

Japacitance
%\

Ci= 2 uF=2x106 F
C2=8 uF=8x10"%F

Potential difference across the series
combination V = 300 volt.
Charge on C+ Q1 =7?
Chargeon C Q2 =?
Potential difference C1, Vi1 =2
Potential difference Co, V2 =7?

ial difference across C1:
V1i=Qi1=4.8 x10™ m = 240 volt.)
C1 2x107°

Potential difference across Ca2:

% =Q2=4.8 x10™* (V2 = 60 volt.)
C2 8x107°

%c the answer for potential difference, potential

d

i nce across the series combination of capacitors,
as in this case, must be equal to the total potential
difference ‘V’ across the combination i.e.

V = Vi + V2 =240 + 60 = 300 volt)

Q.No.9: A capacitor of 100 pF is charged
to a potential difference of 50 volt. Its
plates are then connected in parallel to
another capacitor and it is found that the
potential difference between its plates falls
to 35 volts.

What is the capacitance of the
second capacitor? (1997 Karachi Board)
Data:

Capacitance of first capacitor

C1 =100 pF =100 x10""2 F
Potential difference before connecting C1,
V1= 50 volt
Potential difference before connecting Co,
V2= 35 volt.
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Capacitance of second capacitor C2 =?
Solution:
Charge stored on Cj:

Before connecting C2: Q1 = C1 V1
Q1 =100 x10""2 x 50

Q1 =5 x10"° Coulomb.

After connecting C2: Q1 =C1 V2

Q1 =100 x107'2 x 35

Q1" = 3.5 x107° Coulomb.

Charge transferred to Ca:

Q2=Q1-Q1

Q2=5x%x10"2-3.5x10"°

Q2 = 1.5 x107° Coulomb.

®:Since C1 and C2 are connected in
parallel, therefore, potential difference
across each will be the same i.e. 35 volts.

Q2=C2V2
C2=Q2=1.5x10"° °
V2 35

(C2=42.86 x10 12 F = 42.86 pF

'éCapacitance of second capacitor i
42.86 x10 "12 For 42.86 pF.
Q.No.10: A 10 uF capacitor is cP@

(o)
potential difference of 220 V. It is

disconnected from the ba
then connected in parallel

. Its plates are
her capacitor

and it is found that the potentialdifference falls
to 100 V.
What is the ca afice of the second

capacitor? (
Data:

4,08,1997 Karachi board)

/

=10 p F=10x10"°F

Capa

difference V1 =220V
e'‘econnecting Cy)
tentfal difference V. =100V

er connecting C»)

Wpacitance of second capacitor C, = ?

olution:
harge on C4 before connecting Ca:
Q1 =C1 V1 =10x1076x220
Q1=2.2x1073 Coul.
Charge remaining on C; after connecting C.:
Q1 =CqV2=10x10"°x100
Q1+ = 1x1073 Coul.
Charge stored by C, = Charge transferred from C;
to Co, Q2=Q1—-Qf

%

Q2 =2.2x107% - 1x1073
Q2=1.2x103C
But Q2=C2V: Capacitors are connected
in parallel. hence the potential difference across
them will be same.
Cz= Q= 1.2x107° K
\/ 100

: | 2=1. 2><10'5Farad| OR

& <Capacitance of the secon aC|tor is 12 uF.
Q.No.11: Two capacit and 4 uF are
connected in series t volt battery.

Calculate of these capacitors
and potentlal d|ffe cross each.

19 Karachi Board)

x10'6F, Co= 4uF=4x10"°F C=?
Q1 =7 Qz =? V1 =7 V2 =?

Sol :
1:and/C; are connected in series
v 1T =1+1 -1 =1+1
C
1
C

C 2__4
1 =3 (C=1.33uF)
4 4
Total charge stored = charge stored on C:

Q =€ V=1.33 x1075x40 =5.33x1075 coulomb

& are connected in series, therefore

on each capacitor will be equal
; (§1 = 0> =5.33 x10°5 coulomb)
Q1=5.33x10°° (V1 =26.67 volt;)
C+ 2 x107°
V2=Qp =5.33x10° (V= 13.33 volt)
C. 4x10°

Q.No. 12: Four capacitors each of 2 uF are
connected in such a way that the total
capacitance is also 2 pF. Show what

combination gives this value.
(2013 Hyderabad Board)

Data:
Capacitances =C1 =C2 =C3 =C4 =2 puF
Total capacitance Ce =2 pF.
Solution:
Let C1 and C2 be connected in series to
each other, their total capacitance will be

1=1+1=1+1=2 =1
Cet C1 C2 2 2 2
Ce1=1 uF
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Similarly, if Cs & C4 are also connected in
series to each other their total capacitance
Ce2 will also be 1 pF. Now if these two series
combinations are connected in parallel to
each other their total capacitance is given by:

Ce=Cet+Ce2=1+1=2uF
Therefore, two given capacitors connected in
series and the two series combinations are
then connected in parallel to each other will
give total capacitance of 2 pF.
Q.No.12: A parallel plate capacitor
consists of two plates with area of 0.1 m?
each, separated by 0.002 m. The capacitor
is filled with a dielectric material having a
relative permittivity “s” of 4. Calculate the
capacitance of the capacnor.

(g0 = 8.85x10712 C2/N-m?)

(2025 Karachi Board)
Data: . \-
Area of plates A=0.1m?
Separation of plates d=0.00 @
Relative permittivity er=4

Permittivity of free space £0=8.85x1¢"

Capacitance C=
Solution:

Capacitance of a dielectric fill acitor
is given by: >

C=A goer=0. 1 x 4

1;?
N\
N

Q\\
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D.C Circuits

Ohm’s law:

Q.No. 1: State and explain Ohm’s law?

Ans: According to Ohm’s law:

“Potential difference “AV ” across the ends of a conductor is directly

proportional to Current “1” flowing through it provided temperature
and other physical conditions of the conductor do not change”.

AV oc 1
AV =R1

Where “R” is the constant of proportionality, it is known as “Resistance of the conductor”
Its value depends upon dimensions, material and temperature of the conductor.

Hence the product of current “I" and resistance “R” of a I
conductor is equal to the potential difference “AV” across its AVee I
ends, provided temperature and other physical conditions
of the conductor do not change. The graph between potential
difference “AV” and the resulting current “I” flowing through it,
is a straight line if Ohm’s law is obeyed.

A material that obeys Ohm’s law is called Ohmic
conductor. AV

Q.No.2: Give an example in which Ohm’s law
is not valid.

Ans: When current is passed through an electric bulb its
temperature rises. It converts part of electrical energy into heat and R
a part into light. In this case since the temperature of filament of the
bulb rises, therefore, current flowing through it will not be directly —IWW—
proportional to the potential difference across its ends. In other
words, Ohm’s law will not be obeyed.

Q.No.3: What is resistance? How is it offered?

Ans: It is the opposition offered by a conductor to the flow of electric current through it

When current is passed through a conductor, free electrons move through the
conductor in one direction. These free electrons suffer elastic collisions with the vibrating
atoms of the conductor. As a result of which their motion is opposed. This opposition to the
flow of current (or to the motion of free charges) is called resistance of the conductor.

Note that, with a few exceptions, resistance of materials increases with a rise in
temperature and decreases with a fall of temperature.

Circuit
representation
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e The change in resistance with temperature, above and below 0°C, over a wide
range of temperature is uniform.
Also note that, resistance of semiconductors decreases with a rise in temperature.
Q.No.4: On what factors does the resistance of a conductor depend?
Ans: Resistance offered by a conductor depends upon:
1. Material of the conductor.
2. Geometrical dimensions (length, area of cross section etc.) of the conductor.
3. Temperature of the conductor.
Q.No.5: What is the unit of resistance?
Ans: The S.1 unit of resistance is “ohm Q7.
Resistance of a conductor is said to be one ohm (1 Q) if it allows one ampere (1 A)
current to pass through it when a potential difference of one volt (1V) is maintained across it.

1Q=1A
1V

In electronic circuits resistors are used to control the flow of current within desired values.

Q.No.6: Why does the resistance of a conductor increase with a rise in its
temperature? Why is Ohm’s law not obeyed when temperature of the
conductor rises?

Ans: When temperature of a conductor is raised, vibrational kinetic energy of its
atoms increases. Atoms of the conductor now vibrate more vigorously and through longer
distances, as a result of which the chances of collisions between these rapidly vibrating atoms
and the free electrons flowing through it increases. Due to the increased number of collisions,
the opposition to the movement of free electrons or in other words, resistance of the
conductor increases.

Similarly, when temperature of a conductor is lowered, the atoms of the conductor
vibrate slowly with decreased amplitude of vibrations, due to which chances of their collisions
with free electrons or in other words, resistance of the conductor decreases.

Ohm’s law is valid as long as, along with the other physical properties, mainly
temperature of the conductor must not change, because if temperature of the conductor
changes it’s resistance will also change. Since resistance “R” is a constant of proportionality in
Ohm’s law, therefore, whenever resistance of a conductor changes while current is flowing
through it, Ohm’s law will not be obeyed.

In other words, when temperature of the conductor changes, potential difference
across the conductor will not be directly proportional to current flowing through it (V oc I).

Resistor color code:

In electronic circuits carbon resistors are used for introducing high resistances for
various purposes. They are small, their value is indicated by a color code.

Color code is in the form of usually four colored coaxial bands in a particular order.
Following table having four columns shows how to use the color code.

First and second bands represent number or significant value, 3" band represents
multiplier whereas the fourth band indicates tolerance (in_other words, possible variation in
resistance, it is expressed in %).
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Color | Value (15t 2" band) | Multiplier Tolerance
Black 0 100 Gold + 5%
Brown 1 10° Silver + 10%
Red 2 102 No color + 20%
Orange 3 103

Yellow 4 10%

Green 5 10°

Blue 6 106

Violet 7 107

Grey 8 108

White 9 109

To understand the color code, let us assume that the first color band is Orange, second
is Blue, third is Violet and the fourth is Gold. Substituting 3 (for Orange), 6 (for Blue), 107 (for
Violet) and + 5% (for Gold) we will get the value of resistance as R = 35x107 + 5%.

Resistivity:
Q.No. 1:What is resistivity (or specific resistance) of a conductor?
Ans: Resistivity or specific resistance of a conductor may be defined as:

“The resistance offered by a conductor of
unit length and unit area of cross section”.
OR
“Resistivity is the resistance offered
by unit volume of a conductor”.
Q.No.2: What is the unit of resistivity?
Ans: The unit of resistivity is Q-m (ohm-meter).
Q.No.3: On what factors does the resistivity of a conductor depend?
Ans: Resistivity of a conductor depends upon its material and upon it's
temperature.

At a given temperature resistivity of a conductor depends only upon it's material.

e Silver is the best conductor of electricity, because its resistivity is the lowest
among all the conductors. In other words, its unit volume offers minimum resistance to the
flow of electric current among all the conductors.

e Some alloys have high resistivity, some of them find important use under suitable
conditions where high resistance is required, e.g. in an electrical room heater usually nichrome
is used because it’s resistivity is highest.

Note that, resistivity of semiconductors is negative it means that resistance of
semiconductors decreases with a rise in temperature.

Derivation:

At a given temperature resistance of a conductor is directly proportional to its length “L”
and inversely proportional to its area of cross section “A”:
Ro L & Ro 1

OR Roc L v (r=pL) .. (i)
A A
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Where “p” is a constant of proportionality, it is known as resistivity of the conductor.

At a constant temperature the value of resistivity “p” depends upon material of the

conductor. Usually the value of “p” for conductors is low and for insulators (or bad conductors)
its value is high.

From the above formula: p=RA
L
Resistivity “p” may be defined as the resistance offered by a conductor of unit

length (L = 1) and unit area of cross section (A = 1). (Or resistance offered by
its unit volume).
S.| unit of resistivity “p” is ohm-m (Qm).

Resistance, resistivity and temperature coefficient:
Resistance of a conductor of given material changes with temperature, hence if Ro is its
resistance at 0°C and Rt at T°C then:
Rr—RoxcRoT

Rr—Ro=aRoT
Where “a” is the constant of proportionality known as temperature coefficient of the

given material (“o.” may be defined as the change in resistance per unit resistance per degree
rise in temperature), its value depends upon material of the conductor. Its unit is (°C) ="' or K-'.
Rr=Ro+aRoT
Rr=Ro(1+a T)
Hence resistivity of a conductor of given material increases with temperature. if “po” and
“p1” are resistivities of a conductor of given material at 0°C and T°C respectively, then in terms
of resistivities the above equation becomes:
pT = po (1+ QAT)
This equation can be used to find the resistivity of a material at any temperature

provided its resistivity at 0°C and its temperature coefficient “a” are known (this equation
depends purely on material).

< “* ”

| 2 Temperature coefficient of resistance “o” is positive for most of the conductors,
showing that their resistance increases with a rise in their temperature. But in case of

semiconductors value of “a.” is negative, showing that their resistance decreases with a rise
in their temperature.
In semiconductors number of charge carriers (conduction electrons, holes) increases

with a rise in its temperature due to which its “a” is neqgative. In other words, its resistance
decreases.

Conductance and conductivity:

Q.No.5: What are conductance and conductivity of a conductor?

Ans: Conductance of a conductor is the reciprocal of its resistance R, similarly it's
conductivity “c” is the reciprocal of its resistivity “p” (i.e. o =1/p).

Unit of conductance is Siemens “S”.

Unit of conductivity is Siemens/meter “S m~".

In terms of conductivity “c” equation (i) becomes:
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c A
Conductance is a measure of how good or how bad a conductor is. If conductance of a
conductor is low, its resistance “R” and resistivity “p” will be high and for a given potential
difference it will allow less current to pass through it, in other words, it will be a bad
conductor of electricity. But if conductance of a conductor is high, its resistance “R” and

resistivity “p” will be low and for a given potential difference it will allow more current to pass
through it, in other words, it will be a good conductor of electricity.

Electromotive force emf:

When current is passed through an electrical circuit, movement of charges (free
electrons) is opposed (due to resistance of the conductor). To overcome this opposition
charges will have to do work. This work done dissipates energy of the charges and appears as
heat. Charges will, therefore, continuously lose energy. To maintain a constant current some
source of power is needed. This source must be able to supply power equal to the power
dissipated. Strength of such a source is measured by its electromotive force emf.

Hence, the electromotive force “E” of a source of current (Cell, battery, electric generator etc.)
may be defined as:
The potential difference across its terminals when
no current is drawn from it.

Internal resistance:

Q.No. 1: What is internal resistance?

Ans: Internal resistance of a source is:

“The opposition to the flow of charges
through a source of emf.

Q.No.2: What causes internal resistance in a cell, a battery?

Ans: In the external electrical circuit conventional current flows from positive to negative
terminal of a source of emf. To complete the circuit same amount of current also flows through
the source from negative to positive terminal. While passing through the source, charges suffer
collisions with the atoms of the electrolyte. This opposition to the flow of charges while passing
through a source is called internal resistance of the source. Internal resistance is
offered by the electrolyte of a cell or a battery but in case of a generator internal resistance is
offered by wire of its coil.

Q.No.3: What is terminal potential difference V and what is its relation
with emf?

Ans: Terminal potential difference is the potential difference available across
the terminals of a source for the external circuit.

Explanation and derivation:

A battery (or any source) may be considered as a source of pure emf “E” and an
internal resistance “r’ connected in series to it. If “R” is the total resistance of the circuit
connected externally across the battery, then according to Ohm’s law current “I” flowing
through the circuit (having “r’ and “R” connected in series to it) is given by:

I=_E
(R+7)
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“Ir’is the potential drop within the source across its internal resistance “r". Hence
the potential difference actually acting across the external resistance “R” is “I R”. It is less than
emf “E” of the source. Let “I R” be represented by “V”, then

terminal potential difference “V” will be less than it's emf “E”,
but when no current is drawn there will be no potential drop
across the internal resistance, therefore, terminal potential o
difference “V” will be equal to its emf “E”. Larger the value of -
current drawn from a source larger will be the potential drop within the source and smaller will
be the terminal potential difference “V” available for the external circuit.

Power dissipation in resistors:

When current is passed through a conductor, free electrons flowing through the conductor
suffer elastic collisions with the vibrating atoms. During these collisions a part of electric
potential energy of these free electrons is transferred to the atoms, as a result of which kinetic
energy of atoms increases, resulting in a rise in temperature of the conductor. Electrical
energy is, therefore, converted into heat enerqy.

Hence power dissipation of any electrical device is the rate at which electrical energy is
converted into heat when current passes through it.

In other words, we can say that free electrons have to do work to overcome the
opposition (resistance of the conductor) to their flow. This work done by the electrons is equal
to the amount of heat produced.

If current “I” is passed through the conductor for time “t” under a potential difference “V” t
hen by definition:

+

E=V+1Ir Resistance R
Hence, V=E-Ir — T)
“V”is known as the terminal potential 1 I &&o"?.----.,. I l
difference. When current is delivered by a source, Ry F NN
1 s '~
VE l VV:

Work done per unit charge =V
Work done to move charge “Q” from one end to the other = QV
But I=Q Q=1
t
Work done to move charge “Q” from one end to the other =V I t
Slnce work done by free electrons to overcome resistance “R” of the conductor is equal to
the amount of heat produced, hence:

(Heat produced =V I t)

But power is the rate of doing work or it is the rate at which one form of energy is converted
into the other (in this case electrical energy is converted into heat energy).
Power = Work or energy P=VIt
Time t

But according to Ohm'’s law:
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S.l unit of power is watt. But watt (w) is a small unit of power, it's commonly used
multiples are kw and Mw:
1 kilowatt  (kw) =103 w
1 megawatt (Mw) = 108 w
Old unit of power (which is still used in some cases) is horsepower (hp).
1 horsepower (hp) = 746 w = 0.746 kw.
Q.No.1: What is kilowatt-hour (kwh)?
Ans: Kilowatt-hour is the unit of energy, it is used to measure electrical energy on
commercial scale.
| kilowatt-hour (1kwh) is that amount of energy which is delivered by the electric current
by constant power of 1 kilowatt (kw) in 1 hour (h).
Since: Power = work (or energy)
time
OR P=E E=Pxt
t
Hence energy can be expressed in terms of power unit.
If power is 1 kilowatt and time taken is 1hour, then:
Energy E = 1 kw x1 h =1 kwh.
But 1kw=10w & 1h=23600s
1 kwh =10%w x 3600 s
1 kwh =103 J/s x 3600 s
1 kwh = 3.6 x 10° J
1 kwh = 3.6 MJ.
This formula gives the relation between the commercial unit of energy “kwh” and the
standard S.I unit of energy “J”.
1kwh electrical energy is commonly known as a unit of electricity.

Kirchoff’s laws:

Kirchoff’s laws are useful in analyzing complex networks (a complex network is that
electrical circuit which has two or more voltage sources along with different series and parallel
combinations of resistances).

Kirchoff’s first law:(OR Kirchoff’s Current law KCL)

According to Kirchoff’s first law:

Total current flowing towards a junction is equal to the
total current flowing away from it.

Kirchoff’s first law is also known as the_Kirchoff’s current law KCL, it is the direct
result of law of conservation of charge.

Current is the rate of flow of charge (amount of charge flowing per second). Since
charge can-not be created nor can it be destroyed, therefore, total amount of charge flowing
per second towards must be equal to the total amount charge per second flowing away from
a junction.

Mathematically we can write:

2 Ttowards = Z Iaway
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Kirchoff’s second law: (OR Kirchoff’s Voltage Law KVL)

According to Kirchoff’'s second law:
The sum of electromotive forces in a loop equals
the sum of potential drops in the loop.
OR
The net voltage change in a closed loop is equal to zero.

Kirchoff’'s second law is also known as the Kirchoff’s voltage law (KVL), it is the
direct result of law of conservation of energy.

When a charge moves from a lower potential to a higher potential it gains energy but
when it moves from higher potential to lower potential it looses energy. OR we can say that it
gains energy when it moves through a source of e.m.f from its negative to positive terminal but
it looses energy when there is a potential drop.

Hence if charge is moved round a closed path starting and ending at the same point
(either clockwise or anticlockwise) then it will have the same final potential energy as its
initial potential energy.

®: While solving a complex network (a complex network is that electrical circuit which

has two or more voltage sources), by Kirchoff’s voltage rule KVL,following steps must be
taken:

+«+ Direction of current flowing through all loops is assumed to be either clockwise
or anticlockwise, or you can assume current in a loop in clockwise and in other
loops anticlockwise.

% If the direction of that loop current is such that it flows through a voltage source
from its negative to positive terminal, voltage change across that source of emf
is taken +E (E is the emf or voltage of the source).

« Similarly, if the direction of that loop current is such that it flows through a
voltage source from its positive to negative terminal, voltage change across
that source of emf is taken — E (E is the emf or voltage of the source).

% Kirchoff’s second rule KVL is then applied to each loop separately, finding the
potential drop across each resistor in a loop by applying Ohm’s law (V = I R).

% Apply Kirchoff's second rule KVL to each loop separately, assuming the current
in that particular loop to be greater than current in its adjacent loop/s. You will
get an equation for each loop. Solve these equations simultaneously. Thus, you
will get the value of current in each loop.

% If current in a loop comes out to be negative, then its correct direction of flow will

be opposite to its assumed direction, it means that if the direction of current

assumed is clockwise and if it comes out to be negative then its correct
direction of flow will be anticlockwise. With the help of each loop current
determine the value of current in each resistor.
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Wheatstone bridge:

Q.No.1: What is a Wheatstone bridge? Describe working of a Wheatstone

bridge.

Ans: If four resistances R1, Rz, R3, and R4 are connected end to end in such a manner that
they form a closed loop. A sensitive galvanometer through a key is connected across two

opposite junctions whereas, a cell is connected
across the remaining two junctions, then such an
electrical circuit is known as Wheatstone bridge
When current is switched on in a Wheatstone
bridge, some current “I” is delivered by the battery.
It divides into two parts “I1” and “I2” at point “A”.
These parts will further divide at points “B” and “D”.
Some current will flow through the galvanometer,
due to which it shows deflection. The magnitude
and direction of current flowing through the
galvanometer and the direction of deflection of its
pointer depends upon the potentials at points “B”
and “D”. If point “B” is at a higher potential then
current will flow from “B” to “D” and vice versa.

If points “B” and “D” are at the same

Wheatstone bridge

potential then no current will flow through the

galvanometer, hence it's deflection will be zero (null point is obtained). Under this condition

Wheatstone bridge is said to be balanced.
Q.No.2: Derive a condition for a balanced

Wheatstone bridge.

Ans: For a balanced Wheatstone bridge potentials at points “B” and “D” must be equal
i.e. VB = Vp or in other words, potential difference across “R1” must be equal to the potential

difference across “R3”.
But Potential difference across R1 =11 R1
Potential difference across Rz =12 R3

o [I1R1=12Rs
Similarly potential difference across R2 and R4 must be equal.
But Potential difference across R2 =11 Rz
Potential difference across R4 = 12 Ra
[1Ro=12R4
Dividing equation (i) by equation (ii) we get,
[1R1=12Rs
'R I2R4
Ri=_Rs
R2 R4

This is the condition for a balanced Wheatstone bridge. If this equation is satisfied, the
bridge will be balanced i.e. no current will flow through its galvanometer and null point will be
obtained. In other words, if R1 are Rz are in the same ratio as R3 and R4 then the bridge will
be balanced i.e. no current will flow through the galvanometer.
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® |f three resistances are known in the above equation then the fourth one can be
determined after balancing the bridge. Many electrical circuits used for measuring
unknown resistance, such as meter bridge, post office box etc. are based on the
principle of balanced Wheatstone bridge.

Thermoelectric current:

When junctions of two wires made of different materials are maintained at different
temperatures an electromotive force emf is generated across their ends. This emf is called
thermoelectric emf and the resulting current is called thermoelectric current.

Thermoelectric emf finds many applications in modern day life.

Devices such fire alarms, thermostats etc. work using thermoelectric emf.
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: Kirchhoff's laws are useful in
determining:

(a) current flowing in a circuit.

(b) emf and voltage drops in a circuit

(c) Power in a circuit.

(d) Only emf in a circuit.

Q.No.2:The resistance of a superconductor is

(a) finite.  (b) Infinite.

(c) Changes with every conductor.
(d) Zero.
Q.No.3: Reciprocal of resistance is called:

(a) Conductance. (b) resistivity.

(c) Resonance. (d) Capacitance.
Q.No.4: The graphical representation of
Ohm’s law is:

(a) Parabola. (b) Hyperbola.

(c) Ellipse. (d) Straight line.
Q.No. 5: A potential difference is applied
across the ends of a wire. If the potential
difference is doubled, the drift velocity of free
electrons will:

(a) be quadrupled. (b) be doubled.

(c) be halved. (d) remain unchanged.
Q.No.6: Internal resistance is the resistance
offered by:

(a) Capacitor. (b) Resistor.

(c) Conductor. (d) Source of emf.
Q.No. 7: Power dissipation in a resistor can be
calculated using which formula.

(@) P=V?R (b) P=1?R

(c)P=VI (d)P=R/(VI)
Q.No.8: What is a potentiometer used for:

(a) Measuring electric current.

(b) Measuring electric charge.

(c) Measuring potential difference.

(d) Measuring electric resistance.
Q.No.9: A heat sensitive device whose
resistivity changes with the change in
temperature is called:

(a) Conductor. (b) Resistor.

(c) Thermistor. (d) Thermometer.
Q.No. 10: A wire of uniform area of cross-
section A length L and resistance R is cut into
two parts. The resistivity of each part is:

(a) becomes zero. (b) is halved.

(c) is doubled. (d) remains same.
Q.No. 11: Temperature coefficient of
resistance is of a semiconductor is:

e Positive. e Negative.

e Can be positive or negative.
Q.No. 12: The commercial unit of electrical
energy is: (2005,10 Karachi Board)

e ohm. e watt. e kwh e ampere
Q.No. 13: The rate of transfer of charges
through a circuit is called:

e Zero.

(2006 Karachi Board)
e resistance. e current.
e potential difference. e all of them.

Q.No. 14: When a resistor carries a current
‘T, the power dissipation by it is “P”. If the
same resistor carries the current of ‘3 T’, the
power dissipation will be:
(2007 Karachi Board)
oP oP/3 e3P e None of the above
Q.No. 15: If a wire of uniform area of cross
section is cut into two equal parts, the
resistivity of each will be:
(2007 Karachi Board)
e Halved. e Doubled.
¢ Remains the same. ¢ none of the above.
Q.No. 16: A piece of wire of length ‘L’ and an
area of cross section ‘A’ has a resistance ‘R’.
Another piece of wire of the same material and
the same length but twice the area of cross
section is connected end-to-end with the
previous wire. The effective resistance is:
(2008 Karachi Board)
*R *2R 3R 3R
Q.No. 17: In a house circuit all the electrical
appliances are connected in parallel with the
phase and the neutral to get:
(2008 KARACHI Board)
e Same current and potential difference.
o Different currents but same potential difference
o Different currents and different potential difference
e Same currents and same potential difference
Q.No. 18: The electrical energy dissipated as
heat in a resistor is:
(2016,10,9,6,5 Karachi Board)

182



Rawala’s new physics for XI

eV2R. eV?Rt. eI°Rt. eI?R.
Q.No. 19: Resistances of 10Q2, 30Q2 and 40Q
are connected in series, if the current in 10 Q
is 0.1 A then the current through 40 Q will be:
(2019, 10 Karachi Board)
e04A ¢03A ¢0.1A «0.08A
Q.No.20: Resistivity of a material is p, If area
of cross section of the material is doubled and
length is halved then the resistivity of the
conductor will: (2022, 18 Karachi Board)
e Remains constant e Increase 4 times
e Decrease 2 times e is one fourth
Q.No.21: Four bulbs of 10Q2, 2002, 30Q and
40Q) are connected in series, the bulb that will
shine the mostis: (2022 Karachi Board)
10 Q 2000 e30Q 40Q
Q.No.22: A current of 9 amp. flows in a circuit
of three resistors connected in parallel. If each
resistor has magnitude 5 Q, then current in the
3" resistor is: (2022 Karachi Board)
eQ9amp. e3amp. e 1.5amp. 0.5amp.
Q.No.23: A 12 volt battery with internal
resistance 0.1 Q is to be charged at 10
ampere. the charger must be of:
(2022 Karachi Board)
e 11 volts e 9 volts e 13 volts ¢ 12 volts
Q.No.24: A 2.2 kW electric iron operates at
220 volt, current it draws:
(2022 Karachi Board)
e 20 amp. e22amp. 10 amp. 5 amp.
0Q.No.25: Total potential difference across the
combination of three cells becomes maximum
when: (2003 Karachi Board)
e All of the three cells are combined in series.
e All of the three cells are combined in parallel.
e Two cells are connected is parallel and the
third cell in series with the combination.
e Two cells are connected in series and the
third cell in parallel with the combination.
Q.No.26: If 1A current flows through 2 m long
wire, the charge flows through it in 2 hours will
be: (2023 Karachi Board)
(A)3600C (B)7200C (C)1C (D)600C
Q.No.27: Reciprocal of resistance is called:
(2025 Karachi Board)
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Answers:

(1) current flowing in a circuit.

(2) Zero.

(3) Conductance.

(4) Straight line.

(5) Be halved.

(6) Source of emf.

(7) If “V” is constant then P= VR, If “I”

is constant then P = I°R,

(8) Measuring potential difference.

(9) Thermistor.

(10) remains same.

(11) Negative.

(12) kwh

(13) current

(14) 3P

(15) Remains the same.

(16) 3R

(17) The different currents but same
potential difference.

(18) 2R t.

(19) 0.1A

(20) Remains constant

(21)100

(22) 9 amp.

(23) 13 volts

(24) 10 amp

(25) Al of the three cells are combined in
series.

(26) 7200 C.

(27) Conductance.
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Numericals:

Q.No. 1: The storage battery of a car has
an emf of 12 V. If the internal resistance of
the battery is 0.5 O, What is the maximum
current that can be drawn from the battery?
Data:
EMF E =12V Internal resistance r=0.5 Q
Max. current 1="?
Solution:
Current drown from a battery is given by:
I=_E
(R+r)
Where R is the load resistance.
Maximum current can be drawn from a

battery when load resistance is negligible.
I=_12 ‘I =24 amperes.'
(0+0.5)
Q.No.2: A negligibly small current is
passed through a wire of length 12 m and
uniform cross section 4.0x10~7 m? and its
resistance is measured to be 6.0 Q.
What is resistivity of the material at
temperature of the experiment?
Data:

LengthL=12m Resistance R=6.0 Q
Area of cross section A = 4.0x10~" m?
Resistivity

Solution:

Resistance of a conductor of given
material is given by:

p=7

Ex=E1l2=1.2x74
L1 40
(E2 = 2.22 volt.)

’QEMF of the second cell is 2.22 volt.

Q.No.4: (a) Three resistors 1Q, 2Q and 3Q
are combined in series. What is the total
resistance of the combination?

(b) If the combination is connected to a
battery of emf 24 V and negligible internal
resistance, obtain the potential drop
across each resistor.

Data:

Ri=1Q Ro=20Q R3=3Q R=7?
(a)V=24volt Vi=? Vo= ? Vs=?
Solution:

R =R1+ R2 + R3 (For series combination)
R=1+2+3=6Q
Total resistance of the combination is 6 Q

V=IR (Ohm’slaw)
[=V =24 =4 amp.
R 6

Hence 4 ampere current flows through the
combination. Since in series combination same

current flows through each resistance, therefore
V1=IR1=4><1 V1=4V0|t.
V2=IR2=4X2 V2=8V0|t
V3=IR3=4X3 V3=12V0|t

(To check the result, In series combination
total voltage V = V1+V,+V3)

R=p L p=RA
A L _
p=6x4.0x10" (p=2.0x107 Q- m)|yalue of “I”.
12

Q.No.3: In a potentiometer arrangement, a
cell of emf 1.20 V gives a balance point at
40.0 cm length of the wire. If the cell is
replaced by another cell and the balance
point shifts to 74.0 cm, what is the emf of
the second cell?

Data:
Ei=12V L1=40.0cm.
E2 =7 L2=74.0 cm.
Solution:
Ei=L1
Ex Lo

Q.No.5: From the given circuit find the
04A

0.6 A

05A

Solution:
According to Kirchoff’s first law (KCL)

Total current flowing towards a junction =

Total current flowing away from the junction.
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Since 0.2 amp., 0.7 amp. and 0.6 amp.
currents are flowing towards the junction;
therefore, their sum must be equal to the sum
of currents “I’, 0.5 amp. and 0.4 amp. Which
are flowing away from the junction. Hence,

2 Ttowards = Z Iaway
02+07+06=I+05+04

1.5=1+0.9 (I=0.6 ampere.)

Q.No.6: In a meter bridge with a standard
resistance of 15 Q in the right gap, the ratio
of balancing length is 5:3, Find the value of
other resistance.
Solution:

Working of a meter bridge is based on
the principle of balanced Wheatstone bridge.

For a balanced meter bridge
Ratio of resistances = ratio of balancing length
Since the balancing lengths are in the ratio of
5:3, therefore, resistances will also be in the
ratio of 5:3.

The other resistance will be 5 times the
standard resistance.

Other resistance = 5 x standard resistance
Standard resistance = 15 Q
Other resistance =5 x 15

Other resistance =75 Q
Q.No. 7: By KVL (Kirchoff’s Voltage Law),
find current flowing through 10 Q resistance.

R1=5Q c R3=1OQD R5=12Q

—WWW—

Es=4V I ) % C}f@
i -
I

o

"E2=6V

Data:
R1=5Q R2=15Q R3=10Q2 R4=8Q
Rs =12Q Ei=4V E2=6V

Current flowing through 10Q2 Iz =?
Solution:

In this problem direction of currents 14,
I> and I in first, second and third loops is
given as clockwise.

e Applying Kirchoff’s voltage law
(KVL) to first loop (assuming I1 > I2) we get:
E1-I1Ri—-(In—-I2) R2=0
4-5I1-(I1—-I2)15=0
4-5I1-15I1+1512=0
4-20I11+1512=0 (1)
e Applying Kirchoff’s voltage law
(KVL) to second loop (assuming I2> Iz)we get:
—(I2-I1)R2-I2R3 - (I2—I3)Ra = 0
—(I2-I1)15-10I2— (I2—-I3)8 = 0
-152+1511-1012-8 12+ 8 I3 =0
-33I2+15I1+81I3=0 (2)

® Applying Kirchoff’s voltage law
(KVL) to third loop (assuming Is > I2) we get:
—(Is—-I2)Re—IaRs —E2=0
-(Is-12)8-121I3-6=0
-8I3+8I2-121I3-6=0
-20I3+8I2-6=0
-10I3+412-3=0 (3)
To solve these equations simultaneously
put I1 in equation (2) From eq. (1) which is
4-2011+1512=0 (1)
Ih=-151-4=151>+4
- 20 20
Put this value of I1in eq. (2),
-33I120+345(1512+4)+813=0
20-4
—-13212+4512+12+3213=0
-87I2+32I3+12=0 (A)
To eliminate Is from eq. (3) and eq. (A)
multiply eq. (3) by 32 and eq. (A) by 10 and
then add them.
(01 +412-3=0 )32
(=87I2+321+12=0)10
128 12-96—-87012+120=0

—-74212—-24=0
Io= 24 =-0.03235 Amp.
- 742

Negative sign shows that I2is flowing
in anticlockwise direction.

®:Current flowing through Rs= 10 Q
Is 0.03235 Amp. In anticlockwise direction.
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each resistor, put the value of I2in eq. (1) :
4-20I1+1512=0 ..........

Ih=-151-4=151>+4

20 20
I1 =15 (= 0.03235)+ 4 = 3.51475
20 20
I1 = 0.1757 amp.

Put the value of I2in eq. (3) :
-10I3+412-3=0 .......... (3)
-10Is+4 (- 0.03235)-3=0

-10I3-0.1294 -3 =0
Iz = 3.1294 = - 0.31294 amp.
-10
Negative sign shows that Is is anticlockwise.
.. Current through Ra:
(In—1I2) = 0.1757 — - 0.03235 = 0.20805 amp
.. Current through Ra:
(I2—Is) =-0.03235 — —-0.31294= 0.28059 amp
Apply Kirchoff’s current law at junction C:
0.1757+ 0.03235 = 0.20805

0.20805 = 0.20805
ICurrent flowing towards C= Current flowing away

( To check find the value of current in \

from C
Apply Kirchoff’s current law at junction D:
0.31294 = 0.03235 + 0.28059
0.31294 = 0.31294

Current flowing towards D= Current flowing away
k from D J

Q.No.8: A silver wire 2 m long is to have a
resistance of 0.5 Q.

What should its diameter be?
Data:

But A=nr? (For circular wire)
6.08 x108=22 xr?
7
r=6.08 x1078
3.142
r =1.935 x107®
r=+1.935x107®
r=1.39x10™m
But diameter of the wire is given by:
d=2r=2x1.39 x10™
|d=2.78x10*m|

'é Diameter of the wire will be 2.78 x10-4 m.

Q.No.9: A 40 Q resistor is to be wound from
platinum wire 0.1 mm in diameter.
How much wire is needed?
Data:
Resistance of the wire R =400
Diameter of the wire d = 0.1 mm
= 01 m=1x10"*m
1000
Resistivity of platinum
Length of wire
Solution:
Diameter of the wire d = 2r
r=d =1x10*m=5x10"m
2 2
Area of cross section of the wire:
A =nr? =22 (5x107°)?
7
A =7.854 x10°m2
Resistance of a wire is given by:

p =11x10 O-m
L=?

R=p L
A
40 = 11x10°___ L
7.854x10°
L =40 x 7.854x10~°
11x1078

'é 2.86 mlong wire will be needed.
Q.No.10: A resistor is made by using a 50
meter nichrome wire of diameter 0.8 mm at
0°C. Calculate its resistance at 50°C.
(Given: resistivity p = 1.1x10-% Q-m
and o =0.0002 °C-' at 0°C.)
(2009 Karachi Board)

Length of the wire L=50m

Length of the wire L=2m.
Resistance of the wire R=0.5Q.
Resistivity of silver ~ p =1.52 x1078 Q-m
Diameter of the wire d="
Solution:
R=p L
A
0.5=1.52x10%2
A Data:
A=152x10% 2 (A =6.08x10-8m2
0.5

Diameter of wire d=0.8mm =0.8102m
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r=d =0.8x102m=0.4x10"m
2 2

Resistivity of nichrome p = 1.1x107° Q-m

Temperature coefficient

a =0.0002 °C" at 0°C

Resistance at 50°C, Rs=?
Solution:
Resistance of the wire at 0°C is given by:
Ro=p_L_
A
Ro = 1.1x10=%x 50
7 r?

Ro=1.1x10%x 50 =109.42 Q
7 (0.4x1073)2
Resistance at 50°C is given by:
Rso = Ro(1+ a t)
Rso = 109.42 (1+ 0.0002 x 50)
. [Reo=110.52Q)
Q.No.11: A 50 ohm resistor is to be wound
from a platinum wire 0.1 mm in diameter.
How much wire is needed?
(Resistivity of the wire p =11x10-3Q.m)
(2015,06,03,1999,85 Karachi Board)
Data:

Resistance R=50Q

Diameter d=0.1mm=0.1x10"2m

Resistivity p =11x10°Q.m

Length of wire needed L=7?
Solution:

Radius of the wire:
r=d =0.1x107% = 0.05x103m
2 2
Area of cross section of the wire will be:
A =n r? = 3.143x (0.05x10-3)?
= 7.854x10-m?

R=p L ~ L= RA
A D
L = 50x7.854x10-° (L= 3.57 m)
11x10-8

'é 3.57 mlong wire will be needed.
Q.No.12: A 20 m length of cable has a
cross-sectional area of 1 mmZ2. and a
resistance of 5 ohm. Calculate the
resistivity of the cable.

(2025 Karachi Board)

Data:
Length of cable L=20m
Area of cross-section A=1 mm?3= 1x10~% m?2.

Resistance R=5Q
Resistivity p=7?
Solution:

Resistance of a conductor is given by:
R=p_L

A
p=RA=5x1x10"°=2.5x10"7 Q-m

L 20

€ Resistivity of the cable is 2.5x107 O-m.
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I!!I Unit.11.... .25

Oscillations

Vibratory motion:

Vibratory or oscillatory motion is that type of motion which repeats itself after a definite interval
of time. The vibrating body moves to and fro about a fixed point and completes each vibration in equal
interval.

Simple harmonic motion:
Q: What are the characteristics (or conditions) of simple harmonic motion?
Ans: A body executing simple harmonic motion shows following characteristics:
1. Its motion is vibratory or oscillatory.
2. Some restoring force acts on the vibrating system.
3. Acceleration of the body executing simple harmonic motion SHM is directly
proportional to its displacement “x” and always directed towards its mean position i.e.

The negative sign shows that acceleration “a” of the body execution SHM is always
directed towards its mean position.
(Or we can say that direction of acceleration “a” is always opposite to the direction of

13 )

displacement “x”, displacement is measured from the mean position on either side. When the

body is moving away from the mean position “x” is increasing or displacement “x” will be
positive but velocity of the body will decrease, in other words, its acceleration “a” will be
negative i.e. negative “a” is against the direction of motion, in this case it is towards the mean
position. These observations show that acceleration “a” will always be directed towards the
mean position, whether the body moves towards or away from the mean position).

4. Energy of the system oscillates between kinetic energy and potential energy but the
total energy remains constant, provided there is no energy loss due to external or internal
frictional forces (such as those due to roughness of surfaces in contact, cohesive or adhesive

force between the surfaces, shape of bodies, air resistance etc.).

S.H.M and circular motion:

Q.No. 1: A point (or a particle) “P” is moving with a constant angular speed
along the circumference of a circle of radius “x.”.
Derive an expression for instantaneous displacement “x” of its projection Q,
vibrating along the diameter.
Ans. Consider a point “P” moving along a circular path of radius “x” with a constant

angular speed “®”. It's projection along the diameter AB of the circular path is point “Q”. The
circular path may be considered as a part of our reference circle. As point “P” moves along

189



Rawala’s physics notes for class XI 190
the circular path its projection Q moves to and fro along the diameter of circle about point C.

Hence motion of point P is circular or anqular and that of Q is vibratory.
Point C is the center of the circle for P but since Q vibrates about this point, therefore, it

is the mean position for Q.
Instantaneous displacement “x”.
Instantaneous displacement of Q is its distance from

the mean position C at that instant on either side.
Let x be the instantaneous displacement

. Hence in triangle CPQ:

Cos 6= CQ
CP
Cos 6= x xX=x0 Cos 6

Xo
“Xo” 1S the maximum displacement of Q on either side of mean position, it is called

amplitude of vibration.
'é This formula shows that when x = t x (equal to radius of the circle) when the angle
is 0° or 180° i.e. when Q is at B or at A. Under this condition its displacement is maximum

and is equal to xo.
Hence the amplitude of the vibrating point Q is xo (equal to the radius of the

circle).
Q.No.2: For a body, executing S.H.M, at which point is its displacement:

(I) Minimum (2) Maximum
Ans: The displacement of a vibrating body, on either side, at any instant, is measured from

its mean or equilibrium position, hence it is:
(1) Minimum at its mean position (= 0).
(2) Maximum at its extreme positions, at extreme positions its displacement is called

amplitude of vibration.

Acceleration of O at any instant:
Acceleration of Q at any instant is the component of acceleration of P at that instant
parallel to diameter of the circle. But the acceleration of P is

always directed towards the center and is known as centripetal acceleration, given by:

dp = VQ2

Xo
Where vp is the magnitude of linear velocity of P (also

called its tangential velocity, because it is along the tangent to

the circle at a given instant). But vp = xo .
Ap = X? W2 = X0 ®?2
Xo
Resolving ap into components we get:
Component of ap parallel to the diameter
Component of ap perpendicular to the diameter = ap Sin 6

LY LIS
** Yo

=ap Cos 0
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But acceleration of Q = component of ap parallel to diameter.
.o a=-—apCos0
Negative sign shows that the acceleration of Q is always directed towards the mean position.
a=-x ®2Cos 0 (since ap = xo ®?)

But xo Cos 0 = x

=— W?x

Since o represents the constant angular speed of P, therefore,m 2 is constant, hence:
: ac—x

It shows that at any instant the acceleration of Q is directly proportional to displacement
and always directed towards it's mean position, which proves that the motion of the projection
point Q is simple harmonic (SHM).

¢z . . . .
'\ From the above formula we can see that the acceleration of Q is maximum when its

displacement is maximum. Displacement of Q is maximum when it is at one of its extreme
positions. Hence acceleration of Q is maximum at its extreme positions i.e. when it is at A or at
B. At these points it’s velocity changes rapidly. Maximum acceleration of Q is given by:
dmax. = — Xo g

Q.No.3: If body executes S.H.M, is its acceleration uniform?

Ans: Acceleration of a body executing S.H.M is not uniform, because the magnitude of
its acceleration continuously changes and at any instant depends upon its displacement ‘x .
Acceleration of the body is maximum at extreme positions and zero at the mean position.

During the vibratory motion of the body, at every point its acceleration is directed towards
the mean position.

Q.No.4: For a body, executing S.H.M, at which point is its acceleration:

(I) Minimum (2) Maximum
Ans: The acceleration of a body, executing S.H.M is given by:
aowc=x

Hence acceleration of the vibrating body will be maximum when “x” is maximum. The
displacement “x” of the body will be maximum at extreme positions, although it's velocity will
be minimum but it will have maximum acceleration (lts velocity will be changing rapidly).
Hence:

(1) Minimum acceleration at mean position (= 0). Here its displacement is zero.

(2) Maximum acceleration at its extreme positions. Here its displacement is maximum.

'é Note that when a body executing S.H.M moves towards it's mean position it's

velocity increases; it means that its acceleration is positive. We know that the direction of
a positive acceleration is same as the direction of motion of a body. Since in this case the
body is moving towards the mean position, therefore, the direction of acceleration will also
be towards the mean position.

'é Similarly, when the body is moving away from the mean position, it's velocity
decreases. In other words, now it has negative acceleration (called retardation or
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deceleration). Direction of negative acceleration is opposite to the direction of motion. Since in
this case the body is moving away from the mean position, therefore, the direction of
acceleration will be towards the mean position.
e We have seen that acceleration of a body executing S.H.M is always directed
towards it's mean position.

Q.No.5: A point (or a particle) “P” is moving with a uniform speed along the
circumference of a circle of radius “x.”.

Derive expressions for instantaneous and maximum speeds (‘v and vmax.)
of its projection Q vibrating along the diameter.

Ans. Instantaneous speed of O:

Point P has two types of velocities, anqular or circular velocity ® and linear velocity.
Linear velocity of P is along the tangent to the circle at a given point and its magnitude is vp.
At any instant velocity of Q is the component of linear velocity of P parallel to the diameter.

Magnitude of component of vp parallel to diameter
v =vp Cos (90°-10)

But speed of Q = component of vp parallel to diameter. '."
: speed of Q =v =vp Cos (90° - 0) :
But  Cos (90° - 6) = Sin 0 A
: vV =Vp Sin 0 "-.

Or V=X ®Sin0o (Since vp = X0 )
But Sin20+ Cos20 =1
Sin6=v1-Cos?6

and CosO=_x_ From trigonometry:
Xo Cos (o + B) = Cos o Cos 3 —Sin a Sin B
Sine=/1- x Where o and [ are any two angles, then
N Ifo.=90° & B=0 Then

Cos(90°- 0) = Cos 90°Cos 0 + Sin 90°Sin 6

But Cos90°=0 & Sin90°=1
VEXo® [1—= X2
%2 Cos (90°-0)=Sin 0
Or V=x®/ x?—= x° Or Vv=so Vxi—- X
Xo? o

Hence the instantaneous speed of Q is given by:

or V=0V x02— X2

Maximum speed of O.

Speed of Q is maximum when it is passing through its mean position where it's
displacement x = 0, Hence it's maximum speed vmax. is given by:
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Vmax. =V Xo—0
Vmax.=XO(D|

Xo O is the speed of P, hence maximum speed vmax. of Q is equal to the speed vp of P.

Minimum speed of QO:
Speed of Q is minimum (= 0) when it is at one of its extreme positions where x = +x. Hence:
V=V x?— X2 (but x = + x0)

V=0V X2 — X2 v=0

Relation between v and Vmax.:
Instantaneous speed of Q is given by:

Vaxo® [1 —_ X2
o2

But Vmax. = xo ®
Hence the instantaneous and maximum speeds of Q are related by:

v Xo?

Time period:

Q.No.6: A point (or a particle) “P” is moving with a uniform speed along the
circumference of a circle of radius “x,”.

Derive an expression for time period “T” of its projection Q, vibrating
along the diameter.

Ans. Time taken by a vibrating body to complete

one vibration is called it’s time period T.
Angular speed “o” of point P at the center of its circular path is given by:
»=0
t

Where “0” is the angular displacement of point P in during time t.

Time in which P completes one revolution Q will complete one vibration.

But the angular displacement of P at the center of its circular path will be 6 =2 & radian
at the end of one revolution and t = T during this time vibrating point Q would have completed
on vibration. Hence T is also the time period for Q:

O=27 Hence T=2mn

T Q)
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Motion under elastic restoring force: (Horizontally)

Q.No.1: What is motion under elastic restoring force?

Ans: When a body placed on a frictionless horizontal surface connected at the end of an
elastic and light spring, whose other end is fixed to a rigid support, is pulled to one side and
released then the body vibrates about its position of equilibrium.

Note that in this case the spring is parallel to the horizontal surface. Weight of the body is
balanced by normal reaction of the surface, whereas, friction between the vibrating body and

the horizontal surface on which it vibrates is assumed to be negligible. The only unbalanced
force acting on the body is the force exerted by the spring due to its elasticity. This force tends
to restore the original conditions of the body i.e. it tends to bring the body back to its original

T
| ‘ il & J

position. It is called elastic restoring force.

'éVibratory motion of the body is simple harmonic,

because the acceleration produced in the body, due to the
elastic restoring force of the spring, is directly proportional to
its displacement and is always directed towards its equilibrium
(or mean) position.

< This type of vibratory motion of the body under the

influence of elastic restoring force of the spring is called
motion under elastic restoring force.

Q.No.2: What is elastic restoring force?

Ans: It is a force due to elasticity of the spring that tends
to restore the original conditions, i.e. it tends bring the vibrating
body back to its original position, hence it is called elastic
restoring force.

Q.No.3: What is elastic constant or force
constant of a spring?

Ans: |t is the force required to produce unit elongation in the spring.

Spring constant k = F/x.
Its value depends upon the elastic properties of the spring. Its value is high for hard
springs, as they require large force to elongate and vice versa.

Q.No.4: What is the unit of spring constant?

Ans: Since spring constant is F/x, therefore, its S.I unitis N/m or N m~".

Q.No.5: A body on a smooth horizontal surface performs vibratory motion
under the influence of elastic restoring force.

Prove that its motion is simple harmonic.

Ans: Consider a body of mass ‘m’ attached to the end of a light and elastic spring, the
other end of the spring is attached to a wall. To displace the body from its equilibrium position
through some distance ‘x’ force required, according to Hook’s law is given by:

FApp. o X
FApp. =Kk x
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Where ‘K’ is the constant of proportionality and represents the spring constant (It is
the force required to produce unit elongation in the spring, its value depends upon the elastic
properties of the spring). As the body is pulled by applying the above force due to elasticity
the spring will also exert an equal and opposite force. Force exerted by the spring tends to
restore the original conditions (i.e. it tends to bring the body back to its original position). It is
called elastic restoring force, given by:

Felast. ==k x

If now the applied force is removed, the elastic restoring force becomes unbalanced,
body under the action of unbalanced force vibrates about its mean position, with some
acceleration.
If ‘a’ is the acceleration produced in the vibrating body, then according second law of motion:

Felast. = m a
Therefore, ma=-kx
a=-_k x
m
‘k/m’ is constant for a given spring and a body of given mass, hence:
ao—Xx

'é This relation shows that acceleration ‘a’ of the body vibrating under the influence of

elastic restoring force is directly proportional to the displacement and is always directed
towards its mean position. Hence motion of the vibrating body is simple harmonic.

'é Note that weight of the body is balanced by upward reaction of the surface on
which it is kept.

Time period:

Q.No. 1: Derive a formula for time period of a body executing S.H.M under
elastic restoring force?

Ans: Time period of a vibrating body is the time in which it completes one vibration.
Acceleration of a projection point along the diameter of a reference circle is given by:

a=-m’x
But acceleration of a body executing simple harmonic motion under the influence of elastic
restoring force is given by: =—- k x

m

Comparing the two relations we get:
w’= _k OR o=/_k

m m
Time period of a projection point executing S.H.M along the diameter of a reference
circle is given by: T=2n
®

On substituting ® = V k/m we get: [T =2n/ ﬂ]
k

Where “m” is mass of the body and “k” is the elastic constant of material of the spring.
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Q.No.2: On what factors does the time period of a body executing S.H.M
under elastic restoring force of a given spring depend?

Ans: Time period (time taken to complete one vibration) depends upon mass “m” of the
body and upon the spring constant “k” of the spring. If mass of the body is increased its time
period also increases, it means that on increasing mass (taking a heavier body) it slows
down and takes a longer time to complete a vibration. But for large value of “k” the value of “T”
is small.

'é Time period of a body executing S.H.M under the influence of elastic restoring
force for a given spring is directly proportional to the square root of its mass.

Energy:

Q.No.1: What happens to energy of a body executing S.H.M under the
influence of elastic restoring force?

Ans: Energy of the vibrating system continuously changes its form from K.E to P.E and
vice versa. In other words, at any instant the total energy possessed by the vibrating
system will be partially in the form of K.E and partially in the form of P.E and the total energy
will be equal to the sum of K.E and P.E at that instant. The total energy remains constant if
there are no enerqgy losses due to frictional forces.

Potential energy of the system vibrating under elastic restoring force at any instant is
given by: P.E =7k x2
Similarly, its K.E at any instant is given by:
K.E = 3 k (X2 — x2)
Hence the total energy of the system executing S.H.M under the influence of elastic

restoring force at any instant will be: E=P.E+KE
E=23kx2+ 75K (x?— x?)
= 3 K xo?

‘K’ is the spring constant, ‘x’ is displacement of the vibrating body at any instant and ‘xo’
is the amplitude of vibration (maximum displacement).

'é Hence energy of a system executing S.H.M under elastic restoring force for a

given spring depends upon the amplitude of vibrations ‘xo'.

Q.No.2: Show that energy of a body executing simple harmonic motion
under the influence of elastic restoring force is totally in the form of K.E at its
mean position.

Ans: At any position potential energy of a body executing simple harmonic motion

under elastic restoring force is given by: P.E = % k x?

But at the mean position displacement of the body is zeroi.e. x=0

Therefore, at the mean position:. P.E=0..................... (7)

But at any position kinetic energy of a body executing simple harmonic motion under
elastic restoring force is given by:

K.E = 3 k (o2 — x?)
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Therefore, at the mean position (x = 0) K.E is given by:
K.E =3k (2= 02)

- KE =3k xo?
But ‘3 k x? is the total energy of the vibrating body. Therefore,
K.E = Total energy................. (17)

'é From equations (i) and (i) we conclude that the energy of the body executing
S.H.M is totally in the form of K.E it does not have any P.E at the mean position.

Q.No.3: Show that energy of a body executing simple harmonic motion
under the influence of elastic restoring force is totally in the form of P.E at
extreme positions.

Ans: At any position kinetic energy of a body executing simple harmonic motion under
elastic restoring force is given by:  K.E = 3 Kk (x0? — x2)

But at extreme positions (x = *+ x0) K.E is given by:

K.E = 3 k {x0? — (£ x0) 2
KE =3k xo? — 3 K x02

o KE=0 (= xo0)
Potential energy of a body executing simple harmonic motion under elastic restoring
force is given by: P.E =3k x?
At extreme positions (x = % xo)
Hence, P.E=3K xo? (x = xo0)

But 3 K xo? is the total energy, hence P.E of the vibrating system is maximum and is equal
to the total energy of the body. Hence energy is totally in the form potential energy (P/E) at the
extreme position whereas it's K.E is zero.

Interconversion of K.E and P.E:

Energy of a body executing simple harmonic motion continuously changes its form from
P.E to K.E and vice versa. Energy of a vibrating body at its mean position is totally kinetic
(here its velocity is maximum) but at extreme position its energy is totally potential (here its
velocity is zero for a fraction of a second) but displacement of the body from its mean position
will be maximum (potential energy of the vibration body depends upon its displacement from
the mean position). At any other position its energy is partially kinetic and partially potential
(velocity is between zero and maximum)).

It the vibrating system is free of frictional forces then at any instant its total energy will
be equal to the sum of its K.E and P.E at that instant such that its total energy remains
constant.

'6 Note that if the system is frictionless then it's energy will remain constant throughout

its vibratory motion, although it constantly changes its form from K.E to P.E and vice versa
such that it’s total energy always remains _constant.

'6 If there are frictional forces present then a part of energy of the system will be used to
do work against friction, as a result of which energy of the system will decrease in each
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vibration, due to which amplitude of vibration will decrease in each vibration. Ultimately the
system will come to rest when its energy is totally used up in doing work against friction. This

type of oscillations are called damped oscillations.

Motion under elastic restoring force: (Vertically)

Consider a light body of mass “m” suspended at the end of a light elastic spring whose
other end is attached to a rigid support. The suspended body comes to rest at its equilibrium
position at point “O” after stretching the spring a little due to its weight.

If the body is now pulled down vertically through distance “y,” to a point “A” then as
soon as we start pulling the body downward, due to elasticity spring starts exerting reaction
force upward. Force exerted by the spring is called elastic restoring force. This force tends to
bring the body back to its equilibrium position i.e. it tends to restore original conditions. If the
body is now released, it will move upward with some acceleration under the action of this
force, its velocity increases as it moves up until it crosses its equilibrium position where its
velocity becomes maximum. The body will continue moving upward but as soon as it crosses
the equilibrium position, the spring will start compressing, hence the spring will now exert
elastic restoring force against the direction of motion of the body, due to which velocity of the
body starts decreasing, after covering same distance “y,” above the equilibrium position body
comes to rest at point “B”. Compressed spring now pushes the body which moves back with
increasing velocity. This process repeats itself again and again several times and we will see
the body vibrating up and down about its position of equilibrium, between points “A” and “B”.
Distance “y,” from point A to O or from O to B is amplitude of vibration. Point “O” is the
mean position for the vibrating body. Motion of the body is vibratory or oscillatory.

It can be shown that acceleration “a” of the vibrating body at any instant is given by:

aoc—y

Where “y” is the displacement of the body at any instant. From this equation we

conclude that the acceleration “a” of the body at any instant is directly proportional to its

vertical displacement “y” and is always directed towards its mean position, which shows that
motion of the vibrating body is simple harmonic motion (SHM).
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Time period:

Q. Give the formula for time period of a body executing S.H.M in vertical
direction under elastic restoring force?
Ans: Time period of a vibrating body is the time in which it completes one vibration.
Time period of a body executing S.H.M in vertical direction is given by:

[nu@]

Where “m” is mass of the suspended body and “k” is the spring constant.

Q.No.1: On what factors does the time period of a body executing S.H.M
In vertical under elastic restoring force depend?

Ans: Time period depends upon mass “m” of the body and upon the spring constant “k” of
the spring. If mass of the body is increased its time period also increases, it means that on
increasing mass (taking a heavier body) it slows down and takes a longer time to complete a
vibration, actually time period “T” is directly proportional to Y m. But for large value of “k” the
value of “T” is small. Time period T is inversely proportional to v k.

Simple pendulum:

Q.No. 1: What is an ideal simple pendulum?

Ans: An ideal simple pendulum consists of a point mass suspended with the help of a
weightless, inextensible and flexible string whose other end is attached to a rigid and non-
yielding support.

€ It means that length of the string with which the point mass is suspended must not
change as the pendulum vibrates, similarly the support must be rigid so that it should not
vibrate along with the pendulum. In the laboratory the center of gravity of a small spherical
metallic bob can be used to replace the heavy point mass.

Q.No.2: What is the type of motion executed by a simple pendulum?

Ans: If bob of the pendulum is displaced from its equilibrium position and allowed to move
freely then it performs to and fro motion. This vibratory motion of a simple pendulum for small
ngular displacement is simple harmonic or in other words, motion of a simple pendulum is
S.H.M when it's amplitude of vibrations is small.

Q.No.3: Prove that motion of a simple pendulum for small amplitude is
simple harmonic S.H.M?

Ans. In order to prove that motion of simple pendulum is S.H.M we will find its acceleration.
To find it's acceleration first of all we will have to find the unbalanced force acting on it.

At any displaced position, forces acting on the bob are:
(1) It's weight “W” acting vertically downward.
(2) Tension “T” in string acting along the string.
On resolving “W” into components parallel and perpendicular to the string we get:
Component of “W” parallel to the string =W Cos 6
Component of “W” perpendicular to the string =W Sin 0
Since the bob does not move parallel to the string, therefore, tension “T” in the string is
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balanced by “W Cos 6”. Hence the unbalanced force acting on the bob is “W Sin 07, this force
is always directed towards the mean position (unbalanced force always produces
acceleration in its own direction). Under the action of this force the pendulum performs to and
fro motion (This force is also the restoring force, as it tends to bring the bob back to its original
mean position).
Unbalanced force = - W Sin 6
LLL

'é The negative sign shows that the unbalanced force is always directed towards the

mean position. According to second law of motion:
Unbalanced force =m a

ma=-W Sin 0
ma=-mgSin 6
a=-gSin0

For small values of “6” measured in radians, or in other words, for small amplitude of
vibration of the pendulum
Sin6=6
But 0 = x
L
Where “X” is the instantaneous displacement of the bob from its mean position and “L”
is Iength of the pendulum (measured from the point of suspension to center of the bob).

a=-g.x
L
For a given pendulum, at a given location g/L is constant,
aoc—x

' The above relation shows that the acceleration of a simple pendulum at any
instant is directly proportional to its displacement at that instant and is always directed towards
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it's mean position, hence motion of a simple pendulum for small amplitude is simple
harmonic.

Q.No.4: When is the tension in a string of a pendulum maximum?

Ans: Tension in the string of a simple pendulum is maximum when the vibrating pendulum
passes through its equilibrium or mean position. At this point the tension in the string will be
equal to weight of bob of the pendulum.

The magnitude of tension in the string of a pendulum periodically changes as the pendulum
vibrates and “6” changes according to the following relation:
T=WCos 6
When the angular displacement of the bob “6” is zero, that happens when the pendulum
is passing through its mean position, the tension in the string will be maximum and is equal to
weight of the suspended bob T=W (Cos 0°=1).

Q.No.5: Derive a formula for time period of a simple pendulum, and show
that it is independent of mass and material of its bob.

Ans: Motion of a simple pendulum is S.H.M when its amplitude is small, under this
condition its acceleration is given by:

a=s-g.x
L
But the equation for acceleration of a point executing S.H.M along the diameter of a

reference circle is given by:

2

a=—-—m0°x
Comparing the above two equations, we get:
0’= g
L

o=/_q
v L

Time period of a body executing S.H.M is the time in which it completes one vibration.
Time period of a point executing S.H.M along the diameter of a reference circle can be used to

calculate time period of a pendulum by replacing “o” by V' g/L in the following equation;

T=2n
®

T= 271
VgL

[T=2n\/%_]

At a given location time period of a simple pendulum is directly proportional to VL,
hence if length of the pendulum is increased its time period also increases according to the
above relation. From the above formula we can also see that the time period of a simple
pendulum is independent of mass and material of its bob.
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'é Note that the motion of a simple pendulum is S.H.M as long as “0” is small or

the amplitude of its vibrations is small.
Also o = g/L for a simple pendulum executing S.H.M (or for a mass suspended with an
inelastic string executing S.H.M).

o =V K/m for a body attached at the end of an elastic spring executing S.H.M.

Second’s pendulum:

Q.No.6: What is second’s pendulum?

Ans: A pendulum whose time period is “2 seconds” is called second’s pendulum. (This
pendulum will take 1 sec. to move from one extreme to the other).

Q.No.7: What is the frequency of second’s pendulum?

Ans: Frequency of a vibrating body is the number of vibrations completed in one second.
Relation between time period “T” and frequency “f is:

f=1
T
Since time period of a second’s pendulum is 2 seconds hence its frequency is 0.5 hertz.
: f=1 =1 =0.5hertz
T 2

and its length “L” where “g = 9.8 m/s?” is 0.99 m.

Q.No.8: What will be difference in the length of a second’s pendulum on the
surface of the earth and that on the surface of moon?

Ans: Time period ‘T’ of a simple pendulum executing S.H.M on the surface of any planet is

given by:
[T= 27 /L ]
g

Where ‘g’ is the acceleration due to gravity on the surface of a planet. For second’s
pendulum T = 2 second on any planet.

[{Ppsl)

The value of “g” on the surface of moon is less (about 1.63 m/s?) than the average value of
“g” on the surface of the earth (about 9.8 m/s?), The length of second’s pendulum on earth is
0.99 m and on moon it is about 0.166 m.

In other words, length of second’s pendulum will be lesser on moon than on the earth.

Q.No.9: What will be the length of a second’s pendulum on the surface of
Jupiter where the value of ‘g’ is about 2.63 times the value of ‘g’ on the earth
(i.e. g7 = 2.63 ge)?

Ans: Time period ‘T’ of a simple pendulum executing S.H.M on the surface of any planet is

given by:
T=2n [L
g

Where ‘g’ is the acceleration due to gravity on the surface of a planet. For second’s
pendulum T = 2 second on any planet.

The value of “g” on the surface of Jupiter is about 2.63 times the value of ‘g’ on the surface
of the earth i.e. gy = 2.63 ge.
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Hence, 2=2nm L
2.63 Qge
Hence, 2=2nm / L
2.63x9.8
Therefore, L=2.61m

z
'\ Length of second’s pendulum on the surface of Jupiter will be 2.61 m.

Q.No.10: For simple harmonic motion will the time period change or not, by
doubling the mass of the bob attached to:
(a) Elastic spring. b) Inelastic string. Explain. (2011 Karachi Board)
Ans: (a) The time period of a bob attached to an elastic spring executing S.H.M (motion
under elastic restoring force) is given by:

[T=2anE]

'g This formula shows that the time of the bob attached to an elastic spring and

executing S.H.M for a given spring increases if mass of the bob is increased and vice
versa.

'é Hence if mass of a bob is doubled its time period will increase by V2 times.
(b) The time period of a bob attached to an inelastic string (a simple pendulum) executing

S.H.M s given by:
T=2n /L
g

'é This formula shows that the time period of the bob attached to an_inelastic string (a

simple pendulum) and executing S.H.M at a given location is independent of mass of the
bob. Hence if mass of the bob is increased time period of the pendulum will not

change.

Natural time period and natural frequency:

Q.No.1: What is natural time period of a vibrating body?
Ans: The time period with which a body vibrates in the absence of external forces is known
as its natural time period.
Hence a body which is capable to vibrate always vibrates with certain fixed time period.
This time period is called natural time period of the body.
Simple pendulum of a given length (constant L) at a given location (constant g) always
vibrates with a fixed time period which is known as its natural time period.
Q.No.2: What is natural frequency of a body?
Ans: Number of vibrations completed by a vibrating body in one second is known as its
frequency. (For waves it is the number of waves passing through a point in one second).
Since frequency is equal to the reciprocal of its time period, hence a body which can vibrate
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will always vibrate with a fixed frequency and a fixed time period. In other words, it will
always complete the same number of vibrations in one second. This frequency is called
natural frequency of the body.

Resonance:

Q.No.3: What is resonance?

Ans: When natural frequency of a body capable of vibrating exactly matches with the
frequency of an external periodic force then the body starts vibrating with increasing
amplitude. This phenomenon is known as resonance.

All receivers, such as T.V, radio set, mobile phones, wireless etc. work on the principle
of resonance. These receivers have a tuning circuit. In these tuning circuits the frequency of
electrical oscillations is matched with the frequency of incoming signal. When the two
frequencies match the receiver starts responding. As a result of which we hear sound and see
picture.

Free vibrator/oscillator:(OR ideal or vibrator)

An ideal vibrator/oscillator is that in which frictional forces are not present. If frictional forces are
present then a part of energy of the vibrating system will be wasted in doing work against the frictional
forces.

For example, (1) an ideal simple pendulum is that in which a point mass is suspended with the
help of an inextensible, weightless string whose other end is fixed to a rigid support (a support which
does vibrate along with the vibrating mass). A real pendulum has a metallic bob suspended by a string
attached to a support. Centre of gravity of the bob can be considered as point mass and surface of the
bob must be smooth and well-polished to minimize air resistance but viscous air drag remains, which is
one of the factors to dissipate energy. Energy dissipated can, therefore be minimized but cannot be
made exactly zero.

(2) A body executing S.H.M under the action of elastic restoring force must have no friction
between the vibrating body and the surface on which it vibrates and also there must be no friction
between adjacent turns of the spring. In reality friction between the lower surface of the vibrating body
and the surface on which it vibrates can be minimized but cannot be eliminated completely.

In case of an ideal vibrator energy of the vibrating system will remain constant. Since energy of
a vibrating system depends upon its amplitude of vibrations, therefore for an ideal vibrator its
amplitude of vibrations will remain constant.

Damped vibrations/oscillations:

In a real pendulum, or in a body vibrating under the action of an elastic restoring force or in
general, in any real vibrating system, dissipating forces are always present. These dissipating forces
(frictional forces) can be minimized but cannot be completely eliminated. As a result of which part of
energy of the vibrating system decreases. This lost energy is used to do work against frictional forces.
Due to decrease in energy of the system amplitude of the vibrating system decreases. Hence
vibrations gradually die out and the vibrating system ultimately stops. Vibrations of this type are called
damped vibrations or damped oscillations.

Damping of a vibrating system can be eliminated by supplying the energy lost during each
vibration.

For example, in case of a child taking swings, parent give a little push to keep the amplitude of
the swing constant. During each push actually they supply energy lost in doing work to overcome
dissipating forces.
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Q- factor:

Q-factor may be defined as the ratio of energy stored to energy lost per oscillation.
Q = Energy stored
Energy lost
OR Q = Estored
Elost
Q-factor is a dimensionless quantity. (since it a ratio of two similar quantities)
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: Two simple pendulums A and B with
same lengths, and equal amplitude of vibrations
but the mass of A is twice the mass of B, their
periods are Ta and Tg and energies are Ea and
Es respectively. Choose the correct statement:
(@) TA=Teand EaA>Egs (b) TA<Teand Ea> Es
(c) TA>Teand EaA<Es (d) Ta=Te and Ea<Es
Q.No.2: In order to double the period of a
simple pendulum:

(a) Its length should be doubled.

(b) Its length should be quadrupled.

(c) Its mass should be doubled.

(d) Its mass should be quadrupled.
Q.No.3: A simple harmonic oscillator has
amplitude A and time period “t”. lts maximum
speed is:

(@)4A  (b)2A (c)4zA  (d)2zA

t t t t
Q.No.4: A spring attached by a load of weight
W is vibrating with a period T. If the spring is
divided in four equal parts and the same load
is suspended from one of these parts, the new
time period is:

(@I (b)2T (c) L

4 2
Q.No.5: The total energy of a particle executing
simple harmonic motion is proportional to:

(a) Frequency of oscillation.

(b) Maximum velocity of motion.

(c) Amplitude of motion.

(d) Square of amplitude of motion.
Q.No.6: A child swinging on a swing in sitting
position, stands up, then the time period of the
swing will:

(a) Increase. (b) decrease.

(c) remains the same.

(d) increases if the child is tall and
decreases if the child is short.

Q.No.7: If a boy oscillates at the angular
frequency “wd” of the driving force, then the
oscillations are called:
(a) Forced oscillations.

(d)4T

(b) Coupled oscillations,

(c) Free oscillations. (d) Maintained oscillations
Q.No.8: A simple harmonic oscillator with a
natural frequency “on” is forced to oscillate
with a driving frequency “od”. The resonance
occurred when:

(@) “oN < od” (b) “oN> md”

(c) “oNn= ©d” (d) “on= ©d”
Q.No.9: In vehicles, shock absorber reduces
jerks

(a) The shock absorber is an
application of damped oscillations.

(b) Damping effect is due to the
fractional loss of energy.

(c) Shock absorbers in vehicles reduce
jerk. (d) All of these.

Q.No. 10: A heavily damped system has a
fairly flat resonance curve in:

(a) An acceleration - time graph.

(b) An amplitude - frequency graph.

(c) Velocity - time graph

(d) Distance — time graph.

Q.No. 11: If the bob of a vibrating simple

pendulum is suddenly detached from the

string at its mean position, it's path will be:
(2005 Karachi Board)

e a straight line e a circle.

e A parabola e a hyperbola.
Q.No. 12: which of the following exhibit simple
harmonic motion. (2010 Karachi Board)

¢ A hanging spring supporting a weight.

e The balance of a wheel.

e The wheel of an automobile.

e The spring of a violin.

Q.No.13: Sin 0 = 0 if 0 is specifically less
than: (2012 Karachi Board)

e 15° e 10° e5° o1 radian.
Q.No. 14: Time period of a simple pendulum
depends upon: (2013 Karachi Board)

e mass e length e Acceleration due to gravity
¢ Both length and acceleration due to gravity
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Q.No. 15: If mass of bob of a simple
pendulum is doubled, its time period will:
(2014 Karachi board)
¢ be doubled. e becomes triple
e remains the same. e halved.
Q.No. 16: For oscillatory motion of a simple
pendulum, restoring force is:
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Q.No. 17: A particle is executing simple
harmonic motion, particle has maximum
velocity when itis: (2025 Karachi Board)

e At maximum displacement.

¢ At equilibrium position.

¢ At half amplitude.

¢ At one quarter amplitude.

(2022 Karachi Board)
emgsin® emgcosO emgtan® emg
Answers:
(" (1) Ta=Tsand En>Es (11) A parabola N
(2) Its length should be quadrupled. (12) The wheel of an automobile.
(3) 2n A/t (13) 5°.
(4) T/2 (14) Both length and acceleration due
(5) Square of amplitude of motion. to gravity
(6) Decrease. (15) remains the same.
g)) I:orced oicnlatlons. (16) mg sin 6
O)N — O)d T . e
(9) All of these. (17) At equilibrium position.
(10) An amplitude - frequency graph.
- J
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Numericals:

Q.No. 1: The period of oscillation of an
object in an ideal spring and mass system
is 0.50 s and the amplitude is 5.0 cm.

What is the speed at the equilibrium
point? and the acceleration at the point
of maximum extension of the spring?
Data:

Time period T=0.50s
Amplitude Xo =5.0 cm.= 0.05m
Speed at equilibrium v =?

Acceleration at maximum extension a =7?
Solution:

Speed of a body executing SHM is
maximum while passing through its equilibrium
position and is given by:

V= 21 x0= 2x3.142 x0.05

T 0.5
= 0.6283 m/s OR 62.83 cm./s

Acceleration of a body executing SHM
is max. at its max. displacement position and
is given by:

Amax.= — ®% Xo

where o = 2x
T

Negative sign shows that acceleration
of the body is always directed towards its
equilibrium position. Magnitude of amax is:

amax = (2m/ T)2 x 0.05

Qmax = 7.9 m/s2,
Q.No.2: A sewing machine needle moves
with a rapid vibratory motion, like SHM. As
it sews a seam. Suppose the needle moves
8.4 mm from its highest to its lowest
position and it makes 24 stitches in 9.0 s.
What is the maximum needle speed?
Data:

Distance between highest & lowest

points =8.4 mm.
Number of stitches N=24
Time taken for 24 stitches t=9.0s.
Maximum needle speed  Vmax. =7

Solution:

Amplitude “xo” of vibrating needle ‘A’ is
the distance between the highest & lowest
points, Xo=84mm.=4.2mm=0.0042 m

2

Time period (in this case time to
complete one stitch)
T = time to complete N stitches
Total number of stitches N
T=9 =0.375s.
24
Speed of any body executing simple
harmonic motion is maximum when it is
passing through its mean position while
coming from extreme position (in this case
highest point), it is given by:
Vmax. = 21 %0 = 2 1t x 0.0042
T 0.375
Vmax. = 0.070 m/s = 7.0 cm./s
®<Maximum speed of the needle is
0.07 m/s or 7.0 cm./s.
Q.No.3: An ideal spring with spring
constant of 15 N/m is suspended vertically.
A body of mass 0.60 kg. is attached to
unstretched spring and released.
(a) What is the extension of the
spring when the speed is maximum?
(b) What is the maximum speed?
Data:
Spring constant k=15 N/m.
Mass of suspended body m = 0.6 kg.
(a) Extension of spring Xo =7
(b) Maximum speed Vmax. =7
Solution:
(a) Extension force F =k xo
mg = k xo (F = mg weight of body)
X%=mg=0.6x9.8=0.392 m.
K 15
(b) Maximum speed is given by:
Vmax. = L Xo
m

Vmax.= 1_5 x 0.392
v 0.6

Vmax.= V25 x 0.392 = 5 x 0.392

Vmax.=1.96 m/s or 2 m/s.

®: Extension is 0.392 m and maximum
speed is 1.96 m/s or 2 m/s.
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Q.No.4: A body is suspended vertically
from an ideal spring of spring constant
2.5 N/m. The spring is initially in its relaxed
position. The body is then released and
oscillates about its equilibrium position.
The motion is described by

y = (4.0 cm) sin [(0.70 rad/s) t ].

What is the maximum kinetic energy
of the body.
Data:

Spring constant k=2.5N/m.

Maximum kinetic energy of body K.E= ?

Motion of body described by

y = (4.0 cm) sin [(0.70 rad/s) t ].
Amplitude of oscillations xo = 4.0 cm. = 0.04 m
Solution:

Maximum kinetic energy of the vibrating
body is given by:

K.Emax. = % k XO2

K.Emax. = 3 x 2.5 x (0.04)2 = 0.002 J.

€<Maximum kinetic energy of the
vibrating body is 0.002 J or 2 mJ. (milli joules).
Q.No.5: The period of oscillation of a
simple pendulum does not depend on
mass of the bob. By contrast the period of
a mass-spring system does depend on
mass. Explain the apparent contradiction.
Solution:

Time period of oscillations of a simple
pendulum is given by:

T=27'E,L
g

Time period of oscillations of a mass
attached to an elastic spring is given by:

T=2n(ﬂ
K

These equations show that:

+« At a given location (for given “g”) time
period “T” of a simple pendulum depends upon
its length “L”but it is independent of its mass “m”.

But

+« Time period “T” of a mass-spring
system depends upon mass “m” of the vibrating
body and upon spring constant “K” of the

spring.
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Q.No.6: What is the period of a simple
pendulum of a 6.0 kg mass oscillating on a
4.0 m long string?

Data:
Mass of pendulum m = 6.0 kg.
Length of string L=4.0m.
Time period T ="
Solution:

Time period of oscillations of a pendulum
is given by:

T=27'E’L
g

T=2nx [i squaring both sides:
9.8

T2=4 72 4 =16.1136

9.8
T=+16.1136 = 4.01 s.
€< Time period of the pendulum is 4.01 s.

Q.No.7: A pendulum of length 75 cm and
mass 2.5 kg swings with a mechanical
energy of 0.015 J. What is the amplitude?
Data:

Length of pendulum L =75 cm.= 0.75 m

Mass of pendulum m = 2.5 kg.
Energy of pendulum E=0.015J
Amplitude of pendulum Xo =7

Solution:

Amplitude “xo” of vibrations of the
pendulum in terms of its energy can be found
using formula for energy of mass-spring
system (as both execute SHM). Energy “E” of
a vibrating system is given by: -

E=2K X%, (1)

But comparing formula for “T” of a
simple pendulum with a formula for “T” for
mass-spring system we find that:

m =/L
K Vg
Squaring both sides and re-arranging
we get:
K=_mg =2.5x9.8=32.67 N/m.
L 0.75

Substituting the values of known quantities in
equation (i) we get:
0.015 = 3 x 32.67 x x0?
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Xx?= 2x0.015 =9.1827x10*
32.67

Xo=v9.1827x10~4=0.030 m. or 3.0 cm

€& Amplitude “xo” of vibrating pendulum
is 0.030 m. or 3.0 cm.
Q.No.8: A pendulum of length “L1” has a
period of T1=0.950 s. length of the
pendulum is adjusted to a new value “L>2”
such that T2 = 1.00 s. What is the ratio L2/L1
Data:

Time period of pendulum T1=0.95s

(of length L1 before adjustment)

Time period of pendulum T2=1.00 s

(of length L2 after adjustment)

Ratio of lengths Lo/L1 =7
Solution:

Time period of pendulum before adjustment:

T1=2TE’ L1
g

Time period of pendulum after adjustment:

T2=2TE’ Lo
g

Dividing T2 by T+,

To=2#] Lo
-
Ti1=2%] L1

g
* T2 =/ Lo
T+ L1

Squaring both sides we get:

Lo =722

L1 T4

L2 = (1.002 = 1 =1.108
L (0.952 09025

®:The ratio of lengths (L2/L1) is 1.108.
Q.No.9: Calculate the length of second’s
pendulum on the surface of moon where
acceleration due to gravity is 0.167 times
that on the earth’s surface.(1995 Karachi Board)
Data:

Acceleration due to gravity on the

surface of moon gm =0.167 g
Time period of second’s pendulum T = 2 sec.
Length of second’s pendulum on Moon L=?
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Solution:
Time period on the surface of moon is given by

T=275’L

V_gm
2=27c} L
0.167x g

Squaring both sides we get:

4 =4 n? L
0.167x 9.8
4=4n2 L
1.6366
L =4x1.6366 |L =0.166 m =16.6 cm

4 n2
®:Length of second’s pendulum on the
surface of moon is 0.166 m. OR 16.6 cm.
Q.No. 10: Calculate the length of second’s
pendulum at a place where g= 10 m/s2.
(1997 Karachi Board)

Data:
Time period of second’s pendulum
T =2 sec.
Acceleration due to gravity g =10m/s?
Length of second’s pendulum L="?
Solution:
Time period of a simple pendulum is given by:

T=2n [L
g

2=2x [L
v 10

Squaring both sides we get:
4=4n% L OR L =4x10
10 4 n2
|IL=1.01m)
®:Length of second’s pendulum is 1.01 m.
OR 101 cm.
Q.No.11: A body of 0.5 kg. attached to a
spring is displaced from its equilibrium
position and released. If the spring
constant is 50 N/m, find: (i) Time period.
(ii) The frequency.(1998 Karachi Board)
Data:

Mass of the body m = 0.5 kg
Force constant K =50 N/m
(7) Time period T=7
(i) Frequency f="
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Solution:

(i) Time period of oscillations of a mass
attached to an elastic spring is given by:

T=2n/ﬂ
K

T=2n/£
50

T=2 tv0.01=2nx0.1

[T = 0.63 sec)
(@) f=1=_1_
T 0.63
(f=1.59 =)

Q.No. 12: Find the length of second’s
pendulum on planet Jupiter where the
value of ‘g’ is 2.63 times the value of ‘g’ on
the surface of the earth.
(2000 Karachi Board)

Data:

Length of the pendulum L=

Time period of second’s pendulum T=2s

Acceleration due to gravity gu= 2.63ge
Solution:

Time period of a pendulum on the
surface of Jupiter is given by:

T=2xn|_L_
J
2=2m L squaring both sides
2.63xge
4=477? L
2.63x9.8
L=4x263x9.8 L=2.61m.
41?2

®:Length of second’s pendulum on the
surface of Jupiter is 2.61 m.
Q.No. 13:A body of mass 0.5 kg. is attached to
the end of a spring placed on a smooth
horizontal table and is performing SHM.

Find the acceleration of the body
when it has displacement of 0.6 m. The
spring constant of the spring is 150 N/m.

(2001 Karachi Board)
Data:
Mass of the body m = 0.5 kg.
Acceleration of the body a=7?
Displacement x=06m
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Spring constant K= 150 N/m.
Solution:
Acceleration of a body attached to a
spring executing SHM is given:
a=-Kx where negative sign shows
m that ‘a’ is always towards
the mean position. Hence the magnitude of
acceleration is given by:
a= Kx=150x0.6 |a =180 m/s2.|
m 0.5
Q.No. 14: Compute the acceleration due to
gravity on the surface of the moon where a
simple pendulum 1.5 m long makes 100
vibrations in 605 seconds.
(2002 Karachi Board)

Data:
Length of the pendulum
Number of vibrations
Time taken
Time period

L=1.5m
=100
= 605 sec.
T=605=6.05s
100
Acceleration due to gravity on the
surface of moon gm=7?
Solution:
Acceleration due to gravity on the
surface of moon is given by:

T=2n[ L
Jm

Squaring both sides we get:

T?2=4n2 L
Om
(6.05°=4n?2x15
Om
gm = 4n?x1.5 = 59.218
(6.052  36.6025

lgm = 1.618 m/s?]
Q.No.15: A mass at the end of a spring
oscillates with a simple harmonic motion
with a period of 0.40 sec. Find the
acceleration when the displacement is

4.0 cm. (2003 Karachi Board)
Data:
Time period T =0.40 sec.
Displacement x=4.0cm=0.04 m
Acceleration a="?
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Solution:

K
Squaring both sides we get:
(0.40)2=472 m

K
0.16=4n12 m
K
m =0.16
K 4n2
But F=ma=Kx
m =_x
K a
0.16=4n2 x
a
a=4nxx =412x0.04
0.16 0.16

la =9.87 m/s2.)

Q No 16: The period of vibration of a body
of mass 25 gm. attached to a spring,
vibrating on a smooth horizontal surface,
when it is displaced 10 cm to the right of
its extreme position, is 1.57 sec. and the
velocity at the end of the displacement is
0.4 m/s. Determine the (a) spring constant

(b)Total energy and (c) amplitude.

(2004 Karachi Board)
Data:
Mass of body m =25gm=0.025 kg
Displacement x=10cm=0.10 m
Time period T=1.57 sec
Velocity v=0.4m/s
Spring constant K=?
Total energy E=?
Amplitude Xo=7
Solution:

Time period of a mass attached to an
elastic spring executing S.H.M is given by:
T=2n| _m squaring both sides
K
T2=412 m
K
(1.57)2=4720.025
K
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K=412¢x0.025 |K=0.4 N/m|
(1.57)2
®:<Spring constant is 0.4 N/m.
Energy of the system at any instant is partially
K.E and partially P.E, hence:
Total energy E = K E+P. E
=3mvi+ 3 Kx?
E = $x 0.025x(0. 4)2+ x0. 4x(0 1)?
E =2x103 + 2x10°3
|E =4x10-3J)
®:Energy of the system is 4x10-3J.

But =3 Kk x02
. 4x1073 =1 x 0.4 xo?
Xo?2 = 4x10-3x 2 =0.02
0.4

. |x0o=0.1414 m.}

& Amplitude of oscillation is 0.1414 m
Q.No.17: A body of mass 32 gm. attached
to an elastic spring is performing SHM. Its
velocity is 0.4 m/s when the displacement
is 8 cm. towards right. If the spring
constant is 0.4 N m-', Calculate: (i) Total
energy. (ii) The amplitude of its motion

(2008,2000,1995,93 Karachi Board)
Data:
Mass m = 32 gm.= 0.032 kg
Velocity v=0.4m/s
Displacement x=8 cm. =0.08m
Spring constant K=04Nm™
(i) Total energy E="7
(ii) The amplitude of motion xo= ?
Solution:
Total energy of mass attached to an
elastic spring and executing SHM is given by:
E =KE+PE=4%mv?+3Kx?
= 4 x0.032x (0.4)2 + 3 x 0.4 x (0.08)?
=2.56x1073 + 1.28x1073
(E = 3.84x10 3 J|
But Total energy E = 3 kxo?

3.84x107% =  x0.4x x02
X2 = 2 x 3.84x10% =0.0192
0.4
% =v0.0192 [x0=0.1386 m]

' The amplitude of vibrations is 0.1386m.
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Q.No.17: A sonometer wire of length 1m,
when plucked at the center, vibrates with a
frequency of 256 Hz.
Calculate the wavelength and the
speed of the waves in the wire.
(2009, 2005 Karachi Board)

Data:
Length of the wire L=1m
Frequency f=256 Hz.
Wave length of wave A=7
Speed of waves v="7

Solution:

When a wire is plucked from its center it
vibrates with the fundamental frequency,
forming one loop. Hence wave length of the
wave formed in it:

A=2L=2x1 A=2m
Similarly speed of wave:
v=fA =256x2 |v=512m/s

Q.No. 18: A string 2 m long and a mass of
0.004 kg. is stretched horizontally by
passing one of its ends over a pulley and
the string is attached with one kg. mass to
it vertically.

Find the speed of the transverse
wave on the string and the frequency of the
fundamental and fifth harmonic at which
the string vibrates.

(2010,02,03 Karachi Board)

Data:
Length of the string L=2m
Mass of the string m= 0.004 kg
Mass suspended M =1 kg
Speed of the wave V=7

Fundamental frequency  fi =

Frequency of the fifth harmonic  f5 =7
Solution:

Speed of the transverse wave on a

string is giv :
V=TL_ Since T = Mg
m
V=[MgL =\/1x9.8x2
v_m 0.004
V =/ 19.6 =+~4900
0.004
V = 70 m/s
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®:Speed of the transverse waves on

the string is 70 m/s.
Fundamental frequency is given by:

fi= V.
2L

fi=_10 fi=17.5 Hertz
2x%x2

®:Fundamental frequency is 17.5 Hertz.
Frequency for n segments is given by:
fo=n_V_or fs=5x_70
2L 2x2

( = 87.5 Hertz)
(Or fs =5 fi = 5x17.5 = 87.5 Hertz)
®:Frequency for 51 harmonic is 87.5 Hertz.
Q.No. 19: A simple pendulum completes
4 vibrations in 8 seconds on the surface of
the earth. Find the time period on the
surface of the moon where the acceleration
due to gravity is one sixth of that on the
earth.(2010,09,07,1993Karachi Board)
Data:
Time taken for 4 vib. t= 8 sec.
Time periodonearth Te= 8 s=2s.
4
Time period on moon Tm=7?
Acceleration due to gravity on moon
gm = 1/6 Qe

Solution:
Time period of a pendulum on the

surface of earth is given by:
Te u 2 T L

9 8

Squaring both sides we get:

4=47>_ L L=4x9.8=0.99m
9.8 4 72

Time period on the surface of the moon:

Tm=2 T_L
OR Tm=27/0.99
1/6 ge V1.633

Tm=2nrx0.7785 [Tm = 4.89 sec]
®:Time period of the given pendulum on
the surface of moon is 4.89 sec.

Q
g\ﬂ

=2mr(_0.99
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Q.No.20: A string 1 m long and of mass
0.004 kg. is stretched with a force.

Calculate the force if the speed of
the wave in the string is 140 m/s.

(2012 Karachi Board)
Data:
Length of the string L=1m.
Mass of the string m =0.004 kg
Speed of the wave V =140 m/s

Stretching force = tension in the string
T=7
Solution:
Speed of a wave in a string is given by:
V=TL
m
140 =/M
0.004
Squaring both sides, we get:
(140%=_T
0.004
_T
0.004

19600 =

T=19600x0.004 |r=784N

Q.No.21: A body hanging from a spring is
set into motion and the period of
oscillation is found to be 0.5 sec. After the
body has come to rest, it is removed. How
much shorter will the spring be when it
comes to rest.

(2015, 2013, 02 Karachi Board)
Data:

Time period

Decrease In length
Solution:

Force constant:

k=F =mg

X X
But the time period of the oscillating body
attached to a spring is given by:
T=2n/m
k
m

m g/ x

2n/_x
g

T=05s.
x=?

Therefore, T=2=x

T=
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Squaring both sides we get:
T2=4n2 x
g
x=T2g
4 n?

x=(0.5)°x9.8 |x=0.062m

4 n?

®: The spring will be shorter by 0.062 m
after the oscillating suspended body has been
removed from it.
Q.No.22: A 100 cm long string vibrates in
4 loops at 50 Hz. The linear density of the
string is 4x10~* gram./cm.

Calculate the tension in the string.

(2017 Karachi Board)
Data:
Length L=100cm=1m
Frequency f4=250 Hz.
Number of loops =4
Linear density n=4x10" g/cm
= 4x107%x_100 kg/m=4x10~°kg/m
1000
Tension T=7
Solution:
Since fa=4 f1
fi=fal4=50/4 =125 Hz.
But fi=_1 [T
21N
125=_1 [T
2x1 4x10°°
25 =/ T  squaring both sides, we get
4x10°°
(25)>=_T
4x1075

T=625x%x4 x10"°
Alternate method:
Speed v of waves is given by:
v=Lf=0.5x50=25m/s
But speed of stationary waves in a
stretched string is given by:
v=[_T vxu=T
il
T =(25)°x 4 x10™°
T=625x4x10"° [T =0.025 NJ
®:Tension in the string is 0.025 N.

|T = 0.025 N}
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Q.No.23: A 15 kg. block is suspended by a
spring of spring constant 5x103 N/m.
Calculate the frequency of vibrations
of the block displaced from its equilibrium
position and then released.
(2018 Karachi Board)

Data:

m = 15 kg. k=5x103N/m. f=7?
Solution:

Time period of the vibrating block:

T=2n/_m_ T=27t/ 15

k 5x103

Butf=1 . f=1 [5x10%

T 2N 15

f=1 3333 f=18.26
2n 21
Lf = 2.91 Hz.

Q.No.24: A string 2 m long and of mass
0.004 kg. is stretched horizontally by
passing one end over a pulley and
attaching a 1 kg mass to it.

Find the speed of transverse wave
on the string and the frequency of the
second harmonic.

(2019, 2016 Karachi Board)

Data:
Length of the string L=2m
Mass of the string m =0.004 kg
Mass suspended M =1 kg
Speed of the wave V=7

Frequency of the second harmonic f2=?
Solution:
Speed of the transverse wave on a

string is given by:
V=/TL Since T = Mg
m

V= /MqL 1x 9.8x2
0.004
v\/19e5 =v4900 [V = 70 m/s.)
0.004

®:Speed of the transverse waves on
the string is 70
Frequency for n segments is given by:
fa=En Vo or fo=2x_70
2L 2x2
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|2 = 35 Hertz]|
®:Frequency for second harmonic is
35 Hertz.
Q.No.25: A mass at the end of spring
oscillates with a period of 0.4 sec. Find the
acceleration when displacement is 6 cm.
(2019, 2003 Karachi Board)

Data:
Time period T=0.4 sec.
Displacement x=6cm=0.06m
Acceleration a="?
Solution:
T=2n[_m
K
Squaring both sides we get:
(0.4)2=472 m 0.16 =412 m
K K
m =0.16
K 4n2
But F=ma=Kx
m = _x
K a
016=412 x
a

or a= 412x0.06

0.16

a=4n?xx
0.16
. la = 14.80 m/s2)
Q.No.26: A body of mass 5 gram oscillates
as a simple pendulum. Calculate the time
period of the pendulum if its length is 1.2 m.
(2025 Karachi Board)

Data:

Mass of the body m =5 gm.

Length of the pendulum L =1.2m

Time period T="7
Solution:

Time period of a simple pendulum is
independent of its mass, it is given by:

T=2n \/ L=2rn/_12
g

9.8
Squaring both sides we get:
T2=4721.2=4.834

=v4.834 = 2.198 sec.
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I!!I Unit.12.... .25

Acoustics

Sound:

Q.No. 1: What is sound?

Ans: Sound is a form of energy which produces sense of hearing.

OR
Sound is a form of energy which produces a sensation in our auditory system.
Sound travels in the form of longitudinal, mechanical waves.

Longitudinal waves are those waves which require a material medium (solid, liquid or
a gas) for its propagation.

Mechanical waves cannot travel through vacuum.

'éA mechanical wave originates in the displacement of some portion of an elastic medium,
the disturbance is transmitted from one layer to the next. In this way the wave propagates through
the medium. The medium itself does not move as a whole along with the wave.

Sound waves transfer energy from the vibrating body (source of sound) to the surface on
which it falls (e.g. ear drum).

Z . .
'\ Since sound waves cannot travel through vacuum and there is vast vacuum between

the earth and the sun, hence explosions taking place on the surface of the sun cannot be
heard on the earth.

'é Similarly, astronauts communicate with each other on the surface of the moon

through microphone and a receiver attached to their helmet. This microphone converts sound
waves into electromagnetic waves (which do not require a medium) and the receiver
converts them back into sound waves. (There is no atmosphere i.e. no medium on the moon).

Q.No.2: What is audible sound?

Ans: Human ear responds to sound waves of a limited frequency range.

Sound which can be heard by a normal human ear is called audible sound. Normal human
ear can hear sound of frequency between 20 Hz. and 20,000 Hz (or 20 kHz.), hence
sound of this frequency range is called audible sound and this range of frequencies is called
audible frequency range.

Q.No.3: What are infrasonic waves?

Ans: Sound waves (Longitudinal waves) of frequency less than 20 hz. are called
infrasonic waves.

Q.No.4: What are ultrasonic waves?

Ans: Longitudinal waves whose frequency is more than 20 kHz are called ultrasonic
waves.
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Normal human ear cannot detect infrasonic and ultrasonic waves; few animals such as whales and
bats communicate with each other using ultrasonic waves.
Nowadays ultrasonic waves are widely used in medical field as a diagnostic tool (ultrasound).

Speed of sound:

Q.No.1: What are the factors on which does speed of sound in a medium depend?

Ans: Sound waves travel in the form of longitudinal compressional waves. Hence a
compressible medium is needed for the propagation of sound waves. Since compressibility of a
medium depends upon elasticity of the medium, therefore, speed of sound depends upon elastic as
well as inertial properties of the medium.

z : : , o ,
'\ Speed of sound or any mechanical wave in an elastic medium is basically:

Speed of sound =/ Modulus of elasticity of the medium
Density of the medium

Where ‘E’ is the modulus of elasticity of the medium (an elastic property) and ‘p’ is
the density (an inertial property) of the medium.

Newton’s formula for speed of sound.:

Q.No.2: Give Newton’s formula for speed of sound.
On what basic assumption does Newton’s formula for speed of sound depend?

Ans: Newton assumed that when sound waves travel through a medium the temperature
of the surrounding medium does not change. A process in which temperature remains
constant is called isothermal process.

In other words, according to Newton sound waves travel from one point to another
under isothermal conditions i.e. during the rapid production of compressions and
rarefactions temperature of the surrounding air does not change.

Speed of sound in a gas depends upon its bulk modulus “B”, and under isothermal
conditions the bulk modulus “B” of a gaseous medium such as air, is equal to its pressure “P”.
Therefore, the speed of sound in air is given by:

This formula for speed of sound is known as Newton’s formula.
But for mercury barometer P=pgh (note that p is the density of mercury)
Speed of sound in air as calculated by Newton’s formula:
Speed of sound in air is given by:
U =[_Pmercury g h

Pmedium (air)

To calculate speed of sound by Newton’s formula at standard temperature and
pressure (STP). We know that normal atmospheric pressure is enough to support 76 cm.
column of mercury in a barometer. The corresponding atmospheric pressure will be:
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P= Pmercury g h
Where pmercury = 13.6 gm/cm®, g =980 cm./s?> and h=76cm. (in CGS units)
P =13.6 x 980 x 76 = 1,012,928 dyne/cm?2.
Density of air at STP is  pair = 1.293x1073 gm./m3.
Substituting these values in Newton’s formula we get:

v= / 1,012,928 =27989.17 cm./s = 279.8917 m/s.
1.293x1073

Speed of sound in air by Newton’s formula comes out to be 279.8917 m/s. Speed of sound
at STP as measured accurately by different experiments is about 320 m/s.

'éSpeed of sound as calculated by Newton’s formula, even with highest degree of
accuracy, gave a lesser value as compared to experimentally determined value.

Laplace’s correction:

Q.No.3: How did Laplace correct Newton’s formula for speed of sound?
What is the basic assumption on which does the Laplace’s correction
to Newton’s formula for speed of sound depend?

Ans: The basic assumption on which Laplace’s correction to Newton’s formula for speed of
sound is based is that the propagation of sound takes place under adiabatic conditions,
i.e. during the rapid production of compressions and rarefactions, temperature of the
surrounding air does not remain constant.

According to Laplace, compressions and rarefactions are produced so rapidly and that
the thermal conductivity of the air is so poor (Air is a bad conductor of heat) that the
temperature of the surrounding air does not remain constant. Due to which propagation of
sound through air takes place under adiabatic conditions. Under adiabatic conditions,
Bulk modulus “B” of a gaseous medium such as (air) is equal to “y P”. Therefore,

v=[_yP
v _p
Where y =_molar specific heat at constant pressure = Cp , for airy = 1.41
molar specific heat at constant volume Cv

Q.No.4: Derive Laplace’s formula for speed of sound in air?

Ans: According to Laplace, propagation of sound through air takes place under adiabatic
conditions.

Under adiabatic conditions, Bulk modulus ‘B’ of a gaseous medium such as (air) is equal to
vy P. Where %' is the ratio of molar specific heats of a gas at constant pressure ‘Cp’ and at
constant volume ‘Cy.

Therefore, the speed of sound in a gaseous medium is given by:

v=/yP
p

This formula gives us the speed of sound in a gaseous medium such as air; it is known as
Laplace’s formula for speed of sound.
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Substituting the values of pmercury = 13.6 gm/cm3, g = 980 cm./s?, h =76 cm. and y = 1.41
for air, Laplace’s formula for speed of sound in air at STP will give us:

v =/1 41x13.6x980x76 = 33,235.2 cm./s = 332.352 m/s.
1.293x103
Speed of sound in air at STP as calculated by Laplace’s formula gives us accurate value
which is in agreement with experimentally determined value.

Factors affecting speed of sound:

1. Speed of sound is affected by density of the surrounding air, It is inversely
proportional to square root of density of the medium (air).

2. Speed of sound is affected by the presence of moisture in the surrounding air.
Hence speed of sound in damp air (having more moisture) is greater than in dry air (having less moisture).

3. Speed of sound in air is not affected by pitch and loudness of sound.

4. Itis not affected by changes in pressure, because, according to Laplace formula,
speed of sound in air depends upon 'y P/p. According to Boyle’s law, pressure “P” of a given
mass of a gas at constant temperature is inversely proportional to its volume “V”, hence if
pressure of a gas is doubled its volume will reduce to half but under this condition the density
“p” (mass per unit volume) of the gas will become double its initial value. In other words, if
“P” is doubled “p” will also be doubled so that the ratio ¥ P/p will remain unchanged. Hence
changing pressure “P” of the gas will also change its density “p” such that the speed of sound
remains the same.

5. Speed of sound in air will change if “p” is changed without changing pressure “P”
of the gas. This happens when temperature “T” of the gas is changed at constant pressure.
According to Charles’s law; V «T (at constant P). When temperature “T” of air increases its
volume also increases (thermal expansion of gases) due to which its density “p”
decreases. As a result of which its speed will increase. In other words, speed of sound
in air increases with a rise in temperature. It has been found that speed of sound in air
increases by 0.61 m/s per degree rise in temperature. Hence if Vo' is the speed of sound in air
at 0°C then its speed V1" at ‘T °C’ is given by:

Vi=Vo+0.61T
7. Speed of sound also changes with wind speed “Vw”. Speed of sound as
received by an observer is (V + Vw) in the direction of wind and is (V — Vw) against the wind.

Principle of superposition of waves:

Q.No.1: State and explain the principle of superposition of waves?

Ans: According to the principle of superposition of waves:

‘“When two or more waves superpose (overlap) each other then
the net displacement at any point will be equal to the
algebraic sum of displacements due to individual wave at that point”.
Lettyi, ty2, tys........ etc. be the displacements due to first second, third, ......... etc.

waves then the net displacement Y’ at a particular point will be:

Y=ty yptyst ..o

Displacement is taken as +y for a crest, whereas, it is taken as —y for a trough.
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In other words, if a medium is disturbed simultaneously by two crests then the net
displacement will be equal to sum of individual displacements, hence a bigger crest will be
formed. Similarly, two troughs will form a deeper trough. But a crest and a trough tend to
cancel each other’s effect.

If amplitude of the crest is more than the amplitude of the trough then a small crest will
remain during the overlapping of a crest and a trough, and vice versa.

After the overlapping, the overlapping waves continue their motion with their original
amplitude and shape.

Interference of sound waves:

Two waves are said to be coherent if they are of same frequency.

Two coherent sound waves having the same phase are said to interfere
constructively if crest of one wave overlaps the crest of other, and trough of one wave
overlaps the trough of the other. Under this condition points at which the two crests overlap a
bigger crest is formed and the points at which troughs of waves overlap a deeper trough is
formed. This happens according to the principle of superposition of waves.

Similarly, two coherent sound waves having the same phase are said to interfere
destructively if crest of one wave overlaps trough of the other. Under this condition, at these
points net displacement will be equal to the difference of amplitude of waves. Under this
condition displacement due to the crest of one wave tend to cancel the displacement due to
trough of the other wave. This happens according to the principle of superposition of waves.

Beats:
Q.No. 1: What are beats?
Ans: “The periodic variation in the loudness of sound, produced

by two different sources of sound, having slightly different frequency,
when both are tuned at the same time, is known as beats”.
Beats are heard because of superposition of sound waves of slightly different frequencies
produced by two different sources.
Beats are produced because of slow change in phase difference between the two waves.
To understand phenomenon of beats, let us imagine two waves at an instant when
waves are in phase, at this instant, waves will interfere constructively and the net amplitude will
be maximum, producing loud sound. Since frequency of one of the waves is slightly more than
that of the other wave, therefore, this higher frequency wave gets ahead of the other wave due
to which phase difference between the waves increases. Ultimately the phase difference
becomes 180° at some instant, now crest of one wave overlaps trough of the other. Now
waves will interfere destructively as a result of which resultant amplitude is minimum. As time
goes on phase difference between the two waves increases and the net amplitude keeps on
increasing so that again the two waves interfere constructively. This process goes on regularly
producing changing amplitude, due to which beats are heard.
Q.No.2: What is beat frequency?
Ans: Beat frequency is the number of beats heard per second.
Beat frequency is equal to the difference in frequency of the two sounds.

Beat frequency (No. of beats heard per sec.) = f1— f2

Beats can be heard if the difference in frequency (or beat frequency) is not too large.
The maximum number of beats per second that a normal human ear can detect is 7 beats
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per second. (In other words, for hearing beats the difference in frequency must not be more
than 7 Hertz)

Q.No.3: What is the main cause of production of beats?

Ans: Beats are caused because of interference of sound waves of slightly different
frequencies. When compressions (Or rarefactions) of the two sounds superpose each other a
loud sound is heard but if a compression of one sound overlaps a rarefaction of the other then
a low sound is heard.

Standing or stationary waves:
Q.No.1: What are standing or stationary waves? How are they formed?
Ans: Waves which do not appear to move or appear to be stationary are called standing
or stationary waves.

'é Points at which a string vibrates with maximum amplitude are called antinodes,

whereas, the points of zero amplitude are called nodes.
% Length of a loop is equal to length of string between two adjacent nodes and is A/2 .

z . \ g8 . .
'\ Stationary waves are produced when two exactly similar waves travel in opposite

direction along the same string and the conditions for superposition of waves are satisfied.

Q.No.2: How is one loop formed on a string under tension?

Ans: When a string under tension is plucked from its midpoint, as soon as the string is
released two half crests travel along the string in opposite directions. One towards right and
the other towards left. These two half crests are reflected from their respective ends as two
half troughs. These two half troughs meet in the middle forming a full trough.

In other words, after reflection a crest becomes a trough and vice versa.

The string, therefore, vibrates such that at one instant there is a crest and at the next
instant there is a trough on it.

Crest and trough vibrate so rapidly that one loop seems to remain stationary.

'é Ends of the loop, where displacement of the string is minimum (= 0) are called nodes

and the midpoint of the loop, where displacement of the string is maximum, is called
antinode.

'é Frequency with which the string vibrates so that a loop is formed on it is called

SJundamental frequency or first harmonic.

Q.No.3: What is fundamental frequency or first harmonic?

Ans: Fundamental frequency or first harmonic is the minimum frequency
required to produce a stationary wave. If frequency of waves is less than the fundamental
frequency no stationary waves are produced.

Derivation:

Q.No.4: Derive a formula for fundamental frequency (or frequency required
to produce one loop on the string)?

Ans: Consider a string of length ‘L’ and of mass ‘m’ stretched and fixed from both ends. Let
‘T’ be the tension in the string. If such a string is plucked from its center a stationary loop is
formed and the string is said to vibrate in one loop. Wave length of the waves when the string
vibrates in one loop is given by:
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M=2L
(Length of one loop is half the wavelength A1/2= L, two loops make one wave)
But the frequency with which a string vibrates is given by:
A=V (For any type of waves fA = v)
A

Frequency ‘fi’ with which a string must vibrate so that one loop is formed on it, is called
Sfundamental frequency or first harmonic. It is the minimum frequency required to
produce a stationary wave.

Velocity ‘v’ with which waves travel along a string, whatever their frequency and wave

length is, is given by:
V= / TL
m

Therefore, A=_1 / TL
2L m

’é This formula gives us the frequency required to
produce one loop on the string of length ‘L’ and mass ‘m’ when the tension in it is ‘T’.

'g Note that if the string vibrates with a frequency other than as calculated by the

above formula (slightly higher or lesser) then no stationary wave will be produced and
therefore, no well-defined loop will be formed.

'é Mass per unit length m/L = p of a string is called its linear density.
If ‘u is the linear density of the given string then the fundamental frequency is given by:

oo

Q.No.5: Derive a formula for frequency required to form two loops on the
string (or second harmonic).
Ans: If a string is properly tuned such that two loops are formed on it then the frequency
'f2” with which it now vibrates is called second harmonic or first overtone. It is given by:
=N
A2
But in this case wave length of stationary waves is A2 = L
(Length of each loop L/2 Therefore, Ao = L/2+ L /2).,

[f2=L TL

L m

This equation can also be written as:

f2=_2 ’ TL
2L m

But A=_1 |_TL
2L m
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Therefore, f2=2fi

'é Hence the frequency required to produce two loops (or second harmonic or first

overtone) is twice the fundamental frequency.

Q.No.6: Derive a formula for frequency required to produce three loops on
the string (or third harmonic).

Ans: If the string is properly tuned such that three loops are formed on it then the
frequency 'f3’ with which it now vibrates is called third
harmonic or second overtone. It is given by:

f=ENY
A3

But in this case wave length of stationary waves is

A3 = 2L.(Length of each loop L/3, A= Length of two loops)
3  Therefore,

fsi= 3 [IL
2L m
But f1=L[TL
2L m
Therefore, f3=3fi

'é Hence the frequency required to produce three loops (or third harmonic or second
overtone) is three times the fundamental frequency.

Q.No.7: Derive a formula for frequency required to produce any number of
loops on a string.

Ans: Frequency with which a string vibrates to produce any number of loops is an integral
multiple of fundamental frequency. Hence frequency required to produce ‘n’ loops will be:

Jo=nfi

Where A= [TL OR fi=_1 [T_
2L+ m 2L n

Similarly, if ‘L’ is length of a string then the wavelength of waves when any number of loops
‘n’ are formed on it is given by:

Mm=2L
n

Q.No.8: What are harmonics?
Ans: Harmonics are the series of frequencies required to produce stationary waves.
Minimum frequency required for producing a stationary wave is called fundamental

frequency.
Similarly, frequencies required to produce two, three, four, ........ etc. loops are called
second, third, fourth, ........ etc. harmonics.

'é Harmonics are integral multiples of fundamental frequency. If frequency is between
two harmonics no stationary waves (i.e. no loops) are formed.
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Q.No.9: If tension in a string is doubled what will be the effect on the speed

of standing waves in a string? (2010 Karachi Board)
Ans: Speed 'V’ of a standing or stationary wave in a stretched string is given by:
v=[TL
m

This formula shows that speed of waves produced on a stretched string is directly
proportional to VT. Hence if tension in a string is doubled then speed of stationary waves
produced on it increases by V2 times its initial value.

Quantization of frequencies:

Frequencies required to produce stationary waves on a string are always integral
multiples of fundamental frequency. This fact is known as quantization of frequencies for
stationary waves on a string.

Standing waves in open and closed pipes:

+ Just to remined you that standing or stationary waves are formed only due to the
interference of two waves of equal frequency traveling in opposite direction.
Although the interfering waves travel / propagate in opposite directions but the
standing wave does not travel / propagate and it seems to be stationary, that is
why it is called standing or stationary wave.
Stationary waves can be produced in a string under tension, open and closed pipes etc.
Minimum frequency required to produce a stationary wave is called first harmonic
or fundamental frequency. If frequency of interfering waves is less than the
fundamental frequency no stationary waves are produced.
Standing waves in closed pipe:

Idea:

When sound waves of a particular frequency are produced in a pipe closed at
one end and open at the Other, air column in the pipe starts vibrating in such a manner that
stationary waves are produced, at that instant loud sound is heard. This happens only when at
the open mouth an antinode and at the closed end a node is formed.

+» Node is that point at which particles of air do not vibrate at all they have zero amplitude (due
to destructive interference), whereas antinode is that point at which particles of air vibrate
with maximum amplitude (due to constructive interference).

« When a sound wave traveling in a pipe reaches closed end of the pipe, it is reflected such that if
crest strikes the closed end then it will be reflected as a trough and trough is reflected as a crest.

++ A stationary wave in a pipe closed at one end always has a node at the closed end
and an antinode at the open end.

0.0

K/
°

~ Antinode

-
]

Fundamental frequency

Node

——————- h,g ————
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e When only one node and an antinode are formed in a closed pipe, half crest or
half trough is formed or in other words only a quarter wave is formed (as in this case).
(Note that a wave has a complete crest and a complete trough),
If L is length of the pipe then in this case, wave length “A;” of the wave will be equal to
“4L”. At this instant a loud sound is heard. Under this condition air inside the pipe is said to

vibrate with fundamental frequency ‘fi’. Hence L=M/4 or M =40
If V" is the speed of sound in airthen V =\ fi
Hence, A=\ OR A=V
M 4 L

Fundamental « | % Third . A=4L/5

mode or first harmonic =3V

harmonic 4L
7\,1 =4 L or
h= NV f=5A

4L

Second./, A =41L/3
harmonic £=3V OR fp=3f
4L
e When two nodes and two antinodes are formed in a closed pipe, such that the
first node is at the closed end and the second antinode is at the open end, In other words,

three quarter of a wave is formed. Length of the pipe will be equal to “31./4” where “);” is the
wavelength of stationary wave produced. At this instant a loud sound is heard. Under this

condition air is said to vibrate in second harmonic. Hence L = 3)\,/4 OR W =4L/3
Since V=L 1 L=\ OR |f =3V OR |f£ =3hA
A2 4L

e Similarly, when three nodes and three antinodes are formed, length of the pipe
will be equal to “5 A3 /4” where “A 3” is the wavelength of the sound waves produced. At this
instant again a loud sound is heard. Under this condition air is said to vibrate in third

harmonic, and so on. Hence inthiscaseL=5X3/4 OR Mm=41L1/5
Since V =12i3f3 f3=V OR f3 =58V OR lfs = 5 f1
A3 4 L

% We notice that stationary waves can be produced in a closed pipe when
frequency of interfering waves is an odd multiple of fundamental frequency ‘f:’.

Hence f,=3f1, fs=5f, fa=7AH, ...
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OR fo=nfi Wheren=1,3,5,7,

Also note that the fundamental wave is of longest wave length and of smallest frequency.
Standing waves in open pipe:

Idea: In a pipe open at both ends, stationary waves (Loud sound) can be produced
only when antinodes are formed at both ends.

A/CD %
L)
Pundamertal T 5 & Third
harmonic = = = harmonic
al - o
7\41 = 2 L s m }\’3 = A
fi= 3
2L =3
2L

R/
A X4

Second
harmonic

7\,g=|_
fi= M
L

When we send sound waves in a pipe open at both ends, starting from a certain low
frequency, then a stage will be reached when we hear a loud sound. At this instant a
node is formed exactly in the middle and antinodes are formed at each open end.
Stationary wave formed at this instant is said to have fundamental frequency.
(minimum frequency required to produce a stationary wave). We see that only half
wave is formed. It means that the wave length “A,” of the wave formed will be
equal to twice the length “2L” of the open pipe (A1= 2L). Since frequency of a wave is
given by:

f=\N (V is velocity of sound = constant)
A
Therefore, fundamental frequency “f1” is given by:
fi=V. OR fi= V.
A 2L

If the frequency of sound waves is gradually increased, then after reaching a certain
particular frequency a loud sound is heard again. This is the second harmonic,
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with two nodes inside and two antinodes at the open ends of the pipe. This time a
full stationary wave is formed. In other words, wave length “A2” of the stationary
wave formed will equal to “L”,(A2 = L).
Therefore, frequency for second harmonic ‘f;” is given by:
=N OR =N OR 2= 2/
A2 L

% Similarly for third harmonic standing wave has one and half wave, for which
wave length will be A3 = 2L/3 and frequency required will be :

fi=3V OR fs=3f
2L
And so on. Hence we conclude that:
fn=nfi and An= 2L
n

Wheren=1,2,34......

Doppler’s effect:
Q.No.1: What is Doppler’s effect?
Ans: Doppler’s effect is:
“The apparent change in pitch of sound due to the
relative motion between a source of sound and a listener”.

'6 Pitch of sound depends upon its frequency, hence due to the relative motion

between its source and the listener, frequency of sound heard by the listener appears to have
changed, as a result of which pitch of sound heard by the listener changes.

Case.1:
Q.No.2: Derive a formula for frequency of sound heard when the source of
sound moves towards a stationary listener.

Ans: When a source of sound emitting sound
waves of frequency “fs’ moves towards a stationary Vs
listener with speed “V5’ then the sound waves present
between the listener and the source are compressed,

hence, their wave length decreases.
Wave length “A"” of sound heard by the listener Mo ‘
is less than the wave length of sound emitted by the 0 @
source and is given by: Stationary listener
N =V-Vs
fs
The frequency “fp” of sound heard by the
listener is given by:

f=_V_
}\‘I
v
fL = V_ Vs
Is
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=
V- Vs

It shows that the frequency of sound “fv” heard by the stationary listener will be greater
than the frequency of sound “fs” emitted by the moving source. The increase in frequency
heard depends upon the speed “Vs” with which source approaches the listener. As a result of
this increase in frequency, the pitch of sound heard by the listener appears to have increased
(Sound heard becomes more and more shrill as the difference in frequency increases).

Case.2:
Q.No.3: Derive a formula for frequency of sound heard when the source of
sound moves away from a stationary listener.

Ans: When a source of sound emitting sound waves of frequency “fs° moves away from a
stationary listener with a velocity “Vs”, then the wave length of sound heard by the listener
increases (as the sound waves present between the source and the listener are
elongated),and is given by:

A =V+ Vs

fs Vs €=

The frequency “fr” of sound heard by the
listener is given by:

fi=_V_
}\‘H o
v ©
fo=_V+ Vs [fL= |4 xfs]
Js V+ Vs
Frequency of sound heard by the listener is
less than the frequency produced by the source, Source moving away from tationary listener
hence pitch of sound as heard by the stationary stationary listener
listener also decreases as a result sound becomes
grave or flat.
Note that due to the motion of the source (above two cases), wave length (and not

the relative velocity) with which sound waves reach the listener changes, as a result of which
frequency and therefore, the pitch of sound heard by the listener will change.

'é In these two cases, the main cause of change in frequency heard by the listener is
the change in wavelength of sound reaching the listener.

Case 3:
Q.No.4: Derive a formula for frequency of sound heard when the listener
approaches a stationary source of sound.
Ans: Let a source of sound emit sound waves of frequency “fs ” and wave length “A”, given by
A=V

fs

Where “V” is the speed of sound waves.
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Let a listener approach the stationary source with a speed “V.’ then the relative speed
with which sound waves reach him will be “V + V”. Under this condition the frequency of
sound “fi” heard by the moving listener will be: (Frequency of waves = speed / wavelength)

fi= V+VL ButA =V
A f
Therefore, fi= V+VL
v
f‘
= V+Vixfs
\Y%

f is the frequency of sound emitted by the
source and f is the frequency of sound heard by a
listener moving with speed Vr towards a stationary
source.

Vo
—

0

Listener approaching a
stationary source

©

It shows that the frequency of sound “f” heard by the approaching listener will be
greater than the frequency of sound “fs” emitted by the stationary source. The increase in
frequency heard depends upon the speed “VL” with which listener approaches the source. As a
result of this increase in frequency the pitch of sound heard by the listener appears to have
increased (Sound heard becomes more and more shrill as the difference in frequency

increases).
Case 4:

Q.No.5: Derive a formula for frequency of sound heard when the listener
moves away from a stationary source of sound.

Ans: When a listener moves away from a stationary source with a speed “Vr’ then the
relative velocity with which sound waves reach him will be “V - V"
Hence the sound heard by the listener will be of frequency “fi”, given by:

fL= V-Vi But A=V
A fs
Therefore, fi= V-V
v
fs

[fL= V- Vfos]
14

It shows that the frequency of sound “fr”
heard by the moving listener will be less than the

Vo
e

0

Listener moving away
from stationary source

©

Stationary source
producing sound

frequency of sound “fs” emitted by the stationary source. The decrease in frequency heard
depends upon the speed “Vi” with which listener moves away from the source. As a result of
this decrease in frequency the pitch of sound heard by the listener appears to have
decreased (Sound heard becomes grave or less and less shrill as the frequency of sound
heard decreases as compared with the frequency emitted).
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Note that due to the motion of the listener (above two cases), relative velocity (wave
length is same) with which sound waves reach the listener changes, as a result of which
frequency and therefore, the pitch of sound heard by the listener will change.

'é The change in relative velocity of sound reaching the listener due to the relative
motion of the listener is the main cause of change in pitch.
Case. 5:

Q.No.6: Derive a formula for frequency of sound heard when the source of
sound and the listener both approach each other while moving along the same
line.

Ans: If a source and a listener both are moving towards each other with velocities “ Vg’
and “VL’ respectively then the frequency “fL” heard by the listener is given by:

Ju=V+ VL xfs
V-Vs

In this case fL > fs, therefore pitch of sound heard by the listener increases due to
which sound heard becomes shrill.
Case 6:

Q.No.7: Derive a formula for frequency of sound heard when the source of
sound and the listener both move away from each other while moving along
the same line.

Ans: If a source and a listener both are moving away from each other with velocities
“Vs” and “Vr” respectively then the frequency “f¢” heard by the listener is given by:

= V-=VL xfs
V+ Vs

In this case frequency of sound fi heard by the listener will be less than the frequency
‘fs’ of sound emitted by the source, therefore pitch of sound heard by the listener decreases
due to which sound heard becomes grave or less shrill.

% If a source of sound moves when a listener is at rest,

frequency of sound heard changes due to a change in its wavelength.
% If a listener moves when the source of sound is at rest,

frequency of sound heard changes due to a change in its velocity.
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General formula for frequency of sound heard when the
source of sound is in motion
and the listener is at rest is:

Ju= fs{ |4 } — when source of sound approaches

Vi Vs + when source of sound moves away

General formula for frequency of sound heard when the
source of sound is at rest
and the listener is in motion is:

L= fs{Vi VL} + when listener approaches

14 - when listener moves away

Note that: Frequency of a wave depends upon
its wave length and its velocity.
Frequency of a wave changes if

either its wave length is changed at constant velocity,
its velocity is changed keeping its wavelength constant
or both its wavelength as well as velocity are changed.

~

Doppler effect takes place in case of light waves also.
By analyzing wave length of light coming from distant stars and galaxies, scientists
observed Doppler effect in light waves. They found that wavelength of light coming from
distant stars and galaxies increases over a long period of time. Wave length of light is
found to shift towards longer wavelength, they call it red shift. Observing red shift, they
\_ concluded that our universe is expanding. )

Q.No.8: What happens to the pitch of sound of siren of an ambulance which
approaches a person standing on the road side?

Ans: As an ambulance sounding its siren approaches a person standing on the road side,
the frequency of sound heard by the person increases, as a result of which pitch of sound
also increases. Due to increase in pitch of sound, sound of siren heard becomes more and
more shrill as the ambulance approaches the person.

Reason: wavelength of sound waves presents between the ambulance and the person
decreases as the ambulance approaches the person, due to which frequency of sound of
siren heard by the person standing by the road side appears to increase and the sound heard
becomes more and more shrill.
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Q.No.9: What happens to the pitch of sound of siren of an ambulance heard
by a person traveling in a car such that the car and the ambulance both move
towards each other?

Ans: If an ambulance sounding its siren approaches a person travelling in a car moving
towards the ambulance, the frequency of sound of siren heard by the person increases, as a
result of which pitch of sound heard will also increase. Sound heard will become more and
more shrill as the ambulance and the person both approach each other.

Q.No.10: What happens to the pitch of sound of siren of an ambulance
heard by a person traveling in a car such that the car and the ambulance
move away from each other?

Ans: If an ambulance sounding its siren and a person travelling in a car move away
from each other, the frequency of sound of siren heard by the person decreases, as a result
of which pitch of sound heard will also decrease. Sound heard will become less and less
shrill as the ambulance and the person both move away from each other.

Applications of Doppler’s effect:

Q.No.11: Give some applications of Doppler’s effect.
Ans:

o With the help of Doppler’s effect speed of approaching or receding vehicles can
be found. For this purpose, traffic police use a device based on this idea.

e Radar waves after reflection from a plane etc. on reaching its antenna show a
change in frequency. This change in frequency depends upon the speed with
which a plane approaches or moves away from the radar station. Hence a radar
operator can easily determine the movement and intention of the plane.

e Ships are equipped with a device called “SONAR”. It works on the principle of
Doppler’s effect. It detects the presence of underground rocks and submarines etc.

e Light also show Doppler effect provided speed of source of light or that of the
observer is very high.

e Currently ultrasound radiations have been used for the diagnosis of various
medical problems. It is based on Doppler’s effect.

Sonic boom:

Q.No.1: What is sonic boom? How is sonic boom produced?

Ans: When speed of a source of sound ‘Vs” is comparable to the speed ‘V’ of sound then

the source of sound and the waves of sound move together in the same direction. As a
result of which the number of waves produced in front of the source keeps on increasing.
Due to which a plane wave front of highly compressed air is formed which moves in front of the
source of sound.

If the source of sound moves faster than sound i.e. Vs>V, then the plane wave front
takes the shape of a cone with the fast-moving source at its apex. Air in the cone shaped wave
front is highly compressed. This cone shaped wave front of highly compressed air is known as
shock wave.

'é Hence supersonic air crafts, such as F-16 or Mirage fighter planes, produce

shock waves of such a strength that a loud explosion is heard. This loud explosion is called
‘Sonic boom’'. Supper sonic planes produce double sonic booms, one from the shock waves
produced in the front and the other to the rear of the plane.

232



Rawala’s new physics for XI

Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: The speed v of a wave represented
by y=Asin(k x- ot)is:

(@) k/lo (b) ®/k (c)ok ()1 ok
Q.No.2: Two sound waves are

y =sin (k x— ot) and y = cos (k x— ot).
Phase difference between the two waves is:

(@mn/2 (b)n/d (c)n (d)0
Q.No.3: If va, vb and vm are speed of sound in
air, in hydrogen gas and in a metal at the
same temperature, then:

(@) va>vh > vm (b) vm > vh > va

(C) Vh>Vm > Va (d) vh > va > vm
Q.No.4: Speed of sound in air at STP is
332 m/s. If the pressure becomes double at
the same temperature, the speed of sound
becomes:

(a) 1382 m/s. (b) 664 m/s.

(c) 332 m/s. (d) 166 m/s.’
Q.No.5: How does the speed of sound “v” in
air depend on the atmospheric pressure “P”:
(@voP% (b)veP'(c)veP? (d)v P!
Q.No.6: The speed of sound in a gas is
proportional to:

(a) square root of isotheral elasticity.

(b) square root of adiabatic elasticity.

(c) isotheral elasticity.

(d) adiabatic elasticity.

Q.No.7: Length of a pipe closed at one end is
“L”. In the standing waves whose frequency is
7 time the fundamental frequency, what is the
closest distance between nodes?

(@1L (b)1L (c)2L (4L

14 7 7 7
Q.No.8: A 620 Hz frequency song of an ice
cream trolley approaches with speed “v”’ to a
boy standing at the door of his house is heard
with frequency “fi”. If the trolley is stopped and
the boy approaches the ice cream trolley with
the same speed “v” the boy now hears sound
of frequency “f2”, choose the correct statement

(a) f1 = f2 both are greater than 620 Hz.

(b) f2> f1>620 Hz.

(c) f1 = f2 both are lesser than 620 Hz.

(d) f1> f2>620 Hz.

Q.No.9: The speed of sound in a gas in which
two waves of wavelength 50 cm and 50.4 cm
produce 6 beats per second is:
(a) 338m/s (b) 350m/s (c) 378 m/s (d) 400 m/s
Q.No. 10: The speed of a wave in a medium
is 760 m/s. If 3600 waves are passing through
a point in the medium in 2 minutes, then its
wave length is:
(@) 13.85m. (b)25.3 m. (c)41.5m. (d)57.2 m.
Q.No. 11: Human beings can hear sound of
frequency: (2005 Karachi Board)
e5Hz. «5000Hz. 25000 Hz e 50000 Hz.
Q.No. 12: The velocity of sound in a gas
increases with: (2005 Karachi Board)
e Temperature ¢ Pressure
e Loudness e frequency.
Q.No. 13: Frequencies which are multiples of
fundamental frequency are called:
(2005 Karachi Board)
e Beat frequency e Nodal frequency.
e Harmonics e Doppler effect
Q.No. 14: Which of the following is not the
property of sound waves?
(2005 Karachi Board)
e Interference e Diffraction
e Polarization e Refraction.
Q.No. 15: Beats are produced due to:
(2006 Karachi Board)
e Diffraction e Interference
e Polarization e Refraction
Q.No. 16: Which of the following represents
longitudinal waves?:(2006 Karachi Board)
e light waves e sound waves
e Radio waves e X-rays
Q.No. 17: The speed of sound is highest in:
(2007 Karachi Board)
esolid eliquid egas e vacuum
Q.No. 18:The voice of two persons having the
same pitch and loudness can be recognized
due to the characteristic of sound known as:
(2007 Karachi Board)

e Beats e Quality e Frequency e Intensity
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Q.No. 19:The frequency of a simple pendulum

is given by: (2008 Karachi Board)
ev=2nVg/L ev=2n VL/g
ev=_1 VL/g ev=_1 Vg/L
2n 2n

Q.No.20: If mass of a body suspended from
a spring is increased to 4 times, the period of
vibration of the body will be:
(2008, 2007 Karachi Board)
¢ 4 times. e 2 times

e V2 times e same as before.
Q.No.21: If the fundamental frequency of
vibration of a string fixed at both ends is 50Hz.
The fourth harmonic will be:

(2008 Karachi Board)
e100Hz e150Hz 200Hz 250 Hz
Q.No.22: If the tension of a stretched string is
increased 4 times, the speed of the transverse
wave in it will increase:

(2009 Karachi Board)
e4times eo8times e2times 16 times
Q.No.23:The velocity of sound has maximum
value in: (2009 Karachi Board)
e Solids eliquids egasses e free space
Q.No.24: This is compressional wave

(2011 Karachi Board)

e Light waves. e Sound waves.

¢ Radio waves. e X-rays.

Q.No.25: If two tuning forks of frequencies
256 Hz. and 260 Hz. are sounded together,
the number of beats per second will be:

(2011, 2009, 04 Karachi Board)

e 3. 4. 5. 0.

Q.No.26: The frequency of wave produced in
a stretched string depends upon:

(2012 Karachi Board)

¢ Length. e Tension.

e Linear density. e All of these.
Q.No.27: The maximum number of beats that
can be detected by the human ear is:

(2013, 06,07 Karachi Board)

o2 3 o5 o7
Q.No.28: Two vibrating bodies having slightly
different frequencies produce:

(2016 Karachi Board)

e Echo e Beats ¢ Resonance e Polarization
Q.No.29: The velocity of a wave of wave
length A’ and frequency v’ is given by:

(2015 Karachi Board)
ev/A eA/v evi e1/VA
Q.No.30: If the frequency of fifth harmonic of

a vibrating string is 200 Hz. its fundamental
frequency is: (2017 Karachi Board)
e5Hz. e25Hz. e40Hz. 100 Hz.

Q.No.31: The speed of sound in vacuum is:
(2017, 2010 Karachi Board)
e zero ¢ 332 ms~" e 33200cm s~' e 3x108ms™"
Q.No.32: Intensity of sound is measured in:
(2018 Karachi Board)
e watt/m? e joule/m e watt/s e watt/m
Q.No.33: When temperature of air rises the
speed of sound waves increases, because:
(2018, 08 Karachi Board)

e The frequency of waves increases.

eThe wavelength of waves increases
eBoth the frequency and wavelength increases
eNeither frequency nor wavelength increases
Q.No.34: Beats are produced due to:

(2019, 08 Karachi Board)

e diffraction of waves in time.

e reflection of waves in time.

e Polarization of waves in time.

e interference of waves in time.
Q.No.35: The product of frequency and time
period is: (2019 Karachi Board)

o1 o2 3 o4
Q.No.36: The range of audible sound is:

(2022, 2016 Karachi Board)
e1 Hz. to 10 Hz. e 20 Hz. to 20,000 Hz.
¢ 21,000 Hz. to 24,000 Hz.

¢ 25,000 Hz. and onwards.

Q.No.37: Pitch of sound depends upon:
(2022 Karachi Board)

e Amplitude e Intensity

e Frequency e Loudness
Q.No.38: Distance between two consecutive
nodes in a standing wave is:

(2022, 2017,14, 06 Karachi Board)

o)/4 o) e /2 e)/3
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Q.No.39: Speed of sound in air at STP is 332
m/s. If the air pressure becomes double at the
same temperature, the speed of sound will

become: (2025 Karachi Board)
¢ 1382 m/s 664 m/s 332m/s e 166 m/s
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Answers:

(1) o/k
(2) n/2
(3) Vn>Vh >Va
(4) 332 m/s.
(5) v oc PO
(6) Square root of adiabatic elasticity.
(7) 1L

7
(8) f1 = f2 both are greater than 620 Hz.
(9) 378 m/s.
(10) 25.3 m.
(11) 5000 Hz.
(12) Temperature.
(13) Harmonics.
(14) Polarization
(15) Interference
(16) sound waves.
(17) Solid.
(18) Quality.
(19)v=_1 Vg/L

27

(20) V2 times.
(21) 200 Hz.
(22) 2 times.
(23) Solids.
(24) Sound waves.
(25) 4.
(26) All of these.
(27) 7.
(28) Beats.
(29) vA
(30) 40 Hz.
(31) zero
(32) watt/m?
(33)The wavelength of waves increases
(34) interference of waves in time.
(35)1
(36) 20 Hz. to 20,000 Hz.
(37) Frequency
(38) 1 /2
(39) 332 m/s.

o
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Numericals:

Q.No.4: An increase in pressure of 100 kPa
causes a certain volume of water to
decrease by 5x10-3 percent of its original
volume.
Find: (a) Bulk modulus of water.
(b) What is the speed of sound in
water?
Data:
Increase in pressure AP = 100 kPa
=100x1000 Pa = 10° Pa
Decrease in volume AV=5x10"2 % of V.
(V is the original volume)
AVIV =5x102 %
AV/V = 5x1073 = 5x107°
100
(a) Bulk modulus of water =?
(b)Speed of sound in water v =?
Solution:
(a) Bulk modulus is given by:
Bulk modulus B =_AP = 10° =0.2 x10%x10°
AVIV 5x107
Bulk modulus B = 0.2 x10° Pa.
= 2000108 Pa = 2000 MPa
(b) Speed of sound is given by:
V =[B = [2000x10° = v 2000x103
v p 103
(p is the density of water)
V =1414 m/s.
€ Bulk modulus is 2000 MPa and the
speed of sound in water is 1414 m/s.
Q.No.5: A uniform string of length 10.0 m
and weighing 0.25 N is attached to the
ceiling. A weight of 1.00 kN hangs from its
lower end. The lower end of the string is
suddenly displaced horizontally. How long
does it take the resulting wave pulse to
travel to upper end.
(Neglect the weight of string in
comparison to hanging mass).

Data:
Length of string L=10.0m
Weight of string W1 =0.25 N.
Mass of string m =W _=0.25 = 0.0255 kg
g 8

Weight suspended W>= T= 1.0 kN= 10°* N
(T is tension in the string = weight suspended)
Time to travel to upper end t=?
Solution:
Distance travelled is given by:
S=Vt OR t=3S8
Vv
But speed V of a wave in string is given by:
V =[TL = [10°x 10 = 626.22 m/s.

v m v 0.0255
Hence: t=S(orL)=_ 10 =0.015969s
V 626.22

=15.969 ms =16 ms. (ms = millisecond)

€& Wave pulse will take about 16 ms. to
travel to the upper end.
Q.No.6: A travelling sin wave is the result
of the superposition of two other sin waves
with equal amplitude, wavelength and
frequencies. The two component waves
each have amplitude 5.00 cm. If the
resultant wave has amplitude 6.69 cm.

What is the phase difference “¢”
between the component waves?
Data:

Amplitude of each wave Ao =5 cm.

Amplitude of resultant wave A= 6.69 cm

Phase difference Q=7
Solution:

Amplitude of resultant wave is given by:

A =2 A0 Cos (¢ /2)
6.69=2x5Cos (¢ /2)
6.69 = Cos (¢ /2) Cos (¢ /12)= 0.669
10
(¢ /2) = Cos™ 0.669
¢=48x2=96°

& Phase difference between the waves is 96°
Q.No. 7: In order to decrease the
fundamental frequency of a guitar string by
4.0 %, by what percentage should you
reduce the tension?
Data:

Decrease in frequency = 4% of ‘f

(where ‘f is the fundamental frequency)

% decrease in tension =7

(p/2)=48°
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Solution:

Let ‘f’ be the fundamental frequency,
the new frequency is given by:

f'=(100 — 4)% of f=96% of f=0.96 f
Fundamental frequency of a wave in string is
given by: (M is mass per unit length)

f=_1 | 1 (%)

2LV M

New frequency in the string is given by:

ff=_1 1 (M is mass per unit length)
2LV M
0% f=_1[_T ... (i)
2LV M

Dividing (ii) by (i) we get:
096 f= 1 [T /_1F
f 2LV M2V M

096=/[_T
T

Squaring both sides and re-arranging:

09216 T=T"
But Percentage decrease in T= Decreise in T x100
Percentage decrease in T =T = T' x100%
Percentage decrease in T =T IO.9216 T % 100%
Percentage decrease in T=1F (1— O-l.-921 6) x 100%
T

Percentage decrease in T=0.0784x100%=78.4%
®:Percentage decrease in tension will
be 78.4%.
Q.No.8: A string 2.0 m long is fixed at both
ends. If a sharp blow is applied to the
string at its center, it takes 0.050 s for the
pulse to travel to both ends of the string
and return to its middle.
What is the fundamental frequency
of oscillation for this string?

Data:
Length of the string L=2m.
Time taken t=0.05s.
Fundamental frequency  f=7
Solution:

When a string fixed at both ends is
disturbed from its center, one loop is formed, it

is said to vibrate with fundamental frequency,
which is given by:

f=_v_ Butv=_L
2L t

f=L/t=4+& =_1 =_1 =10Hz.
2L 2Lt 2t 2x0.05

€ Fundamental frequency is 10 Hz.
Q.No.9: A sound source of frequency “fo”
and an observer are located at a fixed
distance apart. Both the source and
observer are at rest. However, the
propagation medium (through which the
sound waves travel at speed v) is moving
at a uniform velocity “vm” in an arbitrary
direction. Find the frequency detected by
the observer giving physical explanation.
Data:

Speed of sound = v

Speed of the medium = vm.

Frequency detected when medium flows
in the direction of sound waves f1="

Frequency detected when medium flows
against the direction of sound waves  f2 =7

Solution:

Speed with which sound waves reach
the observer depends not only upon its own
speed “v” but also upon the magnitude and
direction of speed “vm” of the medium. Hence:
% When the source of sound and an

observer are at rest relative to
each other, frequency of sound
emitted will be equal to the
frequency of sound received.

« When medium flows in the
direction of sound waves Speed
with which sound waves are
received by the observer will be
‘v + vm”, now the frequency of
sound received is given by:

f1=v+vm (since fA =v)

A
« When medium flows against the

direction of sound waves, Speed
with which sound waves are
received by the observer will be
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‘v —vm”, now the frequency of sound
received is given by:

f2=V—Vm (since fA =vV)

A
Note that: frequency of sound heard
by a listener changes (i) due to a change in
its wave length when the source of sound
moves.
OR (ii) due to a change in its speed with
which sound waves reach the listener when
either the listener or the medium or both move
Q.No. 10: A train sounds its whistle while
passing by a railroad crossing. An
observer at the crossing measures a
frequency of 219 Hz. as the train
approaches the crossing and a frequency
of 184 Hz as the train leaves. The speed of
sound is 340 m/s. Find the speed of the
train and frequency of its whistle.
Data:

Frequency of sound heard when source
approaches the listener f'=219 Hz.

Frequency of sound heard when source

moves away from the listener  f''= 184 Hz.
Speed of sound V =340 m/s.
Speed of the train Vs =?
Frequency of the whistle =?

Solution:

Frequency of sound heard by a
stationary listener when the train approaches
him is given by:

fr=_N_xf
V= Vs

219=_ 340  xf
340 - Vs

219 (340 - Vs) = 340 f

219 x 340 —219Vs =340 f......... (i)

Frequency of sound heard by a
stationary listener when the train moves away
from him is given by:

fr=_NV_xf
V + Vs

184=_340 xf
340 + Vs

184 (340 + Vs) = 340 f

184 x 340+ 184 Vs =340 f......... (i)
LHS of (i) and (i) are equal, therefore:
184 x 340 + 184 Vs = 219 x 340 — 219 Vs
184 Vs+ 219 Vs =219 x 340 — 184 x 340
403 Vs = 11900
Vs =11900 = 29.53 m/s.
403
Put the value of Vs in equation (ii) we get:
184 x 340 + 184 x 29.53 = 340 f
f=184 x 340 + 184 x 29.53 = 200 Hz.
340
€< Speed of the train is 29.53 m/s and
frequency of its whistle is 200 Hz.
Q.No. 11: A guitar string has a linear
density of 7.16 g/m and under tension of
152 N. The fixed supports of the string are
89.4 cm apart. If it vibrates in three
segments, calculate the speed, the wave
length and the frequency of the standing
wave. (1996 Karachi Board)
Data:
Linear density

u=7.16 g/m
=7.16 x1073 kg./m
Tension in the string T =152 N
Length of three segments
[=89.4cm=0.894 m
Speed of the wave V =?
Frequency f=?
Wave length A=
Solution:
Speed of waves in a string under
tension is given by;
152

T s
M 7.16 x1073

V =+ 21229.05 V=145.7 m/s

Wave length of the wave when the
string vibrates in three segments is given by:
A=21=2x%x0.894=1.788

3 3 3
A =0.596 m.
Frequency with which the string
vibrates is given by:
f=V =145.7 f=244.5 Hz.
A 0.596

239



Rawala’s new physics for XI

Q.No. 12: The siren of an ambulance at rest
is producing a frequency of 2000 hertz.
What frequency will be heard by a
listener moving towards the ambulance
with a velocity of 100 km/hour?
Velocity of sound in air=1200 km/hour.
(2001 Karachi Board)
Data:
Frequency of sound produced f=2000 Hz.
Frequency heard fr=7?
Velocity of listener Vo =100 km/h
Velocity of sound 'V =1200 km/h
Solution:
Frequency of sound heard by a listener
approaching a stationary source is given by:
f'=V+Vox f=1200 +100 x 2000
Vv 1200
f’'=1300 x 2000 f'=2166.7 Hz
1200
Q.No. 13: Calculate the speed of sound in
air at S.T.P What is the speed of sound at
37°C?
(Given: density of air = 1.29 Kg/m?
y for air = 1.42, 1atm. = 1.01x105 N/m?)
(2002 Karachi Board)

Data:
Speed of sound at S.T.P V=7?

Speed of sound at 37° Va7 =?

Temperature t=37°

Density of air p = 1.29 Kg/m?

For air y=1.42

1atm. =1.01x105 N/m?
Solution:

V= yP
p

Vi/ 1.42x1.01x105 = 111178.29

1.29
V. =333.43 m[sl

Speed of sound at any temperature tis
given by
Vi=V [ t+273

273
Va7 = 333.43 [37 + 273 (at 37°C)
273

Va7 = 333.43xV 1.1355
V37 = 333.43 x 1. 066
|V37 = 355.31 m/sl
Speed of sound at STP is 333.43 m/s and
at 37°C is 355.31 m/s.
Q.No. 14: Two cars are moving straight to
each other from opposite directions with
the same speed. The horn of one is
blowing with the frequency of 3000 Hz. and
is heard by people in the other car with the
frequency of 3400 Hz.
Find the speed of the car if speed of
sound in air is 340 m/s.
(2003 Karachi Board)

Data:
Frequency produced f=3000 Hz
Frequency heard f'=3400 Hz.
Speed of sound V =340 m/s
Speed of each car Vo =Vs =?

Solution:

Since both the cars, one producing
sound (source) and in the other there is a
listener, are moving opposite to each other.
Hence frequency of sound heard is given by:

f "= V+\Vo Xf
V -Vs
Both cars are approaching each other with
same speed, therefore, Vs = Vo
3400 = 340 + Vo x 3000
340 - Vo
3400 (340 — Vo) = (340 + Vo) 3000
3400x340- 3400 Vo= 3000x340+3000 Vo
3400x340- 3000x340=3400xV,+3000 Vo

1156000 — 1020000 = 6400 Vo
136000 = 6400 Vo

Vo = 136000
6400

(Vo = 21.25 m/s]

®:Speed of each car is 21.25 m/s.
Q.No. 15: A standing wave is established
in a 2.4 m long string fixed at both ends.
The string vibrates in four segments
(loops) when driven at 200 Hz Determine:

(1) The wave length.

(2) The fundamental frequency.

(2018, 2004, 1994 Karachi Board)
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Data:
Length of the string L=24m
Number of segments n=4
Frequency fa =200 Hz.
Wave length ha=7

Fundamental frequency f1=7?
Solution:
Wave length of the wave is given by:

n=2L
n

M=2x24 MmM=1.2m
4

€:wave length of standing waves when
the string vibrates in four segments is1.2 m.

Similarly:  fi= fa f1=fﬂ}
4 n
f1=200
4

Fundamental frequency is 50Hz.
Q.No. 16: A note of frequency 650 Hz. Is
emitted from an ambulance. What
frequency will be detected by a listener if
the ambulance moves
(i) at speed of 18 m/s. towards the listener.
(ii) at speed of 15 m/s away from the listener
(Speed of sound = 340 m/s).
(2008 Karachi Board)
Data:
Frequency of sound f =650 Hz.
Frequency of sound detected f'=?
(i) Speed of ambulance
Vs = 18 m/s (towards)
(i) Speed of ambulance
s = 15 m/s (away)
Speed of sound V =340 m/s.
Solution:
Frequency of sound detected by a
stationary listener when a source of sound
moves towards him is given by:

Fr=_V_xf
V- Vs

f'=_340 x650
340 -18

f'=340 x650 [f'=686.3 Hz.
322

®:Frequency of sound heard by the
listener when the ambulance moves
towards him is 686.3 Hz.

Frequency of sound detected by a
stationary listener when ambulance moves
away from him is given by:

Fr= v xf
V + Vs

f'=_340 x650
340 + 15

f =340 x650 [f’=622.54Hz.]
355

®:Frequency of sound heard by the
listener when the ambulance moves away
from himis 622.54 Hz.

Q.No.17: A note of frequency of 500 Hz. Is
being emitted by an ambulance moving
towards a listener at rest. If the listener
detects a frequency of 526 Hz.

Calculate the speed of ambulance.
(Speed of sound is 340 m/s at that moment)
(2011, 2009, 05, 07 Karachi Board)

Data:

Frequency emitted f=500 Hz.
Frequency detected f' =526 Hz.
Speed of sound V =340 m/s.
Speed of ambulance Vs=?

Solution:

When the ambulance approaches a
stationary listener with speed Vs, frequency of
sound heard by the listener is given by:

r— V f
V—-Vs
526 = _340 x 500
340-Vs
340 — Vs = 340 x 500
526

340 — Vs = 323.194
Vs =340 -323.194 |Vs= 16.8 m/s
€< Ambulance is approaching the
listener with a speed of 16.8 m/s.
Q.No. 18: Find the velocity of sound in a
gas when two waves of wave lengths

0.80 m and 0.81 m respectively, produce four
beats per sec. (2012, 1992 Karachi Board)
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Data:
Wave length of first wave A1 =0.80m
Wave length of second wave A2 =0.81 m
Number of beats per second n =4
Velocity of sound V =?
Solution:
If “f4” and “f2"are the frequencies of the
two waves, then:
fi=V fo=V
A1 A2
But the number of beats heard per second is
equal to the difference of frequencies of the
two waves:
Number beats per second = fi — f2
Number beats per second= V-V_

&

Mo A2
.. Number beats per second = V{l -1
A A2
4=v[_1 - 1_}
0.80 0.81
4 =V (1.25 - 1.23457)
4 =0.01543V
V=_4 V=259.24 m/s.
0.01543

®:Velocity of sound in the gas is 259.24m/s.
Q.No. 19: A sound wave of frequency

500 Hz. in air enters a region of temperature
25°C to a region of temperature 5°C.
Calculate the percentage fractional change
in wave length. (2013 Karachi Board)
Data:

Frequency of sound f =500 Hz.
Initial temperature T1=25°C
=25+273 =298 k
Final temperature T2=5°C
=5+273=278Kk
Percentage fractional change in
wave length AN %=7
|
Solution:

Let velocity of sound in air at To= 0°C or 273 k
be Vo = 332 m/s, therefore, velocity of sound

at T+ can be calculated by:
Vi=[_T1 OR Vi=/[298
Vo To 332V 273

V1=+1.0916 = 1.045
332
Therefore: Vi1 =1.045 x 332
Vi =346.87 m/s
Hence wavelength ‘A1’ of waves at
temperature T+’ will be:
M =_V1 =346.87 =0.694 m

f 500
Similarly, velocity at T2 is given by:.
Vo = T2
Vo v _To
Vo = 278
332 273
V2 =+41.018 = 1.0091
332

V2=1.0091x332 or V2=335.027m/s
Hence wavelength ‘A2” of waves at
temperature ‘T2' will be:
A2= V2 =335.027 =0.670 m
f 500
Fractional change in wave length (or
change in wavelength per unit wave length) is
given by AL = A1 — A2

A M
AL =0.694 —0.670 = 0.03458
M 0.694

Percentage fractional change in wave
length = fractional change x 100%

®:Percentage fractional change in
wave length = 0.03458x100%=3.458 %.
Q.No.20: A car has a siren sounding a 2
kHz. tone . What frequency will be detected
by a stationary observer as the car
approaches him at 80 km./h?

Speed of sound = 1200 km./h
(2015, 2015, 1998 Karachi Board)

Data:

Frequency of sound produced by

the siren f=2 kHz.= 2000 Hz.
Speed of the car (source)

Vs =80 km./h
Speed of sound V =1200 km./h

Frequency of sound heard by the
listener f'="
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Solution:

In this case a source of sound (car)
approaches a stationary listener (observer),
hence the frequency of sound detected by the
observer will be:

fle_V_xf

V -Vs
f'=1200 x 2000 = 2400000
1120 112
|t:'= 2142.9 Hz.l OR |t:’ =2.143 kHz.l

®:Frequency of sound heard by the
listeneris 2.143 kHz.
Q.No.21: A source of sound and a listener
are moving towards each other with
velocities which are 0.5 time and 0.2 time
the speed of sound respectively. If the
source of sound is emitting 2 kilo-Hertz
tone, calculate the frequency heard by the
listener. (2022, 1995,93 Karachi Board)
Data:

Speed of source of sound Vs=0.5V

Speed of listener Vo=0.2V

Frequency of sound emitted

f=2 kHz.= 2000Hz

Frequency of sound heard by listener f' =?
Solution:

In this case source of sound and the
listener both approach each other, therefore,
frequency of sound heard by the listener is
given by:

f'=V+Voxf
V -Vs
f/=V+02Vxf
V-05V
fr=12Vxf
0.5V
fl=12xf=24xf=2.4x2000
0.5
f' =4800 Hz. f' = 4.8 kHz.

®:Frequency of sound heard when source
of sound and the listener move towards each
other is 4800 Hz. OR 4.8 kHz. It is more
than the sound emitted, therefore, sound
heard is more shrill.

Q.No.22: A car has been sounding 4 kHz
tone. What frequency will be detected by a
stationary listener as the car approaches
him at 50 km./h.

(Speed of sound in air = 1200 km./h).

(2025 Karachi Board)
Data:

Speed of the car Vs =50 km./h.

Speed of sound in air V =1200 km./h

Frequency of sound emitted f=4 kHz.

= 4000Hz

Frequency of sound heard by listener f' =?
Solution:

In this case a source of sound (car)
approaches a stationary listener (observer),
hence the frequency of sound detected by the
observer will be:

fi=_V_ xf
V -Vs

f'=1200 x 4000
1200 - 50

f' =4800000
1150

'= 4174 Hz.] OR |f' = 4.174 kHz.)
®:Frequency of sound heard by the

listeneris 4.174 kHz.
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Physical
optics

Nature of light:

Q.No. 1: What is the nature of light?

Ans: Light is a form of energy, it makes things visible, hence when a bulb is switched off
in a room there will be darkness. If the room is such that no scattered light enters into it from
any side, there will be perfect darkness, nothing will be visible. We will be able to see things if
the bulb is again switched on. Actually, after irregular reflection from objects lying in the room
light enters our eye making the objects visible. We will be able to see the bulb (source of
light) and things lying in the room. But how does light travel from the bulb to the objects and
then to our eye? We don’t see light itself, although it has made things visible.

Hence: “What is the nature of light?”
“How does it travel from one place to another?”

Answer to these and many other questions were found experimentally over last several
centuries. Now we have answers to these questions.

The answer are .....

Light has dual nature (in other words, light has double nature).

% In experiments such as interference, diffraction, polarization etc. light
behaves as waves, In other words from one point to another light travels as waves.
These phenomena can be explained only on the basis of wave theory of light.

% In experiments such as photoelectric effect, Compton effect and pair
production light behaves as particles. These experimental observations can only
be explained if light is assumed to be traveling in the form of particles. These
particles are small bundles of energy called photons (sometimes a photon is called
a quantum of energy)

% Hence sometimes light beaves as waves and sometimes as particles. We say
light has dual nature.

+ There is no single experiment in which light behaves simultaneously both as
waves as well as particles (photons).

Electromagnetic waves:

Q.No.2: How are electromagnetic waves produced?

Ans: Electromagnetic waves are produced by accelerated charged particles.

When charged particles are made to oscillate rapidly through an antenna, varying
electric and magnetic fields are produced. These electric and magnetic fields vibrate
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perpendicular to each other, the frequency with which they vibrate is same as the frequency
of alternating current, used to accelerate the charged particles. These vibrating fields produced
are radiated, such that the radiated vibrating electric field induces further vibrating magnetic
field and so on, in this manner varying electric and
magnetic fields, vibrating perpendicular to each other are || Do you know that

radiated as electromagnetic waves. Note that once Visible light cannot

the electromagnetic waves are produced accelerating pass through our body that is
charged particles are no more needed as these waves why shadows are formed, X-rays
travel away changing electric field induces further can pass through flesh of our

body but not through our bones,
hence in a way shadow of our
bones is formed on X-ray film.
Gamma (y) rays can pass
through even our bones. Visible
light, X-rays and y-rays are All

changing magnetic field, this process goes on and the
electromagnetic waves are continuously produced.
Electromagnetic waves travel perpendicular to the
direction of vibrations of both the fields.

K/

+ Light waves are electromagnetic, it means

that light waves have electric and magnetic electromagnetic waves,

fields both Vibratinq perpendicular to each difference between them is in
other whereas propagation of light waves their frequency. Since energy of
takes place perpendicular to both the fields a wave depends upon its

(Example: For a particular light wave if electric || frequency therefore, y-rays are
field is vibrating along x-axis, magnetic field is highly energetic because they
vibrating along y-axis then this particular light have highest frequency and
wave will travel along z-axis). therefore, they have highest

% Electromagnetic waves can travel through penetration power. They can
vacuum; they do not need any material ggggg?,tﬁ even through our
medium for their propagation. That is why light
comes from the sun (and moon and other stars in the night) to our beautiful little
earth, although there is a vast free space (vacuum) between earth and the sun (and
moon and other stars).

+ Electromagnetic waves are transverse waves. Light waves travel from its source
in all directions.

+ Speed of all electromagnetic waves including light waves is very high, speed with
which light waves travel through free space is about 3x108 m/s or about three lac
kilometer per second (300,000 km/s) (actually it is 2.98x108 m/s).

« Maxwell showed that speed of light in vacuum is given by:

c=_1 =3x108m/s.
\ €o Lo
Where “c,” is permittivity and “u.” is permeability of free space, they are
universal constants. S.I value of “s,” is 8.85x10~'2 C2/N-m?. and pwo is 41 x10~7 web./amp.m.

“on

«» Speed of light represented by “c” is a universal constant.

Electromagnetic spectrum:

Radio waves, Infrared rays, Visible light waves, Ultrviolet rays, X-rays and gamma rays
are all electromagnetic waves. The difference between them is in their frequency “f’. Since
frequency “f” of a wave is inversely proportional to its wave length “A”, which means that
higher the frequency shorter is the wave length and vice versa. But enerqy of a wave
depends upon its frequency, higher the frequency higher is its energy. Therefore ,
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electromagnetic waves of high frequency are of high energy but of shorter wavelength. In
other words, long wave length electromagnetic waves are of low energy.

If we arrange all electromagnetic waves according to their frequency range (or wave
length range) we will get an electromagnetic spectrum.

Longest wavelength of electromagnetic waves is about 10° m and shortest wavelength is
about 10-'> m, corresponding to these wavelengths smallest frequency of electromagnetic
waves is about 102 Hz. and highest frequency is about 10?2 Hz. (In other words,
wavelengths of electromagnetic waves are in the range of 10°m to 10-'m or frequency is in
the range of 102 Hz. to 10?2 Hz.).

¢ Radio waves: Frequency range: 10°Hz.- 10° Hz (e.g. AM radio, FM radio, TV waves)

Wave length range: 10°m -1 m

Micro-waves: Frequency range: 10° Hz.- 10" Hz (e.g. microwave oven, wi fi etc.)
Wave length range: 1 m - 0.1 m

e Infra-red rays: Frequencyrange: 10" Hz - 10"Hz
Wave length range: 0.1 m- 108 m

e Visible light: Frequency range: 10"Hz - 10"°Hz
Wave length range: 10 m - 10" m

e Ultra-violet rays: Frequency range: 10'"Hz - 10"°Hz
Wave length range: 10" m - 108 m

e X-rays: Frequency range: 10'®Hz - 10" Hz
Wave length range: 108 m - 10~ m
e y-rays: Frequency range: 10'°Hz - 10%?Hz
Wave length range: 10" m - 103 m
(7]
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< Note thatin the entire electromagnetic spectrum, radio waves are longest wave
length and of smallest frequency electromagnetic waves but gamma rays (y-rays)
are shortest wave length and of highest frequency electromagnetic waves. Since
energy of waves is directly proportional to its frequency (or inversely proportional to
its wavelength) therefore, gamma rays (y-rays) are the most energetic
electromagnetic waves (They have more energy than any other electromagnetic
wave). On the other hand, radio waves are least energy electromagnetic waves.

Wave fronts:

+ The geometrical pattern (Or locus of all points) having same state of vibration (such
as a crest) is known as a wave front.

e A source of light produces wave fronts in all the three directions, hence light wave fronts
are three dimensional. A point source of light produces spherical wave fronts.

e According to Huygens, any point on a wave front may be considered as a source of
secondary spherical wave lets. If position of a wave front at a certain instant is known then its
new position at a latter instant can be located by drawing a plane tangential to secondary wave
lets.

e Any small portion of a spherical wave front at a large distance from its source will be
plane in shape, hence it is known as a plane wave front.

'\ If a circular pointed rod is vertically dipped into still water circular wave fronts

are produced on the surface of water. If the same rod is dipped in water length-wise then
straight wave fronts are produced.

Ray of light:

% Straight line which indicates the direction in which any given point on a light wave
front travels is known as a ray of light.

'g Ray of light is always perpendicular to the wave front. Hence in case of a

spherical wave front rays spread out radially, but in case of a plane wave front rays are
parallel to each other. Hence to get a beam of parallel rays we must take a small part of a
spherical wave front at large distance from its source. In case of sun light rays are parallel.

Interference of light:

Q.No.1: What is interference of light? (2010 Karachi Board)

Ans: When light waves having phase coherence superpose each other (they pass through
the same region of space simultaneously) then at some points they reinforce and at other
points they cancel each other’s effect.

As a result of interference of light dark and bright fringes are obtained. Bright
Jfringes are obtained at those points where light waves reinforce (or enhance) each
other’s effect, whereas dark fringes are obtained at those points where they cancel each
other’s effect.

+ Interference of light is in accordance with the principle of superposition of waves
% Interference of light shows that light behaves as waves i.e. Interference of light
proves that light has wave nature.
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Q.No.2: What is phase coherence?
Ans: Waves are said to have phase coherence if they are exactly similar and are

produced exactly at the same time. In other words, interfering waves must have same
wave length, same frequency and same phase.

Q.No.3: What is the condition for interference of waves?

Ans: The necessary condition for interference is that the interfering waves must have
phase coherence.

Q.No.4: What is constructive interference?

Ans: Waves are said to interfere constructively at those points where they reinforce each
other’s effect.

+ In case of constructive interference of light, a bright fringe is produced.

% Constructive interference takes place at those points where crest of one wave
overlaps crest of the other or trough of one wave overlaps trough of the other
wave.

+ As a result of constructive interference of waves, either a bigger crest (of larger
amplitude) or a deeper trough is produced.

+ Intensity of light at points of constructive interference is maximum.

Q.No.5: What is destructive interference?

Ans: Waves are said to interfere destructively at those points where they cancel each
other’s effect.

In case of destructive interference of light, a dark fringe is produced.

% Destructive interference takes place at those points where crest of one wave overlaps

trough of the other wave.

% As a result of destructive interference of waves, neither crest nor a trough remains.

+ Intensity of light at points of destructive interference is minimum.

Q.No.6: What does interference of light prove?

Ans: interference of light proves that light travels in the form of waves.

Q.No.7: What is meant by path difference?

Ans: |t is the difference in distance covered by waves measured from their sources to the
given point.

Q.No.8: What is the condition for constructive interference?

Ans: Condition for constructive interference to take place at a point is that the path
difference between the interfering waves at that point must be an integral multiple of their
wave length (i.e. path difference =0, A, 2 A, 3 A, ....).

| Path difference = m 2}

And phase difference between the waves must be an integral multiple of 2= radian
(i.e. phase difference = 0, n radian, 2 = radian, 3 « radian, ....).

|Phase difference = 2mn radian }
Where m is a positive integer, m=0,1, 2, 3........
and A is wave length of waves.

z . .
'\ (When waves of same phase travel equal distance from their source,

path difference = 0, either crests or troughs of the two waves simultaneously reach the
given point, similarly if one wave covers more distance than the other wave such that the
difference in distance covered by them, i.e. path difference is A, again either crests or
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troughs from the two sources will reach simultaneously at the given point, so that in both
these cases we get a bright fringe due to constructive interference).
e Constructive interference takes place at those points where crest from one source of
light overlaps a crest from the other source, or a trough from one source overlaps a
trough from the other source.
Q.No.9: What is the condition for destructive interference?
Ans: Condition for destructive interference to take place at a point is that the path
difference between the interfering waves at that point must be an odd multiple of A/2
(i.e. path difference = A/2, 3 A/2,5A/2, ....).

Path difference = (m +3) A

And phase difference between the waves must be an odd multiple of /2 radian
(i.e. phase difference = n/2 radian, 3 n/2 radian, 5 n/2 radian, ....).

| Phase difference = (m +3)r radian|

Where mis aninteger, m=0,1,2,3, ........
and A is wave length of waves.

Z
'\ (When distance traveled by waves, from their sources, on reaching a given point is such

that the path difference is A/2, 3\/2, 5A/2 etc. or an odd multiple of A/2, then a crest from a
source will overlap a trough from the other. In such a case light from one source will cancel
light from the other, no light remains. In other words, a dark fringe is obtained).
e Destructive interference takes place at those points where crest from one source
overlaps a trough from the other source.

'é Note that the phenomenon of interference is the basic characteristic of wave

motion It means that all types of waves (including mechanical or electromagnetic waves)
under suitable conditions show interference effects.

Q.No.10: What happens if two bulbs are used to observe interference?

Ans: With two separate sources of light (e.g. light from two bulbs) no interference effect is
produced, because light waves emitted by two different sources cannot have phase
coherence. The emission of light is a completely independent process. If one source of light
produces a crest at a certain instant it is not necessary that the other source must also
produce a crest at that instant.

Young’s double slit experiment:

Q.No.1: How did Thomas Young achieve the condition of phase coherence
for light in his double slit experiment?

Ans: To produce interference effect of light, Thomas Young achieved the condition of
phase coherence in his double slit experiment by using one source of monochromatic light.
Light from this source was allowed to fall on a narrow slit whose width was comparable to
wavelength of light. After passing through the slit light spreads out as spherical wave fronts.
This single slit may be considered as a single coherent source of light. Wavefronts from this slit
now pass through two more narrow slits at equal distance from the first slit. Light after passing
through the two slits will have phase coherence as it was originally produced by one source.
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Hence light emerging from two slits can be considered to be emitted from two sources of light
having phase coherence.

Q.No.2: What is monochromatic light?

Ans: Light of one wave length is called monochromatic light. Actually,
monochromatic light means light of one color (mono = one, chromatic = color). Practically light
of one color may have slightly different shades of slightly different wavelengths. Hence in strict
sense, for scientific work, light having one wavelength is taken as monochromatic.

Q.No.3: Describe Young’s double slit experiment.

Ans. In Young’s double slit experiment light from a monochromatic source after passing
through a narrow slit, is allowed to pass through two parallel narrow slits separated by a small
distance. Two beams of light emerging from the two slits will have phase coherence, and
will be in phase, because they were originally produced by the same source. Hence the two
beams of light will produce interfere effects. Due to their interference, bright and dark bands
are produced on a screen placed at some distance “L” from the slits. These bands are called
‘fringes’.

Bright fringes are produced at those points where light waves from the two slits interfere
constructively, at these points intensity of light will be maximum. Whereas dark fringes are

produced at those points where light waves from the two slits interfere destructively, at these
points intensity of light will be minimum.

< P O

O &---

Screen
Derivation:
Q.No.4: Derive an expression for position of fringes in Young’s double slit
experiment.

Ans. At any point on the screen light waves will interfere according to their path difference.
Let the distance of a point “P” from the center C of the screen be “Y”. To reach point “P” waves
coming from slit “S2” will cover longer distance than the waves coming from “S+”. The
difference of distances covered by the two waves is called “path difference’. We can see
from the figure that the path difference between the waves coming to point “P” from S1 and Sz

is “S2Q”. Triangles DPC and S1S2Q are similar, therefore:
PC=DP
S2Q S1S2

But PC =Y (Distance of point P from the center of the screen).

S1S2 = d (Separation of slits).

Since point “P” is practically very close to the center “C” of the screen, In other words
“Y” is practically very small as compared to “L”. Hence:
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DP~DC=L (D is the center of slits)
Y =L
S2Q  d

Y=82Qx _L
d

Position of bright fringes:
Q.No.5: Derive an expression for position of bright fringes in Young’s double

slit experiment.

Ans. For bright fringes, where constructive interference takes place, the path
dlfference ‘S2Q” must be an integral multiple of “A”, Therefore:

S2Q = mA

Where m=0,1,2,3, ........ (a positive integer)

On taking path difference S2Q = mA, the above equation gives us distance “Y” of
various bright fringes from center C of the screen.

Y=mA_L (For bright fringes)

d

'é If we take m = 0, the path difference between two beams of light coming from the
two slits will be equal to zero, and light will interfere constructively forming a bright fringe. But
the two beams of light will cover equal distances on reaching “C”, hence the center “C” of the
screen will always be bright. (m = 0 corresponds to C).

Similarly, first, second, third, ........ etc. bright fringes will be formed above and below C
atdistances AL,2 AL, 3AL,4AL, .......... etc. from the center C of the screen.

d d d d

Position of dark fringes:
Q.No.6: Derive an expression for position of dark fringes in Young’s double
slit experiment.
Ans. For dark fringes, where destructive interference takes place, the path difference “S2Q”
must be an odd integral multiple of “A/2”, Therefore:
S2Q = (m +3)A
Where m=0,1,2,3, ........ (a positive integer)
On taking path difference S2Q = (m +3)A, the above equation gives us distance “Y” of
various dark fringes from center C of the screen.

Y=(m+3)A _L (For dark fringes)
d
First, second, third, ........ etc. dark fringes will be formed above and below C at distances
AL SALSAL 7AL,.......... etc. from the center C of the screen.

2d 2d 2d 2d
Between two bright fringes there will be a dark fringe.
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'6 Note that for each value of “m” a bright and a dark fringe, at equal distance, is

obtained above and below “C” whereas C itself will always be bright and it will correspond to
zero path difference.

Fringe spacing:
Q.No.7: What is fringe spacing? Derive an expression for fringe spacing.
Ans: It is the distance between two consecutive (side by side) bright or dark fringes.

'é Expression for fringe spacing can be obtained by subtracting the expressions for

distances of two adjacent bright or dark fringes from center of the screen. Hence:
Distance of (say) 4" and 5% bright fringes from the center of screen is given by:

Ya=4)AL and Ys=5AL
d d
Fringe spacing = Y5 — Y4
=5AL-4rL
d d
Fringe spacing Ax= AL
d

In Young’s double slit experiment, fringes are equally spaced (i.e. at equal distance from
each other).

Q.No.8: How can wave length of light ‘.’ be determined by Young’s double
slit experiment?
Ans: Distance between any two adjacent bright or dark fringes (called fringe spacing) in
Young’s slit experiment is given by:
Fringe spacing Ax= AL
d
Fringe spacing ‘Ax’ can be measured accurately, distance between screen and the slits
‘L’ and the separation of slits ‘d’ are measurable, therefore, wave length ‘A’ of light used can be
calculate with high degree of accuracy. This is the reason why Young’s double slit experiment
is used to determine wave length of light.
Q.No.9: What will happen if light used in Young’s double slit experiment is
NOT monochromatic?
Ans: If incident light used in Young’s double slit experiment is not monochromatic i.e. it is of
two or more different wave lengths (colors) then for each wave length a separate bright and a
dark fringe is obtained for each value of integer “m” (for given L and d).

'é In other words, for each value of ‘m’, we will get a series of parallel lines, number
of these colored lines for each ‘m’ depends upon the number of wavelengths present in the
interfering light. It is, therefore, possible that a bright fringe of one wavelength for a given ‘m’
may overlap a dark fringe of another wavelength for some other value of ‘m’. All these
observations will take place according to the path difference for each wave length for each
value of ‘m’.

e Young’s double slit experiment supports wave theory of light.
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Interference in thin films:

Q.No.1: What is phase reversal? When does it take place?

Ans. When a light wave traveling in a rarer medium (medium of lower refractive index)
reflects from the surface of a denser medium (medium of higher refractive index), then its crest
before reflection becomes a trough after reflection and vice versa. Under this condition the
wave is said to have undergone phase reversal. The reflected wave is 180° out of phase as
compared to the original wave.

No phase reversal will take place if a wave traveling in a medium of higher refractive
index (a denser medium) reflects from the surface of a medium of lower refractive index (a
rarer medium).

Q.No.2: Give examples of interference in a thin film?

Ans. Example: When sun light falls on the surface of a very thin film made of a
refracting medium, such as the surface of a soap solution bubble or surface of a thin
layer of oil spread on the surface of water, colored patterns are formed. These colored
patterns are due to the interference of light.

'é In these cases, interference of light is between light waves reflected from the

opposite surfaces of the soap bubble or oil film. Since sun light consists of seven colors,
therefore, due to interference between waves of various wavelengths colored patterns are
formed.
Q.No.3: Is there a phase reversal in Young’s double slit experiment?
Ans. No!

There is no phase reversal in Young’s double slit experiment, because light waves
travel in the same medium, there is no change of refractive index. Phase reversal takes place
when light is reflected from the boundary of two media of different refractive index.

Q.No.4: Describe interference of light in a thin film.

Ans. Explanation:

Consider a beam of monochromatic light traveling in air and falling on a very thin film of a
refracting medium of refractive index “n”. This beam of light is partially reflected from the upper
surface of the film and partially refracted into it. Since the reflected part “b ¢” was initially
travelling in air (a medium of lower refractive index) and is reflected from the surface of a
denser medium, such as the surface of soap solution bubble (a medium of higher refractive
index), therefore, it will undergo phase reversal, it's phase will change by 180°. It means that
an incident crest after reflection from the surface of the film becomes a trough and vice
versa.

The refracted part undergoes reflection from the lower surface of the film (at d) Since this
part before reflection from the lower surface of the film was traveling in a denser medium e.g.
soap solution (medium of higher refractive index), therefore, it does not undergo phase
reversal.

The refracted part after reflection from the lower surface of the film emerges out as “e f”
without phase reversal (i.e. crests as crests or troughs as troughs).
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Incident beam Reflected beam

Air

Thin film \/ } t
d

Air

Wave length of light also changes in thin film interference. Hence when light of wave length
“A” travels from air (a rarer medium) to a denser medium of refractive index “n” its wave length
changes (decreases) and is given by:

An= A
n

Parts “b c” and “e f” on reaching the eye will interfere according to their path difference.

Q.No.5: What is the condition for constructive interference in a thin film?

Ans: In case of thin film interference since one of the interfering parts has undergone
phase reversal, (It means that one part will have a crest and the other part will have a trough),
therefore, condition for constructive interference will have to be reversed. Hence condition for

constructive interference in a thin film is:
Path difference = (M +3) An

Where m is a positive integer, m=0,1,2,3, ........
and A, is wave length of light in the refracting medium (e.g. soap solution film).
If “t” is thickness of the film, then for normal incidence (i.e. when light falls normally on the
film) the path difference will be “2 t”, hence condition for constructive interference will be:

2t=(m+%) An

OR 2t=(m+i) A
n
2nt=(Mm+3)A

Q.No.6: What is the condition for destructive interference in a thin film?
Ans: Condition for destructive interference in a thin film is:

Path difference = m A,

Where m is a positive integer, m=0,1,2,3, ........
and Anis wave length of light in the refracting medium..
If “t” is thickness of the film, then for normal incidence the path difference will be “2 t”,
hence condition for destructive interference will be:
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2t=mAn

OR 2t=m A
n

2nt=m A

'é Note that the conditions for constructive and destructive interference in a thin film
has to be reversed only because of phase reversal in one of the interfering parts.

z
'\ In Young’s double slit experiment normal conditions for constructive or destructive
interference apply. In that case, no phase reversal takes place.

Newton’s rings:

Q.No. 1: What are Newton’s rings? (Karachi Board 1994)

Ans. If a beam of monochromatic light is allowed to fall on a plano-convex lens placed on a
plane glass plate then alternate bright and dark rings are produced, these rings are known as
Newton’s rings.

Actually, air present between the plano-convex lens and the surface of plane glass acts as
a refracting film of a variable thickness. Newton’s rings are formed because of interference
of light taking place between light beams reflected from the upper and lower surfaces of the
air film present between lens and the plane glass.

'é The air film present between lens and the plane glass is circular and wedge shaped.

'é Centre of Newton’s rings is always dark; it corresponds to the point of contact of lens
and the plane glass surface. Here path difference is zero.

¢ . , . e g
'\ Formation of Newton’s rings is due to thin film interference.

'é Formation of Newton’s rings also proves an important property of light ....

Interference, which is a basic characteristic of wave motion and shows that light travels in
the form of waves.

Derivation:

Q.No.2:Show how can Newton’s rings be used to find the radius of curvature
of curved surface of a convex lens?

Ans. For any bright Newton’s ring of radius “r’ let “t” is the thickness of the corresponding
air film and “R” is the radius of curvature of convex lens, then from the geometry of the
following figure we have:

ABxBC=rxr
But AB =t and BC=(2R-1)
N t2R—-t)=r?
2Rt-t2=r2

Since the air film is very thin, therefore, “t” is very small, hence “t?” is negligible.
Neglecting “t>” we get:
2Rt=r2 (7)
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For bright rings:

The condition for constructive interference in a thin film or in other words , in this case
for a bright Newton'’s ring is:

2nt=(mM+3)A
In this case the thin film is made of air, whose refractive index n =1,

2t=(M+3)A oo (%)
On substltutlng equation (ii) in equation (z) we get:
rP=R(m+3)A
=VRAM+3) |, (iii)
When we put m = 0 in the above equation, we will get radius of the first bright ring, given
by: rn==|RA
2
Similarly for second, third, fourth etc. bright ringsm=1,2, 3, .......... etc. respectively.
Hence the radii of second, third, fourth etc. bright rings are given by:
rz== / 3R A m = 1 (for second ring)
2

/ m = 2 (for third ring)
/ 7TRA m = 3 (for fourth ring)
2
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rs == / 9RA m = 4 (for fifth ring) etc.
2

If “N” is the number of bright rings, then N=m+1 OR m=N-1:
On substituting the expression for “m” in equation (iii) we will get radius of N ™ bright ring.

m=VRA(NN-1+})

Radii of bright rings: n=vRA(N-=-1%)

'é This formula gives us radius of the N ™ bright ring, it can also be used to find the
radius of curvature “R” of the convex lens accurately.

'é Note that “m” is a positive integeri.e. 0,1,2,3 ............. Whereas “N” is the
number of Newton’s bright ring.

For dark rings:
The condition for destructive interference in a thin film, in other words, in this case for a

dark Newton’s ring is: 2nt=mA\ (m=0,1,2,3,4...)
Since the thin film is made of air, whose refractive index n =1,
2t=mA (iv)
On substituting equation (iv) in equation (i), we get:
rP=mRA
Radii of dark rings: FEVMRA| e (v)

Where m = 0 for the central dark spot, which corresponds to the point of contact of lens and
the plane glass plate, it is dark due to destructive interference.
Similarly, m =1, 2, 3, .... for first, second, third ,....... dark rings.

Michelson’s interferometer:

Construction and working:

In a Michelson’s interferometer light from a monochromatic source “S” (Source of light
may be extended, whereas in Young’s double slit experiment fine beam of light is used) is
allowed to fall on a semi silvered glass plate “M” (also called beam splitter) held at an angle of
45° to the beam of light. From this glass plate light is partially reflected and partially refracted
through it. The reflected part No. 1 goes towards a highly polished plane mirror “M1” which is
held perpendicular to the reflected beam. After reflection from M1 this part of light passes
through the glass plate “M” and finally it enters the observer’s eye.

The transmitted part No.2 after passing through another plane glass plate “M’ ” which is not
silvered and is of the same thickness as the semi silvered glass plate “M”, falls on another
highly polished plane mirror “M2”. Glass plate “M’ ” is called compensating plate, it is used so
that both parts of light pass through the same thickness of glass. The transmitted part after
reflection from M2 passes through M’ and is then reflected from M, also enters the eye. The
two parts of light entering the observer’s eye will have phase coherence, because they were
originally produced by the same source. Hence they will interfere, producing bright and dark
fringes.

257



Rawala’s new physics for XI

wniny Moveable

M1 MTUUW mirror

Y| Part No. 1

M M’
S¥- ———f—H#

Y

=
N

ixed
irror

3

7777777777777
T

Observer’s eye

Plane mirror “M1” is moveable and any small distance through which it is moved can be
measured accurately. Mirror “M2” is fixed.

Derivation:

Let the distances covered by part No.1 and No.2 is exactly equal when they enter the
observer’s eye. Hence path difference will be zero and the two parts will interfere
constructively due to which a bright fringe appears at a reference point in the field of view
of the observer.

Now if the moveable mirror “M1” is moved through a distance equal to A/4 then path
difference between the two parts will be A/2 due to which the bright fringe is replaced by a
dark fringe. If the moveable mirror is further moved through a distance equal to A/4 the path
difference will become A and now the dark fringe will be replaced by a bright one.

In this manner alternate bright and dark fringes will cross a reference point, each time “M+1”
is moved through a distance A/4.

In other words, if the moveable mirror is moved through A/2, a bright fringe will be
replaced by the next bright fringe. Hence if “m” bright fringes cross a reference point then the
distance through which the moveable mirror is moved is given by:

d=m_A |
2

'é If the distance “d” through which the moveable mirror is moved to observe “m” fringes

crossing a reference point is known, then the wave length “A” of the incident light can be
calculated.
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Diffraction of light:

Q.No.1: What is diffraction of light?
Ans: The bending of light across the edges of an obstacle or an opening into the
geometrical shadow is called diffraction of light.

'é Diffraction of light takes place only when dimensions of the obstacle or the opening is

comparable to the wave length of light.
After bending across the edges of an obstacle, diffracted waves interfere with each other on
the screen, as a result of which alternate bright and dark fringes are obtained.

'é Distance between bright fringes obtained in diffraction pattern increases as the
angle of diffraction is increased.

'é Also, the intensity of light gradually decreases with the angle of diffraction.

'g Note that diffraction of light is another phenomenon that supports wave theory of
light (i.e. light travels in the form of waves). In this process light exhibits wave nature.

Difference between interference and diffraction of
light:

+ The main difference between interference and diffraction is that, the fringes in
interference are equally spaced (i.e. at equal distance from each other) but in diffraction
pattern they are not equally spaced, their separation increases with the angle of
diffraction.

’:’ In Interference bright fringes are of uniform intensity whereas bright fringes
produced in diffraction are of non-uniform intensity. Intensity of light gradually decreases
with the angle of diffraction.

Diffraction grating:

Q.No.2: What is a diffraction grating?

Ans: A diffraction grating consists of a transparent glass sheet on which large number of
opaque parallel lines (equally spaced) very close to each other, are ruled (Usually several
hundred lines per centimeter are ruled).

The transparent portion of the glass between any two adjacent opaque lines acts as a slit.
Its width is comparable to the wave length of ordinary light.

Let “a@” be the width of a slit and “b” be the width of an opaque line then, (a + b) is known as
the “grating element’.

Q.No.3: How is grating element calculated?

Ans: The grating element is calculated by dividing length of the diffraction gating
by the number of lines ruled on it.

For example, let a diffraction grating has 2000 lines/cm. then grating element for this
grating is given by:

(@+b)=1cm. =5x10"%cm.=5x10"%m
2000
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Working of diffraction grating:

Q.No.4: Show how diffraction grating can be used to find accurately the
wave length of light used?

Ans: When a monochromatic beam of parallel rays falls normally on diffraction grating,
they are diffracted in many directions. The parallel diffracted rays in a particular direction are
allowed to pass through a convex lens of suitable focal length which focuses them on a screen
at some point “P” where a bright fringe is produced.

Derivation:

For any two beams, diffracted from two adjacent slits, let the angle of diffraction be “6”. The
path difference between the two diffracted beams at a point “P” is “r q”, it must be an integral
multiple of wave length “A” so that a bright diffracted image is formed at “P”.

InApqr: Sin6=rq
pr

: rq=prSino

But pr=(a+Db)isthe grating element and r q is the path difference.

rq=(a+b)Sin6

For bright diffracted images.the path difference “r 9" must be an integral multiple of “A”.

: mA=(a+b)Sino

Or mAi=dSin6
Where m=0,1,2,3, .coccoeennn... (an integer)
For m = 0 we will get zero " order un-diffracted image, at the center C.
Butform=1,2,3, ..... we will get 1%t order, 2" order, and 3rd order etc. images for which:
A=(a+Db)Sin6
2).=(a+b)Sin6
3A=(@+b)Sin0................ etc.

Selecting a suitable value of “m” (order of image), and measuring the corresponding angle of
diffraction “0”, the wave length of incident light “A” can be calculated with the help of one of the above
equations.

Diffraction of X-rays through crystals:

Q.No.1: Why is a crystal needed for the diffraction of X-rays?

Ans: Wave length of X-rays is very short as compared to the wave length of visible light.
Therefore, they do not show diffraction effects by ordinary diffracting objects (such as diffraction
grating, fine slits or sharp-edged objects like shaving blade etc.). Similarly for the same reason,
interference pattern of X-rays by Young'’s double slit or by a thin soap solution film or thin oil film
cannot be produced.
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In certain crystals (such as rock salt), the atoms are arranged in a regular manner such that the
planes thus formed are at a distance (about 2 A - 5 A) comparable to the wave length of X-rays. Hence
X-rays can be diffracted with the help of a suitable crystal.

Q.No.2: Derive Brag’s law»

Ans: Consider a beam of X-rays incident upon a crystal, beams of X-rays reflected from
two adjacent planes of the crystal will interfere constructively when their path difference is an
integral multiple of their wave length.

An X-ray beam is reflected from the upper plane and the second X-ray beam is reflected
from the lower plane. These two beams will cover different distances before entering the eye
(second beam will cover longer distance). Difference in distance covered, called path
difference, can be determined with help of the following diagram.

Incident beam Reflected beam
Glancing angle
O\ Ao
N - 4
H Q 1d
: S v
Path difference = QR + RS R i
""J o

Calculation of path dlfference

In triangle PQR: Sin6=QR_
PR
QR=PRSin6 But P R =d (Distance
QR=dSinb between atomic planes)
Similarly: RS=dSin6

But path difference between the two beams of X-rays= QR +R S
Path difference = d Sin 6 + d Sin 6

Path difference =2 d Sin 6
Hence path difference between two X-rays beams reflected from two adjacent lattice

planes of the crystal is “2 d Sin 6, where “d” is the distance between the two planes, and “0” is

the glancing angle. These beams of X-rays will interfere constructively if their path difference is

an integral multiple of its wave length “A”. Therefore,

mi=2dSin0 (m=1,2,3,...)

Z o A .
'\ This relation is known as Brag’s law.

'é The separation “d” of planes of the crystal can be calculated with the help of its

density and atomic weight. Since “m” and “0” can be measured accurately by experiment, the
wave length of X-rays can be calculated.
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: If the wavelength of an
electromagnetic wave is about the diameter of
a cricket ball what type of radiation is it.

(a) X-rays (b) Ultraviolet.

(c) Radio waves. (d) Visible light.
Q.No.2: Electromagnetic waves from an
unknown source in space are found to be
diffracted when passing through gaps of the
order of 10~° m. Which type of the waves are
they most likely to be?

(a) Microwaves. (b) Ultraviolet.

(c) Radio waves.  (d) Infra-red.
Q.No.3: Huygen’s conception of secondary
waves:

(a) Helps us to find the focal length of a thick lens.
(b) is a geometrical method to find a wavefront
(c) is used to determine the velocity of light.
(d) is used to explain the polarization of light.
Q.No.4: Interference fringes are produced
using monochromatic light of same intensity
from a double slit screen. If the intensity of
light emerging from one of the slits is reduced,
the effect on interference pattern will be:

(a) all the dark and bright fringes become brighter
(b) all the dark and bright fringes become darker
(c) Bright fringes become brighter and dark
fringes become darker.

(d) Bright fringes become darker and dark
fringes become brighter.

Q.No.5: In Young’s double slit experiment
when the distance between slits and screen is
doubled, while separation of slits is halved,
then fringe width will be:

(a) 4 times. (b) Vatimes

(c) doubled. (d) unchanged.
Q.No.6: A ray of light passes from air into
water, striking the surface of water at an angle
of incidence 45°. Which of these quantities
change as the light enters water,

(i) Wavelength (ii) frequency

(iif) Speed of propagation

(iv) direction of propagation.

(a) iand iionly. (b) iii and iv only.

(c) i, it and iv only. (d) all of them.

Q.No.7: A hill separates a television (TV)
transmitter from a house. The transmitter
cannot be seen from the house but still the TV
in the house has good reception. What wave
phenomena make it possible?

(a) Coherence of waves. (b) Diffraction of waves.

(c) Interference of waves.

(d) Refraction of waves.

Q.No.8: Monochromatic light is incident on a
diffraction grating and a pattern is observed.
What effect is observed by replacing the
grating with one that has more lines per
millimeter?

(a) Number of maxima decreases with
decrease in angle between first and second
order maxima.

(b) Number of maxima decreases with
increase in angle between first and second
order maxima.

(c) Number of maxima increases with
decrease in angle between first and second
order maxima.

(d) Number of maxima increases with
increase in angle between first and second
order maxima.

Q.No.9: Optically active substances are those
substances which:

(a) produce polarized light.

(b) rotate the plane of polarized light.

(c) Produce double refraction.

(d) convert a plane polarized light into a
circularly polarized light.

Q.No. 10: Plane polarized light is passed
through a Polaroid. On viewing through the
polaroid, we find that when Polaroid is given
one complete rotation about the direction of
light:

(a) The intensity of light gradually
decreases to zero and remains at zero.

(b) The intensity of light gradually
increases to maximum and remains at
maximum.

(c) There is no change in intensity of light.

(d) The intensity of light varies such that
it is twice maximum and twice zero.
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Q.No.11: In Young’s double slit experiment,
the fringe spacing is: (2004,14 Karachi Board)
edA e AL e d
L d AL
Q.No. 12: Which of the following phenomenon
cannot be explained by wave theory?
(2005, 2004 Karachi Board)
e interference ediffraction ephotoelectric effect
Q.No. 13: The condition for the interference in
a thin film is reversed because of:
(2016, 15, 08, 04 Karachi Board)
e small thickness.
e phase reversal. e refraction.
Q.No. 14: Colors in thin film of soap are due
to: (2005 Karachi Board)
¢ Refraction of light ediffraction of light
eInterference of light eScattering of light
Q.No. 15: To replace a bright fringe by the next
bright fringe in a Michelson interferometer, the
moveable mirror is moved through a distance
equal to: (2005 Karachi Board)
o) o \/2 o \/4 o 2\
Q.No. 16: Which property of light is used to
determine the concentration of an optically
active substance such as sugar?
(2005 Karachi Board)
e Interference. e Dispersion.
e Diffraction. e Polarization.
Q.No.17: If 2000 lines /cm. are ruled on a
grating, its grating element is:

(2006 Karachi Board)
e 5x10™* m ¢ 5x1073 m
¢ 5x107% m ¢ 5x107" m

Q.No. 18: The transverse nature of light was
confirmed by: (2008 Karachi Board)

e Interference e Diffraction

¢ Polarization. ¢ Dispersion
Q.No. 19: Yellow light from a sodium lamp is
used to form Newton'’s rings. The central spot
in Newton’s rings will be: (2008 Karachi Board)

eYellow. e Bright.

e Dark. ¢ Neither bright nor dark.
Q.No.20: In Young double slit experiment
condition for constructive interference is that
the path difference must be:

e An odd multiple of the half wavelength.

e An odd multiple of the whole wavelength.

¢ An integral multiple of the wavelength.

e An even multiple of the wavelength.

Q.No.21: According to Maxwell’s theory, light

travels in the form of:(2012 Karachi Board)

e Transverse wave. e Longitudinal wave

e Mechanical wave. e Electromagnetic wave.

Q.No.22:77 Huygen’s principle is used to:
(2012 Karachi Board)

e Determine the speed of light.

e Express polarization.e Locate the wave front.

e Find the refractive index.

Q.No.23: Monochromatic yellow light is
unable to show: (2013 Karachi Board)
e Reflection. ¢ Refraction.

e Dispersion. e Interference..
Q.No.24: A wave enters from one medium to
another medium, no change occurs in its:

(2013 Karachi Board)
eFrequency eWave length eAmplitude ¢ Speed
Q.No.25: Diffraction of light is a special type
of: (2014, Karachi board)

e Reflection. e Refraction.

e Interference. e Polarization.

Q.No.26: Newton’s rings illustrate the
phenomenon of: (2015 Karachi Board)
e Polarization. e Diffraction.

e Interference. ¢ Dispersion.
Q.No.27: Polarization of light in tourmaline
crystals takes place because of:

(2015 Karachi Board)
¢ Reflection. e Absorption.
e Refraction. e Collision.

Q.No.28: The number of lines per cm. of a
diffraction grating is 4000. Its grating element

is: (2017 Karachi Board)
e 2.5x10~* cm. e 2.5x10% cm.
e 4x10% cm. e 4x10°% cm.

Q.No.29: The experimental evidence of
transverse nature of light is:
(2018 Karachi Board)
e interference.
e dispersion.

e diffraction.
e polarization.

263



Rawala’s new physics for XI

Q.No.30: When Newton’s rings are observed
by reflected light, the center of rings appears
dark due to: (2018 Karachi Board)

e Phase reversal only.

e Path difference zero only.

e Intensity of light being maximum

¢ Phase reversal and path difference zero
Q.No.31: The wave front of waves will be
spherical when the rays of light are:

(2019 Karachi Board)

e parallel. e perpendicular.

e monochromatic. e not parallel
Q.No.32: When a transverse wave travelling
through a rare medium is reflected from a
dense medium, then phase change produced
in it will be equal to: (2019 Karachi Board)

o 0° e 90° ¢ 180° e 360°
Q.No.33: Bragg’s law is:

(2022, 16 Karachi Board)
e2dsinfd=mAie2mAi=dsino
edsin6=mA edcosb=mA

Q.No.34: The bending of light around a sharp
obstacle is called: (2022 Karachi Board)

e Interference e Polarization

e Refraction e Diffraction
Q.No.35: Huygen’s principle is used to
determine: (2022 Karachi Board)
e Speed of light. e Position of wave front

¢ Polarization. ¢ Refractive index

Q.No.36: Wave front near the point source is

(2022 Karachi Board)
e Plane e Spherical e Conical e cylindrical
Q.No.37: Electromagnetic waves consist of
oscillating electric and magnetic fields, both
are: (2011 Karachi Board)

¢ Parallel to each other.

¢ Perpendicular to each other.

e Non-parallel to each other.

e Neither of these.

Q.No.38: For constructive interference, path
difference between two coherent waves must

be: (2025 Karachi Board)
e(M+3)A. o 1 mA.
4
emA. e 3L /2.
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(1) Radio waves.

(2) Infra-red.

(3) is a geometrical method to
find a wavefront.

(4) all the dark and bright fringes

become darker.

4 times.

i, iiiand v only.

Diffraction of waves.

Number of maxima

increases with increase in

angle between first and
second order maxima.

(9) rotate the plane of polarized
light.

(10) The intensity of light
gradually decreases to zero
and remains at zero.

(11) aL/d

(12)  Photoelectric effect.

(13) phase reversal.

(14) Interference of light.

(15) 2.

(16) Polarization.

(17) 5x10°m

(18)  Polarization

(5
(6
(7
(8

N— N N N

(19) Dark.
(20)  An integral multiple of the
wavelength.

(21)  Electromagnetic wave.
(22) Locate the wave front.
(23)  Dispersion.

(24) Frequency.

(25) Interference.

(26) Interference.

(27) Absorption.

(28) 2.5x10™* cm.

(29) polarization.

(30) Path difference zero only
(31) not parallel.

(32) 180°

(33) 2dsin6=mA

(34) Diffraction.
(35) Position of wave front.

(36) Spherical.

(37) Perpendicular to
other.

(38) mA.
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Numericals:
Q.No. 1: A monochromatic light of d=m A
wavelength 6900 A is used to illuminate 2
two parallel slits on a screen that is 3.30 m r=2d
away from the slits. Interference fringes are m
observed. Distance between adjacent A= 2x 25.8x10-6 A =560x10°m
bright fringes in the center of the pattern is 92 A = 560 nm

1.80 cm.
What is the distance between slits?
Data:
Wave length of light 1= 6900 A
(1A =10-1°m) A =6900x10~1%m
Distance of the screen L=3.30m
Distance between adjacent bright fringes
(or fringe spacing) Ax = 1.80 cm. = 0.018 m
Distance between slits d="?
Solution:
In Youngs double slit experiment fringe
spacing is given by:

Ax=2rL
d
0.018 = 6900x10-1° x 3.30
d
d = 6900x10-"° x 3.30
0.018

ld =0.0001265 m = 1.265x10-* m.|

®:Distance between slits is 1.265x10* m.
Q.No.2: Michelson interferometer is adjusted
so that a bright fringe appears on the screen.
As one of the mirrors is moved 25.8 micrometer,
92 bright fringes are counted on the screen.
What is the wavelength of light used in
the interferometer?
Data:
Wavelength of light used A=?
Distance moved d =25.8 micrometer
=25.8x10% m
Number of fringes m =92
Solution:
Distance through which moveable mirror of the
interferometer is moved is given by:

€ Wave length of light used is
560 x10° m. or 560 nm.
Q.No.3:
Q.No.4: Newton’s rings are formed by light
of 400 nm wavelength. Determine the
change in air film thickness between the
third and sixth bright fringe. If the radius of
curvature of the curved surface is 5.0 m

What is the radius of third bright fringe?

Data:

Wave length of light A= 400 nm

=400x10°m
Radius of curvature of the curved
surface R=50m

Change in air film thickness between

third and sixth bright rings At =?

Radius of third bright ring rs="?
Solution:

Condition for mt" bright Newton’s ring
(or for constructive interference):

2t=(m+3) A
For third ring:

2 t3 = (2 +3) 400

21t3=(5/2)400 OR
For sixth ring:

2 ts = (5 +3) 400

2t6=(11/2)400 OR ts=1,100 nm.

Change in air film thickness between
third and sixth bright rings At =t — t3

=1100 - 500 = 600 nm.

’é Change in air film thickness is 600 nm.
Or 600x10~° m.

Radius of a bright ring can be found by:
P=R(N=3)2A N = 3 for 3" ring

m= 2 for third ring

tz = 500 nm.
m= 5 for third ring
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rs2= 5(3 — 3) 400x10-°
r32=0.000005 r3=0.000005

r3=0.002236 m OR r3=2.236 mm

€< Radius of 3¢ ring is 0.002236 m
OR 2.236 mm.
Q.No.5: A soap film has an index of
refraction n = 1.50. The film is viewed in
reflected light.

(a) at a spot where the film thickness
is 910.0 nm. Which wavelengths are
missing in the reflected light?

(b) Which wavelengths are strongest
in the visible light?

Data:

Refractive index of soap film n =1.50

Film thickness t=910 nm

(a) Missing wave lengths =7

(b) Strongest wave lengths=?
Solution:

(a) For soap film interference (Thin film
interference) for destructive interference or for
dark fringes:

2nt=mA
Form =1

2x150x910=1xA

A=2730 nm
Form=2

2x150x910=2x A

A =1365 nm
Form=3

2x1.50x910=3 x A

A =910 nm
Form=4

2x1.50%x910=4x A

A =682.5 nm
Form=5

2x150x910=5x%xA

A =546 nm
Form=6

2x150x910=6x A

A =455 nm

€< missing wavelengths are 682.5 nm,

546 nm and 455 nm.
(b) for constructive interference (or for

strongest wavelengths)
2nt=(M+3)A

Form =1
2x1.50x910=(1+3)A
2730 = (3/2) A
A =1820 nm

Form=2
2x1.50x910= (2 +3) A
2730 = (5/2) A
A=1092 nm

Form=3
2x150%x910=(3+3)A
2730 = (7/2) A
A =780 nm

Form=4
2x1.50x910= (4 +3) A
2730 = (9/2) A
A =607 nm

Form=5
2x1.50x910=(5+3) A
2730 = (11/2) A
A =496.4 nm

Form=6
2x150x910=(6+3) A
2730 = (13/2) A
A =420 nm

'é strongest wavelengths within the
range of visible light are 780 nm, 607 nm,
496.4 nm and 420 nm.
0.No.6,7,8:

See theory.

Q.No.9: The diffraction pattern from a
single slit of width 0.020 mm is viewed on a
screen. If the screen is 1.20 m from the slit
and light of wavelength 430 nm is used.
What is the width of central maximum?
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Data:
Width of slit d= 0.02mm=0.02x10-*m
Distance of screen L = 1.20 m.
Wave length of light A= 430 nm
=430x10° m
Width of central maxima (bright fringe) =?
Solution:
Distance of 15t dark fringe on left side of
central maxima (central bright fringe) x1 = A L/d
x1 =430x10~° x1.20 = 0.0258 m.
0.02x10-3
Since dark fringes are at equal distance on
either side of central maxima, therefore,
Distance of 1 dark fringe on right side of central
maxima (central bright fringe) x2 = 0.0258 m.
Width of central maxima (central bright
fringe) will be equal to the sum of distance of
these two dark fringes = 0.0258 + 0.0258
= 0.0516 m or 5.16 cm.
Q.No. 10: A grating has exactly 8000 lines
uniformly spaced over 2.54 cm and is
illuminated by light from a mercury vapor
discharge lamp. What is the expected
angle for the third order maximum of the
light of wavelength 546 nm.

Data:
Order of image m=3
Angle 06="7?
Wave length of light A= 546 nm
=546x10~° m

Number of lines = 8000
Length of grating = 2.54 cm.= 0.0254 m
Grating element (a+b)= 0.0254 =3.175 x10°m
8000
Solution:
For a diffraction grating:
(@+b)Sin6=mA
3.175 x1078x Sin 0 = 3 x 546x10~°
Sin 0 = 3 x 546x10~° = 0.5159
3.175 x10°%
0 =Sin~10.5159 = 31.06°
€< Angle for third order maximum will
be 31.06°.

Q.No. 11: How many lines per centimeter
are there in a grating which gives 15t order
spectra at an angle of 30° when the
wavelength of light is 6 X10-°> cm?
Data:
Order of image m =1
Angle 0=30°
Wave length of light A= 6x10~° cm.
(No need to convert A from cm. into m.
as we are required to find No. of lines per cm.)
Number of lines/cm.= ?
Solution:
For a diffraction grating:
(@+b)Sin6=mA
(@+b)Sin30°=1x6x10"°
(@+b)x0.5=6x10"°
(a+b)=6x10"°=12x10"°cm.
0.5
Numberoflines=__1 = 8,333 line/cm.
12x107°
®:There are 8,333 lines per centimeter.
Q.No. 12: Light of wavelength 450 nm is
incident on a diffraction grating on which
5000 lines/cm have been ruled. Determine:
(a) How many orders of spectra can
be observed on either side of direct beam?
(b) Determine the angle corresponding
to each spectrum.
Data:
Wave length of light A= 450 nm
=450X10"° m.
Number of lines = 5000 lines/cm
5000 X100 lines/m.= 500000 lines/m.
Grating element (a+b)=__1 m
500000
=2X10%m
(a) How many orders of spectra m =?
(b) Angle for each spectrum 6 =7?
Solution:
For a diffraction grating:
(@+b)Sin6=mA
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Maximum number of orders of spectra
can be found by assuming “0 =90°”.

2X 1078 x Sin 90° = m x 450X 10-°

(But Sin 90° = 1)
m=2X10°% =4
450x10-°
(a) ¥Orders of spectra that can be

observed on either side of direct beam is 4 .
(in other words maximum four bright diffracted
fringes can be observed)
(b) Angle for m =1:

(@+b)Sind=mA

2X106x Sin0=1x450x10"°

Sin0=1x450X10"°=0.225
2X10°8
- 0=Sin"10.225=13°
®:Angle for first order maximum will be 13.

Angle for m = 2:

2X107°x Sin 6 = 2 x 450x107°

Sin 0 =2 x 450x10=° = 0.45
2X10°6

0 =Sin ~10.45 = 26.74°

Angle for m = 3:
2X107%x Sin 6 = 3 x 450x10~?
Sin 6 = 3 x 450x10~° = 0.675
2X10°8
0 = Sin =1 0.675 = 42.45°

Angle for m = 4:

2X107°x Sin 6 =4 x 450x107°

Sin 0 =4 x450x10°=0.9
2X10°6

0 =Sin~10.9 = 64.16°.
Q.No. 13: see theory.
Q.No. 14: A beam of X-rays of wavelength
0.071 nm is diffracted by a diffracting plane
of rock salt with distance between the
atomic planes 1.98 A . Find the glancing
angle for the second order diffraction.

Data:

Wave length of X-rays A= 0.071 nm

=0.071x10°m
Order of diffraction m=2
Glancing angle 06="7

Separation of planes d = 1.98 R
=1.98x10"""m
Solution:
For X-ray diffraction from a crystal,
according to Bragg’s law:
mA=2dSin6
For second order:
2x0.071x1072 = 2 x 1.98x10~"° Sin 0
0.142 x107° = 3.96 x10~"° Sin 0
Sin 6 = _0.142 x10~° =0.3586
3.96 x10-10
0=Sin"10.3586 |0 =21.01°
Q.No. 15: Unpolarized light passes through
two polarizers in turn with polarization
axes at 45° to each other. What is the
fraction of the incident light intensity that
is transmitted.
Data:

Angle between polarization axes 0= 45°

Fraction of the incident light intensity

transmitted [=?
Solution:

While passing through first polarizer
intensity of light reduces to half, whereas it
reduces by a factor of Cos? 6 by the second
polarizer.

Let “Io” be the initial intensity of light
incident upon first polarizer, then “Io /2” will be
the intensity of light incident upon the second
polarizer.

Hence the fraction of initial intensity
transmitted = Io Cos 20

2
=, (Cos 45°)2 = I, *0.5 = 0.25 I
2 2

€:Net intensity of light transmitted will
be 0.25 I, which is_25% of initial intensity (Io)
of unpolarized light.
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Q.No. 16: If a diffraction grating produces
a first order spectrum of light of wave
length 6x10-” m at an angle of 20° from the
normal. What is its spacing.

Data:

Order of image m =1
Wave length of light A=6x10""m
Angular deviation 0 = 20°.

=?

Spacing of lines
Solution:
For diffraction grating:
(@+b)Sin=mA
(a +b) Sin 20° = 1x 6x10~7
(a+b)=1x6x10~7

Sin 20°
(a+b)=_6x10"7 =1.7543x10-m
0.342
Therefore, spacing of slits= __1
(a+Db)

= 1 = 570033.57 lines/m
1.7543x10-6

OR  spacing of slits= §70 lines/mm
Q.No.17: How far apart are the diffracting
planes in a NaCl crystal for which X-rays of
wavelength 1.54 A makes a glancing angle
of 15°-54' in the first order.
Data:

Wavelength A = 1.54 A =1.54x10-""m

Glancing angle 0 = 15°-54"' = 15.9°

Order of image m =1.

Distance between planes d =?
Solution:
According to Bragg’s law:

mA=2dSin6
1%1.54x10-1°= 2 d Sin 15.9°
d=1.54x10""9= 1.54x10-"9
2 Sin 15.9° 2 x0.274
d=281x1019m
OR d=281RA
®:Distance between diffracting planes is

2.81A.
Q.No. 18: Two parallel slits are illuminated
by light of two wave lengths one of which

is 6.0 x10-” m on a screen the fourth dark
line of the known wave length coincides
with the fifth bright line of the unknown
wave length.
Calculate the unknown wave length.
(1992 Karachi Board)
Data:
Known wave length M=6.0x10"" m
Unknown wave length  A,=7?
Solution:
Distance of bright fringes from the
center of the screen is given by:
y=mil
d
Distance of fifth bright fringe of
unknown wave length “A2"from the center of
the screen will be:
y=5hL
d
Distance of fourth dark fringe of known
wave length “A1”from the center of the screen
will be:
y=(d+%) ml=9anL
d 2d
Since fourth dark fringe of known wave length
coincides with the fifth bright fringe of
unknown wave length, therefore, both must be
at equal distance from center of the screen.

5ML=9MmL
d 2d
5i2=9 M
2
A2=9 1 =9 x6.0x10~7
10 10
V2 =5.4x107m
Lz = 5400 A

®:<Unknown wave length is 5.4 x10-7m or
5400 A.

Q.No. 19: Interference fringes were

produced by two slits on a screen 0.8 m

from them when light of wave length

5.8x10~" m was used. If the separation
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between the first and the fifth bright fringe
is 2.5 mm. Calculate the separation of the
two slits. (1995 Karachi Board)
Data:

Distance between slits and screen L =0.8m.
Wave length of light A =5.8x10""m
Distance between first and fifth bright

fringe =2.5 mm=2.5x10"3 m

Separation of slits d =7
Solution:

Distance of the first bright fringe from
center of the screen is givenby: y= AL

d

Distance of the fifth bright fringe from

center of the screenis givenby: y=5AL

d
But the distance between the two fringes is 2.5 mm

Therefore 50 L - AL =25x10"3
d d
4)L=25%x10"3
d
4x5.8x10~"x 0.8 = 2.5x1073
d
d =4x5.8x10~7x 0.8
2.5x103
d=7424 x10% m
d=0.74 mm
Q.No.20: Red light falls normally on a
diffraction grating ruled 4000 lines/cm. and
the second order image is diffracted 34°
from the normal.

Compute the wave length of light in
angstroms. (1996 Karachi Board)
Data:

Number of lines ruled = 4000 lines /cm

Grating element (a + b)

= 1 cm.=25x10"%cm=2.5x10"°m
4000

Angular deviation

Order of image

Wave length
Solution:

For diffraction grating:

(@+b)Sino=mA
2.5x1076 Sin 34° =22
2.5x107% x0.5992 = 2 )

L =2.5x10-6 x0.5992
2
A =6.9899x107" m
L =6989.9 A
Q.No.21: How many fringes will pass a
reference point if the moveable mirror of
the Michelson’s interferometer is moved by
0.08 mm? The wave length of light used is
5800 A. (1998 Karachi Board)
Data:
Wave length of light used A =5800 A
=5800x10"""m
Distance through which the moveable
mirror is moved d =0.08 mm = 0.08x103 m
Number of fringes m =?
Solution:
Distance through which moveable mirror of
the interferometer is moved is given by:

d=m A
2
m=2d
»
m = 2x 0.08x10-3
5800x10-10

®: 275 fringes will pass the reference point.
Q.No.22: Interference fringes were
produced by light coming from two slits 0.3
mm apart. If five fringes occupied 1.75 mm
on a screen at 200 mm from the slits, find
the wave length of light used.
(2000 Karachi Board)

Data:
Separation of slits d =0.3 mm
=0.3x103m

Distance in which 5 fringes
were formed 5Ax =1.75 mm.
Fringe spacing AX =1.75/5 mm

= 0.35mm = 0.35x103 m
Distance of the screen L=200mm=0.2m
Wave length of light A=?
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Solution:

Ax=rAL A= _Axd
d L
A =0.35x103x 0.3 x10-3
0.2
A=525x10"m |[A=5250A4]

Q.No.23: How much should the moveable
mirror of the Michelson’s interferometer be
moved in order to observe 400 fringes with
reference to a point? The wavelength of the
light used is 5890 A. (2002 Karachi Board)
Data:

Distance moved d="7

Number of fringes n =400

Wave length light used A =5890 A
Solution:

Distance, through which moveable mirror of

Michelson’s interferometer is moved, is given by:

d=n_A = 400 x5890 x10-10 .

2 2
d=1.178x 104 m=0.1178 mm

Q.No.24: If the radius of 12 t dark
Newton’s ring is 1 mm when light of wave
length 5890 A is used, what is the radius of
curvature of the lower surface of the lens
used? (2017, 03, 1990,94 Karachi Board)
Data:

Radius of the dark ring

re=1mm=1x10"3m
Wave length of light A = 5890 A

= 5890 x10 " m
Radius of curvature of lens R =?
Dark ring No. m=12
Solution:

Radius of the m th dark ring is given by:
In=VmAR
m =0,1,2,3... (m = 0 for dark center)
Squaring both sides and putting the
values we get:
(1x107%) 2 =12 x 5890 x10-"° R
1x10%=12x5890 x 10-"°R
R= 1x10°
12 x 5890 x10-19

R=0.1414 m
Q.No.25: X-rays of wave length 1.54 A are
diffracted by a crystal whose planes are
2.81 A apart. Find the glancing angle for
the first order. (2004 Karachi Board)

Data:
Wave length of X-rays A =1.45 A
Separation of planes d = 2.81 A
Order m =1
Glancing angle 0="7
Solution:

For X-ray diffraction from a crystal,
according to Bragg’s law:
mA=2dSin6
(No need to convert R into meters, as in
this case “A"and “d” divide each other, their
unit cancel out).
1x1.54 = 2x2.81 Sin 6 (For first order)
1.54=5.62 Sin©O
Sin6=_1.54 =0.2740
5.62
0=Sin"10.2740 |6 =15.90°
Q.No.26: Interference fringes were
produced by two slits 0.25 mm apart on a
screen 150 mm from the slits. If ten fringes
occupy 3.275 mm, what is the wavelength
of the light producing fringes?
(2016, 08, 02 Karachi Board)

Data:
Separation of slits d =0.25mm
= 0.25x10-3m
Distance of screen L =150 mm = 0.15m
Distance occupied by 10 fringes
=3.275 mm.
Fringe spacing Ax = 3.275 mm
10
=0.3275 mm = 0.3275x103m

Wave length of light used A =7

Solution:

In Young double slit experiment fringe
spacing (distance between two consecutive
fringes) is given by:
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Ax= AL
d
0.3275x10-3 = A x0.15
0.25x1073
L =0.3275x103x 0.25 x 10°3
0.15
(L =5.458x10-7m = 5458 A
Q.No.27: If radius of 14" bright Newton’s
ring is 1 mm and the radius of curvature of
the lens is 125 mm.
Calculate wavelength of light.
(2010, 1997 Karachi Board)

Data:
Radius of 14" ring r14 =1mm= 1x10-3m
Ring number N=14

Radius of curvature of lens R = 125 mm
=125 x10-3 m.
Wave length of light A=7

Solution:
Radius of N Newton’s ring is given by:
mn=VRA(N=3)
ria=vYRA (14 = 3)
1x1073 = V125x10-3 A (14 — 3)
1x1073 = V125x1073 A (27/2)
Squaring both sides we get:
(1x1073)2 = 125x1073 A (27/2)
A= (1x1073)?
125x1073 (27/2)
A =5.926 x10-"m.
A = 5926 A
Q.No.28:In a double slit experiment, eight
fringes occupy 2.62 mm on screen 145 mm
away from the slits. The wave length of
light is 545 nm. Find the slit separation.
(2012 Karachi Board)

Data:

No. of fringes =8

Distance occupied =2.62 mm.

Fringe spacing Ax=2.62 mm
8

Ax=0.3275 mm= 3.275 x10* m
Wave length A =545 nm = 545x10~m.

Distance of screen L = 145 mm= 145x10=3 m.

Slit separation d="7?
Solution:

Fringe spacing is given by:

Ax=xrL  d=2AL

d Ax
d = 545x10°% x 145x1073..
3.275x10~
d =7.9025x10% [d =2.413x104 m
3.275x10* \d = 0.2413 mm.

Q.No.29: Green light of wave length 5400A.
is diffracted by grating having 2000 lines/cm.

Compute the angular deviation of the
third order image.

(2014, 05, 1999 Karachi Board)

Data:

Wave length A=5400 A = 5400x10-1 m

Number of lines/cm = 2000

Grating element (a + b)

= 1 cm.=5x10~%cm=5x10"%m
2000

Angular deviation 6 =7

Order of image m=3

Solution:
(@+b)Sin6=mAxr
5x1078 Sin 6 = 3x 5400x10~10
Sin 6 = 3x 5400x10~1°
5x1078
Sin 6 = 16200x10-19 = 0.3240

5x10-8
0=18.91°

0 =Sin-10.3240
Q.No.30: A parallel beam of X-rays is
diffracted by rock salt crystals. The first
order maximum being obtained when the
glancing angle of incidence is 6 degree and
5 minutes, the distance between the atomic
planes of crystal is 2.81x10-'° m.

Calculate the wave length of radiation.
(2015, 2009 Karachi Board)

Data:
Order m=1
Glancing angle 6 = 6° 5 minutes
=6.083°
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Separation of planes d=2.81x10""m
Wave length of X-rays A=
Solution:
According to Brag’s law:
mA=2dSin6
1x A = 2 x2.81x1071°%Sin 6.083°
A =2 x2.8x10719x0.106
A=5956x10""m
(A =0.5956 A
€ Wave length of X-rays is 5.956x10 ~1'm
or 0.5956 A.
Q.No.31: A diffraction grating produces 3™
order spectrum of light of wavelength 7000 A
at an angle of 30° from the normal.
What is the grating element?
Calculate the number of lines of

grating per cm.
(2019, 17, 11, 97, 03, 01,1991 Karachi Board)

Data:
Angular deviation 6 =30°
Order of image m=3
Wave length of light A =7000 A= 7x10~7 m.
Grating element (a+b)=?
Number of lines percm. =?
Solution:
For diffraction grating:
(@+b)Sin6=mAi
(@+b)Sin30°=3x7x10
(@a+b)x0.5=21x10"
(a+b)=21x10""
0.5
l(a + b)= 42x10-"m.= 4.2x10-*cm]
Number of lines percm.=_ 1
(a+Db)
Number of lines per cm.= 1
4.2 x10™
Number of lines per cm. = 2380
®:Given grating has 2380 lines per cm.
Q.No.32: 271 fringes are passed through a
reference point when the moveable mirror
of Michelson’s interferometer is moved by
0.08mm
Find the wavelength of light used in A.

(2019, 2002 Karachi Board)
Data:
Number of fringes passing reference point
n=271
Moveable mirror moved by d = 0.08 mm
=8x10°m
Wave length of light used A = ?
Solution:
For Michelson interferometer:

d=n_A_
2
8x105=271 &
2
A= 2x8x10°
271

[L=5.9x10-"m] OR |\ = 5900 A)
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/Do you know that...... \

Speed of light in air or vacuum is very high about
300,000,000 m/s or 300,000 km/s (three crore kilometers in one second)
(actually it is about 2.98x108 m/s). Travelling with such a high speed you
can circle 7'2 times around the earth in just one second. The distance to
the sun can be covered in about slightly over 8 minutes. Traveling with
speed of light from earth will take about 200,000 years to cross our

galaxy “Mi|k! way”, and galaxy ANDROMEDA nearest to our
galaxy, can be reached in 2 million years.
Actually, all electromagnetic waves (light waves are also

electromagnetic), in vacuum can travel with such a high speed.
According to Einstein’s special theory of relativity, mass of

kmaterial objects starts increasing as its speed approaches speed of
light. /
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I!!I Unit.14.... .25

Communication

Communication:

Communication is the exchange of information between two or more bodies.
Modern telecommunication may be wired or wireless.
Massages are transmitted using electromagnetic waves by an antenna (transmitter antenna)
at one end and are received by another antenna at the other end. Message may be voice
message, video, voice message etc.

Wave length of waves (A):
It is the distance between two consecutive crests or troughs of a wave.
S.l unitis m.
Frequency of waves (f):
It is the number of waves passing through a point in one second.
S.l unitis Herz Hz.

Relation between f and A:
Wave length “A” of a wave is inversely proportional to its frequency “f". (higher the
frequency shorter is the wave length and vice versa)
hoc 1
f
A f=speed v of a wave
Since all electromagnetic waves, including radio waves, travel with speed of light “c”,
therefore,

(/=9 (c =3 x10 8 m/s, actually it is 2.98 x10 & m/s)
Energy “E” of a wave depends upon its frequency “f". High frequency waves are more

energetic (High frequency and therefore, high energy waves are of short wave length).
Q.No.1: What are fiber optics?
Fiber optics:

A fiber optic cable consists of a large number of very thin glass or plastic strands
bundled together inside a strong insulating pipe.

A single fiber can carry thousands of telephone calls at the same time.
Working: First of all any signal in the form of electromagnetic waves, to be transmitted through
an optic fiber, is converted into coded light signals. These light signals are coded with
information to be transmitted. These coded light signals travel through the fiber cable
undergoing total internal reflection whenever it touches sides of the cable, thus always
remaining in the middle. Since these are now in the form of light signals they travel with a very
high speed (close to speed of light).
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There is minimum energy loss in signals to be transmitted in fiber cables as compared
to copper wires and the method of transmission is cost effective also.

Radio waves:

Radio waves are the longest wave length, lowest frequency and hence of lowest
energy electromagnetic waves. Since radio waves are lowest energy waves therefore, they
are non-ionizing electromagnetic waves.

In radio communication radio waves are emitted in all directions by transmitter
antenna. These transmitted radio waves are received by another antenna called receiver
antenna.

Length of receiving antenna must be about one fourth (A/4) of wave length “A” of signal
wave.

Data signal waves, such as radio waves, TV waves, sound, music etc. are of few kHZ.
Frequency, in other words, they are basically long wave length signals. Their wave length is
usually such that at the receiving side a very long receiving antenna will be required, which is
not practical. Beside such signals can not be sent efficiently over long distances. Hence before
transmission these signals are modulated. (see modulation)

Microwaves:

Microwaves are electromagnetic waves having frequency range of 1GHz to 300 GHz.
These electromagnetic waves due to their short wave length, higher frequency (more energy)
are widely used for transmitting signals over long distances even through space. These signals
can not pass through or around large solid obstacles, such as mountains elc. Because of their
relatively short wave length they can be received by small sized antenna.

They are widely used in radar systems.

Satellite communication:

Satellites revolving around the earth at suitable heights, are used for long distance
communication. The path at a suitable height around the earth where the satellite revolves is
called its orbit. Three satellites placed at different locations, in suitable orbit separated from
each other by a suitable distance can cover most populated part of our beautiful little earth.

Satellites are used to keep track of weather conditions, for communication, for civil and
military use, for global mobile communication etc. Now a days GPS (Global Positioning
System) has become a simple daily life application of satellite communication.

Q.No.2: What are data or signal waves?

Data or signal waves:

Waves which carry voice messages, music, speeches, videos, in general any type of
data are called signal waves or data signals.

Data or signal waves are usually of low frequency hence of long wavelength.

Type of data signals:
Data signals are basically of two types:
(1) Analog signals. Analog signals are basically in the form of electromagnetic waves.
(2) Digital signals. Digital signals are basically in the form Binary digits (which means
that there are two digits). Hence binary system needs only two digits 0 and1, 1 bit is equal to
either of these two numbers (0 or 1), and any data can be represented by the combination of
these two numbers. Whereas 1 byte = 8 bits. (it means that 1 byte will have 00001111).
Digital signals are used in modern devices such as computers, mobile phones, internet,
Wi Fi, satellite communication etc.
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Basic memory units:

Memory units are the standard units to calculate the size of data.

Binary system is used in a computer. In binary system there are two units either O or 1,
each of them is called a bit,

Smallest unit in computer memory is a bit (b),

8 bits make a Byte (B). Hence.

1 Byte (B) = 8 bits (b)
1 Kilo Byte (KB) = 1024 Bytes
1 Megabyte (MB) = 1024 KB

| Giga byte (GB) = 1024 MB

1 Terabytes (TB) = 1024 GB

1 Petabytes (PB) = 1024 TB

These memory units tell you about size of memory or the size of data storing capacity of
a computer device.
Q.No.3: What are carrier waves?

Carrier waves:

Waves that carry signal or data waves over long distances are called carrier waves.
Carrier waves carry signal (data) waves after a process called modulation.

Frequency of carrier waves is much higher than the frequency of signal waves. Since
energy of a wave depends upon its frequency therefore, carrier waves are high energy waves
and, therefore, they can travel long distances with a very small loss of energy. Besides they
also reduce size of receiving antenna.

Q.No.4: What is modulation?

Modulation:

The process of super-imposing the data signal over the carrier wave to change its
amplitude, frequency or phase is called modulation.

Modulation changes a particular characteristic of a carrier wave while keeping the other
characteristics constat.

Modulation can be done with both analog and digital information signals.
Q.No.5: Why is modulation needed?
Need for modulation:

o To transmit the signal over long distances. Signel waves are low frequency
waves. Low frequency signals cannot be transmitted over long distances. In modulated signal
high frequency carrier wave (having more energy) caries the data signal to long distance.

e To reduce the size of receiving antenna. Since data signal is of low frequency,
therefore, its wavelength will be long. To receive a long wavelength signal longmreceiving
antenna is needed (practically not feasible). In modulated signal carrier wave is of high
frequency and small wavelength therefore, small sized receiving antenna will be needed.

e Avoid mixing of signals.

Types of modulation:
Depending upon the modification basically there are three types of modulations:
(1) Amplitude modulation (AM).
(2) Frequency modulation (FM).
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(3) Phase modulation.

+« In amplitude modulation only the amplitude of the carrier wave is changed, whereas
its frequency and phase remain unchanged.

+ In frequency modulation only the frequency of the carrier wave is changed, whereas
its amplitude and phase remain unchanged.

+ In phase modulation only phase of the carrier wave is changed, whereas its amplitude
and frequency remain unchanged.

Q.No.6: What is amplitude modulation?

Amplitude modulation (AM):

The process of super-imposing the data signal over the carrier wave to change the
amplitude is called amplitude modulation (AM).

In amplitude modulation (AM), amplitude of carrier wave is changed corresponding to
the data signal wave.

Carrier wave after modulation is called modulated wave.

Amplitude of the carrier wave at the crest of modulated wave is strongest and weakest
at the trough of modulated wave.

Frequency of modulated wave remains equal to the frequency of signal wave only its
amplitude changes.
Q.No.7: What are the advantages/disadvantages of amplitude modulation?

Advantages/disadvantages of AM- modulation:

% Frequency range of AM is much lower than the frequency range of FM, due to this
reason AM covers larger area. This is the reason why most news stations use AM, so that any
news can reach lager population living is large area.

+ AM signals are easily affected by noise because noise affects amplitude, as a result of
which we hear static.

Q.No.8: What is frequency modulation?

Frequency modulation (FM- modulation):

The process of super-imposing the data signal over the carrier wave to change its
frequency is called frequency modulation (FM).

In frequency modulation (FM), frequency of carrier wave is changed according to
frequency of data signal wave.

Frequency of the carrier wave at the crest of modulated wave is highest and lowest at
the trough of modulated wave.

Amplitude of modulated wave remains equal to the amplitude of signal wave only the
frequency changes.
Q.No.9: What are the advantages/disadvantages of frequency modulation?

Advantages/disadvantages of FM- modulation:
« FM frequency range is much higher, therefore it can carry more date than AM.
% Effect of interference (such as of noise) on FM signal is very small as a result of which
there is no static effect on FM broadcast.
% Due to the above two reasons FM radio has better sound quality.
Q.No.10: What are the advantages of transmission in digital form over analog form?
Transmission in digital form has many advantages over transmission in analog form,
such as it has less noise and distortion, it has maximum security, digital signals can be stored
and retrieved more accurately etc.
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Section-A Multiple-Choice Questions MCOQOs:

Q.No. 1: In radio and television broadcast, the
information signal is in the form of:

(a) analog signal.  (b) digital signal.

(c) Both analog and digital signals.

(d) neither analog nor digital signal.
Q.No.2: A communication channel consists of:

(a) Transmission line only.

(b) Optical fiber only.

(c) Free space only.

(d) All of them.

Q.No.3: Voltage signal generated by a
microphone is:

(a) Digital in nature.

(c) Hybrid in nature.

(d) Consists of bits and bytes.

Q.No.4: As compared to sound waves frequency
of radio waves is:

(a) Higher. (b) Equal.

(c) Lower. (d) may be higher or lower.
Q.No.5: The process of superimposing signal
frequency on the carrier wave is known as:

(a) Transmission. (b) Detection.

(c) Reception. (d) Modulation.
0Q.No.6: What is the frequency range of signals
that can be transmitted in case of twisted pair of
wires.

(b) Analog in nature.

(a)10MHz. to 15MHz. (b)5 MHz. to 10MHz.

(c)100MHz. to 5MHz. (d)10 Hz. to 100Hz.
Q.No.7: The maintenance of a satellite’s orbital
position is called:

(a)Maintenance keeping. (b)Station keeping.

(c) Station maintenance. (d) altitude control.

0Q.No.8: Process of mapping the sampled analog
voltage values to discrete voltage levels is called:
(a) Sampling. (b) Sampling frequency.
(c) Quantizing.  (d) Encoding.
Q.No.9: AM is used for broadcasting because:
(a) It requires less transmitting power
compared with other systems.
(b) It is more noise immune than other
modulation systems.
(c) No other modulation can provide the
necessary bandwidth faithful transmission.
(d) Its use avoids receiver complexity.
Q.No. 10: Data in compact disc is stored in the
form of:
(a) Analog signal. (b) Digital signal.
(c) Noise. (d) Both (a) and (b).
Q.No.11: The process of superposing signal
frequency onto carrier wave is called:
(2025 Karachi Board)
e Detection.

e Reception.

e Modulation.
e Transmission.
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Answers:

-

1) analog signal.
2) All of them.
3) Analog in nature.
4) Higher.
5) Modulation.
6) 100MHz. to 5MHz.
7) Station keeping.
8) Quantizing.
(9) No other modulation can provide the
necessary bandwidth faithful transmission
(10) Digital signal.
(11) Modulation.

- J

N N N N~~~

A piece of advice to students:

Dear students your examination paper comprises of a
number of numericals/problems. For high scoring rate
solve numericals from text book as well as from last

several year’s board papers. Try to understand the
theoretical background of each. Do real good practice. Do not
take any chance. Hard work with systematic approach,
courage and determination always pays.

College years are a turning point of your life!!!
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