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Chapter 9: Fluids

Introduction:

We begin our study with fluid statics, the study of fluids at rest in equilibrium situations. In this section,
we will explore the concepts of adhesion, cohesion, density, pressure and buoyancy. While fluid
dynamics, the study of fluids in motion, is much more complex and has many different principles than
fluid statics. Meaning, the physics of fluids at rest is different from that of the fluid in motion. And so, we
will treat them here separately.

9.1. Fluid statics

Fluid statics or sometimes called as “hydrostatics” is the science that deals with fluids at rest or not moving.
A fluid is any substance that flows. It can be a liquid or gas.

A. Density

The density , (rho) of a substance is the ratio of its mass and volume. Mathematically, it can be written
as:
mass

B _m
p= volume V

The Sl unit of density is %. The density of pure water in different units are:

g kg _ kg
Pwater =13 =1000—3 =1—-=

Example 1: What is the density of a liquid substance that has a mass of 25.0 grams and a volume of
29.4 cm*?

m 259 3
Ans: p=—= =0.85 g/cm
P v 29.4cm’ g

Example 2: Find the volume of a rock, if its density is equal to 2000 kg/m® and mass equal to 60g.

Ans:
_ m
P=y
pom 60 x 10 3kg
= — = T
P 20009/ s

V =30 X 107°m3 = 30cm?



B. Relative Density

Relative density of a substance (for solid and liquid) is defined as the
ratio between the density of the substance to the density of water at

4.0°C.
Relative density is also known as specific gravity. For solids and
liquids,
Prol = Psubs
pwater (at 4OC)

Ethanol

Refined Oil

Dishwashing Soap
Glycerine

Honey.

Where, p,qcer iS the density of water and is equivalent to

g kg kg
Pwater = lm = 1000% = 1T

Psubs 1S the density of the substance.

1. If peubstance > Pwater, then the substance sinks in
water.

2. If psubstance < Pwater then the substance floats in

water.
For gases
_ pgas
Preit= — —
Pair at 20°c
3 9 kg
Pair at 200c = 1.2 X 10 3$ =1.2 3

20 °C is called the temperature at normal condition

Example 3:

The volume of a solid is equal to 350 cm®and its mass is 500 g.
(a) What is the density of the solid? Give your answer in
SI Unit.

g

cm?®

500

= =1.43
50

Solution:

m
pe=—
\Y

=143 x 103 kg/m®

(b) What will be the relative density of the solid?

_ psolid — 143 2143

Solution: RD

solid
water

(c) Will it float or sink?

SOlUtiOﬂ: psolid > pwater

-+1.43>1 hence, the substance sinks.

Substance | Density (kg m?) | Relative
Gases
Hydrogen 0.085 0.0695
Helium 0.169 0.138
Air 1.2 1.0
Liquids
Alcohol 790 0.79
Kerosene 820 0.82
Water 1000 1.0
Mercury 13,600 13.6
Solids
ice 920 0.92
Glass 2400-2800 2.4-2.8
Lead 11,340 11.34

Density and relative density of some common substances




Class Activity 1

Choose the correct answer:

1.
a)
b)
c)

2.
a)
b)
)

3.
a)
b)
c)

The units of relative density is
kg/m?®

kg/m

No units

If you poured 3 liquids that do not mix how you could tell which one is the most dense?
The liquid on top

The liquid in the middle

The liquid at the bottom

Which of the following bodies will float on water? (Density of water = 1000 kg/m?)
Body A having density 500 kg/m?

Body B having density 2520 kg/m?

Body C having density 1100 kg/m?

Problem Solving

1.

The dimensions of a hall are 10 m x 7 m x 5 m. If the density of air is 1.11 kg/m?, find the mass of
air in the hall.

A piece of zinc of mass 438.6 g has a volume of 86 cm®. Calculate the density of zinc in Sl units.

Calculate the relative density of the liquid from the following information:
Mass of empty bottle = 24.5g

Mass of bottle filled with water = 56.2¢

Mass of bottle filled with liquid = 51.2g



C. Hydrometer

The hydrometer is used to measure the relative density of
liquids. It normally has a glass float contained within a N Bulb
cylindrical glass body. The float has a weight in the bottom 1
and a graduated scale at the top. When liquid is drawn into i
the body, the float displays the relative density on the i I

Car battery
acid

graduated scale. 1 Hydrometer
If we immerse a hydrometer in pure water, it reads 1.000.

. . . . High density liquid
D. Static Pressure in liquids

Low density liquid

The static pressure Ps is the pressure if the fluid is not moving Hydrometer
(stationary). It is the ratio of force to area. Mathematically, it is written as

P, = % . The force, F, is acting perpendicularly on the surface of the object and it

acts in all direction. o~
b G T
Since the force is equal to the weight of the water then we can write pressure as,
P=— Force acts on all sides and is
A perpendicular to the surface of
the submerged object.
mg
p=—
A : : .
But since m = pV and V = Ah then T'he pressure at the top of each liquid
! column is atmospheric pressure, py,.
p pAhg
A
P =pgh

From the above equation, it shows that fluid pressure depends on
three (3) things only: density (p), acceleration due to gravity (g)
and height of the fluid or depth (h). This means that fluid pressure
does not depend on the shape or size of the container.

E. Absolute pressure and gauge pressure

The pressure at the bottom of each liquid

If the pressure inside a car tyre is equal to atmospheric column has the same value p.
pressure, the tire is flat. The pressure has to be greater than The difference between p and py is pgh, where
atmOSpheriC pressure to support the car. SO, when the h is the distance from the top to the bottom of

. ) ; . o . the liquid column. Hence all columns have the
gauge pressure reading is 32 psi (Ibs/in®), this means same heioht

that it is 32 psi more than the atmospheric pressure. The

. . Units of Pressure
sum of gauge pressure and atmospheric pressure is

called absolute pressure. Unit Atmospheric
Pressure
— Pascal (Pa); kilopascal (kPa) 1.01325x105 Pg;
P =Py +pgh 101.325kPa
Where P, is the atmospheric pressure and is equal to _ Amosphere (atm) 1
1.01 x 10° Pa (at sea level). Atmospheric pressure is Milimeters of mercury (mmkig) 760 mmHg
due to the weight of the air above the earth acting on its L oman
surface. As altitude increases, atmospheric pressure FOUIE pt T&?naz;e o e T
decreases. Bar 1.01325 bar

The SI unit of pressure is N/m? or Pascal (Pa).
However, there are several common units for pressure.
9



At sea level standard atmospheric pressure equals 1013.2 milli-bars or 14.69 psi or 1.01 X 10°Pa or
760 mm Hg at 15°C.

Example 4

Water stands 12.0 m deep in a storage tank whose top is open to the atmosphere. What are the

gauge and absolute pressures at the bottom of the tank?

a.) Gauge pressure, pgh = (1000kg/m3)(9.8m/s?)(12.0m)
= 1.18 X 10°Pa or 1.16 atm

b.) P =Py + pgh
P =1.01 x10°+1.18 x 10°Pa
P =2.19 x 105Pa or 2.16 atm

F. Measurement of pressure (gauging)

Devices that measure pressure are referred to as Manometers and manometers which measure

atmospheric pressure are called Barometers.

The two most common types of barometer used to

measure atmospheric pressure are the mercury and aneroid

typeS. Vacuum
Hg pressure equal | .
1) Mercury barometer to air pressure "\ T
The gimplest type of mercury barometer is illustrated in P ——_— -
the figure at the right. pressure
It consists of a mercury-filled tube, which is inverted } M/e/rcury(Hg)
and immersed (dipped) in a reservoir of mercury.
The atmospheric pressure can be calculated from the '
height of the column of the mercury.
2) Aneroid Barometer:

They are widely used in portable instruments and in aircraft altimeters because of its smaller size and
convenience. It contains of a flexible-walled evacuated capsule, the wall of which deflects with
changes in atmospheric pressure. This deflection is coupled mechanically to an indicating needle.

Atmospheric Pressure

Atmospheric
Pressure

10



Class Activity 2

Choose the correct answer:

1. Which of the following statements is TRUE if the gauge pressure of the tyre is 35 psi?

a) The absolute pressure is less than 35 psi.
b) The atmospheric pressure is equal to 35 psi.
c) The absolute pressure is greater than 35 psi.

2. From the given pictures below, how do you compare the fluid pressure at the bottom of the
containers?

a) Pressure in C is the highest
b) Pressure in A is greater than B
c) Pressurein A, B and C are all the same

3. Ata certain place, the reading on the mercury barometer is 745 mm Hg. This means it is
located at

a) Sea level

b) Above sea level

c) Below sea level
Problem Solving

1. Find the approximate pressure at a depth of 15 m under water surface in a dam.

2. A vertical tube of radius 1 cm, open at the top to the atmosphere, contains 2 cm of oil floating on 3
cm of water. What is the gauge pressure at the bottom? [poil = (0.82)* pwater]

11



G. Buoyancy and Archimedes’ principle

Buoyancy
Buoyancy is the apparent loss of weight of a submerged object due to the upward force exerted by the
fluid called buoyant force.

1. The body will float--if the buoyancy is positive. Types of Buoyancy

2. The body will sink--if the buoyancy is negative. s Buoywet Buoyant

3. The body will be stuck--if the buoyancy is neutral, in this case C\
f

the body neither sinks nor floats.
Similarly, the buoyant force (B.F) has been found to be the same as the weight of the displaced fluid. It
is known as the Archimedes’ Law.

i

\
=/

Buoyant Force is basically defined as the difference between weight

of object in air and weight of object in fluid. Mathematically, we can
write it as

B.F = Wair — Wriia-

Archimedes’ law:

Archimedes’ Principle states that” when an object is submerged
in a liquid, the object displaces a volume of liquid equal to its
volume and is supported by an upward force equal to the weight
of the liquid displaced”. Mathematically, we can write this as

B.F = Waispiaced fiuia = mg, But since m = pV, then
B.F = pgVaispiacead fluia-
Likewise, Viispiaced fiuia = Vsubmerged object then
B.F = pgVsubmerged object
If one can design an object that can displace large amount of
water, then there will be large amount of buoyant force acting

on that object. This explains why boats made of steel don’t sink
in water.

Apparent weight® = weight of object - weight of displaced fluid?

1. If the weight of object is less than the weight of displaced water i.e. apparent
weight < 0 then object will float.

2. If weight of object is more than the weight of displaced water i.e. apparent weight > 0 then object
will sink.

This up thrust or buoyant force can be explained in terms of the forces acting on the body due to
pressure acting on each surface of the body.

Example 5:

! The same as weight of the object in fluid (Wjuid)
2 This is also equal to the buoyant force (B.F)
12



A sample of an unknown material weighs 300 N in air and 200 N when submerged in an alcohol solution
with a density of 0.70 x 10° kg/m?. What is the density of the material?

Solution:
B.F = Wair — Waiconot
B.F=300N-200N=100 N

Also, B.F = ngsubmerged object

100 =700 x9.8 X Vsubmerged object
Vsubmerged object = 0.0146 m?

War =mXg

300=mx9.8
m = 30.61 kg

m  30.61 3
Psubmerged object = v = 0.0146 = 2100 kg/m

H. Pascal’s law
Any change in the pressure on the fluid in an enclosed container is transmitted equally and undiminished
to all of the enclosing walls of the container, and it acts at right angles to the walls.

TrrTr1111

Change in Pressure

1111111

Enclosed Container

Bramah’s law

Under a given load, the smaller the area it acts upon, the
greater the pressure produced and the greater the area under
pressure, the greater the force available.

Pascal’s law states that when a pressure is applied to an enclosed
fluid, this pressure is transmitted equally in all directions.

An application of the use of fluid pressure to hydrostatic system
can be found in the hydraulic press, often referred to as
Bramah’s press. This is the principle behind hydraulic (fluid)
systems, where a mechanical input force drives a pump, creating
pressure which then acts within an actuator, so as to produce a mechanical output force.

In a hydraulic press, the area in which the input force is applied, is smaller than the other one. By applying
Pascal’s law,

P1=P2
F P,
Ay A,

Now, since pressure must be equal at all points and A1 < Az, then F> >F1.This makes hydraulic press lift
heavy objects.

13



Example 6:

The small piston of a hydraulic lift has an area of 0.20 m2. A car weighing 1.2 x 10* N sits on a rack
mounted on the large piston that has an area of 0.90 m?. How much force must be applied to the small
piston to support the car?

Solution:

Fi/A1=F /A

Fi1=[F2/A2] x (A1) =(1.2 x 10*N/0.90 m?) x 0.20 m?
F1=27x 10°N

Class Activity 3

Choose the correct answer:

1.
a)
b)
c)

2.

a)
b)

c)

3.
a)
b)
c)

The magnitude of buoyant force acting on a body depends upon...

Weight of the immersed body

Density of the fluid and mass of the fluid

Density of the fluid, acceleration due to gravity and volume of the immersed body

A stone weighs 50 N in air and has apparent weight of 40 N in water. The buoyant force acting
on the stone is...

90N
10N
200 N

An object of weight 500 N is floating in a liquid. The magnitude of buoyant force acting on it is...

200N
300 N
500 N

Problem Solving

1.

2.

A stone weighs 450 N in air and has apparent weight of 200 N in water. Compute the volume of
stone.

The small piston of a hydraulic lift has a cross-sectional area of 3.00 cm?, and its large piston has
a cross-sectional area of 200 cm?. What force must be applied to the small piston for the lift to
raise a load of 15.0 kN?

14



9.2. Fluid dynamics

Fluid dynamics is the branch of applied science that is concerned with the movement of fluids (liquids
and gases). In this section, we are going to study static and dynamic behavior of fluids.
Dynamic pressure: Dynamic pressure Pq is the pressure of a fluid that results from its motion.

2
P, = % where p and v are the density and the velocity of the fluid, respectively

A. Types of fluid flow

There are two types of fluid flow: Fpe
yP Fluid flows slowly .
Steady or laminar flow: This is smooth flow of — . the
fluid. (Velocity is constant). -
Stoady flow

Streamlining
* Flowing steadily over a smooth surface, narrow layers
of it follow smooth paths that are known as streamlines.
 If fluid flows slowly along a pipe, the flow is
streamline.
« If flow is very fast and exceeds a certain critical speed,
the flow will become turbulent.

Turbulent flow: If laminar flow encounters

. . . P
obstructions, the streamline will break and Fluid flows quickly |
become irregular or turbulent. (Velocity —2 f":}? e
changes). Y =oAL

ig
B. Viscosity Viscosty
Viscosity is the property of a fluid (a liquid or gas) that describes its ability =\ '/f‘

to flow. Viscosity is basically a measure of how thick and “sticky” a fluid
is. It is also known as thickness or internal friction.

High-viscosity fluids resist flow (flows slowly), and low-viscosity fluids e
flow easily. For example, the viscosity of water is less than the viscosity of

L
Vmosity /
honey. Therefore, water flows faster than honey. /

A few typical values of viscosity are given in the Table below. Note that { "
viscosities for all fluids are dependent on temperature, increasing for gases
and decreasing for liguids as temperatures rise.

15



Castor oil (poise)

Water

Air (micropoise)

Temperature*C ;o pasx 10-1) (i.ﬁ*n;g?ﬁ%s-}m (ie. Pasx 10-7)
o 53 1792 171
. 9.86 1.005 181
- 1231 0.656 1190
- 0.08 0.469 200
- 0.30 0.357 209
100 0.17 0.284 218

Typical Values of Viscosity

C. Bernoulli’s principle & its applications

Bernoulli’s principle states that the sum of the pressure,
kinetic energy per volume and potential energy per
volume at any point in steady flow calculated per unit mass
or per unit volume is constant. In this section, we will treat
fluids as an ideal fluid. An ideal fluid is an incompressible
fluid that flows smoothly (laminar flow) and with zero
Viscosity.
2

p+2Y

+ pgh = constant

This principle is used in the design of aircraft wings to create
lift from the flow of air over the wing profile. It is also used
in the design of the spoilers installed at the rear end of sports

Pressure exerted due
to faster moving air

(_/";—"X
< ‘ Airflow
— _—

IR R

Pressure exerted due
to slower moving air

Cross section of the wing of an aircraft.

cars in the purpose of producing a downwards force to stabilize more the car and get better traction.

less air speed
more pressure

greater air speed
less pressure

Spoilers installed at the rear end of a sports car

16



Example 7:

A water tank has a spigot near its bottom. If the top of the tank is open to the atmosphere, determine
the speed at which the water leaves the spigot when the water level is 0.5 m above the spigot.

P1 = Pam = 1.01 x 10° Pa = P, (both are open to atmosphere)
v1 =0 (negligible); h1 =0.5mand h,=0m

Solution:

1 1
Py +5pvi +pghy = Py +5pv; + pghy

1
P1+P9h1:P2+§PV§

v, =/2gh; =V2x9.81 x 0.5 =3.13m/s

Equation of continuity

This equation is coming from the conservation of mass. It states that the volume per unit time is constant
at all points. It can be written as,

‘t/—l = ‘:—2 = constant but since V=Ah and v=h/t then
1 2
Al A, v,. Therefore,
1
A1v1 = szz
Application of Bernoulli’s Theorem and continuity s s

equation: Venturi effect

The Venturi effect is the phenomenon that occurs when a fluid
that is flowing through a pipe is forced through a narrow
section (constricted section), resulting in a pressure decrease

and a velocity increase. This phenomenon can be /(”‘q\ @ @
mathematically described through theBernoulli’s and Wi o3 et

A N . A igh Pressure Low Pressure High Pressure
continuity equation and can be observed in both nature and Low Speed High Speed 4 Low Speed W
industry.
Example 8:

Water enters a typical garden hose of diameter 1.6 cm with a velocity of 3 m/s. Calculate the
exit velocity of water from the garden hose when a nozzle of diameter 0.5 cm is attached to
the end of the hose.

Solution
First, find the cross-sectional areas of the entry (A1) and exit (A2) sides of the hose.

A =7r’ = w(0.008m)" =2x10 'm’
A =mr’ =x(0.0025m) =1.96x10 "m’

Next, apply the continuity equation for fluids to solve for the water velocity as it exits the hose (v2).

Av =Ayv,

A 2x10 'm’®
v ==y =|———|(3%)=30.67
: [Al ©[1.96x10 “m’ 4 7
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Example 9: Water enters a horizontal pipe of non-uniform cross section with a velocity of 0.4m/s and
leans the other with a velocity of 0.6m/s. The pressure at the first end is 1500 Pa. What is the pressure at
the other end?

Solution:

v =04" ;v =062 ; p=1500Pa
S S !

p:lOOOk—g3 P, =7
m
According to Bernoulli’s theorem,

1 2 1 2
Pr+5pvi + pghy = Py +5pvs + pghy

But since hy = ha then,

2 2
F’1+’OVl :P2+’O—V2
2 2

1000

= P2=P1+§[vf—v§]:> P2=1500+T[o.42—0.62]:1400Pa

Class Activity 4

Choose the correct answer:

1.

a)
b)

c)

a)
b)

a)
b)

c)

a)
b)

c)

Equation of continuity is related to...

Conservation of mass
Conservation of energy
Conservation of momentum

If a liquid enters a pipe of diameter d with a velocity v, what will it’s velocity at the exit if the
diameter reduces to 0.5d?

%

2v

4v

If you blow air between these two balloons, the air pressure
between the balloons would...

Remain the same
Increase
Decrease

Bernoulli’s principle is applicable only for
Compressible and viscous flow

Viscous and turbulent flow

Non-viscous and steady laminar flow

18



5. The upward force or lift force on flying aircrafts is based on the
a) Bernoulli’s principle

b) Newton’s third law

c) Conservation of mass

Problem Solving

1. Anon-viscous liquid flows through a hose. Liquid enters with velocity 6.4 m/s and leaves at 2.5 m/s.
What is the ratio of the radii of the hose where the liquid enters and where it leaves?

2. The pressure of water in a pipe when water is not flowing is 3 x 10°Pa and when the water flows
the pressure falls to 2.5 x 10°Pa. Find the speed of flow of water.
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3. A pipe is placed as shown in the figure below. The velocity of the fluid at the large end is 2 m/s and
the velocity at the smaller end is 8 m/s. Calculate the pressure difference required between the ends
of the pipe to make water to flow.

Small end
Large er‘Ej_______________—_—??:?zf_____:_:Er_;;’::l B
- T o . 22T |2m
A T |
‘ -

jl.-

. R
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a)
b)

c)

a)
b)

c)

a)
b)

c)

a)
b)

c)

a)
b)

c)

Worksheet-9

Circle the correct answer:

The S.I unit of density is

kg m?
kg /m?3
m/ kg®

Clouds float in the atmosphere because of

their high temperature
their low viscosity
their low density

A 40 cm tall glass is filled with water to a depth of 30 cm. The absolute pressure at the bottom of the
glass is...

2.9 x10° Pa
1.04 x10° Pa
3.03 x10* Pa

Bernoulli’s principle is based on the law of conservation of...

Mass
Energy
Momentum

Air is streamlining past a 10 m x 2m long horizontal airplane wing such that its speed is 120 m/s
over the upper surface and 90 m/s at the lower surface. If the density of air is 1.3 kg/m® then the
difference of pressure on the two sides of the wing is...

40.95 Pa
4095 Pa
409.5 Pa

Choose whether True / False:

1)
2)
3)
4)

5)

Dynamic pressure depends on the motion of liquids. (True / False)
Pascal is the unit of pressure. (True / False)
If fluid flows slowly along a pipe, the flow is streamline. (True / False)
If the temperature of the air increases, then its viscosity increases. (True / False)
At the constriction of a Venturi tube, the pressure is high. (True / False)
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Problem Solving:

1. What volume of water is displaced by a submerged 2.0 kg cylinder made of solid aluminum?
(aluminum density = 2.7 x 10° kg/m® and water density = 1.0 x 10° kg/m?)

2. Aforce of 500 N is applied to the small cylinder hydraulic press, the smaller cylinder has a cross
sectional area of 10 cm?. The large cylinder has a cross sectional area of 180 cm?2. What load can
be lifted by the larger piston?

-2

it Area=4,| [

Area = AI

Fluid
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3. Water enters a horizontal pipe of non-uniform cross section with a velocity 4 m/s and leaves the

other with a velocity of 12 m/s as shown in the figure below. Pressure at the first end is 1200 kPa.
What is the pressure at the other end?

WP

v, =4m/s

vy, =12m/s

4. Water circulates throughout a house in a hot water heating system. If the 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 3.03x10°

Pa, what will be the velocity and pressure in a 2.6 cm diameter pipe on the second floor 5.0 m
above?
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Chapter 10: Thermodynamics

Introduction:

The branch of physics that deals with the relationship between heat and other forms of energy is known
as thermodynamics.

10.1. Heat, Temperature (T) and Temperature Scales
Temperature (T) is the measurement of relative hotness or coldness of a body and its units are Fahrenheit
(°F) or (TF), Celsius (°C) or (Tc), Kelvin (K) or (Tk), Rankine (°R) or Tr.

The process by which energy is exchanged between objects because of temperature difference is called
heat.

Note:

1. Sl unit of temperature is Kelvin (K)

2. [K=°C+273.15

3.PF=(°C x 9/5) +32=1.8°C + 32

4. Temperature is a degree of hotness or coldness.

5. The temperature at -273°C = 0 K is known as the absolute zero of temperature.

6. Absolute zero (0 K) is the temperature at which the internal energy of any system is at the lowest
possible value.

7. Another absolute temperature scale based on the Fahrenheit scale is the Rankine scale. Absolute zero

on the Rankine scale is -460° F. Thus [TrR=Tr+460°.

Pure Water 373 ﬂ 100 ﬂ 212 ﬂ 672 ﬂ

Bails

Pure Water 273 0 32 492
Freezes
Absolute Zero 0 273 -450 0
Molecular
Mation
Kehvin Celsius Fahrenheit Rankine

Fig-10.1, Temperature scale comparisons

Example 1: Find the temperature that is the same on both Fahrenheit and Celsius scales.
Solution: Te =Tc

18Tc+32=Tc

T=-40°C

Thermometers are devices used to measure the temperature of an object or a system.
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Different types of thermometers:

1. Mercury thermometer is an example of a common thermometer. Its range is from -30°C to 330°C.

2. Clinical thermometer: It is mercury thermometer used to measure the temperature of the human body.
Its range is normally from 35°C to 43.3°C.

3. Alcohol Thermometer: Alcohol freezes at -130°C and boils at 78°C. Its range is from -130°C to 78°C.
4. Radiation pyrometer: It is used to measure very high temperatures like the temperature of the sun and
furnaces. Its range is normally from 800 °C to 4000 °C.

f F c
i 20 = E 50
g 100 = ;‘g
L 80= 'E 2
3 60 = 10
;7 40 = 0
| 0=[=-10
; =|l=2
0 =180
20 518 40
-40 = | =50

v

a

Fig-10.2, a) Mercury thermometer; (b) Radiation thermometer; (c) Thermocouple thermometer; (d)
Clinical mercury thermometer; (e) Alcohol thermometer

Class Activity-1

Choose the correct answer:

1. The internal energy of a gas depends on ...

a) potential energy of its molecules.

b) kinetic energy of its molecules.

c) both potential and kinetic energy of its molecules.

2. The boiling point of water can be measured using:
a) Alcohol Thermometer
b) Clinical Thermometer
c) Mercury Thermometer

3. The temperature scale that has the same increments as the Fahrenheit scale is the:
a) Rankine scale

b) Kelvin Scale

c) Celsius scale

Problem solving:

1. Your normal body temperature is 310.15 K. What is it on Celsius scale?
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2. Convert:
a) -45°F = K

b) 20°C = °R

10.2. Calorimetry

Heat (Q) and Internal Energy (U)

Heat Energy (Q) is a form of energy that is being transferred between two different /
substances due to their temperature difference. For example, when a teaspoon at
room temperature is placed in a hot coffee, the temperature of the teaspoon
increases because heat energy is transferred from hot coffee (high temperature) to
the teaspoon (low temperature). The flow of heat energy between two bodies stops
when their temperatures equalized.

a

Fig-10.3, Change in
The S.1. unit of heat is the Joule (J); however other units are sometimes used to internal energy
describe heat energy, such as the calorie (cal) and the British thermal unit (BTU).

On the other hand, Internal Energy (U) of a system is the sum of kinetic and potential energies of the
molecules of the system (U=KE+PE). In the abovementioned example, when the heat energy flows from
hot coffee to the teaspoon, the internal energy of the hot coffee decreases while the internal energy of the
teaspoon increases. Therefore, in most cases (depending on the process) the transfer of heat energy changes
the internal energy of the system®.

At absolute zero temperature the translational kinetic energy of the molecules becomes zero but the
substance still has internal energy due to the vibrational motion of the atoms within the molecules.

3 Later in this section, you can see that in Isothermal process the internal energy of the system remains the same during

heat transfer.
26



A. Heat Capacity

Different materials respond to heat in different ways. When different types of materials of the same mass
were subjected to the same amount of heat energy, some materials heat up faster (temperature increases
rapidly) while other materials are slower. This behavior is due to the different heat capacities of the
different materials.

Heat capacity describes the amount of heat needed to raise the temperature of a given substance by 1°C or
1K. When the heat capacity of the material is large, this means that it is slower to heat up (longer time to
increase its temperature).

The amount of heat needed to change the temperature of the substance without the change in phase is
given by,

Q = mcAT where: m = mass of the substance
c = specific heat capacity
AT = change in temperature = (Tf — T,-)
Sometimes, this is called sensible heat.

Specific heat capacity (c)

The amount of energy required to raise the temperature of a substance of unit mass (1 kg) through 1°C or
1K.

Q ,
¢ =—=,unitof c =

mAT’ kg.K

The specific heat capacity (c) depends on the nature of the substance and will be different for different
substances. Water has highest specific heat (c) of 4200 J/kg.K.

Note-

e British thermal unit (BTU): It is the amount of heat energy required to raise the temperature of
1lb. of water by 1 °F.
1BTU= 1055
1BTU/Ib. = 2326 J/kg

e Centigrade Heat Unit (CHU): It is the amount of heat energy needed to raise the temperature of
11b of water by 1°C.
1CHU=1.8BTU =1899 J

Specific heat capacities of some materials are shown in the table below:

Material Specific Heat (J/kg. K) E# E
Lead 127 e
Mercury 139
Zinc 386 E
Copper 389
Steel 481
Aluminum 908
Water 4200
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Example 2: Calculate the amount of heat needed for a 5 kg water to raise its temperature from 15 °C to
80 °C.

Solution: M =5 Kg, ¢ypgter = 4200 k;—.K AT = 80°C — 15°C = 65°C

Q = mcAT
Q =5kg x 4200 ﬁ(so"c — 15°C)
Q = 1.365 x 10¢]

B. Latent Heat (L)
Latent heat is the heat energy liberated or absorbed at constant temperature during a phase change of
matter. It is mathematically written as,

Q=mL

Here, L is the specific latent heat which unit is J/kg. It represents the amount of heat energy to change the
state of 1 kg of substance. There are two types of specific latent heats depending on the type of phase
change of the matter.

1) Specific Latent Heat of Fusion-The energy required to change one (1) kilogram of a substance from
a solid to a liquid state at its melting point is commonly called as the heat of fusion.

2) Specific Latent Heat of Vaporization-The energy required to change one kilogram of a liquid into
the gaseous state which occurs at temperatures at the boiling point is called the heat of vaporization.

Example 3: The latent heat of fusion (melting) of Ice is 330000J/kg. What is the energy needed to melt
0.65kg of Ice?

Solution: m=0.65kg, L= 330000
AQ =mLy; = 0.65 x 330000 = 214500]

Example 4: An immersion heater of 60W is used to heat water. In 5 minutes, the readings fall from 282¢g
to 274 g of water. What is the latent heat of vaporization of water?

Solution: Power = 60W, Time=5 minutes=300s

AQ = Power X time = 60 X 300 = 18000/

Mass of water evaporated= 282-274= 8g = 8x10°kg
AQ = mlL;

_ AQ _ 18000 _ 6
Ly =— =——"—==23 x10%/kg
Example 5: 0.5 kg of water is heated from 10 °C to 100 °C. How much did its internal energy rise?

Solution: The specific heat (c) of water = 4200J/kg. K, m= 0.5kg, AT = 100°C — 10°C = 90°C
A°C = AK =90°C
AQ = mcAT = 0.5 X 4200 x 90 = 189000/
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Thermal equilibrium

When a hot body and a cold body are in contact, heat will flow from the hot body to the cold body until
both of them reach thermal equilibrium (they are at the same temperature).

Changes of state: Phase change from Ice to Steam

Transitions between solid, liquid, and
gaseous phases typically involve large
amounts of energy compared to the
specific heat. If heat is added at a constant
rate to a mass of ice then its phase changes
to liquid (water) and then to gas (steam).
The energy required to accomplish the
phase changes (called the latent heat of
fusion and latent heat of vaporization) is
represented in the temperature and heat
graph fig-10.3.

Freezing point of water or melting point
of ice is 0°C and boiling point of water is
100°C.

Example 6: Calculate the amount of heat

/\Temperature steam
(°0)
100 %€ | ---- rF————— N S
: ]
!
I
1
0 °¢ 1 B, 2 \ Heat
b . c 7 (cal)
ice+water
ce
-20 °c
A

Fig-10.3, Phase change diagram of water

required to convert 1.00 kg of Ice at — 20°C completely to steam (water vapour) at 100°C at normal

pressure?

[Specific heat of Ice (Cice) =2100J/kg.K; Specific latent heat of fusion of ice (Lf) =3.36 x 10°] /kg; specific
heat capacity of water (Cwater) = 4200 J/kg.K; and Specific latent heat of vaporization (Ly) of water

=2.25 x 106/ /kg ]

Solution:

a) Here, heat required to raise the temperature of ice from — 20°C to 0°C.
AQq = mc;e AT = 1% 2100 X (0 — (—20)) = 42000 J

b) Heat required to melt ice to water 0°C

AQ, =mlL; = 1x 3.36 x 105 = 336000/

c) Heat required to raise the temperature of water from 0°C to 100°C.
AQz = M X Cygrer X AT = 1 X 4200 X (100 — 0) = 420000/

d) Heat required to change water to water vapor at 100°C.

AQ, = mL, = 1(2.25 x 10°%) = 2250000/
e) Total heat required= AQ; + AQ, + AQ3 + AQ, = 3027000 J (or 3.027 x 10°))
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Class Activity-2

Choose the correct answer:

1. Specific heat of a substance depends on...
a) Mass

b) Temperature

c) Nature

2. The temperature of land rises faster than that of the sea because...
a) The specific heat of soil is greater than water

b) The specific heat of soil is less than water

c) The specific heat of soil is equal to that of water

3. Which part of the graph represents only liquid state?
A

Temperature (°C)
o

Addition of Heat
a) A-B

b) C-D
c) D-E

4. The heating curve of a substance is shown in the graph below. What is its boiling point?

a) -60°C
b) 60°C
¢) 100°C
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Problem Solving

1. A copper block of mass 70 g is heated till its temperature is increased from 30° to 60°C. Find the heat
supplied to the block. (Specific heat capacity of copper= 389 J/kg. K)

2. If 1 kg of wood absorbs 200kJ of heat energy and its temperature increases from 25°C to 150°C. What
will be the specific heat capacity of wood?

3. A heat of 7.51x10% J was required to change the phase of solid chocolate to liquid. If the latent heat
of fusion of chocolate is 45 Jg~*. Calculate the mass of chocolate used.
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10.3. Types of Heat transfer

There are three methods by which heat is transferred from
one place to another or from one substance to another,
which are: Conduction, Convection and Radiation
Convection
1. Conduction is a process in which heat is transmitted
from the hotter part of a body to the colder part without Wj:ﬁk
moving the particles in it.
eg: Heat transfer through solids

2. Convection is a process in which heat is transmitted Fig-10.4 Types of heat transfer

from the hotter part to the colder part with movement of
the particles of a fluid.
eg: Heat transfer through liquids and gases.

3. Radiation is a process in which heat is transmitted one place to the other without any medium. It is
transferred by electromagnetic waves.
eg: Heat transfer from sun to earth .

Heat
Transfer

Fig-10.5, All three heat transfer methods modes, conduction, convection, and radiation.
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10.4. Thermal Expansion

Most materials expand when heated. Rising
temperatures make the liquid expand like in a liquid-
type thermometer. Bridges made of iron and cement
also expand during summer.

When substances expand or contract, their particles
stay the same size. It is the space between the particles
that changes:

The particles in a solid vibrate more when it is heated
and take up more room.

The particles in a liquid move around each other
more when it is heated, and therefore take up more
space.

The particles in a gas move more quickly in all
directions when it is heated and take up more space.

Particles vibrate less Particles vibrate more

Fig-10.6.3 Particle vibration in hot and cold bodies

— — e _— e
e e e

—— — — — e

N e (o el e 1)
It )t ) TS D TSI TS
Cold Hot

Note: Sign conventions

e Heat gained by a system- Positive
e Heat lost by a system- Negative

Expansion of Fluids: Fluids expand more than solids.

Thermal expansion. The extreme heat of a July day in Asbury Park, New
Jersey, caused the buckling of these railroad tracks. (Wide World Photos)

10.6.1, Thermal Expansion

This gap in the roadway of a bridge is called an expansion
joing; it allows the bridge to expand and contract. (Was this
photo taken on a warm or a cold day?)

Fig-10.6.2, Thermal Expansion

Expansion of Gas: For gases, volume and temperature changes are usually accompanied by pressure

changes.
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10.5. Laws of thermodynamics

A. First Law of Thermodynamics

Heat is a form of energy. Work is the conversion of one form of energy into another form.
Thermodynamics is the study of the way that one does work with heat.

A very simple device that can convert heat into potential energy is a rubber band. Unlike most other
substances, rubber contracts when heated. We can therefore lift an object by heating a rubber band.
Heat is converted into gravitational potential energy.

If heat is supplied to a system which is capable of
doing work, then the quantity of heat absorbed Q by Q - (Ul - Uz) + W
the system will be equal to the sum of the external B N

—

work done W by the system and the increase in its C—
internal energy AU. The first law of thermodynamics -

is based on the law of conservation of energy. i T"\N """
= = 7 Ug
Q= (U2-Uy) + W =AU + W /\

Note: Sign convention

e Work done by a system- Positive (work done by a gas that is expanding)
e Work done on a system- Negative (work done on a gas that is being compressed)

B. Second Law of Thermodynamics

Heat can only transfer from a high temperature region to a lower temperature region. It cannot naturally
transfer the other way. The second law of thermodynamics is a profound principle of nature which affects

the way energy can be used. Heat will not flow spontaneously from a cold object to a hot object.

10.6. Ideal Gas Laws

An ideal gas is a theoretical gas composed of many randomly moving point particles that are not subject
to inter-particle interactions. For an ideal gas, the volume (V) is directly proportional the number of moles
(n) and inversely proportional to absolute pressure (P). Also, pressure is directly proportional to absolute

temperature (T). Mathematically, it is written as,

PV = nRT

Where: P = pressure
V= volume
n = number of moles
T = temperature
R =8.314 J/mol. K (ideal gas constant)
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Boyle’s Law (Isothermal process)
At constant temperature, the pressure of a given mass of a gas is inversely proportional to its volume

When Temperature is constant, P « % or PV = constant or P,V; = P,V,

Charles’ Law (Isobaric Process)
At constant pressure, the volume of a given mass of a gas is directly proportional to the absolute scale of

%444

temperature.

Vi_V,

. %4
When pressure is constant,VV o T or _— constant or T
1 2

[=]

Gay — Lussac’s law (Isochoric Process)

Gay — Lussac’s law states that if the volume of gas remains constant, then the absolute temperature of a

gas is directly proportional to its absolute pressure.

: . P P
When volume is constant, P < T or P/T is constant or T—1 = T—Z
1 2
5 = .w-. S - 0 -
o =7 \.\"‘-\ ® 5 - » E -2 = »
E 1o - E &= a I0 - -
=] - S » b
:"‘_D:- 3 - .-\--"'I._____ g 3 - - E 15 = -
= T 2 - ” 10 - »
1 - 1-'_g4 :5-5;
E:S G.E- E:F c.a G.‘BI .1 1.1 1.1 1.3- 1.4 1.5. 2'5 S.C ;5 12’2 1;5 1.SC 1‘.-‘5 :::C- :.‘25 :'sc :'.‘5 25 50 75 100125 150 175 200 225 250275
Pressure Temperature (K®) Temperature (K*)

Fig-10.8, Gas Laws

O U0

ar

General Gas Law

Combining the three gas laws, the following general gas law can be written:

PV, PV,
T, T
Adiabatic process — In any system where no heat is added or taken away from it, this is known as
adiabatic process.

[ul

In this process we use first law of thermodynamics &f\ Constant Pressure
(dQ = dU + dW) in which Q = 0, heat = zero, g @
.. .. o
shows that all the change in internal energy is in =
the form of work done only. =
€ Isothermal
S
w
3| Adiabati
8 iabatic

Volume
Fig 10.9, P-V diagram
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Dalton’s Law:

It states that in a mixture of non-reacting gases, the total pressure exerted is equal to the sum of the partial
pressures of the individual gases.
Ptotal = P1+P2

Volume & Temperature are constant

e
GE’T P, Py=P,+P;

Heat Engine:

Heat engine is a system that performs the conversion of heat or thermal energy to mechanical work.

When energy is transformed from a hot reservoir to a cold reservoir, some of the energy is converted into
work as shown in the Fig.

QH=Qc +W

Qn (work input) is the energy drawn from the hot reservoir
Qc is the energy transferred to the cold reservoir

W (output) is the external work (work done

by the system) T
| Hot reservoir |
Heat Engine Ef ficiency (n) = M
” work input All real heat @ Efficiency
K o ", Gl

w_Qu—Cc x 100 = THT_ Tc x 100% environment OH OH

Qn Qy H maximum for
(expressed as a percentage) Carnot cycle

Gasoline and diesel engines, jet engines, and
steam turbines that generate electricity are
all examples of heat engines

Cold reservoir

Heat Pumps and Refrigerators
Heat Pump

A heat pump is a device that transfers heat from a low temperature reservoir to high temperature reservoir
with the help of external work. Heat pumps, refrigerators and air conditioners are reversed process of heat
engines.

Heat pumps are usually used to pull heat out of the air to heat a building, or they can be switched into
reverse to cool a building. Heat pumps and air conditioners operate in very similar ways.
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Refrigerator

A refrigerator is a special device meant for transfer of heat from low temperature medium to a high
temperature medium with the help of work. Liquid evaporates inside the refrigerator to create cold
temperature.

The main purpose of the machine is to remove the heat from the cooled space.

Refrigerators are useful to preserve food items and chemicals at low temperature.The most common
refrigerants are water, ammonia and Freon

When energy is transformed from

cold reservoir to hot reservoir, Al el I SRR | ficlent of Perf Q,
some of the energy is taken in the refrigerators Cosfiiclent of Periormance.= w
form of work as shown in the Fig. and heat {)} Limit for ideal

_ pumps require H General definition Carnot case
QH=Qc +W Work to get IN> Qy . Qy T

, heat to flow CP= "1 =

Q_H (Worrl]< output) Is the energy R g? W QG ¥ Ty -Tg
given to ot reservoir areatoa Ideal coefficient
Qc is the energy drawn from the warmer area. | Cold reservoir | of performance

cold reservoir
W (input) is the workdone in

transferring energy from cold reservoir to hot reservoir (work on the system)

Class Activity-3

work output ~ Qy  Qy

Cold Engine Effici = =
old Engine Ef ficiency () work input W O — 0o

Choose the correct answer:

a)
b)

c)

a)
b)

c)

When heat is transferred from hot body to cold body, in a straight line, without affecting the
intervening medium, it is referred to as...

Conduction

Convection

Radiation

Heat flowing from one object to another depends directly on...
Volume of objects

Specific heat of the objects

Temperature difference

First law of thermodynamics establishes relationship between
a) Heat and work done

b) Heat, work done and internal energy

c) Heat and internal energy

A perfect gas at 27°C is heated at constant pressure till its volume is doubled. The final temperature
of the gas is...
a) 54°C
b) 327°C
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c) 108°C

5. A heat engine converts heat energy from fuel combustion or any other source into which type of
work?
a) Electrical work
b) Mechanical work
c) Pressure work

Problem Solving:

1. The pressure of the given mass of a gas at constant volume is 100 kPa at 127°C. Calculate the pressure
at 227°C.

2. The internal energy of a gas changes from 10 cal to 8 cal when 12 cal heat is released by it. Calculate
the work done.

3. 1f 100 g of water is heated from 50°C to 100°C then calculate the change in internal energy, assuming
there is no work done on the system. (Specific heat of water = 4200 Jkg*K™).

4. 1f 3x10° J heat energy is required to convert ice at -20°C completely into steam at 100°C at normal
atmospheric pressure then calculate the mass of ice.

38



5. A 20 cm? bulb contains 0.02 moles of ideal gas at a temperature of 27°C.Calculate the pressure inside
the bulb (Universal gas constant=8.314JK*mol™).

6. Calculate the efficiency of a heat engine working between 27°C and 127°C.

39



Worksheet-10

Multiple Choice Questions:

1) Which of the following liquids has the highest specific heat?
a) Water
b) Alcohol
c) Petrol

2) Boyle’s Law holds true at constant:
a) Volume
b) Temperature
c) Pressure

3) Inarefrigerator heat is transferred from:
a) Cold region to hot region
b) Hot region to cold region
c) Both the above cases

4) Heat transfer in Mercury takes place by the process of:
a) Conduction
b) Radiation
c) Convection

5) If work is done on a gas, the volume of the gas is...
a) Compressed
b) Expanded
¢) Unchanged

Problem Solving

1. If the reading of a mercury thermometer in Celsius scale rises from 20°C to 60°C then in
Fahrenheit scale to what value does the reading rise from 40°F?

2. A change of 1°F temperature is equal to how much change in Celsius scale?
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3. Calculate the numerical value of temperature at which Celsius reading is twice that of Fahrenheit
reading.

4. 500 cal heat is added to a gas and 200 cal work is also done on it. Calculate the change in internal
energy.

5. Calculate the heat energy required to convert 1 kg ice at -20°C to water at 100°C.

6. A heat engine draws 1000 cal from the source. If its efficiency is 80% then calculate the heat
rejected to the sink.
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Chapter 11: Wave Motion and Sound

11.1. Wave 5 .
i a—Rigid mg«m/
support
. . . . . . *
Periodic Motion: The motion of an object which SN
repeats itself at regular intervals of time is known «—Long /. "
. . i L T thread a.I 1\
as periodic motion. , .
i _ < "
E.g: Motion of a planet around the sun, motion of . - i -
“——Bob L
moon around the earth, "’ {Metal ball) Extreme R o Extreme
] . . A position A position
Oscillatory Motion: The to and fro motion of an Mean position
object relative to a fixed point is known as Centre position
OSCi | |at0ry mOtion. {a) Simple pendulum {b) Motion of a simple pendulum

E.g: Motion of child on a swing, Motion of the Fig-11.1- Simple pendulum in the wall clock

needle of a sewing machine, pendulum of a wall
clock.

Simple Pendulum:

A simple pendulum (S.P) is defined as “a point mass (a bob) suspended by a torsion-less thread”, when
displaced, a pendulum will oscillate through its equilibrium point due to momentum in balance with the
restoring force of gravity. It executes periodic- oscillatory motion.

The time period (T) can be measured from mean/equilibrium position, through to the next time that
position is reached, with the motion in the original direction and ‘L’ is length of the simple pendulum.

Cycle: It corresponds to one complete back and forth movement (one full oscillation)

Time Period (T): Time taken to complete 1 cycle (oscillation). T = Zn\/g

Frequency (f): The number of cycles occurring in 1 second. (Hertz — Hz) f=1/T

Amplitude (A): Maximum displacement of a body from its mean or rest position.

By finding the time period (T) using a stop watch and measuring the length (L) of the simple pendulum,
4m?L
T2

we can calculate acceleration due to gravity at any given place, using the following equation. g =

A. Anatomy of Waves:

A wave can described as a disturbance or
variation that travels through the medium
transferring the energy from one point to

|+ T —
another point without transporting matter. {
Amplitude
A wave is characterized by: | :
—l

1. Frequency: The frequency (f) is the
number of waves (Oscillation) per Time
second. It is measured in hertz (Hz).

(-2

2. Period: The time for one oscillation is called the period (T). It is measured in seconds.
Period (T) = 1/ Frequency (f)

Period
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3. Wavelength: Wavelength (1) is the distance between successive crests or troughs of a wave
(S.I'unit is m).
4. Amplitude: Amplitude is the maximum distance about its mean position on Y-axis.

5. Velocity: One of the properties of a wave is that the velocity of a wave is related to its frequency and

wavelength by the following equation.

Velocity of a wave (v) =Frequency (f) x wavelength ().)

B. Types of Waves

Categorizing waves based on their ability or inability to transmit energy through a vacuum (i.e., empty
space) leads to two notable categories:

Electromagnetic waves: are produced by the vibration of
charged particles and are capable of transmitting energy
through a vacuum (i.e., empty space). Light and Radio
waves are examples of electromagnetic waves.

Mechanical waves: are waves that are not capable of
transmitting their energy through a vacuum. Mechanical
waves require a medium to transport their energy from one
location to another. A sound wave is an example of a [
mechanical wave.

In terms of direction of propagation, we can classify the waves in to two categories:

—>

Longitudinal waves: The particles of the medium St (OSSNSO RARARERRE)

Direction ofWave

vibrate parallel to the direction of wave motion is " Propagaton
called longitudinal wave. ovecton. (DY O (DTN TR D) ¢4
Example: Sound waves are longitudinal in nature. ' _ Directon ofWave

Propagation

Compression: A region of high molecular density
and high air pressure is called compression. Compression  Comprssien
(OSSR o) ¥ © i)
Rarefaction: A region of lower-than-normal density oo

is called rarefaction.

Example: The tuning fork shown in the figure below is / /’"

a device which produces pure musical notes. A tuning N/l i

fork consists of two metal prongs or tines which vibrate &% ‘ ) :

when struck. d . | u !
3 () £

As the tines vibrate, they disturb the air near them
forcing the molecules closer together. This produces
both a region of high molecular density and high air \
pressure called compression, and a region of lower-
than-normal density called rarefaction. o et T

opyright © 2006 Paul G. Hewitt, printed courtesy of Pearson Education Inc., publishing as Addison Wesley.
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Transverse wave: The particles of the medium vibrate in a direction perpendicular to the direction of
wave motion is called a transverse wave.
The example below shows a transverse wave in a rope as a transverse mechanical wave.

-

Wossmant ol anargy

Movernert of
Fand and rope

Light is also an example of transverse wave.

Parts of transverse wave:
Crest

N ST N
A M,
/ Y / \ / \\‘

‘\_\. ,-"; \ __.-"lll \ 3
b / '\ M, s
¥ /' Wavelength “—
Trough f {

Crest — is the highest point of the wave
Trough — is the lowest point of the wave.
Amplitude — is the displacement from the equilibrium position to crest or trough.

Wavelength — is the distance of one complete cycle.
11.2 Stationary wave

A stationary wave, also called a standing wave, is a combination of two waves moving in opposite
directions, with the same amplitude and
frequency. When a progressive wave hits a
barrier, reflects back and creates
constructive interference with the incoming
wave, it produces standing wave. A
stationary wave is characterized by nodes
and anti-nodes.

When two progressive waves of the same

Nodes Nodes

’e One Wavelength a‘

amplitude and frequency travel in opposite

AntiNodes

directions this forms stationary wave.

Note:
(1) Antinode: An antinode is a point along a standing wave where the wave has maximum amplitude.

(if) Node: A node is a point along a standing wave where the wave has minimum amplitude.
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(iii) The distance between two adjacent nodes or two adjacent antinodes is always equal to 1/2.

Example 1:
The velocity of waves on a string is 92 m/s. If the frequency of standing waves is 475 Hz, find

the distance

between two adjacent nodes. E
Solution: The distance between two adjacent nodes is the half of wavelength.
Therefore:A= v/f = 92/475=0.2 m

d=2/2=0.1m E

a0

11.3 Fundamental frequency and I//_\I
harmonics Fundamena
|\—//| 15t Harmonic

Frequency =N

The lowest resonant frequency of a
vibrating object is called its fundamental
frequency. Most vibrating objects have ~_ — —____—| ZMamone
more than one resonant frequency and Frequency =2 x N
those wused in musical instruments
typically vibrate at harmonics of the
fundamental. A harmonic is defined as < - 3" Harmonic
an integer (whole number) multiple of
the fundamental frequency.

Frequency =3 x N

4t Harmonic

Frequency =4 x N

4t Harmanic

Frequency =5x N...__ and 50 on.

1%t Overtone

2nd Overtone

3rd Overtone

4th Overtone

The frequency of N*" harmonic = N x the fundamental frequency.

Class Activity-1

Choose the correct answer:

1. Sound wave in air is an example of

a) Transverse wave
b) Longitudinal wave
c) Disturbance that can travels in air and vacuum.
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2. The diagram below shows a wave. The arrow is showing the distance from the top of the wave to the
bottom of the wave. This arrow represents. ..

a) the amplitude
b) twice the amplitude
c) twice the wavelength

2. The diagram below shows a longitudinal wave. The horizontal distance AB shows...

a) one amplitude
b) twice one wavelength
c) one wavelength

3. If the natural frequency of a string is 250 Hz, the wavelength of the sound wave produced (speed of
sound = 340 m s) will be

a) 248 m
b) 1.36 m
c) 3.40m

4. How many wavelengths are contained in the distance marked L for the standing waves shown below?

5. The diagram shows a guitar string stretched between supports 0.65 m apart. The string is vibrating at
its first harmonic. The speed of sound in the string is 500 m s~X. What is the frequency of vibration of the
string?

vibrating guitar string E E

a) 385Hz = UL ANt 24
b) 340 Hz
c) 650 Hz

- e
= -

065 m
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11.4 Sound Waves
Sound is a form energy created by vibrating body and causes sensation in the ear. It is a longitudinal
mechanical wave.

As sound propagates in the air it produces compressions and rarefactions.

A. Categories of Sound Waves

Based on frequency, sound waves can be classified in 3 categories:

L P

Infrasound Audible frequencies Ultrasound
< o o o @ L >
20Hz 20KHz 2MHz 200MHz

Infrasonic waves: Less than 20 Hz.
Examples: Waves produced after a volcano explodes, some animals use infrasound to communicate like
elephants and whales or to navigate like homing pigeons.
Audible waves: Sound waves ranging in frequency from 20 Hz to 20 000 Hz, which can be heard by
humans.
Example: Waves produced by the human voice.
Ultrasonic waves: Sound waves with frequency greater than 20000 Hz.

Uses of ultrasonic waves:

In Medicine:
Ultrasound is now widely used as diagnostic therapeutic and surgical ‘/
tool in medicine. ‘ 4 =)
Ultrasound is preferred over x-rays due to safety. v
In Industry:

To find cracks in metal structures.

In Technology:

Ultrasound is used in echo-depth sounding devices for determining depth
of sea. (SONAR)

In General:

In guiding devices for blind persons.

echo wave g —

sound wave —___

B. Properties of Sound waves
i)  Pitch: It is sensation on ear (Physical feeling) of a
frequency. A high pitch has high frequency and a low
pitch has low frequency of sound wave.
if)  Loudness: it depends on the amplitude of the sound ~ Lowficn o /N /N
wave. 2 Bass Guitar) / \_/ U/

i)  Quality or Timbre: The property of sound by virtue

of which we can distinguish between two sounds of .. [\ /\ /\ /\ (\ /\ /\ /\

the same pitch and the loudness originating from two 3ot of
different musical instruments. \/ v \/ U U U v U

One Millisecond
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iv)  Speed of sound: The speed of a sound wave depends on Speed of Sound in Different

the properties of the medium through which it moves and Media at 20 degrees Celsius
the only way to change the speed is to change the properties Medium |Speed mi/s)
of the medium. Air 343
L i Helium 1,005
The speed of sound is primarily affected by temperature, the o 1,482
lower the temperature, the lower the speed of sound. arer %
o Sea Water 1,522
Thz§peed (;f Islour.1d in air also depends on the temperature of the Wood (0ak) 3,850
medium as follow: Glass 4,540
v=(331m/s) % : Where: 331 m/s is the speed of air at 0°C Steel 5,200

The speed of sound is faster in liquids than in gases because molecules are more tightly packed. Sound
travels fastest through solids. This is because molecules in a solid medium are much closer together than
those in a liquid or gas, allowing sound waves to travel more quickly through it.

Mach number:

Speed of sound is of utmost importance in the study of aerodynamics, because it determines the nature
and formation of shock waves. Because of this, aircraft speed is often compressed in relation to the speed
to sound.

True Airspeed of aircraft
speed of sound (allowing for temperature)

= Mach N°

Example 2: If an aircraft travels with a speed of 780 ft/sec in air at 20°C along while it undergoes the
compressibility effect, its Mach number will be calculated as follows:

The speed of body, v =780 ft/sec = 237.7 m/s, speed of sound at 20°C, a =343 m/s

The Mach number is given by,
M =v/a=M =237.7/343

Hence, M = 0.69

Aircraft travelling at speeds less than Mach 1 are travelling at a subsonic speed and aircraft travelling
above Mach 1 are travelling at supersonic speed.

C. Sound Intensity

The amount of energy which is transported past a given area of the medium per unit of time is known as
the intensity of the sound wave. The greater the amplitude of the vibrations of the particles of the medium,
the greater the rate at which energy is transported through it, and the more intense that the sound wave is.
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intensity at
surface of sphere

sphere area
4qr®

High Energy

Low Energy

o M| 73

A
VAVARY \/\/\/

The energy twice as far from the 21‘
source is spread over four times
ihe area, hence one-fourth the intensity.

Wave Intensity dependence on the amplitude of the wave and area of a medium

Intensity is the energy/time xarea; and since the energy/time ratio is equivalent to the quantity power,
intensity is simply the power/area.

Energy or Intensity = Power

Intensity = ——=7
Time x Area Area

Typical units for expressing the intensity of a sound wave are Watts/meter? or decibel (dB).

The scale for measuring intensity is the decibel scale. Since the range of intensities which the human ear
can detect is so large, the scale which is frequently used by physicists to measure intensity is a scale
based on multiples of 10. This type of scale is sometimes referred to as a logarithmic scale.

Doppler’s Effect

The Doppler Effect is the change in frequency of a wave for an observer (the man) moving relative to its
source (the car). Or it is “The apparent change in the frequency of sound due to relative motion between
the source and observer”.

Small Wavelength
High Frequency

Aa.l

Sound Waves

i LongWavelength
o LowFrequency

\ \

Doppler Effect for a moving sound source
Real Life Applications of Doppler Effect:

A Doppler radar is a specialized radar that uses the Doppler effect to produce velocity data about objects
at a distance. It does this by bouncing a microwave signal off a desired target and analyzing how the
object's motion has altered the frequency of the returned signal. This variation gives direct and highly
accurate measurements of the radial component of a target's velocity relative to the radar. Doppler radars
are used inaviation, sounding satellites, meteorology, radar guns, radiology and healthcare (fall
detection and risk assessment, nursing or clinic purpose), and biostatic radar (surface-to-air missiles).
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Radar

e
=

Reflected waves (higher frequency)  Radar !

WEATHER RADAR

RRIRRNR 7
Y ”)"\‘\,6/. _
WY s,

Class Activity-2

Choose the correct answer:

1. What is the speed of sound in air if the temperature is 309 K?

(Take: Speed of sound in vacuum = 330 m/s)

a) 330 m/s

b) 273 m/s

c) 352 m/s

2. The pitch of a note emitted by the siren of a fast moving ambulance appears to change as it passes a stationary
observer. This is explained by s VoY)

a) Doppler Effect W -

)

b) Resonance of sound
¢) Archimedes’ Principle

3. At a temperature of 0°C, an aircraft has a Mach 2 air speed. Its speed in
m/s is equal to:

a) 2000 m/s
b) 200 m/s
c) 660 m/s

Problem Solving

1. A sound wave has a frequency of 700 Hz in air and a wavelength of 0.50 m. What is the temperature
of the air?

2. The range of human hearing extends from approximately 20 Hz to 20 000 Hz. Find the wavelengths
of these extremes at a temperature of 27°C.
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3. The wavelength of a stationary wave is equal to 16 cm. what is the distance between two adjacent
nodes?

4. Calculate the intensity of a wave if the power transferred is 10 W and the area through which the wave
is transferred is 5 m?.
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Worksheet-11
Multiple Choice Questions:

1. In a stationary wave the amplitude at the node

a) Zero
b) Maximum
c) Infinity

2. Ifthe wavelength of a stationary wave is A then the distance between a node and adjacent anti-node
will be:

a) A2

b) M4

c) A6

3. The Sl unit of intensity of sound is:
a) Wmt
b) Wm
c) Wm?

4. A sound wave which frequency is 2000 kHz is in the range of:

a) Infrasonic waves
b) Ultrasonic waves
c) Audible waves

5. Whales communicate with the help of which
waves?

a) Ultrasonic
b) Infrasonic
c) Radio

6. Lightis an example of:

a) Transverse mechanical wave
b) Longitudinal mechanical wave
c) Transverse electromagnetic wave

7. The loudness of a sound wave depends on:

a) The amplitude of the wave
b) The frequency of the wave
c) The time period of the wave

8. Pitch of sound is characterized by:
a) Time period
b) Frequency
c) Wave length
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Problem Solving

1) Determine the period, amplitude, and frequency of the following wave:

1.0000+
0.8000

0.60004/

0.4000 -/
0.2000 -/

"/‘.\\\ / ‘\\\

. F N

0.0000
0.2000 9
S —0.4000-
—0.6000
—0.8000
—1,0000-

splacement/m

Solution

2) In a longitudinal wave if the first compression and third rarefaction are separated by 40 cm, then

calculate the wavelength of the wave.

Solution:

™
Lo
o

-
=

o
I~
o

time/s
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3) In a transverse wave if the first and sixth crests are 4 ms apart then calculate the frequency of the
wave.

Solution:

4) A Stationary wave of 10 loops is set up in a rope 10 m long. Calculate the wavelength of the
wave.

Solution:
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Chapter 12: Optics

12.1. Introduction to Light

Light is a form of energy which causes
the sensation of vision through the optic
nerve.

It travels in the form of electro-magnetic
wave of wavelength 400 nm (violet) to
700 nm (red) and travels with a speed of
3x108 m/s in free space (vacuum). Most
of the phenomena, like reflection,
refraction, interference, diffraction,
polarization can be explained using the
wave nature of light.

THE VISIBLE SPECTRUM # Wavelength in Nanometars

400 450 5040 550 GO0 650 700 B0
(ultra) Violet Blue Cyan Green  Yellow Orange Red Magenta (infra)

12.2. Laws of Reflection and Refraction

In geometric optics, we can make use of the following important property of light which is based on
common experience:

Light travels in straight line path in homogeneous medium (medium of uniform density) unless it
strikes a boundary separating the two media.

When a beam of light strikes such a boundary, it is either reflected in the same medium or crosses the
boundary and enters the other medium. There is also a possibility that the light is partially reflected
in the first medium and partially transmitted in the second medium.

Reflection:

When a light travel from one medium to other, if it comes back into the first medium, this phenomenon
is called reflection. The phenomenon of reflection obeys the law of reflection.

Law of Reflection

“The angle of incidence (0i) is equal to the angle of reflection (6r).”

normal

angle of !angle of
incidence ' reflection

incident

ray reflected ray

i=r

|
|
I--
N
|

mirror
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Refraction:

The phenomenon of bending of light when it travels from one medium to another medium is called
refraction.

Law of Refraction:

The phenomenon of refraction takes place according to the following f - )

laws:

The incident ray, the refracted ray, and the normal to the refracting 2

surface at the point of incidence all lie in the same plane.

The ratio of the sine of the angle of incidence to the sine of angle of

refraction is constant for any two-given media. This is known as

Snell’s Law. ~ 7
\ 4

. n sinf;
Thus, Snell’s Law may be written as — —
nq sin6,

incident ray normal
Snell's Law;
6. ni.sin® 1=nz.sin 0 -

medium1 ni, vi
- mo_ Ve
medium2 nz, vz F = vi

.
refracted ray

The absolute refractive index ‘n’ of a medium can also be defined in terms of velocity of light as

n=-—
v

Where ‘C’ is the velocity of light in vacuum and ‘v is the velocity of light in medium respectively.

Thus, the refractive index (n2) of medium 2 to the refractive index (n1) of medium 1 can be written
as follows.

n, vy

n, v

Where (v1) is the velocity of light in medium 1 and (v2) is the velocity of light in medium 2. But
since v = Af

Note: ‘f”is the frequency of the light remains constant.

From the above relations, the refractive index and wavelength can be obtained as;
A v, c/n._ n,

A, VvV, c/n, n,

56



v’ If the light is travelling from a rarer to a denser medium, the refracted ray will bend
towards the normal line that separates the two media.

v’ If the light is travelling from a denser to a rarer medium, the refracted ray will bend away
from the normal.

Medium 1 is more Medium 1135 less
optically denze. optically dense.

Hedium 1
HMedium 2

Hedium 1
HMedium 2

.a:m?.

Class Activity-1

Choose the correct answer:

1. Which of the following is not true about light?
a) Light is a form of energy.

b) It is an electromagnetic radiation which is part of the electromagnetic spectrum.
c) Natural sources of light on earth are candles, flashlights and fluorescent lamps.

2. In the figure below, what is the angle of incidence?

a) 100°
b) 50°
c) 40°

3. If the angle between the incidence ray and the reflected ray is 115°, what is the angle of
incidence?
a) 25°
b) 65°
c) 57.5°

4. In the figure below, light travels from medium 1 to medium 2. Which statement is true?

Medium 1
Medium 2

a) Density of medium 1 >Density of medium 2
b) Density of medium 1 < Density of medium 2
¢) Density of medium 1 = Density of medium 2
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Problem Solving:

1. The refractive index of water is 1.33. What is the speed of light in water if speed of light is
vacuum is 3 x 108m/s ?

2. A narrow beam of sodium yellow light (Ao = 589 nm) is incident from air on a smooth surface
of water (n=1.33). Determine its wavelength in water.

3. What is the angle of incidence on an air-to-glass boundary if the angle of refraction in the
glass (n = 1.52) is 25°?

12.3.Critical Angle and Total Internal Reflection

If a ray of light enters from a denser to a rarer
medium (ny-ny), it bends away from the normal.

In this case, 0r> 6i.

Critical angle of incidence (& ): Less dense
medium

As shown in the diagram below, on increasing the

angle of incidence, the angle of refraction will also
increase. Denser [
For a particular angle of incidence, the angle of . odium
refraction becomes 90° and the refracted ray passes

grazing the surface. This particular angle of

incidence for which the angle of refraction is 90° is

called the Critical Angle and is denoted by 6

0.
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Angle of incidence less Angle of incidence equal Angle of incidence greater
than the critical angle to the critical angle than the critical angle

9%

air ir Redaded ryy air

—~ . [ _
0'ass i ’glass Ze \\
\c:o:u anghe = 427 \nodert ray ‘ Felocsed ray
ncalerd ey

WP P v
i wge

/lnoo.'ﬂl ray

If we apply Snell’s law for these angles then,

n, sing,
n, sin90°

If the second medium is air then n, = 1 and sin 90° =1

then taking n1 = n, we get
sing. =1/n

Total Internal Reflection:

If the angle of incidence further increases and becomes larger than the critical angle, then the angle
of refraction would become > 90° and the ray will return back to the previous medium and we say
that instead of refraction, the phenomenon of total internal reflection is observed.

Conditions for the Total Internal Reflection:

1. The ray should travel from denser medium to rarer medium
2. The angle of incidence should be greater than the critical angle.

One of the most important and interesting applications of total internal reflection is optical
fibers.

12.4. Fiber Optics

 Depends upon the total internal reflection of light rays.

High index

* Light can be trapped by total internal reflection
core

inside a bent glass rod and travel along a curved path
as in the diagram below. A single, very thin glass
fiber behaves in the same way.

Total internal
reﬂe{:tinn

7
Low index Individual fiber

» They are small and so, once light is introduced into sueing

the fiber with an angle within the confines of the
numerical aperture of the fiber, it will continue to
reflect almost lossless off the walls of the fiber and thus can travel long distances in the fiber.

« If a bundle of parallel fibers is used to construct an optical transmission line, images can be
transferred from one point to another.
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Fibre optic imaging

» Principle: light striking at one end will

i i it light?
be transmitted to the other end of the How does flber Opth transmit llght'

Rotnctivo Inde Distiitetion

fiber.
£
» If the arrangement of fibers in the bundle \ Core \K
is kept constant, then the transmitted s o ‘ o i
light forms a mosaic image of the light 1 Opical Fiver =P-tiw | Lght Signal 2 ——
which struck the end of the bundle. Lk Propagton nﬁ_%cgﬂns

Other uses of fiber optics:

1) Medical treatments (like endoscopes
to view internal body parts)

2) Carrying high speed signals of
internet, radio, T.V, telephones,
because of less dispersion.

Class Activity-2

Choose the correct answer:

1. Which of the following will not occur when light moves from air to glass?

a) Total internal reflection
b) Reflection
c) Refraction

2. The diagram shows a ray of light travelling in a substance P. The ray reaches a boundary with
a substance Q. Total internal reflection occurs at the boundary.

substance P | substance Q

normal

angle X

| boundary
ray of
light

Which row contains correct statements about angle X and about the optical density of
substance Q?

angle X substance Q

smaller than the critical angle less dense than substance P
smaller than the eritical angle more dense than substance P

greater than the critical angle less dense than substance P

oo wm >

greater than the critical angle more dense than substance P

3. Inan Optical fiber, total internal reflection takes place in:

a) Cladding
b) Core
c) BothA&B
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Problem Solving:

1. A beam of light is incident from air on the surface of a liquid. If the angle of incidence is
30.0° and the angle of refraction is 22.0°, find the critical angle for the liquid when
surrounded by air.

2. A fiber optic cable (n = 1.50) is submerged in water (n = 1.33). What is the critical angle for
light to stay inside the cable?
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Worksheet-12

Multiple Choice Questions:

1. The speed of light in a glass block of refractive index 2 will be (in kms™)
a) 150,000
b) 200,000
c) 275,000

2. When a ray of light travels from one medium to the other then the physical quantity which always
remains constant is:

a) Speed

b) Wavelength

c) Frequency

3. Which diagram correctly shows a ray of light reflected by a plane mirror?

A B

ray of 40°% oo
light ;

6. Sparkling of Diamond is due to which property of light?
a) Refraction
b) Total internal reflection
c) Reflection

7. The diagram shows light travelling from air into glass. Four angles v, w, x and y are shown.
| normal

light

|
|
|
|
S
air Vo
|

glass ny
|
|
|
|
|
|

X

Which formula is used to calculate the refractive index n of the glass?

a) n=sinv/siny
b) n=sin x/siny
C) n=sin w/sin x
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Problem Solving:

1. If the critical angle of glass is 45’ then calculate the refractive index.

2. A ray of light travelling in air is incident on a glass prism.

i) The speed of light in air is 3.0 x 108 m/s. Its speed in the glass is 2.0 x 10®m/s. Calculate
the refractive index of the glass.

il) Show that the critical angle for the glass-air boundary is 42°.
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ARABIC TRANSLATION OF THE PHYSICS TECHNICAL TERMS IN THE PHYSICS
WORKBOOK (PART Iil)

(SN e 3all) A jall Al ) 4 58l Clallaiaall das 53

CHAPTER 9

Absolute pressure: (lasll bl
Adhesion: 3b=iy!

Aerodynamic drag: s sel) Saaliall sl
Aneroid Barometer: (S e b (Y
AL |
Archimedes’ law: (saws )l (58
Bernouilli’s theorem: & kai(dia ju) (s g
Buoyancy: sihll

Capillarity: 4 =il dualsl)

Capillary action: =3l Jadll

Cohesion: <lulaill

Continuity Equation: 4l j<iwY) dlalaa
Density: 48Usl)

Dynamic Pressure: Swliall Jazal)
Effects: <l il

Fluid dynamics: S _jaiall &l gall

Fluid statics: 4 sSud) &l gall

Fluids: &) s«

Gauge pressure: (wbiall Jaaa

Induced drag: Csiuall sl

Laminar flow: @il (gwdl) 28 )l
Measurement of pressure: bl (L8
Mercury barometer: (sbie- 855 yiag )b
Parasitic drag: lahll

Pascal’s law: JSub o 58

Pressure in liquids: J3 sl 8 Jazzall
Relative Density: 4xwill 436<1)

Skin friction: o~ Sl

Steady flow : @axli(glwdl)
Streamlining: 4xlus)

Surface tension: >kl i gl
Turbulent flow: @(Gbad) ksl
Venturi Effect:s_sid il

Viscosity: 4a 3l

CHAPTER 10

Absolute zero: G3ladl jiall
Adiabatic process: ) _all &l dlae
Boyle’s law: Ji s (58
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British thermal unit: ) ) sas 1 SUay yll 2Uadl)
Bulb: zluas

Centigrade heat unit: 3l all (5 sl alaill
Changes of states: 4lall s

Charles’ law: ® s o #@

Cold body: 2,b s

Conduction: sl Jua sill

Convection: ¢l > Jes

Dalton’s law: (ysilla ;538

Decreases: =il

Exchanged: Jlagul s Jals

Gay-Lussac’s law: <l 5 gla (538

Heat capacity: 4 )~ axudl

Heat engine Processes: 3_)_all & jaa cililae
Heat engine: ¢ ) all &l

Heat pump and refrigerator: 4 all 434l
Heat pump: 3l d3as

Hot body: (als awa(Uls)

Ice: &b

Ideal gas law: JGall Slall o 536

Internal energy: 481 48l i 4 lalal) 48Ul
Latent heat of fusion: Jlgai™d 4S5 ) jal)
Latent heat of vaporization: a3l 43l 3 ) jal)
Latent heat: 4l 3,1 )al)

Radiation: g lall gLy

Refrigerator: J_n(4x38)

Sensible heat: 4 sale 3 )l a

Sign convention: gllaas(ddlE) < Ly
Specific heat capacity: dse sill 4] jall daud)
Steam: Ll

Thermal equilibrium: ) sl o) 53
Thermal expansion: ¢l adl saail)
Thermometers: 5\ all Ol e 5l el
Types of heat transfer: 5 ) all J&i &)
Vaporization: LAl

CHAPTER 11

Adjacent:_sa=
Amplitude: 4=l
Antinode: O
Apparent: _als



Audible waves: 4c sawa Gl 5a
Categories of sound waves: < sall Cla se aludl i
Compression: Llail i laelias

Constructive interference: ¢l JaIx

Crest: 4.

Cycle: 35

Destructive interference: sl Jalx

Doppler’s effect: Jbiss 3l

Electromagnetic waves: dsulaliaa 5 <) Cils sal)
Frequency: 23

Harmonic motion: 4l sill 4S jal)

Infrasonic waves: 48 suall Caal il sa

Intensity: & pall 305

Interference: Jalx

nght ;y'aj\

Longitudinal waves: & shll s sall

Loudness: & gall 3 68

Mechanical waves: 4858wl Gl o)

Node: 3xc

Oscillatory motion: 4 ya¥) 4S jall

Periodic motion: 4 sall 48 ,all

Phase difference: _shll §_a(0uia sall G (5al)
Pitch: ezl

Propagation: Ly

Properties of sound waves: & gall Ol g0 (aibas
Quality or timbre of sound: & sall e 5
Rarefaction: Jalas

Resonance: ¢

Simple pendulum: Jasadl J saidl

Sound: & pall

Stationary wave: it dx s

Time period: Y (e

Transverse wave: 4xa_jaiuall Gila sall

Trough: ¢\8

Types of waves: <ila sall &1 53l

Ultrasonic waves: &g sall (358 Cila 9o

Wave motion and sound: < sall 5 s sall 4 5a
Waves: &l gall

CHAPTER 12

Absolute refractive index: JLaS3Y) Jalas
il

Angle of incidence: b siull 451 3

Angle of reflection: \S=3Y1 4350 5

Blue: ¢,

Cone: b 5

L Convex lens: 5 =i duxe
Critical angle: da ! 4551 31
Cube: «=Sa
Curved mirrors: dxisic bl
Cylinder: 4 shau)
Fiber optics: 4 yad) LY
Incident ray: bilu gl

Lenses: <uluaal)
Magnification: =<3l
Medium: b s

Optical center: g _wadl S 4l
Parabolic: 2k8
Phenomenon: s_ala

Plane mirrors: 4 siwe Ll e
Principal axis: sy ) saall
Principal focus: 53

Real image: 4&és 3 ) goa

Red: el

Reflected ray: usSzie glad
Reflection: (S
Refraction: LS

Refractive index: )&y Jalaa
Spherical: ¢S

(lsaall Al o a1

Sal
Violet: il

Virtual image: 42 53 ) sa
Visible:
Wavelength: > sall Jshll
Yellow: il

Concave lens: 4aaas duae

6

6

Law of reflection: (\Sasy) ()53 &

Thins lens equation: 448 )1} duaall dalas

Total internal reflection: SI) (alSasy)
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