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Waves, Sound and Light

6 Basic Concepts of Waves AVA

( Vibrating source )ﬁ Medium | =9 Energy transfer

Wave: A disturbance that transfers energy, generally without
permanent transfer of matter.

Amplitude: Maximum displacement from the mean position.

Wavelength (/A): Distance between two successive points in the

same phase.

Frequency (f): Number of complete oscillations per second; SI
unit is hertz (Hz).

® Time period (T): Time taken for one complete oscillation; SI unit
is the second.

©® Wave speed (v): Distance travelled by a wave per unit time.

Important Formulae

v="~fA

© At a constant wave speed, increasing frequency decreases
wavelength.

© Wave speed depends on the properties of the medium.

© Mechanical waves require a medium; electromagnetic waves can
travel through a vacuum.

a Types of Waves <-|:|->)

Basis Type Characteristic

Particles oscillate
Particle motion Transverse perpendicular to the
direction of propagation

Particles oscillate parallel to

Particle motion Longitudinal , . :
the direction of propagation

Medium Mechanical Requires a material medium

Can propagate through a

Medium Electromagnetic
——— vacuum

©® Transverse wave example: A wave on a stretched string.

© Longitudinal wave example: Sound travelling through air.

© Light is a transverse electromagnetic wave.

© Sound in air normally propagates as a longitudinal mechanical
wave.

° Production and Propagation of Sound )))

Vibration ) = ' Medium ' ' Sound '

© Sound is produced by vibrating objects.

® Sound requires a medium such as a solid, liquid or gas for
propagation.

© Sound cannot travel through a vacuum.

® Sound generally travels faster in solids than in gases, although
its speed depends on the material's properties and temperature.

© At approximately 20°C, the speed of sound in air is 343 m/s.




° Classification by Frequency &)
r ) . B g b

Infrasonic - Audible - Ultrasonic

Below 20 Hz 20 Hz to 20,000 Hz Above 20,000 Hz
\ J \ y \ y

Type of sound Frequency range

Infrasonic Below 20 Hz
Audible Approximately 20 Hz to 20,000 Hz
Ultrasonic Above 20,000 Hz

©® The normal human hearing range is approximately 20 Hz - 20
kHz , although it varies with age and individual hearing.

© Bats use ultrasonic sounds for navigation.

© Dolphins use ultrasonic sounds and echolocation.

© Medical ultrasound: Used for imaging internal organs and
examining a developing fetus.

e Main Characteristics of Sound *)

© Pitch: Primarily depends on frequency. Higher frequency
generally produces higher pitch.

© Loudness: How loud a sound is perceived; depends on sound
intensity, amplitude and hearing conditions.

©® Quality (Timbre): Helps distinguish sounds from different
sources even when pitch and loudness are similar.

© Sound intensity: Sound energy passing per second through a unit
area; SI unit is W/m?.

® Sound level: Commonly expressed in decibels (dB).

Important distinction: Frequency is associated with pitch,
whereas amplitude influences sound intensity and perceived
loudness.

° Reflection of Sound ] )))
( N ( ) ( )

- Reflecting surface - Echo

Sound source
17 metres 0.1 seconds
\ y \ y \

Reflection of sound: Sound waves return after striking a surface.

Echo: Reflected sound heard separately from the original sound.

Under ordinary conditions, an interval of approximately 0.1
seconds is needed to hear a distinct echo.

Taking the speed of sound in air as 343 m/s, the reflecting
surface should be approximately 17 metres away for the sound
to travel to it and back in 0.1 seconds .

SONAR: Uses sound waves to detect underwater objects and
measure sea depth.

Ultrasound: Used in medical imaging, industrial testing and
certain cleaning applications.

Stethoscope: Helps detect and listen to sounds produced inside
the body.

Sound-absorbing materials: Used in auditoriums to reduce
excessive reverberation and unwanted sound reflections.




° Fundamental Concepts of Light . )

© Light: A form of energy that propagates as an electromagnetic
wave.

©® Light can travel through a vacuum.

® Speed of light in vacuum: Approximately 3x108 m/s.

@ Relationship between wavelength and frequency:

c="fA

©® Reflection of light: Return of light into the original medium after
striking a surface.

© Refraction of light: Change in direction when light passes
between media due to a change in speed.

° Laws of Reflection E_I_l)

1= /T
Incident ray - Reflected ray J

© The angle of incidence equals the angle of reflection.
® The incident ray, reflected ray and normal lie in the same plane.

© Regular reflection: Reflection from a smooth surface; a clear
image may be formed.

© Diffuse reflection: Reflection from a rough surface in different
directions; the laws of reflection still apply at each point.

LD

© Forms an image that is virtual, erect and equal in size to the
object.

© The image appears as far behind the mirror as the object is in
front of it.

© Lateral inversion: Apparent reversal of left and right.

© Magnification of a plane mirror is m=+1.

O

Feature Concave mirror Convex mirror

Reflecting

Curved inward Curved outward
surface

Effect on

parallel rays Converging Diverging

Depends on object Always virtual, erect

I
mage position and diminished

Shaving mirrors,
Uses dentists' mirrors,
reflectors

Important Formulae

Rear-view mirrors in
vehicles

© f=1focal length, v =image distance, u = object distance.

© For a spherical mirror, R=2f, where R is the radius of curvature.

© Distances and signs must follow the Cartesian sign convention.




@ Refraction of Light &)

Towards normal
Rarer medium - Denser medium

® Refraction occurs when light changes direction while passing
from one medium to another because its speed changes.

@ Snell's law:

[ nisini=nosinr

® Refractive index: Ratio of the speed of light in vacuum to its
speed in a medium.

Light generally bends towards the normal when entering an
optically denser medium from a rarer medium.

Light generally bends away from the normal when entering an
optically rarer medium from a denser medium.

Light entering along the normal does not change direction,
although its speed may change.

DO

Feature Convex lens Concave lens

Nature Converging Diverging

Appear to diverge from

Parallel rays Meet at a real focus
a focus

Virtual, t and
Depends on object irtual, erect an

Image .. diminished for a real
position ,
object
Magnitying glass,
Uses cameras, correction of  Correction of myopia
hypermetropia

Important Formulae

@ Lens formula:

@ Magnification:

(
\%
m= —
u ]

.

@ Power of a lens:

Here, f is measured in metres and P in dioptres (D).

© A convex lens generally has positive power.
© A concave lens generally has negative power.

© For thin lenses in contact, the total power is P=P;+P».

@ Important Optical Phenomena -:(:):-)
->

( Refraction ) = Dispersion Internal reflection

Total internal reflection: Complete reflection of light back into
the optically denser medium when light travels towards a rarer
medium and the angle of incidence exceeds the critical angle.

Rainbow: Formed through a combination of refraction,
dispersion and internal reflection of sunlight in water droplets.

Dispersion: Splitting of white light into its constituent colours.

Prism: Can separate white light into its constituent colours.

Scattering of light: Redirection of light in different directions by
particles; the blue appearance of the sky is a major example.

Red light: Has a relatively longer wavelength in the visible
spectrum and is generally scattered less than blue light.




