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CHAPTER 5: -
LIGHT AND VISION 9,

5.1 Light Reflection

5.1.1 Plane mirrors

i -

normal

Incident ray Reflected ray

Law of light reflection:
* The reflected angle is always th@meas the incident angle.
» The incident ray, reflected ray, and normal line iarthesame plane

Characteristics of an image formed by a plane mirra

Sze Same
Direction Upright, laterally inverted
Type Virtual

Distance Distance of an image from the plane mirror is thes as the distance of
the object from the mirror

Image characteristics are commonly explained ugiadollowing three categories:

Size Same Image is exactly the same size as the object
Magnified | Image appears bigger than the object
Diminished| Image appears smaller than the object
Direction | Upright Image appears to be in the same direcsaihe object
Inverted Image appears upside down compared ta@iobje
Type Real Image formed is on the same side of the masdhe object.
Real images mean you can capture the image on a screen.
Virtual Image formed is on the opposite side ofrieror from the
object
Virtual images can only be seen; they cannot be captured on a
screen.
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5.1.2 Curved Mirrors
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Common terminology of curved mirrors:

Centre of curvature, C

The geometric centre of a hollow sphere of whieh th
concave or convex mirror is a part

Pole of mirror, P

The centre point on the curved mirror

Principal axis

A line which passes through the centre of curvaire
and the pole of a curved mirrd?,

Radius of curvature,r (=CP)

Distance between the poRand the centre of
curvatureC

Principal focus, F

A point through which all rays traveling parallelthe
principal axis converge to or appear to divergenfro
after reflection by the mirror

Focal length,f

The distance between the principal fodasnd the pole
of the curved mirrorP

Aperture of mirror

The portion of the surface of the mirror that reftelight

Object distance,u

Distance of object from the pole of the mirrBr,

Image distancey

Distance of image from the pole of the mirr@r,

For both concave and convex mirrors, the focaltlemghalf the radius; i.€CF = FP.

Concave mirror

Convex mirror

~ light reflecting reflecting
converged su/rface sutface
' % : A virtual rays
‘ P L @ : pn‘ncx‘pél axis B e ;
principal axis - i - e *C
' e , S o

B b : virtual principal
P - /

; light = focus
’ K diverged -

7
principal
focus

Rays traveling parallel to the principal ax
convergeto a point, called theeal
principal focus, on the principal axis.

Focal lengths are written in positive.
E.g.f = +20cm.

KRays traveling parallel to the principal ax|
appear taliverge from a point behind the
mirror which lies on the principal axis,
called thevirtual principal axis .

Focal lengths are written in negative.
E.g.f = -20cm.
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Determining the Position and Characteristics of amage with a Ray Diagram

Concave mirror

T
7 )

o
<

e
£ )

e )
~

® A ray parallel to the
principal axis is reflected tq
pass througlfr

@ A ray throughF is
reflected parallel to the
principal axis

® A ray throughC is
reflected back along its ow|
path

=)

Concave mirror

@l/
p\;: c

\

® A ray parallel to the
principal axis is reflected a

@ A ray towards- is
sreflected parallel to the

if it came fromF

principal axis

® Aray toward<C is
reflected back along its ow|

=)

path

To determine the position and characteristics dh@ge using a ray diagram:
1. Draw rays emanating from the top of the object® mirror, and using the guide in
the table above, draw their reflected paths. Ugeo&the two of the rays in the above

guide.

2. A point on the image is produced at the intersectibtwo rays originating from the

point on the object.

Images formed by a Concave Mirror

Position of object Ray diagram Characteristics of image
O betweerF andP e Virtual
* Upright
* Magnified
O atF e Virtual
* Upright
* Magnified
e Atinfinity
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O betweerF andC * Real
@ * Inverted
I c i * Magnified
-2 @
|
- £
OatC * Real
o , ® \ * Inverted
A @ 45 « Same size
F
-/
O beyondC @ \ * Real
®' * Inverted
& NF p e Diminished
=5
O at infinity Lo + Real
rd/.s‘/e /7?9(7)/7; e Inverted
e, > « Diminished
O
1
Images formed by a Convex Mirror
Position of object Ray diagram Characteristics of image

Anywhere in front of the
mirror

© , X

e Virtual
» Upright
¢ Diminished

5.2 Light Refraction

Light refraction is a phenomenon where tl

direction of light is changed when it crosses t
boundary between two materials of differe
optical densities. It occurs as a result of

change in the velocity of light as it passes fr¢ wegium 1
hedium 2

one medium to another.
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When a light ray travels from medium A
to medium B which is optically denser
than A

incident ray

normal

aar
glass

‘ Qrigianl path
 tectedry

The ray of light will refract towards
normal;r <'i

When a light ray travels from medium C
to medium D which is optically denser
than C

| ‘normal

incident ray :
i i
Lc glass |

D air

origiﬁal path refracted ray

The ray of light will refractaway from
normal;r > i

When a light ray crosses the boundary between twoifterent mediums at a right

angle

incident ray

5.2.1 Laws of Refraction

When a light ray travels from one medium to angther

1) the incident ray and the refracted ray are on th@osite sides of the normal at the

point of incidence, and all three lie in the sarap.

sini .
2) the value of—— is a constant3nell’s Law)

sinr

5.2.2 Refractive Index

_ sini

sinr

where 5 = refractive index / index of refraction

The higher the refractive index, the greater thecapdensity.

Note: A material with greater density may

not necesgdwdlve greater optical density.

A light ray which travels through a medium with hey optical density will have its

speed reduced.
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_ speedf lightin vacuumg
speedf lightin themediumy

wherec=3 x 1 m st

5.2.3 Actual depth and Apparent depth

observer

wwwwww :'_f apparent
depth, d

water

_ actualdepth,D

- apparentdepthd

5.3 Total Internal Reflection

Critical anglec is the
_ value of the incident
r=90°i=c angle when the

hore dense . refracted angle is 90°.
Less dense J Refracted ray

i
i
nomnnal
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* Wheni is increased to be
greater thar, the light will
be complete reflected back
into the material. No light

More dense will be refracted.

Less dense | * This phenomenon is known

astotal internal reflection.

Incident.rany

Reflected ray

i
i
normal

Conditions for total internal reflection:
1. Light must be traveling from an optically denserdinen to a less dense medium.
2. The incident angle must be greater than the criéingle.

SUMMARY OF FORMULA FOR INDEX OF REFRACTION:

sini

n=—-—

sinr
speedf lightin air

- speedf lightin medium

1
n=— -—
sinc
_actualdepth
apparentepth
Hint:

The index of refraction for any medium when compared to air must be greater than 1.
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5.4 Llenses

5.4.1 Convex lenses
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Focal length +ve

Object distance

Image characteristics

Infinity (Light rays enter at parallel)

* Image at focal pointv(= f)

U= o  Real

e Inverted

¢ Diminished
u> 2f  Real

* Inverted

e Diminished
u=2f * Real

e Inverted

e Same size
f<u<2f  Real

e Inverted

* Magnified
u=f * Image at infinity ¢ = )

e Virtual

» Upright

* Magnified
u<f e Virtual

* Upright

* Magnified
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5.4.2 Concave lenses

@ Focal length —ve

RON S 7 ma—
0 oF F i | F oF Image Characteristics:
| * Virtual
| » Upright
* Diminished

5.4.3 Lens Equation

cC |k

+
<|p
I
— |

where u = object distance [cm]

v = image distance [cm]

f = focal length of lens [cm]
5.4.4 Lens Power

Lens poweris defined as the inverse of the focus length @ters.

where P = lens power [D]
f = focal length [m]

5.4.5 Linear Magnification

Linear magnification is the ratio of the image size to the object size.

hi
m=—=
hO

cl<

where m = linear magnification
h; = height of image
h, = height of object
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5.5 Applications of Lenses

5.5.1 Magnifying Glass

e D

L J

(o D Image on the
' retina
The image formed by the object is a lot bigger with the magnifying glass at the same

position

5.5.2 Camera

Focusing ring

Film
Object Image
Diaphragm
Shutter
5.5.3 Slide Projector
Concave Projector [ ——

mirror lens
Condenser
. Magnified
image on
screen
Light bulb \
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5.5.4 Complex Microscope

objective eyepiece .
lens construction
line
object F, F
final | A - observer
virtual |
image: f<t,
i

2 |

5.5.5 Astronomical Telescope

short focal length

long focal length focal plane of both objective i
objective lens ! and eyepiece lenses | |eyeplece Bha
‘ A i Ii'x;me frt?m the tlop of
. ! the objective lens
parallel rays of light <0 E / imagejthrough the
e i el cenire of the eyepiece
-~ Ol | R ! i \B gives” trIwe direction of
: : i e parallel rays
top of image formed o K / Y, y
by objective Iens/ i A - .
i parallel rays forming
. V
1

an image at infinity

focal length of focal length of
objective lens eyepiece lens
fo > fe

L f
Magnification =—2
fe
Normal setting:
Length between lensesfz+ fe
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SUMMARY OF COMPARISON OF IMAGE CHARACTERISTICS
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Characteristics ofoncave mirrors are the same @snvex lenses

Lens / Mirror

!
2f

<+— Real, Inverte ———————»<— V/jrtual, Upright =

I
f

<—Di|71ir1is|“|ed—>i < Magnified >
Sarr;e Siz

Object distance| Image characteristics

U= oo Real | Inverted Diminished
u> 2f Real | Inverted Diminished
u=2f Real | Inverted Same Size
f<u<2f Real | Inverted Magnified

u=f Virtual | Upright | Magnified
u<f Virtual | Upright | Magnified

Characteristics ofonvex mirrors are the same a®ncave lenses

Virtual, Upright, Diminished
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