Refraction

* Sudden change in direction of a wave as it changes
speed.
* |t must enter obliquely to change direction!

—

A ray will be used to depict the direction which a wavefront trawvels.



efraction at plane surfaces

* In both cases the speed of the wave has decreased.
This is indicated by the decrease in wavelength!




Refraction

* In which medium does light travel faster? (glass rod
appears bent)

___— Glass rod
B _ff_-— Air
L Water

/




Absolute Refractive Index of a medium

C * v IS the speed of light in the

i1 = — new medium.
LY

n Is the absolute index of ¢ ¢c=3.0 x 108 m/s
refraction. This is a

measure of optical _ _
density. n is defined as ~ * AS the Index Increases the

the ratio of the speed of ~ SPeed decrease.
light in air (and vacuum) « Note: ngir) = 1.0
to the speed of light in a

new medium.



Relative Refractive Index

When light travels from medium 1 of o jfn_<1;
absolute refractive index n1 to speeds up
medium 2 of absolute refractive index
n2, then relative refractive index from

_ _ e o Ifn,,>1;
medium 1 to medium2 is given by:
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Refraction at Plane Surfaces: Snell’s Law

aws of Refraction

. The incident ray, the normal and the refracted ray all lie
in the same plane.

. For two particular media, the ratio of the sine of the

angle of incidence to the sine of the angle of refraction
IS @ constant, i.e.

sin |
sin r

= constant =n2/ni=vi/v2=2A1/ A2

he second law of refraction is also known as Snell’s Law.



Snell’'s Law of Refraction (nksinBk =
constant)

nonmal nonmal

fe = nl = nl

anell's law  nysinBy =nzsinBz  of, eqguivalently,  sinBy!sinBa=v1/v2

n a wave slows down it bends closer to the normal.{n2>n1}
n a wave speeds up it bends away from the normal. {n2<n1}



Refraction Through Multiple Layers

Med1

Med2

Snell’s Law applies as follows:
n1sinB1 = n2sinB2 = n3sinO:
n4sinB4 ------

nksinBk = constant

It implies that if light trave
from medium 1 to (say)
medium 4 through 2 and:
refraction through j occur:
as if light travels directly
from Medium 1 toj.



-Xercise

n(Water)= 1.33; n(g|ass)= 1.50; n(air)= 1.00

"~ — Glass rod
B TC___ Air
| Water
s

Answer
V, =2.26 x 108m/s
V, =2.00 x 108m/s

Calculate the
speed of light in
water and glass.



Refraction

* If light rays bend closer to the normal when slowing
down, why does the glass rod seem to bend away
from the normal?

___——— Glass rod

5
-

3 T’ Air

L — Water




Refractive index in terms of Apparent and Real Depth

R R — Real Depth

A A — Apparent Depth

Answer

* It is rays from the rod
inside the water that
enter your eyes.

e A virtual image appears
to come from pointy



Depth
aq

.

Apparent

* If the chest is 20 m below the surface at what depth

will the image appear? Assume n_, yater = 1.34



Xerclises

1. A monochromatic light ray f= 5.09 x 104 Hz is
incident on medium X at 55°. The absolute index of
refraction for material X is 1.66

Maormal
. a) Determine the angle
h of refraction.
\53\ b) Determine the
—— speed of light in

medium X.



Hint:

| Normal

1. use Snell’'s Law to
. (0]
! obtain 6,= 30
Air '
Matearial X

2. use n=c/v to obtain
v=1.8x108m/s



Exercises (contd)

. A glass block (n=1.52) is placed inside water contained in a basin. A
ayer of oil (n=1.44) is poured on the water surface.. A ray of light
trikes the oil surface at an angle of incidence of 38°

alculate the angle of refraction at the water glass interface (n(air) =
.00)

Hint. Use Snell’s law to obtain Bglass = 23.9°



REFLECTION FROM CURVED
SURFACES



Concave Mirrors

e Curves inward

*May be real or virtual image

—




Surved mirrors

* When the mirror isn’t flat!
* light still follows the same rules, with local surface normal

e Parabolic mirrors have exact focus
e used in telescopes, backyard satellite dishes, etc.
* also forms virtual image
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 Concave (converging mirror)



Convex (Diverging) Mirror
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e Curves outward
*Reduces images
*Virtual images
eUse: Rear view mirrors, g Uil
security...
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mage formation by convex mirrors
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For all positions of object, the image is
virtual, erect, diminished and located
between the pole of the mirror and its

virtual focus.



For a real object between f and the mirror, a
virtual image is formed behind the mirror. The
image is upright and larger than the object.

ject e
Real Obj -

Optic AXis

Concave Mirmor



For a real object between C and f, a real image
is formed outside of C. The image is inverted
and larger than the object.

Concaye Mirror
Real Object

Oplic Axis \‘ ¢ -
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For a real object at C, the real image is
formed at C. The image is inverted and the
same size as the object.

Concaye Mimor
Real Object

Optic Axis « /F w
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For a real object close to the mirror but outside of the
center of curvature, the real image is formed between C
and f. The image is inverted and smaller than the object.

Concaye Mimor
Heal Object

Optic Axis . -
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What size image is formed if the
real object is placed at the focal
point f?

Concavye Mirmor

Haal Object
L]
LIplcC AXIS “" r I % fﬁ}_ﬂ__..—!f ‘
4 . |.— '
C ¢ 1
T |

For a real object at f, no image is formed. The
reflected rays are parallel and never converge.



Viirror formula: (Real is positive
convention)

+ — = —

1_ 1 1
u V f

= object distance (+ve)
= image distance (+ve for real image and —ve for virtual image)
= focal length (+ve for concave mirror and —ve for convex mirror)
Definition of term:
Linear magnification, m = height of image/height of object
= image distance/object distance = v/u



Norked example

Where should an object be placed along the principal axis of a
converging mirror of radius of curvature 30 cm such that its virtual
Image is 3 times its size

olution
Nagnification=3=| v/u| ; |v |=3u
=+15cm (converging mirror)
=7 (must be +ve)
=-ve =-3u (realimage)
Applying mirror’s formula, we have:
1/u—-1/3u=1/15

u=10cm



Lenses

Bicomvex Plano-  Convex-  Meniscus  Plano- Biconcave
CRHTEX OrARCanE O anE



Converging Lens




Rules For Converging Lenses

1) Any incident ray traveling parallel to the
principal axis of a converging lens will refract
through the lens and travel through the focal
point on the opposite side of the lens.

2) Any incident ray traveling through the focal point
on the way to the lens will refract through the
lens and travel parallel to the principal axis.

3) Anincident ray which passes through the center
of the lens will in effect continue in the same
direction that it had when it entered the lens.



Image Formation by Converging
Lens
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Diverging Lens
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Rules For Diverging Lenses

1) Any incident ray traveling parallel to the
principal axis of a diverging lens will refract
through the lens and travel in line with the focal
point (i.e., in a direction such that its extension
will pass through the focal point).

2) Any incident ray traveling towards the focal
point on the way to the lens will refract through
the lens and travel parallel to the principal axis.

3) Anincident ray which passes through the center
of the lens will in effect continue in the same
direction that it had when it entered the lens.



Diverging Lens Image

CArmAatiANn

Always Virtual, Smaller, and Right-Side Up



_ens formula: (Real is positive
>onvention)

+ — = —

1_ 1 1
u V f

= object distance (+ve)
‘= image distance (+ve for real image and —ve for virtual image)
= focal length (+ve for convex lens and —ve for concave lens)

Note: This formula is applicable to thin lenses only. For thin lenses,
the thickness is far less than the focal length



_ens maker’s formula

Definition of term:

Lens power = 1/f , unit is dioptre (D)

The lens maker’s formula for a thin lens in air medium
1/f = (n-1) (1/R1 +1/Rz2)

n= refractive index of the material of the lens

R1 and R2 = radii of curvature of the front and rear surfaces of the
lens






The Human Eye

Retinal blood vessels

| Macula
Lens




Normal Eye Focus




1ort-sightedness (Myopia).inability to see
stant objects.
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Corrected with diverging (concave) lens




ong-sightedness (hypermetropia): inability
0 see close objects.

Corrected with convex (converging) lens




Astigmatism

* Cornea is oval shaped instead of spherical. This
causes light to focus on two or more spots.




