Physics
Light



fafractio

 Change in direction

e of a wave (e.g. light)
* on changing medium
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Refraction

IR =incident ray
RR = refracted ray
N = normal

i = angle of incidence

r = angle of refraction
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Laws of Refraction

1. Same plane ...
2. sinr a sini
or
sin 7 + sin » = a constant

Snell’s Law
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Refractive Index (n)

(notation...)

n n n n

air’ “glass glass”“water a'’g g

M, =3/2 (= 1.5) n,=2/3 (=0.67)

Y

n, =4/3 n,=2??

a W " a
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P11 A ray of light enters glass from air. The angle of
incidence is 30° and the angle of refraction is 19°.
What is the refractive index of glass?

sini §  sin 30° 30°:

Sin r sin 19°

n =

19°
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P4 Light enters water from glass. If the angle of
incidence is 40°, find the angle of refraction.
(Given ,n, = 9/8)

Whg = 9/8

= n,=8/9
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Demonstration of the Laws of Refraction

RB (or Laser)




Procedure

1. Outline ... 2 dots on each ...
Join dots

Join point of incidence to point of emergence

Complete ...
2. Measure ...
3. ... on diagram

4. Repeat / other ... / why?

9@



Result

sin 7 = sin 7 = a constant

sin 7

=> s§in i o sin

or

sin r

“SLTO? =>sinrosini

Precautions  Thin ray / Repeating / ...
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To Measure Refractive Index

n =sini=sinr

Calculate average n

Liquid ... hollow

n =sini-=sinr

sSini=nsinr

y=m Xx
sin 7

sin r
Slope = n
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Which Way Does The Light Bend?

Glass is more dense (optically) than air

air
... “bends towards the normal”
lass :
5 ... angle r < anglei:
When 2" medium is less dense
atr ... “bends away from the normal”
water

. angle r > angle i
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Real & Apparent Depth ﬁ\

AO =real depth
Al = apparent depth

o real depth

- apparent depth
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Actual o
depth
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P5 A block of glass of thickness 4 cm is placed on top
of a mark on the bench.

When the mark is viewed perpendicularly through
the glass a virtual image of it appears 2.67 cm from
the top of the block.

Find the refractive index of glass.

" - real depth 4 -y
apparent depth 2.67 )
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P6 A pool of water is 12 m deep. If the bottom of the
pool is viewed perpendicularly from air, how deep
does it appear? (n,,,. = 1.33)

real depth
Ay =

aparent depth

12

1.33 = —— W= apparent depth =9.02 m
aparent depth
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P Expt. Refractive Index Of A Liquid

l S Procedure
1. Move S ... no parallax ...

2. Measure (2)
M (touching ..) 3 Req] depth = ??
Apparent depth = ??
4. Repeat/ other ?? / why??
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P Expt. Refractive Index Of A Liquid

- S Result
n = real depth =+ apparent depth
n=MO +MS
M (touching ...)
Precautions
Repeat etc.
I Liquid touching back of M ...

Use larger depths .. Why?
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Reason For Refraction

The wave changes speed
on changing medium

Light travels slower in water than in air

medium 1 (¢;)

medium 2 (c,)
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P7 Whatis the refractive index of glass if light travels

at a speed of 2 x 103 m s in glass?
(Given speed of light is air =3 x 108 m s-1)

C IR

AR Grass =
Corass
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Total Internal Reflection

r>isince ... ¢ = critical angle i>c (TIR)

All the light reflects

at a boundary with a less dense medium
wheni>c

as shown in Fig. 3 ...
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Total Internal Reflection

Reflection at the Critical Angle

n{2) > n{1)

Figure 4
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Refractive Index & Critical Angle

sinC

air L i sin 9(°
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P10 Whatis the critical angle for glass? (n = 1.5)

sin C = 1/n
=1/1.5
=0.6667 => C=41.8° (42°)

Water: C =49° Diamond: C = 24°
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P12 A point source of light P is 2 m below the surface

of the water in a still pond.
Find the radius of the circle at the surface

through which light can pass into air, given that
the refractive index of water = 4/3.

r=2 tan 48.59°
b

2
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Prisms & Total Internal Reflection
45°

: — 450 Periscope

[ >42°
=> TIR

thro’ 90°

Binoculars
thro’ 180°
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Glass ... <0.1 mm “thin”

Outing coating of lower n

Critical angle is very low

Total internal reflection

Uses
Telephone cables
Endoscopes

“Drains”, etc.

28 @



Cladding

The most popular fiber for networking is the 62.5/125 multimode fiber. The numbers
mean that the core diameter is 62.5 micrometer and the cladding is 125 micrometer.

A single glass fiber measuring .013 ¢m in diameter can replace 10,000 telephone w2i§‘e§.



Advantages (Telephone Cables) Advantages (Other)

* More information  Inaccessible areas
* No tapping * Microsurgery
 Smaller

* No interference
* Less boosting (100 km, not 2 km)
* Material - cheap and plentiful

arthroscope for knee surgery

gastroscope for ulcers etc
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Cooler (more dense)

Hotter (less dense)

Ground

Total internal reflection (when 1> ¢)
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rotal Internal Reflection

Uses | Examples

Reflective road signs / Bicycle Reflectors
Prisms (Binoculars & Periscope)
Optical fibres (telecommunications & endoscopes)

Mirage
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Diverging
Concave

Converging
Convex
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Parallel Beam

Converging lens Diverging lens

Real Focus Virtual Focus
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Ray Diagrams - Rays that can be used

Opposite sides If lens is very thin,
are parallel displacement of

rays is very small.

Ray passes through
center of lens

Ray though the optic
centre ...

i D is small, ray
displacement
d is also small.




Ray through the optic centre

... no bending

Converging Lens Diverging Lens
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Rays Parallel To The Principle Axis

Converging lenses Diverging lenses
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Converging Lens - Real Images

Rih Object (upside down) 'J Screen
- Real image

i

Only a real image (light energy) can
be formed on a projector screen.

Film

— R
1| image
r{ inverted)

Real Inverted Smaller




Converging Lens - Virtual Images

Virtual
image

i "Eu 11 [hl‘._It'f{'rI{_ O vy
“~h point on o, has’
H.uqht line thxnuhll ith

1, theory, these surfa

Wil nall phun obj |:
IntI].:

= Magnifying glass

Virtual Erect Bigger
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Diverging Lens - Mag 2S

ﬂ?ﬁ?@-ﬂ'“‘: H.-u-rhm:q_-:a.—.a:q- e

S

- r r 5 .I
: 1 i

Virtual Erect Smaller
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Ray Diagrams - Java Applet




What type of lens is used?

Where is the object (face) in relation to the lens?

No lens
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Eyeplece

o)
— Objective

aaight line through

= 1 = . ..-'",
-r?,,_tht:r_:-r?r'- these o) ~—— Far Sight
__—__EFocai Plane

silinall planar ob -~ ~
torthart , : ;
1

) ~ Mear Sight
Figure 3 Focal Plane

4

Final
image
(virtual)

ol - -

Telescope

Distant
ohject

First
image
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Converging Lens Diverging Lens

Spectacles - long sight Spectacles - short sight

Contact lenses - long sight  Contact lenses - short sight

Camera Opera glasses
Projector etc.
Magnitying glass

Telescopes & Microscopes



ens Equations

Sign Convention

_ height of image ... toreal =+
height of object ... to virtual = -

Converging & Diverging
Lenses 5 @



How far from a converging lens of focal length
15 cm must an object be placed so that the image
formed is three times bigger than the object

and the image is (i) real, (ii) virtual?

(i) realimage => m=vu=+3
=> v=+3u
1/f=1/u+1/v
+1/15=1/u + 1/3u
=3/3u+1/3u =4/3u
=> 3u =60
=> u =20 cm
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How far from a converging lens of focal length
15 cm must an object be placed so that the image
formed is three times bigger than the object and
the image is (i) real, (ii) virtual?

(ii) virtual image = m=vu=-3
=> y==-3u
+1/15 =1/u + 1/(-3u)
=3/3u-1/3u =2/3u
=> 3u =30
=> u =10 cm
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An object is placed 30 cm from a diverging lens of
focal length 25 cm.

Calculate the position, nature and magnification of
the image.

1/f=1/u+1/v
-1/25=1/30 + 1/v
-1/25-1/30=1/v
-6/150 - 5/150=-11/150=1/v
=-150/11 =-13.6 cm
Virtual, and on same side of lens as object.
m=v/u=-13.6/30 =-0.45
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Power of a Lens

p 1

[ (in metres)

Units of P  diopters (D)



Calculate the powers of these lenses:

(i) a converging lens of focal length 20 cm,

(i) a diverging lens of focal length 50 cm.

i) P=1f =1/020) =5.0D
(i) P=1f =1/(-0.50) =-2.0D
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S In

n Contact

P=P,+P,
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Two converging lenses of focal lengths 10 cm and 50
c¢m are in contact.

What is (i) the power, (ii) the focal length, of this
combinations of lenses?

P,=1/f, =1/(0.10)=+10D

P,=1/f, =1/(050)=+2D
P=P,+P, =(+10)+(+2) =+12D
f=1/P= 1/(12)= 0.083m =8.3cm
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A converging lens of focal length 40 cm and a
diverging lens of focal length 10 cm are in contact.

What is (i) the power, (ii) the focal length, of this
combinations of lenses?

P,=1/f, =1/(0.40)=+2.5D

P,=1/f, =1/(-0.10)=-10.0 D

P=P,+P, =(+2.5)+(-10.0) =-7.5D
f=1P =1/-7.5) =-0.133m =-13.3cm
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Expt. Focal Length Of A Convex Lens

L

LB - u 1%
CW CL
° 9 '
S
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LB u 1%

<
CL
® *cmv .
S

Procedure
| u>f...
Move S to get ...
p Measure ...
3. u and v are shown in the diagram.

Repeat, other u# and v, to get average f.
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Calculate average f

Precautions
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Expt. Focal Length Of A Convex Lens
Result - Alternative Method

1/v
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Iris

Aqueous

2 ris

Fupil

Figure 2

Serory
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Cornea
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ne Eve

e Cornea * Vitreous Humor

« Aqueous Humor  ° Retina

| * Iris * Rods & Cones
Comea N ° Pupil * Optic Nerve
| * Lens * Blind Spot
* Ciliary Muscles * Fovea

e Accommodation
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Some Figures ---

25 mm Diameter of eyeball
17 mm from cornea to fovea
4 mm Thickness of lens

9 mm Diameter of lens

Composition of lens = 65% water; 35% protein10
Average time between blinks = 2.8 seconds
Average duration of a single blink = 0.3 seconds
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Short Sight

e Can see short distances
Distant * Eyeball too long

* Diverging lens

62 @



Long Sight

* Can see long distances

* Eyeball too short

* Converging lens
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Hyper-
metropia ra‘"

_ ~ MNear Sight
Figure 3 Focal Plane
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Spectrometer

Objective

LETIS

Astronomical

telescope

Turntable

Collimator Levelling

womant Cross-threads

r:rl'it
adjuster

Figure 9.1 - Grating spectrometer.
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Spectrometer

'’ TT
¢ —
VS \
Telescope A
Collimator
Turntable / Table

Vernier Scale
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Spectrometer

Collimator Parts
Slit & Converging Lens & Tube
Slit is at the focus of this lens

— Collimator produces a parallel beam of light

Function of Collimator

To produce a parallel beam of light
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Spectrometer

Telescope Parts
Objective and Eyepiece Lenses
Crosswires

Function of Telescope
To receive a parallel beam of light

Function of Vernier Scale

To measure angles to an accuracy of 0.1° (or 5)
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Adjustments to Spectrometer

Focus eyepiece on crosswires.
Focus telescope on a distant object.

Level the table.

Focus on the slit by adjusting the collimator lens.

AR S

Adjust the width of the slit.
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