E=lgy> /1524[:.

Damieiia University

. el \ e 541 ?"""5 ?33"“ 4. - Jalian daals A_ﬁ

(Electricity and magnetism +
Optics)
For Faculty of Science students (Geology-Petrol)

A course Presented by:

Dr./ Ahmed 5. El-Tawargy

Lecturer of experimental physics



|_ecture (4)
15-03-2020



Example: A beam of light is incident on a prism of a certain glass at
an angle of 6, = 30.0°, as shown in figure.If the index of refraction of
the glass for violet light is 1.80, find (a) 6,, the angle of refraction at
the air—qlass interface,

(b) ¢,, the angle of incidence at the glass air interface, and

(c) ., the angle of refraction when the violet light exits the prism.
(d) What is the value of Ay, the amount by which the violet light is
displaced vertically?

Solution:  (a) Find 6,, the angle of refraction
at the air—glass
Interface.
Use Snell’s law to find the first angle of -.
refraction:

e RIS

n,sinf6; = n,sin6, — 1.00sin 30
= 1.8Sin62

0.50 -.Iﬁl'.l_‘”: C
9, =sin"!|—] = 16.1°




(b) To find ¢,,
= 30° — 06, = 30° — 16.1° = 13.9°

180° = 139°4+ 90°+ a - a=76.1°
The incident angle @, at the glass—air interface is complementary to a:
¢, = 90°— a = 90° — 76.1° = 13.9°

b, = sin! (nz sin q52>

nq

(c) To find ¢,,

= sin"1(1.80sin 13.9%) = 25.6°
(d) To find Ay

Use the tangent function to find the vertical displacement:

A
tan ff = é — Ay = (6.00 cm) tan(13.9°) = 1.48 cm



Huygens’s principle s Jia

“All points on a given wave front are taken as point
sources for the production of spherical secondary
waves, called wavelets <34, that propagate in the
forward direction with speeds characteristic of waves
in that medium. After some time has elapsed, the new
position of the wave front is the surface tangent to the
wavelets.

This principle can be used to prove reflection and
refraction laws as well as explaining diffraction.



Huygens’s constructions for (a) a plane wave propagating to the right
and (b) a spherical wave.

In the figure, two waves are
propagating; plane and
spherical waves.

In figure (a), at t=0s, AA’ is the
wavefront.

According to Huygens’, each
point on this wavefront is
considered a point source.
Each point source is a center
of a circle with radius ¢ At (or
v At in any other medium).
The new wavefront BB’ is the
tangent of these wavelets.

The same can be done with
figure (b).

The new wave front is drawn tangent 1o
the circular wavelets radiating from the
pomnt sources on the orginal wave front.
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Dispersion of light & Prism

J5didall g ¢ gaall (2430) s

» The dependence of the index of refraction on wavelength is called dispersion.

» The index of refraction for a material usually decreases with increasing

wavelength.

This means that violet light (1 > 400 nm) refracts more than red light (1 > 650 nm)

when passing from air into a material !1?
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The colors, in order of decreasing wavelength, are red, orange, yellow, green,
blue, and violet. Violet light deviates the most, red light the least, and the
remaining colors in the visible spectrum fall between these extremes.



Prisms are often used in an instrument known as a prism spectrometer (—sbaall)
Prisms are the main parts of spectrometers.

O Chemists and biologists use infrared spectroscopy to identify molecules.

O Astronomers use visible-light spectroscopy to identify elements on distant
stars.

O Geologists use spectral analysis to identify minerals.

O All hot, low-pressure gases emit their own characteristic spectra, so one use of

a prism spectrometer is to identify gases.
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The violet hight refracts
through larger angles
than the red hight.

Sunlight

Incident rays//
/
i
"l = 17
\\ = -
Outgoing rays\_, / R 10



The rays leave the drop such that the angle between the incident white light and
the most intense returning violet ray is 40° and the angle between the incident
white light and the most intense returning red ray is 42°. This small angular
difference between the returning rays causes us to see a colored bow.

White

Ma kD Philips/Fha%n Rescarchers, Inc

The formation of a rainbow seen by an observer standing with the Sun behind his back. (b) This
photograph of a rainbow shows a distinct secondary rainbow with the colors
reversed.
11



Violet light is bent more and comes

seconda out higher from the droplet. It
Tm';:b?}? :adt::md fmmry appears at the bottom of the rainbow
the primary bow, and the since violet light from lower droplets
‘ strikes your eye,
secondary bow is twice
as broad.

Violet top of -
since i Row. Violet

Ce it comes 40° The red light from
to the eye from PO droplets higher in the sky
higher drops. Red  reaches youreye.
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Total Internal Reflection (TIR)

AR (alill) S alsaiy)

An interesting effect called total internal reflection can occur when light encounters the
boundary between a medium with a higher index of refraction and one with a lower index of
refraction. When 6, = 6.and 6, =90°, Snell’s law gives

n,sinf, = n, sin90° = n,

: n;
sinf, = —
ny

for ny > n,

As the angle of incidence ) increases,

the angle of refraction 8, increases

kil @y 3s 0F (rav 4). The dashed line

indicates that no energy actually
propagates in this direction.

The angle of Incidence producing
an angle of refraction equal o 907
i the oftioal anee 8. Ar this angle

of incidence. all the energy of the
incident light is reflected.
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https://www.youtube.com/watch?v=Y12IRVCOsto
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Example:

(a) Find the critical angle for a water—air boundary.

(b) Use the result of part (a) to predict what a fish will see if it looks up toward the
water surface at angles of 40.0°, 48.6°, and 60.0°.

. |
Solution: |
(a) The critical angle for a water—air '
I

boundary. i
ng, = 2= 299 _ 750 i
e T T 1333 |

6. = sin"1(0.750) = 48.6°

(b) At an angle of 40.0°, a beam of light from underwater will be refracted at the surface
and enter the air above.

At an angle of 48.6°, the critical angle for water, light from underwater is bent so that it
travels along the surface.

At angles greater than the critical angle of 48.6°, a beam of light shot toward the surface
will be completely reflected down toward the bottom of the pool. Reversing the path,
the fish sees a reflection of some object on the bottom.



(2) The right angle prism and the phenomenon of total
internal reflection can alter the direction of travel of a

light beam.
RE
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Internal reflection in a prism. (a) The ray is deviated by 90°. (b) The direction of
the ray is reversed (retroreflector). (c) Two prisms used as a periscope.

16



Periscope (Gl 5f 531 jUaie)

Submarine periscope
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Right Angle Prism as a 90° Reflector

https://www.youtube.com/watch?v=Tr3dJruAfHY&feature=youtu.be

Right Angle Prism as a 180° Reflector = retroreflector?

https://www.youtube.com/watch?v=48ntmazFzOw&feature=youtu.be

18
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(3) Diamond simulant < jall o Alall (ulall
Aasal) g3l YA e i RN g Gl s

When medium 2 is air, the critical angle is small for substances
with large indices of refraction, such as diamond, where n =
2.42 and 6. = 24.0".

By comparison, for crown glass, n = 1.52 and 6. = 41.0°.

This property, combined with proper faceting, causes a diamond
to sparkle brilliantly.

Do you know other physical methods to differentiate between real and
fake elements or materials?



(4) Optical fibers (or fibres) — 4uadl LY

» An optical fiber is a solid glass or a transparent plastic rod to “pipe or guide” light from one
place to another.

» Itis an application of total internal reflection to transfer an image from a point to another.

» Very little light intensity is lost in these fibers as a result of reflections on the sides.

» Physicians often use fiber-optic cables to aid in the diagnosis and
correction of certain medical problems without the intrusion of major
surgery.

/"\ (3lass or
plastic core
|
5 |

Optical fibers - physics experiment Vs

/ Jacket

https://www.youtube.com/watch?v=Wp3ScRXaXVE Cladding
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https://ar.wikipedia.org/wiki/%D9%84%D9%8A
%D9%81 %D8%A8%D8%B5%D8%B1%D9%8A

€5 LY i 8 Culaill @Dl (e Jicmbl i el GLIY) 13 Optic fibre

https://www.hazemsakeek.net/%D9%84%D9%85%D8%A7%D8%B0%D8%A7-
%D8%A7%D9%84%D8%A7%D9%84%D9%8A%D8%A7%D9%81-
%D8%A7%D9%84%D8%A8%D8%B5%D8%B1%D9%8A%D8%A9-
%D8%A7%D9%81%D8%B6%D9%84-%D9%85%D9%86-
%D8%A7%D8%B3%D9%84%D8%A7%D9%83-%D8%A7%D9%84-
2/?fbclid=IwAR1RWgX8qpDVbHv19pbtZq)Gkzgyd_i90Q615G440gXnDrmhtWmMzSr_FMO

copper cable
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Guiding light by water

https://www.youtube.com/watch?v=hBQ8fh Fp04

Optical fiber cables, how do they work?

https://www.youtube.com/watch?v=jZ0g39v73c4
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What to learn in this lecture?

» Image formation by mirrors
(Flat & Curved)

S 5 i sl Wy puall (36
» The mirror’s equation
3) yall dalaa
» Aberration of mirrors
> Ll el 8 a5



Image formation Jeall (S

Images can be mainly formed either by reflection or refraction on
flat or curved surfaces. Mirrors and lenses are designed with certain
specifications to be used In iImage formation with desired
characteristics of the obtained image.

Gilaaally LS SLaSiVL ol Ll jalls LS GalSaiWl ) gaall () oS
An object, to be imaged, is considered the origin of the light rays
which fall on a mirror or a lens as a bundle. The travelling rays of
the bundle could be divergent, convergent or parallel.

A8 e o) Amand ) A) gie AndY) L (0 585 A gaall Al

Bundle of

: (a) divergent rays
: / (b) convergent rays
/ (c) parallel rays.
(a) (b) (<)
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Image formation by mirrors (flat and curved)

Image formation by a flat (plane) Mirror BEECEEEESSSSE
4y gicuad) 5] ol oy 1
Each point of the extended object is considered
as a point source emits rays in all directions.

sl A 5 g (3 2 il 8]

In a plane mirror the light
seems to come from an
object on the other side.

Mirror

- p -- /

L |
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Mirror

b Cuanl g Ay i 3 ) galld SIS | LLAT LB (1o 5 golia lglS 55 ) gall gaud 3>

The Physics Classroom

https://www.physicsclassroom.com/mmedia/optics/ifpm.cfm

What are Real and Virtual Images?

https://www.youtube.com/watch?v=EwBK cXUTZI 27
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Real and virtual images Ly ptlil) ygpuall g pidad| gl
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* Images formed by flat mirrors are always virtual and can’t be displayed on a
screen.

The lateral magnification (M): ailad) il
__height of theimage __ h/

- height of the object " h

For a flat mirror, M=1.
The positive sign of M means that the image is upright (i.e. not inverted in direction).

3 yaa 5 geall Ol aal g o J3 CilS Kl Ao
3 380 5y guaall (56K aal g (e ST CuilS 1Y)
Upright oani 5 el dga (udi 35 guall () (iny 1368 din 5o il 3 L5) culS 1)

Inverted (seed 5 awall duuilly 45 glia 3 ) gall (8 Al CulS 1Y)



Question: Prove that P=q or h=h’
using a plane mirror.

el il e

ZEPNOL SO STPLIERYS FUN
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Because the triangles PR
amnd PR are congruent,

gl =1 gland &= &',
P Fo 0 e
= - —— — — — -
-\-\-\'-\_\__ ~f
.-'.W ?I.f*“a,_{f T [.-'.
COhject 8% " Image
-
e
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Characteristics of the image formed by a plane mirror:

Virtual 4 s Upright  4iiss M=1 el slus



A flat mirror produces an
image that has an apparent
left—right reversal.

A siadll 3l A S 3 gl
4 gi€a Calaw) dalS o)) aas SN
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Aima 48y yay 44 gl
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Images Formed by Spherical Mirrors

Curved mirrors can be manufactured with different curvatures; spherical, elliptical,
etc. The first type will be considered in the next sections.

A spherical mirror has the shape of a section of a sphere and could be either a concave
Or a convex one.

L&

Image formation by a concave (converging) mirror ( 4<Y¥) 3 84 3] s

» Radius of curvature R of the

mirror JJSM )ﬁ — C.enter of -

» Cis its centre of curvature CUIValITre ol

> V (vertex <«ké of the mirror) _‘r';‘l'
locates at the centre of the _ N .
spherical section. C V

» The line passes through C
and Vis the mirror’s principal

axis. L;u:\.u\)“ Lg)m.d\ 9l

|:'1'it]|;'5|3'rl.l
AX1S



ol pall 585 38 5e

Aperture

L) pally dal Sl Cildy il Ut

- i r
ﬂ.}b...-nn[__;.a.

Ll 15

W Sp el A S B
-3



« All incident rays are supposed to be paraxial.

 Paraxial rays make small angles with the optical
(principal) axis.

 Paraxial rays are referred for those rays which are
coming parallel or diverging from a point source.
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C F
The image location of the yellow light bulb
is the location where all its light intersects
after reflecting off the mirror; it is the
intersection point of all reflected rays.
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1 1
The mirror’s equation Ve, *g

From the geometry of figure:
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By dividing on pgR —+ 5 =% This is the mirror’s equation
Noticethat M=2=-2
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For a very far object from the mirror; p>>R or p—co and hence 1/p—0.
Sog~=R/2
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In this case of far object, we can rewrite the mirror’s equation as:

1,11

p q f
The curvature of a mirror determines its focal length and nothing
else, as refractive index, can determine the focal length.
That is because the mirror reflects rays from its surface in contrast
with lenses where rays pass through the lens’s material.
Therefore, the focal length of a lens depends on its refractive

index as will be seen later.
43



When the object is very far away, the
image distance ¢ = R/2 = f, where f
is the focal length of the mirror.

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%86%D9%85%D9

%88%D8%B0%DS%AC %D8%A7%D9I%84%D9I%34%D9%88%DI%86% The coloured beams reflected and
D9%SA %D8%A3%D8%AD%DI%35%D8%B1 %D8%A3%DS%AE%DS% ,
B6%D8%B1 %D8%A3%D8%B2%D8%B1%D9%832 meet at the same point.

Consequently, the intersect point of
these three beams is white due to the
superposition of the three principal
colours; red, green and blue.
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A concave mirror can form real or virtual image depending
on the position of the object with respect to the mirror,

while A convex mirror always form a virtual image.

We will see this in the following slides.

Ray optics simulator

https://ricktu288.github.10/ray-optics/simulator/

A large concave mirror is used to focus light from the sun upon a pencil

https://www.youtube.com/watch?v=np8IENrge0Q&feature=youtu.be
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Image formation by a convex (diverging) mirror

For a convex mirror, the incident rays are reflected from the silvered convex

surface. All rays from any point, except that lies on the principal axis, of an object

diverge after reflection on the convex surface and appear as they were coming

from a point behind the mirror. So, the image is virtual and it is always upright

and smaller than the object, see figure.

58S ladai 8 Lgaladindy pranyy Lo 3 jrae Aling &y o Laila (5 Aol 31 jally 45 il 6 guall
5 d) Apilal) 51 yall JS e

The image formed by the
object is virtual, upright,
and behind the mirror.

Back
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The cases of image formation by mirrors and their corresponding sign convention.

Fronmnt, or
real, side

Fa aricl G positive

Incident light

~=g

S

Reflected light

el

Flat, convesx, o1 COrcCav e
miirrorecd surtface

Object distance (p)

Image distance (q)

Image height (h')

Focal length (f) and radius of

curvature (R)

Lateral magnification (M)

object lies in the front of a mirror

(real object).

image lies in the front of a mirror
(real image).
image is upright.
mirror is concave.

(front)

image is upright.

] Back, or
virtual, side

fr an cl G Negative

MNo light

object lies in the back of a mirror

(virtual object).

image lies in the back of a mirror
(virtual image).
image is inverted.

mirror is convex.

(back)

image is inverted.



Example:
An automobile rearview mirror as shown in Figure shows an image of a truck located 10.0 m
from the mirror. The focal length of the mirror is - 0.60 m.
(A) Find the position of the image of the truck.

(B) Find the magnification of the image

Solution:
(A 1_1_1
/A B
] ] ]

The negative value of g indicates

g —060m 10.0m that the image is virtual, or behind

g= —0.57m the mirror What would
happen if this
: —0.57 '
() v o9 _( 57 m) _ mirror was a flat or
p 10.0 m a concave one???

» The image is much smaller than the truck and is upright because M is positive.

» The image is reduced in size, so the truck appears to be farther away than it actually is.

» Because of the image’s small size, these mirrors carry the inscription, “Objects in this
mirror are closer than they appear.”

» Look into your rearview mirror or the back side of a shiny spoon to see an image of this
type.
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Imperfections: Aberration of mirrors Ll 8 &3
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Blurred image Focused object with a
blurred background
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Parabolic mirrors are wused in
astronomical telescopes to
enhance image quality. However,
highly qualified parabolic surfaces
are very expensive.

Parabolic Mirror Spherical & parabolic mirrors
https://www.youtube.com/wa
tch?v=djkBahaEHG4&t=204s

https://www.youtube.com/watch?v=m3DUBSTqyPc

Parabolic mirrors- science experiment

https://www.youtube.com/watch?v=I11IcR7vZwkA 53
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A satellite-dish antenna is a concave
reflecrtor for television signals from

a satellite 1in orbit around the Earth.
Because the satellite is so far away.,
the signals are carried by microwaves
that are parallel when they arrive at
the dish. T hese waves reflect from
the dishh and are focused on the

receiver. -



