PHYS 111
1st semester 1446

Prof. OMAR H. M. ABD-ELKADER

Lecture 8

CHAPTER 35 « The Nature of Light and the Laws of Geometric Optics



. NATURE OF LIGHT
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REFLECTION OF LIGHT

Specular reflection, where the reflected

rays are all parallel to each other
Photographs of specular reflection using laser light.




« light rays change direction (are “refracted”)
when they move from one medium to another

« refraction takes place because light travels with
different speeds in different media

Speed of light in vacuum:
¢ =2.9979x108 m/s (just use 3x108 m/s)




Diffuse reflection, where the reflected rays travel in random directions.

Photographs of diffuse reflection using laser light
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The angle of reflection equals the angle of incidence
This relationship is called the law of reflection.

Normal
Incident : Reflected
ray : ray

|

\/ | /

Y,

\ 011 61
\/‘ N/
\\ | //
\\\l /
\‘1/

01 = o)



n, sin(6,) =n, sin(6,)



P interface

n, sin @, =n,sin 6,



Incident Normal Reflected . . v . Ya
ncide S oy il

ray : ray
" | v
& TRy S el g Ll g adll) g Ll
\\\ 91 : 1/ &LM\M&QJ)AM\}
/I—\/ . )
e \: " a5 (5 sue (A lgman
Glass {\ n, J‘“‘Sﬁy\} ‘L‘)M‘ Wsl )
i
B Sin®,/Sin@,=n,/n,
I Refracted

ray



N speed of light invacuum

speed of light in material



Index of Refraction

In general, the speed of light in any material is less than its speed in vacuum. In fact,
light travels at its maximum speed in vacuum. It is convenient to define the index of
refraction n of a medium to be the ratio

Material Index of Refraction
Vacuum 1.0000
Air 1.0003
Ice 1.3100
Water 1.3330
Ethyl Alcohol 1.3600
Plexiglas 1.5100
Crown Glass 1.5200
Light Flint Glass 1.5800
Dense Flint Glass 1.6600
Zircon 1.9230
Diamond 2.4170
Rutile 2.9070
Gallium phosphide 3.5000

speed of light in vacuum c

n= = —

speed of light in a medium v

(35.4)
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we can infer that when light moves from a material in which its
speed is high to a material in which its speed is lower, as shown in Figure 35.11a, the angle
of refracton #s is less than the angle of incidence @, and the ray is bent l{oward the
normal. If the ray moves from a material in which light moves slowly to a material in
which it moves more rapidly. as illustrated in Figure 35.11b, 6 is greater than #,, and the
ray is bent away from the normal.



tOsb gl (B o gl Ae s on LS Ay gl Aad s

Normal Normal
| i (a): n1 < n2 therefore 01 > 62
N | |
LY E 4> | i, (b): n1>n2 therefore 61 < 62
\ g, | 91:
. @
Air \J Glass i\
Glass Air |/\
6, \\
| »
|




SInB,/SIN0, =n,/n,=v,/lv, = A, A,

olS Jand (2) 9 (1) D) G
n=cl/v, 1
n,=c/v, 2
nJ/n,=v,/v; 3
ol Johall iy Ladn (pdlida Cphau g (B ANEL) wie Ul ¢ gudal) 03 55 Ay

V, =, f



REFRACTION OF LIGHT
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f=v/A=3x10°m/sec/632.8 x10° m
f=4.74 x 10 14 Hz.

n,/n, =AM\,

1/1.5 = A2/ 632.8
A2 =421.9 nm



Example 35.3 An Index of Refraction Measurement

A beam of light of wavelength 550 nm traveling in air is inci- _ mysin#; sin 40.0°
dent on a slab of transparent material. The incident beam . s sin 26.0°
makes an angle of 40.0° with the normal, and the refracted 0.643

beam makes an angle of 26.0° with the normal. Find the = — = 1.47

index of refraction of the matenal. 0.438

From Table 35.1, we see that the material could be fused
Solution Using Snell’s law of refraction (Eq. 35.8) with quartz.
these data, and taking »; = 1.00 for air, we have

n) sin @) = nesin A2



Example 35.4 Angle of Refraction for Glass

A light ray of wavelength 520 nm traveling through air is
incident on a smooth, flat slab of crown glass at an angle of

30.0° to the normal, as sketched in Figure 35.15. Find the
angle of refraction.

Solution We rearrange Snell’s law of refraction to obtain

sin fs =ﬂsir11'i|J
Ry
From Table 35.1, we find that n; = 1.00 for air and

ny = 1.52 for crown glass. Therefore,

1.00

sin By = ( . ]sinﬂﬂ.l}':' = (.329
1.52

f; = sin '(0.329) = 19.2°

Because this i1s less than the incident angle of 30°, the
refracted ray is bent toward the normal, as expected. Its
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changﬂ in direction is called the .:z:r:g.ﬁf ﬂ_,f' demation and is
given by & = |# — | = 30.0° — 19.2° = 10.8",
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Figure 35.15 (Example 35.4) Refraction of light by glass.



Example 35.5 Laser Light in a Compact Disc

A laser in a compact disc plaver generates light that has a
wavelength of 780 nm in air.

(A) Find the speed of this light once it enters the plastic of
a compact disc (n = 1.55).

Solution We expect to find a value less than 3.00 X 10" m/s
because n = 1. We can obtain the speed of light in the plastic
by using Equation 35.4:

¢ 300X 10° m/s

v=—

n 1.55

v= 194 % 10°m/s

(B) What is the wavelength of this light in the plastic?

Solution We use Equation 35.7 to calculate the wavelength
in plastic, noting that we are given the wavelength in air to
he A = 780 nm:

A 780 nm

=T T

= 503 nm




35.8 Total Internal Reflection

An interesting effect called total internal reflection can occur when light is directed

from a medium having a given index of refraction toward one having a lower index of
refraction. Consider a light beam traveling in medium 1 and meeting the boundary
between medium 1 and medium 2, where nl is greater than n2 .Various possible
directions of the beam are indicated by rays 1 through 5. The refracted rays are bent
away from the normal because nl is greater than n2. At some particular angle of
incidence &c , called the critical angle, the refracted light ray moves parallel to the
boundary so that 6 2 = 90°
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