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PREFACE

Short description: Opties is the branch of physics that denls with the origin and
propagation of light, how (o genernte light, studying physical
phenomena that are associnted with it until the application-the
application that can be explored from such phenomena,

The purpose of the courses: courses provide knowledge of optical production of light,
optics, geometry, optical applinnces, interference, coherence,
polarization, diffraction, diffinction nnd laser level.

Standards of Competence: undergradunte students physics education expected 10 apply

the concept of Opties in life everyday.

Enhanced Problem Solving

To help students learn how to solve problems, the number of worked Examples that
correspond o intermedinte-level problems has been preatly increased. Especially
notable is a new two-column side-by-side example format that has been developed to
better display the text and equation s in worked examples, Care has been ta ken o show
the students a logical method of solving problems. Examples begin with strategics, and
often dingrams, in a Picture the Problem prologue, When possible, the first step gives an
equation relating the quantity asked for the other quantities. This is usually followed by
a statement of the general physical principle that applies. Examples usually conclude

with Remarks that discuss the problem and solution, and in many cases there are

additional Check the Result sections that teach the student how to check the answer, as
well as Exercises that present additional related problems, which students can solve on
their own, Also new are innovative, interactive types of examples, each labeled Try it
yoursell. In these, students are told in the lefl column how to proceed with each step of
the problem-solving process, but in the right column are given only the answer. Thus,
students are guided through the problem, but must independently work through the
actual derivations and calculations, A Problem-Solving Guide appears at the end of cach
chapter in the form of o summary ol the worked examples in the chapter. The Problem-

Solving Guide is designed (o help students recognize types of problems and find the
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right conceptual strategy for solving them. Concluding each chapter is a selection of
approximately one
hundred Problems. The problems are grouped by type, which may or may not coincide
with the section title s in the chapter. Each problem is designated easy, intermediate, or
chal lenging. Qualitative questions and problems are integrated with quantitative
problems within each group, in the hope that this organization will elevate the stature of
qualitative problems in the minds of students (and instructors). At the back of the book,
Answers are given to the odd-numbered problems. receding the answers for each
chapter is a Problem Map that charts which odd-numbered intermediate-level problems
correspond with worked exa mples in the text. Complete solutions to every other odd-
numbered problem, worked out in the two-column example format, are available in the
Solutions Manual for Students.

problems take students step by step through a problem without doing the math
for them. The Problem-Solving Guide gives an overview of the techniques that have
been demonstrated in the chapter. The Problem Map shows students who are having di
fliculty where help may lie in the chapter but gives no other assistance. Student Interest
Much effort has gone into making the written te xt more lively and informal. Students
build their understanding of physics on the physics they've already learned, each
concept serving as a building block that will provide the foundation for further inquiry.
Over one hundred enthusiastic student reviews indicate that the changes in the fourth
edition will successfully reach the widest range of students and will help them to enjoy
learning and doing physics rather than focusing on the difficulty of the subject. To
further stimulate th e interest of students, supplemental, brief " Exploring ..." sections

offer essays on various topics of interest to science and engineering undergraduates.

i
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Chapter 1. Light as an Electromagnetic Wave

The dual nature of light and the EM spectrum

Light can be described in two complementary ways: as particles, "photons", with the
energy E = hf (see Atomic physics) or as electromagnetic waves which can travel i
vacuum with "the speed of light", ¢ = fA. Different frequency or wavelength intervals
represent different types of EM waves, such as radio waves, microwaves, infrared (heat)
radiation, visible light (colours red -> violet), ultraviolet radiation, X-rays and gamma
rays (see Waves, section 4.1.). The light as a wave motion can be described as
oscillations of a magnetic field B and electric field E perpendicular to the direction of
travel. For unpolarised light, these oscillations occur in all directions perpendicular to

the direction of travel.

— [ Electromagnetic Wave
<+— Magnetic Field (B)

) "( A/ Propagation
plane Wavelenath (A ’ Direction
unpolarized polarizer _ Yeahengih Gt ~
polorized ¢ “
light —> light Figure 1 |

Sumber gambar: htip://www.google.co.id/imgres

Fig Ola: E- and B-oscillations, unpolarised light

Experimental measurements of the speed of light ¢

. Rdmer's method: relative motion of Earth and Jupiter.

' I Physics Edc
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In the 1600s a rather "good" value for the speed of light was obtained by studying the
time period for a moon of Jupiter to revolve around its planet. This time was slightly
shorter when the earth was getting closer to J upiter and longer when earth was receding
from Jupiter, The relative motion of the planets -would of the order of magntiude of
planetary orbital speeds (e.g. 30 kms™ for earth) which is a small part - about 1/10000 -
of the speed of light (¢ = 300 000 kms™) but a change of 1/10000 in the time for a moon

to revolve Jupiters (e.g. about 40 h) makes several dozens of seconds which was
mensurable,

Michelson's experiment with rotating mirrors (not to be confused with

Michelson-Morley's experiment in relativity)

In the 1800s, a more precise measurement of ¢ was made using the equipment below:

Source
Ml 22.5 miles Mj\
( 7 8 ) * >
s 5 K)
4 -« .3
Mt. Wilson Ei
Mt San
Antonio
Telescope

Sumber gambar: http://wwiw.google.co.id/imgres

Fig. 001b: Michelson's rotating mirror experiment

The cight-sided rotating mirror M1 reflects light from a source S towards a stationary
mirror M2 back to another side of M1 and into the telescope of an observer O. From the
difference in rotating speed of M1 between ones which make the ray of light visible for

O one can find the time for M1 to turn 1/8 of a revolution; this is then the time needed

7 Physics Bde
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for the light to travel twice the distance between M1 and M2. Michelson placed M2 on a
mountain top about 35 km from M.

Ex. If the distance from M1 to M2 was 30 km then twice the distance is 60 km, which
light travels in s = vt = ¢t =>t = s/c = 60km/300 000 kms™ = 0.0002 5. The mirror must
turn 1/8 of a revolution faster or slower in that time or once in 0.0016s; that is the
difference in rotating speed is 1/0.0016 = 625 revolutions per second.

Example

1. Average intensity of sunlight on a sunny day around 1kW / ", Suppose that an
electromagnetic wave sinusoidal wave form of light is constant. How many solar cells
should be required to capture and collect the sun's energy to heat water equivalent to 5
kW? Assume each cell has an area of 2 n:>. and the efficiency of 50% and facing

perpendicular to the sun

Answer
S= £

2 cuo
EF' = \"21[(&65

E, = \247.10-".3.10%1. 10°

E =9001’

" m

Bo = E= i =3.10°¢T
¢ 3.108

At 1 kw / m® solar cell area of 5 Necessary m?. With 100% efficiency for producing 5
kw. If only 50% efficiency, then require 10 m?

Area of solar cells. . Since each cell area of 2 m?

- Thus the number of solar cells = 10 / 2=>5cells

[ . _s: Physics Edc
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2. Light emitted from the laser leads to the Z axis amplitude of electric field in light
waves is 6103 V /m, and the direction of the electric field direction of the axis X. what

direction and how the amplitude of the magnetic field?

answer

When the direction of motion of light waves in the Z axis, the direction of E on the X
axis direction of B on the Y axis

pgeite S0, 10-°1

0= =—= =2, =
c 3.10¢%

Exercise

I Aradio wave has Em= 10"*V/m. How large a magnetic field Bm and
intensity of the wave.

2. Sunlight striking the earth with an intensity of 20 cal / cm® minutes. Calculate
the magnitude of the electric field and magnetic field Bm Em for the light.

3. A radio station receives sinusoidal electromagnetic waves from a satellite
transmitter with the power of 50 KW. What is the maximum amplitude E and B
are accepted if the distance between the satellite antenna and satellite radio
stations 100 km.

4. Why are electromagnetic waves of light is said to be

5. A radio station mentranmisikan 10 KW signal with frequency 100 MHz. Look at
the distance of 1 km: |
a.Amplitudo electric field and magnetic field.

b.Energi received by a panel measuring 10 cm x 10 cm in 5 minutes

m Physics Edc
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