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tablo, esitlik ve denklemler vb., Course Outline dokimaninda yer alan kaynaklardan
alinmistir.  Copyright problemlerinden dolayr bu dokumana erisim imkani
saglanamayacaktir. Dogrudan kaynagin kendisine erisilmesi gerekmektedir.
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REVIEW OF ELECTROMAGNETIC WAVE THEORY |
EEM226

We will review ‘Static E and H Fields’ in this lecture:

Fundamentals of . Sﬁ:ﬁd i;;d Wave

Engineering Electromagnetics
: Electremag neti cs David K. Cheng

Second Edition

Field and Wave
Electromagnetics

David K. Cheng

A Life Fellow, I.LE.E.E.;
David K. Cheng Fellow, L.E.E.; C. Eng.

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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WHY DO WE HAVE THIS COURSE ?

- EEM ELECTROMAGNETIC WAVE THEORY |

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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RELATED COURSES

AND TOPICS:
EEM 226

Electromagnetic Wave Theory |

EEM 323

Electromagnetic Wave Theory Il

EEM 423

Antenna Theory and Electromagnetic Propagation

EEM 424  Microwave Theory and Applications
EEM 538/649, EEM 549/649

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n. 5
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SOME OF THE KEYWORDS:

Vector algebra
Line, surface and volume integrals

Vector operators

Wave dynamics

Understanding of sound, water and EM waves

Wave equations in their general form

Static fields for E and H
Time varying fields, Wave dynamics and STANDING WAVES !

Electromagnetic waves and LIGHT

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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QUESTION: Why is the sky blue?

THEN, WHEY IS THE SUNSET RED?

HOMEWORK 1 (Internet): What is Raylegh scattering? Explain.

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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PARTICLE AND WAVE PROPERTIES OF LIGHT.

HOW DO YOU DEFINE INTERFERENCE?

:n,‘ / ’ ‘
' '/:;:2';4;, W
2Lt i

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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WHAT IS POLARIZATION?

HOMEWORK 1 (Internet): What is polarization? Explain.

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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HISTORY OF ELECTROMAGNETICS

Charles-Augustin de Coulomb (1736 — 1806)

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 10
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Carl Friedrich Gauss (1777-1855)

He is sometimes referred to as the Princeps mathematicorum [1] (Latin, "the
Prince of Mathematicians" or "the foremost of mathematicians") and "greatest
mathematician since antiquity".

Gauss had a remarkable influence in many fields of mathematics and science
and is ranked as one of history's most influential mathematicians.[2]

[en.wikipedia.org]

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 11
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LAPLACE’S EQUATION
Pierre-Simon Laplace (1749-1827)

POISSON’S EQUATION
Siméon Poisson (1781-1840)

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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Georg Simon Ohm (1789-1854)

James Prescott Joule (1818-1889)

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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Jean-Baptiste Biot (1774-1862)

Félix Savart (1791-1841)

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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André-Marie Ampeére (1775-1836)

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.

15



EEM 226

Electromagnetic Wave Theory |

Hermann Ludwig Ferdinand von Helmholtz (1821-1894)

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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Michael Faraday
(1891, 1867)

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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G|R|$ James Clerk Maxwell (1831-1879)

Elektromanyetik dersi, muhendislik dalinin en temel konularindan biridir.
Elektrik ve manyetik alan ile ilgili kurallar, bir cok elektrik, elektronik ve
manyetik cihazin ¢calisma prensiplerini anlamada temel olusturur. Uzaktan

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 18
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algilama gibi konularin anlasilmasinda doganin elektromanyetik ile ilgili
kurallarinin iyi bilinmesi gereklidir.

Elektromanyetik degiskenler ve ogrenecegimiz fonksiyonlari uzayda uc¢
boyutlu olmalari ve zaman icerisinde degisim gosterebildiklerinden dolayi,
u¢ boyutlu uzay ve zaman koordinatlarini gorecegiz.

Elektromanyetik dersinde ¢cok onemli muhendislik altyapisi saglanarak “iyi
bir muhendis olabilmenin bir anahtari’” olan “Vektor Analizi” konusu
oncelikle islenecektir. Bu kapsamda, koordinat sistemleri, skaler ve
vektorun tanimlari, skaler ve vektor igslemleri, “Artis vektoru Gradient”,
“Iraksama miktar1 (Divergence)”, “Bukle (Curl)” operatorleri. Michael
Faraday’in elektrik ve manyetik alaninin iligkisini hissedip matematiksel
olarak ifade edemedigi ve o gunlerde ¢ok aradigi tarihi onemi olan
operatorlerdir.

Bu ders kapsaminda, elektrik-elektronik muhendisliginde ¢cok onemli yeri
olan; elektrik motorlari, elektrik iletim hatlari, dalga kilavuzlari, antenler,
anten dizileri ve radar sistemleri icin temel altyapi verilecektir.

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n. 19
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Elektrostatics: DURGUN ALAN

Electromagnetics: Sabit veya zamanla degisken elektrik ve manyetik
alaninin incelendigi bilim alani.

Bati tarihinde gecen ilk calisma: Antik Yunan Thales amber tasini ipek veya
yune surttugunde saman veya kagit parcalarini ¢ektigini kesfetti (veya bu
Misirhilardan ogrenilmisti). Bunun kaynagi olarak amberi gosterdi. Antik
yunancada kehribar=elektron. Diger terimler de buradan cikmistir.

Michael Faraday: bir cilt¢i ¢iragiydi. Hayati boyunca duzgun bir egitim
firsati bulamamistir. Endustri ¢aginin bilime merakh halk gruplarinin
duzenledikleri kahvehanelerdeki bilimsel sohbetlerle meraki derinlegsmisti.
O gunlerde uc¢ kuvvet; yer cekimi, elektrik ve manyetik kuvvetlerin bir
butun olduguna inaniliyor ancak ispatlanamamisti.

Hans Orsted tarafindan elektrik akiminin aciimasi/kapatiimasi ile miktatis
ibresinin titredigi bulunmustu.

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n. 20
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SORU: Neden surekli degil de anlik? (Turevin hissedilmesi) Faraday bu
olay ile, elektrik alaninin degisimi ile miktatis yaratmanin mumkun
oldugunu anlamistir.

SORU: Elektrik ile manyetik alan yaratiliyor ise neden manyetik alanla
elektrik yaratilamiyor? (Daha sonrasinda elektrik motorunu temellerini icat
etmisti. Tarih: 29 Agustos 1831)

Charles-Augustin Coulomb: elektrik alaninin uzakhgin karesi ile azaldigini
buldu.

Alessasdro Volta: pili icat etti.

James Clerk Maxwell: Zaman iginde degisim gosteren elektrik akimi
manyetik alan, hareket eden miknatis elektrik alani yaratiyordu. Ancak,
matematiksel bir ifade bulunamamisti. Maxwell Faraday’in bulusunu
matematiksel denklemler haline getirdi. Tarih: 1865.

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n. 21
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EEM 224 ve EEM 323 derslerimize dogrudan katkida bulunmus olan bazi

onemli bilim adamlarn:

Ampere
Coulomb
Decartes
Edison
Faraday
Fraunhoffer
Fresnel
Friis
Gauss
Gilbert
Green
Guericke
Helmholtz
Henry
Hertz
Huygens
Joule

Kirchhoff
Laplace
Leiden
Lenz
Lorentz
Ohm
Orsted
Pointing
Siemens
Snell
Stoke
Maxwell
Michelson
Tesla
Volta
Weber

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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HISTORY OF LIGHT AND THE SPEED OF LIGHT:

Empedocles

Aristotle

Euclid

Ptolemy

Heron of Alexandria
Alhazen (Ibn al-Haytham)

Abu Rahyan al-Birtni
Kepler

Descartes

Pierre de Fermat

Romer

Speed of light claim

Finite

It is not a movement !

Light is emitted from the eye

Light is emitted from the eye

Infinite

Light moves from an object into the eye,
Speed is finite and decreases in denser bodies !
Finite and much faster than speed of sound.
Infinite !

Infinite !

Finite speed, slower in denser medium

Estimate / measurement of light

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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Huygens Estimate / measurement of light (220,000 km/s)

Newton Measurement — All colors travel in space at the same speed
Fizeau Speed: 315,000 km/s

Foucault 298,000 km/s

Kirchhoff Measurement of electric signals along the wire

Maxwell Equation of light, LIGHT = EM WAVE

Michelson and Morley Measurement of the speed of light

Lorentz

Poincare

Einstein

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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NBS (National Institute of Standards and Technology) in Boulder, Colorado determined the
speed of light in vacuum to be
c =299 792 456.2 £ 1.1 m/s.

The remaining uncertainty was mainly related to the definition of the metre.

The 15th Conférence Générale des Poids et Mesures (CGPM) in 1975 recommended using
the value 299 792 458 m/s for the speed of light

REDEFINITION OF METER: The metre is the length of the path travelled by light in vacuum
during a time interval of 1/299 792 458 of a second (Sl system of units)

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n. 25
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Common-view GPS satellites
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Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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FASTER-THAN-LIGTH NEUTRINO ANOMALY

In 2011, the OPERA experiment mistakenly observed neutrinos appearing to
travel faster than light. Even before the mistake was discovered, the result
was considered anomalous because speeds higher than that of light in a
vacuum are generally thought to violate special relativity, a cornerstone of the
modern understanding of physics for over a century.

[en.wikipedia.org]
BACK TO OUR REVIEW -EMT 1 & 2

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n. 27
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t=0 3
t=—"T
0 . Wave front 8
curren = g =]
Initiates ' Wave front expands
X and forms closed loop
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8
Wave front
expands
1
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1
t=—T
. 4 Field lines Wave front continues
Maximum b k from dipole
current reak tfrom dip

to expand

T = Period of dipole oscillation

lllustration of propagation and detachment of electric field
lines from the dipole

Two charges in simple harmonic motion

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 28
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THE ELECTROMAGNETIC SPECTRUM
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THE ELECTROMAGNETIC SPECTRUM
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Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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EEM 226
THE ELECTROMAGNETIC SPECTRUM
Penetrates
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EEM 226 Electromagnetic Wave Theory |

Microwaves as part of the electro magnetic spectrum
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Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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WHY MICROWAVES ?

Visible Transmission
Through Atmosphere

Transmission vs. Wavelength

< 100 F Three Infrared Windows f‘f
5
% Heavy Window No T_Ir_'.:l]nsmlssmn
L . For rough
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w 50 F Attenuation Radio and
c Microwaves
i
|_
oL | | ] LA | LN | | | -
Wavelength 1 um 1 mm 1m 1 km
| | | I | I I | L,
Frequency 1 THz 1 GHz 1 MHz

The microwave region of the electromagnetic spectrum (~3 MHZ to
~ 10 GHZ) is bounded by:

— One region ( > 10 GHz) with very heavy attenuation by the gaseous
components of the atmosphere (except for windows at 35 & 95 GHz)

— The other region (< 3 MHz), whose frequency implies antennas too
large for most practical applications

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 33
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EM ABSORPTION IN WATER
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Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 34
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EEM 226
EM ABSORPTION IN WATER
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? Sunlight
o

Depth in feet / \\\\\

N
P

s
L2
)
; >
o)
3’
15’
30°
60’
Fig.2.2 Color absorption in water.
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[http://lwww.johneasley.com/Instruction.aspx]
[http://lwww.seos-project.eu/modules/coralreefs/coralreefs-c05-p04.html]
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EM ABSORPTION IN WATER
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Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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WE LIVE IN AIR /FREE SPACE AND
CURRENTLY ARE (LUCKILY) NOT INTERESTED IN
ELECTROMAGNETIC WAVE PROPAGATION IN WATER

Satellite sun

Satellite sSun

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n. 37
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UNFORTUNATELY
UNDERWATER
IS LOT MORE COLORFUL

http://arthropoda.southernfriedscience.com/

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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ANALOGY: RF AND OPTICS

[Lightwave Analogy to RF Energy

Incident >

Reflected

Lightwave

[S-O. PARK]

Reference : D. Cheng, Field and Wave Electromagnetics, Second Editio n. 39
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Hidden objects made visible at THz frequencies

Bodyscanner at airport

iImage obtained from
bodyscanner

[KAMPFER, MURK]

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 40
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EEM 226

Metamaterials

[KAMPFER, MURK]

41

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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Whole trains of satellites survey the Earth

The A-Train

Aqua

CALIPSO CloudSat
1:31:15 1:31

PARASOL // ) 1:30
1:33 . PN\ - +1b!
i : ey

The so called A-train
[KAMPFER, MURK]

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 42
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We are surrounded by microwaves

Two experiments with respect to microwave radiation:

radiation from a microwave oven radiation from our environment

[KAMPFER, MURK]

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 43
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WHY DO WE NEED THE COURSE EEM 2267

AND WHAT IS SO MUCH ABOUT ELECTROMAGNETICS?

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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EEM 423 ANTENNA THEORY AND EM PROPAGATION

TEL ANTENLER (WIRE ANTENNAS)

S

Dipole Circular loop Rectangular loop
Dikdorgen Heliks
halka halka

TV alici Araba radyo GSM baz
anteni alici anteni Istasyonu

Helix

VHF TV
verici ant.

Dipol

Dairesel

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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EEM 423 ANTENNA THEORY AND EM PROPAGATION

ISINIM MEKANIZMASI

12 Chapter | Antennas

+ +++ +

Q

(a) Antenna and electric field lines

+ HH4 b =

+ 4

+ 4 4

(b) Antenna and free-space wave

Figure 1.11 Source, transmission line, antenna, and detachment of
electric field lines.

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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EEM 423 ANTENNA THEORY AND EM PROPAGATION
MIKROSERIT ANTENLER (MICROSTRIP ANTENNAS)

Substrate

Ground plane

() Rectangular

f h
\ a
i , /
| Ly Substrate

Ground plane

(b) Circulur

Figure 1.5 Rectangular and circular microstrip
(patch) antennas.

Dikdortgen ve dairesel
mikroserit anten

Mobile phone antenna (7]

Serit Uretim
mikrostrip anten

Mobil cep telefonu

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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EEM 423 ANTENNA THEORY AND EM PROPAGATION

Reflector array [8] Yagi Uda [2] Slotted waveguide [3]

Yansiticl anten dizisi Yagi-Uda  Aciklikli anten
anten dizisi dizisi

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n. 48
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EEM 424 MICROWAVE THEORY AND APPLICATIONS

EEM 538 / EEM 638 RADAR SYSTEMS AND THEIR VULNURABILITIES

EEM 549 / EEM 649 OPTICAL WAVE THEORY

Reference: D. Cheng, Field and Wave Electromagnetics, Second Editio n.
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