
LECTURE 23 NOTES

ELECTROMAGNETIC Waves



~Summary '

-

• A LOT WE CAN SAY ABOUT ELECTROMAGNETIC
WAVES

, But I only WANT you To TAKE
AWAY THE FOLLOWING :

• MAXWELL 's Hypo>itesis : CHANGING E-
piece

-

GENERATE B- fields .

I

• THIS , COMBINED WT FARADAY's LAW, IMPLIES
EXISTENCE of WAVES of E- t B- FIELDS THAT
CAN PROPAGATE IN Empty SPACE (vacuum) .

°

IN VACUUM
,
E.M. WAVES TRAVEL by A

Speers c -

- to - 3.1083 .

• E. M.
WAVES ARE CHARACTERIZED By THEIR

frequency ( f) / WAVELENGTH (X) ( fX=C)
,

AND VISIBLE LIGHT
- -

ARE E.M. WAVES of

WAVELENGTHS IN THE RANGE of 400 - 700hm .

Violet RED



Summary CONTINUED :

^ E
→ niitiii

.¥:*
B-

• EM
. Waves ARE TRANSVERSE :

E- t Bt L To propagation Direction R .

. ELE

• B =
E

B =/ B- /
,

c- E -

- IEI
• E. M. WAVES CARRY ENERGY

- I=tz×EBT
-

Mo
Amplitudes



MAXWELL 'S Hypothesis-
-

• So FAR, WE KNOW THAT
,
VIA E. M . INDUCTION

,

WE CAN TRANSMIT A - C . VOLTAGE FROM ONE

point To ANOTHER LIKE So :

--- (
COIL

÷÷÷E¥##¥t¥t """""

B-
---

→
IRON CORE
]

E-
CHAIN OF INDUCTION :

I - -

>€
PUSHES CHARGE

,
WHICH GENERATES

I which Genera>es

⑤ WHICH INDUCES

£ WHICH PUSHES CHARGE WHICH
. . .

• WE KNOW WE DON'T NEED THE IRON CORES
,
THAT THEY

ONLY HELP To TRAPITONCENTRATE THE B- Field LINES
.

• AS IT STANDS , THOUGH, IT SEEMS
THAT THE coils ARE

INDESPENSIBLE :

• To GENERATE B- FIELD , ( IT SEEMS) WE NEED

CURRIN-1 ( I )
, AND so WE NEED THE CHARGE

CARRIERS ( ELECTRONS) IN THE WIRE
.



MAXWELL 'S Hypothesis-
-

• Scottish physicist James CLERCK MAXWELL (1831-1879)
ELECTRiNTS ARE NOT NECESSARY FOR

GENERATING MAGNETIC FIELDS - A CHANGING
-

-

ELECTRIC FIELD
-

is sufficient !

B-
g-

E-

>÷÷÷:
EmptyEspace !

• CAN TRANSMIT SIGNALS ACROSS Empty space !

• NOTE THE Symmetry :

• CHANGING B- → E- (
F

! AT's )
• CHANGING E-→ B- ( MAXWELL'sHypothesis)

• Symmetry implies A
"

SELF - SUSTAINING
"

cycle :

.÷E



Electromagnets
• MAXWELL 'S CALCULATIONS REVEALED THAT THIS

SELF - SUSTAINING Cycle Could Give Rise To

WALES OF E- t B- fields in empty space
!

er

"

SNAPSHOT
"

@ t = o :
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B-
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• MAXWELL FOUND THAT WAVES SHOULD

*
TRAVEL @ A SPEED DI l

ist
=
' 3×1083 ,

FROM MAGNE>
isnt From Electricity

t -- at

.

-
1- - i

SEE NEXT PAGE FOR MORE



SPEED OF LIGHT
-

• MAXWELL FOUND THE velocity ÷g
,

I 3 . 1083
TO BE CLOSE To THE KNOWN SPEED OF

LIGHT
,
DENOTED By THE SYMBOL C .

To Him
^

• THIS Strongly SUGGESTED THAT LIGHT is AN

ELECTROMAGNETIC WAVE !
I

#

• So @ THE SAME TIME MAXWELL BROUGHT

TOGETHER ( "unified ") THE SUBJECTS of
ELECTRICITY AND MAGNETISM, HE ALSO

UNIFIED Edm w/ THE STUDY of LIGHT

( i.e . optics ) !



Sp HT

• IN Empty SPACE;
THIS SPEED C of

E.M.

WAVES is THE SAME
, INDEPENDENT of :

*
• THE WAVELENGTH)FREQUENCY , OR

a

{ SEE LATER ) )

Alice

• THE FRAME OF REFE.am?faIe!gyBOB CHE MrIt 7*7 -Lt c

✓ =o Special Relativity :

- -

✓ to
• ALICE AND BOB MEASURE

THE SINE SPEED C FOR

THE E-M .
Wave !

' How can THIS BE?!
• THIS FACT HAS STARTLING IMPLICATIONS , INCLUDING :

"

RELATIVITY of Simultaneity
"
:

• Two EVENTS OCCURRING AT THE SAME

TIME IN ONE REFERENCE FRAME MAY
OCCUR @ DIFFERENT Times IN ANOTHER !

I
* WHEN E.M . WAVES TRAVEL in MATTI ( E. G . WATER ,

GLASS
,
AIR )

,
THEIR SPEED CAN DEPEND ON THEIR

WAVELENGTH ( OR C R
, FOR VISIBLE LIGHT )

.

THIS EFFECT is CALLED DISPERSION .



ELECTROMAGNETIC Spectrum :

• A MONOCHROMATIC
't
E. M.

WAVE HAS

THE SHAPE of A SINE
- WAVE WHEN

LOOKING @ A

"

SNAPSHOT
"

IN Time :

E- B-

x

⇐÷i¥

OR IF WE MONITOR @ A SINGLE point IN SPACE :

E- B-

t

1- Tt
PERIODJ

n
MONOCHROMATIC

• THE DISTANCE TRAVELED By A WAVE IN ONE

PERIOD T is ONE WAVELENGTH X :

X = CT

T→ f/ ( f : Frequency
= ¥)

* MEANS
"

SINGLE COLOR
"

.
Visible LIGHT THAT looks LIKE A SINGLE Color of THE RAINBOW

( RID , ORAIGE , YELLOW, GRIN, BCI, puree) FITS THIS Description .



ELECTROMAGNETIC Spectrum :

• VISIBLE LIGHT ONLY SMALL PART OF

THE FULL spectrum of E. M.
WAVES :

→

WAVELENGTH Frequency
( x ) (f )

imIiT*¥¥¥
1mm - Im lofty,,± I microwaves

÷:::f:÷:÷:f÷÷÷÷÷÷÷÷÷÷:*.lo - 100hm 1016-1017Hz ULTRA - violet÷( "I Yateion)
" nm - 10mm to

"
- to"Hz x-Rays

( Tn IF

C. Inm 710mHz GAMMA (8) Rays
8%8%0 ( HIGH

- ENERGY photons
EMITTED By Nuclei

)



E. M.
WAVES - PROPERTIES

n u

n E

→ niiiiii
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• WAVES ARE TRANSVERSE .

y

"

~

• E- 4 B- fields ARE 1 To n
,

*

THE DIRECTION OF PROROGATION .

• € 4 ⑤ FIELDS ARE ALSO I To ONE ANOTHER .

• AMPLITUDES OF E- & B- ARE proportional :

B = E H Ei .nl "
c FEAF'

B- "

TRACKS
" E

(& vice versa )

""÷÷÷÷÷÷÷÷÷..⇒• MIDDLE FINGER TOWARDS ⑤
,

• THUMB POINTS TOWARDS
X

.



Intensity of E. M . waves
-

• EM WAVES CARRY ENERGY :

MONOCHROMATIC
^

• INTENSITY of E. M . WAVE :

c-

I = I ×EB_ mpcieuoes
Z MO

° Example :

• RADIO STATION GENERATES RADIO WAVES

THAT HAVE ELECTRIC FIELDS of ABOUT

14M A FEW MILES FROM THE STATION .

• I = Iz . EMI. = I. Eo' = I E£,
I { flynn]

'

= ImWan
-

-

471 - 157hm - 3.108mg MZ

• COMPARE TO INTENSITY OF 50 WATT

LIGHT- BULB Im away :

⇐
'a' III.i. 4¥
I 4000 X MORE INTENSE .


