
The Story So Far...

Light Waves and Maxwell 's
El ectrorn agn ctism

Historical Background:
*You've real ly  made i t  in  physics

rvhen rhev nanre a unit for you
.  And re -Mar i e  Ampc re+  ( l 175 -183O

Quantizcd Oersted s discor,cry for spherical charges (1 820)
.  . loseph Hcnry* (1797-1 878),  Michael  Faradayi  ( l  791-

I  867 )
- A chauging nra3petic ficld crcatcs a cuncnt ( 1829, I 83 l)

.  Car l  Fr iedr ich ( iauss* ( l777-I355)
Expandcd (--oulomh's law lo rron-sphcrical charges (l 835)

.  Qrrrnt ized l l r ( ,DuIr)pole la\ \ '
.  Janrcs lv laxwel l*  (1831-1879)

l.lnr ficd llrc tbur idcas nrarhetnaticallr, ( I 864)

Max'uvell's Equations

.  Faraday's law:

l,*i"t* 
rrt.rgnetic tield crcates an electric

. Anrpere's law':

A changing electric field produces a magncric
ficld

'J 
I'T.) |

Maxwell's Equations

. Gauss's law of electnc fields/
Coulomb's law:

-fhe 
shape of, and chargc on, an objccl,

detennine the electric ficld

.  Causs's law of  magnet ic f ie ldsiMonopole

law:
* Magnetic lield lines form closcd loops -- no

monopoles
- (F.lectric ficld lines don't form olosed loops)

What does this mean?

. Accelerating charges give ofi'radiation

. Electric and magnetic fields are
mathematically related
- Electromagnetic field

. Speed of EM wave is c

. Lisht is an EM wave

Flistorical Background:
*You've really made it in physrcs

rvhen thcy name a unit for you
. Newton*(him again) (1642-1727

- Light is a particlc
. Christian lluygens (1629 - 1695)

- I-ight is a u.ave
.  Henry Cavendish (1731-1810),  Char lcs

Coulonrb*(l 736-l 806)
-  Fr  a Qf lz,  d l id2 (1772,1785)

.  I  homas Young ( i773- l829)
- Double slit experimcnt :> Iight behavcs like a wave ( I 800)

. i{ans Christian Oersted* (1777-1851)

Noticed that a current creates a maFletic tleld (l 820)



Properties of EM Fields

.  Usually generatcd by osci l lat ing chargcs

. Frcq. ofosci l lat ion = freq. ofEN4 f iclds

. E,lectr ic f icld always orthogonal to magnetic
f ie ld

. r '  -  . f  )  Univcrsal \ \  ave equatlon

. Dcpending on 2, we perceive dif fercnt typcs
of rad iatron

. Elcctromaqnetic spectrun

Maxwell's Results

.  Light travels at 3.00 x 108 m/s alx,a1,s

.  I l c  lbund th is  hard  to  be i ieve

.  Nes ' to r r ' s  l s t :  ob jec ts  marn ta in  cons tan t
vc loc i ty

. Constant relat ive to what?

. Thcrc must be an absolute reference frame

Enter the Ether

.  |  8th century: the nrcdium is the
lunittiferous ether

. 'lhe 
absolute reference frame

. lnf ini tcly elast ic: no cnergy lost when
things coi l idc with i t

.  Massless

. Search for the ether:> Michelson-Morley

.  R c a d  a h e a d :  9 9 1 3 . 1 ,  1 3 . 2

But do they exist?

. In physics, the nrath is lovely but we need

experimcntal results

. Ilennch Hertz* (1857-l 894) experimentally

verified EM wavcs ( I 888)
. IIe determned Lrsing universal wave equation thal

. You will check this rcsult using a nricrowave antl
chocolate chips (or marshmallows)

I f  L ight  is a Wave.. .

Waves need a mcdium to travcl in

What is thc rncdium lbr light in space?

Useful Ref.erences
. b11p-llwww. amanggawa. c

Wave/PlaneWave-2. html
- Accessed 08-12-01. Propagation ofan EM rvave

. h-t1p/lccturcanlre,g!-uDucdq/%7Emmp/applist/$
Pectrurn/s.b,E|l
- Accessed 08-ll-03. Thc ulcctromagnetic spectrunl

. htF ://ph v.Li c s etltru f&lostate. ed u/Wi ley/ClJ6e4i*l
24.hunl
- Acccsscd 08-1 2-03. Includes l inks to the applets ued

in the presentation as well as to a si(e about putl ing CDs
in the microwave whioh I do not condone uder uy
circumstarce
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EQT,]ATION OF THE WEEK

Maxwell'S EqUatiOnS :1.i?,91_T::,:ntists 
and mathematicians to share their

favourite equations, This is the eighth instalment,

tr
A -
q=

L - -

B=

-*-4 ffiro [ I ".i+ $'e'-$-,,*il,*{$'x,,qL*.ff"- 
m.* ffrm,wJ{,i.ar- 

* ii{"*ate{rrn$*$it*{d:t^ry&fNtr'3*'*re.i ;:r\ 
{"fltr

electric field
area
charge
permittivity of free
space (a constant)
magnetic field
intensity
path lengths=

i -

f\to =

l  . ; . r  t \

, Who loves it:
Michael Steini tz,  organizer for
the Internat ional Year of
Physics Canadian celebrat ion
in 2005, and physics
professor at St. Francis Xavier
Universi ty.

:., What it all means:
Steini tz notes that Maxwel l 's
equat ions were individual ly
proposed by other scientists:
Gauss, Faraday and Ampere,
However, Maxwell realized i
rhat the four equat ions, when I
put together, "provide a i
consistent picture of almost I
everything you would want to i

Next week: The bell curve
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know about electricity and
magnetism," He adds that
whi le the equat ions are
derived f rom experimental
observations of things like
compass needles, together
they allowed scientists to
make some pretty amazing
deductions, eventually
leading to predictions about
the nature of
electromagnetic rad iation.
"You combine them and you
get the description of a wave,
And that just comes out of
(observations) about
compass needles. And when
you do that," he adds, "you

crurrent electric
charge
l/c2, where
c=speed of light

get a number for the speed
of the wave and it turns out
to be the speed of light."

El Why it's hls fave:
"Symmetry is everything.
And the beauty of Maxwel l 's
equat ions is that you see the
symmetry between
electricity and magnetism."
Steinitz also says the
conclusions drawn from
Maxwell's equations were
revolutionary. "The more you
measure it, the more
Maxwel lwas r ight, l t 's
absolutely remarkable,"
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