HHOI28 What T the MNodere of Light?
Scientisty have been Qe b)/ the ratfeve of
Goht 1Br Centunes. Ld Eght madle «p of #iry

1" particles . OR, cn Eight Some Sort of wave. ¥
) _The answer tums cut to be highoy Non-invial @

@ Newfvnb %@r}/ of Qg%ﬂ“ S In 1704 Alewiton b@&‘ued

the book Op?‘rc(?,b i yecmo atfer his great work /97/10;;:)/0:

He proposed that Eght s mede up of finy particles . One

— Can extmate the defloction of @‘8h7“
._ Y in the gravitational held.
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Smal, 4y = 5x 5 m N CQomysenRon .

A key property of the particle %eory iS re/?mcﬁon ,&g@c&
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The momentem o the hor zonizl direction
remains the Seme  (No farce W)
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Newton regerded the above ®<P'0Q/\a;f7c>ﬂ for the
_Shell§ Qo an one of Ais triwmphs. He Stated e
the baok " Qpticka" wsith the words 8 T foge 115

On the other hand, Huygens propsed Cght o a Cergifudinas

wave. propogating in ether.  His theery is mairk, kinematic

and s Scope (» @upgely reaincted fo the geometric opfis.

But, ct ,Drowdeb a different explanation of Snedf§ Gaa.
From the geomelry, tk > @zsy to dea

Al _ _SIn6: | Because the fquency

| Ar SO | loen ot change. an
reffachion, Io=ip. Thus, the Speed
of Gght tn water s expected o be

at o~ the ain
SQow!er than that ne /8 T T et
C UC:" )\E SI‘AGC PI'EO[;{O/I’?OY\ ) © o

Who o right & Around 1860, Foucault measwred the speadt
of Gght in woter arnd Bund  C'< C. This expenment &
decisive. and RIS MNewton’s parkicle tHheory of Gant.

7 \fxagé double -2t operiment 2 Consider the felwsing
expenmental Setup far Gapt inferference.  The construchve
Inferference. ooaerd when
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Mq@ha use of the gaomel’?’fc refation,

—Z —frne = Sm@‘—‘-ﬂ:—t)-‘- —-vb’h"m/{f:}

_ Cne vvoanl ob&erue egually Spaced moxima
L 4 ﬁ LS with ochacent dirance m

Let us fry fo wunderstnc Yocmgé experment by Gnear
Superposition.  Let uy aneme that the clecine felds af
the observation poinfs are SinasodeX i\ fime

E=E,Sinfwt+d ) , E=E Sin(wt+d)

TAe phoses ©. B, are difttrent  dlue to differert paths ¥

i i’; —> A= B~ =@(P‘—P)=§£\

The path différence Ar‘ ASING and the wave nunbesr
R=2T/\ . Thuw, the phase cifftrence AP deperdds on

the @\8& o [A¢ AAP—= 277—0!8//\(9 - Q_Tl“d“om@

A A

IF the St Sepamation . & much smaller than the divkence L,
the E-fells are nearBy, pallel). The Summation of the
ffells becomes rather Simpls

E=E+E, = E Sn(wt+d )+ E,Sin(wt+B )

—> [E =26, Cos (40) Sin(wt+d Y& ‘525@?@)

L

The infenaity of Q@/\f‘ 12 3w>r the Queraged :%y\/mg .g
veokor —% L= (SY = 1 CEDBRE)Y '
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Por elbctromagnetic waves, B(t) = ER)/C,

T= e <E) = cs g ol Glap) (St
P S e S e S S S S e e N

~ The fime averrge Can be Computed by infegration,

(sfn(cot+qs)> - f S Cot+d ) de = por = &
Note that +the phase difference AP = o (dASine/N ),
— 2.2 e\ = mASIn®
F=—20gE, s (288 —Iaqs( )
L Mnox: dSind = Ji‘/\,i'z/\,-“-
m,/\ ASIN® = I/\ =< 5/\
¥ L7 dsm@ /‘B{E’Q_ Wi previoad resulfs. With
Mmeg e 8 2 . qb;h%’m%ermeysr@ ane Can
Show#aj the infeasity for E, and E, O the same,
{;Tf =L, = _2L CQOE . ZI—L Lonax [* S you oxpllain i
= by Simple argument ®

%, Emepggf\cg of” photons & The Moxwells equations previde
el wrderSterdjng of Gkt as the EM wave. Bul, the
puzzle about the ratfue of Eght Gues oN... In the pho -
clectric experiment;, one firds Hhat the dotan Can be explined
by p’*ofons the parkicdle theory & back ¥ It i quite
inferexting #at the Siopping
olioge. Vs onB ckperds
o T SDINCMEQUEy Of the.
A Lokt Gght, noten
P volige the fnfem?ﬁem‘é:\
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Bt the Stopping veliege V& 18y difRrent fTequenciesd

P - There exisin Q QuicfE Feq. .5,
The I%EC?M‘O/ of the incident
Ught must be greater than G
. — £ To chserve the phofoclbobnc
% Current @
Einstein proposed a S/mpge Dictzure of DRolony fo ©gein
1he photoelecine cffect 8 LQ%NL X ]
> %0\9 S
The erergy of a photon < >

The moximen kinehic energy of the etetron

| Rrocked cut Ay a phofon Sahisfies the

Einstein’s equathion & [ _ o Do the
hg@ ka+ b - @thm

E=AhF

Nox: kinefic afed 1o the
e %e Siopping vo@tg-e correnpordls o the pofenhaD
difference. so that all elochons Coose their
Kinefic energy. — 7 No cument &> Rouang enymore © .

8/f\8f6{/\a080 propased the 1%%@:/8 relation for momentzem 8
[P“ J —w E—Agﬁ’—j’éle=pc relativistic. particd

Wwithoud max> 7
Comparedl with E= P4 mO™ Br reetiistic pacides, photons
are relbdivisto Prntides with 2em rext maad . We aen also
reutSit %e refFachion proésﬂem The horzontal mementzem

p S PSIn®, = PRINdA
..: _2_ Ac . SING®: Shel03
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Because the trequency remains the Same.,
e KA _ Sin® _ J ditRrent Fom
c ¥ Ac Sine, Newtond parficls .
The. energy-rmomentzen reflabims prepose] by
?’6’3 Einstein make photens  different f7om MNeustons
particle theory of Cight.  In fact, fhese relations mark the
dual natewe of particle and wave Qf‘ghf” laler we
o o i i SimiLar
::) c\/ e —/;f /\/\/\/ Auclity o other
A Ohjects Like
parficls g elochonn . It
D
demnas et that the dual nature of packcle and wave é
INTINSIC N The Quantum workdl
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