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This fourth town is intended solely for the dwellings
of the emperors officors and slaves; it is the finest
of all the six towns.-wthe citadel surrounds thison
all sides, nnd is provided with conerd sheds where
artigans are mmmz employed in making magnificent
dresses, arms, and onzins of wtr. Tho Amir kurtai
told me that there were 1.800 master workmen,
each ef whom had under his direction three or four
apprentices, All are the kan's slaves;

chained.
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A BRIEF HISTORY OF THE THEORY OF THE NATURE OF LIGHT.

Ther Ching Yan

Nature is the greatest school fur men, Curiosity
is one of the motives by which the human culture and
cmi:suzo:. are .mmdamocmm and advanced; and wbhich
urges us to exert ourselvey in comprehending the secrete
relations between the external or material world and us,
and thus to build up the different branches of sciences
of today. Any man, not blind, csn see with wonder
the beauliful Llue of the sky, the splendor of the red
of sun-sel, the gorgeous rainbow, and all other attract—
ing and ohsrming phenomens, which we how recognize
are onused by the same  oange ns Light, As a result of

the investigation of these phenomena, the so~called solence

of Optivs is thus crested. The svience of optics we may
'

A8

defiue as that branch of ecicnce which treats of the-
nature and properties of light aund vision. Is it not
interesting for o man, who studies certain soience to know,.
how did this science arise? What revolution &id it un-
dergo and how high has it advanced at the presant?
If theso questions are reslly intercsting, I sm going to
make s Urief history of the theory of the nature of °
light, My fullowing Eie:‘e:.. seema to be very long
but it 35 unsvoidable indeed; I havo not a bit of .
intention of ?mgicm among the wayside flowers,

In the physicel world there are two things whose -

ren} existence no oue aan refnse to rovognize; they are-

matley and energy. Although from the point of view
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of the modexrn relativity theory, matter and energy are
msnagruamepza agoording to the equation:
==¢? m, ¢ the velocity of light;

(3, g. the suu-light is nowadays sapposed to be changed
from its matter.) but the word “interchangeable” implies
not “the same thing”. Also, it is indisputable that light
is a kind of encrgy: When a light source cmits light,
it emits out its cnengy to the surroundings. For pro-
pagating energy there are only two modes imaginable:
one being direct and the other indriest, Corresponding
to these two modes ,,n. propagation of energy, there
arised 9,<c opposite  theories of the nature of :nﬁ in
the firat half of the seventeenth century: the corpus—
cular or emision theory snd the wave theory. The
gorpuscular theory, erented by Newton, the most pro-

minent and powerful scienlist at that time, considers

light energy to be the kinetic energy of minnte material

particles, the corpuscles, emitted from the light source
with an. cnormous velooity approximately equal te
8% 10% emfsec. On the other hand, the wave theory
fouuded by Huygen, s contempory of Newton, vogards
light to be waves excited by the lizht-source and trans~
ported to the surroundings by & medium cnlled aether
which ean pervades all things and fill the whole uni-
42.2.. Both these two theories can give explanation te
Laws of Roflection and refraction, but for the rectilinesr
propagation of light the wave theory failed then to give
an answer, while the ecmision theory explained this
superficially right fuct 4o onsily and so satis factory in
such n way s that light corpuscles move in strn—
ight lines on account of their inertia. If light is n
wave motivn like sound, why can light cast a shadow

on meeting an obstucle and have we not sonnd shadows?

‘This was always quostioned and made the wave theory
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at that time being thought as unrensonable and unaccept-
able. Nor could the emision theory prevail at that
time ,&,a.oi sny cbjections; it is rather more imperfect
than ?o wave theory even at the generation of Newton;
it is, methinks, only because the former is founded by so
,mwuﬁo:mm.a_; and #0 aentc & man ns Newton, after whom
the scientists at that time so exceedingly worshiped that
he could never be wrong, that it is rather to accept
the mSmmwcs theory than the wave theory. If light
consists of corpuscles, why do they always move with
the szme velocity? If light wvaries its diredtion on

refraction in virtue of, as corpuscnlar theory tells us,

the attraction hetween corpuscles and the moleonles of

the transparent matter, then why is the velooity of light

less in water than in ajr, as being contrary to what could

be expeoted from the corpuscular theory?., It is proved

by Foucault’s experiments who fivst measured the velocity

of light by means of terrestrial observations, that the
velocity of light is greater in vactum than in water;
this result is what the wave theory expects and contrary
to that of the corpuscular theory. If the Laws of
reflection and refraction gould be explained by the
cerpusoular theory by regarding that the :mra corpuseles
mny be ropolled and attracted by the molecules at the
intermedinte enrfuce, then why may the same surfuce
at ono time reflect and ot another refract an impinging
moleoule? For these questions, the &lipporters of emission
theory could also give some answers, but they were
rather ingenjous and not m,sam.»wcaoa% at all; and, in par—
ticular, the last objection {refloction and refraction) and
the Zcics,_m ring phenomenon made Newton to endow
_,urm corpuscles with the periodic e_Lnnnaﬁonmmnmam of =
wuve motion.

Hoe postnlated that the luminons cor—

pascles, on striking the intermediate surfice between,
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two mediums, excitc waves in the aether which overtake
them at SM&E. or periodic intervals, and assist or
oppose their motion periodieally, so that at any new
surface they, light corpuscles, nre reflected or refracted
aceording as the aves oppose or assist

them. Hence

the one E_Bism:m. argument agaist the supposition  of
corpuscles ia that they are superfluous, for the wave
motion alone is sufficiently to explain all the phe-~
nolens.

Science is based on experiments. To justify two
rival geientific theories experiment is the only means.
The phenomena of interfenence, of difraction, and of
polarization made it clesr to physicists that light is o
motion.

wave Interfercnce made Young for the lst

time to onleulete the wave-length of light, Difraction
shews that light is not propagated in straight lince, but

merely approsimately; and that some times light csn

produce & bright-point behind a small obstacle, and a
dark point throngh a pin hole. It is only because its
short wave-length thst light enn usually throw shadow.
There are also shadows of sound; e g, it is well known
that gront mountuing ofton soreen the houses under them
from ithe danger of earth-quake, while the window glass
of distant honse s broken into pieces by shaking., The
phenomens of polatrization tell ns light being transversal
waves, Aund it is this only phenomenon, that leads to
the final abmndonment of the corpuscular theory of
Newton; for it is too untenable that light consists of
corpuscles which can and only can pass gortain orystal
Jin selected dircetions. After the great physicist Fresnel,.
the wave theory was developed very briliantly;
the emision thoory was supplanted by it; light wng
recognized by all scientists to be transversal elastic nether

.

waves, .
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Snccessful though this theory was, yet the actual
tranaversal nature of the vibratlons of light presented to
it an insoluble riddle. TFor in accordsnce with the
s—moa\.&. clasticity, only longitudinal waves ean ocour
in aether, wore it a flnid, Tranaverse waves, in addition
to longitudinnl waves, axe only posible if we regard
aether as solidj pure transverse waves can only take place
in incompressible solid. It is difficult, however, to make
this idea, for it iy F%,:mwgm:a with the necessary agsump-
tion that aethor offers no resistence to the motion of the
havenly bodies,

All these difficulties worried the physicists almost
for one century, untill Maxwell’s electromagnetic theory
of light wns published. Maxwell, using his 4 fundamen-
tal equations, derived sn equation which shews that
whenever an cloetrio fisld chnnges, displacement cuxrents

nge genersted and electromesgnetic waves are possibly

Cy
. NV
in which ¢is the eloctromagnetio constant, £ the dielectric

propagated through the dieleotric with a veloity v=

constant, snd u the magnetic permeability of tho medium.
The stongest support in favour of Maxwell’s theory is
the agreement between the velooity oflight in vacuum
and the clectronmagnotio constant. The most convinecing
proof of the sorreetness of the electromagnetio ?oo—.w of light
wag afforded DLy, the famous experiments earried out by
Heortz in 1888, ITe used his discharge condenser to
generate all sorta of electromagnetic Waves, and succeeded
in proving that these wavee, which were produced by
HES@ eleetrical means, possessed the same properties ns
waves of light; like waves of _Hmﬂra they would be rofle et~
ed, refracted, diffracted, polaryzed, and made to interfere;
morgover they were propagated with the velocity of
light. We must, however, gusrd against thinking that.

the electromagnetiv theory in any way undermines the
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wave theory. It throws overboard the concept of mech~
anioal vidvations of enther particles, but the periedicity
of light disturbance remains as before ss a fundamental
oharncteristic, The aethor i8 still the sests of disturbance,
which, however, i3 now congidered to hes periodic change
in elcotrio and magnetic field intensity. Wisner, by
means of the photograghic action of light stationary
waves, show that it is the vibvation of the electric stength
of field, and not of ﬂ.c magnetic strength of flield
at right angles thereto, which is tho cause of the actual
effects produced by light. Before proceedig to consider
what further revolution has happened, I now borrow
some sontonces spuken by Hertsz for the conolusion of
the present stage: “What is light? IFrom the time of
Huygen, Young snd Fresncl, we know light be o wave
motion. We know its velecity, we know its wave-length,

we know it bu tranaverse wave; in one word, we know all

its geometrioal characteristics.  IXence, the assertion that
tight is wave is, from the point of view of human bei~
ings, vertainty.” o

Tn the modorn discoveries, there sre some phenomens -
of light which the old wave theory of light fails to give
any explunation, and hence its * ertninty’” deorenses
gradually. The most important phenomenon is the photo-
electric effeot, During un investigation of the phote—
eleotric effect in 1902, Lenard had slready observd the -
romarkable fact that velooity of the electrons liborated
by ultravioles light is entirely independent of the light

used. The velovity oannot be incressed by rajsing the

intonsity, but only by raising the frequepcy of
light. Iperensing the intensity sugments only the

number of liberated electrons, but not their vclocity.
Or, in vne word, photo-clectric offect obeys the Einstein's -

Law:
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E=hv-P,
in which Eisthe kinetic cnergy of the liberated electron,
h the Planck constant or the olementary qusntum of
uotion equal to 6.55x10—% ergsec., v the frequency
of the Jight used, and P o constunt depending only on
the nature of -the metal.
mental xesults tell us that light energy must be con—
centrated into quants which are equal to hv, so that
when v incromses to centain limit, one quantum can
emit an eleotron, If light is propagated in waves, then
its intensity should obey the inverse square law. Then
how can we explain the fuot that the liberated eloctron
has its velocity independent of the light intensity? The
(uantum theory thus extends its application from the
hent radistion to optics, After Rutherford in 1911
pulished his famous theory on -the structure of atom

that an atom consiats of a nucleus at centre and elestrons

This law and s_mvoéaml.

shrrounding it and hed in it the whole number ef which
is equal to the number of elementary quanta of positive
charge on the nucleus, Bohr advanced the quantnm theory

greatly. IYo comsiders light is generated from the jump
of electron in an atom from one quatum-level to another
quontum level. When an atom not rediates, the electrons
rotate around it in definitc quantum levels or orbits
which are most stable. When an atom catch some
energy, the electron is trasmitted from a lower level to
n higher _9.5__ and when it comey. back the energy
must be radiated out as light. Atoms can not catch
any srbitrary quantity of emergy, but in quanta, and
the energy radisted oot also is composed of quanta. At -
present, we know that the tusual light is genoerated by
the trangitions &.. the boundary electrons in an atom$
x~rnys by the transitions of the interivr eleotrons; r-rays

by the vibration of the protons snd olectrons in the
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interior of the nucleus of an atom ‘during its degener—
stion; and cosmic rays sre generated in some place in
ths universe where atoms are ab a point to be formed
from protons and electrons. Busides the Photo~clectric
effect, there is Compton's offect for x-rays seattering in
orystalls, which also eannot find san explanation in the
wave theory; in order to explain it, we must consider that
light is composed of photons hv, and that onc photon
hv possesses, sccording to the relativity theory, an
incrtial mass equal to rﬁ\cu. - Other new &me,oéu.?m. for
which it is the quantum theory, not the wave theory,
to give them solutions, I necd not enumerate one by
ong, for to do this is beyond the secope of my prosent
work. But, it is very important and should be und-
erstood thoroughly that the quantum theory aud New-
ton’s corpusoular theory sre fondamentally different in

both sides of reason and experiments, though they

bear an similar appearance.

Honce for the nature of light, thera were twe
opposite theories ooexisting, both of which are based
on convincing experiments and unshakon reasons for
their prouf, but thoy nare contrsry to each other.
And thus theoritical physicists were faced with the
difficult problem of reconciling these two extremely
contrary theories sud endeavoured to build s bridge
over the gulf 80 a3 to connect them. The pioneer whe
first accomplished this work is de Broglie; Hoisenbery
and Schroginger are the successors. De Broglie con—
gidered that not only light has dusl nature, i.e. the
undulatory nature and materia]l nature, but a- material
particle may be dealed also .as a. group of waves or
B%E.mw.—, waves, De Broglie's equstion.

G»

u == —'

v
oxpremes that when a smaterial particle moves with
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a velocity v, .the velooity of its material waves i8 u, ¢
being ‘the volocity of light, 'This new branch of sciencé

is the so-called .wave mechanics |

theory. "Amathemstical proof for de Broglic's theory

or the mew guantum

is that the group velocity which is- the velocity of the
energy centre of the rasterial waves is exactly equal to
that of Eo E»&E:moi velocity of the moving porticle,
‘The .experimental proof wag- actuslly succceded in 1927

by Davisson and Germer and luter by G, P. "Thomson;

they proved that when e“_m&na:, rays impinge ‘on crystals,
interference may be produced “exactly as in the oase
of X-rays.

Consequently, from a point of view of ithe moders
physics, the answer givon to the question.-of '“What is
the nature of Light?” is that “The nature -of light i¥
dual. Tt may be wave in one respack and corpuscles im
J. J. “This duality of

the other.” Chomson said:

corpuscles and waves may be of the nature of things.”
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