


o i B S s o s T e SRR SR FEAN: I . PRI
sisnese, albhsush of poins ?ﬁ%%%@%ﬁ reosnt date, bas wt

*‘ﬁ
wu

%i%@.ﬁﬁﬁ%ﬁ%afﬁ%i puceenn. In fthe fiald of inorean

shemistey, enission spectyrs have besn wssd, while

rpiion ﬁ%@@%ﬁ&%ﬁ%ﬁ@mﬁ%@? has besn of grest servies in

cshenizter and Bloloey. This d8fference. asnide
fr%@‘ﬁafﬁﬁﬁﬁ,ﬁﬁﬁﬁﬁiﬁﬁ%'észiﬁaiagﬁg iz no fdoubi due to

the Tact that ilnoveanic ohe @3&@2 snzlysis ie conecsrnsd

chiefly with slewenis, and honee with %%%1%’%%@ s which
orodoce ghoracleristie 2niusion spooivs by %ﬁ%ﬁﬁ ef whieh
they may be 4 @g%zé‘«é In the Biglopical Tield, howsver,
$he snaliyet iz desline with seovepsles of nlons

gomplex molecules, which pive riss o distinciive

Hovever, 1t Iuns boon found ihet minnte
auantitios of wetallic elements in orssnic substences asuch
a8 vlast or snisel tisswes may have effsets 28t of all proe

woariion o timir §%§&%i@@,@@ﬁﬁﬁ%@§ Since molslllie slevenis




statement of the Froblem

An snalysis of ceritain body flulds by

meang of thel ﬁl%%%w? alet smizsion ﬁ@@ﬁ%@ﬁ

The body Tiuilds studilsd wers %:;i@afz seTuUns

o

and urine and wers sunpll toba edical Golleoe.

of by ths 3
The Blood morvos ftesl? was used ond alss The roenifus 2B

porsting the soruom o drpmsse.  The urine woe

analysed as 2 solid rosidue only.

Yethod

Gomplex spocitra conslsiing of Linss due o
the slements in the rostdes and the ¢ sper elecirodes ware

spooireys of pure copper

obiained snd by cow arison with the

s

the pesidue lines wore ideniifisd. Uslepe wavelength iables

the slemsnls oorrespondine o thees linss were then delor-

sere studied. The fawe

carried sut by . Hermar

in the ulirs-viciet by the writer.
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ar specirun, and thal the "Ligs" |

s close palr of Limes of egual inte

Cphenowenon and in i1
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The aslar specirun soon booane

£F T

. s .
1inaz snd wade o

senpuresents eovered all the

B

o expressed in ten millionths of 2

millizetre. Thls unit, now called the Angetron, has siocs

ruinations.

heorn ussd ge the siandard for all
Zhe publiestion in 1868 of fhis map, the
Tormal Solay Svsetvus, plamesd the scisnce of spesivomeupy

g general yelarpance

- puabling the savelsnsths

s¢ puknowyn lines to be defernined by s sisple intervzolintion

PrOCHSS.

The ters "spectrun® was oviginaily awplied
puly to the baad of 1ight of varicus eolors ﬁ%ﬁ¢$ﬁﬁw when

white 1light was passed through a pri

gm. It wms soon Tound,

however, thet the spegtrum exiended bayond the wisible in

rays below the

hoth directions. The o
vialet oo silver ehloride was diseovered by Scheele and

atpkes aztendsd this ulira-violet reglon o 1500 A.U. Sehu-

%

mann weing Pluoriie prisns

to pliminsle absoroition went down o 1000 A0., and

tions of the Dohumann veoumy




Filliam Horsehal in 180 wen T

thods invelving the use of bolsemtors,
radipmeters no detecting deviees. Langley traced the savs
o 188,000 4A.1., aud Bubsos o 810,000 4.8, In the infea-

red ag in the ullea-viclef and vislibie vegilons, zyatings

replaced the orisme whers great digrersion wasn desirzed,

Thus the form "soootrun? is now used in an

25

extendad senss 1o cover ihe whols vanee of vuys, not only
vinible, but alss vllizs~vinlet and infea-vod vays, wirve-

legs waves, & rays and

Speotral wessuversnis are wsually made in
teyms of sevelength or Treguency and the wavelensih i oz~
preseed in melers or soue sabwmmitinle therveof, depending
g the region of the speoirun. The varisns uvoilds in con-

wmoan nse srs as Follows:

the w@ooron, aysbol o = ii}“’%ﬁ,{m"ﬁ%%r@ )

the milileloron, syubol o = 10

0!
et
&

i
4
i
¥

he Anrsivon, syEbolA-U. «

the © unii, symbolix U. = 10 Fpom.




f@fﬁﬁ@%ﬁ” for pavslengih soasurener

Aa.Te, hosp boon sceopted ap the primary sinndar
&%ﬁ%l? seomntery ant terilary standards have been adopted
so that wsasuresentz of suvelenctibe In the vigible snd

noar viglbls part of the speoivan ave upy §@ﬁgi%1@ with an

shaoolute accuraey [in fevms of ke ou.) of considerably
better then ous sark in & millicn. |
The frsgueney Vv of radiation in vibrations

.

stiesliy sore fand

poep gecond is wentsl than wavew

1%?{:@3 sng the y way be eouputed fron the wsve-
denzth by the ralstion:
| £ 2 T A
where ¢ = veloeity of lisht

epa, it is

inee the {roaunengy invelvss very is

sewstives wove convenient to use the nusber n of waves
?@?;ﬁ%ﬂﬁiw%ﬁwﬁg wi i%ﬁ,iﬁ proportional to the fregusney

1 ig the wooiproezl of the wavelensih.



methed ﬁf‘yyagﬁﬁﬁéﬁﬁ as enissicn and sbsorpiion sw

{1} ZRotational energy of ihe o

e

Spectra way be class ifiﬁé sceording to the

sabra

or aceordine o appeavance as esntimsous, band, and lise.

Continuous Sresirar Are those gontaining the vhele ranee
of mavelencihe betusern certain lin-

ita, depending on vorlous ﬁ%ﬁ%fﬁliam influyences. Saeh

gsovectrn ave ususlily plven by solid substences, 3he limits

tomperaturs.

of continvcus enlasion devendine

Band Speelrar Appesr under loy dispersion apg diffuse bands,

but wndor high powoyr these zay be re-
solved into groups of lines, each grouy hoving & "head®,
that is, the lines of each group sre so ordepsd that in

one dirsction either townrde the shorter or longer wave-

iengths, they set closer and clomer fogether until they form

# sharp edge or head. 4 nusber of these heads with their

attendant lines form & growp of bands, and geveral pelated

groups fors o systesm. Tore than one such sysien wmay be

pregent in o single svecirunm.

These band gpectra are due o glonges in

aoleeulay enerpy vhish has in genersl three eaﬁgﬁmen%sﬁ

Jegule éﬁ& to the rotation

of the molecule ag 2 whole about pone axis of gsymmetey.
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{2} Vibeational enerpy dns % the volaiivs vibentory

gt

aption of the eonstiiuent atons with resveet o sach siler.

e

E

(3} Zmergy of the elecironic systen smsociated with the

& N

mulevale.
Corrasponding o *%mﬁ@ are thrse iypes of band specten:

Tors Heltastlon spepltes = in the sxtvose infeoeved,

Bolstivn~vibention apecirs o in the neay infra-ved.

sy
e

e
e

tre « in the ultroeviniet or visible.

Electirsnie zpec

Foi

o,
w:

iim Gypectra: Are those consisliing of more or loss g%;fzwg;w
} i1y defined lines vhich are gencrally

digtributed without any apparent regularity, although chor-

aeleristic grouvpings are often vigible, but never any re-

peating structures such as distinguish the band spentea.

Are profuced by the sxeifaiion of aioms

xa

Emigsion Specten:

or molecules ve it thoy omit taeir

ghavsotepistic radintions.

Lbsorplion Spegtra: Ave o resull of the selective abssrp-
tion by & substance of particular rays

of the radistion pasesd throush if.
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attentisn way well be paid to this kind of spectrun.

Emission g}% ira are divided into grouss o

cording to the sourse of the vadiotion as follows:

6 S PET 4 % ins, oo e E
Flome and Ave Saeotpa:

woen fopnd thet with an @%f%ﬁﬁm tyiene

the couplete are spectyun w2y be pooduse

The High Teuporstuve Furnacs: iAo exelfing a;‘:‘af%,“; at provides
gpeclirs which sppraxicate %o ihe are
in the musber of lines and these spectrs sre usually cone

sidersd with the flowe wnd ave tyves.

The Blectiric Spark: Provideg 2 very stsons ex

i 5%

revny. intenne

Zang Lo sopiss m&;t proniy »23’%%2:; ey

&,

frum. Those which %%g%:z* faintly in the are in sddition %o
the true are lines being the so-galled “enkeneced Iines®,

that is, lines whose intenpity is enhanced in the spark.

Fluorescence and Phosphorescence Syecira: 4re dus %o the
Inninesgeence of licwids or anlids, not

Yapors, ag are the other types.



-,

pases are sbliained by subnit-

et
i‘m-

Yacoum Tube: The spectrs o
ting ihen under reduged progsurs fo

ign of a discharge between melsllic olectrsdes, the

e

ihe an

spsctre being practically doveld of lines dus %o the alepe

trode materisis.

Flurality of dpectirn
In genersl, with 2 given elewent s nuwbss
of different spectra way present themselves sccording to
the elrcunptanceos.
First, « There is the specivun due %o the =molocules,
which will B 8 band svecirunm.
Second, =~ The specirum of the free or nouteral atoms:
which will be a line spectrum of the fype chapr-
agteristic of the relevant chemicsl Tanmily.

This gpectrum will be of the Tlane, ars, or

other type depending on the gonditicns of pro-

duction sz mentioned abeve.
Third, - The enhonced gpecirs of the ionized anlons which
will be of the spark tyve.

Fourth, = Absovptlion or reverssed lines.
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Structure of Sveetral Lines
If a *Llins® ip sxenined by wmeans of an
ingtrusent of high resolivine power, sueh a3 an intoplap-

smpter, it is sseslly Tousd $hei csch

8 pumber of pedlntions differiss very glishtiy

length frow one snother. This pheacmenon ig the “Fine

&

e

line? sitructure referred fo subsecuently.

It mmy be noted that the limes fresm gases
in vacuun tubes ave nesrly slways narrow and ﬁ%ﬁéﬁiy daw
fined, although wariations in gas yressuve will echasge
their characler considerably.

In are and spark speciyn distinetion may be

drawn between four types of lines:

{E§ lines @%ﬁ@%pﬁ@@‘ﬁﬁagyiy definsd on Bokh sides.

{2} 1ines which ave gharp only on Eh% zﬁﬁgyﬁﬁﬁﬁiﬁﬁgﬁﬁ
side. |

{3} 1lines which ave shary naly ou the short wavelencth

(4

gt

lines which ave 9iffuse on both sides.

That this distinetion is of luvporitance was aoon realized
woen 1t was found that Lines belonging 2o the sane seviosn

are slways of the same type.
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Tengih of dpectrun Lines

E% was disgoversd %y‘agﬁkgﬁyi%ﬁ%ﬁ i? the
immge of an are or spark he hﬁ? W On %ﬁ% 33@@%%“@%5@% M
slit ﬁﬁa@ enoh part ﬁf’%ﬁﬁ ?zﬁ@, or iinss ﬁﬁ*ﬁ?ﬂﬁﬁ/‘éﬁfmr
regponded $o g 411 f&f%?%rféﬁiﬁﬁ 3 %%% sBULLe ., zﬁ %ﬁﬁé
way the long ilﬁ%ﬁ ﬁ@?“ﬁ»ﬁﬁﬂ% to the ﬁﬁﬁ&& ﬁﬁ&?ﬂ% from
pols %o §§E &ﬁ@ %ﬁ% ﬁé&?% Lines &@fvﬁ”ﬁﬁﬁﬁ %0 & short dise
tance in the %&'@@f&ﬁﬁ% of the ?53§$w Lockrey %ﬁﬂ?@ﬁ
%ﬂ&% thers 15 2o @@@@%amfy @%%%ﬁﬁtiuﬁ %?%@ﬁ@ﬂ Tonet % and
intengity but that wgﬁﬁ meiallic salis Bhe lonsest lines
,ﬁﬁﬁﬁﬁﬁ‘ﬁﬁﬁiﬁéilﬁi? z2re %@ﬁ'mﬁgk persistent vhen the concene
tration of the @2@%%&% is we&r&a&%%  >$ﬁig is in aceord with
the weil kﬁ £ 5 f&&% that the %ﬁﬁﬁ%@i 3 g adisnt botucon ithe
poles of an sre is greatest ot ihe anode, o minisuw in the
central region and larger again st the cathede. The long
lines are produced throughout the region, while the shord

1lines reguire the grester potentinl difforence nesy the

poles for excitation.

£1873)

Toekysr  Fhil.Tvans. 183; 853, ; /
{18%4

jea; 493,
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width of Qﬁﬁﬁﬁ%ai Lises

bme been Tound to

é,,éﬁﬁ%ﬁ*iﬁfa}u}’,zw shown that the

The width of the lines

depond apon severel Taclors.
width varies wilth ke pressurs but the lines do ast boeome
i%ﬁzﬁazg nurrow when the pressure falls $o zers.

Begliey the broadening effest Jdus to proge

ure, theve im alas the tempersture, op %%ﬁgiﬁéfaff@aﬁ, and
in sn approximate way the width varies inversely ns the mole-
cular voight and directly se the %Pf%%§ﬁ§&?@¢ 4 mors theoe
rebicsl conmideretion of the teuperature effect will be zi-

yen gubponuentiy.

Reversal of Linse

If & boam of lisghit from an incan ;@@%ﬁ*ﬁ% body
be papsed through the vapor of a substance, the absorption
or reversed linsg are seen upon o conbtinuous spectrun as
backoround.

This phencomensn way 8iso soouyr iﬁ the aye,
ﬁﬁ@~@x&ﬁ§§ﬁ, when the centre of & glowing mass of vz ey ig
at a zresler densily then the ouler layers. In %his cose
the central poriions onil & broadesnsd line dus %o ihe in-
ereaged Zensity, while the outer layvers abuoeh nons of
these rays snd they Yorm o very Ting sbsorpiion line. Zo
the effect produced is @ very fime black line in ihe centre

of a broader bright iins.

i ,
Hichelson Phil.ieg. 343 280 {1892) 4
ﬁ%ﬁ§%§§¥$n§@ﬁfﬁa 3&; 251 {1896)
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Effect of External ¥h

Temperature Bifsct
The application of the Doppler Principis %o
atomic motion leads %o the consclusion that the ohoerved fre~

¥ be inureased if the smoiion of

gusney of 5 specirval line
the alom iz fowards the shesever, and decrensed if &he metion
direnied guay fron the observer.

It ig interesting %o note that ihe measurorent
of the gadial velocity of stars is bosed on an snalascous ape
pilication of this g?iﬁ@%@iggl |

Yow since it is knows that &he atoss of 2 luse

a

esllisn disteibution of wolioes-

inous gas arve movize with a
ity, lnereassing with femporatuve, it is ovident that 2 spec-
Eral iine enitied by a gas cowprisss a ranpe of fresuencies
syometricslily disizibuted about the true Teo couunney of vibya-
tion for the atom at rest. The breadih of the iime will da-
pent on the tenmperature, the distributien of intensiiy throushe

i m:%‘ ® 5 4*’&%&

ot the width of the line beiny detepsined by

%iﬁ%&l%&ﬁg&ﬁf

= ﬁqg

Fabry and Bulsson, using intepe

faroveter wothods have sonfirsed Lhooe ssnclunions.

i
ey,
Pt

& ¥
it
i

i ” e
Jde 8. Flaskstl Tub.lonislion dstrovhys. Cha. 1, 3,057,018

2 .
Hilchelson  loc.zit.

Fabry and Buisson  Journ.Phys. 23 442 {isi2).
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Preseuve Bffact

interference fringes can Be profused wisn

¥

the difference in the 2ath of ftwe lighi boans is asz wuch as
seversl bundiped ihousand wavelengihe and 1% isn inferesd that
the wave train send out by a particular atom is continuous
{that is, without change of phase) fur at least that nuuber
of vibrationa.

Henge e umean Troe tims beluwsen coliieinns

with other ntoms must on the aversge excesd the

ad to @%z% ﬁ&ﬁﬁi%%% wayve teain, sinee it is &&%ﬁ%ﬁﬁ £3

& pellision would cause either o vhenge of phase oy srxcessive

How atomie esilinions are prongriionsl to e
progaurs for g given tempersiure. The highey the vressuve
then, the shovier should be the wave train and meve Progusnt
the abrupt changes of phase. At higher gas prossures there

yefore a broadening of the spoctral line dus %o

should be The
the incresuing fﬁ%@ﬁ&%?§ $?'%hﬁ%@'ﬁ%ﬁﬁgﬁ resuliing fron cole
itistons. This will be in addition to the increase in widih
due to the Dopnise gffect.

This effact due to variation in pressure has

also been gonfirmed by Yichelson.
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mE 1T a8 stroow of Seansl®

@%ﬁﬁ@éﬁaﬁﬁﬁﬁﬁr T
or positive rays be allowsd Yo pass belwsen a plate &&ﬁ%ﬁ&&
and ancther plate terminel, and a field of 20,000 wolts op
higher be applied belwsen thew, then the Iines of the spoo~
trum of the rays viewed transversel j will be split up inbo
numerous eoumponents, some polarised parallel to the field

and others perpendicular to if. Wichnlson and f%fﬁiﬁﬁﬁ%‘iﬁ?@
shown that the Stark ZEffect may overais is an sporeciable
extent in an erdinary vacuum-tube &ischarke gausing a broad-

anine of Lhe lings.

e to Bgpeiic Filold

Tesmarn Effect - B
Eﬁ.iﬁ%ﬁ:ﬁ%ﬁ%ﬁﬁgﬁiﬁﬁﬁﬁﬁxﬁé et sveclesl lines
sre splif indtc compononis when the sourse enitiing thenm is

pigced in & vary sirong &=

aetic field; and fﬁ?%@%%,rﬁﬁﬁ%
thepe coumponents are polariged.

In the so-cplled Worssl Zffesit, i the ling
be viewed at right angles to the magnelic Tield, the line is
szen to be friple with the lines of longer and shorier wavee

cnabie Pisld, and

=

iength plane pslarised parsllel %o thy =
the line of the save wavelsunsth as (e originel polarised in
a plane at right angles %o the magneiie field.

Stavk {1513) Dis Atemionen chemischer Flenente und ihre

Zanalsivahlengpeciers.

o

4 ¥. Hichelson and T. H. Herion Phil.Trans.i.
3 ?giv w%\ﬁa ‘%:0

Zeewmn  Thil. Hag. ¥ol. 43, P. 226 {1897
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If the line be viewed in g dirsction mavale
iel %o the magnelic Tield only twe componenis, linss of
longer and shorter wavelengthe, cireularly pslarized in ope
popite directisne sre shssrved.

. In the Ahnormal Zeewan EfTect, the nux
somponents may be Pour or move and fhe shift of say conmpon-

XY

ent is proportiomal to H, the magnstic inlessity. The "pate

7
=3

yomeirical as to nunber, distribution, and inten-

sity of lines about the positien of the lisme in zers flold.
Two groups of eomponente are vecogniwed, the *v* componeats
plane polavised pavellel %o B, and the g% gouponents polape

ised at righlt-snplss o H.

Spegiral Zevies Formulss
The extensive accunulation of agcuvate wave-
length weasurevents gnon led %o the ssareh for possibles re-

lations belween and within the spectrs and far Torvulse ia

®

gxpress thege relations in terus of Lline frecuencies or wave-
lsnpths.

The firel successfel effort was that of Hariley
whe in 1883 was able to spunciste o law giviasg = relationship

bztween the componenis of doublets oy triplets in the FpOgw

trum of & glven slewent. This belved %o simpiify fhe fask

of sorting cut the Lines of 2 spectrun inls grouss.
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In 1885 Balwsy dissoversd $hat the unims
lines of the hydirosen speciraw gonld be yelated By the
Tormalas

24 3
Am B w> PR T T T e “:“-{&f

whers h = & constant, the museriecsl value of which
to zive A in M&w&%%m% ig B845.5

and m = & variable integoyr which fskes the succose
give values 3, 4, HreecssTar reppectively
the 1st, 8808, 320, crsevediing in the soso-

trum begpinning in the red.

In terms of wuve nunber ihis Tormula may be
writien as:

S s s {3,& }

and 8 = 8

Beliwer was also able $o corvesclly predist frem e fopuls
that no limes longer than 1 (6562.10¢] would be found and
that the series would gonverze 2% A = 3645.6% since the
fraction approsches unily s u increasses.

Balwerts Tormula suppiisd the basis and in-
gpivation Tor subosuuent mork on geries relations and ithe

i &5

probles wnes faken up %g many iavestigalors, chief of whon
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e

ware Vayser, Rungs

Balusr had sugpesied that his soustion

sight be o special case of & mors general Toremls and Ryd-

W

berg Tount by an exanination of the data Tor the shaory and
diffues series of sodiun that o satisfactory sxvression TFor
the freuyueney of g specival line was ziven by

i

%.ﬁz s ﬁ&— § - °O i B R A L R R e {2}

{m va)

whevs u = f{reguency of iime in wave munbers

prdinal nunbey

i

Zo = & universal ponstant for all gervies of

§

oo and #11 subeloness.

ol
-

the save

o b = cuonsionts cheractoristic of sash subsionce.

As expecied Balwerts Tormula was found Lo be
z aspeplal sase of this sgustion and Trom the Balser forsm

Ehe value Tor ¥ was determined, nawely;

Dy g«’f}%g??:{} ﬁgﬁemz -

Thie is known ss the Bydberz {wave musber) somstani.

series Holation
Four types of series ave recosnized and may

wlae of ghe Rydberg

fyon. using the nolation glivesn by %%%&%@% this fors beling

i Fowler = Report en Spectral Series
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E
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ot

{m o4
Pundarentsl Series

N
MW owr g “%5 kg wew

By, and ¥, of

-
Tor the .. %,

fn these Tormulae the ¥
and Iy

the Principal Seriss, Tor exnwuple, st
respectively of Rydberg®s geveral formuls.
may. eonsist of singe

¥ these soriss

o
o

%

ST
LRw 5%
Zach o
are usm

detlers P, 5 s g
ars wped

For the singlel serics. ihe
For the doublei sories, the leitere w,.0, &,
with subseripls 1 and
£, are used

¥

Por the triplet series, the leitters », 8. 4 &
| with subseripts 1,

For example:

X !
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represenis the serles
gpumponent of $he weingizel

&%

“he whole ¥ ferm may slso be abbrevisted
For exanple:

4’}”3
B o=

i

iﬁi?Sgﬁﬁ
henee the geries wmey be wriitten

pylml =

Py Wpy
or

do S
myticelary lines

amy be written in the form
exauple, waisgh rew

in ths tripls

E

Pk {2}, Tor
sasnts the ;wf%%% lire {subger

t [lower sase lotter
sbiained by putl

EN

g

ipt 1)

%:m%: value of whieh is
% fing w = 2 the souaition for the vrincisel
() sories, |
O the oither hand, 1p
tern ng

1

ig 4he wolue of ths
. whichk is ohiained |
=

2 ;) ;é‘"% ,‘g %giy@ 13 &= 1 g2

e fwe guentitiss on the pight
the gguntion Tor o series arve peferred %o as &

icht band side of

the spesizal sepies Tormnlss.

TEapmat of
T¢ will Te notices
xs is given by the

iffevence ol ftvwo Rinds of itorms.
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Beries Helstions iz Liss Sposlss

Yarices relstions within and bateson the
sories have beon dlgcovered and glithoush the work bas been
larpely eopivieal, 1% sided in sortisg the lines snd serles
and bringing sows order from the apparenily unsysiematic

it of the lines, which wsg due io overlspping of

aryanzens
the saries.

Belations belween doublel sories., belveen
triplet seriss, and infervelations betwsen the princisal,
gharp. 4i7fuse and Tundsrenial seriss have zll boen dlge
aoversd, and typleal of these velations i fhe “Hydbasrzpe
Gehuster law’ which sistes fhat the wave sunber of the first
linme in $he principnl serics s cousl $o the 2ifferones bew
tween %@%kﬁ%ﬁ¥@m*ﬁﬁﬁ@‘%ﬁ?ﬁ nurbeyr of that seriss and the com-
mon oonvergence wave nusmier of fhe 8 and D gerles.

Doublets snd fripleis in the 4ifTuss series
are in many instasces scoompanied by Talnt companion lines
called "Satellites”, which cause the iines 45 appear dife-
fuse under lovw disversicn.

Bitz discoverpd thai other combinations of
terms than those glving the Tour chlel seriscs night carvege
pond %o ppeclteal lines observed i Be present iz speetra

garies. Juoh are ssliled "Joshing-

but not belonging %o the



b
e

The phenoweuon of couvbination lines serves

maries fors

milae and wore particulasly of the fact thmt the wave aume
wer of o line is glven by the difference between fwe terms.

Applyine Flanekts guantus theosry to the
esuntion Tor o syeetrel line plves an Intevesiting resull.
For exomple:

Ty

{3; = @gp - —_— . R R R R AR ig}

Hpltiply By ohs -
& oy .

&
R R 'i% g

ﬁhaﬁg {3 }Wﬁ,’i’f& = LT

{gg % g«;} gg

T F 3
ﬁ‘? R R B R R R R R R R %%5

i

”ix%@?¥3 gonatant

H

wigre 3
and by his theory by = a quantum of snergy
and - | oy o= ??@%&gﬁag'm Tele
whare | ¢ = wvelogity of lizht
and | n = wave numbap
How sowpaving [4) and {8} 1t ig evident

that the suantity on the left side of eguation {4) besones

& guanton of ensrpy covvappanding %o the freqwency of the
emibted 1lins, and ithe two forss on the righit hand side must
be quantitiss of energy. such ket thelr 2iffevence gives

ey

the sanergy revresented By this liss.



the enpirieal datz on line speclra exiended
Pianekts gusanbtus hygeiiosis.
The nusnbus of enorsy hv correspondling to
& seectral line of fracuency v is esgusl to ke difference
betwsen two energy terms W; and ¥, the numerieal values of
whioh are compudable Tron the Berms in the speoirel sevies
soustions by usitiplying these terme By o.h.

on the basis of %ﬁﬁ Yaw ﬁ?‘?a%@&?%ﬁﬁzﬂg af

s might conslider Wy as belng the auentity of enorny
possessed by an atom st z cerbain sitage. and that this
smount might be decreased to 8 lower value Yy by some evend,

2

with the resuli €hat an smount of euseny by, sgual fo fhe

T

@iff@ﬁ%&gﬁ~i%§ wﬁ%ﬁ} ig sanitisd.

Znhonced or Sourk Spectrn Series

The sorics considered in the foregsing dlg-
cussion of seriss relations econsist of lines in the are oy
fiane spocirn.

Similar series and relsfionshiss have boen
Aispovered in the sperk lines, and the same types of T
mulae apply with the change that the Bydbere eonstant Hgo

iz reviaced By » constani which is very nearly equal Y00 H e



by &
%

&

I% was eavly venlized that the oroductisn

af 808 ﬁ%f@ was aspoclated with changes within the aion

welocole ant henee the atiempt to Tind & satislaclory aﬁgﬁrg

B

af the sricis of speslral lianss bovese dentified with the

problen of abomio and ssleeular structure.

% w goiuntion

af the pw Thougon, which

i ¥ ray

hovever feliled when o

seatiering.

Hntherfopd
@&%%%ﬁﬁ%%§§§2%223 proposed & uew ifyve of

ztom in which the positive charge, instead of being unie

Toraly distributed throushout o spbere of atonic divensions

as in fﬁﬁwﬁgﬁfﬁ,aﬁﬂ%f is congentralsd 1o g very @ﬁ&i@ repion

less than 107%2gm. in disester, at the cenire of the #phere,
with the slectrons surrsunding ihils zueleus in ssue sovt of
eonlisuration.

Boy the Bulleyford ston wiile it satisfied
the doumends of the yray sesilering offsct 816 B0t noogoess
the stability vhich wae characteristic of the Thomgon wmodal.

o e
Butkerford  Phil.e. Yel. 21, T88%. {1911}
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Bopilibriun could not be secured i fhe elesirsus woare ab
rest under the omeration of elsclirosiotic Torees plong.

7 the slsclirong vers speumsd fo fove in orbiis sroumd the
muslens, mecharniesl soulilibrius could be siinined, but in

&ﬁﬁ@fﬁ&ﬁ&% with the laws of the slapiry

»

the revoelving =lectron being subject io oonstant suosler-

ation would continususly radizste enerey, ané would

'ﬂ

the nuelous on o spirsl path as iis enexgy decreased, give

ing ont 2 rediation of sonstonily incresasing Trocuency.

The iﬁwa?g af ¥ilg Bohy exvounded at this
Juneture is essentially ap extension of Flanck's %@%3“5’&?
guanta, spplied to the Rutherford nueclsar alonm in an aliempt
$o exzpliain the origin of the charscteristic speoire of the

alaventis.

about o contre with & frecuency v, then the gscillaisy can
have eneroy only iz sulitinies of by

that is o=

%

whers ¥ = emergy of the system

= an intever

i
5
b

Pianek's sonstantis 6.55 x ™

¥ = Freopency of vibration



S . B &,
may take on onliy

are interer mmltiples [T} eof b/2r.

This susntun resliviciics on the angulsy no-

piales that *ihe values of the angolsy speenitun, znd there-

fare of fthe yadll of the prbhils ars rentricted 8o cortsin

o4 nomber of

orbits and That the wmotion of the slecizon in thew iz gove
erned by the ordinsry laws of mpehonies znd sleeirostaticsn,
ut iz not subject fo the roguiversnits of the eleocivosng~

notie Theory®. {that iz, while movine in fhese orbite ihe

g

frﬁi g%ﬂ}

&X@@%fﬁﬁ doeg not
How, 1t may be ghown that The radil %a' of
the orbite are glven hy:

. Fen %
&wt%*i;a«»w#aa#&a#@v%i?}

= maae of sleptron

: nEg. charps of sleciren

o]
‘3

s

on naoisun

o= Planekts conntent



whers of ihe b

to sach of thess orbibs ing

“energy ¥ which is resdily

svaluated Tor ¥ will Bbs L@ sus of the kinediec nnd soteniisl

energies; [obiained by epplylng the inverse Sguare Law to =
nunleny ! with an elechtron, chares s,

; 3 ) - . o B . i PO . & NS e
HEEe e In o Dilvopisy orhit ob wadinw Yalt,

substitatine the valus Tor ¥Ya¥ fronm eopation (%)

ﬁ
iy

o %
%%
AR B R R R e R {%}

Thus the larger the valus of7 ., the smaller
numerically ot the larger in sbaolute wius io %&ﬁ enerey

of the sysien. ¥Eonco the lows west value of Y5, is that cor-

:@-ﬁﬁ the Tirst orbli, snd thervsfore fhis orhii

regpending fo

shounlid e the ﬁﬁﬁﬁ ata®ls, and is The one whish the slope
tron noroelly seouvigs in the aton.
The cueniion of stebilily and delinitensss

lying the guantuw condi-

the afow is thue solved by sny

tion fo ihe orbiis of the slectrons in ihe alow, and by

assuning that the elsciron doss ol redinie while revolving

in these orbife.
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the rvelintive intengities of ihe spectral lines. Alse balfe

add integers were necossary in the theory of the simeoture

3
8l rate

&
A
foed
Y.
g
ko
w
w
( Ji
W
#
b
g

1% was Tound thetl e o
ion was apmarsnily irreconeilablie with the wave thosyey

t elther as particiss

o oo now atisl on e

peoblisn of abosmic sirnclurve, and the glosely rolsied matier

ko3

af the moture of radistins an? ens

gidered Tronm btwo wolats of wvisw, snd these way noy e oons

5id @%ﬁ{% by i f":gs‘j?ﬁ

Heigenbore-intriy Yechanics

feisenbery proveged thmt in a thesretisal
diseussion of vhysicsl phenowena only shesrvsble guantities
shonld be ponsidersd and Torther staled ihat ibere iz a fun-

nial indefinileness and n Tunsamental ﬁisﬁ@ﬁt%%@i%g‘aﬁ»

gsoointed with all these guanitities.

Thug in the case of a moving eleciron, iis
position snd velooliy connol both be deferninod without
srroyr, ant the gresier the secoursey of one deoteraination the
less scourate will be the othep. Puriher ihe profuct peg.

of the error in deternining ihe position ond sozentun of 2

particls iﬁ,af the order b and accepding Lo Sohr and Heligone

barr Ehis in raul = mnes of Pionek¥s ponstant.
bery i the ronl aisnificence of Planek¥s ponstand




ganice vith sinilsy resuiis.

Sehkrédinger-Yave eghanion

It was pointad out by Hunilidon thet there
mast be o weve theory asasciated with nechanics correspond-
ing to the wave theory im optics. De Broglie and Schrédinger
recognizing the lsporience of this in %%ﬂ%ﬁﬁ physics ﬂf ege

myve Heehanics z%éﬁ%

fod this extensisn of drsawices enllied
gpens up & wow Tield anslascous o diffracting %ﬁ optiecs, and
which has ﬁi%ﬁ%é?‘%ﬁﬁ practicsl spplicalions in the nroblen
of &%ﬁﬁ&% strocturs. On this basis mabies as well as redin-
tion is seen to have 2 wave as well s o corpusculary nature.

Bui here no sdequate medel or pleture is available.

Cencral Uongiderstiong

I% ig of interest kst the two i1

sories lead

nt be romembersd halt Tave

to the sowe resuil, but it m
Hechanies 1s essentially an exitension of elassical theory,
and is based on gonceptiong of oountlinuity, while the new

banics of Boby, Teigenberg and Dirse are, on the

Suasniua leg

comtrary, besed on the funfamentsl eangept of discontiaunity.

It ie as yot too sorly in the devslopment of these ileories



the theories iz well vepresonted by thelr respective intere
skions of the wove Tunction ¥ . Schrodimper assoolates

%
1 with the deusity of elyorre in & gsysten conpistine of &

contlaucus digiribelilion of elwres while Bohr and Helsenbarp
consifer 1t az & provebility Taclor.

sade ot ths

sue atiowpt hos repontly beon
developuent of a uow eomprebensive theoey of physliesl phenoe
woeng oo the beasls of & five-=dimensionsl soniisnun whieh w111
ispilude the guanius shengwens that seewn o have wno zlsce in

1% appenrs possible thnt the

in nature iz due iz %J% habit

hysicel shengmena o8 2 smace-fizs, or Tour=d

gional Basis.
Bor the sake of eovpleteneas menbisn way be

1% oud

made hers of the Splmmine Zlsetron theory of Goud
Unlenbock which zives sn alfernative sxplopation s Tine line
ﬁa?ﬁﬁﬁ&?ﬁ, ant of the Static atom wodel of Ilewlis and Tangmuir
deslzned to satisfly The nesds of the chemisis Tor o sliabls,

rather than o dymanie aston.
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Spectrospopic Annlysis

early in the history of spectrozcopy. It dates %?mw; the
disegvery by Kirchheff of $he sis %ifaﬁam@ of %&ﬁé : Fraune
hofer linss. ¥ rveslised fhat the lines indieatsd the
presence in the solar stussphers of the vapors of slan-
ents By %‘%"ﬁ%ﬁh abaorbed %mam radistions and that these
were characteristic of the elements in guestion. Bunaen

and Kirchhof? proseeded fo wap out the specira of many

elenents some of which were identified in b solsr spece

e

trum. The aﬁ%@&ﬁi&a af mmzy iﬁ‘%"%é%i{,ﬁ tore uos

than dive
seted Lo the possibilities of chenieal 2nalysis by neans

of speetra.

it may be memtioned here that sowe confus-
ion ssews to exist reparding the ferss “spactrun analysis®
gnd "spectroscopic analysis®. In general, it may be said
that the formey pefers ‘%;a the proeess of investigating

relations within and botween spectrs, such as series and



L
(oo |

Fine line structure; while $the letler concernod w»ith %he

use of charascierisltic specivs of the slosenis fo dotors

%

ming thelyr yresense or shesnce in & given subsioncs, iHowe

ﬁ’ﬂx

&

aver this distinetion is by no wesns rigid snd gueh auihe

3
ﬂ»

dam Hilger Lid. sse the

oritios as Tuyman and Sxith of 4

tern ¥

clzun omalysis® in the sense sopoaife fo ihat
£

oo

given ghove.

Both Taisslon and Absorstisn spectyrs have

boen ueed Tor purposes of amalysis But gs this investie

pation was carrisd out with fhe formes type, the Intter
will Be deali with only brisfliv.

Hupeh o7 the work done %i%‘ ahenvpiion
speetrs has consisted of &%&%zﬁ%ﬁﬁ shssrption ouryes for
yarisus subastances in $he fﬁ?ﬁyﬁf‘ﬁﬂlﬁﬁiﬂﬁﬁg These curves
give the relative absorpiion with respect %o ihe wave-
lengih of the lighit, and ave chursclerized By guits define
ite woxima and mimims. The cupves fer various elomenis

and gompounds are gulte distinctive and by gomperine the

raph Tor an unknown sobhotance with standard curvves the

o

> made. I% has besn Tonnd ithat sreanis come-

annlyeis may

o

mgelves o this wothad, and

&

pounds in na riiculer lend the
sraciical anpiiestion af %%%ﬁf%%ésﬁ apeetirs 3£§%aw$%§yg
an this breonch is ealled, has bsen scecrdingly. chisfly

in the field of Dioecheunistiry.
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1 wpeakra on the other

been wveed mainly in inorgenic saalysis, and with pariige

ular success in She auelilative and cuantiiative entie-

mation of metellic conatituenis. Atlsscs and wmaveleonsih
fablss of the charscieristic lins syecirs mont of the
elezsnts are now svailable znd rendar ihe iﬁaw ification

of puknown Lisss in o spaciron @ﬁ%@&?&%ﬁ?ﬁ&g BE8Y .

-

Lus alz%&%iv@ Annl ai%V

tualitative %ﬁ&i?%i?‘i%% in general two

types of probleus.

The deteciion of the presenpe 97 2 particulanr slse

B ]
ot

ment in & eamule.

e determination of 21l the slements %?@ﬁ@%ﬁ in &

12

given sawple.

The Tormer problen i, of sourse, %ﬁﬁﬁ

&

mors slaple end 1% fs usually sefTicient fp oblein the
speetroz of the sample in Junmiasvosition %o that of ithe

desirved slewenl. Any lines comsen $o the twe spscies

will be those of the slement, and thus tie sloment is prow

went in the sanple iT thers are such comon lines, and obe

send if thorve ars none. Care w=msi be fsben that aly and

yan for thoezne dus o

wiggizode lines ars a0l aiste
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= o 550 o Bl il g Beas P 25.°F 50
elament; wt 17 nocessary, 2 thizd spentrun of the alec-

trodes plone will show thesse lines sopavasiely.

spectrs are cbinined on a photogravhie plale, one jmasdes
istely below the other, by moving the plale belusew exe
vogures, or by usine g Hurleswns dievhrsen, or the one

may be superpossd on the other so thet the srectrn are of
different lsmpihe but on the same pard of the plate.

The process mmy be eaw&iaﬁ put visually

By wsing & soall comporison prisz, which say be &ﬁ%uﬁﬁ e
immediately in front of the slit of the svecivsopope.

The problen of wa%mrmiﬁiﬂv what elesenis

are prosens in o glven ﬁa&g&ﬁ has bewn the sabject of
consldersble rosenreh and o nusber af‘mﬁiﬁ&ﬁ%‘@f atiack
have been seployed, and the mopi imporiant snd penewal of
these will now be pounsidered.
{a} A Galibration Curve Tor the instru=

zment iz obtuined by plotting the vositions of the lines
£ a known speciren agsinet fheir corresponding e =
lens Jjﬁﬁgw Then the wavelensih of any line in o spectrun
may be dstermined by measuring ils position aud readine

of £ the corvenponding wavelengid Yaving

deternined the wavelsneths of the lines dno the ele=

glezents may be 1deniified by

consuitine ftables vhich give 211 the lines due &5 sasch



element, or tables which have the lines listed according
to wavelength and the corresponding elements assigned to
thenm,

(b) The wavelength of %he unknown lines
may be Tound by interpolation, using either known stand-
ard lines {(eg. those due to electrcdes) in ithe same speg-
trum or lines in an immediately adjoining spectrum. The
interpolation way be direct if there are sufficient re-
ference lines very close to the unknown ones, or the Harte
@amn interpolation Tormula may be used if such is not the
case. Having determined the wavelengths, the procedure
is as above. (Method a)

(¢) When the spectrograph is equipped with a
wavelength scale, the approximate wavelength which it
gives will be sufficient to identify prominent lines, but
Tor faint lines or when several elements have lines in a
particular region a series of comparison spectra of sus-
pected elements may be used to complete the identification.

(4) Another very convenient method of iden-
tification of lines is based on the fact that a mixture
of elements o? their salis may ba prepared in Whieh they
are in such proportions that the speetrum of the mixture
contains all the most characteristic lines of the elements
present, that is, those lines which are produced with mini-
mum excitation. Such a mixture is the R.U. powder devel-

oped by J, W. Ryde and H. . Jenkins at the General Flectric



s
g

Uompany ressarch labo

Yhen used as o comperison epociren all the clemsnits in &

given saumple may be readily recognized s enlarcenenis

of the R.U. spectrunm with the orisin of each line marked,

ars supplied with the powder. 1% will Be nofed fhnt in

thiz case no wavelenylth deterninations are nocessary.

tont Lines

Hention may well be unde heve af the impore
tant work of de Urament, Hariley, Yeonard and Pollohk,
since it Torms the basis of sueh of the submeguent researeh
ou gpectroncopie analysisg. They Tonnd thai perianin of ihe
lines of esach slement in the sample porsistsd as the swuount
gﬁtggﬂgﬁﬁﬁfﬁiigﬁ'ﬁf the eleneni decrsased, and they pre=
parad tables glving the wavelenpths of thess lines Tor
nany slovenis.

The lnst throe worked

soluilsns of wolallic salis, while de Cramont used solue

tions and alse metallic alloys of known couwsnos
snployed the pzy-hydrsgen and oxy-scoiziene flanes as well

as the elselrie spark for exeiteliion. The move persiastent
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sluzis exvission in of
ficlent to resord the spestrusm. The method is mnde guane
titative by preparing fables piving the rels five inten-
sities of sensiftive lines of the lwmvuriiiss in ternn of
aelgkboring llnes due to the ohief constitueni of the wire

Tor various guantitise of fepurities

ed by sxanination of spoelrs of stanfnws
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CEo give equality of intensity betwoen the "paies uitimeg®

af’ esarh elemeni. The soocunt of “fopts saintion added

i

thug gives an indiesiion of fhe ==

{f} Intensities of Lines mafehed with the bei ighiness of
an eleelbricsily heated tuneaten wire.

This methe? was peed By ¥

and Btimson in the estimstion of minor metalll

vents of $in, z0id, and sisiinus,

8. Tersistence of Linss
She grder of persistence of fhe linee in

antitative mothod de-

o3

a gpegirun was the bosis of o oun

valoped by Hariley, Tecnard and Ppilok, and Whelan .
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Hartley found the ii 21l the lines of & wmetsl
in z solution of its salie 4o %i‘ persist st ibe sawe 4ilue
tion, and the sawe lines alwvays dizappear af ihe same Allu-

tion, providing the spavkine conditions reoailn sonstant.
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tn order %o fasilitate $he discussion of
the procadurs and the apparatus used in this investigae
tion n peneval deseripbion of the wethod incinding men-
tion of the chis? instruments will first be given to lend

gonbimsity and elarily to the subsequent more delailed
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wore convenienily held in a Grsmont are and aspark spparaiug,

oy

s

aad absat 13¢ms. from the e3it

wph on which the Llight fros the ' R

of the quaris speetro

spark was Tocussed by seans of & auarts condensing lens.

Fiss

Frow the speelvograns and tables ziven im

sufficient

iTind po thet o




5 % 5 5 oy I x % & okx %
the specirnn, theee positions belng ueasured wilh 5 Lravels
o - )
ling nicroscund.

lines became an eogy matier, aad 5 new and
eurve was then prensved, using the dpta Tor ke copoer
tines { and some of other elesenis princizelly slissinun
and iven j.

Uging fhisz Callibration Curve, the wavelsueth

sy
%

of sny line in & speotrys ¢opld B2 re

13

ponition was detersined.

a body Tinid, & Urinal Besidue boluw Tirat ussd. This was
done by placing o swmll geantity of the substanse is cavis
ties bored in copver slocizodes, the holes beling conpenivig
with ths rodg.

The spsciren ohisined Bhen ﬁ@ﬁ%i@tﬂé of the

8

otk

eopper lines plus those due $o the elements In the ves

After Tinding the vpositisns of all the lincs in the spece

i

teum and deiornining theilr respspiive uwmvelenstihs fron the
graph, the cepper linss were readily distinguished,
In order io digoovey which slswents had

produced ithe other lines, various lsbles of spectrzal linss

5?3

wore veferved o, Incliuding the following:
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Zder and Valenis Atlas Typischer Spekiren

s N e i B G 1 ., VY. ST 7% - o -
¥ayser Handbueh der Spekiroscopis

Taballs dep

Tuyman Yavelsnsth Tables Tor Svesirum Ammiysis

Baly Gpeciroseopy Voluse I1

Tt won Teund thei all the lines frou 1he

residue seemsd to be produced by Tour elemenia. Ia an
endeavor to obiain more lines of these slewents, and fo
deteet the lines of other constiluenls of the reslidue

varions mpdificationg woye bried such sz voaristions in

the awounits of induetion, vavaciiy. meterisi ussd, exne-
sure times, and slsecirode ghepe. Algo bloosd serpums in

1iguid state and the residue obiainsd by thelr svasors-
tion o deyness were investivsiled. The reasulis obhisived

will be subseguonily considered.

Before proceeding o a dizcussion of the
pariiculay specirogravh uned it may be well fo eonsider

e

the genoral cha

capteristiss of the specivoscove, the

agpential purte, the way in whieh 1% produces s specirun,
snd puech specisl devices as may bo relevant o fhis proe-

bloewm.
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Hefranotion Through a Frisnm

s well known the veleeity of Light

0
fiy

E

varies willk the medips, and the path is thus siraisht

long as the ray fravels im one =edius, but when
fron gne isoirople mediun into ancther, the ghanze in
veloclby causes z bending, or chenge in direction, kaosen

83 Refraction. The new path is a siraizht iine al a cere

tain anple of devistion %o the op pathe

The amount of devialion Jdspends upon the
relative velocities of the 1izht in the twe media; aud alse

the angle at vhich ihe ray f8lls on the boundary snrface.

2

i

In peneral, s ray is refracted towsrds the

E»r

5

normal to the surface when golng from 5 rave ints o Zfense
mediun, snd conversely away from the normal when golne
from & dense inte a vare wedium. The raiic of the veloci-
tien in the twe medis is egusl %o the ratis of the size

of the angle of incidence to the sine of the ansle of rew
fraction. This ratic is found %o bo o conslant and ia
ealiled the indsxz of refraction.

For practical porposes it iz nocespary io
desl with at lesst two surfaces and when these ars pars-
iisl, the vay on emercing vursuss o path paralliel &o ifs
original path. Then the twe boundary surfaces sye nal
parallel fo one snother but are imelined at soms ancle,
%ﬁé devistion prodneet by the refraciion al the firvst sure

fave is noi counterneied st the second surface, bul is
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always increased.

a . Fig. 2 b

Iet AB and ACQ in Tigure 2 represent two
refracting surfaces of a prism ABC inclined together at
the angle BAC,

_ Then if the ray IE T2ll on the surface AB
w&kiﬂg‘aﬂ angle of incidence TEH, part will enter the
?ri§m~aﬁd follow the @ath.E§ Whiéh makes an angle of re-
fraction FBI. The relation between the angles IEH and
FEI is defined by the value of the index of refraction.
The ray EF on rea@hiﬁg the saeﬁﬁd surface AC is refracted
away frém.%ha normal and passes along the path FG.

It is evident that the deviation in the
vath of the ray T2 produced by the refraﬁiiaa at the Tirgst
face is increased still more by that which securs at the
second face, and the total ée?ia%iaﬁ is then shown by the
angle *d* which is obtained by prolonging %hé paths of
the incident and emergent rays. X% will r@adily be geen

that this angle 'd* hag the lesser value in the firsit case
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wiatisn fo » miniws

through the priss, tha

sm iz paralilel to the Base B3O, if the

Fo )

seles.

Formation of the Spectrum

ai %i%ﬁﬁ paesling through a priss o taclt
e £4

nate that the vaye of Light mere homgpeneons, thai is=,

2

%ﬁ&% thay vongisied of Light of only one cslor or wavse
iongth. Hiuce Fewion By his discovery of ﬁﬁ@ couposite
nature of white light showed that vays of diffevent eolovs
guffey d4ifferent swounts of wefraction, if bosames noces-

pary ts iske s wider view of the vhenomonon.




ki

sueh rays being indicated lu the ¢
= g

izure asn
AL the vays are sgaln refryacted sl the seeond Pace and
their paths bocomes still ¢ more diverpent as shown by the
three rays FI, §¥, and L. The 4ifferent colers are thus
2il separaied by the priss and if they were received on
a sereen & band of colers would be oroduesd in which eaech

voloy would be placed sceording io ifs indey of vefraciison.

2 ]

For sxasple, Blue wonld appear st it
of the pries {8t L) while fhe ved

ile vonition ¢

e X

end I, while the midd

wg

gmwgﬁl

The indices of refrucition for lizht of 4if-

aay'ﬁﬁﬁﬁiaﬁﬁ@$~&ﬁﬁ

" great gipsnificanes in a@%ﬁ@@%aw

wopy. In the firsl vlace ithey ave iuporiant with refere

ence fo the sas of prisme and lenses in apectyrossanes,

and secondly the refraciive indloes of o subotsncs ave fne

timntely gonnsoled with 1is ﬁﬁ%ﬁf’ﬁf absorbing lisht.
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It »iil always be found that the specirum
lines ss seen in g vrisn speclroscope are ourved with the
convex gide turned foward the zed end of the spechrum.
Thig is due %o the Tant that only the maye fﬁﬁ@fﬁha gentrs
of the slit pass through o princinel plane of the prism:

digular te %%& pigne

a privgeival plane being a plane porney
of the refruciine sdpe of the priss. Hithertc the rafeace

tion has been feall wilh on the asssumpiion thet the ravs

&

rass through 2 princinal zluns. In order that ihe
£

. tin conditl

that the angles of inplidenss ond smersence be soual, an

aiready siated, and second thei the reys pass theough a

priseiml plane. Sines the roys Tros ofber than the cone

fral portlion of ihe 211t do not pass through such a plane,

they sulfer o zrenltor amount of deviation, an asount whileh

increases with the distange of the ray From ihe contrs of

the alit. The linee are therefore curved, os wmay be obe
=4

served if the slit be sufficlently long, but if only the

central portion is used, the lines will be sensibly aitrsisht.

Refracting Angle of o Prisam
fﬁi@ iz the angle bedwoen the two rvefraet-

ing Taces and is sgual fo helf the angle betwusen raye
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Tadey of Befrsetion loternined from o Prisw

tion of a substance could be found by passing a ray through
a priss of ihe substionce at the critiesl awgle, when the
2 priss of ihe subsisnece at ithe crid 1 anglie an 1k

index "' would be piven by

gin 4
=

where = vefracting sngle

-

2 = angle of deviation

1

%

P o

¥

&

i

wescivine Pover of &
The ratio/d botwsen the mean wavelength
of a palr of lines which can jJust be serarated iu z soeg=
troscope, and the difference between the two components
is ealied the %ﬁﬁ@&?iﬁg Power. |
-~  The resplving powsr iz ithe produoct of %ﬁa
linear {effective] aperture and the dispersion. The theos
retical resolving vower varies inversely as %é@ cuhe pf
the wavelenzith.
in order that two lines smy be separsied

in & prism speetroscone, it iz necsgsary ot the totsl



e
G

Es

thigknsss of the base of ihe priss or prisms be egual to
the cuotient of ihe wovelensih By ihe dlffersuce in &
the two lines.

P08, %i = »mémw

Sn

From the above 1% Tollows thai 5311 nossible

%

b

vrisus construcied on the suwe Base will glve egusl zosolis

ing power.

Divensions of Prisng

The lencth of the refyasitins Toces ghould

ke

e greater thes theip %ﬁigﬁi iz scoent all of %the hean

Trom the ecllimpling leons, and the belghi should be suysal

£ the diawster of the lans.

daterials for Prisms

Hany subeolonces have beon used Tor prisss
bat only ziszss and gearis are Louuen, the other seieriais
being applied whers spocinl properiies are wanled. The

following list containe practienlly all the substances

Glass - Has the sdventass of being o

asd say be Bed in 2 wids va

sive powsrs.
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Uviol Slass .. Far more transpsrent i ulirs-vislet says

than ordinary plass, and is considerably

iess exvensive than guariz. Thrse tyoes

e available =

o

Faal

FE, Frhosphate crown
Z%’i% Borosilicate crown

. Zinvopilicate croun.

Caleite - {foeland Spawr) = trangparent %3*%}“2*‘@ to A2ioc.

fuarta - transparent io A 1850,

Fioorite = transparent %@)\ 1240, but dispersion is
ganll.

Bock sali and 3yivin  Hisgh trangsparency o infra-red bud
sodlubles in water, and benece ave vopiily afe
fected by adverse situospleric conditions.

farbon Bioulpghide — Has high dispersive powsr, but being

s liguid is 4ifficult to hanile.

Cornw Prien

-
7.

Woen guarte or caleite isn used for ihe
prisza malerial cerinin precautions musl be taken, since
hoth these substances ave doubly vefracting, and would
ordinarily couse o doubling of $he soecivum lines. Howe
ever the prisss way be eul zo i the rays will pass
aktong the optic axis of the erystal, this beiny the direc-

tion along which double refraction does not take placs.



In additicn the apiic axie shonid lie in g prineipsel plane
and be parallsl %o the hase, so that the roys at ninizun
devistion will not wnderso double vefraction.

o

auaris, beside producine ftws plane polare
iged refracied raye lme alsy the power of rotaling the

plans of pols risation. The twe vays elirculariy polaviged

fo the pighi and lofi respectively vossess 4ifferent waloce

ities and so will be separsted and z doublineg of the image

will zesull.

&“'F'

Fow it Bbas been fousnd %%a% there are Lwo
kinds of guariz crystals, the righi-hended orystal in which
the dexirp-polarised ray suffers the least devistion, and
the left-handed orysial in which the lsevo-polarised oy

iz less deviated. Hones by Jolnine tws zausl portions of
laft and right-handed crystals the doubline effect in the
Tirst belf iz then desiroysd in the segond. The optic
axzis must aleso be parsllel %o the bass in ench helf. This

method of culting iz due 4o Cornum, and the prism of the

spociroorash uned wasn

i 3

of this type.




i .»uéw onaeg

Delilmating Tens, o gorvect for ihis effsct by collesoiing

the vays soulag Trow the 311% and throwing then g 5 paral-
lel beam on o the priss facs.
Therse iz then meedfed 2 loung fo oollsel 4

rays leaving the last prisas face and o bring thew %o s

e

focus at the eyepisce or pholtogeaphic plste.
fenorally speabine, if goparis lenses arve
gaed alone, 1% will be Tound that &he Toel lis an & curve.
B

i B and lanses

It is poasible, howsver, fo ot tle guardz
in sueh & way that the fooal curve is slusst Tlat, aithoush
it Lizs at an acute angle with the axis of the telescope
Ieng.

The foeal lencth of a lens iffers for svery
eay of differsnt color and fhus o single lens zust give
with white 1ighit & series of colered imapes of 4ifferent
gizes distribuled sivas the axis.

Hither g guarie~Tisorite or guariz-caleits
asshrsuatic coubination will countersct this defect but the
forasey ls very expeusive, and the latier is not fvangpsrent
to the far ulira-viclet, so thal they arve not govmpnly used

exeept whers greal accurascy ls nocessary.
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Ihe instrpmeni ssed in iR

wall Hilger Yuariz Speelroge

=1
&
w
i
&
i
{

B

6f all m=lsl construciion exeept Tor the vlatebolier and
The optionl systenm consists of 3 collimede
2 and g felegeope lens both of 208 mew. foous, and
éeﬁm prisn. These ave oot in such z woy that the Toeal
curve is praciieally Tint, aliboush 1% lien a2t an ansle
of 29° with the sxis of the telescope leus.
The instrument is designed to pive zood
definition over the wmhole spsoivesn from 5000 4.U. o 1830 4.0,
on one plate (3 iﬁ-fﬁ = 4 174%), the spoptrun beins adbout
85 mms. long.
The spociroursnh is in peraanent adjustsent

imple %o sperale, asg ite chief use is as
=

z student labsralory instrussni.
The length of the spectran, measursd on 2

plate in centimetres Trom ABOCC ia as follows:

Ain Sngstronn Lenszth in sus.

8000 &
5000 u 0.8
4000 1.5
3500 2.1
3000 3.0
2500 2.5
2000 7.5

1
Catalogue nusbers of Hilger apparatus are given.
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0

zgible on the ipsive-

o mom., zlihs

fective siid

sbout 2.5 ume.

Heasuring Uicrouaier

The position of the lines of the specirs

Yogsuring Viceesentor
This consisis of o wmieroscope mounied on o
slide which acoursiely works iu grooves and is sciuatesd

by a nicromster scorew; the length of iravel of the slide

e

being about 6 inches. Ths nicromster sorew is mounted on
the frame of the instrument and turns in besrines sz that
it vannot move beekwards or forwards. It iz nrovided with
% divided drumbesd and & handle for woving the plate rapid-
'3y through sowparatively long dlstancesn: The drunhesd is
divided into o hundred divisions, which can sasily be vegd
to the tenth of a division, sz that with the serew sul to

1 mm. witeh, the sovement of ihe picroscope ean be resd in

5 thousandth of & =illivetre,
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hevelled at soe end, wers dwilisd
the =material pressed in fros the ather and Lthaet nore lines

.3

were shiained sines the spark ftewndsd %o pass throuch the

oF

sabuiance which protruded past the ends of ¢

These siscirzodes could be roeh ! and uned

several times, bui in senersl new paire were made up for
each series of gpecirs.
Fay the sperk specirs of the blood gerus,
a opeoial Lype of lowsy glocisods wap deviesd.
The liguld wee mt in 2 ¥ shaped glass fube

throneh which passed = fhiek covper lend wire whieh made

contaet with & thin copper tube, oo placed fhnt the Liguid
Just covered the copper. Yhen the swark wesn then passed,
Prom an BPIer copner giﬁ%gzrﬁﬁ to this one, the Liguid vee
parized and the specirus was thus sbhisinsd. The plses
tube was wide al the open end mo that the plass would pot

he alffected by the dischares.

e

Hleetreds Stan
The Gramont Arc and Spark Apparvatus [F449)
wan Tound Io Be a very convenient slacltrsde holder, sinece

it peraits sasy and scourate sdjustuent of the posiiion of

the slooirofos with respect $2 essch other, and %1&@ snablias

) iy

hoth elecieoden &o be moved ?&E%iﬁgily girmliansousiy. The

adjusizents oy Yo mude while sparkius
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gondenser in parallel with the spark gav.

| The condenser chavrges up mtil the votene
tial is sufficient for = spark to pass, when, if the rizht
gonditions obisin betusen the capaeily of ke condsnasy,

the %z dnduction of fhe ooll, and the resistance of the

eirenit forwed by sondenser, self

sn paoillsiory discharce masses the latter piveuil
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The gapscity of the gondenser detarunines

the guantity of eleetricity which passes in sach indivie
dual spark, that is, the intensity of fhe sperk, and as

i

heTope

i

mentionsd s the stage of the ilonization sresent dee
pends on Ihis intenmaity.
How the transforoer used must be of suite

mrge he condenser o o suificisnt soten

=y

able sise o o

%

tial, so that it will discharge across the zep of Jesired

¢

Length, in this case about 2 mms. Menge the transforwey
is éé@%gm%ﬁ&ﬁ by the gondenser vapacify, and in faet the
two are ususlly designed fogelher %o zive the prover vee
$ﬁ323Q

In sn poeillating cirenit fthe three sssene
tials are (1] capacity; (i1} self-inductance; (1il) n ssark
gap; and the registance wust be small,

The opelllatlions srise boeauss of the self-

sctance of the eirenil, by reason of which the current

once sed up tends €0 go on so thet the first discharge

more than empties lhe condenser, and charges i1t the oppo-

gite way; then follows & reverse rush wvhich alss overdses

rges the condenser as originelly and

the discharge and cha
80 on. Zach successive oscillstion is weaker, so thnt i
diggharge Tinally dies away, due %o waste of energy By row
sistance, or tu ensrgy beimg redisted suway in waves, tais

effect beling known as "danping’,
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whaps 8 ose seity of mm enner

= vesistance of soirenii

¥ o= in oo

A
o

I = induntanes %31%* eivenil in hosaries

35

ant T %ﬁf‘% % 167 mfwiu%

whoere 8 = vo of turns

A& = gres of sach turn

et

= lemgth of esil
and the Troguency *nt of %he eweillstions will be aueh

thnt #

gnd ¥ 8 iz smell

‘ 'gw

Hewsalech gud aiﬁﬁiﬁ%ﬁ?j’%’?ﬁ Pound that the ssebanisn of
the sperk is svidenily as follows: 94he gonrk Tirst pos-
ses sxirevely papidly throush the air, = singls discharse;
this vaporises the meial, whieh then shrosds scrsus the

ayk gav, conveying the currsnt. The ve ’éﬁﬁi%g‘ of trovel

ot

Hemsnlech and Sehmuster Phil.Trans.s 183,
Yemaalooh Compies Rendus 122
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o L % S i T i i R pon i iy e g e e R SR EE AR Tty B g LR
af the seitallie vavor varien with 4ifferent wotols from

1300 - 400 weires per sooond, and apvears to bs wulckey

feront lines of ibe save meial¥.
They alss invesitligsied &e Tonciion of the
pelf-inductions and Tound thatl in addition %o eliminating

the alr Lines, ihe self-induction alsc renders ibe speos

trum lines nueh nerrover and cansss cerisin new linss in

maxionn gensitivity of a norssl vhoto-

graphle emplislon, countsining silver browids or miztures
of silver bromide and lsdide, lles 2t or pear A = 48500,

On the red side of This maxienn the ssnnie

tivity Talls off rather repidly %o & small value noer
A= 3200, this Beling due s the decvesoe in abany wiive

powsr and %z,@;m»a in the vholoehoniesl @%ﬁm ty of the sil-

ey halide with ingresnse in wuveloncth. On the short
wavelenglh slde the sengitiviiy zﬁim sf7 wors slowiy Lo
about A= 2400, after which 1% decrecses with esnsidersble
rapidity due to the sbsorptive zower of the golstine, whieh
vrotects the silver halide Trom the direct sciion of the
1ight. Thms the ordinary shotonrenbie plate of comssres

¥ be used within the linits of A= 5000 and A= 3 BECE



%g

uged in zposiroscopie work %o obiain the best ;ﬁ?z*’%ﬁﬁiﬁ

definition, ss the tws dunired sonditinn:

geain anf siyvsng eonltrast, are sl obininable with spiine

ary plates where soft lichis snd shafes are peguired.
Silver Broside in the absence of pelatine

Lizht of the shoriest wave-

artz specirospravis working in

n to = 1350, Oonesguenily

alr 2ill 2ive the spsclras dow

there le o zun bobesen 75t )\ 1BEC which has a

Teubls sating on ordin sue o the sbsorpiive ef-

Teot of the gelistine.

Two practiesl welhods of
PN w5 3 i o i . S - ;o P ) i ; P . i
Tioulty have boor devised by Duclans aad Jeanlef™.

The Tirst consiste in the resoval of the

vhotosravhis

golatine Treon the Tiln of an ovélnasy
plate by weans o sulpluric seid, thersby leaving Tilwm of
silver bromide. This film is quits peguler and ¥Ery sene
sitive o the rays of snori wavelengbh, but it is very Trae-
gile.

The sscond method depends upon the flusrss-
genct of & substance when exeiled by light of gaveionyths

sid A 1855, There gre many oils which

betusen >\ s QA0

e

Jelaux and Jemntel  J.Phye.Badium 2, 154, {1921l
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Hence, iI7 an

%

grdinary nlate iz cosnted with

x bhin file of one of those
2ils, wherever the sxtremsly shavt wave 1ishit Talls on it
the Timorescence will vroduse the 1snlent imese 2t that

~

point. ZExcellent sonsitiviiy is obiainsd by z‘;@w mathe

the only foult beinz n tendeney $o brosden the spectrum

lines owing 1o irvndintion, But hds is leons than 0.05 nm.

Tyn it has veed this procsss wilh his voouns specirogravh

down $5 A= 38Ca.

Claar parsflin olla, sueh zs nulol are suit-
able Tor this purposs, but they musi be senoved before dew
velopine: the plate. This is dens by disesl vigs the oil
with acelione.

2 mlstes coa ited with il

2 coniainine 1itile or ne zelnting, the asmommt

ver brow

sufllclent to bind the bromide but exerting no ap~

o T o N
sEion of lizhis.

ihe photogrephic plaltes used by the wriier
speolal ullevs vislet speois

£ glee 2 3/%% = 4 147, Timse plates

iyee weniloned gbove, and were washed




glive sxoniieont
- fﬁ%/\ BODCAT. BoA = 1

“hen one of & pair was veusysd for o

2, an Lhe Blaek paver

goverad »ith &

+% 2ith the swnigion.

%zz puarints

 for shot 4

= I aluaten
& %5 7 winates




oo
W

4y montioned wrovisusiy & peslivivayy calilbvation

ourve wus oblained fo sselint 1o the fdemtifiestion of 811 the sore

oy Jdves. The yositions snd wsavelongihs of the prosivent lines in
sragtron 10, of pinde 1 wys nesd for $ds arooss.

T seootven e 0% o e oo

ar slesirede rods Do
twoen which jessed Tho dischargs from & 10,000 velt treneformer, with
# leyden Jov gnd mail %2?«%%4;@%% asil 3p ihe oivonit. The g8y
was 2 wne 828 ens isced 30 omse frow B 810% of the srestrapresh,
the wldth of whlch wor oot ot o5 on $ho 81i% seale. Uhe tivme uf ox-
sosurn fo7 this spectron wes 60 sous. In U following Goblc giving

The d8%a for The calitrelion

5. $he I1ines voro mpbored fvon e

0

% and sest propinand sopoor doublot, B0 cieractoristic 3%,

BEAE ndw, 8nd the poeltisns o detersdined by the tenvsllise o
wotsr wory reud off frov this v stertisg pelint. The wvelesgih s
poly aporozinate a5 1t wes dotarsinad by ldeniifyive Us promivong

g

lines By wesns of the X

ey and Yalande "AiiEs".
e fomvih eolwm vaoords vorious shacvvations of zare

tisular lipes or mroups,. which serve oo londesris.
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