
CIHM
Microfiche
Series
({Monographs)

ICIVIH

Collection de
microfiches
(monographies)

Canadian Instituta for Historical Microraproductions / institut Canadian da microraproductions historiquat



Technical and Bibliographic Notes / Notes techniques et bibliographiques

The Institute has attempted to obtain the best original

copy available for filming. Features of this copy which

may be bibliographically unique, which may alter any of

the images in the reproduction, or which may
significantly change the usual method of filming are

checked below.

Coloured covers /

Couverture de couleur

D
D

D
D

D

D

\^

Covers damaged /

Couverture endommag^e

Covers restored and/or laminated /

Couverture restaur^e et/ou pellicul^e

Cover title missing / Le titre de couverture manque

Coloured maps / Cartes g^ographiques en couleur

Coloured ink (i.e. other than blue or black) /

Encre de couleur (i.e. autre que bleue ou noire)

Coloured plates and/or illustrations /

Planches et/ou illustrations en couleur

Bound with other material /

Reli6 avec d'autres documents

Only edition available /

Seule Edition disponible

Tight bir ding may cause shadows or distortion along

interior margin / La reliure serr^e peut causer de

I'ombre ou de la distorsion le long de la marge

int^rieuro.

Blank leaves added during restorations may appear

within the text. Whenever possible, these have been

omitted from filming / Use peut que certaines pages

blanches ajout^es lors d'une restauration

apparaissent dans le texte, mais, lorsque cela ^tait

possible, ces pages n'ont pas 6\6 film^es.

L'Institut a microfilm^ le meilleur exemplaire qu'il lui a

6\6 possible de se procurer. Les details de cet exem-

plaire qui sont peut-6tre uniques du point de vue bibli-

ographique, qui peuvent modifier une image reproduite,

ou qui peuvent exiger une modification dans la m^tho-

de normale de filmage sont indiquds ci-dessous.

IVl Coloured pages / Pages de couleur

I I
Pages damaged / Pages endommag^es

Pages restored and/or laminated /

Pages restaurSes et/ou pellicul^es

Pages discoloured, stained or foxed /

Pages dteolor^es, tachet^es ou piqudes

I I

Pages detached / Pages d^tach^es

[y^ Showthrough / Transparence

I

I

Quality of print varies /

D
G

D

Quality in^gale de I'impression

Includes supplementary material /

Comprend du materiel suppl^mentaire

Pages wholly or partially obscured by errata slips,

tissues, etc., have been refilmed to ensure the best

possible image / Les pages totalement ou

partiellement obscurcies par un feuillet d'errata, une

pelure, etc., ont 6\6 film^es k nouveau de fagon k

obtenir la meilleure image possible.

Opposing pages with varying colouration or

discolourations are filmed twice to ensure the best

possible image / Les pages s'opposant ayant des

colorations variables ou des decolorations sont

film^es deux fois afin d'obtenir la meilleure image

possible.

I

Additional comments /

Commentaires suppi^mentaires:

Pagination is as follows: p. 59-S3.

This item is filmad at the reduction ratio checiced below /

Ce document eat filmi au Uux de reduction indique ci-deasoua.

lOx 14x 18x 22x 26x 30x

/
12X 16x 20x 24x 28x 32x



The copy filmed here has been reproduced thanks

to the generosity of:

Engineering Science Library
Queen's University

This title was microfilmed with the generous

permission of the rights holder:

Fay Ziasteln Caa

The images appearing here are the best quality

possible considering the condition and legibility of

the original copy and in keeping with the filming

contract specifications.

Original copies in printed paper covers are filmed

beginning with the front cover and ending on the

last page with a printed or illustrated impression, or

the back cover when appropriate. All other original

copies are filmed beginning on the first page with a

printed or illustrated impression, and ending on the

last page with a printed or illustrated impression.

The last recorded frame on each microfiche shall

contain the symbol -(meaning "CONTINUED"), or

the symbol (meaning "END"), whichever applies.

Maps, plates, charts, etc., may be filmed at

different reduction ratios. Those too large to be

entirely included in one exposure are filmed begin-

ning in the upper left hand corner, left to right and

top to bottom, as many frames as required. The
following diagrams illustrate the method:

1 2 3

1 2

4 5



L' exemplaire film^ fut reproduit grSce k la

g^n^rosit^ de:

Engineering Science Library
Queen's University

Ce titre a 6t6 microfilm^ avec I'aimable autorisation

du d^tenteur des droits:

Fay Zuastein Caa

Les images suivantes ont 6t§ reproduites avec le

plus grand soin, compte tenu de la condition at de

la nettet^ de I'exenfiplaire filrn^, et en conformite

avec les conditions du contrat de filmage.

Les exemplaires originaux dont la couverture en

papier est imprim6e sont film6s en commengant
par le premier plat et en terminant soit par la

dernifere page qui comp 1e une empreinte d'im-

pression ou d'illustration, soit par le second plat,

selon le cas. Tous les autres exemplaires origin-

aux sont filmes en commen^ant par la premiere

page qui comporte une empreinte d'impression ou

d'illustration et en terminant par la derni^re page

qui comporte une telle empreinte.

Un des symboles suivants apparaitra sur la

derniere image de chaque microfiche, selon le cas:

le symbole - signifie "A SUIVRE", le symbole V
signifie "FIN".

Les cartes, planches, tableaux, etc., peuvent §tre

filmes k des taux de reduction differents. Lorsque

le document est trop grand pour §tre reproduit en

un seul cliche, il est filme k partir de Tangle

sup^rieur gauche, de gauche h droite, et de haut

en bas, en prenant le nombre d 'images

n^cessaire. Les diagrammes suivants illustrent la

m6thode.

2 3

5 6



UNIVERSITY OF TORONTO
STUDIES

PAPER:j from the
PHYSICAL LABORATORIES

No. 60: REGULARITIES IN THE SPECTRA OF LEAD AND
TIN, BY R. V ZUMSTEIN

(Repkinied from Tbassaciions of ihe Royal Socieiv of Canada. Serirs III, Vol. XII)

THE UNIVERSITY LIBRARY: PUBLISHED BY
THE LIBRARIAN, 1918



UNIVKRSITY OF TORONTO STUPIKS

COMMirrEE OF MANAGEMENT

Ou.,rman S>R ROBKRT ALEXANDER FA.XONE.,, LL.D.. K.C M.G.
'-'"'

PresiileiU ot the University

PROhF.^soB VV. J.
Alexander. Ph.D.

Professor W. H. Ellis, M.A., M.B-

Professor J. J.
Mackenzie, B.A., M.B.

Professor J. P. McMirrich, Ph.D.

Professor O. H. Needi.er. Ph.D.

Professor George M. Wrong. M.A.

Gtneral Editor: H. U. Langton. M.A.

Librarian of the University



SBcnoN III, 1918 M Tkani. 9.S.C.

Retulatuiet in the Spectra oj Lead and Tin.

By R. V. ZvMSTEiN, M.A.

Univenity of Toronto.

Presented by Professor E. F. Burton, Ph.D., F.R.S.C.

(Rewl May MMtiag, 1918).

Lead and tin belong to a group in Mendeleeff's table in which

geries of spectral lines have not been recognised.

Kayser and Rungc,' who made the first exact measurements on

the lead arc, pointed out that a group of ten lines repeated itself

three times in the spectrum with constant frequ^cy difference.

They will be denoted as Kayser and Runge's I, II, and III groups.

The frequency differences are 1081 -08, and 2832-0. Seven additional

lines have recently been added to these groups by Saunders.'

On carefully examining the work of Kayser and Runge, and some

unpublished researches of Fuller and Ainslie of this laboratory, it was

found that a symmetrical group of three lines repeated itself five times

in the spectrum. This gives five groups with constant frequency

difference.

Tablb L

SracnuM or Lbao.

I II ni IV V

7229-30

3220-68

311909

4057-97

2388-89

2332-97

3683-60

2254-02

2204- 18

3639-71

2237-52

2187-99

2833 17

1904-20

1868-58

The frequency difference between:

I and II is 1081-2.

II and III is 2504-5.

III and IV is 327-3.

IV and Vis 8147 1,

> H. Kayier, Handb. der Spect., p. 574 (1902).

> F. A. Saunden, Aat. Journal, 43, p. 240 (1916).
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Sim-c 2504S+327-3-283i«. we mm Kr<.up« I. II. ami IV arc

re»pcctivily Kaystr and RunRc'.. I, U. and III Kn.up«. the III ami V

gruupH U-inn nt-w.

The lints 2332 •96, 220*18 and 1868 59 wvn obtained by

Saundur. with a Icatl vacuum arc and a vacuum gratinR spectn^opc.

The line 19m 2 wan foumi l.y Fuller and Ain^lie with a lead vacuum

are and a fluorite vacuum Hpcrtnmcope. Saumkr. ha« also pomted

out that the linen 5201.5005, 4340 form part of a group additional to

thereof Kayser and RunRe. This, bears no relation to the grouping

here proposed.

An attempt wa» made to sec if the five groups are in reality five

Msries, the corrresponding memUrs of which have constant frequency

(lifTerencc.

In l«x)king for new series we are guided by three facts:—

(1) the analogy which exists with other elements in the same group

of the Mendeleeff table.

(2) All members of a series show the same Zeeman efTect.

(3) The heads of series are the lines which arc fundamental for

that element. They are usually the only lines which appear in the

flame and absorption spectra. They alone are ol*erved when the

metallic vapour is bombarde<l by electrons having the requisite

spectl. When we < xaminc the light from the electric spark in solu-

tions of the metal with increasing dilution, they remain long after

other lines in the arc have disappeared.

In the case of lead we cannot derive aid from the first method,

for no series have been discovered in germanium, tin, kad, or the

other elements of this group.

Pur\'is' is the only one who has studied the Zeeman efTect with

lead. He found two lines. 3740. 2873, were broken up into four

components, the remainder into triplets.

We have thus only the third method available for this element.

In the flame it was formerly supposed that lead always gave a band

spectrum which was attributed to lead oxide. Uter. under certain

conditions, a flame spectrum was observed consisting of three lines,

4057-97, 3683-60, and 3639-71. ._^
Spectrograms were taken of the flame of a Meeker burner, into

which was fed the vapour of lead from a small globule of lead sup-

ported by the gauze at the top of the burner. The above three lines

always appeared, but there was no trace of the band spectrum.

« J. E. Purvis, Camb. PhiJ. Soc. Proc.. Vd. 14, p. 216 (1907).
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In taWu M are arrangpti thene miulta, triRfthcr with the results

of Hartly (wilh the pure metal in an oxy-hytlrogcn flame), Ecler and

Vulenta (with k-ad chloride), and dc . atteville (with lead nitrate).

Tablk M.

ZuniMein

Harily 4455

4062

40SS

40SS

.... MM
36M
MM
36M

J640

3640

3640

3640

3573

3573 2873

2833

E<lfr * \'aknta

dc Watteville

—

405,s

4058 3740 2833

The continued appearanrc of the lines 4058, 3684 and 3640 indi-

cates that these lines are fundamtntat.

Tabic III is made u[i from E<ler and Valenta's spectrum charts,

showinR the lead line.i which occi . when lead ji» contained a« an

impurity in other metals.

TAM.B III.

Element I^ad Linet .« Impuritin

Cadmium. . 4058 • • • • 3684 364*)

Zinc 4058 3684 2833

Antimony . 4058 3740 3684 3640 2833

Bismuth . .

.

4058 3740 3484 3640

Telurlum . 4058 3740 3684 3640 2833

Col.l 4058

2802

Thi.s again shows the prominence of the lead lines 4058, 3684, 3640,

as well as 2833.

Experiments on the absorption due to Lead vapor in a carbon

arc showed that these lines were absorbed in addition to some others.

This was tested in two ways. Spectrograms were taken of (1) a

lead spark the light from which traversed a carbon arc containing

lead vapor, and (2) the glowing filament of a Nernst lamp, the light

from which traversed a carbon arc containing lead vapor.

The plates used were not sensitive to the line 7229 ''•, so no test

was applied which succeeded in linking this line up with ii/ others.

The results of these experiments point to the possibility of the

lines 7229-30, 4057 97, 3683-60, 3639-71 and 2833-17 being similarly

related to the lead spectrum—being in fact, the heads of analogous

groups of lines.
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Regularities in The Spectrum of Tin.

As tin falls in the same group with lead in the periodic table we
should expect similarities In their spectra, as has been often recorded.

KayFPr and Runge' found a group of thirteen lines which repeated

itself with the same frequency difference, three times through the

spectrum. The frequency differences were 5187-03 and 1736-73.

In the work on lead it was pointed out that a group of three lines

existed which repeated itself five times with constant frequency

difference. This was immediately found for tin when looked for.

The five groups are:

I II III IV V

3801-16*

2785-14

2524-05

317512*
2433-53*

2231-85

3009-24*

2334-89

2148-59

2863-41*

2246-15

2073-01

2840-06*

2231-80

2061 00

The marked lines are absorbed in the tin-carbon arc.

The line 2061-00 has not yet been observed.

The frequency difference between

:

land II is 5186-2

II and III is 1736-1.

III and IV is 1692-4.

IV and Vis 288 1.

From this we see that I, II and III are included under Kayser

and Runge's first three groups. This was in agreement with the work

on lead which suggests a series of quintets. The flame spectrum of

tin in the Meeker burner was photographed to see if the heads of the

five series 380116, 317512, 3009-24, 2863-41, 2840-06 appeared.

However, in no case was a line spectrum obtained ; the band spectrum

always appeared.

Only two experimenters have observed a line spectrum from the

flame fed by a tin salt.

De Watteville' used the protochloride of tin, Eder and Valenta

observed a few lines along with the band spectrum. The work of

these two is here given.

' Loc. cit.

• loc.cit.
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Inteniity in arc de Watteville flame Eder & ValenU flame

8

6

8

10

10

10

10

4524-92
3801-16

3175-12

3034-21
3009-24

2863-41

2840-06

4524-92

3801-16

3034-21

3009-24

Those underlined are the heads of the five groups. This would
suggest that the five lines are fundamental. Tin is seldom present as

an impurity in other metals used in spectroscopic work.

This work was carried out under the direction of Professor E. F.

Burton.
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