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A HETHOD FORX THE MEASUREMEHRT OF TIME INTERVALS OF THE ORDER
OF MaAGRITUDE OF 10'8 S=COHDS AND ITS APPLICATIOR
(1} 7O THS MEASURSMERT OF THE TIME INTERVAL BZTHEZN EZXCITA~-

d

TIOH AND EMISSION IN FLUGRESCENT SOLUTIONS;

5]

(2) PO THE DETZRMIHATION OF TuzZ RRBILATIVE TIMES OF FIRST

AZZBARANCE OF SPECTRUM LIRZES.

HISTORY

The first accurate method for the measurement of
short time intervals was used by Galileol about 1638 in his
investigations of the laws of falling bodies. He attached
a small spout to the bottom of a water peil and caught the
water escaping during the time the body traveled a certain
distance; from the weight of the water he could calculate

the time interval. Wheatstone® in 1834, Schemk® in 1901,
and Milner® in 1909 determined the duration of the electric
spark by the use of rotating mirrors. This ides was used
by several investigators in the determinstion of the velo-
city of light, and was probably developed to its highest
degree of perfection by Hichelsons in 1924. 1In order to
measure the time s phosphorescent substance continues to e~

mit light sfter the exciting energy is cut off, Becquerels'
invented his well-known phosphoroscope, by means of which

]
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



he could observe the substance one thousandth of a second
after its illumination. Another method by which the time
between excitation and fluorescent emission can be measured
was gpplied by Wood'! to the cases of mercury and sodium va-
pors. A4 unidirectional stream of sey mercury vapor issuing
from a properly designed nozzle is illuminated by a dis-
phragmed beam of rasdiation of wave-length”12557. This same
wave-length A2537 is rediated by the moving vapor at a point
in the stream displaced in the direction of the motion of
the vapor. Then since the velocity of the vapor in the
strean is known, the displacement gives a measure of the
time between excitation and emission. Intervals of the order
of megnitude of 10~6 seconds were measured by Wood in these
experiments. Frank and Grotrian® have repeated these exper-
iments with various modifications, and find that the dis-
placement is too short to be measured for shorter times than
those observed by Wood. They also show that the method is
not sensitive enough to be applicable to the measurement of
the time lag between excitation and emission of free atoms,
since with low pressure in the absence of foreign ges no dis
rlacement of the illuminated spot could be detected, although
the velocity of the vapor waes increased. A method which has
recently been developed by Dederson’, and extended by Heymans
and PranklQ, for measuring time intervals from 10~% to 10710
seconds, makes use of the relative position of "the Lichten-

i
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berg figures which sccompany the reflection of an electric
impulse at the terminal of s conductor placed in a gaseous
atmosphere capable of radistion™. The calibration of this
instrument presumsbly depends upon the velocity of electro-
magretic waves along wires, which is probably not invaria-
ble and of which we have uncertain knowledge for the pur-
pose in view. So far the method has found no application,
but it is of interest for the possibilities which it holds.
The most important method from the practicsl and theoreti-
cal standpoint for measuring time intervals of the order of
magnitude of 10~% to 10~10 seconds is that first used by
Abraham énd Lemoinell. This method makes use of the prop-~
erty of electric double refraction in liguids, discovered
by Kerrl2 in 1875, and depends on the rate of decay of the
double refraction while the electric field is falling. The
lag of the fall of double refraction behind the fall of po-
tential was found by Abraham and Lemoine (Loc. ¢it.), Ray-
leighl® and Jamesl4 to be practically fh#faite, that is,
far too ﬁ%ﬁi& to be detected even by means of a varisble
1ight path.

The original method used by Abraham and Lemoine,
in which this electric double refraction of s liquid was
first used for the purvose of measuring short time interwvals,
and which is essentially the method used by Rayleigh, Jamesr
Gottling and others, is that shown in Figure 1.
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The Xerr cell, made by immersing two metallic
plates in the doubly refracting liguid such as carbon disul-
paide or nitrobenzine, ié connected in parallel with the
spark gap A through high resistances By, X2, which makes the
cireuit AR;CRpoA non~oscillatory. The transformer il charges
the Kerr cell C up to the potentisl where the spark pesses
at the gap A. Ligat from i is made parallel by 1y, is re-
flected by the movable mirrors Gy, Gg, to Gz, taken to Gy
and through the lens Lo and Hicol prism B, which polarizes
the light in a plane 45° with the plane of the plates of the
Kerr cell C, and comes to focus at I. If the Xerr cell is
uncharged, the polarization of the light is not affected,
consequently the double-image prism mey be turmed sc thet
only one image of 1, which is plane polasrized, reaches the
icol prism D; then D may be rotated until no light reaches
the telescope T. This point is marked as the zero position
of D.

On the other hand, now suppose that the light from
the spark at A, made plane polarized by the Hicol B, reaches
the Xerr cell C befors it is”discharged; then the plane po=
larized lignt is made elliptically polarized by the double
refraction of the carbon disulphide in C, and the double-
image prism bresks it up into two images polarized in per-
pendicular planes, with one component of course in the same

direction as in the previous case. This one is cut out by
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the Hicol D, butvthe other can be viewed by the telescope at
T. ©Now if D is turmed say clockwise from the zero point, the
two images gpvesar in T, and 8 point mey be found where they
are of equal intensity. This is noted and D turned anticlock-
wise from the zero vroint until a8 second vosition is found
where tkhe intensity of the two images is agsin the same. The
angle « between the two positions whers the imeges are at
equal intensity is a measure of the eccentriciiy of the ellip-
tic polarization preduced in tane Xerr cell C. Since ellioti-
cal polerization in C is a function of the electrostatic po-~
tentisl across C, and since the electirostatic field across C
is a function of the time sfter the discharge at tae gap A,
then witnin certain limits the angle « is a function of the
time after the discharge at 4.

Hathematical relations connecting « with the time
after discharge at A have been worked out in detail by James
{loc. cit.}. ZExperimentally the relation between « and the
time after discharge for the varicus resistances Ry, Rp was
determined by delaying the arrival of the ligaet at T by mov-
ing the mirrors Gy, Gg. After thus finding this relation,
Gottling {loec. cit.) focused the light from A on a fluores-
cent substance and messured the time between excitstion and
emission by viewing first the sperk and then the fluorescent
light. Gatton'® in his measures of the ratio of the velocity

of electromagnetic waves in wires t that of light removed

1
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the resistances R}, 22 and the doublie-image prism £, tous
giving 8 1ight shutter effect and an oscillatory eircuit. Ie
used a very niga potential across A in order to obtsirn oscil-~
lations wanice ne used as ine basis of his measuremenis. In the
oresent work this asrrangement was again modified by adjusting
tue gap at L so thatl wpen once the Kerr cell discuarges, its
double refraction is not again affected by oscillations, and
nence & complete lignt snutter is obizined. Also the time
from the beginning of.the closing of the shutter untii it is
comnletlely civsed is negligible in comparison to itne time re-
guired for the electiric drop of potential to travel from the
spark gap A to tne terminais of tre Kerr cell C. This latter
modification oy wnich the drop in rotential in the Kerr cell
a8 expisined sbove is considered instantaneous and the retar-
detion brought about by increasing tne wire in the leads of
the Kerr cell differs essentislly from the original met .0d of
Abreham and Lemoine (loc. cit.), waich depends uoon ice rate

of leak tarougn a high resistancs.

PURPOSE

The purpose of the present work is to develovn s
Kerr cell which will discharge in a time interval less than
].O'9 seconds without oscillations great enougc to render the

carbon disulpaide again dombly refracting; that is, to devel-

4
i
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op a light shutter which will close in a definite interval of
time of the order of magnitude of 10~% seconds after an arbi-
trary fixed time. The need for such an instrument arises out
of the necessity for definite knowledge concerning time inter-
vals between excitation and emission, and duration of emission
after excitation. Using the modern Jusntum Theory, which pos-
iulates thet energy can be sbsorbed or radisted only in whole
maltiples of a constant h/, whose dimensions are energy times
tim;?fgohrls has constructed a theory of atomic structure
waich will quantitatively account for the spectral series of
hydrogen and helium, whose atomic models have been fairly well
worked out, and which serve as guides to the interpretation of
the series of other elements for which definite models have
not yet been found. His model of tne atom comnsists of a nu-
cleus which is in general composed of both positive charges
and electrons with an excess of positive charges equal to the
atomic number of the element. 4Around this nucleus, moving in
various orbits or energy levels are electrons equal in number
to the atomic number, s0 that the satom in its stable state is
neutral.

The atom emits line series radiation when one or
more electrons fall from one energy level to another, but as
long as the electron remsins in the same energy level no radi-
ation is emitted. The possible energy levels in which an |

electron can move are finite in number, and are determined by

i
:
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the gqusntur relstion, i. e., wher an electron Jumps from one
energy level to snotaer the atom emits 2 speetrum line, the
frequency vV of which is determined by the difference in en-
erzy W1 and W2 of the two erergy levels by the relation

Wl - W2 ® hv.
Consider for example the simplest concenticn of the hydrogen
etom, &s shown in Figure 2. This figure was tasken from
Sommerfseld's "Atombau und Snektrellinien®, 4th edition, vage
112.

Ir the stable or nentrsl hydrogen atom the electron
is in the k orbit or energy level. Sunpose it is removed say
b7 electronic impact or shsorntion of radiation to the O
level. According to the Bohr theory then there are seven
ways of its retarn to tae k level, with the possibility of e-
mission of the following ten svectrum lines:

{1} The fourth member of the Lyman series.

(2) Phe third member of the Bslmer series H7 and first member
0f the Lyman series.

(3) The second line of the Paschen series and second line of
the Lyman series.

(4) The second line of the Faschen serieé?%nd first line of
the Lyman series.

{(2) The first member of the Brackett series and third member
o0f tkhe ILymen series.

(C) The first member of the Brackett series, @;. and first

1
1
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member of the Lyman series.
{7) The first member of the Brackett series, first member of

the Paschen series,fﬁ , and first member of the

2 Lyman se}ies.

| How since a single stom 2t 3 given instant can emit only a
single 1ine of the whole svectrum, the eiectron must remain
g finite time in the orbits H, ¥, or L, or in each, if any
line of the hydrcgen spectrum is to be emitted cther than the
fourth line of the Lyman series. Therefore irn order to ex-
plain the knowr exverimentel onhenomers on the present theory
it is necessary to assume that the electron remains a finite

time in each of its orbits. From exneriments of Wean!’ and
of Dempsterls on the decay in lumirosity in canal rays, and
from theoretical predictions of Frank and Grotian (loe. cit.),
Foote and Mohlert?, Tolman20 and others based on indirect ex-
verimental evidence, we should expect these times to wvary for

different lines, and to be of the order of magnitude of 1076

to 10~ seconds. Another phenomenon wiich hss attracted con-
siderable interest snd upon which there sre at present many
conflicting opinions is that of fluorescence. If the exciting
light is a single line, the spsctrum may be ons of two types:
(1) That in which the flmorescence consists of a
} gingle line of the same wave-length as the exciting light.
This is called resonance radiation, and is explained on the
Bohr theory as follows: The electron in the ground orbit is
Just 1lifted to & higher orbit, from which it can fall only
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back to the ground orbit and nence radiate only the iine
which it avsords. The iime which the electron remains in
this outer orbit hos heern estimeted in 2 few wmwors by -
¥rank and Grotien {loec. c¢it.} and others, but has been too
short to messure excent in the case of mercury vavor, for
which Wood (loe. cit.) finds it to be 1/15000 second. ({This
value is nrobably due %o ancther rhenomenon as previcusly
exalsined.

{2) That in which the fluorescent light is coxz-
vosed of the szome wave-length as the exciting light, & few
lines shorter thnan this wave-lengtt, a2nd g grest numder of
longer wave-~length. Thics is explsined orn the thecry by as-
suming that the excitirng lignt rsises the electron cut of
its ground orbit to an orbit from whicha 1t mey take several
peths back to its ground orbit, thus giving rise to the
wave~length of the exciting line and those on the long wave
side of it. fHow in this vapor st any time thers will con-
sequently be a2 lsrge number of electrons in tze various or-
bits becides the ground orbit whickh are ir s vosition to
absorb redistion. ‘“These will sbsorb the exciting energy or
verhans the radiated erergy and be 1ifted to higher snd
higher levels, end in falling back give shorter wave-lengths
then the exciting light, thus sccounting Jor excentions to
Stokes's lsw.

A

A measure therefore of the tine intervsls at which
these lines appear is of vitsl importance to the modern
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theory o stomic stiructure.

The fluqrescent spectrum which occurs when the
substance ig excited with several wave-~lengths is very com-
nlicated and has not veen satisfactorily exmlsined. In the
case of fluid soluticns it seems to be most comnlicated and
is usually attributed toc chemical sctiorn. However, it is
difficult to wvisualize, in view of the short time between
excitation and emission, Just how this could be. This time
interval, ss well as the interval the substance continues to
fluoresce after the light 1s cut off, has remained too small
to detect, with the exception of rhodamine in 8 solution of
ecetic acid and glycerine, where Gottling (loc. cit.) found
the time interval between excitation and emission to be
(2.11 £0,01) x 1078 seconds by the originel Abraham and Le-
moine method previously described. This valne however mnst
be subject to serious errors. In the first nlace he calidbra-
ted his avparatus at one time snd made his resdings at
another; thus it is not certain that his apraratus remained
in calibration. However, a more seriocus error must manifest
itself in the two points which he takes as the beginning of
excitation and ss the beginning of emission. He matches two
images of the spark as is nreviously exnlsined in this raver,
then focuses the light from the snark on the rhodamine and
matches the two imeges of the fluorescent light, The dif-

ference in his two angles he assurmes is a measure of the time
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interval betwesen exgcitation and emission. fThis would hold

only if the iines of spectrum of the spsrk were emitted simul-

taneously and those of the fluorescent light sppeared simulta-
neously. Schuster and tHelmsaleck (loc. cit.j, Schenxk (loc.
eit.}, #ilner (loc. cit.;, andi the prresernt work have found
that the lines of the spectrum do not ail apoear simultaneouns-
ly, and that in the red region of the spectrum, waere the
sbsorption bands of rhodamine mostiy fall, these bands appear
last. This alone will probably introduce an error larger than

the value ne observed. 4lso there is reason to believe that
the complete fluorescent spectrum does not sppesr simultis-
neously, which again complicates his values.

In view of the great need for some direct way of

getting an sccurate measure of the above time intervals, this

work was undertaken.

ALPARATUS

In ths apraratus as shown in ®igure 3 the Xerr cell
C was constructed by anchoring in a glass tubs, by means of
sheet mica, two parallol plates of copver 12 em. in lengzth,
1.5 em. in width, and 2laced 0.5 em. apart. Zach lead fron
the slates of the condenser nassad out torough = szall zlass
tube sealed into the tor of ths msin tubs. TZhe 2nds of the
main tuabe wers of orstically inactive Zlass scldered on with &

fasible glloy ecntaining four varts escr of Lismath and lead

i
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end two parts eack of tin and cadmium. This alloy has the
property of sdhering very tightly to slass, and at the same
tize it makes & good sesl. « thin coat of waterglsss is asu-
ally placed cver the sllicy tc give a more rigid comsiruction.
This seal ecan easily be removed by wsarming with & bunsen burn-
ar in cese the gondenser needs revair. The ieads W ¥ W &
from the spark gav A to the condenmser C are long pearallel
wires (B & S gauge No. 12 bare copper}, nlaced approximately
20 em. apart. These lesds are lengthened or shortened sym-
metrically by a slider or trolley T T. The electrostatic ro-
tentisl was maintained by s motor-driven stafic mschine with-
out condensers, or by a 500-watt transformer with high non-
inductive resistance in its high potential leads. This
resistance is necessary to prevent an arc at the gav A. The
electrostatic potential was regulated by the width of the
spark gav A. B and D are two crossed liicol prisms having
their short diagonsl 45° with the plates of the condenser. J
is 8 Leyden jar with 2 x 10~% microfarads capacity and a per-
fod of 2 x 1075 seconds. It is in parallel with C and the
gao A, and mérely serves to brighten the spark at A, I is an
incandescent light used only for mccurately eroséing the

Hicols and setting the correct potential.
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METHOD

if in Figure 2 the electrostatic notential is
graduelly arzplied sceross tae zan 4 by tae static machine or
transformer i, the Leyden jar and the Xerr cell T Doth Ddecome
charged. when the Ierr cell rezcaes a certain limiting po-
tentisl, an observer at 2, On looking tonrough 3, C, B, can
Just see the incandescent ligat L. Thec spark z2p is thsn
adjusted so tanat a disgharge will take place across it at
tnis instant. when tne gondensar dischnarzes, tiae liznt from
L is extinguisned. de snall refer to 3 C D as the e"*-off.muvaﬁ
If now fae lignt L is removed and the svari gan & ltself
alizned wita the eut-~off, the light froa tae gz» 4 canaot be
seen through tne cat-off although it is dut & few centi-
meters in front. £, howevaer, tha leads from the ga» to the
Larr cell are lengthened to about tare2 meters in ewch lead
by moving T T, the ligat Zroa a4 comes inbto view., If now the
iignat from 4 is first reflacted to a distant mirror and then
raturned {(see figure 4), it will reach tioe cut-0ff after it

has closed. 3y moving . T Zarthar back, the lisnt Pfroa 4 is
again odrouzat into view. The time of retardzt

sSenerel a linear fanetion of the lengtn o wire in the leads,
out over limited ranges tuc retardztion is oronortional to
tae velozity of tae electromsgaetic waves aslong the vires.
£nis welocity is ealso coapiicated by warious conatants of the

gircuit, but from mezsurements taken with Lue cireuic scown

in Jfigure 3 it can be said wita certsinty taat tue velceity

f
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of these electromagnetic waves is less than the velocity of
lignt. GHDence from the sbove a lower limit to the time in-
tervel the exciting energy is imprisoned in the gases be-
tween the gap before the visible light appears is at least
of the order of magnitude of 10~° seconds.

TIME INTERVAL BETWEER EXCITATION AND EMISSIOF IR
FLUORSSCERT SOLUTIOHS

It has been shown that in some fluorescent sub-
stances the exciting energy enters the substance a definite
measurable time before the fluorescent light appears. (R. ®.
Wood, loc. cit.; Gottling, loc. cit.)

It was decided to attempt to measure this inter-
val by meking use of the above cut-off.wv&&wﬁvv

During the progress of this work it was discover-
ed that the spectrum lines avpear st different times. Since
this might add 8 correction to the measurements taken with
the apparatus in use, the work was discontinued until the
order of appearance of the spectrum lines could be investi-
gated.

£he spparatus was arranged as shown in Figure 4.
The spark at the gap 4 is focused on the fluoreseent sub-
stance S, passes through S and is made parallel by the lens
F, is reflected by the movable mirror G through H to K, and

brought to a focus at the point I. The image of the spark
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at I and the fluorescent light from S are viewed through the
cut-off B C D. Then by adjusting the length of wire by mov-
ing @, and the light path by moving G, it was possible to
find a point where the image of the s8park and the fluorescent
light as viewed side by side through the cut-off were extin-
guished together. Bsfore sach reading the mirror & was moved
forward and backward to make sure that there were no oscillas-
tions in C great enough to let the 1light through the shutter
after the initial discharge. The time intervsl between exci-
tation and fluorescent emission is then edual to-the time re-
guired for light to traverse the path S F G £ I. This is
true of course on the sssumption that the lines of the spark
spectrum that excite fluorescence are the same as those that
arrive at I.

The fluorescent substasnces tried were dilute solu-
tions of fluorescein and erythroscene in water. Both show
brilliant fluorescence, so that the settings were not diffi-
cult to make. The time of traversal of the light path for
fluorescein was found to be (2.2%0.2) x 10~8 seconds, and
that for erythroécene (5.1 x 108)= 0.3 x 10~ seconds.

These values are shorter than the time interval
gought. For, in the case of flmorescein for example, the
lines that excite fluorescence are sbsorbed, while the lines
transmitted (and, therefore, traversing the said light path)

excite little if any fluorescence. It is just these lines,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



17

however, that are found to appear after the others. This sec-
ond interval should be a2dded to the first. iHowever, accurate
quantitative megsurements of the latter are yet to be made.

In future work it is planned to use a slight modifi-
cation that will not depend upon the seguence of the appear-
ance of spectrum lines.

The above method of viewing simultsneously the fluo-
rescent light and the image of the spark has the obvious ad-
vantage of eliminating errors arising: from fluctustions in
the constants of the electrical circuits as well as other

changes that might occur in the course of the investigation.

THE DETERMINATION OF THE RELATIVE TIZES OF FIRST
PPEARAHCE OF THE SP2ZCTRUM LIEES

It has been found that the spectrum lines in the
spark spectrum irn some metals do not all appear simultaneously.
Sehuster and Helmssleck (loc. cit.) observed in the case of
calcium that the gir lines appear first, followed by the H and
K lines and then the arc lines. S&henk {loc. cit.) observed
in the case of magnesium first the air lines, then the spark
line 4481 A. U., and then the arc lines; because of the low
sensitivity of their method they could not observe a sequence
in the order of aprearance of the gir lines, arc lines and

spark lines themselves. These have been found and messured by
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means of the shutter previously described.

The apparatus used was the same as that in Figure 3,
except that the light from the spark is viewed and photo-
graphed through a prism spectroscope and prism svectrograph,
respectively, at the point 8. The metal whose spectrum is to
be studied is used as terminals for the svark gav A. The
trolley T T was first adjusted so that the light from the
spark reaches the shutter too late to get through. The trol~
ley is then moved back ard the various lines of the spectrum
can be observed as they flash on in succession. Tests were
always made before each reading to mske sure that there were
no oscillations in the c¢ircuit large enough to oven the shut-
ter after once it was closed.

The seguence in the appearance of z few of the
brignt lines of cadmium, magnesium and zinc was observed with
a direct vision spectroscope, and pnotographed with a svectro-
graph using a 60° carbon disulphide prism. This spectrograph
was assembled rather hastily for student use, but was pressed
into service for this work for want of s better one. It will
cover witn fair definition tne range 6600 to 3850 A. U. on the
long dimension of a ¢ by 5 " plate. However, the shutter used
did not transmit wave-lengths less than 4200 ai. J., so that it
was not possible to reach anything outside tkhe visual region.
The pnotographs were taken on Wiratten and Wainwright pancnro-

matic plates hypersensitised with ammonia.

t
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Por cadmium the lines observeik were the red line
6438, the spark doublet 5378 and 5337, and - the first members
of the sharp series 5086, 4800 and 4678. The air lines gp-
peared first with from 3 to 5 meters of wire (B & 5 gauge Ho.
12 bare coprer} in each lead. The two cadmium spark lines
appecred next with sbout 16 meters o¢f wire in each lead, and
the arc lines appesred later witz about 17.5 meters of wire.
The spark was roughly one meter in front of the light shut-
ter. Althougn tre delay in seconds can be given only very
approximately, there is no guestion as to ize seguence. If
to the photographic record are added the visuel observations
made by me, and also observed by members of the staff here,
one would be inclined to place tue order of appearance a&s
follows: spark lines, followed by 4800, foliowed immedistely
by 5086 and 4678 togetner, last of all line 6438.

In the case of magnesium the only lines available
are tne svark dounlet 4481 which Fowlerzl assigns to a combi-
nation type, and the first term of the sharp triplet series
5184, 5172 and 5167. Heither the doublet nor the triplet is
resoived on the plates, for the lines of the doublet were too
close together, and an air line at 5180 blurs the triplet.
When tne spark is viewed througn tne direct vision spectro-
secope, it is possible to adjust it so thsat the short air lines
appear at tne bottom of thne field and the longer metsllic

lines extend peyond them into the upper part of the field; the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



20

trinlet is then resolved. A4gain, the 2ir lines appeared

first with from 5 to 5 meters of wire, the spark lines aprear-
ed with 15.5 meters, and the trinlet with 17 meters. In the
nhotographs the region abount 5180 shows & great ineresse in
brightness with anything cver 17 meters of wire, and this is
taken to confirm the avpearance of the trinlet at ahout that
time. Due to the eXtreme brightness of the line 4481, the
length of exposures (60 minutes), and the seasitiveness of the
plates in this region, some strey light which does not tra-
verse the condenser directly, but is reflected by the condens-
er nlates, shows in g1l the exnosures, bat the line increases
in density in no uncertain manner when the length o0f wire ex-
ceeds 15.5 meters, and to the eye when viewing the lines di-
rectly the flashing out of this bright line leaves no doubt as
to the time of its somesrance.

In the cese of zinc the lines observed were the
svark dcublets et 4924 gnd 4912, which 581is%? assigns to
4d; - 4f and 44 ~ 4f respectively, and 6103 and 6021, which
he assigns to 4p3; - 5 43 and 5vg - Sdg resvectively; the
first term of the sharr triplet series 4811, 4722 and 4680,
and the first term of the diffuse series 6362.

The &ir lines,as'before appear first, followed by
the srark vair 4924 and 4912, which were unresolved on the
plate, at 18 meters of wire. Then the arc triplet 4811, 4722
and 4680 appear at sbout 194 meters. 4680 appears first, fol-

lowed very closely by 4722 and 4811 in succession. it about
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.

21 meters the spark pair st 6103 and 6621 appear, and last of
all the red line at 6362 Ai. J.

In the case of the air lines the only groups Which
show with sufficient intensity to give accurate determinations
are those at 5002 - 16 {p - s), 4631 (p - p'j, and 5667 - 80
( »p - 4d), which are assigned by Fowler?® to ionized nitrogen.
he group 5002 - 16 (» - 8) anpear first, followed closely by
4631 {p - p'), and then 5667 - 80 (v - d}. It will be ob-
served that these are groups of lines, and it may be that cer-
tain memﬁers of each group appear later than the remaining
members of the same group, also that certain members in the
first two grouvs may appear after tnose in the last grouvn.
This voint can only be settled by tae use of higher resclving
power, wWhich was undesirable in the present instance becsuse
of the loss of light. :he spvectra of nitrogen, oxygen and
cyenogen in wecuum discharge tubes have been exenined and a
sequeﬁce of the lines observed in esch case. +‘he discharge
tabes were of the H tyoe, and the nositive column wes viewed
end on. The tube was connected in series with the Leyden jJar
and the spark gap =, but in parallel with the Xerr cell. 4
high non-inductive water resistance was shunted around tkhe
tube in order to provide & leak while the condenser was being
charged. <The seguence in the case of nitrogen is the same as
that in gir; however, a larger number of lines was observed..
Several of tne 1ines of the spectrum were observed to appear

before the band spectrum or the continmous svectrum. This is
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begutifully demonstirated in the case of cysnogen. 1t was
also observed thati some o Pzese band snectra and continuous
svectrs appeared before = few of the line spectra. Hnowever,
further experiments must be made before any definite conclu-
sions can be drawn. Various other substsnces have been ex-
amined, ineiuding iron, bismth, strortium, covper, sluminum,
sodium, pctassium, lithium, dbarium, caleium and lead; aad
each shows a seguence in the appearznce of ivs spectrum lines.
A methcd for deteraining the actusel time interwval
betvieen the appearance of dilferent lines has beex developed.
The preliminary arrangement, whicih has been in use until re-
cently, was essentially the same as that tc be described, with
the exception that the movable mirror & was double instead of
triple and was carried on a rolling table ke»t in slignment by
guides neiled to the floor. 4t was also limifed to light-path
differences of only 20 meters. ZThe new errangement of the
spparatus is snown in Figure 5. Y(he movable mirror ¢ is com-
vosed of three mirrors arranged on a trihedral angle which has
its sides respectively verpendiculzr, so thet a beam of 1light
parallel to the line making equsl angles with the sides of the
trikedral angle, after three reflections will be returned
parallel to its path. With this arrangement, any small rota-
tion about, or slight displscement along, any axis of the mir-
ror, does not affect the direction of the reflected beam. The

triple mirror & is mounted om & wooden carriage which slides
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on a level wooden track. the track is composed of twe pvaral=-
lel wooden rails 80 ft. in length and 29 inches apsrt, anchor-
ed to the building. The carriage is moved along tiae track by
the observer at 8 by means of s systea of pulleys over wnich
passes an endless wire cable fastened to the carriasge. The
long perallsl wires # & W W are fastened at treir ends by non-
conduecting cord, and the trolley T T sliding on these wires
{as previously described) is 81s0 operated by the observer at
K., The remainder of tae apparatus has been previously de-
sceribed. Lignt from tae gap at 4 is made parsllel by the lens
#, passes to tne triple mirror @, and is returned in & beam
parallel to tne first, to the lens H; is reflected by the mir-
ror through the shutter, and observed through the prism snect-~
rosecope S from the point S. How by moving & forwards and
backwards the ouserver at 5 can vary the time interval between
the departure oi the light irom 4 and its arrival at tie shut-
ter by increasing or decreasing the distance traversed by the
iight from & to C.

Yo measure the delay of &n arc line over a spark
line, for example, the triple mirror ¥ is moved in close to H.
Zhe trolley 7 P is then moved into such & position that the
arc line justi appears. Then the mirror & is moved back until
the arc line just disappears, and this position of the mirror
is noted. G is then moved farther back until the spark line

Just dissppears and this point noted. The difference in light
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peth divided by the wvelocity of light will give trhe delay in
seconde. 4ihe obsarvations are checked in eech case by roting
+he nositions where the lines just anpeer; however, prelimi-
nery ovservations indicate that these readings should e
given lecs weight than the former, prcbsbly because ¢i the un-
equel brigctness of the lines and the difficulties in focus-~
irg the eye when the line is not in the field ¢f view. Accu-
rete gquantitative readings have not yet deen made with the
above method, but it was found with & prelimimary arrengement
thet the lizes could be made to gppesr and disappear by mov-
ing &, waien is 2 good indication of the sueccess oI the meth-

od.

BISCUSSIvE OF xesULYS

The conditions in the spark discharge are very com-
plicated. 1t is 8 well-known fact that change of capacity or
of inductsnce alterg the intensity of various lines. iHowever,
these effects are usually atiributed by most investigators to
conditions in the spark after the initial discharge. 3Singe
in the present work only the beginning of the spark was invest-
igated, these phenomena are not effegtive. Then let us con-
sider what probably tskes place during the initial discharge.
Electrons falling through a high accelersting potentisl col-

iide with neutral stoms of the gases and vapors in the gap and

remove one and sometimes more electrons, making the stoms po-
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sitively cherged. iHaca of ikese ions (in the case o1 the
singly canerged ions) "neutralizes the effect on the snace
charge of &V3680 M elecirons” 2%, where X is the atomic
weight of the elsment, which, for example in the case of cad-
nium is about 27,000 electrens. <ris in turn increases the
potential gradient and mcre singly ciaarged ions become doubly
charged. it is thus very provavle thzt st toe beginning of
the emission of ligntl Ly the gases and vepors in the gav &
very large percentage oi tre ions are doubly ionized, especi-
ally in the case of nitrogen and metallic vapors.

The only spectrum which a2 doubly eharged ion can
emit (with a few isolated exception825} is the spark spec-
trum; i. e., an electron falling between the various orbits
of a doubly casrged ion produces the spark spectrum. ¥When it
reacihes its ground orbit the doubly charged ion becomes sin-
gly charged; toen if snother eiectiron falls between the
various energy levels of the singly charged ion, the arc
spvectrum is emitted. 4Yherefore if we start with all the atoms
doubly ionized we should expect the spark lines to appear be-
fore tne are lines. Although it is reasonable to assume a
iarge verceniage of the ioms doubly ionized {this is indicated
by the intensity of itne spark lines as ine, flasa on in the
above experiments), enougn singly charged ions are probedly
present to give the arc lines wita observeble intensity. The
appearance of the spark lines before the arc lines in the

above experiments would ther-fore indicate that the greater
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field of the doubly chzrged atox would a2tftraect an electron
before thst of tie singly chargad 2tom, or that tae varioums
virtual orbits of tas doubly caarged stom are less stable than
those of the singly cnargad atonm.

It is intercsting to note an apparent exceotion to
the above, zowaver, in the case of zing, woere arcc lines are
ohserved t0 anvear before soarx lines.

The ghove Zivas ga easy way of ex»niailuing tue ob-
served sequence of any narticular 2lenent in the ssn. it ex-
nlz2ins the saguence of the air lines aad that of the metalliie
lines. It also wowrld indigate that tae &ir iines should av-
near befors the meitellic lines, sinee the iczizsiion poten-
tial of the geses is greater thaxn those of toe metals. How-
ever from the difference in the icnizatiorn potentials of tke
jons of the gases and those ¢ the metsls we should not ex-
pect such & long pericd beiween the supesrence of ibne air
lines ené thoee of the metals. There are &t lesst iwo possi-
ble ways of expleining tiris. In the first plezce it may be
that the first Jump of the eisctiron in nitrogen for instance
gives rise to & line in the visual region while that of the
metal gives rise to & line outside the visual region; that is,
if in the case 0f the metal the electron must pass through
several stationsry states before it rsdiastes a visaal line

and if in the case of nitrogen it rasdiates a visual line in

the first jump, tnen we should exvect the lines of nitrogen
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to appear considerably before those of the metal. Unfortu-
nately the series relations of the spark spectrum of the
metals and those of the gases of the air are not yet worked
out definitely enough to give sufficient information on
this point. Also an extension of the present work to the
ultraviolet is negessary to throw 1light upon the phenomenon.
The other way of explaining this phenomenon is to assume that
the positively charged ions of the metals form "metastable”
chemical compounds with excited or neutrsl stoms of the gases
or of the metal. These compounds due to their instability
break down in s short time into their constituent parts. The
jons are then free to radiate tkheir emergy. The longer life
of these chemical compounds is then responsible for the long
time interval between the appearance of the air lines and the
metallic lines, This view would seem to find support in ex-
periments of Wood (loc. cit.), Franck and Wrotrian (loc. cit.)
and others, who find evidences of these compounds under vari-
ous conditions anslogous to the conditions in the spark dis-
charge.

It has been pointed out {26) in a letter froxn Dr.
Foote that a possible explanastion of the order of sppearsnce
of the various lines may be based on tne "characteristics of
the spark discharge rather than of the atom”. However in a
later letter after the results of zinc had been sent to him,
he ssid"” Of course, in many cases the nature of the discharge
may have aun influence; but when electrons have gotten into

the 28 ordbit of neutral zine, it is hard to see how external
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circumstances can influence the time intervel < which elapses
pefore the atom passes to a lower energy level™. That is,

the field of the atom is so munca stronger toan the extermnsl
field that its effect may be neglected in comparison with

that of the atoa. 4lso, if the external field in the spsrk is
the determining factor, we should expect the order of appear-.
ance of the lines and certainly the time between the appear-
ance of tne varicus lines to change. If the field is changed
by altering the capacity of the circuit, this should be true.
It is found not to be the case within the limits investigated.
also in a spark gep containing magnesium and cadmium one
should expect tae spark lines of cadmium to appear before
those of magnesium becausc of the greater excitation poten-
tial of the spark spectrum of cadmium. Experiments show just
the opposite, so this view certainly cannot explain the re-
sults. However, a definite explanation of the phenomenon

must await further exverimental datsa.

SUMMARY OF RESULTS

The chief results of the work may be summarized as
follows:
1. A method hag been developed by which time intervals
of the order of magnitude of 10~9 seconds may be messured.
2. A light shutter has been developed which will eldse
a predetermined time (within certain limits) after s spark

discharge.

3. The visible light from the spark was discovered to
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- appear 8 definite interval of time after the electric dis-

| charge and measured to be at lesst of the order of magni-

" tude of 1078 seconds.

4. The results of various previous experiments on the

~order of appearance of the groups of air lines, spsrk lines
and are lines in the spark spectrum have been definitely

gonfirmed in the cases investigated in this work.
S. A sequence in the appearance of the air limes,

- spark lines and arc lines themselves has been discovered and

| their order observed.
5. The spectrum lines of & gas in vacuum tube discharge
heve been discovered to appear at different times.
7. Fluorescene and erythroscene were discovered to have
a time lag between excitation and emissicrn of their fluores-
cent light, and these times found to be greater then 2 x 10~8
seconds for fluorescene and 5 x 10‘8 seconds for erythroscene.
8. A new valuable field of research has been opened
which holds promigse of throwing light on many important un-
solved problems of atomic structiure.

This work was suggested by Professor C. M. Sparrow,
to whom I am indebted also for advice and encouragement dur-
ing its progress. I wish also to thank Professor L. G.
Hoxton for his many valuable suggestions, which have made
possible the successful prosecution of the work, and for his
continued interest and encouragement. 1 wish to acknowledge

my indebtedness to Professor ¥. L. Brown, who measured the
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spectrum plates, and to xr. Carl derris, wWho aided in tne
constructiion of apparstus; finalily, 1 desire to thank ir. 4.

J. Weed, iechaniecian, for nelp and cooperation.
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M. SPARROW

Dr. J. C. Metcalf, Dean of the Graduate School,
University of Virginia,

University, Va.

My dear Dr. Metcalf:

#ith reference to the dissertation of Bearms in
connection with the printing of its title on the program for the
conferring of degrees, I would suggest that the phrase "order of

-8
magnitude of 10  seconds” be translated by "order of magnitude of

| ¢ne rundred millionth of a secornd® or)if you prefe; Yorder of magni-

tude of ten billionths of 2z second".

Yours very truly,

bl -

L. G. Hoxton.
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