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ABSTRACT.

A study has been made of the intensities 5f the var-
ious lineés of the neutral helium spéctrum, with the particular
view of obtaining regulsrities in the variation of the relative
intensities with changes in current density and pressure.

The method used is a modificstion of that developed
by Ornstein at Utrecht. A study has been mede of the lines
5876, 5018, 4832, 4713, 44723, 4387, 4143, 395 3889 d 3819,
at pressure‘of 37,9 and 3 mm., and currents of 64, 20, and 4
milliamperes in a capillary discharge.

The results show little wvariation with current
density except for the trisl at 3 mm pressure. At this pres-
sure, the higher members of the series seem to be relatively
stronger, and the singlet system is relatively stronger with a
decrease in current density.

There is a very definite shift of energy into the
higher members of the various series with a decrease in pres-—
sure. There does not appear to be much change in relative inten-
sity for the two ‘thigher pressures. The singlet system is
‘made more prominent by decreasing tnhe pressure.

Tables are included showing the relative intensities
of three members of the diffuse series of the triplet systen,
3 members of the principal series of the singlet system and

three members of the diffuse series of the singlet systen.



INITRODUCTION.

Theoretical investigstion by Bohr, SOmmerfeld,Lande',
and others, have shown interesting regularities in the line
spectra of elements. These were first concerned with frequency
relations, but soon regularities in intensity ratios in multi-
plets were noted. This scheme of the relative intensity of
comp?gints of multiplets has been fully discussed by Soﬁmer—

feld and has led to the formulation of a number of rules

known as Summation Rules. Neasurements made by Dorgelo,(Z)
using a metnod developed by Ornstein <3it Utrecht completely
confirmed these rules for multiplets of tihe sharp snd diffuse
series of the alkalis and alkaline earths, and the fundamental
series of the earth-alkalis, end for several systems of higher
multiplicity. Similar investigatilons, made by Freri@hs(égsing
a slightly different metnod, completely confirmed the measure-
ments made by Dorgelo. A number of later investigztions have
shown, however, a consider§ble deviagtion from the 2:1 ratio for
08 doublet 45558, 4593R. =) (G)This difference may be explain-
ed by the excess absorption of one of the lines by other
excited atoms.

Any photographic method of determining relative
intensity depends on the characteristics of the photographic
plate. If we define as the density of the photographic deposit,
the logarithm of ratio of the light transmitted by the unéx-

posed to the light transmitted by the blackened portvion of the

film, the well known H and D curve results.



L oyar/‘ﬂmr Intenss ty

The middle portion of this curve can be represented

by the equation

D= 7YlogltlPh + a
where D= logqg gg
I = intensiky of incident light.
t = time of exposure.
1 = slope of the straight part of the curve.
P= ~ 8chwartzschild constant.

For a given plate, ¥ and p mey depend on both the
wave length, and the kind and duration of the development.
Usually ¥ is lerger for the longer wave iengths, altno for
some emulsions it is nearly constant for wave lengths lying

- o
petween 45008 and 3800A.

It can ve seen from figure 1, that for two sources
of the same wave lerzth, and the same time of exposure, photo-
graphed on the sanme plate; and hence having the same develop-

ment, will be separated slong the log I axis by a constant



distance AB = A'B' = A"B', This separation holds for the
curved pért of the curve as well as for the straight part of
the cuf#e. Tous the intensity ratid is determined by the
distance AB. 'Tne form of the H and D curve cen be used to
determine the ratio of two sources, even though only a few
points are uéed to determine eachh curve. The degree to which
two such curves may be shifted is a2lso a measure of the
accuracy of the intensity ratio. It is therefore good prac-
tice to draw the curves with a constant displacement, since
thig really increases the number of points which fix each
curve.

Except for a very small region, the sensitivity of
the plate may vary greatly with the wave lengtins of light
striking it. |

Figure II. shows the semsitivity of the films used
in this work, for the region from 38002 to éBOOZ. In plotting
this curve, the intensity of the light of wave length 4472
was taken as-lOO%.‘ The points are shown for five films.
These films were exposed, developed and photometered in the
same manner as other films used.

This shows the necessity of comparing each wave
length, of the source to be investigated, directly with some
standard source. If, however, ¥ is the same for a group of
lines, as has been shown to be the case from QSOOX to 38002 ()

the lines may be compared with each other and the plate

calibrated over this renge. This method was used for some of
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the lines of shorter wave length because of the low intensity
of the standard source in this region. If, however, the time
of development is too long, this cannot be done.

It is essential, if intensities are to be compared
directly with a standardized lamp, that the time of exposure
be the same Tor voth exposures, otherwise a separate deter-
mination of the Schwartzschild constent must be made and while
Schwartzschild's constant is not strictly constent for large
differences in wave length, it may be assumed as constant for
small differences, certeinly, for lines of 10w intensity, the
error involved is not lsrger than the error introduced by
direct comparison. TFor long exposures neutral absorbing
filters were placed in the path of the incident light from
the standard lamp. These filtefs were the same ss those used
for reducers, hence the transmission for ezch wave length has
been determined. It would have been better to reduce the
intensity from the standard lamp by narrowing the glit of the
spectroscope, but this would have required a2 better slit then

he one used.



THE STANDARD SOURCE.

The standard source was an incandescent, fibbon
filament lamp. The filasment is 3.5 cm long and 2 mm wide, and
was burned at constant current. The filament was aged by run-
ning it for several hours with a current of 233 - 34 amperes,
and about 34 hours with a current of 20 agperes. Such a laap
has been shown by Worthing, and Forsythe( )to radiate as a
Woray" body. The emissivity of tungsten ot various tempera-
tures has been carefully determined by them for two wave
lengths, and it has been shown that the emissivity varies
linearly with the wave length in the visible spectrum.

The intensity distribution can be calculated from
Wien's eqguation for the visible spéctrum, if a factor is in-
troduced to take care of the emissivity of tungsten. Wien'ts

Equation, thus modified, tskes the form

Cz

I) = ¢ ¢, }\_S'e' M
The temperature of the filament at various currents

wasg measured by Dr. C. H. Prescott, National Research Fellow
in Chemistry, with a disappearing filament type of radiation
pyrometer. These temperatures are correct to within lOC or
2°¢.

| In calculating the relative distribution of energy,
the constant ¢, drops out and the value of c2 was taken as

(1)
0

1433 yx degrees, as determined by Forsythe and Worthing.

The relative distribution of intensity for the various temper-



atures at which the lamp was operated are shown in Table I.
These were calculated from Wien's equation, after applying the

factor for emissivity from the data of Worthing and Forsythe.



: 18 amp 16 amp - 15 amp
Wave , 4
Length T = 21750 T = 28014°K T = 1914°K

| I I I
2175 2014 1914°
5876 : 100 41.30 22.10
5016 33.4 11.8 5.63
4922 28.6 9.87 4.87
4713 19.8 8.5 2.98
4472 13.8 4.00 1.74
4387 10.0 3.05 1.26
4143 5.61 1.59 .520
3985 3.47 .93 . 385
3888 2.43 .63 245

5819 3.23 .58 . 137



THE OPTICAL ARRAVGEMENT.

If one is to plot a density - intensizty curve
similar to the one in Figure I, it is necessary to have light
of various intensities incident on the film. This can be best
done by passing the light through a series of reducers, each
of which transmits a certsin fractibn of the lizht. 1In this
work a Rowland mounting wzs usged with a Wallace Replica Grat-
ing of 25,000 lines to the inch., The Rowland mounting is
astigmatic, vertical lines at the slit beins in focus at the
plate, whereas horizontal lines on a tangent -to the plate sre
in focus.

The reducer was made of neutral gelatine filter, and
was divided into six parts, which were numbered consecutively
from 1 to 6. Sections 1 and 6 were left open, while in openings
2,3,4,5, were placed, 1,2,3, and 4 filters.

Openings numbers 1 and 6 were taken as 100% intensity,
while the transmissions of the others were measured with =z

o} o o} o)

thermocouple and galvanometer for 5876A, 50164, 4923A, 47134,

o) 0
4387A. For wave lengths below 43874, the light was tooc wesak
to get good measurements. These reducers were calibrated in
place with the Rowland grating. The transmissions for the
other wave lengths were measured photographically. Since the
a.proximate transmissions were known, the K and D curves were

o}

drawn so as 10 make the slopes of =211 curves from 44724 to

o

38EY9A the same. This was done for a lsrge number of photo-

graphs so the final aversge values cannot be far wrong.



Tavle II. gives some idea of the accuracy of the
measurements. Each velue of the transmission is the result

of avereging over seversl thermocouple readings.



Wave
Length

5876

5016

47173

44723

Wave Length

5876
5016
4713
4473

AV]

TABLE II.
Reducer
¥o. ¢
3 -1 i 46.7
3 -2 ; 45.1
4 - 3 i 42.5
5~ 4 : 38.4
2 -1 44,5
3 -2 43.1
4 - 3 40.2
5 -4 40.7
3 -1 43.7
3 -3 45.8
4 -3 45.2
-1 45.5
3 -2 423.7
4-3 38.7
TABLE III.

Ratios of Transmission

47.3
47 .8
44.23
38.6

44,1
44.2
42.2
44.7

43.8
45.7
38.0

47.3
42.7
47.6
38.4

44,5
41.2
41.3

42.7

43,8
447.8

43.1
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Comparative transmission in per cent.
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It is quite difficult to get a source of light which
will remain constant over the time required for calibrauion
ahd yvet have sufficient intensity to make the observation for
high reduction for shorter wave lengths. A 400 W mazda lamp,
with a water filter, was used and the variations in transmission
were due to a large extent to the varistions in the radiation
from this lamp.

Figure III. shows the discharge tube used, with its
dimensions. The arc spectrum was excited with a 10,000 volt,
1/2 XVA Thordorson transformer. The power was supplied from
the municipal power circuit at 50 cycles. The voltage across
the tube was approximately 575 volts. The volume of gas, not
included in the tube, was avproximately 4.5 times the volume
of the tube. The tube was connected with a charcoal trap which
was always immersed in liquid air.

The helium used was practically free from impurities,

as no lines due to impurities showed on the plate.






THE - PHOTOMET:R.

The density of a photographic deposit has been de-
fined as log 10 1° , in which I, is the light that is transmit-
ted by the exposéd pert of the film. 1If the films or plates
are photometered with a Hartmann9 or Fabry and Buisson}otype of
photometer the ratio ES may be measured directly. On thigother

1
hand, if an instrument of the type of the Moll, or Koch

microphotometer is used, the ratio of

I
of the galvanometer deflections, and is equal to Uo , where

Io is given by the ratio

Uo is the deflection when light is transmitted by the clear
part, and U is the deflection caused by lignht transmitted by
the blackened part of the film.

In the present case, there is little differénce
between the two types of methods, opticel or thermocouple, as
far as the required accuracy is concerned. Eitner type of
instrument will give results which are more accurate than the
determination of the characteristics of the photographic
plate. In this Work, a thermocouple and hizh sensitivity
gal&anometer were used. The filament of a tungsiten incandescent
lamp was brought to a focus on the film &t the spot to be
investigated. Behind the film 2 slit, .5 mm x 3 mm, was
placed and this slit was brought to a focus on one junction of
a bismuth, bismuth-tin thermoéouple. The deflections of the

galvanometer were read visually.



METZCDS OF DETERMINING RELATIVE INTENSITIES.

As shown in Figure I, the relative intensityrbetween
two sources can be obtained by the method of displacing one
of the curves until it doincides with the other. The amount
of this shifting is a measure of the intensity ratio of the

-

two sources. It is obvious that one may plot U , or some
Uo
other function of U as ordinates, and obtain the same inten-
Uo
gsity ratio.
This method will be illustrated in Figures IV, V, VII.
From Figure 3, one observes that the ratio between 4472 and
39684 is given by the distsnce along the log I axis. Tais
ratio is

I

LX)

I - 1321
4472 3954

but this does not take account of the condition thst the
sensitivity of the film is different for light of diiferent
wave lengtnhs.
From Figure II, we can see that, for lizht of a

o}
given intensity, 62.5% of the light of wave-length 39584A will
cause the same photographic density as-100% of the light of

o}

wave length 4472A. Hence the relative intensity is

I : I
44723 2064

13: .63

i

Or, since the intensity of the 4472 line is 15.8 on an arbi-
o
trary scale, then the intensity of the line 39644 i

1 15.6 _ 82.5 -

13 XI55~ 4



Furtier, we can see, at once, from Figure 4, thet,

for the trisl with 2 pressure of 3 mm. of mercury, for tae
. ‘

wave length 5016A

I

..

I - 100: 87

cont He
Since these curves are for the ssme wave length, same time of
exposure, and the same development no factor of adjustment is
needed,

The foilowing data and the corresponding curves are
submitted as 2 fair test of the degree of exactness to which
the photogrephic plate can be applied to the measprement of
relative intensities. The curve in figure VI, is given to
show that the method of shifting can be used, even for very
small photographic deposits, This film, 67, was exceptionally

good, however, and this method could not always be used.



TARLE IV,

Film Source  Wave - Reducer Defl. Density %o
Length
53 He 4473 1 1.04 | : .021
P2 1.90 .039
3 4,02 .0823
4 8.30 .191
5 21.80 424
Clear 48,80
4387 1 82.30 L4511
3 37.50 761
Clear 49.50
3964 1 9.45 .188
P ‘85.95 478
3 40.80 . 811
Clear
67 Cont 5016 1 8.00 781
2 17.55 . 448
3 35.20 . 187
4 43.05 .060
5 46.80 .024
cl 49,50
68 He 5016 1 2.65 .715
2 12.70 . 405
3 34,90 . 157
4 46,10 .035

Cl. 50.00



TARLE 1IV. (Cont'd.)

Source Wave Reducer
Length
Cont - 3819 i
2
3
cl
He 3819 1
2
3

cl

Defl.

A
<8
*
[O}]
G

47.55

48,70

19.80
37.15
46.80

49,20

Density

.315

. 087
.01
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#Wave Length

e 3 G
o876 2YP=3-D

4472  29Pp-4°D
6819 23°P-6°D
4715 29p-4°g
3589 2%3-3%p

5016 &'3-3'p
2564 2B'3-4'P

4933 23VP-4'D
4388 2'pP-51'D

4143 32V'pP-51'D

* This velue is probably 10% to 15% too higzh.

27 .

100

TABLE V.
Current = 65 ma.
Pressure
9 mm.
100%*

Ll
AN 3

.17

30.6

7.2 (100)
.42 (5.9)

2.0 (100)

5) .28 (13.0)

.13 (8.0)

3 mme.

100

»
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9.3{100)
1.2(12.9)

4.0(100)
.89 (17.3)
.39 (2.7)

Qurrent = 20 ma.

L] .
27 mm.

100

1.8
12.6

8.8{100)
.30 (4.4)

2.6 (100)
.38 (14.6)
.20 (7.7)

Pressure

w0

Foskas
il e

100

1.0
12.1

5.8 (100)
.37 (8.4)

1.9 (100)
.22 (11.5)

.14 (7.4)
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100
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10.8 (100)

1.1 (10.3)
4,0 (100)
.70 (17.3)
.53 (13.3)

Current = 4 nma.

Pregseure

27 anm. 9 mm.
100 100
7.05 7.4
.30 .84
1.5

28 22.2

.38(5.4) Z4(8.1)
« 00 .28
.20 . 24

3 .

100
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TABLE VI.

Pressure = 27 mm. Pressure = 9 mm. Pressure - 3 mm.
Current . .. Current Current.

Wave Length 65 ma. 20 ma. 4 ma. 65 ma. 20 ma. 4 ma. 55 ma. 20 nma. 4 wa.
5878 2°P-39pD 100 100 100 100 100 100 100 100 100
44723  23°P-45D 11.5 6.3 7.05 9.0 6.5 7.4 14.3 18.% 25.0
3819 2%p-8°p .22 .19 .20 a7 .18 .24 .44 .88 1.61
4713 3%p-4°s 1.3 1.8 1.5 1.0 1.5 2.7 3.4 7.9
3889 2°3-3°D 28.7 19.8 26 20.6 19.1 22.2 36.8 25.2 44.5
5015 215-3'P 9.8 (100) 8.8 (100) 7.0 (100) 7.2(100) 5.6 (100) 5.8 (100) 9.3 (100) 10.6 (100) 25,6(100)
3964 23V3S-4'P .54 (5.5) .30 (4.3) .38 (5.5) .42 (5.8) .37 (6.8) .34 (8.2) 1.2 (13.9) 1.1 (10.5) 1.52(6.8)
4932 2'P-4'D 2.0 (100) 2.6 (100) 2.0 (100) 1.2 (100) 4.0 (100) 4.0 (100) 7.9 (100)
4388 21P=5'D .29 (14.5) .38 (14.8) .25 .26 (13.0) .22 (11.5) .28 .89 (17.3) .70 (17.5 2.1 (28.4)
4143 2'P-61D .13 (8.7) .20 (7.7) .20 .12 (8.0) .14 (7.4) .24 .39 (9.7) .53 (13.3) 1.35 (17.2)



TABLE VII.

Current = 65 na.
Wave Length 37 mm. S  mm.
5876 870 1120
4472 100 100
3819 19 18.7
4713 11.5
3889 250 230
5018 g7 (100) 81 (100)
5954 4.75 (5.5) 4.7 (5.8)
4922 17.8 (100) 22.4 (100)
1388 2.54 (14.3) 2.86 (12.8)

4147 1.13 (6.3) 1.31 (5.9)



RESULLS,

The relative intensities of the neutral helium dis-
oharge-were obtained for three pressures 37 mm, S mm, and 3
mm, and for currents of 65 ma., 230 ma., end 4 ma., in a
capillary dischnarge. The relzative intensities are tebulated
for three lines of the diffuse series of the triplet systen,
for 2 lines of the principal series of the singlet systenm,
and for tnree lines of the diffuse seriesg of the singlet
system. In addition, there are values, relative to 5878, for
the lines 47133, and 38892, of the triplet systém.

These intensity relations as depending on pressure
and tempereture are tabulated in Tables V and VI. In arrsng-

o)
g these tables, the intensity of the line 5876A, is taken as

in
100 arvitrary units., The figures in parentheses give the
relstive intensity of the members in the corresponding series,
vased on 100 for the strongest line.

Table VII gives the relative intensities for the
trials at 37 mm., and 85 me., and 9 mm., and 55 ma. These

¢
intensity ratios are secured by tsking the line 447247 as
standard. This is justifiable because this line has been
taken asg a reference line to connect up the two films, the
one film on which the stronger lines were photogrephed, and
the second film, on which the weaker lines were photogrsphed,
o

end which had a much longer exposure. When the line 44724

is taken as the standard, columns 1 and 2 of Table V become

almost identical, except for the line 5876. This indicates a
b} &



fairly large error in detérmining the intensity of this line.
Examination of the H and D curve for tais line shows a feirly
lérge irregularity, so this error is, no doubt, due to sone
non-uniformity in that particular filn.

| ‘The above correction would apply equalily well to the
corresponding columns in Table VI, although the error is not so
noticeable there.

A decided increase in the intensity of the higher
members of all series measured with s decreaseAin pressure can
be observed. This is not surprising for the decrease in the
number of impactg per second would result in a decrease in the
probability of inelastic impact, and the transfer of energy
without radiation. This effect is particularly noticeable at
the lowest pressure used, 3 mm., and might lead one to suspect
that the work was discontinued at the most interesting point.
There 1s not any great difference between the relative intensities
foi the two higher pressures. The experimental error is fair-
1y large,vwhen applied to lines of low intensities.

It also appesrs that the singlet eystem gains in
‘ prominence, slizhtly with a decrezse in current, and consider-
ably with a decrease in pressure.

There does not appezr to be any lasrge chan-e in
relative intensity due to changing the current tarough the
tube, except for the trials at 3 mm., pressure, for which there
a pears to be s shilting of intensity to the higher members of
the series for both the triplet and singlet systeme. The sharp

geries of the singlet systems seems to be the excertion.



COMMEXTS ON THE METHOD.

The method is straightforward and can be madé to
vield results approaching an accuracy of about 4%. Tost is,
any invensity could be expressed as z fraction of a standard
and the error should not be grester than 4% of the strongest
line, nere are a number of rsataner perplexing details to )
ma.ster, but once mastered, the method is feairly rapid.

A‘replica gratihg is not best suited for this type
of work; ghosts are too prominent, and there is too much
light scattered from the grating. However, the error invol-
ved here is not lsrge, provided tnst there is a sufficiently
large area on the grating to receive all the light that
enters the S8pectroscope.

It hes not been practicsble to get both spectra on
the same film, but a few preliminary tests have indicated tnat
there is as much variation between the two ends of a 2i# x 10"
film as there is between two films from the same box. It
seems to be recognized thet films are not as satisfactory as
plates.

The process of photometring the films is not a
difficult one, and really does not contribute so much to the
uncertainties oI measurement.. If films of lesrge grain size
are used, the beam of liznt in the photometer, or tae photo-
meter slit should not be too narrow.

It was very difficult at first, to so arrange

conditions thnat the curves representing the continuous and



helium spectrum could be displaced. The curve for the con-
tinuous almost invariably had = slope much less than that for
the nelium of the same wave length.  When we began‘to,use
about one-third the time of development we had no further
trouble except for the line 4472 on the longer exposures.
This condition seems to be due to a selective scattering of

=

lizht amounting to about 4% - 5% of the total intensity.

This value for the scattering was obtsined by expos-
ing one film for about fifteen times the normal exposure and
measuring the resulting density at various distances from the
image on the film. When lizht of this amount is scattered,
it does not affect the intensity of the 100% region aprreci-
ably, but it becomes quite an item where the intensity is
greatly reduced. This scattering seems to be selective, and
does not appear to affect other regions of the plate.

This work was undertaken as a preliminary investi-
gation. Many refinements can, and doubtless will be made. It
is proposed to continue this problem and clear up some of the
apparent irregularities observed,

It is rather difficult to estimate the actual error
in any of these measurements, but the few checks which have
been possible indicate an error not much larger than 5% to
8. When it is considered that the range of intensities
measured runs from 1 to 500, it is obvious that errors are

be large,

&

apt to
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