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ABSTRACT 

This paper contains an account of measurements of the variation of the lumino¬ 
sity of a sodium flame with the thickness of the flame and the corlcentration of the 
sodium salt solution sprayed into it. The reversal of the sodium lines by the layer of 
cool vapor at the front of the flame was eliminated by having no sodium in the front 
3 cms of the flame. An improved form of sprayer was used in which the level of the 
solution and its concentration remained constant. It was found that the luminosity is a 
function of the product of the thickness of the flame and the concentration of the 
sodium in it or of the mass M of sodium per square cm. This result agrees with the 
previous results of Gouy, H. A. Wilson and Locher but not with the recent results of 
C. D. Child. The function of M is proportional to M when M is very small but in¬ 
creases less rapidly than M when M is large. Measurements of the variation of the 
luminosity with the thickness at the center of one of the D lines and at its edge showed 
that the absorption at the center is much greater than at the edge as was to be ex¬ 
pected. 

INTRODUCTION 

THE first measurements of the luminosity of flames containing salt vapors 
were made by Gouy1 in 1879-80, while more recent work has been done 

by Zahn,2 H. A. Wilson,8 Locher,4 and Lundegardh.5 Gouy, H. Afc Wilson, 
and Locher found that the luminosity of the surface of a sodium flame is a 
function of the product of the flame thickness and the concentration of the 
sodium salt solution sprayed into the flame or a function of the mass M of 
sodium per square cm. This function was roughly proportional to (M)1/2 over 
a considerable range provided M is not too small. Recently C. D. Child6 

has measured the luminosity of sodium flames, but his results do not show 
that the luminosity is a function of AT. The experiments described below 
were undertaken to find out the reason for this discrepancy. 

EXPERIMENTAL METHODS AND RESULTS 

The burner used was a horizontal fused quartz tube 25 cm long and 3 
cm in diameter with a straight slot 15 cm long and 2 mm wide cut in it 
parallel to its axis. One end of the burner was connected to a sprayer in 
which natural gas and air were mixed together along with spray of a sodium 

1 Gouy, Jour, de Physique 9, 19 (1880). 
* Zahn, Deut. Phys. Ges. Ber. 15, 1203 (1913). 
8 H. A. Wilson, Phil. Trans. Roy. Soc. A216, 63 (1916). 
4 G. L. Locher, Phys. Rev. 31,466 (1928). 
6 Lundegardh, Zeits. f. Physik66, 109 (1930). 
8 C. D. Child, Phys. Rev. 38, 699 (1931). 
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chloride solution. The mixture was burned at the slot and gave a Bunsen 
flame IS cm long, 6 cm high and about 1 cm thick. The inner cone was about 
1 cm high. The air and gas supplies were regulated and kept at constant 
pressures indicated by manometers. 

The burner and sprayer were similar to that described by H. A. Wilson,7 

but an improvement was introduced which prevented errors due to the grad¬ 
ual change in the level of the solution in the sprayer and the slow increase 
in its concentration due to evaporation. The sprayer was connected to a large 
reservoir of the salt solution, and the solution was kept circulating through 
the sprayer and reservoir by means of a small air aspirator. 

The brightness or luminosity of the flame, along a horizontal line parallel 
to the slot and about one half cm above the top of the inner cone, was meas¬ 
ured with a Nutting spectrophotometer made by Hilger. A small incan¬ 
descent lamp was used for comparison and the potential difference on it was 
kept constant during any one set of measurements. The thickness of the 
flame on the line along which the luminosity was measured was varied by 
means of a vertical black copper plate put across the flame. This plate was 
carried on a graduated slide so that its distance from the front of the flame 
could be varied and accurately measured. 

When the sodium lines from this flame were examined with a plane grating 
in the third order, it was found that they were strongly reversed unless the 
solutions used were very weak. This reversal was evidently due to the ab¬ 
sorption of the center of the sodium lines by cool sodium vapor at the front 
of the flame. This effect was eliminated by having no sodium in the front 
part of the flame so that all the sodium vapor was at the same temperature. 
A thin diaphragm was cemented into the quartz burner 3 cms from the front 
end of the slot and a mixture of gas and air only was passed into one end of 
the burner and the gas, air and salt spray into the other end. In this manner a 
uniform flame 15 cm long was obtained with no sodium in the front 3 cm but 
sodium in the remaining 12 cm. With this flame there was no reversal even 
when strong sodium solutions were sprayed. 

In previous work on the luminosity of sodium flames, the light from a 
row of equal flames was measured and the number of flames in the row was 
varied. Each flame must have had a layer of cool vapor on each side so that 
there must have been strong absorption of the centers of the D lines by these 
cool layers. The previous experiments therefore do not give the way in which 
the luminosity varies with the thickness and concentration for a layer all at 
the same temperature. It was found that the removal of the cool reversing 
layer considerably altered the variation of the luminosity. 

A diaphragm of 1.5 mm in diameter was placed at a distance of 30 cm 
from the collimator slit so that the width of the cone of light admitted to 
the slit was only 2.2 mm at the back of the flame; thereby making the in¬ 
tensity of illumination due to the different portions of the flame independent 
of their distances from the spectrometer. Since C. D. Child used a Lummer- 
Brodhun photometer in his experiments, he had to take into consideration 

7 Electrical Conductivity of Flames, Rev. Mod. Phys. 3,156 (1931). 
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the distance of the flames from the photometer as the intensity of illumina¬ 
tion is inversely proportional to the square of the distance. The uncertainty 
in the determination of the effective distance of the flames from the photom¬ 
eter probably accounts for his results. 

In performing the experiment, the standard lamp was so adjusted for 
each concentration of salt solution that the photometer readings would fall 
symmetrically around 45° where the photometer has its maximum sensi¬ 
tivity; When a second solution was used, the relative intensities of the stand¬ 
ard lamp with the two different potentials was determined so that all the 
intensities could be compared with one another. The data on a sample run 
are given in Table I which shows the variation in intensity with change in 
thickness of a flame sprayed with a sodium chloride solution of 40 gm per 
liter. 

TABLE I. ( Voltage on standard lamp—3.03 volts). 

1.6 cm 
Thickness of flame 

2.6 cm 4.1 cm 6.6 cm 11.1 cm 

56.0° 52.8° 47.0° 45.8° 38.3° 
56.6 52.0 49.8 43.0 38.5 
56.3 52.9 48.3 45.2 40.8 
55.0 52.0 49.0 46.5 40.9 
55.8 53.3 48.8 46.5 37.3 
56.5 51.2 47.9 45.0 42.5 
56.0 53.4 48.4 44.5 40.0 
57.2 51.8 49.0 43.5 40.0 - 
56.6 52.8 49.5 44.1 40.7 
55.8 51.8 48.5 44.7 40.0 
55.0 51.2 48.2 43.0 38.5 
55.5 52.0 47.0 45.8 40.9 
56.5 52.8 48.8 46.6 42.5 
56.3 52.9 49.8 45.2 40.2 
57.2 51.6 48.5 45.0 40.6 
55.5 53.3 49.0 46.5 40.9 
56.3 53.4 49.0 43.5 39.3 
56.0 52.4 48.4 44.5 40.9 
56.3 51.6 47.8 44.7 40.2 
56.0 52.4 49.5 44.1 40.8 

Av. 56.1° Av. 52.4° Av. 48.6° Av. 44.9° Av. 40.2° 
Intensity (7) = 1.00 /« 1.19 7=1.41 7=1.61 7=1.87 

The intensities given in Table II were obtained in the same way and thus 
each intensity represents the average of twenty independent readings of the 
photometer. 

When sodium carbonate solutions were used in place of sodium chloride, 
it was found that the luminosity due to an equal weight of sodium was the 
same for both salts, in keeping with the results of H. A. Wilson. 

Fig. 1 shows the variation of the logarithm of intensity with the logarithm 
of pd where pd is varied from 4 to 83200. From this curve one concludes that 
the luminosity of the flame is a function of pd and is independent of the dis¬ 
tribution of the vapor. Since the luminosity of a flame sprayed with a dilute 
salt solution is almost proportional to pd> there must be very little absorption 
under these circumstances. For a flame in which there is more sodium vapor 
present, the absorption becomes quite large. The square root relation be- 
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TABLE II. Intensity of the D lines of sodium as compared 
with an incandescent lamp. 

Gm NaCl per 
liter 

Concentration p 
in arbitrary units 

Thickness d 
in cm 

pd Intensity 
I 

0.00532 1 4.1 4.1 4.83 
0.00532 1 6.6 6.6 7.81 
0.00532 1 11.1 11.1 12.50 
0.0267 5 1.6 8.0 8.67 
0.0267 5 2.6 13.0 13.5 
0.0267 5 4.1 20.5 20.5 
0.0267 5 6.6 33.0 28.2 
0.0267 5 11.1 55.5 38.0 
0.0800 15 1.6 24.0 20.7 
0.0800 15 2.6 39.0 30.5 
0.0800 15 4.1 - 61.5 41.3 
0.0800 15 6.6 99.0 48.4 
0.0800 15 11.1 167 64.3 
0.400 75 1.6 120 55.1 
0.400 75 2.6 195 68.9 
0.400 75 4.1 308 82.1 
0.400 75 6.6 495 99.7 
0.400 75 11.1 832 128 
4.00 750 1.6 1200 149 
4.00 750 2.6 1950 189 
4.00 750 4;i 3080 220 
4.00 750 6.6 4950 265 
4.00 750 11.1 8320 323 

40.0 7500 1.6 12000 367 
40.0 7500 2.6 19500 438 
40.0 7500 4.1 30800 516 
40.0 7500 6.6 49500 591 
40.0 7500 11.1 83200 688 

Fig. 1. Variation of the logarithm of intensity with the logarithm of pd. 

tween luminosity and pd holds only over a limited range, and for the largest 
values of pd used irf these experiments the luminosity is approximately pro¬ 
portional to the cube root of pd. 

H. A. Wilson8 gave the theoretical relation for the luminosity of a, sodium 
flame 

8 H. A. Wilson, Proceedings Roy. Society A118,362 (1928). 
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/ = E j (1 - <r»W(i+4>»2A2/*2))jA (!) 

where m = mass of vibrating electron; k = viscous resistance to motion at unit 
velocity; n = number of atoms; 70 = atomic absorption coefficient at the 
center of the line; A = variation in frequency from that of the center of the 
line; E = intensity of black body radiation at the temperature of the flame 
per unit range of A near the D lines. When nyo is greater than 2 or 3, he gave 
the approximate value of this integral to be 

I = Ek/m(irny0)llKl ~ V4"7o “ 3/32**2y0
2 ). (2) 

An exact series for this integral can be gotten by expanding the integrand 
into the series 

nyo 1 n% 702 t 1 nz
 708 

4w2A2 2! / 
i+^ ( 

1 + 
4»i2A2\2 3 ! 

k2 

2\2 3! ^ 4W
2
A
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—) 
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Fig. 2. Variation of luminosity for small values of pd (circles represent experimental points). 

Each term of this series can be integrated, so Eq. (1) becomes 

I = (^mky0/2m^l - WTO/4 + #W/16 - 5«370
8/384 +•••)• (3) 

For small values of ny0 Eq. (3) is approximately equal to 

/ = (4) 

The variation of the luminosity for small values of pd is shown in Fig. 2. 
The experimental points fall approximately on the curve given by the equa¬ 
tion I =1.09pd/(1 +0.0112pd) which is of the same form as (4). 
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Since according to the theory the middle of the D lines is absorbed more 
than the edges, it seemed to be a good plan to test this assumption experi¬ 
mentally. High resolving power was obtained by viewing the D% line in the 
third order of a plane reflecting grating' Light from a standard lamp was 
made to fall on the upper half of the collimator slit by placing a right angle 
prism over this portion of the slit. The solid angle of light admitted to the 
spectrometer was again cut down by a diaphragm so that the illumination 
due to different parts of the flame would be independent of their distances. 
Shutters in the eyepiece were adjusted so that a narrow portion of the middle 
of the Di line was observed £nd the variation of the intensity of this portion 

0 3 6 9 12 
Thickness d (cm) 

Fig. 3. Curve I shows variation of the intensity 6f the edge of the D% line; curve II 
that of the middle of the D\ line with change in thickness of flame. 

of the Di line was determined when the thickness of the flame was varied. 
The intensity of the light from the standard lamp was varied until it was 
of the same intensity as that from the flame and then the potential applied 
to the lamp was noted. The lamp was subsequently calibrated for the wave¬ 
length of the Dx line for various applied potentials. 

The spectrometer was then rotated through a small angle corresponding 
to a change of wave-length of 1.7 angstroms and the variation of the edge of 
the Di line noted for different flame thicknesses. Curve (2) of Fig. 3 shows the 
variation of intensity of the middle of the Di line with change in the thickness 
of the flame, while curve (1) shows the variation of the intensity of the edge 
of the Di line. The curves indicate that the middle of the line is absorbed 
much more than the edges in agreement with the theory. 
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The conclusion reached is (1) that the luminosity of a flame containing 
sodium vapor is a function of the mass of sodium per square cm contained 
in it and is independent of the distribution of the vapor, and (2) that the 
middle of the D\ line of sodium is absorbed more than the edges. 

In conclusion, I wish to acknowledge my indebtedness to Professor 
H. A. Wilson for the suggestion of this problem and my appreciation of his 
interest and many valuable suggestions made during the course of this 
work. 



Scattering of X-Kays in a Magnetic Field 

Introduction 

According to the molecular theory of magnetism, when a ferro¬ 

magnetic substance is strongly magnetized the elementary magnets 

become aligned in the direction of magnetism. If these elementary 

magnets are the chemical molecules or other groups of atoms, one 

might expect magnetization to alter the atomic arrangements to such 

an extent that the Laue diffraction patterns would be altered. 

(•) (*) 
Both De Broglie and Compton and Trousdale however have tried 

this experiment with magnetite and it was found that the position 

of the spots was unaltered. Experiments to try to detect a possible 

change in the intensity of reflection of x-rays from magnetite 

0) #) 
crystals in a magnetic field have been tried by Compton and Stearns. 

Neither of these found any effect of the magnetization. 

In all these experiments, hdwever, it has only been shown that 

there is no effect of a magnetic field on the unmodified scatter¬ 

ing—— that which is reflected from a crystal. In this experiment 

an effort was made to detect a possible effect of a magnetic field 

on the Compton scattering. A change in the total intensity of scat¬ 

tered x-rays was not expected since it has been shown that the 

absorption of x-rays by a substance in a magnetic field does not 

differ from that obtained outside of a field. But a change in the 

distribution of the scattered x-rays might have been expected due 

to recent theory which gives spin to the photon. 

Experimental Method 

The experimental arrangement used in this experiment is shown 
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Figure I# 

The x-ray tube was of the Coolidge type with a water cooled 

molybdenum target. It was operated at a voltage of 30 k.v. with 

a current of 15 milliampères by a General Electric 30 k.v. trans¬ 

former with a filament tap to supply 4.75 amperes to the filament. 

The x-ray tube was housed in a lead box to prevent any x-rays escap¬ 

ing except through the slit N| • In figure II a diagram is shown 

Figure II 



of the mounting of the transformer, x-ray tube, and accessories. 

The rheostat E and the ammeter F which are in the filament line 

to the x-ray tube, were supported immediately above the transformer 

and the sliding contact of the rheostat was varied by turning the 

handle G which was connected to the rheostat by a long insulating 

ebonite rod. The lead box containing the x-ray tube rested on top 

of the transformer case so that the high tension connections were 

completely enclosed and both the lead box and case were grounded. 

The slits N| and were lined up by sighting between the pole 

pieces and the slits at the target of the x-ray tube. The axis of 

the target was turned at a small angle to the line connecting the 

slits. Approximately one quart per minute of water was allowed to 

pass through the cooling system of the tube by means of two rubber 

tubes connected to the two outlets H( and H*. A milliammeter which 

was connected between the low tension terminal of the x-ray tube 

and the ground, registered the cathode ray current. 

The intensity of the scattered x-rays was measured by a null 

method shown in Figure I which made use of two ionization chambers, 

one in the direct beam of x-rays and the other at an angle 0 with 

the direct rays, where Ô is perpendicular to the plane of the paper. 

One electrode of each of the chambers was connected to the same 

quadrant of a Dolezalek electrometer as shown in the diagram. Thus 

an ionization current in chamber A will charge the quadrant positive¬ 

ly while an ionization current through chamber B will charge it 

negatively. By the insertion of plates of aluminium in front of the 

chamber B the ionization current in this chamber can be made to 

nearly balance that due to chamber A. 



The ionization chambers A and B were made of cylindrical brass 

tubes,respectively 60 cm. and 10 cm. long and of 10 cm. and 5 cm. 

diameters. Through thin aluminium end windows the x-rays were allowed 

to enter the chambers where they produced ionization between the 

rectangular aluminium electrodes. These electrodes were insulated 

by amber from the brass cylinders which were grounded. The connect - 

ions from the ionization chambers to the electrometer were made 

by wires passed through one inch brass tubes and insulated from 

the tubes by ebonite supports. 

The electrometer used was of the Dolezalek type and was com¬ 

pletely shielded by a metal cylindrical cover and a brass plate 

under neat hj both of which were grounded. The insulated drop switch 

was also contained within the shielding and was operated by a 

small thread which passed through a hole in the side of the shield. 

The sensitivity of the electrometer was determined when 180 

volts potential was applied to the needle and was found to be 110 

scale divisions per volt. 

It was rather important to have the ionization chambers used 

in this experiment saturated and for that reason tests were made 

to determine the difference of potential between the electrodes 

which was necessary to saturate them. Figure III shows the relation 

between the applied voltage and the ionization current of chamber 

B* A similiar curve was obtained for the other chamber at slightly 

higher voltages. 

Considerable difficulty was encountered in insulating the 

electrometer system sufficiently and on damp days when the relative 
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Figure III. 

humidity -was high the insulation was especially poor. This condition 

was remedied by scraping the surface of the ebonite insulatorp, 
^ by making the insulators as small as possible,and by making the 

( 
insulated system air tight. All cracks and openings were waxed tight 

and a mica window was cemented on the front side of the shield so 

that light could be reflected from the mirror on the electrometer 

needlej-then the entire part of the apparatus which it was necessary 

to insulate was kept dry by means of anhydrous calcium chloride 

which was placed within the shielding. After these changes were 

made , it was found that even on the dampest days the insulation 



was sufficient. 

The scatterer S was placed between the pole pieces of a large 

Pye electro-magnet through which a current of 15 amperes was passed* 

The field between the pole pieces was measured by a fluxmeter and 

was found to be approximately 18000 gauss, . 

The possible effect of the magnetic field shifting the spot 

where the cathode rays hit the target was investigated. To prevent 

such an effect the x-ray tube was supported horizontally so that 

the path of the cathode rays was in the same direction as the mag¬ 

netic field. Then the intensity of the direct x-ray beam was measured 

with the field on and off. It was found that the intensity was not 

altered by more than ,05 %» 

Scattering from Aluminium 

The effect of a magnetic field on the scattering from a piece 

of aluminium 1 mm, thick was first investigated.Vith no magnetic 

field and the ionization chamber A at an angle of approximately 

0 

50 # the ionization chambers were nearly balanced by adding sheets 

of aluminium in the path of the direct beam. The millimeter or so 

deflection of the electrometer in five minutes was noted. Then the 

magnetic field was applied and the deflection in the same length 

of time was again determined. Alternate readings with the field 

on and off were made and an average of these readings taken. 

In this way it was found that scattering of x-rays from aluminium 

at an angle of 30° was not altered by the magnetic field within 

the limits of experimental error of .5 %» Similiar measurements 

were also made at angles of 45° and 90° and here again no effect 

was noted. 



Scattering from Paraffin 

The effect of a magnetic field on the scattering of x-rays 

from paraffin was next tried and considerably more accuracy was 

obtained since more ionization current is produced by scattered 

radiation from substances of low atomic number# With paraffin it 

was found that the magnetic field did not alter the intensity of 

scattered x-rays at an angle of 45° within the experimental error 

of .2 %, 

Scattering from Iron 

Similiar experiments were made with a thin plate of iron as 

the scatterer and here again it was found that within the experimental 

error of 1 %y 'the magnetic field did not alter the scattered x-rays# 

In conclusion we may state that a magnetic field does not 

alter the intenity or distribution of scattered x-rays in such 

fields as were used in this experiment# 

(1) M. de Broglie - Le Radium 10, 186 (1913) 

(2) K#T# Compton and E#A# Trousdale - Phys* Rev# 5, 315 (1915) 

(3) A.H. Compton and 0. Rognley - Phys. Rev. 16, 464 (1920) 

(4) J#C# Stearns - Phys. Rev. 35, 1 (1930) 


