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THE DISTRIBUTION OP ENERGY IN THE ft-RAY SPECTRUM OP RaE 

The investigation of the high energy part of the /5-ray 

spectrum of RaE, whether hy the absorption, the cloud chamber, 

or the magnetic focusing method, has yielded quite a variety 

t 3 
of results. The work of Schmidt, Gray and O’leary, Douglas, 

4 S' <? 'I ■« H 
Sargent, Feather, Madgwick, Gray, Champion, and Wang has 

indicated the existence of an upper limit of the RaE spectrum • 

IO 

corresponding to an Hp of about 5200. On the other hand, Danysz, 
U il 13 

Curie and d’Espine, Yovanovitch and d’Espine, and Terroux have 

questioned the existence of such an upper limit, and believe that 

the intensity might fall asymptotically to zero. More recently, 

Scott, using the magnetic focusing method with a single counter 

has found an enpoint for RaE at an Hp of 6604. Henderson, in 

determining the endpoints of the /3-ray spectra of Th C and Th C”, 

has found the magnetic focusing method with coincidence counters 

to be especially applicable for the endpoint determination, 

because of the large reduction in chance count, a vital factor 

near the endpoint, where statistical fluctuations are liable to 

be misleading. For this reason, the use of coincidence counters 
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with the magnetic focusing method has been adopted in the 

present investigation of the RaE spectrum* 

The general arrangement for focusing and counting the 

/3-rays is shown in Pig. 1. The semi-circular brass box B 

was of the same diameter (15 cm.) as that of the pole pieces 

so that it could be placed snugly between the latter, and 

supported by a wooden frame. 

The source S of the RaE /i-rays consisted of a nickel 

wire 0.22 mm. in diameter which had been immersed for several 

hours in a solution of RaD. This wire was held in a brass 

frame so that it rested over the slit S. The slit S( was covered 

with cellophane 0.001 inch thick, cemented on with Dupont 

cement diluted with acetone. /3-rays from the source which 

were deflected by the magnetic field could pass through a 

defining slit St(lcm. x 1 cm.), cut through the partition P. 

This defining slit was provided with a door D which could 

be opened or shut, as desired, by means of a connection to 

an external ground joint G. The ft-rays passing through 

Szcould then come to a focus and pass through the slits 

S,and Shinto the counters C, and C,. Slits S and S were 

both 1x8 mm., but S^was made 3.5 x 8 mm. to allow for 

the /3-ray beam divergence at its position. Cellophane and 

mica separated the two counters and also the counter C, 

from the top of the box T. The cellophane covered the slits 

S3and Sy but the mica was used simply for insulation and 

hence did not extend over th slits. 

The counters were made from two blocks of Al (I1x 1A * b-Oowv 
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through which 1 cm, holes were drilled lengthwise. The 

platinum center wire W was supported in an axial position 

in the hole by means of two amber plugs which were waxed 

in, one at each end of the hole. Appropriate slits were 

cut in each block so that when they rested in the position 

shown, the slits S3and had the proper dimensions. Small 

tubes from the sides of the counters provided a means of 

evacuation and entry of gas into the counters. Dry air 

was found to be a satisfactory gas for the counter operation. 

It is desirable to have the amount of scattering of 

the /J-rays from the sides of the box, as small as possible. 

Otherwise, for a given value of the magnetic field H, 

particles having energy not corresponding to H are liable 

to be scattered into the counters and recorded. For this 

reason, the lower portion of the box was completely lined 

with Al; and the top T, the partition P, and the door D were 

made of solid Al. 

A lead block A was placed on the top of the box between 

the source S and the counters to absorb the small amount of 

i radiation from the RaE. 

There was also an arrangement (not shown in Fig. 1) 

for placing various thicknesses of cellophane below the 

slit Sj. This consisted of a rectangular frame upon which 

was mounted several layers of cellophane arranged so that 

any number of layers could be slid directly below the slit 

S by means of an external stopcock, which when turned, wound 

a string attached to the frame. Tension in the string was 
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maintained by means of a brass spring contained in the box. 

Markings on the stopcock enabled the position of the cello¬ 

phane tray to be known. This attachment was used in the 

examination of the low energy part of the spectrum, where 

extrapolation to zero thickness of cellophane was necessary 

as Scott had found. 

The amplifier to which the central wires of the counters 

were connected is shown schematically in Pig. 2. The resistance- 

capacity combinations rK and rK were mounted in two small 

metal containers. These containers were in turn mounted as 

r, =- s ..o' 

y*' s 3-0 * *o' oV\«W5 
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close to the counters as possible in order to make the leads 

Ca and Ça as short as they could be. These leads were heavy 

shielded cable with a distance of about 3 mm between central 

wire and shield, the insulation being a rubber composition. 

In this way, the capacitance between the points a, a* and the 

ground was made fairly small. 

/ / 

The leads Kb and Kb, however, were made quite long (about 

2 meters) «so as to remove the amplifier from the magnet and 

the high potential which could possibly cause spurious counts 

at close distances. 

The whole amplification system was built in a metal 

box which was grounded to serve as a shield. All resistances, 

condensers, and Insulation was tested and found to be satis¬ 

factory for proper operation of the apparatus. 

The jacks J and J’ were found convenient in judging 

the quality of the impulses being impressed on the grids 

of the initial 57 tubes. 

The mode of operation of the amplifier may be understood 

by referring to Pig. 2. An impulse from Ca would cause the 

grid grid- of the 57 tube of circuit B to receive a positive 

impulse. The grid of this 57 tube was biased to cut-off so 

that no current flowed in the circuit B unless an impulse 

was received from the counter Ct« However, it is to be noted 

that the current of circuit B flows through the resistance r 

and not through the transformer T. Current through the primary 

of transformer T flows only when current flows through the 

circuit A. An impulse from the counter C( will result in a posi- 
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tive impulse being impressed on the grid of the grid of the 

2A6 tube of circuit A. However, there can be no current in 

the circuit A unless there is a plate potential on the 2A6 

tube* Since this potential is furnished by means of the potential 

drop in r due to the current flowing in the circuit B, it 

follows that there will be current in circuit A only when 

two simultaneous impulses are received from the counters C,CZ. 

This surge of current in circuit A furnishes a positive impulse 

on the grid on the grid of the thyratron 885 tube which is 

so biased that this is sufficient for the tube to arc, thus 

operating the relay. The relay works the mechanical impulse 

counter M, and also extinguishes the thyratron arc. The 

mechanical impulse counter was tested by connecting it to 

a 60 cycle supply. It was found to respond to 120 impulses 

per second. 

The advantage of the above amplification system was that 

it allowed a large ratio ( theoretically Infinite ) of 

potential with single count to potential with coincidence 

count applied to the grid of the thyratron. Thus a very 

large single impulse from either counter C or counter C would 

not result in a spurious count. 

The magnetic field was produced by means of a Weiss 

water-cooled electromagnet having cylindrical pole pieces 

15 cm. in diameter. For an air gap of 3 cm. it was found 

that the magnetic field incresed nearly linearly with the 

current. Temperature measurements of the interior of the 

magnet were made by inserting a thermometer into a hole 

in the magnet core, and it v/as found that the temperature 
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changes under normal operation were negligible. The current 

to the magnet was supplied by an 80 volt battery, and was 

measured with a Weston ammeter. 

The strength of the magnetic field was measured by 

means of a snatch coil, fluxmeter and line-turn meter, all 

three being connected in series. A mechanical device was 

developed which enabled the writer, standing near the fluxmeter, 

several meters away from the magnet, (1) to remove the snatch 

coil frôm its position between the pole pieces, (2) flip the 
o 

coil through 180, and (3) return it to its initial position 

between the pole pieces. The deflection produced in the 

fluxmeter by these operations could then be calibrated 

from the deflection produced from a known setting of the 

line-turn meter. The line^was checked for accuracy with a 

standard mutual inductance and was found to be accurate 

to within .5 per cent. Convenient taps on the snatch coil 

X 
made it possible to secure large fleeter deflections at 

all values of the field so that an accuracy of less than 

1 % can be claimed in the measurement of the field. 

The mechanical device for operating the snatch coil 

at a distance is shown in Pig. 3. The snatch coil consisted 

of a number of turns of wire wound on the bakelite disc D 

which was attached to the shaft H. A weight U rxerted a torque 

on the pulley P, thus causing the shaft H to rotate until the 

arm A rested against the bar B. Operation (1) consisted 

simply in pulling the cord C, thus causing the shaft, arm, 

pulley and disc to be translated. Tension in the cord was 

maintained by the spring S. Operation (2) occurred when 

the arm A reached the gap G, at which position the weight W 
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would cause the pulley and shaft to rotate through 180° • 

The arm A would now be resting against the bar B' • Wow 
» 

by releasing the cord C, the tension in the spring S would 

be sufficient to return the disc D to its initial position, 

thus accomplishing operation (3). 

The device just described was quite advantageous. It 

enabled rapid reading of the flume ter. It permitted the 

location of the fluxmeter to be such that it was free from 

any appreciable effects of the field of the magnet. Finally, 

it permitted far more uniform snatch coil operation than 

could possibly be obtained by manual manipulation. 

The magnet was first saturated by passing a current 

of 9 amperes through it, and then the current was reduced to 

zero. The magnetic field was then measured for various 

values of the current. Great care was taken In the adjustment 

of a given current value, to have the current Increase to 

to that value. In this way, undesirable hysteresis effects 

were avoided. 

The apparatus of Fig. 3 was now removed, and the spectra- 

graph of Fig. 1 was set up between the pole pieces of the 

magnet. Preliminary measurements of counting rates for 

various fields were taken using only one counter. . It was 

found that both counters operated satisfactorily, although 

the bottom counter gave faster counting rates than the top 

counter. This was not attributed to a superior sensitivity 

of the bottom counter, but was thought to be merely the com¬ 

bined effect of scattering, divergence, and absorption of the 

/3-ray beam before reaching the top counter. 
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As a final precaution, before using the counters in 

coincidence, a test was made to compare the counting rate 

of the top counter with the coincidence counting rate, for 

a given value of the magnetic field. Any (i -particle deflected 

into the top counter must have passed through the bottom 

counter, and allowing for the small fraction of /3-particles 

which pass through the bottom counter without ionizing the 

gas sufficiently for a count, we should expect the two counting 

rates to be nearly the same. It was found that the coincidence 

counting rate was about 92% of the top counter counting rate, 

which was deemed satisfactory. 

The chance count was found to be very small. In no 

case was it necessary to perform measurements with a chance 

count greater than 3 per minute, and often the chance count 

was as low as 1 per minute. The advantage of a small chance 

count is that for a given value of the magnetic field, the 

ratio of total count (i.e. chance count plus actual count) to 

chance count will be larger for a small chance count than for 

a large chance cotint. The greater this ratio is, the nearer 

can one pick out the endpoint. 

Clearly, this ratio can be increased still further by 

having a stronger source, because the chance count is only 

minutely affected by the strength of the source, whereas 

the actual count is increased proportionally. In the regions 

of high counting rates, however, the strength of source 

allowable is limited by the sensitivity of the counting 

apparatus. For example, the relay used to operate the mechan¬ 

ical impulse counter was found to "chatter" at a rate of 
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600 times per minute. It was desirable, therefore, to at 

no time have a source strong enough to produce this rate 

of counting, even for very short intervals of time. But 

of course, near the endpoint, one is troubled not by having 

the counting rates too large, but by having them too small. 

Hence for the endpoint investigation, the stronger the source, 

the more accurately can the endpoint be determined. Similarly 

a strong source is advantageous at the low energy part of 

the spectrum. A strong source has the additional advantage 

of enabling the counting rates to be measured over smaller 

intervals of time for a given statistical error. 

In order to determine the actual counting rates at 

given values of the magnetic field, the following procedure 

was adopted. Counting rates were determined first with 

the door D (Pig. 1) open, and then with the door D shut. The 

counting rate in the latter case was the measured chance count. 

Then two separate curves of counting rates vs. field H were 

plotted! one for the door open and the other for the door shut. 

These curves are shown in Pig. 4. By means of these curves, 

the observed counting rates, for various values of the magnetic 

field, were slightly corrected. The corrected values are 

given in Table I, for the door open, column 2; for the door 

shut, column 4. In column 6 Is given the difference between 

the counting rate with the door open, 1£, and the counting 

rate with the door shut,I^. This difference Is the actual 

counting rate, The statistical errors E, E, E, of the 

counting rates N, N, 1^, are given in columns 3, 5, and 7 

respectively. When E^ N, it has been assumed that the endpoint 

has been reached. 

• Hence it is now possible to draw the more detailed curve, 
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shown in Pig. 5, with, a better idea of which points are 

significant in the region of the endpoint. As can be 

seen, by reference to Fig. 5, there is quite definitely 

TABLE I 

H 
cj cig*s 

N. 
Ho./Win. 

Eo N, 
Yla/v*’»*. 

E-s N» 
wo. /wi;vv 

EA 

582 162.0 5.0 2.9 .50 159.1 5.0 
690 153.0 5.1 2.8 .37 150.2 5.1 
755 128.0 4.6 2.5 .41 125.5 4.6 
840 88.0 3.6 2.2 .32 85.8 3.6 
885 53.2 2.6 2.1 .32 51.1 2.6 
900 38.4 2.1 2.1 .33 36.3 2.1 
918 24.7 1“.7 2.1 .34 27.6 1.7 
936 18.2 1.3 2.0 .33 16.2 1.3 
954 8.2 .79 2.0 .33 6.2 0.86 
972 4.2 .51 1.9 .32 2.3 .60 
990 3.4 .45 1.9 .32 1.5 .55 

1008 3.0 .46 1.9 .31 1.1 .55 
1026 2.6 .39 1.8 .31 0.8 .50 
1062 2.3 .37 1.7 .32 .6 .49 
1098 2.2 .36 1.6 .30 .6 .47 
1134 2.1 .34 1.5 .28 • 6 •44 
1220 2.0 .34 1.4 .29 .6 •44 
1395 1.9 .33 1.4 .27 .5 .42 

a tail, and the exact point of intersection of the tail 

with the chance count line is difficult to determine* If 

the condition for points past the endpoint, is strictly 

accepted, then the conclusion is that the end point has 

not been reached, even for H=1395. For it is seen from 

Table I that nowhere,throughout the entire range of field, 

is E^N,. On the other hand it appears from Table I that 

after H=1026, the value of N^remains constant (apprximately .6). 

If, now, in the manner of Henderson, we ascribe this constant 

to photoelectrons or to recoil electrons, we can then 

set the upper and lower limits of the endpoint at points 

corresponding to H between 1062 and 1026. Taking the mean 

of these two limits, the endpoint is estimated to correspond 

to H*1044 gauss. 
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The tail seen in Pig. 4 is presumably caused by the passage 

of the final rays across the counter slit and the endpoint is 

reached only when the inside ray from the source falls on the 

inside edge of the counter slit S. Thus the minimum radius 

of curvature must be used in order to obtain Hp for the endpoint. 

This will be half the distance between the side of the wire 

nearest S and the side of £1 nearest the wire, a distance of 

5.452 cm.-^° • This gives H^:5692, corresponding to an energy 

of 12.70 x 105 electron volts. 

This value is considerably lower than that obtained by 

Scott. It is a curious development that^intil Scott's in¬ 

vestigation, the presence of a tail did not enter into 

the computation of the endpoint. The previous investigators, 

Schmidt, Gray, Douglas, Feather and Sargent, seem to have 

assumed that the tail, if present, was due to scattering, and 

so neglected it. These investigators obtained values of 

"Sf from 5000 to 5500. Then Scott's acceptance of the tail 

as a part of the spectrum lead to the considerably larger 

value of Hp- 6604. The present investigation which has also 

accepted the tail as part of the spectrum, has not been- lejad 

to so large a value of Up as that obtained by Scott. It is 

to be noted, however, that the present Investigation, like 

that of Scott, has, by not postulating the tail as due to 

scattering, resulted in a larger endpoint Hp than those 

investigators who did so postulate. The combined results of 

this investigation and that of Scott indicate that by considering 

the tail as a part of the spectrum, a larger value for I^>at 

the endpoint will be obtained. For such an interpretation, 

however, it is extremely difficult obtain the intersection 
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of the tail with the chance count line with any certain¬ 

ty. It thus seems that the high value obtained by Scott 

is not at all unlikely to be very nearly the correct val¬ 

ue. on the other hand, the values obtained by Schmidt, 

Gray, Douglas, Feather and Sargent seem to be definitely 

too low, since the present investigation indicates a fair¬ 

ly certain lower limit for the endpoint, corresponding to 

ÏÏ-1026 or an Hpof 5620. 

The chief item of interest in the investigation of 

of the low energy part of the <3-ray spectrum was to see 

if the large number of very low energy beta-rays found by 

H.O.W. Richardson could be detected by the magnetic focus¬ 

ing method. Since IOYY energy ft -rays can be stopped or 

scattered by a few layers of cellophane, it was necessary 

to insert additional layers of cellophane below the slit 

S, and to take counting rates for the various layers. 

The layers of cellophane were placed beneath the slit S, 

by means of the attachment previously described. The same 

procedure as for the high energy investigation was carried 

out for each thickness of aellophane. The counting rates 

so obtained were then extrapolated to zero thickness of 

cellophane. 

These data are indicated Table II and comparative 
are 

curves for o and for 6 layers a plotted in Fig (5. The 

rates in Table II and in the curves have had the chance 

count subtracted. 





TABLE II 

CBUMTIN& KATES 

Hp *5 V~ «K Y X <1 -A o 

242 19,5 10.5 3.8 2.5 57. 
625 22.0 15.3 4.9 3.1 66. 
850 26.8 18.9 9.6 3.6 76. 

1075 43.7 29.1 18.5 8.9 100. 
1290 112.2 59.5 43.6 26.6 210. 
1600 151.2 92.5 66.6 32.5 289. 
1755 .187.3 120.1 94.8 52.1 318. 
5140 224.7 189.9 159.2 118.5 282. 

Finally, an attempt to fit together the curves for 

the high energy and for the low energy ft -rays. The data 

and calculations for the fitted curve is given in Tablelll, 

and the distribution with respect to H and with respect 

to the energy V is plotted in Figure 7 and 8 respectively. 

TABLE III 

H HP N/« 
V le.O 
f&GKK 

X 1 0s 
AJU» 
V • ' ~ ■ - ) 

44.1 242 31.9 .724 .142 .01 .051 .141 5.13 
114. 625 36.6 .321 .367 .065 .332 .345 . .931 
155 850 40.1 .259 .499 .117 .596 .446 .581 
196 1075 55.4 .283 .633 .183 .934 .533 .531 
236 1290 121. .514 .758 .255 1.30 .604 .850 
282 1600 139. .494 .942 .374 1.91 .686 .720 
320 1755 149. .466 1.03 .437 2.23 .718 .650 
582 3140 156.. .268 1.85 1.103 5.63 .880 .305 
690 3780 150. .217 2.22 1.439 7.14 .912 .238 

\ 755 4140 125. .166 2.43 1.624 8.29 .924 .180 
840 4610 86. .102 2.71 1.896 9.65 .938 .109 
885 4910 51. .0576 2.89 2.056 10.5 .945 .061 
900 4940 36.3 .0404 2.91 2.087 11.1 .946 .0427 
918 5040 27.6 .0301 2.96 
936 5140 16.2 .0173 3.01 
954 5230 6.2 .00651 3.07 
972 5340 2.2 .00237, 3.14 2.289 11.6 .952 
990 5430 1.5 .00151 3.19 

1008 5540 1.1 .00102 3.26 
1026 5630 .8 .000780 3.31 2.460 12.5 .957 
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The results depicted in Figure 8 are rather Ih^pd/ta 

account for* The energy corresponding to the principal max- 

large number of low energy ,3 particles is indicated below 

V=\ o xioV-a. * The lack of symmetry of the distribution sug¬ 

gests the distribution given by the Fermi theory excépt for 

low energies* 

Most of the previous work has indicated a maximum at 

about 3-s- v *0* electron volts, so the present value of a- 

bout v-’s x to*5 electron volts is probably too low. How¬ 

ever, it must be remembered that the region of the maximum 

must in this investigation be rather rough because of the 

curves for the high and for the low energy spectrum being 

fitted together by the relation of the counting rates at a 

single 1 value of the magnetic field near the maximum. So 

the low value of the maximum is not significant. 

Richardson has obtained a number of /3-rays at energies 

from to -Vo which is comparable to the number of /3-rays 

at the maximum of the spectrum. Here, however, the number 

of low energy /3-rays is at one point more than five:, times 

the number at the maximum. In addition the observed large 

number of low energy ft -particles extends beyond the range 

of such particles as observed by Henderson,. It seems un¬ 

likely, then, that these are the low energy /3 partlcles ob- 
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There Is a possibility, however, that the large count¬ 

ing rates are due to electrons knocked out of the cellophane 

by high energy /3-particles. If this were the case, then 

it would be likely that the large number of tracks observed by 

Richardson were due to electrons knocked out of the gas in the 

chamber. However, no data on tlds possibility has yet been 

obtained. 

The similarity of the curve to the Fermi theory curve 

is also lacking in significance in as much as he says thafc 

his theory does not apply to RaE. 

In conclusion the writer wishes to express his indebt¬ 

edness to Professon II.A. Wilson for suggesting the problem 

and for his interst and guidance during the progress of the 

work, and to Mr. Franz Van der Hen3t for his assistance with 

the mechanical difficulties encountered. 


