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values of E~ from experiments on capture of slow
neutrons. The y-ray breadth is according to
Bethe and Placzek" about 10 MV for an exci-
tation energy of 8 MV. If it is permissible to
assume this value valid also for higher excitation,
the capture of high energy neutrons (E& 3 MV)
will be extremely improbable. Even a transition
of the compound nucleus to a less energetic
unstable state by emission of a y-ray will be an
improbable process since according to the above
table the probability of neutron emission is in

general several orders of magnitude greater than
that for radiation.

I would like to express my thanks to Professor
N. Bohr and to Dr. F. Kalckar for the fruitful
collaboration which led to the production of this
paper. I would also like to thank Drs. G. Placzek,
L. Landau, and H. Bhabha for many valuable
discussions I have had with them, and the
Rask Oersted Fond for the opportunity to work
at the Institute for Theoretical Physics at
Copenhagen.
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The beta-ray spectrum of radium E was examined with a magnetic spectrometer, by using
coincidence counting, under various conditions of source strength, mounting and aperture of
defining slits. It is concluded that the experimental high energy end point depends on the
source strength used, as well as the width of the defining slits. Data from all but very strong
sources gave a K.U. plot which was linear within the limits of error set by statistical fiuctua-
tions and finite slit widths. Extrapolation of the K.U. plot gave 1.25&0,03 Mev as the high
energy end point.
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radium E with none too concordant results.
The disagreement between observers may be
appreciated by consulting Table I wherein one
finds values for the high energy end point which
range from 4500 EZp up to 12,000 IIp.

The importance of obtaining the true energy
distribution curve for the disintegration elec-
trons from radioactive bodies has been recently
enhanced by the tentative success of the Kono-
pinski-Uhlenbeck" modification of the Fermi"
theory of beta-disintegration, especially as ap-
plied to the lighter artificially radioactivated
elements. The present investigation was under-
taken with the purpose of securing data from one-
of the naturally radioactive elements which could
be used after the manner proposed by Kurie,
Richardson and Paxton" as a further criterion in
determining more conclusively the validity of the
theory.

Fermi's original formula (44), reference" gives
the probability of disintegration with the emis-

"Konopinski and Uhlenbeck, Phys. Rev. 48, 7 (1935)."E.Fermi, Zeits. f. Physik 88, 161 (1934).
27 Kurie, Richardson and Paxton, Phys. Rev. 48, 167

(1935);49, 203 (1936).
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sion of an elec'tron having momentum between

q and q+hq, and the expression used therein is
an approximation applicable to elements whose
atomic number is in the neighborhood of 82.

By grouping all constants under the symbol X
and writing for the probability of disintegration
the number N, which is proportional to this
probability, we may express Fermi's formula as
follows:

~=&(~+0.355")L(1+~")-:-(I+"):3' (1)
Here rl= Ilp/1 700; where p is the radius of
curvature of the electron trajectory in a magnetic
field of strength 11.qo is the maximum value of g.

The relation between the momentum g and
the kinetic energy cv in mc' units may be ex-
pressed as follows:

g = (2(u+ aP) l; cv = (1+g') l —1. (2)

By substituting for (1+q')l its value (~+1)
and similarly for (I+g02)' we can write Lcoo —co]'

for the last bracket of Fermi's equation; which

yields:

cLN/(g+0. 355'')]l = a)o —a). (3)

In the. case of the heavy elements the only
difference between the original Fermi formula

and the modification introduced by Konopinski
and Uhlenbeck is a change in the exponent of
the 6nal bracket which appears raised to the
fourth instead of the second power.

If [X/(g+0.355''))' be plotted against the

energy of the disintegrating electrons a straight
line should result if the Fermi theory be correct;
and the intercept on the axis of abscissa will

give the value of coo, the maximum energy

TABr.r. I. Results of various observers on the high energy end Point and number maximum of the continuous beta-ray spectrum
of ra(Hum B.

INVE~STIGATOR

Schmidt I

Baeyer, Hahn and Meitner'

Grays
Danysz4

Kovarik and McKeehans

Douglase
Curie and d*Espine7

Yovanovitch and d'Espinea

Madgwick9

Gray and O'Leary&0

Terroux»
Feather»
Sargent» from data of Varder

and Madgwick
Champion'4

Chalmers»

Sargent16

Richardson»

1907

1911

1912
1913

1916

1922
1925

1927

1929

1930
1930
1932

1932

1932

1934

2000

2900

2200

1750

5150-5450
5500

7000 (ca)

4990-5080
4500

4500

5000

less than
8200

11,200
5300
5 100

5500

850 (?)

5100
5000
5500

Nm@BER HIGII ENERGY
MAXIMUM END POINT

Hp Hp

2500 5500

METHoD

Absorption and Magnetic de-
flection (photographic)

Magnetic deflection (photo-
graphic}

Absorption
Magnetic focusing (photogra-

phic)
Magnetic focusing (point

counter)
Absorption
Magnetic deflection (photo-

graphic)
Magnetic deflection, magnetic

focusing (photographic)
Magnetic focusing (ionization

chamber)
Combination absorption and

deflection (ionization cham-
ber}

Cloud chamber
Absorption
Absorption

Cloud chamber

Absorption.

Absorption
Magnetic
Cloud chamber
Cloud chamber

REMARKS

Found a doubtful band between 6000 and
12000 Hp

Results converted by Sargent in 1929
Also found feeble band between 7000 and

10,000 Hp
Feeble band or group of lines between 7000

and 10,000 Hp

Estimate less than one atom in 25000, gives
ray of 8200 Hp or greater; possibly none
at all

Probable error of 50oj&

Estimates that beta-rays over 5500 Hp are
less abundant than 1 in 2000

Interprets "kink" in absorption curve near
high energy end point as region of most:
rapid change of slope of distribution curve
and not true end point

Summary of all work done by various
methods. Prefers value from cloud
chamber

Finds number of electrons in range between
0.01 and 0.065 Mev exceeds number at tri-
buted to usual maximum between 0.3 and
0.4 Mev

ottls

Alichanow et al.»

Ho and Wang~a
Champion and Alexander»

Lecoin&

Lyman»

Langer and Whitaker~4

O'Conor

1935

1935

1936
1936

1936

1937

1937

1937

1100 (ca}

1450

1750

1650

5400

7500
5975

5100

5280 +20
6050 (K.U.)
5330~70
6250 (K.U,) .

5350+130
5650 (K.U.)

Magnetic focusing (Geiger-
Miiller counter)

Magnetic focusing (Geiger-
Miiller counter}

Cloud chamber
Cloud chamber

Cloud chamber

Magnetic focusing (G-M
Counter)

Magnetic focusing (coinci-
dence counting)

Magnetic focusing (Geiger-
Miiller single and coincidence
counters)

No pronounced number maximum. Many
low energy electrons

Relatively few tracks; large probable error
End point value from extrapolation of

K.U. plot of 1932 data'4
Sharp number maximum with rapid decline

on low energy side



BETA —RAY SPECTRUM OF RADIUM E 305

8"
l6

I

2~8

hXXXXXXXXXXXX%XXXtj' -'-. "

,
—~@gSFllEXXXXXz Braw WÃÃÃÃXXEEii+

lj~as yg

@16

Lead

srrzA[) ~. kzzzm

/4"
80[/g Xg

t I ](~+ + o
4 Q

/ /A/.

I~ I- / ,"

2"
A

//

I /6

4
~ECT!OIV A-4

FK'. 1. Magnetic spectrometer.

possible for electrons from this particular type
of disintegration.

Likewise a plot of the fourth root of the same
function versus electron energy should show
linearity if the Konopinski-Uhlenbeck modifica-
tion of the Fermi theory be the correct one.

EXPERIMENTAL OBJECT IVE

The distribution in energy of electrons from
radium E was observed over an extended period
of time, under varying conditions of source
strength, source mounting and defining slit
widths so that the effect of the changes in these
experimental factors might be followed and
thus help to trace and eventually lead to the
causes responsible for the discrepancies existing
between the results of previous experimenters.

CONSTRUCTION AND OPERATION OF APPARATUS

The spectrometer proper is essentially the
same as that originally used by Rutherford and
Robinson. " The improvements which were
adopted from those made by Henderson" and

"Rutherford and Robinson, Phil. Mag. 26, 717 (1913).
~9 W. J. Henderson, Proc. Roy. Soc. A14'7, 572 (1934).

Alichanow" include special precautions in the
form of baffles to prevent scattering as well as
the use of Geiger-Muller double coincidence
counters for detection purposes.

A diagram of the spectrometer is shown in
Fig. 1. Electrons emerging from the source have
their paths bent into the a.rc of a circle by a
magnetic field applied at right angles to the
plane of the paper.

The position of the receiving slit in front of
the counters is fixed at a definite distance from
the source (7.95 cm). This determines (within
limits set by the finite widths of the defining
slits) the radius of curvature which the electron
track must possess in order that the electron
itself may enter the counting chamber.

An electron of mass m and charge e, initially
projected with a determined speed v, at right
angles to the lines of force of a homogeneous
magnetic field of strength II, will describe a
circle of radius p.

Under such conditions the electron will be in
dynamic equilibrium which may be represented

"Alichanow et al;, Zeits. f. Physik 90, 249 (1934); J.
phys. et rad. S VII, Tome VII, No. 4, 163 (1936).
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FrG. 2. Coincidence counter ainplifier and power supply. S3 acts as a time delay switch which
retards the application of the potential in the high voltage "ircuit (not shown) until after the fila-
ment of the rectifier in that circuit is heated.

by the equation:

Hp =mv/e. (4)

If we use the relativistic form for the mass of
the electron (required because of the high
velocity of the beta-rays), IIp may be expressed
in terms involving the kinetic energy, E, and
the velocity of light c, as follows:

H p = (1/ce) (E'+2mc'E) *'. (~)

Expressed in absolute electrostatic units (5)
becomes:

(6)Hp = (1/e) (E'+2mc'E) *.

6p ——e/2+ f/2+ 5/8 pp. (7)

pp is the radius of curvature corresponding to
-', the distance from the center of the source to
the outer edge (high velocity side) of the receiving
slit.

SPREAD IN Hp DUE To FINITE SQURcE
AND SLIT WIDTHS

If in a spectrometer such as is shown in Fig. 1
we consider a receiving slit of width e, a central
defining slit of width 8 and a source of width g
it may be shown that to a first approximation:

The value of the above spectrometer constants
as determined for computation and corrections
made in this report are as follows'.

receiving slit width =3.18 mm,
g, source width (Ra E on Ni) =0.8 mm,
P', defining slit at source =1.59 mm,
8, central defining slit: variable from 0 to 8 mm

Width = j. mm for all readings ex-
cept certain high energy end point
readings specially noted,

po =40.54 mm,

p =39.95 mm.

The mean value p is used in computing IIp for
the . distribution curves, and is one-half the
measured distance between the outside edge of
the source mounting and the center of the re-
ceiving slit.

The spread, which is determined from Eq. (7)
gives the uncertainty in any mean value of IIp
which will be = +-,'Imp.

It is evident from Eq. (7) that the contribution
to the spread in IIp due to the width of the
central slit 6 is small compared to that from the
terms involving e and P but, as will be shown
later, the presence of this central slit system cuts
down scattering between the two halves of the
spectrometer chamber and for that reason all
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readings, except certain special measurements on
the high energy end point, were made with
8=1 mm.

COUNTING SYSTEM

The circuit used for coincidence counting is a
modification of that proposed by Rossi." Type
6J7 tubes are used for the first stage of ampli-
fication. It was found that with the type '57
tubes used originally there was a complete
paralysis of the tube action when the magnetic
field of the spectrometer exceeded 4000 oersteds.
With the metal tubes this paralyzing action was
appreciably reduced, although the tubes were
mounted directly over the spectrometer and
magnet; and an additional cylindrical iron shield
placed over the metal housing made it possible
to attain a field well over 8000 oersteds without
measurably disturbipg the normal operation of
the 6J7 tubes. The complete circuit, which uses
a strobotron (neon filled, double grid, cold
cathode discharge tube) to actuate the message
register, is given in Fig. 2.

The high voltage supply for the Geiger-Muller
counters is obtained by use of a circuit identical
with that described by Gingrich. "

The necessary slits cut in the counter cathodes
for the admission of beta-rays resulted in a dis-
tortion of the electric field and a consequent
instability of the counters. This was remedied by
covering the slits with aluminized Cellophane.
The Cellophane used was obtained through the
courtesy of the duPont Cellophane Co. and is
12.7 microns thick; equivalent to 0.00175
g/cm. ' Aluminum was deposited on it by evap-
oration to a thickness of the order of 0.1 micron.
The material was then fastened over the slits
with scotch tape in such a way that the metal-
lized surface was in contact with the cathode
cyli'nder beyond the limits of the slit.

The Cellophane with its aluminum coating is

opaque to ultraviolet light and this serves the
purpose of isolating the counters as well as
stabilizing them.

In addition to the three aluminized windows
covering the slits, a fourth (not metallized), is
used to separate the counter chamber from the
spectrometer proper. Such separation was neces-

"B.Rossi, NatUre 125, 636 (1930).
"N. S. Gingrich, R. S. I. 7, 207 (1936).

sary since the counters were operated at a
pressure of 10.5 cm of Hg whereas the spec-
trometer was connected to a Hyvac pump which
kept the pressure well under 1 mm of Hg during
operation.

CORRECTION IOR STOPPING POWER Ol-

CELLOPHANE' WINDOWS

The correction giving the number of particles
stopped by the windows for various electron
energies, which must be added to the registered
count, was made in a manner similar to that
described by Scott."Counting rates for beta-rays
of various energies, in the region where this
effect was known to be appreciable, were deter-
mined with three different thicknesses of Cel-
lophane interposed between spectrometer and
counter chamber. By plotting counting rate
against Cellophane thickness for each definite
energy a set of curves were obtained and under
the assumption of linearity could be extrapolated
back to give a counting rate for zero thickness of
Cellophane. The correction became inappreciable
above 2000 IIp and hence was applied only below
that value.

An additional conclusion of importance re-
sulting from the experimental determination of
the stopping power of the Cellophane windows is
the fact that there exists an apparent effective
range for electrons in Cellophane practically
identical with that found by Schonland" for
aluminum. For despite certain irregularities in
the counting rates (due to the difFiculty of repro-
ducing identical conditions of counter operation
after changing window thickness), the cut-off at
the low energy end was definitely abrupt.

This sharp cut-off at low energies is a powerful
argument in favor of the absence of scattering
in the spectrometer in which the measurements
were made. For if electrons of energy higher than
that proper to the beam being measured were
being scattered onto the counter window, they
would penetrate the same and be registered by
the counting system, —thus rendering impossible
the sharp 1nw energy cut-off that was actually
found.

Scott. 's Cellophane correction table does not
reveal a similar cut-off despite the fact that the

» B.F. J. Schonland, Proc. Roy. Soc. A104, 235 (1923);
108, 187 (1925).
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200

150

The resolving time was determined by ob-
serving the maximum counting rate as a gamma-
ray source was slowly brought in close proximity
to the counter from a distance where the counting
rate was well below this maximum. The relation
t = 1/X,„,,„e then gives the resolving time, where

is the maximum counting rate in counts per
second. The value of t thus determined was 0.076
sec.

too
MEASUREMENT OF THE MAGNETIC FIELD

50

570 SO 25M 32 l0 3870 4-530 5t90
Hp OERSTED-C M

FIG. 3. Momentum (Hp) distribution of electrons from
radium E. Readings taken with source of intermediate
strength and with central slit width of 1 mm. Corrections
made for background, Cellophane absorption and finite
resolving time of counters. Ordinates divided by their
respective H values.

Cellophane used by him is twice as thick (linear
dimension) as that used by the writer. Even
allowing for the fact that there is not a linear
relation between ordinary thickness and g/cm'
for different grades of stock, an examination of
Scott's tabulation of variation in counting rate
with Cellophane thickness for various electron
energies, would lead one to believe that electrons
were getting into his counter far below the Hp
cut-off value found by Schonland for the
equivalent g/cm' of aluminum.

FINITE REsoLvING TIME QF CQUNTERs

The determination of the actual number of
particles reaching the counter from the number
recorded by the message register requires a cor-
rection for counts missed due to the finite
resolving time of the counter and associated
recording apparatus.

The method for making this correction is
treated by Schiff'4 and the procedure outlined by
him was followed here.

34 L. I. Schiff, Phys. Rev. SO, 88 (1936).

The magnetic field was first measured with a
flip coil and flux meter. The constants of the flip
coil were calculated from its dimensions, and the
flux meter readings were corrected from a cali-
bration curve made for the instrument in the
department of electrical engineering. A plot of
II vs. I was made and found to be linear through-
out the region to be used foe examination of the
radium E spectrum.

An estimate of the inhomogeneity of the field
was made from a flux plot of Dr. H. B. Dwight,
professor of electrical machinery, of the depart-
ment of electrical engineering, and it was found
that in the region of greatest variation traversed
by the electrons the inhomogeneity was less than
2 percent.

The plot of field strength against current was
then checked against the four most prominent
lines of the thorium B+C+C" spectrum. A
mean value for the IIp of each of these lines was
taken from the recent determinations of Ellis"
and Wang. "The true value of II at which these
lines were recorded was determined by dividing
their accepted IIp value by the radius of curva-
ture of the spectrometer in use, and these four
values of II were plotted, using the current
values at which the lines came in as abscissae,
and the mean value of EI (obtained from the data
of Ellis and Wang as explained above) for or-
dinates. These points coincided with the line
from the flux meter data within an accuracy of
0.6 percent.

MEASUREMENTS ON THE RADIUM E SPECTRUM

The radium E source was prepared on three
different mountings; nickel, palladium and
platinum. The nickel mounting consisted of a

3 C. D. Ellis, Proc. Roy. Soc. A138 318, (1932)."K.C. Wang, Zeits. f. Physik 87, 633 (1933).
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flattened wire 6 mm long, 3 mm wide and 0.8 mm
thick. The Pd and Pt mountings were of the
same dimensions in lengths and width; the
thickness of the Pt being 0.5 mm and that of the
Pd 0.4 mm.

The flattened face of each mounting was so
oriented in the spectrometer housing that its
plane made a grazing angle with the plane
passing perpendicularly through the center of
the source slit.

The spectrum from the source mounted on
nickel was examined on two occasions separated
by an interval of three months. The first test
consisted of twenty-five explorations of the
spectrum which were continued over the period
of a month, the initial source strength being such
that the total emission was approximately 10
beta-particles per second. Additional tests were
then made with source mountings of Pd and Pt.
In these latter cases the intensity of total
emission was relatively weak compared to the
maximum activity of the source on the nickel
mounting. Several more tests, with a new source
mounted on nickel of strength slightly greater
than the original one, were then made as a final
check.

RESULTS

We may summarize the results as follows:
Comparing source strengths of the same mag-
nitude; no difference in the shape of the energy
distribution curve resulted from changing the
source mounting from nickel to platinum. The
data from the source mounted on palladium are
meager, but all indications were that the dis-
tribution was unaffected by the substitution
of this mounting. These findings seem to elimi-
nate any possibility of error from selective re-
flection due to the type of source mounting used.

The similarity of the distribution curves taken
from sources mounted on the three materials
extends from the high energy maximum down
to 900 IIp. Below 1000 Hp the error from the
correction for absorption due to the cellophane
windows was of such magnitude as to obscure
any difference due to absorption in or selective
reflection from the material of the source
mounting.

In the explorations which attempted to cover
the entire spectrum in an uninterrupted run, a

200—
N 3~~SLIT 0 0 0

GASLIT~ ~~

IOO-

60—
40-

I 1

5I90
I 1 1

5850 650
Ht OERSTED-CM

Vl

I

7l 70

Fro. 4. End point counting rates with 3 and 8 mm
central slit widths. Single G-M counter, with fairly strong
source. Background included.

source strength giving a total emission of less
than 6&&10' particles per second was employed.

For this limited source strength and below it
all momentum (and energy) distribution curves
were in agreement from the lower observable
limit, 900 EIp (0.067 Mev), up to 4860 Hp
(1.03 Mev). Beyond 1.03 Mev the shape of the
distribution curve definitely became a function
of the central defining slit width as well as of
source strength.

A typical momentum (IZp) distribution curve
from weak and intermediate source strengths is
shown in Fig. 3, while Fig. 4 shows the effect of
variation in slit width on the experimental high
energy end point.

In the case of the complete distribution curve,
background readings have been subtracted, and
necessary corrections for absorption in cellophane
windows as well as for finite resolving time of
counters have been made. Each counting rate
has also been divided by the corresponding mag-
netic field strength, thus reducing the effective
slit width to a common value for all parts of the
spectrum.

The high energy end point readings of Fig. 4
are plotted as registered, without corrections.

When the source strength used was of the
order of, or greater than, a total emission of 10~

particles per second, only the high energy portion
of the spectrum could be satisfactorily examined,
because as the number maximum of the distri-
bution curve was approached the increase in
counting rate produced paralysis of the recording
system. As the source strength was increased the
"tail" of the distribution curve continued to
extend to higher and higher energies (even with
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l20

80 20—

I.O—

minimum central slit width of 1 mm), until with
the maximum strength available, counting rates
unquestionably above the background could be
detected (in five minute runs) out as far as
9500 Hp (2.4 Mev).

This effect is somewhat similar to that ob-
tained by Curie and d'Espine' as well as by
Yovanovitch and d'Espine. ' These workers used
extremely strong sources with photographic de-
tection, and found a feeble band between 7000
and 10,000 IIp which they hesitated to interpret
as an actual continuation of the main con-
tinuous spectrum. The interpretation offered by
the writer is that the effect is due to multiple
reflection from the walls, baAies or slit systems
of the spectrometer; the geometry of these re-
flecting surfaces producing broken' trajectories
for electrons of certain preferred intermediate
energies which results in an apparent but spuri-
ously large radius of curvature in the case of
photographic registration.

That this scattering is not indiscriminate
seems to follow from the fact that with the
present apparatus, using fixed radius of curva-
ture and variable magnetic field, different

2 4 IO I2 14
ENERGY IN ELECTRON VOLTS X IO ~

. FIG. 5. Fermi and K.U. plots. Radium E. Number data
averaged from four sets of readings.

apparent maxima can be found for each source
strength, beyond which the counting rate with
the source shutter entirely closed does not differ
from that obtained with the shutter wide open.
It is again worth noting that this scattering is
entirely absent at low energies, as deduced from
the sharp cut-off (previously mentioned) pro-
duced by absorption in the Cellophane windows.

It also seems reasonable to presume that this
postulated selective scattering drops below the
background level for weak sources and becomes
negligible in the main portion of the spectrum;
otherwise it would produce discrepancies be-
tween the curves from weak and intermediately
strong sources, and such discrepancies were not
found.

The above reasoning leads to the rejection of
the high energy end points obtained with ex-
cessively strong sources as unreliable, and also
to the rejection of the distribution curves made
from data taken with slit widths which give a
fractional resolution (Ap/p) poorer than 0.05.

Under these restrictions the best value of the
experimental end point was estimated as 5350
&130 IIp (1.175&0.04 Mev). From the previous
discussion it would seem that any attempt to fix
the experimental end point with greater accuracy
would be unwarranted under conditions imposed
by the spectrometer in use.

FERMI AND K.U. PLOTS

0.99
0.69
0.38
0.093

5
1.33
0.134
0.0005

Mev

0.945
1.036
1.132
1.224

A plot of [N/(q+ 0 355'') ]l a.gainst the
energy of the electrons yields the curved line
shown to the left of Fig. 5, indicating that the
Fermi function does not correctly represent the
experimental distribution in energy of electrons
from radium E. In the same figure the line to the
right represents the plot of [X/(q+0. 355'')]l
versus electron energy and shows a degree of
linearity which appears to indicate substantial
agreement between the experimental distribution

TABLE II. Expected energy-number distribution (N calcu-
lated from values of the function (N/f)& as determined from
the extrapolation of the st'raight line graph of Fig. 5).
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and the theoretical one predicted by Konopinski
and Uhlenbeck.

Data from several distribution curves obtained
with both single and double coincidence counting
and with both nickel and platinum source
mountings all yield K.U. plots whose extra-
polated high energy end points coincide at the
value of 1.25&0.03 Mev. This is but 6 percent
higher than the most probable experimental value
for the end point.

It is also of interest to note that the straight
line plot of (N/f)l ns. energy continues through
to fairly low energies and does not curve down-
ward as in the plots from the data of Scott" and
Lyman. '3

Omission of the previously listed corrections
only increases by an additional 5 percent the
divergence between the experimental and extra-
polated end points determined in this work.

COMPARISON BETWEEN VALUES OF HIGH EN-
ERGY END POINT FROM EXPERIMENTAL DIS-
TRIBUTION CURVE AND EXTRAPOLATION OF

K.U. PLQT

If the Konopinski-Uhlenbeck theory have any
validity, then the experimentally determined end
point should always be found at a value which is
considerably lower than the one determined
from extrapolation of the K.U. plot. The reason
for this is the fact that the K.U. theory requires
a fourth order contact between the energy dis-

tribution curve and the energy axis, thus limiting
the number of electrons close to the end point to
a value which makes their detection by present
methods most improbable.

Thus within the limits of the source strengths
used we cannot expect experimental points
beyond 1.13 Mev. This may be readily shown by
calculating the relative expected counting rates
for points on the K.U. plot beyond this energy
value. This has been done and the results are
tabulated in Table II.

If we take the ratios of successive pairs of
predicted counting rates we notice that between
1.036—1.132 and 1.132—1.224 Mev the ratio of
successive counting rates should drop from
10:1 to 373: 1. Thus if the counting rate is
near the limit of sensitivity of the detector at the
former values, it is hopelessly below it for the
latter.

Thus a counting rate of 5 per min. at 1.036 Mev
would give (on K.U. predictions) a rate of -,'
count per min. at 1.132 Mev.

This latter would not be recognized above the
background in a normal 5-minute run. And as a
matter of fact no electrons above 1.036 Mev were
found with the 1 mm slit width.

With a three mm slit width, which because of
a larger solid angle gives a higher counting rate,
we obtain a counting rate of between 150 and
200 a minute which would be cut to only 15 to 20
per min. at 1.132 Mev. This rate is well within
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FIG. 6. K.U. plot in end point region. Number data taken FrG. 7. K.U. plot in end point region. Number data taken
with central slit width 3 mm. with central slit width 8 mrn.



312 J. S. O'CONOR

the limits of detection. Electrons in the correct
abundance were found at this energy and with
the three mm slit.

Extending the reasoning to higher energies we
find that with counting rates obtainable with a
3 mm slit width we have a predicted drop on K.U.
theory from 150 counts per min. at 1.132 Mev to
less than —,

' count per min. at 1 ~ 224 Mev.
This is the first energy at which there is found

a disagreement between K.U. prediction and
experimental count; the departure being rela-
tively slight in the case of the 3 mm slit when the
probable error in N and IV is considered. Beyond
1.22 Mev there is no further count recorded above
background with the 3 mm slit, and the recorded
readings from the 8 mm slit above these energies
depart still more from the K.U. predictions.

If the experimental counting rates near the
end point be used for a plot of the K.U. function,
it is found, as may be seen in Fig. 6, that for a
3 mm slit width all the points but the last one
lie on the straight line which gives the same
extrapolated end point as does the line which
was plotted from the average of several runs
(taken with 1 mm slit) over the entire range of
the spectrum.

On the other hand with the 8 mm slit (Fig. 7),
there is a definite curving away from linearity
exhibited by the last tkree or four points; and
this trend is such as to indicate an excess of
electrons over the amount predicted by the K.U.
theory.

The most plausible interpretation seems to be
that the departure seen in Fig. 7 is due to scat-
tering as a result of the use of a wide slit; and
this effect becomes more noticeable as the ratio
between scattered electrons and those of energy
proper to the beam being measured increases.

We may sum up the previous discussion by
saying:

(1) All counting rates at energies amenable to
measurement with source strength below a total
emission of 10' electrons per second and 1 mm
slit width, are in full agreement with predictions
of the K.U. theory.

(2) Only the last measurable counting rate
taken with the 3 mm slit width is in disagreement
with the predictions of the K.U. theory, and this
discrepancy may be partially explained by the
spread in IXp due to finite slit widths.

(3) Measurable counting rates taken with the
8 mm slit width and at energies higher than the
maximum found with the 3 mm slit width, are in
complete disagreement with the K.U. predic-
tions, and the disagreement increases with in-
creasing energy.

Keeping in mind the probability of scattering
with wide slits, the logical conclusion from the
above seems to be that the reliability of the end
point measurements is in inverse proportion to
the central slit width, and that the rejection of
those readings taken with wide slits, which are
in disagreement with the predictions of the
Fermi-K. U. theory, is justified.

PosITIoN oF NUMBER MAxIMUM

Measurements progressing in the direction of
decreasing energy show that the distribution
curve continues to rise until a value of 1650~40
IIp (0.182 Mev) is reached. This divers consider-
ably from the early estimates of the number
maximum but agrees with the trend of more
recent observers to place the number maximum
at lower energies. Because of the uncertainty in
the corrections for absorption, no great con-
fidence can be placed in the way the curve
behaves on the lo& energy side of the maximum.
Errors in the corrections may exaggerate the
height of the peak, but it is not displaced with
respect to the energy axis; its abscissa being the
same with or without the corrections.

COMPARISON OF END POINTS OBTAINED

BY VARIOUS OBSERVERS

The evidence for a true experimental end
point appreciably above 5500 FIp seems both
dubious and untrustworthy. Terroux's" abnor-
mally high value of 11,200 IIp (from cloud
chamber data), according to a footnote in a
subsequent article, '~ is admittedly an over-
estimate due to an improper criterion for the
rejection of tracks whose radii of curvature had
been altered by collision with nuclei.

In addition any estimate such as that of
Terroux, which attributes an FIp of over 5000 to
as many as 4 percent of the particles, is in dis-
agreement with the work of Ellis and Wooster"

"F.R. Terroux, P. C. P. S. 28, 115 (1932).
88 Ellis and Wooster, Proc. Roy. Soc. A11'7, 109 (1927).,
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and of Meitner and Orthman. "These investi-
gators determined the mean energy of the con-
tinuous spectrum of radium E by calorimetric
methods, and its value absolutely precludes the
possibility of so many high energy electrons.

The paucity of tracks and large pmbable error
in the work of Ho and Wang" does not tend to
convince one of the objectivity of an end point
at 7500 IIp.

Among the recent spectrometer measurements
we have the results of Alichanow, " Lyman, "
Langer and Whitaker' and the writer all in
agreement to the extent of placing the most
probable value of the experimental end point
between 5300 and 5400 IIp.

Scott's high energy end point of 6600 Hp is far
beyond that found in the present investigation
with a source strength of the same order of mag-
nitude (280 counts per min. at the number
maximum of the spectrum).

It also exceeds most other values obtained
fmm spectrometer measurements.

The possibility of scattering being increased
by the small radius of curvature (2 cm) and lack
of baSe system in his spectrometer seems to
receive confirmation. from the lack of sharp cut-
off at the low energy end of the spectrum, as
mentioned previously in the paragraph on the
correction for absorption in the Cellophane
windows.

While all workers on beta-ray spectra agree in
the rejection of the Fermi function, because of
its inability to satisfy the criterion established
by Kurie, Richardson and Paxton, there is no
such unanimity concerning the shape of the
K.U. plot and consequent validity of that theory.

Champion and Alexander" have found the
K.U. plot linear for both radium E and thorium
C", with an extrapolated end point for the
former only 9 percent above their experimental
one of 5500 IIp.

Scott's data, when used for making the K.U.
plot, show linearity for the main body of the
graph, and this line gives an extrapolated end
point value almost identical with his rather high
experimental one. However, there are serious
departures fmm linearity at both low and high
energy portions of this same plot; the upward
curvature at the high energy end indicating an

3' Meitner and Orthman, Zeits. f. Physik 60, 143 (1930).

INVESTIGATOR

EXPERIMENTAL EXTRAPOLATLrD
END PoINT K.U. END PoINT

Hp Hp

PERCENT-
AGE DIF-
FERENCE

Champion and
A1exander"

ScottIS
Lyman"
Langer and WVhit-

aker'4
O'Conor

5500

6600
5300
5330

5975

6600 (P)
6050
6250

14'FQ
17 po

4' H. O. Vf. Richardson, Nature 139, 505 (1937).
4I Langer and Khitaker, Phys. Rev. 51, 713 (193').

excess of electmns over the number predicted
by the K.U. theory. Lyman on the contrary finds
a deficiency of electrons near the end point which
causes his K.U. plot to drop to the energy axis
more rapidly than the theory requires.

Lyman as well as Langer and Whitaker find
the K.U. extrapolated end point more than 14
percent higher that the experimental one, while
the results of the present investigation indicate
a difference of only 6 percent.

Table II I summarizes the resul. ts just discussed.
The diA'erent values obtained for the extra-

polated end point by various workers indicate
that the shape, even of the main portion, of the
distribution curve from which the data are taken
must be seriously distorted by some of the spec-
trometers in use; for independently of the truth
or error of the theory, plots of the identical
function from the data secured by four different
spectrometers from the same radioactive sub-
stance should yield curves which have the same
intercept on the energy axis. Such agreement is
not found in the four last cases listed above.

In view of such discrepancies it would be
difficult to justify the rejection of the Konopinski-
Uhlenbeck theory until there is better agreement
concerning the experimental distribution with
which it may fail to conform.

Some modification, such as that proposed by
Richardson, "may be necessary if the agreement
between Lyman" and Langer and Whitaker"
regarding the deficiency of high energy electmns,
with respect to the K.U. plot, be taken to indi-
cate a real rather than instrumental effect. While
it is possible that such a deficiency might be
obscured by lack of fine resolution (in the present
investigation Dp/p —-0.05) the results here re-

TABLE III. Comparison of experimental and extrapolated
E.U. end points obtained by recent observers.
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corded for the major portion of the distribution
curve can be conservatively interpreted as con-
tributing limited support to the K.U. theory.
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Lines in the extreme ultraviolet region involving the 3d'D, 4p'P, Ss'S, 6s'S, and several

nf 'F terms have been identified in the spectra of Mn VII and Fe VIII. In Cr VI the first
member of the 3d 2D —nf 'F series has been found. These spectra have been photographed
with a twenty-one foot grazing incidence vacuum spectrograph. Identification was facilitated
by the use of constant second difference displaced frequency diagrams.

HE spectra of highly ionized chromuim,
manganese and iron have been photo-

. graphed in the extreme ultraviolet with a twenty-
one foot grazing incidence vacuum spectrograph.
The instrument and source of power have been
described in previous reports. ' '

Heretofore the identification of the extreme
ultraviolet spectra of isoelectronic ions by the use
of the constant second difference law, has been
greatly facilitated by the fact that the lines
involved were among the very strongest in the
region. However, when an attempt was made to
extend the K I —Cr VI isoelectronic sequence to
Mn VII, an extrapolation of the displaced fre-

'Preliminary report given by P. G. Kruger and S. G.
Weissberg, Phys. Rev. 49, 873A (1936).' P. G. Kruger, Rev. Sci. Inst. 4, 128 (1933).' P. G. Kruger and W. E. Shoupp, Phys. Rev. 46, 124
(1934).

quency diagram (see Fig. 1) for the resonance
multiplet 3d 'D3/2, 5/~

—4p 'P&/2 ~/2 led into a
thickly populated region, with no prominent
lines. This was in contrast to the appearance,
on our plates, of the very strong 3d 'D3/2, /2
—4p 'Pg/p, 3/2 multiplets in V V and Cr VI."
That Mn VII might not be excited would indeed
be curious, since spectra both from Mn VI and
Mn VIII have been identified on the same plates,
and lines from both of these ions are intense. One
must conclude, therefore, that the above multi-
plet is among the lines of intermediate intensity
in Mn VII.

From the identification of the multiplet
4s 'SI/2 —4p 'PI/2, 3/2, Gibbs and White had
already found the fine structure interval in the

' Previously reported by R. C. Gibbs and H. E. White,
Proc. Nat. Acad. Sci. 12, 598, 675 (1926).


