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a
PREFACE

The following thesis contains an account of researches
performed by the author in the Research Laboratories of the
Natural Philosophy Department at Glasgow University. The sequencd
of the experimental work is given in the order in which it was
carried out, each part leading on naturally to the following one,
The investigation of diffraction by methods similar to those used
in cathode ray work failed to produce results, but on the other
hand an effect was obtained which gave results very similar in
their nature to diffraction, This was therefore investigated
and thereafter attention was turned to original methods which
might be utilised in the study of diffraction, As the method of
detection Was of fundamental importance the action of electrical
counters was studied and this resulted in the discovery of new
types of electrical 'counters', the detecting vessels being H.F.
discharge-tubes of various kinds. Finally an entirely original
method was devised to investigate diffraction and results were
obtained by transmission of ﬁb ~-rays from radium E through films
of gold and aluminium,

The suthor performed the experiments under the
supervision of Professor B, Taylor Jones whom he thanks for the
advice and encouragement which he gave throughout the course of
the research. He is also much indebted to him for the many
helpful suggestibns which he made. The author thanks Dr, John
Thomson for his interest in the work on the H.F., discharge-tube

counters and for his useful suggestions in connection with it,




The diffraction of electrons is a subject which
has received considerable attention, both theoretical and
experimental, in recent years. Since Elsasser (1)suggested
that evidence for the wave-nature of electrons would de
found in their interaction with crystals considerable
attention has been devoted to the matter, the fundamental
principle being that strong support for the wave theory of
| particles would be obtained if it were possible to measure
some quantity which could be regarded as a wave-iength,
and if it were found that the values agreed with the de
Broglie (2)equation A = ,k,lmurwhere \ is the wave-length,
h 1is Planck's constant, m and v the mass and velocity
of the particle respectively. The experiments of Davisson
and Germer (3) mark the beginning of a series of investigations
of the diffraction of electrons. They showed that electrons,
of energy between 65 and 600 electron-volts, were diffracted
by a single nickel crystel and that their meassurements
satisfied the equation ). -Jilnvui In this work the electrons
were obtained from a hot cathode, a tungsten filament.
The next step was made by G. P. Thomson and A. Reid (h)who
passed a beam of cathode rays from & discharge-tube through
a thin celluloid film, They verified that I)J?; vas
constant where D 1is the diameter of the diffraction ring
(the patterns being formed on photographic plates) and P is
the voltage accelerating the electrons. Results for metal
films, celluloid films, mica films and so0 on have bgen
obtained by these and other workers.(5) The diffraction
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patterns sometimes took the form of a series of concentric
rings round the spot formed by the undeflected beam and in
other cases the intensity was more or less concentrated in a
series of spots on the circumference. The agreement in
velocity between the rays forming the rings and those in the
central spot was exact to well within 1%, the rings being
formed by electrons which had undergone elestic collisions
therefore. Rupp(6) made a series of experiments on the
diffraction petterns formed by slow electrons, of energy
150 to 290 electron-volts, going through thin metal films,
He used both specially sensitised photographic plates and a
Faraday cylinder as detectors of the electrons. The problem
of the diffraction of electrons has been studied carefully
for the lower energies, corresponding to potentials from 50
to 100,000 volts, but few experiments have been tried with
electrons of energy greater than 100,000 volts. The de
Broglie equation N\ -lbfnnrhas however been verified up to
250,000 volts by Rupp (7 employing the method of transmission
through thin polycrystalline films with photographic
detection. Kosmen and Alichanian (8) obtainea aiffraction
patterns for electrons up to 520,000 electron-volts energj
without verifying the law for the wave-lengths employed.
The problem of the diffraction of ﬁs -rays becomes important
for two reasons:-
(1) the velocity of B -particles is normally greater than
that of artificially produced cathode rays;
(2) it is important to co-relate the B-particle with the
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electron in the property of being diffracted by
crystals,

Many technical difficulties are encountered on
approaching this problem. For one thing, in most
experiments performed with cathode rays care is taken to make
the beam homogeneous and the difficulty can be satisfactorily
(9)

overcome in this case. In the case of ﬁb -rays however
this is a very serious difficulty. The ﬁb ~-radiation
emitted by a radiocactive source is not homogeneous and in
most cases the particles have a considerasble range of
velocities. To obtain a homogeneous beam it is necessary
to adopt some kind of resolving device such as a magnetic
field with the result that the primary beam is of very low
intensity. A further complication is introduced by the
fact that there is generally a stirong \f‘-radiation present
emitted by the @—ray source, The measurement of a weak
beam of i‘%-particles in the presence of strong Y'-radiation
is a matter of some difficulty.

The first experiments were carried out with 1 mg.
of radium itself but it was found that even with long
exposures strong central spots could not be obtained. The
rays were not homogeneous in this case as they simply passed
through a system of collinear apertures and fell on a
photographic plate at some distance. It was reallised that
work could not be advanced with a source of this strength

and in the place of radium, radon capillaries, varying

according to requirements from 10 to 80 millicuries in
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capacity were used. . These were-analysed by means of the
seni-circular focussing apparatus (10) shown diagrémmatically

Epump s

in fig 1. ﬁqi ’ /T
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It was round that the glass walls of the capillaries were
sufficiently thick to cause a considerable amount of
straggling of the (3 -rays emitted, but the more intense
lines in the radium B spectrum could be picked out easily
with exposures of the order of an hour, In fig. 1 R is the
radon capillary, L a lead screen, P a photographic plate.
The radon capillary R was usually from 0.3 to 0.5 mm,
diameter externally and about 5 mm. long. AB was a slit

5 mm., long and 1.5 mm, wide and R was held on a line through
the mid-point of AB perpendicular to AB and at 1 cm. from the
s8lit. The length of R was perpendicular to the

plane of the figure and the wnole box was arranged to go

e ——
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between the large pole~faces of an electromagnet, the
lines of magnetidvflux being perpendiculér to the plane
of the figure., Vheu the field is uniform over the area of
the box particles of the same velocity describe parts of
circles as shown, the radii of these circles being the same.
Even with relatively wide slits rays of like velocity
converge to a focus on the plate the ray passing through
the centre of the slit reaching the point farthest from fha
source and those on either side falling at a point close
below it. The edge farthest from AB , the high velocity
edge of the spectral line, is therefore sharp. The
electromagnet was calibrated by means of a Grassot
fluxmeter, a curve of field strength and coil current
being plotted.

An attempt was made to obtain a homogeneous beam
of ﬁ -particles for the investigation of diffraction with the

apparatus showm in fig. 2.

F\ﬂ. 2.
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The resolving apparatus of fig. 1 was modified so that a
tube passed through the wall and entered the box. This
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tube made connexion with a camera K and the tube
contained a soft-iron tube S through which was bored an
aperture of 1 mm. diameter. The field acted across the
shaded area so that the réys falling at A passed through 8
being shielded from the magnetic force, and emerged at B
as a homogeneous beam, A photographic plate P was put
in K to detect the rays. It was found however that the bean
was very weak. Using very strong radon capillaries (about
70 mec.), with exposures of 1 to 7 days, dense spots, adequate
for work on diffraction, were not obtained. The lead screen
marked Pb shielded the plate from V-radiation and the most
intense part of the spectrum of RaB was focussed on A
The intensities and energies of the lines of the RaB spectrum
are given in table 1, taken from Rutherford Chadwick and
£1118¢10) page 362.

Jablel = The natural PB-ray speclrum of radz'umB-

Number l}’lea.sured Eneray in § Numpber|Measured Ene n
of line |iatensity HP vo?efsqz 105 ¥ of line fn:encffy HP voIf';q 10s
/ iy | oy | osyas| 1t | 8o 10 1529
2 5 (LYo 0:3Y92 ] 18 391 1% 1-69Yy
3 / L8y7-0 0+ holt 19 1 | 15 1858
4 " 088 | 04933 20 q/ 16'1Y 2-0¢Y
4 3 vq3¢ | 05288} & | 10 174 2-2Y5
o i 9941 | 0-53(5) 22 5 | 1832 2° ko2
v 2 £330 0'5806f 23 o5 | I18%0 2°Hy2
§ 5 £380 | 0'58ya} 24 | /oo 1933 2:638
9 2 554 | 0'606] 25 12 2015 2:8/3
10 5 Jof | 0'GITA] 2 21 | 2064 2- 926
i | s | SINT | 0'GH2Y Ay I's | 2110 3- 033
2 | s | ¥1Go | 0«6l o | 1o 225% 3.3Yf
13 3 Jaw2 | 0You | 29 8 230Y 3502
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15 2 | 1ss Jeob} | 3 15 | 2433 3:20f
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On account of the lack of intensity of the ’3 -ray beam
the method was abandoned. It hed illustrated however the
major difficulty of the investigation - the fact that a
pencil of homogeneous @.-particles is never intense when it
has been obtained by some resolving device, The methods of
focussing available do not produce thin pencils of P.-rays,
which is what is to be desired in diffraction work, and the
presence of magnetic fields between the film and the plate
distorts any pattern that would be formed. Thus suppose
that by putting a small circular aperture at A,B (figure 1)
in place of the usual slit we focussed the rays in a spot at
K,K! and that a film was mounted at 4,B. The rays diffracted
on their way through the film would not form a ring round
the spot owing to the action of the magnetic field on their
paths,
‘ It was decided that an attempt to show diffraction
effects should be made with the non-homogeneous rays emitted
by radon - the ﬁ-rays of Ra(B+C). The two elements have a
continuous ﬁ -ray spectrum and a strong line spectrum
superposed upon it, particularly RaB, If reference is made
to Table 1 we see that a large percentage of the Line spectrum
intensity is concentrated in three principal lines of the
RaB spectrum - namely lines 17, 20 and 2. The total intensity
of the lines between 17 and 24 =
80:0 + 3°9 + 2¢1 % 91¢0 + 100 + 2¢5 + 0¢5 + 1000 = 280
The lines below line 15 do not appear in the spectrum of the
radon capillaries (this was proved experimentally) being
dbsorbed in the glass., The total (3 -ray intensity of the
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line spectrum from line 15 to line 32 = 30 + 3331 = 3361
From Rutherford Chadwick and Bllis (1°) page 364, we find
RaC has a total line intensity of 18¢99 + 998 = 29.0. The
part of the spectrum whose energy lies within the range
specified by lines 17 and 24 of RaB has intensity 1.6.
Hence for Ra(B+C)

280.0+1+6
336+1+29.0

Intensity in given range
Intensity in total spectrum

"

. 888%0¢ - 77% of the total line spectrum

of Ra(B+C) has en energy (in volts x 1072) lying between the
linits 1.529 and 2.638. This means that of the [} -particles
forming the total line spectra emission of Ra(B+C) 77% have
energy between 152,900 and 263,800 electron volts, The
continuous spectra of the elements should be considered but
if we assume that their intensity is more or less uniformly
distributed throughout the considerable range of energies
covered by them they will not affect diffraction effects
except in so far as they increase the background on the plates
showing diffraction patterms, To find the diameter of the
diffraction rings we have the following equations:-

ef"/goo = m,e? [~ U2 - Mmoct - ([)

\ - km??/m,f coe @

€liminating U~ and approximaling
A = /K/ 150 fePm, /(/+ eP [1200 mocy )

The Symbols /Idua Hle Usoal mean;ngs n e?uqh:mg
(),@),a0d(3) and eP 5 [he energy in electron-volts .
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If D = dismeter of ring, L = length from film to plate,

d = placing between the crystal planes

D=2a)/d N )
D= 2L holePns 1+ ePlroom.c). 6)

Substitution of the known values -

Hence

L = 3540 cm., h = 656,10 2'erg-sec., € = 4+774.10"1%¢ ,s.u.,
d = 2°032 A.U, (the spacing of the (200) planes in gold i.e.,
one half of the side of the cubic cell from X-ray data),
m, = 8o98.10"28 gnm. ‘
may be made in equation (5). When P = 153,000 volts is
employed we find by calculation of (5) that D = 1002 mm.
Likewise, calculation of D for P = 264,000 volts gives
D = 7¢63 mm. These results, together with the above
consideration of ﬁs -ray intensity in the spectra, indicate
that it should be possible to detect diffraction of (3 -rays,
employing the non-homogeneous particles emitted by radon.
The diffraction ring, formed by the (200) planes of gold,
should appear as a rather diffuse ring round the central spot,
the inner diameter being 7¢63 mm, and the outer diameter being
10.02 mm.,, since 77% of the rays in the line spectrum, on
diffraction by the (200) planes, fall within these limits,
Experiments with radon were carried out for these reasons.
Apparatus,
The apparatus used in the investigation is shown
diagrammatically in fig. 3. In order to snow details of
certain parts fig. 3 is not drawn to scale. 8 is

a soft-iron shielding tube preventing magnetic fields
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deflecting the 13 -particles. C is a tube of brass

fitting into and held by S. It is closed by a thin brass
plate, % mm., thick, at its right-hand end. At the centre
of the plate is a smell ecircular aperture A11, varying
between O¢1 and 0.5 mm, in diameter, The left-hand side of
C is occupied by a short flanged tube F having a small
aperture A1, similar to A'1, Within F is the source R,
which rests in a narrow groove immediately behind A1, and

is held in position by the plug V. The system is closed

at this end by the cap E fitting over S. The main body of the
camera is denoted by K and the pump connexion by B. The
latter is covered by a metal screen M to prevent light from
entering the apparatus and fogging the plates. The
photographic plate-holder on the extreme right contains the
plate P. A remark must be made here about tube T shown

in fig. 3. This tube was a later modification of the
apparatus which wag added in order to study the reflexion
phenomenon explained below. When diffraction was being
investigated it was not present, and C in this case had an

inner diameter of 1¢5 cm. The f£ilm holder was mounted in
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front of Al 8o that rays’phssiﬁg.through Al and A'1 passea
almost normally through the f£ilm, _Moat of the joints are
screw joints, sealed with "Picien". The chief dimemsions
are:-}length of tube T, 8 cm; distance A11P, 35 cm; diameter
of K, 9 em; inner diameter of C 1.5 cm, The cameré‘was
larger than required for purposes'of measurement, the advantage
being that the larger the dimensions the clearer the
background on the plates. The pumping system consisted of a
rotary oil-pump backing an oil-diffusion pump, using Apiezon
0il B, and capable of producing vacua down to 10~7 mm, of
mercury. Between the pumping system and the camera was
inserted a discharge~tube for pressure measurement, it being
found necessary to isolate this by means of stopcocks as
running the diacharge fogged the plates, The customary lesk
to the atmosphere was inserted between the discharge~tube and
the camera. The body of the camera was held vertically,
source-end uppermost, by supports not shown in the figure.
A system of grooveswas cut in the various parts S, C, T, W to
allow free passage of air in pumping, any pressure on the
capillary R, with consequent risk of breakage, being thereby
avoidead.

Sources of ﬁB -rays,

In work on [5 -radiation the sources used are of great
importance and in this work various types were tried in an
effort to secure the most suitable one. The chief drawback
to almost all of them was lack of intensity. As mentioned
above radium itself was tried but with no success as large

supplies were not available, Specially prepared active
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deposit sources were emplbyéd also, Although these
were very intense their short period of activity mede their
use inconvenient, a plate of the required density seldom
being obtained with less than about six of these preparations.
This meant that the process of taking an exposure was
tedious as the system had to be let up to atmospheric
pressure every time a fresh active wire‘was inserted. The
sources which were finslly adopted were radon capillaries,
liverating ﬁ -rays of energy 130,000 electron~volts
upwards, the range of velocity being determined by the
semi~circular focussing apparatus of fig., 1. Eaeh radon
capillary could generally be used twice, its activity falling
in the course of the exposures from sbout 60 to 40 mc. and
from about 40 to 10 me, A note will be added at this
point on the method of preparation of active deposit sources
as the method devised is important on its own account even
though the sources were not suited to the requirements of this
particular research,
Note on Activation, WVhen a large supply of radium is not
available it is not possible to adopt the usual practice of
preparing bare activated sources by exposure of wires and so
on to radon collected over the radium. The problem therefore
arises as to the best method of activating wires, given a
supply of the ordinary type of radon capillary sold
commercially. Commercial capillaries are too thick-walled
to allow ol -rays and slow (3 ~-rays to pases through. The
following simple yet efficient method was devised as a ‘

solution to the problem which becomes one of general interest
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when it is realised that wires coated with an active
deposit of Ra A,B,C form one of the best types of sources
for much of the work being done at present with O ~-rays in
the field of artificial raedioactivity and so on. It is
important that it should be possible to utilise ordinary glass
cepillaries since large supplies of radium are in general
| not available, Glass radon capillaries are obtainable with
capacities ranging from 10 to 100 mc. and very strong
activated wires can be made from them, It is an advantage
to use the strongest supplies as a larger number of strong
sources are prepared from the one capillary before its
activity decays to a value preventing successful activation.

About six to eight inches of thick-walled glass
capillary tubing is taken - of bore approximately 1 mm,
This is drawn out in a small flame at one end, this requiring
to be carefully done as it has an important effect on the
subsequent concentration of the radon. The bore must be
kept as near 1 mm. as possible down to very near the end where
it tapers sharply to a very fine opening of the order of
40 mm, diameter, The small glass radon tube is then inserted
at the other end (1 mm. diameter) and as the tubes are
normally ¥ to # mm., in diameter they slide easily into the
glass tube after which they can be moved gently down to the
narrow end where they remain fixed. Now a mercury reservoir
is connected by rubber tubing to the glass tubing (see fig. &)
and when the mercury level of the reservoir is raised mercury
flows up the tube forcing the air inside past the radon
capillary into the atmosphere. The small stopcock inserted
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between the tube and the reservoir controls the mercury
flow, When the mercury has alﬁoat reached the radon
capillary it is stopped by closing the stopcock, A small
flame is allowed to play on the narrow end, thereby

effecting a seal, When the rubber tubing is disconnected
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the radon capillary is held in a small cavity. The glass

tube is held horizontally and a fine steel wire, not more than
%+ mm. diemeter, is inserted through the mercury. The
capillary being broken by bringing the wire into contact with
it the radon escapes into the small pocket. The steel wire
is gently withdrawn and sbout 50 mc. say of radon, in fairly
concentrated form, is sealed off from the atmospheré by a
column of mercury. The sources are obtained from this radon
supply by inserting a platinum wire, a few tenths of a
millimetre in diameter, through the mercury so that perhaps

% cm. is exposed to the radon. It is kept there for two hours
being meintained at a potential of about 200 volts, negative

relative to earth and the surrounding apparatus. The type
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of active depoeit Source, whether of Radium A or of radium

A, B, C in ewuilibrium and so on, can be determined by
changiﬁg the conditionsﬁqf exposures (see Rutherford,
Cheawick and E111s, (1) page 558). On withdrawing the wire
and cutting off the activated end the radon supply remains
intact and can be used to prepare many such sources before its
activity falls below a working value. Its half-period,
3825 days, is considerably longer than those of most of its
products. Since minute quantities of radon may escape into
the atmosphere on withdrawal of the wires the work should
not be done near apparatus used for measurements in
radioactivity, It should preferably be carried out in a
place set aside for the purpose. A simple appasratus which
rapidly astimates the activity of the prepared sources
is an advantage and one found suitable for this purpose is that
due to Chalmers (11), the microammeter reading giving a good
estimate of the strength. Before use the wires should be
washed in alcohol and heated to AOOOC. in an evacuated
quartz tube to remove radon occluded in the metal surface.
Experimental Procedure,
It has been shown that using radon as a source of ‘3 -rays
and gold film as the diffracting medium a ring of external
and internal diameters equal to 1¢00 and0:76 cm. respectively
might be expected, and this idea was experimentally tested.
The radon capillary was first plaeced in the holder immediately
behind aperture A', (fig. 3) and then plug W was inserted to
hold it in position. The source end of the camera was then
dealed with "Picien", dhe plate was inserted, and the

apparatus exheusted. The vacuum in the course of an exposure
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was usually sufficient to wipe out a discharge with 70,000
volts between the electrodes. Exposures were long,
varying between one day and four days according to the
initial ectivity of the source. The method adopted for
measuring the intensity of the sources was that of
Ghalmers(ll).

Discussion of Results,

The photographs obtained showed that a strong
beam of non-homogeneous [?) -rays had been obtained and
very good spots were formed on the photogrephic plates,
comparable in density with those giving diffraction effects
in cathode ray work, The spot wes deflected by magnetic
fields proving that it was formed by ﬁ—rays. Many
photographs were taken with various films of celluloid,
gold and aluminium over the aperture at A1 but no sign of
diffraction rings was obtained. The background on the
plates was somewhat denser than that normally encountered in
the diffraction of cathode rays but it seemed clesar enough
to allow any pattern to show up. An experiment similar to

that of B. Taylor Jones (9)

with dispersed pencils of cathode
rays was performed with the [5 -rays. They were drawn out
into a short line by a magnetic field but there was no trace
of a circle as in the corresponding case with cathode rays,
nor was there any sign of an envelope of circles, such as
might be expected if the rays of different velocities

- formed circles of different diameters round points on the

line as centres. In this case we should expect to find

lines on either side of the line formed by the primary beanm .
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The failure of this method of attack on diffraction
seemed to indicate that new methods would have to be adopted
if the problem wag to be solved. The author however
thought it desirable to pursue at this stage of the research
an investigation into the nature of another phenomenon
which had arisen in the course of the experiments and which
is closely similar in its results to diffraction. The .
following account of it is taken largely from the author's
paper on the subject ---

"An Apparent Regularity in [3 -ray Reflexion".

In the following pages an account is given of an
effect of considersble experimental importance. It is shown
to Pe explicable theoretically as due to reflexion of the
rays by a portion of the apparatus. By the term reflexion
is meant the multiple scattering of the [ -rays from a
surface, the reflected rays being those scattered back, away
from the surface. The reflected B -particles causing the
phenomenon are shown to have velocities approximately the
same as the incident particles, the energy loss in the
multiple scattering process being therefore small, It is
shown that the photographs obtained in the investigation can
be used to deduce the relative reflecting powers of various
meterials by a simple photographic method,

Apparatus,

The apparatus need not be described agein as it was,
except in certain details, the same as that used for
diffraction (see figured ).

When diffraction experiments were performed tube C



was, at first, of narrow Hore and tube T was absent. This
arrangement gave rise to the effect which was subsequently-
proved to arise from reflexion at the surface of C. For
this reason when working on diffraction C, as mentioned above,
was made 1*5 cm. in bore the effect being absent in this case.
In the present investigation however removable tubes T were
used, these being made of various substances and varying in
bore from.l mm to 6mm The film-holder was removed and the
sources used were radon capillaries.

Discussion of Results.

The experimental procedure was similar to that given
above in the account of the diffraction experiments. Thus
when the tubes T were in position and photographs obtained,
they showed a very strong central spot surrounded by a ring
in all cases, the appearance of the ring suggesting that it
might be due to (b -ray diffraction. Fig. 5(a) i1s a
photograph taken with a carbon tube of 4 mm bore in the

apparatus of fig. 3, and fig. 5 (b) is one taken with a brass

tube in a second smaller camera. The diametral line in the
ji-rdvj phohxjraphs : carbon lube,(b)with brass tube in smaller camera.
F>g. 5(a).

latter case is interesting as it arises from the fact that the
groove containing the radon capillary was cut rather deep so

that the very high energy P> -particles were able to penetrate
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to a certain extent the plate at A1. This meant that the rays

formed a kind of pin-hole image of the source on the plate
after passing through Al .

In the first place it had to be established that it was
actually the [d -rays which were causing the effect as three
types of radiation were present, namely, beta, gamma and light.
The light referred to is the green fluorescence of the
capillary. The effect of the [% -rays was separated from that |
of the Y‘-rays and light by applying a very strong magnetic
field across the camera., When this was done the ring was
gbsent and a very weak central spot remained, marking the point
where the fluorescent light reached the plate. (It should be
méntioned here that sometimes &with bright metal tubes a weak

outer ring was present, formed by regular reflexion of the
light at the middle portion of T). It was next proved that the
ring was caused by T, this being verified by removing T and show-
-ing that the ring was then absent from the plates. To prove
that T was affecting the (5 -particles entering at A' was the
next step as it was possible that the circle formed by the

P -rays mignt arise from a secondary action of the Y -radia-
-tion impinging on the surface of T and liberating [5 -rays by
the photoelectric or the Compton effect. This was done by
putting between the aperture Al and the tube T a thin plate of
glass just sufficiently thick to absorb the [} -reys wnile
allowing the Y -rays to enter the cylinder. In this case
the ring wes sbsent and a weak central spot remained. In this
case the spot was not due to [) -rays as it did not deflect
in a magnetic field. It was poséibly due to the weak
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fluorescence of the source. The ‘Yﬂ-ray effect in the
apparatus was very slight.

The variation of the diameter of the circle was
investigated, brass tubes of different diameters being used.
In 211 cases it was found that the diameter of the circle
varied directly as the internal diameter of the tube T as it
was varied from 1 mm. to 6mm. Measurements were taken at the
inner edge of the ring in this case for reasons wnich will

appear later. In table 11 are given specimen figures for brass

Tablell,

Diameter of Diameter of
cylinder (cm.). ring (cm.).
0-2 09 i
04 1-8

0-6 2.7 1

Different metals - lead, copper, iron, aluminium and also
carbon were substituted for brass, The size of the (3 -ray
ring for any one particular diameter of tube was found to be
the same for the various materials but a variation in the
intensity of the ring was noticed when photographs were taken
under similar conditions with different substances. Finally,
the constitution of the primary beam and the ring was studied
and several photographs were taken with magnetic fields across
the path of the beam on its way from source to plate. The
central spot was drawn out into a short line with several dark
maxima on it. These corresponded to the well known maxima of
intensity in the (6 -ray spectrum of radium B - that is,
those of energies 1.529.10, 2,067,109, 2:638.105 electron-volts |

(see table 1) This showed that the spot consisted almost
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entirely of [3 -rays. At the same time the ring lost its
circular form and had the appearance of two lines running
paralle]l to the denser central line formed by the {5 ~particles
of the primary beam. The three linevs were of the same form
and approximately equal in length, this proving that the
reflected P) -rays had velocities approximately equal to those
in the primary bean.

The Theory of the Effect,
Calculation showed that the ring obtained in these

experiments could not be due to regular diffraction of the

@ -rays by the lattice planes of the metal of tube T. Thus
if we consider the primary beam as striking the surface of the
tube at B in fig. 6 and being diffracted in the direction Ball
we find that the observed angle of deflexion @ would agree
with that calculated from the wave~length ﬁ-%- and the spacing
of the lattice planes (as in diffraction experiments) only if
the electrons were at the most of energy 10,000 electron-volts
and it would be wery different from the value of g for ﬂ -rays.
The correct explanation of the phenomenon seems to lie in the
geometrical distribution of the electrons reflected from the
inner surface of the tube, Thus consider fig. 7. Suppose

Fig.6. : -
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a ray enters at Al and impinges on the cylinder at A. Let
aa represent a reflected B -particle leaving A and meeting
the plate at a distance R from the central spot on the plate,
marked 5y the point where A1A11 meets the plate, represented by
the line at distance L from A'l.  Suppose A is distant X from
&' and let us consider a small element dx of the cylindrical
surface around 4, Let © be the angle of incidence and @ the
angle of the reflected ray to the surface, It is assumed that
electrons impinge on the element and are diffusely reflected -~
that is, with equal intensity in all directions independently of
the direction of incidence of the rays on any element such as
that at A. AA“ representa one of these diffusely scatteread
electrons travelling in the direction required to reach the plate
through A11, The other reflected [3 -particles from the element,
which is really acting as a source of reflected electrons, are
absorbed for the most part by the surrounding walls of the tube.,
Now the number of rays from Al to elemental cylinder of length
dxoc 2r dx sen 6 . Hence number of reflected rays
passing through 411 o¢ dxsiB. desiw § » in accordance with
what is said above about the nature of the reflexion,

But lam@ =7 fl-x) anda Gam @ = T/x

.~ number reflected
1

T — . (dx)* |
°§:\/[4_2 wd-x)* ] [r*+ =] ( x) >
oC = (dx)z —

\/[1"'+x"][r"+ee-x)"]

since 7~ is constant for =my particular tube. The rays from the

that is,

element dx cover sn anmlar element of the plate whose area
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to a first approximation. Hence number of rays hitting unit

J- 7L ad [

area of the plate.

oC (d’x),. . x?
shat 1, VO[] da
x? da

oC = —_—
y [P#x*][ 1>+ (L-xy*]
If we assume that the blackening of the plate is proportional
to the number of ﬁ -particles hitting unit area (13) we obtain

the function 3
o &

I - ‘/ Er"«l—x"][?”f'(f”‘)"j-

as a measure of the density of the plates for wvarious values of

X or alternatively, for various values of R since R = 7L [

We are therefore in a position to plot the intensity distribution
on a photographic pléte by plotting the function I against R.

It is to be noticed that there is a maximum value of X
corresponding to the (3-ray which just enters through the
aperture A1, and since, in this experiment, it is a circular one
of + mm., diemeter in a plate 7z mm thick this limiting value
corresponds to @ = 459, as shown at B, fig. 7. This in turn
determines a minimum value of R, and inside a circle of this
radius no reflected B -rays are detected on the plate, To take |
a particular case: suppose the function I is graphed against R,
as in fig. 8,' for a tube of T = 0.2 cm, where L = 350 cm., and
£ = 8 cm. The minimum value of R in this case is that for
%X = (8+0 - 0°2) cm., i.e. for ¥ = 7.8 cm., and = 0-2,35+0/7.8cm
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= 090 cm. This is indicated by the broken line in the figure.

The function
x’b

- V [o2*+ 2] [ 02* +E@0-D*]

for this value of v , and it is seen that, starting at R = O-9cnm,

the curve falls very rapidly, indicating that the plate density
will decrease rapidly outside of R = 09 cm; and, since there are
no reflected (3 ~particles inside this radius, we have a sudden
incresse in plate density at R = 0.9 cm., with a rppid decrease
for greater values of R. This exactly corresponds to the
density distribution on the plates obtained in the experiment ’

in thecaseY= 0°2 cm. for example, the inner edge of the ring was
at a distance R = 09 cm, from the central spot, and it was
sharply defined while the outer edge of the ring was more diffuse.
The equation R = r.L/Xx shows that the inner edge of the circle,
corresponding approximately to x=.~£, neglecting the end-correc-
tion BC discussed above (fige 7) soould vary directly as r gine®
we have R = r.L/,Z, and this agrees with the measureuments given in

table II.
A remark snould be added on the other experimental
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observation, the difference in intensity of the rings with tubes

of different materials under similar conditions of exposure.
The method can be utilised as a convenient means of measuring
the relative reflecting powers of the different substances
composing the tubes with the ﬁ -rays, By photometry we can find
the ratio of the maximum intensity in the ring to the intensity of
the central spot and this figure gives a measure of the reflecting
powers of the wvarious substances, The strength of the sourée and
other variables are taken into account automatically by this device
and the only error is the slight backpround effect produced by
light and Y =-radiation, This error can be eliminated by
subtracting the background intensity from the other measufements
if greater accuracy is desired, The method is free from the
difficulties associated with delta rays etc. in the electrical
methods of determining reflecting powers,

The above investigation being brought to a satisfac-
tory conclusion attention was again directed towards the problem
of diffraction. It is difficult to understand why the method
described above, in which the non-homogeneous @ -rays emitted
by Ra(B+C) were used, snould have failed to produce results,

One explanation of this may be that of the total [ -ray
emission from a radon source a part only is found in the
line-spectra, the greater part of the emission being found
in the continuous spectrum. Thus, although 77% of the line-
spectra should produce diffraction effects, this diffraction
may be masked by the diffréction of rays forming the
continuous spectrum, contrary to the assumption made above,

If we take the curve due to Chadwick(lh) for the ;
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number of B ~rays emitted by radon, shown in fig. 9 (taken from
Rutherford, Chadwick and 8111819 5, 4o0. curve B), we see
F‘g q — ferays | of radm
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Hp
that the area under the part of the curve enclosed by the two

dotted lines represents the electrons which we have considered.
This area ié approximately that between the ordinates at Hp =
1400 and at Hp = 2000. The ares under the total length of the
curve represents the complete emission of the source.
Calculation of these two areas shows that themtio of the first
to the second is appromimately 0-23, In other words it is
found that the useful part of the 3 -ray emission, so far as
diffraction is concerned, is only 23% of the total emission of
the source. Perhaps this affords some explanstion of the
apparent difference between [B-rays and cathode rays in diffrac-
tion. There is no theoretical reason for the diffraction
patterns formed by ﬂ -rays being less intense than those formed
by slower cathode rays. This can be proved by reference to the
theoretical values for the intensities of the parts of an electron
‘aiffraction pattern.. From Mott (15) we have the result that
the fraction of the incident heam scattered into the solid angle

dw, in direction making an angle & with the direction of incidence,
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where "
- e~  2=F
O-ZGsm -0 - W

and - e, m, v are the charge, mass, and velocity of an electron

ZZ is the atomic number aﬁ the atom,‘and the )( -ray form factor.
F(e)=£_£_“;~1%t¢n',o(r)r‘dfr N ()

where u = A'_YL.&.&))\ being the de Broglie wave-length, and

})(rr) the density of electrons, Now from
Fr's. 0.

> ~"<;;é' -- L—~ - -

the Bragg condition (see fig. 10).
Ad si6/2 = mN N 69

Hence for a particular order n and a particular spacing d,

© being smell we have

S0 = 1506/ /,\ = nfd = conolant,

o ”1\4‘ r

Wi
. Fey= | 2 ) Wi Tdr = Conslant

for a particular diffracting mediunm,
[ L ZE = & 2P eauid
" 2mvt SEOf KN WN4d” mAlia? ’

is constant slso under the same conditions. This shows that

corresponding parts of diffraction patterns due to fast ﬁ -rays
and slower cathode rays should be e.qually intense since I(8) is
snown to be independent of V. For example the first ring in

diffraction patterns formed by a gold film should be equally
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intense where the central spots are egually intense,

Longer exposures failed to produce diffraction results,
the background density merely increasing in proportion to the
length of exposure, It was felt that if further progress was
to be made attention should be paid to different methods of
detection. The photographic plate did not seem to be as
sensitive to the f& -rays as might be desired, even though
various types were tried in an effort to secure denser central
spots and clearer backgrounds (mostly due to Y -radistion).
Schumann, Process, and other types were used but those winich
seemed less affected by \f-raya were at the same time less
affected by @>-rays. Of course this almost follows from the
fact that most of the action of Y -radiation on the plate comes
through a secondary action of the rays which liberate R -particle
when they impinge on any material in their path, The direct
action of the Y -radiation itself on a photographic emulsion
is s0 small as to be almost negligible, The plates generally
used were Imperiel Eclipse,H,and D.850. The scintillation

method, so powerful for work with weak’sourées of o -particles

is not applicable and indeed it was found impoesible to detect
the strongest beams of (5 -rays obtaineble on a fluorescent
screen., This is an illustration of the very considerable
difference in intemsity of the cathode ray heams normally
employed in diffraction experiments and the (,’, -ray beams used |
in radioactivity. One of the most sensitive forms of instrument
devised is the electrical 'counter' and it was decided that in
this a more sensitive detector than the photographic plate would

be found. Preliminary experiments with various forms of
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counters snowed that the action of many of these was erratic unless

| great care was taken in the matter of the high voltage control, the|

electrode treatment and so on. Attention was therefore paid to
the possible use of high-frequency discharge-tubes as electrical
counters and a successful investigation of this question was made.
The new types of counter evolved in this research have many points
in their favour in comparison with the more standard types of D.C.
counters, The following account of thelr properties and of their

(16)

mode of action is taken from the author's paper on the subject

"The Use of High-Freguency D;egggrge-tuﬁes a8 Electrical Counters"

Introduction.

The aubjéet of the electricel counter is one which has
received considerable attemtiom since it was described in its
first form by Rutherford and Geliger (17) end various modifications
and improvememts have been made hy nﬁl&rﬂuc investigators from
time to time. The prineiple embodies in the different types is
the same - wheh the potemtisl applied to a discharge-tube is
less than that required for sparking, the qntry of a single
ionizing particle will cause, under certain conditions, the
momentary passage of a detectable current. In the
prototype of the electrical counter, as described by'Rutherford‘
and Geiger (17) one electrode was the wall of the cylindrical
vessel and the other was a fine axial wife. This was changed
to a hemispherical vessel with a central smell ball by Geiger
and Rutherford,(ls)-lator, end to a cylinder and sharp point
by Geiger (19), The sherp point in the last case was specially

sensitised before use, In nearly all the earlier types of

|
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counter what tekes place is simply magnification of the
ionization currents by collision in the strong electric field

(20) and no "trigger action", in which

between the electrodes
the energy stored in the capacity of the counting vessel is
released by the entry of the particle, takes place, This means,
in these cases, that the currents to be detected are extremely ;
small, and considerable amplification has to be effected.
Even in the point-cylinder type ef counter working on the
principle of "trigger action" the currents passing through the
tube are still of the order of a few microamperes at the most,
and amplification is required to make them audible in a loud-
speaker for instance, Tho small area over which the rays can
enter and be effectively counted is for many purposes a disadvan~-
tage of the point-cylinder type, and recently some experimenters
have reverted to the wire type(21), which can be used for X-rays
and Y -rays as well as ® -particles and 3 ~particles, the
rays entering through the sides of the tube. In addition, it
has been found possible to use plane parallel electrode tubes as
counters (22) a steady potential being melntained across the
electrodes. These tubes are erratic in their behaviour and have |
not the required stability of action.
In the following pages an account is given of experiments

carried out on high-frequency discharge-tubes of various kinds,

in which it has been found that such tubes can be adapted so that

they act very efficiently as electrical counters of good sensitiw

ity, and in which the "energy trigger ratio" is so large that a

small loudspeasker may be included in the oscillator circuit to

detect the counts as audible clicks, The use of the H,F.

potentials in place of the D.C. potentials makes it possible to
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work the counter from a D.C. supply of 400 volts or even less, and

thus the use of high steady potentials reqguired in most other

counters is avoided. The erratic behaviour associated with some

D.C. discharge-tubes is absent for reasons given later, and the

effective counting area for these tubes is very large.
Apparatus,

The pumping system consisted of a rotary oil-pump
backing an oil-diffusion pump, using Aplezon oil B, and capable of ;
producing a vacuum of the order of 10"7 mm, of mercury, It was
attached to a manometeé and various tubes shown in diagrammatic

form in fig, 11. The gases admitted to the tubes were passed

through a drying system of calcium chloride and phosphorous

pentoxide.
Fie. I1.

H.F. discharge-tube system.

In fig. 11 D represents the drying tubes, the gas being
passed into the esystem at the left hand side of the figure. R is
a large reservoir for storing the dried gas and for use in adjust- ‘
ing the gas pressure in the discharge-tubes T and V, these being
separated to allow for pressure variation in the manner described

(23)

by Thomson . The manometer M contains Aplezon oil B of very

|
low vapour-pressure, Suppose V, is the volume of V and VB is the |

volume of T, and the manometer, when pumped out completely on the

right hand side, records a pressure P, cm. of mercury, as read by
a travelling micTroscope. T is cut off from V. V is pumped out,

and the gas in T is then shared between the vessels T and V. If
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the resulting pressure is py cm, of mercury, then

'P\ (\IP\"'VB) = Vs
ie. B 7 RYE __ . KPR say.

VA+ Vs

Thus k is determined from readings p4 and pg, and proceeding with
the same process, subsequent pressures, po = k'P‘l = kzpo.
D3 = K7Pgyueueeneeneneany Py = K'P,, can all be calculated. The
highest pressure which could be measured directly on M was 22 cm,
of o0il or 1l.41 cm, Hg., but by starting at higher pressures and !
taking the readings pp and i’m + 1 waen they were below this value,
pressures ranging from 7 cam, to 0001 mm, of mercury were recorded.

The oscillator used for the generation of the H.F.
potentials was of the push-pull type shown in fig. 12.

Fig/ 12.
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H.F. push-pull oscillator.

The matched values Vy and V, were Merconi-Osram L.8. 64,
dissipating about 25 watts each, The oscillatory circuit I4C,,
was tuned to the grid circuit L,Co by variation of the capacity
Cq or C, according as circumstences required. Hy and H, are two

high-frequency chokes, A is an audio-fpequency transformer, L is
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the loudspeaker, M is an ammeter measuring filament current, N isg

a'milliammeter measuring plate current, and R is a pair of varia-
ble resistances giving fine adjustment of the output of the
oscillator.

Three of the discharge-tubes, wnich were found to act as,
electrical counters, will be described, though several others |
were used in an attempt to find those most sulteble for this |

purpose, il

Fiald3@). Fia. 13(b).

Discharge-tube number I. Discharge-tube number II.

|

Pig. 13 (a) is a sketch of tube 1., This consisted of aj%
I

large glass vessel G consisting of two parts sealed together along §
ground flanges. Copper tubes bearing terminals E passed through %
the ends and were connected by a coil of copper wire consisting of ?
three tusms with a fine centre-tapp-ing wire T connected to it, and
passing through the side of the vessel at the joint. Three small |
windows through the glass wal} W;, W, and W3, were covered by thin ;

sheets of mica. The vessel G was 13 cm. in diameter and 15 cm,

long. The total leugth of the coil was 80 cm. and the wire had
a cross-section of diameter 2.5 mm, Fig. 13(b) shows tube 11, |
which consisted of a glass vessel 20 cm. long, closed at its ends |

by two metal plates bearing terminals E and two rods, wnich
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suppdrted two copper plates P of 2 cm, diameter at a distanée

apart of 3 mm, The vessel was provided with a window ¥ covered |
with mica and a pumpingvtube U. Tube III was exactly similar to {
‘tube I, except that in place of a coil and centre-tapping T there
were two large copper plates supported in the centre of the vessel,
at a diStance of 1 mm, from each other, Their dlameters were
78 cm; each, It is to be noticed that in using tube I the coil |

Ly was replaced by the coil of the discharge-tube, the centre-

tapping T going through Hq to +00 volts. With this voltage

across the valves it was possible to generate a peak potential of
1000 volts acposs the ends of the coil, When tube II was used it
was connected across Ly &8s indicated by dotted lines in Fig. 12,
Ly in this case was a coil of 20 tumms, each turn 2.5 cm. in ;
diameter, and of total length 8 cm, Lo was usually a coil of 12 i
turns, each turn 56 cm. in diemeter, the total length being 85 |
cm, while C4 and C, were 100 }LF variable condensers, When tube |
III was used the condenser C4 was removed and the discharge-tube }
connected across Ly, The capacity between the plates was about g
40 ’kF, and tuning was carried out by means of C,. It wes possib]é
to have a peak potential of 1000 volts across tube III in this case,
Measurements of voltage across the tubes were seldom re-
quired in dsolute values so a method giving relative values
wuickly and accurately was usually adopted. A loop of thick
copper wire about 15 cm, in diameter was connected to the heater
terminals of a vacuum thermo-couple, which was in turn connected
to a microammeter. It can be proved that the heater current set |
up in the loop when it is placed near the oscillator is proportion—1

al to the voltage generated, and therefore from a calibration

curve connecting heater current and the current in microamperes in




“the thermo-coupie circuit it is poesibie to find relative values
of the voltages from readings of the microammeter, This method
has the additional advantage that the oscillator is unaffected in |
taking‘readings. In the case of the highest freguency employed, |
2-3.107 cycles per second, the use of an electrostatic voltmeter
is not feasible because of the capacity it introduces into the
system, but in several cases readings of the sparking potentials
etc. were taken with the electrostatic voltmeter when working at
fpequencies of the order of 107 ¢/s. These were taken by
connecting an electrostatic voltmeter, in series with a diode
valve, across the electrodes of the tubes.
Theoretic ion

Several investigators have studied the mode of action
of various forms of electrical counters, in the elucidation of _
which many problems arise. The mode of action of the H.,F. tubes |
can be best explained by comparison with that of the standard
point-cylinder type. Appleton, Rmeléus and Barnett ‘24) carried |
out a series of experiments on this subject, and suggested the idea;
of threshold current. This idea was experimentally verified by

Taylor (25) who carried their explanstion a step rurthe:.
- ‘ R o

Current

General volts-amperes characterisbic.
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Thus suppose ABCDEP in Fig.'14 is the general volts-~

amperes characteristic of a discharge tube, where AB is the
statical boundary condition, CD is the region of normal cathode
fall, and DP is the corona characteristic, Taylor showed that DP
the corona characteristic, is the same as the region of threshold
current proposed by Appleton, Emeléus and Barnett, in their
explanation of the action of the counter, and his explanation of
the counting action is that "if in a discharge tube having a
voltage V across the electrodes, a threshold current i is produced
either by external or internal ionizing factors, a self-sustained
discharge will be initiated if, and only if the voltage V across
the electrodes is equal to, or greater than, the voltage on the
corona characteristic corresponding to the current i" (26). The
threshold current is, of course, the current set up by magnifica-

tion of ionization by collision in the sleciric field between the

electrodes, This explains how the point-cylinder vessel works,
since in this case the corona characteristic DEP lies very close
to the axis near P before it finally cuts it there. Thus a smallg
threshold current can have a considersble effect, allowing a dis-
charge to be initiated at the potential V instead of V. With
plane parallel electrode tubes the corona characteristic rises
rather perpendicularly to the axis at P, and Taylor considers the
threshold currents are insufficient to allow the discharge to pass
at some potential V less than V,. The action in this case is
therefore considered to depend on polarisation of the electrodes
rather than on the snape of the volts-amperes characteristic near
P, and since such polarisation layers are erratic in their
behavicur, these counters are not very stable in their action.

Electron liberation at the cathode causes neutralisation of the
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charged layer locally and conseqnent lowering of the sparking

potential to a value at wnich a flash may occur with the existing
potential across the tube., Suppose now we consider a discharge-
tube such as that of fig. 13(a) or fig, 13(b) with a hign-frequency
potential across the electrodes E, It appears that when such
tubes act as counters either of the two actions described above
must take place. Polarisation effects in such H.F. tubes are
very slight compared with those in D.C, tubes (27), and it would
seem to be necessary to explain the action of such tubes on the
basis of corona currents, The corona regime has not been system-
atically investigsted for the H.F., discharge, but Thomson (23)

has produced evidence of its existence, Now it is probable that

here as in D.C, parallel plate discharge-tubes the corona

characteristic rises steeply from the voltage axis at P, fig. 14,
and the question is whether the threshold currents set up by
collision on the entry of an ionizing particle are sufficiently
large to bring about what is virtually a lowering of the sparking
potential of the H.F, discharge tube. For a tube such as that
of fig. 13(b) with a steady potential across the electrodes such
an action is not possible, but the threshold currents brought
gbout by ionization by collision when the steady potential is
changed to a high-frequency potential might conceivaebly be of
much greater magnitude since in this case the ions oscillate to
and fro under the influence of the alternating electric field.

The opportunities for collisions in a very short interval of time
in a field of frequency of the order of 107 ¢o/s. are increased

in this way, provided that the conditions are such that the loss
of ions by contact with the electrodes etc, during the interval is
small, It is possible that these conditions can be fulfilled and
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the experiments on the H.F, tubes supported this conclusion.
In this connéction mention may be made of an experiment of Sir.

Je. J. Thomson (28)

~ who snowed that it is possible to light an
electrodeless discharge by passing ultra-violet light through

the discharge-tube when it is critically adjusted for sparking.,
This lends additional support to the hypothesis that some such
action s that described above is responsible for bringing about

a discharge on the entry of an lonizing particle into tube I.
Since then it is unusual to have polarisation effects greater than
l or 2 volts in a H.F. discharge-tube, it seems reasonable to
conclude that the initial action of an ionizing particle on entry
is to cause a building up of the threshold current to a value equal
to that of some part of the corona current characteristic, and that
this process results in a glow discharge. Such an explanation
does not preclude, however, the possibility that a very slignt
rolarisation of the electirodes, or an alteration in the field
distribution of the eleepric‘rorco due to the existence of corona
currents, plays some part in the mechanism of the flashing also.
Indeed, it is quite possible that the action is a combination of
both effects, just as Taylor concludes that in the case of the
point-cylinder counter, although the corona can explain the action,
it does not preclude the chance of both processes being involved
to a greater or lesser degree,

This beings us to the second important point in the
working of any counter - the self-restoring property. The action
in the case of the point-cylinder or the D.C. plane parallel
electrode tube depends in an intimate way on the presence of large
resistance in the circuit (25). The self-restoring property
of the H.F., discharge-tgbe must be altogether different therefore,

i
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and is as follows. When a discharge passes through the tube its
capacity is altered, and this has a decided effect on the tuning
of the oscillator. The effect is equivalent to adding capacity
to the snode oscillatory circuit. Thus when the counter is work-f
ing the passage of a current is the same as the sudden addition |
of capacity to the oscillatory circuit with conseguent detuning.

If this is sufficient to lower the oscillatory voltage across !
the ends of the tube to a momentary value below that of the main-
tenance potential of the tube, then the discharge ceases to pass,
and a flash takes place, This was found to occur in practice,
being especially marked at the lower pressures, and when it did
not occur it was usually possible to obtain a flashing state of
the discharge either by increasing the capacity C4 or by decreas-
ing the capacity Co (see fig. 12). Thus to take an example, in

one case the oscillator when tuned to resonance had a freguency

of 1-11.107 ¢/8 and the frequency when it was detuned to act as a
counter giving flashes was 1.07.107 o/s.

erimental Procedure and Result

Before using sny of the tubes they were "conditioned”.
The vessel was pumped out to as low & pressure as the pumps were
capable of producing., It was then allowed to stand for some
hours, snd the pumping was resumed, This was repeated at inter-
#als for a few days. The gas to We used was next passed through
the drying system into the thoroughly evacuated discharge-tube,
and the pressure was addudted go that when the glow discharge

was running it covered the plates in the case of tube II or tube
I1I, In the case of tube I the discharge was run also, After

passing the discharge for a few hours the tube was again exhaus-

ted, fresh gas passed in and the wnole process repeated. This
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was done several times before the tubes were used ss counters,

In the case of the parallel plate tubes, tubes II and III, this
"conditioning" was found to have a mateiial effect in improving
the action. The plates were carefully cleaned and heated for
some time in a Bunsen flame before’assembly in the glass vessels, .

Experiments carried out with tube I, which became Ly of

fig. 12, showed that with the 3 turn loosely wound coil the gas f
pressures at which discharges could be obtained were low, The /

range of pressure investigated was from 027 mm, Hg., to 0:001 mm. '

Hg. (Experiments with other coils, for instance one of 20 turns |
about 10 cm., long, snowed that although higner gas pressures
could be used, they did not give a good counting state.) A curve
of sparking potentlial against pressure was determined for this
range, and was of the usual form, showing the characteristic
straight portion £alling to either a eingle minimum (23) op in
spme cases to two minima, It was found that the tube acted as

a counter on either side of the oritical pressure, 0°02 mm. Hg,.
with air as the filling gas. Wwith the oscillator adjusted so
thet the frequency was 2+0,107 ¢/8. and with the pressure of the
gas at 005 mm., Hg., a characteristic curve of counts per minute

against voltage across the ends of the coll was plotted as shown

in fig. 15. The voltage was determined in relative values

only by the thermo-couple and galvenometer method described abovﬁ

The voltage was raised slowly by adjustment of the filament
resistance R of fig. 12, and at a certain value counts began to

be heard. The discharges giving rise to these could scarcely

|
be seen in a lighted room. With air they took the form of a ;

dull blue flash confined almost entirely within the coil at the
pressure 0-05 mm. Hg., in the neighbourhood of which tube I was
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‘normally used. As the voltage was still further inceeased the
number of counts per minute slowly increased,'and finally the
discharge became intermittent, flashing so rapidly that it pro-
duced a howl in the loudspeaker. This behaviour is exactly
similar to that of the point-cylinder type. It is seen from
fig. 15 that there is a part of the curve approximately
parallel to the voltége axis, the counts per minute remaining
steady through‘the range of voltage corresponding to 255 to 260.A
Thus the correct operating voltage of the tube is about the mid—f
point of this range, and is seen from fig. 15, curve A, to be at?
257+ 5, From this part of curve A, we can determine the |

natural count for tube I. this being 16 per minute,

60 v Fie.15. o
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Curve A was determined when there were no radioactive

substances present, but curve B wes plotted with & weak source

placed at a distance from the counter.
curve B lies sbove curve A, the flattened portion being not 80
It is seen from the WO curves that the source

As is to be expected

well defined.



has brought about 10 additional counts per minute. Tube I was |

tested for radiation by bringing a radon capillary containing
1 milli.curie into its vicinity, As it was brought nearer the
rate of counting rose very rapidly and attained a high value.
If we define the sensitivity of the counter to be measured by
the distance at which 1 millicurie doubles the natural count,
then for tube 1 it is 3¢5 metres. The counter was used to
detect O£ -rays and {3 ~-rays also, these passing into the

vessel through the mica windows,

Experiments on tube II were carried out on the same
lines, It was found that with Argon as the filling gas the
tube could be struck between the pressures 4+5 cm. Hg., and

0°05 mm, Hg. approximately when it was connected across the

oscillatory circuit, as shown by the broken lines of fig. 12,
The reaction of the passing of a discharge on thé oscillatory |
circuit was not large enough at the upper end of the pressure
range to make it possible to attain a counting state. This is
to say at the higher pressures the self-restoring property

|
required in a counting tube was abasent, the discharge staying '
|

in once it was stmuck. At the lower end of the pressure range

the self-restoring property of the systenm was effective, the J
|

glow taking the form of a sudden flash, The tube at pressures'

of the order of 0.10 mm, Hg. acted as a counter quite efficient-
ly, the natural count being determined as 9 per minute. |

In order to increase the reaction on the oscillatory f
circuit due to the passage of a discharge,tube III was construc-
ted, as it was hoped that with the plates of the tube in place
of the condenser C, of fig. 12, the self-restoring property

would be present at higher pressures than those used with tubes
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I and II. It was found that discharges could be obtained in

tube III with air as the filling gas over a range of pressures
from O¢0l mm, Hg. to 7-00 cm. Hg. at least. It was found.
also that the tube did act as a counter at the high pressure of
7°00 cm, Hg., each discharge taking the form of a very fine

| bright line between the plates, wnile at the lower end of the
pressure range the discharge was a dull glow spread round the
edges of the electrodes, The tube was usually worked at the |
low pressures because in this region it was steadier in its
action, the variations at pressures around 7.00 cm. Hg. being
possibly due to the fact that the line discharge was inclined
to wander between differeut points on the plates. The charac-

teristic curve for tube III was determined with the oscillation

frequency at 1:10,10’ ¢/8. by means of an electrostatic

voltmeter,

Fe.16.
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The chief difference in the case of tube III was that

the natural count was much higher than that of either of tubes 3
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I or II. This is to be expected since the surface area of the
electrbdes.of tube III and the volume of the containing vessel
are larger, this giving an increaséd chance of rediations falling
on the walls, the containing gas, and the electrodes causing'the
ejection of electrons etc., While considering the natural count, 

which is seen from fig. 16 to be 37, it is well to point out that
. t

f

vessel screened from light, as this was found to increase the coumJ

the characteristic curve had to be taken in the dark, or with the

by a Photoelectric action. Thus a 100 watt lamp at 1 metre from F

the counter doubles the natural rate of counting. Experiments

performed with a D.C. tube acting as a detector, the tube being anF

ordinary Osglim beehive lamp snowed that the photoelectric effect E
in these tubes was of mucn greater magnitude, a lighted match heldi
near being sufficient to cause very rapid discharging. From the
curve of fig. 16, we see that the working potential of tube III is?
493 volts, the gas pressure being 005 mm, Hg.,and the voltage f
requires to be adjusted at this value within the limite * 7 volts. |
A test carried out with tube III to test its sensitivity to'Y;raysid
snowed that the natural count was doubled when 1 millicurie of i
radon was placed at 4°5 metres from the counter, |
Experiments carried out with a beam of Y -rays, defined%f
by means of leed blocks, showed that detection of the Y -rays was)
effected when the Y—rays passed through the containied gas or
when they impinged on the electrodes. The effect was greatest
when the heam fell directly on the metal surface, It would appeax|
that wnen the counters are detecting the '%f-radiation most of
the action is due to the Y -rays ejecting electrons from the meta
these producing ionization wnen they oscillate in the H,F, field

of electric force. This conclusion is supported by comparison of
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the sensitivities of tubes I and III with the surface areas of the

coil of tube I and the plates of tube III,

2
Thus Sensitivity of tube I - . -
Sensitivity of tube ITI = ‘z,é-‘g?' = 0-61
Surface area of coil of tube I =:TT.O-25.80 = 63 sq. cm,.

Surface area of plates of tube III = 2(7r2 = 2?((3-9)2 = 94 8Q. cm.-

« « Ratio of surface areas = 0.67.
Comparison of the figures 0¢61 and 0+67 supports the view
that the '\P-rays act for the most part on the metal surfaces.
The "energy trigger ratio" of a counter is the ratio of

the energy of the discharge to the energy of the ionizing particle.

The energy of the discharge in the H,F. tubes ig v/rI~th where i
is of the order of 10 milliamps, and V of the orderoof 102 to 103
volts, The integral cannot be evaluated, bt the effective ratio é
for the H,F. tubes must be large compared with that of the point- :
cylinder type, 10° to 109, as determined by Appleton, Emeléus and
Barnett(zh’), #ince a small loudspeaker could be included in the
circuit. The "energy trigger ratio" of the parallel plate D.C.
tube may be higher than that of the point-cylinder type, but some
of the faults of this type of detector mentioned above and
encountered in some experiments with it make it inferior in its
action to the H.,F. tubes. As has been said its action depends
on polarisation layers, and these give rise to erratic behavious.
For instance a relatively intense source of radon brought up close ;
to an Osglim lamp acting as a detector sometimes stopped it work- ;
ing altogether. This agrees with two observations of Taylor.

Taylor snows that with continued flashing polarisation in some

29
tubes can amount to values in the region of 60 volts ( >. He

finds, morsover, that a D.C. tube cannot act as a counter when the



polarisation is much greater than about 3 volts(25). The

. explanation of the above phenomenon would seem to be that the
initial rapid flashing of the tube raises the polarisation to
considerable values and prevents the subsequent action of the
tube as a counter, Another fact noted with the D.C. tube ﬁaa
that after s certain maximum the counting rate could not be
increased by increasing the radiation intensity. This follows

from the fact that there is a time period t = CR log—oviS-

E-Vb
associated with the electrical circuit, where E is the potential

applied to the tube, Vy is the potential at which discharge occursj 
when radiation falls on the detector, V., the minimum maintenance
potential., This means there is a certain minimum time interval
between individual discharges, and shows that the maximum rate at
which particles can be recorded is determined by the time constantff
CR of the circuit, If two particles enter the chamber in rspid
succession the second cannot initiate a discharge unless the

battery has had time to recharge the condenser to a sufficiently
high voltage. In the case of the point-cylinder counter this is
true also, though CR is usually smaller in value. With the H.F. %
discharge-tubes there is no such time constant associated with the;
circuit limiting the rate of counting, as wes proved by the high
rates of counting obtained with strong radiation intensities.

The question of the reduction of the sparking potential
of the tubes was studied. A weak source of radon held near an
Osglim beehive lamp showed that the sparking potential fell from /
162 volts to 159 volts. If any meaning has to be attached to suchj
results readings have to be determined in a certain way. Consid- f
ering the beehive tube, if it is put at a definite potentisl of

160 volts, read on an accurate electrostatic voltmeter, it will not




~show flashes if there is no radiation}present. Keeping it at
this steady potential, and bringing radon near to it, a discharge
is obsefved between the electrodes (either continuous or flashing).
The behaviour of tube II may be contrasted with this. It was |
found that when the potential across the electrodes was increased
extremely slowly the discharge commenced at very nearly the same
value whether radiation fell on the tube or did not. When the
potential was increased more rapidly, however, there was a

difference between the values at which discharge commenced of the

order of 5 to 10% of the sparking potential., Also, if the tube |

was set at an intermediate value of potential the discharge came

in after some delay in the absence of Y‘-radiation, but it came

in as soon as radon was put near the vessel., The filling gas wes ;
Argon at a pressure of 4«00 cm, Hg., snd with air at a pressure of &
131 cm, Hg. the results were much the same, The same type of é
behaviour was found with tube I, The potential st which the 1

discharge commenced wes the same in the presence or absence of

radon, the potemntial being increased very slowly, An increase of
the order of 5% was recorded when it was reised more rapidly. h

For tube III,'filled with air at 6°80 cm.Hg. pressure, the countingj

commenced at very nearly the same values when the potential was

increased slowly, it being & very occasional flash without f
radiation and rapid flashing with radon. More rapid increase gawv §
differences of the order of 3% to 5% however. There was evidence |
in some cases for all the tubes of a small reduction in the

sparking potential for a very slow rate of increase of potential,

but it was of the order of 1% and was near the limit of accuracy

of the measurements. Thus specimen readings are given in the

-
table il (in arbitary values only).
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-Téble!Q ' " Radium Present Radium Absent
Very slow increase 493 49.7
More rapid incresase 493 52-7

The action of the radiation on the H.F. tubes seems to be essen-
tially a reduction of the time-lag in the passing of a dis charge.
For instance, with tube II which has a natural count of 9 per
minute, there exists on the average a period of 7 seconds between
individual counts, but this interval ia reduced by the action of
the radiation, becoming smaller and smaller with stronger and
stronger intensities. The difference in the resdings 52¢7 and
49¢7 is due to the rise in potential which takes place during the
7 seconds in which no ionizing particles enter the counter, there
being no radiation present except the normal cosmic radiation etc,

present in any room, The different action of radiations on the

H.F. discharge-tubes and on D.C. tubes was noticed in the fact that|]

the D.C. tube could be adjusted at a potential at which no flashes

took place under normal conditions, although the tube flashed when

N -radiation fell on it., It was found on the other hand that
radiation had no effect on the H.F. tube unless this was adjusted
at such a voltage that an occasional flash was taking place.

These results agree with those given above for the effect of

'Y’-radiation on the sparking potential of both types of tube, and;f

prove that the D.C. tube may be adjusted at a potential such that

it detects 'Yﬂ-radiation but does not detect the cosmic radiatlonlﬁ

etc. present under normal conditions. For a true counter we

should expect the few radiations normally present to have the same

effect as strong \(-radiatlon and to be equally capable of




affecting the counter, and this is true of the H.F. tubes described

above.
A few remarks may be added here on several other points

connected with the working of the H.F, discharge tubes, The

filling gas wes found to have no material effect on their behaviour

though this may have been due to the fact that the purity was not

very high. Commercial argon, 99.5% pure, was used, and the hydro-

gen was passed direct from a Hoffmann apparatus into the drying

tubes and then into the discharge tubes. The shape of the coil of

tube I is not critical, but it was found to be the best of those
tried, wnile the electrode disposition of tubes II end III mey be
varied considerably. Tube III, forming part of the H.F. circuit
geemed to be the best arrangement however. This brings in one of
the disadvantages of this system, the fact that capacity effects
from surrounding objects may alter the voltage generated across
the tubes by the high-frequency oscillator and thus affect the
results. This can be guarded against in practice. It may be
noted that an attempt to use an electrodeless discharge, with the
coil outside the containing vessel instead of inside as in tube I,
proved unsuccessful, Many causes may explain this result - the
long life of an ion in the glass vessel being a probable one,

The work on the H.F, counters being asdvanced to a satis-

factory stage it was decided that further attacks should be made
on the diffraction problem with a counter as the detector of the

tive than photographic detection. 'In the meantime results om

by
[
3

&-rays gince it wes obvious that 'counting' was much more sensi-

I

p—— S

I
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B-ray diffraction had appeared. Hughesoo) claimed to have E

diffracted B—rays from radon for values of the momentum ranging
from Hp = 1938 to Hp = 4,866, where H is the value of the magnetic
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field and ﬁD is the radius of curvature of the path desecribed

in the field H. The sizes of the diffraction rings obtained

agreed with those expected from de Broglie's equation to within

5% His method depends on the principle of focussing the

f% ~-rays and selecting those of a particular velocity. It is

a modification of & method proposed by Lebedeff (31) and it

suffers from two serious objections:-

(1) @, -rays of slightly differeut energy from those focussed
at the centre form a background on the plate;

(2) 1large thin films, sbout 5 cm. across and extremely
difficult to prepare, are reguired.

Hughes obtained photographs whose background deansity was so

great that prints could not be made from the plates. Only one

type of film could be employed - gold sputtered on a gelatine

base. For these reassons it seemed desiraeble to pursue the

problem further, using the more seusitive electrical method of
detection which is found in the counter. |
The preliminary atteapt with the new method of E
detection was aneslogous to the firet experiments with photograph-g
ic detection. i~ special type of ‘monochronator, wae devised
to give a homogeneous weam of @ -rays and since the principle
embodied in this is originel a short explanation of it is given.
Suppose R is & radiosctive source (fig. 17) and that the rays
emanating from R are to be sorted out into a beam of a certain
discrete velocity and detected in the detector D (a counter in
this instsance). Let an sperture be fixed at A in z rectangular
box, situated in » magnetic field wiaose lines are perpendicular
to tue plane of tne figure. The veam @as to be moving in the
fixed direction BL after pussing through the aperture at B.




— e i T T R H

A 4

}
! Fem  ° a~«“w>§

Then we £ind that there is a particular value of BC such that,

no matter what the strength of the msgnetic field may be, the

beam passes through B and travels in the direction BD, Other~ 5
wise, the ' monochromator is such that ¥ariation of the
magnetic field strength brings rays of different vélocity to the
detector fixed at D.

Draw AO 1l RA and produce BC waich is 1 BD to meet |

AO in O, Then if BO = AO, O is the centre of a circle with
radius AO and rays leave the magnetic field at B in a direction
perpendicular to the radius BO, that is, in the direction BD. 1
Let © = the fixed angle of deflection of the rays (20° in this
instance), let 1 = the fixed length of the side of the box, and
let r = radius of the circle,

Then
£A0C = @

r =1 cosec @

OC =1 cot @

L4

e s BC = 1(cosec @ - cot @ ) - - - (9)
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This i1s the condition that nmust be fulfilled in the construction |

of the resolving box if the action is to be as described. It

includes as a particular case the arrangement commonly used for

both (3 -rey and cathode ray work, namely @ = 90° when BC =1.

With a ‘monochromator) designed for 6 = 20° and & counter at D,
20 cm, from B, a weak beam of ﬁ; -particles was obtained with '
50 mc. of radon as the source R, With more than 10 om. of lead}:

i
i
|

shielding the count due to Y -raye was 24 per minute and with '

the magnetic field adjusted for maximum (3 -count only 12
additional counts per minute were obteined even with a aubaidiam
field between B and D for finer control. It was realised that
the problem could not be solved by this method since the P -ray
beam was too weak to show small variations in intensity against
a stronger background of Y -ray counts.

One of the dief difficulties in using a counter as

the detector in {8 -ray work is the disturbing action of Y -rad-
iation., This cannot be entirely eliminated in any (3 -ray

counter since the Y -rays asre detected because they form
secondary ﬁ -rays in passing through material in their path.
Thus when they fell on the walls of the counter or pass through
the contained gas they liberate electrons. Any counter which

responds to [ =-radiation will therefore respond to Y -radia-
tion. The action of the Y -radiation cen however be minimised
by the choice of material for the counter walls, electrode shape

and dispostion etc, It is generally the case that radioactive

sources wnich liberate (3 -rays liberate Y -rays. There is
however an important exception to this general statement, namely :
radium E. This element emits a normal continuous spectrum of

,6 -rays or disintegration electrons (32) wnose energy limits
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correspond to Hp = 1600 and Hp = 5000.  The spectrum has & l
single maximum of intensity at HP = 2100, There are no

homogeneous groups of electrons superimposed in the form of a

1line-spectrum and no N -rediation is emitted (actually an
extremely small quantity is emitted but it can be neglected in
practice). It was decided that RaE was the best source for

this work because of these unique properties which it possesses

and experiments carried out with a specially prepared source ]
were the first to give evidence of diffraction.
Apparatus,
(a) .The Counter, Since the @ -rays in a narrow pencil emitted
from RaE were to be detected the Geiger counter was chosen in
preference to other types. The effective counting volume in
this form is limited to a small narrow cone (33) with its apex ;
at the point and its base on the metal front, close to the small
mica window. (this is only true if the point is nearer the
front than the sides of the vessel and this arrangement was
adopted). One result of this is that the natural count is
small - an important thing in measuring weak sources of ,B -rad- |
jation accurately. The efficiency of this type for ‘(-rays is |
1ower than for most other types and it may be reduced to
eitremely low values by using an ebonite eylinder(ju). The
counter described below had a low ‘( -ray efficiency and this
seemed to depend on the sharpness of the point and its position
in the cylinder. The most suitable values were determined
experimentally to be those given pelow (fig. 18). The Y -ray
response itself is not of any importance in work with RaE which

does not emit \(-radiation. The small window of the Geiger

type of counter guited the experimental conditions imposed in
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the diffraction investigation. The Geiger counter is snown in
fig. 18. The chief dimensions are:- length, 8 cm; distance

from point to face O+ 8 cm; distance from point to side, 1l+Ocm;

aperture, 0+8 mm, diameter. The cylinder was of copper and the

face screwed into position, A thin mica window covered the [
aperture. The seals were effected with a mixture of beeswax and]
resin, A copper rod, 0+5 cm, diameter, pessed through an eboniteH
insulating plug, corrugated along its surface to increase its

resistance. It supported a short steel needle whose shape was

(35). The form of the

ground to the form suggested by Emeléus
point and its treatment are important and the views of various
experimenters 4o not agree on this subject. Thus heat treatment
is sometimes said to be more importaent than form or polish (33)
but it was found by the author that with steel points (prepared
from gramophone needles) heat treatment was detrimental in its
action since it seemed to produce irregularities on the surface.
A smoothly ground point washed in alcohol and given no other
tereatment worked very satisfactorily. Contrary to some views
it was found that sharpness of the point was an important factor,
Thus with the point approximately hemispherical in shape, tests
were made with points of diameters equal to 0+01 cm, 0.03 cm,
0.06 cm. and the 0°06 cm. point was found to be much more regular
in its response. Very sharp points (diameter less than 001 cm)
were erratic in behaviour. This is probably due to the fact
that spurious discharges were much more liable to pass hetween
small projections on the point and the cylinder in the very
strong electric field which exists in the neighbourhood of &

very sharp point. The inner surface of the copper vessel had

to be polished and washed in gbsolute alcohol as otherwise the
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Fig.18 Geger Counrter. -
tube usually failed to act as a counter, An alternative

method found even more suiteble was to heat the copper tube in
a Bunsen flame and to immerse it in alcohol.. This leaves a
bright clean coppér surface when the reaction is complete.

In this connectioh a remark may be made on the fact that on
many occasions the counter seemed to act on assembly without
any external donising agent being present and in some instances

the counts were inclined to take place in small bursts. The

effect seemed to be most marked after the copper vessel had been

most carefully polished and it was not so prominent when the
surface was heated and cleaned by reduction in alcohol. This
effect usually disappeared with time and an increase in the
voltage applied to the counter had to be made to bring it to

the correct steady working state. These observations agree
with those of Lewis and Burcham(36) who explain their results in
terms of surface reaction (probably oxidation) accompanied by
ionization. The counter should therefore be given some time

to settle if it is assembled in the above way. The vessel was

filled with dry air by means of the drying system indicated in

|
fig. 19. Liquid air was used instead of the more usual calcium

i
|

I
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chloride and phosphorous pentoxide. Five stopcocks divide the

system into four parts. First it was evacuated and then %as was

7R Dewse o Fucns_ Srsrem

passed into the part A round which liquid air was kept for
several hours. The dry gas from A was passed into the counter
C. By exhausting various parts of the system and sharing the
gas the pressure in the counter could be adjusted at practically
any value (as read by the mercury manometer M), The counter
when removed was ready for use. The pressure was varied
considerably at different times, values between 2 cm. and atmos-
pheric being used but normally 7 cm. was the pressure of the
£illing gas. Before use the counter was adjusted to the correct
operéting voltage. The positive potential on the case was
gradually raised by regular steps and the total number of counts
due to cosmic rays etc. determined over a fixed interval of time,
say 10 minutes, for each value of the potential (the counts being
registered as described heiow). A typical set of readings
taken in this way is graphed in fig. 20. We see that between

1345 volts and 1390 volts the curve is approximately parsasllel

to the voltage axis. For the maximum efficiency of counting
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the voltage on the case should be 1390 volts and this was the
potential applied in this instance, Higher potentials give
spurious counts while below 1350 volts a considersble number
of particles can be missed in counting. From the curve the
natural count is seen to be 2¢4 per minute, This low wvalue
agrees with the observed fact that this counter was relatively
insensitive to Y -rays. The importance of determining the
correct voltage is seen from table IV giving counts against
voltages over a considerable range of values. It was determined
with a source of RaE near the counter and it snows a continuous

variation,

Ieble iV,
Vblts 1272] 1296} 1320] 1344 1368]1392] 1416] 1437} 145 12..80,
Counts/ | 0:0d. 11:, 276] 332 374 397 420 WO 45 472{

min,

.

Before use a counter should be teated for the probable error in }
any reading due to statistical fluctuations in the number of
eounts recorded. The counter was tested for this by placing

a weak source of RaE near the window and taking a number of



resdings over 10 min, intervals,  Thus four séparate totai_

counts for 10 min. were found to be 2442, 2418, 242k, 2445, which

givea an average count of 2432 per min. ~ Taking 2432 as the

correct result, the maximum error in the determination is seen to

be 14, which means that any one of the counts can be taken as
correct to within % 14 in. 2432, This proves that in teking

eny count of the order of 2500 the result can be tsken as correct

to within =+ 0¢58%.

(b) The Amplifier and Register. Several good amplifiers (37)
for use with D.C, counters have been describgd. The amplifier
used in the present work differs in some ways from these, The

circuit is shown in fig., 21, The complete amplifier was

enclosed in an earthed metd shield indicated by the broken lines. |
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qu.21. Two-quE AMPLIFIER‘ -

The values of the various components were:-

(1) R, = 10%, Ry = 3.0.107w, B3 = 2:0.10%, R, = 10%,
5.0.10%w, Rg = 106w,

0°00@u¥F, C, = OOOOQMF, Cz = OoO%pF, C = 2pF.

R5
(2) ¢q
(3) H = 30 henries.

L.S. denotes a speaker, V, a 210 HF Cossor valve,

Vo a 220 HPT Cossor valve, The resistances Ry and Rp were of

jl *— +120v,

i
1

i
!
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%" diameter pyrex tubing about 6" long with tungsten electrodes
and filled with the correct mixture of absolute alcohol and
zylol (or benzol) to give the proper values to the resistances(3 )
They were carefully mounted on ebonite insulating stands,

For counting at a considerable speed or for long

periods of counting it is necessary to couple the amplifier to

a8 thyratron valve controlling an automatic register. In the
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pféﬁéﬁi_iﬁitance the method of recording due to Wynn~Williams

was adopted. In fig. 22 T is the thyratron valve and B a flat
spring contact-breaker wired in series with the magnet of the |

register R which was modified so that the pawls were spring
controlled instead of gravity controlled. The thyratron was
coupled to the amplifier by a transformer. In fig, 22 Ry =
25000 w, and Ry = 1000 w. Counting at 500 per minute very few
particles were missed by the register.

(c) The Source and Source-Holder. The source of 3 -rays was

specially prepared from old glass radon capillaries. Twelve of

these, which had each contained from 60 to 80 mc. of radon

originally but which had decayed for periods between 2 and 3 year::

were opened and mounted in a small cylindrical cavity O+6 mm. in



diameter and 1+5 cm. long as shown at A in fig. 23, They were
Fig.23. Soukce - HowveR. _
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held in positioh by the metal cap B and the thin mica film at C.

The source was on the axis of a cylinder S 6f 2°)4 cm, external
diameter, 15 cm, internal diameter. It was closed at both
ends and was made in two sections, The aperture-D was of Q.5
mm, diameter and in front of it was the film-holder . Air
passages were cut in the walls, H
(d) The Experimental Arrangement, The assembly of the various
parts is indicated in fig. 24. The source-holder and the
Geiger counter were mounted in a Pyrex glasstube which was 20

cm. long, the distance from the film to the aperture of the

Fie. 21, Dirrracring Aepar atus.
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—

counter being 10-Ocm, A small electromagnet M was arranged

so that it could be rotated round the axis of the camera, It
was used for magnetic deflection of the [ -ray beam on its way
from film to counter. Its pole-faces were 2 cm. in dismeteXx:

The pumps were connected on the extreme left of the figure as




Gl.

indicated and the counter wes connected to th_é amplifier, which

controlled the thyratron-register érrangeihent of fig, 22,

Experimental,
Owing to the fact that the source consisted of decayed
radon tubes the active material was of radium (D « E + F), the |
gquantities of the last two being to within 2% in their equilibrium |

ratio(ko) . (41) and

The ﬁ-radiation from radium D is very soft
is uneble to pass through the mice window of the counter. Radium
D is therefore neglected. Radium F emits O -rays and these
were detected when they fell on the window of the counter,
Eme15as(42) has shown that in this case theoretically to every
177*1 o -particles from the source there are 24°5 [ -particles
To prevent some reduction in P -count the o -rays were not

absorbed by films. They do not influence the results since with |

the magnetic fields used the OX -rays suffered no deviation and
any part of the totasl count due to these remained constant, The
X =-particle count and the natural count due to cosmic rays etc,
made simply & constant background to the experimental readings. |
These varied only with a change in the mumber of ] B -particles
from redium E reaching the counter, The principle of the method

Fie. 25. Maeneric Controt. ~ I
ig illustrated in fig. 25. Suppose M represents the poles of the f

magnet producing a field H and let the front of the counter be as

indicated, the aperture /s being shown (looking along the axis of




the camera). Suppose the B -rays fall at S. They will not
be registered. At a certain value of H (with the pole-~faces in
the setting shown) § will be coincident with A and they will be
detected. Now if diffraction at the film takes place a ring will
be formed round S and the /5 -rays in this ring, passing across
A under the influence of H, will be observed as an increase in
the count. | From the different values of the deflecting field-
strength H the displacements of the heam at the counter are
calculable and the diameter of the diffraction ring obtained.:

It is important to note that the method depends largely on the
fact that RaE has no line-spectrun, This would complicate
matters as variations in count due to different lines crossing 4
v)ould be recorded. RaE has a single large maximum of (3 -ray
intensity at H P = 2100, In this connection it may be mentioned
that the apparatue was tested with a very weak source of Ra(B+C).
The four principal maxima in the RaB spectrum were recorded as
they passed across the aperture A. They correspond to line 17,
intensity 80, at HPp = 1410 (see table I); lines (20,21),
intensities (91,10), weightéd mean value Hp = 1687; lines
(24,25), intensities (100,12), weighted Hp = 1946; lines (28,29)
intensities (16,8), weighted Hp =2273. The separation of
these maxima was approximately as expected from theory. The
magnetic control does not lend itself to accurate determination
of ring diameters since the field between the poles, which were

2 cm, in diameter and at a distance apart of 2.5 cm.y is not
uniform, The fact that non-homogeneous rays from RaE were used
made this of little moment since approximate wvalues only were

expected. In view of the difficulties encountered above with

R -rays as compared with cathode rays even qualitative results

for diffraction of [ -rays are of considerable value. Actually




fairly good agreement in numerical values i8 obtained by the
method, Calculation showed that electrostatic control of the
beam, though preferable in many ways, required large voltages and
it was not adopted for this reason,

Discussion of Results,

Consider an electron moving across the magnetic field
whose area is bounded by the circle ACD, Let AB be the undeflec-
ted path of the electron along a diameter of the circle and
suppose the lines of the magnetic field, of strength H, are
perpendicular to the plane of the figure, Assume the field-
strength H is uniform over the area of the circle, of diameter
AC = ,ﬂ . The displacement X = BE of the electron from B, at
distance L from C, where BE is perpendicular to AB, is required.
The electron dgacribes an arc AD of a circle and leaves in the

~~ direction DE,jgﬂtangent at D to the circle described. The radii
of this circlé)AO perp. to AB and DO perp. to DE,meet in O, Let

,f

7 N 2

6
| F1q2b anu:m DEFLECTION oF @-RAY Beam. -
ED meet AC in G. Then G is the centre of the circle ACD‘because

$

L5

AG = GD (tangents), and G is on a diameter.

fhus OB = GG + OB =L + W2

but X =GB tan ©, where € = “AOD = “BGE

and tan €/2 = X’/ZP s where P = radius AQ,

il




Hence (L + QVZ) tan e.

- (L k), i Jo- )

For reys of given momentum Hp = K we have
x = (LH8R)eH [h(1 - 1 1uk?) -
Here HP =k = 2100, L = 5°6 cnm, L = 2°0 cm.,
Cooxz 000063H[ (1 - H*[2100")
Since H is seldon greater than 4O we have as a very good

n

approximation
X, = 0°0063 H

For changes in displacement corresponding to changes in H we
have

SX =0-00638H, ., .+ . . .(O
Couhts were made at different settings of the magnet and with
different field-strengths till the setting and the wvalue of H
giving a maximum were obtained. This meant the maximum number
of R -rays was entering the counter, that is, the rays of
IiP = 2100 in the spot S of fig. 25 were now deflected to enter
at A. This search for the beam was the most difficultvpart of

the whole process and when the corréct position of the magnet wasg

obtained it was clamped in position and counts taken over long

periods for different values of field current in the neighbour-
hood of the value for which the count was a maximum. The
ninimum counting period for each value of H was 10 minutes., The

results were graphed, field current being plotted against count.

The count includes the natural count and the o{ -rays from RaF
which enter the counter in addition to the variable part due to
the ‘3 -rays deflected by the magnetic field. With no film in
the camera the curve took the form shown in fig. 27, A, being a i

smooth curve with a single large maximum, ¥ith a film present

two very small maexima were detected on either side of the
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principal meximum. Curve B, fig. 27 is for an sluminium film.
The small maxima are at i’. = 0+25 .amp, I'.,_ = 005 amp.,
. . Change in field current = S{ = 020 emp.  The correspon-
ding value of SH from the calibration curve for the magnet = 346
gauss

.« 8X = 0:0063. 346 cm = 0°22 om.
Thus, frdm the curve, for the diffraction of aluminium we have the
diameter D of the first ring givem by D = 0.22 cm.
But from eqation (5) we find by calculation for Hp = 2100 (i.e.
P = 300,700 volts) that D for the (240,0) ring = 0193 cn. This
is very satisfactory agreement between theoretical and experimental
values wnen the small size of the diffraction pattern, the non-
uniformity of the magnetic field, and the non-homogeneity of the

(3 -rays are present as factors which detract from the accuracy of




L.
the result.

For P = 300,700 volts eqation (5) gives for the
(2,0,0) ring with gold the result D = 1+92 mm, From the curve of
rig. 28, S corresponding to the shift from one diffraction
maximum to the other = 0¢19 amp. Heunce sX = 0;21 cm. is the

diameter D of the diffraction ring obtained experimentally

390
3%0
3Y0
3(0
350

Iy0

CounF iy 10 muns.

330

220

310

+

3040“9:0«-; 0:05 0:10 oS 020 325 0:30
Magnehie Field  Corrent (Amps.) .

Fio 28, Diffrackion Curve for Gold film.

In the curvesof figs. 27 and 28 each value of the

ordinates was the average of a number of separate 10 minute counts.:

Diffraction experiments with celluloid films failed
tp produce definite results. The smallness of the pattern in j
this case would explain the failure however as the instrument is

not capable of resolving the different maxima when they occur so




A o ' o

close to one another, Higher resolution might be obtained with
smaller apertures but this reduces the number of counts and adds

to the experimental difficulties very considersbly.
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