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FOREWORD AND ACKNO~~EDGEMENTS 

-

In view of a revival of interest in nuclear physics at 

McGill and in anticipation of the building of a cyclotron,a 

program of construction of auxiliari-apparatus was started in 
-

1936,1n which the writer took part. Delays in the progress of the 

cyclotron scheme led to the suggestion that some project be 

undertaken using naturally radioactive sources. The appearance 

of the work of Bohr on the nature of nuclear reactions indic-
. . 

ated that the scattering of alpha parti~les by the light nuclei 

might be expected to provide more immediate infor.mat.ion concerning 

nuclear structure than had hitherto been supposed. These consid­

erations led the writer to select the large angle scattering of 

·alpha particles by light nuclei as a subject for experiment. 

The work was made possible and at the same time limited in dur­

ation by the rental of 250 milligrams of radium bromide by the 

department. 

Using a scattering chamber filled with hydrogen at 10 cm. 

pressure,designed to permit the counting of alpha particles 

• scattered through angles up to 158,the number scattered into a 

given solid angle has been compared with the corresponding 

number from a gold target Assuming that the latter obeyed 

Butherfo~d's law of scattering,the departures from this law in 

the case of the light elements could,thus,be found. The design 

of the box and the experimental arrangement was such tb&t in many 

cases the number of particles to be counted was low;this fact, 

with the necessity of using targets of unifor.m flatness,rest-
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restricted the elements for which it was possible to obtain really 

satisfactory results to two;carbon and oxygen. These fortunately 

belong to a class of elements to .which the theory in its present 

form may fairly be applied Moderately extensive results were 

obtained for boron which were felt to be doubtful for low energies. 

Beryllium,fluorine and aluminium were examined at a few points. 

Clear evidence was found in carbon and oxygen for the ex­

istence of resonance levels in the compound nuclei formed and 

it was possible to draw from the data some conclusions regarding 

the apgular momen:~a of these excited states. 

Because of the extent to which apparatus had to be constructed, 

not only in connection with the scattering chamber and detecting 

equipment,but also for the housing of the radium supply and,since, 

in order to avoid trouble from contamination,it was necessary that 

the manufacture and the use of sources should be in the hands of 

different people,it was felt that two men ought to work together 

on the problem. Mr.A.J.Ferguson has,thus,been a collaborator 

throughout the course of the work. The preparation of the sources 

was carried out by him and the measurements at the scattering 

chamber we.re made by the writer. This arrangement was followed in 

the experiments on oxygen which Mr.Ferguson is reporting elsewhere, 

as well as in the work described here. 

• • • • • • • • • • • 

The writer wishes to express his indebtedness to Dr.J.S.Foster 

for the support which he has given this work;he wishes also to 

thank Dr.A.Nor.man Shaw,Director of this Department,for his interest 

and tor assuring the aid of the Department to the project 
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and advice in connection with the production of certain targets-; 

Dr.C.A.Horton kindly performed a spectrographic analysis of some 

of the targets;we are indebted to Mr.K.G.Mackay for the use of. a 

scale of sixteen circuit which he had built. A large number of 

individuals and firms have given us matermals,advice or cooper­

ation;we are particul~rly grateful to the Acheson Colloids Corp. 

for their interest and advice and to Mr.John D.Leitch of the 

Eldorado Radium Corp. for his cooperation in connection with the 

radium rental The writer is grateful to Messrs.Pye,Taylor,Tweed­
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INTRODUCTION 

The observation by Geiger and Marsden(l90~) of the abnormally 

large number of alpha particles scattered by heavy elements through 

a large angle led Rutherford(l911) to suppose that the positive 

charge of the atom was concentrated in a small region at its centre, 

while the negative charge occupied roughly atomic dimensions(l0-8 cm.) 

It was then possible to show that the behaviour of charged particles 

in scattering would depend only upon the intense field due to the 

positive charge,the negative charge producing a small effect 

only at small angles of scattering Then using a model in which 

the scattered and scattering nuclei appear as po~nt charges,inter­

acting at.all distances by means of Coulomb repulsion,Rutherford 

calculated by Newtonian mechanics the number of incident particles 

scattered through various angles. The result of this analysis 

showed that the number of particles a(e)A~ scattered per unit time 

through an angle e into a solid angle A~,when one incident particle 

crosses unit area per unit time and falls upon a single scattering 

centre,is given by ~ 

a-(e)c\.., .. 2n- ( ~~~ .. ) ~ .. 6/a c\(A) 

Here % , l- are the charges of the nuclei involved, e the 

i I L i • electron c charge, i wa'/ the energy of the nc1dent particle. This 

treats the scatterer as being ot infinite mass. lf this is not the 

case,the above result holds in a coordinate system in which the 

centre of gravity of the two masses is at rest and ~ is taken to 
M,M" 

be the reduced mass N\,-t-~' where M, and t.\are the nuclear masses 

The ~lidity of this formula for elements heavier than 

aluminium was established in a number of experiments(Geiger,l911; 
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Geiger and Marsden,l913) However,it was shovm by Rutherford(l919) 

that in the case of hydrogen there may be wide departures from the 

law (1) and this was confirmed and extended by Chadwick and Bieler 

(1921) ,who found that at high energies the observed scattering 

might be 100 times its expected value,while much smaller excesses 

were found at low energies These effects were seen as indicative 

of a departure from the Coulomb la~ of force for sufficiently 

close distances of approach. Bieler(l924) also worked with alum­

inium and magnesium;in this instance the two metals gave very 

similar results,with both showing a fall below Rutherford scattering 

at angles of 100 .Rutherford and Chadwick(l925) pursued this work 

with much the same result. 

The very light elements,hydrogen,deuterium and helium,have 

been the subject of extensive work. Helium has been examined by 

Rutherford and Chadwick(l927),Chadwickll930),Wright(l932),Mohr and 

Pring~e(l937) and Devons(l939) ;hydrogen and deuterium by Rutherford 

and Kempton(l934),Poliard and Margenau(l935) and Mohr and Pringle 

(1937) • Riezler(l935) has investigated the scattering from neon, 

and from oxygen up to 5.3 mev. and at relatively small angles (90°) 

Neon showed no trace of an anomaly,but with oxygen it was found that 

the scattering fell below normal at 4 mev and decreased continuously 

with increasing energy Two papers have recently been published 

dealing with the scattering from various gases at angles in the 

neighbourhood of 90° The first is by Brubaker(l93S) who has 

examined oxygen,neon and argon and,more recently (1939),nitrogen 

The anomalies found in neon and argon were in fair agreement with 

Riezl~r,showing only decreases from normal scattering;an interesting 
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feature of the results for neon was the presence of a very sharp 

dip in the scattering curve only a few hundred kilovolts wide. 

Oxygen was examined by Brubaker at several angles,with results 

agreeing with those of Riezler at small angles. At larger angles 

(110°) the anomaly rose rapidly with increasing energy,rising to 

about 5 at 6.0 mev.A point of inflection in the curve at about 5.6 

mev. indicated the possible beginning of a resonance peak. Devons' 

work covers oxygen,fluorine,nitrogen,carbon and neon By using 

.energy intervals of 200 kev at which to make observations and 

keeping the energy spread of each point down to lOO kev he was 

able to reveal some finer features which previous work had missed. 

The results for oxygen were in fair agreement with· those of Brubaker, 

being rather extensive in a region where the latter had few points 

The marked decrease below Rutherford scattering was confirmed for 

• • 90 and for low energies The work on fluorine and n1trogen ~ave 

clear indicatiohs of resonance levels. The results on carbon will 

be considered in the discussion of those obtained here. 

Some years ago,Riezler(l932) examined the scattering through 

very large angles from various solid targets. His work covered boron, 
0 

carbdn,beryllium and aluminium up to angles of about 155 in the 

laboratory system. He measured the variation in the scattering with 
o· o 

angle between 127 and· 155 degrees at the highest energy available, 

which was about 7.3 mev and in all cases except that of beryllium 

ha measured the variation with energy at the largest angle. With Be, 

B,C the general variation with angle was the same in the three 
0 

casea!the scattering rose .from a value,perhaps twice normal,at 127 

to 43,25·ti'O times normal respectively.With aluminium the ratio 

•tarted at 0.5 fell to o.4 and rose to 1.8 at the largest angle.The 
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yi-eld from boron at the largest angle rose monotonically with the 

energy,but in the case of carbon passed through a maximum at about 

5.8 mev 

From the observations of earlier workers and the suggestions of 

theory one expects that the departure from Rutherford scattering will 

be greatest at large angles of scattering,at the highest energies and 

from the lightest elements The last two factors enter since one ass-

umes that the anomalous scattering has its origin in the penetration 

of the alpha particle into regions in which the ~nverse square law 

does not hold.From classical considerations the closest distance of 

approach or on wave mechanics the probability of finding the nuclei 

at a small distance from one another would be least and greatest 

respectively for high energies and small atomic numbers The factor 

corresponding to the angle effect has its origin in the fact that the 

partial waves in the expansion of the scattered wave all have their 

maxima at the greatest angle These facts imply that the greatest 

anomalies are to be looked for where the classical scattering is least. 

A further difficulty in examining the large angle scattering is 

that the range of the particles which have been scattered is very 

small and becomes smaller with the atomic number. ln order that 

they may be able to reach a detector and still be registered the 

thickness of material through which they can travel is limited 

and this implies that the effective thickness of the target is 

small. Since the anomaly is likely to be a rapidly varying function 

of energy,it is clear that an arrangement which gives a useful 

number of particles at one point may be quite unworkable at another 

Scattering experiments may be compared on the basis of the foll-
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owing~factors:geometry,type of target,counting system and method 

of comparison with classical scattering Good geometry requires 

that the angular spread of the incident and scattsred beams be 

small and can really only be attained where the yields are great 

enough to warrant cutting down the solid angles involved This 

difficulty may be met in the case of gases fairly easily,by using 

an annular ring of the gas as a target or by using an annular det­

ector,hence increasing the solid angles without losing definition 

A similar method was applied to soli~ targets by Riezler,but,at 

large angles there are other disadvant~ges connected with inhom­

ogeneities of the incident beam. 

Gaseous targets have the advantage that the number of scattering 

centres is readily found from the pressure of the gas and examination 

of narrow energy bands is readily possible. For solid targets it 

is clear that only a certain definite thickness of the target can 

contribute to the observed scattering,since alpha particles scat­

tered below this depth have not the anergy to come out again Thick 

targets are,thus,as useful as thin,since the latter need to ba 

supported on some base which must not be able itself to scatter 

through the thin layer.Used,as was done by Riezler,without further 

development,the thick target method suffers from the flaw that the 

effective thickness may be relatively great and give rise to a large 

energy spreaq amongst the particles scattered. 

The scintillation methods of counting,originally used in this 

work,had some virtue,in that the scintillation screen could be 

made a wall of the scattering chamber and,hence,particles ·,\·ith 

ranges right dpNn to the limit of visibility might be observed 

Recently ionis.ation chambers and proportional counters have been 

comm.o1117 used ro·r detection. The :f'ormer, used by Mohr and Pringle 
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and by Devons gives a low ratio of pulse height to gamma ray back­

ground,but,this is .compensated for by the uniformity of the former. 

The latter has been used by Wright,Pollard and Margenau and by 

Brubaker and gives a better discrimination against the background, 

while giving alpha particle pulses of various sizes Riezler(l935), 

in his second paper,somewhat surprisingly used a ~eiger counter, 

with its attendant high background,on the grounds that the prop­

ortional counter had a narrow counting region at low pressures There 

does not seem to be any justification for this belief. 

In much of the work on gases it has been customary to suppose 

that below a certain. energy the scattering in some standard gas is 

normal and to use the gas in these conditions for comparison.Pollard 

and Margenau made such an assumption about deuterium and Devons and 

Brubaker treat the argon scattering below 5mev as normal. Gomd has 

also. been used for comparison and its high atomic number should 

make Rutherford scattering fairly certain in the energy range used 

Early investigations were principally concerned with the prob­

lem of determining the nature of the nuclear field and after the 

advent of~wave mechanics they were seen,as_giving information 

about the height and penetrability of the potential barrier The 

ideas of Bohr(l937) which asserted that every nuclear reaction 

takes place through the formation of a compound state with the 

subsequent e~ission of another particle served to show scattering 

in a new light. For here it appears that scattering is simply one 

of several competing processes in which it happens that the same 

type ot particle is re-emitted.Thus,scattering experiments,even as 

those on disintegration,give information concerning the nature of 

the compound nucleus. In particular we should expect to find the 

same signs of resonance entry into the excited states of the compound 

nucleus ae are revealed in the excitation functions for the dis-
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integration processes.Baving assumed such a mechanism for the nuc­

lear reactions,it is possible,as has been done by Breit and Wigner 

(1937) and Bethe(l937) ,to calculate cross sections for the var-

-ious nuclear possibilities The detailed interpretation and eval­

uation of some of the quantities appearing in such a for.mula,such 

as the matrix elements for various transitions and the widths of 

levels in the compound nucleus,is not possible for theory in its 

present state,but the general form of the cross sections derived 

and their angle and energy dependence are doubtless independent 

of special assumptions.An examination of the formula shows that the 

magnitude of resona~ces and,indeed,their appearance or non-appearance 

~ill be shar~ly dependent on the angle of scattering. Except in 

purely accidental circumstances resonances must appear at 180° 

and have their maximum amplitude there The latter will increase 

with decreasing atomic number,with increasing energy and with the 

angular momentum of the compound state. In an attempt,therefore, 

to find resonances in the scattering process it was felt best to 
~ 

workas large an angle as possible. 
~ 
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APPARATUS 

The design of .the scattering box was determined by the foll­

owing considerations:it was important to be able to count particles 

of very short range;the geometry must be such that the angular 

spreads were as small as possible consistent with obtaining a 

useful yield at points where the anomaly was low;it should be 

readily possible to change from one angle to another;the arr­

angements should be such that during the course of a run it is 

possible to go from the element under consideration to a gold 

target and back In the light of subsequent experience it appears 

that the third poi~t might have been sacrificed to the object of 

having a larger target. 

In view of the fact that in large angle scattering the posit­

ions of the source and the detector are contiguous it is very 

important to take advant~ge of the methods worked out by others 

for the detection of heavy particles in the presence of strong 

gamma radiation. The type of proportional counter consi~ting of 

an axial wire in a cylinder,the latter being made negativ~ with 

respect to the wire,was chosen to be used with a four stage linear 

ampl~fier. The counter was used without window in order to count 

particles of low range and the source holder,target and counter 

placed in one scattering box filled with hydrogen at a low pressure, 

.Hydrogen is the inevitable choice for filling the box since the 

ga_s has to have a low s~opping power,give a low gamma ray back­

ground compared to the size of alpha particle pulses,give rise to 

no counts because of its ability to scatter alpha particles into 

the cp•nter and,finally,be not itself scattered into the counter. 

In order··that th3 incident alpha particles should fall upon 
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the target in a fairly homogeneous group the target was made to 

stand normal to a plane containing the souree,the counter and the 

target,the particles,thus,travelling normally through the window 

of the source holder The counter was held fixed while the source 

was swung about an axis passing through the target face;the target 

itself was so constrained to move that a normal to it always bis­

ected the angle between the counter and the source This latter 

arrangement prevents any undue absorbtion of the incident or emerg-

ant beam in the target itself at any angle. Phe target was designed 

in such a way that it had two faces,which could be made to replace 

one another in spac~,one face being of the element being concerned, 

the other of gold The targets in all cases consisted of thick 

layers of the element. 

Figs.3,4 and 5 show the disposition of the scattering box and 

its contents.The components are mounted on a 3/B'' brass plate with 

a flange running round it A 1/8" neoprene gasket ·is placed on this 

flange and the lid of the chamber rests on this having a shoulder 

near the lower edge of its sides to space it when the gask.et is 

compressed.The base plate is supported by three stout brass pillars. 

The lid of the chamber cons·ists of five pieces of brass sheet, scr­

ewed and soft soldered together,with an observation window in the 

top sheet The leads to the amplifier and to the high voltage outfit 

are carried through the base plate by means of hard rubber plugs 

waxed into the base;the plug carrying the power line has inlaid 

sulphur rings on either side to elimina'te surt'aca discharges. ·1·he 

lower shoulders of these plugs are arranged to take grounded brass 

cylind~rs which shield the ·actual connections between the shielded 

leads and the carry-through connections. 

The arrangement· of the target assembly oan be seen from ~·ig. 3 
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where it sh-.n at B Hy means of the gear train,rotati.:)n of the 
1\ 

shaft carrying the target through any angle causes the rotation of 

a concentric shaft carrying the source arm through twice that 

angle. The driving shaft passes through the base by means of a 

ground joint and the source arm shaft is free to rotate about it 

A third shart.concentric;with the driving shaft,may be rotated 

independently and communicates its motion by means of another 

gear to the target holder;by means of a spring stop mounted exter-
t 

nally this shaft can be permanently set in two positions 180 

apart. Since the axis of the target holder is offset from the axis 

of the driving shaft the two faces of the target can be brought 

successively into the desired position. The layers of material 

forming the target are 3.0 cm. by 3.2 cm. and mounted on a brass 

block 1.0 cm. thick The latter is held in place on its holder 

by three pins. 

The source holder consisted of a lead block shown at A,2.0cm. 

square and 3.3cm. deep. A hole is drilled right through thi.s,l.Ocm. in 

diameter at the back,0.5om. in diameter in front,the transition 

be.ing maae by a slight taper and a shoulder near the front This 

shoulder served to hold in position a brass cylinder,O 8cm. in 

diameter,into the front of which the source button wa~ screwed.The 

latter was 0.5cm. in diameter and turned out of nickel rod The 

brass pylinder was threaded ri.ght through and served as a holder 

for the source button. The back of the lead block is closed by 

means of a small brass plug which could be waxed into place,while 

the front is covered with a piece of mica,held in place by a small 

brass ring and wax. ~he stopping powers of the two windows used 

tat different times were 0.65cm. and 0.72cm. From the side of the 

•ouroe ~look there is a 1/S" pumping outlet,which was connected to 
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a separate pump~line through the bottom of the box,originally 

by means of rubber tubing and later by a copper tube.The s9urce 

holder which was repeatedly removed was located by two pins in 

its base fitting into two holes in the source arm. The holder and 

the scattering box were pumped out. in parallel,a charcoal trap 

immersed in dry ice and acetone being placed in series with the 

holder- to take up radon from the source button;a cross manometer 

between the two lines ensured that the difference of pressure across 

the mica window was kept small A tapered colli~ating tube,G,was 

used to define the alpha particle beam constructed of celluloid. 

The edges of this tube were so disposed and shaped that no part­

icles could be scattered from them into the counter That this 

was the case was established by leaving the counter open in the 

direction of the collimator,but closed in the direction of the 

scattered alpha particles No particles were observed Between the 

lead block and the collimator were placed the mica screens for 

reducing the initial alpha particle energy.A further strip of 1/S" 

lead,not shown in the drawing,closed the space between the holder 

and the collimator The two other open sides of this gap were also 

closed after everything was in place. There should be in this 

assembly,no scattering from anything but the target and this has 

been found to be true. 

By means of two further concentric ground joints in the top or 

the box to which celluloid screens,H and !,were attached it was 

possible to close off the collimating tube in order to make a 

background count or to place a screen in front of the counter to 

ensure that no particles of abnormally large range were entering 
-

and also to ~acilitate proton counts where these had to be taken. 

A raok,J,standing on the base of the box,immediately in front of 
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the counter,accomadated screens for selecting the particles admit­

ted to the counter 

In cases analogous to the present,there are suggestions in 

the literature that a magnetic clearing field between the target 

and the counter to remove the secondary eleat~ons generated in the 

target by the gamma rays is a desira-ble thing.We therefore arr­

anged originally to have pole pieces built into the lid and base in 

the desired position and to run an electromagnet on to these poles 

after the box was closed. The electromagnet is shown in Fig.6. The 

field strength in the gap was about 1500 oersteds In operation, 

however,we found a distinct increase in the background of the coun­

ter when the field was switched on,quite independently of its dir­

ection. This could not be attributed to any disturbance from the 

power line of the magnet since it was not present in the absence 

of a source It seems reasonable to suppose that the magnetic 

field lengthens the paths of the ions in the counter and,thus, 

reduces its breakdown voltage or increases its multiplication fac­

tor. Removal of the target made little difference to the background 

and one can conclude that very little of the latter arises in the 

target. 

The counters used in the scattering box were developed in 

an effort to combine ease of construction with as low a capacity 

for producing secondaries under gamma ray bombardment as possible. 

Counters of .the rather massive type developed by Duncanson and 

Miller(l934) in which the strongest field is in the neighbourhood 

ot several steel balls were tried,but found to have a very high 

gamma ray background and an unnecessarily high running voltage.Wire 

counters,with ·the wire terminated by a steel ball to prevent dis­

oharges,were tound to be more convenien~ and to have a diminishing 

gamma ray background as the amount of material used in their const-
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ruction was diminished;a process which could be carried quite 

far in this case since the counter was not expected to stand any 

difference of pressure. In addition,some troubles with hard rub-

ber as an insulator- led to the substitution of paraffin. '!'he counter 

shown in F1gs.3,4 and5 met the requirements quite well. The anode 

is a piece of .005" steel wire,3.-5 cm. long,soldered into a small 

brass plug.;-at one end and having a 1/32" steel ball soldered to 

the other. The cathode was of 2 mil brass sheet wound into a cyl­

inder 2.0 cm. in diameter and 5.0 cm. long. To this was soldered 

a front of 5 mil copper with an opening 0.8cm. by 1.4cm. Care was 

taken to avoid having much solder within the counter itself '!'he 

insulation at the back of the counter also supports it and consists 

simply of a rectangular slab of paraffin.The whole counter has 

considerably rigidity despite its lightness. '!'hey are easy to re­

place when contaminated and if manufactured with new materials 

and tools kept for the pur1ose have less than 1/2 count per minute 

for background when new 

The high voltage supply for the counter was obtained from a 

compact power outfit designed to give small currents up to 6500 

volts,using a 5500 volt R.M.S transformer and two 866 rectifier 

tubes When the power outfiD was built the use of voltages as 

high as 4500. on counters was contemplated and a voltage control 

circuit was designed with this in mind An adaptation of the neon 

tube circuit of Gingrich(l936) has been utilised •. The voltage to 
.~ 

be stabilized is applied across a bank of 100 small neon tubes in 

series with 5 megohms The peculiar form of the voltage-current 

characteristic of the neon lamp supplies the controlling action 

while the tubes are tapped off in sets of ten and some singly to 

aot'as a potentiometer.Another potentiometer across three 45 volt 
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B batteries provides fine control over the counter voltage. The 

control is moderately satisfactory,although for the range of 

counter voltages actually used,which are in the nighbourhood of 

1100 volts,a vacuum tube circuit would be preferable A resistance­

condenser filter circuit is'placed between the control and the coun­

ter to eliminate high frequency oscillations which are present. 

The linear amplifier used has been constructed quite ~ith-

out changes from the circuit described by Dunning(l934) This is a 

four stage resistance coupled amplifier intended to give an amplif­

ication of about 105 to 106 without distortion. The frequency 

response of the amplifier was measured to see that it was flat 

for frequencies corresponding to the time constants of the pulses 

it was to count and it appeared satisfactory for the purppse. In 

operation the biases were arranged in order to give a good plateau 

on the characteristic of counts versus voltage from a gold scattering 

experiment. The system was free from all but an occasional and 

infrequent violent electrical disturbance in its neighbourhood 

During the progress of all runs the output of the amplifier 

was put on the screen of a cathode ray oscillograph,so that the 

state. of affairs in the box could be quickly appr·eciated. Origin­

ally the recording of the counts was effected with a Cenco high 

~pedance counter and a single thyratron circuit,also taken from 

Dunning's article.It became apparent aft~r a number of runs had 

been taken that the counting rate from ~old was too great for the 

single tube and i& was replaced by a scale of sixteen circuit. 

In o~der to preserve the few runs which had been made the old out­

tit was calibrated against ~he scale of sixteen:the plot of the 

losarithm of ·one r~te against the logarithm or the corresponding 

rate of the other gave the expected straight line corresponding to 
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a fixed resolving time for the single tube. 

With the intention of recording some of the alpha particle 

pulses photographicall:[ ___ an oscillograph of the type descr-

ibed by Shire was constructed The construction presented some 

difficulties,the principal of which was that of obtaining iron­

free aluminium for the moving element However,this was accompl­

ished and the instrument was used to obtain some records. These 

record~ resembled superficially what was seen on the screen 

of the cathode ray oscillograph,but an examination of the 

kind of pulses being fed to the oscillograph by its associated 

amplifier showed that these were distorted to several times 

their natural length. Faster pulses produced only very small 

kicks of the oscillograph,indicating that the time of response 

o~ the instrument was far greater than that calculate~ in the 

design.o~his was in all likelihood due to the magnetic field 

being too low. Since other far more attractive methods o·f 

recording were at hand no attempt was made to improve the 

oscillograph. 

In order to vary the energy of the incident beam mica 

screens were placed in its path. All the mica was split under 

sodium light to ensure its uniformity. In addition to the 

mica screens we have used artificial screens made by casting 

solutions of celluloid in amyl acetate on glass. This was 

necessary since the screens used in front of the counter to 

cut down the scattered beam were 1.5cm. by 2.0cm. and needed to 

be made in thicknesses down to 1mm. stopping power The stop­

ping power. of all screens was measured by interposing them bet­

ween a freah polonium source mounted on a travelling carriage and 

a tixed counter closed by a window of O.Scm. stopping power. 

The number versus distance ourves,with and without the screen, 
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were obtained by making the appropriate counts and correcting 

for the inverse square law. From the pair of curves the stopping 

power of the screen could be evaluated 

The sources used in these experiments consisted of the 

active deposit collected on a nickel button during a 2 1/2 hour 

exposure to radon. The alpha particles whose scattering is 
= 
::-!..-.:~ 

observed are of course those from Radium 0 1 • The 250 mgm. of 

radium bromide were stored in solution in a distant part of 

the building.From this solution it was possible to remove 

by means of Toepler pumps about 200 millicuries of radon for 

source making purposes. In the manufacture of sources the radon 

with its impurities was bro~ght by the pumps to a purifying 

chamber ~hich employed the usual chemical means to remove hyd-

rogen,oxygen and carbon dioxide. \Vhen inert gases were present 

the radon was condensed with liquid air and the gases pumped off 

The radon was then forced into a small space at the bottom of 

a glass taper which held a brass ground joint;the source button 

was screwed into the latter A field of about 600 volts was 

then put across the space. After a source had been made an 

oxygen-hydrogen mixture,prepared by electrolysis,is admitted to 

enable the radon to be pumped back to the radium bulb The loss 

of radmnmimnth!s procedure was so small that the apparatus 

could be made to give 5 sources per day for several days in 

succession without appreciable loss of strength. The strength of 

most sources lay between 35 and 45 millicuries. Before being 

put into use the strength of the source was measured with an 

electroscope although a k~owledge of the strength is not nec­

essary. The pro·oedure of' pumping back the radon and measuring 

the source takes about twenty minutes eo that the Radium A has 
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decayed by the time these operations are complete. 

In order that one may calculate with any certainty 

the actual number of scattering centres in the scattering 

from a solid target the path of the alpha particle from ent­

ering to leaving the target must be well known. Assuming a 

perfectly plane target and the a.rrangement of these experim­

ents,it is clear that the distance travelled into the target 

is equal to that travelled coming out.lf the surface departs 

from a plane there will be a difference between these dist­

ances and this difference leads to the effective scattering d~p­

th being different at different points of the target Presumably 

the effective depths wo~ld be distributed evenly about the 

value for a plane surface,but it is likely that the total scat­

tering will be greater than is expected since particles very 

near the end of their range might contribute heavily,if the 

point is one at which the scattered particles can escape easily. 

It the two distances are to be nearly equal we can see that 

a normal to the surface must not depart by more than about 10 

from the normal to the target ,for many points on the surface, 

In the work on carbon we used three small plates of 

spectroscopically pure carbon cut from rods and buffed on filter 

paper As a check on the results found with this target,another 

was made by painting layers of "Aquadag" on a hot Pyrex sheet, 

then heating strongly to destroy the protective colloid. This 

t~rget was also buffed. There seemed to be no significant diff­

erence between the two result·s. A boron target prepared in the 

same manner as Riezler's could hardly be considered satisfactory. 

Boron was ground to as tine a powder as possible,mixed with amyl 

acetate and made into a block on a bra$s base,the surface then 
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being smoothed out This target exhibited specular reflection 

at a few degrees,but,a mic~oscopic examination showed it to be . ~ 

rather badly pitted The boron used was pure amorphous boroh 

(Eimer and Amend} which was examined spectrographically and found 

to contain a few per cent. of magnesium and silicon,but,not 

enough to warrant rejecting it. Satisfactory targets were made 

of· beryllium and of lithium fluoride,for the examination of 

fluorine. The berylli~ was prepared by the evapora~ion of 

the metal upon a copper base;the layer 1 thus~ obtained was rem­

oved from the copper and found to possess the polish of the 

latter.The layer was 2xlo-3 cm. thick. Lithium fluo.ride was 

found to be pure spectroscopically. It was fused in a platinum 

crucible and poured into a steel dish;the resultant mass of small 

crystals was quite robust and could be cut and polished .. Targets 

of aluminium and copper were occasionally needed and these weee 

available in pure sheets. The gold used throughout was .002" 

pure gold sheet. 
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0PERATION 

Since circumstance impelled us to use hydrogen as the 

counter gas it was necessary to find pressures at which it 

gave good d-iscrimination between the alpha particles and the 

gamma ray background,~~ It was found that the discrimination imp­

roved steadily as the pressure was raised from 4cm. to over lOcm. 

of mercury The value of 12cm. of Hg. was thus chosen as a comp­

romise between low stopping power and good discrimination. When 

the hydrogen was kept pure the running of the system appeared 

to be stable and free from spurious ~ischarges The pr$s-ence 

of water vapour or any organic vapouD in the scattering box 
... 

cause a remarkable "softening~ of the counter. 

The normal operating voltage of the counters was in the 

neighbourhood of 1100 volts,varying somewhat from one to an­

other. Since the output voltage of the alpha particle pulses 

from the amplifier is given by the product of the multiplic­

ation of the amplifier by that of the counter times the size 

of the initial pulse,it is plain that in order t~ be registered 

this product for a given alpha particle must exceed a given 

value. By setting the multiplication of the amplifier at a cert­

ain value we arrange that all pulses below a certain limen are 

not registered. If we suppose that an assortment of alpha part­

icle pulses of different sizes are arriving together with a 

gamma ray background,it is apparent that as we increase the 

voltage on the counter and,consequently,the multiplication the 

volt~ge limen will descend and the number of registered counts 

should increase,reaching a constant when all the alpha part­

icl•s are befng registered and remaining at this value until 

the samm.a ra-, background begins to be ~icked up. Some~:truna were 
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taken to count the number of alpha particles scattered from gold 

as a function of the voltage The results as might have been 

expected depended to some extent on the strength of the source, 

for this d~termines the height of the gamma ray background. Under 
l.,:"r ---

--
such different circumstances the plateaux were found to vary 

from about 75 volts to over 200 volts. It is possible that in the 

case of some of the strongest sources a few of the alpha 

particles may have been lost bel o--s the gamma ray background, but 

the evidence is that this number was very small From what data 

there is on the variation of the multiplication factor in.a prop­

ortional counter,that the plateau will be widest when a relat­

ively low voltage is used on the counter and the amplification 
-

is derived from the amplifier seems a reasonable conclusion 

In the operation of the scattering box one of the most imp-

ortant matters is the avoidance of or recovery from radioactive 

contamination All sources before being put into the chamber 

were given a short outgassing by heating in vacuo;the extent of 

this outgassing seems to be rather critical since underheating 

leaves an appreciable quantity of radon on the source while too 
' . 

drastic treatment results in the loss of some of the activity. 

Originally,thin artificial windows made from Duco cement sol­

utions in ac•"'one were used to close the source holder.'l'hese 

proved to be extremely pervious to radon and could not be used 

with the mo·st strongly heated sources. When these were replaced 

by mica,contamination slow~y grew in the counter after making 
: .... 

no appearance for perhaps twenty minutes. This was traced to the 

diffusion of radon through the 1.5mm. walled rubber tubing conn­

ecting the source holder to the pump line. ~ith the removal of 

this and the use of the trap mentioned above progressive cont­

amination was avoided. To avoid initial contamination it was 
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customary to remove the source holder -and insert the sou~ce at 

some distance from the box;the source holder was then replaced 

in the box with a strong fan bloT;:ing across the operations .By 

these methods the backgrounds were l-::-ept down to less than 1 per 

minute .~;~Then the background rose over C. per minute the run was 

generally abandoned. 1?hen the box became contaminated it was 

opened up and the fan allowed to blow over it for about an hour; 

persistent contamination was iiealt .Ii th b-r removing the paraffin 

which covered the i~r.er walls of the box and replacing it with 

new material and also by washing the counter in dilute nitric 

acido 

The procedure in taking runs which was follo~,o.red with very 

few changes throughout \vas as follovi3: first ,a 2m.inute background 

run;then,l minute ~.~rith the gol.,: ,10 minutes ,_./ith the unknown, 
. 

1 minute ~ith the gold,2 minutes on the background and through 

the same cycle repeatedly,generally extending the gold runs as 

the source decayed.In this way the initial gold count. would lie 

between ab:Jut 300 and 1400 per minute. Runs ·,\·ere halted when the 

count from the unknown fell to '-+ per n:inute or Tt.'hen the- backC"!'ounc1 

rose to 2 per minute. 0 c ~f~s:.onell~· a ~3hort run ~t.-:>uld be taken 

"tii t:n the movable screen in front of the counter tu verify the 

absence of extraneous particles or in the case of boron the 

presence of protons. 
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n~~ is of t e r s has sits u ~ et tle ev~lua io 

fr t ... e ob erve the -.... vio of t e scatte in: 

r m t _e nkno e1e et to the sett ring to be ex ected i~ 

utherf rd se tt_,r . "'- ... 1 i irst .. 6!. v 0 • ce . 1.1 neces V 
'- " 

ea c 
, 

e t ... e nll!nber of to be ex ...... e ted 0 . t' old 4 

.ud fr t: e un nown f • futur· , ..\..u 
, .. ' .. is , e d \ ..~-.l..eU '- ne 

s i vO -e . nt for 1 due t 1} 
, . stat t C1' d ... .i. v lC s 

9 t ... e n uer -+' al a .P rvj c ............ ... cattered int ... g e W , + .. _rough 
I 

ar... · .• gle ~ ' 
-he Q rtic es er second fall on a 1 er conta · n -

ing \\1 scatterl g ce tres, ~ i -en 

Mvt. 
v her_ T ~ the energ o t e al a rt · l , re is he nucl r ~ ar~e, 

~ t e ass oft e scatterin0 nucleus '1 • s fo m 1la olds goo in 

the 1aborator sy.:tem of J...3S take account o + u r uce 

mass In the case her a the 1 ha ... rti e ... e rates in o t' ... e 

t rget and loses en~rgj in so doing ' ·. e ite N ·s nt" 
t" x,~ A .. 

and re .l ce t:• by \:(~--)" ' here ~ is he maxi"Uum de t of 
0 

penetration n calcu1 ti g t e enetr ions e sh 11 f.:. 1d it con-

ve ient to Nork wit t ir ra ges 0 the alpha \ rticles. .J.. .u.1 t _e 

definition of stop .. ing ower, we have the relation Ho-A\; -:. ~~ A\-
I( 1\ ~ 

N .. is the number of toms er c c i "'t?" d N~ is the n r w ere .1 

~~ ~WF\ ~ "'" ~·" . ir,or ,alternativel er c c lll : E1 ' t: u 

The ratio of the utherford scattering in go~ to that · 

0 tegr s the e w may treat a- s CO st'"' t d e it 
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· t t .. e ti e 1e a LD s. the r ge-e_ar 

to e li ear ver s cL a s 11 i terv and :~ t~is i~ t~e 

c se it is e sy to sho1 t t the integr 1 becomes 

ere ~o :s the li it of the it~ ~~1 ad the aximum depth of 

~netr t · o· • I the case of gold -. ere t e penetra tions re great 

d the variations in the stopping po. ·er cons · derable ,neither 

of these simpli~ications i possib e and i is necess ry to 

tabulate the integr 1 xo ~~ 

hich we need is "S~ \£ (<\o-\-'{ and ··e re given the 
0 

he integral 

range-energ r ta of R senblum 19e:8) on the ener~.{ 1 ss o horium 

C' al a r t i c 1 e s , ~ i c h e may write a t ~ '1 ( >1.\ , x:. R -~ , rv ere 1( i s 

t ... e thickness of gold in mgm /c . , 'R is the ra .ge o the alph 

th '11" • t. 1 
r-o nge o ~ ~... r1 w p r 1 c e ~ e m no 

"'I &. \-

now put l ~ 1'\£\-)' , ·e then hav 

It is , thus , conve ie t tot bul~te 
X ~~ 

H•\ ~ \ '1£\-)' 

I order to eva1u te t · integral R senblum s ~a were lotte 

and values t k3n off at interv ls of C o4 10....., • /en:~ y m ans ~...:-

Neddle ' s rule t_e umerical integratio then c rrie out. The 

results a re shown graphicall ' n Fig o7 

The cal culation of t e maxim 

depends u on so l vi ng t e e ua tion 
lllE(R-x)-: ~ L 'lt+\;~ 

de th of enetration in 

here R is t e r g e of the inci dent a l h particle ~t the 1 g t' 

x. i s the maxi mum de th of pe e t r a t io , ~ is the fraction of its 

original energy r e tained by the scattered part icle nd t is the 

stop ing ower(actually the air e quiv l ent ) of the hydroge et-wee1 

the target nd the counter face plus t he r esi1ual r which a 

article mu t have t th . face of t he co unte r i n order to be r 

· s t red An exploration with a olonium source of hJ ehaviour 
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of t e c nter to~ards a_ph ctrticles graz i ng the f a ce f the 

counter indicated t ~t i anal a par ic e crosse the face,hov -

ever obliQuel ,it was regi s tered The a s sumptio has,the ef rP , e en 

m de that all the value t comes from the stopping o er of the 

hydroge The calc l~tion of the air e uivalent of the h rog n 

i s .eq_u i valent to the so tc.ti.)n of the e qu ion 
~ ( l- ~~ 
1 b ;. J 0" (1\) 

where cr~) is the stopping p~#er o hydrogen for a article ~~th air 

range ~ ,f is the r ressure of h drogen and A is the d · st nee 

from the counter f ce to the target .cr(ll) has not been measured for 

the lo~est energies but its me n v lue ~r very ow ene gie s is 

i n icated frJm the data quoted by notl934) on the ranges cf 

a l ha pa rt i cles in hydrogen and i a letter by Rogers (l939) - Y 

lett i ng the va l es ofat .. ) obt ined from r no, together vi h these 

mo r e tentative points , we may dr aw a smooth curve from which ~(x)-• 

ca n be f ound .By integrating )te by .te we solve the equati n 

above f or t . A 1 the air ran es used i "'1 the work were taken 

f ro oil ~j and Livingston(l9 ~) 

There is a s i milar equation to so ve in the c se of the gold , 
C\ E (,c.....-~) ~ E (\;' _.,l) 

here ~ i 0 the so l uti on o f ~(~\~ ~o and \;' of ~ L\~)-- ~' -vhere ~ 0 i s the incid -

ent energy and ~. is t he energy correspon ing to t he uanti tv t 
~ 

above It is necessary to extra olate Hosenblum ' s curve rather 

.v' extens ively to obta in -~ ~ There ha ve been a t ern ts t o me~sure 

the end point of the curve,but,they are unre l i able . By making a 

series of measurements of the r e lative numbe r s of scat ered p rt-

icles from gold at various incident energies it was possible to 
I 

choose the v lue of ~ to give the best greement h i s was ound 

to be 33 .7 mgm./cm. It is to be noted that since the work on 
") 

th gold integral is carried out in rogm jcm7 ,the va l ues o th 
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integral taken from the graph must be multiplied by the numerical 

factor 0.568 in order to be compared with the penetration 

integrals for the element X. 

It will be noted that in the expression for the ratio of the· 

predicted counts in gold and X,we have simply the product of two 
~1l- . 

factors,one of which is independent of the energy and in making 

a series of runs at one angle the ratio is given by a constant 

times the ratio of the penetration integrals. 

In working out the actual gold to X ratio from the observ­

ations it was assumed that the decay of the source during the 

10 minute runs on X was linear The total number of counts from 

X,properly corrected for background,is,thus,compared with the 

sum of the means of the gold counts,before and after an X run 

No background correction was necessary for the- gold 

In the original runs with the carbon,no screens were put 

between the counter and target so that the energy spreads in 

any one run were rather considerable (from 500 kev. to 30u kev.) 
t .... 

This was atoned for by the fact that it wa·-~ possible to count 

many particles and fix the mean value over the interval quite 

well Recently the device of cutting down the energy spreads by 

putting absorbers in front of the counter has been tried. When 

this is done a new value of t comes into use. The lack of any 

outstanding contradiction between the runs made in the two diff-
.r. 

erent ways indicates that the assumptions made in calculating the 

yield integrals must be fairly reliable. 
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RESULTS 

Measurements were made upon the scattering from a carbon target 

at three angles;in the laboratory system of reference these were 
0 0 0 

155 ,137 and 112 • ln the· system in which the centre of gravity of the 

alpha particle and carbon nucleus is at rest these angles 

become 163.3S:l50°08'and 130° respectively. A principal set of 

observations was made at each of these angleswith initial energies 

spaced 0-5 mev apart,ranging from 7.10 mev to 4.00 mev. At the 

largest angle a few other runs were made at different energies. 

The results of these expeiments are summarized below .'l'he tables below 

give first the energy spread of the scattered particles;then the sum 

of the means of the pairs of gold counts and the sum of the carbon 

counts.If more than one run has been taken at a point the separate 

runs are added together and the totals shown. The observed ratio 'l 

of gold scattering to carbon scattering over equal periods is 

then calculated and entered;beside this appears ~the expected ratio of 
-::. 

gold to carbon scattering if both obeyed Rutherford scattering, 

which has been arrived at by use of Darwin's expression and by 

calculation of the penetration integrals. The ratio of the calc-

ulated gold to carbon ratio to that observed gives the anomaly at the 

point1~· Numerically, this is given in the final column, while all 

the anomalies are plotted graphically against energy in Fig 9. 
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Table 1. Angle 155 ° 

/.Energy range Gold Carbon AuLC obs. Au/C ca1c. Anomaly 
in mev. 

7 0 10-=b' 0 62 315.5 259 
39~ 360 
60 574 

1314.5 1193. 11.01. ?76 25.2 

6.66-6.20 2<)0.5 260 
463.5 399 
276.5 212 

~ 222 
3 3 5 1123 11.95 299 25.0 

6o2S-5.Sl 242 242 10.00 286 2So6 

6.09-5.65 1102.6 1111 
1426.4 1426 
2529 2537 9-97 313 31.4 

.. 
5 ·· 73-5 o51 507.5 339 14.99 576 38.4 

5.57-5.18 1049.6 .1008 10.41 319 30.6 

5.19-4.81 552.3 ~60 21.2 338 16.0 

5.09-4.83 1327.3 371 35.8 408 11.4 

5 .09-4.l; 398.2 220 18.1 7£"'6 :;;.: 1~ .0 

5.00-4.63 1461-l~ 56~ 
35.2.6 121 
~~g ~ 26.16 2202- 337 .12.9 .. 

.. 

l+.74-4.4o 1252 358 35.0 350 10.0 

~98-4.63 935 297 31.5 337 10.7 

4.5l=t4.18 1966 7 756 26.0 348 13.4 

4.54-4.21 559 207 27.0 31+4 12.8 

4.02-3.72 2563.5 283 93.1 381 4.1 

3-93-3.63 712 6o 118.6 373 3.1 
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Table 11 Angle 137 

!nit~ll.'enm~gy Gold Carbon Au/C obs. Ati/C calc. Anomaly 
in rilev. 

7.10 2414.4 783 30~8 254 8.24 

6.66 651.1 174 37.4 254 6.80 

6.54 1864 486 
146z m 3331 38.0 254 6.68 

6o09 3a4 134 
12 z.4 m 256 1901-4 23.0 11.14 

5.72 2597 1100 23.6 256 10,84 

5.58 2027 7 846 23 95 257 10.72 

5.00 1377_".1 2~9 
2.56. 40~ 2084.a 

686 54.2 258 4.75 3717 6 

4.54 115 32 
2114 2~4 118 1 1 
1417 182 

5~~ 
4-4 

653 77.2 262 3.39 

The energy ranges are shown on the graph. 
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Table 111 Angle 112 
0 

Initial eners1 Gold Carbon AuLC obs. AuLc calc. Anomall 
• I .1n mev 

·7 olO · 746.6 160 
2~22·2 
3 98,9 

591 
751 46.6 162 3;_48 .... 

6.66 2062.4 343 :60.1 166 2.76 

6.09 3684.8 28l w. ,., 

1~69_ 162. 
~ ~ -·· -

5 53-8 443 123 170 1.38 

5.60 2376 95 250 173 0.69 

5.58 1419o2 2~~ 38S:.6 
5~ .8 307 171 173 1.01 

5.25 3209 125 257 176 0.69 

4-51 3607.3 460 
322.~ 4o 

3929. 500 78.6 181 2_30 

3.93 1862 lOO 186 186 1.00 

The energy ranges are shovvn on the diagram. 
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-· BORON RESULTS 

In view of the someWhat -unsatisfactory character of the boron 

target,extensive measurements were not carried out with it,but 

it is interesting to compare the results with those of Riezler · 

The following tables give the number of scattered particles counted 

at the points tried and the anomalies evaluated therefrom. 

Table 1 Table 11 
Angle 155 0 Angle 134° 

Initial 
Energy 
in mev. 

Number i:l Anomaly 
counted ... :. 

Initial ~:!::~Nuyij?er A}lomaly 
Energy counted 

from boron in mevo from boron 

7.10 1163 27.2 1084 15.0 

6.60 593 18.8 

6.10 649 16.6 6.18 603 7 .o. 

5.55 455 13.8 5.60 795 4.8 

5.00 348 6.3 5.00 479 4o5 

4.55 511 5-7 4.55 612 3o9 

4.02 527 5.6 4.02 2_71 3i9 

It is worth noting that there is here no serious disagreement 

with the results of Riezler,as is the case for carbon. The 

si_ze of- the effects from boron are smaller than with carbon, .. 1hich 

might be expected,since there are competing p~ocesses ·with the 

e.catte~ing. The fact that at both angles the anomaly seems to 

be tending towards a constant value at the lowest energies 

seemed ~o ·be evidence that the target was too uneven and had inv-

alidated the calculations at these points. 

It may be remarked here that the work with beryllium and 

lithium fluoride was not pursued because the yields from both were 

unprof1 tably small at lo·~v e:p.ere;ies. At high energies the anomaly 

was roughly 25 tor the beryllium and 3 for the fluorine,the latter 
t~ . 

. evidently reflecting the strong effect of competing processes. 
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DI.3CUSSION OF THE CARBON RESULTS 

It will be noticed that nearly all the runs w9re made without 

counter screens in order to increase the yield This means that 

the energy spreads were rather.·::~great and some finer features may have 
<~· 

been lost This is compensated for by the kno':ledge that the mean 

values over the intervals considered are faitjy definitely known 

The method used to locate the resonance peaks in oxygen by gradually 

hemming the point into a narrow range were tried in the short. time 

at one's disposal,but,the early results were contradictory and 1!he 

presence of the resonances had to be detected through their .effect on 

mean values It is rather. surprising that the disagreement with Riez­

ler is so great,amounting as it does to a fac~or two at the large 

angle It was felt at the start that the method or calculation 

used· here was perhaps unreliable in some unsuspected way. rn·1order 

to see if this were the case, we ma~e a number of runs to investi­

gate the scattering from copper, which is known to obey Rutherford's 

law. An ag~eement with this fact was found within the experimental 

error,whether or not counter screens were used Some further trials 

were made with aluminium which had been investigated by a number of 

workers Here our results,while not in complete agreement with 

the others,did not depart significantly from them.These facts led us 

to believe that our methods were not at fault. 

There appear to be two resonance levels betveen 3.50 and 7.00 

mev. for the.: scattering process in carbon. The~e correspond to 

excited states of o16 • The energies of the resonances are 4.3± 0.1 

mev and 5.5.±0.1 mev and ~he excitation energies of o1~ to which 

these correspond are 10.5 and 11.5 mev. above the ground state. 
' 

The additional resonance level shown by the dotted line at J.t. .• g mev 

would require finer work before it.cou1d be considered as established, 
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u ,it ~ ears h~t some 3UC curve is necessar to acco nt for the 

0 ..... tccessio o me V l S o of t ese levels lie below the 

t f t potential barrier U'""'i . ...t.g Bethe ' s values, .P r this lS '· . 9 

mev for car o I+ is possible that the grea er a~ ~arent w:dt. 

the ~~per level is caused y i s greater pos~ibi ity of ~ecay when 

it lies a ove the barrier 

~r ~n (an oxygen) are f rt nate instanc~s of cases here 

t e B t e disper-:~n formula takes a Jarticu arly ~im le ~crm. 

T"": is due , :'i rst , to t:J.e f\l.ct that t e s i_ ::> f he se tterer and the 

the alJh artic e are zero,hence elimin t·ng ~ ;n t e wave f ne ion 

describi er a~ te ms;secondl ,to the 

circ s ce that exce t at en .... r ies abo t ~ .s mev for car on a d 

still : 5 .~r for oxygeu v.e Jom eting rocesoes of neutron nd roton 

e...ui sio ~e en3rgetical~J im_ossi le T is c· use~ the hole idth 

t e evel ounu to be due to the rocess o al~ parti~le re-emission, 

if ~ 8 dU :ous :fjrOCeSS 0 inel stj C C tte i g an w~rrnna rav eXCl t .., 0 _ 

be o tted n er these circu Sv ~ce Bet E ives ~ r the r tio of the 

c oss ect i o f scatterin~ t +no ~ut ~rfor~ cross ectio the 

£_(e):.\+ -f~ ~ e MM~+L rx.w-:>~ expressio cTo \ ~ 1(.. 1. 

(' 

( :.,;.."\ r\'~ ... e ; f ~ ~ ( l'!-t ,) ~;t z l ) \ ~ 1\1\M 1 ~ ~ 1' ( e' vhere 

?L~ ~(t-~r) /r<' 

( 
~ ~ \i 

O"o ~ l ~: ~ ~'L e~J 
'l. 

0 large ~ t: i s o. sume s the v u-.- ~ J.t its m xi· um s a unct·on o 

'X Jince r ' s 1 rb~ ~. er our ond 't' ons mig t hope to d duce 

a v; 1 of f _ 1' , .ence , f 1 frc ;:mr · ork . This vill ot he cess ril 

be t c e , o. ver , for thJ nom&~t due to the resonance v'll e impos 

on t er d e t b rrier ~ enetrat·on ad the two dG vecto · ally 

..,h 11 evidentl o l b '"'ble t __ «~..~ e clai lS 1 out the u >er ~ d 
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lower bounds of the sum of two vectors Evaluating for the two / 

r~sonances we find the following set of values 

j=O 
1.095 
1.24 

j=l 
3.28 
3.72 

j=2 
5.46 
6.18 

Choosing J=l for the lower resonance and J=2 for the upper we find 
u. f to be 10.8 and 38.3 in the two cases;these values are roughly 

twice as great as the observed difference between the resonance and 

its -surroundings A choice of lo·::er values of J in either case could not 

account for the facts,but higher values cannot be ruled out Tentatively, 

then we may suggest that the levels are P and D,res~ectively;the 

extra level if it • iere genuine 'Nould also have to be a P level or higher. 

It is interesting to see that Devons' experimental points also indicate 

the existence of a resonanc~ in the region of 4.5 mev although he 

does not draw his curve through them.The very broad upper level is 

found by him;further he suggests upon the basis of Riezler's work and his 

own that it is probably a P level.It wmuld appear to be striking 

confirmation of the fact that the upper level is a D level,that 
0 

evidence for it vanishes at 112 and eviaently reappears according to 
6 

Devons at 90 for this behaviour would indeed be associated with 
0 

a second order Legendre polynomial -~·hich vanishes at about 120 It 

is difficult,however,to apply the same argument to the case of the 
0 

lower P level which is not clearly in view at 137 ;exact phase 

reversal from the barrier scattering is always possible 

It is unfortunate that there are practically no processes 

leading to excited states of o16 ,which might serve to confirm these 

findings. The only excited state,known from1H1•9F17 =2He4+gol~ 
lies far below these,about 6 mev above the ground state Many 

processes which would lead to o16 involve the rarer isotopes 
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FIG.l. General view of the apparatus. 
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FIG~2o Schematic diagram showing the general arrangement 

of the apparatus. 
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FIG.3. Diagram of the scattering box~ 
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FIGS-4 and 5 Views of the scattering box. 





FIG.~. The scattering box closed with the old magnet in place. 





FIG.7.Graph of the quantity I~x),here called y(x),which 

determines the gold yield. 
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FIG.~ The radium plant and source making apparatuso 
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