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General 

The progress made by the Unit during the past year reflects the 

emergence from the purely developmental stage which occupied the 

greater part of 1961. A large amount of this kind of work has continued 

I 

in the acquiring and perfection of techniques suitable for use in ultra-high 

vacuum work which will become increasingly more essential for the work 

of the group as a whole in the future, Development has also continued of 

techniques aimed at preparing surfaces of uniform work function, the need 

for which has become increasingly apparent throughout the year. The work 

of the group has been accelerated in several directions by the use of the 

1620 electronic computer which has proved invaluable. 

Research Program 

In addition to the research program outlined in the report for 

1961, a decision was made during the latter half of the year to re-open 

the work on electron attachment in view of the increasing interest shown 

overseas in this topic. This decision necessarily slowed progress in 

some other aspects of the program but has produced some results of 

great interest. Progress made in the various investigations is 

outlined below: 

(i) Determination of electron and ion energies near thermal 

equilibrium. 

Progress on this project has been slow, partly because 

of the necessity to record time variations in the anomalous 



2. 599/1963 

results obtained and partly because each modification to the 

electron tube involves a considerable a~ount of time. Neverthe­

less it has been established beyond doubt that non-uniformity of 

the work function of the surfaces exposed to the electron beam is 

responsible for the inconsistencies recorded in the experimental 

results. This conclusion was reached by a consideration of the 

indirect evidence afforded by the electron tube itself and con­

firmed by direct measurement of the contact potential differences 

existing over gold surfaces prepared by the sane nethods as those 

used to prepare the surfaces within the electron tube. The 

search for a method of preparation to meet the somewhat stringent 

requirements, including an extensive investigation of surfaces 

prepared by vacuu.r:i deposition, has so far met with little success. 

(ii) Drift Velocities of Electrons. 

The systematic investigation of all sources of experi­

mental error in the drift velocity determinations using the 

method of Bradbury and Nielsen has been completed. This investi­

gation included an exanination of the influence of gaseous 

impurities by deternining the change in the drift velocity when 

known amounts of impurity were added to the gas sample. It has 

been shown that although traces of hydrogen and nitrogen have 

little effect on the drift velocity, the results are extremely 

sensitive to the presence of traces of water vapour. 

Measurements have been made of the drift velocity in 

pure hydrogen and nitrogen at room temperature and at the tenper­

ature of liquid nitrogen. I n the final results that have been 

obtained, account has been taken of the influence of diffusion 

analysed earlier and the accuracy of the results is considered 

to be, in general, 1%. Results have also been obtained in 

mixtures of hydrogen and nitrogen where the percentage of 

hydrogen ranges from 0 to 10o%. 

The theoretical analysis of the effect of diffusion 

has been developed more fully. An expression has been obtained 

for the error introduced in drift velocity measurements due to 
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the variation of the electron energy within an electron pulse, An 

expression has been derived for the resolving power appropriate to the 

current peaks obtained using the method of Bradbury and Nielsen and this 

expression has enabled an independent estimate to be made of the energy of 

electrons in the experiments that have been conducted in water vapour, 

(iii) Velocity Distributions 

Developmental work associated with the determination of drift 

velocities by the methods of Bradbury and Nielsen and of magnetic deflection 

is in progress. During the year an extensive survey of the values of the ratio 

W /D (i. e. , the drift velocity to diffusion coefficient) was made to verify that 

the method was capable of producing results to better than 1 %. The follow­

ing sources of error were investigated: finite size of the source of electrons, 

misalignment of the apparatus and the alternative formulae for the distri­

bution of electron concentration in the diffusion apparatus. The method was 

further checked by taking measurements over a wide range of pressures 

using an apparatus whose geometry could be varied greatly. 

(iv) Mobilities of positive ions 

Since the emphasis in these measurements is on cleanliness 

and gas purity, work has continued on the appropriate techniques for 

the assembly and evacuation of the experimental tube. The ultra-high 

vacuum system has been completed and can achieve pressures of the 

order of 10- 9 mm Hg. Techniques for supporting the electrode assembly 

have been devised and after some difficulties a method was found which 

would enable grids to be constructed capable of withstanding large 

temperature variations. To enable components of the electrode system 

to be degassed before ascembJ.y an electron beam heater was constructed. 

This unit has operated at powers up to 260 watts and has been 

used to perform vacuum brazing. Some development work has 

been done on the design of a combined mobility apparatus and 

mass spectrometer which would enable the particles whose speeds 
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are beir.g measured, to be positively identified. 

(v) The a~.1 ... <?f electrons in wat~_r va12our. 

A series of simultaneous measurenents of the Townsend 

energy factor, k 1 , and of the coefficient of attachment, e<:.a' 

for electrons in water vapour has been made? using the IBM 1620 

computer to analyse the exparimental data. The results of the 

investigation showed r.1arked differences fror.i the results of other 

workers and these differences have not yet been satisfactorily 

explained, 

To clarify ::wr:1e of the features of the attachment work, 

the drift velccitics of fr8e and P.ttached electrons in water 

vapo1..:r were 3tl:.died 1.43ing a Bradbury and Nielsen shutter appara-

tus. The results ob ained for free electrons are in reasonable 

agreer.:ient with H~o:Je f on:-id by one other group of investigators, 

while there is no published data on the drift velocity of attached 

electrons in ~r:'lter vapour. 

From the exe.mination of the drift velocities of the 

free electrons, it was concluded that the mean energies of the 

electrons nere consid~rably :!.m;er than those observed in the work 

on attac~"r.ier:·::. F'n·ther expcrir.ients l;-ere therefore carried out 

using t;o new pieces of apparatus, one of which was a Bradbury 

and Nielsen sht~.t ter c.,pparatu'.3 coribined with a diffusion apparatus 

while the second ·Vias a r.iagnetic deflection apparatus. Both 

experinents have provided valuable additional information but 

it is not yet rossible to explain fully the original results. 

Work on the p~oject is continuingo 
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