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SUMMARY

The light sources chosen for special study were arc tubes
through which a condencer was discharged. The discharge vas in-
itiated by an external control electrode. Tutes vere made of Iyrex
or quartz and had cathodes of mercury or nickel. 7iork was first
done with mercury tubes at low pressures. Later, tubes were mude
having nickel cathodes and filled with srgon. Tultes were tested to
see at what voltage they discharged spontaneousl: cnd hence if they
could be used with the 20,000 V power supply svailatle. A 2500 V
pover supply vas obtained for use with low voltnge tuies,

An integrating light output meter wes ¢ nstructed for
measuring the light output of the tubes., Using this meter relative
readings of the light output of tubes used under different conditions
were obtained. Fine fibres were set up and illuminated in & manner
reproducing conditions of cloud iracks in an expansion chamber., The
fibres were then photographed tc get an indication of whether the
light sources would be yractically useful, and of their effects on
a photographic emulsion,

Emperimental results indicate that low pressure arc tubes
are not a practical means of obtaining high voltzage operation, lercury
cathodes were shown to be little better than nickel ones in all types
of tubes studied; and have the disadvantage of becoming dirty. 1In gas
filled tubes having pressures of the order of a few centimeters of
mercury, the light output is greatest when the bore of the tube is small,
A good line source for cloud chamber work was made out of ordinsry Fyrex

capillary and had a lite o1 over 100 flashes,
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INTRODUCTION,
PURPOSE OF RESEARCH For meny years cloud chamber workers licve

had trouble in m enough light to photograph their cloud
tracks, Few-have devoted much attention to this rroblem ., !l‘ost
researchers seem to heve veen satisfied with something that barely
answered to their minimum requirements. This wes often a constant
source of trouble,

It was proposed, therefore, to investigate the charccter-
istics of light sources commonly used with a view to their adoption
for cloud chamber technique. Further investigation was to be con-
ducted into methods of concentrating the light., Vhat wos desired
was a source that could be mcde and used in any moderately well
equipped laboratory,

The intensity ot a continuous source was the characteristic
of chief interest. For an "instantaneous" source the total light
output had to be known, ana i1t was necessary to be sure thit the
duration of the flash was short enough to provade sharp photographic
images without the use o1 a shutter. Cf course, the tlash of any
condenser discharge arc i1s likely to be short enough for this rurpose,

Since the exposure had to be made at just the right time,
the control of the light source was of prime importance. Only a very
slight delay was allowable 1or the control of switching mechanism to
start the light source,

The geometrical iorm o1 the source had to be such thet

it simplitied the focuss.ug protlem. A line source represents the
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ideal shape by this criterion, although point sources may also be
readily focussed and several may be used to get a flat beam,

Due attention had to be paid to the spectral characteristic
of the source. However, any source that was not photographicelly
inefficient on this accouut was perfectly acceptable. Lastly,
reliability wes required, and long litre was highly desirable because

of the large number of pictures taken in work with an automatic

cloud chamber,

HISTORICAL BACKGROUND liost papers on cloud chamber technique deal
only very briefly with the type of light source used. lorkers in
this field. have used & great variety ot devices to provide light 1or
their photographs. However,the most usual source used vy early workers
was some form of the mercury arce. This type of source was used oy
Wilson in 1912 (1)# and mauy other workers up to the present day.
W/ilson's procedure was typical of many mercury sources. !is tuve

was of quartz, filled wiuvn mercury, and nearly surrounded by a silver
shell, The mercury was vapourized by heat. .rom a burner, conducted
by the silver sheli. A group of Leyden jars charged to a high
potential was discharged through the mercury vapour su formed.
Sources similar to this one were used up until about 1930, For
example, Blackett (2) discharged a 1/30 mfd, condenser charged to

35 KV through a 3mm, quartz capillary containing mercury. He

observed that a 1 mm, capillary had a shorter life but used more

of the available energye.

# The numbers in brackets refer to the Ribliography,
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Skobelzyn (3) in 1927 used a continuous arc at 100 amp. for
a éhort period. Exposures were made with shutters on both the lamp
and camera, Curtiss (4) described in 1929 a design for a Pyrex tube
filled with mercury, The whole tube was sealed off from the atmosphere.
Tungsten electrodes were used and a short vertical column of air was
left above one end of the mercury to act as a cushion. The nercury
was vapourized by a heating coil of tungsten wire wound about the
capillary section,

In 1933 Dahl and his colleagues (5) reported a mercury arec
in a Pyrex envelope which was used with a 0,3 mfd. condenser at 30 IV,
DAhl used two lamps in parallel connected to a magnetically controlled.
spark-gap switch, He succeeded in making his tubes last up to 4000
flashes, after which he noted that they either became inefficient
because of fine cracks on the inner Pyrex wall or blew up,

Bearden tested a Pyrex capillary and mercury source and
in his paper (6) gives some information about its characteristics.
He discussed the effects of dififerent gases in the tube, particularly
with reference to the voltage at which this type explodes,

In all sources using quartz capillary tubes the vapour
was used at, or near, atmospheric pressure., This was because electrodes
cannot be sealed directly into quartz and a special method (such as
graded seals) was expensive when the tubes had such a short life,
Each of the sources already mentioned required some kind of switching
device for their operation, This created a difficult rroblem vhen
dealing with potentials of many thousands of volts. An ordinary

mechanical switch wasted much energy from sparking at high voltages,
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Vacuum insulated mechanical switches had been proposed and one such
design is given by Vaudet (7). In a long article on light sources he
describes a vacuum switch worked by external magnets. However, he did
not retain this design as practical and instead used a similar one
in air. In some cases where z transformer was used to supply high
voltage a switch in the primary circumvented this difficulty. Blackett
and Occhialini (8) used a large transient current from a 4 KV trans-
former through a quartz mercury capillary source. In & more recent
paper Blackett (9) reports a 8KV transformer used at 100 amp., primary
current,

The switching problem has been met in a number of ways.
Some auxilliary switching tube such as a thyratron or ignitron might
be used in series with the source. However, energy losses in the
switching device are important, and so it is preferable to have
the control in the light emitting tube itself. Discharge in electronic
tubes has been controlled by an igniter electrode, &n gyxilliary
cathode or anode, by a grid, or by a magnetic field which affects
the mean length of the path of the particles. A simple method
due to Edgerton (10) is that of the external control electrode,
This type of control uses an electrode in contact with the outside
wall of the discharge tube. Now if the spontaneous siriking voltage
is but slightly above the applied voltage, a discharge may be initiated
by applying one or more sharp pulses to the external electrode. The
action of this pulse is to start a flow of electricity to the glass
or quartz wall, producing a great many ions as in the technique often

used for finding leaks in vacuum apparatus.
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External electrode control was first used by EZdgerton (10)

in a mercury stroboscope tube. Later he applied it with much success

to other gas filled arc tubes. The principal advantage of the external

system is the rapidity and efficiency with which the tube may te

"triggered". This was originally accomplished by discharging e

condenser through the primary of a spark coil in series with a thyratron,

The positive pulse released at the secondary of the transformer by

the thyratron was applied to the control electrode. Ixtensive

investigation into flash tubes of different kinds was carried out

by Edgerton (11), He measured the integrated light output of his

tubes with a phototube which was allowed to charge up a condenser,

The condenser voltage was then found with a vacuum tube voltmeter,

This method (11) forms the basis of the meter described in this

report under the heading "EIxperimental Work",

Street and Stevenson (12) experimented with:huartz tube
filled with mercury, mounted vertically, and water cooled. It was
operoted for short periods from a 5 KW, 220 to 22000 V transformer,
They state that a Tesla coil was used to €nsure starting but do not
say how this was done. The coil was not used for complete control,
however, as the power was controlled by a circuit breaker in the
transformer primary which was adjusted to open after 2 or 3 cycles,

There are now on the market several commercial lamps for
high speed photography developed from Edgerton's work. The General
Electric'FI~14 and the Sylvania R4330 and R4340 nre examr-les. Sylvania
Electric's R4330 is an extremely efficient and reliable light source,
It is eminently Suitable for cloud cha:ber work except where a line

gsource is desired, The form of this tube is that of a helix abou{
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one inch in diameter and two and a half inches long, enclosed in a
cylindrical glass envelope.
No r.ccount of cloud chamber sources would be complete without
mention of the exploding wire type. 4 source of this king has been
described by Klemperer (13). A fine piece of tungsten wire (5 em. long

a
end O.,1 mm, in diameter) carried current from 1/3 mfd. condenser

A

charged to 50 KV, This large current immediately hected the wire to
incandescence, vapourizing it in the process and giving a great flash
of light., Difficulties in high tension switching (not mentioned in
Klemperer's article) are met with here., The necd for re;lacing the
wire for each flash makes the exploding wire inconvenient for use
with automatic cloud chambers, In 1928 an extremely complicated
apparatus was constructed by liimmo & Feather &t the Cavendish
Laboratory for automatically replacing tungsten wire in this type
of source. This device wes discarded shortly after its coupletion
and was not regarded as practical,

A few sources other than those already mentioned have
been used with varying degrees of success. <000 ¥/ motion picture
flood lamps (14), projection lamps (15), arc lamps (16, 17), and
incandescent wires (18) have been used for centinuously orerated
sourcese Overloading photoflood or ordinary tungsten bulbs, for
example, putting 200 volts on a 110 volt filament, is = mct..od once
in use in this field. Thesetypes of sources ore clu:sy =nd connot be
focussed in the ordinary way. This limits their use considerably,

Another kind of instantaneous source has been provided ty calcium-

magnesium sparks(19),
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THEORY Unfortunately most modern theories of arc and spark diesclarges
are too complicated to enable one to interpret experirentol results
in terms of them, The transient nature of a condenser discharce
arc complicates the problem so that while considerable worlk mnr be
found on continuous dischargeymuch less is “rowm ebout “he theory
of those of short duration. iuch work has been done in the field
of the high pressure mercury arc due to its rresent cormercial
importance. /e Elenblaas (88) and Adems ¢ Barnes (25) hLove attacked
this subject,

More useful are the simple theories developed by
JeSe Tovmsend and S5Sir J.J. Thomson, Townsend based his “heory on
the assumption of ionization by collision, !7is well knovm cguation

is of the forms , P -Pe)d

L= Lo (PnPp)e (1)
P “Pp e.(P—"‘P’)d

where « = current L, = consicnt

d = distence betwecn electrodes

/1":= number of ion pairs rroduced per centimeter of advorce
of & negative ion

I%P = number of icn pairs produced rer centimeter of odvraonce
of a rositive ion

Thomson's equation, which is based on the assumption *hat catliode

bombardment by positive ions ejec's negntive ions, iss

. . Pwd
C T ) (2)

where Y = number of electrons ejected from the czthode yer poscitive
ion, and other quantities as alrzcdy cdefined,
In ecch of these ecuctions, if wc¢ rut tiec dencrinctor of

the right hand side equal to zero, we get a condition for syariing,
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This is an important result of these equatiocns, ‘l*houch erch thecry
is based on a different assumption, it kcs not been ;ozsitle to
state which is correct. Probebly both [rocesses tae ;lace., It

the
has been shown, however, that \eparking phenomencn rmzay be rerreserted

by Thomson's equation alone., The condition for sperking gives:

Y = (' Fk:Us -2‘ (:5‘)

where V8 is the sparking notentlal an

is the electric field,
Unfortunately ¥ , which depends on the nature of g-s and cathode, is
seldom known and not at 11 constant, especially vhen much power 1is
being dissipated by the cethode, For this reason it is usually not
possible to calculate the sparking rotential for a given tube directly
from theory.

lention should also be made here of Paschen's law: that
for a given value of (pressure x electrode disinnce) the sporiing
voltage remains the same, This is sometimes useful for getting a
tube of given size to have a required striking voltage,if this

quantity is known for & similar tube of different size,

METER CALIBRATION A capacitor integrating circuit (descrited
under "Bxperimental Work") has been used to neasure integrcted light
output, If we let I represent the light flux at enr point then the
integrated light say, L, is given by Iﬁ=IF dte low in a phototube
the current that flows is proportional to the incident light flux
and we may vwrite:

i=kF @) where i is the current
and X is a constant,

The charge then,
Q:Sidt:: ngdt=kL (5)
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Thus, the voldage across a condenser of capacitance, C, will bes:
E = Q/C = kL/C (6)
Now, for a continuous standard source, the voltage drcp

across a resistance, R, will be:
= i 7
E = iR = kF,R (7)
Eg and Fg refer to the voltage drop and light flux respectively of
the standard source. FEliminating k between these equations gives
us the formula for L, the integrated light:

L= _E_ CRF, (8)
Eﬁ



EXPERIMENTAL WORK,

POWER SUPPLIES Two power supplies were used in this work. A
‘power supply giving up to 20 KV was used to charge a 1 mfd. condenser,
Another smaller power supply, using one 2X2 rectifier, gave 2500 V
from a 32 mfd. condenser,
The circuit of the 20 KV power supply was that of a full
wave voltage doubler using two 8013 half-w:ve rectifiers., The
output volta:e could be adjusted to any value between O and 20 KV
by means of a Variac in the primary of the high tension transformer,
The output voltage was méasured by a meter, with suitable mulgilier,
directly across the terminals of the main condenser, Thus, any cnergy
up to 200 joules could be used in a single flash,
The smaller rower supply wes usually run necr 25600 V. It,
too, was connected to a Variac, but this was used only for small
ad justments as the filament transformer was also affected by it.
A 1 mfd, condenser was 1ound necessary directly across the rectifier
output, in order to get the full voltage output of the transformer,
Final charged voltage was read by a meter connected to = voltage
divider across the output., This power suprly could give a meximum

of 100 joules per flash. The power supply was designed by !T,

D.M. Hunten and assembled by !Irs. R. Clarke,

VACUUM SYSTEM The vacuwn system used to evacuate and fill the

tubes is shown in diagram 3 and accompanying photographs, It
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consisted of a Hyvac pump connected through a mercury trap to a
small mercury diffusion pump which in turn was connected to the
tube., A small separate alischarge tube was connected to the system
for getting a quicK indication of the pressure, The system vas
fitted with o mercury manometer and a licLeod guage reading dowvm
to 0,0005 mm, of mercury, A flask of argon was attached to introduce
gas to the systems The whole ®ystem was mede of Pyrex tubing;
principally of 8 mm, diemeter, but with sections of 6 mm. diameter,
All joints were glass-sealed, except those connecting e the backing
pump and the argon flask, which were of rubber vacuum tubing. rressures
less than 0,01 mm. of mercury were easily obtainable with the backing
pump alone and pressures below 0,005 mm, of mercury could be had
with the diffusion pump working. I am very much indebted to
Mr. DeM. Hunten, whose skill in glass blowing was mainly responsible

for the construction o1 a successful vacuum system,

TUBES Flash tubes that were tested were of four main types. The
Pyrex tubes were made with either nickel or mercury pool czthodes,
Those with mercury cathodes consisted of a vertical piece of Pyrex
tubing containing a pool of mercury at the bottom and a horizontal
piece of Pyrex capillary sealed on just above the mercury. Electrical
connections were made to pieces of tungstem wire sealed in the Pyrex.
These with cylindrical nickel cathodes simply hcd a section of
capillary with two large alameter ends and a side tube for sealing-off,
Quartz cepillary was useu in some tubes with large diameter Fyrex ends,
One type wzs sealed witn DeKhotinsky cement and the other type was

completely enclosed in & Pyrex envelope.
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MERCURY The mercury used in these tubes wag ruritied oy filtering
it through a cleaning tower which contained a solution of 10% con-
centrated nitric acia in water. After cleaning, the mercury wos
distilled two or three times, and finally distilled into the tuoe

on the vacuum system,

TRIGGERING The Edgerton system, viz, external electrode in contact
with the glass, of initiat.ug an arc was used in all tubes, Current
was obtained from & spark coil, Where the term "triggering" is

used 1in this report it resers to starting an arc intentionally by the
Edgerton method. Arcing irom other causes is reterred to as "striking"

or "“spontaneous flashing",

OUTGASSING In order to remove gases from the w~1ls o1 the tubpes
they were baked 1or vetween one and two hours in a specially made
oven. The oven was made o. porcelain tubing and a moulded mixture
of asbestos and cement, Heat was provided by nichrome wire giving a
temperature of over 4uu°C, Metal parts were made of tungsten or
nickel which had been tireated tor vacuum work. lickel cathodes

were heated to incandesceuce vy positive ion bombardment in some

cases, All mercury was boiled carefully to remove air,

EVACUATION Procedure in evacuating the tubes was to pump them
down at first with the fore pump, flush out the system with argon,
and then sweep out residual gases with the diffusion jump. The

outgassing procedure already described was then carried out., By


file:///oeen

- 13 -
this procedure low pressure tubes could be evacuated to below
0,0005 mm, of mercury, If the tube vas to be filled with argon this
was done after the outgassing,

The desired striking voltage was found by aprlring this
voltage to the tube from the power supply and pumping out the argon
slowly until the tube flashed spontaneously. Small corrections

could be made until the tube wos pronounced satisfactory by testing

it with the power supply.,

LIGHT METER,

It was mentioned in the Introduction that Zdgerton has
used a phototube with condenser and vacuum tube voltmeter to measure
light output. A meter was built on these lines incorporating a
922 vacuum type phototube and a balanced bridge trpe of

VeTe voltmeter,

VOLTME TER The voltmeter circuit is substantially that deseribed

by McMurdo Silver (31). Two 6SN7GT twin triodes are used in a
balanced circuit. A very high input resistance had been achieved with
cathode follower input, Semaitivity, range, and zero adjustment

were provided, The grid of the input tube could be gréunded by a
pushbutton switch. Zero adjustment could then be made by the

5 kilohm potentiometer connected across the plate of the second
6SN7GT. Another 5 kilohm potentiometer regulated the sensitivity of
a 1 milliampere meter which read 50 full scale. Fower was obtained
from a centre grounded power supply. This very symmetrical circuit

gave stable and consistent action at all times,
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PHOTOTUBE The 922 is a vacuum type phototube particularly recom=
mended for measurement work owing to its excellent stability. It is
amell and of the cartridge type with a maximunm plate voltage of

500 V. The spectral characteristic has greatest response near

the red end of the spectrum and considerable infra-red sensitivity,

No attempt was made to correct this for the response of a photographic
emulsion. A coating of polystyrene was applied to the tube to cut
down surface leakage and Relp to diffuse light. The 922 phototube
takes its anode supply from the same 275 V supply as the V.T. volt-
meter. It is generally desirable to have the ajfnode voltage as high
as possible to cut down space charge effects. Saturation curves

that were made with an R4330 flash tube and variable voltage supply
show that this is sufficiently near saturation for the order of

accuracy required. The departure from satur:tion w:s only about 3%,

HOUSING The phototube was kept in a shielded housing. This wcs
made from two pieces of telescoping brass tubing; one with a hole
in it to admit light and the other acting as & cover. The phototube
was mounted between two brass clips insulated from the housing by
a bakelite disc and bar. Opal glass could be mounted in fromt of
the opening with a circular clip. Insulated leads passed out of the

housing through a piece of grounded shielding braide

GENERAL The whole instrument was mounted on a 10" x 7" x 2" chassis
connected to the phototube by shielded wires. The grid of the first
6SN7CT may be connected to different capacitors or resistors by a

multiple selection switch, The capacitors provide diflerent intejrating
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ranges while the resistors give continuous ranges for use with

a standard source of light. The meter could be calibrated using
the formula L =:_%_ RCF a8 explained in the Introduction
(Theory ~-- page 9). he light output of the R4330 obtained in this

way was very nearly 119 candle seconds at 100 joules energy,

MEASURLLENT It is of advantage to note briefly what quantities

are measured by the integrating light meter. The window of the
phototube housing passes a certain flux of light, the unit of which
is the lumen. The meter, then,measures the integrated amount of light
which passes the window. The meter rcrding would be in lumen-seconds
if calibrated. However, since the area of thc window is kept constant
for a group of experiments, we may take it that the meter night
equally well measure the integrated flux density or illuminztion in
lumen-seconds per square centimeter., If we are dealing with a roint
source, we may state the result directly in candle seconds. This is
so because the window subtends o definite solid angle (usually very
small) at the source, and one lumen per unit solid angle indic:tes
a source intensity of one candle powers

For sources of extended area the gquestion is more com=
plici.ted. Measurements might have been made of the source tright-
ness (candles per cm?.) but it was necessary here to deal with 1ine
ssurces., The corresponding quantity (candles per cn.) was not very
useful and it was the illuminction which v really desired. OSince

other sources that were being dealt with could De considered roint
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sources at moderate distances, it was decided to select a standerd

distance and express all results in equivalent candle power seconds.
In other words, the results indicated the integrated candle pover of
a point source required to produce the same imtegrated illumination

as the trial source at the standard distance of 61,4 cms,

FIBRES,

In order to check up gualitative results of ithe light
meter some fine fibres were prepared to represent cloud tracks in
dﬁ expansion chamber., These fibres were of drawn Pyrex or of spider
web., The Pyrex fibres were etched with hydrogen fluoride to give
a better scattering surface, The spider web fibres were 0,002
to 0.005 mm, in diameter whereas the corrser Fyrex filtres were
between 0.03 and 0,08 mm. These fibres were put in a light trup

to obtain a black background and photographed by the light of a

tegt source.

CAMERA The camera w:s made to take a standard 3§ mm. Leica
magazine., The film was advanced one frame at a time by means of

a ratchet and lever projecting outside the camera. trovision was
made for cutting off any number of frames for development . The

lens wes an f£/8 Kodek rapid rectilinear. This aperture w.s sufficient

+o obtain results and is frequently used in cloud chamber vork to

get good depth of field,

LIGHT TRAP The iight trap was made of cardboard painted inside

with a glossy black enarmel, An arm curvirng away ‘rom the direction
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of the light prevented any from being scattered or reflected veck,
and an arm below the fibre kept light from ceing sent urwcrds,

The glossy black surface reflected light at grazing incidence tut
absorbed it at angles near the normal., A dull black wvas not found

to be as good as the glossy surface in the 1igh: trap. Tiis opparatus

PR

was very successful and no trouble was experienced from sircy light,

‘.v-J

FOCUSSING The photographic method wzs used to see now much _he

focussing contributed to the illumiination from the source, Thi

()]

was in dloubt owing to absorption and other losses encointercd *n
the very simple opticcl s:stem. . reflector wwas nmede from a iece
of 4 em. Pyrex tubing silvered on the inside excert for a long-
itudinal strip nbout 2 cm. wide,

The line source vas put at the centre of the cylindrical

on

reflector thus throwing an image of the sourcqﬂétself. .lother
piece of 4 cm. Pyrex tubing wos filled —with woter ond used to male
a lens of focal length sbout 2 cms. A slightly diverging rern

wes produced with the lens arraonged to touch *-e cleur portion ¢~

the refrlectors
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DISULTS

The first meamurements undertolen werc of +ie sriiinn~
potentials of mercury cathode tubes at lov pressure, .hiece recsurc-
ments were taken with the tubes on the v-cuum creoverts In order te
get pressures as low cc roszitle, all argon vwrs puzpe? out vith the
diffusion pump until there rerziied sust =mercury verour, Two
striking jotentials were characteriziic of thece tuies, . e Ziv:
time a tube vs put into orerztion the curiliing noteonticl wre
quite high, /,fter one flash the tube malerisls werec disturhe? *r
gsome woy and successive s*rikinpg potentialc were :1veh lo-r, T
the tube viere zllowed to cool for scrie time ~nd re;ein its forner
stete, the higher striking rotentizl wrs observeca., These *u0
striking potentiels were referred to ¢ "mexirmm" and "winimuo"
striking potentinles respectivelyr,

Results for five different tubes are given in Tatle T
below, In this taoble "length" means itiie length of the c:3illary
section of tlie tube, This is very nearly ecual to the dictaice

between the two clectrodes, The 20 IV pover supply wes uced in

all thece measurements,

Table T,

Low Pressure llercury Tubes or the Vacuurm ~reten,

be Length Bore o e Striking Tot, in, Ctrdling Tot,
# Crm, 1M, ilovolts 7ilovolts
P 11 2 14 7S
3 11 2 13 7 e
4 11 2 12 10
5 PE A 13 9¢C
6 15 4 15 10


http://tar.ee
http://13.ii

Because the minimum strikinz volt-_e of a tubkr wuzed —ith
the 2500 V power supply need only be above 2500 V ilese tubhcs were
easily made. The striking potential of the tube on thre rurp was
not a factor in 1imiting the use of the tube., Instead, i* —=s of
more interest to find how long a given tube could maintoin “he
striking voltage that wcs initially avove 2500 V after it vrc

secled off,

In all cases the tubes failed in some nanner., Usually
this was because the tube either refused to trigger or flashed
spontaneously, Peasons for this bhehoviour are discussed in a
later section,

The data in Teble II were compiled with the “ubes
evacuated as described in "Experimental Vork" (page 12), and
then sealed off. Each one wcs oricinally flashed at 7500 V,
using the external cohtrol electrode, except in tle case of
tube #12., The 2500 V 32 mfd, power supply wes used *!roughout,

The light outputs are in arbitrery units end not related to other

velues in this report,

Isble Il

Low Pressure lercury Tubes Used with 32 mfd, 2500 V Supplye

be Length Bore Times Flashed Demarks
# Crie M. i
8 15 1 3 Tlashed spontaneously
at 240C V,
9 13 242 11 Refused to trigger.
10 14 0.8 3 Refused to lrigger.
11 18 6 6 Tlashed spcnianeously
at 2400 V,
12 30 6 3 @ 2000 V light output 45
13 46 6 - Rlew upj; light ocutrut 38
14 7 242 4 Pefused to trigzers

light outrut 14,
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The light output of many different tubes operated at
higher pressures of gas vw:s found, This was done by filling tle
tube with a knovm pressure of argon and then triggerirg it in
front of the light output meter. . series of rerdings w-s taken
for eoch tube, the pressure being increased slightl; each time,
The trial ceased when a pressure was recched at which the tube =would
not trigger at 20 KV. All these trials were made with the 20 IV
power supply,
For each separate tube a table was made noting the
pressures of argon, the ilashing voltage, and the light output,
From the voltage at which the tube was flashed the total energy
was calculated, Using this energy the ratio of light output to
total energy was found. The L/E ratio, as it was called, gave
a8 measure of the efficiency of the source. These tables encbled
one to find the variation of efficiency with pressure and energy
for any particular tube, The number of readings which may be taken
at constant energy and different pressures is limited because
change of pressure affects the voltage at which the tube may

be triggered,

EFFICIENCY The variation of efficiency with energy relecsed may
be described by scying that the efficiency increases gradually
with energy and then decreases again as the energy is still further
increased. This was true for all those tubes for which a table

of this nature could be made. A sample table for tube #29 is

given below,.
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Data on the variation of efficiency with pressure were
more difficult to obtain for the reasons already noted. Tube 7430
provides a representative table of these quantities. Tubes were
usually more efficient at the higher pressures of argon, although
the efficiency decreasea rapidly just before the point wes reached
where the pressure was too high for the triggering electrode to work,
Tables on variation of efficiency were all very nwuch
alike for different tubes. Results are given for two tubes to
show how readings were taken. Similar trials were performed on
over 30 tubes, but including them 211 would add little to the

value of this report. All trials were made with the 20 KV

power supply.

Table III,

Sample Table oi Efficiency, Fressure, & Energy,

Tube #29, Tube #30,

Pressure Energy Light L/E | Pressure Energy Light L/E
Arb,. Ard,
Cm, of Hg Joules Units 100 | Cme of Hg Joules Units 100

Tel 60 12 2040 8e% 128 17 16,0
Tel 72 1545 2145 842 162 2045 1545
Tel 85 18 2142 9.7 128 21,5 1648
Tel 98 22 22¢5 947 162 2745 1740
Tel 112 2545 22,8 10,7 128 19 14,8
Tel 128 =7 21.1 10,7 162 26 16,0
Tel 145 29 20.1

The results optained from the data on the separate tubes
has been summarized in Table IV, The readings given in this table
are for the highest energy that the tube would stand and at pressures
giving greatest efficiency., The maximum energy is usually 200 joules,

but where a tube blew up at a smaller energy the last recorded wvalue
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is given, The symbol Ni(b) signifies that the cathode has been
heated by positive ion bombardment. In Table IV the light is
expressed in arbitrary units but a calibration factor was caleulated
and this may be used to express the results in candle seconds. If
the 1ight reading in tapies III and IV be multiplied by 1.13, the

result will then be given in candle seconds,

Table IV,

Summary of Results Obtained with Argon Filled Tubes Used with 20 KV Supply,

Tube Pressure (Catnode Length Bore Energy Light L/E

# of H __ Cms e Mm, Joules Arb, Units _100

11 14,43 Hg 18 640 200 24 12,0
12 849 Hg 30 660 200 21 11,5
13 3.8 Hg 46 6.0 98 13 13,3
15 760 Ni 30 660 200 20 10,0
15 11,3 Ni(b) 30 640 200 20 10,0
22 942 Ni(b) 34 660 200 19 945

23 12,6 Hg 19 2e2 145 26 17.9
24 548 Hg 28 2¢2 200 33,5 16,7
25 7ol Hg 28 1.5 162 35 21,5
26 70 Hg 28 0e8 72 28 39,0
29 7ol Na 30 1.5 145 29 2045
31 14,8 N1 18 4,0 200 31 1545
32 1045 Na 26 242 200 28 14,0
33 10,2 Na 32 2e2 200 35 1745

CRAZING After one or more tlashes at high energy, Pyrex tuves
showed evidence oif many very 1ine cracks on the imner wall ot the
capillary tuve. These cracks have been observed by Dahl ana by
Edgerton who called the pnenomenon “"erazing". Crazing did not appear
as long as tubes were uwsed at low energies. Also, it was usually

visible only in the capillary section of the tube. Iine bore
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capillaries were much more prone to become crazed than those of
larger bore. Some large bore (4 - 6 mm,) thin walled tubing was
used in a few tubes and also exhibited crazing after many flashes,
If the inside wall was not badly cracked, then the performance of
the tube was hardly impaired., Vhen the interior became cracked
enough to have the appearance of ground glass the light output of
the tube was reduced. This reduction wzs seldom more than about
10%, .The final result of crazing was to weaken the tube wall until
it shattered and the tube exploded, A tube usually became crazed
during the flash, but not always. Some tubes were seen to be quite
clear shortly after a flash, but then suddenly fine cracks spread
from one end to the other with an audible click, For this reason,
crazing is thought to be due to sudden local heating by the discharge
and cooling afterwards with consequent strains in the glass,
Crazing may be roduced by annealing capillary tubing in
an oxygen-gas flame for one to two hours. This was shovn by a tube
which had one end only annealed. This end produced much fewer
cracks than the unannealed end, Some tubes were totally annealed
for two hours and showed less crazing than unmnnesled tubes after the
eaﬁe amount of use. Becauss of the more favourable properties of

quartz, the difficulty was not present with that material, at leasi

for energies of 200 joules and belows

QUARTZ Three quartz tubes were made according to designs snown

#1.
in the diagram. A Two which had waxed joints were about 30 cne long
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and had bores of 2,0 and 1.5 mm, The tubes were pumped dovm,

filled with argon, and sealed off. The light output of these tubes

was about the same as for Pyrex tubes of the same size. Boih of them

took the full 200 joules and showed none of the fine cracks or

"crazing" which ruins Pyrex tubes. The quartz tubes did not last

but became gassy., This was put down to failure of the wax seals,

A third tube was made of quartz cepillary completely sealed in ryrex

(Diage 1, Noe 4)e This tube had a bore of 2.0 mm. and a length

of 18 cm, The discharge was seen to go mainly outside the quartz

capillary and through the small space hetween it and the ryrex wall,

The tube was not successiul and exploded at 20 KV,

PHOTOGRAPHS OF FIBRES

Table Ve

Results of Phobographs of Fibres Taken at f/8 on Kodak Plus-X Film,

Picture # Tube # Condition

1 R2 Lens & reflector
2 22 Reflector only
3 _R2 Unfocussed

4 22 Lens only

5 31 Lens only

6 31 Unfocussed

7 R4330

8 R4330 (twice)

9 Std. lamp 53 cpse

10 Std. lamp 106 cpse.

11 Std, lamp 159 cpse

Remarks

Good lines -- quite dense
Fainter than (1)

Faint but visible

Denser than (3); like (2)
Better than (1) of tube /22
Less dense than (5)

Dense lines broad but sharp
Very dense -- some background
Visible line -- no background
Very nearly as dense as (7)
Denser than (7)

Table V gives the results of photographs taken of the

spider web and Pyrex fibres with different focussing arrangements.

A specimen photograph of spider web fibres is included among photographs
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of apparatus. In pictures (1) to (6) fibres were spider web of about
0,002 to 0,005 mm, in diameter. The order of density of lines,

from densest to thimnest was (5), (1), (6), (4), (2), (3)e Im
pictures (7) to (11) the fibres were etched Pyrex having diametiers

of from 0,03 to 0,08 mme The order of density, from densest to

thinnest, was (8), (11), (7), (10), and (9),
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DISCUSSION OF RESULTS,

Referring to Table I it may be seen that while the moxi—um
striking potentials achieved are well above 10 KV, the mininmum
striking potentials are low., With improved technique the maximum
striking potential might have been (indeed was in some cases) raised
above 20 KV. Unfortunately the tubes would still strike sometimes
at low potentials, making them useless for control with an Edgerton
external electrode, In fact, when tubes were sealed off under these
conditions, the second or third and subsequent flashes all took
place near the minimum striking potential., liany hours then elapsed
before the tube regained its previous state and often this condition
was never again realised., It must be emphasized here that in tubes
like these, having small volume and dissipating large amounts of
energy, the internal conditions are disturbed to a great extent by
each discharge. This is evidenced by the appearance of crazing on
the walls of the tubes, as already mentioned. For this reason,
tubes tend to become '"gassy" explaining the changes in their char-
acteristics. Initially the tubes were highly evacuated and had
high striking potentials, After the first discharge, the tube
evidently became gassy and the striking potential dropped to its low
velue. As the tubes were on the pump in Teble I the former state
was regained when this gas was removed.

Most careful outgassing was carried out on the tubes
in Table II as explained on page 12 sbove. This did not rrevent
them from becoming gassy like the previous tubes., The appearamnce

of gas in the tube was probably due to momentary heating of the
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glass wall to a high temperature at which devitrification came imto
account, Compar?fively large areas of new glass surface produced
by the crazing would facilitate this process. Decomposition 1ike
this could not be reduced except by reducing the energy of discharge,
Refusal to trigger and spontaneous flashing may both be explained
by the appearance of gas in the tubes. Of course, "clean-up" +ith
consequent reduction of pressure might explain the refusal +o
trigger. This is considered unlikely because whenever tubes sus=-
pected of being gassy were tried with a spark coil the appearzrce
of the discharge was that of a pressure of several nmillimeters,

The data given for tube #R9 in Table III show how small
the change of efficiency is with different energies. In tliis case,
the variation is under 15%. A meximum efficiency is shovm to occur
at an energy of 112 joules., Because the efficiencies changed so
little, this point was not pursued any further, Interest wns ainly
directed towards obtaining a large amount of light regardless of
the energy used. In the second part of Table III a maximum efficienc
is found between 8,7 and 10,7 cm. pressure of argon. again, the
emount gained by realizing this meximum is smalle

Results of more interest are contazined in Table IIi,.

The most noticeable factor effecting efficiency of a tube 1is its
bore. Referring to Table III we see that the efficiencies of tie
tubes with small bores greatly exceed those of lor-er bLore. OCo
pronounced is this effect that, ignoring effcct of ges pressure,
length, etc., the order of the efficiencies a2lmost correspornds
inversely to the order of size of tube bore. The highest efficiency

recorded (39.0) was that of a tube having tle smallest size of oore,
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bore, therefore, is of + imw - . )
The boTe» ’ 1Bt dmportance in designing a tube for

nigh light output,

It is apparent, zlso, that making the bore of » tube

small adversely =2ffects the amount of enerrv rer dischorsce +hot it

the whole 200 joules. The life of tubec with these roreg s
small at the lower energies., A bore of 2.2 mm, represents the
smallest that can be used with 200 joules and still retain g
reasonably useful life. Tubes having this bore met these tuvo
conditions and gave a 1ifé of one to two hundred flashes,

The length of a tube was not shovm to have any lar;e

effect on the light output or efficiency. .mcng the Grme fubes

(#11 to #22) the shorter ome gave clightly —orc lizht outpus.

G

[ S 1Y

In other parts of the table this trend ies not followed. Iroba™ly
the best length of tube is the one that will just provide the
width of beam desired.

The type of cathode is not critical as fur ¢s light output
is concerned. llercury cathodes gave sbout the scue lizht outpul cs
nickel ones in tubes of the some size. ickel which hos been

. : : e Ol +
bombarded was not superior to ordinary nickel from the roint of

view of light outputs

= ew?ﬂ:"‘ c™
~ N s

Pictures tzken of fibres whow that the focussing T

RN R 31
y avola-

simple as it was, contributed to the efficient usc of ligh*

-

. 3ot lers
able., The reflector clone gove grect 1ncrease of lizht. The le

w34} th flector
alone gave results comparable to a tube used with =o¢ refl

- . sult
alone, Fictures /7 to /11 in Table V enzble us to ciheck the resule

It i e lirht meter. O
of 119 candle seconds found for the & 4330 with the ligav meve
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photographic effect of the 106 candle seccnds from the sterndord larmy

was nearly as great as that from thie N4330, The gre~ter effective-

ness of the R4330 wes due to its rore effective colour =s wvell -:

_—

it greater light output than the standard lamp.



CONCLUSICNS,

References to pepers on o Yimrih )
lbp C.s.OU.d CLL’.U.itvler \“Orl.: ?Iere Consul"‘:ed

and the light sources used were noted, Cf *the ra

J. v’ > -
sources used, arc tubes were chosen for special o 167. Thiriv-six

arc tubes were made and their properties investigated. These arc
tubes hed mercury or nickel cathodes and were filled with ar
The discharge was controlled by a wire or clip in contact with the
glass acting as an external controcl electrode. in integrating
light output meter was made. The light outputs of tubes of
different compositions and contents were neasured with this
meter, Results of the meter were checked and tie value of focussed
sources determined by a method of photogrzphing fine fibres.

Five mercury-type tubes were made and their strikirg
potentials at low pressurcs measured, It wos not found ;ossible
to produce a tube which maintained = striking pobential above "0 KV,
Seven tubes were made and used with a 32 mfd. condenser charged to
2500 V. A1)l these tubes tailed to function after a fcw flashes,
It is not practical therefore to use tubes with very low ypressures
as & means of providing a permanent high striking potential for
use with an external electrode.

The efficiency of & tube, as determined by the light neter,

varies slightly with the energy of discharge. There is & crrtain

meximum point at which the tube'is most efficient. The amount of

e} a 1 S
veriation is so slight that it is clways of ndvantage to increase

3 £4 f efficiency
the energy of discharge and sacrifice & amall amount of e e

The light output of a tube is also affected by tie pressure
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of argon in the tube. The amount of €88 necessary for good 1:~n+

output is not criticel, elthough it seems better to have +he pressure

high rather than low within the worksble renge.,

The light output of twenty-two tubes operated at higher
pressures of argon was taken. 8mall bore tubes emit much more eneray
in the form of light than large bore tubes., The small bore causes
tubes to explode at lower energies. ‘hen tubes are operated under
conditions of high argon pressures (5 to 15 cm. of Hg) the type of
cathode is not important in determining the light output. The
illumination of a source is not greatly affected by the length
of the tube., If the light is being used in the form of a beam
the length of the tube should not be longer than necessary, Ilo
dependence of the light output on tube volume could be found,

Crazing is encountered in tubes used at high energies,
It appears earliest and most densely in fine bore capillary,
Crazing is responsible for some loss of light but it is of more
consequence in shortening the life of a tube, Annealing reduces
crazing in Pyrex indicating that strains may be present in Fyrex
capillary stock., Quartz tubes of 1,5 mm. bore do not craze at
energies up to 200 joules. No successful method wis found for
using this property of quartz,

A Pyrex tube with a bore of 2.2 mn, gives good light
output but does not craze unduly at an enercy of 200 joules. a

length of 20 to 30 centimeters should serve for most purroses.

These dimensions were shown to be the best for a tube of the kind

. +vr d
desired, Amnealed tubes like this had a life of one %o ©wo hundre

flashes,
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The photographs of the fibres showed that the king of

gources mede gives:armle light to photograph small oujects of the
gize of cloud droplets. It was shown that g simple focussing device

consisting of a cylindrical reflector and lens gives sufficient

improvement in illuminetion to justify its use,

By referring to the results Just surmerized, a description
of an ideal light source for cloud chamber work mey be arrived at,
If the application for which the source is used does not require
it to be focussed, then the best light source is the R4330 or an
equivalent type. This tube is remarkably efficient and gives mors
light than laboratory made sources even when the latter are used
at much higher energies.

When a source nmust be focussed to stop scattering of
light from walls or floor, a very successful source may be racde
without elaborate equipment from Iyrex stock. The tube should
have a section of Pyrex capillary with a bore of about 2 mm. The
length should be about 2C to 30 cms. A pressure of about 10 cm. of
argon in the tube will enable it to be used with a 20 KV power
supply. The lite of the tube will be extended if the whole tube
is carefully annealed atter being assembleds

Comtrol over the discharge is had by using an external

control electrode., If an automatic circuit is timing the cloud

chamber and auxil,liary apparatus, then this may be used to control

the discharge of & condenser through the primary of & spark-ooile

| rulse,
The secondary will then produce the necessary contro%\mg ruls

. ~3 between
The source should be focussed into a beam coniined

; i el
two horizontal planes by a cylindrical lens and a cylindrac
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reflector. Better focussing could be had from a reflector in the
form of & parabolic cylinder, if such could be mnde or rurchased,

A tube with a quartz cepillary of the same dimensions

a8 recommended for Pyrex would prove much more satisfactory., If

not prohibited by the expense involved, it is suggested that graded
gealsbe used in a quartz tube with Pyrex ends. Tailing this, some
other method might be devised for using quartz capillary without

graded sealse
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