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Infra-Bed Telegcopes

1. In order to provide ess complete a picture of the esssential elements
of {nfra-red telescopes, a joint report on their resesrch and manufact-
uring is here made,

2. Dr. Carl Bosch, who was very active in A.B,G, research, has perhaps
the keenest insight into the theoretical mide of the matter, BHe has come
frop Berlin, with a brief stage at Lehesten, to Heldelberg where he

now may be found on the large femily sstate at 33a Schlosswolfabrunnen-
avweg,

3z, In his laboratory work, he hag increased the resolving power
greatly, down to the order of 5 mn,

4, Increased sengitivities were being accomplished by the use of a
spongy colloid to support the Caesium photo-menegitive surface,

5. Sensitivities of £ifty time normal have been accomplisghed by this
process in givne spots on the surface, This might be particularly use-
ful in photocell development,

6. By the use of dicyaninea, sensitivity much further towards the long
infra-red, was accomplished; as far as 2.4 ma, This cell was good for
one week before it gradually failed; but to date it has not been
duplicated,

7. Dr, Bosch insiegts on extreme care in eliminating contamination.
In this diraction, a very fine weter filter was a by-product of the
development, It was very efficient, and at the same time provided
water that was quite free of nmetales,

8, Another by-product was the constructicn of a very neat high voltage
source, a light compect Wimslmret machine,

9, 2o provide a reticle in the Bildwendler, Dr. Bosch projected an
image of a micro-~film of a sight by a small lense system directly on the
front of the infra-red semsitive surface of the tube,

10, The relative position of the reticle and the image as picked up by
the tube at a g£lven time could not be then changed by any later in-
accuracy of the electron focussing,

11, As many as 22 different types of reticle were tried by different
services, and thie micro-film method accomodated all variations readily.

12, ZThis showed the remarkable accuracy to which the Germans were
anxiocus to go in the use of this equipment in conjunction with flack
firing,
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13, Quantity production of these tubes was being accomplished by the
CEF Mueller Co, in Ureisz, Their process is here described,

14, The Xey personnel snd test eguipment are now available at Erlangen.

15, Dr, Pranz Lohmann heads the group, and he may be located through
the local Phillips representative, Molf Biegel at Furnberger Str,
g2.88 (Bebelfhaeim) or Mr, Hans Zlegler at the lurge Siemens-Halske

pl&nt.
16, It 1s believed that the best method of getting the full value out

of all this work, would be to have a pilot sest-up made by these people
in Germany under our csreful supervision,

i7. While ther= may not be much direct nse for Bildwandler tubes,
pevertheless the tachnique ia directly applicable to photecells,

18, Likewise, there ng well be further direct use for infra-red
equipment, especlally for scientific and astronomic purposes, so it is
felt that this technique should be thoroughly established, before it

1e dissipated,

19, i.eut, Gelbaum of Technical Lialson, Signal Corps, coopera.ed in
this investigation very complstely,
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Regardipg Developmental Work in the Laboratery of Dr, Bosch
of A.G.B,, Berlin

The following report embodies a summary of the work carried cut
in our laboratory during the course of the war, Part of the report -
the smaller section thereof -~ deals with the further development of the
'‘Inege-transformer’ apparatus (Bildwendlergerat) (Sections 1 - 11) -
Rere, we deal with the subject in a brief manner, sufficient to ensble
the techniclan to understand what 1s being dealt with, More detailed
descriptions would far transcend the scope of this report, yet we
are in a position to furnish such for every gingle point touched on,
if necessary,

Points dealt with in sections 13 to 17 sketch the progress of our
development in various single instances, and in this regard it may be
gaid that the matters dealt with in sectionas 13 and 14 have already led
to practical results, Nevertheless, ever here further research was
envisaged, Sections 15 and 16 tell of two further tasks we were engeged
on, which, however, in spite of prolonged research,did not lead to any
reproducible results, Mainly for this reesson, but also owing to the
fact that the greater part of the writings on the subject were destroyed
in an air-raid, we have abstained from furnishing more exact data.
Nevertheless, it is our opinion that here we are faced with two
extraordinarily interesting possibilities,

The final point - (Section 17) - deals with research regarding
Albumen (egg-white) - In this case, too, we have ample descriptions,
these, hovever, cannot be fully mande use of at present, We regarc as
concrete results the development of the Caseln process for light-
screens and - should further research yield positive resulte -- the
1nfluence of certaln types of ione on the organic states of body tissues,
ap well as research concerning the size of the albumen molecule.

We should like to mention here that thre ressarch work carried out
resilted in our being confronted with a whole range of new problems,
solution of which hnd to be deferred until the and of the war,

Wit} the report, - we likewise furnish a record of the aspplications
for patents; this, however, 1s not complate, as a later record has
been loat,

Developmental Work

Several processes for the production of light-screens for electron-

optical 'image transformers' were developed. In the first instance,
the screens were created simply from soluble glaes by means of
sodimentation. We found, here, that dispersion with silicic acid
(colloidal) - which could be achieved through the addition of acetic
acid, - resulted in a notable improvement in the gramilar quality of
the screen, The analysis of the screens vith ultra-violet light
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resulted in a figure of approximately 40 to 50 =microne. A4s, however,
a finer granular arrangement soon became necessary and 1t was obvious
that the soluble glass process would not fulfil cur requirements, we
atartsd to work the screens with alumimum salt (Aluminiumsocl), The
grain by this method was noticeably finer (abdout 5 microns), but at
firet we failed to bring the screens up to the desired degree of
brightness, Jurther research revealed that treatment of the light-
substance in weak acid solution, as is necessary in the case of
argillacecus earth in order to stabllise the salt, was the camse of
this phenomenon, Of the two chief light-substances usad - (Zinc-
sulphide-selenide, sinc-cadmium-sulphide) - the latter showed 1tself
specifically somewvhat brighter and finer-grained, but at the sems time,
more sensitive to outside influences in working, After the influeace
of hydrogen 1lon concentration on brightness had been discovered, the
Casein process was developed, becanse in this the dispersing albumen
body is only effective in a weak alkall sclution, Analysis showed that
we had achieved a figure of abdout 5 microns, but brightness was not-
ably greater,

We attempted at first to attain greater degrees of resolution by
means of making the grain still firer with consequent greater disper-
sion, btut in the meantime, other resesarch had shown that we hac just
about r-ached the limit of resolution, soc long as the same elsctromic
epergies wers to be deslt with, It is true that diminishing the thick-
ness ol the fimoreecising layer at first increases resolution, but it
brings in its train a etriking decrease in brightness, as electronic
absorption is too slight., On the other hand, an increase in the thick-
negs of the layer remlts in an increasse in brightness up %o an optimal
value, but unfortunately this decreases rssolution owing to the presence
in the light-layer of diffused light, Tns, achievement of the optimal
effect involves the question of effecting a compromise between two diff-
erent thicknesses for the layer, so that the tube in the hands of an
observer will give the best results, Such phenomens, which also involve
Physlology, can only be determined as a result of more prolonged res-
earch, In general, it may be sald that with a customary voltage of
approximately 15 kilovolts, a thickness for the layer of 20 microns
will be about right,

Rxperiments have shown that cevering the light layer with a very
thin aluminmum laysr enhances the brightness of the optical image and
further, this prevents random high petentials from being set up on the
surface of the screen and prevents an optical back coupling becaunss
of 1ts light screening effesct,

The svaporation of an alumimum layer on to such a light-substance
is not so sasily performed., Alumima sulphide and Aluminum oxide are
possidly formed and the immediate result of this may be that the
fluorescent substance 1s complstely destroyed and further, that no
coherent metallic surface is realized, For this reason, the surface
of the light-layer should only be protested by a very thin layer indeed,
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Thie ig an exceedingly tricky Job,..in the first place, when the
slumimum layer is condensed, the fire coating of the screen miet not be
damaged, - the layer must be able to stand up to the operation and must
be capable of removal on heating in a high vacuum, Furthermore, the
layer sust not display any structure, as this may affect the image
congidersbly., The usual type of 'zapon' foll cennot as a rule be made
uge of., Closer study of the problem showed that type, method of prod=-
uction, - and pre-tregtment of the nitro-cellulose used are of paramount
influence, This applies also to the choice of solution, and the blend-
ing and softening mediums, It is also necessary to filter the eapon-
aceous solutions beforehand, in order to get rid of the not quite thor-
oughly nitrated celluloee residue which is always present, It was only
after the most careful experiments that a standard solution was fixed
on which could be made uwse of in practl ce,

Evaporating on the aluminum layer created grezt difficulties at
the beginning as when meltad it reacted very easily with other metals
and also remdered these fragile or ate its way through them, Then too,
1t can very eaeily hsppen that drops of alumimum get scattered on to
the screen snd render this unusable, It was only after a suitable type
of wolfram furnace had been designed that such phenomena were almost
wvholly suppressed. Pertinent to the procednre, too, is the preservation
of a good vacuum, in order to aveid too great heating of the layer and
congequent burning of seme,

Yor the final testing of the fluorescent screens for the 'image
transformer' a testing chamber was finally set up, in which ten scresns
at a time could be tested end compared, This consisted as a rule o° an
electron—otical compartment creating an evenly intensive stress of
electrone; the scresens wers held in a revolving disc, which could be
viewed from below through a glass pane, Bvery screen ready for use
was once again tested for errors, brightness, etc,

' The Cassium cathode for the ‘image transformer' had to be provided
with a metallic discharge plate, This was contrived by plating the
glass with a fine layer of silver by chemical means, It was found in
practice, however, that the silver solution eometimes fell on the spot
where the cathode was to rest and had to be carefully wiped off. The
result, however, was that the place where the caesium cathode was %o

be placed became somewhat spotted and it could further be noted that the
silver sometimes still held traces of electrolytes, which made their
pressnce unpleasantly perceptible later, Jor this reason, it was dec-
1ded to evaporate on the silver layer, In order to secure an even and
unbroken layer a magnet mask was developed which consisted simply of a
round piece of nickel-plate - held in position from cutside by means of
B magnet and this screened the cathods surface so effectively that a
silver ring without any breaks in it could be evaporated on.

Cleansing the cathode was a difficult job. The customary method,
1.6, with the use of chrome-sulphuric acid and washing with distilled
water, or any similar procedures, did not prevent unsightly dry spots from
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appearing which lowered the muality of the electron image, Even the
apparently-purest of distilled waters dissolves 3o many alkalies from
glass that when condensation of the vapor took place epots appeared in
many places, For this reason, we perfacted a new process, free from
guch defects. At this point, we should remsri that the glass bulb,
which is kept with the opening pointing downward, should be blown out
with a powerful jet of steam and it should be geen that it penetrateg
every corner of the interioer. This warms up the globs and by with-
drawing it some distance from the source of the jet the formation of
droplets will be avolded and in the heated state of the glass an

extraordinarily speedy and unspotted drying takes place,

The procuring of adesuate supplies of distilled water was not an
sasy matter; only after repeated setbacks could it be ascertsinsd that
in most cases technically dietilled water wes not miitable, since in
most cases it contained slight percentages of heavy metal salts, which
had a 'killing! effect on the fluorescent substances, This influence is
especially noticesble at high temperatures, such as are used to warm
up the tubes, We therefors went over to using distilled wataer which
was dietllled into and out of glass carboys., It was not possible to aet
up the plant for the supply of so much distilled water without a great
deal of constructional material- and many breakages, the reason ‘or
the latter being that the heat conductivity of glass is less than that
of metal, JFor this reason, as we say, we bad to develop a new form of
spparatus. In this, the water was not heated from the outside inwards,
as 1s generally done, heating wag carried out through the medium of an
electric current which was passed through the fluid, The degree of
effect was notably enhanced, small and lpexpengive apparatus was fash-
loned, and an ultra~-pure form of distilled water - free from heavy
metal ealts - was produced. An apparatus megsuring, for instance, -

20 x 20 x 50 cm gave a delivery of about 150 litres per day, required
practically no attention, and proved in every respect of sxcellent
aservice,

The positioning of the image tranaformer in the tubes was another
problem, Good electrical insulation, as well as mechanical strength,
had to be ensured, Welding insulators %o glase, owing to the different
expansion coefficients of these, causes Bany breakages, quite apart from
the problems inherent in making the Jointe, Care had therefore to be
taken to see that the 'putty'irg displayed not merely the requisite
firmnees, but also a certain degree of elasticity:- we were able to solwe
this problem by using cottonwool, and then lmpregnating the cottonwool
with a lacquer solution, This gave both a firm and an slasgtic fixture,
Our experience with this was so satisfactory that we have decided %o make
use of the method also for radie tubes and Photo cells, Polyvinyl-ch-
loride was used as anr insulator, The stuffing wae of triacetate wool
and the lacquer a solution of polyvinylechlorids in methyl-chloride
vith a small quantity of Cyclohexanon, It should be remarked that this
Joint was also perfect from an electrical point of view., Compositicn
of the lacquer was:- 90 parts methyl-chloride, 30 parts cyclohexanon,
and 10 parts polyvinyl-chloride, -8 -

Y5638 3 .



For the tube of the image transformer s vizier (sight) - was
aleo developed, At first it was bedded into the light-screen, but we
found thet owing to the deflection of the electronic beam in ths mag-
netic field of the esrth arrors occurred, so thet we had to give up this
rethod, Por this reason, the sight was projected on to the cathcde
at the same time as the objective image, This projection slght is
really a small projecting avparatus located in front of the eye plecs,
42 adjusting device ensbled the sight to be brought examctly in line
with the optical axis. The target was first drawn in Indian ink and
then photographed with the use of a hard, fine-grained £1lm, FYor the
sighting optic we used a very weak aicrophotographic lens made by Leitsz
(focel length approx, 25 mm.§ This device proved quite usable and, of
courses, - was free from the errors mentloned above,

For viewing the image on the screen a magnifying glass of about
five magnitudes power with a very wide field of vielon was develaoped,
Corresponding products of Carl Zeiss and Leits proved too heavy and too
expensive, We followed the path taken for a microscops - oil immersion
with - in the first instance, a hemisphericel lems, with the object of
taking in as large a field of vision oa the surface of the screen as
poesible, By placing in the rear of this two weak double convex lenses
of about twice the dlameter of the scresn, it was possible to cover el-
most the entire fleld of the screen to the desired magnification, This
mode of construction was slso used for all the tubes of the inage transg-
former,

Por elmltansous reflsction of the entire borison a certain order
of arrangement for the lenses was devized, It consisted mainly of =
number of well-lighted single systems, arranged in such a way that zhe
f1eld of viazion of each lsns touched on the other, In itself, such as
arrangement would be cepable of covering the entires horison in small
gectional parts but it has this disadvantage that sometimes the coverage
of one part of the image would spring to the other, because the reflec-
ted pictures are turned sidewards, However, this error can be cured 1if
a mirror is placed elther befors or behind the eye piece, In tbls
manner, it is possible to build a continuous reflected image in small
parts, FNevertheless, this device has never been put into practics.

Developmental Worg in Geperal,

The research work descridbed above constituted dut s small
fragment of our prograx of operation, They were all morse or legs
concerned with the comstruction of the slectronoptical image transformer,
After we had worked out the formmlae they were for the most part taken
over by the production units, who followed the prescribed directions
and put them intoc effect. The services of our laboratory werse subse-
quently only called upon in cases of interruptions in the producing
planty and in most cases were devoted to the speedy correctlon of any
srrors which had supervensd. With the production side of the image
transformer - properly speaking - we really bad nothing at all to éo,
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About five years ago developmental work was ipitiated on electro-
static high voltage generators, We took the well-known Wimghurst 'In-
fluence Machine' for our model and sought to build a copy of this with
artificial plastics such as Polystyrol-Polyvin-chloride. These experi-
ments were atarted in the firat place purely out of scientific curics-
ity becanse we have been able to note that the kmown types of influence
machine are not very efficient and display certain not very desirable
qualities, as for instance, - irregular output, seasitivity to moisture,
- susceptibility to polaric reversal,- and very short life, We believed,
first of all, that we should be able to remedy such defects through the
use of better insulating matarials but asz a matter of fact we achieved
the very opposite effect, I might remark at this point that in spite
of the apparent simplicity of the influence machins from the point
of view of theory, in actual practice it is not in the least simple, and
moreover, no satisfactory explanation for this fact hes hitherto been
advanced,

Not that plenty of would-be explanatioms have not been put forward;
but physical clarity has not been an cutstanding feature of such. The
fallure of our experiments with the artificial materials mentioned
above was what induced us to make a thorough-going investigation of the
wvhole problem, Since the appearance of high voltages in the atmosphere
leads 'o the formation of osone the problem was firet attacked 1'rom the
point of view of Chemistiry, From this standpoint, the use of hard
rubber in the presence of owone was to be deprecated, eseing that osone
happens to be the very strongest oxydising medium which we know, An
attack by this substance on chemical compesitions with doudle combinations
leads to the formation of ozonides and - $f water is present - to eplit-
ting up of the molecules and the formation of carbonic acids which
conduct electricity, Experiments along the lines indicated, demonstra-
ted that artificisl substances such as Polystyrol, Polyvin-chloride
and combined polymerisates of the metacryl-acld series are not attack-
ed by ozone, at any rate to a far lesser sxtent than hard rubber, The
next item was to produce a high tension resisting fastening material
such as - for éxample - is used for the making of rotors.

Ugually, a fastening material - such as Polystyrol - is dissolved
in Benzol and brought into contant with the two parts to be cemented,
But the defect of this is that sach a joint has not the strength of pure
Polystyrol or similar substance, It is not possidle to clear away the
solvent quickly enough from the joint and sunce it is ionized - aeven if
only to a slight extent - the joint is not firm emough for requlrements,

In spite of the fact that the best artificiasl insulation was
smployed we were unable to solve this problem and we had therafore to
strike out along a fresh path,

Polystyrol is an excellent insulating substance, its monomeric foram
- Styrol - a highly mobile, benzol-like fluid, easily polymerized,
These qualities could, then be utilized for the production of high-
tengion-proff Joints, that is to say — the joint is made in the first
instance with Styrol, which is then polymerized with ultra-violet light,
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By this means, it was possible to turn out & homogeneous union with
Polystyrol, BExperiments of this sort demonstrated that such weldings
correspond to what would De expected from Polystyrol, so far es nigh
tension conductance is concerned, Such a process Lae since been pul
ipte operation for the making of our high tension generstors and has
since been developed further, It has now been adopted in many other
branches of commerce, notably in the elsctrical ipdustry. (To reduce
the blipters in the material very thin coats of styrol weregpplied to

the laminations forming the discs - E, )

Since Polyetyrol, in spite of its hardness, is not proof against
mechenical wear and tear great difficulty was experienced when using
sliding contact springs. Aluminum contact springs enjoyed a very short
1ife, however, Nolybdeme springs was much better, although these had

to be very carefully adjusted,

The choice of the metal for the contact eprirgs now seemed g0 lved,
Put it was not so at all, as further research showed, The first thing
ws discoversd was that elsctrical loading of & contact spring was sim-
jlar to that of loading the cathode in the lighted Al gcharge tubve, that
is - many of the substences involved in their composition are mbject to
dispersal, So far as we have vesn able to ascertein up t111 the present,
the process is similar in both cases, ~ silver and copper dieintegrate
decisively, whereas molybdenum and aluminum sustain hardly any gbrasion,
Tor that reason bronze springs or brushes should not be made usee of,
since the pulverised copper, particularly, it ie deposited on the
insulators as copper-oxyde, a sepi-conducting substance, and leads %o
frescturas, In one case, it was possible to verify the presence of su~h
copper deposit chemically., The next logical step was to try out the
poseibilitirs of dusmipum, since its resistance to dispersal is grest
and also, alumipum oxyde is not a semi-conducting materisl, But i
hae one great disadvantage, - namely, that the oxyde layer formed by
contact with ozone has such a grinding effect that this metal is of

no use for contact springe.

So the next step was to try molybdemum, and we found that this
was eoxcellent for the purpose desired. It was now possible to run the
machines for periods of 5,000 hours instesd of for 24 as had been the
cage at the beginning, without too mich weer and tear taking place.

Then we had another problem to solve the choice of the proper type

of lubricetion, Oil, - even the best quality oll - wae out of the
mestion, as it soon forms oxydes with oZone, = even efter the briefest
reriod c¢f working, This was true even of the fipest parafin oil, ae

well as of all the other oleeginous pediums whose resietant powers one
For was Graphite any uss, as the powder whiriing
gsulators and lead to the currernt

#sct, severely taxed our

nines wus at the most 200

oxydize an oily sabstance

hears so of ten vaurted,
off the machinsry settled on the in
Jumping across the gaps. This problem, in
ingenuity, eince the running time of the mac
hours, Hscognising that ozone would alweys
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we started our search for a lubricating nedium thsat would not be- att-
acked by ozore., It seems clear that ozone will be capable of attacking
any carbohydrate of low viscoelty which contains no double comblnation -
(with a few notable exceptional).

Put it does not attack high-polymeric substances like Polystyrocl,
We finally reached a solution of the prodlem by the use of chlorinated
csrbohydrates, Jpesking in general, a substance which hae been chlor=-
insted can no longer be oxydized by ozone, Among the chloripated car-
bohydratss there are several which do not split up chloride in a watsry
goluticn in lons. An example is tetrachlorohydrogen., It 1s a charac-
teristic of the higher members of the parafin series that the higher the
chloride content, the more pronounced is the tendency to split off free
hydrochloric acids, There are to be found, however, some which with
the proper degree of viscosity do not attack metallic surfaces and are
ne longer effected by ozone, Similar considerations are naturally
valid for aromatic carbohydrates,

So we started to use chlorinated Diphenyl, which 1s sold under the
name of Chlophen, Using this as a lubricant, it vas possidle % inc-
rease running time to 3,000 hours.

The axle of the machine ranin a ciptered steel bearing previously
imp-egnated with this lubricant, We believe that the solution of the
abore protlem will be of general intersst., It is a universally known
fact that lubricating mediums after long exposure to the open air are
prone to be ressinated, i.e. - to be oxydized, It was therefore only
to be expected that chlorinated carbohydrates would alsc be more resis-
tant to the influence of the atmosphere than the normal types of lub-
ricant. This has, in fact, proved to ba the case, and it is now used
in many cases as a lubricant,

After such preliminary research work, we started to consider the
question of the electrical construction of the lafluence Machine., It
can ®asily be proved that a machine of the Wimshurst type only operates
satiefactorily when the insulating covering of the excitor plate 1s
really not insulation in the strictest sense of the work, but only a
semi-ronductor, Xxploltation of this fact led to the construction of
the circuit given, in which only condnctor, defined resistance, and high
quality insulation were used as the elements, It is our consgidered
opinion that in this way we have solved the problem of the Influence
Machine; the mechmical characteristic now accords with the theoretical
predictions and is independent of chance, The ruaning time achieved of
3,000 hours should suffice perfectly for practical requirements, In this
regpect, 1t should be remarked that the machine ought to operate 1in an
absolutely dry atmosphere - most suitably - in o, as the slightest
degres of dampness leads to interior discharges. I§ 1s a further char=
acteristic of the machine that it is not self-excliing, bat only springs
{nto life after receiving a small electrical charge which can be applied
by means of any contact substance.
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It was in our minds to utillze the jnfluence machine as a high
tension generator for the Bildwandler; even the largest tubes only
call for a coEparatively small type of pachine, ZThis led to the ev~
olution of s smaller type (diameter of Rotor § cm,weight 300 grams
with driving motor), However, we were not able to make use of such
a type directly, owing to the fact that 1ts interior resistance was
too high,

So we wers impelled to consider the creation of a suitable tension-
¢tabilizor, This involved the adoption of & Corona & scharge tube,
¢0 contrived that it broke down at a specific wvoltage - and with as
flat a characteristic as possible with no dips or rises, We vere able
to achieve our desire more or less satigfactorily by copper electrodes
in a glass tube, operating in pure hydrogen at approximately 2 atmos-
pheres, The inner electrode is in the form of a short, perfectly rounded
off rod with a dismeter of approximately 5 - 6 =m, enclosed in a copper
case wvhose interior diameter is appreximately 25 ma, These sections
cen ba adjusted to a very fine degree by means of the proper choice of
pressure md when coupled to the above type of influence machine the
tension variation W th a tension of approximately 12,000 volts there is
only e varistion of 200 wolts from no carreat to full current. By
mesns of coupling the high tension generator to the load in parallsl
with the Corona tubs effective low internal resistance corresponding
to excellent regulation is attained, such as 1s usually achieved only
vith a powerful rectification apparatus, It is our opinlon that the
use of the influence machine in conjunction with the tension stabilisor
48 the ideal form of voltage source for the Bildwandler, It was intend-
ed by us to carry out developments on a much greater tcale, but the
fortunes of war prevented this,

1n recent times we began research on the subject of exterior
Photoelectrical offoct, It was less our intentior to add to the pleth-
ore of writings on the mabject of the creation of cells sensitive to
infra-red rays than it was %o attempt to come %0 an adsquate explanation
of the many baffling phenomena occurring so freqaently with photo-cath-
odes, Since this was an entirsly new project and the work had to De
started from the ground up we are not in a position - owing to want
of the requisite time for experiment - to give a full report on this
matter, However, one thing seems fairly certaini- a satisfactory
explanation of the problems ipherent in the sensitisation of phote
cathodes is further off then ever, This is our conclusion after sxper-
iments, which we shall proceed %o give a report on,

fhe influence of the glass sab-layer in the case of alkali cath-
cdes, - its compositior, - and 1ts pre-treatment, are of paramount
importance, Within the range of properties of one and the same glaes
there exist variations in sensibility which have never been properly
explained - in a simple way. We approached the prodlem from the point
of view of the silico~chemical side, without, however, reaching any
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concrete regults, We established the fact that with variations in Pre.
treatment of the same type of glass notable di fferences appeared,
Within the framework of our cnlloido-chemical Tesearch we began to a
study of the photoelectrical effect in highly activated sarfaces, One
experiment showed thet at a certain place on the Prepared layer, the
photoelectrical valne achieved was 6xtraordinarily high, But we dig
not succeed in producing a layer with the same sensibility evenly
spread, nor did we menage to reproduce the effect again, The substances
utilized for these layera wers;- S1licium-dyoxide, Alimimim-oxyde, -
and Titanium-dioxyde: we modified their activity by means of tinting
them with organic coloring materials, Their porousness lay far below
the point of visibility,

In further experiment on sensitivity to infra-red rays of Cassium
cathodes it was found on one occasion thet sensitization with Mceyanin
lengthened the curve for sensibility to about 2,3 u, Unfortunately,
this effect also was not capable of being stabilized nor were we sble
to reproduce 1t, Many other experiments with other orgamic sabstances
had, in some cageg surprising results, but at the present time we are
not able to say anything of a concrete nature on the gudbject,

Summarizing, 1t miet be sald that just thig very line of research
ie in our opinion of Deramount significanca for the Bildwandler, 4nd ,
had we only been in a position to verify the above regults, we are
confident that our apparatus would have been far superior to any other
of thie type,

Further research was carried out on the subject of the so-called
'suppression layers', In this cass, too, it is a question of Phenomena
of fundemental importances for the build-up of photo-elements and dry-
rectifiers, As is the case with the photo-cathodes, we are aware that
there ars other influences, the nature of which iz not understood,
However, all the dats collectad on the subject was lost as the regult
of an air-raid,

The developments described heretcfore on the production of light-
screens, especially the dispersion occasioned by albumen, raised a whole
series of questions of great interest, We may mention, for the sake
of completeness, that we carried out research work in sur laboratory
on the sudbject of these as well, Novel Phenomena, for instance made
their appearance in the DProcess of coagulation by means of alumen
solutions, the prover nature of which has not yet been established,

It may be that here we have effects which will provide us with
2 solution to the mestion of the size of the molscule of albumen, 1In
experiments conducted regarding the source ad coagnlation of al bumen
by means of csrtain defined electrolytes and the spplication of same to
the human organism we observed offects which might possibly be of great
medicinal eignificance. We are concerned hers with the question of
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abnormal states of the bodily tissues, which are sbviously responsidle
for rheumatism, A ccmparatively small number of experiments were Carr-
jed out which ylelded positive results and it was intended to conduct
gimilar experiments on a mich greater scale in collaboration witk the

Robdert Koch Hospital in Berlin.

We have alreedy furnished fuller data on the subject to the
interested American investigsators.

Heidelberg, 10 July 19u5,

Dr.Carl Bosch,

PHE PRODUCTION OF FLUCRESCENT SCREENS BY THE ECRANOL PROCESS
AJOE etabillzed with Al c13)

1. Cleansing Every screen is to be thoroughly washed with a
10% soda solution, this can best be done with rubber sponge or a soft
brush. They ares then rinsed, first with ordinary tap water, and then

with distilled water,

2, Pouring of the sub-layer Wher the scresns have been
thoroughly cleansed, they receive a sub-layer of gelatine, Thie
consints ofs

1,000 ccm distilled water
3 grams of gelatine

0.1 grams of glycerine

A small plece of Thymol

The gelatine is first of all put into cold distilled water and left for
about an hour ®w swell, after which it 1s heated to 50 - 600; if there
is & gand or water bath handy, this should be used, If a burnper 1s
mads use of 1t should te seen that the flame is not kept too high or
too hot Andthe mixture must be frequently stirred until the gelatine
13 completely dissolved. The 0.1 g. of clycerine ig then added and the
whole passed through a glass filtering bottle Bo,3, Finally, a small
plece of Thymol is added as a disinfectant, Thie prepared solution is
need to pour the screens, that is to say, a quantity of the solution is

TIEEPR - 15 -



poured on to a screon and tilted this way and that,

It 1s & property of gelatine that 1t froths very easily when shaken ,
for this reason 1t should be poursc ian a very carefully and swung gently
around 1a the screen and lastly poured off, The layer of gelatine on
the screen must be completely free from impurities, If any dots show
up or there i1s the slightest trace of air bubbles, then the whole screen
met be washed again and the process carried out anew, Tho screens
can then be set out for drying in the alr, Ko screen, however,
should stand for longer than thres days with the gelatine layer exposed
as the latter will undergo alteration in ite constitution and the screen
will te umsable, If a fast gelatine 13 made use of, the ascreens can
be dried in a thermostet at about 500 dbut in any cese not higher than 608

The Process of Sedimentation, When the gelatine is dry,
it is now ready for pouring with the light substance, a specimen of
which in solution consists of: 1,000 ccm distilled water, 2 g, Ecramol,
4 g, scetic acid, and 25 - 4O g, Tluorescent substence, 2 g. of Ecranal
are added with 4 g, of ascetic acid to 1,000 ccm distilled water and the
whole thoroughly shaken and passed through = hard paper filter and
frsed from air bubbles, The quantity varies, it depends on the compos-
ition of the light substance to be used, If it is very fine-arained
then = lesser weight {s used, if not, then more, In general tre weight
required lles between 25 and 30 grams of substance, The measurs for
Judging the right weight, however, is that the suspeneion should be in
¢ondition after about 25 to 30 minutes sedimentation,

The right density is that esuitable for a pouring height of 10-15
mm, When a new bottle is opened it i3 best to make a trial pouring
first, TFor laying the deposit of light substance itself a 2 litre
clearing bottle 1s taken,, 80 that height of sedimentation will de
about 9.5 em. If different bYottles are msed then an adjustment must
be made, The filtered solutlon is shaken well with the light substance
and then a period of 26-30 minutes is allowed for sedimentation. Re-
moval is made with a siphon, hung about 15 to 20 mm from the bottom
of the flagk, If the gelatine is resdy, the screens are them poured,
The screens are placed after pouring in a perfectly horizontal position
and migt be left for at least two hours for sedimentation to take place.
Thereaf ter they are sach slightly tilted, and traces of substance is
syringed off the smirface, and they are then emptied with a not too fast
dripping capillary, It might be added that after the light substance
has been added the screens should not be left for longer than four
days. Before adding the metal layer the screans are to be washed out
with a 6% soda solution,
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Rennrt On The Davelopment of a Prosess of Producling Fine-zrainan

- Flugrescent Screeag
The efficiency of a Blldwandler apoaratus demends to an over-
‘=whalring extent on the muality of the fluorescent screen btuilt in it
- 4,e, ~ on the gremular texturs of tha light layer. Our =xpariments
T and research, therefore, were first of all direct=d towzrds improving
.the texture and increasing sensitivity in the light screens we were
turaiasg out,

. We have used the sedimentation process, as this seems the most
* adapied 1o the production of a sufficiently large number of screens
__of even suzlity. This is a very iwmportant point, since the sensitivity
of = scrsen depends to a very great exteant on +h~ thickness of the loyer
= of fluorescence,
- Seddmentation Process, The lizht substsnce is stirred into
en alkali-gilicate solution and then left standing for a certain length
of time: thls mllows the larger grains to settle st the bottom of the
— vessel, the finer suspension above this is giphoned off and used for

pouring the screernsi ter tha fine particles have sunk to the bottom
“ forming the screenm, the clear saclutiocn oa %02 is siphoned off and tae
__ Berean is dried,

. The chance of errcr in this process 1s rather high and 1t is higher
st11]l when it 1s a mi2stion of producing screens with a very fine grain.
— It sust be pointed out first of all that an alkali-glilica solution ie
got a chemically defined entity. Sodium soludle glass, for instance
can display e most diverse cualitles andl even equeal thickness of
— different layurs does not nrevent two layers from displgying two qmizte
different degrees of Na.): Si02 content, And furtkher, the state of
* coagulation cen be uncontrollably differsant, awing to the absorption of
carbonic acid from the air. And again, heavy metal salts, w.ich sxert
s devastating influence on the light substance in even the smallest of
. ouantities are no longer subject to attack by chemicals, since such
alki-gllicatas are colloidal solutions.
— Drying the screens cmised amother difficulty to arise:- so long as
1t is pocaibvle for chemical reaction to occur, so long will thig lead
to irregular formation of the light layer and to spotting. However,
_ as g result of many and ¢1fficult experiments in the realo of the still
almost unknown field of Silicate Chemistry, we succesded in mastering
* the difficulties,

The need for using alkali-zilicate solutions in the production of

, lignt screens is explained by two outstanding qualities possessad by
these, The first is the siriking adhesive propertios on glass - the

— gecord - their stability Wi th temperature, The need for this last

quelity unfortunately excludes the possibility of using organic binders,
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whis!. otherwise are beti r and simpler to use. Qver and apove tnese
immediate problems towre were othzr difficulties: the unequal wetting
of tie slass and i:s cleansiry;, the oroblem of keepire sway dust
particlss, anc the germ problem,- the necessity for continuous control
over tie other reagents used and tne sensitivity to lignt of tre
substance, to mention some of them.

Then there were other snsgs with regard to tre 1i it substance
itself: impurities of a cnemical or _hysical nature, a poor degree
of sensitivity, too coarse grain or too great complications of working
procedure,~ these were tne c-ief troubles., However, ter we had
talked tie gquesiions over with the makers, Telefunken, and with
Professor Schleede and we hed offered criticisms or given new hinta
we were able to reach tue present standard of efficiency.

However, tir- increasingly exacting requirements with regard to
fineness of grain led us to a realization of the fact that we were
approachin; the ultimate. So we struck out along a new path of
research, a path which led to new and striking discoveries, which
we were the first to recoznize and use. The finer the suspension,
the more it must necessarily approach to a colloidal soluticn in its
properties,. In other words,- new factors come into play, factors wnich
play a decisive role. Questions of spotting, surface tensicns,
electrostatic powers, and so on decide tne fineness of similar
gus .ensions.

The experimentis carried out proved that ine observed texture
of a screen depends nardly at all on the fineness o¢f its grain,
always provided this is not too coarse,- but is almost exclusivaly
a matter of coajulation. reactions between solution and light subst-
ance, as well as electrical powers used, lsad to the substance
becoming clotted and the "grain" ccarser. At tne same time we found
that alkali-silicate solutions and the sort of light substance we
made use of ~ regarded as a colloidal system, were really a bad thing
for high dispersal systems.

At first, however, we had no other choice but to go on using the
same kind of solution, owing to the heat propr-rties mentioned above.
Colloidal chemistry teaches us that such systems can be protected
against flaking by the addition of suitable protective eolloids.

Alburien is the most effective, Saponine, etc., - but most of all-
colloidal silicic acids themselves. As soon as the protective influence
»f such substances became clear to us and the problem was recognized

as one of cclloidal chaemistry, it became relatively simple to slow down
coagulation. We thcught of trying colloidal silicic acids, since in
any case alkali-silicate solutions were to be used.



Now- alksii-acid salts form colloidal solicic acizs. Tre defin-
itely colloidal silicic acid must have & protective influence. woich
in fact proved % be ine case. Screens produced by tihis melnc rroved
to be noticeably finer and more regular in ‘rain; we reve been Turning
them out in this way for same time now. Before the screens are ready
to be built into their permanent positions they must - of ccurae -
be submitted to the coating process and to sluminumn trestment.

In the case of a foil of "Zapon" the problems of a sufficiently
constant factor of the nitrocellulose solution, as well as problems
of splashing, were hard to solve at first but were finally overcome.
In tris rezard we have made plans for new developmental work to be
done. The aluminum steaming plant broke down first of all over the
guestion of snitable material for the furnace (oven)} - but that
protlem was sclved, too, By establishin: tne proper standards of
dimensions and form.

It snhould finally be mentioned that further research has -
resuited in a new process wrich enables mucr: finer grains, - right

from the point of view of colloidal chemistry - to be sedimentated.
“owever, tests on this are not yet complete.

Dr. Bosch.
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T 15 PLUOXESCENT SChER)S AMD PUOTC-3EBITIVE SHEATS OF 3ILIWANDLIR
TEdS.

1. In the following report, the processss employed by totn ARG
and the Deutscres Reichspost, Hassenberg, will be described. There
are three important phases in the construction of the tube. These
are the preparation of the fluorescent screen, tae preparation of the
photo—sensitive srheet and the glass-welding of the two sections of
the tube. These will be taken up in order, and the scurces of
information, Dr. Carl Bosch for ABG and Jr. Schade for the Deutsches
Reichspost, will be indicated wherever necessary by "(AEG)" and
"{DR}" respectively.

2. The preparaticn of the fluorescent screen: Referernce to the
accompanying photosraph and disgram of a typical Bildwandler tube
(made by C H F kuller, Greiz, now in Erlangen) reveals that the
ernvelope is made in two pieces, later welded tosether at the point
indicated. It is with the amaller, non-bulbous piece that we are
now concerned.

a. (IR) The glass is washed in a 2 to 2} percert solution
of hydrofluoric acid. This is followed by a washing in
standard chramic acid cleaner, then in hoi, distilled water
and finally in double-distilled water at room temperature.

b. {(DR) The cylinder is then filled to a heizht of & to 10
i with a mixture of the fluorescent material {powder form],
known as H3, green, devsloped by Telefurken under Dr. Kamm) ,
the purest water glass and acetic acid all dissolved in
double di tilled water. (A typical set of propartions (AZG)
is the following: 1900 cc of & to 7. purified water glass ,
90-100 cc of a 2 normal solution of acetic acid and 40 to 60
grams of the fluorescent materialh After five hours the
powder settles and the liquid remaining is siphoned off. The
sediment is allowed to dry for 10 to 12 hours in air and is
then baked for 1 hour at 40 to 50 degress C.

c. The coating thus obtained is tested for bare spats by
holding it before a strong light. It is then illuminated with
ultra=-violet light and examined for failures in fluorescence.
(DR)

d. {IR) A rim of clear glass is created around the coating
by "erasing® a strip about 5 mm wide, using a blunt wooden
stick. The cylinder is then filled to a height of 10 mm with
pure water. A small drop of triacetats solution is placed

on the water, and as soon as the triacetate spreads itself
over the surface, the water is drawn off and the triacetate
ilm is gradually lowered to tne bottom to fom: & protective

o2 - 20 -



sheet over the fluorescent screen. The screen is asain tested as
described in 2¢, and then dried for < hours in an oven at 50 to 60

degrees C.

e. (IR) Using a tungsten heating element and a small piece of

aluminum (see Pig 5) a conducting sheet is now evaporated on to the
triacetate film. To control this process the tungsten is brought to
white heat by passing a current through it. As the aluminum begins
to coat the film and the neighboring regions of glass, the glowing
wire is watched. When the white glow begins to appear blue {because
of the light ccating of aluminum on the glass) when viewed through
the glass sides of the cylinder, the evaporation is stopped. ( (AEG)
The evaporation is continued until the glowing tun_sten is invisible. )

3. In 2 above, the (I} method for producing fluorescent screens
was described. Dr. Bosch of AEG claims that many objectiomable
properties result in the (DR) screens unless the most extreme
precautions are observed. Furthermore, & high degree of resolution
is not obtained. To get resolution of the order of 5 microns,

Bosch developed several different refinements for making the screens.
These will be described in the following paragraphs.

4. The Amicid (Casein) process (AEG): The casein, (Amicid F)
employed here is designed to creats a smoother surface (less graininess)
which inecreases the resolution potentialities of the screen. (Note:
Properly focussed electron beams have resolving powers much less than
micron. This was determined by viewing thin surfaces edge on}.

a. 1.5 grams of Amicid P are dissolved in 500 cc of Na(H and
the mixture is shaken thoroughly. The solution is passed
through a glass filter (Glasfilternutsche} which is constructed
by taking glass chips of a definite grade of coarseness,
heating them just to the fusing temperature and then allowing
them to fuse, causing a filter structure to be formed. The
£ilter is size 2. When a pure solution nas been cbtained, 30
grams of the fluorescent subatance are added and the mixture

is shaken thoroughly. It is then left in a settling beaker

for 24 hours. The liquid is drawmn off and the sediment is
shaken in 1000 co of & 57 water glass solution. This new
mixture ia allowec to stand in a 2 liter flask for 110

minutes, and the sediment resulting is abaut 9.5 cm high.

A giphon is placed in the flask with the mouth of the tube

15 to 25 mm from the bottom. What remains is filtered thraugh a
Glasfilternutsche, size 2, and ithe acreen is poured to a height
of 6 to 10 mm. After dryin,, the screen is clsaned with a

10% solution of soda.
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b. Przcautions {AES;: All ozeraticns must bé earried dut in
dust-free air.

All settlings involving the fluorsscent subs+tence must e
carried out inside l2zhi-proof beoxes. Fluorescent material,
when wet, 13 sensitive to light.

Settling tables and boxes should be shock-mounted to uaie
them izmune to vibrations.

During sipnonings, containers snould be tilted to rrevent
water residues from forming at tre & roumferences of the
containers. 3Settling flasks should be closed with rubber
stoppers. Stoppera should be kept im distilled water when
not in use. &lasks should be washed with distilled water
only. A 1% solution of hydrofluoric acid may be used for
cleaning, but not oftener than once svery 2 weeks.

Water zlass must be purified before use. The material
used by AZG was DAB6, specific gravity 1.32. The

purchased product must be allowed to stand in 5 liter
containers for 4 weeks to allow impurities to settle out.
The water glass is then dissolved to a 5 to 7 solution

in distilled water. The pans used for this process should
be about 150 cm in diameter. A carbon dioxide absorber
should be placed around tnese pans to preventi the introduc-
tion of CC2 in the solution.

5. In the ordinary screens similar to those produced by DR. AEu
takes special precautions with the acetic acid used. The acid is
derived from a solution of 99 to 100% Iron acetate, diluted down to a
2 normel solution in distilled water. (The distilled water is tested
for purity by mixing 130 cc of the water with 1 c¢ of sulpauric acid
and 1 drop of pottasiur permanganate and heating. The resulting
mixture should becom pink, if the water is at & proper stage of purity
Wnen the distilled water is stored, thymol is mixed with the water to
keep it free of arganisms. In tre actual process, similar to that
used by IR the following steps are taken.

a. ¥e shall congider a screen made from the substances
given in 2b, and used in the proportions given there.
The water glass and acetic acid are mixed and then the
fluorescent substance is added, ard the whole mixture is
shaken troroughly. ©Settling is then allowed to take
place. If, after 1 hour, too many fire particles of ‘he
fluorescent material appear, the liquid is drawn off and
2 liters of the mixture of watsr glass and acetic acid
are added.

b. The settling flask is shock mounted and a siphon is
installed with the mouth of the tube 15 mm from t'.e bottom
of the flask. The siphoning rate is adjusted so that the
sedimentation is allowed to proceed farat least 10 minutes,
and very often longer. There must be encugh sediment to
provide a final pouring at least 10 mm high.
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¢. The resultirg sedimsnt is siphoned inte an Erlermeyer
flask and then poured.

d. Precautions: Some sediment should slways be left in the
mixing glass.

Mechsnical mixers snould never be used because the crystals of
fluorescent material are very delicats.

Just vefore the final pouring, the glass should be washed

with distilled water, emptied and the pouring made.

The pouring height for the screen should be such as to lesve
the bottom still visible and to provide 72 to 80% absorption
of white light.

e. Sedimentation of the screens should last 3 hours and then
the liouid should be siphoned off. The cylinders should be
covered and mounted in shock-proof, light proof boxes.

f. hesolution of the screens so produced should be at least
down to 7 microns. If there are holes in the coating, the
acetic acid content should be varied anmd the temperature of
the room placed at a new value.

g. Foliation: {Application of the orgamic protective coating.)
Distilled water should be filtered through hard paper, and
0.6% (by weight) of glycerin should be added. This mixture
should be sloshed around over the fluorescent coaling and
then allowed to come to rest at a height of 6 mm. AEG used
butyl - instead of triacetate. The mechanics of the coatin:
avs the same as those described in 2d. The water should be
gip~oned off while the container is tilted slightly, to
provent residual water deposits under the acetatefilm,

The glass is inverted for drying.

h. The thickness of the acetate coating can be judged by the
following tests: If it is too thick, the coating looks sniny
and yellowish. If it is too thin there is no reflection from
its surface. If the tnickness is correct, the appearance is
frosty and the surface reflects ~onsiderably.

i, Tae aluminum is evaporated in a vacuum (5x10-3 mm Hg ).
6 mg of alumirum are used on an evaporating ccil BW 119%.
Aluminum must be 99.9% pure. Coil should be 6 mm from screen.

6. The Ecranal process: This process is akin to thd described

in 4, An attempt is made to prevent crystallization by using & colloid
such as Tonerdegel (#luminagel) Silicagel, albumir or a fatty acid
glycerine ester. The detaiis are:

a. The glass is washed with a 10% solution of soda. It is

then pre-coated with a film of gelatine. This 1s accomplished

by dissolving 3 grams of gelatine, 0.1 grams of glycerine
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and a small piece of thymol in 1000 cc of distilled water.
The gelatine is firsat dissolved for 1 hour, heated to 50
to 60 degrees C, and then shaken. The glycerire is added
and the mixture ia filtered through a Glasfilternutsche,
size 3. The thymo] is then mixed into the soluticn. ALl
this is then poured into the cylinder, and after thorough
contact has been established between solution and glass,
the mixture is poured out, leaving a alight reasidue to
coat the glass. It is then allowed to dry for more than
3 days in air.

4

£
"
i

b. Two grams of ecranal (a smoothing colloid) and 4 grame of
iron acetate (pure) are mixed with 1000 cc of water, shaken
together, filtered through paper and aired. 25 to 40 grams
of fluorescent material are then sdded and after mixing,
sedimentation is allowed to take place for 3C minutes.

The operation is carried out in a 2 liter flasi, 9.5 em
high., A siphon is introduced with its mouth 15 to 20 mm
from the bottom of the flask. The residue is poured into
the gelatine-coated cylinder, and after then normal
sedimentation and drying, the screen is washed with a 6%
soda solution, before foliation.

7. The remainder of this report will deal with IR processes
employed in the fabrication of the photo-sensitive sheet and in the
welding of the two sections of the Bildwandler envelope.

8. Although the envelope is closed when the photo-sensitive
sheet is applied, there are several tubular Frojections which allow
the operations described to be performed. (SeePig 1. )

9. The "photo-sensitive end" (the one with the greater diameter
is firat coated with a sheet of s lver by evaporation. The tube ia
evacuated with a mercury diffusion pump and heated to a temperature
of 360 to 380 degrees C to remove zases from the metal electron
&un and the glass walls. Then the silvering process is carried out
in the following steps:

a. To remove impurities from the swrface of the silver to
be evaporated, a pre-evaporation is carried out before the
heating element B (Pig 1, and enlarged detail of B, Pig 1a),
is introduced inside the envelope D, Fig 1. Then by means
of the magnet M, Fig 1 and the slug A, Fig 1, the heating
element is brought into the evelope and centered@ behind the
glass area to be costed. Current is passed through the
platinum wire and the silver is evaporated onto the glasas.
During the silvering, the transparency of the area being

oy . -
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bein; coated is measured reletive to its transparency when
clear. (This is done by means of a simple scurce of
light of constant 1rtnn31ty and a photo-cell.] 'When the
transparency falls <o 35% of the clear glass value, the
evaporation is halted.

b. At this point the silver coating is oxidized. This is
accomplisihed by placing 800 volts between the firast two
electrodes of the electron gun and introducing oxygen

until t-e gas pressure within the tube becomes 0.001 to
0.C0C1 mm of Hg. The gas thus introduced ionizes and in the
g low discharge that results the silver sheet is oxidized.
In sc doing we have made the silver sheet translucent and

68 to 70c of clear glass transparency results. The oxygen
is pumped out and the screen is resilvered until 50p

of clear glass transparency is obtained.

¢+ The photo-sensitive sheet is now appli+d. The ampule
at the base of the tube in Fig 2 contains Cesium
bichromate and Zirconium, By means of a magnet, the iron
slug ¥, Fig 2 is lifted and then allowed to drop, breaking
the ampule. The emvelope is heated at a center of a
cubical electric oven to a temperature of 130 degrees C
for half an hour. The tube containing the ampule is
heated separately and the cesium vapor is directed inte
the envelope and through a nozzle onto the appropriate
ares cof the face of tre glass. Using the first two
slecircodss for an accelerating field, one measures the
electror. emission of the cesium sheet being formed.

Tie emis.cion rate corntinues to rise until a saturation
level is reached. If the coating of the cesium is
continued beyond this point, and this is done in manufac-
ture, the emission falls off, and in the process being
descrived, is made to fall off to 80% of peak value.

The fall in the emission rate is the result of an
excessively thick coat of cesium. The envelope which has
been at a temperature of 130 degrees C is mow brought to
160 degrees C, at which temperature the excess cesium
boils off and the coating is brousht back to maximum
sensitivity. If, during the cooling, the sensitivity falls,
the procedure to maximize sensitivity is repeated. The
excess cesium is pumped out. The emisaion rate must be
watched very carefully during the cooling, and steps to
keep sensitivity maximum must be taken whenever necessary.
Cesium car be added at a temperaturs of 125 to 1350
degrees C (the boiling point of cesium} and any excess
guantities can be pumped off later.
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10. At this point the Bildwandler should have a sensitivity of 10
to 13 microamperes per lumen of visible light at a temperature of 30 to
40 degrees C. Using a Schott and Genosse infra-red filter UG6 or UGS
{(either of which allows only infra-red light of a wave-length greater
than some c¢ritical, invisible wave-length to pass), the sensitivity is
measured again and should be at least 10% of the sensitivity for visible
light.

11. The area is now resilvered and the sensitivity rises to a
new peak approximately 1.8 to I times the old peak value. This resulis
from the better conductivity induced by the new silver coating. Again
there is a saturation value beyond which the peak falls. The
r:silvering is brought past saturation so that the final sensitivity is
1.5 times the original peak. The tube containing the cesium ampule
is then removed from its connection to the emvelope. By heating the
tube to 130 to 170 degrees C, in a period of 35 minutes, and then
allowing cooling to take place naturally, the final sensitivity is
brought to 22 to 25 microsmperes per lumen of visible light and the
infra-red percentage using the UG6 or UGS filter is then 12%.

12. The welding of the two glass sections: The smaller section
of the envelope is suspended by leaf springs in a rotatablas cup
immersed in water (see Fig 4). The other section of the envelope is
bre-.ght into contact with the first section along the appropriate
line, a high temperature flsme is directed at the seam and the whole
device is spun repidly. The water is at room temperature.

15. At this point several miscellaneocus and concluding remarks
are in order.

&. If the Bildwandler tube is to be used as a direction
finding instrument for airborne gun-laying or ¥lak,
a precaution should be observed. In the conventional design
of such an instrument cross-hairs or some suitable aighting
device are etched on the viewin: glass {on the other side of
whicn i1s the fluorescent screen), and by means of optical
directional discrimination, the target's image is brought
onto the intersection of the cross-hairs. Dr. Beseh
claims, however, that the currents existing in the Bild-
wandler and the length of the tube allow the earth's
magnetic field to influence the position of the striking
point of the electron beam. To correct for this, instsad
of etching the cross-hairs on the glass of the viewing
screen, a small microfilm of the cross-hairs {about 4 mm in
diameter} is centered on the axis of the tube. A small
extra lens combines with the regular objective of the unit,
to throw an image of the cross-hairs on the photo-sensitive
rlate, rizht aleng with the image of the target area being
viewsd. Thus any distortion introduced between the photo—
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sensitive end and the fluorescent screen by the earth's magnetic
Tield appliea equally to the image and the cross hairs and the
calibration of the device is unaffected.

b. Bosch developed a pocket-sized, motor-driven Wimshurst machine
to provide the high voltages necessary for the electro-static lens.
By the use of a hydrogen filled voltage over-flow tube &nd some
modifications in the design of the Wimshurst machine, a very atable
voltage source is obtained. These machines will be treated in a
separate report.

¢. The best production figures given by any of the sources of

information indicate that under normal large-scale manufacturing
conditions, not more than 35f of the Bildwandlers begun ever come
off the production lines as satisfactorily operating instruments.

Bernard R. Gelbaum
ad Lt., Sig C
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The Production of Fluorescent Screens by the Soluble Glass Process

In the making of fluorescent screens, absoluie cleanliness plays
a decisive role. It should only be possible to approach the
Sedimentation Roam through the medium of an ante-roam, and all
ventilation should be by means of dust-proof filters. It is a Zood
idea to have the walls of the sedimentation room tiled, or at any
rate - covered with washable 0il paint.

Apparatus required.

It is to be recommended, that settling should take place in
cabinets (tubs), since many of the substances naed, such as Zine-
cadmium photo sensitive materials, are sehsitive to light when in a
moist condition. This has the added advantage of keeping the
subatances free from dust, which would not be the case in larger-
rooms. The cabinets should be shock-proof and the screens themselves
when stacked in rows should be slightly inclined, so that in the
removal of fluid no water-edges are formed. A slight tilt, even,
during the sedimentation procees will not do any harm if the proper
pouring height is observed.

Suspension should be dons, soc far as is feasible, in w.de flasks.
As a rule, sedimentation height of the sclution should be between 10
and 12 centimeters. The bottles should always be corked with rubber
stoppers and these in turn should be kept in a bath of distilled
water when not in use. The containers should be washed out with
distilled water and - not more than once every two weeks, — a sclution
of l%,hydrogen fluoride should be used with the distilled water, so
as to remove all possible traces of scluble glass.

Materials reguired.

For the scluble glass, Sodium 3ilicate, is possible, DAB 6 with a
specific weight of approximately 1.35 - should be used. It is desirable
that the waterglass purchased, when received, should be poured into
flasks holding about 5 litres and left to stand for sbout a month,
to allow the impurities to settle. The final .urification takes place
in diluting the solution for use, a solution of 5-7% - in the clearing
apparatus........soda lime (natronkalk) flasks should be used in order
to prevent silication of the solution through the abscrption of
carbonate of soda from the atmosphere. The tube in which clearing
takes place should be 1 m long and 50 m in diameter and the solution
should pass through it at the rate of 1 drop per second. Traces of
iron are almost always to be found - -« (Ammonia~Rodamide) - but
experience shows that they have almost mo effect on fluorescent
substances, which is perhaps due to the presence of the siliciec acid;
heavy metal salts in the distilled water on the other hand are
sometimes very injurious to fluorescent substances {copper-iron).

A small quantity of acetic acid should be added to the suspension.
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It is best to use best quality acid (Ice Vinegari - and for the sake
of simplicity of handling & larger quantity snould be prepared than
will be used at once - generally two normal lots - {in this case 127}.

The distilled water, as we said already, ~ must be free from impurities
and should contain no traces of heavy metal salts. On testing with
potessium permanganate for organic substances a droplet should ot
chanze colour.

100 com distilled water.
1 cem dilute sulphuric acid
1 drep 1% potassium permanganate.

When the solution is heated, a faint red tinge should appear. When
distilled water is kept for any time in containers a small amount of
Thymol should always be added as a disinfectant.

Freparation of the Denosit.

A normal deposit consists ol:

1,900 ccu 5~7P of cleared soluble zl:uss solution.
90~130 ceam of £ norral acetic acgid.
40-6C grams of fiuorescent substance.

The acetic acid is added to the glass solution and thoroughly shaken
up. Only after this has been done is the light active substance
added. Only tne exact quantities should be taken, as has been found
out beforehend by testing. The rrepared solution should once more be
thoroughly agitated and tnen submitted to a sedimentation separation.
If the light active substance used contsins many small floating parts,
these must be first re.oved. The solution is left to settle for about
an hour, syringe away the fine particles - an. the settling vessel is
then again filled with a soluble ;lass—acetic acid solution, about

2 litres being poured in. The actual separation can now begin........

After thorough mixing, the solytion is made up,- it should be
stood where it will not be subject to vibration, and a siphon is themn
inserted whose opening is situated 15 mm from the base of the flask.
Experience teaches that the sedimentation should taks about ten
mimuites; it should however, go on until the 'pouring height' for
the screen is abot 2 mm. The exact time is only found by test.
Mechanical mixers for the solution should be used with the greatest
of caution, since the single crystals are exceptionally fragile. The
prepared extract should be siphomed off, if possible into a
Rrlemssyor flask, from which it is then poured on the screen. The
last few millimeters should always be left in the vessel as the
surface is never quite free from impurities.

Since full use is never made of the substance in one abstraction,
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the sedimentation vessal should once again be villed wiilh 2 litres
of acetic acid-soluble-glass solution and separation should again
be done as above. With certain light active substances this can
be done three times without harm.

The screens arriv ng clean fram the washing process should be
half-filled with distilled watsr and omly be emptied again just
before pourin; begins. After the moisture content of the room has
been brought to has high a pitch as posaible by artificial means,-
in order to keep down the dust as much as possible, eac: screen
before actual pouring takes place should be shaken vigorously, the
distilled water poured out,- and immediately.tnereafter they
should be filled with the auspension. Height of the pouring
depends on the thickness desired in the light layer. Az a standard
it can be said that just enough should be poured in as will allow
the rim of the 'bullseye (Flanscheibe] to shine through. Tests
have shown that the moat favorable thickness for a flucrescent
screen gives an absorpiion of a white light source of fram 72 to
80%. Analysis of the layer with ultra-violet light gives a
moderately uniform figure of 7.5 lu.

A poured screen is immediately covered cver and at its highest
point to give it the appropriate tilt is placed in the sedimentation
ches* appropriately supported; after pouring is finished the
cabizets are shut and the roam aired. Siphoning should last about
three hours at least, longer standing is even more advantageous.
During this period, the other vessels can be thoroughly washed
out and the necessary capillaries for removal of the liquid can be
got ready.

The capillaries should be about 18V mm in length and curved in
such a manner that one of the shanks — that which is later 1o be
hung over the screen - will be at least 20 mm shorter than the other.
It must be very evenly cut, otherwise the fluid will not leave
it in a continuous drip. The height of the water should be taken
as a measure for the length; it should be between 25 and 45 mm.

Since scmetimes very fine impurities are to be noted on the
surface of the sedimented screen, these should first be very
carefully syringed off. Only then should the bent capillary be
hung in place and in such a way that the shorter of the two shanks
is in the liquid at its lowest point. When all the capillaries
have been hung in position the sedimentation chest should be half
closed and - by increasing the temperature of the chamber, the moisture
content of the latter is decreased gradually and evenly. The screens
should be dry in about 12 hours.

Checking the Screens.

The best and quickest way of testing the screens is to test again
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wath the lig.t of an opalescert, bright iype of l=it. Tre
magnifying glass used s-nould always be at least as strong as ihe
“pe wnich later on is to be with ire screen in tre ecudipment.
— The main fault to watch ot for is the formation of tiny holes.
If they occur very frequently the acetic acid content snould be
—~~ried. Should the situation not improve, then the general
mperature of the room and of the suspension should be changed.
The acetic content of the solution can be increased, so long as
i, does not cause the layer to curl off. The appearance in . eat
.asure of any impurities is to be attributed to aa insufficient
csgree of cleanliness. Brown spots frequently appear as a result
of the use of impure distilled water. The existence of a structure in
Te layer is seldom visible in the electronic beam, provided it does
~t have any sharr edges. If small grains of coagulatec light
substance are visible, this is due to an umprofessional siproning
~&f of the liquid from the sedimentation.
— The nozzle of the siphon might have been toc low in the sclution
and took up the thicker element from the bottom. Fine lines, -
uguaily bright yellow or yellow ochre in color, are the result of
iled cleaning gear. The scluble glass is always subject to slight
sTlication and separates from the edge of the settlipng flask in the
form of floating membrances which get carried over imto the prepared
Tlution. As & rule, thorough cleansing of the apparatus causes
. &80 defects to varnish. If the surface is not carefully enough
siphoned off streaks will be formed. They camnot be very easily
*atected by the naked eye, since they are not very easily separated
_om the fluorescent screen. But they show up black in the
electronic bear and completely ruin the screen, which has to be
| discarded. If aceas of irregular thickness appear when the screen
held up to the light - generally in the form of waves originating
“*om the edges, tiis means that the suspension contained too many
fine particles. They are very hard to see with the naked eye as
Tanular formations, they merely appear to be in the form of a finely
.read slime. They are dus to the faults described above and will
be cured in the manner deacribed. Badly hung capillarics - they
—wmetimes are slightly askew at the end of the operation - will hinder
& camplete siphoning away of the solution. Dry edges are formed,
wnieh showup in the electron ray as black marks.

It is a good plan to analyse every deposit with ultra-violet
ght. If the solutiom is of the right quality it should show not
=ss than 7,5 lu and not more than 10. As already mentioned, the
correct tuicikness of layer can be ascertained by measuring the
Twosit solution.
wy

Depositing the Film

ﬁ

v, Iris is best carried out in a dark room kept as far as possible
st an even temperature. It goes without saying that perfect clean-
Tiness should always be observed. The room should be illuminated

; a diffused white light arranged in such a way that it is reflected
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from t e surface of the screen w:iici 1s being treated.
Tie air-dried screena sho .1ld be lifted from itne lignt layer witn
a wooden stick and any gSrains adiering to them should be wiped off witnp

a clean cloth. 4 guantity of 'film-water' - (qust free distilled water
passed throush a nard filter pa.er, - with: tne addition of & parts
cer trousand of Yiycerine;, -~ sho 1d be _oured in and uoved about over

ti.e surtace; tris snould serve to clsar away amall particles on the
edgzs. Hashi-y is best carried out seversl tiies, but tnis of course
depends on tie firmness of tie layer. The rece_tacle containing the
distilled water ané glycerine must be protected fr m tae air by a
thick Tilter. The screens are filled up to about 6 millimeters from
the edze witih the water and placed on a sligntly tilted rest. A
suctisrn tube is then inserted at tne lowest point, tarsuw:h waich,
after the lacguer film has been put on, tne water is allowed to drain
off siowly. With the aid of a metal rod a drop of the film
solution is lifted from a small flask, wiich swould always he kept
carefully stoppered, and placed on the surface of the water; the
exact size of droplet will be ascertained witn practice. If the
film solution is right, the droplet will syread out quickiy over the
surface about 20 am from the edge. hurdening of the film can be
observad where the 'interfererce tints' meet and zingle. in abcut
20 sucands tney should be trensforred inte & wnite color. £ oLe
dro- is too thrick thern the change occurs more slowly; 1f they are
toc tnin then the white appears f{irst.

Holes appear as black points, but they are sometimes very small indeed,
80 that the use of a binocular :lass is to be recommended. after
the water has been drained =ff, dur:ng w.ich the film siiould not
dis;lay any folds, a drop of Butylacetate is allowed 13 run glowly
down the glass tube to bring about local dissclution of the film;
tiis will enmabls tie sucticn tube to be lified clear. The screens
are then placed in a tilted positicn, with the openin: lowest,

in such a way that tne air can circulate freely round thenm.

Drying siiculd cccupy about le hours.

Testing is carried out by noldin_ tre screens in a slanting
light. If tre film is right it should show u; a dull white and
reflect tre light slightly. If it is too thick, it gleams and
is coften yellow. Too thin, -~ it does not reflect the light and so
appears dark. Holes show up dark in a slanting light but appear
brigrt spots when the lizht is direct. Grains of light substance
lying below the film show up as small bumps when regarded in a
slanting ray. The electronic beam will not penetrate these, so
that trey snow u. as black spots. Defective films can be removed with
Butyl-acetate if it is done carefully enough and - after tnorough
wasiiing, be used again. If the light layer shows sings of becoming
detached, ticn vas in; shculd be cut down a bit. If tais does not
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hely, then pure alcohol slould be moured in and left for about one
minute, after which the screen is reinserted intc tne process.

Exreriments have shown that the fluorescent screens, when costed
witn elwndnur, gein at least 1,5 in brightness. For that reason
it should be ensured that when forming takes place, &3 well as when
trey are stored. they are protected. & vacuum of at least 5.,10-3
is required (5x10-3 mm Hg/ otherwise the mirror will not be free from
defects. (the layer will display a brownish tinge =and the reflection
will be unequal at the edges). A spiral BW 1199 should be employed.
For Screer Type 115 about 6 mg is required and for Tvpe 130 about 8
mg aluminum (99.9%}. The distance between the spiral and the screen
should be about 60 mm. The metal, first of all, should be melted and
run into the spiral. The pases thus created have a disturbing effect,
50 that they should be pumped off before the reflecting surface is
produced. Deposition of the metal is to be carried out quickly and
without pause. All unnecessary overheating of the s;iral is tc be
avoided, as this is injurious. It leads to injury of the film.....
If the suiral has become gray or if much aluminum oxyde has been
deposited, tnen it should be remnewed. Nor should it be used for so
long that danger of burning out is imminent.

Fingl Test.

Each tested and finished screen should be tried in the electrcn
gun with 15 kiloveolts power. It has been.demonstrated that not every
fault is detected optically. If the screen is of good quality = then
the ground edges are to be freed fram adhering impurities, - the wa.ls
rubbed clesn and then polished. The screens should not be stored &
long time in the dark, in the air, but in our work they were put in
store for six months without sustaining any damage, which should be
gquite enough for production requirements.
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The Production of Fluorescent Screens by the Sedimentation frocess

Normally, the method of producing lisht ascreens by the sediment-
ation process is to suspend the light substance in a suitable solution -
and then transfer it to the screen by means of sedimentation. However,
to turn cut light screens with a su.erfine grain there are two :
conditions wnich muat be fulfilled:-

(1) The solution must act as & dispersor - that is to say - it gt
hold the light substance in the finest grade of dispersal possible.

(2) It must be able to fix the light substance transferred firmly -
on it® foundation. ;

It is hardly ever that these two conditions are equally fulfilled
When we are dealing with superfine light substances we mmat make use @
colloidal chemistry and these two conditions are in such case almost
impossible to fulfil. OQur manner of dealing with the problem was to
meet both conditioms separately, so as to achieve the maximm degree
of fineness of the light layer. For the dispersor, we used a Proper
made up solution, and for the binding medium, - a layer of substance
previously spread on the foundation, which later acted as the welder
for the light substance; the latter became bedded into this and when
dry, neld fast. -

In general, the suspension of amsll particles in a solution is a "
matter of the proper hydrogen ion concentration, prepared with the us
of protective colloids, or a mixture of both ideas. The method of usa
naturally, depends on the nature of tne light subatance used and oan
only be determined by experimemt. The preparation of a suspending
medium with tne use of hydrogen ion concentration is in general an
sxtraordinarily delicate operation. On the other hand, suspensions
transferred with the assistance of protective tolloids as a rule
display markedly greater stability. For this reason, which has a
groat deal of bearing in the technical adoption of the process, we
concerned ourselves mainly with the collaidal process. The most
favorable for the purpose are Albumen -+ (gelatine, casein, etc.) .
or's?lines of inorganic substances {Silicic acid, Argillaceous Earth,
etc-

Por the binding medium, it is a queation of substances which, as
result of their chemical nature, form strong absorption bindings and
which do not themselves dissolve in the solution. These are moatly
albuméns such as Gelatine, fatty acid glycerine esters, the higher
aliphatic earbohydrates, -- jellies, as for instance Silicic Jelly or
Argillaceous Earth Jelly. The addition of the suspension sclution to.
the binder must take place in such wise, that the binder is allowed
to swell as much as possible without being dispersed in the solution.:
Por this reason, binders like Silicic Jelly or Gelatine were umusabl

whw.a -4 o




a3 they vere peptonized in the sclution. It was a question of

a jelly of argillacecus earth. In general it may be said that when
dispersor colloids are joined to binder colloida the effect is that
they each cause the othsr to flake, - in a watery solution.

Qur experiments have proved that for the light active substance
vwe use the best dis.ersor is a brine of argillaceous earth (Frotec=-
tive colloid}. This brine has the peculiarity that it flakes up in
an alka'i solution and must for tris reason be worked in wea. acid
solution.

For acidization, the comparatively weak acetic acid is used, s0 as
rot te injure tne light aubastance itself. Gelatine is used as a
binder. Gelatine has the property of merely swolling in a weak
acid solution, so that no chemical alteration taxes place in its
coumposition. OQur experience has taught us that with argillaceous
earth and acetic acid on th:e one side, and gelatine as a binder
and subliayer on the other - acting respectivel: as disyersor and
binder, excellent resultis can be obtained. As mentioned above,
gelatine can be replaced by silicic salt {equally balanced) -

and as a matter of fact a silicic acid binder displays the same
properties as zelatine so far as fine grain is concerned, but the
layers do not hold together very firmly when this ty.e of binder
is used. The ex.lanation of tliis is _robably that silicic acid
forms orly unreversible jellies and does not swell to “the same
degree. as gelatine. We alsc attermpted to use alkalime suspensions
using argillaceous earth as a binder. Gelatine salt can be used
with this as a dispersor. The results are s:milar to those with a
sjilicic binder, the layer is very fine in ‘exture, - but not
nesrly 8o firmiy adherent as is the case wit.. _elatimne. Another, -
apparently caradoxical rhenomenon is the use of gelatine as dispersor
and as pirnder.

Tre explanation of this is, that ;elat _ne, being an amino acid.,-
is capable of functioning both as-a base and as an acid. True, the
. experimenis were not erntirely satisfactory because flaking occurred
7. when weakly acid sus.ension solutions were used with gelatine as a
stabilizer, altiou:i: we must recsr.. tiat th.is depends tc a very great
extent cn the derivation of t.e zzlsatine. Tere seem to be certain
gelatines which are very prone to this fault. Unfortunately, too
little ia known of ~-he nature of the varicus gelatines for an exact
explanation to be forthcoming.

Furtner variants of this sedimentation .rocess are the use of
weakl: refined (tanned; gelatines {formaldehyde, Chromalonm,
ali.inum saits, etc) and that of saponacecis bodies or soaking
mediums as dispersors. However, such mediums do not seem to us so
universally adapted for use as those we huve described, since their
influence is to such a great extent dependent on the nature of the
light active substance used.
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It 18 sometimes a good plan to wash the light active substance
to be used beforehand in weak acetic acid,- giving it a thorough wash,
: in order to rid it completely of alkaline content. Firner distribution
can be achis¥ed with the use of mixing apparatus.

Dr. Carl Bosch,

19.7.43
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The production of Fine-gsrained Fluorescent Screens
= ds Cleansinz of the Screens.

— The screens, ~ both new and those to be repaired - are to be.
filled up to half their height with a 201, soda alkaline solution,
“which should be left in for about a couple of hours. They should

—thereafter be washed ocut with tap water first of all, and next with
a 30% acetic acid solution. Finally, they should be rinsed with

~distilled water and after that with water vapor. The vapor is
blown into the screen with a powerful jet and the screen is then

" held in a cooler part of the jet to dry. Care is to be taken that

- the Bcreens are absolutely free from dust, they should not be wiped
with a cloth, as this generates electricity and causes dust to be

—8ucked into the interior of the screens. The screens are checked

for cleanliness and the presence of faults in the glass under a
strong light falling slantwise on them, against a dark background.

M&&a&_thejp.aﬂepﬁ.i.oy;

The fluorescent substance is contained in a 5% soda-silicate
" solution {specific weight 1,365). It usually is the case that the
«light active-substance coagulatea in thie and falls to the bottom.

If the light active-substance forms in globules the screens produced
—from it are entirely.unserviceable. To avoid this defect, therefore,
Yo add a amall amount of protective colloids. In gensral, a.bumens,
belata.nes, saponaceous or alkalies, or inorganic protective colloids
—~such aa silicic acid or stannic acid may be used. We used colloidal
gilicic acid which was produced from alkali-silicate solution by the

~addition ¢of acid. 100 com 2n acetic acid is added to 2,000 cem
_Aalkali-silicate. Fram 20 to 50 grams of light active substance are
" added to the suspension solution, according to the type of screen

~ desired,
_ The distilled water made use of should be as fres from dust as

— possible, should not have come in gontact with the air, and should be

. Oof pure quality. When certain very sensitive light active substances
are being used it is a good plsn to add a little of the substance to

—the distilled water, shake it very thoroughly, apd thus rid it of
the heavy metal salts w.ich may be present; it should then, of course,

—~be filtered. When the suspension is being deposited, a strong light
_8hould be avoided, as many fluorescent substances are injuriously
“affected by such. Likewise, no paper filters should be used when
~depositing occurs, oply glau filters snould be used.

T 3. Por Sedimentation

iy

Plasks should be made use of, and a pouring height of 7.5 cm
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shovld be maintained; the temperature should be even and vibration
should be carefully avoided. The time taken for the process -~ of
course- depends on what particular light substance is being used.

The type of siphcn used should not have too sharp a point, and should
be suspended about 1 cm from the floor of the tub; the solution
should be drawn into a polished Erlermeysr flask, when it is then
ready for pouring. When new alkali-silicate solutions are used

they should be checked. If gelatine is used as a protective collaoid
a disinfecting medium should be added to obviate bacterial attacks
(formaldehyde, Cresol, ete.) - it should be noted, too, that when
making up the solution it is not a matter of indifference which
order is followed, - we besin with the water, to which is added

the alkali-silicate,- and only then are the acids added. After

a thorough mixing has ensued the light active substance is added. A
It goes without. saying that before sedimemtation takes place the i
solution should be once more thoroughly shaken. It should also be g
noted that tr ces of nickel, iron, or cobalt are injurious in their
offect on the light active substance and should not be allowed to
come near it; it is for this reason that glasa vessels only should
be used.

4. Pouring ami after-treatment of the Screens.

Pouring of the screens is carried out simply by hand, and the
height to observe depends of course on the thickness desired. Each
time pouring is carried out the suspension should be reshaken and
as soon a8 it has taxen place each screen should be coyered with a
conical cellulose cover, the screens are thereafter placed in a clean
aluminum box which can be darkened at will and which stands in a soot

free from vibration. They should remain there for about
("\ | 20 hours under an even temperature, to obviate streaking.
‘U'-shaped capillaries are used for siphoning off,
{See sketch). These must be long enough to ensure that
I the contents of the screen will drain off continuously, -

& in the case of screens of average dimensions, the liquid
should run away at the rateof a drop per second. The
capillarv mest be hung acourately inside the screen, after
it has been tested to seeo that the adges do not prevent
the liquid for draining away and it has been filled with

180

distilled water. The capillary end should be cut with a

4 fine oilstone, to make sure that the edgea are level
GlAS and smooth. If the tube gets stopped up, it can be cleaned
RAPPLARE with a soda solution. As soon as the sapillary has
been hung in position inside the scresn and it is ssen that
the liquid is dripping away at the proper rate, the screen
should be covered over again. In the normal way, it
080 should take about 24 hours for the screens to empty and
dry, but if too thin capillaries are used and they are
not properly hung, dry spots willl show on the surface
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of the dried screen. They should be tésted for
average quality as soon as they are dry. Any flecks of
ligh- substance adhering should be cleaned off with a
very light touch, a soft tapering wooden rod js used to
clean the edges, thereafter, they should be heated for
two hours at a temperature of 2000C.
OPlacing of the 'Zapon' foil occurs as follows:- the
edges of the screen are first of all cleansed with a
20% solution of potash after which the screen is rinsed
~-OFEN. with distilled water. The screen is then filled about
%6 mn high with ice—cold distilled water and a drop of the Zapon
golution is taken on a smoothly rounded glass rod and placed neatly
“in the center of the surface. The Zapon solution to be used
‘should consist of 4 parts of ordirary commercial collodium and
1 part Iso—amyl-acetate. The film should speead out evenly towards
the edge and display a regular 'interfersnce’ color when dry. If
spots or dust grains show up the film must be renewed.

The water below the film is now very carefully drained off and
the screen is placed at a slanting angle,- with the opening downward,
to dry; this should last at least 20 hours, if possible - all night.
No dust at all should be present in the air when the film is added-
{glycerine can be used as a protectant)- and, after drying is complete
the screens are once more tested and then vaparised with sluminum.

————

The Alumimum Yaporizing.

Vaporizing takes place under a glass bell, on which a narrow
edge is milled and sealed with-.a Mipolam ring. During the procees
a Zood vacuum must be maintained, since otherwise overheating may
cause burring of the film and the glass may be attacked by the
aluminmm. The aluminum should show a faintly bluish tinge and be
slightly transparent. The heater - (see sketch on page }= consists
of an incandescence-proof wolfram wire bent into the raugh shape
of & "', The aluminum,- in the shape of a swall piece of wire -
is placed between the two shanks of the wolfram and fused imto the
shape of a small pellet, which then runs between the two shanks
and vaporizes. The wolfram should then shine with a brighter glow.
The current is then switched off, s0 as to avoid overhealing. It
the job is done mmartly, the wolfram can be used adbout fifty times.
Vagorization with the aluminum causes the wolfram to become brittle
and fragile, so that it cannot be bent again.

To get rid of the alumirum in the glass bell, tetra-chloro—
carbon shonld be used, only in obstinate cases should a alkali-
hydroxyde solution be made use of. Cnly alcohol should be used
for the cleaning of the rin,. Dbetwsen meTCury pum and glass globe
a coolin: device {Ausfrierfalle] snould be placed.

After completion of the above process the screens ars Once more
tested. They are then ready for use.
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The Froduction of fluorescent Screens by the Casein Frocess.

1.5 grams of Casein P is dissolved in 500 cmd of a 5% Sodium Hydrate,
The vessel must be shaken without pause until the casein is campletely
dissolved. The solution is then drawn through a glass-filter suction
flask 2 (without a vacuum). If the solution is pure, 30 grams of light
active substance are added. The suspension is shaken thoroughly

and poured afterwards into a reaction glass and left for 24 hours.
The substance is by that time com_letely sedimented and should be de-
canted, care is to be taken that the whole of the casein lotion is
sucked out. The light active substance thus treated is agitated |
together with 1,000 cmd of a 6% soluble glass solution and placed

in a 2 litre clearing flask for sedimentation, which should last
about 1 hour 50 minutea. The water-glass solution must likewise

be filtered, and this is best dome with a hard paper filter in a
vacuum. Sedimentation height should be about 9.5. 4 siphon is
used for drawing off the solution; this should be hung about 1.5

to 2.5 em from the bottcm of the flask. The rrepared solution is
then once more passed thro gh a glass filter suction flask 2,

The screens,sfter being thoroughly ocleansed,- are then poured.
Pouring height is as nearly as possible to 6 - 10 mm.

Cleansing of the screens can be done with acids or alkalies.
The best medium is a 10% soda solution, since soda has no ill
effects on the screens and also, a brush or sponge may be used. @
Proper cleansing of the screena ia an extraordinarily important B
matter, since the efficiency factor depends entirely upon this.
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Specigl drstiniing soparatus f.r producing pure water, free of heavy

metals
meLrdio

1. The aevice pictured in the accompanying diagram was used
by Dr. Bosch (see Bildwandler report by the undersismed ) to produce

water free of heavy metals. This 1ast recuirement is quite important

in the mamufacture of the fluorescent and photo-serditive coatings of
Bijdwandlers.

2, Tar watcr enters at the point marked "input”, travels on the
inside of the upper set of s irals, through the leveling section and
finally to the distilling chamber whose bottam coristitutes the
Calcite catch. 220 volt power is fed to the carbon rods (the power
used must be AC and single phase or three phase: in the case of
three phase power, three carbon rods, instead of two are used.) The
heat generated by the passage of the current through the impure
water causes rapid evaporation {or slow boiling) of the water. The

pteam passes out the side through the “trap" and is fed into the

space around the outside of the upper set of spirals. There the steam
is condensed, (giving up its latent heal of vaporization to the tap
water flowing through the inside of the spirals), and the condensate
flows down through the inside of the lower set of spirals (giving

more heat to the incaming water) and finally comes to rest in
the collecting jar.

3. Details and refinements:

a. The upper set of spirals consists of three spirals "in
~arallel®. (Some idea of this cnstruction can be gained from
he ;hotograph). In tiis way the endensing area of the
spirals is multiplied by a factor of 2% approximately.

b. If, after extended operation, the residue of distillation
becapes appreciable, the conductivity of the liquid in which
the rods are immersed rises. The current passed is therefqre
greater, more heat is gensrated and rapid instead of slow
boiling takes place. s rapid bolling causes water to spill
over the sides of the imner container and much of the
impurities are thus removed. This overflow-water drains

away through the steam trap. As a consequtnce, the Galcite
catch needs to be cleaned only once every 3 months.

c. The height at which the hole in the leveler is placed
determines the water levels in the operating portions of the

device.
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d. The efficiency of the apparatus is said to be 90%.

®. The tightly packed cotton above the collection jar
allows air to escape as the distilled water fills the
jar, and yet _revents dust from entering the pure watey,

f. Three or four liters of distilled water can he brodugeq
hourly by this method. (The overall size of the
equipment can be judged by comparing it with the hand

in the photograph).

g. When the current is firgt turned on, about 1 ampers
is drawn. The current drawn after the machine is well
in operation ¢an be computed fram the krown officiency
of the machine and the hourly production rate of
d istilled water. '

4. The remainder of this report consists of the diagram and
photograph referred to in the text.
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Refinements and modifications of the “imshurst macrine

1. The sccampanying report by Dr. Bosch, Wolfsbrunnenweg 33a,
Heidelberg, gives an outline of the work done to make an improved
Wimshurst macnine. The results of his developments led to the
manufacture of a small "pocket-sized" motor driven Wimshurst
riachine for use as a power supply with a portable Bild-wandler
infra-red detector. Some details and explanations missing fram
Bosch's report will be found in the following paragraphs.
Photosraphs of some of the experimental models of the machine, and
of the regulator tube are attached.

2. In the standerd Wimshurst macihrine, the storing plates L
and L' (see diagrams of Bosch's report) are separated from the
rotasting wheel by insulators. The combination of the plate L, the
insulator and the grounded vortion of the wheel near L forms &
condenser, although there is no ground camection of the insulator.
After L and L' have been charged and are used as a source of voltage,
a heavy drain by the load may discharge them severely, lowering
their voliages with respect to ground. (L will becams less positive,
say, and L' less negative). The side of the insulator nearest ground
will fall an equal amount and the resultant potential distribution
between L (or L'} and ground will be that indicated in Graph z.
{Graph 1 shows the potentisl distribution before loading). The fall
in potential on the "ground®™ side of the insulator can thus rssult
in a reversed polarity and the voltages being developed on L und L'
will grow, but in directions opposite from those in which they were
originally being charged.

3. To eliminate this danger, Bosch split the plates with
resistances of 1010 ohms each, R and R' tothesdded plates E and E'.
As soon as the voltaze on E or E' rises above a given potential
which depends on the dimensions of the machine and the pressure amd
character of the gas in which it operatea, there is an arc-—over to
ground. This arc—over draws current througi R or R' and the
Lrotective voltage drop between L and E (or L' and E') allows L (L')
to keey its polarity without danger of reversal. Under nc circumst-—
ances can the potential in the vicinity of the grounded portion of
the wheel fall into a polarity different from that ir which the
neighboring plate was originally charged. Also the actual load is
taken from the laminations at b and b'.

4. The lubricant for the bearings of the machine suffered fram
the effects of oxidation caused by the ozone in the air surrounding
the machkins. By the use of chlorinated parrafin oil, hexa-chlorbuta-
dien, t-is difficulty was elimineted and the machines can be run for
3000 nours witnout the lubricant's being destroyed by ozone oxidation.

5. To provide a steady voltage source for tle Bildwandler

€ ..
2% -] -t -



1

elactrostatic lens a2 swall regulator tube was installed ss described
in Bosch's report. The tube appears in the foreground of the
wholograph of the Wimshurst machines. A scnematic diagram is attached,
The copper anode B' is fastened o the copoer cap 3. B is soldsred
directly onto %ne gluss envelope C. ({“his lust is accomplisied by:

1. sputtering aluminum onto tne glass with a flaxe jet; <. folloving
t.is with a sputtering of copp=r using a flame Jjet azain: 3. scldor-
ing the copper pla‘e to tie coated surface usinyg the ordinary tinning
and soldering tecanigues.)

The gless snvelope is filled with pure hydrogen at 2; atmospheres
creating a glow discharg;e in the tube by the application of a suit-
able voltage between A and B, then re—evacuatlng the ervelope and
refilling it with pure hydro&en asain at 2% atmos_.heres. This
reworking is to remove any ocluded gases and completes the fabric-
ation of the tube.

6. As the final important change, Molybdemum brushes are used ¥
b and b'.

7. The motor employed to drive the Wimshurst machine when
used as a voltagze source for a field Gildwandler is & 4 volt IC
affair with a permanent magnet in it. The entire device,
excluding theBildwandler tube can be rlaced in a case 6" x 6" x 4",

EX 1500 Y
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I»wroving the Reticle for the Bildwandler

For the Bildwandler, a Reticle Projector has been made. It
consisiz of a photo-lens, film sighting device, - {contained in a
signting ring)- and electric lamp,- all housed on one frame (se0
illustration). The Provi is located in front of the lens of the
Bildwandl:r and projects the sisht or cross-hair reticle on to the
fluorescent screen of the latter, where an illuminated sight
appears. It is important that the projector be adjustable in all
directions, so that it can be trained on the optical center and
exsctly on to the spot desired. For this reason each projector
must have an adjusting device, enabling it to be displaced in all
directions. This device will consist of two rings, adjustable
one within the other (See illustration)- it is fitted on to the
sight. The casing of the sighting ring has two amall holes,
wiich enable it to be fixed in place. The two screws on the inmner
ring are used to fix the sighting ring in position andthose on the
outer ring serew the whcle in position when the proper direction has
been attained. In the improved model, the following alterations
were made:=~ '

T.e Adjusting device is done away with. The frame of the
sighting ring is ocut away to such an extent that only two marrow
rings remain. One of these has been drilled through and serves
a8 a guide for the lamp cord. The sighting ring now has two
projectins parts, so that it can now be taken hold of with the
fingers and placed in position.

The improvement has the following advantages:-

1. The adjusting device being sbolished, both time and material
are saved.

2. Even unskilled operators can now adjust the sighting ring
with two fingers without a tool.

5. The sighting ring can now be extracted sideways through the
interstices in the frame for changing of the microfilm sight without
having to unscrew the lamp fixture.

4. Greater angle of movement of the sighting ring, since the
cord is led through the ring itself.

Dr. Carl Bosch.
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Argillaceous Earth Lyes as Binders for Light Substances =~ The 'Ecranol
Process

Sodium Silicate (water glass)- is in general use as a binder for
fluorescent substances. And yet, to date it is far from being the
ideal form of binder. 1Its sensitivity to the presence of carbonic
acid in the atmosphere, whichk renders it difficult to have the
preparation of the basic solution uniform, leads in practice to
uncontrollable changes. Moreover there is the contamination caused
by the presence of heavy metal salts, quite important and in practice
hard to obviate.

A further - purely c¢olloidal - chemistry question which had its
due influence on the results of this experiment is that the photo
sensitive material mostly used by us (generally zinc-sulphide and
selenide] ~ is rather inclined to floculate in alkaline solution.
Since the soluble glass itself is alkaline in its nature, floculation
appears which can only be cured with great difficulty. With us,
trerefore, it is customary to prevent floculation by the use of
protective colloids (formaticon of colloidel silicic acid through
acidization) = which, however, owing to the low definition of the
soluble glass, as well as the conditions laid down by drying -
constantly lead to further setbacks, since,- after a certain point
has been reached, the inclination towards gelatinization rises
snarply. Purther, when drying is in process the jelly tends to
shrink noticeably, which in turn leads to cracks in the screen.

My attention had been drawn in earlier work to the peculiar qualities
of bases of argillaceous earth, whieh,- used only in slight concentra-
tion - are capable of proncunced absorption effects. In this, they
differ from soluble glass, since the latter fuwtions mainly as an
inorganic adhesive, that is to say, in camparatively great
concentration and volume. No doubt, however, as & silicic acid

salt it represents an almost unequalled binder for glass.

Trnie resulis of the experiment were twofold: ih the first place,
argillaceous earth and soluble glass have a mutually floculent effect
on each other and in the second place a base of argillaceocus earth
has a dispersing influence on the photo active substance. It may be
supposed that they are both equally loaded. It was also established
that the photo active substance takes a perfect grip on the glass
after it has dried. Since practically no adheaicn of the thoto
sengitive substance to the glass is observed in the suspension, we
must suppose that in drying, a weak, irreversible splitting of the
water particles takes place, a;parently brought about through wmodific-
ation of tihe photo substance by the atabilizing acids.
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4s mentioned earlier, 1t was gifficul: to avoid removing ihe
~ gdeposit on the bottom of the tube along with tre seluticn wnen we
were siphoning off the ticuid. It is also to be ncoted that the
photo substance of itself does not adnere sufficienly to the gless.
— To get around this we undertook an exawination of the useful
charscteristics of ihe photo substance.

Is the affinity of carbohydrates to the carafiin series greater
than it is to water? If a flask is filled with water and a photo
= substence suspended in it the latter is taksn up-in the liquid. If,
now, the suspension has & layer of benzine poured over it and the whole
~ is thoroughly shaken, the result is that the photo suhstance collects
almot quantitatively between tre water ané benzin surfaces: Conseq—
uertly the affinity must be greater to b=nzine tihen it is to water:
—  {this procedure allows of a quantitative separztion of the photo
material and the hygrophilic impurities, svch as ceillulose fluff,
™ etc., (for the purpose of purifying and crecking;. ihe next logical
step was to utilize a carbohydrate of tne paraff.n seriss to fix
the photo material on the glass (fatty acid-glycerine esters lixe
« butter have the same effect]. Futt.ng peraff.n-cil, pa-affin, or butter
on tne glass presents certain difficulties, since ti:e waler, on
~  account of its great affinity to gleass, presses lightly on such layers,
especia_ly wnen, as in tais case, tney are derived froum water
solutions. Then too, they hardly ever spread Lnemselves over the
— glass in an ever, coherent film but ratner in the form of droplets,
] which easily become disscolved in the water. 3ut ijf the fat or butter
«  ig smeared ligntly over the glass with the finger, tnen the photo
material adheres firmly to it and the solution can be siphoned away -

e The results of the entire experiment were watched under &
microscope on hollow-ground supports and it was very easy to recognize
‘where the photo material took hold, wnen the table was slightly tilted.
‘.. o Trial pourings with this sublayer of fat gave from the very first good
- and what is more important very fine-_rained sereens, which of course
— 7 was more or 1less to be expected. The buttering o tre fat on the glass
was a messy job. 1t can, it is true be everly put on by evaporation
“  put as this merely signifies a further complication in ths procesé
and ag it could not then be used as a wolvent for tne photo msaterial

we struck out along a different path.

Among the substances wrhich group themselves in & hygrophile-
hygroscopic foru is gelatine, other thar the saponecscus oOT cther
similar bodies which are unsuiteble because thsy d::sclvs ir water.
a : LIS ) : VRIS R : - =
Gelatine as & result if 13 chemical cumpocition, 15 2n 8 mamner <.

- apeeking - predestined for such & task. wuite thin layers of
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gelatins furnished a perfectly satisfactory adhesive for tre rhoto
material, they are easy to spread, smocoth in consistency and there
nzed be no concern that there will be any trouble as a result of the
tendency of this substance to swell; anyway this only occurs to a
very s8light extent. The gelatine is poured o in a very thin solution
(approximately 1/1000) and the layer settles out in a slightly tilted
positios The thin film of gelatine then dries evenly and very
gmcothly and the dry layer should only be several molocules in depth.
This dried yet firm layer then swells up sighily when pouring takes
place, without, however, distributing the firmnesa of the layer.,

As was observed under microscopic examinaticn, the rhoto material
then adheres evenly amd tightly. Screens produced in this manmer
were noticeably better in quality than those made using water glass,
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Figur 1

BOSCH WIMSHURST MACHTNE

Inductor plates L and L'. Secondary industors
E and E' with a breakdown voltaze point of
about 3 K¥. Current drawn thru Resistances

R and R' tends to stabalize the entire reaction.

Load is taken off rotating segments at b and b'.
Impossible to discharge inductors and thus poss—
ible reverse the polarity.

liolybdenum brushes sued throughout -ave greatly
increased life. Very thin spark pulsed at seg-
ment rate.
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SMALL WIMSHURST OPENED
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Crank at right is rubber covered, flexible,
80 tubing slips around crank as it turns.,
Makes it possible to rotate equipment in
a vacuum. Vessel closes around upright.
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SMALL WIMSHURST MACHINE 350 GRAMS
Resistance insets,
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BOSCH WIMSHURST MACHINE

Right angle drive to
gear up speed.
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VARIOUS TYPES OF WIMSHURST
MACHINES

Rotating discs in front for small and large machines.

Hydrogen filled voltage regulator in right center front.
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Good view of large and small inductor
plates. (Large)
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:Tul glazs blowing job. Nate three

inside each other in uppdr right.

BOSCH WATAL-FRZT STILL
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Electric Water Distiller

resistant
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Beantiful glass blosing job, Note three
spirals inside sach othsr in upper right.

BOSCE METAL-FREE STILL
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Parts sufficient for one BW tube.
From C.H.F. Muller Factory at Greiz
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Parts sufficient for one B¥ tubs.
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SMALL BILDWANDER TUBE
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LARGE BILDWANDER TUBE

Potentiometers mounted in polystirene were around
this tube in the seehund.
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8 36 Greiz, Bildwandler parts
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