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The manufacture #WM leads for ivea rveohifier
w.muﬂﬁniwA‘wmm\ouMbmhum
nethed. hﬂomuﬁlhhrhhlmrw the Restifier Duvnan, and wid
wsed, s the vhole, unehanged, watil the begianing of 1948, The fivet summazy
of the mothel vas presented ot the ond of 1945 in the folloving repertet

g 102 1 "The shiidiikbem elements of Righipiveemn-preof eurrent lesds
and theiy meaufasture”

Ng 102 b1 * The vasmm soldering methed of vosum-preef eurreat lesds®

Bg 102 et * Pogting method and Sesting appuruthe ueed ia the manufasture
of highhp-vasuns-preef curreat leeds®.

he setting up of a nev basls for the samfusture eof leads i/ the ssotifter
m:nmamlwmmnmmnauuu.wm. wlipple~
mented by practical experience and & large mubher of dravings!

Eg 119 1 ¥ The mnufacture of high-vesmn-prees dard-soldered current leade® .

Develepaent eontimmed. Osoasional dreakicwms, snd ingreased wse of materials
necsssitated an early investigation of all preblems of soldering (of. vepert
g 118 *The state of the experimentsl verk en hard-seldered curreat lesde®).
The work yielded major suscesses omly after a aev sethod of soldering, the
eleotrolytic vaswma solderiag sethod, had besa intreduced. The resalis of mame~
facture by this methodys which has been in use for quite some im0 Dave shewm
fts slventages. The desediptien of this prosess, ae didebor of \ha over-all
manufastare proosss, 1 the subject of \his repert. The late of repert Rg 102 8
on form and assmubly of the parte of the ld;wwhmtw
1ytis soldering methed, and are net repeated in deteil in $his repovd. The -
port, hewever, umw-mmamumwuw-m
deseription of sems features vhich were net stressed 1a previcus reperis 10 ke
extent which seoms desimiile 12 camection with the elestrelytis ssldering JORSSS .
Thoee are, sapestally, directives for Wiy forning 4 the seldering poist and
date on the chemigal strusture of the ssvenic materials empleyed.
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S Joase ot Iardchelderiag of TesmmncPrast. deurrend jends Nade of Prosuasin
A, Gonesul Osnsiderations. decer
In amtrmet 80 other hard-scldertng metbobe, SAIGA: MM\M
ean b scldered LAy enpleping internsiiate layers of sinterel sempounds of heawy
metals, 0.g. velfran exide or titantum hydride, the ANS mided wae 1he fivet one
to cemnset direstly the mmimkit matural surfase ll’t‘&-la widstanse vith the
soldoring mefal. The cheloe of the knowa cesanic inmlation materiale was linited,
sepecially when 1§ 1s Lorme {n mind that the mquirements included, in additiem
to the seldering ability, alse vaswmr-preefusss of the unglased mierial, high
2%ad1114y against femperuiure changes, and suffisieat mechanical strength. Unier
those camditions, the ehoise foll en & material knowm ia high-frequemey techaique
by the mame of Frequenta. Iavestigations of condemsers vith silves-ecated Frequate
Plates by other researchars established that the silver will migrate iate the
ssvanie dlgleatris. In faot. ths first soldering experiments which were earvisd
out in a vacwsm in order to establish flavliess aontact between selder and Frequeata
sosemplished selid cemmscticn deftween both subetances and cenfirmed the diffusien
of the silver. As for the other specificatiens, Freqweata set the reqairemsats
fally; 14s use as an inmlating intermediate slement subsequently led to a yuneti-

can1elasten #8Tood.

holnt'llphtnodnnhnhdom;-h of&ommﬂvlm
ua--uuummm-ﬁé?&umwmum*
duoter ruming through the hellow eylinder. These cennpeting pleses are seldsred
sexthungtindes Ypxthe vasunn-preef to the aylinder. Figure 1 shows the practbeal
donign of the lead acowding to the ABG methed. Oemseniris iren slesves are placed
arcund doth ends of the Frequenta tude. The lever, leuger sleevex serves for £fs
commscti®h #f the lesd vith the dlschargs tube, this oommeotion to be established
later, the wpper short sleeve, galléed to an iren plug, is $he head of the lead and
ot the same time the Caveles=sf \he 1atemmil cesaiwster. The coniucter is fastensd
S0 the plug by means ¢f thrended pins, 1f the lead is small; 1f the lead is larzge,
1% 1s welded to 286,

In Geveloping of the standard design as shown in Figure 1, spesial attemtien

was given, in addition to the construction features, to $he differsnse ia the
aafiiiafinn
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sceffieionte o!unulud'm!lul irvea. ‘Olwmt-“u‘
wader the influeage of heat 1s abous tulse Shat of Prequenta. This weans that,

ia ease of change of lemperature, stzegses will eosur ia the maberial, and their
effect on esremie and solder mast be refised vo mxintmmmyx vemain vithin belerable
1imite. Desrite its Very great axpensica, She pure silver vhich 40 wsed as selder
hardly takes an sctive pars in e setting up of thees stresses] hevever, i%e
plastic deformMlity 19 en impertant fastor for the compensatien of shreseed
umm-ummmm.mm-mwdmm

14 approximetely 00 kg/en’, vhile its eosgressicn strength s 10,000 kg/ ent,

in cther words,it is tweaty times more sonsitive Vo atress shan 18 18 Vo yousmwie.
I» thé type of lecd dosigmed, \his fast has been oeneidered. ummncm‘
soldered peind as i aXteraal clrsumference of tha Prequente tube, e wiiTast=g
fores ofmmnmmmmxm \he serumic material mestly
as tangential pressure, while the tangential sivess simmltanscusly cecurriag ia
the irom will dDe abvorves 37 RItN rersanant and partly elastic changes of famm
of the slesve, A% room temperature, the silver-Froquenta dysten 43 subjected te
consideradle, but not exsessive pressure which 1s retuced during heating and turas
into stress after the eclastis defermation of the slesve has censed. The maxizms
heating or opersting temperatures of the axfatrxmtuetakeaak lesd dopends S0 &
great exbent on the tensile strength of the ceranic xsterisl and of the soldered
peint, or on & more or less offective relastion of the stresses by preper design
of the portion of the slwewve 4n the immediate vicimity of the seldered polmd.

% the basis of these consideratioms, the slesve pertien arcund the ocorenis
-mmdmtumm-mumx.mmmmwm
Ahe Frecusnta fube, the slesve is turned @ovn %0 & mechanioally persissidle wil
Ahioknessy in the Middle of the hellaw epace Ahus formed, slesve and Pregueste
are connested by the solder. fhe lge shown in the ploture ss soldering syase
1s ms formed of the soldering scas, and an cuter and an inner hellew spase.
Bessuse 0f the floating arrangement of the silver rings, the pressures and strenees
Mhﬂlddmtoadﬂl—-wmm'dhnu‘\h s100VeRX ave B
Longer affestel by the ccntimmaticn of zb: .1.\?;:.“ 1s thicker for ressems
of stability. The alle of the sleeve, ‘ossmbiing nenlgmnss, shove the hellew

¢

M.mmummnumwumcmwwmm

of \empernture. o7
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This applies, luwevey, only uader the condtiten that the solder metal is
really cennected to the sleeve emly within the strip called the seldering meme,
Por this reason, the aveas of ihe olesve whieh olose off the intermal and the
external hollov syece are scated with a paste mads of telusns, palysiyrens, and
talews. In heading, She pelystyvens is depelymerised to fomn siyreme, vhish will
evapeTute 48 & neutral hydvecarben Scgether vith the tolusne amd s drewm off Wy
the pwwp, leaving behisd & whitish layer of talous $hich is sfriclently siieeive
and vhich vill pepwvent the 1iquid silver frem wetiing the ares.

This coating, together with the melecular foroes of the liquid solder, camss
a oapillar depression opposed to tha fexces of gravity. Tais eapillar depression
WilL drive e soides iuww Ve wslleTlng song under 11ttle rresanve and wil)
amintain 1% afloat shere. If the pressure which is required for flavieses scldaring
19 60 be mintained , the amount of solder in the soldering space must e Blggw
shan onn bo ahzorbed by that space . fhe upvard feres 1s a profust ef the vertieal
oonpamqt d the surface tension of the 1iquid solder and of the laggth of the
Wlua of contact between cemding and selder. fhe effest of thie wp-
ward force is contingeat on the eolder not reaching the lower limit @F \he seldering
sons} 1t will be groatest when the selder protyudes into the hollew epace umler-
nesth the sldering sons, sll slong the circumfuresse of the sleeve. A liquid
ring of silver vhose volume oomlwnh to the velume of the wetting selderigs
soneny vemminn afloat TatE vhen Web of Atu helth dees 2ot jeoirule 1n80 e
not wetting hollow spece, watil the yerSiocal ocmponent of the surface teniton wEE.
m&h 1n @t equilivrtum with the fevoe of gravity of the liquid eelde.
his portica of tho silver ring will be loot $o the soldering soms. AS least the
sane amount of silver must be added to each sclder poiat as ressxve in ndWmes,
1 flaws in the solder ring cre to de aveldsd.

On the uprper elge of the solderin: sone, capillary foroe and emavity et
offects viich ure both directed doveward, snd the vam of these forves will Me
b least 12 equilitrium with the fores aeting upwarl. ®ims the solder vidch Mae
foved properly is chareoterized ¥y an upper edge ikt which f» stmight aleg
the uppasm 1imit umwﬁsm. vhile the lewer oige is Suveguiny end
usmlly hangs dowa yny delew the lover limit of the soldering some. Thie Jenging
wolier, the se-saldh 3vessve, is Deld 9o far sy frem the MﬂVﬁ

4~
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non-wetting eoating, thetdk- the ambyuns offeld iz neb affestad.

3. Fregamta

B¢ the Mhres sleseuts of o lead { iren, silver solder and Pysqenta), the
Frequenta 1s the most important. Sclder oonnaticns betwess silver nad frem ase,
of sourse, sasy Vo produce, and by miitaining thelr degree of marity, thele
quality can be mintained at s constant level, 8clderwd conneatinns betwesm sllver
and Frequsnta, however, ale ROt 80 caty Lo prodwse, sinoe afs of the mtsrials
4s a plastie, and (hews voldered cornsctione depond on strustwml add chemieal
prevequisites, if they are to satinfy the requizements of being womn-preef and

— Laweiusiiie Yo tamporntnre vithin revtain 1imits.

Frequenta 18 a saterirl mde predoninantly of mpaacive o 1icate~containing
sauses. In the stanfards BEE 40685 1t 6 assigned to grour I1 3, o spocial stesdite
mass. Acoording to the dalan supplied by Btexrg?, the mamufacturer, the ovigiml
Frequsnta is produced Ly wet grinding of ihe TElloving comrament ot

07 $ uy wt. of Goupfarsgruen stontite
84 Uy wi. of burium onxboate (vitherite)
1% by wh. of ¥ildstela dlus clay
1§ by vt. of aalohwm csrbonate.
An avamge analysis of thae stealite used showe the folloving niotures
60.3% 810,
.38 Mo

t:bi A1, 0y
1.4 Jaz04
$.68 velatile matter
Thue, the avernge ocomposition of Froquenta 10}
5% mo,
278 g
of b
6% 10y
15 Iy

BDuring the firet period of development, the move dasic zeneems fer the fasth

A
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that Frequenta can be soldered wvere not uaderstood. Messuse it is very diffienls
$0 anslyse ceoramio mabteriales, the lest voldéwiug conditions were developed em~

perinentslly. 4t firet, the tests vere mads ith gromad Frequeuia tubes, usmslly
gres..lahggrny in calor, Lurned by Stamg with the sxdlusien f oxygem, uné drought
on the rarket undor the nune of "Frequanta AS 42", “aide eoldering with those
tubeu win satlafaslusy on tha whole, uttempia were made at Lhe same time 80 im-
prove the progssu., Xxncl evaluubtion uf u grestes awsbuy of soldering tests showed
thut tome tules wiose eolor was uot the same as that of the others, bwd yellewlsh
brown instead, gave especiully goud rewults. Okemag, vhon asked for the ressca of
the difference in colotution, utated that Lhe yellowlah brown bubes Lad coms §m

ounGaUL Wilil uaygen Gurlng e Lusiuug. Suse isse Wrued vl o Le of LEpes tenew
for tio future investigntions.

According to Bohusturius ud Buousex, Frequenta is a mage of interveeved
naguesiug 9110800 OTYBTAI0 WAl0N AL ALBMONE L0 cach oGher uy gimss Iiux. in
the osystal ;d( "uf the mugndslum silicatu, the iron is either depesited im motallie
form, or as an oxide. ‘“hother (iw wmetallic iran or ikw ocue of its oxides ave pre~
valent in the btesic matoriul cumiol w steted defl:dtely, tut it can be assumed
that most &L tiw Lron io in Laa form of 7e904¢ This ferric oxide of the lmasle
waterial remains unchanged as long ae buruing iukes plase in a noutrsl or &z a
reduoing aftioyphero. Moot The externnl chafuoteristioc of such tubes is their
groenioh~grey colhr. Tl creatisg of a solderod cumnection with silver is promily
dus to the fact ihat vhen tkxtwdesxkmty the matemul is heated wunder a Yacm,
part of the Fo,0, om the surfice cf the Frequamta will be refuced o iren bound
to ho cerumic. The metallic componemt allows the aStechuentx of silvor sioms.
This assumption 4a further borns oul Yy oconeidering the qualitatively supericr
soldering with Prequanta tubes which bad been urned in the Tesence of exygem.
When the tubes are burmed in an oxidizing atmosphere, the h304 of the Prequenta
mass &s trensformed Ly the amplg mupply of oxfgen into the higher stage of oxldation,
TozP3. ™e external sign of this oxidation prooess is the chaage of coloratiem
to yellowish brcmy, while ita effect on the solder coniection fo that of eonaiderudly
groater redusidility of the hzoj during vasumm soldering.

Mum"mtng 1s oaturally more sffective on the surface than i% s fn

the interior of the Fyequania mass. A layer of severnl tenths of a millimster in

-\(J_
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dopth S clearly distingaished both in cslor und atiucllre from the lover layers.
hmmdtumn. ihis lapyer., \he so-called buraing ekin, gave
aood seldering resulis. Nowever, mmuau-umcwmuumt-m-
1ag. ttm.mﬂ!omn—cpﬂmnmm.ndmnsb—
serataze of 120 vo 1240%0, called maffling. Bemierisl burmed iz an exlitsing
atsesphere, thea growad snd then mulfled vas given the desipmation 'l'!_uu-h

48 b2 warned wader exidatiea’. As the mterial we n..m@)’;n}wm-
pusesss, 1ts Dand Wl shertened dack to *Proquente AS ",

The geed results during the first years of manufacture obtained with AS A2
\ubes were reduoced in quality €er the firet lime during the war, by & olmagps in
the material vhich was at £irst beyond conirel. Similar setbaeks esscurred vhen
aks peadnetton of electrical leads was rosumws Wy ihs Bectiflar Durean. Birenger
gensration of gme at the surface of the Frequenta, and general redustion of O

soldering ability of the material have caused gomsidezable wvaste due 0 rejoestiom

The redused soldering ability was atériduted to the 1ack of iren exide. Te
olininate this shortcoming Seuporarily, the soldering sones on the finiehed
Frequenta tube vere coated with a thiok solution of iron hydroxide and anmsnled
in aiy for several hours at 23988 1230°0. The method W 1tself was feasidle, tut
due to the difficully of proper atutagxad agresment between amesling tine, spesd
of diffusion, and the quantity of the iren hydroxide layer to be apriied, asd &ue
to the laherieushess & the seoond annealing pEGCess, 14 ves dropred apein. M
the beglaning of 1947 an agreemsnt was msde for the first time with Stemeg 6
she addtion of artifioal iron exide quantities to the Prequenta rev material.
These experhieats led to the "Prequenta AS 42 0*, purned wnder oxidatien and
waffled, vith an added iron oxide antenmt of 1.58, vhich vas $0 ensure goek seldering
properties indepenfently of the oxide maturally present.

0. T.e Cauves of Poor Scldering Abilitys

e fhrst tect scléerings carricd out on leads vith thu mew AS 42 G material
wore suscesslul and premising (of. repert Ng 118). Bowever, the subssquent Seste
again brought setisoiks, and it vas realived that tho 1nit1al success hed besn
mewdmmmmmnmcmmm

-

[ =
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ood eoldering. Dafore «¢ diecuny ihe veasume for this fallure In dotall, &

short oxjlan:tdnu pt ¢ @ ovelurtion nt soldercd aoanpctionn 1 required.
Sood solder cannections have higher tensile atrength than the Frequenie

146elf. 1f the sleeves of uwanl wall thisknecs are cné onan and wwmnd {n ¥
rasseSccs & oertain manna¥, they will t-rmmmmomuusmd.ﬂ
Ahe stlver solder strip shich i ripped off togethar with the sleave will do
covered vith a fins leyer of cersmic materinl vhich shows fine ernoks. With aewe
exarianca, the ADDEAralns, the distridutioa, and the quantiy of Frequenta vhish
romains atteched ¢ the dlver cive & good indicatien fux of the quality of the
soldering Jod.

Dk i e STt ~awd nd nf vredustion, vhen AS h2 was used exclusively, $hzee
causen of Waate ware CuessTeA, In ~Adition to waste dus %0 faul ty mamfnoture whidh
wos svébiable. These causes Of waste wars Door soldering owality whioh does nod
necessarily oause peor conneations. It omn generally bP recognined by tha fast
\nat the eilver wurface vhioh Iy e URTmsd feem the sube will be coversd
only incompletely with remnants of the ceramic material and that these resmaxte
are snsily dissolved. Leads of this type vill usunlly reas he first tempsrnture
sest, mt in operation their 14fe ic short, because the constant thernin sivesess
will eventwally cause the noldersd connestlion to becomd losse.

au!ly during the first period of production, the main cguse of rejeoticn
was the generation of g at the surface of the Freqenta. The Figures 2and)
show tha affect of this gag on the ollver. Thene flgures each show one cheraster-
1s480 sention of o cul nleeve which has besn unvound from the Frequants tubs and
hent streight. The beipht of the ploturen is approxicately the seme as the length
of the bulge of the vieeve, or the height of the soldering space. The scllering
wona 1s located ayoroximaiely in the alddle third of ihe ploture. Its wpper
14mit Lo merked by the horisontal edge of the silver, vhile the lowver oue 1is
obscured by the silver resc¥ve vhich hangs down belov 1s.

The silver wmrfnce shown in thees pictures is breken up by mumercus oavities,
vhich aro gas bubblos, and vhich in some pluces are oo mameréms that the saling
silver surface is reduesd 20 a fraction of its erigiml vidth, The strength f $he
connection at these pointe 1¢ socordingly low amd the longevity = redused o0~
respendinfly. Uader espesially unfuversble eonditions, the gas dees mot osllest in

-o-
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sharply defined cavities, hut forss thin fllms on larse parts ef the strface of
t1¢ Frequsnta, thus aomletely dtlsrapting eontnat vith the solder. ™e oilver
tien doss nnt show the imnreanion of ths ground Prequante, nurface, charmateristis
gor good soller aconeodions, but 1t repraseute 4 cteture whieh o cobain all
manifestusions of umleterslly unirreded crystal grogh  Tha qurfoce Lo frequmtly
dividel Luto @ natvork of irregular avystals by fulndly ahowing grutus, (similap
40 the structure of sllehdly etahed metals), 28 t¥ ov Lt Ln cowerad Dby & roldet
of freely solifif10d crystalline vitbing(Mx 7). The wunw uryetallise rilbing ean
als0 he recognized in§ the oavitiese in Picures 2 und 3. The npnoat™nos of =aeh
e filaa alumost nlusye Osuees the leade 30 be ienxy.

The thiTd Omusw vi wmess 25 3 pomulday neanarty af Ahe ailver. Silver is a¥le
%o absorb aonylderable cudmtitsies of oxyren, depending on the tempormiure. e
sbworption onmacity for oxygen ehanges suddenly e so0n o8 the Ohrnge point has
beon mxmmsts prsned. Thus, at tha fnstint of anlidsfioation, » large peroantage
of tho mbnorbed oxygen will suddenly be redeased. During the cooling of a Teand,
the uilver nevar solidf®hes piwaltanaounly all along the cirounterence. Should
a omall amount of oxygen have been ahnarhed Auring the huginning of goolings this
amount will migrdte into the whill 1l7uld metnl adjacont to the metal which ia
Leglaning to 8nlidify snd w111 5huas inoromsa tha oxygen aaontent there {0 an even
highexr neroentago. By this manner, the last es@R 110dd rermant of the silver w1l
have an increased oxysen anoeniration, 204 thls oxygen will be released wikbh im-
oreased gufifennest at the womand of aol1difiontiom and will give rise to the formm~
tlon of eavities drokeun up by deniritia opystalline strustures within the pelSdi-
£1ed silvar. This vrocess s known by the term " | *piating®. Bpitiing esunee
£ine oracks, some bLelow mdsgtm the curfage, usally rumning in & lateml
dlrection. Waste dus to spittimg oannet he conpletely #liminated at the ]
atata of poldering tecimiqwe, Lut & proper waomms ani nitrogen for the ovem, vhish
econtaing ae little oxygen as possible, can kesp the wasta Gue to thie phonomensn
down to a tolermble 2 to ] per oemt,

These cusges of waste ean of courss 6ocur shmltanecnsly. It 18 sometimes im-
possible to deternine whether the oreatisa of r":ﬂlh £111¢d VAR dendritde
erystels 1s to be attsftuted to a gas tubble or o spdtiilng. Swea wmll impurities,

m»mnmu-.mmmpmmmum-mmn
-q-
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the sflver, as is showm in Pigmse 3.

The cocurrense of weate due 40 the first rhemcmencn dessrided ceintides in
Sime with 2o use of the Proguenta AS 42 wvhich had a lov iven oxide eontend.
Sinllar diffienlties did not coswr with the AS 42 0. Nven then, the rumerieally
greatest pertion of the waste we éwe to fanlly soldering caused 2y release &F
ons and by spitting. &”Ma-s&‘ef the mxygwaxeiehly gas Lo SU:uGange
avbent=tin sx7gen 1iberated at the surfass of the Prequente ¥y the redveiien of
the Jog0y. (Neter Buis last sentenss 1s garbled 1n the origimal gad dese ned min
senes. This 1s only an apprexizets tzasslaticn and Bay 2ot be eersest.) Fo féeal
cenditions could be attdlmed despite the luprovements {atrotuced. For reasoms of

i scoasmy, tbe remowl of gas froma soldering furnace cannot be oarried oxb fe
any desired degros, and 14 iv therefore understandadle that the resulis vith the
vell-soldering tut oxygen-rieh AS A2 G were not wuffiefently free of babblee
swen aftaw o snldevins 4lme af one hame, Pha sasuvvanae of avittiae is of eeurse
tied up with the relesse of oxygen from the Frequenta, Beesuse rart of the libesated
oxygen will be sagerly absorbed by the melten sllver.AS any rate, {4 wae vessidle
%o keep the rejects within an econcaically tolesmble 1imit, until the elestze-
1ytic soldering method was introduced. Figure & shows a typicsl exammle frem this
transition pericd. The indiividual gas bubdles fn the upper portion of the wWilver
surface vhich s arered bty a solld layer of AS 42 O, snd the two larrer cavities
in the silver reserve vhich is banging down ( lower left on the ricture) de aot
kave much effect en the quali@ of the soldsged connection. However, thers e al-
wvaPs the danger of an scowmlation of bubbles whish by SSeelf or in conjunsiden
with gpitiing may cause lesks.

-0 -
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SECRET
The Restrolytts Nard-Soldering Method
&2 Fizas Ractralrido Acliariag oexinent

Ab the time when 1t was realized Shal Prasuenta A8 2 0 camnot il all
requirements baganss it gives off oxysen too violently, and $hud the pronand
mathod effered 1it8le chancs of Lmpmering the (uality, the devalopant was twrned
ento an entirely new path by n nevel Ldea.

I8 wae known thal cersmic Insulation mat rinls decoms eandmotors of seeond
order, \f mufficient)y heated. An elecirical affsct on tha seldeved sonnection
thus esensd poesidle. The conductivity ia thias case 1e or: :&wtrolyua ne. basey
A TSR3 the carroent tearns Dlage by mgration of Sona, and depends &a
he Sagrss of Alzsestadlon oF tha heatol carnmic slsctrolybe and on tlhis moMlity
of ihe iona. The Fisst Sies o S B $35i3d for 4t mEtaMINY wma Wha saed
cemmonly used lead vith a atameter of the Frewurrta of 7§ mn. Th speekdbe-yesnenhity-
! mluﬁw of ntandard Frecuants, as ~iven hy Stamas, wee used vs lasie fer
a reush oaloulabion.fhis ealoulntion, seatmins « bemparsiure of 1030 v wed ma
electrolysin voltuge of 200 to 300 v, shew@d thrt tha rasscee of a eurrent of
soveral mll)Sampe misht be pomsible.

The firat preliminary experimeni in 1947 wae betod on the fdea that thewmo=
tonined silver nlome at the mrfuce of aontact between silver nnd Mrequenta might
be mede to mizrate into the coramfio meterisl &f n direut voltage woere applied,

An already soléexed, faulty lead mnde of AS 42 wan Placed upright on Lhe iren
tase 82 the vacwam fwrness sad the hesd of thn 'ﬁq’%! conmwoted tith an irem
for purposes of Lusulatiom,
wire which,van throwgh the rudbber sealing of the obrervatSon window,The loead was
Fept at & Semporature of 1057°0 en the avarnge, for 60 minMes, Duringk this im,
s 260 v dives veltage was applied throwgh en mmeter snéd a 10-chm protective
zesistor, » that the Mend of $he lesd yepressuted ths ancde. The olactrolytis
current of about SR 5 m, vhich sppeared, cowrsspondsd approxiretely to an
slestreds surrent density of 0.9 ma per 50.0m.
% I 1% had been empested that the Posittve cilver fons wonld mirvate from the
aneds into the Frequenta ard s01141fy the aoldexed eonneotion . th~t raint, the
sesl$ of the experiment Surnsd cut ¢4 ds a wurnrise.
The eeranic aonbact surface widerneath the nnods vae colowdd dark brovm te

a dopth of 0.2 mm end spetted; $he cemmsetion with k3 silyer was poer and 8w

s

~)|._
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A

gllvay comteot surfhoa waa aoyercd by bobhles and sits. Housver, the coranis
aontact nmmmﬂuutmmmmmmnn.md
abans 0,05 wm and the aTeas emclosed Yy the two hollou simoas vers colired daxk
10 11ghd grey. At thess yointn the ontire silver aontucl ares was covered with
Froquanta Mol had toim legee the nodlder connectio: thus was very geed. bles
or spite wase almost oompletaly minsing.

fhin sxperinsit vas repoated u fev Likwa, antil zll Acubts sheut the ehsaxva-
tlong first mada hed besn d1sralled. I var obvious thal the effest had Lesn the
oppesite of the anticiphied ani, =22 st sha thesry =f «n aative rarsicipation
of the nilver ioma in the transnort of curreat hau decoms Tnteuabiv. Stw eepesassmt
414 bave one important positive remn)$, becauss it sould be proveld that the quali-
Yy of tie solder cannecbion of the cathofs sifde had been greatly tmyroved. 15 vas
no possidle, with the ald of alectrolysis, B0 fight offectivoly ngainst the ro-
lease of gna from the ceruxic material, In addition, it could be assumed that
ihe elactrolysis had improved ths soldering qualities of the Frogeeata, bocause
of tho dlack enomel-liio layer attoched to the silver, Theb asan! that tho ntocka

comsideved, fuiiu-sr‘hi%a:"ow’
of AS 42 oould bo msed mnder these cucmtm}asAﬁt.rux,m_

B, Anedllary Blecixade, Bingi of Bl sl Bestalaness

The forthar iuvaetig.tiona of ihe matuas o8 Jhe atecirolytic soldering methed
were tled no witk a (onditfon vhich, el firet glonce, scern 30 Lo of mbrrdinete
imrortance, tut which keé to be propesly [itied o the 1oactica 4L tad §0 0N
form aud which countidlr br? not ipeoingiCerally 10 the SUCCORR of the nrojedk.

Pock lond bac bwo 833 soldered pedula Lfel imch Le brected nlike in electro-
Tyn?s, L.0. they mugt be gomected witl the negabive gela of the volbere seumee,
Pt recvires o o ftioar) plactiate o the podltive conneetion, ths so-onlled
avxiliory olectende, With the actaiing Jodbga of loudg, L0 aroac > the Teequenta
tube are in peizniple avellabls Tor the aaxillory elsetrode. the outer or e
frmer surface heh-ecn the elo@ves, At firat, a anltablo metorial for the slestredes
had to bo chosen, Auxlliary olectrodas wero made of graing o meta), of 1lmtd
notal ( edlver), and of ccativgs of vowderst ~ra-hits, Thn mrhits clectredes
waa proved in n11 erperfaente tn b the bost sclutlon, not only ro far 2t eontast

¥ith the cernmic mteRial 1e concemmel, dut also in sone other aypoets vhiek wil}
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SECe

e dealt with later oa.

mmxmamum(..mmwn the begimaing,
bat was seen replasel 1 others, Yeswuse of 1te dismvantages, cmatotel of
Mlhuﬂhcwﬁmmhdm. This graphite eeating wvee Jrevided
ﬁﬁ.“‘&“‘llﬂﬂn‘i‘m“uﬂ wistet. The load we
mu\omn—-m—nu-wmm. the upper and the lower
almvmom'hhmhomrvhhn tron wize, and the ecansction of
the suxiliary electrode waa carriel wprard e the chesrvation vindov, and frem
there to the cutside vith insulatica,

fhe interior electzode (Pigare 63) ecasisted of o grarhite cealing vhieh
covesrr? ihe sztiss Smteter of \ho hub. Ta this caee, Vhe lesd was seb Wpeils
down during soldering and the pesitive eurreat cemmsction was Twa threugh &n
tnsﬂdmp&“ﬁunﬁdﬂnh‘c”nﬂw. Upper and lower slesve
wors agnin hemsht to thmmtmw-nnntmvln.

The advantage of the inderier elostrode ever the externmal electrede is b=
vamw—-cmm-mmnnuma.n-mom-
of the extermal olestrede is 4iffieult to make. Ia the intersal elestrede, the
plase of this conmstion s uhnhrua»hluplumacuhudmrﬂ
over agala. This plug is et shova in the schematic sketeh, e fastor vhich do-
$160d the choloe ef the internal slectrole was the cusyend edaresteristios vithin
the eleatrolyte. For purpeses of imvestigating the eurrext charasteristies in tde
ﬂ1¢mmuum.pmm-mmmunw
1ytte Sreugh Which tsitatel tde true eonditions. The measuring yomlis are opm-
,uuhruuu?nll.

hmhlhmthﬁulmlvhnc\oml eleatrofe is used. The ehief
disadvantage of this elestirels arrangement 1s the umilateral eurveat load om the
soldering ares, ouuoed ty the diffevent path leagihe. If an internal slestreln
1s used, the distridékion of the curremt density is very svea, Mgares 7 3, o, and
4 shov the petential llMt‘lunlthmiMﬂl”“.Mﬂﬁ
hWMﬂMWM‘MMW.M“hM
ammﬁtuhﬁﬁmmwtﬁﬂ“nnmmvm
uuuaam\m-mpmmmmum ta Figure 7 ¢ the silver

-13 -

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080023-8



Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080023-8

SEGRET

ﬂutlﬁldvmmdhﬂtm.mhﬂﬂl‘"mm—“
i-.ctdwum‘muno—duuuhmnlmm. Ae
nnhmmum.m«mmnmmm-mmﬂ

cmiiitens. ummuumwmuuumu

the peteatial u.mm-hmuh_w‘ D el thees
\hwee poseini114100'(het case 1 V1L huve the greatect and ense 3 the smsllest
shave.

hmmdcqum.wn—nmwmumuud. i
pessibility, hewever, das no prastienl significande at Wk precent meumsant for
mm-tu.nmunw.w.n-umh
spenial eases. MlMﬁ"llﬁlochM\ﬂomRU”
of wemumiled lmtssmsiiats srsstreies whieh Susaveltss Tz not cormpated 40 the
voltage soures. It &s pessible, for smuple, w-nnofuusu-‘u oslestredey
hNMcdt&Wﬂo.hWhpﬁdﬂﬂﬂﬂWad
.wm;.mmumm»mummtmwu
-ﬁawmttbnn-otmsvmumvmw-mmn-
fave and vill be ovexly dfatribubed. (Pigure Gb). The intermediate sleatreds
vill adfust 1400lf b0 Malf the velhge

mmu-mnmnnmmmuna-mumu-uammmu
hsl“ﬂhﬁhﬂtl«ﬂd”unﬂ“ﬂ»“ﬁdﬂhﬂ:ﬂ,
The folleving hh,Mnulcuhul resistances of the common
tmoflﬂo..ﬂibmnnﬁnlhmofmwMWMh
of valus as information em the astwal conditiéms.

mmummﬂmaﬁuxwm.«m.m.mr
valuss, bessmss \he basis of the caledlitiems, the Muu.u-(
tnmmm-unllhnlunimmm.ultbw
Mmuwauwmmuuuw.mm
nm-mmu—m-mmuwmm«m(m»
ummmmmmnmﬂ&.u:mmmu
Mumum.mmdmmmmmm
viieh evsld e doternined enly sppreximntelys the avarage sress-sestiom of the
mmmcmm.mmmdm.umm-uu

ﬁm

—‘"Lf; ,’rl
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SEGRET .
ymethhmwa.lm
b
mwi:mw:m-dmmuuuu-.smmn—
mumofswuudlnu‘ndnh
s 'ln]h/x
% = fI , ,
sp/sn(ial-1az
nu:um?»mammu.-uud(m-mupmd.w
nohhlndol-lh
das.
q-?[a-znunsllﬂ - -
uwm‘umm (videk o solder mn:‘
m‘nwummumwuﬁm
tmdo’-.hn-l.u.
2 = ourtase /| M1
mnpn,.g-wun-uoux.axw’unmro.

= s ] » 1aRir Ag eegface k) (?.;.-.)
b r N O R T (oaty

Yo/
16 dlam, 8 3 os98 2.7 1.08 26,000
29 alam. N3 8.2 0.5 6.9 1.52 10,700
52 dlanm. 2% 13.75 0.30 16 1.96 7,30
60 dlam, X 19 0.8 19.6 2.08  6,%0

The suxiliary olectrode is mede of fine-grained graphite pmr; lt::oi
to a peste vith a tinder ad then aprlied to the Frequente surface. ¥For -
sxperinsants deseribed here, and for the manufmcture, relatively coarse-gra :

placed 1nto a bell mill vith digtilled vater and growsd to
et - The fimal produst, s black, visocus ¥ass,
.man-m.:stoano =-. —
mmummmcm. and thea mede Teady for use.

SSyTeRe
The £iaished Daste eonsists of 190 ec of tolwmme, 2.5 € o1 pewdezed POLY .
asd 53 g of grephite powler. -
For the determination of the matwral resistance of an auxiliasy 01::“ v
¢
Froquenta tube of 70 me length and 16.5 m {nternal diameter, vhosd
a : 7
surfaces were d-ocwcdvinﬂhomu. was placed unier o 1ghy preseune

temposnture
hented S0 soldering
Detweon finel grephite elostredes and Shen v
e R

N
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SEGRET

{n the nesmml mamney in the VeousE Turuaos. Pigure 10 shovs twe of the measuring
diagrans. The lower dlagran shovs Lhe normal resislance ohuraoteristics of ea
oleotrode made by the above method. The resicianse at room tesppumbdre 19 adedd
600 ohm, Wut 13 1s relused to & frstion of m.n.m(uoﬁ)vh—mpnm
mmmmnwmmmﬁmmmmmm. Ia cenpusisen
vith the resistance ef the cemumie elestrolyte , the resistance of this euxiliary
sleotrode ean be meglected. Ao-o'y:-‘- the preper mixture retio betvesn onphite
und Uinder 1s mot maintained, the shimation ean Desems eoupletely slterel. The
wpper diagres of Pigawe 10 shews the vesistanee charssteristics of a paste in
vhich the mixture has beem broken wp by the fermation of sediment and vhich esm-
tained $00 DIgN & pavpwatiis 22 Bwlav The Timal IMsissance were is as 2 20
1,000 ohm and ean therefore mo$ be neglested.

%he applied paste Rixm dries quiekly aad = will a0t be affectid by the
further jBwcessiug. The shisimese 2¢ tha laver te be arplied fs & mtter of
estisationg in general,the layer vill be sufficiently thick vhen the surfase 4
she Trequenta 1a desp blask everyvhere. When the auxiliaxy electrode is applied,
care must de ukonmlto.nlthm.bwtznnuWMQd
of the Freqnenta tude ia the dizection of the head of the leed, %0 safeguard
againest ;lov digcharge. On She epposite end, hewever, it should extesd for
1 owznmrthw-uu(mh).mmtofmmulu
of current from the line and the suxiliayy electrede takes place at that peiat.
The electrioal commeotion in acacaplished by means of & graphite plug vhieh site
loosely in ths Rrequenta tubs and vhich has o narrev pretrusioa whioch presess
against the edge of the auxiliary electrede. The graphite plug s extended to the
odge of tho slaove by mewas of an izea red (Pigarell).

The graphite electrede has the greas advantage that 1% ean e casily removed
after soldering. I8 1s washed vith a aylindrissl brush and sarbem sokyachleride
and then almstm rimsed with clean eardem tetrachloride. High-veltage tests have
shown that this cleaning suffices for the reaovel of all the anjnt‘:::tuﬂ
tubod?o:”:lG.S.MtuMMmi&Mlml oaly at &
voltage of 28 kv, and #fis external breskiown d14 mot take plese watil 33 kv had
been resched.

TEPRET
~16 -
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9. Imvestigations of the Matuze of the Wntnunh.

The dovelepment of the enxiliazy elestrode ssriced the Legianing of u period
whieh was intredwoed W tadividudl experiments, tud vhich was soen earried furbber,
14eally sapperted W Assrvations earried sut @ the sissble mumber of iteme
vhich were being veedused. xumm.mﬂ-m sosults dosstited in the
subseqent ehapiere and the sxplemation of (he entive complex of qeestions, vhish
follows, 1% wust be dewns h“ﬁ'.mlﬂﬁdt.ﬂ-ﬁnu‘ﬂphﬂ
special fisld was treated heye vith {asufficient means. All tavestigaticns were
wyww‘uwmtmu«mmamw means of quanti-
talirs snd nualithtive sheieal smalysis 1iuited all Bere thorvugh investigatiens
of the mature ui i Bzozas in the souponeats of the saterials to move or lsss
clover xmummp ossbinatisn of sssmnptiens, physicsl and chemical lave, and meagured
or sensery cheervatiem. Investigation of the origia of all visible changes, which
oould have besn anewersd definitely ani speedily witk the nroper chemical equip~
sent fizally led te a oonstrustion of the verious reilutiomships vhieh, while basioed
up Wy experimeatsl findings, wae otll i maxy respects purely theoretionl,

3y 1% mavure, aa indirest appresch to ihe erex of 1§ Groblen required o 108
of detall work. Frem the wealth of mterial available, ve can highlight euly
shose sxperimeats whieh consrivated consideradly to the solation of the sebins taek.

12 the ehange in the Frequenta of the first electrolytic avlduring expuriment
1s cheerved, 1% i notieeable that, in oddition 6o the intensive Llacxening of the
catheds semtact nrea, the entire wurface in the regien of the coveriag Wy the

s1eove has besems dinecleved grey %o black, The disecletation 1s more marked under-
neath the pertiens of the sleeve vhich Scush the Froggmta than 1t is andernenth
the eavities vheze the sleswve doss not teuch the surface. However, oven ul those
peinte, the surfase my be mearly dlack , depsading on the tomperature wnd the
strength of the current applied. Ou the anedic soldering polit, with the sxceptiva
of the browa contact area, and » fow diume points vhere {he slewve dipectly Yomshes
\he surfase, the origiml coler of the Frequeats ras remained unchenged.hFig.5).
The disscloring effest of negative electrodes which 4o not toaoh ou opposite
Frequents wirfases was an {nteresting phesemencn, Detesnining 1ts nature romiesd
ox valuable centritatien to She understanding of the electrgdytic soldering

=7 - e

\
1. .
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M., SE‘:”:-;
avesage-eleostrelyte-ouriNitt 204,

R e
e PE IME LT 'h‘* “

* I\
Mm ni ﬂi izg oul on newly mula lead of 29 dica. of A8 Ii3 with
W“ﬂmml
cond slogve vas X0 v “Te
1

AW u“mm%
s abonh AN ovpr tho Frequenta tube. On ils the
ot AMYAY WG Lch, 201¢ the riag ab a distasee of 0, W the
rnmw s M As the free ceranic sylimder hud a normal

1p40n of the riag vithin $he sjuce could de changed.
Wm%’“ f1lled withz silver, vae

Oimml“!WQNﬂiM ( & hoie of 2 mn dlazetar) nf thie

pociket an through the ring Ho ihe ourface of e Frequaitsa. ™e garsoge of tMs

14gd to ths amber

wismigusat ¥as 1o 2irest o Jot of warewlesd aldvar anko the Prooustba. Orarhite
coating of She cuter surfaces of #he psckeb ums %0 spesd the vapofizntion by
increaning the heating of the pocked. During the soldering the ring vas removed
to n dlgtance of sbout 3 wm fesm the edgu cf the sleove underns..th i¢ by means
of 1ittle corinlo weskers and \as kept in this suspended positiong thora wmn
therofora no direct slactrina! comnection with tha saldering polat.

Oireulds Both soldering polnts neg.tive, aurilirry eleatrode rositive,

Time of noldering at temparature above 1,500%0¢ 95 nimtes

paxirun tenrorature! 1038'0

average cleetrolyte currentt °C ma.
Repult of sxperimont! ¥o visidble change of color ia the rerion of the Froqguenia
surfone cover:d by tha ring.

b) Arrangoment iny primoiple the same as in experiment 1a), execpt that there
16 an additional 3 mm hole ia tha ringz vhieh is adfustable until 1t touohes the
odge of the sleeve below 1t. fr that cass, direct olectricsl conzection With the
solderirg noint vas establighed.

Cireuity Same na abeve

Time of soldpring at temnerature adeve 1000%0¢ 60 minutex

laxisms Yemperntura: 1013%

average eleotrolyte currenti 13 =

Regult of ezperimoat: ¥ithiz the area aoverad by the Ting, %he surface of the

Trequenia wao coloved gray, and & step-1ike unevenness of the l_nuuw wll o
—1Y - RIS
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LA

w

the ring are elgasly represented ( smaller distanset darker color). The gvey

esler 13 interrupted by Wright spets wvhieh are fuint oppeaits the hole threpgh
whieh the sllver vaper escaped, and vhich are olearly maried eppesite the Im
hole.

8k ¢) Reveat of experiment 1b), but with oms nickel and copper shoet eash,
sabdu of rectangular shape, welded to the imner surfuce of Shex ring. Average
dlstange of the sheets from the Frecusnta abdbout 0.3 mm.

Circuit: Same as adbove

Pime of soldering above 1000004 70 minuten

Faxisun temperaturet 1025%
Average oleotrolyte curreat! 19 ma.
Result: All wnevennesses shown in grey. Yne copper snews Singe 10 ..aeiot dastsmT,

N\
- = = = - . . = s es aa ‘. _eN . e . -
VOB MIUAS.L SOBGY BENLE; WML LA VEA i eliw We s Ve Al VWL ARG,

SacorA exreriranty

- e a > aAm da., . Ly N . s - s oz mde e Newm
VoA, i, BRI V'L M TPy WV WAL D ACEVUR WUAW WVLASTWVIYSW wW

Un oo Finiatel Temd o
a nets) loop mt srme Atwbence Trom $ho Proquoata. Ddec Lron oieatrodes of a dis-
reter of © mu unTa ~ttache” to ke Tuep in aush o ramer that their circular
aurfroen ware dirnotly oppostle the froc Precunn$s curfave without touching &%.
E‘ootrfﬁ.o T wea 3 ruorumy frem bl long sloewe. Plootiode [T wue in the niddle
betvem the Lwo hdwovar o1 electr:da II1 ws 3 mm wway from the uhort sieeve.
The dlgtaraes fron the Frequiente suricce, in the weme order, were 0.25, 0.3, and
0.5 mm.

Cizcult: Both soldering peints and tho bridge viectrodes negative; iatermal
electrodo roelitive.

Pine of aoldaping at tenperature above 100080¢ 30 mimmtes

Moxdimm temperatira: 1015°C

Avern;ce olacti®lyto current: 20 ua.

Recnlts Proquenta colowed giax with grey aircles ef different intessily eppe~
alte the eloe:rnler DBulow uloctrode 11X vhe coloresion is light grey, delev slmm
electrode T medium grey, vnd bolow elentrode IX durk grey.

5’-{1\ wel

A tube of AS AZ wae meunted o an insulated sgaffehding sede of essuils fubes

__,[7_

Thedi exnerimentt
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ER

tubeu. T tubu hat no slagran , uld e oatzpod wibh un Luternal alec.rode, The
omnaotion wire msn chrough the eh.orvmtim 1w, ax Launl. Ab Bulf the helght
of ‘he twie , a ring electrode . of 30 wr helght avd 71 M Uitor ]l dianeler
vas }lacad eacetrirally ~round the tibe uithat Louallng ib. e suallast 4dletanse
e e !h«uwnh. tube wes 0.5 wa, the groatost 1.5 m. The ring olect;ole vas
vles!ricr)ly cananoted with the huning ol he yaeumm furnecu

Cirouist Interml ~lactrede ~ositive, ring gleglrode neg.iive.

e L herting ot 1025°C: 77 ninuben

Prmnsfor of eurrent: & ma ( abart of 2 noticerhle tr.usfec of eurrend ab
e tomren.ture of ¢ Jproyiuiely 8a0%) .

Jecult: The rurface of Ll Frovveabs wies colopad Jurt grey st the ulde vhewe
V1o 4wha n bha rfne alaatroda vare chanuab Luge.her. Underueatl: the intemmml
alectroln, aftor s¥x3 it lad becn washyd ofF, Lhe Froquemts shuwed the browa edlew
tyrfen' for tha posidive pole, but the sulor-tion w.o nlight, ac corresyonded b0
the ‘v (mAL Y.

Peurth exnarimant:

e tuaber AT A% 32 of 7D mo dl.velar wore yoovidedtlil bwe LC m wlde

oo oed @rapt e «lottrodes, ® ma ajert from each dbher. Rach elect

w9 sammectod to the DO leada hy mesns of ZWTTTEW UYL “orem
s wbsnwbies, Yhe hh me
pieaed el ddeddo on e iron basu In:de tiw vecewm frmecs.

-

‘roviby ouer gragilte viaoirodd aegative, wer one ponitive
Hes' 2 Bl av g nwrare 'he;:,x:rn sre of 10251 65 nutan

vvorage ~lactrlyte cuzonts )
go

LA et wam
.

Nesults Unerneall the pacitive ;m,pmh vlecirodle wh’ -h h'fq heen -uh.d of?,
Ve Froquenta ves evenly colured dark lwowa, wndernenth the mtﬂmmmﬁn
eJecize’s, tha colst cherged Lrow darg gray to black in tho MMreetfon of the
ré:1iive alectrude.

- P i A Ve a e

A sy X2 swamary of the results of theee four experiments slows the
.

Tollouiag plctures

bleckoning oo tla catlodic sutfwoe of the anuanta in ths _Gonsequmoe

4 we @

o u olangs in ils uutorial o the ceramic electrelyte wmdar tha offaeet of the
ourrent genoratad by the elestrieal fis14 applied to the e]ontro‘lyh The ‘bln‘i

pr grey coloring opposite aa elestrode which is not touohing, and the blactending

———— " - o

underneath an electrode which is tomh&n, are of the same gruin. Tn the mu
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SEChry .
oase, the current transfer 1s accowpli-hed by direet conbact: 1n tha rearnd anse
by the eminaion of charpe carriera, The question whether tha ar{-alon of electrons
by one matorial or the emimsion of lons by the other ia the mdon!mnt"nhr_nnmn
has not yet been settled. The qualitative onthodie conversion of ratontal 1a
indppondent of ths typas of eurrent tran-fer, but mmantitatively 1t Adenenis on
the current density. As a rema't, the elertrode which Ace= nat hmc?i‘ 1= ovantd-
tatively dependent on the emission eharmateristies of the materials, on the mses
renaining in the vacuum, and on the A4stance between the s”ectrndes , ~nd the o
potential drop. Expariment 2 1s a Vary goo? 11luntratton of thia, T¢ n +hie eecn,
1t 18 expeotad that the intansity of tha b'mcvening »111 he a Mmetion ~* the
disiunce ot the electrndes, than the actnal remnlt 1w onntnﬂmte.vr_v. er,«
the relationsahip wich the potcntinl A1str'd-tinn in the Prennanta ! ""mn'v_:‘b
to 74) shows that the notentia) Ardp on tha e'eatroden T and TTT 4= mah Tens,
because of the proximity of the sleeve, than it 4im on the middle ~Yestr~da 77,
Thereforo, the effect of tha Aistance nf the n asctrrde~ can bo ﬂmnmher'“ﬁn M:
pure form only on the twn outer electrodes. The brm on‘_!orat‘!on nMnr_-math tho
noaitive electrode which touches mlmo seems tn be Indenenddnt of the mata=ial nf
the electrode, o

The frllowing exreriment war informative in regard tn the ¥ind of charee
carriers which are emitteds
Fifth experiment:

The alectrods mtorial to de invertigated = 'n tha firet onva a Freoventa

" eme

tube 70 x 29 x 16.5 of AS 42 - was placed on the miw iron bane of the wmewm
furnace, after the exterral sheeve and the lower front end ha? been eontet =ith
Sonduotive graphite. A water-coo’ed double-walled fron oj_oetmﬂo__nr?trwdﬁjgfn_
the upper portion of the Frequenta tvbe, The electrode was *n!q"ntgﬂ Yy gnu_:g!»nf“
rubber rings, was fagtened underneath the ob_umtiondvindw, and wan mﬂfaﬂ_ﬁﬂ:
tubes for the fesd and removal of cooling water, The setun of ‘he q'fmr":g__t_h
shown schematically in Figure 12, The setup was soravhat oom?i.enm; hecwuse
the ground commection through the ccoling wmter 1ine hed to be hth vh:unr
a measurement was being earried out., This was aeeo-p'liayod by n'!ac_igq anl in:_
sulated reserve vessdl into the feed 1ine, which took ears of tha wat~r mwnly

for a short time, while the flow was shut off. At the sawe time, the water fowed

back into an insulated vessel in the retwrn 1'ne. The upper portion of Pigure 17
._.2‘ -
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shows the ¢ooling watar 1ines inside the head of the --‘l.qh-mh. This satnin nev-
mitted the memsuregent of the emission of charge earriers Aua to thermic effeats,

The meamuring of the emissionn on the Freruenta oconl? ha earr’ad ont only

up to n temnerature of 960°C , bacause of the high radiation lomnes in the Atrestion

of the ¢61d eleatrnde, llowewer, 1t 1s cbvisu- m tha meastrirg ~ointe :",“1" )
13, tlat the eleatron em ion ourrents flowing at a tewver=tvra of MPOC and m
anode rotentdal of 165 v are of tte sa-a order of magnitude. The samwe rea-ure-
mantn, performed on an iron tube nf the same intarior A{ametor showsd very ~wiiar
rerulta ( "{gure 14),

Th a'@81tion to tho emlmalrn meamm-monts, the enrrent tran-far -nt th~ hae

havior of t!a Preanants sarface, when 1t vas mot touclnd hy the no~itiva alactrode,

waro iavestiyx.lad.

9ixth epperiment: .

Tho setup of the experiment was the <sme d® In 2)e third aynaplrant,

Cirouit: Positive ring »leatrode, ngative intern~? alact vAa.

Time of heating at temmernturo of 1015°C: 70 minutes.

Current transfer 1 3 to 4 ma at 400 v,

Result: Fvon nt a vory amall data~ce ~* th- elact-cda “rom ﬂ:a mrfnm::
no visihl~ diseoloration n® the ™requenta ~eenrrad, "he antirs mraa mndarnasth
tha Ynterna’ electr~de which had heon wazhad ~ff was aolored 7Tipht orev,

Tha resultr of theme =ix exnarimants miva no indiaati-n= on the ytm irne

themselves, lowaver, enough matarinl can bn eomoiled fhm thane raentt« +n_:_:*n
at intermadiata c-nolusiona, It 13 Yrwwn that sowe matal frne ~f the Mm@tn
will move in the Airestion of the unthodo; 17 an nlectrie fle1d 17 mat wp by
tw~ electrodes senarated from ench other by the ceramic a’oc.f:r?‘!y:.q.‘_nn tl'-:_
contact surface, these ions will effeet a black eoloration, ~nd faver the ad-
sorption of silver atoms (Pipre 15a). Tt is a'#0 mown that negative fon= =M
migrate to the anode, taking along ~xywen vhich 13 released there and eolor~ the
contact area drown. ) ‘ o
The results of the experiments ean enlarge the imowleden of th~ eeotrn-
1ytic process by some of the conclusions, If, for 1nntnnco;t}m n!t.mMrvn ~1th
the nerntive elactrode not touchh! the surface i= considered, as shown In

Figure 15b, then exneriments 1 to ¥ w171 indicat- that the electrolytie process

1a taking place here less intensively, btmt neverthelese 4n othervise unchanged form,
-22 - g | .

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080023-8



: - 100080023-8
Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000

Experisent 5 shows tht 18 abmolutaly possihle that a )lm"nr anh«m ot

-

clarges takes place on the oathode ~vhieh does mot tonal the mwPaan, at m‘ﬁw{m
\‘onmnturn both positive Praquenta fons and oleatrons of the fron aleatrnde ean
nerve nu/\bridn for the current aoroass a nArrow man. Extrano’ation f the ,
eniasion measurements and t.lm uinimom tomparatura Lo} 7m1phnt nm-r-nf Mnnfor
8 indicated 1n expariment 1 make the proportion of the Porifivex alargs enrrtapa
in the total ourron* sear muall an compared tn the provortion of the sVectram
ae? may e
oniuuionu/) ool -eharges aps nat n'ftoqithﬁr mu‘hnrﬂ.. The

true atato of affairs 1- Probably one in whieh the entionn tmnmhd 5 the

marfrce of the Frequenta frcm thy Tower 1nayers are noutral{ned Aot there Wy
the impinging nleotrons,

Tha gituz+4p 4q 2ifforenl hon Lie oleot.one whian 0BT MOt tanah Sha o
£a0e 1in ponitive (Fipure 15¢), The current tnnnf'or in *hin cnve in moh Wn-n
and the blnckening of the onthodia aontact myea {n anrramoniinely ~"'aht e .
is partioularly atriking that thers 1w no brown uo'!orntinn on tha ﬂm’nm AnmA~lho
the andde. As mipration of dons s connected with the tnn'morf of mtga:: -:-M
as the discolormtiona of the Frequenta ara a consequence of thou ohnmn In_
matter, it must be sssumed that the migration of onn ta¥es plnce only in one
direction when the anode does not touch the swrface. The eatfon tranal‘n'r' mmber "
then will smmite equal 1, Thers are two amhmtinns for the fnet thnt "n e’eotrionl.

L ysp—

1y mkax neutral condition ir maintained desn!h this, ﬂn- omnlanation h MM

- €e e . -

on the assumption that the ircn fonw Temving ﬂ’xo Anode bacnvm of’ ﬂnwo-#m:r’_l:ﬂm
(Rbwaxm experiment 5) £ind good eleotrolytio mean- of movement aftor ‘!minﬁnp
on the Frequenta murface and thus n!mte to the oafhodo The arrrectnens nP thiw
explanation could be ohacked by uning varions type- of *node ratorial -, 2.,
graphite, A second explanation considers the release of electrona Ty *he Mre-
quenta due to thermal effects (experiment 5) an aimocint'(on of noutys? metal
atoms into ontions and e‘!octrnnn. 'r'ha alectrony pn to tha nmdo. whive fho _matal
fona will migrate in the oppom di’ntiou, -.o thu osthodg, Thars they ape
neutralized by taking on an equal negntive charge,

After the first experiments kad established ~onnd hamin for the hv%m
detniled work, the main interest was directed toward determining the riskre of
the lone. Some of the most important findings along thiz 11ne wi11 be shortly

-23 ~
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Josoribed below, At Pirast, lowever, a sapplanantary .v\i'g‘hmt‘lrm wa-t M'g{vm!x ]

The ropresentrtio: of the alagtrolytien? nphehirwena ntl1 nav Aascribed the
visible clangos 1n the “‘Mquenta/'i'l thay oneurred Avring the f"h‘-u': -g‘&oﬂug
exporiments, Tt turned out, however, in Ana crurne of time, that, in 36&1&!?
to the btrown andde layer and tlo black cathede Yayer, = Teht brown Tayer way
appear underneatl the catliodio Trequent= aontaet mmrPace, This 7ight brown Tayer,
to bo ocalled trown catliode layer (™Mapmre 1"%& to A1atingnish 1t frow the hrown
anode layor and the blerok oathcde 1:3'01', 14 1reatad batwaen the Hlack Taysr and
the intarior of the Traquanta mntaridl, and oamnnt be Aatected aanily hmth.
outside. Ite wie tlickioss denands tn a prent mng on tha 1pnn n+ida vannntsnt
of the Prequenta and on the denatty ~f tha omnt nnp'H_m! . Tn the Pipst mqﬁ-
ments which were earried with AS 42 which had & 17w oride ermtont, .*hiw 'hmnr
was detected only at above-average currert Aenn! Han._"’?tV P RS RS0 mATaTIA
which was ured moot of tlo tire Inter on, a voTy wcktmmx Aef!nite Tavar of ‘hin
k4ind appeared dﬁ:&: at avarage current Aeneitie<, -mo ranaon~ for 1te onevrrence
jlave pot vot Lown satinfnctorily estabished, bt 1t ean be ngnvred Tro- fim o=
gorvationa whicli are available that it i~ !'m-mg by tho mame ¥ind nf‘mrjt*!
1onu which causes tle brown onlorntinn of the sicde Teyer, Tor the +ra betne.
the explaration advanced for tta poenliar pos! +.!on nf +ha Wrewm oathoda 1@
atates that the anlons move much fester wmithix awey from tha entlode -Mh!n .
the blach layer Lhan they can move from tha 1rmar Bo- der nf ﬂ‘u h“ nek hvm' th'nnuh
the rest of lhs &'sctrolyts, This -vnhmﬂnn tima. wonld attritmt~ the hre-n
coloration to the mccumulation of aniom«.

Sevenih experiments

The black Frequente layor adhering to tha allwar mxfica of A m"ier‘!ng‘ tant
plece which lad been opensd was cnrehﬂ‘!y romoved fren *he - err. ﬁ'*sanm! af
iron particles with a mwegrot, ard 11 traces of silver or fron ng* HonnA to tha
ceramic wore removed by neans of acid, Tl':o nntm_'_ia‘v wan then matmﬂ -'"Q;!j lm‘h:o-
flvoric acid and a rough quilitative analysis wan oarriad ont tn Getervinm the
presanda of iron and silver. ‘ o L - .

Result: Precipitation definitely showad = con~1der=hle iron content. A 11eht
trace of cilver was c-nsidered to be mot 1nmpo-sitle, dut nnlikely,

Eighth experimentt

The dark-brown anodic contact surface of & Frequenta tube mde of A2 42 wan
_Zq —
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dissolved in lydrofluvoric acid and the sawpla »as tested am abow~, o

Nesalt: Yron contant eould be astahlished with certaintv, The wra<anoce AP
#41lver oould not be detarmined.

Ninth exreriment:

The Froquenta tuba of an slectrnlytiaally noldered 1ead of 29 mm diam,,
mnde of A3 42, witiout the brown oathode lay r, wan fraed ~' the slaeves -:M the
interna” aleotroda, and hented at 1025% in the veoum frrmace for one hour,

Roault: The cathnde lnysr, provious’y deep Widk, wae “1oltly Tishtar,
tlo pres layor created by emission had Aissappeared complnt-ly in parts, the
provious'y brown anode layer had turned iron-mrey.

Tenth experimentd _ ‘ N

Um. mn ahrva. axaant that a Froquanta tibe of A3 47 £ with a ~trone hrown
entliodo 1nyer waa used, i

tomultr Tle nreviously deep-black enthode Tayer had +nmm! ww"m- ray, ﬂ\-
sroviously brown aathrde laysr ( as far as 1t wan v4 “1Ha' nd comnlctalv trrmed
bac to the original color of the "reqrenta, The previon-1y Aarr-hrorn anola Taver
had turned dark lron-groy.

Hloventh axperimonts: R

The Troguents Tube of an olectrolytically solder-d lea-? n!‘ ?0 " —"n'-:,ndc
of A8 42 C with atweng brown eathode Tayer was fireed of w‘lom?o anA ‘"t"?'"""'
electrode, and heated to 600 to 700° ¢ for severa) hourn with accens of atr.

Result: The previoualy deep black cathode 1wyer had tmrned Aar™ bro~m em
the surface, the previcucly grey 1nyers had bocome T11ght to wedivm hro-n 1n eolor,
The brewn cathodd lnyer ( as far as it was visible) bad not changed. The vrevieus-
1y dark brown anode lsyer had tarned a deep rust color.

Twolfth experiment: , . .

A eroup of pencil morka, 3 wm in Tongth, and santher mm:; 17w In "mrgb.
woro made in a lonpitudiral Afrection on the free corsmin srface nf o -f_,Mnrod
Tead of 29 ™m dlam., m~de of AS 42, The Tead war thon =pain ~otlared aYectroe
1ytically.

Clrouit: As ~hown in Figure Sa, dnt ~ibhout the anviliery algrtrrie.

Tire of soldering at tampernture above 1000°Cy 125 minutes
Taximum temperature: 1055%

Average electrolyte current: 4.5 m
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Remt: “a-h pensil mart ( graptite), after 1t he* haen el ad m"f", wan
alown du the #urface by a blaok and brrwn '1necloratince, Yn«hmn&on' n® O’no
non!tion hotwian the n'oavas and of tha lengt! of f,ho p_wr", A arnmtant Yeneth
ratlo of 115,25 batwean the dlaek anA the brown nart was nnted,

Thirtoanth exporinentt

~amo as experimint T, axnopt 4t} only nne grovm ‘i manatl warva ~f an
averaps Yanrth of 4.5 ma. “aldering ' 1th auviliery a'agtr-Ae,

Clrouttt Nath soldaring pointa negrtive, av-114ary elact~rla nonitive,

Tima of noldaring botwoen tomparaturans of 00 an? 1MPr: 2% wimnina,

“aximun tomparature: 1010°C.

Koo viammin sa M " oy o X~
Y b retags .‘""'='~»--|a wurrants 1% =

Nanult: Again black-and-brown markings mada hy the graphita ina~, Yowewor,
10 langth ratie of tha colors varted acoording to the nosition toward the
=1aavan batween 1 § 1.6 anl 1 2 0.5¢

mourtkont): experiment:

The cleotrnlytically dincol ~red Mronrvanta of ax-;‘alarfu-*nt 4 war myf‘v-nﬂ hl -me)

a mannor with narro pra~hite rings that two rings unl}_worn ﬂ.F; tn 0,7 wm anert
from sach other on the wncolored, the brown, anl the Yok parttons n® tha
surface. Tha retistenc? cf' the thrae types of fﬂxrfncew wae wtjamrﬂd Wy moans :r "
nirror gulvanometer (19 ® 3 x 1077 a) ant 400 ¥ D€, teerrd1oe b the bomt wneet-
ficatinn, the electr~des are to be 10 om long, mre-smm' =nd ot T om ~mﬁ|
the alr hulidity 17 to ba 807, Tn this casa, & the a1y hnmi ity wes et Laven Anto
acoount, and t'e roslstance values obtained ean there®ore he eom«rgf!‘_ﬂr_\‘\::ith
ench othor. Tha murface resistance, detarmined from ten menavrorants and enn-
vorted to the values ~f the spooified e‘eotmdeu s

For the not discolored surface O.L x 10" obm

for the brown -urface 0,93 x 103 obm

)

2for the Blach surface 1.14 x 109 ohm,

P

fecording to DIN 40675 moiﬁeation , the mmface resistance of atandnrd Tre-
guenta iz between 109 and 101 olm,

Thege abovae expariments pepresent on‘!y n m-ﬂ'! ot eh-rnetnvﬂ atla mﬂicn

- -

of the eaporiments porformed. Mn the Dasis egtnh].inlwc! by there W“”'.W.'.! 1°t
s posaible to aralyse the electrolytic process in sowe of 1ts iwportant aspests,

,26._
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Romidlts Zah penell mark ( graptite), after 1t hed hasn =asled ~7f, waw

aiown dn  the #urface by a black and brawm Hserlorating, Tniman@.gﬁ n® the
pouttion batw.en the ='eevas and of the Tangtl: of the mepV . A ornatart Yeneth
ratio of 115,25 between the black and the drown rart was nnted,

Thirtesnth exnert-ent:

Tann as experimant 1, excopt +i1th only ~ne mrown ‘i nanatl marva Af an
avorapc Tongth of 4.5 rmm, Soldering 1th auvilary alestr~da,

Clroults Motk soldaring noints negrtive, an-11{ary e'sotr ~4a nonitiye,

Time of soldaring batwaen temperatures of oN° and 1MO°: 2% mAmmton,

Maximum tomparature: 1010Pc,

Avarago oleotrolyte currents 15 ma.
Zofuit: Again bisok-and=-brvwn morlings wade by tie graphive Yines, ovewnr,
v e .

ke ‘e LA - " o~ . DT I ) RS [ - .
Llety Lis A VAL WL Veds NUAUAE YOI AW LWL LIS VA et THIOL VAU WY weme
.

cleaves betweon 1 § 1.6 and 1 1 0,57

Tourtbent! exneriment: _ L 3

The elecirnlytioally dimcolrred Mronranta of ovp.arm"nt 4 war m'p"'-m! 41: :noh

a mannor =ith narrar gra-hite rinps that two rings ueh.wm 06 £n N7 wm anert

from sach other on the unocolored, the brown, andt the Whaek perttens nf th: o

surface. The revtistancs r:L" the thrae typeslnr fnrfncen was magaurad hy "_"j‘"!"_;’f "
rirror galvanometer (1° = 3 x 10™ ) an? 400 v DC. Acarrdine to tie tart enect-
fication, the electr-~des are to ba 10 on long, mr«-.«hwx; *nd #at 7 om avarty
the air hulldity 3= to ba 907, Tn t):is_‘eann, ﬁlm a1y hnmd Hh—_y«a__nr-f h_*—gn_tv..tn
scoount, and t'e roristance values obtafned ean therenre he eornarsd en’v ~4th

each othor. Tho surface resistance, datarmined from ten reasvrorants ant ean-

vorted to the values ~f the specified elentrodes we
Fer tho not discolored murface 0.4 x 167 otm

for the btrown ~urface 0.9‘:‘ x 10° ohm

#for the black surface 1.4 x10% b,

Recording to DIN 40675 npoeif{eatiow; the surface remiztense of atandard Feg~

quenta 13 between 10° and 10'2 obm, o o

These sbove experimenis monnt_'orﬂy A m"‘!, ot chagnetnﬂ LAY pm_-ﬂgg

of the exporiments porformed., "n the basia estahlishod by thene grmrigm_-_! "°

.

was posalble to analysoe the electrolytio procese in somwe of 1%s fwportant mepeets,

—26 —
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A fow findings to comnsot hoa: ‘atn are ml 2ine and a aorats nvnv‘-t«11
pleture coumld tlarafere not he avolvels “yra Antn co? Yy 't»nsm_aat-*ﬂmwlatd
only by exnct chemical matheds 1n omor o Lo Int mtp}ﬂc. mtahine v Tayors
ard analysis ~f o Trog enta curfaga dlacolars?® By o men 1AL sTvatrote, f:‘ .
spectroanalysis of tha colared Iayern rar 1A gertrinty bava ‘\'mgﬁvmyfr_ Informtive,
Thoss Investipationa genld no ho sarriod vt Ho~anan thn nocoas Ty APVATA tie
and auxiliar- aquipment were not avallahles, Tt wa# w1 -wafnrn nenet ATy +n
antablish = Togleal armnation det-ean tha nhrv?'ﬁWﬂtﬂhn'j «hlal Amnonimﬁ mnm_v
on the mothnds AampToynd Ty ‘e 1nAtvidual venomrelorn and on th-fr pon? Mmonf-’.
The f'nn? Findinp- ave hrnad An an ameupntion “hiqh Yan naé -t heen wpered |
namaly, thmt the crmivetivicy ol the Toanents at 41p tamnaretnre- in rvationr
An Ane to Tia doneo m At Alamaniatad Tasl3e The agmmption ! mnnartad hy the
frot $het tl'n renistance 1n @seolnlly high a7 AnmoAT A 4n “‘"'f" nf.bm- aeremio
—atariala, This can bo attrimtad *o tha ek ~P ATVal4 Aen= and al 0 +n the
rone " in +'n exnATimAn e
Adependonra af tha ronistence o the Ter0 anntent, chrorvad
and eanfirmed hy tomnr.

" 'y 2 h e X g A
conm v (o] ~nY F' atrn to 'h "Il ) {nerennern ntinmonaly
IM mf‘ 1 1 ".hﬂ, 4 M an’ » | i

. d RAD

. Y

st higher temmeratures, showe *hat donn wurt he ~pacant, alrandr at an1:n:v :t-n,
hut thet thelr mobility 4« very emall, Tn that ance, tha Yon~ sre ~t1 ‘+ ;hvn
in the spaec Inttice, 1,0,, thelir onci11atirnn are ~3477 = «l4pht the oy
'«511. -mt arranga thomealves in o Aafint+e Alpaation nmiar ‘hn 1nf?-annn n'—n'n
e#ermﬂ. force ( the olectric £1074), Tha oneillationr tperonens omlY n? hiebar
tm;pornmroe, and in cormection with » hipher Aepras of A4 wsaointion grnee +:m
condnetivity to increare. Tho onelThation, anuted hy H@ taking mo -~ :}:ns:r:-h;
energy, then rnachas tha point vhores +the idan? "_tho@ arroneamant 4o A rtnrhad, .
A‘mm; 'nr erounpn of ators, whichk amn mgain annoar ‘.‘n thre Prre of romnlow f.rmu or
moﬂeo:ﬂes, wi]l Jaave their rlacen in *te Tattice end wi1? $hen M:“:::”c:;’
betwnen the Inttice, or, 3¢ gevara’ atoms gxchonge Tﬂ_nm!, t}v:v »4 e in the
weong place 1n the lattice, This Pormtinn of hnlen 44 AP great timortetica r::
11 procens s of rétion in the crvatal, mch ne A rPrator and rondnativity, TO
:‘l eopexpuinn how these "02;3 fonc oan move thrompt the Intilce nf $he w044

fdctrolyte under the inflwence nf alact#ian? Alrective forean.
€ ) 0

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080023-8



Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080023-8

Tt ir ruits nosaihle that the degree of hole farmation n” the amnntn
of tha ailicate orvetads -hich anmnaintm of = nusber of verv disnimiiar WM
of atome 4a vory unequal. The FaxDe {ona, an olactrdonlly weallv honnd wwrvaawie
atnetura? elemantn may shrw strong hala formatinn whila tha ather mare a¥ronety

o atrmatural elementa ati17 ramain wnd!aturhed, The eatinn and anfon sambndd
httio;;m;;';; F"n:p’ oar bo imagined tn ha alresdy in the moltan wtate at
aoldering temparature, Tn that atata 1t w411 £111 the ~meeen af tlo ront n” t‘}.‘n
Tnttice, while nti11 honnd by the lovk foroan within tha ~“aat»~lyte =" thant a
flo1d, 14%a watar 1177 the noron af m AmonEs. '

2w TP the obsorved nhanamana are to ha trrueht Intr an ardar'v ratntienahin,
tho Pos0q { previded il In roally the sedlusivs aarriar of tha romivotivity)
@Al A hawn +a ha Adaanaiatad ints Ana Fa mtinn and ane N nn‘!nn.m'l'hn naNTANSA
n? a pure 0 mudon 4e An 1tsel'f 1nmbnb‘l§, and Purtharmora, (t wan ahwn“hv +he
axnariments 9 to 11 thet the ~rawn anode Taver Aefinitaly aontaine moh a hish
proportion of iron that 1t omnnot be evpleined by the noreal Pogh-.ucnntnnt_.nf
the Praquonta, ae soorkiennmwwet wight heva haen nonnfhla 4n the onaa 7 aye
norim~nt 2, Thare srmaeling taste »7en heve sonvinaed tre ramaavabar= thet tlie
anion must he » comnlax ion formed of Fe and N, Thie Tad 1o tia thaory of the
nlantr~lytie vrocess shown in Pipnre 16 4n -e?mmjio ’ﬁr!u. lf#ﬂﬂ?‘!ﬂ'nr' *n fl}h,
tre neutre? iron oxide di=mcaliata- in'rm a triwelemt eation ~nd o trivatnt.
complex manieon:

F.2+-l--l- 03-- - ?:-H' + (P'eOg)-—‘ | -

It 1s krewn of the anfon that 1%t Viberaten rxywen at the anndn, Thin ean
happen in two wayn: .

1.) DOPE 2(Pe0,) => FooNy 4 Ojé
2,) (Fe0y) ~=» Feo + o4

Case 1 is very mlikely to ngeur, becwmne the eoncentrntinn ﬁP Ta g TE=
matning on the surface of tho Frequenta ie saturated ~1th oveen end eov™d mt
change 1%s color any more when annealed with mccess of «ir [ axnrptment T1Y,
In cane 2 theory snd test reemlts coincide well. An iron-oxygen cnnr-nn'hﬂ‘.t_ion“ -
of the lowest ntapm of oxidation will be formed om tbo-mn-f‘noa; and fl_nn armenTed
in air ( Pieure 17), 4t w111 4urn 4hto  reAdish-brown fren nv‘ma; thmay

2(Fe0) 4 O ¥ To0, .

_.28,
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L

»

During the selilari.r, » vaartion HYatreen tha Tiheratéd oxvoen and the rarhan
tn foy mme oarbrn Aloxide oan be exmectad on the panit've mranlhita n"an*vnﬁa:
Tho trivalent. iron eation mimratas tr the «t7ver elentr=nda, and hean=as a
nevlra! 1ron atem v LLa nowpansaticrn ~€ ths tyinle mgat'n*nl\-m -'!gn o_sﬂ' L.
at the amedo. Cteonmer acncantration of {ron atoms 'hnq £~ gray ar hlaa% m"m_-zﬁm

of tla Freqants surfrnea. "he preof of a highar pereshtewn af iron in nw‘vnpﬁ -~

in no definita nroof nf thila +tatement, Wit 1¢ 44 ®rther nt anpthansd b tha re-

mlt of axporimont 17, Ancording to thia, the extarne’ hourdary Yavar " tha

hlackoned aroa bocmon brown dron ovide [ baliavad tn ha thia asmnonn! Wy 14g

anpears.iog)

2 Tat 0, = Fez04. (Pigra 17,

T brawa catlodo 'ayer whoro ocourraence vas oxnlisinad v the nnnnr:ml-.f:ﬂ‘m
o tha anlona ortainating in tho Hlaek Tayur oan alac ba eyninined, v:h'"a w-'r-:
ta'n'ng tho nsmumption of A1 forent 4on velooftie-, by tha thanry that the m'l
“lawoe ww andana awa forathie A4anlaead Prom the vioinity f the asthede he fhn
fantor onlinonz, uutl) +thev can migrate —ithout iInterfarence from ‘he sconmlated
ITayer with their own natwra’ velocity. ) - .

Aesordine to tho thoorw, the hrown sortiwinie cnthrir_»‘_haw‘-m::,;: fvf‘ o
anoumu’~tion -7 emmp?ex aniong. In annenling @WQ tto e-ponal 7_a,vnr! no
chango in color stoull tako vlenn, na the compound 1« n1re«'lf~r3verqn3:r-:f:ﬂ
=1th oxyran nnd tho thomoaratura 1+ not h'eh anoueh for gommomeetine Rahile
conastellations of matter, This wan aonfigmed hy oxveriment 11, Tnarimant 10

near tha eathode
ahows very wall that the farmation nf laynra/effected by the i1nflnence of

“ -

elaoctrica? forces 48 a forced disturbance of the equilibrinm, After -:{\mn_Vﬁm
in 2 vacuum nt ](12500 the bhick lnyar hon nesrly com?atejv h:rn«r' '_'ff!c" to o
the oriminal color of the Freguantam, whi’a tha hro=n gathnde Tavap hes oq:nh%"!
roturned to the orfginal color. Chvious’y, tha enmilibrium hes heen reactah?{<hed
here by an oexchianre of bhoth tynas of fona,

The “alrly datailed ranort on experirants "2 and 17 w»wrx wa~ nnt r:*vg!!“ _
to provide a concludinz int-roretntion, m whieh aan hn siven onlv 4o » Timited
extont at the presont time, but as a supplerent to the inve-tientions o” electro=
lyeis of Vrequentn and as a guldepost “or further word u'ionn t}'fow»ﬂp-u.___ .

If a short conductor 1s placed on the free Frequenta ~nrface of a 1nﬂ whieh

18 to ba moldersd olectrolytically, vith thia eorduetor (o.2. L perall mart of
-29 — (Y7 !
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grapiite) not comneotad Lo the ¢'sstrode+, dam and running in the d'rastion of
“lux L

tie lines of Clux, then the tmmmlines in ile vioinity, atirmcte' bv the nath

of loast resistance, will run throngh thia conduotor apd torn 1t into » AMnote,

If sufficient amounta of electricity .=, the Frequonts =111 ha colored hrown

and black In a dofinite length ratio alone the 1ine nf contant v!ti "he Mn?"o.

Ao far as the sollaring proceis is oconcerned, thiis olamoman~n at fipat =gara o
he irrelevant, but it oan ba prove! tlat tla ratio of laugth of tio Yinon »f
JPPavent aolor 1n rolatud to the process -8 tak¥ing ~Tnoe in 'l e uatr Tyt ot

ann sppply important data for Adetermining tho netura of thin fonu, 1 promarly

ovalunted, -

Dubdre wo 1nventigeté tlw regularity of the Tongtl retio: more alnnddg, e
2411 firat Jesoribe the path of the olectrbo current tlwoush a "4na mowla®
(Dol WXy Wiba Wk swip of e uw bt 3a Tlaiew Tte Thee Lo toam o deme
have huen marked in a olmn1ified vanner as Fe™ and 07, Tho Tnear nartian nf $he
alateh shows a Tongitudinal seation throgh the »a17 off & Trequants tihe with »
nilver nlectrode. Above this, n pohematic top view o7 tle sars 2laghwnds =44h ¢ha
twe groups of "line sondos" (ex oriment 17' fm nlown, witlL om« "agnﬁs_" 240':% )
out and represented as prolested onto *he srrface o tin raq anta, ™ n gtfrt
#ith the ailmplified assumption that only nrbmary n‘ootro‘:!t'o enmwarn? n= with B
tho monoration of free atoms tale plmce unler the 1nfneneo of th: dbactrie Te'4,
then the flow of current oan be exvla'nad as follows: The 3otanun“_ﬂ:4‘nza7m_n4'
the 11ne snnde and the :!}_vor eleatroda- 1a detorr'~ed Ny . nnﬁnn"vf- nraﬂ‘~hjch
tnuches tho lnxl‘ vernh point of thewnx aondn, The tota® rotantia® “at-can
the electr~des 1s tina subdivided alorg a short porticn «1" the _’j’m- 'H:n_nn 'nt? .
two peetions [ in the Tigure a.ge 2" and 70 % of tha tota’ va? +,ams", nav}‘.gf:mah
han the same eleotrolytic chapmetarintios ar the tot~?) ssation, §.e. ’*t-qp:ﬂ_nm
move toward the right, and tlex anions toward tha laft. The F«; tonr At anhepeine
on the onthode ars nsutralized by the nlectrrna of tha v?x'mrnn" a'rmzit. ~h:e
the 0 lons, migrating in the opposite 1irection, =111 give of" the @a-n anantity
of sleotrons to the sonde., The Influx of these sle-tromm intr the vfoht perd g
the sonle erhbles the left nart tc rive off the suwme amount to H_ea '?e*h_s_m
arriving from the direetion of the ancle. An anslogous nroserr takas place from
here to the anode and closes the internal ofreuit.

Thé total areca of contact of the sonde 1z divided by the two tyres of Sone
._SO —
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into & eartailn proportlon wldaly, 1f the width of the Hn” 1a gonetant., eon he
gxrrassad by tha Tongth retiox. If Pk in the vpartial area, atone ~hiah the
eations ara neutralised and i Fg s the nartial arae alone ~hiah +ha ~nionw=

qtve of P tholr clarpe, tlen tie quantity Q »f eect 4aitv tranmmarted dwre throngh

agoh of the 'artia’ arons per unit of time in a nroduet o' the valencs %, the

emn valoaity w and the density ¢ of tye lona,
QuwsaoP
An tio ambtigly of electricity which mrrives mant ba soun’ *a the auantity

of olootrlolt: whioh fwd flows off,

U * Yo

¥ Py Ok Fk = wq ¥ Sa fae

Thus wo obtain an nrea ratlio

'P,\/ Fk ﬂ'.k lk 01() / ('a

A-gording t» tle theorv nf the olestrolytic rroces= {"onre TG

"a cﬂ) -
i Yol Amme hawe
57t aramtton et

tho sn-e valence, and tlrers 1a some fnatifioation tha aranmiion hl»:-t ton
number of ions within one unit ~f apnce «117 ho the n-a. "m= wa ahtair thn
aimplificntion
Fo /Py Sw [wg=T¥ ( Materia? conttent). ) .

The portinl Tengthe of a gonda are tima irwersely nronarts ane? t? thn “eam
ook velocitine ~f the 4rns 1n 4 em, TP the tewreratvre ~7-ave resaine
the mame, nrd 1f w/w, 1s memsrod Yomp th ~arallal Brmila af Fnw Veeam, th An
a mnterdd) conetant of the Ppaqronta meam, and hos Hren Aptarming? - 578 Cop
A% 42 at 1025%C (Fynerimont 12, T™pure 1%\, By memna n” thie nonniant, tle
wtzuptyce? d1epareion of g hurdle of fluy Tinnt con *e ronehly v!nt:w»*m" _n+
any point on the mrface of the Frequertn. Flewre 10 ( en pde et 193 hren
ns example, how a group of 1ine condmr can he naed +o mearnra ~rd in pnte viethle
+he change in density of tho fMux 1nca, TP T 4+ Imoen, ~nd 17 Ng 19 the r?ofa#ty“_
of thefk £1ux 17nes underrenth the brown apd Af the Tire ecrda, and D, +he rfewﬂ&y
underneath tho black end, the formals far thes gtandard afr-ntt  hoth «o7darine
points negntive, anxiliar~ elactrole nosttive) w111 be

7/ D S Fy /K Fa

and for ths reversed ciréuit ( both soldering pdnte ponitive, nuxiliary sleat~ode

[N {
negntive) 1t will be —31 - RANNE
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nyM = T la
Ly otarce of daratiy of S yply e paed Doy Tyes 1o haot ds'ermined
W eara ~f slapt 17re ontud, bt even then the romirarants Car srag! o wmet
wat b rat Loa Liml, boum e tln Mtatance dwtem = Lh'n vhoah the chanes in
Janity 1z b0 P Aatpminald cannol ha Jafinad oxsotly “ecnuse of the _ﬂn'lh
Tan»tulival cxtaret n oot tha two LY AARS 1" tho sontu. n.._ Aai"?n!mttcn nf
tle aonutant ¥ ovar t1e ~eprallol "untle o * vl ﬂ_‘lmf Tinas, }m.“eun e
dat rminaed varv ana abely. Tor axamlng Ll sy ge wyeTusa from s twn Tine
+ oAt meam tn Ttmaes 170 mpartmont 12" nlecked narfwctly.
™A Aunatitr of taxxx ooyt oloctria’ ty tranauortad b aach vind nf ionm
1 wanasrtdanal b K v«a‘a;it;' o tlano lona. Tn btha axanpla ol ted !‘mf 'ﬂm”
Loptal AN, A 5,05, l.u, tho yoloalty of tho ontirne 1;3‘ K, Liman ’h:?. o
blg Antoan, T A Fleuros are pade intr wholo aumhars, 44 own Ly ~teted Tiet
rn neemed neapage of 96 aurrent oruivalents =117 he dini.rll'hwtarli ovor hoth t.w:s
of 1 na al the Tetlo of 42 21, TP tiome u:h-l ruintive valune arc mv‘-~tﬂ.§’tnd -
cor the lon ¥ 1ncitier, ¥ JUbadT “or tha rerklan of tho totel roantity of anrrant,
rhtel 1= trangporto? Yy Yhooen t4~na
ww/ (w+y Yu (~1+4) -o.n/
rpt Por e rortior tyemanortad b tho mimm
n.-w/(vk-h\-umﬂ.hnm ]
Tn tl- anonned pansos ~F ”5 crirront, equivalont~ thors wiH he » 1nna of
21 at tha annde, and n Joon of L oguiwalonta of nlectroivie et Fhl‘eﬂ*hoﬂo...
Thin statemont confirme the theory on e gmmrqtion ?f the trown asthnie :‘,",’f"f L

h ] 100!”
The antonn are erowdled ont ty qulck influx of ention=, bnt: r!m! fn thq*r o ve

Tnd the
thay aan mirrate only 3lovly through the dme electrolyte and aceuminta ¢

gnterior boundnry ~° tha blac" layore
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De The DG Apparetus , ‘
foon after the firat electrolytis so'derings had bean aspriad ent, ermloving

-

drr=cell batteries as DC source, a meins=opernied eet whiah 111 Tad 4ha meainl
Tequiromants was developed. The sst munnlies a maxiwm ~# AP0 v N0 ~nt nvem o

ourrent of 200 ma, The ripple is approvimetsly €, The -irh?' Admrram - nhn:n__
in Cigure 20, tie extornal view of the set with the front mane? fnr t14 aviiihen

and controlas 1s shown in Figure 7N,
ot o
Tho dewioce operntes am n tmsammy rectifinr with twn A7 17 frhaw - ' 4% thety

- -

plates in parnllel, Tn order to allow eawy anntralling ~F tha M valtar | the trhaw

mnnunb’ly honted through n small heating trannfarmar of 220/ L v afinr the
Tine . . .
xet@xvoltare bhas bosn turned om, while the vlwtd AC voltise o® 2 x /00 v In

tupplied by another tranaformer whowse nwrimary vnltamn san he warfal Wat-san N and

220 v through a notentiomater. , ) )

A filtorm‘or two nlootm‘]yﬁcuondamnrn of 8 )n!‘/ AN 7 and a nho"o_nf
200 na/ 6 lLenry serve for smoothing ¢ tFa woltans. Tha waltac~ tnAtgntton tn_
acconplished by a rotary-@eil voltmetsr of =40 v, tha enprant M'ﬂﬂ-MQn :n
carrlod out Ly a shunted miTliammeter with n meamrine vanee of N o 200 wg  And
0 - 100 ma 1 the key 1s depressed. ' L

The sot aiso containa single-nole switohem for hvrn‘!fw M ths Tine vn'N.-—n“M
and the DC, and a 1 amp fuse for *he 1ina 8¥de and 6.9 amn fosg Srw 41 DO ~2d,
A owitol coupled with the potentiometar rarmits ige ~hrttine ~f tha Tatbar ~ht1~

Filamen?

1l €N

nc ensurements are being taten, withont necesmitating intevmati-n A" Nam hanting
\ -

Z3% 14
{«ﬂ 1Le tubes., Baonuse o tha oparmting volinga of tle alaet ~lvta ~Antan~evs the
DC aircuit must not be shut off without lowerine the ™ Wy raene ~® +h» nntantlne
meter. Tho DC which in nn=load condition risse tn aw high am K50 7 ~an17 nthar=1ee

caure the condensers tn hreak down,

E. 3nldering iolders and Anala o
The npecial reruircmente 0 electro¥ytie moldarine hawe Tad +n tha Mv-fomnnt
of soldioring holders which , containing a nuwher o"'”eqw-" Tendr, nre ,“M,”‘M h}h
ihe soldering furnmce. Fimure 22 shows nme rolder each Tor tha Taad efgan 16; 29,
and 52 nm dismeter. The lolder o-naists of = Buse nlate »ith the ton helir
supported by columns which are made of perforated shest irom ( for 76 mm) or
of attacked sirips of sheet iron(for 29 and 52 mm dlameter). The base riite

A Y
- — FARSEE AN
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*ou¥o- BTy} WE - JHOW 843 3V
; i vy ol Lo O LI TITUOT O SN IR SURLED wry-40g
) v

Ui o "“‘WM"W"?""," mx‘ —_—
¥ O o n¥ha hnlia o et er Yeldars €up Inrertion of the Toal nlugs, ™

- e -

ww i mtwm“oo (O jr{s O - HORTOCT ‘
Arti1n] foas of grephite 'a 9w ~onter fow #%y pyresetrle tomy peboro manan conanle
12 of a1 vy o grenhi o o8

P e

. “ e
orotngt tho fes cerar Yo w
). S [
‘urkace frem crecinttatior of 11on wapor, tlr gnTwens are 1) (b :h- _earamio
N TP S ey o L S ‘;"", s:kau S“' IIE &.. Vg et
) wbon, Mo grontort MMawetsr n® ‘1o deylea Joner’n ar tle mace nv Nn¥a th'n
i . E!— ; ‘o

9 entire holdor is wado ~* qron, Tn' nﬁl:nr tn

Pho quapts eytinter tasbdo $le ynepur “urmaecc, Tnoovr eiwe, tRT - ahrut 147 v,
™ir sige An mltiolent Ter

17 Seefte of V0w Miametor

10 ety of 20 e Viarcter

4 leade of ™2 e Mancter

a Yendr f 00 1 Mane'er, . 7 — e

et ey, “Leyar: tewd
mpt e TapAe of e came f3e onn bo rol'epad ripmltianam y. "l’ . e
~ < “lespmnr nro genacabad e tr e
1% ‘1o helior tead downvanl, anl Tan~ “Yesrmr ero 6o
W A et Yegrn, T am? of
tran wlre In rueh g war, Bt Y wipe te Tean? eround ones 0 s o

e L 7 m, R Aeucldne nf 47 hama mTato by the henad
LD Wi!‘i' To GriuGme, vl s T - . -0 -

raw -

' N ! PPopde "Mt -t el aaketen” ernteat,
of +to load v'ar 410 foree nf grwity aflerde 7 23 | ermb

L wing nrn o mrate? =1t eaeh
Mhon Se peent o Yy T dnee byt end ‘}}u enntact pina are r

R " okl Ve PR 3 I -ipe
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The vacwus Purnnge 19 oy Toned wllhoen a'd T tlene dnmilated coppent Yeed
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w e A
for alectrrlytic soldaring (Mg, 24', An iron ring 1+ Leld batwsan Puhher vagibourn .

aderooat) tho choerymt{ n winlow in tle conter of tla furnnea orver in el a
wanner that a sontact-t1be Toad, commeuiol to 1L by three twiders, preotrudes into
the vaouum vesse', innratad "roa 1t. 6 sontast tuhe can ea-ily ho_yamvpd 1{\”“
axial dipavtion, Tte movemunt in a downwdrd dlrection ie Timited by » ston nin.
e aommootion witl “ho conbeen cbar o Lo soVderiug rao’ 1 aavriad cnt e
Pavine Ll Tanor o 7 tlw contacy tube Louei. tle contact atar vhen the cover
of the ™umaow 1o lowerel, o Lial 16 wi1l be pueliad upward nH((h’l.'.vv on gontact
(e 22, Tho walght of 1w c mtact tbe vroduoss tle ramiired sontar! _rroamre.
Mortnye the nYderdng, tho tesrernture mommiromont point in tle weldering rae*

can W aielto? theegl. Vo oontegl tahe and a oonferal hole in the controt ster,

Ga Tho Bloctrolytde Toldering Frocese

L antire wnowm-roTdorine progemn, ~tarifre with ile guampetion a7 dba
furpne aftor the 1tema t bo aoldared lave hamm v acad It $t. an? aniine —j_th
+ho latting in of gan after tho 1074aring prooans hen Nym *intahal, 21 the wnme
4n a1 deiniln arn the one Aemerided in reports He 172b and Hp ’1'9. "ha a1 :nh”‘q:ﬂ_‘
Tyiﬁio offoot on tho 70ldering nointa 1= oarwlad ant within thia nroga~s b+ mesnn
of tho mnealal enuipmont demoribe?, and ncaerdine to the FAllo-ine Mrnot%

Prior to the ovacunti~n »f the ¢1nsed Pirnace vasnal, the int-n-*nr e Yine .
15 tonted twxm between the vosse! and the Inmmlatad “ead on the rchrary-tian ~intsw,
to doterrine 1f 1t carrfos evrront. T tho arrancerant hen hesn nronartv -af wn,
no ecurrent chould o=, Anly nfior +hin tert hox haon gerried ont; evmenation 1n
porforred, the coolant tank iw £i7led, an' the fmrnace hentins in tv?j?r‘ on
according to the method prescribod, dependine on the tvoe of Tead bo'up T""“T”"?
The DC 4o turned on only when the tomperature o tha Tnads $a nnnronchine °Cﬁ° e,
From thiz point on, the electrolytic tremlment 15 carrlad rnt ncomAine +~ o=
finite rules which have twrmed ~ut to he rreotical In the ammrsa of the Aev-Igp-
ment of the method, . e

The straneth of tho iioctrcﬂyt% 1n the “rnquont~ 1a ~ronetione? mﬂh
to the durdtion ~f the avsctrolysin, 1 tha onrrent density romaing the -~awa,

17 the current s c-nspant, and the electrods area 4s ¥nown, the time i® a direct
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that the anrrent lan-fdy bns haen ¢ Taulatal Sron _L’; o t.n_!.u’ a r_mnt and tha
nvarags allvar evpfass 5 ambant, Yot ot 40 pan?tty n ""','j"'w «_'wmgt f"f'?h
Ananat B manrad Tlawe Peoall c thove tla g«r‘.ahnt points, and ne m-ﬂqn o':vf!n?.
hatwao tha laera ant b Trggeata, Towar Surrcnt densitles roauire "_o'r_ww_n_:_\”v!m
Inp timan, Y e amen Attt maerant dapettion aheye T ome ver g, OW OAN dNMSe

tpndne of 1 Pregrnonta sopface oven ot lnx"‘n"vmﬂim-frm tomparatiran, Tha mnf-m'
tagidr to et ey Tand Inercooan =1th Inerearte :'n2r.3 contant of tle M«'.v'anh.
Tana? enrpont cwortanla g cecur ononcel ot piita of contact 7 the eiver
gtrip, 1f tlo A ""-*oh'w"yiai'bcnrrm!h 1 win) ab tempere nras halew 06?3 C.

Tt han timo fmrx beon Peurd to ba Af advantags te oarry ovt the do-.-o_ﬂfh_Mnn of
the ~nlAari=a -cint nt m tomper-tore bholwoan 900 nna_'um_r_»" C, 1.0., dmf vhi'e
hoatinr to tha zoldering temparature is ot171 in vregres=s, with only a nartion of
tha moxdzun onrrent ( abeut, °F of 11, The maximum ourrent 3n determined for

avory lent =izc by the rerdnat A" Hlo roemiaaid’ e current r'lem_ﬂtv. ar-yl ‘tht: q’oof::nﬂa
murfage. Onme pastrlottons, horover, aro required elao *n*t}‘.*a‘ g“f‘f.“‘ﬂﬂ"‘“"ﬁ the
waximar currert ean-ot be reached 1n svery caau witif tie 400 v ny_ni'lnb’n._fgnonr"m
on t};e type of Traquenta nni t'o danetor. Tn tle care of the srallent leads

(16 »m Atamater) annther A fficulty arices. Due to the ?'fnnl?ogn o" the slgctrodan
tho fenatdive foges 2-ad %o birn out wny ‘9.10-« 400 v, nnﬂ”ﬁhe Tende ‘mn\'
down, whila tholr -ma?l ‘ntorna’ r'!!r}ntb«st onuzes an unfavorshle ratio hetween

vepntive 'nd positive contast aress, aoogrd_ing to exverientes Mtﬁy‘ih}g mnﬂn_w

about 1 ¢ 5.25, Considering thess clrcvmstancen, the vi"“°"’n"_,m°t‘°"1"_f‘:[’1t'

' eahle mumrrent valves bave boen estahlished, which remain firned on for A winmtaw,

independent of the ortginal partia’ current, and whieh vi11 brve the demired
)
eleotrolytic effoct at the aversge rolderin- temperature of 1025 Cs
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aellaptng taroapbure, ol Ual Lle mexious overont o turmjd on wlaa 100000
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e, !

vn1dkgo nom 141y 18es Inwense an Llac progrenoca. Thir nisld be t1 nted go_l::h

nra~reantve cloa’rdylie orrver don wideh rataco tle Hv"'Ptance. Thie wai'd aten

o e m e

oxplaln thu fant tlat the corront sxk 1imo”f wmat Do roenTated wvery no~ and then,
nfor :ﬁ%fﬂ' tamperetrre hoe Ywen ra-cled, S

"t Era ord AP o e Ydartup prncars, e veeno' _lr ft?"!ud »14} n’ tropen, s
peral, end tln lostta crreant foosled of€e The Oo170wing polnte runt be rewewhered
In thbd cnrod

o offeet of Yo o ee! rlyeia, ~htol deex'dizos and oxesnn repreuning of the
redo AnT e tlopets Lollor boating, muoLonch he tiloeruptod, wixr a2 Teonp ap
neticonblo romencrwticrt can lave place n i Tregnenta v te :'.“'.‘ n:"’“'-ct 6:

-

torper . tnie. Tudr dunger do practZonly o”4ninnted st naturs? ncdl ine Lermaretnren

adpamt:s holow le solidiffeation tempiral ru o tha =AMV Tt 1- nocesaary,
Lrwaver, 6 redros tle NC pricr to tls incruase of prenaure “( adnittine \P ':3\.'

10 £ vnlue +hiel: Ttes belov tie ignitlon vollage of slow Atschnraee, l:ﬁ_vqlhfna
below 100 v thiz 4n enevred, Tlun tie DO durine the ~dutbting -f the one oan he
anly & prrt o° the radmwn current. After thy gan has heon admitled, hister
voltage and tlus «7so0 Lighsr carront onn be used, The benaf'tt fiwm dnr‘.vuﬂ”?ﬂn““
thie ronemod ineranse, Lo ewer, 17 =7irht, Decansa tie resintanes of fie W‘lgﬂh
Tnareasan quiakly albar ihe Lenting lmn baen -dmt o7, »nd =117 °"f1?‘?,,th.".m,t’f’
deoroanso inst aa quickly at a giver volinme, T4 is ther-fore moro advant-geons,
for 4to marross 2 Yotter controlpem o ils amovnt T elactiotty mmpplied, to

sot & partial current and to keep it constant, simtlar to the metbod nsed =ith the

initial ourrent betwesn 900 and 1000° C (Figures 25 €0 27)e
-37- SERRET

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080023-8



Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080023-8

PRET

- -

Aftar tho I0 Yan hasn eint ofP gt nwﬂmh‘vhﬁqﬁ 0, th~ aleo‘rnivite
pracesn e fnlsled, The farthey trastmart of tha Yeads le aavpied nvt agnepding

tim to the Alrectivon piven in varort Fg 170, .

1 nformatinn .
7t chor1” be =antioned aw g svrelevantarv Suswwnchhem that m nearly o 1

pates & peouliar!ty hae deen obraryed, Aecanrding tn thenretion’ anunﬂnrnfnuu.i.

p maden dsareran a® ko re-tatanca aleulA anemr at tha momont. w
(4
J"Vﬂ"Y'y‘{ ’)6"’0(' haranan e ancbank helwann an Any -M"wmmnh hea ‘-“ﬂ
A

. n \] n'ﬂ
Improvel. Tn pranklies, baunwe =, tha pantnbanea evren ahawa dn'lv n Vnpv m

e

Joaranns at trat palnt, ~nAd that anlw &n yare para oafen, Thin 4n 0 bo attrihuted

» vame: wnme

Lo e Prat £lad n Tnrps nortian of tha Airment 4w tranm! téad m_vl_e'mtvn_-o_n:ﬁn
enlnalon priar 4+ ha - eMAnd of Ao vrrre nﬂv-w..!’hh avrpant aan tate tb
plaan af 81y aeetant mpepned qpyenen ’.‘ n ~tlgar nloghnndn. -f“ﬂ" nte " ‘."”.’._
Mo Hackentne ~* the Peaninnda erfans within +he "Voeve naﬂMm '}\Qﬂh ea‘min

ne 2lver 4z genera’ly on i“‘aﬂm/‘.%-\\‘ 18 ~armat Pava Acermed Anpive the shert

-

'Y -2 B
yardal AP BPaatlvapane cwlgre $4 the ma"+'np ar ﬂ*q “ynp, 't VL e WS

angnrad $h1 mart A% $ha mprant 1n avelarood tw amiaeion hoteasn «ln-va amA

Pramienta darine At mbirs wldarine neacess, Ir +AA943an 4~ tha trmasmiaston

neranr "he 11quit silver ~loctrode,

M cnpreotrers <® #1a ahevrs Alenpe sae areesd e ~anmipa=nnde neeniad Avt

-

tae, moondaT7yr YR E Taadg whtel anpdofeed ne ofvar, Pupdop +be ﬂ”’f rafm

i

nacd, *le tond e enhioetad ke tho came trmrarabima s ae n -'n“r"'*r‘m' A the

roeddienee Wi okeredned? fram Alwn da Atos ok yaldpone o, vno -M “% v
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al Tdpteg dopporatien eme ma elmATaw da the -‘hfrnmun‘hﬁn"m' Anvine -ﬂﬂm-’_vy
ViDL ATyer, Pt 24 nan e anaTndad st frae 1M~ that the ~Nver contact has

enly o AT1ont o oot on ﬂ‘“" to8nT tranmml ~elan A® mv-wwf hat=pon 2T nave amd

[

Tregrenta. The ﬂi’ﬂcr\t‘!n“ﬂ:’ in *he rnn'ftﬂnch mivve ot the and ~¢ ‘hn r'hmn

y “femps 0% 2 cenmnd nat hp $ha vaTtape moneddlytis oF +he wn-tetanen, w

the volhes papning sonmbant Pam aank Maspam, tmd da e +n tha atornine nf the

enisston current shortly afte the pressurc has begun to insrease ( adwitting of

gan). _38v
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row web - —- - em,

The secon! neamipenmt carplel omh em o Yend wtdh ut «1Tyar wap gareied aml,

au far ac the eleotrolyllia trastment '+ acie-mned, a'rme the Vinan of » slver
nolder Job of Lha aane Alauater, Tora, tnn, the "lieh Infusnce :" "’:hn m
contnot on thy tota® reaistance waa ~nfirmed (Memra 27V, The Haerer hews

Lhe mnma alapaolaristlss dp to tha nolind oF «dminnian ~™ the """., and ﬂ-'-_
nearly the sary reutularee g o¢~urs n woiran? nn‘!aorhnn. A ﬁuvhﬂﬁn nm.d
caly 1n the Tawt pert of tho ueasvros at, ™a fnawnnne 4n Mwhhmo, mvhd__h_'_._"
"a" in b‘iidiaf;mm, 1o eaur 1 by reduetion +# mvmant and v bane, ol +ha -“dnh_u_!m
of gain in mﬁmhﬁmw £ be mahe 1mn A10Pazamn . Then the
IC war raired ggaly Lo 1l oot vatve aftar +\~n Mnhqion nt pen ha \nn
Sabdelud, tic rorl taner drarped agnin by the vatne m b, ‘}'hh ehewn et th.
clange b of pestfoncs 17 ta to tho eaftee n® trn m amd nafen mm’ -:M____
n-bis due Lo clanes tnowctiiops, The mese ~or~'-n vrevad that tha ~rntent fuwwm
loones of Ladly fitted ~loalosden rre omplntaly made mm Par by $he am? nnion

currnnt,

JiaGonaluding Renaria .
The experiuenta startod In Natohor 1947 have “rrught eeh AnPinitn nay"tl
in a vury short time, thet +he om‘.ﬂrn_rwcanctifg ~f _hndn nmf'ﬁ %) mnw_-ﬂ,al_l_ to
the olectrolytic method by January IQM. Thia fact nlona 1v a npran® that the
mothod is thoroughly wnderstood amd fensidle, _ L
The new soldering method has not only allewed the vrndw'hgnn" Pinelonn
soldering jobs with Trequenta A% 42 C, bt han alm mde 1% vorsfbles to n_n_?_l_o. .
stooks of AS 42 which are #ti1l availadle with & #iniwwm 3?}9599”._'11“:!_'?@1_0_“7:
thers seoms to bo hardly sny &ifferance badtwaon tbg t'o_.soﬂar nomo't'nu:',*_nw
detailed tosts show the eommsction employing the vu:hﬂn_ﬂ which contatne wore

oxygen to be better. It is therefore planned to use AS 42 C exclunively in the

near future. L e
Figure 30 chows & ggog olectrolytfa nolter connectl~n “et-sen trvor. ot

sold bl -

Froquenta AS 42 G A ceranic layor, attached to the thimer vortions 11ve

onamel, and & "@.— and bubble-fres silver surfawn, which shove clearly *he iw-

preseions of the wﬂ and pores of the Pragnenta nwfaao, . }ht.w“'

marke of this solder connestion which s hardly in need cfl ary twproverert,
Statiatioal data on the smount of rejects in hard-soldered lsade xive a

tyue pioture only when the survey has been made on the dasis of & large mmber of ‘]
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1¢ens. Of the 204 lesds which were oigdn‘!m-‘!!y soldered tgtwoen Jowmar ™
Septesher 1948, m,.,-. of Abe wost eowmon sise, 20 W Mameder, The whet!drioe’
ovaluation of these 992 indlvidua) soldering pointe showed a rete of refests of
7%, Of the sere mmber of Mads of mme Algreter, ot soldered bv Abe elestve-
1ytic method, during 1947, 165 had to be vefested, The vate of veSecte Man thuw
been Teduced by move than helf since the imtrodvotion ef the sleetrolyite metted,
This success should be considered of even greater t-perhng, hecanne the vosniM 4.
wormmmnrmmmm-gm-np@ug.

fhewk The grester part of the rejects, (»bout 4% o® thd toda) Tmiber of
leads ramufactured), ds due to the better soldering chareet-riatiee ~F the Pre-
quenta, This sounds paredoxiesl, but 1t wakes nnu, 17 18 4 reonlied that the
Stul veason for these rejects, upon thelr irvestigation, torne ~ut tn be omc -h:eh
414 not oocour very often Morto the 1ntrgdnet!on of Q.ho o‘oeh_-vz‘v’fg -of'!qv_"m
process, The cause is the apymsrance of favwe tn the mvnr; vhieh fremantly
Yeave the upper dmg edge of the nolﬁnl'ini sone conplatalr M1ad, or ‘lw
the ring a1l along its width (Pigure 1), Otvicudly, the foree of the wrface
tensionx which 1s¢ smupposed to vrers the 1Aquid silver into the solAerine :nm;
1s no longer sufficlently grest, .

Pigare 32 shows the effactive foroes of the mhoo tension. “uurﬂoh“y:
the only difference betveen normal end elestrolytic soldaring eeems t be 'n th
angle of contact between nittw silver and Prequenta surface. m norma?l _solaring
this angle yln greater then 90°, apd the silver doar mot -tt, white 4+ 14 ene
than 90° 4n the electrolytie soldering, and the silver *i11 veb. The vertiea?
oomponents of the forces at the pointe c_‘m D are oq_nﬂ and mo-!_tf_.in !:otp__.__
cases, and canoel each other. The vertion? componente of the Porces in the oainte
A and B are directed wpward in both caseny they oM and nttewnt to m._th!_.-ﬂm
ppvard, Thus only the forees on the wall of the sleeve cen caure & change n
loeation, snd the magnitude of the force aeting upon the stiver 1 tho‘agn_o‘ i
both cases. Fowever, if we consider the forees which attempt o nrevent the " ver
!‘rolmingw,nﬂnﬂtmhhq}ﬂthnlp&_g{thn"gugg over
column and its friction along the walls @B the soldering gep. The weight of the
silver colusn is the same in both caser, the firiction alone ?l_p'im“!m 1n
also the same, but the fristion along the Frequenta mefTeee is determize? by
the degree of wetting, whieh, in twn, is the same aw the scldering qualily.
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uunuwmmw.mn&p L -Mohfmwg_-ﬁ
mmunvmw(uh-tmluemw in Pleure 2 bty (e fuvees

'1"‘.2" - A
aghas
of the ‘wo vertieel roroen acting won the silver, She force silmiber 1t

- weryts =

point 3 10 the predoninant one, a¢ lone an the ‘!!m!d__uh'l hanse Aown tg!_q-_t_b
coated eres in suffielent quentity, The antle of contact, in this oane, can L )

-—hee = Wy

taken as 100°. The foree ulpng 4he entire ciromferense of » ﬂomw.'f . Mmgg__

* agt
of the soldering mace £ 30 wm ( Aemster of the Teads 20 we), Sliachiue o8 votst _

. wmmm

$ 1o then 8,8 grave ( surfece ter -llw-mmtmnmd-imm-m
a‘x “ + . - -y B - e CEER -‘ - -
en). Together with the foree M at potnt A, ~hich onn on'y be avtimtod, the
sum of the forces asting on the silves vine el Alyac‘ed upvard onnzo ugmﬂ to
be 10 %0 12 grans, Of this, over 5 grane villhvuﬁwhgmmf‘gv:?m
weight of the silver, MWMmimgnamegnMeﬁ!mn!dﬁ:h: )
dueted from the remainfer. Only what is 1|ﬁ|ﬂ¢r‘mt 10 uned to generate ibe

pressure vhich foroes the silver intn the soldering Scue.

Tt 2s thus evident that increase of the nolderink r_-u'Htin_o_f the Freo onta
are at the expense of the soldering pressure. L go:dtﬂo to net srorm? Ahts_
d1f2ieulty by seefing to it that the Boldering sone is st the Tovest point vithin
the soldering space. In thie caes, the foruld eb__m-heo tenefon -111-2!

in the dirvection of the foree of grevity, 1.0., they sre mggoﬂ:ﬂ Wy m;:_'!x_’
of the silver. Proper redisimming of the slesve oan #¥I wnintain *he wanhrene
offoct of the sleeve wall on both sides of the sbldering Some, Conttmmiion of the
development m«um;--mwxoua,.umadmumm

nuofumwm“.
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- QUL

. . - . -
osting ¢4 dleloctrie strengtd of ten eleetrolytisally soldered Teads of 20 wm
amm,mmmwmmmhu

(Testing with eontimuoudly fnereasing A0 voltare)

Fo, of 1ten Preokiing ot Ynee .
20/ oy ot
29/95% 17,1 a0
29/360 17,4 10
29/362 18 n
29/369 18 ”
3/ 17,4 rae
29/386 L Yo
29/389 17,9 10
29_/“’5 2 2;

] 18 ,,;,

= End of Tart-

R '{" '

g
By 9

Y27 - |
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TLLTTRATIOTS . SEL Ml

Tigwe 3. L
Bemsichnung der Derehfvelrungrieile = nomenclature of the leed parts
Mropfen - pIW
Schwelusnaldt = weld seaw
Yurse Feelee = shert sleeve . .
m-:tmnm-muwmm
4imerer Foklrawm - 1atermnl owvity
Lostwone= soldering some
sussserer Follrawe - outer o_n!w
Proquentarohr = Prequenta i
Ancats - shonlder
lango Fuslee - long siesve I . . :‘_
on »'th
Solhwelsskante sun Anschluss en fae Vnmfun - wo'\hing oﬂlo Por mﬂ
the veowsm vessel,
Pigu., 2, Solder test of Sfiver- Frequenta AS (2 ~ith strone ——— )
( mot reprodusidle) . . -
Figure 3t Solder test of sOBer and anm‘h AS A2 with gus Wihblen et mﬂh‘“h—
od sllver suwrface ( mot reproducidle) o B ‘ _‘_.__. '
walinn O
Figure 4t Soldering test of silver and Freqrenta AS 12 € with Might rene
gas ( not reproducible). -
Pigure 5: First attewpt & olectrolytis soldering ( not reprodueible
ﬁguro 61 Auxiliery electrodes fog_o‘!oct*a!yﬂe wo' dering
o) mmkn external D) intermal eleetrode 7
Hi1fselektrode (G,pphit) = suxilisry sleotrode { granhite)
831berelekirode :_oﬂm slectrode R L e
Pigure 7s Potentidl d1stritution and curralb eharecteristies 1a Frequents weh
a1fferent arrengements of electrodes o
H11feelektrode (Orephit) - suxiliery slestrode {(graphite)
muwmrmn.nm hl!‘lmthofthrnquﬁlhh -
e Zaklemmmgeden veo the ﬂm-mwn-pnlm-tnmeut of the total
. - .
wvoltage

-.-L'5..
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SFORET _
Pigere 81 Bumple of the effeet of en internediate olm ﬂ-ﬂlﬂm‘l
areas - -

Iviochenalekirode (Crephit) - iwtermetinte elootrote (O.upbite) .

Die Mhlenangedenees = '!hﬂmdmvolhnvﬂu- qn per eent of U
‘ot vultere .. —

Pigure 9 of m,‘wq an ﬁym_t:m_s of tewpssmtrre

fpesifiscler Purchgangswiderstand -

Teuperntur = tew~ersture o

Figure 103 Change of resistance of a graphite u\nﬂ!ary o ootmh Avrine tnﬂn

%o anldering temperature (measured between the front sm aress of » Fregrenta t+he

of 16,5 mn internal diameter and 70 mm length)

Tiwsatand - reclotencs

a) graphito paste properly mixed

b) graphite pastemm containing too wuch hinder N

Figure 11t Various graphite plugs ( electrical commetion ~P the -w"!m

electrode) (Not reproduweidle).

‘r?nro 121 Test arvangement for mespuring @ emission

Zum 400 V (leichstromgerast - to the 400 v DC wet

Beobachtungsfenster - observation vindow } i v

Isolierte Einfushrung .eo - 1nsulated lesd-in 0f the onoled -'loe%ndo «ith wator
_ supply snd &rain

Absohirwbleche - shields

Quarssylinder - quarts oylinder

gokuehlte Flektrode - cooled eleatrode

Edeenrodr - iron tube

Untersets aus Risen - iron base

Orgphit-Olushkoerper - graphite mmm \ody

YaXwmofen (Gefaecs) - vacwsm furnace (vessel)

Tushlwasserbasein « cosling water tank.

Yigure 111 Neasurement of smission on Pﬂqmnu A8 &2

geXushlte Elektrode- ocoled elestrode

Tenperaturnesspunkt = temperature measuring point

Graphitanstrish - graphite coating

Ofentisch - furmmce plate —_4y -
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SECRFY

Nessanondrung in matuerlicher Groesse - neasuring aveangewent in mat-rat siwe
Eviesions=Strom = emissicn avrrent

Kalte Dlektirode , negativ « ecold electrode, nemntive
Kalte Flektrode, positiv = eold electrnde, mﬂ?&n. e e e -
Pigure 14t Yeasurevent of euinsion on irom t. V5.29, Yeavurimgn arrargerent In
mtursl sise.

goXxushlte Rlakirode - ocoled eleotrode

Teupe-atur-Nesspurit - temperature weasnring point

Pisenvelr - Sfon tube

Ofentisch = furnace base

Evissions-Strom - enirsion cufrent

Kalte Xlektrode,negativ - oold alectrode, negetive

Xalte Elektrode,rositiv - 00ld electrode, positive

Pigure 151 Tha sourse and the effect of electrolynis of w in a moume
Anionen - anions

Kationen - cations

dunkelbtwaune A=Schicht ~ dart brown ancde layer

helltrame A-Sehicht - light twown arole layer

braune FeSchickt = trown oethode layer

:hnrl. Y-Sohidkt - dlack eathode 1m

Pigare 161 Dissociation of Toy lnA eation nu! complex Son

S11berelektrode ~ silver electrode

Oraphit-Hi1feelektrode - « suxiliary graphite elestrode oL .
Pigure 17. Caversion of the external Prequenta layers after nwn‘ hours o!'
ameeling in air at éor’

Figure 18: Lins eondes on s parallel tundles of flmx 14nee

Strichsonde= 1ine sonde .

Pigure 19: Line sondes on vertically seattering tumdle of flux 1inen
H11fselebtrode ~ auxiliary electrode

Stricheonden - 1ine sondes

Figure 201 400 v DO set. .

1 - Transformer 220V /2 x 400V

2. Tyansformer 220V/ 222V 0%
3 = Rectifier tube
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SECRrY

4 = Kleotrolybe condenser

5 = Filter choke

6 = Rotary-noll voltege meter

7 « Rotary~coll sumetdr

8 « Slamt for weamring Tanee

9 - Pusb-button britoh for satiiaace
10= ) awp. fuee

11- 0,% awp fuse

3%« ainglnepole switch

1% Potentinmater

14= single-pole switeh, couplad with potenticmeter
15 - naiutsuco'

16 ~rantatance

Pigure 211 IC set for 400v, 200 ma (not reprodveible)

Figure 221 Soldering racks for electwelytic roldering af leadn of 16 90 an? 'l?

mn diameter. (N¥ot reproducidle) ) )

Pigure 231 Soldering holders and ract for eleotrolytis <oldering L

Ooffaung fuer pprgmotrische Temporaturnessung op:nimv for ryrometric termorsture
measurement

Drahtanschluss « wire comneotion

Xontektflaeche = contact surface

Kontaktstern - eontect ntar o

Toeteinsats = soldering holder ( crntaining 4 lesds of 57 wm Alawetor)

Keranische Saeule - ceramic colusm

Quard-Bylinder - quarts aylinder

Abschirableche ~ shdelds

Dreiarziger Muss - tripod base _

Relrawischenlege ~ tubwler intermediate 1ayer

Figure 241 Insulated lead=in “or the vaocum Mirnace
0lassoheibe ~ glase pans .
Oummidichtung « rubber yumcking seal
1solierter Ping ~ insulated ring .,
Anschlagring = stop ring » o
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SECRs

Kontaktrohr-Pushiing - oontact tube guide
Ansehlagetift - stop pin

Ofendeckel - furngos cover

Abschirubleche - ahields

KontaXktatern « contact ater
Hi1fselektrodens2ufunhrung « auwxiliary oleatrode Yead
Keranische Saeule - ceramio colwmn

Pigura 25, Diagran of the o eotrolytic nnld ring of ’oc;ﬂ of H'omvou; A? 22 0:
d4ametor 29 mm, longth " m,

Wider+tend ~ rc-!ztances .

Elektrolytatron - eleotrolyts ourrent

Tomperaturm =~ tomperature

Heimstror aus - heating current off

Zoit - time
Figure 26t Diagran of the elec'relytic moldaring of a 1.:»1 of ‘nnwom; AQ ;9 ﬂ:
dlameter 52 mm, length 95 ma,
Togend same as adove,
Figure 27: Diagram of the electrolytio soldering of a Tend of F‘nqnuﬂ: AR ;7 .
oxidised and turned, diameter 60 m, Jength 50 wm,
Mrpascarmmescabemy Tegend sare as abovn, } L
Pigure 281 Resistance of a lead without soldering rota? as funotion .;r ﬂ:.
temperature and prossire f?rgquonh AS 42 c, 2§ om diemetor’, \
Gaseinlase « adnission of gas
Other legend same as ndove,
Pigure 291 Diagram of the electrolytie treatrent of 10:6 vﬂho;; ;01;;;; n;:’
(Frequenta A8 42 0, 29 me Afameter'.
Logend same as above,
Figure 301 Eleetrolytie solder mp:o Suvu- m A8 42 ¢ (not mn;va;;v:s
Figure 31: Fleotrolytie soldering with flaw in the silver (not reproducidle).
Piguro 92: The wurfmee tension forees dur!ng"hml solderine, .

t- - Eisenflaeche wit Telkum-Anstrich - iron surface_ooated =ith hhm;n

N
IO - PR SR

{ 4 Prequenteflasche - Frequente wrfuce E1senflseated Dlank - von ~#ive, Vnrk

€ NormaleLoetung - normal ”m.ﬂ," Elektrolytisehe Tostung - .hmm!o
-4 - soldering
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