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-united states Patent Office

2,708,656
Palented May 17, 1968

1,700,456
NEUTRONIC REACTOR

asiguors (o the United States of
a8 represenisd e
P by United States Atomic Energy

Applicaiion Decrmber 19, 1944, Serial No. 568,904
) Cluima. (€1, 204193}

The present invention relates 1o the ¥
of nuclear fission and particuiarly to the &m”:&l
Self-sustaining seutron chain fssion reactions in ys-
ems embod; ‘ng uranium bavi i i
sems T3 baving a aaturat isotopic con-

Experimeats by “ahn and Straswman, the results of
which wuere publisl.od in January 193y, Naturwissen-
schaflen, vol. 27, page i), Jed w0 the conclusion that
nuclear bombardmest of natural uranium by sow neu-
trons causes expiosion or fission of the nuclews, which
splits into partickes of smaller charge and mass with
encrgy being released in the process. Later it was found
that neulrapns were emitted during the process and that
the fission was principatly confined 1o the uranium iso-
tope U’-f present as Yy part of the natural uranium,

When it became known that the isotope U in natural
uranium could be split or fissioned by bombardment with
thermal Deulrons, L e, neutroos at or bear thermal equi-
librium with the surrounding medium, many predictions
_vere;n_-dc a3 10 the possibility of obtaining » self-sustain-
ing chain reacting sysiem operating at high neutron densi-
ties. In such & sysiem, the fission neutro‘:s produced give
rise 10 new fission neutrons in aufficiemly large numbers
W overcome the neutron losses in the system.  Since the
lFsull of the fission of the uranium nucleus is the produc-
tiot of two lighier elements with grest kinetic chergy,
plus approxi Iy 2 fas1 ‘

each fission along with beta and gamma mdiation, a
lurge_ amount of power could be made available if a seli-
Busiaining system could be built,

In order to attain such a scif-sustainiog chain resction
im 2 system of practical size, the ratio of the number of
neutrons produced in onc generation by the fissions, 1o
thz original number of aculrons initiating the fissions,
must be known 1o be greater than unity after all neulmn‘
dasacs are deducted, and this ratio is, of course, dependent
upon the values of the pertinent constants.

In the co-pepding applicaton of Enrico Fermi, Serial
No._534,|29. filed May 4, 1944, and entitled “Nuclear
Chain Reacting Systems,” there is described and claimed
a means and method of determining the neuwron repro-

duction ratio for any typs of urimum-containing struc-

ture, directly as a result of a simple measurement which
can be performed with precision. Accurate values for
all of the pertinent puclesr constants need not be kpown.

We have discovered certain essepiial principles re-

quired for the suocessful copstruction and operation of G4 nedtron absorption by localized peutron absorbe:

sc!f-:us:_niuin; seutron chain reacting systems (koown as
newronic reaclors) with the production of power jn
the form qf heat. Thes: principles huve been confirmed
with the sid of measurements made in accordance with

hmvemdbymm:hhblm
The latier is coaverted by beta decay 1o 9310 ul”:n

pearing as beat and gamma and beta radisiios, topether .
with the formation of fssion fragmeats an'uliu -

radioactive isol of elements of lower
W anawm.mr:lf:}ecrm;'-w:.'-'.“
The nevtrons ¥

thus
otthc'n"nucleihlvcahi.hawlﬂ:v.m- .

be slowed down to thermal encrgies in order
vundition 10 cause slow neulroa llﬂ: in - .!.1=
13 huclei, This slowing down, or moderation of the seutron
€nergy, is accomplished i
& material where the mb? mzhmm':y-ﬂmw
Such & maturial is known as & moderaser, While sceng of
the secondsry peutrons are abworbed by the urspium
mmopeﬂ”'ludin;tolhepmdmdmotm",
and by other materials such as the moderaior, asough
feulrons can remain (o sustais the chain reaction, whes
proper conditions are maintained, et

Under these proper conditions, chaw ranction
23 sopply not caly the meuyons - for Ilu-ni:l.. :
the neutronic reaction, but also will supply the nevirons
for capture by the isotope 9259 leading to the production
of 94, and excess neutrons for use as desired, o

As 94 is a iransuranic elemen separatad from
wy the unconvered uranium by d:nilli:l.;bods, and - i@
is fissionable by tlow scutrons in a manner similar 40 the

isotope 9219, it is valuable, for example, for m};‘ﬁ

nutural vranium for other chajn reacting systems
ol smaller overall d:' if‘he Ill:nll:m are slsp

53 valuable as sources of redicactivity,

The ratio of the fast peutrons uced senare- -
ton I:_-y the fissions to the m’ﬁunhi:om -
itons in a theoretical sysiem of infinite si» where there con |
be nw cxteraal loss of neutrons ia cailed the reproduction

on the average for 4y of multipiication factor or consant of the nystam, sod in

denoted by the symbol K. For any faite

]
i

neutrons will escape from the paripbery of aysham.
Consequently a sysiem of finite size may be n*ud to have
.l_(.cqnm;,eventbou;h lhzvﬂulbemtwoulduliy
4% ekist if the sysicon as buill were extended to infinity
withour change of or materials, Thus whea
Ku.rcfel_*rudtohereiulwnmmtlmdm
cal size, it always refers 19 what would exift in the pumne
type of system of infinite size, U K can be made suffi-
= r:n.'ntl). grealer than unity to indicate a net in in meu-
trons in the theoretical system of infinite size, and then
:I:‘is‘ﬂwi;y:tm ::u!:mn Io::) be sufficiently Inrl'e 80 that
in is Dot entirely by Jeaknge exterion
surface of the system, then n,nu-nuui;r:.:d!lkain react-

5 ing system of finite and practical gize i
produce power and related by-productlc;; :euc
sion of natural uranium. The neutron reproduction
in u system of Bnite size thorefore differs from
the external leakage f. v &nd by & factor due

wSEE
!;SE?E

the roproduciion ratic must atill be i o
u_mn unity to permil the neutron mlﬂmlymm
tially with time in the system ap bujlp

Progressive empirical enl y d

the meany and method set forth in the above-identified #5 system for which the factor K i not .:-.::,.ly koows,

spplication, and neuwronic reactcrs have been constructed

:::i olg:rawd_ at \;nriom ptlalw;e outpuls, in sccordance
& Principles, my wi

itk thes | i more fully brought out

In » self sustuining chain resction of natural uranium 70 Jeads ocaly to &n expensive gamble with mo

with slow seutrons, as presently understood, reactions
OUCEr mvolving the inptopes U3 apd U Thus, 92734

in a8 attempt to attain the

finite 8ize sbove which mmi:-“o; lﬂl_m -
diffusion through the periphery of the structyre i b
than the nl:p!ptodluiudmh&llr!-.

succest.  The fact thal K s walty
| fact that the trvtical sise i witin. peacticer e s

United States Patent Office

3,041,166
Palented sune 26, 1962
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C 3041166
XEROGRAPHIC Pi A LE AND METHOL
Johs Rardeen, Champaiyn. Ii., 1o Xernn
» corporstion of New York
Fied Feb. 32, 1358, Ser. No. 714,92%
38 Clalms, {C1. %—1)

This_invention relates in_general to photosensitive
membery ana A _particular 1o im, oved anj ‘more B, Hly
13

2
polarity s the pularity of charging, and a sofid wpport-
ing body having a high den ity of electric current carmers
of polarity opposite 10 the polwsity of charging. the solid
body being in intimate surface conlact with the opposite
5 surfuce of the barrier semiconductor layer to support the
imulating fayer snd the semiconducior jayer. Thus, if
the temiconductor layer has 3 p-lype conductivity tbe
1nsulatir.g bayer must be charged ponitively and if fue
werticonductor layer has n-type conductivity, the insulat-

Tncwtve Tembers T0ch m are parlicu- 1M ihg layer must be charged negatively if, in cach, the de-

sputiaive _pho!
T OyE G

I 15 the usua] praciice in the xerographic arts to form
an elecirostatic imuge by fint evenly distributing electri-
cal charge on the surfsce of a pholoconductive member
and then exposing the surlace 1o a pattern of aclivaung
radiation cortesponding to the desired image. More spe-
cifically, in the electrostatic photographic process that is
xerogruphy, a radistion sensitive element ot plate is cus-
tomurily used that is basicelly composed of & photocon:
ductive layer on a conductive buse.
any activaling radiation, a uniform electrostatic charge is
placed on the free surface of the photoconductive laver
which surface is subsequently exposed 1o & radiation
image. the conductivity through the layer in eaposed
areas thereby being comsiderably increassed over Lhat is
uncaposed arcas.  As u result. a differentia} is produced
between the xposed and unexposed regiom in the rate
of charge flow trom the free surface to the base which,
in turn. results in a differential beiween these regions in
the amount of charge remaining on the free surface of
the photoconductive layer. 1t is thus seen thut an elec-
Irostatic image remains on the surface thal corresponds
to the incident radiation image.

Although *he xeroprophic processes and devices pro-
duce highly satsfuctory results, it shouly be racognized
thal the methods employed are handicapped by the fact
that the photoconductine Tavers usually vsed are far from
ideol. An ideal radiation semitive matetial, for example,
possesses af infnite resishivity in the absence of rad:aﬁc_m
and thereby hus the ahilily to retuin the charge on s
surface for fong periods of time without diminvtion. o
actual practize. there is usually a degrec of charge leak-
age which causes un undesited 'ose in quality of the final
image.  Also, the resittivily of an ideal photoconductive
Tayer iv sharply reduced when exposed to rudiation,
thereby permitting the rapid passage of wirface churpe
through the photo:onductive laser 1o the huse. In other
words. an ideal photoconductive malerial js highly sensi-
live 1o radiation.

jmages in less ume Lhun prev.ously required and abo
®ith less intense rodanon whizh meats an imtrease in
light semsitivity. In actival practce a1 his not yet been

posible 10 prnduce dircct!y a photosensitive matetial

Gre okt Shoitp Tl L kel
T s a further oyat of Ihe
vide a now Acroplept e povloiestive mefber thal cah

te5end invenion fo

Sush semsitivitiy 16 amporiant because .
i makes prasible the productivn of highly satisfuctory

sired results are 1o he obtained.

The semiconductor may include a sccond layer adja-
c=nt the supporting solid bedy having a conductivity type
opposite (o that of the other semiconductor layer.

15 The insulasing layer is preferably selenium, although
other known materials kaving long runge chirge carrien
such 2y sulphur, crdmium sulfide, cadmium selefide, etc.
muy be used, and the semiconductor layer is preferably
swlenium with a p- or n-type impurity. When the semi-

In the absence of 20 conductor luyer js ptipe, the soiid wpporing bady is

a low work funclion metul, and when the semiconductor
laver is A-ype. the supporting body is a high work func-
Lien metsl. When the plate is 10 be taposed through the
front, the insulating layer must cither be (funsparemt to

2% \he incident radiztion or a3 photoconductive imsulating
matesial,  When the plate is to be exposed throogh ihe
suppocting budy. th: supporting body must he transpar-
ent w0 the incident radiation and the imwlating Layer
need only have a long range for charge carriens, ie,

3 pecd not be phoioconductive, as will be more fully dis-
closed hereinbelow.

In order that the invention may be clearly understood,
t=fer:nce will now be mude to the accomparying draw.
ings in which two embodiments of the invention are il

A3 (rated by way of example, and in which:

FIG. 1 iv a diugrarmalic cross section of a photo-
sensitive member according 1o a first embodiment of the
invention;

FIG. 2 is 2n tleciron-energy diagram of the photo-

9 eavitive member of FIG. | in the absence of any poten-

.| gradient thereacross;

FI¢: 1 is an election enerpy diagram of the member
Mustrated in FIG. | with o high potential gradient of
ponitive polanty upplied to the member;

Filr. 4 is ar clectron-enerzy diapram of a photosensi-
live member of the 1y pe illustrated in FIG. | with a high
polential gradieat of negative polarity applied there-
LLrOmS,

FIG, 5§ is » dingrammatic cross seclion of a phote-

! senitive memher according 1o abother embodiment of
the invention;

FI{i. 6 15 an cleciron-encrgy dingram of the member
of FIG. 5 with a high potential gradient of positive po-
larity applied thoreacross,

FIG. 7 is an ejectzon-enerpy diagram of a photosensi-
tive member af the 1ype shown an HFIG. § wnh a bigh
pentisl gradient of megauve polarity appiied there.
across; and

FIG, ¥ is an electron-energy diagram similar o that

o0

. & of FIG. 6 anl is representatine of a pholosensitive mem-

ter of the type shown in FIG. 5 wherein the conduclive
baiking member is 2 low work funciion conductor.

Telan ewcli g oF T2 on s surfoce withouy long for

FIGS 9Me), Y1h) and Y(c) are diagrammacic cross-

reiahively borg oelod. of e

Accrding to Lk nverion there is provided o photo-
semsitive platc adapted to give a photon efliciency sub-
santivily in exces of 1 when charged 10 a predeiermined
palanty, comprmng an imwlaung layer pussesang tong

range charge curriers, a harcer semizondudctor Juyer one

of whoae surfuzes i1 1n ntimate surfuce tontact with
soid nsulatieg layer, the elelik cutrent carriers in said
barricr weruiond ot be,ng predonunantly of the same

e wectional views of the xerographic plate of FIG. 5 iflus.
*’ Iraling its use ip Kerography.

Referring now 10 Whe drawings, there is diagrammati.
cally shown in FiG 1 a photosensitive member accord-
irg 10 the present invention, the member heing generally
designated 10 and comprising an insulatung layer 11 over-
Y lying a conductive hacking member E3 with an inler-

mediate semiennducior barrier layer 12 therebeiween.

This composite member 18 switably s xerographic plate,

3

CHovnE /- 86.



Nov. 11, 1930.
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Patented Novw. 11, 1830

1,781,541

UNITED STATES PATENT OFFICE

ALRFRT EINSTEIN. OF RERLIN. AND LT0 EZTLARD. OF BERLIN-WILNERIDORY, KR
MANY, ABYIGNORS TO ELECTROLYX EPRVEL CORPORATION, OF NXW YORX. ¥. ¥., &
CORPORATION OF DELAWARE

RFFRIGERATION

Appliation flled Tecember 14, 1047, Serial Wa M05M, and i3 Oermacy December 18, 1908

Our invention relste: to the art of refrig-
eration and particularly to an apparatus and
wethod fur jaducing refrigeratton wherein
the refrigerant evaporates in the preschce of

5 an inert gras and more particularly to the type
disclosed it Putent No. 1.655,764 granted Sep-
tember 25th, 1928, to Von Platen snd Munters
and our Dritizh Patent No., 282,428,

The abjucts and nvantuges of our inven-

1 tion will Le apparent from the following de-
ecription conshlered in connection with the
accompanying drawing which shows, more or
les: diagrammnutically, a preferred embodi-
met of our invention.

12 Beferring to the drawing. reference char.
acter 1 desiiruates an evaporator, which is or-
dinarily placed withina ehamber to be cooled.
A conduit 5 connects the upper part of evepo-
rator I with the more intermweliate portion

= of the condenser 6. A conduit 11 comtiuni-
cates with the bottom of evaporator I and ex-
tends within condenser 6 at a level helow the
paint of romnimniention of conduit 5 with the
conGenser. .\ cooling water jacket 12 sor-

=7 rounds the condenser and is adapted for the
pas-age therethrough of waler for the pur.
pose of cooling the condenser.,

A enncluit 27 eommunicates with the bottom
of conderser € and with the lower part of a
heat exchanger jacket 2R, The upper part of
jacket 28 is connected o the lower patt of
geierator 20, Generator 29 is heated in any
suitable manner. A conduit 80 coinmunicates
with the upper part ol generator 20 unil ex-
tends within evaporator 110 a point near the
botrom thereof where it tersiinates in a dis-
tributor head 31, Condnit 80 axtends within
conduit 3 in order that the fAuids passing
throngh the respeetive conduits may be

*5 breught into heat exchange relationship with
each ather.

A conduit 32 extends upwardly from with-
in the Jlower part of pencrator 29 and rom.
wanicates with » eantainer 33 pluced at a level

45 above that of rondenser 6.\ ~nurce of heat 36
is provided for beating condnit 32 at & paint
above generator 29, A camduit 37 extenids
downwardlv fiow container 53 aned posses
within hett sxchanpger jucket 25 and thenee

13 upwardly to within the upper part of con-

denser 6 where it terminates in a distribidor
head 35. Conduit 37 passes within cooling
water farket 12 in order that fuid pasing
through this conduit may be enoled. "\ went
conduit 34 connerts the npper part of con-
taitier 33 with the upper part of conlenmr 6.

The operntion of the above described appa-
ratils ix as follows

A suitable refrigvrant, for instance hutane,
in ligquid form ix contained within evaporstor
1. Aninert gas. for instance amanio. i in-
troslueed into evaporator 1 thvugh condnit
80 and distributor head 31. The refrizerant
e\'almrates in the evaporator in the presence
of the inert gas clue to the fact that the partinl
pressure of the refrigerant is redoced thereby
and the resulting gaseous misture pacses
through conduit 3 to within conidenser 6,
Here the mixtvre comes in intimate eontact
with an absorption liquid, for example water,
which is iniroduced into the condenser
through conduit 37 and ditributor head 35,
Tuasmuch as the suunonia gas is very soluble
in water, while the butanc is quite insoluble,
the snmmonia gas is ahsorbed Ly the water,
tims frecing the itane from the pnseous mix-
ture. Thux the butane assunis substuntially
tiwe enlire pressure within the condenser,
which pressure is suffcicut to cause it~ ligue-
factivnat the temperature maintained therein
iy the eocling water,

The specific gravity of liquid buiane is less
than that of the sulution of ammionia in water
and hence stratification of the two liquids
veenrs, 1he Jiguid hutane flonting npon the
ammonia solition.  The Intter solution is in-
dieated by reference chinracter 26, The liquid
butane passes from condenser G through eon.
duit It nwd retorns to evaporator 1. where
it i« nguin evaporated amd the eyele repeated.

The ammonia solution flows by pravity
from condenser § througl conduit 25 and heat
exchanger jarket 2% to within generator 29,
Iere the sppliention of Tieat causes the am-
mania to be expelled as & gas from the solu-
tiots Al thi~ azmonis gos passes through
eomluit 30 and digtribulor head 31 to with.
in evgporalor 1 where it redices the par-
tinl prrvsure of the Intane. wherefore the lat-
ter evuparates as previously described,

g
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Dr. Albert Einstein frither in Berlin, jetziger Wohnsitz unbekannt,
und Dr.-Ing. Rudolf Goldschmidt in Berlin-Charlottenburg

Vorrichtung, imsbesondere fiir Schallwiedergabegerite, bei der elektrische Stromiinderungen
durch Magnetostriktion Bewegungen cines Magnetkarpers hervorrufen

Patentiert im Deutschen Reiche vom 25. April 19239 ab

Wenn man den Magnetismus eines Eisen-
stabes, etwa durch eine stromdurchfiossene
Spule, indert, 30 wird dadurch nicht nur eine
magnetische Wirkung nach auBen hervorge-
rufen, sondern ¢ entstehen soch Krifte in
seinem Innern, die ihn zu verkdrzen suchen: die
Krifte der Magnetostriktion. Diesen Kriften
widerstcht die Steifheit des Stahles selbst, die
3 nur zu einer verhliltnismiBig kleinen Arbeits-
Jeistung kommen LBt

Gegenstand  dieser Erfindung ist eine Vor-
richtung, die Steifheit des magnetisierten Stabes
kinstlich zu brechen, ihn zu labilisieren und
dadurch einen Magneten ohne eigentlichen
Anker arbeitsfihig zu machen.

Die Erfindung betrifit somit eine Vorrich-
tung, insbesondere fiir Schallvmdergnbegulte
bei der elektrische Strominderungen d
Magnetostriktion Bewegungen eines llapm
kirpers hervorrufen und bei der erfindungs-
gemilD die diesen Bewegungen entgegenwirkends
Kraft des Magnetkirpers durch SuBere Krifte
vermindert wird, die entweder durch Vorspan-
nung eines besonderen mit dem Magnetkibrper
mechanisch gekuppelten Gebildes geschaffen
werden und bei (Zusammen-
tichung oder Ausdebnung) zur Geltung kommen
oder die durch axiale Vmpnnw des llgmt
k&rpers selbst erzeogt werden

Abb.1 zeigt ein erstes Beispiel. In die 30

Schenkel eines |)-femigen steifen eisernen
Joches A ist ein Eisenstab B mit Links- und
Rechtsgewinde so eingeschraubt, dab er in
seiner Langsachse zusamm t werden
kann. Erreicht die Lingskraft eine Grase die
in der Nahe des sog. Knickwertes CEulend:e
Formel} liegt, 5o genigt eine kleine weitere
Kraft, um groBe Bewegun.;en hervorzurufen.
Der Stab i!t labilisiert, mit anderen Worten:
die Biegungskrifte kompensieren die Slelfhelh!
gegen Lingskontraktion, so daB eine schwache
Emegung der Spulen D eine erhebliche Be
wegung zur Folge hat.

Abb. 2 gibt ein Ausfihrungsbeispiel wieder,
das den Erfindungsgedanken deswegen be-
sonders deutlich hervorhebt, weil hier die kom-
pensierenden Kriifte nicht bei der Knickung
des zu labilisierenden Stabes B in  seinem
Innern hervorgerufen werden, sondern von
dem Stabe losgeldst durch eine besondere Vor-
richtung erzeugt werden. Eine vorgespannte
Feder H mit praktisch konstanter §
prefit iiber den bei § drehbaren Hebel G auf
die Stimfliche des Stabes B. Der Hebel G bildet
it der Stabachse einen Winkel von nicht ganz
9o*. Drilckt man nun den Stab um den Betrag r
susammen {in der Abbildung stark {ibertrieben),
80 vergriiBert sich der Hebelarm, an dem der
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