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The ivSinition relate:S to electron miCrOSCOpeS 
and Other electro?nic apparatuS in Which tWO Or 
MO2’e eiect:IrOn, eNSeS are 3.lraiged OH an aXiS in 
aXially Spaced relationship, and more particularly 
to apparatt S in Which a S. Magnetic electron lenses 
there are employed Solenoids or iron-shirouded 
Solenoids provided With pole-piece insertS. 
An object of the invention is to provide a new 

and improved principle of construction of elec 
tronic apparatus of the above noted character, 
VÝylich SimplifieS the aSSebly Of the Vario US eiec 
trOn-optical componentS of magnetic electron 
len Ses and the aSSembily of the lenses with other 
parts of the apparattus. Another cbject is to 
proVide a coSrctic of Such electronic appa 
ratus haWing a magnetic lens Structure of the 
Character indicated aSSOciated With a Vacuum 
tight envelope which is structurally independent 
of the lens structure. A further object is to con 
struct an electron lenS or lens System as a me 
Chanical Unit for ready fitment to and removal 
from the associated vacuum-tight envelope. 
Other objects are to eliminate adjustable vacuum 
tigint connections betWeen the electron ens Sec 
tionS and other Sections of Stich electronic appa 
ratUS, hitherto needed for lens adjustment, and 
to provide Simpler and leSS costly connections. 
Further objects are to provide an improved 
method and form of assembly which ensures in 
a Simple andi practical fashion the correct setting 
aind alignment Of the Various eleCtrOn-Optical 
elements in apparatus of the class above indicated, 
as Well as the minaintenance thereof during the 
uSe of the apparatuS. Another object is to pro 
Vide a construction haWing the various parts of 
an electron-optical System mechanically pre-set 
in their designed relative positional relationships, 
With provision for adjustments to be carried out 
electrically without disturbing the mechanical 
pre-settings. Other objects will be apparent as 
the disclosure herein proceeds. 
The invention accordingly consistS in the fea 

ture.S of construction, combinations of elementS, 
and relation of parts, all as herein illustratively 
described, and the scope of the applications of 
Wnich Willi be indicated in the appended Clairm S. 

in the accompanying diraWing Which illustrates 
one of various possible embodiments of the in 
vention, 

Fig. 1 is a, diagrammatic Sectional View in 
elevation, depicting one form of an electron lenS 
section according to the invention for an electron 
microscope, certain elements which form no part 
of the present invention having been omitted, and 

Fig. 2 is a diagrammatic plan view of the mag 
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2 
netic beam-Centering device shown in the struc 
türe of Fig. 1, With an end cover disc of the 
de Vice ren?Wed. 
Although for the purpose of more fully explain 

ing the imatüre of certain features of the inven 
tiOn, an embodiment of the invention is here 
ShoWin and Will be described with especial refer 
en Ce G eleCtrOn miCrOScopes, the in Wention is not 
limited exclusively to its application to such 
i StrinentS, Since the principles and featureS 
of the invention are equally applicable to other 
electronic apparatus employing magnetic electron 
lenses, Such as electron diffraction cameras, fine 
foCUS X-ray tubes and certain types of cathode 
ray tubes. ACcOrdingly, it is to be understood 
that the discloSUlre herein is both given and in 
tended to be interpreted illustratively and that 
other types of electronic apparatus (besides elec 
tron microScopes) of the general nature herein 
above indicated are embraced Within the scope 
of application of this invention. 
Conducive to a clearer understanding of cer 

tain features of this invention, it may be noted 
that in an electro microscope, a, Specimen is 
“illuminated” by a stream of electrons originating 
at a thermionic cathode and accelerated by an 
accelerating Woltage, Say of 30 to 60 kW. Com 
mOnly, the intensity of this electron stream im 
pinging on the Specimen is adjusted by means 
of a “condenser” electron ens placed between the 
theirimionic cathode and the Specimen. A greatly 
en larged electronic image of the Specimen is pro 
jected by an “objective” electron lens, or by an 
“objective” lens and one or more “projector” 
electroín lenses, Onto a Screen Which COnVerts the 
electronic image into a light image by meains of 
a fluorescent Scree, or ito a photographic image 
by means of a photographic plate. 

Hitherto, in electron microScopes employing 
Soienoids as magnetic eleCtrOn lenSeS, it haS been 
custo nary to eclose the Solenoid in an iron 
shroud having a tubular inner wall which forms 
part of the vacuum-tight envelope of the evac 
uated chamber of the instrument, containing the 
electron beam. This inner Wall of the Shroud iS 
usually interrupted by an annular gap to form 
a gap in the iron circuit, and this gap is mechani 
cally closed in order to complete the WacuUim 
tight envelope by means of a tubular insert made 
from a non-magnetic material, e. g., braSs, this 
gap being bridged magnetically within the evac 
uated chamber by a set of suitably shaped pole 
pieces inserted into the part of the vacuum-tight 
envelope formed by the said inner Wall of the 
iron shroud. With this type of construction, the 



2,468,403 
3 

electron lens sections of the evacuated envelope 
of the instrument are usually joined to the other 
sections of the envelope by means of flexible 
metal bellows (known as Sylphon bellows) Which 
permit the required adjustment of the electron 
lenses With respect to each other. 

In accordance with the present invention, in 
an electron microscope Or other electronic ap 
paratus employing magnetic electron lenseS, a 
different principle of construction is provided, as 
will now be explained in fuller detail illustratively 
by reference to the embodiment ShoWn in the 
drawing. 

Referring now to Fig. 1 of the drawing, in an 
electronic apparatus Stach as an electron micro 
Scope employing a magnetic electrOn lens System, 
the lens System is aiSSociated With a straight rela 
tively thin-Walled vacuUim-tight tubular envelope 
of the evacuated chamber containing the elec 

trOn beam. The envelope ! consistS of non-mag- : 
netic material, e. g. bra.SS, or nickel-copper alloy, 
and is utilised for aligning the various com 
ponents of the electron lens System. In the em 
b0diment, the electron lens System shown com 
prises tWo magnetic lenses denoted generally by 
reference numerals 2 and 3 respectively. The lens 
2 comprises an iron-shirouded solenoid 4 embrac 
ing the envelope i so that the inner tubular Wall 
5a, of its iron Shroud 5 forms a siiding fit over the 
en WellOpe . This inner Wall a, of the Shroud haS 
an aperture 6 therein extending around the Wall 
t? form an air gap in the magnetic circuit, Which 
is bridged Within the envelope i by a Set Of Suit 
ably Shaped upper and lower iron pole-pieces 7 
and 8 inserted into the en Velope . The magnetic : 
fluX is transferred from the iron Shroud 5 to the 
pole-piece insertS i and 8 through the non-mag 
netic Wall of the envelope i, the reluctance of this 
“air gap” constituted by the intervening non 
magnetic wall being Small compared with the re 
luctance of the “air gap” between the pole-piece 
inserts 7 and 8 which constitute the electron lens 
prOper. AS ShoWin, each Of the pole-piece insertS 
7 and 8 has the form of a tube or cylinder Which is 
closed at one end to form the pole-piece face and 
is a Sliding fit Within the tubular envelope . The 
loWer, cloSed, end of the Upper pole-piece i has 
a cylindrical axial hole 9 therein, and likewise the 
Upper, ClOSed, end of the lOW er polie-piece 8 haS 
a cylindrical axial hole if therein, to allow the 
electron beam to paSS through. The closed ends 
of the pole-pieces may also be provided with 
pumping hOlles (not ShoWn) . The correct distance 
between the pole-pieces i and 3, defining the “air 
gap” betWeen them, is maintained by a SUitable : 
form of Spacer of non-magnetic imaterial, e. g., 
bra SS, Which is located betWeen and With its ends 
abutting against the opposed end faces of the 
pole-pieces, this Spacer being made hollow (e. g., 
tubular) or with an aperture to allow the electron 
beam to paSS through. In the form shown, the 
spacer I l is a Short cylinder or disc which is a 
Sliding fit Within the tubuliar envelope i and has 
its end faces shaped to fit in albütting relation 
against the opposed end faces of the polie-pieces, 
the Spacer having a cylindrical axia hole i 2 
therein aligned with the holes 9 and ) in the 
pole-pieces for alloWing passage of the electron 
beam. 
The construction of the other electron lens 3 

is analogous to that of the lens 2 and accordingly 
need not be described in further detail beyond in 
dicating its corresponding components, viz., sole 
noid 3 and iron shroud I having a gap i 5 in 
its inner Wall i 4a, a set of pole-piece inserts i 6 
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and i Within the envelope i and bridging the 
gap 5 in the iron circuit of the shroud , the 
insertS É 3 and i having holes 8 and 9 for 
pa SSage of the electron beam and being Spaced by 
a. spacer 2 having a hole 2 - for the beam. 
The correct distance betwee the sets of pole 

pieces , 3 and S, ? belonging to the respective 
lenses 2 and 3 is maintained by a Spacer ? ? of non 
magnetic material, e. g., bra SS, interposed between 
the pole-pieces 8 and G. The Spacer is of Suitable 
form, e. g., tubular as shown, having a sliding fit 
within the tubular envelope i and having a pass 
age for the electron beam. Likewise, additional 
Spacers Such as 23 and 23 may be provided at each 
end Of the aSSembled setS of pole-pieces and in 
tervening Spacers : i, 2 and 22?, for maintaining 
the assembly in the correct axial position in the 
en Velope . 

If desired, there may also be included in the 
aSSembly of the Various pole-piece insertS and 
Spa CerS, VariOUS Other elementS (not ShoW) 
forming components of the electron lens system, 
Such as beam stops or the like for limiting the 
angle of the electron beam proceeding through 
the lenS System so as to reduce Spherical 
aberrations. 
The tubular einvelope , broadly speaking, full 

fils two functions at the same time; it constitutes 
a vacuUim-tight envelope and also serves for the 
correct aXial alignment of the inserted pole-pieces 
and Spacers. The envelope i may consist of a 
Single tube Which performs both these functions, 
but in a preferred construction, as shown, the 
envelope á comprises two straight relatively thin 
Walled tubes da and b of non-magnetic material, 
Which fit telescopically one within the other, the 
outer tube i a constituting the vacuum-tight en 
Veliope proper, upon Which the iron-Shrouded 
Solenoids 4 and 3 are Slidingly fitted, and the 
inner tube b receiving the various pole-piece in 
SertS and Spacers and constituting an alignment 
tube for their correct axial alignment. This 
double-tube construction of the envelope allows 
of the various pole-pieces, Spacers and any other 
elements which are to be inserted into the en 
Velope, being aSSembled in the alignment tube b 
to form an independent structural unit for inser 
tion into the Vacuum-tight envelope tube ia. 
This construction permitS easy withdrawal of the 
alignment tube and unit, e. g. for cleaning or ad 
justing the pole-piece iinserts or other elements 
(such as beam stops or the like) in the unit, with 
out interfering With the Vacuum-tight junctions 
of the emvelope tube a. 
The alignment tUlbe b is shown as having an 

in Wardly directed fiange 23 forming a Stop at its 
lower end, against Which the lower end Spacer 24 
abuts. The various pole-pieces, Spacers and any 
other desired inserts are aSSembled in abutting 
end to end relation in the tube b by inserting 
them in proper Sequence into the upper, open, end 
of the tube. A ring 2 Screwed into the threaded 
upper end of the tube Ab So as to abut against 
the upper end Spacer 23 forns a secondary Stop 
to retain the inserted aSSembly in correct posi 
tion in the tube. The alignment tube b Support 
ting the various inser?S aSSembled therein is sup 
ported in the envelope tube i a, by the lower end 
of the tube b resting upon an inwardly directed 
fange 27 at the lower end of the envelope tube. 

If the pole-pieces of the lenses are machined 
With great accuracy, and the iron used for them 
is of good homogeneity, and extraneous disturb 
ing magnetic fields are excluded by suitable mag 
netic Shielding means (not shown), the invention 
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permits of assembling the various electron lenses 
in correct optical alignment Without any adjust 
able connecting members such as Sylphon belows 
or the like, and permits of maintaining the lenses 
in their correct alignment during Subsequent op 
eration of the instrument. 
The described electron lens Section of the in 

Strument is vacuum-tightly joined to the other 
evacuated Sections of the instruiment, Such as the 
cathode Space, Or Specimien chamber, or photo 
graphic camera attachinent, by mea:ES of con 
nectors embodying rubber or rubber-like gasket 
Seals. In Fig. 1, two such connectors are de 
picted, one at each end of the envelope aC 
connector comprises a tubular Socket body 28 
Which receives an end of the envelope tue C. 
and is adapted to be joined to the adjacent Sec 
tion of the instrument. An annuar rubber Or 
rubber.-like gasket 23 Seated in the Socket is ar 
ranged between the exterior of the emvelope tube 
fa, and the Surroundiiing wali of the Socket, ald 
a gland Iring 3 is Screwed into itine Socket a3Tad 
compresses the gasket 25 throigh an inter Weining 
metal washer 3 , so as to make a Vacuum-tight 
Sealing joint betWeein the en Welope tube i d, and 
the Socket 28. 
Sometimes it may be neceSSary Or desirable to 

provide for a limited amount of eXternal adjtiSt 
ment of the position of the eiectroa bean for 
tering purposes and this is effected according to 
a feature of the invention, y applying a Weak. 
transverse magnetic field to an appropriate pOr 
tion of the envelope . This field ay be pro 
duced by means cf either a permane:Ent imagnet CF 
a, D. C. energised coil or coils InnoUnited On the 
envelope. By Way of example, there is ShoWn in 
the drawing one Such magnetic centering dieVice 
mounted on the envelope for centering the bea? 
before it passes through the electron lens Sys 
tem. The centeiring device ShOWI COinprises a, 
frame or holsing 32 of non-magnetic Material, 
e. g., bra SS, constituted of a Short tUlbe or cylii?inder 
33 with end ciosure discs 34 each haViling a central 
aperture 35 of diameter to fit the envelope tube 
la. Within the housing 32 is mounted an electro 
magnet structure, seen more clearly in Fig. 2, 
which comprises a coil 36 mounted on a core 3 
fitted With soft iron pole-pieces 33 Wica ha.Ve 
their faces Shaped to fit closely to aNd folloW the 
curvature of the Wall of the en Velope tube i C. If 
desired, Soft iron insertS (not ShoWI) may be pro 
vided Within the envelope i to concentrate aínd 
parallelize the transverse magnetic field formed 
between the pole-pieces $3, by producing a high 
ratio of length of strictly homogeneOS field to 
length of fringing Magnetic field, Whicha can be 
readily achieved oWing to the Small crOSS-Section 
Of the electro beam. It Will also be appreciated 
that, if so desired, a, magnetic beam-centering 
device, Such as that described, may be provided 
between the solenoids of successive electrom lenses. 

| claim: 
1. In electronic apparatuS of the Cia:SS de 

scribed, in combination, a Vacuum-tight tubtar 
envelope of non-magnetic rimaterial, and a mag 
netic electron lens comprising a SolenOid a Índi a, 
shroud of magnetic material hoU.Sing Said Scie 
noid and mounted coaXially On Said en VeliO3e, 
said Shroid including an inner tubuliar Walli 
forming a sliding fit on said envelope and ja V 
ing an annular aperture in Said Wall to foirn an 
air gap in the magnetic circuit of Said Shroid, 
an aSSembly of insertS aSSembled Within Said en 
velope in end to end abutting relation aXially of 
said envelope and including a pair of aXially 
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spaced pole-pieces of magnetic material and 
Spacing means Of non-magnetic material be 
tween and abutting against Said pole-pieces for 
FM, aitaining a predetermined aXial spacing 

rebetWeen, and means for locating and re 
taining Said aSSembly in a predetermined aXial 
glOSition in Said envelope with Said pole-pieces op 
po.Site Said aperture to magnetically bridge said 
air gap, Said inserts naving engagement with 
the Wall of Said envelope So aS to be axially 
aligž ned thereby, and said inserts having axially 
aligned apertures for passage of an electron beam 
through Said aSSembly. 

2. The con mbination defined in claim i, where 
in Said insertS each. Slidably engage the Wall of 
Saif Envelope. 

3. Tine combination defined in claim 2, where 
in Said in SertiS are each of cylindirical form hav 
ing a Siiding fit in Said envelope. 

4. The combination defined in claim 1, where 
in Saiši means for locating and retaining saidi as 
SETEMlý iInCiU de means on Said envelope forining 

top at one end of Said aSSembly and means 
by and adju Stabiy Secured to Said en 
forming an adjustabie and removable stop 

for the other end of Said aSSembly. 
5. In electrific apparatus of the class de 

SCtribed, COMMbiration defined in claim 1 and 
tirer COHÝ“iSig a connector having a socket 

iling an end Of Saidi envelope, a 
Selaižg gaSket Wiihin Said Socket and Surround 
i; Said CHWeipe, and a gland for coNapressing 
3Titi ga.Skei, to form a vacuum-tight seali between 
Sid EKTIVECte and Said Socket. 

?. i 2 electronic apparatus of the class de 

ftröher comprising means embracing a, portion 
Of Saidi ein Veiope for applying a transverse mag 

< ÍSidi tereto. 

7. Ir eiectronic apparatus of the class de 
GI?iribed, in CGiRi bination, a vacuum-tigt titibuliar 
e.V.SeiCope Cf InCE-R?tagnetic material, and a p 
rality of Ímagnetic electron enses disposed in 
axia y Sga Ceci aindi aligned relation aliong said 
EnWeiCpe, Said lemiSeS comprising a plurality of 
SO&Noids, ce for each liens, and a plurality of 
gi’ GUds Glf Niagnetic material nousing sali?i solie 
Iloidis respectively and IrinoUnited coaxially on Said 
SiVe?Ope, ea Cn. Si l’odi including an inner tubular 

i forning a Siding fit on Said envelope and 
a Vií ag an ainfinUltair agerture in Said Wali to form 

2.I alii gap in te i Nagi?tetic circuit of Said Shroud, 
a.In aSSembly of iiiSertiS aSSembled Wit?nin Said en 
Ý Scie išla ed ÉG eind ab Utting reiation a Kiaily of 
Said eÍNVeli Ope aind including a plurality of pairs 
G3 a Xiaily Spaced polie-pieces of magnetic mate 
f'ial, Olie pair for each lenS, Spacing means of 
INNO2-. Hnagnetic Material between and abutting 
against the pole-pieces of each pair of pole-pieces 
iGri maintaiming a predetermined aXia Spacing 
between the pole-pieces of each pair, and Spac 
ing Means GetWeen Successive pairs of pole-pieces 
for Hinaintaining a predetermined axial spacing 
bei:Ween the SULccessive pairs of pole-pieces and 
MeanS for iocating and retaining said aSSembiy 
in a predeterminedi aXial position in said en 
velope So ishat Said pairs of pole-pieces lie re 
Spectively opposite Said apertures to magneti 
Cally bridge Said air gaps respectively, said in 
SertS having engagement With the Wall of said 
eNVeiope So as to be a Xially aligned thereby, and 
Said in SeriS ha.Ving aXially aligned apertures for 
paSSage Of an electrom beam through Said as 
Sembly. 

8. The Combination defined in claim 7, where 
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in said inšerts each slidably engage the wall of 
said envelope. 

9. The combination defined in claim 8, Where 
in Said inserts are each of cylindrical forin haV 
ing a Sliding fit in Said envelope. 

10. The combination defined in claim 7, Where 
in said means for locating and retaining Said aS 
Sembly include means on Said envelope forming 
a stop at one end of Said aSSembly and means 
detachably and adjustably secured to Said en 
velope forming an adjustable and remoVabie 
stop for the other end of Said aSSembly. 

11. In electronic apparatus of the class de 
scribed, the combination defined in claim 7 and 
further comprising a connector having a socket 
coaxially receiving an end of Said envelope, a 
Sealing gasket Within Said Socket and Surround 
ing said envelope, and a gland for compressing 
Said gasket to form a vacuum-tight seal betWeen 
Said envelope and Said socket. 

12. In electric apparatus of the class described, 
the combination defined in claim '7 and further 
comprising means embracing a portion of Said 
envelope for applying a transverse magnetic field 
theretO. 

13. In electronic apparatus of the class de 
Scribed, in combination, means including a tube 
Of non-magnetic material forning a vacuum 
tight envelope of the apparatus, a liens alignment 
tube of non-magnetic material telescopically 
fitted within said first-mentioned envelope tube 
and a magnetic electrOn ens comprising a Sole 
noid and a shroud of magnetic material housing 
said solenoid and mounted coaXially on said en 
velope tube, said shroud including an inner . 
tubular wall forming a sliding fit on said en 
velope tube and having an annular aperture 
in said wall to form an air gap in the magnetic 
Circuit of Said Shroud, an assembly of inserts as 
Sembled in end to end abutting relation within 
and aXially of Said alignment tube and includ 
ing a pair of aXially spaced pole-pieces of mag 
netic material and spacing imeans of non-mag 
netic material between and abutting against said 
pole-pieces for maintaining a predetermined 
axial spacing therebetween, means for supporting 
said assembly in a predetermined axial position 
in Said alignment tube, and means for Support 
ing said alignment tube in a predetermined axial 
position in said envelope tube, whereby to locate 
said pole-pieces opposite said aperture to mag 
netically bridge said air gap, said inserts having 
engagement with the wall of Said alignment tube 
so as to be aXially aligned thereby, and said in 
SertS having axially aligned apertures for passage 
of an electron beam through Said assembly. 

14. In electronic apparatUis of the class de 
Scribed, the combination claimed in claim 13 and 
further comprising a connector having a, socket 
coaxially receiving an end of said envelope tube, 
a sealing gasket within said socket and embracing 
said envelope tube, and a gland for compressing 
said gasket to form a vacuum--tight seal between 
said envelope tube and Said socket. 

15. In electronic apparatus of the class de 
scribed, the combination defined in claim 13 and 
further comprising means embracing a portion 
of said envelope tube for applying a transverse 
magnetic field thereto. 

16. The combination defined in claim 13, said " 
inserts each slidingly engaging the wall of said 
alignment tube, said envelope tube including 
abutment means forming a stop at one end thereof 
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8 
for Supporting said alignment tube thereom, Said 
àlignment tube including abutment means form 
ing an aXial Stop at one end of said assembly of 
inserts, and means detachably and adjustably 
secured to said alignment tube forming an adjust 
able and removable secondary axial stop at the 
other end of Said aSSembly. 

17. In electronic apparatus of the class de 
scribed, in combination, means including an en 
yelope tube of nonmagnetic material forming a 
vacuum-tight envelope of said apparatus, a lens 
aliignment tube of non-magnetic material tele 
Secopically fitted within said envelope tube, and a 
plurality of magnetic electron lenses disposed in 
aXially Spaced and aligned relation along said 
tubes, Said lenses comprising a plurality of sole 
moids, one for each lens, and a plurality of shrouds 
of magnetic material housing said solenoids re 
spectively and mounted coaxially on said envelope 
tube, each shroud including an inner tubular Wall 
forming a sliding fit on said envelope tube and 
having an annular aperture in said wall to form 
an air gap in the magnetic circuit of Said shroud, 
an aSSembly of inserts assembled in end to end 
akutting relation within and axially of said align 
ment tube and including a plurality of pairs of 
aXially Spaced pole-pieces of magnetic material, 
One pair for each lens, spacing means between 
and abutting against the pole-pieces of each pair 
of pole-pieces for mairhtaining a predetermined 
a Kial Spacing between the pole-pieces of each 
pair, and Spacing means between successive pairs 
of pole-pieces for maintaining a predetermined 
axial Spacing between the successive pairs of pole 
cie CeS, means for Supporting said assembly in a 
predetermined axial position in said alignment 
tube, and means for supporting said alignment 
tube in a predetermined axial position in said 
envelope tube, whereby to locate said pairs of pole 
ieces reSpectively opposite said apertures to mag 

netically bridge said air gaps respectively, said 
iiSerts having engagement with the wall of said 
alignment tube so as to be axially aligned thereby, 
and Said inserts having axially aligned apertures 
for passage of an electron beam through said 
aSSembly. 

8. In eiectronic apparatus of the class de 
Scribed, the combination claimed in claim 17 anir 
further comprising a connector having a socket 
coaXially receiving an end of said envelope tube, 
a, Sealing gasket within said socket and embrac 
iIng Said envelope tube, and a gland for compress 
i?ng said gasket to form a vacuum-tight seal be 
tween said envelope tube and said socket. 

19. In electronic apparatus of the class de 
Scribed, the combination defined in claim 17 and 
further comprising means embracing a portion 
of said envelope tube for applying a transverse 
magnetic field thereto. 

20. The combination defined in claim 17, said 
insertS each slidingly engaging the wall of said 
alignment tube, said envelope tube including 
abutment means forming a stop at one end there 
of for supporting said alignment tube thereon, 
Said alignment tube including abutment means 
formning an axial stop at one end of said assembly 
of inserts, and means detachably and adjustably 
Secured to said alignment tube forming an ad 
justable and removable secondary axial stop at 
the other end of said assembly. 

GERHARD LIEBMANN. 
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