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This report covers a btyip made to Burope by A, L. Hldredge ond

wder the augpices of Tthe U. &, ftoanlc Baergy Cummigsion during the period
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> prinelpal purpose of thie trip was

b0 evaluabe Burcpesn apd English slectrofoming techniques. More specificsl-

iy, the Flectron Synchrobron (UESY) being consbiucied ob Howburg, Nexrany,

uges linear accelsyebor ssobions 88 gsgrments of the interacition sbruo
the Synchrotropn. The present IESY intention iz to slechroform the digk-

5

looded woveguide Tor the scoelersbor sections in the Flectron Synchyotron,

Ttollowing the basic principles of Shepford’s electrofouing spproach.
The responsiblie investiggiors for DBEY hoore fo

uees high-purity, oxygen~frge, nigh-copduotivity copper with mn

that sppeaved to be twics as pood as Stanfordis broforming wlfflelency;

> 4 5o oF 2. e e W agmrie & Bem £800 gy o8B e 0,78 LY B ¥
l.2., effective deposition rebe i twice Sheanford’s. Accordingly, the

purpose of this viglt was to see project snd the posalble vendors

n . o
Hmore'sg Meball-Avtiengesell-

of high-pority OFHC sopper.
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nchaft, loosted o Schisfevn/Siey., Garmeny.
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ELECTRON SYRURROTRGY

The DESY project was described at the Indermationsl Cos

ONCe On

High Energy Accelergbtors s Tnstrumsntabtion ab Cern during the wesk of

o

September 13, to Sepbember 20, 1959. Bwiefly, it is o 6-FEV alternabing
greafilent electvon synchrotron, md the specificaticns for the machine ave
egpentlally the szme as those deseribed ab the Cern conference. It ig,



however, probebly significent to Pocus attention on the injector spesifica-
tions. The injector copsiets of an S.band linear sccelerator that h

been subconbracted to the Metropoliten Vidkews Cowpany, of Tagland.
specifications cail for the following performance:

Energy o MEY

Energy deviation r 0.5
Fregneney 2*298 Mo

Curvent, Pesk 125 Ma ‘
Puige mng‘th 1.2 Micvoseconds

Besm spot snize 1 zmenbimeier Gometeyr
Angulsr beam divevrgents + 1 x 1077 Red.

The accelerabing paps aye

wded vavegulds sections
LR

bobal of 16 such accelerating gaps

which ig the gixth subharne

Jing the 16 gaps iv o ring @
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delivers 280-¥H pesk and f’:?{%a,z{w

Ehe our

The ilnjechor curvend of 1235.08305smps

vements of an A.G.8. gt Pull energy. T
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They have o woGilator and driving sysl Dyl
the Eimac 25C-Kilowsdt pesh Xlyetron, The /P fov
vowelr experiments with weveguvlde components. heen GLTFLawity
thelr present klyastron in that the Imput eavlby o B =)
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copbing over the ceramic end 1t is pob possible bo drlive the tube by using

the firat emvity. Consequently, the klysbron iz being driven by us

gecond egvity az the ifmpub cavibty. Asids Prom the additionsd drive
required, 1ittle &fference in the performonce of the klvebren has been db-
gerved. Forbungbely, sulfficlent drive power was mveilablie so thaebh no
eguipment modificebions wers reguired.

The Tirst accelerstor section gy model for the syoohyobtron bss been
mefie. The ssebion was mede by using the technigues which sre patierned

2,

after Chanford's electrofoming wethods, aznd the seebion was electrofomms

)
by Mmore's Metell-A.G. in Sehledern. The section hes three cavibties mnd
hae besn vacuum tested and Tound to be vacwm tight. Roughly spedhing, this

gsectlon ig sbout 18 inches in dimmeter gnd sbhout Ffour feet long. Tt welghs

gpproxingtely 500 powds, with o nomlingld

~-inch electroforesd copper wall

ovar %g«imhmthidt lepding disks.

The DESY group working with

technigues of brazing UFEC copper.

and in cowbinsblon with boreh braging is

ssked Lo demonstrate the techalgue.

The vaowm group on the DESY project is svalusbivng » muwber of suap

&
poasivilities for gpollicabion to the synohrotron. el
avalusted iz o molscular P LI

of Webzlaer, Germpany. Upon - } BREN e
ments to visit the Pleiifler whlelh 4z slioae to Sohlnd

ETMORES METALL-4,12,

2

Fimore's Metalld dis & very old ocimpany, whilch starbed in business in

the 1880 's. It preseatly has 380 smployses.  Tos profucts inelude slectro-
formad copper shopes and all common copper geomebriss producsd b
gnfl extrusion. Elmore®s Metsll is presently bulldisng a new 6,850 s5. meter

plant for profducing sheab copger.

This firm is sueh ks Revers Cooper o

of the pleblng processes they usz. The copper elechbroforming is ueed for

sizes of tubing which are lavger than thelr sxbrusion presz cepacity,
is gbout one foob in dlameter. The plant hes 300 cubic weters of plating

sclubion and slectrofomms 200 tons of high-purlty copper per yesr.



Elwore's Metall buy elechtrolitic copper wilch is then aly melbsd and
cagt into anodes and the baslc shapes commonly uged for extrusion snd drew-
lng. The ancfes for the plabing baths sre melisd in an electwic Tired air
furngce and cast in eir. The anode is cast into ghout 25-inch eylindere
that are spproximstely six feet long.The top slay that results in sny such

o
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eapting operation is left on the snole. The plabing tonks themsslives

B

larpe, belog spproximestely eight faet wide, 1D Pset lomg sad siy to seven
Peel deep. The tarks are lead lined and the snodes are 1zid on conduchor
rofe in the botiom of the tavk. Rlocks of wood are used to establish o
besring height. The paxrt %o be electroformed, whlech 1s cylindriecsl in sheape,
iz then plaeed horizontally on the bearing blocks which are st sach end o
the ghaft thet rms through the center of the cylinder. Hell of the eylinder
is in The golution and helf iz out of the solution., The cylinder is vohmbed
approximgtely 15 to 20 RPM. An sgebte burnisher rides on top of the eviinder,
weich ig in the alr, snd slowly trevels back and Pforth over its entive length.
The rate of mobtion of the burnisher is quite slow., Thers 15 epproximetely
one sguare inch of sgabte In contact with the coppey, snd there ip considersbis
presewre on the sgabte, xince cbservabion indicgbed that a 3/8-inch dlemeter
gteel rod holding the agabte would filexw sz the szgebe volis over the lmmghh of
the gurface being piated. This technigue is used for coating volls used in
the paper indusbry,wivh 1i-inch copper. Some of these volle are elght fest

in diameter and 30 fset long.

Blmorets filter the solution, but 4id sot tell us eb what vate. However,

they &8 say that the filtrsbtion rabe iz nobt cribical. Jbgervstion indlcebed

that there was no viclent clreulation in the bath. The only Surbulence thatb
could be sesn was the sllght turbulence due to the rotailon of the oylindsr

in the bath as 1t plabed.

There was very littie crystallisstion gt the sdges ond exposed surfanes
of the babh end besring. As o mebier of fact, the only cryebellization wes ot
& fow poinke along the besring. These large vaits vere in roowg that hed doors
that werz ogen and the wind could bloy Aust through the buildi

the atmeogphers that the baths were in wes quite dlrby,

In the maintensnce of the baths, they use CP ameid snd tep waber. They
never change the golution and stebe thab thelr present sclvidion 12 T vesrs
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cld. Fimore's have been using essentlszlly the sgre plating proesss Tfor
yesrs. The copper sulfgbe concentrstion is Lo,

¥We were shown some microphotographs of copper whalceh haed besn aleobio.
Pormed onto natural copper crystzl as it csme fram the mine. Refore Piring,
the deposit had typical long needle-like crystals, and after flring st fo0® ¢,
for half an hour in hydrogsn, the elechvoformed copper had the save mp-

pearance a3 the nabural crystal from the mine.

Elnore's elsctroformed cogper haz en elongabion of 35,756 PET mindrmm,
and gess up to 50,000 PEI mextiwm. The yield strength ig 21,000 PST.

Representablves of Bimorefs stabed that no 2ddition agent wes alded 4o
the plabing solution. Howsyer, addition in verious forwms must be present,
due to the gge of the balh and the fact that wood blodks
which would tend to leave fupurities in the bath, heve e
nericd of time. They further stgbed that thelr Laypet fou

wes one Millimeter per week snd that 17 plabing is dons Pasd

lost., This stabewent wae incongishent with UESYYs experi

DESY gection was plabed abt e rabte of gpproximabely 1z Millimeters per weesh.
Very 1ittie machining is required on the Blmore's depomibe, sven when Ul

deposit thickness 1s in the order of 15 insh.

An interesting aspecet of the flrm ig that it iz locwhed

adjscent to the River Sisg and has 1is own gensrabivg plent

of 2 geverator sysbem egpesble of TOO T¥A,

ARTHUR PEEIFTER COMpamy

The Arvthue Pleiffer Comperyy hag 250 coployess: its products includs
mechanical vacwm pusips and posibive pressnre pumps, a8 well as complebe

systens for vacuws malting and vacuwm syvaporabion of wmetal.

The prineizsl performsnce chaveberisbies of the

gre deseribed in the sbiached veprint. This veprint is ghout tuwo years old,

snd since 1t was written they have Improved thelr messuring tedhul grd

sre now using an Alpertis type gsuge and Yeco @

The present pump has a pumping speed of 1B liters por second, and duri
the last year 11 pwps have been gold. The devslomment of a 5.000-liter-per-

second pump iz under way.



We witnessed o demonsbrabion of one of the 140-liter moleculer pumps
winlch was et dowm bo dry slv. Just prior to letiting it down to dxy alr,
the Yeco goopge indicgled o pressure of 1 x 1 ,;0"9 M. The purp wes then let
down boe dry alr ond started purping sgaln. AL the end of aix and one-hal?
piisRxai) *"ezzs% the pressure vas 10 -7 M. At the end of A0 minubes, the pressure
wag 107 © M, end it tekes sbout & total of four hours, we were told, to
s5% to 1070

g

PRENCH ACCELERATOR AT ORSAY {SRINE B OISE)

The design chavgcterigties of this scoslersior zmre well kunowm, and
ML Bewort No. 130 glves o sxeslilent depoription of the Ormay nroject as

of lagb Bepiember.

Our vislt Lo the Frenech sceelersbor was incidental, snd ccceurved as a
gbop bebween Webzley, Germany and London, Eugland.
The . 5.7, poople report that the clamped-togother consbruction fechnigque

2 59 Co

Tor the inder-acblion gtruchure used in thizs mechine has bean satiasfactory.

To dste, they have placed three 20-Msgmrelbt sealed-off klvstrons op

the machinz., Un

]

of these Klystrons pumobured its collector shortly after
e dngballation, end the tube was £1iled with water. The second tube is

5

1 oo the machine snd the third tubs wes being lunsballed the duy we

yigited the project. Furbher, the C.F 3. people raporbed thet they sxpsectad

s have the mediine completbed by Oobober of this vear.

nbel avess ave in AFFlenlity beeauze of vertblcsl redistion.
Congeguenbly a system of wabey teliz is now belng instalied over the g resent
axperinental area whlch will wllow vhree to four feet of water for shielding.
The halfvny steilon vhich wes orlginaily pleammed is too smell apd will e:«sm;

v be #handoned completely. The eypevimenteld bay ab the end of the

pge bo the C.5.F. people, is gleo golng to be shandoned spd o
nay experimenbsd room will be build which ean be entlrely shielided with ear
tgingl endestation sren i golog o0 be shandovsd becauee of suticipeted

wrableng in shiszlding,

C.5.F. yeprensentabives state that a freguency stebllity of 107 ig ¢
sgxdmon reguliesment for Qrlver stabllility becsuse tampersturs vacigbions

" _ . ( U a4 .
chenge the wavegulde dimensions. They claim thet 17 . teomperabure chenge

oy shy

]
o " P " E x P 45 i E* SR KT ERNE Y 2. -
weoduees o dpsvelicagl chenge that covyeyponds Lo 107 frequ



VICKIRS RESBARCH LIMITED

Vickars Regesrch is electroforming 6-MEYV X-band secelershors and one-

rolong, usling bechnligues pablerned after

gpproach to electroforiing 1s Like

ksep things very olean. Aluwinm used for

the Bpacers 12 s

renort that thers has been 1little

PElodlty in wmackindng it. The aum gpacers for the Lband are com-
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the OD of 3.k Microinchess RMS.

Lnoden

uged anly on ong sids of the plabting tank. The anode cum~

pariyent 1is

r oeross the gide of the

srlr valume. The cathode

hank. The oer-b
X
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cion. The tobal time per
ser eyele is 1600°. Distilie
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grefe coppar

emlabed with copper belove

They bave already sold
213, four heayve

v from oubaldes the

Teles. Thelr machine delivers 6 MEV &b @ pesk currernt of 40 Milliswms

3 el Y p i T gl » 1 ¥, T8 o w1 vl S
Foof 500, ¢ L % 2T 3 : seonfa.  The BY  power

wolers fov the L-band
aifter the disk-losgded

1edl mowrt for the mechine
dplate ion chanber is

ugad Tov ivers

doromay or wove, and hence they

&

tubes in the bega-monlboring
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che whole wnilt has only siyx vacuun tube

Lergbor bubs.  The modulstor swib

Pomlitron
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ENGLISH BLECCRIC VALVE COMPATY

The Epglich Blectrle Velve Compsny hes bheern mumrded
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he Horwell S<bend Linesy fccelevsbhor. Thip

wihilch was designed for cne Aupere ss o meubron~producing madhine. The

Metropolitem Vickers conbraet for supplying tubes for the sccalermbor has i

Livm R o ot

iigh Elechrlc Valve Coupany. The labber compomy

concellad ood given to the

curvently has tibes on the Fewwell machine, snd the Subes thaob were delilversd.

T 3 e - Y vy p o el ode cove o A9 o 5 e, SN S
hewe worked sstisfactorily. The Xliystron is s thres-cavity lysbron, deliver-

ing siz-legewstt pealts ob ndne Xllowsbia evews

Epgligh Fecbric Valve Compeny pleont have
the esbhode geal due to pumeburss in the
fnields ghould copyect the

o

lans zesied in hover.



Paper presented by Chief Engineer W. Becker, of the A. Pfeiffer Company of Wetzlar, at the Ist International

Congress for Vacuum Technology

A new molecular pump

In 1913 Gaede published his work about a molecular
pump (figure 1).

Fig.1 Gaede molecular pump

The simplest construction here is a cylindric housing
with an annular groove, which is interrupted at one spot,
and a cylindric runner. The runner (rotor, armature) is made
to rotate rapidly by aid of an external drive. The gases are
in frictional contact with the cylindric rotor, become entrained
and are moved in the direction of the arrow. One may
switch several steps in series at this kind of arrangement,
in order to increase the pressure ratio. One may replace
several of such steps by using a helical groove; this was
pointed out by Gaede already. Holweck later on improved
this kind of construction, see figure 2.

Fig.2 Holweck pump

As between the rotor and the housing the air slit really
has to be very narrow, Siegbahn suggested a construction at
which expansion due to heat or centrifugal forces will affect
the slit but little, figure 3. He replaces the cylindric rotor by
a disk- shaped one, and here spiralic grooves are machined
into the housing at both sides of the rotor.

SV215sE 1.59

_

Fig. 3 Siegbahn pump

In spite of its attractive properties the molecular pump,
irrespective of its construction, has not been applied much.
The good properties are: The high vacuum free from vapors,
the fast readiness for operation, no sensitivity against at-
mospheric pressure. The reasons why the pumps were em-
ployed so little are: the low speed of suction, especially if
one keeps in mind how much of an aggregate one has to
handle, the sensitivity against foreign bodies (dirt), and the
danger of heat expansion.

The efficiency of a molecular pump at the pumps known
up to now depends greatly upon the thickness of the closing
slit (figure 1). Inside this slit s just as in the operating groove
h gas is passed along due to the rotor friction and moves
this way from a region of higher pressure into a region of
lower pressure. The pressure gradient between the suction
side and the pressure side will bring about an additional
flow of gas. On the suction side the gas forwarded through
the slit s expands, and this way puts a load on the suction
side. If one calculates a molecular pump, then one will
get e.g. a pressure ratio of 1:10* for one step at an in-
finitely narrow slit. For practical employ one reaches much
lower values, like the ratio of the depth of the operating
groove h to the closure slit s, The pump therefore will have
the better properties, the more narrow is the slit. The pumps
known thus far operate with slit widths of 3/100 till 5/100
mm, and such narrow slits present a great potential risk:
a sudden impact of air, which may deform the rotating cy-
linder by even this value, or a speck of dirt of the dimension
of the slit, which reaches the pump, will cause a seizing of
the rotor and thus a destruction of the pump.

DK 533.56
621.527.8



Our developmental work had the aim to create a molecular
pump which may be operated with a rather large slit, and
will reach a high pressure ratio with a high suction speed
which is of the same order of magnitude as the one obtained
with diffusion pumps. The high rpm are not the limiting
factor, as many people think, if one has only provided
enough play between rotor and cylinder, that heat expansion,
sudden air impacts and small pieces of dirt cannot bring
about any damage. I will only remind the listener that the
modern kitchen machines, like mixers, show rpm'’s of 14000,
and there are no difficulties encountered. At the drives of
modern jet airplanes one even uses still higher numbers of
revolution.

Fig. 4 Path of the gas through the new molecular pump

Figure 4 shows schematically the construction of the new
pump. Inside the housing 1 are the stator disks 2 and the
rotor 3. The stator disks are rigidly placed into the housing,
whereas the rotor disks are arranged upon the shaft and are
brought by this one into a high rotation. All disks contain
inclined slots, and the ones inside the stator disks are arran-
ged in a mirror- imagelike way to the ones inside the rotor
disks.

e TN

NISES

Fig. 5 Unrolling of the rotor and stator disks

In order to understand the operation better we look now
at figure 5. This figure shows the evolution (unrolling)
of some rotor- and stator disks. Let us look first of all upon
a groove A in the first stator disk. Wall 1 forms with the
total surface of the second rotor disk a wedgelike channel.
Inside this one the gas is propelled in the direction of the
arrow.

The wall 1 of the grooveB in the rotor disk forms another
channel with the surface of the stator disk,and here againa
propelling action is noted. Simultaneously the wall 2 of the
very same groove in the rotor disk forms a wedgelike channel
with the surface of the next stator disk, and the gas is propelled
again in the direction of the arrow. This process repeats at
all the disks. If one selects rather thin disks, like those of a
few mm thickness, then one gets in one disk rather short
channels only and thus a small pressure ratio only, but one
may place many pairs of disks into the pump, so that the
overall pressure ratio still is quite high. At the small pressure
ratio of a pair of disks the distance between the disks will
affect the pressure ratio and the suction speed but little, so
that the distance between the disks may actually be chosen
as being one mm or even more, and the properties will
hardly be affected. Simultaneously many channels operate
in parallel. At the pump which I shall show in the next
figures there are 40 channels, so that a high speed of suction
is brought about. Radial slits between rotor and housing
too may be made in 1 mm size, because the air flowing in
due to the pressure gradient is still small in comparison to
the suction speed. The pump shown has radially a slit of
1 mm, and the distance between the disks too is 1 mm.

Fig.6 The rotor

Figure 6 is a photograph of the rotor. If one selects the
angle small under which the grooves are placed into the
disks, then one gets a high pressure ratio at a small suction
speed. If one, on the other hand, selects this angle as rather
great, then one gets a small pressure ratio at a high suction
speed. The disks which are directed towards the center of
the pump show a great angle for a high suction speed,
whereas the outer disks, which operate towards the pre-
vacuum, show small suction speeds at greater pressure
ratios.
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Fig. 7 The molecular pump TVP 509 7 I
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Figure 7 shows an actual pump construction. The dia- >
meter of the rotor is 170 mm, the rpm is 16000. The ball

bearings are supplied by aid of a lift pump continuously 16° ]
with a stream of oil, so that lubrication and cooling are I
guaranteed. The drive occurs externally by aid of a belt i
drive, which is moved by an ordinary three- phase current 70'7

motor of 0.3 kW.
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of suction from the pressure ratio at the two spots of
measurement, The final vacuum reached in our experiments
was 5x10-10 Torr. The residual gas was hydrogen.

I 7
1
1" £

07 02 a1 1g Prlerd

Fig.9 High vacuum depending upon the fore-vacuum
Ha= hydrogen Luft = air F 12 = Freon 12
Pv = fore-vacuum Py, = high vacuum

The next figure 9 shows how the high vacuum depends

_ upon the preliminary vacuum (fore-vacuum). The curve 1

applies to air, the curve 2 to hydrogen, the curve 3 to the
cooling agent F 12, At high pressures the pump has a rather

(-

low pressure ratio. Upon transition into the molecular realm
the pressure ratio increases rapidly and reaches at the fore-

Fig. 8 Construction of the measuring devices vacuum of 10-2Torr its maximum value. This one depends

greatly upon the molecular weight of the gas to be pumped.

Figure 8 shows schematically the construction of the The maximum pressure ratio at Hp is 1:250, at air 1:5x107.
measuring devices. The whole setup is of welded steel with The maximum pressure ratio for completely pure F 12

metal gaskets for seals. At the
spots A and B we had placed the
measuring system of an ioni-
zation vacuum gauge according
to Alpert. On top, at the right
side, is a needle valve, for the
introduction of the gases. The
connecting tube between the two
measuring chambers is dimen-
sioned like this, that at the full
suction speed a pressure ratio
between the two measuring spots
of 1:8 is created and we cali-
brated the distance in the range
from 10 -4 till 10-6 Torr, because
then we are able nicely to
determine the amount of air

m/h
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Fig.10 Suction speed depending on the high vacuum with different

backing pumps for air
Curves from left to right: backing pump 45 m/h, 10 m¥h, 2.5 m?%h

admitted by the needle valve, by aid of a capillary flow- (FREON 12) is in theory much higher than the value shown
meter. At the lower pressures then we determined the ratio  in the diagram.
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Fig.11 Influence of the nature of the gas
H, = hydrogen Luft = air F 12 = Freon 12 Py, = high vacuum

The next figure 10 shows the suction speed of the
pump as a function of the pressure at the high vacuum side,
with a first pump for 45 m® per hour. It is remarkable that
the suction speed for H; lies above the suction speed of air,
in spite of the fact that for Hyp a much smaller pressure ratio
is operative. This higher suction speed is brought about like
this that the flow resistance in the slits is much lower for Hy
than for air. And the pump gets for F 12 a smaller suction
speed, because here the throttling inside the slits is greater.
The suction speed of the air amounts from 10-2till 10-8 Torr
to constantly 500 m?® per hour, then it drops slowly. If one
determines the suction speed for the partial pressure of air
only, without the residual pressure (which is due th Hy)
being taken into consideration, then the suction speed re-
mains constant even beyond 109 Torr. The measured final
vacuum was essentially determined by Hg, i.e. this one is
the culprit, as it diffuses through the steel walls, or is
released by same.

The next figure 11 shows the suction speed for air as
a function of the pressure at the high vacuum side, at
various pumps for the fore-vacuum. The upper curve is valid
for a two-step pump combination of 45 m?® per hour suction
speed, the center curve pertains to a two-step pump with
10 m? per hour suction speed, and the lower belongs to a
two- step rotating pump with a suction speed of 2.5 m? per
hour. As one is able to recognize, the suction speed changes
only in the regions of higher pressures as a function of the
fore-vacuum pump.

When constructing a vacuum setup in connection with
the pump described one has not much trouble, especially if
one intends to repeat an evacuation rather frequently. One
may connect the pump directly with the receiver, without the
intermediate placing of a valve, and the prevacuum pump
too may be connected without any valve directly to the
molecular pump. Both pumps may be switched-on simultane-
ously at atmospheric pressure. Till the time when the first

pump has reached the region of about 10-1 Torr... what
requires about 5 minutes . . . the molecular pump has reached
already its complete rpm, and takes over the further pump-
ing, down till the desired vacuum. A sudden onrush of air
up till atmospheric pressure will not harm the pump. There
is a slip- clutch at the motor, which sees to it that the
motor is not overloaded. At atmospheric pressure a low rpm
of the pump is established, which goes up, as the pressure
drops, and will reach its full value at 10 Torr already. The
molecular pump described may be applied there to best ad-
vantage always, where one must stress to get a vacuum free
from oil, and the pump is superior to a diffusion pump in
the region from 10-3till 10-1 Torr, because at 10-2 Torr al-
ready it reaches its full suction speed.

Already now one may visualize new application possibi-
lities of a new molecular pump, at which it will presumably
be superior to the known high vacuum pumps:

— Manufacture of transmitter tubes of large sizes for
highest frequencies

— Accelerators for nuclear physics

— Mass spectrometric high vacuum installations

— Melting setups for highest purities, like in the pre-
paration of Ge and Si.

The pump should be valuable also for the separation of
light isotopes. At normal Hp it shows a compression ratio of
1:250, whereas at Dy, the heavy hydrogen, the ratio goes up
to 1:2400, so that one may talk about a separation factor
of 9.6.

Further experiments are in progress here.
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