
dieser F a k t o r l inear in d i e minimale spezifische 
Schlitzlänge e in , da der g r ö ß e r e W i r k u n g s q u e r -
schnitt d u r c h e ine entsprechende V e r m i n d e r u n g des 
E i n l a ß d r u c k e s u n d dami t des Gasdurchsatzes L k o m -
pensiert w e r d e n m u ß . E i n e V e r ä n d e r u n g der Düsen -
weite ist be i d ieser A u f w a n d s g r ö ß e o h n e E in f luß , da 
w e g e n der h ierzu r e z i p r o k e n Ä n d e r u n g des op t ima-
len E i n l a ß d r u c k e s der M o l d u r c h s a t z der D ü s e unter 
o p t i m a l e n B e t r i e b s b e d i n g u n g e n unveränder t b le ibt . 
B e i m spezifischen Ansaugvolumen läßt sich d ie nega-
t ive W i r k u n g des g r ö ß e r e n Wirkungsquerschn i t t e s 
durch V e r m i n d e r u n g der D ü s e n w e i t e k o m p e n s i e r e n . 
D a d i e D ü s e n w e i t e be i der G e o m e t r i e B g e g e n ü b e i 
der D ü s e n w e i t e be i den A r g o n v e r s u c h e n e twa auf 
d ie Hä l f t e reduz ier t w u r d e , ist es verständl ich, d a ß 
be i d ieser A u f w a n d s g r ö ß e e ine k le inere D i s k r e p a n z 
zwischen d e m E r g e b n i s der A b s c h ä t z u n g und d e m 
des E x p e r i m e n t e s g e f u n d e n w i r d . Bei der spezifi-
schen Kompressionsarbeit ist kein Einfluß des gas-
kinet ischen W i r k u n g s q u e r s c h n i t t e s auf den M i n i m a l -
wert zu e rwarten , da d ie idea le i s o t h e r m e K o m p r e s -
s i onsarbe i t n u r v o m Druckverhältnis, nicht aber v o m 
A b s o l u t d r u c k a b h ä n g t . Tatsächl ich s t immen be i die-

18 Aus dem Vergleich scheint hervorzugehen, daß der Unter-
schied im Adiabatenexponenten von Argon und UF6 ohne 
größere Bedeutung für die Entmischung ist. Dies beruht 
möglicherweise auf einer unvollständigen Akkommodation 
der inneren Freiheitsgrade des UF6 während der mit nur 
wenigen Zusammenstößen verlaufenden Expansion. 

1 9 E . W . B E C K E R , C h e m i e - I n g . T e c h n i k 2 9 , 3 6 5 [ 1 9 5 7 ] . 
20 Da bei der Vergrößerung des Abstandes zwischen Düse und 

Abschäler (Ubergang von der Geometrie B zur Geometrie 
C) nach Tab. 2 alle Aufwandsgrößen ansteigen, kann er-

ser A u f w a n d s g r ö ß e nach T a b . 3 d ie g e m e s s e n e n m i t 
den abgeschätzten W e r t e n n a h e z u ü b e r e i n 1 8 . 

D e r in der v o r l i e g e n d e n A r b e i t f ü r U F 6 exper i -
mentell b e s t i m m t e M i n i m a l w e r t der spez i f i schen idea-
len i s o t h e r m e n K o m p r e s s i o n s a r b e i t v o n 9 , 5 • 1 0 2 

k W h / g M o l ist u m den F a k t o r 1 ,8 g r ö ß e r als der 
entsprechende, f ü r das D i f f u s i o n s v e r f a h r e n a b g e -
schätzte W e r t 1 9 v o n 5 , 4 • 1 0 2 k W h / g M o l . D i e s e r 
Unterschied d ü r f t e sich j e d o c h durch e ine bessere 
A n p a s s u n g der A b s c h ä l g e o m e t r i e n o c h ausg le i chen 
lassen 2 0 . D e r schwächste P u n k t des T r e n n d ü s e n v e r -
fahrens ist das g r o ß e spez i f i s che A n s a u g v o l u m e n , 
das v e r h ä l t n i s m ä ß i g h o h e Inves t i e rungen f ü r d ie 
K o m p r e s s o r e n u n d R o h r l e i t u n g e n b e d i n g t 2 1 . A n d e -
rerseits stellt d ie V e r m e i d u n g der b e i m D i f f u s i o n s -
ver fahren benutzten p o r ö s e n M e m b r a n e n e inen be-
triebstechnischen V o r t e i l d a r , der an a n d e r e n Stel len 
zu K o s t e n e i n s p a r u n g e n f ü h r e n dür f t e . 

Bei der Durchführung der Anreicherungsversuche 
und bei den massenspektrometrischen Messungen haben 
Herr Dr. W . HENKES und Herr Dipl. -Phys. 0 . HAGENA 
geholfen. Herrn Dr. K . BIER danken wir für wertvolle 
Diskussionen. 

wartet werden, daß ein etwas kleinerer Abstand günstiger 
wäre. Dafür sprechen auch die früheren Versuche mit den 
Argonisotopen, bei denen die niedrigsten Werte der spezi-
fischen Aufwandsgrößen bei einem Verhältnis Düsenweite 
zu Abstand Düse —Abschäler « 1 : 1 erreicht wurden. 

21 Das spezifische Ansaugvolumen kann theoretisch durch wei-
tere Verminderung der kritischen Abmessungen des Trenn-
düsensystems herabgesetzt werden. In der Praxis ist jedoch 
eine untere Grenze durch mechanische Probleme gegeben. 

The Potential Distribution in a Toroidal Condenser 
B y A . J . H . B O E R B O O M 

Laboratorium voor Massaspectiografie, Amsterdam, The Netherlands 
(Z. Naturforschg. 15 a, 347—350 [1960] ; eingegangen am 13. Februar 1960) 

The electrostatic potential is calculated in a toroidal condenser consisting of two rotational 
symmetric electrodes having the median plane as a plane of symmetry. The result is expressed as a 
series expansion in the coordinates around the main circle and in the mutual distance of the elec-
trodes in the median plane. 

R e c e n t l y t o r o i d a l c o n d e n s e r s h a v e been d e s c r i b e d 
to b e used f o r e n e r g y se lec t ing d e v i c e s in mass spec -
t r o g r a p h s 1 . In a d d i t i o n to the rad ia l f o c u s i n g they 

1 H . EWALD a n d H . LIEBL, Z . N a t u r f o r s c h g . 1 0 a, 8 7 2 [ 1 9 5 5 ] ; 
1 2 a, 2 8 [ 1 9 5 7 ] ; 1 4 a , 5 8 8 [ 1 9 5 9 ] , H . LIEBL a n d H . EWALD, 
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f o r s c h g . 1 4 a, 1 3 7 [ 1 9 5 9 ] . — H . EWALD a n d G . SAUERMANN, 
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H. EWALD, Z. Naturforschg. 14 a, 844 [1959]. - H. A. TAS-
MAN, Thesis, Leyden (in preparation). 
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p r i n c i p l e b y ALBRECHT 2 . B y c o n f o r m a l m a p p i n g of 
the m e r i d i o n a l c r o s s sec t i on he r e d u c e s the p r o b l e m 
to the so lu t i on o f a n u m b e r o f l inear e q u a t i o n s . T h e 
m e t h o d is a p p l i e d o n a t o r o i d a l c o n d e n s e r wi th c ir -
cu lar intersect ions with a m e r i d i a n p l a n e a n d the 
c o e f f i c i e n t s o f the series e x p a n s i o n o f the potent ia l 
are f o u n d up to the th ird o r d e r . F i n d i n g h i g h e r 
o r d e r terms seems ted ious a n d the m e t h o d is im-
p r a c t i c a b l e in the case of n o n c i r c u l a r c r o s s sec t ions . 

T h e m e t h o d o f ca l cu la t i on , p resented in this p a p e r 
is s imi lar to the m e t h o d d e s c r i b e d to ca l cu late the 
m a g n e t i c field be tween c o n i c a l p o l e f a ces 3 . 

1. The electrostatic potential 

T h e c o o r d i n a t e system is s h o w n in F i g . 1, a mer i -
d i ona l sec t ion is represented in F i g . 2 . T h e d i m e n -
s ionless c o o r d i n a t e s are (w i th r e = rad ius o f the 
m a i n c i r c l e ; the z -ax is c o i n c i d e s wi th the ax is o f 
ro tat ional s y m m e t r y ) 

M = ( r - r e ) / r e ; v = z/re; w = ip. 

T h e d is tance o f the e l e c t rodes in the m e d i a n p lane 
equals 2 d ; the o r i g i n is taken at the m a i n c i r c l e 
( u = v = 0). 

T h e shape of the potent ia l field is s u p p o s e d to b e 
i n d e p e n d e n t of i v ; the e l e c t rodes are s u p p o s e d to b e 
symmetr i ca l with respect to the m e d i a n p lane . 

ftf~ ] d.d _ 
re 

Fig. 2. 

- R . ALBRECHT, Z . N a t u r f o r s c h g . 1 1 a , 1 5 6 [ 1 9 5 6 ] . 
3 A . J . H . BOERBOOM, H . A . TASMAN a n d H . WACHSMUTH, Z . N a -

turforschg. 14 a, 816 [ 1 9 5 9 ] . 

T h e abso lute va lue of the field strength 3<p/3r at 
u = v = 0 is des ignated b y E0, so the potent ia l field 
m a y be e x p a n d e d in a p o w e r series 

cpe/E0 re = y ak> i uk vl, (1) 
k,l = 0 

where a k j = 0 f o r / = o d d b e c a u s e of the s y m m e t r y 
and « i o = 1- In o u r c o o r d i n a t e s the LAPLACE o p e r a t o r 
r e a d s : 

Subst i tut ion of ( 1 ) in the L a p l a c i a n e q u a t i o n 

V2<Pe/E0re = 0 

and equat ing the c o e f f i c i e n t o f the uk+1 i^-term to 
zero p r o v i d e s the r e c u r r e n c e re lat ion 

(l + 2)(l+l)(akJ + 2 + a/c+UU2) (3) 
= - (k + 3) (k + 2) ak + 3 > l - ( k + 2)2ak + 2J . 

C h o o s i n g as independent parameters the c o e f f i c i e n t s 
ao. i and a \ j , all o ther c o e f f i c i e n t s are d e t e r m i n e d 
through ( 3 ) , together with the c o n d i t i o n akj = 0 f o r 
k< 0 . 

2. Toroidal electrodes 

T h e e lec t rode shapes in F i g . 2 c a n genera l l y b e 
represented b y 

u = d{\ +p2v2 + piv4 + p6v6 + ...) (4) 

resp. u = - J ( l + q.2v2 + q i v i + q6vG + . . .) ( 5 ) 

( because o f the s u p p o s e d s y m m e t r y the o d d terms 
in v are o m i t t e d ) . S o m e spec ia l i zat ions o f ( 4 ) o r 
( 5 ) a r e : 

a) p a r a b o l i c intersect ions , ( 4 ) resp. ( 5 ) r e d u c e t o : 

u = d + pv2 resp. u=—d—qv2; (6) 

b ) c i r cu lar intersect ions , the rad ius o f the c i r c l e 
b e i n g r c : 

u = d + Hvrjrc)2 + %{v r e / r c ) 4 + T V ( t ; r e / r c ) 6 + . . . . 

c ) h y p e r b o l i c or e l l ipso ida l in tersec t i ons : 
If the h y p e r b o l a is g i v e n b y 

(u — m)2 — v2/b2 = (d — m)2, 

( 4 ) r educes to 

, 1 V- 1 V4 

U = d + 2 b 2 { d _ m ) 8 fe4(rf_7n)3 + • •• » 

If the el l ips is g iven b y 

(u — m)2 + v2jb2 = (d-m)2, 



(4 ) reduces to 

1 b2(d — m) + 

For the fo l lowing calculations any combinat ion of 
electrode surfaces (p(- and g,-values) i s admitted. 

The surfaces defined by ( 4 ) and ( 5 ) are equi-
potential surfaces. On substituting either ( 4 ) or ( 5 ) 
into (1 ) the result should identically equal a con-
stant (corresponding to the potential of the elec-
trode) and the sums of all terms in v2, v4, . .. respec-
tively should be individually zero. This yields rela-
tions between the a k j , which together with the re-
lations ( 3 ) , determine the akj as functions of d, pL 

and qx. 
W e expand akj in a power series in d: 

ak, I = J] «A, I, m dm . ( ? ) 
»1=0 

Now the aki i. m are functions of the p, and qi, in-

dependent of d, which functions are directly f o u n d 
f r o m linear equations. 

For 14= 0 the terms with vl d° yield 

« o , Z , o = 0 ; ( 8 ) 

the terms with vl d1 provide the recurrence relations 

«1,7,0 = - i «l,Z-2,o(P2 + 9s) - 2 « U - 4 , o ( p 4 + 9\) ~ • • • 
«1,0,0(pi + qi)* ( 9 ) 

« 0 , U = - 2 a U - 2 , o ( P 2 ~ 9 2 ) - i a U - 4 , o ( P 4 - 9 4 ) — 

- i «1,0,0(pi-qi) • 
F r o m (3 ) we find, together with (8 ) 

«2,1, o : 2 «1, i, o 

N o w the terms with vl d2 (14= 0 ) yield and 
«o, 1,2 5 etc. In the case of parabol ic equipotential sur-
faces ( P i = qi = 0 f o r i > 2 ) the recurrence relations 
remain simple, f o r the general case it seems more 
appropriate to calculate directly the terms up to the 
desired order. 

In this way one finds easily ( including terms of the sixth order in u, v or d) : 

« 1 0 = 1 ' 

«20= ~ 2 +i(P2-92) d-i(p2 + q2) d2+{i(p2-q2) - f (p22 - ?22) + 3 (p4 - q,) } d3 

+ { - 2T(P2 + 92) - 2 i (P2 + 9 2 ) 2 + i ( P 2 - 9 2 ) 2 - ! ( P 4 + 9 4 ) W 4 + 

*30 : G + h (P2 + 92) } - i (P2 - <l2) d + {m (P2 + 92) ~ T2 (P2 + 92) 2+w(P2~ * 
+ l(pt + qi)}d*+{-h{pt-qt) + t5h(P22-922)-| ( P 4 - ^ 4 ) } ^ 3 + .... 

«40 = ( - 4 - 12 (P2 + 92) } + ( A (P2 - 9i) + T (P22 - 922) - 2 (P4 - 9*) } 

+ { ~ T Ä (P2 + 92) + 2*4 (P2 + - A ( P 2 - ? 2 ) 2 + 12 ( p i + 9 i ) } d 2 + 

«50 = { 5 + 1 2 0 (P2 + ft) + 2*0 (P2 + 92) 2 - TO (P4 + ft) } 
+ { - lV9(J ( P 2 - 9 2 ) ~ TO ( P 2 2 - ft2) + TO ( P 4 - 9 4 ) } + • • ' » 

6 0 { - £ - M (p 2 + 9a) - 40 (p 2 + 92) 2 + 2*0 (p 4 + 94) ) + 

(10) 

«02 = - i (P2 - 92) ^ + 4 (?2 + 92) ^ + ( - 4 (P2 - 92) + ! (P22 - ft2) — 3 (p 4 — ? 4 ) } C?3 

+ ( A (p2 + 92) + A (P2 + 92) 2 - (p 2 - 92) 2 + I (P4 + 94) } + • • •, 

«12 = - £ (p2 + 92) + 2 (p 2 - 92) d + { - ¥ (?2 + 92) + i (P2 + 92) 2 - i (Pa - 92) 2 

- (?4 + 9a) } d 2 + U (p 2 - 92) - 12 (p 2 2 - ft2) + 2 (P4 - 94) ) d 3 + • • • » 

«22 = 4 (P2 + 92) + ( - i (P2 -92) ~ 2 (P22 ~ ft2) + 3 (?4 ~ ft) } d 

+ { I (p 2 + ^2) - I (p 2 + ^2) 2 + (?2 - ^2) 2 - (?4 + 94) ) d2 + . . . , 

« 3 2 = { - H p 2 + ft) - i ( p 2 + ft)2 + (p 4 + ft)} + U ( p 2 - f t ) + ( p 2 2 - 9 2 2 ) - 2 { P i - q 4 ) } d + . . . , 
a 42 : {-8- (p2 + 92) + i (P2 + 92) 2 - £ (P4 + 94) > + • • • , 

«04 = U (P22 - 92 ) -h{Pi-9l)}d+{- -h (p2 - ^2) 2 + i (P4 + 94) } d- + . . . , 

«14 = U (P2+92)2- 2 (P4 + ft)} + { ~ i ( p 2 2 ~ f t 2 ) + HPi-9i)}d+ 
«24 = ( ~ H P 2 + 92) 2 + 4 (?4 + 9A) ) + • • • ' 

«06 = 0 + • • • • 



T h e sixth o r d e r terms in ( 4 ) and ( 5 ) on ly enter in 
( 1 0 ) into the terms o f seventh and h i g h e r o rder . 

3. Discussion 

In the case o f cy l indr i ca l e lec trodes (p ; = <7; = 0 ) 
the final results o f 2 t r a n s f o r m into the subsequent 
terms o f the wel l k n o w n series e x p a n s i o n of the log-
a r i t h m i c potent ia l 

V(u,v) = F ( 0 , 0 ) + u - t U 2 + i w 3 - i u 4 + - . . . . 

A l s o in the case o f the spher ica l c o n d e n s e r w e get 
the initial terms of the c o r r e s p o n d i n g potent ia l . 

T h e c o e f f i c i e n t s a k > i with / ^ 2 conta in no numer -
ical constants a n d are either symmetr i ca l ( even 
terms in d) o r ant i symmetr iea l ( o d d terms in d) in 
p a n d q . 

T h e potent ia l o f the e lec trodes is f o u n d f r o m the 
i?°-terms in ( 1 ) b y subst i tut ing « = + < / : 

V\, 2/^0 r e = «00 ± «10 d + «20 d'2 ±a30d3 + ... . 
T h e shape o f e l ec t rodes , necessary to p r o d u c e a 

des i red type o f field c a n be f o u n d b y substituting 
( 1 0 ) and putt ing <pe = c onstant . 

T h e parameters c and /?(> used in i o n opt ical cal-
cu la t i ons 1 are c o n n e c t e d with o u r parameters p and q 
t h r o u g h 

c = re/Rc= -2 o02/a10, 

Re = («02 «20 — h «10 «12) /«02" • 
In exac t ly the s a m e w a y the potent ia l d is tr ibut ion 
c a n be f o u n d in ro tat iona l s y m m e t r i c e l e c t rode sys-
tems, w i thout a m e d i a n p lane o f s y m m e t r y . In this 
case o n e has to take into a c c o u n t in ( 1 ) the o d d 
terms in v . T h e s e terms wi l l g i v e results c o r r e s p o n d -
i n g to the series e x p a n s i o n s in 3 , where the same 
series ( 1 ) is c o n s i d e r e d with I = o d d . 

The author is indebted to Prof . Dr. J. KISTEMAKER for 
his stimulating interest in this work, and to Mr. H. A . 
TASMAN for valuable discussions. 
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A modified Ion Slit Lens for virtual Variation of Slit Widths 
B y A . J . H . B O E R B O O M 

F. O. M.-Laboratorium voor Massaspectrografie, Amsterdam, Holland 
(Z. Naturforschg. 15 a, 350—355 [1960] ; eingegangen am 13. Februar 1960) 

It is shown that a slit lens system, already known in literature and used in mass spectrometer 
collector systems to vary the resolving power, can be greatly improved by introducing a potential 
on one of the electrodes, which previously was at zero potential. The focusing at the collector is un-
altered within optical aberrations of the third order and the range of adjustment is increased as 
compared with the original system. Experimentally it was found that the virtual collector slit width 
could be adjusted from 1 mm down to 0.15 mm, maintaining a fair peak shape. 

In 1 9 5 3 CRAIG1 p u b l i s h e d a slit lens system f o r 
use in mass s p e c t r o m e t e r c o l l e c t o r systems. It c o n -
sists o f f o u r slits, as s h o w n in F i g . 1. T h e first, third 
a n d f o u r t h e l e c t rodes are at zero potent ia l . T h e p o -
tential o f the s e c o n d e lec t rode is var ied . T h e first 
three e l e c t rodes act as an i o n lens, w h o s e strength 
is c o n t r o l l e d in this w a y . I n d e e d CRAIG s u c c e e d e d 
in get t ing an a d j u s t a b l e r e so lv ing p o w e r , c o r r e s p o n d -
i n g to v irtual c o l l e c t o r slit widths r a n g i n g f r o m 
1 . 0 0 m m d o w n to 0 . 2 5 m m . 

A t the h i g h e r vo l tages o n the s e c o n d e lec t rode 
h o w e v e r , the p e a k shape is b a d l y i m p a i r e d . Th is 
e f fect is c a u s e d b y the change in the l o c a t i o n o f the 

1 R. D. CRAIG, Use of a retarding slit in mass spectrometer col-
lector systems, Reports on the conference on applied mass 
spectrometry, London 1953, p. 230; Metro Vick Research 
Report No. 4987. 

i m a g e of the first slit, w h e n t h r o u g h the var iat ion 
of the potent ial at the s e c o n d e l e c t r o d e the strength 

y 
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Fig. 1. The slit system. 

o f the lens is v a r i e d . F o r a p r o p e r ac t i on of the slit 
sys tem this i m a g e s h o u l d c o i n c i d e with the f our th 
e l e c t rode . In this case the f our th slit will act as an 


