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Sample 20Ne/22Ne 20Ne/21Ne Remarks

Pure Neon (Linde) 
Air Neon A

9.800 ±0.030 
9.795 ±0.035

339.0 ± 2 .0  
337.5 ±2 .5 I)

Air Neon B 9.800 ±0.035 338.0 ±1 .5
Air Neon C 9.795 ±  0.050 — 1)

Pure Neon (Linde) — 338.5 ±2 .0

a Prepared from air according to procedure a ) , 
b Prepared from air according to procedure b ) ,
0 Measured on Atlas CH4 mass spectrometer.
Table 1. Isotopic composition of different air neon samples. 
The errors are three times standard error. The values are cor­
rected for mass discrimination, but the error does not include 

the uncertainty of our isotopic neon standard.

2°Ne I21 ’Ne 20 Ne/» Ne 22Ne/21Ne

T h i s  paper 9.800 ± 0.080 338.0 + 2.5 34.50 ±0 .30
N i e r  1 10.305 ± 0.045 353.7 ± 0 . 8 34.32 ±0 .08
D ib e l e r , M o h ­
l e r ,  and R e e s e 2 9.83 ± 0.19 323 ± 23 32.9 ±2 .3
H ib b s  3 9.26 + 0 . 0 1 300 + 1 0 32.4 ±1.1
V a u g h a n , W i l ­
l i a m s .and T a t e  4 9.25 + 0.08 337 + 2 0 36.4 ±2 .2

Table 2. Comparison of our results with literature values. The 
errors are taken from the original publications, and may be 
defined differently (see original publications). The error of our 
results includes the uncertainty of our isotopic neon standard.
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Table 2 gives a comparison of our results with pre­
vious determinations. The 20Ne/22Ne and 20Ne/21Ne 
values given by N ie r  1 are definitely higher, whereas 
the 22Ne/21Ne ratio agrees quite well with our value. 
N i e r  explicitly states, that his neon sample might have 
been fractionated. If this is indeed true then the good 
agreement of the 22Ne/21Ne ratio would be accidental. 
In all the other previous determinations the mass spec­
trometer was not checked for possible discriminations 
and thus no great significance can be attached to either 
agreement or disagreement with our results.

The abundance ratios found in our work correspond 
to percentage abundances of 90.50 ±  0.07, 0.268 ± 0.002 
and 9.23 + 0.07 for 20Ne, 21Ne and 22Ne respectively. 
With isotopic weights of 20Ne, 21Ne and 22Ne of 
19.9924, 20.9939 and 21.9914 respectively ( 12C  =  12 
scale, K ö n i g , M a t t a u c h , and W a p s t r a  5) one calculates 
an atomic weight of 20.179 + 0.002 for neon. This 
value is in fair agreement with the international value 
of 20.183 based upon gas density measurements ( B a x ­

t e r  and S t a r k w e a t h e r  6, see also C a m e r o n  and W i -  

c h e r s  7 ) .
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M a t t a u c h - H e r z o g  type mass spectrographs for chemi­
cal analysis of solid material using a spark ion source 
are powerful. But one point of disadvantage is the fact 
that the energy slit cannot control the energy spread 
(ß)  independently of beam divergence (a ) . Therefore,

even when the energy slit is narrowed to an infinitesi­
mal width, the ion beam which enters the magnetic field 
still has a wide energy spread.

If two electrostatic fields are substituted for the 
usual single electrostatic field, a real image of the ion 
source being formed between the two fields and the 
energy defining slit being set there, then the energy 
spread can be controlled independently of beam di­
vergence.

If the electrostatic fields are produced by cylindrical 
condensers with equal radii as shown in Fig. 1, then 
the positions of source and image with respect to the 
electrostatic fields, under the first-order double focus­
ing condition for all masses, are given by the follow­
ing equations

lx __  ( l / ] / 2 ) D3 cos ] / 2  <pel +  s in j / 2  <j9e2 { l — ( 1  +  1 ) cos j/ 2  ffel}
re {D3— 1/ 2 ( 1  +  1 ) s in \/2  <j9e2} sin ]/2  qpei

1.2  D3—]/2 sin]/2 9?e2(l + 1 —cosl/2 g?el) h __  1

re 2  sin ] / 2  qpe\ s in ] / 2  qpe2 ’ re "j/ 2  cot 1 ^ (P°- •
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Fig. 1. M a t t a u c h - H e r z o g  type mass spectrograph with two- 
stage electrostatic field. E electrostatic field; H  homogeneous 
magnetic field; Sx source slit; S2 energy slit; F.P. focal plane.

T he  co o rd in a tes  used  and  the significance of the  q u a n ­
tities  l x , Is ,  (pei ,  (pe2 etc. a re  illu s tra te d  in F ig . 1. 
D 3 is a co n stan t which characterizes the m agnetic  field. 
I t  has the  form  //ib  v ?a — J’lb f^2a, u sing  H in t e n b e r g e r ’s 
no ta tio n  1. T h e  u p p e r  sign  is valid  for deflections in 
the  two e lec tro sta tic  fields in the sam e sense an d  the 
low er sign  for opposite  deflections. In  the fo rm er case, 
the  reso lv ing  pow er (R ) is the  sam e as th a t of the 
u su a l M a t t a u c h - H e r zo g  type in s tru m e n t:

R  = re/2  s ,

w here  5 is the  w id th  of the  source slit. In  the la tte r
case, it is

i? =  I -  ^3
2  s 2 ] / 2  s in l / 2  —Ö3

T h is  im p lies th e  p o ss ib ility  of increas in g  the  resolving 
pow er.
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Die maximale Strahldichte, die sich mit Hilfe einer 
üblichen Molekularstrahlquelle am Ort des Detektors 
erreichen läßt, ist durch die sog. „Ofenbedingung“ be­
stimmt. Für einen Strahlweg von der Länge 1 m läßt 
sich ein „Standard-Strahl“ definieren *, dessen Dichte

7V =  5 -1010 Moleküle/sec mm2
im allgemeinen mit keinem Molekularstrahlofen we­
sentlich überschritten werden kann 2.

1 H. G. B e n n e w i t z  u .  R. W e d e m e y e r , Z. Phys. 172, 1 [1963].
2 G. B e c k e r , Z. Angew. Phys. 13, 59 [1961] ; Z. Phys. 162,

290 [1961].

In the usual M a t t a u c h - H e r z o g  type mass spectro­
graph the ion beams entering the magnetic field can­
not be parallel in the second-order approximation, but 
in our type they can. If the two-stage electrostatic field 
is followed by a homogeneous magnetic field charac­
terized by Z)4 =  //ib »'tic — vib//iic =  0 , this results in a 
special M a t t a u c h - H e r z o g  type mass spectrograph in 
which the second-order angular aberration becomes 
zero for all points on the first-order focal plane.

In addition to these fine characters, the coefficient 
for the mixed velocity- and angle-dependent aberration 
becomes zero at the point on the focal plane which cor­
responds to the magnetic radius rm0 , and the coeffi­
cient for the second-order velocity aberration can be 
made to vanish at the same point by a particular choice 
for d/re .

Table 1 gives examples of such mass spectrographs 
which provide first-order double focusing and a2 fo­
cusing for all masses and a ß  and ß2 focusing for one 
mass.

The coefficients T18 and 7 \9 of the a ß  and ß2 aber­
rations respectively, are given by

T 18/r  m =  T,18( l — l / r ) ,
=  ^ 1 9  ( 1  — 1 / t )  ,

where r = rmfrm0.
The numerical values of 7’18 and 7 \9 are given in 

the last two columns of Table 1, showing that the a ß 
and ß'2 aberrations are also small in a wide range.
1 H .  H i n t e n b e r g e r  and L. A. K ö n i g , Z. Naturforschg. 12 a,

140 [1957].

Die Intensität dieses Standard-Strahles reicht jedoch 
für viele Untersuchungen auch dann nicht aus, wenn 
ein Detektor großer Nachweisempfindlichkeit benutzt 
werden kann. Beispiele hierfür sind Messungen des dif­
ferentiellen Streuquerschnittes im Bereich großer Win­
kel für elastische und unelastische Stöße zwischen neu­
tralen Molekülen, wo die zu messende Streuintensität 
(unter Berücksichtigung von Winkelauflösung, Ge- 
schwindigkeits- und Zustandsselektion) um einen Fak­
tor 105 bis 10 9 kleiner sein kann als die Intensität des 
einfallenden Strahles.

Wesentlich höhere Strahlintensitäten lassen sich unter 
Verwendung von LAVAL-Düsen erzielen 3~ 5. Bisher schei­
nen nur Untersuchungen an Gasen vorzuliegen, für die 
sehr aufwendige Apparaturen hoher Saugleistung be­
nötigt werden. Dieser Nachteil wird bei der Verwen­
dung leicht kondensierbarer Dämpfe vermieden.

3 A. K a n t r o w i t z  u . J. G r e y ,  Rev. Sei. Instrum. 22, 328 [1951].
4 E. W. B e c k e r  u . W. H e n k e s ,  Z. Phys. 146, 320 [1956].
5 J. D e c k e r s  u . J. B . F e n n ,  Rev. Sei. Instrum. 34, 96 [1963].

Ds 0 d " (fel (pe 2 h l re l2/re h/re r m t m0 / T e d/re T i 8 T 19

1 . 0 73° 08' 3° 28' - 5 3 ° 26' 1 1 2 ° 49' 33° 0.186 0.0711 0.667 0.247 0.244 0.587 1.429 -2 .2 2 9
0.9 6 8 ° 28' - 2 ° 44' - 5 5 ° 46' 90° 06' 30° 0.403 0.299 0.774 0.227 0.187 0.995 1.915 -3 .4 0 9
0 . 8 63° 16' - 9 ° 37' - 5 8 ° 2 2 ' 94° 0 2 ' 35° 21' 0.650 0.0546 0.593 0.205 0.309 0.232 1.207 -2 .1 6 7

Table 1. Examples of Mass Spectrographs with corrected a2 image defect for all masses and corrected /^-dependent image
defects at one point of the photoplate.


