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solidated Engineering Corporation, Pasadena, 
Calif., a corporation of California 
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13 Claims. (CI. 73-51) 
The present invention relates to improvements 

in mass spectrometry. 
In general, a mass spectrometer is more satis 

factory than any other instrument for determin 
ing the constitution of a gas, for the reason that 
a mass spectrometer is more sensitive, rapid, and 
accurate, than any other. 
When a gas sample is introduced into a mass 

spectrometer, it is ionized and by the combined 
action of electric and magnetic forces the ions 
formed are segregated according to their mass 
to-charge ratioS. 
The intensity of the segregated ion currents 

produced from a mass spectrum may be used to 
determine the constitution of the gas mixture 
under investigation. However, since any partic 
ular ion current collected often does not corre 
pond to only a single component in the gas mix 
ture, a complex set of calculations must ordinarily 
be made on the basis of the various measured ion 
currents in order to determine the concentrations 
of the respective individual components in the 
original gás mixture, ~ 

It is clear that the delay and complexity result 
ing from the need for such calculations is for 
Some purposes undesirable. For example, if it is 
desired to use a mass spectrometer for contin 
uously determining the composition of a gas mix 
ture flowing through an output line at the ter 
mination of a refinery process, it is very impor 
tant to be able to continuously indicate and/or 
record the instantaneous values of the concen 
trations of the various components yielded by the 
refinery process. 
Accordingly, it is the principal object of my 

invention to provide for continuously indicating 
and/or recording the concentrations of the indi 
vidual components of a gas mixture even though 
the various components upon ionization form ions 
of the same mass-to-charge ratios. 
My invention possesses numerous other objects 

and features of advantage, some of which, to 
gether with the foregoing, will be set forth in 
the following description of specific apparatus em 
bodying and utilizing my novel method. It is, 
therefore, to be understood that my method is 
applicable to other apparatus, and that I do not 
limit myself in any way to the apparatus of the 
present application, as I may adopt various other 
apparatus embodiments, utilizing the method, 
within the Scope of the appended claims, 

Referring to the drawings: 
Fig. 1 shows a general organization of my ap 

paratus, partly in cross-section and partly sche 
matic. 
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Fig. 2 is a segmental, view of the ion collecting 
apparatus taken. On the line 2-2 of Fig. 1. 

Fig. 3 is a wiring diagram of a preferred means 
for deriving separate indications of the concen 
trations of the two components of a binary gas 
mixture. 
In the preferred embodiment of my invention a 

mass spectrometer is connected to a gas line for 
continuous analysis of the gases flowing there 
through and the output of the mass spectrometer 
is applied to a mixing circuit, which serves the 
purpose of producing a plurality of currents, each 
of which is a direct measure of a different gas 
component flowing through said gas line. 

Referring to Fig. 1: A gas line 2, in which gas 
is flowing downward as indicated by arrows 4-4, 
contains therein a gas-collecting tube 6 pointing 
upstream and a gas discharge tube 8 pointing 
downstream. A portion of gas flowing through 
the gas line 2 passes into collecting tube 6 and 
thence into the sample chamber O and returns 
to the gas line through discharge tube 8. 

Valves 2 and 4 may be used to control the 
speed. Of flow through chamber 0 if desired, 
As a result the gas within chamber O Contin 

uously and accurately reflects the composition of 
the gas flowing in gas line 2. When valve 6 is 
open, gas is caused to flow through first capillary 
8 in plate 20 into the intermediate chamber 22. 
A large portion of the gas flowing into chamber 
22 may be drawn of through vacuum line 24 at 
a rate determined by the setting of control valve 
26, thus serving to reduce the gas pressure that 
would otherwise exist within intermediate cham 
ber 22. A portion of the gas within chamber 22 
passes through a second capillary 28 in plate 30 
and is thereupon admitted through jet 32 into 
ionization chamber 34. 
The function of the pressure reducing system 

represented by the two capillaries 8 and 28 and 
pressure-control valve 26 is simply to limit the 
amount of gas admitted to ionization chamber 34 
to a suitably low value required for the satisfac 
tory Operation of the mass spectrometer. The 
pressure within ionization chamber 34 is also de 
termined in part by the rate at which gas is with 
drawn through vacuum line 36. 
Within ionization chamber 34 is mounted a 

helical filament type .cathode 38, the electron 
emission from which is determined by a battery 
40, and a helical flament anode 4 mounted with 
in cathode 38 and concentric therewith. By 
means of battery 42, electrode 4 is maintained at 
a positive potential with respect to cathode 38. 

55 Electrons emitted from cathode 38 are drawn 
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towards the center of the electrode system 38-4, 
where they bombard and ionize gas molecules con 
tained therein. The positive ions formed are 
drawn toward collimator slit 50 at the entrance 
of grounded collimator tube 52 by means of the 
electric field supplied by battery 54 having its 
positive end connected to electrode 4 and its 
negative end connected to metallic chamber 56 
and ground 58. 
A portion of the positive ions passing through 

collimator slit 50 also pass through collimator 
slit 60 in grounded collimator plate 62 thereby 
forming a heterogeneous ion beam corresponding 
in content and character to the gas mixture flow 
ing in gas line 2. 

Said heterogeneous ion beam, after having been 
accelerated by the potential between electrode 
assembly 38-4 and collimator 52-62, is de 
flected downward by means of the electric field 
maintained between plates 64 by battery 66. Said 
ions pass into the gap 70 between the poles 7 
and 72 (see also Fig. 2) of electromagnet 3. . 
The strength of the magnetic flux in gap 70 

may be set at a predetermined value by adjust 
ment of rheostat 74 which supplies current from 
battery 75 to coil 76. 
Due to the combined action of the electric and 

magnetic fields, positive ions of various mass-to 
charge ratios are brought to a focus at different 
predetermined positions in the plane of grounded 
shield 78. Said grounded shield has slits 80, 82, 
and 84 cut therein at such positions that ions of 
predetermined, mass-to-charge ratios are per 
mitted to pass therethrough and fall upon the 
corresponding ion collectors 90, 92, and 94, where 
said ions give up the respective positive charges 
and produce minute electric currents correspond 
ing in magnitude to the concentration of the 
respective ions formed within ionization cham 
ber 34. 

Referring more particularly to Fig. 2 for details 
of the ion collecting system, plate 78 is shown 
secured to the sides of magnetic poles 2 and 4 
and metallically connected thereto in order to 
provide a ground connection for all ions falling 
on said plate. In front of the slots 80, 82, and 
84 are positioned corresponding ion collectors 90, 
92, and 94 mounted on plate. T8 and insulated 
therefrom. Flexible leads OO, O2, and 04 are 
connected to Said collectors at points C, 2, 
and f4. 
Assume, for the moment, that a three com 

ponent hydrocarbon gas mixture flowing through 
line 2 is being analyzed. Such a mixture, for 
example, might comprise ethane, propane, and 
normal butane. Also, assume that ions CH6+, 
C3Hist, and C4H10 are being collected at collectors 
90, 92 and 94. For such a mixture the intensity 
of the C4H10 ion current is a direct measure of 
the amount of butane present in said mixture. 
But, due to the fact that C3Hst is an ionization 
product of butane as well as propane, and that 
Cahst is an ionization product of all three com 
ponents, the intensity of the ion currents corre 
Sponding to these two ions C2H6+ and CH+ do 
not indicate directly the amounts of ethane and 
propane present in the mixture. I obtain sepa 
rate indications of each of the gas components 
of the mixture by electrically subtracting a pre 
determined fraction of the C4H10+ ion current 
from the Cahst and the C3H8+ ion currents and 
by electrically subtracting a predetermined frac 
tion of the remaining C3Hst current from the 
CHs current. The values of said predetermined 
fractions may be determined from the relative 
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intensities of the respective ion currents appear 
ing in the mass spectra of pure samples of said 
components. One example of how such pre 
determined fractions are computed is illustrated 

5 hereinbelow in connection with the analysis of 
a mixture of normal butane and isobutane. 

In order to achieve the above-described indi 
cations of individual components, ion currents 
produced at collectors 90, 92, and 94 are led into 
a bank fl of amplifiers where they are amplia 
fied and preferably converted into corresponding 
A. C. voltages, and said corresponding A. C. volt 
ages appearing across pairs of leads 20, 22, 24 
are applied to the mixer 26 where said potentials 
are combined in such proportions and phase that 
separate indications of three components of the 
original gas mixture are produced in correspond 
ing indicating meters 30, 32, 34. An example 
of such a mixing system is hereinbelow described 
in detail in connection with the analysis of a 
binary mixture containing normal butane and 
isobutane. While it would be possible to obtain 
separate indications of the individual compo 
nents of a mixture by properly combining direct 
current indications, I prefer to utilize alternat 
ing current indications, as alternating currents 
are easier to manipulate. 

In the general organization of apparatus here 
inabove described, the application of my inven 
tion to the analysis of a tertiary mixture of three 
hydrocarbon gases having differing molecular 
weights has been described. However, it is to 
be understood that my invention is applicable 
to the analysis of a gas mixture having a larger 
number of individual components, and that the 
number of ion collectors required for the analysis 
of any mixture should be at least equal to the 
number of components in said mixture to be 
separately measured. 

In Fig. 3 I have shown a preferred embodiment 
of my invention which is applicable to binary 
mixtures for which two corresponding ion cur 
rents are measured and in which the intensity 
of eachion current is determined in part by each 
of the components present in said binary mixture. 
Such a system as that shown in Fig. 3 is ap 

plicable, for instance, to the analysis of a mixture 
of two isomers as normal butane and iso-butane. 
While each of these gases on ionization forms 
ions of the same mass-to-charge ratio, the rela 
tive proportion of the ions formed is character 
istic of each. In the table are shown the relative 
intensities of some of the collected ion currents 
obtained from these gases under certain condi 
tions of analysis fixed with respect to rate of flow 
of each component through gas line 2, rate of 
admission into ionization chamber 34, voltages 
applied to electrode assembly 38-4, etc. 
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Table 60 

??????? b???he Sensitivity 
current current ratio 

2.90 1,53 1.9 
65 3.58 1.44 2.5 

0.046 0.071 0.5 
8.25 5.78 1?43 
0.24 0.498 0.43 
0.327 0.191 1.7 
0.666 0.18 5.6 

70 
In the table the first column represents the 

mass-to-charge ratios of the corresponding ions 
given in the second column, and which are de 
rived from both normal- and iso-butanes. The 

75 third and fourth columns indicate the relative 

  



intensities of the respective ion currents per unit 
of partial pressure of the corresponding gas in 
the flow line. The last column represents the 
relative sensitivity ratios of currents of similar 
ions derived from the two gases normal butane 
and isobutane. 
In the analysis of such a binary mixture, ions 

of two different predetermined mass-to-charge 
ratios are caused to fall upon two separate ion 
collectors 90 and 92. For a binary mixture the 
third ion collector 94 shown in Fig. 1 is not 
needed. V 

The two ions selected for this purpose should 
have as widely different sensitivity ratios as is 
consistent with the ultimate sensitivity of the 
system. Satisfactory operation may be obtained 
by collecting ions of mass-to-charge ratios of 29 
and 43; but where high ultimate sensitivity is 
not required, ions of mass-to-charge ratios 44 
and 58 are most useful because of their wide dif 
ferences in sensitivity ratios. 

Referring to Fig. 3, the ion current discharged 
on collector 90 flows into the amplifier bank 6 
where it passes through a grid resistor 50 and 
through other elements in the network to ground 
58. The potential difference appearing across 
resistor f30 is applied to control grid 52 of elec 
trometer tube 54. A corresponding change in 
anode 56 current causes a corresponding change 
in potential across the resistor 58 connected 
between said anode 56 and space-charge grid 
60. 
Suitable operating potentials are applied to 

the electrodes 52, 56, 160 and filament 62 of 
electrometer tube 54 by battery 64 through 
resistors 66, 68, 7.0, T2, 74, and T6. The 
values of said resistors are so selected that: First, 
a suitable negative bias is applied to control grid 
f52; second, the potential difference appearing 
across resistor 58 is normally zero when no ion 
current is being discharged at ion collector 90; 
and third, the amplification factor of electrom 
eter tube i 54 is independent of minor fluctua 
tions in temperature and the electromotive force 
of battery 64. 
The terminals of resistance f58 are connected 

to the control grids 80 and 82 of pentode 
vacuum tubes 84 and 86 of a balanced push 
pull modulator. The midpoint of resistor 58 is 
connected to ground 58 through the secondary 
winding fB8 of transformer 90 and also to the 
cathodes 92 and 94 of corresponding pentodes 
84 and 86 through biasing resistors 196 and 
98. Voltage is supplied to anodes 200 and 202 
and screens 204 and 206 by battery 208 through 
resistors 20, 22, 24, and 26. 

In the preferred form of my invention alter 
nating currents of fixed frequency are supplied 
from oscillator 2 f8 through transformer 90. 
When no ion current is falling upon ion collector 
90 there is no potential difference across resistor 
f58 and accordingly there is no alternating cur 
rent potential appearing at the output terminals 
220 and 222 of the balanced modulator. How 
ever, when positive ions fall on ion collector 90 
the potential of grid so swings negative and 
the potential of grid fa2 swings positive with 
respect to ground 58 as a result of the potential 
appearing across resistor f58. By means of the 
above described system I am able to produce an 
alternating current potential appearing across 
output terminals 220 and 222 in direct propor 
tion to the number of ions per second falling on 
collector 90. 

In similar manner an alternating current pO 
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tential is developed across the terminals 224 and 
22 at the output of a second similar balanced 
modulator coupled in similar manner to ion col 
lector 82 through electrometer tube 228. 
By virtue of the fact that oscillator 2 sup 

plies potentials to both balanced modulators 
through two transformers 90 and 230 connected 
in series and because of the similarity in char 
acteristics of said two balanced modulators, the 
alternating currents appearing at the output of 
said two balanced modulators are in phase. 
The Outputs of said two balanced modulators 

are applied through coupling condensers 22, 24, 
236, and 238 to mixing circuit 26. An alternat 
ing current of , amplitude Ioo corresponding to : 
the ion current falling on collector 90 flows from 
terminal 220 through primary winding 232A, 
center grounded primary windings 284A, and pri 
mary winding 236Ato output terminal 222. Siim 
ilarly an alternating current of amplitude Is? 
corresponding to the ion current falling on col 
lector 92 flows from terminal 22 through pri 
mary 242, center grounded primary winding 244, 
and primary winding 246 to output terminal 226. 
The ratios of the windings of transformers 246 

and 248 are so selected that the electromotive 
forces induced in the secondaries 250 and 252 
when added together vectorally or algebraically 
Combine to produce in meter 30 an indication 
of the concentration of normal butane. Con 
denser 254 shunted across the series-connected 
Secondaries 250 and 252 is of such a value that the 
secondary circuits of transformers 246 and 248 
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are tuned to the frequency of oscillator 2 8. 
In similar manner the ratio of the windings 

260 and 262 of transformers 266, 268 are adjusted 
to such values that when the potentials induced 
in Said secondaries are combined in mixer 26, 
they produce an indication on meter 32 which 
is a measure of the concentration of isobutane. 
Condenser 270 serves to tune the series-connected 
secondaries 260 and 262 to the frequency of oscil 
lator 28. 

If ions of masses 29 and 43 are collected by 
collectors 90 and 92, respectively, then, as will 
be clear from the table, the two currents Igo and 
I92 are given by the equations 

I90=3.58Xn--1.44X (1) 
I92=8.25X+5.78X. (2) 

where Xn and Xi are respectively the rates of 
flow of normal butane and isobutane in the mix 
ture flowing in the line 2. Solving equations (1) 
and (2) for Xn and X, it is found that 

Xn=0.68090-0.17092 (3) 
X=-0.970Igo--0.421192 (4) 

Thus, to obtain separate indications correspond 
ing to the two constituents of the mixture under 
analysis, transformers 246, 248, 266, and 268 hav 
ing the relative transformer ratios 0.680, 0.170, 
0.970, and 0.421, respectively, are used, and the 
potentials induced in the two secondary circuits 
combined in opposite phases (that is, in appro 
priate multiples of 180°). In short, the electrical 
potentials or currents are combined in phases 
displaced from each other by multiples of 180°. 
Angles which are multiples of 180° are (for the 
purposes of this invention) 0°, 180°, 360° etc. 

In the preferred embodiment of my invention 
illustrated here, I use pentode vacuum tubes, as 
amplifier elements in the balanced modulators 
because of the high internal resistance of said 
tubes. The plate resistances 24, 26, 25, and 
27 are also of such high values that the mutual 
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coupling between the first pair of secondaries 
250 and 252 and the second pair of Secondaries 
260 and 262 is so low that currents existing in 
either of the secondary circuits do not produce 
appreciable electromotive forces in the other of 
said secondary circuits. This decoupling system 
is especially useful when current meters are used 
for indicators 30 and 32. 
Usually the value of grid resistor 50 is so large 

that almost all of the potential between grid 52 
from the ion collector 90 to ground 58 appears 
across said grid resistor and accordingly very 
little ion current potential drop appears across 
either half of resistor 58. If, however, the po 
tential drop through the two halves of resistor 
58 should be of any substantial amount they 
may be equalized if desired by insertion of an 
appropriate balancing resistor in either the plate 
lead 280 or the screen lead 282 as required by the 
particular values of the other circuit elements. 
While this is not usually necessary it may be de 
sired for symmetry. 

In the above description of my invention it 
has been assumed that each of the two push-pull 
modulators described is balanced in such man 
ner that the signals appearing in each output is 
zero. When the corresponding ion currents are 
Zero. However, it is to be understood that this 
is not absolutely essential to my invention and 
that many variations of the above-described em 
bodiment of my invention will readily occur to 
those skilled in the art. 

claim: 
1. In a mass spectrometer the combination 

which comprises a plurality of ion collectors each 
disposed in said mass spectrometer at such posi 
tions as to respectively collect charges carried 
by ions of different mass-to-charge ratio, at least 
one electric signal indicator, and electric means 
connecting each of Said collectors to at least one 
of said indicators, said electric means including 
signal combining means connecting at least one 
of said indicators to a plurality of Said collectors. 

2. In a mass spectrometer the combination 
which comprises a plurality of ion collectors each 
disposed in the ion image field of said mass 
spectrometer in such positions as to respectively 
collections of a different mass-to-charge ratios, 
a plurality of amplifiers, a common source of 
alternating current signals connected to the input 
of said amplifiers, a connection from each of 
said collectors to one of said amplifiers adapted 
to vary the amplitude of the alternating current 
signal appearing at the output of said amplifier 
in accordance with the amplitude of the respec 
tive ion currents collected, alternating current 
signal combining means connected to the output 
of said amplifiers, and at least one indicator con 
nected to the output of Said combining means. 

3. In a method of analyzing a mixture con 
taining a plurality of chemically different com 
ponents, involving the transformation of a por 
tion of the mixture into a plurality of separate 
ion beams, each beam comprising ions of a dif 
ferent mass-to-charge ratio and the intensity of 
each beam depending on the amount of more 
than One of said components present in the mix 
ture, the improvement which comprises convert 
ing the respective ion beams into a plurality of 
electrical currents, electrically combining said 
electrical currents in such proportions and in 
such a sign relationship depending on the effect 
of different components on the intensities of said 

O 
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indicating respectively the amount of a different 
component of the mixture. 

4. In a method of analyzing a mixture con 
taining a plurality of chemically different com 
ponents, involving the transformation of a por 
tion of the mixture into a plurality of separate 
ion beams, each beam comprising ions of a dif 
ferent mass-to-charge ratio and the intensity of 
at least one of said ion beams depending on the 
amount of more than one of said components 
present in the mixture, the improvement which 
Comprises converting the respective ion beams 
into a corresponding plurality of electrical cur 
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rents, electrically combining the current corre 
sponding to said one ion beam with at least one 
other of said electrical currents in such propor 
tions and in such a sign relationship depanding 
on the effects of different components on the 
intensity of said one ion beam so as to produce 
a signal which indicates the amount of one of 
the components affecting the intensity of said 
One ion beam. 

5. In a method of analyzing a mixture con 
taining a plurality of chemically different com 
ponents, involving the transformation of a por 
tion of the mixture into a plurality of separate 
ion beams, each beam comprising ions of a dif 
ferent mass-to-charge ratio and the intensity of 
each beam depending on the amount of more 
than one of said components present in the mix 
ture, the improvement which comprises convert 
ing the respective ion beams into a plurality of 
alternating electrical currents of the same fre 
quency, electrically combining said alternating 
electrical currents in such proportions and in 
such phase relationships depending on the effect 
of different components on the intensities of said 
beams so as to produce a plurality of signals each 
indicating respectively the amount of a different 
Component of the mixture. 

6. A method according to claim 5, in which the 
electrical currents are combined with relative 
phases which are integral multiples of 180°. 

7. In a method of analyzing a mixture contain 
ing a plurality of chemically different compo 
nents, involving the transformation of a portion 
of the mixture into a plurality of separate ion 
beams, each beam comprising ions of a different 
mass-to-charge ratio, and the intensity of at 
least one of said ion beams depending on the 
amount of more than one of said components 
present in the mixture, the improvement which 
comprises converting the respective ion beams 
into a corresponding plurality of alternating elec 
trical currents of the same frequency, electrically 
combining the current corresponding to said one 
ion beam, With at least one other of said electrical 
currents in such proportions and in such phase 
relationships depending on the effect of different 
components on the intensity of said one ion beam 
So as to produce a signal which indicates the 
amount of one of the components affecting the 
intensity of said one ion beam. 

8. A method according to claim 7 in which the 
electrical currents are combined with relative 
phases which are integral multiples of 180°. 

9. In a mass spectrometer having a source of 
ions and ion segregating means for separating 
and focussing ions of different mass-to-charge 
ratios to produce a plurality of corresponding ion 
currents, the improvement which comprises a 
plurality of circuits operatively associated with 
the ion segregating means and responsive to dif 
ferention currents for producing a corresponding beams so as to produce a plurality of signals each 75 plurality of electric currents, the amount of each 
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electric current corresponding to the amount of 
ions of a different mass-to-charge ratio formed 
at the ion source, at least one electric signal in 
dicator, an electric signal combining means so 
connecting the plurality of circuits to the indi 
cator and so arranged as to apply to the indi 
cator an electric signal which corresponds to a 
combination of said electric currents. 

10. In a mass spectrometer having a Scirce of 
ions, ion segregating means for Separating and 
focussing ions of different mass-to-charge ratios 
and a plurality of means for Collecting charges 
carried by corresponding ions of different mass 

O 

to-charge ratios, the improvement which com 
prises a plurality of circuits connected to cor 
responding collecting means for producing a cor 
responding plurality of electric currents, the 
amounts of Said currents corresponding to the 
amounts of the respective Corresponding ions 
formed at the ion source, at least One electric 
signal indicator, an electric signal combining 
means so connecting the plurality of circuits to 
the indicator and so arranged as to apply to the 
indicator an electric signal which represents a 
combination of said electric currents. 

11. In a mass spectrometer, the combination 
which comprises an ion current collector respon 
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S 
sive to a selected beam of ions produced in the 
Spectrometer, a source of alternating current, and 
a circuit interconnecting said collector and said 
Source arranged to convert said alternating cur 
rent into another alternating current modulated 
in accordance with the intensity of the collected 
ion current. 

12. In a method of analyzing a mixture con 
taining a plurality of different components in 
volving the transformation of a portion of the 
mixture into a plurality of separate ion beams, 
each of which comprises ions of a different mass 
to-charge ratio, the improvement Which con 
prises introducing a single frequency signal into 
a plurality of different channels, modulating the 
signals in the respective channels in accordance 
with the number of ions in the respective ion 
beams to produce a plurality of modulated cur 
rents, and combining the modulated currents in 
a mixing circuit to produce mixed signals. 

13. In a mass spectrometer the combination 
which comprises an ion current collector, means 
connected to the collector and arranged to pro 
duce an alternating current, and means for 
modulating the alternating current in accordance 
with the intensity of the collected ion current. 

REED C, AWTOR. 


