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UNITED STATES PATENT OFFICE 
2,457,162. 

MASS SPECTROMETRY 
Robert W. Langmuir, Schenectady, N. Y., assignor 
to Consolidated Engineering Corporation, Pasa 
dena, Calif., a corporation of California, 
Application April 20, 1943, serial No. 483,745 

10 Claims. (C. 250-41.9) 

This invention is concerned with mass Spec 
tronetry and contemplates improvements in maSS 
spectrometry involving the production of a 
pulsating ion current which can be amplified with 
A. C. instrumentS. 

In mass spectrometry, a gas sample is bom 
barded by moving electrons to produce ions of 
various substances present in the sample, and 
the ions thus formed are separated into various 
compounds having different mass-to-charge ratios 
by Subjecting the ions to the influence of electric 
or magnetic fields or both. The individual com 
ponents are then directed upon an ion collector 
and discharged, and the intensity of the result 
ing ion current is measured. Thus, the several 
components may be caused to fall successively 
upon the collector by varying the electric or mag 
netic field, or by moving the collector successively 
into the respective paths of the Several com 
ponents. . . . . . . . . 

In a method of mass spectrometry heretofore 
proposed, the several components having differ 
ent mass-to-charge ratios are formed of positive 
ions. When such components are directed to the 
ion collector and there discharged, a unidirec 
tional current is set up in a circuit connected to 
the ion collector and the intensity of this current 
is measured following amplification by a direct 
current amplifier. However, this method (es 
pecially when the samples of gas to be treated : 
in the mass spectrometer are small) is subject to 
certain inherent disadvantages arising principal 
ly out of the nature of direct current amplifiers. 
The speed with which a mass spectrum may be 
measured with a given degree of accuracy de 
pends upon the time constant of the input circuit 
of the D. C. amplifier. This is necessarily long 
because of the large input resistance required to 
detect the Small currents available at the col 
lector. The time constant is the product of the 
input resistance times the input capacitance and 
may be Several seconds or even of the order of 
minutes. Thus, employing a direct current am 
plifier, the rate at which a small sample of gas 
can be analyzed in a mass spectrometer is rela 
tively slow and the capacity of the instrument 
in terms of useful Work is limited. 
AS disclosed in my co-pending application Se 

rial No. 294,346 filed September 11, 1939, now 
United States Patent No. 2,370,673 (of which 
the instant application is a continuation-in 
part), I have discovered that the speed of analysis 
can be increased markedly by producing a pulsat 
ing ion beam, discharging this beam at the ion 
collector and amplifying the resulting alternat 
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ing ion current with an alternating current an 
plifier. In accordance With my invention, an ion 
beam is formed in a maSS spectrometer by bom 
bardment of a gas With the electrons and 
the intensity of this ion beam is varied in a pre 
determined manner. Thus, the ion beam may be 
caused to pulsate and the pulsating ion bean, 
upon discharge at an ion collector, produces an 
OScillating potential Which is amplified With an 
A. C. type amplifier and recorded or measured. 
For example, a plurality of separate ion beams 
of different mass-to-charge ratios may be gen 
erated or controlled in such fashion that the in 
tensity of each beam varies in a sinusoidal man 
ner. The pulsating ion beams thus formed are 
caused to fall successively at the collector to pro 
duce a mass spectrum. Preferably, the frequency 
of the ion beams should be Smaller than the 
number of ions falling on the collector per sec 
ond. Otherwise, statistical variations in the rate 
at which the ions fall on the collector may mask 
the pulsations in that rate, and it is these pulsa 
tions which should be detected. 
The required pulsating ion beam may be formed 

in several Ways, but in all cases the ions of a 
given mass-to-charge ratio strike the collector 
and there discharge at a rate which Oscillates, 
pulsates or varies in a regular manner to produce 
a corresponding pulsating or oscillating electric 
current which may be amplified with an alternat 
ing current amplifier. The required oscillation 
may be brought about (1) by varying the in 
tensity of the beam of ionizing particles (such as 
electrons) with which the gas in the mass spec 
trometer is bombarded; (2) by varying the ve 
locity (or energy) of these ionizing particles (elec 
trons); and (3) by varying the forces acting upon 
the ions during the separation of ion components 
having different mass-to-charge ratios, i.e. by 
varying the field forces which control the deflec 
tion of the ions during separation into the com 
ponents. 
Thus, in a mass Spectrometer having means for 

bombarding a gas Sample with ionizing particles 
to produce ions of Substances present in the sam 
ple, means for separating the ions thus produced 
according to their mass-to-charge ratios into a 
plurality of ion beams, means for pulsating the 
ion beams, and means for collecting ions of a 
beam to produce an alternating or pulsating cur 
rent, my invention contemplates the combina 
tion which comprises an electrode disposed adja 
cent the path of the electron stream, means for 
Supplying a potential to the electrode, and means 
for varying the potential at said electrode in a 
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pulsating manner, whereby the ion beans are 
caused to pulsate. The electrode supplied With 
the pulsating potential may be an anode adapted 
to draw electrons from a filament or other elec 
tron source, or it may be an electrode disposed 
between such an anode and such an electron 
source. Likewise the electrode may be disposed 
in the region where the electron stream bombards 
the gas sample, for example it may be one of a 
pair of plates (one of which has an aperture . 
through which the electrons pass into the analyz 
ing portion of the apparatus). Another manner 
for causing the ion beam to pulsate is to supply 
a pulsating potential to a solenoid surrounding 
the analyzing portion of the apparatus, whereby 
the radius of curvature of the ion beam is caused 
to vary in a pulsating manner. The ion beam 
may also be caused to pulsate (a) by causing. 
the electron beam to pulsate at its source, for 
example a filament, by varying the temperature 
at that point and hence the rate of electron emis 
sion or (b) by means of a shutter which period ically is interposed in the path of the ionizing 
particles. 
These and other features of my invention will 

be more thoroughly understood in the light of 
the following detailed description taken in con 
junction with the accompanying figures, in 
which: 

Fig. 1 is a cross-section of one form of mass 
spectrometer constructed in accordance with my 
invention (provided with an amplifier, a recorder 
and a potential source, all showia schematically) 
and adapted to bring about pulsation of the ion 
beam through modulating the beam of electrons 
employed to bombard the gas from which the 
ions are formed, the electron beam being modu 
lated by varying the accelerating voltage operat 
ing upon the electron beam; 

Fig. 2 is a longitudinal view, partly in section, 
taken through the mass spectrometer of Fig. 1 
along the line 2-2; 

Figs. 3, 4, 5, 6, 7 and 8 are longitudinal views 
through modified forms of the spectrometer of 
Figs. 1 and 2 and illustrate a variety of ways 
in which the pulsating ion beams may be formed, 
like parts being designated by the same reference 
characters employed in Figs. 1 and 2; 

Fig. 9 is a graph showing the relationship of 
ion accelerating voltage to the voltage in the 
resistance 23 of the collector circuit for the types 
of mass spectrometer illustrated in Figs. 2, 3 
and 7; i. e. in Fig. 9 an A. C. voltage component 
is Superimposed on the D. C. voltage that would 
be present across resistor 36A if the beain in 
tensity did not pulsate, the A. C. componerit be 
ing proportional to the D. C. voltage at each 
point; - 

Fig. 10 illustrates the relationship of the ion 
accelerating voltage to the amplitude of the A. 
C. voltage in the output of the amplifier circuit 
in the spectrometer illustrated in Figs. 2, 3 and 
7; and 

Fig. 11 illustrates the relationship of ion ac 
celerating voltage to the A. C. voltage amplitude 
in the output of the amplifier circuit in the 
apparatus of Figs. 4, 5, 6 and 8. 

Referring to the drawings and particularly to 
Figs. 1 and 2, it will be observed that the mass 
Spectrometer has an envelope 2? which may evac 
luated through vacuum lines 22, 23 connected to 
the envelope and maintained at low pressure by 
One or more Vacuum pumps (not shown) con 
nected to the vacuum lines. 
A. capillary tube 24 is connected to the en 

0. 
sating manner. 

4. 
velope and through it a sample of gas to be ana 
lyzed is admitted. Within the envelope adjacent 
the entrance of the capillary there is disposed a 
pusher plate 25 and a plate 26 having a slit 2. 
The plates are disposed respectively on either 
side of the entrance of the capillary tube so that 
a gas sample entering the envelope flows into 
the space between the plates and is there bom 
barded by a unidirectional electron stream, the 
strength of which is varied or modulated in a pull 

The bombardment, of the gas 
1, molecules results in the formation of gaseous 

ions in the space between the plates, the amount 
of ions formed in unit time being correspondingly 
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5 varied in a pulsating manner. 
A small negative voltage (relative to the volt 

age on the pusher plate 25) is established on the 
plate 26. In consequence, positive gaseous ions 
formed in the space are drawn toward the plate 26. 
Some of these ions pass through the slit 27 in 
this plate. A semi-cylindrical case 28 is dis 
posed within the envelope adjacent the plate 28. 
A flat plate 29 forming one side of the case is dis 
posed substantially parallel to the plate 25 and 
is provided with a second slit 38 which matches 
the slit in plate 26. A high accelerating poten. 
tial is maintained between the plate 26 and the 
case: 28. This potential provides an electric ae 
celerating field which causes the positive ions 
that pass through the first slit 27 to be highly 
accelerated towards the case. Some of these ac 

35 
ions entering the case through the second slit, 
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celerated idns enter the case 23 through the 
Second Sit: 30. . . . . . 

A Solenoid 3 is disposed around the envelope 
and produces a magnetic field therein, so that the 

at high velocity follow curved paths within the 
CaSet 

EDue to the combined action of the aforemen 
tioned accelerating field maintained between the 
plate 26 and the case and the magnetic field pro 
duced by the solenoid, the ions entering the case 
are separated into ionic beams of different mass 
to-charge ratios. Each beam follows a semi 

; circular path; the radius of which is determined 
by the strength of the electric accelerating field, 
the strength of the magnetic field and the mass 
to-charge ratio of the ions in the particular beam. 
Thus, each beam in effect, originates at the slit 
30 and follows its own curved path to focus on 
the flat plate 29 opposite the slit 32. 
A third slit 32 is provided in the flat plate 

of the case in the region. where the beams tend 
to focus. Ions having a pre-determined mass 
to-charge ratio follow a substantially semi-cir. 
cular path 33 from the second slit 3 to the third 
slit 32, pass through the third slit and fall upon 
anion collector 34, which is protected by a shield 
34A having therein an aperture 35 matching the 
third slit. 
The ions. discharge on the: ion collector and 

produce through a resistor 36A of a linear am 
plifier 36 connected to the ion collector a pull 
Sating electric current that corresponds in fre 
quency and intensity to the collected ion current. 
The voltage which results in the resistor 36 

is amplified with an A. C. amplifier combination 
discussed in detail hereinafter and the ampli 
fied current is recorded by a galvanometer 37, 
So that the intensity of the ion beam being dis 
charged at any instant is indicated. 
The Several ion beams of different mass-to 

charge ratio are caused to pass successively . 
through the slits 30, 32, 35 onto the collector 34 
by varying the intensity of the accelerating elec 
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tric field between the plate 26 and the case, this 
being accomplished by moving a slider 38 on a 
potentiometer 39. In short, the separate beams 
existing within the case are successively brought 
to a focus at the slit 32, so that the intensities 
of the respective beams are measured SucceS 
sively. 
To consider one embodiment of my invention 

for varying the ion current in a pulsating manner, 
reference should be made to Fig. 2. As shown 
in this figure, the electrons employed to bombard 
a gas sample in the space between the plates 25, 
26, originate at an ionizing source represented 
by a filament 40, an anode structure 4 and a 
control electrode 42 with associated batteries 42A, . 
46 and 6. The filament, the anode structure and 
the control electrode are disposed within an ex 
tension 2A of the envelope at one end thereof. 
A. D. C. potential difference between the anode 
and the control electrode is maintained by a bat 
tery 6, which also supplies current to the plate 
25. 
The control electrode is disposed between the 

filament and the anode structure and has an ap 
erture therein in line with two other apertures 
in the anode structure so that the electron bearin 
is directed into the space between the plate 25, 
26 approximately at right angles to the capillary 
tube through which the gas sample is admitted. 
The electrode and the anode structure pref 

erably are maintained at positive potentials with 
respect to the filament. 
The electrode 42 is connected to a voltage gen 

erator 43 which supplies an alternating potential 
and thus brings about a periodic variation in 
the potential of the electrode with respect to the 
filament. This alternating potential at the elec 
trode controls the intensity of the electron beam 
originating at the filament and streaming 
through the apertures in the control electrode 
and the anode structure to enter the ionization 
region between the plates 25, 26 where the elec 
trons bombard and ionize gas introduced from 
the capillary tube. 
Some of the electrons of the beam or stream 

may pass all the Way between the plates to be 
picked up by an electron collector or cage 44 
disposed in line with the apertures in the control 
electrode and the anode structure. The vagrant 
electrons thus picked up flow to ground through 
a battery 45 connected to the cage. 
The variable voltage at the control electrode 

varies the intensity of the electron beam enter 
ing the ionization region, but the velocity of these 
electrons is substantially constant and is deter 
mined by the potential difference between the 
filament and the anode. 
A battery 46 Supplies potential between the fil 

ament and the control electrode and the voltage 
of this battery is in series with the variable volt 
age supplied from the A. C. generator 43. If the 
voltage of the battery 46 exceeds the amplitude 
of the variable voltage (for example a sinusoidal 
voltage) supplied by the generator, the electron 
beam will vary in intensity but will never be shut 
off completely. 

It will be apparent that the concentration of 
ions in the space between plates 25, 26 will be 
substantially proportional to the intensity of the 
electron beam if the Velocity of the electrons is 
constant. 
The frequency of the electron beam modula 

tion, which is controlled by the frequency of the 
A. C. potential supplied by the A. C. generator, 
preferably is less than the average number of 
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ions falling on the ion collector per second, so 
that statistical variations in the rate at which the 
ions reach the collector will not obscure the pull 
sations that are to be measured. In this manner, 
the intensity of the ion current varies in an easily 
controllable manner. However, Some of the ad 
vantages of my invention may be retained if the 
ion beam is modulated at a frequency higher than 
the average number of ions falling on the col 
lector per second. 
To facilitate amplification of the output of the 

maSS Spectrometer, it is preferable to produce pull 
Sating ion currents that vary in a sinusoidal man 
ner, this being accomplished by employing an 
electron beam that pulsates in this fashion. 
The alternating portion of the ion current ap 

pearing at the collector 34 is amplified in a cir 
cuit including the first linear amplification stage 
36, a second linear amplification stage 47, a nar 
row band pass filter 48, a logarithmic amplifier 
49 and indicated at the recording galvanometer 
37. The two amplification stages are coupled 
through the coupling and blocking condenser 47A, 
Which filters out the D. C. component of the sig 
nal appearing in the output of the first stage. 
The amplifier stage 36 has, as indicated above. 

a linear characteristic and comprises one or more 
tubes. Thus, the first amplifier stage may con 
prise an amplifier tube 50 of the pentode type pro 
Vided, as shown in Fig. 1, with a control grid 5, 
a Screen grid 52 and a suppressor grid 53 to 
gether With a cathode 54 and an anode 55. Suit 
able resistors, including the resistor. 36A and a 
Second resistor 56 are connected to suitable bat 
teries for maintaining the control grid and the 
anode respectively at correct operating poten 
tials. The input capacity between the control 
grid and the cathode is represented by the dotted 
structure 57. 
The alternating portion of the signal voltage 

appearing between the screen grid 52 and the 
cathode 54 may be calculated according to the 
following formula, 

e = Fazi 1-ice RC 
where i is the alternating portion of the ion cur 
rent falling on the collector 34 and C is the input 
capacitance 57 of the tube 50. As indicated 
above, the corresponding output voltage appear 
ing at the anode 55 of the first amplifier stage 36 
is further amplified by the amplifier 47, passed 
through the narrow band pass filter 48, amplified 
further by the logarithmic amplifier 49 and im 
pressed on the recording galvanometer 37. The 
band pass filter preferably is designed to pass a 
very narrow band of frequencies in the region of 

C 

J-5. 
For this purpose a resonant circuit having a very 
high Q may be employed. For example, a Qob 
tained from a resonant circuit utilizing electro 
meechanical unitS Such as magneto-striction Os 
cillators or tuning forks is desirable. The use of a 
narrow band pass filter or a sharp resonant circuit 
permits an increase in the signal-to-noise ratio of 
the circuit so that Smaller ion currents than 
would otherWise be possible can be detected. 
This will be apparent from the following: 
Due to thermal agitation within the resistor 

36A, noise will be impressed on the control grid 
5 and amplified by the system. If only a small 



2,457,162 
7 

range of frequencies is passed by the filter 48- the 
magnitude of the input noise is given by 

Ex-w 4KTR 'NW 1-42p2 Caf2 
Where T is temperature in degrees Kelvin, K is 
Boltzman's gas constant, and df is the effective 
band width of filter 48. 
Hence the signal-to-noise ratio in the output is 

Es R. . E=0.8.10 Wii 
Inasmuch as the current i to be measured may 

be as low as 10 ampere, I prefer to utilize as 
large a resistance 36A as possible, of the order of 
100 or 101 ohms, and the narrow band pass filter 
48, and in this manner achieve high ultimate sen 
Sitivity and provide high signal-to-noise ratio. 

Following the filter 48, I prefer to utilize an 
amplifier the output of which is proportional to 
the logarithm of the input, thus making possible 
the recording of a wide range of ion intensities 
On a recording medium of limited Width. Loga 
rithmic amplifiers suitable for this purpose are 
Well known to those skilled in the art. 
In the form of my invention illustrated I utilize 

a common control connection 58 to coordinate the 
movement of the recording mediun within the 
recorder 3 with the magnitude of the acceler 
ating or analyzing electric field provided between 
the plate 26 and the case 28 by the potentiometer 
39. In this manner, I am able to produce a con 
tinuous record in which one coordinate indicates 
the mass-to-charge ratio and the other coordi 
nate measures intensity of ion current. Thus, the 
control connection is connected not only to the 
potentiometer and the galvanometer but also to 
the case 28. 

It is to be understood that the recording speed 
necessary to attain a predetermined resolving 
pOWer Varies as an inverse function of the width 
(df) of the band passed by the filter 48, the term 
"resolving power' being employed to define the 
ability to differentiate and accurately measure 
the relative intensity of neighboring peaks on the 
final record obtained. 

It is clear that the ultimate sensitivity, resolv 
ing power, and recording speed are interrelated 
with the characteristics of the filter 48. In the 
preferred form of my invention the recording 
Speed is made as rapid as possible without caus 
ing undue loss of sensitivity or resolving power. 
In the apparatus of Figs. 1 and 2, it will be ap 

parent that the pulsation or mcdulation of the 
ion current is a result of pulsation or nodulation 
of the electron beam employed to produce the ions 
by bombardment and that this pulsation of the 
electron beam is brought about by varying the 
potential of a control electrode disposed between 
the filament and the anode. The ion beam may 
also be modulated in other ways. Several of these 
alternative methods of modulating the ion cur 
rent are illustrated and described in conjunction 
With Figs. 3 to 8, inclusive. These figures show 
inodifications of the apparatus of Fig. 2, the parts 
which are dissimilar to those in Fig. 2 being indi 
cated. 
To consider the modification illustrated in Fig. 

3, it Will be observed that this apparatus is essen 
tially similar to that of Figs. 1 and 2 except that 
the alternating current generator 43 is eliminated, 
there being instead an alternating current source 
60 connected between the filament 40 and the 
apertured anode 4 in series with a direct current 
battery 6. The alternating current provided from 
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the alternating source 69 serves to vary the veloe 
ity of the electrons passing through the apertured 
anode 4. into the ionizing region between the 
pusher plate 25 and the plate 23. The plate 26 is 
maintained at ground potential and the pusher 
plate is maintained at a positive voltage by the 
battery 6. 

in this form of my invention, the potentials sup 
plied by the battery 46 preferably are sufficiently 
large to provide the electrode 42 with a potential 
that is adequate to draw off the maximum possible 
number of electrons from the filament and project 
then through the aperture in the control elec 
trode 42 So that an electron beam of constant in 
tensity is provided beyond this point. Under these 
circumstances, the alternating voltage provided by 
the A. C. source S serves to vary both the rate 
at which the electrons enter the ionization region 
and the Velocity with which the electrons enter. 
Both of these effects combine in an additive man 
ner to Vary the rate of production of ions in the 
ionization region, with resultant production of a 
pulsating ion current. On beams of different 
mass-to-charge ratio are successively focused at 

is the Collector 34 (See Fig. 1) and produce an alter 
nating current through the resistor 36A, as de 
Scribed hereinbefore in connection with Fig. 2. 

In another embodiment of my invention illus 
trated by Fig. 4, the alternating current source of 
Fig. 2 is eliminated and instead, the anode 4 is 
Connected to the positive terminal of the battery 
6 and a source 64 of alternating voltage is con 
nected between the anode and pusher plate. The 
alternating potential thereby created between the 

5 pusher plate and the plate 28 causes the energy 
and therefore the momentum. With which ions are 
projected into the case 28 to vary in a correspond. 
ing periodic manner. The result of this is to bring 
about a periodic variation in the radius of the 
path 33 overwhich ions of a given maSS-to-charge 
ratio travel from the ionization region to the exit 
slit 32. In these circumstances, the intensity of 
the ion beam that passes through the exit slit and 
impinges upon the collector also varies with re 
Sultant production of an alternating current 
through the resistor 36A. 

Substantially the same effect as that obtained 
in the apparatus of Fig. 4 can be obtained as 
shown in Fig. 5, wherein the alternating current 
source 43 of Fig. 2 is eliminated and replaced by 
an alternating current source 65 connected in se 
ries with a battery 66 between the electrode 26 and 
the ground 5. Likewise, the effects obtained in 
the apparatus of Fig. 4 may be obtained as shown 
in Fig. 6. Wherein the alternating potential source 
43 of Fig. 2 is eliminated and replaced by an alter 
nating power 70 connected between the case 28 
and the slider 38 of the potentionnetter 39. - 

Still another method for nodulating the elec 
tron beam is illustrated in Fig. 7. As in the pre 
vious cases, (FigS. 3 to 6) the alternating current 

65 

Source 43 of Fig. 2 is eliminated, but is replaced by 
an alternating current Source 3 connected in the 
filament circuit in Series. With a direct current 
battery 74. The alternating current supplied to 
the filament causes the temperature of the fla 
ment to alternate in a corresponding manner With 
resultant variation in thermionic emission (of 
electronS) from the filament. 

In the apparatus of Fig. 8, modulation of the 
ion beam is brought about by varying the magnetic 
field provided by the solenoid 32. Thus, the alter 
nating voltage 43 of Fig. 2 again is omitted but is 

75 
replaced by an alternating current source 7S con 
nected in series with the direct current source 77 
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that supplies the solenoid. The change in in 
tensity of the magnetic field produces correspond 
ing changes in the radius of the ion beam path 33, 
So that each ion beam is swept back and forth 
across the exit slit 32 for a given setting of the 
potentiometer 39. Naturally enough, the partic 
ularion beam to be investigated can be selected by 
choosing an appropriate Setting for this potenti 
Ometer. 
In all of the foregoing cases, i. e. in the alterna 

tives illustrated in Figs. 1 to 8, an alternating cur 
rent is produced in the output of the spectrometer. 
In the apparatus illustrated by Figs. 2, 3, and 7, 

the alternating current in the outlet circuit, in 
resistance 36A is of the same frequency as that 
generated in the respective alternating voltage 
sources 43, 60 and 73. In all of these cases, the ion 
accelerating voltage provided by the potentiom 
eter 39 is varied gradually. As each beam passes 
by the exit slit, Some of the ions impinges upon 
the plate 29 of the case. The rate at which ions 
from a given beam paSS through the slit 32 pull 
sates or varies periodically, so that the rate of 
collection of charges from the ions at the collector 
34 is likewise modulated. 
The manner in which the rate of collection 

at the collector 34 varies in the case of the appa 
ratus of Figs. 2, 3 and 7 is shown by Fig. 9. The 
alternating current Voltage acroSS the resistance 
36A is, of course, proportional to the rate of ion 
collection, So the Voltage across the resistance 
36A will likewise vary as illustrated by Fig. 9. 
However, the capacitance effect of the condenser 
47A (Fig. 1) blocks any D. C. component of the 
voltage generated in the plate (cathode) circuit 
of the tube 52, so that the Voltage appearing at 
the Output of the amplifier 36 Will be of the al 
ternating current type and Will vary in ampli 
tude as the voltage supplied by the potentiome 
ter 33. For ions of a given mass-to-charge ratio, 
the Voltage amplitude in the output of amplifier 
36 is a single peak as shown in Fig. 10. 
To consider the examples illustrated in Figs. 4, 

5, 6 and 8, it should be noted that the intensity 
of the current in the resistance 36A at the out 
put of the spectrometer is proportional to the 
absolute value of the derivative of a curve ob 
tained by the foregoing methods, so that a double 
peak q-q (Fig. 11) is produced for ions of each 
mass-to-charge ratio detected. 
The height of the single peak of Fig. 10 or 

the height of either part q of the double peak 
q-q of Fig. 11 is proportional to the concen 
tration of a gas from Which ions of the particular 
mass-to-charge ratio are being produced, the 
constant of proportionality depending on the 
individual gas, the mass-to-charge ratio of the 
ions in question, and naturally upon the con 
stants of the apparatus. 
As described hereinbefore Sources of Square 

wave voltages may be provided, in which case the 
intensity of the beam striking the collector 34 
is periodically changed between two values for a 
given setting of the potentiometer. This results 
in a production of Square wave voltages across 
resistance 36A. The square Wave Voltages con 
tain numerous sinusoidal components and any 
desired component may be selected from the 
square wave and amplified. It is preferable by 
means of filter 48 to select the strongest compo 
nent, as determined from a Fourier analysis of 
the square wave voltage across the resistance. 

If the alternating Square Wave voltage pro 
vided by the source has adequate amplitude, the 
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beam striking the collector may be intermit 
tently cut off completely. 
The apparatus of FigS. 3 to 8 may be con 

nected with the same amplifier circuit as shown 
in Fig. 1, namely, to a suitably designed band 
pass filter 48 that makes possible increasing the 
Signal-to-noise ratio. With all of these appara 
tus a logarithmic, or other variable sensitivity, 
amplifier can be provided which amplifies Weak 
Signals more than strong signals, so that signals 
of Widely varying strength may be accurately 
recorded With a conventional recording galva 
nometer 37. 

I claim: 
1. In a maSS Spectrometer having means for 

bombarding a gas sample with an electron stream 
to produce ions of substances present in the sam 
ple, means for separating the ions thus produced 
into a plurality of ion beams of different mass 
to-charge ratios, and means for collecting ions 
of a beam, the combination which comprises a 
pair of plates disposed in the spectrometer in 
the region where the electron stream bombards 
the gas Sample to form the ions and adjacent the 
electron Stream, one of Said plates being provided 
With an aperture through which the ion beam 
Collected at said collecting means passes, and a 
Source of alternating potential connected be 
tween Said plates for creating an alternating 
field therebetween, whereby the ion beam col 
lected at Said collecting means is pulsated so as 
to create an alternating current component at 
Said collecting means. 

2. In a mass Spectrometer having means for 
bombarding a gas sample with an electron stream 
to produce ions of Substances present in the sam 
ple, means for Separating the ions thus produced 
into a plurality of beams of ions of different 
maSS-to-charge ratios, and means for collecting 
ions of a beam, the combination which comprises 
a pair of plates disposed in the spectrometer 
and in Spaced relationship to each other adja 
cent to and on opposite sides of the electron 
stream in the region wherein the gas sample is 
bombarded with the stream to produce the ions, 
One of Said plates having an aperture therein 
through which the ion beam passes, and means 
for producing an alternating potential on the 
plate having the aperture therein relative to 
the other plate whereby the ion beam collected 
at Said collecting means is pulsated so as to create 
an alternating current component at said col 
lecting means. 

3. In a maSS Spectrometer having means for 
bombarding a gas sample with an electron stream 
to produce ions of substances present in the 
sample, means for separating the ions thus pro 
duced into a plurality of beams of ions of dif 
ferent mass-to-charge ratios, and means for 
collecting ions of a beam, the combination which 
comprises a Solenoid Surrounding the Space in 
the mass spectrometer in which the ions are sep 
arated into ion beams having different mass-to 
charge ratios, means for supplying current to the 
Solenoid and means for pulsating the potential 
of the current Supplied to the solenoid, whereby 
the ion bean collected at the collecting means is 
pulsated to produce an alternating current com 
ponent at said collecting means. 

4. In a maSS spectrometer having means for 
bombarding a gaS Sample With an electron stream 
to produce ions of substances present in the 
Sample, means for separating the ions thus pro 
duced into beams of ions of different mass-to 
charge ratios, and means for collecting ions of a 
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beam, the combination which comprises a case 
in Which the ions are separated into the ion 
beams and having an aperture therein through 
Which the ions enter, a pair of plates disposed 
in the spectrometer in spaced relationship with 
each other in the region in which the ions are 
formed and on opposite sides of the electron 
stream, one of said plates having an orifice there 
in that matches the orifice in the case, and 
Ireans for establishing a pulsating potential be 
tween the orifice plate and the case, whereby 
the ion bean collected at said collecting means 
is pulsated to produce an alternating current 
Component at said collecting means. 

5. In a mass spectrometer having means for 
bOmbarding a gas Sample with an electron stream 
to produce ions of substances present in said 
Sample, means for producing field forces for Sep 
arating the ions thus produced into a plurality 
of ion beams of different mass-to-charge ratios, 
and means for collecting ions of a beam, the 
combination which comprises means for pro 
ducing an electron stream which traverses the 
region of the gas sample to produce said ions of 
Said ion beams, and means for uniformly pull 
Sating a field force which controls the defection 
Of the ions during Said separation into the com 
ponents having different mass-to-charge ratios. 

6. In a na SS spectrometer having means for 
bombarding a gas Sample with an electron stream 
to produce ions present in said sample, means 
for producing field forces for separating the 
ions thus produced into a plurality of ions of dif 
ferent mass-to-charge ratio, one of said field 
forces being an electrical field employed to propel 
the ions in the direction of the beams, and 
means for collecting ions of a beam, the combi 
nation which comprises means for producing an 
electron Strean which traverses the region of 
the gas Sample to produce said ions of said ion 
beams, and means for unifornly pulsating Said 
electrical field during Said Separation of the ions 
into components having different mass-to-charge 
ratios. - 

7. In a mass spectrometer having means for 
bombarding a gas sample with an electron strean 
to produce ions of substances present in said 
sample, means for producing field forces for sep 
arating the ions thus produced into a plurality of 
ions of different mass-to-charge ratios, one of 
Said field forces being an electromagnetic field 
employed to defect the beans and neans for co 
lecting ions of a beam, the combination which 
comprises means for producing an electron 
stream. Which traverses the region of the gas 
Sample to produce said ions of Said ion beams, 
and means for uniformly pulsating the electro 
magnetic field during Said separation of the ions 

12 
E. components having different mass-to-charge 
aOS, 
8. In mass spectrometry involving the produc 

tion of ions and the separation of these ions by 
field forces which control their deflection into a 
plurality of ion beams having different mass-to 
charge ratios, the improvement which COI prises 
pulsating a field force which controls such de 
flection during the separation so that the beams 
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are Oscillated, and collecting ions of a resulting 
islating beam to produce an aiternating cur 
et. 
9. In maSS Spectrometry involving the produc 

tion of ions and the separation of these ions by 
field forces which control their deflection into 
a plurality of ion beams having different mass 
to-charge ratios, the improvement, which com 
priseS pulsating an electric field force which con 
trols Such deflection during the separation so 
that the beams are oscillated, and collecting ions 
of a resulting Oscillating beam to produce an 
alternating current. 

10. In mass spectrometry involving the pro 
duction of ions and the separation of these ions 
by field forces which control their deflection 
into a plurality of ion beams having different 
mass-to-charge ratios, the improvement which 
comprises pulsating an electromagnetic field 
force which controls such deflection during the 
Separation. So that the beams are oscillated, and 
collecting ions of a resulting oscillating beam to 
produce an alternating current. y 

ROBERT W. LANGWUIR. 
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