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This invention relates to mass spectrometers and, more 
particularly, to mass spectrometers for operating in a 
simplemanner to determine the masses of different ions 
by, measuring the time required for the ions to travel 
through a predetermined distance. The invention also 
relates to methods of determining the masses of different 
IOS, , , 

In some types of mass spectrometers, pulses of ions 
are utilized to determine the masses of the different 
gases or vapors in an unknown mixture and the rela 
tive abundance of the gases and vapors in the mixture. 
The pulses of ions are accelerated by a force for move 
ment through a predetermined distance. Because of this 
force, the ions of relatively light mass attain a greater. 
velocity than the ions of heavy mass and travel through 
the predetermined distance before the ions of heavy 
mass. By indicating the relative times at which the ions 
of different mass travel through the predetermined dis 
tance, the masses of the ions can be determined. 

Until now, pulses of ions have been formed by the 
application of pulses of voltage on electrodes which con 
trol the movements of the ions. Because of the appli 
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cation of voltage pulses on the ion-accelerating elec 
trodes, a certain amount of instability has been inherent 
in the operation of the time-of-flight mass spectrometers. 
Such instability occurs because it is difficult to produce 
successive voltage pulses having the same amplitude and 
shape and, therefore, the acceleration provided by each 
pulse is different. 
capabilities of the time-of-flight mass spectrometers frorn 
being realized to distinguish between the masses of differ 
entions overa wide range of masses. V 

This invention provides a mass spectrometer for pro 
ducing pulses of ions by ionizing molecules of gas at 
periodic intervals. The mass spectrometer includes ion 
accelerating electrodes Which have direct voltages im 
posed on them to accelerate the ions a moderate amount 
in a first region and a considerable amount in a second 
region to produce a separation of the ions on the basis 
of their mass and a collection of the ions at a focal 
distance from the regions. By imposing direct voltages 
on the electrodes controlling the movements of the ions, 
a relatively stable operation is provided in the mass spec 
trometer such that a relatively sharp delineation between 
ions of different mass is obtained. Since direct voltages 
are imposed on the ion-accelerating electrodes, the elec 
trical system forming a part of the mass spectrometer is 
also considerably simplified. ---- - 
- An object of this invention is to provide a mass spec 
trometer for determining the masses of the different gases 
and vapors in an unknown mixture by measuring the 
times required for ions formed from the gases to travel 
through a predetermined distance. 
Another object is to provide a mass spectrometer of 

the above character for producing pulses of ions and 
for imposing constant forces on the ions to produce a 

This instability has prevented the full 
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separation of the ions on the basis of the masses of the 

2 
ions during the movement of the ions through a prede 
termined distance. 
A further object is to provide a mass spectrometer of 

the above character which is more stable in operation 
than the time-of-flight mass spectrometers now in use. 

Still another object is to provide a mass spectrometer 
of the above character requiring the use of relatively 
simple electrical components to provide a relatively sharp 
delineation between ions of different mass. : 
A still further object is to provide a method of pro 

ducing pulses of ions and of separating the different 
ions in each pulse on the basis of their mass so as to 
determine the masses of the ions. 

Other objects and advantages will be apparent from 
a detailed description of the invention and from the 
appended drawings and claims. : 

In the drawings: 
Figure 1 is a somewhat schematic view, partly in block 

form and partly in perspective, illustrating the mechani 
cal and electrical features which together constitute one 
embodiment of the invention; and , , 

Figure 2 is a somewhat schematic view, partly in block 
form and partly in vertical section, illustrating a modi 
fication of the invention for detecting ions of a particu lar mass. 

In the embodiment of the invention shown in Figure 1, 
a filament 10 made from a suitable material such as 
tungsten is provided. The filament has the shape of a 
wedge in a substantially vertical plane asseen in Fig 
ure 1 and has a relatively great width, such as 2.5 centi 
meters. A control electrode 12 is disposed at a relatively 
close distance to the filament 10 and is provided with a 
horizontal slot 14 aligned with the tip of the filament 10 
along the complete width of the filament. , º , ''' 
Anaccelerating electrode 16 having a slot 18 corre 

sponding substantially in shape and position to the slot 
14 ispositioned in substantially parallel relationship with 
the electrode 12. The electrode 16 is separated from 
the electrode 12 by a relatively small distance, such as 
2 millimeters. A collector 20 is disposed at a moderate 
distance, such as 1 or 2 centimeters, from the electrode 
16 and in substantially parallel relationship to the elec 
trode. , , 
A backing plate 22 having a relatively restricted length 

such as 1 centimeter is provided at an intermediate posi 
tion between the electrode 16 and the collector 20. The 
backing plate 22 is substantially perpendicular to the 
electrode 16 and the collector 20 and is slightly to the 
rear. of an imaginary line extending from the tip of the 
filament 10 through the slots 14 and 18 to the collec 
tor 20. , , 

A control electrode 24 made from a suitable wire 
mesh is disposed in substantially parallel relationship to 
the backing plate 22 and at a relatively close distance, 
such as 2 millimeters, from the backing plate. The elec 
trode 24 isslightlyinfront of the imaginary line disclosed 
above. Slats 26 extend laterally from the backing plate 
22 to the electrode 24 to forma compartment with the 
electrode 16 and the collector 20. 
A vertical slot 28 is provided in one of the slats 26 at 

a position substantially aligned with the imaginary line 
discosed above. The slot 28 communicates with a con 
duit 30 which extends from a receptacle 32 adapted to 
hold molecules of the different gases or vapors consti 
tuting an unknown mixture. 8 . . 
An electrode 34 made from a suitable wire mesh is 

separated from the electrode 24 by a relatively short 
distance, such as 2 millimeters, and is disposed in sub 
stantially parallel relationship to the electrode 24. An 
electrode 36 is in turn positioned at a relatively great 
distance, such as 40 centimeters, from the electrode 34. 
The electrode 36 is alsomade from a suitable wire mesh 
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and ispositioned in substantially parallel relationship to 
the electrode 34. 
A detector is positioned at a moderate distance, such 

as 3 centimeters, from the electrode. For example, the 
detector may constitute a collector 38 organ electren. 
multiplier similar to that disclosed on page, 831 of “Radio 
Engineering” (third edition, 1947) by Professor Fred 
erick E. Terman. A time indicator, such as an oscillo 
scope 40, is connected to the collector 38 through: am 
plifiers 41 to indicate the relative times at which signals 
are produced by the collector. A connection is also 
made from the output terminal of a pulse forming. circuit 
42 to an: input terminal of the oscilloscope 40 so that 
the sweep of the beam in the oscilloscope will be initiated 
every time that a pulse is. produced by the circuit 42. 
A relatively high positive, voltage, such as 275 volts, is. 

applied to the filament 10 through a resistance 3 from 
a suitable power supply 44. Positive voltages in the 
order of 250 volts and 375 volts are respectively applied 
to the electrodes 12 and 16 through suitable resistances 
46 and 48 from the power supply 44. A voltage of 375 
volts is also applied to the collector 20througha resist 
ance 50. . 

Positive voltages of 400 and. 350 volts are applied to 
the backing plate 22 and the electrode 24 through suit 
able resistances 52 and 54, respectively, from the power 
supply 42. A positive voltage of approximately 50 volts 
is applied to the collector 38 through a suitable resistance 
56so that electrons secondarily emitted from the collector 
by the impingement of ions will be attracted back to 
the collector. The electrodes 34 and 36 are, directly 
grounded. 

Since the voltage on the control electrode 12 is. lover 
I than the voltage on the filament 10, electrons emitted by 
the filamentare prevented from moving past the electrode 
12 into the region between the backing plate 22 and the 
electrode 24. Because of the force imposed on the elec 
trons to prevent them from travelling into the region be 
tween the backing plate 22 and the electrode 24, mclecules 
of gas or vapor introduced into the region from the re 
ceptacle 32 cannot be ionized. At predetermined times, voltage puises having a rela 
tively short durations such as 0.0 1 microsecond and having 
a magnitude in the order of +50 volts are applied to the 
electrode 12. The voltage pulses are applied to the 
electrode 12 through a coupling capacitance 58 from the 
pulse forming circuit 42. The pulse forming circuit 42 
may be similar to that disclosed and claimed in co-pending 
application Serial No. 230,905 filed June 11, 1951 by. 
William C. Wiley. - 
Upon the application of each voltage pulse to the 

electrode 12, the voltage on the electrode becomes greater 
than the voltage on the filament 10. This causes the 
electrons emitted by the filament to be accelerated to 
wards the electrode 12. The electrons moving past the 
electrode 12 upon the imposition of a voltage pulse on 
the electrode are further accelerated in the region between 
the electrodes 12 and 16.. The electrons are accelerated 
in this region since the electrode 16 is at a higher po 
tential than the electrode 12 even during the time that 
the voltage pulse is applied to the electrode 12. 

Because of the accelerations imparted to the electrons 
in the region between the filament:10 and the electrode 
12 and in the region between the electrodes 12 and 16, 
the electrons have a considerable energy as they travel 
through the region between the backing plate 22 and the 
electrode 24. After travelling through this region, the 
electrons impinge on the collector 20. 
As the electrons move through the region between 

the backing plate 22 and the electrode 24, sonne of them 
strike molecules of gas introduced into the region from 
the receptacle 32. Since the electrons have had con 
siderable accelerations imparted to them between the fila 
ment 10 and the electrode 16, they strike the gas molecules 
with a sufficient force to produce an ionization of the 
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4 
molecules into electrons and positive ions. Most of the 
ions have a single positive charge but a few of the ions 
have more than one charge because of a loss of two 
ormore electrons from the gas molecules. 

Since the backing plate 22 is at a positive potential with 
respect to the voltage on the electrode 24, a repelling force 
is applied on the ions to move them towards the electrode 
24. This repelling force is of only moderate magnitude 
because of the difference of 50 volts between the poten 
tials applied to the backing plate 22 and the electrode 24. 
This repelling force imparts a greater acceleration to the 
ions of relatively light mass than to the ions of heavy 
mass. In this way, the light ions attain a greater speed 
than the heavy ions. 

After the ions have traveled past the electrode 24, they 
are subjected to a force which is considerably greater than 
that imposed on them in the region between the backing 
plate 22 and the electrode 24. Such a considcrable force 
isimposed on the ions in the region between the electrodes 
24 and 34 because of the difference of approxinuately 350 
volts between the potentials imposed on the electrodes. 

Since the electrodes 34 and 36 are both at substantially 
ground potentials, no force is exerted upon the ions in this 
region. This causes the ions to travel through the region 
with substantially the same velocity as that attained by 
them as they move past the electrode 34. After moving 
past the electrode 36, the ions impinge on the collector 
38 and produce signals having strengths dependent (in 
part) upon the relative abundance of the different gases The signals produced 
by the collector 38 are amplified by the amplifiers 41 and 
are visually displayed on the oscilloscope 40. By deter 

i mining the relative times at which the signals appear on 

35 

40 

45 

50 

60 

35 

75 

the oscilloscope, the masses of the different ions can be 
determined. The relative abundance of the ions canalso 
be determined from the amplitudes of the different sig 
nals. 
The mass spectrometer disclosed above has several im 

portant advantages. Since the filament 10 has a consid 
erable width, a relatively large number of electrons arcac 
celerated into the region between the backing plate 22 
and the electrode 24 during the short period of time that 
the pulse of voltage is applied to the electrode 12. As a 
result, a relatively large number of ions are instantaneous 
ly produced by the impingement of the electrons on mole 
cules of gas introduced into the region between the back 
ing plate 22 and the electrode 24. 

Since the backing plate 22 and the electrode 24 have 
restricted lengths, they are notable to produce any ma 
terial deflection of the electrons passing between them. 
The action of the plate 22 and the electrode 24 in deflect 
ing the electrons from a straight path is further limited 
because of the moderate voltage difference between the 
plate and the electrode. The deflection of the electrons 
from a straight path is also limited because of the inter 
mediate voltage on the electrode 16 and the collector 20 
relative to the voltages on the plate 22 and the elec 
trode 24. 

Since the backing plate 22 and the electrodes 24 and 34 
are maintained at substantially constant potentials, they 
impart a relatively stable operation to the spectrometer 
during the acceleration of the ions in the region between 
the backing plate 22 and the electrode 24 and in the region 
between the electrodes 24 and 34. Becase of the stable 
operation of the mass spectrometer during these periods 
of ion acceleration, the ions become separated more 
sharply on the basis of their mass than in time-of-flight 
mass spectrometers operating with voltage pulses which 
do not maintain a constant amplitude and shape. This 
relatively sharp delineation between ions of different mass 
causes ions of adiacent masses to be distinguished from 
one another overa wide range of values, 
The imposition of the particular voltages on the back 

ing plate 22 and the electrodes 24 and 34 provides a com 
pensation for differences in the positioning and random 



motion of the ions at the instant that the ions are formed. 
The differences in the positioning of the ions are produced 

i because of the finite width cf the electron beam. The 
finite width of the electron beam is produced because of 
the collimating action which is provided on the electrons 
by the slots 14 and 18. Differences in the random motion 
of individual ions are caused by the thermal and other 
energy in the ions. Because of the differences in the ran 
dom motion of the ions, some of the ions may be travel 
ling towards the plate 22 at the instant that they are 
formed from gas molecules and other ions may be travel 
ling towards the electrode 24. 
- The compensation for the differences in the position 
ing andrandom motion of individual ions is provided be 
cause of the moderate acceleration imposed on the ions 
in the region between the backing plate 22 and the elec 
trode 24 and the considerable acceleration imposed on 
the ions in the region between the electrodes 24 and 34. 
The compensatory action provided on the ions in these 
regions is fully disclosed in co-pending application Serial 
No. 249,318 filed October. 2, 1951 by William C. Wiley. 
Such compensatory action is provided even though con 
stant voltages are imposed on the backing plate 22 and 
the electrodes 24 and 34 instead of the pulses of voltage 
disclosed in the co-pending application. 
The relatively short time of 0,01 microsecond for the 

flow ofelectrons through the slots 14 and 18 also facilitates 
the production of relatively sharp output signals. Sharp 
output signals are produced since the period of 0,01 micro 
secondis considerably less than the time required for the 
ions of each mass in a pulse to be collected. Ithas been 
found that the period of time required for the ions of each 
mass in a pulse to be collected approximates 0.05 micro 
second. The ions of each mass in a pulse are collected 
at a different time from the ions of all other masses in 
the pulse because of the separation of the ions on the basis 
of their mass during their travel towards the collector 38. 

In the mass spectrometer constituting this invention, 
a pulse of voltage is applied only to the electrode: 12. 
In this respect, the mass spectrometer disclosed above 
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differs from other time-of-flight mass spectrometers now 
in use. These spectrometers require the initial im 
position of voltage pulses on electrodes controlling the 
movement of the electrons and the subsequent imposi 
tion of voltage pulses on electrodes controlling the move 
ment of the ions. Since a voltage pulse is imposed only 
on the electrode 12 in the mass spectrometer constituting 
this invention, the pulse forming circuit.58 shown in 
block form in Figure 1 can be relatively simple. - 

i Since a pulse is applied by the pulse forming circuit 
42 only to the electrode 12, the period of time required 
for electrons to travel into the region between the back 
ing plate 22 and the electrode 24 can be arithmetically 
approximated. The period of time required for the ions 
of each mass to travel to the collector 38 canalso be arithmetically approximated. By adding together the 
two periods of time, an approximation can be made 
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of the relative time between the formation of a voltage 
pulse by the circuit 42 and the appearance on the oscil 
loscope 40 of a signal produced by ions of a particular 
T2SS. - 

In Figure 2, a system is shown for distinguishing be 
tween ions of a particular massand all other ions. The 
system includes a delay network 80 having an input termi 
mal connected to the output terminal of the purse forming 
circuit 42 and having an output terminal connected to 
an input terminal of an oscilloscope 82. The network 
80 operates to delay the pulse produced by the circuit 42 
for a period of time corresponding to that required for 
the ions of the particular mass to reach the collector 38. 
The network then introduces the pulse to the oscilloscope 
82, which operates to provide an indication only during 
the time that a pulse is introduced to it from the network. 

In this way, the oscilloscope 82 provides an indication 
only as to the presence or absence of ions of a particular 
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mass in eachion pulse. Such an indication is importanti. 
when the mass spectrometer is utilized with other com 
ponents to form a leak detector since an indication by 
the oscilloscope 82 of a particular gas, such as helium, 
indicates the presence of a leak in the equipment being 
tested. . : : " , , 

Although this invention has been disclosed and illus 
trated with reference to particular applications, the prin 
ciples involved are susceptible of numerous other appli 
cations which will be apparent to persons skilled in the 
art, The invention is, therefore, to be limited only as 
indicated by the scope of the appended claims. 
What is claimedis: V 
1. A mass spectrometer, including, means for providing 

a plurality of electrons, means for.. providing a first re 
gion with the electron means, means for imposing 
on the electrons in the first region a force of relatively 
long duration to prevent the movement of the electrons 
from the electron providing means, means for imposing 
on the electrons a pulsating force of relatively short 
duration to accelerate the electrons through the region, 
means for providing a second region disposed relative 
to the first region to forma channel for the passage of 
electrons, means for introducing a plurality of mole 
cules of gas into the second region for ionization by the 
electrons passing through the region, means for imposing 
on the ions in the second region a force of substantially 
constant magnitude to accelerate the ions through the 
region and to produce a separation of the ions on the 
basis of their mass, means for detecting the ions after 
their travel through a relatively great distance past the 
second region, and means for indicating the relative 
times at which the ions of different massare detected. 

2. A mass spectrometer, including, means for provid 
ing a plurality of electrons, means for providing a first 
region with the electron means, means for imposing on 
the electrons in the first region an electrical field to 
restrain the movement of the electrons from the emitting 
means, means for imposing on the electrons in the first 
region an electrical field of relatively short duration to 
accelerate the electrons through the region, means for 
providing a second region in a direction disposed to 
provide a channel for the passage of electrons through 
the region, means for introducing a plurality of molecules 
of gas into the second region for ionization by the elec 
trons passing through the region, means for imposing 
an electrical field of substantially constant magnitude on 
the ions in the second region to produce an acceleration 
of the ions through the region and a separation of the 
ions cn the basis of their mass, means for detecting the 
ions after their travel through a relatively great dis 
tamce past the second region, and means for indicating 
the relative times at which the ions of different massare 
detected. . . 
i 3. A mass spectrometer, including, a filament for 
emittinga plurality of electrons, a control electrode sepa 
rated from the filament by a relatively short distance, 
means for applying direct voltages on the filament and the 
electrode of such magnitude as to produce an electric field 
between them forpreventing the flow of electronstowards 
the electrode, means for applying pulses of voltage be 
tween the filament and the electrode to produce a flow 
of electrons past the electrode during the pulses, a col 
lector for receiving the electrons flowing past the elec 
trode, a backing plate disposed between the control 
electrode and the collector and in substantially the same 
direction as the electron flow, anion electrode separated 
from the backing plate by a relatively short distance and 
defining with the plate a region through which the elec 
trons fiow, means for introducing into the region be 
tween the backing plate and the ion electrode a plu 
rality of gas molecules for ionization by the electrons, 
means for applying direct voltages on the backing plate 
and the ion electrode of such magnitude as to produce an 
electric field for directing towards the electrode the ions 
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produced from the gas molecules, a detector separated 
from the ion electrode by a relatively great distance to 
receive the ions, and a time indicator for determining 
the relative times at which ions of different massare de 
tected. 4. A mass spectrometer, including, a filament for 
emitting a plurality of electrons, a first electrode sepa 
rated from the filament by a relatively small distance and 
having a direct voltage applied to it of less magnitude 
than that applied to the filament, a second electrode sepa 
rated from the first electrode by a relativeiy small dis 
tance and having a direct voltage applied to it of greater 
magnitude than that applied to the filament, means for 
applying a pulse of voltage to the first electrode to bring 
the voltage on the electrode to an intermediate magni 
tude relative to the voltages on the filament and second 
electrode, a collector for receiving the electrons flowing 
to it upon the application of the voltage pulse on the 
first electrode, a backing plate disposed between the 
second electrode and the collector and having a direct 
voltage applied to it, an ion electrode separated from the 
backing plate by a relatively small distance to define 
with the plate a region through which the electrons flow, 
means for introducing molecules of gas into the region 
between the backing plate and the ion electrode for ioni 
zation by the electrons, the ion electrode having a 
direct voltage applied to it of such magnitude relative to 
the voltage on the backing plate as to produce a move 
ment of the ions towards it, a detector separated from 
the ion electrode by a relatively great distance to receive 
the ions, and a time indicator for determining the rela 
tive times at which the ions of different massare detected. 

5. A mass spectrometer, including, a filament for 
emitting a plurality of electrons, a first electrode dis- C 
posed at a relatively short distance from the filament, 
means for applying voltages of substantially constant 
magnitude on the filament and the electrode to restrain the 
electrons from movement towards the electrode, means 
for applying pulses of voltage on the electrode relative 
to the voltage on the filament to accelerate the electrons 
towards the electrode, a backing plate disposed in sub 
stantially parallel relationship to the direction of electron 
flow at a position past the electrode, a secondi electrode 
disposed in substantially parallel relationship to the back 
ing plate at a relatively short distance from the plate and 
on the opposite side of the electron flow from the back 
ing plate, means for introducing a plurality of gas mole 
cules into the region between the backing plate and the 
second electrode for ionization by the electrons, means 
for applying voltages of substantially constant magni 
tude on the backing plate and the second electrode to 
accelerate the ions towards the electrode and to produce 
a separation of the ions on the basis of their mass, a de 
tector disposed to produce signals in accordance with the 
time required for the ions of different mass to travel 
through a relatively great distance past the second elec 
trode, and an indicator for showing the relative times at 
which the different signals are produced by the detector. 

i 6. A mass spectrometer, including, a filament for 
emitting a plurality of electrons, a first electrode disposed 
ata relatively short distance from the filament, means for 
applying voltages of relatively long duration on the fila 
ment and the electrode to prevent the movement of the 
electrons towards the electrode, means for applying pulses 
of voltage of relatively short duration on the electrode 
relative to the voltage on the filament to accelerate the 
electronstowards the electrode, a backing plate, a second 
electrode disposed at a relativeiy short distance from the 
backing plate and in substantially parallel relationship 
to the backing plate to forma region through which the 
electrons flow, means for introducing a plurality of mole 
cules of gas, into the region between the backing plate 
and the second electrode for ionization of the molecules 

I by the electrons, means for applying voltages of substan 
tially constant magnitude on the backing plate and the 
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trode and to produce a separation of the ions on the basis 
of their mass, means for detecting the ions after their 
travel through a relatively great distance past the second 
electrode, and means for indicating the relative times at 
which the ions of different massare detected. 

7. A mass spectrometer, including, a filament for pro 
viding a plurality of electrons, a collector, means for pro 
vidingan electricfield adiacent to the filament for normally 
restraining the movement of electrons towards the col 
lector, means for varying the electric field in pulsesto pro 
duce a movement of the electrons towards the collector, 
a backing plate, an electrode separated from the plate by. 
a relatively short distance, the backing plate and the elec 

i trode being disposed relative to the electron flow to pro 
vide for the passage of the electrons between the plate and 
the electrode, means for introducing a plurality of mole 
cules of different gas into the region between the backing 
plate and the electrode for ionization by the electrons, a 
power supply for applying direct voltages to the backing 
plate and the electrode of such magnitude asto produce an 
acceleration of the ionstowards the electrode and a sepa 
ration of the ions on the basis of their mass, a detector 
located at a relatively great distance past the electrode in 
the direction of ion travelto produce signals dependent 
upon the times at which the ions of different mass travel 
through the distance, and an indicator, for showing the 
relative times at which the different signals are produced by 
the detector. 

8. A mass spectrometer, including, a filament shaped 
to emita beam ofelectrons havinga relatively large dimen 
sion in a transverse direction, a first electrode disposed at 
a relatively close distance to the filament and in substan 
tially parallel relationship to the filament in the transverse 
direction of the electron beam, means for applying direct 
voltages on the filament and the electrode of such magni 
tude as to restrain the flow of electrons towards the elec 
trode, a pulse forming circuit for applying pulses of voltage 

i on the electrode relative to the voltage on the filament to 
accelerate the electrons towards the electrode, a backing 
plate disposed in substantially parallel relationship to the 
direction of electron travel, a second electrode disposed in 
substantially parallel relationship to the backing plate at a 
relatively close distance to the plate and on the far side 
of the electron flow from the backing plate, means for 
introducing a plurality of molecules of gas into the region 
between the backing plate and the second electrode to 
obtain an ionization of the molecules by the electrons 
fiowing through the region, means for applying direct volt 
ages on the backing plate and the second electrode of such 
magnitude as to produce a movement of the ions towards 
the electrode and a separation of the ions on the basis 
of their mass, a detector for producing signals attimes cor 
responding tothose required for the ions of different mass 
to travel through a predetermined and relatively great dis 
tance past the second electrode, and an indicator for deter 
mining the relative times at which the signals are produced 
by the detector. 9. A mass spectrometer including, means for providing 
a plurality of electrons, means for providing a first region, 
means for normally preventing a movement of the elec 
trons through the region, means for introducing a plurality 
of molecules into the first region, means for imparting an 
instantaneous pulse of energy to the electrons to produce 
a movement of the electrons through the region for ioniza 
tion of different molecules introduced into the region, 
means forproviding a substantially constantelectricalfield 
in the first region for a movement of the ions through the 
region and a separation of the ions on the basis of their 
mass, means for detecting the ions after their travel 
through a particular distance past the first region in accord 
ance with the time required for the ions to travel through 
the distance, and means for indicating the relative times 
at which the ions of different massare detected. 

10. A mass spectrometer including, a filament for emit 
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ting a plurality of electrons, a first electrode disposed at a 
particular distance from the filament, an electrical circuit 
for applying a voltage on the electrode relative to the volt 
age on the filament to prevent the movement of electrons 
past the electrode, an electrical circuit for applying an in 
stantaneous pulse of voltage on the electrode relative to 
the voltage on the filament to produce a movement of the 
electrons past the electrode, a backing plate disposed in a 
direction transverse to the movement ofelectrons, a second 
electrode separated from the backing plate by a particular 
distance to define with the plate a region through which 
the electrons flow upon their movement past the first elec 
trode, means for introducing molecules into the region be 
tween the backing plate and the second electrode forioniza 
tion by the electrons, an electrical circuit for applying a 
substantially constant voltage difference between the back 
ing plate and the second electrode to produce an electrical 
field for the movement of the ions towards the electrode 
and a separation of the ions on the basis of their mass, 
a detector disposed at a particular distance past the second 
electrode to produce signals in accordance with the time 
required for the differentions to travel through the par 
ticular distance, and an indicator for indicating the sig 
nals produced by the detector. 

11. A mass spectrometer including, a backing plate, a 
first electrode aligned with the backing plate at a particular 
distance from the plate, means for introducing a plurality 
of molecules into the region between the backing plate and 
the first electrode, means for providing a plurality of elec 
trons, a second electrode disposed in the path of the elec 
tron flow, an electrical circuit for biasing the electrode to 
prevent the flow of electrons through the region between 
the backing plate and the first electrode, an electrical cir 
cuit for applying instantaneous pulses of voltage to the 
second electrode to produce a movement of the electrons 
through the region between the backing plate and the first 
electrode for an ionization of molecules introduced into 
the region, electrical means for producing a substantially 
constant electricalfield in the region between the backing 
plate and the first electrode for a movement of the ions 
through the region and a separation of the ions on the 
basis of their mass, a detector disposed at a particular dis 
tance from the first electrode to produce signals upon the 
movement of the ions through the distance, and an indi 
cator for indicating the different signals produced at the 
detector. 

12. A mass spectrometer, including, means for pro 
viding a first region, means for providing a plurality of 
electrons, means for imposing a substantially constant 
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force on the electrons to prevent the electrons from mov 
ing through the first region, means for introducing a 
plurality of molecules into the first region, means for 
imposing a force of a relatively short duration on the 
electrons to produce a movement of electrons through 
the first region for ionization of the molecules, means for 
imposing a substantially constantelectrical force in the 
first region to produce a movement of the ions through 
the first region and a separation of the ions on the basis 
of their mass, a detector disposed at a particular distance 
past the first region to produce signals upon the move 
ment of the ions through the region, and means for indi 
cating the different signals produced at the detector. 

13. A mass spectrometer, including, a filament for 
emitting a plurality of electrons, a first electrode disposed 
at a particular distance from the filament, an electrical 
circuit for normaily applying a voltage on the electrode 
relative to the voltage on the filament to restrain the elec 
trons from movement towards the electrode, a pulse form 
ing circuit for applying pulses of voltage on the electrode 
relative to the voltage on the filament to provide the elec 
trons with energy for movement past the electrode, a 
backing plate disposed in substantially parallel relation 
ship to the electrode at a position past the electrode and 
on one side of the electron flow, a second electrode dis 
posed in substantially parallel relationship to the backing 
plate at a particular distance from the plate and on the 
opposite side of the electron flow from the backing plate, 
means for introducing a plurality of molecules into the 
region between the backing plate and the second electrode 
for ionization by the electrons, an electrical circuit for 
applying between the backing plate and the second elec 
trode a relatively constant voltage difference of a polarity 
to produce a movement of the ions towards the electrode 
and a separation of the ions on the basis of their mass, 
a detector disposed at a particular distance past the sec 
ond electrode to produce signals in accordance with the 
time required for the ions of different mass to travel 
through the particular distance, and an indicator for in 
dicating the detection of the ions of different mass. 
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