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Appli 

1. 
This invention relates to improved apparatus 

i ;, ' • '? e magnitude of 

rating potentials for the ion source of 
*** för i automatically controlling the m: 

cele ass spectrometer. 

example aga's mixture, is ionized 

is enter the analyzeras ån un 
ithe analyzer they are sorted , , ... ?? sorted beam,andi 

pel the ionis from 

cated in the ion sou lyzer. ’: ; 
The adjustment of the 

to measure the quantity of numerous types of 
ions having different masses, it is preferable to 
provide means for automatically adjusting the magnitude of the accelerating potentials with 
respect to the flux density of the magnetic field so 

ions of each specific mass to be as to sort the 
measured. 

. The accelerating potentials required for meas 
uring a predetermined series of different ions 
may be produced by providing a separate voltage. 
divider for each type Of..ion to be measured, and 

9 Claims. (Cl. 250—41.9) 

spectrometer is essentially an appa 
ducing ionis and sorting them ac- * 
*atio of their mass to their charge, 

Specific mass. In a typi 
ample to be ionized, for 

ed in a chambero 
by electron bombardment, and the resulting ions 

by electrical potentials into an - -- erating völtage and theride the mass of the ions 

under the influence of an electro-magnetic field i 

M. . . . . . in source into the analyzer 
are applied betweën'a plurality of electrod?s lo- : 

source and adjacent to the ana- In both embodiments of the invention the ac 
magnitude of the ac 

celerating potentials may be made manually. 
However, when a mass spectrometer is employed : 

* : Fig is 

Consolidated Engineering Corporation, Pasa 
* dena, Califº, a "corporation of California 

ation November 24,1951, seri 
? 2 

in order to obtain the required accelerating po 
entials. {{ {{! £2, 3 : s ???:?;8..??: # :::.:..., ...::::.:.:: 

In accordance with a preferred embodiment 
of the present invention; a servo system is em 
ployed to cause a fractional part of the accel 
eratingºvoltage*to* aintained equal to a ref 
rence voltage which is derived either from the 
voltage or the current that is applied to the coil 
of the eiectröma?net which producesithe mag 

v. ? ? ? ' The fractional 

- whichis em 
ployed determines the magnitude of the accel 

which are measured by the mass spectrometer. 
i. With this arrangement; the accelerating volt 
age iš changed by ehanging?the fractional part 

icompared with the reference 
i voltage in the servo system, and a large number 

a?cel??ating-?voltages: may be: pro 
is overloading is...the power. Supply 

??VL ulV7- Veg ing the temperatures of the resistors 
are reduced by deriving the fractional: parts of 
the accelefating voltage at low-voltage and cur 

KSLS LLLLL LLLLSLe S SSS SSL0SSS S SSS GmLySeAsq S S SAAAASeeSAS AASS SASJ0SS 
. In an alternative embodiment of the inven 
tion, the fractional part of the accelerating. volt 

... age which is applied to the servo system is fixed, 
::... and the acceleratingsvoltage is changed by chang 

ing the magnitude of the reference voltage;}. 

: celerating voltage: varies in accordance: with the 
current 'or, the voltage employed to produce the 
magnetic field, and: hence the accelerating volt 
'age is Lautomatically adjusted so : as to: correct 
partially for changes in the magnetic flux density. 

... If desired, additional means:may be employed 
to provide more complete correction: of:the mag 
nitude of the accélerating voltage; when the mag 
netic flux density changes::::: ; ; , i. 3 ::::::::: 

Thes; invention-sis&explained with reference to 
the drawings, in which: 3: 3:53: is: 

Schematic diagram 

40 

of a preferred 
... "embodiment of the invention; and : 3; 
45 *** Fig.2 risa schematicº diagram of a modification 

of the apparatus shown in Fig.1. &" is: : 
In Figi, the apparatus for automatically ad 

justing the magnitude of the accelerating po 
tentials is shownsin conjunction: with the essen 

50 tial components of onejtype of mass spectrome 
ter...it will be apparent that the apparatus of the 
presentžinvention'is*notiilimitedrtoi usein mass 
spectrometers of 2the type illustrated but that it 

ASES SAJSJSEESrASLL 0SS S LES SSS SSS rS LL SSqqS L it may be employed in practically any type of mass 

isome of the voltage dividers 85 spectrometer in whichs-accelerating-potentials 
S AAAAA AAS SAASS S Sii SASqS AA SS SS SSqqq ASAASASeieSAMS SHeHS SH S 
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are employed to propel the ions into an analyzer. 
An ion source i 0 communicates With a conduc 

tive analyzer tube 2 which is enclosed within 
an envelope 4, through the Wall of which a gas 
inlet tube 6 projects. A high degree of Vacuum 
is maintained within the envelope by means of a 
vacuum pump (not shown) connected to the 
envelope. 
The outlet end of the analyzer tube 2 is pro 

vided with a slot through which sorted ions are 
projected. An electrode 8 serves to collect the 
ions, and they are discharged through an ampli 
fying and recording apparatus 20 which provides 
an indication of the quantity of the ions being 
measured. 
The gas inlet tube 6 is composed of insulating 

material, and it communicates with an inlet elec 
trode 22 in the form of a metallic tube which is 
partially closed at one end by a closure plate 
having a transverse slot 24 to accommodate an 
electron beam. The electron beam (not shown) 
may be produced and projected through the slot 
24 in any suitable manner. 
The molecules of a gas Sample Which are ad 

mitted into the ionization chamber through the 
inlet 6 are bombarded by the electron bean 
passing through the slot 24 and thus converted 
into ions. These ions are propelled as an un 
sorted beam into the analyzer tube 2 by elec 
trical potentials established between the elec 
trodes in the ion source 0, which potentials are 
produced by the electrical system which is at 
tached to the electrodes. 
A pair of electrodes 26 and 28 Serve as accel 

erating and collinnating electrodes for the ion 
source. The electrodes 26 and 28 have slots which 
are aligned with the slot 24 in the tube 22 so that 
the ions are propelled from the Outlet 24 of the 
tube 22 into the analyzer tube 2 under the in 
fluence of the electrical potentials which are es 
tablished between the tube 22 and the electrode 
26, and between the electrodes 26 and 28. 
The ions enter the analyzer tube 2 as a homo 

geneous, unSOrted beam. In the analyzer tube 
2, the unsorted beam is separated into a plu 
rality of diverging homogeneous ion beams B1, 
B2, B3 by means of a transverse magnetic field 
produced in the analyzer tube by an electromag 
net. 
The Coil for the electromagnet is shown at 30. 

A SOurce of power 32 is connected through a re 
Sistor 34 to the coil 30. An adjustable tap 36 is 
provided on the resistor for producing a refer 
ence voltage between the tap and ground having 
a magnitude Which is proportional to the current 
which flows through the coil 30. Thus, the mag 
nitude of the reference voltage varies with vari 
ations in the power supplied to the coil 30 and 
hence with variations in the density of the mag 
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netic field which is applied to the analyzer tube 2. 
The reference voltage produced at the tap 36 is 

Compared in a servo System with a second refer 
ence Voltage which is a fractional part of the ac 
celerating. Voltage, and the servo system serves 
to control the accelerating voltage so that the 
magnitude of the fractional part thereof is main 
tained equal to the magnitude of the reference 
Voltage produced at the tap 36. 
A source of potential 40 having resistors 42,44 

and 46 connected in Series across its output pro 
Vides the accelerating voltages for the electrodes 
of the ion Source 0. The tube 22 is connected 
to the junction between the resistors 42 and 44, 
the accelerating electrode 26 is connected to a tap 
on the resistor 44, and the accelerating electrode 

60 
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4. 
28 is connected to the grounded terminal of the 
Source of potential 40. 
The accelerating voltage which is applied to 

the ion source 0 is developed across the resistors 
44 and 46, and a plurality of taps 48 on the re 
sistor 46 provide voltages between the tapS and 
ground which are fractional parts of the accel 
erating voltage. The voltages produced at the 
taps 48 are selectively applied to the servo sys 
tem by means of a switch 50. 
The magnitude of the accelerating voltage 

which is produced across the resistors 44 and 46 
is controlled by varying the voltage drop acroSS 
the resistor 42. A triode Vacuum tube 54 having 
its plate connected to the junction between the 
resistors 42 and 44 and having its cathode con 
nected to ground Serves to control the Voltage 
drop across the resistor 42 by means of the cur 
rent which the tube 54 draws through the re 
Sistor 42. 

The magnitude of the current Which the tube 
54 draws is controlled by the voltage which is 
applied to the grid of the tube, which voltage is 
produced by a battery 56 and a potentiometer 58. 
The pOSition Of the adjuStable tap On the poten 
tioneter 58 is controlled by a servomotor 62. 
Thus, the tube 54 serves as a variable impedance 
connected in Series with the resistor 42, and the 
magnitude of the impedance is controlled by the 
Servomotor 62. 
The motor 62 is a reversible, two-phase type 

having one of its windings connected to a source 
Of alternating current power 64 and having its 
other winding connected to the output of an 
amplifier 66. 
The Secondary Winding of a transformer 68 is 

connected to the input circuit of the amplifier. 
The primary Winding of the transformer is con 
nected to a chopper 10 which is energized by the 
Source of alternating current power 64. 
The Selector arm of the Switch 50 is connected 

to the armature of the chopper 70, and the ad 
justable tap 36 is connected to a center tap on the 
primary Winding of the transformer 68. 
A correction circuit 80 may be inserted in the 

lead between the tap 36 and the transformer 68 
if desired. The circuit 80 is not essential and the 
operation of the apparatus will be discussed first 
as if the circuit 80 were omitted. 
The direction of the flow of current in the pri 

mary Winding of the transformer 68 is deter 
mined by the relative magnitudes of the refer 
ence voltage produced at the tap 36 and the frac 
tional part of the accerelating voltage which is 
produced at the selector arm of the switch 50. 
Thus, the phase of the signal produced by the 
amplifier 66 with respect to the alternating volt 
age produced by the source 64 is determined by 
the relative magnitudes of the reference Voltage 
and the fractional part of the accelerating volt 
age Which are compared in the chopper. 
The Servo System serves to compare the rela 

tive magnitudes of the reference voltage and the 
fractional part of the accelerating voltage and 
to control the magnitude of the current which 
flows through the tube 54 so that the reference 
voltage and the fractional part of the accelerating 
Voltage are maintained Substantially equal. 
Hence, the magnitude of the accelerating volt 
age is determined by the setting of the switch 5 
and it varies with variations in the reference volt 
age? 

Since the magnitude of the accelerating Voltage 
is proportional to the magnitude of the refer 
ence voltage, the magnitude of the accelerating 
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to said first and second reference voltages for 
controlling said adjustable means and causing 
the magnitude of the second reference voltage 
to be maintained substantially equal to the mag 
nitude of the first reference voltage. 

5. In a mass spectrometer having an ion source 
including at least two electrodes for accelerating 
the ions and also having means for producing a 
magnetic field which acts upon the accelerated 
ions, the combination comprising means for pro 
ducing a first reference voltage having a magni 
tude which varies with variations in the flux 
density of said magnetic field, a Source of po 
tential coupled to the accelerating electrodes for 
providing an accelerating voltage, means for pro 
ducing a second reference voltage having a mag 
nitude which is a predetermined fraction of the 
magnitude of the accelerating voltage, adjustable 
means coupled to the accelerating electrodes for 
varying the magnitude of the accelerating volt 
age, and a servo system responsive to said first 
and second reference voltages for controlling Said 
adjustable means and causing the magnitude of 
the second reference voltage to have a predeter 
mined relationship with respect to the magnitude 
of the first reference voltage. 

6. In a mass spectrometer having an ion Source 
including at least two electrodes for accelerat 
ing the ions and also having means for produc 
ing a magnetic field which acts upon the accele 
rated ions, the combination comprising means 
for producing a first reference voltage having 
a magnitude which varies in accordance with 
variations in the flux density of Said magnetic 
field, a source of potential, a voltage divided 
coupled across the output of the Source of po 
tential and connected to the accelerating elec 
trodes for providing an accelerating voltage, 
means for selectively producing second reference 
voltages having magnitudes which are predeter 
mined fractions of the magnitude of the accel 
erating voltage produced by the voltage divider, 
adjustable means coupled to the voltage divider 
for varying the magnitude of the accelerating 
voltage, and a servo System responsive to Said 
first and Second reference voltages for control 
ling said adjustable means and causing the mag 
nitudes of the two reference Voltages to have a 
predetermined relationship. 

7. In a mass spectrometer having an ion source 
including at least two electrodes for accelerating 
the ions and also having means for producing 
a magnetic field which acts upon the accelerated 
ions, the combination comprising control means 
for producing a first reference voltage having a 
magnitude which varies with the flux density of 
said magnetic field, a source of potential, first 
and Second resistances connected in series across 
the output of the source of potential, means con 
necting the accelerating electrodes to the first 
resistance for providing an accelerating voltage 
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8 
between the electrodes having a magnitude pro 
portional to the voltage drop across the resist 
ance, an adjustable impedance connected acroSS 
the first resistance for varying the magnitude 
of the accelerating voltage, adjustable means 
coupled to the first resistance for Selectively pro 
ducing second reference voltages having magni 
tudes which are predetermined fractions of the 
magnitude of the accelerating voltage, and a servo 
System connected to Said control means and to 
Said adjustable means for controlling the im 
pedance of the adjustable impedance and caus 
ing the magnitudes of the first and Second volt 
ages to have a fixed relationship. 

8. In a mass Spectrometer having an ion source 
including at least two electrodes for accelerat 
ing the ions, the combination comprising adjust 
able means for providing an accelerating volt 
age for Said electrodes, means for producing a 
first reference voltage having a predetermined 
magnitude, means for producing a second refer 
ence voltage having a magnitude which is a pre 
determined fraction of the accelerating voltage, 
and means operable responsive to the algebraic 
Sum of the first and second reference voltages 
for controlling the adjustable means and caus 
ing relative magnitudes of the first and second 
reference Voltages to be maintained in a prede 
termined relationship. 

9. In a mass spectrometer having an ion source 
including at least two electrodes for accelerating 
the ions and an electromagnet for producing a 
magnetic field which acts upon the accelerated 
ions, the combination comprising adjustable 
means for providing an accelerating voltage for 
the electrodes, means for producing a first refer 
ence voltage having a magnitude which varies 
With variations in the density of the magnetic 
field, means for producing a second reference 
Voltage having a magnitude which is a prede 
termined fraction of the accelerating voltage, 
and means operable responsive to the algebraic 
Sum of the first and second reference voltages for 
controlling the adjustable means and causing 
the magnitude of the second reference voltage 
to be maintained in a fixed relationship with re 
Spect to the magnitude of the first reference volt 
age. 
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