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UNITED STATES PATENT OFFICE 
2,55,637 

SELF-CALIBRATING IASS SPECTROMETER 

Charles F. Robinson, Pasadena, Calif., assignor 
to Consolidated Engineering Corporation, Pasa 
dena, Calif., a corporation of California, 
Application Rarch 8, 1948, Seria No. 13,687 

This invention relates to mass Spectrometry 
and more particularly to a mass spectrometer 
which is self-calibrating with respect to a gas or 
vapor sainple of known composition. 
A mass spectrometer is an analytical apparatus 

which functions to sort and measure ions. Ordi 
narily it includes an ionization chamber in which 
molecules of the sample to be analyzed are bom 
barded by a stream of electrons and converted 
into ions. These ions are propelled by So-called 
propelling or accelerating electrodes into and 
through an analyzer chamber. During paSSage 
through the analyzer chamber the ions are Sub 
jected to a transverse electrical or magnetic 
field or both to separate them according to their 
mass-to-charge ratios into a plurality of diverg 
ing beams of ions, each beam being composed of 
ions of the same specific mass and differing from 
the ions in the other beams. The diverging beams 
are successively focused and discharged on an ion 
collector. The current produced by each beam is 
indicative of the amount of ions in each beam and 
is thus a measure of partial pressure of the mole 
cules (from which the ions were derived) in the 
sample being analyzed. 
An important potential industrial application 

of maSS spectrometers, heretofore unrealized, is 
in the continuous monitoring or control of indus 
trial processes. In this type of analysis a gas 
stream is continuously or intermittently sampled it 
and the composition thereof with respect to one 
or more, but generally less than all of the con 
ponents, is determined on a substantially con 
tinuous basis. The continuity of analysis is of 
course a function of the frequency of Sampling : 
and becomes continuous when a continuous 
sample stream is introduced into the mass spec 
trometer. Means for continuously introducing 
this sampie stream into a monitoring mass spec 
trometer form no part of the present invention. 
One of the problems encountered in the con 

struction of a mass spectrometer for continuous 
monitoring is the achievement of Sufficient stabil 
ity that the instrument, once calibrated, will re 
tain its calibration with sufficient accuracy for a 
period of houl's, days or weeks. This problem 
becomes particularly acute in applications in re 
fineries, chemical industries and the like where 
the instrument may be exposed to explosive, cor 
rosive or other atmospheres which necessitates 
enclosure of the instrument in a Sealed housing. 
Such a housing, or the inaccessible location of 
the instrument, may make access thereto for 
calibration purposes difficult and tedious. 
The present invention is directed to a mass 
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spectrometer which is self-calibrating with re 
spect to a gas or vapor sample of known composi 
tion, and in which the effects of SiOW drifts in 
the sensitivities of the various components are 
eliminated. When using the mass spectrometer 
of the invention for monitoring or other purposes, 
a gas sample of known composition may be pe 
riodically admitted in place of the unknown 
stream whereupon the instrument recalibrates 
itself with Substantially no loss in time from the 
monitoring operation. 
The mass spectrometer of the invention may 

include a conventional ionization chamber with 
associated electron gun and accelerating elec 
trodes, an analyzer chamber having a collector 
electrode in the path of the ions discharged from 
the ionization chamber, means for indicating or 
recording the current striking the collector, which 
may include a current amplifier for increasing the 
collector currents to convenient values, means for 
Subjecting the ions in the analyzer chamber to a 
transverse electrical or magnetic field or both, 
ineans for evacuating the apparatus, and a Self 
calibrating circuit including mens for recording 
the collector discharge values for the unknown 
Sample. 
The utility of the Self-calibrating circuit of the 

instant invention is not limited to the particular 
type of Iiaass spectrometer outlined above. Any 
mass spectrometer having means for delivering 
output currents responsive to the proportion of 
one or more constituents in the sample under 
going analysis Will require periodic calibration. 
The present calibration circuit provides means 
for auto: natically calibrating any such mass spec 
trometer. 

In eSSence, the Self-calibrating circuit com 
prises a separate output, channel for the current 
developed at the collector by one or more of the 
constituents of the known Sample and a separate 
Source of knoW Standard voltage associated with 
each of the output channels or circuits. Means 
are provided for mixing the known voltage in 
opposition to the voltage in its associated output 
channel. he "comparison' or “opposition' volt 
ages between the output channels and the respec 
tive kEhown voltage sources are amplified and 
applied to means, say motors, for adjusting the 
output channels, to equalize or to bear some other 
known and fixed relationship to the known volt 
ageS. 
The number of components of the known sam 

ple to be calibrated, and as a consequence the 
number of output channels and the number of 
components of the unknown Sample to be moni 

  



2,551,637 
ea 

s 

tored may be arbitrarily selected and need not 
be the same. A well designed mass Spectrometer 
will preserve accurately the relative responses to 
the various masses although the absolute magni 
tudes of the ion currents corresponding to dif 
ferent masses may change due to changes in 
sample manifold pressures, changes in over-all 
amplification of the output amplifier if employed, 
or other causes. In such an instrument ade 
quately reliable operation, for many purposes, 
may be obtained by self-calibrating only the 
“Zero' (When no ions are hitting the ion collectO) 
and a single arbitrarily chosen component of the 
known Sample, and then 'scanning' aS many 
components of the unknown Sample as desired. 
However, for greatest accuracy, it is desirable to 
calibrate with respect to two or more components 
of the known sample in addition to the Zero value. 
The invention will be more clearly understood 

by reference to the following detailed description 
thereof, taken in relation to the accompanying 
drawings, in which: 

Fig. 1 is a diagrammatic illustration of a COil 
ventional mass Spectrometer; and 

Fig. 2 is a circuit diagram of the calibration 
circuit of the invention aS applied to the mass 
spectrometer of Fig. 1. 

Referring to Fig. 1, it Will be observed that it 
shows a mass spectrometer having an ionization 
chamber , an analyzer tube 2, and an ion col 
lector 3 disposed within an envelope if which 
is kept at low pressures during tine operation of 
the instrument. This spectrometer imay be of 
any appropriate design, there being numerous 
modifications particularly adapted to Specific 
S6S. 
The spectrometer is provided With a gunping 

System or envelope exhaust line 5 which is coil 
nected with a mercury diffusion putnip, moiecula}." 

() 

2 5 

3) 

3 5 

pump or another appropriate exacuating System 
not shown. An inlet line a provides lineains fol' 
introducing the Sanpie to be aihalyzed either Coil 
tinuously or intermittently into the ionization 
chamber. An electron gun (not Siho Win) aid a 3 
celerator electrodes , 8, 9 are disposed Wittin 
relation to the ionization chamber SC as to pro 
pel the ions formed therein through the analyZer. 
The representation of this particular ionization 
chamber is for illustrative purposes Olly, tiere 
being many modifications the 'eof equaily appli 
cable to this invention. 
The ion collector 3 is linked With the airpii 

fication and calibration circuit (Fig. 2) by the 
lead 20 Sealed through the Wall of the envelope 
4. The lead 2) may connect the collector 3 

through an amplifier 22 to the terminals i and 
T2 of the calibration circuit (See Fig. 2). 

In the calibration circiut of Fig. 2, Sia, Sib and 
Slic are three levels of a Stepper-SWitch S1 Which 
may be operated manually or by a Slowly rotat 
ing can or othel Suitable device (not shown). 
The three leVeS S1a, Sib and Sic, holinaily Super 
imposed one upon the Other, have been Sepa 
rated in Fig. 2 for purposes of clarity. 

P1, P3, and P5 are potentionetters connected 
through relayS R2, R3 and R4 respectively to the 
output of anplifier 22 (Fig. 1) as applied to ter 
minals T1 and T2. In this mannel the output 
from the amplifier 22 may be fed into any of 
the three circuit.S represented by the potenticin 
eters P1, P3 and P5. The output voltages of the 
potentiometers P1, P3 and P5 are controlled by 
adjustable tapS 24, 25 and 25 mechanically linked 
to moto1's M1, M2 and M3 respectively which de 
tennine the positioning Of the tapS. 
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4. 
This particular embodiment of the invention 

employs two-phase alternating current motorS SO 
that an auxiliary Source of power is required to 
drive one phase; this Source, not ShoWI), is COll 
nected to Ti, T8. Other motorS, for exampie D. C. 
moto's, might not require such a Soul"Ce and ill 
any case the particular type of motor enployed is 
not an essential feature of this invention. 
A calibrated Source of E. Vi. F. 28 is COinected 

across adjustable tap potentionetel's P2, P4, P6 
having adjustable taps 23, 3) and 3i respectively 
which may be manually adjusted to delive' a pre 
Selected calibrated Voltage. 
The Voltage developed by the Val’ious Output 

Channels 'epresented by the potentioninetel'S P1, 
P3, and P5 is mixed with the l'espective knoWI. 
voltages developed by the potentioinete's P2, PA, 
and P6 through relays R6, Ri, Ra, respectively and 
may be fed into an auxiliary amplifier 34. The 
amplifier 34 is connected through the stepper 
SWitch level S1b to the moto's Wil, M2, and M3 
which control the taps of the potenticinetel'S P1, 
P3, and P5 as above described. The relays R2, 
R3, R4, R5, R6, R7, R8, and R3 which control the 
distribution of the Output Ci tile amplifier 22 as 
introduced into the circuit, through the terminal 
T1 are operated through the SWitch Sle by a 
Source of curent (not ShoWn), connected to the 
terminals T9 and T10. 
The voltages from the sliding contacts 24, 25, 28 

of potentiometers P1, P3, P5, are fed through the 
upper contacts Of IrelayS R2, R3, R4, to a neaSul 
ing Ol' recording device Such as a Strip-chart 
recorder 96 which may be of conventional type. 
A conventional SWitch valve j controls the fioW 
of Sample into the ionization chamber if and is 
in turn controlled by the SWitchieve Slc. 
A notor M4 energized firon a current, Source 

(inct ShoWI) connected to terminals iii and T12 is 
linked through the Switch level Slb to the auxil 
iary amplifier 38. The motor via is in turn con 
nected to the “Zero' adjustment 2 on the D. C. 
amplifier 22 (See Fig. 
The terminals T5, T6 are connected (connect 

ing Wires are not shown) to electrodes i and 8 
(See Fig. 1) Which are controlled through the 
SWitch level Sla. The terminais T3, and T4 are 
Connected to a Source of fixed voltage (not 
ShoWn) and through potentiometers P7, Ps, and 
P9 and the terminals of the SWitch levei Sla to 
the accelerating electrode terminals T5, T6. By 
means of the relay R1 which is controlled by the 
SWitch level Sic the terminals T5, T6, may be con 
nected across the terminals T3, T4, through the 
intermediate SWitch Sla, and through the resistor 
R10 Or the potentiometer P10. 
The in Vention, and particularly the calibration 

circuit, Will be more clearly understood from the 
deScription of the operation thereof. 
With the SWitches Sla, Sub, and Sic, in the Zero 

pOSition the terminal T5 is Shorted to the terminai 
T6 and through R10, or P10 to T4. In this condi 
tion there is no potential impressed on the accel 
erating electiodes , 8 (Fig. ) of the mass 
Spectrometer. The irelay R5 is energized through 
Slic connecting the output of the amplifier 22 to 
the Strip chart recorder. At the same time the 
relay R9 is energized and the output of the ann 
plifier is connected therethrough to one side of 
the auxiliary amplifie Sá, the other Side of which 
is grounded at 5 through the Second pole of the 
Irelay R9. With this orientation, if the output 
Voltage of the amplifier 22 is not zero (there be 
ing no ions discharging at the ion collector) a 
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Signal is impressed on the auxiliary amplifier and 
this signal amplified therein, is fed to the motor 
M4 through the SWitch S1b. The Signal energizes 
the motor M4 which operates the Zero adjust 
ment on the D. C. amplifier so that the D. C. am 
plifier output is brought to zero. At the same 
time, the Switch S1c feeds a signal to the sample 
Switch valve 4 through relay R1 which serves to 
change the inlet System (le of Fig. 1) of the mass 
spectrometer from the unknown sample to the 
Standard sample. 
With each of the Switches Sia, Sib, and S1c in 

the 1 position a standard sample is flowing into 
the inlet System and an accelerating voltage, de 
termined by the setting of Pi, is impressed on the 
accelerating electrode terminals T5, T6, through 
the switch S1a. The relay R2 is energized through 
the Switch Silc whereby the output of the ampli 
fier 22 is fed through the relay to the potentio 
meter P1 which as abov3 indicated is controlled 
by the motor M1. Output of the potentiometer 
P1 is fed, together with the output of the potenti 
oneter P2, which output has been previously se 
lected, into the auxiliary amplifier through the 
relay RG which is simultaneously operated by the 
switch S1c. The voltage difference or “compari 
son voltage' between the outputs of the poten 
tioneters P1, and P2, is amplified in the auxiliary 
amplifier 34 and fed through the switch Sib to the 
motor M1. The motor is so linked to the ad 
justable tap 2 of the potentiometer P1 as to 
move it in the direction necessary to bring the 
Outputs of P1 and P2 to equality or to a pre-se 
lected irelationship. This process is repeated for 
each mass peak of the known sample which is to 
be calibrated through separate ones of the cil 
cuits controlled by the relays R2, R3, and R4. 
These relays are in turn operated by the settings 
1, 2 and 3 of the Switch Sib. The accelerating 
potentials applied to the accelerating electrodes 
are varied by the alternate connection thereof 
through switch Sia to Pi, P8 and Pg simultaneously 
with selection of relays R2, R3 and R4 by switch 
S1c. 
When the switches Sla and Slic are in the oo 

position, relay R1, which may be of latch type, is 
operated by Sle which feeds a signal to the sample 
SWitch valve 40 which causes it to stop the flow 
of known Sample and to begin admitting the 
Sample of unknown composition to the instru 
ment. The accelerating electrode terminals T5, 
T6 may be connected together through R10, or P10 
to T4. 
With switches Sla and S1c in the '4' position a 

Voltage corresponding to the Setting of potenti 
onnetter Pi is inapressed on the accelerating elec 
trode of the mass spectrometer. At this stage 
the relay R2 is closed through the Switch S1c 
and the output of potentiometer P1 is fed through 
the second pole of the relay R2 to the recorder 
and through the relay R6 to the input of the 
auxiliary amplifier. The output of the auxiliary 
amplifier is open circuited by the switch Sib and 
the motors M1, M2, M3, and TV4 do not operate. 
With this Orientation, the instrument is record 
ing the ion current corresponding to the mass 
Selected by the setting of the accelerating elec 
trodes through the potentiometer P7, this ion cur 
rent, having been automatically adjusted by the 
events described above in accordance with the 
setting of potentiometer P2. 
The Sequence of events described above is re 

peated with the Switches Sla, and S1c, in the “5’ 
and '6' positions corresponding to the two other 
nasses selected by the settings of Ps, and P9. 
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5 
The maSS of the unknown sample focused on the 

ion collector with the potentials on the accelerat 
ing electrodes established by potentiometer Pt 
Will be the Same as the mass of the known sample 
focused on the collector by the same accelerating 
potential (with Slain position 1). Although these 
maSS calibration channels are shown (represented 
by Settings ., 2 and 3 of the stepper switch) and 
a like number of unknown mass peak channels 
(represented by switch settings 4, 5 and 6), the 
circuit configuration may be altered by inclusion 
of additional accelerating electrode potentiom 
eters and corresponding additional sequential 
Stations in the switch levels Sia and Sic. In this 
manner additional known or unknown mass peaks 
or both may be recorded. 

t is evident from the foregoing description 
that any number of maSS peaks may be calibrated 
and that the Sane or different number of masses 
of the unknown Sample may be measured. The 
nurnber of output channels may be increased by 
the addition of relays serving the function of 
the relayS R2 to R4, potentiometers serving the 
function of potentioniceters P2 to P6 and motors 
Serving the function of the motol's M1 to M3 to 
gether with appropriate switch stations. Simi 
larly, as mentioned above, additional masses of 
the unknown Sample may be scanned by increas 
ing the number of potentiometers P7, Pa and Po 
So as to impose additional incremental voltage 
changes on the accelerating electrodes 7, 8 of 
Fig. 1. 
The frequency of the self-calibration may be 

arbitrarily chosen by the proper configuration 
of the SWitches S1a, S1b and Sic. Thus as illus 
trated in Fig. 2 the settings “4,' '5' and '6' of 
tha Switches Sia, and Sic, are repeated prior to 
return to the “Zero' position. This sequence of 
Settings may be repeated substantially any num 
ber of times before returning the switch to the 
"Zero' position. As above indicated the switches 
Sia, Sib, Sic, may be operated by a master switch 
either manually controlled or automatically con. 
trolled by means of a cam or the like. 
To this point enaphasis has been placed upon 

the use of the circuit of the invention for self 
calibration of the mass spectrometer. However, 
the circuit also finds application as an automatic 
computing circuit. For this purpose the circuit 
inay be operated in a number of ways. 
One Such method of utilizing the circuit of 

the invention as a computing circuit comprises 
analyzing the Standard Sample on which the mass 
Spectronineter is to calibrate itself and “setting-in' 
the peak heights of the various masses to be 
monitored in the voltage sources P2, P4, Ps. In 
this manner the voltage sources P2, P4, P6 bear the 
Sane irelation relative to each other as the peak 
heights of interest, and the output circuits P1, 
P3, P5 are adjusted by the calibration circuit to 
Correspond to these fixed voltages. This method 
of computing may be called “direct proportion 
ing.' 
Another method of employing the circuit for 

computation comprises adjusting the known volt 
ages P2, P4, P6, with respect to the peak heights 
to be monitored so that the output voltages from 
each of these sources are all equal. In this con 
dition the mass Spectrometer output channels P1, 
P3, P5, Will also adjust themselves in operation of 
the circuit as above described so that all peaks of 
interest will have the same height when the 
Standard sample is being measured. Hence any 
difference in composition between the standard 

; Sample and the sample being monitored will re 
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veal itself by the failure of the tops of the peaks 
to lie on a straight line When the unknown San 
ple is being analyzed. This method of computa 
tion is a more sensitive test of chemical disparity 
between the unknown and the Standard Sample 
than is afforded by the above computation meth 
od and further may be more easily used by an 
untained operator since no mathematical COIn 
putations are required. 

Still a third method of applying the circuit of 
the invention for computing purposes comprises 
adjusting the Sources of known Voltage P2, P4, 
P6 so that the voltages or currents colresponding 
to some of the peak heights of the Standard Sam 
ple are maintained in direct proportion While 
peaks of inconveniently Small or great height are 
multiplied by appropriate factorS Such as 2, 5, 
10, A, 6, , etc. In this method the peaks of 
inconveniently Small height are multiplied by in 
tegers 2, 5, 10 etc., while the peaks of incon 
veniently great heights are multiplied by fac 
tions /2, 6, o, etc. 
By way of example of this method of computa 

tion, assume an unknown Sample in Which it is 
desired to continuously determine the content of 
constituents A, B, and C. Now if all of A, B, and 
C are present in announts which Will produce 
mass peaks falling at a conveniently measurable 
height on the recording Scale, the Second COInput 
ing procedure outlined above will be satisfactory. 
However, as is often the case, constituent A may 
be present in the sample in amounts which will 
develop a mass peak only 400 Scale height (re 
ferring to the recorder Scale), and constituent C 
may be present in an amount which will develop 
a mass peak 100 times Scale height. In Silch a 
case I propose, in accordance with the third pro 
cedure outlined above, to analyze or Sense a Saal - 
ple of known composition containing constituents 
A, B, and C in amounts of the same Order of 
magnitude encountered in the unkncWin Sanpie. 
By Suitable adjustment of the known Voltage 
Sources, say P2 and P6, in the circuit, the height of 
the peak corresponding to the constituent A ir 
the known Sample may be multiplied by a factoi' 
of 50 and the height of the peak corresponding to 
the constitutent C may be multiplied by a factor 
of Aio or 400, etc. In this manner these tWO maSS 
peaks will lie, along with the mass peak coire 
sponding to constituent B, at a conveniently lea?i 
able height on the recording scale. Now if the 
unknown sample is analyzed the same Sensitivity 
adjustment factors Will be applied by potentio 
meters P2 and P6 to the constituentS A and C 
thelein. By comparing the peaks obtained from 
the known and unknown sample With respect to 
each constituent, the content of each of the Con 
stituents can be determined directly, bearing in 
mind the sensitivity adjustment factOS applied 
to the A and C maSS peakS. 
Although the foregoing description emphasizes 

a particular type of Self-calibrating maSS Spec 
trometer, it is understood that the invention Coll 
templates the ariangement, in Substantially any 
mass spectrometer, of Sensing and recording cil'- 
cuits in relation to each other, so that the naSS 
spectrometer will be self-calibrating with respect 
to one or more mass peaks. This is accoinplished 
by an arrangement which compares the output of 
the mass spectrometer sensing On these peaks 
with permanently “stored' controllable para 
meters which may be set in advance. In the 
drawing these parameters are the voltages fron; 
the sliding contacts 29, 3, 33 of potentioninetel's 
Pa, P4, P6, respectively. Alternatively, and with 
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8 
in the contemplation of the invention, these pa 
rarineters may be currents from a regulated 
Source, perforations in a punched card, the phys 
ical length or mass of a mercury column, or such 
other 'nen Ory' devices as are Well knoWn in the 
computing art. The essence of the invention is 
that the iriass spectronetter periodically Senses on 
a Sainple of ind Win conposition and automati 
cally adjusts its sensing with respect to one C 
ngle maSS peaks in Such a Way as to correspond 
in a previously Selected Way to the composition 
of the known sample and, having done this, re 
verts to Sensing a Sample Of unknown composi 
tion, 

claim: 
i. A mass Spectroneter comprising meanS for 

Self-calibrating With respect to at east One naSS 
peak of a standal'd sample, means for Self-cali 
batting With respect to a 'Zero' maSS peak, nean S 
for allitoriatically introducing the Standard Sain 
pie periodically into the InnaSS Spectrometer to 
cause it to sense on the standard Sample, means 
for automatically adjusting the measured value 
of said inaSS peak of the Standard Sample in a C 
cCrdance With a pre-Selected fixed value, and 
neans for causing the naSS Spectrometer to 
Sense on a Sanpe of unknown composition in 
the intervening periods. 

2. A mass spectrometer comprising means for 
S3i-ali)i&itiag With respect to at least. One naSS 
eak of 2. Standal'd Sain:ple, IleanS for automati 

cally introducing line Sta1dard Sample periodi 
cally into the naSS Spectronieter to cauSe it to 
Sense on the Standard Sample, means for auto 
natically adjusting the neaSuled Value of Said 
inaSS peak of tie Standard Sample in accordance 
with a pre-selected fixed value, and means for 
causing the maSS Spectronetel to Sense on a 
Sarpie of unknown corn position in the interven 
ing periods. 

3. In a naSS Spectronetter adapted to Sense 
at least one maSS peak in an unknown Sample, 
the in provement which comprises means for 
periodically sensing at least cne maSS peak of 
a known sainple, and means for automatically 
adjusting the response to the knoWn Sample to 
year a fixed relationship to the composition of 
tha known Saniple. 

4. A circuit for a mass spectrometer adapted 
to be coupled to the output amplifier of the maSS 
Spectronete and comprising at east one output 
channel adapted to carry the output voltage 
from the amplifier, an adjustable tap potentiom 
ete in Said output channel, adjusting means for 
adjusting the tap Cf the potentionete respon 
Sive to Voitages applied to the means, a separate 
Soul'ce of determinable voltage for each output 
channel ant; iiinked to the circuit So that the 
deteriniilable Voltage Will oppose the output volt 
age and ineans for feeding the resultant Voltages 
to the respective adjusting means. 

5. A circuit for a naSS Spectrometer adapted 
to be coupled to the output amplifier of the mass 

3tronetter and conprising a plurality of out 
chaniels adapted to cally the output volt 

ge from the aniplifier, an adjustable tap poten 
tionee in each cf Said output channels, adjust 
ing in eans for adjusting the taps of the poten 

ei' reso;nsive to Voltages applied to the 
seans, a separate Source of deterninable volt 

for each Output channel and linked to the 

O 

3. 

ad 

s 

se e 

. cannel So that the determinable voltage will 
oppose the output voltage, means for amplifying 

resultant Opposition Voltage and means for 
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feeding the amplified opposition voltages to the 
respective adjusting means. 

6, A. calibration circuit for a maSS Spectrome 
ter adapted to be coupled to the output ampli 
fier of the mass spectrometer and comprising a 
plurality of output channels adapted to carry 
the output voltage from the amplifier, an ad 
justable tap potentiometer in each of Said output 
channels, adjusting means for adjusting the 
taps of the potentiometer responsive to Voltages 
applied to the means, a separate Source of de 
terminable voltage for each output channel and 
linked to the channel so that the determinable 
voltage will oppose the output voltage, means for 
feeding the resultant voltages to the respective 
adjusting means, and Switch means for feeding 
the amplifier output through different ones of 
said output channels. 

7. In a mass spectrometer having an ionization 
chamber, an analyzer, leans for ionizing mole 
cules in the ionization chamber, accelerating 
electrodes for propelling ions from the ionization 
chamber to the analyzer, and an ion collector, 
the improvement which comprises a calibration 
circuit, coin prising a plurality of output channels 
carrying output voltages from the collector, a 
separate source of determinable voltage coupled 
with each of the output channels and in Oppo 
sition thereto, and means operable by the re 
sultant, opposition voltage in each of the output 
channels for adjusting the output Voltages in 
each of the output channels to bear a fixed rela 
tionship to the respective determinable voltages. 

8. In a mass spectrometer having an ionization 
chamber, an analyzer, means for ionizing mole 
cules in the ionization chamber, accelerating 
electrodes for propelling ions from the ionization 
chamber to the analyzer, and an ion collector, 
the improvement which comprises a calibration 
circuit comprising a plurality of output chan 
neis carrying output voltages from the collector, 
a separate source of determinable voltage cou 
pled with each of the output channels and in 
opposition thereto, means operable by the re 
Sultant opposition voltage in each of the output 
channels for adjusting the output Voltages in 
each of the output channels to bear a fixed rela 
tionship to the respective determinable voltages, 
and SWitch means for feeding the output from 
the ion collector through different ones of said 
Output channels. 

9. In a mass spectrometer having an ioniza 
tion chamber, an analyzer, means for ionizing 
molecules in the ionization chamber, accelerat 
ing electrodes for propelling ions from the 
ionization chamber to the analyzer, and an ion 
collector, the improvement which comprises a 
calibration circuit comprising a plurality of out 
put channels carrying output voltages from the 
collector, a separate source of determinable volt 
age coupled with each of the output channels in 
opposition thereto, means operable by the re 
Sultant opposition Woltage in each of the output 
channels for adjusting the output Voltages in 
each of the output channels to bear a fixed rela 
tionship to the respective determinable voltages, 
a Selector Switch for feeding the output from the 
io collector through different Selected ones of 

- Said output, channels, and means operable by 
Said Switch for changing the potential applied 
to the accelerating electrodes simultaneously 
with a change in output, channel selected. 

13. In a mass Spectrometer having an icniza 
tion Change:', an analyzer, neaths for ionizing 
molecules in the ionization chanber, accelerating 
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electrodes for propelling ions from he iO:lization 
chamber to the analyzer, an ion colle2tor, and 
an amplifier connected to the ion collector, the 
improvement which comprises a calibration cir 
cuit comprising a plurality of output, channels 
carrying output voltages from the amplifier to 
an auxiliary amplifier, each output cihannel coin 
prising an adjustable tap potentiometer Separated 
from the amplifier and the auxiliary amplifier 
by a pair of relays, a separate source of determin 
aile voltage coupled with each of the output 
channels and in opposition thereto, the opposi 
tion voltage thus produced being ainplified in 
the auxiliary amplifier, means operable by the 
resultant, amplified opposition voltage in each of 
the output channels for adjusting the taps of the 
potentiometers in each of the output channels to 
bear a fixed relationship to the respective deter 
ininable Voltages . 

11. Apparatus according to claim 30 wherein 
the Separate source of determinable voltage for 
each output channel comprises a single Source 
of Calilated E. M. F. and a plurality of adjustable 
tap potentiometers connected in parallel there 
With, the tap of each of the potentiometer's being 
connected in opposition to a separate one of Said 
output channels. 

12. In a naSS Spectorinete having an ioniza 
tion chamber, an analyZer, means for ionizing 
noecules in the ionization changer, accelerating 

electrodes for propeling ions for the ionization 
chaineer to the analyzer, an ion Collector, and 
an amplifier connected to the ion collector, the 
improvement which comprises a calibration cir 
cuit, corpirising a plurality of output channels 
Selectively operable to carry output, Woltages from 
the amplifiers, a separate Source of determinable 
voltage coupied with all but one of the output 
Channels, and in opposition thereto, an auxiliary 
annplifier, means for selectively feeding the re 
Sultant voltages developed in each of Said output 
channels to the auxiliary amplifier, means op 
erable by the resultant amplified opposition volt 
age in each of the Ottput channels for adjust 
iing the output voltages in each of the output 
channels to bear a fixed relationship to the re 
Spective deterniae voltages, and in eans Op 
erale by the anaplified voltage of sail one output 
channel to adjust the “Zero' Setting of said 
amplifier. 

13. A Calibation circuit for a mass spectroin 
eter adapted to be coupled to the olitput, ampli 
fier of the aSS Spectronetter and Cornprising a 
plurality of Cutput chaniels adapted to carry 
the outit Voltage for the apifier, an ad 
iStable tap potentionnetter in eaeh of said out 
put chanines, adjusting ineans for adjusting the 
taps of the potentionineter responsive to voltages 
applied to the neans, a separate Source of de 
terminable voltage for each output channel and 
linked to the circuit. So that the determinable 
voltage will oppose the output voltage, an auxil 
iary anplifier for amplifying the resultant oppo 
Sition voltage, means for feeding the resultant 
amplified voltages to the respective adjusting 
raeans, a recorder, a by-pass circuit for by-pass 
ing the output of the output, amplifier to the 
recorder and the auxiliary amplifier, and means 
responsive to the amplified voltage of said by 
pass circuit, to adjust the “Zero Setting of the 
output amplifier. 

14. In a mass Spectrometer having an ioniza 
tion charnber, Sample inlet means, accelerating 
electrodes, an ion collector and an amplifier for 

S. amplifying the current developed at the ion col 
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lector, the improvement which comprises a Cali 
bration circuit adapted to be coupled to the am 
plifier of the mass spectrometer and compris 
ing a plurality of output channels adapted to 
cally the output voltage from the amplifiel', an 
adjustable tap potentiometer in each of Said 
output channels, a separate motor linked to eack 
potentionlete for adjusting the taps of the po 
tentioineter responsive to Voltages applied to the 
motor, a Sspalate Source of determinable voltage 
for each output channel and linked thereto So 
tihat the determinable voltage will oppose the out 
put Voltage, an auxiliary amplifier for ampli 
fying the resultant Opposition voltage means, for 
feeding the resulting amplified voltages to the 
1'eSpective motors, a Sample Switch valve for 
conti'olling the sample flow through the sample 
inlet means, a selector switch for feeding the 
Output of the mass spectrometer amplifier 
through different ones of said output channes 
and for simultaneously controlling the sample 
Switch Valve and the potential applied to the ac 
celerating electrodes. 

15. A method of calibrating a mass Spectrom 
eter Which produces an output voltage related to 
the nuinbel of ions of a given mass striking an 
ion collector, which nethod comprises compar 
ing the output voltage produced by ions of a given 
maSS in a sample of known composition with a 
known voltage to produce a resultant voltage, and 
applying this resultant voltage to adjust the out 
put voltage So that it will bear a fixed relation 
ship to the known voltage. 

16. A method of calibrating a mass spectrom 
eter which Successively produces output, voltages 
1'elated to the quantity of ions of a given mass 
Successively focussed on an ion collector, which 
method comprises comparing the output voltages 
produced by each successive quantity of ions of 
different mass with a separate known voltage to 
produce a resultant voltage, and applying this 
resultant voltage to adjust the respective output 
Voltage So that it will bear a fixed relationship 
to the linown voltage. 

17. In the operation of a mass spectrometer 
Which comprises ionizing an unknown sample to 
be analyzed and successively discharging sepa 
rate quantities of ions on an ion collector, the 
ions of each quantity being of the same mass and 
of different mass than the ions of other quan 
tities, the improvement which comprises ionizing 
a Sample of known composition, discharging the 
leSultant ions of at least one mass on the ion 
collectC1, annplifying the resultant current, coin 
paring the amplified current with a known volt 
age and applying the resultant voltage to adjust 
the output voltage so that it will bear a fixed 
relationship to the known voltage. 

18. A mass spectrometer comprising means for 
introducing an unknown sample, sensing ineans 
for Sensing at least one unass peak in the uln 
known Sample and delivering an output signal in 
proportion to the magnitude of the mass peak, 
means for automatically and periodically inter 
lupting the Sensing means so that it senses on 
a “Zero' mass peak, and means for automatically 
adjusting the sensing reans to a Zero output 
signal When sensing on the Zero innaSS peak. 

19. In mass spectrometry, the method of de 
termining the concentration of at least one coil 
stituent of an unknown Sarnple, which comprises 
ionizing a sample containing said constituent 
in known amounts to produce an output voltage, 
mixing a portion of said output voltage with a 
known voltage to produce a resultant voltage, 
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adjusting Said proportion of the output voltage 
SO that the resultant voltage will bear a prede 
termined relationship to the known voltage, ion 
izing a Second sample containing said consti 
tuent in unknown amounts to produce a second 
Output voltage, mixing the Saine proportion of 
said second output voltage with said known volt 
age to produce a second resultant voltage, where 
by the ratio of Said first and second resultant 
Voltages Will be equal to the ratio of the con 
centration of said constituent in the known and 
unknown Sample. 

20. In mass spectrometry, the method of de 
termining the concentration of at least two 
types of ions in an unknown sample after ioniza 
tion of the sample Which complises ionizing a 
knoWn Sample containing constituents from 
Which Said iOinS are produced in known amountS 
to produce a separate output voltage for each 
type of ion, mixing a proportion of each of said 
Sepairate output voitages with a different known. 
voltage to produce Separate resultant voltages, 
adjusting said known voltages so that the respec 
tive resultant Voltages Will be of equal value, ion 
izing the unknown sample containing said con 
Stituents in unknown announts to produce a sepa 
l'ate Second output Voltage for each of Said types 
of ions, mixing a proportion of each of said sec 
ond output voltage with the corresponding one 
of the adjusted known voltages to produce a sep 
arate Second resultant voltage, the respective 
proportions of each of Said Second output voltages 
being equal to the corresponding proportions of 
each of said first output voltages, whereby the 
ratio of Said first and second resultant Voltages 
for each type of ion Will be equal to the ratio of 
the concentrations of said types of ions in the 
known and unknown Samples after ionization. 

21. In mass spectrometry, the method of de 
termining the concentrations of a plurality of 
constituents in an unknown sample which coin 
prises ionizing a sample containing said consti 
tuents in known amounts to produce a separate 
output voltage for each constituent, mixing a pro 
portion of each of said separate output voltages 
with a separate known voltage to produce a sep 
arate resultant voltage, adjusting the Several 
known voltages and thereby adjusting the magni 
tude of each of said resultant voitages so that 
the respective resultant voltages Will be of the 
Sanhe order of magnitude, ionizing a Second 
sample containing said constituents in unknown 
amounts to produce a second separate Output 
voltage for each constituent, mixing a propol 
tion of each of said second output voltages equal 
to the proportion of the corresponding first out 
put voltage with the corresponding one of the 
adjusted known voltages to produce a Second re 
sultant voltage for each constituent, whereby 
the ratio of the magnitude of said first and Sec 
ond resultant voltages of each constituent will 
be equal to the ratio of the proportion of the 
constituent in the known and unknown Samples. 

22. In mass spectrometry, the method of de 
termining the concentrations of a plurality of 
constituents in an unlinown Sample which con 
prises ionizing a sample containing said consti 
tuents in known amounts to produce a separate 
output voltage for each constituent, mixing a 
proportion of each of said separate output volt 
ages with a separate known voltage to produce a 
separate resultant voltage, adjusting the Several 
known voltages and thereby adjusting the mag 
nitude of each of said resultant voltages So that 
the respective resultant voltages will be the Sane, 
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ionizing a second sample containing said consti 
tuents in unknown amounts to produce a second 
Separate output Voltage for each constituent, 
mixing a proportion of each of Said Second out 
put Voltages equal to the proportion of the cor 
responding first output voltage with the corre 
sponding one of the adjusted known voltages to 
produce a second resultant voltage for each con 
stituent, whereby the ratio of the magnitude of 
said first and second resultant voltages of each 
constituent will be equal to the ratio of the pro 
portion of the constituent in the known and un 
knoWn Samples. 

CHARLES F. ROBINSON. 
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