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This invention is concerned with mass spec 
trometers and provides improved mass markers 
for Such instruments. 
A mass spectrometer is an apparatus for sort 

ing ions according to the ratio of the mass of 
the ion to the charge that it carries (this ratio 
being referred to hereinafter as "specific mass') 
and can be employed for various purposes, in 
cluding qualitative and quantitative analyses of 
mixtures containing different kinds of molecules, 
determination of isotope ratios, etc. 
A common form of mass spectrometer includes 

an ionization chamber in which molecules of the 
mixture to be analyzed are converted into ions, 
an analyzer tube in which a heterogeneous bean 
of the ions is separated by an electric or mag 
netic field into a plurality of diverging homo 
geneous beams of ions (the ions oi the same spe 
cific mass being included in a single beam), an 
ion collector, means (referreds to here as a bean 
Sweeper) for bringing the several beams succes 
sively into contact with the collector and means 
for indicating separately the currents collected 
from the several beams. 
A record of the separately collected currents 

is a mass spectrogram, which may take any one 
of Several forms. For example, it may be a graph 
on which the magnitudes of the currents cor 
responding to the several collected ion beams are 
represented by the heights of a series of peaks 
projecting from an abscissa axis. Such a rec 
ord can be produced on a laterally moving sheet 
of photographic paper, or the like, by a record 
ing galvanometer. For some purposes, such a 
mass spectrogram is entirely adequate, but in 
many cases, for example in the quantitative an 
alysis of a mixture of hydrocarbons containing 
a number of different kinds of molecules some of 
which crack in the ionization chamber to form 
a plurality of different kinds of ions, it is neces 
sary to determine and identify the specific mass 
of the ions to which each peak corresponds. 

In accordance with the invention described and 
claimed in the copending application of Robert 
W. Langmuir Serial No. 494,807, fled July 15, 
1943, the interpretation of a mass spectrogram is 
facilitated by indicating in a coordinated man 
ner and preferably simultaneously with the indi 
cation of the peaks (ion currents), the specific 
masses of the ions to which the respective peaks 
(currents) correspond. Thus Langmuir contem 
plated marking on the mass spectrogram adja 
cent the respective peaks and during the record 
ing thereof, the specific masses of the ions to 
which the peaks correspond. 
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a one form of the Langmuir apparatus, the 
specific mass indicator is operatively connected 
with the beam sweeper and is actuated by it. In 
such apparatus, the bean sweeper automatically 
and gradually alters the potential impressed 
upon the ions passing through the analyzer, and 
thus changes the path of the ions so that the 
beams are swept successively over the collector. 
A "specific mass' indicator is connected in a 
circuit with the beam sweeper and a change in 
the potential actuates the indicator. For exan 
ple, the mass indicator may be a galvanometer 
calibrated in terms of ion masses or a vacuum 
tube circuit which is tripped at intervals at suc 
cessive values of ion accelerating potential, means 
being provided to mark the spectrogram each 
time the circuit trips. In this way, the bean 
sweeper and the mass indicator are synchronized 
and the peaks on the spectrogram are correlated 
with the specific masses of the ions to which they 
correspond. 
Apparatus described in the aforementioned. 

Langmuir application includes a bean sweeper 
which automatically decreases the ion acceler 
ating potentials applied to electrodes in the mass 
spectrometer, and is connected to these elec 
trodes through a potential divider. This in turn 
is connected in series with a rotary stepping re 
lay, the contact arm of which is connected to 
the slider of a potentiometer in a direct current 
amplifier circuit. The output of this D. C. arm 
pifer is employed to mark the mass spectrogram 
at points corresponding to the peaks thereon. 
As the result of my investigations, I have 

developed a mass marker which correlates a spe 
cific mass and the current of the beam to which 
the mass corresponds with great accuracy. In 
general, my invention contemplates in a mass 
indicator of a mass spectrometer having a re 
sistance, neans for impressing across the re 
sistance a voltage which is a function of the 
specific mass being detected, and means for see 
lecting successive fractions of this Woltage dur 
ing a period in which the voltage is changirig, 
the combination which comprises means con 
nected to the voltage selector for producing an 
atternating current corresponding in amplitude 
to the selected fraction of the voltage, and means 
responsive to a deviation in the amplitude of 
the alternating current from a threshold value 
for indicating the specific mass of ions detected 
when the threshold is reached and for causing 
the voltage selector to select the next fraction 
of voltage. In its preferred form, my invention 
contemplates, in combination with the voltage 



· 
selector, a balanced network, means for converts 
ing the output of the balanced network , into 
alternating current, a high gain A. C. amplifier, 
and means for rectifying the amplifier output and 
applying this rectified output to a trip circuit 
which marks the spectrogram. 
These and other features of my invention will 

be more thoroughly understood in the light of the 
following detailed description, taken in conjunc 
tion with the accompanying drawing, which is a 
wiring diagran of a preferred form of my mass 
marker. 

Referring now to the drawing, it will be ob 
served that a mass spectrometer is provided 
with an ionisation chamber 2, an analyzer tube 
S, anion collector 4, and an inlet conduit for the 
material to be analyzed in the spectrometer. A 
high voltage from a direct current source is ap 
ped to the mass spectrometer through a beam 
sweeper . Thus the bean sweeper impresses a 
high but gradually decaying potential between 
electrodes in the mass spectrometer. Cas mole 
cues that are longed in the ionization chamber 
by bombardment with an electron beam are 
propelled to a silt S1 in an accelerating electrode 
by a potential impressed between pusher elec 

trodes P1, P2 and the electrode 8. A heterogene 
ots on beam is thus formed and this is further 
accelerated into the analyzer tube by a potens 
tla in pressed between the accelerating electrode 
8 and a second accelerating electrode 9, which has 
a slit Sa that matches the sit S1 in the first ac 
celerating electrode. The potential applied, re 
spectively, to the pusher electrodes P, P may be 
adjusted by means of a potential divider f which 
comprises tivo potentiometers in paralel and con 
nected, respectively, to the two pusher electrodes. 
The potentiometers in parallel are followed by a 
large resistance A in series. The size of this 
resistance, which is connected to ground through 
a tapped resistor A of a rotary stepping relay 
2, controls the proportion of the potential ap 

plied across the gap P1, P-S and the gap 
S-S. An ameter is connected in series 
with the resistor 2A of the rotary stepping relay 
and the potential divider and may be calibrated 
in terms of specific mass. 

The nator portions of the apparatus, in addi 
tion to those already described, comprise a 
balanced network, a high gain A. C. ampfler, an 
oscillator coupled to a vibrator, a trip circuit, 
and appropriate power supplies. 
The rotary stepping relay conveniently is the 

type designated by Guardian Electric Manu 
facturing Company as "Series R steloping relay." 
It comprises a rotary contact arm 3 which upon 
rotation may touch any one of a series of equally 
spaced circumferentially positioned fixed taps 
T, T, 's . . . as on the resistor. A tap indi 
cating disc or a cylinder 6 rigidly secured to the 
same shaft as the arm has numbers thereon which 
are moved beneath the pointer and become ill 
luminated by a lamp S. when the arm contacts 
the corresponding tap. Thus, as shown, the nu 
meral is illuminated on the tap indicator SS 
when the rotary arra touches tap T's. The indi 
cator may also carry specific mass numbers 
in addition to tap numbers. 
The rotary stepping relay also includes a step 

ping coil and a reset coil 9. When an elec 
trical impulse is applied to the stepping coll, the 
rotary contact arm moves to the next tap in se 
quence. When current is applied to the reset 
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2,870.08 
coll, the rotary arm returns to the first tap posi 
to a . 

he contact arm of the rotary stepping relay 
is connected to a balancing network D of con 
Weational design. This balancing network bal 
ances the potential between the rotary an and 
ground against a standard potential, i. e., the 
standard potential and that between ground 
and the rotary arm are opposed to produce a 
differential potential. The balancing network is 
connected to a vibrator which is coupled to an 
oscillator 42 and these convert the difference 
between the standard potential and that im 
pressed from the rotary arm to ground into an 
alternating current. This alternating current is 
amplified by a high gain A. C. amplifier . As 
described hereinafter, the output of the amplifier 
is rectified and the voltage proportional to the 
amplitude of the alternating current is applied to 
a trip circuit , which controls the operation of 
a control relay which in turn actuates a mass 
marker lamp that marks a mass spectrogram 
???duced on a photographic film of a recorder 

. 
Currents generated through discharge of ion 

beams at the ion collector are amplified and re 
corded as a spectrogram on the moving photo 
graphic fan by means of a galvanometer 50. 
The mass marker is synchronized with the gal 
Wanometer by the mass marker control just de 
scribed. 
The control relay, in addition to marking the 

spectrogram, steps up the rotary arm to the 
next tap, say T of the rotary stepping relay. 
The Oscillator and vibrator are coupled together 

because a vibrator coil is is connected in the 
output of the oscillator. A condenser 58 con 
nected in parallel with this coil forms with the 
coil a parallel resonant network which may 
be electrically tuned to the same frequency as 
the resonant frequency of the mechanical elle 
ments of the vibrator. These elements include 
One normally closed pair of contacts and an 
other set of Contacts comprising an armature con 
tact 60, a signal contact 1 and a ground con 
tact 62. The armature normally is in the neu 
tral position and contacts the signal contact and 
the ground contact alternately when alternating 
Current is applied to the vibrator coil. 
The high gain A. C. amplifier has a signal grid 

is connected to the armature contact BO through 
a shielded conductor 88. The signa contact B is 
Connected through a second shielded conductor 
67 to the slider 68 of a potentiometer Be in the 
balancing network. The positive terminal of the 
potentiometer is connected, as indicated herein 
;????, to the rotary arm of the rotary stepping 
relay. 
The amplifier 3 includes a resonant circuit 

tuned to the same frequency as the oscillator, so 
as to render the amplifier most sensitive to input 
signal components having this frequency. The 
output of the amplifier is applied through the 
normally closed contacts of the vibrator to the 
signal grid 70 of a relay tube included in the 
trip circuit 4. The output of the relay tube is 
applied to a coil which actuates the control 
relay 45. 
A pulse relay is connected in the balancing 

network D. It has a pair of normally open con 
tacts connected between the positive terminal 
of the potentionetter 9 and its sider . 
A conventional regulated power supply sup 

pies power to a pane light , the marker light 
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88, the oscillator, the amplifier and the trip cir 
cuit. 
A large capacity condenser is connected be-, 

tween the potentioneter slider and ground. A 
condenser 2 of small capacity is included in the 
high gain amplifier and ls connected between : 
ground and the signal grid it of the first ampli 
fer tube. 
The operation of the mass marker control de 

scribed hereinbefore is as follows: 
The bearin sweeper reduces the voltage across 

the potential dividing network in order to shift 
the separated ion beams across the collector at 
the end of the analyzer tube. As the voltage 
across the potential dividing network decreases, 
the voltage present at any time between the ro 
tary arm and ground is balanced against a nega 
tive voltage supplied to the balancing network 
from the potentioneter 9. The difference be 
tween these two voltages is applied to the large 
condense. 
The armature contact of the viorator alter 

nately, and at the frequency of the oscillator, 
comes in contact with the signal contact 6 and 
the grounded contact 62, so that part of the 
charge on the large condenser is alternately ap 
plied to the small condenser and then discharged 
to ground. In consequence, a voltage equal to 
that appearing across the large condenser is pe 
riodically applied to the control or signal grid of 
the amplifier, producing on this grid pulsations 
having a substantially rectangular, unidirectional 
wave form. Thus, in effect, the vibrator func 
tions as an inverter. The first amplifier tube has 
a plate circuit with a resonant LC network and 
this filters from the amplified signal all compo 
nents other than the fundamental. The latter is 
thereupon applied to the second amplifier tube 
to and thence appears at the output of the am 
plifier. 
The normally closed pair of contacts 57 of the 

vibrator are open when the amplifier output sig 
nal voltage is positive and are closed near the 
negative peak of the amplifier output voltage. 
Consequently, negative pulses are applied period 
ically to a parallel resistance condenser network 

which constitutes the grid circuit of the relay 
tube 7. The time constant of this grid circuit is 
long compared to the period of the vibrator, s2 
that there is applied to the relay tube a negative 
bias having an amplitude corresponding to the 
excess of the rotary arm voltage over the poten 
tiometer voltage, i. e., corresponding to the differ 
ential-potential. 
When the bias on the relay tube grid 70 falls 

below a threshold value inherent to the tube, the 
tube passes current and closes the normally open 
contacts to of the control relay 45. When this 
occurs the panel light is illuminated and the 
marker light 6 marks the spectrogram. At the 
same time the rotary arm is stepped up to the 
next tap and the normally open contacts of the 
pulse relay are closed momentarily, thereby con 
necting the positive terminal of the potentiometer 
69 to its sliding contact and impressing on the 
signal grid of the first amplifier tube a large posi 
tive potential. This in turn causes a large nega 
tive bias to be applied to the grid of the relay tube. 
thereby opening the contact of the control relay 
and the pulse relay. In this condition, the appa 
ratus is ready to make another mark on the mass 
spectrogram when the trip circuit again closes 
the control relay. 
By maintaining a proper relationship of re 

sistances between the taps of the rotary stepping 
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relay, as described in detail in the afore rentioned 
copending application of Langmuir, the notion of 
the mass marker is synchroned perfectly with 
the recording gavanometer. In consequence, as 
each peak is recorded on the photographic paper 
a beam of light marks the paper adjacent that 

The mass marker described and claimed herein 
fires more accurately than one provided with a 
direct current amplifier. This advantage is 
achieved through the use of the high gain alter 
nating current amplifier in conjunction with the 
meals for converting the output of the balance 
network into alternating curret which is applied 
to the amplifier. and the means for rectifying the 
output of the amplifier and applying the rectified 
output to the trip circuit. The use of the alter 
nating current amplifier obviates fluctuations in 
the firing threshold Woltage due to drift, as occurs 
in certain direct current amplifiers. Moreover, 
since the alternating current amplifier has high 
gain any fluctuations in trip-circuit relay tube 
characteristics become relatively unimportant 
All in all, the apparatus described is an extremely 
accurate one for correlating specific mass of ions 
to ion abundance. 
The mass marker illustrated includes a plu 

rality of coupled three-positioned switches 2D, 
12, 22. Position f on each switch is "off’ posi 
tion. Switch f2 is connected in the power line 
when on positions 2 and 8. Switch f is of in 
both positions f and 2, but in position se competes 
the circuit of the loWer contacts of the contro 
relay. In positions 2 and the switch 22 connects 
the battery to the resistance of the potentiometer 
9. 
The three coupled switches may be thrown si 

multaneously from a common control lever, re 
spectively, to positions f. 2 or ). When the 
switches are in position f. the circuits, including 
the switches are open. In position 2, power is 
supplied to the potentiometer 69 and to the regu 
lated power supply. In position , all three cir 
cuits controlled by the switches are completed. 

can: 
1. In a mass indicator of a mass spectrometer 

adapted to indicate the specific masses of ions 
being detected by the spectrometer and having a 
resistance, means for impressing across the re 
sistance a voltage which is a function of the spe 
cific mass being detected and changes in accord 
ance therewith, and means for selecting succes 
sive fractions of said voltage during a period in 
which the voltage is changing, the combination 
which comprises means connected to the voltage 
selector for producing an alternating current cor 
responding in amplitude to the selected fraction 
of the Woltage, and means responsive to a devia 
tion in the amplitude of the alternating current 
above a threshold value for indicating the specific 
mass of ions detected when that threshold is 
reached and for causing the voltage selector to 
select the next fraction of voltage. 

2. In a mass indicator of a mass spectrometer 
adapted to indicate the specific masses of ions 
being detected by the spectrometer and having a 
resistance, means for impressing across the re 
sistance a voltage which is a function of the spe 
cific mass being detected and changes in accord 
ance therewith, and means for selecting successive 
fractions of said voltage during a period in which 
the voltage is changing, the combination which 
comprises means connected to the voltage selector 
for producing an alternating current correspond 
ing in amplitude to the selected fraction of the 



ad means including a bonancing net 

ocellator, and means responsive to a deviation in 
anpitude of the alternating current above a 

threshold.value for indicating the specific mas of 

fraction of Voltke. 
3. In a mass indicator of a mass spectrometer 

adapted to indicate the specific masses of ions 

in accordance therewith, and means for selecting 

an octator and a vibrator coupled to the 
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successive fractions of said voltage during a period . 
in which the voltage in changing, the combina 

rent corresponding in amplitude to the selected 
fraction of the voltage, a high gain AC amplifier 
for amplifying current, and means responsive to a 
deviation in the amplitude of the alternating 
current above a threshold value for indicating the 
specific mass of ions detected when that threshold 
is reached and for causing the voltage selector to 
select the next fraction of Woltage. 

4. In a specific mass indicator for a mass 
spectrometer provided with a circuit and means 
for inpressing across the circuit a voltage which 
is a function of the specific mass of the ions 
being detected at a given instant, the combination 
which comprises a stepping relay connected in 
said circuit and provided with a novable arm 
making contact with successive points in said cir 
cult and a lead through which the arm is con 
nected to a terminal, means for opposing the po 
tential between the lead and an end of said cir 
cuit againsta standard potential, neans for con 
verting the resulting differential potential into an 
alternating current, means for rectifying the al 
ternating current, a mass marker, a control relay 
which actuates the mass marker and the stepping 
relay, a trip circuit connected to the control 
relay, and means for applying to the trip circuit 
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a voltage proportional to the amplitude of the 
rectified atternating current. 

5. In a mass marker for a masas spectrometer 
havins a potential dividing network the voltage 
across which is a function of the specific mass 
of ions being detected and means for selecting 
progressively different fractions of the voltage 
across the network as the voltage across it de 
creases, the combination which comprises means 
for converting the selected fraction into alternat 
ing current corresponding in amplitude to the se 
lected fraction, and means responsive to a devia 
tion of the samplitude of the alternating current 
from a threshold value for indicating the specific 
mass of ions which may be detected when that 
threshold is reached and for selecting a new frac 
tion of the voltage across the network, 

6. In a mass marker for a mass spectrometer 
having a conductor, means for impressing across 
the conductor a voltage which is a function of 
the specific mass of ions being detected in the 
spectrometer, and means for successively selecting 
different fractions of the voltage applied across 
the conductor as that voltage changes, the com 
bination which comprises a balancing network 
adapted to oppose the selected fraction of the 
voltage with a standard potential to produce a 
differential potential, an A. C. amplifier, circuit 
means for applying the differential potential to 
the amplifier as a series of pulses, a relay tube 
having a grid and an anode, means for applying 
rectified pulses from the A. C. amplifier output 
to the grid of the relay tube, means connected 
to the anode of the relay tube for altering the se 
lected fraction of the voltage, said means being 
operative only when the grid voltage of the relay 
tube is greater than a threshold value, and a vi 
brator having one set of contacts for alternately 
connecting the A. C. amplifier to the balancing 
network and to ground and another pair of con 
tacts operating to apply half cycles of the A. C. 
???ifier output voltages to the grid of the relay 
toe. 
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in which the voltage in changing, the combina 

rent corresponding in amplitude to the selected 
fraction of the voltage, a high gain AC amplifier 
for amplifying current, and means responsive to a 
deviation in the amplitude of the alternating 
current above a threshold value for indicating the 
specific mass of ions detected when that threshold 
is reached and for causing the voltage selector to 
select the next fraction of Woltage. 

4. In a specific mass indicator for a mass 
spectrometer provided with a circuit and means 
for inpressing across the circuit a voltage which 
is a function of the specific mass of the ions 
being detected at a given instant, the combination 
which comprises a stepping relay connected in 
said circuit and provided with a novable arm 
making contact with successive points in said cir 
cult and a lead through which the arm is con 
nected to a terminal, means for opposing the po 
tential between the lead and an end of said cir 
cuit againsta standard potential, neans for con 
verting the resulting differential potential into an 
alternating current, means for rectifying the al 
ternating current, a mass marker, a control relay 
which actuates the mass marker and the stepping 
relay, a trip circuit connected to the control 
relay, and means for applying to the trip circuit 
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a voltage proportional to the amplitude of the 
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