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MEANS FOR PRODUCING ELECTRICAL MARKER 
PULSES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

1. This application is a continuation of Ser. No. 
607,412, ?led Jan. 5, 1967, now abandoned. 

2. Application Ser. No. 571,049, ?led Aug. 8, 1966, 
by B. N. Green under the title “Improvements in or Re- ._ 
lating to Mass Spectrometers and Mass Spectrometry.” 

3. Application Ser. No. 571,463, ?led Aug. 10, 1966 
by T. O. Merren under the title “Improvement in or Re 
lating To Mass Spectrometers and _ Mass 
Spectrometry.” 

BACKGROUND OF INVENTION 

1. Field of the Invention 
Mass Spectrometers are used to analyze substances 

both qualitatively and quantitatively. In the typical 
mass spectrometer, an ion source liberates ions from a 
sample and electrically propels the liberated ions 
through an exit slit. The ions typically are liberated ei 
ther with an electron beam or a spark source. 
After the ions pass through the exit slit, they are fo 

cused on a suitable collecting and/or detecting device. 
In a so-called single focusing mass spectrometer, an 
e'lectro-magnet is usually used to establish a magnetic 
?eld. Electrons passing through the exit slit of the 
source travel in an evacuated path through the mag 
netic ?eld where they are de?ected by the ?eld. In a 
so-called double-focusing mass spectrometer, the ion 
path is ?rst through an electrostatic analyzer and then 
into the magnetic analyzer. ' 
The magnetic analyzer de?ects ions according to 

their mass/charge ratios. In other words, the amount of 
de?ection are of an ion as it travels through the mag 
netic ?eld depends upon both the mass of the ion and 
the charge of the ion. For any given propelling force 
from the ion source and de?ecting force in the analyzer 
or analyzers employed, only ions having a speci?c 
mass/charge ratio will pass into the detector. Ions of 
higher or lower mass/charge ratios will either be de 
?ected more or less than the amount of de?ection ap 
propriate to focus the ion on the detector. 

In analyzing a mass spectrum of a given sample, it is 
customary to utilize a technique known as scanning. 
With scanning, the mass spectrometer is adjusted over 
a range of values so that substantially all ions present 
in a given sample ‘under study will at one time or an 
other be focused on the detector. In this manner the de 
tector can measure and record each type of ion present 
so that the operator can both identify the types of ions 
present and determine the ‘quantity of each type. 
There are two types of scanning which have been em 

ployed in the past. The ?rst type is so-called voltage 
scanning where the accelerating voltage used in the ion 
source and the electrical potential used in the electro 
static analyzer are maintained in a ?xed ratio and var 
ied together. The second type of scanning is so-called 
magnetic scanning. Magnetic scanning is employed in 
both single and double focusing instruments and is the 
type of scanning to which this disclosure is directed. 
As will be explained more completely below, the 

mass/charge ratio of those ions which are focused on 
the collector is directly proportional to the square of 
the magnetic ?ux density in the magnetic ‘analyzer. The 
magnetic ?ux density is proportional to the current 
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2 
passing through the coils of the electromagnet apart 
from hysteresis effects. In the past it has generally been 
assumed that because the current in the magnetic coils 
and the magnetic ?ux density are proportional, the 
mass/charge ratio of a focused ion was proportional to 
the square of the current supplied to the magnetic coils. 
While this is theoretically correct, apart from hysteresis 
effects, in practice it has proved to introduce inaccura 
cies into the analysis of any given mass/charge spec 
trum. 

2. Description of the Prior Art 
Prior to the two above-referenced co-pending appli 

cations, the fact that the magnetic flux density was not 
necessarily directly proportional to the current in the 
magnetic coils, apart from hysteresis effects, has not 
been generally recognized. As noted in those refer 
enced applications, there are discontinuities which 
occur in the magnetic ?ux. For example eddy currents 
are generated which distort the magnetic ?ux density 
with the result that variations in the magnetic ?ux den 
sity are not directly proportional to the current applied. 

SUMMARY OF THE INVENTION 

With this invention, a mechamism is placed in the 
magnetic ?ux ?eld which is responsive to the magnetic 
flux density, or variations therein. This device prefera 
bly takes the form of a ?ux detection coilwhich is 
mounted saddle-like along the ion tube. A change of 
magnetic ?ux induces a ?ow of current in the ?ux de 
tecting coil, the total electrical charge induced in the 
circuit being directly proportional to the change of flux 
acting on the ion beam. The output from this coil is in 
tegrated by means of a novel integrating circuit and is 
used to determine, at any speci?c time, exactly what 
change from the initial value of magnetic ?ux has oc 
curred. The initial magnetic ?ux is represented by a 
suitably adjusted, constant potential, and this is added 
algebraically to the integrated current output from the 
coil to give the actual magnetic ?ux at any instant. The 
resulting potential is fed into a novel squaring circuit 
where it is squared and subsequently fed into a novel 
mass marker circuit. The output of the mass marker 
circuit is then conducted to a recorder. The recorder 
also receives the output of the mass spectrometer de 
tector. By utilizing both recorded signals, that is the sig 
nal from the mass marker and the signal received from 
the mass spectrometer detector, it is possible to deter 
mine the identity of any given ion and the quantity of 
any given type of ion present with an accuracy well be 
yond that which has been obtained with prior art mech 
anisms and techniques. 
Accordingly, the objects of the invention are to pro 

vide a novel and improved mass spectrometer equipped 
with a novel and improved detecting and recording 
mechanism including novel and improved integrating, 
squaring and mass marker circuits, and improved meth~ 
ods of operating a mass spectrometer. - 
Other objects and a fuller understanding of the inven 

tion may be had by referring to thefollowing descrip 
tion and claims taken in conjunction with the accompa 
nying drawing: 

DESCRIPTION OF THE'DRAWING 
FIG. 1 is a sectional side elevation of a mass spec 

trometer; 
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FIG. 2 is a circuit diagram of ancillary electrical 
equipment providing a progressively varying signal in 
dicative from instant to instant of the mass number 
reached during a scan of the mass spectrum; 
FIG. 3 is a circuit diagram of a preferred alternative 

form of ancillary equipment for providing such signal; 

FIG. 4 is a circuit diagram of means in accordance 
with the invention for providing electrical marker 
pulses as said signal varies during a scan; and, 
FIG. 5 is a fragmentary sectional view of parts of the 

magnetic analyzer as seen on an enlarged scale from 
the plane indicated by the line 5—5 of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The mass spectrometer illustrated in FIG. 1 is of a 
double-focusing type. That is, a mass spectrometer in 
which ions are both electrostatically and magnetically 
focused. The spectrometer has an ion source chamber 
1 into which a specimen carrying probe 3 can be in 
serted. The specimen carried by the probe 3 or altema 
tively a gaseous sample introduced to the chamber in 
a conventional manner is ionized with apparatus well 
shown in the art. 
An electrode 5 to which an accelerating voltage of, 

say, 8 kilovolts is applied, repels ions liberated from the 
source. The ions are repelled as a beam which passes 
?rst through an electrostatic analyzer 7. 
The electrostatic analyzer includes opposed conduc 

tive plate 7? between which a potential difference V is 
maintained. The ion beam then passes through a slit de 
?ned by a monitor collector 9 and into an ion tube 10. 
Ions in the tube 10 pass through a magnetic analyzer 
11, and into a detector shown generally at 12. 

In the magnetic analyzer 11 a pair of electromagnet 
coils 11A, 1 18, FIG. 5, establish a strong magnetic ?eld 
B. The ?eld B is directed in a direction transverse to the 
path of the ions. Since the ions are charged particles 
their paths will be curved in the magnetic ?eld. The an 
gular de?ection of an ion in passing through the mag 
netic analyzer 11 will depend upon the accelerating 
voltage, since that determines the speed of the ion, 
upon the intensity of the magnetic ?eld in the analyzer 
l1, and upon the mass/charge ratio of the ion. The de 
?ected ions focused on the detector 12, or certain of 
them if different groups of ions are de?ected to differ 
ent degrees, pass through an adjustable slit in a member 
13 which forms a part of the detector. In the detector, 
ions passing through the slit in the member 13 are 
picked up by a collector electrode 15 associated with 
an electron multipler 17. ' 
The output from the electron multiplier 17 is used 

after ampli?cation in an ampli?er 19 to provide a re 
cord of the ions passing through the adjustable slit in 
member 13. 
The mass spectrometer as described above is evacu 

ated in a suitable manner as by pumps 18, 18a. The 
structure thus far described is well known in the art. 
One method known of scanning a range of a mass 

spectrum is so-called “magnetic scanning.” With mag 
netic scanning the voltages used in the electrostatic an 
alyzer 7 and on the accelerating electrode 5 are main 
tained constant. Scanning is accomplished by slowly 
decreasing the current used in the electromagnet coils 
11A, 11B of the magnetic analyzer 11. This progres 
sively changes the strength of the ?ux B and therefore 
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4 
the de?ections of all the ions passing through the mag 
netic analyzer. 
Since the output from the electron multiplier 17 indi 

cates the number of ions passing through the slit mem 
ber 13 at any given time, it is possible to identify those 
ions if the output of the multiplier is properly corre 
lated to the conditions of the mass spectrometer at that 
given time. Thus, when a signal stimulated by the elec 
tron multiplier 17 is presented on a cathode ray tube as 
the vertical de?ection with a horizontal scanning speed 
corresponding to the decay of the magnetic ?eld in the 
magnetic analyzer 11, the trace shows peaks when ions 
are present having such a mass number that they are 
de?ected to pass through the slitted member 13. 
Mass analysis depends upon the identi?cation of the 

peaks produced by the specimen during the scanning of 
the mass spectrum. It is advantageous to provide, on 
the record of the peaks, markers corresponding exactly 
to known mass/charge ratios. The apparatus described 
below provides this advantage. Since the charge is al 
most always unity, the mass/charge ratio is referred to 
herein merely as the “mass.” 

In order to ascertain the number representing the 
“mass” which is instantaneously being recorded, it is 
necessary to know accurately the value of B, the mag 
netic ?ux density to which the ion beam is subjected, 
and V, the accelerating voltage which determines the 
velocity of the ions as they pass through that magnetic 
?eld. The mass M is given by 

where k is a constant for the particular mass spectrom 
eter and can be determined by doing an analysis of a 
known specimen. 

If V is held constant‘ when the mass spectrometer is 
scanned, M is directly proportional to B”. If the precise 
value of B is known M can be determined and therefore 
the ions detected can be identi?ed. 
As noted above, the value of B should theoretically 

vary in direct proportion to the current applied to the 
magnet coil 11. But in practice, there are other factors 
such as hysteresis effects and generated eddy currents 
which distort this relationship of the flux B to the ap 
plied current. 
With the present invention the actual ?ux acting on 

ions in the tube 10 is measured. In the preferred ar 
rangement, a ?ux variation detection coil PC, FIGS. 1 
and 5, is positioned in juxtaposition to the tube 10 
within the coil 11. The variation in the flux B induces 
a current in the ?ux variation detection coil PC which 
is fed to an integrator circuit 26 to a squaring circuit 27 
and then to a mass marker 21. 
Since (a) the integrated output of the coil PC is di 

rectly proportional to the change of flux B and (b) the 
actual magnetic ?ux is proportional to the sum of the 
integrated coil output and the constant potential (0) 
the mass M is directly proportional to B2, and (d) the 
output of the squaring circuit will be directly propor 
tional to the mass M. Accordingly, the ions can be iden 
ti?ed with a precision and accuracy far exceeding the 
capabilities of prior mechanisms. 
As shown in FIGS. 1 and 5, the coil PC rests saddle 

fashion on the tube 10. The coil PC has elongated cen 
tral portions 22A, 22B disposed symmetrically about 
the axis of the tube 10. The coil has end portions 23A, 
238 which pass around the tube 10 to connect the por 
tions 22A, 22B. 
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If a larger induced current is desired the coil PC may 
be in the form of a coil or coils wound on one or both 
of the coils 11A, 11B of the magnetic analyzer 11 or 
around the actual pole pieces of the magnet. The coil 
PC shown in the drawings is preferred because it most 
accurately reflects the flux B actually acting on the ion 
beam in the tube 10. v 

In FIG. 2 another structure for the value of B2 is 
shown. I-Iere Hall Effect probes 24A, 24B are placed 
side by side on a common substrate 25 to insure that 
they are at substantially the same temperature. As an 
alternative to the coil PC the substrate 25 with the two 
probes 24A, 24B is placed in the gap of electromagnet 
11 at the position indicated by the dashed lines in FIG. 
1. Thus, both probes experience the samevalue of mag 
netic ?ux density B as the ions passing through the ana 
lyzer. ‘ 

Each Hall Effect probe 24A, 24B is in the form of a 
thin rectangular plate of semiconductor material carry 
ing an electric current in the direction of its length. . 
Since each plate is subjected to a magnetic ?eld which 
is normal to it, an electromotive force is developed 
which is at right angles both to the direction of the cur 
rentvand to the magnetic ?eld. 
Referring now to FIG. 2, a direct current of constant 

magnitude 1, is causedto flow from a positive pole 3.1? 
through the length of the Hall Effect probe 24A to the 
negative pole 31N. The output voltage u, of probe 24A 
is 

where K, is a constant related to the characteristics of 
the probe 24A. One output terminal of probe 24A is 
connected directly to an input terminal of an ampli?er 
33, and the other output terminal is connected through 
a resistor R to the second input terminal of the ampli 
?er 33. An output current 12 of the amplifier 33 is ap 
plied through the length of the Hall Effect probe 24B 
to the second input terminal of the ampli?er 33. The 
ampli?er 33 is of a high gain type having a relatively 
high input impedance. The ampli?er 33 give an output 
current 12 proportionally related to the input voltage u, 
by the expression: 

12 = ul/R 

Since the probe 243 is subjected to the magnetic 
?eld B and to a lengthwise current of 12, its output volt 
age uz is given by: ' 

“2 = Kg 12 B 

where K2 is a constant, so that: 

“2 =(K1K2 B2 

Thus, so long as I, is also constant, 142 is proportional 
to B2. ' 

As noted above, if V, the accelerating voltage, is 
maintained constant during a scan, then B2 and there 
fore uz are porportional to the mass,'in which event a2 
could be taken as the input to the mass marker to be 
described. ' 

If Vmay vary, however, a voltage VA, derived propor 
tionally from it is applied through a resistor R1 to an 
electromagnetic coil 41 associated with another Hall 
Effect device 43. The electromagnetic coil'41 produces 
a magnetic ?eld having a magnitude H in a direction 
which is normal to the semiconductor plate of the Hall 
Effect device 43. A current I, is passed lengthwise 
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6 
through the plate of the Hall Effect device 43, ?owing 
from a positive supply pole 45?, through a resistor R2, 
a current controlling device 47, and the plate to the 
negative supply pole 45N. The output voltage V out of 
the Hall Effect device 43 is applied in opposition to the 
voltage uz to provide a net voltage vnet applied as an 
input to an ampli?er 49. The output from the ampli?er 
49 is applied through a lead 51 as a control signal for 
the current controlling device 47. 
The current IC ?owing in the coil 41 is given by 

IC = VA/RI 

where R1 is large, and the voltage VM developed across 
the resistor R2 by the ?ow of current I’ is given by: 

Also, the output voltage V0,,‘ of the device 43 is given 
by: 

where KM is a constant. 
The action of the ampli?er 49 is to provide an output 

signal in lead 51 which will vary current I ’ in a manner 
tending to eliminate any difference voltage applied to 
the ampli?er 49, so that in effect I’ is constantly ad 
justed to make V0", equal to U2. ' 

It follows that, since 

whence I’ is proportional to 82/ V (I' being constant) so 
that for a given value of R2, with VA proportional to V: 

VM is proportional to 82/ V 

The voltage VM is therefore proportional to mass M 
and is applied to the marker circuit (FIG. 4). _ 

In the preferred structure, current If is generated in 
the coil PC proportional to the change of magnetic ?ux 
density with time. That is, IFozdB/dt. The principle on 
which the arrangement of FIG. 3 functions is that the 
current IF is integrated to give an output voltage V,“ 
indicative of the ?eld strength reached at time t 
relatively to its strength at the beginning of the integra 
tion. By setting this-voltage VA, against a‘ suitably ad 
justed potential representing the actual value of the 
?eld strength at the beginning of the integration, a volt 
age VB is then obtained proportional to the magnetic 
flux density B at any subsequent instant. The voltage VB 
and a voltage VA derived proportionally from the accel 
erating voltage V ( VA being replaced by a constant volt 
age if V is constant) are then fed to a squaring circuit 
which produces an output voltage V” a V,*/ V or B2] V. 

Referring to FIG. 3, an integrator circuit is desig 
nated generally by the numeral 26. The current IF from 
the pick-up coil PC is fed to an integrating ampli?er A1 
having an integrating capacitor C1 connected between 
its output and input. The output voltage from this am 
pli?er is combined with a calibrating voltage, derived 
from a potential dividing chain including variable resis 
tor VRl at the input of an operational ampli?er A2, the 
output voltage VB of which will be proportional to the 
magnetic ?ux density B of the magnetic analyzer 11. 
The integrating ampli?er A1 is chosen as having low 
input offset voltage and current drifts. Constant input 
offset voltages and currents can be cancelled out by ad 
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justment of a variable resistor VR2 included in a fur 
ther potential dividing chain and connected to the am 
pli?er input through a high resistance R2. Variations of 
input offset voltage and current can be reduced by 
placing the integrating ampli?er A1 in a temperature 
controlled ambient. 
Signi?cant drifts in the output of the integrating am 

pli?er A1 can occur because of leakage of charge 
within the integrating capacitor C1. To counteract this, 
a current 11,’ equal and opposite to the leakage current 
IL is derived by applying the output voltage V,“ of the 
integrating ampli?er A1 to the input of a unity gain in 
verting ampli?er A3 an adjustable portion of the output 
of which is fed back, from a potential dividing chain in 
cluding variable resistor VR3, to the input of the ampli 
?er Al via a high resistance R3. A resistor R4 is con 
nected in series with the inverting ampli?er A3, and a 
resistor R5 is connected across the inverting ampli?er 
A3. 
The setting up procedure for the integrating ampli?er 

Al involves connecting the input of the integrating am 
pli?er A1 to ground by means of switch S3; with VA, 
approximately zero, adjusting VR2 for zero drift; ap 
plying a positive input to the integrating ampli?er Al 
to set up a voltage across the integrating capacitor C1; 
and adjusting VR3 until there is no drift in this last 
mentioned voltage. In this condition, a current 1,,’ 
which will be equal and opposite to the capacitor leak 
age at all voltages across it is being applied to the input 
of the integrating ampli?er A1. Only changes in leak 
age current are then signi?cant and these can be mini 
mized by maintaining a constant ambient temperature. 
Further improvement can be achieved by connecting a 
temperature sensitive resistance, such as a silicon resis 
tor, in series with the resistors R4 and R5, depending 
on the signs of the temperature coef?cients of the tem 
perature sensitive resistance and the insulation resis 
tance of the integrating capacitor C1. The effect of this 
extra component, which can be adjusted by means of 
a low temperature coef?cient resistance in parallel with 
it, is made equal and opposite to that due to variation 
with temperature of the insulation resistance of the ca 
pacitor C1. 
The output voltage VBaB from the integrator circuit 

26, and a voltage VA representative of the accelerating 
voltage are applied (by way of one section (a) of a mu] 
ti-position switch S2 in the case of V8) as three inputs 
VX = VB, Vz = VB and Vy = V, of a multiplier divider 
circuit which in general produces an output voltage 
proportional to VX'VZ/Vy and in the present case acts 
as a squaring circuit producing the output voltage Vm 
aVBZ/VA (or 01V‘;2 if the accelerating voltage V‘ is main‘ 
tained constant during a scan). The principal on which 
the squaring circuit 27 functions is that a time interval 
T proportional to VX/ Vy = VB/VA is de?ned by the part 
of the circuit comprising operational ampli?ers A4, A5 
and A6, while an integration is being performed on VZ= 
VB by an integrating ampli?er A7. The integration is 
stopped at the end of the time T. The output voltage V0 
of the integrating ampli?er A7 at any time t during the 
integration, and the output VM, taken from a following 
unity gain ampli?er A8, are therefore given by: 

so that on termination of the integration at time t 
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VMaVZT= VB T 
but 

T (XVX/ Vy = VB/VA 

VM = KVx'VZ/Vy = K VBZ/ V,, where K is a constant. 
In practice it is convenient to operate with a constant 

acceleration voltage and to adjust the squaring circuit 
parameters so that VM= 0.1 V52. The output voltage V“, 
which is taken to the marker circuit of FIG. 4 through 
a second section (b) of the multi-position switch S2, 
will then be 10 volts when VB is 10 volts. 
Considering the squaring circuit 27 in greater detail, 

the operational ampli?er A4 and the capacitor C2 con 
stitute an integrator circuit to which is applied a source 
of potential VA proportional to the accelerating voltage 
V or constant if V is constant. A transistor TRl con 
nected across the integrating capacitor C2 is switched 
on and switched off under control of a bistable circuit 
BS. When TRl is switched on, the integrator A4 is reset 
by discharge of capacitor C2, the output of the integra 
tor A4 in this reset condition being adjusted to be 0 
volts, to within lmV, by means of a- trim potentiometer 
connected to the integrator A4, not shown, connected 
to the integrator A4. When transistor TRl is switched 
off by the bistable circuit BS, a linear integration imme 
diately commences, the output of amplifier A4 going 
negative with respect to 0 volts. 
This output potential is algebraically combined with 

V,, at the input of the operational ampli?er A5. Ampli~ 
?er A5 is operated as a simple unity gain inverting .am 
pli?er with negative feedback through a resistor R10. 
It is also possible to operate the operational ampli?er 
A5 with a gain greater than unity, if desired. Thus, as 
the output of the operational ampli?er A4 goes pro 
gressively more negative from zero during the integra 
tion, the output of the ampli?er A5, which starts at a 
potential equal and opposite to + VB, progressively rises 
towards 0 volts. 
The ampli?er A6 with its associated resistors R6-R9 

and limiting diodes D1, D2, constitutes a level detector 
trigger circuit 30, the trigger level being set to 0 volts 
by means of a variable resistor VR4. This ampli?er can 
be a dc. ampli?er with such high gain that except at 
virtually zero input voltage it gives the full output volt 
age permitted by the limiting diodes. At the beginning 
of an integration by ampli?er A4, when the output of 
the operational ampli?er A5 is negative, the output po 
tential of the level detector 30 is positive with respect 
to ground. When the output of the operational ampli 
?er A5 reaches the trigger level of zero volts (i.e., when 
VATa VB and Ta VH/ VA) the output of the level detec 
tor' circuit 30 switches to a negative potential, and a 
corresponding positive potential change is applied to 
the bistable circuit BS by a pulse shaping circuit PS. 
This edge triggers the bistable circuit BS into its SET 
(“ 1”) state, and the transistor TRl is thereby switched 
into its saturated state to reset the ampli?er A4. 
A transistor TR2 is also switched off when the bista 

ble circuit changes to its SET (“1”) state. This stops 
current ?ow into the integrating ampli?er A7 and thus 
stops the integration of VB. Transistors TRl and TR2 
remain in these conditions until the bistable circuit BS 
is later RESET by a pulse from a monostable circuit 
MS2. When this occurs a new integration is com 
menced. 
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As an integration of V, proceeds in the integrating 
ampli?er A7, the output of the integrating ampli?er A7 
goes increasingly negative until the input current is cut 
off at TR2, that is, when the bistable circuit BS is in its 
SET (“1”) state as a result of the level detector 30 
being triggered. Thus, the time for which the integrator 
is allowed to run is determined by the operation of the 
bistable circuit and has been seen to be proportional to 
V,,/ VA. 
When the bistable circuit goes intovits SET state at 

the end of the integration, it applies a leading edge sig 
nal to a monostable circuit MSl, which in its turn 
switches on a transistor TR4. The ?nal output potential 
(V0 = VM) of the integrating ampli?er A7 is thus ap~ 
plied to a storage condenser C3. The allowed time for 
this read-out operation is determined by the time con 
stant of the monostable circuit MSI. When MSl re 
verts to its stable (“0”) state, the transistor TR4 is 
switched off, and a monostable circuit M82 is triggered 
to its SET (“ 1”) state. This switches on transistor TR3 
for a time determined by the time constant of the 
monostable circuit M82, the second integrator thus 
being reset to give 0 volts at the output of A7. When 
the monostable circuit MS2 reverts to its stable state, 
it applies a potential edge to reset the bistable circuit 
BS, and the whole cycle is repeated continuously. 
The output potential which is stored by capacitor C3 

is applied to the input of the ‘differential operational 
ampli?er A8, which is connected in such a manner to 
constitute a unity gain, non-inverting follower circuit 
with very high input impedance. Thus, capacitor C3 
does not discharge signi?cantly during the time of an 
integration, and low impeda'nces may be driven from 
the low output impedance of the operational ampli?er 
A8. - 

Temperature compensation in the squaring circuit 
can be provided by including a temperature sensitive 
resistor Rla, Rlb having a very low temperature coef? 
cient and being a much larger resistance than Rla. 
The operation of the squaring circuit can be analyzed 

as follows: , 

Let V, = output potential of the ampli?er A4 with re 
spect to 0 volts at time t, point 0 being a virtual 
earth point 

I = input current through ‘Rla + Rlb = R1 
Since the output of ampli?er A4 is at 0 volts at the 
commencement of the integration 

But I = potential across R1/R, = "VA/R1 
Hence V, = VA't/R1C1 (1) 

But V, = VB when t= T 
VB : V4'T/R1'C] 
T: VB/VA 'Ri'cr (2) 

Let V0 = output potential of A7 with'respect to zero 
volts at time I, point X being a virtual earth point 

R’ = total input resistance to A7 
Then VO= VB-t/R"C2 (as for V1 in (1) above) 
Therefore, at time T: , 

V0 : VB'TIRI‘CZ (3) 

Substitute for T from (2) in (3) 
Hence V3/R"C2 ‘ VB/VA ' Rl'Cl : Rl' Cl/R'Cg ' 

VB2/VA ‘ 

V0 = k'VBz/VA where k is a constant 
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and equals Rl'C,/R"C2 
The squaring circuit just described has been found to 

be capable of operating within range of error as low as 
0.01 percent at a full scale output of 10 volts, with max 
imum error at reduced outputs between full scale and 
10 percent of full scale being approximately 1 3mV 
and with an operating time for a squaring action of 1 
millisecond. The circuit is therefore much more accu 
rate than other known squaring or multiplying circuits 
the accuracies of which are in general limited to about 
0.1 percent of full scale output unless large voltages, 
e.g., of the order of 100 volts, are employed. In a tran 
sistorized system such large voltages would often be ex 
cessive. 
The voltage VMa VB2/ V derived in the circuit of FIG. 

2 or FIG. 3 gives from instant to instant an indication 
of the mass of the ions which are being intercepted by 
the collector electrode 15 (FIG. 1). Although one 
could apply the output voltage VM and the output from 
the collector electrode 15 to some device such as a 
computer to obtain a mass analysis, in practice it is very 
expensive to provide analogue-digital peripheral equip 
ment which can deal with the two very rapidly varying 
voltages in an on-line manner to feed a digital com 
puter. The apparatus of FIG. 4 is therefore used to pro 
vide marker pulses which accurately indicate certain 
masses as ions of those masses are being collected by 
the collector electrode 15. - 

Referring now to FIG. 4, which is designed for a de 
creasing mass scan, the function of this circuit is to pro 
vide an output pulse on an output lead 61 as the voltage 
VM (representing the mass instantaneously being mea— 
sured by the collector-electrode (15) passes each ?fth 
mass number. The circuit is centered on a difference 
ampli?er 63, which constitutes a signal comparator and 
in the preferred embodiment shown is a high gain oper 
ational ampli?er with an input noise and drift better 
than SOuV for 1 in 104 accuracy at mass 50. The gain 
of the difference ampli?er 63 is arranged 'to be 100 by 
the provision of a feedback loop having for example a 
resistance 64 of 1.5 megohms. With the resistance 64 
at this value, a pair of ampli?er input resistors R5 and 
R6 are of 15 kilohms each. The voltage VM is applied 
as a ‘negative voltage to the difference ampli?er 63 
throughthe resistor R5, and the second input V, to the 
difference ampli?er 63 is applied through a unity gain, 
high input impedance ampli?er A9 from a digital po 
tentiometer 69. ~ ~ 

The digital potentiometer 69 consists of a series 
chain of nineteen resistors,‘ designated by numerals 
RAl-Rll, RAZ-RIZ, and RJ respectively, connected in 
that order with the outer end of resistor R] connected 
to ground and the outer end of resistor RAl connected 
to an accurately maintained source of about + 10 volts. 
Of these resistors, the resistors RAl, RAZ and RJ have 
a resistance of 0.5R ohms, resistors RBI, RB2, RDl 
and RD2 have a resistance of IR ohms, resistors RC1 
and RC2 have a resistance of 2R ohms, resistors RBI 
and RE2 have a resistance of SR ohms, resistors RFl, 
RF2, RHI and RHZ have a resistance of 10R ohms, re 
sistors RG1 and RG2 have a resistance of 20R ohms, 
and resistors RI] and R12 have a resistance of 50R 
ohms, where R is a constant chosen such that the po 
tentiometer will not be signi?cantly loaded by the input 
impedance of the ampli?er A9: R may for'example be 
10 ohms. 
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With the exception of the resistor R], each resistor is 
shunted by a switch having the same reference as the 
resistor but with the pre?x R replaced by S e.g., resistor 
RAl is shunted by Switch SAl. Each of these switches 
is a mercury wetted reed switch having an associated 5 
operating coil which again has the same reference but 
with C as its pre?x letter. The operating coils CAI-Cll 
for switches SAl-Sll are energized in the RESET 
(“0”) conditions of bistable circuits BA-BI respec 
tively. Coils CA2-CI2 for switches SA2-SI2 are respec 
tively energized by the inverted outputs of the bistable 
circuits BA-BI, that is, in their SET (“1”) conditions. 
Thus with the bistable circuits all in their RESET (“0”) 
conditions, switches SAl-Sll are closed and switches 
SA2-Sl2 are open, this being the condition illustrated. 

The bistable circuits BA-BI are so interconnected 
that pulses applied to an input lead 79, being also the 
pulses fed out on the lead 61, cause the switches SAL-~ 
SA2 to be opened and closed according to a predeter 
mined sequence to produce in a potentiometer output 
lead 81, which is connected from the junction of resis 
tors RH and RA2, a step-wise varying voltage. In the 
particular arrangement shown, the bistable circuits 
BA-BI are interconnected as a cyclic counter compris 
ing a division-by-two section (BAA) followed by two 
decadic binary sections (BB-BE) and (BF-BI). Each 
bistable circuit alternates between its “ l ” and “0” 
conditions in response to successive input pulses deliv 
ered to it (except in the case of BAD on successive re 
versions of the immediately preceding bistable circuit 
to its “0” condition. The following tables set out the re 
sulting sequential operation of the switches. In these 
tables the “0” state corresponds to the ?rst switch of 
the pair, e.g., the SCI switch, being closed, and the “l 
” state corresponds to the second switch of the pair, 
e.g., the 5C2 switch, being closed. It will be seen from 
the tables that the first two sections behave as a binary 
counter except that at a count of 8 a feedback connec 
tion is arranged to step the (0 0 0 l 0) state to a (0 l 
l l 0) state, and that at a count of 18 the (0 0 0 l 1) 
state is stepped to (0 l 1 l l ). In the second decade sec 
tion similar stepping takes place at counts of 40 and 90. 

20 

25 

35 

40 

Output 45 

Pulse 
SAl/Z SBl/2 SCI/2 SDI/2 SEl/2 Volts 

00 0 O 0 0 O 10.00 
01 l 0 0 0 0 9.95 
02 0 l 0 0 0 9.90 
03 l l O 0 0 9.85 
04 o o 1 0 0 9.80 50 
05 l 0 l 0 0 9.75 
06 0 l l 0 0 9.70 
07 l l l O O 9.65 
08 0 0 _0, l 0 xxxx 
stepsto 0 l l l 0 9.60 
09 l 1 l l 0 9.55 
10 0 o 0 0 1 9.50 55 
ll 1 0 0 0 l 9.45 
12 0 l 0 0 l 9.40 
13 l l 0 0 l 9.35 
14 0 0 l 0 l 9.30 
15 l 0 l 0 l 9.25 
16 l I l 0 l 9.20 
17 l l l O l 9.15 6O 
18 0 0 0 l l xxxx 

slepsto 0 l l l l 9.10 
19 l l l l l 9.05 
20 0 0 O 0 0 9.00 

. . . . . 65 

These sections now having returned to their original 
state, they will commence a similar cycle, and will con 
tinue to recycle every 20 input pulses. At the 20th 

12 
pulse, i.e., on returning to the (0 0 0 0 0) state, a carry 
pulse is passed to the second decade section. 

Carry Pulse 
pulse No. SFl/Z 561/2 SI-Il/Z SIl/2 Output 
0 000 0 0 0 _ 0 10.00 
1 020 l 0 0 0 9.00 
2 040 0 l 0 O 8.00 
3 060 1 l 0 0 7.00 
4 080 0 O l 0 xxxx 
steps to 080 l l l 0 6.00 
5 100 0 0 0 l 5.00 
6 120 l 0 0 l 4.00 
7 140 0 l 0 l 3.00 
8 160 l l 0 l 2.00 
9 180 0 0 l l xxxx 
steps to 180 l l l l 1.00 
10 200 O 0 0 0 xxxx 

This section has now returned to its original state. 
It will be seen that throughout the complete cycle the 

total effective resistance of the potentiometer 69 re 
mains constant, facilitating the task of keeping the sup 
ply voltage to it steady. It can also be seen that the volt 
age of the output lead 81 relative to ground is de 
creased from an initial 10 volts in steps of 0.05 volt 
down to a minimum value of 0.05 volt. 
The potentiometer 69 is provided with a reset switch 

. RS which, when closed, resets all the bistable circuits 
to their “0” states. 
The output from the difference ampli?er 63, repre 

senting the decreasing difference between VM and VP 
from instant to instant during a scan, is applied to a 
level detector 85 which preferably is a high gain, low 
drift d.c. ampli?er, being similar to the level detector 
A6 in the squaring circuit 27 in FIG. 3. It gives an out 
put pulse only when the output of the difference ampli 
?er 63 goes through the preset triggering level of the 
level detector 85, which in this case is 0 volts. The dif 
ference ampli?er 63 and the level detector 85 both 
have a sign inverting action. Consequently with V” and 
VP applied respectively as negative and positive ampli 
tudes, and with VP always representing a future value 
of VM because of the repeated stepping of VP to pro 
gressively lower values, the output from the difference 
ampli?er 63 will be positive and decreasing, and the 
level detector 85 will be producing a negative output 
clamped to a level of, say, —3 volts. When the output 
from the difference ampli?er 63 goes through zero, the 
output from the level detector 85 abruptly changes to 
a positive value and the pulse edge represented by this 
positive-going change is sharpened up and inverted by 
a pulse-shaping circuit PS1. The pulse-shaping circuit 
PSi accordingly changes one input of an AND gate 75 
from a positive potential to a negative gate-opening po 
tential. During normal operation, a switch 73 is apply 
ing a negative potential also to the second input of the 
AND gate 75, which in response to the coincident ap 
plication of these two negative input potentials feeds an 
output pulse by way of a second pulse-shaping circuit 
PS 2 to a monostable circuit MS3. This changes the 
monostable circuit MS3 to its unstable state and in 
doing so causes a pulse to be sent out over the lead 61. 
The pulse also passes over the lead 79 to step the digital 
potentiometer 69 to its next setting as previously de 
scribed, thereby reducing the reference potential Vp by 
0.05 volts. Any pulses that may be produced from the 
level detector 85 while the potentiometer 69 is settling 
down in its new setting are prevented from producing 
a pulse on the output lead 61 because of the presence 
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of the monostable circuit MS3, which cannot again re 
spond until it has returned to its stable condition. 
Thereafter, the action is repeated as VM continues its 
decrease towards the new value of VP. As a result of 
this repeated action, a pulse is obtained on the output 
lead 61 at intervals of 0.05 volts in the decreasing value 
of VM and these pulses are used in the mass spectrome 
ter output recorder (FIG. 1) to produce markings on 
the record at corresponding intervals each representing 
5 mass numbers. 
The voltage V”, in the manner described above, pro 

vides an accurate indication of the massnumber of the 
ions reaching the collector electrode 15 from instant to 
instant during a scan. However, the starting point in the 
scanning of the mass spectrum will depend upon the 
values of the current in the electromagnet coil 1 1C and 
the voltage applied to the ion source, and is not exactly 
predictable. In order to set the apparatus up at the start 
of a scan, the RESET switch is operated and puts the‘ 
digital potentiometer 69 into the condition shown in 
FIG. 4, i.e., giving its maximum output of +10 volts. 
The other input to the difference ampli?er 63 can only 
be a voltage less than this ( the maximum value of VM 
also being 10) and so the output of the difference am 
pli?er 63 will be at a negative potential with‘ respect to 
ground. Thus, the output of the level detector 85 will 
be positive, the input to the AND gate 75 from the 
pulse-shaping circuit PS1 will be negative, and‘ the 
AND gate 75 will be opened. If the switch 73 is 
changed over a series of clock pulses will be applied 
from a free-running multivibrator 70 to the opened 
gate 75 and will cause stepping of the digital potenti 
ometer 69 until equality has been reached in the two 
inputs to the difference ampli?er 63. When this point 
is reached, the level detector 85 will invert its output 
and, by removing the negative input to the AND gate 
75 will render the AND gate 75 ineffective so that no 
more clock pulses will reach the digital potentiometer 
69 and it will remain in the setting which it has then 
reached. 7 ' 

This initial setting will usually take place in‘ a very 
short space of time, and the operator can then restore 
the switch 73 to isolate the clock multivibrator 70, 
which serves no further function. The scanning action 
can then be initiated, withv VM correspondingly decreas 
ing from its initial‘value. . v 

To calibrate when using the FIG. 2 arrangement for 
providing the mass indicating voltage VM, the magnetic 
?eld of the mass spectrometer is adjusted so that the 
prominent peak at mass number =502 in‘ a reference 
sample of heptacosa?uorotributylamine is tuned in at 
thecollector electrode 15 of the mass spectrometer, 
and the'variable resistor VR2 (in FIG. 2‘) is set so that 
a display connected to the mass marker unit (FIG. 4) 
indicates 502. It is now certain that during a future 
analysis when the mass number scanned is 502 a 
marker pulse will be produced, and furthermore that in 
each direction from this marker pulse other marker 
pulses will be produced at accurately known mass num 
ber intervals of 5. v 

In using the arrangement of FIG. 3, the integrator cir 
cuit 26 is initially set up as follows. With the switch S3 
connected to ground, an input of 0 volts is applied to 
the integrating, ampli?er A1 and the variable resistor 
VR2 is then adjusted‘to eliminate any drift of the ampli 
?er output from zero. A suitable potential is then set up 
across the capacitor C1 by changing the switch S3 to 
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its intermediate position and the variable resistor VR3 
is adjusted until there is again zero drift. The squaring 
circuit 27 is set up by ?rst putting the switch S2 into its 
position 2. This sets the output of the digital potentiom 
eter 69 to its maximum 10 volts and applies this output 
over the lead 69' to the input of the squaring circuit 27. 
With VA constant, the output of the squaring circuit 27 
should then be 10 volts (— 0.1 X 102). The input and 
output voltages are compared through equal resistance 
e.g., of 100 kilohms each and the overall gain is ad 
justed by means of the variable resistor VR6 until these 
voltages are equal as indicated by a null on a meter 
M2. The switch S2 is then changed to its position 3 to 
set the digital potentiometer output to 2 volts (= 20 
percent full scale) and apply it to the squaring circuit 
27. This should give an output of 0.4 volts so that in 
comparing the output with the input through a 20K re 
sistor and 100K resistor respectively a compensating 
adjustment can be made on a zero control member (not _ 
shown) in ampli?er A8 until the meter M2 again reads 
zero. A check at an intermediate input voltage of 7 
volts can be made with switch S2 in position 4. 
To calibrate the apparatus after it has been set up as 

described, an analysis is performed on a reference sub 
stance and a speci?ed peak is tuned in, e.g., the 502 
peak of heptacosa?uorotributylamine. The output 
from the integrating ampli?er A1 is zeroed by short cir 
cuiting the capacitor C1 by switchv S3’ and the calibrat 
ing potentiometer VRl is adjusted until the marker 
output corresponds to mass number 502. Switches S3 
and S2 have previously been restored to their No. l po 
sitions, and the switch S3’ has to be re-‘opened before 
a scan is commenced. 
Switch S3’ is re-opened and the magnetic ?eld is re 

adjusted to tune in another prominent peak in the ref 
erence sample spectrum, e.g., the 69 peak of hep 
tacosa?uorotributylamine. The display system attached 
to the mass marker unit should now read 69. Any dis 
crepancyv can be corrected by suitably adjusting vari 
able resistor VRS in the integrator circuit 26 and re 
peating scans from mass number 502 to 69 until correct 
readings are obtained. > . 

If, due to small drifts in the integrator circuit 26, it is 
occasionally necessary to reset the integrator circuit 
26, this can be done by retuning the 502 peak on the 
collector electrode 15, then shorting out. the integrator 
capacitor C l for a few seconds, and adjusting the ‘vari 
able resistor VRl .to give a reading of ‘502 on'the dis 
play system. . ' _ ‘ , 

While the operation has been described in respect to 
decreasing ?eld scan, similar arrangements could be 
used for increasing ?eld scanning. The sequence 
switching of the digital potentiometer would have to be 
reversed and appropriate modi?cations made in other 
parts of the circuits to cater for reversed polarity of cer 
tain of the voltages. It is further contemplated ‘that ap 
paratus capable of being switched to deal alternatively 
with increasing or decreasing scans could be provided. 

In order to facilitate reading of the marks produced 
on the recorder, provision can be made for each n‘“ 
mark to be made more prominent than the others. The 
counting action performed by the bistable elements of 
the digital potentiometer 69 can be utilized for this pur 
pose. For instance, in order to produce a more promi 
nent mark at each twentieth mass number, a lead 61?’ 
may, as shown, be connected to the “0” side of an addi 
tional bistable element driven from the “0” side of ele 
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ment BA to produce an output pulse on that lead on 
each fourth pulse which appears on leads 61 and 79. In 
the case of a galvanometer recorder, for instance, this 
output pulse on lead 61’ could switch on a transistor in 
parallel with another transistor switch on by each pulse 
on lead 61 and feeding current to the galvanometer 
coil. 
Although the invention has been described in its pre 

ferred form with a certain degree of particularity, it is 
understood that the present disclosure of the preferred 
form has been made only by way of example and that 
numerous changes in the details of construction and 
the combination and arrangement of parts may be re 
sorted to without departing from the spirit and the 
scope of the invention as hereinafter claimed. 

1 claim: 
1. In combination with a mass spectrometer system 

including an ion source utilizing an ion accelerating 
voltage for producing a beam of ions and passing said 
beam into an ion tube, a magnetic analyzer for generat 
ing a ?ux ?eld to differentially de?ect ions in the ion 
beam in said ion tube according to the mass numbers 
of said ions, and ion detector means for detecting ions 
so de?ected, the improvement comprising: 

a. a stationary magnetic ?ux detection coil at least 
partially surrounding said ion tube and located in 
the magnetic analyzer ?ux ?eld for producing an 
output responsive and proportional to variations 
from an initial value in the magnetic ?ux density in 
the magnetic analyzer; 

b. an integrating circuit connected to receive the out 
put from the magnetic flux detection coil, said inte~ 
grating circuit comprising an integrating amplifier 
having an integrating capacitor, means for counter 
acting drift in said ampli?er by injection of a vari 
able compensating input, and means for counter 
acting the effects of leakage in said capacitor by in 
jecting into it a replenishing current substantially 
equal and opposite to any leakage current, said in 
tegrating circuit producing an integrated output in 
dicative of variations in said magnetic flux density. 

2. The system of claim 1, wherein the means for pro 
viding said replenishing current is an inverting ampli 
?er connected to receive the output voltage of the inte 
grating ampli?er as its input and a variable potential di 
vider connected to the output of the inverting ampli?er 
for feeding a proportional current into the integrating 
capacitor opposite to’ the direction of leakage current 
therein. 

3. The system of claim 1, wherein said detection coil 
rests saddle-fashion on said ion tube. 

4. The system of claim 1, wherein the improvement 
further comprises a multiplier and divider circuit con 
nected to receive the ouput from saidv integrating cir 
cuit, said multiplier and divider circuit producing an 
output; and a marker circuit connected to receive the 
output from said multiplier and divider circuit, said 
marker circuit being adapted to produce output pulses 
at intervals corresponding to mass number differences 
of a predetermined number of units of mass as the out 
put from the multiplier and divider circuit passes 
through predetermined values. 

5. The system of claim 4, wherein said predetermined 
number is ?ve. ' 

6. The system of claim 4, wherein said marker circuit 
comprises: 
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a. a signal comparator connected to receive the ?rst 

input and as a second input a reference signal 
stepped to a future value of the ?rst input each 
time the ?rst input reaches a predetermined rela 
tionship with the reference signal; 

b. means for producing a pulse consequent upon de 
tection of said relationship by the signal compara 
tor; and 

0. means for stepping the value of the reference sig 
nal by a predetermined amount to a future value of 
the ?rst input consequent upon said detection. 

7. The system of claim 6, wherein the signal compar 
ator comprises a high gain operational ampli?er pro 
vided with a negative feedback loop degrading the 
overall ampli?cation of the ampli?er to a fraction of 
the gain of the ampli?er without feedback. 

8. The system of claim 6, wherein the means for step 
ping the value of the reference signal comprises a digi 
tal potentiometer including a series chain of resistance 
elements each individually shunted by a separably op 
erable switch, a reference signal output connection 
connected to an intermediate point in said chain, and 
means responsive to successive detections of said rela 
tionship for operating the switches in a predetermined 
sequence such that the total resistance between the 
ends of the chain remains constant but the distribution 
of this total resistance on opposite sides of the interme 
diate point is varied in a step—wise manner according to 
the required stepping of the reference signal. 

9. The system of claim 8, in which the means for op 
erating the switches includes a chain of bistable ele 
ments each controlling a pair of the switches, the 
switches of each pair controlling the switching of equal 
resistance elements which are respectively on opposite 
sides of the intermediate point and are alternatively op 
erable as the bistable element for controlling the pair 
is in one or the other of its two stable states, and the se 
ries chain of resistance elements is being connected to 
receive stepping pulses concomitantly with the produc 
tion of the marker pulses. 

- 10. The system of claim 8, wherein the resistance ele 
ments in the series chain are so chosen in their relative 
resistance values having regard to the switching se 
quence that successive step changes of the reference 
signal'are of equal magnitude. . 

11. The system of claim 8, including further switch 
ingmeans for setting the switches to at least one prede 
termined combination of operated and unoperated 
conditions thereof, thereby to produce ,the reference 
signal with a correspondingly predetermined value. 

12. The system of claim 4, wherein said multiplier 
and divider circuit operates on quantities respectively 
represented by X, Y and Z voltages to provide a V0 
output signal, said X and Z voltages being mutually 
equal and proportional to said output of said integrat 
ing circuit, said Y voltage being proportional to said ion 
accelerating voltage utilized in said ion source, said cir 
cuit comprising: 

a. ?rst circuit means for receiving said X and Y volt 
ages and providing a T signal having a time dura 
tion substantially proportional to said X voltage, 
and substantially inversely proportional to said Y 
voltage; 

b. second circuit means for receiving said Z voltage 
and said T signal and providing a Z” signal having 
a rate of change substantially proportional to said 
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Z voltage and a time duration the same as said T 
signal; and 

0. output storage means for receiving and storing said 
ZRT signal at the termination of said T signal to pro 
vide said V0 output signal, which is substantially 
proportional to XZ/Y. 

13. The system of claim 12, further including means 
in said ?rst circuit means for receiving an X voltage and 
providing an X" signal having a rate of change substan 
tially proportional to said Y voltage, and means for pro 
viding said T signal having a time duration substantially 
proportional to X/Y whereby said V0 output signal is 
substantially proportional to XZY/Y. 

14. The system of claim 12, wherein said ?rst circuit 
means comprises a ?rst integrator, a summing opera 
tional ampli?er, and a level detector for providing said 
T signal. 

15. The system of claim 12, wherein said second cir~ 
cuit means comprises a second integrator. 

16. The system of claim 12, wherein said ?rst circuit 
means comprises a ?rst integrator, a summing opera 
tional ampli?er, and a level detector, and said second 
circuit means comprises a second integrator. 

17. The system of claim 16, further including control 
means responsive to an output of said level detector to 
control said ?rst and second integrators and said output 
storage means. ' 

18. The system of claim 13, wherein said ?rst circuit 
means comprises a ?rst integrator, a summing opera 
tional ampli?er, and a level detector for providing's'aid 
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T signal. 

19. The system of claim 13, wherein said second cir 
cuit means comprises a second integrator. 
20. The system of claim 13, wherein said ?rst circuit 

means comprises a ?rst integrator, a summing opera 
tional ampli?er, and a level detector, and said second 
circuit means comprises a second integrator. 
21. The system of claim 20, further including control 

means responsive to an output of said level detector to 
control said ?rst and second integrators and said output 
storage means. 

22. The system of claim 4 wherein said multiplier and 
divider circuit comprises: , 

a. a ?rst integrating ampli?er connected to receive a 
modifying voltage as a ?rst input; 

b. means for combining an output from the integrat 
ing ampli?er with a second input in a manner as to 

» produce a resultant signal tending toward zero as 
the integration of the modifying signal proceeds; 

c. a second integrating ampli?er connected to re 
ceive a signal proportional to the second input; 

d. means responsive to said resultant signal becoming 
zero for applying to an output storage element a 
signal proportional to the integration level reached 
by the second integration ampli?er; and 

e. means for restarting the ?rst and second integrat 
ing ampli?ers in a manner that the integrating ac 
tions of the integrating ampli?ers are recurrently 
repeated. 

=1‘ * * * * 


