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This invention has to do with improvements in
voltage sensing circuits for controlling operation
of an interconnected system responsive to the
magnitude of voltage signals fed to the sensing
circuit. This application is a continuation-in-
part of my co-pending application S. N. 182,691,
filed September 1, 1950, and now abandoned.

One important application of a circuit of the
type herein described is as an anticipator or auto-
matic attenuator circuit for a mass spectrometer.
The following description is based on this type of
application with no intention of limiting the in-
vention which is adapted to the control of any
interrelated apparatus based on the magnitude of
an input signal.

The principle of mass spectrometry is in gen-
eral one of ionizing a sample to be analyzed, as
by an electron beam, segregating ions in accord-
ance with their mass-to-charge ratio by inducing
spatial separation thereof, and selectively dis-
charging, as at a collector electrode, ions of a
given mass-to-charge ratio. The current devel-
oped by discharge of a group or beam of ions of
the same mass-to-charge ratio is proportional to
the partial pressure of the particles in the original
sample from which these particular jons were
derived. Hence, a method is afforded for cal-
culating the concentration of these molecules in
the sample.

Tn analyzing a sample for more than one com-
ponent, the segregated ion beams constituting a
part or all of the mass speetrum of the particular
sample are successively focused on the collector
clectrode so that a plurality of separate discharge
currents are obtained, each being proportional to
the number of ions in a particular beam. The
mass spectrum is scanned in this fashion by vary-
ing one or more of the parameters affecting the
spatial separation between ions of differing mass-
to-charge ratio.

The currents produced by ion discharge are
generally converted to appropriate voltages across
a dropping resistor, the voltages are amplified,
and the amplified signals are recorded on either
a multichannel recorder such as an oscillograph
or on a single channel recorder such as a pen
and ink recorder. The recorded signals appear
as separate peaks on the record with each peak
representing ions of a different given mass-to-
charge ratio, the recorded trace returning to
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Because of the wide differences in the number
of ions which may be encountered in different
beams as a result of wide concentration spreads
in the original sample, it is necessary, when using
a single channel recorder, to provide means for
varying the sensitivity of the recorder so as to
adapt it to this wide variation in ion abundance.
If such provision is not made, the less abundant
ions of a given spectrum will not develop a peak
of sufficient height on a record having a full
scale sensitivity such as to accommodate the most
abundant ions. This principle has been recog-
nized in the prior art, and various so-called
anticipator circuits have been suggested for an-
ticipating the ion abundance in successive beams
of the spectrum and suitably adjusting the sen-
sitivity of the recorder in advance of each sepa-
rate peak.

In general, these anticipator circuits employ
a double collector system in the analyzer tube
of the mass spectrometer. The two ion targets
are so arranged that a so-called auxiliary or
anticipator target receives the full ion current
signal in advance of the collector target. The
anticipator signal is amplified and fed into a cal-
culating device which selects the optimum at-
tenuation range to be used in recording the data
when the same signal arrives -at the collector
target. The information as to the proper at-
tenuation range is delivered from the calculator
to the main recording channel at a preselected
time intermediate the recording of succeeding
peaks. Automatic selector switches are provided
in the main channel operative responsive to the
information supplied thereto from the calculator
to establish the proper attenuation level. A re-
cording amplifier including manually operated
attenuation selector switches is described and
llustrated in my co-pending application Serial
No. 82,337, filed March 19, 1949, and the improved
anticipator circuit described herein is well suited
to function in conjunction with the recording
amplifier described in said application.

In general a recording amplifier produces move-

ment of the tap of a balancing potentiometer
responsive to and in proportion to the magnitude

of the input signal. The amplifier and poten-
tiometer are included in a null network so that
the balance position of the potentiometer gives
a measure of the input signal. A pen or other
recording means is connected to record the ex-
cursions of the potentiometer slider. By varying
the full scale voltage across the potentiomeier
slidewire, the sensitivity of the network can be
varied in inverse ratio. The anticipator circuit




2,829,056

3

of the instant invention is designed to automatic-
ally vary this full scale voltage in response to
the intensity of an ion beam sensed in advance
of the time that this beam is focused on the col-
lector electrode. Mass spectrometry is not lim-
ited in any sense to poteniometric recording, such
recording being described herein in conjunction
with the circuifry of the present inventon only
as illustrative of one typical application.

I have now developed a simplified voltage sen-
sitive circuit of greater reliability and greater
flexibility than those disclosed in the prior art,
and ideally suited for use as an anticipator circuit
in mass spectrometry The greater reliability of
the circuit of the invention is due in part to the
provision of protective devices p1event1no acci-
dental loss of the information stored in the cal-
culator prior to its transfer to the recording chan-
nel and to protect against premature transfer of
this information. The system of the present in-
vention is made repetitive so that after transfer
oi the desired information to the recording chan-
nel and attenuation thereof, the calculator will
be reset to await the next signal. )
~ Accordingly, in one aspeet the invention con-
templates in a mass spectrometer having a source
of ions, means for segregating the ions in ac-
cordance with their mass-to-charge ratio, a col-
lector electrode, means for sucecessively focus-
ing ions of differing mass-to-charge ratio on
the collector electrode, and a variable range
recording amplifier, the combination comprising
an anticipator electrode positioned to receive ions
in advance of the coliector electrode, a stepping
relay circuit, means connected between the an-
ticipator electrode and the stepping relay circuit
to energize and set the latter in proportion to
the current developed at the anticipator elec-
trode, means operable responsive to the setting
of the stepping relay circuit to vary the sensi-
tivity range of the recording amplifier and as a
function of the setting of the stepping relay
circuit, and means operable to reset the stepping
relay circuit.

The invention comprises the combination set
forth above as well as improvements in various
elements of the combination. In accordance with
the invention the means connected between the
anticipator electrode and the stepping relay cir-
cuit to energize and set the latter, comprises an
amplifier of new and improved design which
is adapted to receive the minute currents from
the anticipator electrode and convert these to
an equivalent mechanical shaft rotation pro-
portional to the square of the magnitude of the
input current. The means for transferring elec-
trical to mechanical energy is thought to consti~
tute an improvement over any prior art de-
vices. The equivalent mechanical shaft rotation
may be utilized for any control or regulatory pur-
pose, regulation of the sensitivity of a mass
spectrometer recorder being only one of innu-
merable applications of this type.

The stepping relay circuit for reasons of econ-
omy is preferably a stepping relay, although a
number of parallel connected individual relays:
may be employed to accomplish the same func-
tion.

The invention will be more clearly understood
by reference to the following detailed description
taken in conjunction with the accompanying
drawings wherein:

Pig. 1 is a schematic diagram of a conven-
tional 180° mass spectrometer provided with the
usual collector electrode and an anticipator elec~
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4
trode for adapting the mass spectrompter to the
circuit of the invention;

Fig. 2 is a series of graphs showing the nature
of the signals developed by varicus elements of
the anticipator circuit;

Fig. 3 is a block diagram of the anticipator
circuit of the invention and its relationship to the
recording amplifier;

Fig. 4 is 3 more detailed circuit diagram of the
anticipator network of the invention:

Fig. B is a circuit diagram of the anticipator
amplifier which constitutes one element of the
circuit of Pig, 4

Fig. § is a.plan view of a specially designed
selector switch forming a component part of the
anticipator circuit;

Pig. 7 is a section taken on the line T—7T of
Fig. 6;

Fig. 8 is an enlarged section taken on the line
8—8 of Pig. 6;

Fig. 9 is a diagram of a coding device includ-
ing an auxiliary pen for marking the record in
the region of each ion peak to identify the atten-
uvation range at which the peak was recorded;
and

TMig. 10 shows the code developed by the sys-
tem of Fig. 9.

As might be expected, the conditions for suc-

cessiul operation of the present aniicipation sys-
tﬂm are dependent in part upon the characteris-
tics of the collector systemn in the mass spec-
trometer itself. Fig. 1 is a diagram of a con-
ventional 180° analyzer type mass spectrometer
with a collector system in accordance with the
invention. The diagram shows an analyzer tube
i§ provided at one end with an ion source 2.
Tons are produced in the ion source by an elec-
tron beam 13 developed at an electron gun 14
and directed against an electron target 5. An
accelerating electrode {6 intermediate the source
{2 and an inlet slit 18 in the analyzer tube pro-
pels ions from the source as a heterogeneous
beam A into the analyzer tube. Tn the analyzer
tube under the influence of a transverse magnetic
field established by conventional means (not
shown), the heterogeneous ion beam A is broken
into & plurality of separate bheams A1, As, As, the
ions of each beam being of the same mass-to-
charge ratic differing from the mass-to-charge
ratio of the ions in the other beams. An exit slit
29 in the end of the analyzer tube |8 opposite
the ion source gives aceess to a collection system
which includes a conventional collector electrode
22, & metastable ion suppressor electrode 23,
shield electrodes 24, 25 and an anticivator tar-
get electrode 2%.

The anticipator electrode 28 is provided with

a slit 26A aligned with eéxit siit 26 in the analyzer
tube and narrower than the exit slit : 30 that ion
beams passing through the exit siit may strike
the anticipator targei 28 or ruay pass through
the slit 26A therein depending upon the focus-
ing of the beam. In the illustration, the ion
beam A: is focused through the exit slit and
through the slit 26A in the anticipator tarzet to
strike the collector electrode. The adjacent ion
beam Az is likewise focused through the exit slit
28 but strikes the anticipator target while the
ion beam As is not focused on the exit siit 20 and
discharges on the walls of the analyzer tube. In
scanning the spectrum, which in this instance

‘comprises the three ion beams Ai, As, As, the

beams are shifted to the left with respect to the
exit slit 20 so that the beam A: will shift out of
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focus with respect to the exit slit 20 while the
beam Az will focus on the slit 26A in the antici-
pator target and at the same time the beam Az
will focus through the exit slit onto the antici-
pator target.

The exit slit 20 is made just wide enough to
receive adjacent masses while the slit 26A in
the target electrode is narrow enough to resolve
between adjacent masses, these relationships be-
ing maintained for the highest mass range to be
encountered in any sgiven instrument. Thus,
it is conventional to design a mass spectrometer
10 analyze materials within a given mass range
and in the present instance the exit slit and slit
in the anticipator electrode are proportioned as
described and with respect to the highest ion
masses to be encountered in the particular in-
strument in which they are employed. Spatial
separation between adjacent ion masses is a func-
tion of the reciprocal of the ion mass so that
resolution of high mass ions automatically in-
sures resolution of lower mass ions.

The signals received at the anticipator target
2§ and the collector electrode 22 are shown in
curves D and E of Fig. 2 in which time is increas-

ing from left to right. These two curves clearly -

show that when a portion of the ion beam passes
through the slit in the anticipator target it is
collected by the main target; the signal A; in
curve E lying intermediate, from a time stand-
point, the sighals Ar and A2 of curve D. Thus
the signals received by both targets are the same
with the collector signal lagging the anticipator
signal. This means that by the time the main
channel recorder has started to record a peak
respousive to the discharge of ions of a given
mass at the collector electrode, the crest of that
same peak must, of necessity, have passed the
anticipator target. In the drawing it is clear
that before the peak A1 received at the collector
electrode can be recorded, the same peak Ai as
shown in curve D will already have passed the
anticipator target. This characteristic of the col-
iector system insures that the top of the peak
has reached the anticipator target and that no
further signal increases will occur in the antici~
pator channel until the next peak arrives.

As mentioned above, another characteristic of
the collector system which is important to the
functioning of the present invention is that all
peaks return substantially to zero or to a base
level before the arrival of the next peak. This
is insured by proper dimensioning of the slit sys-
tern so that the slit 26A in the anticipator elec-
trode will resolve adjacent masses up to the
largest mass to be encountered, and exit slit 28
in the analyzer tube will resolve hetween alter-
nate adjacent masses so that only one mass at a
time will strike the anticipator electrode.

Fig. 3 shows a block diagram of the elements
comprising the complete automatic anticipation
system and their relationship to each other. The
system comprises an anticipator amplifier 30 con-
nected to receive a signal from the anticipator
target 28 and to convert this signal to an angular
displacement ¢ of a shaft 32 proportional to the
square of the ion current. A first cam 33 is
mounted to rotate with the shatt 32 and to actuate
2, micro-switch 34. A multiple contact selector
switch 36 is mounted with the selector arm 36A
driven by shait 32 1o successively contact contact
points identified as X3, X0, etc. The several
coutact points and the selector arm 36A are elec~
rically connected to a unidirectional stepping
relay 38 which is actuated in one direction as the
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6 :
contact arm 36A inakes contdet with éach of the
successive contact points.

Throughout the following description and in
the drawings the designations XI, X3, XIi0, etc.,
as applied to various contact points and connect~
ing leads signify that these elements are com-
ponent parts of separate circuits which are appro-
priately selected by the means hereinafter ex-
plained to control the full scale voltage across
the aforementioned balancing. potentiometer.
Thus the circuit with elements labelled X3 is
connected to automatically increase the voltage
across the potentiometer by a factor of 3 when
this circuit is suitably energized through the
anticicator network. The sensitivity of the
recording amplifier eircuit will, as a result, be
altered by the reciprocal of this factor.

‘A recording amplifier 40 is connected to receive
current from the collector electrode 22, the record-
ing amplifier being provided for this use with
a pen operated micro-~-switeh 42 and an attenua-
tor coder 46. The unidirectional stepping relay
38 is connected through the pen operated micro-
switch 42 to an attenuator selector switch 44 and
is homed with the latter so that when the circuit
is completed through the micro-switch 42 the
attenuvator selector switch 44 is set to match the
stepping relay 38. The selector switch 44 is con-
nected through an interlock lead 48 to the uni-
directional stepping relay 38 and the micro-
switch 44 is likewise connected to the relay 38,
the two operating in unison to reset the stepping
relay at the appropriate time and in a manner
hereinafter described.

The anticipator amplifier 30 receives minute
currents from the anticipator target 28, convert-
ing these currents to an equivalent rotation of
the shaft 32. The input vs. output relation of
the amplifier is given by the equation 6=kIa2
where ¢ represents the angular rotation of shaft
32, Ia is the current developed at the anticipator
target and & is a constant of proportionality.
A given rotation of shaft 32 in response to a
signal developed at the anticipator target will
cause the selector arm 36A of switch 36 to rotate
clockwise as shown in the drawing. The several
contacts identified as X3, XI0, ete., of the selec-
tor switch 36, are nonuniformly distributed
around the periphery of the switch in such a
manner that they correspond to full scale cur-
rents of the several multiplier ranges of the
recording amplifier. After the arm of the selec-
tor switch passes a given contact an electrical
circuit is completed to the stepping relay 38 caus-
ing the relay to assume a position corresponding
to the contact so energized. A mechanical lock-
ing system within the relay holds it in this new
position until electrically instructed to change.
The process repeats for each contact passed on
the “upswing” of the contact arm so that the
relay is successively set at positions correspond-
ing to X3, X18, X306, etc., of the full scale sensi-
tivity of recording amplifier 40.

Due to the unidirectional nature of the stepping
relay, it does not change position with counter-
clockwise rotation of the contact arm. Thus, if
for a given signal the contact arm 36A attains
the contact X390, the relay will pass through three
steps and will remain locked in this position even
as the contact arm 36A counter-rotates respon-
sive to a diminution of the ion current back to
the position shown in the drawing.

Pig. 4 is ' a more detailed circuit diagram of
the anticipator system showing anticipator ampli-
fier 30 connected to drive a servomotor 50 which
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in turn drives shaft 32 in the described rela-
tion to the anticipator amplifier input current
Ta. As in the block diagram of Fig. 3, the shaft
32 is connected to drive a cam 33 operating a
micro-switch 34 and to drive selector arm 36A
of the selector switch 36. The orientation of
the contacts on the selector switch 36 results in
a unigue relationship between the selector switch
and the other elements of the circuit which is
described in greater detail hereinafter and par-
ticularly with reference to Figs. 6 to 8. The
unidirectional stepping relay 38 comprises four
wafers 384, 388, 38C, 38D mounted on a com-
mon shaft and a driving solenoid 56 electrically
connected to the wafers 384, 38B by a normally
closed interpreter arm 51. The solenoid is con-
nected to be energized by a source 53 of D. C.
voltage when the ecircuit is completed through
one of wafers 384, 38B. The several contacts
®3, Xi8, etc., of the selector switch 36, are
clectrically connected to a like number of con-
tacts on the wafer 38A of the unidirectional re-
lay. These wafers are rotated by energization
of solenoid 83 responsive to electrical energy
delivered through onhe of the wafers 38A, 38B.
The wafers 38C, 38D are ganged with the wafers
324, 388 and electrically connected to the bi-
directional stepping relay 44 comprising in Fig.
4 the ganged wafers #4A, 44B, 44C and the driv-
ing solenoids 62, 83. The unidirectional antici~
pator reiay 38 thus homes the attenuator relay
4¢ when an electrical connection is made be-
tween the two. The bi-directional relay 44 com-
priges the wafer 44A which effectuates upscale
drive, the wafer 44C which effectuates down-
scale drive and wafer 44B which with wafer 38D
of relay %% constitutes an interlock. The relays
&% and 44 are homed so that an upswing in the
anticipator relay 38 produces a corresponding
upswing in the attenuator relay 44 whereby the
range of amplifier 40 is altered accordingly.

"The network shown in Fig. 4 also includes a
memory relay 54 and a panel mounted selector
switch €8.

The operation of the attenuation system is best
deseribed by tracing its response to a given set
of ion discharge signals and having reference to
Figs. 2, 8 and 4 of the drawing. Starting from
zero time (see Fig. 2) at which there is no dis-
charge signal at either the anticipator or collec-
tor targets, the condition of the circuit is as fol-
lows:

1. Zero signai at both targets, at which con-
aition the cain operated micro-switch 34 and
the pen operated micro-switch #2 are closed.
The memory relay 64 may be in either position.

2. Both stepping relays 38 and 44 are in the
X} position, this being the position of greater
sensitivity of the amplifier 40 and as shown in
g, 4.

4s scanning of the mass spectrum is com-
menced, the first result is the appearance of a
gischarge signal at the anticipator target and
responsive rotation of output shaft 32 of the
anticipator amplifier. When this signal reaches
o magnitude in the neighborhood of 5% of
full scale of the XI range, the cam operated
nijcro-switch 34 opens which affects de-energiza~-
tion of the memory relay 84. The purpose of
this inlerconnection is to prevent resetting of
the unidirectional relay 38 to Xl position dur-
ing the period when there is an appreciable sig-
nal present at the anticipator target. As ex-
plained above, energy to reset this relay orig-
inates at the source 58 and is delivered to the
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reset. wafer 388 through the manual range
selector 68 (when set in the automatic position)
and the memory relay 64.

As the anticipator amplifier output shaft con-
tinues its rotation responsive to increasing signal
at the anticipator target, the arm of the non-
linear selector switch 38 makes contact with the
X3 connection to stepping relay 3%. Since the
panel range selector 84 is in the automatic posi-
tion, voltage will appear at the X3 contact of
wafer 38A. The arm 68 of wafer 38A is there-
by energized and current flows through the nor-
mally closed interpreter arm 57 to actuate sole-
noid 56 and thence to ground. When energized,
the solenoid produces a 30° rotary motion of
all the wafers of relay 38, this being the angular
displacement of the XI{, X3, XI{0 etc., contacts.
In the last degree or so of this rotation, in-
terpreter contact 57 is broken by a built-in ec-
centric cam which de-energizes the solenoid. The
solenoid then returns to its initial position where
it is ready to receive any further impulse. As
the arm 38A of switch 35 continues its upscale
swing, it will contact points XIi0, X230, etc.,
until it reaches an attenuation setting corre-
sponding to the maximum or peak value of the
signal received at the anticipator target. HEach
time the arm passes one of the contacts on the
upswing, the wafers of reiay &8 are rotated 30°
in the above described manner.

Since a condition of no signal on the main
target has been assumed as the starting point,
the arm of wafer 88C has been energized during
the ahove described precess. 'This in turn has
energized the respective X3, X110, ete. buses of the
bi-directional stepping relay 44 as contact is
made sequentially from X{ to X38. Due to the
characteristics of wafers #4A, 44B, the solenoid
82 has been energized to bring about a setting
of each of the wafers of relay 44 in time phase
with relay 38. Since both relays are at the same
multiplier range, an interlock is established be-
tween wafers $§8D and 44B through the memory
relay, thus setting up one of the two prersquisites
for resetting relay 38.

The interlock is a protective circuit that allows
resetting of relay 28 only after relay 44 has re-
ceived and made use of the information set up
on relay 38. Due to the characteristics of the
collector systern (see Fig. 1), as soon as the
signal developed at the anticipator target re-
sponsive to discharge of a given beam begins to
decrease, it will begin to build up on the main
target. This condition is illustrated graphically
in curves D and B of @ig. 2. As the recording
pen leaves its zero or base position to record a
peak, the pen operated micro-switch 42 opens
removing the voltage from the arm of wafer
$8C. This breaks the drive connection between
relays 38 and &4 and prohibits alteration of the
setting of relay 44 while the recording amplifier
is in the process of recording a peak.

Ag the relay &4 is driven from the X1 to the X3
setting, etc. it automatically increases the full
scale voltage applied across the slidewire of the
recording pofentiometer in inecrements eccrre-
sponding to 3 times, 13 times, etc. of the mini-
mum voltage value. Each voltage increase re-
duces the full scale sensitivity correspondingly
so that the recorder is automatically set to re-
cord the incipient peak at the maximum on-
scale sensitivity. As an aid in reading the final
record, coding means 46 (see Fig. 3) are prefer-
ably provided for recording directly on the chart
adjacent to each peak, the sensitivity range at
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which that peak was recorded. One suitable cod-
ing device is shown diagrammatically in Fig. 9
and typical code symbels are shown in Fig. 10,

As the particular ion beam. continues to shift
from the aunticipator target to the collector tar-
get, the anticinator signal falls toward zero and
eventually reaches the point referred to as 75%
of full scale of Xt range. At this point the cam
operated switch &3 closes, energizing memory re-
lay 84, This satisfies the second requirement for
resetting the anticipator relay, the first require-
ment as already mentioned being the interlock
between wafers 38D and. 44B. The closing of
the mermory relay causes a voltage to appear on
the single contact of wafer 32B. Since relay 38
is now in the X3% position, the notech in the pe-
riphery of wafer 388 is actually in a position $6°
clockwise from that shown in Fig. 4. Connec-
tion is thereby made between the contact and
the wafer arm and from thence through the in-
terpreter switch 57 to energize solenoid §6. The
solenoid opsrates to drive all of wafers 284, 38B,
38C, 38D clockwise in 30° increments to the Xi
position at which point the contact and arm of
wafer 388 are no longer in electrical connec-
tion., The value of the interpreter switeh is thus
evident for in its absence solenoid 86 would lock
itself in the energized position and only a 30°
rotation of the wafers would be achieved. In-
terruption of the current permits the solenoid to
return to ifs original position to pick up another
tooth in the conventional ratchet linkage be-~
tween the solenoid and the shaft upon which the
wafers are mounted. The unidirectional step-

ping relay has thus returned to a position to

respond to and calculate the range of the next
peak in the series. :

If the next peak is of sufficient intensity to
drive the unidirectional relay to the X100 posi-
tion, the functioning of the circuit will be as fol-
lows. During the time relay 38 is stepping to this
position no action will take place in relay 44
since the pen operated switch 42 remains open
until the pen approaches zero after recording the
previous peak ab the X33 attenuation range. At
this point the linkage between relays 38 and 44
is re-established and voltage will flow from the
X158 contact of wafer 38C to the XIi88 bus of
relay 44 and to the X188 contact of wafer 44A.
Relay £4 will then change in the manner above
descrined to the X188 position, changing at the
same time the voliage applied across the re-
cording potentiometer. When the pen switch 42
opens (as the recording pen leaves its zero posi-
tion) and the anticipator signal falls to zero, the
anticipator relay is again reset to the Xi posi-
tion. ’

If the next succeeding peak is of smaller mag-
nitude, say corresponding to an X{i0 attenua~
tion, relay 44 will be stepped down from the
Xi88 to the Z18 position. When wafer 38C is
energized afier relay 38 is stepped to the X0
position snd the pen switch again closes, the
Zi3 bus of reley 44 will be energized and con-
nection is made to wafer 44C instead of wafer
A8A. The circuit is then completed through this
wafer to the second driving solenoid 83 which
darives reiay 44 in .a counierclockwise direction
to the Z 13 position.

The entire operation can he appreciated by
rence to Fig. 2 which shows the conditions
ious cireni} elements throughout the
described sequence. In Fig. 2, curves D and B
show respectively th:e signals developed at the
anticipator and coligctor targets, with the peaks

10

15

20

25

30

40

45

50

60

66

70

78

19

in the latter signal corresponding in time to the
minima of the former. Curve C portrays the
position of the cam operated micro-switch 33
which opens as the anticipator sighal reaches
759% of full scale sensitivity of the XI range on
the upswing and remains open until the signal
diminishes to this value. - The memory relay
(curve A) is de-energized when the cam oper-
ated micro-switch is open, that is during the time
a signal is being developed at the anticipator
target. As described abkove, this prevents appli~
cation of & reset signal to wafer 38B of relay 38
during this interval. In curve B the correspond~
ing settings of the unidirectional relay for peaks
of X238, Xi00, and XI10 intensity are shown re-
spectively. Since this relay is unidirectional it
is driven each time it is reset to the X300 posi-
tion before returning to the X1 position. The
pen operated micro-switch £2 remains open dur-
ing the recording of the ion peaks in the collector
channel and closes when the recording pen is
substantially in the zero position so that driving
connection is maintained between relay 38 and
relay 44 only during these intervals. The set-
tings of the bi-directional relay 44 are shown by
curve G. This curve as compared to curve B
illustrates the difference in the operation of the
bi-directional and unidirectional relays. The lat-
ter passes through the complete range from each
separate discharge signal while the bi-directional
relay varies up and down scale in conformity
with each significant setting of the unidirec-
tional relay. Curve H of Fig. 2 shows the posi-
tions of the relay interlock, i. e. the periods in
which wafer 38C of relay 38 and wafer 44B of
relay 44 are connected and disconnected.

A circuit diagram of the anticipator amplifier
itself is shown in Fig. 5. ‘This amplifier is some-
what simliar to the recording electrometer am-
plifier described 'in my above mentioned co-
pending application with certain changes and
modifiecations incorporated therein to adapt it to
accomplish the desired function in the present
instance. The amplifier circuit includes a D. C.
pre-amplifier 189, the output of which is con~-
nected threcugh a chopper 102 and a transformer
{03 to an A. C. amplifier {04. The output of the
A. C. amplifier 164 is connected to one coil of a
servomotor (06 which drives the shaft 32, which,
in turn, drives the selector switch 36 and cam
33 as above described (see Fig. 3). In this in-
stance the amplifier has but one sensitivity range
equivalent in full scale signal to the X300 range
on the recording amplifier. This sensitivity range
is determined by the magnitude of the D. C.
source 108 which is of the same value as the cor-
responding D. C. source of the recording ampli-
fier. In the present anticipator amplifier cir-
cuit, unlike the recording amplifier, a non-linear
potentiometer circuit 1i0-is connected to the
source 188 and the sensitivity of the amplifier
at very small signal levels is achieved by this
non-linear potentiometer circuit which effectively
increases the resolution of the potentiometers at
these low signal levels.

The non-linear relationship between the ro-
tation of the output shaft 32 which is ganged
to the non-linear potentiometer circuit 118 and
the output voltage from the potentiometer cir-
eircuit results in a varying gain around a feed
back loop {2 connected between the potentiom-
eter circuit {10 and the D. C. pre-amplifier. As
mentioned above; this relationship is such that
the angular rotation of the output shaft 32 is
proportional to the square of the input current
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to the D. C. amplifier. The effective loop gain
therefore is directly proportional to the output
shaft angular position and is, therefore, low at
low signal levels and high at high signal levels.
However, to achieve the required resolution and
sensitivity it is necessary to maintain a constant
loop gain irrespective of the shaft position. A
third feed back loop 114 is provided for this pur-
pose. This loop includes a potentiometer {45

which is mechanically connected to the poten- !

tiometer circuit {18 and is hence driven by the
output shaft 32. This gain potentiometer 115 re-
duces the gain of the amplifier 184 as the feed
back signal increases, thus compensating for the
‘change in feed back loop gain caused by the
non-linear potentiometer (190,

The feed back loop (12 also includes a resistor
{18 connected between the potentiometer 110 and
the input to the D. C. pre-amplifier {80 and a ca-
pacitor (20 connected between the potentiometer
{18 and the input transformer {93 to the A. C.
amplifier, all as described in greater detail in
my aforesaid co-pending application.

The various alterations in the circuit of the
recording amplifier described in said applica~
tion and the anticipator amplifier shown in Rig.
5 produces significant differences in performance.
By way of example, if it. is assumed that a pure
trapezoidal pulse were applied simultaneously to
the inputs of the recording and anticipator am-
plifier and that an instantaneous comparison
was made of the two output shaft positions, it
could be shown that the two shafts would turn
at the same speed as long as both amplifiers were
lagging behind the applied signal. Therefore,
for a full scale signal there would be no appre-
ciable difference in shaft position between the
two amplifiers which is the correct relationship
for their cooperative effort. If it is next as-
sumed that a signal whose amplitude is one-half
full scale is applied to both amplifiers, the ampli-
flers accelerate together and reach the same
maximum velocity. The total time required for
the recording amplifier to reach the final value
of half full scale is just half that required for
it to reach full scale. However, the time required
for the anticipator amplifier to reach half full
scale is 70.7% of the time required to reach full
scale as it must travel that fraction more in order
to achieve the same output voltage as the record-
ing amplifier. It is obvious, therefore, that the
anticipator amplifier shown in Fig. 5 is materially
different from the recording amplifier shown in
my co-pending application and has an entirely
different function.

The selector switch 36 driven by the output
shaft of the anticipator amplifier is shown in
greater detail in Figs. 6, 7 and 8. Referring to
these figures the switch comprises an insulating
disk 120 journaled on shaft 82. A plurality of
contacts 132 are mounted adjacent the periph-
ery of the disk 130 and are irregularly spaced
from each other so that each contact will repre-
sent g given fraction of the full scale range of
the recording amplifier when the shaft 32 is ro-
tated responsive to the square of the input cur-
rent to the anticipator amplifier. Contact arms
134, 135 are mounted to rotate with the shaft
32 and are electrically connected to each other
by a conductive washer [38 and are insulated
from the shaft 32 and from the disk 139 by in-
sulating rings 138, (39, i40. The assembly is
held on the shaft by a bushing i42. A conduc-
tive ring 144 is mounted on the face of the disk
{36 in the path of contact arm 34 and is electri-
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cally connected to the .circuit through a sep-
arate contact 146. The contact arm 135 is po-
sitioned to make contact with the contacts {32
upon rotation of the shaft 32, and as such con-~
tacts are made a circuit is completed from the
ring {44 through the two arms 134, 125 to the
contacts 132.

Even with the separation of range change
points as achieved by the square law character-

v istics of the anticipator amplifier, the location

of the several contacts in degrees from the zero
reference point must be maintained to very close
tolerances. Tolerances as close as one-tenth of
cne degree are required and once the loecation
of the contact point has been achieved, the con-
tact and switch arm must reproduce their ini-
tial contact to within 0.05 degree. These factors,
plus errers due to tolerances in replacement
parts, make it desirable to provide for adjustment
of the contact. A selector switeh in accordance
with the invention permits very fine adjustment
of the contacts in the manner shown in enlarged
section of Fig. 8. In the figure the contact 132
is screwed to a plug 150 inserted in the face of

5 the disk {38 and is pivotable about this point.

A shait {52 is rotatably mounted through the
contact element 132 and is provided with an es-
centric stud {84 projecting into a receiving hole
{85 in the disk 139. Adjustment of the contact
is achieved by pivoting the same about the pivot
serew 181 by rotation of the eccenfric {52. In
a. preferred embodiment, the eccentric is pro-
portioned so that a 3° rotation of the eccentris
produces a one~tenth of a degree rotation of the
contact about the pivot point I51. In this man-
ner, the switch may be serviced periodically io
maintain the desired range change point, as wall
as materially reducing production toleranses and
cost.

A highly satisfactory coding mechanism is
shown diagrammadtically in Fig. 9. The coder is
designed to automatically mark the record with
one of the symbols shown in Fig. 10 as each mass
peak is recorded to provide means for determin-
ingz at a glance the attenuation range at which
each peak was recorded. The coder 45 shown
in the drawing includes four cam operated
switches 168, (61, i62, 163, arranged to be actu-
ated by companion cams (604, 1614, 1524, 1834,
The several cams are mounted on 2 common
shaft 184 connected through a latch mechanism
{68 and a slip cluteh {68 to be driven by the
chart drive motor. 'The latch 185 is connected
in turn to be actuated by the pen drive motor
through a sprocket 167 so that each time the
recording pen begins upscale movement the latch
mechanism is released to allow one revolution
only of the cams 160A ,I1614, etc.

A bank of selector switches §€8, {83, 178 is con-
nected to the bi-directional relay 44 (see Fig. 4) so
that the switch arms are homed with the range
settings of the relay. A voltage source 172 is con-
nected through the cam switches and selector
switches to an auxiliary pen drive {14. The first
cam switch is connected directly across the source
through the pen drive so that with each revolu-
tion of the cam shaft 164 an impulse is deliverad
through this switeh to the auxiliary pen drive. As
shown in Fig. 10 the number (1) pip appears in
sach symbel and standing alene represents the
Zi attenuation range. The several cams {50A
cte. are oriented with respect to each other to
give a slight time delay between actuation of the
several switches. The switches 161, 162 and 153
are connected through the bank of selector
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switches to the auxiliary pen.drive in such a man-
ner that the several traces shown in Fig. 10 are
produced. at the indicated dttenuation ranges.

For example, the Xi. contact of each of the selec~
tor switches is dead so that there is no connection
between the 2nd; 3rd and 4th cam switches and
the auxiliary pen drive when the selector switch
arms are homed at the X{ position. As a result
only the number (1) pip appears on the record.
at the X186 position shown the third cam switch
is connected through seiector switch (63 to the
auxiliary pen drive so that pips (1) and (3) ap~
pear on the record to identify this particular at-

tenuation range. "The circuit is easily traced to
show how all of the symbols represented in Fig.
10 are developed responsive to the corresponding
setting of the selector switch bank.

Although the voltage sensitive circuit of the
invention has bheen described and illustrated as
including an improved selector switch, a specific
coding circuit and other particular elements, the
invention is not limited to these particular ele-
ments which merely represent preferred con-
struction.

I claim:

i. In a mass spectrometer having a source of
ions, means for segrezating the ions in accord-
ance with their mass-to-charge ratio, a collector
electrode, means for suceessively focusing ions of
differing mass-to-charge ratio on the collector
clectrode, and a recorder for recording the signals
deveioped by ion discharge at the collector elec-~
trode, the combination comprising an anticipator
elecirode positioned to receive ions in advance of
the collector electrode, a stepping relay circuit,
means connected between the anticipator elec-
trode and the stepping relay circuil to energize
and sei the latter in proportion to the current
"’r“‘v‘e1oped at the anticipator electrcde, means
operable responsive to the setting of the stepping
J

elay circuit to vary the sensitivity range of the
ecorder as a funeciion of the setting of the step-
bing relay, and means operabie to reset the step-
ping reiay circuit afier each signal is received at
the anticipator elecirode.
4, In o mass specirometer having g source of
ons, means for segrebat_nv the ions in accord-

ance with their mass-to-charge ratio, a collector
elecuo e, means for saxwessiwzly focusing ions
of differing mass~-to-charge ratio on the collector
"eec»w de, and g recorder for recording the sig-

)

det e;oped by ion discharge at the collector
trode, the combination comprising an antici-
cor electrode positioned o receive ions in ad-

i the collector electrode, an anticipator
a s‘repping re;.ay circuit, means oper-

b

&
)
2,
[}

194
ond
m
(E

to s<=t the shepmng relay m proportmn
cu’ram evaloped at the snticipator elec-
bz‘od e, means erm able responsive to t setting of
tenmLD relay circuit to vary the sensitivity
range of the recorder as a function of the setting
of fhe stmpmg reiay, and means operable to
stepiing relay circuit only after the
SGnS’blVl by of the recorder has been correspond-
ingly determined.
In 2 mass spectrometer having a source of
ns, means for segregatbing the ions in accord-
e with thelr mass-to-charge ratio, a collector
ctrode, means for successively focusing ions of
differing mass-ic-charge ratio on the collector
electrode, and a recorder for recording the signals
delevop od by ion discharge at the collector elec-
irede, the combination comprising an anticipator
electrode positioned to receive ionsin.advance of
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the collector €léctrode, a stepping relay civeuit, an
srticipgator -amplifying circuit including means
fordeveloping a mechanical motion responsive to
the magnituds of. the anticipator signal, msans
connected between the amplifying circuit a und the
stepping  relay circuit' to energize and set the
latter in proportion to the magnitude of said me-
chanical motion, means responsive to the setting
of the:siepping relay circuit to vary the sensitiv-
ity rangeof the recorder as a function of the set-
ting of the stepping relay, and means operable to
Teset the stepping relay circuit after each signal
is'received at the anticipator electrode.

4. In 2 mass spectrometer having a scurce of
ions, means for segregating the ions in accord-
ance with their mass-to-charge ratio, a coliector
electrode, méans for suceessively focusing ions
of differing mass-to-charge ratio.on the colisetor
electrode, and a recordsr for recording the sig-
nals developed-by ion'dischargze at the collector
electrode, the combination comprising -an sutici-
pator electrode positioned to réceive ions in ad~-
vance of .the collector electrode, a first stepping
relay. circuit, an anticipator amplifying circuit, a
selector switch, means operable responsive to the
ocutput-of the anticipator amplifier to set the se~
lector switch, means connected -between the sa-
lector switch and. the stepping relay civeuif fo
energize -and set the latier in accordance with the
setting of the selector switch, & séocond stepping
relay homed with.the first relay, means operabic
responsive to the setting of thie second stepping
relay to vary the semitiVity range of the recorder
as a function:of the setting of fhe stepping relay,
and means operable to reset thefirst siepping re-
lay circuit only after the recorder sensitivity has
been .determined by the sscond stepping relay.

5. In.a mass spectrometer having a source of
ions, means for segrating the ions in accordance
with their mass-to-charge ratio; a collector elec-
trode,. means for successively focusing ions of
differing mass-to-charge ratio on' the collector
electrode, and a variable range recording poten-
tiometer circuit including a recording pen, and
avariable voltage source connected across and
adapted to determine the sensitivity range of
the potentiometer, an automatic range selecting
circuit comprising an anticipator electrode posi-
tioned to receive ions in advance of the collector
electrode, an anticipator amplifisr network in-
cluding a servomotor and adapted to develop ro-
tation of the  motor: proportional to the current
develped at-the colléctor electrode, a multicon-
tact selector switch connected to be actuated hy
rotation. of the motor, a unidirectional stepping
relay, means. connectmg the stepping relayv to
the selector switch and means-including a volage
source".operable to steép the stepping relay re-
sponsive to energization of each sucecessive con-
taet of the selector switch, a bi-directional step-
ping relay, the unidirectional relay being inter-
connected with the bi-directional relay so that
the latter homes to the maximum position of the
unidirectional relay after each reset thereof, and
means: for - resetting the unidirgetional relay
independently of the.bi-directional relay when
the discharge current at the anticipator elec-
trode falls helow a fixed level.

6. Apparatus according to clgim 5 - wherein the
anticipator amplifier network comprises a D. C.
amplifier with a relatively high input impedance
and low output impedance, a couvérter $or con-
verting the output of ‘the D. C. amplifier to a
A. C. variation’ thereof, an A. C. amplifier for
amplifying. the output of the converter, a motor
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connected to be actuated by that part of the out-
put of the A. C. amplifier which is in phase with
the converter, & fixed voltage source, a non-
linear potentiometer circuit connected across the
voliage source, and a feed-back loop connecting
the output of the non-linear potentiometer cir-
cuit to the D. C. amplifier to preduce a null sys-
tem.

7. Apparatus according to claim 5 wherein the
anticipator amplifier network comprises a D. C.
amplifier with a relatively high input impedance
and low output impedance, a converter for con-
verting the output of the D. C. amplifier to an
A. C. variation thereof, an A. C. amplifier for
amplifying the output of the converter, a motor
connected to be actuated by that part of the
output of the A. C. amplifier which is in phase
with. the converter, first and second slidewire
potentiometers, a source of voltage connected
across the first potentiometer, the second poten-
tiometer being connected between the slider of
the first potentiometer and the source of voltage,
a first feed-back loop connecting the slider of the
second potentiometer to the D. C. amplifier to
produce a null system, a second feed-back loop
connecting the slider of the second potentiometer
to the input of the A. C. amplifier, a third feed-
back loop in the A. C. amplifier to vary the gain
thereof inversely with respect to the variation

in the magnitude of the feed-back signal and :

including a third potentiometer, and means con-
necting the sliders of the several potentiometers
to be adjusted by said motor.

8. Apparatus according to claim 5 wherein the
multicontact selector switch comprises a rotat-
able contact arm, a plurality of radially disposed
and angularly spaced contacts adapted to be con-
tacted upon rotation of the contact arm, each
contact comprising a pivotally mounted body
and means for adjusting the angular orientation
of the body with respect to the contact arm.

9. Apparatus according to claim 5 wherein the
multicontact selector switch comprises a base,
a first contact arm rotatably mounted to sweep
over the face of the base, a second contact arm
rotatably mounted to sweep over the face of the
base, the second arm being shorter than the first
arm and in electrical connection with the first
arm, a conductive ring mounted on the base in
the path of the second arm and adapted to have
& voltage source connected thereto, a plurality
of radially disposed and angularly spaced con-
tacts adapted to be contacted by and upon rota-
tion of the first arm, each contact comprising
a, bedy pivotally mounted to the base, and means
for adjusting the angular placement of the body
with respect to the base. i

10. In a mass spectrometer having a source of
ions, means for segregating the ions in accord-
ance with their mass-to-charge ratio, a collector
electrode, means for successively focusing ions
of differing mass-to-charge ratio on the collector
electrode, and a variable range recording poten-
tiometer including a recording pen, and a vari-
able voltage source connected across and adapted
to determine the sensitivity range of said poten-
tiometer, an automatic range selecting circuit
comprising an anticipator electrode positioned
to receive ions in advance of the collector elec-
trode, an anticipator amplifier network including
a servomotor and adapted to develop a motor
rotation proportional to the current developed
at the anticipator electrode, a multicontact
selector switch connected to be actuated by rota-
tion of said motor, a unidirectional stepping relay
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comprising a stepping wafer, a reset wafer, and
a homing wafer, means connecting the stepping
wafer to the selector switch and means includ-
ing a voltage source operable to step the stepping
relay responsive to energization of each succes-
sive contact of said selector switch, a bi-direc~
tional stepping relay comprising an upscale drive
wafer, and a downscale drive wafer, the homing
wafer of the unidirectional relay being inter-
connected with the driving wafers of the bi-
directional relay so that the latter homes to the
maximum position of the unidirectional relay,
and means for energizing the reset wafer of the
unidirectional relay when the discharge current
at the anticipator electrode falls below a fixed
level.

11.In a mass spectrometer having a source of
ions, means for segregating the ions in accord-
ance with their mass-to~charge ratio, a coilec-
tor electrode, means for sucecessively focusing
ions of differing mass-to-charge ratio on the col-
lector electrode, and a variable range recording
potentiometer including a recording pen, and g
variable voltage source connected sacross and
adapted to determine the sensitivity range of the
potentiometer, an automatic range selecting cir-
cuit comprising an anticipator slectrode posgi-
tioned to receive iong in advance of the collec~
tor electrode, an anticipator amplifier network
including a servomotor and adapted to develop
an output shaft rotation proportional to the cur-
rent developed at the anticipator electrode, 2 mul-
ticontact selector switch connected to be actunt-
ed by rotation of said shaft, a unidirestional
stepping relay comprising a stepping wafer, a
veset wafer and a homing wafer, means connect-
ing the stepping wafer to the selector switch and
means including a voltage source operable to step
the stepping relay responsive to enargization of
each successive contact of the selector switch, a
bi-directional stepping relay comprising an up-
scale drive wafer, and a downscale drive wafer,
the homing wafer of the unidirectional relay
being interconnected with the driving wafers of
the bi-directional relay so that the latter homes
to the maximum vosition of the unidirectional
relay after each resel thereof, and means for
energizing the reset wafer of the unidirectional
relay when the discharge current at the anticipa-
tor electrode falls below a fixed level.

12, In a mass spectrometer having a source of
ions, means for segregating the ioums in accord-
ance with their mass-to-charge ratio, a collec-
tor electrode, means for successively focusing ions
of differing mass-to-charge ratic on the opl-
lector electrode, and a variable range recording
potentiometer including a recording pen, and &
variable voltage source connected across and
adapted to determine the sensitiviiy range of the
potentiometer, an automatic range selecting cir-
cuit comprising an anticipator electrode posi-
tioned to receive ions in advance of the coliec-
tor electrode, an anticipator amplifier network in-
cluding a servomotor and adapted to develop an
cutput shaft rotation proportional fo the cur-
rent developed at the anticipator electrode, a
cam operated micro-switch and a multicontact
selector switch connected to be actuated hy ro-
tation of the shaft, a unidirectional stepping »
comprising a stepping wafer, a reset wafar, a
homing wafer and an Interlocking waier, means
connecting the stepping wafer to the selector
switch and means including a voltage source op-~
erable to step the stepping relay responsive to
energization of each successive contact of the

2lay
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selector switch, a bi-directional stepping relay
comprising an upscale drive wafer, a downscale
drive wafer and an interlocking waifer, the hom-
ing wafer of the unidirectional relay being inter-
connected with the driving wafers of the bi-gdi-
rectional relay so that the latter homes to the
maximum position of the unidirectional relay
after each reset therect, and the interlock wafers
of each relay being interconnected, and a third
relay connected between the interlocking wafers
and the reset wafer to reset the unidirectional
relay when the third relay is energized and said
interlocking wafers are de~energizad, the cam op-
erated switch being operable to de-ghergize the
third relay during the periods in which an ion
signal is received at the anticipator electrode.

13. In a mass spectrometer having s source of
ions, means for segregating the ions in accord-
ance with their mass-to-charge ratio, a collec-
tor electrode, means Jor successive focusing
ions of differing mass-to-charge ratio on the
collector electrode, and a variable range record-
ing potentiometer including a recording pen, and
a variable voltage source connected across and
adapted to determine the sensitivity range of the
potentiometer, an automatic range selecting cir-
cuit comprising an anticipator elecirode posi-
tioned to receive iong in advance of the collec-
tor electrode, an anticipator ampiifier network
including a servomotor and adapted to develop
an ocutput shaft rotation proportional to the cur-
rent developed at the anticipator electrode, =
first cam operated micro-switch and a multicon-
tact selector switch connected to be actuated by
rotation of said shaft, a unidirectional stepping
relay comprising a stepping wafer, a reset wafer,
a homing wafer and an interlocking wafer, means
connecting the stepping wafer to the selector
switch and means including a voltage source
operable to step the stepping relay responsive to
energization of each successive contact of the se-
lector switch, a bi-directional stepping relay com-
prising an upscale drive wafer, a downscale drive
wafer and an interlocking wafer, the homing
wafer of the unidirectional relay being intercon-
nected with the driving wafers of the bi-direc~
tional relay so that the latter homes to the maxi-
mum position of the unidirectional relay after
each reset thereof, and the interlock wafers of
each relay being interconnected, a third relay
connected between the interlocking wafers and
the reset wafer to reset the unidirectional relay
when the third relay is energized and the inter-
locking wafers are de-energized, the first cam
operated switch being operable to de-energize
the third relay during the periods in which an
ion signal is received at the anticipator elec-
trode, and a second cam operated switch connect~
ed between the source of power and the homing
wafer of the unidirectional relay and operable
responsive to movement of the recording pen to
break driving connection between the unidirec-
tional and bi-directional relays during the pe-
riod when the pen is recording a signal received
at the collector electrcde.

14. In a mass spectrometer having a source of
ions, means for segregating the ions in accord-
ance with their mass-to-charge ratio, a collector
electrode, means for successively focusing ions
of differing mass-to-charge ratio on the collec-
tor electrode, and a variable range recording po-
tentiometer including a recording pen, and a
variable voltage source connected across and
adapted to determine the sensitivity range of the
potentiometer, an automatic range selecting cir-

10

15

20

25

23
%)

35

40

50

55

60

65

70

75

18

cuit comprising an anticipator electrode posi-
tioned to receive ions in advance of the collector
clectrode, an anticipator amplifier network in-
cluding a servomotor and adapted to develop an
output shaft rotation proportional to the cur-
rent developed at the anticipator electrode, a first
cam operated micro-switch and a multicontaet
selector switch connected to be actuated by ro-
tation of said shaft, a unidirectional stepping re-
lay comprising a stepping wafer, a reset wafer, &
homing wafer and an interlocking wafer, means
connecting the stepping wafer to the selector
switch and means including a voltage source op-
erable to step the stepping relay responsive to
energization of each successive contact of the
selector switch, a by-directional stenping relay
comprising an upscale drive wafer, a downscale
drive wafer and an interlocking wafer, the hom-
ing wafer of the unidirectional relay being inter-
connected with the driving wafers of the bi-di-
rectional relay so that the latter homes to the
maximum position of the unidirectional relay
after each reset thereof, and the interlock wafers
of each relay being interconnected, s third relay
connected between the interlocking wafers and
the reset wafer to reset the unidirectional relay
when the third relay is energized and the inter-
locking wafers are de-energized, the first cam
operated switch being operable to de-energize
the third relay during the periods in which an
ion signal is received at the anticipator electrode,
a second cam operated switch connected between
the source of power and the homing wafer of the
unidirectional relay and operable responsive to
movement of the recording pen to break driving
connection between the unidirectional and bi-di-
rectional relays during the period when the ren
is recording a signal received at the collector
electrode, and a coding circuit actuated respon-
sive to upscale movement of the pen to indicate
on the record the sensitivity range setting of the
recording potentiometer.

15. Apparatus according to claim 14 wherein
the coding cireuit comprises plurality of cam
operated switches, a like number of cams
mounted to operate the switches responsive to
movement of the recording pen, a source of power,
an auxiliary recording pen and means intercon-
necting the auxiliary pen with the sotrece of power
and the cam operated switches so that a different
trace is produced for each sensitivity range se-
lected by the bi-directional relay.

16. Apparatus according to claim 14 wherein
the coding cireuit comprises a plurality of cams
mounted cn a common shaft rotatable through a
slip clutch responsive to movement of the record-
ing medium, a latch mechanism operable respon-
sive to movement of the recording pen to per=
mit one revolution of the common shaft for each
upswing of the recording pen, a separate cam
operated switch in operative engagement with
each of the cams, the cams being arranged to en-
gage and close the switches in time delayed se-
quence and once for each complete revolution of
the shaft, a plurality of selector switches me-
chanically connected to the bi-directional re-
lay, an auxiliary recording pen driving means, a
source of power, and means interconnecting the
several switches, the auxiliary pen driving means
and the source of power co that a different trace
is recorded on the recording medium by the aux-
ilary recording pen for each sensitivity range set-
ting of the recording potentiometer.

17. A selector switch comprising g rotatahle
contact arm, a plurality of radially disposed and
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angularly spaced contacts adapted to be con-
tacted upon rotation of the contact arm, each
contact comprising a pivotally mounted body, and
means for adjusting the angular placement of
the body with respect to the contact arm.

18. A gelector switch comprising a first rotata-
ble contact arm, a second rotatable contact arm
shorter than the first arm and in electrical con-
nection with the first arm, a conductive ring
mounted tc be contacted by the second arm, a
plurality of radially disposed and angularly
spaced contacts adapted to ke contacted upon ro-
tation of the first arm, each contact comprising
a body pivotally mounted to the base, and means
for adjusting the angulay vlacement of the body
with respect to the base.

19. A selector switch comprising a base, a first
contact arm rotatably mounted to sweep over
the face of the base, a second contact arm ro-
tatably mounted to sweep over the face of the
base, a conductive ring mounted on the face of
the base in the path of the second arm, a plu-
rality of radially disposed and angularly spaced
contacts adapted to be contacted by and upon

rotation of the first arm, each contact compris- -

ing a body pivotally mounted to the base, and
means for adjusting the angular placement of
the body with respect to the base.

20. A selector switch comprising a base, g first

contact arm rotatably mounted to sweep over the -

face of the base, a second contact arm rotatably
mounted to sweep over the face of the base, a
conductive ring mounted on the face of the hase
in the path of the second arm and adapted to

be connected to a voltage sourse, a plurality of ::

radially dispesed contacts spaced angularly from
each other at irregular intervals and adapted to
be contacted by and upon rotation of the first
arm, each contact comprising a body pivotally

mounted to the base, and means for pivoting the .

body akout the point of mounting to adjust the
angular placement of the body with respect to the
base.

21. A selector switch comprising a bage, a first
contact arm rotatably mounted to sweep over
the face of the base; a second contact arm ro-
tatably mounted toc sweep over the face of the
base beneath the first arm and about the same
axis, the second arm being shorter than the first
arm and in electrical connection with the first

arm, a conductive ring mounted on the base in

the path of the second arm and adapted to he
connected to a voltage source, a plurality of
radially disposed and angularly spaced contact
members, each contact meriber comprising a

body having a soldering lug at one end and a

contact post at the cther disposed in the path
of rotation of said first contact arm, the body be-
ing pivotally affixed adjacent one end to the hase,
and a pin journalled in the body and having an
eccentric lug journalled in the base so that ro-
tation of the pin precduces angular displacement
of the body about the pivot, and means for re-
leasably fixing the angular placement of the body
with respect to the base.

22. A voltage sensitive circuit for controlling
the operation of an interconnected system re-
sponsive to the magnitude of an electrical signal,
comprising an amplifier including an electro-
mechanical transducer adapted to develop dis-
placement of the mechanical element of the
transducer responsive to and in proportion to
the magnitude of an electrical signal applied to
the amplifier, a selector switch having a movabie
contact operable respousive to displacement of

24

60

63

20
the mechanical element and a plurality of fixed
contacts, a scurce of power cennected to the mov-
aple contact, & first stepping relay, means con-
necting the fixed contacts to the first stepping
relay and for stepping the relay responsive to
current flow from the switch to the relay, and a
second stepping relay hemed with the first step-
ping relay to step in response to the setting
of the first stepping relay, the second stepping
relay being adapted to be mechanically coupled
to said interconnected system for verying the
operation thereof in response to the setting of
the second stepping relay.

23. A voltage sensitive circuit for controlling
the operation of an interconnected system re-
spousive to the magnitude of an electrical sig-
nal, comprising an amplifier including an elec-
tromechanical transducer adapted to develop dis-
placement of the miechanical element of the
transducer responsive to and in proportion to
the magnitude of an electrical signal applied to
the amplifier, a selector switch having a movable
contact opsrable responsive to displacement of
the mechanical element and a plurality of fixed
centacts, a source of power connected to the
movable contact, a unidirectional stepping relay,
means counecting the fixed contacts to the uni-
directional stepping relay and for sterping the
relay as each of the eontacts are contacted by
the movable contact, a bi-directional stepping
relay homed with the first stepping relay to step
in response to the upscale setting of the first step-

ing relay, the second stepping reiay being adapt-
ed to be mechanically coupled to said intercon-
necved system for varying the operation thereof
in response to the setting of the second stepping
relay, and means for resetting the unidirectional
relay without altering the setting of the bi-direc-
tional relay.

24. A voltage sensitive circuit for controlling
the operation of an interconnected system re-
sponsive to the magnitude of an electrical signal,
comprising an amplifier including an electro-
mechanical transducer adapted to develop dis-
placement of the mechanical element of the
transducer responsive to and in proportion to the
magnitude of a voltage signal applied to the am-
plifier, a micro-switch and a selector switch op-
erable responsive to displacement of the me-~
chanical element, a unidirecticnal relay, a source
of power connectable through the contacts of the
selector switch to the unidirectional stepping re-
lay whereby the relay is stepped as a circuit is
completed through each of the contacts, a bi-di-
rectional sterping relay homed with the unidi-
recticnal stepping relay to step in response to the
maximum gatting of the unidirectional stepping
relay for each vcltage signal received, the sec-
ond stepping relay being adapied to be mechan-
ically coupled to saig interconnected system, and
means operable to reset the unidirectional relay
when the micro-switch is closed.

256. In a cireuit for the measurment of small
currenis and the conversion of such currents to
a corresponding displacement of a mechanical
element, the combination comprising a D. C. am-
plifier with a relatively high input impedance
and low output impedance, a converter for con-
verting the output cf the D. C. amplifier to an
A. C. variation therecf, an A. C. amplifier for
amplifying the output of the converter, a motor
connected to be actuated by that part of the out-
put of the A. C. amplifier which is in phase with
the converter, a non-linear slidewire potentiom-
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eter, a fixed source of voltage connected across
the potentiometer, a first feed-back loop con-
necting the slider of the potentiometer to the
D. C. amplifier to produce a null system, a sec-
ond feed-back loop in the A. C. amplifier to vary
the gain cf the A. C. amplifier and including a
potentiometer, and means connecting the sliders
of the several potentiometers to be adjusted by
the motor.

26. In a circuit for the measurement of small
currents and the conversion of such currents to
a corresponding displacement of a mechanical
element, the combination comprising a D. C.
amplifier with a relatively high input impedance
and low output impedance, a converter for con-
verting the output of the D. C. amplifier to an
A. C. variation thereof, an A. C. amplifier for
amplifying the output of the converter, a motor
connected to be actuated by that part of the out-
put of the A. C. amplifier which is in phase with
the converter, first and second slidewire poten-
tiometers, a fixed source of voltage connected
across the first potentiometer, the second poten-
tiometer being connected between the slider of
the first potentiometer and one side of the source
of voltage, a first feed-back loop connecting the
slider of the second potentiometer to the D. C.
amplifier to produce a null system, a second feed-
bhack loop connecting the slider of the poten-
tiometer to the input of the A. C. amplifier, a
third feed~back loop in the A. C. amplifier to vary
the gain thereof and including a third poten-
tiometer, and means connecting the sliders of the
several potentiometers to be adjusted hy the
motor.

27. In a circuit for the measurement of small
currents and the conversion of such currents to
a corresponding displacement of a mechanical
element, the combination comprising a D. C.
amplifier with a relatively high input impedance
and low output impedance, a converter for con-
verting the output of the D. C. amplifier to an
A. C. variation thereof, an A. C. amplifier for
amplifying the output of the converter, a motor
connected to be actuated by that part of the out-
put of the A. C. amplifier which is in phase with
the converter, a source of voltage, a non-linear
potentiometer circuit connected across the source
of voltage, and a feed-back loop connecting the
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output of the non-linear potentiometer circuit
to the D. C. amplifier to produce a null system.

28. A coding circuit for use with a variable
range recording amplifier which comprises a
plurality of cam operated switches, a like num-
ber of cams mounted to operate said switches
responsive to the movement of the recording pen
of the variable range recording amplifier, a source
of power, a plurality of selector switches con-
neeted to be set in accordance with the range
sefting of the recording amplifier, an auxiliary
recording pen and drive means therefor, and
means interconnecting the auxiliary pen drive
means with the source of power, cam operated
switeches, and selector switches so that a different
impulse seguence is delivered to the auxiliary
pen drive means for each sensitivity range set-
ting of the recording amplifier.

29. A vcltage sensitive circuit for controliing
the operation of an interconnected system re-
sponsive to the magnitude of an electrical signal,
comprising a stepping relay circuit, means con-
nected to the stepping relay circuit to energize
and set the latter in proportion to the electrical
signal, means operable responsive to the setting
of the stepping relay circuit for controlling the
operation of the interconnected system as a
function of the setting of the stepping relay, and
means operable to reset the stepping relay circuit
between the successive electrical signals.

30. A voltage sensitive circuit for controlling
the operation of an interconnected system re-
sponsive to the magnitude of an electrical signal,
comprising a stepping relay circuit, an antici~
pator amplifier circuit including means for de-
veloping a mechanical motion responsive to the
magnitude of the electrical signal, means con-
nected between the amplifier circuit and the step-
ping relay circuit to energize and step the latter
in proportion to the magnitude of said mechanical
motion, means operable responsive to the setting
of the stepping relay circuit for controlling the
operation of the interconnected circuit as a junc-
tion of the setting of the stepping relay circuit,
and means operable to reset the stepping relay
circuit between successive electrical signals.
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