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1. 
This invention relates to apparatus actuated 

by the passage of articles through it, such as 
banknotes, for example, for the purpose of count 
ing the articles, or for operating other mecha 
nism in response to the passage of the articles. 
According to this invention, an apparatus 

actuated by the passage of an article through it 
comprises means for generating a field of energy 
in the ether which is capable of being disturbed 
by the presence of the article therein, means for 
traversing the article through said field and 
means responsive to the disturbance of the field, 
which means are arranged to control counting 
and/or indicating apparatus. 
In the case of an apparatus for actuation by 

banknotes having metal strips therein, such ap 
paratus comprises means responsive to the pres 
ence of Such strips, means for feeding said notes 
past the responsive means, and means operable 
by the responses set up for actuating indicating 
or counting apparatus. 
Means may be provided for generating an elec 

tric or magnetic field through which said bank 
notes are traversed whereby an impulse is set up 
in said generating means, and means are pro 
Vided for indicating or counting the number of 
impulses and/or their amplitude. Means may 
be provided for integrating the amplitude and 
duration of Said disturbances. 
The means for generating the aforesaid field 

of energy may comprise an inductance arranged 
in an oscillatory circuit, means for traversing 
articles past said inductance, whereby its value 
is altered and an impulse is set up in the circuit 
associated therewith, and means for indicating and counting said impulses. 
The aforesaid inductance may be arranged in 

One limb of an electric bridge and a power supply 
is connected across one diagonal of the bridge, 
While means are provided for applying the re 
Sulting potential across the second diagonal to a 
circuit controlling indicating or counting means. 
In One form of construction, a variable in 

ductance is arranged with the first said induct 
ance in Said bridge and is so controlled by a . 
follow-up device responsive to the resulting 
potential across the second diagonal as to tend 
electrically to balance said bridge, which follow 
up device is arranged also to control the afore 
mentioned indicating or counting means. A 
Source of alternating Supply may be connected 
acroSS One diagonal of the bridge, while a valve 
amplifier is connected across the other diagonal, 
and the aforesaid variable inductance may com 
prise a reactor valve circuit which reactor valve 
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2 
is so energised from control means associated 
with Said amplifier as also to constitute said 
follow-up device whereby the inductance value 
of the reactor valve is brought to a value which 
tends to balance the bridge, and means are pro 
vided for feeding the indicating and/or counting 
means With a voltage proportional to that fed to 
the input of the reactor valve. 
The control means may comprise a balanced 

modulator fed both with a carrier from said 
Source of alternating supply and with the output 
from said amplifier, so that a D. C. output is 
obtained from the balanced modulator, which 
reverses in Sign as the bridge ouput goes through 
the balance point. 
The aforesaid reactor valve may be connected 

in parallel With the inductance, which produces 
the aforesaid field of energy, through which the 
article is traversed. 
With the above arrangement, variation in the 

gain of the amplifier does not adversely affect 
the operation of the apparatus. 
The following is a description of one form of 

the apparatus for use with a banknote counting 
device according to the invention, reference be 
ing made to the accompanying drawing, in which: 

Figure 1 is a circuit diagram of the apparatus, 
Figures 2 to 5 show the form of impulses pro 

vided by the apparatus according to how the 
notes are fed through it, 
Figure 6 is a block diagram of a reactor valve 

unit and the wiring connections associated there 
With, 

Figure 7 is a similar diagram of an integrator 
device, and 

Figure 8 is a diagram of a discharge device, 
indicated diagrammatically in Figure 1 of the 
drawings. 

Referring to Figure 1, the apparatus comprises 
an alternating current bridge, having resistors 4 
and 5 and inductors. 2 and 3. The bridge is fed 
across one diagonal with a source of alternating 
E. M. F., , by leads 3, 32, at an appropriate fre 
quency. The input of an amplifier 6 is connected 
across the other diagonal by leads 5, 6, in such 
a manner that this amplifier amplifies the out-of 
balance voltage of the bridge. The output of the 
amplifier is connected to a balanced modulator 7, 
by leads 7, 8, which is also supplied by leads 3, 
4, with a signal input derived from the A. C. 

source . The output from the balanced modula 
tor which feeds the leads 9, 20, is D. C., and its 
magnitude is substantially proportional to the 
out-of-balance voltage of the bridge and its sign 
depends on the direction of the Out-of-balance, 
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according to whether the cross product of arms 
3, 4, is greater than the cross product of arms 2, 
5, or vice versa. The output of the balanced mod 
ulator 7 is fed to a reactor valve unit 8 of known 
kind by leads 9, 20. 
The unit 8 includes the reactor valve 34 as a 

thermionic valve having a cathode 35 connected 
to a negative H.T. supply, an anode 36 connected 
through a suitable de-coupling resistance 37 to a 
positive H. T. supply and a control grid 38. The 
cathode and anode of this valve are connected 
across the inductance 3 through a suitable con 
denser 39 and the grid and cathode of the valve 
are connected to the conductors 9 and 20 So that 
the D. C. potential or bias of the grid 38 is de 
rived from the modulator 7. A resistance 40 is 
interposed between the grid 38 and the conductor 
9 and the grid is coupled to the plate by means 
of capacity 4 so that the grid receives an A. C. 
feed backpotential through the plate circuit in 
phase quadrature with the alternating potential 
across the inductance 3. The effect of this ar 
rangement is that the valve 34 functions as an 
inductance connected across the inductance 3 
and having an inductance value which is variable 
in dependence upon the D. C. voltage applied to 
the grid 38 from the modulator 7. The valve 34 
may be of any type having a characteristic such 
that the variations of grid potential supplied from 
the conductor 9 vary the mutual conductance of 
the valve and thus vary the reactance effect Ob 
tained by the feed-back through the capacity 4f. 
The input from the modulator is amplified by 
the valve 34 and applied across the conductors 23, 
24 through a high-frequency choke 42 or equiva 
lent device which transmits the low frequency 
amplified potential variations from the plate of 
the valve 34 to the conductor 24 whilst Substan 
tially isolating the conductor 24 from the high 
frequency potential variations applied to the 
plate of the valve 34 through the conductor 2. 
Leads 2, 22 are so connected to the reactor 

valve as to make use of its characteristics of an 
inductance whose value depends upon the volt 
age input derived from the balanced modulator 
7. The inductance value is not reversible about 
the point of zero input voltage, but will continue 
to change in inductance in the same direction as 
the voltage input passes through Zero. The re 
actor valve 8 is connected across the bridge arm 
3 by leads 21, 22. 
The direction of connections of all the appa 

ratus so far described is such that any unbalanced 
voltage produced by the bridge will be amplified 
and applied to the reactor valve So as to cause 
an inductance change to arm 3 of the bridge, 
which will tend to cause the bridge to re-balance. 
The reason for this effect is as follows: Sup 
pose the bridge to have been balanced, where 
after the arm 3 is changed by a Small amount Li, 
this will produce an unbalance voltage E. So that 
E-cL where lc is a constant of proportionality. 
Assume the value of the signal voltage is V and 
this produces an inductance change of -H in 
such a fashion that -H=p.V. where p is the con 
stant of proportionality of the reactor valve. As 
indicated above, the bridge tends to re-balance. 
The original change in arm 3 of L will now have 
been reduced to L-H. The unbalanced Voltage 
caused by this will be k(L-H) and the signal in 
put to the balanced modulator uk (L-H) where 
u is the effective gain of the amplifier and modul 
lator system. Now this must produce the con 
pensating inductance change of -H which ob 
viously can be written as puk (L-H). The con 
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4. 
dition of the system is given by -H=puk (L-H). 
Now provided the factor putki is much greater than 
unity, L=H, L can be made as near equal to HaS 
required by making the factor puk large enough. 
It will be noted that each of these factors is, in a 
sense, a sensitivity factor and each operates in a 
fashion when large to apply the greatest re-bal 
ancing effect to the bridge. 
From the foregoing description it is clear that 

if puk is made large enough any change of in 
ductance that is caused to occur to arm 3 will be 
almost completely nullified by a similar change 
of inductance to the reactor valve 8. 
Now since L=H and V=H/p, V=L/p. In other 

words, the voltage derived at the input to the re 
actor valve 8 is nearly proportional to the origi 
nal inductance change in arm 3. The design of 
reactance valve 8 is such that the factor p is of 
high stability so that the voltage V is always 
closely proportional to the inductance change in 
arm 3. It should be noted that, whereas the fac 
tor p is required to be stable the actual value of 
the other factors kill have no great influence on 
the performance of the device, providing the 
product of the factors kup is large. Any change 
in the value of K or u only nake 2nd order dif 
ferences to the relation between W and L. 

In practice, this means that neither the magni 
tude of the voltage applied to the bridge nor the 
gain of the amplifier are in any way critical. It 
should be noted that the foregoing analysis is de 
scriptive rather than rigorous and is given to 
show in What manner the device operates and 
not as a mathematical treatment. 
Means 33 are provided for passing the bank 

notes shown in dotted lines in Fig, 1 to be counted 
in such a fashion that the metal strips pass 
through the field of inductance 3. As shown in 
Figure 1, the banknote is being passed endwise 
through the machine, and thus the embedded me 
tallic Strips, which extend across the short di 
mension of the banknote, move through the 
counting device in a position transverse to the 
direction of the feeding movement. A measure 
of the disturbance is available in the form of a 
voltage at the input to the reactor valve, as al 
ready explained. Provided the notes pass only 
one at a time and are spaced such that one metal 
strip clears the field of the coil before another 
enters it the voltage W may be used to operate a 
counter without difficulty. Furthermore, if the 
notes, due to imperfections in the mechanical ar 
rangements, are liable to pass in packets of a 
small number at a time and with the strips at 
the same end of the note and substantially Su 
perimposed it would be possible again to use the 
voltage available at the input to the reactor valve, 
which will be substantially proportional to the 
number of notes in each packet, to operate a dis 
criminating counter which is responsive to the 
size of the impulse. 
On the other hand, if notes pass through the 

field with the strips not in alignment which is the 
condition envisaged in the apparatus being de 
scribed, other means must be adopted to produce 
a voltage which bears such a relation to the nun 
ber of notes passing that it can be used to operate 
a counter indicating this number. 
The means hereinafter described which are 

used to overcome this difficulty are provided to 
pass the notes across the field of the coll at a fixed 
speed and to construct a time integral of the dis 
turbance produced. Figure 2 shows the form of 
the voltage produced by a single note passing 
through the field of the coil. Figures 3 and 4 
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show the form of the voltage produced by the pas 
sage of 3 notes lying superimposed and three 
notes not quite superimposed. Figure 5 shows 
the effect produced by successive packets of 1, 2 
and 3 notes, in which the second packet is out of alignment. 
Now considering again the circuit of Figure 1 a 

voltage proportional to the input to the reactor 
valve is fed into an integrating device 9 by leads 
23, 24. This integrating device has as its essen 
tials a resistance feeding into a condenser. The 
integrator shown in Figure 7 of the drawings 
comprises a resistance 52 connected in series with 
a condenser 53 across the input 23, 24. The re 
sistance 52 and condenser 53 constitute an in 
tegrating circuit which has a long time constant 
as compared with the time period of the impulses 
received by the integrator. When, therefore, 
these impulses are applied as a variable voltage 
across the conductors 24, 23 the potential across 
the condenser 53 varies as the time integral of the 
disturbances produced. The condenser 53 is con 
nected by the leads 25 and 26 to the discharging 
device 0 by which the condenser is discharged 
when the signal input falls to zero. The voltage 
across the condenser constitutes the output of the 
integrator and the voltage at this point (leads 
25, 26) will thus be proportional to the area of 
the curves, shown in Figures 2 to 5. It is plain 
that the integral of voltage produced in Figures 
3 and 4, for instance, will be substantially simi 
lar. In other Words, a means has been found for 
producing the same effect from a number of 
notes in close alignment and a number of notes 
close together but not in alignment. As So far 
described, the integrator would continue to sum 
mate the number of notes, whether in packets or 
not, indefinitely, and in fact it is possible to make 
the device operate in this fashion for a small 
number of notes. In the instrument being de 
scribed, however, the integrator condenser is ar 
ranged to be discharged after each multiple or 
single impulse. This is effected by the discharg 
ing device iO connected to the integrator by leads 
25, 26 and operated from a proportion or func 
tion of the integrator input signal and connected 
by leads 27, 28 so that the integrator is discharged 
whenever the signal input falls to Zero. For in 
stance, in Figure 5, the integrator would be dis 
charged at points marked A, B and C. 
The discharged device ) is illustrated in Fig 

ure 8 and comprises a gas discharge valve 43 hav 
ing its plate electrode connected to the conductor 
25 and its cathode connected to the conductor 
26. The conductor 28 is connected to the cathode 
of the valve 43 and the conductor 2 (which is 
continuous With the conductor 24 and is thus Con 
nected to the plate of the valve 34) is connected 
to the grid thereof, through a suitable biasing de 
vice represented at 44 in Figure 8 which is ad 
justed so that the potential applied to the grid of 
the valve 43 when the valve 34 receives no signal 
from the modulator 7 is just sufficient to fire the 
valve 43. During the reception of signals, the 
plate of the valve 34 becomes more negative With 
the result that the grid of the valve 43 is biased 
negatively so that the valve 43 is non-conductive. 
When the signal falls to Zero, the potential of the 
grid 43 rises to a sufficient positive value to fire 
the valve and discharge the condenser 53. 
In the device being described allowance has 

been made only to count continuous impulses 
caused by up to a maximum number of 3 notes, 
it being considered that the mechanical arrange 
ments feeding the notes will never allow more 
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6 
than 3 notes to go through more or less together. 
The Counter which is connected to the in 

tegrator by leads 29, 30 and which is described in 
detail in United States Patent application Serial 
No. 586,332, filed Apr. 3, 1945, is operated by 
means of relays so that it will discriminate be 
tween unit, double and treble size impulses and Operate accordingly. 
I claim: 
1. An apparatus actuated by the insertion or 

passage of articles, comprising means for generat 
ing a field of energy in the ether which is capable 
of being disturbed by the presence of an article 
therein, means for traversing the articles sep 
arately or together through said field whereby 
impulses are set up in said generating means, and 
means for indicating the number of articles pass 
ing through Said field comprising indicating 
means responsive to the number of impulses and their amplitude. 

2. An apparatus of the class described adapted 
to be actuated by the presence of banknotes hav 
ing metal strips therein, said apparatus compris 
ing means for generating a field of energy, said 
generating means being responsive to the pres 
ence of Said Strips, means for feeding said bank 
notes with the strips transverse to the direction 
of feeding movement past said responsive means, 
and means for counting said bank notes operably 
responsive to the number of the responses set up 
in the field by the passage of said bank notes and to their amplitude. 

3. Apparatus for counting articles comprising 
means for traversing said articles at constant 
Speed through a counting station, electrical im 
pulse producing means for producing an electri 
cal impulse when an article passes said station 
and integrating means for integrating the ampli 
tude and duration of said impulses so as to pro 
duce an integrated signal having an amplitude 
proportional to the number of articles which have 
passed through said head. 

4. Apparatus for counting articles comprising 
means for traversing said articles through a 
counting station, electrical impulse producing 
means located at said station for producing an 
electrical impulse when an article passes said sta 
tion and an integrating device Comprising a long 
time-constant circuit comprising a resistance and 
a condenser for producing across said condenser 
a Voltage proportional to the number of articles 
passed through said counting station. 

5. Apparatus for counting articles Comprising 
an electrical inductance element, means for 
traversing said articles through the field of said 
inductance element, means for electrically ener 
gising Said inductance element, means responsive 
to variations in the inductance value of said in 
ductance element for producing electrical signals 
proportional to said variations in inductance 
Value, a long time constant circuit comprising a 
resistance and capacity, for integrating said sig 
nals whereby there is produced across said capac 
ity a signal voltage proportional to the number of 
articles passed through the field of said in 
ductance element and means for applying said signals to said circuit. 

6. An apparatus of the class described adapted 
to be actuated by the insertion or passage of an 
article, comprising, in combination, means for 
generating a field of energy in the ether which 
is capable of being disturbed by the presence of 
an article therein, said means being an in 
ductance arranged in an oscillatory circuit, means 



7 
for traversing articles past said inductance 
whereby its value is altered and an impulse is 
set up in said circuit, and means for indicating 
said impulses, said inductance being arranged to 
form one limb of an electric bridge, a power Sup 
ply arranged across one diagonal of said bridge, 
means for applying the potential resulting a CIOSS 
the second diagonal to a circuit controlling said 
indicating means, which circuit includes a vari 
able inductance in said bridge associated with 
the first said inductance and a follow-up device 
controlling said variable inductance So as elec 
trically to balance said bridge and also control 
ling said indicating means. 

7. An apparatus according to claim 6, wherein 
said power source consists of an alternating Sup 
ply and said means for applying the potential 
resulting across the second diagonal consists of 
a valve amplifier, and wherein said variable in 
ductance comprises a reactor valve so energized 
from control means associated with said ampli 
fier as to constitute said follow-up device whereby 
the reactor valve inductance is brought to a value 
which balances the bridge and wherein means are 
provided feeding the indicating means with a 
voltage proportional to that fed to the input of 
the reactor valve. 

8. An apparatus according to claim. 6, wherein 
said power source consists of an alternating sup 
ply and said means for applying the potential 
resulting across the second diagonal consists of 
a valve amplifier, and wherein Said variable in 
ductance comprises a reactor valve so energized 
from control means associated with said ampli 
fier as to constitute said follow-up device whereby : 
the reactor valve inductance is brought to a value 
which balances the bridge and wherein means 
are provided feeding the indicating means with a 
voltage proportional to that fed to the input of 
the reactor valve, said control means comprising 
a balanced modulator fed with a carrier from 
said Source of alternating supply and with an 
output from said amplifier, so that a D. C. output 
is obtained which reverses in sign as the bridge 
output goes through the balance point. 

9. An apparatus according to claim. 6, wherein 
said power source consists of an alternating Sup 
ply. and said means for applying the potential 
resulting across the second diagonal consists of 
a valve amplifier, and wherein said variable in 
ductance comprises a reactor valve so energized 
from control means associated with said amplifier 
as to constitute said follow-up device whereby 
the reactor valve inductance is brought to a value 
which balances the bridge and wherein means 
are provided feeding the indicating means with 
a voltage proportional to that fed to the input 
of the reactor valve, said control means compris 
ing a balanced modulator fed with a carrier from 
said source of alternating supply and with an 
output from Said amplifier, so that a D. C. output 
is obtained which reverses in sign as the bridge 

O 

5 

20 

25 

30 

40 

SO 

55 

2,474,156 
8 

output goes through the balance point, said re 
actor valve being connected in parallel with the 
inductance, which produces the aforesaid field of 
energy. 

10. An apparatus according to claim 6, wherein 
said power source consists of an alternating Sup 
ply and said means for applying the potential 
across the second diagonal consists of a valve 
amplifier and wherein said variable inductance 
comprises a reactor valve so energized from con 
trol means associated with said amplifier as to 
constitute said follow-up device whereby the re 
actor valve inductance is brought to a value 
which tends to balance the bridge and wherein 
means are provided feeding the indicating means 
With a voltage proportional to that fed to the 
input of the reactor valve and, wherein said 
voltage proportional to that fed to the input of 
the reactor waive is fed to means for producing 
an output voltage dependent on the time integral 
of the input voltage, which output voltage is ap 
plied to the indicating means. 

11. An apparatus according to claim 6, wherein 
said power source consists of an alternating Sup 
ply and said means for applying the potential 
across the Second diagonal consists of a valve 
amplifier and wherein said variable inductance 
comprises a reactOY Valve So energized from con 
trol re3nS associated with said amplifier as to 
constitute said follow-up device Whereby the re 
actor valve inductance is brought to a value 
which tends to balance the bridge and wherein 
means are provided feeding the indicating means 
with a voltage proportional to that fed to the in 
put of the reactor valve and, wherein said voltage 
proportional to that fed to the input of the reactor 
Valve is fed to means for producing an output 
voltage dependent on the time integral of the in 
put voltage, which output voltage is applied to 
the indicating means, and wherein said electrical 
integrating means is of the resistance and con 
denser type and wherein a discharging device is 
aSSociated with said condenser and is so con 
trolled by the input to the reactor valve that a 
discharge takes piace when the signal input falls 
to Zero. 
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