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l6 Claims. (Cl. 2235-38) 

This invention relates to magnetic switching apparatus 
and more particularly to such apparatus for detecting 
relatively large magnetic objects such as steel sheets. In 
some magnetic conveyors and sheet pilers the magnets 
of the piler or conveyor must be deenergized at a par 
ticular point by the steel sheets being conveyed. Some 
times a lever type switch is used, but these are un 
satisfactory for use at high speeds since the edge and/or 
surface of the sheets are damaged by the switch lever. 
Photo-electric devices have also been used, but the ar 
rangement of the equipment is not always suitable for 
mounting the necessary light source and photocells. An 
other disadvantage is the danger of the light source 
burning out and/or being damaged by dirt and dust. 
Magnetic switches of various types have also been pro 
posed, but they are objectionable because they require 
the use of high frequency and complicated circuits which 
are too delicate to maintain for industrial use and accurate 
performance. Apparatus similar to that discussed above 
are also used to count steel sheets. 

It is an object of my invention to provide apparatus 
for detecting magnetic objects without the use of moving 
parts or high frequencies. 
Another object is to provide magnetic switching ap 

paratus for counting sheets. 
Still another object is to provide magnetic switching 

apparatus for use with magnetic conveyors and similar 
devices. 

These and other objects will be more apparent after 
referring to the following speci?cation and attached 
drawings, in which: 

Figure l is a schematic vertical elevation of my inven~ 
tion as applied to a sheet piler and counter; 

Figure 2 is a sectional view of the sensitive unit of my 
invention; 

Figure 3 is a bottom plan view of Figure 2; 
Figure 4 is a sectional view taken on the line IV-—IV 

of Figure 2; 
Figure 5 is a schematic wiring diagram of the electrical 

circuit of my invention; 
Figure 6 is a view of a second type of sensitive unit; 
Figure 7 is a view of a third type of sensitive unit; 
Figure 8 is a view of a fourth type of sensitive unit con 

nected to a modi?ed electrical circuit; and 
Figure 9 is a schematic vertical elevation of my inven 

tion as applied to a strip width gauge. 
Referring more particularly to Figure l of the drawing, 

the reference numeral 2 indicates a belt conveyor for 
conveying sheets S to a piler 4. Directly above the piler 
4 is a magnetic conveyor 6 having electro-magnets 8 
which are provided with power from the lines 10. The 
entry end of conveyor 6 extends over the exit end of 
conveyor 2. The sensitive unit 12 of my invention is 
mounted above conveyor 2 adjacent the conveyor 6. If 
desired the unit 12 may be mounted below the top run of 
the conveyor 2. As shown in Figures 2, 3 and 4 the 
sensitive unit 12 consists of a case or box 14 made of steel 
or other magnetic material open at its lower end. A 
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plate 16 made of non-magnetic material encloses the 
lower end of box 14. Three poles or cores 18, 20 and 
22, made of iron or soft steel, are mounted in the case 14 
and are surrounded by coils 24, 26 and 28, respectively. 
The coils 24, 26 and 28 are shown as identical, but core 
18 is shorter than cores 20 and 22. For increased sensi 
tivity coil 26 can be provided with a relatively small 
number of turns and coils 24 and 28 identical and with a 
large number of turns. Cores 18, 20 and 22 are held in 
place by means of bolts 30, 32 and 34, respectively, ex~ 
tending through holes in the bottom of box 14 into tapped 
holes in the cores. The hole for core 20 in case 14 is 
elongated so as to permit adjustment thereof with respect 
to cores 18 and 22. The plate 16 is provided with a 
slotted hole 36 for receiving the core 20 and a hole 33 
for receiving the core 22. The coil 26 is continuously 

ice 

energized with 120 volts alternating current from a trans-i 
former 40 and induces voltages in coils 24 and 28. 
Transformer 40 is a constant voltage transformer having 
one Winding 42 which supplies 120 volts A. C. and an 
other winding 44 which supplied 6.3 volts A. C. The 
coils 24 and 28 are identical and are placed in the same 
physical direction so that when the leads of one coil are 
reversed from the other the terminal voltage of the coils 
will be of opposite polarity. When the coils 24 and 28 
are connected in series and opposite in polarity as shown 
the combined output will always be the di?erence be 
tween their outputs. The main purpose of coil 24 is to 
compensate for line voltage ?uctuations which tend to 
alter the magnitude of the magnetic ?eld of coil 26 and 
consequently the terminal voltages of coils 24 and 28. 
However, the effect of line voltage variations will not 
appear in the combined output of coils 24 and 28 be 
cause of the manner in which they are connected. The 
position of coil 26 and its core 20 is adjusted so that equal 
voltages appear at the terminals of coils 24 and 28 and a 
resultant voltage of zero from the two coils when there is 
no steel under the coils. Because the core 18 is shorter 
than core 22 the voltage induced in coil 28 will be greater 
than that induced in coil 24 when a sheet covers all three 
poles. 

Line 46 from coils 26 and 28 is connected to ground and 
line 48 from coil 24 is connected to grid 506 of an ampli 
fying tube 50. A voltage doubling rectifying circuit is 
connected to the winding 42 and consists of two selenium 
recti?ers 50 and 52 which receive current through a pro 
tective resistance 54 and a capacitor 56. A ?lter con~ 
denser or capacitor 58 is also part of the rectifying circuit. 
Approximately 250 volts direct current from this circuit 
is supplied through a decoupling resistor 60 to the plate 
50P and also to plate 62F of a second amplifying tube 62. 
Resistances- 64 and 66 are inserted in the plate circuits of 
tubes 50 and 62, respectively. A de-coupling condenser 
68 in these plate circuits provides a low impedance path 
for the alternating currents. The plate output voltage of 
tube 50 is coupled to grid 62G through a coupling con 
denser 70 and grid resistor 72. A resistor 74 provided 
in the cathode circuit of tube 62 aids the general stability 
of the circuit. The values of the resistors and con 
densers are selected so that the output of tube 62 as it ap 
pears from plate to ground will be in phase with the 
voltage originally impressed on the grid 50G. This is so 
because each tube 50 and 62 will shift the phase of the 
impressed signal approximately 180 degrees. 
The output of tube 62 is coupled to grid 76G of a 

Thyratron tube 76 by means of a coupling condenser 78, 
grid resistor 80 and isolating resistor 82. The D. C. 
voltage from the recti?er circuit is also used to supply a 
?xed bias to the cathode 76C through voltage dropping 
resistors 84 and 86 connected in series. The value of 
resistor 84 is large compared With resistor 86. The anode 
76A is connected to the winding 42 through a D. C. relay 
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coil 88 which is shunted by a condenser 94). The voltage 
impressed on grid 76G will be approximately in phase 
with the anode voltage. When the voltage on grid 76G 
exceeds the ?ring voltage as determined by the ?xed bias 
the tube 76 will ?re on the positive half cycle of the im 
pressed grid voltage and will extinguish itself at the end 
of each half cycle. Condenser 9% is large enough to pre 
vent relay chatter and small enough to cause no appreci 
able time delay in relay operation. Relay coil 88 is pro 
vided with normally open contacts 83C and 33C’. Con» 
tacts 38C are connected in a circuit to a sheet counter ‘ii 
and contacts 88C’ are connected in a circuit to contactor 
92 which when closed will supply current to the leads it). 
The winding 44 supplies current for the heaters of tubes 
56, 62 and '76. When less sensitivity is required the 
ampli?ers 5d and 62 can be omitted and the output of the 
coils 24 and 28 connected to Thyratron tube 76. 
The operation of the device is as follows: When there 

is a sheet S under the sensitive element 12 a voltage will 
appear between the grid and cathode of tube 50 causing 
it to conduct and an ampli?ed voltage will appear from 
the plate to cathode of tube 5s. This voltage which is 
approximately 130 degrees out of phase with the voltage 
impressed on grid SQG is impressed on grid 52G causing 
tube 62 to conduct and an ampli?ed voltage will appear 
from the plate to cathode of tube 62. This voltage is im 
pressed on the grid 76G causing tube 76 to conduct on 
the positive halt cycle of the impressed grid voltage. This 
will energize coil 83 which will remain energized (because 
of condenser 90) as long as a sheet S is under the 
sensitive element 12. Energization of coil 88 will close 
contacts 88C and 899C’, thus causing counter 90 to oper 
ate and also magnetizing the electro~rnagnets 8. When 
the tail end of the sheet passes from under the sensitive 
element 12 the tubes 50, 62 and '76 will all cease to 
conduct and relay coil 88 will be deenergized thus open 
ing contacts 380 and 8%C'. Opening of contacts 88C 
readies counter 91 for counting an additional sheet and 
opening of contacts 38C’ deenergizes electro-magnets 8. 
The sheet S which was supported by the magnets 8 will 
then fall into the piler 4. Instead of operating a relay 
coil the solenoid of a counter could be placed directly in 
the anode circuit. The tube 76 could be replaced by an 
electronic detector circuit to operate a meter or other 
indicating device. 

While it is preferred to place the sensitive element in 
the box 14, both to shield it from external magnetic ?elds 
and to prevent dirt from damaging it, the box may be 
omitted when the sensitive element is used in places 
where such protection is not necessary. 
end of the cores away from the article to be detected will 
be connected by a bar having magnetic characteristics 
similar to the cores and a cross section approximately the 
same as the cores as shown in Figure 8. in Figure 6 
the coils 24', 26’ and 28’ are mounted on an H-shaped 
core 94. Another arrangement is shown in Figure 7 in 
which ?ve coils 96, 9%, 1th), 192. and 104 are mounted on 
cores 106, 108, 119, 112 and 114, respectively. in this 
embodiment coil 96 is the exciting coil corresponding to 
coil 26, coils 9d and 109 are the balancing coils cor 
responding to coil 24, cores 108 and 110 are short com 
pared to the other cores, and coils M2 and 104 are the 
pick up coils corresponding to coil 28. The cores 112 
and 114 are connected by means of an iron bar 116 and 
cores 108 and 110 are connected by an iron bar 118. 
The entire unit may be housed in a round steel shell. 
The embodiment of my invention shown in Figure 5 

is preferred for most purposes because of its sensitivity. 
In the simpler form of my invention shown in Figure 8, 
coils 1.20 and 122 are mounted on a U-shaped core 124. 
The coil 120 is the exciting coil and is connected to an 
A. C. voltage source 126, 1255. The coil 122 is the pick 
up coil and has one lead connected to grid 1306 of a 
Thyratron tube 130 and its other lead connected to 
cathode BBC through a variable resistor 132. The line 
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126 is connected to anode 139A through a solenoid or 
relay coil 134. A resistor 1.36 is provided in the anode 
cathode circuit of the Thyratron tube 136. i’roper bias 
for tube 130 is obtained by means of resistors 132 and 
136. When there is no sheet S under the iron core 124 
the induced voltage in coil 122 will not be sufficient to 
?re the Thyratron tube As soon as a sheet S passes 
under the core 124- the induced voltage will be su?icicnt 
to fire the tube 130 and the solenoid coil will be 
energized. If necessary for increased sensitivity ampli‘ 
tying tubes 50 and 62 may be inserted between the coil 
122 and Thyratron tube 139 as in Figure 5. 
My device can also be used to measure strip width or 

strip gauge, to operate aloud speaker, horn, hell or other 
alarm device, and to operate a control for controlling 
sheet tension or sheet position. 

Figure 9 shows how my device may be used to measure 
strip width. A pair of sensitive units 12 are mounted on 
opposite ends of a right and left hand screw 133 by means 
of left hand not 141) and right hand nut 1-32. The screw 
138 is supported in suitable bearings 14M and is 1, ovided 
with a hand wheel 146. The leads from the sensitive ele 
ments 12 are connected to an ampli?er and mixing cir~ 
cuit 148, the output of which is applied to a meter 1 ". 

In operation, the screw 138 is turned until a o p S 
of desired width will cover half of each sensitive unit 12. 
As the strip Width varies the voltage output from each 
unit 12 varies. The voltage outputs are amplified and 
algebraically added in the device M3 so that as the strip 
width varies the output of device 14% will vary. This 
output will be applied to meter 15% so that the carpet 
strip width will be indicated thereon. 

While several embodiments of my invention have been 
shown and described it will be apparent that other adapta 
tions and modi?cations may be made without departing 
from the scope of the following claims. 

I claim: 
1. Apparatus for detecting magnetic objects compris 

ing three cores, the center core being equally spaced from 
the end cores and of the same length as one of said end 
cores, the other end core being shorter than the cc..tcr 
core, a coil surrounding the center core, identical coils 
surrounding each of said end cores, means connecting the 
center coil to a source of alternating current, said center 
coil when energized inducing a voltage in said identical 
coils, means connecting the end coils in series and op 
posite in polarity, and magnetic means connecting one 
end of the center core to the adjacent ends of the other 
cores. 

2. Apparatus for detecting magnetic objects according 
to claim 1 including a pair of tubes each having a plate. 
cathode and grid, a connection between the ot the 
?rst of said tubes and the coil surrounding the short 
core, a connection between the other coils and the cath 
ode of said ?rst tube, a connection between the cathodes 
of said tubes, a connection between the plates of said 
tubes, a connection between the plate of said ?rst tube 
and the grid and cathode of the second tube, and a con 
nection between a source of power and the plates of each 
of said tubes. 

3. Apparatus for detecting magnetic objects according 
to claim 2 including a Thyratron tube, a connection be 
tween the plate of said second tube and the grid and 
cathode of the Thyratron tube, means for supplying a 
?xed bias on the cathode of the Thyratron tube, a con 
nection between a source of power and the anode of said 
Thyratron tube, and a coil in said connection. 

4. Apparatus for detecting magnetic objects according 
to claim 1 including a Thyratron tube connected to the 
output of the end coils. 

5. Apparatus for detecting magnetic objects according 
to claim 1 including an amplifying circuit connected to 
the output of the end coils, and a Thyratron tube con 
nected to the output of the amplifying circuit. 

6. Apparatus for detecting magnetic objects comprising 
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a core‘, an exciting coil surrounding said core, a second 
core, a balancing coil surrounding the second core, a third 
core of greater length than the second core, a pick-up coil 
surrounding the third core, said exciting coil when ener 
gized inducing a voltage in said balancing and pick up 
coils, means connecting the balancing and pick-up coils in 
series and opposite in polarity, and means connecting the 
?rst core to a source of alternating current, more voltage 
being induced in said pick-up coil than in said balancing 
coil when the magnetic object is positioned adjacent both 
of the coils. 

7. Apparatus for detecting magnetic objects comprising 
a box made of magnetic material, a cover for said box 
made of nonmagnetic material, three cores in said box 
extending from the base of said box to said cover, the 
center core being equally spaced from the end cores and 
of the same length as one of said end cores, the other 
end core being shorter than the center core, a coil sur 
rounding the center core, identical coils surrounding each 
of said end cores, said center coil when energized inducing 
a voltage in said identical coils, means connecting the cen 
ter coil to a source of alternating current, and means con 
necting the end coils in series and opposite in polarity. 

8. Apparatus for detecting magnetic objects according 
to claim 7 including a pair of tubes each having a plate, 
cathode and grid, a connection between the grid of the ?rst 
of said tubes and the coil surrounding the short core, a 
connection between the other coils and the cathode of said 
?rst tube, a connection between the cathodes of said tubes, 
a connection between the plates of said tubes, a connection 
between the plate of said ?rst tube and the grid and cath~ 
ode of the second tube, and a connection between a source 
of power and the plates of each of said tubes. 

9. Apparatus for detecting magnetic objects according 
to claim 8 including a Thyratron tube, a connection be 
tween the plate of said second tube and the grid and cath 
ode of the Thyratron tube, means for supplying a ?xed 
bias on the cathode of the Thyratron tube, a connection 
between a source of power and the anode of said Thyra 
tron tube, and a coil in said connection. 

10. Apparatus for detecting magnetic objects accord 
ing to claim 7 including a pair of tubes each having a plate, 
cathode and grid, a connection between the grid of the 
?rst of said tubes and the coil surrounding the short core, 
a connection between the other coils and the cathode of 
said ?rst tube, a connection between the cathodes of said 
tubes, a resistor in said last named connection, a connec 
tion between the plates of said tubes, a resistor in said last 
named connection, a connection between a source of power 
and the plates of each of said tubes, a condenser in the 
plate circuits of said tubes, a connection between the plate 
of said ?rst tube and the grid of the second tube, a con 
denser in said last named connection, a connection be 
tween the plate of said ?rst tube and the cathode of the 
second tube, a resistor in said last named connection, a 
Thyratron tube, a connection between the plate of said 
second tube and the grid of the Thyratron tube, a con 
denser and resistor in said last named connection, a con 
nection between the plate of said second tube and the 
cathode of said Thyratron tube, a resistor in said last 
named connection, means for supplying a ?xed bias on 
the cathode of the Thyratron tube, a connection between 
a source of power and the anode of said Thyratron tube, 
and a coil in said last named connection. 

11. Apparatus for detecting magnetic objects compris 
ing a box made of magnetic material, a cover for said 
box made of non-magnetic material, three cores in said 
box extending from the base of said box to said cover, the 
center core being equally spaced from the end cores and of 
the same length as one of said end cores, the other end 
core being shorter than the center core, a coil surrounding 
the center core, identical coils surrounding each of said 
end cores, means connecting the end coils in series, a 
source of alternating current, means connecting the center 
coil to said source of alternating current, a recti?er, a con 
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6 
denser, a resistor connected in series with said recti?er’ 
and condenser across said source of alternating current, an 
electrical connection between said recti?er and condenser, 
a second recti?er in said last named connection, a pair of 
tubes each having a plate, cathode and grid, a connection 
between the grid of the ?rst of said tubes and the coil 
surrounding the short core, a connection between the other 
coils and the cathode of said ?rst tube, a connection be 
tween the cathodes of said tubes, a resistor in said last 
named connection, a connection between the plates of said 
tubes, a resistor in said last named connection, a connec 
tion between said second recti?er and the plate of each of 
said tubes, a condenser in the plate circuits of said tubes, 
a connection between the plate of said ?rst tube and the 
grid of the second tube, a condenser in said last named 
connection, a connection between the plate of said ?rst tube 
and the cathode of the second tube, a resistor in said last 
named connection, a Thyratron tube, a connection between 
the plate of said second tube and the grid of the Thyratron 
tube, a condenser and resistor in said last named connec 
tion, a connection between the plate of said second tube 
and the cathode of said Thyratron tube, a resistor in said 
last named connection, means connected to said second 
recti?er for supplying a ?xed bias on the cathode of the 
Thyratron tube, a connection between said source of pow 
er and the anode of said Thyratron tube, and a coil in said 
connection. 

12. Apparatus for counting magnetic sheets moving 
over a conveyor comprising a box made of magnetic ma 
terial and located adjacent said conveyor, a cover for said 
box made of non-magnetic material, three cores in said 
box extending from the base of said box to said cover, 
the center core being equally spaced from the end cores 
and of the same length as one of said end cores, the other 
end core being shorter than the center core, a coil sur 
rounding the center core, identical coils surrounding each 
of said end cores, means connecting the center coil to a 
source of alternating current, said center coil when ener 
gized inducing a voltage in said identical coils, means con 
necting the end coils in series and opposite in polarity, and 
a counter operable by current induced in said end coils. 

13. Apparatus for counting magnetic sheets moving 
over a conveyor comprising a box made of magnetic ma 
terial and located adjacent said conveyor, a cover for said 
box made of non-magnetic material, three cores in said 
box extending from the base of said box to said cover, the 
center core being equally spaced from the end cores and 
of the same length as one of said end cores, the other 
end core being shorter than the center core, a coil sur 
rounding the center core, identical coils surrounding each 
of said end cores, means connecting the center coil to a 
source of alternating current, said center coil when ener 
gized inducing a voltage in said identical coils, means con~ 
necting the end coils in series and opposite in polarity, 
a pair of tubes each having a plate, cathode and grid, a 
connection between the grid of the ?rst of said tubes and 
the coil surrounding the short core, a connection between 
the other coils and the cathode of said ?rst tube, a connec 
tion between the cathode of said tubes, a connection be 
tween the plates of said tubes, a connection between the 
plate of said ?rst tube and the grid and cathode of the 
second tube, a connection between a source of power and 
the plates of each of said tubes, and a counter operable 
by the output from said second tube. 

14. Apparatus for counting magnetic sheets moving 
over a conveyor comprising a box made of magnetic ma 
terial and located adjacent said conveyor, a cover for 
said box made of non-magnetic material, three cores in 
said box extending from the base of said box to said cover, 
the center core being equally spaced from the end cores 
and of the same length as one of said end cores, the other 
end core being shorter than the center core, a coil sur 
rounding the center core, identical coils surrounding each 
of said end cores, means connecting the center coil to a 
source of alternating current, said center coil when ener 
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gized inducing a voltage in said identical coils, means con 
necting the end coils in series and opposite in polarity, a 
pair of tubes each having a plate, cathode and grid, a 
connection between the grid of the ?rst of said tubes and 
the coil surrounding the short core, a connection between 
the other coils and the cathode of said ?rst tube, a connec 
tion between the cathodes of said tubes, a connection be 
tween the plates of said tubers, a connection between the 
plate of said ?rst tube and the grid and cathode of the 
second tube, a connection between a source of power and 
the piates of each of said tubes, a Thyratron tube, a con 
nection between the plate of said second tube and the grid 
and cathode of the Thyratron tube, means for supplying 
a ?xed bias on the cathode of the Thyratron tube, a con 
nection between a source of power and the anode of said 
Thyratron tube, a coil in said last named connection, and 
a counter operable by current ?owing in said coil. 

15. Apparatus for counting magnetic sheets moving 
over a conveyor comprising a box made of magnetic ma 
terial and located adjacent said conveyor, a cover for said 
box made of non-magnetic material, three cores in said 
box extending from the base of said box to said cover, the 
center core being equally spaced from the end cores and 
of the same length as one of said end cores, the other 
end core being shorter than the center core, a coil sur 
rounding the center corc, identical coils surrounding each 
of said end cores, means connecting the center coil to a 
source of alternating current, said center coil when ener 
gized inducing a voltage in said identical coils, means con 

nectir g 
a pair of tubes each having a plate, cathode and grid, a 
connection between the grid of the ?rst of said tubes and 
the coil surrounding the short core, a connection between 
the other coils and the cathode of said ?rst tube, a con 
nection between the cathodes of said tubes, a resistor in 
said last named connection, a connection between the 
plates of said tubes, a resistor in said last named connec 
tion, a connection between a source of power and the 
plates of each of said tubes, a condenser in plate circuits 
of said tubes, :1 connection between the plate of said ?rst 
tube and the grid of the second tube, a condenser in said 
last named connection, a connection between the plate of 
said ?rst tube and the cathode of the second tube, a resistor 
in said last named connection, a Thyratron tube, a connec 
tion between the plate of said second tube and the grid of 
the Thyratron tube, a condenser and resistor in said last 
named connection, a connection between the plate of said 
second tube and the cathode of said Thyratron tube, a 
resistor in said last named connection, means for supplying 
a ?xed bias on the cathode of the Thyratron tube, a con 
nection between a source of power and the anode of said 
Thyratron tube, a coil in said connection, and a counter 
operable by current ?owing in said coil. 

16. Apparatus for counting magnetic sheets moving 

the end coils in series and opposite in polarity, " 
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over a conveyor comprising a box made of magnetic ma 
terial and located adjacent said conveyor, a cover ‘for said 
box made of non-magnetic material, three cores in said 
box extending from the base of said box to said cover, 
the center core being equally spaced from the end cores 
and of the same length as one of said end cores, the other 
end core being shorter than the center core, a coil sur 
round said center core, identical coils surrounding each of 
said end cores, means connecting the end coils in series 
and opposite in polarity, a source of alternating current, 
means connecting the center coil to said source of alternat 
ing current, said center coil when energized inducing a 
voltage in said identical coils, a recti?er, a condenser, a 
resistor connected in series with said recti?er and con 
denser across said source of alternating current, an electri 
cal connection between said recti?er and condenser, a sec 
ond recti?er in said connection, a pair of tubes each having 
a piatc, cathode and grid, a connection between the grid 
of the ?rst of said tubes and the coil surrounding the short 
core, a connection between the other coils and the cathode 
of said ?rst tube, a connection between the cathodes of 
said tubes, a resistor in said last named connection, a con 
nection between the plates of said tubes, a resistor in 
said last named connection, a connection between said 
second recti?er and the plates of each of said tubes, a 
condenser in the plate circuits of said tubes, a connection 
between the plate of said ?rst tube and the grid of the 
second tube, a condenser in said last named connection, 
a connection between the plate of said ?rst tube and the 
cathode of the second tube, a resistor in said last named 
connection, a Thyratron tube, a connection between the 
plate of said second tube and the grid of the Thyratron 
tube, a condenser and resistor in said last named connec 
tion, a connection between the plate of said second tube 
and the cathode of said Thyratron tube, a resistor in said 
last named connection, means connected to said second 
recti?er for supplying a ?xed bias on the cathode of the 
Thyratron tube, a connection between said source of 
power and the anode of said Thyratron tube, a coil in said 
connection, and a counter operable by current ?owing in 

said coil. 
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