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57) ABSTRACT 
An electronic indicating device is responsive to a 
source of high frequency current transmitted through 
a plurality of cascade connected, saturable core trans 
formers. The transmission of the current is blocked by 
the application of a first magnetic field of predeter 
mined strength and direction to saturate selected trans 
formers. The transmission of the current is restored by 
the application of a second magnetic field to the se 
lected transformers which substantially cancels the ef. 
fect of the first field. W 

8 Claims, 9 Drawing Figures 
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MAGNETIC VERIFING SYSTEM 

BACKGROUND OF THE INVENTION 

The invention relates to an improved magnetic verifi 
cation system for use in controlling electronic indicat 
ing devices such as electronic locks by means of printed 
circuit keys, magnetically coated credit cards, checks, 
and the like. 
There has been an increase in the requirement for 

electronic locking systems in place of prior art mechan 
ical systems. Electronic locks have many advantages 
over mechanical methods such as being more difficult 
to pick and in allowing for a greater degree of sophisti 
cation in the coding of the lock and the key. A related 
application involves the verification of a code magneti 
cally memorized on a credit card or check to determine 
whether, for example, the user of the card shall be enti 
tled to purchase items on credit. One disadvantage of 
some prior art electronic locking or verification sys 
tems is that the code stored on the key or on the credit 
card must be read by complex electronic systems which 
are both expensive and impractical for ordinary use. 

SUMMARY OF THE INVENTION 

The above and other disadvantages are overcome by 
the magnetic verification system of the present inven 
tion which comprises a plurality of saturable core trans 
formers cascade connected between the output of a 
source of high frequency current and an electronic in 
dicating device such as a lock which is operated by the 
current. The transmission of the current to the lock 
through the transformers is controlled by a master mag 
netic biasing means which supplies magnetic fields in a 
predetermined direction to selected ones of the trans 
formers such that they become saturated and incapable 
of transmitting the current and a key magnetic biasing 
means which supplies the selected transformers with 
individual magnetic fields in a direction opposite to 
that of the fields supplied by the master means so that 
the net magnetic fields are reduced to substantially 
zero, thereby unsaturating the selected transformers 
and allowing them to pass the current to the lock. 
A control mechanism for the key magnetic biasing 

means is housed in a relatively small structure which 
may be easily carried by the user of the verification sys 
tem. In some embodiments the control mechanisms for 
both magnetic biasing means are easily carried by the 
user of the system. In one preferred embodiment the 
control for the magnetic biasing means comprises 
printed circuit cards which allow a power source to be 
coupled to selected magnetic coils adjacent the trans 
former which generate the opposing magnetic fields. In 
another embodiment the magnetic biasing means com 
prise strips of material containing portions magnetized 
in predetermined directions which are placed adjacent 
the transformers. In still another embodiment the key 
magnetic biasing means comprises portions of a credit 
card which are magnetized in the predetermined direc 
tions and which are placed adjacent the transformers 
during the verification process. 

It is therefore an object of the invention to provide 
a magnetic verification system which is simple in struc 
ture, reliable in operation, and compact in size. 

It is another object of the invention to provide a mag 
netic verification system wherein binary codes are 
memorized in both a master key and a slave key such 
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that the coding of the magnetic verification system may 
be easily changed. 
The foregoing and other objections, features, and ad 

vantages of the invention will be more readily under 
stood upon consideration of the following detailed de 
scription of certain preferred embodiments of the in 
vention, taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a saturable trans 

former employed in the invention; 
FIG. 2 is a diagram illustrating the magnetic charac 

teristics of the transformer of FIG. 1; 
FIG. 3 is a schematic diagram of one embodiment of 

the invention; 
FIG. 4 is a diagram for purposes of illustrating the op 

eration of the embodiment of FIG. 3; 
FIG. 5 is a schematic view of circuits for operating 

0 the magnetic biasing means of the embodiment of FIG. 
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3; 
FIG. 6 is a schematic diagram of a second embodi 

ment of the invention; 
FIG. 7 is a perspective view, with portions broken 

away, to illustrate one method of mounting the embodi 
ment of FIG. 6; 
FIG. 8 is a perspective view illustrating an alternative 

magnetic biasing means for use with the embodiment 
of FIG. 6; and 
FIG. 9 is a plan view of a credit card for use with the 

embodiment of FIG. 6. 

DESCRIPTION OF CERTAIN PREFERRED 
EMBODIMENTS 

Referring now more particularly to FIG. 1 a saturable 
core transformer for use in all of the embodiments of 
the invention is shown having a core 1 of a magnetic 
material having high permiability and low coercivity 
such as a ferrite or the like. Core 1 has two opposed 
magnetic flux convergence portions 1a and 1b which 
are spaced apart by two magnetic flux saturable por 
tions 2a and 2b which are parallel to each other and 
which straddle a center hole 3. The two magnetic flux 
saturable portions 2a and 2b have smaller cross 
sectional areas than the cross-sectional areas of the 
magnetic flux convergence portions 1a and 1b. A pri 
mary winding 4a is wound around the portion 2a and 
a secondary winding 4b is wound around the portion 2b 
of the transformer. 

In FIG. 2 a curve designated "L' illustrates the in 
ductance characteristics of the primary and secondary 
windings 4a and 4b when the core 1 is placed in the 
presence of a magnetic field B. When the magnetic 
field is of no intensity or a very small intensity the in 
ductance of the transformer windings is relatively cons 
tant, however, when the magnetic field intensity 
reaches the predetermined value denoted Bs the induc 
tance of the windings becomes extremely low as com 
pared with the original value. This is due to the fact that 
the portions 2a and 2b of the transformer become satu 
rated in magnetic flux. 
The curve designated K illustrates the coupling char 

acteristics between the coils 4a and 4b in the presence 
of the magnetic field. When the magnetic field is of a 
relatively low intensity the coupling is at a substantially 
constant value, however, when the magnetic field is in 
creased to the point of saturating the portions 2a and 
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2b the coupling factor drops off drastically. When the 
portions 2a and 2b are completely saturated the cou 
pling factor may be reduced to about one tenth of its 
original value. The effect of this reduction in the cou 
pling factor is that an alternating current signal im 
pressed upon the primary winding 4a will not be trans 
mitted through to the secondary winding 4b and thus 
the signal is blocked. The transformer S therefore be 
comes a switching device. By selectively applying a 
magnetic field of a predetermined strength and direc 
tion to the transformer it may be switched on or off. 
Referring now to FIG. 3 a preferred embodiment of 

the invention comprises a plurality of saturable core 
transformers S1, S2, S3 and S4 which are cascade con 
nected between a source of high frequency current 5 
and an output transformer 6. The transformer S1 has 
a primary winding 4al connected to the output of the 
high frequency current source 5 and a secondary wind 
ing 4b1 which is connected to the primary winding 4a2 
of the transformer S2. The secondary winding 4b2 of 
the transformer S2 is connected to the primary winding 
4a3 of the transformer S3. The secondary winding 4.b3 
of the transformer S3 is connected to the primary wind 
ing 4a4 of the transformer S4. The secondary winding 
4b4 of the transformer S4 is connected to the primary 
winding 6a of the output transformer 6. 
The secondary winding 6b of the output transformer 

6 has one lead connected to the gate electrode of a sili 
con controlled rectifier 7 (hereinafter referred to as 
SCR) and its other lead connected to the cathode of 
SCR 7. The anode of SCR 7 is connected to one lead 
of a solenoid 9a. The other lead of the solenoid 9a is 
connected to a power supply terminal 8a. A power sup 
ply terminal 8b is connected to the cathode of the SCR 
7. The terminals 8a and 8b are supplied with power 
from a source 8c. The solenoid 9a operates a locking 
bar 9b which controls the opening of a door or the like. 
Together the solenoid 9a and the locking bar 9b 
comprise an electronic lock 9. 
With the transformers S1, S2, S3, and S4 in an unsat 

urated state the source of high frequency current 5 
supplies a signal which is transmitted through the trans 
formers S1, S2, S3, and S4 to the output transformer 6 
which causes the SCR 7 to switch on and allow current 
to flow through the solenoid 9a from the power source 
8c. This causes the locking bar to be withdrawn into the 
energized solenoid 9a thereby unlocking a door or the 
like. 

It is one feature of the invention that the transformers 
S1-S4, inclusive, may be selectively put into a satu 
rated state by the application of a magnetic field so as 
to block the transmission of the high frequency current 
to the electronic lock 9. This is accomplished by means 
of a master magnetic biasing supply located adjacent 
the transformers. Once the selected transformers are 
saturated the system is locked. The system is unlocked 
by a key magnetic biasing supply which counteracts the 
magnetic fields used to lock the system and unsaturates 
the selected transformers to allow the high frequency 
current to be transmitted to the electronic lock 9. 
Magnetic field biasing means 101, 102, 103 and 104 

are mounted adjacent the transformers S1, S2, S3 and 
S4, respectively, to provide individual magnetic fields 
for both the master and key magnetic biasing supplies. 
The magnetic field biasing means 101 includes a bar 
core 111 and a winding 10a1 and a winding 12a1 which 
are wound on the bar core 101. The magnetic field bi 
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4 
asing means 102 includes a bar core 112 having wound 
thereon a coil 10a2 and a coil 12a2. The magnetic bias 
ing means 113 includes a bar core 113 with a coil 10a 
and a coil 12a3 wound thereon. The magnetic biasing 
means 104 includes a bar core 114 with a coil 10a4 and 
a coil 12a4 wound thereon. 

It should be noted that the coils 10a1-10a4, inclu 
sive, are wound in one direction around their respec 
tive bar cores whereas the coils 12a1-12a4, inclusive, 
are wound in the opposite direction around their re 
spective bar cores. Thus currents applied with a prede 
termined polarity to the coil 10a1, for example would 
produce a magnetic field in a predetermined direction 
whereas the same current applied with the same polar 
ity to the coil 12a1 would produce a magnetic field in 
the opposite direction. 
With reference now to FIG. 4 the coupling factor 

magnetic field characteristics of the saturable trans 
formers S1-S4 are diagrammatically illustrated in a 
curve designated So. The currents which are applied to 
the coils wound on the bar cores may be described in 
terms of binary codes designated "1" or "0." Thus 
when a magnetic field is applied in a predetermined di 
rection designated A and has a magnetic intensity des 
ignated a which is sufficient to reduce the coupling fac 
tor to substantially zero in the positive direction then 
the coil may be said to be in the “1” state. When no 
current flows through the coil it may be said to be in the 
“0” state. When the current is applied to the other coil 
wound on the same bar so that a magnetic field is gen 
erated in the opposite direction designated B and is of 
an intensity B sufficient to reduce the coupling factor 
of the transformer to zero in the negative direction the 
second coil may be said to be in the "I' state. When no 
current flows through the second coil it is in the “0” 
state. 

Referring now to FIG. 5 a master key and slave key 
for controlling the magnetic field biasing means of the 
embodiment of FIG. 3 are illustrated. The master key 
20 is comprised of a printed circuit card having a base 
board 21 made of an insulating material and having 
lead pairs 22a, 22c, and 22d formed on the base board 
21 by a printed circuit method. The ends of the lead 
pairs constitute contacts. The master key 20 is inserted 
into a socket (not shown) having matching contacts. 
The contacts are arranged such that a lead pair 24a is 
connected between the lead pair 22a and a power 
source 23. A lead pair 24c from the power source is 
connected to the lead pair 22c and a lead pair 24d is 
connected from the power source to the lead pair 22d. 
A lead pair 24b is connected from the power source to 
the card but the card has no corresponding printed cir 
cuit lead pair and thus the lead pair 24b is electrically 
unconnected. 
The lead pair 22a is also connected to the leads 10b 

and 10c of the coil 10a1. The leads 10b3 and 10c3 of 
the coil 10as are connected to the lead pair 22c. The 
leads 10b4 and 10c4 of the coil 10a4 are connected to 
the lead pair 22d. The leads 10b2 and 10c2 of the coil 
10a2 remain unconnected to the power source. Thus 
when power is applied from the source 23 the coils 
10a1, 10a and 10a4 are energized into the "1" state 
and the coil 10a2 is in the “0” state. At this point the 
system of FIG. 3 is locked because transformer S2 is 
the only transformer which is in the unsaturated condi 
tion and thus the high frequency current from the 
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source 5 is not transmitted to energize the electronic 
lock 9. 
A slave key 25 is needed to unlock the system. The 

slave key 25 includes an insulator board 26 having lead 
pairs 27a, 27c, and 27d printed thereon. It is inserted 
in a socket (not shown) so that the lead pair 27a is con 
nected to the power source 23 through a lead pair 28a, 
the lead pair 27.c is connected to the power source 23 
through a lead pair 28c and the lead pair 27d is con 
nected to the power source 23 through a lead pair 28d. 
The ends 12b1 and 12c1 of the coil 12a1 are con 

nected to the lead pair 27a. The ends 12b2 and 12c2 
of the coil 12a2 are unconnected to a lead pair on the 
key 25. The ends 12b3 and 12c3 of the coil 12a3 are 
connected to the lead pair 27c and the ends 12b-4 and 
12c4 of the coil 12a4 are connected to the lead pair 
27d. Thus when the key 25 is inserted in the socket 
power is supplied from the source 23 to energize the 
coils 12a1, 12a3 and 12a4 so that they are in the "1" 
binary state and the coil 12a2 is unenergized and in the 
'0' state. Since the coils 10a1-10a4 are wound in the 
opposite direction from the coils 12a1-12a4 the re 
spective magnetic fields cancel each other out and 
leave the transformers S1-S4, inclusive, unsaturated. 
The high frequency current is then transmitted to ener 
gize the electronic lock 9. 
The arrangement of the lead pairs on the master and 

slave keys illustrated in FIG. 5 may be varied to give 
any number of combinations of coding. One advantage 
of the system of the invention is that the master and 
slave keys together provide a pre-set coding pattern but 
the system is not limited to this coding pattern. Any 
number of master and slave key pairs may be utilized 
in the same system. Thus if the slave key is lost the sys 
tem may be provided conveniently with a new coding 
simply by changing the master key. 
Referring now to FIG. 6 another embodiment of the 

invention is shown in which the alternating current 
source 5, the cascade connected transformers S1-S4, 
the output transformer 6, the SCR 7 and the electronic 
lock 9 are utilized as in the embodiment of FIG. 3 but 
a different magnetic biasing system is supplied. In FIG. 
6 the binary designation "1" refers to the presence of 
a magnetic field sufficient to saturate the transformer 
and the designation "0" refers to the absence of a mag 
netic field. 
Referring now more particularly to FIG. 7 the mag 

netic biasing sources 15 and 16 are shown comprising 
metallic strips having portions of the strips magnetized 
in predetermined directions. The transformers S1-S4, 
inclusive, are mounted on a strip 14 which is secured 
in a housing 13 between the metallic strips 15 and 16 
which are inserted through holes in the housing 13. The 
transformers are located on the strip 14 at predeter 
mined intervals. 
The strip 15 has a portion 221 which is magnetized 

north to south from left to right as viewed in FIG. 7. 
The portion 221 is situated directly opposite the trans 
former S1 when the strip 15 is fully inserted into the 
casing 13. The strip 15 also has a portion 223 located 
directly opposite the transformer S3 and magnetized 
south to north from left to right as viewed in FIG. 7. 
The strip 15 further has a portion 224 magnetized from 
north to south as viewed in FIG. 7 and located directly 
opposite the transformer S4. The strip 15 has no mag 
netized portion directly opposite the transformer S2. 
The magnetic field supplied by the portions 221, 223 
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6 
and 224 cause the transformers S1, S3 and S4 to be sat 
urated. Thus when the key 15 is inserted in the casing 
13 the system is locked. 
The system may be unlocked by the insertion of the 

key 16 into the casing 13. The key 16 has a portion 201 
magnetized south to north from left to right as viewed 
in FIG. 7 which is located directly opposite the trans 
former S1 when the key 16 is fully inserted into the cas 
ing 13. The strip 16 also has a portion 203 located di 
rectly opposite the transformer S3 which is magnetized 
north to south from left to right as viewed in FIG. 7. A 
portion 204 of the strip 16 is magnetized south to north 
from left to right as viewed in FIG. 7 and is located di 
rectly opposite the transformer S4. It will be noted that 
the magnetic polarities of the portions 201, 203 and 
204 are directly opposite to the magnetic polarities of 
the portions 221, 223 and 224 of the strip 15. The net 
effect is that the magnetic fields produced at the trans 
formers by the strips 15 and 16 cancel each other leav 
ing the transformers S1-S4, inclusive, unsaturated and 
the system unlocked. 
The embodiment of FIGS. 6 and 7 provides a greater 

degree of coding than the embodiment of FIG. 5 in that 
not only may the portions of the keys be magnetized or 
unmagnetized but they may also be magnetized in a 
predetermined direction. If a key having a particular 
portion which is magnetized is placed opposite the 
transformer but the magnetic polarity of the portion is 
the same as the magnetic polarity of the opposing mag 
netized portion of the master key then the transformer 
is merely driven further into saturation rather than 
being unsaturated. 
A modified form of a key suitable for use in the em 

bodiment of FIG. 7 is shown in FIG. 8 comprising a hol 
low rectangular tube 18 which contains a plurality of 
magnetic bits 17. The bits 17 are magnetized in prede 
termined directions and correspond to the magnetized 
portions of the strips 15 and 16 in their purpose. Un 
magnetized spacers may be inserted between the bits 
17 to provide a further element of coding ability. 
In FIG. 9 still another form of key is illustrated in the 

form of a credit card 30 made of an insulating material 
31 and having a plurality of coded magnetic bits 32 
having predetermined polarities. The purpose of the 
card 30 is similar to the purpose of the keys 15 and 16. 
It is inserted in a similar structure to saturate or unsatu 
rate the transformers S1-S4. The coding may be in the 
form of predetermined magnetic polarities of the bits 
or the presence or absence of the magnetized bits. The 
card 30 may further carry a photograph of the user to 
provide additional identification. 
While in all of the above embodiments the transform 

ers and magnetic biasing means have been shown and 
described as being arranged in a straight line, in other 
embodiments they are arranged in other patterns. It 
should also be apparent that any sort of electronic con 
trol device may be operated by the system and the in 
vention is not restricted to the control of electronic 
locks. 
The terms and expressions which have been em 

ployed here are used as terms of description and not of 
limitation, and there is no intention, in the use of such 
terms and expressions of exclusing equivalents of the 
features shown and described, or portions thereof, it 
being recognized that various modifications are possi 
ble within the scope of the invention claimed. 
What is claimed is: 
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1. A magnetic verification system comprising a 
source of alternating current, control means responsive 
to the flow of electrical current, a plurality of saturable 
core transformers cascade connected between the 
source of alternating current and the control means, 
the transformers forming a circuit for normally trans 
mitting the alternating current to the control means 
and for blocking the transmission of the signal to the 
control means when at least one of the transformers is 
subjected to a magnetic field of a predetermined inten 
sity which is sufficient to magnetically saturate the one 
transformer, first means for supplying a first magnetic 
field of the predetermined intensity to at least a select 
one of the transformers in a predetermined direction, 
second means for supplying a second magnetic field of 
the predetermined intensity to at least the select trans 
former in a direction opposite to that of the first mag 
netic field so as to substantially cancel it with respect 
to the select transformer. 

2. A magnetic verification system as recited in claim 
1 wherein at least one of the first and second magnetic 
field supplying means comprises a plurality of electro 
magnets, each electromagnet being mounted adjacent 
a separate transformer, a source of direct current of in 
tensity sufficient that when coupled to any of the elec 
tromagnets a magnetic field of the predetermined in 
tensity is generated therein, and means for selectively 
coupling certain of the electromagnets to the source of 
direct current. 

3. A magnetic verification system as recited in claim 
1 wherein the first and second magnetic field supplying 
means comprise a plurality of bar cores, each bar core 
being mounted adjacent a separate transformer, a plu 
rality of coils, each bar core having a pair of the coils 
wound thereon, the coils of each pair being arranged to 
generate magnetic fields of substantially equal intensity 
but in opposition to each other, a source of direct cur 
rent for energizing the coils, first means for electrically 
connecting one of the coils from select coil pairs to the 
direct current source, and second means for electri 
cally connecting the opposite coil of the select coil 
pairs to the direct current source. 
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8 
4. A magnetic verification system as recited in claim 

1 wherein the control means includes an electronic 
saunawwarah 

lock operated in response to the alternating current. 
5. A magnetic verification system as recited in claim 

1 wherein at least one of the first and the second mag 
netic field supplying means includes a strip bearing por 
tions of permanently magnetized material. 

6. A magnetic verification system as recited in claim 
1 comprising a housing, a frame positioned in the hous 
ing for mounting the transformers in a predetermined 
pattern, the first magnetic field supplying means in 
cluding a first strip-insertable in the housing adjacent 
to the frame, the first strip having portions permanently 
magnetized in predetermined directions and having the 
predetermined magnetic field intensity, each portion of 
the first strip being aligned with and spaced from a sep 
arate transformer, a second strip insertable in the hous 
ing adjacent to the frame, the second strip having por 
tions permanently magnetized in directions which are 
opposite to the directions in which the portions of the 
first strip are magnetized and having the predetermined 
magnetic field intensity, each portion of the second 
strip being aligned with and opposed to a magnetized 
portion of the first strip such that the intensity of the 
net magnetic field asserted by the portions of the two 
strips on each transformer is less than the predeter 
mined intensity. 

7. A magnetic verification system as recited in claim 
6 wherein at least one of the first and second strips 
comprises a hollow tube and a plurality of permanently 
magnetized bits insertable into the hollow tube, the rel 
ative dimensions of the hollow tube interior and the ex 
terior of the bits being such that the bits are held within 
the tube in a pattern determined by their order of inser 
tion into the tube. 

8. A magnetic verification system as recited in claim 
6 wherein at least one of the first and second strips 
comprises a card having permanently magnetized por 
tions, the card further having additional physical fea 
tures to identify the user of the card. 
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