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[ 5 7] ABSTRACT 

Security locking device comprising mechanical locking means 
adapted to be electrically controlled, a source of laser radia 
tion a plurality of opto-electrical transducers, a light conduct 
ing key insertable into a mating key hole and arranged to 
thereby connect the source with the transducers for transmis 
sion of laser radiation thereto to open the mechanical locking 
means. 

8 Claims, 4 Drawing Figures 
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LOCKING DEVICE USING RADIATION CONDUCTING 
KEY 

The present invention relates to a locking device, having a 
practically unlimited number of possible combinations and is 
wholly secure against any unauthorized use and furthermore, 
cannot possibly be copied. ' 
For this purpose a locking device according to the invention 

comprises a transmitter for laser radiation by optical or elec 
trooptical means can be directed towards desired targets, a 
receiver comprising said targets and arranged to actuate a 
connecting means, and a key, which is insertable between the 
transmitter and the receiver in order to direct the radiation to 
said desired targets. 
The receiver can be arranged to electromagnetically control 

connecting means for a mechanical lock, and the key can be 
arranged, when inserted in a keyhole, to actuate means for the 
connection of the radiation source. The key can be provided 
with manually operative means in order to actuate one or 
several radiation paths or the radiation intensities through the 
key to the receiver. The receiver can comprise one photoelec 
tric cell for each one of the targets, and said cell can be al 
lotted an ampli?er and each ampli?er can be arranged to actu 
ate a ?ip-?op, when it receives a determined voltage from its 
photoelectric cell. A number of ?ip-?ops are arranged to con 
trol a gate unit provided with a series of inputs and arranged to 
control a means intended to actuate the connecting means, 
when a predetermined input condition pattern is present. 
The radiation can comprise a number of radiation com 

ponents of different wave length being arranged selectively to 
be directed towards different targets. Said components can be 
polarized in different ways. The key is suitably arranged to 
control or convey radiation along different paths of direction 
in the key to one and the same or to different targets. Thereby 
the key can damp or polarize different radiation components 
in different manners. The key can be arranged to refract or 
diverge different radiation components to different parting 
points from the key which points are located right in front of 
respectively corresponding targets of the receiver. 
The paths of direction for different radiation components in 

the key, by way of example, consist of transparent material in 
an otherwise opaque key. The key can suitably be provided 
with portions having different optical qualities for different 
paths of direction and/or radiation components through the 
key. The key can suitably be provided with color ?lters for dif 
ferent color components contained in the radiation spectrum 
and also with polarization ?lters for different components 
contained in the radiation spectrum. The key can also. be pro 
vided with distinct prisms in order to diverge different color 
components of the radiation in a different way. The gate unit 
is suitably comprised of a number of serial steps of parallel 
simple AND-gates and/or OR-gates. In the example of em 
bodiment described, the key is provided with an axial bore, to 
which the radiation of the transmitter is directed, and a 
number of cross bores or output terminalscutting the path of 
the axial bore, to which cross bores different components of 
the radiation can be selectively directed for transmission to 
opposed target channels in the walls of the keyhole. 

In accordance with the present invention there is provided a 
locking device comprising electrical coupling' means con 
trolled by a key and preferably adapted to control a mechani 
cal lock in an electro-magnetic way, characterized by a trans 
mitter for laser radiation or other optical radiation, a receiver 
having a plurality of discrete target points excitable by said 
radiation, an equal plurality of opto-electrical transducers, 
one assigned to each target point and each transducer being 
arranged to actuate a corresponding coupling means upon the 
excitation of the target point assigned thereto, and a key being 
insertable between the transmitter and the receiver and ar 
ranged to selectively control and/or direct said radiation to a 
number of predetermined target points of the receiver. 
The invention will now be described more in detail with 

reference to the accompanying drawing illustrating an exam 
ple of an embodiment, in which: 

FIG. 1 shows a key inserted in its key hole, 
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FIG. 2 shows a cross section at right angle to FIG. 1, 
FIG. 3 shows an example of a gate unit, and 
FIG. 4 shows a number of suitable elementary types of 

gates. 
As is evident from FIG. 1, the key N on its handle portion is 

provided with a dial IS having a graduation with ?gure indica 
tions, and said handle is also provided with an index mark IM. 
The ?gure graduation is illustrated with eight division units 
1-8. Another corresponding dial can be provided on the op 
posite side of the handle. Instead of, or in addition to, the dials 
one can have one or several rotatable rings with ?gure indica 
tions to make possible the proper alignment of the ?gures of a 
code number of several digits in a manner known in connec 
tion with cipher code locks and combination locks. In order to 
simplify the description it is assumed that in the present exam~ 
ple there is only one dial IS and that said dial, via a coupling 
arm RM, actuates the setting means of the key which will be 
described in more detail below. The position of the dial in the 
illustration with the digit 3 set adjacent to the index mark IM is 
assumed to be the right code position for the key in question. 
When inserting the key N in the keyhole, the end of the key 

actuates a contact K located in the bottom of the hole. The 
contact K connects a laser beam LS, which is directed through 
a hole 10 towards a bore 11 in the key. The bore can be ?lled 
with a transparent material, e.g. crystal glass or other material 
of similar optical properties. The laser beam LS is assumed to 
be polarized and composed of by ?ve color components, 
namely one blue B, one green G, one yellow Y, one red R, and 
one ultraviolet component U. 
The blue component B of the beam hits a ?rst edge 12 of a 

prism in the bore 11 and is re?ected by said edge through a 
cross bore 100 and further a second edge 13, from which it is 
reflected in the opposite direction through a cross bore 101 
extending in the other direction. 

In an analogous manner, the green radiation component G 
is re?ected through cross bores 102, 103, the yellow com 
ponent Y through cross bores 104, 105, the red component R 
through cross bores 106, 107, and the ultraviolet component 
U through cross bores 108,109. 
The indications corresponding to the di?‘erent colors B, G, 

Y, R, U have been placed above the cross bores 100, 102, 104, 
106, 108 and the upper edge of the key, but in order not to 
complicate the drawing, they have been left out at the bores 
101, 103, 105, 107, 109 located at the opposite edge, but it is 
understood that the last mentioned bores receive beams of the 
respective corresponding colors in the same consecutive 
order. Each cross bore 100-109 comprises a color ?lter in 
dicated with F1-F5, said ?lters only being marked with indica 
tions for the left column of bores. These ?lters only let 
through the color component related to the bore in question. 
Further, each cross bore has a set of polarization ?lters Pl-PS 
belonging thereto, indications only being inserted for the left 
column of bores. Of these sets of polarization ?lters P1-P5 the 
ones located in the bores 103 and 106 (P4) are adjustable by 
means of the belt RM connected with the dial IS. As a result, 
this degree of light which is transmitted through these ?lters 
can be varied by rotating said dial IS. 

In FIG. 2 a cross section through the key N is shown, and it 
is evident that in this embodiment there are provided four se 
ries of rows of cross bores CHI-CH4, of which the series CH1 
represents the bores 100, 102, 104, 106, 108 and the series 
CH3 represents the bores 101, 103, 105, 107, 109. In the bore 
11 the spiral arrangement of the re?ection edges 12, 13 is 
shown. ' 

As is shown in FIG. 1, the cross bores 100-109 are set 
directly adjacent the corresponding channels or target ter 
minals 200-209 in the lock, and in the lower row of channels 
the channels 201 and 209 are shown provided with polariza 
tion and color ?lters PF] and PFS belonging thereto. Each 
channel 200-209 has, of course, an own corresponding 
polarization and color ?lter, although in order to simplify the 
drawing these have been omitted. 
Counted in order from the key N, the channel 201 is al 

lotted said ?lter PF], a photoelectric cell PHI, and ampli?er 
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NVI, a ?ip-?op FFl, and an output U1. The channel 209 is 
shown and is allotted the corresponding units PFS, PHS, NVS, 
FFS and U5. The outputs are shown as being unipolar, but are 
in reality assumed to be bipolar, as will be evident from the 
following. 
The said outputs UI~U5 are connected with a gate unit GK, 

which will be described more in detail below, and in turn they 
are connected control a lock gate GL operating a magnetic 
lock. 
At this stage of the description it is certainly understood 

that a locking device of the type described permits a very great 
number of possible combinations. 
Thus because of the nature of the laser beam one can obtain 

a very great number of distinct color components, each one 
having a well de?ned wave length. Here only ?ve different 
wavelengths (colors) have been described. 

' Further each one of these color components can be 
polarized in many different ways. Below, only three different 
polarizations of the incoming colors are dealt with, but inter 
mediate degrees of polarization are also available for use. 

In addition with the help of the sets Pl-PS of polarization 
?lters it is possible to obtain a great number of light intensity 
levels. Only four resulting light levels for the respective 
photoelectric cells PH l—PH5 are dealt with below. 

Finally, it is possible to use one or several of the series 
CHI-CH4 of cross bores illustrated, and further this number 
can be increased considerably above the number of four men 
tioned. In the example described only one such series is used, 
namely CH3. 
The gate unit GK illustrated in FIGS. I and 3 can be made in 

a great number of different variants of combination. In FIG. 4 
a table of different types are shown, namely eight simple gates, 
which can be used in the assembly of gate unit GK. 

In the left column of FIG. 4 four types of AND-gates, in the 
middle column four types of OR-gates and in the right column 
a table of the input and output conditions of said gates are 
shown. The inputs of the gates are indicated with a and b and 
the outputs with 1. Only gates with each two inputs 0, b, and 
one output z are shown. However, it is evident that a great 
number of other types of more complicated gates can be used 
for the assembly of the unit GK. 

In the right column the inputs a and b and the outputs z are 
shown with the corresponding conditions indicated with L and 
H, respectively, which by way of example can mean low volt 
age and high voltage, respectively. The top square of the right 
column thus indicates that for the adjoining AND-gate and the 
adjoining OR-gate the input condition L on both a and b gives 
the output condition L on 1, that H and L respectively and L 
and H respectively on a and I; give L on 1, while H on both a 
and I) gives H on z. 

In FIG. 3 an example of the structure of the circuit GK is il 
lustrated using only AND-circuits according to FIG. 4, which 
AND-circuits are indicated with O,P,Q,S in order to facilitate 
their identi?cation. As mentioned, the output terminals 
Ul-US illustrated as unipolar terminals are, in fact, bipolar 
terminals and have been provided with the indications L and 
H analogous to the table in FIG. 4. It is assumed that the ?ip 
flops FFl-FFS are all in the setup positions and their output 
terminals then have the conditions L and H from left to right 
of all outputs Ul-US as is shown in FIG. 3. In the resting con 
dition each gate is assumed to have reversed out conditions on 
both their terminals as shown in FIG. 3, i.e. H and L. The con 
ditions L and H have been indicated on the inputs and outputs 
of all the gates shown in FIG. 3 in order to facilitate the un 
derstanding of the logic function of diagram in the diagram. 
The indications O, P, Q, S according to FIG. 4 also appear in 
FIG. 3. In the condition illustrated in FIG. 3 the unit GK gives 
the condition L to the locking gate GL in order to open the 
magnetic lock. It is understood that FIG. 3 therefore cor 
responds the condition L and H on the respective positions ob 
tained by inserting the correct key in the key hole. 
More exactly de?ned, the four gates S, Q, 0, P are con 

nected with eight of the terminals L and H from Ul-US, 
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4 
whereby only L from U3 and H from US are not connected to 
the gates. Said four gates are in pairs connected with a second 
series of two gates Q and F, which in turn have a common con 
nection with a third series comprising only one gate of the type 
P. It is understood that each reversal of the condition of one or 
several of the terminals Ul-US will change the input condi 
tions of one or several of the gates, so that the end result will 
be the output condition H from the last gate P, which is con 
nected directly with the locking gate GB, so that said last men 
tioned gate cannot actuate the magnetic lock. 

In the following detailed description of the functioning it is 
in the ?rst place assumed that the correct key has been in 
serted in the key hole. When said key has been inserted to the 
bottom, the laser beam LS is connected. It is assumed that the 
input polarizations for the color components are 90° for the 
blue B polarization, 180° for the green G, 180° for the yellow 
Y, 90° for the red R, and 45° for the ultraviolet U. If the dial IS 
is set on the correct value 3, it is assumed that the different 
level deciding polarization ?lter sets PI-PS are set for the 
respective polarizations 45°, 60°, 30°, 30°, and 45° for the 
colors B, G, Y, R and U. Then said color components in con 
secutive order will be let through the respective channels 203, 
205, 207, 209 with the levels 50, 30, 60, 30, and 100 percent 
to the corresponding photoelectric cells pHl-PHS. The volt 
ages obtained from the photoelectric cells are ampli?ed in the 
ampli?ers NVl-NVS, belonging thereto with each ampli?er 
having a lower and an upper threshold, which must not be ex 
ceeded. It is assumed that the voltage —6 volts corresponds to 
a color intensity of 50 percent, which in the present case shall 
be reached by the tension (voltage) signal of the blue com 
ponent. Thus the lower threshold of —6 volts shall be reached, 
but not exceeded to any substantial degree for the amplifier 
NVI. With the levels assumed for the other color components 
corresponding values for the other ampli?ers NV2-NV5 shall 
be -3.6 volts (30 percent), ——7.2 volts (60 percent) —3.6 volts 
(30 percent) and ~12 volts (I00 percent). With these values 
are reset the ?ip-flops FFl-FFS and low voltage L or high 
voltage H is received according to FIG. 3. In comparison with 
the table of FIG. 4 it is evident that thereby the conditions 
shown on the inputs and outputs of the different gates S, O, Q, 
P, Q, P and P will be obtained. Thereby the correct low input 
condition L to the locking gate GL will be obtained, which 
then automatically opens the magnetic lock. I 

If, on the contrary, an incorrect key N is inserted in the lock 
and it is assumed that for said key everything is in accordance 
with the correct key, except the polarization 45° for the color 
component U, an incorrect level is obtained in the ampli?er 
NVS of the channel 209, so that the ?ip-?op FF5 cannot be 
actuated. On the output terminal US of said channel the con 
dition l-I,L is obtained instead of L,H (FIG. 3), because of 
which the gate P is actuated with the input conditions L,H and 
then gives the condition H on its output terminal instead of L, 
as per FIG. 4. The gate P in the second row in FIG. 3 then in 
correctly receives the input condition L,H instead of L,L, and 
gives out H (as per FIG. 4) instead of L to the gate P in the 
third row in FIG. 3, which then receives the input condition 
L,H instead of L,L and then gives out H instead of L, as a 
result of which the locking gate LG cannot be brought to func 
tion and actuate the magnetic lock. 

It has been mentioned above that a very great number of 
combinations can be obtained with a locking device according 
to the present invention by using a great number of color com 
ponents, many cross bores per series and many series of cross 
bores in the key, a great number of polarizations and levels 
and a gate device, which for the purpose has many more gates 
than has been shown. 
However, very little has‘ been said about possible modi?ca 

tions in relation to the mechanical structure, but it is obvious 
that the key provided with bores but for the rest being opaque 
and having re?ecting edge portions at the cross bores along a 
helical edge curve, as described in FIG. 3, is not a very re?ned 
design from a mechanical viewpoint. It has been mentioned 
above that the so-called bores do not necessarily have to be 
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real hollow spaces, but that they can be ?lled with transparent 
material, as for example crystal glass, the remaining portion of 
the key being made of opaque key material. However, it is 
more probable that in practice a key would be designed em 
ploying lenses, mirrors, prisms and other optical elements in 
stead of bores with re?ecting edge portions. Because of the 
known coherence and other qualities of the laser beam it is ob 
vious that with simple optical means it is possible to divide or 
spread, refract or diverge and re?ect and ?lter such a beam 
with considerably simpler means than can be understood by 
the above embodiment. in other words, laser beams are con 
siderably better suited than common light in order to obtain 
selective division into monochromatic monotype beams of a 
very small cross section. Therefore, applying the known opti 
cal laws and using very small optical components it is possible 
to obtain a whole series of well de?ned small points (spots) on 
a receiving surface without using any bore according to FIG. 
1. The key can further be completely transparent and can 
even be shaped in such a way that no individual optical com 
ponents can be discerned with the naked eye, by for example 
having different portions of the key made of material of dif 
ferent optical qualities. Such optical qualities can, for exam 
ple, comprise the refractive power, the polarization, the opaci 
ty, and the color transmission. 

In conclusion, it is understood that a locking device accord 
ing to the invention lends itself to be made in a practically un 
limited number of combinations and that therefore one never 
needs to have two completely identical locks and keys. In 
reality it is quite possible to allot each individual a unique key 
and thus use such keys for the purpose of identi?cation of per 
sons. It is further understood that it is completely impossible 
to copy such a key, if it is made according to'the present in 
vention as described above, because it is for all practical pur 
poses impossible to measure the data of such a key and then 
make it without having access to the manufacturing equip 
ment of the manufacturer. 

In the description above only laser radiation has been dealt 
with, but it is of course obvious that other type of radiation, 
which can be diverged and spread and in essential respects 
behaves in a way analogous to laser radiation can be used 
within the scope of the invention. It can also be imagined that 
electronic radiation and other particle radiation and, for ex 
ample, electronic optics can be used in certain special connec 
tions. For the purposes more speci?cally related here, it ap 
pears, however, that laser radiation due to its ability to be used 
in conjunction with very small components, from a practical 
viewpoint would be preferable in all applications, which at 
present can be anticipated. 

It is further understood that the laser radiation can be used 
for obtaining a starting and feeding action in the key of means 
for generation and direction of other kind of energy than laser 
energy to said targets, for example by means of solar cells ac 
tuated by the laser radiation. _ 
The invention has been described above in connection with 

a simple embodiment and a number of modi?cations have 
been schematically dealt with, but it is understood that the 
idea of the invention is not limited only thereto, and as to its 
scope it only can be limited by the accompanying claims. 
What I claim is: 
l. A security locking device comprising 
a. mechanical locking means adapted to be electrically con 

trolled, 
b. a source of laser radiation, 
c. a receiver for said laser radiation, 
d. a key insertable into a mating key hole means and ar 

ranged to thereby connect said laser radiation source with 
said laser, radiation receiver for transmission of laser 
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6 
radiation thereto, 

e. a number of target terminals distributed and spaced ac 
cording to a ?rst predetermined pattern within said key 
hole means, 

. an equal number of output terminals on said key dis 
tributed and spaced according to said ?rst pattern,_each 
output terminal being arranged, upon the correct inser 
tion of said key into said key hole means, to cooperate 
with a respective target tenninal to supply laser radiation 
thereto. 

g. a plurality of laser radiation paths within said key, each of 
said paths leading from said laser radiation source to at 
least one of said output terminals, 

h. a plurality of components comprised within said laser 
radiation paths and arranged to modify predetermined 
characteristic properties of laser radiation propagated 
along said paths, to thereby generate output conditions 
on said output terminals according to a second predeter 
mined pattern speci?c for said key, 

. a plurality of opto-electrical transducers, each having an 
input connected to at least one of said target terminals 
and each being arranged to generate an output signal 
when receiving as an input a predetermined value of some 
characteristic property of said laser radiation, and 

j. plurality of electrical circuit means, each connected to a 
respective of said transducers and arranged to be actu 
ated when receiving an input signal from said transducers, 
said circuit means being arranged to be actuated accord 
ing to a third predetermined pattern when said second 
preterrnined pattern corresponds to the pattern of 
predetermined input values to said transducers, and said 
third output pattern being effective to open said mechani 
cal locking means. 

2. A locking device according to claim 1, wherein said laser 
radiation comprises a number of components having different 
wave lengths, said components being arranged to be directed 
by said key to different target terminals. 

3. A locking device according to claim 1, wherein said laser 
radiation comprises a number of components having mutually 
different polarizations, said components being arranged to be 
directed by said key to different target terminals. 

4. A locking device according to claim 1, wherein said key 
comprises a plurality of regions having predetermined dif 
ferent optical characteristics selected for at least one 
predetermined optical effect on at least one predetermined 
characteristic property of laser radiation passing through each 
of said regions. 

5. A locking device according to claim 1, wherein said key is 
arranged to actuate a starting means for said laser radiation 
source upon insertion of the key into said key hole means. 

6. A locking device according to claim 1, wherein said key is 
provided with manual control means for modifying at least 
one of said laser radiation paths and laser radiation intensities 
through the key to said receiver. 

7. A locking device according to claim 1, wherein said laser 
radiation receiver comprises one photoelectric cell per target 
terminal, where an ampli?er is connected to each photoelec 
tric cell and each ampli?er is arranged to control a ?ip-?op 
upon receiving a predetermined voltage from its correspond 
ing photoelectric cell. 

8. A locking device according to claim 7, wherein a number 
of said ?ip-?ops are arranged to control a gate unit, said gate 
unit comprising a number of series stages of elementary paral 
lel gates and a series of inputs, and said gate unit being ar 
ranged to control said mechanical locking means upon the ap 
pearance of a predetermined pattern of input conditions on 
said series of inputs. 


