
Feb._16,-197 v w. M. FLOOK, JR 3,564,501 

FREQUENCY CONTROLLED’ DOOR LOCKS 

Filed ‘Sept. 21, 1967 3 Sheets-Sheet 1 

22+, ‘Ml/12V 

/ 
TRIGGER 

Q 

/ ’ HIGH GAIN’ 
20A [\LOCKOUT 
M .58 

.55 f2 



Feb. 16, 1971 w. M. FLOOK, JR 

FREQUENCY CONTROLLED DOOR LOCKS 

Filed Sept. 21, 1967 Y ' ‘ - 3 Sheets-Sheet 2 

W F, .4. LOCKOUTNGO 

v 

L16 
' G4 > 

* ' 53 
. 1 ~ I 

- f MIX 1 1‘? TRIGGER 

311* \ SELECTIVE 
66' f2 48 COUPLING 

\LOCKOUT 
BROAD 

(33 BAND . 

‘ :QELATIVE 

GAIN 

i170 a0 

3,564,501 

' 1 - TRIGGEQ 1" 

4L 



Feb. 16, ‘1971 w. M. FLOOK, JR 3,564,501 
FREQUENCY CONTROLLED DOOR LOCKS 

Filed Sept. 21, 1967 3 Sheets-Sheet S 

5/4 
W80 YFQIP ' ’ 

TRIGGEQ 

[\LOCKOWF 



United States Patent O1 
1 

3,564,501 
FREQUENCY CONTROLLED DOOR LOCKS 
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Continuation-impart of application Ser. No. 568,178, 
July 27, 1966. This application Sept. 21, 1967, 
Ser. No. 669,655 

Int. Cl. H04g 9/10, 9/12 
U.S. ‘Cl. 340-171 6 Claims 

ABSTRACT OF THE DISCLOSURE 
An electronic actuating arrangement includes both trig 

gering means for operating an actuating device such as 
to permit the opening of a door, and lockout means for 
preventing operation of the triggering means in the ab 
sence of an input signal of precisely predetermined fre 
quency, or in the presence of incorrect signals. An am 
pli?er is provided which may incorporate a quartz crystal 
resonator ?lter which has either a peak or a null charac 
teristic at a predetermined frequency. When the resonator 
has the null characteristic, the ?lter is used in the lockout 
channel of the arrangement. When it has the peak charac 
teristic the ?lter is used in the actuate channel. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of copending 
application Ser. No. 568,178, ?led July 27, 1966, and now 
abandoned. A further copending CIP application is Ser. 
No. 588,667, ?led Sept. 30, 1966, and now abandoned. 

BACKGROUND ‘OF INVENTION 

Parent application Ser. No. 568,178, ?led July 27, 
1966, describes various arrangements which are effective 
in causing predetermined operations to take place. These 
operations include identifying people, opening locks, turn 
ing on lights, starting automobile ignitions, and many other 
like operations. The arrangement of the parent applica 
tion includes a transmitting device which may be Worn or 
carried by the user and which transmits, for example a 
pair of preselected frequencies. When this device is dis 
posed near a receiver speci?cally designed to detect these 
frequencies, the receiver permits the operation to take 
place such as withdrawing a look so that a door knob can 
be turned by the user to open a door. 

Although the arrangements described in the parent ap 
plication and in copending application Ser. No. 588,667, 
?led Sept. 30, 1966, are effective in carrying out their in 
tended purposes, there is always a desire to provide practi 
cal safeguards to prevent unauthorized actuation of the 
device. Additionally, there is a desire to increase the possi— 
ble combinations of frequencies which may be used for 
operating the device. 

SUMMARY OF INVENTION 

An object of this invention to to provide an arrange 
ment of the above type which assures only authorized 
use thereof. 
A further object of this invention is to provide such 

an arrangement which has an increased number of pos 
sible combinations of actuating frequencies. 

In accordance with one aspect of this invention, the 
arrangement includes both triggering means for operat 
ing the actuating device and lockout means for preventing 
the operation of the triggering means, in the absence of 
one or more precisely predetermined frequencies. This is 
accomplished in such a manner that it would be very di?i 
cult for an unauthorized person to determine the critical 
key frequencies by testing with a signal generator or by 

3,564,501 
Patented Feb. 16, 1971 ice 
2 

any other means. In use, all circuits of the lock, including 
the triggering circuits, are energized when the door knob is 
turned. If, however, the proper signals are not detected 
within milliseconds of the time of circuit actuation, the‘ 

5 lockout feature of the devce dominates the circuit to pre 
vent any actuation. Thus, the proper signals must be 
present at the instant the circuits are energized and can~ 
not be later applied. 

In accordance with another aspect of this invention the 
lock circuits incorporate at least one pair of independent 
radio frequency ampli?ers, both deriving their inputs 
from a common signal source. One of these channels func 
tions so as to promote the operation of lockout means to 
prevent the actuation of the look, and the other functions 
so as to inhibit operation of these lockout means, thereby 
allowing the lock to be actuated. In one of these two 
channels may be incorporated a quartz crystal or other 
very sharply tuned ?lter device. 

If the ?lter is included in the lockout channel, it is so 
20 designed as to peak sharply at the desired key frequency. 

key frequency, for which it exhibits a null. At this one 
frequency, therefore, the other channel dominates, in 
hibiting the lockout and permitting the lock to be actuated. 

If the ?lter is included in the actuate channel, it is so 
25 designed as to peak sharply at the desired key frequency. 

At this one frequency the actuate channel dominates, 
inhibiting the lockout and permitting the lock to be actu 
ated. 
More than one pair of channels may be incorporated 

30 in the lock to correspond to more than one frequency 
emitted by the key, as will be more fully described below. 

THE DRAWINGS 

‘FIG. 1 is a perspective view of an arrangement of this 
35 invention for unlocking a door; 

FIG. 2 is a schematic view of a circuit in accordance 
with this invention; 

FIG. 3 is a schematic view of a circuit in accordance 
with this invention utilizing a quartz crystal resonator in 

40 the lockout channel; 
FGIS. 4-7 are schematic views of various circuits in 

accordance with this invention; and 
FIGS. 8-9 are graphical illustrations of the effects of 

the circuits shown in FIGS. 6 and 7, respectively. 

DETAILED DESCRIPTION 

The descriptions in parent application Ser. No. 568,178, 
?led July 27, 1966, and copending application Ser. No. 
588,667, ?led Sept. 30, 1966, are incorporated herein by 
reference thereto where desirable to facilitate an under 
standing of this invention. 
The arrangements described in the aforesaid applica 

tions generally include a low powered transmitter which 
is worn or carried by the‘ user. The transmitter emits 
signals which, when picked up by a receiver, cause the 
predetermined operation to take place. 

FIG. 1 shows this general arrangement used for open 
ing a lock. As illustrated therein lock 10 is responsive to 
signals received from, for example microwatt radio trans 
mitter 12 which serves as the key. The advantage of this 
system over a conventional mechanical lock lies in the 
fact that no conscious e?’ort on the part of the key car 
rier is required as in ?nding the proper key, inserting 
it in the lock, etc. The close proximity of the key trans 
mitter 12 is all that is necessary for releasing the lock 
when the door handle 14 is turned. This close proximity 
actuates, for example a receiver 20 which acting through 
a solenoid permits the lock to be opened in the manner 
described in parent application Ser. No. 568,178, ?led 
July 27, 1966. 
The key transmitter is advantageously so small and 

so low powered that it can be worn on the person by, for 
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example wrist band 16. Alternatively, the transmitter 12 
may be in the form of any conventional pocket device or 
in any other desirable form. 

FIG. 2 schematically illustrates a circuitry for the 
trigger portion of receiver 20 which makes it very dif? 
cult for an unauthorized person to determine the critical 
key frequencies by testing with a signal generator. The 
circuit is actuated when the door knob 14 (FIG. 1) is 
turned to close or actuate interrogation switch 22 which 
activates all of the circuits of the lock receiver 20. This 
circuitry may be considered as including an actuate trig 
ger composed of a silicon controlled recti?er 24 which 
is the main trigger for operating a 12 ohm solenoid 26 
to open the door. The other trigger is the lockout trigger 
composed of elements 28, 30 in combination. The lockout 
trigger 28, 30 is so connected that when it conducts it 
connects point 32 to ground thereby biasing the input of 
recti?er 24 so that it cannot operate. Both of the trigger 
circuits are binary in that they are either opened or 
closed, and once closed cannot be reopened without com 
pletely de-energizing the system. 
When switch 22 is closed, condensers 34, 36 begin 

charging. As the condensers charge, points 32 and 33 
start rising from their initial negative voltage supplied 
by a —2.7 volt battery, toward the positive 12 volt sup 
ply. Condenser 34 is smaller than condenser 36 so that 
point 33 rises faster than point 32. As soon as point 33 
is more than about 0.5 volt positive with respect to 
ground, the lockout trigger ?res bringing point 32 nearly 
to ground potential and stopping the charging of con 
denser 36. Recti?er 24 can never ?re once this has hap 
pened. 

If the receiver is the superheterodyne type as described 
in my copending applications, its intermediate frequency 
output signal appears at point 38 only if a “key” is 
present. This signal is recti?ed or detected by diodes 
40, 42. Diode 42 is connected to produce a positive sig 
nal at point 33 and is connected to this point by a very 
small condenser 43. If high frequency “noise” pulses are 
present, they are conducted to point 33 by this condenser 
to trigger the lockout channel. 

If no high frequency noise is present and the proper 
key signal is detected, diode 40-—-connected to produce a 
negative signal——conducts and drives point 33 in the 
negative direction. This counteracts the positive swing 
of point 33 due to the charging of condenser 34 and 
delays the ?ring of the lockout trigger. If enough signal 
is present, the lockout trigger ?ring is postponed until 
after recti?er 24 has ?red and opened the door. With a 
receiver as described in my copending applications, one 
milli-volt at the door knob is enough to open the door. 
The arrangement schematically illustrated in FIG. 2, 

thus includes retarding means to delay the operation of 
the lockout means so that if a predetermined key fre 
quency is present, the triggering means may open a door. 
When the key frequency is not immediately present, how 
ever, the lockout means dominates to prevent the trig 
gering means from actuating the device. This arrangement 
also includes means for detecting the presence of high 
frequency noise to actuate the lockout means and thus 
assure that the device will not be operated by signals con 
taining high audio frequency modulation, such as 
“static.” 

It will be noted that point 33 on FIG. 2 represents a 
summing junction, where the effects of a positive-going 
time-dependent bias and the effects of various inputs 
from a receiver are added together. If the net effect of 
all these inputs is such that point 33 goes positive before 
recti?er 24 ?res, lockout means 28, 30 are actuated. If the 
net effect is such that point 33 remains negative until 
after that time, recti?er 24 is allowed to tire causing the 
predetermined operation to take place. 

In accordance with another aspect of this invention, 
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4 
one or more pairs of separate radio frequency ampli?ers 
and detectors may be connected to point 33, both de 
riving their inputs from a common point near the low 
level input circuits. One of these ampli?er-detector chan 
nels converts radio frequency input signals to a positive 
DC voltage at point 33, thereby accelerating the operation 
of lockout means 28, 30. The other produces a negative 
DC voltage at point 33, thereby retarding or preventing 
the operation of lockout means 28, 30. The positive 
output (lockout) channel may be made more sensitive 
than the negative~output (actuate) channel at all fre 
quencies in the pass band of the input circuits, with the 
single exception of one critical frequency wherein there 
is a very sharp null in the sensitivity of the lockout chan 
nel. At this exact frequency, therefore, the sensitivity of 
the actuate means is greater than that of the lockout 
means and the lock can open. All other frequencies in 
the pass band of the system, however, are guarded by the 
sensitivity of the lockout means. 

Alternatively, the crystal ?lter having a peaking char 
acteristic may be incorporated in the negative ampli?er 
causing its sensitivity to have an abrupt peak at the de 
sired frequency. Thus, at this peak, the sensitivity of the 
activating means is greater than that of the lockout means. 

With this concept which uses either the null or the peak 
ing characteristic of a quartz crystal resonator, a number 
of things are possible. For example, when applied to a 
two carrier system as in the parent and copending appli 
cations, one of the two channels can be guarded. Any 
intense noise or any other strong signal which is not ex 
actly at the correct frequency in the guarded channel will 
lockout the system. Additionally, the critical nature of 
this guard provides greater selectivity in addition to the 
already critical selectivity in the detection of the differ 

' ence between the two carriers. Thus, in effect instead of 
merely determining the difference between the two key 
signals critically as in my parent application, there is also 
a precise determination of one of the signals. The net 
effect is to increase the number of discrete keys possible 
from about 10,000 to about 10,000,000. 

Moreover, if both key signals are guarded as later de— 
scribed, it is possible to omit the determination of the 
difference between the two signals which was essential in 
my parent application. This can be done because the in 
ventive arrangement in this application demands that both 
signals be present, both signals be strong, and both sig 
nals be critically and absolutely correct, thus, leading to 
important economical advantages in the circuitry. 

Essentially, the further aspect of this invention may be 
considered as providing two receiver channels which ex 
amine the same limited part of the spectrum. One chan 
nel is connected so as to promote operation of the lock 
out, and the other so as to inhibit or postpone this op~ 
eration. The channel which promotes operation of the 
input means is more sensitive, dominating or overriding 
the operate or trigger channel everywhere except at the 
exact frequency corresponding to a desired key signal. The 
attainment of this result of detecting the exact frequency 
may be achieved by the resonance of a quartz crystal, or 
by other very sharply de?ned resonance means. 

FIG. 3 schematically illustrates a receiver 20A in ac 
cordance with this further aspect of the invention. As in 
dicated therein, receiver 20A includes a pair of input am 
pli?ers 46, 48 and an actuate channel including mixer 50 
and difference frequency ampli?er 52, whose negative out 
put inhibits the lockout or trigger 54. Receiver 20A also 
includes the lockout or inhibit channel 56 incorporating 
a null characteristic quartz crystal resonator 58, whose 
positive output promotes operation of the lockout in trig 
ger '54. With this system not much selectivity would be 
required in the signal channels. The front end selectivity 
would be provided by a sharp null at frequency f2 in the 
lookout channel. At frequencies near f2 the lockout am 
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'pli?er 756 would be more sensitive and override the trig 
gering device but at this precise frequency f2 because of 
the null, the triggering mechanism could operate. For 
correct operation the quartz crystal 58 is an exact dupli 
cate of the crystal which controls one of the key oscilla 
tors so as to emit a signal at frequency E. 
The effect of the arrangement shown in FIG. 3 is to 

provide very sharp selectivity at the input as well as at 
the difference frequency 52. Thus, any signal not ex 
actly at the lockout crystal resonance would actuate the 
lockout channel to prevent opening of the lock. 

If good selectivity is provided in the difference ampli 
?er 52, for example, by making it a superheterodyne 
receiver, both input frequencies are uniquely determined 
and the net effect is to multiply the number of available 
discrete channels by a large factor. 
The stability of the system illustrated in FIG. 3 de 

pends not only on its ability to keep two quartz crystal 
resonators in exact match but also in the ability to pro 
vide a stable local oscillator in the receiver 52. FIG. 4, 
however, illustrates a further embodiment of this inven 
tion which would eliminate the necessity of a superhetero 
dyne receiver such as 52 and replace it by a ‘more eco 
nomical but poorly selective ampli?er 53. In this ar 
rangement a further inhibit ampli?er 60 is provided to 
guard signal f1 by the inclusion of a quartz resonator 
62 having its null at the frequency f1. Thus, both input 
ampli?ers are guarded with high gain inhibit channels, 
each having a quartz crystal resonator. 

Using conventional crystal ?lter circuits, the quartz 
crystal can be designed to exhibit a peak at its resonant 
frequency instead of a null, and can then be used in 
accordance with a further modi?cation of this invention 
which is illustrated in FIG. 5. As indicated therein quartz 
crystal resonators 64, 66 are provided in one or both of 
the input channels 46, 48. The inhibit ampli?er 68 has 
greater sensitivity at all frequencies except the peak fre 
quencies f1, f2 of the quartz crystal resonators 64, 66. 
Thus at all other frequencies the lock would be inopera 
tive by the domination of inhibit ampli?er 68. 

FIGS. 6—-7 illustrate a quite simpli?ed electronic lock 
or other actuating arrangement in accordance with this 
invention. Essentially, each of these ?gures utilizes only 
one frequency in the key. The lock would consist of a 
tuned radio frequency ampli?er 70 (FIG. 6) with poor 
selectivity whose output is detected at 80 and applied as 
a negative voltage to the trigger 54. A separate ampli?er 
and detector 82 is connected to this output of RF ampli 
?er 70, and applies a positive DC output to the lockout 
input of the trigger 54. This lockout ampli?er 82 contains 
a quartz crystal ?lter 84 which has its null at the pre 
determined frequency. Thus, any signal at the input 
passed by ampli?er 70, except the sharply de?ned null 
frequency, would override detector 80 and inhibit oper 
ation of the device. The key emits at this null frequency. 

FIG. 7 shows a similar but alternative arrangement 
to that shown in FIG. 6. As indicated therein, ampli?er 
80 is provided with a peak type quartz crystal resonator 
86 and lockout ampli?er 82 does not have a quartz crys 
tal resonator. In the arrangement shown in FIG. 8 the 
circuits are peaked near the predetermined frequency by 
tuned coupling networks. The lockout ampli?er 82 has 
a higher gain than ampli?er 80 at all frequencies ex 
cept at the peak frequency. 

FIGS. 8 and 9 schematically illustrate how the char 
acteristics of a quartz resonator are utilized in this inven 
tion. FIG. 8 relates to a situation where the quartz crys 
tal resonator is provided in the lockout ampli?er and the 
quartz crystal has a gain characteristic 88 such that it 
has a sharp null at the frequency h. The triggering cir 
cuit has a gain 90. As is apparent from FIG. 8, the lock 
out means thus dominates or overrides the operate chan 
nel at all frequencies except the null frequency f1. 
FIG. 9 illustrates the use of this invention wherein the 

quartz crystal resonator is provided in the operate chan 
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6 
nel and has a gain characteristic 92 with ‘a peak at fre 
quency f1. The lockout ampli?er has a relative gain char 
acteristic 94. Thus, again at all frequencies except the 
peak frequency f1, the lockout channel overrides the oper 
ate channel to prevent’actuation of the trigger. 
What is claimed is: 
1. A personal identi?cation arrangement comprising a 

low power transmitter adapted for carrying on the person, 
said transmitter including means for emitting at least one 
preselected frequency, a receiver, said receiver including 
means for receiving said preselected frequency when said 
transmitter is disposed near said receiver, means con 
nected with said receiver for performing a predetermined 
operation when said frequency is received by said receiver, 
said transmitter including securing means for attachment 
to a user, said securing means being a wrist band; in com 
bination with a lock, a lock release mechanism being con 
nected to said lock, said means for performing a predeter 
mined operation being trigger means connected to said 
lock release mechanism and operable by said receiver, a 
door knob associated with said lock, and switch means 
for activating said receiver when said door knob is turned. 

2. An arrangement as set forth in claim 1 including 
key operated means for opening said lock independently 
of said transmitter. 

3. An arrangement as set forth in claim 1 including 
safeguard means comprising means for detecting a band 
of frequencies surrounding said preselected frequency to 
prevent said predetermined operation from being per 
formed when a frequency other than said preselected fre 
quency is detected. 

4. An electronic identi?cation device including a trigger 
circuit, said trigger circuit containing interrogaton means, 
an input circuit, a lockout trigger, an actuate trigger, said 
actuate trigger being connected to means for output 
action, a ?rst timing circuit for said lockout trigger, a sec 
ond timing circuit for said actuate trigger, one of said 
timing circuits being ?xed and the other of said timing cir 
cuits being variable and responsive to the input signal, 
said ?rst timing circuit delaying the ?ring of said lockout 
trigger for a ?rst period of time following actuation of 
said interrogation means, said second timing circuit delay 
ing the ?ring of said actuate trigger for a second period 
of time following actuation of said interrogation means, 
the absence of any input signal causing said second period 
of time to be longer than said ?rst period of time whereby 
said lockout trigger ?res before said actuate trigger, the 
?ring of said lockout trigger preventing the ?ring of said 
actuate trigger, the presence of the input signal causing 
said ?rst period of time to be longer than said second 
period of time whereby said actuate trigger ?res to cause 
said output action only when an input signal of proper 
polarity is applied to said input circuit immediately fol 
lowing actuation of said interrogation means. 

5. An electronic identi?cation device as set forth in 
claim 4 wherein said input circuit includes a signal re 
ceiver for receiving at least one unmodulated input signal, 
said signal receiver containing an actuate resonant ?lter 
and a lockout resonant ?lter, both of said ?lters being 
tuned to peak response at the exact frequency of said 
input signal, said lockout ?lter having a relatively broad 
resonance characteristic, said actuate ?lter having a rela 
tively sharp peak resonance characteristic at the exact 
frequency of said input signal whereby the response of 
said actuate ?lter exceeds that of said lockout ?lter only 
at said exact frequency, activating means for actuating 
said identi?cation device only at said exact frequency, in 
combination therewith, a door knob, and means connect 
ing said interrogation means to said door knob whereby 
said interrogation means is actuated by the turning of said 
door knob. 

6. An electronic identi?cation device as set forth in 
claim 4 wherein said input circuit includes a signal re 
ceiver for receiving at least one unmodulated input sig 



3,564,501 
a. 7 

nal, said signal receiver containing an actuate resonant 
?lter and a lockout resonant ?lter, both of said ?lters being 
tuned to peak response at the exact frequency of said 
input signal, said actuate ?lter having a relatively broad 
resonance characteristic, said lockout ?lter having a rela 
tively sharp null resonance characteristic at the exact fre 
quency of said input signal whereby the response of said 
actuate ?lter exceeds that of said lockout ?lter only at 
said exact frequency, activating means for actuating said 
identi?cation device only at said exact frequency, in com 
bination therewith, a door knob, and means connecting 
said interrogation meansto said door knob whereby said 
interrogation means is actuated by the turning of said door 
knob. 
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