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57 ABSTRACT 
A method and apparatus for encoding and decoding 
messages are provided, the method comprising contin 
uously changing the state of coding data in the storage 
cells of a coding pulse generator by a term derived 
from the date and clocktime. The coding data is de 
rived from a secret basic code and the output coding 
pulses from the pulse generator are used to encode 
clear message pulses, the encoded message then being 
transmitted to a receiving station. The encoded mes 
sage is decoded by mixing with coding pulses pro 
duced in the same way as the coding pulse were pro 
duced by the code generator. Means are provided for 
synchronising the generation of the coding pulses at 
the transmitting and receiving stations. The rules for 
forming the coding pulse sequences are selected so 
that these sequences depend only for a limited period 
of time on the state of their terms at the beginning of 
that period of time. This results in the initial coding 
pulses produced by the code pulse generator at an in 
stant in time being dependant only on the coding data 
which occurs during a predetermined period of time 
prior to that instant and is independant of all coding 
data applied earlier to the coding pulse generator. 

30 Claims, 21 Drawing Figures 
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METHOD AND APPARATUS FOR ENCODING AND 
DECODING MESSAGES 

This invention relates to a method for the encoded 
transmission of messages in which the clear language 
message pulses are mixed on the transmitting side with 
coding pulses and the clear message pulses are restored 
on the receiving side by mixing the received coded 
pulse train with identical coding pulses, the coding 
pulses being generated at the transmitting and receiv 
ing stations by identical pulse generators in accordance 
with identical rules based on a secret basic code and a 
term derived from the date and time. 

BACKGROUND OF THE INVENTION 

In a previously proposed method of this kind the 
rules for forming the coding pulse sequences are se 
lected so that they depend on the initial state of coding 
pulse generators, the initial state itself being defined by 
basic and supplementary codes. Since the coding pulse 
generators are set to a new initial state for each new 
message transmission it is impossible - even for autho 
rised third parties - to gain access to a connection 
which is already established and over which a coded 
message is being transmitted. This is a disadvantage, in 
particular in multiple transmission networks. 
The invention seeks to avoid this disadvantage by 

forming the coding pulse sequences in accordance with 
rules selected so that the last mentioned sequence de 
pends only for a limited period of time on the condition 
of its terms at the beginning of the said period of time 
and that the instantaneous state of the data contained 
in all the storage cells of the coding pulse generator is 
constantly influenced by the term derived from the 
data and time, at least during message transmission. 

SUMMARY OF THE INVENTION 

In a method according to the invention the initial 
state of the coding pulse generators is no longer preset, 
instead the instantaneous state of the data in the stor 
age cells of the coding pulse generator are constantly 
influenced by a term derived from the date and time, 
that is to say the initial state of the coding pulse genera 
tor is constantly reset. Moreover, the rules for forming 
the coding pulse sequences are selected so that these 
sequences depend only for a limited period of time on 
the state of their terms at the beginning of the said pe 
riod of time. This means that the initial data produced 
by the coding pulse generator at an instant in time de 
pends only on the input data which occurs during a pre 
determined period of time prior to that instant and is 
independent of all input data applied earlier. An autho 
rised third party may without difficulty gain access to 
an existing encoded message transmission since he 
need only wait for those moments in time at which the 
coding pulse sequence which occurs at the output of 
the coding pulse generator at the transmitting station is 
independent of the secret and supplementary coding 
states occuring prior to the aforementioned moments 
in time and in which the instantaneous state of the cod 
ing pulse generator is influenced by the term derived 
from the date and time. 

In practice this means that the third party switches on 
his receiver at any desired moment in time, the receiver 
then automatically switching itself into the existing 
connection at the next possible moment in time. 
This invention furthermore provides apparatus for 

performing the aforementioned method, the apparatus 
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2 
having a clock, preferably electronic, and a coding 
pulse generator which may be driven by a control pulse 
sequence formed from a secret basic code and from a 
term derived from the date and time. The coding pulse 
generator may be programmed so that each coding 
pulse at the output of the coding pulse generator re 
mains unaffected by that part of the control pulsese 
quence which occurs prior to the affected coding pulse 
by an amount of time equal to the so-called passage 
time and that the passage time switches from a larger 
to a smaller value for a predetermined period of time 
and at intervals which depend on the secret code. 

In a preferred embodiment of the invention de 
scribed in detail hereinafter the clock is connected as 
a timing generator for the coding pulse generator. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Embodiments of the invention will now be described 

in detail with reference to the accompanying drawings 
in which: 
FIG. 1 is a block diagram of a coding apparatus. 
FIGS. 2a and 2b are details of FIG. 1. 
FIGS. 3 to 6 are graphs illustrating the pulses used in 

synchronising two sets of coding apparatus. 
FIGS. 7, 8 illustrate detail modifications of FIG. 1. 
FIGS. 9, 10 are diagrams showing the function of syn 

chronising sets of coding apparatus. 
FIGS. 11, 12 are detail variations of FIG. 1. 
FIGS. 13, 14 are diagrams for explaining the synchro 

nising stage illustrated in FIG. 12, and 
FIGS. 15 to 20 show detail variations of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODEMENT 

As shown in FIG. 1, each coding station is provided 
with a clear language text-clear language pulse con 
verter 9, the converter being adapted to convert the 
clear language message text into clear language mes 
sage pulses at the transmitter or vice versa at the re 
ceiver. This converter may be, for example, a tele 
printer. The output of the transmitter station converter 
feeds the clear language message pulses through a con 
ductor 147 into a mixer 8 the output of which is con 
nected to the transmission line 148, which may be a ca 
ble, wire or radio link. When using the above described 
coding apparatus as a receiver, the transmission line 
148' is connected to a mixer 8 the output of which 
feeds a converter 9 through a conductor 102. To facili 
tate encoding, the mixer 8 is provided with encoding 
pulse sequences from coding apparatus which are 
mixed in the transmitter station mixer with the clear 
language message pulse sequences generated by the 
clear language text-clear language pulse converter 9. 
The pulse sequences thus encoded and received on 
conductor 148' are mixed with decoding pulse se 
quences identical to the encoding pulse sequences and 
fed to the clear language text-clear language pulse con 
verter at the receiving station which restores the re 
ceived encoded pulse sequences to the clear language 
message text. 
The coding apparatus mainly comprises an encoding 

pulse generator 5 and a synchronising stage 6. The pur 
pose of the coding pulse generator 5 is to produce a 
coding pulse sequence with the longest possible cycle 
and which is built up in such a way that variation be 
tween successive elements or element groups is as ran 
dom as possible. The coding pulse generator comprises 
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a number of storage positions, connectable to each 
other by electronic circuits which may be influenced by 
a secret basic code. The secret basic code is usually 
constant over a prolonged period of time. The instanta 
neous state at any time of the coding pulse generator, 
the instantaneous state in this context referring to the 
state of the data in all the storage cells, is defined by 
means of a variable supplementary routine, the so 
called supplementary code. 
The coding pulse generator 5 is provided with two in 

puts and two outputs; one input is connected through 
a conductor 140 to the output of a modulo-2 mixer 18, 
the other input being connected through a conductor 
7 to a date/time store 1. One of the two outputs of the 
coding pulse generator 5 is connected through a con 
ductor 81 to the mixer 8 and the other input is con 
nected through a conductor 82 to the synchronising 
stage 6. The modulo-2 mixer 18 in turn is provided with 
two inputs of which one is connected through a con 
ductor 154 to a number store 2 and to the date/time 
store 1 and the other is connected through a conductor 
144 to a secret code store 3. The purpose of the date? 
time store 1 on the one hand is to function as a store 
for the supplementary code which is applied to the con 
ductor 154, and on the other hand to function as timing 
generator for the coding pulse generator 5 and for the 
secret code store 3 to which it is connected via con 
ductor 7. The date/time store 1 comprises an electronic 
clock which delivers data representing the day (T), 
month, year, hour, minute and second (sec) at prede 
termined intervals, for example once every second, to 
the modulo-2 mixer 18. It is obvious that because of its 
complete freedom from repeating the same data the 
output signal from the date/time store 1 is ideally suited 
as a supplementary code for mixing with the routine of 
the secret code store 3. The number store 2 is provided 
for storing a subscriber or address number represented 
by a three-digit number H (hundreds), Z (tens), E 
(ones) its purpose being to differentiate the coding 
pulse routine for different subscribers in different 
transmission networks while using the same secret code 
with the same date and tome. While the supplementary 
code alters continuously, the subscriber number in the 
number store 2 is usually constant for a given message 
transmission. The subscriber number may be manually 
fed into the number store 2. The date/time data is usu 
ally generated in the date/time store 1. To increase the 
variability of the supplementary data, that is the date/- 
time supplementary code and subscriber number, it is 
possible for a separate store (not shown) to be pro 
vided for non-secret supplementary data, the store 
being connected so that its output signal is mixed with 
the date/time supplementary code and/or of the sub 
scriber number. Furthermore, the secret code store 3 
may be connected to the date/time store 1 and/or to the 
number store 2 so that predetermined parts of the data 
in the secret code store may be selected for combining 
with the contents of the date/time store and/or of the 
number store. The secret code store 3 may for example 
comprise a random access memory (RAM) which may 
be electronically interrogated and which is capable of 
delivering the stored data continuously and in sequence 
to the modulo-2 mixer. The output signal of the modu 
lo-2 mixer 18 and therefore the input data to the coding 
pulse generator 5 depends on the secret code, the 
date/time supplementary code, the subscriber number 
and possibly on further supplementary data. Since of all 
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4 
such data only the secret code is actually secret and 
since the instantaneous state at any given time of the 
coding pulse generator is redefined at brief intervals by 
the date/time supplementary code, it is possible for an 
authorised subscriber having a coding pulse generator 
which is identical with the coding pulse generator at the 
appropriate transmitter and having knowledge of the 
non-secret supplementary data to gain access to an ex 
isting encoded message transmission provided his cod 
ing pulse generator is so constructed that the coding 
pulse sequences which occur at its output depend only 
for a limited period of time on the pulse sequences fed 
in to the input at the beginning of the said period of 
time. 
According to FIG. 2a the incoming circuit 140 of the 

coding pulse generator 5 is connected to the input of 
a shift register 139. The output of shift register 139 is 
connected to the first input of a modulo-2-mixer 74. 
From the output of the modulo-2-mixer 74 the data 
flow, the principal direction of which is indicated by ar 
rows D, passes through two shift register chains 73 and 
611 and through modulo-2-mixers 118, 119 and 120 
and through an AND circuit 908 to the output circuits 
81 and 82 of the coding pulse generator 5. After the 
output of modulo-2-mixer 120 a circuit 518 branches 
from the data flow principal path. The circuit 518 is 
connected through an AND circuit 583 to the second 
input of modulo-2-mixer 74. 
Data flow control circuits 500 are connected to the 

four-stage shift registers 73, said data flow circuits ob 
taining their input data from the shift register chain 73 
to produce therefrom data control functions which act 
through AND circuits 75 on modulo-2-mixers 901, said 
modulo-2-mixers being arranged within shift register 
chain 611. Within the shift register chain 611 there are 
also arranged modulo-2-mixers 907, into which from 
data flow principal path branching and shift register 
chain 611 partly bridging data flow shunt paths 900 en 
ter. Therefore, the data flow of data flow shunt paths 
is mixed with the data flow of data flow principal path. 

The data flow control circuits 500 are constructed as 
binary dividers and are controlled by a timing step 
down unit 112 and by the timing frequency on the in 
coming circuit 7, said timing frequency determining the 
timing frequency of the code pulse generator 5. The bit 
frequency is substantially lower than the timing fre 
quency of the code pulse generator. The timing for the 
bit frequency is also obtained from the timing step 
down unit 112, namely from its tapping ta. 
The output of one of the data flow control circuits 

500 will be set to a logic “1” during a fraction of the 
time occupied by a counting period of the binary di 
vider forming the control circuit so that the associated 
AND circuit 75 is driven into the conductive state and 
the data in the associated shift register 611 is “circu 
lated.' During the remaining period of time of the 
aforementioned counting period the output of the data 
flow control circuit will be set to a logic “0” and the as 
sociated circuit 75 will be driven to cut-off. The magni 
tude of the two time proportions is defined by the data 
of the associated shift register 73 at the moment at 
which each counting period begins The data flow con 
trol circuits 500, cooperating with AND circuits 75 and 
modulo-2-mixers 901 cause intermittent "circulation' 
of the data flow contained in the shift register 611. 
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Periodic setting of the initial position of the data flow 
circuits 500 is performed by timing step-down unit 112, 
said unit having a period containing sixteen cycles for 
each data flow control function. Since the total length 
of the shift register 73 is equal to 4 x 4 = 16 stages, this 
ensures that each individual input bit contributes to the 
formation of one of the four data flow control func 
tions. Each of the four shift register stores 611 may be 
constructed as 64-stage units (MOS shift registers). 
The number of stages of these four shift registers may 
however also be four different prime numbers, for ex 
ample the numbers 47, 59, 61 and 71. In association 
with the forward feed data flow path 900 this results in 
a continuously varying relative time position of the in 
dividual data flows. 
The controllable feedback path 58 is returned 

through the AND circuit 583 to the mixer 74 (input). 
The aforementioned AND circuit is controlled by the 
bistable stage 110. The bistable stage 110 in turn is 
controlled through AND circuits 115 and 116 on the 
one hand by a bistable stage 511 and on the other hand 
by an AND circuit 114. The last mentioned AND cir 
cuit receives its data from shift register 139. The bista 
ble stage 511 is driven through capacitors 117 from dif 
ferent tappings L (slow), S (fast). The time of the fast 
step-down (S) may amount to approximately 0.1 s and 
that of the slow stage (L) may amount to for example 
10s. The method of operation is such that pulses of the 
fast tapping (step-down stage) S trigger the bistable 
stage 511 which is swept back by pulses of the slow tap 
ping (step-down stage) L. Since the pulses from L ar 
rive only rarely, for example every 10 seconds, while. 
those derived from S arrive in a brief sequence, for ex 
ample every 0.1 seconds, it follows that the bistable 
stage 511 will be predominantly (practically every 10 
seconds) in a position corresponding to the setting 
pulses of stage S. If the right hand upper output of the 
bistable stage 511 were to be connected directly to the 
AND circuit 583, the circuit and therefore the feed 
back 518 would be switched on for approximately 10 
seconds and would be switched off briefly for approxi 
mately 0.1 seconds. The shift register 139 and the AND 
circuit 114 are however also provided in order to pre 
vent unauthorized parties from gaining knowledge of 
the switching-on moments and switching-off moments 
which are thus also made dependent on the secrecy 
code. This circuit ensures that the bistable stage 110 is 
triggered only if a certain data combination (code 
word) is present in the shift register 139. Sweeping 
back is influenced in the same manner. Accordingly, 
the switching-on moment and switching-off moment of 
the feedback path is rendered dependent on the se 
crecy code. 
The time during which the feedback is interrupted, 

for example 0.1 seconds is so chosen that during the 
aforementioned feedback-free time all store positions 
of the coding pulse generator are provided with a fresh 
data inflow. The operating interval of the closed feed 
back path of, for example, 10 seconds may be selected 
at will and it means that an authorized participant in 
tending to enter into an encoded connection must wait 
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switching on his coding pulse generator until he is able 
to gain access. This time interval may be made longer 
or shorter as desired. 
The date/time store 1 incorporates an electronic 

clock. As shown in FIG. 2b, a crystal oscillator 13, is 
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6 
connected to a first frequency divider 12 which is con 
nected to a second frequency divider 11. The crystal 
oscillator 13 delivers a timing frequency of for example 
1 MHz corresponding to a timing cycle T of 1/pus to the 
input of the first frequecy divider 12. The timing fre 
quency is initially reduced to a frequency having a tim 
ing cycle T in a first register 15 of the divider 12. The 
frequency having the timing cycle T is supplied through 
the conductor 7 to the individual stages of the date? 
time store 1, the coding pulse generator 5 and the se 
cret code store 3 and functions as the timing cycle for 
the entire encoding system. In a second multi-stage reg 
ister 14 having 18 binary stages serially connected to 
the first register 15 and forming part of the first divider 
12, the timing cycle T is further reduced to a timing 
cycle TBL having a frequency of approximately 4 Hz 
corresponding to a periodicity of one-fourth sec. This 
frequency is supplied through a conductor 149 to the 
second frequency divider 11 where it is first reduced to 
1 Hz in a two-stage divider unit 22. The timing signal 
Tag at the output of the unit 22 therefore has a perio 
dicity of 1 second. The logic circuits of the clock are 
adapted to produce conventional date/time data such 
as seconds (sec), minutes, hours, days (T), months and 
years and are driven by the aforementioned one-second 
timing signal Tac. The date/time data are encoded in 
binary form, four binary digits being provided for each 
number. Quarter seconds are provided in addition to 
whole seconds in the seconds data output, two addi 
tional binary digits being sufficient to this end. A logic 
system, not shown, conventionally employed for elec 
tronic clocks, ensures that the appropriate carry-overs 
from seconds to minutes etc., are provided. The elec 
tronic clock includes a multi-stage store unit 26, part 
of which forms the subscriber's number store 2 having 
12 stages for storing a subscriber's number in H (hun 
dreds), Z (tens) and E (ones) encoded in binary form 
and other stages required for storing the date/time 
data. 
The entire coding system operates with binary en 

coded signals as do the two stores 1 and 2. In the inter 
ests of reducing the number of conductors required the 
entire data from the stores 1 and 2 are supplied to the 
modulo-2-mixer 18 in series and not in parallel. This 
requires a kind of parallel-series conversion of the data 
contained in the units 26 and 22. The conversion is pro 
vided by a date/time shift register 19 which may be 
driven by pulses on a shift line 20, and which has as 
many stages as the two units 26 and 22. The data in 
each binary stage of the units 26 and 22 is supplied to 
a corresponding stage in the date/time shift register 19. 
Data in the individual binary stages of the units 26 abd 
22 are transferred into the binary stages of the datef 
time shift register 19 after each pulse is transferred 
from the last stage of the register 14 to the first stage 
of the unit 22, that is to say every one-fourth second. 
During this one-fourth second the data in the units 26 
and 22 is constant and the data in the date/time shift 
register 19 is shifted by pulses having a timing cycle T 
applied to conductor 20 from the conductor 7, the 
shifted data being applied to a conductor 25 which is 
connected to a modulo-2 mixer 21. Since the ratio of 
the two timing periods Tel: T is approximately 1:250 
000 and the number of stages in the date/time shift reg 
ister 19 is 60, (10 stages each for seconds, 8 stages each 
for minutes, hour, day, month, year and 12 stages for 
number data plus 2 stages for the carry-over from the 
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step-down part 22), it follows that the data in the date? 
time shift register 19 is supplied in unchanged form to 
the modulo-2 mixer 21 at the rate of 250 000: 60 every 
one-fourth seconds, that is to say approximately 4000 
times. In a preferred embodiment the binary stages of 
the units 26 and 22 and the stages of the date/time shift 
register 19 and including the appropriate counter car 
ry-over circuits are constructed in the form of inte 
grated circuits thus dispensing with the relatively ex 
pensive cross connections between units 22 and 26 and 
the shift register 19. 

In addition to driving the date/time shift register 19, 
the pulses applied to the shift line 20 also drive a shift 
register 16 having a feedback connection. The shift 
register 16 has 20 stages, the third stage being con 
nected via a line 152 to a modulo-2 mixer 17 which ap 
plies to the input of the shift register 16 via line 153 the 
product obtained by mixing data on the line 152 with 
data on the line 151 connected to the output of the 
shift register 16. A shift register of this kind having in 
stages supplies a so-called pseudonoise-sequence (PN 
sequence) having a periodicity of approximately 1 mil 
lion timing pulses. It is a characteristic property of the 
PN sequence that it is practically identical to a statisti 
cal pulse sequence, with the exception of the overall 
periodicity. The PN sequence produced by the shift 
register 16 at its output 151 is supplied to the modulo-2 
mixer 21 where it is mixed with the output from the 
shift register 16 amounts to approximately 1 second but 
mixer 21 provides a supplementary code which is sup 
plied via the conductor 154 to the modulo-2 mixer 18 
(FIG. 1). The periodicity of the PN sequence of the 
shift register 16 amounts to approximately 1 second but 
the contents of the date/time shift register 19 changes 
once every one-fourth seconds, i.e., the contents of the 
register in the divider 11 changes three times during 
one cycle of the PN sequence and will change at the be 
ginning of the next period of the PN sequence. 
The register 14 and the shift register 16 are both 

driven by the same timing signals having a timing cycle 
T. Since a n-stage shift register has a recirculation pe 
riod of 2" - 1 cycles and a n-stage binary register used 
as a frequency divider has 2" cycles per period, it is 
necessary, in order to maintain synchronism, for the 
operation of the shift register 16 to be interrupted once 
during every period. 

In addition to its function as a divider, it is possible 
for the register 14 to be used to provide timing pulses 
having different periodicities. As will be explained be 
low, such timing pulses are utilised for synchronisation 
between transmitting and receiving stations. Timing 
pulses T, Tw and TB of such different periodicity may 
be obtained from the different stages of the register 14 
and timing pulses Tec from the last stage of the unit 22. 
If two stages for obtaining such timing pulses are 
spaced by Z binary stages, the corresponding timing cy 
cles will be differentiated by the factor 2%. Accordingly, 
the periodicity of the timing pulses Ta is four times as 
large as that of the timing pulses Tal, the periodicity of 
the timing pulses Tat being four times as large as that 
of the timing pulses Tw, the periodicity of the timing 
pulses Tw being eight times as large as that of the timing 
pulses T and the periodicity of the timing pulses T. 
being eight times as large as that of the timing pulses 
Tg. These different timing pulses form pulse trains 
which are ideally suited for synchronisation. 
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8 
For all applications in which it is possible to dispense 

with such pulse trains it is also possible to dispense with 
the binary register 14 in which case the shift register 16 
may be connected as the first frequency divider be 
tween the crystal oscillator 13 and the input 149 to the 
second frequency divider 11. 
Since message pulses encoded at the transmitter sta 

tion with a predetermined coding pulse sequence can 
be correctly received only if the appropriate encoded 
data is decoded at the receiving station with the same 
coding pulse sequence, as already mentioned, it follows 
that precise synchronisation between transmitter and 
receiver is essential. Since the coding pulse sequence 
depends on the date and time, such synchronisation is 
based in principle on the fact that clocks at the trans 
mitter and receiver stations are synchronised, making 
due allowance for transmission transit time. The syn 
chronising stage 6 shown in FIG. 1 comprises a time 
comparison means 61, an OR network 63 and a time 
difference store 62. The date/time store 1 is preceded 
by time-correcting means 4, the input of which is con 
nected to the output of the OR network 63. The time 
difference between the received signal fed into the time 
comparison means through the conductor 132, and the 
signal produced by the coding pulse generator 5 on 
conductor 82, or the signal produced by the receiver's 
own date/time store applied on line 128 is measured in 
the time comparison means 61 which is connected 
through a switch 23 to the coding pulse generator 5 or 
to the date/time store 1. This is possible because the 
coding pulse routine depends on the clocktime. Timing 
comparison may be performed on the basis of timing 
pulses incorporated in the reception signal or by corre 
lation of the reception signal with the coding pulse rou 
time. The time difference thus obtained may be utilised 
for resetting the receiver's own clock from the time 
comparison means 61 through the conductor 220, the 
OR network 63, the conductor 129 and the time cor 
rection means 4. The measured time difference may 
also be supplied through the conductor 131 to the time 
difference store 62 and stored therein so that after the 
received message has been decoded with the receiver's 
clock time synchronised with the transmitter's clock 
time by the value stored in store 62, this value may be 
cancelled and the time correction means 4 reset into its 
original state. 
FIG. 3 is a basic example of the synchronisation be 

tween transmitting and receiving stations utilising syn 
chronising pulse trains of different periodicity or fre 
quency which are incorporated into the actual message 
pulses. In the description hereinbelow reference will be 
made to the valency of the pulses, valency in this con 
nection being proportional to the periodicity and being 
indicated in the illustration by the line height of the in 
dividual pulses. As shown by line a, representing pulses 
received by the receiver, the actual message pulses N 
of periodicity T have the lowest valency, the so-called 
word pulses W of periodicity Ty having the next higher 
valency, one word pulse being associated with every 
four data pulses. The so-called block pulses BL of peri 
odicity Tel have the next higher valency and the so 
called block group pulses BG of periodicity To having 
the highest valency. One block pulse is associated with 
every four word pulses and one block group pulse is as 
sociated with every four block pulses. Line b shows the 
timing pulses produced internally by the receiver. The 
time difference between the received signal and the in 
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ternally generated signal is A T. The following steps 
must be taken for clock synchronisation at the receiv 
ing station: first, the timing pulses of the lowest va 
lency, that is to say the message pulses N, are synchro 
nised. To this end the internally produced timing signal 
is displaced by a fraction of the periodicity Ti, namely 
by the difference A Ta. This ensures that the receiver 
clock pulses are moved to the position shown at line c. 
This is followed by correction of the word pulse posi 
tion from line c to lined, the internally produced signal 
being displaced by 3 message pulse lengths. Accord 
ingly, A T = 0. Next, the difference AT between the 
block pulses is corrected by a shift of 3 word pulse 
lengths. Accordingly, line e is reached this being fol 
lowed by correction of the difference A T of the 
block group pulses by a shift of 3 block pulse lengths 
T. The pulse train of line f, showing the corrected in 
ternal clock pulse train position, will then be synchro 
nised with respect to time with the pulse train of the re 
ceived signal shown at linea. Resetting the clock at the 
receiving station may be performed by additional 
pulses which are fed into the binary register 14 (FIG. 
2) at the appropriate stages. It is of course possible to 
identify the different timing pulses by their different 
durations instead of by their different amplitudes. 
Another example for obtaining synchronisation be 

tween the transmitting and receiving stations by means 
of synchronising pulse trains is illustrated in FIG. 4. 
Line a shows the timing pulse train of the crystal oscil 
lator 13 (FIG. 2) having aperiodicity T, line b shows 
the timing pulse train of the coding pulse generator 
having a periodicity T. Line c shows the so-called data 
bit timing pulse train of periodicity T and lined shows 
the data timing pulse train having a periodicity Ta. The 
period T corresponds to the bit length of an actual 
message pulse. Line e shows a brief sequence of mes 
sage pulses comprising the binary digits 101. A reduc 
tion in the time scale is shown in line fin order that a 
larger number of message pulses may be displayed. The 
signal pulse train shown in this line is built up as fol 
lows: sets of 6 message pulses are disposed between 
every two word pulse W. (shown in line g), for example 
the message pulses 101110 for the first word on the 
left, for the second word 001011, for the third word 
1000 10, for the fourth word 01011 1 and so on. Data 
relating to a block pulse is positioned at one bit length 
before each word pulse W. The block pulse data 
shown in line fis also shown at line h, the correspond 
ance being indicated by arrows. Prior to the first word 
on the left, the block pulse data is equal to 1, prior to 
the second word it is also equal to 1, in front of the 
third word it is 0, and in front of the fourth word it is 
0. The block pulse sequence (line h) is then repeated 
periodically, vis., 11001 100 and so on. The block limits 
may be defined as shown at line i by means of such peri 
odic data, namely by the change of block pulse data 
from 00 to 1 1. Finally line j shows the block group 
pulses BG. In the event of time deviations resetting of 
the receiver clock is performed by the method de 
scribed above with reference to FIG. 3. 

It should be noted that in general the periodicity of 
the synchronising pulses having the greatest valency in 
the examples shown in FIG.3 and FIG. 4, that is to say 
Tao, must be greater than twice the maximum deviation 
to be expected between the transmitter and receiver 
clocks. When the transmitter and receiver clocks are 
not synchronised each receiver clock pulse will be lo 
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10 
cated between two transmitter clock pulses so that the 
interval between one transmitter clock pulse and the 
receiver clock pulse is shorter and the interval between 
the other transmitter clock pulse and the receiver clock 
pulse is longer than the periodicity of the aforemen 
tioned pulses having the greatest valency. Since, as al 
ready mentioned earlier, this periodicity is longer than 
twice the maximum expected clock deviation, a timing 
pulse on the receiver side must always overlap that 
timing pulse of the two adjacent transmitter side timing 
pulses relative to which the interval is shortest. Given 
the running accuracy of crystal-controlled clocks at 
tainable at the present time - maximum deviation per 
day 0.1 second - it may be assumed that clock devia 
tions will not exceed - 5 seconds, 
The synchronising methods described hereinbefore 

suffer from the disadvantage that at least the clock de 
viation time will be required for correcting the clock 
differences. Methods will now be described by means 
of which time difference may be corrected in a time 
which is substantially shorter than that time difference. 

A first such method is illustrated in FIG. 5 in which 
the actual message pulses N are interposed between the 
periodic word pulses W. as shown on line a. A block 
pulse bit is inserted in front of each word pulse W in 
a similar manner to that shown at line f of FIG. 4. In 
contrast with the example illustrated in FIG. 4, the 
block pulses are not only so shaped and positioned in 
time that they enable the block limits and block group 
limits to be detected but they also contain data. The ap 
propriate binary representations 0 or 1 for the block 
pulses are shown in line b. Every 16 block pulses form 
a block, the block limits being marked by a sequence 
of four 0's and four l's, the transition between the last 
"0" and the first 1 representing a block pulse BL 
shown at line c by broken lines. As may be seen by ref 
erence to line b, the data within one block comprises 
three sequences of six binary symbols. Each of these 
sequences corresponds to a decimal number with two 
digits after the decimal point: the sequence 01 1001, 
appearing three times in the left half of line b 
corresponds to the number 64, and the sequence 
01 1010 shown in the right-hand half corresponds to the 
number 6%. Each number in a sequence is the clock 
time expressed in seconds and quarter seconds, the lat 
ter being the duration in which the supplementary 
date/time code is supplied via the modulo-2 mixers 21 
and 18 to the coding pulse generator 5. 
As mentioned in the description relating to FIG.2b 

it follows that a new time value, namely the sequence 
of block pulses illustrated in line b, will be transmitted 
three times once every quarter second. The triple trans 
mission ensures reliability against disturbances. The 
block time Tai - line a - is also equal to one-fourth 
second. The reason for this is that normally a delay of 
one-fourth seconds is just tolerable and has no disturb 
ing effects - for example in a telephone conversation. 
However, a delay period of 1 second would certainly be 
disturbing in a telephone conversation, whilst 50 ms is 
unnecessarily short. A quarter second may be regarded 
as a "manipulating time' which is just acceptable. At 
the receiver it is merely necessary to detect the block 
limits and to compare the seconds value of the received 
signal with the seconds value of the receiver's own 
clock and then correct the clock. Correction may be 
performed on those stages of the storage unit 26 or reg 
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ister 19 storing the binary representation of seconds 
practically without any delay and directly. A time devi 
ation of, for example, 5 seconds may be easily cor 
rected within a quarter second. 
FIG. 6 shows a variation in the method described 

with reference to FIG. 5 in which the block limits are 
not marked by a predetermined sequence of block 
pulses but by a representation of the clock time itself. 
In FIG. 6 the clock time in seconds is repeated three 
times withine one block T. Block pulses are inserted 
in front of the periodic word pulses (not shown) in the 
same way as in FIGS. 4 and 5. The block length Ta is 
once again one-fourth second so that a two-digit binary 
indication after the decimal point is sufficient. The 
block limits are defined by the third clock time in one 
block being transmitted in the reverse sequence to the 
other two and in inverted form. That is to say the first 
digit 0 of the third clock time 7 4, is inverted to 1 and 
placed as the last digit. Since the first clock time of the 
second sequence of three clock times in the second 
block length Tel is normally represented, the detection 
of the inverted and reverse representation of the last 
clock time in the first sequence defines the end of one 
block and the beginning of the next. 
Time comparison means 61 of the synchronising 

stage 6 in FIG. 1 will now be described with reference 
to FIG. 7. The means shown is suitable for detecting the 
block limits in the train of pulses described in FIG. 6 
and comprises three shift registers 30, 31 and 32, three 
comparators 27, 28 and 29, one inverter 39 and one in 
verting AND network 38. The signal on the conductor 
132 is applied to the three six stage shift registers 30, 
31 and 32 during a shift cycle Tl corresponding to the 
word pulse cycle Ty (FIG. 3) - the switches 35 and 36 
and 37 being in the illustrated position and the switch 
34 being closed. After each timing pulse TL the 
switches 35, 36 and 37 are switched to their other posi 
tions, the switch 33 closed and the switch 34 opened, 
for the duration of six timing pulses of a high-speed 
shift cycle Ts which is at least six times as fast as the 
shift cycle T. The data contained in each shift register 
is then recirculated once during the shift cycle Ts and 
the contents of each register will then once again be at 
the original locations. This recirculation proceeds prior 
to arrival of the next timing pulse T. During recircula 
tion the contents of the shift register 30 are compared 
with the contents of the shift register 31 in the compar 
ator 27, the contents of the shift register 30 and the 
contents of the shift register 32, inverted by means of 
the inverter 39, are compared in the comparator 29 
and the contents of the shift register 31 and the in 
verted contents of the shift register 32 are compared in 
the comparator 28. The shift direction in the shift regis 
ter 32 is reversed during the shifting cycle Ts since this 
shift register stores the reversed sequence of the third 
number in the group of numbers between block pulses 
as shown in FIG. 6, while the inverter 39 inverts the 
data. If a disparity is detected in one of the three com 
parators during recirculation and comparison the bi 
nary symbol 0 will appear at the output of the compara 
tor and the binary symbol 1 will appear on the line 40 
of the inverting AND network 38. The 1 insures that 
the entire procedure is repeated on the next timing 
pulse T, until during one recirculation of the data in 
the shift registers all outputs of the comparators remain 
at 1 so that an 0 representing the block limit appears 
on line 40. Detection of the block limit is necessary to 
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12 
enable the individual bits of the number data to be allo 
cated their correct digit values. The number of shift 
timing pulses T required for detecting the block limit 
and representing the time difference between the trans 
mitter and receiver station block limits, expressed as 
the number of words (timing cycle Tw) may be stored 
in a counter. To this end a switch 134 is provided which 
is closed by the first shift cycle T and is opened when 
the binary symbol 0 appears on the line 40. The re 
ceiver station clock is corrected in accordance with the 
method described with reference to FIG. 3 by the num 
ber of shift timing pulses found in the aforementioned 
counter. 

FIG. 8 shows a second form of time comparison 
means 61 (FIG. 1) in which the time difference be 
tween transmitter and receiver station clocks is ob 
tained by so-called pulse templates. In FIG. 8, a four 
stage shift register 400, having its output connected to 
a modulo-2 mixer 41 is used to generate PN pulse tem 
plates each comprising 15 bits. Each of the individual 
bits of the pulse templates are placed in front of a word 
pulse shown in the examples of FIGS. 4 to 6. Within 
any one block the appropriate pulse template will be 
transmitted three times. It is known that a pulse tem 
plate of 15 bits when correlated with the same pulse 
template in different phases will provide the correlation 
value - 1 in 14-phase positions and the correlation 
value --15 in the fifteenth phase position. It is therefore 
well suited for determining the relative phase between 
the transmitting and receiving stations. The length of 
the pulse template therefore also corresponds to the 
block length Tal. The individual pulse template bits 
which occur at the same frequency as the word pulses 
pass from the conductor 132 of the receiver into a 15 
stage shift register 42 and are fed thereto at a shift cycle 
T, which corresponds to the word pulse period Tw. A 
recirculation connection of the shift register 42 is 
opened by a switch 43 during the application to the reg 
ister 42 of the pulse template. Between every two tim 
ing pulses T and with the switch 43 closed one recircu 
lation is performed at the timing frequency Ts. The 
contents of the shift register 400 are shifted at the same 
timing frequency Ts. The pulses of the pulse templates 
on the one hand and the recirculated data in the shift 
register 42 on the other hand are therefore supplied in 
time synchronism to a correlator 44. The pulse tem 
plates are of course produced at the transmitter station 
by an identical pulse template generator (shift register 
and modulo-2 mixer). In the event of phase disparity 
between the data stored in the shift register 42 and the 
data produced by the pulse template generator, the 
correlator will detect the correlation value - 1. If this 
is the case, the switch 43 is opened and a new shift tim 
ing pulse T shifts each bit of the data in the shift regis 
ter 42 one stage. The switch 43 is closed again and the 
data is recirculated once at the timing frequency Ts and 
the correlation value is once again defined by the cor 
relation 44. The number of timing pulses T required 
for the correlator 44 to define the maximum correla 
tion value is determined in the same way as described 
with reference to the example illustrated in FIG. 7. The 
synchronisation process is completed when the maxi 
mum correlation value appears. This method is suitable 
only for correcting time differences which are shorter 
than the block length. It is of course not necessary for 
the maximum correlation value to be equal to its peak 
value, it must merely exceed a certain threshold value 
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(for example the threshold value 10 for a correlation 
value 15) in order to effect synchronisation. 
FIG. 9 illustrates a pulse train which can be applied 

to the apparatus illustrated in FIG. 8 to determine the 
difference between transmitting and receiving station 
clocks where the time difference is longer than a block 
length. FIG. 9 shows a sequence of block pulse bits 
which are incorporated in the transmitted message in 
front of each word pulse in the manner already repeat 
edly described hereinbefore. In contrast to FIG. 8, the 
individual blocks having a block period T consist not 
only of a pulse template IS but in addition include sec 
onds data, represented by 64, 6 4, 6% and so on. In 
this case the block length T is one-fourth second. The 
apparatus required for defining the difference between 
transmitter and receiver station clocks is identical to 
that illustrated in FIG. 8. The block limits are deter 
mined in the manner described with reference to FIG. 
8. The methods for correcting the time indications are 
described hereinbelow. 
FIG. 10 also shows a pulse train which may be ap 

plied to apparatus similar to that shown in FIG. 8 to de 
termine the difference between transmitting and re 
ceiving station clocks to compensate for differences in 
clock times which are substantially greater than the 
block length T. As may be seen by reference to FIG. 
10, three different pulse templates IS, IS, and ISs are 
successively transmitted in a constantly repeating cy 
cle. Together the three pulse templates IS IS and IS 
form a block group T. 
FIG. 11 shows apparatus for defining the clock time 

difference by means of the pulse template groups illus 
trated in FIG. 10, the apparatus comprising three sets 
of apparatus as illustrated in FIG. 8, one set for each 
pulse template, i.e. a separate shift register 400, having 
its output connected to a modulo-2 mixer 41 and func 
tioning as pulse template generator, a separate correla 
tor 44, and a separate shift register 46, 47 or 48, each 
register being driven by a low-speed or high-speed shift 
cycle T or Ts. Each of the shift registers 46, 47 and 48 
has a number of stages corresponding to the number of 
bits in one pulse template and each receives one of the 
three pulse templates. The apparatus functions in a 
similar manner to that of the apparatus illustrated in 
FIG. 8, that is to say the contents of the shift registers 
46, 47 and 48 are compared with the associated pulse 
template in the associated correlator. The clocktime 
difference is determined when the first maximum cor 
relation value occurs in one of the three correlators. 
The clocktime difference is therefore determined in a 
period of time which does not exceed the duration of 
one of the three pulse templates. 
FIG. 12 shows a further form of apparatus for provid 

ing synchronisation between transmitting and receiv 
ing stations. This kind of synchronisation may be de 
scribed as correlation synchronisation and its principle 
has been disclosed in the Swiss Patent Specification 
No. 422 047. A pseudo-statistic pulse signal contained 
in the transmitted message signal is utilised for syn 
chronisation, the pulse signal being completely defined 
by date and time and may take the following form: 

1. it may be the coding pulse routine itself. In this 
case synchronisation of the receiver is obtained in 
transmitting intervals, that is to say when the cod 
ing pulse routine is not "covered' by clear lan 
guage text or it is obtained by means of a clear lan 
guage detector. 
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2. it may be a pseudo-statistical pulse signal, derived 
from a secret code and being generated by the cod 
ing pulse generator. This pulse signal may be trans 
mitted either over a separate message channel or, 
as described above, may be transmitted in the form 
of timing pulses incorporated in the message signal. 

3. it may be a non-secret but date and clocktime 
dependent pseudo-statistical pulse signal. 

The first two methods have the advantage that the 
pseudo-statistical pulse signal also depends on a secret 
code and access to synchronism is made very difficult 
for unauthorised parties. 
The apparatus illustrated in FIG. 12 differs from the 

apparatus described above by the presence of a shift 
register 77 for storing the pseudo-statistical pulse signal 
received over the conductor 148' and by a shift register 
80 for storing the pseudo-statistical pulse signal gener 
ated by its own coding pulse generator 5. Both shift reg 
isters are connected to a correlator 76 for comparing 
the store contents of both shift registers. 
To explain the method of operation of this apparatus 

it may be assumed that the pseudo-statistical pulse sig 
nal is formed either by the coding pulse routine or by 
an additionally generated programme of the coding 
pulse generator 5. Furthermore it may be assumed that 
the pseudo-statistical pulse programme prior to its ar 
rival on the conductor 132 has already been freed of 
the actual message pulses. A numerical example will 
now be given to provide a better understanding of the 
method of operation: the pseudo-statistical pulse signal 
received on the conductor. 148' and having a pulse pe 
riod duration of, for example, ms, is fed into the shift 
register 77. The pseudo-statistical pulse signal gener 
ated by its own coding pulse generator 5 is fed into the 
shift register 80. Since the transmitting and receiving 
station clocks may deviate initially from each other by, 
for example a few seconds, it is necessary for the time 
difference to be determined by a scanning operation 
which should be as rapid as possible. The signal arrives 
at a constant rate and cannot be accelerated because 
of the capacity of the transmission channel but genera 
tion of the pseudo-statistical pulse signal of the receiv 
ing means may be accelerated. The basic progress for 
synchronising the transmitting and receiving station 
clocks when a connection is established and when the 
clocks may deviate from each other by a few seconds 
is to set back the receiving station clock by at least the 
entire clock time difference to be expected. The re 
ceiving station clock then lags behind the transmitting 
station clock. The clock and the coding pulse generator 
at the receiving station are then allowed to run at an in 
creased speed so that after a period of time the receiv 
ing station clock will be synchronised with the transmit 
ting station clock. 
The scanning operation is as follows: it will be as 

sumed that the received pseudo-statistical signal has 
occupied all stages of the receiving station's shift regis 
ter 77. If the register has, for example, 64 stages, the 
time taken to fill all those stages will be 0.64 seconds 
at the selected periodicity of the shift pulses. Compared 
with the desirable manipulation time of approximately 
one-fourth seconds, this time is too long, but can easily 
be reduced by reducing the number of stages in the 
shift register 77, for example to 32 stages, or by in 
creasing the timing frequency of the pseudo-statistical 
pulse signal. After the receiving station's clock has 
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been set back by the expected clocktime difference, a 
switch disposed between the crystal oscillator 13 and 
the frequency divider 12 is moved to the position illus 
trated in FIG. 12 so that the timing pulses of the crystal 
oscillator are coupled to the pulse generator 5 via line 
7 and to a stage 165 of the register 14 which is the 
eighth stage of the register counting from the input 
connection coupled to the crystal oscillator 13. Ac 
cordingly, the clock and the coding pulse generator 5 
will operate 28 = 256 times faster. In consequence the 
coding pulse generator routine normally delivering 
pulses at a periodicity of 10 ms on line 82 also operates 
256 times faster so that the pulse period is reduced to 
approximately 40 pus. The shift cycle for the two shift 
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further correlation value is obtained by a single circula 
tion with the new data fed into register 80 as described 
above. This procedure is continued until the threshold 
correlation value is exceeded whereupon a pulse from 
the correlator 76 triggers the switch 71 to its normal 
position connecting the oscillator 13 to the first stage 
of the register 14 so that the clock is then driven at its 
normal rate. Accordingly, the timing frequency during 
circulation which is derived from stage 163 of the reg 
ister 14 and amounts to 1/256 times the normal timing 
period applied to stage 165 is decreased from 40 us to 
approximately the normal timing period of 10 ms. The 
switch 134 will then remain in the position at which the 
10 ms pulses are supplied to the shift register 77 which 

registers 77 and 80 also has a timing period of 40 us 15 accepts the received pulses at the normal timing fre 
since they are connected via switch 72 to stage 163 of 
the register 14. The oscillator 13 supplies a timing fre 
quency of 1.64 MHz. In the illustrated position of the 
switch 71 this passes directly to the eighth stage of the 
register 14 and before reaching stage 163 passes 6 fur 
ther stages so that the input frequency is stepped down 
2 = 64 times, providing a timing frequency of 1.64 
MHz:/64 a 25000 Hz corresponding to a timing cycle 
of approximately 40 us. When the switch 134 is in the 
illustrated position, the 40 us shift pulses only reach the 
shift register 80 and not the shift register 77. Between 
every two shift cycles for the shift register 80, that is to 
say within 40 pus, the contents of the shift registers 77 
and 80 are correlated with each other. This correlation 
is obtained by the entire shift register contents being 
circulated once at a high speed cycle of approximately 
0.6 pts through the closed switches 78 and 79. The shift 
registers have 64 shift register stages, so that one com 
plete circulation requires 64 timing steps that must be 
performed within 40 ps, giving the timing period of 0.6 
pus. This timing period corresponds to the oscillator fre 
quency of 1.64 MHz. Circulation is performed by mov 
ing switch 72 to connect the conductor 164 via switch 
134 to the shift register 77, the switches 78 and 79 
being closed and the switch 54 being opened. Sequen 
tial correlation of the contents of registers 77 and 80 is 
effected by a single correlator 76. The correlator 76 
compares the individual corresponding bits of the con 
tents of the shift registers 77 and 80 during the 64 cor 
relation steps, producing a signal representing a value 
of-1 in the case of coincidence and a signal represent 
ing a value of - 1 in the case of non-coincidence and 
arithmetically counting the 64 values to produce a cor 
relation value. In the event of non-coincidence be 
tween the clock-times the correlation value will be very 
small and on average fluctuate around zero. If the data 
in the shift registers 77 and 80 is precisely in phase, the 
correlation value will be 64 in the ideal case when there 
are no disturbances on the transmission line connecting 
the transmitter to the receiver. In practice, correspon 
dence between the timing of the clocks is considered as 
having been achieved when a threshold value, for ex 
ample between 50 and 60, is exceeded. The magnitude 
of the threshold value is selected so that response to 
random interference pulses is as rare as possible whilst 
allowing the apparatus to function in the presence of 
such interference. If the selected threshold value is not 
reached during determination of the first correlation 
value, a new 40 pi pulse of the pseudo-statistical pulse 
routine delivered by the coding pulse generator is fed 
into the shift register 80 while the switches 72, 134, 78 
and 79 are reset to the position shown. Thereafter, a 
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quency. 
During the synchronising phase the time difference 

store 62 counts the number of 40 pts timing pulses 
which occur between the beginning of the clock reset 
ting operation and the time at which the correlation 
value is reached. This number of timing pulses repre 
sents deviation between the transmitting and receiving 
station clocks in terms of the pulse length of the pseu 
do-static pulse signal. The store value in the clocktime 
difference store 62 may be utilised for resetting the re 
ceiving station's clock to its original operating value 
after transmission ceases or the connection between 
the transmitting and receiving stations is discontinued. 

Should it be found necessary it is possible after estab 
lishing a connection between a transmitting and a re 
ceiving station for synchronisation to be continuously 
checked by the correlator 67 at a normal timing cycles 
since the inputs to the correlator are connected to the 
received signal and to the output of the coding pulse 
generator. The time for scanning a clock difference of 
5 seconds is exceptionally short. 5 seconds contain 500 
of the 10 ms long pulses of the pseudo-static pulsese 
quence. In high-speed operation of the synchronising 
phase these 500 pulses require 500 times 40 pus corre 
sponding to 20 ms. The entire range of clock deviation 
of 5 seconds is therefore scanned within 20 ms. Clock 
synchronisation may be obtained within a one-fourth 
second even if the clock deviation is minute, such 
synchronisation proceeding with a high degree of reli 
ability because of the extremely favourable correlation 
method. 
The times at which operations in the synchronisation 

process described are carried out are graphically illus 
trated in FIG. 13. The time t is plotted on the X axis, 
the time setting t” of the receiving station's own clock 
being plotted along the Y-axis. At time t the clock is 
reset by the maximum deviation, in the previous exam 
ple 5 seconds, to the clock position T. l. The clock is 
then driven at high speed twice the possible clock devi 
ation 2AT to the point T. 

In FIG. 11 it is assumed that for certain reasons, for 
example severe interference on the transmission chan 
nel, synchronism was not established during this time 
between ti and t2. At time t, the clock is reset by 
2AT to Ta whereupon the correlation scanning 
procedure is once again performed at high speed. At 
the point T. (time ta) the correlator responds and 
switches the receiving station's own clock to normal 
speed. The clocktime difference T as measured and re 
tained in the store 62 is also plotted on the graph. At 
the time Ts (time ta) transmission is discontinued and 
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the store value AT in the time difference store 62 is uti 
lised to reset the receiving station's clock to the original 
normal operation point Thd 6. Fundamentally large 
clocktime differences must be compensated for only 
when the connection between a transmitting and re 
ceiving station is first established. As soon as the clock 
at the receiving station has once been compensated, it 
is possible for the aforementioned clock setting to be 
retained in special stores as described below so that 
when a new connection is established it is possible to 
confine the duration of the scanning operation to only 
0.1 or 0.5 seconds since a crystal of 10 seconds accu 
racy has a deviation of 0.5 seconds only after 5 days. 
The time for achieving synchronism is exceptionally 
short, for example 10 to 20 ms given a scanning time 
in the synchronising phase of only 0.5 seconds. 
For pseudo-static pulse signals having a bit length of 

10 ms, it is possible for clock deviations of 20 seconds 
to be easily synchronised within approximately one 
quarter second. 
A deviation of this kind corresponds approximately 

to a deviation which is not exceeded within an entire 
year by a crystal-controlled electronic clock having an 
accuracy of 10. It is therefore possible for such a 
clock to be operated for a year without the need for re 
setting it. It is therefore advantageous for the clock to 
be operated from a battery, even when the encoding 
apparatus is not being used. 
As already mentioned, the coding pulse generators 

utilised for the coding apparatus are of the kind having 
a limited storage time. This property of limited storage 
time is of special significance for the encoding appara 
tus since it is only this property which permits realisa 
tion of the kind of synchronisation described with ref 
erence to FIGS. 12 and 13. Resetting of the clock 
should be accompanied by resetting of the coding pulse 
generator so that when in the reset position it delivers 
the correct coding pulse routine corresponding to the 
reset clock time. Resetting of the code pulse generator 
however is not possible and in consequence it is neces 
sary for the coding pulse generator to deliver the previ 
ously stored data in a sufficiently short time after reset 
ting of the clock. 

In order to avoid the need for extremely short storage 
times in the coding pulse generator 5 when the clock 
is synchronised, the clock can be stopped instead of 
being reset. The scanning operation will then proceed 
as illustrated in the graph of FIG. 14. At time t the 
clock is stopped for a period of time corresponding to 
the maximum expected time deviation ATn. This is 
followed at time t, by scanning at increased speed as 
already described with reference to FIG. 13. If syn 
chronisation is not established in the scanning range 
AT', the clock is stopped by an amount 2AT at time 
ta until time t is reached and synchronisation is ob 
tained at time ts. With this method it is possible for the 
storage time of the coding pulse generator 5 to extend 
over several minutes or more, synchronisation however. 
takes place in fractions of a second. 
FIG. 15 shows a correlation synchronisation appara 

tus having certain similarities with that illustrated in 
FIG. 12 but whose clock cannot be reset. The syn 
chronisation apparatus includes three shift registers 42, 
620 and 610. The shift register 42 is connected by 
means of a switch 54 to the line 132 at the receiving 
station and the shift registers 620 and 610 are con 
nected by a switch 55 to the coding pulse generator 
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output 82. The shift registers 42, 620 and 610 are also 
connected to a correlator 59. The pseudo-statistical 
pulse signal (for example having a bit length of 10 ms) 
received on the conductor 132, is stored in the shift 
register 42 and the pseudo-statistical pulse routine pro 
duced by the receiving station's own coding pulse gen 
erator 5 is stored in the shift registers 620 and 610. The 
stored contents of the two shift registers 42 and 610 are 
once again circulated and scanned by the correlator 59 
in the above described manner to determine the maxi 
mum correspondence, the switches 57 and 58 being. 
closed. The time interval corresponding to the maxi 
mum expected difference between the transmitting and 
receiving clocks (that is to say for example 5 seconds) 
is stored in the shift register 620. The receiving sta 
tion's clock is advanced by half the expected clocktime 
difference, i.e. 2.5 seconds, so that it is possible to ob 
tain a pulse signal from the shift register 620 corre 
sponding to a clock time which leads by 2.5 seconds. 
In the middle of the shift register 620, at stage S, it 
would be possible to obtain a pulse routine which cor 
responds to the “normal' clocktime and at the output 
of the shift register 620 it is possible to obtain a pulse 
routine corresponding to a clocktime which lags by 2.5 
seconds behind the normal time. The shift register 620 
may be regarded as a delay line or "time potentiom 
eter,' capable of delivering pulse signals at different 
times within the maximum expected clocktime differ 
ence. Since the receiving station's own clock is ad 
vanced by 2.5 seconds for synchronisation and thereby 
precedes the received signal, and since time compari 
son proceeds at the output of the delay line shift regis 
ter 620, that section of the pseudo-statistical pulse sig 
nal contained in the shift register 42 will be contained 
somewhere within the delay line shift register 620. The 
illustrated circuit enables this fact to be established 
within a very short period of time and at a very high 
timing frequency although the clock continues to oper 
ate at its normal speed. The synchronising operation is 
as follows: 

It is assumed that the pulse length of the pseudo 
statistical pulse signal on the line 132 and that of the 
coding pulse generator on the line 82amounts to 10 ms. 
It is further assumed that the shift registers 42 and 610 
are each constructed with 32 stages and the shift regis 
ter 620 is constructed with 480 stages. The stored con 
tents of the 512 stages of the shift registers 610 and 620 
require a time of 512 times 10 ms which approximately 
equals 5 seconds to be shifted out. It may now be as 
sumed that all shift registers are filled with data of the 
pseudo-statistical pulse signal. The switches 55 and 54 
remain open for the entire scanning operation but the 
switches 57 and 58 are closed when the switch 63 is 
opened and vice versa. Initially the data in the shift reg 
isters 42 and 610 is circulated once at the high speed 
T (switch 53 in the right-hand position) when the 
switches 57 and 58 are closed and the total correlation 
value of the shift register contents is defined by means 
of the correlator 59. The timing frequency of the timing 
cycle T may be 2 MHz, corresponding to a timing pe 
riod of 0.5 pus. If the correlation value thus determined 
is less than a defined threshold value. the switch 53 is 
briefly connected to the timing source T (switch 53 in 
the middle position), the frequency of the source being 
no greater than T/32, that is to say for example 62.5 
kHz, corresponding to a timing period of 16 pus. When 
the switch 63 is closed, the contents of the shift register 
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610 and 620 are shifted through one stage at the afore 
mentioned cycle T, thereupon the switch 53 switches 
back to the high frequency cycle T after which the 
correlation value between the contents of the shift reg 
ister 42 and shift register 610 are once again measured. 
This procedure, namely alternate circulation and defin 
ing of the correlation value and shifting of the data in 
the shift registers 610 and 620 by one stage is contin 
ued until the correlation value exceeds a predeter 
mined threshold value thus completing the synchroni 
sation operation during which the 16 pus shift cycles of 
the timing source T are counted by a counter 49 in the 
time difference store 62. 
The number of shifting steps required to synchronise 

the clocks at the transmitting and receiving stations is 
stored in the counter 49. The maximum for the entire 
scanning process involves 512 shifting steps, corre 
sponding to the total number of stages in the shift regis 
ters 610 and 620. The maximum time required for this 
amounts to 512 times 16 pus, that is to say approxi 
mately 8.2 ms. The entire synchronisation of clocktime 
differences of up to 5 seconds may therefore be per 
formed in 8.2 ms. Since this time of 8.2 ms is less than 
the pulse length of the pseudo-static signal of 10 ms it 
is possible for the switches 54 and 55 to remain open 
during one complete scanning cycle. The pseudo 
statistical pulse signal on conductor 82 delivered by the 
pulse generator 5 may be produced either especially 
for synchronisation purposes and/or a separate coding 
pulse routine may be transferred additionally at the 
same bit rate to the shift registers or the pseudo 
statistical pulse signal may be formed by the coding 
pulse routine. Since the coding pulse routine bits must 
be available for decoding at the receiving station at the 
correct time defined by the synchronisation operation, 
the data stored in the counter 49 of the time difference 
store 62 will also be used after synchronisation in order 
to call up the time corrected coding pulse bits from the 
shift register 620 so that decoding may be performed 
therewith. This is achieved by circulating the contents 
of the delay shift register 620 while the switch 55 is 
open and the switch 63 is closed and while the switch 
53 is set to the T. cycle and the switch 52 is closed, the 
number defined in the counter 49 being reset to zero 
and on reaching zero the bit present at that position 
being passed through an OR network 51 and an AND 
network 67 to the store position 69 in the form of the 
required coding pulse bit. The store position 69 is con 
nected through the conductor 81 to the mixer 8 (FIG. 
1). This bit corresponds with the time position, defined 
by means of the counter 49, which corresponds with 
the received signal. While the counter 49 counts back 
wards a second counter 50 counts forward so that the 
number thus defined is once again stored in the counter 
50 after the counter 49 is reset. The switch 55 is closed 
after the required coding pulse bit is delivered and the 
new bit of the pseudo-statistical pulse sequence is fed 
into the shift registers. The clocktime difference num 
ber stored in the counter 50 is then used to deliver the 
"correct' bit at the cycle T (cycle period 16 pus). Dur 
ing transmission, the pulse routine obtained from posi 
tion S in the middle of the delay shift register 620 is 
transmitted and corresponds to the normal clocktime. 
This system offers the advantage that neither the clock 
nor the coding pulse generator need be operated at a 
speed higher than normal and that it is not necessary 
for the receiving station's clock to be either advanced 
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or retarded. However this system is generally more suit 
able for synchronising smaller clocktime differences. 

Different logic circuits for the time correcting means 
4 (FIG. 1) are illustrated in the following drawings. The 
logic circuits are coupled to the register 14 (FIG. 2) 
and together with preselected stages thereof form the 
time correcting means 4. 
Referring now to FIG. 16, the period T of a timing 

signal at position P at the output of a state U of the 
register 14 (line a) is doubled in the next state U, 
forming a pulse train of period T shown at line c which 
appears at the output of the aforementioned stage U, 
or at the output of an OR gate 84 at position P. How 
ever an additional pulse or pulses may be inserted in 
the pulse train shown on line c by applying a signal E, 
line b to a first input of an AND gate 83 whose second 
input is connected to the output of stage U supplying 
the pulse train of period T. The output of the AND gate 
83 is connected to a first input of OR gate 84 whose 
second input is connected to the output of stage U. 
The pulse train at the output of OR gate 84 at position 
P is fed to an AND gate 85 whose output is connected 
to stage Us at the output of which the timing pulse train 
shown in line e will appear. A suppression pulse U (line 
d) may be applied to position P at the second input of 
the AND gate 85 to suppress one pulse of the timing 
pulse train shown in line c. The E pulses fed in at P. 
therefore cause the clock to advance and the U pulses 
fed in at P result in retarding the clock. 
FIG. 17 shows a multi-stage time correcting means 4 

coupled to the register 14. The time correcting means 
as shown is however suitable only for advancing the 
clock in a manner explained with reference to the tim 
ing pulse diagrams illustrated at lines a to c of FIG. 16. 
Each pulse applied to an input na is followed by an ad 
vance of the clock by one cycle of the output of the 
stage U. Each pulse applied to an input in is followed 
by an advance of the clock by a time corresponding to 
one cycle of the output of stage Us and so on. A pulse 
applied at n results in a clock time advance which is 
four times as large as that produced by a pulse applied 
to the input no because inputs na and n are separated 
by two binary stages of the register 14. Furthermore, a 
pulse applied to an input n w results in a clocktime ad 
vance which is 16-times as large as that produced by a 
pulse applied to the input no and a pulse applied to n, 
results in a clocktime advance which is 64-times as 
large as that obtained at no. It is therefore possible by 
applying a pulse to any one of the different inputs cou 
pled via gates to different stages of the register 14 to 
obtain small, medium and long time advances in the 
shortest possible time. Block time advances of substan 
tial magnitude may also be obtained in a short time by 
adopting this procedure. The required time advance 
may also be obtained from the time difference store 62 
which contains binary step-down counting stages 88 to 
94 and the stored time difference may be fed into the 
clock and into the register 14. 
FIG 18 shows a simple synchronisation circuit which 

may with advantage be employed for telex transmission 
subject to relatively small deviations between the trans 
mission and receiving station clocks. The coding pulse 
routine of the coding pulse generator 5 is applied 
through the conductor 81 to a delay line shift register 
95, each stage corresponding to one data bit and the 
word length Tw corresponding to the length of a telex 
character. The shift register 95 provides outputs 96,97, 
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98, 99 and 100 which are connected to individual 
stages of the register spaced one telex character apart. 
The procedure which accompanies synchronisation of 
the receiving station is such that at first the receiving 
station's clock and the coding pulse routine applied 
over conductor 81 is synchronised with the starting 
pulse of the received signal. If the clocktime deviation 
is small, in the order of 0.1 second, the relative phase 
of the coding pulse routines will represent a distance of 
no more than one or two complete teleprinter charac 
ters. Scanning the shift register 95 with a switch 101 to 
the left or right will rapidly define the position at which 
clear language text appears on the conductor 102. Syn 
chronisation may be performed fully automatically by 
means of a clear language text detector. The clear lan 
guage text detector may for example respond to letters 
or characters such as "E' or "space' which occur at a 
more than average rate thus actuating the switch 101 
until clear text appears. 

If the synchronising signal contains time data-for ex 
ample seconds - as in the signals illustrated in FIGS. 
5, 6 and 9, it is possible for the receiving station's clock 
to be reset in the shortest possible time and at the cor 
rect digit position by addition or subtraction. 
FIG. 19 shows part of a synchronising system em 

ployed for multiple subscriber stations. The time differ 
ence between the transmitting station's clock and the 
receiving station's clock, the time of which is stored in 
the store 1 (FIG. 1) or the coding pulses generated by 
generator 5 controlled thereby and the received phase 
difference between the signal on line 148 obtained 
from the time comparison means 61, may be stored in 
the time difference store 62 via the conductor 131. The 
detected clock deviation may be corrected by the time 
correcting means 4 through the conductor 220, the net 
work 63 and the conductor 129. The stored time differ 
ence value may be utilised for resetting the clock to its 
original position after transmission has been completed 
(via conductor 220, network 63, conductor 129) and 
it may be stored in further time difference stores 106 
or 107 or 108. Each of these additional stores is asso 
ciated with a different subscriber station, for example 
store 106 is associated with station A, store 107 is asso 
ciated with station B and store 108 is associated with 
station C. If communication is first established with sta 
tion A, the detected clocktime difference value is 
stored in the store 106. When changing over to com 
municate with station B the aforementioned clocktime 
difference value remains stored in store 106 and the 
clocktime difference value with station B is detected 
and stored in store 107 and so on. If the time difference 
values for all stations of the network are detected and 
stored, repeated communication with all stations is pos 
sible without any fresh synchronisation by using the 
stored time difference values since each time the trans 
mission station is connected to a subscriber station 
through a switch 105, an AND gate 109 and a conduc 
tor 111, the clocktime of the subscriber station will be 
modified by the stored value in the appropriate store 
106, 107, 108, etc. 

In this connection it should be mentioned that coding 
means of the kind heretofore described are also suit 
able for transmitting encoded data blocks. Each data 
block may contain 500 bits and these may be transmit 
ted for example in a half second. Each data block is 
provided with an initial block character, for example 
11 11 and with a block number. This block number may 
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be the time in seconds of the clock at the beginning of 
block transmission. It is of course essential for block 
lengths of one-half second for the time clock to provide 
signals representing one-fourth seconds to ensure that 
each new block is provided with a new time number. In 
data transmission technology it is common practice for 
blocks to be stored briefly at the transmitting station so 
that they can be re-transmitted on interrogation. Inter 
rogation is obtained by means of the block number 
whereupon the stored block is re-transmitted but with 
a new block number or a new block number time. 

FIG. 20 shows the manner in which different data 
batches, depending on the date-clocktime, can be 
transferred from the secret code store 3 to the modulo 
2 mixer 18. The secret code data is stored in 10-digit 
shift registers 123, every 4 shift registers forming a shift 
register batch in which the 4 binary numbers disposed 
at the same level in the horizontal direction together 
form a binary encoded secret code decimal number. 
Each shift register batch therefore contains 10 secret 
code decimal numbers. The contents of each shift reg 
ister 123 may be recirculated over a feedback conduc 
tor. The output of each shift register is coupled to a dif 
ferent stage 122 of a shift register in which data may be 
shifted to the right by pulses applied to a shift line 200. 
The secret code decimal number stored in the shift reg 
ister batches and originally fed in at a predetermined 
initial position, may be shifted to positions in response 
to the date-clocktime numbers by means of pulses ap 
plied to the shift line 124. Accordingly, the secret code 
decimal numbers are retained but their position in the 
shift registers will be determined by the associated 
clocktime decimal number control being provided by 
the binary stages of a date-clocktime counter 26. The 
secret code decimal numbers in the shift register batch 
on the extreme right are shifted by 7 steps, those of the 
second shift register batch by 0 steps, those of the third 
shift register batch by 5 steps and those of the shift reg 
ister batch on the extreme left by 2 steps, correspond 
ing to the associated decimal numbers of the date 
clocktime indication. The secret code combination 
used for encoding, transferred to the shift register 
stages 122 at any one time is unique and is determined 
by the date-clocktime. 

Practically all the synchronisation methods and appa 
ratus described above may be employed not only for 
compensating clocktime differences between transmit 
ting and receiving stations but may also be used for the 
automatic compensation of signal transfer times. Signal 
transfer times are usually in the order of 10 to 100 ms 
but in some circumstances may be longer. The signal 
transfer time is included when measuring the difference 
in time between the clocks at the transmitting and re 
ceiving stations and is therefore automatically taken 
into account. 

In the foregoing description and in the ensuring 
claims reference is made to continuously setting the 
coding pulse generator 5 by pulses generated by the 
clock so that the output pulses from the coding pulse 
generator are continually influenced by the clocktime. 
However the construction of the digital electronic 
clock as described with reference to FIG. 2 is such as 
to provide incremental changes of a one-fourth second 
and in consequence the term continuous change in re 
lating to the setting of the coding pulse generator is 
taken to include within its meaning such incremental 
changes and furthermore at least one change in time 
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during transmission of a message. For example if a 
short message is transmitted over 1 second then the 
clock provides at least two different clock times within 
that period. 

claim: 
1. A method of encoding and decoding messages 

comprising; 
a. providing a first series of pulses representing code 
program data, 

b. providing a second series of pulses representing 
the time of day, 

c. continuously setting a pulse generator, at least dur 
ing transmission of a message by the second series 
of pulses and in accordance with the data repre 
sented by the first series of pulses to generate a 
third series of pulses representing coding data 
which changes continuously with the changing time 
of day, 

d. programming the code pulse generator so that a 
pulse of the third series of pulses is unaffected by 
that part of the first and second series of pulses 
which precedes that pulse of the third series by a 
time interval defined by the first series of pulses, 

e. generating a fourth series of pulses representing a 
message to be transmitted, 

f. mixing the third series of pulses with the fourth se 
ries of pulses at a transmitting station to provide an 
encoded message, 

g. transmitting the encoded message to a receiving 
station, 

h. generating at a receiving station a fifth series of 
pulses identical with said third series of pulses, and 

i. mixing the fifth series of pulses with the pulses of 
the received encoded message to decode it. 

2. A method according to claim 1 including generat 
ing the fifth series of pulses in the same way as the third 
series of pulses are generated and synchronising the 
generation of said fifth series of pulses with said third 
series of pulses. 
3. A method according to claim 1, including provid 

ing said second series of pulses by means of a first 
clock, and at the receiving station providing by means 
of a second clock a sixth series of pulses representing 
the time of day, providing a seventh series of pulses 
representing said code program data, mixing the sixth 
series of pulses with said seventh series of pulses to pro 
vide said fifth series of pulses and synchronising the 
fifth series of pulses with said third series of pulses. 

4. A method according to claim 3 including generat 
ing said third and fifth series of pulses during intervals 
between the transmission of messages as well as during 
message transmission. 

5. A method according to claim 3 including detecting 
the difference in time between the first and second 
clocks and synchronising the second clock with the first 
clock prior to mixing the fifth series of pulses with the 
pulses of the received encoded message. 

6. A method according to claim 1 including providing 
said second series of pulses by means of a first clock, 
and at the receiving station providing by means of a 
second clock a sixth series of pulses representing the 
time of day, providing a seventh series of pulses repre 
senting said code program data, mixing the sixth series 
of pulses with said seventh series of pulses to provide 
said fifth series of pulses, independently maintaining 
the time indication of the first and second clocks within 
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predetermined limits, transmitting at least part of the 
third series of pulses, correlating said part of the third 
series of pulses with said fifth series of pulses to thereby 
derive a signal representing the time deviation between 
the second and first clocks, and synchronising said fifth 
series of pulses with the reception of the remaining part 
of said third series of pulses in accordance with said 
time deviation. 

7. A method according to claim 6 including storing 
said signal representing the time deviation, retarding 
the second clock by the amount of said deviation prior 
to decoding the received encoded message and reset 
ting the second clock to its original setting by applying 
thereto the stored signal after said received message 
has been decoded. 

8. A method according to claim 6 including storing 
said signal representing the time deviation and synchro 
nising only the third and fifth series of pulses. 

9. A method according to claim 6 including storing 
at said receiving station in separate stores time devia 
tions between said first clock and second clocks in 
transmitting stations with which the receiving station 
communicates and using a stored time deviation asso 
ciated with that transmitting station with which said re 
ceiver establishes a connection to synchronise the fifth 
series of pulses with the third series of pulses produced 
at that transmitting station upon reception of each 
coded message. 

10. A method according to claim 6 including provid 
ing in each said second and sixth series of pulses, pulses 
of different predetermined values ranging from pulses 
having low values to those having high values which are 
integral multiples of said low values, the period of the 
pulses of highest value being greater than twice the 
maximum permissible time deviation between the first 
and second clocks and the period of the pulses of low 
value corresponding to the period of the message 
pulses in said fourth series of pulses, and further pro 
viding different identification data for the pulses of dif 
ferent values. 

11. A method according to claim 10 including bring 
ing pulses having the lowest value in the second series 
of pulses into time coincidence with pulses having a 
corresponding value in the sixth series of pulses, then 
bringing pulses having the next lowest value in the sec 
ond series of pulses into time coincidence with pulses 
having a corresponding value in the sixth series of 
pulses and so on until the pulses in the second and sixth 
series of pulses having the corresponding highest values 
are brought into time coincidence thereby effecting 
synchronisation between the pulses of the received en 
coded message and the pulses in the fifth series of 
pulses. 

12. A method according to claim 11 wherein said dif 
ferent predetermined values are different amplitude 
values of the corresponding different pulses. 

13. A method according to claim 11 wherein said dif 
ferent predetermined values are different pulse dura 
tions of the corresponding different pulses. 

14. A method according to claim 6 including binary 
coded pulses in said second series of pulses, the binary 
coded pulses forming groups of pulses, each group in 
cluding sets of pulses, each set of a group representing 
the same clocktime and other groups representing dif 
ferent clocktime and applying each said group of pulses 
to said pulse generator. 

15. A method according to claim 14 including pro 
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viding before each pulse group a binary coded word. 
16. A method according to claim 14 in which the 

pulses in the last set of pulses in a group are arranged 
in reverse order to the pulses in the other sets and each 
pulse in said last set is coded with the opposite binary 
value to that of corresponding pulses in the other sets. 

17. A method according to claim 6 in which the 
pulses of said second and sixth series of pulses are ar 
ranged in groups, each group having associated there 
with pulses coded to identify that group, and having 
sets of pulses each set including a group of binary 
coded pulses representing at least part of the time indi 
cation of said first clock. 

18. A method according to claim 17 in which each 
set of pulses also includes binary coded pulses repre 
senting a correlation value, said method further includ 
ing comparing the correlation value in the encoded 
message received at the receiving station with the cor 
relation value in said fifth series of pulses to provide a 
signal to synchronise the encoded message with the 
fifth series of pulses. 

19. A method according to claim 17 including com 
paring the binary coded pulses representing at least 
part of the time indication of said first clock in one 
group of pulses in said second series of pulses with the 
binary coded pulses representing at least part of the 
time indication of said second clock in one correspond 
ing group of pulses in said sixth series of pulses and 
using the difference between the compared time indi 
cations to correct the second clock to synchronise the 
encoded message with said fifth series of pulses. 

20. A method according to claim 1 including provid 
ing said second series of pulses by means of a first 
clock, and at the receiving station providing by means 
of a second clock a sixth series of pulses representing 
the time of day, providing a seventh series of pulses 
representing said code program data, mixing the sixth 
series of pulses with said seventh series of pulses to pro 
vide said fifth series of pulses and independantly main 
taining the time indications of the first and second 
clocks in synchronism. 
21. A method according to claim 20 including pro 

ducing a first pulse template of p digits at the transmit 
ting station, transmitting the first pulse template to the 
receiving station, producing at the receiving station a 
second pulse template identical to the first template 
each template having a time duration greater than 
twice the maximum permissible time deviation between 
the first and second clocks, the first and second tem 
plates being arranged to provide a plurality of low cor 
relation values when compared with each other in p-l 
pulse template positions and a high correlation value in 
only one single position and synchronising the fifth se 
ries of pulses with the received encoded message by the 
correlation values produced during correlation of the 
first and second pulse templates. 
22. A method according to claim 21 in which a plu 

rality of identical pulse templates are produced at the 
transmitting and receiving station, and correlating cor 
responding pairs of pulse templates to effect synchroni 
sation. 
23. A method according to claim 22 in which each 

template produced at the receiving station is different 
from the others of said plurality, each different tem 
plate being derived from a single template. 
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24. A method according to claim 22 including pre 

ceding each template produced at the transmitting and 
receiving stations with a coded value of the first and 
second clocktimes respectively and utilising the differ 
ence in value between the clocktimes associated with 
those pulse templates producing said highest correla 
tion value to effect synchronisation between said fifth 
series of pulses and the received encoded message. 

25. A method according to claim 20 including corre 
lating the received encoded message in sections with 
corresponding sections of the fifth series of pulses to 
determine the difference in time indicated by said first 
and second clocks, stopping or retarding the second 
clock by at least the maximum permissible value by 
which the second clock can be advanced, increasing 
the second clock rate to correlate corresponding sec 
tions of the encoded message and the fifth series of 
pulse at an increased speed, and after one correlation 
of said sections, if syncronisation is not achieved, shift 
ing said section of the fifth series of pulses relative to 
said encoded message and correlating said encoded 
message with the shifted section of the fifth series of 
pulses and continuing to correlate and shift until syn 
chronism is achieved and then switching said second 
clock on, or back to its normal rate. 
26. A method according to claim 1 including mixing 

parts of the first series of pulses with the second series 
of pulses to form said third series of pulses. 
27. Apparatus for encoding and decoding messages 

comprising, 
a. a clock 
b. means providing a secret basic code 
c. means providing a control pulse sequence derived 
from the clocktime and said secret basic code 

d. a code pulse generator responsive to said control 
pulse sequence to provide coded output pulses 

e. timing means for providing timing signals repre 
senting time intervals which are defined by said se 
cret basic code 

f. means for programming said code pulse generator 
and responsive to said timing means so that an out 
put pulse from the code pulse generator is unaf 
fected by that part of the control pulse sequence 
which proceeds that output pulse by a time interval 
selected from the time intervals provided by said 
timing means, and 

g. means for switching the time intervals provided by 
siad timing means from a larger to a smaller value 
at intervals which depend on the secret basic code. 

28. Apparatus according to claim 27 wherein said 
clock supplies timing pulses to said code pulse genera 
tor to control the operation thereof. 

29. Apparatus according to claim 27 including a cor 
relation circuit responsive to the pulses produced by 
said code pulse generator and encoded message pulses 
received from a transmitting station, the correlation 
circuit being sequentially operable and having and ad 

60 justable threshold value, and further including a recir 
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culating shift register for circulating the pulses from 
said code pulse generator to correlate them with the 
pulses in said encoded message. 
30. Apparatus according to claim 29 in which said 

shift register is operable at two different speeds. 
k is k is 


