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APPARATUS FOR LOCATING PREDETERMINED PORTIONS OF A RADIO-FREQUENCY PULSE,
PARTICULARLY ADAPTED FOR LEADING EDGE LOCATION OF LORAN AND SIMILAR
NAVIGATIONAL PULSES (71)   We, INTERNATIONAL NAVIGATION  PSN-2 Receivers,
or the Decca ADL-21 CORPORATION, a  Corporation  organised  Receivers. The
first are described, for ex- under the laws of the State of Delaware,
ample, in maintenance manuals having the United States of America, of B
Preston  military nomenclatives ARN 78, 85, 94 and 5 Court,  Bedford,
Massachusetts, United  AN/PSN-2 of the United States Air Force 50 States of
America, do hereby declare the  and Army Electronic Command at Fort
invention, for which we pray that a patent Monmouth, New Jersey. may be
granted to us, and the method by    The best technique that has been devel-
which it is to be performed, to be particu-  oped to date for attempting to
solve this 10 larly described in and by the following  problem of
contamination by the subsequent 55 statement:
overlapping sky-wave pulse in trying to The present invention relates to
methods  locate the leading edge of the ground-wave of and apparatus for
locating predetermined  pulse emanating from the Loran transmitting
portions of radio-frequency pulse envelopes, stations, has involved
monitoring a predeter- 15 being more particularly directed to locating
mined time interval ahead of the cycle 60 the leading edge of received
Loran-C or sample point in the monitoring of the re- similar, navigational
pulses that are gener-  ceived pulses. If signal information is de- ally
received along multiple paths such that termined to be present, the
sampling is then the desired ground-wave received pulse be-  effected in
successive time intervals, back- 20 comes contaminated near its leading
edge  wardly. By this technique, it is assumed  65 by sky-wave return
pulses from the same  that the sky-wave has been missed or transmission.
avoided and that the received signal in- Various proposals have heretofore
been  formation is in the leading edge of the made for locking onto a
predetermined por- ground-wave signal. Unfortunately, this can 25 tion of
the leading edge of, for example, a  often be in error, particularly where
the 70 Loran-C navigational pulse, received via a  signal-to-noise ratio is
poor, and inadver- ground-wave transmission, by vehicles such  tent locking
can be made on the fourth or as boats or the like, thereby enabling their
fifth cycle without knowledge of the error. navigation or position
location. Since the  It is also an expensive function to perform. 30
sky-wave transmission path causes recep-  requiring a large amount of data
processing 75 tion shortly after the ground-wave pulse is  circuitry. This
however, has been the best received, as a result of the somewhat longer
that the art has been able to come up with path of transmission by way of
the reflec-  to date in spite of considerable effort at tion from the
ionosphere or other above-the-  solving the problem. 35 earth reflecting
layers, the Loran receiver   The present invention seeks to provide a 80
has difficulty in discriminating against the  method of and apparatus for
locating pre- sky-wave pulse and identifying the desired  determined cycles
in a transmitted radio- leading edge of the groundwave pulse -   frequency
pulse envelope that is not sub- the only pulse that can reliably be used
for  ject to the spurious performance above-des- 40 such navigational uses.
Various types of cribed, but that accurately ensures the loca- 85 searching
mechanisms have accordingly been  tion of the desired received region of a
evolved for this purpose such as those  pulse, and accordingly in a first
aspect re- employed in the Sperry Gyroscope Co., sides in a method of
locating a predeter- ARN 78 and ARN 85 Loran-C Receivers, mined cycle in a
transmitted pulse envel- 45 or the LFE-Epsco, ARN  94 and AN/  ope, that
comprises, monitoring such pulse 90 [Price 33p]    2
1,407,320                                       2 envelope transmissions;
searching for signal digital converter 7 is used as a phase-lock
information during such monitoring and  data source for a phase-lock
circuit 11 upon locating the same, sampling the sig-  which feeds an
oscillator 13 to control the nal information backwardly in predeter-
frequency thereof, driving a divider chain 5 mined successive time
intervals relatively  15 the output of which triggers the sample 70 



wide compared with the cycle period until  and hold circuit 5 by way of
path 17. The no signal information is present; sampling phase-lock signal
from 11, by varying the forwardly in different narrower predeter-
frequency of the oscillator 13, insures that mined successive time
intervals until signal the sample trigger at 17 is at the zero cross- 10
information reappears; and continuing the  ings of the successive cycles of
the radio- 75 forward sampling to the said predetermined  frequency carrier
of the received Loran cycle.                                    pulses.
Referring, for example, to Fig. 2A, In a second aspect the invention
resides  the ground-wave pulse envelope is shown in radio-frequency pulse
envelope tracking  formed by the thin line of successive radio- 15
apparatus having, in combination, means  frequency cycles; and the delayed
pulse 80 for receiving radio-frequency signal pulses  received from the
first sky-wave of greater and for determining when a threshold of
amplitude than the ground wave. Obviously received ' signal information  is
detected;  there may be more than one delayed sky- means connected with the
receiving and  wave, and the signal illustrated is intended 20  determining
means for thereupon sampling  to represent the last such sky-wave of 85 the
signal information backwardly in pre-  sufficient signal strength to be
received, it determined successive time intervals rela-  being noted that
gaps exist between the tively wide compared with the cycle period
successive sky-wave received pulses. The of the radio frequency until no
signal in- before-mentioned problem of the contamina- 25 formation is
present; means connected with  tion of the close-in sky-wave signal of the
90 the receiving and determining means for ground-wave signal is
illustrated as occur- thereafter sampling forwardly in narrower  ring in
between the third and fourth cycles; predetermined  successive  time
intervals  specifically, if Loran-C is involved, having until signal
information  reappears; and  a radio-frequency cycle period of the order 30
means cooperative  with  the last-named  of 10 microseconds, approximately
35 mic- 95 means for continuing the forward sampling  roseconds after the
onset of the ground-wave to a predetermined cycle within said envel-
received pulse.  Under standards set for ope and for locking thereupon.
these navigational systems, it has been pro- The invention will now be
described in  vided that the minimum sky-wave delay that 35 connection with
the accompanying draw-  receivers must be able to accommodate is 100 ings,
Fig. 1 of which is a detailed block and  such a 35 microsecond interval.
The far schematic diagram illustrating an apparatus  delayel sky-waves,
however, can be of even in preferred form  for the practice of the  500 to
1000 microseconds delay. novel method of the invention;              As
before stated, the problem is to lock 40    Fig. 2 is a series of waveform
diagrams  onto the onset of a predetermined ground- 105 explanatory of the
operation of the system   wave pulse leading edge cycle selected as the of
Fig. 1;                                end of the third cycle in the
leading edge of Fig. 3 is a circuit diagram of a preferred  the pulse
envelope, indicated at a location cycle-selecting circuit for operation in
the  labeled "Desired Tracking Point".  Each 45 system of Fig. 1; and
pulse measured by the Loran receiver must 110 Figs. 4 and 5 are further
explanatory  have its measurement made at this same waveform diagrams.
desired tracking point in order to provide Referring to Fig. 1, illustrated
in connec-  accurate navigation. The sample trigger of tion with the
Loran-C or similar type sys-  the sample and hold circuit 5 effected from
50 tem as a preferred embodiment, an antenna  the phase-lock oscillator 13
of Fig. 1 is 115 is shown at 1 that may be located on a  labelled
"Phase-Lock Sample Trigger" in vehicle, such as a ship, that desires to
navi-  Fig. 2B, and is shown occurring at the end gate through the
reception of these Loran  of the second cycle. The digital logic cir-
transmitted pulses, the antenna receiving  cuitry in the divider chain 15
causes a train 55 both the before-mentioned ground and sky- of pulses
actually to be fed to the sample 120 wave pulses resulting from  the
transmis-  and hold circuit via the path 17. The cen- sion. The received
signals thus monitored  ter or phase-lock sample trigger pulse of are shown
fed to a radio-frequency ampli. Pig. 2B is accompanied by a preceding fying
section 3, the output of which is fed  cycle selection sample trigger, say
[err] micro- 60 to a sampling and holding circuit 5 and  seconds earlier
than the phase-lock sample 125 thence to an analog-to-digital converter 7
trigger pulse, and a so-called found signal which adapts the signal or
processes the  detector sample trigger pulse occurring [err] same for
subsequent use in the hereinafter  microseconds after of the phase-lock
sample described logic circuits.                 trigger. 65    One of the
outputs 9 from the analog-to-    The data that is detected by the trigger-
130    3                                      1,407,320 ing of the sample
and hold circuit 5 by the  and hold circuit 5. This causes successive
detector sample trigger pulse is referred to  searching in successive
10-microsecond inter- as the quadrature data and its output from  vals,
moving toward the ground-wave pulse 



the analog-to-digital converter 7 is shown  onset. When the signal-to-noise
ratio de- 5 applied at 19 to a limited bandwidth inte-  tected by the
receiver is adequate, indi- 70 grator 21 which may be realized by a for-
cating that signal information of the neces- ward-backward counter with
certain leak-  sary threshold has indeed been detected for age, later
explained. A threshold monitor-  tracking, the output of the gate 25
becomes ing detector 23 receives the output of the  "yes" again, and the
front-edge location 10 limited bandwidth integrator 21 and, upon  sequencer
41 terminates the operation of 75 the advent of a predetermined threshold,
the retard decision logic circuit 47. Front- triggers a gate 25, operable
in 10-second  edge location has thus now been positively timer searching
intervals from a timer 27, determined. to control whether the
before-mentioned 30   It now remains to lock onto the desired 15
microsecond backward predetermined time  tracking point at the zero
crossing at the 80 interval sample searching is effected, or end of the
predetermined third cycle of the whether the narrower 10 microsecond for-
radio-frequency pulse carrier within the re- ward searching mode is to be
used. If there  ceiver pulse envelope. The front-edge loca- is a "yes"
signal at the output 29 of the  tion sequencer 41, by way of its third out-
20 gate 25, indicating that the threshold in  put 51, removes an inhibit
block on a fur- 85 the threshold detector 23 has been reached  ther
threshold detector 53 that is part of or exceeded in the 10-second time
inter- this third cycle selection circuitry. That cir- val (that is, that
signal information has been  cuit is shown comprising a cycle-selection
located), the output at 29 will be applied  enhancement circuit 55, the
input of which 25 via conductor 31 as an advance sample trig- is fed from
the RF amplifier stage 3 and 90 ger command for controlling the advance
which, in turn, feeds a further sample and decision logic at 33 by applying
extra trig-  hold circuit 57, also triggered from  the fers at 35 into the
divider chain 15, such  Loran pulse rate sample trigger path 17. that the
Loran pulse rate sample trigger  The output of this sample and hold circuit
30 output thereof, fed at 17 to the sample and  57 is fed to a second
analog-to-digital con- 95 hold circuit 5, will occur 30 microseconds
verter 59, the output of which is integrated earlier. If, on the other
hand, the output at 61 and applied to the before-mentioned of the gate 25
comprises a "no" answer, threshold detector 53, the inhibiting control this
is fed through an inverter 37 along a  of which has thus been removed by
the 35  "no" path 39 to a front-edge location  front-edge location
sequencer 41 by way of 100 sequencer 41 which determines, by way of its
connection 51. conductor 43, whether the bandwidth of    The front-edge
location circuitry has thus the RF amplifier 3 be widened or not.   now
enabled the positive determination of The sequence starts with the first
finding  the ground-wave signal such that any stan- 40 of signal
information which causes an im-  dard cycle locating and locking circuitry
105 mediate advance of the sample triggers by  may accomplish the desired
result of lock- 30 microseconds.                        ing onto a
predetermined portion of a As before explained, if. during the second
predetermined cycle. The operation of the 10-second operation of the timer
27 no sig- preferred system  embodying elements 53, 45 nal information has
been received, then the 55, 57, 59 and 61 will now be described.  110
front-edge location sequencer 41 will, via    The cycle selection
enhancement circuit conductor 43, widen the bandwidth of the  55 in Fig. 1
is shown in Fig. 3 implemented RF amplifier 3 to extend the effective reso-
by a low-Q notch filter, a summing network, lution of the monitoring of the
receiver. an adjustable resistor P, and an inverter I. 50 If, however,
during the next 10-second inter-  That low-Q filter provides accurate
differ- 115 val of the timer 27 no signal information  entiation of the
input signal  such that the has yet been received that exceeds the pre-
envelope of the input waveform, illustrated determined threshold of the
threshold de-  at A in Fig. 4, is converted to an output tector 23, then
the front-edge location se- envelope waveform B, therebelow. The in- 55
quencer 41 is assured that it is ahead of  put waveform A is attenuated by
the ad- 120 the front edge of the ground-wave signal. justable
potentiometer P and then inverted The front-edge location sequencer 41
there-  at I and summed at [err] together with the de- fore applies an
output 45 to a retard de- rivative output B of the notch filter signal.
cision logic circuit 47 which is connected  The resultant waveform D, Figs.
3 and 4. 60 also to the output of the inverter 37, thus at the output of
the summing network 125 to permit the logic circuit 47 to be triggered
Crosses the zero axis at null point N, which by the retard sample trigger
in 10-micro- can be made to move depending upon the second intervals,
thereby subtracting the  position of the potentiometer P. Such opera-
trigger at 49 in the divider chain 15 so as tion is only obtained. if the
notch filter is 65 to retard the triggering, via 17, of the sample  tuned
to the carrier frequency, in which 130    4
'   1,407,320                                      4 event, the filter acts
like a differentiating  the International Navigation Corporation of 



circuit. Since a change in polarity of an  Waltham, Massachusetts,
employing Texas envelope waveform can only occur at dis-  Instruments
Series 74 microcircuitry and RF creet times (namely, the nulls or
zero-cross- circuitry embodying standard transistors, re- 5 ings) the
output RF waveform D from the  sistors and capacitors and functioning over
70 point N, Fig. 4. By adjusting potentiometer a temperature range from
[err] to [err]. selection circuit 55 assumes the form shown  Successful
operation in the Loran-C en- in Fig. 5, with phase reversal occurring at
vironment was attained in each of the United P. this phase reversal can be
made to occur  States, Canada, Norway and Great Britain. 10 at any desired
point, such as points [err]  Many varied sky-wave conditions were en- 75
through [err] in Fig. 5. Point [err] however,  countered during the test
phases. The re- is selected to be the predetermined cross- ceiver operated
as close as 50 miles from over point, after the end of the third cycle,
station and as far away as 1500 miles from so as to permit operation free
from sky- station. In all cases, when ground-wave sig- 15 wave
contamination, as previously explained. nal-to-noise ratio was within the
system  80 The output of the selection circuit 55 is tolerance, that is
-20db signal-to-noise ratio now sampled by the cycle selection sample  or
better, the receiver successfully front-edge trigger shown in Fig. 2; and
is fed via ana- located. That is, the receiver successfully log-to-digital
converter 59 to the integrator  discriminated  between  sky-waves  and 20
61. Should the receiver be sampling ahead  ground-waves and unambiguously
locked to  85 of the cross-over point N of waveform D  the ground wave.
This is to be contrasted in Fig. 4, the output of the integrator 61  with
prior receivers at medium to extreme will become negative. The threshold
de-  ranges, that, ten percent of the time, have tector 53 will respond to
this and cause the  at least one of their three tracking loops 25 sample
triggers to be retarded by 10 micro-  lock onto a combination of
ground-wave 90 second along path 60. Should the data be- and sky-wave
signals. ing integrated, however, indicate that the    As a result of
embodying in the front- cross-over N has been passed, then the data  edge
location scheme the otherwise required will become positive, the positive
threshold  found-signal detectors, moreover, the inven- 30 will be exceeded
and the sample triggers will tion enables the saving of parts in the re- 95
be advanced 10 microseconds. In this man-  ceiver, thereby providing a
system that is ner, a closed loop cycle selection function  more
cost-effective than present-day equip- is completed. The point now selected
([err] ment, as well Because the invention time- in Fig.- 5) is the third
cycle, as predetermined  shares the limited bandwidth integrators 35 by the
action of setting potentiometer P  utilized in the found-signal circuitry
21 for 100 of Fig. 3, as previously.               the front-edge location
function, rather than Suitable circuitry for performing the func-  using
prior art separate limited bandwidth tions shown in the drawings may be as
fol- integrators for both front-edge location or lows: The sample and hold
circuits utilized  ground-wave location and found-signal in- 40 for a hard
limited processing receiver 5 and  dication, less complicated and costly
appa- 105 57 may, for example, be of the Fairchild or  ratus is provided.
Texas Instrument Company type SN 7474    While, as before stated, the
invention has flip flop, or the SN 74S112 JK flip flop, TI. been
particularly described in connection The analog-to-digital converter
function may  with its important application to Loran-C 45 similarly be
achieved simultaneously by  or similar navigational systems, it is to be
110 these same circuits. The integrators may  understood that the method
and apparatus comprise  SN . 74192  forward-backward  underlying the
invention are equally applic- counters of the said Fairchild and Texas
able to the locating of predetermined por- Instrument Companies. Similarly
the di-  tions of RF pulse envelopes in a wide variety 50 vider chain,
timer, limited bandwidth inte- of other applications.               115
gration, etc. may be composed of similar types SN 7400, 7410, 7474, 7490
and other   WHAT WE CLAIM IS:- well-known members of the 7400 family of
1. A method of locating a predetermined micro-circuit components. Such
devices are  cycle in a transmitted pulse envelope, that 55 also
manufactured under the same type  comprises, monitoring such pulse envelope
120 numbers by National Semi-Conductor and  transmissions; searching for
signal informa- ITT  Semi-Conductor Companies. Other  tion during such
monitoring and, upon locat- well-known circuits for performing these  ing
the same, sampling the signal informa- functions may also be employed, as
is known  tion backwardly in predetermined succes- 60- in the art.
sive time intervals relatively wide compared 125 In actual operation, a
successful receiver  with the cycle period until no signal infor- of this
type has been tested by the appli- mation is present; sampling forwardly in
cants for Loran-C operation. This function  different narrower
predetermined successive has been built into a successful INTERNAV  time
intervals until signal information re- 65 101 Loran-C navigation set
fabricated by  appears;  and  continuing  the  forward 130    



4                                       1,407,320
4 event, the filter acts like a differentiating  the International
Navigation Corporation of circuit. Since a change in polarity of an
Waltham, Massachusetts, employing Texas envelope waveform can only occur at
dis-  Instruments Series 74 microcircuitry and RF creet times (namely, the
nulls or zero-cross- circuitry embodying standard transistors, re- 5 ings)
the output RF waveform D from the  sistors and capacitors and functioning
over 70 point N, Fig. 4. By adjusting potentiometer a temperature range
from [err] to [err]. selection circuit 55 assumes the form shown
Successful operation in the Loran-C en- in Fig. 5. with phase reversal
occurring at vironment was attained in each of the United P. this phase
reversal can be made to occur  States, Canada, Norway and Great Britain. 10
at any desired point, such as points [err]  Many varied sky-wave conditions
were en- 75 through [err] in Fig. 5. Point [err], however, countered during
the test phases. The re- is selected to be the predetermined cross- ceiver
operated as close as 50 miles from over point, after the end of the third
cycle, station and as far away as 1500 miles from so as to permit operation
free from  sky- station. In all cases, when ground-wave sig- 15 wave
contamination, as previously explained.  nal-to-noise ratio was within the
system  80 The output of the selection circuit 55 is  tolerance, that is
-20db signal-to-noise ratio now sampled by the cycle selection sample  or
better, the receiver successfully front-edge trigger shown in Fig. 2 and is
fed via ana- located. That is, the receiver successfully log-to-digital
converter 59 to the integrator  discriminated  between  sky-waves  and 20
61. Should the receiver be sampling ahead  ground-waves and unambiguously
locked to  85 of the cross-over point N of waveform D  the ground wave.
This is to be contrasted in Fig. 4, the output of the integrator 61  with
prior receivers at medium to extreme will become negative. The threshold
de- ranges, that, ten percent of the time, have tector 53 will respond to
this and cause the  at least one of their three tracking loops 25 sample
triggers to be retarded by 10 micro-  lock onto a combination of
ground-wave 90 second along path 60. Should the data be- and sky-wave
signals. ing integrated, however, indicate that the    As a result of
embodying in the front- cross-over N has been passed, then the data  edge
location scheme the otherwise required will become positive, the positive
threshold  found-signal detectors, moreover, the inven- 30 will be exceeded
and the sample triggers will tion enables the saving of parts in the re- 95
be advanced 10 microseconds. In this man-  ceiver, thereby providing a
system that is ner, a closed loop cycle selection function  more
cost-effective than present-day equip- is completed. The point now selected
([err]  ment, as well. Because the invention time- in Fig. 5) is the third
cycle, as predetermined  shares the limited bandwidth integrators 35 by the
action of setting potentiometer P  utilized in the found-signal circuitry
21 for 100 of Fig. 3, as previously.              the front-edge location
function, rather than Suitable circuitry for performing the func-  using
prior art separate limited bandwidth tions shown in the drawings may be as
fol- integrators for both front-edge location or lows: The sample and hold
circuits utilized  ground-wave location and found-signal in- 40 for a hard
limited processing receiver 5 and  dication, less complicated and costly
appa- 105 57 may, for example, be of the Fairchild or  ratus is provided.
Texas Instrument Company type SN 7474    While, as before stated, the
invention has flip flop, or the SN 74S112 JK flip flop, T1. been
particularly described in connection The analog-to-digital converter
function may  with its important application to Loran-C 45 similarly be
achieved simultaneously by  or similar navigational systems, it is to be
110 these same circuits. The integrators may  understood that the method
and apparatus comprise  SN   74192  forward-backward  underlying the
invention are equally applic- counters of the said Fairchild and Texas able
to the locating of predetermined por- Instrument Companies. Similarly the
di-  tions of RF pulse envelopes in a wide variety 50 vider chain, timer,
limited bandwidth inte- of other applications.               115 gration,
etc. may be composed of similar types SN 7400, 7410, 7474, 7490 and other
WHAT WE CLAIM IS:- well-known members of the 7400 family of    1. A method
of locating a predetermined micro-circuit components. Such devices are
cycle in a transmitted pulse envelope, that 55 also manufactured under the
same type  comprises, monitoring such pulse envelope 120 numbers by
National Semi-Conductor and  transmissions; searching for signal informa-
ITT  Semi-Conductor Companies. Other  tion during such monitoring and, upon
locat- well-known circuits for performing these  ing the same, sampling the
signal informa- functions may also be employed, as is known  tion
backwardly in predetermined succes- 60  in the art.
sive time intervals relatively wide compared 125 In actual operation, a
successful receiver  with the cycle period until no signal infor- of this
type has been tested by the appli- mation is present; sampling forwardly in
cants for Loran-C operation. This function  different narrower
predetermined successive has been built into a successful INTERNAV  time
intervals until signal information re- 65 101 Loran-C navigation set
fabricated by  appears:  and  continuing  the  forward 130 *   C   L  M   S
* 



5                                      1,407,320
5 sampling to the said predetermined cycle and in which said narrow and
wide bands 2. A method as claimed in claim 1 and  are respectively adjusted
to accommodate in  which  the  continued  said  forward  for the maximum
and minimum time sepa- sampling is effected until the end of the rations,
respectively, of ground and sky- S predetermined cycle is reached.
wave pulses.                            70 3. A method as claimed in claim
1 and    12. A method as claimed in claim 8 and in  which  the  continued
said  forward  in  which  the  continued  said  forward sampling is
effected by combining the pulse sampling is effected until the end of the
envelope signal information with its deriva- predetermined cycle is
reached. 10 tive to obtain a null point, and varying the    13. A method as
claimed in claim  12 75 position of such null point forwardly along  and in
which nulling is effected at the end the successive cycles under the pulse
en- of the predetermined cycle by sampling velope.
ahead of the same and comparing with 4. A method as claimed in claim 1 and
sampling behind the same. 15 in which said sampling backwardly is effec-
14. A method as claimed in claim 8 and  80 ted by receiving the signal
information over in  which  the  continued  said  forward a relatively
narrow band compared with a  sampling is effected by combining the pulse
relatively wide band of receiving effected envelope signal information with
its deriva- during the forward sampling.            tive to obtain a null
point, and varying the 20   5. A method as claimed in claim 1 and position
of such null point forwardly along  85 in which said' searching is limited
to a pre- the successive cycles under the pulse en- determined search time,
after which, if no  velope. signal information has been located, the    15.
Radio-frequency   pulse  envelope searching is repeated for said
predetermined tracking apparatus having in combination, 25 search time over
a wider band, after which, means for receiving radio-frequency signal 90 if
no signal information has been located, pulses  and  for  determining  when
a said searching is effected for such successive  threshold of received
signal information is search times, each advanced in time from  detected;
means connected with the receiv- the previous.
ing and determining means for thereupon 30   6. A method as claimed in
claim 1 and  sampling the signal information backwardly  95 in which said
searching is limited to a pre-  in predetermined successive time intervals
determined search time, after which, if no  relatively wide compared with
the cycle signal information has been located, said period of the radio
frequency until no signal searching is effected for such successive
information is present; means connected 35 search times each advanced in
time from  with the receiving and determining means 100 the previous.
for  thereafter  sampling  forwardly  in 7. A method as claimed in claim 1
a nd  narrower predetermined successive time in- in which said
predetermined cycle is located  tervals until signal information reappears;
in the leading edge of the transmitted pulse  and means cooperative with
the last-named 40 envelope.                               means for
continuing the forward sampling 105 8. A method as claimed in claim 7 and
to a predetermined cycle within said en- in which said transmitted pulse
envelope  velope and for locking thereupon. comprises a Loran or similar
radio-fre-    16. Radio-frequency   pulse  envelope quency carrier
navigation pulse which is tracking apparatus as claimed in claim 15 45
transmitted via ground and sky waves such and in which said radio-frequency
signal in- 110 that the monitoring and searching involves formation
comprises ground and sky-wave the reception of an initial ground-wave pulse
transmitted navigation pulses, the latter of envelope and a subsequent
contaminating 'which is delayed with respect to the onset overlapping
sky-wave pulse envelope    of the former but overlaps the same, with 50
9. A method as claimed in claim 8 and  said predetermined  cycle being
selected 115 in which said predetermined cycle is the  within the leading
edge of the former in third cycle under the leading edge of the  advance of
such overlap. ground-wave pulse envelope and the first-   17.
Radio-frequency   pulse  envelope named predetermined time interval is sub-
tracking apparatus as claimed in claim 15 55 stantially three times the
period of said  and in which said locking means is ad- 120 cycle, and the
said narrower predetermined  justed to operate when the end of such pre-
time interval is substantially equal to the  determined cycle is reached.
period of said cycle.                     18. Radio-frequency   pulse
envelope 10. A method as claimed in claim 8 and  tracking apparatus as
claimed in claim 15 60 in which said sampling backwardly is effec- and in
which said continuing sampling 125 ted by receiving the signal information
over means comprises means for combining said a relatively narrow band
compared with a pulse envelope signal information with its relatively wide
band of receiving effected  derivative to obtain a null point, and means 



during the forward sampling.            for adjusting the position of such
null point 65   11. A method as claimed in claim  10  forwardly along the
successive cycles under 130 *   C  L  M   S  *    6
1,407,320 the pulse envelope to said predetermined  feeding further
analog-to-digital converter 45 cycle.
means; further integrator and threshold de- 19. Radio-frequency   pulse
envelope  tector means connected with said further tracking apparatus  as
claimed in claim 15  analog-to-digital converter means and con- 5 and in
which timing means is provided for  trolling said phase lock loop to
advance or timing the search time during which said  retard the first-named
sample and hold  50 threshold signal is not received and, after  means. a
predetermined search time, for widening    23. Radio-frequency  pulse
envelope the receiving band of said receiving means. tracking apparatus as
claimed in claim 21 10   20. Radio-frequency   pulse  envelope  and in
which there is provided gate means tracking apparatus as claimed in claim
19  connected  with  said  threshold  detector 55 and in which means is
provided, operable in  means and controlled by a search timing the event
that the widened band searching  means, said gate means being connected
over a predetermined search time has re  through front edge location
sequency means 15 suited in no received threshold signal, for  and retard
and advance logic circuit means thereupon continuing such searching over
to control said phase lock loop.       60 such successive search times each
advanced    24. Radio-frequency   pulse  envelope in time from the
previous.             tracking apparatus as claimed in  claim 23 21.
Radio-frequency   pulse  envelope  and in which said phase lock loop com-
-20 tracking apparatus as claimed in claim 15  prises oscillator means
feeding divider chain and in which said receiving and determining  means,
in turn connected with said sample- 65 means comprise radio-frequency
amplifying  and-hold circuit means. means connected through sample-and-hold
25. Radio-frequency   pulse  envelope circuit means to analog-to-digital
converter  tracking apparatus as claimed in claim 23 25 means having phase
lock and quadrature  and in which said front edge location data outputs,
the former of which connects  sequencing means is provided with an out- 70
through a phase-look loop to means for  put connected with said
radio-frequency advancing orretarding the sample-and-hold  amplifying means
to change the bandwidth circuit means, and the latter of which out-
thereof in response to the output of said 30 puts connects through limited
band integrat- threshold detector and gate means. ing means with threshold
detector means.    26. A method of locating a predeter- 75 22.
Radio-frequency   pulse  envelope  mined cycle in a transmitter pulse
envelope tracking apparatus as claimed in claim 21  substantially as
hereinbefore described with and in which said backward and forward
reference to the accompanying drawings. 35 sampling means comprise cycle
selection    27. Radio-frequency   pulse  envelope means connected with
said radio-frequency  tracking apparatus substantially as herein- 80
amplifying means for combining the received  before described with
reference to the ac- pulse envelope signal  information with its
companying drawings. derivative to obtain a null point means for  CLEVELAND
AND JOHNSON, 40 adjusting the position of such null point for-   Chartered
Patent Agents wardly along the successive cycles under       Agents for the
Applicants, the pulse envelope to said predetermined            Chancery
House, cycle, further sample-and-hold circuit means        Chancery Lane,
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