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1571 ABSTRACT 
A method and apparatus for the automatic, remote 
measurement of the internal delay time of a transponder 
at the time of operation is provided. A small portion of 
the transmitted signal of the transponder is converted to 
the receive signal frequency of the transponder and 
supplied to the input of the transponder. The elapsed 
time between the receive signal locally generated and 
the receive signal causing the transmission of the trans- 
mitted signal is measured, said time being representative 
of or equal to the internal delay time of the transponder 
at the time of operation. 

11 Claims, 9 Drawing Figures 
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AUTOMATIC TRANSPONDER 

This invention relates, in general, to automatic tran- 
sponders of the type suitable to be utilized in non- 
attended, remotely located applications as, for example, 
might be necessary in satellite ranging systems, and 
more particularly to a method and apparatus for provid- 
ing automatic, remotely readable measurement of the 
internal delay time of a transponder of the type herein- 
above described. 

Automatic transponders are becoming increasingly 
important for location and ranging measurements. The 
use of earth orbiting satellites makes possible global 
ranging and locating systems. For example, three earth 
stations at known locations can precisely locate a satel- 
lite in earth orbit. Similarly, an earth station given a 
known location in combination with two satellites 
whose locations are also known can precisely locate a 
transponder equipped ship, for example, on the earth’s 
surface. An earth station and three satellites similarly 
can precisely locate a transponder equipped airplane, 
again by way of example, in the air. 

In order to reduce the requirement for manned sta- 
tions, it is a desirable practice to provide remotely lo- 
cated transponders having the capability to receive a 
radio frequency signal from a satellite, and transmit 
back data necessary for ranging measurements. The use 
of individual access codes makes possible the dissemina- 
tion of a number of such transponders which can be 
individually accessed by a single earth station. A system 
of this type permits a single manned station to make 
precise satellite ranging measurements. Similarly, un- 
manned transponders may be placed aboard ships, for 
example, glowing unattended and frequent location 
measurements to be made by shore stations without the 
active assistance of ship’s personnel. 

In order to obtain a high degree of accuracy from 
ranging techniques of the tvpe hereinabove described, it 

mit radio frequency signal in response to the receive 
radio frequency signal, includes means for locally gen- 
erating a second receive radio frequency signal in re- 
sponse to the transmitter output signal, which second 

5 locally generated receive radio frequency signal is ap- 
plied to the transponder receiver. 

In one embodiment of this invention, this second 
receive signal is permitted to generate a second transmit 
signal which will be delayed in time from the first trans- 

10 mit signal by an amount equal to the internal time delay 
of the transponder. In a second embodiment of this 
invention, the time between the first received signal and 
the second locally generated received signal is mea- 
sured and transmitted to the remote sending station. 

The features of the invention which are believed to be 
novel are pointed out with particularity in the appended 
claims. The invention itself, however, both as to its 
organization and method of operation together with 
further objects and advantages thereof may best be 

20 understood by reference to the following description 
taken in connection with the accompanying drawings in 
which: 

FIG. 1 is a block diagram representation of an auto- 
matic transponder in accordance with one embodiment 

FIG. 2 is a block diagram representation of an auto- 
matic transponder in accordance with another aspect of 
this invention. 

FIG. 3 is a detailed block diagram of an automatic 

FIGS. 4a -4b is a timing diagram of the sequence of 
operations of the transponder of FIG. 3. 

While the specific techniques employed may vary 
depending upon the particular type of ranging or loca- 

35 tion determining requirements of the system, the funda- 
mental measurement used in substantially all satellite 
ranging and locating techniques is the determination of 
the propagation time of a radio frequency signal from a 
first earth station through a satellite repeater to a re- 

15 

25 of this invention. 

30 transponder in accordance with this invention. 

is necessary to-determine Gecisely the transit times of 40 motely located transpon;der, back through the satellite 
signals sent from an earth station to a satellite then to repeater and to the earth station. By measuring the total 
another earth station and back to the satellite and finally propagation time, the distance from the earth station to 
to the first earth station. This invention is specifically the satellite and finally to the remotely located tran- 
addressed to the problem of precisely determining the sponder may be determined insofar as the propagation 
time delay due to the passage of a radio frequency signal 45 velocity is known. It is clear that the time during which 
through an automatic transponder. While the time delay the radio frequency signal is delayed in passing through 
through a transponder of the type with which this in- the satellite repeater and also through the remotely 
vention is concerned may be locally measured with located transponder must be subtracted from the total 
satisfactory accuracy, various considerations may com- transit time in order to accurately determine the dis- 
bine to change the delav after the transponder is in- 50 tance. The precision with which the internal delav times 
stalled in its permanent location. For examile, as is well 
known, temperature and humidity as well as aging tend 
to affect the values of electronic components. Similarly, 
the adjustment of tuned circuits tends to vary the time 
delay of signals propagated therethrough. While in 55 
many applications delays of the type hereinabove men- 
tioned may be of minimal importance, in ranging and 
location measuring systems of the type hereinabove 
described, small changes may produce intolerable dimi- 
nutions in precision of measurement. This invention 60 
provides a method and apparatus for remotely deter- 
mining the delay time of a transponder at the time that 
it is actuated. 

Briefly stated and in accordance with one aspect of 
this invention, a method and apparatus for determining 65 
the internal time delay of a transponder of the type 
wherein a received radio frequency signal is used to 
actuate the transponder transmitter to generate a trans- 

of the satellite and transponder may be deteimined 
directly affect the precision with which the range may 
be measured. Generally speaking, it may be said that the 
delay time of a radio frequency repeating device is 
inversely related to the bandwidth of the device. For 
example, a device having a relatively large bandwidth 
will have a shorter internal delay time than a similar 
device having a narrow bandwidth. Satellite repeaters 
may be considered to have relatively large bandwidths 
compared to other elements of a ranging system of the 
type with which this invention is concerned. 

It may also be noted that in addition to the relatively 
large bandwidth, and associated short internal time 
delay of a satellite repeater, the environment of such a 
satellite repeater is relatively stable. The stability of the 
environment makes possible accurate prediction of the 
actual time delay of a satellite in orbit based upon mea- 
surements of that time delay prior to launch. Variations, 
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if any, on the calculated internal delay time of the satel- transmitter actuator 28. The precise function of trans- 
lite repeater are known to be small compared to the mitter actuator 28 depends upon the particular mode of 
delays and the variations in delay to be found in auto- operation of the transponder. For example, transmitter 
matic transponders. While it is pointed out that it may actuator 28 may include a specific fixed time delay, or 
be convenient to estimate or ignore the internal time 5 means for generating a code specifically identifying the 
delays of satellite repeaters, especially with respect to transponder which is interrogated, alternately, the 
presently existing satellites, this invention is well suited transmitter may be continuously actuated, as in the “full 
to incorporate into subsequently constructed satellites duplex” mode. The embodiment of FIG. 1 requires only 
for the remote measurement of the internal delay time that transmitter actuator 28 provide a keying, or “turn- 
thereof. 10 on” signal to transmitter 30 in response to output 24 of 

While transponders may take a variety of forms de- receiver 22. Transmitter 30 therefore is energized 
pending upon the particular ranging technique utilized, whenever an output is produced at output 24 of receiver 
they exhibit delays which may be conveniently placed 22 in response to a desired signal. Output 32 of transmit- 
in several categories. These categories are based as ter 30 is connected to input 18 of diplexer 12 and then 
aforementioned on the relative bandwidth of the rele- 15 through transmission line 14 to antenna 10. The tran- 
vant equipment. For example, a typical transponder sponder as hereinabove described is conventional. As 
may comprise a relatively high frequency, wide band- has been discussed, supra, there will be a finite delay 
width receiver adapted to receive signals from a high time between the reception of a signal at antenna 10 and 
gain direction antenna. The delays associated with a the ultimate transmission of a response therefrom. Addi- 
receiver of this type are relatively short and therefore 20 tionally, as is well known, environmental and adjust- 
the variations to be found due to environmental and ment, as for example tuning, considerations will intro- 
tuning parameters, for example, are short. The receiver duce variations in this delay time. In order to remotely 
may conveniently include a lower frequency I F  (inter- measure this delay time, mixer 36 is provided having 
mediate frequency) portion of substantially lesser band- inputs 38 and 40 and an output 42. Input 40 is connected 
width. The time delays and variations therein associated 25 to local oscillator 44, while input 38 and output 42 are 
with the I F  portion of the receiver will be relatively connected to antennae 46 and 48, respectively, located 
greater than the higher frequency portions. Similarly, in close proximity to antenna 10. A small portion of the 
variations due to tuning and environmental parameters transmit signal generated by the transponder is received 
are increased. Following the IF portion of the receiver at antenna 46 and applied to input 38 of mixer 36 
will normally be found selective audio frequency cir- 30 wherein it is converted, as is well known, to the receive 
cuits and signal processing and timing circuits, the na- frequency of the transponder. The frequency of local 
ture of which will depend upon the particular ranging oscillator 44 is, accordingly, chosen to be equal to the 
method utilized. One such ranging method and the sum of the difference of a receive and transmit signal 
circuits associated therewith will be more completely frequencies. As the signal level present at antenna 46 
described below. Insofar as the bandwidth of the audio 35 will be large due to the close proximity thereof to the 
frequency circuits is the narrowest bandwidth of the antenna 10, it is unnecessary to provide a high degree of 
transponder system, the delays associated therewith are selectivity in mixer 36. Therefore, the bandwidth of 
the longest and the variations to be found due to tuning mixer 36 can be made fairly wide and the time delay 
and environmental considerations are the most severe. associated therewith very short. It is preferable that 

FIG. 1 shows a block diagram schematic of an auto- 40 mixer 36 be designed to have a time delay which is 
matic transponder in accordance with one aspect of this sufficiently short with respect to the time delays of the 
invention. While this invention will be specifically de- transponder as hereinbefore described that they con- 
scribed in terms of a satellite ranging system, it is to be tribute thereto in negligible quantity. 
understood that it may be equally advantageously prac- In operation, a transmit signal appearing at antenna 10 
ticed in any system, as for example, terrestrial ranging, 45 will generate, effectively instantaneously, a second re- 
e.g., radar ranging systems. An antenna 10 which while ceive signal which will appear to the transponder as a 
illustrated as a parabolic reflector, is understood to duplicate of the transmitted signal at the transponder 
include any antenna suitable for satellite communica- receive frequency. This second receive signal will be 
tions as are well known to those skilled in the art, as, for processed by the transponder in a manner identical to 
example, but not limited to yagi antennae, helical anten- 50 that hereinbefore described for the first received signal. 
nae, and various type of phased array antennae. An- In order to provide a means for measuring the time 
tenna 10 is typically connected to a diplexer 12 through delay between the reception of the first receive signal 
a transmission line 14. Diplexer 12 allows the antenna 10 and the generation of the transmit signal in response 
to be used simultaneously for transmitting and receiving thereto, it is necessary to provide a timer. In accordance 
radio frequency signals. Alternatively, discrete transmit 55 with one embodiment of this invention, a timer 50 is 
and receive antennae may be utilized. Diplexer 12 is provided having an input 52 connected to the output 24 
provided with a first input/output port 16 connected to of receiver 22. Timer 50 is started in response to a first 
transmission line 14, and input port 18 and an output output appearing at output port 24 of receiver 22 which 
port 20. A receiver 22 is shown connected to output first output is generated in response to a first received 
port 20 and is intended to include all of the aforemen- 60 signal which signal would, in the normal mode of opera- 
tioned receiver functions including a high frequency tion, be the interrogating signal received at antenna 10. 
portion, an intermediate frequency portion and an audio As was hereinbefore described, the output appearing at 
frequency portion. Where desirable, receiver 22 may output port 24 is also applied to transmitter actuator 28 
include means for identifying a desired signal, and dis- to generate a transmit signal. A second received signal 
criminating between desired signals and undesired sig- 65 is then generated at antenna 48 which second received 
nals or noise. Typically receiver 22 produces an output signal is delayed from the first received signal by the 
at output port 24 thereof in response to a desired signal time delay of the transponder plus the time delay of 
at input 26. Output 24 of receiver 22 is connected to mixer 36. The second received signal is processed in a 
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manner identical to the first and creates a second output 
at output port 24 of receiver 22. The second output is 
utilized to stop timer 50 the elapsed time between the 
start and stop of timer 50 being equal to the delay time 
of the transponder plus the delay time of mixer 36. As 
was hereinabove described, the delay time of mixer 36 is 
so short as compared to the delay time of the transpon- 
der as to be negligible. Timer 50, therefore, provides an 
indication of the delay time of the transponder at the 
time it is interrogated. Output 54 of timer 50 is applied 
to encoder 56 which converts the elapsed time to a form 
convenient to be transmitted by transmitter 30. For 
example, a serially encoded digital signal may be used. 
Output 58 of encoder 56 is connected to input 60 of 
transmitter 30. As the output appearing at output port 
24 of receiver 22 due to the second, locally generated, 
received signal is also applied to transmitter actuator 28, 
transmitter 30 will be keyed and an encoded signal 
indicative of the elapsed time delay of the transponder 
at the time of use will be transmitted. As this second 
transmitted signal will also be applied to input antenna 
46 of mixer 36, it is necessary to provide means for 
preventing a third received signal from actuating trans- 
mitter 30. This may be accomplished in a variety of 
ways, as for example, but not limited to inhibiting the 
generation of a second signal by mixer 36 by turning off 
mixer 36 for a predetermined period after the genera- 
tion of the first signal thereby. Alternately, it is possible 
to provide a counter in transmitter actuator 28 which 
allows only two received signals to key transmitter 30 in 
a preselected time. This preselected time should be 
large enough to include the time delay of the transpon- 
der, but small enough to permit successive interrogation 
thereof as is desired. 

In accordance with another embodiment of this in- 
vention and as an alternative to the placement of mixer 
36 and its associated antenna at the antenna 10 as herein- 
above described, a mixer 62 may be placed between 
output 32 of transmitter 30 and input 26 of receiver 22 as 
illustrated in phantom at FIG. 1. Local oscillator 64 
performs the same function as local oscillator 44 herein- 
above discussed. It can be seen that the placement of 
mixer 62 as shown in phantom in FIG. 1 will produce a 
mode of operation similar to that described for mixer 36. 
The elapsed time measured by timer 51 using mixer 62 
and local oscillator 64 in the circuit location illustrated 
will differ from that obtained through the use of mixer 
36 and local oscillator 44 with the associated antennae 
located at antenna 10. It can be seen that the mixer and 
local oscillator configuration shown in phantom will 
produce an elapsed time which does not include the 
time delay in transmission line 14 and diplexer 12. The 
location illustrated in phantom offers certain advan- 
tages, however, it will be appreciated that certain econ- 
omies will be realized by eliminating the need for anten- 
nae 46 and 48 associated with mixer 36 which are not 
needed when mixer 62 and local oscillator 64 are con- 
nected as illustrated. As was hereinbefore described the 
delays associated with transmission line 14 and diplexer 
12 are relatively short compared with those associated 
with receiver 22, transmitter 30, and transmitter actua- 
tor 20 depending upon the particular configuration 
thereof. Further, it is to be appreciated that the changes 
in delays associated with transmission line 14 and di- 
plexer 12 are smaller still and that since the fixed delay 
at a given set of environmental and tuning parameters 
may be easily measured on a “one time” basis only the 
ability to measure changes in delay is sacrificed. Conve- 

niently, mixer 62 is provided with input and output 
sampling devices 66 and 68 of the type well known to 
those skilled in the art, for example, tapped transmission 
line sections. Additionally, optional attenuators 70 and 

5 72 may be provided to insure proper input and output 
signal levels to mixer 62 and receiver 22. 

FIG. 2 is a block diagram schematic of an automatic 
transponder having means for remotely determining the 
delay time thereof at the time of operation in accor- 

10 dance with another embodiment of this invention. The 
functions of diplexer 12, receiver 22, transmitter actua- 
tor 28, and transmitter 30 are substantially similar to 
those hereinbefore described in conjunction with FIG. 
I. Similarly, mixer 36 and local oscillator 44, along with 

15 associated sampling antennae 46 and 48 which antennae 
are located in close proximity to antennae 10 are sub- 
stantially identical to the like numbered elements as 
hereinbefore described in conjunction with FIG. 1. The 
automatic transponder of FIG. 2 is somewhat simpler 

20 than that of FIG. 1 in that timer 50 and encoder 56 are 
eliminated. Transmitter actuator 28 in addition to its 
normal function of keying transmitter 30 in response to 
a desired output signal from receiver 22 includes the 
additional function of allowing two and only two repet- 

25 itive keyings of transmitter 30 within a predetermined 
time which is longer than the internal time delay of the 
transponder yet sufficiently short to permit repetitive 
interrogations thereof as desired. In operation, the tran- 
sponder of FIG. 2 detects a first received signal arriving 

30 at antenna 10, passing through diplexer 12 to receiver 22 
which provides a signal to transmitter actuator 28 
which, in turn, keys transmitter 30 generating a first 
transmit signal at the output thereof which is passed 
through diplexer 12 and finally to antenna 10 where it is 

35 transmitted. Mixer 36 detects the first transmitted signal 
at antenna 48 thereof which antenna is preferably lo- 
cated as close as possible to antenna 10 to minimize the 
propagation therebetween. As was hereinbefore de- 
scribed, the detected first transmit signal is heterodyned 

40 to the receive frequency of the transponder and applied 
to antenna 48 again located as close as possible to an- 
tenna 10 where it is received as a second receive signal. 
This second receive signal generates a second transmit 
signal as hereinbefore described which is transmitted 

45 via antenna 10. The time between the first and second 
transmit signals which may conveniently be measured 
at any easily identifiable point therein is equal to the 
delay time of the transponder plus the delay time of 
mixer 36 which as hereinbefore described is considered 

50 to be negligible. The time between the first and second 
transmit signals can be measured by any convenient 
means at the originating station of the ranging system. 
Mixer 62 and local oscillator 64 along with associated 
sampling devices 66 and 68 and attenuators 70 and 72 of 

55 FIG. 2 provide an alternative mixing function identical 
to that hereinabove described in conjunction with FIG. 
1. 

FIG. 3 is a block diagram of an automatic transponder 
in accordance with yet another embodiment of this 

60 invention. Diplexer 12, receiver 22, transmitter 30, 
mixer 36 and local oscillator 44 perform functions simi- 
lar to those performed by the like numbered elements in 
FIGS. 1 and 2 hereinabove described. Similarly, local 
oscillator 64 and mixer 62 shown in phantom along with 

65 associated sampling devices 66 and 68 and attenuators 
70 and 72 shown in phantom perform substantially the 
same functions as performed by the like numbered ele- 
ments of FIGS. 1 and 2. In order to most easily under- 
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stand the operation of the automatic transponder in is to be emphasized that clock 92 is not “locked” to 
accordance with FIG. 3, FIGS. 4u -4f illustrate in input reference signal 80 but rather is made to match the 
graphical form the time relationships among the various phase of the reference signal at a particular instant in 
operations to be performed. time. The stability of internal clock 92 will insure that, 

In operation, a first received signal is coupled from 5 at least for the short term, an internal reference phase is 
antenna 10 through transmission line 14, through di- available for a subsequent internal phase measurement 
plexer 12 and thence to receiver 22 where it is demodu- as will be hereinbelow described. During the time that 
lated, producing an output waveform at output port 20 phase comparator 90 and phase match circuit 96 are 
of receiver 22. While the particular waveform will de- setting the phase of clock 92 to be equal to the phase of 
pend upon the method and system for ranging em- 10 reference signal portion 80 control logic circuit 91 in- 
ployed, for purposes of most easily understanding the hibits encoder 98 from applying any signal to transmit- 
operation of this invention a typical waveform is illus- ter 30. 
trated at FIG. 4u. FIG. 4u illustrates a waveform having Output 86 of filter-detector 84 is also applied to corre- 
two distinct portions, a first section 80 comprising a lator 88. Correlator 88 further supplied with an in-phase 
substantially pure sine wave, and a second section 82 15 reference clock signal. During data signal portion 82, 
comprising a digitally coded sine wave of like fre- correlator 88 determines if the address code of the par- 
quency and amplitude. FIG. 4a is illustrative only and it ticular transponder is being received. The presence of 
is to be understood that in operation a substantially an extremely accurate in phase reference signal ob- 
greater number of cycles could make up sections 80 and tained as hereinabove described makes possible correla- 
82 of the received signal. It is further to be understood 20 tion with a high degree of accuracy and certainty in 
that the precise nature of the ranging signal may vary time. As indicated at FIG. 4d correlation occurs pre- 
from that illustrated, any modulation technique capable cisely at the end of coded message portion 82. As corre- 
of producing a phase coherent reference signal output lation occurs, transmitter 30 is turned on by correlator 
being suitable, for example, AM, FM, PSK, etc. as will 88 and a first transmit signal as indicated at FIG. 4e is 
be hereinbelow described, section 80 will be utilized by 25 initiated. The character of the transmit signal at FIG. 4j 
the transponder to make certain internal adjustments, is identical to that of a received signal at FIG. 4u during 
and coded section 82 will enable the transponder to the first portion thereof. Specifically, a precise number 
selectively respond when desired by a remote sending of sinusoidal cycles is transmitted followed by a locally 
station. Output port 24 of receiver 22 is connected to generated digital address code. Substantially simulta- 
filter-detector 84. Filter-detector 84 converts the sub- 30 neously with the transmission of the output signal illus- 
stantially sinusoidal signal illustrated at FIG. 4u to a trated at FIG. 45 mixer 36 and local oscillator 44 gener- 
square wave signal more appropriately suited to digital ate as has been hereinabove described in conjunction 
signal processing. The input signal illustrated at FIG. 4u with FIGS. 1 and 2 a second received signal which 
retains its characteristic of being divided into a first and passes through antenna 10, diplexer 12 and receiver 22. 
second sections, a first section being a reference section 35 As the second received signal 108 is identical to the 
and the second section a coded section. Output 86 of first, it will appear at output 86 of filter-detector 84 and 
filter-detector 84 is applied to correlator 88 and phase be compared in phase, 110, with the output of clock 92 
comparator 90. Phase comparator 90 also receives a and phase comparator 90. While clock 92 and input 
reference waveform from internal clock 92. Output 94 signal portion 80 were set to be in phase as hereinabove 
of phase comparator 90 is applied to phase match circuit 40 described and as can be seen at FIG. k, propagation 
96 and encoder 98. The precise nature of the output of delays in the transmission of the first transmit signal 
phase comparator 90 will depend upon the type of through transmitter 30, diplexer 12, transmission line 14, 
phase comparator chosen. A phase comparator suitable sampling antenna 46, mixer 36, and back through an- 
to be used in accordance with this invention need only tenna 48, antenna 10, transmission line 14, diplexer 12, 
provide a signal indicative of the phase relationship 45 receiver 22, and filter-detector 84 will result in a signal 
between the output of filter detector 84 and clock 92 which is lagging in phase behind the reference signal 
which is suitable to be encoded into a form which can supplied hy internal clock 92. The magnitude of the 
be applied to transmitter 30 for ultimate transmission to phase difference will be an accurate indication of the 
the interrogating station. It is further required that time delay undergone by the signal originally present at 
phase comparator 94 provide a signal which can be 5 0  output 86 of filter-detector 84 which has, in fact, passed 
applied to phase matching circuit 96 to allow internal through each and every delay producing stage of the 
clock 92 to be synchronized with reference portion 80 transponder. Depending upon the actual frequency of 
of the input signal illustrated at FIG. 4u. Referring now the clock and reference signal portion, the delay may 
to FIG. 46, it can be seen that the phase comparison is exceed 360”. It is, therefore, preferable that the fre- 
preferably accomplished after a substantial portion of 55 quency of reference signal section 80 and therefore of 
reference waveform 80 has occurred so that any tran- clock 92 be chosen so that the change in delay due to 
sient effects will have subsided. It is emphasized that environmental and/or tuning conditions, for example, 
while any of a number of well known phase comparison be less than the period of the waveform. In this way, by 
and synchronizing methods may be used, it is prefera- making a “one time” only measurement of the delay, the 
ble, in accordance with this invention, to utilize a phase 60 output of phase comparator 90 can be added to or sub- 
comparator which measures the difference in phase tracted from to indicate the precise total delay in the 
over a large number of cycles in order to insure an transponder. In this way delays exceeding the period of 
extremely small error. After the phase comparison has reference signal section 80 may be conveniently mea- 
been made, phase match circuit 96 applies a correction sured. As the second phase comparison is made, output 
signal as indicated at FIG. 4c through control and logic 65 94 of phase comparator 90 which is applied to phase 
circuit 98 to clock 92. This correction signal substan- match circuit 96 is inhibited from resetting the phase of 
tially instantaneously changes the phase of clock 92 to clock 92 by control logic circuit 98. Instead, output 94 
be in phase with incoming reference signal portion 80. It of phase comparator 90 is allowed to provide an en- 
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coded signal at output 100 of encoder 98 which output 
is applied to transmitter 30. Referring now to FIG. 4J it 
is seen that a digitally encoded data stream 106 repre- 
senting the output of phase comparator 94 is transmitted 
immediately following the data portion of the transmit- 5 
ted signal illustrated at the FIG. 4 j  Referring specifi- 
cally to FIG. 4 j  it can be seen that the output signal 
comprises a reference portion 102 identical to reference 
portion 80 of the input signal, a digital address compo- 
nent 104 corresponding to digital address component 82 10 
of the transponder and an additional digital data portion 
106 corresponding to the output of phase comparator 
90. 

While the invention has been particularly shown and 

ments thereof, it will be understood by those skilled in 

made therein without departing from the true spirit and 
scope of the invention as defined by the appended 
claims. 

detecting said first transmit signal, generating a sec- 
ond receive signal in response to said first transmit 
signal, said second receive signal characterized by a 
frequency the. same as said first receive signal 
whereby said transponder generates %second trans- 
mit signal delayed in time from said first transmit 
signal by said delay time of said transponder, 

measuring the time between said first and second 
transmit signals and transmitting a signal indicative 
of said time- 

8. The method of claim 7 wherein generating a second 

mixing said first transmit signal with a local oscillator 
signal having a frequency such that the output fre- 

said first receive signal. 

signal comprises 

described with reference to several preferred embodi- 15 

the art that various changes in form and detail may be 

quency of said mixer is equal to the frequency of 

9. An automatic transponder of the type adapted to 
generate a first transmit signal in response to a receive 

comprising 
20 antenna means, 

receiver means coupled with said antenna means for 
receiving said receive signal at a first radio fre- 
quency and generating an output responsive 
thereto, 

transmitter means coupled with said antenna means 
operative to generate a transmit signal at a second 
radio frequency, 

means coupled with said receiver means adapted to 
activate said transmitter means in response to said 
output of said receiver means, 

means coupled with said antenna means for generat- 
ing a second receive signal at said first radio fre- 
quency in response to said first transmit signal 
whereby said transponder generates a second trans- 
mit signal delayed in time for said first transmit 
signal by the internal time delay of the transponder; 
and means for inhibiting said transponder from 
generating a third transmit signal in response to said 
second transmit signal. 

10. The automatic transponder of claim 9 wherein 
said means coupled with said antenna means for gener- 
ating said second receive signal at a first radio fre- 
quency comprises: 

mixer means having first and second input terminals, 
and an output terminal, said first input terminal 
coupled with said antenna means for receiving said 
first transmit signal, and said second terminal con- 
nected to a local oscillator having a frequency such 
that the output frequency of said mixer is equal to 
said first radio frequency, and said second output 
terminal coupled with said antenna means. 

11. An automatic transponder of the type adapted to 
generate a first transmit signal at a first radio frequency 
in response to a receive signal at a second radio fre- 

We claim: 
1. A method for determining the internal delay time 

of a transponder of the type adapted to be remotely 
actuated by a first receive signal and to generate a first 
transmit signal in response thereto comprising 

detecting said first receive signal at a first point in the 
internal signal path of said transponder, 

converting a portion of said first transmit signal to the 
frequency of said first receive signal thereby gener- 3o 
ating a second receive signal, 

detecting said second receive signal at said first point 
in the internal signal path of said transponder, 

measuring the elapsed time between the detection of 
said first receive signal and the detection of said 35 
second signal; transmitting a signal indicative of 
said elapsed time. 

2. The method of claim 1 wherein converting a por- 
tion of said first transmit signal to the frequency of said 
first receive signal comprises 

mixing .said first transmit with a third signal 
having a frequency such that the output frequency 
of said mixer is equal to the frequency of said first 
receive signal. 

3. The method of Claim 1 wherein measuring the 45 

25 

40 

elapsed time between the detection of said first receive 
signal and the detection of said second signal comprises 
measuring the phase angle between said first and second 
signals. 

phase angle between said first and second signals com- 
prises 

setting a local oscillator to be in phase with said first 
signal, 

comparing the phase of said local oscillator with said 55 quency comprising: 
second receiver signal. antenna means, 

5. The method of claim 4 further comprising receiver means, coupled with said antenna means, 
converting the phase difference between said first and operative to generate a first output signal respon- 

second received signals to a coded signal indicative sive to said first receive signal, 
thereof. 60 transmitter means coupled with said antenna means 

6. The method of claim 5 wherein transmitting said for selectively generating said first transmit signal, 
means responsive to said first output signal for actuat- 

modulating said transmitted signal with said coded ing said transmitter means when said first output 

7. A method for determining the internal delay time 65 means coupled with said antenna means responsive to 
said first transmit signal for generating a local sec- 
ond receive signal having the same frequency as 
said first receive signal, said local second receive 

4. The method of claim 3 wherein measuring the 50 

signal comprises 

signal. signal is present, 

of a transponder of the type adapted to generate a first 
transmit signal in response to a first receive signal com- 
prising: 
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signal operative to generate a second output signal timer and with said transmitter means for transmit- ~ 

ting a signal indicative of said time between said 
first and second output signals. 

at said receiver means, 
timer means operatively associated with said receiver 

means to measure the time between said first and 
second output signals; and means coupled with said 5 * * * I *  
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