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1.0 ABSTRACT/INTRODUCTION

A method to utilize television transmission in a passive mode for
the real time synchronization of clocks has been developed and is presented
herewith,

A demonstration is currently being conducted in Washington, D.C. to
show that the time of day referenced to the U.S. Naval Observatory (USNO)
Master Clock (MC) can be derived independently by timing stations moni-
toring the transmission from the local TV station WTTG (Channel 5). The
accuracy and precision that can be achieved with this method is in the

submicrosecond region.
2.0 BACKGROUND

2.1 Passive System for Differential Time Transfer

A passive method using television transmission for precise
clock time comparisons was first conceived and demonstrated in Europe

by an experiment conducted in November 1965. L Since then, this method

1 Tolman, J., V. Ptacek, A. Soucek, and R. Stecher, (1967), "Microsecond
Clock Comparison by Means of TV Synchronizing Pulses," IEEE Transactions

on Instrumentation and Measurement, Volume IM-16, No.3, September 1967,

pp. 247-254.
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has been widely used in some European countries and with some success
in the U.S.A. to monitor time differences between clocks located in
various laboratories. 2,3,4

The method consists of recognizing and identifying a portion of a
video transmission as a time marker (line 10 is used in the U.S.) and of
measuring its time of arrival simultaneously at remote locations using
precise clocks. Successive differential measurements against the partici-
pating clocks Willv give a measure of the time divergence of the clocks.

The fact that the circuit and propagation delays have submicrosecond
stability and that the TV time marker can be defined with nanosecond reso-
lution permits relative time transfer measurements to be made with sub-
microsecond precision.

In this passive system, relative time transfers can be made provided

that:

° Readings are taken simultaneously.

° Readings are exchanged after the fact between monitoring clocks.

2.2 Active System for Real Time Transfer

Another approach for precise time transfer via television trans-
missions was demonstrated in 1970 by the U.S. National Bureau of Stan-

5
dards. This method consisted of actually transmitting time information

2 Parcelier, P., (1969), "Developpement des synchronisations de temps par
la television," Proceedings Internat. Conf. Chrommetry (Paris), Series A-26,
16-20 September 1969, pp. 1-6.

3 Parcelier, P. (1970), "Time Synchronization by Television," 1970 Conference
on Precision Electromagnetic Measurement, IEEE Transactions on Instrumenta-

tion and Measurement, Volume IM-19, No. 4, November 1970, pp. 233-238.

4 Davis, D.D., Bryon E. Blair, and James F. Barnaba, (1971), "Long-Term
Continental U.S. Timing System via Television Networks," IEEE Spectrum,
August 1971, pp. 41-52.

S Koide, F.K. and E.J. Vignone, (1971), "TV Time Synchronization in the
Western U.S.," EID-Electronic Instrumentation, October 1971, pp. 26-31.
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via the television media. TFor that purpose, a precise clock and clock en-
coder were located at the TV transmitter and clock decoders and television
receivers were placed at remote locations where precise time transfers
were to be made.

In this active system, real time transfers can be made provided that:

o Clock and clock encoder are available at the TV transmitter.
° Clock decoders are placed at time monitoring sites.
° Actual time transmissions are secured.

' 1) A "portion" of the video transmission must be available
for insertion of the time information.

' 1) FCC authorization is required.
3.0 DESCRIPTION OF THE REAL TIME SYNCHRONIZATION TRANSFER METHOD

A passive method for real time transfer via television transmissions
has been conceived and proposed by the USNO. This method can be used to
set clocks at remote locations, independently, and in an absolute sense, to
within a few nanoseconds of a reference clock.

The technique consists of time positioning the video transmissions
from a TV station such that certain television horizontal pulses are trans-
mitted in synchronization with particular seconds of a UTC scale referenced
to the U.S. Naval Observatory Master Clock.

By stabilizing the 3.579545 megahertz TV color subcarrier frequency of
a TV transmitter and by phase shifting it, it is possible to synchronize the
TV transmissions by forcing a coincidence between an emitted horizontal
line (line 10 odd was selected as a reference time marker to keep it com-
patible with existing receiving equipment) and a one-second pulse from a
reference clock (the USNO MC itself was selected for this purpose). This
subcarrier frequency is also used to maintain proper timing of the horizontal

and vertical pulses.
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Because of the unique TV frame repetition rate, this coincidence for
the U.S. television system (33.36666666...ms), will occur every 1001
seconds exactly (16M 418) . By establishing an arbitrary time of coincidence,
it is possible to calculate the dates (times) at which subsequent coinci-
dences will occur between one pulse per second time marks from the USNO
Master Clock and the emitted odd horizontal line 10. Such times of coin-
cidence have been computed by assuming an initial coincidence at 0000 UT
1 January 1958 and are given for the second half of the year 1971 in the
appendix as "Time of Coincidence (TOC) Ephemeris Reference Tables for
Television Transmissions Synchronized to the USNO Master Clock." These
tables have the same format as those presently used for Loran-C. Table 1*
gives the first TV line 10 odd TOC for each day in hours, minutes, and
seconds. Table 2 gives all relative TOC's in a day -- in hours, minutes,
and seconds. By adding the relative TOC's (Table 2) to the first TOC of
any day (Table 1), one obtains the absolute TOC's for that day. Table 3
gives the time differences for every second of the time interval between
the relative TOC's of Table 2 (1001 seconds) and the subsequent TV odd
line 10 pulse.

A clock located near a local television stations, whose transmissions
are disciplined to the USNO Master Clock, can be set to or accurately
measured against the reference clock by using the TOC tables. The proce-
dure involved is similar to the one used for the synchronization of clocks
via the Loran-C system.

° A knowledge of the geographical location of the clock relative

to the TV transmitting antenna is necessary in order to compute

the propagation time delay. This delay can also be determined

initially by transport of clocks.

* Tables 1, 2 and 3 are located in the appendix.
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The clock time must be set or known to within 16 milliseconds
(half of the TV frame period). This can be done by using the
HF standard time signal transmissions from CHU, WWV, NSS,

etc.

Using the receiving system shown in Figure 3, the procedure listed

below should be followed:

1.

Take a series of measurements during a synchronized period of

TV transmissions, recording:

(@) The time differences between the one-second pulse from
the local clock and the received horizontal line 10 odd
pulse (output of the line 10 pulse discriminator).

(b) The dates (times) at which those readings are taken.

Using the TOC tables (see appendix), reduce the data as shown

in the example below:

Example: Let the local clock be a clock (Clock A) located at a
monitoring station A. Suppose measurements are taken on 21

October 1971.

(a) From the measurements: (e.g., as printed by a line printer)

Hr. Min. Sec. us

16 51 17 9121.25
16 51 16 8121.24
16 51 15 7121.26
16 51 14 6121.25
16 51 13 5121.25

(b) From the TOC Tables:

M S

From Table 1 OI-I 11 48

From Table 2 + 16H 24M 19S

Time of last coincidence: 16 36M 7S
-337-
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Selecting arbitrarily the measurement taken at

16H 511\/I 148, one calculates the time which has elapsed

between that measurement and the last coincidence:
16H SINI 14S

- 167 3eM 48

15M 7s

From Table 3 one finds that 15M 7S corresponds to
6,100.000 us.

This means that the first horizontal line 10 odd

S
pulse following 161-I SIM 14~ was transmitted on 21

October 1971 at 16H_ 511\/I 148.006100000, (or
6,100.000 us after the 14th second). That very same
horizontal line was received at 161—I SlM 14S.00612 125

(or 6,121.25 ps after the 14th second).

Assume that the propagation time for the path
between the transmitting antenna of the TV station and
the TV receiving antenna at the Monitoring Station A is
18.00 its. One finds, by subtraction, tl;at Clock A was
in error with respect to the TV transmissions by:
(6121.25/4;5 - 18.00‘},&5) - 6100.00/113 = 3.25’,us.

This can be expressed as follows:

<o

ey
-

ary
“n

rp

e
=

At 1651 UT 21 October 1971, UTC (Clock A) - UTC (TV) =3.25 s.

4.0 EXPERIMENT

On 23 September 1971, the U.S. Naval Observatory installed an instru-
mentation systems, which was conceived and assembled at the Observatory,
in the master TV control room of the local Metromedia station WTTG (Channel
5). A cesium portable clock set to the USNO Master Clock was carried to

the TV studio at this time.
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This system was set up as shown in Figure 4. All instruments were
connected to a 24-hour service powér source. The digital clock
was synchronized to the USNO MC via the cesium portable clock. The
3.579545 megahertz frequency output of the synthesizer was phase shifted so
that the time difference between the 1 pps from the digital clock and the
emitted horizontal line 10 odd pulse output of the TV discriminator agreed
with the values listed in the TV TOC tables (see appendix).

The video transmissions, thus synchronized at the TV studio by using
the TOC tables, were checked at the U.S. Naval Observatory by measuring
the time of arrival of the same horizontal line. No attempt was made at
that time to accurately set the video emissions from WTTG to the U.S.
Naval Observatory Master Clock. This could have been done by applying
necessary corrections for all instrumentation delays.

The daily time differences between the USNO Master Clock and the
WTTG emitted horizontal line 10 (bdd frame) are listed in Table I and
plotted in Figure 5. Some daily measurements were made during live trans-
missions and others during film transmissions. Transmitter delays were
measured to vary by about 0.5 microsecond when programs were switched
between those two sources. This and the fact that daily measurements
recorded were not from averaged readings, accounts for the large variations
shown on the graph (Figure 5). Precautions can easily be taken during
measurements to prevent this from happening. The path delay at the
transmitter, between the oscillator and the transmitting antenna will be
kept constant by using the automatic line of instrumentation proposed below.

Note: The oscillator was free running during the period of the
experiment. No corrections were applied to the phase of the 3. 57945 megahertz
synthesized frequency nor were any corrections applied to the frequency

or the phase of the oscillator.
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Table I. DAILY TIME DIFFERENCES
UTC (USNO MC) - UTC (WTTG)*

DATE 1971 UTC (USNO MC) - UTC (WTTG) *
SEPTEMBER 28 3,22 us
29 3.15
30 3.18
OCTOBER 1 3,18
2
3
4 3. 80
5 3.65
6 3.24
7 3.60
8 3.13
9
10
11
12 3,00
13 2,86
14 2,80
15 2,82
16
17
18 2.86
19 2,84
20 2,72
21 2,71
22 2,71
23
24
25
26 2.69
27 2,63
28 2.10
29 2,56
30
31
NOVEMBER 1 2,73
2 2,63
3 2.49
4 2,48
5 2.24
6
7

* UTC (WTTQG) is the emitted odd horizontal line 10 of phase controlled
transmissions from WTITG.
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5.0 EQUIPMENT USED FOR THE EXPERIMENT

5.1 TV Transmitter (WTTG)

The equipment installed by the USNO in the WTTG TV control
room consists of a cesium oscillator and digital clock, a digital phase
shifter and TV subcarrier frequency synthesizer, a time interval counter,
and a TV receiver and line 10 pulse discriminator (see Figure 6).

The five megahertz output of the cesium oscillator is connected to
the input of the synthesizer and digital phase shifter unit which generates
the 3.579545 megahertz color subcarrier frequency for the TV transmitter.
The TV receiver and line 10 pulse discriminator monitor the TV transmissions
and generate a pulse every odd horizontal line 10 transmitted. This pulse
is compared every second to the output of the clock on the time interval

counter,

A completely automatic line of instrumentation could be developed for
use at the TV transmitter. Presently, by using the system installed by the
USNO, approximately 50 percent of all transmissions from WTTG are phase-
controlled, such that the video is transmitted on time with respect to the
USNO MC by positioning line‘10 as explained above. That percentage could
be increased substantially, however, by installing in the TV studio a phase
shifter which could automatically correct the phase of the subcarrier fre-
quency when video transmissions step away from the synchronized position.
Certain sources of programs will generate this condition. A prototype for
an automatic phase detector, phase shifter, and video positioner is pre-

sently being developed and should be evaluated in the next few months.

5.2 Monitoring Site (U.S. Naval Observatory)

The instrumentation system at the USNO consists of a TV

receiver and line 10 pulse discriminator, a time interval counter, and a
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Figure 6.

EQUIPMENT AT TELEVISION TRANSMITTING STUDIO
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printer., The TV receiver and line 10 pulse discriminator monitors the TV
transmissions and generates a pulse every odd horizontal line 10 received.
This pulse can be compared at any second to the output of the USNO Master
Clock and the time of arrival of this TV reference pulse is read on the time
interval counter (see Figure 7).

Similarly, improved TV time receiving systems can be built to give
a direct presentation of the time difference in microseconds between a local
clock and a "TV transmitter clock." This can be done by compensating for
the propagation delays and by normalizing one of the clocks to the other,
such that their respective time marks can be compared on a time interval
counter to give an actual display of the time difference between the two
clocks. A prototype of such an apparatus is also being developed for

evaluation.
6.0 CONTROL OF TRANSMISSIONS BY A REFERENCE CLOCK

The correct time position of the video transmissions can be secured
by a monitor station having the reference clock for the system. In the
Washington, D.C. area, the USNO is that control station and the reference
clock to the TV transmitter is the USNO Master Clock (see Figure 8).

As long as the clock and phase control equipment installed at the
TV station performs normally, the only parameter which may have to be
adjusted is the frequency of the oscillator located at the TV studio. The
effective frequency of this oscillator must be the same as the frequency
of the reference clock (USNO MC). Any frequency offset of the TV oscilla-
tor from this clock will cause the position of the video transmissions to
shift slowly away from it. A time agreement between the TV and USNO
clocks can be secured by issuing to the station minute periodic phase step
corrections which will be computed at the USNO. This could be accom-
plished automatically by installing at the TV studio a programmable micro-

phase stepper, the rate of which will be controlled by the USNO (see
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Figure 9). Incidentally, such an apparatus is commercially available to
give programmable phase corrections at an average rate as small as ten
femtoseconds/sec (0.000000010 microseconds/sec). Also, a "disciplined
oscillator" could replace the cesium oscillator installed at the TV studio,

thus effecting a consequent cost reduction.
7.0 EXTENDED COVERAGE

Any timing system located within the reception area of time-controlled
TV transmissions emitted from a local TV station can, of course, be syn-
chronized using the method described above.

A large number of time-controlled TV transmissions could be set up
over the continental United States simply by installing at the TV transmitter
similar types of equipment as shown in Figure 9. The major problem would
be to keep all clock systems installed at the TV studios on time and on
frequency with the reference clock. Howewver, this could be implemented in
many cases by the stations linking together (line-of-sight or microwave
link) to keep their local oscillator and clock synchronized to each other,
or by installing precise time standards which could be "visited" periodically
to keep the offset (time and'frequency) within acceptable limits. These
"visits" could be done by portable clocks, fly-over techniques, satellite
time transfers, Loran-C, and others.

It is possible and could be proposed to link the East Coast and West
Coast U.S. TV stations to the USNO Master Clock via the SATCOM system.
Time transfer with submicrosecond accuracy is presently and routinely being
done between the SATCOM terminals located in Brandywine, Maryland; Camp
Roberts, California; and others. Since the USNO has access to this SATCOM
network through the Brandywine terminal, the system could be configured as
shown in Figure 10. Selected TV stations located in Guam, Hawaii, the
Philippines, Alaska, etc. could be linked to the USNO Master Clock simply

and economically by using the same approach.
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8.0 APPLICATIONS

Numerous applications could be found and implemented if accurate
time and frequency could be obtained easily and inexpensively from the
transmissions of existing TV stations. This could be the case, if the
method of video phase-control described were to be used to discipline key
TV transmissions.

Some of these applications could certainly be found in the fields of
precise navigation, traffic control and transportation, collision avoidance
systems, real time computer systems, geodesy, the TV industry, and high

speed communications, just to name a few.

9.0 CONCLUSION

The method presented herein introduces a new approach to the use of

existing television transmissions for PTTI applications. It is a system

which:

° Permits real time transfer to be made independently to sub-
microsecond accuracy

° Does not require any special TV transmissions (channel capacity)

) Improves stability of TV emissions

° Does not require special licensing

® Is simple to use

° Could be developed into the most economical system available
for real time applications

® Is compatible with existing receiving equipment

A summary of the characteristics of the three TV transfer methods is

discussed in Figure 11.
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APPENDIX

26 August 1971

Time of Coincidence (TOC) ephemeris Reference tables for Television
Transmissions synchronized to the USNO Master Clock.

1. INTRODUCTION:

Some Video transmissions are time positioned such that certain
Television horizontal pulses - identified as line 10 odd - are transmitted
in synchronization with particular seconds of a UTC scale referenced to
the U, S. Naval Observatory Master Clock.

2. DISCUSSION:

The times of coincidence of TV line 10 odd pulses with second pulses
of the U. S. Naval Observatory Master Clock are found for each day by
adding the values given in Table 2 to the values given in Table 1.

Table 1 gives the first TV line 10 odd TOC for each day in hours,
minutes and seconds.

Table 2 gives all relative TOC's in a day in hours, minutes and seconds.

By adding the relative TOC's (Table 2) to the first TOC of any
selected day (Table 1) one obtains the absolute TOC's for the day.

Example 1:

Assume that an operator monitoring a Television transmission desires
to make a synchronization check between the station clock and the TV
synchronized transmissions at about 1930 UT 19 September 1971.

From Table 2, the values near 1930 UT are:

H M S
19 11 09
19 27 50
19 44 31

These values added to the value from Table 1 listed for the 19
September 1971:

H M S
00 12 26
-355~



give the times of coincidence between the beginning of TV line 10 odd pulses
and U. S. Naval Observatory Master Clock one-pulse-per-second, namely:

H M S
19 23 35
19 40 16
19 56 57

Table 3 gives the time differences between every second of the time
interval between the relative TOC's of Table 2 (1001 seconds) and the
subsequent TV line 10 odd pulse.

Between the times of coincidence as given by Tables 1 and 2, the
time difference between any one-pulse-per-second of the U. S, Naval
Observatory Master Clock and the immediately following line 10 odd pulse
of a synchronized TV transmission can be determined by using Table 3.

Example 2:

Assume that such a time difference is required at 19h 30™ 00° UT on 19
Segtember 1971. For Tables 1 and 2 we found that the last TOC occurred at
19" 23" 35° (see example 1). Therefore, the time at which the time
measurement is required occurs 6M 25 sec after that last TOC.

From Table 3 we note that the value corresponding to 6 minutes
25 seconds is 17966.667 micrﬁseconds Therefore, the TV line 10 odd pulse
immediately following the 19 30™ 00° UT one-pulse-per-second of the
U. S. Naval Obseryatory Master Clock on 19 September 1971 will be

transmitted at 19" 30" 0.017966667 sec.
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TABLE 1 o
FIRST TOC FOR EACH DAY it

TIMES CF COINCIDENCE (NULL) EPHEMERIS

TELEVISION LINE 10 ODD SYNC
33,366.666 MICROSECONDS/PERIOD

BATE  TIME DATE  TIME DATE  TINE
1971, H M _§ 1971, H M S 1571 H M S
OCT 1 0 16 22 NOV1 0 417 DEC1 014 7
2 011 8 2 0 15 44 20 653
3 0 5 54 3 0 10 30 3 ¢ 339
0 0 4C Z ¢ 516 T ¢ 15 6
5 012 1 5 0 0 2 5 C 9 52
60 653 & 0 IT 29 € T 438 "
7 0 139 7 0 615 7 016 5
8§ 013 & g8 0 1 1 8 € 10 51 -
9 0 752 9 0 12 28 9 ¢ 5 37 )
T0 0 2 38 16 ¢ 7 14 ic © ¢ 23
11 0 14 5 11 0 2 0 11 C 11 50
120 8 51 12 ¢ 13 27 120 6 36 o
13 0 3 37 13 0 813 13 0 122
14 0 15 4 156 2 59 14 0 12 49 )
15 0 9 50 15 0 14 26 15 0 7 35 .
T6 0 & 36 I6 0 9 12 16 0 2 21
17 016 3 17 0 3 58 17 C 13 48
I8 0 10 49 I 0 15 25 16 0 8 34 T
19 0 5 35 1S € 10 11 19 0 3 2¢
20 0 021 2C G 4 57 20 0 14 47 -
21 0 11 48 21 0 16 24 21 0 9 33 )
22 0 6 34 72z 0 11 10 72 ¢ 419 -
23 0 1 20 23 C 5 56 23 0 15 46
240 1247 24 0 0 42 24 0 10 32 T
25 0 7 33 5 012 9 25 ¢ 518
260 2 19 26 0 6 55 26 € 0 & 7
27 0 13 46 27 0 1 41 27 C 11 31
28 0 8 32 728 0 13 8 78 0 6 17
29 0 318 29 0 7 54 25 0 1 3
30 0 14 45 30 0 2 40 30 01230 T -
31 0 9 31 31 0 716
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TABLE 1
FIRST TOC FOR EACH DAY

TIMES OF CUINCIDENCE (NULL) EPHEMERIS
TELEVISION LINE 10 0ODD SYNC
33,666,666 MICROSECONDS/PERIOD

DATE TIME DATE TIME DATE TIVE
1972 H M 5§ 1972 H M S 1972 H M S
Jan 1 ¢ 2 2 FEB 1 O 6 38 MAR 1 0 5 1
¢ 0 13 25 2 0 1 24 2 0 16 28
3 0 8 15 3 012 51 3 011 14
4 0 3 1 4 0 7 37 4 0 6 O
5 0 14 28 5 0 2 23 5 0 0 46
6 0 9 14 6 0 13 5¢C 6 0 12 13
7 0 4 G 7 0 8 36 7 G ¢ 59
8 O 15 27 8§ 0 3 22 8 0 1 45
5 0 10 13 9 0 14 49 g 013 12
10 0 4 589 10 C 9 135 10 6 7 58
11 € 16 26 11 ¢ 4 21 11 C 2 44
12z 211 12 12 0 15 438 12 0 14 11
13 0 5 58 13 0 10 34 13 C 8 57
14 0O 0 44 14 0 5 2C 14 C 3 43
15 0 12 11 15> ¢ 0 6 15 0 15 10
16 0 6 b7 16 © 11 33 16 0 9 56
17 0 1 43 177 ¢ 6 19 17 0 4 42
is O 13 1C 18 ¢ 1 5 18 0 16 9
19 0 7 5o 19 0 12 32 16 0O 10 55
L0 0 2 42 20 C 7 18 20 0 5 41
21 0 14 9 21 0 2 4 2t 0 0 27
22 0 38 55 22 0 13 31 22 0 11 54
23 0 3 4] 23 0 8 17 23 C 6 40
24 0 15 8 24 & 3 3 24 0 1 26
25 0 9 54 25 0 14 30 25 0 12 53
26 0 4 4¢C 26 0 9 16 26 0 7 39
27 0 16 7 27 C 4 2 21 0 2 25
28 0 10 53 28 0 15 29 28 0 13 52
29 0 5 39 29 0 10 15 29 0 8 38
36 0 0 25 36 0 3 24
31 0 11 52 31 O 14 51
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CAT
191

APR

E
P

WX~ NP W N

TIMES DF COINCIDENCE

I IME

H

M

9
4
15
10
5
0
11
6
1
12
7
2
13
8
3
14
9
4
15
10
5
lo
11
6
0
12
7
1
13
8

FIRST TOC FOR EACH DAY

TABLE 1

{NULL)

EPHEMERIS

TELEVISION LINE 10 0OCD SYNC
33,666.666

S

37
Z3
50
36
22

8
35
21

7
34
2GC

6
33
19

5
32
18

4
31
17

3
30
1€

2
48
15

1
47
14

0

DAT
197

MAY

MICROSECONDS/PERIOD
E TIME DATE
2 H M S 1972
1 0 2 46 JUN 1
2 0 14 13 2
3 0 8 59 3
4 0 3 45 4
5 0 15 12 5
6 0 9 58 6
7 0 4 44 7
8 016 11 8
9 0 10 57 S
10 C 5 43 10
11 0 0 29 11
12 0 11 56 12
13 ¢ 6 42 13
14 ¢ 1 28 14
15 0 12 55 15
16 0 7 41 1¢
17 0 2 27 17
18 0 13 54 18
19 0 8 40U 19
20 0 3 26 2¢
21 0 14 53 21
22 0 9 39 22
23 C 4 25 23
24 0 15 52 24
25 0 10 38 25
26 C 5 24 26
27 0 0 1C 21
26 0 11 37 28
29 0 6 23 26
36 0 1 9 30
31 0 12 36
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o

22

35
21

34
20

33
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32
18

59
L7

49
16
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47
14
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13
9
45
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<
o
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<
L
e
e
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TIMES CF COTINCICENCE (NUULY EPHEMERTS

1333664666 MICROSECONDS/PERION_

TABLE 2

ALL TOC'S IN A DAY

TELEVISICN LTINE 10 CDO SYNC

H M°§ RS K
6 ¢ ¢ 11 7 20 22 14 45
0 16 41 11 24 1 22 31
O3IFT 22T 4042 T 22758
050 3 11 57 23 23
1 6 44 121473 23
1 23 25 12 30 45 23
1 40 6 T2 RTIE T 23
1 56 47 13 4 7
B - N-J: 1320 48
2 30 9 13 37 29
2 46 50 7 TUTIIBEICTT -
3 3 3] 14 10 51
3 2017 14 2T 32 T
3 36 53 14 44 13
T T 3EYIL T 15 0 54 -
4 10 15 15 17 35
4776756 CTTTTIS 3G 16 T TTTTTTIOUT
4 43 37 15 50 57
T T T sTOIR T 16 7 38
5 16 59 16 24 19
. 33340 T 16410 -
5 50 21 16 57 41
Y S S M 17 14 22 o
6 23 43 17 31 3
Y Y ¥ ¢ B X A 17 47 44 T - B
6 57 5 18 4 25
T 1346 5 21 ¢ I —
7 30 27 18 37 47
S A Y - 1854 28 - .
8 3 49 19 11 9
T 20 30 19 27 50 T
8 37 11 19 44 31
353 57 75 T 12
9 10 33 2¢ 17 53
3 27 14 7034 34 i
9 43 55 2C 51 15
I3 0 36 2T T 56 B
10 17 17 21 24 37
10 33 58 21 41 18
1050 3% 2T 57 59 T
-360-
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TABLE 3
INTERPOLATIONS FOR ALL SECONDS BETWEEN TOC'S

TELEVISION LINE 10 ODD SYNC

1an

M S ;%pS)

¢ 1 1000.000

T 0 Z Z000.000

0 } 3OUU-OUV

T 0%
0 5 5000 OOU
T & 6000.000
0 7 70030.000

0 9 900C.000

U IJ T005T3.000

0 11 11000.000

__ ¥ S‘ 4%,5)

M S A;!S)

M S #&S)

0 51 17633.333
0 53 19633.333

0 55 21633 333

0 57 23633.333
0 59 25633.333
1 1 27633-333

1 41 900.000
1 43 2900.000

1 45 4900.000
1 47 6900.000
1 49 8900.0G0

1 51 10960.000

0 18 TBTTU.00D
0 20

0 12 12000.000
J 13 13000.000

0 15 1500¢.000

J 17 1703G.000

T 0 T4 T&0UTU.000 T
T 0 18 T&UOT.O0T

1l 2 28633.333

1 3 29633.333 _

1 7 266.667

1 5 31633.333

1 o
1 53 12900.000

1 55 14900.000

1 57 16900.000

0 19 19000000

0 21 2100C.000

T B 1266.6687
1 9 2266.667

Z0U05.007 "7 T 10  3285.667

1 11 42664667

0 22°2Z000. 300

QO 23 23000.000

T 1Z 52566.667 Z ¢ 21I900.000 252 T5166.88T7

1 13 6266.6617

J 24 Z4000.000
0 25 25000.000

0 27 2700C.000

0 29 2900u.000

1 14 7266.6
1 15 8266.667

T 0 256 7760C0.000 I I 9256.%

1 17 10266.667

1 .
1 59 18900.000

2 1 20900.000
2 3 2290G.000
2 5 249CC.000

2 71 26900.000

o 30 30000.000
0 31 3160J.000

2 31 17533.333

L]
2 33 19533,333
2 35 21533.333

2 37 23533,.333

T 8 800C.000 ~ U 58 2Z&5633.333 I &9 T1900.000 ~ Z 38 2&533.333

2 39 25533,333

2 41 27533.333
2 &3 29533.333
2 45 31533,.,333

2 &7 166.667

2 49 2166.667

2 51 4166.667
2 53 6166.6617
2 55 8166.667

2 57 10166.667

0 28 2800C.000 I 18 IT2586.486T7T 2 B 27900.000 2 58 II1&6.687

G 32 22000.000
0 33 33750C.000

0 35 1633.333

0 356 Z633.333
0 37 3633.333

C 39 5633.333

70 38 4633.333

770 40 68633.333

0 41 17633.,333
0 42 8633,333
U043 9633.333
O 44 10633.333

0O 45 116335,
0 46 12633.333

Q) 48 14633,.333

9 50 16633,333

70749 15633.333 7

1 34 27266.667

1l 36 29266.667

1 38 312664667

2 24 10533.333
2 26 12533 333

2 28 14533.333

© 1739 32266.887

1 40 33266.667

2729 15533.333 T 19 32166.66T
3 20 33166.667

2 30 16533.333

1 19 12266.667 2 9 28900.000 2 59.12166.6617
1 20 1372856.5087 2 10 . -
1 21 14266.667 2 11 3090C.000 3 1 14166.667
1T 22 152556.887 2 12 31900.000 3 2 I5166.587
1 23 162664667 2 13 32900.000 3 3 16166.667
033,333 T 2% 1T266.,5687 2 14 533.333 3 4 IT166.867
1 25 182664667 2 15 1533.333 3 5 18166.667
T 25 192556,.887 & 16 £533.333 3 6 19166.0607
1 27 202664667 2 17 3533,.333 3 7 20166.667
1 28 21266.6867 2 187 &2533.,333° 7 3 B ZI166.66T7
1 29 22266.667 2 19 5533.,333 3 9 22166.6617
1 30 Z23266.,56867 2 20 8533.333 3 10 23T1586.687
1 31 24266.667 2 21 7533.333 3 11 24166.667
1 32 25266.667 2 22 8533.,333 3 12 25166.667
I 33 26266667 T2 23779533.333 77 T 13 28T66.667

3 14 271664667

«66
3 L6 29166.667

0 47 13633,.333 "1 '37 30266.6567T 2 27 I3533.333 F 17 30188667

3 18 311664667
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TABLE 3

INTERPOLATIONS FOR ALL SECONDS BETWEEN TOC'S

M S L)

321 800000
T 322 'TBOT.OVO

3 23 2800.00¢
T3 Z4773800.00C

3 25 4800.000

3 27 6800.00u
328 T1800.000
3 29 88GH.CO00
3 30 9803.000
3 31 1080C.00v.

.00 "7

3 33 128U0.0CG
T334 1IB00L00G
3 35 14800.009

T 3 36I5BTT.000
3 37 1680..009
T3 38 TYB0CLACY
3 39 1880C.0Ce

3 40 I98B00.203

3 41 20800L.00)

3 42 21800.0D2

3 43 2280Ce00u
23830030y

3 45 248GL.099

T 3 46 7Z5BUL.D0O
3 47 26800.300

TELEVISION LINE 10 ODD SYNC

33,356.666 MICROSECONDS/PERTOD
M S (uS) M S (aS) M S (xS)

Ny 4 i’ 4

4 11 17433.333 5 1  700.000 5 51 17333.333
T . . .

4 13 19433,.333 5 3 2700000 5 53 19333,333
4T .

4 15 21433.,333

R € .

4 17 23433,333
& < .
4 19 25433.333

4 21 27433,333
4 23 29433.333

K -
4 25 31433.333

5 & 4700:000
S 7 6700:000
5 9 8100:000
5 11 10700.000

5 13 12700.000
5 15 14700.000

5 55 21333.333
5 57 23333.333

5 59 25333.333

&0 726433.333 5 10 9700.000 & 0 26333.333

6 1 27333.333

6 3 29333.333
6 5 31333.333

" 477267 32433.333 5 16 1I5700.000 & & 32333.333
4 27 66.667 5 17 16700.000 6 7 33333.333
7’_ L ] - - -
4 29 2066.667 5 19 18700000 6 9 1966.667
& - . 66T
4 31 4066.66T7 . 5 Z1 20700.000 6 11 3966.667
4 3 66, - <6671
4 33 6J066.667 5 23 22700.000 6 13 5966.667
- < 68T

4 35 80664667

5 25 24700.00C0

6 15 T7966.667

‘4§ 36 9U66.687
4 37 10066.667

5 26 25700.0G0
5 27 26700000

6 16 U8986.5667
6 17 9966.667

3 48 Z7B0C.O00 "4 38 T1066.667 . <087

3 49 28800.00D 4 39 120664667 5 29 28790.000 6 19 11966.067
T 350 29807000 T & &0 13066.667 T 3C 29705.000 6 20 12966.667

3 51 3080C.000 4 41 140664667 5 31 30700.000 6 21 139664667

352 318CC.T000 "~ & &2 I5UE6.667 5 32 31700.000 6 22 14966.567

3 53 32800L.000 4 43 16066.667 5 33 327090.0C0 6 23 159664667
TTYS%T TTL3I3.IIE L 44 [1066.667 5 3% 333.373 6 2% 18966.667

3 55 1433.,333 4 45 1B8066.667 S 35 1333.333 6 25 179664667

3586 74337333 % 46 19066.667 5 36 2333.333 & 26 1BIGG.66T

3 57 3433,333 4 47 2006646617 5 37 3333,333 6 27 199664667
T3 58 3433,333° T4 4B J2IU66.667 5 38 %333.333 6 28 20966.667

3 59 5433,333 4 49 220664667 5 39 5333,31313 6 29 21966.667
TTHTTT 6433.333 & 50 Z3066.667 T 5 40 6333.333 630 22966.667

4 1 7433.,333 4 51 240664667 5 41 7333.333 6 31 23966.667

4 2 8433,333 4 52 25066.6617 5 42 8333.333 6 32 24966.667

4 3 9433,333 & 53 260L866.6867 5 43 T 9333,333 6 33 25966.667

4 4 106433,333 4 54 270664667 5 44 10333,333 6 34 26966.667
T & 57114373, . - 6 66 B

4 6 12433,.333

4 56 29066.667

5 46 12333.333

6 36 28966.667

& T 134330333 % 57 300664667 5 4T 13333.33F & 37 2996B.66T

4 B8 14433,333

4 58 310664667

5 48 14333,333

6 38 30966.667

& 9 15%33,33377 T4 59 32066.667 5 49 15333.333 6 39 319664667

4 10 16433.333

5 0 33066667

5 50 16333,333

6 40 329664667
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INTERPOLATIONS FOR ALL SECONDS BETWEEN TOC'S

TABLE 3

TELEVISION LINE 10 0DD SYNC

- T 733,366, S/PERIND  —
M S (125) M S (LS) M S (1aS) M S (e S)
s A # >
6 41 600.000 7 31 17233.333 8 21 506 .00¢ 9 1i 17133.333
& 42 1600.000 T 32 18233.333 8 2Z I5Ch.000 7912 18133.333
6 43 2660.,000 7 33 19233.333 8 23 2353504000 9 13 19133.333
T8 44 3600.000 7 3% 20233.333 8 24 3507.C3) 9 1% 20133.333
6 45 4600.000 7 35 21233.333 8 25 45C0.00< 9 15 21133.333
6 46 5600.000 T 36 22233.333 8 26 55h.0C0 g 16 22133.33%
6 47 6600.000 7 37 23233.3133 8 27 6503.0C0 9 17 23133.333
" TII?”"”TF?B_“7FUU‘*UU T T8 7%133.333
6 49 8600.000 7 39 25233.333 8 29 B850C.300 9 19 :5133,.333
5 50 9600.000 T 40 26233.333 8 30 9500000 7 9 70 26133.333
6 51 10600.000 7 41 27233.333 8 31 105030.0C0 9 21 27133.333
% 52 11600.000 T 42 28233.333 8 37 TI500.0C0 9 22 28133.333%
6 53 12600.000 7 43 29233.333 8 33 12500.,003 9 23 29133,333
6 5% 13600.000 . T8 3% 13500.,000 9 24 30133.333
6 55 14600.000 7 45 31233.333 8 35 14500.000 9 25 31133.333%
6 56 15600.000 T 46 372233.333 8 36 15500.000 9 76 32133.333
6 57 1660C.000 7 47 33233.,333 8 37 165004000 9 27 33133.333
5 58 1760C.000 T 48 Bb6.657 8 38 [1500.000 9 28 7 T&h.687
6 59 18600.000 7 49 1866.667 8 39 18500.0C0 9 29 1766.667
T T 0 I9600.000 "7 50 2B66.667 ~ 8 %0 1I9500.000 "9 37 276b.5567
7 1 20600.000 7 51 3866.667 8 41 2050C.00C0 9 31 3766.667
T 2 21600.000 7 52 4866.667 8 42 21500.000 §7I2 LTEL .61
7 3 22600.000 7 53 58664667 8 43 22500.C00 9 33 5766.667
T & 23560C.000 T 54 6866.667 o 8 34 6T€b.5867
T S5 24600.000 T 55 7866.667 8 45 24500.CC0 9 35 T766.667
T & Z25800.000 T 56 B8B866.6867 B 46 25500.0C0 ~ 9 36 876b.utT
7 7 26600.000 7 57  9866.667 8 47 26500.000 9 37 9766.667
. 10866.667 - 9 IR 13T66.667
T 9 28600003 7 59 118664667 8 49 28500.000 9 39 117¢6.661
T 10 29600.000 B T 123566.667 8 50 29500000 ° 9 G0 12766.687
7 11 30600.000 8 1 13866.667 8 51 30500.3C0 9 41 137¢6.667
. . . 9 47 147¢6.667
7 13 326006.000 8 3 15866.667 8 53 32500.000 9 43 15766.6617
T 1% 233,333 T B 4 16B66.667T 8 54  I33.337 7 I 44 16T166.66T
T 15 1233.,333 8 5 17866.667 8 55 1133.333 9 45 1T766.667
T 15 2233.333 B 6 IBB66.5667 B 56 2I133.333 9788 18766.8567
7 17 3233,.333 8 T 198664667 8 57T 3133,333 9 47 197¢6.667
TV I8 4233.3337 8 B Z0866.867 B 58 &TIILIIT T 9 4B 20T66.667
7 19 5233.333 8 9 21866.667 8 59 5133.333 9 49 21766.667
- . T B IU ZZB86.6867T T 9 U BITFILIIT T 9 57 22TEbLEET
7 21 7233.333 8 11 23866.667 9 1 7133.333 9 51 23766.067
7 22 8233.333 8 12 248664667 9 2 8133.333 9 52 26766.667
TTTY 23 9233.333 B I3 25886587 9 T3 TYIITLIIT T 9 5F 257664667
7 24 10233.333 B 14 268664667 9 4 10133.333 9 4 26766.667
. - BS5 2TT86.66T
T 26 12233.333 8 16 28866.667 9 6 12133.333 9 56 28T66.06617
. . . KT 2976b6.6617
T 28 14233,333 8 18 30866.667 9 8 14133.333 9 58 30766.667
. Y -1-Y A 9 "9 15133.333 9 59 31766.667
7 30 16233,333 8 20 32866.667 9 10 16133,333 1« 32766.667
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TABLE 3
INTERPOLATIONS FOR ALL SECONDS BETWEEN TOC'S

TELEVISION LINE 10 0ODD SYNC

33,366,666 MICROSECONDS/PERTOD

M S es) M S (nS) M S (mS) M_ S (hS)
ST 7 / [ 7
10 1 400.C00 10 51 17033.333 11 41 300.000 12 31 16933.333
1T TZT400.000 TI0°52 18033.333  IT . <337
10 3 2400.000 10 53 19033.333 11 43 2300.000 12 33 18933.333
137787 IR00LG00 T . - . S333
10 5 4400.000 10 55 21033.333 11 45 4300.0C0 12 35 20933.333
T ITTE T 5%00.000 10 56 22033.333 11 46 5300.000 12 36 21933.333
10 7 6400.000 10 57 23033.333 11 47 6300.000 12 37 22933.333
TTTI0 87TR00.009 TIC EER <00t .
10 9 8400.000 10 59 25033.333 11 49 8300.000 12 39 24933.333
T I0 10 940T.000 IT .

10 11 17406GC.000
TTICTT27114DT.T00
10 13 12496.000
TTI0 T4 13405.000
10 15 14405.000

T

11 1 27033.333

11 3 29033.333
1 .
11 5 31033.333

11 51 10300.000
11 53 1230C.000

11 55 14300.000

12 41 26933.333
12 43 28933.333
12 45 30933.333

TTTI0OTE 1540u.000 1176 32033.333 IT 56 15300.7C0 6 .

10 17 1640C.000 11 7 33033.333 11 57 16300.000 12 47 32933.333
TUTO I8 TT405.0007 TIT 8 666.667 11 58 17300.000 12 48 266.667

10 19 134J0.000 11 9 1666.667 11 59 183006.000 12 49 1566.667
TTULOTZC19430.000 . o 2566.667

10 21 2040..00) 11 1L 36664667 12 1 20300.000 12 51 3566.667
TUUI0T 22 21482,005 4 o . 1252 4566.667

10 23 226CU.000 11 13 5666.667 12 3 22390.C00 12 53 5566.667
T 10 2% Z3%0u0000 o ol . T

10 25 2440C.000 11 15 7666.667 12 5 24300.000 12 55 7566.667
TUTIDTZE 25403003 TIT TE B66E.66T 12 6 25300.000 0 12 56 B566.657

10 27 264004020 11 17 96664667 12 7 26300.0060 12 57 9566.667
TTTTITO 28 2740TJ0007 TI1T 1B 10666.667 12 8 2T1300.000 1258 10566.667

10 29 2840C.000
T TI0 30779400000 T
10 31 3040C.00J

TTT0 32 3140G.000

10 33 32400.000

11 19 11666.667

12 9 28300 000

11 21 13666 667

11 23 156664667

12 11 303C0.C00

12 13 32300.000

12 59 11566.667

13 1 135664667

“Z 14566.,667T

13 3 15566.667

I0 34~ 7330333 11 Z&4 156666.5687 IZ 14 33300.0C0 [T 2 155556.667
10 35 1033.333 11 25 17666.667 12 15 933,333 i3 5 17566.667
1D 36 V324333 1T 26 18666.667 12 16 "1933.333 13~ 6 18566.6567
10 37 3033.333 11 27 19666.667 12 17 2933.333 13 7 19566.667
TID 38 7°%4033.3337 11 78 20666.667 12 I8 "3933.333 T 13 B 20566.6567
10 39 5033.333 11 29 21666.667 12 19 4933.333 13 9 21566.667
""" TO 40 60330333 7 I1 30 22666.667 12 20 5933.333 ~ 13 10 225656.56567
10 41 7033.333 11 31 236664667 12 21 6933.333 13 11 23566.667
10 42 8033.333 11 32 246664667 12 22 7933.333 13 12 24566.667
“I0 %3 T 5033.333 I1 33 258664667 17 Z3 B8933.3337 13 13 25566.66T7

10 44 10033,.333

11 34 266664667

12 24 9933.333

13 14 265664.667

10 45 11035.333
10 46 12033.333

11 35 276664667
11 36 28666.667

AT A7 I3033.333 1T 37725666,

10 48 14033.333

TTTTI0 49 150334333 11 39 31666.667 12 29 14333.333 13 19 31566.667

10 50 16033.333

11 38 306664667

11 40 326664667

12 25 10933.333
12 26 11933.333

12 28 13933.333

12 30 15933.333

13 15 27566.667
i3 16 28566.667

29566.667T

13 18 305664667

13 20 325664667
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TABLE 3

INTERPOLATIONS FOR ALL SECONDS BETWEEN TOC'S

TELEVISION LINE 10 ODD SYNC

33,356,666 MITCRUSECONDS/7VPERTOD

13722 1205.007

M S (uS) M S (p@S) M S (aS)
” T 7 7

14 11 16833.333 15 1 100.000

T& 12 1T78733,.333 Je

14 13 18833.333 15 3 21060.000

i3 21 2004000

13 23 2200.000

TI3Z4 320C,000 T T4 14 19633.333 7 IS5 & 31C0.

13 25 4200.000

l4 15 20833.333

13 26 5200.000
13 27 6200.000

13 29 8200:000
13 31 10200:000
13 33 12200:000
13 35 14200:000

14716 .
14 17 22833.333

14 19 24833.333
14 21 26833.333
14 23 26833.333
14 25 30833.333

\Y
15 5 4100.00C

6 5[6 .‘.UUU
15 7 610G.,000

15 9 8100.000

Ve

15 11 10100.000
15 13 12100.000

15 15 14100.000

43 36 15200.000
13 37 16200.000

14 26 31833.333
14 27 32833.333

I5 161 .
15 17 16100.000

13 38 17200000
13 39 18200.,000

1% 28 468,657
14 29 1466.667

15 19 1810C.000

M S ’1§)

15 51 16733.333
15 53 18733.333
15 55 20733.333
15 57 22733:333

T IS 5B TZ23733.333

15 59 24733.333
16 1 26733.333
16 3 28733.333
16 'S 30733.333
16 7 32733.333
16 9 1366.667

15 40 19200.000
13 41 2020C.000

13 43 22200.000

14 30 2%686.667
14 31 3466.667

14 33 54664667

15 20 19100.000
15 21 20100.000

15 23 22100.000

13 44 23200.000
13 45 2420C.000

14 34 04056.667
14 35 7466.,667

1 .
15 25 24100.000

13 46 25200.000
13 47 26200.000

13 49 2820C.000

14 36 B266.667
14 37 9466.667

T 13748 ZT7200.000 14 38 I0%66,

14 39 11466.667

15 27 26100.000

15 29 28100.00¢C

i3 50U 29200.0U0u
i3 51 30200.000

14 40 124566.667
14 41 134664667

1 -
15 31 30100.00C0

16 10U Z2360.007
16 11 3366.667

16 13 5366.667
16 15 7366.667
16 17 9366.667
16 19 11366.667

16 21 13366.667

13 52 31200.000
13 53 32200.000

14 42 1245605.857
14 43 154664667

15 32 3110C.00C
15 33 3210G.000

106 22 1435856.,08087
16 23 15366.667

i3 58 3832.333 II 48 Z0466.667

13 564 33200.000
i3 55 6334333

14 44 16466.667
14 45 17466.667

15 34 33100.000
15 35 733,333

16 74 16365.887
16 25 17366.,667

T I3756 16833.333

i3 57 2833.,333

13 59 4833,333

14770 "5833.333 14 57 7Z455.687

14 1 6833,333

14 40 18466.607
47 194664667

l4 49 71466.667

14 51 234664667
14 52 24466.667
T4 53 25466.687
14 54 26466,667

i4 2 7832.333
123 8833.333
.4 4 68B33,.,333
14 5 10833,333
14 6 11833.333
1277 T2E33.333° ~
i4 8 13833,333

T 14779 148377333 77

14 15 15633,.333

12755 [ T466.8667 ~ IS5 45 10733.333 16 35

14 56 28466.667

14 58 30466.667
12 59 314664667

15 0 32466.667 _

14 57 23466,667

15 36 1733.333
15 37 2733.333

15738 3733.333 16 28 20385.667

15 39 4733.333

15 41 6733.333
15 42 7733.333

15 43 8733.333

15 44 9733,333

15 46 11733,333

15 47 12733.333

15 48 13733,3313

15 49 14733.333
L5 50 15733.333

16 76 183568,
16 27 19366.667

16 29 21366.667

16 31 23366.667
16 32 24366.667

16 33 25366.667

16 34 26366.667

16 36 283664667
16 37 293€6.667
16 38 3036b6.667
16 39 31366.667

16 40 3236640667
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DISCUSSION

MRS. CARROLL: Are there any questions ?

LCDR POTTS: It's not clear to me why, on your last figure, in the proposed
USNO system, there is no requirement to know the equipment delays and
propagation delays.

MRS. CARROLL: That would be necessary; it is in all the systems.
LCDR POTTS: 1Ididn't see it listed under that proposed system. Thank you.

MRS. CARROLL: Any other questions?

MR. GATTERER: I'd like to make a couple of comments and ask you a question.
I think this stabilizing of line 10 and putting line 10 on time is a very valuable
contribution. I would like to point out that NBS did stabilize the color sub-
carrier frequency in our early line 10 systems. Is the pulse discriminator
circuit in your present equipment different than in the equipment we originally
supplied to you? Is there an improvement, is it cheaper, and that sort of
thing ?

MRS. CARROLL: The specifications of that piece of equipment have been
shown. I think it is different, because, as I mentioned before, this piece

of equipment counts lines, and I believe the piece of equipment that you are
referring to recognizes the line 10 because of the particular unique pulse that
is located on line 10. All this discriminator does is count the lines until

it gets to 10, and then it uses that line. In other words, this piece of
equipment could be made to count to any number of lines, whereas yours
requires a particular uniqueness about a line, in particular line 10.

MODERATOR: Thank you, Mrs. Carroll,
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