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U. S. NAVAL OBSERVATORY
WASHINGTON, D.C. 20390
23 October 1970
TIME SERVICE ANNOUNCEMENT SERIES 14 NO. 7

Plans for An Improved System of Universal
Clock Time Dissemination (UTC)

(1) Imtroduction. The distribution of time for public use must
necessarily serve many widely different purposes. Commensurate with tech-
nological capability, requirements for precision timing have increased.
The demands that are now being placed on the currently disseminated time
scale, Coordinated Universal Time (UTC), make it necessary to reappraise
and optimize the compromise which is necessary to serve all users. In the
following, an attempt is made to present the conflicting requirements and
to describe the planned solution to this vexing, but far-reaching, and
important problem.. -

(2) Background. UTC, the first high precision atomic clock time in
general use, is coordinated world-wide by the Bureau International de 1‘Heure
(B.I.H.). It is the logical development of procedures adopted before the
existence of atomic frequency standards. UIC is in use by almost all time
services. It is usually generated directly by atomic clocks at the major
timekeeping observatories and laboratories in the world. The approximation
to the astronomical "Universal Time (UT)" is accomplished by the yearly
adoption of a fixed frequency in relation to the cesium standard ("offset").
To keep the clock time within an accepted tolerance of 100 ms of the astro-
nomical time corrected for seasonal and polar variation (UT2), occasional
steps of 100 ms are made when necessary. For precise measurements and
reductions (mostly after the fact), corrections or differences between
this disseminated time and other time scales (UT, A.l, ET, etc.), are
communicated to the user by radio and by mail.

(3) Requirements for Time. Time, in the sense “time of day’', is
needed as one of the fundamental parameters in astronomical and navigational
tables. This, together with the requirements of civil use (scheduling,
legal time, etc.), necessitates a close link of time signals with diurnal
phenomena, i.e., mean solar time. On the other hand, numerous new global
electronic systems demand synchronized operation with a precision of about
one microsecond. Some of these systems cannot tolerate the small time
steps or frequency changes required in the present UTC system where the
frequency of occurrence of both is in the dangerous zome of "too often,
but not frequently enough". Aircraft, for example, may soon be using micro-
second timing systems which cannot tolerate these changes for either safety
or logistic reasons.




In the interest of simplicity and avoidance of confusion, three
principles appear to be paramount:

(a) That disseminated time of day must be sufficiently
close to mean solar time to prevent gross errors and to leave
the greatest number of users unaffected by the actual deviation
from mean solar time.

(b) That there should be only one, necessarily a
compromise, system of public time distribution.

(¢) That carrier phase and pulse sequences must be
strictly coherent, i.e. so that phase tracking renders information
on clock rate directly.

(4) Difficulties with Certain Alternatives. There currently exists
a system of "Stepped Atomic Time' (SAT) which is not offset. This system

has not found wide acceptance primarily because the steps are too frequent
and too small (200 ms). The current UTC system suffers from the same defects,
but because the frequency is offset, the problem is not so obvious in

respect to steps but it creates difficulties in conmmection with the frequency
changes. Experience has already shown that many users (particularly those
needing high precision) do not willingly make time steps or changes in
frequency; in fact, when such changes do occur, confusion and errors invari-
ably result, no matter how extensive the advance publicity. Another
difficuity is that an increase in the tolerance between UT and the dissemi-
nated time of day will introduce timing errors greater than the errors
inherent in the astronomical and navigational tables and also greater than
the common eye-ear method can rendef.without additional imstruments (0%1).

(5) Plans. All modern timing requirements can be satisfied by the
dissemination of a clock time scale, stepped in multiples of 1 second, which
will not be offset in frequency. Such a solution is not new. It is analo-
gous to the way the Julian calendar makes basically incommensurate natural
units commensurate to an acceptable accuracy for long periods. Just as
the Julian calendar adds one day every four years to correct a discrepancy
of almost one complete solar day, it also seems possible to add or subtract
exactly one second to the disseminated time of day whenever necessary.

Since UT1 is required, the quantity AUT = UT1 - UIC (Time
Signal) must be readily available. One method of providing this information
will be in a code form similar to the manner in which U. S. Naval time
signals (NBA, NSS, etc.) indicate minutes. (See enclosures (2) and (3).)

(6) Discussion. No change in the almanac tables need be made. In
fact, no change should be made since, for the sake of conceptional simplicity
as well as expediency, the tables must continue to refer hour angle data to
UT1 s~d orbital data to ET directly. For the price of adding 'AUT' to the
tim: signals, all clocks and standard frequencies can always remain on the
same frequency (no offset) and still satisfy all the basic principles.




Some people will find the proposed simple code still too difficult to use:
therefore, a table of extrapolated corrections will be supplied quarterly

in addition to the transmitted high precision code information. No change

is anticipated in the distribution of final observed values of AUT. On the
other hand, the steps proposed here are so large and infrequent that the
impact on all atomic time users is minimized. Also quite important to physi-
cists, ghis improved coordinated time will have only "standard" time inter-
vals (1°).

It cannot be overemphasized, however, that the vast majority of
users of standard time signals today still consists of about 200,000 world-
wide users of nautical, geodetic and astronomical almanacs, which must be
protected from errors of possible fatal consequences.. It is, therefore,
the agreed judgment that 1 second steps represent an optimum compromise at
the present time. :

(7) Details of the Implementation.

a. Enclosure (1) is a copy of Resolution 1 of Commission 31
(Time) of the XIV General Assembly of the International Astronomical
Union (IAU) held in Brighton, 1970. This document spells out
details of the recommended implementation which will be followed by
the U. S. Naval Observatory (USNO) and the time/frequency transmis-—
sions of the U. S. Navy.

b. The AUT code is not yet decided in every detail but will
most likely consist of a scheme as depicted in enclosure (2). The
seconds indicating AUT information will be emphasized by making the
ticks slightly longer than the other ticks. As reference, enclosure
(3) gives the present Time Code used by U. S. Naval radio stations.

c. Those electronic systems which are not giving complete
information on hours, minutes and seconds and which are not directly
useful to the celestial observer (loran-C, Omega, Transit, etc. )
but which are useful for highest precision synchronization will not
be stepped. At the appropriate times updated "Time of Coincidence
Tables will be issued by USNO for these systems to become effective
at the moment of step. In other words these electronic systems will
operate without discontinuities and users will not need to make any
physical adjustments other than replacing these reference tables
and stepping their clocks, showing the time of day, by 1 second.

(8) Comments and questions are invited and should be directed to:

Superintendent

U. S. Naval Observatory
Attention: Time Service Division
Washington, D. C. 20390.




(9) It is to be noted that there will be no change in the dissemination
of clock time during 1971. The implementation of the proposed changes will
take place on 1 January 1972. . : :

GERNOT M. R. WINKLER
Director
Time Service Division

Encl: . :

(1) IAU Resolution #1, Commission 31 (24 August 1970)

(2) Proposed U. S. Naval Time Signal Code for AUT

(3) Time Code for U. S. Naval Radio Stations (21 October 1970)
(4) Designation of Epochs Near the Moment of Step




Enclosure (1)
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’XIV GENERAL ASSEMBLY IAU — BRIGHTON 1970

.

e . . [} -
* o ) . BRI
Y] U} m,_ G (03] s} NE
e £4 ) o et 1
(6} s @ o) ® o~ o~ ] 43 9] 4o K
R ] B L2 0 [V - Q 0 o
o~ @ Gy = -+ g - \te} G4 ) o8 P
y M o AT e g R 3 4 0 0 iAoty
g {5 ; — 0 @ 41 0] § I
q* M. ) Mc g 0 g o H 3 ~ 14 <3 ON 3 0
9 o o +2 0 .G od A3 g o 'd (7 O I )
g £ 01 o el n o 5 & -y . n
- 12 o 1] 42 hag) 4 o RS < s
Y n oo n 0 'd ,Q 4 0 o3 RS = (N O fi
o4 0 @ g [wie} 3 ot i3 o )
K} OO0 ~ oM 6] bt ) O wl )
@) W o Gy 0] vl @ (o) 42 (e} 1§ @
@ Mo 3 © 420 O - s ol £4.54
O (0] ’ (ORI o) O O] ] o4 0 4. = 20O
= S TR o s 8 4 o 0 4 0 i e~
v [ OE O 0. ot is] mn Q PRTIRY)) £1ne o] PIMs]
43 o 5 O T 0] -~ it o O o 4y R
&} s BT o o Br ] n D e O 4+ O
it 13) 1 e R ) @ 0 2 H G 40 i O
41 [ g a +3 el 4 43 +2 0 oon o e @
Oy ty 43 £ o £x ot ~ ) IS I | ord o w
™~ c a5 3 el ey o} T E o < 0w ® i
o ¢ LD O . O W~ m . P > Q : s
- - G 0 1 O ! s £ , .« 5 s o oo
: : o HES 43 o - £ o w (I} s 0 o o
S 4 m [aNI o M 0] ] 1w R ] QO o
N P P 1 ¢ R . Lo 0 O . o] 0}
o IS ON & ) m 32 3 0 G T g O G n
&0 ) 9] o jord el O M; O W
) @ © @ 2O 4 O B O NE
b o Ed + £y erd [+ @ 42 w RS
o R & B o] Q 2 042 mo oo o 0 42 iy
= g LXENES Coe Qo el o3 £t e el Kel
A g0 89 ga B . €1
‘ o d e LI T 1 W
' s s o GH omo o RS
S . Ao H R 80 9 b B
1 D 1 i -4 2 o { -4
. F_ O L S wu oy om - PN
NN b 4 0 o) [ 3 0] e} w3 -
; X o] “ O =0 « wo© Gy W Q O
= 6 43 oo e 0 ol © 36y e
o o o} RS IR e Mo Vg FYAN
o g ® M g Qo000 er L o9 oo g
o 43 m i S @ ret "o Sy P09 o b
= ) Q- o S IR0 R B ST RSO £1 D el :
i 0 .G [ O D ©m a I o ot T8 B W oe®
Q i 0] o G & 0 g9 fT 0 [ B R IR A ) vy 3
n ] n o o B e R R B B S TR S T O I B B G R S Y @ o
] o D ] ® g M wq o e RS B = S B - ST 3 G
/oy ald o @ £j i1 biw Q el 4D ) R o ol & 0 . r
Q ) T By 3] 2 Q- 0 44 DALY s} 9} o Ot O Ty ~ 0P
a I3 . » 0 [t RS = 0o . - ®» O O R E N o T« BEPTUNN N RS R R I ~
U 1 B S  ) P e m.an A Y o (o) P IS s SO TS S ;
i Q LIRS G4 C ©slo O T om ong o} ord w4 Q 0 o wWm\D By 0O moD e W
=3 R g NSRRI 4 Eadie SRl A g g RS 2 el 40 el R S O oo
o & N T R | I - B . o K e o gd 00 b oc o
N o D o TR = 1 RES o B B = ol wel owg Do SRR I N I R R L =)
54 o 8 Ze] L Bt Te ol o &4 Aoas ol q frood ES S B 41 o P m. NG Wy e e @
8 ol e S IR T IYe | RPN | WE sl oo Booge g BB b o o g
86 -0 fHwo o 6 W Pl 0w wO ‘ ol GO Qg @08 0
i Ul 0] D = BN IS mp o 4] ~ M ) O (SIS S G O Gg Y opd 3 o LD < 45 g
% (0] K o0 L sl RN B0 il 0 ] Y G4 [ wu q o {3 IO B o B TR o B AV IR R G I ¥ I ) B A /7 I
v e ow o~ dw3agw flo o oo
ord £ o wdi 3 O Qf 4 3 o /70 1 i,
£ B vy 103 o O ot Gy © o) Gt GO eerd W
ja} 2] (SR » O Q3 42 O @ £ - o Q0 L S - o ™y =
8o 3 s o -1 o ® Sow ol e . = T TR @ . . . .
&) ] ja} m B~ tu. n M % w_ E4 ® b3 O \0 4 % <2 Y Mw r3 o O [«2N o
B £ £24 3 ) .
0o O 3] o wa 42 ) 3 « )
O Q O 4 m 2y ~ = o ]
. . ol v 29 ¢ Q _m (Y] . o o ot » I o
- 2m4..a MO <t dg M 0 t~ b W B O e
4 ¥

=e Q

Qs
)

SN0V L

ae




s

© Enclosure (2) .

L e

'~ PROPOSED AUT CODE

- U. S. NAVY TIME SIGNAL

AUT = UT; - UTC

Minute Code
Last 5 Minutes of
the hour

30

NOTE: Seconds indicating AUT information will be emphasized by making them
slightly longer than the other ticks.




Enclosure (3)

Time Code for U. S. Naval Radio Stations

The time signals sent out by the Naval radio stations are all trans-
mitted on continuous waves. They can be heard only with receivers designed
to receive such transmissions. These stations transmit time signals during
the last five minutes of certain hours only.

Time signals (dashes) are transmitted for each second of the five
minute period with the following exceptions;

a. No signals are transmitted on the 29th second of any minute.

b. No signals are transmitted on certain seconds at the end of
the minutes as shown by the following table, to permit minute
identification.

Minutes ' ' ' ‘ Seconds

50 | 51 | 52 | 53 | 54 { 55 | 56 | 57 | 58 | 59 | 60

56 el _— e— | - —-—
57 ] -] - —] —-— —
58 | e | m— | - - -
59 - , ——

NOTES:

(1) The dashes indicate the seconds on which signals are transmitted.
(2) The seconds marked "60" are the zero seconds of the following minute.

(3) The signal at the end of the 5 minute period, i.e. on the begin-
ning of the hour (shown as 59 minutes 60 seconds above) is much
longer than the others.

(4) In all cases the beginning of each dash indicates the beginning of
a secoend.

(5) The ends of the dashes are without significance.

(6) Schedules and frequencies are available as Time Service Announce-
ments Series 2, upon request.




Enclosure (4)
DESIGNATION OF EPOCHS NEAR THE MOMENT OF STEP

1. UIC to be advanced:
"New' Scale:

First day of new month, Obom

-2 -1 00s 01 02 03 04 05 o6
L | | | | | | |
{ | i | ] ] i !
57 58 59 60s 61 62 63 64 65

"01d" Scale, Last day of previous month, 23h 59m,

2. UTIC to be retarded (this case presently occurs more often):

"New" Scale:
First day of new month, OB o
-4 -3 -2 -1 00 01 02 03 04
{ { | | | | | | |
i i | I 1 ] I | I
57 58 59 60s 61 62 63 64 65

'01d@" Scale, Last day of previous month, 230 59m@,

NOTE: The arrow designates the standard moment of transition from old
scale to new scale. Either scale may be used, howsver, under the

provisions of enclosure (1}, para 9.4.



