
TIME KEEPING AND TIME AND FREQUENCY DISSEMINATION AT THE 
ISTITUTO ELETTROTECNICO NAZIONALE (IEN) 

E .  Cordara ,  V .  ? e t t i t i  
I s t i t u  t,o E l e  t t,ro t e c n i c o  Nazionale  G a l i l e o  F e r T a r  is 

C.so Massimo d l A z e g l i o ,  42 
10175 T o r i n o ,  I t a l y  

ABSTRACT 

The I s t i t u t o  E l e t t r o t e c n i c o  Nazionale  t ime  s c a l e  U T C ( I E N ) ,  based on t h e  d e f i n i -  
t i o n  o f  t h e  SI second ,  is  r e a l i z e d  by means o f  s i x  commercial cesium beam s t a n -  
d a ~ d s  and i s  synchron ized  w i t h  UTC w i t h i n  5 p s .  
The TEN t ime  s c a l e  i s  compared with UTC by means o f  t h e  Loran-C and GPS s i g n a l s  
r e c e p t i o n  and t h e  measurement r e s u l t s  a r e  made a v a i l a b l e  t o  t h e  time and f requen-  
cy  community on t h e  General E l e c t r i c  Mark I11 network.  
The t ime d i f f e r e n c e s  o v e r  1 0  days  between l J T C ( 1 E N )  and t h e  cesium c l o c k s  a r e  a l s o  
s e n t  t o  B I H  t o  c o n t r i b u t e  t o  t h e  g e n e r a t i o n  o f  t h e  i n t e r n a t i o n a l  a tomic  t ime  sca-  
l e  T A T .  
Tn r e c e n t  y e a r s  (1982-1985), t h e  I E N  took a l s o  p a r t  i n  some i n t e r n a t i o n a l  t ime 
synchron iza - t ion  exper iments  v i a  g e o s t a t i o n a r y  and GPS s a t e l l i t e s  i n  o r d e r  t o  
check t h e i r  c a p a b i l i t i e s .  
'I'he d i s seminab ion  o f  s t a n d a r d  i ime and frc>rluency s i g n a l s  i s  c a r r i e d  o u t  by means 
of' HP' t r a n s m i s s i o n s ,  coded t ime  s i g n a l s  emiss ions  and " t ime o f  t h e  day" t e l e p h o n e  
s e r v i c e .  
'She t ime  and f requency l a b o r a t o r y  a c t s  a l s o  a s  _reference  l a b o r a t o r y  f o r  t ime  arid 
fi-equency q u a n t i t i e s  f o r  t h e  I t a l i a n  C a l i b r a t i o n  S e r v i c e  ( S I T )  and i s  t h e r c f o ~ e  
chacged o f  -the t e c h n i c a l  t a s k s  n e c e s s a r y  t o  t h e  approva l  o f  c a l i b r a t i o n  ccn!:e;-s. 
17i.equency and t ime  t r a c e a b i l i t y  t o  I J T C ( 1 E N )  o f  s-Landard c l o c k s  k e p t  i n  othei- I t a -  
l i a n  s c i e n t i f i c  o r g a n i z a t i o n s  and f a c t o r i e s  i s  a l s o  p ~ o v i d e d  by means o f  d a i l y  
t e l  e v i s i  on measul-ements arid p o r t a b l e  c l o c k  cornparisoris. 
Reseai-ch a c t i v i t i e s  have been c a r r i e d  on i n  r e c e n t  y e a r s  i n  t h e  f i e l d s  of  t h e  ce- 
sium fr,equency s t a n d a r d s  and of  t h e  Mg beam s t a n d a r d .  I n  t h e  former  c a s e ,  -the i n -  
f l u e n c e  of t h e  Rabi p u l l i n g  e f f e c t ,  h a s  been t h e o r e t i c a l l y  e v a l u a t e d  arid exgel-i- 
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nie~nta l ly  obse rved ;  i n  t h e  l a t t e i -  c a s e  -t1-ic Mg F, - P, ~ m j  = 0 Lransi-Lion h a s  
been oLse,-ved bo th  w i t h  a  Rabi and Ramsey i n t e r a c t i o n  t echn ique .  

Time and f requency  m e t r o l o g i c a l  a c t i v i t y  a t  the  I s t i t u t o  E l e t t r o t e c n i c o  Naziona- 
le, began i n  1937 when t h e  f i r s t  frequericy s t a r ida rd ,  a General  Radio q u a r t z  os- 
c i l l  a t o r ,  was p u t  i n t o  o p e r a t i m i  at t h e  Department o f  Had io techn ics  l 1 . 

I n  t h e  f o l l o w i n g  y e a r s ,  o t h e r  quay tz  o s c i l l a t o r s ,  t h r o u g h l y  s t u d i e d  and b u i l t  a t  
t h e  IEI':, were used as ref-crerice o : ; c i l l a to r s  and i n  19.45 was s t a r t e d  t h e  d i s semi -  
n a t i o n  o f  s t a n d a r d  t ime s i g n a l s  by means o f  t h e  L t a l i a n  B r o a d c a s t i n g  Company 
( M I )  . 



Since December 1969, the IEN time scale is derived from commercial cesium beam 
standards and a selected number of these clocks has been used since 1972 by RIH 
in the International Atomic Time scale [ 2 ] .  

The IEN attends regularly the International Radio Consulta-tive Committee (CCIR) 
meetings and is member of the Consultative Committee for the Definition of the 
Second (CCDS). 

For its work in the metrological field, including the research activity on sub- 
millimeter signals generation and measurement [31 and on new frequency standards 
(41, the IEN time and frequency department has acquired the status of national 
reference laboratory for Italy. 

2. The IEN time scale eeneration 

The time scale UTC(IEN), based on the definition of the SI second, is obtained 
from six commercial cesium beam standards that are kept in temperature controlled 
environments. The cesium clocks that contribute also to the TAI time scale are 
kept in a room located 12 meters underground at a temperature of 24+0.5OC. - 

All the time and frequency signals supplied by these standards are carried by 
means of coaxial cables to the metrological laboratory where they are used to ge- 
nerate UTC(1EN) and for the standard time and frequency dissemination services. 

The Laboratory master clock is chosen among those at disposal according to the 
uniformity of its rate as inferred from the time comparisons between the cesium 
clocks and from the BIH bi-monthly rates and weights. In Fig. 1 and Fig. 2 are 
reported the BIH data for the period 1981 to 1986 relative to the IEN clocks used 
in the TAI computations. The periods of normal operation of these clocks for the 
same years are represented in Fig. 3. 

The master clock frequency is supplied to a phase microstepper the rate of which 
is per!,ndically adjusted in order to maintain a long term agreement of some units 
of 10-' between UTC( IEN) and UTC. 

It is planned for the next year to begin the computation of an independent na-tio- 
nal atomic time scale using also the cesium clocks kept in other Italian institu- 
tions having already a synchronization link with IEN. 

Table 1 lists the mean daily rates selected on the phase microstepper in the 
years from 1981 to 1986 together with the information relative -to the master 
clock used. 

On 13 May 1986, UTC(1EN) was delayed of 19 microseconds in order to be in closer 
agreement with UTC; since that date, UTC(1EN) is being maintained synchronized to 
UTC within 5 ps. In Fig. 4 is showed the long term behaviour of UTC(TEN) versus 
UTC in the period 1981-1986 according to BIH Circulars D. 

In Figg. 5 and 6 are reported the environmental parameters, temperature and rela- 
tive humidity, of the cesium clocks room during the same years. 



Table 1 

Date IEN Master Clock (MC) UTC(IEN)-IEN MC 

26 Dec 80 
8 Feb 81 
31 Aug 83 
30 Nov 83 
1 Mar 84 
13 Apr 84 
28 May 85 
12 Feb 86 
20 Oct 86 

The IEN time scale is compared with UTC by means of the reception of the signals 
transmitted from the Loran-C station of Estartit (7990-2) of the Mediterranean 
Sea Chain and from the GPS satellites. Fig. 7 reports UTC(IEN)-~~T'C(LJSNO) obtained 
by means of the two synchronization methods from March to October 1986. 

An NBS/GPS receiver was lent in May 1985 to IEN in the framework of a scientific 
cooperation between IEN and NBS ( " )  and since the end of 1985 the measurerr~ent 
results are made available to the time and frequency laboratories on the General 
Electric Mark 111 Information System. The IEN-GPS file is updated every Tuesday. 
The GPS measurements schedule follows the NBS/RIPM common view measurement pro- 
gram [5 ]. In Fig. 8 are reported UTC(1EN)-UTC(NBS) and UTC(1EN)-UTC(PTR) as ob- 
tained from NBS monthly dissemination reports and IEN computations. 

The time differences between UTC(IEN) and the cesi.um clocks are measured twice 
per day at OOhOOmin UTC and 12hOOmin UTC with a 1 ns resolution. The mean over 
ten days of the readings taken at OOhUTC, together with the daily Loran-C rea- 
dings are sent to BIH to contribute to the generation of the international atomic 
time scale. 

The data acquisition system is based at present on a personal computer which con- 
trols all the routine measurements inside the laboratory. 

A functional diagram of the equipment used for the realization of UTC(IEN) is re- 
ported in Fig. 9. 

All the instruments used for the UTC(1EN) generation and dissemination are opepa- 
ted by a fail-safe power system. This system is made of three groups of static 
inverters, batteries and rectifiers and of an emergency power plant. The fail sa- 
fe power system supplies the laboratory wi-th three independent 220 V - 50 Hz po- 
wer lines. 

( )  A ~ecognition of equivalence of the S1: unit of time maintained at TEN and 
NBS was signed on October 1985 as a result of a joint seminar between USA 
and Italy on calibration services [I]. 



3. International comsarisons 

Since 1982, the IEN has been involved in some international synchronization expe- 
ri-ments via satellites using different techniques: 

- a one-way time synchronization experiment performed during 1982-1983 with other 
European timekeeping laboratories (DVFLR, PTB, NPL, TUG, VSL) using the televi- 
sion signals broadcasted by the OTS-2 satellite 16,7]; 

- a synchronization experiment with USNO, lasting one week in October 1983, using 
a Naval Reseai-ch Laboratory receiver for GPS satellites 181; 

- a two-way synchronization experiment, which lasted two weeks, in June 1984 with 
the Shaanxi Astronomical Observatory (China) and other Chinese Observatories by 
means of Sirio 1 satellite 1 9 1; 

- a two-way synchronization experiment still via Sirio I satellite using MITREX 
modems, lasting one week in March 1985, with the Shaanxi and Shanghai Astrono- 
mical Observatories (china) and the Technische Ilniversitat of Graz (Austria,), 
the last one operating in a one-way mode [ 10,111. 

Foi- -the measu~ements performed by means of Sirio 1 was used the Telespazio-Lario 
ground station, whereas for the OTS-2 experiment the IEN used its own receiving 
sta-tion in the band 11-12 CHz equipped with a 3 m antenna mounted on the roof of 
the Time and Frequency laboratory. 

Following HIPM Recommendation S3(1985) proposed by CCDS 112 1 ,  the IEN is planning 
to take park in 1988 to a synchronization experiment in cooperation with the Ts- 
tituto Superiore Poste e Telecomunicazioni in Ronla using a direct television 
broadcasting satellite and MITAEX modems. 

4.  Standard Time and Frequency services 

The standard time dissemination activity began in 1945 by supplying the Italian 
R~oadcasting company (RAI) with time signals derived from the IEN standard clocks. 

Tn 1951 the IEN started to transmit standard time and frequency signals by means 
of its own transmitting station IBF located upon the hills near Torino. The I B F '  
transmitting schedule is repol-ted in Fig. 10. The standai-d frequency carrier at 5 
MHz is ,3resently derived from a VIIF standard frequency transmission on 160 MIIz 
made by IEN foi- the area of Torino. The radiated time signals and the carrier 
fi-equency follow the IJTC system. 

The time signals generated by IEN and broadcasted by RAI were modified in 1979 by 
adding a coded signal with the date information [ 1 3 ] .  In Fig. 11 is depicted an 
example of coded date inf~~mation carried by these signals. 

These time signals are becaming widely used to synchronize automatically electro- 
nic clocks with a precision that can be better than 1 ms and to correct the 
frequency of crystal oscillators limiting their frequency offset and drift. An 
j-nvestigation on the time synchronization precision was carried out over a one 
month period in 1986 for the three RAI networks and the results arc depicted by 
the histogi-ams of Fig. 12; it was found out that the mean number of emissions per 



day was of 16 (HA1 I), 17 (RAI 2) and 11 (RAI 3 ) .  The standard deviation of the 
synchronization measurement was, at worst, of 0.2 ms . Further investigation on 
the capabilities of these signals to provide a traceability to IJTC (IEN) are in 
pFogress 114 1. In Fig. 13 has been reported the daily distribution of the coded 
time signals emissions related to the time of transmission. 

The IEN performs other time and frequency dissemination services covering limitcd 
areas that are described in Table 2 where are also given detailed information on 
the abovementioned services. 

The laboratory performs by request frequency and time interval calibrations and 
frequency stabi lity measurements both in the frequency and time domains. Table 3 
shows the IEN time and frequency measurement capabilities. 

5. Clocks svnchronization bv uassive television method 

Television synchronization measurements using the passive method 1151 have been 
performed by IEN since 1970 in order to provide the standard clocks located in 
other Italian laboratories with the traceability to UTC(IEN). Presently the fol- 
lowing organization have a synchronization link with IEN: 

- Istituto Superiore delle Poste e Telecomunicazioni (ISPT) in Roma; 
- Osservatorio Astronomico di Cagliari (CAO); 
- Piano Spaziale Nazionale - Laser ranging station of Ma-tera; 
- Consiglio Nazionale delle Ricerche - VLBI station of Medicina (Bologna). 

A series of time interval measurements, lasting one minute, is performed daily in 
all these laboratories and the results are sent to IEN by telex. The TEN supplies 
the users with a calibration rep07t every three months. A standard deviation of a 
series of measurements is of the oi-der of 10 to 30 nanoseconds, depending on the 
link. 

Atomic clock ti-ansportation are also carried out by IEN periodical 1 y to check the 
differential propagation delay of the television signals. 

6. Activity for the Italian Calibration Se~vice (SIT) 

The time and fi-equency laboi-a-tory acts also as reference laboratox'y for time and 
frequency quantities for SIT C 16 1. As a consequence, it is cha:~ged of all thc  
technical tasks, as thc survey of the measurement procedures, Lhe rcference stan- 
dards calibration ant3 long term conti-01, necessary to approve the laboratories 
requesting to operate as SIT calibration centers. 

The frequency offset of the calibration centers rcference standard, mainly rubi- 
dium oscillatoi-s, is checked daily by mcans of television synchronization measu- 
i-ements according to the measurement schcdule quoted in the previous point. 

At IEN Lhe measurement data supplied by the calibration centers ai-r: proc~ssed, 
and calibration certificates giving the normalized f-rcq~~cncy tlepai-t~lre and fre- 
quency drift (see Fig. 14) versus U T C ( I b : N )  are supplied every three months. IJp to 
1986 IEN has approved for frcqu~ncy measurements six calibration center5s, but wc 
expect to double this number during 1987. 



Fig. 15 shows the distribution in Italy of metrological laboratories and SIT ca- 
libration centers having a frequency and/or time traceability to IEN by means of 
the television synchronizing pulses. 

7. Research on primary frequency standards 

The 'eseaych activities in the field of primary frequency standards have been 
mainly devoted to the development of a Mg beam operating in the submillimetric 
region (601. GFIz) and to the cooperation with NBS concerned with the analysis of 
errors in Cs beam standards and with the design of a new Cs beam laboratory stan- 
dard with optical pumping [17,18,19,20 1 .  

The P, - 3 ~ ,  Am, = O transition of the metastable triplet of ' ' M ~  has bee? obser- 
ved and its frequency has been measured with an uncertainty of +3x10-'~ [ 4 ]  by 
use of an atomic beam inte~acting with the electromagnetic field in an open reso- 
nator, driven by a frequency stabilized backward-wave-oscillator. The atomic 
transition linewidth was '7'/ kHz (Q = 8x10') limited by the transit-time of the 
atoms through the cavity field. 

l'he Hamsey interference fringes have also been observed in a spatially-modulated 
atomic beam via a doubly folded open resonator; with a distance between the two 
inteiiaction zones of 30 cm a linewidth of 1.1 kHz has been obtained (Q = 
5x10 ) [171. 

Experimental and the~~etical work are in progress in order to measure the short- 
-term frequency stability and the transition frequency with respect to the Cs 
standard, and to perform a metrological characterization of the Mg standard on 
the basis of the recent experiments. 
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Kind of service 
and uncertainty 

Coded time sig- 
nals on AM, FM, 
TV emissions 

time: < l  ms 

HF emissions 

time: 1 ms 

Time and fre- 
quency signals 
on telephone 
lines 

VHF emissions 

frequency: 
same as 
UTC(IEN) 

MF standard 
frequency 
emission 

frequsnc 
5x10 -1 i 

Network or 
transmitter 

Transmitters ope 
rated by nation- 
al broadcasting 
company (RAI) 

IBF transmitter 
on 5 MHz stan- 
dard frequency 

Telephone net- 
work of Turin 
operated by 
Italian Tele- 
phone System 
(SIP) 

IEN transmit- 
ters 

RAI transmlt- 
ter of Milano 1 

Signal format and schedule 

7 pulses beginning at second 57 and 
ending at 60, the pulse at second 59 
being omitted. The f irvt pulse lasts 
960 ms; the other pulses last 100 ms. 
The first pulse code gives the follow 
ing information: hours, minutes, month, 
day of the month, day of the week, 
solar time or daylight saving time. 

Broadcasted from 20 to 30 times a day. 

Second pulses of 5 cycles of 1 kHz 
modulation. These pulses are repeated 
7 times at the minute. Voice announcc 
ments in Italian. French and English 
at the beginning and end of each trans 
mission. Time announcement (C.E.T.) 
by Morse Code evcry ten minutes begin 
ning at ohom DUTl code according to 
CCIR. 

Radiated durin~ 15 m preceding 7h, gh, 
loh, 11h,12h, 1 3  '. 14h, 15h,16h,17h,18h 
(UTC). Advanced by 1 hour in summer 

Second pulses o f  5 cycles of a 1 kHz 
tone. At the minute the signal length 
is increased to 100 ms and is followed 
by a voice announcement giving the 
time in C.E.T.. Two standard tones or 
1000 Hz and 440 Hz are given at alter 
nate minutes. Available continuously 

Coded time signals as in point 1) 
amplitude modulating a 155 MHz stan- 
dard frequency. 

160 MHz standard frequency. 

Continuous. 

900 kHz carrier is stabilized by 
means of a rubidium standard. Its 
frequency i s  maintained within 
+5x10-11 with UT~(IEN) - 
Continuous. 

Coverage 

Nat:lonwide 

European 

Torino telephone 
network 

Torino area 

Northern Italy 

I 
Tahle 2 - The 1EN standard time and frequency dissemination services 



This r ange  i s  n o t  c o n t i n u o u s l y  covered  

Measured 
q u a n t i t y  

Table  3 - T E N  time and f requency  measurement c a p a b i l i t i e s  

Range 
Range of a s s o c i a t e d  

parameters  

Time i n t e r v a l  

Frequency 

Freqyency 
s t a b i l i t y  

! 

1 n s  + E 
T t  

2 n s + E  
T t  

1x10-l2 + E 
Tf 

lx10-~l 

1 x 1 0 - ~ ~  

l0xl0-~ s to 10 s 

10 s to 20000 s 

9 
50x10-~ H z  - 20x10 Hz 

9 
2 0 ~ 1 0 ~  - 110~10 H Z  

12 
20x10~ - 2.5~10 H z  ( < - )  

6 6 6 
1x10 , 5x10 , 10x10 Hz 

0.1 Hz - 100 kHz f o r  t h e  
f requency  domain 

10 ms - 10003 s far t h e  
t ime  domain 

ETt, E T f :  t r i g g e r  e r r o r  

I d i r e c t  r e a d i n g  on f r equency  
c o u n t e r  

t h i s  u n c e r t a i n t y  can be o b t a i n  - 
ed  by means o f  measurement 
t e c h n i q u e s  which i m p l y  f r e q u e n  - 
cy  s y n t h e s i s  and down conver- 
s i o n  

Unce r t a in ty  ( + )  - Remarks 

r e p o r t e d  a t  5 MHz 
10-13 

5 MHz(vG500 MHz o ( f )  = - f 

s 5 T 5 10 s 

T > 10 S 

+ 10-l6 

o = 
5 x 1 0 - ~ ~  s 

Y T 

-13 
a = 5x10 

Y 



F i g .  1 - Bi-monthly mean f requency d e p a r t u r e s  of I E N  clocks versus TAI . 



Fig. 2 - Weights of I E N  clocks used f o r  T A I .  

 age o f  t h e  tube 

F i g .  3 - IEN Cesium clocks operating time periods and ages. 



UTC - UTC(IEN) 

..- ._.*. ...... 

F i g .  4 - UTC(1EN) time scale versus UTC from BIH Circulars D. 

22. 22m 0 L d  I.cII-I-.~ LA--II I -II-C - L- L ~ I - ~ - - u ~ - L L . L  A MJU -1 
44750 45000 45250 4 5500 45750 46000 46250 46500 46758 

MJD 
8. 0 L L . . L . - l  ..L..-_L-J-.II-.L A .--. J . - L L . L _ I . . I -  L- ,__,.-. 1 ,.A 1.d-- L . - d l l - - L A - l . - J  I . I. , I .." 

44750 45000 45250 45500 45750 46000 46250 46500 16750 

Fig. 5 - Temperature variation in the cesium clocks room. 
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Fig. 6 - Relative humidity variation in the cesium clocks room. 
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F i g .  9 - Equipment set-up for  the realization of UTC(IEN). 
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Fig. 12 - Histograms of the time synchronization errors obtained with the IEN 
coded time signals. 

Fig. 13 - Histograms of the daily time of transmission of IEN coded time 
signals. 



Laboratory r e f e r e n c e  o s c i l l a t o r :  rubidium frequency s tandard 
J u l y  - September 1986 
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Fig. 14 - Part of IEN calibration certificate of remote oscillators. 
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Fig. 15 - Metrological laboratories and SIT calibration centers in Italy in 1986. 



QUESTIONS AND ANSWERS 

DAVlD ALUN, NATIONAL BURFAU OF STANDARDS: Your paper raises n very interest- 
ing point, namely the changing of humidity arid its possible effect on clocks. 
It. is my personal opiriion t h a t  t h e r e  are t w o  factors which have not been in- 
vt~stigated adequately for conmeroial cesiums. One is humidity and the other is 
t h e  DC power. I Iwuw t,hat. the USNO has an e.rperiment on-going to determine t he  
pwer e f f e c t s  m d  I really look forward t o  seeing t h e  r e s u l t  of t h a t  work. I 
s u ~  and hear from JPL that they have the a b i l i t y  of looking at humidity. I 
think t h a t  it is L-ery imprtat~t to look at the some 200 clocks in TAI and the 
humidity effect. We k n o ~ ~  that there is a temperature coefficient, we also know 
that therbti is a very strong temperature gradient effect on cesiums. If you 
t u r n  them over and invert the gradient, you get a big frequency shift. One 
c:ould easily inlagine t h a t  the humidity vould couple through this temperature 
gradit;.rit to cause significant annual variations. I t  was very interesting to 
.;t-c your. tlatrt mw3. we hope that JPL r~ould help us determine this sensitivity. 

YR. Q>RDARA: Wc hope to present a papr at t h e  nest European Forum for 
Frbc~c~uency urld Timu atwut t l~e  t.esu1 t s of' our' commercial clocks with reference 
to the, hun~idity beha\,ior., comparing them also with the clucks of another 
I t :~l  i z u ~  labul-a t u r y ,  I hp Post O f f  ict. i n  Ronie, ich controls thu humidity. 


