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1. Motivation




Time scales
Demanding applications

Time keeping Satellite navigation systems

Cosmic Rays on Earth
Slide created by Georgia A. de Nolfo
from PPT Cosmic Rays, for Elerments 2002 Workshop

» Cosmic Rays
continually
bombard the
Earth. In fact,
about 100,000
cosmic rays will
pass through a
person every
hour!
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Standard Time Zones of the World

The BIPM UTC time scale
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BIPM UTC time scale facts

96 participating laboratories

Around 260 atomic cloks envolved

10 primary frequency standards (5 Cs)
Stablility: 0.6 x 10-1° (de 20 a 40 dias)
Uncertainty < 3 x 10-1°
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2. Time scales




¢How to define a time scale in terms
of a set (ensamble) of clocks?




Averaged time scale concept




Averaged time scale concept

Time scale




Mathematical model for a clock

Frequency output of a clock: V' (¢) = [VO + g(t)]sin[27wot + ¢(t)]
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Mathematical model for a clock

V(t) =V, + @t)|sin[27v,t + ¢(1)]

t)— 1 d
Fractional frequency deviation y(t) — U( ) Y% — ¢(f)
U, 27 dt
[
Time deviation x(t) = 40
27y,

§(0) =4 X0

yi= [yode="[x(t, +7)-x(t)]
(2 T




Mathematical model for a clock

Frequency prediction

(@)= y(t) +d,(t—1,))+ &)

Time prediction

K0 = X0+ (0 X (=) dy(t=1)* +9/ (1)




Mathematical model for a time scale

1 clock case

If h(t) is the reading of a clock at the time t then the most
simple time scale TA can be defined by the relation

TA(t) = h(?)

U

TA(t) - h(t) = 0




Mathematical model for a time scale

2 clocks case

7AW = (140 + 1y (0)

TA(r)—B (B (£) + (r))}
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Mathematical model for a time scale

N clocks case

TA(t) = ;ZN: h(2)

U

TA(t)—;[ihi(t) =0

U

Z[TA(r)—h,-<r>]=0




Mathematical model for a time scale

N clocks with different weights

TA(t)=]1VZwl—h,-(t) ) TA(t)—;]ia)ihi(t):O

“

S o [TA() - (0] =0

With the restriction




Mathematical model for a time scale

N clocks with different weights

TA(t)=]1VZw,-hi(t) ) TA(zf)—;]ia)ihi(t):o

N Not a physical observable!!




Mathematical model for a time scale
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Mathematical model for a time scale

Z Oy (1) Z o. (2')

TA(t) =" =
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Mathematical model for a time scale

N N 1
MNoht) D, k@)
TA(t) = i=1N _ =l ](\]71'(7)1
29 2o

Only time difference between clocks is an physical observable

'xij (t) = h]. (t) — hi (t) <+—— Time difference between clock j and clock i

Clock k and TA time scale difference is given by the relation:

x, (1) = TA(t) I, (1)




Mathematical model for a time scale

> wh(t) > o, [h ()~ h, (1)]
TA(t) = = TA(t)—h, = =
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Mathematical model for a time scale
N
AGES Z ;X (1)
i=1

X (t+7) =Xk(t)+[Yk(t)+ Dzkr}
N
X (t+7) =Y w|[X t+0)- X, (t+0)]
j=1

X, (t+7)= X, (1)
T

Y. (t+7)=

Y. (t+7)+m,Y ()
1+m,

Y (t+7)=




Experimental set up

xNO(t) — ho(t) _hN(t)

-

X0 (0) = o (6)= I 1)

Master Clcok 1 Clock 2
clock

x, () = h,(8) = h (2) = [y () = B (O] = [y () = 1, (0]




Experimental set up
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Experimental set up

Reloj Maestro Reloj 1

Experimental set up to transform a virtual TA time scale into a real TA time scale




Esquema completo de generacion del UTC(CNM)
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3. The SIM time and frequency comparison network




M TIME AND FREQUENCY METROLOGY WORKING GROUP

Working to support time and frequency metrology throughout the Americas

" i Satelite del GPS [
T

£

GPS-B receiver e o,

ﬁg;e kBB tGPS + aB Estécicjn B

GPS-A receiver
=t LCldghdAr €4

Estacion A

A

Aty = Al - Aty =(lplann fehda brvidercpéaderites ta T (88 T €4)




Working to support time and frequency metrology throughout the Americas

§|M TIME AND FREQUENCY METROLOGY WORKING GROUP
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- Around 30 Cs clocks at SIM
(without the USNO)

- 10 Hydrogen Masers at SIM
(without the USNO)

-12 SIM laboratories

participating on the SIM TF
Network (Paraguay, Uruguay
the latest)

- INDECOPI (Peru) will be

hopefylly added soon to the
SIM TF Network

- Probably two or three more
labs during 2009
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Obtaining traceability to the second of the Sl though the SIM TF network

BIPM

GPS links and TWSTFT “k\

NRC || NIST CNMP ONRJ

SIM-time scale

SIM T&F Network & SIM GPS receiver

Cs400 } Reference standard

} Transfer standards

In progress Eell } Services
services




§IM

SIM GPS system

- Multichannel (8) GPS receiver

- SIM  receiver sends data
automatically to the SIM server
every 10 minutes

-includes SIM’s own software
(developed by NIST)

- Includes a PC. It is able to show
common view results in near real
time among participating
laboratories

TIME AND FREQUENCY METROLOGY WORKING GROUP

Working to support time and frequency metrology throughout the Americas




sl M TIME AND FREQUENCY METROLOGY WORKING GROUP

Working to support time and frequency metrology throughout the Americas

SIM GPS antenna

Novatel antenna

Rejects multiple reflections of the
GPS signal




_ LM SIM Time and Frequency Metrology Working Group
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TIME AND FREQUENCY METROLOGY WORKING GROUP

Working to support time and frequency metrology throughout the Americas

SIM Time and Frequency comparison network

SIM Time Scale Comparisons via GPS Common-View
(Table shows results for the 10-minute period ending on 07-24-2007 at 2340 UTC)

CENAMEP

ANRC-CMN3C

IM SISTEMA INTERAMERICANO
DE METROLOGIA

UTCIST) ) UTC(NRC) UTC(CNMP) | UTC(ONRJ) UTCACE) UTCCSIC)

UTC(NIST) 5 -3TTS34824.10 -216367.87

UTC(CINAD -3TT534808.93 -216351.58

UTC(NRC) -38.. -3TTS34863.94 -216407.26

-¥TT5FT0.62 -216245.04

UTC(ONET) -3TTS34785.42 -216334.37

UTC{ICE) 3TT534824.10 3T7T534808.03 3TTS34863.04 3TTS34703.62 § 3TTS34TES.42 37731845463

UTC(SIC) 216367.87 216351.58 216407.26 216245.84 216334.37 -377318454.63

e (HHNVIVI UTC) 234 2340 2340 2340

47 TTC and will automatically refresh every five minutes.




Working to support time and frequency metrology throughout the Americas

§|M TIME AND FREQUENCY METROLOGY WORKING GROUP

UTC(CNM) versus UI'C(NIST) via Commmon-View GPS

1 Hour Ax 10 Ifinute

Laboratory 2 d r I Number 006G Baseline
Latitude 39% 39 min 44 454 = I Counter Delay -0.10ns Reference Source
Longitude 05° 15 min 4 95 W REF Delay 41ns  DMask Angle

Alttude ) 1 Receiver Delay Receiver Temp.
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Working to support time and frequency metrology throughout the Americas

- UTC(NIST)

1-Hour Averages
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§IM

TIME AND FREQUENCY METROLOGY WORKING GROUP

Working to support time and frequency metrology throughout the Americas

CNM-CNMP NIST-CNM CNM-NRC NIST-CNMP NRC-CNMP NIST-NRC
2544.0 2198.9 3520.7 4194.9 3989.0 2471.3
-6.7 x 1014 -2.8x10"5 | -4.8x1015 —7.0 x 10-14 —6.3 x 10-14 7.7 x 1015
—4690.4 +10.3 +11.0 —4680.7 —4702.8 +21.2
1.8 1.2 1.4 1.5 1.5 1
4 4 4 4 4 4
3
3 3 3 3 3 3
2 2 2 2 2
2 1.5 2.5 3 3 1.5
0.5 0.5 0.5 0.5 0.5 0.5
0.05 0.05 0.05 0.05 0.05 0.05
‘ U, k=2 13.5 13.1 13.5 14.0 14.0 12.9
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4. Preliminary results




SIM Time and Frequency comparison network and SIM-time
scale generation

Time scale Algorithm

X, (t+7)=X,(0)+ [Yi(t) 4 %}

X, (t+7) :iwj[)?f(t+r)—)(ﬁ(t+2')]
j=1

X, (t+7)-X,(2)

T

Y.(t+7)=

Y(t+7)+mY.(t)
. Y‘(t+ T):%
SIM-time L+m,
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SIM-time scale generation: Preliminary results
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SIM-time scale generation: Preliminary results
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SIM-time scale: first time scale in the world generated with the
contribution of several nations in real time
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Conclusions

1. The SIM Time and frequency comparison network has currently 11
SIM laboratories under continuous comparison in real time

2. CENAM has developed a time scale algorithm and generating a
averaged time scale since march 2008. Results are in agreement

with the expected performance

3. The SIM time scale algorithm will be tested by first time in January
2009 using real time data from the SIM time and frequency network

4. The SIM time scale will be the first time scale in the world
generated in real time with the contribution of several nations

5. SIM probably will run 3 copies of the SIM time scale: NRC, NIST
and CENAM
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