Using UTC to Determine the Earth’s
Rotation Angle




ems andad rrames

 Reference Systems

Origin
Specified axes

Conventional
procedures and
constants




- Barycentric

—z-axes related to rotational axis
—X-axes in equatorial plane directed toward a fiducial point

—third axes complete right-handed orthogonal system

 Geocentric Celestial * International Celestial

Reference System Reference System

— geocentric space-time — ldealized system
— Kinematically non-rotating

coordinates
— kinematically non-rotating with — Orientation
respect to BCRS.  close to previous systems

* independent of epoch

* International Celestial Reference Frame

— set of extragalactic objects
— Successive revisions minimize rotation from original orientation.

— Angular coordinates of optical stars, consistent with that frame, are

Erovided bx the Higgarcos Cataloaue



I errestrial

« Geocentric

—z-axes fixed to Earth’s crust
—X-axes in equatorial plane directed toward a fiducial point
—third axes complete right-handed orthogonal system

« Geocentric Terrestrial * International Terrestrial

Reference System Reference System
— co-rotating with Earth — aligned close to mean equator

of 1900 and Greenwich
meridian,
— continuity with previous

terrestrial systems.
» independent of epoch




Infermeaiate

 Celestial

— Geocentric
—Related to GCRS by time-dependent rotation (precession-nutation)

—Defined by equator of Celestial Intermediate Pole (CIP) and Celestial
Intermediate Origin (CIO) on a specific date

e Terrestrial

— Geocentric

—Related to ITRS by polar motion

—Related to the Celestial Intermediate Reference System by Earth
Rotation Angle (ERA) around the CIP

—Defined by equator of Celestial Intermediate Pole (CIP) and Terrestrial

Intermediate Origin (TIO)




Celestial Reference
System

REQUIRES

. Precession-

Nutation Model

. Polar Motion

(x, y)

. Earth tides
model

. Earth Rotation
Angle

Terrestrial
Reference System




Earitn ixotation Angle (ERA):




Coordinated Universal-iime (U1c)

1 second
adjustments




UTH-UnG




Reference pole motion Rotation angle
in space (model) (observed/predicted)

Reference pole motion
on Earth (observed/
predicted)

\ Space "Coordinate” Earth "Coordinate” ’




Earin xotation’Angie

IAU Recommended

R(t)=R,(-6)
cos® -sin® O

=[sin® cosBO O
0 0 1

Tidal Corrections

ERA2000 subroutlne produces the Earth rotatlon angle 6




Greenwicn sidereal nime




ERA(T,)) =6(T,)

= 21 (0.779 057 273 264 0
+1.002 737 811 911 354 48T )

T, = (Julian UT1 date - 2451545.0),

Software at http://maia.usno.navy.mil/chSsubs.html
ERA2000 subroutine produces the Earth rotation angle 6
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« UTC IERS Predicted

— Leap seconds imply — Based on

UT1=UTC - Observations
— Error<0.9s Models

Sort term

Long term

« |ERS Observed

— UT1-UTC with error <
10 us







) )

ERS bulietin A

UT1-UTC
" " s s
-0.08556 0.00009 0.26378 0.00010 -0.275953 0.000009
-0.08795 0.00009 0.26552 0.00009 -0.276615 0.000011
-0.09033 0.00009 0.26714 0.00010 -0.277208 0.000012
-0.09261 0.00009 0.26880 0.00010 -0.277746 0.000012
-0.09446 0.00009 0.27059 0.00010 -0.278265 0.000013
-0.09605 0.00009 0.27260 0.00010 -0.278838 0.0000438
-0.09757 0.00009 0.27480 0.00010 -0.279595 0.000057




Whno are the Uusers?







JI1-UIC Error

Maximum UT1-UTC Error

liction e

300 400

Days in the Future




U1 since 19/70...

* UT1 required for celestial §| * Diminished use of
navigation celestial Navigation

 UT1 observation  UT1 observation accuracy
accuracy ~1 ms ~10 us

* No predictions of UT1 * Near real time UT1 and
available predictions available

* Printed bulletins only * Near real time electronic
source access




Dhciusion

“Legacy” IAU Recommended
R(t) computed from R(t) computed from
Greenwich Sidereal Time Earth Rotation Angle

UT1-UTC available from IERS/USNO

* Full Accuracy
« Fundamental solution

Ignore UT1-UTC

* Errors as large as 13.5 sec. of arc.

ERA2000 subroutlne produces the Earth rotatlon angle 6




