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ECP on agenda item 1.21 
(compatibility between the radio astronomy service and the active space services in 

accordance with Resolution 740 (WRC-03)) 
 
Introduction 
Resolution 740 (WRC-03) invites ITU-R to study the compatibility between the RAS and the 
corresponding active services as listed in the Table of this Resolution only, with a view to 
updating or developing ITU-R Recommendations, if appropriate. 
The results of the studies should be considered in order to review and update, if appropriate, the 
tables of threshold levels for consultation in the Annex of Resolution 739 (WRC-03). 
The ITU-R continues to conduct “band by band” studies in order to assess the compatibility 
between the RAS operating in identified bands and the active space services operating in 
adjacent or nearby bands. Based on these studies it is proposed to specify threshold limits for 
some bands where studies have concluded and included in the ITU-R Report SM.2091 that the 
RAS protection criteria may be met and that the limits would not unduly constrain the 
development of active services. These threshold levels should be incorporated in the update 
version of Annex of Resolution 739. 
 
Proposals 

ARTICLE  5 
Frequency allocations 

 
MOD EUR/XXA2/1 
 
5.347A   In the bands: 
 137-138 MHz, 

387-390 MHz, 
400.15-401 MHz, 
620-790 MHz, 
1 452-1 492 MHz, 
1 525-1 559 MHz, 
1 559-1 610 MHz, 
1 613.8-1 626.5 MHz, 
2 655-2 670 MHz, 
2 670-2 690 MHz, 
21.4-22 GHz, 

Resolution 739 (rev. WRC-07) applies. 
 
Reason: This footnote is related to Resolution 739. Taking into account that new frequency 
bands are added to this Resolution as proposed in EUR/XXA2/6 below this footnote shall be 
modified. 
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MOD EUR/XXA2/2 
75.2-137.175 MHz 

 
Allocation to services 

Region 1 Region 2 Region 3 
137-137.025                            SPACE OPERATION (space-to-Earth) 
       METEOROLOGICAL-SATELLITE (space-to-Earth) 
       MOBILE-SATELLITE (space-to-Earth) 5.208A 5.209 5.347A 
       SPACE RESEARCH (space-to-Earth) 
       Fixed 
       Mobile except aeronautical mobile (R) 
       5.204  5.205  5.206  5.207  5.208  
137.025-137.175                SPACE OPERATION (space-to-Earth) 
       METEOROLOGICAL-SATELLITE (space-to-Earth) 
       SPACE RESEARCH (space-to-Earth) 
       Fixed 
       Mobile-satellite (space-to-Earth)  5.208A  5.209 5.347A 
       Mobile except aeronautical mobile (R) 
       5.204  5.205  5.206  5.207  5.208  

 
Reason: This footnote is related to Resolution 739. Taking into account that frequency band 137 
– 138 MHz is added to the Annex of this Resolution as proposed in EUR/XXA2/6 below this 
footnote shall be include to this Section of Article 5 RR. 
 
MOD EUR/XXA2/3 
 

137.175-148 MHz 
 

Allocation to services 
Region 1 Region 2 Region 3 

137.175-137.825             SPACE OPERATION (space-to-Earth) 
    METEOROLOGICAL-SATELLITE (space-to-Earth) 
    MOBILE-SATELLITE (space-to-Earth) 5.208A 5.209 5.347A 
    SPACE RESEARCH (space-to-Earth) 
    Fixed 
    Mobile except aeronautical mobile (R) 
    5.204  5.205  5.206  5.207  5.208   
137.825-138                         SPACE OPERATION (space-to-Earth) 
    METEOROLOGICAL-SATELLITE (space-to-Earth) 
    SPACE RESEARCH (space-to-Earth) 
    Fixed 
    Mobile-satellite (space-to-Earth)  5.208A  5.209  5.347A 
    Mobile except aeronautical mobile (R) 
    5.204  5.205  5.206  5.207  5.208  

 
Reason: This footnote is related to Resolution 739. Taking into account that frequency band 137 
– 138 MHz is added to the Annex of this Resolution as proposed in EUR/XXA2/6 below this 
footnote shall be include to this Section of Article 5 RR. 
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MOD EUR/XXA2/4 
335.4-410 MHz 

 
Allocation to services 

Region 1 Region 2 Region 3 
…. 
387-390                FIXED 
      MOBILE 
      Mobile-satellite (space-to-Earth) 5.208A 5.254 5.255 5.347A 
…. 
400.15-401                           METEOROLOGICAL AIDS 
      METEOROLOGICAL-SATELLITE (space-to-Earth) 
      MOBILE-SATELLITE (space-to-Earth) 5.208A 5.209 5.347A 
      SPACE RESEARCH (space-to-Earth)  5.263 
      Space operation  (space-to-Earth) 
      5.262  5.264 

 
Reason: This footnote is related to Resolution 739. Taking into account that frequency bands 387 
– 390 MHz and 400.15 – 401 MHz are added to the Annex of this Resolution as proposed in 
EUR/XXA2/6 below this footnote shall be include to these Sections of Article 5 RR. 
 
MOD EUR/XXA2/5 

460-890 MHz 
 

Allocation to services 
Region 1 Region 2 Region 3 

…. 
470-790 
BROADCASTING 
 

470-512 
BROADCASTING 
Fixed 
Mobile 
5.292 5.293 

470-585 
FIXED 
MOBILE 
BROADCASTING 

 512-608 5.291 5.298 
 BROADCASTING 

5.297 
 

585-610 
FIXED 
MOBILE 

 608-614 
RADIO ASTRONOMY 
Mobile-satellite except 
aeronautical mobile-satellite 

BROADCASTING 
RADIONAVIGATION 
5.149 5.305 5.306 5.307  

 (Earth-to-space) 610-890 
FIXED 

 
 
 
5.149 5.291A 5.294 5.296 5.300 
5.302 5.304 5.306 5.311 5.312 
5.347A 

614-806 
BROADCASTING 
Fixed 
Mobile 
 

MOBILE 5.317A 
BROADCASTING 
 

790-862 5.293 5.309 5.311 5.347A  
FIXED 
BROADCASTING 
5.312 5.314 5.315 5.316 5.319 
5.321 
 

806-890 
FIXED 
MOBILE 5.317A 
BROADCASTING 
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862-890 
FIXED 
MOBILE except aeronautical 
mobile 5.317A 
BROADCASTING 5.322 
 
5.319 5.323 

 
 
 
 
 
 
5.317 5.318 

 
 
 
 
 
 
5.149 5.305 5.306 5.307 
5.311 5.320 5.347A 

 
Reason: This footnote is related to Resolution 739. Taking into account that frequency band 620 
– 790 MHz may be added to the Annex of this Resolution as proposed in EUR/XXA2/6 below this 
footnote shall be include to this Section of Article 5 RR. 
 
MOD EUR/XXA2/5bis 
 

1 525-1 610 MHz 
Allocation to services 

Region 1 Region 2 Region 3 
1 559-1 610 AERONAUTICAL RADIONAVIGATION 
    RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-

space)  5.328B  5.329A  5.347A 
    5.341  5.362B  5.362C  5.363 

 
Reason: This footnote is related to Resolution 739. Taking into account that frequency band 1 
559– 1 610 MHz may be added to the Annex of this Resolution as proposed in EUR/XXA2/6 
below this footnote shall be include to this Section of Article 5 RR. 
 
 
MOD EUR/XXA2/6 

RESOLUTION 739 (WRC-07) 
Compatibility between the radio astronomy service and the active 

space services in certain adjacent and nearby frequency bands 
 
The World Radiocommunication Conference (Geneva, 2007), 
 
considering 
a)  that adjacent or nearby primary service allocations have been made to the radio 
astronomy service, and to various space services, such as the fixed-satellite service (FSS), 
radionavigation-satellite service (RNSS), mobile-satellite service (MSS) and broadcasting 
satellite service (BSS), hereafter referred to as “active space services”; 
b)  that, in many cases, the frequencies used by the radio astronomy service (RAS) are 
chosen to study natural phenomena producing radio emissions at frequencies fixed by the laws of 
nature, so shifting frequency to avoid or mitigate interference problems may not be possible; 
c)  that Report ITU-R SM.2091 provides a methodology for conducting, and a framework 
for documenting the results of, compatibility studies between active space service and the 
radioastronomy service band-pairs; 
d)  that Report ITU-R SM.2091 also provides the results of compatibility studies between the 
radioastronomy service and an active space service in certain adjacent and nearby bands; 
e)  that appropriate consultation between administrations has the potential to lead to the 
development of innovative solutions and to the rapid deployment of systems; 
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f)  that, for technical or operational reasons, more stringent spurious emission limits than the 
general limits in Appendix 3 may be required to protect the RAS from active services in specific 
bands, 
 
noting 
a)  that the additional burden of undertaking any technical examination should not be placed 
on the Radiocommunication Bureau; 
b)  that a consultation procedure, as contained in this Resolution, would not place an 
additional burden on the Bureau; 
c)  that Recommendation ITU-R M.1583 provides a methodology based on the equivalent 
power flux-density (epfd) concept for calculation of interference resulting from unwanted 
emissions from non-geostationary (non-GSO) satellite systems of the MSS or RNSS into radio 
astronomy stations; 
d)  that Recommendation ITU-R S.1586 provides a methodology based on the epfd concept 
for calculation of interference resulting from unwanted emissions from non-GSO systems of the 
FSS into radio astronomy stations; 
e)  that the methodology described in these Recommendations may also be used to study the 
case of non-GSO systems in the BSS. 
f)  that Recommendation ITU-R RA.1631 provides antenna patterns to be used for 
compatibility analyses between non-GSO systems and RAS stations, based on the epfd concept; 
g)  that Recommendation ITU-R RA.1513 provides acceptable levels of data loss to radio 
astronomy observations, stating in particular that the percentage of data loss caused by any 
system should be lower than 2%; 
h)  that some of the results documented in the Report ITU-R SM.2091 may be used as 
threshold levels to initiate the consultation procedure; 
i)  that the results of successful consultation between concerned administrations would 
ensure that the interests of both the active and radioastronomy services are considered; 
j)  that measures taken by active space services to protect radio astronomy stations from 
interference may result in increased costs and/or reduced capabilities for those services; 
k)  that conversely, not taking such measures may result in additional operating costs and 
reduced operational effectiveness for the radio astronomy stations concerned; 
l)  that the implementation of additional interference mitigation measures at the radio 
astronomy station may increase operating costs and reduce observational effectiveness; 
m)  that conversely, not implementing such measures may impose upon the active space 
services an additional cost burden and reduction in service capability; 
 
recognizing 
a)  that unwanted emissions produced by stations of the active space services may cause 
unacceptable interference to stations of the RAS; 
b)  that, although some unwanted emissions from transmitters on space stations can be 
controlled through careful design methods and appropriate testing procedures, other unwanted 
emissions, such as narrowband spurious emissions, generated by uncontrollable and/or 
unpredictable physical mechanisms, may only be detected after the spacecraft is launched; 
c)  that there is an uncertainty in the pre-launch assessment of the levels of unwanted 
emissions; 
d)  that it is necessary to ensure an equitable sharing of burden for achieving compatibility 
between the active space services and the RAS; 
e)  that for those cases where difficulties are encountered in meeting the values in the Annex, 
a consultation procedure could be used to resolve the difficulties, 
 
resolves 
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1  that an administration takes all reasonable steps to ensure that any space station or 
satellite system being designed and constructed to operate in the bands in the Annex 1 meet the 
values given therein at any radio astronomy station operating in the corresponding bands 
identified in this Annex; 
2  that in the event that during construction and prior to launch it is determined that, after 
having considered all reasonable means, the unwanted emissions from the space station cannot 
meet the values given in the Annex 1, the administration that notified the satellite system 
contacts, as soon as possible, the administration operating the radio astronomy station to confirm 
that resolves 1 has been fulfilled, and the concerned administrations enter into a consultation 
process in order to identify all practicable steps with a view to achieving a mutually acceptable 
solution; 
3  that in the event, following the space station launch, an administration operating a radio 
astronomy station determines that, due to unexpected circumstances, a space station or satellite 
system does not meet the values for unwanted emissions given in the Annex 1 at that radio 
astronomy station, it contacts the administration that notified the satellite system so that the 
administration that notified the satellite system confirms that resolves 1 has been fulfilled, and 
the concerned administrations enter into a consultation process in order to identify further steps 
with a view to achieving a mutually acceptable solution; 
4  that the radio astronomy stations to be taken into account in applying resolves 1, 2 and 3 
are those which are operating in the frequency band(s) identified in the Annex 1 and which are 
notified before the date of reception of the advance publication information of the satellite 
system to which this Resolution applies; 
5  that the satellite system to be considered in the application of the above resolves are those 
designed to operate in the space service frequency bands listed in the Tables of Annex 1 for 
which advance publication information (API) is received by the Bureau following on 1st January 
2005 or the entry into force of the Final Acts of this conference as specified in these Tables; 
6  that the objective of the consultation process in resolves 1, 2 and 3 is to achieve a 
mutually acceptable solution, using as guidance the Report ITU-R SM.2091 and any other ITU-
R Recommendations deemed relevant by the concerned administrations; 
7  that the Bureau shall make no examination or finding with respect to this Resolution 
under either Article 9 or 11, 
 
invites administrations 
1  to take all appropriate and practicable steps, from the design phase onward, to ensure that 
unwanted emissions are minimized from space stations that are planned to operate in one or 
more space service allocations, in order to avoid exceeding the threshold levels of unwanted 
emissions identified in the Annex 1 at any radio astronomy station; 
2  to take all practicable steps, from the design phase onward, to minimize the sensitivity of 
radio astronomy stations to interference and to take into account the need to implement 
interference mitigation measures. 
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ANNEX 1 TO RESOLUTION 739 (WRC-07) 

Unwanted emission threshold levels 
 
The unwanted emission threshold levels applicable to geostationary space stations are given in 
Table 1-1 in terms of power flux-density (pfd) in a reference bandwidth produced at a radio 
astronomy station by any geostationary space station. 
In Table 1-1 the unwanted emission threshold levels given in the fourth, sixth and eighth 
columns (associated with the reference bandwidth contained in the adjacent columns) should be 
met by any geostationary space stations operating in the bands indicated in the second column at 
the radio astronomy station operating in the band mentioned in the third column. 
The unwanted emission threshold levels applicable to space stations of non-geostationary 
systems are given in Table 1-2 in terms of the equivalent power flux-density (epfd), produced at 
a radio astronomy station in a reference bandwidth by all non-geostationary space stations in 
visibility of the considered radioastronomy station, not to be exceeded during a given percentage 
of time, over the whole sky. 
In Table 1-2 the epfd value given in the fourth, sixth and eighth columns (associated with the 
reference bandwidths contained in the adjacent column) should be met by non-geostationary 
space systems operating in the bands indicated in the second column at the radio astronomy 
station operating in the band mentioned in the third column. The epfd value at a given radio 
astronomy station shall be evaluated by using the antenna pattern and the RAS maximum 
antenna gain given in Recommendation ITU-R RA.1631. Guidance on the calculation of epfd 
can be found in Recommendations ITU-R S.1586 and ITU-R M.1583. The elevation angles of 
the radio astronomy stations to be taken into account in the epfd calculation are those higher than 
the minimum elevation angle θmin of the radio telescope. In the absence of such information a 
value of 5° shall be taken. The percentage of time during which the epfd level shall not be 
exceeded is mentioned in Note (1) of Table 1-2. 
The unwanted emission threshold levels applicable to any space station of non-geostationary 
systems in the RNSS are given in Table 1-3 in terms of power flux-density (pfd) in a reference 
bandwidth produced at a radio astronomy station by any non-geostationary space station. 
In Table 1-3 the unwanted emission threshold levels given in the fourth, sixth and eighth 
columns (associated with the reference bandwidth contained in the adjacent columns) should be 
met by any non-geostationary space station operating in the bands indicated in the second 
column at the radio astronomy station operating in the band mentioned in the third column. 
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TABLE 1-1 
pfd thresholds for unwanted emissions from geostationary space stations at a radio astronomy station 

Single dish continuum Single dish spectral 
lines 

VLBI 

Space service 
bands 

Radio 
astronomy 
band pfd(1) Reference 

bandwidth pfd(1) Reference 
bandwidth pfd(1) Reference 

bandwidth 
Space service 
 

MHz MHz dB(W/m²) MHz dB(W/m²) kHz dB(W/m²) kHz 

Condition of 
application 

API is received by the 
Bureau following the 
entry into force of the 

Final Acts of: 
MSS (s-to-E) 387 – 390 322 – 328.6 –189 6.6 -204 10 -177 10 WRC-07 
BSS  620 – 790 608 – 614 –185 6 NA NA -172 10 WRC-07 
BSS  
MSS (s-to-E) 

1 452 – 1 492 
1 525 – 1 559 1 400 – 1 427 -180 27 -196 20 -166 20 01/01/2005 

MSS (s-to-E) 

MSS (s-to-E) 
1 525 – 1 559 
1 613.8 – 1 626.5 1 610.6 – 1 613.8 NA NA -194 20 -166 20 01/01/2005 

RNSS (s-to-E) 1 559 - 1 610 1 610.6 – 1 613.8 NA NA -194 20 -166 20 WRC-07 
BSS  
FSS (s-to-E) 2 655 - 2 670 2 690 - 2 700 -177 10 NA NA -161 20 01/01/2005 

FSS (s-to-E) 
2 670 – 2 690 2690-2700 (in 

Regions 1 and 3) -177 10 NA NA -161 20 01/01/2005 

 GHz GHz - - - - -   
BSS  21.4-22.0 22.21-22.5 -146 290 -162 250 -128(2) 250 WRC-07(2) 

NA: Not applicable, measurements of this type are not made in this band.  
 
 (1) Integrated over the reference bandwidth with an integration time of 2 000 s. 
(2) This pfd threshold applicable for the protection for VLBI observations shall apply for any space stations of geostationary system of the relevant space services 
for which API was received by Bureau after 1st January 2005. 
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TABLE 1-2 
epfd thresholds* for unwanted emissions from non-GSO satellite systems at a radio astronomy station 

 
Single dish continuum Single dish spectral 

lines 
VLBI 

Space service 
bands 

Radio 
astronomy 
band epfd(1) Reference 

bandwidth epfd(1) Reference 
bandwidth epfd(1) Reference 

bandwidth 
Space service 
 

MHz MHz dB(W/m²) MHz dB(W/m²) kHz dB(W/m²) kHz 

Condition of 
application: 

The API is received by 
the Bureau following 
the entry into force of 

the Final Acts of: 
MSS (s-to-E) 137 – 138 150.05 – 153 –238 2.95 NA NA NA NA WRC-07 
MSS (s-to-E) 387 – 390 322 – 328.6 

–240 6.6 -255 10 
-228 

10 
WRC-07 

MSS (s-to-E) 400.15 – 401 406.1 – 410 
–242 3.9 NA NA 

NA 
NA 

WRC-07 

BSS (s-to-E) 620 – 790 608 – 614 
–241 6 NA NA 

-229 
10 

WRC-07 

MSS (s-to-E) 1 525 – 1 559 1 400 – 1 427 
–243 27 -259 20 

-229 
20 

WRC-07 

MSS (s-to-E) 1 525 – 1 559 1 610.6 – 1 613.8 
NA NA -258 20 

-230 
20 

WRC-07 

MSS (s-to-E) 1 613.8 – 1 626.5 1 610.6 – 1 613.8 
NA NA 

-258 20 -230 20 01/01/2005 

 
NA: Not applicable, measurements of this type are not made in this band. 
* These epfd thresholds should not be exceeded for more than 2% of time. 
 (1) Integrated over the reference bandwidth with an integration time of 2 000 s. 
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TABLE 1-3 

pfd thresholds for unwanted emissions from any space station of non-GSO satellite systems at a radio astronomy station 
 

Single dish continuum Single dish spectral lines VLBI 
Space service 
bands 

Radio 
astronomy 
band pfd(1) Reference 

bandwidth pfd(1) Reference 
bandwidth pfd(1) Reference 

bandwidth 
Space service 
 

MHz MHz dB(W/m²) MHz dB(W/m²) kHz dB(W/m²) kHz 

Condition of 
application: 
The API is 

received by the 
Bureau 

following the 
entry into force 

of the Final 
Acts of: 

RNSS (s-to-E) 1 559 - 1 610 1 610.6 – 1 613.8 NA NA -194 20 -166 20 WRC-07 
 
NA: Not applicable, measurements of this type are not made in this band. 
 (1) Integrated over the reference bandwidth with an integration time of 2 000 s. 
 
Reason: The result of studies in relation to Resolution 740 (WRC-03) should be considered WRC-07 in order to review and update, if appropriate, the 
tables of threshold levels for consultation in the Annex of Resolution 739 (WRC-03) (see “resolves 2” of Resolution 740 (WRC-03)). 
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SUP  EUR/XXA2/7 
 
 

RESOLUTION 740 (WRC-03) 
 

Future compatibility analyses between the radio astronomy service and active space 
services in certain adjacent and nearby frequency bands 

 

Reasons: Studies have been completed for all frequency band pairs contained in Resolution 740 
for which contributions have been received.  
 
 



Page 8: [1] Formatted G. LAPIERRE 23-02-2007 19:19:00 

Font: 11 pt 
 

Page 8: [2] Change G. LAPIERRE 23-02-2007 19:22:00 

Formatted Table 
 

Page 8: [3] Formatted G. LAPIERRE 23-02-2007 19:19:00 

Font: Not Bold 
 

Page 8: [4] Formatted G. LAPIERRE 23-02-2007 19:04:00 

Table_text, Centered 
 

Page 8: [5] Deleted G. LAPIERRE 23-02-2007 18:25:00 
2 
 

Page 8: [5] Deleted G. LAPIERRE 23-02-2007 18:25:00 
2 
 

Page 8: [5] Deleted G. LAPIERRE 23-02-2007 18:25:00 
2 
 

Page 8: [6] Formatted G. LAPIERRE 23-02-2007 19:05:00 

Font: Not Bold 
 

Page 8: [7] Formatted G. LAPIERRE 23-02-2007 18:24:00 

Centered 
 

Page 8: [8] Formatted G. LAPIERRE 23-02-2007 19:19:00 

English (Canada), Not Superscript/ Subscript 
 

Page 8: [9] Change G. LAPIERRE 23-02-2007 19:22:00 

Formatted Table 
 

Page 8: [10] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Superscript 
 

Page 8: [10] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [10] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: Not Bold 
 

Page 8: [11] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: Not Bold 
 

Page 8: [12] Formatted G. LAPIERRE 23-02-2007 18:24:00 

Centered 
 

Page 8: [13] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Bold 
 

Page 8: [13] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Not Highlight 
 

Page 8: [14] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Superscript 
 

Page 8: [14] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [14] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: Not Bold 
 

Page 8: [15] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [15] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: Not Bold 



 

Page 8: [16] Formatted G. LAPIERRE 23-02-2007 18:24:00 

Centered 
 

Page 8: [17] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Highlight 
 

Page 8: [17] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Not Highlight 
 

Page 8: [18] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [19] Formatted G. LAPIERRE 13-03-2007 11:16:00 

English (U.K.), Superscript 
 

Page 8: [20] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [21] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: Not Bold 
 

Page 8: [22] Formatted G. LAPIERRE 23-02-2007 18:24:00 

Centered 
 

Page 8: [23] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Highlight 
 

Page 8: [23] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Not Highlight 
 

Page 8: [24] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [24] Formatted G. LAPIERRE 13-03-2007 11:16:00 

English (U.K.), Superscript 
 

Page 8: [25] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [25] Formatted G. LAPIERRE 13-03-2007 11:16:00 

English (U.K.), Superscript 
 

Page 8: [26] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [27] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: Not Bold 
 

Page 8: [28] Formatted G. LAPIERRE 23-02-2007 18:24:00 

Centered 
 

Page 8: [29] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Highlight 
 

Page 8: [29] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Not Highlight 
 

Page 8: [30] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [30] Formatted G. LAPIERRE 13-03-2007 11:16:00 

English (U.K.), Superscript 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Bold 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 



Font: 11 pt, Not Bold 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Bold 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Bold 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Bold 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Bold 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Bold 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Bold 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Bold 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Not Highlight 
 

Page 8: [31] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Highlight 
 

Page 8: [32] Formatted G. LAPIERRE 13-03-2007 11:16:00 

English (U.K.), Superscript 
 

Page 8: [33] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [34] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Not Highlight 
 

Page 8: [34] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [35] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: Not Bold 
 

Page 8: [36] Formatted G. LAPIERRE 23-02-2007 18:24:00 

Centered 
 

Page 8: [37] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Highlight 
 

Page 8: [37] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Not Highlight 
 

Page 8: [38] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [38] Formatted G. LAPIERRE 13-03-2007 11:16:00 

English (U.K.), Superscript 
 

Page 8: [39] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 8: [39] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Superscript 
 

Page 8: [40] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 



Page 8: [41] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [42] Formatted kai 13-04-2006 12:18:00 

Font: Not Bold, English (U.S.) 
 

Page 9: [43] Formatted G. LAPIERRE 23-02-2007 18:12:00 

Font: Bold 
 

Page 9: [44] Formatted G. LAPIERRE 23-02-2007 18:12:00 

Centered 
 

Page 9: [45] Formatted G. LAPIERRE 23-02-2007 18:28:00 

Tabs:  63 pt, Left 
 

Page 9: [46] Formatted G. LAPIERRE 23-02-2007 18:49:00 

Centered 
 

Page 9: [47] Formatted G. LAPIERRE 23-02-2007 18:13:00 

Font: Bold 
 

Page 9: [48] Change G. LAPIERRE 23-02-2007 19:21:00 

Formatted Table 
 

Page 9: [49] Formatted G. LAPIERRE 13-03-2007 10:58:00 

Font: Bold 
 

Page 9: [50] Formatted G. LAPIERRE 13-03-2007 10:58:00 

Font: Bold 
 

Page 9: [51] Formatted G. LAPIERRE 13-03-2007 10:58:00 

Font: Bold 
 

Page 9: [52] Formatted G. LAPIERRE 23-02-2007 18:49:00 

Centered 
 

Page 9: [53] Formatted G. LAPIERRE 23-02-2007 19:19:00 

Not Highlight 
 

Page 9: [54] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [54] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Superscript 
 

Page 9: [54] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [55] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [56] Formatted G. LAPIERRE 23-02-2007 18:28:00 

Centered 
 

Page 9: [57] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [58] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Superscript 
 

Page 9: [58] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [59] Formatted G. LAPIERRE 23-02-2007 18:28:00 

Centered 
 

Page 9: [60] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 



 

Page 9: [61] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Superscript 
 

Page 9: [61] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [62] Formatted G. LAPIERRE 23-02-2007 18:28:00 

Centered 
 

Page 9: [63] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [64] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Superscript 
 

Page 9: [64] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [65] Formatted G. LAPIERRE 23-02-2007 18:28:00 

Centered 
 

Page 9: [66] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [67] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Superscript 
 

Page 9: [67] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [68] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Not Highlight 
 

Page 9: [68] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [69] Formatted G. LAPIERRE 23-02-2007 18:28:00 

Centered 
 

Page 9: [70] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [71] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Superscript 
 

Page 9: [71] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [72] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [73] Formatted G. LAPIERRE 23-02-2007 18:28:00 

Centered 
 

Page 9: [74] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [75] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt, Not Highlight 
 

Page 9: [75] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [76] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [76] Formatted G. LAPIERRE 13-03-2007 11:16:00 



Superscript 
 

Page 9: [76] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [77] Formatted G. LAPIERRE 13-03-2007 11:16:00 

Font: 11 pt 
 

Page 9: [78] Formatted G. LAPIERRE 23-02-2007 18:28:00 

Centered 
 

Page 9: [79] Formatted G. LAPIERRE 23-02-2007 18:38:00 

Font: 11 pt 
 

Page 9: [80] Deleted G. LAPIERRE 23-02-2007 18:28:00 

(1) The reference bandwidth used for spectral line observations has also been used as reference 
bandwidth for VLBI observations. In VLBI bands, where no spectral line observations are 
conducted, the reference bandwidth for VLBI observations has been determined using the 
assumption of Recommendation ITU-R RA.769 for a typical spectrometer channel (3 km/s). 
 

Page 9: [80] Deleted G. LAPIERRE 23-02-2007 18:28:00 

2 
 

Page 9: [81] Formatted G. LAPIERRE 23-02-2007 19:20:00 

English (Canada) 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


