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PART!: 

MTERNATtONAL PYRHEÜOMETER COMPAR!80M3 QPC VO 

1. Introduction 
At the decision of the Executive Council (EC XXXVI) the World 
Meteorological Organization (WMO) organized, in accordance 
with Recommendation 7 of the Commission for Instruments and 
Methods of Observation (CIMO-VIII), the Sixth I n t e r n a t i o n a l 
Pyrheüometer Comparison (IPC-VI) of WMO from 1 to 18 October 
af the Physico-Meteorological Observatory, Davos (PMOD), one 
of the World Radiation Centers (WRC) of WMO. 
An International Organizing Committee for the IPC-VI was set 
up and held i t s Session at Davos under the chairmanship of 
D.I.Wardle, chairman of the CIMO Working Group on Radiation 
and Atmospheric Turbidity Measurement. The Committee is com-
posed of members of th i s CIMO working group pa r t i c i p a t i n g at 
IPC-VI. The WRC is represented by C.Fröhlich (PHOD) and WMO by 
S.Klemm (WMO Secretariat). 

2. Participation 
A t o t a l of 22 Members were represented by 41 participants with 
17 Angström pyrheiiometers and 29 absolute radiometers Coming 
from the 2 World Radiation Centers, the 17 Regional Radiation 
Centers, 2 National Radiation Centers (Region I I I and IV) of 
WMO and 7 other i n s t i t u t i o n s (see Annex Table AI for an over-
view. Table A2 for the participants. Table A3 and A4 for the 
Instrument geometries). The calibration factors used during 
IPC-VI are in the heading of the l i s t i n g of the results for 
each Instrument (Table A7), 

3. Data Acquisition and Evaluation 
In contrast to former IPCs the data acquisiton has been made 
di g i t a l i y . A more detailed description is given in Table A5. 
The measurements were organized in runs of 18 minutes, which 
yielded 7 to 12 ir r a d i a n c e values depending on the kind of 
Instrument. The following timing and evaluation of irradiance 
was used for the different types of instrument: 
a.) Angström pyrheiiometers: During the f i r s t 90 s the zero of 

the instrument was established. From there on every 90 s a 
le f t or r i g h t reading is performed, s t a r t i n g with exposing 
the r i g h t hand s t r i p to the sun. This f i r s t reading i s , as 
usual, not taken into account. The following reading are 
combined as L-R, R-L, etc and the irradiance calcuiated as 
it. *i„ *C 

b) PACRAD type radiometers: After 225 s from the s t a r t the 
zero is read and the heater switched on. At 405 s the 
electrica! power and thermopiie output is recorded and 
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used as e l e c t r i c a l c a l i b r a t i o n . A f t e r opening the cover 
r e a d i n g s are t a k e n a t 540 s, 630 s etc. u n t i l t h e l a s t 
reading a t 1080 s. With the e l e c t r i c a l l y c a l i b r a t e d t h e r -
mopile, t h e i r r a d i a n c e i s c a l c u l a t e d i n the usual way 
t a k i n g i n t o account t h e zero r e a d i n g and c u r r e n t lead 
correction. PAC-3, the Eppley-Pacrad and the H-F radio­
meters were operated in t h i s way. During the second half 
of the comparison, however, the H-F used a s h o r t e r c a l i ­
b r a t i o n sequence i n order t o increase t h e i r i r r a d i a n c e 
data from 7 to 9. 

c) Active c a v i t y radiometers: The Operation s t a r t e d with a 
reference phase during the f i r s t 90 s, foilowed by a mea­
suri n g phase during the next 90 s. This was continued for 
t h e next 16.5 minutes and a t o t a l of 6 open and closed 
data yielding an i r r a d i a n c e value each, were acquired. The 
ca l c u i a t i o n of the i r r a d i a n c e i s done by m u l t i p l y i n g the 
d i f f e r e n c e between t h e open power and the mean of the 
adjacent closed powers with the c a l i b r a t i o n f a c t o r . The 
PMO-2, as the working reference, was read a t twice the 
speed. Hence 12 i r r a d i a n c e values every 90 s are available 
f o r the working reference. The shuter was closed during 
38 s and open during 52 s. 

In o r d e r t o s p e c i f y the atmospheric c o n d i t i o n s d u r i n g t h e 
comparison the following parameters have been measured simul-
taneously with the runs: global and sky r a d i a t i o n from i n s t r u ­
ments (PSP) on the roof of the i n s t i t u t e ; ambient pressure, 
a i r temperature and r e l a t i v e humidity as 10-minute readings 
from the aütomatic meteorological S t a t i o n of the Swiss Meteo­
rolog i c a l Service; the wind speed was measured with an anemo-
meter on the roof of the hut close to the tables where the 
measurements were performed. I t has to be noticed, t h a t the 
wind speed for the i n s t r u m e n t s on the aütomatic WRC t r a c k e r 
was normally quite higher than indicated by the anemometer. 
The main reason i s t h a t the anemometer and the tables were 
iocated leeward of the building and were thus more or less 
shielded from the wind. The three Standard photometers of the 
WRC with f i l t e r s a t 368, 500 and 778 nm were used to calculate 
the a e r o s o l o p t i c a l depths. The d a t a are p r e s e n t e d i n 
Table A8. 

4. Results 
For the f i n a l evaluation a t o t a l of 37 runs have been selected 
and approved by the adhoc working group of CIMO responsible 
for the evaluation. These measurements were taken during the 
3.. 4., 7., 11., 12., 13., 14. and 17. October. A l l i r r a d i a n c e 
readings of PM0-2 during these runs are l i s t e d i n Table A6. 
These values have been used to calculate r a t i o s to each p a r t i ­
c i p a t i n g i n strument. The mean r a t i o f o r each run and the Over­
a l l s t a t i s t i c s f o r the whole comparison for each i n s t r u m e n t 
are l i s t e d in Table A7. The f i n a l r e s u l t s are summarized in 
Table 1 and 2 f o r the absolute radiometers and the Angström 
pyrheiiometers r e s p e c t i v e i y . 



Instrument Mo. of Mea- Mesn ratio Standard 
suremants to PHO-2 deviation 

CROM 
CROM 
ACR 
ACR 
ACR 
EPAC 
EPAC 
EPAC 
HF 
HF 
HF 
HF 
HF 
HF 
MK VI 
MK VI 
MK V I 
MK VI 
MK VI 
MK V I 
MK V I 
PM06 
PH06 
PM06 D 
PM06 I 
PM06 J 
PM06 S 
PMO - 5 
PAC - 3 

2L 
3 
401 
403 
1006 
12843 
13219 
13617 
14915 
15744 
17142 
16747 
19746 
23725 
67401 
67S02 
67604 
67702 
67814 
67915 
68016 
10 
80022 
5 
811106 
811107 
811108 

218 
164 
8 
8 

167 
433 
202 
233 
204 
318 
306 
113 
182 
156 
394 
434 
397 
391 
436 
409 
427 
220 
220 
129 
172 
137 
202 
220 
254 

0.99618 
0.99945 
1.00069 
1.00406 
1.00153 
1.00109 
0.99354 
0.99616 
1.00053 
0.99892 
1.00122 
0.99972 
0.99901 
1.00294 
0.99691 
1.00048 
0.99802 
1.00179 
0.99812 
0.99719 
0.99912 
0.99650 
0.99872 
0.99885 
0.99531 
1.00089 
0.99974 
0.99821 
0.99865 

0.00065 
0.000S8 
0.00086 
0.00067 
0.00662 
0.00185 
0.00195 
0.00198 
0.00153 
0.00092 
0.00099 
0.00155 
0.00119 
0.00231 
0.00116 
0.00136 
0.00145 
0.00133 
0.00090 
0.00125 
0.00120 
0.00068 
0.00082 
0.00100 
0.00142 
0.00193 
0.00158 
0.00107 
0.00111 

Table 1: Summary of results of absolute radiometers 

Mean ratio 
to PMO-2 

Standard 
deviation 

0.99884 
1.00840 
0.99999 
1.00052 
0.99963 
0.99931 
1.00125 
.99987 
.00072 
.99375 
.99954 
.99694 
.99501 
0.99908 
1.00621 
1.00025 
0.99374 

0.00192 
0.00370 
0.00165 
0.00197 
0.00318 
0.00399 
0.00801 
0.00450 
0.00228 
0.00236 
0.00131 
0.00171 
0.00207 
0.00139 
0.00566 
0.00186 
0.00223 

Instruneht Mo. of Mea­
surements 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

7 
21 
24 
171 
212 
507 
561 
564 
568 
576 
578 
583 
708 
7636 
9003 
18020 
18587 

178 
, 158 
288 
309 
174 
261 
257 
304 
197 
155 
260 
292 
124 
311 
206 
282 
312 

Table 2: Summary of results of Angström pyrheiiometers. 



According to the decisions of CIMO IX (Ottawa, 1985) the World 
Standard Group (WSG) consists of PAC-3, PMO-2, PMO-5, CR0M-2L, 
CROM-3 and one H-F and/or TMI instrument, which is not yet 
specified. As PMO-5 had a change of the shutter in f a l l 1984 
and CR0M-3 had not many comparison results since IPC-V, they 
are ommited in the following discussions. The WRR factors of 
the remaining three WSG instruments as determined during IPC-V 
are the following: WRR, ,..3: 1.00061, WRR, „.-2: 0.99860. 
wRRt,.*-:L: 1.00262. With the PMO-2 WRR factor the results of 
the WSG Instruments can be reduced from the results of IPC-VI 
to WRR according to the following formula: 

WRR ( X ) = WRR, * ((X / PMO-2 h , c - v : / WRR, ^ . -: ) . 
These values should be 1.0 for a l l three instruments. i f no 
change occured since IPC-V. The following values are obtained 
for IPC-VI: 

WRR(PM0-2) = 0.99860 * (1.00000/0.99860) = 1.00000 
WRR(PAC-3) = 1.00081 * (0.99865/0.99860) = 1.00086 
WRR(CROM-2L) = 1.00262 * (0.99618/0.99860) = 1.00019 

with a mean of 1.00035. From these results the following pos­
sible changes of the three WSG instruments may be dedüced with 
the a r b i t r a r i l y assumption th a t the changes are d i s t r i b u t e d 
eqüally among the instruments: 

PMO-2 : + 0.035 per cent 
PAC-3 : - 0.051 per cent 
CR0M-2L: + 0.016 per cent 

These changes are very small and probabiy of marginal s i g n i f i -
cance. They demonstrate th a t the WSG has been maintained pro­
perly and t h a t the realization of the WRR at IPC-VI is gua-
ranteed. A fu r t h e r evidence for the s t a b i l i t y of the WSG is 
tha t the resuits of most instruments participated in both IPC 
V and VI also indicate no significant change since then. 
The resuits of IPC-VI, presented here will be reviewed by the 
International Organization Committee and the f i n a l WRR redue­
tion factors of the WSG instruments, the new values for the 
reduetion of the absolute radiometers to WRR and the new ca l i ­
bration factors of the Angström pyrheiiometers will be sub­
mitted to the President of CIMO for Promulgation by WMO. The 
fi n a l factors will be dis t r i b u t e d by WMO to the Members for 
Implementation in due course. 
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Center/Country Instrument Manufacturer Ouner 
or designer 

HORLD RADIATION CENTERS 
Leningrad 
Davos 

A 212 
PMO-2 
PMO-5 
PAC-3 
PMO-6 
PMO-6 10 60022 

SMHI 
Brusa/Fröhlich 
Brusa 
Kendall 
Brusa 
Brusa 

Main Gaophysicai Observatory, Leningrad, USSR 
Physika!isch-Meteorologisches Observatorium 
Davos, Switzerland 

REGIONAL RADIATION CENTERS 
Region I 

Aigeria 
Egy.pt 
Migerla 
Sudan 
Tunisia 

Hungary 
Sweden 
United Kingdom 

A 708 
A 564 
A 576 
A 561 
A 9003 
HF 23725 

Region I I 
India 
Japan 

Region I U 
Argentma 

Region IT 
Canada 
USA 

Region V 
Australia 

Region VI 
Belgium A 7 

A 21 
CROM 2 
CROM 3 

Germany.Fed.Rep.of A 568 
PMO-6 5 

France 

PMO-6 811)06 
EPAC 13219 
PMO-6 811107 

MK VI 67915 

HF 18747 
EPAC 12843 
MK VI 67502 

A 578 
ACR 1006 

SMHI 
SMHI 
SMHI 
SMHI 
Eppley 
Eppley 

C. I.R; 
Eppley 
C.I.R. 

TMI 

Eppley 
Eppley 
TMI 

SMHI 
Radiometrics Inc. 

A 24 
A 7636 
MK Vi 68016 
HF 19746 
A 171 
PMO-6 811108 
A 583 
MK VI 67604 

SI 
SI 
Crom, 
Crom, 
SMHI 
PMOD 
SI 
Eppley 
TMI 
Eppley 
SMHI 
C.I.R. 
SMHI 
TMI 

IRM B 
IRM B 

I nst. Hydrometeoro1. H. L. M. , Cambetta. Oran 
Met.Authority, Koubry El-Ouobba. Cairo 
Meteorologica! Dept.. Lagos 
Meteorological Dept.. Khärtoum 
I n s t i t u t Mational de la Meteoiogie, Tunis 

Meteorological Office, Pune 
Japan Met. Agency, Tokyo 

Servicio Meteorologico Macional, Buenos Aires 

Atmospheric Environment Service. Downsview 
Mat.Oceanic & Atmosph.Administration, Bouider 

Cape Gr i m BAPS. Bureau of Meteorology, 
Melbourne 

I n s t i t u t Royal Meteorologique de Belgique, [ 
Bruxelies 

Deutscher Wetterdienst. Hamburg 
Meteorologie Centre Radiometrique, Carpentras 

Inst, for Atmospheric Physics, Budapest 
Swadish Meteorol. and Hydrol. I n s t i t u t , 
Morrkoplng 
Meteorological Office, Wpkingham, Berkshire 

VARIOUS INSTITCTIONS AHB NATIONAI. CENTERS 
DSET. USA HF 17142 Eppley 
Eppley, USA HF 14915 Eppley 
JPL. USA MK VI 67702 TMI 

ACR 401 JPL 
ACR 403 JPL 

Mexico A 18587 Eppley 
Noruay A 507 SMHI 

EPAC 13617 Eppley 
NT!, Sueden HF 15744 Eppley 
Peru A 18020 Eppley 
SERI, USA MK VI 67814 TMI 
TMI, USA MK VI 67401 TMI 

DSET Laboratories, Inc.; Phoenix 
Eppley Laboratory, Inc., Newport 
Jet Propuision Laboratory, Pasadena 

Inst^ de Geofisica UMAM, Mexico 
Geophysicai I n s t i t u t e , Bergen 
Mational Testing I n s t i t u t , Boras 
In s t i t u t o Geofisico del Peru, Lima 
Solar Energy Research I n s t i t u t , Golden 
Technical Measurements,, Inc., La Canada 

Table A 1: P a r t i c i p a t i o n in IPC VI 



BeMouche A l i 
I n s t i t u t Hydrometaorologique H.L.M 
Cambetta 
Oran A l g e r i a 
Ben M'Rad Bechir 
I n s t i t u t Mational de la Meteorologie 
B.P. 22 
2035 Tunis Carthage Tunisia 
Bardahl C Martin 
Technical Measurements, Inc. 
Box 838 
La Canada. Ca. 910H USA 
Bruaa Robert w. 
ESTEG - Space Science Dept. 
Postbus 299 
ML-2200 AG Moordwijk-aan-Zee 

Phone: 35 58 01 

Phone: 
Telex: 

Phone: 
Telex: 

782-400 
12369 

Phone: (818) 354-3147 

(1719) 836 25 
39098 

Metherlands 
C a r r i l h o Maria V i c t o r i a 
S e r v i c i o Meteorologico Macional 
AV. de loa Constituyentes 3454 
(1427) Buenos A i r e s Argentina 

Phone: 
Telex: 

52-1122 
21246 METEO AR 

Chang Ching Manuel 
I n s t i t u t p Geofiaico del Peru 
Aptdo 3747 Lina Peru 
Chevalier Andre 
I n s t i t u t Royal Meteorologique 
3. avenue C i r c u l a i r e 
B-1180 Bruzallea Belgium 

Phone: 
Telex: 

Phone: 
Telex: 

224166 
25507 

(2) 374 67 67 
21315 

Clerks Chris S. 
Meteorological O f f i c e , Met 0 I f 
Beaufort Park, Basthampatead 
GB-Hoklngham. Berkshire RC11 3DM UK 

Phone: 
Telex: 

0344-42 02 42 
849801 

Coudart Robert 
Meteorologie Centre Radiometrique 
F-B4200 Carpentras Franca 

Phone: (90) 63 12 71 

Crommelynck Dominique 
I n s t i t u t Royal Meteorologique 
3, avenue C i r c u l a i r e 
B-1180 Bruxelles Belgium 

Phone: 
Telex: 

(2) 374 67 87 
21315 

Dahlgren Lars Phone: 011-15 81 86 
Swedish Meteorol. and Hydrol. I n a t i t u t e Telex: 64400 SMHI S 
S-60176 MorrkÖping Sweden 

CO 

Dehne Klaus 
Deutscher Wetterdienst 
Met. Obs Hamburg 
Prahmreddar 95 
D-2000 Hamburg 65 
Germany, Federal Republic of 
Deaikan Shri V. 
Meteorological O f f i c e 
Instruments D i v i s i o n 
Puna 411 005 India 
Dosumu Muftau 0. 
Meteorological Department 
Headquarters 
Lagos Nigeria 
El.-HMasainy Fathy Mohomed 
Meteorological A u t h o r i t y 
Koubry El-Quobba 
Cairo Bgypt 
BI K h i d i r Abdel Chayoum Talha 
Meteorological Department 
P.O.Box 574 
Khärtoum Sudan 

Phone: 040 / 601 70 91 
Telex: 02162912 DHSA D 

Phone: 55221 ( e x t n : 267) 
Telex: 0145-227 

Phone: 522277 extn: 217 

Phone: 432020-238 

Phone: 
Phone: 

Flowers Edwin C. Phone: 
Hat. Oceanic & Atmospheric A d m i n i s t r a t i o n 
ARL/CMCC/R/B/AR4 
325 Broadway 
Boulder. Co. 80303 USA 

612967 ( o f f l c e ) 
611679 

(303) 497-6823 

Forgan Bruce W. 
Cape Grim BAPS 
P.O.Box 346 
Smithton. Taa. 7330 A u s t r a l i a 
f o u h a l Peter 
Camhridgai Research & I n s t r u ^ 
mehtatioh. !ne. 

21 Br i e Street 
Cambridge. Ma. 02139 USA 
Hellson Roger 
Jet Propulsion Laboratory MS 174-400 
4800 Oak Crove Drive 
Pasadena. C a l i f . 91109 USA 
Hichey John R. 
Eppley Laboratory Inc. 
12, S h e f f i e l d Ave 
Hewport. R! 02840 USA 

Phone: 004 521629 

Phone: (617) 581-5616 

Phone: 
Telex: 

(818) 354-2488 
(910) 588 3269 

Phone: (401) 847-1020 



Kendali James H. Sr. 
Technical Meaaurementa. Inc. 
Box, 838 
La Canada. Ca. 91011 USA 
Kenzari Rachid 
I n s t i t u t National de l a Meteorologie 
B.P. 22 
2035 Tunis Carthage Tunisia 
Klevantsova V i c t o r i a A. 
Voeixov Main Geophysicai Obaervatory 
Karbyaheva 7 
Leningrad 194018 USSR 
Laue Eri c G. 
Jet Propulsion Laboratory 
4800 Oak Grove Drive MS 125-177 
Pasadena. Ca. 91109 USA 
Liedquiat L e i f 
Statens Provningsanstalt FEf 
Box 857 
S 50115 Boras Suaden 

Phone: (818.) JS4-2708 

Phone: 
Telex: 

782-400 
12369 

Phone: 2478661 

Phone: (818) 354-3304 
Telex: 67-5429 

Phone: 4633-165000 
Telex: 36252 

Major György 
I n s t i t u t f o r Atmoapheric Physics 
P.O.Box 39 
H l 6 7 5 Budapest Hungary 
Muhlia V. Agustin 
I n s t i t u t o de Geofisica 
Univ. Macional Autonome de Mexico 
Cir c . Ext., Deleg. Coyoacan 
04510 Mexico D.F. Mexico 

Phone: 585-711 

Phone: 572-36-22 

Melson Donald W. Phone: 
Mat. Oceanic & Atmospheric A d m i n i s t r a t i o n 
ARL/GMCC/R/E/AR4 
325 Broadway 
Boulder. Co. 60303 USA 

(303) 497-6824 

O l i v i e r i Jean 
Meteorologie Centre Radiometrique 
P-84200 Carpentras France 
PaulBen Schieldrup H. 
Geophysicai I n a t i t u t e 
U n i v e r a i t y of Bergen 
M-5000 Bergen Moruay 

Phone: (90) 63 12 71 

Phone: 05-21 30 50 

Putman Wi11iam J. 
DSET Laboratories, Inc. 
Box 1850. Black Canyon Stage [ 
Phoenix. Az. 85029 USA 
Rufai Kolawole R. 
Meteorological Department 
Headquartera 
P r i v a t e Mail Bag 12542 
Lagos Nigeria 
Shimura Hidehiro 
1-3-4. Ote-macht 
Chiyoda-ku 
Tokyo Japan 
Stallkamp John A. 
Technical Measurements, Inc. 
Box 838 
La Canada. Ca. 91011 USA 
Tanaka John 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena. C a l i f . 91109 USA 
Vandenborre Wi1Iy 
I n s t i t u t Royal Meteorologique 
3, avenue C i r c u l a i r e 
B-1160 Bru x e l l e s Belgium 
Hardle David I . 
Atmosph Environment Service 
4905 D u f f e r i n Street 
Downsview, Ontario M3H 5T4 Canada 

Phone: 602-465-7356 
Telex: (910) 950-4681 

Phone: 63 33 71 

Phone: 03-211-6019 
Telex: 2222163 

Phone: (818) 577-9073 

Phone: (818) 354-6087 
Telex: (910) 588 3269 

Phone: (2) 374 67 87 
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Telex: (910) 588 3269 

Phone: 602-465-7356 
Telex: (910) 950 4681 



Instrument Dimension [mm] 
R r 

ABSOLUTE RADIOMETERS 

CROM 2L 6.29 4.999 144.05 
CROM 3 6.25 5.0 144.0 
ACR 401 6.22 3.984 152.2 
ACR 403 6.61 4.115 152.2 
ACR 1006 9.1 5.6 212.0 
EPAC 12843 8.32 5.64 190.5 
EPAC 13219 8.32 5.64 190.5 
EPAC 13617 8.32 5.64 190.5 
HF 14915 5.81 3.99 134.7 
HF 15744 5.81 3.99 134.7 
HF 17142 5.81 3.99 134.7 
HF 18747 5.81 3.99 134.7 
HF 19746 5.81 3.99 134.7 
HF 23725 5̂ 8̂  3.99 134,7 
MK VI 67401 8.2 5.65 187.6 
MK VI 67502 8.2 5.65 187.6 
MK VI 67604 8.2 5.65 187,6 
MK VI 67702 8.2 5.65 187.6 
MK VI 67814 8.2 5.65 187.6 
MK VI 67915 8.2 5.65 187.6 
MK VI 68016 8.2 5.65 187.6 
PM06 10 4.25 2.5 95.4 
PM06 80022 4.1 2.5 94.0 
PM06(D) 5 3.6 2.5 84.2 
PM06(I) 811106 4.1 2.5 94.0 
PM06(J) 811107 4.1 2.5 94.0 
PM06(S) 811108 4.1 2.5 94.0 
PMO - 2 3.6 2.5 85.0 
PMO - 5 3.7 2.5 95.4 
PAC - 3 8.18 5.64 190.5 

Table A 3: View limiting geometries of absolute radiometers (R: 
radius of front aperture, r: radius of receiver aper­
ture, F: distance between apertures). 



Instrument Dimension [mm] 
, v 

A-PYRHELIOMETERS 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

7 
21 
24 
171 
212 
507 
561 
564 
568 
576 
578 
583 
708 

A 7190 
A 7636 
A 8418 
A 9003 
A 18020 
A 18587 

150 
150 
150 
72.2 
50 
40 
54.7 
75.1 
55.5 
82 
70.5 
70.6 
70.6 

9.5 
9.5 
7.5 
10.25 
11.8 
10 
10.3 
10.3 
10.6 
10 
10.3 
10.3 
10.3 
10.3 
10.3 
10.3 
10.3 
10.3 
10.3 

7.5 
7.5 
4.8 
2.4 
2.5 
3.5 
4.1 
2,5 
4.0 
2.5 
2.5 
2.5 
2.5 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 

Table A 4: View limiting geometries of A-pyrheliometers (v, w: 
half length of the sides of the front aperture rec-
tangle, :̂ distance between reeeiver and front aper­
ture). 
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Description of Acquisition System 
The data acquisition for IPC VI is divided into two Systems: a 
analog p a r t (ADA) which acquires the reference Channels and a 
d i g i t a l p a r t (DDA) which gathers data from the participants. 
The DDA consists of a daisychain of microterminais (Burr Brown 
TM27) t h a t are controlled by a microcomputer (hp9816), which 
does also a l l of the data storage and reduetion. The teminais 
have a keypad and a 8 d i g i t display allowing input of up to 
eight hexadecimal d i g i t s (0..9,A..F) and a decimal point. They 
are identified by a unique address (terminal number). An entry 
consists of a number and a label 'A' to 'P' i n d i c a t i n g the 
type of data. A maximum of three d i f f e r e n t values f o r one 
reading is assigned to each instrument. While typing, mistakes 
can be corrected by Clearing and retyping the correct number; 
but once the data is entered, the keyboard remaines locked 
u n t i l the Computer has read the value given. As the DDA polls 
the terminals many times during one reading sequence, but 
stores the l a s t reading only, a wrong entry is overwritten by 
entering the correct value again. A check for correct datafor-
mat is made by the DDA on each value reeeived. I f i t f a i l s , 
the word error' is wr i t t e n back to the offending terminal for 
about one second, otherwise the value is stored in memory, 
indexed by i t s terminal address, sequence number and label. At 
the end of a run these rawdata are saved to a diskfile. 
The ADA is the same as used in previous IPC. I t s miniebmputer 
(DEC PDP8) emulates a number of microterminais and sends the 
raw values of the reference instruments to the DDA. The meteo­
rologie parameters are also measured by the ADA, but evaluated 
on the PDP8. 
A l i s t containing the names and types of a l l instruments to­
gether with t h e i r calibration constants and terminal addresses 
is then used to evaluate the raw data, calculate intensities 
and r a t i o s to PM02. These results are printed and saved on a 
di s k f i l e for l a t e r analysis. 
The rawdatafile can be modified by a special editor program 
to correct individual readings of a given run. The editor also 
re-caieuiates the int e n s i t i e s and ratios, Updates the r e s u i t -
f i l e accordingly and p r i n t s the new data and results. 
A s t a t i s t i c s program takes the rawdata- and r e s u l t f i l e s of 
several runs and p r i n t s a summary containing the means and 
Standard deviations of each run and of a l l the i n d i v i d u a l 
r a t i o s . Only r a t i o s within two percent of unity are taken into 
account for t h i s evaluation. 



bie A 5: Each terminal is possibly shared by two i n s t r u ­
ments, called f i r s t and second user, each of them 
giving up to three values per reading. The labels 
'A' to 'C are used for the f i r s t , labels 'D' to 
'F' for the second user. Depending on the type of 
instrument, the meaning of these labels are: 

instrument 
Type 

Value 
gi ven 

Label 
f i r s t second 

Angström 
PACRAD, 
HF 

TMI 
PM06 

PM02 

current 

thermopile 
heater voitage-
heater current 
irradiance 
voltage 
current 
voltage open 
current open 
voltage closed 
current closed 

A 
B 
C 

A 
B 
A 
B 
C 
D 

D 
E 
F 

D 
E 

no second 
user for 
t h i s type 
allowed. 



Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

3-Oct-85 
9'58'30 

741.4 
t o t 7 H 0 

764.7 

IO: 0' 0 
747.3 

10t 9< 0 
767.7 

10' 1:30 
7SS.8 

10'10'30 
769.4 

10' 3' 0 
75:. 1 

10'12' 0 
770.8 

iO' 4:30 
758.2 

10'13'30 
773.2 

10< 6: 0 
762.5 

10'15' 0 
774 . 2 

0310_0957 
Mean Stdev 

761.46 10.60 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

3-Oct-85 
i i : 1 3 ' 3 0 

818.8 
11:22:30 

816 .1 

11:15: 0 
814 .8 

11'24' 0 
817 .1 

H'16'30 
814 .9 

l l : 2 5 ' 3 0 
820.0 

11'18: 0 
815.9 

11:27' 0 
820 .1 

11:19:30 
821 .8 

11:28:30 
832 .1 

11:21: 0 
821 .6 

i l : 3 0 : 0 
828.7 

0310_1112 
Mean Stdev 

820.15 5.41 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

3-Oct-85 
12:22:30 

848.6 
12 : 3 H 30 

854.6 

12'24: 0 
851 .5 

12'33< 0 
857.1 

12'25'30 
847.7 

12'34'30 
852.6 

12:27: 0 
846 . 2 

12'36: 0 
655 . 3 

12:28:30 
642.1 

12 : 37*: 30 
852 . 6 

12:30: 0 
840 . 5 

12'39: 0 
860. 3 

0310_1221 
Mean Stdev 

850.74 5.95 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

3-Oct-85 
14:55:30 

714 . 1 
15: 4'30 

706. 2 

14'57: 0 
706.9 

15' 6' 0 
697.4 

14'58'30 
709. 3 

15: 7:30 
699.9 

15: 0: 0 
709.7 

15: 9: 0 
709. 3 

I S ' 1:30 
709 . 6 

15:10:30 
722.0 

15: 3: 0 
707 . 3 

i 5 : 1 2 : 0 
718.8 

0310_1454 
Mean Stdev 

709.21 6.91 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

4-Oct-85 
9:47:30 

857. 3 
9'56'30 

862.5 

9<49: 0 
858.3 

9'58: 0 
863 .8 

9'50'30 
859.2 

9'59'30 
864 .7 

9:52: 0 
860.5 

10: H 0 
865 .1 

9:53:30 
861 .1 

10: 2:30 
867 . 0 

9:55: 0 
862.6 

10: 4: 0 
867.8 

0410_0946 
Mean Stdev 

862.48 3.36 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

4-Oct-85 
10:44:30 

899 . 8 
10:53:30 

9 0 1 . 2 

10:46: 0 
902 . 1 

10t5S: 0 
901.5 

10:47'30 
900 .8 

10:56'30 
899.4 

10:49: 0 
901 . 9 

10:58: 0 
895 . 6 

10:50:30 
900.7 

10:59:30 
892 . 3 

10:52: 0 
900 . 9 

11: 1: 0 
690 . 1 

0410_1043 
Mean St d e v 

898.85 3.99 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

4-Oct-aS 
11:36:30 

899 .1 
11'45'30 

904.6 

11'38: 0 
898.9 

l l ' 4 7 t 0 
900.3 

11:39:30 
900.3 

11:48'30 
902.6 

11:41: 0 
903.7 

11:50: 0 
903.9 

11:42:30 
905.5 

11:51:30 
905 . 4 

11'44: 0 
905 .0 

11'53: 0 
904 . 8 

0410_1135 
Mean Stdev 

902.63 2.51 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

7-Oct-a5 
9:23<30 

830.0 
9'32'30 

838.8 

9:25' 0 
830.2 

9<34: 0 
839.7 

9'26'30 
833.2 

9'35'30 
840.6 

9:28: 0 
834 .7 

9'37: 0 
840.6 

9:29:30 
836.7 

9'38'30 
841.1 

9'31: 0 
836.6 

9'40: 0 
838.8 

07i0_0922 
Mean St d e v 

836.74 3.93 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

7-Oct-65 
9:52'30 

854.1 
10: 1:30 

866.4 

9tS4' 0 
655 .7 

10< 3' 0 
667.3 

9'55'30 
659.1 

10' 4'30 
868.2 

9<57' 0 
861.0 

10' 6' 0 
868.0 

9'58:30 
665.0 

10t 7'30 
669.3 

10' 0' 0 
865.0 

10: 9' 0 
867.4 

0710_095l 
Mean Stdev 

863.86 5.15 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

l l - O c t - 8 5 
9:15'30 

908.4 
9:24'30 

918.2 

9<17< 0 
910.2 

9'26: 0 
920.2 

9'18'30 
912.7 

9'27'30 
921. 9 

9:20: 0 
913.3 

9:29' 0 
92 3.5 

9'21:30 
91S.9 

9:30:30 
924 .3 

9:23: 0 
917.6 

9:32: 0 
925 . 2 

1110_0914 
Mean Stdev 

917.6 2 5.62 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

l l - O c t - 8 5 
9:48'30 

942 .4 
9:57'30 

947.0 

9tS0 : 0 
943.2 

9:59: 0 
947 .7 

9'51'30 
943.5 

10' 0'30 
949.5 

9:53: 0 
943.8 

10: 2: 0 
923.5 

9'54:30 
945.7 

10' 3'30 
924. 3 

9'56: 0 
946 . 3 

10: 5: 0 
947 . 4 

H10_0947 
Mean Stdev 

942.02 8.72 

Oate 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

l l - O c t - 8 5 
10'24'30 

963. 2 
10:33'30 

968.3 

10:26' 0 
964 .8 

10:35' 0 
970 .0 

10'27:30 
961.7 

10'36'30 
970 . 3 

10'29: 0 
966.0 

10'38' 0 
970.8 

10'30'30 
966.1 

10:39:30 
972 . 3 

10'32: 0 
967. 3 

10:41: 0 
973 . 1 

1110_1023 
Mean Stdev 

967.83 3.60 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

l l - O c t - 8 5 
10:51:30 

976.1 
1 1 : 0'30 

980.8 

10:53: 0 
975.9 

I i : 2: 0 
980.0 

10:54:30 
977.6 

11: 3'30 
981.0 

10:56: 0 
979 .1 

11: 5: 0 
981.6 

10:57:30 
978.8 

I i : 6:30 
961.1 

10:59: 0 
980.1 

1 1 : 8: 0 
980.4 

1110_1050 
Mean Stdev 

979.36 1.90 

Table A 6.1: Working reference values: 3.,4.,7.,11. Oct. 
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Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Da t e 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

l l - O c t - 8 5 
11-19-30 

984 .5 
11:28:30 

986.8 

l l - O c t - 8 5 
11:48t30 

987.6 
1H57-30 

989.2 

11-Oct-65 
12'16-30 

987.0 
12<25'30 

988.3 

l l - O c t - 8 5 
12<45t30 

985.5 
12'S4'30 

984.5 

l l - O c t - 8 5 
13'26'30 

972.3 
13'35'30 

968.4 

1 1 - Octs-85 
13'59'30 

956.0 
14: 8'30 

950.9 

12- Oct-85 
12:26'30 

966.5 
12'37t30 

965.5 

13- Oct-85 
13: 6'30 

931.2 
13:15:30 

9 34 .5 

13-Oct-85 
13:36:30 

928.4 
13:45:30 

900 . 9 

13- Oct-85 
14: 6:30 

900.2 
14'15'30 

890.7 

14- Oct-85 
12'31:30 

952.7 
12:40:30 

953.2 

17-Oct-8S 
9:46:30 

9 3 1 . 3 
9:55:30 

9 38.0 

17-Oct-85 
10:11:30 

947 .7 
10:20:30 

954.8 

l i ' 2 1 ' 0 
96 4. 3 

11<30' 0 
966.1 

11'50: 0 
987.4 

1 H 5 9 ' 0 
989.2 

12'18' 0 
988.2 

12'27' 0 
988.6 

12'47< 0 
985.6 

12'56' 0 
983.1 

13'28' 0 
971.1 

13<37t o 
967 .9 

14' 1' 0 
955.9 

14<10) 0 
948. 9 

12'30t 0 
958.7 

121 3 9' 0 
958.8 

13: 8' 0 
937.6 

13'17: 0 
935.0 

13)38 : 0 
923.9 

13) 4 7 : 0 
694 .0 

14: 8' 0 
899.7 

14-17' 0 
860.4 

1 2 t 3 3 : 0 
953.4 

12 ' 4 2: 0 
951.9 

9'48' 0 
932.6 

9:57: 0 
939.0 

10'13: 0 
951; 3 

10'22' 0 
956.7 

11'22'30 
984.6 

11:31:30 
986.5 

11'51'30 
987.3 

12' 0:30 
989.2 

12 ) 1 9 ) 3 0 
989.4 

12'26'30 
988.8 

12'48'30 
963.5 

12'57'30 
983.6 

13:29'30 
971.2 

13'36'30 
966.7 

14' 2:30 
955.4 

14'11'30 
946.9 

12' 3 H 3 0 
966.6 

12)40'30 
955.9 

13' 9'30 
932 .4 

13:18'30 
93 3.6 

13:39:30 
917 .8 

13'48'30 
901.8 

14' 9'30 
900. 3 

14'18'iO 
879.6 

12:34t30 
953.4 

12<43'30 
951.1 

9 ' 49' 30 
933.1 

9'58t30 
940.7 

10:14'30 
950.8 

10'23'30 
957.9 

i l ' 2 4 ' 0 
986.3 

11:33: 0 
986.6 

11:53: 0 
988.6 

12: 2: 0 
988.5 

12:21' 0 
989 . 2 

12'30' 0 
988.6 

12'50< 0 
980.0 

12'59: 0 
982.4 

13:31' 0 
971.4 

13'40' 0 
968.5 

14< 4: 0 
95 3.8 

14 ) 1 3 : 0 
947.3 

1 2 t 3 3 t o 
956.8 

12'42' 0 
955.9 

13:11' 0 
929.8 

13:20: 0 
933 .4 

13:41: 0 
914.4 

13:50: 0 
898 . i 

14:11' 0 
694 . 3 

14'20' Ö 
676.4 

12:36: 0 
953.2 

12:45: 0 
952 . 4 

9:51' 0 
934.9 

10' 0' 0 
942.5 

10'16' 0 
952.6 

10'2St 0 
958.3 

11: 25 ' 30 
985.1 

11:34'30 
987.3 

11:54:30 
989.4 

12' 3'30 
988.7 

12'22'30 
966.8 

12'31'30 
988.8 

12:51:30 
963.7 

13: 0:30 
980.4 

13)32'30 
963.7 

13'41'30 
960.4 

14: 5 t 3 0 
953 .1 

1 4 ' i 4 ' 3 0 
946.9 

12: 34 HO 
951.2 

12'43'30 
969.4 

13:12:30 
933 . 3 

13:21:30 
9 26 . 3 

13:42:30 
913.1 

13:51:30 
699.Ö 

14'12:30 
896 .1 

14'21'30 
899 .0 

12:37'30 
953.1 

12:46'30 
950.5 

9'52'30 
935.1 

10' 1'30 
942.4 

10'17:30 
962.9 

10-26:30 
959.8 

11:27: 0 
985.9 

11:36: 0 
987. 4 

11:56: 0 
989.0 

12: 5: 0 
988.6 

12'24' 0 
989.1 

12'33: Ö 
988.6 

12:53' 0 
982.7 

13: 2: 0 
988 . 6 

13'34' 0 
967.6 

13) 4 3 ' 0 
966.6 

14' 7' 0 
951 9 

14-16- 0 
946 .1 

12'36' 0 
958.6 

12'45< 6 
968 . 3 

13'14' 0 
926.4 

13:23: 0 
930 . 3 

13:44: 0 
909 .0 

13:53: 0 
894.7 

14:14: 0 
695.0 

14:23: 0 
866. 1 

12:39: 0 
952.5 

12'48: 0 
950.6 

9:54: 0 
937.3 

10: 3: 0 
943 . 2 

10:19: 0 
953.6 

10:28' 0 
960.8 

n i o _ i i i a 
Mean S t d e v 

985.97 1.08 

1110_1147 
Mean S t d e v 

986.56 - 0.74 

1110_1215 
Mean St d e v 

988.64 0.61 

1110_1244 
Mean S t d e v 

983.64 2 33 

H!0_132S 
Mean St d e v 

971.32 5.41 

1110_13S8 
Mean S t d e v 

951.27 3.61 

1210_1227 
Mean St d e v 

961.02 5.93 

1310_!305 
Mean S t d e v 

931.98 3.37 

1310^1335 
Meän Stdev 

907.9 3 I i . 57 

1310_1405 
Mean St d e v 

889.82 11.36 

1410_12;30 
Mean St d e v 

952.33 1.07 

1710_0945 
Mean Stdev 

937.49 4.14 

1710_1010 
Mean Stdev 

954.75 3.98 

Table A 6.2: Working reference values: 11.,12.,13.,14.,17. Oct. 



Date 
Time 
I n t e n * i t y 
Time 
I n t e n s i t y 

17-Oct-8S 
10 '36 HO 

964.1 
10-45-30 

964.7 

10!36- 0 
963.4 

10!47t 0 
964 5 

10'39'30 
964.5 

10'48!30 
965.6 

10'41' 0 
964.9 

10!SÖ' 0 
965.8 

i e ' 4 2 ' 3 0 
964.6 

10'51'30 
967.4 

10!44' 0 
964.9 

10tS3< 0 
968.1 

1710_1035 
Mean St d e v 

96S.22 1.34 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

17-Oct-65 
1 1 ' 3'30 

97!.0 
11:12:30 

974.0 

1 1 ' 5' 0 
971.7 

1 H 1 4 : 0 
974.8 

t l < 6'30 
973.0 

11'15'30 
975.1 

1 1 ' 6' 0 
97 2.6 

1 H 1 7 ' 0 
975.3 

1 1 ' 9'30 
97!.5 

11'18'30 
975.8 

1 1 ' I U 0 
972.6 

11:20' 0 
977.0 

1710_1102 
Mean Stdev 

973.85 1.73 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

17-Oct-65 
11t30'30 

978.9 
11'39'30 

981.3 

11<32' 0 
978.7 

11'41t 0 
981.1 

11t 33 '30 
978.9 

I i ' 4 2 ' 3 0 
961.2 

11'35' o 
979.7 

1 H 4 4 : 0 
980 .9 

11:36:30 
980 . 3 

11'45'30 
960.1 

11<38: 0 
979.7 

11:47: 0 
982.2 

1710_1129 
Mean Stdev 

980.25 1.11 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

17-Oct-8S 
11:57:30 

982. i 
12: 6'30 

982.8 

11:59: 0 
981.6 

12: 8' 0 
982.1 

12' 0'30 
981.6 

12t 9'30 
982 . 3 

12: 2: 0 
982.5 

12:11: 0 
982 . 4 

12: 3:30 
982.5 

12:12:30 
981.6 

12: 5: 0 
982.9 

12:14' 0 
981.3 

1 7 1 0 _ i l 5 6 
Mean Stdev 

982.15 0.51 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

17-Oct-8S 
12<24'30 

980 .7 
12'33'30 

979.9 

12'26' 0 
980.2 

12:35' 0 
979 .1 

12'27'30 
980.9 

12'36'30 
978.3 

12'29: o 
979.6 

12'38' 0 
978.0 

12'30'30 
979.5 

12' 391 30 
977 . 3 

12:32: 0 
979 .4 

12'41: 0 
978. 3 

1710_1223 
Mean Stdev 

979.27 1.11 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

17-Oct-85 
1 2'5H30 

975.6 
13: 0:30 

973.6 

12'53: 0 
975.9 

13: 2: 0 
972.7 

12:54:30 
976.1 

13' 3'30 
972 .5 

12'56' 0 
975.1 

13< 5: 0 
971.9 

12:57:30 
974.9 

i 3 : 6'30 
971.2 

12:59: 0 
973.2 

13: 6: 0 
970.4 

1710_1250 
Mean Stdev 

97 3.59 1.91 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 
Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

17-Oct-es 
13'18<30 

967.4 
13' 27 t 3 0 

963.3 
17-Oct-85 
13'45'30 

953.4 
13'54'30 

948.3 

1 3 t 2 0 t 0 
967.3 

13'29t 0 
962.S 

1 3 t 4 7 t 0 
952.0 

1 3 t 5 6 ' 0 
948.2 

13'2H30 
965.5 

13'30'30 
960.8 

13'46'30 
951.4 

13t57'30 
946.6 

13'23' 0 
965.4 

13'32' 0 
959.5 

13'50: 0 
950.7 

13<59: 0 
946.0 

13:24t30 
965.5 

1!'33'30 
959.1 

13< 511 30 
950. 2 

14' 0'30 
944.8 

13'26: 0 
964.3 

13'35' 0 
957.1 

13'53' 0 
950.6 

14' 3' 0 
944 . 2 

1710_1317 
Mean St d e v 

963.14 3.36 

1710_1344 
Mean St d e v 

948.89 2.95 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

17-Oct-6S 
14:12:30 

934.6 
14'21'30 

9 25.6 

14'14: 0 
934 .1 

14:23: 0 
923.9 

14:15:30 
931.9 

14:24'30 
922.7 

14:17: 0 
930.8 

14'26: 0 
920.9 

14:18:30 
928 . 6 

14:27:30 
919.0 

14'20: 0 
929.1 

14'29: 0 
918. 3 

1710_1411 
Mean S t d e v 

926.6 3 5.74 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

17-Oct-aS 
14:39 t 30 

905.9 
14t48'30 

695.6 

14'41: 0 
903.2 

14<50t 0 
893.6 

14t42:30 
903.2 

14t51:30 
891.6 

14:44: 0 
900.7 

14:53: 0 
890 . 3 

14'45:30 
898.2 

14:54:30 
886.2 

14:47: 0 
896.6 

14:56: 0 
885.7 

1710_1438 
Mean St d e v 

896.09 6.43 

Date 
Time 
I n t e n s i t y 
Time 
I n t e n s i t y 

17-Oct-6S 
15: 6:30 

866.8 
1 5 t 1 5 t 3 0 

648.2 

15: 8: 0 
864.1 

15'17: 0 
646.2 

15' 9:30 
659.9 

15:18:30 
842.3 

15:11: 0 
857.6 

16:20: 0 
839 . 1 

15:12:30 
855.0 

15: 2 1 : 30 
835 . 3 

15:14: 0 
851. 3 

15:23: 0 
833.6 

1710_1505 
Mean S t d e v 

849.93 11.06 

Table A 6.3: Working reference values: 17. Oct. 
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cr 
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PAC3 
Run 
Mean 
Std e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

9962.6 
0310_0957 

0.9979 
0.0005 

7 
1110_0947 

0.9963 
0.0007 

5 
1310_1305 

0.9996 
0.0014 

7 
1710_1223 

0.9969 
0.0006 

7 

0310_H12 
0.9967 
0.0017 

7 
1110_1023 

0.9986 
0.0005 

7 
1310_1335 

0.9993 
0.0021 

7 
1710_1250 

0.9990 
0.0004 

7 

0310_1221 
0.9978 
0.0010 

7 
1110_1050 

0.9986 
0.0013 

7 
131Ö_140S 

0.9992 
0.0027 

6 
1710_1317 

0.9990 
0.0004 

7 

0310_1454 
0.9979 
0.0009 

7 nio_nia 
0.9989 
0.0005 

7 
1410_1230 

0.9987 
0.0006 

7 
1710_1344 

0.9985 
0.0007 

7 

0410.0946 
0.9986 
0.0005 

7 
1110_1147 

0.9990 
0.0003 

7 
1710_0945 

0.9990 
0.0005 

7 
1710_1411 

0.9986 
0.0007 

7 

0410_1043 
0.9985 
0.0009 

7 
1110_1215 

0.9987 
0.0003 

7 
1710_1010 

0.9986 
0.0003 

7 
1710_1438 

0.9985 
0.0006 

7 

0410_1135 
0.9987 
0.0003 

7 
1110_1244 

0.9990 
0.0005 

6 
1710_103S 

0.9990 
0.0004 

7 
1710_1505 

0.9990 
0.0008 

7 

0710_0922 
0.9985 
0.0008 

7 
1110_1325 

0.9977 
0.0013 

6 
1710_1102 

0.9986 
0.0002 

7 

0710_0951 
0.9985 
0.0008 

7 
1110_1358 

0.9990 
0.0004 

7 
1710_1129 

0.9989 
0.0005 

7 

1110_0914 
0.9987 
0.0004 

7 
1210_1227 

0.9966 
0.0035 

7 
1710_1156 

0.9991 
0.0003 

7 
PAC3 

0.99865 
0.00111 
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30 (B M 
t—< 
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n 

o ) 
Ol 

o 

PMOS 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

CROM 2 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 

31.6150 
0310_0957 

0.9970 
0.0012 

6 
1110_0947 

0.9982 
0.0009 

5 
1310_1305 

0.9976 
0.0005 

6 
1710_1223 

0.9984 
0.0003 

6 

127.6870 
0310_0957 

0.9960 
0.0007 

6 
1110_0947 

0.9965 
0.0005 

5 
1310_1305 

0.9964 
0.0007 

6 
1710_1223 

0.9966 
0.0002 

6 

O310_1112 
0.9979 
0.0011 

6 
1110_1023 

0.9989 
0.0009 

6 
1310_1335 

0.9975 
0.0009 

6 
1710_1250 

0.9986 
0.0004 

6 

0310_1112 
0.9962 
0.0006 

6 
1110_1023 

0.9966 
0.0004 

6 
1310_1335 

0.9959 
0.0005 

6 
1710_1250 

0.9961 
0.0003 

6 

0310_1221 
0.9981 
0.0006 

6 
1110_1050 

0.9967 
0.0007 

6 
1310_1405 

0.9977 
0.0016 

6 
1710_1317 

0.9991 
0.0004 

6 

0310_1454 
0.9983 
0.0012 

6 
1110_1118 

0.9988 
0.0009 

6 
1410_1230 

0.9987 
0.0007 

6 
1710_1344 

0.9983 
0.0008 

6 

0310_1221 0310 
0.9962 0 
0.0003 0 

6 
1110_1050 1110 

0.9965 0 
0.0006 0 

6 
1310_1405 1410 

0.9955 0 
0.0007 0 

6 
1710_1317 1710 

0.9966 0 
0.0006 0 

6 

1454 
9962 
0008 

6 
1118 
9967 
0005 

6 
1230 
9962 
0005 

4 
1344 
9960 
0009 

6 

0410_0946 
0.9979 
0.0008 

6 
1110_1147 

0.9986 
0.0002 

6 
1710_0945 

0.9983 
0.0011 

6 
1710_1411 

0.9982 
0.0007 

6 

0410_0946 
0.9961 
0.0008 

6 
1110_1147 

0.9966 
0.0002 

6 
1710_0945 

0.9965 
0.0007 

6 
1710_1411 

0.9960 
0.0008 

6 

0410_1043 
0.9975 
0.0003 

6 
1110_1215 

0.9981 
0.0007 

6 
1710_1010 

0.9979 
0.0011 

6 
1710_1438 

0.9984 
0.0006 

6 

0410_1043 
0.9960 
0.0004 

6 
1110_1215 

0.9963 
0.0002 

6 
1710_1010 

0.9962 
0.0004 

6 
1710_1438 

0.9961 
0.0005 

6 

0410_1135 
0.9978 
0.0008 

6 
1110_1244 

0.9990 
0.0004 

5 
1710_1035 

0.9992 
0.0013 

6 
1710_1505 

0.9990 
0.0019 

6 

0 4 1 0 1 1 3 5 0710_ 

0710_0922 
0.9978 
0.0006 

6 
1110_1325 

0.9965 
0.0013 

6 
1710_1102 

0.9981 
0.0008 

6 

0.9961 0 
0.0003 0 

6 
1110_1244 1110 

0.9966 0 
0.0003 0 

5 
1710^1035 1710 

0.9968 0 
0.0005 0 

6 
1710_1505 

0.9956 
0.0015 

6 

0922 
9960 
0005 

6 
1325 
9957 
0006 

6 
1102 
9959 
0004 

6 

0710_095l 
0.9975 
0.0005 

6 
1110_1358 

0.9987 
0.0004 

6 
1710_1129 

0.9985 
0.0003 

6 

0710_ 0 9 5 l 
0.9958 
0.0005 

6 
1110_1358 

0.9961 
0.0003 

6 
1710_1129 

0.9962 
0.0004 

6 

1110_0914 
0.9974 
0.0020 

6 
1210_1227 

0.9967 
0.0021 

6 
1710_1156 

0.9987 
0.0005 

6 

1110_0914 
0.9969 
0.0005 

6 
1210_1227 

0.9952 
0.0008 

6 
1710_1156 

0.9963 
0.0003 

6 

PMOS 
0.99821 
0.00107 

220 

CROM 2 
0 99616 
0.00065 

218 
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CR0M3 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

PM0610 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

127.5*90 
0310_0957 

undef 
undef 
undef 

1110_0947 
0.9996 
0.0004 

5 
1310_1305 

0.9995 
0.0006 

6 
1710_1223 

0.9995 
0.0003 

6 

22.6706 
0310_0957 

0.9956 
0.0006 

6 
1110_0947 

0.9968 
0.0005 

5 
1310_1305 

0.9959 
0.0003 

6 
1710_1223 

0.9969 
0.0006 

6 

0310_1112 
undef 
undef 
undef 

1110_1023 
0.9995 
0.0003 

6 
1310_1335 

0.9998 
0.0003 

6 
1710_1250 

1,0001 
0.0004 

6 

O310_M12 
0.9965 
0.0005 

6 
1110_1023 

0.9966 
0.0004 

6 
1310_1335 

0.9958 
0.0005 

6 
1710_1250 

0.9972 
0.0003 

6 

0310_1221 
undef 
undef 
undef 

1110_1050 
0.9995 
0.0006 

6 
1310_1405 

0.9996 
0.0005 

6 
1710_1317 

0.9995 
0.0006 

6 

0310_1221 
0.9963 
0.0005 

6 
1110_1050 

0.9966 
0.0006 

6 
1310_140S 

0.9956 
0.0008 

6 
1710_1317 

0.9972 
0.0006 

6 

0310_1454 

undef 
undef 

1H0_111B 
0.9995 
0.0005 

6 
1410_1230 

0.9992 
0.0006 

4 
1710_1344 

0.9989 
0.0005 

6 

0310_1454 
0.9956 
0.0005 

6 
1110_1118 

0.9966 
0.0006 

6 
1410_1230 

0.9965 
0.0005 

6 
1710_1344 

0.9965 
0.0005 

6 

0410_0946 
undef 
undef 
undef 

1110_1147 
0.9999 
0.0003 

6 
1710_0945 

0.9998 
0.0004 

6 
1710_1411 

0.9993 
0.0005 

6 

0410_0946 
0.9961 
0.0008 

6 
1H0_1147 

0.9964 
0.0004 

6 
1710_0945 

0.9967 
0.0006 

6 
1710_14H 

0.9964 
0.0004 

6 

0410_1043 
undef 
undef 
undef 

1110_1215 
0.9991 
0.0004 

6 
1710_1010 

0.9993 
0.0005 

6 
1710_1438 

0.9991 
0.0006 

6 

0410_1043 
0.9958 
0.0003 

6 
1110_1215 

0.9965 
0.0003 

6 
1710_1010 

0.9962 
0.0002 

6 
1710_1438 

0.9969 
0.0006 

6 

0410_1135 
undef 
undef 
undef 

1110_1244 
0 9994 
0.0008 

5 
1710_1035 

0.9999 
0.0002 

6 
1710_1505 

0.9994 
0.0005 

6 

0410_1135 
0.9963 
0.0003 

6 
1110_1244 

0.9974 
0.0002 

5 
1710_1035 

0.9967 
0.0002 

6 
1710_1505 

0.9966 
0.0010 

6 

0710_0922 
undef 
undef 
undef 

1110_1325 
0.9993 
0.0010 

6 
1710_1102 

0.9995 
0.0006 

6 

0710_0951 
undef 
undef 
undef 

1110_1358 
0.9993 
0.0006 

6 
1710_1129 

0.9995 
0.0006 

6 

0710_092 2 
0.9964 
0.0002 

6 
1110_1325 

0.9972 
0.0005 

6 
1710_1102 

0.9964 
0.0003 

6 

0710_0951 
0.9964 
0.0002 

6 
1110_1358 

0.9973 
0.0005 

6 
17io_1129 

0.9972 
0.0007 

6 

1110_0914 
0.9994 
0 0006 

6 
1210_1227 

0.9985 
0.0005 

6 
1710_1156 

0.9996 
0.0002 

6 

1!10_0914 
0.9969 
0.0002 

6 
1210_1227 

0.9959 
0.0011 

6 
1710_1156 

0.9969 
0.0002 

6 

CROM 3 
0.99946 
0.00058 

164 

PMO610 
0.99650 
0.00068 
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O 

80022 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 

23.9150 
0910_0957 

0.9980 
0.0014 

6 
1110_0967 

0.9994 
0.0003 

S 
1310_1305 

0.9986 
0.0004 

6 
1710_1223 

0.9969 
0.0003 

6 

0310_1113 
0.9982 
0.0016 

6 
1110_1023 

0.9989 
0.0005 

6 
1310_1335 

0.9983 
0.0008 

6 
1710_1250 

0.9989 
0.0006 

6 

0310_1221 
0.9988 
0.0005 

6 
1110_1050 

0.9989 
0.0010 

6 
1310_1405 

0.9981 
0.0014 

6 
1710_1317 

0.9991 
0.0002 

6 

0310_1454 
0.9985 
0.0018 

6 mo_me 
0.9987 
0.0009 

6 
1410_1230 

0.9989 
0.0003 

6 
1710_1344 

0.9986 
0.0005 

6 

0410_0946 
0.9989 
0.0008 

6 
1110_1147 

0.9992 
0.0007 

6 
1710_0945 

0.9989 
0.0007 

6 
1710_1411 

0.9984 
0.0005 

6 

0410_1043 
0.998B 
0.0004 

6 
1110_1215 

0.9985 
0.0007 

6 
1710_1010 

0.9986 
0.0009 

6 
1710_1436 

0.9988 
0.0008 

6 

0410_1135 
0.9987 
0.0004 

6 
1110_H44 

0.9994 
0.0004 

5 
1710_1035 

0.9989 
0.0006 

6 
1710_1505 

0.9987 
0.0016 

6 

0710_0922 
0.9990 
0.0006 

6 
1110_132S 

0.9988 
0.0008 

6 
1710_1102 

0.9987 
0.0007 

6 

0710_0951 
0.9985 
0.0004 

6 
1110_1358 

0.9989 
0.0002 

6 
1710_1129 

0.9988 
0.0004 

6 

1110_0914 
0.9987 
0.0006 

6 
H10_1227 

0.9978 
0.0011 

6 
1710_1156 

0.9989 
0.0006 

6 
80022 

0 99872 
0.00082 

220 



ACR1006 13.2000 
Run 0310 0957 0310_1112 0310_1221 0310_1454 0410_0946 Ö410_1043 0410_1135 0710_0922 0 7 1 0 0 9 5 1 1110.0914 
Mean undef undef undef undef undef undef undef 0.9996 1.0053 1.0065 
S t d e v undef undef undef undef undef undef undef 0.0066 0.0017 0.0068 
M undef undef undef undef undef undef undef 6 6 6 
Run 1110_0947 1110_1023 1M0_10S0 l i l b _ m a 1110_1147 1110_1215 1110_1244 1 1 1 0 1 3 2 5 1110_i358 1210_1227 
Mean 1.0071 1.0065 1.0030 1.0061 1.0014 1.0035 1.0Ö43 1.00S0 1.0036 0.9986 
S t d e v 0.0024 0.0009 0.0022 0.0024 0.0059 0.0028 0.0026 0.0044 0.Ö048 0.0075 
M 5 6 6 6 6 6 5 6 6 6 
Run 1310_1305 1310_1335 1310_1405 1410_1230 1710_094S 1710_1010 1710_1035 1710_1102 1710_1129 1710_1156 
Mean 1.0047 0.9950 0 9908 1.0004 1.0036 1.0050 1.0033 1.0007 1.0013 1.0001 
S t d e v 0.0069 0.0064 0.0087 0.0032 0.0045 0.0026 0.0032 0.0077 0.0080 0.0030 
M 6 6 5 6 6 6 6 6 5 6 
Run 1710^1223 1710_1250 1710_1317 1710_1364 1710_1411 1710^.1438 1710_1505 ACR1006 
Mean 0.9978 0.9989 1.0033 0.9947 0.9980 0.9933 0.9987 1.00153 
S t d e v 0.0077 0.0103 0 0060 0.0085 0.0076 0.0090 0.0072 0.00662 
M 4 5 4 4 5 5 6 167 

PM06D 23.7290 
Run 0310_0957 0310_1112 0310_1221 0310_1454 0410_0946 0410_1043 0410_1135 0710_0922 0710_0951 1110_0914 
Mean 0.9973 0.9973 0.9981 0.9993 0.9997 0.9986 0.9987 0.9991 0.9990 0.9989 
S t d e v undef 0.0018 0.0012 0.0006 0.0011 0.0006 0.0005 0.0004 0.0005 0.0003 
M 1 5 5 5 6 6 6 5 6 6 
Run 1110_0947 1110_1023 1110_1050 1110_1116 111Ö_1147 1110_1215 1110_1244 1110_132S 1110_13S8 1210_1227 
Mean 0.9995 0.9987 0.9990 0.9992 0.9989 6 9986 0.9995 0.9990 0.9989 0.9995 
S t d e v 0.0009 0.0007 0.0005 0.0006 0.0004 0.0002 0.0002 0.0007 0.0010 0.0006 
N 5 5 6 6 6 6 3 6 6 6 
Run I31p_1306 1310_1335 1310_1*05 1410_1230 1710_0945 1710_1010 1710_1035 1710_1102 1710_1129 1710_1156 
Mean 0.9986 0.9985 0.9977 0.9992 undef undef undef u n d e f undef undef 
S t d e v 0.0022 0.Ö008 0.0013 0.0006 undef undef undef undef undef undef 
M 5 6 6 6 undef undef undef u n d e f undef undef 
Run 1710_1223 1710_1250 1710_1317 1710_1344 1710_1411 1710_1438 1710_150S PM06D 
Mean un d e f undef undef undef undef u n d e f undef 0.9986s 
S t d e v undef undef undef undef undef undef undef 0.00100 
M un d e f undef undef undef undef undef undef 129 

PM061 599.9500 
Run 0310_0957 0 3 1 0 _ H H 0 3 1 0 _ H 2 1 0310_l*54 0410_0946 0410_1043 0410_H!5 0710_0922 0710_0951 1110_0914 
Mean un d e f u n d e f u n d e f undef undef undef u n d e f 0.9946 0.9942 0.9948 
S t d e v undef undef undef undef undef undef undef 0.0005 0.0004 0.0008 
M undef undef undef undef undef undef undef 6 5 6 
Run 1110_0947 1110_1023 1110_1050 1110_1118 1110_1147 1110_i215 1110_H44 1110_H25 1110_1358 1210_1227 
Mean 0.9957 0.9955 0.9956 0.9952 0.9957 0.9942 0.9958 0.9959 0.9954 0.9984 
S t d e v 0.0004 0.0004 0.0Ö03 0.0009 0.0007 0.0023 0.0004 0.0006 0.0008 0.0054 
M 4 6 6 6 6 5 5 6 5 6 
Run 1310_1305 i310_1335 1310_1405 1410^1230 1710_0945 1710_1010 1710_1035 1710_1102 1710_1129 1710_1156 
Mean 0.9955 0.9949 0.9935 0.9955 0.9950 0.9950 0.9956 0.9951 0.9953 0.9954 
S t d e v 0.0006 0.0007 0.0018 0.0006 0.0006 0.0006 0.0005 0.0007 0 0007 0.0007 
M 6 6 4 6 6 6 6 6 6 6 
Run i710_1223 1710_1250 1710_1317 1710_1344 1710_1411 1710_1438 1710_1505 PMG6I 
Mean 0.9954 0.9954 0.9960 0 9 9 5 4 0.9949 0.9950 0.9946 0.99531 
S t d e v 0.0002 0.0005 0.0004 0.0009 0.Ö007 0.0007 0.0016 0 Ö0142 
M 6 6 6 6 6 6 6 172 
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PM06J 
Run 
Mean 
Std e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
Std e v 
N 
Run 
Mean 
Std e v 
N 

24.0310 
0310_0957 

0.9909 
0.0025 

4 
1110 0947 

1.0014 
0.0008 

5 
1310_130S 

0.9995 
0.0019 

6 
1710_1223 

undef 
undef 
undef 

0310_1112 
1.0024 
0.0020 

4 
1110_102 3 

1.0007 
0.0008 

6 
1310_1335 

1.0010 
0.0041 

6 
1710_1250 

undef 
undef 
undef 

0 3 1 0 _ i 2 21 
1.0015 
0.0021 

6 
1110_1050 

1.0017 
0.0018 

6 
1310_1405 

1.0003 
0.0020 

6 
1710_1317 

undef 
undef 
undef 

0310_1454 
1.0020 
0.0011 

6 
1110_1118 

1.0016 
0.0010 

6 
1410_1230 

1.0015 
0.0004 

6 
1710_1344 

undef 
undef 
undef 

0410_0946 
1.0011 
0.0006 

6 
1110_1147 

0.9999 
0.0035 

6 
171Ö_0945 

undef 
undef 
undef 

1710_1411 
undef 
undef 
undef 

0410_104 3 
0.9999 
0.0017 

5 
1110_1215 

1.0011 
0.0019 

6 
1710_1010 

undef 
undef 
undef 

1710_1438 
undef 
undef 
undef 

0410_1135 
1.0011 
0.0011 

6 
1110_1244 

1.0007 
0.0005 

5 
1710_1035 

undef 
undef 
undef 

1710_1505 
undef 
undef 
undef 

0710_09 22 
1.0005 
0.0012 

6 
H10_1325 

1.0007 
0.0007 

6 
1710_1102 

undef 
undef 
undef 

0710_0951 
1.0003 
0.0007 

6 
1110_1358 

1.0001 
0.0012 

6 
1710_1129 

undef 
undef 
undef 

1110_0914 
1.0009 
0.0010 

6 
1210_1227 

1.0026 
0.0040 

6 
1710_1156 

undef 
undef 
Undef 

PM06J 
1.00089 
0.00193 

137 
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C3 
00 
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M3 
Ol 

PM06S 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

H14915 
Ruh 
Mean 
S t d e v 
M 
Run 
Mean 
Stdev 
N 
Run 
Mean 
Std e v 
M 
Run 
Mean 
S t d e v 
M 

120.2900 
0310_0957 

undef 
undef 

1110_0947 
1.0006 
0.0007 

5 
1310_1305 

1.0001 
0 0009 

6 
1710_1223 

0.9994 
0.0004 

5 

20010.0 
0310_0957 

0.9995 
0.0005 

7 
l i l 0 _ 0 9 4 7 

1.0016 
0.0006 

8 
1310_130S 

1.0018 
0.0011 

10 
1710_1223 

undef 
undef 

0310_1112 
1.0015 
0.0042 

6 
1110_1023 

1.0003 
0.0005 

6 
1310_1335 

0.9992 
0.0029 

5 
1710_1250 

0.9992 
0.0017 

5 

0310_1112 
0.9992 
0.0014 

7 
1110_1023 

1.0017 
0.0006 

10 
1310_1335 

1.0014 
0.0012 

10 
1710_1250 

undef 
undef 
undef 

0310_1221 
0.9984 
0.0047 

6 
1110 1050 

1.0007 
0.0010 

6 
1310_1405 

0.9996 
0.0016 

3 
1710_1317 

0.9996 
0.0010 

6 

0 3 1 0 _ H 2 1 
1.0013 
0.0025 

7 mo_io5o 
1.0009 
0.0005 

10 
1310_1405 

1.0006 
0.0012 

9 
1710_1317 

undef 
undef 
undef 

0310_1454 
1.0017 
0.0015 

5 
1110_1118 

1.0001 
0.0006 

6 
1410_12 30 

0.9995 
0.0010 

6 
1710_1344 

0,9987 
0.0016 

6 

0310_1454 
1.0004 
0.0009 

7 
1110_1118 

1.0021 
0.0010 

10 
1410_1230 

1.0011 
0.0006 

10 
1710_1344 

undef 
undef 
undef 

0410_0946 
1.0001 
0.0005 

6 
1110_1147 

0.9990 
0.0018 

6 
1710_0945 

1.0000 
0.0008 

6 
1710^1411 

0.9985 
0.0013 

6 

0410_0946 
1.0007 
0.0008 

7 
1110_1147 

1.0002 
0.0004 

10 
1710_0945 

undef 
undef 
undef 

1710_1411 
undef 
undef 
undef 

0410_1043 
0.9997 
0.0006 

6 
1110_121S 

0.9998 
0.0003 

6 
1710_1010 

0.9996 
0.0005 

5 
1710_1438 

0.9988 
0.0012 

5 

0410_1043 
1.0000 
0.0008 

7 
1110_121S 

Ö.9965 
0.0003 

10 
1710_1010 

undef 
undef 
undef 

1710_1438 
undef 

undef 

0410_1135 
1.0000 
0.0006 

5 
1110_1244 

1.0002 
0.0005 

5 
1710_1035 

1.0003 
0.0007 

6 
1710_1505 

0.9989 
0.0018 

6 

0410_1135 
0.9999 
0.0006 

7 
1110_1244 

1.0013 
0.0004 

9 
1710_103S 

undef 
undef 

1710_150S 
undef 
undef 
undef 

0710_09 22 
0.9993 
0.0007 

6 
1110_1325 

0.9997 
0.0016 

6 
1710_1102 

0.9997 
0.0011 

6 

0710_0951 
0.999 3 
0.0008 

6 
1110_1358 

0.9991 
0.0006 

5 
1710_1129 

1.0001 
0.0006 

5 

0710_0922 
0.9996 
0.0005 

7 
1110_1325 

1.0003 
0.0006 

6 
1710_1102 

undef 
undef 
undef 

0710_09S1 
1.0008 
0.0005 

7 
1110_1358 

0.9999 
0.0006 

10 
1710_H29 

undef 
undef 
undef 

1110_0914 
0.9999 
0.0010 

6 
1210_1227 

0.9998 
0.0018 

5 
1710_1156 

1.000 2 
0.0004 

6 

1110_0914 
1.0024 
0.0010 

7 
1210_1227 

0.9992 
0.0006 

10 
1710_1156 

undef 
undef 
u n d e f 

PM06S 
0.99974 
0.00158 

202 

H14915 
1.0005 3 
0.00153 

204 
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3C 

Hl5744 
Run 
Mean 
S t d e v 

Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Meän 
Std e v 
M 

H17142 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

20020.0 
0310_0957 

undef 
undef 
undef 

1110_0947 
0.9998 
0.0009 

8 
1310_130S 

0.999 2 
0.0009 

10 
1710_1223 

0 9986 
0.0002 

10 

19982.0 
0 310_0957 

undef 
undef 
undef 

1110_0947 
1.0013 
0.0010 

8 
1310_1305 

1.0016 
0.0012 

10 
1710_122 3 

1.0016 
0.0005 

10 

0310_1112 
0.9985 
0.0026 

7 
1110_1023 

0.9992 
0.0006 

10 
1310_1335 

0.9984 
0.0012 

10 
1710_1250 

0.9986 
0.0003 

10 

0310_1221 
0.9983 
0.0026 

7 
m o _ i o 5 0 

0 9991 
0.0006 

10 
1310_1405 

0 .9989 
0.0005 

5 
1710_1317 

0.9989 
0.0007 

10 

0310_1112 0310 
1.0008 1 
0.0023 0 

7 
1110_1023 1110 

1.0008 1 
0.0006 0 

10 
1310_1335 1310 

1.0005 1 
0.0016 0 

10 
1710_1250 1710 

1.0017 1 
0.0004 0 

10 

1221 
0002 
0018 

7 
1050 
0011 
0005 

10 
.1405 
0021 
0009 

9 
.1317 
0023 
0005 

10 

0310 14S4 
0.9982 
0.0004 

6 
1110_1118 

0.9991 
0.0006 

10 
1410_12 30 

0.9980 
0.0004 

10 
1710_1344 

0.9988 
0.0005 

10 

0310^1454 
1.0012 
0.0009 

7 
1110_1118 

1.0015 
0.0009 

10 
1410_1230 

1.0005 
0.0004 

10 
1710_1344 

1.0017 
0.0005 

10 

0410_0946 
0.9992 
0.0006 

7 
1110_1147 

0.9993 
0.0005 

10 
1710_0945 

0.9994 
0.0008 

10 
1710_1411 

0.9987 
0.0006 

10 

0410_0946 
1.0006 
0.0009 

7 
1110_1147 

1.0015 
0.0004 

10 
1710_094S 

1.0011 
0.0011 

10 
1710_1411 

1.0016 
0.0006 

10 

0410_104 3 
0.9986 
0.0009 

7 
1110_1215 

0.9988 
0.0004 

i " 
1710_1010 

0.9997 
0.0007 

10 
1710_1438 

0.9984 
0.0006 

10 

0410_1043 
1.0000 
0.0008 

6 
1110_1215 

1.0014 
0 0005 

10 
1710_1010 

1.0015 
0.0008 

10 
1710_1438 

undef 
Undef 
undef 

0410_1135 
0.9991 
0.0006 

7 
1110_1244 

0 9991 
0.0004 

9 
1710_1035 

0 9994 
0.0006 

10 
1710r_1505 

0.9991 
0.0011 

10 

0410_1135 
1.0012 
0.0008 

7 
1110_1244 

1.0021 
0.0006 

9 
1710_1035 

1.0011 
0.0006 

10 
1710_1505 

undef 
Undef 
undef 

0710_0922 
0.9982 
0.0003 

7 
1110_13 25 

0.9988 
0.0004 

8 
1 7 1 0 1 1 0 2 

0 9967 
0.0009 

10 

O710._0951 
0.9993 
0.0006 

7 
1110_1358 

0.9994 
0.0002 

9 
1710_1129 

0.9987 
0.0007 

10 

0710 0922 0710_ 
1.0004 1 
0.0004 0 

7 
1110_1325 1110 

1.0008 1 
0.0O07 0 

6 
1710_1102 1710 

1.0003 1 
0.0010 0 

10 

0951 
0004 
0008 

7 
.1358 
0019 
0003 

10 
.1129 
0016 
0008 

10 

1110_0914 
0.9998 
0.0008 

7 
1210_1227 

0.9977 
0.0006 

7 
1710_1156 

0.9992 
0.0003 

10 

1H0_0914 
1.0013 
Ö 0008 

7 
1210_1227 

1.0011 
0.0007 

10 
1710_1156 

1.0014 
0.0005 

10 

Hl 5744 
0.99892 
0.00092 

318 

H17142 
1.0012 2 
0.00099 

306 
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H18747 
Ruh 
Mean 
Std e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 

S t d e v 
M 

1.0000 
0310_0957 

undef 
undef 
u n d e f 

1110_0947 
1.0000 
0.0006 

5 
1310_1305 

1.0000 
0.0016 

7 
1710_12 2 3 

undef 
undef 
undef 

0310_1112 
un d e f 
undef 
u n d e f 

1110_1023 
0.9998 
0.0004 

7 
1310_1335 

0.9996 
0.0032 

7 
1710_1250 

undef 
undef 
undef 

0310_1221 
undef 
undef 
undef 

1110_1050 
0.9997 
0.0013 

7 
1 3 1 0 1 4 0 5 

0.9994 
0.0030 

6 

1710_1317 

undef 

0310_1454 
ühdef 
undef 
undef 

1110_1118 
0.9997 
0.0005 

7 
1410_1230 

0.9997 
Ö.0005 

7 
1710_1344 

undef 
undef 
undef 

0410_0946 
undef 
undef 
undef 

1110_1147 
0.9999 
0.0004 

7 
1710_0945 

undef 
undef 
undef 

1710_1411 
undef 
undef 
undef 

0410_1043 
undef 
undef 
undef 

1110-1215 
6.9999 
0.0006 

7 
1710_1010 

undef 
undef 
undef 

1710_1438 
undef 
undef 
undef 

0410_1135 
undef 
undef 
undef 

1110_1244 
0.9997 
0.0010 

6 
1710_^1035 

undef 
undef 
undef 

1710_1505 
undef 
undef 
undef 

0710_0922 
0.9985 
0.0008 

7 
1 1 1 0 1 3 2 5 

1.0006 
0.0011 

6 
1710_1102 

undef 
undef 
undef 

0 7 1 0 _ 0 9 5 i 
1,0001 
0 0006 

6 
1110_135e 

1.0004 
0.0007 

7 
1710^1129 

undef 
undef 
undef 

1110_0914 
1.0001 
0.0011 

7 
1210_1227 

0.9985 
0.0034 

7 
1710_1156 

undef 
undef 
undef 

H18747 
0.99972 
0.00155 

113 
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00 

H19746 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 

H23725 
Run 

S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

P12843 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
Std e v 
M 

19975.0 
0310_0957 

un d e f 
undef 
undef 

1110_0947 
0 9993 
0.0009 

a 
1310_1305 

1.0009 
0.0007 a 

1710_1223 
undef 

undef 

20050.0 
0310_0957 

1.0011 
0.0007 

7 
1110_0947 

1.0034 
0.0017 

5 
1310_1305 

l ooia 
0.0012 

7 
1 7 1 0 _ H 2 3 

un d e f 
u n d e f 
u n d e f 

10.0000 
0310_09S7 

1.0012 
0.0016 

12 
1110_0947 

1.0019 
0.0006 

10 
1310_1305 

1.0012 
0.0011 

12 
1710_1223 

1.0010 
0.0008 

12 

0310_1112 
0.9973 
0.0027 

7 
1110_1023 

0.9992 
0.0006 

10 
1310_1335 

0.9992 
0.0012 

10 
1710_1250 

undef 
undef 
undef 

0310_1112 
1.0021 
0.0010 

7 
1110_1023 

1.0047 
0.0010 

7 
1310_1335 

1.0037 
0.0019 

7 
1710_H50 

undef 
undef 
undef 

0 3 1 0 _ 1 1 H 
1.0024 
0.0016 

12 
1110_1023 

1.0017 
0.0007 

12 
1310_1335 

1 oooa 
0.0021 

12 
1710_1250 

1.0006 
0.0011 

12 

0310_1221 
0.9985 
0 0026 

7 
1110_1050 

0.9900 
0.0009 

10 
1310_1405 

0.9987 
0.0008 

9 
1710_1317 

undef 

undef 

0310_1221 
1.0032 
0.0019 

7 
1110_1050 

1.0046 
0.0021 

7 
1310_1405 

1.0009 
0.001* 

6 
1710_H17 

undef 
undef 
undef 

0 3 1 0 _ H 2 1 
1.0009 
0.0021 

H 
1110_10S0 

1.0022 
0.0013 

12 
1310_1*05 

0.9999 
0.0016 

11 
1710_1317 

0 999* 
0.0009 

12 

0310_1*5* 
0.9990 
0.0012 

7 
1110_1118 

0.9990 
0.0005 

9 
1410_1230 

0.9989 
0.0005 

10 
1710_13** 

undef 

undef 

0 3 1 0 _ l * 5 * 
1.0012 
0.0015 

7 
i i i o _ m a 

1.0063 
0.0016 

7 
1610_1230 

1.0018 
0.0017 

7 
1710_1344 

un d e f 
undef 
u n d e f 

0410 _0946 
0.9969 
0.0006 

7 
1110_1147 

0.9991 
0.0003 

9 
1710_09*5 

undef 
undef 

1710_1411 
undef 

undef 

0410_0946 
1.0030 
0.0012 

7 
1110_1147 

1 0061 
0.0014 

7 
1710_0945 

undef 
undef 
undef 

1710_1411 
undef 
undef 
undef 

0 4 1 0 1 0 4 3 
0.9978 
0 0008 

7 
1110 1215 

1.0001 
0.0007 

10 
1 7 1 0 1 0 1 0 

undef 

1710_1*38 
undef 

undef 

0 4 1 0 1 0 4 3 
1 0044 
0.0019 

7 
1110_1215 

1 0030 
0.0014 

7 
1710_1010 

undef 
undef 
undef 

1710_1438 
undef 
undef 
undef 

0410 1135 
0 9969 
0 0004 

7 
1110_1244 

0 9997 
0.0003 

9 
1 7 1 0 1 0 3 ^ 

undef 
undef 
undef 

1710_1505 
u n d e f 
undef 
undef 

0410_1135 
undef 
undef 
undef 

1110_12** 
1.0027 
0.0011 

6 
1710_1035 

undef 
undef 
undef 

1710_1505 
undef 
undef 
undef 

0710_0922 
0.998* 
0.0002 

7 
1110_1325 

0.9992 
0.0006 

8 
1710_1102 

undef 
undef 

0710 0951 
0 9979 
0 0007 

7 
i i i o _ i 3 s a 

0.9989 
0.0007 

9 
1710_H29 

undef 
undef 
undef 

0710_0922 
1.0011 
0.0020 

7 
1110_1325 

1.0008 
0.0019 

6 
1710_1102 

undef 
undef 
undef 

1110_0914 
0.9996 
0.0008 

7 
1210_1227 

undef 
undef 
undef 

1710_1156 
undef 
undef 
undef 

0 7 1 0 0 9 5 1 
1.00*9 
0.0015 

7 
ino_i3sa 

1.0056 
0.0011 

7 
1710_1129 

undef 
undef 
undef 

m o _ 0 9 i * l.ooo* 
0.0011 

7 
1210_1227 

1.0003 
0.001* 

7 
1710_1156 

undef 
undef 
undef 

0310_1454 
1.0021 
0.0014 

12 
H10_1118 

1.0012 
0.0009 

12 
1*10_1230 

1.0014 
0.0005 

11 
1710_1344 

1.0000 
0.0013 

12 

0410_0946 0410_: 
1.0019 1 
0.0010 0 

12 
H10_1147 1110 

1.0016 0 
0.0012 0 

12 
1710_0945 1710 

1.0020 1 
o.oooa o 

12 
1710_1411 

0.9983 
0.0015 

12 

1710 
0 
0 

1043 0410. 
0014 1 
0013 0 

12 
1215 1110. 
9999 0. 
0012 0 

12 
1010 1710. 
0035 1 
0009 0 

12 
1438 1710. 
9982 0 
0013 0 

12 

1135 
0022 
0009 

12 
1244 
9995 
0010 

11 
1035 
0034 
0005 

12 
1505 
9991 
0018 

11 

0710_09M 
1.0020 
0.0007 

11 mo_ms 
0.9994 
0.0012 

10 
1710_1102 

1.0037 
0.0010 

12 

0710_09S1 
1.0029 
0.0008 

12 
1110_1358 

1.0005 
0.0010 

12 
1710_1129 

1.0000 
0.0010 

12 

1110_O914 
1.0023 
0.0008 

12 
1210_1227 

0.9978 
0.0017 

10 
1710_1156 

1.0020 
0.0011 

12 

H19746 
0 99901 
0 00119 

182 

M23725 
1.00294 
0.00231 

156 

P12843 
1.00109 
0.00185 

433 
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P13219 
Run 
Mean 
Std e v 
N 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
Std e v 
M 
Run 
Mean 
Stdev 
M 

P I 3617 
Run 
Mean 
Stdev 
M 
Run 
Mean 
Std e v 
N 
Run 
Mean 
Std e v 
M 
Run 
Mean 
Std e v 
M 

P67401 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
Std e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
Std e v 
M 

10024.0 
0310 0957 

undef 
ündef 

1110_0947 
0 9943 
0.0006 

5 
1310_1305 

0.9925 
0.0014 

7 
1710_1223 

0.99 26 
0.0010 

7 

100 24.0 
0310 0957 

0.9979 
0.0026 

7 
1110.0947 

0.9962 
0.0005 

5 
1310_1305 

0.9954 
0.0016 

7 
1710_122 3 

0.9965 
0.0010 

7 

10 
0310 

0 
0 

1110 
0 
0 

1310 
0 
0 

1710 
0 
0 

.0000 
_0957 
,9972 
.0006 

12 
_0947 
. 9969 
.0008 

9 
_1305 
. 9970 
. 001 3 

12 
_1 223 
. 9 970 
. 0006 

H 

0310_1112 
undef 
undef 
undef 

1110_1023 
0.9959 
0.0006 

7 
1310_1335 

0.9939 
0.0018 

7 
171p_1250 

0.9930 
0.0008 

7 

0 3 1 0 1 1 1 2 
0.9940 
0.0017 

7 
H10_1023 

0.9967 
0.0007 

7 
1310.1335 

0,9966 
0.0022 

7 
1710_1250 

0.9959 
0.0016 

7 

0310_1112 
0.9953 
0.0012 

12 
1110_10 23 

0.9970 
0.0006 

12 
1310_1335 

0.9961 
0.0020 

12 
1710_1250 

0.9973 
0.0007 

12 

0310 1221 
undef 
undef 

1110_1050 
0.9 964 
0.0014 

7 
1310_1405 

0.9952 
0.0013 

6 
1710_1317 

0.9917 
0.0003 

7 

0310_1221 
0.9986 
0.00 21 

7 
1110_10S0 

0.9950 
0.0015 

7 
1310_1405 

0,9965 
0.0022 

6 
1710_1317 

0.9960 
0.0008 

7 

03iO_1221 
0 9965 
0.0018 

12 
1110_1050 

0.9970 
0.0009 

12 
1310_1405 

0.9965 
0 OOli 

11 
1710_1317 

0.9978 
0.0006 

11 

0310_1454 
undef 
undef 
undef 

1110_1118 
0.9961 
0.0008 

7 
1410_12 30 

0.9939 
0.0010 

7 
1710_1344 

0.9926 
0.0013 

7 

0310_1454 
1.0005 
0.0010 

7 
1110_1118 

0.9950 
0.0018 

7 
1410_1230 

0.9956 
0.000 3 

7 
1710_1344 

0.9961 
0.0012 

7 

0310_1454 
0.9967 
0.0013 

12 
1110_1118 

0.9969 
0.0008 

12 
1410_12 30 

0.9962 
0.0007 

12 
1710_1344 

undef 
undef 
undef 

0410_0946 
undef 

undef 
1110_1147 

0.9945 
0.0003 

5 
1710_0945 

0.9927 
0.0008 

7 
1710_1411 

0.9955 
0.0007 

7 

0410_0946 
0.9956 
0.0015 

7 
1110_1147 

0.9955 
0.0013 

7 
1710_0945 

0.9965 
0.0007 

7 
1710_1411 

undef 
undef 
undef 

0410_0946 
0.9958 
0.0006 

12 
1110_1147 

0.9969 
0.0004 

12 
1710_0945 

0.9972 
0.0008 

11 
1710.1411 

0,9982 
0.0008 

12 

041 0 _ i 0 4 3 
undef 
undef 

1110_1215 
p 9956 
0,0008 

7 
1710_1010 

0.9900 
0.0004 

7 
1710_1438 

0 9949 
0.0010 

7 

0410_1043 
0.9974 
0 0011 

7 
1110_1215 

0.9951 
0.0019 

7 
1 7 1 0 1 0 1 0 

0.9983 
0.0007 

7 
1710_1438 

undef 
undef 
undef 

0410_1043 
0.9959 
0.0008 

12 
1110_121S 

0.9972 
Ö.0005 

12 
1710_1010 

0,996 2 
0.0011 

12 
1710_1438 

0.9985 
0.0007 

11 

0410_1135 
undef 

1110_1244 
0 9955 
0.0008 

6 
1710_1035 

0,9916 
0.0009 

7 
1710_1505 

0.9945 
0.0014 

7 

0410_1135 
0.9946 
0.0014 

7 
1110_1244 

0.9964 
0.0011 

6 
1710_10 35 

0.9970 
0.0012 

7 
1710_1506 

undef 
undef 
undef 

0410_1135 
6.9962 
0.0006 

11 
1110_1244 

0.9976 
0.0005 

11 
1710_10 35 

0,9978 
0.0004 

12 
1710_1505 

undef 
undef 
undef 

0710^0922 
0.9 915 
0.0012 

7 
1110.1325 

0,9939 
0.0016 

6 
1710_1102 

0 9918 
0.0005 

7 

0710_0922 
0.9964 
0.0011 

7 
.1325 
9946 

0.0020 
6 

1710_1102 
0.9948 
0.0011 

7 

1110_ 
0 . 

0710_0951 
0.99 2 2 
0.0014 

6 
1110 1358 

Ö.9947 
0.0009 

7 
1710_1129 

0,9931 
0.0011 

7 

0710_0951 
0.9965 
0.0011 

7 
1110_1358 

0.9956 
0.0010 

7 
1710_1129 

0.9981 
0.0015 

7 

0710_092 2 
0.9967 
0.0007 

12 
1110_1325 

0.9969 
0.0008 

9 
1710_1102 

undef 
undef 

0710_0951 
0.9966 
0.0008 

12 
1110_1358 

0.9967 
0.0003 

12 
1710_1129 

0.9972 
0.0008 

12 

1110 0914 
0.9933 
0.0009 

7 
1210_1227 

0.9 917 
0.0027 

7 
1710_1156 

0.9921 
0,0009 

7 

1110_0914 
0.9959 
0.0009 

7 
1210 .1227 

0.9935 
0.0034 

7 
1710_1156 

0.9955 
0.0011 

7 

1110_0914 
0.9986 
0.0009 

12 
1210_1227 

0.9958 
0.0017 

11 
1710_1156 

0 . 9975 
0.0008 

11 

PI 3219 
0.99354 
0.00195 

202 

PI 3617 
0.99616 
0.00198 

23 3 

P67401 
0.99691 
0.00116 
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P6750 2 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
Std e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

P67604 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 

10.0000 
0310_0957 

0.9992 
0.0013 

12 
1110_0947 

1.0013 
0.0009 

10 
1310_1305 

0.9998 
0.0009 

12 
1710_1223 

1.0014 
0.0006 

12 

1.0028 
0310_0957 

0.9960 
0.0011 

11 
1110_0947 

0.9991 
0.0008 

9 
1310_1305 

0.9990 
0.0009 

11 
1710_1223 

0.9988 
0.0003 

12 

0310_1112 
0.9985 
0.0013 

12 
1110_102 3 

1.0010 
0.0005 

12 
1310_133S 

0.9991 
0.0019 

12 
1710_1250 

1.0021 
0.0008 

12 

0310_1112 
0.9953 
0.0015 

11 
1110_1023 

0.9998 
0.0006 

9 
1310_1335 

0.9981 
0.0016 

11 
1710_1250 

0.9987 
0.0004 

12 

0310_1221 
0.9963 
0.0021 

12 
1110_1050 

1.0001 
0.0011 

12 
1310_1405 

1.0004 
0.0010 

11 
1710_1317 

1,0022 
0.0008 

12 

0310_1221 
0.9958 
0.0019 

11 
1110_1050 

0.9988 
0.0011 

11 
1310_1405 

0.9989 
0.0009 

10 
1710_H17 

0.9978 
0.0005 

12 

0310_1454 
1.0007 
0.0012 

12 
m o _ i i i a 

0.9994 
0.0006 

12 
1410_1230 

1.0004 
0.0006 

11 
1710_1344 

1.0008 
0.Ö008 

12 

0310_1454 
0.9946 
0.0011 

11 
1110_1118 

0.9989 
0.0006 

11 
1410_1230 

0.9993 
0.0004 

11 
1710_1344 

0.9973 
0.0005 

12 

0410_0946 
i.ooia 
0.0009 

12 
1110_1147 

1.0003 
0.0007 

12 
1710_0945 

1.0011 
0.0009 

12 
1710_1411 

1.0007 
0.0009 

12 

0410_0946 
0.9970 
0,0005 

11 
1110_1147 

0.9979 
0.0006 

11 
1710_0945 

0.9981 
0.0009 

12 
1710_1411 

0.9977 
0.0007 

12 

0410_1043 
1.0001 
0.0012 

12 
1110_1215 

1.0000 
0.0004 

12 
1710_1010 

1.0014 
0.0014 

12 
1710_1438 

1.0002 
0.0008 

12 

0410_104 3 
0.9981 
0,0007 

11 
1110_1215 

0.9984 
0.0004 

11 
1710_1010 

0 ,9992 
0.0012 

12 
1710_1436 

0.9977 
0.0008 

12 

0410_1135 
1.0012 
0.0008 

12 
1110_1244 

0.9997 
0.0008 

11 
1710^1035 

1.0009 
0.0006 

12 
1710_1505 

1.0002 
0.0013 

11 

0410_1135 
0.9963 
0.0006 

11 
1110_1244 

0.9995 
0.0007 

9 
1710_1035 

0.9986 
0.0005 

12 
1710_1505 

0.9982 
0.0011 

12 

0710 .09 2 2 
1 0010 
0.0009 

11 
11}0_1325 

1.0003 
0.0009 

10 
1710_1102 

1.0003 
0.0007 

12 

0710_0922 
undef 
undef 
undef 

1110_1325 
0.9989 
0.0006 

7 
1710_1102 

0.9979 
0.0007 

12 

0 7 1 0 0 9 5 1 
1.0007 
0.0010 

12 
1 1 1 0 1 3 5 8 

1.0007 
0.0006 

12 
1710_1129 

1.0005 
0.0005 

12 

0710_0951 
0.9993 
0.0007 

10 
1110_1358 

0.9980 
Ö.0005 

11 
1710_1129 

0.9987 
0.0006 

12 

1110_0914 
1.0015 
0.0010 

12 
1210_12 27 

0,9986 
0.0017 

11 
1710_1156 

1.0016 
0.0007 

12 

1110_0914 
0.9989 
0.0008 

11 
1210_1227 

0.9974 
0.0016 

11 
1710^1156 

0.9980 
0.0006 

12 

P67602 
1,00048 
0.00136 

434 

P67604 
0.99802 
0.00145 

397 

O 

o*-
---1 
CD 

P67702 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

10.0000 
0310_0957 

1.0016 
0.0007 

12 
1110_0947 

1.0028 
0.0040 

8 
1310_1305 

1.0024 
0.0012 

12 
1710_1223 

1.0035 
0.0005 

11 

0310_,1112 0310_: 
1.0013 
0.0014 0 

11 
1110_1023 1110 

1.0024 1 
0.0006 0 

12 
1310_13 35 1310 

1.0011 1 
0.0018 0 

12 
17io_1250 1710 

1.0023 1 
0.0004 0 

12 

1221 
0006 
0017 

12 
1060 
0017 
0006 

12 
1405 
0016 
0009 

11 
1317 
0025 
0004 

11 

0310_1454 
1.0023 
0.0013 

12 
1110_1116 

1.0016 
0.0007 

12 
1410_1230 

1.0021 
0.0006 

12 
1710_1344 

1.0025 
0.0005 

I i 

0410_0946 
1.0007 
0.0006 

11 
1110_1147 

1.0014 
0.0004 

11 
1710_0945 

1.00 25 
0.0008 

10 
1710_1411 

undef 
undef 
undef 

0410_1043 
1.0015 
0.0008 

12 
1110^1215 

1.0014 
0.0005 

12 
1710_1010 

1.0003 
0.0010 

12 
1710_1438 

undef 
undef 
undef 

0410^1135 
1.0013 
0.0007 

12 
1110_1244 

0.9988 
0.0005 

11 
1710_1035 

1.0027 
0 0004 

12 
1710_1505 

undef 
undef 
undef 

0710_0922 
1.0018 
0.0009 

12 
1110_132S 

1.0011 
0.0007 

10 
1710_1102 

1.0027 
0.0005 

11 

0710_0951 
1.0018 
0.0008 

12 
1110_i358 

1.0024 
0.0003 

12 
1710_1129 

1.0014 
0.0006 

12 

1110_0914 
1,0031 
0.0009 

12 
1210_1227 

1.0016 
0.0018 

12 
1710_H56 

1 0020 
0 0004 

12 
P67702 

1 00179 
0 00133 

391 
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P67814 
Run 
Mean 
Std e v 
M 
Run 
Mean 
S t d e v 
M 
Run 

Std e v 
M 
Run 
Mean 
Std e v 
M 

P67915 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

10.0000 
03l0_0957 

0.9976 
0.0006 

12 
1110_0947 

0 9997 
0,0005 

10 
1 3 1 0 1 3 0 5 

0.9961 
0.0011 

12 
1710_1223 

0.9981 
0.0002 

12 

10.0000 
0310_09S7 

0 9966 
0 ,0011 

11 
1110_0947 

0.9982 
0.0008 

10 
1310_1305 

0.9974 
0.0011 

12 
1710_1223 

0.9980 
0.0003 

12 

0310_1112 
0 9 975 
0.0013 

12 
1110_1023 

0.9986 
0.0004 

12 
1310_1335 

0.9971 
0.0020 

12 
1710_1250 

0.9981 
Ö.Ö004 

12 

0310_1112 
0.9947 
0.0018 

12 
1110_1023 

0.9974 
0.000 3 

11 
1310_1335 

0.9967 
0.0019 

12 
1710_1250 

0.9983 
0.0004 

12 

0310_1221 
0.9975 
0.0019 

12 
1110_1050 

0.9962 
0.0008 

12 
1310_1405 

0.9962 
0.0011 

10 
1710_1317 

0.9982 
0.0003 

12 

0310_1221 
0,9953 
0.002 2 

12 
1110_1Ö50 

0.9972 
0 0009 

12 
1310_1*05 

0.9970 
0.0010 

10 
1710_1317 

0.9983 
0,0005 

12 

0310_1454 
0.9984 
0.0013 

12 
1110^11]8 

0 ,9961 
0.0006 

12 
1410_1230 

0.9979 
0.0004 

12 
1710_1344 

0.9981 
0.0005 

12 

0310_1454 
0.9967 
0.0013 

12 
1110 .1118 

0,9973 
0.0005 

12 
1410_1230 

0.9962 
0.0005 

12 
1710_1344 

0.9982 
0.0005 

12 

0410_0946 
0.9984 
0.0004 

12 
11!0_H47 

0.9981 
0.0004 

12 
1710_0945 

0.9989 
0.0007 

12 
1710_1411 

0.9981 
0.0006 

12 

0410_0946 
0.9978 
0.0006 

12 
1110_1147 

0.9961 
0.0005 

12 
1710_0945 

0.9986 
0.0011 

i ? 
1710_1411 

0.9975 
0.0007 

12 

0410 1043 
0.9976 
0 0007 

12 
1110_1215 

0.9961 
0.0004 

12 
1710_1010 

0.9985 
0.0010 

12 
1710 1438 

0.9978 
0.0006 

12 

0410^1043 
undef 
undef 
undef 

m o _ i 2 i s 
0.9958 
0.0003 

12 
1710_1010 

0.9981 
0.0007 

12 
1710_1438 

0.9971 
0.0006 

12 

0410_1135 
0 ,9 979 
0.0006 

12 
1110_1244 

0,9987 
0.0004 

11 
1710_1035 

0 . 9986 
0.0004 

12 
1710_1505 

0.9979 
0.0009 

12 

0410_1135 
undef 
undef 
undef 

1110_1244 
0.9969 
0.0004 

11 
1710_1035 

0.9981 
0.0006 

12 
1710_1505 

0.9974 
0.0010 

12 

0710_0922 
0 998 3 
0.0006 

12 
1110 .1325 

0.9980 
0.0004 

10 
1710_1102 

0.9981 
0.0005 

12 

0710^.0951 
0.9960 
0 ,0006 

12 
1110_1358 

0.9981 
0.0003 

12 
1710_1129 

0.9984 
0.0006 

12 

0710_092 2 
0.9977 
0.0010 

12 
1110_1325 

0.9967 
0.0005 

10 
1710_1102 

0.9975 
0.00Ö5 

12 

0710_0951 
0,9973 
0.0010 

11 
1110^1358 

0.9975 
0.0003 

12 
1710_1129 

0,9971 
0.0008 

12 

1110 ̂ 0914 
0.9988 
0 .0007 

12 
1210 1227 

0.9971 
0 0016 

11 
1710_1156 

0.9982 
0.0008 

12 

1H0_0914 
0,9972 
0.0009 

12 
1210_1227 

0,9964 
0.0015 

11 
1710_1156 

0.9972 
0.0005 

12 

P67814 
0.99812 
0.00090 
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P67915 
0.99719 
0.00125 
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P68016 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
Std e v 
M 

1.0000 
0310_0957 

0.9991 
0.0Ö09 

12 
1110_0947 

0.9987 
0,0008 

9 
1310_1305 

0.9993 
0.0011 

9 
1710_12 23 

0.9991 
0,000 3 

12 

0310_1112 0310_ 
0.9979 0 
0.0015 0 

12 
1110_1023 1110 

0.9987 0 
0.0005 0 

12 
1310_1335 1310 

0.9986 0 
0.0017 0 

12 
1710_1250 

0.9991 
0.0004 

12 

1710_ 
0 
0 

1221 
9975 
0018 

12 
1050 
9994 
0010 

12 
1405 
9987 
0011 

11 
1317 
9992 
0006 

12 

0310_1454 
0.9990 
0.0016 

12 
1110_1116 

0.9995 
0.0006 

12 
1410_1230 

0.9996 
0.0004 

12 
1710_1344 

0.9996 
0.0006 

12 

0410^.0946 
1.0002 
0.0006 

12 
1110^1147 

0 ,9981 
0.0Ö04 

12 
1710_0945 

1.0018 
0.0006 

11 
1 7 1 0 _ l 4 l l 

0 9995 
0.0007 

12 

04l0_1043 
0.9979 
0.0008 

12 
1110_1215 

0.9962 
0.0004 

12 
1710_1010 

1.0004 
0.0009 

12 
1710 1436 

0.9990 
0.0005 

12 

0410_1135 
0.9987 
0.0005 

12 
1110_1244 

0.9995 
0.0006 

11 
1710^1035 

0.9997 
0.0005 

12 
1710 1505 

0.9991 
0.0010 

12 

0710_0922 
0.9995 
0.0007 

12 
1110_1325 

0.9995 
0.0005 

9 
1710_1102 

0.9990 
0.0006 

12 

0710_0951 
0.9976 
0.0007 

12 
l l l 0 _ 1 3 5 8 

0.9996 
0.0004 

12 
1710_1129 

0.998 2 
0.0006 

12 

1110_0914 
1.0011 
0.0010 

12 
1210_1227 

0.9989 
0.0012 

7 
1710_1156 

0.9987 
0.0005 

12 
P68016 

0.9 9912 
0.00120 

427 

tn 
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A7 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

30041.0 
0310_0957 

0.9977 
0.0012 

9 
1110_0947 

0.9966 
0.0012 

6 
1310_1305 

0.9994 
0.0024 

7 
1710_1223 

un d e f 
u n d e f 
u n d e f 

0310_1112 
0.9975 
0.0016 

9 
1110_1023 

1.0003 
0.0010 

5 
1310_1335 

0.9969 
0.0020 

7 
1710_1250 

undef 
undef 
undef 

0310_1221 
1.0000 
0.0019 

7 
1110_1050 

1.0010 
0.0011 

9 
1310_1405 

0.9965 
0.0010 

5 
1710_H17 

undef 
u n d e f 
undef 

0310_1654 
0.9969 
0.0022 

9 
1110_1116 

1.0007 
0.0007 

9 
1410_1230 

0.9966 
0.0005 

9 
1710_1344 

undef 
undef 
undef 

0*10_09*6 
0.997* 
0.0012 

6 
1110_1147 

1.000* 
0.0010 

9 
1710_09*5 

undef 
undef 
undef 

1710_1411 
undef 
undef 
undef 

0410_1043 
0.9979 
0.0009 

9 
1110_1215 

1.0005 
0.0012 

9 
1710_1010 

undef 
undef 
undef 

1 7 1 0 _ l * 3 6 
undef 
undef 
undef 

0410_113S 
0.9979 
0.0007 

9 
1110_1244 

1 OOOS 
0.0011 

6 
1710_1035 

un d e f 
undef 
undef 

1710_1505 
undef 
u n d e f 
undef 

0710_0922 
0.9961 
0.0012 

5 
1110_1325 

0.9990 
0.0011 

5 
1710_1102 

undef 
undef 
undef 

0710_0951 
0.9974 
0.0012 

9 
1110_1356 

0.9996 
0.0009 

9 
1710_1129 

undef 
undef 
undef 

m o _ 0 9 i * 
1.0003 
0.0010 

9 
1210_1227 

undef 
undef 
undef 

1710_1156 
undef 
undef 
undef 

A7 
0.9968* 
0.00192 

178 
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A21 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 

A24 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

5026.0 
0310_09S7 

1.0049 
0.0044 

9 
1110_0947 

1.0091 
0.0009 

6 
1310_1305 

1.0085 
u n d e f 

1 
1 7 1 0 _H23 

un d e f 
u n d e f 
u n d e f 

23667.0 
0310_0957 

0.9974 
0.0007 

9 
1110_0947 

1.0006 
0.0003 

4 
1310_1305 

1.0007 
0.0015 

7 
1710_1223 

1.0004 
0.0010 

9 

0310_1112 
1.0054 
0.0024 

9 
1110_1023 

1.0119 
0.0008 

5 
1310_133S 

undef 
undef 
undef 

1 7 10_H50 
undef 
undef 
undef 

0 3 1 0 _ l l l i 
0.9972 
0.0006 

9 
1110_1023 

1.0006 
0.0010 

9 
1310_1335 

0.9998 
0.0020 

9 
1710_1250 

1.0008 
0.0005 

9 

0310_1221 
1.0087 
0.0013 

7 
1110_1050 

1.0070 
0.0017 

9 
1310_1405 

undef 
undef 
undef 

1710_1S17 
undef 
u n d e f 
undef 

0 3 1 0 _ H 2 1 
0.9984 
0.0016 

9 
1110_1050 

1.0007 
0.0006 

9 
1310_1405 

1.0008 
0.0010 

5 
1710_1317 

1.0016 
0.0010 

9 

0310_1454 
1.0107 
0.0016 

9 
1110_1118 

1.0124 
0.0033 

9 
1410_1230 

1.0070 
0.0037 

8 
1710_1344 

undef 
undef 
undef 

0410_0946 
1.0071 
0.0006 

6 
1110_1167 

1.0111 
0.0009 

9 
1710_094S 

undef 
undef 
undef 

1710_1411 
undef 
undef 
undef 

0310_1454 
0.9974 
0.0010 

9 
i i i o _ i n a 

1.0011 
0.0005 

9 
1410_1230 

1.0019 
0.0006 

7 
1710_1344 

1.0009 
0.0008 

9 

0410_O946 
0.9960 
0.0005 

9 
1110_1147 

1.0004 
0.0008 

9 
1710_0945 

1.0017 
0.0005 

9 
1710_1411 

1.0011 
0.0009 

3 

0*10_1043 
1.0079 
0.0012 

9 
1110_1215 

1.0101 
0.0033 

9 
1710_1010 

undef 
undef 
undef 

1710_1438 
undef 
undef 
undef 

0410_1043 
0.9991 
0.0011 

9 
m o _ i : i 5 

1.0002 
0.0008 

9 
1710_1010 

1.0014 
0.0006 

9 
1710_1438 

1.0006 
0.0010 

6 

0410_1135 
1.0052 
0.0053 

9 
1110_1244 

1.0066 
0.0032 

8 
1710_103S 

undef 
undef 
u n d e f 

1710_1505 
un d e f 
u n d e f 
undef 

0410_1135 
0.9982 
0.0008 

9 
1110_1244 

1.0011 
0.0005 

8 
1710_1035 

1 0007 
0.0005 

9 
1710_1505 

undef 
undef 
undef 

0710_0922 
1.0066 
0.0010 

5 
m 0 _ 1 3 2 5 

1.0154 
0.0027 

4 
1710_1102 

undef 
undef 
undef 

0710_0951 
1 0058 
0.0035 

9 
1110_1358 

1 O l l i 
0.0040 

9 
1710_1129 

undef 
undef 
undef 

0710_0922 
0.9979 
0.0007 

9 
1110_1325 

0.9996 
0.0013 

5 
1710_1102 

1.0012 
0.0007 

9 

0710_0951 
0.9980 
0.0009 

9 
1110_1358 

1.0006 
0.0008 

9 
1710_1129 

1.0005 
0.0001 

5 

1110_0914 
1.0081 
O.0012 

9 
1210_1227 

undef 
undef 
undef 

1710_1156 
undef 
undef 
undef 

1110_0914 
1.0009 
0.0008 

9 
1210_1227 

0.9981 
0.0012 

4 
1710_1156 

1.0016 
0.0003 

9 

A21 
1.00840 
0.00370 

158 

A24 
0 99999 
0.00165 

268 



0) tr <—< 

A I 71 
Run 
Mean 
Std e v 
N 
Run 
Mean 
Stdev 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

57 24.0 
0310_0957 

u nde f 
undef 
undef 

1110_0947 
1.0012 
0,0024 

6 
1310_1305 

1.0014 
0.0020 

7 
1710_1223 

0.9988 
0.0020 

9 

0310_1112 
1.0002 
0 00 30 

9 
1110_102 3 

1.0002 
0.0017 

8 
1310_13 35 

1.0007 
0,0009 

9 
1710_1250 

1.0006 
0.0006 

9 

0310_1221 
1.0007 
0.0025 

9 
1110_1050 

0.9996 
0 ,0014 

9 
1310_1405 

1,0027 
0.0018 

7 
1710_1317 

1.0002 
0.0009 

7 

0310_1454 
1.0005 
0.0019 

9 
1110_1118 

1.0006 
0,0010 

9 
1410_1230 

0.9997 
0.0012 

9 
1710_1344 

1.0009 
0.0016 

9 

0410_0946 
1.0001 
0.0011 

9 
1110_1147 

1.0007 
0.0009 

9 
1710_094S 

1.0008 
0.0010 

9 
171p__14il 

1.0000 
0.0009 

9 

0410_104 3 
1.0001 
0.0006 

9 
1110_1215 

0.9984 
0.0034 

9 
1710_101O 

1.0008 
0.00 22 

9 
1710_1438 

1.0000 
0.0013 

9 

0410 1135 
1,0024 
0.0050 

9 
1110^1244 

0.9996 
0.0016 

8 
1710_103S 

1.0008 
0.0018 

9 
1710_1505 

1.0005 
0.0015 

9 

0710_ 0922 
1.0004 
0.0018 

9 
1110_1325 

1.0013 
0.0017 

5 
1710_1102 

1.0015 
0.0024 

9 

0710 0951 
1.0009 
0.0020 

9 
1110_1358 

1.0003 
0.0014 

9 
1710_1129 

1 .0010 
0.0007 

9 

1110 0914 
1.0012 
0 .0023 

9 
1210_1227 

1.0000 
0.0015 

9 
1710_1156 

1.0009 
0.0012 

9 
A171 

1.00052 
0.00197 

309 

33 (!) m c 
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f + 
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v i 

A212 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

A507 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
Std e v 
M 

10535f,0 
0310_0957 

undef 
undef 
undef 

1110_0947 
1.0001 
0.0013 

6 
1310_1305 

0,9981 
0.00 20 

9 
1710_1223 

undef 
undef 
u n d e f 

12187.0 
0310_0957 

0.9958 
O.OOSl 

9 
1110_0947 

0 9975 
0.0006 

6 
1310 1305 

1.0008 
0.0017 

9 
1 7 1 0 1 2 23 

0,9964 
0.003 2 

9 

0310_1112 
0.9990 
0.0059 

9 
1110_1023 

1.0008 
0.0016 

9 
1310_1335 

0.9957 
0.0028 

9 
1710_1250 

undef 
undef 
undef 

0310_1112 
1.0003 
0.0016 

9 
1110_1023 

1.0002 
0.0007 

9 
1310_1335 

p.9961 
0 0019 

9 
1710_1250 

0.9980 
0.0013 

9 

031p_1221 
0.9990 
0.0040 

9 
1110_1050 

0.9993 
0,0015 

8 
1310_1405 

0 ,9989 
0.0014 

2 
1710_1317 

undef 
undef 
ühdef 

0310_1221 
0.9990 
0.0011 

7 
1110_1050 

1.0036 
0.0054 

9 
1310_1405 

1.0001 
0.0019 

7 
1710_1317 

undef 
undef 
undef 

0310_14S4 
1.0004 
0 0016 

7 
1110_1118 

1.0007 
0.006 2 

9 
1410_12 30 

1 ,0003 
0.0022 

9 
1710_1344 

undef 
undef 
undef 

0310_1454 
0.9981 
0.0028 

9 
1110_1118 

0.9975 
0.0007 

9 
1410_1230 

0.997 3 
0.00 27 

9 

1710_1344 

uhde f 

0410_0946 
1.0010 
0.0013 

9 
1110_1147 

0.9966 
0.0015 

7 
1710_0945 

undef 
undef 
undef 

1710_1411 
undef 
undef 
undef 

0410_0946 
1 O0S1 
0.0067 

8 
1110_1147 

0.9983 
0,0011 

9 
1710_0945 

0.9997 
0 0032 

8 
1710_1411 

undef 
undef 

0410_1043 
1.0013 
0.0023 

9 
1110_1215 

0.9966 
0.0005 

9 
1710_1010 

undef 
undef 
undef 

1710_1438 
undef 
undef 
undef 

0410_1043 
1 0062 
0.0063 

7 
1110_1215 

0.9975 
0.0007 

9 
1710. 1010 

0.9976 
0.0011 

5 
1710_1436 

Undef 
undef 
undef 

0410_1135 
1 0 0 1 8 
0.0016 

9 
1110_1244 

0.9977 
0.0005 

6 
1710_10 35 

undef 
undef 
undef 

1710_1505 
un d e f 
undef 
undef 

0410_1135 
1.0011 
0 0016 

9 
1110_1244 

0.9987 
0.0017 

8 
1710_1035 

0.9979 
0.0004 

8 
1 7 1 0 1 5 0 5 

undef 
undef 

0710_0922 
1.0024 
0.0014 

9 
1110_1325 

0.9984 
0.0015 

4 
1710_1102 

undef 
undef 

0710_0951 
1.00 30 
0.00 29 

9 
1110_1358 

0.9985 
0.0009 

8 
1710_1129 

undef 
undef 
undef 

0710_0922 
1.0067 
0.0034 

9 
1110_1325 

0.9975 
0.0042 

5 
1710_110 2 

0.9978 
0.0012 

9 

0710_0951 
1.0049 
0.0041 

9 
1110_1358 

0.9966 
0.0015 

5 
1710_1129 

0.9973 
0.0019 

7 

1110_0914 
0.9997 
0.0012 

9 
1210_1227 

undef 
undef 

1710_1156 
undef 
undef 
undef 

1110_0914 
0.9977 
0.0011 

9 
1210_1227 

0.9982 
0.0024 

9 
17io_1156 

0.9969 
0.0009 

9 

A212 
0.9996 3 
0.00318 

174 

A507 
0.999 31 
0.00399 

261 
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A561 
Run 
Haan 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 

6148.0 
0310_0957 

1.0055 
0.0066 

7 
1110_0947 

0.9936 
0.0061 

6 
1310_1305 

1.0047 
0.0053 

9 
1710_1223 

1.0028 
0.0039 

7 

0310_1112 
1.0033 
0.0056 

9 
1110_1023 

0.9910 
0.0067 

9 
1310_1335 

0.9977 
0.0076 

7 
1710_1250 

1.0019 
0.0070 

8 

0310 1221 
1.0039 
0 0099 

9 
1110 1050 

0.9989 
0 0072 

9 
1310_1405 

1.0045 
0 0032 

5 
1710_1317 

undef 

undef 

0310_1454 
1.0068 
0.0120 

6 
1110_1118 

0.9961 
0.0054 

9 
1410_1230 

1.0046 
0.0089 

8 
1710_1344 

1.0056 
0.0061 

6 

0410_0946 
0.9949 
0.0072 

7 
1110_1147 

1.0049 
0.0030 

9 
1710_0945 

undef 
undef 
undef 

1710_1411 
1.0063 
0.0052 

7 

0410_1043 
0.9940 
0.0032 

9 
1110_1215 

1.0031 
0.0094 

7 
1710_1010 

undef 
undef 
undef 

1710_1438 
1.0051 
0.0044 

9 

0410 1135 
1 0057 
0.0111 

6 
1110_1244 

undef 
undef 
undef 

1710_1035 
1.0060 
0.0075 

7 
1710_1505 

1.0004 
0.0073 

9 

0 7 1 0 0 9 2 2 
0 9960 
0.0069 

9 
1110 1325 

0710 0951 
0 9943 
0 0099 

9 
1 1 1 0 1 3 5 8 

1.0050 
0.0043 

5 
1710_1102 

1.0014 
0.0044 

9 

1.0059 
0 0047 

8 
1710_1129 

1.0027 
0.0062 

9 

* H 0 0914 
0.9950 
0 0074 

9 
1210_1227 

0.9950 
0.0062 

6 
1710 1156 

1.0067 
0.0060 

7 
A561 

1.00125 
0.00801 

257 
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AS64 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

5919.0 
0310_0957 

1.0024 
0.0080 

8 
1110_0947 

0.9951 
0.0024 

6 
1310_1305 

1.0016 
0.0018 

9 
1710_1223 

1.0005 
0.0014 

9 

0310_1112 
0.9962 
0.0039 

9 
1110_1023 

1.0020 
0.0019 

9 
1310_1335 

1.0031 
0.0021 

9 
1710_1250 

1.0030 
0.0035 

9 

0310_1221 
0.9976 
0.0027 

9 
1110_1050 

0.9940 
0.0018 

9 
1310_1405 

1.0013 
0.0059 

7 
1710_1317 

0.9999 
0.0045 

9 

0310_14S4 
0.9936 
0.0009 

9 
1110_1118 

1.0004 
0.0014 

9 
1410_1230 

1.0004 
0.0023 

9 
1710_1344 

1.0011 
0.0027 

9 

0410_0946 
1.0033 
0.0020 

9 
1110_1147 

0.9981 
0.0013 

9 
1710_0945 

undef 
undef 
undef 

1710_141i 
1.0010 
0.0018 

9 

0410_1043 
1.0011 
0.0014 

9 
1110_1215 

0.9962 
0.0022 

9 
1710_1010 

1.0010 
0.0030 

9 
1710_1438 

1.0029 
0.0036 

9 

0410_1135 
0.9979 
0.0016 

9 
1110_1244 

0.9970 
0.0009 

8 
1710_1035 

1.0010 
0.0017 

9 
1710_1505 

1.0032 
0.0050 

9 

0710_0922 
1.0036 
0.0012 

9 
1110_1325 

0.9922 
0.0010 

5 
1710_1102 

1 0026 
0.0030 

9 

0710_09S1 
1 0048 
0 0014 

9 
1110_1358 

0.9906 
0.0018 

9 
1710_1129 

undef 
undef 
undef 

1110_0914 
1.. 0034 
0.0034 

9 
1210_1227 

0.9969 
0.0074 

9 
1710_1156 

1.0011 
0.0013 

9 
A564 

0.99987 
0.00450 

304 
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A568 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 

5777.0 
0310_0957 

undef 
undef 
undef 

1110_0947 
0.9998 
0.0013 

6 
1310_1305 

1.0020 
0.0019 

9 
1710_1223 

undef 

undef 

0310_1112 
0.9988 
0.0013 

9 
1110_1023 

0.9980 
0.0036 

9 
1310_1335 

1.0020 
0.0026 

9 
1710_1250 

undef 
undef 
undef 

0310_1221 
0.9983 
0.0015 

9 
1110_1050 

0.9994 
0.0019 

9 
1310_140S 

1.0015 
0.0025 

7 
1710_1317 

undef 

undef 

0310_1464 
0.9995 
0.0020 

9 
1H0_1118 

0.9996 
0.0011 

9 
1410_1230 

1.0007 
0.0009 

9 
1710_1344 

undef 
undef 

0410_0946 
1.0023 
0.0016 

9 
1110_1147 

1.0001 
0.0012 

9 
1710_094S 

undef 
undef 
undef 

1710_1411 
undef 

undef 

0410_1043 
1.0010 
0.0013 

9 
1110_1215 

0.9996 
0.0010 

9 
1710_1010 

undef 
undef 
undef 

1710_1438 
undef 
undef 
undef 

0410_1135 
1.0019 
0.0011 

9 
1110_1244 

1.0018 
0.0008 

6 
1710_1035 

undef 
undef 
undef 

1710_1505 
undef 

undef 

0710_0923 
1.0024 
0.0009 

9 
1110_1325 

1.0029 
0.0018 

5 
1710_1102 

undef 
undef 

0710_0951 
1.0033 
0.0025 

9 
1110_1358 

1.0022 
0.0009 

9 
1710_1129 

undef 
undef 
undef 

1110_0914 
0.9987 
0.0012 

9 
1210_1227 

1.0018 
0.0027 

9 
1710_1156 

undef 
undef 
undef 

A568 
1 00072 
0 00228 
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A576 
Run 
Mean 
Std e v 
M 
Run 
Mean 
Std e v 
N 
Run 
Mean 
Std e v 
M 
Ruh 
Mean 
Std e v 
M 

5655.0 
0310^.0957 

ühdef 
undef 
undef 

1110_0947 
undef 
undef 
undef 

1310_1305 
0.9966 
0.0031 

9 
1710_1223 

0.9955 
0.0018 

9 

0310_1112 
undef 
undef 
undef 

1 1 1 0 1 0 2 3 
undef 
undef 
undef 

1310_1335 
0.9959 
0.0027 

7 
1.710_1250 

0.9923 
0.0011 

9 

0310_1221 

undef 
undef 

1110_1050 

ühdef 
1310_1405 

0.9950 
0.0033 

7 
1710_1317 

0.9946 
0.0012 

9 

0310. 1454 
undef 
undef 
undef 

1110_111B 
undef 

1410_1230 
0.99 39 
0.0028 

7 
1710_1344 

0.9932 
0.0008 

9 

0410_0946 
undef 
undef 

1110_1147 

undef 
Undef 

1710_0945 
0.9930 
0 0016 

8 
1710_1411 

0.9946 
0.0027 

9 

0410_1043 
undef 
undef 
undef 

1110_1215 
undef 
undef 
u n d e f 

1710_1010 
0.9914 
0.0015 

9 
1710_l438 

0.9936 
0.0014 

9 

0410.1135 
undef 
undef 
undef 

1110_1244 
undef 
undef 
undef 

1710_10 35 
0.9922 
0.0014 

9 
1710_1505 

0.9942 
0.0013 

9 

0710^0922 

Undef 
undef 

1110_13 25 
undef 
undef 
undef 

1710_1102 
0.99 24 
0.0010 

9 

0710_0951 
undef 
undef 
undef 

1110_1358 
undef 
undef 
undef 

1710.1129 
0.9918 
0.0010 

9 

1110_0914 
undef 
undef 
undef 

1210_1227 
0.9941 
0.0035 

9 
1710_1156 

0.9937 
0.0010 

9 
A576 

0.99375 
0.00236 
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A578 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

6241 ,0 
0310^0957 

undef 
undef 
undef 

1110_0947 
1.0010 
0.0014 

6 
1310_1305 

1.0011 
0.0010 

9 
1710_1223 

0.9990 
0.0003 

9 

0 3 1 0 1 1 1 2 
undef 
undef 

1110_1023 
0.9996 
0.0011 

9 
1310_1335 

1.0001 
0.0019 

9 
1710_1250 

0.9997 
0.0007 

9 

0310^1221 
undef 
undef 
undef 

1110_io50 
0.9995 
0.0015 

9 
1310_1405 

0.9999 
0.0018 

7 
1710_1317 

0.9997 
0.0004 

9 

0310.1454 
undef 
undef 
undef 

i l l 0 _ 1 1 1 8 
0.9989 
0.0005 

9 
1410_1230 

0.9989 
0,0008 

9 
1710_1344 

0.9990 
0.0004 

9 

0410_0946 
undef 
undef 

1110_1147 
0 ,9990 
0.0008 

9 
1710_0945 

1.0012 
0.0019 

9 
1710_1411 

0,9995 
0.0006 

9 

0410 104 3 
undef 
undef 
undef 

1110_1215 
0.9980 
0,0010 

9 
1710_1010 

0.9986 
0.0011 

9 
1710_1438 

0.9989 
0,0009 

9 

0410_1135 
undef 
undef 

1110_1244 
0.9995 
0.0007 

8 
1710_1035 

0.9992 
0.0013 

9 
171Ö_1505 

0.9998 
0.0005 

9 

0710_0922 0710 
1.0000 1 
0.0018 0 

9 
1110_1325 1110 

0.9989 0 
0.0006 0 

5 
1710_1102 1710 

1.0001 0 
0.0012 0 

9 

.0951 
0008 
0012 

9 
.1358 
9990 
0010 

9 
.1129 
9991 
0008 

9 

1110_0914 
0.9987 
0.0012 

9 
1210_1227 

1.0004 
0.0019 

9 
1710_1156 

0.9993 
0.0005 

9 
A578 

0.99954 
0.00131 
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A583 
Run 
Mean 
Std e v 
M 
Run 
Mean 
Std e v 
M 
Run 
Mean 
Std e v 
M 
Run 
Mean 
Stdev 
M 

5983.0 
0310_0957 

0.9957 
0.0020 

9 
1110_0947 

undef 
undef 
undef 

1310_1305 
0.9984 
0.0011 

9 
17i0_1223 

0 9974 
0.0003 

9 

0310_1112 
0.9947 
0.0035 

9 
1110_1023 

0.9968 
0.0013 

9 
1310_1335 

0.9973 
0.0020 

9 
1710_1250 

0.9969 
0 0005 

9 

0310_1221 
0.9943 
0.0023 

9 
1110_1050 

0.9971 
0.0010 

9 
1310_1405 

0.9985 
0.0021 

7 
1710_1317 

0.9963 
0 0027 

9 

0310_1454 
0.9960 
0.0016 

9 
1110.1118 

0 9972 
Ö.0005 

9 
1410_1230 

0.9973 
0.0007 

9 
1710..1344 

0.9970 
0.0015 

6 

0410_0946 
0.9972 
0.0011 

9 
1110_1147 

0.9976 
0.0009 

9 
1710_0945 

0.9977 
0.0014 

9 
1710_1411 

0.9970 
0 0007 

7 

0410_104 3 
0 .9954 
0,0006 

9 
1110_1215 

0.9967 
0.0013 

9 
1710.1010 

0 9971 
0.0016 

9 
1710_1438 

0 9971 
0 0008 

9 

0410_1135 
0.9968 
0.0018 

9 
1110_1244 

0.9970 
0.0008 

8 
1710_1035 

0.9971 
0.0009 

9 
17i0_1505 

0.9983 
0 0011 

9 

0710_0922 
0.9979 
0.0025 

7 
1110_1325 

0.9966 
0.0008 

4 
1710_1102 

0,9968 
0 ,0015 

6 

0710_0951 
0.9972 
0.0015 

9 
1110_1358 

0.9968 
0.0012 

9 
1710_1129 

0.9970 
0.0008 

7 

1110_0914 
undef 
undef 
undef 

1210_12 27 
6.9979 
0.0023 

9 
1710_1156 

0.9973 
0.0008 

6 
A583 

0 99694' 
0.00171 
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A708 
Run 
Mean 
S t d e v 
M 
Run 

Std e v 
M 
Run 

S t d e v 
M 
Run 
Mean 
S t d e v 
M 

6029.0 
0310_0957 

undef 
undef 

1110_0947 
0.9956 
0.0011 

6 
1310_1305 

0.9954 
0.0011 

9 
1710_1223 

undef 
undef 
undef 

0 3 1 0 1 1 1 2 
undef 
undef 
undef 

1110_1023 
0.9947 
0.0010 

9 
1310_1335 

0.9940 
0.0022 

9 
1710_1250 

undef 
undef 
undef 

0310_1221 
undef 
undef 
undef 

1110_1050 
0.9927 
0.0034 

9 
1310_1405 

0.9955 
0.0013 

7 
1710_1317 

undef 
undef 
undef 

0310_1454 

undef 
undef 

1 1 1 0 _ l l i e 
0.9941 
0.0008 

9 
1410_1230 

0.9960 
0.0006 

9 
1710_1344 

undef 
undef 
undef 

0410_0946 
undef 
undef 
undef 

1110_1147 
0.9961 
0.0014 

9 
1710_0945 

undef 
undef 
undef 

1710_1411 
undef 
undef 

0410_1043 
undef 
undef 
undef 

1110_121S 
0.9948 
0 0019 

9 
1710_1010 

undef 

1710_1438 
undef 
undef 

0410_1135 
undef 
undef 
undef 

1110_1244 
0.9947 
0.0010 

8 
1710_1035 

undef 
undef 
undef 

1710_1505 
undef 
undef 
undef 

0710 09 2 2 
undef 
undef 
undef 

1110_1325 
0.9947 
0 0007 

5 
1710_1102 

undef 
undef 
undef 

0710_0951 
undef 

undef 
1110_1358 

0.9965 
0.0019 

9 
1710_1129 

undef 
undef 
undef 

1H0_0914 
0.9954 
0.0015 

8 
1210_1227 

0.9952 
0.0042 

9 
1710_1156 

undef 
undef 
undef 

A708 
0.99501 
0.00207 
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A7636 
Run 
Mean 
Std e v 
M 
Run 

Std e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

4 322.0 
0310_0957 

0.9965 
0.0005 

9 
1110_0947 

1.0002 
0.0004 

6 
1310_1305 

0.9992 
0.0008 

5 
1710_1223 

0.9992 
0.0010 

9 

0310_1112 
0.9967 
0. 0017 

9 
1110_1023 

1. 0000 
0.0010 

9 
1310_1335 

0.9988 
0.0009 

9 
1710_HS0 

0.9995 
0.0009 

9 

0310_1221 
0.9970 
0.0020 

9 
1110_1050 

0.9995 
0.0009 

9 
1310_1405 

0.9997 
0.0010 

7 
1710_1317 

0.9996 
0.0006 

9 

0310_1454 
0.9956 
0.0009 

9 
i i i o _ n i a 

0.9997 
0.0009 

9 
1410_1230 

0.9998 
0.0008 

9 
1710_1344 

0.9992 
0.0010 

9 

0410_0946 
0.9986 
0.0010 

9 
1110_1147 

0.9996 
0.0004 

9 
1710_0945 

1.0005 
0.0004 

9 
1710_14H 

0.9994 
0.0009 

9 

0410_104 3 
0.9983 
0.0006 

9 
1110_1215 

0.9992 
0.0009 

9 
1 7 1 0 1 0 1 0 

1.0001 
0.0005 

9 
1710_1438 

0.9990 
0.0007 

9 

0410_1135 
0.9988 
0.0011 

9 
1110_1244 

0.9992 
0.0006 

8 
1710_1035 

1.0001 
0.0006 

9 
1710_1505 

0.9995 
0.0008 

9 

0710_0922 
0.9986 
0.0006 

9 
1110_13 25 

0.9986 
0.0007 

4 
17!0_1102 

0.9997 
0.0010 

9 

0710^0951 
0.9988 
0.0005 

9 
1110_13S8 

0.9985 
0.0007 

9 
1710_1129 

1.0002 
0.0009 

9 

1110_0914 
1.0000 
0.0006 

9 
1210_1227 

0.9997 
0.0001 

2 
1710_1156 

1.0002 
0.0006 

9 
A7636 

0.99908 
0.00139 
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A9003 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 

Std e v 
M 
Run 
Mean 
Std e v 
M 

4598.0 
0310_0957 

1.0032 
0.0015 

9 
1110_0967 

1.0123 
0.0006 

6 
1310_1305 

1.0107 
0.0013 

9 
1710_1223 

undef 
undef 
undef 

0310_1112 
1 0052 
0.0014 

9 
1110_1023 

1.0141 
0.0008 

9 
1310_1335 

1.0135 
0.0029 

9 
1710_1250 

undef 
undef 

osio_mi 
0.9999 
0.0026 

9 
1110_1050 

1.0109 
0.0011 

9 
1310^1405 

1.0146 
0.0012 

7 
1710_1317 

undef 
undef 
undef 

0310_1454 
0.9921 
0.0009 

9 
i n o _ i i i a 

1.0081 
0.0007 

9 
1410_1230 

1.0151 
0.0008 

9 
1710_1344 

undef 
undef 
undef 

0410_0946 
1.0040 
0.0013 

9 
1110_1147 

1.0067 
0.0012 

9 
1710_0945 

undef 
undef 

1710^1411 
undef 
undef 
undef 

0410_1043 
1.0055 
0.0011 

9 
1110_1215 

1.0029 
0.0010 

9 
1710_1010 

undef 
undef 

1710_1438 
undef 

undef 

0410_1135 
1.0006 
0.0012 

9 
1110_1244 

1.0035 
0.0010 

8 
1710_1035 

undef 
undef 
undef 

1710_1505 
undef 
undef 

0710_0922 
1.0023 
0.0012 

9 
1110_1325 

1.0027 
0.0008 

5 
1710^1102 

undef 

undef 

0710_0951 
1.0056 
0.0013 

9 
1110_1358 

1.0014 
0.0008 

9 
1710_1129 

undef 
uhdef 
undef 

1110_0914 
1.0109 
0.0018 

9 
1210_1227 

1.0053 
0.0015 

9 
1710_1156 

undef 
undef 
undef 

A9003 
1.00621 
0.00566 
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A1802O 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
N 

4580 0 
0310_0957 

0,9963 
0.0006 

7 
H10_0947 

1 .0013 
0.000 3 

3 
1310_1305 

1.0019 
undef 

1 
1 7 1 0 1 2 2 3 

1,0007 
0.0005 

9 

0310_1112 
0.9981 
0.0020 

9 
1 1 1 0 1 0 2 3 

1.0009 
0.0006 

9 
1310_1335 

undef 
undef 

1710_1250 
1.0004 
O 0003 

9 

0 3 1 0 1 2 2 1 
1.0024 
0 003 2 

7 
1 1 1 0 1 0 5 0 

1.000 3 
0.0007 

9 
1310_14O5 

0.9986 
0.0007 

4 
1710_1317 

1.0009 
0,0004 

9 

0310_1454 
0 9975 
Ö.0012 

9 
i n o _ i i i 8 

1.0011 
0.0003 

9 
1410_123Ö 

1.0011 
0.0005 

9 
1710_1344 

1.0007 
0,0004 

9 

0 4 1 0 0 9 4 6 
0.9981 
0.0026 

8 
1110_1147 

1,0014 
0 0005 

9 
1710_0945 

1.0015 
0.0008 

9 
1710_1411 

1.0010 
0.0004 

9 

O410_1043 
0.9980 
0.0040 

9 
1110 .1215 

1,00io 
0.0006 

9 
1710_i010 

1.0008 
0.0005 

9 
1710_1438 

1.0001 
0.0005 

9 

0410 
0 
0 

11 3S 
9990 
00 37 

9 
1110 1244 

1.0020 
0 0005 

8 
1710_1035 

1 0009 
0.0003 

9 
1710_1505 

1.0005 
0.0007 

7 

0 7 1 0 0 9 2 2 
6 999 3 
0.00Ö5 

9 
1110_1325 

1.0010 
0.0006 

5 
1710_1102 

1.0005 
0.0008 

9 

0710.0951 
0.9993 O.oooa 

9 
I U 0 1 358 

1.0011 
0.0007 

9 
1710_1129 

1.0009 
0.0004 

9 

1110 0914 
1.0009 
O 0020 

7 
1 2 1 0 1 2 2 7 

0.9998 

1 
1710_1156 

1.0009 
0.0003 

9 
A18020 

1.000 25 
0.00186 
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A18587 
Run 
Mean 
S t d e v 
N 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 
Run 
Mean 
S t d e v 
M 

44 9 2.8 
0310_0957 

0.9915 
0.0019 

9 
1110_0947 

0.9969 
0.0009 

6 
1310_1305 

0.9940 
0.0009 

9 
1710_122 3 

0.9939 
0,0008 

9 

0310_1112 
0.99 30 
0.0032 

9 
1110_1023 

0.9949 
0.0008 

9 
1310_1335 

0.9954 
0.0019 

4 
1710_1250 

0.9948 
0.0007 

9 

0310_12 21 
0.9897 
0.0019 

9 
1110_1050 

0.9942 
0,0016 

9 
1310_1405 

0.9939 
0.0002 

2 
1710_1317 

0,9952 
0.0005 

9 

0 310_1454 
0,9868 
0.0007 

9 
1H0_1118 

0 99 3 2 
0 ,0005 

9 
1410_1230 

0.9928 
0.0004 

9 
1710_1344 

0.9949 
0.0006 

9 

0410_0946 
0.9939 
0.0010 

8 
1110_1147 

0.9925 
0.0005 

9 
1710_0945 

0.9951 
0.0009 

9 
1710_1411 

0.9951 
0.0006 

9 

0410_1043 
0.9923 
0.0010 

9 
1110_1215 

0.9925 
0,0008 

9 
1710^1010 

0.9953 
0.0008 

9 
1710_1438 

0.9945 
0.0006 

9 

0410_1135 
0.9915 
0 ,0009 

9 
1110_1244 

0.9927 
6.0009 

8 
1710_10 35 

0.9958 
0.0008 

9 
1710_1505 

0.9947 
0.0007 

9 

0710_09 2 2 
0.9962 
0.0011 

9 
1110_1325 

0.9919 
0.0008 

5 
171p_110 2 

0.9951 
0.0007 

9 

07 i o _ 0 9 5 1 
0.9942 
0,0010 

9 
1110_1358 

0.9915 
0.0011 

9 
1710_1129 

0.9945 
0.0006 

9 

1110_0914 
0.9961 
0.0007 

9 
1210 1227 

0.9939 
0.0023 

9 
1710_1156 

0.9952 
0.Ö009 

9 
M 8 5 8 7 
0.99 374 
0.00223 
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00 
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RUN START 
UNE 

9.57 
11.12 
12.21 
14.54 

REL AIR 
WAS! 

1.654 
1.616 
1.58° 
2.262 

SOLAR 
ELEVA 
OEG 

32.53 
38.12 
38.90 
26.12 

[ F C 8 5 AUXILIARY OATA FOR 3.OCTOBER 1985 

MEAN VALUES FOR EACH RUN 

AEROSOL OPTICAL OEPTH 
778NM SOONM 368NH 

RADIATION AIR 
6L08AL SKY TEMP 
M/M2 M/M2 DEC 

0.135 
0.124 
0.109 
0.129 

0.321 
0.295 
0.265 
0.310 

0.544 
0.494 
0.454 
0.564 

505.6 
609.0 
626.2 
398.5 

162.1 
168.7 
154.1 
141.8 

12.6 
15.6 
17.9 
19.9 

DMLY MEAN OZONE VALUE AS OETERMINEO AT AROSA! 0.262 STP-CM 

REL 
HUM 
X 

62. 
48. 
39. 
37. 

BAROM 

NB 

849.7 
849.3 
848.5 
847.4 

MINO 
SPEEO 
1/S 

0.9 
0.7 
a.a 
0.6 

0) c X 

*< 
3 & & 0) 
c 
(0 s 
& 
3 n-ta 
OJ 

RUN START 
TIME 

9.46 
10.43 
11.35 

RUN START 
TIME 

REL AIR 
MASS 

1.932 
1.691 
1.603 

REL AIR 
MASS 

SOLAR 
ELEVA 
OEG 

31.06 
36.14 
38.50 

SOLAR 
ELEVA 
DEG 

I P C 8 5 AUXILIARY OATA FOR 4.OCTOBER 1985 

MEAN VALUES FOR EACH RUN 

AEROSOL OPTICAL OEPTM 
778NM 500MM 368NH 

RAOIATION 
GLOBAL SRV 
M/M2 M/M2 

0.076 
0.075 
0.080 

0. 190 
0.186 
0.191 

0.379 
0.357 
0.357 

497.3 
590.6 
639.3 

98.3 
106.6 
125.6 

AIR 
TEMP 
OEG 

13.6 
15.3 
17.6 

DAILY MEAN OIONE VALUE AS DETERMINED AT AROSA! 0.258 STP-CM 

I P C 8 5 AUXILIARY DATA FOR 7.OCTOBER 1985 

MEAN VALUES FOR EACH RUN 

AEROSOL OPTICAL OEPTH 
778NM 500MM 368NM 

RADIATION AIR 
GLOBAL SKY TEMP 
M/M2 M/M2 0E6 

REL 
HUH 

55. 
44. 
41 . 

REL 
HUM 

t 

BARON 

NB 

846.6 
646.3 
845.9 

8AR0M 

MB 

MINO 
SPEEO 
M/S 

0.3 
0.9 
1.0 

MINO 
SPEEO 
M/S 

'.22 
9.SI 

2.165 
1.956 

27.39 
30.64 

0.0?2 
0.077 

0. 180 
0.177 

0.381 
0.363 

4 3 2.1 
494.4 

93.6 
99.3 

10.1 
11.4 

66. 
54. 

849.2 
849.3 

0.4 
0.6 

O 
f ) 

0A1LY MEAN OIONF VALUF AS OETFRMtNED AT AROSA: 0.26S STP-CM 
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Oo 

30 <C M C 
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M 
O 
--h 
C C 

RUN START 
TIME 

9.14 
9.47 
10.23 
10.50 
11.13 
I i . 4 7 
12.15 
12^44 
13.25 
13.59 

REL AIR 
MASS 

2.336 
2.05! 
1.669 
1.776 
1.721 
1. 695 
1.700 
1.737 
1.852 
2.013 

SOLAR 
ELEVA 
CEC 

25.23 
26.96 
32.26 
34 .12 
35.43 
36.05 
35.92 
35.04 
32.58 
29.67 

I P C 6 5 AUXILIARY DATA FOR 11.OCTOBER 1995 
MEAN VALUES FOR EACH RUN 

AEROSOL OPTICAL OEPTH 
778NM 500NM 368NM 

RAOIATION 

0.030 
0.036 
0.028 
0.028 
0.026 
0.026 
0.028 
0.032 
0.031 
0.029 

0. 120 
0. 123 
0.113 
0.111 
0. 109 
0.109 
0.108 
0.112 
0.H3 
0. 115 

0.314 
0.301 
0.278 
0.270 
0.269 
Ö.267 
0.267 
0.276 
0.264 
0.296 

GLOBAL 
M/M2 
406.6 
467.1 
533.9 
570.4 
599.5 
6H.4 
609. 7 
594.6 
550.3 
502.3 

SKY 
M/M2 
33.5 
38.0 
34.8 
37.5 
43.0 
44.1 
43.7 
44.4 
45.5 
43.9 

A!R 
TEMP 
CEC 
8.3 
9.4 
11.8 
13.7 
15.9 
17.2 
18.4 
18.3 
17.4 
17.8 

DAILY MEAN OZONE VALUE AS OETERMINEO AT AROSA: 0.258 STP-CM 

REL 
WUM 

65. 
52. 
46. 
36 t 
31. 
27. 
23. 
23. 
22. 
22. 

BAROM 
MB 

654.3 
854.4 
654.4 
854.4 
854.4 
654.4 
854.2 
854.1 
854.0 
853.9 

MINO 
SPEEO 
M/S 
0.2 
0.3 
0.4 
0.6 
0.4 
0.6 
0.6 
1.0 
0.6 
0.7 

0) 1 

3 (o & 
C 1 <o 3 (0 3 (-r 03 

RUN START 
TIME 

12.27 

RUN START 
TIME 

REL AIR 
MASS 

1.72 7 

REL AIR 
MASS 

SOLAR 
ELEVA 
OEG 
35.2 7 

SOLAR 
FLEVA 
OEG 

I P C S 5 AUXILIARY OATA FOR 12.0CT0BER 1985 
MEAN VALUES FOR EACH RUN 

AEROSOL OPTICAL OEPTH 
778NM 500NM 368NM 

RAOIATION AIR 
GL08AL SKY TEMP 
M/M2 W/N2 OEG 

0.044 0.124 0.276 601.5 56.9 16.2 
DAILY MEAN OZONE VALUE AS OETERMINEO AT AROSA: 0.262 STP-CM 

I P C 8 5 AUXILIARY DATA FOR 13.0CT08ER 1965 
MEAN VALUES FOR EACH RUN 

AEROSOL OPTICAL OEPTH 
778NM 500NM 368NM 

R40IATI0N AIR 
GLOBAL SKY TEMP 
M/M2 M/M2 DEC 

REL 
HJM 
X 
35. 

REL 
HUM 
JI 

BAROM 
MB 

653.2 

BAROM 

MB 

MINO 
SPEEO 
M/S 
1.7 

MINO 
SPEEO 
M/S 

f] 
<-+ 

13. 5 
H.35 
14. S 

1. 822 
1.9 34 
2 . 106 

33.19 
31.03 
28.23 

0.0S3 
0.056 
0.055 

0. 162 
0. 173 
0. 172 

0.335 
0.36O 
0.371 

565.9 
5 26.1 
4 78.0 

66.3 
69.6 
69.0 

7.4 
8.0 
7.9 

DAILY MFAN OZONF VALUF AS lETERMINFO * f AROSA: 0.2dl STP-CM 

72. 
73. 
71. 

653.1 
653.1 
853.1 

1.7 
1.6 
1.7 

LH 
LJ 



-3 
0) tr 
t — 
(p 
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33 
(0 
CQ 
C 
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RUN STAKT 
TIME 

12.30 

REL AIR 
MASS 

1.764 

SOLAR 
ELEVA 
OEC 
34.4 2 

" P C 8 5 AUXILIARY OATA FOR 14.OCTOBER 1985 

"EAN VALUES FOR EACH RUN 

AEROSOL OPTICAL OEPTH 
778NN 500NM 368NM 

RAOIATION AIR 
CLOBAL SKY TEMP 
W/M2 W/M2 OEC 

0.038 0.126 0.276 583.3 57.4 10.0 
OAILY MEAN OZONE VALUE AS OETERMINEO AT AROSA: 0.285 STP-CM 

REL 
HUM 
t 

38. 

8 AR QM 
M6 

853.8 

KINO 
SPEEO 
M/S 
l.L 

<D !̂ <̂ 
3 (!) 0) 0) C 1̂ (0 3. (!) 3 f-M 

I P C 8 5 AUXILIARY OATA FOR 17.OCTOBER 1985 
MEAN VALUES FOR EACH RUN 

RUN START 
TIME 

9.45 
10.10 
10.35 
11. 2 
11.29 
11.56 
12.23 
12.50 
13. 17 
13.44 
14.11 
14.38 
15. 5 

REL AIR 
MASS 

2.204 
2.042 
1.929 
1.848 
1.604 
1.790 
1.807 
1.939 
2.068 
2.257 
2.533 
2.944 

SOLAR 
ELEVA 
OEC 
26.87 
29.21 
31.11 
32.64 
33.56 
33.66 
33.50 

30.93 
28.79 
26.17 
23.12 
19.71 

AEROSOL OPTICAL OEPTH 
778NM 500NH 366NM 

RAOIATION 

0.030 
0.029 
0.030 
0.030 
0.029 
0.029 
0.029 
0.030 
0.030 
0.032 
0.0 33 
0.036 

0. 120 
0.117 
0.117 
0.116 
0.114 
0.113 
0.114 
0.117 
0. 119 
0. 123 
0.129 
0. 137 

0.297 
0.285 
0.279 
0.271 
0.265 
0.262 
0.266 
0.278 
0.291 
0.310 
0.331 
0.359 

CLOBAL 
M/M2 
439.4 
482.8 
319.0 
545.2 
571.1 
576.7 
573.3 

OATA MTSS1NC 
529.1 
490.2 
440.8 
363.9 
316.5 

SKY 
M/N2 
33.9 
35.6 
39.4 
41.3 
45.8 
47.0 
47.0 

46.3 
45.4 
43.8 
41.9 
39.6 

AIR 
TEMP 
OEC 
5.2 
8.0 
9.6 
11.6 
12.4 
11.5 
12.1 
11.6 
11.9 
11.9 
11.7 
10.9 

REL 
HUM 
X 
57. 
49. 
44. 
36. 
38. 
38. 
37. 

35. 
36. 
35. 
35. 
37. 

BAROM 
MB 

849.6 
649.5 
6 49.5 
849.5 
849.4 
849.4 
849.2 
846.9 
648.8 
848.7 
848.5 
848.6 

KINO 
SPEEO 
M/S 
Ö.5 
0.3 
0.4 
0.7 
1.6 
1.4 
1.7 

2.0 
2.0 
2.1 
1.5 
2.1 

0A1LY MEAN OZONE VALUE AS OETERMINEO AT AROSA: 0.274 STP-CM 

O 
O 
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LOMEL'S THEORY OF OIFFRACTIOH AHO ABSOLUTE RADIOMETRY 
R. W. Brusa 

Space Science Department of ESA 
ESTEC, Noordwijk, The Metherlands 

1. IWTRODUCTION 
A Computer code for the exact computation of the correction of 

dif fraction is described. It is based on the theory of Lommel (1885) and 
takes into account the generalization to the case with extended sources as 
developed by Steel, De and Bei (1972). The validity of this approach is 
discussed by comparing experimental data reported by Boivin (1976 and 1977) 
with computed results. Finally the results of computations of the 
correction for diffraction for some of the most commonly used absolute 
radiometers will be given. 
2. METHOO OF C0MPOTATI0N 

The view limiting aperture of modern absolute radiometers is at a 
distance and of a diameter that the entrance aperture is in the fully 
illuminated region (Fig. 1). Diffraction occurs at the view limiting 
aperture which is therefore also called the "diffracting" aperture. The 
correction of diffraction at a wavelength can be expressed as the excess 
over 1 of the ratio of the actual flux through the entrance aperture to the 
flux according to geometrical optics and has been shown by Steel et al. 
(1972) to be: 

where I(v,w,w') is the correlation function of two cfreies of angular radii 
w and w' and J(u,v) is the distribution of intensity oa the aperture R2. 
The angular coordinates used in (1) are related to the geometrical 
Parameters of the setup and the wavelength of the incident radiation as 
defined in Fig. 1. 

Expression (1) was derived under the assumption that the angular 
diameter of the source as seen from the diffracting aperture is smaller 
than the angular diameter of the detector. This is not a severe restriction 
however. The theory is a geometrical one and as such does not distinguish 
between source and reeeiver, hence i f the above condition is not fulfilled, 
the role of source änd detector may simply be interchanged. This property 
is also known as the rule of reeiprocity. — — --^^ 

Lommel (1885) has shown that J(u,v) can be expressed in terms of 
Lommel funetions Û .Û  or V̂ ,Vi where the ü- resp. V-funetions are defined 
as expansions in Bessel funetions of integer order. For the case of 
solar radiometers J(u,v) has to be evaluated in the illuminated region -

= 7 (u-)' /I(v,w,w') J(u,v) v dv - 1 (1) 0 

Fig. 1 The aperture geometry in 
radiometry and definition of terms 



hence V-functions being an expansion in v/u are more appropriate than 
U-functions. Bessel funetions of high accuracy also at high Orders were 
available from the routine MMBSJ of the IMSL (1984). 

An independent test of the accuracy of J(u,v) can be obtained from the 
fact that for u=v J(u,v) becomes (Lommel, 1885) 

= ip [(BJu) - cos(u))'+ sin'(u)] (2) 
where Bp(u) is the Bessel function of order zero. No difference within 
seven digits was found between the results according to (2) and the 
expansion at u=v=1276. 

The program, written in Fortran77 uses simple trapezoidal integration 
with a step size of 0.5 to integrate over v. It takes typical ly 10 to 20 
seconds on a IBM 360 mainframe to evaluate e(A) according to (1). 

For a source of complex radiation with spectrum S(X ) the total 
correction for diffraction is: 

00 00 

E-r = fe(A) S(X) dX / /S(i) dA (3) 
0 0 

Again, trapezoidal integration was used to evaluate (3). No simple 
rule can be given on the step size for A , because i t depends on the 
particular geometry of the setup. 
3. DI5CUSS10K 

Boivin (1976) gives examples of experimentally determined diffraction 
corrections. Using the parameters of his experimental setup computed 
results may thus be compared to exerimental findings(Fig. 2, left part). 
All the calculated corrections agree within 20 % with the experimental 
data, but almost all are outside the ränge of uncertainity of the 
experimental data as speeified by Boivin. On a relative scale the 
deviations become more significant at bigger source diameters RO. This 
could indicate that Lommel's theory becomes inadequate when approaching the 
shadow line. On the other hand an underestimation of the amount of 
straylight leads to the same effect because scattered light becomes more 
important when the effect of diffraction becomes smaller. More comparisons 
between experimental data near to the shadow line and reported by Boivin 
(1977) and cotnputational results were performed. Datapoints # 11 and # 12 
shown in Fig. 2, right part, correspond to conditions where the diameter of 
the entrance aperture is bigger than the fully illuminated region. The 
experiment consists essentially in measuring the detector Signal with the 
diffracting aperture removed and in place. For the last two points this 
will yield to low ratios. But the same is also true for the calcul ated 
results because when normalizing with the flux according to geometrical 
optics the presence of the diffracting aperture is ignored. This means that 
even for these two datapoints a comparison between experiment and theory is 
meaningful - although no practical instrument will ever use such a 
geometry. The validity of such a comparison wi l l , however, critically 
depend on the accurate knowledge of the true geometrical parameters of the 
experiment. It does not come as a surprise, therefore, that we find good 
agreement for all except the last three points. It is noteworthy that the 
diffraction correction for the examples of Fig. 2, right part, is no longer 
- as is usually the case - proportional to the wavelength, but shows an 
oscillatory behaviour for wavelengths above 800 nm. 



In summary we conclude that even in the immediate neighbourhood of the 
shadowline the agreement between experiment and the exact results according 
to Lommel's theory of diffraction is quite satisfactory. This gives us some 
confidence when applying in the following the theory to diffraction effects 
in solar radiometers. 

Rl = < .8 nn 
R2: 2.2 
a 5.00.0 nn 
B :iooo.o nn 

^ I 
C3 '̂ 

$ EXP. ORTH: BOtvtN.76: R0 15. 
(B CRLC. OHTRt TntS KORK 

5.02.5 1.5 1.0 
1/RO [MM] 

C3 

LU LO . 

o 
LO 
! 

(5 

R0: 0.5 HH 
R2: 9.5 MH 
m: 4*7. i nn 
Bi! 349.0 nn 
R2: 
82 

}o..@ 
: 532.7 nn 1 ^ ̂. 
= 310.1 nn 

$ EXP. BOlVtN.77; HO 16. 
9 CRLC ORTH: THIS HORM 

5.0 5.1 5-2 5-3 
R2 [hn] 

5.4 

Fig. 2, left half, Comparison of computed results with experimental data 
of Boivin (1976). The source having an equivalent temperature of 3000 K 
consists of a diffuser plate illuminated by a tungsten lamp. A PIN10 
Silicon diode was used as detector. Error bars of experimental data as 
quoted by Boivin. In order to evaluate for the experiment 
configuration S(A) has to be thought of as being the product of the 
spectral radiance of a black body radiator at 3000 K and the relative 
sensitivity of the detector used in the experiment. 
Fig. 2, right half, Comparison of computed results with experimental data 
reported by Boivin (1977). Source and detector are the same as before. The 
size of the entrance aperture is close to (datapoints # 1-10) or even 
bigger than the fully illuminated region. 
4. DIFFRACTIOW IM SOLAR RADIOMETERS 

In previous examples we have learnt that the dependence of on ̂  
may deviate from simple proportionality. It was verfied for all instruments 
mentioned in Table 1 that up to a wavelength of 5000 nm, corresponding to 
more than 99 % of the power in the solar spectrum no significant deviation 
from proportionality did occur. For solar radiometers i t seems to be 
sufficient to calculate e(X) at a Single wavelength in order to determine 
the factor of proportionality. Results are given in Table 1. 
5. CONCLUSIOMS 

A Computer code for the exact evaluation of the effect of diffraction 
according to Lommel's theory was developed. It was demonstrated that i t 
agrees well with experimental data. The program was then used to-calculate 
the corrections of diffractions for some of the most widely used or known 
types of absolute radiometers. The outcome of the calculations demonstrates 
that diffraction is a significant correction for solar radiometers -
typically in the order of 0.1 to 0.2 %. This rules out approximation 
methods, the reliability of which is largely unknown, and Stresses the need 
for an accurate method to calculate the correction of diffraction. 



Table 1 - Results of the computation of the corrections of diffraction 
for some common!y used absolute radiometers at several altitudes. The solar 
spectrum at the specified altitude was calculated from the extraterrestrial 
spectrum (Fröhlich and Wehrli, 1981) by Lowtran4 (Selby et al. 1978) 
assuming a solar eievation of 60 degrees. The references for the instru­
ments are: PM02 (Brusa and Fröhlich, 1975), PM06 (Brusa, 1983), PAC I I 
(Kendan and Berdahl, 1970), Crom2 (Crommelynck, 1975), Crom6 and Crom7 
(Crommelynck, 1984), ACRIM (Willson, 1979). The ACRIM type instrument is on 
the Solar Maximum Mission spacecraft and together with Crom6 i t was also 
flown on Spacelab 1. 

Parameter PM02 PM06 PACIII Crom2 Crom6 Crom? ACRIM 
Rl: [mm] 
R2: [mm] 
b: [mm] 

3.6 
2.5 
85.0 

4.175 
2.5 
95.4 

8.18 
5.640 
190.5 

6.25 
4.0 
140.0 

11.25 
4.0 
140.0 

6.514 
4.0 
140.0 

6.647 
3.989 
152.2 

0.0 km 
0.5 km 
1.5 km 
3.0 km 
30 km 
40 km 

\̂ oo km 

LPPm 
ppm 
ppm 
.Ppm 
.PP"! 
.Ppm ppm 

1719 
1705 
1693 
1698 
1778 
1773 
1763 

1334 
1322 
1313 
1317 
1379 
1375 
1368 

748 
742 
737 
740 
778 
776 
772 

895 
888 
882 
886 
932 
930 
925 

328 
325 
323 
324 
341 
340 
338 

808 
802 
796 
799 
840 
837 
833 

841 
834 
828 
831 
873 
871 
866 
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THE IRMB/SSD ABSOLUTE RADIOMETRIC BASE 

OBJECTIVES AND DEVELOPMENTS * 

D. CROMMELYNCK 
Royal Meteorological I n s t i t u t e 

of Belgium 

Description of the absolute radiometer. 
The heart of the radiometer i s a set of two c y l i n d r i c a l f l a t bottom 

cavities attached to two heat flu x sensors mounted on a common heat sink. 
The innerside of the cavities are painted with diffuse velvet black (3M) 
and the outer side of the s i l v e r walls are polished and golded. On the 
bottom of the cylinder, undemeath the absorptlon coating i s fixed the elec 
t r i c a l f l a t heater with i t s four wire leads. Each radiometric Channel i s 
provided with i t s calibrated aperture. The innerside of the view l i m i t i n g 
volume i s groved and painted black. The whole dual sensor i s constructed 
to be as symetrie as possible for a l l radiative conductive and convective 
effects. The radiometer can be operated actively on one or the other 
side with a linearised seryosystem. Altough the measurements are gene-
r a l l y made in the s e i f c a l i b r a t i o n mode, i t i s also possible to operate 
i t i n the compensation (Angström) mode as well as in a serie of "radio­
metric states" u s e f u i l f o r consistency and accuracy tests. The radio­
metric characterization coefficients are based on measurements performed 
in a i r and vaccum on the instrument. -

Heat flux sensor 
Heat sink 

View l i m i t i n g area 

Shutter 
Shutter motor 
Sun pointing monitor Front aperture 

Sensitive aperture 

Cavity 

Electronics box 

* Reprinted from Advances i n Absolute Radiometry, Proc. of an Internatio­
nal Meeting, 24./25. June 1985, Massachusetts, ed. Peter V. Foukal. 
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The Absolute Radiometrie Base of IRMB/SSD 
I t i s made of a set of f i v e dual Channel absolute radiometers which 

can be used on e i t h e r Channels. I t has been the usual p r a c t i s e t o work 
w i t h f o u r instruments mounted together on a Solar p o i n t e r and t o r e f e r 
the i n d i v i d u a l normalised measurements to t h e i r a r i t h m e t i c mean. 
The o l d e s t instruments, w i t h estimated c h a r a c t e r i z a t i o n c o e f f i c i e n t s , 
are CR0M2 and CR0M3. The mean of the o b j e c t i v e l y characterised set of 
CR0M9, EU and FLl f i x e s a c t u a l l y the IRMB/SSD Absolute Radiometrie Base. 

New instruments w i l l be added t o update the base whenever a v a i l a b l e 
and conforming t o our i n t e r n a l aeeeptance c r i t e r i a . Let us note t h a t 
by d e f i n i t i o n the measurements obtained w i t h CR0M2L m u l t i p l i e d by 1.00290 
represents the World Radiation Reference. At Table Mountain Obsevatory 
i n 1984 the IRMB/SSD Absolute Radiometer Base gave measurements 1.00329/ 
1.00290 = 1.00039 higher than the WRR by CR0M2L. 

MSTHUMETfT RELATtVE MOKHALISATIOM COETMCIEMT ABSOLUTE M0RHAHSAT10M 
coE7nc:EMT n 

TWO 62 00EILL0 93 00EILLO SA CARf EXTRAS S* TMO SA 

CROM2L 
CROM2K 
CROM3L 
CE0M3R 
CK0M9L * 
CR0M9R * 
EUL * 
EUR * 
ruL * 
FUR * 

1.00163 
1.00*91 
0.99762 

0.999*0 
1.00000 
0.99930 
0.9992S 

1.00362(15!) 
!.OOS37(27) 
0.99734(107) 
1.00322(7!) 

0.99972(6S) 
0.99989(117) 

1.002!1(64) 

0.999!A(73) 
0.99860(64) 

1.00000 
0.99932(32) 
1.00027(70) 

1.00333(631) 

0.99669(126) 

0.99696(2*7) 
0.99869(25!) 
0.99985(361) 
1.000HC69) 
0.99987(266) 
1.0OO22(3*S) 

1.00291(647) 1.00329 

0.999)2(373) 
0.99926(27*) 

1.00016(121) 
0.99984(1*5) 
1.00012(176) 

0.999*3 
0.999S2 

1.000*7 
1.0O0H 
1.000*3 

Improvement of the absolute accuracy of i r r a d i a n c e measurements 
The d i s p e r s i o n of our new generation instruments i n a i r i s such 

(0.001J t h a t i t i s p e r t i n e n t t o wonder what needs t o be done t o improve 
i t more and what can be said about the absolute accuracy. The c r i t i c a l 
f a c t o r e n t e r i n g i n the radiom e t r i c formula seems t o us t o be the exact 
knowledge of the s e n s i t i v e area. Indeed the t a b l e shows t h a t a metrolo-
g i c a l i n c e r t i t u d e o f up t o 0.002 e x i s t s on an area of 5mm nominal diameter 
which reduces t o 0.001 when the diameter i s 8.5mm. The two s t a i n l e s s 
s t e e l reference holes used f o r t h i s demonstration never exceeded a round-
ness departure of 0.5um. - I f one considers the e r r o r announced by NBS (3o) 
i t should be possible t o know the area of the holes w i t h a r e l a t i v e 
accuracy r e s p e c t i v e l y of 0.00040 and 0.00024. Systematic d i f f e r e n c e s 
are observed between the d i f f e r e n t m e t r o l o g i c a l l a b o r a t o r i e s and i t seems 
ap p r o p r i a t e t o i n i t i a t e an a c t i o n t o i n v e s t i g a t e the used measuring pro-
cedures. Nevertheless, new radiometric designs should operate w i t h holes 
of a diameter equal or l a r g e r than 10mm. They should have the a p p r o p r i -
ate thickness so t h a t t h e i r diameter can be measured t o the State of the 
a r t w i t h o u t dannnage 
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The determination of the electrical heating power equivalent to the 
unknow radiative energy should be better than 0.0001. However this requi-
res s k i l l , well designed circuitry with appropriate groundings and high 
quality Instrumentation. Of course the electrical measurements (made 
simultaneously on the current and the voltage) should be performed when 
the instrument has reached i t s servo equilibrium within the required accu­
racy. This means that for a given OPEN/CLOSE chronology with the asso-
ciated measurement sampling pattem, the rise time of the active radio­
meter is a most important characteristic. We recommend that i t be as fast 
as possible. In addition, to support high accuracy Claims^the radiometric 
formula should include e x p l i c i t l y the effect of the servosystem as used 
with or without linearization c i r c u i t . 

About the characteristics of the radiation sensor, i t s e l f metrology 
can only be rewarded with the clear definition of concepts and perturba-
ting effects to be corrected for. The experimental characterization proce 
dures performed in air and vacuum are, of course, based on these defini­
tions. The design of our.new instruments actually under construction, is 
based on the preceding considerations ; our objective is to obtain a rela­
tive accuracy on a Single irradiance determination of 0.0003 which seems 
near to the ultimate feasible. 



Radiometric comparisons 
I t is a fact that radiometric comparisons are a main tool to demons-

trate that instruments of a same design present a dispersion within their 
accuracy claim. In addition, comparisons of independently designed absolute 
radiometers with their incertitude margins, can alone, for the benefit of 
metrology)trigger doubts and discussions between the different applied con­
cepts. The comparisons on the Sun being performed from the Earth surface, 
the atmosphere is the cause of the spatial distribution of the aureole 
as well as i t s time va r i a b i l i t y . The interpretation of the observed d i f ­
ferences at the level of concem depends thus on the geometry of the 
radiometers (slope and l i m i t angles), as well as on their time response 
and on the Organization of the measurements. The normalization of some 
radiometric characteristics is therefore required. 
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PYRANOMETER RESPONSE TD G&3BRL RADIATKBT 
Edwin C. Flowers 

CIHES/GMOC/NCAA, Boulder, CO. 

A variety of instrument types is used to measure solar radiation around 
the worid. In the U.S.A., for example, the NOAA radiation network uses 
Eppley PSP and Spectrolab pyranometers; other networks operated by states, 
universities or electric power companies use these änd other instruments 
such as the Eppley model 8-48, Kipp CM-6 and CM-10, Schenk star and LiCor 
Silicon cell. Networks frequently contain a mix of two or three differ­
ent instrument types. Usually the measurements from the networks are ac­
cepted as accurate without any corrections being applied or without regard 
to the characteristics of the instruments used. The purpose of this paper 
is to describe the nataire and magnitude of errors that can be directly 
attributed to specific-instrument types. 
COMPARISON METHODS 
In order to assess the response öf pyranometers i t is necessary to have 
an accurate measure of the global radiation that is essentially free of 
the usual pyranometer characteristics. The most accurate measurement of 
global radiation particularly under cloudless skies i s by means of the 
component method which combines the direct component as measured by a 
cavity radiometer with the diffuse component measured with a disk-shaded 
pyranometer. The pyranometer must have good linearity and be free of 
spectral response errors. The absolute accuracy of such a measurement 
of global radiation i s : 

Cavity, +0.5% + pyranometer, ±2.0% = +2.5% 
Under the special cloudless sky conditions, the ratio of diffuse/direct 
radiation is about 0.10 so that: 

Cavity, +0.5% + pyranometer (diffuse), i0.2% = i0.7% 
Finally, i f the cavity radiometer and the pyranometer are linear and i f 
the cavity error may be assumed to be mostly a bias error, then the rela­
tive accuracy over a wide ränge of sun angles in the course of one day is: 

Global radiation relative accuracy = i0.3% 
In the proc^dures foüowed at the Solar Radiation Facility (SRF) in Boulder, 
the cavity radiometer is read every 30 seconds and the pyranometer alter-
nately shaded and unshaded with a disk on a schedule of 5 minutes shade, 
6 minutes unshade. This provides a direct sun-shade calibration of the 
pyranometer and a measurement about each 12 minutes of the global radia­
tion. This discrete measurement of the global radiation is then used 
with the simultaneous voltage Output of each of the test pyranometers 
to calculate the sensitivity (mv/I03w-m-2) of the test pyranometer. In 
the analyses, a l l pyranometers are corrected for temperature (to 25C) 
from individual temperature response curves. 
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RESULTS 
Four different instrument types are presented in this report: Eppley PSP, 
Eppley 8-48 (black and white), Kipp and Zonen CM-6, and Schenk star (black 
and white). Data are available on about 8-10 other pyranometer types but 
the analyses are incamplete. Calibration curves for the 4 instruments from 
component method calibrations are shown in figures 1-4; each instrument is 
represented by three figures (a-c) so as to retain the individual features 
on each day. The curves for the different days for the same instrument do 
coincide and present a single sensitivity or calibration curve for that in­
strument. Curves for different instruments of the same type show similar 
features so that they can be considered generic. For example, the PSP data 
(figures la-lc) show anomalous peaks at about 22-23° sun eievation both in 
the AM and PM. This is characteristic of the PSP and appears in a l l instru­
ments of this type which we have tested (more than 50) al though the peak 
can l i e between about 20 and 30° for different instruments. Also, a l l PSPs 
exhibit the low sensitivity at low sun eievation angles and high sensitivity 
at high angles al though the ränge of the two extremes can vary by as much 
5-10%. A l l Schenk stars and Eppley 8-48s we have tested give curves similar 
to those presented here. The Kipp CM-6 instruments frequently show the 
asyimtetry between morning and aftemoon that is evident in the curve for 
the one shown here. I t would be natural to assume that this results from 
a lack of coincidence between the spirit level and the sensing level but 
the frequency with which this particular asymmetry occurs suggests that the 
cause may be in the orientation of the thermopile element . 
On May 30 a solar eclipse occurred between sun eievation angles of 37° and 
59°. The eclipse was about 50% of total and the effect on the different 
instruments is apparent for the Kipp CM-6 and Schenk star, less evident for 
the Eppley 8-48 and not evident at a l l on the PSP. The increase in sensi­
t i v i t y is about 2.5% for the CM-6 and 3.5% for the Schenk, and the most 
likely cause is non-linearity. 
Two conclusions may be drawn from these data: 

1. Different instrument types have distinct, generic response 
curves to cloudless sky global radiation, 

2. The cosine response is the preak^ninant instrument character­
i s t i c Controlling response to cloudless sky global radiation. 

For analysis purposes, the average AM and PM sensitivity at 45° sun eievation 
was selected as the normalization angle. Figure 5 presents smoothed repre­
sentations of the calibration curves with the Ordinate being the response 
to the average 45° sun eievation value. These curves include 5 or 6 addition-
al days of data not shown in figures 1-4. Figure 5 illustrates that close 
agreement between instruments occurs only near the normalization point of 45°. 
At other angles which represent different times of the day or different 
seasons of the year large differences occur. For example, at sun angles 
of 60-70° (noon in summer) the PSP is 1 to 1.5% high and the Schenk and 8-48 
are about 2% low; at sun angles of 20-25° (noon in winter) the PSP is 1 to 
2% low and the Schenk and 8-48 are 2.5 to 4% high. The CM-6 exhibits AM to 
PM asymmetry but is within 1-2% for most sun eievation angles. 
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Figure 6 replots the data for the CM-6, 8-48 and Schenk as response to the 
Eppley PSP, an instrument frequently used as a comparison Standard. In fact, 
the- Eppley PSP in this report has been used since 1982 as the working Standard 
pyranometer for side by side calibrations at the SRF in Boulder. Because the 
PSP has an absolute response curve (figure 5) which is opposite to those of the 
other types, the other types w i l l show exaggerated response when compared with 
the PSP. This is evident in figure 6 where at high sun angles the Schenk and 
8-48 are 3-3.5% lower than the PSP and at low angles are 3-5% higher. 
The curves presented so far represent sensitivity or response to cloudless 
sky global radaition. Depending, of course, on the climate of the observing 
location the most frequent sky condition is partly cloudy not cloudless. Under 
partly cloudy skies one might expect the pyranometer to respond to the fre­
quently large diffuse component of the radiation with a sensitivity roughly 
the same as the 45° sun eievation sensitivity. Thus the cloudless sky response 
curve is probabiy the extreme case. To examine the response to a l l sky con­
ditions we have chosen to compare continuous exposure measurements from June 
and December with the cloudless responses. 
Figures 7 and 8 show such data for the Schenk star instrument. The a l l sky 
condition data are hourly totals of global radiation for the month for the 
Schenk divided by those for the PSP 19918; the cloudless sky values are the 
angular responses at mid month (June 15 and December 15). The solar noon 
eievation angles on those dates are 73.4° at 1202MST on June 15 and 26.7° at 
1157MST on December 15, 1984. 
The shapes of the cloudless and a l l skies curves are similar in each month 
but the details are not. Excepting for the sunrise and sunset hours in June 
the cloudless curve appears to confirm i t as the extreme case. In December 
this is true only for the hours around noon. Apparently other instrument 
characteristics are at work and they may account for the differences. A l l 
data have been corrected for temperature so that this characteristic probabiy 
is not a factor. Regardless, the curves illustrate the large effect that 
generic instrument characteristics (biases) have on the resulting measure­
ments. In these illustrations the cosine errors explain much although not 
a l l of the measurement differences b etween instrument types even for the 
general a l l sky conditions case. I t is questionable whether these character­
istics can be corrected for in routine measurement programs but they must 
certainly be considered when measurements from different netwrks or within 
networks using different instrument types are compared or when accuracy limits 
are assigned to instruments ör network measurements. 
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:rĴ  r: r. ?r^ E* i r r rfri E: tu 

r::;:;.:r: 

fri -A4 
SOLAR ELEVATIOH 

FIGURE 4a 



53 

E LE LLL ;.5 12.3 n ** EILE EE 
12. 

r:: 
12. 

12.0 

!. . lEL 1,1,. 9 LEE E, 
IEIL i- n.s — 

:::: 
ELI E 

-E 
11.6 :. IE E. E! i Ei 

LE tili :- '2 E -1^ 2 0 AM PM 
SOLAR ELBVATION 

FIGURE 4b 

EE E-
E=Eg s IE E EE ETI EL LLLLL L. 

12.2 

12. 

7Vs ^7 - 12.0 

L" Er 11.9 E HI* E E 
E. — ELL )- 11.8-

ET-. EI 11.7 

11. ::?IE L EI 
EE EH 

S3 53 27J 
SOLAR ELEVATIOW 

FIGURE 4e 



54 

).20r 

EPPLE [MM 19 
75 !693 

Z9Y 

00 

r *1 

H I HR 
M AM 60 90 00 

SOLAH ELEVAT10H 
FIGURE 5 

PM 

1.20 

tMPf [CM I!t2SS3 
49 t 3ttL 

*"'.00 

0.90 30 00 90 6" PM !0 AM SOLAB ELEVAHOH 
FIGURE 6 



RESPOMSE TO EPPLEY (PSP) 19918 RESPONSE TO EPPLEY (PSP) 19918 

e t 

i i 

' ' t 
MO' 

rroi 

! '!-')-i4 
3 g i 

t I -

' I ' 

LU4 H ) 

Hl 

: ^ 

rm 

i <: : 

t : <A 

!! 

! t 4! 9 M 
*" — t -

-4 1,: 
!4 I ) 1̂  i S" 

*<- f o 

! < ) 
i t 





RADIOMETRY AT PMOD AND IHE WORLD RAD!OMETR!C REFERENCE* 

Ctaus Fröhtich 
Physika! isch-tyteteorotogisches Obser va tor tum 

World Radiation Center 
CW-7260 Davos Dorf, Swi tzer tand 

)NTRODUCTION 

The design and construction of absotute radiometers at s t a r t e d tn 
the earty seven t ies. Due to their primary use - the measurement for sotar 
irradiance - these radiometers are optimized to measure irradiances around 
one kWm'--. The f i r s t mode' was the so-calted PM3-2, which is st nee 1875 one 
of the World Standard Group reatizing the Wor'd Radiometric Reference 
(WRR). The WRR is the base for alt sotar measurements within the meteoro-
togicat Community, tt was estabtished in 1977 as a result of comparisons of 
many different types of absotute radiometers for sotar measurements. Since 
then a more reftned version of the PtvO radiometers (PM3-6 type) has been 
devetoped. Such instruments are used for the sotar constant exper imen t s of 
PtvCD and for the subsistence of the World Standard Group. 

In order to assess the uncertainties of this kind of absolute radio­
metry more accuratety an important effort was put into the devetopment of 
tndependeht taboratory experiments. These are calted characterization and 
constst in the accurate determination of att deviations of the radiometer 
from t t s ideal behaviour. 

PtvtO-6 RADtOMETER 

The design is based on the prineipte of an el e c t r t c a t t y cat tbr a ted 
d i f f e r e n t t a t heat ftux t r ansducer w i t h a c a v i t y for the e f f i c i e n t ab-
sorption of the radiation to be measured, The cavity has an tnverted cone 
inside a cylindrical shietd, is painted with a specutar black paint and ts 
tied to the heat sink via a statntess steet thermat impedance. The detector 
System ts shown in Figure 1. For the measurement of the sotar radiation a 
view-ttmiting baffte is mounted in front of the detector in order to pro­
vide a tut) fietd-of-view of 5 degrees. Onty the primary cavity is used for 
radiation measurements. The temperature difference across the thermal impe­
dance, sensing the heat flux, is measured with resistance thermometers 
mounted on the two cavities and not between the primary cavity and the heat 
sink. This differentiat arrangement compensates for sudden changes of the 
temperature of the heatsink, rapid pressure changes etc., as tong as the 
thermat time constants of the two cavity - thermat-impedance Systems are 
equa1. 

The instrument is operated in the so-catted "active" mode. That ts the 
temperature difference between the two cavities is always kept constant by 
an aütomatic con t rot toop for the current of the hea ter of the primary 

* Reprinted from Advances i n Absolute Radiometry, Proc. of an International 
Meeting, 24-/25. June 1985,. Massachusetts, ed. Peter V. Foukal. 



cavtty. Thus the difference in etectricat power during the reference phase 
(etectrtcat heat ing on'y) and during the irradiated phase (etectricat and 
radiative heat ing) is proportionat to the incoming radiation: 

S = - p, ) with k = Et-*Et,t-*EaT*Et*Eu,,/Ap. 
En accounts for the radiation tosses of the cavity, Eae for the non-equi-
vatence of the radiative and etectricat heating, Eai for scattered tight, 
Ep for diffraction tosses and 5.E for the tead heating effect. A? <s the 
area of the precision aperture. tt is obvious that the uncertainty of these 
factors determines the achievabte accuracy of the radiometer. 

One of the most important factors in the error budget of the radio­
meters is the aper ture area A?. tt's determination reties on the measure­
ment of tength, which is possibte with a very high accuracy. However, 
probtems can arise, if the apertures are not perfectty circutar or if they 
are not rigid enough. tn the originat design of the PMD-6 radiometers, the 
apertures were made from 20 pm thick copper foits. The chemicatty btackened 
diaphragms were ctamped between the heatsink structure and a potished ctamp 
ring with a stightty targer hote in order to keep the ittuminated area and 
thus the amount of heating of the btack copper aperture as smatt as 
possibte. The main reason for chosing this kind of aperture was that they 
are easy to manufacture and the cytindricat part of the hote is short and 
btack. However, comparisons with PtvO-2 of instruments used in the sotar 
oonstant work showed inconsistencies which ooutd not be expained by the 
uncertainties of the characterization methods. During the characterization 
the apertures have to be removed from the heat sink and it turned out that 
the ctamp ring deformed the aperture during mounting of the copper aper­
ture. This probtem was overoome by measuring the aperture after mounting it 

Figure 1: Schema tte drawing of the PM3-6 detector assembty. 
CHARACTERtZATtON OF THE PMO-6 RADtOMETERS 
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to the heat sink with a travetting microsoope. But s t i t l some tnconststen-
ctes rematned. Onty recentty the reason was found: due to the conicat shape 
of the heat-sink st r u c t u r e (see Fig.1) the whote aperture case was squeezed 
by screwtng the baffle to the heat sink and hence the aper ture's diameter 
was reduced by as much as 10 ̂ /m. The effect coutd be verifyed expertmen-
'.atty Oy changtng the torque apptted to the screws and by monitoring the 
amount ot radiation fatttng through the aperture. tndeed, the area coutd be 
changed by up to 1 per cent. This aperture construction had to be abon-
donned and today, prectston steet apertures with a cytindicat part of 20 jUm 
tength and a rounUness of better than ±0.2 ̂ m are used. The determination 
of the diameter is now possibte with a mechantcat measuring devtce to an 
absotute accuracy of better than ±0.5 ̂ m or for the area of ±0.02 per cent. 
After reptacement of the apertures on att characterized radiometers the 
infernal consistency was reached (see atso Tabte 1). 

The r adi a t ion tosses are due to the f i n t t e r e f t e c t i v t t y and the 
i n f r a r e d emission of the heäted btack coattng of the c a v i t y . They are 
measured with a conicat reftectometer simitar to the one designed by Blevin 
and Geist (1974) and a chopped taser beam as source. The pyroetectrtc 
sensor of the reftectometer is btackened with gotd btack and is thus sensi­
ti v e to both the reftected taser r a d i a t i o n in the visibte and to the 
thermat radiation emitted from the heated btack coating of the cavity. tn 
order to simulate the Operation dur ing sotar measurements, which means to 
have the füll signat from the heating of the btack coating, the chopping 
frequency is kept tow ("5 Wz) for the determination of the r a d i a t i o n 
tosses. By increasing the frequency the tR-signat decreases in amptttude at 
a rate which is determined by the thermat capacity of the coating. From 
this rate the thickness of the btack coating and ihe quatity of the gtueing 
of the heater element to the cavity can be checked. This supptementary 
measurement is therefore an easy way tö quali ty-cont rot the cavity manu-
facturing. For a freshly painted cavity a vatue for the reftectivtty of the 
order of .008 to .01 per cent is found. Düring the f i r s t year they normalty 
degrade to about 0.03 per cent and then remain constant. The precision of 
this determination is öf the order of 0.005 per cent (1 o*-tevet). 

The non-eguivatence ts due to the effect of d i f f e r e n t temperature 
distributions during etectricat and combined radiative and etectricat hea­
ting. Hence, the etectricat and radiative heating ts not equivatent. The 
main non-equivatence is due to the radiation reftected from the conicat 
part to the cytindricat shietd of the cavity which increases the tempera­
ture of the shield during the irradiated phase. tf att heat woutd ftow 
through the thermat resistor of the cavity no difference between the two 
temperature distributions would be sensed. tf the instrument is operated 
under ambient pressure conditions a substantiat part of this heat ftows 
directly to the heat-sink and by-passes the thermat resistor of the cavity. 
If tt is operated in vacuum, however, the smalt radiation tosses from the 
gotd-ptated shietd to the surrounding can be neglected. Thus the a i r - t o -
vacuum r a t i o of the se n s i t i v i t y can be used to determine the non-equi­
vatence. By this method att effects deating with tosses by air conduction 
are taken into account (e.g. atso the aperture heating). The PM3-6 radio­
meters have a non-equivatence of the order of 0.2 to 0.3 per cent. The 
precision of the determination is 0.05 per cent (1 c-teyet). 
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The sca t tered-tight produced by the tight reftected from the precision 
aperture to the baffle and back into the cavity is measured with a Silicon 
diode in p'ace of the cavity and with a cotlimated taser beam as source. By 
scanning the taser beam across the precision aperture it is possibte to 
determine (i) in the center. the intensity of the beam, (ii) on the preci­
sion aperture: the stray tight, and (iii) on the view-ttmiting aperture: 
the zero of the measurement. The measured vatues Ue between 0.02 and 0.03 
per cent. The precision of the determination is 0.01 per cent (1 c-tevel). 

The hea t ing of teads feeding the current to the cavtty heater adds 
some unmeasured etectricat power to the cavity. tt is determined by measu­
ring the inftuence of an additionat current fed through the tead of the 
vottage probe and the current tead on each side of the heater. The radio­
meter is operated in the active mode and the change in the cavity heater 
power due to this additionat current is measured. This is repeated by 
changing the polar ity of the additionat current in order to determine the 
inftuence of the etectricat resistance of the vottage probes on the heater 
power measurement. From these measurements the 6_n can be catcutated very 
accurately. Typicat resutts are of the order of 0.03 to 0.05 per cent and 
can be determined with a precision of 0.001 per cent (1 o*-tevet). 

As the experimental determination of the di f f r act ion cor rect ion ts 
very difficutt, numericat catcutation have been performed. The catculations 
fottow the assumptions of Steet et at. (1972) and use the futt extensions 
of the Lommet funetions (Brusa, 1983). The resutting correction for a PtvO-6 
radiometer is 0.13 per cent for sotar radiation, which is an important 
amount (e.g. 1.8 Wm'*̂  for the sotar constant). tn order tö check the 
vattdity of the calcutations they have been compared with experimentat 
resutts of Boivin (1976) by using the same atgorithm for his geometry, 
whtch is somewhat different. Although the agreement is reasonabte (Brusa, 
1985) tt is planned to per form a laboratory experiment with a geometry much 
closer to the one used in the radiometry of the sun in order to check the 
theoretical result. As diffraction corrections have normally been neglected 
in sotar measurements and as the different radiometer have very similar 
corrections, this effect is s t i l l left out in the following discussions. 

DtSCUSStON OF THE RESULTS OF THE CHARACTERtZATtON 
The futl characterization procedure has been applied to seven PhO-6 

type radiometers with the new kind of apertures. All these instruments have 
been compared to PtvO-2 representing the WRR. The results of the characteri-
za tions and the comparisons are summa rized in labte 1. From these results 
it becomes evident that the accuracy of the PM3 radiometry is substantialty 
improved by the characterization. The variabitity of the correction factors 
ts more than twice as big as the variabitity of the results of the radio­
metric comparisons. The totat uncertainty of the PM3-6 radiometers is 
estimated from the uncertainties of the individual characterization expert-
ments, of the aperture-area determination (0.02 per cent) and of the etec­
tricat calibration (0.02 per cent) to 0.06 per cent at the 1 c-tevet or 
0.18 per cent at the 3 o* level. The 1 o* Standard deviation of the resutts 
of the comparison to PtvO-2 is just equal to the 1 o* uncertainty of the 
radiometers. This demonstrates the repeatablity in manufacturing and Sup­
ports very strongly the characterization methods and the error analysis. 



labte 1: Correction factors of PM3-6 type radiometers determined by expert-
mentat characterizatton at PtvCD and resutts of comparisons with PMO-2. 

i nst r ument 
I den t . 

Non-
Equtva t ence 

Cavt ty 
t osses 

Sca 11 e r ed 
t t gh t 

Lead 
hea 11 ng 

Totat 
Cha r ac t 

Ra 11 o fo 
PMD-2 

6-9 
6-10 
6-11 
811105 
811106 
811107 
811110 

1.0031 
1.0023 
1.0018 
1.0029 
1.0043 
1.0035 
1.0031 

1.00030 
1.00027 
1.00023 
1.00039 
1.00046 
1.00040 
1.00023 

.99946 

.99942 

.99954 

.99993 

.99982 

.99986 

.99974 

1.00030 
1.00023 
1.00024 
1.00039 
1.00041 
1.00065 
1.00034 

1.00316 
1.00222 
1.00181 
1.00461 
1.00499 
1.00441 
1.00341 

.9973 

.9976 
9982 
9965 
9977 
.9978 
9968 

Mean: 
Std.Dev: 

1.00314 
.00087 

1.00033 
.00009 

.99968 

.00021 
1.00037 
.00014 

1.00352 
.00122 

99741 
00059 

Uncer ta t nty 
1 o*-1 eve t : 0005 00005 . 0001 .00001 .00032 

COMPARtSON OF THE PMOD-RADtOMETRY WtTH THE WRR 

The mean rat i o of the seven absotute radiometers to PMO-2 amounts to 
0.99741 wtth a 3 o Standard deviation of 0.0018. As the PMO-2 ts reading 
0.14 per cent higher than WRR the PMO-6 scate of tr radiance ttes 0.12 per 
cent tower than the WRR, which is weit within the stated uncertainty of 
both the WRR of ±0.3 per cent and the 3 o* Standard deviation of the PMO-6 
scate. Thts resuit negtects the diffra c t i o n correction, because the radio­
meters used to define the WRR were never corrected for diffraction. tf 
dtffractton ts tnctuded the PMO-6 scate is just at the error ttmtt of the 
WRR. As the accuracy of the di f f r a c t i o n cor rect ton ts not yet proven ex-
per tmen t atty i t woutd be prema ture td judge the WRR from these pret tmina r y 
resut t s. 
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COMMENTS ON SOLAR IRRADIANCE MEASUREMENTS FROM NIMBUS 7 

John TL. Hickev The Eppley L a b o r a t o r y Inc , Newport, Rl 02840 USA B M A l t o n , H L Ky i e , R H Maschhoff and E R Major 

1 INTRODUCTION The s o l a r i r r a d i a n c e measurements from Nimbus 7 were r e p o r t e d at the l a s t IPC (Hickey,1980 a ). Since t h a t t i m e , c o n s i d e r a b l y more measurements have been made and the data p r o d u c t s have become a v a i l a b l e to the s c i e n t i f i c commmunity The measurements are c o n t i n u i n g at t h i s time, approaching seven füll years i n November 19 85 The f i r s t f i v e years of r e s u l t s have been made a v a i l a b l e on tape by NASA (Hickey et al ,1984) A tape w i t h s i x years of data should be a v a i l a b l e soon (Kyle et a l 1985) The measurements are made by the s o l a r radiometer of the E a r t h R a d i a t i o n Budget (ERB) experiment There are 10 so l a r sensing Channels i n the ERB i n s t r u m e n t , which view the sun as the s a t e l l i t e crosses the t e r m i n a t o r at the s o u t h e r n end pf t t s p o l a r o r b i t There are 14 o r b i t s on a normal m i s s i o n day Düring the m i s s i o n the Nimbus Operations schedule i s such t h a t the ERB operates on a 3 day "ON" and 1 day "OFF" T h i s ^ o n t i n u e d through the f i r s t few years The Nimbus 7 ERB s t a r t e d i t s s o l a r measurements on November 16, 197 8 U n l i k e the predecessor Nimbus 6 ERB, which s t a r t e d s o l a r measurements on Jul y 3, 1975, the Nimbus 7 set i n c l u d e s a c a v i t y radiometer l i k e the Eppley model HF T h i s device i s r e f e r r e d to as Channel 10c or "10c" Soon a f t e r Iaunch i t was noted t h a t the c a v i t y was e x h i b i t i n g v a r i a t i o n s g r e a t e r than i t s own s t a b i l i t y I i m i t s , which were i n t e r p r e t e d äs i n d i c a t i o n s of v a r i a b i l i t y of the t o t a l s o l a r i r r a d i a n c e (Hickey e t . a l 1980 b ) The i n i t i a l r e s u l t s were p u b l i s h e d (Hickey et a l 1980 c. ) The data t h a t was being e v a l u a t e d at t h a t time was a p r e l i m i n a r y product c a l l e d the " e n g i n e e r i n g l e v e l data" There were numerous delays i n a c h i e v i n g the f i n a l c a l i b r a t e d data s e t ^ not because of problems w i t h the s o l a r sensors or data, but because of problems i n e v a l u a t i n g the data from the other 12 sensors of ERB - the e a r t h f l u x sensors. The value o r i g i n a l l y r e p o r t e d for the s o l a r constant was found to be h i g h by about 0 2Sh when the f i n a l data became a v a i l a b l e However t h i s d i d not a f f e e t the d e t e c t e d s o l a r v a r i a b i l i t y which was l a t e r c o n f i r m e d by the ACRIM sensor aboard the SMM s a t e l l i t e ( W i l l s o n e t . a l 1981) which began measuring i n February 1980 , 16 months a f t e r the s t a r t of ERB/Nimbus7 measurements. 
I n most of the p r e v i o u s papers and p resent a t i ons on t h i s t p p i c , only the r e s u l t s of the c a v i t y measurements have been d i scussed Here we would l i k e a l s o to present the measurements from the o t h e r s o l a r Channels The data f o r most of t h i s p r e s e n t a t i o n w i l l be the f i n a l & year values (Nov '78 -Oct '84) de r i v e d from a data product c a l l e d "SEFDT l e v e l " data I n a d d i t i o n we w i l l have to r e v e r t to the e n g i n e e r i n g l e v e l data to d i s c u s s the r e s u l t s ( c a v i t y o n l y ) f o r the seventh year (Nov 84 - Aug '85). 
The long term t r e n d of the t o t a l i r r a d i a n c e as measured by the c a v i t y was downward f o r the f i r s t 3 years. SMM had al s o r e p o r t e d a n e g a t i v e s l p p e . However, f o r m i s s i o n years 4 and 6, Nov '81 - Oct.'82 and Nov.'83 - Oct '83, the ERB r e s u l t s showed small p o s i t i v e s l o p e s , i n d i c a t i n g a l e v e l i n g out or r e v e r s a i i n the t r e n d The p r e l i m i n a r y data f o r the seventh year i n d i c a t e s a s l i g h t l y p o s i t i v e t r e n d . The q u e s t i o n as to whether or not a tre n d can be assigned to long term s o l a r v a r i a b i l i t y as opposed to an i n s t r u m e n t a l e f f e c t has been r a i s e d and W i l l be a dd r es s ed Ve w i l l d i scuss the t o t a l s o l a r i r r a d i a n c e r e s u l t s and the 3ther measurements below, w i t h more d e t a i l i n the p r e s e n t a t i o n 

2 DISCUSSION OF MEASUREMENTS Table 1 l i s t s the 10 ERB s o l a r sensor Channels w i t h t h e i r p e r t t n e n t c h a r a c t e r i s t i c s . Also i n c l u d e d are the i r r a d i a n c e values f o r each Channel f o r comparison of Nimbus & and Nimbus 7 r e s u l t s Since the f i l t e r e d Channels of both N6 and N7 e x p e r i -artced d e g r a d a t i o n the data f o r Nimbus & i s from a set generated 5y d e t r e n d i n g the f i r s t 600 days of the m i s s i o n and r e c t i f y i n g to the i n i t i a l data. Since Nimbus 7 a l s o experienced a contami-



6 4 TABLE 1. ERB Solar Sensor C h a r a c t e r i s t i c s CHANNEL  NUMBER WAVELENGTH BAND (um) FILTER  TYPE THERMOPILE  TYPE IRRADIANCE  N6 N7 
i s 2s 3 s 4 s 5s 6s 7s 8s ?s 1 Os 10c 

NOTES 

0 2 0 2 < 0 2 526 6?8 39 5 344 30 0 275 252 < 0 2 

3 8 2 S u p r a s i i W d i s c s 3 8 2 S u p r a s i i W d i s c s >50 NONE (open) 2 8 Schott Giass w i t h Sup ras i 1 (4s&5s) I n t e r ference 8 508 460 410 360 32 4 
- > 50 NONE (open) 

N3 N3 N3 N3 N3 N3 N3 N3 K2 K2 
HF CAVITY 

(W/m* 2) 1370 1 1370 3 1 3 9 3 5 97 0 1 679 1 206 166 109 57 27 

1369 1354 1381 98 7 69 2 206 166 108 60 n/ a 
n/a 1371 4 

ch l s and 2s  chlOs was on  I n t e r f e r e n c e  Unencumbe r ed  Maximum FOV  S c hot t Gia s s  f r om p a r t i e !  ChanneIS 4s,  be tween f i I t  A l l t h e r mo p i  N i mb u s 6 i r r  Nimbus 7 i r r 

are d u p l i c a t e s w i t h l s n o r m a l l y s h u t t e r e d Nimbus 6 only ch 10c is c a v i t y on Nimbus 7 f i l t e r s we r e UV bu r n e d - i n b e f o r e f l i g h t FOV = 10 deg (slope=5) f o r a l l Channels 
=26 deg f o r l s - 8s and 10c 2 8 deg 9s & 10s f i l t e r s i n Channels 4s & 5s were p r o t e c t e d 
es by 4mm of S u p r a s i i W 5s 6s,7s,8s,9s& 10s had S u p r a s i i W IR b l o c k e t er a n d the rmo p i1e les are EPLAB wirewoundand p i a t e d models adiance values from r e f e r e n c e EPLAB 1977 adiance values are means of f i r s t 4 davs 

n a t i o n event near the s t a r t of the m i s s i o n , the mean of the f i r s t 4 days are shown f o r N7 I t can be seen t h a t the Channel i s ( p r o t e c t e d Channel) values are i n very good agreement The Channel l s and 2s agreement was good f o r N6 but ch2 appears to have been contaminated e a r l y on N7 The values f o r Channel 3 of both s e t s i s h i g h e r than a n t i e i p a t e d The very h i g h value of N6 was the reason f o r the Solar Constant Rocket F l t g h t s (Dunean Channel 3 of N6 is g e n e r a l l y c o r r e c t e d the f i r s t r o c k e t f l i g h t Channel 3 of N7 The f i l t e r e d Channels show g e n e r a l l y t o N7 F i g u r e 1 i s a c omp o s i t e p l o t of data f o r a l l N7 Channels p l o t e d as the 

et a l 1977 and 1981) to 1367 W/m'2 based on als o has a h i g h value good agreement from N6 the 6 year d a i l y mean 
r a t i o to the i n i t i a l value The d e g r a d a t i o n event i s c l e a r l y v i s i b l e on the t r a c e s of the f i l t e r Channel r e s u l t s The c o n t a m i n a t i o n was caused by ou t g a s s i n g of the s p a c e c r a f t The recovery of the response i s due to c l e a n i n g by ozygen ions (Predmore et a l 1982) The c o n t i n u i n g changes i n the f i l t e r Channels a f t e r the recovery are caused by the a c t i o n of UV which has a d i f f e r e n t e f f e c t f o r each f i l t e r I t is noted t h a t the c a v i t y sensor 10c d i d not appear to be a f f e c t e d by the c o n t a m i n a t i o n (see below) The qüoted values f o r the f i l t e r bands are i n good agreement w i t h the r e v i s e d Neckel and Labs s p e c t r a (Net^ke I . t 9 85 ) ^ 
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i s one of d a i l y mean d a i l y mean ränge of 5 the slope V/m* 2-day 

The r e s u l t s of the 10c measurements f o r & years are g i v e n i n Table 2, and p l o t t e d i n F i g u r e 2. The Standard d e v i a t i o n of the d a i l y o r b i t a l values i s shown at the bottom of the p l o t I t a l l o w s us to i d e n t i f y days on which e i t h e r s o l a r v a r i a b i l i t y i s h i g h or on which t h e r e i s an i n s t r u m e n t s t a b i l i t y problem T h i s the d i a g n o s t i c t o o l s f o r assessing the r e s u l t s The values are p l o t t e d above. The minimum value of the i s 1 3 4 7 1 W/m*2 and the maximum i s 1373.0 g i v i n g a ? V/m* 2 or 0 43 *& of the mean The Standard er r o r of ts 0 00002571 f o r the s t x yeär t r e n d of -0 00056? (see t a b l e ) S t a t i s t i c a l t e s t s i n d i c a t e t h a t the slope i s r e a l by r e j e c t i o n of the n u l l h y p o t h e s i s However, the slope c o u l d be an in s t r u m e n t or m i s s i o n r e l a t e d e f f e c t r a t h e r than an i n d i c a t i o n of long term s o l a r change I t i s noted t h a t the l a r g e s t slope i s at the b e g i n n i n g of the m i s s i o n E a r l i e r we had shown t h a t the other Channels e x p e f i e n c e d an event which lowered t h e i r responses by d e p o s i t i o n of contaminants which were l a t e r c1eaned o f f I t i s p o s s i b l e t h a t such c o n t a m i n a t i o n could have a f f e c t e d the c a v i t y channe1 components I t i s also p o s s i b l e t h a t a minute amount of o u t g a s s i n g c o u l d have occured i n the e a r l y m i s s i o n days I n d i c a t i o n s from the e n g i n e e r i n g 
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Nimbus 7 ERB Channel IOC Total Solar Irradiance Results by Year ( 6 years) * , T a & i ^ % 

Mission 
Year 

Mission 
Days 

Number 
Daily Means 

Yearly Mean change Std.Dev. 
W /' w/nt^ w/m̂  (%) 

S lope 
W/tn2-day (%/year) 

1 

2 

3 

4 

5 

6 

Period 

1 

351 

350 

716 

717 - 1081 

1082 - 1446 

1447 - 1811 

1812 - 2146 

1 - 2146 

263 

271 

284 

275 

291 

30$ 

1689 

1371.24 

1371.06 

1370.75 

1370.57 

1370.53 

1370.16 

1370.70 

0.84 (0.06) 

-0.18 0.63 (0.05) 

-0.31 0.73 (0.05) 

-0.18 0.69 (0.05) 

-0.04 0.49 (0.04) 

-0.002 53 )-0.067) 

-0.00064 (-0.017) 

-0.00056 t-0.015) 

+0.00017 (+0.0051 

-0.0O090 (-0.024) 

-0.37 0..59 (0.04) +0.00048 (+0.013) 

N/A 0.75 (0.05) -0.00057 (-0.015) 

Solar data s t a r t e d w i t h door openihg on November 16, 1978: 11 1/2 months i n I s t year 
Year 6 has more data points because of periods of füll time Operation 
Change i n y e a r l y mean f o r s i x years = 1.08 W/m̂  or -0.079% 



66 

l e v e l data f o r the i i r s t 10 months of the seventh a s m a l l p o s i t i v e slope I f c o n f i r m e d by the SEFDT t h i s may be an i n d i c a t i o n of a s o l a r Upward t r e n d i s no known mechanism f o r the sensor to incr e a s e i n 

year i n d i c a t e l e v e l d a t a , s i n c e t h e r e response 
The c a l i b r a t i o n of Channel 10c depends dn the t h r e e f a c t o r s of  heat e r v o l t a g e , heater c u r r e n t and t h e r m p p i l e S i g n a l w h i l e  v i e w i n g deep space d u r i n g c a l i b r a t i o n . These had remained  w i t h i n the Ins t r u m e n t r e s o l u t i o n f o r the f i r s t 4 years a t about  0 DSU ( H i c k e y , 1985) C a l i b r a t i o n data through August 1983 show  t h a t t h i s l e v e l i s being h e l d through the seventh year 
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in the USSR the design of higher accuracy radiometric instrumentation 
with receivers cooted down to ambient temperatures dates back about a 
decade. These studies have become particularty active during the recent 
years when it was proved both theoreticaUy and experimentatty that ther­
mat stabitization of the reeeiver at tevet of the instrument housing makes 
it possibte to tower the measurement error by approximately a factor of 3 
in comparison to the case when a similar reeeiver is overheated by about 
2...3 K. 

The first prototypes of cooted reeeiver radiometers had ftat reeeiv-
ing surfaces which were attached to the butt thermoetectric coolers (TEC). 
Later when it became ctear that the measurement accuracy of such instru­
menta is timited by the degree to which the absorption coefficient of the 
reeeiver surface is known, new radiometers with cooted cavity receivers 
were construeted. Simuttaneousty the calibrating instattation which pro-
vided the needed degree of accuracy was buitt (3 = 1, A 3 up to 3*10'^). 
This instattation was primarity used for testing the contc cavities for 
which it is easter to dtminish the edge effect. The quality of the cone 
(both with and without the diaphragm) and of its inner coating were deter­
mined from the zonat characteristic of the absorption coefficent which was 
retrieved by scanning the opening diameter with a thin ray. As a resutt 
copper gotded conic cavities with mirror-btack coating and cytindricat 
opticat trap at the cone point were construeted. Variations of their zonat 
characteristic do not exoeed the timit (0.99930...0.99997) ± 0.00003. 
Besides the termal fietds of the reeeiver unit were studied using the tR 
tmager of a sensitivity better than 0.1 K. )t was found that the tempera­
ture profiles are adequatety uniform during etectricat heating (within 
± 0.1 K) and recede in a simitar manner towards both the cone point and 
its opening (where the TEC is mounted). Upon increasing the heating powers 
these recessions (i.e. the temperature gradients atong the generating 
curve) become more steep and the overheating with respect to environments 
increases (to about 0.5 K mm'' and 3.2 K, respectivety at W = 20 mW). The 
radiative heating of the same power produces the temperature profites 
identicat to those above to i 0.2 K. However their character, in particu-
tar the gradients and positions of the thermat extrema- vary (thus the 
zonat effect shows itsetfs). Upon turning the TEC on the cone temperature 
comes to that of the envtronment to within 0.1...0.2 K, the temperature 
gradtents signifieantty diminish and the extrema do not exceed 0.2 K. 
Obtatned data made it possibte to adjust the theoreticat estimates of the 
Substitution equivatency, and were aecounted for in designing the proto­
type radiometers of the second generation. 



We construeted and tested the first prototypes of the cooted reeeiver 
cavity radiometers in 1980. The basic modet used the cone having the ab­
sorption coefficient (X* = 0.99981 i 0.00003 (at A = 500 nm), as averaged 
over the precision diaphragm area. Three microthermistors ptaced atong the 
cone pertmeter between the TEC and the Substitution winding serveda as 
temperature sensors. The prototype had the sensitivity of 2*10** V m̂ W** 
and the non-exetuded residuat of the systematic error of about ± 0.1*. 
t-towever the random component of the error reached i 0.3*. Besides the 
comptex measurement scheme atong with the two-stage cooting of the reeei­
ver produced difficutties in maintaining of this instrument. These draw-
backs were etiminated during the design and construction of the new proto­
type (the PP-2 type) tn whtch the thermoetectric thermometers are used and 
the second (basetine) channet identicat to the first is introduced so that 
both channets are interchangeabte. This feature makes it possibte to use 
the new tnstrument in both the differentiat (when the receivers' batteries 
oppose each other tn the Circuit) and in the monomode. For each measure­
ments series the TEC current is chosen for both receivers so that their 
temperature at the moments of measurement are equivatent to ambient tempe­
rature. 

Fietd tests and taboratory studies of the PP-2 prototypes are being 
carried out since 1982. )t was found that the deviations from the WRR 
scate presented in the USSR by the A 212 pyrhetiometer do not exceed 
± 0.2*. The prototypes' sensitivity is within (5...D 10'* V m-W, the 
time constants are of the order of 15 s, rms deviation of the measurement 
resutts does not exceed i 0.1*. Correction factors are as fottowing* 
1. Absorption coeffioient - 1.00000 i 3*10**; 2. Precision diaphragm area 
- 1.00000 ± 4-10"*' 3. Substitution power - 1.0000 ± 2-10'*' 4. Thermat 
resistance effect* - 1.00012 i 2*10**; 5. Edge effect* - 1.0004 + 3*10**; 
6. Zonat effect - 1.00002 ± 1*10**; 7. Lead heating* - 1.00040 ± 4*10'*; 
8. Diffraction tosses - 1.0013 ± 2*10'*; 9. Heat exohange with diaphragm* 
- 0.99980 ± 1*10**; 10. Backward radiation reftected by the trap and scat-
tered in the tube - 0.9996 i 2*10'*; 11. Radiation from the btind* -
1.00025 i 1*10"*; Totat correction factor - 1.00194 i 6*10"*. 

Asterisks denote those five of the totat error components which are 
etiminated by introducing the cooted reeeiver. Note, finatty, that at 
present the accuracy of pyrhettometric measurements is timited by the 
quatity of the precision diaphragm and the mode of account for the edge 
effect. These proptems must take the centrat ptace in perfecting the de­
sign of absotute radiometers and the technique of their metrotogic certi-
f i ca 11 on. 
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Spectral measurements on pyranometers at NTI i n September 1985 
The intention for our study was to measure the responsivity for 
irradiance ( c a l i b r a t i o n factor) of pyranometers at several 
equally spaced wavelengths i n the wavelength ränge 300-2500 nm. 
However, t h i s was not possible because the pyranometers are not 
very sensitive detectors and the radiant f l u x Coming out from our 
monochromators is rather small even with the largest bandwidth 
settings. We also want to have a very uniform irradiance d i s t r i ­
bution over the detector surface which further Stresses the de-
mand for high available f l u x . 
Instead we decided to use glass f i l t e r s to select d i f f e r e n t wave­
lengths d i s t r i b u t i o n s . The set up for the measurement i s very 
simple. Figure 1. We use a 24 V, 250 W tungsten halogen lamp with 
condensing mirror and lenses w i t h i n an ordinary slide projector 
Kodak. Carousel. A removable infrared (IR) cut-off f i l t e r is 
placed between the lenses. In the slide position we put i n the 
d i f f e r e n t spectral f i l t e r s . Long wave IR radiation i s blocked by 
a combined f i l t e r of 8 mm thick plexiglass and 2 mm thick o r d i ­
nary glass with the plexiglass facing the source. The cut-off 
wavelength of t h i s f i l t e r i s 2000 nm. The f i l t e r i s cooled to 
ambient temperature by a fan i n order to reduce long wave IR 
radiation emission from the f i l t e r i t s e l f . 

A diaphragm tübe reduces the influence from stray radiation and 
from changes i n the long wave IR radiation level from the Sur­
round ings . 
Each pyranometer is v e r t i c a l l y positioned (with cable connection 
upwards) about one meter from the condensor. At t h i s distance the 
uniformity of the irradiance is very good. The Variation is less 
than ±0.2 % over a surface corresponding to that of the 
Kipp&Zonen CM10 detector surface änd less than ±0.5 % over the 
detector surface of the Schenk Star pyranometer. 
As reference for the measurements we use a Laser Precision 
Rs 3 940 absolute radiometer which has a pyroeiectric detector 
with gold black coated black surface. I t s area i s 0.5 cm2. The 
pyranometer and the reference detector (including i t s chopper) 
are placed on a r o t a t i o n a l stage and they can be positioned into 
the o p t i c a l path fast and conveniently with less than ±1 mm un-
accuracy i n distance and translatiönal position. The reference 
detector has no window and is therefore very sensitive to long 
wave IR radiation. The temperature of the surroundings seen by 
the detector must be kept constant during the measurement. 
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We used eight d i f f e r e n t spectras (see figure 2) of which one is 
used as reference for the measurements with the other ones. From 
the source we used two basic spectras: One with 24V on the lamp 
and with the IR cut-off f i l t e r i n position and the other one with 
8V on the lamp and with the IR cutoff f i l t e r removed. The f i r s t 
spectrum is used as the reference spectrum. From t h i s spectrum 
four other spectras are selected using the following Schott 
f i l t e r s : BG 28 ( l mm). BG 38 (2 mm). VG 9 (1 mm) and RG 665 
(1 mm). The other basic spectrüm is used i t s e l f and also 
f i l t e r e d by a Schott f i l t e r RG 1000 (2 mm). The eighth spectrum 
is formed with 24 V on the lamp without the IR cut-off f i l t e r and 
with an interference f i l t e r having 1500 nm center wavelength and 
60 nm half power bandwidth. This f i l t e r i s placed outside the 
projector but i n f r o n t (nearer the source) of the long wave IR 
blocking f i l t e r . The e f f e c t i v e wavelengths. i.e. half integrated 
irradiance below and half above. are for the spectras i n the men-
tioned order 595. 491. 548. 549. 699. 1210. 1317 and 1501 nm. 
Nine pyranometers were measured with t h i s method. Seven of these 
are one of the sets of pyranometer c i r c u l a t i n g for measurements 
by d i f f e r e n t countries w i t h i n the IBA TASK IX project. The other 
two are EKO MS-801 (double dorne type) pyranometers owned by EKO. 
Table 1 shows the result of the measurements. Most s t r i k i n g i s 
that both the Kipp&Zonen pyranometers have f l a t response for a l l 
spectras while the other ones have a decreasing responsivity for 
IR ra d i a t i o n . A l l pyranometers has f l a t response i n the v i s i b l e 
wavelength ränge except the Schenk Star i n the blue and the CSIRO 
i n the red region. 
The reproducabilty of the measurements are t y p i c a l l y ±0.5 % i n 
the v i s i b l e ränge, ±1 % for the broadband IR spectras and 
±2 % for the narrowband IR spectrum (1500 nm). The irradiance 
levels on the pyranometers are ranging from 1.5-22 W/m? for the 
d i f f e r e n t spectras (see table 1). At these low levels i t was 
necessary to use a symmetrical procedure for the measurements at 
each specific spectrum as there was. i n spite of the precautions. 
a remaining change i n the radiance of the surrounds seen by the 
reference detector. Also the pyranometer output voltage is a 
changing somewhat during the measurement. Each pyranometer i s 
l e f t for s t a b i l i z a t i o n for at least a few hours after handling 
them before the measurement. The procedure was: RD. RDZ. RD. P, 
PZ. P. RD, RDZ. RD. 
RD=reference detector reading. RDZ=reference detector zero 
reading. P=pyranometer reading. PZ=pyranometer zero reading. 
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A 10 rtV resolution nV-meter, Keithley 180, was used to measure 
the pyranometer Output. The waiting time for the pyranometer 
readings was 1-2 minutes depending on the pyranometer type. 
The result of the measurements conserning the PSP and CMIO rela­
t i o n in the IR response confirmed similar measurement at 
Kipp&Zonen preliminary reported i n a l e t t e r from Mr. van Wely in 
A p r i l 1985. He also repeated the measurements 1) v i t h changing 
the domes to CMIO domes on the PSP and also 2) without domes and 
got the same low response i n IR for PSP and he concluded that the 
mean absorptivity of the PSP black paint must be considerably 
lower in the 1100-2700 nm ränge than in the 300-1100 nm ränge. 
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Fig 1. - Instrumental set up för spectral measurements 
of pyranometers. 
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Table 1 - Result of the measurements: Relative r e s p o n s i v i t y of pyranometers f o r i r r a d i a n c e i n 
d i f f e r e n t wavelength bands. 

Pyranometer Ref BG 28 BG 38 VG9 RG 665 WG9 RG 1000 IF 1500 Responsivity 
Spectr . 
24V no IR 24V no IR 24V no IR 24V no IR 24V no IR 8V IR 8V IR 24V IR pVW m 

K&Z CM5-773656 1.00 0.99 1.00 1.00 1.01 1.02 1.02 1.02 11.7 
K&Z CM10-810121 1.00 0.99 1.00 1.00 1.00 1.01 1.01 1.01 4.59 
Eppley PSP20524 1.00 0.99 1.00 1.00 1.00 0.93 0.92 0.90 10.2 
Schenk Star2209 1.00 0.97 1.00 1.00 1.02 0.94 0.93 0.94 15.4 
EKO Star 81908 1.00 1.00 1.00 1.00 0.99 0.86 0.83 0.80 10.1 
EKO MS-80185022 1.00 0.99 1.00 1.00 1.00 0.92 0.89 0.85 6.83 
EKO MS-80185023 1.00 0.99 1.00 1.00 1.00 0.92 0.89 0.84 6.63 
Swissteco 114 1.00 0.99 1.00 1.00 1.00 0.95 0.94 0.90 15.9 
CSIRO MK2 115 1.00 1.01 1.01 1.00 0.97 0.82 0.79 0.74 4.24 

I ^ ^ e 21.5 4.0 1 1.2 5.4 4.4 16.6 1 1.4 1 .5 (W/m'N : 

E f f e c t i v e wave- 595 491 548 549 699 1210 1317 1501 len g t h (nm): 
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SOME EXPERIENCES WITH AN 
EPPLEY SELF-CHECKING PYRANOMETER 

G. Major 

Institute for Atmospheric Physics 
Budapest, Hungary, POB. 39. 1675 

1. INTRODUCTION 
The Eppley Laboratory has developed a self-checking pyranometer 

,model SCP'). This instrument has the same glass hemispheric domes as the 
model PSP. but the sensor unit is similar to that of the model H-F pyr-
heliometer, that is the receivmg "surface" is the aperture of the Upper 
cavity. 

The pyranometer No. 23205 was specially fabricated for the Hungari-
an Meteorological Service to use the same control and readout box built for 
our model H-F pyrheüometer. 
2. THE CALIBRATION 

Exposing the SCP pyranometer to G global radiation its thermo-
pile output 

r r' 
here T̂, is the transmission of glass domes, 

is the sensitivity to radiant heat. 

Covering the glass domes with a metallic hemisphere, the same ther-
mopile output could be produced by W electric heating power 

U = W K , e' 
here is the sensitivity to electric heating. 

G = w-l-Jh = w-E- = JLJL 
'r 'r 'r 'r 'e 

F is called as non-equivalence factor between radiant and electric heat­
ing. The K sensitivity should be determined for the actual conditions 
of the measurements. The glass transmission and the non-equivalence factor 
are supposed to be long-term constant. The füll calibration of the model 
SCP requires the knowledge of both of them or at least the product of 
them. 



3. TRANSMISSION OF GLASS DOMES 
The Hungarian Meteorological Service purchased a model PSP pyra­

nometer several years ago but i t has been exposed to solar radiation for 
2 days only. The transmission of the two glass domes of this pyranometer 
has been determined separately and altogether in both overcast änd clear 
conditions. The results are shown in Table 1. Each measured value is a 
mean of approximately 30 pairs of reading. 

Small hemisphere 
Large hemisphere 

^1 * 2̂ 
Both hemispheres 

U S E 0 

Table 1  
Transmission of glass domes 
Overcast conditions 
0.985 - 0.003 
0.927 - 0.003 

0.913 
0.918 - 0.003 

0.915 

Clear conditions 
0.963 - 0.003 
0.936* - 0.002 

0.902 
0.913 - 0.004 

0.907 

4. COMPARISON TO PYRANOMETER 
A Kipp and Zonen CM-5 pyranometer serves as national reference 

pyranometer. The two instruments were compared in both overcast and clear 
weather conditions. 
Overcast case: T x K = 0.011587 - 0.00027 

r r 
Kp = 0.0127 mV/Wm̂ ) 

Clear case: ^ x = 0.011438 - 0.00012 
Kp = 0.127 mV/(W/m̂ ) 

The sensitivity for electric heating during the comparison varied 
between 0.01368 and 0.01377 mV/(W/m̂ ), the mean was 0.01372. Therefore 
the non-equivalence factor: 

F = Kg/Kp = 1.080 

5. COMPARISON TO PYRHELIOMETER 
At the factory, in Newport, the SCP pyranometer was calibrated 

using the sun-shadow method. The data on the plot attached to the instru­
ment show an increasing sensitivity with increasing solar eievation. 

Similar calibration were made in Budapest too, the results are 
shown on Figure 1. The 90 degrees solar eievation measurements were 
made with tilted pyranometer. (Ihe electric calibration results do not 
depend on the position of the pyranometer according to the experiments 
made indoor.) Against the scattering of the measurements the solar e-
levation dependence is obvious. 



CONCLUSIONS 
— The transmission of glass domes is different in clear and in 

overcast weather conditions, the value varies between 0.90 
and 0.92. 

-- The non-equivalence factor between electric and radiative heat­
ing is about 8 percents. 

— The sensitivity determined by sun-shadow calibration shows a 
continuous increase with solar eievation from 25 to 90 deg­
rees. 

Note: Since i t was realized only during the comparison i n Davos 
that the Voltmeter b u i l t i n the control box was not quite 
correct, therefore the value of the non-equivalence should 
be taken as 6 percents instead of 8 percents given i n 
the t e x t , supposing the value of glass transmission to be 
v a l i d . 
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Figure 1. The sensitivity of the model SCP pyranometer as a function of 
the solar eievation. 
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SOME RESULTS OF THE BUDAPEST 
PYRANOMETER COMPARISON 

G. Major 
Institute for Atmospheric Physics 
Budapest, Hungary, POB. 39, 1675 

1. INTRODUCTION 
The data collected from the existing worid pyranometer network and 

published by the WMO Radiation Data.Center in Leningrad are not used ex­
tensively. One of the reasons of this Situation is the unknown re.liability 
of the measurements. To obtain some idea about the companbility of the 
global radiation data measured in Europe, the RA-VI organised an inter­
national comparison of pyranometers operated in different countries. The 
comparison took place in Budapest, between July and December of 1984, 
2. THE, PARTICIPATING INSTRUMENTS ^ 

7Täble 1 cdntains the pyranometers participated on;the comparison. 
Morepyer 3 electronic sunshine recorders, were compared to, each,other and 
to a pyrheliometer. 

TABLE 1  
Participating pyranometers 

Type Temperature 
correction 

Pirectiqnal 
correction 

Azimuth and 
eievation chart 

Cöuntry 

Norway 
United Kingdom 
Switzerland 
Poland 1 
Hungary 
Poland 2 
G D R 
F R G 
Turkey 
Austria s 

CM-5 
CM-5 
CM-5 
GM-5 
CM-5 
Sonntag 
Sonntag 
CM-10 
E-PSP 
Stern , 

0.15 per cent 
per centigrade 

0.2 per cent 
per centigrade 

Compensated 
Cömpehsated 



2. DATA COLLECTION AND EVALUATION 
All pyranometers were placed on a roof and oriented according to the 

owners' descriptions. They were switched to a data collector which measured 
the electromotive force. The on-line calculator printed the instant value 

2 
of global radiation in W/m for each instrument using the calibration fac­
tor sent by the owner and applying the temperature and solar direction cor­
rections as indicated in Table 1. 

No reference instrument had been chosen since the purpose of the 
comparison was to look for the possible and expectable deviations between 
the pyranometers operated in different countries. 

Altogether 544 readings were collected during the half-year period 
within different temperature, solar eievation and cloudiness conditions. 
The data are to be published by the WMO as INSTRUMENTS AND OBSERVING METH­
ODS REPORT No 16. 
3. SOME RESULTS 

Well calibrated pyranometers placed near to each other at the same 
moment ought to give the same value for the global radiation. In reality 
however there are always differences between the measurements of the 10 
pyranometers. The difference for each reading has been characterized by the 
relative Standard deviation expressed in per cents. In Table 2 the average 
relative Standard deviations are shown for a l l readings and for samples 
characteristic for the 3 seasons. 

Table 2 
Average relative Standard deviations for different data samples 

SamDle Using original Calibrated 
P calibration factors to the sample mean 

(per cent) (per cent) 

All data 5.1 4.9 
Summer 2.0 0.8 
Fall 4.1 1.9 
Winter 9.5 6.6 

As i t seems from Table 2 on the yearly basis the expected dif­
ference as much as 5 per cents even after calibration the pyranometers to 
each other. In the 3 seasons the unified calibration has significant in­
crease in the comparability of the global radiation values. The summer re­
sults are the best mainly because the pyranometers are calibrated to pyr­
heiiometers usually in summer conditions. As the temperature, solar eieva­
tion and irradiance level go farther and farther from the values usual at 
calibration weather conditions, the comparability becomes worse and worse. 



Regarding only the identical type pyranometers, that is the 5 CM-5 
pyranometers and the 2 SONNTAG pyranometers, the improvement is not sig­
nificant. I t seems therefore that the pyranometers need individual cor­
rections to achieve better comparability of global radiation measurements 
4 CONCLUSIONS 

- The unification of the methods of calibration of pyranometers to 
pyrheiiometers would increase the comparability of the global ra­
diation data. 

- The pyranometers need combined corrections for the effects of tem­
perature, solar direction and irradiance level. Maybe, the Solu­
tion could be the introduction of a "pyranometric scale" which 
would be valid in a l l possible weather conditions and the pyrano­
meter correction function could be determined by outdoor measure­
ments similarly to those described by Arnbrosetti et al (1984/. 

5. REFERENCE 
Arnbrosetti, P., Andersson, H.E.B., Liedquist, L., Fröhlich, C, Wehrli, Ch. 
and Talarek, H.D. 1984: Resuits of an Outdoor and Indoor Pyranometer Com­

parison, International Energy Agency Document No. 
III.A.3. 





THE STRUCTURE FUNCTIONS OF GLOBAL RADIATION 
AND THE OPTIMAL NETWORK DENSITY 

G. Major 

Institute for Atmospheric Physics 
Budapest, Hungary, POB. 39, 1675 

INTRODUCTION 
The structure function of global radiation is defined as follows: 

F = (G(l) - G(2))-* 
where G(l) and G(2) are the daily amount of global radiation measured at 
places 1 and 2, the bar means averaging in time. The quantity F has been 
calculated for each possible pairs of stations sitüated along different 
latitudes (see Figure 1). The time period is 1965 - 1980. 

2. THE STRUCTURE FUNCTIONS 
The funetions are shown on Figures 2, 3, 4 and 5 for March, June, 

September and December. Generally the "Saturation distance" (for larger 
distances the measurements are quite independent) is larger for lower lat­
itudes. At zero distance the values are very different latitudes. The F 
value at zero expresses the combined effect of local or small scale atmos­
pheric processes, the horizon obstruetion änd the instrumental non-equiva­
lence . 

3. THE NETWORK DENSITY 
If areal mean values of extended areas are expected from the global 

radiation network, then the difference between point measurements and areal 
means should be estimated. For this end Czelnai (1970) used the structure 
funetions in his formula. On Figure 6 some examples are shown for circular 
areas. For latitudes 47 and 60 degrees the significant increase of the 
error with circle radius begins at 200 km, while in the case of other lat­
itudes i t begins at 400 km or so. 

4. REFERENCE 
Czelnai, R. 1970: On the accuracy of estimation of areal mean values (in 

Russian) Proceedings of Main Geophys. Obs. Leningrad, 
Booklet No. 267. 



84 

SM 

<7 
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THE NEW RIVER INTERCOMPARISONS OF ABSOLUTE CAVITY * 
PYRHELIOMETERS (NRIP I - VI) 

Gene A. Zerlaut 
DSET Laboratories, Inc. 
Phoenix, Arizona 85029 

ABSTRACT 
The genesis of che New River Intercomparisons and their Operation are 

discussed i n d e t a i l . NRIP 1 (November 1978) came about as a result of a need 
Co estabiish a basis for craasfer of calibration from primary Standard 
pyrheiiometers to f i e l d pyranometers (aad f i e l d pyrheiiometers) for use in 
solar device testing. NRIP VI, with 15 cavities participating, as held in 
late November, 1983. The six intercomparisons held to date have involved a 
t o t a l of 31 dif f e r e n t absolute cavities from five countries. Dates of the 
intercomparisons are selected to insure the greatest probability of cloud-
and haze-free conditions i n the northem Sonoran desert of Arizona. Simul-
taneous instantaneous readings are organized into ten-minute sequences of ZI 
readings i n 30-second intervals. Between 30 and 40 runs are obtained i n each 
intercomparison, requiring no more than four days at the s i t e selected. The 
advantages and disadvantages of the procedures employed i n the NRIP's, which 
require that the normal readout electronics associated with a given Instru­
ment are a part of the intercomparison, are discussed i n terms of procedures 
employed i n the International Pyrheliometric Conferences. Results of che 
comparisons are presented i n aggregate. Agreement for the more than 40,000 
instantaneous measurements i s within .232 for the 31 cavities intercompared. 

INTRODUCTION 

Largely as a result of our early assessment of the disparate results of 
the f i r s t U.S. National 3ureau of Standards-sponsored Round Robin tests of 
the thermal Performance of solar not water collectors*, and our own indepen­
dent observations of pyranometer-to-pyranometer difference among a large 
group of so-called WMO Class I instruments, DSET Laboratories purchased an 
Eppley Model H-F absolute cavity pyrheüometer i n January 1977. This p a r t i ­
cular instrument was the f i r s t t e r r e s t r i a l version of the Hickey-Frieden 
absolute cavity radiometer that was developed for the Nimbus s a t e l l i t e 
series, In early 1979 we obtained a second Model H-F cavity radiometer, SN 
17142. 

In the summer of 1977 we began periodic shading disk calibrations of 
our family of Eppley Model PSP pyranometers at test angles of interest, but 
predominantly at normal incidence employing at altazimuth tracking mount. 
Altazimuth tracking i s the most widely used a l t i t u d e employed i n the U.S. co 
test solar collectors for thermal Performance. Calibration transfers are 
made d i r e c t l y from the H-F cavity radiometers. 

Because of the need for a U.S. reference base to provide material con-
cinuity and t r a c e a b i l i t y for legal purposes ( i n terms of product c e r t i f i c a -
t i o n t e s t i n g ) , we proposed hosting the f i r s t regional intercomparison of 
absolute cavity radiometers at DSET's New River, Arizona s i t e . The f a c i l i -
t i e s and generally superior environmental conditions that prevail i n the 

* Reprinted from IEA TASK IX (Draft), Recent Advances i n Pyranometry, Symp. 
Proc., January 1984, S.M.H.I. Norrköping, Sweden. 
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northem Greac Sonoran Desert north of Phoenix resulted tn a coasensus 
agreement among participants to hold subsequent intercomparisons In New 
River. These three-to-five day intercomparisons, known as the New River 
Intercomparisons of Absolute Cavity Pyrheiiometers (NRIPs), have been co-
sponsored by DSET Laboratories, the National Weather Service's Solar Radia­
tion Laboratory (NOAA), and che Solar Energy Research Institute (DOE). In 
May 1982, in coajunction with NRIP V, the New River intercomparisons became 
partially self-supporting on a participating fee basis. NRIP VI was held in 
November 1983 and future intercomparisons are pianned for November 1985, and 
thereafter on a biannual basis. 

The success of the NRIPs has been largely due to the helpful support 
and enthusiasm of Mr. Edwin Flowers of NWS/SRL/NOAA, Mr. John Hickey of The 
Eppley Laboratory, Mr. James Kendall of the Jet Propulsion Laboratory, and 
Mr. ehester Wells of the Solar Energy Research Institute. 
OPERATION OF THE NRIPs 

More than 40,000 individual instantaneous irradiance readings have been 
accumulated by five different absolute cavity radiometers in NRIP I through 
VI, as shown in Table 1. Five different cavity designs from the United 
States, Canada, Switzerland, Italy and the People's Republic of China have 
contributed to this data base. 

TABLE I 
NRIP Instrument Breakdown 

Intercomparison Date New Total Solar Observations 
NRIP I Nov. 1.-5, 1978 14 14 313 
NRIP I I May 2-5, 1979 4 12 441 
NRIP I I I Nov. 5-9, 1979 4 17 550 
NRIP IV Nov. 17-19, 1980 4 13 465 
NRIP V May 3-5, 1982 2 7 798 
NRIP VI Nov. 14-18, 1983 3 16 525 
Dates for the intercomparisons are selected to ensure the greatest 

probability of cloud- and haze-free conditions. The site at New River, 
Arizona is dlstingulshed by a combination of moderate temperatures, low 
average humidity, clear sky conditions, and high average daily sunshine for 
the times of year chosen. 

Outdoor laboratory f a c i l i t i e s were construeted specially for the NRIP 
experiments. They consist of three permanent double-tiered instrument bench-
es, with the upper table serving as the cavity mounting deck, which in tum 
shades a lower electronic shelf that also doubles as working desk space. 
Each table aecommodates eight experimenters, making i t possible to intercom-
pare 24 cavity radiometers at a time. 
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Instantaneous readings are organized into 10-minute sequences of 21 
readings at 30-second intervals (some ACR-type instruments obtained 11 read­
ings at 1-minute Lntervals). Readings for a l l instruments are sensed within 
less than 1 second of each other to minimize scatter between Instruments due 
to rapidly changing sky conditions. Calibrations are usually performed both 
before and afte r each experimental sequence with the apertures shuttered. A 
complete description of che NRIP comparisons has been published by Estey and 
Seaman**, and a summary by Zerlaut'. 

Direct beam spectral measurements were obtained during NRIP V (May 
1982) and NRIP VI (November 1983) employing DSET's Scanning Solar Spectro­
radiometer. The spectroradiometer design has been described previously"; i t 
i s based on a Leiss dual-prism quartz monochromator with source optics con-
s i s t i n g of a pyrheüometer comparison tube/integrating sphere reeeiver. 
Complete solar spectral measurements were obtained i n the 300 to 2500 nm 
region i n a 4-minute period. The f i e l d of view and slope angle of the oc-
cultin g tube match exactly those of the Eppley Model NIP Pyrheüometer. Data 
obtained represented a band pass resolution of from 4 nm i n the middle 
u l t r a v i o i e t to 50 nm in the 2300 nm wavelength region. 

SUMMARY 0F NRIP I THROUGH NRIP VI 

Summary results of NRIP I through V have been compiled by the author*. 
These data have been updated by adding results of the recently completed 
NRIP VI and are presented i n Table 2. The Standard deviation (S.D.) shown i s 
the S t a t i s t i c a l average of the S.D. computed for each intercomparison i n 
which the instrument was involved. The Standard deviation of a l l readings 
(weighted average of the individual S.D.'s) is 0.0011. 

The excellent agreement obtained between a l l absolute cavity i n s t r u ­
ments (with the agreement being to within 0.25X for more than 40,000 instan­
taneous measurements) i s attributed principally to (1) the excellent quality 
of currently available absolute cavity instruments, (2) the quality of the 
environmental conditions obtained at New River for the times of the year 
chosen for the intercomparisons, and (3) the Improved techniques with which 
the experimenters themselves operate t h e i r respective instruments as a 
result of the experience gained. 

COMPARISON 0F NRIP INSTRUMENTS TO SN 67502 

Data for each intercomparison are also obtained by ratioing the i r ­
radiance of each instrument to that of the agreed upon reference Instrument 
— NOAA/SRL's SN 67502. The set values are given i n Table 3 for these i n ­
struments that have participated i n most of the NRIP's. Also, the ratios to 
SN 67502 are given for the results of IPC V (Davos, 1980) for those Instru­
ments that have participated i n both. This was done by normaüzing IPC V 
data* to SN 67502 results for those instruments. 
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TANZ 2 
Bssults of NRIP I through NRIP VI vith Ratio of 

Each Instrument to Group Mean 

Model 
EPAC 
*EPAC 
*EPAC 
jH-F 
H-F 
*H-F 

jir-F 
H-F 
H-F 
H-F 
ACR 
ACR 
ACR 
ACR 

j*RO 
MK VI 
,Mt VI 
;*m vi 
Mt VI 
;MK VI 
M( VI 
MK VI 
MG VI 
MK VI 
;MK VI 
MG VI 
m vi 
MK VI 
MK VI 
MK VI 

SN Partlripaat HUPs N 

11399 AES, Gmada L.3 40 
11402 The Eppley Lab. 1 13 
12843 N3AA 3,4 50 
14913 The Eppley Lab. 1 thru 6 140 
14917 NASA-Lewis 2 22 
13745 NOAA(SRL) 1,2,3,4,6 122 
17142 DSET Labs 2 thru 6 137 
18747 AES, Canada 3 25 
18748 The q?pley Lab. 3,4 44 
19743 Peop. Sep. China Met. 6 22 
20294 Peop. Bsp. Crina Mst. 6 25 

501 Boeing Aerospace 1,5,6 59 
601 N3AA 3 24 
904 Ba tteile Mem. Inst. 5 23 
1104 Lawrence Berkeley Lab. 4 31 
M)2 BDD/Dsvos, Switz. 3 29 
001 Jet Propulsion Lab. 2,3,4 74 

67401 Tech. Measurements 1,2,3,4,6 117 
67502 NOAA (SRL) 1 thru 6 160 
67603 Sandia NatL Lab. 1,2,3,6 84 
67702 Jet Propulsion Lab, 1,2̂ ,4,6 116 
67706 So. CaJL Edison 1,2,3,4,6 118 
67707 Utah State Univ. 1 15 
67811 Sandia Natl. Lab. 2 11 
67812 Ga. Institute of Tech. 1,3 40 
67814 SERI 1 thru 6 162 
68017 SERI 4 27 
68018 SERI 4,5,6 94 
68020 Martin Marietta 4 31 
68021 Stazione Astron. ItaJy 6 24 
68022 andia Nsttl. Lab. 6 13 

Ratio 

0.9997 
1.0008 
0.9968 
1.0010 
0.9995 
0.9973 
U0006 
0.9990 
1J0026 
0.9973 
0.9992 
0.9966 
U0067 
1.0027 
1.0079 
1.0008 
13027 
0.9997 
13005 
0.9999 
13011 
1.0004 
1J0ÖOO 
0.9997 
0.9980 
0.9990 
0.9989 
1.0017 
0.9990 
0.9978 
13012 

+03021 
0.0018 
03042 
0.0009 
OJ0004 
0.0007 
OJ0013 
0.0007 
03009 
0.0008 
OJ0010 
0.0027 
0J0028 
0.0018 
03028 
0.0007 
03017 
0.0010 
03010 
0.0011 
03009 
0.0010 
03011 
0.0006 
0.0007 
0.0006 
03006 
0.0009 
03006 
0.0009 
03005 

N * Nuaber of 21-reading sets (runs) in which each instruaent has participated 
* - Alao compared i n IPC IV, Davos, November 1975 
j - Also compared in IPC V, Davos, Nwanber 1980 
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These data are plotted l a Figure 1 aad 2 to show Instrument crends. A l l 
instruments show a general trend to greater s e n s i t i v i t y compared to SN 
67502. The marked similaricies i n data for NRIPs I , I I änd I I I leads to 
speculacion that che reference instrument SN 67502 exhibited a decrease in 
se n s i t i v i t y of about 0.15X i n the period since May 1979. Also, one of the 
most important attribuces of che frequency aad procedures employed i n che 
NRIPs is manifest in che behaviour of SN 17142 (the author's instrument). As 
a result of the nearly 0.5X appareat decrease i n s e n s i t i v i t y of th i s i n s t r u ­
ment in NRIP V, the cavity was examined and several large dust particles 
were observed. After removal by blowing with an optics bulb, the appareat 
s e n s i t i v i t y increased and the instrument again essentially assumed i t s 
h i s t o r i c a l position among i t s peer group. 

TABLE 3 
Ratio of Bach Instrument to the NOAA/SRL 

Reference Cavity, SN 67502 

NRIP 

Inst.SN 
14913 
15745 
17142 
67401 
67502 
67603 
67702 
67706 
67814 
68018 

0.9984 
0.9963 

0.9968 
1.0000 
0.9966 
0.9940 
0.9992 
9.9978 

0.9984 
0.9953 
1.0008 
0.9956 
1.0000 
0.9980 
0.9996 
0.9983 
0.9968 

1.0013 
0.9971 
1.0012 
1.0019 
1.0000 
0.9999 
1.0023 
1.0003 
0.9989 

Davos 
IPC 
7 

1.0005 

1.0005 
1.0004 
1.0000 

1.0005 
0.9974 

NRIP 

1.0011 
0.9971 
1.0019 
0.9996 
1.0000 

1.0019 
1.0002 
0.9988 
1.0021 

1.0016 

0.9971 

1.0000 

0.9989 
1.0013 

1.0006 
0.9975 
1.0009 
1.0006 
1.0000 
0.9998 
1.0020 
1.0010 
0.9986 
1.0014 

COMPARISON OF THE NRIPS WITH IPC IV AND V 

Unlike the WMO-sanctioned intercomparisons held every five years at 
Davos where only the cavity is compared, the New River intercomparisons 
compare the cavity and i t s associated electronic data logging and readout 
equipment. The advaatages of the NRIP-type comparisons are that the actual 
equipment compared i s che same as employed by the participants When they use 
absolute cavity radiometers as primary reference Instruments i n cheir own 
laboratories. Hence, the Performance of iadividual instruments compare i n 
NRIPs has greater reference slgnificance, i f aot greater c r e d i b i l i t y , than 
the same iastrumeats compared at Davos. 

The advantages of the NRIP intercomparisons relate to the de facto 
maintenance of the SI Radiometric Scale (WRR) i n the U.S. by this peer group 
of instruments. To the refereace quality of the iatercomparisoas for c i t a -
t i o a and tr a c e a b i l i t y purposes, and to the a v a i l a b i l i t y of representatives 
of the peer groupiag för the calibratioa aad quality coatrolpurposes of aay 
givea orgaaizatioa. 
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