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1 INTRODUCTION

This report presents the results of the photogrammetric measurement of the Forward Pixel half
cylinder HC-Z2.

The measurements have been done in Hall 186 on the 28" of March 2008.

The FPixel survey frame has been aligned at FERMILAB. Photogrammetric sticker targets have
been glued on all four FPixel support blocs and the FPixel detector and a final measurement has been
done at FERMILAB.

Results of these measurements have been provided by Mikhail KUBANTSEV.
After the shipment of the survey frame it has been reassembled at CERN.

On the 23" of January 2008, a leveling has been done in order to position the survey frame
horizontally. Afterwards the survey stand has been measured by photogrammetry and a comparison to
the survey results from FERMILAB has been done in order to control the alignment of the four F-Pixel
support blocs on the frame. For more details concerning this measurement and its results, please see the
report on EDMS CMS-TK-UR-0043.

This report provides the coordinates measured at CERN and the comparison between the CERN
coordinates and the FERMILAB ones as follow:

e dX = Xcern — Xfermilab
e dY =Ycern-Yfermilab
e dZ = Zcern - Zfermilab
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2 COORDINATES SYSTEM

In order to define the coordinate system of the photogrammetric measurements of the survey frame
and the FPixel detector, a best fit transformation has been done of the measured coordinates at CERN on
the respective measured coordinates at FERMILAB. For more details concerning this measurement and
its results, please see the report on EDMS CMS-TK-UR-0043.

The used coordinates system for F-Pixel HC-Z2 is those defined by Mikhail KUBANTSEV: we
calculated the measured coordinates as a best-fit transformation done on the coordinates set provided by
FERMILAB.

Results of the measurements done at FERMILAB are provided by Mikhail KUBANTSEV.
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3 DEFINITION OF THE POINT NAMES AND DISTRIBUTION

3.1 Point names for FPixel survey frame

Point names are used as given during measurements done at FERMILAB.

During the re-assembly of the F-Pixel survey frame at CERN, the support blocs BLL and BRL
have been interchanged. Point names have been given following their original position at FERMILAB.

Figure 3-1: Point names for FPixel survey frame
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3.2 Point names for FPixel

Point names are used as

HC-Z2

given during measurements done at FERMILAB.

Names

Description

HC-Z2_400X

Points on the survey bracket

BLL-X

Sticker targets on Fpixel support bloc on survey frame

BLU-X

Sticker targets on Fpixel support bloc on survey frame

BRL-X

Sticker targets on Fpixel support bloc on survey frame

BRU-X

Sticker targets on Fpixel support bloc on survey frame

HD-Z3_XXX

Sticker targtes on Half Disk 1

HD-Z4 XXX

Sticker targtes on Half Disk 2

CFB_BOTX

Sticker targets on Half Cylinder

CFB_TOPX

Sticker targets on Half Cylinder

CR_RADX

Sticker targets on flange

CL_RADX

Sticker targets on flange

IXXX

Additional sticker targets with random numerotation

o

C—

v ol
= | HC-Z2_4000

Figure 3-2: Point names on the survey bracket
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K f"r"aﬁ,‘f- '

- ‘\-1 v
4l HD-Z4-x
,,,""' ---,:5.

T
XX
—
A

HD-Z3-xxx

CFB BOT-X

Figure 3-4: Point names on Half Cylinder front side and on FPixel support bloc
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4 DETAILS FOR SURVEY TARGETS

4.1  Survey target — FPixel survey bracket

Figure 4-1: Photogrammetric target — FPixel survey bracket

The measured point has an offset of 20 mm with respect to the contact surface on the FPixel survey
bracket.

4.2  Sticker Target

The measured point has an offset of about 0.1 mm with respect to the contact surface.
However there is no tolerance given by the manufacturer for the thickness of the sticker targets.
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5 RESULTS

The precision in X-, Y- and Z- direction is 0.05 mm at a one sigma level. |

All coordinates are given in the centre of the survey target. |

5.1 Survey Frame

Measured on March 2008

Points | X[mm] | Y [mm] Z [mm]
BLL-1 57.35 -89.72 23.99
BLL-2 10.70 -89.71 12.34
BLL-3 -38.73 -89.72 25.95
BLL-4 | -48.88 -35.33 15.84
BLL-5 -48.86 48.94 24.18
BLL-7 -42.27 100.46 27.03
BLL-8 11.72 100.46 10.07
BLL-9 53.98 100.48 10.54
BLL-10 | -16.84 -38.05 2.75
BLL-11

BLL-12 57.87 -49.32 -4.37
BLU-1 -39.44 | -2169.86 | -466.52
BLU-2 -49.44 | -2084.92 | -411.03
BLU-3

BLU-4

BLU-5 -49.48 | -2179.61 | -422.65
BRL-1 -48.76 | -2149.51 22.49
BRL-2 -48.80 | -2083.29 16.45
BRL-3

BRL-4 -10.32 | -2077.18 3.01
BRL-5 58.08 | -2177.54 -4.17
BRL-6

BRL-7 -40.02 | -2026.98 12.02
BRL-8 8.72 -2026.98 11.67
BRL-9 | 55.91 | -2027.01 | 26.87
BRL-11 | -17.85 -199.53 79.87
BRL-12 | -25.80 -267.28 79.96
BRL-13 | 53.17 | -2217.16 10.89
BRL-14 | 17.46 | -2217.15 10.08
BRL-15 | -39.23 | -2217.16 | 26.94
BRL-16 | 242.46 -34.10 -123.07
BRL-17 | 243.43 38.14 8.36
BRL-18 | 120.14 | -120.67 93.22
BRU-1 | -40.62 -89.31 | -406.18
BRU-2

BRU-3 | -49.52 40.99 -412.61
BRU-4 | -49.53 -26.92 -416.02
BRU-5 | 56.10 -89.31 | -405.06
BRU-6 | -42.11 100.88 | -422.19
BRU-7 10.28 100.87 -407.97
BRU-8 7.92 -89.29 -424.44
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5.2  FPixel HC-Z2 - Sticker targets on half disk 1
Coordinates measured on 27/03/2008 FERMILAB comparison
Points X [mm] Y [mm] Z [mm] X[mm] | Y[mm] | Z[mm] | dX[mm] | dY [mm] | dZ [mm]

HC-Z3 301 27.74 -2076.00 -350.56 27.73 | -2076.03 | -350.59 0.01 0.02 0.03

HC-Z3 302 99.82 -2074.41 -308.59 99.78 | -2074.41 | -308.61 0.03 0.00 0.02

HC-Z3 303 139.77 -2077.78 -159.10 | 139.74 | -2077.81 | -159.11 0.03 0.03 0.01

HC-Z3 304 99.12 -2077.09 -87.65 99.25 | -2077.18 | -87.62 -0.13 0.09 -0.03
HC-Z3 3T1 -15.99 | -2104.27 | -315.54
HC-Z3 3T2 14.67 | -2098.21 | -312.60
HC-Z3 3T3 43.26 | -2092.07 | -302.16
HC-Z3 3T4 67.75 | -2086.05 | -283.94
HC-Z3 _3T5 87.12 | -2079.98 | -260.37
HC-Z3_3T6 50.47 | -1981.43 | -203.66
HC-Z3 3T7 70.70 | -2074.78 | -226.09
HC-Z3 3T10 49.95 | -2079.56 | -100.24
HC-Z3 3T11 -1.50 | -2079.24 | -141.67
HC-Z3_3T12 15.38 | -2074.64 | -114.55
HC-Z3_3T13 28.91 | -2071.54 | -82.89
HC-Z3 3T14 -16.84 | -2087.85 | -80.45

HC-Z3 401 63.76 -2124.00 -336.13 63.72 | -2124.01 | -336.19 0.04 0.02 0.06

HC-Z3 402 123.66 -2121.66 -277.31 | 123.64 | -2121.69 | -277.34 0.01 0.03 0.02

HC-Z3 403 139.70 -2120.02 -238.30 | 139.69 | -2120.04 | -238.30 0.01 0.03 0.00

HC-Z3_404 125.23 -2125.81 -122.58 | 125.20 | -2125.87 | -122.57 0.03 0.06 -0.01

HC-Z3 405 66.27 -2120.53 -62.37 66.27 | -2120.56 | -62.37 0.00 0.04 0.00
HC-Z3 4T1 -0.05 | -2097.56 | -129.71
HC-Z3_4T10 51.66 | -2111.43 | -203.41
HC-Z3_4T11 40.43 | -2116.44 | -284.14
HC-Z3 4T12 11.39 | -2121.93 | -264.88
HC-Z3 4T13 18.59 | -2123.26 | -294.24
HC-Z3 4T14 28.80 | -2126.09 | -313.85
HC-Z3_4T15 -17.39 | -2111.67 | -261.72
HC-Z3_4T2 8.00 | -2099.15 | -100.25
HC-Z3 4T3 9.18 | -2102.08 | -77.41
HC-Z3 4T4 31.53 | -2105.29 | -109.96

HC-Z3_4T5 40.69 -2107.89 -87.12 40.69 | -2107.91 | -87.10 0.00 0.02 -0.02
HC-Z3_4T6 50.87 | -2121.59 | -175.54
HC-Z3 _4T7 83.00 | -2123.34 | -167.12
HC-Z3 418 103.34 | -2126.10 | -157.21

HC-Z3_4T9 116.12 -2108.74 -203.38 | 116.11 | -2108.79 | -203.40 0.02 0.04 0.02

HC-Z3 11 14.92 -2077.16 -240.33 14.94 | -2077.14 | -240.37 -0.03 -0.02 0.04

HC-Z3 12 34.36 -2077.58 -215.74 34.35 | -2077.56 | -215.75 0.01 -0.02 0.01

HC-Z3 I3 3.88 -2120.01 -245.68 3.92 | -2119.98 | -245.70 -0.04 -0.02 0.02

HC-Z3 14 33.21 -2122.67 -178.69 33.12 | -2122.65 | -178.68 0.08 -0.02 0.00

dX [mm] | dY [mm] | dZ [mm]

Min -0.13 -0.02 -0.03

Max 0.08 0.09 0.06

Average 0.01 0.02 0.01

Stdev 0.05 0.03 0.02
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5.3 FPixel HC-Z2 - Sticker targets on half disk 2
Coordinates measured on 27/03/2008 FERMILAB comparison
Points X [mm] Y [mm] Z [mm] X[mm] | Y[mm] | Z[mm] | dX[mm] | dY [mm] | dZ [mm]

HC-Z4 302 98.96 -1946.51 -87.45 98.97 | -1946.52 | -87.40 -0.01 0.01 -0.05

HC-Z4 303 138.90 -1945.58 -156.61 | 138.88 | -1945.59 | -156.58 0.02 0.01 -0.03

HC-Z4 304 98.34 -1945.59 -310.06 98.30 | -1945.57 | -310.05 0.04 -0.02 -0.02

HC-Z4 305 66.60 -1951.16 -334.52 66.56 | -1951.17 | -334.50 0.04 0.00 -0.02
HC-Z4 3T1 -15.84 | -1974.23 | -315.17
HC-Z4 3T2 12.25 | -1967.46 | -313.21
HC-Z4 3T3 40.91 | -1961.14 | -302.99
HC-Z4 3T4 66.09 | -1955.30 | -285.26
HC-Z4 3T5 87.45 | -1950.04 | -260.33
HC-Z4 3T6 43.27 | -1948.75 | -211.27
HC-z4 3T7 70.35 | -1944.32 | -227.17
HC-Z4 3T8 102.46 | -1941.06 | -240.66
HC-Z4 3T9 103.50 | -1958.35 | -193.36
HC-Z4 _3T10 51.04 | -1949.34 | -99.60
HC-Z4 3T11 -0.33 | -1948.85 | -142.02
HC-Z4 _3T12 15.78 | -1944.50 | -113.79
HC-Z4 3T13 29.15 | -1941.33 | -83.05
HC-Z4 _3T14 -17.36 | -1958.04 | -81.17

HC-Z4 401 66.65 -1992.47 -334.48 66.62 | -1992.46 | -334.51 0.03 0.00 0.03

HC-Z4 402 122.59 -1991.99 -278.97 | 122.53 | -1992.02 | -278.97 0.05 0.02 0.00

HC-Z4 403 139.25 -1991.96 -239.90 | 139.22 | -1991.96 | -239.91 0.03 0.00 0.00

HC-Z4 404 125.22 -1995.58 -123.14 | 125.18 | -1995.63 | -123.09 0.04 0.05 -0.05

HC-Z4 405 66.63 -1992.23 -62.87 66.67 | -1992.26 | -62.81 -0.03 0.03 -0.06
HC-Z4 4T1 0.62 | -1967.60 | -129.19
HC-Z4 4712 8.01 |-1969.34 | -100.18
HC-Z4 4T3 8.93 |-1972.34 | -77.70
HC-Z4 4T4 32.42 | -1975.29 | -109.69
HC-Z4 4T5 39.58 | -1978.18 | -88.14
HC-Z4 476 53.67 | -1991.79 | -175.25
HC-Z4 4717 82.76 | -1993.52 | -166.98
HC-Z4 4T8 102.63 | -1996.44 | -156.54
HC-Z4 419 116.25 | -1978.66 | -203.52
HC-Z4 _4T10 50.46 | -1981.43 | -203.65
HC-Z4 4T11 56.97 | -1990.14 | -299.95
HC-Z4 _4T12 11.73 | -1992.07 | -265.51
HC-Z4 4T13 18.57 | -1993.29 | -294.36
HC-Z4 _4T14 29.15 | -1996.21 | -314.46
HC-Z4 4T15 -17.64 | -1981.51 | -261.59

HC-Z4 11 15.35 -1945.63 -240.14 15.38 | -1945.64 | -240.11 -0.03 0.02 -0.03

HC-Z4 12 33.99 -1946.24 -216.69 33.98 | -1946.27 | -216.62 0.01 0.03 -0.06

HC-Z4 13 1.32 -1991.09 -246.69 1.38 | -1991.11 | -246.66 -0.06 0.02 -0.03

HC-Z4 14 33.42 -1990.91 -179.19 33.40 | -1990.93 | -179.12 0.01 0.02 -0.07

dX [mm] | dY [mm] | dZ [mm]

Min -0.06 -0.02 -0.07

Max 0.05 0.05 0.03

Average 0.01 0.01 -0.03

Stdev 0.03 0.02 0.03
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5.4  FPixel HC-Z2 - Sticker targets on half cylinder
Coordinates measured on
27/03/2008 FERMILAB comparison
Points X[mm] | Y [mm] Z[mm] | X[mm] | Y [mm] Z[mm] | dX[mm] | dY [mm] | dZ [mm]
CFB_BOT1 | -6.13 -892.61 -33.17 -6.14 -892.58 -33.13 0.01 -0.03 -0.04
CFB_BOT2 | -5.77 | -1074.93 | -33.36 -5.79 | -1074.89 | -33.32 0.01 -0.04 -0.04
CFB_BOT3 | -5.42 | -1278.38 | -32.76 -5.43 | -1278.34 | -32.74 0.00 -0.04 -0.03
CFB_BOT4 | -5.43 | -1480.66 | -33.38 -5.42 | -1480.62 | -33.42 -0.01 -0.04 0.04
CFB_BOT5 | -5.83 | -1666.34 | -33.96 -5.82 | -1666.38 | -33.99 -0.01 0.04 0.03
CFB_BOT6 0.35 -2121.02 | -34.72
CFB_TOP1 20.52 | -1838.85 | -365.34
CFB_TOP2 | -585 | -1643.11 | -363.36 | -5.83 | -1643.08 | -363.44 -0.02 -0.03 0.08
CFB_TOP3 | -5.67 | -1480.42 | -363.78 | -5.65 | -1480.37 | -363.80 -0.02 -0.04 0.02
CFB_TOP4 | -555 | -1283.85 | -364.42 | -5.55 | -1283.80 | -364.53 -0.01 -0.04 0.12
CFB_TOP5 | -5.94 | -1072.11 | -363.81 | -5.95 | -1072.06 | -363.90 0.01 -0.06 0.08
CFB_TOP6 | -6.32 -884.89 | -364.42 | -6.28 -884.84 | -364.48 -0.03 -0.05 0.06
CL_RAD1 | 34.10 | -2129.19 | -359.69 | 34.09 | -2129.21 | -359.64 0.01 0.02 -0.06
CL_RAD2 | 90.07 | -2129.02 | -330.92 | 90.07 | -2129.05 | -330.89 0.01 0.03 -0.03
CL_RAD3 | 113.10 | -2128.82 | -308.56 | 113.08 | -2128.86 | -308.53 0.02 0.04 -0.02
CL_RAD4 | 133.19 | -2128.84 | -281.62 | 133.19 | -2128.87 | -281.58 0.00 0.03 -0.04
CL_RAD5 | 154.94 | -2129.30 | -193.62 | 155.01 | -2129.29 | -193.60 -0.07 -0.01 -0.02
CL_RAD6 | 147.19 | -2129.22 | -145.73 | 147.29 | -2129.17 | -145.68 -0.11 -0.05 -0.05
CL_RAD7 | 117.24 | -2128.80 | -92.52 | 117.31 | -2128.80 | -92.57 -0.07 0.00 0.05
CL_RAD8 | 71.16 | -2129.01 | -53.51 | 71.13 | -2129.03 | -53.64 0.03 0.03 0.13
CL_RAD9 | 36.46 | -2129.23 | -38.45 | 36.32 | -2129.28 | -38.74 0.14 0.05 0.29
CR_RAD1 | 61.25 13.47 -341.05 | 61.27 13.51 -341.02 -0.02 -0.05 -0.03
CR_RAD2 | 97.96 13.64 -287.56 | 98.19 13.60 -287.89 -0.23 0.04 0.33
CR_RAD3 | 146.13 13.22 -217.88 | 146.12 13.30 -217.87 0.01 -0.08 -0.01
CR_RAD4 | 148.76 13.18 -180.19 | 148.77 13.25 -180.17 -0.01 -0.07 -0.02
CR_RADS5 | 141.80 13.16 -140.95 | 141.76 13.18 -140.93 0.04 -0.03 -0.01
CR_RAD6 | 99.31 13.56 -107.75 | 98.78 13.45 -108.00 0.53 0.10 0.25
CR_RAD7 | 79.45 13.57 -89.43 | 78.94 13.39 -89.66 0.50 0.18 0.23
dX [mm] | dY [mm] | dZ [mm]
Min -0.23 -0.08 -0.06
Max 0.53 0.18 0.33
Average 0.03 0.00 0.05
Stdev 0.16 0.06 0.11
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5.5

Coordinates of the points

Best-fit circle

EgnofaPlane: Y+B*Z+C*X+D=0

B
C

D (mm)

FPixel HC-Z2 - Points on survey bracket

Coordinates measured on 27/03/2008

Points X [mm] Y [mm] Z [mm]
HC-Z2_ 4000 59.88 14.22 -285.52
HC-Z2_4001 78.10 14.22 -266.38
HC-Z2_4002 93.69 14.18 -237.96
HC-Z2_ 4003 100.90 14.13 -198.05
HC-Z2_ 4004 94.99 14.10 -161.96
HC-Z2_4005 78.05 14.07 -129.67
HC-Z2_4006 59.88 14.07 -110.59
0.000954 sig_ B 0.000076 mm/mm
0.000297 sig C 0.000308 mm/mm

-13.975 sig D 0.029 mm

Hence for Eqgn of the form: a*x + b*y + ¢*z+d =0 with a, b, ¢ : Dir. Cosines of perp. Line to the Plane

0.043
0.011

mm
mm

Co-ordinates of the centre of the circle - in Calculated Co-ordinate Axis

Radius of the circle

Observed Coords

Name

HC-Z2_4000
HC-Z2_4001
HC-Z2_4002
HC-Z2_4003
HC-Z2_4004
HC-Z2_4005

0.036

mm

Dist. pt proj / plan
to circle (micr)
+ve outside circle
-ve inside circle

-3

a 0.000297

b 1.000000

c 0.000954

d (mm) -13.975

Co-ordinates of the centre of the circle - in the Local Plane

X (mm) -12.887 sig x

y (mm) 198.076 sigy

X (mm) -12.883

Y (mm) 14.168

Z (mm) -198.063

Rad (mm) 113.779 sigR

X (mm) Y (mm) Z(mm) Weight
59.88 14.22 -285.52 1
78.10 14.22 -266.38 1
93.69 14.18 -237.96 1
100.90 14.13 -198.05 1
94.99 14.10 -161.96 1
78.05 14.07 -129.67 1
59.88 14.07 -110.59 1

HC-Z2_4006

Dist. point
to plane (micr)

Dist = 'Signed' Dist. to Plane ( - => Origin & Pt on same side / Plane, + => Origin & Pt on opp. side / Plane)
Almost one weight is missing in the input, Weights are all set to 1 for the plane calculation
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Summary of the data in the Calculated Co-ordinate Axis
Original Axis Conversion X Calculated Co-ordinate Axis = X Observation Axis
Y Calculated Co-ordinate Axis =Y Observation Axis
Z Calculated Co-ordinate Axis = Z Observation Axis
Equation of the Circle : R*M2=(XC-X)"2+(YC-Y)"2+(ZC-Z)2 and aX+bY+cZ+d=0
12945.625806 = (-12.883 - X )2 + (14.168 - Y )2 + (-198.063 - Z )2

0.000297* X + 1.000000* Y + 0.000954* Z + -13.975 (mm) =0

Maximum Distance from Circle (micr) 0.0 AtPoint HC-Z2 4002 +ve outside circle
Minimum Distance from Circle (micr) -0.0 At Point HC-Z2_4004 -ve inside circle
Distance from origin to Circle Centre (mm) 198.986

Bearing of Vector from origin to circle centre (grades) 353.0218

Vertical Angle of Vector from origin to circle centre (grades) 193.8641

Perpendicular distance from origin to plane containing circle (mm) 13.975

Bearing of the Vector from the origin to the plane (grades) 0.0189

Vertical Angle of the Vector from the origin to the plane (grades) 99.9393
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CMS — TRACKER - FPixel HC-Z2

CMS-TK-UR-0046

5.6

Coordinates

measured on 27/03/2008

FPixel HC-Z2 — Additional stickers

Coordinates

measured on 27/03/2008

Coordinates

measured on 27/03/2008

Points | X[mm] | Y[mm] | Z[mm] Points | X[mm] | Y[mm] | Z[mm] Points | X[mm] | Y[mm] | Z[mm]
1001 | -32.22 | -1217.98 | 144.48 1040 | -32.22 | -1814.69 | 144.38 1079 | 55.54 | -2219.20 | -409.27
1002 | -32.37 | -1083.33 | 117.87 1041 | -32.37 | -1075.82 | 117.47 1080 | 56.75 | 100.89 | -405.69
1003 | -32.02 | -1060.49 | 172.78 1042 | 65.71 | -2082.66 | -334.98 1081 | 207.63 | 48.38 | -223.39
1004 | -32.40 | -756.13 | 90.85 1043 | -32.28 | -1817.62 | 162.12 1082 | 232.16 | 48.41 12.40

1005 | -32.39 | -1083.35 | 109.98 1044 | 111.28 | -712.52 | 79.36 1083 | 210.43 | 48.17 | -464.57
1006 | -32.40 | -1073.96 | 99.60 1045 | -32.28 | -1825.12 | 162.04 1084 | 230.60 | 48.07 | -415.14
1007 | 106.78 | -162.41 | -514.78 1046 | 46.05 | -1161.67 | 79.53 1085 | -59.64 50.90 64.67

1008 | -32.05 | -233.21 | 150.41 1047 | -22.41 | -1493.24 | 79.32 1086 | 231.56 | -2167.94 | -46.13
1009 | -32.10 | -243.19 | 158.93 1048 | 112.63 | -996.86 | 79.31 1087 | 100.41 | -179.18 | -476.22
1010 | -32.10 | -235.34 | 158.32 1049 | 102.79 | -1718.73 | 79.15 1088 | 66.42 | -647.76 | -476.15
1011 | -32.13 | -235.48 | 166.17 1050 | -21.07 | -1898.59 | 79.11 1089 | 89.22 | -1001.07 | -475.83
1012 | -32.24 | -178.64 | 105.75 1051 | 45.26 | -2001.52 | 79.25 1090 | -65.53 0.61 171.14
1013 | -32.01 | -225.78 | 148.15 1052 | 110.41 | 122.44 | -515.34 1091 | -83.48 17.92 172.00
1014 | -32.07 | -240.69 | 151.33 1053 | 19.49 | -2079.68 | -474.27 1092 | 209.60 | -2167.69 | 67.86

1015 | -32.39 | -1391.90 | 119.85 1054 | -18.86 | -2002.28 | 79.07 1093 | -66.47 | -2166.27 | 67.15

1016 | 57.79 | -1394.09 | -475.78 1055 | 105.66 | -1807.78 | 79.08 1094 | -32.46 | -412.04 | 163.76
1017 | 28.48 | -1946.34 | -350.54 1056 | -18.69 | -1681.81 | 79.18 1095 | -40.95 | -2219.16 | -422.09
1018 | -32.12 | -526.45 | 168.54 1057 | 108.13 | -1507.20 | 79.10 1096 | -3.80 | -2219.17 | -420.89
1019 | -32.44 | -382.11 | 96.45 1058 | -18.48 | -970.37 | 79.84 1097 | 241.45 | -33.34 | -411.78
1020 | -32.14 | -227.96 | 165.94 1059 | 108.55 | -756.35 | 79.30 1098 | 242.38 | 39.28 | -278.16
1021 | 78.21 -12.07 | -153.71 1060 | -18.93 | -568.60 | 80.07 1099 | 120.02 | -260.68 | 91.65

1022 | 108.15 | -66.28 | -516.17 1061 | -17.38 | -1356.74 | 79.43 1100 | 120.32 | -205.47 | 171.27
1023 | -32.39 | -1090.69 | 118.24 1062 | 108.68 | -1167.27 | 79.19 1101 | 120.40 | -708.31 | 171.40
1024 | 85.95 -14.54 | -220.56 1063 5.05 | -2029.00 | -408.27 1102 | 41.77 | -381.41 | 79.92

1025 | -32.35 | -1653.89 | 117.19 1064 | -41.71 | -2028.95 | -417.87 1103 | 243.31 | -2160.94 | -382.26
1026 | 81.54 | -2029.51 | -516.26 1065 | 44.95 | -2028.97 | -418.73 1104 | 119.97 | -759.81 | 89.22

1027 | -32.37 | -1985.86 | 158.95 1066 | 108.28 | -380.03 | 79.61 1105 | 120.41 | -866.83 | 173.12
1028 | 84.20 | -1831.32 | -516.10 1067 | -65.56 8.09 171.11 1106 | 120.08 | -2023.77 | 169.27
1029 | -32.40 | -1802.77 | 90.99 1068 | -68.46 15.59 171.23 1107 | 243.87 | -2088.06 | -230.88
1030 | -32.23 | -1829.72 | 146.96 1069 | -72.91 0.39 171.59 1108 | 119.96 | -991.35 | 90.97

1031 | -32.26 | -1832.53 | 154.46 1070 | -73.40 8.25 171.61 1109 | 120.37 | -1048.99 | 172.16
1032 | -32.25 | -1824.68 | 154.18 1071 | -75.92 16.06 171.73 1110 | 120.04 | -1880.08 | 172.72
1033 | -32.42 | -1091.54 | 103.26 1072 | -83.32 10.38 172.12 1111 | 120.01 | -1821.21 | 88.04

1034 | -32.40 | -1091.17 | 110.78 1073 | -64.07 50.67 44.75 1112 | 119.99 | -1949.51 | 88.87

1035 | -32.41 | -1081.37 | 102.04 1074 | 231.41 | -2169.91 | -398.43 1113 | 244.64 | -2089.03 | 11.02

1036 | -32.13 | -242.86 | 166.39 1075 | 207.73 | -2169.04 | -256.83 1114 | 244.14 | -2160.21 | -108.94
1037 | 108.83 | -121.31 | 79.48 1076 | 219.34 | 48.42 68.55 1115 | 120.75 | -1154.58 | 176.90
1038 | -32.29 | -1832.51 | 161.96 1077 | 209.18 | -2170.51 | -465.36 1116 | 17.46 | -2217.15| 10.08

1039 | -32.22 | -1822.18 | 144.28 1078 | -51.47 50.10 | -463.95
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