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Abstract

The mechanics in the biological systems may vary according to their internal
physical structure and their chemical composition. The present study aims to investigate
the relationship between the elasticity of the zebrafish eggs and the embryonic
development. With our uniquely-designed magnetic oscillator, we generate damping
oscillation on the eggs to see their elasticity in different embryonic stages. In our
experiment, we generate forces with the specially-designed magnetic wires on the
magnets fixed at the end of the lever and apply the force to the eggs by the stick. Due to
the minute formal change of the eggs, we incorporate the design of the optical lever into
our experiment in order to amplify their formal changes. We videotape the formal
changes of the eggs in hope for a better understanding of the relationship between the

forces of the oscillation and the elasticity of the fish eggs.

The result shows that the elasticity of the fish eggs varies according to different
embryonic stages. However, the embryonic development does not hold a simple linear
relationship with the elasticity index. The present study focuses on the fish eggs in the
blastula period, and we observe that the reaction to the oscillation may also differ in
different stages of the blastula period. We further analyze the changes of the amplitude
to obtain the damping coefficient in organism. It is found that these alterations appear
most significant in the first and half hour of the blastula period, thus highly correlated
with the movement of the cells in that period. Therefore, our study may serve as a
window for the biological micro mechanisms of the eggs and a reference for the

influence of the environmental change on the biological population.
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W AY(cm)
(mg) I 1| 111 AVG.
50 4 33 8.4 5.2
100 4.8 3 8.7 5.5
150 5 2 8.9 53
200 54 3 9.1 5.8
250 5.7 1 9.2 53
300 5 3 9.3 5.8
350 5 2 9.6 5.5
400 5.2 4 9.7 6.3
450 5 3 10 6.0
2. §pA5-H XA &) T A R
I AY(cm)
(A) 1| 111 v AVG.
0.5 1 1.1 0.8 0.6 0.875
0.6 1.6 1.6 1.6 1.5 1.575
0.7 2.2 2.1 2 1.8 2.025
0.8 3.9 3.4 3 2.9 33
0.9 6 4.7 4.2 3.7 4.65
1 7 53 5.1 4.2 5.4
1.1 7.3 5.2 5.8 4 3.75
1.2 7.2 5 5 5 5.55
1.3 7 53 4.6 4.3 53
14 6.8 4.9 5 4.1 5.2
1.5 5.7 53 4.9 4 4.975
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3. B H AR ) ROHES R

I I 11 I AVG.
(A) | AX(cm) | AY(cm) | AX(cm) | AY(cm) | AX(cm) | AY(cm) | AX(em) | AY(cm)
1.00 0 9.20 0 9.20 0 9.20 0 9.20
1.05 0 9.90 0 9.80 0 9.90 0 9.87
1.10 0 10.15 0 10.25 0 10.15 0 10.18
1.15 0 10.45 0 10.45 0 10.45 0 10.45
1.20 0 11.20 0 11.20 0 11.20 0 11.20
1.25 0 11.50 0 11.40 0 11.50 0 11.47
1.30 0 11.75 0 11.70 0 11.75 0 11.73
1.35 0 12.00 0 12.00 0 12.00 0 12.00
1.40 0 12.17 0 12.14 0 12.17 0 12.16
1.45 0 12.27 0 12.35 0 12.27 0 12.30
1.50 0 12.40 0 12.60 0 12.40 0 12.47
L EERY LTt
T AY T AY T AY T AY T AY
' (cm) | (cm) | (cm) | (cm) : (cm)
" " " " o
AVG AVG AVG AVG AVG
1 27.52 17 18.77 33 3.36 49 -1.79 65 4.46
2 25.80 18 21.39 34 7.01 50 -1.48 66 1.83
3 22.64 19 22.41 35 11.99 51 -0.05 67 0.30
4 18.58 20 22.60 36 15.47 52 2.37 68 -0.46
5 12.41 21 21.62 37 17.89 53 5.18 69 -0.69
6 6.91 22 19.83 38 19.33 54 8.31 70 -0.32
7 1.90 23 16.63 39 19.86 55 12.16 71 1.28
8 -2.64 24 12.83 40 19.49 56 15.10 72 3.62
9 -5.75 25 7.08 41 18.61 57 17.24 73 6.64
10 -6.13 26 2.65 42 16.38 58 18.19 74 9.47
11 -5.75 27 -1.39 43 13.22 59 18.14 75 12.83
12 -3.39 28 -3.60 44 9.82 60 17.68 76 14.80
13 0.05 29 -4.36 45 5.29 61 16.24 77 15.92
14 4.39 30 -4.13 46 1.97 62 14.18 78 16.54
15 10.18 31 -2.57 47 -0.76 63 11.25 79 16.63
16 14.87 32 0.04 48 -1.76 64 8.24 80 15.96
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R B ATINF PR L
T AY(cm) T AY(cm) T AY(em)
1 1 1
3_0 * I I m m \4 % ¥ I I m I \4 3_0 * I I m m \4
1 2636 | 2548 | 2768 | 2856 2636 088 | -176 | 395 | 22| 332 5 1011 | 659 | 1538 | 123 | 04
2 2502 | 2417 | 25488 | 2724 2461 3W | 176 | 308 | -176 | 659 56 1318 | 1011 | 1977 | 1318 | 703
3 2505 | 2197 | 241 | 2417 2197 395 | -l76 | 22| -132 | 659 57 1626 | 1582 | 1933 | 1362 | 1098
4 2417 | 1889 | 1845 | 2065 1802 31 48 | 176 | -132 22 | 615 B 1845 | 1582 | 1889 | 145 | 1450
5 2329 | 14% | 1362 | 1098 1362 R ST | -176 22| 571 | 615 R 1845 | 1582 | 1845 | 1494 | 1758
6 1933 | 1055 | 308 | 571 352 3 352 | 132 615| 967 | 571 60 1880 | 1582 | 1802 | 1582 | 2021
7 149 | 176 | -176 | 04 -132 R’ 044 | 48 | 1011 | 1318 | 220 61 1933 | 1582 | 1274 | 1318 | 241
8 967 | 264 | 615 | 439 571 3 703 | 8™ | 1406 | 1889 | 176 62 1933 | 1626 | 967 | 967 | 2197
9 439 | 527 | ST | 147 87 36 1098 | 123 | 1406 | 2109 | 1055 a3 1538 | 1362 | 659 | 703 | 2065
10 088 | 527 | 48 | 747 37 37 145 | 14%4 | 145 | 2109 | 1450 64 123 | 1098 | 352 | 395 | 1845
1 835 | 527 | 3% | 48 835 3 1802 | 1802 | 1494 | 2109 | 1802 65 615 | 791 | 08 | 08 | 158
91 | 483 0| 08 <191 39 2021 | 1933 | 1538 | 2109 | 2065 66 38| 483 | 08| 04 | 8P
13 47| -176 | 439 | 352 <147 40 2021 | 1845 | 1582 | 1714 | 2065 67 38 | 04| 08| 04 | 527
14 659 | 176 | 923 | 791 352 41 2021 | 1714 | 1626 | 1406 | 2109 68 264 | 04| 044 088 | 176
15 176 | 571 1362 | 145 088 Q@ 2065 | 158 | 1318 | 1055 | 2153 ® 2| 04| 04| 176 | -132
16 615 | 1011 | 1758 | 2021 1055 4 1845 | 145 | 923 | 703 | 241 0 176 0 0| 264 | 352
17 1055 | 1714 | 2065 | 241 1494 4“4 158 | 1318 | 571 | 352 | 2021 71 132 0| 527 5271 | 352
18 14% | 1977 | 229 | 241 1889 45 8/ | 1011 22 01 1714 7 088 | 044 | 835 | 791 | 39
19 1889 | 2197 | 285 | 241 2197 46 483 | 659 22 01 967 3 308 | 308 | 1098 | 1098 | 439
20 1889 | 2100 | 241 | 28 2417 47 132 | 044 22 01 527 4 615 | 571 | 1362 | 1362 | -176
21 1933 | 2021 | 2197 | 2021 2417 48 -132 0 22 0] 132 I 118 | 835 | 158 | 1362 | 08
2 1977 | 1933 | 1889 | 167 2373 49 132 | 04 22 0] 220 76 118 | 1142 | 1845 | 1362 | 791
23 2021 167 | 1538 | 1274 2109 S0 -176 | 088 22| 04 | 439 77 118 | 1098 | 1714 | 1362 | 1098
4 2065 | 1318 | 1098 | 835 1802 51 176 | -132 | 264 22| 3% ] 1142 | 1055 | 1538 | 1362 | 1450
23 Be2| 923 | 703 | 04 1362 22| -l76 | 615 527 | 3® . 1142 | 1011 | 1406 | 1362 | 1714
26 923 | 527 | 3| 308 439 04 | 04| 93| 8™ | 220 80 1098 | 923 | 123 | 1318 | 1889
27 483 | 176 | 439 | 264 000 352 | 352 | 1274 | 18 | -132
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T AY(am) T AY(am) T AY(@m)
1 1 1
30% vi | va | v | vm| x 30% vi [ va | v | vm| x | 30%| vi | va|vm|vm| x
1 | 5% | 2461 | 044 | 2592 | 2505 48 | 483 | 527 | 430 | 450 | 5 | 1098 | 483 | BE2 | 1142 | 1230
2 | 224 | BB | 2768 | 2505 | 1802 3% | 0| 571 | 527 | 1845 | 56 145 | 439 | 167 | 1406 | &M
3| 2592 | 28 | 2505 | 2021 176 38| 264 | 615 527 | 210 | 5 | 1714 | 747 | 189 | 167 | 48
4 |24 | 2197 | 1626 167 27| 3 | 17| 48| 32| 395 | BH| B | 1758 | 1055 | 2065 | 1933 | -176
5 | 1802 | 2065 | 1098 | 1274 | 1055 | 3R | 088 | 395 0| 22| B0 | » | 1845 1362 | 2153 | 1933 | 395
6 | m|160| 527| 85| 615 B | oM | 38| 3% | 32| BH| e | 193] B& | 202 | 1977 | 308
7 703 | 1230 0| 3% | 32| 34 | 439 220 | 186 | 703 | 2109 | 61 | 2021 | 1406 | 1845 | 1933 | -176
8 176 | 747 | 483 | 38 3% | 3 | 8P| 132 | 1582 | 1055 | 182 | 6 | 1802 | 1406 | 1582 | 182 | 088
9 | g47| 38| 571 | 48 93 | 36 | 1274 220 | 18%9 | 1406 | 1450 | 63 | 1186 | 1450 | 1318 | 1362 | 044
10 | 708 | 264 | 703 | 439 | 145 | 37 167 | 615|219 | 1714 | 1011 | 64 | 8P | 1450 | 65 | 1098 | 308
| 615] 220 835 | 395| 1933 | 38 | 2065| 967 | 241 | 2065 | 176 | 6 | 527 | 149 | 308 | 791 | 659
ST | 12| 48| 38| BO| M | BO| B8 | 24| A3 | 20| 6 2 | 1230 0| 483 | 1011
1B | 48| 088 | 088 | 38| 2461 | 40 | 28 | 1933|2109 | 23| 527 | & | 04| o3| 22| 22| M
4 | 08| 04| 835 | 69| 2592 | 41 | 241 | 189 | 1889 | 2021 | 659 | 68 | 04| 659 | 22| 4176 | 1274
15 | 395 oM | 27| 1055 24| £ |23 | 1845 | 1582 | 1845 | 527 | @ | 04| 38| 22| 264 | 1318
16 | 8™ | 32| 1714 | 1406 | 2461 | 4 | 1538|182 | 23| 24| 32| M | 04| 32| 264 | 38 | BR2
7 | 18| 747 | 2065 | 1758 | 2109 | 4 | 14| 178 | 49| 93| 04| T | 04| 439 | 088 | 22| 1406
18 | 2153 | 1186 | B0 | 241 | 18 | 45 | 747 | 1714 | o | 571 | 32| M 0| 483 | 176 | 088 | 1450
19 | 2417 | 1626 | BB | BB 659 | 46 | 32| 1406 | 22| 264| 7B | B | 615| 571 | 483 | 32| 14%
0 | 5% | 065 | 461 | BB 12| 4 0| 1055 | 43 01098 | 7 | 8®| 615|108 | 615 | 1230
2 | 417 BO| 241 | 28| 32| 48 | 04| 78| 49| 395 | 178 | B | 18| 703 | B18| 8™ | 93
2 | 241 | BO| 1977|200 | T38| 49 132 | 708 | 395 | 439 | 2021 | 7 us | 747 | 1582 | 14| 65
B | 2065 | 28| 1582 | 1538 8B | B 176 | 659 | 352 | 395|210 | 77 167 | 835 | 1758 | 1406 | 308
% 167 | 241 | 703 | 86| 615| 51 | 264 | 615 | 308 | 264 | 2197 | B 167 | 1098 | 1889 | 1758 | 308
2 23| 1670 | 264 | 791 264 38| 571 | 04 | 0| 2097 M 167 | 1362 | 1933 | 1845 | 308
% | 747| M| 76| 439 132 36| 571 | 38| 527 | 1845 | 80 167 | 1362 | 1845 | 1845 | 38
27 | 38| 8™ | 483 | O 615 747 | 527 | 1011 | 835 | 158
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T AY(em) T AY(@m) T AY(@m)
1 1 1
—o | XI | XII | XID | XIII | XV | — ¢ | XI | XII | XII | XIINI | XV | —g | XI | XI | XII | XIHI | XV
30 30 30
1 9| 29| 28 29 | 2856 3| 32| s7| 69| 73| 5 | 1582|1538 | 49| 1318 | 1318
2 2856 | 2856 | 2768 | 2636 | 268 615 | 615 | 8P| 69| 73| 56 | 1845 | 1845 | 1845 | 167 | 1889
3 2636 | 268 | 2461 | B | 417 J47 | 41| 9B | 69| 0B | 5 | 2065 | 2065 | 2065 | 2109 | 2065
4 BB BB| 2065 | 1892021 | 3 | S7| 57| 73| 69| 08| B | 285 | 89| 2009 | 2197 | 1977
5 45| 145| 967 | 1406 | 1538 | 3 | 308 | 38| 32| 08| 38| | 2197 | 2197 | 2153 | 2197 | 1845
6 o3| 93| 32| 97| 3% | B | 04| o4 0 308| 703| 60 | 2021 | 241 | 2197 | 1933 | 1758
7 35| 395 22| 38| 08| 34 | 49| 43| 49| 47| N4 | e | 1802 | 182 | 1933 167 | 1626
8 a3 | a3 | 7, 2| 65| 23| 123 BR| 14| 1538 | 6 | 149 | 4M | 167 | 1406 | 13
9 527 s71| 011 | 69| 93| 36 | 1626|1626 | 1758 | 1582 | 1845 | @ | 1186 | 114 | 74| 105 | 967
10 659 | 703 | 142 | 967 | 91| 37 | 1933|1933 | 2065 | 215 |2109| 64 | 85| 85| 93| 73| 6%
1 835 | 835 | 8| 9| 69| B/ [2197 | 1977 | B | 2AB | 0& | & 176 | 176 | 176 | 3% | 308
527 | 527 | 527 615| 264 | 39 | 2197 | 2065 | B9 | 2197 | 2197 | 66 | O | 088 | 76| 04| 264
13 476 | 176 | 0| 264 | 176 | 40 | 2197 | 2109 | 285 | 2197 | 2065 | 67 | 308 | 308 | 439 | 0| -7
1 308 | 308 | 43 20 69| 41 | 2197|2197 | 241 | 241 | 1933 | 68 | 264 | 264 | 57 0| 08
15 23] 23| 45| 703|108 | 4 | 1890|1889 | 1977 | 1714| 167| & 2| 2| 57 0 0
16 1626 | 167 | 1889 | 1186 | 1933 | 4 | 158 | 1582 | 15| BI8| 24| M | 13| 42| 439 | 04| 0%
i) 021 | 1977 | 285 | 2065 | 285 | 4 | 18 | 186 | 18| 93| 93| 7 12| 12| 16| 08| 17
18 285|253 | 2548 | BO| U6l | 45 | 32| 32| 3W| 27| 27| B | 439 35| 12| 43| 483
19 285 | B9 | 2548 | 28 | 2548 | 46 0 o 08| 12| 2| B | 47| 47| 48| 79| 83
20 2548 | 2548 | 2724 | 241 | B2 | 47 | 308 | 308 | 439 | 430 | 439 | M | 1055 | 1055 | 835 | 1098 | 1142
21 2505 | 2505 | 2636 | 2197 | 2109 | 48 | 527 | 527 | 615 | 43| 527 | 5 | 1626 | 1626 | 1538 | 1406 | 145
2 229 | U6l | %417| 208|178 | 49 | 48| 69| 47| 39%5| 65| 7 | 1845 | 182 | 182 | 167 | 1538
3 065 | 2065 | 2109 182 | B&R| 0 | 439 | 439 | 65| 39| 52| 7 | 1977 | 1977 | 1977 | 1977 | 1626
% 78| 78| 1714 | B&2| 93| s 2| 22| 39| 32| 08| B | 2020|202 | 1938]| 1977 | 1714
2 8™ | 8| 70| 93| 439| 2 | 08| 0| 04| 26| 264| ™ | 1977 | 2021 | 1845 | 2021 | 182
2% 439 | 439 | 2| 49| 3% | B | 439| 43| 38| 69| 615| 8 | 1758 | 1758 | 182 | 2021 | 1889
27 0 0| 22| 32| 78| s | 85| 85| 703| 1011 | 967
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T AY(em) T AY(em) T AY(em)

% o | XVI | XV | XVII | XVII | XX % < | XVI | XV | XVII | XvII | XX % < | XVI | XVII | XVIIl | XVI | XX
1 | o8| 28| 28| 2548 | 2| 28 | 615| 85| 93| 38| 69| 5 | 108| 67| 97| 835 | 1B
2 0| BO| 2505 | 2505|2636 | 2 | 85| 85| T47| 4B| 69| % | 45| 1B | A5 | UL | 167
30| 23| 189 | A8 | B | 80| N | 8| 48| 4B | 439 | 69| 5 | 1758 | 215 | 241 | 1406 | 2109
4 | 28| 1406 | 1186 | 2065| 1889 | 3t | 791 | 132 | 088 | 395 | 69| 58 | 2109 | 241 | 241 | 1626 | 2197
5 | 189 | 264| 6| 1318| M06| R | S7| 264 | 38| 38| 08| P | 2065 | 241 | 1977 | 1626 | 2197
6 | BR| 264| 08| 8™| 97| B 12| 69| 747 04| 38| 6 |2021| 2021 | 60| 167 | 1933
7 791 | 703 | 43| 395| 38| M s27| 835 | BR| 38| 47| 61 | 1977 | 18| BR| 174 | 167
8 0011 | 83| 04| 22| 3 967 | 45| 1933 | 1011 | 14| & | 182 | 45| 1011 | 1758 | 1406
9 659 | 186 | A2 | 43| 69| 36 | 1406 | 1845 | 2197 | B | 58| & | 23| 1L | 69| 153 105
10 | 967|011 | 967 | 43| 967 | 37 | 18| 2109 | 2197 | 1626 | 2153 | 64 | 8™ | 747 | 04| L#A| 783
| 08| 73| 69| 57| 79| 38 | 285 | B | 2097 | 189 | 28| 6 | 527| 04| 30| 703 3%
2 | 97| 38| 20| 69| 615| 3 | BB| 47| 297 | 2021 | 297 | 66 | 1%6| 22| 48| 38| o

38| 16| 264| 3% | 264 4 | BB| BO| 1977 2065|2097 | 6 | 08| 3%5| IB| 16| o0
14 083 | 703 | 1230 | 088 | 22| 41 | 2417|2109 1626 | 2153 | 241 | 6 | 49| 48| S27| 12| o0
15 615 | 1406 | 1670 | 747 73| 42 | 2109| 1845 | 1230 | 18R | 1714 @ | 43| 49| 16| oM | o0
16 | 1055 | 2065 | 2065 | 14| 18| 44 45| 14| 83| 1538 | BI8| M | 395| 08| 083 | oM | 04
17 | 1538 | BB BB 49| 06| 4 |105] 05| o4| 23| 93| T 2| 17| 49| 12| 088
18 | 28| 259 | 2548 | 1845 | 80| 45 69| 264 38| 57| 52| m 0| 483 | 77| An| 4%
19 | 2505 | 268 | 2461 | 2109 | 285 | 46 264 | 083 | 527 2| 12| B | 51| 85| 1098 2| 791
W | x50 | A6l | BB| a3 | 241 | 4 | AR | 32| T3] 04| 40| M | s®| US| 174 | 439 | 1098
A | o4 | 24| 065 | 241|297 | L8 | ST| S27| q47| 04| 40| B | 123 1802 | 1845 | 967 | 1406
2 | a6l | 1845 | 1714 | 200 | a83| 4 | S| S| 43 0| 35| 76 | 194| 2021 | 2021 | 123 167
B | 1889 15| M| 1845 | 1BR| 0 | 415| 3| AR| 04| 36| 7 || 20| 20| 145|197
% us| 967 | 3%2| 1538 | 1BR| 51 | 43| 08| 20| 0| 32| W | 1977 021 | 065 | 1626 | 197
%5 | 00| o4| A% | 79| 93 264 | 22| 65| 12| 264 W | 2021 | 193 | 1758 | 1626 | 2021
% 527 | 3% | 48| 395 | 4% 36| 615 967 | 176| 65| 8 | 193] 182 | 1494 | 1626 | 2021
27 088 | €59 | 791 | o4 | 3% 747 | 967 | 1714 2 | 1011
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T AY(em) T AY(cm) T AY(cm)
1 1 1

3_0 * XXI | XXHI | XXHII | XXIHN | XXV % ¥ XXI | XXII | XXII | XXIHI | XXV 3_0 * XXI | XXII | XXID | XXIII | XXV
1 2124 | 94 | 205 20 | 2548 264 | 615 | -L76 703 | 703 5 1186 | 118 967 1714 | 14%
2 B3| 85 | 2461 2724 | 2505 -176 | 791 39 659 | 659 56 1494 | 14% 123 2109 | 1802
3 1977 268 | 229 2461 | 2153 08 | 747 | 352 615 | 615 57 1406 | 1802 145 210 | 2197
4 1494 | 2373 | 2065 2065 167 31 000 | 571 308 088 | 527 R 1274 | 2109 167 210 | 2153
5 352 145 | 1318 1582 | 1142 K7] 088 22| -132 308 132 RY 1186 | 2153 | 1758 2065 | 2065
6 -176 &P &P 571 615 3 39 132 132 703 527 0 1055 | 2109 | 1845 1889 | 1977
7 615 308 483 0| -176 R’ 747 | 527 439 1098 967 61 967 | 1933 | 1758 1362 | 1889
8 967 | 264 044 439 | 615 3 1450 | 1362 | 1055 1494 | 1362 62 835 | 1714 | 1626 967 | 1274
9 967 | 703 | 308 91 | 967 36 1758 | 1714 | 1362 219 | 1758 a 747 145 | 1406 659 923
10 967 | 835 | 322 747 | 923 37 1977 | 2021 | 158 285 | 1758 64 615 | 1098 | 1186 308 57
1 -1011 | -1011 395 659 | 7103 3 1933 | 2197 | 1802 2873 | 1714 [\ 48 | 439 659 0 22

703 | 74T | 483 308 | 044 39 1845 | 2329 | 182 2329 167 66 220 | 132 439 04| 08

13 3| 32| 264 176 527 40 1758 | 2153 | 1977 2197 167 67 000 | -132 22 088 | -176
14 176 | 083 088 615 | 1011 41 1670 | 1977 | 1933 1714 | 1626 68 000 | 308 044 -132 | 264
15 1098 | 1055 835 1098 145 L 1582 | 1758 | 18M2 1318 | 158 (Y 000 | 395 | 08 22| 3%
16 1582 | 14% | 118 1933 | 1889 48 1230 | 1406 | 1626 923 123 0 044 | 322 22 0 22
17 1977 | 1889 | 1538 241 | 241 4“4 1055 | 1011 | 1406 527 791 7 176 | -176 0 527 0
18 229 | 241 | 1812 2461 | 241 45 571 22 835 176 | 39 7 395 | 044 176 8P 659
19 22 | 2592 | 2021 2592 | 2197 46 220 | 132 527 395 044 3 703 | 352 395 1186 967
20 285 | 2548 | 2197 2548 | 2153 47 220 | 3% 264 527 | 48 4 967 | 659 615 145 | 1318
21 241 | 2417 | 2153 2197 | 2109 48 176 | 571 044 527 | 439 I 1450 | 1274 | 1098 1714 | 1582
2 2197 | 2197 | 2021 1889 | 2065 49 132 | 571 -132 483 | 39 76 1670 | 1494 | 1318 1977 | 1582
23 1889 | 1845 | 1758 14% 167 S0 08| 65| 3® 264 | 352 77 1626 | 1714 | 1538 1977 | 1582
4 1450 145 | 14% 1011 | 1186 51 04 | 439 22 308 | 264 ] 1538 | 1933 167 1977 | 1626
pA] 527 571 747 571 747 2 000 | -176 | 04 703 395 . 1494 | 1977 | 1845 1845 | 1626
26 088 088 39 22 308 3 264 | 088 176 1055 791 80 1406 | 1889 | 1714 167 | 1626
27 308 | 308 088 527 | 483 4 571 | 439 439 1406 | 1186
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Rz D APET R AEE M

BTER 1 4 7 22 25
(hrs) “r 2 4y + 9 8 1% 524 PR N A5

139.00 | 141.00 | 132.00 | 132.00 | 140.50 | 138.00 | 145.00 | 143.50 | 143.50 | 143.50

142.50 | 141.00 | 132.00 | 136.50 | 140.50 | 141.50 | 142.50 | 143.50 | 142.50 | 142.00

142.50 | 140.50 | 132.50 | 129.00 | 138.50 | 139.50 | 142.50 | 143.50 | 144.00 | 145.00

142.50 | 142.50 | 139.50 | 128.00 | 143.50 | 136.50 | 145.00 | 143.50 | 144.50 | 145.00

141.50 | 143.00 | 137.00 | 135.00 | 142.50 | 139.00 | 145.00 | 143.00 | 144.00 | 140.00

g
140.00 | 143.50 | 135.00 | 133.00 | 139.50 | 142.50 | 144.00 | 143.50 | 145.00 | 142.50

(mm)
141.50 | 143.00 | 138.00 | 137.00 | 142.00 | 142.50 | 144.50 | 143.00 | 143.50 | 145.00

142.50 | 138.50 | 137.50 | 136.50 | 142.00 | 145.00 | 143.00 | 143.50 | 142.50 | 143.00

142.00 | 145.00 | 132.00 | 137.50 | 141.00 | 141.00 | 145.00 | 143.50 | 145.00 | 145.00

142.00 131.50 138.00 143.50 143.00

Tia | 14188 | L3 | 13395 | T3 | 140.65 | T | 14373 | T2 | 143.55
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RE&w g2y g criEI 2 pE R B BN

FARERE 2P
T AY(cm) T AY(cm) T AY(cm)
1 1 1
30 30 30

I I I AVG I I III | AVG I I III | AVG
1 30.84 | 30.84 | 30.97 30.88 28 | 23.61 | 26.11 | 21.11 | 23.61 55 14.67 | 18.88 | 9.94 | 14.50
2 3031 | 30.45 | 29.92 30.23 29 | 20.06 | 22.95 | 17.56 | 20.19 56 10.73 | 14.80 | 6.39 | 10.64
3 29.79 | 29.00 | 27.82 28.87 30 1599 | 19.14 | 13.88 | 16.34 57 691 | 10.60 | 2.84 | 6.78
4 27.29 | 25.58 | 24.27 25.71 31 13.09 | 14.93 | 10.33 | 12.79 58 3.89 | 6.65| 0.60 | 3.72
5 2427 | 22.03 | 20.59 2230 | 32 10.20 | 10.86 | 6.78 | 9.28 59 350 | 323 | -0.58 | 2.05
6 20.46 | 18.48 | 17.04 18.66 33 7.18 | 6.78 | 3.10 | 5.69 60 3.10 | 047 | -0.84 | 091
7 16.25 | 14.93 | 13.36 14.85 34 429 | 323 | 0.60 | 2.71 61 521 | -1.24 | 0.08 | 1.35
8 11.65 | 11.38 | 9.81 10.95 35 126 | 047 | -0.84 | 0.30 62 8.10 | -1.89 | 1.00 | 2.40
9 731 | 7.83 | 6.13 7.09 36 -0.58 | -1.24 | -1.24 | -1.02 63 1125 | -1.50 | 1.92 | 3.89
10 337 | 429 | 258 3.41 37 -1.24 | -1.89 | -0.58 | -1.24 64 14.80 | -0.05 | 521 | 6.65
11 021 ] 0.74 | -1.10 -0.05 38 -0.97 | -1.63 | 1.13 | -0.49 65 1822 | 245 | 862 | 9.76
12 -0.97 | -1.10 | -1.76 -1.28 39 047 | -0.18 | 4.55 1.61 66 | 2138 | 5.60 | 12.04 | 13.01
13 -2.16 | -1.76 | -1.37 -1.76 40 284 | 231 | 797 | 437 67 | 24.00 | 9.54 | 15.46 | 16.34
14 -0.97 | -1.50 | 0.21 -0.75 41 626 | 547 | 1152 | 1775 68 | 2624 | 13.62 | 18.88 | 19.58
15 1.26 | -0.05 | 2.71 1.31 42 9.81 8.62 | 1493 | 11.12 69 | 2742 | 17.83 | 22.30 | 22.51
16 4.68 | 231 | 599 4.33 43 13.36 | 11.78 | 18.48 | 14.54 70 | 27.95 | 21.77 | 25.71 | 25.14
17 823 | 5.73 | 10.07 8.01 44 16.91 | 1493 | 21.90 | 17.91 71 2742 | 25.06 | 27.95 | 26.81
18 11.65 | 9.15 | 14.15 11.65 45 | 2046 | 18.22 | 2545 | 21.38 72 2598 | 27.82 | 29.13 | 27.64
19 15.20 | 12.57 | 18.22 15.33 46 | 24.00 | 21.38 | 27.95 | 24.44 73 23.74 | 29.53 | 29.26 | 27.51
20 18.61 | 15.99 | 22.03 18.88 47 | 27.55 | 24.53 | 29.26 | 27.12 74 | 2098 | 30.05 | 28.47 | 26.50
21 22.16 | 19.40 | 25.32 2230 | 48 | 29.13 | 27.82 | 29.53 | 28.82 75 17.69 | 29.66 | 26.63 | 24.66
22 25.58 | 22.82 | 27.95 25.45 49 | 29.79 | 29.53 | 29.00 | 29.44 76 14.28 | 28.21 | 23.22 | 21.90
23 29.13 | 26.24 | 29.66 28.34 50 | 29.39 | 30.31 | 27.29 | 29.00 77 10.86 | 25.71 | 19.80 | 18.79
24 30.05 | 29.79 | 30.31 30.05 51 2795 | 29.79 | 23.87 | 27.20 78 7.57 | 22.43 | 16.38 | 15.46
25 30.05 | 30.45 | 29.79 30.10 52 25.45 | 2834 | 20.32 | 24.71 79 4.94 | 1875 | 1296 | 12.22
26 28.87 | 30.05 | 28.21 29.04 53 2243 | 25.84 | 1691 | 21.73 80 429 | 14.67 | 9.68 | 9.54
27 26.50 | 28.61 | 24.66 26.59 54 18.75 | 22.69 | 13.36 | 18.26
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FTERF 25 pF

T AY(cm) T AY(cm) T AY(cm)

1 1 1

307 m | om [ave| 307 o m | om [ave| 307 o Il | I |AVG
1| 2966|3347 (3237|3180 | 28 |2624|1848|19.72 2146 | 55 |18.88]10.07| 9.31|12.74
2 [29.5333.08(31.19|31.23 | 29 |2348|15.59 | 1642|1848 | 56 |15.07| 6.78| 6.67| 9.50
3 29263123 (28422961 | 30 |20.19|12.70 | 1326|1537 | 57 | 1125| 4.02| 4.82| 6.70
4 [2729(2847|2552|27.07| 31 |1638| 9.81| 997|12.04| 58 | 7.83| 1.92| 4.17| 4.64
5 |24792453(2262]2396| 32 |1244| 691 | 6.67| 8.67| 59 | 4.68| 0.60| 4.82| 3.37
6 |21.512046(19.72]2054| 33 | 8.76| 4.02| 443| 573| 60 | 231| 047| 641 3.06
7 |17.83]1638 (16821699 | 34 | 547| 1.79| 3.37| 354| 61 | 0.87| 1L13| 931| 3.76
8 |13.75]1230|14.05|1336| 35 | 4.15| 047| 3.77| 280 | 62 | 047| 2.84 1234 521
9 | 994| 823|11.15| 976| 36 | 271| 021] 522| 2.71| 63 | 1.13| 5991524 | 7.44
10 | 626| 415| 825| 621| 37 | 087| 0.87| 7.59| 3.10| 64 | 2.84| 9.15|18.2710.07
11 | 323| 008| 535| 2.88| 38 | 0.08| 245|1049| 433 | 65 | 521 |12.30|21.17 | 12.87
12 | 1.00| 034 245| 126| 39 | 047| 5.60|14.05| 670 | 66 | 8.36|15.46 | 24.20 | 15.99
13 | 032| 1.79] 390| 1.79| 40 | 1.79| 8.89|1748| 937 | 67 | 11.91|18.61 |26.57|19.01
14 | 032 507| 6.14| 3.63| 41 | 4.02]12.04(21.04|1235| 68 |15.59|21.77 | 28.55 | 21.94
15 | 087] 836| 9.17| 6.13| 42 | 7.44|1533 (2420|1563 | 69 |19.27 |25.06|29.34 | 2453
16 | 4.02]11.65|12.73 | 9.46| 43 |10.86| 1848 |26.84 [ 1870 | 70 |22.56 |27.16 | 29.47 | 26.37
17 | 7.18|14.93 | 16.56 | 12.87 | 44 |1428|21.77|28.82 [21.59 | 71 |[25.32|28.21|28.68 | 27.38
18 | 1046 | 1822 (2025|1629 | 45 |17.69|25.06|30.00 | 2422 | 72 |27.55|28.34 | 26.97 | 27.60
19 | 13.62|21.51 [23.81|19.62| 46 |21.11|27.16|30.00 | 26.06 | 73 |28.61 |27.69 | 24.73 | 26.98
20 |16.77 (2492|2671 | 2278 | 47 | 24.66 | 28.34 (3027|2773 | 74 |28.87|25.84 |21.83 | 2549
21 [20.06|27.16 | 29.08 | 2541 | 48 |27.03 | 28.74 [ 29.61 | 2843 | 75 |28.2123.48|18.67 | 23.43
22 [2322(28.74|30.66 | 27.51 | 49 |28.74 |27.95[28.02 (2821 | 76 |26.50]|20.46 |15.24 |20.72
23 2650|2926 | 31.32|29.00 | 50 |29.26|2624[25.78|27.07 | 77 |24.14|17.04 | 11.94 | 17.69
24 [ 28.61(28.61 (3092|2935 51 |28.87|23.87[22.75(25.14| 78 |21.11|13.49 | 9.04 | 14.54
25 |29.53(27.03 (2934 | 28.61 | 52 |27.29 (2098 |19.46|2256| 79 |17.56| 9.81| 6.67 | 11.34
26 |29.00 2427|2618 | 2646 | 53 |25.19|17.43|16.03|19.53| 80 |13.88| 6.65| 4.96 | 8.49
27 |2847(2138(22.88 |2422| 54 |2230|13.75 | 12.47 | 16.16
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FTRE 3

T AY(cm) T AY(cm) T AY(cm)

1 1 1

307 m | om [ave| 307 o m | om [ave| 307 o Il | I |AVG
1 |2821(29.53]29.55(29.09| 28 |19.53|24.14|12.45[18.70| 55 |13.09|11.52| 3.63| 9.41
2 [27.16]2939|28.76 | 2843 | 29 |16.51|21.11| 942|1568| 56 | 9.68| 9.02| 4.16| 7.62
3 2400|2821 (27.05|2641| 30 |13.36|17.56| 6.26|1239| 57 | 652| 652| 547| 6.17
4 [2085(2598 2442|2374 | 31 |1033[13.75| 4.03| 937 | 58 | 3.89| 442| 7.45| 525
5 [17.692256(21.13]2046 | 32 | 7.18| 9.94| 297| 670| 59 | 2.05| 3.10 | 10.08 | 5.07
6 |145419.14]1732(1699| 33 | 4.02| 6.52| 3.50| 4.68| 60 | 1.00| 2.71|12.84 | 5.51
7 | 1152]1572 (1324|1349 | 34 | 2.05| 3.76| 521 | 3.67| 61 | 1.00| 2.97|1574| 6.56
8 | 823[12.17| 9.42| 994 | 35 | 087| 2.84| 7.58| 3.76| 62 | 1.92| 4.15|18.63| 8.23
9 | 507| 876| 561| 648| 36 | 060| 1.79|10.61| 433 | 63 | 3.76| 5.99|21.13 | 10.29
10 | 2.58| 534 297| 3.63| 37 | 139| 2711350 | 586 | 64 | 6.26| 8.36|23.11|12.57
11 | 087| 1.79| 232| 1.66| 38 | 2.97| 4.42|16.66| 8.01| 65 | 9.41|11.2524.55]15.07
12 | 021 021 3.76| 139| 39 | 534| 691 |18.11|10.11| 66 |12.83|14.28 |25.08|17.39
13 | 087]-018| 6.13| 227| 40 | 731| 9.94|19.55[1226| 67 |16.12|17.30|25.08 | 19.49
14 | 231] 034 9.16| 3.94| 41 | 9.41|13.09|22.05|14.85| 68 |19.53|20.06 |24.42|21.33
15 | 534] 1921258 661 | 42 |11.78|1625|24.16 [ 1739 | 69 |22.43 | 22.43 | 22.97 | 22.60
16 | 849 | 4421600 9.63| 43 |1520|19.40|2547[20.02| 70 |24.79 | 2427 | 20.87 | 23.30
17 | 11.65| 7.57 1929 |12.83 | 44 |18.75|22.03 |26.00 | 2225 71 |26.50 | 25.45 | 18.37 | 23.43
18 | 14.67 | 1112 [ 22.18 | 1599 | 45 |21.90 | 24.40 | 25.74 | 24.00 | 72 |27.29 | 25.98 | 15.61 | 22.95
19 | 17.83 | 14.80 [ 24.68 | 19.10 | 46 |24.40|26.11 | 24.68 | 2506 | 73 |27.16 |25.58 | 12.71 | 21.81
20 [20.98 | 18.61 (2639|2199 | 47 |2637 (2690 (2297|2541 | 74 |2624|2427| 9.95|20.15
21 [24.14 (2203 | 27.18 | 2444 | 48 | 2742|2677 [20.61 2492 | 75 |24.40|22.43 | 7.45|18.09
22 [26.11(24.79|27.18 | 26.02 | 49 |27.55|25.84[17.97(23.79| 76 |21.90|19.93 | 5.47|15.77
23 [27.55(27.16 | 2626 | 2698 | 50 |26.77 | 24.00 | 14.82 | 21.86 | 77 |18.88|17.17 | 4.29 | 13.44
24 [27.82(2834(24.68|2694 | 51 |2519|21.77|11.66 | 19.53 | 78 |15.59|14.15| 4.16 | 11.30
25 | 27292874 |21.66 | 2589 | 52 |22.82|18.88 | 8.76|16.82| 79 |12.17|11.12| 5.08| 9.46
26 | 257128211863 |24.18| 53 |19.93|16.51| 6.26|1423| 80 | 8.89| 836| 6.66| 7.97
27 [22.69 (2663|1547 |21.59 | 54 | 16.64 | 14.01 | 4.42 | 11.69
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FTERF 35 pF

T AY(cm) T AY(cm) T AY(cm)

1 1 1

307 m | om [ave| 307 o m | om [ave| 307 o Il | I |AVG
1 |30.58|28.87[30.58 |30.01| 28 |22.03|23.61(22.82(22.82| 55 |10.0714.15|13.36 1252
2 29922874 (29922953 | 29 |18.75|20.46|19.40 1953 | 56 | 7.18|11.12| 9.68 | 9.32
3 2821 27.69(2650 (2747 | 30 | 1546|1691 |1585|16.07| 57 | 481| 7.97| 599 | 6.26
4 [2479(2571 2295|2449 | 31 |12.17[13.09| 1244|1257 | 58 | 337| 481 231 3.50
5 [2138(2243|1940|21.07| 32 | 9.02| 941| 9.02| 9.15| 59 | 2.97| 2.58| -0.05| 1.83
6 |17.83]19.01]1585|17.56| 33 | 560| 6.13| 560| 578 | 60 | 3.76| 126| -1.50 | 1.17
7 | 144115591244 | 14.15| 34 | 3.50| 323 | 2.05| 2.93| 61 | 534| 1.00| -1.89 | 1.48
8 |10.86]1230| 8891068 | 35 | 2.58| 1.39]-032| 122 62 | 7.57| 1.66|-1.10| 2.71
9 | 744| 889| 534| 722| 36 | 2.58| 047 -1.76| 043 | 63 |1046| 337 074 | 4.86
10 | 389| 547| 1.79| 3.72| 37 | 3.10| 0.74| 2.16| 056 | 64 |1349| 6.39| 429 8.05
11| 1.92| 2.05[-071| 1.09| 38 | 468| 1.79| -124 | 1.74| 65 |16.64| 9.41| 7.83|11.30
12 | 1.13| 047 -2.16|-0.18| 39 | 691| 1.79| 0.60| 3.10| 66 |19.53|12.57 | 11.52 | 14.54
13 | 126|018 -1.89|-027| 40 | 9.81| 494| 4.15| 630| 67 |22.16|15.59 | 15.07 | 17.61
14 | 245] 047|-1.50| 047| 41 |1296| 8.10| 7.83| 9.63 | 68 |24.40|18.75|18.75 | 20.63
15 | 442| 28| 060 2.40| 42 |1625|1125|11.52|13.01 | 69 |2598|21.77 | 22302335
16 | 7.18| 468 | 337| 5.07| 43 |1940]|14.41 (1520|1634 | 70 |26.63 |24.92 | 25.98 | 25.84
17 | 1046 | 7.83| 6.91| 8.40| 44 |2230|17.43|18.88[19.53 | 71 |[26.63 | 26.63 | 2834 |27.20
18 | 1401 | 1152 | 11.12 | 1222 | 45 | 24.66|20.72 | 22.56 | 22.65 | 72 |25.71 | 27.69 | 29.79 | 27.73
19 | 17.56 | 1533 [ 1533 | 16.07 | 46 |26.37|23.87 (2624|2549 | 73 |24.00 |27.69 | 30.18 | 27.29
20 [20.98|19.01|19.53|19.84 | 47 |27.16 | 26.11 | 28.61 | 27.29 | 74 |21.90 | 26.90 | 29.53 | 26.11
21 [24.00|22.16 | 2335 |23.17 | 48 |27.16 | 27.69 [ 29.92 | 2826 | 75 |19.2725.19 | 27.82 | 24.09
22 [26.24(25.06| 2650|2593 | 49 |2637|28.08[30.31(2826| 76 |16.12]22.16|24.27 | 20.85
23 [27.95(27.16 | 28.87 | 27.99 | 50 |24.79 | 27.69 | 29.66 | 2738 | 77 | 12.96 | 19.01 | 20.72 | 17.56
24 [28.74|14.80 | 30.18 | 24.57 | 51 |22.56|26.50 [ 27.82|25.63| 78 | 9.81|15.85|17.04 | 14.23
25 |28.47|14.80|3045|24.57 | 52 |19.67 | 2348|2427 |2247| 79 | 7.05|12.70 | 13.49 | 11.08
26 | 2729|1480 | 29.66 | 23.92 | 53 |16.64 2032|2059 |19.18 | 80 | 4.94| 9.54| 9.81| 8.10
27 [2532(26.11(2624|2589| 54 |13.22|17.30 | 1691 | 15.81

38




FARRE 4. pF

T AY(cm) T AY(cm) T AY(cm)

1 1 1

307 m | om [ave| 307 o m | om [ave| 307 o Il | I |AVG
1 [3321(31.79[32.05|3233| 28 |18.35|17.97(2021|1883| 55 | 2.84| 6.53| 8.76| 6.04
2 [33.0831.53(31.79 | 32.11 | 29 |1520|14.55|16.53|1542| 56 | -0.18| 3.76 | 5.08 | 2.88
3 318930213021 (3075| 30 |12.17|11.13]12.84|12.04| 57 | 1.13| 087 1.39| 113
4 |282127.84(2758|2786| 31 | 9.02| 7.71| 9.16| 8.62| 58 | 337| 0.74| -0.71| 1.13
5 |24.53(24.03(24.03 (2418 32 | 586| 429| 547| 521| 59 | 678 1.79| -1.89 | 2.23
6 |20.85(20.08]2034|2041| 33 | 271| 087 | 1.66| 1.74| 60 |1033| 4.95| -2.03 | 4.42
7 [17.17]16.13 | 16.66 | 16.64 | 34 | -045| 034|-0.71|-027| 61 |13.88| 8.11| -0.84 | 7.05
8 [1336]1232]1297|1287| 35 | 1.39| 0.61]-0.71| 043 | 62 |1743|1126| 1.13| 9.94
9 | 968| 837| 9.42| 9.15| 36 | 442| 245|-0.71| 2.05| 63 |20.98|14.42| 4.68|13.36
10 | 599| 442 574| 538| 37 | 7.83| 5.74| -0.18| 446 | 64 |24.53|17.58| 837 16.82
11 | 231| 047] 205| 1.61| 38 |11.91| 9.16| 1.00| 7.35| 65 |27.03|20.74 | 12.05 | 19.93
12 | -1.50 | -0.05 | -1.63 | -1.06 | 39 |16.12|12.58 | 4.68 | 11.12| 66 |14.80 |24.03 | 15.61 | 18.13
13 | 047| 074 | 047| 056| 40 |20.06|15.87| 837 |14.76 | 67 |15.20|26.39 | 19.29 | 20.28
14 | 3.63| 31| 337 337| 41 |23.74|1929|12.05|18.35| 68 |14.93|27.84|22.9721.90
15 | 7.57] 679 | 7.05| 7.13| 42 |26.63 2271|1574 | 21.68 | 69 |27.55|28.37 | 26.66|27.51
16 | 1165|1061 | 11.13 | 11.12| 43 |28.74|26.13 | 1929 | 24.71 | 70 |24.27 | 28.11 | 28.76 | 27.03
17 | 15721429 | 15.61 | 1520 | 44 |29.79 | 28.11 | 23.11 [ 2698 | 71 [20.98 | 26.92 | 29.82 | 25.89
18 | 19.67 | 18.11 | 19.68 | 19.14 | 45 |29.92|29.16 | 26.79 [ 28.61 | 72 |17.56 | 23.76 | 29.95 | 23.74
19 | 23742179 [ 21.92 | 2247 | 46 |28.87|29.16|28.89 | 2896 | 73 |14.28 | 20.61 | 28.89 | 21.24
20 [27.82(25.61|24.16 | 2584 | 47 | 2598|2824 [29.95(28.04| 74 |10.86|17.45|27.05 | 18.44
21 [29.92|28.11 (2653 |28.17| 48 |23.08|26.26|29.95|26.41| 75 | 7.57|14.29|23.50 | 15.11
22 [30.97(29.82|28.89 |29.88 | 49 |20.19 |23.50 [29.03 | 2422 | 76 | 4.15|11.26|19.82 | 11.73
23 (309730343008 |3045| 50 |17.30|20.74 [26.92|21.64| 77 | 1.79| 7.97|1626| 8.67
24 [29.7929.82 (3021|2992 | 51 |14.41|17.84 (2337|1853 | 78 | 047| 4.82|12.58 | 5.95
25 |27.69(28.24 (2942|2843 | 52 | 11.52[15.0819.68|1542| 79 | 0.60| 2.45| 9.03 | 4.02
26 |24.66|24.82 (2758|2567 | 53 | 8.62|12.18[16.00|1226| 80 | 1.92| 1.26| 534 2.84
27 [21.51(2139(23.89|2225| 54 | 573| 9.42|1245] 9.19
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FTERF 45 pF

T AY(cm) T AY(cm) T AY(cm)

1 1 1

307 m | om [ave| 307 o m | om [ave| 307 o Il | I |AVG
1 [31.10]32.18 [32.55|31.94| 28 |20.1919.68 (1520 | 18.35| 55 | 8.89| 6.00| 3.37| 6.08
2 307131923150 |31.37| 29 | 1651|1600 | 1125|1458 | 56 | 534| 2.58| 1.13| 3.01
3 292630472926 (2966 | 30 |12.83|12.18| 7.44|1081| 57 | 1.66| 0.47|-0.32| 0.60
4 [2677(27.97|2506(2659| 31 | 9.15| 8.50| 3.50| 7.05| 58 | -0.58| -0.97 | -1.24 | -0.93
5 [229523.89(20.85|22.56| 32 | 547| 482| 1.00| 3.76| 59 | -1.76 | -1.37 | -0.45 | -1.19
6 |1901]19.82|16.64|1848| 33 | 1.79| 1.00| -0.97| 0.60| 60 | -1.76 | -0.45 | 1.13 | -0.36
7 1507|1561 |12.44|1436| 34 | -045|-1.11| 1.26|-0.10| 61 |-0.71| 1.39| 323 | 131
8 |11.12]1153| 836|1033| 35 | -1.76 | -2.03 | -0.05| -1.28 | 62 | 1.39| 3.89| 6.78| 4.02
9 | 7.18| 732| 4.02| 617| 36 |-1.89|-1.50| 034|-1.02| 63 | 4.94| 7.58 1046 | 7.66
10 | 323| 324 -018| 2.09| 37 |-097| 034| 2.58| 065| 64 | 8.49|11.26 | 14.15 | 11.30
11 | -071|-097|-1.10]-093| 38 | 1.00| 2.58| 573 | 3.10| 65 |12.04|14.95]17.69 | 14.89
12 | -1.50 | -097 | -0.71| -1.06 | 39 | 4.55| 6.13| 9.28| 6.65| 66 |15.59|18.63|21.3818.53
13 | -137]-137| 1.52| -040| 40 | 823 | 9.82|12.96 [ 1033 | 67 |19.14|22.3225.06|22.16
14 | 047] 28| 521 2.62| 41 | 1178|1337 | 16.64 | 13.93 | 68 |22.69 | 26.13 | 27.55 | 25.45
15 | 4.02] 574| 889 621| 42 |1546|17.05]20.19 [ 17.56| 69 |26.37 |28.2429.13 | 27.90
16 | 7.70| 929 |12.57| 9.85| 43 |19.01|20.61|23.87[21.16| 70 |28.47 |29.42|29.66 | 29.18
17 | 1138 ]12.97 | 1638 | 1358 | 44 | 22.69|24.29 | 27.55 [ 24.84 | 71 | 29.66 | 29.55 | 29.13 | 29.44
18 | 15.07 | 16.53 | 20.06 | 1721 | 45 | 2637|2797 |29.13 [27.82| 72 [29.79 | 28.76 | 27.69 | 28.74
19 | 18.75 | 20.08 | 23.74 | 20.85 | 46 |28.61|29.55(29.79 | 29.31 | 73 |28.74 | 26.92 | 25.19 | 26.94
20 [2243(23.63 (2755|2453 | 47 |29.79 [ 29.95[29.53 | 29.74 | 74 |26.63|23.50 | 22.16 | 24.09
21 [26.11(2732(1572|23.04| 48 |29.92|29.55[28.08|29.18 | 75 |23.87|19.95|18.48 | 20.76
22 [2834(29.42 (1625|2466 | 49 |28.87[27.97 (2571|2751 | 76 |20.19|1639 |14.54 | 17.04
23 [29.79 (3047 | 16.12 | 2545 | 50 |26.90 | 25.34 [22.03 | 24.75 | 77 |16.51|12.84 | 10.73 | 13.36
24 [30.05(3047(29.00|29.83 | 51 |23.35|22.05|1835|21.24| 78 |12.83| 9.29| 6.78 | 9.63
25 29262929 |26.77 | 2843 | 52 |19.80 | 18.11 | 1454|1748 | 79 | 9.15| 574 | 3.50 | 6.13
26 |27.42(27.05(22.95(2580| 53 |16.12|14.03|10.86|13.66| 80 | 547| 2.18| 1.26| 2.97
27 [23.87(2337(19.01 |22.08| 54 |12.57|10.08| 7.18| 9.94
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FTRE 5P

T AY(cm) T AY(cm) T AY(cm)

1 1 1

307 g n | m [ave| 07| g m | m | ave | 307 ] g I | I |AVG
1 |31.50(3242(32.02|31.98| 28 |[1599|15722032| 17.34| 55 | 889 | 6.00| 3.37| 6.08
2 282132023176 3067| 29 | 1244|1230|1664| 1379| 56 | 534| 2.58| 1.13| 3.01
3 |24923031(3031(2852| 30 | 9.02| 876|1296| 1025| 57 | 1.66| 047|-032| 0.60
4 |21.6427.69(2782]2571| 31 | 560| 521 | 928| 670| 58 | -0.58|-0.97| -1.24 | -0.93
5 |182224.14 (2427 2221| 32 | 218| 1.66| 560| 3.15| 59 |-1.76|-1.37| -045] -1.19
6 |1493(2046 2006|1848 | 33 | -1.37]-058| 1.79| -0.05| 60 | -1.76 | -0.45| 1.13| -0.36
7 | 1165|1691 (1533|1463 | 34 | -1.89|-1.89|-032| -137| 61 |-0.71| 1.39| 3.23| 131
8 | 823(13221046|1064| 35 | -1.37|-1.89|-1.76 | -1.67| 62 | 139| 389 | 6.78| 4.02
9 | 494| 954| 6.13| 687| 36 | 034]-097|-1.76| -0.80| 63 | 4.94| 7.58|1046| 7.66
10 | 1.66| 599 | 2.05| 323| 37 | 2.84| 1.13|-058| 1.13| 64 | 8.49|11.26]14.15 | 11.30
11 | -176| 231]-1.10] -0.18 | 38 | 599 | 4.68| 1.39| 4.02| 65 |12.04]14.95](17.69 |14.89
12 | 032 -137] -242| -137| 39 | 981 | 836| 455| 7.57| 66 |1559]18.63|21.38|18.53
13 | 2.05] 0.60|-124| 047 | 40 |13.88|12.04| 7.70 | 1121 | 67 |19.14 |22.32 | 25.06 | 22.16
14 | 573| 3.63| 087 341 41 |18.091572(1099 | 1493 | 68 |22.69 |26.13|27.55 2545
15 | 941| 731| 350 674 | 42 |21.77|19.40|14.15| 1844 | 69 |26.37|28.24|29.13|27.90
16 |13.09| 1138 | 7.31[10.60| 43 |25.06|23.08|17.30 | 21.81| 70 |28.47|29.4229.66|29.18
17 | 16771572 [ 1125 |14.58 | 44 | 27.55 2677|2059 | 2497 | 71 |29.66 | 29.55 | 29.13 | 29.44
18 |2032]19.93 1520|1848 | 45 |29.13|29.00(23.74| 2729 | 72 |29.79 | 28.76 | 27.69 | 28.74
19 |24.14 23741901 | 2230 | 46 |29.79 |30.18 | 27.03 | 29.00 | 73 |28.74 | 26.92 | 25.19 | 26.94
20 [27.82(26.90 2295|2589 | 47 |29.26]29.92(29.13| 29.44 | 74 |26.63 |23.50 | 22.16 | 24.09
21 [29.66|29.26 | 2690 | 28.61 | 48 | 27.69 | 29.53 | 3031 | 29.18 | 75 |23.87 | 19.95 | 18.48 | 20.76
22 [3045(3045(29.13 3001 | 49 |2532]27.55(29.92| 27.60| 76 |20.19|16.39 | 14.54 | 17.04
23 [30.18 | 30.58 | 3045 | 3040 | 50 | 22.30 | 24.66 | 29.53 | 2549 | 77 |16.51|12.84 | 10.73 | 13.36
24 | 28.74(29.79 | 3045 | 29.66 | 51 | 1848 |21.11|2742| 2234 | 78 |12.83| 9.29| 6.78 | 9.63
25 [2624 (2637|2966 |2742| 52 | 1441|17.04|2440| 1861| 79 | 9.15| 574| 3.50| 6.13
26 | 22822282 (27.69 | 2444 | 53 | 1033 |12.83|2085| 1467| 80 | 547| 2.18| 1.26| 2.97
27 | 1940|1927 2400|2089 | 54 | 6.52| 8.76|1691| 10.73
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EERBKE 6.0

T AY(cm) T AY(cm) T AY(cm)

1 1 1

307 m | om [ave| 307 o m | om [ave| 307 o Il | I |AVG
1 |28.12(28.12]27.68(27.97| 28 | -1.32|13.18| -044 | 3.81| 55 |2548|12.74 (2592|2138
2 |2461 (2768|1933 (2387 | 29 | -044| 879| 2.64| 3.66| 56 |24.61|12.30]27.24|21.38
3 12021(2724|13.18 2021 | 30 | 3.08| 8.79| 6.15| 6.01| 57 |2329]|11.86|25.05|20.07
4 [1055(2680| 7471494 | 31 | 747 835[1055| 8.79 | 58 |22.41|1538|22.85 2021
5 | 527(2636| 220|1128| 32 |11.86| 7.91[1933|13.04| 59 |21.09|18.89 |20.65 |20.21
6 | 0442592|-220| 8.06| 33 |1626| 7.91|22.85|15.67| 60 |202118.89 | 18.45 | 19.19
7 | -352(21.97| -2.64| 527| 34 |20.65| 7.47|2592|18.02| 61 |18.89 1845|1626 |17.87
8 | -439(18.02| -352| 337| 35 |24.61| 7.03|2856(20.07| 62 |1538|18.02| 8.79 | 14.06
9 | -527|13.18| 439 | 1.17| 36 |28.56| 6.59 2856|2124 | 63 | 1142|1758 5.27|11.42
10 | 264 | 879 -044| 1.90| 37 [29.00| 1055|2680 |22.12| 64 | 3.95|17.14| 2.20| 7.76
11 | 132 879 3.52| 454| 38 |28.12]14.94(2505|2270| 65 | 0.88|16.70| 2.20| 6.59
12 | 571| 879[13.62| 937| 39 |26.80]|18.89(2329|2299| 66 | 1.32|1626| 1.76 | 6.44
13 | 10.55| 8.35|1845|1245| 40 |2548|2241(21.53|23.14| 67 | 220|1582| 1.32| 644
14 | 2021| 835[2285|17.14| 41 |2241(2285(19.33|21.53| 68 | 3.08|1538| 0.88| 6.44
15 |24.17| 7.91|2636|19.48 | 42 | 184523291098 |17.58 | 69 | 3.95|1538| 3.52| 7.62
16 |2724| 791 |24.61(1992| 43 |14.06|23.73| 6591479 | 70 | 4.83|14.94| 6.59| 8.79
17 |27.68| 7.47|2241|19.19| 44 | 527|24.17| 3.08[1084| 71 | 879 |14.50| 1055 | 11.28
18 | 28.12| 11.86 [ 20.21 [ 20.07 | 45 | 1.76|25.05| 0.00| 8.93 | 72 |12.74 | 14.06 | 11.86 | 12.89
19 | 28.56 | 16.26 | 18.0220.94 | 46 | -0.88|18.45| -2.20| 5.13| 73 |16.26 | 13.62 | 13.18 | 14.35
20 [25.92(20.65|15.82 /2080 | 47 | -0.88|14.50 | -1.76 | 3.95 | 74 |23.73|13.18 | 14.50 | 17.14
21 [22.85(21.97|13.62|1948 | 48 | -044 |14.50 | -0.88 | 439 | 75 |25.92|12.74|15.82 | 18.16
22 [18.02(2329| 1142 |17.58| 49 | 0.00|14.06| 1.76 | 527| 76 |24.61|1230|17.14 | 18.02
23 [ 13.62(24.61| 6.59|14.94| 50 | 3.08|14.06| 527| 7.47| 77 |2329|11.86|18.45|17.87
24 | 3.95(2592| 2201069 | 51 | 6.59|13.62| 923| 9.81| 78 |21.97|1538|19.77 | 19.04
25 | 0442768 -044| 923 | 52 [1098|13.18|16.70 | 13.62| 79 |20.65|18.89 | 21.09 | 20.21
26 | -3.08 2153 | -044 | 6.01| 53 |14.94|13.18|20.65|1626| 80 |19.33(21.97]18.02|19.77
27 | -220(1758 | -0.44 | 498 | 54 |22.85|12.74 [23.73 | 19.77
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EERBIKE 65

T AY(cm) T AY(cm) T AY(cm)
1 1

30 ™ I II I AVG 30 ™ I I I | AVG 31—0 S. I I I | AVG
1 31.20 | 29.88 | 27.24 2944 | 28 | -1.32| 1142| 220| 4.10| 55 |2548|-19.77 |10.11| 5.27
2 29.00 | 29.44 | 26.80 2841 | 29 | -0.88| 6.59| 3.52| 3.08| 56 |[27.24|-24.17|14.06| 5.71
3 25.48 1 29.00 | 26.80 27.10 | 30 0.00| 264| 527 264| 57 |28.56| -4.83|18.02|1391
4 | 21.09 | 28.56 | 26.36 2534 | 31 352 -352| 7.03| 234| 58 |26.80| -3.08|21.53] 15.09
5 11.42 | 28.12 | 18.02 19.19 | 32 747 -3.08| 879 439| 59 |24.61| -0.88 2197|1523
6 6.59 | 20.21 | 13.62 1347 | 33 | 11.86| -220|1055| 6.74| 60 |22.41]|-24.17|22.85| 7.03
7 220 | 1494 | 8.79 8.64| 34 |1626| -1.76 | 1230 | 893 | 61 |[20.21]|-24.17|2329| 6.44
8 -1.76 | 9.67 | 4.39 4.10| 35 |24.17| -0.88|14.06|1245| 62 |16.26 |-24.17|24.17| 5.42
9 -1.76 | 439 | 5.71 278 | 36 |[2680| 6.59|18.02|17.14| 63 |12.30]|-24.17|25.05| 4.39
10 | -1.32| -0.88 | 7.47 1.76 | 37 [29.00| 1098 |21.53|20.51 | 64 8.79|-24.17 | 2197 | 2.20
11 | -0.88| -3.95| 8.79 1.32 | 38 [29.88| 15.82|24.61|23.43| 65 220 0441494 | 5.86
12 2.64 | -3.95| 10.55 3.08| 39 (2944 | 19.77|24.61 |24.61 | 66 2.64 | -2.64 | 11.42| 3.81
13 7.03 | -3.95 | 11.86 498 | 40 |[2592| 23.29]|24.61|24.61| 67 3.08| -483| 7.47| 1.90
14 | 1230 -3.95 | 13.62 732 | 41 |22.85| 23.73|24.17 |23.58 | 68 352 -7.03| 7.03| 1.17
15 | 21.09 | -3.95 | 15.38 10.84 | 42 | 18.89| 24.17|24.17|22.41| 69 395 -8.79| 6.15| 0.44
16 | 25.05| 3.95|19.77 1626 | 43 | 1450 | 24.61 |24.17 {21.09| 70 4.83 | -24.17| 5.71| -4.54
17 | 28.12| 9.23|23.73 2036 | 44 |10.55| 25.05|23.73 1977 71 8.35|-24.17 | 4.83| -3.66
18 | 29.88 | 14.06 | 26.80 23.58 | 45 3.08 | 2548|1582 (1479 | 72 |11.86|-24.17| 439 | -2.64
19 | 29.88 | 18.89 | 27.24 2534 | 46 0.00 | 1845|1186 | 10.11 | 73 |15.82|-24.17| 3.52| -1.61
20 | 29.44 | 22.85|27.68 26.66 | 47 044 | 1406 | 791 | 7.47| 74 |19.77|-24.61| 2.64| -0.73
21 | 26.80 | 29.00 | 28.12 2797 | 48 1.32| 9.67| 7.47| 6.15| 75 |2548|-2417| 9.23| 3.52
22 | 23.29 | 27.24 | 28.56 2636 | 49 1.76 | 527 | 659 | 454 | 76 |2548|-24.17|13.18| 4.83
23 | 19.33 | 25.48 | 25.92 23.58 | 50 264 | 220 571 352 77 |2592| -4.83 1626|1245
24 | 14.50 | 23.73 | 22.85 20.36 | 51 6.59 | -2.64| 527 | 3.08| 78 |2636| -3.08|19.77 | 14.35
25 527 (2197 | 1450 1391 52 |1055| -6.59| 439 2.78| 79 |26.80| -0.88|19.77 | 15.23
26 1.32 1 19.77 | 9.67 1025 | 53 |14.06(-1098 | 3.52| 2.20| 80 |2241 0.44 | 20.21 | 14.35
27 | -1.76 | 1582 | 5.27 6.44 | 54 |1845|-1538| 2.64| 1.90
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A RERE T3
T AY(cm) T AY(cm) T AY(cm)

1 1 1

307 m | om [ave| 307 o m | om [ave| 307 o Il | I |AVG
1 [3252(31.64|21.53|28.56| 28 | -044|18.45(2636|14.79 | 55 |14.94 | 11.86 | 27.24 | 18.02
2 [3032(3076| -1.76 | 1977 | 29 | -0.44 | 17.14 | 27.68 | 14.79 | 56 |19.33 | 1538 |25.05 | 19.92
3 27242988 6592124 30 | 0.00|16.26|29.00|15.09| 57 |25.05]|18.89 | 23.73 | 22.56
4 [232929.88|11.86|21.68| 31 | 0.00|14.94|26.80|13.91| 58 |24.61|18.89|21.97|21.82
5 | 1845(2636|16.70|20.51 | 32 | 044 |13.62|24.17|12.74| 59 |24.17|18.45 |48.77 | 30.46
6 |14.06(22.85(21.09|1933| 33 | 3.95|12.74 | 1582 | 10.84 | 60 |23.29|18.02 |22.85 |21.38
7 | 7.91|1845(2505|17.14| 34 | 835|11.42| 1142|1040 | 61 |22.85|17.58|24.17 | 21.53
8 | 3.08|13.182505|1377| 35 |1274|10.11| 7.03| 9.96 | 62 |21.97|17.14 2592 |21.68
9 | -132| 7472548 |1055| 36 |16.70 | 14.06 | 2.64 | 11.13 | 63 |18.89|16.70 | 29.88 | 21.82
10 | -439| 2.20(2548| 7.76 | 37 |24.17|17.58| -0.88 | 13.62 | 64 |14.94 |13.18 |31.64 | 19.92
11 | -395|-352[2592| 6.15| 38 |26.80]|1933|21.53|22.56| 65 |10.98| 9.23 |33.83|18.02
12 | -3.08|-3.52[2636| 659| 39 |2856|21.09(21.53|2373| 66 | 7.03| 52735591596
13 | 044 -088|1845| 6.01| 40 |29.44 (2285|4877 (33.69| 67 | 0.88| 52736911435
14 | 439 2.64|13.62| 688 | 41 |27.24|24.61 (4877|3354 | 68 | -0.88| 5.27|48.77|17.72
15 | 879| 571| 835| 7.62| 42 |24.61|2636|2505(2534| 69 | 044 | 527|48.77]18.16
16 |14.06 | 1142 | 3.95| 9.81| 43 |21.53|21.09|29.00 2387 | 70 | 2.20| 4.83|48.77 | 18.60
17 |2241]17.14| 000 |13.18| 44 |17.58|17.14 | 3120 [ 2197 | 71 | 3.52| 4.83|35.15| 14.50
18 |2636|2548 | -1.32|16.84 | 45 |13.18|13.18 3339|1992 72 | 527| 4.83 2153|1055
19 | 28.56|28.56 | -3.08 | 18.02| 46 | 8.79| 9.67 3559 |18.02| 73 | 9.23| 4.39|13.62| 9.08
20 [3032(27.68| -4.83 1772 47 | 132 527[3691|1450| 74 |12.74| 835| 9.67 | 10.25
21 [30.76 | 2636 | -2.64 | 18.16 | 48 | -1.32| 527 (4877|1758 | 75 |16.26]|11.86| 527 | 11.13
22 [27.68|25.48| 044 |1787| 49 | -1.32| 4.83 4877|1743 | 76 |19.77|1538| 2.20 | 12.45
23 [24.61(24.17| 879|19.19| 50 | -1.32| 4.83 (3823|1391 | 77 |2548]18.45| -0.88 | 14.35
24 [21.09(22.85(13.18|19.04 | 51 | -1.76 | 4.39[36.91|13.18| 78 |26.80|18.89 | -0.88 | 14.94
25 [1626(21.97|17.58 |18.60 | 52 | 3.08| 4.39 (3559|1435 | 79 |27.24|19.77 | -0.88 | 15.38
26 | 11.86 (2065|2197 |18.16| 53 | 6.59| 3.95[31.20|13.91 | 80 |28.12]2021 | -1.32 | 15.67
27 | 747(1933(2548 1743 | 54 | 1098 | 7.47 |29.44 | 15.96
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BERBRE TS
T AY(cm) T AY(cm) T AY(cm)
1 1

30" I I I | AVG 30" I I III | AVG 31—0 S. I I III | AVG
1 31.20 | 28.12 | 29.88 | 29.73 | 28 220 3.08| 0.88| 2.05| 55 79112197 | 9.23|13.04
2 30.32(21.09 | 29.00 | 26.80 | 29 | -1.76 | 4.83 | 0.88| 132| 56 |12.30|24.61|13.18]|16.70
3 29.00 | 16.70 | 27.68 | 2446 | 30 | -0.88| 6.59| 0.88 | 2.20| 57 |20.21]|24.61 |20.65|21.82
4 27.68 | 11.86 | 24.17 | 21.24| 31 0.00| 835| 088 | 3.08| 58 |23.29]24.61|23.29]23.73
5 24.17| 6.59]20.21|16.99| 32 0.88|10.55| 088 | 4.10 | 59 |2592]|24.61|2548 2534
6 |20.65| 2201582 |12.89| 33 1.76 | 1450 | 0.44 | 5.57| 60 |27.24|24.17 | 26.80 | 26.07
7 14.06 | -4.83 | 5.71 | 498 | 34 2.64 | 1889 | 395| 849 | 61 |26.80]|21.09 2548 |24.46
8 879 -395| 220| 234 | 35 7.03 12285 | 7911260 62 |2592]|14.06|24.17|21.38
9 352| -3.08 | -1.76 | -0.44 | 36 | 11.86|2548|12.30(16.55| 63 |23.29| 10.11|22.41 | 18.60
10 | -1.32| -2.20| -2.20| -1.90 | 37 |19.77|25.05|20.21 | 21.68 | 64 |19.77| 6.59|19.33 | 1523
11 1.32| -1.32 | -2.64| -0.88 | 38 |[23.29|24.17 (2329|2358 | 65 |1626| 3.52| 1582 | 11.86
12 395 7.03|-352| 249 | 39 |2592|23.73|2592|2519| 66 |1230| 0.44|12.30| 835
13 6.59 | 11.86 | -0.88 | 5.86 | 40 |2592|22.85|27.24|2534| 67 879 | -2.64 | 4.83| 3.66
14 9.67 | 17.14| 2.64| 981 | 41 |2636|21.97|26.80|2505| 68 132 -1.32 | 2.20| 0.73
15 | 12.30(21.09| 7.03 | 1347 | 42 |26.80|14.06 2592 |2226| 69 0.88 | 0.44| 0.00| 0.44
16 | 1494|2505 | 11.86|17.28 | 43 |24.61|10.11 2329|1933 | 70 044 220 | 044 | 1.03
17 | 18.0225.05|19.77 | 2094 | 44 |21.09| 6.15|19.77 | 15.67 | 71 0.00 | 395| 132| 176
18 [ 22.41|25.05(2329|2358| 45 |17.14| 2.64|1626|12.01 | 72 | -0.44|1098| 1.76 | 4.10
19 [2592|25.05(2592|25.63| 46 |12.74| 0.00 | 1230 | 835| 73 2.20 (1450 | 2.64 | 6.44
20 | 28.12(25.05|28.12(27.10| 47 | 1186 | 1.76 | 8.79| 7.47| 74 527 | 1845 | 527 | 9.67
21 | 28122548 |27.68 |27.10| 48 |10.55| 3.52| 132 513 | 75 9.23 12153 | 9.23|13.33
22 | 28.12|17.14|26.80 | 24.02 | 49 9.67| 571 | 088 | 542 | 76 |13.18|23.73|12.74|16.55
23 [ 27.68 | 12.74 | 24.61 | 21.68 | 50 835| 747 | 044 | 542 | 77 |20.65|22.41|19.77 | 20.94
24 | 2417 | 7.47]21.09|1758| 51 7471 9.23 | 0.00| 5.57 | 78 |23.29]20.65|22.85]22.26
25 (2021 3.52|17.14|13.62| 52 6.15| 1142 | -0.44| 571 | 79 |2548|19.33|25.05]23.29
26 | 1582 -0.44|12.74| 937 | 53 5271494 | 220| 747 | 80 |2680|17.58|2592 2343
27 571 132 483 | 395| 54 39511889 | 527| 9.37
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A RERE 80
T AY(cm) T AY(cm) T AY(cm)

1 1 1

307 m | om [ave| 307 o m | om [ave| 307 o Il | I |AVG
1 |32.08(26.80|27.68|2885| 28 | 6.15| 7.91 1889|1098 | 55 | 3.95| 3.08|-3.95| 1.03
2 [31.642505(2724 (2797 29 | 1.76| 3.52|1450| 659| 56 | 835| 6.59| -4.39| 3.52
3 (312023292680 |27.10| 30 | -2.20| -044 | 527| 0.88| 57 |17.58|1538 | -1.76 | 10.40
4 13076 (2153|2636 |2622| 31 | -483|-3.08| 132]-220| 58 |21.53]1933| 1.32|14.06
5 [272419.77|25.48 | 2417 | 32 | -439| -2.64 | 220 | -3.08 | 59 |25.05|22.85| 4.83|17.58
6 |22.8518.02(21.53]2080| 33 | -3.95|-1.76 | -4.83 | -3.52| 60 |25.482592|13.18|21.53
7 1230|1582 17.14 | 1509 | 34 | -0.88 | -0.88 | -5.27 | -2.34 | 61 |25.92|27.68|17.58 | 23.73
8 | 7.03|1142|1274|1040| 35 | 3.08| 2.20| -6.15| -0.29 | 62 |2636]28.12 |21.09 | 25.19
9 | 132] 615| 835| 527| 36 | 7.03| 571|-439| 2.78 | 63 |27.24|26.80 |25.05 | 26.36
10 | -3.08| 176 | 3.08| 0.59| 37 |16.70|14.06| -1.32| 981 | 64 |24.17 |24.61 | 2592 |24.90
11 | 615|220 -1.32| -322| 38 [21.09|1845| 220 |13.91| 65 |20.65|21.53|24.61|22.26
12 | 659 | 2.64 | -439 | -454 | 39 |24.61|2241| 659 |17.87| 66 |16.26|18.02|22.85|19.04
13 | -3.95| -3.08| -6.59 | -4.54 | 40 |27.68 2548|1582 (2299 | 67 | 7.47| 9.23|21.53|12.74
14 | 000 -352|-659|-337| 41 |27.24|27.68|19.77 2490 | 68 | 3.08| 5.71|19.77| 9.52
15 | 439]-044|-6.15|-0.73| 42 |26.80|27.68|23.29 (2592 | 69 | 0.00| 220 18.02| 6.74
16 | 9.67| 3.52|-3.95| 3.08| 43 |2636|27.68|2592|26.66| 70 | -1.32|-044|10.11| 2.78
17 | 1977|1274 | -044 | 10.69 | 44 | 259225922592 (2592 71 | -2.64| 044 | 571| 1.17
18 |24.17|17.58 | 3.52|15.09| 45 |22.41(2329]2592(2387| 72 | -3.95| 1.32| 220/ -0.15
19 | 27242197 | 835(19.19| 46 |18.02|1933 2636|2124 | 73 | -1.76 | 2.20 | -0.88 | -0.15
20 [27.24(25.48|17.58 2343 | 47 | 8.79|10.55(23.73| 1435 | 74 | 132| 3.08| -0838| 1.17
21 [27.68|28.12(21.53 2578 | 48 | 3.95| 6.15[2021|10.11| 75 | 4.83| 3.95|-1.32| 2.49
22 [27.68 (3032 (2505|2768 49 | 0.00| 2.20[1626| 6.15| 76 | 923| 791 | -1.32| 527
23 [28.12(29.88|25.05|27.68| 50 | -2.64|-088| 747| 132 77 | 1142|1582 | -1.76 | 8.49
24 [25.05(27.68 (2548|2607 | 51 | -2.64|-088| 3.52| 0.00| 78 |13.62]19.33| 0.88 | 11.28
25 [20.65(25.05|2548 2373 | 52 | -2.64 | -0.88| 0.00|-1.17| 79 |1626|22.85| 3.95|14.35
26 [ 17.14]21.09 (2592|2138 | 53 | -2.64 | -0.88 | -3.08 | -2.20 | 80 |18.45|25.05| 11.42 | 18.31
27 | 1142]1230(22.85|1553 | 54 | 044 | -044| 352 -1.17
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Abstract

The compartments of cell organization can frequently be associated to their
adhesive and elastic properties. In this study, we investigate the bio-mechanical
properties of zebrafish embryos through damping oscillations. We construct a
homemade electromagnetic oscillator coupled to an optical lever to enhance the
viscoelastic responses. This device allows us to extract the viscous damping coefficient
and elasticity of cells in various stages of embryonic development, through nonlinear
damping processes. The strain of the cell in each developing period can be obtained by
measuring the alternations in the amplitudes of the damped oscillations. The elasticity
of the zebrafish embryo in the blastula period is significantly lower than those of other
periods, reflecting the reduction in the buffer resistance of the outer shell. A temporal
exponent that indicates the growth rate of cell development can also be extracted from
the nonlinear damping profile. This proper time of embryonic development is found to
be noticeably different in each stage, which can be coupled to the changes in cell
compartments. Modifications of the fluid compartments of the outer shell by emerging
the embryo into solutions of slightly different pH values would significantly alter the
oscillation profile. Surprisingly, the viscosity of the shell is extremely sensitive to the

environment experienced.
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INTRODUCTION

The project identifies the mechanical system of a zebrafish embryo utilizing an
unique homemade electromagnetic oscillator. By looking into the oscillation curves,
the relationship between biological structure and physical properties are fully observed.
This experimental method is able to investigate forces such as stress force and adhesive
force. The project proves that subtle changes in biological structure can be measured by

its physical characteristics.

MOTIVATION

We learned in biology class that a cell’s function is greatly affected by its
shape, and the shape is decided by the cell’s elasticity. This physical characteristic is a
result of cytoskeleton movement and inner cellular structure. However, cytoskeleton
and subtle structural changes can only be observed under expensive equipment such as
Scanning Electron Microscope (SEM). Therefore, we wish to develop an easier
experimental method that enables us to observe the subtle changes in biological

structure.

RESEARCH GOALS

The project aims to understand the relationship between physical
characteristics and structural changes in biological cell. Furthermore, a new
experimental method which is low-cost and capable of extracting precise data for

biophysics research is established.



MATERIALS AND METHODS
I. Apparatus: Electromagnetic Oscillator

The Electromagnetic
Oscillator is designed to
apply appropriate
magnitude of force on the

zebrafish embryo and

amplify the slight Fig.1. Early models of the electromagnetic

deformation when exerting force on the embryo.

There are four forcesin |
i
this mechanical system:
gravity, electromagnetic
induction, cell stress and cell

adhesion. The apparatus is

able to tell the measurement

Fig.2. Photo image of the electromagnetic

of cell elasticity and cell adhesion.

Induction Coil Induction Additional

damped stress damped

When an electric current is passed

though the induction coil, due to the

Cell

magnetic effect in current, the strong magnet
stress

Fig.‘3i Schematic plot of
the two damping mode.

fixed at one end of the apparatus will be

pulled by the coil and further exert a force on



the testing body put onto the sample stage.

Different magnitude of force is exerted to the testing body by adjusting the value
of the electric current input. Also, the tip of the probe is specially designed to make sure

that the force is exerted equally to the testing body, in this case, the zebrafish embryo.

Oscillation

The current passed through the induction coil initiate the oscillation. This
oscillation is caused by gravity and the inducted magnetic field. Figure 4 is a typical

oscillation curve obtained from the oscillation of pure apparatus without any testing

15 .
body on the sample stage. Apparatus
e
. . . c 10}
The oscillation curves give ~
S
details on the mechanical system. c 05
()
5
If a material is put on the sample 9 00
=)
. . ()]
stage, the oscillation curve A
05 2 4 6
changes. By analyzing the change, Duratjon of oscillation (sec.)

Fig.4. Typical oscillation curve of the apparatus.
we can understand the physical

properties of this material.

Optical Lever
probe

———
Optical lever is a device ﬁ—"r’;q—

screen

|
Fui.]
Fig.5. Schematic illustration
demonstrating the function of the optical

used to amplify small angular
displacement in thermal

expansion experiment.



A beam of laser light is directed to the mirror of the apparatus, and reflects on the
screen. Once the apparatus oscillates, the reflecting light-spot will move along with the
oscillation. Using trigonometry and geometry theory, we can easily calculate the slight

deformation of the embryo.



Force (N)

Momentum Transfer

Using the piezoelectric force sensor, the instant force applied to the testing body is
extracted. Figure 6 illustrates the magnitude of force at the first time of contact during
the oscillation. The integration of the data point represents the momentum transfer in
each contact. As shown in figure 7, there is also an exponential decrement in the
momentum of each contact which proves that there is a damping system coming from

the induction.
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Fig.6. Instant force applied to the testing Fig.7. Momentum of each

material at the first time of contact.

I1. Physical Parameters

The motion of the probe can be described by the following equation of motion:

MX = —kX — bX + f.(t, Ad)

The first and second terms in this equation are the general term for a damped
oscillation. As for the cell function, f., it represents a complicated force function from
the cell. However, in the project, the damping coefficient, b, is not a constant. In

addition, the complicated cell function is unclear. Therefore, we add another temporal
5



exponent into a general damping expression and obtained the following expression

which can more precisely describe the motion of the probe:
X(t) = Aexp(—atF)sin (wt + ¢)

The oscillation curve resembles the pattern of a sine wave which is indicates in the
sine term in our expression. However, due to damping phenomena, the amplitude
decreases as in function of time. Therefore an exponent term is added into the

expression.

Parameter o is the damping constant of the testing materials. This constant comes
from the elasticity of the material. The materials exerted a stress force on the probe of
our oscillator. As defined in damping equation, the magnitude of this force is related to
the speed of the probe. In our project, the inner structure of the embryo mainly

contributes to the value of this constant.

Furthermore, instead of a symmetric pattern for a typical damped oscillation, the

oscillation curves obtained shows asymmetry. This asymmetric pattern suggests that

there is another force in the I r Retarded by drag forces
. e i ;
mechanical system other MH“‘{ Induction damping only
; PRy Advanced by
then the defined stress force, 7,..\_ repulsive forces
and the two forces together %
caused this nonlinear 0 7 Iy A e 1 tirﬁe

: ,
\,

t<t, =>t=t"with <1

>t =t=t° with g >1

equation. Fig.8. Physical meaning of nonlinear temporal exponent.

damping. The additional

force is defined as f in our




This additional force only exists when the probe makes contact with the testing
material. The value of /8 tells the direction of this force. If the motion of the probe is
retarded by drag forces, it would give a f value smaller than 1. On the other hand, if the

motion is advanced by repulsive forces, f would be greater than 1.

Viscosity

w
o
o

In order to understand the role of G |y c e rol 7
«=0.011(3)
p=0.94(10) |

a and B in viscosity, we performed our ol

experiment on the glycerol. The
28}
viscosity of testing body, such as

Damping amplitude A (10°mm)

A=A0exp(—atﬁ)

. 27 -
zebrafish embryo, can be estimated 2 L L . ' L
00 2 4 6 8 10 12
) puration'ofoscillation t(sec.)
using the result of the experiment. Fig.9. Damping amplitude of the glycerol drop.



I1I. Zebrafish Embryo

Zebrafish is a common laboratory animal with adequate information in biology.
The embryonic development takes about two to three days, dividing into seven broad
periods: Zygote Period, Cleavage Period, Blastula Period, Gastrula Period,
Segmentation Period, Pharyngula Period, and Hatching Period. The biological structure
of the embryo is fully understood, and we can further refer our data to the embryonic
development.

. Zygote Period = Cleavage Period ; Blastula Period Duration

(')Single cell stage 7'5 Multlple cell stage 130 Shapmg epllayerstage 315 (min.)

©) @ (e @)

Fig. 10 Stages of develonment for the zebrafish embrvo.

The project focuses on the first three periods: Zygote Period, Cleavage Period and

Blastula Period.

In Zygote (0-75 mins) Period, the molecules in the yolk are moving toward the
animal pole of the embryo to prepare for the cell division. The appearance of the first

cleavage marks the end of this period. Only one cell is seen in this period.

As for Cleavage Period (75-130 mins), the embryo mainly goes through its cell
mitosis process. The newly divided cells are in a regular orientation, and ultimately,
become a compacted structure named Morula. The appearance of this structure marks

the start of the Blastula Period.

The cellular differentiation starts in Blastula Period (130-315 mins). The newly

divided cells first move toward the animal pole and start to consume nutrient from its
8



vegetal pole. Then, the blastomere goes through epiboly process, the formation of the

three germ layers.



RESULTS AND DISCUSSION

I. Oscillation Curves
The damped oscillation can be described as a forced oscillation with a parameter 3
in addition to the damping constant a.

Two regimes are identified in the

N
T

oscillation curve as shown in

-
lJ

figure 11: an induction damped

regime at the lower portion and a

]
-
L]

stress damped regime at the upper

Displacement (10’mm)

1
N
T

portion. The tip of the probe  induction damped regime

contacts the embryo during the o 1 2 3 4 5 6 7

) Duration of oscillation t (sec.)
Fig.11. A typical oscillation curve of the optical lever.

stress damped regime and a

dragging force is exerted to the probe.
In the induction damped regime, forces contribute to the oscillation curves are: gravity,
damping force from cell stress, and friction. On the other hand, in the stress damped
regime, the amplitude of the curve is slightly bigger than the one in the induction

damped regime, and thus suggests an adhesive force in this regime.

Respectively, the two parameters used to describe the oscillation reveals the
physical characteristics of the system. a describes the damped phenomena and B marks

the nonlinearity. The two values are used to calculate cell stress and the interaction

force.
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IT. Nonlinearity

There are two damping system in the mechanical system, one from the oscillator
and the other from the zebrafish embryo. Due to the different time scale of the two

systems, S is added into the expression to mark the nonlinearity.

Figure 12 compares the endpoints from the stress damped and induction damped
regimes. The asymmetric curves prove that other then the stress force from cell

deformation, another force is exerted to the probe.

A o value and a f value are given to each of the curves. a;and f; are identified
according to the endpoints in the stress damped regime, whereas a;and f; are given to

the induction damped regime.

The differences between the a and f values reveal the mechanical system. The
difference between two a values is responsible for the deforming force while the

difference between two [ values is used to calculate the force from cell reaction.

As shown in figure 12, the amplitude of the stress damped regime decreases at a

oy
o

A=Aoexp(-atﬁ) 35 min.
Stress damped
a_=0.077(7) sec”
B.= 0.71(4)

A, =254(2) mm

slower rate than in the induction

i
=
L]

damped regime. It was expected

[\
(M)
L)

that the two amplitudes will

[a]
[=]
L)

correspond to each other.
Induction damped 4

Damping amplitude A (10’ mm)

 =0.13(3) sec’
However, the data plot reveals 18 g=0610) 1
& A,=2670)mm ¥
that there is an adhesive force 0.0
Duration of oscillation f (sec.)
against the dragging force from Fig.12. Direct comparisons of the endpoints in
the stress damped, and induction damped
regimes.

the electromagnetic induction.
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This adhesive force delays the movement of the apparatus. Furthermore, one can
conclude that when 0<B<1, a force against the dragging force is applied on the probe
while when >1, a force in the same direction as the dragging force is exerted and

advance the movement of the probe.

12



APPLICATIONS

The experimental method proposed in this project has a wide range of application.
It enables us to observe subtle changes in biomechanical structure by looking into its
mechanical system. The biological characteristics which were only visible under the
scanning electron microscope (SEM) are represented by a and £ values which are
measured by the electromagnetic oscillator. To explain how to apply this method into

biological experiments, we conducted the following experiment:

I. Mechanical hysteresis

The compressing curve

- Zebrafish embryo -

L E 10 AO-0Q-m
indicates the amount of £ [ 0/0 -
~ osl Stress o’ m i
o g leasing curve 0™~
deformation in the zebrafish S . L re o] P
2T '
embryo, and the releasing curve 5 04} o’ .= .
. ] .
2 /O/./ Compressing
shows that the cell doesn’t = 0.2f O/O g curve 1
S I =
L 0.0}m-m-m .
maintain the same shape once the : . . . .
0.0 0.1 0.2 0.3 0.4

Contact time f (sec.)
Fig.13. Mechanical hysteresis curve
observed in the shaping epilayer stage

pressure is released.

The differences in the
displacement of the compressing curve and the releasing curve presents a mechanical

hysteresis in the deformation of the zebrafish embryo.

This interesting hysteresis phenomenon comes from the viscoelasticity of the

zebrafish embryo. The hysteresis suggests the energy lost in the motion.
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I1. Cell Stress

The same magnitude of force is exerted on the embryo throughout the course of

development. The oscillation curves shows how embryos from different stages of

development response to the applied stress.

The variation of oy is shown in figure 14.

In single cell stage, the
damping constant weakens
reflecting that the cell structure
becomes tender. Furthermore,
the embryo mainly goes
through cell division in the first
two stages, single cell and
multiple cell stage. Therefore,
the damping constants in the

two stages are quite similar.

The dramatic rise in the

later stage, shaping epilayer

P~ h'mm“-m-ﬂm
Q@ 051 Zebrafish embryo ]
5, ! ' T~
5" 04 | : ¢
- Single cell : Multiple : Shaping
§ 0.3 stage | cell stage ' epilayer stage 7
n ! : ]
c ' |

0.2 ! ! ]
3 | | +/+
0.1 / ]
o ' Stress damped ]

A ey Ty! ]

E 0.0 -@ ot §" ]
o

5 75 100 125 150 175 200 225
Duration of development £ (min.)

Fig.14. Variations of the damping constant in
the cell developing period.

stage, marks the beginning of cell migration. The newly divided cells from the previous

stages start to move from the vegetal pole to the animal pole of the embryo. This

migration process causes the nonuniform local mass distribution in the embryo.

Furthermore, the structure of the embryo is comparatively harder in this period.
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I1I.

Self-protection
In nature, all organisms have their own way to protect themselves. Even just a
single cell has its own protecting system. As mentioned before, the nonlinear
temporal exponent reflects how the embryo reacts to an external force, either a
drag force or a repulsive force. This force is used to protect the embryo from an

external force applied on it.

In single cell stage, QmZ-O " Zebrafish embryo % 1
the temporal exponent @ /\
p p < 15} . \ Vo Stress 1
. o BT 4 - damped
gradually increases and x ! ! y
— 10} }H 4 ‘s ]
o S 1Te-f :
reaches unity which o é& \
o ] ] h .
€ 05F single : Multiple ; Shaping ;
demonstrates that the 2 nare i tp ' epilayer /i\
cell stage: cell stage ' stage ./ é
OO 'l 'l ] 'l g ) 'l 'l 'l 'l
retarded drag forces are 0" 50 75 100 125 150 175 200 225
Duration of development t (min.)
weakening. Fig.15. Variations of the temporal parameter

in the developing periods.

Later on, the exponent continues increasing and become larger than one

indicates that the reaction force is now repulsive.

The self-protection responses of the zebrafish embryo are observed within the
three earlier stages. The data shows that the embryo will generate a resisting

reaction to protect itself from external force.
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IV. Effects of pH pollution

A living cell is very sensitive to environmental variation. Three hours after
fertilization, the embryos are put into solutions with different pH values for two hours to

simulate the effect of acid rain.

Figure 16 is the amplitude graph

Natural '
(pH=7.4)

of the embryo submerged into

Damping amplitude A (102mm)

3.0}
solution of different acid level. The 2.9}
2.8}
embryos in this project are kept in its 271
. . 2-6:‘; T
natural environment with a pH value 0.0% > n . .

Duration of oscillation £ (sec.)
of 7.4. For the variation, PBS buffer Fig.16. Damping amplitudes taken on the
embryos developing in various acidic solutions.

is used to control the pH value.

From the figure, amplitudes of embryos submerged into solution ranging from
pH7.4 (natural environment) to pH7.0 decreases at a similar rate. However, the

oscillation curves alter when the pH value is smaller than 6.8.

Base on direct observation, the acid solution slows down the development of the
embryo. Also the H" and H30" ions in the solution open up the porin on the cell

membrane which allows ions to diffuse into the embryo.

Other interesting applications are: (a) effects from thermal pollution, (b) detecting
the early mutant signal of the cells by looking into its physical properties, and (c)

understanding the evolutionary proof of close species by looking into their embryo.

16



CONCLUSION

1. Cell elasticity and adhesion of zebrafish embryo have been measured using a home-
made electromagnetic oscillator. Damping constant o, temporal exponent 3, and
angular frequency o can be used to study the deforming force, adhesion, and

elasticity of the cell.

2. The existence of cell adhesion is clearly demonstrated as the mechanical hysteresis

curves appear in the damping routes.

3. Self-protection of zebrafish embryo is observed, as it generates resistive reactions to

the external pressure throughout the development.

4. A slight change in the pH environment can significantly affect the embryo

development.
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