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Abstracts

Wireless transmission products are widely used in our daily life. In this research, we focus on
knowing how solid-state tesla coil works in different conditions and finding the best parameters
through an easy way. In our work, a commercial electroscope was used as detector for measuring
the strength of radio wave created by our simplified tesla coils.

In fact, many factors would lead to experimental erorrs such as detectors, selected types of
NPN BJT components, applied voltage and measuring position of height. Therefore, all of the
factors were under control to make sure of accuracy and precision for our designed measuring
method. In our experiment, graphics of radio wave distribution around tesla coils were drew by
mathemetic software of GeoGebra. It shows the BJT types of 2n2222 had good performance for
wireless transmisstion efficiency. To our surprised, we found the extended wires (called antenna)
from the top of tesla coil also had an ability to transfer electromagnetic energy, and had good
retention if the extended wires were within the length of main coil’s height. Finally, the shape’s
and size’s effect was determined by our testing work. The result shows that pipe’s length, pipe’s
diameter and turns ratio of two coils had great influence on tesla coil’s transmission efficiency. It
was found that the tesla’s performance would be more efficient if wire was used to make the length
twice rather than make the diameter twice. However, the turns ratio of secondary coil to primary
coil would change while making the length twice. To avoid that, we fixed the length and decrease
the turns of primary coil. At last, we found tesla coil must work at the turns of primary coil higher
than two. Furthermore, the frequency of radio wave not only had less relationship with their length
or diameter but also had less relationship with types of BJT

In our study, our handmade tesla coil was succesfully applied for wireless charging and we
find that the induced voltage decrease in propotion to cube root of distance between tesla coil and
induced coil.



1.Introduction

Wireless transmission products are widely used in our daily life such as Air pods and so on. In Disney, they
devoted to create a wireless transmission environment for comsumers. However, to build a homogeneous
electrical field is too difficult to achieve, that was just an idea dream. If it is possible, the only chance is to
have a revolution for tesla coil. In this research, we focus on knowing how solid-state tesla coil works in
different conditions and finding the best parameters through an easy way. In this study, the relationship
between radio wave’s properties and shapes of tesla coils was obtaioned.

2.Experiment method and findings

In order to make the observed radio wave’s strength become data, we established an easy way to detect the
strength of radio wave produced by tesla coil. Our designed circuit (Figure 1) was referred to simplified solid
state tesla from the Internet. At first, we use fluorescent tube to measure radio wave’s strength of tesla coil,
but it was not accurate enough because fluorescent tube was less sensitive. Thus, it's necessary to find a
better one for detection. After several test, fluorescent tube was replaced, electroscope was selected as a
candidate for more sensitive detector. Experiment set “the radio wave’s strength of tesla coil” as “the distance
(cm) from main coil” where the electroscope could receive mounts of electromagnetic signals enough to
respond.

2.1 Measuring error from operators

In the beginning, we got into the biggest difficulty. We found the data uncertainty depends on individual
difference between people who were measuring. Due to electrical conductivity of human being, we had to
eliminate the interference from human’s body. Thus, instead of holding directly, the electroscope was sticked
to PVC pipe. Thanks to the insulation of PVC, as shown in Figure 2, the random error decreased by isolating
conducting hand from measuring device and tesla coil. In addition, the experiments were carried out three
times for electroscope getting close to main coil to measure the distance where electroscope respond. Also,
the experiments were carried out three times for electroscope getting away from main coil to measure the
distance where electroscope stop responding. An average was obtained to eliminate the system error caused
by electroscope’s detection limit.
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Figure 1 The designed circuit in this research Figure 2 Two opposite situation for electroscope measuring

2.2 Measuring error from BJT (bipolar function transistor)

To make the experiment reliable, 14 kinds of NPN type bipolar function transistor were choosed to run the
circuit. As shown in Figure 3, we found that the lowest voltage to run the circuit is about 3 volt, and most of
transistor would burn out at 12 volt. Table lists 14 kinds of BJT as mother group of transistor we've used in
this experiment. As the applied voltage increased, the radio wave’s strength of tesla coil assembled by every
kind of BJT increased. Therfore, it is necessary to fix the voltage to be sure to make all of the BJT work



normally. Thus, 8 volt was selected to apply to the following parameters.
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Figure 3 The voltage demand and tolerance for 14 types of BJT while working in our designed circuit

After that, we selected four of them as experimental representatives of four different characteristics. Type of
3904 take on a role as a representative of higher radio wave’s strength, type of 9011 as a representative of
higher tolerence for applied voltage, types of 9014 as a representative of lower voltage-drived demend on
work and type of 2222 as a control group. It was beleived that if their behavior tend to satisfy certain rule or
trend for electromagnetic performance, these result might be generalized a conclusion, even a principle.

2.3 Measuring error from position

The radio wave’s strength became stronger as hieght goes up. The top of the main coil had the strongest
signal detected by electroscope’s response. According to assembly structure of tesla coil, analysis was
divided into three parts (antenna zone, main coil zone and overlapped zone by primary coil and secondary
coil, as shown in Figure 4 (a)) to discuss the performance cuased by different BJT drived. The radio wave’s
strength against the vertical positon was drew as shown in Figure 4 (b). It was concluded that overlaped zone
had the weakest signal. However, at the bottom of main coil zone, the strength would increase largely as the
height goes up, and finally achieve a miximum saturated as the height near the top. Over the top of main caoill,
if wire extended a distance from the top, the signal of strength would fade out slightly rather than just
disapeared. After confirming the radial symmetry for radio wave emision, we used mathemetic software of
GGB to draw graphics of radio wave distribution around tesla coils as shown in Figure 4 (c). It was easy to
show a visiblized field for comparison between different parameters.
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Figure 4 (a) Plot of strength of radio wave (b) Assembly structure of tesla coil, (c) Graghic of radio wave field drew by
measured at different position of height divided to three zones GeoGebra Software

2.4 Discussion of antenna effect

The antenna is an extra segment of wire which extended a distance along the vertical direction from the top
of the main coil. To our surprised, we found the extend wires (called antenna) also acted as an emission
source capable of transfering electromagnetic energy. Among four types of BJT we choosed, types of 9011
had the worst retetion (retetion% = strength measured at certain height over the top / strength measured at



the top of the main coil x 100%) of radio wave’s strength as the height goes up. The others had good retention
if the extended wires were within the length of main coil’s height. Besides, the shapes of tesla coils had no
effect on radio wave retention.

2.5 Shape’s and size’s effect on efficiency

The shape’s and size’s effect of the coil was determined by our testing work. As shown in Figure 5, the result
shows that pipe’s length, pipe’s diameter and turns ratio of two coils had great influence on tesla coil's
transmission efficiency. It was found that the tesla’s performance would be more efficient if wire was used to
make the length twice rather than make the diameter twice. However, the turns ratio of secondary coil to
primary coil would change while making the length twice. To avoid that, we fixed the length and decrease the
turns of primary coil. At last, we found tesla coil must work at the turns of primary coil higher than two.
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Figure 5 (a) Pipe’s diameter effect on the strength of radio wave (b) Pipe’s length effect on the strength of radio wave

2.6 Shape’s and size’s effect on frequency of radio wave

The frequency of radio wave, created by different parameters of tesla coils, had less relationship with their
length or diameter. In addtion, the frequency had less relationship with types of BJT. In fact, if turns of primary
coils were lower than 3, the signals would be too unstable to detect. The method was shown in Figure 6. The
frequency was detected by the oscilloscope with two ports, one was linked to the point A and another was
linked to point B. (in principle, the frequency of induced coil is the same as the frequency of pulse on BJT)
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Figure 6 The method to measure the frequency of the pulse Figure 7 The plot of induced voltage against the distance
voltage by the instrument of oscilloscope from main coil

3 Result and Conclusion
In our study, our handmade tesla coil was succesfully applied for wireless charging and we find that the induced voltage

decrease in propotion to cube root of distance between tesla coil and induced coil, as shown in Figure 7.
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fig 1l STamBIE

[#)] 222227 FEE2Z T RFHER

1 0 0 -

3 0 2.75 -

5 5.20 10.85 2.09
7 6.75 13.35 1.98
9 8.45 16.55 1.96
11 11.30 18.10 1.60
13 14.40 20.10 1.40
15 15.95 20.55 1.29

(2] 2222327 PP E2ZARTRFIBRZE ARNTRIRRFET F

B 3.8cm E 7.0 cm 3.8 cm fREER 7.0 cm fREEER
15 15.95 20.55 1.00 1.00
17 16.75 21.65 1.05 1.05
19 16.00 22.10 1.02 1.08
21 16.20 20.60 1.01 1.01
23 16.05 20.20 1.01 0.98
25 15.30 19.60 0.96 0.95
27 14.30 19.50 0.90 0.95
29 13.60 18.80 0.85 0.91

[#] 22223 b EELRRB%A

HEES
1/8 0.0 0.0 -
2/8 0.0 2.0 -
3/8 2.8 7.9 2.82
4/8 4.2 12.1 2.87
5/8 53 15.1 2.88
6/8 59 17.1 2.89
7/8 6.3 18.7 2.96
1 7.3 20.6 2.83

[£) 2222422 P FEZARTUFBRAZ RNTRFRAFTF

HEES B 7.5cm B 15.0 cm 7.5 em fREFHR 15.0 cm (RER
1 7.3 20.6 1 1
9/8 8.0 21.0 1.10 1.02
10/8 8.7 21.9 1.20 1.06
11/8 9.7 21.6 1.33 1.05

12/8 9.2 21.6 1.26 1.05
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13/8 9.0 19.3 1.24 0.94

14/8 8.9 20.3 1.22 0.99
15/8 8.6 19.0 1.19 0.92
2 8.0 19.0 1.10 0.92

frgk 111 ABFFERER

o Em B
2222 #Y FF DIKE S
B BIRX BER FFEEXEHE F—R O EIR E=ER BLEEREH
0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
4 22 23.5 20 22 12.5 13.2 11.8 12.6
5 25.6 25.9 25.2 25.6 15 15 15 13.8
6 26.8 27.3 26.3 26.8 18 17.7 18.3 14.2
7 29 29.4 28.6 29 15.3 15.6 14.9 16.1
8 31 31.3 30.6 31 16 15.2 16.8 17.8
9 30 30.2 29.8 30 18.5 18.3 18.6 18.3
10 30 29.3 30.6 30 19.5 19.7 19.3 18.4
11 31 31 30.9 26 15.8 15.3 16.2 15
12 31.5 31.2 31.8 315 18 17.1 18.8 19.9
2222 i 7ERI Fi%
B BIRX BER FRIZEWEE F—R O OEIR O EER FREREH
0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 1.6 2.0 2.1 1.9 3.5 2.9 3.5 3.3
4 5.5 5 5.1 5.2 12.4 12.8 12.3 12.5
5 8.4 9.1 8.6 8.7 13.3 13.7 13.2 13.4
6 9.9 10.4 10 10.1 13.8 13.5 13.5 13.6
7 11 10.9 12 11.3 16.9 16.2 16.1 16.4
8 12.7 12.4 12.4 12.5 17 17.4 17.5 17.3
9 15.4 15.5 14.7 15.2 17.8 17.7 17.3 17.6
10 17.4 17.8 17.9 17.7 18.1 17.6 18 17.9
11 12.7 12.6 13.1 12.8 16.9 16.4 16.8 16.7
12 18 17.8 18.5 18.1 20 20.3 20.3 20.2
BT = BE
EEER 9011H72 2N3904 KN2222A C9014 SC9014 C941 C945 BC547 C546B BC548 C1815 UTCPN2222 2n4401 utc9013L
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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0.0000
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2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000

10.0000
11.0000
12.0000
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14.0000
15.0000

20.55
21
21.65
21.85
22.1
21.6
20.6
21.6
20.2
19.25
19.6
20.25
195
19
18.8 0.914842
18.95 0.922141
5 s

EEHEE

21.2 19.6
21.5 20.25
20 195
20 19
19.7 1838
19 18.95

A

R
1

1.021898
1.053528
1.06326
1.075426
1.051095
1.002433
1.051095
0.982968
0.93674
0.953771
0.985401
0.948905
0.924574
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25
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3904
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16
17
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19
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22
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3.8cm
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5.2000
5.3500
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8.1000
8.4500
10.5000
11.3000
14.0500
14.4000
14.8000
15.9500

26.9
28.6
28
26.5
26
25.6

23.4 25.15
246 26.6
23.3 25.65
23.2 24.85
214 237
21.8 237

fRE%

29.35 1

27.95
28.3
27.6

27.35

25.65

27.15

27.75
27.1
26.6

25.15
26.6

25.65

24.85
23.7
23.7

7.0 cm

0.9523
0.964225
0.940375
0.931857
0.873935
0.925043
0.945486
0.923339
0.906303
0.856899
0.906303
0.873935
0.846678
0.807496
0.807496

0.0000
0.0000
0.0000
0.0000
0.0000

10.8500
12.1000
13.3500
15.1000
16.5500
17.1000
18.1000
18.6500
20.1000
20.5500
20.5500
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25
26
27
28
29
30

9014

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

2.0865
2.2617
1.9778
1.8642
1.9586
1.6286
1.6018
1.3274
1.3958
1.3885
1.2884

18

17

16
15.5

16.8

16.5
16
16.35
17.8
185
21
21.75
21.05
19.95
18.95
195
19.1
17.55
17.45
17.55
17.65

3c

21
21.2
19.1
19.4
15 20.1
18.5

19.5
19.1
17.55
17.45
17.55
17.65

L

e
1

0.969697
0.990909
1.078788
1.121212
1.272727
1.318182
1.275758
1.209091
1.148485
1.181818
1.157576
1.063636
1.057576
1.063636
1.069697

m {REFH
0.0000
0.0000
0.0000
0.0000
0.0000
0.3260
0.3354
0.4232
0.5078
0.5298
0.6583
0.7085
0.8809
0.9028
0.9279
1.0000

26
27
28
29
30

9011
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

10.1 11.5 10.8
8.8 11.3 10.05
84 10.5 9.45
8.1 9.7 89
7.8 9 8.4
6.5 9.6 8.05
R
18.2 1

19.1 1.049451
18.4 1.010989

18.35
11.65
12.35
11.35
115
11.35
10.95
10.8
10.05
9.45
8.9
8.4

1.008242
0.64011
0.678571
0.623626
0.631868
0.623626
0.601648
0.593407
0.552198
0.519231
0.489011
0.461538

8.05 0.442308

7 cm [REFR

0.0000
0.0000
0.0000
0.0000
0.0000
0.5280
0.5888
0.6496
0.7348
0.8054
0.8321
0.8808
0.9075
0.9781
1.0000
1.0000



16.0000 16.2000 21.0000 1.2963 1.0157 1.0219

17.0000 16.7500 21.6500 1.2925 1.0502 1.0535
18.0000 16.3500 21.8500 1.3364 1.0251 1.0633
19.0000 16.0000 22.1000 1.3813 1.0031 1.0754
20.0000 16.6000 21.6000 1.3012 1.0408 1.0511
21.0000 16.2000 20.6000 1.2716 1.0157 1.0024
22.0000 16.2500 21.6000 1.3292 1.0188 1.0511
23.0000 16.0500 20.2000 1.2586 1.0063 0.9830
24.0000 16.3000 19.2500 1.1810 1.0219 0.9367
25.0000 15.3000 19.6000 1.2810 0.9592 0.9538
26.0000 14.8500 20.2500 1.3636 0.9310 0.9854
27.0000 14.3000 19.5000 1.3636 0.8966 0.9489
28.0000 13.9500 19.0000 1.3620 0.8746 0.9246
29.0000 13.6000 18.8000 1.3824 0.8527 0.9148
30.0000 12.1500 18.9500 1.5597 0.7618 0.9221
T EE 7.5cm 15.0 cm g S 3cm (REFH 7cm {REIE
0.0000 0.0000 0.0000 - 0.0000 0.0000
0.1250 0.0000 1.9500 - 0.0000 0.0949
0.2500 2.8000 7.9000 2.8214 0.3862 0.3844
0.3750 4.2000 12.1000 2.8810 0.5793 0.5888
0.5000 5.2500 15.1000 2.8762 0.7241 0.7348
0.6250 5.9000 17.1000 2.8983 0.8138 0.8321
0.8750 6.3000 18.6500 2.9603 0.8690 0.9075
1.0000 7.2500 20.5500 2.8345 1.0000 1.0000
1.1250 7.9500 21.0000 2.6415 1.0966 1.0219
1.2500 8.7000 21.8500 25115 1.2000 1.0633
1.3750 9.6500 21.6000 2.2383 1.3310 1.0511
1.5000 9.1500 21.6000 2.3607 1.2621 1.0511
1.6250 9.0000 19.2500 2.1389 1.2414 0.9367
1.7500 8.8500 20.2500 2.2881 1.2207 0.9854
1.8750 8.6000 19.0000 2.2093 1.1862 0.9246
2.0000 7.9500 18.9500 2.3836 1.0966 0.9221

B 7cm & & 7.5cm
2222 {¥Ei ¥R F5 3904 fERT R FE 9014 {ERT {EtR XS 9011 fEAT 1EER EE
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 1 0 0 0
2.3 3.3 28 2 5.8 7.7 6.75 5.3 84 6.85 2 1.7 2.8 225
3.7 6 485 3 5.7 7.9 6.8 6.3 85 74 3 2.2 35 285
5 55 525 4 6.4 8 7.2 5.7 79 6.8 4 2.8 3.6 32
4.5 6.5 55 5 6.5 7.5 7 7.5 82 17.85 5 34 45 395
5.6 7 6.3 6 7.2 8.4 7.8 6.7 8.6 7.65 6 4.1 55 4.8
6.5 8 725 7 7.6 9 8.3 6.8 88 7.8 7 4 59 495
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7.3
8.7
8.3
8.3
7.9
7.6
7.1

8.7
8
10.6
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9.7
9.8
9.6
8.8

7.95
7.65
9.65
9.15
9
8.85
8.6
7.95

HX 3.8Ccm &£ 15cm
2222 fEEI 1E1&

0 0
1 0
2 0
3 0
4 0
5 2.7
6
7
8 6.7
9 6.9
10 9
11 101
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13 134
14 138
15 143
16 151
17 157
18 153
19 152
20 161
21 152
22 157
23 1438
24 156
25 144
26 137
27 134
28 131
29 134
30 115
ENEPAR 162

0

o O O o

7.7
6.7
8.5
9.5
10
12
125
14.8
154
15.8
17.6
17.3
17.8
17.4
16.8
17.1
17.2
16.8
17.3
17
16.2
16
15.2
14.8
13.8
12.8

¥
0

o O O o

5.2
5.35
6.75

8.1
8.45
10.5
11.3

14.05
14.4
14.8
15.95
16.2
16.75
16.35
16

16.6
16.2
16.25
16.05
16.3
15.3
14.85
14.3
13.95
13.6
12.15

9

10
11
12
13
14
15

3904
0
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9.3
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17.1
16.8
15.7
16.6
17.7
17.2
16.1
15.4
15.8

10

11
11.1
11.9
11.8
11.8
11.6
11.2

S O O O

12.3
16.2
17.3
18.6
14.7
14.9
15.8
17.4
16.8
17.4
17
17.3
18.4
18.9
19
18.7
20.2
20.6
20.2
19.7
19.4
20.8
19.3
19.7
17.8
18.3

94
10.1
10.55
11.05
10.8
11.15
11.05
10.25

oS O o o O

7.4
9.2
10.35
10.85
12.25
13.2
14.25
15.45
15.4
15.85
15.95
16.15
16.85
17.8
17.7
17.85
18.1
18.85
18.5
17.7
18
19.25
18.25
17.9
16.6
17.05
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8 6.5
9 7.8
10 7.5
11 7.6
12 7.4
13 7.2
14 6.6
15 6
9014 LR}
0 0
1 0
2 0
3 0
4 2.1
5 2.8
6 3.8
7 3.6
8 4.6
9 5.4
10 6.9
11 7.8
12 9
13 8.8
14 9.8
15 9.7
16 10
17 102
18 9.8
19 9.9
20 9.8
21 10
22 9.7
23 10
24 94
25 8.8
26 8
27 8.5
28 8.7
29 8.3
30 7.8

8.7
9.6
9.4
10.3
9.8
8.7

R
R

S O O O

4.8
52
6.3
6.6
7.1
7.8
9.7
10.5
11.5
11.4
12.6
12.3
12
12.5
12.5
12.5
11.2
12.3
12.2
11.6
12.8
12
10.9
12.2
12.3
11.1
9.5

7.6

8.7
8.45
8.95
8.6
7.95
7.3
7.15

4

3.45

5.05
5.1
5.85
6.6
8.3
9.15
10.25
10.1
11.2
11
11
11.35
11.15
11.2
10.5
11.15
10.95
10.8
11.1
10.4
9.45
10.35
10.5
9.7
8.65

10
11
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15

9011
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6.1
6.9

5.8
4.6

5.45
5.95
6.1
6.25
5.95
5.65
5.25
4.4

S O O O

3.95
52
5.8
6.7
7.5
7.9
8.05
8.4
8.45
8.25
8.5
8.65
8.4
8.1
8.05
8.45
7.15
6.8
6.55
6.4
5.75
4.8
3.8



75CM 15CM 30CM

0 0
1 0
2 0
3 4
4 4.9
5 6.9
6 1.2
7 8.5
8 9.5
9 10.3
10 11
11 12.3
12 11.3
ERET e
2222
EE 7em
R 7.5cm
BEE 1 2
0 0 0
1 0 0
2 0 0
3 0 8.2
4 0 111
5 0 14.3
6 0 16
7 0 18
8 0 194
9 0 21.3
10 0 22.5
H&X 3.8cm

& E 15.0cm
EEO1E 2

0 0 0
1 0 0
2 0 0
3 7.2 8.3
4 9.7 105
5 111 14
6 122 195
7 134 195
8 153 22

0
0
0
10.8
125
15.2
16
16.4
17.8
185
195
18.9
18

3
0
0
0

2.8

5.6

8.5
95
10.3
11

3 [&

7.5
10
12.3
13.8
17
17.6

0

0

0
28.1
33.7
39.6
42.3

41

42.6
42.9
44.1
45.4
44.3
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EE 7cm

R 7.5cm

B 1E

0

O 0 N N »n A W N =

—_
(=)

9.9

10.6
12.1
13.2
14.1
16.1
17.6
19.7

2 [

8.6
10.4
12.6
14.7
17.3
18.7
20.6
20.8

H& 3.8cm

& 15 cm

BE 1H

==

0

0 NN AN W B W N

0
0
0
6.5
8.5
9.7
10
11.3
12.5

2
0
0
0

9.3

12.6

15.3

18.8

21
23

10.1
11
11.8
12
13.6

3 [&

7.2
9.7
12.5
14.2
16.3
17.7

9014
HEE 7em
HE75cm
BEEE 1 2
0 0 0
1 0 0
2 0 0
3 7.1 8
4 9.2 10.4
5 9.3 11.6
6 10 12.6
7 102 118
8 8.7 12.3
9 8.6 11.4
10 8.5 11.3
H&X 3.8cm
& 15 cm
BEE 1 2
0 0 0
1 0 0
2 0 0
3 10 6.4
4 10.8 8.8
5 11.1 9.3
6 11.5 10
7 11.2 10
8 10.9 9.7
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9011
H&E7cm
R 7.5cm
BHEE 1 2

0 0 0
1 0 0
2 0 3.7
3 0 5.7
4 0 6.9
5 0 7.9
6 0 8.8
7 0 9.3
8 0 10
9 0 11.7
10 0 12.3
HX 3.8cm
& 15 cm
BHEE 1 2
0 0 0
1 0 0
2 0 0
3 10 6.4
4 10.8 8.8
5 11.1 9.3
6 11.5 10
7 11.2 10
8 10.9 9.7

5.2
5.7
6.1

8.8
8.8

3 &

o N O o O

11.5
12
12
11



9 16.3 275
10 147 246
Hi&7cem
B 15cm
B 1E 2[F
0 0 0
1 0 0
2 0 0
3 16,5 139
4 228 229
5 26.9 29
6 30.7 315
7 32.7 352
8 36.1 37.6
9 39.3 385
10 435 40.2
R i g g
r Vv
17.2 2000
17.3 1700
174 1400
17.5 1000
18 400
19 200
20 160
21 140
22 135
23 130
24 130
25 127
26 120
27 119
28 114
29 110
30 106
31 103
32 99
33 95
34 92
35 89
36 &7
37 &4

22.3
21.3

3 &

o o o

12.5
15
18

15.3
16

18.5

19.5

9 13
10 14
HE 7 em
EE 15cm

BEE 1HE
0 0

1 0

2 0

3 5

4 6.5

5 7.5

6 9.7

7 10

8 10.9

9 12

10 12.5
r V
42 73
43 71
44 69
45 67
46 65
47 63
48 62
49 60
50 58
51 57
52 56
53 55
54 54
55 53
56 52
57 51
58 50
59 49
60 48
61 46
62 45
63 44
64 43
65 42

22
25

2 [
0
0
0

12.9

17.8

21.4

24.9

23.9

26.6
27

26.4

19.8
21.4

3 B

11.8
15.9
20
22.8
24
26
26
25
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9 10.6 8.2
10 10.7 7.4
HA& 7 em
FE 15cm
BE  1E 2E
0 0 0
1 0 0
2 0 7.3
3 13.2 14
4 13.5 17.8

5 146 204
6 148 20.9
7 13.7 204
8 10.9 21.2
9 10.9 20.2
10 9.5 18.6
Vv
38.8
38.1
37.6
36.7
36.1
35.7
35.2
34.5
33.8
32.9
32.3
31.8
31.3
30.5
29.9

11
10

3 &

8.1
14.6
16.5
16.9
15.3
14.7
14.2
15.4

9 10.6 8.2
10 10.7 7.4
HIE 7 em
FE 15cm
BE O1E 2
0 0 0
1 0 0
2 0 7.3
3 13.2 14
4 13.5 17.8
5 146 204
6 14.8 20.9
7 13.7 20.4
8 10.9 21.2
9 10.9 20.2
10 9.5 18.6

11
10

3 &

8.1
14.6
16.5
16.9
153
14.7
14.2
15.4
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