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ABSTRACT

This thesis presents study of the effect of magnetic field on the rice growth. This research
focuses on the growth of rice under AC and DC magnetic field intensity at 20 A/m, 40 A/m and
80 A/m. The comparison is done under the condition of magnetic field for the period 8 hours, 16
hours, and 24 hours per day and comparing with non magnetic field. Research assessment is
supported qualitatively by analysis results of the experimental data based on statistic evaluation.
The magnetic field effect can be the growth rate of rice, and the physical changing in height of

stems and roots. The simulation with FEMLAB program confirms the magnetic field intensity

comparing with the measured result.
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=ij2 —Lul—sz (2.19)
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Current Probe

HP / Agilent 1146A

Specifications:

AC/DC, 100 mA to 100 A rms, DC to 100 kHz
Frequency range: DC to 100 kHz (-3dB with current derating)

Current range, 1 mV/A: 100 mA to 10 A peak 10 mV/A: 1 to 100 A peak 10 mV/A ac/dc: 1000

mV peak
AC current accuracy, 100 mV/A (50 mV to 10 A peak) - 3% of reading £50 mA 10 mV/A (500 mA to 40 A peak) - 4% of
reading £50 mA 10 mV/A (40 A to 100 A peak) - 15% max at 100 A
Working voltage: 600 V max
Battery: 9 V alkaline

This AC/DC current probe provides accurate display and measurement of currents from
100 mA to 100 A rms, dc to 10C kHz, without breaking the circuit. The Agilent 1146A uses Hall-
effect technology to measure ac and dc signals. It is compatible with all Agilent oscilloscopes and

any scope with 0.2 to 0.5 V/div sensitivity, a minimum input impedance of 1 M&#937; and a

BNC input.



43B Power

The Fluke 43B Power Quality Analyzer combines the most useful capabilities of a
power quality analyzer, scope and multimeter in a single easy-to-use instrument.
The user interface is selectable in English, German, French, Italian and Spanish.

@ Voltage, current, and power harmonics

@ Up to 51st harmonic
® Total harmonic distortion (THD)
@ Phase angle of individual harmonics

@ One and three phase power on
balanced loads

e Watts, power factor, displacement
power factor, VA and VAR

e Voltage and current waveforms

{ 3
[T SR SRPAEENTP— )

@ Continuously measure volts and amps
on a cycle-by-cycle basis for up to
16 days

@ Use cursors to read time and date of
sags and swells

e Catch voltage transients and waveform
distortion

o Catch and save up to 40 transients

@ Correlate the cause of transient with
time and date stamps

Menu items | Measurements
Volts/Amps/Hz 5.000 V-1250 V .
50.00A-50.00 kA + (1%+10)
Mains frequency 400 - 70.0 kHz + (0.5%+2)
CF Crest Factor 1.0 to 10.0 + (5%+1)
Power Watts, VAR, VA 250 W-1.56 GW + (4%-+4)
PF, DPF, COS ¢ 0.25-0.9 +0.04
0.90-1.00 +0.03
Harmonics Volts 1st to 51st harmonic 1 (3%+2) to * (15%+5)
Amps 1st to 5lst + (3%+8) to + [15%+8)
Watts Ist to 51st + (5%+2) to + (30%+5)
K-factor 1.0 to 30.0 + 10%
Sags & Swells Voltage and Current 4 min- 16 days + (2%+10)
selectable
Transient Capture 40 ns width Select 20/50/100/200% + 5% of full scale
Up 1o 40 transients above or below line
voltage
Inrush Current 1sec. to 5 min selectable 1Ato 1000 A + 5% of tull scale
Ohms/Continuity/ Ohms 500.0 2 to 30.00 MQ + (0.6%+5)
Capacitance Capacitance 50.00 nF to 500.0 yF + (2%+10)
Temperature ‘c -100.0°C to 400.0°C + |0.5%+5)
[with accessory) i 2 -200.0°F to BOO.O°F
Scope D, ac. ac+dc, peak, Sampling rate: 25 M5/sec
peak-peak, Hz, duty cycle, Bandwidth:
phase, pulse width, Voltage BW (Channel 1) 20 MHz
crest factor Cumrent BW (Channel 2) 15 kHz
Screen saves All functions 20 screens
Recording V/A/Hz, Power, Harmonics, 4 min - 16 days Select any two
{)/Cap, Temperature, Scope selectable parameters in each
display mode

Battery life: Rechargeable Ni-Cd pack (charger included), 4 hrs typical (continuous)
Shock & Vibration: Mil 28800E, Type 3, Class 111, Style B.

Operating temperature: 0°C to 50°C; Case: IP51 (dust, drip, waterproof)

Size (HxWxD): 232 mm x 115 mm x 50 mm Weight: 1.1 kg

Safety: EN 61010-1 CAT III, 600V. UL and CSA listed.

Three years warranty
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KBPC1000/W — KBPC1010/W

10A HIGH CURRENT BRIDGE RECTIFIER

Features
e Diffused Junction «— A —p «— A —p
® Low Reverse Leakqge Currfant & | :' C '
® Low Power Loss, High Efficiency G T — G
® Electrically Isolated Metal Case for FTI= /l K S|
Maximum Heat Dissipation D _$ +| |C C '
® Case to Terminal Isolation Voltage 2500V 3 |- i el 1D
® UL Recognized File # E157705 = S i Gl i
- e j
o= =
Mechanical Data £o3_ rpoq E E
1 1 % ] ¥ []
® Case: Metal Case with Electrically Lo Lo rB v RN IB i
Isolated Epoxy
® Terminals: Plated Leads Solderable per KBPC KBPC-W
MIL-STD-202, Method 208
® Polarity: Symbols Marked on Case KRPe L
®  Mounting: Through Hole for #10 Screw B i
® \Weight: KBPC 31.6 grams (approx.) B 1097 123 1097 123
KBPC-W 28.5 grams (approx.) c 15.70 16.70 17.10 19.10
® Marking: Type Number D 17.50 18.50 10.90 11.90
"W" Suffix Designates Wire Leads E 22.86 25.40 30.50 —
No Suffix Designates Faston Terminals G Hole for #10 screw, 5.08& Nominal
H 6.35 Typical [ og97@ | 1070
All Dimension in mm
Maximum Ratings and Electrical Characteristics @t,=25°C unless otherwise specified
Single Phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.
" Snbiol KBPC | KBPC | KBPC | KBPC | KBPC | KBPC | KBPC Unit
s 1000/W | 1001/W | 1002/W | 1004/W | 1006/W | 1008/W | 1010/W
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 \'
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Y
Average Rectified Output Current @T, = 50°C lo 10 A
Non-Repetitive Peak Forward Surge Current
8.3ms Single half sine-wave superimposed IFsm 200 A
on rated load (JEDEC Method)
Forward Voltage (per element) @I = 5.0A VEM 1:2 \
Peak Reverse Current @Te =25°C Iresa 10 A
At Rated DC Blocking Voltage @T¢ = 125°C 1.0 mA
Typical Junction Capacitance (Note 1) Ci 300 pF
Typical Thermal Resistance (Note 2) ReJc 6.3 Kw
RMS Isolation Voltage from Case to Lead Viso 2500 \
Operating and Storage Temperature Range Tj, Ts1G -65 to +150 °C

* Glass passivated forms are available upon request.
Note: 1. Measured at 1.0 MHz and applied reverse voltage of 4.0V D.C.
2. Thermal resistance junction to case per element mounted on heatsink.

KBPC1000/W — KBPC1010/W
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Range/Resolution:

Band width

Electromagnetic Field Tester (EMF TESTER)
Model: EMF-827

< EMF SENSOR >
\

T 20 a7 D M0 mG
—300 uT | 2000 mG
—2000 5T 20000 mG

7244 ¥ mG:  x10
mRere Tesit il Cavge

Electromagnetic Field
Radiation Tester

EMF FIELD TESTER
DIGICoN EMF-827

20 micro Tesla/0.01 micro Tesla
200 micro Tesla/0.1 micro Tesla
2000 micro Tesla/1 micro Tesla

*1 micro Tesla = 10 mili-Gauss

30 Hz to 300 Hz
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Abstract

This paper presents a study of the effect of
magnetic field on the rice growth [1]. This research
focuses on the growth of rice under magnetic field
intensity at 40 Asm. The comparison is done under the
condition of magnetic field for the period 8 hours, 16
hours. and 24 hours per day and without magnetic
field Research assessment is supported qualitatively
by analysis results of the experimental data based on
statistic evaluation. The magnetic field effect can be
the growth rate of rice, and the physical changing in
height of stems and roots [2].

Index Term: magnetic field, magnetic mtensiy, rice
growth

L Introduction

One of the source of the magnetic field and the
electric field is the transmission line. Almost area in
Thailand is agriculture land and having the
transmission line pass through. It may be affected on
plant and the other life. Therefore, the study of bio
effect of rice 18 introduced.

In this paper, the effect of magnetic field intensity
at 40 A/m is focused. The duty ratio of operating
period is set up at 8 hrs. 16 hrs, and 24 hrs., /day for
a week. The Best EMC conducted lmmunity Testing
System is used as the magnetic field source

Magnetic field intensity can be calculated by
equation (1) [3],

TdLxa,

=e 18]
‘ 4nR? ¢
H : Magnetc field intensity {A/m)
I :Cument (A)
L :The length of a wire (m)
R : Radius of operation {m)
ag, :Unit vector of radius

Experimental result 1s considered by statistic
principle
IL Theory

This research is supported qualitatively by analysis
results of the expenimental data based on statistic
evaluation.

There for the statistic evaluation have Mean ( X ),
Standard deviation(s), Variance (3*) and the analvsis
with  Z-value. The statistic equation is shown in
equations (2-5) [],

him(;,l

x == @

n
xi .summation value of the test group
i1

M : number of the test group
Standard deviation (S)
n —

2
(xi =x)

g =tz )
= 3

X —% ! the difference between value of
group test with mean of test group
M number of the test group
Variance (S°)

' (xi-f)l

T

st = @
Xi —x | the difference between value of

group test with mean of test group
NN number of the test group

Z-Value

The experiment analysis results are verified using
the statistical Inference for two means by the testing, of
statistical hypothesis.
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The lesting of statistical hypothesis about two
populslion means snd constructing confidence
irtervals for difference between two means are
focused.

The following assumphons for the methods
areused

1.The two samples are independent.
2.The two samples sizes are large.
Thatis, ny > 30 and ng > 30

The formula for test statistic for two meansis

Z = Go- 33 )-(uy - u;) ®

sl s
- =3
LY n,

Bis By - the arthmetic of the test goup 1, 2
;; : means of the test group |

x; @ meansofthe test groupl

S : value of standard deviation
of the test group 1

$37 - value of standard deviation
of the test group 2

B)  : mumber of the test group 1

n, :number of the test group 2

1. Expevimental Medod

[srmmem | 3ommin |

B B wead] i how v
Shaeuira pparfer fe g

| [

L J
Tenllt wnd anelys

o cheanna
vl sttty spgrech |

Fig.1 Diagram of the experimertal

Inthis study effect of m agnetic field is done under
the continuous magnetic feld with The Best EMC
conducted Immumty Testing Sysem (4 A/m,
frequency 50 Hz) [5] and smze of the square loop
anternaissazel mx lm.
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Suphunburi | nce is used m this experiment. Seed
of rice 15 planted 1n a square plashc box with the
special paper for the germmate, the nunber of seed 15
1aid 10 rowsx 10 columns per the group of the tast.
The expenment is compared for the nice growth under
continuous magnetic field and nonmagnetic filed

The expenmert 15 done for magnetic filed intenaly
at 40 A/m. The duty ratios of penodis set up at 8 hrs,
16 hes, and 24 hrs per day respectively for & week
Then, growing rice is observed and recorded the
physical changing in height of stems and length of
rools af the 7™ day.

The condihon disgram and configuraion of
experimertal are shownin figure | andtablel.

)

Fig.2 the experim ental setup
() Experimental growth of nce with magnetic field
under the Conducted Imm unity T ¢sting System
(b) Experimentd growth of rce withoul magnetic
field

Table 1. Show the condition of the expenment

Wk H 40 Afm
Without H Chusiday)
3 16 o pI3)
v v
v -
7 7
IV. Results

In this the study, effect of magnetic fields on the
rice growth under test of magnetic fidd inlenaity 40
Afm, the comparison is done under the condition of
magnetic field for the period 8§ hrs, 16 hrs, and
24 ks per day for a week then record al the ™ day.
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The result of expernmertal analyas bases on statistic average root length(cm)
svaluation by the Lesting of statistical hypothesis 3
The hypothea s for two meansin this paper is
| The rll Hypothesis is Ho: i <o 6 — ]
1. The altemstive hypotheaisis Hy: py > g
et (1-0)100% = 95 %
The result is shown in figures 2.3 and tables 2-5 44
) EWithout H
J' -1
' OWihH
0 |
8 hrs 16 txs. 24txs

Fig. 4 Comparison means of roots at various ime
spplying toweek shows onthe 7% day

Tablke 4 The testing of means of stem

10018

~
Ha
Ed He40 Alm saght of Stems
Fig. 2 Comparisan of stems and roots sample ab Koo Z-value
various tme applying lo week shows an without H 3.19 )
i ™ 302 0.59
14 7
Table 2 Msans and Standard devistion of stems ik 2 SR
24 ko 325 0202
Without withH Field
H Field 8 hrs. 16hrs. | 24 hrs Table S The testing of means of roct
Xy fem) | 319 3.02 314 3325 .
sdiem) | 216 187 197 204 Hed0 A/m Height of Roots
P Z-value
Table 3 Means and Standard deviation of roots wihoud | 490 -
, : 8kn 624 -305
mu with H Field 16 ko 551 351
H Field 8 hrs. léhrs | 24hrs 24 has 710 425
| Zog(cm) | 490 624 661 7.10
o (cm) 311 313 373 413
-~
-
average stem herght (cm) KL< g
4
34
2 4
v 4
oL
14— OWitcat Fig.5 the regonis accepted the hypotheas Ho
: OWithH
0 - V. Analysis
Condition this research is supported qualitatively
S hus 16 hrs 24hes by analysis resuts of the experimental analysis using

the statistical. The panson between average of
Fig.3 comparison means of stems ol vanioustime stems by the testing of statistical hypothesis with 2.
applying Lo week shows on the 7% day value ot confidence value (1- o) =95 % is done.
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Fig 2 shows the H field effect on the sample of
growing rice on the 7® day show that longer applied H
field penod results a longer levers and roots

Table 2 and 3 show the result of X and S.D. of the
average height of stems and roots under continuous
magnetic field

Figs. 3 and 4 show the results of the average height
of stems and the average length of roots. The longer
applied magnetic field intensities period, the higher of
the stem 1s performed. This is the same as the case of
the length of the roots

Tables 4 and 5 show the result of X and Z-value of
the average height of stems and roots under continuous
magnetic field by the testing of statistical hy pothesis.

Fig. 5 shows the accepted region for the results all
period with magnetic field intensines. At the first
hypothesis Hy: ) < y; |, the longer applied magnetic
field intensities period. the higher of the stem is
performed This is the same as the case of the length of
the roots.

V1. Conclusion

This paper has proposed the study effect of
magnetic field on the rice growth under magnetic field
intensity at 40 A/m. The comparison is done under the
condition of magnetic field for the period 8 hrs, 16
hrs., and 24 hrs. The applied continuous magnetic field
can affect the growth rate of rice.

The results of this research can be guideline for rice
treatment to increase the rice development.
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The Study of Magnetic Field Intensity
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Abstract: This paper presents the result of magnetic
field intensity and time vanation effect to the rice
growth. This research focuses on the growth of rice
under magnetic field intensity at 40 A‘m and 20 A/m.
The comparison is done under the condiion of
magnetic field for the period 8 hours, 16 hours and 24
hours per day and without magnetic field. Research
assessment is supported qualitatively by analysis
results of the experimental data based on statistic
evaluation. The magnetic field effect can be the
growth rate of rice, and the physical changing in
height of stems and roots. The environment of the
experiment such as temperature, light, and relative
humidity is controlled in the same condition.

Key words: magnetic field, maguetic intensity, rice
growth, mean

1. Introduction

One of the source of the magnetic field and the
electric field is the transmission line. Main areas in
Thailand are agriculture land and having the
transmission line pass through. It may be affected on
plant and the other life [1], [2]. Therefore, the study of
bio-effect of rice is introduced.

In this paper, the effect of magnetic field intensity
at 40 A/m and 20 A/m is focused. The duty ratio of
operating period is set up at 8 hours 16 hours and 24
hours/day for a week, The condition of Lhe expenment

is shown in table 1.
Table L: The conditions of the experiment
without with H with H
Group Test H (@0 Am) | (0Am)
group | (Shas) v v v
group 2 (16hrs) v 3 v
group 3 (24hrs) v v v
2. Theory

2.1 Magnetic Field Intensity (A/m)
The magnetic field mtensity can be calculated by
equations (1) and (2) [3], [4].
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4D3-1
— IdlLxa
dH =———& (1
4rR"

dfF : Magnetic field intensity {(A/m)
drl. : The length of a wire (m)
ag : Unit vector of radius
R : Radius of operation

2P

Fig. 1. Construction for finding magnetic field
intensity by Bio-Savart law

From Fig. 1, magnetic field intensity can be
calculated by equation (2).

di. - Tdl % dp,

4xR},
dH,  :Magnetic field intensity {A/m)
dl : The length of a wire (m)
dpy : Unit vector of radius
R : Radius of operation

Two key factors associated with magnetic field
intensity are amplitude of current and the distance.

2.2 Theory of statistic

This research is supporied qualitatively by
analysis resulis of the experimental data based on
statistic evaluation,

Those the statistic evaluations are Mean (f] and
Stendard deviation (S). The stahstic equations are
shown in equations (3) and (4) [3].



4D3-1

2.2.1 Mean (X );

2 X
f - f=] (3)
n
Z X, . summation value of the test group
part
n : oumber of the rest group
2.2.2 Standard deviation(5)
c 2
\/Z(‘- -%)
S= e )
n
x,-; : the difference berween value of
group
test with mean of test group
n : number of the test group test with
mean of test group
n : number of the test group

Twao key data for the assessment are the mean and
the smndard deviation (SD.) where the low SD. is
preferred

3 Experimental

3.1 Experimental Procedure

To prepare

Do prepare Ll To dry with sun light 12 hrs |

[‘I‘o soak water 24 hrs. ]

bring to pack covered

with cloth 48 hrs

To lay seed of rice in box
with the extra paper
for the germinate

without with
magnetic field magnetic field

$__‘_&

To observe resukt and analysis
with statistic approach

Fig. 2. Diagram of the experimental
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Fig. 2. shows the diagram of the experiment. The
main stage is w0 prepare the rice seed for testing.
The treatment under magnetic field is set with the
variation of magnetic field intensity (20A/m and 40
A/m) and the variation of weatment time per day (8
hours, 16 hours and 24 hours per day). Then,
the final stage is to compare and analyze the growth
rate of stem and root with in 7 day.

3.2 Experimental Setup

In this study effect of magnetic field is done under
the continuous magnetic filed with the magnetic
field source (AC source, frequency 50 Hz) and a
diameter of loop current is 1 m. The magnetic field
source and loop current were designed by

- AC source 220V 50Hz

- Transformer 220/10-40Vac

- Variac 0-300 Vac

- the copper wire No. 20 (A'W.G) and area
is 05174 mm’, I, is 8 A.

- the plastic mbe for modify loop current, there
is a diameter 1 m.

Suphunburi 1, Thai rice, i8 used in this
experiment. Seed of rice is planted in a square
plastic box with the special paper for the germinats,
the number of seed is laid 10 rows x 10 columns
per the group of the test. The experiment is
compared with the rice growth under continuous
magnetic field and nonmagnetic filed.

The experiment is done for magnedc filed
intensity af 40 A/m and 20 A/m. The duty ratios of
period is set up at 8 hours, 16 hours and 24 hours
per day respectively for a week. Then, growing rice
is observed and recorded the physical changing in
height of stems and length of roots at the 7 day.

The experimental setup are shown in Fig. 3-5

Fig. 4. The circuit equivalent of continuous
magnetic field
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Fig. 5. The experimental setup
4. Experimental resalts

In this the study, effect of magnetic fields on the
rice growth under test of magnetic field intensity 40
A/m and 20 A/m the comparisen is done under the
condition of magnetic ficld for the period 8 hours, 16
hours and 24 hours per day for a week then record at
the 7™ day. The result of experimental analysis bases
on statistic evaluaricn by the mean value and standard
deviation. The result is shown in Figs. 6-7 and tables
2-5.

Fig 6. Comparisen of stems sample at various tme
applying ‘o week shows on the 7 day

Case With H (A/m)

-

Without H (A/m)

Fig. 7. Comparison of roots sample at various time
applying to week shows on the 7 day
(a) root under magnetic field intensity 40 A/m
(b) root without magnetic field
(c) root under magnetic field intensity 20 A/m
(d) root without magnetic field
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Fig. 9. Comparison of average height stems at
various time applying to week shows on the 7% day

P-----M
-20 A
H-da A

ITTT7TT

Fig. 10. Comparison of average length rovts at
various time applying to week shows on the 7 day

g =

¥ oxm 1

3 =m

ii »00 OH au-[
1500 OH 4

i 100
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: 500 - L d

oy 2 proplée  geapN

Fig. 11. Comparison of percenmge difference
average height stems at various tdme applying to
week shows on the 7 day
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Fig. 12. Comparison of percentage difference
average of length roots at various tume applying to
week shows on the 7* day

Percentage ditference can be calculated by equation
(5)

L |

data iy 5 — dAIG g 5 <100

AL gy

&)

% difference of 17 :[

Table 2 Standard deviation of stems and roots

Figs. 11 and 12 show percentage difference
average of height stems and length roots. The
higher magnetc field tics and the longer
applied magnetic field miensities period, the higher
of the stem is performed. This is the same as the
case of the length of the roots.

This is a significant advantage about (28.66-14.94
=13.72 %), (32.46-17.39 = 15.07 %) and (32.60-
21.55 = 11.05 %) between treatment without H and
40 A/m and 20 A/m for 3 difference penod as
compared height of stems n fig. 11.

This is a sigmficant advantage about 11.87%,
20.55% and 17.56% between treatment without H
and 40 A/m and 20 A/m for 3 difference peniod as
compared length of roots in fig. 12.

Table. 2 show standard deviation of stems and
roots. The standard deviation of all experiment are
satisfied.

6. Conclusion

This paper has proposed the study effect of

Swundard deviation Standard deviation
of stems. of roots

- With H
o | wimour |  “PH | withou

2w | 40 &
Am | Aim H0AmY pAm

8 hrs. 130 1.74 1.56 159 165 | 1.44

W6hs. | 137 | 132 | 127 | 140 | 2143 | 188
2ahms. | 168 | 285 | 124 | 209 | 256 | 281
5. Analysis

The temperature, relative humidity are controlled for
all the experiment. The comparison between average
of stems and average of roots and with the satisficy
standard deviation.

Figs. 6 and 7 show the magnetic field effect on the
sample of growing rice on the 7® day show that longer
applied magnetic field peried results a longer stems
and roots.

Figs. 9 and 10 show the results of the average height
of stems and the average length of roots. The longer
applied magnetic field intensities penod, the higher of
the stem is performed. This 1s the same as the case of
the length of the roots. For example; height of stem is
increased from 3.26 cm. to 3.77 and 4.22 cm. for
H=20 A/m and 40 A/m respectively at 8 hours per day
treatment. Longer period also provide positive in
increasing the height of stems as shown in fig. 9.

In general for these operating conditions longer
period, high magnetic field intensity result in longer
roots and higher stems.

tic field on the rice growth under magnetic
ficld intensity at 40 A/m and 20 A/m. The
comparison is done under the condition of magnenc
field for the period 8 hours, 16 hours and 24 hours.
The applied continuous magnetic field can affect
the growth rate of rice.
The results of this research can be guide line for
rice treatment to increase the rice development.
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