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ABSTRACT

The Objectives of this research ware to develop and compare the achievement in pre and
post test which learned with the web-based instruction on electromagnetic wave engineering
course.

The web based instruction consisted of the four chapters and the achievement test items.
In each chapter consisted of contents and exercise test items. The research samples 11 students of
Master of Science in Industrial Education, majoring in Electrical Communication Engineering,
Faculty of Industrial Education, King Mongkut’s Institute of Technology Ladkrabang. The
research results analyzed from the achievement of samples compare between pre and post test.

The research results showed that the quality of web based instruction was good level. The
average of quality of this web based instruction was 4.15 and the deviation value was 0.63 In
additional, the achievement after learning with the web based instruction was higher than the

achievement before learning in level 0.05.
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Vol 2 4 S
AU 1 AU 2 AN 3
1 +1 +1 +1 3 1 aeanany/1¥14
. 2 +1 +1 +1 3 1 aoandod/ 1414
3 0 +1 +1 2 | 0667 ananany/1414
4 +1 +1 +1 3 1 asandes/ 1414
5 +1 1 +1 3 1 apandos/ 1414
6 +] + +1 3 1 aeandnd/ 1414
7 +1 +1 +1 3 1 aeandod/ 1414
. 1 8 +1 +1 +1 3 1 aeandnd/ 1414
9 +1 1 +1 3 1 aoandnd/ 1414
10 1 +] +1 3 1 aoandnd/ 1914
1 +1 +1 +1 3 1 aoandns/ 1414
12 +1 +1 +1 3 1 doandos/ 1914
13 +1 +1 +1 3 1 aoandny/ 1414
Y 14 +1 +1 +1 3 I aoanana/ 1414
15 +1 +1 +1 3 I aonndoy/ 1414
16 y 4 ¥ 1| 0333 | hiceandes/ 19K
17 -1 +1 +1 1| 0333 | Tineandes/19Ni14
18 0 +1 +1 2 | 0667 aonndos/ 1414
19 +] +1 +1 3 1 aoandns/1¥14
E 20 +1 +1 +1 3 1 aoandnd/ 1514
21 +1 +1 +1 3 1 aoandnyd/ 1914
22 +] +1 1 3 1 aoandey/ 1414
: 23 +1 +1 +1 3 1 aoandod/ 1914
24 +1 4 +] 3 1 aoanded/1¥14
25 +] +1 +1 3 1 aoanded/ 1414
26 0 +1 +1 2 | 0667 aoandnd/ 1914
27 -1 +1 +1 1| 0333 | hiceandes/19014
28 +1 +1 +1 3 1 aoandnd/ 1914
29 +1 +1 +1 3 1 aoandos/ 1714
30 +1 +1 +1 3 1 aenandnd/ 1914




80

AZUUUADNAAITHYBIYN T IV m
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AN 1 AUN 2 AUN 3
31 0 +1 +1 2 | 0667 aoandnd/ 1514
32 -1 +1 +1 1| 0333 | hiceandes/19i14
2 33 0 +1 +1 2 | 0667 aeandns/ 1414
34 +1] +] +1 3 ! aoandey/ 1414
35 ) + +1 1| 0333 | Wineanded/19i14
36 +1 +1 +1 3 1 aoandana/ 1914
37 +1 +1 +1 3 1 aoandey/ 1414
38 +1 +1 22 3 1 aoandod/ 1414
39 0 +1 +1 2| 0667 aeandnd/ 1414
40 +1 +1 +1 3 i aoandey/ 1414
41 +1 +1 +1 3 I aeandod/ 1914
42 +1] +1 +1 3 1| aoended/1414
43 41 +1 +1 3 1 toanany/ 1914
3 a4 +1 +1 +1 3 ! aoandos/ 1414
45 +1 +1 + 3 I woanan/ 1914
46 +1 +] +1 3 1 toanded/ 1914
47 +1 +1 +1 3 1 aannded/ 1914
48 +1 +1 1 3 I aoandny/ 1414
49 + +1 4 3 1 aonndoa/ 1414
50 +] +1 £1 3 1 noanaed/ 1414
51 +1 0 +1 2 | 0667 aoandny/1%14
52 +1 0 +1 2| 0667 asandod/ 1414
53 +1 +1 +1 3 1 aeanded/ 1714
54 0 +1 +1 2 | 0.667 aeandod/ 1914
55 0 +1 +1 2 | 0667 apanand/ 1914
56 0 +1 +] 2 | 0667 aoanded/ 1414
s 57 +1] +1 +1 3 I aeandes/ 1414
58 +1 +1 +1 3 1 aenandnd/ 1914
59 +1 +1 +1 3 1 aoanded/ 1914
60 0 +1 +] 2 | 0667 aoandey/ 1914
61 0 +1 +1 2 | 0667 aoandoy/ 1414




MANNENNY Me1nesuun manundslsin tazmanuyeiv

M3 94 AINNULINGY

oil Su(Ny =20) Ji (N, =20) p r

* ] 17 13 0.750 0.20

* 2 12 8 0.500 0.20

3 14 7 0.525 0.35

* 4 15 10 0.625 0.25

5 16 7 0.575 0.45

6 9 10 0.475 -0.05

® 7 17 9 0.650 0.40

3 ¥ B 14 5 0.475 0.45
9 10 6 0.400 0.20

10 9 3 0.300 0.30

* 11 9 5 0.350 0.20

12 16 12 0.700 0.20

* 13 15 7 0.550 0.40

y 14 14 10 0.600 0.20
15 16 11 0.675 0.25

16 8 10 0.450 -0.10

17 12 1 0.475 0.25

* 18 15 8 0.575 0.35

19 13 14 0.675 -0.05

* 20 14 8 0.560 0.30

21 6 2 0.200 0.20

* 22 13 5 0.450 0.40

23 13 8 0.525 0.25

* 24 13 8 0.525 0.25

25 8 10 0.450 -0.10

26 14 5 0.475 0.45

¥ * 27 13 8 0.525 025
* 28 14 5 0.475 0.45

29 17 12 0.725 0.25

30 10 10 0.500 0.00

* 31 10 6 0.400 0.20

32 9 3 0.350 0.20

"y * 33 11 7 0.450 0.20
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Yo fH(NH =20) fL(NL =20) p r
. 34 9 5 0350 020
I 10 5 0375 025
* 36 9 5 0.350 0.20
+ 37 17 13 0.750 0.20
+ 38 13 8 0.525 025
39 9 8 0.425 0.05
40 8 5 0.325 0.15
* 4] 17 11 0.700 0.30
* 42 11 5 0.400 0.30
43 10 s 0.425 0.15
BE) 4 4 0.275 -0.15
45 10 8 0.450 0.10
46 4 7 0.275 -0.15
* 47 17 12 0.725 0.25
48 12 8 0.500 0.20
* 49 16 12 0.700 0.20
50 10 8 0.450 0.10
51 51 9 0.525 0.15
* .52 15 10 0.625 0i25
¥ 53 13 9 0.550 0.20
* 54 14 10 0.600 0.20
* 85 16 12 0.700 0.30
56 17 13 0.750 0.20
* 51 13 8 0.525 0.25
58 9 8 0.425 0.05
59 8 . 0325 0.15
¥ .60 17 1 0.700 0.30
* 61 9 5 0.350 0.20
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ngannanui AZIUUIIN X X
1 22 22 484
2 27 27 729
3 19 19 361
4 25 25 625
5 21 21 441
nguBeYALT AZUUUIIN X X?
1 19 19 361
2 21 21 441
3 13 13 169
4 16 16 256
5 21 21 441
523 Y. X\ £204 T X% =4308

MINgAIMIAAILLL T

sronZx (Ex)
n(n—1)

UNUAT

R 10(4,308) - (204)’

10(10 1)
43,080 41,616
- 90
=16.26

S annunlsdsvesuuumeae Ny 16.26
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3V

o

g=(1-p)

p P4
1 0.750 0.250 0.188
2 0.500 0.500 0.250
3 0.625 0.375 0.234
4 0.650 0.350 0.228
5 0.475 0.525 0.249
6 0.350 0.650 0.228
7 0.550 0.450 0.248
8 0.450 0.550 0.248
9 0.575 0.425 0.244
10 0.560 0.440 0.246
1 0.450 0.550 0.248
12 0.525 0.475 0.249
13 0.525 0.475 0.249
14 0.475 0.525 0.249
15 0.725 0.275 0.199
16 0.350 0.650 0.228
17 0.375 0.625 0.234
18 0.350 0.650 0.228
19 0.750 0.250 0.188

20 0.525 0.475 0.249

21 0.700 0.300 0.210

22 0.400 0.600 0.240

23 0.725 0.275 0.199

24 0.700 0.300 0.210

25 0.625 0.375 0.234

26 0.550 0.450 0.248

27 0.700 0.300 0.210

28 0.525 0.475 0.249

29 0.700 0.300 0.210

30 0.350 0.650 0.228

> pg =6.921
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4 & a .
Ml uMIeAINMs wBMUUMATe U 19gATYBY Kuder Richardson 20 (KR-20)

MINGAS
el
k-1l s?
iiio r, = dulszAniaudeiuvewuunaney
= $nudeaeuriomn
p= dadmveadiineugnluusozde
g = dadmvesdiinovialuudazde (1- p)
S? = arlsdsuvesnzunusianun
A r, :[ & }[l + 6'921}
*L@o-1) | 28.02
=1.05x(1-0.247)
=1.05%x0.753
=0.79

o : 4w 19 ar - = = [ ' - v o
AIUU ﬂﬂm%auu'uaquuunnﬂamﬂNnﬁnqmman1515t1u'umumsuumu|.ﬂ§'a11waumasmm

. a2 1l
Foanauuman v As 0.79
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uuunaaeuneUissHIaz s duteaeugmReINU $11IM 30 Vo

1. doladuaunisusundou Ifhaungueavhsuad?

ﬂ.emf=—g—é A%
u.emfz-f;—? \Y%
n. emf = ii_c;) \Y%
q.emf:—% \Y%

° " o [ = . - ar L] o
2. SmuanumuIniuWandniinan B = 6cos10% sin 0.0lxa, mT v dnadiniman
d‘ ' J o = 1 '
NHIUNURD z=0, 0<x<20m, 0<y<3m HAun113?
. 81 mWb
v.23.2 Wb
g fl.23.2 mWb

1. 19.39 mWb

3. vuomligavosmmmunniunszuavialusimalndmooimasnoun Tufiinuuss
auuveadye Il FM A0 £ =80cos(6.277x10%-2.092y)a, V/m 2

n.0.455 A/m’

v.18.00 A/ m*

f. 1257 Alm’

1.2.05 A/m?

4. A K udazgveseim E =(Kx=1000)a, V/m, H=(x+200a, A/m fizeandos
5 AoauNsveINTIad lugasrozuil Wit o = 0 P, =0uaze=0.017
N 15V/m?
v. -15V/m?
f.5V/m*
. -5V/m?

i
5.010 =0, =2.5g, 10z 4 = 104, samnguesauae liidelaaeandesiuaums
o 4
HuNHIA ?

gk = 2ya,, H =5xa,
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_ B B s o
V.D=5xa,-2ya,+2za, uC/m*, B=2a, mT

A.E=(2x-1000a, V/m, H=(x+200)a, Alm
1.D=(z+6+10"1)a,, B=(-754z-4.52x10"°1)a,

6. yiANIAD3 0.48a, — 0.6, +0.64a, INANIINVOUIYA2 (€4, = 2.5, g, = 2,07, = 0)
Tdaveuval (eg =4, 1z, =10,0, =0)
&1 H, =(~100a, - 50a, +200a,)sin 400t A/ m 'ﬁi}ﬂ P luveuivaiil ﬁqagﬁﬂﬁuuan IR
wismeuagaiiga PvosH,, 2

n.96 A/m

¥. 110 A/m

f. 201 A/m

3. 586 A/m

7. Uszq Ifhugeiin Scos 107 72 uC gt P.(0,0,15) tinz5sy—5cos 10 71 uC of
ﬁP_(0,0,l 5) 1uquty1mﬁ WIA1 V iiie P(r=3000,0,¢=0),t=150 nsuaz & =907
N0V
U5V
.10V

LI5SV

¥ - w  d ]
8. Yelafonnuniiuuos ANOWLIN?
a. find I ndvunlasannal

=

v, find Iihnsdounasmugaigii

a. And I hnldoumlasmnlssy

1. fing I nn) dowasmrmanmiwesd i

9. imua A, Tuganmenii [Se/*a, —(3+ j)a,le ™™ A/m Smwtivesndn
AU 6MHz 3aM AU AN AN ’f{| yauenils ai 9@ (0, 0,0) fiaan t=0?
f.5.57 A/m
Y. 7.65 A/m
f.9.33 A/m

3. 12.30 A/m
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10. AAUITZUIUAIN ANLE 9.4 GHz IndpufruAInasMiilupolyethylene
(£=226,1£=0.0002 drvuiaveIRNUITUTILIMAN A A1 =7 mA/m uazauyd
ar : = o d ﬂ' c‘ d' d'
gananatunuiu I Fud ssduaumanus wesnauninasun?

1.0.969x10% ms

v.1.023x10% ms

1.1.54x10% ms

1.1.996 x10% ms

11, AAUSZUUATH AR 9.4 GHz InApuRiHIuAINa afiilupolyethylene
(£=226 £=00002 S1vuavosnNudIaUIIMAn A Tf1 = 7 mA/m lagauyAnIna1e
Sunuanihua sauatiminaamuduminnsiman?

f. 1.121 V/m

9. 1.352 V/m

f1. 1.754 V/m

1. 1.925 V/m

-1 ] £

12. W5aaf hildimaniim e, = 22510y 0 =10 Q/m sanaudansil dionnd 2.5
MHz?

. 0.0079 rad/m

9. 0.0322 rad/m

. 0.0564 rad/m

1. 0.0796 rad/m

Q(dl U

13. wmmn 1 MHz 71 Dielectric constant ﬁjmmuﬂuwmmnmmqwﬁummmu 4.15 uagm
Lmumumiﬁmmu (loss tangent) TAUMIAY 0.12 13 v uUAAUAMAT MUY 100 V/m iz
- 0 ungEmh s vamAIIUMET R 2= 0 Az 2= 107

n. 27.1 10z 25.7 W/ m?
v.24.7 182 6.31 W/ m?
f.23.7 U0 8.63 W/ m?

1.294 uaz 7.23 W/ m*
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e v

14. 1A7 08 100 MHz 1 Dielectric constant 'llmlfmﬂdﬁ‘lﬁW]mf'lU??[ﬂﬁJJﬂ'Il'VI'Iﬁ‘]J 4.15 unz
Aumnudumsgaydv (loss tangent) Sty 0.12 1szunuaAunsiiBmaunsu 100 vim i
2= 0 umsFmnuda vamaumuIiuAE A 2= 0 taz 2= 107

n.27.1 wag 25.7 W/ m’

v.24.7 1oz 6.31 W/ m?

f.23.7 U0z 8.63 W/ m?

2.29.4 unz 7.23 W/ m?

15. dade I whernmdn 113 300 m SuAmhERT gL auELATiAY 2.5 mm i
Mo =5.1x10° S, 1, =100 dnlavunszua’iviih 7, $1uau1.5c0s 3x10%7 A Tnariuda
dorirIndhdsna samiA1 Effective resistance?

n. 13.90

V. 16.42

M. 32.84

3. 56.82

16. #IneeaDariia Ao Fana1awiiadi 1 oG y <0 iife, = LOPF/m, g, =2.5 iH/m ung
=0 Fnarwiah 2 ogity > 05im1e, =9PF/m, 1, = 4 7/ miaz p; = 030080909
Aanang ﬁaamagimmu 2y =0 finfuannsznuain £, =500 V./m lusnanaii 1
indeui lfisevdednais dre = 108 rad / s sam otl) ?

n.2cos(10°1=0.5y) V/m

v.5cos(108=0.5y) V/im

1.50cos(10°1=0.5y) V./m

2.500cos(10%1 - 0.5y) V / m

17. ARUIZUILAIA AN 4 GHz ogludoded 1 Ao AR IR T UL ITBUAe
Fanans 2 wila Amuadh Sanaeviiad | oY z<0UM e =5, g =1, 0 = 0@anansdi 2 Y
i 2>08ii g5y =2, 1, =10, p, =00IMIM Z,, i 2= 0.6 cm?

n.86.9261.8°

v.86.9/-61.8°

1.76.8261.8°

1.76.8£-61.8°
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18. 'dwﬁ'aﬁ'fytmmuuuTmmnﬁwaﬂwmﬁqﬂvsﬂﬂv’hﬂﬂuﬁo a=0.5 adwnas SANYDIANN
weN b = 2.8 TaaluAs, c = 3.0 Haawas senndani lunuaniueniini dielectric 7199 1Aun
4, =31, 64 =1,0, =3x10" s/muaz o =10~ s/m i¥aAuAE 200 MHz Folafios
ons M gRyiovoIcnnidyyImu?

n. 24.3 mNP/m

9. 31.6 mNP/m

f. 35 mNP/m

1. 40.5 mNP/m

19. dolafivasnilszneuvevisesauyadvestoihdygyiu?
n.R,L
4. R, C
A.R,F,C

LR, L, G

=

20. Yolafommmnudumusesmoresini ioiideyavemedai 6 = 2.5 fnhiliduri
ﬁuﬁﬂma 0.5mmilagz o, =57

. 0.5Q

v.0.052

A. 0.005 Q

3.0.00050

21. dolafoaumsmianuaumuvesmuasdganuuu U sy u?
n.R=(260.)/ 2
V.R=2al(o.b)
AR =2(c.b)/ A
.R =2/(c,0b)

22. fin0A 500 Wnzi3H modauuLRLszIUAAA £ = 20 TuTasiaduns v1 5
fadwas N 0.4 fTaduns #nhilie= 20 pF/m mudaiisziimsylumoniilns?
1. 200 pF/m
9. 250 pF/m
f. 300 pF/m
3. 300 pF/m
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23. Sasimsaadviian Zo =100 Q, A = 0.9z waz v = 0.8¢c lavld Z, =125+ j0Q M
v,

5

m=20020"V R0 100 MHz TBUNNYBINBADAY Z,, = 50+ jO Q 91 Humn
BuRLAUTIID 2 = -1 YBITL?

n.114+ 2390

v.145.34+ j78.25Q

f.118.6+ j15.69 Q

1.235.5+ j45.99 Q

24. yrinignminnifitemaminiimesvosmudscvnmeafoninsiinla?
. Smith chart
4. Maxwell chart
f1. Normalized chart

4. Transmission chart

25. 151ensomamueiuea lan Z, ldsnaunsla?

=
nz 1S
‘1°ZL:':i—II:‘

26. 1130 Z, =90+ j120 Q wofiawypiLossless line Y11A 60 Q damennduuuay
(W4 18 cm 9aM1 SWR senaaduaz Tnsa?

1. 3.90

. 4.23

f. 4.62

1.5.66

o Vo a 4 w o
27. Sasimsgaidoves InuoniFouiinnue iy 20 wudns Aelarwmodduny
1 " ar o 2
Uszy Idfhawiiy 40 pF dranelauendoulimv/c = 3 waz Z, =50Q
e Z,, =1/ joC,, W C,, Annuammi1kHz?

f1. 60.0 pF
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¥. 62.1 pF
f1. 63.2 pF

3. 64.3 pF

28. Sasimsqadoves TauoniFouiinnueaniiiy 20 iuAes dedawmodisduiy
szy Tfhawniiiy 40 pF dreneTaueniouiimv/c = —i— woz Z, =50Q
lilo z, =1/ joC,, %M C,, findimAu20kHz?

N. 60.0 pF

¥. 62.1 pF

fl. 63.2 pF

3.64.3 pF

29. {olafomvosiuiivesitemeluyeseio TnneniFua (Coaxial cavity) HioW13 15D YA
msqudoi A/4 wouR 115 T IR [ =20 cm, @ = 0.024,, b=0.0545,£, =5
uae up =12

n.209 cm*

v.421 em?

f.688 cm*

3.746 cm®

30, muemAdua Rimsnszawnszua inailusimalaeil L,d =3x107* A-muaz
A =10 cm Yolafonves|Egy| #10=90°, ¢ = 0° Taur AUNIAY 2cm?

n.24.8 V/m

¥.32.2 V/m

f.48.2 V/m

1.60.5V/m
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MINN 97 NMTAATIEHHIHATUON TN NNMTLTUUVDIUNUTUUHIUIATOV WD UIADIIURA 1I93nNau

uuman Wi

. AZUUUTOUNAAUTBU AZIUHADUABUIUU HAAN HaA '’

v (PZUUMIAN 30 AZIUY) (AZUHUIAN 30 AZUMY) (D) ()

| 23 7 16 256

2 24 14 10 100

3 21 1 10 100

4 23 10 13 169

5 24 12 12 144

6 25 1 14 196

7 21 13 8 64

8 24 9 15 225

9 23 9 14 196

10 23 11 12 144

1 24 9 15 225
59 SD=193 | Y D*=1819

2D -
NGNS [= Mdf =n—1=11-1=19

7T iy YORHT
n-—1

193
=

11*1819 —(193)°
(11=1)

t=16.76

fmuaa a = 0.05

Wansa t s, =

2.228
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