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This thesis proposes the design and development of a bat repellent system by
using high-frequency sound waves mixing method. Based on research findings, bats are
sensitive to high-frequency sound waves at a sound pressure level (SPL) of 90 dB and
respond to frequencies between 20 kHz and 100 kHz. The response to these
frequencies varies depending on the species of bats. Studies have shown that when
bats are exposed to sound signals at this level, their brains respond to high frequencies
with sufficient sound intensity, causing discomfort and prompting them to fly away
from the area. Therefore, designing a system capable of generating sound signals with
adequate loudness is crucial. This research aims to design a system that can emit
sound waves at 90 dB SPL at distance of 5 meters. In addition to creating sound signals
with sufficient intensity, the research also introduces a technique of mixing noise into
the emitted sound waves by blending noise with the natural sound signals of bats to
enhance the effectiveness of repelling them. The system is also equipped with a
power amplifier circuit to boost the sound signal to a level suitable for bat repulsion.
Furthermore, in the development of this technology, the researcher designed an
impedance matching circuit to enable the use of common tweeter speakers
effectively, instead of relying on specialized and expensive speakers. The adjustments
to the amplifier system and improvements to the impedance matching circuit help
reduce production costs while maintaining high efficiency in bat repulsion. Thus, this
research presents a comprehensive design approach covering signal mixing, power
amplification, and circuit improvements to ensure that the bat repellent system
operates with maximum efficiency, while also considering cost-effectiveness by

utilizing readily available equipment from the market.
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i 1493
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VDI |
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1. M35UdBs (Sound Reception) AduLdgflaR U U Wl g Uy
q.'/ = dl‘ I3 d' [ a I [
guazinou Fudun1sUasULUINEINULESLUUNEIIUNE

2. sdsdeysy1ad (Signal Transmission) N15dUALLTBUINLE DAY ALYN
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39N ABLAdY (Cochlea) Mudsunasunalludygyralseam
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3. msAnudayaas (Signal Interpretation) dayay1auuszanavgnaslue
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AUAAYVDINTLABU
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3.2.3 AU
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AULLNLEYS (Sound Intensity) B85 WA AR UNUNRUETdlU
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[
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Y} Y o PEY v A & |
A5InANULLEssANNSavINlAensigASaalianng wu tulastny way
LASBITAANULTLLALS (Sound Level Meter) @93zaa8lunisuseiiuseautdestuniiig g

wa (dB) Tneialuna mnududssluntien@diuaduisafiwinlanainanududesninla

[

Waiegunuseaulde19n9ds (mluAe 1012 W/m?2) sail

L =10logy, (IL) (3.3)
0

A U a

Wa L Ao seduldee tndadu wdua

lo, A8 AuIdEss Ay 10712 W/m?

L= v o/

3.3 wannisuazngefinglatesiunislaguvesdneni
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5UN 3.1 Mydspduldesvanennilansenuiuivge

MaNN15¥89 Echolocation
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e eI endudssruiuing Sfuaggnagiieunduiniidisan Tnsn1siiesizsiaa
T¥dmiudesaziounduinfeuarnudnvarveadsaiiiuasundadly Asanannsaaiig
aanudAvesdssousle
1. meesssinardiidesasioundui MInnziuasyeyiaeInnig
Sonanidedldlunsdumsliuezndy nsdsvananaiyilide
annsauseifiuszegnldogtamiugn Tneialuudndeeiidunialy
p1naagldiaaUseana 0.01 Juvideluns
2. MTIATIEVANTNBUTVDUTLIALTOU WBNIINNITTATLELNIUAT
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AN9ANNTIIATIENNSUABULUASlUAIN LD LAY SEAULELIY DI EENEAL DY

'
=

Minduun (Doppler Effect) FagaelviAneaiaiunsnssydnuazuesing

' ¥
a k4 = U

1w 110 5US19 wardanfiasedy wenanldeiglianianaiunse
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Y P = P
A5 UNSARB UMY B L

n15lddssasriouyelia1enIausasusmundiwadnvas e ing bu
annundeuiisin TnonsiezinadssdsiounduuniaazanuUasunlawesninud
Youdesaziiou Aeraunsasenmauiifvesdiseudild nsiasunlasesninudides
Adseanludiglideamannsausnueznd suaz ingluanimandeuldegefiuszansam
nslddeeagioudauuseaniduasslseinnudnde Frequency Modulation (FM) uag
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1. Frequency Modulation (FM) #19A179¢Ua oeLdeafi An151UE sunias
arwilutaanadu q fedielunisaideyaiiasBemieatuissoud
Tagideafifinisiasuuiasanuiazdielifisannsmadvrun g5
uaziuvlives ngléRBstu Tnslamzilemiendoulmmni:

2. Constant Frequency (CF) #eamdsldidesiifinnnudasfiiiouseloviily
M99 UTTEEYNTENINAIAAUTRg Tnslanzideingogluiits
vsaindeulndn msld cF drelidennanunsasuiszozsinsldogag

Lalugn

A5 FM wag CF vinlsianeaifladnuanunsaluniswenwegiasangudauly

ANNLINADUNIA LATAIUITOUSUFINNUAINNABINIT LUNNTA BT DAL NITUINY

3.33  anuduasn1siuivaudes

AAMLRFeNISIeuNgend ol tagenizlugieaud 10.3 - 115 kHz f9

JU7 3.2 Ferglvianunsansiaduidesaeviouldogadusedniaim n1siAneaniaiunse
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a P v | A o Ao
wenueztdsslanvutiuinnnsididesluguanudivainvate lngnnizideeiingennly
AMUDEY N1FNaNTaUTUANUDFL s NANINKINS DN kATUSTINN VR WM B BN AT UYIN A
ARAIENNsaRen UL U vgaula

v a v § v o v o a A <

AANINALasREinlY FM eliaunsansiadumsindeulniisiniiy
lurgNanennnamynsedniidesgnateunay o enadentd CF wisliaiunsauseidy
szgrinslaegaiiug mnuileseninlassaiaiaznisldidesduaanunuansiaiuili

Idnsandianuadnsalunissuiasusuiilaegswandesluaniniinaeunime
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10Hz 100Hz 1kHz 10kHz 100kHz 1 MHz
Tuna 50Hz1.1kHz (4.58va | — | ;
Chicken 125Hz2kHz  (4.08va T e——
Goldfish 20Hz3kHz  (7.28va) | ee——
Bullfrog 100 Hz-3 kHz E4.9 8va} | |1 ] e——
Catfish 50Hz4kHz (6.38va ——
Tree frog 50Hz4kHz (6.38va ———
Canary 250Hz8kHz  (5.08va —
Cockatiel 250Hz8kHz  (5.08va I
Parakeet 200Hz85kHz (5.4 8va ——
Elephant 17 Hz-10.5 kHz E9.3 8va} :
Owl 200Hz12kHz (5.9 8va
Human 31Hz19 kHz {9.3 8va}
Chinchilla 52Hz-33kHz (9.38va
Horse 55 Hz-33.5kHz (9.3 8va
Cow 23Hz-35kHz (10.68va
Raccoon 100 Hz-40 kHz {8.6 8va
Sheep 125Hz-42.5 kHz (8.4 8va
Dog 64Hz44kHz (94 8va}
Ferret 16 Hz-44 kHz (11.48va
Hedgehog 250Hz45kHz  (7.58va
Guinea pig 47Hz49kHz (10.08va
Rabbit 96 Hz-49 kHz {9.0 8va
Sea lion 200Hz-50kHz  (8.08va
Gerbil 56 Hz-60 kHz (10.1 8va}
Opossum 500Hz-64kHz (7.0 8va
Albino rat 390 Hz-72 kHz {7.5 8va}
Hooded rat 530Hz-75kHz (7.18va
Cat 022 Hz-77kHz (10.5 8va2
Lea Lz 70454 8yn)

Little brown bat 10.3 kHz-115kHz (3.58va

ottlenose dolphin z- z(10.0 8va
Bottley dolphin 150 Hz-150 kHz(10.0 8
Porpoise 75 Hz-150 kHz(11.0 8va

5UN 3.2 WidemslaguvesAnania

o/ aa A v (% [ =
3.4 NANNIILASNE Y NNYIVBINUNIIVYY UEUNRULEYN

[y

nsveneides (Sound Amplification) Wunsyurunisidfnlunsifinszauainud

o

= v o °

Y89 WalildesNoouLen3 ol TEAULEsIEI U LADULATALIULINTY TnanzlunTa

[y

MFoaunnLnandseadua Wy 1@8991nA19ANY GallnndiAglunun1sAneguagnisive

a ¥ 1 a

Auilaaine) nsvengdewinligilsenunsasuiuariiasenidsdaegeiiuss@nsaimann

& = Aa a o9 v o A i v
VU IumiaaﬂLLUUisUULﬁUWIM‘LJi%ﬁVIﬁﬂ’]W ﬂ'?i'Vl'ﬂfViLaUQWQBULL@QWﬂLLMaQGﬂQ 9 ﬁ']ll'ﬁﬂ‘lﬂ

guladauduisdfny Welrnsdearsusenmsitanaadululsegresiuiu

3.4.1 VOEHURMNIIUTANDS
N3UTawes (Transistor) WWugunsaiddnwselindildlunisauauuazvene
Foyaadlui SunumdrAgluneasdidnnseling Tnsamzlusyuuidosnaznsdoans

Bipolar Junction Transistor (BJT)
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VoW kAL NNV

BT 1lugunsalfildarvauuazvenedgyyialii1 lnedlaseas e

a

Usznaumeauduresianiinisualniieieiy wiseendudszian NPN waz PNP fagu

3.3 Favnauluan YL ALANANTY

C E
B B
E C
NPN PNP

[

gﬂﬁ 3.3 dgy NWAUVDIWNIUTALNDT Bipolar Junction Transistor

1. NPN Tu BJT Uszian NPN nszualnihazlvaainaeatanmes (C) 1Udd
fimnes (B) defusaiulninanua () dwalviAnawnluinfigaels
nszualwaluls lunsdldnszuadiluaruariinuaiunselunisvens
dyaalan

2. PNP Tu BJT Uselan PNP agvhanuluanuaensaiutnu lnenseuaasiva
Pndliawes (B) Wreaammes (O Weflusssulwindiua (8) dawals

aulvimasrsuazarvnunsiravanseialaduie iy

n1sAuAunseialy BIT 98ddnsin13vene (Beta) Fauanidadnsndiuves
nszuanlvadneeaiaanesliduua lngmldaviidegsendng 20 fis 1000 Fuagiuusziny

YNTUTawesuazn1seankuy BJT dnldluisasvenedusidesnisussaninings sz

Jaidglunislindinunainimnuianeiussianauy q vnlifaanuseusndu

Field Effect Transistor (FET)
MO Y WAENANNITYINY
FET unsudawesfiauaunisivavesnszualiliniiuauiulni dauus

sonduraneuszinn lngazmiuaun1sinanuriunsUssgnaldussnuiing (Gate) Feielu
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MInIUANNISIaveInTELaIINUMEaY (Source) lUdvia (Drain) FET fidedtun1sldndsanusii

WaganinInvieuANdgela

Uselnnves FET
1. Junction FET (JFET) Usgnaumigansnedaininsasisdasmiedi i
LazligAlonsEning N-type wag P-type vinulagldauiuluinnasng
| = \ ° =
INUTIAUNNTN Faagmuaunsivavenseialutomiailui lnaiile
fnsUseynaldusenuininm asiin1susuruinveagoaniadluiy vl

nszuanivacuanaviseanauatnsalunisun Wi le JFET Wuidew

lurasideIn SR dssaILaznslinEa e Inefidydnualnagy
3.4
D S
G
G
D
N Channel P Channel

[

5UN 3.4 dydnwalveamsudaines Junction FET

2. Metal-Oxide-Semiconductor FET (MOSFET) filassas19nUsenaunie
Fuponlannyiminiduauiuserinanniutasnstilwd vinldanunse
mvAunsvalilalaglidaslgnsenanny ldvannisauauauulii

WL UawazUAN1SinaveInsehd tAgL otwSIAUNLNMAATY A2@S9

1 o

auulnd i vinlmiAageani1sd i vinlvnszualwd1luala e 1adl

LY

Uszaninm Inedidydnuaidagy 3.5
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D D D D
— —
N A
S S S S
E-MOSSFET E-MOSSFET D-MOSSFET D-MOSSFET
N Channel P Channel N Channel P Channel

(% L4

g‘dﬁ 3.5 dydnuaivemsudaneas Metal-Oxide-Semiconductor FET

1. Enhancement-mode MOSFET 9¢¥1197Ub5 95 SIAUN LANLA UUU
warazldinisluavasnseualwiluanusund
2. Depletion-mode MOSFET agvinanuluaniugfinislnavesnssus

9gua havn1susEgnalduseiuinazivannseLanivaniy

3.4.2  USTLNNVYD99ATVYIBLEDS
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nsUeNeLEsELnsaLUseenlunasusyiny lnsudazUssianilanvuzuag

ANSYIUNLANANEAY
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nsvg1eLdssnuueuIaenaginnuiudyy udsdiidnvuzaoiios lay
ansasnwaunmdsdiiianudusssurfuazdauazidends nsldauialues
asvenedesuueutiendnwuluiniondsndesnisnunindesas wu in3esadesdnile

A a 6 o % a
NIDLDUNANULDDIANNIUAUAT

N15VYNULALULUUAIND

Y v % ¥

= aa o =) ~ I aa o
N58NLLEYIMUUATT L] QJ/QJI'WENL?{ENVIQﬂLLU@QLUUEULLUU@‘\]VIE]LL&'JVN

¥
a a

n15ve1y NsengidesUssinniiinismuauidudauniuagaiunsausunsdelaaged
UsdnSan dnldlugunsaldesadeluy 1wy Aeufiunasiagalnedsessussuuaiva

Uszean Class Amplifier
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1. Class A 299598181884 Class A An15v9ulaeld s udamasnLun
° vy a A | a a v W °
naoanal Ml ndenNge wilusednsamlunisldngsmuen
(Uszanas 20 - 30%) iliAneuseugawazdndudeddszuuszue
¥ Qlld a a
ANUTDUNUUTLENTAIN

2. Class B 7935 Class B aglansnudamasandsiilunisvinaulaswsassiiay
auluasnas lngdnsusendandanuingandiusznm Class A use
= a = a 2 v a Y] . .
UNTUALUBULFLUANUBYNINAA (crossover distortion)

3. Class AB 1Jun1557ufusEnINg Class A waz Class B laafidnwaznis
yMaUNYIgann1siasaudsalurnsi genslnuseans nnlunisty
WA vliliaaun mdsanfunuagimangdmsunisidauily

4. Class D ldwalulagnisaindalunisveieides vinluiissdnsainas

(110171 80% 89 95%) kaziNITIINAIUL DY WLIZAINSUNITITINUN

ABINNIAITUGY LU IATRdsannIvTeIAsandesluTagud

3.4.3  MTATUIUNITVIIELEBS

nsAulnnsvenedsndudiuddglunisesnwuuasas lnaldauns

G=-ot (3.4)

Y

=~ a =~

We G Ao 9NIINTSV8NLLFEL

Ao wssulnirNesnanieas dudredu 1ad
Ao ussrulihiiidngees Smiserdu Tiad

o w =

nsimunat G Wudsdrag eswinagdrgliaiuisaeeniuuieasnil

UsgANTAINATINUAINUADINTITLALINADINITIA nAINISVENLdInLiuly 1adswald

\deaeanundseautdssiiiull vseliiiesmasan sty
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35  wénnmsuasnguiinendesiuaauusud

paUuond (Operational Amplifier) LﬂuqﬂﬂizﬁﬁLé‘ﬂmaﬁﬂﬁﬁaamwumL‘ﬁasuma
Fyayalaiin Tagialuseuuendazegluzunuureianssdn (Integrated Circuit - IC) 3]
arwaninsolunsUszananadygaluvaissluuy ssvueutfodudiuusgnauiiugiuly

199581AnNseRndnTudou wazltlunainrarsnisidanu 1y 1995UENULALY 29958379

Aynal WATNTIFYYIA tazsasIeuiieu

3.5.1 lassadsvsseaiuoud
paUwendusznaumevdl (Input) @o9w7 taun

Inverting Input (=) 91tlddwivdygraiaeinisnisvensdygraluanuuy

NARY (Inverted)

[

Non-inverting Input (+) ildmsudyaunlifesnisnisuntu

oy
U Ugy

wenanidivreen (Output) NezlRdya unvesnal tazvnssaulni

918 (Power Supply) Nsndusenisitnuvesosuuond

3.5.2 aa‘lJLLanmuQGlaJﬂa (Ideal Operational Amplifier)

+Vs
V1 R
Inverting o————
! Vout
Rin 0

i . V2

Non-inverting o————
5U# 3.6 lassaseeuueudlugauni
soUuondlugaunifessuuendnilnuaudfinauysalivusagun 3.6 luna

v v

N InelanundAgymil

o
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1. gnsnsveneiilidnin seuwendlugauafazlidnsinisveny (Gain) Ml

'
[

Yn1m FaureauIaunsavensduuialaeg1auinlagluiinig

g7

pmid )}

Jadou

2. anudumurinliine seukendlugauaiaziinnuiiuniunud

'
= 1

(Input Resistance) MlTAT1T Ferrwann1sinaveinTzlaaninas
doyaandludsesuuend inlidyaandiunlignindeu
v 3 & s a = s :s'

3. Aanudumuvesnidugud sedueudlugaunfaziainudiuniunan
90N (Output Resistance) i1iuaug Jaunganunasnsodsdeyayio
Igeghadunlaglaigadendn

4. anuwsilunismevauedlisiin esdueudlugauniiaziinnnuialunis

A raa o w o 4 a d' U ¥
novauaInkifIng e vinliausafinnunisiuasuulasvesdygiule
9671930157

5. lfidyainsununiglu sevuendlugauniiazlifidyaymsuniuniely

ilvanansoasedyaanusgrslealiinistadeou

3.5.3  n1sveedgygyin
pavwondinminnvesdyarulasnisilTeuiisulsanulni AN A

Inverting kA Non-inverting Waga39daya10iuonfidseAuksuawy aunsildesuiey

NYINUTIN TV LA

299398188y 10d Non-inverting Amplifier

Rf
AN
Rin
AN —
i Vout
1 o
- Vin n

gﬂﬁ 3.7 19939818dyqy1ad Non-inverting Amplifier
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€

A v o . . Y = .
ol Q1IN Non-inverting (+) @andeygyiaun Inverting (=) 99U

' ¥ '
= = U

U190NgIUU FeazdinAn19mIaiudyay vl Non-inverting laesl

=) 2

woudarasedygyiu

LSIPUNVIDBNFAIAUNISA 3.5

R
Vo, =@+ R—_f)vin (3.5)

n

44' 2 v v o oA I3 ¢
S Rf A9 AUATUNUYDUNRU UNUILUY I@W@J

R Ao AMUAIUIURY D Ty Tovi

n

19939818dyQy10d Inverting Amplifier

Rin
Vin © NN —

Vout

g‘dﬁ 3.8 1993081810 Inverting Amplifier

A a Y A . o ~ . .
oA YUY Inverting (-) g0 104N Non-inverting (+) 98U

wondrasednyy10unv19onasTu FaardieAn KNy (Inverted) AU 1YY Inverting

1AYIWSIAUNVIDDNAIAUNTN 3.6

(3.6)

3.5.4 n15kauveIaaukandluneas

WAV ILFILAZ WA T Y Y IUTUNIU
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souuendgminnldlunaneyszinnvenaas TasiamzlunsiiAsidesiu
NsvEneLdssaznsUsTINaNadY I LU

1. 299sveedes Tolunisvene ”zgfgmLﬁsmﬁéauuaiﬁﬁszﬁuﬁqﬁmﬁa?ia
moludsalnansafveedes

2. 1993aadnInTUnIL uenanNsYesdygainunmudl el
wonddsarunsalaglunisadrsnazaersdygrusuniunigluiasia
n13asedyaIsuNIURUUEL (Random Noise) n3an15as1edaysyad
sumuAinnnnIssunaunslineuen wu Aduwivdniniavie
Foyeuaufidenudsnai %qmsa%ﬁqé@mmwmummﬁﬁmmﬁﬁ@lu
NMINARDUTLUUTR DIN15AUNUNIUA B F U INTUNIY BaUkaNUT

a11150191w9959A09n15N5IARIEN IMWINA BN T deysyrausunIuge

4‘ 1 o Ya A 4‘ L%
\endnasashnulasiisdaieleadyainsuniu

21993NTDIA YU

sevuondannsatuildlunisasiansnsesdaan (Filter Circuit) Setae
andnyaasuniuitlidsdesniseanty wazdepafnygun ey IviEn 1wy N3RS
N399LUU Low-pass, High-pass, #50 Band-pass Lﬁ'aamﬁ'@apmsumuﬁlﬁmmﬁlqw%a

AMURALAULY

= =
29958 ULINEU

'
a a A

THlunsusuiisussiunssiuresduguvid i oadidyanadidavie
Uowrmdeulaidaly i lursasmuaudalusi® soduondanunsaléifiisasmunuiinsady
seaul sz UarseUngunsnimuninudenis

sovwondidugunsalifimuddnlunsvensdyarauaznisuszanana
Tyaaduszuudidnnsednd fnsvhaufiannsevenedyyralninldesaivseansam
wardaanunsaadedyyiusuniuldluvasifendu dadesfiansanegrsseunaulunis
sonuvusasiiteliiulaindyaailidaauningsgn oovuenddadugunsaifildiueeis
unsvangluszuuldesuaznisdeans Welinsvensdygradauawiazansaldauld

28190 UsTANT AW
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Y] ad a v Y a a o 1
3.6 WaﬂﬂqﬁLLﬁgﬂﬁ]‘UﬁWLﬂﬂ'J‘U@QﬂU'N'i]ﬁLLﬁJVI?NEJ&lWLLﬂu‘ﬁ
N153UAAUAIUNIU (Impedance Matching) dunilslusladdreaniseenuuy

sal a v U 1

1sasdidnnsetindMifeadosiunisdsdyaalussuudns 9 lnsenglulasiineitesiunis

AUUNAINUYTOToYA WU STUULHEY SYUUNSADANT Y30T8UUNTVLERYNIM NIV

Y

a o

Ay uudunsusuatnusumuressurasi wllndgaaiazlvanliiiailndife sty
wnfige i elinisadsdyaraniuliegresdvsedninin uwazannisgaidondsauly

(Y

ATEUIUNIANEEY LU0

3.6.1 ANUNUIYVAN Impedance Matching
Impedance Matching A9n52UIUNITT VN TAANATUNIUTDILNA 1318
(Source Impedance) wagAINAIUNIUTDILYEaR (Load Impedance) dAIAuTalnaLALS
U d' 44' ¥ LY o‘d‘dd‘ 1 1 (% A U 1 o a L2
funniign ielilanadnsnangalunisdesiundinursedyyinanuvasinialudivan
TapgafuUsEanSam MnANUAIUMIUYDILMasTeLaslvanlinsaiy avvldAans
agviounauvesdayeya (Signal Reflection) T duamavesnisgadendanuuazannin

[

deytuneud

A}

3.6.2 %ann159¥84 Impedance Matching
VANNIFVINITTUAAINANUN U UABITBITUNY VBINTAING 91U 989
(Maximum Power Transfer Theorem) Inengiseydn WoAMUGMUNIUVDIUITTRIY Lo

a Y P o Y W a | o a ~
AAWVNAUAUAUNIUYBILIER Zppny %mﬂmwawumgﬂaﬂﬂaﬂmmmmmmqm
ﬂgﬂ’]‘iﬁiﬂmuwﬁﬂmqujﬂ (Maximum Power Transfer Theorem)
Zsource = Z[oad (37)

W0 Ziowee B ANUAUMUTBLMAIIY Huniieidu Toviu

& } 4 = 1 I3 s
Ziood A8 AMUAUNIUTDINaR dniiaidu Lo
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¥
=

msduganusunuiidaudAglumatediu ldiasduniseenuuuiias

RF (Radio Frequency), Msdsdeyaandesluszuuanlng isenisasiudgaaluaisdinng

9 U @nelanenidua (Coaxial Cable) ninanglnsdny

3.6.3 Usenva9 Impedance Matching
MsdugeudunuaInsasuteantiiluaesUssunnudn
1. Resistive Matching
WunisduganuduniuwuuBui uaudid s 1uniudau (Purely
Resistive Matching) Fensngfianisdugainudiunuluieasiieidesiudiniuniumity
W 2995k TERANSY (DC Circuit) n5029957 b TasAUsenouldstauag19dmileati
(Inductor) ﬁ%a@hﬁuﬂizq (Capacitor)
2. Complex Impedance Matching
Junsduganusumuniinisiiertesivesdussnouidedou 1w i
a o (% [ ~ o ogzl 1 a 4 a . . 1 P
wigniuazdiulsey Faiveduiidunudiuniuese (Resistive) wagauiilu
duiuaugiBatou (Reactive) 1Wu 19asbwilanszuaady (AC Circuit) laglunsalil 151daq
o m¢ ¢ o A 9 v o 1A a a
milafanavesdyaauiielinsTugiiuseansamgage

a A s

3.6.4 duinaudvaRunUUsEy (Capacitor) wazAawwliaaun (Inductor)

a A

BufiwandvasiaiiuUsey (Capacitor)

A A

fuuUseq (Capacitor) fiaauautRlunisifiudszyliiuazUasedsyqiled
IS

maasuudamesssiulnihluis lnedufiuaudresiunuuszguediaitadounazduiug

Aurnudvesdaaitdluics uiiunuduesiaiulsey Z. aunsormuinddainaunis

Zo=—— (3.8)
joC
A A4 a a ¢ v & N I3 ¢
e Ze Ao Bufiwnudvesdaiulsyy Ivhedu Teviy
j A MUIBLTIRUANN TIUITIA BN UTTUTstou
Ao pudiBavesdyaaliih Jwheodu sfeuseiuni

C  fAeomanuguesiuiulszy dnhedu whia
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ImammmmmmmﬁL%aagmaq el () 1aan
w=2rf (3.9)

:4' & A a & a ¢
LB f AD AUD Uy LaTne

I a = 6

" “ o g < oo X
NFUNIN 3.8 ’ﬂ]%L‘Vi‘LIT]E]lIWLL@‘L!“UGU’PNG]’JLﬂU‘Ui%‘\l"\]%ﬁ@ﬁ\‘iLN@ﬂ??ﬂﬂL‘WZJ“U‘LJ
] s

= | a v & aa o Yo I 1%
FanueANinfaunas Minuuszaziiduiiuaudgan wazveulidyaaduilvaduld

WINTU druiinude Buiuauduasdiniulszqasgs vilvtinsdunudyaaminiu

a A s Y N o

DUNLLAULUDINIMNULIUT (Inductor)

Y ~ o = va < [ 1 [
Aamilgnd (Inductor) daaantilunisiiundanulusUvesauiuuaimin

daiinseualvar1u lneduiuauduasduntiont 2, Adanddouuiuy wasduwusiu

AMNDvRsd Y alglu9aT Buiiauduesimiyinamnsamualaangunis

dlo z,  fe Budiueuduessambleah dnseidu Tevu

A { ~ o Y a o a 1 [ ‘:l'
L A ANAULUYIUIVDIAWAUYIUT UNUILTU LEUT

3 a A 6 Y = o a dy = a a d%’
NFUNTT 3.10 LLNUINDUNLAUSVDIAINULIUIISLWNNVULUDAIUDLNUYU

'
=

FANUWAINNIT NANUDAN Fnndlertinasddunausantazaaulinsehalraniulade wad

ANNDES BuTluAUDIT T URAZ I NsATUNIUsiENTE AN

nsldeureduiiuaudres C waz L 11995 Impedance Matching

lun1598NKUUNATNABINITIUAAIUAIUNIU (Impedance Matching) #3
[ (% a o w o v [ a 1 . al [
udsynagdamienddngniunldsiuiuluieasiisenda Matching Networks tiausu
duilaudvesunasiglmdiudniiuaudveslnanlaeenauvungay

Y] < v A a A ¢l a A o PN o [

Aulsey asgnldiieanduiiuaudininuiias Tuvaed duvdiend asgnld

BN UBNNUAUTG T ANA AT AU N1sLEenAweY C uay L Mwunzauluaeas Matching
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Network 9891819 @11u150USUANDUNWAUD bo ag 10kl ue tialiunasdrewasinanaiuisa

nuTwiuliegrafiusednsninesan

3.6.5 N1SATUIULAZAISILATIZH Impedance Matching
W elinisdugaruduniuduszdnsaim widndudesinisaiuiu
a o & o o ~ ° a o o
DUNWAUTVDILNAII8 WAL INAALAS T FUNISALNUISAN NITAIUIUDUNLAUD b UIIT b
@dv (AC Circuit) ivsznaufieffumIu fuiudsey wasdundend aunsavildlagly

GNP
Z =R+ X (3.11)

a A a oo ¢ - | ] ¢
We 7 A9 DUNWAUTIINVDIIS Uty Loy
A % . a 1 @ 6
A9 ANUAIUNIU (Resistance) fntewlu Tavi
X A9 DUNLAUT LT 999U (Reactance) 1191940 UAIULNT 8211
(Inductive Reactance) #5 ama1utA uUsy 3 (Capacitive

Reactance)

Tunsalntnisladuiuaudidedou 15nesNsuWauesdy 1M Beazaeln

mﬁu@mmé’humuﬁummmﬁﬂwé’amuiﬁtﬁuﬂizamﬁmw

3.6.6 N151497U Impedance Matching Tun159anuuu9993
Impedance Matching «Judsd@dnylun1seenuuuasgseg 4 iy
1995818t E83 (Audio Amplifier Circuit)
Tuszuuiaieadss msdugaudumusEninaadesueneides (Amplifier)
nazdlnafimnudidnyeeneds e lmdssilldeenundgunimuasndanuiiauysal mndinng

[y a

uaANAUUNla ldesnliealinnuiieunargadendenull

299580415 RF (Radio Frequency Circuit)
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lusguunsdeansildafuaudgs N153uaANUAIUNIUTENIIEIN LN

o w d'

fuunuanegdamseagenniadudsdinny ietesiunsasisunduresdygiadaenayi

—2

VHY AU VNEVTORNINANAS
1aslulasiaviuazuas (Microwave and Optical Circuits)
lunsdeitudyaumeniuanudawnn wu lulasu nielussuusas

[y ' £% < v o w [y = [ aM 1o &
nsuganuimumuludadedidglunisdesiunsagyidondsnunlaidniy

3.6.7 gunsalinldlunisdudadnudiumu

lunsdudanuaiuniu daunsalvangUsenniianansadiglunsyuiunisil

Transformers
pilanUas (Transformer) Talun1siaguAdUNLALS LN FUAULNE 9918

waLlvian 1AeNISEaDNONIIEIUYBIVAAIANULNL AL

Matching Networks
13993 Matching Network 1dwisasiildsniviszquazdamieailunis

JSuasuaduinaudiiialinrasdnenaslnanaiuisavinanusiunulaegaiuseansaw

3.6.8  NanszNUINNI3LFUAANAIUNILY
mmﬁmﬁu@mmﬁmmuﬁiﬁﬁ Ay ANANISAZT B UNS UVDIT e ey 10U
(Reflection) & swinlsindsnuuisdiuliaunsadsuludsivanldegianysal Faawiili
Anmansgnusil
1 A5EQEsndeu nawuuNENIzgymgniegnagyeunauluds
uwdsiida lmAnnsgadendsnuiimsazluidvan
2. msdndeuvesdyyia msavieuresdyimeraviTividayaiadidein
uiinsSadou rieliamnsadnwaunmitinedmiunsldau

3. anudemensgunsal luuansdl nisasviounduvesdyyinenavinli

nenuieusulugunsal uazdwaliiinaudennessgunseal
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n135 Impedance Matching L unannisdiaglunisesnuuuLasWaIL11993

N Yy o |

diannsetindinertesiunisdsdyaravsendanu lnen1sdugrmusiuniuiimnsauas

=) v

grglinisdeiudyaravsendanulululdedfivsz@ninmiian annsgadendnu

g7

[ [ [

LLaSﬂ’ﬁﬁSﬁ@u‘UEQﬁQJQJ’]m LA INYIAUNTNUBIELY LYY

3.7 vwanmsuagngufiineadesiudlwsuaglulasiiuvunaidn

d1lna (Loudspeaker) Wugunsaiildlunsuvamgsnulyiidundanudes el
uywdledu lnsundalnsaziaulagsudygralniiainieissueneides (Amplifier) ué
LLanﬁangwmﬁguiﬁﬂawaL’ﬂuL?immumiﬁ’uazLﬁaumaalmammm (Diaphragm) %#38n33¢
d1lna (Speaker Cone) dlnsiinansdseinyuaggUnuuiioonuuuanlvasnsanouausdso

a v i 1% ~ W
ANLDLAZSEAULEDS o aunsldeuniansiaiuly

3.7.1 29AUTENAUNANYDIANING

diaphragm

dush cap

basket magnet

UM 3.9 29AUTENOUNAN VDI

(#1311 : https:/Avww.sounddd.shop/parts-of-speaker)
alnsdlesRusznaundnvatgegavinusuiuisaiudemidamnings

1. Diaphragm (laazussn) udiuiduiiioasaudes lngnsimdeuives
Toazunsuazindudiofinsewa bwilneudn lulusnan (Voice Coil) ¥
TmAanIsiedaud luauuluan dwalilaozuisuvdusnniazidn ¥

TMAnnsonwazveemaudssluainig


https://www.sounddd.shop/parts-of-speaker
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2. Dust Cap (11Undw) emseuidn q Afnsguulaszunsy viwinidesiu
Auuavdsanusnlaliiirlunmelureaindss (Voice Coil) w3aitngnaln
Aeluvasaning

3. Voice Coil (¥nal1aLde9) vAaIAN U171 UA sundsulni T du

[ % ] < d' = 1 ) ¥
NAIUNAMENNSAS19EUILLLAN Wiadnszhalwilniuunain syl
= A ! = ° ) a o

Inanaaaui iy luauuwivan vinlilaesunsuduLazndnide

4. Suspension (¥39619) Fudrubangunviminauaunseiaulnives
Taazwnsy Helilaezwnsunduludsiuriafunasanneasun 119a79
Ufarelnlaazunsuedaulmlukuinsalaaieainuwkiueg

5. Basket (#¥n35111381A59@519) 1ASIAS197150995UAIUUTENDUNINUAVDY
o I~ LY d'd 1 1 Yy [y 4‘ [ Y
alng Luigungadiusing o Lisasiuienanuudausawazauiung

6. Spider (@luinasd) drundanguegnsinaraseninunainuaglnozinsy
Prglunisavaunisedoulmvesnainlviegluwuiiigndesuasyinlv
nadInnaubUgsurdsssulengansiniouln

7. Magnet (udn) welwidnfiassauuusmvananis Weilnszualuinlva

Hurnaialdes aunuwimaniazitdjiserdvunaie viliunain

AR UNLAs AN LA DN SUAUNARNLEE S

& & o | ) Y a a A A |
p9rUsenaumativinausufulunisassed udoad ofnsswalwi 6w
a1lng InenisedaunuedlnosknsuynliinnIsonLas 818989910 A Y bibiaLdeais e
gu
3.7.2  UseAnueeanlng
A lnsanusauusannidunatsusznnaunisidaulazanuaunsalunis
1 d‘ = d‘ 1 %}
ABUAUDIRDANUDLFLINLANF1IIU
1. d@lwedupviles (Subwoofer) dnlnsusgianiignasnuuuliieasig
Wdealug29au8AN (91NN31 200 Hz) Tnganigldeauannunuwiy anlng

duarinesdngnldlunisadaussemeademanasalulsaninguninie

= &
syuulauSuwmes
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2. dlnefinisud (Mid-Range Speaker): sanuuuiiodnenandedluga
na19 (200 Hz 919 2,000 Hz) GﬁlaLﬁua'ml,ﬁmﬁ'mamquLﬁmwjmLLas
@esaunsaulug

3. a1lnaraisud (Full-Range Speaker): Huglnsfiansagrevendedls

A
Y 1

NNYIA1ND AausFesualuauiiadesmanad (40 Hz §i3 20,000 Hz)

o

o a dy = QIJ o o A
alnsydaddngnltlussuudsairlduazmunzdmsunisilanavsoe
ANYURSNABDINITAIUATUDIUVDILULE L

4. alwandnnes (Tweeter): ponuuudieas1udedluyeaudge
(11nN31 2,000 Hz) Faduldsaunaufidanuaziduatasaudn taanis
wesnAvvdesausaaenendedluriaudadlalaglidadou nin

6 al 1 a 6 a a
Wesina1eIULUL WU launinmes (Dome Tweeter) uag SUUBUNTIA
1193 (Ribbon Tweeter)

5. d@lwsguiasninmas (Super Tweeter): dlnsguilasninmasoanuuy
wnieiuANazBenvendsdluganiuigiiiay (39031 10,000 Hz)
wazannsnangvadealafiennudgeanysyanns 100,000 Hz dlweudn
g o ) a a v a a )
Tmunzd1msussuuidesiideinisseasidgndedlusedugauin
TngnnglussuudslanuanfeIn1sAMNUTALI LY ILFLIL AL

Y]

ToganusaueuduasadSouiisulasad
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AN 3.2 AN USIUMIBULAAZUSELNNIV98 INANUY AN DAL A NYAUL LAY

Uszananlng 4129A2740 (Hz) ANWUZLAY
anlwedugrines Idssuamnndnuiy Wudenasiuwag
< 200 -
(Subwoofer) NS
alwadalsud o , o
dssdaauludnnas Wudsmawae
(Mid-Range 200 - 2,000 -
AURS
Speaker)
anlnarlasud
(Full-Range 40 - 20,000 ATEUARUNILABLUALATLAE LAY
Speaker)
AMlnaninmes Tdgsnautalugisainudas wudes
> 2,000 P
(Tweeter) LASDIAUAI LAY
almaguilasnin y . . L
: Iianuazidungeanludesnnungs wu
183 (Super > 10,000 - 100,000 - .
syuuideslaiaun
Tweeter)

3.7.3  msldanlnemungelunisideides Ultrasonic

anlnadugunsalfidraglunisuvasdygralailidudygyrandos

2

lagyiall drlmannsgivanunsoanevendyyiaidssiurannudnuyedlaguld (Ussunu
20 Hz 14 20 kHz) agslsAmu Tuursnisldaumanaluladuaznuide sududesainades

a = ! = & | A | va Y 1o & a | 1%
W@Jﬂ?qmﬂ@ﬂf‘ﬂq 20 kHz “NLIJWUNVIM‘QHETIMGWM‘JGI@ﬂulﬂ LAFARNIUNYUA LYY ANATT ‘Vﬁé

4

a va % = | & ° P =
HIBLLUT ﬁr]ll’ﬁﬂlfﬂﬁu ﬂqiﬁi"lﬂlﬁﬂﬂiu%?ﬁﬂﬁqﬂﬂu @QﬂqﬁanWQV}@@ﬂLL‘UUNWLQW']%LWE]ﬂ"Ii

018MOALELIANAZY FUTENIN d1lnarduige (High-Frequency Speaker %138 Ultrasonic

Speaker)

3.7.4 M EHNITINUVRLEINY Ultrasonic
anlnsanuigenldlunisateneaides ultrasonic snldmalulagnyglv

aunsaanevendyauanudgilaegeuiug Wy Minwesiuy Suusu (Ribbon Tweeter)

' v
a o

& = ¢ a Y ! a va
I8 V]?G]Lm@iLL‘U‘UI@lI (Dome Tweeter) V]llu’]‘VIUﬂL‘U']LLagm@‘Uau@Qm@ﬂ?WNﬂ'51\11@@ 19

[

panwuulifmnIamesiuiatiey telianuisanasunlaagiesinsiiienauausodyu

A

Anudgslaglaiiinn1sUadeu (distortion) vasdtysya



d1ln4 Ultrasonic gededinanalaga (high sensitivity) 18 993 nd ayey 1o
a Y a [y v ) o = = o =
Anudgainazgnaendulidiglueinie wagiedldseAuanudsiguiiomeiiolidyyiasdes

faaunsamsiasulatusseslina

3.7.5  29AUTNaUVRIAINIANDEY
almangneenwuudieaiadeslureaudguinysenauie

1. wiheniames (Tweeter Unit) niamesidudiuiidrdguosailnefivi

wihasiadesugaminudas viawesideuldludnaanudgainiy

A =

vinmoduuusuveufiivminiuiuasiadoudiliiss Paelinovaussie
é’i’zyaunmﬁmﬁ'ﬁmmﬁlqﬂﬁﬁ wona1ni feiiniamosuuulaufisinis
sonuuulunsenauiionszaededdninadu

2. asodalanad (Crossover Network) 29a3asaalaLasimindiuenaiud

a

V@89l MU EAUAUNUIBNIALADS LAUASOALDLIDS ALVININUIN NTDY

[ =

dyaandesnnudniiazdwaniganuiadudminmes welvla

[ e

Aaa

AMAELINR TN

3. las9a3nedddnlng (Cabinet) MlAseainanlnigneenhuulLiieannis
duaziiiounazdesazvounlidfisUszasd nsldlaniudausuaziinisge
v A | D= 1 a oA
Fuidssasdiglvidesmiaeneneenunliinisiadeu

4. S¥AUAIUAUELY (Sound Pressure Level, SPL) a@1lwaA11ufi 446 o
aunsaassszauauiadedlageneluduaaungs (aeludesd SPL

Y

117AN31 90 dB) wielanursaduidsdluszeslnalaagraliuseansaw

3.8 &3

Aannldnszuaums Echolocation Fadumsimisuazimeivnsfenisuadesnay
Fosmuiigs viefiFondn Sandleda (mmiuinndt 20 kHz) Adudsavaniliileasiiou
nauaINdngseutRgnAAIsuTlauar AT e viladuanansafuIaiurL SEeErng
YUIA uazAIILEesAaRnuNvidamdeldegausiugt msvhauvesisaidusiednedia
vosmsldndudeddusssund duinddolfinndszgndlflumsinuuasnaasuieaiuedy
Aosennufias Ineldglnseuias oaduedusanilelauaziiofundudssiiiatuan
nTdzYou mivi’wmumaqqﬂﬂszﬁmdﬂ{fmﬁ’ma%ﬁumaé’zy,mﬂmﬁmmﬁumm%’@Lﬁmﬁuaq

Y] A Yo P vy Ay v a o v A a
am%qmﬂlﬂaﬂaaﬂ LW@Iﬂ“U@@JJaVl‘l@Q']ﬂﬂ']ﬁVlﬂa@ﬂllﬂ'J']llLL@JUHWQQQ@ ﬂ'ﬁisﬁﬂaULaﬂﬁﬂjqﬂJﬂqq



a2

dytv o 6 d‘ A = 1 14 % !
U ﬂﬁWN7§OUW1Uﬂ33QﬂG}1°ﬂu@7u@‘L! ] UBALUUBDINNAITANYT LYU NITEAIN sguudula
v v A o o a ! A o P .

A19AN7 Aasaaudansilella lneon1sUuanuAduLdsINTUNIUNTEUIUAS Echolocation U84

AN9A17 Y ldaunsatnars e ns luiiunnasanistulalaesg1eiiussansan



uni 4
v Y Y Ya (-4
n1seenuuUaTeszuuduladnsanlaeyssenaldisnisuaudyainues

A o o o
ﬂauLﬁ‘c’J\‘iﬂ’J’mﬂQ\‘i‘ma'}ﬂizﬂU

4.1 UM

v
LY a A 12

lunuidedngrdnusaduil darseenuuunaraireszuudulanisaiilagnis
Uszgnaldimatiamsnaudyanvesnduideinnuigaumaieseiu Jeniudesninuigamant

Liaunsaladulaeuywd uiamsanelminusiaglazananangAnssuvesAnan1le

I [ 1

S o a a a ea o A o v
Lﬂ’mmEJ“UEJNmumﬂﬁW@,JmN "i]'i@Lﬁﬂ'V]5@“ﬂaﬂﬂqﬂq5ﬂaiqﬂﬂaULaﬂﬂﬂﬁqmﬂﬁﬂﬂﬂﬂﬁ’]'ﬂwm

Y

SELAUAMUGIDS 90 dB SPL 7iszaenig 5 a5 wialvduseansninlunistulaaan1ieanain
NN

219959719 luN1599NUUVUTZNDUAIEIUANY o) NEIATY 19U 21993V BLEEN 29ATHAL
Foyey 21995859 Y IaNTUNIU wagasastuallng felasunsusunsaaiieluladyanandes
PN v o = o I = v )
Mnzaulunistudingwzainquideinnudgmuineants lnedvdenlaosunsuves

SPUUGIFUT 4.1

. Pre- Power Matchin
Bats Voice || amplifier Amplifier | ] Impedange_’ Speaker

Noise
Generator

JUT 4.1 vdenlaesunsuvesszuutulaneanlaeUssendldisnsnandyyinvenau

\dennudgamang sediu

4.2  IINIATUSYYIULAZVEIDAIYINTVINH Y16

v

o

19INATUFY QY ULAL VLMY NATVE YT gneBnLuUNVeve e dy 6

foy
oy

= Y A Yo U o= VY o i Y] d' v
EUEJ\‘]LﬁENF"I']QﬂTJV]I@TUﬂ'ﬁU‘UV]ﬂI’J Iﬂﬂuaﬂwmgﬂqiﬂﬂqfiﬂiﬂﬂzﬂﬂ 4.2 Iﬂﬁﬂfﬁﬂqimﬂqﬂ 13’

o




aq

nangdunauiveliaunsasesiulazveadyaiuanuias 1wy ldeennennd deegluyig
AU 20 kHz §9 100 kHz 1995Usznounl8d1uss 1ud g ad s udaines
BC549BP wilm NPN nanesa squdunisveedyaiadugavinesnas OPA2134 §ulu

Operational Amplifier (Op-Amp) f5835uAuAgILagliNTnaUELINA

R1 12v
’ } icn lcu 1oa icw
R2 RS R8 R12  ZS104F == 100nF 104F
2200 5.6kQ 10kQ 27k | 1
cs ce6 I CO g UIA

[ |74€ BC549BP = ERN s c1s
L.2nF L.2nF 10nF  360Q J_cm - Output
e c2 R3 R4 R7 R11 1000F 2 |- GPA2134PA  |Rag  OUF
5.6kQ 1.5MQ 6.8kQ I |

104F ==100nF 820k i To0ka
T 1 [ & -
= =+ c3 ’ o ' F J—{ BC549BP

Input I 10nF

il BC549BP R9 C8 Ry
R15 -
1onF 22kQ 55m — 5kQ  VEE
1000 VEE
R13  100nF
jﬁm L

Cca
100nF 2 7kﬂ = =

i

U 7i 4.2 Schematics 1993n1AS U LAz LR LTV E Tyl

<)

NFUN 4.2 Fuduanarduns Sadudyaradswesdeanlagldaulndides
Aunsuiinnes Inedygiandesvesinaniiazdiginsiiudniuisgy CL (10 pF) uay C2

(100 nF) Favinuingesdyganszuanss (DC Blocking) Lilalidgerunszuaaay (AC) 9

g7

Dudsawudigaeasld dfuvdszquaniviensesdyaiasuniusaztosiuldidyaia

DC SUMUNITYINNIUYDIINAT

A o

ORI UL UL %gﬂﬁumﬂu%umumﬂi@&Jmm%ama% Q1 (BC549BP) &4
WunsuBamas NPN ﬁgﬂlﬂé’ﬂiﬁﬁwmﬂuhm Active Lagdifiin1un1u R2, R3 way R4 v
wﬂwﬁﬂ%’uﬂ"]Lmé’uﬁﬁﬂy"ggmmawswu%amaiﬁaiﬁmmsmmaé’igapmlé’asmﬁﬂsz%m%mw
TunseenuULNITENeRenTIudaned Amsludangiudesdalndifestu 0.7V itelu

NIUTALDSTUAFUAUN AU AL LNzaNAUNITTIANITYINIuYee Q1 Tulnua Active

o 1 1

wasandeyaagnuensluduneunsniiu Q1 dyarazgnadsinuduiulszy C5 (1.2 nF)

Y
v
[ v

\ansesdayay1ad DC oanld wavitngnsvensdyaaluduneunassniensiudanas Q2

A7}

(BC549BP)

3UTanes Q2 vintnfvenedyyaiignnssuwdidnass lnaduiuusey C6

Y

(1.2 nF) v uilawesnsosdyyiamnudn lngldndnnisnsessiiugs (High-Pass



a5

Filter) n1sidonAdiuiuysey C5 wag C6 Turastieanuuunniielingaanudninid 20

[

kHz oonly Tneldgnsmuinmnuian (Cutoff Frequency) fsil

1
f.=
27RC

(4.1)

dladenldidiuniu R7 = 6.8 kQ wagduiuusey C6 = 1.2 nF

1

f, = ~19.5kHz
27(6.8kQ)(1.2nF)

mﬂmﬁﬁﬁ’wmmwudﬂmmﬁﬁmﬁlﬁagﬂﬂélﬁmﬁ’u 20 kHz Fadupudiidosnisnses
Toyay i Q2 %Qﬂﬁumsm'aﬁﬂﬂ%’quumm%al,ma% Q3 (BC5498P) Gavimiindiadefiu
Q2 lumsvenedaanaldusedy Tefifufiudsyy C7 (10 nF) Yivithiinsesdaygyinaanuden
sanludnnds

VRN YYIURNIUAIAVENEAIENIUTANBST U dryayrauazidndnirvenedayayio
%uzjﬂﬁwﬁisi’f OPA2134 Faiflu Operational Amplifier (Op-Amp) fisesfunisuensdayain

Tugiaaunge 1993 OPA2134 gneenuuululuue Non-Inverting Amplifier #49giiueIN"g

[
= J

venglaglinduilavesdygyins Msnsainisvensdyaaludiutgnivualagdifiuni

RA9 (100 kQ) uag R17 (1 kQ) AMMIVELaLnTaAUINlAINgns

) R¢
Gain= 1+? (4.2)

i
Tnofl R, = RA9 = 100k uag R, = R17 =1k

100k

Gain=1+ =101 (139 40 dB)

a

a1 A sunsreIe NN udame a1 sagnueely

ANSLABNANLNUY

[
LY Y

seuTigedy fafudseq C10 (100 pF) fieglureas Feedback 483 OPA2134 siwiinfiusu

= ! a v @ . . PN a X
W@y INMYe9asiuginudas lnetesiunsdu (Oscillation) Me1aiinTululeas



46

naIginvanRsiidunasdelniuvanung 12V 393ndudmsun1svinauyes
OPA2134 MAaslduseauansda (Dual Power Supply) Tun1svinsuti eliaiusaveie

dyaaisuanuazaulafinuszdnsam ffiudseq Cl1 uay C12 vimhfinsaaussaulin

[ N

Aa1eliiu OPA2134 Liloandygrasuniunienainanunasate il dygruvieanann

OPA2134 9zgnasn1umaiuUsyq C15 (0.1 pF) lilensesdyann DC 9andnasinaunavas

Y 9

doyayraueantuldnuse duinseenwuuiazaiuunlangy 4.3

JUN 4.3 19snasudaanaiazueney Pre-Amplifier

4.3 299585198 IIUNIUY

VGG
12v

l Ci16 R18
100nF X 1MQ
Cis

= 100nF

Cc17

1000 AD1
1N4742A

—

'gﬂﬁ 4.4 Schematics 29958319 Ay ey1aUsUNIUY

d' , ) d' = ) Aa
"U']ﬂg‘lh/l 4.4 L‘Uu’lﬂﬂiﬂiqﬂﬁi‘giy']mii]ﬂjuwQﬂ@@ﬂLL‘U‘UN']LW@?{T]\T EUEUTIRUTUNTUNY

anwazidudyaugu (Random Noise) Ingld Zener Diode (D1: 1N4742A) i

oy
wasniadggrusunuloswu 91nduly Operational Amplifier (OPO7CP) Tunisuane



ar

[

S alndivueiimunzandmsunsinluldng ygrasuniuiaunsaululdlunusng
9 WU N1INAFBUTTUUNABIN A IasUNIWTuBung vieiioUsziliunsvinauyessyuy
nsosdnyy s (Filter)

NANNITINUSUAUIINNITLE Zener Diode Fegnludarmeussnuiiuaduues
(Zener Voltage) ti el lalonyaiululuun Breakdown nasvinaululuuailagvinliiin
[ [y ! < = 1o a o AN Y [
doyaaunssiuguuuadn daduwnasiidadyainsuniu leedfduniu R18 (1 MQ) ¥
wihiludaussiuliiulaleadiolivihaululnund vaefidauiulsey C16 wag C17 viwmihd

£ Qj' (4 d‘ d‘ a :’; o IS)
nsasdyaIuTUNIUTlifeInTs tnglanizanudaonnintuainnisinauvesialandy
s

Jedyaasuniugnasatuainlalonwds azgndeiiulugs OPOTCP dalu

Operational Amplifier #l4lun1svenedya g TneAn1svenedayyiad (Gain) gn

AUUALAEAIAIUNTIY R21 (10 kQ) waz R20 (1 kQ) A1n1svenedaiuisaaiulalaannaunis

a2

11 w0

Gain=1+ R21 :1+10kQ =
R20 1kO

[
[

Aaly dygrusuniuninaintalenduiuesazgnueiedu 11 1% lay OPOTCP

€

yaauilazgnaseiudaiulszy C19 (0.1 pF) Aivednaes OPOTCP wlansasdyayo

Y 9

[

DC oon wavUassiamzdnin AC Jadudayausuniundesmisiluldam

Tudruvanunasaneln 299581 wras91elnhuvanu1ns +12V ol OPOTCP

o
[ v &

aunsoviulsmatiuinuasdiay dauiudsey C16 way C17 vimtinsaausanulnilnign
1nurasIe v e tesdudygusuniuaInte 91l anuINsENUAITYINUTE999S

FensesnuuukazasuIlanagy 4.5



JUN 4.5 1asasedysyinisuniu

4.4  9INANTYYIN

Input 1
R23
R22

10kQ 100kQ VGG

. Y

Q6

(F 2N3821
Output
R26
Input 2 §8.2k0
R25
R24 ——
10kQ 100kQ

U 4.6 Schematics 3asnaudayay1od



49

¥
P=1

N3UN 4.6 waswandyaraibdunsmudygiuaewaudisieiu lnedygyio

o

=)

o

a = = =i 9 a =i =
NEANNIIINIITNBUNAN 1 gty SUEIUNUIININTVYYALYEYE LA INITNBUNAN 29

Lo

Wudgauildunainiesaiedgaiusuniu Alenantineuntitd wsasiyhminines
Ty 1IN saeIwva sl M iukazdw@enfiyn Output H1UN1IAIUANLAENTIUTANEDS

JFET %iln 2N3821 fsvimthmdusinvenedymiunasainnisues

LYY

N15YN9IUVBINATITUIINNITTUAYYIUIIN BUNA 1 kA BUNA 2 HIUAIRIUNIY

AR q

U5uRld R22 (10 kQ) war R24 (10 ko) fadnumiumariviminiidunisaiuaussdvues
Foyaauainvisaesduneg Jaihligldauannsauiudnsdiunisnauvesdyauls wu 019

Aean1sWidyIaIndune 1 Tanudutuuinnindyayinaindunen 2 visusulvdyaiu

T o

o ¥ [ 1

sapfidndruiviniunla ndsaindiudsunulsualawas dyginazgndmanius

56@

Funu R23 (100 kQ) uar R25 (100 kQ) dadpudefuinnuemsiudanes JFET (2N3821)

(%
Y

o Y v o oA
eaesdy M NNEN YT UNINAYEY JFET
AMFUNIAILIULIIAUTNAYEY JFET U anansadwinlalagldgnsnisuunsemu
(Voltage Divider) lngfia15aunandayaadunn wiazunas dusuduneg 1 ussduniindun

NAYaY JFET V,; ansnsawinilaannaunis

R23

9 R224R23° ! (4.3)

WAL INUAMSUBUNG 2 USIAUNINAINFY I8 BUNR 2 V,, a1unsadiwiailaann

aunng

R25

SIS I Y 4.4
92 T R2A+R25 2 @4

B9 V; way V, ADUWTIRUTDIFYINAINTUNA 1 LagBUNM 2 MUAIRU LilaAIUIMAN

LSIAUTILAAANTIEDIUNAILAD Feyeurauiinawes JFET asidunasiuiBadusalssnusivans

o

[

&
PNU

o v 1< (%

WedyaanaunalazgnarIunnves JFET Javimiimdudivenedyayiuuay

A7)

0% '
a = I~

ﬂ’J‘UF’!llﬂﬂﬂ‘lﬁﬁ‘ﬂ@ﬂﬂi%uﬁi%‘ﬁ’hﬂ‘m Drain &g Source I@ULLiQﬁUﬁLﬂﬂﬂJUWLﬂm%%ﬂ’J‘UVjil



50

nsuadilviaane Drain d1udadunIu R26 (8.2 ko) U Source FevinliiAnussduiion
Output 1891993 NMsvenedayanaiviliannsedduganateenidlussiuiiiomests
nslganu

SEAUNTVE18Y09 JFET SﬁuagﬁuLLiaﬁuﬁLﬂmLLazﬂizLLaﬁiuacjmm Drain laganunsn

AW ITUTNN Drain (V) 16270

1987 Voo Aansasuliiianafivn Drain (12 V) wa I, Aensewantvasiu JFET dadu

HALNAINLIIFUTNG N1IAIUANNITYINILYBINITAsarialaen1sUSuRmf A unIuUTY

LYY A

Al R22 way R24 eaviufuseaudyaiaignuauaindune 1 wazdune 2 ildndiu

ANUNFDINT MNUSUANTANIZDIAIAUNIUTAWAINUY AEYIAd N uRNaLenUNTdnaI1U

ARy

<

WINAUINTeaeedune wid1usuddumunilsividentosas dyainaindunea dunaed

ANULLTUINNTUlURATIN VDI BIINNTRRNLUUKATET WU LARagY 4.7

JUN 4.7 1asHaudayayn



4.5

1995UYIUNIA9TU

51

vce
v

10Q
.| c23 c22 R36
47uF 100nF R30 270
4700 Q14 Q16 Q17
Q13<}7 i) IRFP240 1) IRFP240 @BIRFPZM)
= = Q10 BC558
BC558 Q12
H BD140G LR41 R42 R43
ggcsss R37 100Q 100Q 1000
Hzg 150kQ gy
ATkQ 4 150kQ
- e R35 c29
L ’7 = 100pF 2700 —=100nF
Input €20 R27 r‘ Q7 Q8 R32 €30 Output
| ! @BCSSB Besss(J) ¢
s70nF | ATKQ ’ ras 33KQ J7uF
R28 ca21 4700
47kQ J-300 F Q11 R44 R45 R46 10Q
= 300p (F)bp13sc S100Q 1000 1000
' 1 Q15 | Qis | Q19 c3t
1pF
i [+ )IRFP9240  (|») )IRFP9240  (|») ) IRFP9240
£ £ R31 .| c26 J_CN R38 Q‘: Q‘: (‘: I
1.5kQ ZR4TWF Z=1000F 100 1
l = R40
c24 c25 10Q
=ATuF ==100nF __l-7ov
* VDD
| |
= =

5U71 4.8 Schematics 19959818/&s911 (Power Amplifier)

mn’;;ﬂﬁl 4.8 193511 0 ureasveredduuunated uneu (Multi-stage Power
Amplifier) floonuuUN LA BTE18 & 1989995 ImEJ%’USuwmmmﬂ%mauﬁ’mﬁymﬁlé’%'u
NNSNANFYYIALADIN WATVDAYQYIU UaY 1ITATNA Y YIUTUNIY fineufurouming
2995iildmsuBames BIT uaz MOSFET lulassadnauuy Push-Pull vitelianansadudayaa

1Y

Masgedmsunsidauiuainalaegelivsednsam

MINA 4.1 ansNuEnIRENyurYesE lnaIamasithualdeu
GG EazdYn
NNINBUANBIAIILD g9anda 30 kHz
Masveny gegntia 200 W
Anulades 82 dB
v o ¢
AUAUNIUTTIVUR 4 Toviy

[ A

Weosnnalneiiunldlunuideiae dlnainmes Galauaudfnemisn 4.1

ot deyai LAuILanaIs NISAUINMINA NI MENEaUd S UaT1939959818E 197U




52
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4.5.4  AAYE1EEATngRI8 MOSFET (Final Amplification with MOSFET)
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ABSTRACT

This research proposes to design and construct a
system for transmitting and transmitting high-frequency
sound waves, mimicking real signals from sources by
ultrasonic transducers. Systems designed to protect and
repel animals using ultrasonic waves, such as bats,
ultrasonic transducers are used as sound wave
transducers and devices. The frequency used for testing
is between 20 kHz and 80 kHz, which is the ultrasonic
frequency range. In this research, Oscilloscopes are
mainty used because of their relatively low frequency. It
will measure the broadcasting pattern of the reflector
antenna. And measures the signal entering and exiting
the system in the FFT mode of the Oscilloscope.

Keywords: wlrasonic, wave, high-frequency sound
wave, ultrasonic transducer

1. INTRODUCTION

At present, the fimit industry in Thailand It 1s a large
export industry. And generates a lot of income for
Thailand According to statistics, the export of fruit in
Thailand has continued to increase (Bank of Thailand
2020), most of which is the output of large fimit
factories. Obtained from comtinuous harvesting every
vear and every year there will be many problems such
as the product being eaten by various animals and
damaged some of the produce. And cannot be exported
May cause a lack of income from this section Most of
the animals that affect farmers are poultry. To keep
flying and eating fruit such as bats, etc.

There are many types of bats. The food of bats 1s
msects and various fruits (Kalyanee Boonkird & Sawai
‘Wanghongsa (2003)), the fruits eaten by bats are mostly
fiuits produced from farmers' gardens. It also creates a
nuisance to the villagers in some areas. Because bats like
to build nests on the roof of the house Bats are active
during the night. It will use the ear to navigate. The bat's
ears are large in response to the sounds they hear. Bats
send high-frequency sound waves to resomate with
surrounding objects. The sound is then reflected back to
the bat, causing the bat to perceive its surroundings
(Austin et al. 2009). Use that will be in the ultrasonic
sound Frequency 20 kHz to 100 kHz (Whitaker, J.O
(1996)).

As mentioned above, the high-frequency sound
transmission system is designed to mimic the real signal
from the source using ultrasomic transducers, the
principle is to amplify the sound wave by the bat and
amplify it to high power. Send it back to the fishy trade.
Using ultrasonic transducers as a receiver and
transmitter, it is used in conjunction with a reflector
antenna to increase the signal reception and transmission
rates. This will benefit farmers suffering from fiuit bats
in their gardens. Including other animals that use high-
frequency sound wave.

2. EXPERIMENT

The experiment was divided into two experiments:
the diffusion experiment of the reflective antenna and
receiving - sending high frequency sound waves into the
system and leaving the system.

2.1 The experiment for the diffusion of the reflector
antenna

The echo antenna propagation experiment will be
an experiment to discover the theoretical (Brueckmann
1963)) form of antenna transmission by using a
reflection antenna in comjunction with an Ultrasonic
transducer to receive signals from outside External
signal, we will use a Function Generator to send a signal
to the Flyback Converter circuit and send it to the
antenna using Ultrasonic transducer is a transmitter, as
shown i Fig. 1 The experiment will be performed at
frequencies of 20 kHz, 55 kHz and 80 kHz.

[ S |

Fig. 1. Test for the diffusion pattern of the antenna
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Fig. 2. Block Diagram

From the block diagram in Fig 2, the whole circuit
is obtained as shown in Fig 5. This circuit will be used
to experiment in Section 2.2 Receiving - Transmission
high-frequency sound waves into the system and leaving
the system

2.2 Receiving - Transmission high-frequency sound
waves into the system and leaving the system
2.2.1 Receiving high-frequency sound waves info the
system

Experiment for receiving high-frequency sound
waves into the system It is a test that our system can
actually receive the signal This test will be tested by
using the early circuit of the Block Diagram as shown i
Fig. 2 by using a series of simulators to transmit sound
waves of the bat as a signal to the system. It consists of
a Function Generator that supplies the signal to the
Flyback Converter circuit and sends it out to the antenna
using a Ultrasonic transducer as the transmitter. An
ultrasonic transducer receives the signal in the system
and uses an amplifier to read the input signal. which is
performed at frequencies of 20 kHz to 80 kHz.

Fig. 3. Ultrasonic receiver test

2.2.2 Transmissien ef high-frequency sound waves
when leaving the system

An experiment to transmit high-frequency sound
waves from a system is a test that our system can
actually transmit the signal. Using the circuit in the latter
part of the block diagram shown in Fig 2, the input signal
is used as a function generator instead of the receive
Ultrasonic transducer to find the lowest signal this
system can operate, where the applicable function
generator can deliver a mimimum of 4 mVpp. And
frequencies from 20 kHz to 80 kHz. This test measures
the output signal on the ultrasenic transducer at the
output signal.

Fig. 4. Ultrasonic transmitter test
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Fig. 5. The circuit of high-frequeney sound wave receiving and transmission system mimicking real signals from
the source by an ultrasonic transducer
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3.1 The results obtained from the diffusion antenna
diffusion experiment

240 & 300

SUKHZ

Fig. 6. Distribution patterns of a reflector antenna

The results obtained from the experiments measure
the propagation of the signal of the dish antenna has a
direction that is directed forward which each frequency
will get different distance values when compared to each
other, you will see that the lower the frequency. the
farther forward can be propagated than the high
frequency as shown in Fig 6.

3.2 The results obtained from the experiments
receiving high-frequency sound waves into the
system

YTV ekl y
Fig. 7. 1he recerving signal 1s 20 kHz when passing
through the amplifier circuit

Oscilloscopes used to read the lowest value of -68
dBVrms, if the input signal is lower, it cannot be read.
And when testing the receiver, this system can actually
receive the signal as Fig 7 shows that at 20 kHz it can
read -19.2 dBVrms and when the frequency increases to
80 kHz, it will know that this system can receive the
signal best. Received at a frequency of 45 kHz, as shown
in Fig 8.

® Maximum

20 0 60 70 a0

0 50

Frequency(kHz)

Fig. 8. The graph shows the frequency at which the
signal can receive the best signal

3.3 The results obtained from the experiment
transmission high-frequency sound waves when
leaving the system

TR T

1 1
Fig. 9. The graph shows the frequency at which the
signal can receive the best signal

When testing the transmitter, this system can
actually transmit the signal, as Fig 9 shows it is 20 kHz
capable, the output value is 50 dBVrms, which is a
reasonable value due to the ultrasonic transducer 300
Vpp or 50 watts is required to operate (Abbaszadeh et
al. 2011). When changing the unit, the value should
exceed 40.5 dBVrms. After that, increase the frequency
gradually, from 20 kHz to 80 kHz, knowing that the
optimal output frequency is 45 kHz. as shown in Fig 10.

®  Maximum

dBVrms

40 50 @ 70 a0
Frequency(kHz)

Fig. 10. The graph shows the frequency at which the
signal can receive the best signal
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4. CONCLUSIONS

In the experiment, the propagation of a reflector
antenna had a more foreword direction than it could be.
And when put into practice Therefore, it is necessary to
tumn the reflector to the bat or the area to be repelled.
This system works best when the batting frequency is 45
kHz.

From the experiment, it was known that this system
could actually be used. The system was then tested on
real bats, selecting where the bats were and installing
equipment from the following evening, the results
showed that none of the bats remained.
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