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Abstract

The voltage dependence of time of piezoelectric device was measured.
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(ReLs (Pierre) LASUSAAD (Jacques) TkKuwUIHHNAYTS (piezoelectricity) Tull a.A. 1880 Tuzzwing
msAniAeafusseesenEy (pressure) ﬁﬁn‘smnﬁﬁﬂwﬂﬂﬁﬁ (electric charge) Taunanluansroend
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malezgnitieuaesiaeinlsdudnein Wun gunsafivnnanemielsBidnsin Wur lulastiu
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2) FnullsunsiiasufomefusnansmiunsuinfidnRmuuismiuom ufmaseua 4k
Program Voltage_vs_Time_Graph_for_Piezoelectric_Device;
uses crt, graph,

Ay
var grdrv, grmode, grerror : integer;

ch : char;
const PA = $0304;
Pcontrol = $0307;

procedure axis;

var p,q : integer;
tex : string;
begin

grdrv:=detect ; initgraph{grdrv.,grmode,'c:\p\bgi'’);
setgraphmode{grmode);
line{50,50,50,305) ; line{50,305,600,305);
line{50,50,600,50) ; line{600,50,600,305);
settextstyle(defaultfont , horizdir,0);
for p := 50 to 600 do
begin _
if p mod 32 =0 then
begin
line(p+18, 295, p+18, 305); str{round(p/32-1).tex);
outtextxy(p+18, 320, tex);
end;
end;
settextstyle(defaultfont , horizdir,0);
for g:=50to 305 do
begin
line(45,0,55,q) : str{({305-q) mod 5)+1, tex); outtextxy(20,q.tex)
end;
end;
procedure plot ;
vari, x, y, DV : integer;
AV : real;
begin
outtextxy(235,10, Voltage versus Time for Piezoelectric Device);
outtextxy{235,18, ' %
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outtextxy(50,30, Voltage (V));
outtextxy(540,340 time (s));
. outtextxy(48,303,");
begin
DV:=0,AV=1;
port [Pcontrol J:=$90;
for =0 to 550 do
begin
DV:=port{PA];
AV:=(5/255)*DV,
x=j+50 ; y:=305-DV;
lineto{xy).
delay(30)
end;
end;
readin;
closegraph;

end;

||

begin (main}
repeat

axis;

plot;

ch:=readkey;

until ord(ch) = 27;

end.
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D7,06,05,04,02,01,00 iilfks ET-PC8255 Card uszWehumanedn A 184 108255 udndlilu Ram - 1K
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Abstract
Piezoresistance of piezoelectric device was measured.
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1-PZT-Piezoresistance.vi
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Abstract
The relationship of current and voltage of piezoelectric device was measured.
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Abstract

The charge-time of piezoelectric device was measured.
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ABTRACT

Disc shape pellet samples were prepared by Standard ceramic techniques. Electrodes
were made with.silver paste.  Sample phase from XRD diffraction pattem was Cr,0,. Poling -electric field
was 3.72 kV/mm and poling time was 47 5. Sample resistance before and after poling had 1.22 MC2 and
114.0 k{2 at 22 °C. Resistance after poling had value less than before poling 10.7 times. The equation that
showed relation between resistance and temperature were R = 0.0671T° - 21.981T + 1701.8 (before poling)
and R = -0.0046T° - 0.0189T +116.68 (after poling). After poling, sample resistance and temperature
sensitivity was to decrease. Sample had NTC thermistor's behaviour before and after poling.
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meflsddnananind madsiihiefisirudeteriuinsebuednuamaumanarTessan

il 1833 vhﬂmﬁ(Faraday)‘lﬁﬁuﬂuua:ﬂmwlﬁmﬁ'quﬁnmﬁqméﬁﬂﬂﬁﬁ(semiconduc-

na

ting behaviour)184 Ag,S Wadagnauniiiunanndi i hmnmsArFulull 1040 uasinsdndu
grevnIsAuetinant el 1950-1960 mefameRazAnsilduutn NTC  inefimaefutiiess

NTCRg¢® NTCR tissnanndinlssinfgrumgiansrunnmiifusu(negative temperature coefficient of

resistance) W01 0 AruFnmursaneRawsfuy NTC il saseinmmialumusigum)iuaah!

dinnusrednessiRBuriuia(ntrinsic characteristics)
impiiTussrsnsindmisefadnmuluasdulAsnmudmidruinmadnmm

fugwyTiaesansianiisusenled

FEMINAREY

1) wdeants FUENEMTIRIESAIEIATEY XRD  TAnuiauazyheaInfa

Tuaminsal

witnedy nezilemansiin am WIAMHUBANATS Fe hnfu Whinms idesEamIRIK 25 tons)

temperature controller (FCR-13A-R/M) thermocouple type K (CA) {modet JB-35) m‘s“m XRD(Philips PW3710)
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FEMINARI

wissnfieuas Cr,0 ‘Inﬂ":‘ﬁ'tnnﬁnmﬂi‘mﬂmﬂqﬂu(smndard ceramic techniques)ﬁmﬂm'lupiﬁ 49.1
mmnm‘nﬂuua'tumn Anntinnin Saenstens muaum?ﬁqumhw:;u weaRdennn Smily
feu mm7'lﬁtmamn&'mqmuqumm'uﬂu 900 °C uaz 1100 °C sivfeuansfitinumaendnedon
wikae XRD ieguinaemns Hliinsfimefinsuinmessns sindakaenoRudon Faoumiuiunm muuin
sassudosudanm niRigamgii120 °C Wi 10 und

DDDO

raw material weighing pressing Firing
preparstion

J - -
nfos2 usmmawiunfieunnsiaeiimaliaiindinasgu

2) ndsmsuazinanusmumuivfhasassneuusewiainga
iinsal
g mfuinde  wiRndunen  Fluke 45 Dual Display Multimeter
58ms

ThenssumnidagaamailiinindsdainBlasmsiieuus Aulwid 10,000V Tienthunen 47
s lueme Agamniives mafleuusedulriadhuunnied mﬁnawnaﬁ?ﬁamﬁqﬂﬁ 951 A
Frnumulnfr s rieuussuiaings

—  +
. k‘J
i ==
High vollage power supply

- -
AN 953 uamInMAseiniamng

3) Sarnusumuiiguugiisng qasamg Cro, risuussuicinga
Faminsal
INA  Fluke 46 Dual Display Multimeter  (A%e93mgnungfi (AVD MBSOC")

|
18MT
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- - J -~ J e L)
mdagammaneieuanslugn 9.5.4 Jamaufiumunguuuniinggeg

\ 1
sample vOoLT
o
&)——\5@/,0
mulimeter
1] N
Temperature Temperature indicator
sentor
C
Temperature apparatus

J -~ -' - | A - 3 -~ W
nesa unnqmﬁn‘qnmmmadwmﬁ'nmmﬁwmuﬁqmuquvhe']'luthuqqnfnqmqwm

kamsidsuaailsens

1) uamawTeums udnuureemsAIeATes XRD Insuinusshiainir
Wtiausrpiauiaaaninussidushgudnateriodu Seh 2.69 mm usz 12.99 mm RNSAL

mweine XRD wusresanadu Cr,0, m?ﬂv'n%':‘lﬂﬁﬂuﬁqunmlup]ﬁ 9.5.6

A 955 uammsindlniudn
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2) uamEInRmsussinn UL InRsimInsuuasNR N

LBl INA 10,000 V 118 47 s sunulinningaiiFn 372 kwimm  Jlethmunaivtihasn

s lsuuedouaseluans  anmsiaamudtunuinih R neuinduwaudsindafonirfeaiaAiiined
T

wuinlduamsa

noulnde arsiimonudnunulnin 1.22 MQQ (22°0)

u&iinde msfinnuduninga 114.0 kK (22 °C)

SeuRuuFrumnsnmunsuussRe AL ANE ILTBIEIA WA ATTRENIHeuTnge

10.7 win Aauanalugiil 956

1400
g 1200 1—
4
e 1m .
g
o 800 -
c
m
g -
2
— 400 1
£
: -
g 0 - - T : T T T E
3
B 1 2 3 4 5
&
Temperatre (24, 44, 66, 88, 120 o() . R (kohm), before poling
g R (kohm), after poling

956 usmamanBanfiruanuiunmuisuussuAsindesnsng Cr0,
J - a
YHUNH 24, 44,66, 88, 120 C

“ » ) -~ . [ -
3) uamEiAANINMUMURARINGTIANS 18819 Cr,0, risuustuRaings



302

-~ J LA -~ ]
uanrdausmsluqf 9.56.7 mafaufsusudumuiuguagleessamudiasdureanam

(ARATIIA N miiings  mnllumzrevausdsamufeusssssieuindannnimdaings

2

1400

y=0.0671x" - 21.981x + 17018
1200

R’ =0.9933
2
y=-0.0046x - 0.0189x + 116.68

1000

2
800 R =0.9956

600

* R (kohm), before poling

Resistance {kohm)

¢
400 \
200 m-'li—ﬂ-.o-_,_\}_:k‘ L m—
*

0 T T

— Inilwidion (R {(kohm), before
0 50 100 150 poiing)

— TéfTudion (R (kohm), after
Temperature ( oC)

poling)

J - 3 - -
1 957 uamimrfsudeuandoufrwieamudunuiuguunit

193817 Cr,0, riauuasneaInga

sqduamenanas

Kousnsplanfiudnliiniiannmin - semmaseumidn e XRD nuissasssdu Cr,0,
AN e sisuuazuRaIndedif 122 MQ uar 1140 kKQ 7 22°C dlenBmnfeumnu
Frumuneuuesudaindsh 22 °C wudirmadumussssmsInasdidtienndirioutnde 10.7 v Ao
Frunmrssmfiaasaiissannsindain R v lnedusaluans
ATIAIRLT IS AU MG Ae
Cr,0, fioulnda : R=0.0671T° - 21.981T + 1701.8
Cr,0, niaInds : R=-0.0046T"- 0.0189T +116.68
mufursinr AR AT ReuinRiAnnnimfiing  ansfisnosdureRswmediuy NTC feuuss
uislndy nmlrzgnfifeussmaiiuidaguugiinlilsanaihfmudumuigugiisineiisidan
mamasedluiade 3 nviudumne  dessiafhanilufumndou sumufunuresss wisemo
Frumudugungiiiasendummausnroudiniufrewiemnudumlnihfugamgit

Miien
- :15-' - -4 4 - - - - -
MUARLUlATL UsiLsuanIRLsnIURBuTRALEINE MaRf aswinendusceausaiund neniam

winlugy Usedd] 2544 mu’ﬁ’uuzm{m?mﬁaua:qﬂnﬂﬁmnﬁmﬂﬁﬁmﬁanﬁaq wittisifesiinssuny
Autivdesiianmamearinede
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UnANES
WoAnmnmageu i #dud Tnuasulasinusssginsolideltdidnaindon iusunnAmawin
Abstract -
The operation of loudspeaker and microphone of piezoelectric device was studied with Visual Basic
Program.
Anin
FamRelediinain (piezoelectric material) usmamRlefsBiufingin (feroelectric property)
Insehandnrssennislsadnmndunumesersindsunmmihivnszuoumstrdinsnedu
weflsdilfnminissiind mm‘in'lﬂﬁ'lMﬂﬂi‘ﬁnmutﬁ'miﬂeﬁn'imaﬁauﬁnua:mwnumnnmnan
ﬂﬂngmﬂﬁlﬁﬂhﬁl.ﬁnn?nuuum-al.ﬂuﬂﬂngmm'ﬁ‘Lﬂﬁ‘ﬂuuwﬁqna (mechanical force) uusadulvin
(electric voitage) Usngninlifeledfinain Lum'b'ﬂuLﬂuﬂﬂngmmﬁtﬂﬁuuuﬂﬁu'lﬂﬁﬁ (electric voltage)
\DuuseduiBana (mechanical vibration) nisssgnalidsnansingAnTedidnein ur gunsofiunan
anaieTedifnetn 1Hun Lilasiviu (microphone), dnTna (loudspeaker) Tulagiviu vn'mﬁqﬁ'uﬂmﬁ'mru'\mtﬂm
Widudyoyulnia sninoimnhfuaedym i Widudyy oo
unmnsiitummaseu i idud tneuszliiasturesgunsalfelsdifinein
IBmmanas
n. matlsuussiuiniinssusnseilsusmldifnasiomed
Faominsoi
1) Fadunulfie e vR10 kKQ
2) Tnlmunfm
3) aeanidensia ET-AD12 Card
4) Tlsunsu visual Basic
5) meuRIAeS
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BNMINeRD
1) AosFuNuafAnmAceIianin 9.6.1

+5V
SVRI0 kQ AV| ET-ADI12 Board | DV
= CHO
= Computer | Printer port

UM 9.6.1 uamamsilauusduininszuansesilfudldidreuiames

Houusasulninfisurldlutog 0-5v 141 ET-AD12 Board weiiiasulaeuseduaunsan (AV) Wiilu

o 1’3 ’ - o« ‘l - i - - J - 4
ureAuRaRen (DV) fayadussiulwiazdmaneimaiesiuiacin On D, ¥nreu fin D,D,0,D,0,D,D, 7

o hd - L 4 - Jv - J
widsdmamdsiulUmusdu Adalullsunsuazdausaiulninidalaluglowaan (0-5v) uuaeludnmmsi

wuns
2) @eulusunsudmiunisdanistlouusssulnionssuansanuFusn 18 Tae 149Tsunsy Visual Basic

\la Visual Basic 6.0 udaidanafauanndiatunuy Standard Exe

tﬂﬂﬂﬂngﬂﬂfu%uh’ﬂdﬂﬂuiwmmuuﬂﬂﬁlﬁ'mjﬁ 9.6.2

~: Project1 - Microsoft Visual Basic [design]

He Edt Yew Project Format Debug Run Query Diagram Jooks Addns Window Help
MB-2-BEH LB oy NEAWRAN T
L ijecﬂ-jita [Féml) . TR
=, ADC-Voltage Adjust By Sujitra

4 start T 4.12:10 mvailoutizsesns... o, P EN n'(.J 42401

1 9.6.2 uaminimwesulnsasurefRauannsauussulwinszuanssmFuAN 14




Properties Window
VERSION 5.00

Bagin VQ.Fom Sujitra

Caption = “ADC-Voltage Adjust By Sujitra”
ClientHeight = 6375
Clientieft = 60
ClientTop = 450
ClientWidth = 6900
LinkTopic = “Form1®
ScaleHeight = 6375
ScaleWidth = 6900
StartUpPosition = 3 'Windows Default
Begin VB. Timer Timer 1

Intérval = 1

Left = 3480

Top = 5760
End

Begin VB.CommandButton Command 2

Caption = *“Stop”

Height = 495

Left = 1800

Tabindex = 1

Top = 5760

Width = 1215
End

Begin VB.CommandButton Command 1

Caption = “Start”
Height = 405
Left = 240
Tabindex =0
Top = 5760
Width = 1215

End

Begin VB.Label Label 20
Caption = "0

Height = 265



Tabindex

Top ‘'«

Width )
End
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= 240
= 21

= 375

Begin VB.Label Label 19

Caption
Height
Left
Tabindex
Top
Width
End

i

it

“g®
255
720
20
5040
255

Begin va.Labefr Label 18

Caption
Height
Left
Tabindex
Top
Width
End

Begin VB.Label Label 17

Caption
Height
Left
Tabindex
Top
Width
End

Begin VB.Label Label 16

Caption
Height
Left
Tabindex
Top
Width

10"
255
5520
19
5040
255

.9-
375

18

375

-g"
255
4560
17

5040
375



.End
Begin VB.Label Label

Ggpton
Height
Left
Tablndex
Top
Width

End

15

T
255

16

255

Begin VB.LabeI Label 14

Caption
Height
Left
Taﬁlndex
Top
Width
End

Begin VB.Label Label 13

Caption
Height
Left
Tabindex
Top
Width
End
Begin VB.Label Labet 12
Caption
Height
Left
Tabindex
Top
Width
End
Begin VB.Label Label 11
~ Caption
Height

g
255
2640
13
5040

2585

.3’
2565



Left
Tabindex
Top ,
Width ‘
End
Begin VB.Label Label 10
Caption

Height
Left
Tablndex

Top
Width

End

Begin VB.Label Label9
Caption
Height
Left
Tablndex

Top
Width
End
Begin VB.Line Line 17
X1
X2
Y1
Y2
End
Begin VB.Line Line 16
X1
x2
Y1
Y2
End
Begin VB.Line Line 15
X1
X2

308

2160
12
5040
135

wom
255
1800
11

135

g
255
1200
10
5040
265

5640
5640
4560
4920

5160
5160
4560
4920



Y1 =
Y2 =

End .

Begin VB.Line Line 14
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 13
X1 =
X2 =
Yi =
Y2 =

End

Begin VB.Line Line 12
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 11
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 10
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line @
X1
X2 =

4560
4920

4200
4200
4560
4920

3720
3720
4560
4920

3240
3240
4560
4920

2760
2760
4560
4920

2280
2280
4560
4920

1800
1800

309



Y1
Y2
End .
Begin VB.Line Line 8
X1 =
X2
Y1
Y2
End
Begin VB.Line Line 7
X1
X2
Y1
Y2

End

Begin VB.Line Line 6
X1
X2
Y1
Y2
End
Begin VB.Label Label 2
Caption
Height
Left
Tablindex

Top
Width
End
Begin VB.Line Line 5
X1
x2
Y1
Y2
End

310

4560
4820

1320
1320
4560
4920

4560
4580

880
4560
4580

“Delay Time"
255
4320
9
5880
855

840
2400
2400



Begin VB.Line Line 4
X1 =
x‘% =
Y1 =
Y2 =

End

Begin VB.Line Line 3
X1 =
X2 =
Y1 . =
Y2 =

End

Begin VB.Line Line 27
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 2
X1 =
X2 =
Y1 =

End

311

3120
3120

1680
1680

&HB0000015&
255
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Top = 1080
Width = 855

End «

Begin VB.L;bei Label 7
Caption = “Time (s)"
Height = 255
Left = 5880
Tabindex =7
Top = 5040
Width = 615

End |

Begin VB.Label Label 6
Caption = "Volitage (v)"
Height = 255
Left =0
Tabindex = 6
Top = 1080
Width = 975

End

Begin VB.Label Label 5
Caption = 2"
Height = 255
Left = 240
Tablndex = §
Top = 1680
Width = 255

End

Begin VB.Label Label 4
Caption = *"1.5"
Height = 265
Left = 240
Tabindex = 4
Top = 2280
Width = 255

End *

Begin VB.Label Label 3
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Caption = 1"
Height = 265
I.-\eft = 240
Tabindex = 3
Top = 3000
Width = 135

End

Begin VB.Label Label 1
Caption = "0.5"
Height = 255
Left | = 240
Tabindex = 2
Top = 3840
Width = 255

End

End

FuulAnddufemugmehoursimmisussiubtfnrzusmssffumldiFnsufinned
'ADC-Voltage Adjust '_'

Private Declare Function inp Lib *inpout32.dil’ Alias *inp32* (ByVal PortAddress As Integer) As integer
Private Declare Sub Out Lib "inpout32.diI* Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As
integer)

Public pwrite As integer

Public pread As Integer

Public chObuff As integer

Public adObuff As integer

Public ch1buff As integer

Public ad1buff As Integer

Publici  Asinteger

Private Sub Form_Load()
ScaleMode = 3
DrawWidth = 2

pwrite = &H378

pread = &H379 .
Timer1.Enabled = False
End Sub
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Private Sub Command1_Click()
Timer1.Enabled = True
Form1.Refresh .

End Sub

Private Sub Command2_Click()
Timer1.Enabled = False
End Sub

Private Sub Timer1_Timer()
Fori= 56 To 400

Out pwrite, &HB

Out pwrite, &H3

Out pwrite, &H1

Out pwrite, &H3

Out pwrite, &H1

Out pwrite, &H3

Cut pwrite, &H0

Out pwrite, &H2

Out pwrite, &HO

Out pwrite, &H2

chObuff =0

Out pwrite, &H1

For readcount =1 To 12

Out pwrite, &H3

Out pwrite, &H1

Next readcount

For readcount =1 To 12
adObuff = (Inp(pread) And &H80) /{2 ~ 7)
chObuff = chObuff Or (adObuff * (2 ~ (readcount - 1)))
Out pwrite, &H3

Out pwrite, &H1

Next readcount

Out pwrite, &HB
Label8.Caption = chObuff

't = 248 - Cint(chObuff / 20.38)
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V = 100 + Cint{chObuff / 20)
PSet (i, V), QBColor(12)

Call delay

Next i \

End Sub

Sub delay()
Times = Timer
Do
DoEvents
Loop Until Timer >= Times + 0.002
Label2.Caption = Timer
End Sub
3) & Run thufinus
». mutlauussiulvfhnszussduiuFunned () IS anaRaned
amneni
1) Inlom 1N40O1
2) Fufunlzy 0.056 pF
3) inueia
4) 2sndeune ET-AD12 Card
5) Tsunm Visual Basic
6) meuRunef
Emmeen
1) Smsdmmefammassienlil 9.6.3

I

Signal Generater
f°  cum
} ET-AD12 Board Printer port
- ——= C=0.056pF l
Computer

R .

0 9.6.3 usmmstieuusiiindinrussfiviumnad o Whinesfames
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usadulWinan Signal Generator darinul&ifauras usesduInHnszuassy (Vo) WitThuusedlniin
NITURAT (V,, o) #aidin CHO 184 ET-AD12 Board ufafigaluela Printer Port #aidih Computer

2) d@enlusunsudwiunsianistiauusssulniinsuaaduiiuannus (0 ¥ Hlsunsy Visual

Basic

\tla Visual Basic 6.0 udn@anafrauswndtaduuuy Standard Exe

WeUnngenidulndneulnsanuneiuioli 9.6.4

A -ijecl‘l - Microsoft Visual Basic [design]

3 SRR

~F

: .,'5,‘ star“{ 5 ] | 41 sllsuus . wy, Project] - Microsoft ¥,

UM 9.6.4 uansnmsrnpsuinsassuuafueuann stlouusaulWinzuaady

flsuAnd 14

Properties Window
VERSION 5.00
Begin VB.Form Sujitra

Caption = “ADC Graph-Signal VvsTm By Sujitra”
ClientHeight = 6375

ClientLeft = 60

ClientTop = 450

ClientWidth = 6900

LinkTopic = “Form1”

ScaleHeight = 6375

ScaleWidth = 6900



StartUpPosition
Begin VB. Timer Timer 1

a\*lntewal =
Left =

]

Top
End
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3 ‘Windows Default

5760

Begin VB.CommandButton Command 2

Caption =
Height =
Left =
Tabindex

]

Top =
Width

End

*Stop”
495
1800

1

5760
1215

Begin VB.CommandButton Command 1

Caption =
Height
Left
Tablndex

i

it

Top =
Width =
End

Begin VB.Label Label 20

Caption =

Height =

Left =

Tabindex =

Top =

Width =
End

Begin VB.Label Label 19

Caption =
Height =
Left =
Tabindex =
Top =

"Start”
495
240
0
5760
1215

-0.
255

g
255

720
19
5040
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Width = 255

End

Begin VB.L4bel Label 18
Caption = 10"
Height = 255
Left = 5520
Tabindex = 18
Top = 5040
Width = 255

End .

Begin VB.Label Label 17
Caption = *g"
Height = 375
et = 5040
Tabindex = 17
Top = 5040
Width = 375

End

Begin VB.Label Label 16
Caption = g
Height = 255
Left = 4560
Tablindex = 16
Top = 5040
Width = 3715

End

Begin VB.Labe! Label 15
Caption = -
Height = 258
Left = 4080
Tabindex = 15
Top = 5040
Width = 255

End
Begin VB.Label Label 14
Cﬂm = g



Height

Left

'F‘a bindex

Top

Width
End

= 375

é

14

5040

255

Begin VB.Label Label 13

Caption
Height
Left
Tabindex
Top
Width
End

= "5”
= 2565
3120

5040
255

Begin VB.Label Label 12

Caption
Height
Left
Tablndex
Top
Width
End

— ﬂ4n
= 255

Begin VB.Label Label 11

Caption
Height
Left
Tablindex
Top
Width
End

ugm
2565
2160
11

135

Begin VB.Label Label 10

Caption
Height
Left
Tabindex

Top

I2II
255

319
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Width = 135
End
Begin VB.Label Label 9
Caption‘ = "
Height = 255
Left = 1200
Tabindex = 9
Top = 5040
Width = 255
End
Begin VB.Line Line 17
X1 = 5640
X2 = 5640
Y1 | = 4560
Y2 = 4920
End
Begin VB.Line Line 16
X1 = 5160
x2 = 5160
Y1 = 4560
Y2 = 4920
End
Begin VB.Line Line 15
X1 = 4680
x2 = 4680
Y1 = 4560
Y2 = 4920
End
Begin VB.Line Line 14
X1 = 4200
X2 = 4200
Y1 = 4560
Y2 = 4920
End

Begin VB.Line Line 13
X1 = 3720



X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 12
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 11
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line10
X1 =
x2 =
Y1 =
Y2 =

End

Begin VB.LinelLine 9
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 8
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 7
X1 =

3720
4560
4920

3240
3240
4560
4920

2760
2760
4560
4920

2280
2280
4560
4920

1800
1800
4560
4920

1320
1320
4560
4920

860

321



Y1 =
Y2 . =
End

Begin VB.Line Line 6
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 5
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 4
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 3
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 27
X1 =
x2 =
Y1 =
Y2 =

End

Begin VB.Line Line 2

322

4560

4560
4580

840
2400
2400

3840
3840

840
3120
3120

1680
1680



End

Begin VB.Line Line 1
X1 =
w2 =
Y1 =

Y2 =

e _

Begin VB.Label Label 8
Caption =
ForeColor =
Height =
Left =
Tabindex =
Top =
Width =

End

Begin VB.Label Label 7
Caption =
Height =
Left =
Tabindex =
.T°p =
Width =

End

Begin VB.Label Label 6
Caption =
Height =
Left =
Tablindex =
Top =
Width =

End

1440

“Time (s)"
255

5880

7

5040
615

“Voltage (v)"

1080
75

323
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Begin VB.Label Label 5

Caption = 2"
Height = 255
Left = 240
Tabindex = 5
Top = 1680
Width = 25%

End

Begin VB.Label Label 4
Caption = "5"
Height = 255
Left = 240
TabIndex = 4
Top ' = 2280
Width = 265

End

Begin VB.Label Label 3
Caption = “1"
Height = 255
Left = 240
Tablndex = 3
Top = 3000
Width =. 135

End

Begin VB.Label Label 1

Caption = *0.5"
Height = 255
Left = 240
Tabindex = 2
Top = 3840
Width = 2565
End

End
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iFnutinstaufemusimehrusesmsiiauussuliinszussduilfunmad (0 Thdh
rayRmad

'ADC-Signat Generator Voltage

Private D\eclare Function Inp Lib “inpout32.diF* Alias "Inp32° (ByVal PortAddress As Integer) As Integer
Private Declars Sub Out Lib "inpout32.dil* Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As
integer)

Public pwrite As Integer

Public pread As integer

Public chObuff As Integer

Public ad0buff As integer

Publici  Asinteger

Private Sub Form_Load{)
ScaleMode =3
DrawWidth = 2

pwrite = &8H378

pread = &H379
Tirmer1.Enabled = False
End Sub

N

Private Sub Command1_Click()
Timer1.Enabled = True
Form1.Refresh

End Sub

Private Sub Command2_Click()
Timer1.Enabled = False
End Sub

Private Sub Timer1_Timer()
Fori= 56 To 400

Out pwrite, &HB

QOut pwrite, &8H3

Out pwrite, &H1

Out pwrite, 843

Qut pwrite, &H1
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Out pwrite, &H3
Out pwrite, &HO
Out pwrite, &H2
Qut pwrite, &HO
Out pwrite, &H2
chObuff =0
Qut pwrite, &H1
For readcount = 1 To 12
Out pwrite, &H3
Out pwrite, &H1
Next readcount
For readcount = 1 To 12
ad0buff = (inp({pread) And &HB0) /(2 ~ 7)
chObuff = chObuff Or (adObuff * (2 * (readcount - 1)))
Out pwrite, &H3
Out pwrite, 8H1
Next readcount
Out pwrite, 3HB
Labei8.Caption = chObuff
't = 248 - CInt{chObuff / 20.38)
V = 100 + Clnt(chObuff / 20)
PSet (1, V), QBColor{12)
Next i
End Sub
3) & Run afnen
n. menasauminemi PZT
Faamunanl
1) lalem 1N4001 uas LM 741
2) Faufinlre 0.056 pF ussfadumumnnseg
3) Op Amp 2 # uAzT
4) fuUnmIPZT winuwvinddnfn uarinlnuein
5) aenisuse ET-AD12 Card
6) Trunsu Visual Basic
7) monfanef
FBMINANRs
1) dnstmmaiammanesienif 0.6.5
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gunsel PZT A3ta

100 kQ
M

-, m
J TR Ny
e L 0k |: ﬁl— ET-AD12 Board

L C=0.056 uF
220
1. i h
= = Printer Port
1N4001
6v 2 p - A 4
220V % I | L 200 pF Computer
6V - 50V
2200 uF =
sov ==

17 965 uamimmeseugnend PZT dleinlilmenekon Op Amp

et liadoyoyodlniin daussAunianWquneal PZT dads qﬂnmk*ei’w.ﬁmﬂunﬁu (indirect
effect) ARmREURILIMNGUNTA] PZT FaFy uuﬂnu'lﬁﬁ'umanﬂnﬂuﬁ'amu (direct effect) ilasvnussdiilngia
fifndnitiu mv deninlustnedian Op Amp ulosatinloaten 1N4001 et v, i v, sadh CHO 184
ET-AD12 Board H Printer port naeniamef uamusifiuns s (1Y visual Basic)

2) {Juulusunsudmiumsiagunamd P2Tiselliirunsy Visual Basic

\lm Visual Basic 6.0 ufaifena¥ruevwnftnduutiy Standard Exe

u‘mﬂﬂngﬂﬂfu‘%ﬂlﬂdhﬁu‘inmnmﬂnfuﬁa:ﬂ# 9.6.6
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:

End

329

Begin VB.CommandButton Command 1

Caption -
Height =
Left -
Tabindex
Top
Width

End

Begin VB.Label Label 20

Caption =
Height =
Left =
Tabindex =
Top =
Width =
End
Begin VB.Line Line 7
X1 =
X2 =
Y1 =
Y2 =
End
Begin VB.LineLine 5
X1 =
X2 =
Yi =
Y2 =

Begin VB.LineLine 4

“Start”

1215

‘0'
255
240

4320
375

2400
2400



X1 =

Y1 =
Y2 =
End
Begin VB.Line Line3
X1 =
X2 =
Y1 =
Y2 =
End
Begin VB.Line Line 27
X1 =
X2 ‘ =
Y1 =
Y2 =
End
Begin VB.Line Line 2
X1 =
X2 =
Y1 =
Y2 =
End
Begin VB.Line Line 1
X1 =
X2 =
Y1 =
Y2 =
End
Begin VB.Label Label 8
Caption =
ForeColor =
Height =
Left o=
Tabindex =
Top =
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840
3840
3840

3120
3120

600
840
1680

6480
840

4560
4560

1440

0O
&HB0000015&
255
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Width = 855

End

Begin: VB.Label Label 7
Caption = “Time (s)"
Height = 255
Left = 5760
Tabindex = 7
Top = 4920
Width = 615

End

Begin VBLabei Label &
Caption = “Voltage (v)"
Height = 255
Left =0
Tabindex = 6
Top = 1080
Width = 975

End

Begin VB.Label Label 5
Caption = “ar
Height = 265
Left = 240
Tabindex = 5
Top = 1680
Width = 255

End

Begin VB.Label Label 4
Caption = "5
Height = 255
Left = 240
Tablndex = 4
Top = 2280
Width = 255

End

Begin VB.Labe! Label 3
Caption = "
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Height = 255
Left = 240
Tablndetc = 3
Top = 3000
Width = 135

End

Begin VB.Label Label1
Caption = “N.5"
Height = 255
Left = 240
Tabindex = 2
Top = 3840
Width = 255

End |

End

Wauldndrdafsmunummhnussimmesesugunsad pzT
'ADC-Signal Voltage From PZT

Private Declare Function Inp Lib "inpout32.dil* Alias "inp32° (ByVal PortAddress As I'nTéger) As Integer
Private Declare Sub Out Lib "inpout32.dI Alias *Out32" (ByVal PortAddress As Integer, ByVal Value As
integer)

Public pwrite As Integer

Public pread As Integer

Public chObuff As Integer

Public adObuff As Integer

Publici  As integer

Private Sub Form_Load(}
ScaleMode = 3
DrawWidth = 2

pwrite = &H378

pread = &H379
Timer1.Enabled = False
End Sub

Private Sub Command1_Click()
Timer1.Enabled = True
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Sujitra. Refresh
End Sub

Ly
“

Private Sub Command2_Click()
Timert.Enabled = False
End Sub

Private Sub Timer1_Timer()
Fori = 56 To 400

Out pwrite, &HB

Qut pwrite, &H3

Out pwrite, &H1

Out pwrite, &H3

Out pwrite, &H1

QOut pwrite, &H3

Cut pwrite, &HO

Out pwrite, 8H2

Out pwrite, &HO

Out pwrite, &H2

chobuff =0

Out pwrite, &H1

For readcount = 1 To 12
Qut pwrite, &H3

Qut pwrite, &H1

Next readcount

For readcount = 1 To 12
ad0buff = (Inp(pread) And &H80) / (2 * 7)
chObuff = chobuff Or {adObuff * (2 * {(readcount - 1)))
Out pwrite, &H3

Out pwrite, &H1

Next readcount

Out pwrite, &HB
Label8.Caption = chObuff
V = 100 + Cint{chObuff / 20)
PSet (i, V), QBColor(10)
Next 1

H
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End Sub
3) &1 Run Tuitnua
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Andiag 1un qunzal PZT

utosndenseneafinme A smstonuasiusunndindusunmblnssesdmi A Aand
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Http://www.Eft.co.th, Manual of ET-AD12 board, 2005-2007.

List, F. A., 1996, An automated system for cumrent-voltage characterization of ceramic
superconductors, The Review of Scientific Instruments, 67(9) : 3187-3192.

Ota, S. B., 1994, The temperature dependence of the forward characteristics of 1N4007
silicon diode, The Review of Scientific Instruments, 65(10) : 3289-3290.
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Thongchai Panmatarith

M.Sc. (Solidt State Physics), Assoc. Prof., Materials Physics Laboratory,

Department of Physics, Faculty of Science, Prince of Songkla University, Hat Yai, 90112 Thailand.
Corresponding e-mail ; tongchat. p@psu.ac.th

unAnta
WeAmnmmasey iR dudinwuasliiarinusesgnmiifesddnstndaniysunsaus Ao
Abstract
Al
SamnTBifinedn (piezoelectric material) uammniAinelsBidngdn (ferroelectric property)
Tnnafandnesmndetsiidnminthuuumeserainfsrnnmithianszumums i inanedu
wefisfidnsnuniind madalifiwdefisiianudorasiulanaiafnuazausnnareessan
ﬂﬂn{]mﬂﬁtﬁﬂfﬁLﬁnn?nu.uum\:Lﬂuﬂﬂngnﬂmﬂmﬁﬂum@mna {mechanical force) iThausaRulnfin
(electric voltage) ﬂﬂngmmﬁﬁﬂhﬁLﬁnn‘muuuﬁamﬂuﬂﬂngmm“ﬁ’tﬂﬂuum Auln#n (electric voitage)
{hauseduiBana (mechanical vibration) mMalsegnildanurssiaieisaidinedn Wud gunsnfiunan
aaAutaBidneiin Wuri Lilasivu (microphone), fina (oudspeaker) TslasTruiamiinfurinedeynynules
Wilufynnlria - finsmnhRuledy o Widulygodes



337

unaraiiifummasen i fidudninausylunstuesgUnsolifelrdidnaindatiusunsy
usdq
FEmanpass

%’mqq:ﬁqpﬁi 9.6.10 m‘s“ﬂqﬁmﬁnﬁmmﬁm'lﬂﬁﬁd'mmﬁ'u‘lﬂﬂﬁm'lﬁqﬂnmf PZT fvwiiudatng
puRuaninsTuALmMetinemanTireuamueslulasive 1Hussdulwiinfinnedonlilastiuilitn Ao 304
LP connector tinu DAQ Card (PCI 6221) il luresiamef

Front Panel usz Block Diagram UAMAILIA 9.6.11 DAQ Assistant RmiAgnuusesulwiin v
Aruaniar el (loudness) Ao Formula whtilesambithriasdimFudoy sufinicevesraudenes
e arb. unit Amplitude and Level Measurements P AsmBununemiunn Mean (DC) umm
usasulwir o Numeric Indicator uazuamana ™ V vs t Luas Kt Waveform Graph Indicator  Millisecond
Multiple Wunamniae Stop Button 1 numeric control wifidstanind  While Loop ﬁwﬂﬁﬁmuqums

* J ¥ v J : v Ll -
ARNRTIU £ RUN tausmananavua 3 Front Panel uns Block Diagram 88nN71 Printer
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SIGNAL GENERATOR ;
LP CONMECTOR DAG CaARD CONPUTER PRINTER

SV_(14)
RL

18kobs _— -
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|

i
¥

Al GND (67) -
= HICROPHONE
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117 9.6.10 nmmassn i Riduininusrbilrrimiresunsoiftlsdidngdn
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Microphone-Loudness. vi

}-0a LY ifiacoaRpCi” 20 -0é 1#\Th-Microphone-Loudness. vi
: modified on 12/15/2006 at 7:37 AM
#ed on 12/15/2006 at 7:38 AM

. PZT's Loud Speaker Test With Microphone
vollagelv) [.oudness {arb.unit}
3.02188 3.02188
stop

Loudness {arb_unit)

t
Y r
10 12,5 15
millisecond time value 7.5 17.5
. S -5 /J 20-
S
0 500 1000 25 225
: 0 25
'] \

Resuft

Y ' 1 ) ' s '
] 0.02 004 .. 006 - 008
Tanels) L

Microphone-Loudness.vi

3\0-0a LV IideoshoCh - a2 -0 1#\Th-Micophone-Loudness. vi
st modified on 12/15/2006 at 7:37 AM

inted on 12/15/2006 at 7:38 AM

PZT's Loud Speaker Test With Microphone

71 9.6.11 front Panel uaz Block dmAummmaseubinrRduininuss bilai

wginsalifsiaBifnsin
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quUnmiRuleBifinen
ensgenis

sedy Wufiusqra RandianBininnanind melrRand AncAnemand
A ingndusmeusiung 2548
Http:// www.ni.com, LabVIEW ™ Basic |. Introduction Course Manual,
National Instruments Corporation, 1993-2001.
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: unAnte
U v A - - -~ &
Inaasuifamefuiinnaingunsalifielegidnain
Abstract

Vibration sensor made from piezoelectric device was tested.

il

T AuTE8i&nein (piezoelectric material) usmniniBinafisBiins3n (ferroelectric property)
Tnessfrrdnessnieididnsinduwumseseralnismunmmitinssuaumsindsinanmdy
weflstilnsineriind madinlifweflsiromisrdesiulanabsdnuasminsunasmein
UsngmediRetstifnainunasadutinngnzafulfeussedang (mechanical force) iuusdulain
(electric vottage) Urngmiznkifetsdidnsinuuudernlnngmsaffeuusailnii (etectric votage)
WuusaduBang (mechanical vibration) mstssenafdrurasiamieledifngn Wur qunsafinanann
anelaBifingin 1u Taulastru (microphone), v (oudspeaker) Talastrurinutiflulasdnynoudes
Wiludyninih  nmieusesgunmiifuisBdnsnihulninirusnsouszgniinduidantsdy

imanniiummaseuidannsfuiiinnangunmkAeteidnsin
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ABMTNAADI
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-PZT Device's Vibration Sensor.vi

:\0-0a LV iiiac0aApCN " 2@ -0& 2 #\Th-PZT Device's Vibration Sensor.vi
Last modified on 12/10/2006 at 12:54 PM
Printed on 12/10/2006 at 12:54 PM
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Moulson, A.J. and Herbert, J.M. Electroceramics. Chapman & Hall, London, 1990.
Tandon, R.P., 1993. Dielectric, piezoelectric and acoustic properties of high performance piezorubber

composite hydrophone. J. Mater. Sci. Lett. 12:1182-1184.
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uUnAnEs
Tnaseudduazsiniu uv Fanlusunruumo
Abstract
UV transmitter and receiver were tested with LabVIEW Program

Al

vanmmaseumida UV uasifu v tﬁhm‘%aﬁmﬁnﬁrurmm’lﬂﬁq Wisnmuuasoesisianim
FBnmmaae
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Lp connector mﬂﬁqmnﬁuqnmﬁhhmn {UV transmitter) nﬂutnﬂau‘fzrimmmnmﬁﬁ’qé’unﬁ'uqanﬂlﬂemﬂ
(UV receiver) saunmilnfrandfunduganmlalaamunidh Ao 984 LP connector thu DAQ Card
naxRomefusmIns v v vs t Luse
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-EégakpANe UV.vi
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Http:// www.ni.com, LabVIEW ™ Basic 1. Introduction Course Manual,

National Instruments Corporation, 1993-2001.
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Abstract
Strain gauge was tested with LabVIEW Program
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Afuirefiun (cermet film) hidinguanszwindlansiuladifinan (metal-dielectric composite) Wi
efumiiiiauiAnAAey iy snmEnmtindisgdaunl fnlrzAvsnumniivesrnudwniu (TCR)
uAESMNTRTIARBINTNE (good stabiiity) mausegniflfsesiduirefiun au sadumnluliiesgidnnseiind
(microelectronics) INATMANLATER (strain gauge) uasnTusininef (ransceiver) Rdurafumansnzouans
#in TCR fliflurin uas TCR Adluay  mnsdunfdirefominetts i nisrzmedhiloson (co-evaporation)
atlmmeledonnaslavzuazlaBifinein (co-sputtering of metals and dielectrics) Msszmethlewuawuiden
{flash evaporation) msszneidulewnilnlfjiifen (reactive evaporation) ussalmmetouun i (reactive
sputtering) (Rajanna, 1993)

Wisnrsmvednlurruugayo s (vacuum system) wimdduitefn Mn-Si0, alszneuins
(gauge factor) 1eaRANIBFIA MN-SIO, Aufudnmbenns {percentage) 184 SIO, ALIMIARtsENALING

(F) annaun?

(AR /R )
F =——~
£
dla ARR dunnwRsusoudunudinfuas € dumnusion

Adusefiun Mn-sio, Ifnsarmnsifuduiumanlezgndlilunmsinnadaruniun
AEmImaans

FeasagUlil 9.0.1 umaIEusIFIIN 5 v srenszusliiilusduiadiumu 10 kKQ uasaanina
musesuinianeiautasoariaiu v Iussiulnihanaies v i A0 783 LP connector tiu DAQ Card
(pc1 6221) Wl lupaowed  &aliusmauseiilnfinanadanmmnunafiduingm (v vs 9

Front Panel usx Block Diagram uamﬁqp]ﬁ 9.9.2 DAQ Assistant Wi ewunAulnin vs uas
VLs Amplitude and Level Measurements WmtiAeaBunmuntsimihuuniy Mean (DC) udasi i Split signal
Weuen u?dﬁulﬂﬂ'l%ﬂﬂﬂiﬁ’}ﬂﬂnﬂ'mﬁu WILNFL Vs UKL Vs auiudian Substract  Arurminszualnia
IL=VURL=Is A2t Divide 1ila RL=300 Q Amunnumaudu e et ituneRanefdainsidy
Divide (R=Vs/ls=V/l} M1 R 1L usmenaan Numeric Indicator URE Waveform Graph Millisecond Multiple
lunawiing Stop Button 1l numeric control imuiifiDatinadnd While Loop ﬁ'mﬁ'\ﬁ'muqumw'mwﬁ'
%’11!’1'14 & RUN ilousmaustiouum  &eRu Front Panel ua Block Diagram 88nYne Printer

STRAIN GAUGE TEST

. LP CONMNECTOR B3AQ CARD COMPUTER PRINTER

RL
18kohm
Al1B (68)

Al GND (67)
== STRAIN GAUGE

J - » -
117 9.9.1 mydagammessedmfunimassuinaiaemuisian
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Estrain Gauge.vi

\0-0a LV {liaoo3ADCR " 3@ * -0 34\ Th-Strain Gauge.vi
15t modified on 12/14/2006 at 1:12 PM

inted on 12/14/2006 at 1:12 PM

. Strain Gauge Test
millisccond multiple stop
yF
0 300 1000
VLs (V) Vs(V) YL (V) Resistance (Obm)

5.17319 1.50552 3.6676¢ 123.146

Resistance vs Time Voltage0 (DC Voltage) '_/i .
123.8- - ]
123.7{ o
123.6-?:

Eua.s-;_ L

B 1234
123.34
123.2+
2 1230~
1234
122.9-
waed w
3248989866.0 3248989870.0 324898987
Time (s) ) :

. r-smm Gauge.vi
\0-0a LV [{i39°3ADCN " 2@ -0& 3#\Th-Strain Gauge.vi
-ast modified on 127142006 at 1:12 PM
rinted on 12/14/2006 at 1:13 PM

Strain Gauge Test'

Signals
Mean (DC) *
k=4

Vi=Vis-vs|
IL=VI/RE !
{1s=1 |
[R=Vs/Is=ve/mL |

rﬂﬁ 9.9.2 Front Panel U< Block diagram fmfLmmassuNS A ATOA

‘Resistance (O-hrn)-‘_

istance vs Time,

Res

-
[k
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HAMTNARBA
KANASBLINASARIIATAUAAIRIZLIR 9.9.2
Amaisamananes
‘uammmgeLinadarneumh WM Iaausduaildaiuluten
sqlusmamanay
ruudsnseasfinrefinuANAY LabVIEW snzousmmmaseuinadanuiATn
1BNNI9E B
sedy Wufuisgnd Fanddandidniananiind maieiand Ancinemans
minenduasasiund 2548
Hitp:// www.ni.com, LabVIEW ™ Basic 1. Introduction Course Manual,
National Instruments Corporation, 1993-2001.

9.10 MISRATAAITRUREIINA INIALIARMeneuLALuLTRT LN TAsTHY
AN MeTarnusaniisinndrinsfiusafinmessutnuisedlainsiiusallsunsuuslin

safe Wufwisnd

Thongchai Panmatarith

M.Sc. (Solid State Physics), Assoc. Prof., Materials Physics Laboratory, -

Department of Physics, Faculty of Science, Prince of Songkla University, Hat Yai, 90112 Thailand.
E-mail : tongchai.p@psu.ac.th

UNAnREe
Vimausseadeaindiniunafiforsumisefbilasinussiusunnumide
Abstract N
Sound loudness of sound fron PZT loudspeaker was measured by condenser microphone with
LabVIEW Program

M
fnineRusad (PZT loudspeaker) vmniiuasdanodifiihdudynoafes  nie¥ades (sound
measurement) azirawauitefluinstiu szAuA A e uRes (sound pressure level (SPL)] Hignsdaannng

SPL =20log,, L,dB
0.0002

FEMImManes

Fnemmanesiaqii 9.10.1 srussiilinsdesiiiadyannlninfigunmiiFeleddnein
Gamekn iansuineusesunindiumefudinsmamdnmssenlnngmsnfundes muangunsliety
sdneniadeuiluannrnuseustesliiasir  unddrinnadeslatasiiu (v) axtuutsemsom
® Wil v Hidh AI0 193 LP connector s DAQ Card fhmesfinsed wilneussdillvih (v) iy
A AR (sound loudness, SL) (U 9.10.2)
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Signal 5V
LP Connector DAQ Card
Generator -
| A0 NI PCI6221
& Al GND
PZT E—j
device
PCI Slot Computer Printer
GND Microphone >

U9 9.10.1 MasaganmasasduiumMsTarAe s ina Tneiuand
Foupouaugeilulasivny
crophone.vi
:\0-0a 3A» Mid Term 3@, 2-2549\Norma-Ampol\Microphone.vi

Last modified on 11/29/2006 at 2:01 PM
Printed on 11/29/2006 at 2:02 PM

Loudness Test For Microphone |

millisecond timer value Voltage (V) stop
L W ikn o

R 2.99397
0 500 1000

Lousness (arb.unit) Loudness (arb.unit)

I
¥ el g
10 1

17.9819
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crophone.vi
F\O—Oa 4R» Mid Term %@, 2-2549\Norma-Ampol\Microphone.vi
Last modified on 11/29/2006 at 2:01 PM
Printed on 11/29/2006 at 2:03 PM

Loudness Tést_; Fdrﬂicropﬁdne-g

Loudness (arb.unit)

Res_ult

millisecond timer value|

71 9.10.1 msdapnudsadsaindarinfusafifosraumuteslulasiny

HANSNARDY

amsIapuRseadeand thaiusafidrsreumuselulasiruuancdegd 9.10.1
BATIIMINARDS

uamsinANAreudasainar infutaiidosreumuteflulasinuasdaudadl I fiiEnswand
auanananes

UAEnsianansinmondmaadsainar insiusandsasuauteflulasing
iangganads

Moulson, A.J. and Herbert, J.M. Electroceramics. Chapman & Hall, London, 1990.



