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American Limits of Error ASTM E230-ANSI MC 96.1

J Temp Range =0 to T50°C =33 1o 13 F 0o TEGC 220 1M2F
Toleranca Value 22CornTE% 40°F or0.75% 1.1°C or0.4% 2OF or04%
Temp Range =0 10 1280°C =32 o 2282°F 080 1250°C a2 o 2meF
K Tolerance Valug 22Corn7s% 40For07s% 1.1°C or 0.4% 20°F or 0.4%
Temp. 3 - -328 10 32°F
Tolerance Valug 22Cor20%  40For2is
Temp Range >0 10 360°C A2 o B8R F 0 10 As0C 32 10 BE2°F
Tolerance Valug 10CoroTss  18°For0Ts% 0.8°C or0.d% 17F oro.4%
T Tamp. 3 -200 000G -328 10 32°F
Tolerance Value 1.0°C or 1.6% 1.5 F or 1.5%
Tamp Range =0 to 900°C =32 by 1652 0 o 900°C 32 b esaF
E Tokmance Value 1TTO0ss  IFO0.5% 10T H0A%  1EForoan
Tamp. 3 -200 100G -328 o 32°F
Tokrancs Value 17T 0% FFO0.0%
Tamp Ranga =0 10 130070 =32 10 2372°F 010 1300°C a2 waaraF
N Tolerance Value 2Z2°CoraTs% 40ForoTs% 1T orddts 20°F o0
Temp. - -2T0 R0 0T ~454 10 32'F
Tolerance Value 2T orgo% 40Forzis
H S Temp Range 0o 1480°C a2 o 2842°F 0 fo 1480°C 32 1o 2642°F
Tolerance Valug 15 Co02s%  27For0.2s% 08T oro% 1For.1%
Temp Range BOD 10 1700°C 1472 to 3082°F Kot
B Tolerance Value 0.5% 0.9°F Established
& 4% . Temp Ran 0lg2320'C A2 4208°F hot
G ( :"D Talerance Value 45T o 1.0% 0.9°F Establshed

* Not offcial spmbol or standard designaion  Wivichever vaire 15 greafer.
Note: Matoialis normaly sokocted i meat Iokances abow 0°C. I thevmocoipios &a naedad 1o madt Ioknces bolow (FC, he pirchaser
shatl stafe this a5 selechon of matenal is usually equied.

IEC Tolerance Class EN 60584-2; JIS C 1602

Temp Rangs -4 I 3TEC -40 o 333°C
Tolerancs Value #E'C +2.5°C Hat
Tamp. Hanqla 370 7500 333 1o TEO0°C Established
Tolerancs Value +0.4% Reading +0.75% Reading
T Ranga Pro L s i =40 b 333°C =167 b 40
K N Toleranc Vane S1E5C 225G 125°C
Tamp. Rangs TS0 1000 C 333 1o 1200°C =200 o -167°C
Tolwrance Valse 20,6% 20.75% Reading +1.5% Reading
Tamp Rangs 240 bo 128°C =40 1 123°C 67 10 40°C
T Toleranca Value 10.5€ 41°C £1°C
Tamp. Rangs n25 o390 C 133 1 350°C -200 10 -67°C
Tolerance Value ®0.4% Redging 20.75% Reading 1.5% Raadng
T 40 tp 33370 -167 bo 40°C
E Tomnc vawe 42 5°C 12 5°C
Temp. Ra 333 1o 800G -200 to -187°C
Talerance Value 0. 75% Reading +1.5% Reading
Temp Range 010 600G
H S Tolerance Value +1.5°C Hat
Temp. Range - 600 10 1600°C [Establishad
Talerance Value 21+ 0. | =0.25% Reading
Temp Rangs 600 o 800G
B Tolerance Valse +4°C
Tamp. Rangs 600 1o 1 700G 80010 1700°C
Tolerance Valug 20.25% Reading +0.5% Heading
# Matevial is nomally selectod fo meed toferanc g, 4 o5 AR Meeded fo meet dmits of Class 3, a5 wed as hase
of Glasa 7.0r 2, I purchasor snal srake M, 6380 i 'Z B
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2.4.4 Soil Moisture Sensor
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Soil Moisture Sensor
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87§Eﬁe rewe»“j‘ﬁﬂjﬁa 5 beFore installing AppSery 2.5.7.

Press Page Down to see the rest of the agreement.

GMU LESSER. GEMERAL PUELIC LICENSE ﬂ
ersion 2.1, February 1999

Copyright () 1991, 1999 Free Software Foundation, Inc,

59 Temple Place, Suite 330, Boston, MA& 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

[This is the First released wversion of the Lesser GPL. It also counts
as the successor of the GMU Library Public License, version 2, hence
the wersion number 2,1,] =l

If wou accept the terms of the agresment, click I Agree to continue. ¥ou must accept the
agreement to install AppSery 2.5.7.

ullsaft Install Systenm v, 19

< Back I I Agree I Cancel

ﬂﬁ.’) 10 uaags1eae l?JEJﬂN’EJL!]lsUﬂ"Ii GNU License



Setup will install AppSery 2.5.7 in the Following Folder, Toinstall in a different Folder, click
Browse and select another Folder, Click Mext ko continue.

30

2.5.7 Setup o ] 3

Choose Install Location

Choose the folder in which to install AppSery 2.5.7,

I C\app3ery Browse, . |

"Destinatiun Folder

Space required: 43.6ME
Space available: 5,556

Iullsaft Install £ u

|| < Back | Mexk = I Cancel

L

il

JUM3.11 @en 1msaasalasunsy AppServ

1 v k4
1aon Package Componen ] A I@ﬂﬂnih&‘ﬂﬁl&%ﬂﬁﬁ@ﬂﬁiﬁﬂ Package

. 199 ¥ v A
Lmﬂ1ﬂ'ﬂ§‘ﬂﬂi\ﬂuﬂ’0\1ﬂ1ﬁmE]ﬂa\‘] n

' oo P
51002100ALARY Package mm’f,

~y
N
Apach P Serye T&Mﬁﬁ1ﬁﬁ}1l‘ﬂu Web Server

N%QL “n mﬁﬁ@ﬁ'nﬂu Database Server
PHP).j”ﬁgfrte;;t Prepr ceﬁaﬁT‘]Jmﬂiuﬁv‘imﬁwﬂizmawams
: 13g1np ulatd

NIUVDIN 1Y

phpMyAdmin Ao Tusunsuldlumsusmssanmsgiudoya MySQL

] ] J o ]
Ay ledilieinsiaen Package gl 3.4 Gouiesuds lina

4‘ Y 3 a 3 1
Next LW@WWQ’%H@]@UﬂTﬁ@]ﬂ@N@Iﬂqﬂ
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I AppSery 2.5.7 Setup o ] o |
e Select Components

Select the components vou wank toinstall, clear the components
wou do nok want ko install,

AppSery Package Components

¥ apache HTTP Server
v MySCL Database

v PHP Hypertext Preprocessar
¥ phptyAdmin

Mullsoft Install Syster -H.

19 %

IAIINUNINLA 3 dau Mgl 3.5 Ae
Server Name ﬂﬂ%ﬂﬂﬁ1ﬁiﬂ‘ﬂ$ﬂl Se @mmuwu www.appservnetwork.com

Admin Email A8¥0d 115 m: M LU root@appservnetwork.com

...'ﬁ “'b’ﬂ"l@Apache Web ServerTﬂEJ“Vl’J]l‘lJL!,a’J

Protocol HTTP uu%‘”ﬂﬂ’lﬁafﬁ.ﬁg) mﬂ311/l @W%ﬂ!;ﬁﬂ\?ﬂ’]islﬂf Port 80 ﬂﬁ’]ll’]ﬁﬂ!lﬂlleu
Tagipaiula

nlﬂ ‘H”Iﬂi]ﬂﬁlﬂﬁf]uuﬂﬁﬂ Port ﬂﬁl‘llﬂ“lfﬂu Web Server LLﬁ’J ﬂﬂﬂi\'i‘i/lliﬂﬂﬂl“lf\‘l”lunﬂulcﬁ@]

HTTP Port Ao¥edi 1]

o & AW Y ' A Y Y g s v 9 )
m!,ﬂummszuwmmaeu Port Q7Y LBU ﬂTﬂLﬁ@ﬂ(l“]f Port 99 “lunmmnu"lwnﬂmmm“lﬁv

http://www.appservnetwork.com:99 Jzasanldanld
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m AppSery 2.5.7 Setup ;IQIEI

Apache HTTP Server Information
B . Please enter your server's information,

Server Mame (e.q. wiww, appserynetwork, com)

I localhost

Adrinistrator's Email Address (e.q. webmaster@agmail,com)

I rook@appservnetwork, com

Apache HTTP Part (Default ; 80)

[

fdullsaft Install Swste

H“ < Back | [ext = I Cancel

JUNn3.13 uammimwu

ﬂﬁluﬂ naA Apache Web Server

MyruAmIAoUINUBY MySQL Database o vLa 3 du Azl 3.6 Ao

W v,
Root Password ﬂ@ﬁ | uswﬁm@im“lmmmumammm Root 130

é’ﬂuaiwuwﬂﬂiqﬁmﬂmmﬁ% 1uaﬂym sz sy user 19 root

Character Seﬁ' 1 umwslﬂummmﬂmmeuaua

Fesdraugiudoya Import%ﬂfm\ﬁ_i& ortﬁ‘]aﬁaﬁ AnApgudoYA Old Password W1l
Al

i‘]mmma’mumﬂmm PHP U MySQL API aTHUIM Ta@199 Error Client does not support

authentication protocol requested by server; consider upgrading MySQL client Taenluau

Y04 Old Password  LHOWANE mi‘]mmu Enable InnoDB mﬂmmmﬂmmﬁim%uaiu

Bl
sUu01 InnoDB 1didenludiuiidae



T'j AppSery 2.5.7 Setup - |EI|5|

; My50L Server Configuration
Configure the MySQL Server instance.

MySsalL:

Please enter Rook password For MySOL Server,

Enter root password

Re-enter root password

My30L Server Setting
Character Sets and Collations

fLUTF-5 Unicade =l

¥ ©ld Password Suppart (PHP MySGL APT Funickion. )
I Enable TnnolE i

fdulls ot Inst
< Back I Inskall I Cancel

37314 Lm@y u&auﬂmm MySQL Database

Completing':’rhe AppSery 2.5.7 Setup
Wizand

=100 %]

F\ppﬂerve 5 ? has bee? installed on your computer,
\
Cliek: Firiish to clnse t@lzard.

| o
inajulad?

¥ Start MysL

COMPUTER - ——0

appservnetwark  com

= Back I Finish I Cancel

J1N3.15 uamwuwaﬂuumuauﬁﬂmmﬂmiﬂmﬂiu AppServ
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3.4 M3AanalUsunsy Joomla

a < 4 Y
ninanlumsad e uiumn giannzAeadny1n1y1 HTML, Java scrip, Css 1A Ajax

4 q Y I o o Y ] Y = ~q Y A
W‘I6161511!ﬂTiEJT:)ﬂ!L‘U‘UWH'IL’J‘Uﬁ'THi‘iJ“llf)qujm"lJ"lLLﬁgllﬁﬂ\‘]Wﬁ uammﬁnmmmﬂﬂums!fuslu

4 1 1 5 I 4 { ) [ 1
Tsunsuieaadiuilszuana 195 PHP, C# uag Java ¥aazidluisesnendmsudin lusey

G

= 1Y o = o Y <
mMsweullsunsy uadremsiamveana lulagluilagiu myssnuvuraswannduly
Pagtiulatimswaunaudnu Taemwiz ludwveunioionldrielumseonuuy
3 do A a ' ° 9 o 3 S A
A ladduiega) 1y Open source NE8NIN Joomla i lmseenuuniadIV laainge

4
[ Y

' 3 = d s A A °

318 ALAIN 39157 91U Joomla UTUONALITNODAULLLUNDFIISIUIIANNTZAIN I
< { < [l [ 3 [

msa3199 TaeNG1d Joomla vzasnaiiein 1alas lidesdeuTsunsuiioss deanln

Y = ~Aq Yq @ 9 <3 :;, ~ T dyl
9nABY  Joomla Naud ldlumsdamsasiunwina IagvzFonludinuiin mwyaiugy
.. . IJq 9 Y Y @ [ Yy v
32UV (Administration panel) @thf’fmﬁﬂﬁﬁﬁ !,LﬂllsllLL@$1]3‘LILLGNL’JU1@WJEJGIHLEN IS EAINEY

H a OEJ‘ Q' a 1 a . d
Component Nexnsaaada iy 1a 5y pls it uounay (Articles) U lasnnes (Web

dierctory) "lh’JﬁTﬁ(News) ﬁJ’JGIQJ}’ﬁ)GIh’J(Headl ﬂizmuﬂh’J(Forums)

1 Joorlal Installatiol
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U v

TRmihhdeyarinfusndnggudoya Mysq Taelfinsesiiofivaasams
g]‘l‘!"lgllﬂﬁa fo phpmyadmin
<?php
$host = 'localhost’;
$user = 'root’;
$pass ='123456";
$db = "test';
$dir="C:\Documents and Settings\Administrator\My
Documents\MATLAB\ Database Bio Pond.txt" ;

$line = file($dir);

$conn = mysql_connect(Shost, Suser, $pass) or die('Error : .mysql_error());

mysql_select db($db) or die('Error : . 1 error());
foreach($line as $line num => $line)
echo "Line #<b>{$line numj</b> cialchars($line)."<br/>\n";
$temp = explode("\t", $line);
if(strlen($temp[0])>=4) {

$sql = "insert into ﬁshpond(‘kar ourmin Temp,PH,DO)

values('$temp[0]','$temp|[ g
$temp([8]','$Stemp[9]")"; Ill ‘\\
echo $sql."<br/>\n"; ‘. ' ..‘

Steslt = mysq query@sq%mau.nmmaﬂ"‘

echo "|| result >> ".$result;

}
}

>

43

@p 41" '$templ[5]','Stemp[61','Stemp[7]',
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U v

Tamieyariinssgaiihgdgudona Mysql Tneldinsesilefidaedans
gm%’em fo phpmyadmin
<?php
$host = 'localhost’;
$user = 'root’;
$pass ='123456";
$db = "test';
$dir="C:\Documents and Settings\Administrator\My Documents\MATLAB\
Database Bio Pond.txt" ;
$line = file($dir);
$conn = mysql connect($host, Suser, $pass) or die('Error :
"mysql_error());mysql select db($db) erdie('Error : .mysql_error());
foreach($line as $line_ num => $line) {
$temp = explode("\t", $line);
$a[$line_num]=$temp;
H
global $line, $a;
global $line_num;
$b=8$line_num;
echo $a[$ é;\t”; \),7\03
~
echo $a[$b][ M s, . ~ - a‘b
echo $a[$b][3]"'3f”af]|nﬂ[U‘au ‘
echo $a[$b][4]."\t";
echo $a[$b][6]."\t";
echo $a[$b][7]."\t";
echo $a[$b][9]."\t";
echo $a[$b][10]."<br/>\n";
$d=$a[$b];

$sql = "insert into fishpond(Year,Month,Date,Hour,min, Temp,PH,DO)

44

values("$temp[0]','Stemp[1]','$Stemp[2]','Stemp[3]','Stemp[4]','Stemp[5]','$Stemp[6]','Stemp[7]',"

$temp[8]','$Stemp[9])";



echo $sql."<br/>\n";
$result = mysql_query($sql);
echo "|| result >> ".$result."<br/>\n";

7>

fod1doya

2012 3 22 00 01 -37.789 37.527 10.928 5.1436 28.556
2012 32212 01 -37.803 37.686 11.217 5.19 28.636
2012 323 00 01 -37.796 37.703 11.007 5.196 28.688
2012 323 12 01 -37.763 37.808 10.825 5.2045 28.772
2012 3 24 00 01 -37.724 38.102 10.961 5.2225 28.736
2012 3 24 12 01 -37.808 38.255 11.0428.3089 28.577
2012 32500 01 -37.747 38.358 11.27%5.3384,28.576
2012 3 2512 01 -37.783 38.469 11:272.5.3384,28.576

2012 3 26 00 01 -37.772 38.522 11.272"5.3384/28.576

2012 3 26 12 01 -37.785 38.512 11,553 5.4265 28.487 7(0

&

PAY -
2012 3 27 00 01 -37.794 38@&]&}%@

2012 327 12 01 -37.678 39.849 12.552 3.6127 49.38
2012 328 00 01 -37.687 39.903 12.552 3.6127 49.38

2012 328 12 01 -37.744 39.914 11.313 3.598 36.07

I

g e Ju  ddlue wd Moist Temp PH DO  Temp
+ A T dy
T5ai]edann IRIGISILR
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Tnauaaans v Today temperature fishpond

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

, "root", "123456") or die ("Error :"
.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * F
$Result = mysql query($
$Temp="";
$Year="";
$n=0;

$a=0;

hile($ 1
while(Srow = gysq mm ”
$Temp[] = $roﬁ}1§mppon ; 0‘\

$Yearl[] $r0W["quqjaU|nﬂ‘U‘aﬂa
$Month[] = $row["Month"];

$Date[] = $row["Date"];

$Hour[] = $row["Hour"];

$Min[] = $row["min"];

$n=%n+1;

$a=$n-1;

}

$b=%a-1;

$date_time = getdate();

$day = $date_time["Weekday"];
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$date = $date_time["mday"];
$month = $date _time["month"];
$year = $date _time["year"];
$hour = $date_time["hours"];
$minute = $date_time["minutes"];
$second = $date_time["seconds"];
if($hour<12)

{

$c=array($Temp[$a],$ Temp[$a]);

H
else

{

$c=array($§ Temp[$b],$Temp[$a));

H
$myData->addPoints(Sc)'Ter
$myData->setAxisName(0," eratutel);
$myData->setAxisDisplay(QTAXISTEORMAT CURRENCY);
$myData->addPoints(amray™"$Hourf$b:SMin{$b] $Date[$b]/ $Month[$b]/
$Year[$b]","$Hour[$al.8Min[$a] SDatelSal/ SMonth[$a]/ $Year[$a]"), "Labels");
$myData->se ricDcscription("Labels",“Timc{@;
$myData->setAb{§ "Labels"); 66‘3\}
$myData->setPalette("$ la,grlzg/ﬂRq=§5 5 ,"‘G"=>9 1,"B"=>127));
$myPicture = new pImage(700,230,$myData);
$myPicture-
>drawGradientArea(0,0,700,230,DIRECTION VERTICAL,array("StartR"=>220,"S
tartG"=>220,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>
100));
$myPicture->drawRectangle(0,0,699,229,array("R"=>200,"G"=>200,"B"=>200));
$myPicture-
>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.
3/pChart2.1.3/fonts/Forgotte.ttf","FontSize"=>11));

$myPicture->drawText(60,35," Temperature
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Today",array("FontSize"=>20,"Align"=>TEXT ALIGN_BOTTOMLEFT));
$myPicture->setGraphArea(60,40,670,190);

$myPicture-
>drawFilledRectangle(60,40,670,190,array("R"=>255,"G"=>255,"B"=>255,"Surrou
nding"=>-200,"Alpha"=>10));
$myPicture->drawScale(array("'GridR"=>180,"GridG"=>180,"GridB"=>180));
$myPicture-
>setShadow(FALSE,array("X"=>2,"Y"=>2,"R"=>0,"G"=>0,"B"=>0," Alpha"=>10))

$myPicture-

>setFontProperties(array("FC:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/

$myPicture-
>drawLegend (643,210, EGEND NOBORDER,"Mode"=>LEGEN
D _HORIZONTAL));
myPicture-

>autoOutput("'C:/
$myPicture->Ren

$myPicture- >%9Out

‘mle dra,\ imple.png");

“ng Taumniuiaﬂ"\
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Inauaaans 1w Today PH

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * F

$Result = mysql query($

$Temp — mv;
$Year="";
™
$n=0; o
v,
$a=0; /

)

while($row = Eysql, )
$Temp[] = $r0ﬁ}P~H"]; 0’\
$Year[] = $r0w["§?egqja'-ﬂln H‘U‘aaa‘s
$Month[] = $row["Month"];

$Date[] = $row["Date"];

$Hour[] = $row["Hour"];

$Min[] = $row["min"];

$n=$n+1;

$a=8n-1;

}

$b=%a-1;

$date_time = getdate();

$day = $date_time["Weekday"];
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$date = $date_time["mday"];
$month = $date _time["month"];
$year = $date _time["year"];
$hour = $date_time["hours"];
$minute = $date_time["minutes"];
$second = $date_time["seconds"];
if($hour<12)

{

$c=array($Temp[$a],$ Temp[$a]);

H
else

{

$c=array($§ Temp[$b],$Temp[$a));

H
$myData->addPoints($c)'PH"
$myData->setAxisName(0,"P
$myData->setAxisDisplay(QTAXISTEORMAT CURRENCY);
$myData->addPoints(amray™"$Hourf$b:SMin{$b] $Date[$b]/ $Month[$b]/
$Year[$b]","$Hour[$a].8Min[$a] SDatel$al/ SMonth[$a]/ $Year[$a]"),"Labels");
$myData->se ricDcscription("Labels",“Timc{@;
$myData->setAb{§ "Labels"); 66‘3\}
$myData->setPalette("$ la,grlzg/ﬂRq=§5 5 ,"‘G"=>9 1,"B"=>127));
$myPicture = new pImage(700,230,$myData);
$myPicture-
>drawGradientArea(0,0,700,230,DIRECTION VERTICAL,array("StartR"=>220,"S
tartG"=>220,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>
100));
$myPicture->drawRectangle(0,0,699,229,array("R"=>200,"G"=>200,"B"=>200));
$myPicture-
>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.
3/pChart2.1.3/fonts/Forgotte.ttf","FontSize"=>11));

$myPicture->drawText(60,35,"PH
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Today",array("FontSize"=>20,"Align"=>TEXT ALIGN_BOTTOMLEFT));
$myPicture->setGraphArea(60,40,670,190);

$myPicture-
>drawFilledRectangle(60,40,670,190,array("R"=>255,"G"=>255,"B"=>255,"Surrou
nding"=>-200,"Alpha"=>10));
$myPicture->drawScale(array("'GridR"=>180,"GridG"=>180,"GridB"=>180));
$myPicture-
>setShadow(FALSE,array("X"=>2,"Y"=>2,"R"=>0,"G"=>0,"B"=>0," Alpha"=>10))

$myPicture-

>setFontProperties(array("FC:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/

$myPicture-
>drawLegend(643.,210, EGEND NOBORDER,"Mode"=>LEGEN
D HORIZONTAL));
$myPicture->Rende

|~

$myPicture- >auto pl%aw&mple .png");

’ltmm\\‘

'7‘-’ Taumnluiaﬂ"‘

>
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Inauaaans 1 Today DO

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * F

$Result = mysql query($

$Temp — "";
$Year="";
m
$n=0; o
v,
$a=0; /

)

while($row = mysql 4
/

— %' "ni. @

$Temp[] = $ro }QO I; D)

O[w . & 6‘5

$Year[] = $row["Yed ]aﬂm H‘U‘aﬂ N

$Month[] = $row["Month"];

$Date[] = $Srow["Date"];

$Hour[] = $row["Hour"];

$Min[] = $row["min"];

$n=%$n+1;

$a=%n-1;

}

$b=%a-1;

$date_time = getdate();

$day = $date_time["Weekday"];
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$date = $date_time["mday"];
$month = $date _time["month"];
$year = $date _time["year"];
$hour = $date_time["hours"];
$minute = $date_time["minutes"];
$second = $date_time["seconds"];
if($hour<12)

{

$c=array($Temp[$a],$ Temp[$a]);

H
else

{

$c=array($§ Temp[$b],$Temp[$a));

H
$myData->addPoints($c) DO’
$myData->setAxisName(0,"
$myData->setAxisDisplay(QTAXISTEORMAT CURRENCY);
$myData->addPoints(amray™"$Hourf$b:SMin{$b] $Date[$b]/ $Month[$b]/
$Year[$b]","$Hour[$al.8Min[$a] SDatelSal/ SMonth[$a]/ $Year[$a]"),"Labels");
$myData->se ricDcscription("Labels",“Timc{@;
$myData->setAb{§ "Labels"); 66‘3\}
$myData->setPalette("$ la,grlzg/ﬂRq=§5 5 ,"‘G"=>9 1,"B"=>127));
$myPicture = new pImage(700,230,$myData);
$myPicture-
>drawGradientArea(0,0,700,230,DIRECTION VERTICAL,array("StartR"=>220,"S
tartG"=>220,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>
100));
$myPicture->drawRectangle(0,0,699,229,array("R"=>200,"G"=>200,"B"=>200));
$myPicture-
>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.
3/pChart2.1.3/fonts/Forgotte.ttf","FontSize"=>11));

$myPicture->drawText(60,35,"DO
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Today",array("FontSize"=>20,"Align"=>TEXT ALIGN_BOTTOMLEFT));
$myPicture->setGraphArea(60,40,670,190);

$myPicture-
>drawFilledRectangle(60,40,670,190,array("R"=>255,"G"=>255,"B"=>255,"Surrou
nding"=>-200,"Alpha"=>10));
$myPicture->drawScale(array("'GridR"=>180,"GridG"=>180,"GridB"=>180));
$myPicture-
>setShadow(FALSE,array("X"=>2,"Y"=>2,"R"=>0,"G"=>0,"B"=>0," Alpha"=>10))

$myPicture-

>setFontProperties(array("FC:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/

$myPicture-
>drawLegend(643.,210, EGEND NOBORDER,"Mode"=>LEGEN
D HORIZONTAL));
$myPicture->Rende

|~

$myPicture- >auto plQraw&mple png");

’ltmm\\‘

'75’ Taumniuiaﬂ"‘

>
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Tnauaaans v Today Soil Moisture

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * F ' ond bio™";

$Result = mysql query($

$Temp — mv;
$Year="";
™
$n=0; o
v,
$a=0; /

while($row = gysqlll
{ %3 249

$Temp[] = $row["1\/gﬂm-ﬂ|n H‘U‘aﬂa‘

$Year[] = Srow["Year"];

$Month[] = $row["Month"];

$Date[] = $row["Date"];

$Hour[] = $row["Hour"];

$Min[] = $row["min"];

$n=$n+1;

$a=$n-1;

}

$b=$a-1;

$date_time = getdate();



$day = $date_time["Weekday"];
$date = $date_time["mday"];
$month = $date time["month"];
$year = $date _time["year"];
$hour = $date_time["hours"];
$minute = $date_time["minutes"];
$second = $date_time["seconds"];
if($hour<12)
{
$c=array($Temp[Sa],$ Temp[$al);
H
else
{
$c=array($Temp[$b].$Te
§

$myData->addPoints($c)"'Soi

apy

isturd');
$myData->set AxisName(Q;!Soil Moisture');

$myData->set Axi§Display(0,AXIS“EORMAT CURRENCY);
$myData->addPoins(day (\'SHour[SbleSMan[$b] $Date[$b]/ $Month[$b]/
$Year[$b]","%ur[$a]:$Min[$a] SDatof$al/ i;)kbnth[ﬂ;a]/ $Year[$a]"),"Labels");
$myData->setScﬁ?\ riptjon("Labgls'* A&s");
$myData->setAbsiZ§§Zlaal§je“s‘l'ﬂTlﬁagﬁ‘

$myData->setPalette("$ ¢",array("R"=>55,"G"=>91,"B"=>127));

$myPicture = new pImage(700,230,$myData);

$myPicture-
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>drawGradientArea(0,0,700,230,DIRECTION VERTICAL,array("StartR"=>220,"S

tartG"=>220,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>

100));
$myPicture->drawRectangle(0,0,699,229,array("R"=>200,"G"=>200,"B"=>200));

$myPicture-

>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.

3/pChart2.1.3/fonts/Forgotte.ttf","FontSize"=>11));



57

$myPicture->drawText(60,35,"Soil Moisture
Today",array("FontSize"=>20,"Align"=>TEXT ALIGN BOTTOMLEFT));
$myPicture->setGraphArea(60,40,670,190);

$myPicture-
>drawFilledRectangle(60,40,670,190,array("R"=>255,"G"=>255,"B"=>255,"Surrou
nding"=>-200,"Alpha"=>10));
$myPicture->drawScale(array("GridR"=>180,"GridG"=>180,"GridB"=>180));
$myPicture-

>setShadow(FALSE,array("X"=>2,"Y"=>2,"R"=>0,"G"=>0,"B"=>0," Alpha"=>10))

B

$myPicture-

>setFontProperties(array("FC Serv/www/project/files/pChart2.1.3/pChart2.1.3/

$myPicture-

>drawLegend(643.210 3 = GEND NOBORDER,"Mode"=>LEGEN
D_HORIZONTAL)); ‘

2 S\ %
$myPicture- >Ren [ o Moistp "),

$myPicture- >auto% 'ri i\@raw&mple png");

'75’ Taumniuiaﬂ"\
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Tnauaaans v Today Temperature Fertilizer

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * F ' ond bio™";

$Result = mysql query($

$Temp — mv;
$Year="";
™
$n=0; o
v,
$a=0; /

)/
while($row = E}’Sql,
{ 3 449
$Temp[] = $row["TQﬂT§Um n[u‘aﬂa‘

$Year[] = $row["Year"];

7]
0’\

$Month[] = $row["Month"];
$Date[] = $row["Date"];
$Hour[] = $row["Hour"];
$Min[] = $row["min"];
$n=%n+1;

$a=$n-1;

}

$b=%a-1;

$date_time = getdate();
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$day = $date_time["Weekday"];
$date = $date_time["mday"];
$month = $date time["month"];
$year = $date _time["year"];
$hour = $date_time["hours"];
$minute = $date_time["minutes"];
$second = $date_time["seconds"];
if($hour<12)
{
$c=array($Temp[S$a],$TemplSal);
H
else
{
$c=array($Temp[$b].$Te

}
$myData->addPoints($c/ Ter

apy

$myData->setAxisName(Q;! Temperature" );
$myData->set Axi§Display(0,AXIS“EORMAT CURRENCY);
$myData->addPoins(day (\'SHour[SbleSMan[$b] $Date[$b]/ $Month[$b]/
$Year[$b]","%ul‘[$a]:$Min[$a] SDatof$al/ $£ﬂ)nth[$a]/ $Year[$a]"),"Labels");
$myData->setSctﬁ?a\hﬁripnon(”L ‘ b ls’“'ﬁ&\c);”);

TBUmpmaﬂ -
$myData->setAbscissa("Labels");

$myData->setPalette("$ ¢",array("R"=>55,"G"=>91,"B"=>127)); //modified
/* Create the pChart object */
$myPicture = new pIlmage(700,230,$myData);

$myPicture-

>drawGradientArea(0,0,700,230,DIRECTION VERTICAL,array("StartR"=>220,"S
tartG"=>220,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>
100));
$myPicture->drawRectangle(0,0,699,229,array("R"=>200,"G"=>200,"B"=>200));
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$myPicture-
>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.

3/pChart2.1.3/fonts/Forgotte.ttf","FontSize"=>11));

$myPicture->drawText(60,35," Temperature Fertilizer

Today",array("FontSize"=>20,"Align"=>TEXT ALIGN_BOTTOMLEFT));

$myPicture->setGraphArea(60,40,670,190);

$myPicture-
>drawFilledRectangle(60,40,670,190,array("R"=>255,"G"=>255,"B"=>255,"Surrou
nding"=>-200,"Alpha"=>10)):
$myPicture->drawScale(array(""GridR"=>180,"GridG"=>180,"GridB"=>180));
$myPicture-

>setShadow(FALSE array("X'=>2,"Y"=>2"R"=>0,"G"=>0,"B"=>0," Alpha"=>10))
$myPicture-

>setFontProperties(array("FC Serw/'www/project/files/pChart2.1.3/pChart2.1.3/
fonts/Forgotte.ttff"," FontSize!'=26)):

$myPicture->drawSplineChat();

$myPicture-

>draWLegend¢43 21 0,array("Sty1¢"=>LEGEN‘132NOBORDER,"Mode"=>LEGEN
D_HORIZONTA(L‘S}7 - | 669\}
$myPicture->Render(”ngg_lgrﬂrl;kll‘(.).apng";;
$myPicture->autoOutput("pictures/example.drawSimple.png");

7>
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Tnauaaans v 7days temperature fishpond

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

, "root", "123456") or die ("Error :"
.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * F
$Result = mysql query($
$Temp="";
$Year="";
$Month ="";
$Date ="";
$Hour ="";
$Min ="";
$n=0;

$a=0;
while($row = mysql fetch array($Result)) {
$Temp[] = $row["Temppond"];

$Year[] = $row["Year"];

$Month[] = $row["Month"];

$Date[] = $Srow["Date"];

$Hour[] = $row["Hour"];

$Min[] = $row["min"];

$n=%$n+1;

$a=$n-1, }
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$b=8%a-1;

$c=$b-1;

$d=$c-1;

$e=%$d-1;

$=8e-1;

$o=8f-1;

$h=$g-1;

$i=$h-1;

$j=$i-1;

$k=$j-1;

$1=$k-1;

$m=§1-1;

$n=%$m-1;

$z=array($Temp[$al,.S Temp[S ks Temp[ $c].$ Temp[$d].$Temp[$e]l,$ Temp[$£],$Te
mp[$g],$Temp[$h].$Temp|Si g8Bemp|$)|.STemp[$k],$Temp[$1],$Temp[$m],$Tem
p[$n]);

$myData->addPoints( $zPetoperatirg);
$myData->setAxifName (@ Fanpératire' s
$myData->addPoinig(dteay (| SHour[Sls8Man[$n] $Date[$n]/ $Month[$n]/
sycar(Sn]","spurl S SSm) | $Potc 5] @Monthlsm)
$Year[$m]","81Igﬁﬁg%wnm] ‘ E\atcﬁﬁ@%onth[ﬂ]/
$Year[$1]","$Hour[$k]:$1\?§1‘H§<ﬂ§%a?e[$k]‘/ $Month[$k]/
$Year[$k]","$Hour([$j]:$Min[$j] $Date[$j]/ $Month[$j]/
$Year[$j]","$Hour[$i]:$Min[$i] $Date[$i]/ $Month[$i]/
$Year[$i]","$SHour[$h]:$Min[$h] $Date[$h]/ $Month[$h]/
$Year[$h]","$Hour[$g]:$Min[$g] $Date[$g]/ $Month[$g]/
$Year[$g]","$SHour[$£]:$Min[$f] $Date[$f]/ $Month[$£]/
$Year[$1]","SHour[$e]:$Min[$e] $Date[$e]/ $Month[$e]/
$Year[$e]","SHour[$d]:SMin[$d] $Date[$d]/ $Month[$d]/
$Year[$d]","SHour[$c]:$Min[$c] $Date[$c]/ $Month[$c]/
$Year[$c]","$SHour[$b]:SMin[$b] $Date[$b]/ $Month[$b]/

$Year[$b]","$Hour[$a]:$Min[$a] $Date[$al/ SMonth[$a]/
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$Year[$a]"),"Labels");$myData->setSerieDescription("Labels"," Times");
$myData->setAbscissa("Labels");

$myData->setPalette("$ ¢",array("R"=>55,"G"=>91,"B"=>127));

$myPicture = new pImage(1200,230,$myData);

$myPicture-
>drawGradientArea(0,0,1200,230,DIRECTION_VERTICAL,array("StartR"=>220,"
StartG"=>22
0,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>100));
$myPicture->drawRectangle(0,0,1199,229,array("R"=>200,"G"=>200,"B"=>200));
$myPicture-
>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.
3/pChart2.1.3/fonts/Forgotte.ttf! 'FontSize"=>11));
$myPicture->drawText(60,35,"Temperature

7days" array("FontSize"=>20, Adign!=>TEXT ALIGN BOTTOMLEFT));

$myPicture->setGraphAfea(6 ,11704190);
$myPicture-
>drawFilledRectangle(6007L L 7051991 array ("R "=>255,"G"=>255,"B"=>255,"Surro
unding"=>-200," Alpha"=>10));

$myPicture->drawSealeqairay('Grid R's2180,"GridG"=>180,"GridB"=>180));
$myPicture- G& ]\0)
>setShadow(FA L)ﬁﬁﬁa?rgg"ha?a"éﬁa‘&)>0,”G":>O,"B "=>(0,"Alpha"=>10))

$myPicture-
>setFontProperties(array("FC:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/
fonts/Forgotte.ttff","FontSize"=>6));

$myPicture->drawSplineChart();

$myPicture-

>drawLegend(643,210,array("'Style"=>LEGEND NOBORDER,"Mode"=>LEGEN
D HORIZONTAL));

$myPicture->Render("7days_Temp.png");

7>
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Tnauanans 1w 7days PH

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

, "root", "123456") or die ("Error :"
.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * F
$Result = mysql query($
$Temp="";
$Year="";
$Month ="";
$Date ="";
$Hour ="";
$Min ="";
$n=0;

$a=0;
while($row = mysql fetch array($Result)) {
$Temp[] = $row["PH"];

$Year[] = $row["Year"];

$Month[] = $row["Month"];

$Date[] = $Srow["Date"];

$Hour[] = $row["Hour"];

$Min[] = $row["min"];

$n=%$n+1;

$a=$n-1, }
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$b=%a-1;
$c=$b-1;
$d=$c-1;
$e=%$d-1;
$t=%e-1;
$o=8f-1;
$h=$g-1;
$i=$h-1;
$j=8i-1;

$k=§j-1;
$1=8k-1;
$m=§I-1;

$n=%$m-1;

$z=array($Temp[$al,$ Temp[$l Temp[Sc],$Temp[$d],$Temp[$e],$Temp[$],$Te
mp[$g],$Temp[Sh],$Teip[$i
p[$n]);

$myData->addPoints($z [ PH);

empl$j].$Temp[$k],$Temp[$1],$Temp[$m],$Tem

$myData->setAxisName(@ P ');
$myData->addPoinig(dteay (| SHour[Sls8Man[$n] $Date[$n]/ $Month[$n]/
sycarSn]","sur( ST SSm) | $Potc 5] @Monthlsm)
$Year[$m]","SII((@ﬁ@,‘%]\d_in[&] r\atc%&g%omh[m]/
$Year[$1]","$Hour[$k]:$h?gjﬂﬂf|§%a?e[$kf/ $Month[$k]/
$Year[$k]","$Hour[$j]:$Min[$j] $Date[$j]/ $Month[8j]/
$Year[$j]","$Hour[$i]:$Min[$i] $Date[$i]/ $Month[$i]/
$Year[$i]","$Hour[$h]:$Min[$h] $Date[$h]/ $Month[$h]/
$Year[$h]","SHour[$g]:SMin[$g] $Date[$g]/ $Month[$g]/
$Year[$g]","$SHour[$£]:$Min[$f] $Date[$f]/ $Month[$£]/
$Year[$f]","$Hour[$e]:SMin[Se] $Date[Se]/ $Month[$e]/
$Year[$e]","$Hour[$d]:$Min[$d] $Date[$d]/ $Month[$d]/
$Year[$d]","SHour[$c]:$Min[$c] $Date[$c]/ $Month[$c]/
$Year[$c]","$Hour[$b]:$Min[$b] $Date[$b]/ $Month[$b]/

$Year[$b]","$Hour[$a]:$Min[$a] $Date[$al/ SMonth[$a]/
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$Year[$a]"),"Labels");$myData->setSerieDescription("Labels","Times");
$myData->setAbscissa("Labels");

$myData->setPalette("$ ¢",array("R"=>55,"G"=>91,"B"=>127));

$myPicture = new pImage(1200,230,$myData);

$myPicture-
>drawGradientArea(0,0,1200,230,DIRECTION_VERTICAL,array("StartR"=>220,"
StartG"=>22
0,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>100));
$myPicture->drawRectangle(0,0,1199,229,array("R"=>200,"G"=>200,"B"=>200));
$myPicture-
>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.
3/pChart2.1.3/fonts/Forgotte.ttf! 'FontSize"=>11));
$myPicture->drawText(60,35,"PH

7days",array("FontSize"=>20,"

ign!—TEXT ALIGN_BOTTOMLEFT));
$myPicture->setGraphAfea(6 ,11704190);
$myPicture-
>drawFilledRectangle(6007L L 7051991 array ("R "=>255,"G"=>255,"B"=>255,"Surro
unding"=>-200," Alpha"=>10));

$myPicture->drawSealeqairay('Grid R's2180,"GridG"=>180,"GridB"=>180));
$myPicture- G& ]\0)
>setShadow(FA L)ﬁﬁﬁe}iré‘_g"haid "éﬁa‘g})>0, "G"=>0,"B"=>0,"Alpha"=>10))

$myPicture-
>setFontProperties(array("FC:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/
fonts/Forgotte.ttff","FontSize"=>6));

$myPicture->drawSplineChart();

$myPicture-

>drawLegend(643,210,array("'Style"=>LEGEND NOBORDER,"Mode"=>LEGEN
D HORIZONTAL));

$myPicture->Render("7days PH.png");

7>
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Tnauaaans 1w 7days DO

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

, "root", "123456") or die ("Error :"
.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * F
$Result = mysql query($
$Temp="";
$Year="";
$Month ="";
$Date ="";
$Hour ="";
$Min ="";
$n=0;

$a=0;
while($row = mysql fetch array($Result)) {
$Templ[] = $row["DO"];

$Year[] = $row["Year"];

$Month[] = $row["Month"];

$Date[] = $Srow["Date"];

$Hour[] = $row["Hour"];

$Min[] = $row["min"];

$n=%$n+1;

$a=$n-1, }
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$b=%a-1;
$c=$b-1;
$d=$c-1;
$e=%$d-1;
$t=%e-1;
$o=8f-1;
$h=$g-1;
$i=$h-1;
$j=8i-1;

$k=§j-1;
$1=8k-1;
$m=§I-1;

$n=%$m-1;

$z=array($Temp[$al,$ Temp[$l Temp[Sc],$Temp[$d],$Temp[$e],$Temp[$],$Te
mp[$g],$Temp[Sh],$Teip[$i
p[$n]);

$myData->addPoints($z D

empl$j].$Temp[$k],$Temp[$1],$Temp[$m],$Tem

V)
$myData->setAxisName(@“HO1)¢
$myData->addPoini(dteay (. SHour[Spl8Man[$n] $Date[$n]/ $Month[$n]/
sycarSn]","sur( ST SSm) | $Potc 5] @Monthlsm)
$Year[$m]","SII((@ﬁ@,‘%]\d_in[&] r\atc%&g%omh[m]/
$Year[$1]","$Hour[$k]:$l\?9ﬂ§<ﬂ§%a§c\e[$k]‘/ $Month[$k]/
$Year[$k]","$Hour([$j]:$Min[$j] $Date[$j]/ $Month[$j]/
$Year[$j]","$Hour[$i]:$Min[$i] $Date[$i]/ $Month[$i]/
$Year[$i]","$Hour[$h]:$Min[$h] $Date[$h]/ $Month[$h]/
$Year[$h]","$Hour[$g]:$Min[$g] $Date[$g]/ $Month[$g]/
$Year[$g]","$SHour[$£]:$Min[$f] $Date[$f]/ $Month[$£]/
$Year[$f]","$Hour[$e]:$Min[$e] $Date[$e]/ $Month[$e]/
$Year[$e]","SHour[$d]:SMin[$d] $Date[$d]/ $Month[$d]/
$Year[$d]","SHour[$c]:$Min[$c] $Date[$c]/ $Month[$c]/
$Year[$c]","$SHour[$b]:SMin[$b] $Date[$b]/ $Month[$b]/

$Year[$b]","$Hour[$a]:$Min[$a] $Date[$al/ SMonth[$a]/
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$Year[$a]"),"Labels");$myData->setSerieDescription("Labels","Times");
$myData->setAbscissa("Labels");

$myData->setPalette("$ ¢",array("R"=>55,"G"=>91,"B"=>127));

$myPicture = new pImage(1200,230,$myData);

$myPicture-

>drawGradientArea(0,0,1200,230,DIRECTION _VERTICAL,array("StartR"=>220,"
StartG"=>22
0,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>100));
$myPicture->drawRectangle(0,0,1199,229,array("R"=>200,"G"=>200,"B"=>200));
$myPicture-
>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.
3/pChart2.1.3/fonts/Forgotte.ttf! 'FontSize"=>11));
$myPicture->drawText(60,35,"DO

7days" array("FontSize"=>20, Adign!=>TEXT ALIGN BOTTOMLEFT));

$myPicture->setGraphAfea(6 ,11704190);
$myPicture-
>drawFilledRectangle(6007L L 701991 array("R"=>255,"G"=>255,"B"=>255,"Surro
unding"=>-200," Alpha"=>10));

$myPicture->drawSealeqairay('Grid R's2180,"GridG"=>180,"GridB"=>180));
$myPicture- G& ]\0)
>setShadow(FA L)ﬁﬁﬁa?rgg"ha?a"éﬁa‘&)>0,”G":>O,"B "=>(0,"Alpha"=>10))

$myPicture-
>setFontProperties(array("FC:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/
fonts/Forgotte.ttff","FontSize"=>6));

$myPicture->drawSplineChart();

$myPicture-

>drawLegend(643,210,array("'Style"=>LEGEND NOBORDER,"Mode"=>LEGEN
D HORIZONTAL));

$myPicture->Render("7days DO.png");

7>
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Taananans1¥l 7Today Soil Moisture

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

$db = mysql _connect("localhost!, "root", "123456") or die ("Error :"

.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * FR
$Result = mysql query($
$Temp="";
$Year="";
$Month ="";
$Date ="";
$Hour ="";
$Min="";
$n=0;

$a=0;
while($row = mysql_fetch_array($Result)) {
$Temp[] = $row["Moist"];

$Year[] = $row["Year"];

$Month[] = $row["Month"];

$Date[] = $row["Date"];

$Hour[] = $row["Hour"];

$Min[] = $row["min"];

$n=%n+1;

$a=$n-1; }

$b=%a-1;



$c=8$b-1;
$d=%c-1;
$e=8d-1;
$t=%e-1;
$o=81-1;
$h=$g-1;
$i=$h-1;
$j=8$i-1;
$k=$j-1;
$1=8k-1;
$m=§I-1;

$n=%$m-1;
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$z=array($Temp|$al,$Temp[$b],$Temp[$c],$Temp[$d],$Temp[$e],$Temp[$£],$Te

mp([$gl,.$Temp[$h],$Temp[$i]
p[$n]);

$myData->addPoints($z,"Soi

$myData->set AxisName(0Q:! oist ");

$myData->addPoints(amray™"$Hour{Sn:SMin{$n] $Date[$n]/ $Month[$n]/

$Year[$n]","$Hour{$m}ssMin[Sm] S Datef$m]/ $Month[$m]/
sycar($m]","Sjour[s SV in[$1] BRatlS 1)/ s \foneh(s1)
§Year$I]","SHolDs kS Min[Sk] tcﬁ?ﬁﬁgﬂomhmk]/
$Year[$k]","$Houi:§ﬁgﬂﬁnﬂfgm§[$j]/‘$Momh[$j]/
$Year[$j]","$Hour[$i]:8Min[$i] $Date[$i]/ $Month[$i]/
$Year[$i]","$Hour[$h]:SMin[$h] $Date[$h]/ $Month[$h]/
$Year[$h]","SHour[$g]:$Min[$g] $Date[$g]/ SMonth[$g)/
$Year[$g]","$SHour[$£]:$Min[$f] $Date[$f]/ $Month[$£]/
$Year[$f]","SHour[$e]:SMin[$e] $Date[Se]/ SMonth[$e]/
$Year[$e]","$Hour[$d]:$Min[$d] $Date[$d]/ $Month[$d]/
$Year[$d]","SHour[$c]:SMin[$c] $Date[Sc]/ $Month[$c)/
$Year[$c]","$Hour[$b]:SMin[$b] $Date[$b]/ $Month[$b]/
$Year[$b]","SHour[$a]:SMin[$a] $Date[$a]/ $Month[$a)/

$Year[$a]"),"Labels");$myData->setSerieDescription("Labels","Times");

cmpl$j],$Temp[$k],$Temp[$1],$Temp[$m],$Tem
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$myData->setAbscissa("Labels");

$myData->setPalette("$ ¢",array("R"=>55,"G"=>91,"B"=>127));

$myPicture = new pImage(1200,230,$myData);

$myPicture-

>drawGradientArea(0,0,1200,230,DIRECTION VERTICAL,array("StartR"=>220,"
StartG"=>22
0,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>100));
$myPicture->drawRectangle(0,0,1199,229,array("R"=>200,"G"=>200,"B"=>200));
$myPicture-
>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.
3/pChart2.1.3/fonts/Forgotte.ttfl!)'"FontSize"=>11));

$myPicture->drawText(60,35," Sail Moist
7days",array("FontSize"=>20,"Align"=>TEXT ALIGN_BOTTOMLEFT));
$myPicture->setGraphAreal60,4@Q,1170,190);

$myPicture-

>drawFilledRectangle(60,40, 190,array("R"=>255,"G"=>255,"B"=>255,"Surro
unding"=>-200."Alpha"-==10));

$myPicture->drawSeale(array(! GridR"=>180." GridG"=>180,"GridB"=>180));
$myPicture-

>setShadow( SE,array("X"=>;"Y”=>2,”R']{4>0,”G"=>0,"B”=>0,"Alpha"=> 10))

, 25, L eV
’ Tendeinafulabe”

$myPicture-
>setFontProperties(array("FC:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/
fonts/Forgotte.ttff","FontSize"=>6));

$myPicture->drawSplineChart();

$myPicture-

>drawLegend(643,210,array("'Style"=>LEGEND NOBORDER,"Mode"=>LEGEN
D HORIZONTAL));

$myPicture->Render("7days_Moist.png");

7>
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Taananasns 1 7Today Temperature Fertilizer

<?
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pData.class.p
hp");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pDraw.class.
php");
include("C:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/class/pImage.class.
php");

$myData = new pData();

$db = mysql _connect("localhost!, "root", "123456") or die ("Error :"

.mysql_error());
mysql_select db("test",$db);
$Requete = "SELECT * FR
$Result = mysql query($
$Temp="";
$Year="";
$Month ="";
$Date ="";
$Hour ="";
$Min="";
$n=0;

$a=0;
while($row = mysql_fetch_array($Result)) {
$Temp[] = $row["Temp"];

$Year[] = $row["Year"];

$Month[] = $row["Month"];

$Date[] = $row["Date"];

$Hour[] = $row["Hour"];

$Min[] = $row["min"];

$n=%n+1;

$a=$n-1; }

$b=%a-1;



$c=8$b-1;
$d=%c-1;
$e=8d-1;
$t=%e-1;
$o=81-1;
$h=$g-1;
$i=$h-1;
$j=8$i-1;
$k=$j-1;
$1=8k-1;
$m=§I-1;

$n=%$m-1;
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$z=array($Temp|$al,$Temp[$b],$Temp[$c],$Temp[$d],$Temp[$e],$Temp[$£],$Te

mp([$gl,.$Temp[$h],$Temp[$i]
p[$n]);

$myData->addPoints($z/" Ter

ture')’

$myData->set AxisName(Q;'I kemperature);

$myData->addPoints(amray™"$Hour{Sn:SMin{$n] $Date[$n]/ $Month[$n]/

$Year[$n]","$Hour{$m}ssMin[Sm] S Datef$m]/ $Month[$m]/
sycar($m]","Sjour[s SV in[$1] BRatlS 1)/ s \foneh(s1)
§Year$I]","SHolDs kS Min[Sk] tcﬁ?ﬁﬁgﬂomhmk]/
$Year[$k]","$Houi:§ﬁgﬂﬁnﬂfgm§[$j]/‘$Momh[$j]/
$Year[$j]","$Hour[$i]:8Min[$i] $Date[$i]/ $Month[$i]/
$Year[$i]","$Hour[$h]:SMin[$h] $Date[$h]/ $Month[$h]/
$Year[$h]","SHour[$g]:$Min[$g] $Date[$g]/ SMonth[$g)/
$Year[$g]","$SHour[$£]:$Min[$f] $Date[$f]/ $Month[$£]/
$Year[$f]","SHour[$e]:SMin[$e] $Date[Se]/ SMonth[$e]/
$Year[$e]","$Hour[$d]:$Min[$d] $Date[$d]/ $Month[$d]/
$Year[$d]","SHour[$c]:SMin[$c] $Date[Sc]/ $Month[$c)/
$Year[$c]","$Hour[$b]:SMin[$b] $Date[$b]/ $Month[$b]/
$Year[$b]","SHour[$a]:SMin[$a] $Date[$a]/ $Month[$a)/

$Year[$a]"),"Labels");$myData->setSerieDescription("Labels","Times");

cmpl$j],$Temp[$k],$Temp[$1],$Temp[$m],$Tem
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$myData->setAbscissa("Labels");

$myData->setPalette("$ ¢",array("R"=>55,"G"=>91,"B"=>127));

$myPicture = new pImage(1200,230,$myData);

$myPicture-

>drawGradientArea(0,0,1200,230,DIRECTION VERTICAL,array("StartR"=>220,"
StartG"=>22
0,"StartB"=>220,"EndR"=>255,"EndG"=>255,"EndB"=>255," Alpha"=>100));
$myPicture->drawRectangle(0,0,1199,229,array("R"=>200,"G"=>200,"B"=>200));
$myPicture-
>setFontProperties(array("FontName"=>"C:/AppServ/www/project/files/pChart2.1.
3/pChart2.1.3/fonts/Forgotte.ttfl!)'"FontSize"=>11));

$myPicture->drawText(60,35," Temperature Fertilizer
7days",array("FontSize"=>20,"Align"=>TEXT ALIGN_BOTTOMLEFT));
$myPicture->setGraphAreal60,4@Q,1170,190);

$myPicture-

>drawFilledRectangle(60,40, 190,artay("R"=>255,"G"=>255,"B"=>255,"Surro
unding"=>-200."Alpha"-==10));

$myPicture->drawSeale(array(! GridR"=>180." GridG"=>180,"GridB"=>180));
$myPicture-

>setShadow( SE,array("X"=>%"Y"=>2,”R']{4>0,”G"=>0,"B”=>0,"Alpha"=> 10))

, 25, L eV
’ Tendeinafulabe”

$myPicture-
>setFontProperties(array("FC:/AppServ/www/project/files/pChart2.1.3/pChart2.1.3/
fonts/Forgotte.ttff","FontSize"=>6));

$myPicture->drawSplineChart();

$myPicture-

>drawLegend(643,210,array("'Style"=>LEGEND NOBORDER,"Mode"=>LEGEN
D HORIZONTAL));

$myPicture->Render("7days_Tempbio.png");

7>
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php C: \AppServ\aww\

o ¥
LHasuIvay aﬁWﬁﬂ

php C:\AppServiwww\project\fish_pond\Today Temppond.php =>

aslverin luaaansih web page
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php C:\AppServiwww\project\fish_pond\Today PH.php =>
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php C:\AppServiwww\project\fish pond\Today DO.php

1 l1uanantd web page

php C:\AppServiwww\project\fish_pond\7days DO.php

1 l1uanantd web page
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= fhmhnadensviiie

= fhmhnadnavive

php C:\AppServ\www\project\fish_pond\Today Moist.php => ¥ nadansvlite
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php C:\AppServ\www\project\fish_pond\7days_Tempbio.php => %1% hnadeans
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Y

Code 11)5unsuningveg

1. Talsunsatiufindeyaldlulna Database Bio_Pond.txt
/1117710777007

Biofertilizer & Fish pond Monitoring

o° oo

o\

Data sensing : pH (pH5.6 - 6.5)
: EC (1.8 - 2.2 mS/cm)
: Light (LUX)
S////1T77 7777077777777 7777707777

o\

o\

clear all;
clc;

o

Part 2 :: Reading Data from Sensor

pck = 12;

round = 1; % Reading

Fl 1; % Fail re

Cp = 0; % Comple cougter

c = clock;

CH Pond = 7, 1
CH Bio = 1;56. \;Ea
v} 249
while 1 %Cp <= 5 3 ﬁ&rﬁmnhm@@
c = clock;
while ¢(1,5) == 0 || «<¢(1,5) == 30
min time = c(1,5);
sec_time = c(1,6);
failed = 0;
while failed ~= 1
disp ('Reading Now...")
s = serial('COM4', "BaudRate',57600) ; % Set port@COM4 and
BaudRate
set (s, 'TimeOut',120); % Determine Timeout
fopen (s) % Open port
savel = fread(s,37*pck); % Read and Save
fclose (s) % Close port
delete (s)

clear s
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disp(['End of Reading # ',num2str (round)])

round = round+1l;
Pos 1 = find(savel == 126); PD1 = Pos _1(1,1);
Pos 2 = find(savel == 66); PD2 = Pos_2(1,1);
Pos 3 = find(savel == 255); PD3 = Pos 3(1,1);
if (PD2-PD1l == 1) && (PD3-PD2 == 1)%&6& (savel (pck*37,1) ==

126)
disp (['Now saving'])
Data Base(:,1) = savel;
dlmwrite ('Data Bio Pond.txt', Data Base,'
append', 'delimiter', '\t', 'newline', 'pc');
Cp = Cpt+l;
failed = 1;

else disp(['Failed reading # ',num2str(Fl)])
disp ([' [ERROR Heade Try reading packet again!'])
Fl = F1+1;
failed = 0;

num_ Pond =0;
num Bio =0;
for i= l:pck-1
if Data Base(
failed
disp(['
',num2str (i) ])

end
if Data
num
elseif D &O*Base i%13,1) ==ﬁrg\)5io
num Bio
o #1dginalufad®
end
if (num Pond == 0) || (num Bio == 0)
failed = 0;
disp([' [ERROR Channal] Try reading packet again!'])
end

o\°

Part 3 :: Extract Data

DTB = Data Base;
clear Data Base;



pck = pck-1;

PP3 = 1; % Used in line 20
PP1 = 1; $ Used in line 31
Pos 1 = find(DIB(:,:) == 126);

Pos 2 = find(DTB(:, :

~

== 66);

[rw pl cl pl] = size(Pos_1);

for P1 = 1:2:rw pl
Pos H1(PP1l,:) = Pos _1(P1,1);

PPl = PP1+1;
end

[rw pH1 cl pHI1] =
[rw p2 cl p?]
[rw_tm cl tm]

pt2 = 1;

pt Pond = 1;
pt Bio = 1;

Ex Data Pond =

Ex Data B106 '{0
-1y 3 R

6 tmer?)};)t = 1: pcglaﬂlnnhﬂaﬂ *
Ex pData(:,pt) =

DTB ( (Pos_HI1 (pt,1) :Pos H1l (pt,1)+36),tm);

if (Ex pData(13,pt) == CH_ Pond)
Ex Data Pond(:,pt Pond) = Ex pData(:,pt);
pt Pond = pt Pond + 1;

elseif (Ex pDbata(l3,pt) == CH Bio)
Ex Data Bio(:,pt Bio) = Ex pData(:,pt);
pt Bio = pt Bio + 1;

end

end

[dtal pck Pond] = size(Ex Data Pond);
[dta2 pck Bio] = size(Ex Data Bio);

100



101

for b = 1:pck Pond;
for ¢ = 15:1:34; % Data zone @ #15 - #34
data Pond(a) = Ex Data Pond(c,b); $Data
set [1x60]
a = a+l
end
end
% Extract Light packet
d=1;
for e = 1l:pck Bio;
for £ = 15:1:34; % Data zone Q@ #15 - #34
data Bio(d) = Ex Data Bio(f,e) $Data set
[1x60]
d = d+1;
end
end
% Part 4 Gerferate ADC Data
[b a] = size(d
[c d] = size(
Gen Pond =
Gen Bio =
MostBit Po Gaq Pond ; $256x3
[1x60]

MostBit Bloqj l
]
[ol Mblt ond 'ii. Bit BQ d)

size MostB t

[02 Mbit *
'J’f’laumniuiaﬂ )

x = 1;
for g = 2:2:Mbit_ Pond;
RdataH Pond(x) = MostBit Pond(q);
x = x+1;
end
y = 1;
for r = 2:2:Mbit Bio;
RdataH Bio(y) = MostBit Bio(r);
y = yt+l;
end
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Rdatal Pond(xx) = data Pond(gq) ;
XX = xx + 1;

end

vy = 1;

for rr = 1:2:Mbit Bio;
Rdatal Bio(yy) = data Bio(rr);
yy = yy + 1;

end

Finaldata Pond = RdataH Pond + Rdatal Pond;
Finaldata Bio = RdataH Bio + Rdatal Bio;

% dlmwrite ('ADCdata Pond.txt', Finaldata Pond, '-

append', 'delimiter', '"\t', 'precision', '%.4f', 'newline', 'pc');
% dlmwrite ('ADCdata Bio.txt', Finaldata Bio, '-

append', 'delimiter', '\t', 'precision', '%.4f','newline','pc');

% Part 5 sor calibration

% For Ch AO0-A6

v_Moist = 2.5 Fi at 10/4096; %
For Ch A5

v_Temp Bio .5 ldata Bio/4096; %

v pH = 2.5 96;

v Temp Pond Pond/4096;
_ _ - kg
T g (s>

% Mois -

. Nengginalulab®

Moist = (108* (v Moist))-42;

% Temp Bio (mS/cm)

x = [0.095 0.118 0.148 0.184 0.23 0.287 0.355 0.417
0.514 0.604 0.717 0.849 0.987 1.142 1.309 1.496 1.68 1.87 2.08 2.29
2.45 2.58];

y = [1.2 5.6 10.0 15.1 20.2 25.4 30.8 34.9 40.4 45 50
55.2 60.1 65 69.9 75 79.9 84.8 89.6 94.7 98.5 101];

Temp Bio = interpl(x,y, [v_Temp Bio], 'spline');
% DO
DO = (3.27*(v_DO))- 0.327;
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pH = (-3.838*(v_pH))+ 13.72
% Temp Pond (mS/cm)

x = [0.095 0.118 0.148 0.184 0.23 0.287 0.355 0.417
0.514 0.604 0.717 0.849 0.987 1.142 1.309 1.496 1.68 1.87 2.08 2.29
2.45 2.581];
y = [1.2 5.6 10.0 15.1 20.2 25.4 30.8 34.9 40.4 45 50
55.2 60.1 65 69.9 75 79.9 84.8 89.6 94.7 98.5 101];
Temp Pond = interpl(x,y, [v_Temp Pond], 'spline');

o

Part 6 :: Choose Data & Save

/117777777770
%/ / BIOFERTILIZER
/1177777777777 777 7778

% Data Recogniza ist/Temp)

[r Pond c Pond] aldata Pond) ;
[r Bio ¢ Bio] ata Bio);

J@) Bio real (tm, T,P eofemp Bio (
= Nedgnpuiad

[r Temp real c Temp real] = size(Temp Bio real);
[r Temp Moist ¢ Moist real] = size(Moist real);
MT = 1;

for i=l:c Temp real
if Temp Bio real(i)>0 && Temp Bio real(i)< 100
Temp correct (MT) = Temp Bio real(:,1);
MT = MT+1;
end
end
MT = 1;
for i=l:c Moist real
if Moist real(i)>0 && Moist real(i)< 100
Moist correct (MT) = Moist real(:,1i);
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MT = MT+1;
end
end
int Temp correct = double (int8 (Temp correct));
int Moist correct = double(int8 (Moist correct));

Temp Mode = mode (int Temp correct);
Moist Mode = mode (int Moist correct);

[r Temp correct c Temp correct] = size(Temp correct);
[r Moist correct c_Moist correct] = size(Moist correct);
MT = 1;
Temp ans = 0;
for i=1l:c Temp correct
Temp ans = abs (Té&mp Mode - Temp correct(i));

if Temp ans < 3
Temp correc
MT = MT+1;

real (MT) = Temp correct(:,1i);

end

end

MT = 1;

Moist ans = 0;

for i=l:c Moist
Moist ans
if Moist a

- Moist correct(i));

Moist = Moist correct(:,1i);
MT
end
end
% Find 1§an( savkﬁg data

mean Moist -~ )
mean Temp Bio = mean(Temp correct real)

SI111T11TT7 0077007777777
s// FISH POND
SIIIITTTTTT PP r i i 7 i i 77777770 7777077070770707070707070707070 707

X Temp Pond = Temp Pond(1l:3);
minX Temp Pond = min (X Temp Pond);
Posi Temp Pond find(Temp Pond == minX Temp Pond);

mod Temp Pond = mod(Posi Temp Pond, 3);
mod DO = mod (Posi Temp Pond+l, 3);
mod pH = mod(Posi Temp Pond+2, 3);

% Data Recognization (pH/DO/Temp)
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[r ¢ Pond] = size(Finaldata Pond)
MT = 1;
TP = 1;
SS = 1;

for i=1:c_Pond

if mod(i,3) == mod Temp Pond
Temp Pond real (tm,MT) = Temp Pond(:,1)
MT = MT+1;
elseif mod(i,3) == mod DO
DO real (tm, TP) = DO (i)
TP = TP+1;
elseif mod(i,3) == mod pH
pH real (tm,SS) = pH(1i);
SS = SS+1;
end
end
% Find mean (pH/DO/ for saving data

mean:pH =_mean(p
mean DO = mean (D

save time 41 ,N
save data N
[save time(1:5),mean M o 1 ean_pH,mean DO,mean Temp Po
nd];
dlmwrlte Data d tx ;save data, '
append', 'delimiter', h 'newline’ 56
Ulaumniuiaﬂ

c = clock;
disp(['Saved at ',num2str(c(4)),'.',num2str(c(5))])
end

end
end

disp(['Program is ending '])

oe

End of Program




106

MARUIN U

Soil Moisture

Sensor
(Order Code SMS-BTA)

The So1l Motsture Sensor 1= used to measure the volumetnic water content of soal.
This makes it 1deal for performing experiments m courses such as soil science,
agnoulturzl science, environmental science, horticulture, botany, and biclogy. Use
the Soil Meisture Sensor to:

* Measure the loss of molsture over ime due to evaporation and plant uptake.

* Evaluate ophmum o1l moisture contents for vanous spectes of plants.

* Monitor soil moisture content to control imization in greenhouses,

* Enhance your Bottle Biology expenments.

How to use the Soil Moisture Sensor
Positioning the sensor

Fizure | shows the proper placement of the
So1l Morsture Sensor. The prongs should be
onented honzontally, but rotated onto their
side — ke a kmfe poised to cut food — so that
water does not pool on the flat surface of the
prongs.

The honzontzl onentation of the sensor
ensures the measurement 15 made at 2 particular
placed vertically, but because soil moisture o
the desired orientation. To position the sensor
trenching shovel to make a pilot bole in the soil. PL:
making sure the enfire length of the sensor is
either side of the sensor with your fingers. Continue ¢
sensor by pressing down on the soil with youwr fis
five passes along the sensor. Ths step 15 mmpert=
surface has the strongest mfluence on the senzor 12
Removing the sensor

When removing the sensor from the soil, do mot pull it o
Doing 0 may break infernzl connections and make th

soil dept

What is Velumetric Water Content?
In very simphified terms, dry seil is made up of solid nEERGkend 2
pore spaces. A typreal vohunetric ratio would b 2

space. As water 15 added to the so1l, the pore =
seems damp to the touch mught now have 5
water. This would be an example of 10% ol

A < J
ANBDIBUIYDT

water content in this scenario iz 45% because at that value, all the available pore
space has been filled with water. This soil is refarred to as being satwrated, because
at 43% volumetric water content, the soil can hold no mors water.

Collecting Data with the Soil Moisture Sensor
This sensor can be used with the following interfaces to collect data:
* Vernier LabQuest®as a standalone device or with a computer
* Vernier LabQuest® Mini with a computer
* Vernier LabPro” with a computer, TI graphing caleulator, or Palm® handheld
* Vemnier Go!"Link
* Vemier EzsyLink"
* Vernier SensorDAQ®
*+ CBL2™

Here 15 the general procedure to follow when using the Soil Moisture Sensor:

1. Connect the o1l Moisture Sensor to the mterface.

1. Start the data-collection software.

3 ave will identify the Soil Moistare Sensor and load a default data-

n setup. You are now ready to collact data.

Data-Collection Software

sor can be used with an mterface and the followmg data-collection software.

er Pro This computer program is used with LabQuest, LabQuest Mini,
LabPro, or Go!Link.

# Logger Lite This computer program is used with LabQuest, LabCuest Mina,
LabPro, or Go!Link.

# LabQuest App This program 15 used when Lab(uest 15 used as a standzlone

th CBL 2, LabPro, and Vernter EasyLink. We recommend version 2.0

ich ean be downleaded from the Vernier web site,

imier.comeasy/easydata. hml, and then transferred to the caleulator. See

vl sife, www.vernier.com/cale/software/index himl for more
mform tlo' on the App and Program Transfer Guidebook.

# Datallate program Use DataMate with LabPro or CBL 2 and TI-73, TI-83,
TI-54. TI-86, TI-89, and Vovage 200 caleulators. See the LabPro and CBL 2
Grudebooks for mstructions on ransfernng DataMate to the calculator.

» Mgn Pro Tlis program is used with LabPro and a Palm handheld.

* Tabl TEW National Instruments LabWVIEW™ software 1s a graphical
Pogramming language sold by National Instruments. It is used with SensorDAQ
and ean be used with a number of other Vernter interfaces. See
www . vermier. com/labview for more information.

Tus product 15 to be used for educational purposes only. It 1s not appropriate

WOWE : Thu
forandusiial, medical, research, or commercial apphications.




Soil Moisture Sensor Specifications

Range 10 to 45% volumeine water content
1n seil (capable of 0 te 100% VIWC
with alternate cahbrzfion)

Accuracy 4% typucal

13-bit resolution (usmg SensorDAQ) 0.05%

12-bit resolution (usmg LabPro, LabQuest, 0.1%

LabQuest Mini, Go'Lmk, or EasyLmk)

10-bit resolution (usmg CBL 2) 04%
Power 3mA @ SVDC
Operafing temperature —40°C to +60°C
Dmensions 89cem* 1.8 em % 0.7 cm (active
sensor length 5 em)
Stored calibration: slope  108%fvolt
intercept  —42%

Thiz sensor 15 equipped with cirowitry that supports aute-ID. When used with
LabChuest, LabQuest Mim_LabPro, Go! Link, SensorDAQ), EasyLink, or CBL 2, the
data-collection software identifies the sensor and uses pre-defined parameters to
configure an experiment appropriate to the recogmzed sensor.

Do | Need to Calibrate the Soil Moisture Sensor?

It 15 not usually necessary fo parform 2 new calibration when using the Seil Moisture
Sensor. The Soil Moisture Sensor has a stored calibration that will grve zood results.
If, however, very accurate readmgs are needed, a calibration uwsmg the sample soil
type to be measured 15 recommendad. Two methods are deseribed below. Methed 1
15 faster and easier, but potentially less accurate than Method 2.

Soil Moisture Sensor Calibration
Calibration Method 1: Two-Paint Calibration
This 15 the faster and easier of the two methods, but 1= potennally le
. Dry the soil in 2 drying oven at 105°C for 24 hours.
2. Obtam a water-izht container that 1s large encuzh to fully m-

=

room for at least 2 cm on all sides. A plastic shoe box or
3. When cool, break up any large clods until all =oil Teell
4. Connect the So1] Moisture Sensor to the interface and start the data-collection
program.
5. Pour the soil into the contamer and position

the sensor as shown. The prongs should be
oniented honzentally, but rotated onto their
side — like a kmife poised to cut food - s0
that water does not pool on the flat surface
of the prongs.

6. Press down on the soul along either side of the centor v
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to compact the soil around the sensor by pressing down on the soil with your
fingers until you have made five passes along the sensor.

7. Add more soll on top of the compacted soil so that the sensor is burled at least
3 cm below the sl surface.

8. Compact the soil agam using a clenched fist.

9. Enter the calibration routine of your program. Eeep this first calibration point and
ass1gn a value of 0. This represents (% volumetnc water content.

10.Remove the sensor from the soil.

11.Determine the approxamate volume of soul used. Thus can be dome by packing it
mto 2 large, graduated beaker.

12 Retum the soil to the calibration contamer.

13.0btain 2 volume of distilled water that equals 43% of the volmme of the soil. If,
for example, you used 3500 mL of so1l, you would obtain 1575 mL of distilled
water.

14.Add the distilled water to the so1l and mox well.

15.Pomition the sensor in the wet seul, agam making sure the sensor 15 completely
covered and that there ate no gaps between the so1l and the sensor.

16.Keep thes second calibrztion pomt, assigming it a value of 45. Ths represents
45% volumefric water content.

17 Your sensor 15 now cahibrated for this soul type. If you are using Logger Pro 3,
you can save the calibration divectly on the sensor. If not, you may want to record
the calibration values for future use.

Calibration Method 2: Multiple-Point Calibration

This methed is more accwate, but requires more time and effort than Methed 1.

1. Obtain and number 12 drymg jars. The jars must be able to withstand the 105°C
temperature of the drying oven.

21gh and record the mass of each jar.

e the diy soil by breaking up large clods until all soil fits through a 5 mm

5 . Mate: The soil should be fanly dry, but does not need to be oven-dry for

thiz method.

f1ght container that 15 larze enough to fully insert the sensor with
t2 cm on all sides. A plastic shoe box or somilar works well.
Connect the So1l Moisture Sensor to the mterface and start the data-collection

zhown. The prongs should
1zontzlly, but rotated onto
like 3 knife poised to cut

1 on the seil along either side of the sensor with yowr fingers. Continue
the s01l around the semsor by pressing down on the soil with your
until you have made five passes along the sensor.

How the Soil Maisture Sensor Weorks

The Soil Moisture SeTsor piesespicitateets meaare dielecinc permittivity of the
swrounding reedid Jf -oil, fedectiepertgthn 9 funchon of the water
content. The sensor€régie: = volage propormonal bothe dielectnic permitirvity, and

therefore the water commnt of the a6l

]
N

Medium (soil)

The sensor averages the water content over the entre length of the sensor. There 152
2 cm zone of mfluence with respect to the flat surface of the sensor, but 1t has hitle
oI no sensiivity at the extreme edzes. The fizure above shows the electromagnetic
field hnes along a cross-section of the sensor, llustating the 2 cm zone of mfluence.

Warranty

Vernier warrants thiz product to be free from defects m materials and workmans=hip
for a peniod of five years from the date of shipment to the customer. Thas warranty
does not cover damage to the product cansed by abuse or mmproper use.



Stainless Steel

Temperature Probe
(Order Code TMP-BTA)

The Starnless Steel Temperature Probe 15 2 rugged, gensral-purposs laboratory
temperature sensor. It 1s designed to be uzed as yvou would use a thermometer for
expenments m chemistry, physies, biology, Earth science, and environmental selence.
Note: Do not completely submerge the sensor. The handle 15 not waterproof. This
probe 15 the same 2s the probe shipped wath CBL 2. Typical uses melude the following:

» heat of fusion experiments * weather studies
» menitorng endothermic and + specific heat experiments
exothermic reactions + insulation studies

Collecting Data with the Stainless Steel Temperature Probe
This sensor can be used with the following mterfaces to collect data:

* Vernier Lab(huest” a5 a standalone device or with a computer

* Vernier Lab(uest” Mini with a computer

* Vernier LabPro® with a computer, TI sraphing calculator, or Palm® handheld

* Vermer Go!*Link

* Vernier EasyLink"

* Vernier SensorDAQ"

* CBL2™
(Here 1= the general procedwre to follow when nsmg the Stamless Stee] Temperature
Probe:

1. Connect the Stamless Steel Temperature Probe to the interface.

2. Start the data-collection software.

3. The software will identify the Stamless Steel Temperature Probe and load 2
default data-collection setup. You are now ready to collect data.

Data-Collection Software [
This sensor can be used with an interface and the following data-collechon soffware.
» Logger Pro This computer program is used with LabCuest, LabCruest Mim,
LabPro, or Go!Link.
# Lozger Lite This computer program 15 used with LabCuest, LabChesfh .
LabPro, or Go!Link,
® LabQuest App This program is used when LabCusst 15 usad as 2
device.
* EasyData App Tlus caleulator application
be used with CBL 2, LabPro, and Vernier Ez=
or newer, which can be downloaded from the

WWww.vernier.com/easy/easyd
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himl, and then ferred to the caleul See

the Vermier web site, www vernier com/cale/software index htral for more
information on the App and Program Transfer Gundebook.

* Datahlate program Use DataMate with LabPro or CBL 2 and TI-73, TI-83,
TI-84, TI-86, TI-89, and Voyage 200 calculators. See the LabPro and CBL 2
Gudebooks for instructions on transfernng DataMate to the caleulator.

* Data Pro This program 15 used with LabPro and a Palm handheld.
* LabVIEW National Instruments LabVIEW™ software is a graphical

zl sold by National I

It 15 used with SensorDAQ

PO EramImn,
and can be used with a mumber of other Vernier interfaces. See

www.verner.com/labview for more information.

NOTE: This product 15 to be used for educational purpeses only. It is not
appropnate for industial, medical, research, or commercial applications.

Specifications
+ Temperzture range:
+ Maximum temperature that the sensor
can tolerate without damaze:
+ 1 3-bit resolution (SensorDAQ):
0.08°C
0.02°C
0.05°C
0.13°C
+12-bit resolution (LabPro, LabQuest.
LabCuest Mm -
0.17°C
0.03°C
0.1°C
0.25°C
+10-but resolution (CBL 2):
0.68°C
0.12°C
04°C
L0°C
+Temperature sensor:
rAccur

+Probe dimensions:

40 to 135°C (40 to 275°F)
150°C

(=40 to 0°C)
{0t 40°C)
(40 to 100°C)
(100 to 135°C)

(=20 to 0°C)
00 40°C)

(40 to 100°C)
(100 to 135°C)

(=40 to 0°C)

00 40°C)

(40 10 100°C)

(100 to 135°C)

20 k@ NTC Thenmistor

#0.2°C at 0°C, +0.5°C at 100°C
10 seconds {in water, with stimng)

400 seconds (i sull air)

90 seconds {in moving am)

Probe length (handle plus body): 15.5 cm
Stamless steel body: length 10,5 em,
diameter 4.0 mm

Probe handle: length 5.0 cm. diameter

125 cm



This senser is equipped with eirenitry that supports aute-ID. When used with
LabQuest, LabCest Mini, LabPro, Go! Link, SensorDAQ, EasyLmk, or CBL 2,
the data-collechion software identifies the sensor and uses pre-defined parameters to
configure an expermment appropriate to the recogmized sensor.

How the Stainless Steel Temperature Probe Works
Thus probe uses the 20 k{3 NTC Thermmstor. The thermistor 15 a variable resistor whose
resistance decreases nonlinearly with increasing temperature. The best-fit
approximation to this nonlinear charactenstic 15 the Steinhart-Hart aquation. At 25°C,
the resistance 15 approximately 4.3% per °C. The LabPro or CBL 2 mterface measures
the resistance value, R, at a particular temperature, and comverts the resistance using
the Steinhart-Hart equation:

T=[K, + K,(In 1000R) + K,(In 1000R)°" - 273.15

where T is temperature (°C), R is the measured resistance in k02, K, =1 02119 = 107,
K, =2.22468 x 10”, and K, = 1.33342 x 107, Our programs take care of this conversion
for you, and provide readings in °C (or other umts, if you load a different calibration).

Probe Chemical Tolerance

The Stanless Steel Temperature Probe body 15 constructed from grade 316 stamnless

steel’ This hizh-grade stainless steel provides a hizgh level of corosion resistance for

use in the science classroom. Here are some general smdelmes for usage:

1. The probe handle 15 constucted of molded plasticized Smtoprme‘. While thas
matenial is very chemeal resistant, we Maximum acid exposure time

recommend that vou avoid submerging the TMHCI 30 min
probe beyond the stanless steel porion. IMHC 10 mm

2. Always wash the probe thoroughly after IMHC 5 min
nse.

3. The probe can be left confimuously in water IMH’SO" ig:‘:‘
at temperatures within the ranze of <40° to iE:Aim
150°C. Conhinuous usage m sal will T Loun
canse only minor discolorztion of the probe, i :m
with no negative effect on perf: —

4. You can leave the probe 1 1 i.u 48 boues
most erganic compounds, such a5 methanol,
ethanol, 1-propanol, 2-propanel, 1 bmznol.,
n-hexane, lauric acid, dichl
phenyl salicylate, and benzoic acid. The
probe should not be left in n-pentane for
more than | hour.

5. The probe can be left m strong basic soluficns, such 2
with only minor discolorztion. We do net recommend usaze m bas
that are greater than 3 M in concentration.

6. The chart provides the maximum length of fime we recommend for prabe

! Grade 316 stainless steel has al:n\mpnnnnmofﬂﬂ‘ﬂmmx:l._ 5 A,
phosphorus, 0.03% sulfur, 16-18% chromium. 10-14% nicke] L
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exposure to some common acids. Probes left in an 2c1d longer than these fimes
may bubble and'or discolor, but will still be 1 We do not rec d
probes be left to soak in any acid longer than 48 hours.

Do | Need to Calibrate This Probe? Probably Not
In mest cases, the Stainless Steal Temperature Probe will never need to be calibrated. It
15 calibrated extremely well before 1t ships. However, if the need anses to calibrate the
sensor, and you are usmg Logger Pro 3.3 or newer, the senzor can be custom-
calibrated. Note thiz can only be done on computers, and can not be done from
DataMate or EasyData (calenlators) or DiataPro (Palm O5).
The process of calibrating a Stainless Steel Temperature probe connected to LabPro,
LabQuest, or LabChuest Mini and Logger Pro is different than the process for most
other sensors. One reason is that this probe uses a thermustor, which has a non-linear
response, znd you need to calibrate 1t at three different temperatures.
Obtam a th and three of water at three different temperatures.
Choose Experment/Calibrate and then choose the Stamless Steel Temperature
Probe. Choose Calibrate Now. For each of the three water baths, place the
temperature probe in the bath with the thermometer. Allow both readings to
stabilize, dlckEandenm the temperature reading measured by the
thermometer. Click [ oune | after the third water bath reading.
If you want the cahbm:luum bbe saved wath the file for later use after you calibrate,
you need to do two thmgs:

* (3o to the calibration dialog box and choose Calibration Storage from the pull

down mem. Then set the Calibrztion Betrieval Prefarence to Expenment file

# Save the Expeniment file.
After this, when vou open that experiment file, the calibration stored with the
experiment file will be used, instead of the normal calibration stored on the computer
for this probe.
Warranty
Vermuer warrants this product to be free from defects in materials and workmanship for 2

penod of five yvears from the date of shipment fo the customer. This wamanty does not
cover damzge fo the product caused by abuse or improper use.
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Dissolved Oxygen
Probe

(Order Code DO-BTA)

The Dissolved Choygen Probe can be used to measwe the concentiation of dissolved
oxygen in water sanmples tested m the Seld or m the laborstory. You can use this
sensor to perform a wide vanety of tests or expeniments to defernune changes m
dissobred oxygen levels, one of the primary indicators of the quality of an aquatic
emronment:

*  NMonitor dissolved corygen in an aquarium contaming differant
combmations of plant and arimal species.

#  NMeasure changes in dissolved oxyzen concentration resultmg from
photosynthesis and respiration In aguatie plants.

* s thes sensor for an accurate on-site test of dizsolved cyzen
conentration n a stream or ke swvey, n order to evahuate the capability
of the water to support different types of plant and animal hife.

*  Measure Biologieal Choygen Demand (B0 D.) in water samples contaming
arganic matter that consumes oxygen as it decays.

#  Detemnune the relationship between disselved oxygen concentration and
temperzture of 2 water sammle.

Inventory of ltems Included with the Dissolved Oxygen Probe
Check to be sure that each of these e is melnded in veur Dissebved Croyzen
Probe box:

Dhissolved Oxygen Probe (dissohved oxyzen lectrods with membrane cap)
Che replacement membrane cap

Sodmm Sulfite Calibration Standard (2.0 M 173,50,) and MEDS cheet
D.O. Electrode Filling Solution, MSDS cheet. and filling pipet
Calibration bettle (empty, lid with hole)

D.0. Polishing Strips (1 pkg)

Dhssolved Ohoygen Probe booklet

Collecting Data with the Conductivity Probe

Ths sensor can be used wath the followmg mierfzce: to collect data
# Vemier LabQuest® as a standalone device or with a computer
 Vemier LabQuest” Mini with a computer
* Vemier LabPro® with 2 compuer, T graphinz caleulator, or Palm® handhel
* Vemier Go! "Lk
 Vemier EasyLink®
 Vemier SensarDAQ®
- [:BL El'l[
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Do | Need to Calibrate the Dissolved Oxygen Probe?

It 15 mot always necessary to perform a new calibiztion when usmg the Dissobved
Chrygen Probe m the classroom. If vour experiment or application 15 looking only at
2 change in dissolved oxygen, then the software's stored calibration is all vou need.
If you are making discrete measuwrements. such as tking readings in 3 stream or
lake, and you want to mprove the acowracy of vour measurements, then it 1s best fo
perform 2 new calibration.

Preparing the Dissolved Oxygen Probe for Use

Part A: Probe Preparation
1. Prepare the Dhizsobved Choyzen Probe for use.
a2 Remove the blue protective cap from the tip of the probe. This protectrve cap
can be discarded once the probe &= unpacked.
b. Unscrew the membrane cap from the fip of the probe.

P

Aomove Add slactrod filling FAaplaca
mambrana cap solution mambrane cap
¢ Usmng z prpat, fill the membrane ezp with 1 mL of DO Electrode Fillmz
Solunen

d. Carefully thread the membrane cap back onto the electrode.

& Place the probe mto 2 beaker filled with about 100 ml of distlled water.
Part B: Probe Warm-up
2 Comnect the Diszolved Choygen Probe to the mnterface '
3 s to warm up the Dhssolved Choygen Probe for 10 minutes befare

acinzs. Towarm up the probe, leave it m the water and comnected to the
izdﬂm“aﬁmmmﬁgh 10 minutes. The probe

‘l;'}'o" em does not suppart aute-I0, open an experiment fils in Logger Pro or set up the
sefisor manually
% The p o process is slightly different for EasyLink because the Dizsalved Oxygen

i rer only when the calculator is on and EasyData is rupning. If the calculator

Z alved Oxygen Probe does not receive power. To work around this,
ml‘:g:&:ﬁ the L alibration screen, whers the semsar will receive constant power, and
deave #tthere for the duration of the warm-up period.



Part C: Probe Calibration

4. Vou are now ready to choose the calibration method for the Disselved Oxygen

Probe.

*  Ifyou wish touse the stored calibration, proceed to Pat D

*  Ifyou wish to perform a new calibration for the Dhssolved Ohygen Probe,
follow this procedure:

2 Fnter the calibration routine for your data collaction program *

b. First Calibration Point: Femove the probe from the water and place the tip
of the probe into the Sodnm Sulfite Calibration Sohition.

<. When the displayed voltage rading
stabilizes, enter § (the known disselved
oxygen value in mz/L).

d Second Calibration Point: Rinze the
probe with distilled water and gently
blot dry.

& Unscrew the lid of the calibration
bottle provided with the probe. Shde
the lid and the prommet about *2 meh
onto the probe body.

£ Add water to the botle fo 2 depth of iy
about ¥4 inch and screw the bottle info the cap, 22 shown. Important: Do nat
touch the membrane or get it wet during this step. Keep the probe m this
pesttion for about 2 mimrte.

£ When the dizplayed voltage rading stabilize:, enter the conect satumtad |
dissolved cxyzen value (in mg/L) from Table | found on pages 5-6 u=mz
the current barometnic pressure and i tenperanue vaies. If you do not
have the current air pressure, use Table 2 found on page 7 to estimate fhe 2w

Submarge preke
12 om

presawe at yowr alfitude.
Inget b inks =
Pk i Gremimet ) | 6
= *
o A
i,

ﬁ o the - NICTITT eyary
Toviding Fowentodhe

* I using an EasyLink and EasyData, you will need to pres:
faw mimutes in order to keep the calrulator and EasyDa
SENSOT.

N

Part D¢ Collecting Data
5. You are now ready to cellect dissolved oxygen concentration data.

2. Place the tip of the probe into the water baing tested (submerze 4-6 cm). Do
not completely submerge. The handle 15 not waterproof.

b. Gently stir the probe in the water sanple. Monitor the dissolved oxyzen
concenfration in the live readouts, Note: It 15 mpaortant to keep stining the
probe in the water sanmple. There nmst always be water flowing past the
probe tip when you are tking measwements. As the probe measures the

concentrafion of dissolved oxygen, it removes oxygen from the water at the
umction of the probe membrane, If the probe 15 left s4ll m calm water,
reported DO rezdmzs will appear to be droppme.
Specifications
Range: 0to 15 me/L {or ppm)
Acowacy: 22 mgl
FResoluion
13-but resohution (SenserDAQY): 0007 me
12-but resohation (LabPro, Lab(uest,
LabQuest M, Go/Lmk, ULTTL 5BT): 0014 mel
10-but resolution (CBL 2): 0056 meL
Fesponse Time 95% of final readmg 1n 30 seconds,
08% m 45 second:
Tenperature Compensation: automztie from 3-35°C
Presswre Conpensation: manuzl, aceounted for dunng
cahbration
Salmity Compensation: manzl, zecounted for during
cahbration
Mmmmum saneple fow: 20 em'second
Stored Calibration Vahes
Slope= 3
Infercept = 0327
Thus sensor 15 equpped with creuitry that supports aute-ID. When used with
LabPro, LabQuest, LabQuest Mim, Go! Lk, SensotDAQ). EasyLink, ar CBL 2,

the data-collecnon software identifies the sensor and uses pre-defined parameters to
eonfizire an experiment appropriate to the recogmized sensor.
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Table 1: Disacived cxygsn (mgiL) In alr-saturated distilled watsr Tabls 1 (cont) : Dissolved oxygen (mg/L) In air-saturated distiled watsr
{at varlous temparature and pressure valuss) {at various temparature and presaure valuss)
7T mm 760 mam 750 mm T4l mm T =m T mm 700 m= 0 =m 65) mm fTlmm | §60 == 650 m=
re 147 1457 1431 1419 13.80 13.61 1342 e 1323 1304 [FIT) 1265 1246
e | 1am 1319 1400 1380 B4 | 131 1307 TC | 1im ) 1251 [FEF AT
e [ 1am 1347 13,64 136 1310 | 12w 17 g | 138 1237 125 | izm TEE
rc 13.63 1347 1339 131 1276 1239 1x41 rc 1223 1208 116 1170 1152
+C 1331 1313 1296 nm 1244 1227 1z10 +C 1152 1175 1133 1180 nmn
¢ | 1397 1231 1264 1287 1213 | 1% 1180 ¢ | nes 1046 109 | iz | iees
ec | 1266 1149 1233 1216 [T TS 1151 e | nas 118 1101 [T T
e | 123 [E3T] [FI] 1187 [TETI T ] T | uo 1091 10.75 0% | ez
i 12,08 1150 11.74 1158 11.27 1111 1096 e 1030 1065 1045 1033 1018
"o 177 1162 1146 1131 1101 1085 1070 "o 1055 1039 1024 1008 504
we | s 1135 [IE] L05 075 | 1ne 043 = ITEN] 1015 1000 XN 571
we | [ [T 10,80 RTINS 1021 e [ o 507 571 963 51
g | 100 [ ) 1056 1037 | 13 55 e | o 570 5.6 941 577
e 0 1060 1046 1032 990 277 e 963 289 933 a2 207
we [ e 1037 10.24 10,10 [ 953 M LM 228 A 201 15T
e | wnm 1015 1002 588 541 933 10 bt 0 L. 152 L)
we | ot 554 [ 5.6k 539 313 we b2 L] Lt L] L]
e 586 978 a6l S48 510 o7 e Lk L 242 E48 i3
15°C 267 954 941 529 491 879 18°C L 4 0 £33 Lis
we | et 935 [Ee] 511 i &1 L i LiT TE] L Lu
we | am 517 [ [EH (X5 a3 e LEE] 130 im 15 184
we | e 500 (] ith [ 0 s BT AlE) 135 131 163
e [ (X5 B 71 [ [E] (15 e L L] L 167 L]
nc 17 K66 LR e 05 TOE u_c ) ;] L 258 "'f‘
e | dar (5] a0 0] 75 T :: :; ::: :ic' :::: :;:
g | a7 36 [ [ THL 77 T e e = = =
wc 23 £21 210 199 T6T 755- e 733 731 711 201 590
e =l Lo — o = = we| 1w 710 6% ] &7
e L0 1n - - = - 108 (%] EET 677 &6T
:E :;’: ::: :: — - :i: [ 686 676 [ 636
' T4 738 T4 T34 738 114 T ox L L £ Lo
' 751 742 73 T 7 T3 g — o o L4 —
e = = — = - : 662 653 643 633 624
e :':7 7 ?;- . 7 651 £41 £32 623 £13
— 540 £31 [ %] 613 £03
S AT T8 [ B ™ [ B
Elevation Barometric Pressure Table Storage and Maintenance of the Dissolved Oxygen Probe
If}'oudnmthzr\eahamme&raﬁlhhlem : ecure outlined in fhis section wall enhance the lifstime of your

Probe and 1ts membrane cap. Follow these steps when storing the

at sea level ermn siorage (mone than 24 huurs} Relmve the membrane cap and
Table 2: Approximate Barometric Pressure at Different Elevations

Elration | Premare | Blevacien 2rciug ab wipa). Reinstall the membrane cap loosely onto the electrode
el fmaBd el == Dio not screw 1t on tightly.
;I,c, lf :;ﬁ : . ‘.1].10IT term storage (less than 24 hours): Store the Dhssolved Croygen Probe
300 3 500 a7 pith th orane end submerged 1n about | inch of distilled water.
L) = o] H . the rnetal electrodes: If the cathode (the small, shiny, metal contact
J L) £l i #he center of the glass stem shown in Fizure 1) and anode (the sthver, metal
T T e e o £ umilinz the lower partion of the inner body) become discolored ar
T e ) ] = n =4, polih them with the polishing strip that 15 provided with the
wm this operation only as needed to restore electrode
How the Dissolved Oxygen Probe Works fned-:m r&lftmmahwldbgv:manm DL:::‘? mﬂeﬂ; o 'Iﬁ:a Rmzhl e the
Ternier Di e 2 Clak-fvme ool 3 your Vemer Dis roughly rinse
mﬂu& M:mﬁ;ﬁﬁ o= hhumeem—mciﬂ:emvhemthdmﬂedm&arhmreaﬂﬂhng
maﬂhﬂ-iﬂ‘wchlmﬂelmmm !.lurcn Catt 2 one-inch piece from the D.0. Electrode Polishing Strip
samgple by a gas-permesble plastic membrane dull (abrasive) side of the polishing stup with distilled water.
N ) motion, polish the center glass element of the cathode (on the
electrode). Use gentle finger pressure during this polishmg
R ~ ‘olich enly enough to restore a bnght, clean swface to the center
Feiuan feallac O - poh..hﬂns:h‘m anode located argund the base of the electrode
I - | : 876 By
S b AGgE e U ' n n Ag .
' |I genﬂemmnevdnnmﬁrmgﬂmp&hshnznfﬂmamdeandczﬂmd&“hn
you have completed the polishing, rinse the cathode and anode elements
Figure ] theroughly and dry with a lab wipe.
& fxed voltaze is applied to fhe plztinm elecode. As . frough the With nermal use ﬂle\u'emimDi:mk'edeyeaanbeud]lh;tfmvem;_The
‘voitage 1s 2pp plafimum - As oxygen diffives memibrane T . require replacement after shout 6 months of
membrane to the cathode. i & educed: ff::n. S P e
0, +HO+ e * J0H Dhssolved Cheygen Probe will no longer respond rapdly during calibration or when
The oxdation taking place at the reference elactrode (anode) is: taking D.0. readmgs. Use of your Dissolved Orcygen Probe in samples that are non-

P ] aqueous or n those that contain oil, grease, or other coatng agents will result m
) . B+ : Alg('l+e . shortened membrane life. Replacement membranes can be obtamed from Vermer
Arcordingty, 3 crrent wall flow that 1= proportional to the rate of diffision of {order code MEM).

oxygen, and m tum to the concentration of dissolved oxygen in the sample. Thus

current 15 comverted to 2 proportional veltage, which 1 anplified and read by any of

the Vernier lab mterfaces.



Automatic Temperature Compensation
Your Varmer Dizsobved Probe 15 automatically d
umgaﬂnmsturbmltmtnﬂnpmbe 'Ihetemp-enhn'emn'putofﬂn..wuhlsused
to amtomatically compensate for chanzes in permeability of the membrane with
changing temperanure. If the probe was not temperature compensated. you would
nofice a change m the dissohed oxygen reading as temperature chanzed, sven if the
actual concentration of dissolved cyzen m the solution did not change. Here are
two examples of how automatic temperature compensation works:

#  Ifyou calibrate the Dissolved Croyzen Probe m the 1ab at 25°C and 760 mm He
barometne presaure (assume salimty is neglimble), the value you enter for the
saturated oxygen calitration pomnt would be 8.36 mg/L (see Table 1) If you
weze to take a reading i distilled water that 15 satwated with oxygen by rapid
stiming, you weuld get a reading of 8.36 mgL. Jf the water sanple were then
cooled to 10°C wath no additional stiming, the water would no longer be
saturated (cold water can hold more dissolved oxygen than warm water). So.
the reading of the femperature-compensated Dhssohved Choyzen Probe would
still be 8.36 meL.

#  If however, the solation was cooled to 10°C and contimually stimed so it
rmmdmdb} dissolving addifional oxygen, the temperature-
compensated probe would grve a readng of 11.35 mgT—the value shownm
Figure 2. Note: Tenperature safion does not mean that the reading for 2
saturzted selution will be the same at two different temperatures—the two
solutions have different concentrations of dissolved cxygen and the probe

| 22
T _{.‘ [
=l oy, jarr
g & Sy u_._,' .
g e,
=} v
3~ b
=
o 5 .
10 15 20 25

Temperaturs [°C}

Figure 2: Sanmatsd Dizsalved Onpgens. Ta

Maintaining and Replenishing the SodiumSulfite Calibration
Solution
Hmmganuz}genﬁeemhxhunhpafum] a zero-oxyEen ez ibrafionpornids

Snﬂ.ﬁteCall'hnhomSohlhmﬂ:athsmdué. j
bmnutiudeﬁmd};.HemmscmmggﬁrcG} mtamimg

solution:
sohution will no c"e T be

¢ After your first use of the sohution for o2
brim full (seme overflow results when the ﬂ@fj
you eap the sohition with an air space sbove the probe. o a
will diszolve in the sodium sulfite solition—as a result, the solubon may not be
myganﬂmTupmmﬂn;ﬁmmh&fmpﬁmgunﬂnhﬂ,gmﬂ)
squesze the bottle so the level of the solution 15 at the very top of the botile
neck; wath the sohution at this level screw on the lid. The bottle will remzm m
this “collapsed” posttion. Usmg this procedure, the 2.0 M Na,50, should
remain axcygen free for 2 long period of time. If the calibration voltage reading
displayed dunng the first calibration pomt 15 bgher than m previous
calibrations, it may be fme to replace the solution, 2 desanbed below.

¢ The 2.0 M sodnm sulfite (Na 50.) solution can be prepared from solid sodnum
sulfite erystals: Add 25.0 g of s0hd anhydrous sodium sulfite erystals (Na,50.)
hommghd:d:ﬂadwatartnvaldaﬁnah‘uhmunflﬂﬂmlufmhmun The
sodmm sulfite crystals do not need to be reagent grade; lzboratory zrade will
work fine. Many ugh school chenustry teachers will have this compound m
stock. Prepare the solufion 24 hows in advance of doing the calibration to
ensure that all corygen has been depleted. If solid sodium sulfite 15 not
avatlzble, you may substinute either 2.0 M sodinm bydrogen sulfite solution,
(sodium bisulfite, 20.8 g of NaHS0, per 100 mL of solution) or 2.0 M
potassnm mirite (17.0 g of KNO, per 100 ml of solution).

Replacement Parts

Vernier Software & Technology
Faplacement Mambrane Caps MEM
Polizhmg Strips (pkz of 2) 153
D0 Probe Filling Sclation F5

D.0. Probe Calibration Solution  DO-CAL

Flinn Scientific (P.0. Box 212, Batavia, IL 50510, Tel 800-452-1281)

sodium sulfite standard solation, 2.0 M, 65 mL bottle  Order Mumber: 50426
sodnm sulfite, anhydrous solid, 300 g bottle Chrder Muznber: 50111

mmaﬂ
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Sampling in Ocean Salt Water or Tidal Estuaries

(at salinity levels greater than 1000 mg/L)

Dhszohved Croypen concentration for air saturated water at various salimty values,

D). can be calculated wans the formmla:

DO, =D0-(ks5)

» DO, 15 the concentration of dissolved oxygen (m mg/L) m sali-water
solutions.

# D 1isthe dissolved oxygen concentration for ar-saturated distilled water as
determined from Table 1.

# 5 is the salinity vahue (in ppt). Salimity values can be determined wsmg the

/ermer Chloride Jon-Selective Electrode or Conductivity Probe as desenbed m

the Water Quality with Fernier lab mamial.

* ki3 a constant. The value of k vanes according to the sample temperature, and
can be determvined from Table 3.

Table 3: Salinity Correction Constant Values

Temp. conctant, | Temp. | Conctant. | Temp. | Conctant, | Temp. | Conctant,
[5~] k (] k rc) K (R 4

1 008756 8 DDEs 15 15 005502 = 004754
2 n.08465 B [T="TH 5 005456 2 D.04562
3 n.0e184 10 005478 7 005328 24 0.04580
: 1 005285 18 nosa0d bE 004458
H 12 DDs104 1= 005073 B 0.04425

13 [J.EHY m 004364 x 004354
7 18 [TE n 004854 E) 0.04295

De mune the satuated DO calibration value at a temperature of 23°C
Hg, when the Dhssolved Choygen Probe 15 used in seawater
£35.0 pat.

sygen value m Table 1 (D0 =8.55 mg/L). Then find kin
1662). Substitute these vahies_ as well as the salimty value.

5 =855 (004662 x 35.0) =855 - 163 =652 meL
T when perfmmgﬂ:le saturzted DO calibration point (water-
1hed m Step 6. The Dhssolved Oxygen Probe wall now be
130 readings 1n salt-water samples with a salmty of

Im}lmtun For most dizzolved oxygen testing, it is not necessary fo compensate for
1f the salinity value 1= 0.5 ppt, using 25°C and 760 mm H, the
be:

( 836 -(0.04498x05)=836-0023=834 meL

vrels less than 1.0 ppt, neglecting this cormection results in an error of
Tassthan 0. .‘h

Using the Dissolved Oxygen Probe with Other Vernier Sensors
T vy moportant for you to know that the Dissohed Chryzen Probe will interact
yath some other Vamier sensors and probes, jf they are placed m the same sohstion
(i1 the =arge armarm or beaker, for example), and they a1e connerted to the same
2., the zame [ 3bPro interface). This situation arises bacause the
gen Probe outputs 2 signal in the solution. and this signal can affect
£ another probe.

probes canmot be connected to the same mterface & 2 Dissolved

e and placed m the same soluhon:

H)wmwhkemuhmusmadmgsmgmdﬂmmbecuﬂmmhsbed

abaove, here are some alternative methods

* Tohhmhmmm“hﬂungmaﬁcmﬁmnwmhﬁduxygm
and pH readings, you can commect the probes to two different mterfaces. If the
two probes In question ate connected to separate mierfaces, the two probes will
read correctly in the same sohrhon

¢ The Vernier Stainless Steel Temperature Probe (also chipped with CBL 2) can
be used m the same container with the Thssolved Choygen Probe.

¢ Ifyouame sampling 2 lake or stream and want to use two of the probes with a
single mterface, you can connect the twe probes in question to the same
interface and load their respective calibrations. Place one probe in the water
first and take its readmz. Then remove it and place the second probe in the
solufion to take its readmg.



Background Information about Dissolved Oxygen

Diszolved oxygzen 15 a vital substance in a healthy body of water. Vanous aquatic
organisms require different levels of dissolved exygen to sunvave. Whereas trout
require higher levels of dissolved oxygen, fish species like carp and caifish sumave
i streams with low oxygen concentranons. Water with a high level of dissolved
oxyvgen is generally considered to be a healthy environment that can support many
different types of aquatic hife.

=

Dissobwed Cooygen (mgiL)
= o

L
Temperatre (°C)
Figure 3: Sanwated Dissolved Oxygen vs. Temperature at 760 mm Hg
Thﬂemmnyfﬂm&atcauaﬁectﬂnlm‘elufdmsoh‘ed oxygen in a body of
water. Turbulence from waves on a lake or from a fast-movins stream can zreatly
merease the amount of water exposed to the atmos; phel= resulting in higher lex
dissolved oxygen Water temperature 15 another fctor that can affect dissolved
oxypen levels; like other gases, the sahmated level of dissolved oxyzen 15 less m
warm water than m cold water, shown n Figure 3.
Photosynthesis eyeles also have a large effect on dissolved cxvzen levels of an
aquatic emvironment. Aquatic plants and photosymthenc microorzanians will camse
oxygen gas to be produced duning daylight how= from photosmthess: |
C0,+H0 —+*(CHO -0,

A the afternoon progresses, dissohved-ocygen levels morease
ocews. After amdown, photosynthesis decrease-—however,
organisms contime to respire. Througheut the mzht and early moming respian
results n 3 decrease m dizsolved-oxygen levels:
CHO+0, —= (0, +HO

'Ihgamm.tand‘mewofp]anhndmmalh.ﬂe I 2 stream affects felderres

mhmuaraﬁswmﬂunhnhlﬂmorphmo m
of 2 Dhssolved Oroyzen Probe to determine dizsol
bnloglsalm'gmdmdufamumcmhemapcn_tw
health and stability of an aquatic ecosystem.
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Calibrating and Monitoring Using Units of Percent Saturation

Instead of calibratmg using umits of mz/L (equal to parts per million or ppu), you
may also choose to calibrate dissolved corygen using wuts of % saturaion. Whan
domg a cabibranion for umts of % saturation. the calibration pomt done m the sodmm
sulfite sohufion (zero cocygen) 15 assigned a value of (%, and that for water-saturated
air {or awr-saturated water) 1s given a value of 100%. It mwst be noted. however, that
100% represents an oxygen-sanwated solution only at that partieular femperatre,
presame, and salimty level If vou infend to compare your measwred dissolved
oxyzen values with data collected wnder a diffarent sef of condifions, a preferable
mathod would be fo use units of me/L (desertbed earlier in this booklet).

If you have calibrated your Dissolved Oxygen Probe m units of me/l. you can easily
calculate percent satwation using the formmla-

% saturztion = (actual DO reading | Samwrated DO reading from Table 1) x 100
For example, 1f your Dissolved Orcygen Probe gives a D0, reading of 61 mgT.ata
temmerzture of 20°C and 3 preszure of 740 mm He, look up the sahrated dissolved
oxygen reading in Table 1 (8.53 me/L). The value for %o satumtion 1=

%o satwation =(6.1/ 8.93) x 100 =68%

Warranty

Al Vermer Dissobved Oryzen Probes are warmanted to be free from defects mn
muatenal and workmanshp for a panod of five vears from purchase of the probe,
provided the electrode has been wsed in accordance with s metruction manual and
uzed inder normal laboratory condiftons. The warranty does not apply when the
electrode has been subjected to accident, altemate use, misuse, or abuse m any
IAnmer Lomqﬂlﬁ,md]ﬂmghmhmﬁmmdnﬁ\’mum
are excluded fom this warranty.



pH Sensor
(Order Code PH-BTA)

Chr pH Sensor can be wsed for any lab or demonstration that can be -
done with a traditional pH meter. Thus sensor offers the additional
advantages of automated data collection, graphing, and data analysis. Typical activities

15, investigztions of acid raim and buffering, and imvestizations of water
quality m streams and lakes.
Collecting Data with the pH Sensor
Thas sensor can be used with the following mterfaces to collect data:
» Vemnier LabQuest® as z standalone device or with a computer
» Vernier LabQuest™ Mini with a computer
» Vemier LabPro® with 2 TI zraphing caleulator, or Palm® handheld
*» Vermer Go! "Lk
» Vernier EasyLink®
» Vemier SenserDAQ®
+ (BLI™
Here i the geneval procedure to follow when wsing the pH Sensor:

1. Connect the pH Sensor to the interface.

2. Start the date-collection software'

3. The software will idennfy the pH Sencor and lozd 2 defmlt datz-collection satmp,
You are now ready to collect data.

Important: Do not fully submerge the sensor. The handle 1= not waterproof.
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See the Vermer web mite, www vermer com/cale/software/index himl for more
information on the App and Program Transfer Gudebook.

# Diata)ate program Use DataMate with LabPro or CBL 2 and TI-73, TL-83,
TI-84, TI-86, TI-89. and Voyage 200 calenlators. See the LabPro and CBL 2
Gmdebooks for mstuchons on fransfemng Datalate to the calculator.

# Diata Pro This program is used with LabPro and a Palm handheld.

* LabVIEW National Instruments LabVIEW™: software 15 2 graphical
progranmming Lmzuzge sold by National Instraments, It 15 used with
SensorDAQ and can be used with a number of other Vemder interfaces. See
www vermier.com/labview for more information.

pH Electrode Specifications
Type: Sealed, gel-filled, epoxy body, Ag/AgCl
Fasponse time: 90%% of final reading in | second
Temperature range: 5to 80°C
12 mm OD
Fange: pH-14
13-but Resohrhion (SensorDAQ): 00025 pH umts
12-bit Resolution (LabQuest,
LabQuest Mirs, Go!Link, LabPro,
ULL SBI)x 0.005 pH units
10-but Reseluton (CBL 2): 0.02 pH umnits
Tsopotential pH- pH 7 (point at which temperature has no effect )
Chatput- 59.2 mVipH at 25°C
Stored Calibration Values™:
Intercept (k) 13.720
Slope (k- —3.838

Data-Collection Software
This sensor can be used with an interface and the following datz-collection softwere.
» Logger Pro 3 This computer program is used with LabOnest, Lab(hest Mim,
LabPro, or Go!Lmnk. [
* Logzer Pro 1 This computer program 15 used wath ULT or Senal Box Interface.
# Logger Lite This computer program is used with LabCuest, LabChest 3ira,
LabPro, or Go'Lmk.
. La‘bh?_negf App This program i= used when I 2bCnest 1= nced
fice.

be used with CBL 2. LabPro, and Vemnter Fa
2.0 or newer, wiuch can be dowmloaded from
Www_vernier com'easy/easydata himl and then

' If you are using Logger Pro 2 with eithera ULL or 5B
experiment file for the pH Senser in the Probes & Senso

NOTE: Thus product is to be used for educational purposes only. It 1s not
approprate for mdnstnal, medical, research. or commercial applications.

How the pH Sensor Works
The pH Amphifier inside the handle is a cirewdt which allows a standard combination
pH electrode (such 25 the Vermer 7120B) to be monitored by a lab mferface. The
cable from the pH Anplifier ends m a BTA plug.

moduce a voltage of 1.75 volts m a pH 7 tuffer. Tha voltage
bout 0.25 velts for every pH number decrease. The voltage wall
3 ut (.25 volts'pH number a5 the pH increases.
The Vermer zel-flled pH Sensor is decigned to make measurement: i the pH range
of [1to 14, A palyearbonate body that extends below the glass sensmg bulb of the




electrode makes this probe ideal for the demands of 3 middle school high schoel or
unrversity level science class ar for mekng measurements m the environment. The
gel-fillad reference half cell is sealed—it never needs to be refilled.

Thi= sensor is equipped with cirevrry that supports sute-ID. When wsed with
LabQuest, LabGuest Mini, LabPro, Go! Link, SensorDAQ, EasyLik, or CBL 2, the
data-collection n:‘eun.ﬁejﬂnsmsmaudusﬁm-deﬁnedpmmm
confizure an expenment approprizte to the r d sansor.

Preparing for Use

Tomhdemmmkeﬂ{mmﬁﬂlowﬂlﬁm
Remove the storage bottle from the electrode by first unscrewing the id, then
removing the bottle and hid Thesoughly rinse the lower section of the probe,
especially the rezion of the bulb, using dishlled or deiomzad water.

*  When the probe iz not being stored m the storage bottle, it can be stored for
short pertods of time (up to 24 howrs) in pH-4 or pH-7 buffer selution. It should
never be stored mn distilled water.

*  Commect the pH Sensor to your lab mierface, load or perform a calibration (as
described m the pext section), and vou are ready to make pH measwrements.
Note: Do not completely submerge the sensor. The handle is not waterproof.

When you are fimished making measurements, rmeﬂlehpcfﬂ:edmﬂmdewﬂh

distilled water. Slide the cap onto the electrode body, then mﬂ:eczpomoﬂle

e bottle gets low,

e 3 ;]'uaurl v
bufferEC] storage solution (see the section on ! aintenance and Stor
to replace lost solufion.

Do | Need to Calibrate the pH Sensor?
We feel that vou should not have to perform a new calibration wl
the

Sensor for most expenimants m the classroom Wa hay
smdcal{bmhmbeﬁxmshppmglt‘fmcmm

" LabOuest. TabQuest Mini TsbPro or CHL 2 miciface. thon -
Isautomahca]lyloadedwhenﬂanSensun: connected

(see below), 1t should not be necessary to calibr :tet]ae:\:I°=
2. ¥ you are using Logger Pro software (version 2.0 ar newer
Wmndows conputer, open an experiment file for the pi
caltbration will be loaded at the same time. Naote: If vou
of Logger Pro. a free upgrade 1s available from ow \\"‘.:IJE

116

3. Anyversion of the DataMate or EasyData program (with LabPro or CBL 2) has

stored calibrations for this sensor.

4. Any version of Data Pro has stored calibrations for thes sensor.

If you are parforming a chemistry experiment or doing water quality testing that

requires a very accurate calibration. you can cabibrate the Vernier pH Elactroda

followmg this procedure:

#»  Use the 2-point calitiation option of the Verner data-collection program Rinse
the tip of the electrode in distilled water. Place the electrode mito one of the
buffer solutions {2z, pH 4). When the veltaze rezding displayed on the
computer or calculator screen stabilizes, enter a pH value, “47.

#  For the next calibration point, rinse the elactrode and place it nto 2 second
buffer solution (e g, pH 7). When the displayed voltage stabilizes, enter a pH
value, “77.

#  Rinse the electrode with distilled water and place 1t in the sample.

pH Buffer Solutions

In oxder to do 2 calibration of the pH Sensor, or to confinm that a saved pH

calibration is accurate, you need to have a supply of pH buffer solutions that cover

the range of pH values you will be measiming. We recommend buffer

lel 7, and 10.

Vernier sells a pH buffer kit (order code PHE). The kit has 12 tablets: four

‘lets each of buffer pH 4. 7, and 10. Each tablet is added to 100 mL of

fie (wow flinnsel com Tel: 800-452-1261) sells 2 wide vanety of
ets and prepared buffer sclutions.
*  Tou can prepare your own buffer solutions using the following recipas:

SHA4.00 Add 20ml of 0.1 MHCI to 1000 mL of 0.1 M
o P n Irydrogen phthalate.

SH 7.00 Add 582 mlL of 0.1 MNaOH to 1000 mlL of 0.1 M
SH10.00 Add"l4mLof0.lM'\Ia0:Hto1000ml.o\{‘OOSM
- sodnm bicarbonate.

Maintenance and Storage
I term storaze (up to 24 hours): Place the electrode in pH-4 or pH-7 buffer

chloride (ECL) to 100 mL of buffer pH-4 solution. Flnn Scientific (800- 452-1261)
salk 2 B.3= }oluumPN_sm:m‘e(ord.ercudeml'FS)ﬂmrmheadM to this
stotaze solution. By stormg the electrode m thus solution, the reference portion of the
slactiode 1= kept moist. Eeeping the refarence imetion meist adds to electrode
lonzgmty and refains electrode response time when the it 1= placed back mto




service. If the electrode 15 madvertently stored drv (we don’t recommend ths!),
mmmerse the umit m soaking sohiton for 2 mommmm of e1ght bowrs prior to senace.
When testing a pH Sensor, 1f 15 best to place 1t mto a known buffer solihon. This
allows vou to see if the sensor 15 reading comectly (e.z., ina buffer pH 7, 15 the
sansor reading close to pH 7). Do not place vour sensor into dishilled water to check

for reading=—dishllad water can have a pH mading anywhere between 5.5 and 7.0,
due to vanable amounts of carbon diocade dissobved from the

Furthermore, due to a lack of 1ons, the pH values reported with the sensor m dishilled
water will be enzhic.

If vour pH Sensor 15 reading shghtly off of the known buffer pH (e 2., reads 6.7 n 2
buffer 7). vou may simply need to calibrate the sensor. You can cabibrate the sensor
m two buffer solufions for two cahbration pomts. If vou do not remember or know

bioee to perform a cabbration, refer o the booklet that came with the pH sensor.

If vour readings are of by sevam] pH values, the pH reading= do pot change when

moved from one buffer solutiolto another different buffer, or the sensor's response

seams slow, the problem mav B8 more senous. Sometmes 3 method called "shodkng"

is used to revive pH electroddl T shock vour pH Sensor, perform the following:

1. Lat the pH Electrode soak ford-8 howrs m an HC] solufion betwreen 0.1 and
LOM

2. Emse off the electrode aud Lot 1f wt m some buffer pH 7 for an hour or so.

3. Emse the electrode and'an et awarher oy,

Mold growth m the buffa K rage soluhon can be prevented by adding a

commercrs] growth mbitor B mold wall not kam the electrode and can eamby

be removed usmz 2 hght de f sohiian

This semsor 15 desizmed to b aquems soluions. The pohrearbonate body of

the sensor can be damsged B ®eetgam? solvents. In addibon. do not wse the

sensor I solutohs tomtesim ) perchitmte- alver rons, sulfide 1ons, hologcal

samples with highfronceniao o Ak dein o Tris buffered solutions.” Do not use

1t i hydrofhien® aeud s meactd oebise scliman: with 2 concentration greater than

1.0 molar. The dedb@de mzw be 1zed o meastirs the pH of sodnm hydreeads

sohifions with a coprerisdon rea L lhnclar, buf hould not be left m this

of sodnun Inreroeade: for peniod: :-Zf@rﬂunﬁ mamtes. Using or

gde at very lnh Emperatures 6 rjrluntanpemhnﬂ (mear 0°C)

TEQIEN
THUlnnTuIaﬂa

Warranty

Vernier warmants this product to be fres from defiects in matenals and workoem=hip
for a penod of five vears from the date of shipment to the customer. This wairanty
does not cover damage to the product caused by abuse or improper use. Additionally,
the wanmnty doss not cover accidental breakage of the glass bulb of the pH Sensor.
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