
• • 

U~~ fl1 f'l1'l1U~1'V1!J Il'11<1 1'1 { 
~ 	 d 

QUU'VI 1!:><I:1'.?<tlvro 


L~ EN i'U<1:W'm<1!lUU'ti~t\l1iI'lI'l<l L~tl~'~Lu\I~n~h~11'l ~~fl1'<1UU<111\1m~il'Ji~Vftl~L~!J\.j1'V1!J1f'l1<11'1 i'!.\I 


h4L~!J1.Ill'J!Jnl~fhfi'u~Ll.Ci'!J!HJ.l"'n1'1'1!.mi'!J al'l~~fm 1m.) 


IlilLi.'I'Itl~L1ijl'VltJl~U~!:,hMtl~ufiUiJi fl1~ (STEM Lab) 


~,l!.Itm ~fll ~<1 'l!U<1'4Un1~~iI1 ~~litl~ L~!J\I'l'l'l !Jlf'l1<11'1i'!.u1~~L~!J \l11'i!J 1l1~IilnUIiJ ...,'!Hl ~J.l'l'l1'l'l'l!J 1<1!J 

al'l~~n1~ 1 J.l'.) l'IlU~'l'l'l!Jl!'l11.l 111 i J.l'Vll'l'l'l!J 1<1!J~Uii~1'l1111ii iil'll1J.lU ~t;1.l~;iI'iJ::~U1.l 11'1'I'l 1.'1!lU LI.'Ii ~'lI\I~U 1.'111'I'1'j 

1.'1tlUI.i.'Ii~tU1il'1l'liiL~tl1ij14 LU\I~I11ij1~tm4flW1 llil LI.'I'I1l~L'ii'l'Vl,JI~U ~~,j'V1<l4ullu1iI11'j <$,\11\1 '" !l111'l 1 iJ~nl'J 
tl'l 'j~fl1 'j1.'1U1Jill.j\lI11'j <ijiI1 ~~li!l~ L~!J \11 'I'l!J If'lI1.ll'ln\11 'j~ L'i!J\ILI'J!J f11'j f11!1U I!l LL<l 'IJ~HlJ'Vll1'1'1 1.I101!J (ll'l~ ~ 111 'j 

.... " ...... 1 .,. <V "" <V! ': .. j':1J.l1.) 1'l1U1i1'1'1!Jli'111.l1'1 'j "iI~ u'jtfl1i'1'jl!Jii!:L!l!JI'Jf)1'j'jU1.lJ.ll'l'j 1'J~1'I!l LIJU 

e. 	 "I1Ui1lJUli~fl~~iiil'l'l~aul'l'j 
OIl. GIl "Irual.lUliufI::~n 1:;ru::ti8~il1Jv1'1\\J 

LtJ\I~ii"llUi1lJUiJi~,1uu"t'Wiili'n'l!lIU::I'i'MVlll.1 ~l1lJ{ieJ '" I.i. vi~iitl1j'~ ~UlJ'I'Il1'1'l!JlIi'!J 'lUI1'll'!1tl1U 

11~1!Jf11'jU\!Vll'j1iI'lI'l"i1'1'1'1i'UYnrn~l\1lJ'I'Il'l'l'l!Jli:i!J "1.1'1. I!:><f<fa;: al'J!JeJ1.jLCilJJ ~~il 
(Gl) "l1Ui1lJUiJiv1'11u 

"') !l1~'W~'1111 "'~ \J'\J~\!'jru LI."!:!l1~'WLn1.l 'vo tJ 
I!:» 	 L U\ltJ L~tllJli1lul11'jU n I'l'j!l ~'j !:'\J!l'\JU'j:; '1115 ull'1 !Jfl'\Jihom:lJ'I'Il fl ~I'I\!Ul'l'j~LtJ'UU,!:lJ'IJ 

(I!:» 	 clfl'tllUl/~tl~'vbJ 

"') LU'UtJ(i'h~~;;II1.'>1Il~'I'I1~fl1.,Uim t1'j"lJl11,U~'I'Il~'I'I1m~1'>1tJlmtn'ml'll11'jUitl~
v 

'I'I~!l L tJUV1,1'\f fl 1,n"Ui !l~'I'I~tl~,'j1'\f111,,b1.lVitl~~1.I 
I.!:» L\J'UI'l'U'l f1ii'il~1'I'I'I~!l\il'lil'Ud1tl'\J'Wi1lJU-;l>fltl1J \ U'U\jI'lI'l" HI'I11lJ!lllJl,(I 'I'I~tl 

li1JJ!l1.lH1'l'l1lJ!lTlJI'!(I 
!'j t d ~., • .. t d""" v ... v ~I $I .,.

m) Lu\l,'i1'l'l'l111'>1'Ul'Jl'UfllJ n.'\"i.eJ. 111'J11'H'jl'll'llJ<ln'l!llUl/l11eJ~'I'IllJluU'lJ1H'tll11,!'\"ill .,tlU 
~ " d.,.,j $11.I!lm1J'U~~lJl'ln'tll 'rU'\. I!:><f<'<::" II.lltYi u'i:mll'll'\"ilJ,l11lJ 

a;:J LI~'U~tl~'t'l'l11~~fl.t~1.x~fl~1'\J ~t1'jl'l1I11'! 'I'I~ai~1\\'a!lfl"illn"'!1111'!11ri!l'U 'I'I~!l 
i ~l"'VI!J~~1'\JLtJ1.1 f1 1'!.a-1l'l'!11 

cr) ,tJ'U~ijm llJU 'l/'\"iqiib~tllJl~!J 'I'I~eJ1Jn~'i!l~11.1;1<1fj"lJfl'U~ 
:" v

b)bu'U1iI'lI'l""lJCi~~l!J 

~) bl'l!J ~tl~i'hYl'V'iln'l!ll !i~~ql'J1 VI,jl,,!n L 'V'i'!l:;n'!::'Vhi1I'l'l'l1~tl1qjlb11.11L~dju1YI""';IV1 i\.J 
1'l11lJi1l'lm~m-tvh11'l!Ju'j:!lJl'1'l VI~!l1'l11lJi1I'J<I'I1t'I'I'tI 

wi) ll'l!J~nii~L'I'I'tI1V1eJ!ln Uiil'ltl!lfl 'I'I~tllritltlfl"illn"'!1n1'! i'~1i11'1'1n'1 !l~RI11'!lJVll'l1'\J 'I'I~fl 

"') l\J'\J~ll'l!J f1'j~\'\'ll11'!Yi'il;l'Il1.1n1'ji1tlU l {il;\.J'il'l1I11'! '>1~m-rr'\Ji'iUiJinu1'U'I'I1l1!J~1'U.. 	 '" ..... .,.... _ ~ .".,.:t! 
'lJtl~'!! 'i.ll'!lI'>1fl"il !l~l'lfll'lJ'I'Il'l11.1 '>1'!tlVl'U1!J~1'Ua'U 

(m) ll.i~Ui13j'I'l'!'V'i.,~ii n~'I'I:jai11lJLIU,! ~~il L\11.11Ul'I1lJ'I'IU~~tlmlJ"',!1J,!,!1U I'llUti'.lllJ'Ul'J"i~h!J 
U~'I'Il'j vi 1.11 wi~<fo", ii~11.1~ i!l"'; il~1.I1!J'U I!:>cro", l.i.ii!:1111lJI'l11lJlu-iftl cr 'IJ!l~l'h,t~lJ'I'I1Lt1'i1lJll'llJ 

v 	 d a 
"~1\1l'1 Gl"'; lJ1.Ill'1lJ I.!:>crmwi 

http:iil'll1J.lU


...kI fl ru f! lJ'Ini bIl'W1 ~Iii1 bb'WU~ 

<IlL~\lm~;1fl'''nlU~~~tJtI~f\Jf\J1111~ 'i1'l1m~lJI'l1flll1~uru41111 'l'l'1~lf'11flll1~Uru.fi1l1 I'Ijf'llMli 

~lI1fl1."m~lJuru;;1I1 l'I'lf'lll1l11fif'l,m~lJ fll'lnlvirl1 'i'l'1V1tl1~l'IlllJVl,bll1,)'i iib~fl'l'1~lli'.iml bl'l~mij1l1111 'I'1~1l 
111'lJ1~U '1 ~b~tJ,-iill~ bb<l:t:'I'11flbU'LI'lJ1 tJ!FIll~~lunmflru"'VI"'l'Lb[\" 

_.I ~ ,., ~".m flrul.'llJ1.)II1'1'1'il~'W'il1'l'ru1 L'U'LI'WLf'1~ 

(",l 111lJ1~m~l'Jult1~bbmlJJl1~1 C 

(l!l) fl llJ l~m~ l'Ju bb1.)1.).1, ~ I'IlllJW, bll111i'VI~lll-Ubl'l~ll~WlJ~fl llJJJ(l11.1 

(ml fl1lm!l1-uLfI~1l~:i'J1l1u'l\'1l~tl5'1nim,lvlyh b'tiU Multimeter , Oscilloscope, 
.d .011'" ..l...l IJ 1"power supply Lb<l:::bfl~ll~lJiJiJu '1 'I'1Lfl!J1'lJiJ~ 111 

(ttl ij~'U\ll'Um llJ~'I'11~li b~ fl'VI~iJi'.i fl~ 111lJ l~mj'VI fl~'~\l~1.1 
~ " 

kI. ti' n ~ru~fl1':i1J~'Ini~1'1.1 

l!l.'" iI1'::~1'U~tl5tJ9i 
("') fl1ti'tJ~LL<1'1\'mtl5Wim~ STEM Lab 

(l!ll LLu:::t! 1 bbm:rhi'tJ VI LL1.1 m,l-ULfI~fl~:i'Jfl'lJll~1Jm~~u 
" 

("') ~Vlbl.e.JUtl1~b~!J'Ufl1'l1flU~b~fllJltJ~ntJ STEM Lab ll~l~1JmJ l!l l'lll b'tiu l'll1'U1I11m,lJ 

1'll111'1'~~1'U 1'lllb~!JUbbtJtJ 'i'lJ1~i\fl~ LUUI'1'U 

(ttl ~VI~~'llmlJ 'I'1~fl'i'lllb~llfl'lJiJ~ STEM Lab L~flfl~1~m1lJ~'Ubfl!Jl\lntJ1Jm~!J'Ulun1~1-u 
~lU\l1l~tl5Wi tl1~ 

(,r) n1ntJ~LL<1b1.<1~I11JtJfl'\j'U~mtljjWifm STEM Lab lm~i~lUiJ~l~:i'Jtln~i\'I'11iil1"" 

("') ~Vlvi1'11'J~1'Ul1ii(l1']1'U1'U~bihHi~l'Ubfl~iJ~iiiJ 1flVl~Hi LL<lt:lm~tl1'~biill1;ffu1'U STEM" . 
Lab 

( ... ) tl5Wi~lU~U(lI1lJm.1i'tJlJlltJ"'lJ11'J 

l!l.l!l tl5tJ9i~lu1'U'ti1~b1,"1 ",l!l.oo - i!:>o.oo 'U. 


~ ~ Q 

<J1I1,1 b~'Ubll1<JU LL ~fltJ~,'l ",<t,ooo tJ1'1'1 

~ ~~ ~ 
.r. 1'IJ L1(1' U(1:t:iI(l1'L1'Vl'l'tJillJfI'l' 

"') ~'U1tJI1JJ!'I'i""~<JlJ'I'1.rfl.l!1'Utii1tJlI1'Ubml.i'~ ~lutJ~vm1.l1'l1'l<1 .a\.1 '" ~m Sc ",o,r ';11Jm1'U 

L<1'lJTljtl1, <l11'11,'l<ii!J l'lrut:'l'l'11'J11'11iMI':l1hL.n<J11~u'll1'ltJ ~~'VI1V1~tJ1.1'1'll51i'J l'V1':i~""Vi 0 <O::<tm<t m~'" 
:. , .... A..... ....a Il~ l 
II1~LLII1'UlI1uIN1'L1'V1 kim n'l'n!j1IUJ kI.n.", \.'U1ULL1.1::n1.11~1'lJf11~ 

l!l) <lJJm~,!J 1I1'U b<J~1VI !J<lllJ1~(lVl11U'1.,,1.1"11J<lJJmbb1.1:: mil fl11J<lJJm'll~iJlJ LL'U1J'VIii'flIl1U 1I11lJiiiJ 
a 

,r fI1!Jl'Un1'V1'U1ll ;:;<J 1'IJ~ kI'" n'l'n!j1I'llJ kI.n.", (l'U1'Ubb1.1::b11.11'1'llf11~) 
~. L<J niil1':i'l'1~<J'I'1ti'n,!l'L1U':i::n1l'Ufl1,i'<tJiill1'l'l':i 

€<lJJI'I~l'1il ~~u1tJ<lJJI'I~'II~<JlJ'VI.rfI.l!l'UtI~:: fltltJ fl1~<lJJI'I~ ~~€.,iJfI~l.i'i'mm';1,U1~ fl;r<J~ LL1.1:: 

1.1~1.11I'JUfl~<Jn1ntJ1it'U'ilfl"l~'I1flQUtJ ~~l1illltid 
,r.", ';1,U11tJtI,~tl1f'1ilI'JUII1' 'VI~tl11JtI'~fl1Y'1t1~f\J1l,l1UIl1~ LL<l::1tJLL"II1~:<1.1fl1,i'1n1;l (transcript) 

~""1I1~11LU'U€UPJ rufllJ1J9i fl1 ,;1(11;1111, ~1I11lJl'jru"lJtJ9iLQ.... 1~tli1 LL'I'11.l~~~tJ<lJJI'I'i ,]l"'U '" 'llill mru~~';lL~'Il 
m,i'1111;11'VIlJ'1mi'VI1J~~ili'1J~iJ~PJ rull'ii~ LL.,.,~iIItJ'U~<l1L~\lfl1,;111~1 "[\,, bl'I'1U ~~d 'I'11J~~ili'tJ~m'lrull'ii 

" ~ .J". " 1 ~ .J:-, ~ v 4 ~.1 
'~lI1fl~~:::1.I''U'I'1''lb~'iJfl1~l'1fl~1.fl1!J U1'IJ'I'1uVl~tJ<llJI'I~"iJtJ I'm 1'IJ'I'1 10>", fl';fl!j11'l1J 1o>.n.", 

,r.i!:> ';1,u1till1~tI~:Al~,t1~:::'ll1'lJ'U LL1.1::';lb'IJ1'1'1:::bU!j'IJU1'IJ ,]1'U1U (;) 'll" 
,r.l!l ,tlril!J'VI..J1i'1'i~lu"'lJ'VIlJlmlm:hi<l'lJLLiulI11ii1~~ri11JHbjLiiu '" L~tlU'lJU1111 '" il, '" ~tI 

" " 

http:i!:>o.oo


-' ~ ~ '';"4'~ '" .;~'" l"V<t.m "ltU''i-lanJl'U'Yl~m€Jml1~<l!J1~€JU (mlJ) L'!IU '1Jbtla~ll'!l<l1'l1-"I!<li'!~<1 1J"'l'1lYm'~lJ'~ 

b. ft1~~~lJL~~lJ'Un1,a~A,agtl 
v<v 	 y", .q! V (0 

Nl:'IlJl'I~~Il1JI'l!l~'(f1'l~1'I1ti'l~lJLlltJlJ~lJl'I'l~!ltl 'illU1U ~o 1J1Vl 
., " ~ .4" .I( Yo ' ~ ~ "', Mvi. lJ~:::n'I'1"V'lfi)~lJ"'I'IIiL'!Jlag'Uu.'114'11'U 1'U 11ft1 U.ft:::tlCl1'U'I'IaS'UI.I.'!l~'!l'U 

iii .... 	 ...,! VAli1 .{ . ..... .... ..J, ... 1 w .I 
~<I:UI'I,aElUl:'IllJl'Cl\!\ni)~ElU'lI~'(f~~:U Vl!i~€JULL"I!~"I!'U 1'U n<ll L\i,'l:::I:'ICl1'UYI~IlUbb'!l~"I!'U U1'UYI 

IDee n'ln!]1AlJ ID<film W \J~L'lwihtJtI':;ml'l iu '" ihrn~lULa'!ll'4f11' !l1f11'l1<ij~ I'IW:;1Y1!J11'11~1'l' ,,<I:; 
http://www.scLubu.ac.th.Yl.i€Jl.V1.i~.I.Ivr ° oc~"'~ ~'" 

t.I 	 d. <1.1 

<::. 1'IJ L1ft1 LU1:::aCll'UVlaStlLL'tI4't1U 
<v .J .... ..f 

1'UYI t.J", fl"fl~ll'1lJ t.J.n,Q1 IM'U 


("') mn o<>t.oo - ",o.00 'U. <lllUJ111'11'111lJ<11lJl'l1:l1'l11lJ~1'I11lJ<11lJl'lmil'Wl:::!lilbl'i-ltl~..• 	 ,~ 

(I!l) nfl, (;)0."'0 - ",I!l.oo 'U. Y1l'1avtlI'111lJ~1'I11:ua'lJ''lCl'VI1~l'IlllI'lEllJfl1LI'lIl'l llii'l::: 
... $/; ... ~ 

lllilfl'l'l'lEl'Un<l 

("') nfll <;)"'.00 'U. bi'Jul'lulti a!J\JJ111'11'111lJ'~lJll!aj.1I1\J!lilLL~tl~ (alJJ11'\!1ru) 

",.1finl'ltlDtlu~~fu 
II "'" ill 	 4} I<i.'" <lElU'!I!l\'!I!JUJ11I'1I'111lJ~fI11lJ<11lJ1'lmo'WI:::l'Ilbb~U~ ",00 l'I:::bbUU 

'" ..... < ... " ...."<>t.lD 'I'II'I<I€JUl'I'lllJlI'l11lJ<lllJl' (1'V11~l'Il'Ul'lvlJ'W1Ll'lm bbfl:::mflnm!luna "'00 1'1::: LLuu 

<>t . ." <I€J'Uml'll'l'lllJb'i-llJ1:;<llJn\J~"b1IIti~ (alJJ111!lru) "'00 1'1::: LLUll 

.o.\J':::n1fl~1V~D~ftBUU~~fu'~ 
1U~ mo n~n!l'fllJ I!l<tbm L1<11~1'(fn1'l W U;L1wih~tI~::n1f'1 ill '" ihat1~IU 

L<1"1!1'4n1~ vlfll~14i!J I'IW::1Y1ml'llallli LLfll: http://www.sci.ubu.ac.th til,'!'umrl'l~~IU ~~fl l'\ll~¥r'Wvr 

o 	":<f",~ mQQ1 

II>QII. 1'U nll1 LLI;'I::I;'I(lI'U~~1!Jnui1L-li1t1lim~1u 
w 1i~<I€J1.JI.I.·lhill1ff'i1!J~IUii'''-Vltlfiu''ii~I'Ulu1\J~ "'Gl n'if1~ll'1lJ l!:J<fil'" W ~lllU;'Yll'i 

tjl'll'lfl tu Gl ~€J~ Sc ",o<t ,hrmlUlfl'!ll'4f11'l €J11'11"1<1i'~ I'IW:::1'\1l!J11'11flllli lJ~1'i'\ll~I.r~!!1.J<1'l1'(f51C 

http:http://www.sci.ubu.ac.th
http://www.scLubu.ac.th.Yl.i�Jl.V1.i~.I.Ivr


''UI.nJfI~ 


Q'fl'UII'1i~;;lIlJl'Il'Il:Il1JTlJiiUvi~111IiJ1I9fl~Hlf1Hfl11 

•n~fil'l 1fl~ ~f1n l'f1!lJff\.jtlflmrl'l~~1'!'!l~ll Vtl111Vlfllffl'1f1tl1~~r1Vtl lf1Vfl1~fhnutJllfl'llfl~lJln111rJlnf! 

(lm~fln 1lJ1.) 

d 
!ll'llVl ............... . 


.. 
I. 'jj!l .............. . . ........................... tll1lfffJfI ..... . • .............................................."< 


2. Infl1'tlVi.J~!ltl ....................................'I'i.fI.................. !l1Q .............JJ 

.l 4 

l'lffl'lflll ............ . 

Otltl ........... ....... l'Illll1'ilU'ltJ .. . 

:niffhJnJln6.............111l1fJ!fI'IIlmff'l'i,;' ..........................E-mail 
.. ~ 

5. 	 lItJ-fffjfl Ufll....................... . 

e.nU:U-1I'1ull'1 

m\l'l'i...........................tJ1Q ........tl e 1j:U-1\11tJ~ 

eInv\l191uK1 
~I4 '!II d

luWllqJ{........... fltl Vlltlllltlfltll1 


6. ffCllWll'l'i eUf!flntltJ~ e11~1 
.<I( ""'" 	 .... ..,. 

'jjtJffllJim ~ tn........................................ .I'ftjj 'jj11l ............ . rilfftl 1 ........... . ..... , 


......................................... lil'U1'U1jI'1~ ...............fl'l-l 


e~\l1~1tJ~ 



7. 'Ihdil,mfff11l1 


i~;;~~==---==-==- m:-­ __ ==_t__.._..__.1 
mtyilPu:lf1 

.i!~....-.- -. ...----.-.. . .... -..... .. .. .. ~- ... - ···-~---~I-·· ..__..._.-l

b14 ~ .-~ ....-------­ ---------..-.....-.----,.. ,..~------ -"~--~-~.--~--~----..---t--..--.--~. 
• 6\,1 '1 

• 

-··········-·······~--·+~~~~~~~---··-·--·~~~~~·I-~~--·~- .....- ­

• 

• 

• 

iJ~,tTuii\'Jl~l'm1!rriltl::h tlgi'i'ft ....................................................................... . 


9. fl11)Jrfl11)Jt1'1lJ11il~1'IJfltl)Jiillfttl~ 1111Ilm)J~1i'11'h.!............... .................................... . 


~ • 11 a ~ 
- fI11l.ll'll1J17I1Y11~ml!lltl~f1I1l!l1 ml!llm~ ~~IYI"tl\.j (<;:>'1,1)........................ 'i:iflU ........... . 


a 
- fnll.lt1'll.l17il61..1 


- ~ll.1tlilillf1l f111l.lll'1.I'~ ...................................................................................... . 


10. 'I1'1l'i1'1'11 !)lliity1IlUl~:>hrl'MU'i!)~lf1lJffflcl~~ ~ ':i1 'I1'1l'i!Ifl!~1..1 @Ji',lf.l! l'IlJ1Jl1m1J~11.1f11l.1~'i::'1,1H 

~~~'!l...... ..................... ................~ll':Jm 




• • 

• • 

oi1LLmiL 

"'~tJ~.~1i/(1~ll~ .. 
... 
~L .................................................. 

\l111a~fL......................................"""" 

" .. " l!i)1YlB t:lfliJll'li .......... , ...... , ............ ,'" '>' 

tJ11L~V!'1J,t,."., ,.... ,'>"." ... "., .. ' •••• , ... ,. 

'~'!It!~"~1i/(1~~~ ...•.•..• 

~~ .......................... 
~1~~~~................. ............................... 
L~1~""mJ.' ............................. 

• 

v "1V..r I IV V...! ~.:J... I ...

1. IIl€NU'1'U1Il 'itJ1J1I.L?I\il~l'1eJ b~1'1-lU1'i'lYin!')'H'i'l1'1 III \IleJ b 'itl ~?leJ'U• 
v I .<:>i t.I d.,!:"1 ,qj IV V

2. IIH!mb\ll~n1fJ?lIlTi'lb'ifJ'U'i8fJIIl11JYI'i::::'U 11.'IJ'i:::bUfJ'lJn1'i'i'U?l1Jfl'l 
v 

iiil::::U'IJ 1~tl'4'Y111lt~bih~m?l8U 
3. ~«hJihr\il'l'll'i:::'>i1~1?1eJU?l1m 'iml1UIIl'i'll'i:::'!I1'!I'IJ'I-l'i8t'U'Il'U~lJ '1 ~'lJbtJ'IJ",~mi1'\Jtun1''i b'lll 

v ~ 

!ltlU1Wi 

4. 'lX11Jb'Il1?1eJ'U ntl'IJlMu€lUClJ111l
• u 

5. ~lJ1?11mnU 15 tJ1Vi 1~mJflI1\1lh~bih'IXeJ~!ltlU 
v .'~ 

6. 'lX1m,heJ'llm:ru~b~nV1'leJiJn.,V1n'(I'Oili ",'imeJn?l1'ibill'l bih~N!leJ'U 

7. 'IX'1lJ btJ ilIim"eJu nuu1i1-ru~'Y'Y1[lJL~lJ?ltlU 
IV 01V "'" 0 IV

8. 'I-l1lJ'lJ1'lJU!ltl'llLLrl ~ fl'i::: 1il1'\ib'1J mJf11I1leJ'lleJ €I n~1 n'VIeJ~"'eJU 


