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QJ QJ 

fl1~bbU~b ~e:iu11 'll'llfu'll1\lbUUQUU ~€) 1 'll 
q 



0 0 

~l'Wl 

" 
- n1bu~~e:i\lu1 

- ihu';i';ifal'lfan 

" 
u1nuen';itiojj;).,j 

- J1n'\J«\IA;)..11'Ylti 

- J1~~fl'\Jn1';il~J1 
" 

- u1nuGi~fl1'V'J 
q 

' " 
- n1';i~:i..iu1 

11~tl1tl'~ A16'1wf~tla.ab'Vl'mmltunTnb'W'Vli1ifuu1uu61~ 
<u 

nTHb'W'Vldbb~U 1'Vlfl 

- 11~u1u~nuth~b'V'Jru~uu1u~e:i\l'Elu'EJ1&1~1\l 1 

- 11~u1u~ ~~m1rim';ibb'V'J'Ylt'JG'tarti1V1a.i ... 
J'1nu f!11a.1 b "li'1 tlil t 'Vla.i b c!i\'.11'Vlfl1 A16f m{fl1 eiu~a.i 

'Vlin"lleJ\'.leJ1~3l~6f (Archimedes' principle) 

- nl';i'V'J~\l~EJtJi?l'J (Buoyancy) 

ta.iba.JU~°lleJ\'.lbb".i\'.I (Moment of force) 

- Tm:i..iul?l'lJEJ\ln1';ie.J~\l~EJtJi?l1 (Moment of buoyancy) 

- n1';ibA~e:iu1V11bb'\J'\J'V'J~\l';iEJ\l~'\J (Supported movement) 

- n1';ibA~e:iu1V11bb'U'Ul?i'1u (Resisted movement) 

'°1113-l'Vlil~ (Viscosity) 

"' 'Vl'l..\1 
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1 6 
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29 

43 
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46 

48 

48 
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53 



~11a.il?i'u~'Ylmdfo1 ( Hydrostatic Pressure) 

nT'H~~e:iu~1~huJ1 (Movement through water) 

m-a 1 Vitrn 'IJ't.J'Jn'Ju (Turbulence) a.11 i."linu m-a'run i. uJ1 

- ~1vi'=16'1=:::=6'1=1-=-t1 

- ~.nTvmT~u1 hJ-W1~ eh'IJ1 
" " o I o 'iU 

- U1eJeJU - u1m:::1?11\I 

- '°111:1-JbUUnJl?l - bU~ 

~ waa.itl'Gi'Y11\'.IVJ an tl°ll el\'.IJ1 
q 

- nTHU~t1u~mu:::~e:i\'IJ1 
" I o 

- '°111:1-J'VlU1bbUU~eJ\'IU1 

- '°111:1-Jlilm1:1-J1'e:iu 
q 

" 
- '°10H'la-JD&i'Yl1\'lmt1.n1'V'J~e:i\'lu1 

q 

' " ' do d Q..IQ..IOd o l 

- ~j';i'J'Yltl1b:l-JeJ~:l-Jt:.J~U1'YleJfJJ'Vl.fl:l-Jl?l1\'l 1 
q QJ 

- tJ.i]n~t111?1e:iu~ue:i\'l~eJn1';ir?\'1J1 (Diving response) 

- n1';ib tJ ~ tJUbb tJ 6'1\'l'Yl1\'I ~~j1'Yl m~ ru::: bb~J1';i:::i?lu fleJ 

u a a &' Q.t a 
Vi an a-a-a'J'YI ti1°lleJ'1 m-amuu1-ae:iubba~bt1U 

~u 1 'Yltinu m-amuJ1 

- m';ie:i1uJ11wu1m~e:i~\'lb~~a-J~~.n1'V'l 
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nT'Hl1'UJ'1 b -rJe:iu1tl' ~ h'°1 

- 'Vl~nm".i~1 lu1um".i1~J11huin T ·rn 
- 115m".iu1uf?lhflrYi'1t1J1 

v v 

• n1".i€l1Uu1r1\1~1 
' Cl- = 

• n1".i€J1U fl".i\I ln'J 
' d 

• m ".i m UbQ vn::: 'Yl 
.... 

• n1".itl ln'J 
"' 

• n1".i't.h:::flU 
I 

• n1".i'VleJ 

61'1.h (Spa) 

fi1lii1n ~ '°111a.i..Z11 u 
a't.11bu'll".i~b't1'°'1 't'la 

'll".i~bll't'l"l.I e:i\'l 61'll1bu'll".l~b't1'°'1 't'la 

ftU1bbUU!n:::1uinn (Western Spa) 

- 1'Ylt1flu1t1'Vl~e:i1'Ylmrutl1t1::: (Thai Spaya) 

- 1'Ylt1fttl1 (Thai Spa) 

n1".le11'U.J1 bb 'U'U m~1'umncV1~e:in1".leJ'U 1e:i.J1 

~ina~".l1't1a1"l.leJ\'ln1".leJ'U1e:i.J1 
'll".1~1'Gi '°1113-1 b iluan 

fl'J1:!.JbUU:l.J1'tleJ\ln1".i€J1UJ1bbUU T ".iil'it. 

fl11:t.JbUU:l.J1'tleJ\ln1".i€l1UJ1bbUU!n".ifl 
q 

fl'J1 :t.J b tlum'tl PJ\I m".i e:i1uJ 1 bb uu-rftb ~tiu 
fl'J1:!.JbUU:l.J1'tleJ\ln1".i€l1UJ1bbUU~uit~ 'Vl~PJ b°El1U1 

c I I u IV 

tiU~"lleJ\'I b tf1u1 bb 'U\'I m1a.i ~ m~•m~"ll e:i\'l~e:i\'I 

b"E11u11~~u 'Vl~PJ~\11~~u 
I OJ 

b'E11U1".i:l.Jfl'JU 

b"E11u1~tlcie:i\I 

"' 'H'U1 
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95 

95 
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109 
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11 0 

110 

1 1 1 

1 1 1 
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1 1 2 

11 2 

1 1 2 

114 

114 

1 1 6 

1 1 6 

11 7 

11 7 



1 UU11tJ1 fl1 Fl~\laht1el~tl\lrl1'VlU1~ b~a'.lelUeJ1vl3-leJUelUriu~vl3-l~1famm11 J1 "' . 
1 uu11m fl11"1113-l;t\I~ ~el ~1 U3-l'Vl1 ~afm 'Yl~u:i bU'l~bb vi ci\IJ1~u '1 Ael tir11viu1~ bOUbbG'l~m ti 
A113-l~elu 1 u3-l1 b~el 111elruvin:i'.lel~1 u~a.ll?l G'l~1:t-ibbl?l fl ~1\lnum fl rl1tirl1u1mbri m11?111\l~'V'J 

q qJ QJ q 

~el\l~\1~~11?1uufa fl 
J1tT\I ~A ru~3-lu~5 flU1~fl11'Vltt\I~ ~1Flru3-11 fl ~el ~~~ A113-l'VlU1 bb UU~\I ~(?]~ q QJ qJ q 

4 el\IFl1b°llG'lb~tJ~ ~1b~ufl11ifu J1fl~u~~~A113-l'VlU1bbUUUeltJG'l\I 1?11mvi1?1dJ1~~Ubb~\I • 
l?lelUelOJ'Vlil:i'.l ~1~\I 0 el\I 1"11 b°llG'lb~tJ~~~fl ~u ~J1mtm U1 fl11bb~1G'leltJ~uridjel\IUU 'Yl~bG'l . "' "' 
'Vl~el'Yl~ b G'l ~1U b ~ l?l'VlU 11~\'l ~J 1 bb ~\l~U G'l el tJ el~~ ~1J 1 bb~J 1~1\1 ll?i' tl\I A\I b UU~ el\I b 'Vl G'l1el~rl1tJ111 

"' "' 
~~bbG'l~«1?11if 11 Ub ~ l?l'VlU11 ~13-l11ti i?l11\1~11?lel ~1i?i'J1bb~\I~el1 tJ11?] 

"' 
J1bllui1r11G'l~G'l1ti~~ r11111el\lflU1~flelU~1Fi'(\j '1~el\1~11?1G'l~G'l1tJ11?11uif1 b~m°l!G'l~ 

~el\I ~\I ~~11?1~~ 1?11?1'2i'u ~11~1 Fi' rub vi ci1dn ~1m1ti1?11?1'2Ju~1fl1uJ11:t-111~~b lluA1iu elu 11?1elelfl1 °ll !?l 
"' ~ "' 

elelfl~b~u 1eit1?11b~u vi~el1ut1?11b~un1?113-l flci11nu11fl11~m1~1\l 1 G'l~G'l1ti1uit'111?1~ bb'Vlci\I 

J1 ~1fafl~\)~011?1mvi11G'l~G'l1 ti el~ m fl3-l1ti3-lvi1 F11 G'l ~el bb~ b wti\I b 111:t-i riel3-lG'lv:i'M-r11111bb'Vl ci\I . "' 
J1b~el 3-l T '\1113-l 1 u b~tiri elU b 11Fi~~11?l~u ~11el1'Vl11el~1\I b WtJ\l'V'Jel~1 flbb vici\IJ1~1 fa flel~1\I 1:t-i~ 

J1~ A113-l ~\1~1 bbG'l~A113-l ~\1~1dbel\lrl1ti111i?lu 1afo13-l11ti 1?11?1 ~\I TmG'l fl G'l~el\IJ1 "' . 
~1U 1uuu b lluiu '1~1wvielJ1b~ tJ\l~el\I i?lu13-liu 1 uvi cim~ tJ\I ~ G'l el l?l ~1i?lu 1 u ~\I l UbbG'l~tJel l?l~el\I 
iru~el~~\1~1 fl~ufa fl'Vl G'l1 ti~u ba.l 1?11 

"'"' 
J1~A113-ll~b lluAru~a.lu~ rl1u1mbribb~\ll 11bbciu~1u11?l~~mfl ~\lrl1u1ti111~\I~ • 

~11?1li?lif1!?111\lel ~bbG'l~b~U Tl?l 11?1 ... 
., 
0 "' i.nm.JeJ1";)tlo";)";)a.J 

eJ11tJ5113-l~3-lU'M-tJ~1~~el\lb 11~~1\1~3-l~U3-l11~ nb'V'J11~~J1 nelU~uJ1e:J1u1tJ • 
bbri fl11b 'V'J1~UG'l fl ~\lb UU'Vl ~ flU1~rlU~el\leJ1'Vl11~bb UUelUfl11 fl11elel fl th ci1«1?11 b UU~l?lb ~3-l i?lu 

"' . 
~ el\I~ 3-l~Ua.lU 'M-~ tJ AU11'V'J fl1 G'l bbG'l ~ir1 Fib uu u~~ tit~11?1~ el1U 1 tJ bbri fl11 r\'1 b Ul?l1 ~Ui5113-l~ el\I • • • 
3-lu'M-~tJA bb 1fl~\I b uwr~uo113-l~ ~ el11 bb:t-i b uu 1 vi ru b vi l?l b 'V'J11~~artiif uervi ru\I b uu~1 tir11fl11 

q q QJ q q.JQJ 

~\l'V'J1 hit Ufl11el~1ell?l~el\1~3-l~U bb~fl11b'V'J1~UG'lfll 11e.JG'le.J~l?l'Yl1\lell'Vl11~bbUUelUfl11 e:J1u1~ 
"' . "' 

~fl 3-1~~1?11 '°1113-l b UUel ~~el\1~3-l~U~\lel ~1 ua'.l el~el\I ~1 tJ eJ'Vl ru\I 113-l;t\lel1U1~~~~b UU~1 tJ b~el fl 
q QJ q QJ qJ QJ 



er~1 ti~ inu~umi a.Jl ~ ~a.i ri!?l1 t1 1 ~uo11a.i ~\l n ci11~\l ~a bell bba-l b tlwv1 Gl' nfil ~~a\1~1 t1 in1::n !.'l~\l 
~ ~ ~ 

~ub~11 wu"il~ruutTl'l~i'~uo11a.i ~\l nci11~vm b ~u 1~1 u~u~1 &lri1uuam.J1\lb~1~u~a ~v\1\l 1n !.'l 
q ~ 

eJ !.'l"il1 n n11e11 Atl'J1 b tlmb'Vl ci\l b vn::u !,'l n bb 1\l\l1Uri1ud1U"il1 n n11 eJ ~in-Yi b 'Vl ~a nu 
~ 

b 'Vl ~a 1 fl!?lfu m1~::~a.i b tlub~Utl\l S1'Vl11 v\'11~a.iu~~b11~b1!.'l1u1::~~:ijF] ~ ~f 1\ltl"il;ijt1~u 1 
q ... 

~btmhu1t1~am11?i1bitu~1in bb!.'l::k\l~a.i1~uo11a.J!?l1u~1\l '1 ~u ~a11t1011a.i~~1Flru~a\l 
~ ., 

fo mn ~~um a.i ci mt'11 mu '1 b ~u m1t1511a.i ba.i fo Tu bin b~t1~ ci a.i bba-itZ11 'Yl n~~bb!.'l::m vh&l ~ 
-----' ~ ., q ~ -----

el11tl 5113-l~ ~u l?i~ ci mba-iJ11 u~ ru ~u~1au ci a.iJ1~\l ~a\lbb vil'ld'b tlu"il~ b ~a.i !?lu~ a\l «\l A a.i 
q q q 

bn~ln1nd13-l~11mm~t1U~b~n"il1nm1d~aUb~el 6,000 tJriau a.J1rin11~f1\ll~U5113-l 
q ~ 

n11bn~ln1 ~a nu11m1bn~in1~a\lmm~t1Ub tluU\lia.J'LJ'Yl~eJ\j n11b vn::u!.'l n~beJtlbb 'W~1urZ1t1T1U 
q d.9 cu q 

m1t1511a.Jflub~t1~cia.ibba-iJ1A\lA1bb!.'l::t1a.iu1~mt1111 5,ooo tJ m1t1511a.J~u~cimba-lit'1ti1\l T 'Vl 
q q q 

bb!.'l::bbt1\l<Elbnt1\l ~a1t1111 4,ooo llmbb~1 ri1ua11t1011a.i1'Ylt1n~a1t1111 3,ooo ti b11 
q q 

V &°' d I 1:t V d , 
~11\l ~a.J~U3-l11el'U'Yl11'U !.'l 3-l bba.JU 1 b"il1'W1:: tl1Ubel\l 

q 

b~el ~ bb 'Vl ci\l e111tl 5113-l fl~ n11 &l ~~a bb!.'l n b U ~ tlUtlU n11«t1J"il1'Yl1\IJ1blJU'Yl1\l1 U 

m'Vl1ri~11 ~b~1bb!.'l::u !.'la ~.nt1 n11m11 um'Yl1\lu n~\l"iJ::i?la\lbeJ~ru~\l «in·H1 t1 bba.i 1;Mf1t1 11a.i ~\j 
~ ., 

v ' ' I I V o od do I o I 

~\j Fl11 a.J1::'Vl11\l beJ1~Uln13-l11 tl'Yl1\l b~U'Yl1\l n11b~U'Yl1\l'Yl1\IU1Ubel\l'Yla1U1tlbbn n11 In~ In a 

1::'Vl11\l~Ubb~U'Vlit\l 1 uri~n~Ubb~U'Vlit\l bfl~ n11bb!.'lnbU~tlU'Yl1\l A!.'lUl~U5113-l Ff1~U1 n11 
~ 

A'1~1 t1 bb!.'l:: n11ba'.la\J b ~a\l1111::'Vl11\lu1::b 'YlFf bb!.'l::bn ~u1::1&1 F11 ~in~!.'l n"il1 na ~in ~\ltl"il"iluu 
q 

J1nua\IF1a.i 1 'Viti 

Au 1'Ylm11b tJu~11tZ1~11u1a.J1bb~T u11 rum !.'l b 111~~1ina~nu~1t1it'1 'Vl1u!.'l1 
~ 

u!.'lm]11 ~f1\lu1ub~au1i?lt1u~\la~~a.iJ1 ~a.iri11 ~\Jn~J1'Vl!.'l1n b11hhAt1inn1"ilnrn~a\lJ1ri1a.J cu q qJ qJ q 0
1 <U 

ln1\ltlU~1a.J"il::aan;iju'\J!.'l1!?11mm !?11t1mu 1fl'lll~a.JS\ll~b u~ ;iju'\J!.'l1a.J1nu b'Vl~a n'Yi'1u!.'l1f1 

u!.'l1~aa.ib tlum'Vl11~11a\l1uq~~a1 u 

~1 t1it'1 tJ\1~1 ti~~ ~u5ua ~ a.i 1?11 mb ~01 in a.i1'Vl ci ab~ t1\l~11 n ~11 uu11 ~b&lu Tin 
q q 

\la n\11a.i~n1?11t1 b~ n '1 !.'l n'Vl !.'l1U 1 'Ylt1~\l l?i1eJ ~ l?i111t11 u~1 t1it'1a~b tluu n &l n1-wm ci1d'~~ b"ilU 
cu . q cu 

bb~mblii11u~uinn1-w~a\l~111 'Yl t1~a.i ~\l A!.'l1"il1~n'Vl Gl' n~'Vl-d\l~\l"il1~n 11a ~1\l~~b"ilu11 "buJ1 
ah.hn bUU1ii'2JTJ" it,F]a 1~1'Ylt1~a~n'UJ'1a.J1bb~'U11'W'U1~ 

~ q q 

nJ\lFf~at15tl1bUUb!la\l'Vl!.'l1\l~a\l11~a1ru1;ijm 1 'Ylt1a.J1 n11 400 tJ iff\lt1~'UUbn1:: 
q q ~ 

~ ~t1 a.i!?l1mba-iJ1~\l 4 1?11u ut1 n"il1nm1'Yi'1a.J1'Vl1nunuit'1bb~1Au1 'Ylt1n~\l1ww6bb!.'l::m1 
!.'l::bciU'Yl1\ltZ1~1\l '1 mna.i1t1 b~U -w1::11~'WBbvlb~el n11bb~\lb~ellUb'YlFfn1!.'l u1::b'Wru!.'lt1t1nd::'Yl\l 

m1bb vlu1::YiuTA a.J 1 vJ m1bciu«m11 ul'l1u~ub~\l ~1\l '11 u"ilu~\l bbvlb ~t11u'W6 Ff'W vJt1 !.'l At1U'Vl~t1 



b;ij1~'j~tJ11~ btJU'Yl'{~\'I b llu~111?1~1ul?l n Fl UVlit\'I b~WYl1\'I b ~1 a..11f u J1~ n1 Jl Ubb~U~U~a..J b~~ 
~J~u1J1t1rua..iVl1J1~11?luwYin11-;h "nJ\'IA~elt1ot11~b~elrZ\'l~w1.h~a..11ru 200,000 ~1 Tiru~ 

q q 

~ ~th~~1 nJJ11 5 bb~UAUb 'Yl1if u" Uel n~1 nJ1~~e.hu1mbrln1Jf91'1J\'1~11?1Tiel\'IAU h1mb~1 
J1~m ru1~m ~t11a..itT\'l 11?lel1 Atlt] f!Jn16'l~~Jl11~J1mn n b llum10~1F1qi'Yl1\'l oJJa..J~1 ~1 u 
n1JU nuel\'lu1ubiJel\'I~ nl?l1t1 ~ b Vl 1?1 n1Jru'Yl1\'luJ~1~ A1 ~1?1{uu Af\'l 1:i-l t11u~ nel\'1'1-1~~a-l1 l?i'el\'I 

q 

ti el t1'1-1~n ~u 1 u b~m ~1 ti f!JtZ1Vl6'l1 n 
~;;--~~~~~~~~~~~~~~~~~~~~~~~-

m 1 m ll u ""ll11J1" TI el\'! Au1 'YltJtJ\'IUJ1nna..111u~aYt1n1\'lf1?1uTni!lu'Yl{1?1elul?i'u 1 u 
~3Ytif~n16'l~ 3 eJFIUbflel'UrZ\'!Vla..JlnTiel\'1~11nJ\'I 5 bb~UFIU~1UeJ1Atlel~'UUb~elUbb~~el\'l°V'J1n~\'I 

~ q ~ 

Tiel\'lbba-ltZ1b;ij1~ J ~tl1 ~1Ua..11~\'ltJFITiel\'lb~el n6'l 1 'V'J ~~mn6'l lJ\'l~rlelUVl~\'l~\'IFIJ13-I fanAf\'l~~el~ 
q 

~11?lb~elUbb~b~a..J6'l 1nuelt16'l\'I bb ~1na..11~\'l~Ab ~\'If 1n-W~m1~3Yt1~ela..1~6'l~tJ~~ ou~f~i?l 'Yl1\'ln1J 

11?1tia..iA6'l el\'1~1u 1ua..11 n a..11~{1\'I b llutiuu 1 ~UliJJ mb uu~11J1TI el\'11 'Yl ti~\'!~ el tJ '1 Vl a..i in 1 u 

b Vl ~ elel ~bb~ l?l 6'l1 intZ1b Vlti\'lb~ n '1 ~ ~\'11U 11b llu~ in'Yl el\'! b ~mTiel\'1~111?1~1'u1?1 m 'Yl1if urn\'I 
~ q 

l?i'el\'ltiela..ifu~ n11 n1Jtia..J A A6'lel\'I n1J~{1\'I b~elu~~\'l\'11U 1 'V'J-W1 n1J~\'I T J\'1\'11U 
~ 

el 1?1~1VlnJJa..J n1JJ~'U1t1it'1 fo bAJn~1n~mlu6'l\'lbba-ltZ1~1A6'lel\'I ~e.J 6'l'Yh1 vlbbVl~\'ltZ1b u1b~t1 
q q 

ri\'I e.J 6'l nJ~'Yl'U ~ el~1 l?ITI el\'1~111 'Yl tJ el ~1\'l l Vl tYVl 6'l1\'I 

J11S ~ n'U n1-a 1. .UJ1 
J1~a..i~~ilbb6'l~«1?11'U~bJlFI l?i'el\'lb uuJ1~1n~~~m In ~\'l~d11Ubb~1~~1U1U1:i-la..11 nun 

bbar~~~J1el~tufand'J11 1 ,385 ~1u6'lnu1Annfaba..11?1J bb~~J1~1nbVlt1\'I 37 ~1u6'lnu1An 
~ ~ ~ 

nfaba..Jl?lJb'Yl1ifu bllutZ1rZ\'l~el~uu~1~u 11?i'~u ~1nbllu{elt16'l~ 2 . 7 Tiel\'IU~a..11ruJ1rZ\'IYla..Jln 
~ 

'Yl~b61~1u VlUel\'IU\'I bb61~bba-lJ1~1F161el\'l~bVlt1\'l{elt161~ 0.33 Tiel\'IU~mruJ1~1nrZ\'IVla..Jin 
tZ1~ !nl ufa n~b J1beJ13-11l~elUbJl Fl'U~bJlFI rlUel~ifiu tJutZ111?i'~u 3, 7 00,000 

q ~ 

6'lnu1AnnTma..11?1J btluit'1~1~ud111 26,500 6'lnu1AnnTma..11?1J bbU\'lblluJ1~1mb:i-ltZ11 ,5oo 
~ ~ . 

6'l nu1 Annfaba..i l?IJ uel nif ub uutZ1'Yl~b61 ~1u bbG'l~VlUel\'IU\'I b tluF111a..i~u 1 u~u~ l?i'u 1ar in iniru 1 u 
~ ~ 

UJ\'lmVl1JJda..iJ11 69,ooo 6'lnu1Annfaba..11?1J bllu1eltZ11uuJJt11n1AJ1113,5oo 6'lnu1An-
q ~ ~ 

nTma..il?lJ 



... 

~\'lb 'i1u 1r?i'·hJ1~ l9l~ a'.! A ru ~:Nu~ b 'VI :N1 ~ bbri nTrn'l.Jfo A'U~fo A bb 'Yl~:u~\'l a'.Jhl :N1 n b~ tJ 
q q 

bbar11 fo n1 ud:u~mJ\'ll9lbUU~vh b~~EJUb UUl911\'ll9111~El l9l:N~:N'\J'Hi!r?i'1tJtZ1nm:N tl\'l ~~l1bbar 
... q ... 

J1~l91~1~m1~3'.lhlmn bb~na'.ln1'H~:N1mfo~b~:NEJ:u1m\'l:u'Hrn'1J1 ... 
1\'ll\J"a'fl EJ\'JJ1EJ1 fo1'tJ bb 'VI ~\'JW~\'l\'l1Ul\11 nbb~\'l El1-n !?I~ riEJ\'l nl~'Yl'\J ~1J11 U:N'Vl1 ~:N'Yl"al r4' 

q 

"a~b 'VltJ n ~1m tJu 1EJ"a11 8 7 5 ~ nu1 Anntm:N !?l"a~EJ-J'U b~El"a1:N nutZ1~~~Fl1 tJEJEJ n :N1 nutZ1 ... 
~"a~b'VltJl\11n~1~u~n 165 ~nu1Arinfob:N1?1"a~EJ1u brhnufon1r?i'J1~l9l~'Vl:Nm1tJul\11nJ1'Yl~b~ 

... q 

1u~~ 1 ,040 ~nu1Arinfob:N1?1"a ... 
b itEJ\'ll\11 n A ru ~:NU~'f!EJ\'JJ11\J~l9l l9l-a'u A11:N 'fau1r?i'~ n11 bb~u~u El1 mm 'VlUeJ'Yl~b~l\J~ 

q ... 

I I d &' 1 ~ &' ::ZI V "-' V ~ I d' 
eJUn'.11'\JU'\J n El1n1A'Yl ~eJtJ'f!U~\'ll\J~Vn eJU1~eJtJ'f!Ub uUb:N'J.Jbb~'Jtl n'W l9l bm~1tlr;.J\'l(?I n~\'l ~'WU 

q <U cu cu 

fomllu~u ~:N~bb~~~m~u 1mb~~~1ua'.l~u1?1nlub'f!1?1'Yl~b~:NV11~:N'Yl"a 775 ~nu1Arinfob:N1?1"a 
... q ... 

1?1n~\'l'UUbb~u~u"a11 265 ~nu1Arinfob:N1?1"a ... 
J1~mb~~~:N~l\J~t1n~~l9l l9l~m ~11 'l.J ri1uV1it\'l~:N~ n~\'l ri#uu1 l911 ~ ~ n ri1u'Vlit\'l ... ... ... 

1 'Vl ~u11 'l.Juu~u1?11 :N~ ~1 l9l b~ tJ\'l b tJumhZ1 ~1o1"abb6i'11 'VI~ n ~u ~\'l ri'Yl~b~ b llu 1 LJ b ~ude:i ~1\'l ... 
1~1\J'\J~U 

l\11m'11\J "a 'flEJ\'lJ1b~udbEJ'11\J~a'.lm"ab~:NtZ1~l9lb~1mri1'11\J"aU~~ 14,ooo ~nu1Ari ... ... 
nfa b:N !?l"a bb~b itEJ\'ll\11nU"a~~1 m fa n~b ~:N~Ub~eJ tJ 'l a'.Jrt\'l n1"at:.J~ !?l'Yl1\'leJ !?I ~1'Vlnl"a:N~l~tZ1 

q 

El ~1'1 :N'Vl1 A1 ~ bb~~'VI :Nm1 tJutZ1 ~n'l.J"an b ~1 ri1'11\J"ae:i ~1\'l"a1 l9l b ~1 :N1 n ~mum"arutZ1~ l9l'fl e:i\'l 
q ... 

fa n~\'l A'U'PTU~WYJ nri tl\'l a'.l.n11~ fa n{eJUl\11 n'l.Jl] n~m b ~eJUnl~l\J n'vl1 l r4'bb 'VI ~\'JJ1~ l9l rlEJU l 'VI aj 
Ae:iJ1bbTI'1~#1 fo n ti1~'1 ~~~1 tJe:ie:i nm El11\Jn e:i.!ltJ o"a"a:N~1 ~~{1tJ bb "a\'l l m 1~1~1\'l'Vlu1 

a'.l&l1b~m 'l.J~tJ'\Jb YitJu'l.J~m rum"a 1 ~J1~l9l'f!EJ\'l Au1u«\'JA:Nri1u~1\'l~U1 ~Ull\J n ~11AeJ 
'fl()J~~~~J~'f!El\'l:NU'l?}~~El\'ln1"aJ1b ~eJn1"atl\'lV'Wb v:itJ\'l 5 ~!?l"a~eJAU~e:i1m 'Yl1if u bb~l UA11:N 

q 

b UUl\J~\'l AUb "a1 l ~J1 :N1 n n11if u bb~~ AU 1 u'l.J"a~b 'Yl A~w in.JU1bb6i'11\J~1 ~J1 :N1 n n11 AUl u 

U"a~b'YlAtl1~\'lWin.JU1 &11e:i~1\'lb~U AUam~tJt~J1AU~~ 25 ~!?l"a~e:i1u AU1'YltJ~U'\J'Yll~tZ1 
AU~~ 50 ~!?l"a~eJ1u AUnl\'lb'Yl'W"1l~J1AU~~ 200 ~!?l"a~eJ1u 'f]()J~~AWU1tJEJ{n1~tZ1AU~~ 

q . 

300 ~ !?l"a~e:i-Ju n~11nu-J1«\'JA:N~bl\J~rubb6i'1:N1 !?l"a\\i1UV1!?1 AUl\J~~\'l~U fl~\'ll~tZ1bU~eJ\'l 
~ ~ ... 

J1ue:i nl\11 n bte:i e11u 1tJ ~e:i n1"ab "W1~'1.J ~ n bb6i'1 tZ1t1'1 b llubb 'VI ~'1El1'Vl1"a Tl9ltJ!?l"a\'l ~1'Vl~'\J ... 
AUb "a1 r?i'1tJ famQ'W1~eJ~1\'l~\'l~1'Vl~'\J~11J1~11u1e:i~1\'lAU1 'YltJ 



I 
I 
I 

eJ ~ 191 eJ fllil1 nJ1 A a n\luu fl1 b UUbb 'Vl ~\IT u1~Ubbfl::bbA fl b ~tJ :i.J~a\I AU 1 'Ylti :f.J1 bb~ 
q ... 

u11'WU1'M- li!U~Tim1\lbnl9111 Au1 'Ylmb~Tu11rnmfl hJi;inAn A1:f.J~'JtJ hAm::l?lneJ b'W11::Au1 'YltJ 
qq cu q <U q 

1~bb'Vl~\lbbAflb~tJ:1-Jlil1na1'V111bb'Vl~\IJ1 briu Ufl1f1 rl\lb~n Ufl1n1au n:::U bllui?lu 
q 

u1::b 'Yl Fr1'Ylm11 n ~~1 ti ~\l'Yl::bfl~ ti11b'Vl~ti1?1 'Yl:: b fl b llubb 'Vl ~\l'Yl-r'W ti1ma1'Vl115u 

t11?1:1-Ji.1:1-Ju1ru~a\1Au1 'YltJ m::~\li.11m1i;ici\laan 1 U'Vl~m~tJ\leJAu~1 fan~n~1ti 
q ... ... 

-,---------'kh a_o b 'Vl un~LJ n ~ rJ.JJtJ tJ J 1 biLu bb 'Vl ~ \IBl i'Ll 1~_a_\l_~tu1'YltJ_bb_~_J__ll1tY\I~u'Ylu1 'Yl ~a 
i.1~Jl1'W1'Ylti1U'Vlfl1tJ~~ briUn1181U n118U n11U1::AU n11bbrii.1:i.JU1'W1 bUui?lu-#\11Ub~\I 
q q 

ci\I bi.1~:f.J1.1~Jl1'W bbfl :: -rn'M-1 hA mua ~\l~u11?1 J1tJ\lb uu~m ~a :f.J ltJ\11::'VlrJ1\I n1tlbbfl::~ 1911 ri'~ eJ fl 
q 

~a nubbfl::nul?i'\lb 111i1::An'M-1nu~a 1 u 

1ua~191 lil'JU Iii uil Iii 1iluun11 bb 'W'Yl ~ bbe.Juo11 :1-J~1~~aba1 n11 A ul911ba\Irio11 :f.J ~1 ~ 
q ... 

b UU'VlU'Yl1\I bb 'l'l\I a~Jl1'W 1 uo11:1-J~1 ~~u~illil;ij'tJa~ 7 u1::m1~ rl1u 'JtJ~ a 1.1~Jl1'W~8\I Flub 11 
. q cu q 

Jyotirishananda Avadhuta U'J::b 'Yl Ff~Ub~ tJ 1~bm::u1ni11~J1b ~a ~~Jl1'W 1911 :f.J'Vl « n~a\I 
~1unauul91:f.J1'JA 2 

lS'11: 

1. A~u'W«\llil1no11:1-J~1~ ;ij'm11fl-#\l;ijm11fl fan~b11m'"1tia~11:1-J-#\lb'lffl~~1u ... 
~1U~1Ub 'lffl~~u1::nau~Ub UU!9l''Jb 11 ~'J'Ub~tl:f.J fo\I rlU~'JtJFl~U'W«\IU1\lb~tJnrJ1 Fl~U-r\l~Fl81.1~n 
n11~1'J\l 191U1 ri'-ru Fl ~U'W «\llil1 no'J'J:f.J~1~8~1\11.1~1b1.1:f.J8 b UUUliJ;ij'tJb 'lJa\I i?lu~rh 1ri'b111.1~Jl1'W ~ 

q 

2. Fl ~U'W «\I~ 191 bbfl::A'J1:f.J ~ l?I b ~\IU'J n 'W «\I~ 191~8\I Fl'Ub 11~U~ 81UJl1'W 1:fJ~~i?i\ii1n l?I 
q 

Ulilli!UU~\11u1;ijtilii1u1u 1:iJU'ati~ 1.11i1U~\lrl1u11i1~a\I A ~u'W «\I~ 191 a ~1\l 11n m :i.J AUb 11'Yl n1wd 
q ... q 

~1 ~~11918 ~1 U~\I bb 'J l?I ~8:f.J'Y11\ll191t:lbUUci'JU1'Vlru31 nlil::bfl tJU'YlU1'Yl~ 8\l'W «\I~ 191 m11J n'W «\I~ 191 cu . q w 

8~1\1~1tJ 1 ~'Jtln111~A'J1:f.J~l?lb~\IU'Jn na1m1i;ici\le.Jfl 1ri'b11~1b uu~11918~1\1Un ~a~ 1~ 1 U 
q 

'Yl1\l 1911\ITI1 :i.J A11 :i.J ~ l?I b ~\I flu n ri a eJ fl b~ ti~ a a~Jl1'W~ a\I b~1~ t1\l'Vl fl1 tiu1:: m1 
q 

3. 81n1FfU~1.1'Yl~ mmFflii1bUU~1'Vl-ru~1191 n11'Vl1ti11ilt11n1FfU~1.1'Yl~ bbfl::'Vl1ti11il 
q q 

1 ri'i;ini?la\I a1 m1mbflrnu~tiumniFf~ ~u 1~mmFfb~tJ m::~\l'Wan~1\11.111~'M-1 Ulil1n~1\lmtJ ... 
bbfl::~ 19111il~a\I b 11~ n ~1tJ 

4. bb1.1\1191d'u 1?11\la~-n191 ~Amb'Vl~\l'W«\1011:1-J~1~~t1\l i.1'J1'W~\luufan bb1.1\l 191::1u 

rh 1ri'bn1?11\11i11~a\IJ1 rh 1ri'bn1?1 ~u 'Vl ~m~ti\l~ufa n 1 ri'b uu~b~ m b llubm ~\lt11'Vl11~a\I 
A'Ubbfl ::ff 191-J bb1.1\l 191::1utY\I ~A ~u'W «\I~ rl1u1mbri b 'lf fl ~~1\1 m ti~ a\I AUb 11fatJ1911\1 ni1a1u 

bb1.1\l 191::i'ub uuma191~a~Jl1'W'Yl 1 \I 011:1-J~1 ~u1::m1'Vlit\I 
q 

5 . J1 J1bUU~\lb~t1:1-J ltJ\1011:1-J~1~ nrn'lffl~~1\I niti~t!\lb 11 b 111~J1-#\lt1UlnA 
q 



urn:J hJri~ 1 :i'.lA11a-J'YlU1bbuuann n1".lbb'V'J~m:::\11mllun".l::'t.nUn1''.i~aTrnvdl\11n~ 1 :i'.l ... 
A11m~mlua\'l hJri~ 1 :i'.lA11a-Jb~a-J~u~1 m".l~mllun~ 1n~b~e:i~m'll~~~~mv:le:i'Yl~'IJ:ij'IJ 

... ... q 

Ta-J b~ ~ ~'aeJ\I a1".l:\11 n~1\l'Ylit'1 
3. bbeJUbbU'IJ T 'Li~ a~a-J (anabolism) b llum::'IJ1Um".lbA :i'.l~'Yl ~'IJ:ij°'rnm Tm~~ ~'aeJ\'l 

a1".l~1\l 1 a-J1rie:i~1'1af1'11?l1blluri1u~1'11 'aeJ'1b'l1~~~1'1mt:J m::'IJ1um".ld'Vi'1hZ~1\lmt:J 
b:\l ~ t!J b~'IJ Tin bb~::clle:i 3-1 bb 'lla-J ri1u ~ ~ n'Yl ".leJ 

4. bbA'Yl'Vl1 T 'IJ~a~a-J ( catabolism) b llum::'IJ1Um".lbA:i'.l~a~1t:Ja1".l Tm~~~ 1 my 
1 ~b~n~\'l ~1t:J1 ~bfl~ A113-lfeJUbb~::'V'JGl\1'11U 

5. m".l1~e:ie:in~b:\JU (use of oxygen) m:: 'Li1Um".ldb~a-JrK'1bb~n1".l-r'Ue:ie:in~b:\JU 
:\11 ntle:i ~ ~1b~ t:J\1~1Ub~EJ ~ T~ t:J'IJ".l".l~ 11'n'U~T3-l Tn ~uu1 Ub~ ~b~ El~ bb~\I 1 U:\JU~\'l n1".l~1b~ t:J\'l 

A1~'1Je:iu1~e:i e:i n 1 'l1~1~ t:J~::~1t:J1 uJ'1b~eJ ~ 1 tl:\lun".l :: ~\I ~\I'll e:i ~ bb~1'Yl1t:J1:\l e:ie:i n 

6. m".lfi1:ij°' ~'a EJ\I b~t:J (excretion) 'a EJ\I b~t:J ~ n fi1:ij°' ~ e:ie:i n~'1'Yl1\lt:laa11:: ~:\1:\11".l:: 
~3-l'Yl1t:J1:\l b'Yl~El bb~::a1".1Fl°'~mt\I ~1u~e:i\'le:i1At:JJ'1 

1 ub~e:itl1:i'.l A11a-J~1 Fl' ru ~e:i m::'IJ1um".lbA:i'.l bb~::~ ~nm u~1'1mt:Jl?i'\I n~11 b ".11~\I A1".lf 
~ ... 

15~tin~e:i\11um".l~a-JJ'1 Fle:i ... 
1. ~3-1J'1b~m1~1f~nm::'Yl1t:JJ'1b'vh,%u n1".lbb~U~a-JJ'1mn:\lub11u1tl 'Vi'11'Yl1in ... 

~e:i\'l b~t:J'V'J ~'11 um".ldi'IJ n ~'IJ~\I a1".l~:i'.ltl".l:: Tm1ubbn~1\I mt:J~'Yla-Jub1t:Ju~1u 1in ine:iu~:\l::~'IJ e:i e:i n 
q 

'Yl1'1i:laa11:: u1u 1 b~11in:\l::aru b~t:J'V'J ~\1'11u 1 tl '1'111 ~bn ~Jl11::'Ylu11d1t:J ~ e:iub 'V'J ~t:Jd1 t:J~'1 ... ~ 

a' d cf I 1 I 78 
n1".lbb'V'J'Ylmbe.JU:\1Ub".lt:Jn11 Jl11:: ine:ieJUbbeJ (Kidney Yang Deficiency) · 

2. ~3-1J'1'Yl~\l~UUEJUb~1 blJU:ij\'l'Yl'J::b1~1~~ b'V'J".l1::b".l1'YlGl'IJ3-11~\IAU ~1\'ln1t:J 
"' .... "' 0 

a-Jna-JJl1'J::'a1~U1 

3. b1~1~b'Yla-J1::~rn1~1'Ylit'1Fle:irie:ium'Yl1".l 1 ~1Ta-J'1 J'11\\'1u1ud:\1::~1t:J1'1-Z:i'.lJ'1~1t:J 
bb~::J' 1~ Elm vhJ\'l'V'J El ~1'Yl-r'IJ ~El El1'Yl1".l 

4. ~3-1J'1~nA~\l'Yl~'1m'Yl1".l1tlbb~1«n 1 ~1Ta-J\I b'V'J".l1::J'11\\'1u1ud:\ld1t:J~1um'Yl1".l 
~'1~11«l!Ka::~1n 

5. ~1e:it:J1 n ~3-1J'13-1::u11D'1\I fi1tK J'13-1::u11~1t:J1 ~~11~bA ~e:iul?l1 J'13-1::u11t!\I 

~ ElrJ1 b UU~1\'lb~EJ b Yi t:J'IJ n'IJJ'1~e:it:J1 um::b 'V'J1:: Jl11d1\I mm llum~bnU 1 tl'Vi'11 ~b 'lJ~ ~~1\1 m t:J 

~e:iu~11u'Yl1\lin".l'1~1a-JJl11d1\lmmllu~1\lb~nue:it:J b'l1~~~1\lmt:J:\l::'Vi'1\11u1iK~n11 
dol d~C:Z I cf<V c V V I 

6. :\I::~ 3-JU 1eJU'Yl".leJU 1bt:JUt:JeJ 3-J'aUn'IJEJ tlJ'YlJla-J bb 1~~El3-1 bb~::A'J13-J in EJ\I n1".l'a El\'l".11\'l m t:J 
q q ... 

1u'aru::,%u1 



7. ~ a.nl1i?i'1ti~ ~ 1lil~b lJu(,lTI J1a'.hJ'Ylu1'Yl~EJ~1\I mmbi;'i~~ ~ 1lil ~1w~~\l\11uF11Eiu~ ~ 
q 

~\llil~ 1l9i'EJ BU1tJ~EJ 1 tJ 

i,l ar tid~ \I b UUtJ FITI El \IT i;'i n 1 {'Wd ~ bblnU F111 ~UtJ ~ b ~El \In 1'a 1 ~J1 b ~El £,lTIJ11'W bb 'W ~ 
q q 

'Y'l i;'i1ti1 u~1 fan 111ti1t«~EJ~ b~tin-11 "1,l'\J1" bbi;'i~nlil m'a1 ul911wd'rh lluu~m'a'Y'l-d\l~~Eiu 1 Fi~ . 

5u~\I hlilu ~\11 ul911ueT'\J'a ~ nEJum'abEJ\I 1 ul911um r4u~m'a bbi;'i ~ lil ~ ~e.rn~1tJ£,l{1\l'a1tJ 1in1 r4'bbri 
q ~ ~ 

U'a~b 'YlFfb llmhu1u~1n ~\llil1b llu~eJb~m~EJ\ll Ub~EJ\ldt«EJ\I~ m1~{~tint«EJ\ll uFt11,l~ {bbTIU\I 
~ ~ 

~1su1ua : F1:iactsnfiu11nsnos1un1s11wnf1wuu1u11a:n1s11wnf1 ... 
11wulns 

bbi;r'J J1~\I ~U'YlU1'Yl ~El £,lTIJ11'W n1 tJ bbi;'i~i,lTIJ11'Wllil m bb~1 'Y'lUbb~1 d J1uEJ nlil1 nlil ~ ~i,l~U~'Yl1\I 
q q 

n1 tJil1'W~'JtJrl1'a~ i;r1\I ~\I 1,ln'\J'anil1 tJUEJ n bbi;r'J J1 n ~U'YlU1'Yl b UUbFl~ EJ\lrl1'a ~ i;r1\l'Yl1\I~ ~ llil~ n l911 tJ 

'\J'a~b 'W &~u £,lEJ\I b~Eiui;r1uu11 'Yl ti ~1u~11 l911 ti~ Bi,l\I m1ul?i n ~11~\lvi'11 nu i;'i'W 'a 'Y'l~ m~uty'Y'l1 
bbn o'a'a~U1 i;'i n~1'a-J1 "b 'Jm1b°li1 b 'J m1b fl£h'lbrn~b 'Jm1~1'a1Afl~fl1 'YIU?" F\'1 ~ EJU n ~El "b 'J m1 

q ~ 
I Q.I Q.I I I 

Q.I d I d Ill <V di Q.I 0 Ill QJ' idl d d 

b '211 'a1 flf°llfl\'.l f!Ufl fl'Vl'YIU1 f!U'Vl\'.l'YI m1fl!il'1 ~fl\'.! bei1u1m1'1'YIU1b 'J m1 ~uueiu b 'J m1b 'Vlfl\'.I 'a1flf 
~ 

°llfl\'.lf!Uei~ilein f!u..f\'.l'Ylm1fl~'1 bmJ'1bei1u U\'.I n'a~bb!il~i5'u'V1um'U'YIU1ein b 'Jm1~1 'a1Afl~ 
~ ~ ~ 

fib 'ti'1 flU~'1bmJ'1iK1'1 b 'ti'1neiub"li1ueiu"9 
Fiu 1 'Yl ti~\11 ~J1buu~EJ1u~5 m'a ~ ~1\1 '1 m 'a 

EJ1uJ11,l~ bin1~ bFJ'a1~r1 m'a-ru n1'JU'a~'W'a~J1'W 'a~ 'W'Yl o ~ul?i b ~El b llu~~ ~\I Fl i;'i bbriu Fl Fl i;'i'Y'l~EJ 
q q 

i,lt11U~ n1'J£,l'J\IJ1'W'a~'Y'l~El'a!nJ1 r?\'1'f41m 'Y'l ru~ bF11'a'WUU ~El 1 U~'a~i,l\I m1ul?i m~~\l l~J1 
~ ~ q 

1u'W'a~'a1'El~6~1f!ty '1 b~u m'a~EJJ1'W'a~~'W't?!lu«~m bllut«u 

n1'abb'W'Yl ii' bbl:m~~1uEJEJ n i;r1u~EJ11J1b lJuEJ\I AU'a~nEJu~u~1u~1fi'ruTIEJ\1~1 ~ b llu .... ~ 

Vl'Ct\11 u~'Y'l1il~'au~ ~1~'Y'l~nn1'abb'W'Ylii'bbem1 'YltJ 'Y'l~EJ 1 uu rulil~'Y'l1il~'a'\J ~1~'Y'l~ nmmb 'J'Yl 
QJ QJ QJ cu cu q 

TIEJ\l~ub~tJ bbi;'i~bllu'Y'l-d\11uo1~~\I 5 5uu'a~nEJul911ti ~u J1 1'\f'J 1at bbi;'i~fa'Y'l~~1~'Y'l~nm'a 
q 

.. d 

bb'W'YltlbbeJUlilU 

n ~11~1'Y'l-ru n1'abb'W'Ylii'bbe.Ju 1 'Ylti~\lb llum'abb 'W'Yl ii' bbUUEJ\I A'a'J ~ n1'ar?\'1b itu~1 ~ iff\I bb~ 
Q I ~ d V CV cd d i.J CV c:I 

bn in bbn blilU bbi;'i~ ~1tJ lil~bn mTIEJ\I nu'W o m'a~ bn mTIEJ\I nu'W'a~'W'Yl o Ft1i,lu1 mbUUbbeJUbbi;'i~ 
q 

bEJn~n~ru~b lJu1t?!JUo'a'a~n1'af?\'1b UU~l~TIEJ\l~UbEJ\I bbi;'i~ J1 fl~U'YlU1'V1£,lEJinbb'Yl'anEJ~l Ul~ 
~ 

i,lTiil1'WTIEJ\I n1'abb 'W'Yl ii' bbe.Ju 1 'Ylti Tin ti~ i;'iEJ in n~11~ EJ m~u1um'abn in lJFJTIEJ\I Flub 'a1 n1'abb 'W'Yl ii' 
q 

• 



... 

51 ~ m-HJ~1u U":i::nelu 1?11ti 51 ~~ ~u J1 i;ni hJ li?rnil~u 20 J1 1 2 Gla-J 6 

bbG1::1vJ 4 ":i1a-J 42 u":i::m":i~1!?li;;1:1-J1?1Glnu 
q 

~~i;;i~!J~1U 'Vla-J1tifil'I ~'YlB'WG1Tiel\l(ll!]n1Gl (11!]{eluirm~uu1ti!?l1ti61~1vJ (ll!]~U 

ir m~ut'.l1ti !?11ti 511?1 G1 a-J n 1?1'V!u11ir m~u'l'.h ti !?11ti 511?1J1 
q 

0 1 cu q 

n1 G1 i;l :1-J n:\11 U ~'Yl B'W G1TIel\Ib1 G11 1!?lbbrl el1U 1~'W i;r\l 1?11\1 el1'Yl t?l cl 1?11\l~U 'Yl{ r\'11'l4b1 G11 
q'!t.J ... 

24 51Ta-J\1~~1u1tJAub":i1t?i'el\IUfu~1'Ylnu1Yi n~11~el b1G11 6.00 - 1 o.oo u. il~'YlB'WG'lTiel\I 
~~~~~~~~~~~~~~~~~•·~~~~~~~~~~~~~~~~~~~~~ 

511?1J1 1 o .o0 - 14.00 u. il~'YlB'WG'lTiel\1511?11vJ 14.00- 1 s.oo il~'YlB'WG'lTiel\1511?1Gla-J bllut?i'u 
q q q 

el 1 tJ i;l :1-J n :\11 U Fl U b ":i 1 l Ubb ~ G1 :: el 1 tJ il ~ 'Yl 6 'W G1 TI el \I bb ~ G1:: 51 !?lb lJ WU~~ tJ b ri U tJ :\1 :1-J 1 tJ 
q q~d..9 q q di3 

(0 - 16 u) b~uu1ti1?11ti61~J1 ar~.Qa-J1tJ (16 - 32 u) b~uu1ti1?11ti61~1vJ i:l~.Qa-J1tJ 
( mtiik\lbb~ 32 u~u~umtiiltJ) b~uu1 ti!?l1ti611?1G1:1-J 

q q q 

~1n'Vli;rnm1:1-J{b 'V!~1dAu1 'YltJ~ ~VJ~VJ5ub~mnu m":i1~J1~\lm ":i nu n1":iel1U m":i 
"' 

U":i:: AU el'U bb riJ1i;;i~u 1 w":i el1UJ1 bd b ~el 1 t4 i;;iel l?l Fl~ el\I nun{] bn ru~ bb vl\I n1":ii?l1b uu~1t?l1?11 :1-J 
,, 

QJ <lJ I d Q..I 

1 l?!JU5":i":i:l-JTI el\I t?lU t?l\I bbt?l el l?l 1?1~1U~U 'Yl n n1 G1 i;;f :1-J tJ 
q 

n ~111 Ub ~\I i;;iTIJl1'W ~ b ~el a-J T tJ\I ":i::'Vl 11\1 m mbG'l ::~ t?l ":i::'Vl 11\1 ":iU bbG'l ::u 1 a-J AU 1'YltJ1 ~ 
q "' 

J1 b llu~m ~el a-J Ttil'l 3'.1 ~ b 'VI ~1db ~1 b llu'V!it\I b~ m :1-J1 el ~1\1 bbtiu ti G1 b riu ilu elJ1 Fin~ ~'Yl ~1u11?1 
1ilt4eTb~uu1ti1~11'Yl1\I mti'Vl~el~ 1?11~ 11?1~n1 tJ ~ a-J 1 umu nu u1\111?1 il~1 t4eTu1mbri'Vl~el mu 

"' "' 
el1~b lluJ1bb ~i;;f :1-JU 1 w":i U1\I Fib uuJ1bb ~'Vl~elJ1w{elUi;;i1?1 bb rlbb~'Ylf'W tJ1n":i'Yl1\l5":i":i:l-J~1 ~ bbG'l:: 

q q q 

Jlili:lru ru1'Yi' el\I ~u~::il11?1 u1\111?1~ ::il uelJ11 il t4e4~'V!1ti~1 n n1":ib~uu1mb~1 :1-J1'V!1uJ1~1n 
<U QJ QJ <U 

bb~J11 Ub~:l-Jl tZnuif 11 uum~el AU~u11?1:1-J11~~el 1 tJ 5m llui;r nEJ-ru::mG'l~W~\l'W1~\I nUbbG'l:: 

nuEi n ":iU bb uu'V!it\I 
"' 

'W":i:: 1U'VlGl1tJ1 11?1 tJ\I ilu'YlU 1'Ylb llueTf nEi-1 '°111m~u1m!?lu1tJ1?11 tJ n1":i 1 t4 eJU1 tJ 
"' "' 

el1uJ1:1-Jui?l~\l'W":i::~::i;;111?1J1b llu5\l 1 1 t4 nu e4u1ti ~\IJ;'\l'WU:1-J~elfuJ1bb vl\I n1":i~h":i::~1\I !?11ti 
"' 

1~Af'Yl51 

n1":ibb'W'Ylcl~UU1UTiel\l 1 'Yltiil n1":i 1 ~J1b UU~el'Vl G11tJ":iU bbUU bQ'W1::n1":ibb 'W'Ylcl~UU1U 
"' 

~1uu1il-W Bn":i":ia-J~1~J1b~u n1":iril'I bA":i1::..4~u~::1?11 1~~u 1~bA":i1::'l4bi;;iuti1?1~qJ 1 ":il tZ;u1 tJ 

~1n~1 'Vl~eln1":i "ml?l6f~HJ'U" 1~nUAUU":i::i;;iUelU~b'Vlt?lUeltJ 1 ilVlB":i1?1J1:1-Jui?li:11?1bU1bFl":i1::'l1 
q q 

~\ldTl?l ti15 bbni:lqJ'V!1Tiel\l'Vl a-Jm~el\I ar n 1~'1'1G11ti1el~1\1~1:1-J nub riu 11 

bU1~u-A1m-J1:1-Jui?l 1~nu a-J::b~\I ~a-J~l?l 1?11bb1?1\l 1vJ1m7J1{eluG11n 
q 

btl1~u-A1m-J1:1-Jui?l-b~1?1 - bb'Vln-rl1TI1\l 1~nuTu\I t11 ~b~1 



.,,, 

r;1:J-Ju1'V'J11?h~u ~u i?l:J-J eiu b~l9l~nrn=rnu 1tlnu~:J-J~l9lb~eiu ~~1u ~l9l~l911\l'Yl111 'Ct1 
q ~ 

J1~\lb uu~a'Vlit\l~t m um1bb 'V'J'Yl ~ bb'\.J'\.JeJ\I rot11:1Hrn\l 1 'Yl tJ 

~\leJ1liJn ~1111?111 11~t11u l9lb uuF11r;1L9l{~~~:J-Jbb 'Yl1nei ~t um1bb'V'J'Yl~~wu1u bb~~ ' . ~ 

n11bb 'V'J'Yl ~ bbl!.JU 1'YltJbb~~r;1f;l1UU'V'J'Yl5 Fl1 r;1U1 :J-J1tl1U1U ibmn n~~'Elm!U:J-JU~ll '\.J11 ru eJU~~ii, 
q q q q 

'l Q Q cl' ~I n I "-' ~I n I 1 "-' cl' 
bUl91Ubbl91Ur;1'J11tl.!fl:l-JU ~U1'J'\.J1'J:l-JbuUf;1tJ1:1-Ju1~b'YlFI bb~~'V'Jl?!JU1:l-11buUu1~b'YlFI 'Yltl'Yln'JUU 

q ~ q 



J111~t.i1.Uf;lnu'l.Jca~a'Wd'Hfcuu1cut1ern11ut11&iGi1'11 
ue:i mn mi :J..J'lltt'd11r;:fti1a-m~1 'll:J..J'lltt'U":i":i'V'J m ~ 1 m'l ~1ti'Ylitl J11r?l-ru n1":ibf'l1":i'V'J 

q q 

uu 1 r'llb uu~\lffn~~'Yl~ b~Ubba-hl11 mf bb&JJ1f'l\lf'l1 bb&JJ1e'.l1\I T r'l~1u 1r?l-ru F1'1b~1'(]1tt11~'V'J~\I 
'li~ ~1\1t"af'l1'V'JtJ151 ~r'l:J..J in\11 in ri1ui!1bb ~~d tltl1U int "jf'I n ~tl.t]u~rt\11u€J~tl1n1'U"a1ru1 Ub tle:i{b ~tJ 
~u"a n~n ~uin ~u cl'luu bb~~€Jm~tittbbin\11um:J..J~m · cu cu QI q 

I 9.J 9.J V 61 d o G.J ofil I o c Q.J,. j 
---------b'kb bj eJ\JflJj &lJ_'LJ_'kJ.J_'~t1'lOO ~~'kbeleJIJUeJIJ~~DKl'UUJb'Ubb'l-'l~\IUJ 555 :J..Jii~ OO-f'A\l-lJ5~ t=lfl,---

b UUU"a~b'V'J &tl nu~\IJU'Yln1ud r'l~ ·1 ·~'d1~~~e:J1"atJEi"a"a:J..JrJU~\lb~e:J\lrJ\l{~nr;:f{1\I t "a\le:J1'UJ1 
~ q q cu 

rt\11 U "a 1'll1\I bb 'U'U ri1ul911 U1\I n b uut "a \I e:i1ui!1r;:f1 Ei1 "J OJ ~ l?l\l't'l ~ n ~ 1U'Yl1\I t 'U "a 1 ruf'J ~ ~1\11 
""' 

bbr;:f in\I ~\I A~ll bb~~r11r;:f1n{'(Je:i\111~L11u in~ ~m bb~T u"a1ru'(Je:J\l'll1~1n~1ue:i e:i n ~ ~u'Yle:i in numuu 

1Zu 1 lJ bb~ ~u1 \IJ ~ ~ ":i 1n ~1um~1~1urie:iuwu1'd1~1n ~1'u1nnb~tif711 tiJ1 12 . .., 

• 



. .,, 

vuvl 1 A'J'lv§'i(u§m'lletJ'J'lid1il<i1 • 
~---. 

~ ~ 

:ih~uu d11ih bbiil ~ m-a-a~u1t1il1e1uliliu'llu'lleJu~ n lii'1 ti 



• 



n~i-.iGi1'V1 fuv1 ~t?l ~-J'ut?ln J1nblluci1uwi'.t'11 u~1t?lTieh'leJAu1 Ubbr;iutf u~1tJ bb~ 1918'1 
"' . 

·~\h~n11'14<Ct'111 V1~t?l~-J'Ut?ln8~1 'UbTI!?l~~Jlil81n1 A'l4'U11b~uhirl1u1ti1 r1eJ'Au1 'UU'J~b 'Yl A 
cu cu cu cu 

b TI1 mui!11191i.J8 tJ '1 ~'1 F11~ ~8 nm~u '1 b i;i~8 '111 "b~1?11'u .... ei1'UJTv1ut~~1" A11~'14u11 
rh1 r1'bTI11&JA8tJ81uJ1nu n1~~'1'14~8'14~8m uu-J~uo'J1~~1&Jf18ti81UJ'1 

b'l4!?1Q~d m 1mui!1Gi1t4fu ~~'1 ~m uu "a.i'Vin-a-aa.ia°ll.n1cwtl-a~i;hatl1?11~" ~'¥111 r1 
q q 

bTI1{~ni;;IU1tJb d'8 i;iU1 tJ~'d bb~~b~81 '14~fl !?11 ~~ ~~'18 tJ1 n.W n~8'U n111~A ~ n A~ nu n11i;i1 ~ 
~~~~~~"' q~~~~~~~~ 

i;;1u1u~1\'I mti ~\'lb llum1~1bA'M-i;;ffY1'141~b u~tiu il1r?i' ~'l4~n~1u~'1 bb~tJA n~n v11i;;1u1 !?11{ 
q d..9 q ' 

b ~U~\'I~ ~ ~TI8'1 m1muJ1 ~um~~\'11918'1 t?l11b llunn'l4~1tJTI8'1f~1~u1 r1v11mh !?11{~'11918'1 
"'-l "" q 

muJ1i;;1~1bi;;!~8 b ~8 b llu1 B'l4<Ct'11 'Un11U8'1nut1AJltJ1~b~U~~~~1 n J1 n ~1 tJ 
' "' "' b~8~1f,l\'I 

mru1~n1I1aru v11uA1bb~'1d1 'Ci'm181ui!1blluci1u'l4<Ct'1TI8'1n11b~mmf n'M-1'Yl'l41 1I1aru~ 
u1fYlb~u~1nm 1«1u bb~~b~m~1citiA~m'l"l11~88ni;;t llA .A.36 m181ui!1nbllu~itti~~1n 
' cu (IJ q q 

~u~'1nu~m1ri8i;;i{1'1h'181uJ1i;;11011ru~~'1 1 70 bb~\'I Tiru~~~m'l"l11~bb~~erAu~~111ti~~ 
"' 

~r1'8'181uJ11 u1'1'14~8 A f]'\41 i;;tu~ b lJui;;i t~ i;;11Gi1t4fu n1181uJ1 bbUU ci1u~1 tl1 lA1~'14U'1 
haruA\'l~~~h 1~11 f~U1'M-V11 haruarnuti~Gi111rut?l'Ul ui;;it~i;i'Jb~8n1181rn11 'l"J{8~ '1 1u 

d..9 qq ~ 

nu n11f,l n b~ tl'111Vn11'11Uba'.i 8'1 bb~bb~ 8~~ b~ ~ i;;!UnU11VqJV11 n~n fl ~'U'l"JU ntJ bb ~\'! n11bb 'Yl'U~ 
J1 Tiru~b~8~~~1~'11ui;;11~ ~'1nul918'1~'1I'Yl'1 '11ut?l1~r;iuu 'l"l~1'1{8'1t?l~Tnu11 "ti ... b1 ... n1 ... " 

q "' 

~8~11 ui;;iartiTI8'1 ~ut u bA1~i;;1 u11 nl.J'14 ~ n]1u11 bb 'l"l'Yl ~~dl~u11m ti~11'l"l ~ ru 

TI8'1n11f n'M-1I1A~1tii!1 ~8111~~1'1 '1 ~~i;;ir;i1u81ui!1VJ{8u~1~nun11u1fYlbb~~8fY181'1'111 
q 

b ~8f n'M-1eTll1ti1 u1~'1411'1 b~~ruJl11u1 ~\'l'l"l1~eJ'b llub~1 
"' v "' 

u8n~1 n1un~nbb~~I1arubb~1 A~u~n118u 18{8u1 ur1'8'11~i;;iu i;;i~un1~81ui!1 
b~8mb~'1ir'1bUu1~~1t?lTI8'1V11VJubb~Ut?J b~tinnu11 Finn ish bath ~'1t?ln'Yl8fY1~1blluni1 
8U'll11U18~1'1'Yln1ud v11fm~tJ~~U1~b'l"lnJ~WU1'UUtJ~8U18J1 i;i~Un1181UJ1b~'U 

q 

b~tinnu11 . Russ i an bath nt?ln'Yl8rY1~1bU'Un118U Steam l Ubf'l~l1A~U~1'1 '1 8~1\'l'Yln-J'ud 
q 

-atlm-w~ 1.1 2 'll11YJubrnur?in·tm1-aeJu"lJ11il1'lluTim'ti'bbt'l:::rPf11baia.i .. 
eJu 1eJJ11 u~eJ1113t auatrunu m-at'l11bb°li!Pl11 uueJJ1b!ieJn bb~11 

• • 



"J,~thu~ w6'11.nifn,-,ucw\1sifal'o'l'Vla.i 
' u 

el~1\lhn~A1S11?1~~b~tJn-h 11~u1u1?1 'Vl~el Hydrotherapy dl1?1.W~u11'!1bllu 
mrn1~1n11b~ell?i'UAl?l111'M-~ 19 dbel\1

13 ~11U1bbvl\lbbA1u1'llb~b~tJ U1~b'Ylf!btlel1a..!U~el 
1ub 'l!ui?l b ~~tJ siu1?1'li fib uuu A A~ bb 1n''1~ b llu'Vl a..imXnu1u 1?11?11ml1 b 'Vl 1?1bn1?1\il1 n m1~ b ~n 11?1 

q q 

fuelu&im1?1f1mb1\lrff\lbb~el1tJ 1 7 u 'V\'11'11bTI1b~u1~11?1 'Vla..Jel~1\lueln-J1bTI11~i'.l'Yl1\l\il~'Vl1tJ1i?l 
q q q 

I .... I .... .. cl' 1 I .. .... 10 I _J :;- "' .... .... • I I 

_____ .bbl?l b m Sf_\lbJJinJ~_si l?l 1b~~R\l_Tiel_\IbTI1b1 ~~- :Yau~ tJ n a..i mL~- ~u_bb nu b_TI_J_Sl_\1_6'! el_\l_nu_m_b_elil_u 11n£l11 __ _ 

I 

b m'Vl1 tJ1ub1~1 hlu1u it1~1~b ~el\1011a..11?11b~tJ b ~11 ~ 1?i'el\lf11btJel1arub uutl1~b 'Yl Ab:l'.lel\l'Vlu11 
"' 

1A1«n AU~\il ~ ~\I bb~J1 ~1011 ~\I b lluil1~ b~u~ l?l~\I ~el b UUb~ el\11 'Vl~ bb~i?i'1 m !1 ~1011~'Vlu11 
b 'VlU'Udbb'Vl ~~ 'V\'11 rZmTI el\I bTil b~ a..l~ elUA ~1 tJ bb~ ~ 'Y11tJ~Sf1?1 bTil fi b~U 1i?i'b llutl n ~ \il1 n~u~ AU 

q "' 

ri'11 'lib~ b ~tJ fi ~el nu11 bTI1 b UU'Vl a..im 'Yl11?11 ~\l bb vi rlUa..ll'Vl1bm1 '11f ri"M-1 i?l1tJJ1 bb~U1b~tJ1?11 tll1 

b ~~tJSIUl?l°lib~ tJU'VlU\I ~el 1~ b uu ~\I 1~i'.l m1uwYi n\11UTiel\I b TI111 

b~el\111~u1u1?1mtl11n£JbUul9i1fu!91'111\il~\l '1t1?1m'l1USlb~tJu1Auu bTI1bUUb~n'Vl~a..i 
~eJelUbbel~t 1A bm 1i?l~uf11bci1TI1Ub ~el\I m1u1u l?11?11 tJJ1b~Ub ~msi~a..iSITifl1~ b TI1~\lu n 1\ilaYu 

q 

~\il~'Yll?l~el\ln11bSl~ a..isif1\I SITifl1~ 1?11ml1 bTiielel n 1 tl11tJJ1'Yl n-Ju 1~tJ ~ bb 1n fi11mQ~1~n1?1f elu 
q q 

0 1 Ill 

~el a..11 b TI1 n11 mbar m~rt\I n ~1\1 fl l?l'VlU11~~ a..!~ t U1tJU11 tJ 1~u 1Ub TI1 fi a'.! SITifl1~~ b~ tJ a..! tlel l?1 
"I "' q 

b~ el b TI 1'U 1 ~ b UU'U1'Yl'Vl ~1\1 1?11 tJ A11 a..! Sf ~ b ti elU h 1 US!fl1~ A11 a..! b UUel ~ eJUbb {ubbflUTI el \I AU 
"' 

61 .., a 1 v 1 cl' d d d 61 t .- ~I d "-' .., :;' 
tJ1 n\iJU b UbbA1U'U111b1tJ bTil l?1 bb'U\l~U'Yl A1\l'VlU\I m 'lJ Sft;lb uUSf tl1U'Yl1n"M-1 AUl?ldtJU1 bb~ ~ 

11?1.W ~U1 elU mclf n"M-1 i?l1tJJ1~ nm UnelUUi?l b ~U elU m ruQl?l J?l1bb1\1 '1 i?l1 tJJ1 ~ nu1 bb 'U'U 1 ~ 
q q 

bb 1\1 ~uil1 n11Sl~u1 ml nu1il1f eluil1b~U b uui?lu U1~Sf'U n11 ruTiel\I b TI1 ~a..11 nm tJ Tl?ltJ 11?1 

b ~ tJU'VlU\l~mci a..! ~\l~el m1f n"M-1 i?l1tJJ1 el'Yl A1 '!1bb~ AU\iJU~ i?i'eltJ fo n1SI bTil rff\I A11 a..!'Vli'\l~\il~ 
q "' 

bi:.Jtlbb~~11~u1u1?11 tl1 '11bbnAurt1 fan 

tl ~1tJA1?1111'M-~ 1 9 1?11. b\il . 1Ubl?l el~Ul?l if 11?1 el B'U1 tJ (:.J ~TI el\IJ1~ a'.!~ el1~'U'UU1~Sf 1'Yll1 

AUb 11 b tJu«l?ll b~ el l?1 elU ~AU~ A1'U A a..! el f;JJ'Vlfl ~el ~1 US!a..! el\I ri1ueJtJ t U'Yl1 ~1 ar Sf b ~ elU f 'U 
q cu qq QJ <u 

el rn'Vln~1 '11sia..11?1 ~el~ bSfa..Jel bb~~J1\il~ ~ i:.J ~ ~el~1\I mtJm mZel m V1 tJ\111?1 ~uel~ nu el rn'Vlfl~ bb~~ 
q <u q cu QJ q <u 

I c:ad d o I I 

m1a..ibb1\ITiel\I bbl?l ~~1 o'Yl m~'Yl1 l?lel11\I mtJ 

lJ 1906 1?11.bel~. bA~~elnn1usi'Vlf:Jma..i~m1i?i'b~tJul9i111b~el\I 'Vl~n1'YlmA1S11?1~ 
bbvl\111~u1u l?1 urn uul91'111f n"M-1 i?l1tJJ1el ~1\1bllu1'Yl mm Sll?l~bcimb 1n bb~~ 1~b uu!91'111 a..111?11lli1u ... 



LhriUF'l~1UIU11v111u1i305nE.nF118ClSF'l~OUclU 

i!1b llu~11~ ~ei~a.J1 n~ ~1?11 u1~'LJ'LJ'(JeJ\'J~\'1~~1~ 3 m n~ww1m 11ri1u1 'Vlru{~nri'u 
QJ q VQJ q 

~UbbG'l~ A 1?11 tJ be:J\'11111'(JeJ\'J b'Vl G'l1 bl?l ~tJ n ~~11 tJ ~3-l Fl11~~~~ ~ m~ru~b uurk\'IJ1 bb~ bb 'f1~~~\'lbb~1 
1 wn1\'11'Vl ~1 F11 ~~{J1 n ~'Lib UU'(J eJ\'I b 'Vl G'l1~ ~'V'J ~ ~ m1a.J bb tJ G'l ntJ1~'Vl G'l1 l?l a.J1 n~ ~1?11 U'U111?11 

'(JeJ\'J b 'Vl G'l11?11~ nu ~WYh 1 'Yi'un1'Vl m Fl1 ~~{'Vl G'l1 n'Vl G'l1 ~ ~1'(]1'V'J m ma.J An"M-1 Fl ru~a.JlJ~'(J eJ\'li!1 
q 

nueJ~1\'lb UU~1b uu«u 
Fi11 a.J{b d eJ\'I !?lu'(J eJ\'I Fi ru ~a.JtJ~'(J e:i\'IJ1 b 11'Vl11'U11i!1 b UU'(JeJ\'J b 'Vl G'l11 ue:i ru'VlJl 31tJ n ~ 

QJ q q QJ 

~~ l?l b~eJ mb~\'l'Vl~eJ~ l?l'Vl G'l ei a.J G'l~ G'l1 ~~ e:i t;JJ'VlJl 31 o eJ\'I Fil b "llm ~~ ~ bbG'l~ ~~ l?l b~eJ l?l~ e:i ru'VlJl31 
q q q <u q q cu 

1 oo eJ\'IFl1b°llG'lb~~~ 3 ti'ubUUF111a.J{'(JeJ\'Jun1'VlmFl1~~{~ubb1n 1 ~~~~F1Ub11~1?lb~Ubb~ 
<U q 

bbu1t:n~nu1mh 
q 

~u~ e:i a.J1 b~ e:i F11 ~~ {i?l1u1~1 bFJ ~11?1~ l?!JU1 a.J1 n~u ~\'I~ n11 An"M-1 ~\'I bFJ1\'I ~{1\'I 
TmG'lnG'l'(JeJ\'JJ1~u'V'J'U11 1 TmG'lnG'l'(JeJ\'Ji!1u1~ne:i'U~ui?l1~tF11\'1~{1\'I 1 e:i~~eJa.J'(JeJ\'Je:ie:in~h~u 

q q 

(Oxygen 'Vl~eJbb'VlUi?l1m1n"M-1 "O") bbG'l~ 2 ei~~eJa.J'(JeJ\'11e1Tl?l1b~U (Hydrogen 'Vl~eJbb'VlUi?l1~ 

5n"M-l "H") l1mllu~~l'Vl1\'lbF1~11 H o 
<U 2 

~1 n bF11\'I ~f1\'l~U:\i1u1~lY1'Uu:\ia.JJl 31'(JeJ\'JJ1'Vl~eJ H o b 11~13-Jl'jt;J 1'Ele:i B'U1~ Fi ru~a.Jtr~ 
t).!J a.s QJ 2 q 

'U1\'IU1~n11'(JeJ\'JJ11i?lb~U J1bUUbmG'l~G'l~~#1 (Polar molecu le) biteJ\'1~1neJ~~eJ3~'(]€J\'J 
Hydrogen (H) bbG'l~ Oxygen (o) ·yh~a.Jnu1a-1bUUb~U~1\'I bb~bUU~a.Ju1~mru 104.5 - 105 

eJ\'IFl1
3

'
14 

rh1'lt Oxygen ~\'l~J1'VlunilmFi~~~a.J1nn11 Hydrogen ~\'lbeJ1~bG'lF1~1e:iu 
(Electron) 1u'Vl~U1eJ'U1i?lmnn11b~nue:i~ bfl1?1bUU~Jl1'V'J#1G'l'U'Vl1\'l lww1~u 1 U'(Jru~~ Hydrogen 

e:i~ ~ e:i a.Jn ~'Li~ ~Jl1'V'J#1b UU'U1 n 1?11 ~Fl ru~a.Jlr~~ ~#1d'be:i\'I r\'11 lti!1 b llu&i'Tv11G'l~G'l1 ~~ ~ n'Li 
q 

~11~ ~ba.J bG'l n G'l ~#1 1 U'Vl1\'I ~1\'I rlU~13-l ~11~ ~ba.J bG'l n G'l~1a.J ~ Fl113-l b tJu#1bG'l ~eJ~1\'I b ~uJ1~un 
q q 

~~1a-1~13-l11f;JG'l~G'l1~it111?1 
ei~1'1hn~1a.J bb:ir11b11~~'Vll1'U11i!1~TmG'lnG'lu1~ne:irnllu~~1bF1~11 H o bb~1· 

q <U 2 

n ~13-l bb~ b ~~\'I bb~~ eJ 3.;J G'l rYl\'I n ~11 tJ\'113-1 ~13-l11f;J eJ B'U1~~\'JU11 nn n11~i!1 b UU'(J eJ\'I b 'Vl G'l1~ 
e:i ru'VlJl31°lZei'11i?l b YJ11~~1 n F111 a.J{'Vl1'11~1 bFJ ~~11 ~~11~~tmG'l n G'l 1 'Vlru'Vl~e:i ~mG'l ta.J bG'l n G'l 

q cu QJ q QJ q 

mm 'Yl111?1 ~11if un~~~\'I ~~l?l'Vl G'leJ a.J b 'Vl G'l1bbG'l~~1?1b~e:i1?1~ e:i ru'VlJl 31 ~1 G'l\'I b r11if u 'Vl~e:i ~1tJ~1~1 
q q q QJ q 

b lluu1d~ Fi ffu 1 11 "611-afita.1 bG1nG1b 'LI1lil~3llil1?1b~eJ1?1lil1?1'Vi6rnaH'ViG1'J 61\'.I n11611-a~3ltauG1nG1 
q q q Q.I q 

bb~b~m -Yl~'UJ1'VlUn'(JeJ\'1~11~~tmG'l~G'l1n ~bA~\'I nu~e:i n1a.J~tl'u ( Sulfer:s) 

b°llbG'lb U~a.J (Selenium :Se) b'VlG'l~b U~a.J (Te llun ium:Te) bbG'l~Ei11?.J t ufobU~a.J (Polonium:Po) 



--

~,\lrr\I 'Yl:1-J1?1bUU01~~8~1un~:1-JmJ~:1-Ju 6A 'UUl911l1\lo1~ (Periodic table) b'Yli'.18unu Tl?lti 

01~ Oxygen (o) bUuo1~~8~'UU~1?1~8\IA8~:1-JU~l'.lahZ1mtn8~~8m%8tJ~~l?l bb~~3'.101~~u q q QJ q q q 

~3'.1J1mtn8~~8:1-Jm n~ub~8WJ b ~tJ\1!911:1-J6i'1f?lu ~\I mlilU~\11uo1~1'LlfaL UtJ:l-J (Po) ~8~ 
~1~ ~1?1~8\1A8 ~ :1-JU~\l'Yl 3-11tJwn3-1-J13'.1J1mXn8~~ 8 :1-Jm n~~l?l 

q q 

ll"Jlll ..... Oxygen family 
EJ S;dll 

El .... ~ 
El-.. ,·~ 

'lU!11~~ 1.1 3 Gl1'l1\'lfi1GI (Periodic table) 'Via-I 6A b~{J\'JJ1'Vium1~G1e.JiWil1n'U'U61'1~1'1 .. . .. 
bbN1PNJ1V1une.i~G1e.ia-iliJ1nue.i{Jlumn oxygen a:iJ1'Viune.i~G1e.ia-ibu1a1i1 ~'1e.irlbrn1uua1i1 . .. . 

,. 

r11 b l11 'li''Yl t]'M-~~ 8\IJ1mXn t:1-J b ~ ~ ~ b ~ tJ\I 8 ~1\1b~m1 Un1 l 'Yhu1 ti~ l?l'Yl ~ 8 3-1 ~ ~ ~1 tJ 

V\~8lill?lb~8nbb~\1~8\ltm~n~ H 0, H S, H Se, H Te , H Po bb~1~~n lill?l'Yl~8m'Yl~1~8\I H 0 
q q 2 2 2 2 2 q 2 

u1li1~~1~~1?11u~ru~~lill?l'Yl~8m'Yl~1~8\I H Po U1lil~~\l~~l?l 
q q 2 cu q 

bb~b~8'¥11n1l'Yl 1?1~8\l~~~\11 Ul1nn11e.rn~1~H 20 3'.1~1?l'Yl~8m 'Yl~1~ 0 8\lrof1 b 'CJm ~tJ~ 
H s ~ - 82.9 8\IFl1b'CJ~b~tJ~ H Se ~ - 65.7 8\IFl1b'CJ~b~tJ~ H Te ~ - 48 8\IFl1b'CJm~tJ~ 

2 2 2 

b~8U1:1-J1'W ~8 ~b uumTV'J 'W'Li11J13'.1~1?1'Yl~8m 'Yl ~1~\I n11'Ylt]'M-~~Adlb uu:1-J1 n ~8 bb'YlU~~~ 
\uutll~:1-J1 ru - 90 8\1 F11 b 'CJ~ b ~ti~n ~'Li 3'.1~ l?l'Yl ~ 8 m 'Yl ~1~8 ru'YlJl ~ o 8\1 F11 b 'CJ~ b ~ti ~bb 'YlU 

q q .. 

bl1~\l'W'Ul1 H s ~3'.1tm~n~wltnn113'.1~Jl1'WbUUn1'CJn1:1-J~~u~8ru'YlJl~~8\I bb~J1~3'.1J1mtn 
2 q q cu 

T3-lb~ n ~ b 'U1 n11n~'Li3'.1~Jl1'W b UU~8\I b 'Yl ~1~8 t!J'YlJl ~ b~ m nu q q ., 



vuiil 1 mm1§ifuJfl'll'll6('JO'lid1iJ& • .......... .. 

,lil\lailm\la1Uil<I Oyygen family hydrated compound 

100 

50 

0 

H2Te 

... H2S 

·100 
H20 (\11zamw11n'1q'lf#jl 

~--------- 1l'1mTnuuaqn 
18.02 34.08 80.98 " 129.6 

~tlm'W-vl 1.14 bb6'1~111~1PJ't'i6lfla-tb't'i6l'J°lleh'lth~l:i.ibllu lt1m1:i-t'Vl{j'tl-lj : 

1Pi'IP!bbtl61'13-11lil1n Yang Oh & Gil Ho Kim, Miracle Molecular Structure of Water 
15 

~1n".iUJl1'W~ 1.14 ~~b~u1til11~1?1b~eJ1?1~el\IJ11uri"nmllu~~\l~UeJ~~muviJl~ 
QJ q QJ q QJ 

~\I n11'Vl q'M-l)1 'll an n ~\I bb~l?l\111 ~ eJ\I ~ bb 1\1 fil l?1 b mlm Tm~~~ ~u ll?lUeJ m wueJ 1 u~1 n :1-11 ~~ eJ\I 

T:1-1 b~ n ~ir1 b ~ tl\I ~1'\Z\I b lJUbb u ~'1'11 l 'Vll:!-1 b~ n ~~eJ\IJ1bn1~ flUfJ~1\I b wum bb uu 13.itJeJ :1-11~ b 'Vltl 1 u 
q q 

1?11:1-l~Fl11~~blJU 
' v . Cl d o nJ o a" I Q..I I d 

~1 n Fl11 :1-l'W tJ1tJ1:1-1An'M-1b1fJ\IU 1~fJ\IUn1'Vl tJ1 '°11 ~1?111Utl l?1 '1 :1-11 'W'U11UfJ m 'VlUfJ q 

~1 neJ~l?l eJ :1-leJ eJ n~b~Ubb~~ 1e.J fa1b~U~bm~nutil1tJ'!Zutsdri b 1b~Wn (Covalent bond) bb~~ 
bb 1 \I ~ \11?11?1~1 n :1-11 ~ T :1-1 b ~ n ~ bb ~ 1 1~vi11 \IT :1-1 b ~ n ~ ~ eJ \I J 1 til 1 tJ nub eJ \I i:r \I~ bb 1 \I fil l?1 b vi it tJ 1 ~ n 

.. q q 

u1~ bJl'Vlviit\I~ fil 1?1 Tm~ n ~~ eJ\IJw~h til1tJ nu ~\I bb rr~~\I bb~1 A eJ ~Jl1v-J ri11 m liu#1'U1 n 
q " 

~eJ\I Hydrogen (H) eJ~l?leJ:l-lluTm~~~~eJ\IJ1Tm~~~~ 1 ~m~'Yl1~eJF111mllu#1~'U~eJ\I 
Oxygen (o) eJ~l?leJ:l-lluTm~~~~eJ\IJ1Tm~~~~ 2 til\lbb~l?l\llU~UJl1'W~ 1.1 5 

••• 



... 

tnimllu Hydrogen bond : l?i'IPlttU6h'l!il1n Lahninger Principles of Biochemistry 

b ite:i\1~1nbb1\1~ bn l?l~ud'bn 1?1bite:i\l3-J1~1nA113-J G'f13-J11r;i 1 un11~1t.1tl1~~~ bri A ~1e:iu • 
'Vl~rn ... h~~mJe:ie:in 1ll~1n1?1111?1~1mm\le:i~~e:i3-J 1ei T1?11b~U b 11~\lb~t.1n~e:i'W°'uB~'Yl1\lbA3'.Jbb'\J'Ud'11 • 
WUB~ 1ei T1?11b~U (Hydrogen bond) 

b uu~u1~\lrn~11Tmrinri~e:i\IJ1b~e:J3-J1e:i~11w'lu'Vlri1t.11 Tmrinri T3-lbf1 nri~e:i\IJ1 
q QJ q q 

~~G'f{1\IWUB~1eiT1?11b~U~1?1b'Vl-dim~\lnubbri~nubm11 ~~11"lrun~e:i Tmrinri~e:i\IJ1 1 T3-lbrinri 
~ . . 

G'f13-J11r;i~~~G'f{1\IWUB~ 1eiT1?11b~u11?i'~\l 2 'W°'uB~~~~ 1 llbn1~~1?1n'\JJ1 Tmrinri~u bfll?lbUU • 

-a'llm'W~ 1.16 tta~111m-atm~l?i'1'lleh'.ICJ~nJ1tt~\'l J1ttrPiii1~la.1tiilnii13'.im-aRi'1'1-W'uB~ 
~ . 

Hydrogen bond ~61t 'Viif t11~\'l fl'Uttiil~fl'Ut U'Ut~~ei"li1t1eifl1'1 tt'U'U'Vi'l..11 : 

l?i'61tt'lliil\'la.11fil1n Lehninger Principles of Biochemistry 



_; ~ ..... o a..-. .·""'"' "'• 

'll'l/1'111 1 flfl'llll§N'll§'l'llVf>(']fl'lS'll'l'll<il 

b lteh'll\!1 n n1".i~ ~~UEi~ 1e'.l fa".i bl\IUeJ ~ b UWil1WJU3-J1 nif u ~\'lrl11 ~J1~ eJ ~1 U 
~ ~ 

fl1'(JU~ 1~ 1 n!9l13-J~ bb".i \'l bn1 ~ ~~ rlU3-J1nb~tJl\IUb 'Yla'.JeJUb tJutm!,'l n!,'ltJn,;b~tJ\'l tm!,'l n m~m 15 
q q 

d QJQ d d d d I c!1 ~ C:Z &' 
bb!,'l~ a-J ~ ru 6'la-Ju in'Yl bb u [,'l nu".i~'Yl [,'l1 ~A ei bb 'YlU'Yll\I ~ a-J A11 a-J'Ylu1 bb uu~ ei\'l t:J [,'l nu1 bb~\'l a-J1 n~uin1 a-J 

eiru'Ylfl~~[,'l~!,'l\'l b".i1n~uin".i'Jl\l'WUrJ1t:J~nJ1 (J'1bb~\'l) ~A'J1a-J'YlU1bbuumn~6'l~~eiru'Ylfl~ o 
q cu q q cu 

eJ\'l m b '(j(,'l b ~tl 6'l ~\'lrJ1num3-Jl\l~\'l bbGt'J n A eJ eJ ru'Ylfl ~~J11 U~\'l ri1u 1 'Yl ru tJ\'l b uuJ1ei ~ bbG'i~ A'J13-J 
q cu cu cu 

'YlU1bbuud'l\l~~eiti1 Gl~!,'l\'lb~eJ[,'l~eJru'Ylfl~!,'l\'l1u~rnuu - 4 ei\'lF11b'21!,'lb~ti6'l ~\'lbllueiru'Yln~~ 
q cu q <u 

J1 ri1u'Yllt\'l b ~a-J:ij'u 1?11 rlUb UUU1bb~\'l 1 ~b i1u neiuJ1 bb~\'l~ eJ ru'Ylfl ~ -4 eJ\'l m b '(j(,'l b ~tl 6'l n ~'\J 3-J 
q ~ 

m1a-J'Ylu1 bbuwiZei tin11J1b~u o ei\'l F11 b'2J[,'l b ~tJ6'l b tlu~a-J1~ei\'lu ".i 1n£Jm ".i ru~b ".i 1b i1 ul\lu~u 
1n1--J1J'1 bb~\'l !,'l eJ tiJ'111?i' VJ\'l ~ b 'Yl 3'.J eJUb UUb ~eJ\'l~1~ ~~Un~ bb~ eJ ~1'11~ bb~1 U'Yl1\'l1'Yl tl1 F116'1!9l { 

~ 

bbGt1-ciA ei'Yllt\'l 1 Ub ~ei\'lu ".i~'Yl [,'l1 mb 'Yl n niJ bn ru ~~ ei\'l b 'Yl [,'l'J'Yl !,'l 1tJ1 ei ~1\'l~J1 ~ 
l?i''JtJA ru6'lmJ~~~n1".ibn1 ~ b~tJ'J".i ~ 'YlrJ1\'lrlUl?i''JtJ~UEi ~ 1e'.l t~".ibl\IWihU'JU3-J1 n 'Vl11 ~ 

q 

bn~~n~ru~lil1b'W1 ~ ~ei\'lJ1~bbU!,'lnoW6'lm".i~n'Yl!,'l1tJ 1 ei~1 \'l !9l1a-Ja-J1 b~u J1btlul?i'1'Vl1[,'l ~ [,'l1tJ~ 
~ F11 A11 a-J~ A'J1 a-J{eiu (Specific heat) 'Yl~eJ A1'W ~\'l\'l1um1 a-J {eiu~1m Un1 ".i b u ~ tJUbb u !,'l\'l 

~ru'YlJJ~~eJ\'16'11 ".i 'YlU\'l 'J ~u 1 eJ\'lF11b'2J[,'lb~tJ6'l ~~\'Jann 1 b~mrltiunu!?l1'Vl1[,'l ~ [,'l1tJgu1 !?l\'l 
I 6) V I J' 3 

'°11 b U!9l1".i1\'l~1\'l !,'l1\'lU 

fl1'°1'J13-1~'°1'J13-1i'eiu (Specific heat) (Jig) 

" 
u1 22.6 

.. 
ba-J'Yl1UeJ!,'lbbeJ[,'lneJe'.JeJ[,'l Methanol 1 1 

bbeJ 'Yl o1UeJ !,'l bbeJ !,'l n ei e'.l ei ~ Ethanol 8.54 

T U".i'W1UeJ !,'l Propanol 6 .87 

U'J'Yl1UeJ !,'l Butanol 5 .9 

5 .23 -
be'.lnb'2JU Hexane 4.23 

bUU~U (Benzene) 3.94 

U'Jb'YlU (Butane) 3.81 

2.47 

1\11 n !9l1".i1\'ll\l ~ b i1u 11?i'11J1~ A ru6'la-JU~~ b tlul?i'11\1 A'J1 a-J{eiu~ ~ a-J1 n 
' ~ "' c 

UUAeJeJru'Ylfla-J 
q q q ~ 

bU~tJUbbU !,'l\'l 11?i'mnbbarl\l~~m".i1ri'W~\'l\'l1'\-liA'J1a-J{eim~11 u1 uJ11i11u1umn 
~ W:Q.Jd 0 u 1 n tJ\'l a-J ei ru'Yln a-J 

q ~ 

~bu ~tJUbbU !,'l\'l 1 U b~ nuei m~ei b rltJU nu l?i''Jrl1!,'l~Gl1tJl?i''JgU 

.... 

• 



... 

b~eJ".i1a-JA rul;"fa-JU~~bbU~n~l;"fl?l11~1'11 TieJ\'ITieJ\'lb 'Vl~1~b~tJn11J1 b~1nuu~m ru~ 
q 

~El ~El ~1'1 a-J1 n a-J1 tJ a-J'Vl1A1~1 Uu ".i".i a-J~ 1 ~ b~ eJ b Vi tJU nu ~Tvl1 ~~~1 tJ~Ul?l ~U~'Vl1 bb 'VlU hl mu 
QJ 

u".i".ia-J~1 ~ 'Vl11 '11~'1~~1in'Vl n~Ul?l".i1a-Jtf'1 AWil~ !9le:i'1~11~u1 n1".iU~U bu~ tJU~1beJ\'11u1?11 a-J 
q 

A rul;"fa-JU~Tie:i\'IJ1!911mriu b -cle:i\'1~1 nJ1bnu A11:1-J{e:iu 111 u~1:1Yu1i?lm n ff in1'Vl~1tJ~ul?l~'11~ 
q 

J1b llu~1~n"M-1e:i ru'V!Jl:i'.lTie:i\'1~1'1 m tJ i#\'lue:i\'l num1l;"f rub~tJ A11:1-J{e:iu 1 um a-J~m m AV1u11 b~U 
q cu qJ Q} 

bb~~~Ub 'VI~ eJ".i~U1 tJ Fl11 a-J{eJUeJ eJ n m'W{eJ 3-J nuJ'1b 'VI~ eJ 1um3-J~ eJ1 n1 A{ e:iu 'Vl~eJ n".iruTieJ\'I ~\'I~ 
~1in~eJ1AtJe:i~1 Ubb'Vl~\'IJ1 ntJ'1A\'ll;"f1m1tiu~u~11~~1ine:i~~nwue:i 11?1 bba-Jb uma-J~~1J1~u ~1 

QJ QJ 

buuJ1bb~\'I b'W 11~nwue:iJ1tT\'l~l;"fJl1'Wb lluTie:i\'lb'Vl~1e:i~ 1 u'VJ1\'11n1'1nu~1:1-J ~1 l;"fJl1'WTie:i\'IJ11 u 
QJ 

bb 'VI ~\'IJ1in1a-J".i~uuub1 Abu~ tJUbbU ~'11 u~1 n b~ a-J ~e:i a-J ~'1 t:.J ~ n ".i~ 'Vlu e:i ~1'1a-J1 n ~e:i ~\'! ~~1in~ 
mAmb'Vl~'1J1if u1?11mriunu 

3 

itn1'Vl m A1 l;"f in{ 2- 3 'Vl A111"M-ri e:iu 11?1 in1~V1itn ~'1 A11 a-J ~1 A' qiTie:i\'IJ1~ ~t:.J ~ m~'Vlu 
~ e:i l;"fTIJl1'WTieJ'1AU1 u1~1?i'uV1-ci'1 bb~1 U".i ~ b 'Vl A~1'1 '1 ~'111?1~ m1ri1V1Ul?la-J11?1".i'i\i1uJ1~1V1~u m1 

q "" 

u~foA~U b~U tJ 1974 U".i~b'VlAi;"f'Vl~~ma-J~m1i?le:ie:inniJ'VlmtJ Safe Drinking Water Act 

( SDWA) ~\'! b lluniJ'Vl a-J1 tJ ri1V1Ul?l a-J1in1~1uJ1~a-J11?1 bb~~~ l?l 1 '11~ eJ\'I f1 m1~r1 n1J~'1bb1 l?l ~ e:i a-J 

(Environmental Protection Agency EPA) bUU~mu~a-J~bb~ ~n"M-1:1-l11?1 ".i~1Ul?i''1n~11 1u 

".i1tJ~~b~tJl?lTieJ\'lml?l".i'i\i1UJ1~:1-J~~1i1'l?l~\'l 83 ~1~b~tJn11 Maximum Contaminant Level Goals 
"" 

(MCLG) 'Vl~eJbbU~l1~1n1".iU'Ub~eJUa-J1n~~[?l~tJeJ:l-J ~U11?1 tf'1dtf'1 83 ~1i1l?l bbtJ\'lbUUn~a-J 
il'l?lbMmn'rn~e:i hA~1'1 '1 (Micro organism) n~a-Jill?lbMmnul;"f1 1in~1'1bb~ ~ t:.J~t:.J~inTie:i\'l:IYu 
(Disinfectants and Disinfectant byproducts) i;"f1".ieJUU'Vl~i:ibA~ (Inorganic compound) 

i;"f1".i~U'Vl~i:ibA ~ (Organic chemicals) bb~ ~ n~a-Ji;"f1".ifla-J:iYUinJl1'W ~'1~ 

o' 0.010 Skin d1m10• or prob11m1 with c!reul1tory sy1t1m1, erosion of n1tufl l d1po1it1; runoff from orch1rd1, 
1101 1nd m1v htv1 lncrt1t1d risk ot 01ttlno c1nc1r runoff rrom gl111 &. oltctronlctproduetlon w11tt1 

01/23/06 

Asbestos 1 m!llfon 7 MFl. 1ncr111td ritk of d1v1loplno b1nlon lnt11tln11 OtCIY of HbHtOI ctmtnt In Wltt r m11ns; 
(fiber >10 micrometers) fibers pu polyps 1ro1fon of n1tvr1I d1po1it1 

liter 

Barium 1ncr11se In blood pr1uur1 OJSehlfQI ol drllllng WHtH; ditCht rOt from 
met.I re fin1rl1t; erosion or n1tur1I deposits - ~ 

Beryllium 0.004 0 .004 lnt11tin1l l11fons Olscharot from metal refin1r111 and co1l·burnlng 
factor111; discharge from t lectrlc11, urosp1ce, 
and dt ft nn Jndustrl1t 

Cadmium o.oos o.oos Kidney d1m10• corroslon of 01lv1nlnd plpu; erosion of n1tufl l 
deposits; dl1eh1ro• from met1l reflnt rl11; runoff 
from w11te b1tt1rl1t and pelnts 

Chromium (total) 0.1 0.1 All1rglc derm1tltls Olscharoe from stu l 1nd pulp mllls; erosion of 
n1tur1I deposits 

Capper 1.3 TT' ; Short term e>1posure: 011ttolnt11tln1I dlstrus Corrosion of household plumbing systems; 
A<tlon erosion of nttufll dtposlts 

Ltvel• l ,3 Long term 1Kposurt1 Uvtr or kldnty d1m101 

P1opl1 with Wilson's Ol1t11e should consult their 
personal doctor If th• amount of copptr In their 
wattr tKCHd1 th• action level 

Cyanide (as free cyanide) 0.2 0.2 Ntrvt d1m101 or thyroid problems Discharge from 1t11l/met1l f1ctorltt; dl1ch1roe 
from plu tlc 1nd ftrtillur f1Ctor111 

' ... ' ... I di 0 Cl I 

'a1J.fl1'W'VI 1.1 7 3-11~'aij1UU11?13-I MCLG niila.J Inorganic chemicals 

• ~ .... q 



uti mn nd~\lvm1tn :J..J1 t4':N m".itJfrn .. h\I b tJ ~t1Ubb'L1 ~\lti ~in ~ti l?I b 1~1 b ~ti fl11 :J..Jr1uG'tirti 
q "' 

b~U 1uu 2000 11?i':Nm ".i tJ .frntJ~t1umin".i'i\i1uhJ1t4'J'1~:J..J:NG'11".i Chloroform '\ll~ti Chlorine ... 
~ :N\11Ul~ti1 uirin1'Yl l?I ~ti\111t111il nti :J..J~ b ~\11171 b tJu~'u 16 

".i1:J..J 1 tJ ~\I n1".i n1'\llUl?I :J..J1 in".i'i\i1U 
""' 

~1'\llfutZ1~ruJl1'V'J~\l~b~t1n11 National Secondary Drinking Water Regulations (NSDWR) 

~ub tlum in ".i 'i\i1u~ mTu ~1:N117i'u\I V>lu1 TT bb~ b tlum in ".i 'i\i1u~1'\llfutZ1~tJ ~ti 1?1.tlt1~\l~u1 tJ ~ n ... ... 

~;r,>• ','~ .~', '< '' l' " ,,., ~W ,~ ' , ' , 'vf' ' ' ' 

l fl c j1\~ l1ill1l 111} ',-, 
1

' \~~~ 1 ·~ '' ' "' 1 !• J1{ ! l 1' ~ -1._ (11~! 1,·n 
" .. • •' " ' . " '~ ,'.' . . ... • ,, '! ' 11 .,._; ,•i ... 

Aluminum 

Chloride 

Color 

Copper 

Corrosivity 

Fluoride 

Foaming AQents 

Iron 

Manganese 

Odor 

pH 

Silver 

Sulfate 

Total Dissolved Solids 

Zinc 

0.05 to 0.2 mg/L 

250 mg/L -----
15 (color units) 

l.O mg/L 

noncorrosive 

2.0 mg/L 

0.5 mg/L 

0.3 mg/L 

0.05 mg/L 

3 threshold odor number 

6.5-8.5 

0.10 mg/L 

250 mg/L 

500 mg/L 

5 mg/L 

ti ~1\1 hn in1 :J..J :J..J:J..Ja-Jti~'flti\11'Yltn ror1 G'tin~m~bb'V'J'Yl ~jfa mt11 tJ ~\I :J..Jti\111tZ1:N fl ruG't:J..Ju~ 
q q 

~bllUG'16'11".ib~tlmnwh rYl\l~Umin".i'i\i1UtZ1~m~u MCLG, NSDWR ~titinm~\l:N\lbUU1tJ~ 
... q 

n1".iin".i11ii-J'l?lbb~~fl1'\Jfl:J..J~1~-J'l?l'Yl1\ln1tlJl1'V'J'2J~blJUri1U1 mu b~U 1:i.J1 t4':Nb€ti t ".il"lbfl'Ub vl1~Ub vl1'd q ~ 

pH fl1 ".i lil~ti~1it~1\I 6.5-8 .5 tJ ~ mrufo'\ll~'\lluntJ".i ~ bJl'Ylfl~Elh1?11:i.JbnU 250 mg;L ":1~":1 bvl1~U 
"' 

:J..J :J..J :J..Jti\l'flti\l fl ru G't:J..Ju~tZ1'Yl1\l l711un1 t1Jl1'V'J ~1\1 '1 ~uTl?I ti'\ll ~ n bb~1 :J..Jti\111tZ1~ ~ fl1 ".i 
q q 

b tJutZ1~u~ r;t'Yl ~ti ~1\1 ~\Im l?I b v11~u ~\I 1rK:N fl11:J..J'V'Jtntn:J..J1 Un1".i A l?IU".i~ ~ei-i bfl~ti\I mti\ltZ1 
q . ... 

~U~1\1'1 ~\lbb'IJ'IJ1~mti\I ~\lbb'IJ'U Activated carbon bb'IJ'IJ1uTm'2J".i13'.ifl '\ll~tlbb'U'U Kinetic 
q 

Degradation Fluxion (KDF) '\ll~mb:N'bb~m~-0'\IJ'1 Reverse Osmosis (RO) J'1 ROP negative 

ti ~1\11".inin1:J..J1uU".i".i1?11 tZ1u~ r;t'Y] ~~\l'\ll ~ 1tib'\ll~1dn ~\I :NJ'1u 1\ltJ ".i~ bJl'Yl ~ :N fl ru r;i :J..Ju~ b '\lluti 
q q 

1 tJ n11J'1 bb uu ~u ~\I '1 ~fl ru r;t:J..Ju~ b ~\Im t1Jl1'V'J m :Ntiunmn tiu'Yl ntJ".i~ m ".i tZ1'V'J1 n-dl17i'bbn 
q q 

J'1~1uG'tu1mb:Nb'Yl~n (Magnetized water) tZ1:J..Jul?i~1'rlfnei-1hfl G't~u1'V'J".i~~min~ti:J..Jbb'U'IJ 
Tei3'.ifa'V'J15 (Homeopathy) U\l'Uti n ~\l~mh n l?l'flti\I n".iti'U fl11:J..J A l?l'Yl1\I bfl :N n1t1Jl1'V'J bb'IJ'Ub~ :J..J 



... 

b~m~mnuh1i~1\l!?i'uTieh'lA1w:idd'l!I-~ 20 'l4~eiud :: a-J1ru 12 'Y1A'"Jdd'l!l-~~1um 1u 

Tiru ::~1 v1 bA~hlb ~a-J bTI1 ti'\111\1 &lu n ~ A11a-J rl11'14U1'Yl1\I !?i'1uVJ ~n 6f'Ylt"]'l!l-~~Ua-J1~ n'Yl1\1'14it\l~U 
~ei1v111!?11tJ nCl A1G'll.9l{A1eiu&la-J A11a-J n11'14U1'Yl1\I A1 G'll.9l{A1eiu&i'a-Jtln~~m1~ua-J1 Tl91mXn 

"' 
VJ~n6fbA~ bbCl::VJ~n6f'Ylt"J'l!l-~'l4Cl1mYuu1t4Cl1tJ 1 ri1u u1Tl91tJ b'Jei{mei{ 1m'llub'iHn bb~n'21 
vHl'\ll"l uCl°21 uei{ beiei{ 1m1h~\lbnei{ vrnCl ~bbdA eJClbtHl.91 1mfo11.91u bbCl ::1ClVJn\I 'WeJCl~ 

"' 
b tlu!?i'u G'l-r1\I A113-Jb U ~tJUbb U Cl\l~Uij,_-J_~_fa_n_fl_tl_1 1_\1_3-J_'14_1_A_1_Cl _____________ _ 

bb d n b ~ 3-J b ~ 3-J Yl bb U 1~191'Yl1\IA1flU&i'a-J191 b '14 :l'.J fl Wil:: ~1fl1911 \I fl ~l U bb 11911 \I TI fl \I VJ~ n 6f 
"' "' 

'Ylt"J'l!l-~brn:: 'J\I n1dbA~ b ri1if u bb~'l4 ~\1~1 n~un1'Ylm A1 G'll.9l{'l4Cl1tJ'Yi1u&11ei ~1\1 b ~u 5 Cl b 'iHl.91 

1eiuG'l11.9lu 11911 'l4m1a-JG'!Ul~ An'l!l-1!?11uu~vqi1 A'Jll ~nu 1 u !?i'1tJ bTI1 n ~ll'Wll11Ud1 nn n1 d ru 

Tifl\l'Yl n ~\I l UOdd 3-JTI1 ~~\I bb~ d:: rYllJ 1 mu G'll91Tifl\I~ m11 Cl 1~1 U~U~\l d:: rYllJ b~ n G'll91Tifl\I eJUfl1 A~ 
q QJ q q q 

Ud:: n ei u nu~Ub uuei::i.9lfla-Jif u ~ n{]bn ru~ n1 db u ~ tJ'Ubb u Cl\11 UA ~1 tJ A ~\I flll'l4~n1"11 G'leJUTifl\I 

U ~V ru1 A1G'IU1Tifl\IV111.91:: -Juei fl nmn tJA1G'IU1 b ~U A1 G'IU1'W'Yl o bbCl::~Ul91 b~tlb '14 ~rnnu ., . "' 
&11ei ~1\1~ b Yiu 1!?1~ 1911!?i'bbn\11Ub ~ tJUTI eJ\l 1eiuG'l11.9lu1 U~'J\I 1 ti ri eJU~ b TI1~::b~tJ~11.91 

~1!?1~~3-J~\11Ub~tJU~U'l4it\ITifl\lbTI1~flb~fl\I :'The Human Side" ~bTI1l 'lZ'YlddF!U::TieJ\ll'YltJ1A1G'll.91{ 

flll'l4 ~ nu~Vqi1'Yl1\I A1G'IU11111 

"The re ligion of the future wi ll be a cosm ic re ligion. It shou ld transcend personal 

God and avoid dogma and theo logy. Covering both-the natural and the spiritua l, it shou ld 

be based on a re ligious sense aris ing from the experience of al l things natural and 

spiritual as a meaningfu l unity. Buddh ism answers this descri ption. If there is any re ligion 

that cou ld cope with modern sc ientific needs it would be Buddhism." 

'14~eJ~~~bbU Cl b llun1'l!l-11'Ylmm1111"F11G'lu1 bbvl\leJU1 A i.9l~::b uum G'lu1m nci~m11Cl 
"' 

b Vl tJ\leJ ~1\1 b~ m bbCl:: 1~ b llm 'Yl'"Jl'Yl m uei n~1 nd1"11Gleiu~:: !?lei\! nuA11 a-J Adflll A Cl a-J~\I b~eJ\ITieJ\I • 
Odd 3-JTI1 ~ bbCl::~ i.9ll qi qi1 ru b ~fl l 'IZb UU 1 U i.911 a-Jif UA1 G'IU1 rYl\I n ~11 A1d~d1 n~1Ufl ~lJU 
G'/1 af qi ~1Un'Yl1\I A1 G'IU1~ bn 191~u~1 nud::G'lu n1dru~ ei ~\l~\IU1\I ~ ei ~\I Ddd3-JTI1~bbCl::~1.91 
1 ru ru1 ru fl ~1\I~A113-J'l43-J1tJ~nCl3-J n ~ u 'W d::'W'Yl D Ff 1G'IU11.91 fllJTI fl tl1'14 Ul91 dl!?l bb Cl:: ih~:: ~ ., ., . 
A1G'lu11191~1.9leiu~unu A11a-J i?lei\lmd'Yl1\11'Ylm A1 G'll.9l{G'laf tJ1 '14~il~~uu A1 G'lu1if un A'Jdb uu • 
'Wd::'W'Yl o A1 G'IU1" • 

uein~1nd1u~1\IU 1 960-1970 ttJ~V11~ub~tJ~eJ a-J'l41~V~ ( Maharishi ) 1!?1 

~ 191 m::bbG'IA11a-J A k\l 1A~!?i'1umd'tl nG'la-J151 mm1~ b~tJ n11 "Trancendentia l Meditation 

Movement" '14~fl TM ~UlUG'l'14~:\ibfla-J~n1 ~AUrYl\1~1U1Ua-JlnbTI1~lln1d'tJnrYl\ln~11ei1fo~u ... 



l\lEJ{l\l bbe'.f~ffu unl?lU!?l~'Nbl?lEJ~um-Yl~~ FJ~m-1 ~G1r111?1 bb~~l?l11l?l~nbbEJU~ FJEJ{'\•faa-Ju bllui?lu 
<U 

~\'lb U Un111\J l?l n 1~ bbG'f Fl 113-1G'fU11\J 1~ { f?l1 UU f ti illl G13Y tJ1 'VI a-l~Ul bEJ 1n1El'\JFl113-1 Fl l?l b ~ '11'Vl tll 
• <U v 

Al G'f l?l {e:i ~1'1 F11 e:iu!9la-J a-J1e:i6u1tJ3-11 n ~\'l~u \\JU 1 u~ G1 l?l bn l?l b llum~ bbG'f'(J EJ\'l m1u1 bE111ti1 • 
n ~Al G'f l?l{ Fl1EJUl91 a-Ja-J1 El B'\JltJ'Vl ~ nuftiqjl l?l~lUEJ El n~u 1 u~ n'Vl ~1 m'11ti1 n11 

if1'Vl fu1\'l n11 bb 'W'Vl ~ 1ti1 F11e:iul91a-J1r?i'b ~ a-J ~'\J'Vl'\Jl 'Vl bb~~~'Vll\'l~ l?l bl\JUb lluFJ ~'1bb1 n 

b~EJ~bb'W'Vl~ti11~ub~tJr11u'Vlit\'l~~e:i ~lln Ttiu{1 (Deepak Chopra) ~\'lbUUA'M-~G'fltJ'Vlit\'l 
'(JEJ'1a-J'Vl1~ti~u1bmm1!1 n1ti1 TM b 'rl1 a-J1~1a-J1un11tl1u1?1f n'M-1 e4u1tJ bb~~ b ~ tJU'VIU\'l ~e:i~e:i 

<U 

Quantum Healing: Exploring th~ Frontiers of Mind/Body Medicine ~'iAla-J'W1utJ 1 989 Tl?ltl 

eJl\'l ~\'l'Vl t]'M-~ A ~Ubb~ ~ G'f G11 1 (Duality theory) '(I EJ\'l Fl1 e:iul91 a-J~ ~ n ~1 1 FIUU 1 ~ n EJ'\J r?l1 tJ G'f G11 1 

'<il1u1ua-J1n~~F1ruG'fa-Ju~b tluFJ~u ~1e:i~1\'lttun111'2i'FJ~U'W~\'la-J1tl1u1?1T1FJ'Vll\'ln1tJ~e:ia-J'Vl11r?l • 
f?l1m~UrlU bbarrJll\J~~rZ\'l nl~bbG'f'(JEJ\'l AU~b ~Elbb~~ 1a-lb~Elb UU~~lnb~tJ\'l rlUEJ ~1'13-11 na-JltJ bb~ 
'VIU\'l ~El b ~ 3-1191'1 n ~11 n t;l n eJl\'l ~\'l ~\'l El ~1\'l 3-11n3-11 tJ1Un11'WtJ1tJ13-1 El B'\Jl tJ Al G1 l?l{ r?l1um1f n'M-1 

<U 

v Cl QJ l 

1?11tJFl~U'W~\'ll?l1'11 

ue:inl\11nd tJ\'l~bb'W'Vl~~nr11u'Vlit\'l~EJ Richard Gerber M.D. 1r?i'G1uhbb~~'Vl1m1 
A n'M-1 Al G'f l?l{ r?l1um1f n'M-1 r?l1 tJ Fi ~u'W ~'1tl1u l?l !?11 a-J bb U1'Vl1'1 e1u'Vl ~1 n'Vl ~1 tJ'(J e:i\'lufti qi1 !?1~1u 
l?lne:i~bb~1 u1be:i1u1~G'fu m1rum1f n'M-1 bb~~m1fi'uF11'11~tJ a-J1t:Ju1n11m'rl1nu bm1Fi l?l'Vl1'1 

<U 

n~A1G'fl?l{me:iu!9la-J b~tJUb UU'VIU\'l~rn~a-J'Vlit\'l~EJ "Vibration a l Medicine for the 21st Century" 

'¥111 t4 FIU1 U1\'l n11bb 'W'Vl ~ bb~~untl1u l?l'Vl ~1 tJ F!Ub ~3-11'fi'm13-JG'fU 11\J rl'\J Al G'f l?l{f?l1uF1 ~U'W~'11 u 

a-Ja-Ja-JEJ\'l~bllu1'VltJ1A1G'fl?l{mn~u 17 

• 
1\11 n m1u1 bG'lUEJ a-J a-J a-J EJ'11 'Vl a-lb~ m nu G'f'(Jill'W '¥111 'fi'~ m1u1be:i1 Al G'f l?l{m1f n'M-1 • • 

'Vl1'1 b~ e:in r?l1u~1'11 a-Jl'Vl'U'Vl1u 'Wu11 A1 G'f l?l{'Vl ~1 tJe:i ~1'1~1~un11tl1u1?1f n'M-1t1FJ ~ F111 a-J 

ff a-J'W'u5e:i ~1'11n ~~l?l nuif 1 'Vl~El ~m1u1bEJ1tZ1bu ~11 m 1~ um1f n'M-1 hFi r?i'1tJ 1\11 m~a-J~ 
Al G'f l?l{b 'VI ~1dla-l G1'13-111t;l El B'\Jl tJ 11?111?1 tJ1'VltJ1 Al G'f l?l{bFJ ~ n1 tlill'W b~El b 11 b tJ ~ tJUa-J11'2i'a-Ja-J3-l El\'l • 
bb uu F11 e:iul91 a-J~ ~ n ~b 11 b ~ a-J'W'\J F11El6u1 tJUl\'l bb~1.-J1b'VIl?l11?1J10113-11?111 ~ ~1um~u1um 1 • 
tl1u1?1u1\'le:i~1'1~'1 n~u~t]'Vl ~1 um1f n'M-1T1FJ 1r?l 

!911EJ~1\'l'Vlit\'l'(JEJ\'l n11tl1u 1?1f n'M-1 r?l1 tJJ1~ b llu~G'fuh num n AEJ m1f n'M-1 r?i'1tJ 

G1~u1'W1Te:!~fa'W1B (Homeopathy) u1t1?1tJ 1?11.'llla.;JbEl~ e'.f1Ua-J1U (Samuel Hahnemann) 

A1G'fl?l{dt;ln'W'~u11\11nA1G'fl?l{m1bb'W'Vl~~uu1u.-J1r?i'1tJm11'2i''Vl~nif1~ru 2 'rle:i AEJ 1 .F111a-J 
<U v 

b'Vl~EJufn'M-1 F111m'Vl~EJu 2.1'2i'ue:itJfn'M-1mn 

F111 m 'Vl~e:iu~n'M-1F111m 'VI ~e:iuA e:i m1b~ e:i n 1'2i'm G'fa-Ju 1 'W1bb~ ~~tiul?l m1b~EJ miul?l • 
tJl~ nu'Vl~EJ 1 '2i'bb~1'¥111 t4~1\'l n1 tJ bbG'l f?l\'l e:i1 n11b 'VI~ e:iunu T 1 Fi~ b llu b ~u n11 be:i1'IZ1'Vl e:i a-J1 'Vl aj 

•• 



~ .... 

~ i,'11?11?1 mb~1 ~en flTHbi,'l'U 1?11 J1il.Jfl1 vrn b 'VI~ elm llu'Yl1 in mf mfl'Yl1in bel1 bu ~el fl~UF11elU1~ 
~ ~ 

l~'Yi1tnFJ1uumf flEl-1il-J1 bi;'H~tl b 'V'l'~1~b~elflUb U ~el fl 1ilf'EIUl?ld'bb~1~~~eJ1 fl111'fl 'VIU11ffU b UUi?l'Vb 

b u~tJu bi,'l~elufl11ben f;l'Yl ~ m~b 'VI~ elunuttua.JT1Z fl ~1\'!f;l'Yl ~Tiel\'! t 1Fl~b uu 

ri1Ub~el\'!beJ1UeltJf flE1-1m flttub ~el 1:i-J1 t41,'la.Ju1~1~b~elfl1 ~b uwwE1-nu~1\'! fl1tJ A11,'11?1~ • 
TI el\'! Te1~fa~1 El~~ bl?l~tJa.J m ~1tJ m1'Vi11 tZtZ1m b~ el~1'1mfl1 b ~a.J~1 fl fl11bl?l~tJ a.Jt41 b ~elTI el\'! m 

~b~tJfl11 Mother tincture U1il-J1 1 'Yltll?l bb~11ril?l1'Vi1~~~1m~u tZ1~'11u 99 'YltJl?l bb~1bTI~1 
bb 1'11 ~U~\'!l UYJA'Yl1\'!b~tJ'J~bbUUelU (Potentization) 'Vi11t4F111m'fi'a.J'fi'u'Yl~\'!t:-ii,'la.J1~J1m~~ 
F111m'fi'a.J'fi'u~in~\'!b'Yl~el 1 1u 1 oo bvl1(10-2

) 'Yl~\'!~1flttuba11?11m~t:-ii,'la.JluF1~'1~ 1 m~fl 
1 'Yltl l?l bb~1 b~ a.JtZ1~\'! 1 U ~fl 9 9 'Yltl l?l bb~1b TI ~1 t:-J ~~1~~eltZ1tn'Yl ~\'! t:-l 1,'la.J Fl~\'!~ 2 b 'VI ~el Fl113-1 

b'fi'a.J'fi'ub~tJ\'! 11u10000 (1 o -
4

) 'Vi1J11ub~eltJ1 'Yl~1tJ1 Fi~\'! 
l Ua.J 3-13-1 el\'!TI el\'!~~ fl Glb Fl~ bb 'U'Ub ri1 t:l1b11U1bel11?11 tJ11,'l a.JU 1~ 13-11bvl1 nu tZ1'Yl'Ufl • • 

Tm~ fl ~Tiel\'! aYtuel\'!'Yl~el~ b ~tJ fl11 1 mol b 11~~-n~b~tJ11b11~1?11tni,'la.JU1 ~1el ~rr\'!'Yl a.Jin 1 U~el 
q cu q cu 

u1~mru 6.022 x 1023 tm~fl~- t:l1b11m'Vi1~~~1tJ 1/100 1 Fl~\'! n~~1~1,'l11~~~1tJ~~ . ,, 
Tm~fl~ 6.022 x 10

2 1 Ta.lb~fl~ 'Vi1~~~1tJ 111 oo 2 Fl~\'! n~~1~1,'111~~~1tJ~~tm~fl~ 6.022 • • • 
x 1 0

19 Tm~fl~ t:l1'Vi11u 1 2 FJ~\'!b11~~m~eitm~fl~Tiel\'!tni,'la.Ju1~1 6.022 x 1 0 - 1 'Vl~el • • • 
0.6 tm~ fl~ b vi1ttu bb~l UF111 a.lb UU~~\'! n b vl1 nu-J11:i-J b 'VI~ el ta.J b~ fl ~Tiel\'! tJ1 el~ bb~1'VI ~\'!~1 fl . . ~ 

'Vi1~~~1tJ1u1~ 1 2 Fl~\'! 

9"'1n1a:a111 99 'MUfil tfl' tfl' 
0 
0 
0 
0 

1111il:il1U 1 'MUlll () 

0 
r•o( 

mnth•r tincture 1/100 t/10000 



bb~lil1 nm";ibl9l~tia-itn t~mJn~~eHI Tel:Nfo'V'J15 b ";i1'V'Ju11u1\IFl'f\lilmTv11~~~1tJ~\I 50-

1 oo Flf\I ti'ubbi;t~\1111 uJ1i;t~'111ti~€l\IJ1m~1l?l b ";i11l?la-11b~tJ\IJ1b tl~11 ~1~il!?i'1tne:J~ h 
q -

b~ tJ€l~l uttu l Ua-la-la-1€l\1~€l\I Fl1 i;tl9l{l?l1mFJiJn1tJJl1'V'J nU1liJ~i;t";itl1l?l11 J'1~1l?la-11ttu1~U1lil~ 
~ q q 

-rm~n hFie:J~ h 1l?l b'V'J";i1~aru~ml1btl~11 bYhttu 

Fl1€JBU1tJ~€l\I Richard Gerber ~b~tiu1i-twv1u\1~€l A Practical Guide to Vibrational 

Medicine n~e:J b'V'J";i1~n1";iri1~~~1tJb~€llil1\llUbb~~~Flf\I lil~bUUn1";i~~Fl11m~a-i~WVl~€lF111a-! 
b llui;ti;t1";i~€l\I 1?11m 1 '11n ~1m llu'V'J~\l\11ua-11 n~u 1 u~ru~b~mnu J1~\I b tlu!?i'1ri1~~~1tim 
fo:Nfo'V'J1 B nlil ~ bnU.b€l1~€la-l~ n1";iffUi;t~ b Yl€JU~€l\I Fl ~U~~1b 'V'J1 ~ ~€ltn!?i'1ttu 111 u!?i'1b€l\ll?l1tJ l?l1tJ 

~ 

n1";ib~ €l n tn~1 '11 Fl11a-Jffui;t~ b Yl€JU~€l\I Fl ~U'V'J ~\l\11U~1 tlW€l\I nu Fl ~U'V'J ~\l\11U~ bfl ~lil1 n t ";i Fl~€l\I 
e.Ju1ti nlil~ 1 tln";i~i?lu1 '\1~1\lmtJ~~m";inUF111m~uu1tittme:J\I b~Ub~tl1nUn1";il~lFl~Ub~11 ti 
~ q 

m~ i?luJl :N 1?11wvnu~€l\1~1\I m tJ ~e:J T ";iFJ'Vlit\11 
q ~ 

€1~1\I hfi m a-i ii FlUFJ ~ F11u11 b llu 1t11l?l'Vl~e:J1~~ e.i ~ mTfo~1~€l\I tn fo:Nfo'V'J1 Blil~ 
bn ~lil1 n m1m~e:JeJmb~~n~1~e:J\lf.Tu1ti~~~e:JtJ1 ri11 '!1bn ~e.i~ m";i-rn~1'Vl~e:Jn~u b 'V'J";i1~ma-i . cu . ~ ' 

u n ~ mTn ~ ~€l\l l 'l1tn'VI ~~ n (Placebo) ~\I bUUbb~ b~ ~ bbU\I ifi";ia-1 ~1 bbrl F1UU1tJ nu bb~1'VI ~€l n11 

il!?i'1tn ~1Fl rue:J~ l?l1tJF1113-l b~€l11 !?i'1b€l'\11l?lnutn nil e.Ju1tJ'V1 ~1 tJ"j1tJ~€l1 n1";i~~u 1l?l b ";i1 b ~tJ n11 
Q) qJ , • cu 

Placebo effect 

b ~€) ~u·~Ub ~€)\Id · ~\I~ FlUri1\11U1~tJ b tl~tJU b YltJU eJ ~~€)\I fo:Nfo'V'J15 nUtn'VI ~€) n bb~~ 
tnlil~\l~U'Vl~1tJ\11~1~tJ' lUb3'.l€l\lhlti~f.TAn~TYlU'Yl1U\11U1~tJ'Vl~1tJ\11U 1 27 \11U1~tJ 'V'JU11 

~ · 

\11u1~ti~1u1u r9'5 ~·U'U, btl~tirn ~tiue.i~m";i-rn~1l?l1titn fo:Nfo'V'J15nutn'Vl~€l n (Placebo) 

'V'Ju11~€l~~\I fe:Jti~~ 72 .6 \11u1~tJ~i;t";iJ~1tnTel:Nfo'V'J151'11e.i~m";i-rn~1~~n11tn'Vl~e:Jn bb~~ 
~ q 

il\11u1~ tJ 21 Q uu~ b ti~ tJ'Ub YI tJU eJ ~ n1";i-r n~1~ €l\I tJ1fo:Nfo'V'J15 nu tJ1 bbeJUUlilliJUU 'V'JU11 
q 

·fati~~ 1 oo i;t";itl11e.i~~e:J\lmTel:Nfo'V'J151'11e.i~m";i-rn~11~l?le:Jti1tln11nu 18 ~\lbUU~e:Ji;t";itl 
q q 

~u\1~11 e.i ~ q1: u1u ~~€l\IJ1ti1 fo :Nfo'V'J1.5 1~u1lil~ 1~~~€l\IU\I b~ ~~.~e:J e.i ~lil1 n Placebo effect 

, · .. ~ri\11~Fin~11~~'Vlit\l~lJJ~UllilthT~ti, ~";i : bue:J{~1{~ bbn~~ (Dr.Bern~racirad) bbvl\I 
,.· 

1 
• • 1° < I • ' 'ii.I I , ; 

a-J'Vl11'Ylti~«tJ McGill Unive~sity -r~ Montreal 1l?lri1m";i~n~1~rui;ta-iu~u1Ylbtl~m,1i1tll?l1ti 

i;tu1a-i'V'J~~~1\l 1 b~u 1'11ibnuiu~l?l1~FJ~u'V'J~\lbb~'V'J~\11riJ1. J1~1u'V'J~\lbb~b'Vl~n J11ribbn1 . :· 

1 '11Fiu1n~lil~l91~€l J1~1riFJ~uT 'Yl";il1Flubb~~3'.le:J~m~11 tlu1ii1 bb~1be:J1J11 tl";i~i?lu~11u1{b~~ 
'Yl ~ ~€l\I b U~tJU ·~ fltiu n'\JJ''ib~. ~1 1 fa tJ~ n'1";i€l€l mcuu fl'.l ~'Y1~~

1

~\I bb~U DoLibl~ 0

Blihd Control 
001

1 
' ·, 

1
d. ' ·~ 0 d I·~ •,_if" '"-.'. '~.• Q I J •-: ~ 1 

"' : ./ ~ · .. ;·Q..I Q..I ...... ,:;/> c:;) 
1 

Trial 'V'JU11 Fl~U'V'J~\I~ 1 'V1~1tJ'llU~b'llU 'V'J~\llil1nunu1u~ 'V'J~\llil1ni;tu1mbm'Vl~n i;t13-11";ifl 

b ~\I n1";iblil~~ b~U Tl91~€l\I i?lutl €JU 1l?l 1 u~ ru~~ Fl ~u'V'J ~\l\11U'VI ~1 ti'llit~ n ~uri11 '11 i?lu~11u1 b~ ~ 
Tl91~1~\I 17 

• 



un'1~mMmnrnl1~nr11u'1'lit\l~U1i;'f\,l,h~ei m'll11 ~Ta-ifoi~ (Masaru Imoto) 1~ 
1.nu.J11inmm~\1~1\l '1 m'Yi'11'141.~u~1?1 '1 1.1.~11V'n~eJ\l:\ll;"l'Yl '.i'.i AU Dark f ield microscope ~tntJ 

q 

Jl1'V'l~U11?1 200 1.r111.~eiriei\11?1n1'.i'l"Jei1m.J~n~ei\IJ1 'V'lu11J11?11a-11.1.'Vl~\IJ1AruJl1'V'l~ '1 :\1~1'14 
~ q 

t:..1~ n.J1~~1ti\11a-ia-11n 1.1.~J1:\11mm~\I AruJl1'V'J1.1.~ '1 m'.i1.n1?1 t:..1~n.J1n:\1~1.1.~1?11a-11 tl~1ti 
q 

~\11 tln11~Un1'.il.tl l?lt:.J ~ n~ei\IJ1~\I rin 1.1.U'.il. ~ ~ tiu1 tl1 U'Yl1\l~~~U~'JtJ A ~U'V'l~\I ~1\1 '1 
~ 

1.~U A~Ul.~tJ\l~'Jl?la-IU!91' A~Ul.~tJ\ll?lUl?l~Fll;"l1~~A 1U'Yl1\ll?l'.i\lrlU~13-I n1'.il.tll?lt:..1~mrn\IJ1:\J~ 
1.n1?11 U'.iUl.l.'U'UYi1.1.~i;i\1~11~f'UA~U'V'J~\ll.l.~ '1 'Ul\IU'.i~l.Jl'Yl A~m~uuu1~1.1.n A~UT'Yl'.ir1Au, A~U 

~ 

:\11n:\JeJAeJ3-l'W'Jl.l?leJ1 A~uT'Yl'.iA'V'lrli'lei~ei A~Ul.'V'll;"l\I Heavy metal :\JU~Ta-ifoi~iff\1~3-!3-l~:\i1u11 
q "" 

AUi. '.i1~\IU'.i~neiu~1ti.J11ihu1umn 1.~ei Tl?luA ~U:\11n~\11.1.11?1~eia-1~1\l1 u1:\1 ~ 1.n1?1 t:..1 crn'.i ~ 'Yl'U 
'Yl1\I ~~Jl1'V'l hl'Yl1\l 11?1 n'Yl1\l'Vlit\I m'.i{~ nfu 1.1.i;i~'Vl ~ n:\11 n A ~uu1\ltl'.i~l.Jl'Yl Fi~ ei a-i ~ ri1u~1ti1 '14 

q ~ 

~~Jl1'V'J~eJ\IAU~U~~U'Vl~eJl.l.~l;"l\11~ 19,20,21 
q 

• 

~um'W-¥i 1.20 J1lil1m~eiul\l~l91 l'V'l.W1 rieiu ( 'll1t1) bb~:l:'lliir\'J ( "ll11) a'J~a.Jum : 

.fl1'W iihU'lllU\'J"lleJ\'J Dr.Imoto 

.d dl ~d6J1d cl .cl ... ~ _, ir¥ d .::. 

~U/11'W't'I 1.21 l\l~n"llei\'Ju1't'I bii!Fil~Ubiilt1\'J~u191·:n'W'n:l: 6J TI'1iil'U1t1 6J b·au b'W~\'J'WUb3.JeJ'1Fil111"ll 

('l11t1) 'U't'liil1~3.J'UGlBb'Ul91 (n~1'1) b'W~\'JFil~1iilffFi!UblH'V'lu ("ll11) (m'WN1U'llid\'J"lleJ\'J Dr.Imoto) 

• 



~tlm'Wii 1.22 t:.1~nt1eh'l'lf,ii'lriFi1\'jiPWh'1 ') t"lit.1 i'n ("lhti) tieiu~ru (mn'1) 

ttnmla.11n (t111) (m'Wff'Jt.1'\lii'i'1t1fl'1 Dr.Imoto) 

lil1 fl a-i a-ia-ie:i\I fK\I fl ~11~\l~fl11~ l?l nu11 Fl rur;ta-iu~~ bu~ tJU 1 u~e:i\IJ11~u11il~a-!11il1 fl 
q q 

fl11b u ~ tJUbb u ~\leJ\l FlU1~fle:iu~e:i\IJ1bb~1 bb~mlilb UUfl11b u ~ tJUbb u ~\I~ fl~\l l u1~ rKu~e:i\I Fl ~u 
'l"J ~\l\11WVl~eJ Fl1e:iufK3-1~ r;t~r;ta-i eJ ~l uJ1b~ tJ n1f?l bb~ r;ta-i 3-1 ~lli1UfK\I fl ~111il~ I?] eJ\l 1f?l-ru fl11AUFll1 

.. q ""' 

Afl'M-1 b ~m~ a-i~ fla-11 fl~\lli)~r;t1u1!?1~1?1 blilu 
q 

lil1flFl113-l'l"JtJ1tJ13-ll Ufl11'1'l1 fl1 !Pl eJUb tJeJ\l l?i'Ul1 b 'l'l !Pl ll?l Fl f1!(;ta-IU~~eJ\IJ1~\I b U ~ tJU-. q q 

bbU~\11 u1P11a-ir;tu1a-1'\l'J~\lbb~~FJ~u~1\111~11FJ~u~ulil~bUUFJ~U~bFl~eJ\l~e:i«\lbFJ11~'!4~um 'l'l~eJ 
Fl ~u~ bn 1?11i11 fl ~\I ~~1 IPI b~u FJU'l'l~e:i «!Pl1 Tl?l tJ hJ1!?1~ m1b u ~ tJUbb u ~\l'Vl1\I bFJ~m tJJl1'1"Jll?l '1 b~tJ 
'Yi11a-1~\l'Vi11'14J1b'l'l~1d~u1~~'Vl6e.i~1 ufl11tl1u1?1-rfl'M-1~r;t\l~u1!?11 u~r;t1?1\11u1~tJ'l'l~1tJ '1 iu 

.. q 

n1!?le.i ~ r;t1u Fl~11 '1 fK\l'l"J e:i11u11a-11!?1 rK\I ~f) 1 ud 
q 

\11U~eJ\IUfl1'Vltl1A1r;t!Pl{~~\lbAr;t~~eJ Jacques Benveniste ~e:i "Digital biology" 

~Wa-1~~\ll UU!PltJ(;t11 Nature Magazine 1!?i''Vll?l ~eJ\I Tl?ltlfl11~\I Fl~UF1113-I~ ~1\1 '1 b'511 u1 uJ1 

'l"Ju11J1~ FJ11 a-1~1 Tl?ltJbnu FJ11a-1~1~e:i\I r;tn1'\l'J FJ~U~1\l '1 be:i1111 u!K1~e:i\lr;t11J1itube:i\I bb~~ 
w.na-1~1dlil~wa-1~~ 1?1 e:i ~l uJ11ilUfll11il~ l ~Fl~UF1113-I ~ !P11\I nu'eJ1 a-ilrib'511 u ~\llil~~u F1113-1~1 .. 

"' d ( ) ~ 1· 1 ~ ~ 1 " 1 9 'l'l1eJF1113-lt:l Vibrational frequency UUeJeJfl ulil1flU1UU l?l 

~\l!Pl1\I nu Fl113-lb i'iu~eJ\I A.1?11. U'\f'J.(;ta-!Fffl ~ 11FJ1:i1U ~1 '1-1FJ11m i'iubRtJ1tlUb~eJ\I 
e.i~mI1~e:i\lata-1 t1P1~ 1111 FJrur;ta-iu~~e:i\IJ11 um1bnuFJ~uFJ11a-i~~e:i\IJ1 u11il~ 1ubnrnm 

q 

Fl ~Ubb~b 'l'l~ fl 1 'V'lvh (Electromagnetic Wave) ~eJ\lfll~bbr;tu1~r;t1'Vl~eJ\I FlU~l?lbeJ111l!?l Fl~U 
F111 a-i ~ fK\I fl ~11~\lu11 fl{JeJeJ fl !Pl e:iuJ11P1e:iuJ1b ~a-i'V'l e:i{a-i 1911 b uu~u e.i ~ fl~U 1?1blJtJ11 u itu11 a-i ~\I 
'l"J~\l'l'l~eJF1113-I ~l?l'Vl1\IU1fl ~1\l '11~111il~a-!11il1 flU'Vlr;t1 l?la-!Ul91 'l'l~eJ a-111il1fl fl11bb~'l"J~\l~eJ\IUfltl1u 1?1 

~U11il~ri\leJ~l Ufl11~e:i~nu hFJ{1tJ 1f?l 1
9 .. 

· ~ 

• 
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nhZm1m~Ub~tl\IA~UA113.J~'lltl\l~\lij~1~~1\1'1 1-J'b~m~mnWJ1 ~13.Jn{] E = mc2 'lltl\I 

1m%6'11~ubb~~f'.11Jl1 A'lltl\I wrnui?la-J (Duality theory) -a13.Jn\IW~mfVlt]~~ei~1\l'Ylt]~~ Super 

String bb~~'Ylt]~~ lll - b'U'aU (P - brane)
22 ~n~11bm11-;h 'Ylnt1~1\l'a13.J-#\l~m11~ 3.J1~6'11"a 

q " 

6'11m-arn u~~mUWVHl\l\11U1~ 'l)t;lJ~b~mnut1UJl1Fl~1\l '1 fiij-#\IA113.Jb UUtJUJl1Abb~ ~ ijA113.J 
q q 

b UUA ~u1 U'U1\l'l!ru~~Utl~ nu1 B n1"a3.Jtl\l'Vl~tl ~-a1~1~'lltl\I b 'a1~1~ b~U A ~UbbGi\I 6'1 ·~ 3.J1'atl 
<u 

bU~~u~1n A~Wl"J~\I n~1m uueiuJl1A t u-a~eiubb~~~ b~ A ~-aeiub .Weit i'V'J~\l\ll~b~ffn ~·~ 'Ylubbi:.J\I 
q 

'V'J ~\l\11Ubb6'1\I ei1Yi ~ tfl~tl'u'Yl1~ ~1\1 AUb -a1~'\J-a ~ neiu~u~1~ei ~ ~ei 3.J'lltl\I 01 ~ ~1\1 '1 l\l1u1u 
q 

3.J'V11 F11~ n6'11m-at13'jA~um1:1.J~'lltl\li?l1 b -a11~btl\ln tl'wvhXu A~UA113.J~~1\l '1 6'113.J1'atlvl1L 'Yi' 

bfl~A11mru~t1\l'llt1\l~m11~~3'jA11muu1u1~ .. hei1~ij1~ 1 0 - 11 ~~ blll~\lbb~ijbllJ~\I 4 ~~ 
'llt1\IA11:1.Jn1'1\I m1 6'1\1 bb~~~~'llt1\lb1~1 ~1Y1ru:J.J1n'V'Jei1'Yi'b-a1ira-Jer6'f~u.rl~ ri1u~~~u1 ~ 

<u v <u 

m ~tl'VI ~ b~ n ~\l'Vl~ei 1:iJ 6'11a-J1 -a t1ir:J.Jer 6'11~ bb~vr;ha'j ei ~ 22 
<u 

~eil\l1n ~~'V111 'Yi'Aub -a1 ri1u1 'Vlru1:1J'Yl -a1u A11 :1.J~~ \l~eidfi Flei ~\11~t11 'Vlru~m vi11 'VI~ 
v q v 

A11a-Jm1 A~u'llt1\11~mXufi~~ ~\lm1eiein~m-a 1bb'Ylu~ ~1:iJ -r~nn\IJl11~ A11:1.JbUuA~u'llei\11~mtu 
q <u q 

b 'a1~\l'VI ~\I~~ 1U~1~ff3-1 er GieJU'VI ~1'U n{1U'l!tl\I b 'a1l11 ~ti~ b -a1ff :1.J er 6'11:1JL~A ~U ~\ltl1~b UU 
q 

A113.J'Vl~\l~~t1~1\l'Vlit\l~a'jn~1111l U~:J.JJH'l!t1\IF116'1U1'Vl~1~F116'1U1 
LU'Yl1\l~ 'a \lflU~13.J Richard Gerber 1~b6'fumm1~~11 bb'YlU~b 'a 1~ ~ 3.Jtl\1~1\ln1~ 

'lltl\lb -a1-J13'j!.'1Jl1'V'J~Wli1Ub UU1~t1~3'j3-11~ L i:J.Jtl\I n~'Ul16'1Jl1'V'J~Wli1U'lltl\lb -a1if ubb ..1~~\lbbGl1 
~ q ~ 

b lluA ~uku 1 Y11'l!t1.\1Giu13.J'V'J ~\l\11uneiuY1it\I ~U\I b~ ru a'j6'fJl1'V'J bb~bb~\1-d\lei ~1 u-au'l! t1\l :1.J1~ 6'11-a 
v <u <u 

~1\l'Vlit\l'lltl\1~1~b vi1if u bb~d1\ln1~~b uumm dm vi1if u tl~1\l 1 -a n~13.JL U!.'1Jl1'V'Jn1m dei~ 
b -a13'jei~nt'J\la'jri1u~b~tl3.J~tlfl'UA113.J~A~U~ku~ei\I (Resonance) ti~ t~~A113.J~~ku~tl\I 
~~AGl1~fl'U Octave 'lltl\l~m U~ ~U~~ n~11Atl~~~tl'U~'Ufl'UA~UA113.J~~a'jA113.J~b lJui?l1Aru 

<u 

def J:, a c 17 
'lltl\IA113.Jtl'V'JU~1UUU3.J1nbUU'V'JbF1~ 

~\lif u ~1'Vl~WJ~a'jru1ru'Yl"a'aF1U~'U1\IAU~\ln ~11eJ1\l 1111 6'113.J1'atlb ~U~1\l~b uu 
<u v 

A ~UA113.J ~ ~1U'V'J ~\1\11'1-li'lltl\13.JU~tJ' bb~ ~~AU 'U"a"am~tl tin 3-11l1~1\l'll ti\! AUb 'a1~ b UUn1m dei 
q 

tln'li'eiwnu~1~n~3.J'V'J~\l\11UbUU#u '1 Utl n~1ndt'J\la'j~n~ru~"a13.Jb uun~:J.J '1 bb~~b UU'V'J~\l\11U 
<u q q 

~1'Vl~b1~u1:1J'Vl~~-ct\I 3'j m-a-a13.JnUbUU~~ '1 bb~ ~ 1 'Vl~b~t13.Jn\lnu ~\lb~~rnb~n~1\I nu1 u~1:1.J 
q q 

bb~~~u-a~b'YlF1 b~u Aura ~m~ 'V'J~\lu-a1ru ~«ubb~ ~ ~~~\lb~:J.J b«uu-a~o1u~u 
q 



' ' I 

j 

. .,, 

~ 1--_j-·~ 1------.---

-a'\.Jm-w~ 1.23 : bufl~111ba-ur5'n-a:i:bba:i:t~!il-a-wi\IGJ111-1f!1RGJ{m1\I "J .. 
..f\I r5'n-a:i:'2Je:i\le:i1~-ab 'J'Ylbrn'U~'Ub~~ ( -U1~) bff'UCl\lb~il-l'2leJ\lbb 'W'Ylfl bbe.J'U~'U ( na1\I) 

ba-u1.h:i:G1-u 1 o '21€1\lbb'W'Ylfine.i-u1'YI~ ('2111) 'W'l.J11:ilV1a1ma-u~~~1~n-ue:itj 

~1 n A11 a-Jf b~Eh'I A ~U~rJ1 A ~Ui.113-JTHl bb 'Yl"an i.1el ~'Yl~el'a13-J nu 1191 ~\I ~un1~ tJ'Yl 6'l1 tJ ... 
~1tl~ b ~elrJ1 A11 a-J i.11 a-J1'atl~el\IJ1~ bflU~el 3-J fl 1 fl U'aU~el\I A11mtui.1~b YlelU 1191 ii:ubel\l~b UU ... ... 
~1 ri \I ~1U~ el a-J flU1\I el ~1 \I ~1 nJ1 hH1~ ~ b llwfl' el a-J fl~1 n m'Yl~ el~ el a-J fl~1 n n1"a bb~'V'J ~\I i.11 ~a.JU~ 

<U <U ... 

f n~1~1n~f n~1b~11 Ui.1el ~ bb'Yl"an bfl ~b lluA11m u ~tJUbb Ufl\l~el\I A ~u'V'J~\l\11u1 u~1~mtJ~el\I 
<U 

~U1tl v111'14bn~A113-JbU~tJUbbU6'l\l'Yl1\ln1tJfl1'V'J (~\l~~\l '1 bb~1flAel3n~ULbUU'Yl.ct\l~rJ\IA~U 
A11a-J~~b "a1~U~el\l 1191'l-i:ubel\I) b lluernm"af n~1~!9l"a1~1~ 1191 

~ A11 a-J'V'JtJ1tJ1a-Jl Un1'a~~U1bA~el\l~el 19l'a1~1~U1\l~U~~vl1~Um 11'19l"a1~1~ A ~u 
'V'J~\I ~1\1 '1 ~bb~elel n a-J1~1n~1\I n1tJ~el\l~\I ~~119l'Yl~el~\l~El\I ~1el ~1\l'Ylit\I~~ m"a1~nuel~1\I 
bb 'V'J~'Yl 6'l1 tJ A el n ~ el\I ci1 tJ'aU Aura ~\I b ~ elrJ1l~6l1 a-J1'ati ci1 tJf\I ~ Aura ~el\I ~AU bbfl~ i.11 a-J1'a ti 

<U <U 

-a'\.Jm-w~ 1.24 : bbff1?1\lc!u1~ t-a~·1.h1?1~h~:i: m-w Aura .. .. 
al~ ~'UA'2!11el1?1'1.J n mml b Vlile:i ~-a~:i:~1-uJ-u .. • 



b ~ trn in G'fe:iu11J'1G'f1 a.JTrn ci1tJb'Yl'Vl~e:ifu~5\l\11uu1\le:i ~1\1 be:i1111uf911aru1f.9i'bb~1 'Vlu 
'• 

~\I~ tl1 ";i 'Yl in ~e:i\lu1 be:i1J11ribbn bb«11riA ~u~ 5\1 ~1\1 '1 b TT11 t11 '1-1 ";j'J a.J-#\11 'l-1 ej'lJ1tJ~mbn1~u H 
.. QJ 

~tlm-w~ 1 .25 : 111-wci1t1A~u-wi11111ut1 eH1J1wuum111 ') ihtln&i (~1t1) 
J1tte.J-wi11aa.115 (nB1111) J1t~~i11t1'V!un~el (t111) gi'1tilu111-walil~t~u°lfr;nB1t111 

J16':i':ia.ir;i11i1~a:iat1el11A~u-wi111utt1u-wi11111u~J1~ar;i i;buJ1~ue.J-wi11aa.1151~a:im':itte.J-wi11111u • 
~ A113-I ~ff 11~Utt61~a:i ff ff r;J Lff umJ1~L ~ cjiJ1 ti'VIUn ~el n iua:i n1':i tte.J'W i11111u~ r;i'V!a.iU'Vla.1 ell'.! t iJu.W t~'tl-., .. .. 

ue:i mn nd' b ";i1tJ\lvl1 n1";i'Yl in ~eJ\I nu tl1";ivl1!'.J1 fo<Nfa~16 Tin tJu1J1a.J1 t:J G'fa.J nU!'.J1 

te"J ~fa~16 bb«1 b ~ ~1~ f e:i a.J nu l?J";j'JliJl in A ~u~ 5\1~ bb~ eJ eJ tl a.J11i11 nJ1m te"J ~fa~1B'Vl5\1 t:J G'f a.J 

~u11";i~~u A ~UA11a.J~~eJ\I~5\l\11U 1 uJ1tJ1~ b~eJlil1\I ~\I UeJ tllil1n~5\1\11Ulil~1~ ~in ~\I bb«1 

n5u~A11a.JbTJa.J~eJ\1~5\l\11Ub ~a.J~Ub~eJ!'.J '1 ~\lbbG'fin\ll U";iUJl1~~ 1 .26 .. 

·r •.. 

':iUl11'W~ 1.26 : 111-wci1t1A~~v-ik~r;i1t1n~ell1 Aura 'Vli11t~ellil111J1t11G11a.itt'U'U°llell1bU3'.ibel'W1B .. ' ' 

J1ttl~1 (~1t1ai;i) J:wll,~1taJ1t11 (~1t1) J1ttl~1taJ1m'Vli11tt1£i1 (t111) 
q '· .. -

ttiil~ J1t11t~ellil111Af11~ 2 'VftJ11A~u-wi;t11.~i5'u 1~~elti 'l tt!'~t1u~1nm1a.i~J11tlaA11a.i~ 
' ' ' -, ~· ' I Q.I 

~i' ':: IV " CV .:J .:I' ;d 
ttiil~A1'13-lt°lla.l°llell1'WGll1111U'Vlt'f 11°llt!t ':ieltl ') 



\il1 n n1".i'Vl r~HHh'lrl1 l t4 Fl1l9lFl~m11?111J11,11 a..iTrn l9l l9l~'tJ Fl ~uFJ11 :i-f~ ~1\1 '1 be:n H1 u 
<U 

f911TIEJ\l:JYu 11?1 bbi;'l~r,11 a..11".itl ri\I ~1UF1 ~Wl"J ~\l\11U l U".iUbb 'U'Ull91".iU bb '\J'U'Vlit\I ~El 1 u ~\I ej'~ a..! 11?15 n !?11 tJ 
<U <U <U 

U".i1 nn n1j rnd~ut11.J11?11 tJ n1".if9lj11\J I!] tFJj\J 1,1{1\ITI EJ\IJ1 ~'l"J'\Jl1 b~e:iJ11 'Vl i;'l ~1Un".i~ bb~ 
A~mb:i-ib'Vl~n~ilTiu1l9la..11nn11 1 2,000 gauss :u~ri\lern1t4J13'.l~t1rna..iu&l1um".ibbf9lnf9111'14 
~bi;'lFlf9l".iEJU~~u (ORP negative) ~\l~rur,1a..iu&ldr111t4J1blluf911~1ump.;Ji;:i~f,1j~~~~u 19 

:u1nn1".if9l".i1:u1'l911 U".i~r?lu Tmi;:i n i;:i n'l"Ju 1?11t111 n1".i~uf911Tie:i\IJ1~Tl9lt1un&l:u ~~unu 
bUUn~a..i '1 n~a..ii;:i~ 30 Tmi;:ini;:i n:u~~unmuun~m~ni;:i\I b'Vl~Eln~a..ii;:i~ 5-6 Tmi;:ini;:i (Small 

q q q q q q 

clustered water) ~\I il~rnr111 '14~ t1rna..iu&l'Vl1\I n1tJJl1'1"J'Vl i;:i1t1e:i~1\I bu~ tJU 1 u b ~ur111..Zbb ".i\I 
~\I ~1i;'l (91 i;'l\I bbi;'l~~a..J ~1Ub~1EJEJ rn ~i;'l ~ ~1\l) 1!?l~~u ri\I eJ i;:i 1 t4 £,1TIJl1'1"JTIEJ\I b ~i;'l ~~~u 11?11?11tJ 19 

• 
~\lil\11Ul~tJTIEJ\I l91".i .fli;'lbba..JU (Dr.Alfred G Gilman) bbi;'l~ l91".i .hr~hui;:i (Dr.Martin 

Rod ible) ~ 1,11 a..11".itl~ ~:uu11?1-J1 b ~i;:i ~ ~1\1 '1 TI El\I a..JWl~Hfo1 a..11".i ti &l l9l ~El ~El 1,11".i nu 11?1 !?11 tJ 
<U • 

ff ru ru1ruFJ ~Ul'VltleJ EJU '1 r111 '14bn (91 n1jUj~~1Un1".irl1\11UTIEJ\IEJ1m~~1\l '1 El~1\I ~a..! (91 i;'l ri\I eJ i;'l 
QJ cu q q 

1 'l4\11Ul~tl~~dl!?lfuj1\11i;:i T mui;:i 1U
19 

:u1nm".iAn~1b~a..Jb&la..JTIEJ\I l91".i.fab".iUb~U (Dr.Lee Lorenzen) ~\l'l"J'U5n!?l1t111 
Fl~Ul'VltJ~b~i;'l~~1\1 '1 l~&ll9l~El~EJ£,11".irlW~Ubfll911\11nJ1TFl".i\lr,1{1\ITIU1l9lb~m'l~El Clustered water • 
~bEJ\I brn~~\liln1".iAU'l"J'U5n11u~a..11ru Small water cluster :u~il'lte:it1i;:i\llUb~i;:i~~e:nt1a..11n~u • 
rl1 l '14tJj~ ~'Vl B eJ i;'l n1".irl1\11UTIEJ\I b ~i;:i ~ ~1\1 '1 i;:i l9l i;'l\1

19 'Vl~El ~ l9l l U'Vl1\I f9lj\J rlU~1 a..! tl1 b ".i1 lriF1 ~U 
'l"J~\llUn1".ifn~1b~11u1uJ'1b~Elrl1lt4'~1\ln1tJ3'.JJ'1u".i~bJl'Vl Small water cluster mn~u11?1 n 

ih:u~ilt:J i;:i 1 un1".if n~1T".iFl'\J1\IEJ~1\l1!?l ~\l'Vl ~ mi1ur,1uu r,1UU'Vl1\ll'VltJ1 A1 f,1f9l~b 'Vl ~1db ~a..i il 
&' d 

mnTIUb".iEJtJ'1 
""' . 

, , I I I qJ 

ue:i n:u1 n m".il~Fl ~uu".i~~~~bbuu A~mb:i-ib 'Vl~ n 1 um".ib 'Vlumu1u11 '143'.l Fl rur,1a..iu&l 
""' . 

~~~Ubb~1 A.l91".i.U'l"J.£,1a..ifo1'n~ 1".iFJ1a1u ~\11!?ln~11£,1".iUHlu'VlU\l~EJ Water for Life 19 
11 • 

b'VlFl Tufa~~b~a..JA1 ROP negative ~\lbUUFJruf,1a..iu&l1um".i~1ue:iua..ii;:i~r,1".i~TIEJ\IJ1~itt1a..iif u 
• • <U 

3'.lt!?l 6 15 

15'Vlit\1~1:i-f1~£,11".ibF13'.J'Vl~El 1 v-Jvh bi;'l tJ n ~El 15 n1".irl1 l ..ZJ'1m~u1u (Implosion 

technique) ~~l91FlUTl9lt1~11EJEJ(,1bf9l~tJ~El Viktor Schauberger fat1~e:imi'n-J1J1mml'101".i 
Ei".i".ia..!~1&liJn1".i'Vla..JU1Ub1 i;:i11 'Vl i;:i~uri'11 'l4bfl'U'l"J ~\l\11UEi".i".ia..!~1 &11 fl!?l bTI1~\IU1U".i~~~~ bFl~El\I . ""' 
O :;' cf I GJ d'1 OJ I WS 

'Vl1U1'Vla..JU1U Vortex technology TIU 'l"J'U11'1"Ji;'l\ln1j'f'la..JU1UU".i1a..Jn'IJ£,1U1a..Jbba..Jb'l'rnnTIU1l91 • • 
6000-9000 gauss r,11m".it1'Vl11t4bnl9ln1".ibbf9lnf911TIEJ\11e:ie:ie:iu1mX1bnl91bUuJ1~3'.l ROP negative 

11?1
19

'
23 ~\I b~EJU11 Ul ~'l"J'\Jl13'.J Fl ru £,1a..JU&l n1".i~1Ub ~El bb'\J Ari b ~ti 11?1~ • 

..... 



1'1-tn'HUml\'l Implos ion techn ique d bUui?l'1el~1\l~~~mJ~1\l'Yl'ii\ITi eh'ln11 
bU~CJmbu~\lroiru~a-iu1~h%1fo1 CJm11~roi~uroi11a-i~lil1nm1'Yla-iu1uTiel\IJ1tuelumru~u1~~"M-i~u 

q q q d.9 

'V111 'Yl1f?i'J1~~ Fl ru~a-iu&l ~~U~el~TIJl1'V'JTiel\I RUb 11 ~\I bb UUUelu1113"~13.J11tlel B'U1CJ1~~CJ • • 
d d 

'Yl q"M-{] bR 3-1 n1 CJJ11'V'J 

i?l'1el~1\1~1f?i''Yl~'UCJna.J111l U'U'Yld b uub~CJ\lci1uuelCJTiel\I roi11 a-it111'Ylu11 un.11Fl'u 

'V'J'U roi ru~a.Ju&l1'Yla-i1 Tiel\IJ1b ri1~u tT\13'.l roi11 a.J t111'Ylu1 ~ n'Yl ~1CJel ~1\1 b~ CJ1 n'U roi ru~a.Ju&lt un11 • • 
-r n"M-1t1RTI el\IJ1'Yl~m1~u1u ~ ~ n'Yl ~1 CJU1~ m1~13" ~13-111tielB'U1CJ1~1~ CJ Gl'1~\11~1 bR il 

II.I ~ ' ' ' 

mCJJl1'V'Jbb'U'Ub~a.J "1 bri11Xu bb~b11mlillil~i9i'el\llm~1n~A1~1?1{wrnui?la-1Yl11f?i'1CJroi~u~1\l "1 YI 
ira.J~u5 n'Li ~~11b ~13-11 el B'U1 CJ roi ru~a.Ju&lTiel\IJ1 bb 'U'Ul 'Yl 3" "1 f?i'1CJ bb~~ b~ el 1'Yl~n1?11a-1~b11 • 
~13.J11tl 1TIU~ AU1 FltlJ~a.JU&lJ'11U1~i?l'U~n1f?i''Yla.J~ b~ell1b~el~U 3.J3.J3.Jel\lf?i'1U11~U1U ~'flel\I • • 
b11lil~i9i'el\lbU~CJu1ulil1m~a.Jt~CJ~m~\I 
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QJ .:l' %' 
'1:1tl fl fll f.Jfll't'l 't'IU1l1U6ll tl~Ul 

'l:1flfl6lltl~t11~3'.i~a (Archimedes' principle) 

• fll'J'W~-:i-;;i0a~1 (Buoyancy) 

1i1mu~6lit1~U'l~ (Moment of force) 

• 1:tmJU~'Ut>-:tfll'J'W~-:i-;;i0a~1 (Moment of buoyancy) 

• fll'J!flgt>u1'tnH'U'U'W~-:t'Jt>-:t-r'U (Supported movement) 

• fll'J!flg0u11nu'U'U~1u (Resisted movement) 

<!I 
fl113J'l:1U~ (Viscosity) 

fl113J~Ut,ft1flt'fOvt (Hydrostatic Pressure) 
~ d ' l\' 

fll'l!fltltlU't1N1UU1 (Movement through water) 
... 

n1'l1'1:1aU'U'U1n1u (Turbulence) :i.1116lfn'Ufll'l~n1uih 
"-'A .c:t ~ 

flW t'f 3J'UVl't11~ g fl:J-.16\J eHUl 
" QJ 0 

• ~1111-;;i :-;;i1a 

• ai11-w m'Ju11l'Jw1'U 0-:iJ1 
., ., 
o t o CV 

• 'Ulflfl'U - 'Ulfl'J:~l~ 

• f11uu1lun'J~ - · ma 
t 

fJ t\Hl:J-.1 'U'1l 't11 ~VI a fl d6ll e,nh 
.=! ., 

• fll'Jnfoaumnu:'U0-:iii1 
., 

I O 

• fl1l:tJ't'i'UlU'U'U'U0-:l'Ul 
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11ann1EJn1wwus;puvoou1 1 
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J1b lJuG'f G'f1'J~ b llu'E!e:i\I b 'Vl ~1 ~A ruG'f:J..JU~'Yl1\I n1 tJJl1'W bQ'W1~~ bbl?I n ~1\1~1 n'E!e:i\I bb~\I 
q 

bb~~'EleJ\I b 'Vl ~TU'J~bJl'Yl ~u 1 G'f1 m"Jm tl ~ tJUG'f mu~Jl1'W 11?1~1 n'E!e:i\I b 'Vl ~1 b llu'El eJ\I bb~\I bb~~b llu 

1e:iJ 11!?lrZ\ld~ue:i ~ tl'U eJ tlJ'VlJl ~'El eJ \llZ eJ \l'Vl~ eJJl1 ~u~~'JeJ \1-r'U 'JU~1\l'EJ eJ \IJ 1~UeJ ~ rl'UJ11~U~~1~ 
cu q cu cu cu 

'Vl~e:i'Je:i\1-ru b~eJAUb'J1~n~m'J:1..J~1\l 1 'Yl1\IJ1 mrib~u m"J11tiJ1 m"Jn'J~l1?11?1J1 n1'J'W1tJ 

b ~e:i hH1~~b llum'Je:ie:i n rh ~\I n1 tJ'Vl~eJ n1'J bb~\l~Un'µJ'1 ~~ ~ eJ\I b ofl1 h bb~~ flTU\I fJ\l'Vl ~fl n1 tJJl1'W 

~w~1u'E!e:i\IJ1~\l~e:i~ 2 'Vl~n1ml1 1 ~e:i 
cJ,,9 cu ' Q) 

1. 'Vlant1ehrn1fiil~a (Archimedes' principle) ~\l~~bMmnum'J'W~\l~eJtJ~1 
(Buoyancy) 

2. O!Jtleh1U1iffl1a (Pascal's law) ~\l~~bMmnuA11m]u~'YlnG'f~1?1il (Hydro

static pressure) 

ue:i n~1 ndtT\l~eJ\lfl1U\lfJ\ID~~tJ~1:1..J~bMm.fle:i\I T~til?l'J\l~nu1\ltl'J~b~u it'u~e:i b~eJ\I 
A11:J..Jci1\1~1b'W1~'EleJ\l'EleJ\l. b'Vl~1 (Specific gravity) A11:1..J'VlUl?l (Viscosity) Tm:J..Jul9i''E!eJ\ln1'J'W~\I 

~eJtJ~1 (Moment of buoyancy) bb~~n1'JbA~eJU~'EleJ\l'EleJ\lb'Vl~1 (Hydrodynamics) 

11anvooo1F'lDoa (Archimedes' principle) 

'Vl ~ n n1'J bb 'YlU~'EleJ\l'El eJ\I b 'Vl ~1 b~ e:i1 l?I ti~ :J..Jtt\I e:i ~1 U'El eJ\I b 'Vl ~1 1a-J11~~rZ\l'Vl :J..J l?l'Vl~e:i bb~ 
q "' 

b.W~\l'U1\1~1u tl"J1nnm"Jrudbn 1?111?1~1 nm"J~u1 uril01'Yl1\l~U (Upthrust) 'Vl~mb'J\l'W~\l~e:iti~1 
(Force of Buoyancy) ~\I~~~ ~1 b ·vh nuJ1mtn'Vl~e:itl~:1..J1 rubb 'J\I~ bfl 1?1~1 n :J..J1 ~'EleJ\l'EleJ\I b'Vl ~1 



.... . 

~~n1~~bb'YlU~ · 1um&~~eh'lb'Vl~1ifu ~ei J1 ~\l:l'.IA11:1.Jci1\llil1b~1~ (Specific gravity) 

btl1flU 1 l\1~11?]-;h 

1. ~11~i;i:i'.lm1:1.Jci1\llil1b~1~urn:m11 1~i;il\l~~eiti foiti:l'.lu1\lri1ul\1:1.Jei~11?l~1J1 
q q "' 

b itei\ll\11ni!1wtXn~ei\11~i;iueitin11J1mtn~ei\IJ1~i;irnb'YlU~ b~u Aei{n 'Vl~ei 1~i;i~bllum\15~~:1.J 
q "' q 

(Inflated rubber objects) 
VQJ d Io I 

2 . m1~i;i:1.Jm1:1.Jm\ll\11b~1~:1.J1nm1 ............ ~~~~~~~~~~~~.q 

V '1J I I 
I o QJ o cl d 

mnm1uT1-mn~ei\IU1'Yltlnbb'YlU'Yl 
"' ,, ' 

!LI QJ d I o I QJ QJ I l e QJ c o d 

3. m1~tl:1.JA11:1.Jm\llil1b~1~b'Yl1nu 1 1~i;il\l~~eitJ bb~eJtJe..J1b61:1.Jeinue..11u1 mei\ll\11n 
q q "' 

V !lJ V I I 
o QJ' CV I QJ o CV o d d 

U1'VIUn~eJ\11 ~ m 'Yl1 nUU1'VIUn~eJ\IU1'Ylf;l n bb 'Yl'U'Yl 
q "' 

Behnke bb~~Aru~ 11?1Arnfl~u11 A11:1.Jci1\lli11b~1~~€l\IAUL'Ub~A'El1tJ (hh1:1.J 

mmAJl1ti1wuei~) :l'.IF11d~'Vl11\I 1.050 - 1.084 bb~~Lub~Am~\llil~:l'.IF11ueitin11 bitei\llil1n 

b ~ A'VI qJ\I m ~ 3Yu1 'U~1\I n1 tJ :l.J1 n n11 b ~ A'El1 tJ A1 b~ ~ tJ Fl11:1.J ci1\llil1b ~1~~€)\1 Fl'U~11 UJ1:1.J 

ei1mA1utJei~1?11ti:l'.l F11tJd~m ru o.~ 7 4 ~\l'Yl11 r4Au~eiti~11 ui!111?1 b~ei~1\lmtin1~\l~eitJ 
5~d1ri1u~ei\lri1ulil:1.JL!?i'J1~eiri1u~eim'V!ueiJ1b'Yl1nu o .9 74 ~ei 0.026 (0.95:0 .05) 

(~tJJl1~~ 2.1) 

~1ri1u~~eim'V!ueiJ1 :l'.IF11:1.J1nn11 0.05 'ltu~ei b~eJAJ'!Y~'Vl~mb~utin~u 
b "V1ueii!1 lil~'Yl11 r4u~:1.J1 ~d~ei\IJ1~i;i n bb 'YlU~ ~ ~u-ei ti ~\I · 5u:l'.l e..1 ~ ~ei bb J\l~tJ\I ~ei ti ~1~~ tJ\I 

"' q q 

~1\1 m ti~~ ~\11 u !?11 ti ~1\1 n1 ti nlil~l\l :l.J ~ \111?i'J1 ~\I l?l ei\IV11'Ylu~ ti\I :1.J1611:l.J~1ti11b uumdb ~ :l.J 
q q 

tJ~m~d~ei\IJ1~i;inbb'Ylu~T~ti'Ylu~ti\l 'Yl11r4bn~bbJ\l~eiti~1~mn~u (JtJJl1~~ 2 .2 bb~~ 2.3) 
QJ q q cu 



• I d 'l .J I 0 "' I .d I 'l ... I cf 1 ... cl 

'aul11'Wt1 2.3 n1'a bl>lfl'U'Wth1611Gl16'1'Ufllil3-I !il:l:'V'Jtl b'Vl'a11'.1n1£161eJ£.ltl'U GIGI .. . . 

1U~1\l tF11\lrlf1\l ~1utJ1~ml'U~1\ln1~ f71\lif uF111:1-Jrl1:1-JTrn 1 um1~el~~1~\lbbl9ln~1\lnu FJU~ 
"' ' 

~1 'El arum nfil~ ~el ~~11~~ wh FJu~ ~1 'El aruuel ~ F11~ a.J ci1\llil1b ~1~'EI el\l 1'EI aru~ iol1 bQ ~ m~'Vl11\l 

d I d I d" d I V J" d t ... ~ 
1.06 m~~na.JF11bQ~~1~'Vl'J1\l 1 .40-1 .so mm~ell911\l "'Jbb~~n~1muelmm1 Ua.Jfil~fila.JU1 

b ~11~ F111:1-J ci1\llil1 b ~1~'Elel\l n ~1 a.J b d'el bn el'U b r11'Elel\JJ1 bb~ m~ in nfil~~ iol1 m n n11vi11 ~ n1~ inn 
"' "' 

fil~fil:1-JJ'1 1 u~1\l n'J ~ FJUb 11 r11:1-J11m tJ ~ ~UbbU ~\l FJ'J1a.J'VlU1 bb uu'E!el\l~1\l m~ tin~ m1b ~a.J'Vl~el 
~ intJ~ a.J1 rum ni AJl1 ~1 utJ el in-#\l rlel \l~1 \l ~1m'Vl19ldFJ u~tJ el in -#\l ~el\lfil ~1 ~ m ni Afil1 n ni1 

• q 

'Vl1~lfilb ~1 (Inspiration) ~1\l n1 ~fil~ ~el~ bb~ r;l11\1:1-J~Ubbrlinl'l11 FJuif utJ~m rum n1 Al utJ el in~ 
Uel~~\11\11 n n11'Vl1~lfilelel n v\'11 ~bel1eJ1n1Aeleln1 tJ1 U'EI ru~~'Vl1~hel el n (Expiration) 



b iteh'Pinn 1:tr~ior;n:i-Jci1'1~hb 'W1~UeJtJffJ1 1 ~\'!Jut um".iu11:trtTu~mb { (Crutches) 

'Vl~eJ 1:trb '111 (Cane) m1ll U~".i~J1 i?i'e:i'1'Yi11'Vlb:trtTu~mb{'Vl~eJ1:trb r11~Fl11:i-J'VlU1bbUU:i-J1nn11 
J1 Tl?ltl n1'.ici1\'lJ1mt'n~u1,:nmm\'l 1ar'Vl~eJ ~ l?l bbU~\'leJ eJ n 1 u~ m~Um".i'Yi11:trtTu~mb {~'JtJ fa'Vl~bb~\'l 
(Solid Metal) ~1'Vl~'U~'llmru'W~\'l (Support)' 'Vl~HbFl~eJ\'lci1\'lJ1wun (Resistance) bb'\J'\J 

~Ul?l~ ~13-J1".i~tl11 'Vlb U\'l'WeJ'111?lbl?ltJ n1".ieJ l?l ~:1-J (Inflatable float) ~13-J1".i~ ~l?l bbU ~\'lb ~m ~:1-J 
_____ 'j1j_e:i_~_f?liJ3_m ru ~LR\'l_eJ_JJ]J_~( Floats) Ju 1~ it un A eJ b uum j bu~ tJUbb u ~\'l Fl113-J 

'VlU1bbUUTieJ'11!?l~iuJuitme:i\'l 
q 

n,n1f!'1i.UJt.Hi'J (Buoyancy) 

m".i'W tJ\'l ~ e:i tJ 1?11 A e:i ~Jl11~~TieJ\'l b 'Vl ~1e:i e:i mb ".i\'l'WtJ\'l ~u1 !?l ~~~:i-J e:i ~1 u~e:i\'l b 'Vl ~1 bb ".i\'l 
q q q q cu 

d~bbU'J T u:i-Jt Un1".itJn1!?l~~~:i-J1 UTieJ\'lb 'Vl ~11 i~e:itJe:i~b 'VlUeJ ~'JTieJ\'lTieJ\'lb 'Vl~1Tl?l mil 1?1~1 n bb ".i\'l ~u~u 
q q ~ 

(Upward force 'Vl~e:i upthrust) ~m~'Yi1~e:i1'1?1~Ju1 ~\'lm~'Yi11wnF1'Yl1\'l!?l".i\'l~1:i-Jrl'\Jbb".i\'lTu:i-J 
ci1'1TieJ'1fan (Gravity) m{~~~~ n~1111 b~eJ~~1".i~:i-JlUTieJ\'lb'Vl~1rf\'l'Vl:i-Jl?l'Vl~eJ'U1'1ri1u TIU11?1 

U~mruTieJ\'lF1113-J~U'W~\'l ~eJtJl?i''J (Upthrust buoyancy) ~~b rl1 rl'UJ1'Vl'UnTieJ\'lTieJ\'l b 'Vl ~1~~ nbb'YlU~ 
b~m ".i1w~1".iru1bb".i\'l~bn1?1~ut u-11?1~~~:1-Jt uJ1~~~bb".i\'l 2 bb ".i\'ln".i~'Yh1?1".i\'l~1:1-JnuAe:i 

q 

1. bb".i\'lTu:i-Jci'J\'lTieJ\'lfan ~~'YiF1'Yl1\'l~\'llUbbU1~\'l m~'Yi1~1U~l?lF1Utln~1\'lTieJ\'lrleJU 
q ~ 

1!?l~Ju (Center of gravity) ~\'lb~1riFtutin~1\'lTieJ\'lfan 
q ~ ~ 

2 . • n1".i'WtJ\'l~eJtJl?i'1 (Buoyancy) bfll?l~1mb".i\'l'WtJ\'l~TieJ\'lb'Vl~1'WtJ'11!?l~JuH ~tlF1'Yl1\'l 
q q q q 

~\'l~UlUbbU'J~\'l m~'Yi1~1u~1?1F1Utln~1\'lTieJ\'ln1".i~eJtJ (Center of buoyancy) AeJ~l?lF1Utl 
q q cu q cu 

I d d a.J cfc:1 I I QJ d QJ ~ d 
m\'lTieJ\'lTieJ\'l b 'Vl ~'J'Yl ~ n bb 'YlU'YlUUbeJ\'l bb j\'J'(,j,:1-J Fl1 b '¥11 n'Um ~TieJ\'lTieJ\'l b 'Vl ~'J'Yl~ nd!?l ~UUbb 'YlU'Yl 

~ ~ q 

b~e:iJ1m-hnTie:i'11'1?1~~n1Gl'\'l~eJtJ (Floating body) b r11n'UJ1mtnTie:i\'lTieJ\'lb'Vl~1~~n 
bb'Ylu~T1?1tJri1u~~:i-JTieJ'11'1?1~Ju bb~~~l?lF1Utln~1\'lTieJ\'ln1".if;'leJtJ (Center of buoyancy) bb~~ 

q q ~ 

~1?1F1utici1'1TieJ'11'1?1~ (Center of gravity) e:i~lubi;rU!?l".i\'lbbU'J~\'lbi;rm~mnu (Vertical line) 11?1~ 
q QJ q cu q 

~~e:i~1u~Jl1'W~:i-J~~b~~m (Stable equilibrium) (~u~ 2.4) 

u1~liiuriu 
(force of gr1vhy) 

u.1u1outi1 
{Forc,• ufhu11y;1ncy l 

1ilfJUt'ith~\I0~1"t! 
(Ccn1rcofi:1uvity) 



·~ 

~1~ l?1 FfUtln ~1\lrY\l rleJ\I hJe:i ~l UbbW'J~\I b~Ub~ tn tl'U bb ".i\lrY\l rleJ\I~ n".i~'Yl1'U'Ull9l f;l~~'Y11l i-J l9l f;l 
q cu Q.I q ~ q 

'W~n1tJm (Roll over) bfl1?1tm:J..Jui?l~eJ\ln1".i'Vl:J..JU ~Un".i~rt\lll9lf;leJ~lU6'1JlTv1J6'1:J..Jl?l~ (".i'\J~ - 2.5 
q q cu q cu t 

bb~~ 2. 6) 111\lt1t'i11h.:1 

2lil\10110lilll 

(Centre of 
buoyancy) 

(Force of gravity) 

\lt1A'6uii'l.:1t1i1.:1-ltm . .. . 
(Centre of gravity) 

111.:1aE11i"> 

(buoyancy) 

-aum'W~ 2.6 11Plril\J~mn1111ua.11biiB11l\11n!il1P1A"iulmn:i'2lernm-atu1mbiil~!il1P1A"u6ri111 cu q q 4.1 q Q.I 

· 1~mJ1ubbU1b~t.11nu .. 

I o QJ V d I '1..1 d QJ I I o 

1. m1:J..Jm\1~1b'W1~~eJ\l"Jl9lf;l m:J..J1011ue:iCJ~~mb".i\l~eJCJl9l1mnm1 m1:J..Jm\1~1b'W1~ 
q • 

~e:i\11l9lf;l6'11 m".if;l ~ l?lUeJl'J ~l'l 11?1't1?1CJn1".i 1ti'Yiu~e:i CJ~ l?1 n'lJ1 l9l f;l ~\Im~ b UUf;l\I ~ :J..Jl'J1\I vl"J\ll'J1\I €u~1u 
q q q q 

1r11?1~~~110111:J..Jci1\1~1b'W1~~1 b~u 1arl0le:i~1?1 'Vl~e:ihJ:J..J 'Yiu~e:im'Vlci1d~~1ub~:J..Ju~:J..J1l9l".i~e:i\I 
q q 

1l9lf;l l ml1bb~b~:J..Jm~b .WCJ\lb~nue:i CJ 
q 



bb 'YlU~liJ~~J1V1Utl 3-11 n n-J1tZ1V1Utl~ PJ\'ltZ1~ tl n bb 'YIU~ l?i'1t1u~a-11 l?l".i b rl1 nu ri1 l t-i'bb ".i\'I ~U'W tl\'I 
~ . 

(upthrust) ~ ~1 m n n11 ~\'lb ~u 1!?llil1 n tl1".i'W ~\'I~ PJ tJ !911 (Buoyancy) ~PJ\'ltZ1btl ~PJ ~ ~13-11 n n11 
" .. 

~PJ\'IU1U~~'Yl5 • 

___ _____.,Tu1uuciuou11sD (Moment_of_for.ce_) 

b~ P.lbb ".i\'I tl".i~'Yi1 ~ PJ1 l?l tl i:.J ~~ PJ1liJ b fl l?liu 11?\~ PJ tl1".i'VI 3-JU".iPJUliJ l?l'Vlii\'I~ l?l~\'I PJ ~nu~ 
q q q QJ 

P.l1lilb~t1nnu~11u11 i:.J~tl1".i'Vl~U~PJ\'lbb".i\'I (Turning effect of force) 'Vl~PJTma-1ul9i~PJ\'lbb".i\'I 
~\'I b tJuu~a-11 ru~1~gf1wru11?1 i:.J ~'VI a-1u~PJ\'I bb ".i\'l~bn 1?1iuuu1'1?1 tl~ tl rnb ".i\'lif um~ri1 . . ~ 

tl n~PJ\'I Tma-1ul91 tl ~1111 "b:tHa.J'U~"l.lehHb ~\'I b~U '3\'l'Vid\'.I w "3'el'lJlil~ b~lil~'Vid\'.I 'W q q 

~'1 m~'1e1~ nu~ ~e1 ~~fl W"l.I el\'.! u "3' '1~n"3'~'ti'1nu"3'~t1~'t11'1~ ~1nlil1nlil~'Via..1u 1 ct.J ~'1~1nnu 
~ ~ q q 

' 
bb 'U'Jii FT"l.lel\'.I u "3'\'.lcn n"3'~'ti'1" 

T1nM'U9i't1s\1n11w~'1fliJt19l'1 (Moment of Buoyancy) 

b -ci.PJ\'lliJ1 rnb ".i\'l'W ~\'I~ PJ ti !911b tlubb ".i\'l'flU1?1V1it\'I ~\'I ~1m".itl1 ~nu n!J~1\'I ~uitl!?l b 'W".i1~ 

Tma-1ul9i~PJ\'lbb".i\'l'W~\'l~P.Jt1 (B) = F x d 
' 

b3'.!P.Jn1'VIUl?l F = bb".i\'l'W~\'l~P.Jt1!911 (Force of Buoyancy) 

d 

A 

8 

= 

~u~ 2. 7 LLff1?111~113-IL3-l'UGi'2JeHILL'a\l'Wl\!\l~eJtl!Ji'JfiGi111 ") nu 11iltl~ A LU'U~lil'lll~'U .. 
trn~!illilA'Ufi°n~1\1'2leJ\ln1'a'Wtl\l~eJtl (Central of buoyancy; CB) . ~ . 



''il1 mu~ 2. 7 liJ:::bb~l?h'l l 'IZb liubb "h'l 6'1El tJ l9J'Jbb6'1:::1il 191fl'\ . .\itJn6'11\l'flEJ\I nTHHJ tJUUA1U'Vl~El 
.. q .. 

bbnumm (lever) ~\llil:l·rn~1uJ1 ~:l-H.J~1\lnu 3 :J.J:J.J Tm:1.Jui?ld'1"11u1ru117i'lil1n bb".i\l'WtJ\16'1EJtJl911 
q qJ q q q 

',, ' v d Cl.I Cl.I Q.J d 0 

Arum tJ".i::: tJ:::'Yl1\llil1nlil191'Vl :I.JU 'Yl 191\IQ1 n nu bb u 1 bb ".i\16'1eitJ1911'\'l m:::'Yl1 
.. q q 

t:J.J b:J.JUi?l'flEJ\I bb ".i\l'Wtl\16'1El tJl9J'J~ bfl 191~U l Ubb~ i;i:::~'J\I b lJul9J\li{ 
q 

' o I d d I 

1911 bb'VlU\l'Yl B 3.J A1 F x d 
1 1 

o I d d I 

1911bb'VlU\l'Yl B 3.JA1 F x d 
' o I d d I 

1911bb'VlU\l'Yl B 3.JA1 = F x d 
3 3 

bv-J".i1:::A1A11:1.Jm1A1u d mnn11 d i?l\lttutm:J.Jui?l'flei\lbb".i\l'WtJ\16'1EJtJl911uu AB ~\1:1.J1nn11 
2 1 q 2 

uu AB tl1 AB EJ~lUbbU'J~\I (Vertical position) Fl1A113.JtJ11A1U d liJ:::bvl1flUflUtJ i?l\lttu 
1 .. .. 

1~ bfl 191 n1".i'Vl:l.JUbb~ tl1 A1U'Vl~El bbnU'Vl 3.JUb~EJU:l.J1 El ~1n ~~1J1:1.J1 n~u ~ 6'1 l Un1".i'Vl :I.JUii!::: b ~ 3.J 
q q cu q 

~ui?l1tJ bb6'1:::1il:::mn~~191~1?\'1bb'VlU\I B ~\1Fl1A113.Jtl11A1U d ~Fl13.J1fl~~l91 lU~1\ln1tJ'flEJ\IAU 
q 3 3 q 

A1U'Vl~mbnum~u (Lever) U".i:::neiu~ui?l1m:::m\IA~1\11 (Limbs) b~U bb'f1Ubb6'1:::'fl1 

~191'Vl:l-JU (A) ~m]ei~ei (Joint) ~\l~n1".ibA~EJU1'Vl1bfll91~U~it 
b~El A bb'YlU ~ei'l411'Vl~ (Shoulder Joint) 

AB bb'YlU A113.JtJ11vlEJUbb'flU 

6 d' 
t:J.J b:J.JUi?l'fl El\I bb ".i\I ( 'Vl~El ~ 6'I n1".i'Vl3-JU'fl El\I bb ".i\16'1 El tJ l9J1) Iii::: b 'W 3.J'flUl9113.J El \I fl1'fl El\I n1".i 

n1\lbb'flU (Degree of abduction) ~6'1'flEJ\lbb".i\l'W~\16'1EJtJl9111ii:::b~:1.J~Ub~mb'flUln~lil:::~\l~'JJ1 
i?l\l".iu~ 2 .s .. 

• • 



... 

~ti~ 2 . 1 o n. bb i;1:: ~ti~ 2 . 1 o · ~. ~:: b ~ u 1 !?111 ".i:: ti:: iff \I ~n n ( d ) ".i:: 'VI 11 \I 

~1?1Au~mn\1~€.l\ln1".i'WtJ\li;1€.JtJrl'U~1?1mm 1u".itl~ 2.1 on. ffun11".itl~ 2.1 o ~- ~\lb~:l-lvlUi;1€.ltJ 
q cu . q q q cu cu q 

~tli;11mrnu ~\lif uTm:1-1ui?l~eJ\lbb".i\l~::b~:1-1iu 
b~eJFiu~ubneJu~::iff\11?1".i\ll mi1 ~1\ln1tJ~€.l\lb~1~F111:1-1 t um~ti\I (Trend) ~~::n~u 

b-51 ~l?l1bb'VIU\l l UbbU 1 ~\I (Vertical position) bb~l U".i::'Vl11\I n1".ib~U'Vl~€.lt-i\I ~1~1;Z\ll,'1€.J\I ~ n tJ n 

i;1 eJ tiiul,'1\1bnu1tlth1 ~~ F111 :1-1 t '1%:1-1 b~ ti\I~ ~:: bFl ~ eJuiuci~1J1bbi;1 :: 1?11~ :: 'Vl\11meJu1 tl-51 \I 'VI ~\I 
<u <u 

(Overbalances backwards) (~ti~ 2 . 1 1 bbi;1:: 2.1 2) 

m".i~~1\I m ti bi,'fa'.leJu~J1wunueJ ti i;1\I b~eJ eJ ~1 uJ1 b iteJ\1~1 n bb ".i\l'Wti\I i;1 eJ ti1?11iu~eJ\I 
<u • 

n1".ii;1€.J ti!?l1~\I b uutl".i :: Tm1u~1F1 qieJ ~1\l'Vliii\1~€.l\I n1".i€.J€.l n n1~\l 1 uJ1 



F'l~lur.Oa (Viscosity) 

.d t:li 9 O d d o &" I 

Fl11 :J..l'VIUl?l~eh'l~eh'lb 'VI i;:i1 b UUFl11 :J..lbi;i CJ l?l'Yl1WEIUl?l'VIU\I (Friction) mn l?l~W'.i~'Vl11\I 

T:l-l bi;:Jn i;'j~eJ\l~eJ\lb 'VI i;'l1 Tl?l mnl?l~Uel~1\I ~m ita\l l U~el\I b 'VI i;'l1~~ nT'.ibFl~eJU~'Vl~eJ~ nT'.i 1 'Vl i;:i Fl11 :J..j • 
'VIUl?ld'~~~1WY11U~a n111 'Vli;'I ~el\lb 'Vli;'l1~~ Fl11:J..l'VIUl?ll,1\lb~UJ1aru~~ 1'Vli;'I1~~1bbi;'I~ 1 ~Fl11:J..l 

QJ 

~1U'Yl1U:J..l1n Fl11:J..l'VIUl?l~ ~ r\'1~1~1um11 'Vli;:ib -da\1~1 n Tmi;:i ni;:i~a\l~eJ\lb 'Vli;:J1~ ~ 'V'lmm:l-l~l?l 
--,--~~~~~~~~~~~~~~~~~~~~~~~~~~•<~~~~~~~~~~~~~ 

~ l?lrl'U119l~'Vl~eJ~1\ln1CJ~bFl~au~~1u~ubn1?1m11mu (Turbulence) ~F111m~11~~'U'Vl-d,\I 
bbi;:J~~ F111 :J..l ~1U'Yl1U:J..l1 n ~a n11bFI ~au 1 '1'11 b~a b ~:I-la tJJ'VlJl~~a\l~eJ\I b 'VI i;:i1 Fl11:J..l'VIUl?l~ ~ i;:i l?l i;:J\J 

• QJ 

Cohesion Fla bb1 \l~\11?11?1bn1 ~ nu1~'Vl11\I T:l-lbi;:ini;:i~a\ll,111'EIUl?lb~mnu 
QJ • 

Adhesion Fla bb1\l~\ll?ll?lbn1 ~ nu1~'Vl11\I tmi;:ini;:i~a\ll,11 1 ~1\l'EIUl?l nu 
QJ • 

bb 1\1 Cohesive ~a\I Tmi;:i n i;:iJ1bbi;'l ~ bb 1 \1 Adhesive 1 ~'Vl11\IJ1nuJl1'Elu~~ F11 :J..l1 n n-h • 
bb 1 \1 adhesive 1~'1'111\IJ1 bbi;'I ~ el1 n1 Fl r\'1 t 'l1~1J1 tin ~\I i;'l\I bbi;'I~~ ~ m"ru~ b uuri1ub 1 1bb1\1 

QJ 

Adhesive 1~'1'111\1 T:l-lbi;:J n i;:iJ1bbi;:J ~Jl1'Elu~ ~ F11 m n n11bb1\1 cohesive ~a\IJ1beJ\I r\'11'rZb1i;:i1 b 'YlJ1 • 9J 
a..J .d o I V 

aan CJ\IFl\l:J..lU1bm~a~~1\l 1 Jl1'EIU~ 

bb1\l~\1~1 Surface tension bUUbb1\lbfll?l~U1~'Vl11\1~1~a\ITmi;:ini;:i~a\l~eJ\lb'Vli;'l1 m~ • 
b tlu Cohesion 1~'1'111\1 T:l-l bi;'!~ i;:i bbi;:J ~~ l?l ~1 beJ\I b UUbi,1~eJU~1'VlU\I~~ l?l'Vl aju 1~~ ~1~ eJ\l~eJ\I b 'VI i;:i1 

r\'11 'YZ~u~ ~1~eJ\l~eJ\I b 'Vli;:J1~ bb u1 t u:J..l~~'Vl l?l ~1b~1 :J..l1 l 'l1b 'Vl~auaCJ~i,11?1 ~~r\'1~1bi,1~au'Vlit\I • 
b UUbb 1\1~1u~a n11bFl~au 1 '1'11 b~ari1u~1\ln1CJ~:J..l~:J..lt~J1 b -da\1~1 nbb1\l~\1~1~a\I bb191 ni,1ru 

• QJ ~ 

b~CJ 1 tlTl?l CJ n11bFI ~au~ bb~ ~ i:J i;:i bill CJ\! b~ nua CJ bbi;:J ~ ~ ~ ~i:J i;:i :J..l1 n b~ an Gt13-l b if a~r\'1\11Ub lluaY l?l 
' 

b~n 1bbi;:J ~ ~aubb1\l:J..l1n (~tl~ 2.1 3) 

U'J~nm'NUJtft'Jft 
· · - thmlt1n\l (Adhesion) 

- 'fi•Liltnn\l (Cohesion) 

• 



... 

FK:nuauqnnailCl (Hydrostatic Pressure) 

TmG'l mn.1 eh'l'lleh'l b 'VI G'l1~~eiei mb 'HI iilu~ eJ'Yl n '1 ~ l?l'Yl n ri1uuu~1'lleJ\'1~1\'I m ti'Vl1ei1 in bl~ 
q q q q q 

~:N ei ~1~J1 bb 1\'liilu~ n1~'Yl1~u~ e:J'VlU 1ti~u~~'lleJ\'I b 'Vl G'l1tf uir:N BY G'I AeJ A11 :N iilu'lleJ\'l'lleJ\'I b 'Vl G'l1 
<u 

F111a.u:i1PigyL~t11ntJF111a.ii?lu"l.leHJ°l.lehtt'VIWJ (~ti~ 2.13) 

1. A11:N~~1?1in1'11 ~\'le:i~1u1~i?lrn~m~ei:N~Am1nu 
q <u 

2 . A11 :N iilu~ ~1 b tl ~ tJUbb tl G'l \'l lu m :N A11 :N ~ n 

3 . . 'll eJ\'I m G'l1 ~ ei :Nf mfl1~ ii!rnG'I :N ei 
., ' ., 

I QJQJ aJc d QJQJQJ I 

4. 'll eJ\'I b 'Vl G'l1tJeJ :N ei ei mb 1 \'I 1?1Uin\'IQ1 n nu t:J1'Yl'lleJ\'I b 'Vl G'l1UUG'l:N t:J G'lei tJ 
<u 

5. n.[J'lleJ\'ltl1G'IA1G'l (Pascal's Law) bUUn{)b~mnum1ri\'lm~~1tJFl11:Niiiu1u'lle:J\'lb'VlG'l1 
n ~1TJ1 "wn :N iilu'll eJ\'l'lleJ\'I b 'Vl G'l1~ m~ 'Yl1 ~ ei~u~ ~1'll eJ\'1~1\'I m ti'Vl1e:i1 in bl~~ :N 

q 

1~J1'll ru~ei ~i'i,\'1~ 1 ~iilu A11 :N ~ nwdi\'I~ n1'Vlu1?11 '14 ~~ m~~1tJ1 tlfa tJ G'l~1bG'l:Nei 
<u 

~1l1\ln'1Jll'1~1 
nuLml\l1Jth'1 

i 11Jn\4 
U'7'1tl'l4 

- rl1'1fl1'14if1'1 

.....___._.__._ _ _, LL i '11llltJtl1 

a 

,u111cw~ 2 .14 bb1~Gi'ui1n,~ti1Gieii'mttuat,eiu6i1CP11 
~ . 

' ' 
a) bb ·;rn!Kufin-a:::'V\'11Pie:i1 IP'l~fililaHb61:l:6HJti 

b) bb -a'1iKun-a:::'V\'1-amJ ti11P11°ll1'1'Yl"a1'1e:imJe:i'1~uil"llu11?1b ..11nu 

CV a .J' CV 

F111a.i ~Ue:>'t'I n Gf g-i G'l°l.IUn\J 
q 

n. ~11a.i'Viu1 bb ilu"lleh'.l"lleh'.I b 'Vi ~1 m1 :N iilu~ bn !Yl 1 UbbeJ G'l n mie:i 61~~'!%ei tJ n11 A11 :N 

iilu~bn !Yl 1 uJ1u~G'l'Yl~ bbG'l~uei tin111 uJ1'Yl~bG'l l u1~ ii!ub~ti1nu b 'V'J11~J1'Vlun'lleJ\'l'lleJ\'lb'VIG'l1~ 
q 

• • 



ilu~m IW'H rl1 nu~eh'l ~~1'j'f!Ul91 b~mnuil R1 hlb rl1 nu nci.11~ nuti'Vlit\I ~mb J\I &i\I ~\l~eJ\I bb~\I 
T u:i-.i ci1\l L U~eJ\I b 'Vl ~1~ 3'.1 Fl11:i-.t'VlU1 bb uua-.11 n lil~il Rlm n n-:l11 u~e:i\I b 'Vl ~1~3'.1 F111 :l-l'VlU1 bb uwue:i tJ 

°ll. ';j~rKu~11a.1~n LU°lleh'lb'Vi~'J Fl11:i-.t~U~eJ\IJ11U~{~n n~m~'~ ~\11 UeJ~l ml1 Ii]~ 
' ~ ~ 

{~n mn~ ~l91U~b 1f1!'Yl'j1\JeJn ~\lt?i'1u~e:i n1J~tl1tiu1ue:ie:i n~e:i\lue:i l9l ~\ltf uF11Jb'i1T'Jlil 1 ~~1 u 
~ 9 

Au'Vl1e:i~tl1tiJ1ti~3'.1F111a-.11Uue:il9lb~n i1R1ue:itin-:l1 1 ,ooo ~nu1Anb'l!U~b:i-.t1?1J ne:iu~lil ~~\l~J~ 
~ 9 ~ 

b 'WJ1~J13'.1 m1 :i-.t ~UeJ1\U~\I 488.44 nfa n-ra-.i~eJ l?J1'j1\lb:i-.t l?J'j Fl1J\U~l9lbb~eJ ~1\IJ~:ir (9l'j~l\I b'i1'Vl-ru 

u1ul91 ~e:i~u1ti~~e:imrn r?l1m 'Vll?l~ F111:i-.i~ub r11 nu1 u'Yl nfl A'Y11\I Aub Jllil~ 1:iH~n-h F111:i-.i~u 
QJ q q QJ 

~ 3'.1 ~ eJ~U~1~ eJ\I 1?11 bb 'VlU\l'Vl.a\I~ eJ\1~1\1 n1 tJ m n WJ1~ ~Ubb~~ Fl11 :i-.t ~u it Ulil~ b llmb J\I b~ m nu 'Vl :1-1 (91 

(Uniform resistance) l U~eJUb~l?l~eJ\IFl11:i-.t~n~ tl1'VlUl91 l ~ tl'11 ~3'.1n1'jeJeJ nti1~\I n1tilt?i'~1J1 
~\ll~Fl11:i-.t ~m~:i-.i~u lil~ilt:-iffvlll ~eJ1n1'jU1:i-.t (Swelling) ~l91~1'11r?i'e:i~1\1~1tJl911tJ 

n1s1flaounw1ut..h (Movement through water) 

b lluA ru ~:i-.iu~~ eJ\l~eJ\I b 'Vl ~1~\I bl n F11u Fl :i-.i Tl91 tJ o'j'j:i-.t'f!1 ~ bb~~eJ l?J'j1nld1 'Vl ~ ~ l9l b llu 
9 ~ 9 

Hydrodynamics Professor Osborne Reynolds (Fl.A.1849 - 1912) 1r?i'nci1TJ1 n1J1'Vl~ 

~eJ\l~eJ\lb'Vl~1eJ11ilbUUbbUUbb'U1nd~bb~ (Streamlined) bb~~bbUu1mu (Turbulent) 

n1J 1 'Vl ~ bb urnm 1 m~ bb~ (Stream I ined ) b llunid bFl ~ eJU~~ eJ\I~ eJ\I b 'Vl ~1~ r?\'1 b uu 
~m-de:i\le:i~1\1~11 r?i'1tiF111m~1F1\I~ ~eJ\lb'Vl~1bu~tirn~a'.le:imb~u#uu1\l 1 'Vl~ltJ 1 #m~ti\I 
-c!e:iu~u 1unubb~~#uu1\I bb~ ~~#wdlil~ bFl ~ e:iu~1 u~\I nubb~ ~nu #u~ e:i ~ r?l1u L ulil~ bFl ~ e:iu~ 

llilfl;El\4 

~ " lfll'ltlW!r1 

.i "' lfll'IE'l\U 71 

~ 

• • 



.... 

fl1".i 1 vmbb'U'U1mu (Turbulent flow) bU'Ufl1".ibA~EJU~'lleh'l'lieh'lb'Ylm~13"b U'U".i~b UtJ'U 

~ A11 m ~11\Jun\'l:\J in A11m~11nfl191 fl1".ibA ~ eiu~b tl ~ tiubb tl ~\'I b~ei ti 1 ~ ~1 bb 'Vl.U\'11\J in 1in:\J in'Vlit\'I q gl q q 

:\J'Ubfl in fl1".i'Vla.JU1U'llEJ\'IJ1 bb'U'U Eddies Tin tJ:\J~b Yiu~ n·1~Hl.l~'VI :1-Ju1uei ~1\'lb~113" b UU".i~ b UtJ'U'llEJ\'I 
' ' 

Tm~~~'llei\'l'llei\'lb'Vl~1 (~tl~ 2.16) 

A11 a.J l?l1wvnu~ bfl in b ~".i1 ~ m1 a.J'tl in (Frictional resistance) b itei\'1:\11nfl1".i1 'VI~ 
bb uu1 mu:\J~ m n n11~ bfl in:\11fl1".i1 'VI~ bb uu bm1 m~bb~ b ~".i1~ m".i 1 'VI~ bb uu1 mu:\J~ bfl in A11 a.J 

'tJ in".i~'Vl11\I ~1'll EJ\I la.J b~ n ~'llEl\'I b 'VI ~1 2 'lluin bb~ ~~~1'llEl\'lb'Vl~1 rl'UJl1'llud1:1-J l?i'1ti 
' d OJ d d I ~ IV ~ o &' I CV V V 

ba.Jm 191 ti bA ~eiwn i;J1uu1 A11 a.J inu'llEJ\'IU1:\J~bn in'llubbl91n1911\'I nwrn\'I mu'Vlu1 bb~~ 
' 

1?11u'Vl~\'l'llEJ\'11191ti fa tJ:\J~b ~ a.J~WY11\'I 1?11u'V1u1 bb~ ~~ in ~\'l'Yl1\'I 1?11u'VI ~\'I bfl in fl1".i 1 'VI ~~ei\'IJ11 tl tJ\'I 
' 

~m1:1-J~u~1 b~tin11 ".i~~einJ1 (Wake) r111 'l-1bnin Eddies ~u:\11nJ1~ei~".iEJ'U '1 bb~~J1~ei~ 
'VI ~\'11191 ti fl1".i 1'Vl~1u1 U".i~~ ei nJ1:\J~~ bm1 T ua.Jr111'1'11191 ti tin ~1n~\'11tl1?11u'Vl~\'I ~\'I bA ~eiu~ b ~1 

' '"' 
:\I~~ bb ".i\'I ~\'I ~1 n :1-J1mb~~riei1 'l-1bn in m1 a.J l?l1u'Yl1ua.J1 n~u ti'1 fl1".ibA ~eiu~ b tl ~ tiwn Fl'Yl1\'1'11uVi 

:\I~~ nl?l1u'Yl1ufatiA11m~eitJ~EJ\'IJ1brn~~i;J ~bflinfl1".i 1 'Vl~bb 'U'U1mu (Turbulence) (~tl~ 2.1 7) 

• 



11?1~~~u~1mJ1un-J1\le:ie:i n b~mFJ~e:iu~~1uJ1 'Yi11 ~m~bb~J1m~t\111:rne:i mnn 

~1~e:i\11 in mb~~ ri e:i Fl ~u ~\I bFl ~ e:iu 1u1?11:1-J 1?!1u~1\l~e:i\11in Li bb~~~e:i !:I 1 ~ e:iubb d\I ~\I 'Yi11 ~~Fi ~u • • 
bb~~bb"j\1!911u~e:imdbFJ~e:iumn (~u~ 2.1 s) 

-aumw~ 2.1 a 1'G1t:lu~1t1u1un-J1'1 
~ q 

n1slna11uu~n~u (Turbulence) nun1swnluu1 

Jl11:J1 u~d~ ~\lbFJ~e:iu1vnb~1b ·rh h t\l~bn1?1md1vrnbbU'1nmumn~\l~u i?ll'.lif umde:ie:inn1ir\I 

n11:J~1mdLi'Yi11 ~mn~ut1?11:Jn1"jb ~:1-JFJ11m~1 (speed) 

2. ~u~e:i!:l (Floats) bb~~1arbbUU (Bats) ~1:1-J1"jLl'Yi11~bnl?lmd1vrnbbUUbbU1m~bb~ 

(Streamlined) bb~~mdhrnbbuu1mu (Turbulent) (~u~ 2.20 bb~~ 2.21) .,r\ld~ue:i~nu 
ir n~ru~~u~ ~1~ bFl ~ e:iu~u~'Yl~J1 n ~11 F1e:i ~u~ ~1bbFJUt\l~1~m1:1-J1?11u'Yl1uue:i1:J ~u~~1~ 



bb lJUffJ1\'l\il~'V\'1 l 't1' A11 :!i ~1WY11U:!i1 n ~\'! A113i\il~\'l i?l\'l n ~11d6{13il"HlU13i1 lm 't1'b Uuth~ btJ~U 
t um1~ ~~ ~r11'Yl1'1 m1elel n n1~'1 m tJl~it11~1~mQ'l"J1~ci1u~el'1 bb~u t~ tJm1t~d13'.lm1~el 
~u3'.lmA~elUU~'Yl~nl1m11 'Vl~~el\'IJ1 ~'1\il~ t 't1'~ ~ ~1\'lelel n 1 u m1bA~em 1 'Vl1d6{1:Ji11ti'Yl1 t ~ 
m n~u1 u~n r?i'1tJm1bu ~tJmbu~\'l ~1~b~1m~'Yll1 ~el ~13'.lel'Vl ~el'Vl~\'13'.lel m11'Vl~~el\'IJ11ell11 
!?111'1?1~\il ~a:l~n~ru~ bbl?l n~1\'lnUelel n 1 u 

m11 'Vl~bblll11mu (Turbulence flow) 6{1:Ji11ti tm um11Jn t 't1'~u1tJn~llmb~tJu 

im1'Yl1\'l 1?11~ n A~\'! (Re -educate balance) r?i'1tJm1t 't1'~U1tJ'l"Jtl1 m :li~\il~~n~1 n11'Yl1'11?1'1 

~el ~1Un11b~1U~'Yl~~el'1A11:Ii1?1uJ1 m1'Yl1 t 't1'~lJ'VlU1 ~~u\il~'V\'11~1~ tJ m 1b ~:Ii A11 :Ii i?lu 

'Vl~el ~ ~1~ i?ltJ A11 :Ii~ n~el\'IJ1 ~\'! m~~u t 't1'~1ci1u~1'1'Yl1'11u n ~1 :Ii b d'el b r11 bb~ ~m\il~ m~'llll~el 
q 

(Stabilize joints) 1r?i'bb1\'l~u b~el~lJ1tJ 1r?i'b~tJuim1'Yl1'1!?11t uJ1bb~1 m1b~un6{1m1mn~~u1r?l 
bb~ ~el\'! f11u'111 m1u{j't'J~t uJ1 b 'llud'hlt'llm1n ~ll:!i1 b ~tJufH:lm1 b~U (Walking. re -educa 

t ion) el~1\'lbb r1\il~\'l .b 'l"J11~m1'Yl1'11U~el\'ln~1m d'el b~el b~ut uJ1bbl?ln~1'11 U\il1n m1b~Ul1U 

• 



~U~U bb~ ~\le:J ~1\1hn1?113-H 11 n ~13-lTHHbnlTI ~ n·1~HlJ~'Yi1'Yl1\ITieh'l nT'H~U (Pattern of 

walking) L 'tfo n~e:J\11191 ~\l Lu~ ~tn'Yi1'Yl1\1~1\l 1 \\l ~ ~~Ubb~~'Yi1'Yl1\1~1a.J ~ n\\l~tl rnbmTI Ue:J n\\11 nif u 
.. q .. 

tJ\!Yl1 L ~~lJ1tJ ~ n1 ~\I L\\l~m~e:J'Yl11'U11 b TI1~1 m1ti b~u 1191 e:J ~1\1 ~'U1 tJ L ml1 .. 

FlrU8UUClnlOIF'lUVOOUl 3 
, 

U1'U~~'Yl51a.J~~ 1a.J~n~u bb~ ~ 1a.J~1~ u1 1 Tm~n~ (H o) 'lh~ne:J'Lil911tJ 1e:ifa1b\\JU 
q q 2 

2 e:J~l?l8:l-l bb~~e:J8n~b\\JU 1 8~1?183-l b~83-l~8nul911tJ'W'uBd~n1u,1wY1 (Covalent bonds) ~\! 
L~3b~A1?1 1e:Ju~1:l-lnu TtntJ~e:J ~ l?le:J:l-l-#\1~13-li?l1b~tJ\lrlU'Yl1:l-l:l-l 1 05 e:J\lff1 fatJ~Ernn~b\\lmuu#1~'U 

q 

bb~ ~1e:iTtn 1 b\\lmuu#1'U1n i?l\l ~u~ (i?l\l~u~ 2.22) 

-;;tlm'W~ 2.22 Tam;imnf1 .. . 
T:l-lb~~~ bb~~~ T:l-lb~~~Tie:J\ltZ1b~e:J:l-l ~e:Jnul911tJ'W'uB~ 1e:i Ttn1b\\JU (Hydrogen - bonds) 

b~tJ\li?l1~e:Jnmuu~u~~13;JTI (Tetrahedral) (i?l\l~u~ 2.23) 'Vl1L~J1~e:J\IL~~11\l:l-l1m~e:J 
bu~ tJU~tl1U~b uutZ1bb~\l i?l\lif Ub~e:J b 11b~3-l A113-lf e:JUL ~rl'U Fle:JUtZ1bb~\l 'W'uB~ 1e:i Ttn1b\\l'U~ 
b~e:J:l-l1~'VlrJ1\l Tm~~~\\l~~n'Vl1~1tJ ( 'W'uB~ TA11b~wn~A11mb~\lbbn~\ln11'W'uB~ 1e:iTtn1b\\JU) 'Vl1L~ 
J1bb~\1~~~1m UUTie:J\lb'Vl~'J TA1\l~f1\l~~ntJ'Ui?l1~\l tZ1L u~mu~Tie:J\lb'Vl~'J~\IL~b de:J~Ue:JtJn11 

q 

tZ1bb~\l ~be:J\!Fle:J ~1b'Vll?lrJ1Yl113-ltZ1bb~\l~\l~Ad13-l'Vl'U1bb UU~1n.-J1J1 i?l'Je:J~1\l~ bb~tn\l'W'UB~ 
q 

1 t d ,,; 19.JQ.J d c!1 o ~ ai I ~ J" d 

e:J tn1b\\JU'Ylb'Vl'U tn'2ltnAe:J bb1\ll?l\l~'JTie:J\IU1 (Surface tension) \\l~b'Vl'U11 'VltJtnU1'UWVm 'Vl1e:J 

'\JUL 'UU'd \\l~b llu'Yl1\ln~:l-lA~1m~u~uu 'Vl~m1~1~b~:l-ltZ1L ~b~mbn1 J1\\l~'V'JuTFl'\le:J~~\lb 'VlUe:J 
<U <u <U <U 

u1n bbrl'Jb~nUe:JtJ 'Vl1 nu11 ff\\11 nbb1\l ~\l~'J~\lbfll?l\\11n'W'uB~ 1e:i Ttn1b\\l'Ubb~'J J1\\l~b~:l-lb~tJ'Ub~:l-le:J 



... 

'Lh rnbnTvrn ~ 13-1~ m1uu bb 1\1 ~\I ~1 b lluFJ tiH'fa-Ju~~ bA~TiehnX1 ~\I~ m n n11Tia\I b 'VI ~1'Elitrn 5u 
v • 

tJ Flb 1uU1ffYl (Mercury) ~\I b lluo1 ~'elitf?lb~ m~ b UUTieJ\I b 'VI ~1 bb 1\1 ~\1~1'Yi11'11J1bn1~113-J1?11 nu 

bb~~ 1'VI~'eleJU1 'El1 u1~'Vl n'l-'lUbb vil'I bbarbb~1 T 'Vllbb~~1eltJbbln nTieJ\l~U 
• v 

.., 0 

fl'l'11ft~ft1fl 

b~m rltJ'Un'U~11u1~nm.J'elitrn5mb~1 J1b llui?l1'Yi1~~~1tJ~~~~rn b ~a Ta-1b~n~ • • 
Tia\IJ1a~11a-11?11nu ~f?lb'Vlitmnu~1tJ~uo~1f'.1Trn1blilu TrntJ~bb1\l~~a11 "oba~t~·Hm~~n" 

v 

(Electrostatic forces) ua nlil1 n Tm~~ ~TI a\ltZ1lil~b ~a 3-1 ~a nuba\I bb~1 Tm~~ ~Tia\IJ1tT\I 
~1 m1o~rnb 'Vliim n'Li Tm~n~5u 1~~1tJ Ta-1 b~ n~Tia\1~11u1~na'U'U1\l'Elitrn~rnb 'Vliimnu~1tJ • • 
~uo~ 1aaaitn (Ionic bonds) lf?ltJ~bb1\15b~Fl Tin1mbtn~m~'Vll1\IU1~~'U1nbb~~u1~~~'UTieJ\I 

a~inaa-Jbb~ ~~1?11 bb 1\15b~ Fl Tin1mbtn ~ nTia\I Ta-1b~n m 'Vl~1dlil~~rn ~\lb 'Vl~m VltJ\I 1180 b~aom'Li mu 
• v 

lil1nbb1\15b~ n Tin1~bbtn ~ nTia\IJ1 

J1bllu~1'Yi1~~~1tJ~~ b ~eJ\llil1 nbb1\15b~ Fl Tin1~bbtn ~ nTia\I Ta-1b~~~J1lil~~~ ~\la-11n 
n11bb1\15b~F1Ttn1~bbtn~nTia\ITm~~~5ub~a-Ja 1?11a~1\lb~u bn~al'llb~tJa-JFJ~ah~ (NaCl) ~ 
tm~~~Tia\ll'llb~tJa-J (Na+) blluu1~~'U1n ~f?l~f?lfl'Ulm~~~TieJ\IFl~eJ~U (Cl - ) ~\lbUUU1~~~'U 
b~a 1~e.J~nbn~a ~\lb uJ1 bb1\15b~n Tin1~bbtn ~ n1~'Vll1\I La-Jb~n~Tia\I T "(lb~tJa-JFJ~a 11~lil~on~ rn ~\I 

• v 

80 b r11 'Yi11 '11#1'U1nTia\I Tm~~ ~J1 (1f'.f Lf?l1bli!U) ~\l~f?l Tm~ ~~Tia\I Fl ~a~u (Cl) 11 bb~~ 
#1~'UTieJ\I Tm~~~J1 ( aan~blilU) ~\l~f?l Tm~~~TieJ\llm~tJa-J (Na+) H in1a-1~bb~f?l\lbu~u~ 2.24 

•• 



J1'Yl~bi;'I :i'.l1mFim iteh'Pil1mtlu~11;f,l~eh'l~111;'1~1;'11titii'.trn~1\'l1 ~\'l ri1u1 'Vlt!]t\l~b tlu 

t!1~1\l t 'lib~ ti ;f,I bbl;'l~t!1~1\l ri I;'!~ h r?l ueint\11 nJ1 b uu1?11'Vl1I;'!~1;'11 ti~ a\'l bb~\'l bb~1 J1 cr\'l b uu1?11'Vl1 • • 
1;'1~1;'11tJn1'li~ n !K1ti J1~Ul;'l~l;'l1tJ Fn{uau 1rnaan 1'lfrn1 um niA ~\'l:i'.lt]'Yl gb llun1rnelau J11 u 

bb'Vl ~\'JJ'1'1'111;'1~1;'11 tJ El El n~bt\JU l U~ El\'l Ell n1 A '1'11 l rr~\'l :i'.J~l 191 l uJ'111K'Vl1 tih n11'1'11I;'!~1;'11 tJ tl1'li 

~a\'JJ1~ua~nua ru'Vlil:i1~a\'lm ni A tll;'l1'Vll;'l1tJtii'.trntiauJ1b~U;f,11 n whJ1elu n b '\l'J11d1 cu q QJ q 

J1b~Ul;'I~ 1;'11 tJ tl1'l!EJEJ n~bt\JU 1!K~ n11J1au F111 ;f,I b~;f,l~U~El\'l n1'li~\'ll;'l~l;'l1 tJEl ~1 uJ13Y n :i'.J'VlU'J tJ . ... 
1rnbtlu ppb 'Vl~EJ parts per billion it'un~a ~a~u~1uri1u b~u ~1aan~bt\lu1uJ1 b'Vi1nu 

5 ppb ~EJ;f,l'Vl;f,11tJ~\'l 1uJ1 1 ~u~1uri1u :i'.ln1'liaan~bt\IUl;'l~l;'l1tia~ 5 ri1u ... 

Rll1'Wn1·nh 1 ww1111hnf, 
!911;f,!tJn~bb~1 J1u~~'Ylgt\l~ hJ:i'.lni1b'Vl.atiT1,b 1 ~vh ni1u11 ~~1~a\'JJ1bb~rn\'l~\'l ni1 • 

b~atlu~ EJ\'l ~111;'1~1;'11 ti1 uJ1 ni1b 'Vl.amu11 ~vh~a\'JJ1:1'.l'Vlu1 ti1 rn b tlu 1;f,I TFi1~b;f,IU~ ~a 
b'l!U~b;f,11911 (mS/cm) J1~~a1rnt\l~:i'.l~1ni1u11~~1b~tJ\'l 5 - 30 mS/cm 

r . r .. 
-uiee-u - -u1n~~tl1" 

b~m 111~J11 U'\J1\'lbblfomuJ1 Trnmu'\l'J1~J1u1rn11;'1 t\l~'\l'J'\Jl1 J11:1M11 rr~ubUU~El\'l ... 
co< I "'1' J' d l{') "-' J' 1 1;' <v ( ) 

brn~btirnFJ11'\J~\]EJEJnt\11n1911 ;f,lbnl;'ltJ\'l b11b1tinu1 bUl;'lm~ru~u11 "i.11n-a::::1?11\'.I" Hard water 

~\'l'Vl;f,11tJ~\'l J1~:1'.l~111;'1~1;'11mbFii;'!b~tJ;f,IFJ1{um u191tJua~mn bbl;'l~arn:i'.lti'Yl gb llumrnelau ~\'l 
aYmn rnt\11 n~utlul;'l~l;'l1titlua~1 uJ1 b~au1J11 tl IK;f,11\lUbbrr\'l nt\l~:i'.l'lf1n19l~n-rubb~\'l ~ma~~ ... ... ... 
t:JU\'ln1 ri1u "J1eieicu" (Soft water) 'Vl;f,11tJ~\'l J11u~il1'\l'Jtln~ri'11tl 



... 

R"J1au\h1n~R - LU& 

O'ai~ ( cid) 'VlmtJ~\'I ffff1".i~tl~€ltJU".i~~1e1T1waum-1 (H
3
0 +) 1r4nuff1".i~~~1tJ 

~1€J~1'1b~u b~€J[;.Jff:1-1J1num191bn~€J ri11r4bnl91 tl".i~\\11e1Tl91".ibutJ:1-1 bb~~tl".i~\\JbbfOlm~tJ:1-11?11:1-1ff1?1".i 
q q ... 

H 0 + HCI -> (H o +) + Cl - ffff1".i~blJUml91 hlbbri n".il9lrl1:1-l~«u (H so ) J1~:1-lff1tJ~ 
2 3 2 4 ... 

(CH COOH) 
3 

~1'1 (Base) 'VlmtJ~\'I ffff1".i~tl~€JtJtl".i~~1e'.ll91".i€Jn1'21l91 (oH) 1r4nuff1".i~~~1tJ 
~1€1~1\'lb~U tm~tJ:1-11e'.ll91".i€Jfl1'21l91 b~€Jbbl?lfl~1\\J~lr4tl".i~\\11e'.ll91".i€Jfl1'21l91 1?11:1-lffl?l".i NaCl -> Na+ 

q ... 

+ OH b~€lfa'Vl ~1e'.ll91".i€lfl1'21l91~~~1tJJ1 31u\\J~U~€ltJU".i~\\11e'.ll91".i€lfl1'21l91€l€lflm b".i1b~tJn11 "~1'1" 
q 

(Alkali) ffff1".i~bllmuff 1~fari ~u~b:1-1ul?i (cao) bb€l:1-1TmutJ (NH) 

n-a~ ttrnr I 

.J' 
".iffbtl".im ".iff~:l-l 

b tJ ~tJUn".i~l911'M-~ l?l 31 ff~J1b~Ub lJU~bbl91'1 b tJ ~tJUm~ 1911'M-bbl91\'I ~J1b~Ub llu~J1b~U 
l'Vlbtl".i1?1€J~ ~ru~~ri1tll]n~m ml91 - b'Uff i'uTtl".i1?1€JU ~ru~~'Yhtll]n~m ml91 - b'Uff 

r\'1tJl] fl~tJ1 tl'U fa'Vl~ bfl 191 n1'211e'.l fa".ib\\JU r\'11r4'bn1911e'.l 191".i€l n 1 '21 L9l bb~~tl".i~\\J~ €1'1 fa'Vl~ 
q 

~\'11~~~~1tJJ1 

lUfl1".ill9lf0111:1-lblJU n".il91 - b'Uff lUff1".i~~~1tJiru b".i1l~rol1rJ1 "pH" blJU~TU\'I~ 
~1 p ~€J:l-l1\\11fl1rJ1 power ~'1~f0111:1-l'Vla-JltJlUb~\'ltJflrl1~'1 ri1u H iru'VlmtJ~\'I f0111:1-lb~:l-l~€J\'I 
U".i ~ \\11e'.lfa".ib\\JU pH ~Fl1bllU~1b~~~\'lbb~ 0 - 14 ff1".iU".i~fl€J'U~~Fl1 pH 5 ~U".i~\\11e'.lfa".ib\\JU 

q \ I q 

mnn11 ff1".itl".i~fl€J'UYJ~A1 pH 6 ~'1 1 o b'Yl1 

J1u~ff'Yl~~F11 pH bllun~1'1€J~~ pH 7 iru'VlmtJ~\'I J1 1 ~l?l".i ~€Jru'VlJl~ 25 €l'1Ff1 
q QJ q <u 

b'2!~b~tJff ~tl".i~\\11e1Tmb\\JU bb~~tl".i~\\11e'.ll91".i€Jfl1'21l91€l~"il1u1mr11nuA€J1 x 1 o -7 t:1-1~ 
q q ... 

pH ~Fl1U€JtJ bbffl91\'lrJ1 ff1".iU".i~fl€J'UirU~f0111:1-lblJUml9lff\'I b~U J1:1-1~u11~ pH = ... 

2.3 

pH ~F11mn bbffl91'1rJ1 ff1".iU".i~fl€J'Liiru~f0111:1-1bllmuffff'1 b~u J1mri1f0111:1-1ff~m191 ... 
d' d 

~U:l-l pH = 1 3 



~'1~~1in1uJ1riTHmnarnenfi'tJe:i~1uJ1~~A1 pH 6.5 - g foimJn~tZ1~uin1a-1 
<U 

Ei113-1~1 ~:\!~ ~ A113-lb tJum f?H~ nue:i tJ b it,eJ\'l:\11 n n11fl~ fl1 tJ n1'liA1{'lJ eJU 11?1eJeJn1'l11?11 UeJ1 n1 A 

bb~'Yll1lmTIineJin1;'11'Vl n11a-1 ~ ~ n11D ci eJ tJ n1'lib~tJeJ eJ nm :\1~'¥111 'l4bn i?] l;'ffl11~ ~um l?l J1 ~u~ 
q 

l;'f~l;'fa-ie:i~lubb'Vlci\'IJ1'¥111'14A1 pH ~1fl'1 b~e:i pH ~1ffJ1 5.5 Dfl1:\l ~mtJ'Vla-ll?l b~e:i pH ~A1 
<U 

~1ffJ1 4 :\!~ hJ~~\'1~~1inll?l'YlU'Yl1U1!?i'bfltJ n11An~1A113-lbllUml?l - b'\Jl;'f TieJ\'IJ1~\'l~A113-l 
~1 fl'~ m n ~ e:i m1'\.J 1~a-1'1 bbfl~m1bn~in1 

1 2 3 4 ~ 6 7 8 9 10 11 J2 13 14 
I 

I 

' rhm1~ 
. I rJinJnA 

no1~ 1\Jt'J 

FlruauuCln1owanavoou1 4 . 
1. ~uo~ 1elTl?l 'jb:\JU (Hydrogen bond) Ta-ibfl~flTieJ\'IJ1LJ1~ne:i'lJ!?i'1tJe:ie:in~b:\IU'Vlit\'l 
1t I I I 0 1t ~ 

eJ ~in eJ 3-1 bb fl ~ el l?l 1b:\!Ul;'f eJ\'l eJ ~ r eJ 3-1 A11:J..J'Vl1\'l1~'Vl11\'l eJ ~in eJ 3-ITI eJ\'l eJ eJ n'li b:\!Ubbfl~ el l?l 1 b:\IU '\11\'l l;'f~ \'I 

0 .99°A bbfl~a-13-1 H- 0-H '\.J1~a-11ru 105 ° e:ie:in~b~U~D'j~:\)fl'\J ri1u1elfa1b:\IU~'lJ'j~:\J'lJ'Jn~\'l 
' q t q q 

t v ' 

'\.J1~:\I fl'\Jbbfl~'lJ1~:\J'lJ1nTie:i\'l bb~ fl~ Tm fl n flTieJ\'IU1:\1~~'11?11?1~\'l nubbfl~nu '¥111 'l4bn l?l hydrogen bona • • I • ., 
bb 'j\'J ~\'l l?l l?ld~ bb 'j\'J m n n11bbtJ n Tm fl n flTieJ\'IJ1e:ie:i n:\11 n nu1 t4J1 n fl1mtlu1e:i~\'l i?l eJ\'l l~Y-J ~\'l\'11Ul;'f\'l ., I • ., 

Y-J~\'l\'11Udb~tJn11 Heat of vaporization ~\'lbtlUY-J~\'l\'11U~mn~l;'fl?llUncia-iTieJ\'lb'Vlfl1~\'l'Vla-ll?l 
q q 

2. bb 1,1&i\'1~1 (Surface tension) J1~~rul;'fa-1U~~~bb'j\'J&i'1~1~\'l bb1'1&i'1~1 'VlmtJfi'1 

bb 1\'l~ m~:\11tJ1 LJrZ1 ~1'VlU1TI e:i\'IJ1 en:\l:\l~e:i B'\J1 tJ fi'1bb1'1 &i\'l ~111 b tlu'\.J~m ruTI eJ\'lv-J ~'1'11U~ i?l eJ\'l 

1m um1TimtJ~u~1viit1~e:iviu1tJ 
3. Capi llary rise bb 1\'l ~\'l l?l l?l1~'Vll1\'l Tm fl n fl~ e:i Tm fl n flTie:i\'IJ1~ue:i ~ n'\J 1el fa1 b:\IU-

QJ q q QJ 

'lJ e:iuiYl bb 1\'l ~\'l l?l l?li{b ~ tJ n11 cohesion bbfl ~ bb 1\'l ~ \'l l?l l?l 1~'Vll1 \'I Tm fl n fl TI e:i '1tZ1 ~ e:i ~1TI e:i \'I~ U\'l'Vl fl e:i l?l 
<U <U q 

• 



... 

ac I d c9 I~ Q.,.I d Id} 

~u1 in bGi m 'HJ m1 adhesion b~ mb 'HI in\l in in1::V111\IU1 bbGi:: ~U\l~EJ\l'VI Gi El in~ ~1 n m1bb1\1 in\l in in .. .. 
1::'¥111\1 t~ bGi n Gi~EJ\IJ'1 rh1::'Yi1 l ~1:: f7luJ'11 U'VI G1 El in~U1 in b~ rnN n111:: f7luJ'1111 tlUEI n 'Vl~EI ' .. 

c c J-' c cf 6/ <01 -l I ~ ( ) 

bnin capillary rise n11bnin capillary rise Wil::bnin~UbU'VIGiEJinbGin btJU 'YlEJU1 xylem bbGi:: 

rlEIEl1'Vl11 (phloem) 

Capillary rise i'.IA11~~1~qJbbGi::i'.lci1u'Yi11 ~bninm1bA~EIU~~EJ\IJ11 ur1EJJ1 b~U 
~U1 in~EJ\lrlEJJ1~i'.l b!ffU~1 FlU~n G11\I 20 µm J11 UrlEJJ11iJ::i'.IA11~~\I n111::!7luit'1111t1UEJ n 

0. 7 5 b~ ~1 ~\11::!7lu !0111 ~G'f\l~U1 indn b Wtl\l'Welbb~'d ~1'Vl-ruw°ll~~ G1 n bb~ ~1~1iJ11!1!1 ~1'Vl-r'U .. ' 
W°ll~i'.l A11~G'f\1~1 nn11d ~U1 in~EJ\lrl ·EJir11~b~n'WEJ~liJ::'Yi11 ~J1~u1 u1 u1::!7l'UG'f\ln11dl!?i' bb~ .. .. 
liJ1 nm1Fln~1'Wu111 u~u\I b'llGi~~EJ\l~EJJ1a:J'Ylm~ n 1 A in b~mm n~1 t1 ~\l'Vi11 ~1::!7luit'1~ 

c cl' d 

bninliJ1n capi llary rise ~\l~UEJn 

4 . Tensile strength 'VI ~1 ti ~\I bb 1\1 ~ EJ'VIU'.J tl~U~~ El\! J11 U'VI Gi El in'VI~ Elrl ml1~ 
~1~11i:rn~1in1int11~~1in~EJU m1~J1bnin capillary rise 1u'YlEJJ1JuJ11?i'EJ\IEJ~Jl1t111?i' .. .. 
tension 'Vl~EJ A11~171u~bUUGi'U (negative pressure) bb1\ld'bninliJ1nm1~J1i'.11e'!Tin1bliJU'UEJU!?l 
~EJru'V\11~ 25 EJ\IF11b'llGib:zlt1G'f bb1\ld'b'Yl1nu 7. 7 nfabbAG1EJ~1T~Gi 'Vl~EI 43 nfabbAG1EJ~1n-r~ . .. 
~ EJ\IJ1 bb 1\1 tensile strength db 'Li~ tl'Ub 'Yi tl'U 11?i'b ~m~ m tl'Ubb 1\1~ b!ff UGi1 in a:! El~~ G'f1 ~11t1 
i?l1U'Yl1Ubb 1\l~liJ::'Yi1 l ~ G11 inm ~11?i' 

5. m1btluu1::~ hJVh~EJ\IJ1 (Electrical properties) m1~TmGi~Gi~EJ\IJ1i'.1 
dielectric constant G'f\I bitEJ\lliJ1nTA1\IG'f{1\l~E1\ITmGinGii'.lu1::1iJ'U'dnbbGi::Giu ~EJOJ'VIJl~ 20 

cu q q q cu 

EJ\IF11b'llm:zlt1G'f J1i'.1~1 dielectric constant brl1tl'U 80.2 ~\lbUU~1G'f\lmn~1V1-ru~EJ\lb'VIG11 .. 
~\l'Vi11~J1i'.1~1 electric.al force ~1 bUU~Gil'l4G'f11~1\I j G'f1m1nGi::mt11uJ111?i'~1n 171\IJu 

J1~\I b uul711'Yi1 Gi:: G11 ti~~ 

,.,.,,ti au cnunaoJ1 
111t11i?lA11~ninl71uu11mmF1 ru 1::!7luJ1'Yl::bGi J1i'.JG'fmu::bUU~EJ\lb'VIGi1 J11iJ:: 

bU~t1uG'fmu::btlun1'll (1EJJ1) b~EJi'.IEJru'VIJl~G'f\l~\I "lill?lt~£Jl?l" (Boiling point) ~EJOJ'VIJl~ 
q cu cu q q QJ 

1 00 El\! F11 b 'll G1 b :zlt1 G'f bbGi::liJ:: b U ~ tlUG'f mu:: b UU~ El \I bb ~\I b~ El El !l!'VIJl ~ G1 in ~1 ~\I "lill?l tfi £Jntb '2i'1" ' .. . 
(Freezing point) ~~ru'VIJJ~ O EJ\1Fl1b'l1Gib:zlt1G'f m1bu~t1UG'fmu::~EJ\IJ1a:lm1f:1inn~u'Vl~EJ 
m1A1t1 A11 ~{EJu Tin t1~1~'Yi11 ~~ !l!'VIJJ fo 'Li~ tlUbb 'Li Gi\I b 11 b~tl n11 "fl'J1a.Ji'£JUbb~'1" (Latent 

heat) A11~fEJmb~\li'.IV1u1muu bbAGiEJ~ 



1 bbrHrn~ b '1'11 n'Li '\J~an ruA11 arfau~\'lrl1 b 'rhl1 1 nf a.J ~ eJ ru'Vlfl~~\'liu 1 eJ\'l 1"11-
q .. .. 

b°ll!.lb~tJ~ (IK'1ifu'Vl1m11b~a.JA11a.JfeJu 1 o bbA!.leJ~1in'UJ1 1 nfa.J J1lil~~eJru'Vln~~'1iu 
q .. .. 

1 0 fJ\'ll"11b°ll!.lb~tJ~) 

,, 
120 1tnh 
100 

o,.... 
80 u 

'-' 
f;z 60 
~· ~ 40 a 
IV 20 

20 100 200 600 800 

rfau~J1 bbTI\'l i;i~i;i1 tJ J1bbTI'1 l?i'eJ\'l m1A11 a.J{eJUbb~\'l 80 bbA !.leJ~ ;nf 3-1 b ~eJ'Yl11 iJ1 

1 nfa.J b'l.J~tJU~fl1U~bUWflfJ\'lb'Vl!.l1 J1bbTI\'lr?Jr?Jn~UA11a.JfeJudt1rr?JtJtJ\'lA\'lfmneJru'Vlfl~ 0 fJ\'lF11 
.. q .. 

b °ll!.l b ~tJ ~ A'1~1~ b '\J ~ tJUbb '\J !.l\'llilun11J1bb TI\'llil~i;i~i;i1 tJ'VI a.J r?J neJu A11 a.J{eJu~ fl n r?J r?J n ~ub~11 LJ .... 
lil~rl1 !.l1 tJ IA1\'l ~{1\'l t:J ~ nJ1 bbTI\'l 'Yl11 iJ1bbTI\'l b '\J~ tJU~mU~b UWflfJ\'l b'VI !.l'J 1U'Yl1\'ln6Z'U nu b~f] 
J1b'\J~tJU~fl1U~bUUJ1bbTI\'l fllil~A1tJA11a.JfeJmb~\'lfJfJna.J1 80 bbA!.lfJ~/nfa.J 

b~eJJ1b'\J~tJU~fl1U~bUu1e:iJ1 J1f?i'e:J\'ln11A11a.Jfe:JUbb~\'l 600 bbA!.le:J~ b~e:J~lil~ 
b'l.J~tJuJ1 1 nfa.J 1ini;i1muu1e:iJ1 1u'Yl1ue:i'1n6Z'Unu b~eJ1eJJ1A1rnbuuni;i1mllu'VltJr?JJ1 
J1lil~A1tJA11a.J{eJubb~\'leJe:Jnm 600 bbA!.le:i~;nfa.J 'Yl11'1'1b11j~n{eJu rleJU~lil~bnr?J~uinn (in1a.J 

~'l.Jfl1'~~ 2.26) 

1ia.1wui LL\J1.1t11h1J'i 

fl1tJbl?i'A11a.Jnr?J !KU'U11tJ1n1 Fl ru 1~!K'UJ1'Yl~b!,l J1lil~b'l.J~tJU~fl1U~bUWflfJ\'lbbTI\'l 
b~e:J~e:Jf1l'Vlfl~ O e:J\'ll"11b°llm~tJ~ bb~J1~A11a.J'VIU1bbUU~\'l~f?l~e:Jru'Vlfl~ 4 e:J\'lF11b°llm~tJ~ b~fJ 

q cu cu q q cu 

e:i~1 u~mu~'fle:J\'lb 'Vl!.l1 in1a.Jb~Um1'vJ~ bb~r?J\'lb u1'\Jn1'11~~ 2. 2 7 b~e:iJ1b '\J~ tJu~mu~b UWfleJ\'lbbTI\'l .. .. 

• 



... 

tZ11iidhJ~m iwH ~ :i-J~u~\l{ei ti~~ g b j11iJ~ b l1u 1r?i'11 b~ ei tciJ1 b~ mbn1 bb~1u11 tl bb ~r4ei\I bb~\I 
tZ1bb~\llil~~ueieinueimbn1 'Vl~ei 1~n!?lu1 'l4bbrl1bbl?ln 1 wvi1uei\I b~mnub~eiJ1t wcrn n'11ubb~\I 1?11 

~ulil~'Elmtii?i'Tvi11t4'!1mbl?ln1r?i' 

,, 
I o d 

bbl?JU1:1-J 

A11 :i-J'VlU1 bb uuuei ti ~\I b~ ei b tl ~ tJU~bl1u~ b llu'E! eJ\I bb ~\I J1 bb~\l~\I ~ ei ti ei ~uuJ1 'Vl1 nJ1 bb~\I :i'.l 
QJ 

Fl11:1-J'VlU1 bb uun-J1tZ1 bb~1 b~eJ eJ1 n1 Ab~Ui?l1 l,"l\I tZ1 l U:l-J'Vl1 ~:1-J'Ylj bb ~\I !?11 bb~~lil :1-J !?11 ~\I cinu 
q QJ 

:i-J'Vl1~:i-J'Ylj 'Vl1m llub ~udbb~1ff1?11~m Atiei ~u~b 1ru~U:1-J'Vl1~:1-J'YljliJ~ 1~m :1-J1jbJ:i'.l~11?JjeJ 1?11r?i'b~tJ 
q QJ q 

n1d~J1:1'.l Aru~:i-Ju~ bb1?1n~1\llil1n~~1d~u mfrnllue.i ~~~btmhu1ti~ei ~\l:i'.l~11?1uufa n b~ei 
q 

J1t U:l-J'Vl1~:1-J'Yljb~Ui?l1~\I tZ1bb~\llil~~eJ tii?i'1uu~1:1-J'Vl1~:1-J'Ylj rl1'VlU1~b UUQU1WUeJ\I nu :!'.it t4 
q q 

tZ1'Yl~ b~~ eJ ~b d eJ\I ~1\1 ~ru b~tJA11 :i-J{eJu Iii Un ~1 m lluJ1 bb~\11 U'Vl:i-J l?l m 1?1dbeJ\1~1ti 1 '14~\I :i'.l~11?1 
<U qJ QJ • q 

~\1~1:1-Jljbl f?l1j\1~1 l?Jei ~11?11 wn eJ\l'Yl~ b~ bb~~:l-J'Vl1 ~:1-J'Yld 
QJ q 

l?leJUn ~1\1 ~Un ~u{~n-J1tZ1'Yl~b~:i'.l Fl11:1-JeJU~U rr\ldb iteJ\llil1nF111:1-Jlil Fl11:1-J{eJU'EleJ\ltZ1 (Heat 
QJ 9 q 

capacity) tZ1:i'.lA11:1-J{eiwii1b'V'J1~b'Yi1nu 4.1 84 ~~1n-r:1-J/eJ\IA1b'lJ~b~tJ~ ~U'Vl:l-J1tJ~\I n1j~ 
1ii~'vi1tt4J1 1 n-r:l-J :i'.leiru'VlJl~~\l~U 1 eJ\IA1b'lJ£,"lb~tJ~ lil~i?i'eJ\ll~'V'J~\l\11Ubrl1rlU 4.1 84 Iii~ 

q (IJ QJ <U 

~1i?leJ\ln1jlt4tZ1~hu1u 1 nfan-r:i-J ( 1 ,000 n-r:i-J) :i'.l~ru'VlJJ~~\l~U 1 El\IA1b'lJ£,"lb~tJ~ lil~i?i'eJ\I 
l~'V'J~\l\11U~\I 4, 184 lill,"l !?l\lifumd~lil~'vi11t4eiru'VlJl~'EleJ\ltZ1'Yl~b~~\l~u1r?i' lil~i?i'eJ\lmAti 

QJ q QJ cu 



'W ~\l\l1Ua-.J'Vl11"11 G'Fil1 n IWN mri (?I tJ' li'ub u Ub 'VI 1?1 l rZ El t\J'VIJl :N~ e:J\lJ1'Yl:: bl;~ ~1 n'J1 El t\J'VIJl :N~ e:J\l 
q q cu q cu 

QJ QJ I V ~ '4SCJ I 

ei1n11"1b1~1n~1\l1U 'Vl~n~1u~ei\ln11A\le:J8~e:J\lA113-.J~A113-.11e:JU~e:J\lU1nAe:J A113-.Je:JUEJU~e:J\l 
d..9 cu q q 

J1'Yl::b~ 1Ub1~1n ~1\l~u ~\lbn 1.91~1 nn111.911.91 n~u-w~\l\l1u~1 nl.911\lei1ri1?1tl'b1~ 1 n~1\ll'u A11a-.1~ 
~ . 

A11 wfowyh l 'fZ G'!Jl1'WJl :N e:J1 n1 F!l Ubb~ ~::Jl :NJl1 A bbl?! n ~1\l nu l u'lff u~vl1\l 1n ~~1 n'Yl ::b~ b ~U 
~ ~ 

u~b 1rut~ n ~1\l'Y11tl:l'.lei ru'VIJl:Nn~1\ll'un ~1\l ~u bbl?! n ~1\lnua-.11 n ci1uu~b 1ru'lff u~"(J18~\lbb~:: . ~ 

1 c:1 o QJ ci 1 QJc1 av 
'Vla-.Jbn1::n~1\lm'l1G'la-.J'Yl1 a-.1eiru'V!Jla-.Jn ~1\11un~1\I AU bbl?ln 1?11\1 nub 'W8\lb~ nuei8 

~~~~~~~~~~~~-~·~::-:----c'°---"~'--~~~~~~~~~~~~~~~~~~~~~~ 

~::b ~u 1~·:hJ1~\I b uu~ e:J\I b 'VI ~1 :l'.J A ru 6'13-.IU~ b Q'W1::~e:J\I !911 be:J\l'VI ~1 n'VI ~1 m.b::m1~ • 
~1\1~1nG'IG'l11~bUU~e:J\lbb~\I bb~~::A~18nuei1n .1Ft'Vl~e:J~a-.J ~~m uu~ei\11 'Vl~b~Ub~m~u J1 

~:: bb tJ 1btJ~8UG'l m u::Jl1-w 1~ 1?11 a-.1 ei ru 'VIJl :N~ ei \l ~ \l bb 11.91 ~ ei a-.1bb~::~\I1ei \1-ru'VI~ ei Jl 1"(Ju::~ u 11~ . ~ . 
At\JG'la-.JU~'VI ~n~ ~1A'ru1U~1Ubb1\1~e:J819i'1bb~::bb1\1 f?l'Ue:J'Yl nG'l~l?l l?l~e:J l.9l~Un11bA~e:JU 1 'V11l uJ1 . ~ . 
b uu~\l~ :l'.J t-1~~ei~1\Im8 Am~ei~a-.1'Vl~ei bb ~l?lubei\11uJ1~'Yh1rZbn1.91m1btJ~8Ubb tJ ~\l'Yl1\I n ~ A1G'l1?11 • 
bb~::G'l~11'Ylm l U~1\l n18~:l'.J tJ ~ ~ b tJutJ1:: fa"(JUbb~::tJ ~b~8'V11nb11 hJ'Yl11u ~\I A113--1~~\l~tl n l?l e:J\I 

~ 

~eim1tll]u~1?1ut uJ1 

1ona1so1ooo 

1. tl1::Jl1G'l T-w§'Ylei\IG'IUWYl. 0111'111u1.91 m1u~'V111m8tuJ1. nJ\lb'Yl'Wa-.J'Vl1uA1: ~u-di -• . 
WUU~"(j~\J; 2533. p. 1 6. 

2. G'la-.1"(118 -r1?1u'Ylei\ll"\'1, l\lFtar8 a-.1::~~1. 11111ru 1"11~ei"(J1 . ~:l'.Jeim1eieinrh~\ln18lu6'11::J1. 
~ 

Jl1A1"(J1n18Jl1-wu1u1.91 Aru::b'YIAUAn11bb'W'Yltl' a-.J'Vl11'Ylm~8~e:JUbbnu; 2540. p. 7 - 11. 
" 

3. TA1\lm1b~8wrt"~mb~::1'YlmA16'11?1{ AruG'la-.1u~~ei\lu1. 23103149. [ 1::uueieiu1~uJ 
~ . 

I d 

bb'Vl~\l'Yla-.11; http :11www.lesa. in.th 

4. http:11web.agri.cmu.ac.th/hort/course/359331 /PPHY2.htm#waterproperties. 23/ 

03 /49 . [1::uueieiu1~uJ 



• C"1 

Uztlztl 8 . . ~ 

r!Ss7iuu1iliiiiu~if8C1ifun1slifU1 

. " . ~ A ~ V Q.J o ,:::9 A f 

• lf'J'J1'flUlnJtltUJNlflfl'fltlW'l'i.fl:JJ(?IH ci 
q 'I.I I 

• iJi:)irh.nwti'Ulf'Uti-Hieim1~1J1 '(Diving response) 



~'YlB'VH1~eiilJ1~ei ~~'J1'Ylm (Physiology) rm bb~ ~~'J'J 'V'J~ ru~eiilJ11 um"Jtl1ui;i 

-r n"M-1 if u:l'.l ei 8 n11il~11il ~ n~ il ~ n"M-ru~ b ~ud'b tlueJ ~ :1-11~1 n A ru ~:1-1u~'Yl1 iJlAJ ~ n ~ bA :l'.l bb~ ~ 
~ q 

'V'J ~ilil1U~1il '1 ~eiilJ1beJil~'J:l-I rl'U~'Yl B'V'J~~eiilJ1~El~1?111\J~Elil AU~ ru~~il bb~1 uJ1 un1~1 n1'J 

'U 1 il A Ub ~El -J 1 b 'VI l?l ~ b UUl?lild'b 'V'J 'J1 ~ 'U 'J'J'V'J'U 'J'M-~ eJ il :I-JU "M-m Ut.I A~ n r?J1'U 'J'J~ b A tJ eJ 1~tJeJ81 U 
q qq q q cu 

~.fl1'V'Jbb 'Ji;J~eJ:!-1~ b tJuJ1m neJU~l\J ~ tJ1t.l~Um ei8'UU'U n 
1 bb~~b UUb 'VI l?l~r\'11 lZnl\JnJ'J:l-l'Yl1il ~il A:!-1 

~ q 

n~ 'Yl1il A1~U1 n1'J~ n ~ eJU'Vl8eiu11\J 'Vl~eJ n1 'J bb'V'J'Yl ~~Elil:l-IU'M-t:Tb 'J1~1b UU~Elil :1'.lJ1b~1m bMm~eJil . q 

e.i81?1~eJf;Jb'J~1 
~ 

J11 UB'J'J:!-1~1 ~ eJ1~bbt.I neiei n 117i'b UU~eJiln~ :!-! J1'U ~ b 'J ru~U~'J r~ n 
q 

~1fan J1'Uu~1fan 117i'bbriJ11ubb:iJJ1 'Yl~b~ 'Yl~b~~1'U ~'V'Jrn~uei8~11u 
~ 

b tJuJ'1~i;i ri1U~b'Vl~mtJuJ'1b~:l-I ~1:1-11 U~~eiiJJ11 ufon:i'.l~tnU~bUUJ1bb~il 

l>' 1 .,,r 
bb~~U1 l?l'V'JU 

J11~~u Rei 

Tm~ n ~~eiilJ1u"J~nei'U l?i'1t.101 l?l ~eiil~ui;i~il:l'.l:1-11 n~ ~i;i 1 ufo n Rei eiein~bl\JU'Vlitil 
q q q 

ei~ l?l ei :1-1n'U1ei bi;J 'J bl\JU~eiilei~ l?l ei:1-1 bb~~:l'.lJ1'Vlun tm~ n ~ b ri1 n'U 1 s ~ n"M-ru~ m"J~'U !911"J~'Vl11il 
q 

ei~1?1ei:1-1~eiileiein~bl\1Un'U 1ei fa"Jbl\JU r\'11 'Vl1m~ n~~eiilJ1:1'.l#1u'J~ l\J 1 vJ.W1~il'Yl11 tZJ1:1'.lA ru~:1-1u~ 
q q q 

bllul911r\'1~ ~ ~1t.1~~ bb~ ~~1m"J r;ir\'1u.fln~m~ei~1"JbA:i'.l~1il '1117i'ei81ilmn:1-11t.1 

1u~ru'VlJJ~un~~eiilfon J1~1m"Jr;iu"J1nl.Jl9111i;i1u~1:1-1~mu~ Rei ~eJilbb~il ~eJilb'Vl~'J 
bb~ ~ tl1°21 ~uei8 rl'UeJ ru'Vl.fl~~Elil~il bb'Jf;J ~El:!-! J1bb~il:i'.l'JU~1ilbb~~~U1 i;iu~m l?l'JAil~13Jb u ~ t.IUbbU~il 

cu q cu cu 

J11 U~.fl1'V'J~ Elil b 'VI ~'J I\)~ bu~ t.IU'JU'Yl 'Jil l?l ~ eJ f;l b 'J ~ 1 bb~l\J~ :l'.lu~ :1-111?1 d Ail~ ~1'Vl-r'U 1eiJ1if u:l'.l 
~ 



~1\lfl1~3-IU1.~HJUJ~mrn~1~J1b uuri1u1 vrnHl\lfrn:rn~ 7 5 fam.w')"J1~1 itl;"fmJ\I~ 
q v 

ri1it'llJ~m1u'Ele:i\IJ1e:ici~\lfe:i~~~ 85 bbarbb~1itflJ~1?1fltJ\l~J1e:ici~\lfe:i~~~ 50 f?l\ltturoiu~~ 
~ ~ ~ . 

J1'Vl'iXfl~1~J~3-!1ru 68 nfaflf3-l lil~~J1e:ici~\I 51 nfaflf3-l bb~~b~~\I 1 7 nfaflf3-l brhttu ., 

• • 0 ( ) fl'J13"'Vl'U"ut'U'llUl.atfl'J13·Hl'Hlfil11.'Wi1t ·Density and Speciific Gravity A113-l 

'Vlit1bbUit'EleJ\IJ'1'Vl3-11 ~ ~\13-11 ~'Ele:J\IJ'1 ~e:i'll~3-11 l?IJ ri1uroi113-1 ci1\llil1b 'W1~vl 3-11 ~~\151?1J1 ri1u 

J~'Vl11\I A113-l'VIU 1 bb UU'EI e:J\l i;"f1 J11?1 i;"f1 J'V!.ct\I ~ eJ A113-l'VIU1 bb UU'EI eJ \I J1 fa~~ fl1J,rl1'VIUl?l 

3-111?1J'i\i1U1 rZroi113-l'V!U1bbUU'EleJ\IJ1~e:iru'Vlflil 4 e:J\IA1b'li~b~~l;"f~~1b r11nu A113-l'VlU1bbUU 
""' q ., 

'Ele:J\IJ1d'r111rZbn1?1 roi ru~ fl~ru~l;"f13-IUJ~ fl1J~ ri\I e.i ~ ~e:i l;"f'EJfl1'W 1~Ae:i 
q q 

1. bbJ\lf?luJ1 'Vl~e:JbbJ\lf?lit~'Ylfli;"f~l?l (Hydrostatic pressure) U~b1ru~~1J1~ 
bb J\I rKm r11 nrnb J\I rKuuJJm fl1 All fl~ bb~hrn1J11il~~ bb J\I f?lul;"f\I flJ~lil1~e:ie:ifl1 u1 u'Yl fl'V1 A'Yl1\I ., q 

CV ~ d' &' d CV d c: ~ i::9 C:0 d CV 

bb~ ~ bb J\l l?IU'EI e:J\IU1Ulil~ 3-11 fl'EIUb Jf:J ~ 1 1?113-IJ~ l?IU A113-l ~fl ~\IU1~fl3-11flfllil~3-1 bb J\l l?IU~\13-11 fl 

1?113-1~1f?i'U Ae:J'Ylfl 1 A113-l~fl'Vl'ft\11"!1?1J1~bbJ\lf?i'itb~3-l~U 22.4 3'.l~~b3-li?lJUJeJ'Yl ~\lbrl1nU 
q q . 

1 3'.l~~b3-li?lJUJeJ'Yl ~e:im13-l~fl'Ele:J\IJ'1 1 .36 b'liit~b3-li?lJ'Vl~eJ 0.54 d1 bbJ\lf?i'it'EleJ\IJ'1d~ 
A113-l ti1 ~ ~ ~e:i AU'EIU!~i?hJ'1m fl b 'V'JJ1d1\I fl1 ~lil~!9i' e:J\l'llfu A113-l f?i'it'Ele:J\I b de:i b~e:J 1 u1 U~1\I fl1 ~ 
1 r1l;"f3-Jl?l ~nu A113-l f?luJ'11?113-IJ~f?lu A113-l ~fl~ ~1J'1e:ici1?1~e:Jl?lb1~1 ri1itUJ~fleJU'EleJ\leJ1m~~ q ., 

b UU'Ele:J\I b 'VI ~1'Vl~eJ'EleJ\I bb~\l i;"f13-llJbllil~'llfu bb J\I rKu 1rZl;"f3-J (?l ~nu A113-l f?i'u'EJeJ\IJ1fl1 ~ue:i fl~1\I fl1 ~ 
q 

Tl?l ~51?1 Tu~~ b 'WJ1 ~'El e:i\I bb ~\I bb~~'EI e:i\I b 'VI ~113.J l;"f13-11Jbl bl flUU 51?11rZ'll~3-111?1 Jb tJ ~ ~u 1 'll1~ bb~~ ., 

A113-l f?i'U'EJeJ\IJ'11il~ri\I ~1U~1\I fl1 ~~ b uuJ'1bb~~'EI e:J\I bb ~\11 tJ1~1ilUflJ~rt\I ~\IJ'1 ~1Ul?IJ\11J13-l~\llil~ 
f?i'ufl ~u1lZbn1?1i;"f3-J1?1 ~~U bb~ ri1it'EI e:J\1~1\1 fl1 ~~~ n1'lilil~l?le:JU i;"IUeJ\I ~ eJ bb J\I f?i'Ubbl?l fl ~1\llil1 fl 

q 

'Ele:J\I bb~\l'Vl~eJ'EleJ\I b 'Vl~1 b 'V'JJ1~ n1'lilil~bl flUU 51?11 lZb 'll ~ ~u'll~3-11l?IJ1~ f?l\lttu~1\I fl1~U~b1ru~ b uu ., 

T'WJ\le:J1fl1A briu bl\1~3-!Ue:Jl?l ~11~ 'Vl~e:i'V!#ufl~1\I lil~!9i'e:i\l~fl1JbU~~ubbU~\l'll~3-111?1Jbb~~ q ., 

A113-l'VIU1 bb um ~e:i 1 rZbn l?l bb J\I f?lul;"f3-J (?l ~nu A113-l f?lu'EJ e:i\IJ1 Tl?l me:iu 'Vl1 mn l?l A113-1 ~ l?IU fl~~ 
q 

1'111r1'~1\lfl1~13.Jl;"f13-J1Jbl'llfuroi113-lfl l?l f?luT 'WJ\I n1m 'Vl~1d'1 r1'l;"f3-!1?1~nuJ11~ briu ~'Vlffufl~1\I q ., 

e.i ~~ ti1 ~ rutJJ~ fl1J'Vl'ft\l'Ele:J\I bb J\I rKuJ1 ~ e:i~1\I fl1~3-lu~~ A e:i 'Ellli~bb rie:i ci1 uJ1 v q ., 

bb J\I f?i'ulil~ri1~1rZfl1J1 'Vl ~'Ele:J\I b~e:i l?l ~1 bb~~J1b 'VI~ e:J\llil1flri1it~1\l1 'Ele:J\1~1\1 fl1 ~fl ~u rir4111il~1~ ., 

fl1J~b~e:Jl?ll?l13-lri1it~1\I) 1'Vl~fl~ur4111il1~i;"f~l?l1fllil~ri\I e.J~ 1rZJ~UU1 'Vl~b1~ufaVi1?1~\l~'VlU1~ 

• 



~'UQ~ fa~l?l hh~c.h'lri1it~1\l 1 ~El\1~1\ln1CJ~tl';ldh16Jl1'W~\lff;l1~ru::a~uuumnn t~m~rn1:: 
qJ qJ qJ 

m ·';l 1 'Vl ~ b'1CJu~a\IJ1b 'VI ~a\I b llu';l::uu A11 :1-J l9l'ub llu~u ~'11~futl';l:: Tm1u~1 n bb ';i\l l9lu~a\IJ1:1-J1 n 

it.El n~1 ndbb ';l\l l9lit~ EJ\IJ'1cJ'\lri1 CJl ibb ';l\l l9lit~1 b 'W1::~ El\! n1"ll~ El ~l it.~1\1 n1 CJ b riu El El n~b~U 
qJ 

A1~'U au1~aa n 1"ll!?l 1 uTl?l';lb~it~\l;it '1'111 i~::~1 CJl m~a ~ bb~::b d'm~a~a\1~1\1mCJ1~~\l;it 
qJ qJ 

~ ru::bb riJ1 b d'a b~a~a\1~1\1mCJ~\l1~fuaa n~b~itm n;um :1-J 6i1l9l'u A11:1-J~n 1 

2. n1';JV<JCJ\I ~aCJ 1?11 (Buoyancy) ~ ru::1 l?l mbria~1 uJ1~::~J1'Vlunua CJn-;l1b~aa ~ 
uuun b'W';l1::A11:1-J'Vlit1bb uu~a\IJ1~::l9luV<JCJ\1~1uii'1'Vlun~\lbn ~~1 mb ';l\l~\l~~~a\I fa ma111 

• qJ 

1?11:1-J n n~a\lm ~ ~ ~ ~ m';J'WCJ\I ~a CJl?i'1d~ ~1 b 'Yi1 nuii'1'Vlun~a\IJ1~~t1~:1-J1 l?l';lb 'Yi1nu11?1mXu1 
a,,_) • • 

V V I V IV 
Q..I I d o OJ 111 Io CV dd I 111 I o o Q..I 

11?1tll?l1\l1 ~:::l-JU1'Vlitnua CJ~\l~ru::bb~it.1 11?1 tl'Yl:l-J A11:1-J'VlU1bbUUUEJCJn11U1~::~a CJU1 11?1 f;l • • • 
~~ m1 :1-J'Vlit.1bb uu:1-J1 n n11J1~ :: ~:1-JJ1 ~1\1 mCJ~EJ\I Aitb ';!1 ~J1b lluri1ittl';l::n au'lh:::1-J1 ru 

faCJ~:: 70 bb~::~A11:1-J'VlU1bbUUbQ~CJ 0.97 4 l91\l~Ub~El~\11ubbria~J1~\li?l1AU~\l~EJCJU~:l-J 1 
qJ 

J1 'V\1 n ~UbbriJ1~';l::l9lu AEJ r~ CJl iA';l~::a ~ b 'V\uaif 1n1';l~ElCJ1?11~::uaCJn-J1J1'V!Un 1?11 bb~::~:: 
qJ 

~\lli~1\ln1CJ~:l-J~\llitif1~U~\l~~~:l-J~~ • • 
n1';l'V'J CJ\! ~El CJ i?l1~EJ\IJ' 1'Vl~El bb ';!\!~El CJ !?11~ t:.J ~~El AU~ ru:: bb riJ 1'Vl~Elrl1 fl~ n';J';l:l-J ~1\11 • 

b riu 11 CJJ1'Vl~aa an rh ~\Im CJl it~Jl1'W bb 1 ~~a :1-J~ b lluif 1 :1-J1 n ~ ru::~ aCJ1uif1 Ait~::~J1'Vlun 
V I V I Q.I 

Q..I I o d Q..I o QJ ~ '11 d QJ o Q.J CV 

1?11 ~~~\I n1';lbb ~it1'Yl';l::~u A au1'Vlitn~:: ~ ~ b'Vl ~ma CJ~:: 1 o brn::n';l:: ~'U'Yl';l1\I a nuTvmn 1?11 

~::b'Vl~afaCJ~:: 30 n1';l~aCJl?i'1ri1CJ1im';l'Yl1n~m ';J :1-J~1\l 11uJ1 briu n1 ';l aann1~\ln1CJ ~ 
~ n~ru:: b llitm';la an r11 ~\Im CJ bb uu hl ~ a\lfuii'1'VlUn'Vl~afuii'1'Vlunua CJ n11ii'1'Vlun 1?11tl n ~ 
~\I b llit.A ru ~ n~ru::~ ~tl';l:: TCJ~it.1 itm';lll a\I nitn1';l'U1~b~'U'U~b1 ru~ a ~a bb~::m::~ n ~1\11 ~1 n 

• qJ 

n1';!EJ an r11 ~\Im CJ bb~:: n1';JEJ an r11~\I mCJ bb uu 1~ ~a\lfuii'1'Vlun 1?11 ~tl';l:: TCJ~um n ~1'Vlfu ~~ 
qJ 

~u ru'Vl1b~a\lii'1'Vlun l?i'1bnu ~ru::~m';lu1~b~u~a\lm::~ n n ~1m d'a'Vl~a~a~a 'Vl~a ~~uru'V\1 
Q.I QJ cu Q.I 

b ~a\I hA~a ~u 1 1?1 ~a ~~u'Vlru\I &f\I A';i';irl ~~\Im CJ bb~::~~b ~\l~u~1 n n1';lb~ull1CJ'Vl~a m';l~1 i?l ~ 
Q.I QJQJ q QJ 

1?11 :I.JU n ~ n ~1m d'a 1uri1it~1\l1 ~EJ\1~1\1 m CJ Aitb ';!1~::~ A11 :1-J ~\11?11 (tone) 

l?l ~El ~b 1 ~1bfl ~~1 n n ~1 :1-J b lfmZ1~1\I n1 CJ~ ~~'U «u b tJ ~CJUrlltrl1\11U :l-J1 nua CJ~UEJ ~ rl'UEJ~CJ1'U ti 
qJ 

fl~ n';J';l:l-J~ m::'Yl1 bb~::~Jl1'W'Yl1\I~ 1?1 l~ bb~::EJ1';!:1-J tU lit~ ru::it.EJU'Vl~'U n ~1 :1-J b d'a~1~1\I n1 CJ~:: 
~\1!?11uaCJ~\lbb~ncT\l 1~~auA~1m~:1-J~ ~ru::bbria~1 uii'1m';J~EJCJl?i'1'1'111iA11:1-J~\11?111 un~1:1-J 

qJ 

J" I 111~ I 1 CU I C:0 d d d i.1 .J' 
ma~~ ~\I bb~::';l1\I n1CJ';JG"lnt:..1ait.A~1 CJ ~am\lbl?l:l-J'Yl ~1:1-J1';lt1A~1mb~::CJ~ b 'VICJCJ~ n ~1m ua 

qJ 

bflEJ'U'Yl nri1u~a\1~1\I mCJ 1~a~1\lb~:1-J~n ~1m d'a~~'Vl~it~\1'1'111 i~1m';lmA ~au1 'Vl1~8 ~a ~1-\11 
• • qJ 

1~d1mb~::b~:1-J~n~ 



n 1''.ibFl ~El'\-!, 1 'Vl'HI El\'ll in tl 'Vl~ El ~1 \'I n1 tJ Fl'l-lib ";i1 l ml1 Fi !il ~ bfl ~ bb "j\'J lPl1WYl1 '\-!,~El n1"j 
q 

d 1 de d ~ \1J d" d V cl' I 

bFl ~ EIU 'VlTYl bn ~!il1 n ffJ13-J'VlU~TIEl\'IU1 bb~~ bb "j\'I ln1WY11UU!il~m n'Vl"jEJ'j,j,EJ tJ UEI n!il1 n!il~TIUEI tJ 
"' 

fl'\J Fl'J13-J~U~TIEJ\'IJ1'Vl~EITIEl\'I b 'Vl ~'Jbb~'J ~\'l~UEI ~ fl'\J Fl'J13-1 b~'J l Un1<;ibFl ~ EIU 1 'Vl'J bb~~<;iU~1\'ITIEl\'I 
"' "' 

~1\'ln1tJ'Vl~Elllntl~bFl~EIU~1U1 Ul uJ1-J1~~n~ru~b ~~tJ1J1b~tJ\'l 1 "j 'Vl1 n~~U~'VlU1t?J'~a-J1n 
q 

tl1il~bfl ~ bb "j\'J lPl1Ua-J1 n 'Vl1n~"jU~1\'lb ~~m tl1il~bfl~ bb "j\'J lPl1WY11UUEltJ UEI n1il1 nd~\'I bfl ~bb "j\'J 
"' 

V d dd' d I \1J 

Q~ln1Un1";ibFl~EIWYl"2i\'l b"jtJn'J1 Drag ~'JtJ 

wan1oass5ns1voou1 

b~El~1\'I m tJ ff 3-1e'.J'~n'\JJ11il~ bfl ~ n1<;i bu~ tJUbb u ~\'l'Yl1\'I ~~<;il'Yl m~u 1 ~u llil'Vl ~1 tJU<;i~ n1<;i 

bb~~U"j1 n.n n1";irub 'Vl ~1ifl~f'U n1";iff\'I bn in bb~~-uurin 1 n U~1"j1 bb~'Ylt'JTIEJ\'I b UEJ{b :z1ti ~'\-!,~ 
n~n 8~ui?l bb~~~u a-J1u1un11 3000 ti n1";il~tJ'Yl1\'11'YlmA1~inflwu!il!iluu~1ti1'11~1a-J1"jf:l 

q 

EJ 5'U1tin ~ 1n~'Yh 1 'l-Zbn~ n1";ib u ~tJUbbU~\'l'Yl1\'l~~"j1'Ylm 1~ m~~1\'l~u [;J ~'Yl1\'I ~~"j1'Ylm~u1~u11il 

I ... I 
do ~ Q.I CV' O.c:::I OI 

iil"';j "a 'J 'VI £11 b3.Jel 613-HJ 61'U1 'VI eHU 'Vi .fl 3" GI 1 \'.! 61 
q QJ J 

lUA!n'J"j"j~~ 1 9 1~~n1";iAn~1[;J~TIEl\'ln1";ici1m'Ylm1a-J{EJU1il1nJ1~EJ~~"jl'YltJ1 
~\'lu11 u ri'Vl ~ n m"j 1~J1~1 a-J n'U A11 a-J{EJub ~El m"jtl1u ~-r n~1E1~1\'I n11'1TI11\'I 

"' 
cl cr' CV cr'd I c c 

n1";iFl'J'\J Fl 3-1Eltl.!'Vlfl3-J"j1\'I n1 tJ 3-JU~tJ bb~~ ~ln'J b~ El~ EIU'Yl mlU~1il~ m'\J Fl 3-1Eltl.!'Vlfl3-1 
qq QJ q qq qq <U 

1 U~1\'I n1 tJl '11 Fl\'!~ El~ b~a-J El t~ tJ n1";i'Yi1\'11UTI El\'! Aut'J Fl'J'\J Fl 3-1 El tl.!'Vlfl ~~ ~3-JEl\'I ri1u 1eJ T U'Yl1 ~1 ar ~ 
QJ qJ q q QJ 

(Hypothalamus) un~~1\'ln1tJ~~ru'VlJJ~ 37 El\'IA1b"2i~b:z1ti~ 'Vl~El 98.6 El\'IA1W1b<;iU1eJi?l 

1 u~1\'I m tJAUb <;i1 ~ A11a-J{E1u~ [;J ~ in1il1 n n"j~'\J'JUn1<;ib u ~ tJU~ ~\'l\'11UEl1'Vl1<;ib tlu~ ~M1u1 u 
<;iU bb '\J'\J ~U 1 El~ in~ El ~'Yl nTI ru~ b ~ tJ\'l{EJ tJ ~~ 20 TIE!\'!~ ~\'l\'11'1-lib 'Vl ~1d!il~tl nbEl11 Ul ~'Yi1'11U~1\'I 1 
QJ QJ q QJ 

~:S1btlu ~b'Vl~EJ8n{EJtJ~~ 80 1il~tlmu~tiu blluA11a-J{EJu 'Vl1n~1\'lmti1afo13-111m~'\J1tJ 
"' 

Fl'J1a-J{EJUEIEI n 1 t.J1~1il~'Yi1 l 'i-ZEJru'Vlfl~~1\'I n1 tJ~\'l~mT1 ta-J\'I~~ 3 El\'! A1b "2im :z1ti~l UTiru~r\'1\'11'1-lib 'U1) 
q "' "' 

V I cv I \1J Q..I d o 

n1";i";i~'\J1 tJ Fl'J13-J";iEIUTIEl\'l";i1\'I n1tJEl1 AtJ n";i~'\J'J'\1in1";itl1m'Y1Fl'J13-J"jEJUTIEJ\'l'J Intl FlEI n1"aU1 n1";i~1 
q 

bb~~n11bb~f\'I ~ t~ ti~ n"j~'IJ1un1<;i~1 A11 a-J{EJub tlun ~ 1n'Vl ~ n A'J1 a-J{EJu~ bn ~~uin1 a-JEJltJ'J~ 
I 

1?11\'I J 

n "j~'\J1un1"j~'\J b 'Vl~ EJ TI ru~"j~b 'VltJ b tlu 1EJJ11il~~1 A'J1 a-J{EJUbb~\'I El El n!il1 n~1\'I n1tJ1 u ~'JtJ n1"j 

"j~b 'VltJTIEJ\'I b 'Vl~EIU~m ru 2. 5 ~ ~~ ~ i?l"j1i)~"j~'\J1 tJm1a-J{EJUTIEl\'1~1\'In1tJ1~ 0 . 94 El\'! A1 b "(j~ b :z1ti ~ 
( 2 EJ\'I A1w1 b <;iU h11?1) uEJ n!il1 ndb~ El~ ~\'1~1 A'J1a-J{EJu1 tJ tit.JEJ ~ bb~~ci1m'Yl1 '11 n'\J ~ a-J'Vl1 tJ l!il b ~El 



1~'\J1tlF111~{elUeleln 1 u1i?l~ nri1u'Vlit\I b~el~n11!.1{1\lf0n1~{elU~Ul U~1\ln1tlmn ~1\ln1tl 
~~1~u1t1 rn1~{elul1?1 t1 m1Tit11 tl'Vl ~el l?l b~ el l?l~ ~1'\llU\I bb~ ~~u b 'Vl~e:J ~1 n~u bb~'\111n~\lbb1 l?l ~el~ 
Jl1 tlUel n'VlU11 b~U ~1\1 n1 tl~~!.1\11UF111~{elU11(1?1tin11'Vl1?1 l'i'1TI el\'l'Vl ~el l?l b~ el l?l~ ~TVIU\I bb~~ 

m1F11u Fl ~el ru'Vlfl ~TI rud1\I m t1 el ~1 uJ1~~ ~1\1~1 nTI ru~el ~uuu n b itel\1~1 n m1 
q q cu cu cu 

~\I b uu16n11'\ll61n1 un111~'\J1 ti Fl11 ~{elUel el n~1n~1\In1ti1a.i !.11 ~11tl bfl (?] 

TI ru~ el ~1 uJ111?1 bb~ n11 ci1 t1 b 'Yl F111 ~{elu1~'Vl11 \IJ1 nu~1\I n1 t1~1 n n11'W1 F111 ~{el Ubb~ ~ 
"' 

m 1u 1Fl11 ~{el u~~ ~u1~ ~'Yl 6Jl1'W !.1\1 n11TI ru~ el ~uu u n ~1nb'I'll11 ~Fl ru !.1~u~1um11,1~ 1,1~ bb~ ~ 
"' "' . 

"' do I v o od I de 

eJ ~'Yl1\I !.1111'1'1 tl1TI el\I n11tl1 m 'Yl Fl11 ~1elU el ru'\llJl ~TI el\IU1 ~ eJ ~ l?l el !.1111'1'1 tl1Tiel\I . "' 
~1\ln1t1ll?ltlbQ'W1~~m~uu1 'Vl ~ b1t1ufo~ l?l bb~~m11~u1t1 F111~{elu el ru'VlJl~Tiel\IJ1Tiu1 l?l'Wel ~ . "' 

~'1'111 ibnl?l !.1~1?J ~Tiel\lm1ci1m 'YlF111 ~{elu1~'Vll1'1~1\I mt1nuJ1 (Thermoneutral temperature) 

Tiel\lb'WA~1t1 ~el 1~'1'1111'1 34-35 el\IA1b"ll~b~t1!.1 ri1uTiel\lb'WAm1jl'l~~~1n-J1~1m~nuelt1 
el ru'Vln~Tit\IJ1~ b~u 1~'1'111'1 30 - 33 el\I A1 b "ll~ b ~t1!.1 '1'111 i'Vl~el l?lb~el 1?1 ri1uu ~1t1Tiel~~1\I m t1 . "' 
~~'Vl 1?1 l'i'1 b ~el !.1\11UF111~{elu11 b~ el 1?11 'Vl ~el el n~1 n b del b~ el 1uri'IZ11~ ~1 n~u bb~~51?111~'W~1 

"' 

' "' d o o I o Q.J QJ I V I I I 

b~el el ru'VlJl~Tiel\IU1 !.1\1 m1 eJ1'VlU\I F111~1elu~~tl nm m mm !.111\1 m t1m n m1 m1 
q cu QJ cu cu 

bbri1uJ1~u 36-37 el\IA1b"llm~t1!.1 'V111i'IZ11~bi?lm~1~u b«ub~el1?1'\J~b1ruri1uu~1t1~ • 
o Q.J V cf OJ d V 6}!"1 V V d OJ 

e.J1'VlU\I bb~~n ~1mUelTitl1t11?11 b 'Wel1~u1 t1 F111~1elUelel n b 'Vl bl?l m n m1 ~1elu~~ ~ l?l F111~1?1U1?11 

Tiel\11~uuu1~!.11'Yl ~mu Fl~ n11bFl ~ elU 1 '1'11 F111 ~~\I l'i'1Tiel\I n ~1 m del ~ l?l ~\I !.11 ~11tl~~ ~ l?l • 
b 'Vl ~ti l?l n ~1mdel11?1~ ~1\1 n1 ti~~~ el UFJ ~1 t1 ~1 n ~Uel el n n161\1mt11a.i ~el t11 '1'11 n11bb riJ1 

elru'VlJl~!.1\1bUUb1~1U1U~U~1\ln1tl 11?1Zu m1~{elu~1nbflU1 Uel1~'1'111 ib uu~ ~b 'W11 ~!.1 ~el\I . "' "' 
11?1Zrn ~el 1?11a.i'W m ~ t1'11i?l 

1elJ11,11~11tl1,1~ 1,1~ bb~~ci1 m 'Yl Fl11~{elu1 i rl'\J~1\I n1tl 11?1~ b 'flub~ m nuJ1 n11el'\J 

1elJ1~\I ~1\1 nu n11el'\J b "ll1u1'Vl~el n11el'\J bbil'l~\I ~ F111 ~~u~1 m1ci1 ti b 'Yl F111~{elu1 i~1\I m t1 

1a.i~1mrhm1elu1ml1 1?11m'Vl1?1d'm1elu1elJ1~\ll~elru'Vlfl~1a.i1,1\1~1n briu 1a.ibnu 40 el\IA1 -
q q cu cu 

b "ll~ b ~tl!.1 TI ru~~ n11el'\J b "ll1u1~~ 1~el ru'Vln~11?1 !.1\1n11d'T1?1t11a.ib llu5u1?111 ti . "' "' 
i?l1tiFlru61 n~ru~ l Un11 b fl'\J !.1~ !.1 ~ Fl11 ~ { elUbb~ ~ ci1tJb'YlFl11 ~ {el U 1 I?}~ bb ~ ~ eJ ~~el • 

1,1~11'Ylm~1n F111~{eluTiel\'IJ1bb~~ 1elJ1 l'i'l'I n~11~1\l l?i'u J1~\lbUU!.111~~u~ciu1~11~ • 
~1'VlZuu1F111 ~{elu'Vl~el F111m~u1 inu~1\I mm~ el m1t11u 1?1Zn~1 i;l1t116 ~1\1 '1 nu b 'flu 



... 

n11U1~f0l'IJ{flu n11fl1'\Jbb~1rni1{flWVl~fln11fl'\J1mJ1{flu b uui?lu 1 U'Yl1'11?11'1rlW~l13-l fOltlH'l:l-lU~ • 
'Elfl\'IJ1ni;l1m1ti1?l'ft1V1~\J1~'\J1~m1a-i{flu1'1'1~1'1m~b~m.h~tm1u!?l1ui;l"EJn1~b~m~mnub~u • 
m11h~f01'\Jb~Ub~fl'l-11m~fl l?l m1b~1?1i?l1b ~fl~ l?lfl1 m11~ m1mrnb~J1b~Ub ~flm~l?lu1~'\J'\J • 
tl1~i;l1'Yl m1m'IJJ1b~Ub ~m~'\J1~ f0111:1-J{flu 11:1-JJ''1~1m~'\J1~f011 1:1-J {flu1 U'Eltl.!~flfl n n1~'1 
n1 ~1 uJ1bb~~1 'Ei'rm~1'Vl~flU fl\'! rlUeJUl?l11 mn n f01113-J{flUb~flflfl n rl1 ~\'I n1 ~ 'tJ n 'Vl~flyJ1\'J1U 1 U 

1u~ ~fl1mFr{flu~1?111?1 1 u'Yl1'11?11'1nu~1:1-J ~ ru i;la-iu~ b~fl\'I m1bn'IJ bb~~ci1 m 'Yl f0111 a-i{flu'El fl'1J1 

n fl11il rlfl 1 li'bn l?l eJUl?l11~rl'\J3-JU~ml?] 1?1'1 b ~U 'Vl1 n b ~fl eJ'\JU1'11 Ub'El l?l fl1 n1 Ff'VlU11'VlU1 b ~U~ l?l • 
' 

lil~'Yl11 'l-1~1'1 m ~m;u b~~ f0111 a-i{flUlilUb~~~11?1 b ~11~'l4111il'Vl ~1?1'Yl1'11u 11?1 1?1'1 m&Y1 bn l?l n'IJ b~fl .. ., . 
1 'Ylr1wCTin~ b ~fl'J1 ~ m ~fl bb~~ e.Jbl?l ~ i;l11ci1u 1 'Vl ru b~~~1 l?l lil1 n'l41 h'Vl ~ l?l bi?lm~ fl i?l fl\'!~ fl~ fOl fl bb ~ 

QJ QJ QI q 

J1 b~Wil l?lfl 811?113-l bflU 2 0 U1Yl !?11 ~A f;\Ji;la-JU~ b ~fl\'! n11bn'\Jbb~~i;l~i;l3-J A11 a-J{flwt!bfl'1~'Yl11 'l-1~ .. . 
m1u1J11 tl1'Ei'b uui?l1 n ~1\'I ft1'Vlr'\JU1A113-J{flU'Vl~fl A113-J b~U 1 tl1 ?Ttl1~ Tm!Ub ~fl i;l'EJJl1~ fl 81\'I • 

., 
tJ,!jfi;t11Gle>'U6fUeH1Gie>nT'~r?i1u1 (Diving response) 

d QJ a'd d Q..I Q..I 0 ~ d t ~ QJ QJ 61 QJ d d 
b3-Jfli;ll?l1'Yl3-J nl~l?l mlU'Vl~\'l l?l1U1'Vl1fl l?IUU1i;l3-Je.Ji;l b '\J'VlU11il~:l-ln1~'\J1Un11b tl~~u-.. 

bb tl ~'1'Yl1'1 ~~11'Yl m ~ m itfl\'I m11?1 fl'\J i;lUfl\'l'Yl1'1 ~~11'Yl ~1 b 'Vl ~1i!tl1~ n fl'\J !?11 ~ ~\'l'Vl1~ti'IJ 1?11 

'El fl'1'l4111il~'Ei'1 ~'1 51?111~~1il1 ~1 bb~ ~ ~ n11 b tl ~ ~Ubb tl ~\'!'El fl\'11~'\J'\J 1'Vl~b1~ut~VI1?1'Yl11 'l-1~ 
faVl1?1bbl?l\'llil1n'l4111il 1 tlb ~~'1fl1m~~1'11~'YlUn11'El11?lflfln~blilu1a-J1!?lu1u b~u i;la-Jfl'11'El«u'Vl~'1 
a-i1n~u 1U'Elru~~~faVll?l1 tlb~~'1fl1m ·~~'Ylum1m1?1flfln~blilU1!?lu1m~u n~1mdfl ~1WU'1 
bb~~ci'11~ufl~~'1 tl.[]n~ml?lfl'Ui;lUfl\'ln111?11J11iiqubb1'1:1-J1n1u«1?11J1 b~u ~'1t1?1'Yl~b~ bb:1-J1J1 

ft1'Vlr'IJ1 U:l-JU~tl b~ flJ1 «a-i er i;l1'IJ'VlU1'Vl~fl1?11J1 Fi i;l1a-J11ti'Yl11 '1-Zbn l?l n1 lb tl ~ ~Ubb tl ~ '11!?lbb~1a-J • 
3-J1 n b 'Yl11 u«1?11J1 lil1 n n1 l'Yl l?l ~ fl'11 U3-JU~tl~'\Jl1'Vl1 n t1?1uJ1 «3-J er i;l'IJ~b 1 tlJ'VlU1 e.J1 nl~'Vll1\'I • 
~1,t'1i;lfl'1~1'11ii~n1~i?lu1 'l'Zbn l?l n111?1fl'IJ i;lUfl'11!?lbb 1'1 n11~~u 1 bb~~~'1J1b~ua-i1 nb 'Yl111n~'1 • 
lil~'Yl11 'l'Ztl.[]n~mm n~Ub 'Yl1if u 3 b UU~U1 «\'! bn 1?1111u1 UU1~b ~ rubb~~Vl B'\111\'1 Ff1i;lU1'Vl~1~fl81'1 
Iii~~ m 11'Ei'J1t1 1~~1a-i'IJ~b1 ru1 '\J'VlU1 bb~ ~ F\1~~ Tl?l ~'Yl f:J~~~\'I b uu 1 tJ1!?1111i1~ i;l13-J11 ti m~ ~u 
'1 ,, o d o '1 ""' ct 1" I cl' &' o '1 """' e &' d, 
b mn l?l n111?lfl'\J i;lUfl\'l'Yl'Yl1 b 'Vl a-i w fl l?l u b~ ~'1 ~a-i fl'13-J1 n'E!Ubb~~'Yl1 b 'Vl1i;l n i;ll?ITIU'EIW~l'J'El ru~ b ~11~ .. 

1 ,,~ .e &' 1 ,, 
i;la-Jfl\'I l?l1'\Jflfln·ablilU:l-l1n'Elu l?l 

I ., 

nTn tJ ~ttubb tJ srn'V11'1 a~-a1'Vlt11ttru~ bb adu1-;;~r?lu firn 

m 1 bb ~J1~1~ l?i' 'IJ A fl Tl?l ~~ F\1~~ fl 8 b wtl.flJ1 b ~u 'El ru~ fl 1'\Jbb ~1u~1 '1 J1 'Vl ~fl .. 
flfl n n1~'1 m ~1 uJ1 lil~bn l?l n11b tl ~ ~Ubbtl ~'1 m1'Yl1'11U'Elfl'11~'\J'Ufl1m~~1'11 'Elfl\'1~1'1 m~ 



1. 1:::'lm1vrnb1tiufol11?1 'f.lru:::bb~J11:::uu1vrnb1tiufoi11?1~:::'Vi1\11ue:i~1\I~ 
tJ 1::: ~'Yl BJl1'V'l :1-11 n~u ~'Yl B'V'l 6'l'f.I eJ\I bb 1\1 ~\I r?l r?l 'f.I eJ\I b6'l n~ 6'l r?l 6'l\I b 'V'l .11::: n116'l e:i tJ i?l1'f.I eJ\I J1 bb6'l::: 

"' 
bb 1\l l9luJ1~1 ti1 'Vll6'li1l?l~11'VI6'l~1 n bb'f.IU'f.1 1 bb6'l:::e:i1 ti1::: ~1\11 n ~u :1-11ri'Y111\Ie:in1~~ 1 tJ 'Vi11 '14~ 

"' 
b~ e:i r?l n ~u ri'IZ11lil :1-11 n~Ubb6'l ::: ~1 :1-111 ~uu &11 ri\I T6:il11?11 tJ bi tJ\1~1\1n1tJ1~:1-11 n tl~:1-11ruT6'li1 l?l~ 

"' 
~'\JQr?l 1ll1,iti\le:i1'm ::: ~1\l1 b ~:1-1~u~1 nlln~~\l fe:i ti6'l ::: 30 m1~1:::uu 1 'Vl6'l b1tiufai11?1'Vi1\11u 
"' 
e:i ~1\1~tl1dh1 5Jl1'V'l'Vi11 'l4'1111lil hl i?le:i\l'Vi1\11u:1-11 n'Vi11 '14~'V'l~1~\1~1 n11 b~e:i FJue:i ~uuu n 

Fl11 :1-1 l9Jufai1 l?l'f.I ru:::bb~J1~:::~1 ffJ1'f.I ru:::e:i ~'\JU'\J n b~ nUeJtJ 
"' 

2. 1::: '\J'\J'V\1 tJ t~ lil::: 1~-ru~'Yl B'V'l 6'l~1mb1\l l9lu1&1J1 'Vi11 '14'Y111\I e:i n ~ll~m 1?116'l r?lUeJ tJ 

6'l\I n-J1tJ n ~ b~ nue:i tJ bb 1\l l9JU'f.I eJ\IJ'1 ~ eJ'Y111\I eJ n'Vi11 '14'fl ru:::'V\1 ti1lil b ~1 I?] eJ\leJ eJ n bb 1\1 :1-11 n~u e.J 6'l 

Tr?l m1:1-1'Vi11 '14~1\I m til?i'e:i\I h!'V'l ~\l\11u~1'V\-ru m 1'Vl1ti1lilm n~un11ll n~ e:i e:i n~bli1Ubb6'l ::: n1'll~1\l 1 

~ 6'l:::mtie:i~1 Ub~e:i r?l~ ::: 1~-ru~'YlB'V'l6'l~1rnb1 \l l9luJ1'Vi11'146'l:::mti1~mn~Ubb6'l:::~:1-11 llrib dm~e:i ~1\11 
"' "' 

1~~~u 
3. 1:::uu n ~1:1-lb de:i m:::r?l nbb6'l :::~e:i 1~-ru ~'Y1B'V'l 6'llil1 n m 16'le:itii?l1'f.le:i\IJ1'Vi11 '14J1m!n 

"' V V I V 
QJ I o Ct I o I d QJ o GJ OJ Ct d QJ 

l?ld'f.I ru ::: bb~U16'l r?l 6'l\I 'Vl1 ntJUbb~U1eJtJ'Y11:::r?l'\J FleJU1'VIUn 1?11lil ::: 6'l [?lb 'VI 6'l m 'V'ltJ\11eJtJ6'l::: 1 0 bb6'l::: n11 
"' 

~Ubb ~J1~ 1::: l9lu '¥111\1 e:i n'Vi11'14J1'Vlun1?111il::: 1, 'VI~ e:i b ~ ti\lf e:i ti 6'l::: 3 o ~ n~ru::: l91\I n ~11'Vi11 '14 

~1m1~1 ~J1~1'V\-ru m1e:i e:i n ti1 ~\Im ti~hJ i?le:i\I m11 'l41,1,u n-ruJ1'Vlun 1?11 ~\I ~ll1::: Tti~u~e:i em 
"' 

~ e:i m 1e:ie:i n ti1 ~\Im tiuuu n 

n11bFl ~ e:iu 1 'Vl1'f.I eJ\1~1\1 m tJ'f.I ru::: bb~J 1~:::~ ~ n~ru:::~1~:1-1u 16'l ~1 n F111:1-l'VIU1 bb u u 
'f.leJ\IJ1~\I m n n11 eJ1 n1 Ff b~eJ bFl ~ eJU 1 'Vl1bb1\l~Ulil:::bn [?l bb 1\1 &11U'Y11U'f.leJ\IJ1 bb 1 \1 &11U'Y11U'f.leJ\I 

J'1 ~1 :1-111 ~u1:1-111 'fi'1, ~eJ~~U1 n ~1:1-1bde:i1 'l4bb~\I bb 1\1bb6'l:::'Y1U'Y11U1~b ~Ub~ tJ1 tl'\J ~:1-1J1'V\Un~ 
1 m u'l4e:i\I eJ eJ n ti1 ~\I n1 tJ'\JU'\J n 

4 bb~ bb 1\1i?l1U'Y11U11?i'J1~ ~ n~ru:::'W bFf~bbl?l n ~1\1~1 n &1:1-1J1'V\Un 
q 

d d I c 1 I I d 1 61 .., 61 c!l 61 _..,,, V I OJ .,j' 1 OJ 

'Yl:l-leJtJ'Yln'Y1Ff'Y11\I m1lil ::: bF16'leJU 'V\1 bU6'ln~ru::: br?l ~\I b'El br?l\11tJ bb6'l:::bb1\11?11uu~ ::: 'VltJr?l r?lbeJ\I 
"' q q 

fa m) l?l T ua'.r~ b~eJ'VltJ r?l bFJ ~e:iu 1 'Vl1 ~1 titJ e:i~ num1u1r?lb~'\J1~~ 
q 

I 1" I 4. 1:::'\J'\Jl?leJ:!-1 1'YleJ 

~1\ln1tJ'Vl6'l1tJ&11 1:::l9lue'le:i~T:1-1u norepinephrine, renin, aldosterone, bb6'l::: antid iuretic 
v 6l d 61d &' d 

hormone liJ:::6'lr?lUeJtJ6'l\I m'f.lru ::: 'Yl atrial natriuretic peptide bUb6'leJr?l~\l'f.IU n11bD6'ltJUbbD6'l\I 

l91\I n ~1Td'~ eJ 6'l11 :1-1'Vi11 '14~ m1Tlui.1 ~~11:::'f.I ru:::bb ~J1m n n11ll n ~ br?l tJ~ m1Tlrnn ~ e:i fob~ tJ :1-1 
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