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~~(Living beings) 

~ :-~ q~((~Cfil ~ ati~('IIC • ~~ ~ ~ ~ e+H414{t'1Cfi ~~ 
~ 11it ~~ Yl~fu¥1 ~til~¥ ~ae1s'1 m- 11it ~ ~ ~ ~ ~rt 
'h<lfitx:ll 'lft\ ~ ~oJ~Cfill ~ ~ ~ cti&ti¥\61 154cHl!fl4'1 ~ fcnlll!fi 
1 (¥41 (4>'1 11it ~ fmu ¥1 :aN 1., ¥1 ~ fmtvr 11'f 1 

ij e l<+i I 31 e (44 ~ ~ lil'1 I q (fl ~ W[. I ~ ofl f1 ~¥1 1fit+rr iilftr a:\: \ill'1 Cfil {I 'fl'lft 15 I {I ('I I ~r 

~ ~ ~ ~ 1 ~ ~ ~ \!11'1JcH¥1 .,,~1at'fl ~1\3'1 ~ +ilfiiect¥1 at1<fil'4+i li' 

~ Wt. 1 ~ -*'lfiiifif!(\50~ 't4q"41( m ~ TT ~ ~ ~ ct'1~fa15~1t ~~ 
mr mtr ~ 11'f ~ 41f'<~ctifi' wr. 1 

~ I)IJOft(ll(\:\cN ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m arreAr $f.<~l('tl ~r 

lTQ I • at't4"'1cN ~ I ~f'rt4hii at~~e"+i ~ YCfii(cN ~ 'l'ff ~ ~ 1JT1Ift ~: 
m ~ 4f ~ ~ 1fft+rr ~ ~~11fi1Cfif!~ ~ 1flt ~ G!'IIC(Cfil fufG:IrijCfil 

1fft+rr~~~~~l 

·~~~~~I~~~~~ I~ -(jq(i~~ miT m-~· 

~ ~ ~ ~"41((¥1 wr. 1 ~ ~ ~ 1fTf.m ~ ~ ifiiQifi~ mrr ~ c:t~lg~•n 
Q.41EfQ.41~ 41$~"(1 hl+iilli! ~ 1fCfiT miT ~ d 'tlf1"U ~ I m ctt'4l41+i+il ('tl+i<g}ct¥1· 

c?lctii$illi! Effi<~f& ~IT\3e"'1Cfil il~f!~+il t'l~le~l +i~~ I ~ltl<ct¥1 -{t1r ~ fi 
'4ilf ~ ~ ~ ~ ~ ~lftMIIJi ~ (t~fi~~cffl ~ ~'11'j~'1 il~<~cN {J; I m+ft 
~ ~ ~ ~ c:t'1~fuf!~ atotAI!j~ ~ ~ \!11('11\3df err itl~~l+il f.nmr 1IW 
3Jf.r 'Cfift f1rn1ft ~ ~ f!l+ilill! ~ ~lf'<C(¥1 q'1~fuilli! ~ diit'4dlf!~ ~ ~ 
~ ".lll11T 1l'f ifTElf ~ I ~ ~ ~t'44cH1Cfil 1l'ft1n ~ C(Cfii$+ii ~ ~lf<C(cN ~ I 

~. ~ iiftcc~~ifl~ C4~fttti:C:OI (Classification of living beings) 

~ morr ~ 11it ~ ~~ mv ~+i¥1 ~ 41l~'t 1 ~ ~ 'iflc:tf!~<N 
~ ~ 31WT 1l'f ~ ~ I ~ ;;(jqf5~+il \'if'111 ~I ~I ~ 

li1!CI'1Yf'#i41 ~ ~ Cfj<IEI~+il ¥ 'f ¥ fct;fu+icffl ~ ~ I m-~ 'iflctfl~+il 
3TfCrnliT e+il'1dlifil ~ ~ 41l~"l' ~ iiCif!~+il ~ m ..ro115~¥1 atml<+il 



~;{jfi~sot•Ut ~ q~f:ti+i+il <I~C(ct?l ~ I ~ ,('lqfi~ili'IIC fo:t~'E!d q~f:ti+i+il f1rnTt ~ 
'1~41i'11~ q~fl<ti(OI (Classification) ~ I ij~'At4+i Aristotle ~ q~fi<ti<olct?l ~ ~ 

1ft ~ Charka \ John Ray ~ ~: ~ Swedish Scientist Carolus 

Linnaeus rnr ~ 1953 +iT ~ q;n:qf'di'IIC ~~11f'o:t<ti ;mr (Scientific name) ~ 

~ I cB ~ ijli(lqct?l ~~11f'o:tcti ;n+r ~ ~ ~ ~II«EI~i~IG ~ 9; I ~ 
~ Genus\~ Species'['!. I ~Genus\ Species~ 'l'Eii'1'1+il ~ 

\II01ii'fii'11$ Bionomial system of nomenclature ~ I ~: 311iii'11C Solanum 

tuberosum, ~ Triticum aestivum ~ I 

Linnaeus rnT q~ficti<or ~ ij.,{(qMi'IIC lf ~ (f4;$:S¥1 ) Plant \ animal +iT 

qeo_<u,ctct?l ~ 1 Kingdom plantae +iT cB ~ ~ ~~ fq<i~C(ctil ~ ~ 
llFf: ~ ~ atN; ~ rn \ ~ ~1('11111 ~ ~ ~ ij\i(lqt:<~ 

~ ~ Kingdom Animalia +iT ~ 61\Pira arq;1 m ~ 1fit m, p.,~oq(t 
3114il<c61 'Ufu ~~ ~ ~ atN; ~ ~ \ ~ ~ ijliflqfi(i 

~ I ~ i14~ciltft4 m ~ ~ ~ ~ I ~~ ¥t, ~~ ii41if2F\41 

~ (1'&101@:(! 3IWr.f ~ ~ ¢ f4;$:S¥1+il ~ '<re'1' 3jij~'-'1l ~ ~ 1969 +iT 

Whittaker~~ 1ol~t!c61 3I1UT'(+iT ~ fcu:a+icil q~fiq;<or 1ltct;r W( :-

1. ~ ~ - Prokaryotic~ Eukaryotic 

2. ~ttl<cil ~ - ~ ~ ~ 1f! ~ 
3. ~ ftR ~ - EC4'i'jiij01+ii q('il"'Oi 

5 kingdom qi\' q~ft<ti<or 4ij'l<til< g; : 

1. Kingdom - Monera 

ct¥c61~4, ~ ~~ ewm·+i¥ ~ Qt ~ ~ ft 1 

+it,!ti'IE¥N il<l+ii:ij ~~ ;:cf.t+t4< ~ ~ qiN ft i 
~~~~ 

~ (Heterotropic nutrition) 

a+:ttc <'I - ii4t~f\<u 

2. Kingdom- Protista 

~ ~~ Eukayotic qiN ~~ 

Cilica ~ flogella ~ ~~~~I 

~ (~cfl"'OI \ q('il"'OI ~) 

13ftlfi<Gi -~~ ~~ Diafonn 



3. Kingdom- Plantae 

Chlaroplyll ~ ~c()tiiCfi (Produce) 

Cell wall~ 

~~fixed~ 
Heterotropic 

i3~1Ei(OI : Algae 

Bryophyta 

Pteridophyta -

Gymnosper -

Angiosper 

4. Kingdom Fungi 

Microscopic to huge. 

Sapropytic to parasitic 

5. Kingdom Animalia 

Multi cellular 

Spirogyra 

Moss 

Fern 

Cycus 

Mustard 

~ ~tll{'14cN Sl(lqf{qf'< qr;fr1rr ~ ftrnT ~ ~ 6iq('1">14ii1 ~ \ifU, ~ ~ qm 

"~*!~ct¢1 l11<!<:41t<~ 1:ff.; ~ 1 f441t<~ ~ ~ ~ ~ mcrr lfr ~ ~ 
Thallus \1"<1<%~'( 1 3TfllTIT qftqft q;ftGf mm tfUCT ~ ltni arcrn'rq;;; ~ f.;l:;f ~ 
li4<!CCit:~ ~ 'ltCfiT ~ : , 

(i) Spirogyra 

(iv) Marchantia 

(ii) Mushroom 

(v) Moss 

(iii) Riccia 

(vi) Fern 

m ~ ~ arrcriT qftqft ~ ~ ;,fiq \lli11CC<cN ~ Jlq(1">1Cfii1 11ft 
Rt<ftt:~cm cc~ftCfi<OI ~~ fu;:f\t:~~ ~ ~~ cclee41i1 iAlG anrn ~ ~ 
amftq;) ~ ~ m ~ fclt~ltfle:~l{ ~ ~ m;r ~ m ~ ~ ~ 
~ I ~ 31!'44'1¥'1 311SI(+11 ~ \lf ~tlltft{'ll' t'Q{'l~ld ~~ qf'<~l\11'11 'CfiTlf 
ij<>"ql{'l'1 11ft !li4il,iil Sl\liCCCfilf'<ol¥'1 ~"'24ddl ~ ~ I 

~ ~<!CCicN ~ 3jq('1lCf)i1qiQ fcltlltftEi~lt lfij' ~ 31!Aiqi1Cf)l m Minifield trip 

~ 31141111'11 ~ I ~ ~ iftfl'lt ~ tt\ei{'IIS ~ tt(4*1i1 ~ ~ ~ 

q~ftCf)(OI ~ ~ ifft ~ ~lf'<ijij;qjQ ~ diR>1Cf)liil ~ m ~ 18fT I 

fclt11efl~ tt(4*1'1 ~ ~~lEi~ ~ mfQ' ;a;ftg~~ \3ct!Cf)dl tr ~ ~ I 
fll(!qjq}'J q~ftCf)(Oj ~ dlft:!Cf)liif ~ ~ ~ fm;ft' ~ I 



~ ~ a~~~q; ~ 
'3fi. tt 

;rtlr 
aml~lif mrur fsftNtif 

~ . 

~. 

~. 

9.9.9 

~ . 

~. 

'if'1lf 'if'1lf ~ 
'641{'1q(11 ·~·~.., . ., ... ~ '11Q"'~ ~ ~ Cl '-'51'fli~C I 

01\f Sorus~ ~ 
"" . ........... ~~ 

············ , 

qtftCfi(OI ~ ~ 41~49;~Cfi ~ ~ ~ ~ lf{t (i((!qlc6\ qtftCfi(Uj lA ~ I 

mt ~11$1ct>EI~ ~lll4q«J.fll ml at'ill<~fact> 'it$<1&tJ4Q ~ ~ AA ~ ~ ri'rc llf.r 
a'lfR lR 1JtmT lTW q ~ ~ ~ ~ ~ I 
lffi eel(fll m ~ f'q;~fiCfil . at<tfll~ illefit<!CII qif~Fa \jj'1fO (Plant Kingdom) 

1fT ~I ~ ¢ '34\Jitld+il {1{\ti\Jiif lA ~ I (fi ~ ~ ~ ~ ~ ~ 

S'{. 1 ~ division, subdivision 11it P.\41'11'1 tlf'<ecf;*' ~ 1 

~ ~ ~ (Cryptogams) 

~~fi~fll ~ 'ij~if'( ~ aft\1 (11"'1'( I -

~;f\15~ rt ~M1~tl4 tlltii(OI f'q;~fiCfil flt<!CIIi5~ S'(l ~ arfir m'IT ~I ~ 
ttct>¢)lflq 'tlf.r ~I~ (fi;r fsfiiiJfif+il ~1\Jf'1lA ~ I 

(<ti) Thallophyata (V) Bryophyta (lf) Pteridophyta 

(cti) Thallophyta 
I 

~;flp;~fll \ifU, ~ ~ 'Cffif ~tt*' ~I 310: ~Thallus~ I 

91'4': qr;ft~~~~~l 

l ~ tflp; (C' tfcfi ~ en Gt§cNlfl4 ~ t 

~ ffi<ta?tel ~ fsftt>J~<tfll illfi:ttcN Q :. 

(an ~ ~ qif~~ (arT) ~ 

(af) ~ ~ Pii!(!qlfl l IR'IIfll~6'i+i'i<te , Bacteria, Volvox~~ 1 

<t . lffi '34qtifll ~ Pc.(!ql(!i~ ~ ~ ~I 

l \1114\JI~'t+~l ~R"~1?lflh{'l ~ ~ ~ 1IfVfi en \lli41f'<ct> q«J,qiC! ~ 1JT'td' 

~I 

~. ~ f'q;fuflct>l i41cRf'<41~ +il~tl{'llt ~ "Ulf \¥41'3'W{ ~ '¥r 'hi~~I\JfifCfi 
~~~ 



(OfT) Algae 

~. ~ ;aqcc~flit ~ iti<!CIIi"'IC q;rf ~ ~ I 

~. ~ ~~ ~ \ 'lffif ~~q;$1 ~ I 

~. 911f: ~ ~ ('lll~l\:11~1 ~ \ ~ "'O:il1lil &1\'11~ fctil1t(t¥ii ~ i=IT 

~ qj~~'\.1 

't ~it)~~ ~ ~ I ~ Chloroplast~ 1 Nostoc, spirogyr;a, · 

chara ~ 'dGI~ (Oj ft I 

(~) Fungi 

~. ~it)~~~~ ~ ~ ~ I 

~. ~iftti~ tif<aq;a, ~ ~ ~ ~ \ ~ lim ~ 01m m 1 

~. ~ f1rer Cellulose ifTC: ~ ~ I 

~~ ~~ Ringworm ~ ~ 'dGI(i(Uj ft I 

(~) Bryophyta 

9. lf\lf'uA ~ m tfT'ft 31('liiCI~~q; ~ ~ ~.,"lti~\'1,~ ~ ~ 1:ff~ 

~I 

~. ~ ~ ~ ~ mrrr 31fc:4q;f{ta ~ 1 qq; ~ Rhizoi{.ls ~ ~;r 

q;rlf ~ I 

l ~rftl'i~li' '3t"lCII1'EI#i ~ m ~ \ 31~¥Ifiiq; ~ lit' ~ !U ~'­
~ 31\"2(~{111 ~ Jl~{el1 ~ 1 ~ ~~~~il'hl'2 (Gametophyte) ~1 

(Dominant) ~ \ ~IO'hl'2 (Sporophyte)~~ 1 
. . 

't ~rftt:~lil ~ ~ Primitive ,~ I Liver worts (Marchantia), Moss, 

Riccia ~ ~ 'dGil< (OI ft I 
(ll) Pteridophyta 

9 ~ ;aqifi141dlil eG~ll'<l ~q;i\ia ~ d fif\:t'littlil ~ 1 ~ ~< 

<M_1 (Vascular tissue) liT xylem \ Phloem ~q;f\1a ~ · ~r 

Tracheophyta ~ ~ I 

~. ~'1"lec~*' ~~ ~ \ 'lffif ·~ 1 

l ~ ~ ·~-~ \ • ~ 1 ~ ~ ~ cm:ft err tit ~r 
q)t(;rr~~~~~~l 

"· ~.,)ec~~ 'iftqtt"i!!~ Sporophyte \ Gametophyte \ll 'I{U ~ 1 ~r 
Sporophyte ~ ~ 1 ~ tcte.1Rtc:¥l ~ ~ 'd41lHYI R I 



9.9. ~ ~ ~ F..~c::u~~ Phanerogams 

9. ~ f'cH!41@¢(E'~I >J~l4'1:q~<N eft ~ ~ ~ ~ <ii{'iau'! qwr ~ ~ (seed) 

~I 

~. ~;:ft@((E\ G1l'3G41C! ~ ~ ~I ~ '3c:-q(G'1 lf'1 ~ ~ ~ fi4(i"'dl SO( I 

~¢~~~ 

(Cf;) Ril::•1'ift44 (Gymnosperm) 

({¥) ~f.:::Jilflf\44 (Angiosperm) 

(~) Gymnosperm 

(3f) ~q;) 3fmVT (~) ~ I ~ ~.;lf;(E\4$1 ~ ~ ~ I 

(3rT) TJTlr: ~<?ifi(E' lf'filtw~l~f& ~ ~ ~ ~ ~I 

({) GOt ~~~I Cycas, ~ (Pinus), ~' ~ ~ '3C:ifi(U( ~I 

(~) Angiosperm 

4'1f4RI ~ ~ fi4q;fua ~ ~ ~ ~<!C41t<(E' s;:. 1 f4<f\@¢(E\(Wihl ~ 
fi4q;fua C4'1~Rt ~ ~ 1 

(i) G(l'3(1i~ djjq(U(fl i!i~cN ~~~I 

(ii) fi:ft:t(~ft (Bisexual) l\T t{C¥i~(~ft (Unisexual) ~ I 

(iii) lfii(qid, ~\~~~I 

~ ii'11C4C!ctit dlitli(+ii ~ '3q~oft+11 ~ 1T't ~I 

(Cf;) ~C¥i<:~l4 (Monocotyledon) 

(~) ~ (DicotYledon) 

~'Q lefttt (E\(11~ ij(ij413i'jiji ~ ij'i((ij 'iei+il 

~{<411:{< ~ ~ t{C¥i<:tt)(4 ~ 

5'G~ll4 ~<!C41cN ~ ~ diC4~lC¥i'1 1J't 
~(ffi~~'l'f~l 

f4<?if\(E't11' ~ 'll~alC¥i(Ui lf't ~ ~ ~ 
~ q{Qij¥:¥1 ijfhf;(t('1 ~ ~ ~. 

~ aqi(4•1 Share11't ~ 1 



~<i«Wti'l ~ Cf;Tq ~~ ~I~Hfi'l q !lllfi~ ifi ~ ~ 
omr ~ 

t 1 t ·~ 
...... 

t 
~ I I ~ ·! 

~ i ~ ~ $ 

~ [ 
<flit ...J ...J ...J ...J ...J ¥ ¥ rt~ 

~ ...J ...J ...J ...J ...J ~ -~~ 

lft qjQ<4q~ dltAiq., ~ m:r lft ~~lifii'llqfi~ 41(1\tril ~ \ 13q{'l~'i("rq; 

~ ~ I CftfTf "Cff.f 1rof ~ fq; ? 

~ Minifield Trip at14l\:11'11 1ft Plant collection\ Herbarium~ I 

~ fil~clltil q4ftqi(OI ~ m- 1ft q4ftqi(OI lfOf ~ I 

~ Multimedia liT 1EITi 1ITG Plant kingdom ~ ~ ~ ~ I 

Mlf(QII( qm ~ ~ tt. I 
(i) ~ ~ ~ Cryptogams F[. I 

(ii) ~ ~ ~ Phanerogams Sit I 

(iii) 'hi'Gtl$~ 3fl1AT ~ ~ ~ m- I tm1IT W q;vr ~I 

(iv) ~ m-~ ~ ~M11t144 F(. I 

(v) ~ ~ mer lfnf ~ ~ Monocot-yeldonous "< sf ~ ~ fift~ 
Dicot-yeldonous ~ 1 

~. ~ lii'*!lii41ri (Animal Kingdom) 

~ \:1141d4il ifftlfT ~ ~ 4J<I4ilifl ~Of o I 

1ii41riiC~Ii< ~ (ftTm:i) : lft ~;:q;iHid attAiq'1 ~ mm mt dl'i5_410 ~·1 ~ 

~ af'<4ilille ~ attAiq., ~ ~ ? 

\iflffi m 1 lft -qro attAiq., ~ ~ o t.; (R 11 ~l1 

~'Giefi{'llt ~ tfcfi ~ ifllf \f"f {1411\l~ I ~: ~ \li;ft 
m ~ ~ ~ ~ ~ ~ \ill'UGIIG ijjijj<ril m<r 
if1lf \-e(jffid 11'f ~ ~ I 



Dog 

dl+ms·+H -

~ ~ 'WmiT ~ '*'C4t'11t ~ ~ ~ 'IT+f ~~~~~~~I 
~ q;rorr Carolus Linnaeus ~ qi~Cfi(Oi ~ Bionomial system of Nomenclature cit 
3jjq~44idl ~ ~ ~ ~ ~ ;;flqt¢~$l qftl'€11'h11t ~ ~ ~ ~ \lfft 
~I 

~ : ~ ~ m Mini field visit 1r;f ~ ? 
' I 

~ : fti;;; rmcFj ~ eil\4~1 ~~~~Field visit m- 1 ~ .. m Visit~ 
~ ~ Cfj<i~~¥11 ~ ~tlleftt~~t'11j ffiC4!lloft il'11'e~q~ \H~~ q;ftir ~~~ 
aiTc:r ~ ij(Cfit'1'1 1r;f ~ I (ft \iftqg~q?) \tft41d ~ q4~Cf)(OI diR'ICfil~ ~ 

M qi~Cfi<or 1r;f ~ 1 ~"'13Pjei<$l ~ il"il't flloftt~~t'11t \lif ~ ~ 1 

~ ~ 'l~d)q;(OI 1r;f ~ I 

li1'11q(Ofl) q4ffcti(OI 

;mf ~~~ 

~. em; ~ 
R ~ ~ f'tR 3fAiR 

~ 
~ 

T 
~ , ~ Pheriti ~ 

~ T . rna ~ 
~ "t 

1 ~ 
i{ll{ 

ftM 
QIO'l$(i0 

~~ 
~ 

~. 

~. 

~~~~iiTlf~~~ : 

(i) ~tfttc~*' -lfi<+U aie(4114 ~ ~ ~Ostia~ 1 

(ii) ~.,"ltt~ctil ~~ flou ~ ~ Cavity~ 1 

(iii) -lfl<¥11 orof ~ ~ ~ (Cuticle)~~~ 1 

(iv) ~;ftfl~~ 'ufu: {!JO:ijijiO'i5 ~ ~I 

(v) orof -lfl<t'11S Shell~~~ I 

(vi) fli;?ig~*' -mR Radially Symettical (Pentamerous) ~ 1 

~ 
~ 

(Class) 

Oligoc 
~f.tfi:t:!SI 

heta 



\34ijjtid (Sub Kingdom) 

Invertebretaes 

~~~) 

Vertebreta ( phylum Chordata) 

~~~) 

~(phylum) ~(Class) 

Protozoa e.g. Amoeba 

Porifera e.g. Sycon 

Coelenterate e.g. Hydra 

Platy- helminthes e.g. Tape worm 

Nemathelminthes e.g. Ascaris 

Annelida e.g. Earth worm 

Arthropoda e.g. Bee 

Mollusca e.g. Slug 

Echinodermata e.g. Star Fish 

Pisces e.g. fish 

Amphibian e.g.frog 

Reptiles e.g. snake 

Aves e.g. crow 

Mammal e.g. cow 

{1) ~ -it1<+il ~CIT f\rt m (Endoskeleton)~ >~~l<H'II~ Invertebrate~ l 

(2) ~ err ~ m ~ >~~iqt'tll Vertebrate~ l 

Protozoa : Protozoa m \Ut11GIIC! ~ ~ t'r l 

~ ~ "-crqlf ~n i\' l ~ ~-ll"<l ~ flr.r 
~ \3'f4'"f ~ ~ ~ l ~-1'1((~ ~ ~ 

~q;q;)rfi4 ~ l ~ ~ ~ (Physiological 

Activities) ~ ~ ~ I ~ m 
Pseudopodia, Cilia, Flagella ~ ~ l Amoeba, 

Euglena, Paramecium ~ ~ \3~1(((01 S'I_ l 
membrane 



Porifera: ~Rltr:~ '4§~~<4 ~ I ~lft<+U ¢ ~ ~ 
(Diploblastic) ~ ~ ~ I ~lti<'ift ~ (Ostia) ~ 

~ tfT'ft ~lfl<f\4!4 rtu ~ I ~ltf<~ +tlftl~'>l 'lT1T+4T ~ ~ 

~ ~ Osculum ~ 1 ~ ~sq;le'1<il ~ ~ 1 

'3~1(1l(UI : ~' i"Jj~~{)(;lf'1<41 , ~Rt'tl ~~I 

Coelenterata : "mR ;wfi dll¥1<4il ~ ~ I 

flliflt<~¥41 ~ ~ \l~e~*t ~ I Jelly fish, Sea­

anemone, Hydra, Obelia q-ij"q;T ~ s;:_ 1 

Platyhelminthes : ~ofltr:~ ~, ~ ~ ~ 311i:t;l<¥1 

S'W( I ~: ~ ~ ~I C('fl~l\<41 ~ ~ ~ I 

Tapeworm, Liverfluke ~ q-ij"q;T '3~1tr:<UI s;:_ 1 

Nemathelminethes (Aschelminthes) : ~ifltr:~~ -mR 1fR:fr 
t'tnif S'W( I ~I{) <tot It Cuticle ~ ~ ~ I, \'l'ffi ~ ~ ~ 
S'W( 1 Ascaris(Naucheria), Filarial worm, Hook worm, Pin 

worm~ q-ij"q;T \3~1fi(UI s;:_ I 

Annelida: ct~~\CSI*t ~lfl<totiC eft;; ~ ~ ~ ~ 

~ Triploblastic ~ I -mR Metamerically segmented 

~ ~ ~ &O\'Jfi~¥41 Setae S'Wl ~ ~ ~ 1 ' 

Sponge 

Jelly fish 

Tape worm 

-------Pin worm 

~1(41totl, ~ ~ ~ ~ ~ \AIUftfi~ S'\ I Earth worm 
Arthropoda : ~ iiil~l<1~ ~ ~ ~ (ut qt ~ ~ ~ ~ ~ 
~) *" I q-ij"q;T ~ vq &'V\CJ' tftq;r ~I ~lfl<('tlt Chitin~ ~ ~ ~ 
S'W( 1 3l'mT Compound rct;~¥1¥1 S'W( I ~Rlt=:~¥41 Open blood vascular system ~ 1 

Palaemon, Butterfly, Millipede, Butterfly, Drangonfly, Musquito, housefly, Bugs, 

Grasshopper, Prawn, Lobster, Centipede, Scorpion ~ q-ij"q;T '3~1fi(OI S'{. I q-ij"q;T Y 

3ITc:r ~ W( : 

~0 

(i) Crustacea- Palaemon(Prawn), lobster, crab. 

(ii) Myriapoda - Hillipede, Centipede 

(iii) Insecta - Butterfly, Moth, Dragonfly, Mosquito, Housefly, Bugs, 
Grasshopper. 

(iv) Arachnida - Scorpion, Spider, Ticks, Mitos. 



Mollusca : 'R'f 'Ufu: ~ @O\Sfl"' \ ~ ~ fcrnfft ~ 
\il~i:t~ ~ <til,~+ifq<:f ~ I ~tfttt~cN mR ~ \ ~ 
~ I ~;ft~~cN 'Ufu: ~, 'q'l'\3" ~ \ ~ ~ 

~ ~ I 'R'f ~lt\<~1;\ <+41~~+1 t;t;lcii~c;auc; ~ GRT 

~(Shell)~~~ I~\~~~ I~: 
Snail, Slug, Squids, Cuttle fish, Pila, Octopus, fulr (Unio) 

3llf<f ~ '3<=1~(01 ft I 
Cuttlefish 

Class - Echinodermata : ~ <til,~+i+il <+41~~+1 q<n4'41C! ~ cM\SH1~dcffl 311<Ho1Jlr 

(61f$~q;) mR ~ 3lftr ~ fGm 1Tftnrr ~ ~ \i\'1(~~ ~ I ~lt\<cN +11~\"~·1'1 ~­

<+41~~+1 ~ mT Spines q;r ~ '<tq;r ~I lfij'liT Water vascular system ~· I 

~it\<lfft ~~~Tube feet~ I~~. fir~, fir-<!!t;t;A4< 3llf<f ~-

'3GI~(OI ft I 

Phylum- Vertebrata: ~lt\<+11 GT\S" ~ ~ ~ ~ -q-(f"(l ~'1"1Ei~ *tft 'ilill"'+il' 

\ *tft tfT'filrr ~I mR ~ ~ ¢ ~ afffiNcN ~I f}fR!tt~+itA ~ n1~~IC! 

\ ~ ql)Cffi'>I~IC! mtr ~ I ~ ~ tR \il"'lcHf:t~+itA *tft firnT \1m" ~ ( ~lt\<ct}) 

~ c@jq(0131'J61( qf'tqd"' ~ mw, ~~ tN) \ *tft' <f1""aT \1m" ~ ('tfU, ilit'4«1 
tnf.m~) ~~ 

Class- Pisces : mR ~\~~~I C!l'3ct5lcN 

~ 00\ -anm 'ij~rt;t;lt<~ ~ ~I Dorsal ventral, Anal 

3llf<f qr.fi ~ ~ Fins~ I ~'1li:t~+11 Internal Ear~ I 

Sea horse, Rohu, Hilsa, Flat fish, traut ~ 1.fij"'q;T '3<=1t<<01 ft I 
~ tfttt ~ tfT'filrr ~ I 

Class -Amphibia : ~~t<~ ~~+1dict"i4 \ ~«o-s"i~ ~ ft I 
~;ft~~ qAt Q1.IT ~ ¥m ~ I fll'1"i~~+11 ~ ~ ~ 
(Tetrapodus) ~I 9~¥+11 't-~ afrc:r alMII:t~ (Digits)~ I 
fll;:f)g~ct}) ~ af.f ~~I Frog, Salamandres, Tree frog 

(Hyla), Mud puppy (Necturus) ~ ~ '3<=1Ei(OI ft I 

Class - Reptilia : ~ift@i~ 'ilfli'1+11 ~ ~ rc.~+idl<fl ~«oiJ4 ~ ft I ~ ~ 
~ \ tRT ~ <&l~q)\ ~I flltftE:~ q;)cH{'j~IC! eTe" ~I ~~@i~qil ~ <fi;f ~ 

~ 1 ft!Rlt<~ ~ \i\'"+11'3~ \ ~ m-~ 1 ~~ ~, +11'3¥!"1, 31~(41( (Python), 

~ (Cobra), 1Tnft (Crocodiles)~ 1.fij"'q;T '3<=1t<<01 ft I 



Class- Aves : ~~t<~ ~ «ti!lltl ( ~itl<St ~ m m ) 
~~Ut\<4 \JI~~~ S'(. I ~;ftg~Cf)l ~itl<+U ~ ~ ~ I 

• ' 

m1IT ~ ~ ~ I dlill~cffl ~ q{jzJ+U ~ ~ 
~ I Crow, Sparrow, Parrot, Duck, Chicken ~ ~ 

'd4i(!i(Oj R I 

Class - Mammalia : 'trfu ~ ~ ~ ~ ~ ~ -
~ I ~I ('I 1ft!~ 'lftr;rr ~ ~ I ~ ii11ftrctit ~I tl (+ii Gl iS'q it't It 

«1'1qJ'1 ~ ~q;f~HI ~ ~ (Mammary glands)~ I ~ 

iil16r ~ q;r;f (Pinnae)~ I ~;fte:~q)} ltitl<ftf:t ~ ~ 
mTt ~<,41\':1~ ~ ¥iffiq~tftl4 ~ (Muscular Diaphragm) 

~ I ~I mtl ~' ~I Y'll'l:a tl~il vwit ~ ~ 
\':141~(01 S'(l 

Sparrow 

Bat 

'liT q14.*'~ ~ ~ ~ ~ ~Rst:t¥1 firitr ~ {)f;<4jq;('ljq(!i~ · 41<1t:t¥1 ~ 1 m 'tft.f 
dllq~l4¥dldf1t11< w.WT 1ftl' ~ if (f I 

(1) Lecture cum demonstration, discussion, and observation method with charts 

showing vertebrate \ irivertebrate · 

(2) Activities 

• Museum specimens- preparation • Collection of species. 

• Preservation of species. • Multimedia 

• Group work. 

~.~ ~ ~fU\it'1 (Cell d ivision) 

44~ f¥t11'1~ ~ ~ ~ I 't ~ ~ ~ ~ ~ lm! lJ11T ~I 

l'¥til'1~ iijiS'Eiit'tiS ~141 I aJ1r ~t#"e++1¥ii tit ri' ~ ~ ~ ~ ~ I ("4ijqfQ 

iijj('j~ ~ ~ - d1rr m ~ ~ ~ ? i*r tr tit m ~ ~ ~ ?" 

("4ijqfQ !'¥t11'1t'tll ~ ~ I iij'6'q j('IJC * "d'ij'\ AA? 

Gi'Jqg~(fi) -mR ct?lttl'i"ii41C! ~ " I ~ ~ ~ I t:t¥*tlftl4 mt_ ttl' 

i~sctillfl<~, ~ ~ ~41CM'ffq ~ ~ Cfilll(8~ctil ~41CM114+il f.rt{ ~ 1 

m ~ ~ m ~ ~ Olltli<\d t:fc'ilt ir 1 ~ tr-aGT llf(lttal * tr \f.t 
~ qjijjq(UI ~ ~ ~ ~ lit an« ~1411J1'1 Iff ~ ~ ~ ~ ~ I 
~ m f?fqJ\JI'1 'iff ~~ f4 t1i41C! 'EIIOOC!I ~ df'<¥1~ ~ ~ at'1f11'•6'1 

W( ~ I m fr ~ 'iftq l'i~i$1 ~ ~ *tt'f&CIC! ~ I ~ mt ~ ~ ~ 
fcrn'R;r SIIUft~fQ ati1rcrr ~ "«AT ~ ilftcr-r ~ qS\ttill(! ~ ~ I m f14141\JI'1¥il 



~ ~ ~<HtctSl ~ I ~ mllll"tli"<l ~ ~4ttctSl f1NIIII'1 ~ I 
~4tt Pc4'11111'1t11' q;1ft4)q;1~~~t( ~ I ~ ttl~c?l'"<11"¥1 ~\11111'1 \lf ~!f 
~ I ttl~c?l'"<11"¥1 fcNIIit'1t11t ttl'qiJq;IS~fut( ~ I rqf#l4tt ~1111'1 ~ ~if 
'l:fT'rt ~+t">j.,{j+il(~ctS) fcrcmr \ ~llil'1 if I ~ m ~ 1JljV ~T 

~+tllll">l+iEI~ctSl ~ I rtcf; ~ ~ \ilTa' (Species) ~ :hl+tl~J~l+ic¥1 ~T 

~ ~ I m +il~tt¥11 ~~ >ifm, ~ ~o ~' \<Wjal¥11 ~~ ~' 'C4'T"ifllT )r 

im, m'11tT ~o ~' ~ Yo im ~ ~ 1 :fi'l+t">l,.">l+ic¥1 ~ err ~r 
qf<<Hf'1 ~ ~q{':~c¥1 Qil$101((~ \ ~~~{l~q; aATc qf<qtf'1 ~ I 3fq;T ~ ~r 

~ ~ ~ ~ ctil~t:~¥11 :fi'l+tl~J~l¥1 ~ ij1IT'1' ~ 1 ~ ~r 

~+tl111">I¥1EI(!.' ¢ ~ fcNif'-itd ~ I :hl+tl~J~l¥1{':(!-'ctSl ~ m:f «11E1' ~ ~[ 
EII~I~:S (haploid)~ I ~ .~ ~ \ ~~I m ~ ~ 
m:f \WT ~ I ~ ~ 1A' ~ nt;41Cf;t11q 1fif' ~ I :fi'l+(l'lll+it:~c¥1 ¥ ~· 
~ ctil~t11' ~~1'6 (Diploid) ~ I ~ ~ ctSl~Ei(!.' Sit \ ~ ~· 
Otl41q;{11q ~ 1 t:l~lt6 e~1t11t 'n' \ ~c;;cclt6t11' ;2n' ~ 111'11~~ 1 ~ ~· 
~ :6J+t">l111l¥1 ~ '2n' ~ I ~ n *t ~ ~o 3ITzr :fi'l+tl~J~l¥1 if 1 

• ~ m+rr n ~ q;~dllC!I :hl+tl~J~">I¥1 ~ ? 

• ~Rlt11' ~ @:1~1~6 ~ ~ ? 

9. ~. 9 +il~e)flltt m fcnU\11'1 (Mitosis cell division) : 

~ ~ :fi'l+t">lllll¥1 ~ ~ ~ ~ err ll1i3' m+rr iiTfir ~ ~ ~ ~ 
~ ~ Pc4ibt11' +11~t1~e ~ rc-lillll., ~ 1 ~ CJCfil<c¥1 m ~ ~ltl<¥11 
~ \ ~ ~ I 'ljfljj'ifti cN~CII~q; ~ ~ cN~EI~ («f+ilflq; ct?I~Ei(!.\) liT ~ 

CJ<f;l(t$l ~ ~ ~ I ~ ~llil'1ctil ~ ctil~f\t~ ~ qf<qtf'1q;l 31191(¥11 

~ ~ 'if('0'1+JT fl:rqllil"t ~ ~ I 

(i) ~ ~ (Inter phase) : ~ ~ ~liil'1 ~ ~~dl~iif6ct?l ~ if 1 ~ ctil~f\1~ 

~ qf<qd'1EI(!.' ~ : 

(q;) q;)1f ~ ~ ~ I - I 

(~ ;:qf.ti;t4< ~ \ ;:qf.k'141twte ~ ~ 1 

(11') :hl+?i"'l¥1¥11 f-f.~.~. qir m:fr sf ~ .. ?I~J~l¥1 
"T'fl' qq;r ~ I 

('ef) il+t'I~J~l¥1(((! t1'T+rr \ fq,~t:t¥11 81~~\il~ ~ 
~ :fi¥11Fl'1 ~ 1 

('i') lil~~~¥11 ~f .. <;atlt'IM ~\lllil'1 ff ~~I 



(ii) ~ ~ g~qlt'IIC ~ ~ 'q(U I~~+ii ~. 'f wf ~ : . 

(lfi) ~ (Prophase): ~ dlq~l+il q))qf1l~ -qf.f ~ qf~Adi1Ei~ ~ : 

:fi'l+?1~1+i Wet" oerr mer~ 1 

rijf.R:ill< ~~~~I 

~moi'r~~~~l 
~ ihl+t'i.,?i+i+i l ~ :fi'l+i'i!'l:S ~ .. {If! <*t 

~l~<t*t ~I 

ijf .. c;ai"'\4 ~\11\11'1 'It ~ ~ ~ ~ 1 . 

(11') ~eltfilit (Metaphase) : 

~ .. {la(jt'lg~ ~~~~I 

rij~ll( ~ ~ ~ I ~ 'hl~q(Ei~ ~I 

ihl+tl~l+i(;~ ~ ~ 1JTlTlfT ~ ~ ~I 

~ 'hii<H*t ~ ihl+t1~1+i*t ij .. {lf!<t'IIC ¥ ~ \ . 
~ ~ .. {1~1+i4'4i ~ I . '~ ~ I 

(lf) ~ (Anaphase) : ~ at<Hl!41+il ~ qf'<qdi1Ei~ ~ : 

~ ihl+tl~l+iCfll ihl+ii!'l:S~~ ~ atCfli4'41 

'4~~'( 1 ~ ~ ~ ~ .. {lfl<ill~ ~~ I 
ftq .. :g(1 ~ ~ ~ I 

:6\+ii!'l:SCfli ¢ ij4{f1Ei~ ~ ~ ~ 
~ ~ I at ~ ~ ihl+iifl:S ~ 
~4"<41i6 (~ ~ ~ ~) ~ I at 
ihl+iifl6Ei~ ~ :6\+t1~1+i+il qftvya ~ I 

(tf) faE1ltfilit (Telophase) : ~ dlq~i+U ~ qf'<qd'1 ~ I 

ihl+iil'26 ~ ~ ~ ~ "1f.R:ill< 

~lf£: ~1 

~~~~ 

tfq; ~ ifm ~ ~ m1T ~ ~ ~ 

m; ~ ~ ijiic?l~i~+i*t Otili\11'1 ~ ~ 

~ ¢anc:T ~ ctllt4i<~fll ~ ~ I 
7.Rli.T tfm f6~1i6 4ittlfilli! ~ ~~li:S 

~'q ~l 



9. ~- ~- f+i4'1f~H1 ~ ~ (Meiosis cell division) : ~ ~ aFt ~ ~m 
:fi\;i)Gi't+i ~ +rr\3" ~ 'RT omiT 1inf (fii~I$:S) m TtiT m ~ i& 
l'$lli{'flt ll:i4">1~e m ~\IIGii't ~ I ~ ~IGti'tqfQ +rr\3" ~ 'RT ~llf 

~ ~ ~ ~ 40_<flct><Oi ~ (Reduction division)~ ~ 1 

~ 9Cfii(~ fcNIGti't ~ ~ ~lilt<~+il ~I mtGfiC H:ii~C!Ei~ (!(l~~C! ~ fu+Cf) 

\3t'i1Gi1 ~ I ~ ~lli~C!Ei~+il lhl+i'l\lll+i ~ t<I~I$:S (n) 1inf ~ I ~ffi 
m~¢~~~ : 

("ct>) fl:l4">1~e -I (Meiosis- I) (V) fli4lfije - ll (Meiosis- II) 

ll:!41~e m ~ ~ s¥ttll~ ~ ~ ~ ~ m ~ .. (!(tfl\jj (Interphase) 
, ~ 1 <:rn" at<Hl!il+il ~lil~\4 ~ qf{cnii'tt<~ ~ : 

m-~~~~~~ 

rljfcR'fll< ~ ~ ~<i){'fij ~~~I 

~ f6. (['1. Q;. ~ at 14j_GI ~ ~ f6. (['1. Q;. f.nrtvr ~ "Cf1" 11:f41 tt>c ~ I 
lhl+tl\lll+i ~I 1ftiT S'f ~ 1Tlt I ~ :hl+fl>~~">l+i+il ~ :hl+iifl\5 Cif"1 ~~ 

~I 

ft11f1Rlij I (Meiosis - I) : qt~~Cfi ~ ri{fftct>OI ~ ~ 'Tf<1J1ltT ~ I ~ffi 
'q(Ojq~ aFf ~ ~ :6J+tl\ltl+i ~ omiT ( Eii~i$:S ) ~ I m :q(VT iftt iil"ft!:{1" 

~ m+fl" ~ I ~ '€f1\ atq~l+il ~ ~li1:Q;~ ~ I 

(Cfi) ~-1 (Prophase-1) : m ~ ~ t?f I m ij~\1~1 m+fl" ~ +H!itc4'{ui ~ tfl· I 
~ ~Aidl'jiji( lfi: -.:fftf 'll\UT1rr f'cflll\jji't 4jf<~ct>l wr.: 
(i) ~cc?lfli1 (Leptotene) (ii) \;ll$~nfli1 (Zygotene) 

(iii) q1~fli1 (Pachytene) (iv) ~C(1lfli1 (Deplotene) 

(v) :SiiCfili~~Cfi (Diakinesis) 

(i) ~G!)fa'1 (Leptotene) : m ~ - I ctiT ~ 
~ "Cf<VT if I lffi 'll\UT1rr ~til~~ ~ ql{qdi'tt<~ ....----------., 

~: 

rljfcR'fllij m ~ dl1'cm: ~ ~ I , 1 / 

:hl+tl>~~l+i¥11 :hl+tl~ll(@i<i ~1'11\;1~1 ~Ri!J~'{ I /~,-
~<H ~ ~ ~<(({'fij ~~~~'{I 

~ ~ ijf .. ~atl{'f ~\jj\jji"( ~ fcrcrfur ~ 
{114~«'{ I 

~ ~ " " ~ "> '=' r.oon-=r (r""1~+11 %i+tl\lll'1 ~ \3~1Ei(01Cfil ("(11•1 "'1'11f ~Cfi\III:SI ~€11't!~Cfil ~ 



(ii) IICICcfl~"1 (Zygotene) : Jlti\~'1qfQ 'll) ~ ~ ~ I ~ ~ ~ ~OlE:~ 

cA tt ~ ~ ~fta 'i:\'( I 

t!GIIffl4 ~+il'lll+Hi~ (homologous chromosons) 

G~Tir~~~~~~~ 

3U+ili!l<! ~ arqiT i!i~i!l<! ~ ~ ~+?l"'l+i 
~ I ~ tl\ilid'l4 :hl+il'll">l+il'l~ GITiT aR" 
9~41{11~ fu'1tf4te (Synapsis)~ 1 

'1f<R14">1{1tl ~ S'if ~ ~ l 

:hl+il'lll+14il ~+il~s~~ ~ ~ (Bivalent) q;r ~ ~ l 

(iii) qtfi41?:"1 (Pachytene) : 'llT \ill~•nfl'1qfQ<ffl ~ if 1 ~ ~ <fflqf\1~ ~ 

qf'<cHf'1t<~ ~ l 

:hl +11"'1 +itHi ~ ~ mer ~ , 
e\iltdl4 _,.">ls14it ~+il>~~l+il'l~ ~ .31q;'j{1Jt ~ 1 

~ GITiT ~+1">1'11l+14it ~+itfc:s~~ =qJ<at">lct 

(Tetrad) ~~'i:\'( l 

~ "11staft'EI ~+1rfls ?Sstil~~ ~ 

(Crossing over) ~ l 

(iv) Oi<:{•ftf?:'1 (Deplotene) : 1.ffi ~ ~ qf'<qd'1ft~ ~~'i:\'t : 

t{l+11('1ltJij '11l$14il ~+il"'l+ii!i~aft'€1 ~ ~ ~ 

~ 31cffli!IG ~ qJt'GQ'( l fu<fle:~aft'€1 ~ 

~I 

>~~lsl4il ~+il'lll+it<~ aNi *tft ~~~+11 "'1~~q;r 
~ 1 at ~"¥tit q;J.,.¥11<!1 (Chaismata) ~ 1 

ctii.,.+iiC:I ~ ::6l+iife:S ~ (Crossing over) 

~ fil <1!lt ~ Si( I 

~ ~4< ~ ~ ~ iifR( l ~<lii"e 

~~I 



(v) tltlfllii~Rte (Diakinesis):~-I~~~ liT 1 ~ ~(Ui+tl *t,.fq'!il ~ 

qf<cni•n:~ ~: 

~(4(~~~~ 

ef .. ~a?i{'l ~ ~ ~ ~ 1 

"1161*1 :tl'l+t'I,(J+tg~ ~ at<t>fauz mr ~ 1 

~ Cfji4~+tlll :fi\+tl111~1+tct?J ~ 'd ~ I foiftEC~4i\ ?$''i~IEC~ 

~I ~ 'llf¥41{11, cflt'1{11'~~1'1 ~I 

(ll) qatctl\it (Metaphase -I) : lfr ~41f~n1 ~ ~1tliiH4i\ 00 ~ 'fiT 1 ~ atq~l+tl 

4i\ .. 11t'!il ~ qf<q~'18~ ~I 

$\+t'l"'l+tij;i ijiijj<f\4 iiflilfl~ ~ ~ "'11T1rr 

q~44 ~ ~ tHi'<Q'( I 

~ $\+t1,.1+t4i\ e .. ~~<{'ltt ~ .. ~{1 'ht,q<~ 

ef .. ~at1{1~~, ~ 1 

~ ~ :6t+t1,.1+tt'i~*~ e ... ?f~4< ~ 
~ ~ ~ ~ :6l+tifl6¥1 ?$o:(l8~'!i1Rl< 

~~I 

(lf) ~ (Anaphase -I) : 

~ .. ~{1 w ~ qji'<Q'( 1 m :6i+t'liifl+t{11' 

~ di'<Q'( I 

~ ~ $\+t'l,.~l+t8~ ~ at*\actz mr ~ 1 

~ 'fil+t'liifl+t8~4i\ sf ~ ~I ~ ~ 
'fil+t1,.1+t ~ lffil ~ arm (haploid) ~ 1 

~ ql«t~¥ W{'1l¥<UI ~1tlill'1 (Reduction 

division)~ Olq~l+tl ~ 1 



(tr) ~(1)<#ilit - I (Telophase - I) : 1ft ll! l()fu~ ~ I cit ~ ~ it I 1f« 31C4('1!41¥i l 

$\ .. fit i4 f.n:;r q f<q a., tc ~ ~ : 

:6l¥il"1' 1¥i ~ ~ ~ ~ ~ ~ 

~I 

"'i~<H ~ ~ \: m :tll¥il111l+i ~\Milt. fu 
'1~~~~1 

"'i~<ilt'l~ 'lj'f: ~ ~ I 

~ ~ ~ ~ ~ m ~ ~ $\q(i~ 
~ I at~~ $1¥il"'l+i ~ ~~~~~:g ~ I 

n:t41Rte - ll (Meiosis - ll) : ill<41fue - I GTIG ~ ¥ ~ c:A'1ti~¥il Tf: 
~lll\11'1$\ ~ ~ ~ I 1ft f<fql\i1'1 +ii~c?lfu~ ~ ~lliG\'1\11~ it I 'lf«llT ~ 

~1<(~1~\S $\'1iiiC! 'E41<atlC!I t'll~~~~-s ~ ~ I 1ft f'::ti~lt'll~ 'Cif.r 'E41<3il C!I 

3jq(J!41~~+il f<fqliJ1'1 ilf<l:{¥1 W( I 

(~) ~ - ll (Prophase - II) : 

ijf .. Ciqt'l ~ \f( ~ ~ qqftR ~ I 

~~~~~~~ 

~¥i'>l111l+i ~ ~ 1friT ~~I 

~ :fi'l¥il"''>l¥i+il ~ il+ilfl>S ~ I 

(V ) ~C!I<#ilit - ll (Metaphase -ll) : 

ijf .. C:3i'>lt'!Ei~ ~ ~ ~ ~I 

~~<~~~\:~~~ 

~I 

i!'il"''>i+iEi~ ~ ~ ~ ~~I 

~ 'hl$q(~ ~ $1¥i'>illlll+i*t ij .. ?t~<t'llt 

~ ~ ijf .. C:qt'l(fil lllllfi~ I 



(ll) ~ - n (Anaphase -D) : 

~ $1411.,.14iC¥1 $14iifls~~ ~ acq;i~41 

~'"a"t 1 $14iifls~~ ~ .. ~~<ill<! ~ ~ 

~I 

f\lf .. 6t'f ~~~I 

:fi'l4iife6C¥1 ¢ ij'tfll<~ ~ ~ ~ rt 
qli"«Q"t 1 at ~ ~ :hl4iifes ~ 

4ii\'3¥'1~4ii ~ t<lq;<ql'6 ~ 1 at $\+ufl:sE:~ 

qfQ ~ :61411"11+1+11 ~ ~ I 

(~) fa~14iiit - n (Telophase -D) : 

:fi'l41'j,.(j4i(((i ~ ¢ ~ qcr+1T ~ I 

ftquijt'f ~ ~ I 

~ :6141).;1+1 ~ ~ lfftAT, ri ~ 
!tiJ+11fe'1+1i 411:qd'1 ~I 

'1~4<, ~ '{ ~41~1Y lff: m ~ 1 

~ ~P..C:Oilt't ~ ~ I 

~ dfq~i¥1 ~ 3114ililiijcti'l ~ ~ F¥~4ii¥1 'T'T ~ ~:r 
(41Ct'fl'6 ~ iRfol l 

~ at >qj(arr! cti'l~fi~ ~~<$1(! ~ I ({\ ~ m ~ "qi(OI'I<!i+1tA ~!J 

~ ~ '{ ~ 6'i'1a?la• ~ m- am ~~~< .. ,a 411:('4141 ~ , 

~.¥ ~41t'tifii +1~tcl'{uf ~ (ro qf1ftffa~• (Important plants and Animals of Nepal) 

~ ri ~ ~ rnf.f ~ 'lli¥1<¥1 a(j(!~(icH, il~'iliiffi q'1~fd 't ~ ~r, 

~~~~q;rorrcf;ft~? 

~41\ilqil ~4~~q; CII'11C4<!+11 ~~Sdl¥1 m ~ 'lliefifd¥ ~ 't ~~4+11 ,fj4~ft:t~ 

CJhiat'jijl< ~ ~ Q 1 ~4~~· f\1"'1dl~ ~ ~41t'fqil ~~ ~~ 81C4141tflr, 

~~ C4'1~Rt , qltl"~ ant+rr qt.f ~~8(11 ~ l ~4~ft:tq; ~"'1(11~ ~ ~ 

~ +11fl:teqil •ht1ille ~ ~-~ ~ Q , m 11 .. tfla+1• ~ ~ .. +1a1;r 



~0 

1Rt ~ ~r ~ tclf41qio4\'"' ~ ~ <31ftf ~ 'll4~ft4 ) tcli4Nio4\ ~ ~ 
~ 1 ~rrz ~ tclf41qitft¥1 p.,.if<tl~ 1RT ~qj(itifl ~ ~ ""wftl (Flora) 't 

C4W41ii'1 (Fauna) .r ~ ~ ltT'JPf ~ 'I'U¥1 ~ 1 ~ ~ ~ 1frit ~. 
~~ ~c ~ 'lllctja¥ v¥l'cf lf11f ~ liiil41'1144l C4'1Et¥Xt~l ~ f$qlifR'INtc~ 

1Rf C4'1Wfa ~~ q'"f 151'18~ ~ tt ~ ~ I 
~qii'l¥1 ~~¥Xt~l('tiS ~ ut'1' ~ atli4~4• ~ 1 ftt;;r tct; ~ ~ q4e¥tc~ 

~ ~~ ~ f.i¥151tc~ 't ~ qah1tt~ N ~ ~ 't ~ ~ ~ 
nmr iiFi'1' 1Tif' ~ 

1

1 'liiCflfa • Et ~., ~· lfif' qt.r C4'1Et .... ~, 't q;:q;jj~ •I ~ 
~ ~ -m· ~ ~ qf.r ~ ~11q4Q I 

iff\ij <¥1 ~ lit tl.•J~tfl¥1 ~ ~ 1 ~ imT '!'ft ~) Junipors ~ 'lifi 
~ -~ ~ imf 'l"j11~ I 1f ~ ~ ~ f11~1¥1 ~ ~ f4;;r 

~ ~m iml ? artf t« 8\ ~.,ij+if ~ ~ 'Pdt ~. wnt ~ .. CfiC!~ 
~. ~~ ~ rn- ~ ~ ~ iml ? ~ ~ ~.,ij+if ~ ~ ~ 

~ (Pinus),~ (Cycas), Cedrus, Larch, Tsuga ~ Fll · 

tR ~ itm f\tq;¥ft411 ~ ~ ~ ilcf;r ~ ~ ~ ftro amtf ~ I 

~ ~~ ~.~~OOI- ~ '6\ ~ q;ro ~ ftnfr, ~~ amtr. (Tenninalia 

elata) ann~~ ~e¥1 ~.~001- lff!r ~ I ~ lf'l1ff ~ m ~ f4;;r ~ I 
'6\ tm-~ 'fm ~ rc.; ~ ~ tci4Nio4\~ ~ ann: m, ~ ~ qf.r .. 

'6\~~t:nt~~~~~~l 

cfl~<tii'l¥1 ~~ ~ n ~ ~ ~ ~ afte~(iqi¥1 ~ 1RT 4Etl<¥1 

-tilft:ICfi ~q;r ~ ft:r.f ~ I ~I ~ \ fic¥tli'l4¥1 fljqjqj~il'jijl< ~ 't 

a(Jelli(!C4icti\ ~ ~ f4~at'jijl< ~ ~ ~ 1 ~ ~ arr~ ~ 

~~~0 at1Gr Mtc~¥1 omr, \ijf1jq(cil omr ~I ~I -tllf.iCf)) m ~I arrcFt 
~ ~~ "IT1f ~ ~ ~CIIwflfC~ arftf ~ ~ I Q~i4~ anq;rr 1fT, 

ii'T1fr1 ~. 1~ ~ "IT1f m ~ I 
miT~ ~ am miT ~ f.rcl; ~ 'l'lft I 8\ afmft ~ ~ ~ ~ I fAr 

P:iflq;td ~rr mrr ~ ~ afmft Q 'lifi ~ @\atl¥41~ ~ ~ 1 m 
mrr ~ iflr afmft (1~~~-~cti\ ir 'lifi ~ 'l'lft \~~1ft~ mrr ~ 
~ ~r ~ mr ~ ~ IJICf)i(cti\ \liR it 'lifi 4(91\3~~1 I ~ ~ (f 

Malvaceae Plant q) ~ I ~ ~11¥4~ arrcM ~ ~ 'll<4l~liil ausacti\ 

aft .. fflliiW4 f11(!C41tc~¥1 VFift ~ (f f11(!C41tc~ '11lf 'liCfil ~ l tt l ~ Q I ~ : 



(i) Acacia catechu (khnyer) 

(ii) Adina cordifo/ia (karma) 

(iii) Aeg/e marmelos (bell) 

(iv) Agare cantula Roxb (ketu) 

(v) Amaranthus cauda/us (ratosag) 

(vi) Artemisia indica (titepati) 

(vii) Azadirachta indica (neem) 

(viii) Cynodon dactyl on ( dubo) 

(ix) Datura sitramonium ( dhatur) 

(x) Elsholtzia blanda (silam) 

(xi) Euphorbia hirta (dudhi) 

(xii) 0 Mimosa pudica (Lajaune Jhar) 

~ut. ro11fT lfrrt qllliiU ~ ~~~~~~ ~ 

~. 
'> g t41:S('II ~ ~~ 

~. 

l 

'i . 

~.~. 
OIII .. C41";1'Ul ~ 

~<mr 'f' -"'r.." <mr 

0 ;aqcu ldl 

1. ' Artemisia indiccz ~ijqj<f\ dcir~~~' 
2. Centella asiatica iri'm ~~~.r-f~l 

: 

3. 

4. 



Mtf .. t( ~ • 'flU S\' : 
(1) ;Nttttcit 'll(ittttitt Qt ~ ~ 'll;:qtc~ ~. ~. 1fltf, ""1, ~. ~. ~. 

ii"Mi'l, ~. 1f'T, ~. ~. m, 1fOf ~. ~. ~. ~. mt, ~. 
ar-ri', lfm;r 'iffiR - I 

{2) \ll~d+ qjijjq(Ufi'f~lliHI qo:ij'if;:q, ~. q'1~ftl 'l-~ ~ '61fT ~aqq~t4i 

mT ~ QC{4i,t(cil ~~~~I 

lli~ omf ••u f.iltl -mf ~ ~ 'fT1f ~ 

~ m Aconitum 
~~ ~ ~ \RfU RT\3"1' chaomanthum 

~ ~ Acorus calamus ~~ (i,lllll¥4 ~ 

~lff +I'Wi4d, ~ 
~ ~ Aegle marmelos 'qi'i'f' 

00 'ii1'T1T m 

" ~ 
Asparagus 

~ racemosus ( wild) \if'U 'lililiil<=dl 

¥4ti'frq'd, amrr 
v.. ~ Berberis aristata ~ 'qi'i'f' 

~ 

\ ~ Betula uti/is ~ ~ ~ 

\9 ftnm Bombax 
~ m ~ 

malabaricum 

U. ~ ~ (Micro organism) 

ma- ~ ~ Telephone ~ ~ ili'fl1<4l I ~ Recieve ~ ii~o1'lcil QTu ~ 
~ 101°F~ ~ 't ~ 1fi4f m '1"4i'lcil ~ lf'1lfT ~~I~ 
t~C!i't¥\ 011.¥ ~ prr4f 1'!1c <t¥fictil ~ ~ <(#lilt 611fC!<i'l ftNr GC%:ql(11t · 

Encephalitis~~ 'loft~~ 1 fcr.rr ~ af<¥1111C! ~ 'f'tt ~liT 
'U1r ~'loft 'CfflT i'¥~11'31~ ~ ~ ~ ~ \3Q.4T ? Blood, cerebrospinal 

fluid,~~ Culture 1'fit i'f~IIScfl I ~Report 1fTG anftR Encephalitis.~ 
ofi"4i'cfl I \1\ ~ ~\9 ~ ~ fct;-fl<lq~tHcil cf;er tt I SLC ~ t'flfu Mitliii 

~ 1 ~ 'U1r i'fl~qfQ ~ Sense~ lf1ir 1 -cmt9-ql64ti ~ 31~410 ~ 
~ l 611fC!<i'l Ventiletor (~) ~ 6 t'ii401iti C! ~ cf>tft '3"tfl'l4 ~ liT ijet<IIIC! \1l 

~ ~ I liT 'U1r 'l'nf 11it \11i<6itle ~ it ~ ~ ~ 1fm ~ I ~ ~ 
i'flit~}cil it¥t,IIIC:: ~ tR ~ I liT 'U1r ~ ~ ~ ~ ~ ~ I 

( 



Micro ~ ~ Organism ~ it I ~ ~ arftr ~ ~ \iHf(Wtll Microscope 

~ ~ ~ ~ ~ Micro organism mf Microbs qf.r ~ 1 ~ arftr ~ ~· 

~ ~ ~ ~ 1 Micro organism Wlf: ~' 1fr'ft, mit, . ~' C401Wnt \ 

-16<¥1 ~ 1l'1'1T1n ~ I Microbs Wlf d 0\\f Lithosphere, hydrosphere\' 

atmosphare liT ~ I Microbs eU4ttft ~ 1R ~$1101(Wtlt Microbiology 
~I r 

Pneumonia 

Rod-shaped bacteria 
tuberculosis 

Spiral bacteria · 
cholera 

Blooding poisoning 

Tetanus 

Tobacco mosaic 
virus 

Scarlet fever 

Typhoid vever 

Bacteriophase virus 

Bacteria Monera Kingdom liT ~ I ~ arftr ri ~ I ~ Microscope ~ 

eE:tlfdl~ lfr-f t;f ~ 1 ~ miT ~, 1jti, ~, ~, att~t+tt wr ~ 1 ~ 

Bacteria mcu, 1fr'ft, ~ +u~~ Ofi'liT 41,--a't 1 

~ 'lllfii(Cf>i Cillt~f<lfl ~ m- 'hi,41"101Cf>/ '344'tift ~I 0\ ~ Cillt~f<lft '344lift 

lJn{ ~ ~ 'llct>t<ct>t Clqt~f<lft fit~ct>l<q; qf.r ~ m .m ~ "tTtr 
4it11:JQ't 1 ~: Tuberculosis, Typhoid, Dysentery ~I 

~ (Virus) Adolph Mayer ~ 'ij"'( 1885 liT 'fTt(ij" lRfT t'iiiiQCf>l ~ 1 ~ 

~ ~ ~ it I ~tflfi~ ~ 3flif>I(Cf>i ~I 0\ ~titt<~c¥1 • ~ ~ I 
~tilE:~¥! 'frl1 25 nanometer~ 250 namometer ~ ~ I tit Filter paper ifTC 

qf.r ftf't ~ I 



Nature: (i) 'lit parasite~ I 
{ii) ~iflfl~ +Ur.,ij+U ~ \IIC4ii(C4il ~ ('I~IIJQ"( I 

(iii) ~ ar.frG ~ ijiSI(Ut ~ilt+i~ ~ I tft DNA en RNA~ ~ 
~ I DNA en RNA~ CA)fl"f~ (§j)('llll<l ~ft<(c$1 ~. ~Capsid 

~I 

(iv) bqlcRol\41+41 m ~ Virus~ Bacteriophase virus~ I 

, (v) ~.,"n:~ ~ ~"'r14:t 1W-f Multiply~ 1 

fmlq;~~~~-cru~f4i? 

caqicR:I\41 en 141,<ijc$J 
~.~. ~~ am\~ \1T1T ~ +m:lnf 

~ 

1. ~ ~ aqjiflft4+4 ~ ~ ~ 

2. 

3. I 

~ qlQ arr'l rq;f ~ m 
(1) HIV I AIDS ifft ~ ~) 3N'11'3'1 ~ 1 

(2) CD Multimedia 
<NII('II'l ~~~(I' if : 

(3) Lecture cum Discussion 

(4) Chart Preparing 

(5) Group Discussion 

( 6) Heuristic Methods 

(i) Virus ~ Obligatory Parasite trr I . 

(ii) Bacteria Cfll,~ll!ii'1C4i ~~I 

(7) Problem Solving Methods. 

(iii) AIDS ~ -(r1r ~ I lllV ~ ~ 

~~I 
iv) Yellow Fever Rhino Virus am:~ 1 

,. ' ~. ~ W ~ (011+4\ifc(! (Mushroom, 

... (Mushroom) :-

~ ~ ·~ qf<ql(+tl ~ ~ .. ~ijifGj ~ cmEt ~ '1311\(c$1 ~ ~~~J~e;~ 

~ ircf;r ch'ltlf\pij ~ V. ~ ~ ~ ~ ~ I Q<fQ~~ ~ ~ ~ 
'f4''41 , ~ mr 311<(<1fQ 'me\ \ tac<•+ft~wq ~ ~ 3l~qiai~ ~ 
qij\ljqij( ~ : 

' 
~ - ~ Mi(tc~ cl; ~ 4SII'J'Il(j ? 

ftm1f\'- ~ ~ ~ l!ii~I\'OtiiiC! ~ '&41'3~1 iji'Jiff ~if I 

~- ~~~~j\'? 



~ ~ (Life process) 

~ : ~ gf\ltiqldl"'d*tCiil ~ .. qq~~iil ~llftCfi{(~ .. qro, ~ ~, 

11Gjf1ti({Ciil tii(Oiifl~ \ ijii~l\t'!Cfi ~ ~ • \ 'AICfifiiq; ijltJ'1c:¥i ~ lTU, 
~ fmtotfeCiill ~ ~ q;lffi' oqq~l4'1 \ ~ ~Ciillt¥1 m ~@il"'l@il m 
~f44cn~t¥1 ltT'1' \ ~ ~ 11t tJiilqCfiltl fQr-r ~ 1f't 1 

11fOft O'n' ii411txifdfl~ ~ ~ I ~ q~f<l fl1.,l@l~ ~ ~ I 'iftq(("iil ~ ~T 

~ O'n' ((ij l4r.tCii 'A~<IIfi~ ~ ij o-'€(1 ~'1 ~ ~I at 'A~41((~ ijo-'€(1~11 1f't ~f 
31(iifi~ iit<~tui ~ ~ ~ 1 qijqi~Cii ~ gce;r<Ciil ~ \ .~Ailllii~ <fr 
3\(ilt:~rt ~ $' ~ ~ e ... :q1~11•1 m if<IIC!tft:i~*' q;Jlf ~IF<tt•l ~ 1 

~ gf:fi<~l*' ~ ~ ~ mr m ¥ ~ cmprr '1f.f ij ... *q~~., ~ 1 ~ ~­

~ ij ... '€(1~11 1f't ~ ~ ~ I ~ ~, 3\~lflie , f64¥fl1 ~ ~ I \ffli ~· 

31fdfhfl ll1f ({Cfilliil ri ~~ \3~<='1, qf{q(¢'1, 1JCmT ~h~tijO( , ~~ f.:IIICfil~t'1 , \11'0 

~. ~q(ijlj~ qlij , \3~(011 \ gfi:t0fi41, ~ ~. ~ -~ \ ~~~., 31'14i~dl , 

31¥iflt1Ciidl "( ~ ~ 3i1h' 1fRm ~ ~ I 

Pc.t:44CCt1 

~. ~ ~(Absorption) 

ii lf.:tij fi " tim '""' q;ftr ~11ijA! ~ ~ imT ? ~ ~ ~ ~11ijA! ~ 
~.~ ? 

~ ~ ij:SI\3'1('tlj t"l'f ~ I ''tl'1i41C! 5 ~ ~ I ~ '1f.i t<4~1~d 
~ ~~it=fl~111 ~ I +tif.:tijGi~ ~ IJIOft@i~ \ q'1tzifa@l~ '1f.i ~ Wf 

~ 1 it=fl ifl ~ ~ I ~ ~itl<f\i:tCfil iftt4@i~I\S ~ ~ I at ~ ~ 
' 

~ lfO ~ I 11fOft \ cmqftr ijil11111<! ~ ~ I fdtll@i~c$1 rn ~ ~ I 
~ m ~ ;rqf q;)1r ~~1qfA 1 ~~tl<¥11 li'R aq)aqace; ~ cf;tft ~ ~> 

~ ~ I ~ ~ \ ~ gfa~l~d 1f't ;rqf *tt4fl~ ~ ~ I 

~ 5 ~ 1f't \ ;rqf ~ 1f't ~ q(tlct¥1 ~ ~ I <fi 4ctlcft<~ ~ 
ill~(ill<! ~ ~ I ~ ~ltl<totlt 31i'~U4Cii ~ qctlcffl~ ~ 1J1"'T ~ (~ 1AJ 



91jW ~ mvr ~ I fl4(!qj¥) ~ +iliJGCIC! lff.ft, .. ~ ~ 1fti I Yl•fltc~ 
-it\(iU ~ 411'GCij~fC~ mvr ~ I ~ ~ ~ ~ (i\it4f.:t¥ ¥ ~ 
~I 

fm' ~ ~"14Cij~CfJI ~ fu'IRVT ~ ~ ~ ~'Gieftfl~ ~l!lfi¥'1 ~ I lA1Tf 
N\iili'ti ~ ~'GieftcotiS m ~41q;('11q ~ ~ ~ 1l'lir 1 N\iqfQ ~ 
~4iq;(ijlq lR ~ 1JT'C<r 1l'lir ¥ 4tBICfii{ ~ : 

r.qjifi(Otjq , : ~t¥t1ftte mr 
actcU4¥ ~ 

1ffifC1T C(1j ~ q;¥) i411T 

at Jl;t ¥Rt ~ err i!f1lfC1' qtJ~ 1 t=t it 'CIT'fi 

ati4'ifi'1 ~ ~ 

1f'R:\~ err~ 

fcntr 

~ ~ f}t "14 q ~ fmTor 1ffi f.n:or fil41 qiC1 I q 1ft 
t<11~¥¥l ~ i!f1lfC1' qcsiit=lit qr;ft err im' 'CIT'fi 'Ui 1 

11. '41~1 it ~ '{Gf'{ ~ err ~ Gf1m: ~ lR I 4"ij1ff(!" 'CIT'fi ·~ ~ 
~I . 

iii. ~~+u qr;ft ~ ¥ 1~ ~ att41~~ ~ 1 

iv. ~ ll q$f '41 ~I COli t g Cf'\il it awn~ '1 '!.fl"'ftlrr ~ I 
v. ~o fl:i~gqfQ GlU1T' ~ ~ I if; i41ii~!Si¥l ~ ~ qf<qd~ 1l'lir ? fct;;r ? 

'1'ft ~1'1Qt:41~~1 Tff'f mif I 

vi. ~ f11cotle+il ~ qett=l¥'1 'CIT'fi ~ t 

vii. f1tcotle+il ~/¥ 'fm atl4l!li'1 ~ I if; 1f4T ? fct;;r ? '1'ft Tff'f lR I 4tr Y4l~i¥'1 

g~-i.,1q(Q rc.tAtefh:~t=t ~ m- atf't1ftte f$lrr ~ ~ \34\tc~¥1 ~ ~ 
~ I ~ \3e9f<a ~ f}tiQjeftg~ ~ 'H'Ifl~ ~ : 

~) qijj tt=l ¥I ~ err ~ '!.fl"'ftlrr ~ ~ ~ ? 

') * q:;jjfeqi+ii ~ WI: ? 

~) t<11fu! q;fll "¥1 ~ ~ q;r~i'Pft~i'r ~ ? , 

¥ ) 

~ ) 

q:;jjfk•f11S4 1:f1"'fi crr att41fi<~ ~ m 1F4T 1 

q:;jjfu!Cfiflt "¥~ ~ fq;;r • ~ m 1 



~ 'H'1tc~¥1 ~ ~ lf't ~'Giwfltc~a.11!4 ~ ~ I ~ ~ ~ ~ 
.. ~ ~ ~ ~'GieflEi~aftoq molr ~ ~ ~ lTff d I ~ f)f~c::qlf4 

~ ~'Giefl¥1 ~ ~ ~ ~ 1ft I ~ i14tilefttt~ 3fT~ gfaf$41 ~ I 
('4tfqfQ fm' ~ ~ P.,Aidl'jijl< ~~I 

~mm 

~ ~41CfR'ffqiil ~ ~ "<''lfiecti*t ~ ~ ~WI'_'!""~~ 

dlq~liil ~ ~ qf.r ~ I ~ Yctil<*t ~ f\h~t'IIC ri ~ ~ 
~ I ~ 41141q'1 ~ ¢ t11t'tt:~i'11C ~ fihi=Jl<ZI ~<1011::141 ~ 41141q'1 ~ 

t11t'ti41C! ~ q41eft:~ 'Cfiii' ~ ~ tl.,lt'IRI< ~ I ~ ~ 41141q'1 ~ 

tlit't&lle ~ ~ ~ 1fmlA' ~ t(Jt'IRI< rtu ~ 1 7.ffi1T ~41t'ttt dlt¥i1~e ~ 
~ I ~fiqlqi) ~ diWl~tl Ofi4111<1 'tf1'ft \ ~ -~ iilc!tiiiC:: - I dlt¥i111~tl 

F$41iiiC! ~ dii01Jl1Cfil cti•HI~ ~ €iltlq41efEi~ m mt I ~ ~ qf.r dl!fg~-4 

~Wl.l 

c(;tT Pc.'Gti!ft@l ~ ~ 'ftf ~ w 
~. ~ \il<te~a¥'1 lil«i<f41t'IIC 'l'1qto?icti\ 11'TiT ~ \il\1' '!<f4t~<t«l *tEl~ f.mT 

at'l~t'tl~< ~, ~? 

~- ~ \ q;filt'ttt mrr'IT ~ ~ 1ft ~ ¥ ~ mm 'tf1'ft r.,#~, ~ ? 

~. ~ ¥ ~ ~ t<l¥flt'ttt ~ 'Clfflf ~ ~ ? 

't. ~ \ ~ ~ 'ht'tlfit'tt'IIC m'j ~ ~{dlclfi1i ~ ~ ~&llt<IWU 

'ht't ~t't OJ\iiT ~~ ~ ? 

~. ~itqilt'ttS ~ ~ '{"lljU ~ ~ \lf tror ~ q;rorr * !'\: ~? 
~ ;;f\q'1Cfil ~ i34ifi{Oit'tl\~ llc$1i'1dcl ~ 1ft ~ rt ~ ~ ifit 
~~~~? 

~-~ i3~4'1 

~ eN; ~'Git't4&11C! l:l\ ~ 41¥it't1Cfil ~ijqj@l~ rt Pti1'4i'<*t ~ at1\t'tltJ;¥'1 

tn14T I ~ ~ lffift ~ ~ I t(i<tt'IIC ~ rt cfiii'il¥1 Pii~Jiil lffift ~ 
~ I ~ (f ~ rt ~ 3{1!' lffift ~ ~ ~ '4"f ~ I lffift ~ (f R 
~ ~ ~ ~ ~ 1\c~iiil lffift ~ ~ lRT "{ fm' ~ ~ ~ I 

\C~vC::tliCfa¥1 m ~ ~ * ~ 11tft t(J'u ~ ~ 11"lll I ~~Itt~ ~ 



~ ~ ~ ~ ~ m m-~ ~; ~ r.,...,"'¥1'< ~ ~ : 

@it4\E1tt 1f1tt ~ ~ ~ '!U lf ta4\E1tf d • , mrr _,6<•' ~ llftm 
~ ~I '(fi R\liile ~ f11~~ I~~ mft -16<¥1 ~ ~ 
1f'f ~ ~ 1 ~ miT -16<¥1 ~ ~ '1'( at('fdS+ ~ \ atef.i!E?I ~ 
~ I ~ atf4ft1+ ~ (i[ E1'1ir\ ~ lA' ~ ijfll"i!il < (f 1J1tt ~ itt;rr ~ 
lft.f ¥ct tr~TI · 

ijllll"lcUI"¥1 -t6<fll ~"'!!IR=id ~ ~ ~ 1f'f ~ ~ CJIP-ticm:~ ij<>"i!i1W1 

\l~(~ffil ~ I q'1Wfaftt 'lf.r ~ ~ ~ ~ ~ ~ I at ~ 
~fllel ~ I at ~flleiGCie fllficU~ qt•fR'11S ~ ~ ql<jfiO"E'tfll ~ I tiT 
~41E11t \3~<:'1 f$lrr ~ I \3~<:'1 ~ ~ 'tT'ft ~ ~ ~ ~ ~ 
~(f ? 

fcriU : 

<t ) fllficU$1 ~ mr. &qi41~~ ~ ~ 1jV 

~WI 

~) <tOi<t~ ftAG ~ ~ f\rit ~ ~ tfNil<" ~ ~ lffiR ~ I at 
-qr;ftq;r '4~Ntt<~ +t<fatte ~ ~ ? ~ a~~t., ~ ~ 'tT'ft 14l1T1IT 
~q~~'f.11 

~. ~ qfiiij~., (Transportation) 

~ ~ qldiCIC! tfl"ft Cfili"'iffil E1'1fu ~ \'1411dl< tfl"ft ~ Qidij+ft ~"'4i'(gq;l 

~ I 4idij+ft tfl"ft '1"'4 1\3~ f$l;r qf<qM (Transportation) it I -qr;ftq;r ~ fll<i41i'11t 

oliq-qq; ~ ~ .. ~ \ \'iqOj((" lft.f ~ Qldij+ft '1"'41\JQ I ~ aifaf«tl 
'q'('(fliT ~ \3Q4~14ft \ ~ ~ \jf'(f, Cf;1"06, \fi\'1~\'1 \ Of"f \ll41(("fll ~"'41\3~ q;Jlr ' 

~ ~ I lfi ~ ~41((" qf<qt¢'1 ~ ~ I qf<qfi'1 ~ 1f'f fil<!qlfll -mit ~lti<fll 

~ '(11'(f ~~I~~~ gq;j(q;i ~~I 

~) ~(Xylem) 

V) ~ (Phloem) 



\fi41SE1+f~ \fl4(1iUC! ~' ~ ~ ~ qldij"+f 1f41~ I ~ ~ ~ f¥t1t+t4iT 

1fd' ~) cffl"'fl~iiiC! ~ ~ I (fi ~ : Trachea, Trachied, Wood fibre ~( 

Woodparenchyma I ~ \fi41St1+ft11l ~ ~ qt.f ~ I 

cMtl(+f~ ~ ~ ~ ~ \ WRl ~ ~~qjcffl ~ \11111IT ~441'3~ q;rlf 
~ I tit~ f¥t"'~+t¥1 ~ cffl"'fl" ~ : Sieve tube, Companion cell, Phloem 
parencaema \ Bast fiber ~ ~ ~ 1 tit ~ ~ ~ ~ ~ ir 1 cf; ~r 
~ qf<qfl't ~ ~ ~ o ? ~ vr.r ~ ~ 1 ~ ~ 1Tl ~r 
~41Cf)(11q 1f'tt ~ tmf I ~ r.:tAtdljel< f1ti41Cf)(1Jq 1ft{~ I 

3C IC/1214¥ m1nft 

fcfftt : 

~ . ~Cf)(+fl dii61\54RI ~ ~ I 

~. fi!Cfi<Cf)'J "lfT'ftlrr ef9ir.t'1 cmtT \e) flit11S~J I 

~. qJdEi~~d*' 11!~c:uCf)'J (fl"\ill -mr ~ ~ ~ qr.ftm ~ 1 FGI~cllt1 1t 

'EfT+f1IT mif' I 
't . 'I~ QU(!IqfQ Cf)JU:Sq)'J q1'ftm 't~~q)'J 1lT1T <;Himf ~ ~ +fi$$l~q+f j 

dlqtfl¥'1 ~ I 

Y.. ~ d~@i~ miT~~ I 

\1m IJI4l41+fl ~ '3MC::'1 ~ 1fc::t ¥1U:Srffl ~ \f14liiiC! ~ ~ ~ qf~:q(('t 

~~~~~ 

~.¥ 1J1fim ~h~qOI ~(Photosynthesis) 

~ ~ CM11ctil61+fl ~ ~'CIIrft~ IJII4\fl4~")1 q't~Rifl~ ~ ~ 'd\ ~ IJIIUftfi~ 

~ ~ I ~ "CfiT\IIT cf; ~ ? 'fin V'f'f 1ft I ~ ~ ~ ~ : 

q't~RI+ti ~ fq;~+f¥1 ~ ~ fk'i\(1~(1 ~ (lijJ4r.:tCfl ~ ~ I 4T a;;:lf 

IJIIUftfi~+il ~ I m q't~fa \ ~ IJI1Uftt<~f$t tf'rtfvr ~ f1Ror ~ ~ I 

IJIJofttt" dll~t11t ~ ~ ~ q't~fa•ue 1JTt<r ~ 1 atftt<~~ ~ q~1ehue 

~ ~ ~ ~ I 'd\ qft~fa~ ¥1.'181$di4MIS:S ~' 'lT'fi \ 1TcmT 

~•ffli•ue ~ ~ ~ ¥1i(lf11S4& ~ ~ 1 4T ~41t11\ vcmr Eh~"'u' ~ 

~ I 4) ~ qft~fa+il ~ cM'iil~t1+il ~ ~ I tit ~4iiiiC! '3NIC::'1 ~ 



~ ~ ~ m-, ~¥"\l"', ~. ~ ~ m- Pw1tiiOI'il ~ ··~ I ~ 
~ 9RI'14il m ~ 1fit 1311'H4¥dl ~ 1 

ql(ijqtil 1JCmT ij-~"101 ~ ~ irlt fi (\11¥1-l'il ~ fi> ~ (1914~¥ 
~ "ql;:a( l1it i\'lcffl;jj¥1 3fV.PtT ~ ~ I ftR fi 3f"f *iltlC4~fl"'il qf.; 

~ ~ I •;uofiet~ *iltlC!I~ ~ ~ ftR fi ~ lf1 tn I \IIIOfi@i" 3f1lAT 
mR 9o>qlt"t'1Cfil ~ 1311C!I-4Cfi tR fi C4'1~faill<! ~ *91'11ill<! 1mf ~~I 

m- C!l'1~iat"tl' \3NI«Cfi ' 3f"f suofit"'IS ~\()ffil ~ 1 vcmr e-~"101 ~ ~ 

1311C!I-4¥ ~ lJTOft lli'!C!IIcffl ~ ~ ~ I mnR ~ ~ ~ ~ ~ 
0'11<!1 ~ ~ill<! C41ijtiO:St"t¥'f <tilai'1'61,34CR11''6 nmf ~ ~ I 

~ ~t11eft~ ~ ~ , * C4'1~f'd~ ~ ~ co2 nmr ~ ' &~f.R1G~'1 nmr 

~~~~~ ? 

~IIH<ti¥'1 ~ ~ : ~ ~ I ~ 1!1'1~~~ arrq;iT CR"'')I(ifq)('l'il 1TcmT ij-~"101 

~ ~ 31r.t:e\i1'1 nmf \3NI«'1 ~ I ~ <1914~<ti g~f1fi41 tft I ~ ft:r:<:r 
94l¥<Oii11<! ~ af<q;1~ czm; ~;f ~ : 

<tilai'1'61,34iR11''6 + v.ft t=:f<(lq;OI ~ ~ + &~f'cR1"1'1 "TcmT. . 
6CO + 6CO Chlorophyll+ C H 0 + 60 

2 2 Light energy 6 12 6 2 

~ \3NIG'1 ~ (By product) &~f.R1"1'1 nmf cfitft \311f'ijf<q; ~ 1H419$1 mfu m 
~ ~ C41<_!+10:St"1+11 441fct;~ I 

~ 1T<mT e-~"101 ~ ~ &~f'.H!Gt'1 nmr ~ ~ ~ ~ 1T'f ~ 
f¥41q;('llq m ~.~,~~ 1 

~~ 

~infr 

~ 

fll,~t"tl Ci4'1~ia (Hydrila Plant) Voft 

·~ ....... ~--~ 
:1---~ 

~~~~- ~ 



firltl : 

~ ) ~~~~81S~('fl-m~~~ 

~) ~Cf)(¥41 ~ ~ 11it qAt~ I 

~ ) ~ ~ qAt m ~«t><¥'1 ~ en'<41$<i'i 1 ~ .,\";'li't!i ~ ~t 
qe1tcfi llRfr ~ ~ '1t;1fq!ii ~ ~ ~ 1 

Y ) \1Ui rt \3 q Cf)(Uii'f IS ~ '<TfV<i'i' I 

~) *tft ~ @llf~i'tliiiC:: UtiijCf)J <h'l¥18~ ~ '4"fmvr ~ ~ ~ ~ I lfl 
m Ptt~teftt<~ ~ ttt 1 lRfr .~ qf.; U41e«t>l <h'l¥18~ .,Oj,~q)) ~ ~ co2 
UHijctn ~ ~ ~ ~ ~ m Olft:i~ ffiiji$~'j4~ I m-~ C02 n:rm 
~iff~~qf1~~€t ~~I 

~) \1Ui e1¥tifti'tiS ~l¥tiiiC:: ~ ~ ~ 'UftFrr 1 qf1~fa•uc:: -nmr ~ lR~ 
~I 

~) trtmvf ~ vm<f -nmf ~ ~ ~lfi4+l 4it?i~4J{i;ti'f ~ ~ I tnffi 
01 f.Rt Ill '1 ~ 1'Rft I 

c;) '4"fmvr ~ -nmr ~ ~ ~ ~ 'qf.; tot ~ 1 OJf.Rilll'1 nmr 
~ ~ iiCtli'tl6~d ~ I . 

'll¥1-iq?i \34~fa+ll lin{ 'IJI'iRU th~etUI ~ ~ \ ~ ~ Olf<Rtlli'1 -nmf ~r.f 

~ ~ ~ \1Ui f$414*114111C:: ~ ~ I 

~.~ tmr.f (Digestion) 

~ ~ ~~Qt~ ~ qf1~fa \ IJIJUft(C~q)) f':r;:;m 1fit 4~1~(~¥1 ~ I ~IJT 
~ Pc.tii~ n'1' 1ft - • q.,~fa \ 'IJI'1"Uftq;T 'i1'fl'+lT cf; f1T;:;rnr ~ \ fcf;;r f1Fv:rr 
~?· 

fttittifi¥1 iil'i(1tfi' m ~ : q'f~fa~ ~ ~ ~ C02, qr;fi, ~. t1'14~1Ffficjij 

\34Rar4fa+ll ~ ~ ~ 1 (f\ 'llluftfl~ q'f~faauc:: ~ ~~f<~¥'1 ~~ 

Clflq~\'11S ~ q~fC"+ll ~41Pd(UI 11it ~ WVT ~ I ~ 1J'Zf q;r(11rf 

'lll ufte; ~ ll4 Cfiflt d wt \3 ~fl "¥1 ~ u6f<ct> ar.fre qf.; ~ ~ ~ 1 \3tfl8 "+rr 

~ 'llct>i(CfSI ~ \ vumft i}tq;fua ~ ~ ~ qf1~fa+ll ~ I 
~ \3~1@1(01 ~ vumft \ arf ~ qf.; ~I 

tMt m fc4til~ ~ : $ rt IJIIUfttt~ciJ CIJtAq~ ~ it o ? cf; .. ~ art 

~~? 



ftm'ifi : IJIUflfi~Cfil illlfaot~l( @ll'flq~~ ~ ~fli;aa'( ~ fd;?j(C~qi\ ~ n-vr 
~ lfrtfuf ~ ~ tttil.,dl ~ I '3<Ufi(UI ft;r-1, lpf, ~ ~ ~llq;I(Cit'l 

IJIUflt<~ .. ~ I ~ ~ ~ ~ ~ ¥il\\¥il~ ~ I iilf<ltt~ 

~ gq;j(q;l 3Ft', ~\SI1~, 1M1~{'1 ¥il~l¥il\\, ~ ~ ~ I at rt 
IJIUfltc~~ ~ ~ ~itl<ill~ ~ 1ft ~~ ({~'11({fij6, 4<41ft!~6 , 

flti!til!., ~ ~ql"ij( ('q'f"Cfif) ~ 1W-f ~ ~ ~ I IJIUfltl~ QR 
Cl~l<~ ~ ~ at ijjltlq~ 1fl"eA' ~ 3ffliT 'lf.t' ~ ~ I ~ ~ 
~ 3fR1' \ ~ ~I ~(ltil ~ ~ 3fR1' ~ m tiiijq~<iffi mil' 

. mrr (Gizzard) ~ I 

~ : cf; mff'n' IJIUflfl~ ql{~l\t4ti 1 ~~ ~ 'lf.t' ~ 31(il('i(? ~? 

ftTmi : art, ~ ~ IJjUfi(C~tij ~ ~ ¥ ~~ ~ 3l"f ~ ~ ~ 
~ ~ I -ctift ~~~~I ~ ~ ~ ~ ~qfil~ ~ 
qltHI1fi41 '1f ~~"1Uitt~d ~qftl~~ ii(lq(ij~ ~ I 00 9¥1<c6i qj:q.,~41{'11t 

31 "ij <*' "1l4 ~ (Inter Cellular Digestion) ~ I \ilCf ~ ~i · g I oflt=: ~'1 I 

~"1ill~< ~ ~ q;I4{'11C ~ ~ qrq.f (Extra Cellular Digestion) 

~I 

~ : ~ ~ Wf, ~I afrq;r, ~ ~ ~ ~ qrq.f ~ \17ft I ~ (f 

~? 

~ : m afrq;r ~ ~ ~ ~ ~ fdRlt=:~*' ~ 3l"f ~ 'i{'OfliJ<ttHi 

""~({*' ~ .mt ~ ~ 1 at ~ rt 1fT1Tlrr ~ iffif'c6i' m q;tf 

eTif<<Ot~, q;tff 14~q;({c6i q:;(q;'i'i<¥ amm: \ ~ ~ 1 ~ pq;.,-~ 
tmrr?~t 



~ : morr ~ lA' ~ ~ '1~{11S 'CfT'iR ~ (J\Iimentary canal) ~ 1 ;zrr 

~ ~ ~ ~ li{'iili<+H 3RI' ~ I '11Uftfi~ ~ ~ ~ ~:of 
'1<61<ctil d'6!4fi~ ~ I tft d'€*4fl~lt ~ ~ ~ qr;:r;r W q)(q;q;(q; 

~ I ~ ~ e~'1!41{1'1 1fif 31U~¥1 i1'1li!lil ~ ~ ~ ~ tT I 

~ltiCIE{j ~ ~ ~ '1~fil~ d ~ ~ ~ ~ ~ ~ ~1\ 
~ <rnJ ~ ~ \lf ~ ~ ~ qf<flWI ~ I ~ ~!IT 

~ ~ ~ qr;:r;r ~ ~ ft ~ tT 1 lil~e+u ~ 'CfT'iR ~ 'C6f<ar 
~~~~I~~~~ ifit ~ mftt ~ ~ merur 
~ (i'Al(f~l ft ~ I 

~ : m ~ qr;:r;f ~ ;wr ~~ 1 ~ * ~ ? em~ ? 

ftmtti : ~ ~ ~ (jijj4f.:tq; ~, ~ ~ltiC!E{j 'CfT'i!A' 1fif ~$ 
(Calalyst) ~ ~ ~ fllij{11S $""11$+1 ~ 1 $""11S+i ~ ~;r 

W(~ : 
-
V'i' I~~ ifll ;rrq \3?tl~ .. tAm 

~(Ptyalin) ~ 

~~t~'il (Amylase) ~41~<6 

~ (Pepsin) ~41~cti 

~· (Renin)' ~4i~cti 

~ (Trypsin) a:uf .. ~41\il (~ 

~ (Lipase) ~ .. ~~'1{1 

~'11qftai\il (Aminopeptidase) ~ .. ~~'1{1 

~•tei<6<1Si'il (Disacharidase) , .. ~~'1{1 

~ '""'''+itc~ ~ ~ q)(Cf;q)(Cf; ij(U~((~+il ~ ~ I ftt;ftfi~ 

f'i....,lfil4 ~ltlqE{j ~ ~ I <ft S""'IS~ i3NI«'1 lA' ~ qf.f 31{1~131{1W 

~I 

(ql'f4'1F\li4i¥! ~ ~ lft ,.._l,+itc~*t "'1T+f ~ 1f1 Ulft ~ I ~ ~ 
fll~aftl~ lfi ~ ~ 1T'f ~IQtct#f ~ ~ I rt ~tllwfttc~ S""'l,+i¥1 "'1T+f. 

f.i'ICMftH{11~ I ~ flt~aqfQ 1Jif ~ ~ 1Nr I) 

~ : ~ I ~ ~ (Enzyme) ~ "'1T+f !11~1{11S ~ 1Nr 1 3f1f ~, ~ 

~ ~ ~ ~ ~ ¥ ~ ~ m .. a••~'Jtfi«>.,. , 

.. · 



~ : ('q'l"'!fif ~ ~ ~ lf{t ~ ~ 'q1"'q.f ~ ~ ~ 

~) ~ 1!'J 'Qffl (Pharynx), ~ ~ (Esophagus), ("4ijqfQ '!filfU: 

oll+iHI~ (Stomach), 41•+<mi~ (Duodenum), ~ (Ileum), ~ arRT 

(Large intestine), ~ arRT (Small intestine), ~ (Rectom), ~ 

(Anus) S'( l cf; fi14h<~ ~ ~ ~ ~ ? 

fun : liT I ~ CSII~ijj<l ~ ~ I CSII~ijj<l oqqJJ~I ~ ~ ~ "{ ~ 
~ ~ ~ I (!'"{ lfcl;, ~~ 41\3Utl, \lltH'tl' ~ iR 'q41\(~l fif;;; 

~~~~ ? 

~ : ql«tq+il 41oq01fi¥1~1 ~ ~ ~ ~ I ~ ~ ~ C91~4j<lt11~ 
~ 'Gf01'1l ~ ~ mt ~ ~ ~ ~ ,Rill\+i ~ 1 m­
csl~fh<l+il ~ fll~t11C ~ ~ ~ ~41o:a< lTtt I m 
csl~ijj<lfl~ t141'4<~1 ~ ~ I "U11t ~ ~ (41Mt11C ~ ~ 1 

\~l4'iHiij ~ \'fTliT ~it I~.~~ (91~4j<l atl+il-14+11 ~I 

~ : aoft:ar{ ~1 \3' ~ ~~C{$1 ~ dlltf;l($1 ~('l'>j\iltd't ~ cf; it, ~ ?n 

~ : it, ~ a atl+il-1~ it f.r 1 ~ ~ (91tl4~14t11C 41'q01<ti4~1 fl«:nl 
dll~-"C!i,4t""ei'4 -mrfr tlt11JQ I ~ ~ ~~~~¥ lffier ~ I ~ 
fll\~l#1lf<¥ ~ "{ ~41ft;¥ W fit%~ I Eii,~l#1lf<¥ ~ (91011(11~ 

\ 

~ 'Gf01'1l ~ ~ ~ mt I il~:q l+il 'l:f1'rt Renin ~ ~ '4'i"G1i 
~~~~"{~~mll 

~ : ~ in=rr m;rr q"!aql@i~ \!l (gj,ij4;q{Q ~ ~ ~ iil"«tT ~I it 
~ ? 

~ : ~ foq; ~~ ~ ~ ~ ~ artmr 4;~t.,~I~01t11C dl"lt<~l 

4;1\t01+il ~ ~ I ~ atl+il-14+11 ~ ~ ~4iffi:¥ WltT ~ '4RIII~+i 

~ I qftij01~ 'Alfl01t:tl\ ~ <icet'46+il 'Cfftvrn' 1Tft I 

~ : ~ m ~ ~ 1J"ft ~ l!f.f 'f1ft 'f1ft ~ I ~ a ~ ltc C"r ~ 
\3fh~"ifhij 1tt ~ m l1'RT "{ atij ~«t 'f4T 1 ~ fif;;; ~ m-r ? 

~ : ~ ~ ~ (91~4j<l atl+il-l~+il ~ ~ I ~ (91~4j<lt11C ~ ~ 
+jQiil~ dllt""ei'44RIC ~ q;Jlf ~I C"r ~ tlt11\301 atij~(1't a~~ 
'flft I atl+ii-14¥'1 f\reT1rr rn ~ 1IIU4" 'Cf"tt ~ ~ I ~ ~ 
(91~¥<1 ~ 1 ~ ~ cf;tt 1fT1T (9t~<t:~ mt m -mrtt ~ 'lt ... 
~ ~ V\. "{ Cll'4ij4;qfQ ~ "{ ~ q;11f 1f'f l!f.f atij~('ll ~I 



gfcrar ; ~ s 3114il<*t '(1~'1+icN q;Jlf. if;~ f.r ? 

~ : 311¥11-lqatiC! ~ 1Jit (!)1'11{:11\ '(<1~'1+i+il ~ I '5'q~'1+i+il ~(Bile) ;( 

41f .. #lql\iil (Pancreas) GOG ~ 41f .. #lqlfl4i W ~ ~ 1 ~ emiT, ~·, 
f\1-a{'ll\ ~ ~ ~ m 311¥11-lq+il ~ ~ (!)1'11{:11' ~ ~ 1 

41f .. #lqlflq; ~ ~, tt+ili~'ii \ ~ 'li;illi+iEt~ ~ 1 ~f41'1;r 

qt(!li'( \ ~ 'Alfl\1{:11\ ~ <tft:i>S+il ~ q;nf ~ I \t¥11,~\iil~ 6!1"Ei{'ll~ 

+il("c?t\iil cHI,~«a I {'ll,q\iil~ ~, ~ f\l\3{'11t ~ ~ \ ~{:1~(1{'1 ~I • 

~ : ~ 311¥11-lq ';( (i!~'1+i4il aft;:flrr ~.~ afl9ttt.N it ? ~ ~, ~r 

~ q;~\Jil+il ~ ~~lJi«''l ~if;~?~ atdl,~'i ~ fct;, ~? 

~ ; ~ (I' ~ ~ ~ qeq; m- f.r ? ~ ';( '(1.S'1+i<il ~ 

ef't!f<ttcti\ ~ 41,~1f<q; 4i~Cffi'1 ~ I m (!Jitl41%14{'11t 311¥11-lq+ili 

~ ~ \ 31~31~ m linf '(!i~'1+ifd< ~ I g1oftfi~cffl 4i~\Jil+il ~i 

~ ~ ~ ~ ~ \ ('qijf11'l1 ~ rnm ~~~(Bile) it I 
~ : ~ ~ '(<1~'1+ie+4 311'':1~1%1 (!Jitlq«J> ~ ~ ~ ~ o ? 

~ : ~ I '~ "ij-, '4i. m;fr \(<1~'1¥1¥11 qf.r ~ ft ~ ~ (!Jitl41%14 ' ~ 

~ Jejinum ~ 311~116\ ~ \lT1T ~ ~ m+iT '~4+i+il ~ ~ 1 

ftr:fm 1'~;f("4i\t< "<ffi ~ ~ ~ ~ ~ f.f I ~ ~ ~ ~· 
~ I ~ f11ttlatiC! 311~U1 (Intestinal juice) f'1(04i«a I "lffilrr ~ qftz:~'ii , 

'SI,el4i<l,~\il \ ~ ,i;ill,¥1 ~ I <t~·Mfte~GI~ ~ "<ffi qt(!li'S{'II$ 

ttilt.,">l\t~'S+il ~ I 'Siiel4i<l,~\iil~ ~ \ (j;~l({'llt ~l~ ~ I 

{'lliq\iil~ ~ 41%14{:11$ ~ ~ \ 11{'1~(1{'1¥11 ~I 

~ : (!Jitl4«14 'tfri:R' ~ ~ o ~ 1 3lif lft ~ \ ~ ~ -cm ~. 

ifd1l' ~ ~ ~? 

~ : ~ ~ (!Jitlq«J>fi~ ro mr ~, ttf\4.,1tt~-s, <Nifettill4, t\lz:t~\1, 
~, '4T'ft' 311~{:11$ 311~1cN ~ ~ ~ I 311~116\ f1rt ~ f'1#q;l 

~ ltftAT almT 3114il<4il ~ (Villi) ~ ~ ~ ~ I f11{'11'cN 

~ ~ cNf1Et~+ilq;d ~ (SIItlq«J>ft~ 31~l~e Rli41iHI ~ m 
~ I f11{'11,+il ~ ~ ~ ~ gc:m:Cfi\ ~ ~ I mift 
311""=1ij+4 311i~GI qf.r ~ '1ecli4il ~ ~ ~ 311~1¥11 ~ I ~ '4T'ft' 
~ lfrnln' ~~I ~ ~ 4GI4Et~ +i{'iil(atiC! ~~I 



~I 

~ : li'r~a-~~fclifl 

ao+11~14 \ at1~1ct~ ~ +tiij<hft ~ 1 1ft ~ +tiijq~ft ~ m ~ 
4f4ijcl;q;1 ~ I ' ~.fre:~ ~ ~ ~ \ ~ Cf>Ff ~ I ~ 

ati~H'II' ~ 1:ffit \ €11¥Jqm ~ (m:frn) fin: actftt--a I 1ft +tiijq~ft 

involuntary ~ m ~ 'qiflf ~ "i:fR1" ~ I ~ miT 'ffimrr 
41"q'1f'%41 ~ ~ I 

~. ~ ~GtilijO\ ~ (Excretion) - · 

1l1ftct1' ij'lf'lf ~ I ij I +t I f-it q; ~ (I +t ~('II ij ~ tH41 f'M41 t ~ n.t11 (14 +t I at I 'i '!hl 

'l7ft I ~ ~ 4~'11~ ~~~I ~ ~ 1f'tl' l'li\O"j'l1it I 

( l'i~(Ot le : ~ lf1fi I 1f1fi o 'l7ft ~ lfRf 1fift liT '4ftr.rr ~ ~ 'CF4) ? '#t ~ 
atlt(4fQ ~ ~1~1\3~ ~ ~ o. I 
(~ ~ ~~4d~ ~ ~ ~ q;( ~\'1m ~sf~ ¥T 
\Fl ~ ijf4fi'jlf((j I (ft ~ ~ qldi(114 ~ \Fir ) 

3fiif1f : m- ~ I ~ ~ a mit ¥f tl' I mTr ~ltl<+tl m F$41t'i~ ~"cll~d 

fcll~q~ ij~'ttl(1'1 lf'd:Cfll ~ I miT -ltl<+tl ~ f11ti41t'i~iit4 '4iftr ~ o 
l'll¥fl('llt '4f.r 'fm ~ ~ I af1f 'l'ff if mft ~ltl<ctl 614i!tl+t W ~ ~ ~ 
~ ~ (1'1fu I -ltl<+tl ~ ~ ~ t'il+tl('llt 1flfi ~ ~ I dlij~~ 
~ ~ I af1f ~ ~ 1f'f ~ '4ftr.rr ~ I 4~'11~ ~ltl<iil Gftt 
~ ('l"q'Q1', <{<41\il(ktl ~ 4~1q(ll~ '4t.r o • "'1~--a.., 1 m -mtt ~ 
1l{ ~ ~ I (ft ~ 4~1qt'i~ ~lt\(+tl w.f ~ ~ -ltl(('llt m lfQ I ~ 
~ ~ ~ t ~ ~ I ~ ~('ll~('ll+tl 'jt'i1'3'j4Q I 

(l'i~(Otlij : t( I tr \ 1fmt lffi 1fft ~ mit '1m ~I ~ 'l7it I 



~ : ~ mi'r -lfi<+U ~ CJiij>j(ij>i <HU1.4P,ij> ~ ~ Rfil.41fi~ \t$(l<~'( '!'f 
~ ~ m rn.tr 1 eft~ cf;tt .m qc=•tte:~ ~ 1A' cf;tt qc=•tte:" 

~ ~ 1 ~ .m ¥\~e:~ ~ ~ ~ ~ 1 an6ifd< ~ ~ l{(f 

¥\~ti~ ~ ~ ~ I ~ ~ ~ ~ -lfai*l m C02 nmr lJf.r 
\3~1«"1 ~I~ RBC 'fl!e ~ tjfoo \3~1c="1 ~I~~ qc=lttt'i~ 
-•tl<atll ~ ~ f'tii.4R'UC f.i6¥1t1"1 (Excretion)~ 1 

{iflr.(Oijjij : ~ .... . ~ «~<~~ ? eft qc=i«ft<~ ~ P,~Sq;jij"1 ~ 0 ? 

~= c~ nmr a -qjijq;~i Oi6¥it~'1 ~ 1 ~ -•tl<14f<*• c~ nmr t~¥(Cfii1"1 

m 'illiHi'>l¥11 'i"'41J~ 1 ~ ~ itm 0 2 nmr ~ ~ ~ c~ nmr 
cM'H1')1ifl2 qil:{ifU&t'fifl <fllfi:t~ I ~ ~ C02 nmr ~ ~ ~<lleftt<~IC 
mlft~m-m~~~ 

f'fi41ifi(OIIIq if. ~ : cM'H1l41il C02 ~~I 

&iiCUQifi ~ : ~~ te ~~ n:mi' ~' lfr.ft1 ifl.41~1.4if @il$(13i'Hfi,'61 

~~~m~1 

flfftt: 

en ~ ~ ~¥<iii ~ ~ trrft ~ ~. ~ 1JT1f Calcium Hydride 

flt ij I \3 'jtn ij I 

~) \rei fltJ51Uit'fil ll'mr \R ~ (ii~ll3'jtflij I 

~) i14¥<t11l ~ ~ '11ijt'fl$ij)'1 ~ ~ ~ qltftt'flt ~ ~ ~ 
~~ij)(fjj~~l 

Y ) a(1f fltij>(ifi ~ ~ "'J'f trrft ~'Qitf'it'flt arit1 ~ N ~ ~ ~ 
~ .mt ~ ~ ~ ~ ~ '1~.,1iil2 fct¥<¥11 ~ 

t1•1113'jfilt~ I 

~ ) ~ 1JiCm ,.,. qr;ft mn-~ ~ 1 

¥11i'1&1S3iif~U''6 nmr ~ '!'f ~ ~ +11~1.4¥4 fiiS~jl'Hii$6~•1 gfitf!tl41 1ftt 
d4t¥''1-fte:~ +~1~4 .. ¥lc(i~2 ~ ~ 1 m ,.,- q1oflt11\ m tmt 1 

Ca(OHh + C02 CaC03 + H20 

ij'1q1;ft + 4ili{'161S3i'HII'i - +II~Qq 4ilc(j~l + lfr.ft 

m 14St~i$¥\ ~ ~ ~ '!lflti<t<l ( C~lfOT~T) ~ ~ I ~ 
Ej(1'1~.,1l't if1.4j{t:;ijQ¥4iiiC¥iql~(! ~ I 



'tO 

Ca(HC03)2 

Cf41fc414+1G41~Cfilctl~ C! 

~ ~ ~ fct; ~ ~ ~ ctil4'1-slt31'H11~-s qf<flWI 1liT 31f.ffi\i1'1 mrur 

~I 

«•+1~(1•e : * 3f1f ~ qf<~•4• 1f1 qf.r ~ltl<¥1 m 311CC~4* f1!6Cfile'1 ~ m ? 

~ ~ ~ ? ~ f.t6Cfile'1 ~ ~ ? G4dl,~ijEi't~..,. a ~ 1 

~ : miT <m<il"'+11 <~llE''1 ~ $f ~ cmrrr ~+t~H~l~'1 ~ ~ ~ I 
~+tlh·l'tf~'1 ~ ~ 'M11+1~ 'lT1f ~ (Haenin) \ 'Alfl'11ffi \l11T ~ 
(Globin) ~ ~ ~ I 31f&Ht\i1'1 ~+t~lh"1lfi4'1fi'41 ~ ~ ~f.Rt~+tlh1l~'1 

311CC~4Cfi d~<!+11 ~ I '(l1'0ln' ~ 'lfm 'Uffi <m<il"'6~¥'1 ~ 9,0 ~ 

ccf~w( 1 qf<q<f<4 <lalct?tttiffl R£!'#14e ~ 1 1JU'IT \ ~ mrr <m<ili!16~ 
~ err ~ ... 1+11 ~ omr ~ 1 <fr.m 'hl'11+1Y:m 'lT1f ~ ... 1~ ~ 1 ~ ... 1£'1 

~et'11j ~ 'hl'11+1~ t11~1~ ~ <miffli!1 iAl\3"1' ~ ~ 1 'A'tfc'1<il 'lT1f 

~ \ ·~ ~~'5+11 ~ ~ I \3$ ~ (4id~ +p~l'11+11 ~ I +p~l'11+11 
~I y;ftq; ~~icffl m ~ltl{Cfil ~ \l(4IG1lC ij .. Cfil'1'1 clf<~cffl Gf.Rr"1' (~ 
~), ~lfl<+11 q ~ ~ \ 414li11C! ~ ~ I +f~~l'll£'1 \lm ~ fTrnTCf 
~ ~ltl<i41C! qf<~l41 clf<~"Q 1 

3f1f "" 1·~l'11til ~ \ m ~ \lrn' ~ 
~~~ifit~~'l"j~ OR!' 
~ Cfi+1<<il m (~ \ltrn> *t «14'tatl4f 

~ ~ 311$1($1 ~~l(i~l ~ ~ I 

~~~I +f4~l'11Cfit ~ 99 ~.~.X 
~ ~.~. X ~ ~.~. ~ I m ~ +f4~l'11+11 
\lrn' 'i"'41J~a ,, 'P~l'11G11e: ~ m m ir.i 
~ ~ l'l~ , +f•~l'lli'l \lT(f ~ m 
~~t$1 ~ ~ ~ il'tli{+11 ~ ~ I 

+pft€11€11' €1+4~4~ ~ ~ sf ~ m 
~~~~·1Tm~,~~ 
(Cortex) ~ I • rq,+til~~ lflii€11C ~ 

(Medula) ~ 1 ~~€11~+1 ~ e~'1 ~ ~ 
of\3' m ~ ,.'tfi~¥1 ~ 1 ~ q;ft <.{<e:uf+l ,.'tfi~<il ~ 1 +t•ft€111\i~ 
31'1~1~ ~-morr ~ 311Cfil<¥1 ~il'1tc~ (Nephron) ~ 1 ~ +t•ft€11+11 ~ 
~CJ61'1tc~ ~ ,o €11CIIlf"<l 'Qt ~I 



'<l+i~~ie: lfflfT m:l'l'ifT ~'.i111~ \1TO ~ q;rlJ ~ 1Rf.r_ o ? 

~: aT molT ~ ~ ~ 'Wft \ ~ ~ ~ OIICfll<ct?i ql\3flo:e ~~ 

~ 1 ct~ifl<•f14!4 m 01tit\ct?i ~ mm m- Trtt ct~Cfllt<~$1 1'6Q'*' ~;q­

~ ~ I \;'ffi" 1~1{11, •~lfl~ij ~ I •~~lfl~EI¥11 \1TO ~ ~ ifc:;ft 

aritf ll)tr \ : ~ El 641 c \1TO <flCfli\3~ ~ 'Wfi arft:r ~ ~ I m 11'~ 

·~1ll~Et¥11 ('ffi"'jq qr 'tfQ l ·~1fl~ij 

~ ('ffi>qjq~ ~ •~lfl~EI¥11 \4TO 

~ ~ ~ 1 ~ fli'd1641c 'l:fnfi 
\ ~ m:l'l'ifT ~ f.fm ~ 
~ \;'ffi" fQ~GII G ('ffi~tj I ~ arft 
~ ~ 1 m ·~ll~eiltc 

~ ~ 4«1eft<~ qy;ft ~I 

~~I ~I 'f4jfl~fln;l ~ 
~~ ~ ~ \'ffi C:{'1i\J¥1ji1j ~ 

~I aT q«tefe:~ ~•Jl'H$l ~ 
'Wft ~ ~ \'jqq)cft q«jef((~ ~I ~ ~I 'f4jfl~~>S \ ~rft 

{'!CjOj((~ "ff: ~ 'li '(1'l'O+iT ~ j ~ ~ m '{,\% 1 ~ ~% \ 

~ ~ ~% ~ ' ~ ~ ftrmCI" ~ 1 \;'ffi" fqmq m ~c 
f;t~q?j ~ ~ (Collecting tube) ~ ~ I m ~f~\fE!{'IIt ~t3t 

fq <lflli ttf.r ~ 1 ~ ~Htflt>Sillc ~ ijiJe:'1~1 r.tECfiCflt ~ 1 ~~ 
'1t'?ii11G fimTlf ~ rq<tflii ~ ~ \ ~t<f64tc fimTlf ~ ~ ~ 1 mft 
~itl<¥11 ~ 9.v_ ~ ~ ~¥ ~ ~ 1 ftmrcr ~ ~v_o ~ ~oo 
flr.~. ftmrcr ~ ~· ¥1'1(114Q 1 S'f o ~ v_oo flr.~.~ ~ 0\ ?:~fa­

~ ~ ~ mr ~ l ~ ftmT1r <ft'111641c 00 ~~~ l 

~. \!1 ~ ~ ~ (Blood circulation) 

~ ~ ~ 641111<¥11 ~ iilr.tee:~¥11 amf\ ~ ('ffiiijjql e:ti!G'i{'ll Q'1f{!Cfl am~ 

ijj(1('1jCfl (j4j((~ ij(lj~cffl ~ j (fi ~ ~~ ~~ ~~ ~ ~ ~~il(i~lt 

~ ~ l (fi ~ ~ "fTrofl \fl(41(~ ·~ ~ ~ ~ l ~ ~ ~~ 
EI<!Cii(Hi aRflTo ~ l lft ~ 1rtt \'ffi e~'t4f(i11 ~ 41>511.$1~ ~ ~ "U1f '['( l ctm1~ 
~ trr(1Cf) ~ ~ e~'E41<641c ~ 11"t~<1 iJO"'lat•ull <mE~->'ql< ~ cfi tr ? 

~ ~? """"'ifft ~ ~ ~ l 



('ffiij~'ql( ~ ~ ~ltl<¥11 ~MI ~ ~ ~: 

~ ) ~I'Qqctltf qf'tqt:~ ~ 

~l dlf.Ri'l\'1 ~ qf'tqM ~ 

~) ,....,.1,'1 ~ t'i+?i'1t'i~¥'1 qf\q{('i ~ 

¥) ~ qf'tqfl'1 ~ 

Xl ~ qctleft'i~ - ~I ~ ~I ~I C02 
~ f.:ti!Cfilij'1 ~ 31(41ij¥0¥1 ':{'41\3~ 

~ l ~ltl<¥11 ij(~¥101 ~ oqiCf~f't<mf~l ~ ~ ~ 

IS) ~ \iflOi ('ffiij I cH11 S m 
c; ) ~ltl<'fft ~ ~ ~ ((llf ~ ~ 

~) 4:1 ft:t4 {( ~i'tl « ''""!I ,'1 \3t''H«'1 1f'f ~ ~ 3Wiftf" ~ l 
('ffiij~'ql( mit ~ltl<¥11 ~ '1fl~'{lli ~ ~ l lir ~ miT ~ltl<¥1 ~ 

31(41fi~ ~ ~1 ~ ~ ~ \3q4)~ft ~ l ~ltl(¥) 'ff \l1lTliT ('ffiij~'€11( ~ 

~ ~ ~ r~ ~ f4ij{'IIC ~ qm;1q4Q t +l~i!Cfi¥11 rc.~1 .. ~1tl ~ aTtCS€1fdl+ll 

(Medula oblongata) "<m ~ ~ ~ o ~ O:t~e;qft4 ~ aqfm~ ~ ~ 1 ~ 
'lfi~'{"i "<m ~ ~ ~ 31014C!Ifi~ ~ 'lf1m ~ : 
~) ~ 

~) "'R 

~> m~ 
~~ 

'11S:til#N011i! ro '(lJ(fliT ~-mtrr ~ 31'1~1<'(11 ~ ~lti~'( l (ft ¥Uifi~IS \m 

~ (Blood corpuscles) ~I ~ W \1T1T ~ ~ 1 '(lJ(fliT ~ \1T1T '!ff.r 
~~~~~~ 
~> ~ : ~ 'qll"';r q(l{'l\ill~l ~ ~ ~ ~ qctltf{'IIC ~ ~ t 

m-~ ~ V,V, 1Jftrm \lT11' ~ I ~ ~ ~ ~ ~ 

~: 

~ ~ \0 '9ftrmr q"('fft ~ l 

~ ~ ~ ~ ~')1~4+4 1 <?Ji!li\t4+4 ~ Cf41~4+4¥1 #ll(I,:S 1 me: ~ 
OIIC¥1ili~i! ~ l 4JflH141 ~'j~q .. if(illl(I':S l 

~ ~ ~ ~ ~~.,1 ~('111~'11 "'''l\t.,1flll'11 cil'lf1fk4'1 l: ~ l 

~ ~ ~ 411'Qqtutf: ~~ t(O:i.,1~:S 1 <441tl((f\t:s1 ~t't?l(l{'l l: ltti!iflt'1 1 



¢ ~ ~ nm1E!~ 31f'.m\il'1, ¥11('1•iU,31Cffli~:S ~ '11'i<ft"1'1 1 

¢ d'1GIIC: ~#Cfil fcrclm: qGitfe:~ ~, tffi:q; ~ ~ c:f.RA' 
¢ ~ c6lcJup4JC: 'UtR WT 1f't C(frC:qfi"' ~ C{f.-c:c:f'.m'1 l 

. ¢ '1~11461'1 '1tRIGIIC: ~#¥1 El+i1'1e:~ l 

¢ 'iRill'i+iEi~ I 

~1\J'fllifl'j Cfillf : ~i\7+il€t f.n:;f ¥14e:~ ~ 

¢ ~lt)(+tl \ cili4Ei~+il ~ lJrn ~ ~. 

¢ 3114-ll¥ ~ ~ ~ ~. 

¢ \t10 ~ lf{O ~. 

¢ ~ <6\(!iuJCf)) ti(~JiOIGIIC: 'UtR WT ~. 

¢ ~ ~ d'1(>11t ~ (!lltlqGitf, f\tc:1fl:t'1, ~. 'iRill'i'i ~ ~ ~. 

¢ ~' tffi:q; ~ ~ cofcft' '1\il{<l I rcrcrn qGitfe: ~ ~ 1f't lf{O ~ I 

(tficfflq(;~ f.n:;r 'l¥1<¥1 W{. :-

• mrr <mc6li4 (Red blood cells or erythrocytes) 

• rn (tficffl14 (White blood cells) 

• cJ\c:~(e (Platelets) 

~.\9.~ (lt114l'lq~~41' ~ 

~ ~ft114ltll'iC: (Erythrocytes) tlf.r ~ ~ ~ m'1T ~ ~ ~ ~ 

311¥1(Cfil ~ WJ: I ~ czmr '-'·' ~ {+il'iitll'1 ) ~ I 1Jftf ~ fli~fl:tco< '(lTa'liT 

~ 1(0 ~ <m¥Jq ~I 

~ '1PR1llt~ ~ ~ ~ Ptifij+tct?~ ~ ~+i'••~'trc.'1 ~ 1 m ~ \t10 mrr 
~I ~+il4~'>1f14'1+tl 'Cfi(>1'J11 R I~ ~18<<il ~ q;ffi1f ~ ~ tfr ~' R ri 
~~I 

Cfillf 

mfT (tficffli4~ 'i'l' l•ttf'I"'IG 131f'.m\il'1 ~ ~ ~ q)}q@i~+il ~-\IIJ'a l ~+i"ji~'jf)t'1~ 

chl<Rtl+il 131Pc«<\il'1~41 ~ 1'ft 31f'.m~+il4~'1~'1 ~ I '!'f :q~'j miT ~ I 
~ 31Pcffi\il'1 ~.gq!Q g+?I•Jtfc:1'1 lW-f ~. ¥ ~ mrr ~ 1 ~ ~ 

<{00 ftf.ft;. '(lTa'liT <{Y ijV <t'it 4JI+it!Ai g+i"'IH1l~'1 ~ I miT (tfiq;)•nc~ Qm ~ 
<ldl+ila-l+il \3t"iiG'1 ~ l mrr <m<Nq if"!' ~. ~. f'lcolfli'1 B12, f'lcoli11'1 C, 
~ ~ ~ tfft TmfflfT ~ ~ ¥41 r:tllf<1"1 1311<Hll ¥ ~ l 



-miT {ffiq))qq)) ~ 9~0 ~ 1mr ~ I ~\ll'>l+il ~ flt~~'1 \f{ ~ "{ ~ 

(Heamin +globin) fiT~ 1 4~lili'1Giie ~ ~ 1 ~ ~ ~·~ 
\ll11'fctt ~ ~ (Bile) fiT 'lffto1o ~ 1 

~. IS . ~ ~ ~ 1fiN 

trnmt 9iilerse (leucocyte) 'Cif.f ~ 1 11:l.flt<~ <ffiiil"''l'<l ~. ozmr 90f.L ~ 
~ I ifir ~ ilifMlie< "{tffifiT 11:l·11f:~q)) ~ \9 ijV 90 P:IJII<e"'i ~ I 

-mmrr ~ ~ ~ tiT ~ m ~o {;\Jii{ij"'i ~ I 9iile1~eP:~ aFf 
Sl4i1<4il ~I 

~qi\JI~ at~411ia atl4il<4il lft q;or@i\&'il ~4e ~ 1 ~ ~*terseiil f.t+rivr 
miT P:Fs'ii,l'il ~ I ~ ~ ~ WBC lf9t '-'J. '9'ftfmf ~I i1:lRIP:~iil 
Gllfi:<ille rtu ~ *'eiujfi\&t"'IC •rs~~'( 1 e(:fi'ior ~ oR;rr «tiiil~rq;rGile ~ 

~ '1t.r *'eruJt"tlt ~ ~ 1 ~ WBC lf9t f(;fAffierse ~o 1Jftruo \ 'i'11er;ze 

~ mmr ~ I lft iil"'t<~ ft:r.-.or(l;g \ ~. ~ (Spleen) fiT ~ ~ ~ 
~ ~I i1:l<1.,lt'l~ tt .. llq4i)@i~ f.t+rivr ~ I 

~.IS. ~ ~C!~C{ij ( Platelets) 

¥ ¥ 

~.,.,IH*11l I!JI+:q'>lerse (Thrombocyte) 'Cif.f ~ 1 lft mrr (4id*tl!('1'<1 'Cif.f tmrr 

~ I ~ ofl@i ~q)) ~ ifir ~ flift=tfli C! < "{tffifiT ~ ~ ~ o ~ \il'ftr ~ I 
P4.,)p:~ m'fT ~ (~) atl4ii(4ii ~ I ~ofl@i~ct?J ~ '1f.r @ii'6'ilijl+il ~ I 

i1:lifll.'i~ q;rflttiil or:Jllre '<mf a\ ~ ~ '<mf ~ q;rlf ~ 1 '<mf ~ 
q;r4t'11C ~ ~ ~ ~: 

• 
• 

• 

• 

~ ~ ~ !I m ~ o'iJ:c€i'>t!le 13m gmt - !Jklliitii$~\JI 

~+:q1q;j,~\J( + 'lllf!illlqf1 + Cfq(~4'i = ~ 

~ + <fl1Sft.,~lfJi'1 = '?il.~'1 
+ 
\f\IS~'1+~~ =~m 



~.\9 .¥ ~(Heart) 

~ 31R:ictiRI ~ciq<!"C! <hl<Rtl~ ~ ~ mi"CfiT ~ I m m- (Cone) 311Cfil<ctir 

~ +iieq~ft~ ~ flnf ~~I m ~ ~~ ~-~· ~. ~ ~-~· ~ "{ ~~ 
~-~· ~ ~ Cllqj$q)) 'jP6\JI:?I ~I 

~ 311tll<~lli c;cqJe+"+i ~ ;mr ~ +iieqmfi~ ~ ""<: ifl1if 1ft ~ ~r 
~ ~ ~ I ~ @06ti~afl:q ~ 3lm'f ~ ~ I ~ ~ ~ (ffi "{ lflitr 

1ft ~ <iroflrr ~l~d ~ I 

Cusp of 
nghtAV 

(tricuspu:f1 
valve 

Supenor 

cameae 

Inferior 

(a) 

AOf't1C arch 

AortiC semtlunar 
valve 

Cusp of left AV 
(bicuspid) valVe 

Chordae 
lendlneae 

Interventricular 
septum 

~ ~ ~ (Auricle) "{ ~ qiror ~f .. i!CfK't (Ventricle) ft I ~ ~T 
~ Y cti)61ti~ - ~ ~ "{ ~ ~f..i!CfK'ttl~ ~ I ~ ~~ 
i\f .. i!CfK'tafi:q+il ~ ~ ~14lRI<¥l \1..,.\H'IIC i!ltCfi~( (Tricuspid Valve) "{ ati4lRI<cti~ 

'1""*"'~ qJtctillx4s (Bicuspid Valve) err~~~ 1 

31f{CfK1l'i~Cf)) f\ffiT ~ "{ ~f .. i!CfK'ttc"¥l fimT ~ ~ I flf .. i!Cf*ttl~+itA qt.f ifl'lff 



~f .. ~Cf*tcN f'reT aNi ~ ~ I atf'<Cfk'IJ\ 't1nr {1~'1 ~ I 01: "f .. ~Cfk'IJ\ 't1nr 

~ ~ I l:lqf\10<1 'GfTld ~f .. ~Cfk'l atft;r tll"'1) ~ I ftA" fct; ~ ~ +iieq~ftJ\ 

ttat"'lci~HI ~lf'<<q;J ~ \ll~l~~+il 't1nr ~ ~ I 

~ atf'<CMWI+ii ¢atTc:r ~ ~l<lfi~ ~qf'<q< ~ \ i4if'<q< ~ ~~~ttq;J 
~ I ~ "f .. ~CMWtatiG ~ f.1lr'ft ~ chllft1~fu< ~ I ~ tl+i4lt1tt Gi"iil'1{\ 

Ul1'fi ~ I qi"+(jft{l Ul1'fi \ ~ ~f .. ~CM'16!l"CC 8J'1atl<!i am "CC~Iq;i( \ft"\ft'i~ ~I 

'ifTllf atf'<CMWI+il 'Eii<a?icl Gt"..n'1tl ~l<ll'i~ ~J~l~ltq;l ~I 'ifTllf ~p;~CM"'atl<! ~ ~ 
Ul1'fi (Great Aorta) ~~¥\ ~ 1 ~ ~ 't1nr ~ltl<"'ft: ~ ~ 1 

~ "' -'1. "' .., -' ..,~ ............... 'Fe! \3m ~+1.,t \ 1?SG!I"CC+il 'it., ol'1dll<!i 01~ "CC~Iq;l{ ~ ~J~I 6ltq;l ~ ... ~~~~ 1{'3{1 q; 

'Wif qf.; ~ I 'lfi ~ ttatld+il ~l,eci;¥\ 't1nr lJ?Sm <of¥'1&11<! ~ I 1_Wilf 
at;r ~ d"q~~ ~~I (ft ~- qf'<q;lt'ifq+i, +il4"'1q;l~q+i \ ~ .. Jiq;l~q+i I ~ 

t1rt ~ 'lTO'("t), ~ \ ~ ~ ~R'flt11t , .. Jiq;l~q+~ ~ 1 m ~R'f!J\ 
'W'f \ \mf '1~1l'i~lt qf.; ~ ~ I 1I?S \ \mr '1~ll'i~cN lJ?Sm Gft~ltcN am.TR 

(!106(':~1\ atl~<ill<! ~ ~ ~ ~R'ftJ\ ~ ~ I (ft ~~lt11\ qf'<q;l~q+i 

~I~~~ d~ill<! ~~I~~ 'lT1T ~ ~ ~ 
~ I ~ qf'<q;l~q("t ~ ~ I .\3m~~~ dll~ldGil<! ~ I 

~;m:{ 

~l<ll'i~ill<! ~ \mf atf'<Cf;('1+il ~ ~ I atf'<Cf;('1+il \mf 'lf<ttq{Q ~~ \ ~ 
\mf ~f .. ~CMWI+il ~ I ~ ~ ~ o.~ ~4; .. 6{1++1 ~ I atf'<CMWIGII<! (!l~ltcN 

~ ~f .. ~CMWI+il ~ ~ I m ~ ~ \ ~f .. ~Cf;('1G!l"CCcN ~ iR' ~ I ~ 
atftf mtfr '&lr' ~ ~ I aJ1f ~f .. ~q;("t ~ ~ ~ I ~ ~ ~ 't1nr 

~ ~ S+i.,->lftH 1f1ll I ~ ~ ~ o. ~ ~ci; .. ge+¥1 ~ I ~eqfQ Cfiftaf o. 't 

~ci; .. 6q;l m W anwf 1Jtk I ~ ~ ~ S+i.,l+il '<Ui ~ ~ 'W'f ~ \f'{ ~ 

'~' ~ ~ 1 1!?S ~ Olq~lt'tlt ~ (Systole) \ anwr ~ atq~lt11t 
6141Ellt1 (Diastole) ~ 1 tmft 'll~~~<! oo-~'t "G'(!q; 1I?S ~ ~ 1 1I?S ~ 
~ {'ffi'qlq em filf'ft ~ ~ sou; I m ~ m'O ~ ~ ~ ~ 

~sou; I 

~~ 

-ltl<q;J ~ 1Wi641<! ~ \mf ~ atf<Cfk'l+il ~ I t_1qf<4< "~q;J'ifffi Qiol\1~1 

+~I~Gil<! \ ;4lf<4< fl~q;j\lTJ\ Qi6hl«l ~ 't1T(T e(CfR'\'1 m ~ 1 ~ ~ 

~ ~liq;~6 1W'1' ~ ~ ~f .. ?Cf;('1+il \mf ~ ~ I ~ ~f .. ~Cfk'l ~ 



~ \lrn" qi"+11'1tl u+i4lii!IC! <h'I'Hil+ii ~ 1 <h'ICHilcN Air sack liT~~ ~~ 

C02 'fll1'"ij'" ~ ~ mcmrr ~ \ t=:lcU<Illc 02 'fll1'"ij'" ~ 1 ~ !Q'iflCfl<OI ~~ 

\lrn" q('41">1'1t) ~l{iii!IC! iWIT atf{Cfl{'l+il ~ ~ I ~ ~ \lf{~q~ ctt4Cfl~:S ~~ 

~ \ ifTltf ~f .. ~Cfk'l+il \lrn" ~ I ~ ~f .. ~Cfl{'l ~ ~ \lrn" ~ Ulr'fi ~ \1ft 
~itl<\16 ~I 

~~ 

~itl<+il \lrn" ~ ~ \lrn" ~~~I \lrn" ~ tr.f 'ACfli(Cfll ~ :­

'if) Ulr'fi ( Artery ) 

V) fUu (Vein) 

lf) cf;fuq;r ( Capillary) 

,_ ____ Puknonlry ~ 



~c:: ~itl<ctii ~ 31(4it¢~+H '(110 'j:4i\i~ '1JlEi~t'lh~ !:llf'fi (Aretery) . ~ 1 

~ "(l10 iUCf ifiT ~ \ ~ f1rnT ~ f1i'di1'ffi ~ I f1rnT '(110 ~ 

31qt\4i+1i -qf.f lfr ~ ~ ~ 1 q("+11'1tlC4itcti ~ rt a+it?l~~ 31f.Ri\il'11'ffi ~ \ mil 
~~f'ct;t11 "(lf(f .~ 1 a+it?lt¢~ ~itl<ct>l ~ \WTliT ~ ~ 0\ ~1;ft~~+1i ~ ~ 

~ ~ ~ I m ,;ir.=it¢~+ii ~ ~ ~ 'tffi3"'1' ~ I 

fu-u (Vein) 

~itl<ctii ~ \il4i44i2 '(110 w . lflctii\i~ '1~t'li~ fu'u 
~ I ~ \'RT fmnrr "(l10 'q'fq' 'cti+i' ~ I Ali (it¢ ~ct>l 

fmrr ~ qym;IT ~ 0\ OF!~ ~ ~ I q("+?J'1tl4itcti 

~ rt fmr+rr 31 f.Rl\il '114 ~'1 ~ '(110 ~ I lfr ~ 
31R>icti~ ailfm mfr ~ I ~ ~itl<ct>l ~ ~ 'cti+i' 

~ \WTliT '*~~<1 ~ I fmnrr ~ (Pulse) ~ I 
fmrlrr ~~I 

Cfi'llliifli ( Capillary) 

- tl"' 
r,: aa-..:.:;:'_ 

•!:llf;fi \ Rli<tt'li~ ~ ~ ~ q;R>i<tctii ~ '+1'ftAr "(l10 '1 t1"1tl~t'll~ ~lctil 
~ I ~.--s.,I~R>i4t1 ct>l"'~~ct>l ~ ~ ~Rllctil ~ ~ I ct>IRllctil+1 1tfid ~ 
~lt)(Cfil ~ ~ "(l10 ~ I 

~~ 

~ ~ ~tllt'll~ (ft;f +i'@i ~·~ 'll'f ~ : ... 
q;) Rrtt:rllcti ~ (Systemic ciculation) 

~) q'-'+1' F1tl ~ ( Pulmonary circulatioon) 

1T) m ~ ( Portal circulation) 

fltt=d~'fl ~: il'T7-rt ~r .. ~ctit:~ilrc: <~i<1'1t11~ ~ wo iji+il"4 <1 ~' ~ ~ 

~ ~ ~f<ctii'i+H ~ l ~ ~ \mf ij<>-~l(t:~lt fit~ ~ ~ l 

q\"$i .. ..,.(l ~ : ~ ~ ~r .. ~ctit:~Glrc: q("+11'1tl ~ ~ "(l10 1tf~t<Gllc <h'i<H~1+1r 

~ I <h'ilffililliC: "(l10 31f.Ri\il'11'ffi lft q~1'1tl Rll<lt¢~ m 31f'<:ctit:~+il ~ I ~ 
I]Cfii(cffl ij<>-'i!li«''i~ q~'>l'1ft ~ ~ l 

~ ~ = m ~ 31f.Ri\il'1 <~<~ '(110 ~ ~ a;=q4ic: m flrn ~ ~ 
'J=4it~ , 0\ m ij~l<+ii ~ ~ \mf ¥~~ictile:~ ~ 31i+ii~i~ , fq;lfr \ 

'4if.-:Mi\il ~ 'i=4i'~ \ fllt'fqi{! cti~~Jtl+ii ~ 1mf \mr ~~f<~< ~'1ictii+1i+ii 
~I~~~~ qitJq4Jct 31i+ii~i~~ ~ 1mf ctiJI,;I+il ~ ~4if<~< 

~'11ctil+1i ~ "<m ij<>'qi(iOII' ~ ~ ~ I 



~ . c; -cmnr-clll('l ~ (Respiratory system) 

~ ~ rt 'liCfil <*' ~ ~ mm (f(; m 41f'<ttct>t ~ 1 

~ . c;. ~ ~l'flf<~ ~ f1filn (Internal Respiration) 

1ft ~ -lfffiil<l e~'qiW1 \CS<8¥1 Q I ~ ~ 'E!"ft ~41Cfit'114 (1&>ql(1'1 1f't ~ 
~j\JI'f lf't, -it\(~~ ~ ~ (1(114f.tCfi gfit~41Cfil ~~ ~ 'f4f ~ ~ f.:tfliOt?fil 

t1li1r, 'li-tq«<'ll ~ ~ lf't, ~ C;:;jjiS'l ~ {h~qot 1f'i t41i<j~~'li ~ 

~ 1f't fi attq-4?fi ~ 1 -1f1<t1tC otlq-4Cfi ~ • citq~\6'11 ~ '3f'iiG'1 

~ I q)Jq~~'ll Hict>J\Sict>l aro.I ~ • '3f'il<='1 ~ I lffi f)fi4tt1t4 dll"df'<?fi 

-q1(1'll-ql(1 ~~I 

~.c;.~ ~()P.~ ~ f1Jtn (Aerobic respiration) 

\jflf q)Jqf\t!j 4tl*t\Jict>l ~ <11~134'1 441(1Ef41 (1(114r.tct> gft\~41 ~ ' ~ 

~~~¥1 ~ ~ ~ ¥tlt'1&1SatCMtC6 1"4'm' qf.r '3('ql4'1 ~ I 4'm'fTf. ~ ~ 
f$lrr (Aerobic respiration) ~ d : 

C6H1206 + 602 ¥1t'lt~rf4ctt 6C~ + 6H20 + 2898KJ mm 
Niili!ll ) . 

lffi ~ ~ ~c;O mlf ~ ~·'1 ~ ~c;~c; ~l¥1 • ~ I 3fGf 

+usilct>Jf .. 441 ~ cf; it ? ~ rr.f ~ ~ I ~ '3W\ 11 ~ I \ll'at~;ft trr 
~ I ilf\qq)Jq~!l ~4(1, etCilt(1t~+f anh m ~ ~-'«AT Cf41'1[t1 <III¥1(Cfil 

~ +ftsil¥tf .. 44t qf.r ~ 1 

:. } ~ • + '11'11 + .. ~ ....... ,.. 
~ ~ ~ (1&'ttlt1'1 1f't dltq-4¥ ~ C*'IIIC+f '3NI4'1 ~ I ~ ~ qf.r 

~ (13>ql(1'1 \f{ • '3NI4'1 ~ I ~ +fiCilciJf .. 441t11C • cR ~ I 
lfrtt '3N14'1 ~ • ~.,"11'6'1 ~IC'Mafi<! (Adenosine triphosphate) ~ <ft~t¥'11 
~ ~ ~ ~ I r$tqt11C oiliU4¥ ~~\rei ~ m ~ ~ 1 

I ~~, I 
c:tft'11ftt'1 1 ""~l 1 

l~m I 
C{Fisofli'6'1 t ~~~~~1ft ~aft"'¥1 Bond 1tT ~ ~ 1 

*' .. (1,, • attq-4¥ ~ ~ <t m ~ ~ ~ • ~ 1 



~-~- ~ t("1iflfcl"ff rcmr ~ (Anerobic respiration) 

~tll~4~ -~ m ~ ~ 3U~I~~ ~~q~fliffl+U ~f~'1Wft Sif m (t~n q;l 

3f\<mr<r.f~~ ~ \l<iT 1 ~em~~m 1 fuw\~~ 
~ ~~~ amr-r 1aw;r ~ ~ 1 ~em ~~~W~\ 

~ +tieq~ft ~ cmvT <f; ~ ~ (1'\ll~~ ~ fimT;:r ~~1ft I m 
'll<ft~* ~ \ 5'EiC!'1ICfil ~#11f;Jq; cmvr S'{ ~ 1 ecfie+4 ~ cmvr ;;no:;;~\ 
~ ~ \344'11ft ~ ~ 1 fimT;:r ~ e'\l't~t11t ~~1ft - em~ 

m ~lfl<t11~ u:t ~lfffi4i) 311cH4Cfidl ~ I u:t m \3~14'1 1fof 31f.R:t\11'14i) ~ ~ 

~ I ~ ~· ~ql(14i) lTfu ~ \ \li'O lJCm' ~ ~ I ~cll(1cffl lTfu ~ 
~ ~ I \li'O ~ ~ ~ 'tffii ~ ~ I (l'\ ~ ~ 31f.R:t\11'1 ~ 

iJft ~ I ~ ~ m ~ <r-f +tieihft ~ 31f<R1\11'1~'11 ~ 114i)\ii_Cfil ~ 
~ (W(IIf.RCfi $6 (Lactic acid) liT ~4H1< llf<~"'a I ~ g~P:MI+il <f;tft m 
\3~14'1 ~ I m- ~c;O 1J1lf ~ ~ ~'E>Q«'1 ~ 'Cfiftar ~~0 fct;~~l'1(1 m ~I 

C6 H12 06 · 2CH3 CHOH COOH + 150 KJ m 

~ ~ ~ (W(ilf.feCfi ~~em qf\lsl+iqfQ +tieq~ft ~ \ qq;r;r ~ ~ 

1 3fro1f .ro at (W(II~C!* $6 co2 \ ~ ~41'"d< 'lt -err: m ~ 1 ~ m 
~ 'lCfii<Cfil oqi<R:f'<41t<~ \ ~ ~ ~ (Fungus) \illfuq;r q'1f4~~ 'Cff.f ~'i?J~q; 

fc:4fui41e ~ m \3~14'1 ~ 1 (l'\ 7.IT fcritr ~ ~ +iieq~ft+il ~ ~'i?J~q; ~ 
~ ~ ~ I at m;:rr ii(Jq(;~+il 114i)\11Cfil 3fUJ rctoeQ4'1 'lt 31~4i)e:t1 (Ethyle 

alcohol) \ Cfiliif'1'51S31CHIIS'5+il ~~'1 ~ I ~c;o 1J1lf ~ rctoeQ4'1 ~ ~ ~~o 

fctR'1l¥ S \3~14'1 ~ I 

2C2 HsOH + 2C02 + 210 KJ m 
~ 

~ fi \3~14'1 ~ ~41t11t 4'1~ .. ~(1'1 (Fennaentation) ~ ~ I 

1ft o ~ $J~fq~ ~ 311"df<Cfi ~ql(1~41 I 311'"(1f{q; ~ f':¥141t11t ~ 31fcfe\11'1 

~ ~ TA ~ ~ C]IOfiEI~'lel< ~ ~ I 

~.t;.¥ ~ ~c:ue~QI (External respiration) 

~ 31P<R'I\11'1 M Cfllaf'181i31Cffllj'5 ~ 1\141{11, ~ ~ ~ ~ I 7.1) ~ 
g1oftet~+il ~ ~ ~fuaue (1->~1(1'1 ~ r ~ ~q;4i)~4 \ ~ "'lC4t<~+il ~lt'l<c:ffl 



31~\i1'1 ~'h ... ¥1'1 ~~1<!41C! ~')1fe~ ~ el~c?i«''I>T~~~ ~ ~l,c?i<tlf·<i~leRi ~ 1 ~~ 
mr Ciil'4'1~1~3lctelh nmr m- el~c?i«''I>T~i!41C: ~ ~ ~ ~lfli\i1'1 ~m 
~ f.:!#~ 1 ~ o:u):~fe~~ . ~. ~ ~ \341t:<ol R 1 

~11(4t11 , ~~ ;;rnrr cf;tft' ~ \AIUft@i~q?j 'ffiR ~ ~ ~ ~ I t\'fCITq;) 

31~\i1'1 ~lt11<!41C: ?4efli~Ciil '(lTif ~ rtu ~ I ~ 31f.ffi\i1'1t11t '(lTif e.,..,.m: 

gun~11il<l ~l<l<Ciil ~ ~ 1j"41J~ I ~ ~ ~ C02 qf.; ~lt11<141C: m~ 
~~I 

~. 'h~~I(4JI, ij(~(\ilt(ll \AlOft@:~~~ (il~t1 ~ ~ ~ ~ ~ \if~ 
~ I ~ tcllt1t\~ lfc'q;) 00 amrr ~ ~ I (fi '41t1t11t ~~~(ICii~ (Spiricau) 
~ I ~~~<1Ciit1Ei~ 4(1'lll~l ~. 1 ~'(1Ciit1<141C: i;lfcli~t1 ~ ~ cfiR'!({Ciil ~TG 
31~"1'1 31H1f<Cii ~ ~ I ~ mt Ciilai'1~1$31ctel~~ qf<?41~1 ~ I auraf<q; 1~ 
~ 31f.ffi\i1'1 ~~{)<(iii ~ ~ ~ 1 ~~~~Iii~ qr;ft;rr m cf;tft ~ Jriqt:~~ 
~I~C41C: ~ ~ ~ ~ I ~l~l<it ~ ~ ~ ~ ;im ~ ~ I ~111' 
~ ~ fm;r q:f (Gillplates) ~ '(lTif if""~ ii11~l\il~ fqWJt({Ciil S'Wt 1 lfl'ftctil 
e;qct~l 3ll({qfQ ~ ~ ~ qpi1<141C: ~ ~ Ciil4'1~1,3lctelt~ ~ 1 

~Wjol~ qf.; qr;ft;rr . 00 ~lt11!11! ~ ~ ~ ~ ~ "<fu ~ <h'liffilC41rC: 

~~~ 
~ groftt:~ ~ ~. ~. t(1'1fll{)t:~ ~ <h'liffi')l<l41l ~ ~ 1 ~lf.:let:~ 'l1~ 
q,' (iffilGliC: ~ ~I ~ ~ ~ ~ 31(~1t:~c.'\ ~~I 

'1TCfi (Nose) 

cnrf<~ ( Pharynx) 

t11f< .. '**( (Larynx) 

~( Trachea) 

tfl)Cffl1fk>tifil ~ 

~ ( Bronchi) 

CJiif .. q;~t1t( ( Bronchioles) 

311t1~4lt1 < ~ ~ ~ (Alveolar duct & alveoli) 

'1TCfi ~ ~ q~il'~q?j ~ 'hlf< .. '**( ~I~ (ilfcli41Cfi'l ~~~~ \WT ~:r 

~ 1 m -~ ( Vocal chord), ~ ~ t1rf<;:q;e+11 ~ ~ 1 ~ "({\3GT ~ ~ ~T 

liT W m (Cartilage bone) q;r oqlfCf)rtc~l' ~ +1ieq~ft ~ ~ d"W<~ 

~ ~ ~ I W m' 3fT{U 'qif*I(C~ ~ ~ ~ ~ ~ ~T 



~l~mf(I'R~~~~~~~~~~'(I~m-r~ 
tiT ~ ~ <ffiCR?I+il rtu ~ I 'lft ~ t:T~II\'11~ ~ (Bronchus)~ 1 

+ilr.te$1 Ql81f11~ ~ i~li~l ~;;:jjlif~l ~ ~ m dll(f;I{Cf;l ~ ~ it 
I m ~ -ercf;~{"~"$T ~ ~ . · 

thliHil$1 ~ ~ ate~ ~ $161~~ ~ 1 at cffl61\'ll~ ~ (Alveoli) 

~ I ~ ~ m-~ +i'fWrr dltl(&lt '1(1'1Cf;lfi~¥il f2N1f'Jia ~ I (ft 

'1JICf;l\'114 ~ ~ ~ I (ft '1~1Cf;l{;l dii!."Wt~+il mctT ~ I ~ 

~ 'tl"-'ti'T'1T ~ cfifl!ICf;lfi~ \JII~I\JI~ fq,'RJI~q;l ~I 

~ ~ C:Wi+iO:S\'1$1 mctT '11Cf;iii(C! m ~ I flltfqfQ ~: 4'111\'"<Ht, \'llf\.-Cffi, 
~ ., ., ,A ., " ~---'=- ., "*' ~-lj.oll._..,, 4u .. q;;:e ~ atl!."\41\'1< "5CR: s~ atl!.""411:1l+il ~·H• ·•~'dl 1 atlt"'Ufi1:1l 1 ~~ro1+t1 ~ 

~ ~ ~ atf.fe\JI'1 ~ ~ I ~ ~ ~+1l~1:1lfi1'1{;l atf.fe\JI'1 ~ 

~ 1 ~ ~ ~ q;r&f'1:Sl$atiffii$:S nmr ~ mT1rr ~ 1 ~ q;flf ~4'1 .. ¥1'1 

f1¥i4iliHI ~ I nmn:~ ~ ~ <ffi«H1li111C! ~ ~ q;flf ~I <ffi«H1.,1M 

m ~ mTliT q;ftar ~9 mmr atfcRNt'1 ~ o.o¥ 11fumr Cf;lai'1:Si$dliffii':S ~ ~ 
<hlrffiidfre: ~ tmmrr 9\.~ mmr 1Jnf atPM\JI'1 ~ *14'1:sr,atiffii~Z:s ¥-~ 11ftrmr 
~ I ~ rcffir qm filqlilllc ¥-~ mmr \Jifu atf.fe\JI'1 <ffi«H11i4 ~ I ~ ~lt'l<+il 

~+ftc1:1.,ifil'1cA 1IDU ~ ~ atf.fe\JI'1 m &1lm m- q;lf ~ I ~ ~ 

f!ti41 if*~ I q 1f"t ~ I 

~ -crtmvT ~ at~q;fu 'iJ'1q(~ ~ I ~ ~ mllT ~ "CJ'1q(;f\+il ~ I 

tmr a-ffi ~ ~ ~ ~ I cf;tt ~ ~ -crrtfi miT (~) ~ I ¥ 
~ Cf41~4+i l<l$-§.,ltll$:S~ct C02 ~ gfdf1¥i41 1lf Cf41~4+i Cf;laO~C! ~ ~ 

"'ff 'Cfl'ift miT ~ I 

Ca(OHh + COz -+ Ca C03 ! + HzO 
31f!t'I'Uftt'l 

Of1f w:r ~~ <ffi«H1.,1+ir a~ +ti~r<uft ~ t-r ~ ~ ~ ~ ~ ~ m­
~? 

q(~q+il ~ ~ ~ ~ ~ ~ 1 lft ~ m ~ mliT ~ +tieqdl 

~ ~ 614'llil+ii4 1f{(f ~ I 'mrtf 3fq1:1.,t¥'1 ~ 'Cffif ~ ~ m'tl" ~ ~ fq; 

a w6f <fi~l'd'lqQ ~ a lfc <fi~l'd'lqQ I wat ~ ~ ~ ~ :SI4SI'il+i ~ 



~ itG ~ ~ 1 ~ err '614Sfll+i ~ Qitfli\t:c ~ "i1N ~ ~ 1 <Wj¥10'6('ft4 

~ ql)<Rt1f1!:c mT ~ \ ~ 4jCfii\3Z\ ~ 1 ~ ~ err '614Sfll¥i 

t!"ll(t4fQ Qitfl!11:c ~ "i1N ~ 1ft <h\<Rtlilil t\I CII~11t ili~<RI< ~ ~ I 

:SI4Sfll+i ~ ~ ~ ~ ~ ¥ 00\3'f ~ I 'lfij"Cf)f ~ ~ ~41CfK'114 

m~~~ 

~ 4&1(t\il~ (t\m Y atl(f)l(*t ~ ftR I Y CfiT ~ ~VJ'~~~·+::::,-- CfiC(; 

~ "t'm "t'm ~ q;ftA mt m 1 arq,1 '1('ft(1•t 

"t'm a;ctauc: ~ fl1'1<(1CIIl< G~lo('l*t ~ ~ 1 

afl'd('l *' 3I1m 1lT1T ~ "t'm ~ '(if\ ~ ~ iR' 

/A.__-+-- Y-~ 

++--~ 

1R 1 ~ ~ "t'm !l'T1Tr m 1 ~ cRCfiT ~:::::::::=::s 
~\II\ 
~~ 

\34¥<01(11~ mT ~ ii•Mecf;q~ <hl<Rt')l*t 'f1flT om\ 

\141' I !lT1fr ORr \if\ ~ t01cRfr ~ ~ ~ ~ I 

~.~ \3~(011 \ 14fd~cu (Stimulation and reaction) 

"Cf1"fi tr="ift ~ 'tlf'.:tEtt<~ QreT ~ I ~ \141' ~ ~ ~ ~ (1411\JQ<t I ~ 

~ m ~ cmon amn ~ ~ ~ ~ 1 Cfitl ~ 'f.fl'rr ~ \141' ~ ~ 
~ ¥11f'.:tee;~ ~ 1 ~~:ql\'11 awrr ~ +ilf'.:tet<~*t ~ ~ 1 mrr -~ 

ClldiCI<OI+il ~ aA'¥ Y¥1<¥1 qf<4a'1 \ e:qegfd ¥11f'.:te~ 00\.R 1Tt¥r gfd~41¥1 
cf;tT \3~1t\(Uit(~ ~I 

atlrai\a; \ ifiClf 41di4<UI¥tl ~ 4i1:4d'1~ tmft ~1{\<cffl ~ ¥tiecuft, ~err ~1{\<("'ll 

~ ~ ~ e:qet•u' \3e9<ull ~ 1 ~ ~ ~ ml\, ~err ¥tie~-ft~ 
~ ~ err ~ YC1tt<(11{ gfdf\141 ~ 1 ~ \ at(41fi~ift:q ~ e ... "l~ 

\3e9(0ii \ gRif\141 tf ... :qlfl;td F$( I 

-~ {1<¥1 ~ 31(41~~ \ d'"'(j{(~if\:q ~ ~ ~ ~ ~ ~ e-4tt(11t ~ 

~ ~ I ~ IJUII\"'l~ ~ q;flt ~: 

~ 41dlq(OI \ -1{\(Cf)l ~ \ 31(41fi~il ~ 'l¥1(¥1 ~ (mr) ~~I 

til) 11.d¥1(1+il ~ \lf • \40:SI(¥il ~ ~ \"i4'11*t 3iltJI(¥il qd¥11'1¥11 ~ 

{"!4'11(11, ~-~11101 1f'tt 3ilf 'lE<_41\3Z\ ~~I 

11') ~ flitt~-ft, ~err~~~~ err~~ q;nt ~ 1 

fQl;r ~ ~~ 



f'11Y,'fl11!4 (Nerve cell or. Neuron) 

e~'E41Nt~l ~ q;nf ~ ~ 'lf.r ~ il"iTG ~ cM"1GIIC: ~~I Ru CIT 

~ atm'f ~ ~ cM"1{'11{ ~l<jcM"1 (Neuron) ~ I ~ ~ ~ m ~ 
~ 1 ~ teT dltrtjr'octit t=:T411t=:~ ~ ~ 1 ~ mwrr t=:T4iii5{?\'11{ ~ .. ~1$?: 

(Dendrites) ~ I ~ ~ tnm ~~ f4ij{'llt ~ (Axon) ~ I ~ .. ~1$C:GIIc 

~ ~ Ru ~ ~ 1~Cffi'1~ {oq'11{'11t *t"1GIIc ~ ~ I ~ ~ 

O:tR>!O:tc:<~f@ ift: ijf .. c:O:tc:< ~ 'lt.r "['f ~ I ~ ~ «'l+"<'llcM mit ~ (White 

matter) flr.r ~ {etGIIC! ~ ~ 1 

ljf.=t4l{'ll( ~i<jcM"1lil ~ .. ~1$(!~ \'E4'11t11' di(~IGIIC! cM"1Ri< ~ ~ ~Cffi'1~ c6l"1GIIc ~ 

~ gon('IIRt< ~ 1 ~iffi'1t11t lit~R-1'1 Wr (Myelin Sheth) ~ ~ ~ 

~ 1 m- ~llf{'l'' ifi'E4t£14i ~ ~ ~ ~ 1 m- ~ \oq'1tt=:~4llr¥l tm­
crr ~· ~ CR_Prr ~ I ~ ?;tqtGIIC! ltnf ~ "l"m"{VT ~ I ~ ~Cffi'1{'11t 

~~(!~ ~I 

31Frffi111'1*t aNrCnrr CfT ~ ~ ~ ~ ~ ~i<jcM"' ~ ~ ~ I 

lif<ecfir¥l ~llfcM"' 1fi ~ 1l"t ~ 1 

Vl 

1T) 

~~vvrnfi 

qf<q;({'l ~ vvrnfT 

tce'cUft:td ~ ~ 



~ ~ ~ : <Hfat~~fa ~ ~ ~ ~ ~ r.wh::~ ~ 1 

¥1f~tsifl : ORlRr q;sr &14ltf1nf ~ ~ ~ ~ 1 ~ ~ 1'1+=<11t11~ ar.rr 
~ ~ (Meninges)~~~ - 4141+flc<1 C{<ICfi_;:qi'i( ~ ~ ~ 1 '!!<l+flc< 

Ciftq .5htl ~ 4141+flc< +f~~~¥d•1 ~ ~ ~ 1 4141¥11c< ~ C{<l4i;:qi'i(cf.;r 

~ ~ t411'1t1 ~ (Cerebro spiral fluid) ~ ~ ~ ~ ~ I \3Ui 

'(f«i 4~1tlcN ~ ~ "'t11,+fl \iH~ ~ 0{ ~ ~lf?:Oictl ~ 3t'ft;r q;;r ~ I 

{iil3f'jijl( ~ 3tC44C4+fl cf;tT qi):qcl'i §Oiij~ I ~ ~ CfiTlf ~ ~ ~t 

~ 1f'i +t~il¥+fl GcfTCf ijf1t101 lf1, ~ cmr.r ~ ~ 4~1v.ft11t f.:ttS¥1ij01 1J"f ~I 

tJf.; it I 

+f~ 11¥(11~ ar.rr ~ ~ 1J"f ~: 

~) ~ (Cerebrum) 

~) ~n:fait't+f (Cerebellum) 

11") ~ ~ (Medulla oblongata) 

~) ~ (Cerebrum) 

+ffupsq;c$1 ~~~it ~ ~ d!~iif'6Rl< ~~ I~ ffi"+fT \ 1TftrU MWr 
~ ~ cmrr ¢ at&~i1t11t::~+fl fcl'\ll'ill1 ~ ~ 1 0{ afref "'TlfllT t'11<jt'i~ctl ~r 

~ ~ ~ I \m' ~ ~ m 4it1iij+f (Corpus callosum) ~ I 

+f~il¥cA ~ ~ 

q;fu- ~ 1 et14ilt::~ 

(Cell bodies) ~ ~ tu 
~ (Grey matter) ~ 

~ I +f~il¥cN ~ <fl 

miT ~ (White Matter) 

~~~~~(fl 

~~~6~~~ 
~I 

~(i¥1~ ~ ~ 1Tfu 

frontal 
lobe 

lab!tral 
sulcus 

medulla 
oblongata 

par1etal 
lobe 

extllrlor ol the oe~WM'u m from the left side 

<i ) ~ \ ~ 'i;fl4t::~ ~1 ;mt;1 q;Jff1 ~1 Qj('fjijj(! ~ ~ lf11 ~ 

~ fi w-'1 ~~~~~lf11 



~) ~lt'l<4il ~ ac(~lt~~*' +1ie?f~ft~1t 3{1'q~ ~4idl31'jel< ~ ~ ~ 

~ CU ~ fq I ~: tmf, ~' Wtfi, el\3¥f4il +1ieq~ftt~~ 'i:f~l\3'jl 

~) ~ 11"1 : ~ 1f1, Pci~~f1Uj 1f1, ~ ~ ~ f+i(Uj+ij ~ ~-q;mf4j 

~ 4~"Clli1 1f"1 ~ I 

tf) ~N~¥1 (Cerebellum) : 

€11q~*' q~1~f'd< acf.ffifqe~ m ~ ~{rjj+1¥f ~ ~ 4fl~l4il< <rni ~ 
~{~~+1 ~ I ~ ~~q;1 ~ 'telt~~ ~ "{ ~ 31ot'1 f dd41 ~ ~ I 

~{fil~+1~ ~ ~ 4il4t~~ ~ :-

• ~l'(l(~i{ ~ lA : \iffi'fr ~ ~ lif.r ~ 1ftt ~~~I 

• ~R¥&"' +1ie~~ftcti'l 1Tfcf Pl4?5tUI 1A : \iffifr ~ ~ q;;; i1ftrm B?:l' "Cl~1J~1 ... ... ~c.· 

~ ~ 61JeAi ~ (4~31'jel< +1ieq ~ft+11 ~ ~ Gl<Hl<~ ¥ 11'ftl+rr 
tmf "Cl~l\3~ it t1l~31'j61( +1i~1q«'! ~ ~):~~+1~ ~ ~ I 

• +1ie~~ftcti1 ~ (Tone) ifiT41f lA: \iffi'fr iJi!lii1Glle ¥ <rnr ~ ¥ ~ 
\3"Cll$+11 ~ mft '(IEi1" +1ieq~ft ~ ~~~~ ~~ qf.r ~ ~ m ~ 
CfiTltlf ~ tR ~ I ~ \3"Cllf(;t(l€<\, tmf \361~(1€<\ mfl' ~ \3f\i(f:~ ~ 
+1 i e q ~ ft *' iT'f CfiTltlf 1f1 ~ 1 

lT) ~ 341X'1~•1ll (Medulla oblongata) 

+11~"4ictil ~ ~ Pc:f:S\il~l ~ 3114il(¥f <rn! ~ I ~ ~ 31~(~1 <!1 

~ I ~ ~ "{ +11~f'd< ~ ~~(I~~ ~ ~ ~ I ~ ~ 
~<OOd<dl if I m 4.\?S'€11~ , ~~r~IIJ~cHe ~ "{ ~ ~ e~"Cll~i1 ~ I €iie4ifl, 

~' ~ ~' ~ ~' ~' 41"Cl'ti1('()ctil ~' ~f"\itl~+1 ~ ~ ~ ~ "{ 
~ ~~~~ ~ ~ 31Cit141(41C::I ~ I 

~ (Pons) : ~ \ ~{~~+1ctil ~ ti'~ ~ ~ I ~ ~lt;!~~*t W ~ I 
ttt E'ti'Jt<~ fulr, ~1:~~+1 \ ~~id41 ~ 1ftt mr 3l!Gii1'l~li1 ~ ~ ~ 1 

~('{4i(i't ~ ~ (Peripheral nervous system) : ~t\dl00d4ld ~ ~ 

IJUII\"'li!IC:: ~~At\ lftc::'\ ~~I 

~ ~ (Cranial nerves) : +lfu"4iGliC:: iJi'l=+lT l~ ~ ~~I!~~ ~~q;1 ~ I 
~ ~ ~ At ~lt;!l'l~ ~ ~: atm, 3il?hiCfC::fl \ ~ ~ I Y. ~ 

~ E'tll!l'l~ m ~ ~ 1 ~ ~ ~ m \At~~~ 1 ttt 
E'tlt;!ti~~ ~ \ ~ rt 31(41fi~ tt"'"'i:fl~i1 \ ~ll .. i4UI 1f't ~ ~ I 



f'iW1~ ~ (Spinal nerves) : «91~1GIIc ~ ~9 ~ t'11ljt<~ f.tfCi;Cfil ~I 1ft 
~ ~ '\ +i'rc:\ ~ ~ ~ flriW" t'11ljt'\~ SO'( I ~ c; ~Cfi{'! , 9 ~ 
l!ll(i~Cfi, ~ ~. ~ ~ '\ 9 Cfifcffi~4~ SO'( I ~ t'\I:Sat)~Cfil chl<lfli'1 ~ 1:Cfr{1' 

~ Gi6illc ~ f.t#ctii ~ I 1ft t'11ljt<~i:l ~ '\ ~fc!lat(~Cfi ~itl<ctil ~~ 

~. tR.I '\ ¥U6thft+il ~ \i14ih31Cfil m RlRit<~+il ~ ~ lT'f '\ Rl'11~~q~ 
"CfiTlf f.t4 .. S1 uj lR ~ ~ I 

atcfi'1)f4Cifi ~ ~ (Autonomic nervous system) : ~ gom:?i+il ~IT 

(Gangalia) ~ ~ (Peripheral) M ~ 6(~'P'1 ~I m ~ ~ '\ 
<!~~~~~~ ~ mT R1'11~~cN ~ 1Tftr ~ err ~ '\ ~GII\3~6~(1 ~ I 
~ ~ mft ~ '\ ~1~'11 ff~l ¥ ~ ~ ~ +iRt6Cfit6'1 f.l4rS1Ui fci;rr 

~Q .. S1~4i:l "CfiTlf 6<>~1{1'1 ~ I 4631'"~Pia ¢ 9Cfii(Cfii go11t4'1~~ 6<>~1ft:ia ~ I 

~) ~~ ~ 1J'01'11'ft (Sympathetic nervous system) 

311Cfi~Cf) ~. fur ~ \3'81!1111ii:l o;rrq ~ ~ ~ ~ 31(41t(~ '\ ~:r 

~ eP..i4aii:l ~. <m'€114 ~ wu ~ fQtr ~. 31i€1Tc61 "1'l'ft ~ ~r. 

~ ~ ~ ~. 11Ri'f w '\ ~ JSrCfVT "Cf)¥f ~. 'lftr.rr ~. if ortr ~. qrq.:r 

~ flrntlrr ~ ~ (Peristalsis) f.14 <1 01 ~ ~ ~ 1 

li) 4FC:)fe;ql~ ~ 1J'01'11'ft (Parasympathetic nervous system) 

~ g Ojj(01j+i I ~ ¥Oq I~ f'Z Cf) ~ 9 o ii#i t6) 'iRT cSTcf; ~ 3fe'\ ~ I 'lfe"+iT '4'T'tf'1" ~ 

~ ~. 41?>'€11{1 '\ rcmr ~ 1Tftr ~ 1 ~ l1'f '\ ~ ~ ~ ~·. 
~ 'dtl\:11'11 ~ Cf€fO 00 ~ I 

~.9o ~~(Reflex action) 

~lft<cN ¥ YI4Cfi+il i1fi41~f\{1 ~ (stimulus) lJfd' YIUf\{11~ \:111'1ctiitl 'Nf '¥ ~r 
~ goii#i+ii<ta ~ ~ '\ ~~1R:Ia gRfi1fi41 (Response)mt arCfiT¥04' ~ 

~ I arCfiT¥04' i1fi41Cfil cf;tl' \3Gi{i\(Ui~~ 4eYCfil< ~ : 

• €}~1{11{ <ajir:SII:t< ~ ~. tj6m \:l1);fflrr ~ ~~\3Gi ~ \fl~"'q;~ I 

• ~ ~ m 'hC,:ififh ~ 1 

• 
• 
• 
• 

• 

~I tl <+i I 'lftr.rr ~ 
Cf)j \3 4jRl ~ 

€11'1icN +ftir ~ err m ~ ~ ~('Cfl';ft') ~ 

ahAt?i+ir "1'l'ft ~ "G '\ \3~,('1--,+i, m ~ 1 

~ mr..L ~ ~ rcmr ~. ~ '.aTTCf ~ 



fttfi,~ 3rrct (Reflex arc) : ~ ~ ~ Ylq<t>+il 'd:i'NI'11~ ~ ~ 

(Impulse) ~ ~ ~ ~ ~ 1 ~ ~ 31&:_41t'l~ ~ f'<c#liffi 

m ~. ~(Receptor organ), e1~~ct> ~ (Sensory nerve), W'fl(Spinal 

cord), ~ ~ (Motor nerve) \ ~ ~ (Effector organ) S'\. 1 

• ~ ~ ~ err 311~f'<ct> ~ ~ ~ ~. <RJ err ~ wr. 1 

~: Wffi, 3100, Cf;T"i", "1'fcl) anft:' I . 

• e1~!44> ~ (Sensory nerve) ~ 'd:cl\11'11~ lRT Ylq<t>+il ~ ~ 

3114~1(11~ ~ ~ IJUII~eAi 'j\41\1~ m ~ I 
• +i~t>C'fi~ 3114~1(11~ ~ ~ ~ ~ I 

• ~ ~ ~ ~ yunt'llillc ~ a:o4~1(11~ ~<fi<tc:<eAi 'j'"41J~ 1 

• ~<fi<tc:< ~ ~ ~ 311~~1(11~ <t>14lrq4'1 ~ ~. +iie4~ft err ~ 
WI_~ I 

~~Qiif\1~ 

• ~ g~f'!ti41 ~ ~lfl<(11~ t'llf.:i<t>l<<t> >atl\i1'11iilc ~ '1liffil'1 q;11 ~ 1 

• g~f!ti41 'd44l4ft, 'd~~41ffi \ mft (Accurate) ~ 1 

. m +i~t>C'fi+il ~ 'lT< q;l1 ~~f'<~~ 1 

• ~lfl<<t>l ~ ~:q(!i~G():q ~~I 

~(Hormones) 

~ f{rr ~ ~CI~~ I '1 ~ ~ ~<Jiefl~ lJWr am;IT (ri' "¥ ~ ~ fCfi 'l'ft 1IT'1" 

1ft I ~ ~ ~ ~ f1r\ ~ I eel<+il ~ ~ litf.:leii~ W( ~ 

amft cffift ~. *'tft ~. *'tft ~ ~ ~ ~. ~ fq;fr ~ ~ 
~ I ~ fCfi'f ~ ~ ~ lf'fl1T 1IT'1" ~ ~ I ~ ~ amft, ~ \ ~ 
~ ~ ~ ? 'liT g ~"iii~*' mft \re'\" f{rr m 'Cft.i mlft' * ~ ~ ~ oo 
~({!(¥) arrfre \ ~4)(ij(1f\ 1l'1TCf ~ dh131lcl ~ d~ii~ S'{_ - ~~ Cll(l(q(UI \ 

~ifl(+li ~ 14-llujq;) 1l'1TCf I q@q(U( ~ mlft' ~ ~ iiiCIIq(;{l, ~. ozw:mf, 

3fT<T1f \ lii'1~4> 'd=d\11'11 ~ ~ I 'lfi Cfl<lii~('llt mlft' f.:I4 .. ~Uj 11"f ~ I ~ 
oo ~lfl<+it ~ ~ ~ ~ f4ij(1jt qf'<qJ'1 11"f m ~ ~ ~ 1 \iliifeAi 

t'l+il'1q;) "Cfl"U ~ ~ ~ lf1 ~ ~. 'f1 4'tf ~ ~ I 
~ (Harmone) ~ ~ .. -sl:ti1~'1 ~ \1~1«'1 ~ 3!41lf.:ict> ~ srt ~ 
<tet4f.:i¥ ~ ~ (Chemical messanger) ~ q;flf ~ I t'l+i1'1t'l~ amn: 



~1fe'1illl ~ ~ I ¥ ¥ ~ (Steroid) -qf;f ~ I ~ ~ ~~ 
~ \WTliT 'l'4tzm, ~ ~ ~ ~ • 1 ~ f4lf.ilq1('111'ilct>i>i yf:ti~ti'irt 
~ \ ~ ~ err ~ ~ 1 t<i(i'1q}\ mr ~ ~ ~ -qf;f ~ 't,NlCfCf>T"fi 

~I 

$ .. t)SifiiC"1 m (Endocrine gland) : ~ \3€"t1«'1 ~ '1Jl~Ci'1 ~~i'il~ <a .. 'ifpflltf'f 

~ ~ I ~ \3€"t14'1 ~~ ~ ~ I m-~ '1Jl~~'1 ~ -qf.r 

~ I~ ~itl<+il f;n:;r YCf>i{Cf>i ~ 4J~t'!~~ "Cf>T1t •tfh~ct>l ~I 

~) fqi{ql (I m (Pituitary gland) 

~ ~ ~ 3l;::(f , .. ~,~~~"' ~~i'i'~ m 1NTCf m-~ ~ ~ct; 
~ (Master gland) -qf;f ~ I 1ffiGfTG ~ ~ ~ ~ ~ ~ ft I ~"t 
mmir ~ ~ I ~ Cf41f(;:ij~+ii'ilt ~ 11it ~itl<ct>l ~ ~ \ 3l;::(f ~~ 

~ ~ I ~ -.ro ~ifl{q}\ ~ ~ ~ I fqC<_1etl ~-~ill<! 3l;::(f 90 ~ -arcft 
YCf>i{Cf>i t'!'il'1t'!~ qf.r \3€"tl4'1 ~ I fdtflt<~ ~ ~ ~ ~~~ ~~ 
\3c:41~'1 ~.~ '11411\3'1 ~ ~A41\3~ ~ ar~ct> "Cf>11f ~ 1 t<i(i1q;) ~rr 

I 

~ ~ -mR ~ \ ~ ~ m ~ amn-~ -~ ·~ :a€"it41 ~ ro""' 
~~I 

~1$~1$'( fk1~fat ~ (TSH or thyrotrophic stimulating hormon) 

• l{~•fl<ti'lf~..-; ~ ~ (Adrenocortico trophic hormon) : ~ ~~let.~ 

~. +ii~q~ft+il 4i'!l~cNii1'1 ~,m- 31Gffur 11'f ~~ I 

• ~~1+1tC!1c;fq..-; ~ (Somatotrophic hormon) : ~ ~ ~ ~ I 

• lf\)n:,..-;(01 fk~fa~· ~ (Folicle stimulating hormon) : 3hiSI~~q;r 

ql) ~ Cf>i'1 q f<q Cf4 ~ "Cf>T1t f.'!~ .. ')4 o I ~ I 

• i=qfa"1t$Rilf ~ (Luteiniging hermon) : ~ 4f<Cid'1 ~. ~ "ll<f 'tfrr 
~ ~~i'it~ ~ ~ 1 ~ ~ ~ ~ fkfu~i>i 'ffi;r fu!o/ifc:t ~r 
(ICSH) ~ I ~ tE€1~(1'1 m ~ ~ q;rlf f.l~ .. i4Uf ~ I 

• i=41CfC!1~f.\..-; ~ (Lactogenic hermon) : ~ +i~i'it+it m:f ~. ~ ~ 

~ \3€"il~'1 ~ "Cf>T1t ~ I fqf!:1iltl ~ 4~t~cN \lT1T t'!IS'iliQii'ii+iij+if ~· 

¢ m \3€"tl~'1 ~ 1 

• 31~ttftl., (Oxytocin) : ~ ~ttl<llft m ~ +iieq~ft ~W<lt\3~ ~· 

~~I ~~lllf41fl ~ \ ~ ~ ~ ~ +1ieq~ft+1t I 

• ~ :St$4,faCfl ~ (Antidiuretic hermon) : ~ ¥f4ft\'it+it tfT'ft Tf ~ 
~ "Cf>T1t ~ ~ I ~ ~ ~ ifit ~ I m \Ui i!\T4' qf.r ~ ~ I 

~~ X~ 



41C:qiC( m (Thyroid gland) 

~ ij~Cf*'l ~ ~ ~ tfl<lfuct> \lrl41Cf>l ~ {'llf<iffiq;) ~ ~ ~ ~ 

if I q;)i"<41SIS (Colloid) tmm ant~~~ 4?Jftict*'l ~liT~~~ I 
~ ~ ct)\en:~ IQI,<If.ffi'1 (Thyroxin) ~ \3("qiG'1 ~ I liT m M-~ 
\ilT'f 'tff.r ~ ~ 'A~fc.,d~, ~ 1Qt'<l~n 13;r~., if'ft q;)i"Cj''<+~• ~ sor 'tff.r ~ 1 

d"q~~+il ;aqlq'El4'1 (~(!Jc(JR;tli+i) f.:t4fttd lJR q;p.f ~ ~ ~ I ~ E:Ji'1d~l ~ 

+i~iSCf>q;) ~ ~ lR q;p.f ~ I Gl'!'ql@i~+il ~ ~ +il'1fuct> ~ ~ ~ 

~ I CI46Cf>+il ~ ~ ~ ~ ~ m ~ I +1~itq'1 ~ ~ ~lfl<ctJ ~ 

q;lfi \1{ ~ \i11"it ~ I ~ \3NIG'1 ~ ~(!Jq~R:I~+i ~. ~ ~ ~ fQi'r 
m ~. ~•fl<q;) m q;;r ~. ~ ~ ~ 1 4T ~ ~ ~ lffil'Tf6 ~ \ 
m~~~ . 

qj(i41Q:qls:S m (Parathyroid gland) 

IQI,'"41'1S 1J('t:lqq;) q~i~Rt<q;) '1T1niT ~(I\3Gt:fl -q1~01">1e1 ~ ~ I ~ 

qj(iiQI4'"41$6 ~ I ~ qj(IIQ¥11'1 (Parathermon) \3NIG'1 ~ I m ~lfl<+il 

lf41~4+i \ Cflwit<ect)\ ~ \ ~clrflft:t~+i lR ~ ~ ~ I tiT m ~ ~ 
Ei(tl+il ~ lf41~4+i ~ ~ lft fqerC~au;:: f.:t6Cf>ttl'1 ~ I ~ ~ ~ 'lt 
~ ~ I •pft{'ll+il ~ 'tJf.r ~ ~ I liT m 'Cf>11 ~ ~ Cf41~4+i q;lfi 

'lf +iieq-ft CRT~~~~ I 

~ m (Adrinal gland) : ~ +pfl{'llq;) ~ '1T1niT ~ ~ liT liT I 

~~~'3NIGi1 ~I 

• ~ ifi~ifql$( (Minerral corticoid) : lft ~ (Steroid) m S'( I 

m -rfl<+il, 'Ciftr.rr, ~, ~ \ ~ lfT'ft \ 'i'tctcflt'iiic (Na+, Ca+, K) 'cR 
~ f.:t4 .-!fUj 1JQ I tm ((t(i '1 q)\ ~ (f ~ \ lfT'ft q fq ij jq GIIC ~ I '(11"d"+IT 

aT ('iqUjq)\ ~ ~ I . 

• ~ ifi~ifcUs( (Glucocorticoids) : m Cf>lqifil,tiS, ~ \ 'A~fc'1q;) 
~(!lq~ftl~+i lR ~ 1JQ I ~ \ 'A~fc'1GIIc 'tJf.r •t'11'cffl~'1 ~ 11it Cf>i'l.,?l+il 

~lftt 1 m-~~~l.TC!li~~ ltro~ 1lft 

m- q 'W; \m '!{Tlf m- \ ~ ~ &11m q;;r ~ 1 lfT m q;lfi ~ 

+~i-lctt~"lct>+~iifl< ~. «f)tuq ~ \ ~ fq;fi q;;r ~ ~ ~ 1 m m ~ 
~~. ~. itclrr..mn-~~0\m\~m-~ ~ mm 
Androgens ~ ~ m •os{IP-il'1 (Oestrogens) qf;r '3Ni4'1 ~ I m 
'IJijj'ifif at'(4lfi~q)\ ~ \ Cfll4t'11C am\ ~ I 



• q;tl'11~"1 (AdrenaUn) : lffi ~ ~l{l(t11~ 311Cf>fi¥tq; m, fttr ~~ ~~ 

~. l:~, ~ -q')(!q(!q; ~~ 1<91~~ ~ ~ ~ 1 m +iieq ~ft \ lWIT 
'(lTO ~ ~ wt ~ ~ 1 m ~·~·~4.~ 11ftr \ ~ ~~ '(1lQ1rr 

~liro~l . 

- • '1(({~'11~'1 (Noradrenaline) : ~ '(lTO ~ ~ c:f.rct; (Tonic) 
~tff.f~l 

qJF.:st~41ii1 (Pancreas) 

m q'fq.f ~NII~+i \ ~ ~ \3t'41~'1 ~ ~ fliTt«r 1Jfrtf tJf.f ~ I ~ 
\3t'41~'1 ~ t<i!l'1t<~ 4El'l1Cfil< W( I 

• ~'1M'1 (Insulin) m \lrn11T H'jcNiiilcil lW-0' ~ I <fi H'jfilliilt11t ~ 

mvr lTiT • \3t'41G'1 ~ \ CfiJi"'lJi ~ ~t11~c¥iliil'1+il 'Cfftvrn' ~ I 
~ ~ ma+IT ~ +miT ~ 1f'{ ftiE!ICial<l foitSCfiiEI'i ~ I ~ 

~-il' ~ I m "Ufu ~ \lf <'ffi"Cllq q;+r \ ~ ~ I 

• H'!Cfll•il<1 (Gulcagon) : m CfiJi"'l+il ~ ~t1~~~~'1t11{ •('jc¥1\iil+il ~ 

ma+IT ~ I C{fll ;ft~ :St'il~ i('jcti'lliil +i I qfttrj(; ~ I 

'Pnt11Ji tff.f ~ \3Ni~'1 ~ -~ \ ~ft'111'Cii~Fl'1 1 ~ ~ MiCicil ~ ~ 

f!lil;r foiq;J~ I EliR:Ict{l ~ qJ(lfc:'1 (Parotin) ~ f<iq;J~ I m mnrr Cf41~4+i 
~~~ 

~ tJrtf.i ~ ~ *tft ~"1{(~ tJf.f ~ \3M1~'1 ~ I ~: 311+11~14+11 
~4J~Cf)(ij ~ ~ \ ~g'i+i+il ~ ~~fc:'1Ji ~ qT'ft \ qj~Cf)lql~C! ~ 

~I 

41~'114:S (Gonads) 

~ 31U:Scil"' \ ~ aJ .. \'51E14t11~ 40'11Q:S ~ I ~ aJU\'5~"1i41C! ~ .. {1~'1 

\3("qiG'1 ~ 1 e\il~<t'1 \ ~ .. -§1~<t'1 ¥ ~ .. ~1~01 S'f. 1 e6!~<t'1Jt ~ ~ 
31~1t<~cil ~ \ qftq'fq ~ I ~ MfOJ((~ ~ ~ ~I ~ ~I 
Jijijq~ftq?j ~~ ~(!lql~"¥1 ~ ~ ~ I +i~t'ill<~¥11 310\'51-14~ ·~~'1 \ 

'.ll~~'i ~ \3M14'1 ~ I 

·~RitotJI ~ R"1"'1' df(41f;~cti) ~ \ ~ f<iu .. ~ol ~ I ~ ff:4c:q~ rcrcmr 
~ ~ ftmT ml ~ rcrcmrl Rnmrr cmrr ~ lR', ~ ;fm m-~ 1ttt , 
~l~~<t·<1Ji : 4J~h14+11 ~ qftcHi'1 ~ aJU:St'iiS 11fi"OT lA ~ ~ 1 ~ ~ 

~ lf1li~l4cil ~ ~ ~ I mt1' (Placenta) *t' ~ ~ I 



~ lfl1f(41f;t•tl'l •11•u:sl;:1fq., (Human chorionic gonadotropin) : liT m 
~ '3~1<='1 ~ I m ~ 'li'>I~~(H t:¥ii'1cN '3~1<='1 \il'rtT ~ I ("qijjq+fl h c g 

cif '3q~fu(Ol ~~~~~I 

~.99 ~~ 

YiftRI+tl m ~ ~ fM._"a rn ~ ~ ~ 1 ~ "{ lf1 eiiflqt:~<N 
VlFi ~ ~ it I ~ tit ~ ~ ~ ~ dll~lil~ .m ~ '3('qiG'1 ~ I 
~ ~ m ~ ~ ~ ~ q;J'lpf 'UEi1' et11~ 1 'lliftRI+ii ~qt:~i'l 
dll'fi\11~ ~ \11 .. ¥fl'3~ ~<m•ut ~ ~ ~ 1 ~ ~ ~ IJict>l<ct>l wt 1 

("q;) dl~~q; (Asexual) ~) ~(Sexual) 

(Cfi) :d?fMifl ~ (Asexual reproduction) ~ff¥Ei~ (Gametes) ciT f.nrtvr "{ ~ 
fcr.rr cB ~ -lti<cN ¥ \llilill2 'flfl ~ ~ ~ ~41(11t di~':{~Cf) ~ 
~ I dl~~q; ~ ~ ~ ~ lt11f ~ ij~4f1 ~1 ~ "{ tfTtft ~ I ~ 
~ 441~2@1~ ~ I ~ ~ +il$c?J~e ~41GII2 lt11f ~ ~ ~ I 4"ijliT 

t\1"<'11$>5 (Haploid)"{ ~"<'11$>5 (diploid) ~ arq;r {16ff'<~ ~ I lJR "{ tl~1'1iiflil 

<hiiujild tl+il'1dl ~ I dl~~q; ~ ~ a=t IJict>l<ct>l ~ : il~lfl\1 "{ ttil~i'ltt'1 

~.99. 9 ft~~fl¥¥ ~(Fission) 

(Cfi) ~ (Fission) : ¥ ~ m ¢ err ~ e~Rtt:~+il ~ ~ ~ ~41(11t 
~ ~ I ~ qf'<qlf(:l ~ 5tat'>l21+il fcl\llli1'1 \T4T ~ f4tl{"llt ti'illli1'1 (Binary 

fission) ~ 1 atftro, q{t~~4+i, ~ \iffiiT ~ ~ ~ ~ 'ilct>l<cN ~ 

~ 1 ~ ~ fcrq1~a ~ a\ ~ fcl;~+tct>l e~RtEi~ ~ ~ ~ IJict>l<cN 

IJIIJ1'1'H"'It 64~\llli1'1 (Multiple fission) ~ I arllfcrr ~I>T+flfi>T+i "{ +i.?ltti$2Ei~+il 

~ 'il¥1<cN fc.'illlil'1 ~ I 

(V) ~ (Budding) : 'il$c?Jf\Ht ~ ~\11411J1'1 ~ \lf ~ -it\<'il sm f.i#~ I 

\rei sm ~ fc.ct>~d 'lf +il\3ill2 ~ I ~ t<l$~1+il ~ 'ilctii(Cf)} ~ ~ I 
~ t:tct>cti'lti'i4 Ci'1t'iRI ~ ~ ~ \1T1T1IT sm ~#~ I atf.1 ;:qfcR"t4tt fcflllli1'1 

1l{ ~ ~4tl \rei ~ ~ I '3m ~ ~ct>~d 'lf .m ~ ~ "{ +ii'3GII2 

~ I m ctfitlll2 ~ ~ ~ ~$1\il~ ~ ~ "{ '3q-11(91@i~ 

Glf.i(~Cf$1 'lt.r ~fli~'(l (f"{ ~at~~ atcffl{fil q~~'(l 

(lT) ~lf;atHt ~ (Adventitious buds) : ¥r ¥r fit<!cticti'l ~ f'cl;f11<1+il ~ 
~ 'flfl ~ ~ IJ1 <ltt~dcN trAT ~ ~ I at ~ qldGII2 mi!+rr \lit{ 
~ fli!<!CII'il ~ct>~d ~ I ~ 'ilctii(Cf)} ~ iil14l'hl$(1+i (Bryophyllum) ~ 

(Kalanchoe), fc.•n~41 (Bigonia) ~ ~ 1 



(q ) iil~'141f.\ifl) if\10\SiCIC! : ~ 'Clfr'if, ~' ~' ~ ~ ~ ~ ~ 
atfEt'iiCIIC: ~ 'Ofld ~~I ftR ~ Pccct>fud ~~~~I 

(~) if\10\St'ti( ~ {Stem· cuttings) : Cf>IOIS\"11' ~ ~ l:flit ~ ~ ~~ICIIC: 
~ f.l('Cf)~ \ ~ ~ ~ I ~: \3lt ~' ofl\"tct>f:St (Duranta), ct)\R:f<Hl 

(Coleus) ~~ Stct>l<cN ~ ~ 1 

(;:f) FHHH~'1 (Regeneration) : ¥ ¥ lii'I<Ui~cN ~ifl<i"tlt ~ tfit ~ at ~ ~ 
'fltf \iftcr ~ ~ ~ Slct>r<«N Slat'1'1i"ttt f'<;'ij~\e'1 err 1Jll4~ .. ae., ~ 1 ~ ~, 

~I 

~) ~ (Grafting) : 3fltr, ~~ an::cu ~ ~ afll@i~¥11 ct>\14flctli! ~ ~ 

'3¥ilft~ I ~ m ~ fil<iqlq;) ~ arqif \il(iti~dcN ~<!CII¥11 ~ .,j'jf\s~ I ¥ 
mm- ,,j)f&~«N m ~ at'l~q«N ~ ~ 1 

(if) f<fH\~~'1 (Sporulation) : ~ Slct>i<*l ~ ~ ~ 'llct>l<ct>l ct)\qe:~ ql\iii"JEi~ 

(Spores) f.r;rtvr ~ I 1fl\1i q'1flffa¥it ~1ft tftliii"JEi~ df@(O( 1tt ~ Cl'1flffa ~ 

I 41\iltuj(;~ ~ m'IT \~~~I ¥t ~ Cl'1flffaf!~ ~~ ~1'3Cf>l m 
lffi, ~ ~ ~ Cl'1flffd¥il qlliii"JCIIl ~ ~ I ~ ati'4ftct>l ~ ttftiTm 
~ rn qf.r R I ~ m~ftzu (Voucheria) lfT ~ ~ rn ~ I 
cfl\iltuj@i~ dfCI('I~Cf>'1 lf't ~ ~4ict>\114 lfU'3'f ~ : 

f:il1Qiifi\1iq 

qftqifq 1tt ~ ~ lffiflfT ~ ~ mn- tffin\ ~ 1 at 41'3115 <*' ~ 
~~ ~ SO( I ~ m-~ ~ ~liii"Jl<~ dfqJiCf>'1 11'f ~ : 

q;yro : at~"if.lct> ~ 11fi41illl ~ 'hl~~·e:~ ~ : 

• ~~~ ~~eft\;~~ cft\i iFf 1J1'Jl ~ ~(icUi"tlt df~"iP-ict> ~ltJGlil 
~~ll'f~l 

+ 

• 

~ ~tactic mr e"'dt'1¥il ~ 1J11T ~ ~ 1 ~ ~Cf)-q~tl ~ ~ 
~ct>fitd ~ -m TT e"'dl'1¥ir "Cf>Tlflf ~ 4T ~ ifft :aq4"14ft Q 1 

41"~~~ ~\~QI 

~.,,. ~ ~~(Sexual reproduction) 

~ l1JTitc \ ~ ~ ~ "lf lf\1\Si'i ~ ~ \iiiS4?iectli! 'Pfl iificf ~ct>fud ~ 
"' 

~ 11641\11~ ~ ~ ~ I 4"t1" Sl~41+il 441~2Ei~ ~4~fue m ~ 
fill4ictli! ~ ~ fuoftt:~¥11 :;6'1+1~\ill'i ~ tii4~1SIS (Haploid) ~ 1 nu~eEi~ 

W ~ct>citcfl4 ~~I ~ ~ \ ~ Ei14t('11~( U~l~l@i~ ~ '1{ \ill~4ft2 ~ 



~ ~ ::hl¥1'11Jtlfl ~ ~~1'~'5 . ~ ~ l "'l~·ilc m ~c:mm f:ti41dlli! 

~l\il'1 \1f if4f ~ aR ~ ~ ~H11'1fll ltil¥1l"'lfl ~ ~ ~ ~ 

~ ;;ffir ~~'''( ~ S'f ~ 1 ~ \ fllq;fua •;uoftE:~fll \1ffi \ -q)1ft ;;ftcr ~ 
~ 1 Rt-?1~~ ~ ~ (Unisexual) ft I \1ffi ~ \1ffi nrrifc ( ~j~¥lcl ~ 

~ ~ ~ ~ ~ nrrifc (~)~~I¥ 'iftq~~fll \1ffi \ ~ "Fii"1"1' 

~ ~ ~ ~ 1 Rf;ftE.<~I~ E.<fli9il;si~C! (Hermaphrodite) ~ 1 ~ 
~i'(tJI€111 tq-q,tl ~I ~ ~ l CI'Hl~Rti<~fll . ~ ~ "Fii"1"1' ~ ~ l ~ \1ffi 
\ -q)1ft ~ ~ ~ ~~ Rfrfti.<~lt ~f{;f(~ft (Bisexual) ~ I \3Git\(Oi: 

m-tl'1 ~ ~ l ~ ~ \1ffi err -q)1ft ~ ~ ~ ~ ~ ~ (Unisexual) 

~I 

~~•ht'1 (Conjugation) 

~ \ 31fccq;~a CI'1~Rt~~flt ¢ after ~4titc~~ ( \1ffi \ -q)1fi '1t:gfltt¥1 l ~ ~ 

"'''~"~'~< aR f1fi4tt'1tt *"1fH1'1 ~ 1 ~ \1ffi \ -q)1ft m ~ t:f<li vq,nq;r 

~ 1 "''~~owl< fllq;fua ~ f17:ff CI'1*YRI ~ S'Wt 1 ¥"1ile'1 ~ \1ffi \ ~ 
nrrifc ~( l trn1) ~ ~1 ¥1'>1~'ffi 1 ~ 1'IW<t' ~ q'1~Rffli ~ l ~ 
~~ qf{~fu4fl ~ ~ ~ "1J"'ftlrr qf!r ¥"1ile'1 ~ ~ 1 · 

qtnfoflP-It"~e (Parthenogenesis) 

~ (Egg cell) +rr ~ia1'1 ~ m \i11~4i'lcfll fcrcmr ~ ~lli€11{ 41~'1l~~fue 
~ I ~ \ill~~llc. ~ ~ f17:ff ~ ~ I ~~~(1~11~(1 1~ \ ~ ~ 
~ trni) ~ I 4t~.?IP-il~fue ~ \3t:'i1Gi1 ~ ~ ~ ~ I ;;ffir *u1 ~q;(!~(1 
3fl4ITI ~I ~I i'jjijqle!ll ~ ~ trn1T ft ~ I ~ 1fltltll'1 ~ ~ 
\1ffi mtr ~ 4T tff.f q1~'1l~~ree ~ ~ 1 i1tU!ltR:Ii1 err ~ ~ ~ ~ 
ql~'1lP-il~fut( ~ ~ I 

~ ~ f'1'141ilf,j 4ili41~~ : 
• 

* U~I~C!fi~ ~l(Jfue m fcc\lt\ii'1GIIC! ~ I ~~l1fue ~ ~ 3l1ln: ~ amiT 

\ ,..lqfiq;J ~ ~ ~ ~ I ~q~q;1 ~ ijr:ijl'1fll ~(Qiq~~'(l 

* ~ ~ ~ lil'lC4~~fll ~ al\¥1illc Tf ~ lftt ~ ~ ~ 
rc. ¥~ d 1l"U\Vf ~ I 

* 941\ilttl ~ ~ ~ ~ 1 ~ 9\il.,.,~ ~ ~· TT m ~ ~ 1 



~. ~~ ~ ~ (Skeletal system) 

~ltl<{'!Jt f.i~:qa m ~. ~ at~4Jt=:~~ ~ lJ"'f, ~ q<=Jefl"~ ~ ~r. 
~itl<lil ~ ~ lJ"'f, fui~l'1Ei~ ~ 1J"'f ~ ~ CfiTlfq;r ~ fii:SE:~~ mrr 
(Frame) ~ .~ ~ I ~:llij{'!Jt 31~4::;:::jj{ (Skeletal frame work) ~ I ~t 

~ \Wil'i ~li I f'« iljf '1 1f'Of ~ I 

9. cl\3cffl~ m (Bones ofhead) 

~. ~ m (Bones of trunk) 

l ~ m ~ <Nc?l ({'! m (Bones of upper limb and 

sholder girdle) 

'( ~ m ~ ~ m (Bones of lower limb and 

pelvic girdle) 

~ ~ ~ fii:St11S • ~ ~ m (Axial 
skeleton) ~ ~ I m ~1{)((11, ~ q;nt ~ I 

~ m', ~ ~ m tH:SEi~lt ~qf .. :S~'I< m ~ 
(Appendicular skeletion) ~ I 

i!I\3*'4S\ l<I:S(11~ ¢ m fcllll'il'1 1f'Of ~ : 

~. &'4i(lfl) ~ (Cranium bones) 

~. Oi"j~l'<lfl'l ~ (Facial bones) 

Vttn: ~ iiCRfljf('(l~i ~ ~ ~ ~ ~ I 

~an'O"{!Iif~~l~ : 

~ m ( Frontal bone ) 9 

q <ISC:{'I m ( Parietal bone ) ~ 

atf.Rtfqc;{'l m ( Occiptal bone ) 9 

e&4'1<{'1 m ( Temporal bone ) ~ 

$~+41$:S m ( Ethmoid bone ) 9 

Wi;::q1n m ( Sphenoid bone ) 9 

~ 9¥ ~ ~ ~ dl'jfii{~ ~ ~ I 
Ol'jfii<ct?l ~aT~ il'1~'klii lft.r ~ ~ I 



~ G4(411 <I (Mandible) <t 

+u~~1 G4(411<1 (Maxilla) ~ 

\ill~4fl+iirl4i m (Zygomatic) ~ 

~m (Nasal) ~ 

~i:6l+i~ (Lacrimal) ~ 

m+n: (Vomer) <t 

'4i~ICI~'1 (Palatin) ~ 

~ .. <fif\~ < ~ ~ (Inferior nasal conchea) ~ 

~ ~ (Bones of trunk) : ~ m- (!J~IC41~4icN ~lfl<c¥1 ~ ~(Trunk) 

~~~~~~ 

<t . ~ (Sternum) - <t 

~. ~ (Ribs)- ~¥ afrc:r <<t~ \ill6T) 

l ~(Vertebral column)- ~~ afrc:r 

~~q 

~ .~~~~mitt~ 
+il~~.,l ~ CR'11~4i~~lt ~ I ~ ~ 

~ mo \ill6T ~ "'lf-so;c¥1 ~ 1 ern:, ~ l: 
~ t!it:Sfl:IJ't< ~ ~ ~ ~ 1R l: 

q;)cffiT ~ ~ I 

~ 

~ mo "l.,i:SI~t'i mt ~ (True ribs) ~ 1 ~.,')fi~ ~lfl<c¥1 q~1f6q~ ~ 

~~u;sq;1 ~ l: 3i4iif'6RI< ~4+iff41 "1lf'6o;c¥1 ~ ~ ~ ~I ~ ~ l: 

~"'f 4iU(41fi~ ~~u;sc¥1 t!ii:St:~ff41 ~ ~ 3i4iif6RI< mal 4iU(4iff4i m:f ~ 

~ ~~~~~~~(False ribs) ~ 1 ~ ~ l: 
cot~' 4i((4ftl~ ~«o:sc¥1 ~ m:f ~ 3i4iif6<il ~ ~ ~ a=t ~ 
~ 1 ~'1le:~~IC ~ ~ (Floating ribs) ~ 1 

~(Vertebral column) 

~ 3i~~flld 3il4il<4il mqii' ~ ~ ~~u;sc¥1 f.:l+rivr ~ ~ 1 1ft mr 
~~Ht'i~~IC ~(Vertebra)~ I ~~u;saft:qc¥J 3m (qtT) CfiT ctiTlr ~ ~ m 
«1AI~It qf.; ~ ~ I ~ m'4iT ~~lt'i~ ~ ~ ~ ~ cf;tft ~ 
~ l: G4(U:U\3'1 ~ I lit 3i~q;fu ~ "1f i:OG ~ m ~ I "ffl'ill~lt ~ 
~~r,o;cA~ : 



~ij~4X't ~ (Cervical vertebrae) : " anc:r 
~ 14)<1~¥ II (Thoracic vertebrae) ,, II 

cti+l<*t ~ II (Lumber vertebrae) ~ II 

~dk4cN ~ II (Sacral vertebrae) ~ II 

'i"'Q<*t q;Pffi~4t'1 ~~· (Coccegial vertebrae) 't II 

~ ~ ~ aiR:T qq~~~+ll ~ ~ ~ ~ I ~ q;Pffif'Jtqt'l ~ -qt.f 
~~~~~ 

~qP:Sifit'l( ~ (Appendicular skeletion) 

•!• &~•nf6q?j ~ m (Shoulder or pectoral 

gerdle) 4ea~t•<t•\a : CMiffl4X'I (Clavicle)- ~q;~~~1~1 

(~ aiR:T) \ ~1'¥'1 ( Scapula ) 't ;;fm ( ~ aiR:T ) 

•!• ~ m (Bones of upper limb) . qijdf"'(l•fa ~ 

~~ 

q1~<1q?j iP!+I<e m (Humenis bone) 'tX~ ai'rc:r 

~ m6 ~ ~ (Radius ulna)~X~ 

~ m ~ (Carpels) c;X~ 3l1c:r 

~t"$t'lictii ~C!ictilcf~ (Metacarpels) ~X~ 3l1c:r 

~I 4il ~ (Phalanges) 't ¥X~ 3l1c:r 

cmr \ ~ ~IM~+II \iJlm' \ 't 3l)c:r mq;r ~~~~~~I 

~~(Bones of hind or lower limb) : qij3f"'(l•fd ~ ~ ~ 

~d¥41+11 ~ ~ m (Pelvic girdle) ~ ai'rc:r 

~ ~ m (Femur bone) 'tx~ anc:r 
~ m ~ (Patella) 'tX~ 3l)c:r 

Pf:lltw~i*t m ~ ~ (Tibia and fibula) ~x~ 

ctJ~~aql<ffl m ~ (Tarsal) "X~ 3l1c:r 

~dlt'llctil ~C!IC!IQt'l (Metatarsal) ~x~~o 3l1c:r 

-
~ ~ ~ (Phallanges) 't¥x~~¥ 3ITGr ~ \ ~C!IC!IQt"' 



~ m ~ ~ ~<c'l'l"il' ~ m ij1Cf?20611~Cfi ~)( anc:r ~ <;:tii(il" ~ 1. 
~ •itl<'lf< ~ ~o~ ~ ~ ~ dlfiac4q"""'< (Skeletal system)~~ I 

' 20h3¥1¥1 m '' 
~m ~v. 

~m ~~ 

~m '¥ 
~m _g 

~0~ 

~ ~ (Types of bones) 

m ar.r .,. ct>l <ct>l ~ : 

~. mill m (long bone) 

' · ~ m (Flat bone) 

~. dl~4flid OIICfii(Cfii m (Irregular bone) 

~ ~ (Lon·g bone) 

4T mill ~ dllct>i<cti'l ~ st ~ ~ ~ I '1i.'fli11~ ~ lmfi (bone marrow) 

~ I ~ ~ 'lllfliT CRT m (Compact bone) ~ I 1fnf1lrr ~ ~ '(110 

~~ ~14"trm"Cfir~~~mq;)fq-q~l~~ 
~ 'Uffi Eii:SiiH1"i~ ~ ~ I ~ ~ ~ CRT ~ ~ ~ I 
mq,1~\lllT~~~~mrm~~~~4"tr~ 

qf'<ai'J~+i (Periosteum) ~ i 'lfmiT ~ <'ffi'i('llfl~ ~ ~ l'li:St'IIS dllcU4Cfi 

~ m- ~ ~ I ~ ~ '3~ifi(Ojijj ~' \fl~+iHI, {f'i4(101i¥'11, 

#tlfttct>t'l ~ ~ ~ ~~I 

~~ 

'lfmiT lf ~ CRT Ell6t'lll ~ ~ 
~ m- ~ ~ ~ atiCfii(cfl 

· ~ I 111~<61120 qf'<a?Jfu!4+i~ ~ ~ I 

~ ~ \1m' '1('1l{%~ ~ 

atlcU4Cfi 4~ivtfi~ ~ ~lf'<<EI~ I 

20i'3cti'lct>i ~. ~. ~14~t'll, ~ \ 
qq:c?l({1 m ~ ~m ~I 

.. 



34P-\4{'q(1 ~ltfii(Ofil ~ 

~ ~ mctir fqa:g~uc ~ ~ ~ ~ 3l~4flia ~ (¥ ~Pf 
~ ~) q;) ~ I ~ lff.f ~ ~ ~f<allleo+iJI ~ ~ I lffiiT ~~ 

~. 'ir6', ~ ~ ~ qJ-~'(1 

~ ~ ~ f!ti414X'IIq ~~I F$414X'IiqJI ~ 311Cfii(Cfil -arrorr "ll1:C ··I 
fcri1Fr ~ m-~ err ~ \3q'qi(Cfil m llsfi:l({¥1 ¥ ~ Wl ~rr 
"tiffi't:~ t~(CfX't'1 m mi'f ~ 1 ~ ~ ~ ~tllwfltc~'' mq?r anq;J"'{ 

~~I 

~ \ifloft~• (Bone joints) 

mq?r %5 ~ ftt{'jftt{'ll¥11 ~ m ~ ~t11vff~ m ~ ~ ~ t~tq<¥l ~s 
~ ~ m 1 ~ ~ ~ ret;;; \1l);ff ~ \ ~~~({¥l ~ ~ ~ ? 

\3m' Rirmm ~ ~ "'liff@~~ ant~\ tltq(Cfil mq;) 'f1l"T ~~~I 
ct aqt(¥l ~tll{'i4+il 3l~(q3'11<¥l 'llJ'fT ~ ? t.f ~ "¥ mfT'fT \JI'"Ofm ~. 1frir, 

~ ~ 311~illi! ~ 1T'f ~ I ~ \11'11CI({'II~ ' +i~'11\11fa \11fl1'1~ 11'Ttt 
~ 1m! ~ ~ 61'5¥11~ ~ ~ I ~ ~ 1ftct;r i11'11cH\'IIl( 

4li!tfttl4+itit~'i!~ ~~1m! \ifftf ~ ~ @il'i5+ili4 iffcA' ~ I 

3lGf ~ "'l<ftt:~ ant ~ 1fil I ~ mq;T 

~ ~ ~q;lij'~J ~ 61\3{11~ \1l);ff ~ I 

"'l iff ti ~ (fir; q1fq;r S'W( I 

<t . ~ ~ (Fixed joint) 

~. ~ \1l);ff (Slightly movable joint) 

~ . ~ \1l);ff (Movable joints) 

~. ~ iift;:ff : ~ ~ ~'11<1E!~ ~ ~ (Dovetail) 'll¥1<¥\ \1l);ff ~ 1 

~ ~ tmm ~ ~ I lffiiT ;;()iff(ll~ tll¥11~<141 "CC{'II\3'1 ~ I ~ &lq~+il" 
~ "'l<ffEi~ ~ I ~ ~ (Sutures) ~I ~ 'llct)l(cffl .,.1-ftt'ttC '{mm \it)tfl· 

qf.f~ I 

~. 3f~ ~: ~ 'll¥1<4)1 \1l);fllrr ~ mq;r ~ ~ m-~~I 
ft:trftE:~cM ifti:nrr lff.f Unm ~ m ~ I iilloft{'IIC ~·~~~ .. <! ~ ~ ~ 1 

\l~fillt=:~cM \il);ff, te-f+icM .,{j;ftfl~ ~ 'llifil(q;j ft. I ~ "'lifffl~ ~ ~ ~ 
~ I ~ "'l<ft{'IIC ifilfl~ill \1l);ff qf.f ~ 1 

~fmm ~'t. 



~- ,.+i~);ft : lilf11C(q;l ~ ~ ~ ~ ~ ~ I m- t.Titvr "4ilr ~ ~ 

~ ~ ~ "4ilr -emf" ~ ~ I I ~ aft';:nrr til,"'lf\44€1 ~ ~ ~ I 
m fil'sfi~q;) ~ m- "4ilr 1'lit m f<i''Jdllc Cii'EII:J~ I _,j'Jtfl€11t til,oflf\44€1 ~ 

\ R:itii~ .. c€1 ~ ~ ~ I ~ ,j)tfl€11, \\'VtT 'q€11\3'1 ~ I lj6T, ~. ¥ 
am ~ "'1tfl(ll~ ~ gq;i(q;l ft. I trm iiltfl€11' el,.,1f't4€1 ~ tlf.r ~ 1 ~ 
~ ~ gq;l{qil ~: . . . 

... 
• if>&Jilt41€1 ~ (Hinge joint) : ~ gq;1<q;1 ~ at~lfi~ ~ ~ lf11f 

'cH'fl\3'1 ~ I tj6'T \ Ch~.,)q;) ~ ~ gq;l{qil ~I 

• ~ ~ (Pivot joint) : ~ gq;1<q;1 ~ at~ll<~ ~ ~ 1 ~: 

t§''1l+il ~ ~. ~ ~ \ ~ ef\lctR'I (Atlo \ Anus) \lfbiil*t 
~I 

• iR'r mf;c: ~ : ~ VCfil<c6'1 ~ ~ ~ ~ ti't+ilqil< ~ \ ~ 
Q\3lfT Cf)Cf dllqil{*t ri;G ~ I ~ ~ ~ ~ ~ I \341(;(01 ~ \ 

~~I~ \i{)tft€11C ~~~~I 

• ~ ~ (Gliding joints) : ~ ~ atq;i~tl fuR 'i:ffi11IT ~ m: 
'til{'!{'! I' R:t•u~ .. C!€1 ttfmr qR "'1tft{11"C ~ ~ ~ 1 ~. ~C!I4~€1 , ~ 
am ~ g q;1 <q;1 ~ S'l:. , 

~ ;:mt : +iieq ~flauc "'lfit(q;l l .. :S"'ctil arcR ~ ~ C!lfut(q;l WWl I ~ 

'1af4;ij \ ~ ~ ~ ~ ~ I +iiq~fi,f¥-qij \ ~ ~ l<I:S€11t ~ \ 
~ ~ I tRrtt (lii6{11C. ~ ~ I fii:Se:~q;j ~ ~ ijj,.ftf\14€1 ~ 
~ ~ ~ m ~ fmm ~ "q)lf lTt 'i:jj{'j{'jjt mm ~ \ m 
~i'jGIIC! Gl'q iJ~ I m4iT ~tql{'llt q;j~~ifll~ ~ ~ I m ~ ~ ~ \ ~ 
~ 1Jtt I "4) tror ~ ~ lft ~ {11t'1GIIc ilrEiiJ~ I ~ ~ mq;r 

Q\dl!i~tlt ft;ttuf! .. C!~ ~ ~ ~ 1 lt:t•u~ .. c -qf.r ~ ~ :mm ~ 
~ m: arft; ~ ~ ~ I m ifiiT;ff 4j~'1GIIc Gl'qiJ~ I 

-
~-,~ Ol'l~i"inl (Adaptation) : ~ ¥ ~ fu€1fu{'ll+il 4j«<lt*t "'l+it~l+i ~ ~ 1 

~ ~ ~ I qil6+iiJY+ii a\ 1l'lft ~ +il"jqQ I m: >~~l+ittl+i+il m fcm;; ~ 
fWr I ~ atfSq;i~l &f:Sifi~ o +i(i1Jf41ifll~ "IT1T ~ \ ~ W ~ ~ ~ I 
~ fit;fu+i¥1 ~ ~ 1 • ~ ~ aren;r ~~'it ~ ~ c(rr ~err 
~ ~ 1 ~ ~ ~ ~ \ ~ ~ c;uufifi~ -qf.r ~ ~ 1 ~ 
Cfi16'iilf+il ~ ~ ifll'tlq{(li~ \ ~ ~ ~I qii6+il:g)+il ~ ~(!ql{;~ 
1R~ ~ ~ 1 ~tff.r~ ~ \ ~ ~ ~ ~ \ mrm tff.r 
~I 



~ ~ f{i('OI~('OII+tl m1fi ~ -qc:q; ~ +t~"'l+tl \JI"'ct>'!< ~ f'pff 1 «ti16+tl~+tl 

\JI'1'6T ~ ftrli'r (R iil"'ifi'!<+tl ~ ~ I Cfil6+tl~+tl ~ qfl¢?f~R§ ~ ~ 
\l'iji$Cf)i ~ I (R iii'1Cf)'j(+ti (r ~ ('OII+t4!J~cffl fit4lfit4t) ftrli'r I ~ t<l'fl('Oil$ cf; ~ 

1f'Ulit ~ ~ ~ ~ ~ 'IT1TlfT ~ mT '<~Tift ~ ~ ~ qi1t'4i'd ~ 
IJIIUftft~IS ~ anrt ~ ~ I cB ~ ~lq141'1l cB '1m \iffifCR q'1Wfit ~ 

grofttc~c6l ~ ~ ~ ~ atCfih4tlCf)l vruft ~ cti1tGRt ~ <m1ict(Ul+tl ~ ~ 

~~I ~ ~ ~ ~ ~ SIIUft(;~ aT qld(q(O(CICIC! ~ ~~I 

~ lJTVft ~ Cl'1t<ifit(;~ f\ICII41ifl ~ q((11q(U(Of'jij(( ~ ~ ffl ~ dl'jCfit1dl 

~I fdtfttc~cffl -jj(lf'<q; if'1Tc:, ~ ~ fq\jjqij~d q@q(U(Of'jijl( ~ ~ ~ 

~ ~ ~ ~ 'd~i~~Uj@t~iliC! qf.{ ~ 1:0"'f ~ I 

~.9~.9 q(lifltl : ~ •r(l(qj(! m iiflq('Ojj' '1+tlf'<Cfii1 -lti4~14 1jJftd' ~ "'lq('Oij' ~ 

(Parasite) ~ I 4(\lllql('OIIt -I'Qct«j ~ ~ liftq('OIIt ~ (Host) ~ 1 

q < >J~iifl ~ ~ q., t<iRt err lJTVft ¥ S'l. ~ 1 

4'<1ift4l f4itWPct : ~ Cl'1tGfit err ~ •r(l<+tr ~ ~ ~r(l<aciC! ~ err ortfuq; 

~ Vi"1T 11ftd' ~ Cli1tGfd ~ ~ ~ I ~ ~ C1'1Wfal4~ ~ ~ 

err ~ ~ ~ ~ I ~ q(;j{lc(!c6l ~ ~ ~ ~ FCfi faRJt<~ 311\fi('OII~ 
~ ~ Vi"1T t<'\tc!GCIC! 11ftd' ~ ~ Eif'<dCf)Ujq;'j OficH4Cfldl Wr I ~ 'd~it<(Uj 

~(dodder), fqoi('Oidl , Of'T'Cflm ~ ~ S'l_l 

ahfuq; 4(\iftqjq;'j ~ ~ ~ ~ cf;eft Vi"1T arrcf; ~ I '3Git'i(ili flt112illil 
(Mistletoe), «+41fu~l (Cassytha) 

,.9,.~ 4'<1iftqi VT'O'ft : 4<'*lcf'ie:¥~ w.rr t?ltc!ille 11ftd' wr ~ ~r(l<c6l ~ \I11Tm 3l~<(;'l 

~~I~~ 4<Gfl4l+ti ~(hooks) ~~ (Sucker) Cfi'r ~ ~ 

~ I ~~I ~I m<*iCfl ~ Rtofle:~c6l ~j{l(cffl ancm qf.r Rtoftfl¥ m 
6tJ3l'jtii( ~ ~ I ~I (i\306q4cffl 'mfu' ~ ~ ~ fq; fd;flg~ ~ 

Ofi"Ui+U ~ I 

~ ~ q(.(jcflti~ ~I ~ ~ lf9+tT ~ ~ ~ ~ m ~ I 
:afq4Tc6l mn ~ ~ ~ ~ ~ tl ~ cqf-c6l ~ ~ 1fOf ~ 

~I el'dcffl+tl ~ ~ qm;IT ~~~miT~ I~ cB ~ tf1 ~ ~ 
sfq~~4\1 ~ ~ \lT1T m ~ m- m ~ ~ 1 sCfiC144il qf.f ~ 

m ~ m ~ atr~rc6l Cl1(lf ~ ~ ~ ~ '{1J'(f r.tct~rill< ~ , ~ ~ 

t~+t44ft\ ~ ~ ~ {Anaemia)~ Utr ~ 1 



~. <!~ . ~ iAfiR~ ~ 3/l'l"i('lf<"'l (Aquatic adaptation of animal) : lf!W, l'T'lir, 
ftfi(~+il~l, ~' ~ trr.ft ~ ~ "{ ~ 34&_•1~~¥\ ~ ~ ~ I 1:JT'ft+rr 
~ 1T'f ij~~l<t>l ~ Rttflt=:(&¥\ -m ~ "{ ~ ~ ~ ~ I e:'4t=141~Cfi 

~ ~~~illc: ~ ~ m ~ 1:JT'ft+rr ~ 34FcHi\il'1 m ~ 1 (f"{ ~, ~ 

~ ~ lfGCfi ~ ~ ¥~ ~' ~ f4Uclt"tlt ~ I m 'q'f;r 1:JT'ft+rr $'f (fi 

'l.lfUft ~ .~ 9; 1 ~ ~ m ~ ~ ~ +119;1¥\ ~ ~ "{ 
'h<lfq;{;(j ~ 1 m trr.ft ~ 11{0 ~ 1 m ~ tflt=: (& -qf.r ~ ~ ~ t'1'T+1T 

~I 

~.<!~.¥ '-'"Wfrt~~Cfl'i ~ 311Cfit'1€11 (Aquatic adaptation of plants) : 'Aioftt=:(& ~ 

q'H'4Rt~~ -qf.r 1:JT'ft+rr ~ qj~~'t I <nf ~' ffit"t', ~' "i1ftm gjuft~(& cf; ~ 
i!l15«~'t ? fcf;;:f fq; m'lf m ~ 11it ~ ~ ~ "{ €UtN~ief+11 {1"t4~tfbl ~ 

~ &tl«<T ~ q '1 tttfd t'i (&+11 lf1:f 9; I l:fT'filrr 'ij"ij'1'fT q '1 t4 fdg ~ ~ q ll~'t I ~ 

q '1 t4 Rt ti (& ~ -qf.r Rt ;ft t=: (& arcRi"{ l:fT'filrr Mh~ Cfil 34 9 tlQ I +11 ~ I ' ~ ;ft ~ (&¥\ ~ 
m~: . 

11') 

'1:4') 

~) 

"iif) 

~) 

m ;ror "{ ~ ~, m ...m rt 4m\1at ~ -qt.r ~ 1 

~ ~ GI41(1W1 cfiR>il{qil ~ fq;;r fq; tfT'ft' ~ vrc:<r ~ ~ 341q~4Cfidl 

Wfl 
-m "{ 'lffif1IT ~'1\il«~'t ~ ~ ~ ~ m 1l'GT ~~am"{ m 1 

~ ~~ql¥\ 1:fRr '6<1~~1 ~ 1 m . Mt.1, tmr "{ mcrr 'C}l"qf ~ ~ ... ... .. 
~~~=~~ ~~~ 

~ ~ ~ a-;:q ~ ~ ~ ~ ~fht=:""a "{ df1t'i(&t"tlt ~ ~ 
~1~:~1 

;;rom tr (Root hair) ~ I ~fq:gflf(1i!IC: ~ lfl'ft ~ ~ I \1~1(!:(01 

$lll~~f'<41 , ~~l~t"tl ~ I 

~ ~ Wt 4'1tttfu+il 1:fRr m"ft,ftq.r 341Cfii(¥\ ~ I (f"{ fi?l+iiC:I ~I 

~.<t~.~ IJII('q"q' ~ SIIUR~.-..1 ~'llti.,('lfHI (Terrestrial adaptation of animals) : \il01'1+il 

~ ijj'iicHfl~ -qf.r qidjq(Uj "{ EIIC4iqlrft31'l(11( -iitlf'<q; if'11c ~ ~ I m 
~tllfi~IS 'ACf!fa¥'1 ~ ~ I ~ aAq; \1~1lHUifi~ qJl""a't I ~ : 

t ~ -16<+11 ~ 'JC4T ~I~~ 01\lm ~ ~ \ii'11C4<¥\ (l(l(+il -qf.r 

~ ~ ~ I ~' 3f'rt, ~ -itl<+il ~ '{f ~ I 11+ff ~ ~ 



~ iil'tiCI<+tl ~ ~ ~ ~ I ~ <fi iil'tlcH("IIt ~itl<¥'1 ~ ~1-f 
• mi'f 1fl(f ~ I 

~. ~ -lfl<+tl ~ ~ ~ \ ~~~~~~~\A( I 
~ tl+t4t!Rt {iliff ~ ~ ~ ~ ~+t+tl fi'f'i (flit ~ I ~ ik¥'1' 
'nffi;rr Cfl(jf'ctR;t~ \ ~ ~ I illtjC41+tl ~ aMor \ ~ ~ ~ I 

~. ~ ~ ~ \ m'+tT ~ ~ 1 '+41'11$'1 mr oo \ ~ c v ~Rf 
) ~I +tit~qdl ~~I m ~ ~ "''tiq(¥) ~ lA ~ ar-:4'tn 

~111~1 

v. ~ ~ ~ 'CfiOt mr¥l' ~ at'it'llfi~ ~~"it:~ ~ ~ 1 -rnt"m 
~amft\'PJT~~~~~~~~~~~~ 

x. m, tO"'(, ~ ~ qr;.ae:~*' ~ \ ~ ~~ ftRir \ ~ ~ 1 m 
~ q~@I~'IIC ~ \ lff't ~ ~ I 

~.<!~.~ ~ qoaJI~++il qyrt 31'!"it=lril (Arboreal adaplation of animals) : ~& 

q~(<~¥) ~llflf<q; ifiiTc "'fli'1+tl m aR' 'Aivftt<~¥'1 ~ flFf ~ I Ri'1.,1fi~cffl if"i'R: 
\3(Yi¥1 ~ ~ \ ~ ~ ~ ~ I ~ ~ \3~1(<(01 f.:tA131'j~U< Q<( : 

t ot~il~cffl ~ ~ qf<qfi\d 1l'q\ m-~~I 
~. -mR~~~~mmri:fR~~m-mR~~~ 

~. m em- \ ~ ~ 1 ~(I ill~' fl q.gc:;,¥1 mm mrr lmft ~ 1 m ~ ~q;r 
qrtt WGr ~('11\3'1 \ ~ ~ ~ I 

Y. -lfl<<ffl amm: ~ (Streamlined) ~ I m t<IC41~4i ~ ~ 'lf ~ 
~~~ 

x. ~ 1WTliT ~ 'lt ~ \ ~ 1lT1T lTir \l$f~'tii:l ~ mR ij~t'1'1 lf;f 

~~~ 

~. WeT \ +tjijq-ftlfd'l 'itiQ<+tl ~ ~ ~ ~ ~ ~ GfTtif, ij'('t' '( 

~tncR~~ I 

\9, Of41if'6¥1 ~ ~qj;:af{(1 1l'q\ 'tRier~~ ¥ crnr p.q;(!ji'\ ~~I teffi'f 

'Cfi'Ot, ~~~-I 

c:; . ~ ~~ ~ \ ~ ~ ~ lJftmtr, otl~+fUj m, * ~ lJT"f 
flt('tl\3'1 \ -~~1!!<1 ~ ~ ~ ~ if I 



~.~~·" •H!~l~ ~ C4ot~fct~~Cfl1 3C'l~('ildt (XeropU.ytic adaptation of plants) 

~ q;fij"q"lf 61\Jti~+tl ~ ~ 3N1Cf ~ I ~ ClldlcHUI~ Cl'1~faqi} ~ 
~~it) 'iHitl~~l(! 'lfi'ft ~ ~ ~ I ~ ~ ~ q@q(OicN ~ ~ 
\ ~&Ciillij~(f ~ I m ~ldiCI(0 1 \ if"11G +t~'if+i+H tmf m-~ ~ 'tft.r S'f. ~ I 

~ ~T ~ C1'1~fa+t1 31'1~t'tdl¥1 ~ fi1A131'f11< ~ : 

<t . \if'U mnft \ em cfi~t:t¥1 ~ 1 q;~?tq;iff 'CfT'fi q~fit~cl; . ~Jl11~1 ~ 'tfl'ft 
~ur1T't~~ ~ 

~. ~f;rof, ~\~~~~'tfl'ft~1R~~~ 

~I 

~. ~~ ~ 41fc:¥t't~ ~ ~ I m \3M~'1 ~ (Transpiration)mt 

q;lf lRi I 

¥. ~ffi ~ ~ ~ 1T'f ¥1U:S+ti CR'1)(i~{1 ~ I \3~itHUI : CfliiCfe( 3lft I 

~. mf ~ mi1T ~ ~ ~ ~q.l"*l< ~ ~ I ffi' 'tft.r \3ct4~'1 J\41~1(! ¥ 
qr;ftq,1 ofl CRt I '1 q;lf lRi I 

~ ~rn cttft \3~1t¢(Ufti~ ~ (Yucca or dagger plant), ~ (Cactus), 1flf 

~ (Acacia), t:t~fbi+t (Asparagus), q; .. (!q;j{) (Kantikari), ·311f'ii'il'1 (Argemone), 

auqf4t41 (Opuntia), R:f\3cg+titl ~ 1 

~. ~~ 3C"j4f11ct~dT (Heredity) 

~lt't¥¥1t't~IT ~ ~ q;¥:ff ~ ~ I ~ d 3fltf'fl' ~ ~ ~ ~ 
~ I ~U+tl ~ 3114it11' d m ~'11"{'1'( I iffiT 'tft.r d ~ I ~ ~ 
~ m'(fq;) ~{)tfil ~ ~ ~ I ~ ~ \3-ftt:~cRJ::q ~ '1'4) I ('4ij q~ 

~ m_rm:ft ~ cl; ~ m ar-t ~ ~ ~ I \3ffl@:~~IC: ~ ~ ~ 
~ I ~t;g\' ~ ~Ut'tl' ~ qf';sacti\ Wtt lfmr ~ I 'ffift 00 ~ q 

tR I qfqicm f.rcl; <+ti'Ji ~ tnftr. ~ I ~ ft;r ~ 'CfTO 11t ~ I C'4tfti!t'tl 

'11fa:qlfJ ~~ \ ~ ~ ~ ~ I m-~ ~ ~ ~ 3l'f"im 

~ I ~r ~ ut qc:q; ~ ~ ~ 3l'f"im ~ ~ I qfO:sdt'tl~ ~ 

~\~~'tft.r~ I~~ roo~ ~tm~ ~~ I <ft 
~)Cfiq;tti?t ¥ \illd>illfa 11ftr ~ -~ 'Nt ~ ~ ij"ijj'1t(~+tl ~1'11.-a< 

~ 1f"l ~it~t:tcN 1fT'-' if I "Like father like son" ~ "~ 'Cfr! ~ ~ ~ 
~ 'tft.r ij +t 1\31 +tl ~ ~ I ft o +t lfo:tij€1 ~ 3fFt.f 1ftq;r ~ ij ;:a I '1 +t I m\"OT 



~I tf.ir, ~~ ~~ m;f, ~ '11'1feq; ~ qidjq(Oii41C! ~ ~ ~ ~ S't . 
lft' ~ q~llvjild ~I 

~lt)<il ~' ~' ~. ~' ~ ~ ~ ~ ci~iiuj•ld S't I 1ft i!lllfi~l$ . 

~~I ~ ~ ~ lfi ~~~~I 3fTCAT 'j&li41C! d ~ 
~ ~ 1 ffi ~06(1~ ~ q~llvjild 10I ((~q)\ tikHl¥11 m- m wt_ <tc;\X +rr 
~ f.1q;I~4JI ~ I 

~ ~q;l't;qq; TT ~ ~(1\34)1 ~<!ql@\~ a«'l1T ~ ~ I ~ 'l~11t1'"'1 (41NI'1'1 1l"Ut . 
~ (Genetically pure) ~ ~ 1 ~ ~<!qlq)\ ~ '{ ~ CR ~q;R;qq; 

(~) ~ S'( I ~ pq; ~ ~(IJq)\ ~ 1fT o ~ ~ pq; ircft I 1ft ¥ 
TT ~ ~<!ql¥11 s;r m 1 (I"( mn-~ \ ~ ~ ~*l't;q* ~ itt'f 1 ~ pq; 
~ ~<!ql¥11 mft ¥ ~ ~ U'n' ~ ~ ~ ~ I ~ ~Oi(1~ anq;ft 

m-~ (1lftr ~ vrtfq;r TT ~ ~<!qlt<~ ~ e~l¥11 ~ ~ ftR pq; 
~ ~ ~ 'llfT nt ~ ~ ~· t1Ailq'11 '\3'fucl; ~ ~ I .· 
~l41tfi(1jq : \3~1@i<014JI m11r ~ Ftt#1(11' ~ err ~ m- tttt ~ ~· 

\T\f(liT ¥ ~ \3fut ~ ~ 1 ~el(11' m-~ ~ ~ lil@I"Jel< ~ 
~ ~ ~ t1;$41q'11 ~ ~ I ~ 'i!41(i(tt} ~t11(11' ~ ~ ~ ~ ~ 
~ '{ , ~ ~ ~ ~ m- -crt ~ 1 (1"( ¥oo ~ ~el(11' ~ ~ 

XO% (~ ~oo ~) ~ mi'1' ~ m -cR t1;$4lq'11 ~ I ~ i\414R'IIqct?J 

~ ~fll4l(11~ rro\R ~ I 

~0~(1*' 'l<¥1•1'11 qvt ~ (Hybrid) ~<1ae:~ q<e::q., 1fUt m ~ ~ 
f.14JI\"<I ~ cfwrJ ~ ~ ~ ~ ~ ~ ~ cfmvJ ~ ~ 
•41~c::4•1 lf14itw1 ~ e;$414'11 ~ ~ 1 tn~T ~ m ~ ~ amrr, 
qohi'(Cfi( ~ '{ ~ ~ fq,.,~C::Itfqq; ~ <t:~:<t ~ I ~ '{ ~ ~ 

fq,.,~C::I$fqq; ~ ~:<t ~ I 

~0~(1~ ~ C{*"'~il ~ ( ~q;l't;qq;) 'T"fCR dlltll<¥11 'l1l41tr m ~ ~ 1ft 1 

~ antRt gq~il¥11 3f1'i'1T ~ '{ ~ f-l<!qlafttl , miT ~ \ ~ ~. ~ ~ '{ 
'EII\3I'<C{ct?t ~ ~ ~<1act?t fll<iqlafttq 'Cf'( qo•1e"'., ~ ~ ~ ~ ~ 

TT ~ e"'ijl'1t<~ ~ 1 ~ ~ ~ ij"'ijlf1ec~ .. ~ ~q<iiie'qf1 lf<Tt 
f.1q;lft:ii{4JI m cfmrr ~ ~ m '1ft I '1R\IilH'tl' f.1t:01at"jt11( di~4JI'11 ~ 
~I 



~+-- I mi'r~ 
~ 

rn~ 

cfu~ • mft~ l7l mft~ 
f t t 1 

cfu ~ ·-1 mft~ I mft~ I I mft~ I I rn~ 
~ ~ ttfiou"' : mrr \ m ~ ~ ~(iqjq)) ar;rmr ~ :<t ~ \ m crtnrr 
t.rrC(f ~ ~~€iqUj ~ ~Uij~~ ~ ¥f iph.j4~~ I ~ cf; m ~ m ~hiilljiid 

~ ~ Cfij(Uj{(~ (Factor) ~ I at~ ~ ~ ~ m ~ ~ q'ijj~jnfl I 

~ ~ at q~""Jtc~ d ~ ~, R ~ mn ~ ~ \ m ~ 
~ r ~t trr 1R' mft ~ ~ ~(iql+tl RR t4~11"JcN ~ ~ I ~ ~ 
~ ~f q~lilljfl~ Qfl~'( I amfr quf~i~(+U ~ ~ Rr ~ ~ 

UH~C!+U R lmf armr r ~ I 
lf\l~SI"f ~· ~ i41~C!tt" 'lti+t~d ·af<ctiital ~ ~ I ~ R ~ ~ ~ 
~ ~i\' R CU r ~ ~ ~ '!"f~fl;{f• t lf\liSI"f 11't ~ I ~ R ~ 
~ ~~ ~ R CU r ~ ~ ~ ~ •41~(!{fij ~ 11't ~ 1 

lf\1~SI'1 ~r ~ ¥ ~ ~ &-r 1 ~ ~u:s~Cf)) 'll<ll•lcN ~ f1utalqul 1ft 
di~Cfil+tl f.p"10f'Jtll( ~ 11't ~I 

~] x ~ tq;.,)eilq } . 
~ . IT f.lo./ti:ll' p lfW 

R ~R r r p ~ •41~etc~ 

~ ~~i'o~m> J. lfu ~ mft Rr L_____.~.,iellq 
Rr ¥'• Ill ~ iqj~(!{(~ 

!~r R \ 

mrr ~mn rn 
RR Rr Rr rr 

"fftm: ~ mfl' {RR), qUhi(Cf)( mft (Rr) \miT ( rr )cR ar.rmr ~: ~:~ : 



~ 00 ~ FJ!.,~C!I,fqCfi ~ t~:'l ~ I ~Uit'i~ ~ g<lJ~iCfil 311tli(¥U ~ 

f?t"'1311(11( a"i.,di~C!I ~ P-l4fiE:~ ~I 

~ ~ : 'lil{'ldlq?J ~ (Law of dominate) 

~ ~ : ~41~C!fl~ctl ~l4dictil ~ ( Law of purity of garnets or law of 

segregation) 

ffift ~: ~ ~.tlc::ctil ~ (Law of independed assortment) 
. 

'VIl~ 'Atei'1t'UC4'11 ~ (Law of dominance) : ~ TT ~ ~q@l~fll q(•.Nt.,., mT 
~ ;jj .. qj~i at ~ ~ ~ 1utei~fli~ m ~ I ~ 'ili4i'1dlq?J ~ 

~ I ~ f.tllfl311(11( quht(iti( ~ m ~ TT ~ chli"lei~c61 "'Ttt ~ 
1 f4(1fltA ~ ~ ifiT 'l"ll4ct>itl ~ \ m ~ TT -gq;c: ~ 1 ~ ~ 

(dominant) liT"! ~ I m 3WfflT ('leicC~IIIIJqiJ ~ ~ I ~ tteicC~IIIIjc6J 

~ ~ I ~ tteicC-IIIIJ ~ ~ cC-Iilljtf~i ~ 00 arrq;fr 1JV1' -gq;c: .,-;f 

~ ~ ~ (Recesive) ~ ~ 1 ~U<i5t>i4'1i 9<ll~1311(11( mil~ ~ 1JVl 
~ \ mil ~ ~ S<t I miT ~ ~ TT ~ \ miT cturo:l ~ F( I ~o;s{'lctil 

31fA4.,311(11( cf;(l\3+11 ~ tt lddi'>IC!I ~ ~ (Contrasting) 1Ui@i~fltA ~ \ 

~ f'fi"'1at1tli( ~I 

~lrt!IT~ Vif(1' (Dominant) ~(Recessive) 

t ~ a:ncm: ~(R) "C4 l\3f'<:q4'11 ( r) 

~. ~~w qft;Tr (Y) ~ (Y) 

l ~~w t'U (G) miT (g) 

Y. ctil tt I Cfil a:n<m: ~ (Inflated(l) q;filqctil (Constricted) (I) 

~. ctil tt 14'11 w ~ (G) ~(g) 

'it. ~ l'fTif Q\3';rr Axial (A) ~Terminal( a) 

"'· ~<!4ictil ~ ~ (T) 00 (t) 

<mft f'q;filqq;j ~ ~ ci-lllljfl~c61 ~ qahict>< (hybrid) liT ~ 1 at 
ci-II"Jfl~ctil . "'~i\qtA ~ ~ q-iiiijc6J ijflq-II"J ~ I ~ mil '!!i'1'!!i4 

4i<i\3ctil ftii<!C41fll q-li"Jfl~ctil "~lit Rr ~ 1 ~ ~ R cffl' t!flq-II"J r \ cfm'uJ r 

ct>lm-~Rftl 



~ .~l~ 44ille~•"'' ilj4(1iif1"1 ~ (Law of purity of garnets) : ~ ~ ~ 1JVT 
~ t4~116J~~q)) ~ wt_ ~ fa;flt<~ ~ ~ ~ I ~ ~ at 

. . ee;q~uvjt<~ ~ atEI~I~ ~~;aa'(l ~ ~ •41~c+u ~ ~ q-tt ifmvJ m 
~ ~ d ~ ~ 1 tffi f.:t4+H11t •41~ct=:~Cfil 1(14dictil ~ (Law of purity of 

.garnets or law of segregation of character) ~ 1 ~ fq; ~ ~ t4~iivjcffl 

~ Tt ~ ~ ~ ¢ vrtlq;r •41~ct=:~ ~ iiltl+itA ammrr T ~ "t arq;r 
3f1mlfT t ~ ~ I ~ ~Uij{'lq)) gl(j4i+ii ~ ~ ~ ~ 1JVT m ~ 
1fift ~ 31C4~1~ ~ ~ I liT ~ ~U6t1cN oqibllc ~ ~ ~ I 

~ cf;gT ~ '3Gi@I{Uj(;~ ~ 1lif : 

~'fm 'i164t14J0i (j)"d4J01 ~ctu (F) F2 +rr or._rmr 

~ . ~ f1{1r qm;i'r mil ~ ~:~ 

~- V"Ulft qm;i'r m ~ ~:~ 

~. ~ t"U atNT ;fu;i'r ~ ~:~ 

~& ~ \ am.n ~:~ 

~ amfr ~ ~:~ 

¥: 40{1\(Jil 00 ~ mrr ~:~ 

1ffi1T ~ mt1T ~:~ 

~~ -mr.r ~ ~:~ 

~. d ~~ U(~ltft., ~ ~:~ 

ftti.,,C!IIq (Phenotype) : ~ ~ ~.,)CI'q ~ ~ ~ ~ ~ ~.,)CI~q 

~ I ~ ~ 00 "t qvhl(¥< miT ~ thii"jctiJ ~ ~ W( ~ ~.,)CI'q 

miT ~ ir I ~ 3m1), ~' 00, mil ~ ~'1lCitq ~ I 

r;..,)c!l\q (Genotype) : ~ ~ iiim+rr ~ t4~ii"Jctil m C~>~ ~.,)Citq 
~I~ TT,tt,rr~ I 

• ~ (Homozygous) : ~ ~~+iCf)l lfm'crJ ~ ~ "'lqt11t ~ 

(Homozygous) ~ I 



qOf,iCfl< en ~ (hybrid or heterozygous) : ~ ci~II"Jl'i~c6l ~ ~~ 

.,..,,*11~ qof~t(Cfi< en tz?Nu•~~e ~ 1 l{CfNil&t ~ ~ attat<•u 4<~tosmrr.r 

tR ~41t11$ ¥f'1'i~ltf4i 1fffi ~ I ~ ~ 101(((61Cfil dfltll(¥fl lR l"j..mwr TR 

f:ti41t11$ iltt<ttfl¥ 1fffi ~ I 

~.ct~. ~ ~ 001·1eifl1 ~ (Law of independent assortment) : i1St<ttf4i i!fT 

'1l~fittf16 1fffi ~ ~ "'l~¥1 ~ crnq; ~ (cfmvJ) ~ arctiT .,?ttlc61 ~ tm:'Cfi 

~ ~ ~ m e»tiCC'11 ~ ~ I '3«1fi ( OICfil mfu mm ~ ~ <ii<t"d' 
(RRYY) ~ 'tU'3fl:l{c6J ~ (rryy) CfiT ~ ~ lR ~ ~ tJfQ ~1.Nii1'1 1Ttf 

tRrr'1' ~ iJI""ft~t ~ ~ ~Miat"jet< -cm: fct>fi1¥fctit ~ ~ ~ 1 

m-m~~ ' 
m-m~ ~ 

1!Ct'3f<C(¥1 ~ ~ 

1!Ct'3f<l{c61 ~ 9 

df1ffi( 1i1m ~~ ~ ~~ 1!CI'3f<l{c6J ~ ~ 1!CI'3f'<l{ctil t:f<4lc6J ar-rmr ,: ~: ~ :9 : 

lfmvl ~ ~ ~ 1 tm R 'hii ~~~ Y en y cfm1rJ ~ 44tfic4'~t 'iiiTtl' ~=r 
m eAttCC'11 ~ r ~ Y 1fT y ~ ~ 1fi1T'R eAtl4'11 ~ ~ I ~ y ~ R en r 

~ 1'1~cli4'41 ~ 1f'1T\R ~tCC'11 ~ ~ 1 y ~ '4f.f R cn r ~ 1'1~clii~r 
inft ~ ~ I ~41flcE:(61 ~ ~ ¥ ~ ~ ~ !fi¥f(ftd df'<Cfil~ ~ I 
~ ~ ~ ~ eAtr~a t1&10lfl~~ inft ~ 1 

p~ ~~ 'f41'3f'<l{ctil ~ 

• (RRYY) ( rryy ) 

1\ 1\ 
p~~ RY RY X ry ry 

~ 
Ft ~ ~ 'ffi;fr (lfGT 'UI\) 

(RrYy) 

Ft ~ 441fleE:(61 R4r~ 



\IIJinufle --+ RY 

~1t11nu~e 

• RRYY 
RY 

~~ 

Ry 
RRYy 
~ -cmrr 

rY 
RrYY 
~~ 

ry 
RrYy 
m#T~ 

Ry rY 

RRYy RrYY 
mm~ ~~ 

RRyy RrYy 
mm~ ~~ 

·RrYy rrYY 
mm~ ~~ 

Rryy rrYy 
-mm~ ~~ 

"C4 I \3 f<<(ctil ~ 

:q I '3f<<(if! ~ 

ry 

RrYy 
m~ 

Rryy 

~~ 

rrYy · 
~~ 

rryy 

~~ 

~.<!~. ¥ f'1'(4i'lt (Linkage) : \3~!liid ~:~: ~:~ em 3f'ltrrd' ~ Q.,~eifl 3fial(+il ~ ~ I 
0 • • ~ 

~ .. gi1qfQ 3f'j{i"SI'1illll * ~ 'Cf'6T ~ ~ ~ ~ ~.,-lleifl ~ w m mtcrn-
,&.,.. I 1ft q;(T ~U~i1Ji 'tlf.f lRlnr ~ ~ I \3Gi~(UI$1 'ffiflr miT 'qWf ~ cfl(l\3+11 s~~ ~ . ,,.~" a ~ 

tU' ~ (Seed coat) ~ ~ fq; miT 1Wf ~ cfl(l\3+11 ~ ~ ~ I ~ ~ ~ 

~\lia1., ~ m ~ mil ~ m ~ "{ m ~ itT ~ ~ 
cfl(l\3$1 ~ 'tlf.f fi ~ (f( ~ ~ I ~ mil ~ tU' ~ "{ miT ~ 
~ ~ ~ lf11f ~ I ~ .. 'Si1Ji ~ ~ qf'<Uii+i ~ ~ ~ ~ ij'( 

~~~~~~~~~m\OT~tm~~ 
ij'"ijfa((~+il m\OT ~ : <(\3'lT ~ \1'<(\ m\OT ~ ~ ~ ~1~<($1 

(Linked) ftrt?; 1 ~ ~u~~~ ~ \T<(\ ij;::afa8~+11 m\OT ~ Phenomenon~ 

~ (Linkage) ~ I cfl(l\3ifl cf.r ~ m ~, ~ ~ ~ \ ~ 
~ ~ ~ ~ 'tlf.f ~l~<($1 (linked) ~ \ • ~ ~ ~ ~ 1 ~ 

~ ~ 3fCf,1~~1 ~ I ~ ~ ~' ~ ~ ~ \ WU ~ 'tlf.f 
..(Jf-!~¥1 t'(l 

~. <!~.~ ~.tf'\'.~. (DNA)~ 3IT{.tf'\'.~. (RNA) 

c;o 

~.tf'\'.~. : ~ ~ "111f ~3f'Hft ~ ~q; $6 (DeoxyriboNucleic acid) 

jr I ~ ~114CH1\ ~ ~ ~ \ ~ Fq;~+i$1 ~ ~ ~' ~, 
H41'11ti1 "{ {iltitfe'1 ~ ~ ~ I fi'.~.~. ~ 'Actil(ifl (jijl4fl:tq; ~ ~ I 

~ cfmvJ ~ I ~ $1+?1\ill+iifl ~ ~ 'tlf.f fi'.~.~. ~ ~ I r-s.~.<(. em 



.. .,,2(11t ct?t .. ~ ~ ~zlq1R:f~ .. ~ ¥am\ m 1m~ mm ~ 1t'Q; ~ ~ 

~ ~ fg.~:~. cR ~ ft:tR ~I +titc?lfiH1 m ~\il~'1 ~ fg·~·~· cR 
~ ¢ 1J'TT ~ lftt ~ I fg·~·~· 10'\ ~ (it114~Cfi ~ ~ '!f1' ~ ~4;-1'1 
ifT flJCft<?t«fi•l'1 !'£. ~ I 
D- A Deoxyadinosine I monophosphate 

D- G Deoxy guanosine I monopbisphate 

p p 
or or 

Adenine deoxyribose Guanine deoxyribose nucleotide 
D - T Thymine deoxyribose 

nucleotide or 

D - C Cytosine deoxy 

I ribose nucleotide 

p Thymidine mono phosphate P 

I I 
D-- ----D 

1 I 
p p 

I I 
D-- A ======= T -- D 
1 I 
p p 

I I 
D -- A ======= T --D 

I 
p p 

I I 
D -- T ======= A -- D 

I I 
p p 

I I -----· D G ::::::: C D 

or 

'\.. Deoxycytidine monopbosphate 
'\..R A 
~ ----------· 

p"' 
~ R -------·-- · U 

p 

"'R G p ~ ----------· 

"' / R __________ , A 

p"' 
p 

~ R ---------- · C 

"' R ----------· U 

I DNA ~ \1)PIIS<(¥1 I RNA ~ \1)PIIS<(¥1 

~ 101r < D = fiilflRi<ltil'll l ~ 'I01T < R = ~ lJ1R > 

(A= Angstrom= 1/IO,OOO·J.L = 10·10m) 



rs.~.~. qj~qfjj q(!jft~cti~ \f"41tli1~ Gf'frG ~ ~ 1 ~ &iu?t~~~< ~ m-a­
~ ~ ~ t!(!''clit'115~ "eel'{ YCfii(Cf)l '111cfll!il"1 ~ ~ ~ I qj~qfll 

~31CHtl ~ ~I ~ ~ ~ 3fV! "1i'~cfl\i1"1 ~ (~I ~~~114"11 ~ql'11''1 ~ 
iji'it~"1 ~ ¥ ~l ~ riiF"wfii'l\S ~ 1 ~ ~ ~ ~(4'1fl\S~~ cu 
~ ~ riif.R:t4.,1C!It\S ~ fs.~.~. ~ I m- ~ti1C!II\SC?IIt ffrl1+n: ~ 
rs.~.~.~ 'il~fl< ~ 1 

DNA~ 41fiiu:p1d "Tf ij<'Cil'1fll '!"4113~ 'Cf)J'lf ~ 1 m- RNA lf11to ~ ~ 
(Coded information)~ I~ m ~~lfictictil 'Cf)J'lf ~I 

(l~q);:qf.Mifl ~(RiboNucleic Acid) : m-~ rlif.Mq; ~~I~~~~ 

~ ~ '1i,cflli1'1 ~ (311fsft:i'11 h-11'11,'11 mW" ftr;; ~ ~ ~ ¥ ~) ~ 

~ 4f'#t(4lC!II\S ~ I ~ rii~C!I'\S~~ ~ RNA ~ ~ ~ I 

R 

p 

R 

I 

4f.R14'1 (!I '\S 

u ~ fl"'.,l'hWiC! 

err 

R 

I 
p 

4f.R141 t1a1'\S 

R c ijl,fli'6'1 fl1l'hWiC! 

I 
p 1<1~\1 ~ p ijl'it~'1 ~ 4f#t4l(!i'\5 

am'.~.~.fiT ~ ~ GIC!Ift~q;l ~ ~ I ~ ~ ~ ~ ~ ~ ~ 
~ ~ .~ t!~"'qx;jjq;l ~ 'qj(~t)Cf)l '1i,cf!Xit'1 ~ ~I ~ 't~O ~ 

~000 ij+fl' ~ ~ I 

~~< DNA~ 4f'#t~ijf\4~ RNA 'q;1' ~ ~ I ~ *tft atu ::6tflifl"1fll qf.r 

~ 1 ~ ~ \1T1T ijilitc~•ti~flfll ~ I ~ 11iT ijl'it~IF~ffq; <l'q.,l(1.,1flfll 

~ I ~~ijfli ~ RNA 4f'#t4l\1ijfli ~ ~ I ~tffa~IC! ~~< ~ 

~ iji,i'!C(OII~'1'11 ~ I ijj'f!l~l~flfll ~ ijif~qoj ~ ~ RNA~ I 

RNA ~ DNA iff?: ij~d¥1 ~ ~ (Coded information) ~ iji'il~l~¥1'11 

'i"41JQ I ~ ~ ij(cf;ddl¥!1< ~ f.:l+rivT ~ I ~ RNA~ ~ 
(Messanger) atr{ ~ ~ (M-RNA) ~ I m DNA ii1G 1JT'Cd' {tl"1131'jijl( ~ 

\ICfii(Cfii ~lfl'1ti~ f.:l+rivT ~I 



ct'moJ (Gene) : cfm'u1 ~ DNA ~ mm 3I1T ~ I lfij" ~ ~~ 

ci~IIOj31'jel< 'h{Cf>'h{Cf> ~ I ¥ cfmvi m;iT ~ ~ ~ ~ "':{flM~li!I~\StH? 

~ I ¥ ci¥ii"J+il ~~li!i~\S$) ~ ~ ~ I ci~lllljcH <¥ 'lftCit=:~<fir 
fq:)..,'>IC:i,r:tlct> ~ ~ ~ I ~ ~ ci~ii"JcA ~(!iqlR•~-T+i ~<m'11C ~:r 

~ I ~(!lql~"+i ~ ~ Gf"~ ~;;jjl,flict> Stlfl'1$) f'<i~ .. ~Ui+il ~ I ~ ~~ 

~ ~;;jji'+i ~ ~ I 

~- ~l'i. J?i~i4H'1 (Mutation) 

i\+il"'l+i+il ~ cf~II"Jt=:~$) ~ ~ ci~llllj~l(l ~ ~ ~ I ~i 
~ cj~IIIIJ+il qf\qd'1 S'\ ~ I ci~llllj+il ~ qf\qd'1cH ¥ oqfm$) 31111jci~ICf>(11+1T 

qf\qd'1 ~ I ci~II"J+il ~ <rnfT 41\Cid'1~1~ \3("if\C4d'1 (Mutation) ~ I ~'f 

~ fe~fll~l¥11 ~ ~ cfm'uJ iji~Cf>q}) ci~II"J"''<I cf;efi f1r;:;; S'\ ~ I ~ ~T 
~ ~ q~'ql+il cf;efi 31ijiui{Uj ~ 00 ~I <rnf'T ~ ~ \ ~ ~T 
i\+i1·~i1+1$) ~ \ il'1'>1i!+11 '4f.:r ~ 41\Cid'1 §'1e~ I m '4f.:r (ft ~ ~T 

~ ~ ~ ~ m ~ I ~ ~ \3("iftCid'1 ~ I ~ ~ after ~f 
~ ~ ~ ~ lire'ql(!:~+il ~ after;~ after~ S'j, ~ et'\3"Cf>T S'j, ~~ 

after afR;rr ;r.r ~ ~ ~ llftcUi~+il \3("if\C4d'1 ~ I ~ ~ aWrlti i( 
~:.1 ~ ~ .., 

((ij(4~q; 4<=tvfctil ~~ fclfct;(U(~ ~ '4f.:r \3Mf'<cHh1 ~ I 

~.~~.\9 4lR:iCCCi$l1 (Polyploidy) : ~+il"'l+ifi~ d ~ ~ \ ~ ~ ~; 
~ il+il"'l+i$) ~ ~ ~ I ~ ~ ~ i\+11.(1+1~ e(~I~IC ~q;;qi'i"lf 

(2N) ~ I ~q;;ql,>t . (2N) ~ lt ~ (~) ~if I \ifif ¥ ~ i\+il\ill¥1~~~ 
~ ~ ~ ~ ~ <rfflr '~q~l~lj 4'>1ft:ICCCI$\S ~I~ dR ~ ~ ~('iq;;ql'i.S 
Triploid 3N, l~Jq;;qi':S 4N ~ I 

C4'1('qf~Hi~+11 .am!\ <M~\JC41'>15 s;g; 1 ~ ~ 1R 1Ttcf;r ~ fit(!CIIft~ <(jft:iq;;qi':S ~r 

~ I <miT '1l~~I':S Cl'1('qft1{(~ ~~I,:Sifli! ~ f'<iq;l~t:{¥1 ft I i~l~cn~ ~ 
~ ~ i)tl(jfttij ~ ~FII'1 ~ ~ fi~I·:S ~ ~ I <miT U~l~i!fi~· 

~ ~ ~ \ill,4fli!+11 l~I~I'\S ~ I ~ijilli! ffi ~ '4f.:r l~I~I·:S ~ ~ 
~ <lel4f'<i4l ~ 1J411T m Cl'1('qft1{(~+11 <?i~~I·:S ~ ~ I 

amfiC '1l~~I·:S ~ Cl'1('q~{(~ aN 1lftf1n' ~ ~1 ~ ~ i( ~· 

~llllit i( ~ ml ~ i( 3114'44' ~I lfi(l~\ ~ i( lTm ~ mr ~~ ~· 
~i(~~~~l 



~ . 9~ . c: ~ Ruhvl (Determination of sex) 

+ilf.:t~HI~+i l \il'1=+iT ~~ ~ ::fi'l+fl,;t+i ~ I ~ ~~ ~ ~ ~ ::fi'l+11 ·~i)+il'l~ 

~ ~ I ~ (~~ ~) ~ ::fi'l+i.,I>J~l+icN m ~ ~ ~ ~ ~ I 

+i~~l+il ~ ::hl+il~+il'l~ ~ ~ 'lleflfui:f;l ~I <ft ::hl+il>J~l+il'l~lt X ~ I 0"\ 

~ ~ ~ ~ X ::fi'l+il>J~l+i ~ ~ ~ \RT ~ mofr Y :hl+il>J~l+iiiiC: ~ 

~ I ~ ~ <ft ::fi'l+il>J~'i+iE'~ ~~~'t I m +i~~i+il ~ ~¥41+11 X ::fi'l+il>J~~+i ~ 
~ m ~ amrr ~ !([#ictlc:Jt x ::fi'l+?t,">l+i ~ amrr ij~tJt y ::hl+i1,1+i ~ 

~ I X :bl+il>J~l+i ~ !([#ict\C:Jt 1JlTim;r ~ ~ ~f.:+i~ I Y ::fi'l+il,;l+i ~ 

:U*ctlc:Jt ~ ~ ~ ~r .. +i~ 1 -at x ~ Y ::fi'l+11,1+i~t~ ftrf (Sex) ~">1+1">1 ,1+i 

~ I 

lf« '€11biiC: ~ CIT ~ ~ ~IC4'11 ~O% ~ ~ ~ ~ g; I ~ ~ 
~ ~ ~ICI'11 g; \3ftrcl; ~ ~ ~ -qf.r g; I 

~ .9¥ "oJllC4~"i¥l'i ~ (origin of life) 

~ {~41+it m ~ ~ ~ vmvr ~ ~ 1 ~ cqr.=t~cil ~ fq; 

+ilr.=tij*' ~ ~ ~ ~ 'lleflRlcil u: 1 lf« ~htt<+il m ~fif+i*' "CJI'TUfT ~ 
. C4'1~fue;~ ~ I ~ ~ ~ ml; ? ~ ~ ~ atl'h~atl'h ~ ~ Sf1" ~ I 
m -qf.r ij&@l j0'5+il ~ ~ 'tl+i\i:f;lft, SiRl'imll~ ~ ~ 1lT1Ift ~ ~ ~ 
~ ~ ~ m ~ ~ ~ lft ~ m arret ~*fua ~ ~ 1 ~ 
q~allc if4~j~4~ SjjUftt<~cil ~ rnr fi".~."Q;. qi'r ~~~ I fi".~."Q;. ~ 
~ ~ m ~ ~ 1 trnfr ~ ~ ~ 'Nt atitff'1* ~ am: ~ 
~ ~ ~fil€l4'1 f.l+ilct{'lafle;~q)) '1RT\ lfnf ~ I 

~ ~ ~ -qf.r tffir ~ ~ 1 iil+t'iil!Jt liT ~ ~ ~ ~ ~ m ~ 
CI'1~Rlt: ~ ~ mT S'{ I ~ ~ ~~1;ft ~ tffir ~ ~ fq; ~ ln! 



\ ck;q ~ ¢ mt~HH!S:<'ll$ ~ ~;?j~~q?) ~I'Sdllc ~. 'il~lc ~ \ 
(ilddllc ~ ~ ~ I m-~ ~ ~ I ar-=<4 U+f' 'ii~Ei~ ~ 3fT-3{l':AT 

~ ~ ~' 4'1t"i~ \ ffl' ~ ~ '11~Qf1 ~ I (I"{ ~ ~ ~ \11~ 
fcf; ~ err ~. ~ '1~~4<<'11~ ·~ ~ m ~ cf; ~ 1 ~ ~~ 
~'ic-Cfll~ • ~ ~ cf4 ~ m ~ mrr ~ ~ ir 1 ~ iit¥{':10'5 (1' 

~ ~ <rrU ~ ~ ~ qf'~Ad'1 ~ I ~ ~ ct ~ ~ ctetqft;;t ~qif 
~ ~ 'f qfQ ~ ~ I dl<l~~ ~ ~ 't>SIItlq.-(!, ~olctl¥1 , ;;q;:'1te:l<, ~ffi 
~ ~ I <'li'f ~ ~ ~ ~ ~ ~ I ar-=<4 \HOftEi~ct?J ~ ~-TI, 
~4H1f~MI , ~. f.111CflH1'1 ~ ~ ~ ~ '11~141'1 ~ ~ I 31Gf ~ ~ "9Tofi 
m-~ 1Rif d' ? ql ~ ~ ~ \ilfu ~ I tfft ~ ffl' \ ct'it"i~ ~rl; 
qcqi ~~~I¥~ ~<ft ~ ~ ~ \ ~ ~ ~ atfi~ 
~ ~ ~ ~~1'1'11 ~ 'iflctlct~1q~ ~ ~ 1 tfft m e<<'ldllc m- ar-:nc "{ 
lJ11T ~ ffl' \ 4'1t"i~~~ ~ ~ ~ ~ '*j<l<'ll~ ~ ~ ~ I 

~.9X ~~(Evolution) : ~~~ iT~~ m ffl' \ ct'it"i~~~ 
e 'iq cffl ~ q f{qd'1 "1~31 1 ({ct?J ~ I ~ ~ ~ q"ij'llT ¥ ;;ftq' ~ I Cfif1~ 
~ 3raf ~~ ~ ~ ~ ~ x\g ~ ~ m:t ~ "{ ({ifl'*llflq ~~ 

~ ~ Y¥11f01d ~ ~ I ~.,')g~dll~ fcrilr;:;; \ \Oii ~ f.:t;fu¥1Cfll ffl' \ 
q'it"i~g~ ~: ~ ~ m?; I ~ e·el<¥11 ~ \ ~ \i~ij~Cfll m ~ lll1lfi 

\ q'it"i~ fa;ftg~dllc ~ ~ \ Pcrcmr "1~311({ifll S<( 1 m ~ ~ -qf.r ~ ~~ 
~ I m-~ ffl' \ q'itlifag~¥11 ~ ~ \ ~ qf<:qd'i<'il' ~ ~'ij' 
(Organic evolution) err~~~ 1 ~ fciifllect?i ~ ~ fi<1T 1Tftnrr ~~ 
~ '11f.1e~ ~ 'iflq'1Cf11{1'11 liT mr ~ ~ err ~ ~ ~ I fq;;f c~ 
¥11f.1ec#t awr ~ ~ ~ 1 

~ ~ ~ ~ \illctdllc ~ ~ ~ ~ l{tcfldllc ~ "~'e~ifll \ ~;; 
~ ~ m ~ m- "{ ct'it"ifM~ ~ ~ ft 1A" '11R4dl{11' ~lf 
~Cfllec#l ~(Theory of~rganic evolution)~ 1 31'if ~ ~ ~ fq; ~rr 
1JT1Ift ~ ~ -~ (1' ? 

~ ~ ~ CfG'(f ~ -mr \ ~ ar.ftG \ ~ 31~~*t ~ ~ 1 ($ftar 

~ arat ~~ ~ ~ ¥ ~ 31~'€CC~'11 ~ ~ ~ ~ lflfmi\' 
q;flt 11t (I"{ ~ dldlftl¥11 'iflqt<~*t ~ ~ "{ d!Mifll m ~ ~ ~ ~~ 
m?: 1 e=qei!{11 ~ m1lfT dlft<~'ll(<ll '11,{1'11'1 \ 31f<ffi'i1'1 m ~ nmr, ~r, 
qr;fi \ Eil~il'il'i ~ ~ ~ I liT ~ wr_ ~~X~ 1fT ~ ~ .,.lqlf<:lFf 

(Oparian) \ dl~f<:~ ~~IP-iifl ~ (Urey) ~ ~ 'Cfftq;r ~ 1 ~ ~ ~ 
~.~.~ flN;r, ({+?if.illl, ~ qrcn \ t=:l,fl'il'i lliftl({ct?i ~01¥11 ~ ~ ctrr 
q<r~GI<ft ~ ~ ~.,"r({ftl:s "{ ~ ~ ~ ~ m 11"tT ~'~~'~({ 1 w:t 
~ ~ ~~lifli412 ~ ~ "{ e=q~i!{11'*l dlllj¥10'5{1'11 ~ ~ ~ ~ f-i.({'f,'C~:. 

~~ c;X 



~ ~ '1§1~$~'1 (Duplication) ~ ~ft<1$~'1 ~ ap~J f.nrtvr ~ 1 ~ ~ 
'iftCI'1cN ~~~I 

~~CI~~ct>) ~ ~ ~ ~ ~~Gflc ~ ~ ~ ~ ~ ~ ~ ~ I 

d(~~~Ai qr~~ct>l m:2r ~ rurn-~ atful~ct>l ~ ~ ~ fr ~ ~ 
~ I ~ ¥ "tff.r \il'1fuq;r ~ -I {\(ct>) ~ ~ '1l"ftm ~ cf;tT ~ ~ I 

\iftcf filct>I~Cf>l \1H'l10i~~ (Evidences of theory of evolution) m ~ ~Cf>i~cN 
gf!ti41illc ~ ~ \il'1fuq;r CI'1~RI ~ gruft~~ ~ ~ c:.r ~ q;uct>l" ~ 

c-. '""1 '\~ .. , ~ · " ..:lo 

g+i(U(~~ ~ ([ ? ~ ~ I 

~) >r~lcUCi4ifltiliUC! ~ 1JlmTC (Evidences from fossils) : +rt:Pr 'iftcr \11'1~~ l1T'C1'm 
qr ~ fflwrr ~ 'iftCIICI~l1 ~ I ~ ~ ~ ~~ rrr.IT ~ 
'ft I ~ ~ 'iftC11CI~ll1 ~~~'fliT 'ft I ¥4gl'1iil ~ mr 'iftCIIC1~~ 
~ ~ ~ ~ 'iiiCIICI~l~ ~ ~ ~ ~ct>fud ~ iil~~l ~ 
~~tlCIICiflf1iil ~ ~ ~ ~Cf>~d g(oft~~ ~~~~ I 

JiCIICI~llllcN dlfA4'1Gflc ~ ~ Cl~dliilf'6 ~ ~ ~ q(~~'( I 

fdifl~~ct>l ~ ¥ ancr ~ m m<IT ~ <~~ ~.fu. ~ ri"J ~ ~ 
~n&i~ct>l ~ I ~ ~ Cl~dlillf'6cffl 14l:Sict>l 31GT~t:1dl'j~l< R!;ft~~ ~ ~ ~ ~ 
~ ~ m ~ ~ 1 Rl<fl~~ fli-Jt~q~ \iiTfuq;r ~ 1 ~ r.=tt~dii r '1 -mm 
~ ~ rr. 1 fll.,')g~ ~ ~ ~ ~ ~ 11l1f ~ m ~ ~ am-r 
dlii'l~'illlif>l ~~I m ~ ~ crf+rr 14l\SlcN ~ ~ ~ ~ diCI('l(lliil 

dll~~~q)) m- I 

~t114dcN 9~4iiiil ~ "IJTOft dlif¥lllclf'<ctijct>) ~lq(q~llj <lful~ct>l ~ I ~ 

~· ~~ ~ ~ ~~<iir ~ ~ ~ ro q~\jf~~, ~ 1 4~G((~Cf) ~ 
~ ~ q@ar+u al'rt1rg~ ~ 1 1ft 'TT {ca~t1ct>l rr_ r {cc:r~t1ii'IIC! ~ \il1fulrr 
~ ~ ~ ~ 31(4(g~ qf'<qd'1 'ili'1~4Gicffl d(q('i(l(iii ~ ~ ~ at,..,. 
dllfctWitlf'<Cfij 'ft ~ ~ ~ ~ I 

~) ~ 'ti4'11•ti'l <!('1'11?+iifl 3t't4Q'1iUC! ~ 1JlmTC (Evidence from comparative 
study of anatomy) : m ~ ~ ~ q;nf ~ ~ dl(4(g~(~ 

~\llidl4 ~ (Homlogous organ) ~ 1 ~: +uf.:t~ct>l m0",14l\SicN dl~iif'6ct>l 
~~ q{qlq;) ~~ ~ ~ ~ ijGtid14 at(41t'i~ R ~ ~ Rlf\h;~ct>l 
ii'l'1li!iil ~iil'1dl ~ I 1ft~ ~~~~~~I Rlt1i~~ct>) 
~~~~~-qf.r~~~ : 

~ (H~erous) ~ ~ (Radius ulna) 

~ ~ irc:r ~(Carpels and metacarpels) 

~ ~ (Phalanges) 



ijGII!:1'14 31(4Jet~cA G~.,"',c:.+cl ij+wH'II 4ijifiJ(UJ \14) ~ at ~ ~\am:; ~ 
~~I {CI~q;JJ tn{q; ~ ~ 'lq ~at~~~ arrq;:ft 

at(4tcA m- tn{q; fct;fu;j~ \ 'qi"('q; "l~4~ 111: 1 m •nf.:tij~ oR, ~. 
~.~.~~~~tmrm-~~~~~. 
~ m-~. ~ lfT'1t ~ ~ q14~t1cA m-~, 

tT) \(OI~~tt\) 3f644'1illi! ~ 1J+nVT (Evidences from the study of 

embryology) : lf\W, ~~ lftcn, ~. mf.re-~ ~ ~ _;lqt:~cA 
~ ~ d1q~J4'1t ~ ii'ITc \ ~ dlt+t<cA ~ 1 tt\3etcA ~ ¥ \lT'tTGfTC 

~.% ~ ~ ~ ~ -qf.1 at at \lT'tTGfTC ~at 3\(:Cifi~ ~I '{VT 

rcrcmr ~ ~ {CI~\q+il qftqdf1 \'ftt\ ~ tn{q; ~ ;i)qe;~ ~ Gtf.-;j~ I 

~ at ~ ~ IJIJvftfi~ ~ m'liT 'j€Ji&CIC ~ ~ ~ ~ ~ 
m~1 

'ff) dlii~'UfiiiiC! ~ ~ (Evidence from vestigial organ) : filififud ~ 

".lf1lft+rr tJTR "¥ at(tT 3f1qli"'Hft \ m'fT Qil. 0'\ ftR 3T(tT at~ififud ~ 
".lf1lft+rr ~ \ \34~Hft Qi1, ~ ~ at(•lt11~ 31&4 fl"11f (Vestigeal organ) 
~ I ~ \3~1Ei(Oit=:~ : ~ ;Jjijq~ft, futf;+r (caecum),~ ttqf .. ISCRI , 

f.:tfcfeellt ~. q;fcfijCffi, if41'11';'1 ~ ~ +ilf"'ij+il atqfl"11t$i ~ '41~ 1 

+ilf.:tttifil 'jtolitl~+il at 3f(ilf!~ ~, f4itifud \ \344l~ft ~ 00 I ~ ~ 

l'4itilecA ~ ~ ~ ~ ~ ~ <ft:4" "jftc ~ 1 

& ) ft~4fi~Cfi fc.Ct(OiiUC! ~ ~ (Evidences from geographcal 

desdtribution) : ~ ~ \1T1TliT ~ fct;fij;Jifil ~ 41~'1'{ I atRhifit+il 

~ mft' ~ fijqjqj;fl ~ flll~t1+il ~ I qd+ii'14'11 ~ at ~ t1Tcf 
11Sijcfictit '{4lilill2 '!fil1 ~ \'f({\ ~ ~ S'{ I ~Hn~q; qJtllt=:~ ~ at 

j 

~m~l 

' ~) !{ ccifi•l'ilifil lif.,icHtiC! ~ ~ (Evidences from bridge animal) : ~ 
~ ~ '1tl It) ljiJ oftt: ~ f4 q;fij d ~ I 0'\ ~ 1JTIIft -qf.1 W( ~ cfitt 1pT ~ 

\ cl;gT ~·nut)~~~ ~ I at~fi:l4tttl tfTR c:<=lfc:qe+it ~ m ~' ~ ~ 
at* mrr ~ (~) ~ ~ I '6\ ~ &ef.:teij;qfQ cl;gT ~ ll'llhl4+il m 'Q'VT ~· ~ ~ 

-aR ~ ~ R -18<+il ~ B m- S1 ~ 1pT ~'1tilt1ifi1 S'\ I 'lftt'1I'Te 

4~iiiC! ~'1tllt1 IJIIUftfi~+tl lfilr ~ ~ ~ "jftc ~ I 

~-~\ ~ rc.ct~ltlifil fe4t'fl~" (Theories of evolation): ~ ~ ~ ~ ~ 

~ ~ ~ ~ ~ ~ 1t'ttif41 t 0'\ ~ ~ fq;;f \ ~ \14) 

~ CfU ~ 1f-t -*IIPicti@i~ 8J't ~ ~ l«r ~ 1ft I ~ ~ 
Pl+tt3t1tti( ~ : 



IJli~Cfii ~$11f.:\Cfi m- qjC(!\ti(! Jl+ii~ ~ ~ ~'I. 9c;O~ +IT f.t+Oiidl'jfll< ~ 111: 

(9) ClidiCI{Uftl4 ~: rtq; ;,ftq{'lj~ ClidiCI(UiJI 1NTCf ~ I ClidiCI{Uidfijfli( ~ ~ 

dl(il<ffl ~ q;lf ~ ~ m- Cfit ~ I cilldiCI{Uidlijiji{ ~ qf.; 

qf~:qa"' ~ 1 \lllli'i+it m ~ "{ ~; ~ 'q'1";ft mr, ~~ ~. ~ 
€W11 <ffl ~ 'll'ft+rr ~ ~ "{ ~ fuci; I f-it {iq;JI \IIIli 'i+i I ~ 3filTCf 

~ q;r"{Ul mit~~~ am;if ~~~~I 

(~) ~'(ii~~Cifl1 ~ ~ ;;:j'l44l~ICifl1 ~ (Effect of use and disuse of organs) : 

¥ ~ ~ ~ ~ ~ fc.r<mr ~ ~ qf<4a'i ~ \II'AJ; 1 ~ 
dl~u~$) ~ ~·. ~. ~<t<6ctii mit mm ~~ ~~ ~ ~ ~o 

f\i~c+ii ~ ~ ~ ~,Cfii!CIICfil ~ltl~+il "3l'fi ~ ~ ~ ~ ~ I 
~ ¥ ~ 1Ffm ~ <'liT ~ rcrnm: q;Jlf ~ "{ m.rr ~ 3R1liT 

~I~~ ofu+rr fmR ~ ~ ~' +itf.tt~ctii ~ Jijijq~ft q;T1f 

m ~ ~. r.:t<tlla~, ~. ~q .. -si'Rt m.rr "{ ;;:jij441~ft ~ ~ 1 

~) ~ ~ f1Rti'1+H ~ (lnheritence of acquired character) : 

dl(ilt;~ctil ~ "{ ~ijq4l~ICSIIC: ~iitlf<¥ ii1'1lc+il Wr qf<Cid'1 "{ ~ ~ 

3{1'tA) fl'*ll'1+il ~ I ~ ~ ~ ~ qf<qd'i 'lf ~ ~fulqfQ ~ 
~ ~ ~~ <nftq;rorr ~<t<6ctii mit"<~ mm ~ 1 

~+ii"'Cifl) ~1('1l'i4'11 : €11fl~it\ i'l+ittlictii ~ <!!<l~~+il ~ ~ : 

~ ~ ~ 'IJ'T'C<f llt¥T TT ~ t~'*11'1+il m ~ ~{'ii~til ~ "{ ~ 
+ii~1q4'1 ~¥fud ~ (!'"{ ~ fl'*11'1+il ~ ~ ~ I ~$11f.:\¥t:~JI ~ 
mt ~ ft:t; afur ~futt~at {'l~lldl< ~ ~ qf.; ~ ~ ~ err ~ 
~ \II f41 ~'1 I 

~ ¥ dl(4ttil ifat ~ ~ Wr "< ~ ~ ~ m.rr Wr CJcttfd+it m 
~qf.;~j 

~ ~ ~ ~ -iitlf<q; CSI.?ic+il qf'<qd\1 ~ qf.; ~ I 

:SIFcf.,Cifl1 ~ (Darwin's Theory) : 'SI~'itil fi14J'*!{'IIt fti;11at1f11< ~cifit'l+ii 

~~~ 

o Rm ~ ~ ii1"ita~ ~ = m ~ .~ "{ <~'1~fd a=t ~ 1Tftr 
("<4tflt~4 ~) +IT~ \llriiiJQ'(I '3Gi@i(U1Cfii ~ ~ ~ Cflf ~ I 'tO 

Cflf ~ ~Fil'i'1+il ~ ~ I ~ ~JCI'1Cfil{'i+il ~ ~ ~ after if'E"iU 

"'riiiJQ I ~ ~ ~ ~ 1Tftr ~ ~¥~t~ ~ \ll'"+ii~ctil ~ ~ 
~ ~ ~0 ~ ~ ~ 9 ~ ~0 ~ ~ l ~ ~ ;,ftqg~'il 
qp.; m ~,¥,c;,9~ q;r 'f4tfti<ftl4 dlij4ta+u "1'1fl($41 Rt<~~4+il ~ ~ ~ , 



0 141Cf!lalti ~ (Natural selection) : CJIICfiRicti ~ 'T'f lf((ctilfi~ 

~~~~~ ~ ~~<rrU'll?;\~ 1 ~lR~ 
~·t'lei'tlt CJIICfiRicti ~ ~ I ~ 'UVT 'T'f ~ GllqE:~cN wftc: q;nf 

~I'RTVTTf~~~~l 

o ttfi!ii'1'ht m ~ (Struggle for existence): CJICfiRI+u ¥ ~ ~ ~ 
~ df~"lftid ~ ~ ~ I ~ '*t \itf'.-..((cN ~ ~ ~ I m 
tl+iFI~4+il ~. trr<IT, -qr;ft, ~ 1ffiR m- I aT ~ 1JTC<f 1fOt tl"d1'1Ei~ 
afi:q ~ Slfu~'El i ~ I ~ C11h'1cN mflr ~ ~ I 

0 ~ ~ ~ (Survival of the fittest) : CIIT'&ictii m ~ ~ ~ 
~ ~ \: ~ ~ m: ~ \ifftr ~ err ;mr ~ 1 \iff.·+i((ctil ~~<ctit 
~l'd<IE:~+itA CIIR:f<ll~ 3fTtlTft \lT1T €u~e~qfQ ~ \TilT ~ ~ ~ ~ 

~~ I ~ 'li'( ~ ~ 0\ ~ ifiOf ~~I "U1f m-fur 
&f+i"ffi, ~ \iflftr, a;: ~ ~ ~ rn, q@q(Ojdf1e•< qf<qJ'1 "['f rn ~ 
~ iiT'&ictii m ~ R 1 ~ 'T'T lfC(Cf)lt'i~ ~ <rrnr Mf<~ 1 

0 qf~:C{ffl (Variation) : ~ amrr ~ tl"d1'1t'i¥a?i:q ~ ~ 'T'T ~ rrqf 

~ ~ I 1:l1f ~ ¥ ~ 'll4£fticN ~ 1f1T 1JTC<f ~ ~ 
~~~m~(f~om&n11 

0 11Tt<f lf4•11Ul41n 1JO'TifiT ~ (Inheritence of the acquired Character) : 
CJiiq;Riq; ~tflc+ii ~ IJijUftE\~Cf)j "(1VT ~ ~ tl"dl'1+ii lJm\VT ~ I ' ~ -... ,-- .. 

0 om ;;ufatt~1 ~ (Orgin of new species) : m iflff ~ ~ l11:q;r 'UVT 

~ iflff cfUln d ~ I ~ 'Ptf ftftrlrr ~ ~ cf;tft if cf;ft <rlif 
'T'T m ~ \: 'Jtil lfOGI q;("Cf) ~ 1 m-~ ~ qf<qa'1 ~ m mr 
~ ~ ~ a&I4~Q I ('l(r ~ ~ ~ f\r;:;f ~ I tmtt ~ iflff 
~~~ ~ 

q ('{4)\iiO{ I 1fiTtf 
. 

~ - ~ ~. <C4<<1CII err "i'tt~Cfi<it ~ m- 1Ttt ~ ~~">t#14ct?t '11fiT 
Otm: 1rtT d41$ctii fit~teftt'i<!cN dfi(jfjij'4j Cll~(~cN :afll~<~cN \: ~ an(( ~ 

~ ~c.ttl4tctt ~ t1(+'1<il ~ tfUT ~ m- 1 

~- +itf.:te+it ~ cf;tT 4~11'j41o (~ \: ~) ~ qft:qt'1 1R amm a<n\ 

~I 

~. fi'ACf 31 ff4 4 ~ <<ti'l '11fiT Otm: ~ I 

"· ~om \it'1tc.t<t'i<!+il ~ at'jCfl<ild l aro:rlf'i 1rtT ~ ~ ~ 1 



~0 

cU('IIq(OI C41dli'HOI 
"'ffi '1 iH '!fl'ft+rr '!fl'ft+rr 

3l '!4Jt'ld I C4?J 3l '!4Jt'l d I til 
~.~. ~ ~ ~ ~ 

C4 '1 t•Hfl Ei ~ 
~~ ~ C4 '1 t"1 o"l M 

~~ 
C4'1t*ifuft~ fcf""' . ~~~('II -~~~('II 

<t . 

~. 

l 

Y. 

. 
~. 

C41dlq(OI ql('llq(OI 
"' ffi ., +11 '!fl'ft+rr tfT'ft1rr 

3l '!itJt'l ('I I til ~ 3l '!¥('I I Cfil 
~.~. ~ ~ ~ 

q., t"1 Rt Ei ~ ~~ ~ q ., t"1 ra M ~~ C4'1t*i~M fcf""' ~~1~(11 -~~~('II 

<t . 

~. 

~. 

y 

~. 
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SllifiRI~ ti~., (Balance in Nature ) 

~ : IJIII:fifacti e;:q(1'1ctii ~ m-, '1~t{ctil '\ ~ ~ a1<uu~~ct?t ~11ft 

tt+H41\~cti ~~Ei~ct?l ~~qojq;j ~ ~~4C4~ct?i -m<f '\ ~ ~ ~ ~ 

cH(tlq(Ui,IJIII:fifdcti 'U)a '\ mtr.=f ~~~~q; '\ IJII~fSq; ~lde:~c6i ~ 11ft ~ ~ 
0Qq~l4'1 '\ ~ \~1(<*''1 11ft ~ 11'f I 

lJfid' .,~fl;ct?t \il(41(1+u ~ ~ ~ ~ <f;tft ~ 1wfte:~ ~ mr ~ \il(41(1ct?i t'!f'<41t11ctil' 

~ ftt'<~ctil ~ ~#ir\1 ~ ~ 3INT ~ I ~ * ~ ~ ~ ~ m_~ 
cf;tT €il'<~ct?i ~ I "Ul.Jt' ~ ~ ¥ cfm ijjit<~ct?i ~ I ~ ~ ~ ~; 
fct,ftt+ictil ~ fil(!ql~~ ~ ~ ¥ ¥ ~ i5lffi1 tff.f ~~ I· cf;tt 1f\ ~~ 
~ '1l€1flct?i ~ ~ I ~ ~ ~ ~ '\ c(j€ifl+11 ~ +11~1Ei~ ~ I ~T 
dl~ldl~ t{#lfu ~ amif <m ~ IJIII:fifacti ~ ~ m ~ ~ +il~ect?l ~ * ~T 
~ I ~ ~ tff.f ~~~ I fll"e"GlTG ~ mlT 'j€ih'i~~ 'q(11t{ct?i milfqi·, 

ef~fdq; ~ '\ ~ e~~~{!:~ ant ~ ~ ~ mctiT 31Tli'1+11 ~ ~ '\ ~ ~r 

~ ~ ~. 41: ~ ~. ~ ~. ¢ ~ '\ ~ 311q~4cti q'1~fdt'!~~ 

~. ~ ~ ~. CW! '\ ~ ~ ~ m ~ ~ ~<l+ftt'i~ e~l~lfl+il awrr 

~ U1T ~ f.rqiT ~ ~ Ru ~ ~ I * \3ffllil~ 3fTCJ'1T cijj(ljq(Ui¥11 ~ ~t 

at4t<~*' ~ ~ ~ 1 *- ~ a:eqe:~*' ~ 31146+11 ~ '\ 31'"6<eWI'fA m \il'"'*'~t 
~ ? ~ \3tfl t<~i' ~~~~q; dt4{(~ vmf ~ tJf.f 3fTCJ'1T qldiq(Ui+ii ~ ~ l: 
~ q~~~ct?t ~ ~ ~ ~ \3~~~ "<Tl1it ~ ~ 1 if -~ ~lift~ ~r 
"IJIII:fildcti ~· qq 31!414'1 ~ mlr ~ ~ '\ 'j€1i~~ct?l 31'j'lq(f11 _,.")fit{i4il ~i 

~ ~ 1Fmf ~ m ?4ef'4~ ~ -*'•fi:t• dt48~ ~ tFmr ~ ~: 
ill(1ill~i4il8~1' tJf.f 1T'f' (1111\3'j4Q I ~ mfr q(4(c6l cUdlq(Oi¥11 * ~ ~ '\ ~; 

~ ~ ? fdrl'lt<~ ~ ~ '* ~ e"iif;ed ~ ? q1f'<~{aq; l1.lftr (Ecosystem) cf;· 

if ? 00 ~ ~ 4if<ftar.4faq; - ~ ? ~ ~ ~ q;rlflf ~ ~ ant ~1114ctil 
fQI,.1e1e:~ tt+iiSI'1i4il ~ ~ ~ 31t414'1i4il ~ 311q~4• m , ~ '\ 31i$1Cf~ ~ 
~ \3h4~ 7if ~ ~ •lf'<t{cM U: I 



~. ~ 41~ffi4~¥ 1frif (Ecosystem) 
fmrct; flm 

-uf.:ti¥4141 ~ m ~ oo ~ 
fun;~~~~~ 

~I ~---

~ ~'Clltfi~~ Population, commuunity, 

habitat, niche ~ eli 'ir ? 1fifi 'in"if 1ft 1 

3l1n'4' lf ~ mlit ~ '1 I ~ nl 
~~Share~l ? 

Community: ~ 'll<fll<iffl mlliT C41diiHUI+il ~ t~ ~~i1C4t=:~ (~ ~ lii'11C4<t=:~) q;) 

~ ;;IT ~ ~ f.N\ ~ ~ Community ~ 1 ~: Plant 

Community, Animal Community. 

Population: ~ ~ (species) CR ~J~lq@i~cffl ~ ;;IT '¥ vm q@q(Ui+il m'1 

~ ~ ~ ~ \3MI4'1 mf.t ~ fttomTt Population~ I ~ q;ft 

'41Cfj<fl~ (Spiny Babblers) 

Habitat : ~ ~ ~J~lqfl~~ -~ fffir ~ ~ ~ :aoftl'i(&~ illtlt'QI'1 

(habitat ) ~ I 

Niche : ~ itltlt'QI't (habitat) liT ~ 'liCfli<Cfll ~ ri<U< ~ ~ 1 

~ ~ ~ t:nri 't ll!fU ~ ~ 0\ 'doftl'i~cffl ~ ~ ~ I ~ 
~ ~oftl'i~~ ~~ ~ m-~~ ~ ~ cpn1\JQ 1 m ~ ~ 
~ qlt!t'QI't+il ~ '1!"'4Cflit'IIC ~ ~ Niche ~ I t1~H!I~ ~ ~ 
f1f\1i' (Nuts) q;) rsmft 1TQ ~~ ~ 1$1(1~~ ~ ~ 1 



~~ · ,. 

~ ecosystem Cfir ~ 41~4~ct>+41 ~ 
lTtt ~ (I\ ~'Uitft~~ ~ -#Jjf.lq;~~ ~ 
qfutJ~d 1ftq;r W{ 7 ~ ~ W( I . 

ecosystem ~ vilm' T.G. Tansely 
~~~~{! I 

~ ~ lt4tlieftt<~lt ecosystem q;T f.fRVTT ~ tfl'f 
I 

~ 314'11~¥'1 oftcl;r aq1~1t ~ ~ t ? 

(~ ) ~ blackboard liT.~ Pfl ~ I ~ ~ m I 

r..ilftcr Nonliving 

lTcmf, qrft 
nmt~~ 

C07, ~. N2 
W , tlicUqltft 
(Climate ) 
~~ 
(Nutrients) 

Ecosystem 

Pc4•• 
('3ft ill I~ @i) 



~. ~nfi~IS ~ otC4l'll+., 1T'f ~ q~.,)t< "< ~ 1Jt ~ ~ 
~1fltl 

• ~ '( iiRTif'( ecosystem q;r ~~(biotic component)~ 1 ~ ~ 
aRf1t(f ~ +t((€'<4'i"~ ~: (z) \3ecii<:+ (Producers) (il) :aql!)mr (Consumers) 

(iii) f~i!Q«+ (Decomposers) ~ 1 

• ~~ 11t&i+r ~ mT1 lfl'ftl m l ttAT ~ 1 

• ~~ lfl'ftl rn1 'll+m1 <(Jtl(oio'(q ecosystem q;r ~ ~ (abiotic 

components) ~ 1 

• ~ ~~ ~ ~ ~ CJ(Cf)((cffl qf~:qa., ~ ~ m ecosystem qi'r ~ 

~am"< lfQ I 

• . ecosystem e ... "C4it1.,1'4 atiC4-4+ ~ ~ 9ft<r ~ 1 lfr • Photo 

synthesis CJ1{'$4fil<l ~ ~ ~ fll~qliiiC! \if'fTCR ~ ~ i(tq{':~+tl 

~f{'UT~~I 

• ecosystem liT ~oea«~ mr ~ ~I \J(.,(q(t'flt ~ q;pf ~ I 

~ lffi! ~ ~ ~ 1lT'i\+rr ~ ~ ~ +tiililiC! f11~qj{':~ 

~ :~9Tt<r~l 

~. ~~ fa¥t1t:~ ~ ~ ~ ecosystem ~ ~ ilmJdl 1fift 
~ 1ft I \3tftt:~ ~· ~ mmT ~ ~ I 11lf ~ ~ ttTR 
~~I \J(.,(q(fi" '( ~ ~ (f'(q{("iftoqifl ot"'d((1+ij;s ~ ~ ~ 
~COS}'Item m , 

~ fltCitwfttc~·us ~ ~ 1At ~ wnrr I ~ 1 

~ ~ ~ ~ 11t't~,., .. , ~ n t{f.f ~ 1 

~ '3ifltc~ at1fi mrtt ~ ~ ftr.Fr ~ ~ I 

1f t{f.f 1ft flMtCfl+ljq(l~ ~ lR Vlmr lfll I 
~'W'm'fmr I 



l ~ c:ueticHOf\Q ~ (Ecological factors) 

anq;rr fmrct; e1efl~~*' fmlvr ctii4Gii<! qf.r ~ ~ fuiR ~ ~ dli1t'lli<H~ 
~ cf;<=:ill<! mft;pr ~i{l'f'jil({ctil ~ flrelq; ~~~~ I~~~ 
~ ~ qif<~Rlcti q4fadi~Hfa <mw:nufill ~ ( ecological factors) dlt:ZHq'1 

~ ~ N ami\~~ 1 ~ ~ ~ ~ ~ fuiR ecf;Cfil~ ~ 

~~~~~~ 

~ ) FUm-lfl·~~cti ~ m ~ i14'014l@i~~ m 11iT f1mT1IT eT~..wr 1 

~) fi4'01tfi~~IC ~ ~f&l{ctil ~ ~ ~ ~ ~ cU(IIcHUI+il ~ 

C:H~l'l~cil ~om 1T'f ~ I 
~ ) fl41Qiefi~ '6'lm ~ \-tflill<! ~ ~ ~ 'fTlf '1<if;lft~ 1T'ft \'Ff ~I 

¥ ) ;a;flt<~ ~ 4J<Il'l~s('ut ~ ;;r;rr i14'01eft{'IIC ~ '1litm ~ \ e ~:.i'lql'l~lt 

~~~~I 
~ ) {l.(jq+il ~ \ iii'1i<Hl'l~cil ~ il'11$l{cil ~ I (';j>iftqt<~cil ~ cf;tt ~ 

~ fu&i~ e+i•~~' lf1 'lt ~~ ~~ mr, m , ontcrr, 'l-~ 
(Topography) ~~ mit ~ e~acil ~ ~ ~ il'11'3'j'4flll \ ~ 
11iT ~ e1<i~l+il qldlcc<ul+il ~ e-ilcc~~ ~ a~l'l~ S'l. \ ~ 
(l"('q~~ ~ S'( \Tift~ I 

~ ) !'l4'0ieftt<~IC 1iiTti tllt:'j'ijlft I "qldi<HUftll ~ ~ cf; it ? " 

~) f}.f'Qjtfil'l~ ~ ~ gRff%lll+il ttq; ~ ~ ~ ll"eiT 3Ni ~ ~ I 

~ 'tlf.f qf(llcHUI+il ~ {1\lllcU'i~ ~ qf(licHUI+il ~ ~ '{ ~ d~l'l~+il 
~ 

f.N\ ~ I m c(rr qf.r Ecosystem llT e~lC:Cfl~ ~ (Occurance) ~ 
(Distribution) '{ ~ (Survival) llT 'l.l1Wf ~ di~Pc:i¥ \ ~ d~l'l~{'llt ~ 
qldlq(oftll mq (Ecological factor) ~ 1 

~ : • 3l1f ~a, C:Cidlq<oftll d~{'llt ctiftf \lT1TliT ~ 1T'f ~ oo ?" 

Rta1wft~ ~ ~ ·~ \lT1TliT <<t ) ~ (~) ~ 1" 

~ Rta1~ ~ ~ M- qq; 1iiTti ~~ ·~ \ ~ d~@i~~ cf; 

m~1fllt? · 

tli&i~ ~ ~ ~'Qieftl'i~il ctii&e:~ ~ 1ft 1f~ '1l'd< ~ ~-qq; 11iT 
'li~41::A \lill'jlPfr I 



~ dt'dl~• (Abiotic factors)~ ~ dt'dl~ ... , ~ ~ 111mf W ? 

(Temparature) 

~(Air) 

dlq:fi+i~ ~ '{ Gl'ilcH(I~cffl ~ Slf!ti41+il ~ ~ I 

R ,.."jqfi~IS ~ 11Rfi41q1 t1<>"141Wt 1fof -qr.ft ~ I 
~ c(.t qf.r ;;fR ~ t1¥14t1+44 ~ m-1 

lf ~ ~ of\;lrr 1ffi! ~ -qy;ft 
4iil"ei'1•11 C! if'l!if ~ mf ~ 
~\~llli\'~jtl 

m:rri vr.rr ~ (Photosynthesis) 
q;r ~ -qr.ft ~ I 

Photosythesis ctlT ~ 
~col~~ 
I 

~ 31I~~NI'1~'11 ~ ~ I 
~ qjP.,ijq;) ri 311a:ii\:ill 

~ ~ VT;rr VRif I 



91fim (Light) 

J ~14R-n1 ~ ~ ~ l 
~ 1L ___ ah:lf_tA_r~_l+i:-l-~_1fl'fi __ ~_' -~ 

~ 

1=TTit (Soil) 

anm (Humidity) 

t:i¥i'lt11t ~ VAT 
~~~I 

., 
.. . 

' 



'{-~ (Topography) 

~~~~1"1 J 

. q~I:S+il ~ ~ 

~ ~ (Biotic factors) 1fit ~ ~ * ~ ~ ~ ? 

I ~ mm m ct'1WRI+ii ~ ~ 1 ~ ~llctiltcl~ ~ 1 ~ ~ ~ ~i] 

~ ·Qf~niT;;II , 

~I mt, 

... 

wft~~ 
(necter) ~ 1 



ll~t<iEtf (Competation) 

. mvr 

~~fiiHI (Commensalism) 

~--,- . . ( :' .. .. ,,.. -

' . ~ 

I 

F 
lf~~~~ 
-qy;ft ~ (1\ ~ arrq;fr ~~«4di 
lfGUG- 1 



41f<wf<ifi<'ll (M:utualism) 

~ 1Pffi3' (lichen) ~ I ri ~(algae) ~ ~ fungi fllm ~ ~ 1 

~ at~ ~ 't1f.r ~::zu;a~ 1 

lf Algee ( 1 mnt fungus ~ 
~..., .. ,e ~~ 1 lf J11fi ~ m 
Vl'rr~ I 

lf fungus~ l lf 
V1'rr ~(I' 

~<R~\ 
V1'rr ~ V1'rr 

~~lll! I 

~. ~ vm ~ (F'ood chain) : 

~00 

~~~ 

~ ~~ m1ft fir lf cf;tt 1RJ 
~ ~{'li~Jt l ~~~ I 

~ ~~~~~ 

m-mt~~m 

~;\ artliT l{1T ~ 

~~anmrm 

~ anmr ~ ~TMti~ 
~rft{ ~ ~ ('lHtt'tiC 

~ ~ ~ ~ q<'1l'ttC 
• 

~ -cmft G"f ~ ~ 

ml1f~ ~ ant ~ f4EH11C 

~ro •tfoui"Cff ~ ~ 

~1mf~ntf~..mt 

~ ~~~~~ftrl~ 

~ ~r.fln ~ ~ bqj.af\41~ ... 



Food chain 

~ : WM ~l(+J('tl¥11 • ~: ¥trf111l ~ «ci'I<~Q ? 
' 

. 
~ : fil(!qj@l~ .-AT ~ ~ photosynthesis rnr 

~ :' Photosynthesis 'A~41+11 ¥ H114f.1Cfi gftii%41 ~ e¥ft¥<GI (equation) 

* tft ? 

fimT1ft : 6C02+6H20 Light · C~uOo1'602 
Chlorophyll 

~ : . l{1T ~ .,.., ... Cfi:rll~<~..?rj \3tf\ihtil tr ? 

~ : ~ ¥" 'A¥1<¥1 ;aq1fl'ffil tr? 

fimT1Ift : +1 i ij 8161 ~ \3'tf1ll'ffil 

~: ~~cl;E!T? 

~ : q'1tttfa \ ~ ~ ~ ~ VliFr 1R "1'11q(8~1· ~· 
~I 

~ : {1111' """"' ~·q CR1f * tr ? 

ftfcn1ft : azutR:f«1 ·\ ~ ~ ~ ;flql'j8~ P4.¥ ~ "''ri' ~ tQn \ 
"1'11cH(C~ ~16(('tl4 ~ lml' ~ '1ftvr6' ~ I 1ft'~~ 
~ ~ \ +11ii•Ul ~ ljif: ~~I 

fQr;f fmtwT , o, 



~ : ~ 41~~Fdifi W (ecosystem) 1fT ~ ~~~~q~~GI~'EI¥\ 61"'(1UIUI'fl, 

~ ~ ~ 1fT • ljil«r: 11t~qll(~iiiC! ~ ~ ~ ~ 

(orgsms) 1fT ~1'11"'(1(01 ~ ~ f<4~H'IIt ~ &lifl*q!fl (food chain) ~ 1 

!1111 ~ (food chain) 'fr !ll'fliih) fi4ioti'fi!Oi 

~ ~ URf ~ (Foo chain) 1fT~~ \ICfiilfiiiiC! 1000 J fi ~ 
. l'Rfr ~ 10 1 (1%) • lf'11f ma • ~ arfci;t (99 %) fi ~ gf!ti<u+~l 
"~ 't q@q(UI'fl mf' ~ ~ I ~ lfiiCfill(lfl iiftqMCfil m 10 J lf11f ~ 
~I \ilij'ffA 99% ~ 'lf 1% lf11f 'fjijl(lfl¥11 ~1"'(1(01 ~I m ~Trophic 
level 1fT 01fS ifiiij ~ fi tmr (11fT m ~ ~ ~ 'ifilf '¥f'nf1'1fT • ~ 
Trophic level q'lG anR Trophic level 1fT ~1"'(1(01 ~ 1 <rnm{ ~ fi:t~i41C! 

\1~41\3'1 ~ mr ? 

3rd trophic level 

11ft!; mr 99% 0 11ft!;,.,.,,.;,,,, 
~~~ -

2"d trophic level 

fi4Ciqifl~ _ 'dNI«Cfl 1st trophic level 

fmTcf; ijl€4"1fi~ 1 ~ m arret;~~ ~ <nr*r ~ m ant lf"1 t 1 ~ 

Food pyramid 1fT '4t.f ~ 1Fmf lf"1 irm I 



~. ¥ tmr ~ (food web) 

qlf<~fdq; q4RI+il a\ ~ ~ (food chains) ~ I ra.;j~~ ~ >s{C!i\"'l+i f 

~ 3Rr\ t/q1f.il<l (inter connected) ~ ~ ~ ~ ~ 1 ~~ 
ijo:;jjl\'1\'111 C!ii\NII\'1 (food web)~ I 

im- ~ ~ (omnivore) q;r ~ antA't vm (diet) q;r dllfll(+il VRr ~ifl@i~+il 

anq;iT ~ -am: ~ ~ 1 ~ 1r ~~ O"m"tt 'ij11f ~ (fGf 1r ~ m· 
•;11qfl:tq; ~ ~ I ~ 1mJ VRJ ~ ~lftffil (Secondary consumer) ~ 

qjijlfilfl\'11~ ~ ~ : lf!W, q<fttr \3lflftffil (tertiary consumer) ~ I ~ 1f ~ 

+il~ij~~ qlf<~foq; q;a:f'o+il ~ ~ ~ tpfiEi~+il ~ ~ ~ -qr· 

-mr~ ~ 

fmtctRWI ~ qf<q\it'11 q;p:f (Project work) anq;iT qf):qf<iffl ~ ~ l1it ~ ~ 
~~~~q~~i?t ct ct ~ atqJiq;'1 lR I atqJiq;'1 lJtq;r ~(1\"'lt C!IIIQ~3fi iA'T'{ ~ lR I 



~.~ ~ *"' (Biome) 

~ ~~¥1~ (ltcuqtofl 

(climate)\~ . 
(community)~ qlft~faq; 
~ (ecosystem)~~~ 

~ ~ (biome)tn 1 

~ 
~ 

fijqjql;ft ~ 31'1t'l41~ ~ 

~~~~~~ 

-,. ~ ~ (dessert biome) 

~~ oR ~ ~ f:lqjqj;ft \ Cflhlft' ~0 ~. flr. ~ q;;r Cfllri' ~ ~ 
61J't11' ~ ~ 1 ~ ~ Cacti [it(!<m:~ \ ~~ ~~ Cfil\51~1< 
~ ~ ~~ ~ ~ \il'1t'1<fi~ q1,~1. 1 m ~ mru, "'~n:t~1, 

• I 

~ 31~f'<Cfil, ~~ q1R;tf1!~1 \ mcft ~ ~ I . 

~- tml fmif (grass land biome) 

~ iiflqtft~¥11 ~ cflfT ~I tm Cffhif'<¥11 ~V, - 1.9V, ~.flr.~ ifllri' ~ I tm 
tlht!i~, ~ \ ~ ~ ~ ~~ ~~ ~ w, ~~ ~~ 
Q'q'm, e<f\Jitfll IJI'11cHf:~ qli~'( I ~ ~ 31~~~1, 31~P .. e'11, el$~1\41 \ 

({fti41¥11 ~I 

~- <fiT (Tundra biome) 

~ iiflqlft~¥11 ~ 1:fT'ft ~ alq!ti¥111'<1 q;;r ~ ~ 1 ~ ~ +i~e¥1¥11 

-'t0°C ~ dlq!fi¥1 ~ ~ 1T1ft ~ij¥1¥11 ~'t ~ ~ '3~1i(fl~ I ~ tlfli~~, 
~ lf'T (reindeer) ~ ~ (polar bear) ~ IJI'11q(fl~ qli~'( 1 el,~f<41, 

~' \ffl\ 31~f'<q;lcit ~ \1T1TliT iff ~ ~ I 

't. ~ aflqflit (forest biome) 

• ¥1o1a16 CR (coniferous forest or taiga): 

~ fllqlqlift, ;m1' ~ ~ ~~\~~~~I 

~ ~ ~. ~ <~>, ~ • .,~rct \ amn-, 'lW1 ~. *6«M<I 
(wood peeker)~ IJI'11q(tl~ ql~'"a'( I 



• fmiTeur ~ cr.r (Temperate deciduous forest) 

~ ~~ Vma'" ~ ~ m I ~ ~(maple), anriV {oak), aiM1C 

(walnut) ~~'{ ~~ n, 1fl"li, ~~ ~~ \lltfil~l iijf1jq(fl~· 

ql,~'( I ~ dfqf<q;t '{ iiltqi'1Cfil lf_ill11~~¥il ~ ~ ~ I 

• ~ ~ e~lctt<l< lf'f (Tropical rain forest) ~4\IF<iit ~00 ~-~- 'R"r 

qt 1!f'U ~~ ani'!" @iicUqttfl, ~ anhf ~ m, Mlatt:l< ~~ tmr, 
fllf(;tqs, mt *<T, -mt, cmr, ~~ ~~ m, ~ ~ \iffirr 
iill'1iq(fi~ qj'~'t I ~~ lff'1 ~~ \IIU1cN ~ ilf;'1t(i¥il ~ el';r 

~I 

~. ~ ~ (Mountain biome) 

f'Fr f1T"f ~ ~ 7.flr ~q~~at~11ia qt.r ~ Gl'lq~~~~ ~ 1 ~r 

~ ~ '{ atf.Rtiil'1 '{ dfl~dicN lfrn q;'{Cf) ~ I 7.flr ~ 1fle', ~'1111\11 , 

('ft~11mt ~ f11~qt~~ \ ~ ~~ ~~ miT ~~ 41Cfi'il«tt iil'1tq<~~4il · 

~~~~ 

l\ ~ &4ifl((1+4H! (Interrelationship between biomes) 

~ : o?r4(1t'ift ~ a liT1T1IT attstF<a <rrft:rl; R;t'l*~*' u; 1 4T lfTO ct; ~ 

~ ~'Gteftl!~ -uvtt ~ mr 1 

;ftlfm : mfttii ¥i 1 ftrcf;q;r m, ~ m- 1lit ~ fmtvT ~ ~ Mtft:t tC 
~ ~ ~ mr 1 (R fmtvT ~ ~ ~ qf.r ~~4qE<J¥i, . 

~'lt~~l 

~ : ~ ~ tyq; \l"j\141 ~ ~ ~ ~(I((~ - qf.r 

~ Cfi1'3'jtfl('1 I 

tft1fm : ~~ ~ I ~ Ofq•mt¥1 ~ '{ ~ 'fCr ~~4qE<j qf.r ~ I 

~ (biome) 1ff ~ '{ iil'ilq(((~ ~ 11.-<et4r.,q; ~ (biogeochemical 

cycle) 1I1G ~ \l'a*' ~ 1 ftl;flt<~ qtf\~faq; '«<ftr (ecosystem) q;r 

'ifl~'l!i ~ ~ 1 ~ ~ (biomes) 'CfiT1ttr ~ (carbon cycle), 

'"'~iil'i ~ (nitrogen cycle), lfilwilu1 lll!f1fi (Phosphorus cycle) \iffirr 

biogeochemical cycle 1m Ofjq(i'il OIRtUIMI~d ~I 

;ft1fm : ~ ~ \ CJU..?l~t< ~ 314'11({< fmtvT ~ fcttuvftg~acl<! ectit<k'iifi 

~fi6<i)~Uj ~ ~ I emf qf.r Vli\1r 1T'f (1Cf11!~Q I ~ ~ ~ cf;tT 

~~~~~I~~~ MIS('fi$ ~I 



The Carbon Cycle 

q;Tif;:r ~ 311 ~ - 4 Cfi ~ ? q;Tif;:r ~ (Carbon cycle) cl; if ? 

q;rif;r Carbohydrates, fats, proteins q;l lit ~ ~ ~ :qR>f<t'l~ ~ 
3H'41cU4Cfi \lTlT tO' 1 ~ e~t)cn<~ctit ~ if m- ~ C02 q;l ~ 

~~I Carbon q;l qfbl i UI(:II~ ~ ~ 1 

e~~t¢~ q;Tif;f Cfit'lfiiiC! ~ ~ ? 

~ ~~qj{(~ {(l~lifiC! C02 qit ~ ~ ~ "( ~ ~ q;rlf 

(Photosynthesis) liT Vlfm ~ 1 "11114<E:~Jt ~ "< ~ "1111'Ht'I~GIIC! ~ 
~Carbon~~~ 

rnTliT c~ ~ ~ ? 

• ~ "< "111i<Hfl~ -~16\i~~le ~ (respiration) ~ ~ ~ 

*'a(.,<.iffi <4~Fltctitt~ ~ frt~<ffl c~ q'(4f+a'{ 1 ~ f;t~¥'1 c~ ~ 
~I 

• "!'if ~ "< "1111~<8~ ~ 1 ~~t<~cffl lFf ~itl<(:IIS cculflf):41 "< ~ ~ 
~ ilftcnvJ (micro organisms) ~ ~ Cfii411<jffi mflrq; 3fTtFiT ~ 
ifl1i:J~'{ I <fi \(l~lvjt<~ ~ ~ ~ C02 ~ ~ I 

• ~ lFf ~q{'l~ ctj~l1'{ I Pc."SQGCfiEI~ qf<'€11(111 ft 11ecfi<ffl 31GI~I+il ~ ~ 
~ "( 31f.Rt"'l1$1 3NTif (anaerobic) 31il~l+il lFf 111~41t'l~ m-, ~. 

q ctl~4 ¥i "''m 1'9 i1¥i I qftum ~ I 

• atf.Rt"'i1 nmr ~ ij\(lq{(~ -qjijg •ccle ~ ~ m ~ ~ ~ fil~qliil 
Photosynthesis~ ~ iflfR frt#~ I 



'11$i;'Nt., ~ (nitrogen cycle) 

~·~--~ 0 ~ 

~Excretion 

(~? Pia ants and animal 

.,........,, Amino acids and organic 

Plants, ;m:t:.ino..:;t:t.acJr..od.lill_,..r..t~mmua:J/ Amo~n 
and synthesis Atmospheric nitrogen 7\ i-

Amonification 
\ ../ Electrification 

Nitrogen fixation Denitrification N'cation Assimilation 
0 

' \ ~Nitrites (:02) 
~ Nitrites (N02) ¥ 

I 

~Ntl~:~~~~., fiR~? . I 
!;~n•«lll ~ ' "*"r '""'""'' l'l1flr .,,., • ., ~ !lilri"l ~ "''~~" 

* ~ ~ "'''1;"1~'1 ~ \ \it'11q(~~ m1fi ~ ~? 
mTm q;ftGr \9c;% '11~<:1\11'1 ~ qf.r ~ ~ \11'114<~ m 'lllim 1f'f ~, mTm 

~ '11~<:1\11'1 ~ ~ (nitrate) liT qf<~d'1 ~ l ~('lqfQ '11,~C!ctil ~ 

fil(!~lfi~ '11,<:1\11'1 ~ ~I 

.,,,i;1\it'1 ~ * ~ ? 
m-~ ~ ('IO"CCIR1a ~ m- , ~ "'1'?1"'"'1m t7i~lctictil ~ "1'?1"'" +ililillc 

~ ~ lf'lillrr ~ ~ ~ rrl mr+iT '11,?1GI'1qil qf\+iiOI ~ 1ft<l<'"a I 

+WfliW! '11$i;l\it'1q'ffi ~ ~ P..6ijiiij'1 ~ ? 

lf'litlrr ~ Ci!41ctlf\~1i'l mT1IT • '11-~\il'1{'tlt '11t~C!+il i4<=~~~ I lf'litlrr ~ 
~ ~ fil(!~li'l ~ ~+iiUICfil ~ ~ ~ I ~iictii@Ut\ \il'11q{~ ll!(!cU{'tl~ 

"""''1ctil ~ ~ ~ ~ ~ c:llfc!'1¥1 ~ '11'41"'"' ~ 1Tlt 1 +iienut\i'l 3f'=lf 

\JI'11~<l<~i41C! ~ ('l~t<lt\i'l ~ ~ 0~ ~ 'lllfc!'11'd'l ijji'UGHI '11t?i'!l'1 ~ l 



'11\i;)'"1'1"!ffi 1ft11T1fi ~ ~ ~ 7 

• Ammonification \j(Gf ~ \ \JI'11'4<tl~ ~ ~fflfl~+ll ~ 'illfe"''t'ti( OQI<Rof\~1 

\ ~ ~ ~ 31+il~~~ (Ammonia)~~ 1 

• Nitrification 1ITG1+rr • '11t~<niU OQI<Rof'«li (nitrifying bacteria : nitrite \ 
nitrate)~ • ~~latle amnonia ~ '11t~e+11 qftvrn- •1F<~ii4 1 

'1i~fllrl'1 ~ ~ ~ 7 

• Denitrification: 1ITG1+rr ~ denitrifying bacteria~ nitrate mt ~ Trtt 
nitrogen gas ~6Cf>ltf'1 1J1t I ~ "''it?I\JI"'' mm ~ I 

• lJTiPrr ~ ~ ~ ~ Ammonia liT lfftvrn" tro ~ "''lt?l\JI"'' 

i41<j+106t'l+11 ~ I 

Assimilation 

~ +llc?iill<! ~ ~ ~ fdl~qiCfi'l ~ ~ ammonium liT lfftvrn" ~ 1 

Ammonium ion if1'(!' fdl~i4it'!i( 311'4~~Cfi amino acid~ I m nitrate ammonium 
+1T qftvm ~ CJI~~It'llt assimilation ~ I 

<nWll<tf ~ (Phosphorus cycle) : 

Plants 

r · 
' fertilisers"' 

., . 

' '· 

; 

' 

Decomposers (bacteria and fungi) 

-........_ __....---- _,../ 
.......... ~ ./ 

Phosphate rOCK-- Phosphorus in soil -·- -------



tNftCC~~It ifiWihe ~ ~? r.-~CCI('tli{ ifiWlhe ~ \34('teU Ft' ? 

• 'hwil<e '1i¥1Cfi ~ (Nucleic acid) • ifiwil {ij ~ ~ (P04) q,l 

q?f~~tf I ~ 1)114!fdCfi ~ 'E4~1'1+11 ~ 

• liT ~ ~#ti~Cfi IJOII~Cfii mf1r BJ; I~~ gf~~~~ lfrlJTC.l+rr 
31Jq l! ~ Cfi ~ (I '6i4 tl ~+1 tA ~if\ ~ \ +11itilll FGI (!ell~ ~ 

adenosine triphosphate (A TP) qij ~I 
~~~trrl • 'hwil {ij<.iffi {itU~~Cfi ~ qf.f 

• t'll~~l' CRT~ 'hwil<e ~I ~~I 

4\Wll'H1 ~ * ~? 
'hM(ij ~ Cll<.i¥10~~~ 'q"{''T ~ I g~~¥11 ~ ~ gf:Miii(i ~ 311ti1'1cN 

~ mtrm f1«;;r ~ I ~ qjf'<~fdq; ~ (terrestrial ecosystem) liT 

fii<!CIIt'l~ lJTC.1+rr ~ ·~ \ij {1~:1<1 ~ ~\ ~Cicffl"'¥11 ij +11 fc.~~C ~ I 

l!IICfilt<lfi \ii'11CI<tl~ .. 1'11Cfil ~ fl4<!CIIi41l 'hwil<e ~ ~ I +1ielt<lfi \ ~ 

\ii'11CI<t<~~ 3f"...tf ~ \ fii<!CIIGIIl 'hwil<e 1JlTtij" ~ I "1'11CI <E:~cit ~ fqmq 

~~iij'1 ~ ~ ~ ~ liTiTl1T ~ I ~ \ ~ ~ OC41cRf~?~l \ 

~ ~ \ii'1Ei~ Pc:.~«'1 ~ ~ 1ITl)1n' ~ ~ I ~ 'hwll<e ~ =qf<'f<~cit 
~I 

q I~~ Cfi 'l4ftr 

~m.; - Ecosystem 

(Grassland) 

T 
~ 

I~:~~ I ~ mrtt (Aquatic) 
(Terrestrial) (Pond) 

~ • 
L ijj'j~Cfi cfflOjijj fl 

~ r+ ~ ~~ 
(Coniferus) (Marine) (Mountain) (Fresh water) 

~ 1 t 
tmrrwr~ 1+- ~ 

f\t+iijj( 
(Dessert) ~ 

(Temparate 
(Lake) ~ (Wet land) 

decidnous) r+ · (River) ~ 

~~ (Himalayan) 

Mli!tll< 
.(li!tfl 

(Tropical rain 
(Vegetation) 

forest) 



~. " q1fH~fft¥ q4fft411 ~ (Kinds of ecosystem) : 

~ ~ tl' ~ ecosystem~ 

I 

~ef\1!11. ~ Q"( ecosystem~~ 

~ ~ Q"l ecosystem m 
~ tft mtt lTtt ~ ~ 

;;rrafr t m1fi t1' ~ ~ ~ ecosystem mf 
~ Ofq~q;., 1Ttf ··~f<~< ~ ~J~lq\il"¥flt 
atf.f lfT!ij' if1iT'f 1l"t ~ trn' ~ aq; ~ ... 
~ (f m1fi tr ~~I ~ ~ \ qf<J:4l\il'11 Cfit4~•« 

~ '<Ri ~tll~~~lt ~ ~ ijR tQ fltq flq;t ecosystem mf 
~~ Ofq(.'llcti'1 1ft llllliiNI~cffl fiicRQ'( \3'1'>1~~ w{ w{ 

qf<l(J"'"' ~ qf.r ~ mr fqtueft~~•t 
4J_i"qi(Cfi'1 ~ gfa~ct., ~ ~ 

l\.~ ~ qjf{ft:qf?t¥ qftf (ferrestrial ecosystem) 

qj~~·- ~w ~~-~· w 
lit ~ (grass land) m;rr morr t:jfijqjd \ nu e t'l "~ liTit 

m ~ Cffur Cf~% "l-1Tm i1<41'1fi~ \~1 ~I 'il .. Oj(f'fq1 ~~ 

dlltilcffl Q I trn' ~ lfltT ~ ~ ~ ljm ~ ;;rntT ~~~ 

~I 
"1'11q(fi~ 

4'1\lil(ilfil (Forest) .. .,~~ ~ 'llctil (Cfil 1fTirlfT ~ 

l1T ~ \lil., 1 ct <fi ~¥! aue ~ ,., '61fT ~I ~I t:jfeqjd ~ (Humus) 1fit 

iilj .s.,lij~ \ ~ m- '"' t ~ 1A' mftl ~I ~I ~~ 
lfllfl ~I rtl tm\3'UI ~ 

\1WT ~ EtcUil ftt< (~ \ • ;;rntr iil'tlcHf'~ ~I 
~~~) 

• *tattufl (fi1¥fl¥te1 ~ ~ 
~) 

• tmnwr~ 

(~q'"*' q~"'l(j 11T1T1IT) 



~ (Mountain) ~ ij(41'1tc~ q.,~n, C02, 0 2, N2, 

01 f.ffi IJf '1 \ Cfil a( '1 '5 I ,01 Cffi I i ;s eN 'fl'rn ~~. ~lim. lfri'r, ~. (ff'q', 

Cf;1f ~ \ mrcR ~ q;lf ~ ~~\l'Rl~~ ~~~ 
IJf '11~ ~1!1~ ?fl!lf ql,~'{ I 

~ (Himalayan) ~ ~-~ ij(41'1~~ ~ C02, 0 2, N2, 

~~~~~~ ~fM~c~ ~. ~ \TRl. V'Ulft, lfri'r, ~. (ff'q', 

~ Gfit ~ ~ 'l,-\WT if I ~ ~ >iftCIIJf f1(!: ~ ~~ 

~%'leN~.~. «1~"'1, ql,~'{ I 

-s1~1Jtl lffi 'iiCfil~cN ecosystem~ 1 

~(Dessert) lffi ~ CfiT6r ~ mllrr~'fl'rn 

lffi ~ 01 €'4fS ttl ~ ~ \ <fit Cl'1~fae;~ (Cacti), <i1'111lC~ Gfil' ~I 

\lft1rr ~ 0 ftr. ftr. ~Cf;lfCATR m ~. Q'qrU, e<i\Jf~l .. 
~ 

\Jf'11CI ~1!1~ ql,~'{ I 

~. ·t~ ~ qlf\ffl4~ifi ~ (Aquatic ecosystem) 

qjft~ft:tCfi ~ ~ 'Cfef at~~. 'Cfef 

~ 1fl'ft (Fresh water) ~ ~ Volvox, closterium, -qr;fi, ~ ~c 

~ (Still) : Offi, tfurlT 
'Cfimi, ~ f1l (jCjJ('i ~ \ ~ 01 f.ffi IJf ., I Cfil <4., ;s I ~f 

• ~ ~. lflW, \<ltl4ld 1\Jf ~I OICffii~:S . ~~qUI~~ 

• •1Ruft~ (Running) \Jf'11CI ~fi~ 

Oft.~ 

ei~Cfi (Marine) mM ~ filf£ql('i~ ~ ~. qr;furr ~ ~· 

;s~fq;., , Ol*c?Jqe, ~. ~ lf1W Off, Olf.Ri"''1 ~ 
~. Jl@ilijl41~ 

(Lantern fish) ;;mrr 1ITW ~ ~ I 

1J"CmT 13 ("q I'= '1 1ft ~ Gf'11"'3"'1' 

~I -

ftlqeJ< (Wet land) tmr, 'I\ \iffirr q'1~ft:tl!l~ ~ nue~~ Vtt>TU, a:rr. 
1fT'fi ~ m ~ 'J:-\WT ~. ~ ~ i{)l~lfi~. lftW, '!fl"ft ~ I 

Oft~~ 
m-~ ~ ,..,lq~('i~ 



~tt1wfle:~ an-m lfA' ~ \!loft~~ ~ ~ ¥ ~ pq; - ~ ftm: ~ ~ ~v. 
mlfTf~\ ~ ~ ~<t ftm:~ q;ftif ~00 mlfTf ~I 

<t . ~ ~ ~ ~ ~ ~/ @ldillfliil ~ ~ ~ ~ 1: 

..,..,lcc<e:~*' 3iq~,*., 1: ~ 1f\ 1 ~ m ~ ~~ ~~ lfl<_4i(illl ~ 

~ <1"1~1 \it"iccec ~JI ~ ~ ~ ~ ~ '(1'llit ttt ~ lftl' ~ ~ftl<:t*t 
food chain I food web ~ 1R I 

~. ~ t:n:/~/~tllc:oill ~ ¥' ~/M/'dlc:1' q;l ecosystem m- g; ~ 
11it gf(\C\«'1 ~ I 

~ . 3{11A) trorr err illill<iil ~ Aquarium liT ~ 'lCfil<ctll ecosystem ~ ? -qm 

~ 1: ~ 3USI (iii food chain q;l ~11!ff't ~ I 

'( , fmft lfl\J;~ .,~ct;;:iJ l\l~ljjijljf1J¥il ~ \ill\3' \ ~ ~I fil<iql@l~ccit 'lJCfifaCfi 

i1H1~1'1 ~IT ~ ? ~ ~ I ~~lllijii'11*t q;¥fcqlfl /~ . ~ firvu 1: 

"1'11q(@I~Cfil ~ ~ ~ ~ ~ 'liCfitdcti Gllij~l'1 'CfieiT ~ •lf<~({Cfil ~? 
~ lftl' gfu~<='1 ~ 1f\ I 

V,. ~ Otrr ~-~ liT C4'1~fd 1: \ii'11CI<fl~qQ ~ ~ ~ lR ~ ~ ~ 
~ e'~lfl~iiJ '\1lfVT lftl' ~I ~I a:u;c:J\e;l ~I J\iji('i:I'1JI ~ ~ ij(Cf*lf1 

1f\ I ~ lTtCf)'r ~ gfdac='1 ~ I 

1. William P. Cunningham Envionmental Science 

2. Environmental Education SoW'Ce Book 

3. LeV on Blazer Life Science 

McGraw- Hill 

ICUN, Nepal. 

Scott Foresman and Co. 

4. iii!A~Cfi (ffl' 'l~IIHCJ f'ot~ICfil fQl'f - iit!Ail!Cfi fm1r ~ ~ ei.?tf?;4\1 ~ 

~OV,\5 I 



~ '{ qftiti¥1 qf<•Hi'1 (Matter and change in matter) 

~ : ~ ~*11'1¥il ij¥11~~~ ~ "tm1f ~ 4cUtf~1 q~cct'('1" ~ qiQ_~q~~ 

.-, ~. ~ \: ij¥1WI'i~q; ~ q~'ql'1 \: • 1ft ~ ~ 111"'1' \: ~ lR 
~ ~ \: ~ '1"( ~ ~ l: \lll~fuq; ij)M~q;l ~ ~ \l~ijAiq;l ~#ttf.:tq; 

\ Sll~~q; trnr ijlfJ'1tH!''~ m ~ 1ft ~ ~ (OI;fjfa 314'11~( ~ 

af<¥1€1 ~ ~q~•uq., l: ~'GI-ftfi~~ 'i~I(Cfi'1 ~ atl('i1rc-~ctlijq;l m11 ~ ~1ft 

~ fimR fm11~ ~ 1T'f I 

~ 

lf ~'GI~4~ ~ ~IWi¥11 ~CIItftl't(6('11C ~ -~~~~~ ~ I M~~~l llll¥f'li11~au! dflq;l~l¥11 
flqiS\ilt:I\JI m 1f7it 1 ~ '3Fi<~¥1 flql,\ilttl\il m ittr 'i1"'fi1T ~ cf;anG ~ trffi 1 

~ ~ trffi ? ~. ~ ~$11ijlft~ ~ ~ ~ I ~ ~ ~ ~ ~~4¥1 
~ 'Cffirr 1ATf ~ ~ ~ ~ ~ I lit frn! ~ ~ ~ mTi1T ~ 
ficHS\ilfil\il 61'11\3'1ijfld ~ ~ ~ 1 ~ m ~ Slqtc(6('11C f'et;ftfi~Cfil 4JOifi~q;l 
dllfJI(¥11 ~ Cfili1ti~i11 ~ ~ ~ I ~. 311~4¥1, Wf, om, ~ ~ ltACf 

;Jflq'1¥11 Vlim ~ 1J1Fi ~~I 
iMitl¥11 ift1416'1¥11 ¥1~<1iqfQ ~ ~ I ttl#'l~'" ~ m 414\Ef~l m lftiT I ~ 
~ alJq~@i~ ~ 'Cf1"'ftllT ~ '(t1"61ff" ~)nt~'( I d(ctiltl¥11 Tf ~ ~ qr;ft ~I 
ftrtlt ~ qr;ft ~ I lft n ij0<rqfl~ ~. ~ ~ \: fii~Ef~l ijkC~d W( I ~ 
f\iot,\11\ ~ rq1~1¥11 ~ ~ ~ .. .,,,~ 1 ~ 11'11\lctl ~;11~11 ij*ij'¥1 l: 

~ij'¥1 'Cf1"'ftllT ~ ~ ~ 11'111~ I ~ tj('tl~l at11i Qt ~ tj~l\3'1 ~ I 
~ ~ "'lC1'1¥11 ~ gq;1<q;1 til('ltt~ ~: ~. ~ ~ w~tc~¥1 ~ l: 
ltm ~ +ti1fl~i11 f.1't fr ~ I ~ ~ 41'11fl@i'i11 ~ ~ dt<Cfi~ qf;r qr;ft, 

~ ~) ~ filfi:i~< fr '(t1"61ff" ~)~~'(I 

~. q;frq) ~. ~ at* '6\1~('1 ~ ~I ~. ftta4io"', ~ ~ ftmr, Gd 
~I~~~ «<I~~~ICI ~I idiUt\¥11 3141"144'1 'll'ilrr ~ ~ 1Fim 1Jft;:Q I 

Cfiflt\11~ ~ lfr ~ ~ 441~1f\t'1 ~ \'tillS~ I ~ .. lilct'1¥11 Tf (m l'O 
31("41iU4Cfi ~ 'ir I m ~~ ~. !Ulf ~ '¥ 00 ~ Ci4'11$~ I fi'1"1'CC' \i(lq'1q;l 

lft ~ 4&1((~¥11 ~ ~ O'IT ~ (ij14fttq; 4ctlvftt~l· fd;f)fl~q;l ~. ~ (fliT 

~ 4JU1ft~q;l 31ifJI(i11 ~ ~~f<~'( I awRT ~ 311fJI(i11 lft Qctltifi~ ~ q~fi~tf~l 
(lijl4~q; gfet~41 ~ I ~ f4; ~ ~ ~ (II~~)CI ~ m irzm \ffi"1' ~ 
ftiS{IWlf<Cfi at*IEfcl ~(lq;(OI Yfal1ti41 1ft item'~ am"< Cf'ilr lffk I 



'{"11311\lll+il ~ \if~i@l~ 1Fft1T 41f<~"{ I mi'f ~ ~(1131'ltll{ "llt.f ~ ~~~~~~15~ 
~ aribq; ~ ~ 41f<~"{ I q{+q{(41(1 ~ 1Fft1T ~ ~~ cmr llt.f mqq;r ~ S"{ I 

311?!4G¥11 mqq;r ~ ~csqe;~¥1 1Fft1T 1R ~ ~ ~ £l I ~ mqq;r . ll6¥1t:~qi) 

VliTt1' ~ {14te:~¥1 :aq'C4t<*' m 1R ~ ~ ~ £l 1 ~ ~ ll6¥1Ei~qi) 
Vli\'tr Cld~l'1+it llt.r \3~&-ftll ~ 1R ~ 1 ~ ~ ~Y ttocJe++i ~ ~ 
c6lC!fujt:~ ~ ~ (1'11tsei112 Yctil~l(t '1iWifl'1+il ~ £l I 

~~·~I @itJqGi4t:~ ~ Y¥1<4>1 ~I~~~~~~ c¥ ~ 
~ 3{ft;r ~ ~ ~ 1 ~ c¥ ~ m ~ ~ ~ ~ ~ ~ m 3lft;r 
~ q[Q+il~ ~ ~ I ~ cl; ~ ~ ~ ~ WIT ~ {~) '4>lf ~ ~ ~ 
~ ~ ~ ~ I ('4~4it'l llf~t$'51 '\ 4({4it:'11t:~¥J t!Ut'hl'& if"f ~ VliTtr ~I 
~ ~ 

~ l!"ctiT ~ ~~ ~ ~ 1Fft1T ~ I ~ ~ Y~lllt:~+il ~ qGI4t:~ 
'\ Rltftt:~4>1 ~ ~ \3qttl41+il ~I 

~ tl~i{+ii <tetli~Cli dtc4@i~(Wift lWfCf .,(lq'1ctil ~ ~ m ~ ~ I 
Jj{~ll+i ~ 'ffiCr ~ ~ Y4'141GIIa 31c:-llifu4> 31fUtfi4cti \3'iiT \3('\tiG'1 ~ ~ I 

~ ~ 311Uifi44> ~1fffi¥J gfd('lltl\+it ~ ~q+iit~il(t ~ ~ ~ I 

~ :al*tftcJa 'len~, ~ aiiT ~ ~ ~ Jtt'1¥tt1¥t ~ ~ ~. 3tV1 
~ CNf fa;fte;~¥J ~ 31tW!4>1 31itlf(+il q4ftq;(OI, ~ '\ ~ ij01@1~¥J (_1('1'11?+14> 

~. Rtifle;~qi) ~; ~I ~ aiiT ~ lJCfiT'( '\ TT. 3TK1, &m: '\ . ~ CNT 

Rt<1it~~ct>t TT, ~ 'ffiCr '\ ~fllct>t~~afl:q ~ ~. gfdf':ti41, 31;:d~t~t aiiT qf'<Cla'1e;~qi) 
m;:ffi ~ ~4li:J£l I~ CQC451f<¥ 'if!Cl'1+il ~ m"f fct#tt'1¥J ~ t14>1{k+i4> ~ 
VliTtr 1f"f ~ lWfCf >iftq'1(WII'i ~. ~ '\ t<l~<f~(t ~ ~ 1 411J'£ll 

"4#tlf.:tct> ~ ~ · ~ 3fCruT{'Q'1T m (Experiment I Practicals) ~ 
fc4tJI(Wili(~H¥1 ~ fmTnrr llt.i m (Experiment I Practicals) ~ ~ <r ¥ ~ 
31qi'j(\3'1 ~I~C(t¥1 £l I anq;:ft qf'<qf'<¥J ql(tjq{Uj Yl4ifu¥ ~. ~~ ~ CIT 31Cl('l!li¥J 

~ 31Cl~~l4>'1, ~ ~ qf'<#lf'11 '\ gfdql~(t qf'<#lf'11¥i g2((41i1<1 Yl+itfbl¥(11 ~ 4#1tf.14> 

~ fct~ll!(dl ~ Yl~fltq; ~ ~ fi4tJiv.ftt<~(Wif' ~ 31f1:tgft:d ~ ~ ~ 
' ~ ~ 311Cl~ll4>(11 tft I 

mft ~ ~ tlltli'l((~ CNT ~ Y4l41~11(WIIfi~qi) ~ o ~ ~ I ('4tl+il~ 
qf.r ~#ti~Cli 3fq'tjj{Ojjt$1 ~ m ~ ~~ qi(1fq{Oj '\ ~ amJff'<d ~ 

'l4"l41t<~Glteeild ~ 'lt ~ ~ ~ ~ m ~ ~ ~ 1 

q;fu-q7.r ~ ~ Y4l41tl~ fc1tlteft(WII~ ~ '\ #11'1ClU4> ~I ~· 'l4l41tl~iWI fi4tJiv.ftt~~ 
~ ~ ~#tif.:t¥ 31Clflj(Ojjfi~qi) cqq@ijf'<q; ~lC4'1+il ~ \3qj~lj(tj Gfrt m"f ~ ~ 

:aRlt<~l' ;frm ~ W~>iftfa< mr.r \3f«*(1' ~fq~~ 1 ~ '\ ~ fctq4q«tt<~*' crr"t+iT lj"ij" 

C(Clil~+il ~ 41f'<C(c¥1 ~ I 



'(.'l rc.Qucc~+u 1Acl1T ~ ~ ~Ui4fi<'iN~+ 1Ttf" 

.. : 

("q;) rc.tm:t4'11 em arr~ t:rorr ~ Dtel-m¥11-::r.'l@l-~~~j frn! \ 3lfllqat~~ia ~r 

1RI 
'$. t:rorr lill4l~1'11 ~ Etl¥11'1@1~ :ti. ") 3lT\R ICI'f.ll("'~+tl lill41~1'11 ttl¥11'1@1~ 

~. frn!~ 3lfrn! m11<f ~. frn!~ 31'a'Tq m11<f 

~ 'ffif ~ ~ ~ ~ 

~ ~ 

~ ~ 
'I ' 'I 

~ ~ 
' c~) t4(t4(+tl OliT rCI'f.ll("'~fi<C'+tl ~~141411 ~ ~l+tl"1fi<C'+t~ "CJT"frm ~ ~ qr;fi1:rr 

~ Cl«_\t<(i:\ ~ ~ ~ I 
") 3lT\R :ti. ") 3lT\R l:l\lrr lill41~1'11 Etl¥11'1@1~ ICI'f.ll("'~+tl lill41~1'11 ttl¥11'1(1:~ 

:ti.~. 
~~ ~~ ~. tfT'ftlrr F tfT'furr ~ 

~ Tf fqof ~ ~ . ~ 

~ ~ I 

~ ~ 

'I 'I 

~ 
1 

~ I 

(lf) ~f.rq; ~;~~"IC:C'I¥11 Ciqq@il<¥11 lill4")1~1'11 311,{@1~ ~~t>~~~~ ~~ ~ \ ~ cHHCfi{UI 

1RI 
:ti.~. ., ~ dl~l4q'l ~ ~~ ~qUI(!!~ 

~ q;rmft ~ ~ 
~ 

~ 

'I 

~ 

(t:f) lf.rq; aqc:ct'lrf<q; 'lflq'l¥11 ~ em 'iNl41~1'11 au,uc~ (~~~~.,q, dtl48~c6t ;:n'1f 

:ti.~. ~ ;:n'1f ~ frn! amrq 
~ OTliT Cu frn! -
~ ~ s - attnq 
~ - - - -
'I - - - -
~ 

' 
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~) ~ J\r.Q;C.,I IJir.tl4ifl~iil ~ (jijJ4f.t«fi g{)r;41fl~lf ~ ijfl!Cfi(Uj \ (jijJ4f.:t4i 

ijl{Jq>(Uj ¥m ~ ~ I 
(Of) ~ ~ «11'11i11C! • ~ 

'U'IIf ij ¥ft q; (O I -

(fijJ4Polcti ij¥f\Cfi(Uj -
' ' 

(Off) ~ijqlfl~ tcf'utCfiOIII(I ~ ~ 

' 
(t) '"C!fli'UC bt ~ ?$'lt(4tJ«I· 

~ ij¥f\Cfi(Oj -

(Jiji4Polcti ij¥f\Cfi(Oj - ' 

' 
¥. ~ ~ '\ ~tU<!~• (Metal & Non metals) 

fVijqit iji4(11c$1 ~ ~ ~ ~ ci;
1 
~ ~ ~ ~H!fl~~ Sl4lcJdcJ 

~HUC!tc~c$1 ~ \ ~ ctlftlq;c$1 ~ I ftm (Lead) ~ ~ ~ 3H"4fbcti 

~ ~fiij«fi@l~c$1 ¥11'11licti ~ ~ ~ ~ llmf f.toi48~ ~ 

i!if'idtfl~ille ~~qlij ~ ~lltt'1ilte m 'H ~ ~ 1 

mrr -mR \ ~ ;;ftif lilf~~q;' -mrorr ~ ~ 41,~'l 1 ~. ~11l4¥1, 
¥11~4¥1, (ffliT, ~ ~ ·~ mrT '(1f'(fqT 41,~'(1 lfT'iCf "'"iii4'1Cfil ~ ~ 
~: Cfii'!Cfil<«<t'11, 41dl41dCfil m!l'f, \flilcEil, ~ ~ \ t<ldflfu41<, cfl~4181 

('14114dCfil f14'1tijCfil Cfil¥1@1~¥11 m Slqti~c$1 m-~ I . . 

~ at{4iji!if.'1, ttl,(llill'1, ~. rtl,<fllill'1, 'flwil<e, ~ ~ 31tiHJtt~ ~ lfA1f 

~q'1Cfil ~ lfl~fl~¥11 ¥1fl~'(lli ~ ii'11C!;Cfil ~I 

Y.~.,: ~ \ Cilllt.\411 ~:-

~ 1o1tc~IC amJ1\ 1fimt< <lttl4f.t¥ d'('qfi~IC 1j'1f ~ !f ~ ~ \ 318HJ¥11 

qiftCfi(OI ctl\q;c$1 ~ I ~ \ 3181(_\t(~IC ~ ~ ~ (lijl4f.tcti 101@1~¥1 31181(¥11 

~ ~ I ~ d'{'qfl~ ~ \ 31tll(j441 ~ ~ ~ ~@IIJQ'( I tmrr 

d'{'qfi~IS ~ (Metalloid) ~ 1 ~: lill4f.:t44i, ZEjl\4¥1 ~ attfur« R 1 

Mft•16 lt ~ ~ 1fit ~ fmnt ii'11,Q;¥1 ~JSIOI('IIC ~ ~ ( Alloys ) 

~ 1 ~: ~. m ~ ~ ~ mrr ~ \ e14al~l iit'it'i((ctil Q'll 

~ \ 31&1qctil ~ 1ulfi~IC q('1'1k¥1Cfi ~ m ~ 1T't ~ :-



~.~ ~~ URI anmr 
(f1"'t 

9 
ij .... 'Ell (it 'l 

\ ~ m \ !'4<qaitil ~'qft'tifi m \ !'4tjdifil ctj'qft'tifi 

~ drifjf~f 1 ~ ~~ I ro-~ 

~ . 
¥ 

~.~ ~HIIll~ ifi ~ URI amrq 

9 ~~Cf~Oj ~I ~ ~~Cf~'l ~ (8'1 ~) ~~~'! ~ (';(lVT ~) 

~ a:jefijf~;g~ ~ ~~ ~~~ 

~ 

¥ 

¥. ~.~ ~ ¥1~~'{01 U1?! \ ~ ~ 
mft ~ ~. ~R'Ii~~+il ~ 41~lt~~ ftR tiH,l~~~ 'll+id41e •IIJt'i~ 'll¥11ifi(Of 

~ ~ I ~ dl+ii~IRI1~'l~l.,t1 <1MI.,l ~ 'fTlr •IIJ'@i~l' ~ ~ I 

~ ~ ~ ~ 4t~'YI't 1 'lft l11Zt m , ~ t 4ilC4tR4il fiklc8i4 TT 
~ m ~ ~ ~ fiutc8ill m ~ lltq;T ~ ~ fiutc8ill ~ 

~ ~ ~ firn;ft •11~~0! ~ 'q('t'lt'tlt ~ ~ I ~ ~~ t 
C41~~11f:4 ~ ~ ~ firn;ft rnft ~ I f4 ill'!~ 'Cft.f ~ ~ lTQ I 

, . ~ ( Metal ) : 

m \ ~tjd¥1 ~'EIIt't¥, ~ ~~ a'!tlltjd'ill \ ~ "Elltftc~ 1JClT ~ ~ 

~ S'l_ I ~j('tij A1 lffiT ~ ~ 'C1fuf ~ iRJ ~ ~ ~ W( I ~~ Olltl, 

Wf, ~I ~4¥1 ~ +t~~'i"t ~ ~ I 

~ . anf ~ ( Metalloid ) : 

~ \ a:~wtl~"~'EI*' ~ ~ m- ~ \ URI ~ ~ ~~'JQ'l ~Rlt:~tt 
~ ( Metalloids) ~ 1 lft ~ 'T'1liT 1f'tt attll¥!~1 \ (lijl4f.tifi 1JV1lfT ~ 

,9 c:; ------------------



~ ~ ffi 1 '3C::1Ei<OI: fu~lct>'1 (Si) amif;tct> (As) \Jf~fiiq'i (Ge), ~ .. c+il<fl (Sb) 

~I 

l ~ UTe! ( AUoy): 

~ CfT ~ ~ m<J (tli'i1"4MI) ~ ~ flll!llui~lt fum fl'T(_[ (Alloy) 

~I~: 

(q;) ~-"ffilrr\~ 

(~) cmr- mm '\ fc-f 

(11") ~ ~ - 'CfK1Tlf, :6Jfliq 'i 't ~ 

(tf) at'il~l'i - 't1TU (Hg) '\ ~ ~ ~ ~ ~: {ll~q'i at'il~l'i I 

¥ . {flrnf (Steel): 

4'i~l'i~lt vUmt; 1Ttt iit'1l~({tit ~ fl'l1I ~ ~ fl'l1I ~: i)fliq'i, ~~ 
riiC!i~c ~ ~ ct>l~'1e~a fl:iel~({tit \3NIC::'1~1C ~ (Steel) ~ 1 

~. ~(Ores): 

'l4i~+U ~ ~ fltm 4W~i ct>EI~I' ~ (minerals) ~ I €1fii\JfEI~ 
~ q 'l'fdm' mq ~ 't ~e~~ttc ~ fl11I vUmti ~ ~ ~~~1{ m\3' 

(Ore) ~ I tll\3iit12: STq ~ lffl '\ ~ lffl 'lfllMI~It ~ 

(Metallurgy) ~ 1 

(q;) ~ - t+trcr~c (Fe20 3) 

(~) atli'4jftiq+1 - C4~1~2: ( AhOJ . 2H20 ) 

(11") (f1'll1' - oqfi'¥141,<1~<! ( CuFeS2) 

(tf) ~ - atilrcl~(! ( A&2S) 

~ flTI1 ~ ij~E¢~~ ~ iiC!'1+11 ~ 't ~ ~ \3~€1oflq ~ 

~ W( I lfij' crrorr 3l'T'4'lfT ~ 1JU arlfi Gfit fl:tiq I Cf>~ I q 1f't ~ I 

(q;) \Jfl~t!Aictil SiqEI~ril ;aq4tflt61EI~cffl ~ ~ lffll 

(~) ~ 31tliqt'i~tit '344lflldlt'i~cffl ~ ~ lffll 

(1T) ~ dl~ctiiril tl(!iiqditl~d ~ 31tliq@i~tit ;mr '\ ~ ~ ~ 
lffll 

(tf) 3ttliqt'i~tiJ ~ ~ ~ ~ cift ~ ~ I 
(W) ~ qr~~et+ti7ltit '+1"(d' ft:rq"{ amatql't~ (Metalloids) ~ 'ITlT m 
(~) eciieAi \ "'l~t!Aictil fltm UTI! (Alloys) ~ 'ITlT '\ ~ m I 



~ \Jl"IC4'1+U 'G!1ft VlOlr 1fAA qwnlf, ~li'4j~~ +i, OT"'T, ~ \ Wf +iEi~'i"l ~ 
S'f. I 1ft al(jt\~Cfll 1UI((~It (ji'll'1k+iCfl ~ ~ ~ ~ ~ 1l't ~ :-

~.~ ~ " .;)11~1'1'1+1 qwnlf OTliT ~ ~ 

~ ~ Al Fe Cu A_g_ Au 

~ "1Tlf Aluminium Ferrum Cuprum Argentum Aurum 

~ ql(+iiOI~Cfl 
13 26 29 47 79 

I~ 
't q1 (+i IOI~Cfl 

27 56 63.5 108 197 
\lR 

~ 'l~if~'1 ~ - - - - -
\ ~ - - - - -. 
"' ~ 
~~~ ' 

c; ; 
~~q~+i \ 

ij.>'iJII{'1'1 
~ 

((fl"q' /~) 

31 f.Hi"' '1 {f~ I 
~0 ' 

gfa~~l . 
~~li!i1'1ff'~l 

~~ gfa~~l 

e c:q:; <ff~ 1 
~~ gfa~~l 

~~ 31414~1 
gfa~~l 

\. 'A ~tacflll (Electropositive): 

~ ~ <lel4~* gfM$41¥1 ~ S~ctcfti1 ~ ~ ~ ~~i•ti' ~ 
~'q<1l4 ~ ~ I ~tfiEI~ ~ ~ 3fT4T;f i4'11J Q<(I UTq S'if ~ 

~I 

~:- Na- e- ~ Na+ 

~-~ ~ 31SI(jEi~ '¥'T ~ (Elctronegative ) ~I 

c.e + e- ~ cl-

9~0 --------------------



\9. ~ &;~iR1ii~ (Acidic Oxide) : 

'¥ atCRtlt:S~ qji•fie'•I gfdi)tlqJ 11ft ~ 64'11\JQ'( at atiffii,:S{'tlt ~ atiffii'>S 

(Acidic oxide) ~ 1 

~: C02 + H20 -t H2C03 (iitii4~iiti ~) 

at&Hl6~4it atiffit':s Vf1f 11ft ~ atiffil$>5 ~ at~aq!i atqt=:~*' atiffit':s 
tll+il;::qdql errtP.f dliffii$'5 ~I 

c:;. ({&c612f<iifi atCRtl$'5 (Amphoteric oxide) : 

¥ atCRti'>S~ ~ ~ ~ ¥ 1JOT ~@I\~\~'( I (ft atiffii'Q;s(!:<!{'ti{ ctA612f'<q; 

dliffii'>S ~ I 
~ : ZnO ~ ~ ~ em ~ gfdi)tlql mt I 

(i) ZnO + 2HCf .,... ZnC/2 + H20 

(ii) ZnO + 2NaOH .,... Na2Zn02 + H20 

\. ftF« (Rust): 

~ 'h{'il+i~ atl~dlcN ;aqfitlfd+it mqr (atf.M\11'1 ) ~ gfa~41 llit fil$~2;s ~ 
atCRtl'~ ~ ~ flsm (Rust) ~ I 7i'r i)tlql{'tlt f~41{11H1 (Rusting) 

~I 

4Fe + 302 + 3H2 0 .,... 2F2 0 3 • 3H2 0 

( n ) 

'to. atcfiU~~41 (Aquaregia) 

atl4difcN ~tllq~ aT;r \lT1T CRT 61C(!Ck'1'>1f<q; ~ ~ ~ \TnT CRT ifl$~/ifi 
~ tl+il'jqlfdq; llflSiol{'tiC atctalt)f~41 ~ I ~ 1lnf 31~d•i gfdf!fi41 

m~tff.rm~1 

[3HCf + HN03 .,... NOZnCf + 2H20 + 2C/] x 3 

2J-L + 6Cf .,... 2AJ-LC/3 

'l'l. ~~C~I':S (Hydride ) : 

¥ ~ ~ fliS(iiliiif~•l gfaf~i41 11ft il'1i({ctil t?i~I~IC fiit'iiC~ ~ I 

~: : 2Na + H2 2NaH (tt1~4+i fiiCiiC6 ) 

m<ffiT 81C'iiS8 ~ ~ 1R ~ il'11({4il fiiC~tS;s ~ ~ I 



'$.~ ~ 311~ll~ 0'1l1T -:erM ¥ 
<t al'i"'l u: ~ ~ ~'&1dl( 1f\~ 1f\~ 

tHill~l 

\lf61~~1 

~ ~IM~lll< ~C41$"1i51"1 , ~ \11~1~~1 ~~~~~ 
mq . 

~ ~ 
~ \l'C4'f ~ ~#It<~ ~CfCf)~~~ ~ ~ 

~ 
y - - - - -
~ - - - - -
\ 

Y.~.Y ~ 3HU~~ "{ ~ \34tfl4j~-
lfA?f ~q.,ff41 ~ ~ rt a~a1ql'i~ ij¥0Gif.:f.td ~ 1 m cf;tT a~a1q~~cA ~ 
~ \!;ftq'1~1 \3~'14\ll ~ I 

' 
'$.~. amnr ~ tiT.~. '~ \34l41-ldl 

9 t'il,~l\:11'1 H 1 tiT'ft, ~~~ 

~ ~ c 6 ~mh:~~~ 

~ ati7R:! "1'1 0 8 tiT'ft, 9101(41~ ~ 

y '11'1~"1., N 7 lffi, ~~ 

~ 4il~(ij p 15 lffi, m'cA' ~ ~ 

Y.~.~ 4cll4¥1 ~ 

("q;) mit ~ 41-~Cfll ~ q~@i~Cflli41{~1 ~ mY ~ diR1Cfll~l ~ 
~I 

~ ftctlf~l ~ 
'$.~ <rn! ~ ~ 

~ ~ ~ ~ URi ~ 
9 (fTln' CRT e~~ ~ - - ~ 

"' 
-

~ ¥ 
~ ~ 

9~~ ---------------------------------------



(V) ~ ~ ~ (Rusting) 

mlf1ft ~ 

~. <fi~l+ii!IC! cRq;r cB 'Cff.f <fi~l+i~l~ ~ err ~ of\rm "mft 
e1+1I~Cfil ~. mcrr (31f.Ri\il~l 'll"ft. ~ ~l':mf~l g~fl:lilll lftT ~ 
(3fffill) (Hydrated Ferric Oxide)~ I 

gfu~lll : 4Fe + 302 + 3H2 0 2Fe2 03 . ~H20 ( ftm > 

(lf) +41•~ft1ll+i ftcA ~ (Burning ofMg ribbon) 

mlf1ft ~ 

l4H~full+i ftar.;, m'Cff( Cfilal~61,31Cffil'a:S ), l'lll~~full+i f{G~~~I$ ~lcm:f~l c:m:GT mr;ft 

q;m (ffq" ~ Cfil ~ Gftft I (Magnesium Oxide) ~ ~GRJ; I 

gfu~lll : 2Mg+C02 2MgO+C 

(til t:f\liT err~~~ el+ii~Cfil ?S::tii~~Cfil ~ : mffl, ~. ~. ~. 
411'(~1~ , ~. ~cPcrCfi~ , qT'filrr ~. ~. lRr arr\R ~. 01~, ~af .. q;~ , 

~Cfi\13~1 ancmr ~. ~-~ ~. 311e"tll'1 'Cff.f l"1't ~ 1 

~.~ ~ \ tfli"£1¥11"11 (Solution & Solubility) 

11 ~I~IEH~I ~ ~ ~ I ~ qo-'ql'fd '9R ~ I q~:ql'fd ~ \ ~ 

~ ~ l .~eq~ ~ <ft ~ m-~ 4~1'al{cN 00 ~ ~ I +ii'"L~I~ 
-moo~. ~. ~. vt ft:f;ft ~ il~il{c¥1 ~ 1 

~ ~ qT'filrr 1'-sa<Jt .. a q~1,~, ful9t ~ qm err "CfiT1T(ft 'l'l'ftlrr ~ 
~ 1 ~ ~ mrrq;r cMM~+u 'Cff.f ~ ~ <lol+ilil err ~ f'l!'f)~ 

'lT'fim ~~~II'~ I ur.r ~ :q~'j miT err miT~ I 4V1Hi~ld ~ .'::1~" '' ~- , 1 ~ 

~ ~ lif oftq;r miT ~ ~q~~~~lllld ~ ~ '!<iCfi~~+il 'Cff.f g:q~~+\T ~ 
~I 

311~~Cfi "11"-4~+11 ~ ~lllqR114c¥J ~ ~. Cfiq)\i!IC! ~ ~ I f\ro, ~ 
~ ~ \ fi:llll Cfi<tlt'114 qT'filrr ¥fl$~ I ~ miT ~ Gftq'1¥U tffi;r \ 

f1t'1'1~ft~arctil ~ ~ ~ ~ ~ ~ 1 i4lill<+ir ~ ~ ~ 
4~14~~ ~ ~4¥11e~d 41,«a'{ I <ft ~ 'Cff.f Per.fi, 'tf'l'fi oqr ~ ~ ~ \ 

C41f'11~~ ~ G4'11il{Cfil ~I 

EHEH+il ~ lfn!, ~' ~ ~ 'Cff.f 'j'1\'141illd ~ +i(~ij\'1(@1~ ~ ~ 

~ ltil\'lft~ (Soup) i4'11'4«a 1 ~ ~ ~ ~ if ¥ aP<Cfil~ t4~1\'lfl~ TJlfr1T1IT 
~ 1 ~ q~rwfctil · ¥'~~ft\'ldl ~ t4ltwlll+ii!Uctll lfT'1"Cf liJC4'1dcl 'Cff.f FolctiC!d+i 

~ ft" ~ I Ui\'1\'11~ fot""131'jijl( ~ 1f'f ~ I 



~.~ ~ ~~ ~ ~ ~ 
~ ~ "\ '1'T'fi ~ '1'T'fi ~ 

~ ¥ "\ '1'T'fi ~ '1'T'fi ¥ 
~ m-~ "\ lfT'ft 
y ~ "\ '1'T'fi 
~ l'f\~~ 

~ l'f\~ 

"' ~\~ 
~ 9Cfii(Cfij fli15jUj((~qi) (ji't'1i~ifCfi ~ ~+'f1i'jffi( (lj~Cfijqi) ~ ~ 1T'f 
~I 

~ ~.~. i3~j(((Uj((~ a!~~~((~ a!~~~t<~¥1 ~ 

~ ~ lfT'ft ~+ lfT'ft m+~ 

~ 
_b. 

'}'1'i l'11 

~ ~ WJijqj;fl 

y ~ 

~ ftmt;r 

<t fl~~qj;fl 

~ 'l.,q,~ql 

am1nif ~ tMmf\~ 

y m~ 

~ ~~ 

~~¥ -=~__,.,.,,.......,......,... _______ ,..-___________ ~ 



;ftc: ~ \ 6H1aiji~Cfi ~ ~JSIUI(I~¥11 ~ lfrnliT (More quantity) ~ ~ \ tift 
lW-miT (Less quantity) ~ ~ ~ I 

~, <ti\t"41,~tt \ e~r:e<ti"'l~ ¥t<tk+1Cfi ~ ~iftt~~<til ~ 341!11<+11 ~ 1f'i ~[: 

~.~. ~ ~ (Solution) q)\t"41,~tt (Colloids) e~~., (Suspension) 

Cfl fb I Cfi I <f)\ 
10-7 em~ q;lf 10-7cm ~ w-5cm "«++!' 10-5cm ~ ~ 9 

~ 

~ 41<<=~ial q I<<= ~i<ti 34U41<<=~yq; cu 3441<<=~i<ti 34 q I<~ ~i<ti 

~ ar.rmr e+11fl41fa<ti 34e+11f141fa<ti 34e+11f141fa<ti 

¥.~.~. ~~ 

mm- 41<5<4:ti+ict?J '3"(~431¥1< ~ ~ ~ ~ -.r.i tR ~I tlli"'i"'l~ fcri1r.=Tf 
341!11(+11 ~ ~ q4ftCfi(UI ~ ~ I ~ YCfli(Cfil ~li"'tl~i"'l~ ¥!'11<:+1Cfi ~~ 

~1ftt~il't~l 
'tift;ra 4<=14 <f)\ ~ amlT(lf( 

1 .~': ~ ~ m:,q~ ~·~ I =~~ ~<lq~ ~ ~J 
~: m- ~4i<fX'114 m ¥ lTm \ ¥ ~ tffi;r ~ ~ ~ 1 

~.tt. ~ 
~ ~ f.q;fi \ ~ ~ f.q;fi\ ~ (ft;; ~ f.q;fi \ 

~~m fmwmr m ~~m 

9 ~ 

~ q1~flfia1 

~ ~ 
-· 

~lim ~lim a«ft~tffi;r 

(Unsaturated) (Saturated) (Supersaturated) 

~ al4!ti+1+11 aNi~ ~ dl4~+ti11 ~ ~ ~ dl4~i11i'<l 4fil' 
~ ~ l:Ji"'"'" m ~~~.~ 3l1ffir ~ dl4$i1+tl 

~~lim tffi;r ... u,~:~:<ti\ ~ tffi;r 



~~ ~ 't atftr ~ ~ OliT{ 1R ~ 't ~ ~ ~ gq;J<<t>l m \lift 
·fleA <tf<q;Jctil OZ4cUilf<q; Wl'f 'li4'>HII("+it;t; P:.;4Jt;t;{W!Jqauc: ~ lJ"f ~ 1 

Q,\3CT ~(f;(+il dlltll~fa lfT'fi ~ 't <t fqm ~ \ilfu .;,(1'>111!11 mh ~~ ~ 

~*<+il ~ ~ ~ ~ aJq'fi+i+il ~ m ~ Rl~1<tl!l1 oo ~ 't m "l' . • .,. .,. 

~*<+il w-~ ~ (1jq3fi+i+il t.rr rn \ilfu <fl('l'>'«l!ll oo ~ Gl~l\3'1~~ 1 

~~ m 't m ~•<q, ~ ~ trnwr ~ ~ 'lli¥'1<*' ~? 

~ ~ fi4i¥'<+il ~ ~ ~l{Wf(;()+il ~ ~ ;:ft(1111!(J <1€'jiJ~ 't ~ I 
~ f!tq;<+U (l~({ctil ~ ~~ ~ ~ m ~ ~ mi'r1rr <IR!iJ({ctil ~ 

~ ~ 1 ~ ~ ~~ ~ 't m rt.*<+il ~: <¥ <¥ 'llif'l<<t>l ~ 
. tm-rr ? m- P:.;41~1q ~ ~ ~ ~ ~ lft.r lJ"f ~I 

~ ~ >lllq~qj \344lflldl : 

9. ~~~~~'(lffilfT~I 

~. fi4(!qltot~~~m~' 

~. ~ vR atJ .. ftlfl~ ~ ~ -fl~~'( I 
Y. ~ \R ~ 't ~~lcHtot ~({C¥l\ atPR!~~ ft;rt ~~I 

~. ~ (Hi~fl~ lft.r tf1'd ~ {Wf¥11~~'( I 
\. \3tfHI~~+il ~ \3t<il<t~ tf1'd ~ ~ I 
\9. t~IGJ.,~¥1 'Cf)tf6T ~~ ~ m ~{Wfj{Wfj' ~ ~ lflli'G~'l 1 

¥. ~. ~. Q~(04ql'll (Solubitity) : 

~ ~ ~l{Wfif'+il ~ ~ ~ ~ ~~~'(I ¥ q;+r lfl1nln' ~ tffl' ¥ 
1fit lfl1nln' ~Q'( I ~ ~ 't ~ lft.r ~ ~ lfi(Cf)lfi(Cf) Sf9; I ~ 
P.,"oqa dl4'fi+i+il ¥ ~l{Wfct>+il ~ ~ 4<tir4~~C¥l\ "fro~ lfl<¥§~ 1 ficR;r ~ 
~ dlq~l+il ~ ~ ftW ~ I 
¥ ~r.oqa dl4sti+i+il ~oo 1ITlf ~1t1ct>qJ ~ lffi;r ififT\Vf ~ ¥ ~ 4<tir4C¥l\ 

~ (1l'llflrr)~ \3'$ dl4'fiq+il ~ 4<tirQC¥l\ fili"4qi!fl ~ I 

~ tilto4+il:tlt1il ¥ Pl~oqa dl4!fi+i+il ~ ~'ltat'lt~l< ~ lf'f ~ : 
~~~('VTlf) 

fili"4ql!fl = ~ ~ ~ ('VTlf) X 100 (~ dl4!fiq+ii) 

cf;tT ~ 4<tirQfi~q)\ tilto4+il!tl (ji'1'1k+i¥ ~ t.f' ~ I ~ 4<tlrQ~~q)\ 1Jf.r 

~~1T'f~l 

9~\ __________________________________ __... 



~.,~~~1:111 

~~ 
. 

20°C 30°C 40°C 

~ '~ ' ... 
35 37 39 ffi ~~ ~ #11 ((~;s (iji 1'1 4)(1 ) 

"' 
~ q;cr{ ~ (;flt11(_11!(1 ) 21 24 -
~ tll~~¥1 ~ 20 55 50 
y <fiC!I~ll~ '11,~"1'1 25 40 52 

~ "'f. Q;it 1~0,4~ ~"'1<1~6 37.5 41.5 46.0 

i1F01~~ ~+1~~~~ (Numencal Problems). 

~ ) 70° c dlq:fi~~l ~ q«f14~ 'lT'ftlrr ~ lJrn 50 ~ \f,l ~ (tjqifi¥1'11 

&1'11,\t~ 40 1JTlf ~ ~ ~ ~ ctiftr t'tm? 
iji11tlf'1 : 

~~ 
tlli"4'11~1 =50 

~m- ... 4o 1JTlf 

tfl{'t(f)~ m- = x 'VTlf {lrr.fr) 

qR:ta~ ~ = (40 -x) 'VTlf 

~a*'m \:Cf'jijl( : tfli"4'11~1 = X 100 
tll~ct>il imf 

SO =~X 100 
r 

SO = 4000 x 100x 

or, 1SOx = 4000 

4000 
or, x = 1SO 

X= 26.67 1JTlf 

('4ijif;I(U( ~ ~ ~ = 26.67 1JTlf I 

~) anuT fcR:i'HII '1 pq ;f\('1 n\ ~ f'c¥x114J I~ ~ ~o fnt ~ .liT t;l{11'3«1 ~ tfR1 
~ 1R ~ ~li"4'1f'lU \3m dlqifi¥1~1 q;ftr ~ ? 

iji11tll'1: 

~~ tfR;rq; = ~ ~ = I kg = 1 000 1JTlf 

~ = amrr ~ = o.5 kg = soo 'VTlf 

tlli"4'11~1 =? 



'l.. .,, 'J "''' 
~ 500x 100 

t:i't\'4+11'!41 = ~ X 100 = 1000 =50 

flHtqii(UI 20°fi"tft -a-. liT~~~ "+1'nU 50~ I 

¥.~.~. Q)~HU'Itifl) Cllsti~&l (Solubility curve) : 

¥ 4<:14cm ell\'4+11'!41 \ dl4:t~+icA ~ ~ 1rtl' 1JTililiT ft11fqtt<tt il:t~"<~~~~~ tfu;lr 

~ il!fl(~l ~I 

~ ~ 1JTililiT 

50 

45 

40 

35 

I 30 

~ 
25 

20 0 
0 
c- 15 

j 10 

5 

0 
10 20 30 40 50 60 70 80 90 100 

0 
o4136+1 ( Cl 

~ ~ ~ t(J\'4+11~ictl (fl'lf,q;q;r 311Si(+U ~ tll~+tl~l<¥1 i13fi~lft~ ~ 

~:-

dl4~+t ~C) 0 10 20 30 40 50 60 70 

(1lfi4+t 'R'1')1<1,6(NaCl) 
25 30 35 37 39 40 41 41 

gm/1 OOgm water 

tt+?l~4+t 4i'll(i'i 
28.5 33 37.5 41.5 46 50.5 55 65 

~Cl)gm/1 OOgm H20 

~~c; --------------------



70 

60 

so 

I ~ VKI 

I / V:.-~ 

i 40 

1;r 30 

20 

10 

0 

~ 
..-

/ 
}I 

e::::::: 
~--""" 

v 
::z 

I ~ ~ 

--~ .--
~ =.....r 

v I 
v I 

..:0 40 50 ~~ '0 
0 

ctN i¥iq ( C) 

q;) ~ ti'Ji"4qi!414il ~ (Continuous Solubility Curve) 

ctlq~q ( C) 

NaCI 

(• ) ot~4fltd e4'ti"4qi!ti45l ~ (Disconsiuous Solubility Curve) 

1ft¢ 'ii¥1<¥1 ti'Ji"4qne~¥1 ac~biit'i~ ~ ~ ~? 

tni"4iii!41Cfil .. :hl4Siifl<! ~ ~ i311'1Cfil tlt«i :­

<t. ¥ djq>Jtiqqj eft~ qc=i4cffl tlt\'4qj'JC( 

~. ~ ~ tn\04 iii !tl *' 'EfGQ 

l CfJ'1i41fl tm; ~ iiFIJt4'1Cfi<OI r&~n ~ ~ 

Y. ~ ~ qGttfcffl ~ dlq>Jtiqiil ti'J\'4ql'!flcffl ~ 

~ . ¥ t4'it1ill2: Cfiftr 1l'11n+fT lffUN (cSnr) fit~iij ~ I 



'l!.l'l! ~ (Crystal) 

MT«r ;;luil:nftll amm ~ 61e~rt ~ ~ 1 ~ 1ijljiitl mo 'Hil<¥1 

~I 

~ : Cubic, Tetragonal, OrthoRhombic, Hexagonal, Trigonal, Monoclinic, 
Triclinic 

~ (Crystatization) : 

¥ 4GI4<6) ~ ~l~~lc llfO'N ~ df\¥R11t ~ ~ I ~: 
ft ' '>~~~ 'h-1i(jl~l I +11u1~1q,~u1 

~ ~ ttr.ft (Water of Crystallization) : ~ ~ e'<""l'11~1 ~ 

414l~rt~~m~l 

~: 

9. ft '> '> '1 ~l<f<l CuS04. SHzO 

~ ~~ NazC03. 10Hz0 

~ . White vitro) . ZnS04 . 7Hz0 

~ ~ (Molar solution) 

~ 'Cff.r 4"1!11¥<6) ~ 311UiPcl¥ <fR:r ~<l~<ctil tli~d~~~lt lit;r (Mole) ~ \ ~ lit;r ... ... 
41!1rq;~rt ~ ~ ~ ~ q'ii'Nctil ~ ~ ('lle~rt ~ ~ ~ ~ 1 

~~ ~~ 
(Crystalline Substance) _(Am~hous SubstanctD_ 

f.i~:qa m ~ ~ ern.! \ ~ iiffit: MT«'f amm ~ atf.'tll~d 

~l ;:ft('11q~~l qGI4t:~ ~: : ~lfi:c:¥1 '(if\~ I 

'1!.¥ ~~~~(Acid, Base & Salts): 

~ m- lfi~'J!~~ a<¥rt~g~ ¥ ~~ ¥ ~~ ¥ fffirr c:U ~ 1 wmrr 'tff.r 
~ arim?r ~ 0\ qrifiqfQ ~ ~ ~ 1 ~ 3lim: 'Cff.r ~ ~ ~ 
~ I ¥ (j~qfQ ~I m:fl 3lim: ~ srg; I ~ iiflq'1~1 ;aq4lii~l ~ 

~¥fffirr~¥~~ ¥c:Ua¥~ ~~7.ft~¥'f¥ 
<61ll'1i!IC:: ~ ~I 

e·er<+il ~ ~ ~ <elll'1~~·11l ~ ~ ~~ ~ \ ~ 1ft $\' ~ 

~ ~ ~ ~ I ~;; ~ ~ 7.ft (6ill'1Ei~ q(i'i44ii~~f& ~ ~ ~ \ ... ... 

~~0 -------------------



~ . 

~. 

~. 

'( 

~fdt<Jijff•l ijA!f.:ao <~amt<fll q1~~1.1 ~. Tf, ~. ~. ~. ~. ~ anfar 
~ +iiMijCfli ~ flMICfl{11qff•l ~ f.:fq;c: \ ~ <ffii ~ I ~ ~ ~. 

lffi\, \ w~ole;~cil ~#IIMCfl ~ \ ~ Gfit 041qCfldl Boyle, Liebeg (1838),, 

Arrhenius (1887) ~ ~#IIMCflt<~ctl 31'jij"'tll'14fQ l{T:f ~ ~ 1 

~. lffi\ \ {1q0j*' 1w11c:+1Cfl ~ ~ ~ m 1T'f ~ 1 AA 1a,e;~ct~ 

311al (+i I ~. elf{ \ {1<fOT ~ 1T'f ~ I 

~ ~ m\ ~ 

~ (1JT'lf:) ~ c:\1 ~\~~~~ 

itt VH1 {11 t ;f)t1'>1{11t miT ~I <lol{11t tftm qf<qdf1 ~ (~ ~ ) 

~I 

tWftliT ~ H+~l OH-~1 <+41 c311~1'1 \ tt'1141 '1¥1 1 

~I 

~.~ ~ . ~ ~ 

~ 

~ 

~ 

~~~'§l#l'>lf<Cfl ~(HCI) ~l~4+i ~IS-§l31CRIIS:S (NaOH) ~')1~41+i#ll<IS:S (NaCl) 

'M~Cfl 31l<i (HN03) <f1c1fij4q l'IIS~OICRIII:S (KOH) 'ilC!Ifu4+i ~ 

(KNOJ) 

\3~f&d \3GI(!:(Oictl (j{1.'1k+iCfl 31tA4'1~ ~ 6Rift:ad ~ \ ~ ~ ~ ~ 

~~~~ 

~ diR:fCfii+H ~. elf{ \ {1qUJijR!'tft -li«l'l~ ~ wt I \3'm -1<@1~ ~ ~. 

&1R \ {1qOJ@I~Cfll TTCfiT ~ ~ ~ I 

~. ~. tftm ~m. mrr 
~. c:U, mrr~m. ;fu;ft 

~. ~. ~ .,, q:j,'!l itt '1' ~ qf<qd'1 ~I 

~. ~. (1~14~Cfl ~fa~41, {1'1fU1', qnft 



¥.¥. ~ ~ (Acid) 

~ ~ Eil~>!jl!JI'1 ~ ~ t.iTir.r (W) ~ <lijlqf;tq; qc:l4i11' ~ (Acid) 

~I 

~. fil'i(!'f{'Oilf<q; ~ HCI 

~. ij i"'jif< q; ar+i1' H2so,. 

~. '11 $1{ q; ar+i1' HN03 

Y. ((~I{ q; ar+i1' CH3COOH 

X. at if\/111 ~ (f) ar+i1' (COOHh ~ 

'5fi'.~ -.ru m1f ~ . ~ 

~ ~ ij ~~~* ar+i1' CH2.COOH.C(OH).COOH.CH2.COOH 

~ anmr t:(~f'i ~ ar+i1' 

~ ~ ijl~~qi ~ CH2.COOH.C(OH).COOH.CH2.COOH 

y ~ ~lfcfetf> ar+i1' CH3 . CHOH . COOH 

X ~ eleif<q; ~ ( CHOHCOOH )2 

~ ~ ~fcq; ~ CH3COOH 

~ ~~lqltft/ ~(f)l~i11 tf>liii~q; ~ H2C03 

c; "f<i31~("(~j 31 Cflllftl (f) ~ (COOHh 

i41f'i;tf> ~ 8i,JtlR'11ftq; HCI 
\ (311~mt4 ) ~ 

tJq!JI"1, 1iTG fil~qlllle vrt<r ~ tf>lq1f.Rl\1 ~ (COOH) ~ 31*1\11S 'AI(~IIf<tf> 

~ (Orgianic acids) ~ I ~: ijJ;f?q;, ~flq; ~ I 
twfl!JI;:q q~llte 1lT'C<f ~ tatij~ttl ~ ~ at~fi~tt at'Aii~llftq; ~ ~ .­

~ (Mineral acid)~ I ~: '11,~tf>, fll,ftlR'11f<q; ~ I 

9~~ --------------------



~.~. 
su:(mf\~ ~ ~SU'(~IIf{Cfi ~ 

(Organic acid or carbonic acid) (Inorganic acid or mineral acids) 

~ . ~;ft~~ ;;?i~\il~lllc ~ ~ 1 ~;ftt'l~ ~l;ftillc ~ ~ 1 

~. ~ ? ~ ' Pc 4., If! ~{11 Gil c G! (!~I (f1IT lfi{1 'fi{1111 c ~;ft@l~ ':44lil ~11{11~1 ~ ilf<~'( I 

~~I 

~rfttc~ ~ Cfjlf ~ ~ ~.,"It<~ ~ ~ ion m ~ 1 ~ . 

~ (weak)~ ~~~~'(I ;;ffir: ~ ~ ~ (Strong acids) 
CH3COOH ~ CH3Coo- + H+ ~~r.t~'(l ;;ffir: HCf ~ H+Cf-

~ ~ Cf\+i"'h ~ (Strong & Weak acid) 

~ ~ ~ 1fr.f1ln' e:''""'" 3f1'lft;r (H) ~ ~ em ~ R ~ Cfilf ~ ~ 
3f+{1' Si ~ ·~ ~ ~ ~ R ~ 'lll(~llf<q; 3f+{1' ~ ~ R I 

H2S04 ~ 2H+ + S04 -} ~ 312r'T:lnn=:' 

HN0
3 
~ H+ + N0

3
- ~fl~ 

HCOOH ~ HCoo- + H+} 
CH3COOH ~ CH3Coo- + 2H+ ~ ~ 

~(Bases) 

31~Hfil gf{i~~l 1ffi ~ ~ fi . ~ mqq;T 311fflll&st'i~{11t am: ~ I ~ 
~ &ll<t<~h\ 31i"#ilt1l ~ ~ ~ Hydrpxyl ion (OH) ~I 

~ ~ ~ : Na20, K2 D, BaD, CaD' etc 

eg: Na20 + H2D ~ 2NaDH(aq) 

~ ~ ~ : Cuo,Cu20,ZnO,HgO,Fe203,SnO,FeO,Pb02,Pb304 etc 

~ (31~1\;f\) ~ ~ 

~ ~ ~ 1fr.f1ln' t:i,:(IPcRI{1 3fl'lft;r(off) ~ ~ em am: ~ Cfilf ~ ~ 

&m:: ft I 
NaDH ~ Na+ + OH-} ~ &m:: 
KOH ~ K+ + OH-
Qa(OH)z ~ Ba+ + 2DH-} . 

NH4DH ~ NH4 + + DH- ~ &m:: 

Mg(OH) 2 ~ Mg++ + 2DH-



'6.'6.'6 ~(Salt): 

~ ~ t::li~">llif"'{'ll( ~~err artfuq; ~ f<na1fqa 1ftt ~ ~'\lf11ct>{'ll( ~ 
~ I {'IC!Oil(~ tll+il'"4d~l ~ ~ ~ ~ t ·~ Toi<:l¢(01 gRjf:iti~liliC! 

~I m- f4tflt::~ m ~fu+ict>l ~I 
9 ~ (Neutral) err ( Nonnal) ~: NaC/, KCI, K~04, KN03, NaN03 etc. 

":( ~ (acidic) ~ : ~"'15~ qf.r ~~I 

1. CuS04, FeC/3, ZnCh SnC/2 etc. ~- aw:i -~ ~I · 

n. NaHS04, NaH2P04 etc. - W ~ I 

~ ~ (basic) ~ : ~~l<~ ~ ~ ~I 

1. Na2C03 _ 'I:JT'fTm &m 4'11\3'11~ I 

11. AL (OH) SQ.J, Fe (OH) SO.J - (OH-) ~ ~ I 

<f;tT tHI~~t't ~ +il"'<@(l ~ lR crnJ (I'm pH liT'1" : 

~ pH ~ pH 

~Ol~(ij 1.7 mrcr 6.0 
q;rmfi ~ 2.2 \tr 6.9 
~ 3.0 ~lfl'ft 7.0 
~ 2.9 '(l((f' 7.4 

Cf>IG!l~~~ ~ 3.0 ~ lfl'ft 8.5 
~(Wine) 3.5 ~ lfl'ft 9.2 
~~ 4.1 ~ "> {il-~1~1 8.5 
~~ 5.0 ~mr 11 .5 

~.~. ~ ~ ~ ~ 

9 ~ mmr m miT ;fu:fr ~ 

~ oo~m mft ;fu:fr ~ 

~ fq:;.,">l oq iR:l"' - - -

" ~~li{'l~ - - -

~ 1f{t ~ Cl~l!i~<il ~ ~ &116~4'1 ~ Cf>l~llif<il til<l4dl~ ~ ~ 

~I 

9~¥ --------------------



'5fi.~. ~ ~~~~if!)~ q~q(f~ ~~ 

'l 4i){WI~'Sic¥i w 

~ ~IGj"fql;fl 

~ ij) '5 jq I ;fl 

¥ c¥Jq;lc¥il'11 . 

~ '1~ q lt1i 

\ ~m 

IS ~(Saliva) 

c; ~(Urine) 

¥.¥.~ n~f'4lcti(OI ~ ~ (Neutralization and use) : 

:ti.~. ae~~q;~a1 ~ 

'l NaOH+HCI ) NaCI+H20 ~~ 

~ HCI+Mg(OH)2 ) MgCh+H20 cA~I(;~c¥1 c?lctil~+il ~ 

~ H2S04+CaO ~ CaS04 + H20 ~ ~ 1: ~ f.ro;; 

~ tii'Q<H~Ei~lt flTq (tiH141fl Ollrr, dll~fiill+i ) q;r 'lf'SI(;~+tl ~ ~: 

\11161~111 ~ I ~ ~ gfdr\illl 1Ttf m-~ 1Ttf ~ Cffi! Gl'11J~'(I 

miT I oftm 
I I I I I I I I I I I I I I 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I 

~ I ~ 

~ 

(WcifVT) 

{fq-,~.~) 

:ti.~. ~ ~ WcifVT 

~ itc:lrr (HCI) 'iT'1T ~ I m¥~1 ~ (NaCJ) ~ 1: ~~fl~i'll~ I 

~ 



~ "t mm q~~l'1 '1ftt "t ~ ;;r:;r m-~ q~lt ~ (Indicator) ~ ' 
~f .. ~ etc< mrr if"U err ~ err 'Uffi' 1('11C4 ~ 'f!(ij Gill ~ ~ 1 ~ 
(Strength) ~ ~C!«''It pH ~ err pH~ ~ l 

(llf;1ft illl'f¥111¥1 ~ frtl411f164ftl¥ SLM tR f(W/ ' ~ fiR' f11I"T' WO Y .. rpt)H I) 

't.'t.IS 341tilf<'lif\ltfi(Oi .(Ionization) 

~ ~ ~'~~~~~'at~ (t"(qfl~ "t ~ ('j'f) ifrG 

lJTt(1' ri d~fl ~ awWf .eli ~ mO'm ~ ~I tl {+11 ~ ~ l fit (!ql+i I lffi 

~ at ~ ~ awir.f eli ~ lfTift+rr ~ ~(!ql('ll~ lJTt(1' ~ ' 

NaCt(a) ;=:===Na + + Ct-

~ ~l~dllltl't 

Ct NaT 

Cu ++ 
so.--

tl'tk+i¥ 'ftUii('+i 4i 
~lfll~+il ~ ~' ~.,~~+il ~ ~ ' 

't .'t . ~ ~ fa'G04'1 ( Electrolysis ): 

~t;{d~HI <elt4'1~ fi4.'1('11C ~ ~'6QG'1 ~- 1 

mn ~ 6l4cullf<¥ \iftq'1+il ~ Pct~ot ~ ~ ~ ;aq4~ift ~ ' WTl4'i 

~$11'1cffl ~ &rorr 3114lf.:t$14i{OI "t ~ fi4'6QG'14; ~ ~ ~ ~ ~ l 
~ <lell4f.i¥ gfdfl.-il41fl~ W'3GIIC! ~ ~ ~ '3<_41'3~ 1 ~ tll<jfl~+il W'f 
~ ~ ~~ tfT1' ~ ~~ 4ilf\e4) ~ ~ '3e<iiG'1 ~ ~ 114~~'1 
~ ;aq4lililli! 'r ~ ~ Q I 

¥ ~ u11ccr.t¥ ~ err q<=tvf~ tm:r+rr ~ ~ ~ ~ ~ err atqtCqfi (E' 

au41'1+il ~ 11ticct('ltc ~ ~osa<='1 ~ 1 ~ 114'6Q~., 1T'f ~ ~ ~ 
~ l?I~C!ifl:ti!< ~ I ~tjdJI m-~ err ~ ~ aOcr ,~Cf?J:S ~ "t 

~it4l:S liT ~l6'lqfl I ~ ~ ~·'1 lfU\R HUl4'1~ ~ (Nature)31'l~11<~ 
$~ct?J('II'C! ~ ~ I $~ct?J('Ii,C!+il ~ 1JCm ~ ~l<_dlil4'1Ei~ ~iti'l\il+il "t 

~'13114"'1'1fl~ ~'1'16+11 ~ !'{. '41\i<~'( ~ ~'llk+i¥ '3GilHUI Cffi ~ ~ ~ I 

~~\ -------------------



~(~) 

m: ~ ~tiQ~ytq?J ;acm:<ol 

4H20 

H2S04 <~<~> ~ : 
4H • + 4e-
4H0 

~ 

40H-
40H L..------+-1111---------1 

m : ~~~~~., 

~.,"us¥11 atf.Hi\51'1 ~ ~ tffl' if41tt{hs+11 t:I{I131Y1 ~ ~ 1 

lt.rct; ~a~lq.,¥11 '{qifcfit'iiSfMictil ;aq41i11a1e:~ 

~ ~ m (electroplating) m ~ tJitjt'ilt ~ ~ 

' ~ \14\cti(OI CI1IT ~ lf.t l 

~ 41(41@1'11@1~ ~ (~, ~~ ~ m 1 

Y ~ nmr CI1IT aRf ~ '3€"il~'11ftt 1 

~~·it) \ a:rq~tjd ~~4cti+11 ~ :-

-
4H ... +40H 

4lf 
2H2 

40H + 4e-
2H20 + 02 

~!ld~oeU~cti (Electrotvse) a:rq~ga ~~~q; (Nonelectro~se) 

~ ~ ~ ~ ij~'ql\1'1 ~ I ~. ~ ~ ij~'ql\'iYI ~ I 

' at*l@i~, at~it'1"1Ei~ '· Plf;ft tfr.ft, ~ tfPft ~ tfPft ~ I 
~ ~ 

Y.~. ~~~~c.c~~ )lfft""c.c' ( Chemacal rections ) 

mT ~ ~ ~ ~ ~~<IGcN ~I ,_y ~ ro ~~~if 
to- ~ r..~<N ~ 1 ~ lfit'it+i<N tmi41+11 \;ffi tu ~ (~) ~ ? ~c 

~ fmrtr ~~~~ 



~ 

~ 

~ 

" 

31Ttn ~ ? \tnt ~ lfmt !It ij +i4 ij Ai mfl'lfi I '""' vmT '141' g ctiRI +i I lffifT ~ ~ ,.q ' 
~ ~ ~ \ACfii(Cfii 4f<Cid'1l<~ ~ ~ I ~ ~ mlT ClidiCI(Uifili4 itq; &1VT 

~ 4f<Cidt<~ ~ 41,"a'( I ~ ~ 'ffiR ~ ~ ~lCII!IIrqctil ~ qf.r 

~ 4f<Cid'1l<~ ~ ~ ~ I ~ 'ffiR Cl" ~ 3tftr ~ (iiji4f.:lcti ~ ~ 

~ I ~ ~ ~ ~ ~ "(lffi1IT ~ I ~ ~ .. ~ .. +il ~"'41:JQ I ~H14fQ 
cN .. cN .. +il ~ ~ ~ ~ 'ufui ~ ~ I m-~ W ~ Cfi1lJliT 

~ \4'(~"a I m-~ ~lCI'1+il ~ 4f<Cid'1~~ \4'(~Q1. ~ at 4f<Cid'1l<~Cfil 

~ qf.r \4'(~Q1. I 

lffifT qf<qd'1t<~i{ ~ ~ ~ lt ~ ~ ~ Q I at 4f<Cid'1Cfil \3~1~(01 
~ ~ diR:iCfli+il ~ ~ I 

~ q ~~(f~ Physical Change ~1~14~~ q~qff~ Chemical Change 

. tfT'ft ~ ~ if"j ~ tn~l+i+il ftgcrr ~ 

~ , 
~ 

" 
¥. Y, . ~ . ~ "{ ~1~114~tf\ q~qM ( Physical & chemical changes ) : 

~ F$4iqi\"l(q, qf<qd\1 ~ gRI~41 ant ~ ~ ;; I 

.. 

' 
~ { Oxy- ·hydrogen flame (02 & H2) 

Oxy-acetylene flame(0 2&C2H2) 

(~~) 

~. ftl(!ql~ ~~(Photosynthesis) (C02 & H20 & m-+i') 

~- d(Cflf8+ii ¥ '<TG'J 

'1, I \!f ~ ~ 1f"! 

~.WI'~~~ 

'· ~~~~ 
~- ~~'U11'~~ 

c;. ~~~ 

\ . ~ ~ 'ffif 1f"! 

,0, cim, ~, 1Tt ~ ~, 00 ~ 

'~c; ---------..,..-----------



9~. ~~~~ 

9~. ~ q?l(1ili(! ~ ~ 

9¥. ~. nmr.~~~~~ 

~ ~ICfct\+il ~'1<§1(411(11~ ~ "'rf ~'11~~ I ~ Cf;lal'1:SI~31Cffii~:S 'Cff;r ~· 

~ I m ~'1<§1(411(11, ~ ~ ¥ crnJ ~ q)\q; ~I 1:ffiiT qfV'Id'1 (lijl~~q; 

qf\qa.., m 1 

q;) ~'14(411 ~ "'rf + Cf;I4'1:SI~3lctei~:S ( ~ ij4)Cf;(UI ) 

CaC03 J4 CaO + C02 ( <H11~Piq; elf\q;(UI ) 

~) l41~~fet~+i ftifif <t>taf'16t,31<R1t':s ~ + ::l77.m7 (~ e~1Cf)<ao 
mm~· -·"-.. , 

2Mg +C02 Mr,O + C (<lel~~q; e~lCf)(UI ) 

~ ern.! ~ ~ err 311*1<<A~ ~ qf\4a'1 ~ (1~11~dCf)l qf\4d'1(11{ mfuq; 

qf\qa '1 m ~ 1 

~ ~ 
~~ 

q;) 4'W ~ / 'tff'ft' crrq; 
''----../ ~ iC 

f-q~'jql~l fi:4~1ql~l 

~~ 
~) ¥ ~ /-> 

~ "CfT'fr 13 :s h;{l 

<ilc: : crnprr <lei~~Cf) qf\qd'1 S'! ~ <lei~~Cf) 'A~f:li~l (Chemical reaction) trr I 

't.X.~ : <teltl~<ti qf'<qff'1 C{1' SIRIOtitll (Chemical reactions): 

(iiji~PiCf) 'A~f:li41Cf)l ~ '(1\q (~ '(1\q) ~ijiJICf)j( ~ : 

~~ 13~1~(01 '11~1<ti(OI 

9 Ofl1 
t. 

CaC03 (s) -+ CaO + C02 (9) Ofl1 ~~~'1 

~ fcrqo 2H20(1) -+ 2H(9) + 02 (9) ~~~~'1 

~ 1JCmT Light 
6C02 (9) + 6H20(/) ----... C6H1206 (S) + 02 (9) vcmr ~h~"1o1 

¥~ Mno2 
2H202(/) ____,.. 2H20(/) + 02 (9) Cf41<!1(11~~ij 



\3<=1~~UI : CaC03 ~ CaO+CO, 

1JTl<f iillo:t~ I fi ~··-

9 \lllT~\~~ .i'1<!(411, "ff.\ 4'1Gt'161~31<ffili6 

~ \lllT~\~~~ CaC03, CaO \ co, 
~ \lllT~\~~~~ 9 , 9, 9 
't \lllT~\~~m- 900, X\, 't't 

X \lllT~\~~m-~ 900 : X\ : ¥¥ 

\ gfa~~~~ fq;ftnr ~l'il'1 

9. ~ ( ~. ~. Tlffi1 ) ~.~(~CIT~) 

~. 1fm'R ( lTm err ~ l "· ~ ( ~ ) 

X. ~ mq ( ~) '14il(k+!Cfl, 
\. ~ ~ ('ffi'tr ~ /~) 

~~l(k+i~ 

~. 311 ~ ~ ~ ~~I ( 'qftf, 'ffi'tr ) 

¥.Y..~. (lei4P..ifl Slfii~41ifll Sl~l(~~ (Types of chemical reaction): 

('~) 

1f§4" ~ \3~1~(01 

~. ~ ZH2 + 02 -+ ZH20 

~. n.\41"1'1 lU ~~~., 
2Hg0 ~ 2Hg + 02 

~. fl<"''"" ;{;') ~ Mg + H2S04 ~ MgS04 + Hz 

V) ~ Zn + CuS04 ~ ZnS04 + Hz 

"· ~~~~(UI ~ 
NaOH + HCl ~ NaCl + HzO 

~'tO ----------------------------~----------



(~) ' 

~~ ::3~1~\01 

~ ' :$1 fiffi ~ (1 '1 \'( \ii Cffi '1 2Ca + 02 --. 2CaO(Ca is oxidised) 
Pb + S --.PbS (Sis reduced) 

~. ~Cffil~ fl:\$ / ~r,Sl~ fl:\$ c +02 _. C02 (exothermic) : 

C + 2S --. CS2 (endothermic) 

~. ~~~~(1'1 Na2C03 + BaCl2 --. BaC03 + 2NaCi 

¥ . ~~~~')l~lc:lfu('l Na2C03 + 2H20--. 2NaOH + H2C03 

X. ':{4(1+Hlfl\i1'1 (ft: ~{AJI~O'! ) NH2CONH2 --. NH2 CO 

C2H50H --. CH30CH3 

¥ .X.¥. (I('IIQ~Cfi 14fdf;;fiQI<tl'l ~ (Rate of chemical reaction): 

91¥RI¥ ~ oqC4~ti{¥ ;4'iC4'1+il 'tlf.f ~ ~ ~ <1(114f"i¥ qfNri'1~~ ~ . 
~I aT q\'(qd'1~~ ~ ~ 1l'fu+il ~ ~I ¥r gfal'$41 fQiT ~ ~ ¥r 
fcrnrft ~ ~ I 04C4~1{+il 'tlf.f ¥r gRII'$41 fQiT ~ ~ ~ ¥r ~ 
~~'tlf.f~ l 

YRif:ti41<il ~ m ~ aft!~~: 

~ . q411!fct>l ~ (Concemtration) l . \3~<¥<il m (Catalyst) 

~. ~(Temperature) ¥. q411!fcA ~ (~err ~)(Surface area) 

X. gRII'$41((1 q411!fcA lTfu' ~ . ~ ( Pressure) 

(~, ~@1\3~)( Motion of particles) 

~ <li~~HI~l ~~~err~ I 'h~l+i~l~ flernT ant mcrrm <IR!iJ<I€l4l ~ ~ ~ 

~ I ~ ~ ~ YRII'$41 ~ I ~1f-i54+i 'tfT'fr+rr ~ ~ f-et#i~l~ ~ (H2S04) .~ 

~ ~fQir 

~: 3fO'J, q{+il'ljctll 31101~¥ ~ q{+iiUI~$ '1R lJTl1 ~ ~HII+i ~ ~$1,+il ~ 

m ~ ~ ~ C'Q('I~I~ -are; ~ moiT ~¥1,~1~ a.m.u. (Atomic mass Unit) ~ I 
~: (;lc:l-$l\i1'1 q(+iluj<il ~ lamu 

~ ~ $;r (H20)=l8amu 

lamu =1.67 x 10"24 gm 



-~------------, 

Avogadro's Number (N.J : ~ tf'f;r ~ 4(+ilfb1Cfi \lR il<lil<ctil lJT1fliT ~ ft:m 
~ ~ ~ if('fif( ~ ~ ~ ~ ~ ~ e4IJII!I+i ~ ~ 
~~~f.:t~ '4m ~ I ~ ~\(JiJ(!<tJ ~ ~ I 

Avogadros No.= 6.02 x 1023 

~: ~l~ll+ictil (Na) cR 23 lJT1fliT 6.02x 1023 -cmrraJ ~I 
~ (CR.) cR 16 lJT1fliT 6.02x I 023 3f11J ~ I 

311v1Pc.*' ~ Molecularwt.)~ ~(Mole): cfrr tf'f;r ~err 4'1Ri<t>ctil 3!10Jfi!Cfi 'lR ~ 
~ 4<=14$1 ~ ~ ~ q(+ii"J~(!$1 ~ ~ ffi{'I{'IJ{ ~I . 

~I 3!Pffi~'1 ~ aroj (02) qif m = 2x16 = 32 ~U 
¥14'1'SI~3!CfEII~'S nmr 3f11I (C02)q5T ~ = 12+2xl6=44 amu 

~ nm:r OfOJ (CR.) q5T ~ = 12+ 4xl = 16 amu 

cfrr tf'f;r ~ err til R 1 q;<tJ q 1 <+i 1 01 ret ct> err at 1 01 ret Cfi \lR il <I cHt6l ~ lJT1fliT ~ ~ C'l4 e {1 1 { 

~;jR;; ~I 

~I ~ ;jR;; ~")~~l4+{ = 23gm 

~ lfu:r «1~<4+{ = 2x23 = 46gm 

~ lfu:r fll'iR(CH.) = 16gm 

~ lfu:r 3!Pffi~'1 (0) = 16gm 

~ lfu:r 3!Pffi~"' nmr = 16x2 = 32gm 

~ frf1 3!Pffi~'1 q(+iiUJ*t ql(+iJOiretCf> 111\ = 16 amu 

3!PR1~'1 OfOJ (02) q5T atiOI~Cfl 111\ = 16x2 = 32 amu 

¥.'f.. nf"4~~ ~ ~ ni~Cf\1 (Elements & Perodic table):-

~ 'CI'ftm ~ Ci~@l~ ~ I anq;ru ~ oftm ~ I ii'N((1 ~ ~ I ~+il{'l~~ 

~ ~ I '6Tfr ~ m ~ ~ ~ I 1J"jj"Cf ~ ~retaa1 I ~ ~ m d'CC4GIIC! 

~ 1 m- attqQiq;'J ~ t~t mm: ~ ~ qm-1 ~ w ~ -crml ~. q;rl 

~~ ~~ ~~ +te;lelil<, "'1CJ~Rj ? '*ttt im, '*ttl'~, '*t'tt nmr atCJ~I+il ~ 1 

m ~.,"1@1~ qGI4@1~ ~ S't I lfi ~ q<=J4tt:~ d'CC4t:~IC! ~ ~ ~ I ~ d!;q~~ 
~ ~ 00 Ci"ii~*t ~ fr ~f'<4l~Cfl ~ m I ~f'<4">1~Cfl diRoiCflJ{q d~~~q;) 

~ciTOO"~I 

~ d'€'4@1~*t eF$<4dl ~ ~ ~ ~; q((+iJUJretCfl atSG4ie (Atomic 

radidus), 3114l"'l~~ij'1 ~~ '{qCfc?ift:t~fli1Jl\1 '{qCf?i"' ~fq:;f.:tl\ ~ 4}01~~+{1 \R ~ I 

~¥~ --------------------------------------



qf<~q; tu~q;l'il l{tr ~ qf<aihs'il fi1.,'1EI~~ ~ cu 31~<€11' et<i!!l'il m-r ~S({31'l~t"R 

~ll"f~ : 

lnceasing Ionisation energy 

Increasing electron affinity , 

Decreasing atomic radius 

Increasing electronegativity 

¥. ~. ~ . ~ "t ~ ~ 3fO! (Elements, atoms & molecules) : 

mrr ~ ,..-,q.,+tl IJI4Ht'it ~ (11fT ~ ~. ~. ~ ~ crnr a~ 
q«tef~~ ~ ·a-~~ CU d'fqfl~ ~~ ~ mftrq; q«lvfEI~ ~I 611<+41< mrm 
dll,(EI~ ~(11fT~~~~~ I 

~(Element) ~ (CampOund) 

~~ ~.-cn-;ft 

~¥ ~. ~ 

~ ~ 

¥ " 
x. x. 

1fi'. "«. ~ ~d~EI~ 

~ ~ ~. ~~~~151'1 , otf.Rtlif'1, 

~ -qy;ft ' f. EIIS.I\51'1, 31 tfelif'1 

~ ~ 

" 



~ (valency) : ~,_. fl«;fi ~ ~ ~ e(~l'il d~~~ ~ '1{ 

~ ~ I ~ d~~~cti) ~ ~ ~ ~ &i'idi{'1J'l\ ~ (valency) 

~ l ~ ~ ~ ~ eq"'dlctil dll!ll<'il ~ \ diJuJfc:tq; ~ {Molecular 

formula) 'qf.; ~ (~e ~e) ~ ~ l 

~: 

~ ) 

~) 

~) 

Y) 

~) 

:ti.~ 

<t 

~ 

~ 

y 

~ : ~~~(!"1'1 dlf.Hi\JI'1 

1 2 

H 0 
H2 Ot 

c:> 

¥4Ji~full¥i ~~~:{ICRII~:S : Magnesium (2) \ Hydroxide(l) 

¥ : Calcium (2) \ dlf.Hi\11'1 (2) 

~+1lf.:tlll : '11~41"1'1 ( 3 ) \ Eil~~"i\11'1 (1) 

mq ~ ~ 
Eil~~\11'1 H ~. 

dlf.Rl\11'1 0 ~. 

H20 

~ d~~~ct?t ~ ~ ~ ~ l lltliT c¥ aeqM~ ~ ~ ~ 
~ ~ ~ e¥1dl{'il~ qf<qfdd ~ (Variable valancy) ~ ' 

(gjijij{l ~~~ij'1 !li(j~&4'il ijq"q"<l ~ ~ ~ err ~ ancr 'a~Cf{l'1 ~ \ ftr.r 
'a~Cf{l'1~ \41~~ ~fli<uJ 1$ l 'd\ c¥ ~ ~ ~ (Penultimate) ~ d­

\34et'tctll ,Jllf<fl'1 ~ m ~ \l11T ~ ~ qf<qfda ~ ~@~J~', 

~: Fe++ = IS2 2S2 2P6 3S2 3p6 3d6 (4S2 ~ \WT ~ 

Fe+++= IS2 2S2 2P6 3S2 3p6 3d' (4S2 ~ 3d liT 1 ~ \WT ~ 

dt'<t~&ctil ((4'ili"<l ~ ~ ~ q)'\ ~ ~ ~ _ ous ~ ~ ~ _ ic 

~~ 



~.~ 
mq 
~ 

~'{~ 
f-

~ (~) ~ 'f1lr 

1 ~ Fe ~ FeCh ~ <Mi<l'a '{ 
Fe ~ FeCh ~ '> CR11(1~~ 

~ 'ffiliT Cu ct Cu 20 CfTrn ~'RII~~ 
Cu ~ CuO ~ OI'RII~~ 

~ ~ Pb ~. y -
y fc;r Sn ~. y -
~ mT Hg 9, ~ -

mq ~ \3~1E: (Ill 

Carbon ~ '{¥ co & C02 

Sulfur y '{ ~ so2 & sol 
Nitrogen ~'{~ N20 3 & N20 s 

Phosphorus ~'{~ PH3 & P20 s 

rt~ '> ~ Y4fiffll 311~<E: d tq ~ ~cffl 'fllf . ~. ~ ~c¥~~ '{ r;-~ijGIIC:: 

l{j\11cticffl 'f1lr ~ ~ mftrq;r ~ ~ TrtT m<f ~ ~ I 

¥.~.~ ql(+iiRlllfl ~ (Atomic structure) \ ttfi\ilctl'fll $~Cf~)~Cfl ~ (Electrooiic 

Theory of valency) : 

tn: ~ ~ m ~ ~. ~. R, ~. ~ ~ ~ arr-~ ~or 
'{ ~ ~ ~ ~ ~ ~ q(flflljfll tff.r ~ ~ e+ti~U W[_ I (ft 
4(+tlu§\r:il ~ ~ ql(+tiUI~cti it)UI@i~cffl (l~i'tlr;-+t¢ ~ ~ diR=i¢14;,-

0IISI(+tl 1fot ~I 
4<+tl~l¢ q;ur 

q I (fl I u I~ q; Cf)'1J1'q;1' 1JVT 
~ ~ ~ 

<t.cm~? ;:gf.R:t ~ ij crittTft ~ ~ (~~ij ) ~ 

~.~ - p+ 0 e n 

· ~ .~ negative Positive no or null 

Y."'R 1
1ts37 a.m.u. 

1 a.m.u. 1 a.m.u. 

~ . ll~~~lfll \'fT1T ~ \'fT1T ~ 
\'fT1T ~ q;ur 



~~lr.t4i Bohr 4i134'jel< ~ '{ ~ cf;:-.; <1!' S'W( ~ '#t~•n:~ Nucleus qf{tfft 

~ I fut1'11!1~4il m- e:tmrr 2n2 ~~l'je l._ ~ (1{1@1~¥11 ~ I ~ n ~ mr 
~if I~~~ 41{i11~14i ~~to I 

Nucleons ~Shell +IT~ 
~ ~ Proton Neutron ~K OOL rnM ~N 

t'il,~'j\il., H 1 . - 1 

~ c 6 6 2 4 

31~\11'1 0 8 8 2 6 

-:.r, ~16lli1 
Na II 12 2 8 1 

3ff1T;f Ar 18 22 2 8 8 

~ 
Br 35 45 2 8 18 7 

~ 9 ~ ~o ~ ~ '1Vtl"j*' 'li~ct~.., m iATt ~ il"i ~, 

dtc41!1~iiiG ~ ~ $~Cf{l'1t:~ tftildMe¥11 ft.R ~ ijlff m"fi41tl (Sharing) 1ft\ 
~ I ~ .311at{i11 ~ ijlff ~ ~ ll 94il{4il ~: 

311l41r.tq; err ~~1Cf{l'41~oe: 

9. ll"e'+rr ~ '~ ~., ~ '{ ~rla9 -:.ll"e'+rr;;:;;:;;;-;~;-:~;:A~;;'i:l:;;¥1 ;:-:1 ;::il <;:;:, Cl;;<;:-;;:e ~;;~;;;:;:;::;, ¥1;;1 -----1 

ft.R ~ I '~Cf{l'1 m'1iT ~ I 
~. ll"e"i1T ~ ~ 3114lr.t4i ~ I ~. ll"e"i1T ~ ~ ~ ~ I 

l NaCI, KCI, MgCh, CaO, ~. CH4, C2!4, C2H4, CJf120 6 ~ ~ 

MgO,CaCh ~ ~ ~ 

ifl~l qiqij \341{( {01 ~ I 

't. 1llll': lfT'fi+rr ~ I 0\ 31141\r.t 4i 

~ ~: W , ~. CR'1-:.I(t<fi4 

~~I 
~ <lelllf':l4i gf'df!tilll(l~ fQi\' ~I 

'· ~~tmf~l 

+ V e Radicals 
r:r Basic radical 
r:r Hg•, cu•, Zn++, AI+++, NH/ etc 

r:r Hg• ~radical~ ~NH4· ~ 

~. {lijillr.t4i gf'df!ti41t<~ ~~ I 

' · nmr,O{(; err ~ tmr ~ 1 

- Ve Radicals 
r:r Acid radical 

r:r ci-, N03-, so4--
r:r c1-~~~so.-- ~ ~ 

~Y\ ---------------------------------------



' 

~ afqEC~ ~ 't~4R'14•1 ~ 'lt ~ tflf114lEC~t•1it ~ a1~Cfll+il 
~m'fam\R~I 

~ ijfq@i~G41C! .~ ~ ~ : 

' ~ '11C!IH14+i 

~1~4+1 

¥41•~Ri4+i 

441~4+1 

~ (ii) 

anwr (iii) 

01m (i) 

'ffi1fT ( i i) 

({~4+1 

: 

to 
KCI 

.. 

<lel4f'.:t4l l(Jf114l+il '3~f€ia 311l(1f'.:tCfl ~ 

~ ~ ~ tff.r art1 (bond) ~ 

q <+i i ujt=i l~ ({CflNij+il ~ <I~W( I 

1 :~ 

K2so. 

: 

J:~ fg r~ 
; i 

KN03 K2C03 KHC03 

: . 

: 
' . 

~q(bond)R : 

9. cma!~~e: m 
II 

~. Eil~o~jl"''1 11 

j~ 
K2Si03 

'i . ·Van der Waals force 
\3GI@i (01 : 

1. NaCl 

2. HCI 

3. Graphite 

4.Metals 

5. Organic Compunds 

Ionic bond 

· (electron ~ ~ 
Covalent bond .. 
( elecron sharing} 

____________ _, __ ~ 

·Vander waals force 

(two layers qit ~ ) 

Metallic P.ond 

(free electron ~ Atom 311¥~01) 

-- Hydrogen bond 

(Hydrogen ~ 4if11¥•U ~ 3f"f dfet~'CI ) 



¥.f..~. ~ Hl~ifil '"~ ~3! .. 11:4Hiit~ (Periodic table & it's features): 

Eii~H'I++i ~9~ aftGr ~ vmT ~ W{. I ~ ~0\ after dti4iU'{ ~ \JII'14>1fl .I~ 

•q1~cir~ 1 \' after ~ g~am:: ~ ~ wr. ~ ~ ~ d'tCCtc~ ~"~~~ 
~ ~ 84'11({4>1 ~ I ~ ~ ~ d'tCCEi~ ~ ~*llli14>t:~ctil 1Fmr iil1it ~ 
~I~ d~fi~cffl ~ ~ d«!i<+u W(l ~ iilftr ~ d'tCC8" 'CfflT ~ 1f'({ ~ 
~ ~ ifliT iflfl ~ \ <elllfrlq; ~ vmr ~ 1f'({ ~ ~ (lelllf.14> d=tectc~<ffl 
~ ~ ~ ~ Cf;llf Cfifo;r ~ 1I7ft I m-~ ~ 1J'T ~ d~tc(E\('IIt 
~ ~ \R4t q~ftq;(Oi lit\ ~ ~ ~ ~ 'llllfi1@i~ ~ I ~ 
4'i~~~q ~ 011~4> ~f'<at)fiq; di~4Jiij++i ~ Si1" ~ I 
~ ~ ~ d~tc~4>1 ~ \ ~ ~ ~ ~ ~ dti4tc~cffl ~ 

ql(+ufbt4> ij~lcffl 611SI<+U ~ ~lf'<({ctil dtft:t4>t~l' ~f'<at">lfi4> ~ ~ l cffilrr;r 

crrft;rq;r il""j\i~l - ~lf<({4>1 ~ftltc1~4> 'lllllijfi~ qijCJiqil( ~: 

qft~ Hl~ifil f.lt+ifOICfil 'll41t1i{~ : 

SN Scientist (chemist) Date . Work Base 
1. John Dalton 1808 Atomic theory AtWt 
2. Joseph Proust 1815 . ,Prout's Hypothesis Wt. ofHydrogen 
3. John Dobereiner 1829 Dobereiner's traid Average wt. 
4. Dumas 1853 Duma's series Series of wt. 
5. John Newland 1863 New land's octave Repetition of props 
6. Lothar Mayer 1869 Lother Mayer:s Curve At Wt. increase 

<el4'1 ~iif!4ctil tfdtcle+u <let4frtq; d~Ei~¥1 q~ftq;<olt•ut ~ aria" +itc~'l"t e <ttittf!li 

(ftff \3~4!1'114 \3q('1(faq>j ~ ~ l mor -"lfrlq; ~ .. 8R;t11~ ~ ql(+ijOj~q> 

~ '$lJliT ,t;\\ liT ~ ~ m '6\ ~ *tft ~ ·'d1rr ~ ~ ~ , 

~ ~ 9~,~ liT Henery Moseley ~ d=tecfl~lt ~ qj(+iiOI~q; {1~14>1 d!ISI<+il 

dlft:t4ii+il <tf&~*t ~ 611~4> ~f<at1fiq; ~ ~ ~ .. ift:t'tctil ~f<at1fiq; diR=I4ii+il 

wm lit 1 

Mendeleev's Perodic table ~odern Periodic table 

l. Position of hydrogen ( doubtfull) 1. Kept with alkali metals. 
2. Based on atomic Weight. 2. Bi.sed on atomic number. 
3. Position of actinide & lanthanide Not 3. Assigned below table 

assigned 4.Separated 
4. Dissimilar elements together .. .. 
an~Pt~ ~r~~~r.s~ cuf\'1~1~1 ~11101<11~·· 
~ . <!F<an(a: ~ attst<+it etaoi'ler~, ~ arrzr ~ \ " attGr ('f1lfT ~f<4(e 

Q'(l 

~¥~ ---------------------------------------



~. lff: ~ ~ ~J!Cf?i'1ct?l ij(~i*t 311fli(¥U : ~ 31TcJ ~ W[. I ~r: 
31<-"CfiiJI mq, ~ nmf, ~ I 

l ~: ~ 31~C!{'I*t amlT{1IT S, P, d \ f 'ql(3ilC!i ~ W( I 

~: ~~lfi4+1 Na(11) -+ 152,252, 2P6 , 351 -+ 5 block 

~ C/(17)-+ 152,252,2P6,352, 3P5 -+ P block 

't. \ . 't . <lf<3i1fi Cfi TJ1IT :ti~ Cfi(ll (Periodicity) : 

(i) atqf!(i+ii ~ \ifftr m:r 1flir ~ ~ ~ ~ ~ ~ \ ef':ti4al qf.r ~~ 
~~~Na~K~~ I 

(ii) 31aiqM+11 ~ ~ \ifftr m:r 1flir ~ ~ ~ ~ ef':ti4al ~ ~ 1 

~ : Br ~Ct~~~~ 
(iii) fqf'<4s+11 m ~ ~4ij+ii 'l:.i\'i'r'f ~ (f{ ~ mT (Orbit) ~ ~T 

~ 311Cfi~OiJI 3fTcm: ~~I 

~ : ~1fi4+1'l"<l ¥41~~~4+1 mm- ~, 
~ qj(+iiOI~Cfi d<'E4'11+11 ~ (Orbitals) lfT ~J!Cf?i'1ct?l ~ CIT flld(OI{'IIlf 

Aufbau ~41rat=l czmiZfT 1Tfurq;f g; : 

Orbits Orbitals 

M(18) 

N(32) 

~ ~ ~ 4~f'JI¥1< ~ : 

d(IO) f(l4) 

lS, 2S, 2P, 3S, 3P, 4S, 3d, 4P, 5S, 4d ................ . 

~: : Ofc411HfC4+t .Ca(20) - 1S2
, 2S2

, 2p6
, 3S2

, 3p6
, 4S2 

<t~I21~C4+1 K (19) -lS2
, 2S2

, 2p6, 3S2
, 3p6, 4S1 ~ • 

tmt ~ ~ ~ ;n+t' "~••<~~ ~ ~q@ljf><q; ofqtt~iffl ,~Cf<!l'1 ~ m t.f . 
~I 



qf{411i1'11 ~ (l~roject works) 

~. q;ro, :~, mil, arm ~ Vli'm m ~41<+tiOI~Cf> ~. m, ~i1Tct> 
~r~~~~ 

~. ~· m ~ ~ ~ \ ~ m ' ~ 0:1~~\3~ ~ ~. 
~~~ 

~. ~gq; mft;rq;r GATf fcri1:r;:;r dtt:H;~I~ ti¥{E'idljtll< mR ~ 1R I 
qq' atfAQ'iifil ~ 46'14)4Q ~l+t1A'1~~ 

1. Pradeeps new course in Chemistry -New millenium edition. 

2. Chemi:stry in conte~t- Grahm Hill & Holmann, Fourth edition. 

3. Dictionary of science & technology- Alan Debson, Allied publication. 

4. Advanced Chemistry- Philip, Cambridge low price edition. 

5. A Dictionary of Chemistry- J L sharma, CBS Publishers. 

6. Inorgani~ Che~istry - L M Mitra (Vol. I & IT ), Dimond jubilee edition-200 1 

7. Chemi~;try principles·& practice- Reger, Goode & Mercer, International edition 

8. Dictionary of Chemistry - Oxford University Press . . 
9. Microsoft encarta encyclopedia -

1
2004(Cd) 

10. dlct>l4fo:iq; ~~-Dr. CLGajurel, 41Q_4!fi+1 ~ ~' ~ l 

11. ~$1~q;· 4iftc?l+ti - '9T.~. ~ iil'illoql4, \M ~ ~ I 

I ' 

~~0 -----------------------------------------------------------------------------------------



~ C4(4(Cfil ~ (Things around us) 

~ :- *tmlT q(q(Cf)l ~,, ~ cfli431kt~ht (1+H41\~Cfi ~"44<H~~~~ ~ fli(Uii((~, 

~ ~ 0trr ~ 416el ~Cfil ~ (f4R 11it ~ (11+HI){(~, 'ill4tRtCfi, a:mf.:ICfi, 

'lii~~Cf' ~.,IM~¥1 'l.l411r 11it ~"144«j¥l 1fT'f ~ 1Jt ~ ~ ~. ~· 
C4cH01QI4'1, ~ \i"41(Cf>'tlil~l ~ 314'1 1~ fcrm';r ~ \3€"11'1Cfil mf1r dfl("+i~~CII(1Cf'l' 

mer fmlvr 1T'f 1 

~ ~IIJtH+il 4(411¥1 lfRT ~~ lf1ir ~ ~ ~ 1f'n't ~ ~. ~ trrn), 

~~ ~ ~ ~~ Urrm lil<!cllctil t1liffliilll<! 'itt'~ OlJT Cfi41(11111<! GRft m-, ~~ 

~. ~ ~ '1qlllll<! ~ OtJT ~ Cfitm ~ ~ q;N ~ 1 ~ ~ ~r 
~ ~ fij~ .. (!q)) 'l.l411r ~ I ~~ ~ ~ ~ fl!JSIUI~ ~ ~ tn: Gf'it 
~ ~ 1 ~- atllil'l1Rwl fij~ .. actil V4l1r ~ 1tf« ~ ~ 1 i'i'lifflllllli! 'itt' lllttl::a'j¥1 Q r 

dfllil\tl~ <'4(11111<! Urrm 'Cf)tf6T 111'111~ I \1i'1lilll<! ~ 'JICf)I(Cf)l 'Utt, ~ l('l":f irR 311~Cfi 

cfiij '1~ 1 < ~ '4f.f 111'11,~ I 

~ ~ ~+i~~~ tel, trrn), ~. ~ ~ ~ of'<Cfiicli ~Cfifijo ~ 311\ill(rtt;ji' 

~ <llliiHt$1 \3~1~'1 ~ I lil•11q($J ~I ~. ¥ ~ mR ~ q~:plf{'tlt ~ m r 
ftt<!Cii$1 lii"<T ~ ~ 1R 'CIT ~ ~ ~ ~ Cfil{'t~RQ ~ ~ iT 1 cU~CI~ ~r 
q<uffg~ fli<!CIIfi~IS ~ V1ll' d~l'i~ ~ ~ ~ ~· 'll+iifOio \ll(1cf;q)) ~ I ~­

<hl%<(1<, iji(l.,"l+il cfli!lfli4+i OlJT 1{a ~ -lfl<+il '1ii~;JI'1 (ttq@i~ ~ I ftffl ~: 
~ 11't ati;J~Cfil{'t ~ ~fij+iCfil <1(114ft:tCfi ~ ati~IICf)l< ~ ~ I 

~ t<U\3('11¥1 ~~~am: (f1fT lfi.41t'1il¥t, ~ if1'\ ~ 'l.l411r11it tmfTt ~· 

Fq;fij+i$1 ijld(jiljj(! ,.,~u::a1¥~ m ~ ~ ~ ~ 1 ati;Jit$1{1 ~ q~~~¥1 Qr q;fq, 

trni ~ m- 1Tftl ~ ~ 1 q~~*~ +ilf.:lijg~ ~ _,6<¥11 ~ ~ ~. q;cm ~ 
ijjif'ij+i( ~ ~ (f1fT ar"f \jUijj(O( ~ ~ 'CIT ~ ~ ~ 'CIT ~ ~ 

~ ~ m 1 ati"''"R=t ftr.f ~'r.,*'<* cii\c::4oft1(60(WIIS ~ ~ ~ mt ar;:;r ::a~l«tt+il 
~ lR, \!Uil(+il ~ S'f ~ ~ 'Jiij)j(Cf'l ~ 1J4)1r ~ I . 

~ ~ _,."ICI'1+il ~ 'll¥1<¥1 ~ "l.l'lfttr ~ I (ft ~ ~ ij" 'llictfd¥ ~ ~ 
~~~I 'lltqJ(tct> 'CIT +iittqf.:lnfo m ~ '4f.f (ft q~fi~ ~ -~~~tf~l ~'CIT 
at'll<'4ift"4+it ~ <t«wl 1 ~ ~;. ~. ~. c~uffi!q;; ~. ~. ~ <lflifHI, 

~. ~. fic::<~ .. c:: ~ '3~1~'1 q;ij"{t ~ ~ ~ ? f6;flg~¥1 "JJ"lfr1T q;ij"{t 1R ? 

fQR flmwr ~ ~ ~ 



fdotj~~qij i!~q4t•iili(! ~ ~ lJNjq~~ 'Cf'i' ~? qidjq(Uj ~ ~ 1lACf ·t ~j('t4ij'•j <ft 
q~~t¥1 Yl(Httii * ~ 31ij(((~ W( ? ~ Y!("1@i~cN \i1'CfTqi ~ ~ ~ ~ 

atfufarcr oqful+it m ~ \liijcii<N ~ 1 ~ afl~lltcti (ijl4"1@i~ ~= ~. ~. 

~lffc!cti, ~<I~Cf'El, ~ ~. ~ ~ Gfft;rr 1m'~~ wf ~l~~cN ~I 

~ \ ~~tll\il"1 cti 1111 q '141 q '1 wf 31 if:if;j cti q «!~ ~cffl "Y'4)1r 31 q f<tH 4 ~ ~ I -a-t <ft 
Cl«!ti~cN ~ ~ ~ ~ m m 1WiCf ~ \ cmttq(Ui+ii '1cti(k+icti 3im: 

~ I m-~ ~ \ ij1Gil4+11 ~ ~ 'tffl ~ I ('llijqij(Uj~ m'11T ~ 

-4lct'1+11 lJlim ~ ~ ~ ~tllt't4 ~ ~ fi4"14CI«!ctil ~ qi~ll$+1+11 ij+iiCl!(l 

~ ~ 1 +ittAfl:iq; om ~t1teft~~+1t qt.f ~ ctl\qf<q;t CI«!Et~ fd•fn:~<N • \ 

;aq4'JflldlcN qfth!ll'1 lftt fdRit<~cN mft ijl!q4'J•t ~ ~ fqq;rn wf ~ fi4"1<431'"(Hfo 

aftt~~ifllcti (ijil4'1l<~ ~ fi4"14C4«! ij+il~!(l ~ ~ I ~ ~ fc:t"'4CI«!finl' ~ 

ctif'6'11il!\~ 'tfffi ~ ~- f;j(lqi(OI 1f1 (flU Slfdtziaf ~ fmTq; ~ ~ 1ffi diR:i+icffl 

~ ~ ~ fi4"14C4«!t'tlt ~ '41~+11 qt.f ij+iia!(t •tf<~cN ~ I Mlt~~+il 31i~.f'"tcti 

iltilf.icti ~ \ ~ \3('\iiG'itil m Gfft;rr 311CI!(qqi mo:r (flU~ ~ ~ 4T '!flO 

~rmo~1 .. 

~.~ afltl'lfltcti (ijiti'HIIf51 (Industrial chemistry) : 

oo ~ ~ pq;~+ictil ~ q1'~'ll ~ ~ err ~ ~ ~~t'1d•t 

ij'l4f'fi ~ ~ I ~ ~ ~ qldlq(Uj \ ClldiCI(OI+ii ~ ~ Sllctifocti 
~ -.. ~ ' 

~ mcrr, 'll'ft, w, ~ ~ alU +11'1CI~O:fd ~ ~= ~. ~. ~tfu!cti, 
m, ~<ti11CRt, ~. ~e:~ .. e: ~. afr1lftr ~ m 1Ttt ~ ~CI'1<41q., ~ 1 

<ft Cl«!l<~ctil if1W mo:r ~ 1f1 \ 311q!(qqi ~ ~ (flU m 1f1 ~ ~ 
~lt~tnl 

~tUeftt'ttt 'dT Cl«!~~cN ~' \3('1iiG'1 ~' m \ 5;~N4l41C61 31ij(ti~cN anW 
1n'f \ ~ ~ 1Ttt \3'11t<~cffl ~ iiftq'141q'1+11 ~ 1f41\3'(q;') ~ qldiiHOfi<4 

~ cfit"'h31 qt.f ~II$1C6cffl ~ ff ~I aTl'l~IC6 (ijll4'18~+1tA ~ (ijll4'1l'~cffl 
fm1vr \ fttq;ttitil 'ilftlfr flti!cti~+il ~ W ~ U: I 

~.~., ~ (Glass) 

q;f1!f miT ~ .,."lq\1+11 m- ~ ~ ~ aft,~,~,. ~ it 1 'l4!f"'<t+it nrnr 

1ft'mn ~ ~ \ ~ 31CRtt,iaftwq <tijtqf.\q; f\4tit<t ~ ~ f'e~*z err 

~ err ~ ~ 'il'il' mqq;r ftift:i¥e:*t fl:tJ51ott"'IS ~em-~ 1 



~~ 

~ ~ 'ACfii(Cfil ~I~ cf;{ET 'ACfil<cffl ~ GfTOO ~~~I 

• ~ ~ (Quartz Glass) : ~~CfiH'IiC ariij' ~ >qJq:ti+i+U flttjfu4\l~'il 
~ ii.,,,~<N q;y.q ~ ~ ~ m 1 ~ ~ arn1: m ~ ~ ijtfT 

&Trorr m- ·~ I ~ q;f'q 'il4141 ~llt'IICfii ;aqq;(OJ ijtfT q<t4 (~~ if"1T'3'f ~ 
~I 

• lflifi ~ (Water Glass): ~ ~ «1~4¥1 Cfitcl1~e err Gle1~4¥i Cfii<l1~ecN 
11f&fUJt'flt ddiJ-1=1 ~ ~'>1~4¥1 fit~;$(! err G1e1~4¥i ~ft::t$et=tlt qr;fi ~ 

~ I ~ <lttl4~ct> ~ [Na20.6Si02 err K20.6Si02] it I ~ m 
~~"Cif.r~l 

• IDtili(OI ~ (Ordinary Glass): 50% ~~ 15% ~1~4¥1 ct>lcfl~C!, 10% 

'*41~4¥1 Cfitcl1~e ~ 25% ~ ?;:tit~~ ~ 1l{tlrr aa1\li:1 ~ ~'>1~4¥1 

fuR::icf;z ~ '*41~4¥1 ~R::Icf;c<A lltsstolt=tll t~ltit<ot ~ err 'i<¥f ~ ~ 1 

~ <ltti4P-1Cfi ~ Na20.Ca0.6Si02 m I 
• ~ ~ ~ (Lead Crystal Glass):- ttlctfu4¥i Cfitc(i~C! ~ ~ ~ 

+t1.{fotiR'fti6<A llisstott=ttt ~ ~ ct1ctfu4+i fuR::Icf;z ~ ~ fu~cf;zct?i 

lltsstott=ttt ~~~err~ 11'!'R1 (Flint glass) ~ 1 ~ <ttft4f.:tCfi 

~ K20.Pb0.6Si02 ir .1 

~ ~ F<llitPcte\1 ~a\~~~~~ 11'I'R1 ~~ tf\ljjq(!Cfil m;nft ~ 
~~~~I 

• tficm '"1lf • (Potash lime glass):- ~~ G1ctfu4+i Cfitc(i~z ~ 
'*41~4¥1 .Cfitafi~z<N llisstott11' ~ ~ cflat~4¥1 fuR::itf>z \ '*41~4¥1 

fuft;tcf;(!cb) !lisstUit=tlt tfrem; t1'TR ~"liT CRT q;f:q-~ I ~ (Jei4f.:tCfi ~ 
' K20.Ca0.6Si(h liT I ~ CRT ~ (Hard glass) qf.r ~ I m 11'I'R1 

~ ~ 8Flr 'A4141~11t11Cfii ttl¥11'1(¢~ 1f'ffiVr ~~~I 

1ft e1s1<U• dl4:ti'i'it ~ ~ m- 11'I'R1 ~ ~ ~. ~ ~ 

e 1¥11'18~ 1f'1"'"3'if ~ ~ 1 

• ~ ~~cfia $ (Boro-silicate glass):-~~ ~'>1~4¥1 Cfilcl1~e, '*41~4¥1 
Cfita(i~z .\ ~ otiR'Iti6<A lltsstott11t ~ ~ ~1~4¥1 fuR::icf;c, '*41~4¥1 
fu~cf;c:; ~ 1i\ir.r f(jft14ic<A fllssto1t11t arm- fu~4ie: ~err 411'tiR1 ~ ~ 1 

~ <ttfl4~¥ ~ Na20.CaO.B203.6Si02 ir I 



~ ~ ~ ~<!GI<Z;$) '9lWf Cfilf ~ ~ ~. ~ a1IT 'A4'1~1~11{11+H 1Jli't1r 
~ ~ iiliiil"lt:~ ~ 1Jli't1r ~ l 

~ <(11t\'1 qi{C~~hfi CffiJ if l ot ~ ~ ~ lff.; ~ l ~ ~ 

~ ~ ~ ~ mg;q;r 31Cffill\5 ~iil\3'j ~ l 

\31:1(({111:-

~~~~~ ~ ~~1~\5 Cflm"~~~ 

~ 311ffill\15 ~ 

cfflqlo:-<! 311ffill\5 ;fu:IT 

i) +1'tft:t4 ii 311ffi 11\5 ~ 

+41Riift:tiil 311ffiii:S ~ 

q;tf'{ 31 Cffi I I '6 mil 

lfiftq; 311ffi II '6 ~ 

llTc:\, @IC411iilt:liil , 't-r ~ ~ 'ACfil<«t.l ~ m ~ , C41~C4iil q;f:qCfilfmt ~ 
~ ~ 3ITcT ~ ~ ~lfie¥cil ~ ~ w ~ ~ ~ q;f:q' Gl'11~"'& l 

~ ~ ~ 61#11¥41 ~ ~ ~ ~ l . ~ 

o- e4':4'4ii ~ qc:1eft:~c#l f\1JS4ol{11t ~ ~ qm~;:g; 1 

o- ~ 31CI~Iiil ~qiRff'<d ~ ~ 3f'ltm: V'CfiT\ f.:laf(UI ~ l 1:ffi 

gf$41{11\ Shaping~ 1 

o- Shaping ilf'<q¥1 el¥41'1~~·us ~ ~~~~~ 1 

o- ~eq!Q ~ iiliil'1t'IIC ~, ~ amt awH4Cfi ':4~41'(<1 1ft Gliill<¥41 

~ ~¥1 ~ 461'""a I 

~ ij(ijl¥41'1@1~ iil'41'flifl ~ 1Jli't1r ~ ~ lJT'l1f ~ ~ <mtiq(OI¥41 'f"<M 
~~~ 

~ ~ ~ s~~~~ iiC'41\fl~ ~ m- <filil<~i'll¥1 ~ ~ ~ Clldlq(OI 

~~~ 



~) 

1f) 

morr <fiei<fitle:~ ~ <;:tilt<~ ~ err ~ ~ '3<fiEt~(11t ~1'3'1:1120 ~ 

(fliT ~1~¥11 ~ am\ ~ ~ I 

t:R, 3t'flr;f, anir, ~(1~cW1 , m1it ~ ~ ~ <;:till(~ ~ ~ ~ 
~ 1T"U\Vf ~ I 

V.. t ~ ""''lfk'fi (Plastics) 

¥1~f.tq; lltfll¥t<~ctJ +i">l.fl+i(Glll ~ ~ <flf<:t+i{('ilt C('ilffc!¥ ~ I C(11~¥+il 

mitT ~· (Monomer) ~ <lel4f.i¥ 90¥14141<1 ~ ~ ~ I at 
+().,1¥1<~ ~ ~ ~ ~~\il~l ~ ~ (Polymer) ~ 1 lfflt' 
~ ~ ~ ~ ~ (fijl4f.i¥ 9~41(11, 41R>i+i<l'~~l'i ~ I 

~: 

n[CH2 = CH] 
I 

CI 

Vinyl Chloride 

Polymerisation · 
) 

(- CH2 - CH2- CH2 - CH2 - )n 

<fl~~H (~) 

[ -CH2- Cf ) 
CI 0 

Polyvinyl Chloride (P.V.C.) 

~ '3~ftl(Uf+il ~ 41fM~-I'i \ 41R>illl,'11'(1 ~<l'"l: C('iiffc!¥ ~ l 

C(11ffi!Cfl<t~1 ~ : C('ilfu!¥ ~ fcl;~¥1¥1 ~ l 

<ti) ~+ift(11ffi!Cfl (Thermo Plastics) :-~ 9¥i<ctl C('ifffc!¥ ~ afq:fi+i+il im" 
31 qtttf¥ll ~ ~ ~ '1\lr ~ ~ f~:w:uJ~i "!fift ~ ~ 1 ~.,"ie;~('ilt ~ 

~ ~ m 9q-~f<¥ll ~ e<el¥11'1{;~ ( ~: : ~. ~. ~ 1R' m-~. 
~. trtt, "tiT{\1 ~ ) ~ ~ l 41~~'1, 41R1•lifq'1, 4l~lll,'il'€1 ~~. 

-q)ft; \fi~'1i~c:>i ~' <flft;tfu!f{'1, ~ ~ ~ '3Gi{;(UI ~ l 

V l ~+if~fag. C('illfaCfl (Thermosetting Plastics) :- ~ 9¥i<ctl ~lfu!i¥X'iiC 

~ ~ ~ 311¥1<¥11 qf{qd'1 1f't \ ~ "ff"l:tqdfi Gf'1'1'\R ~ I ~ ~ 

em~ \ f.t"::qa ~ ~. ¥ ~ iRT ~ 1 ~ ~ ~= ~ 311¥1<¥11 

~ ~ 1 ~ ~ •.iei4Fol¥ .. .,1vu ~ qf{qcf'1 ~ ~ 1 ~ 

q;;fc:>~~t<l'"l: (~<f;(11tc l , ~ q;;f('i~t<l,\15, ~(11+11''1 q;;f('il~l\1'4\15 ~ ~ 

\:j~j{;(Uj{;~ s;:. 1 ~ 9¥1<<il ~Iff<!¥ ~'~!~til ~. ~. m cn'*'<<il ~ (~) 
~m-~, 

• 



~lft::e¥411 ~ 

~. tit~~~~~~~~~ 

~. tit ~ \ ~ crnr tn- 1 

~. tit CRT, ~ \ ql<<=-iq; ~ tn I 

Y. tit~\~ 4i'ql{1q; tn I 

X. m-~~ ~ \ lHmftr tl~~"~l gfij~<U ~ I 

~. ~~~~~ 

~lffeiflifl1 '::N41nl('u :- ~~fkq;c#l ~ Pti~¥i*' 1a,t=:~¥l *'<a,~ ~ ~ 

~ 'll4l~l¥il ~ ~ \ 'hli~liiil'1q; ~ I ~ cfitft \3qlfl~ldlt=:~ (ffi" ~ ~ I 

~. tit~\~~~1"01ml ~~~~~~ 

~I 

~. ~ \ ~ 41oq,{1q; ~ Cfi'ql('f* ~ ~ rn Cfi*<¥l Fct6, fi4'1~i¥l 

tm:, ~, m~~~~~ 

~. ~ ~ Pfi~¥iq;l ·~-1'11P:~ il'11$~ I 

Y. <ltl14f't\q; qGietP:~ ~ : ~~ m\1 ~ ~ Q ~ ~ .~ I 

X. qj$qt=:~,~~~~~~ 

~. ~ ~~ m ~ oeiT C{'fjffcq; ~ lR Vlft1r ~ I 

~ 1f11fT1IT C{'fjfkq;q;) tll¥i1'1Ei~c#l ~ lfGt tll¥i1'1Ei~ q;rlf ~ ~ cite' 
'filfi1<~{11 i{f4 ~ 1 ~ ~ ~14t=:~ ~ ~ oerr ~ ~ lfGt t=:lf.:t*l<* 

Timf ~ ~ ~ ~ lT"Afu: ,4idlq(Uf\4 ~ ~ ~ I ~ 

C{'flfkq;c#l ~ \ ~ lfGt ~ ttl4alifl 3fq'11\3'JqQ 1 

~.~.~ <fl~ffefl:'1 (Polystyrene) 

'il~ffcf<'1 ~ 'll*l<c#l ~ c?IR:i¥i< tn I 1ffi Pfi~¥ic#l C{'flffcq;, ficft;r (styrene) 

+i1.,1¥i<{1'' w- 132° e .. tm~ a1q!fi¥i¥il ~ .. .,,,~ 1 

~ 
n[@ _ CH = CH2] Plymerisation) [- CH _ CH2 _ ]n 

(Polystyrene) 

0 



.· 
t('j~tfef{"'tfl) ~ : -

c?tfMkf<'1 €11~4_!<1 ~ lA" ~. *~flq; i~Tffi;r, 2R-If\i"1'1 t+41114~e:, qil:f, ~ 
~~m-~1 

~.t¥ m;;t ~ ~(!'(\JlOC! (Soap & detergent) 

"«Jiff (Soap)"~ ~<!<~ .. (! (Detergent) ~ ~ 11it ~ ~ q~1tfctil ~ 
m-~ I ¥ <lttl~~q; ~ Cleansing agent <fiT ~ m- 1TftQ: tff.f 
fdoftt<~cN <lttl~~q; iRTCfG \ ~ ~ IH1mT ~ ~ ~ I 

~ (Soap) :-~ ~ (Fatty acid) qir tll~4+1 CfT '1lC!Ifu4+1 i'fqUii'fiG "«1'ifT 
~ 1 ~ ttlat<ul ~ RCOONa ~ ~ R ~ ~ ~64?1 31\¥4il~i1 Wf 
~ 1 «1~4+1 ~ (Sodium Streate) el,'1cN \3~1(((01 ~ 1 ~ ~ ~ 

~ ' €11(('31~1 ~ : 

-
~ ~C!Cfitl¥11 C11H3sCOO Na+ tff.f ~~I 

~ err cUe1 \ 4iiR:c:4i mrit ~ ~ "«Jiff \3fii 1<:~:'1 ~ 1 

CH2- COOC11H3s 
I 
CH-COOC11H3s + 3NaOH 
I 
CH2- COOC11H3s (4ilfkq; ~) 

(~) 

CH2-0H 
I 
CH-OH 
I 
CH2-0H 

(F\i'tfu ?ri'f ) 

+ 3Ct,HJscoo-Na+ 

<m,rr> 

~C!'(Jf"t! (Detergent) :- 31\"4ilii1 t'llii'1"1'1 ~ err ~\"Cf)l'qt't ~ tt\"c61~4i 

({fu:sctil tt' lf'g4+1 i'fqUii'flt {'g(!(~ .. (! ~ I ~(!(~ .. (!Cf)l ~ '3«1(((01@1~ \ ftr;rcir 

~0\1"~ ~I 
'i. tt'tf6~+1 i11\3fuit ~ ~ CH3-(CH2)to-CH2-0-S03-Na+ 

~. tt'tf'g~¥1 31#1'1\1 ~ e?hl~e: ~ R- C6Hs- S02- 0 "Na + 

~~Fc:4i 31~{!1\1 \ ttw1<4i qfu;gaft::q gfa~41 1T<Tt ~ 31\¥4illi1 t<tl(i"''1 

e?tie:i'ttl «Jf'g4+1 t<li4iiffiti:S~ rij~i'ft,~ett 11it f'ie:<~ .. e: CC'11'~ 1 



t11'3f<t1 {;1,~"1'1 ~ 

!N:OH 
CH3 - (CH2)10- CH2- 0- S02- O"Na + 

~1f45~+l t11'3f<t1 ~ (~e;j\ .. c;) 

~ ~e\ii .. e 

9. 4'!_~ tfl~fft :s q?) ~"'tf45~+l err <i'lc:tfu~+l 9. 3\("qij~{>t ~~~4't"1'1 ~ err 6j("qij~{1 

{>tqOJ{>ttt ~ ~ I ~ ij ("q;l f.l q; ~fu ;sq)) ")~ ~I.S~+l 

{1qOJt1tt f45e<\i\ .. c; ~I 

~. ~ cleansing power qHt ~ I ~. ~ cleansing power ~ ~ I 
~. ~ ~ 'CfT"ftllT (ilAld•l 'tfiT1f l1't ~. ~ ~ tfT"flllT 'lf.r ~RitA 6'•1 ~ 

m-1 lRtl 
Y. ~ ijJSI(qil ~ RCOO'Na+ if I Y. ~ ijJSJ(OJ ~ R-0-SOz-()Na+ if I 

~ '\ fsaliio:e 'll41•tifl'l ~ -

61f41fuq; l1ffiliT ~ ~ f\sc~ .. C!q)) ~ '11'fi ~ ~ I ~ (ijl~'1~~ ~ 
~ ~ ~ ~ ~ ~ ij+i~eAi <f<<E~•Wt I ~ 1iGf '11'fi ~ ~ I 
~ ~ q)J(OJJ\ ~ 'lltUftEi~ "{r1ft ~ ~ I \rei ~ '11'fi ~ Vli'm 
~ ~ lfACf (41~+ll 'lf.r '1q51(t\+lq5 am\ tR ~ I ~ ~ ~ Vli'rlf 1JGf 
c4JdJq(UJ ~. \lfft f1ri'rtr ijJqSJ;:fl 3\4'11'3"]4~ I 

~.u. ~ (Fertilizers) .. 
@dqlfl+ll t1lliT ij+l~ijAi ~ 'Cf'Rt 't1•fl~l lll'irm ~~ql{>ttt Qljq~~q; ~ d~~~q)) 
q;lft ~ I att.f ~ '34<1 ~lfm ~ I ~ lfli'nrr q;lft ~ ~ ~ 
~ I ~ lfli'nrr q;lft ~ 0\ \)t~qlt1tt 3flq ~~q; ~ d~~~ ~ rR 4<=14t1tt 

lffi (Fertilizer) ~ I 

~ ~ 'llifil (ifil ~ 

~) ~ ~ ( Organic Fertilizer) :- "1'11q(~~ '3ffi'ii'1 ~ ~ ~ ~ 

"1"'1'1'CR ~ ~~qlq)) 'UtR ~ ~ ~ ~ lffi ( organic fertilizer) 

~I 



~ ~ ~ ~ \3C:i(;(Ui ~ 1«1 (Compost manure) Eft~ 1«1 'GI"'Jf\kr 
~ ~ ~ : ~fijqid, ~~ 00,~, ~ "\ liTir ~ ~ 'q'1"{l ~~ 
~ I cf;tT +i~'11q~ ~ ~~\"~lf\!~q?) ~ ~ 1«1 ~ I ~ q;;:<fl*O 1«1 

~I 'lit~ W '1~iii'i "\ a@jq(Uft4 ~ qf.f '1ii<l\3~ ~ ~ 1Fif1T 1f'1 
~~I 

V ) (lelt~f;ti¥1 ~ ( Chemical Fertilizer) .: - <1(114filq; qc:i4t¢<?<¥1 ~ ·trtr 
CIHI~C{cN ~ (1(114filq; 1«1 ~ I ~ mT 1l1'itm '11~;£1\il'1 (N), thl%((1 {P) 

\ 4lcifu4+i (K) ii1'm ~ 3f'mCf ~ ~ -ar.r ~ ~ 4'Jf)Jq;e;<? fr -mn<rt~ 
1«1 Cil"'l'd"'+il m ~ 1 

t .,,,c;l\il'11tfl ~ : 

• C{+?if.14+i ~- ~03 

• C{+ilf'14+i ~ - CNH4)2S04 

• ~ - CO(NH2)2 

~ . thl%(ijljffl ~ : 

• C{+i'lfil4+i ~ - CNH4)3P04 

• Wf\ ~ Ca(H2P04)2.2CaS04 

• ~ ~ ~ -3Ca(H2P04)2 ~ 

• 4lcife4+i \"c¥1<1~\S -KCI • 

• 4lcifu4+i ~ -ICN0 3 · 

• 4lcifu4+i ~ -K2S04 

anfG I 

~($C4H'11t atiC4~4(f; tR- o'i'~at1t• a~t<<? "''~<;1\il., , q1'1%<(1 "\ qiclfu4+i ~ ~m 

NPK 1«1 ~I 

(iijiliMi¥1 ~ S44'mct~l ~ 

<1(114f.iq; ~ ~ \3«h•~•fffi ~ 1 0\ atf4jfuq; +rnrr+rr m . lTft4T ~ ~re 

~ ~ O'e1T (1(114filq; 'T"f+iT qf{qJ'1 ii(i{~~ "\ \3«:hi~lfffi ~(!~~~~ I ~~ 

~ O'e1T ~~~I~~ linn~~~~ ~($C4i cN CJ~ 
'Efft ~ "\ ~($C41J\ ~ atf.Ri\il'1 ~ ~ I ~ ~ ~($C41t<~cN ~ ~im 
qjf<filqR!q; SIOII1:1I+ii at('l'"¥1'1 ~ I ~ (jiji4f.iq; 1«1 m lM +r£tr ~ lJit 
atiC4~4(f; "\ ~ Sl(f;l(cN 1«1 mft lfnfTliT mft af'<q;iJ\ m ~ I 

~. 9. ~ fftiC!iii~ICfl ~ (Insecticides) :- l(lf.iq;l{q; ~ ~: c:A<it<<?, +rm, q<r, ll<ITU, 
~ atl~€11{ ~ m ll'ff.f (1(114f.iq; qc:i4€1i{ ~ (Insecticides) ~ I 

@Mi8+il €1iii~C{cN at"1C4i«l, ~ ~ O'e1T '1ii~C41Jl "\ \3q4'1ift \ii'11C4<t<~l ~('lii(f 

~ tt'l<it<<?JI ffi- 'j1"'41~'( I ~ at tt'~<lt<<? O'e1T ~ "'IC4t<<? liT'! ~ ~; I 

~ m ~at~~~ cu ~ ij.-qct+il ~ ~ , 



9\ 0 

~) cfilcfP.tfl c6li!01PH'fl ~ (Organic insecticides) :- ~. l'llt(l\11'1 ~ 

~f.Rt\il'1illc ~ e~~~a •wtf.lcti tflf11Cfi{•ut ctil4f.lcti ~ ~ 1 ~ ~ 
g Cfil {Cf)l WI:. : 

ti) 

9. #l)f{~a:s ~l,>$1<ti1Gf01 (Chlorinated hydrocarbon) ~ 'lCfil<*t ~"'l<f\+11 

~ 'ffi'Cf ~ I li"«"CfiT cf;tT 13~1 E\ (O IE\~ m>r ~ ~ : 

. C6 H5 Ct 
I 

-+D.D.T-+ H-C 
I 
C6H5Ct 

-+ B.H. C---+ C6H5Cl6 

-+ '151tft""'ij'1 (Dialdrin) 

-+ ~ (Aldrin) 

-+ 11FI(tf.Hii'¥1< (Methoxychlor) 

-+ ~ (Lindane) ~ 

Ct 
I 
C--Ct 
I 

Ct 

~ 'lCfii(Cfil ~"'l<fl*t mR ~ ijfllHIAl ~ ~ ~ 'iflct\ilru*t ~IM+il 

'1Cfil{k+1Cfi mR ~ m 41i{~fdq; gom>f)+il m ~ij~'1 ~I 
~) <tilcfPI<ti ~ (Organic phosphate) :-

~ 'l Cfil <*t ~Of 1<1) +11 lhl% {ij 'ffi'Cf ~ I li"«"CfiT ~ 13~ IE\ (O IE\ ~ f.t+;; W( -

~(Demeton) 

'hl~'1 (Phosdrin) 

41<1~F(I'1 (Parathion) 

+11t11~4l11 (Malathion) 

~1~lll'1 (Guthion) ~ 

~) <tiiCC~i! ~ (Carbamate compounds):-~ YCfil<*t fi4Efl<i)+11 ~ 

~ ~ I li"«"CfiT c$tft \3GIE\(OI@i~ f.t+;; W( : 

m (Baygon) ~(Turmic) 

~tfllcfP.tti ~i!01P~Ilifi ~ (Inorganic insecticides) :- ~ YCfii(Cfil P<:i"'l<fll'l~ 

{!,lf.l\ilt'l~iiiC: il'11,~4il ~ I ~i'f\e:~c¥1 3llTIT ~ ~ I li"«"CfiT cf;tT 13GitHOI{;~ 
ffi'f ~ ~ : t.~· 

~ ~ (Lime sulp.hur) ~1~441 ~ (Calcium arsenate) 

~ ~ (Lead arsenate) 



~ rm'1t7rZT ~:r:l"'':nn:' tq<~~t~t SllWICfll lfil\41~~ -

9. m tuf'lq;j(q; ctl<tt'l~E'II' ;rrQ I 

~. m ~ f<ficiUJEi~ 't1fir ~ ~ ~ cf;tT o~tG4tc 't1fir Gf"ittJQ 1 

~ . m qfftf \3€'4'~" ili!l\3'lq;' m lj06t<or ~ ~ tJf.f qfftf \3€'4'~" ~ 
·~ ii"C41JQ I 

~ rm'1t7rZT I~<IIICOI SllHtlifll ~ -

9. ~ ~tU<f)g~ ~, ~ \ ~ ~ ~ ~ I ~ fit~~~~~ 
illdiCI{Oi41 ~ '1f ~ \ Gt'11C1{$1 (<IIM41 ~~~I 

"' 
~. ~~~~Ei~ ~~~<h<ts~; ~ :- OFf, ~. lfi(1tfi(1 ~ ~ s<r ~ ~ 
~ ~ I ~ (Sf~<h<l ~ ~ f}fjfu4q;1 ~ (11~~W( I 

~. m ~ \ qrtft(1t~ ~ ~ 1 

¥. m \344l~ft 'iftqt'J~i~ 'l'fir ~ 1J"Q m- ~ 4tf'<~~q; IJIU1it'fl4t 3Hf~W1 

S'f~l 

~. ~ \3('4,~'1 ~ \ m tffl' 4tf.:teE:~4' 't1fir m ~ ~ ~ 1Rt 1 

~ ~ 1T'ri 314'11\3'j4ft ijjqQj.,Aj~~: 

9. ~111cfls~ cf;etcf;ll$1 q~=qll«t em <t(§'j4~ 1 

~. ~ m-~ IJI41~rq;af~ lFf, ;:rrq; \ 3!T€itl"'t' ~ <t(§'j4'i:4 , 

~ . ~~~mr~m~ 1 

¥ . fl4 '1tcflt'l ~ mft ~ liT:f -s.'7.fr1r ~ I 

~. ~ m- ~rf«cf;qfQ ~ <r~1(f~, ~ ~ 1 

Vt\3 thtf'iltM (Ceramics) :-~. '1t~?JGti1 , feR=Iq;'l \ 3ff.H!Gti1':{'ffi ~ ~ ~ 

gq;r<Cfil 4tc?IC!ftc il'1t~<t*' 'lT6ti6tt~~r' e <tfltCR~ ~ ' \ffll mttm ~a4r 
t'l1S~t6 CMfllf'144 feft:icf;c ~ 1 ~ q;rat1R1'1 ( Kaolin) err ~ ~ (China 

clay) 'l'fir ~ I liT tffi' ~ ~ I ~ <IE~t4f.1q; ~ Ah0 3.2Si022H20 if I 

~«tf'iltMifit tiT:st~~ ~ ~ =-

e<tflliR! \3~1~r4r 'lt6ril6tt'l~ ~ ~ IJinti4tfl~ 3!4'1t~"Q : 
~ 

9. ~. cfl~41<, ~ ~ t.f!l(1tt ~ ~ ~ ii'11~"Q I ~ fu;rtr 

(Slip)~ I 

~. ~ q~(1tl ~ lTt\ ~ 1lnU ~i!~$"Q I 

l cf;tT ~ ~ 4tc?J(1tS ~ f}fjfe4q;1 ~ amrn IJiq:ll<41 i!tR=I"Q 1 

fQy;r ~ <t\~ 



Y (ft \ll'SI~~~I' <mfr ~ ~ 1f'Ut «¥1,~ I 

~. 'if'Sit\~~lt ~ ~ ~ I 

\. ~ 1: <(~11\3~ q~1vf~~ ~ ""1'1CMI< 01rr ~ ij<Jfli<Rt ~~I 

~(i~CRtCf\1 ~ : 

~. m-~ ~ -qf.r ~ m ~ 1 

~. ~ ~I ~ 01rr ~ (Jijlll'1~~ ~ 3ffi""{ ~ I 

~. ZIT ar:r ""{ lt.tjdtil 31""11~¥ it I 

y "U)q;6f""{~~~ I 

~ f1 " " f1 (I +icte<+tl ;aq4 lid I : 

t ~ ~ ~~¥1¥1 \lf'SIC!!'Si~~ ~: q;q-1 ~1 ~1 ~1 \il1T1 lf11ir 
01rr ~ dl'11'~ I 

~. m arqq;T ~""'~~q; ~ ~~ 41fijf<1'1 01rr ~ ~""'~~q; ~ ~ m 
~I 

~. ~ m l iiir.ffl ~ ~ -qf.r ~ m ~ 1 

~. 9.c; fmt.:c (Cement): Cf41~ll¥1 ~R>fcfic 1: Cf41~4'1 <Mill~ctil ~JSIUI~I~ ~ ~ 1 

• 'ERI ~I ~I ~ f.n:rivT 11'fm ~ ~ ~ I ~ \3tql«'1'11 ~ ~ 

m~1 

~. 1'1?!(~11 (limestone) ~ CaC03 

~. <R mir (Clay) ~ AhOJ.SiOJ.F~03.2H20. 

~. ~ ~ (Gypsum)~ CaS04.2H20 

fmt.:c ~ l1'l ~ :-

~ . ~ ~ (Raw slurry) q;f f.n:rivT ~ I ~ mfu 75% "iff ~ 25% 

~+11it qm trfu: lfT'ft ~ ~ f.n:rivT ~ I 
~. Slurry ~ ~ ~ ~ ~~oo ~ ~\OO ~ ijf .. c~<! (tJq:fi¥1¥11 ~ 

morr morr mrr ~ ~ ~ ~~ ~ ~ f.R;t&_q;< (Cement 

clinker) ~I \3m~ f.R1(q;<<¥l Composition m:r ~tl:t"'~l ~ 1 

[2CaO.Si02, 3CaO.Si02, 2Ca0.Ah03, 3Ca0.Ah03, 4Ca0.Ah0J.Fe203] 

~. \3m ~ f("Cf)(q;<~l~ ~ trfu: ~ 2 - 3% ~ ~ (Gypsum salt) 

fl:ielt~ I~~~~~ cf4 ~ 1: ~~~~I 
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<t. ~ -~ (Multiple bond) ~ m ~ 
~. 3fTlFr 4<+ii"Jt<~an:ec ~~~(Catenation) 

~. 31i,~l+i<Ei~ ~ ~ (Isomerisation) 

~. ~. ~ ifilif'10¥il ~ {(<fiffNfl4' (Allotropes of carbon) 

~ ifh?tzt l{('t':>i<f!Plq; ~ ~ 1 ¥ ~ ~ ~ err ~ \RT 4fit ~ (q~q+u 
~ I ~ ~ ~ 'h<C6'h<C6 ~ I (I\ <Etlqf'<tq; ~ ~ ~ ~ ~· 
~~4(11, ~ ~ I C61af'14il l{('tl~4Ei~ ~ ~ : 

+ifUI\i <~d ~ 
(Amorphous allotropes) 

(~) lftm (Lamp black) 

(¥) ~ 

(~) ~ 

(\) ~ 

\3~~d l{('tl<fi4Ei~+itA 'fur\ 4JI'hi'e +ifGI'i!Jjm, ~~lcfl4§'{ ~ ilf~:qftt +ifGI\I(~d I 

~ (Diamond) :- ifl<l('ll~ ~ ~ ~~qct)\ ~ ~ 1 q1 ~ tRT \ 

1RIT ~ 1 ~ C6taf'1C61 4<+ii6JE:~ :ect<dl"tet ~ ~ ec;;t~i{'l (Tetrahedral) 

ii4"11CR+il ~ ~ I \re) ~ 3fftr ~ ~ ~ 'fur CRT ~ I ~ ~ 
~~ctc;;l'1 ~ ~ ~ ~ ~ ~ m- I ~ ~ ~&iiN4il ~ I 

Ul'hl'e (Graphite) :- ill'hi'e C61af'1cffl ~ ~ ~ iifr 
i1t;~(11~11 ~ I ~ qm;jl m (Black lead) ~ 

~I qf1Jm ~ ~' (!(1C6«1< anrrq ~I ~ 
C61af'1C61 ~ 4<+itu~ fd'131lei +tnt '1ll'41~ .. zil .. ~ ~ 
\ ~ '~ctc;;l'1 ~ ~ I tft ~ '~ctc;;111~ ~ 
iJI'hl'e~ ~ ~ ~ I ql trof \ q;lf ~ ~ 

~ it 1 ill'hi'e 11ti~(1q)} ~ ~ ~ I m : ill'hlle 

~. ~. ~ Ofiic:i'10fil ~ (Properties of carbon):- C61af'1C61 ~ ~l<fi4C61 ~ ~ 
'q)'('q; 'q)'('q; ~ I ~ fd;ft~~~- ~ ~ •lf<\t¥1 t-f I ~ Y¥1<¥1 C614'1C61 

(IQI<4f-1¥ ~ ~ gq;i(q;j ~ : 



2C+(h 2CO 

--"'+ C(h 

l flll"lii'1Cfi'l ql(_{+fO:Si'\+fl Cfilif'1(6((~cJj ~ ~'q(1l4 3fft ~ ~ ~flf(:jf1 
1f09; I 

2C+H2 C2H2 

'1. 1000°C ~f .. eUi dlq~+t+tl ~ iji'Xfi(Cfi'l iii•Mf~l IJIR!I1ti41 mt 
C¥>1 if '1 :S I lij i"'fi I I :S 1f09; I 

C+2S 

Ca + 2C ---+ CaC2- (if41ft::ij4+t ¥iilil6) 

4Al + 3C A4C3-. (~\i~f.:t4~ _C¥>1ilil6) 

ZnO+C ---+ Zn+COt 

Ca0+3C ---+ CaC2 +CO 

c;. ¥tif'1~ ~ ililf'illi 'llntf~MI 1Jt ~ nmf (Water gas)~ I 

C + H20(g) lOOoC) eot + H2y 

~nmr> 

81,4\\il'i \ ~ +i'ioflat4ijll6¥i ~J5101i'tiC ~ nmr ~ 1 ~ ~ ~ 

~ m ~ ~ ~ ~ ,;u.,¥1 ~ :a'lil~l8~+tl m-~ 1 

v.. ~.~ ifit4'1ifl) aq41fitnl (Uses of Carbon) : C¥>1if'1¥1 ~ (,4!C:'jqcil ~ ~ 
~ ~ I ~ iati\8~¥1 :aqcf1~1dli'tiC ~ ~ ~ 1fit ~ : 

M) tft<li'iiC ~ ~ (f1fT "'i1"f ~ 'q'Tif m-~I 
<~> tft<lille ~ f¥t"tt+tC¥>1 q~<8~ \ ~18'118~ il'11';oa 1 

(~) tllf'il,e\'CIC 4)1,~\'t¥1 .~at?IC, b' ~' '!f~qi't amt il'11'3'1+tl m-~ I 



(¥) 111'hll<!{'tft Atomic reactor 1IT moderant ~ ~ 1J'lfrlr ~ I 

(~) ¥'il{'tf{'tft 1<9'1¥'1 ~ \iVl~it'i~fll 1J'lfrlr ~ I 

(~) ~ ~ (Animal charcoal) ~ ~ ~ ~ (fliT ~ CflfC~~q; 

4if1fq;fjj ~ ~ m ~ 1J'lfrlr ~ 1 

(1.9) fiT«r (Lamp black)~ lRfi, itre, ~ ~ ~ il'11\i'1fll 1J'lfrlr ~ 1 

~.~ ¥14f.i¥ 14'~'"'~• (Organic Compounds) : 

~ l:: t'iil{llil'1 ~ d~tc~ ~ ~ 4if1fq;~~lt Cflf4~q; ~ (Organic 

compounds)~ I ~tfltc~fll q;+a\fli ~ ~ ~ t'ii$"1i1'1 ~ 1 dfqcU«¥'1 ~ 
~ l?IIR1l<l'6 (carbon tetrachloride)- CCL. 1IT ~ llnr ~ d\ fii$;{llif'1 

~ 1 at ~ a~~~ .. ,~q; Cflt4f.t¥ <4'1f11Cflfll atfcMiiltt, "''""'.,, ~. chlWl<e ~ 1:ff.f 
~I 

Cfli411t¥ 4'if1fq;~"'*' ~ ~ ~ -iit'-4¥'1 I!Cf•f'l{'tft ¥14~q; <t414'1-llf!4 (Organic 

chemistry) ~ I 

~ ~ ~''""'" ~ ~ 4if11Cfltc~IS tcii~"'ICfliaitt (Hydrocarbon) ~ I 
I!Ci${1Cfliai'1 ~ MtiGII<! &4NI~d 4if11CflEI~ (Derivatives of hydrocarbon) ~ ~ 
Organic chemistry liT ~ I 

ifilctr..ifi 14•1f11ifi~"1 Cll•ffifi<Ot (Ciassfication of organic compund) : 

~''"q;ftf'1{'1fS rt q;ja(r.tq; 4if1fq;~~qi) lil'1oft¥'t ~ ~ I ~ Elt,~l1Cflttf'1¥'1 
gq;j(df'jtii( ~ Cfliafr.tq; 4if11¥~~ ~ C4•ftq;(Uf •lf'<(t¥) ~ I ~ ~ ro 
~;ft(ii~IS ~ ~ q{41\i'1 ~ I at Ft : 

(I) ~ ~ 4if11¥8~ (Open chain compounds):~ 4if11Cfifll ~ q(flfujfi(Q*t 

~ ~ ~. f4ij{'IIS ~ ~ ~ ~ ~ I ~ 1:ff.f ~ .. ~1tllil'1 
•lf<(t4i! ~ I 

(a) ftrm ~ 4if11¥EI(Q (Straight chain compounds)-~: : 

CH3CH2CH2CH3 , CH3- CH = CH- CH3 

~) 0 ·Q-~ 

II 
CH3- CH2- C- CH2- CH3 

(3-~ tir.r) 

CH3 - CH2- 0- CH2- CH3 

Cllt~W) 



(b) Eif411~1< ir.r <11ftl¥fl~ (Branched chain compounds) : ~: -

CH3-CH-CH3 
I 

CH3 
(armiT ~) 

(II) ~ ~ ~ (Closed chain compounds) : ~ <11ftl¥tl~ ;;rnm ~ 

(A) 

4<¥116j¥1 ~ cu l{ffi'q~l ~ ~ ~ ~ ~ ~ ~ ~ (Closed 

chain compounds)~ I ~ ~ ~ 'A¥1<tl~ W( 1 

¥ic0iji'ijf+i¥ qr tn41' jijj'ijf«M¥ ~ : 

(a) ~iji$P<M¥ ~(Alicyclic compounds) : ~: -

CH2 CH2- CH2 

I \ I I 
CH2- CH2 CH2- CH2 

' ' q (iji$#11'/1 '1) (ij l$#1liijl'1 ) 

cu, cu, 

D D 
(b) l{(t~fl¥ ~ (Aromatic compounds) 

Q-cH, 
(~) 

(B) ~z(tel$~¥ ~(Heterocyclic compounds):~: -

0 



~. ~., ifltiffilifi tMttifllfil ~ (Properties of organic ~ompounds) : 4itcff.:tq; 

4lflt4it:~4il ~ ~ at4it~f.:tq; ~~fltCfi4ct ~l't.,k44i ~ '(m ~ ~ I 

lfi r;iF.."' ~ .. i f1r "'~~ alifitlir..ifi ~'f11ifi~~ 

9. ~ tftec ~ m, Cf«f lfT nm1 ra .,an~ 9. ~;fttt~ 6141;:((d41 m ~ ~ I 
atq~t+ir q''ooa"' 1 

~. ~tfttc~+it ~'4t€f .. zq .. g ~ 1 ~. ~~fl~+il '€fif{l'4iiZI .. C! arri' ~ I 

l ~tftt:~~ ~ \ ~ ~ q»f ~. ~.nee~~ ~ \ ~ ~ ~ 
~I ~I 

~ ~ ~ ~ ¥, ~tftec" ~ ~ 4itcffilq; ¥, "4'1it:~ I ~ ~ 
4itcff.:rq; t4l \'1 Cf)fl " dl~fl\'1, S'f\, tll\'1 Cfi+tl ~ I 
~~~~ 

~. ~tfttt~+il (jijjqf.:rq; gfttf¥41 ~. ~;fttt~+tl (jijjqf.:rq; gR\f:ti41 ")r. dll4i'14i 
dfjUjf1tq; \ ~ ~ I \~~I 

\. ~;fttt~+tl au,tt1~ftitq \. p/' ~ "4'1ifC- dli,ttl~F<Iil+i (Isomerism) 
(Isomerism)~! ~-~~.,'(I 

~. ftl'11tt~ non-electrolyte~ I ~. ~;flee~ '€t*{H'11'C! (electrolyte) S'( 1 

c;, ~tftli~ \iq\'1., ~ft\'1 ~ I C\. ~;fttt~ \iq\'i.,~ft\'1 ~I 

't Pl;ft~ ~ \ ~(iqliCIC! lJTt<f \ . ftl~re~ •f.:tlili41<! ~ ~ 1 

~I 

~)ii)Wlcte •14•"' (Homologous Series) : 4ilcffi:tcti ~fltCfit:~ lrV ~ 
(jijjtjf.:tCfi ~ Cfln' 1ATCfG ~ ~ Cjjqij(cil ~ ~ d(jOjiliCfi 1fR ~ ~ ~1 
('4e\'1tC ilan~•te •1(41\'11 ~ 1 a<ttt<•t4il t:nfu ~. ~. at~tt\'1, m 
d((~\'11C ~ ~ I 

ar;cR '( att=cilttl't ¥1 Homologous Series mr ~ I 

.· J\lkane CCnH2n+2) Alcohol (CnH2n+10H) 

c~ CH30H 

c2~ C2HsOH 

C3Ha C3H,OH 

C.Ji1o C..H90H 

CsHr2 C,HuOH 
.............. .................. 

ftnn;r~ ,,~ 



Homologous Series q;r rc.~l"'dll\~ : -

(<t) ~ ~"'l+i)~ltle -l(~~~~lt ~ General formula ~ lii'11""Q 1 ~: 

31("cf;'14i't General formula C0 H2n+2 

( ~) ~Homologous Series~ ctll<tf('+lcti ~(Functional Group)~~ I 

~: 31("4i'li1~4i'l Functional Group- - OH 

31F("UIU4i'l Functional Group- - C- H 
II 

~ Functional Group- - 0- 0 

ctila?ilill•fttct~ cy;f\ns4i'l Functional Group- - COOH ~ I 

m ~ t?l+11~1tle -~~1+11 tR ~ iflfllct~t<~ ~ f'<ti!li+lct~l <lel<t~ct~ '11~<41,1<1 
~~I -

(¥ ) ~ -~(~~lctll ~ ~ mer ijiH4t<~4i't 3fl~fcfq; ~ - CH2 ~ ~ ~ I 

( ~) t?1+11~'1fie -~(~~lctil M~t<~4i't ~ ~ ~-~ ~ 0\ (iijlq~Cfi 

~~~~ 

~.l ~ ~ (Bonding) : 

~ qr ~ ~ 'ftt q(¥1(11~~ ~ 3f1'J ~I 3f1PIT ~ q(+116jt<~ ~ 311Cfi~u(~l~ 
<le14F"1cti ~ (Chemical Bond) ~ I ctii4Fo1cti 4~fllctil\~+ll qf.f ~-~ ~ 

'( ~ (fliT ar.:4' ~ q(+llllji(J:q ~ R I ~ 'IIP.MI~It ~ (Bonding) 

~I 

ctilcf~cti ttifllctiil~ ~ q<iii6Ji1~~1:q+ll $~ifc!J'14i'l e1lfi<=1t'l 1ft fdo1'lt<~ ·3fl'CAT ~ 
~ ~ ~ 1 ~ f>:l~t~~¥41 ~ ~ ct?li41~ .. aac .. _, ~ 1 ~ ~ qf.f 

'EII<allC!I ~ ~ I ~ ~ qf.f 'EII@.let ctil¥41~ .. (! ~ ~ f.flrivr ~ I 
~ : 

H H 

X 
• 

qr, H-C-H 

X 

H 



q;rt;r_q;rai;r q(+U"Jqil ~ ~ 1W-f '11ft ~ a0Gr "( ~ a0Gr ctili41€t"'t!illU4 qf.f 1A 

~ 1 q;rai;r H+!luJtr:~¥1 ~ ~ 3ITGT ~ g; 1A" <'4ei'tls\ Double bond"( ~m 

wt 1A" ('(4iji'fls\ ~ ~ (Triple bond) ~ I ~ ~ .... ~lj'ffi ~;q;T 

~-

CH3 CH = CH CH3 

2-~ 

~ ~ ..... 61'ffi 4'1111Cfltr:~ -

CH•CH 

2-~ 

dql(i'ti~ qm ~ C!U "d' ir : 

Single bond liT ~ cr GR m:t ~ 1 

CH3 C•CH 

Double bond liT ~ cr \ ~ 1t ifo=6 ~ I 

Triple bond liT ~ cr \ ~ 3ITGT 1t ~ ~ I 

!(.. ~. ~ iifii~P\'fi ltifiliifi4fl1 '11¥il'fi(OI (Nomencleture) 

Cfll4f'.:tct~ q~(~lifl(l~cffl ~ \il('(41fSCfl ifil' ~ fatftt'l~¥1 '11+!1Cfi(UI lR q;J'lt ~t 

.. ~ ~ I ~ ~ fa4ll't~cffl ~l(t(lt~Cfil 31itll(+11 q'I~ICflctil '11+11Cfi(IJ'j' 

~lf<f'€41 1 trn' rct;~+l¥1 '11+11Cfi(OI 1R gou('fti'fls\ Common system of nomencleture 

~ 1 \ffl; gumRlil<l '11+11~'1+11 ~ ~ W{_ ~'~" liT ~ gou~¥1 ~~ 
~ ~ IUPAC (International Union of Pure and Applied Chemistry) 

~~I trn' ijjOjj('ftOj'jijl( '11+11Cfi(OI ~ ~ q~(~lifl¥1 ~ 1W-f "1T1f ~ ~T 

~ IUPAC ~ ~ 4'1~1Cfli'tls\ ~ I \ffl; 'iiOII(Otlot'jijl< Cfll4f-lct~ 4J~Iiflft~i¥f 
'11+11(*'1 1R f'.:t4+1l't~ mor ~ g; : 



(1) ~ (Prefix) : 

¥t4f.lq; ~ 4'tf1t¥Mc6i '1tqiq;(ot ~ ~ ~ 1U ~ ~ (Radicdals) ~ 

;aqijciq?J ~ <l~""a'( I 'lTlf m ;aqijciq?J ~ ~ ~ ~ ~ (Ref ~ 

4ij CJICfil < W(. I 

~.~. (Ref lU ~ (Radical) '31Rf'T (Prefix) '3~1~(01 

~ . ~ ' "11'18~ ~ dlt41it,q'1 (C2Hsl) CH 

'· dl\¥¥1,('1 ~ di\¥Cfiltt'l 2- ~~l't'l ~ (CHrC:k - CHJ) 

(2) illl«\"'* (Word root):-

~ ~ atlal<td ~ tr 1 m 4"tfllcticti'l ~ ~ ~ cei411«1 ~ '{ 

Cfil4i('44q; ~ 1U q!*qt't ~ ~ ;aqf~H1 q;ptf;fq)) ij~lt'llt 131•11JQ I V1pi ~ 

~ itilli'1cti'l q(qllljcti'l ~ ~ ~ ~1-=4!_(1 ~ dl~ifilql ~ Q I 

1fiTit.f q~~IOJ~'tl ~ {Chain length) ~~~'{~ (Word root) 

c 1 Meth-

c2 Eth-

c3 Prop-

c4 But (a)-

Cs Pent (a)-

~ Hex (a)-

c, Hept (a)-

Ca Oct (a)-

4 Non(a)-

C1o Dec (a)-

a ~ ttl-«+((1tt~•• Alk-~ 'iii"'1'1"\Vr ~ 1 

(3) ~ (Suffix) :- ~ll«+("'*ql ' CJI¥1<¥1 ~ .,.)fi""a'(l 

(a) 'lllt4~ifi ~ (Primary Suffix) : 1J1_{{f q;raf;r ~ ~ lU ~ cf; tr ? ~ 

Cltlf.li(qj CJIIt4~¥ ~ ~ ~ Q I ~ : 



q;raf;r ~ Tcm: gpQ~Cf) ~ 
<m1 

(Types of carbon chain) (Primary suffix) 

(a) ~ (!ij'"*'i{., - ane Alkane. 

(b) ~ (!ij'"*' • ., 

(i) Double bond~ 

(ii) Triple bond~ -ene Alkene. 

- yne Alkyne. 

(b) liitArl!cti ~ (Secondary Suffix) : liitArl!cti ~. grq!liCfi 9('4lllil "'''~~ 

m- Cfiillk+icti ~ (Functional group) til' 9cttfa{1ui ~'1rJ~ 1 ~: : 

_Cfilcf~Cfi ~ .. l~ictitil ~ Cfiillkli Cf) ~ lilf:<.e~Cfi ~ 

(1) 31~(!:{1 (Alcohol) - OH - 01 

(2) di~:St'ii'&:S (Aldehyde) - CHO - al 

>C=O - one 

(3) ~(Amine) - NH2 - amme 

Cfil~\ill'~* ~ (Carboxylic acid) - COOH - oic acid. 

er<r~ilir 1l"l ~ 

~ + ~iiG¥{(1 + Cfiillklicti ~ 

H Br H H 
I I I I 

~: H- c c c c 
I I I - I - NH2 

H H H H 
3- Bromo butanamine 

~.'{f. ~ .. ,~, ctitil ~ IUPAC "llf 

1. CR. Methane. 

2. c2~ Ethane. 

3. CH3CH2CH2CH2CH3 Pentane . . 

I 



~.~.'t 

4. CH2 =CH2 · Ethene. 

5. CH3CH=·CH2 Propene. 

6. CHECH Ethyne. 

.. 7. CH3C-=CH Propyne . 

8. CH30H Methanol. 

9. CH3CH20H . .. ~~ol. 

10. CH3CH2CH20H Propanol. 

.11. CH3C:E;I2CH2CH20H Butanol. 

12. CH3CHO Ethanal. 

13. C~CHzCH9 Propanal. 

14. CH3CQOH ·• Etbanoic acid. 

15. CH3CH2COOH Propanoic acid. 

16. CH3COC~3 Propanone. 

17. CH3CH2CO CH3 Butanone. " 

18. · CH3CH2NH2 Ethanamin~. · 

.rtel{" (Structural Formula): 

¥ilfr.,q; 4tf\t¥fl~•u att,t.1~f<IH4 (Isomerism) 1J'T ~ ~ ~ ~ ~ ~ lU 

~ ~ qt 4tf\t¥tc~ Ft. e~~'l· l fatfttcM ~ ~ '1lt ~ ~ 1R ~­
~ ~ '~ ¥14Pf¥ 4tf\t¥¥tl df"Jfl"¥1 1fin1fG ~ ~ ~ ~ fatftfl"¥1 
~ ll:f (Structmal formula)~ 1 

dflljfl~ ~ ~- 9n'f ~ d ~ ~ ~ : 
(1) arwprr ijfti~"i! ~ ·q(ftilljfi(IIE11C 'P'V ~"lq4~ I 
(2) ~ q(ftt*J<'1t\ ~ ¥\R4t~t4lat'j91( ¥\'4i~"t!il .. i~ ;ilejqQ I ~ ~ 

•••uac¥<ttatTft< 1:f3GI' 1f'=l' (-), ~ arrer 1R' (=) lU d\'1a.1et ~ (=) ~ 

;it(1qfll 

(3) 4tf\t¥¥i itf!t~at'jtll< 'ifi11A q(ftt•jifteq ~ ~ ~ r.taff<a ~ 1 

~ atWjtCM * ~ Qf ~ ~ : 



H 
I 

(1) ~(CR.) H- c- H (2) 
I 
H 

(3) ~ (C2H.) (4) 

H~ H ... 
/ 

/c c~ 
H H 

(5) ~"'Giffltot (C.sHuOH) 

H H H H H 
I I I I I 

H- C - C - C- C - C - OH 
I I I I I 

H H H H H 
(7) ~(C~) 

H H H 
I I I 

H- C- C .= C - H 
I 
H 

H H H H· 
I I I I 

H-e -c-O-c- c 
I I I I 
H H H H 

-H 

swwfltot (C2HsOH) 

H H 
I I 

H- c c - OH 
I I 
H H 

"""' (C2H2) I ~fl~., 

H-C•C-H 

H 
(6) ~ (C3H.) I 

H-C•C-c-H 
I 
H 

(8) i1Sill .. i$i1 W (C2!40) 

H H 
I I 

H- C- 0- C 
I I 
H H 

(1 0) f\ftftt (\\'1 (CJfla~) 

H H H 
I I I 

-H 

H- c- c- c- H 
I I I 

OH OH OH 

---------------------------------- ,~ 



v. . ~. V. *'~ ¥icfP..tti 4,fil¥~+ (Some organic compounds): 

~(Methane) 

31101~+ ~ ~ ca. 
31101~+ \11\ ~ 16 am.u. 

H 
I 

H- C -H 
I 
H 

' ~ 7ft'n7 ~ Q,Q. : - ' ~ T"JTn'7' ('tlfu~+i ~ 14«Wi•II<"'I*U t+"~C1., .... ,~ ,...,,...,., 'q't4 'll41~1 ~ilt'll+il <41 ... 1,~ -;•~c.c. 

(CH3COONa) ~ (1l'5it'11$+i («tfu~+i Etl$-~il'Rii$'5 \ ~ ~) Wt- ~ 
il'111'"a I 

CaO!l 
CH3COONa + NaOH -+ CF4 + Na2 C03 

fl 

tft nmr ~ ~ ~ 41•t'it'11' ~~14'1 mt ~~le;jji<+ll 1ft nmr ~ ~ 1 

ilf"'1ifil ~ : 

~ 1ftftrcJ 1J"1'RE : 
(~} 1ft <(~itl'1, wtitl'1 \ ('ql4~'1 nmr m- 1 

(~} tfr @llqi\1~1 ~ ~ I 

(~) tft~~l 

~ (jijjqf)w. ~ : 

(~> ~ n~tet'l'' mTliT ~ m 31fcffi\JI'14~• <•e•~F<i+ gfdi1fi~• mt ~ arrq; 

. \ Cfil~'1'81131ifflll'5 ~ I 

~ 
CH4 + 202 -+ 2H2 0 + C02 + dl4~1fm 

"> ~ ~ cffl'4i€t .. c ~ ~ tft fl.:ti41~ftt'1 nmr ~, a\ #ll~.,d~• 
4(1-\!lloft fct;(vjcffl ;aq~fa+il gfd0fi41 mt ~ ifi~ICfi@l~ ~ I 

uv- vq;m 
CH4 + C/2 CH3Cl + HCl 

1=1 ' f+t~ I It'! :C\\"':n-:1 <ml sr.:r;s 

uv-1Tctim 
CH2Cl2 + Cl2 CHC/3 + HCl 

#ll?t4'14 



uv-~ 
CHC/3 + C/2 CC/4 + HC.f 

~ ~ -=~m') < .... ,,..,6 

(q) ~ 1000°C (1iq!fi'i+U ~ i4i<Mf4t g~f'¥41 1f'6' ~ +i' i.,' liRIIS6 ~I 

Hi/!! 
CH4 + H20(g)---+ CO+ 3H2 

Q'"" .. ..Q t44"¥' aq411lirii : 

(1) ~~~~m~~~';g"Cfi\ ~m-~1 

(2) ~ 'ifl"(q'("i cfiflt¥8~ ~ : 'h4i'tfaf!IS6, flffllli't at~l'Ct't , Ck'11(1'h4, cr;i1f;r 

ZC:I~l<l'l6 ~ '3NIIt'1 1fif 1Fft1T ~I 

(3) ~ lR", 1fftr ~ '3NIIt., ~ m-~ I 

~(Ethane): 

atl01~* ~ => c2 ~ 
attalfit¥ ~ => 30 a.m.u. 

CH3CH2COONa + NaOH 
.,~ .... --~ ~I 44'i V1q141 <! 

~~ 

=> tfth~: 

M> ~ nmr ~ttl'1 \ ~lotltf\'1 ~ I 

H H 
I I 

~~=> H-c-c- H 
I I 
H H 

CH3CH3 + Na2C03 
~ tt'tf14'i Cfjjc(i~(! 

(~) lit ~ ~ Cf\ at~l'Ci'tiU ~ I 

=> (jijJf4r.t• ~ : 

M> ,q.,t'tt' ~ ~ atf4~Ni'1Ef•t gfaf'¥41 1Jit ~ 1fT'qi \ Cfilal'161S 

atiRII'iC ~I 

C2H6 + 702 ~ 4C02 + 6H20 + (tiqd~ti 
(~) lit q;lf F$4t-fti't ~ Cf\ m IR'ilf<'1~1 gfaf$41 1ft ~ ~~ICfiEI~ 
~I 



CH3CH3 + C/2 -+ CH3CI-;zC.f + HC.f 

~ #l'l<lti 

{ 

CH3CHC.f2 + HC.f 
CH3CH2C.f + C/2 err 

CH2C.f- CH2C.f + 2HC.f 

~lt#llilt~'1 

(~) ~ 31f.Ri\11'1 ~ ~ \3e9 <¥4~1 ~ ~ ~ I 

450° 
CH3CH3 ~ CH2 = CH2 + H2 

~ ;aqQ)f11t'U 

(1) ~ 'ffi"q' f.:i¥1?1 'rt1'1cffl ~ Vlfm ~I 
(2) ~ ~I Cf<'l~l<tt~'1 ~ ~ ~ m-~ I 
~ ~ (Ethyl alcohol): H H 

311°1~¥ ~ => CH3 CH2 OH ~ ~ => 1 
I 

H- C- C- OH 
31101~¥ \11\ => 46 am.u. I I 

. H H 
~ tO\illt+icffl ;aqftlqfd¥11 ~ ~ ~ 31#'1Ei(if ~ \ ¥1iii'161'~31Cffil'6 
~ ~#;oa 1 ~ 11fi41('flj q;4 .. 2e'1 (Fermentation Process)~ 1 

CJi1206 ~ ZC2Hs OH + 2C02 
~ ~31#'1{(('1 

\1m ~ Per.ft (~) qiT 'h4 .. 2;e'1 m \3f'il~'1 ~ I 

C12HnCu ~ CJi1206 + CJit206 

~ +H20 ~ ~ 

=> ~~ 
(1) ql ((41~'1 em;~ if I ~ ~ 'il¥1<ct5J 1f"l' \ ~ ~ ~ ~ I 

(2) 4T ~ Eji't'1~ft('t ~ I 
(3) 4T qloft\I"GI ~ ~ I 

(4) lfijq,l ~ ~ .J.114°C \ ~ ~ 78°C 'ft I 
(5) ~ ml amn-1 ~~ 'iiiWl<e ~ ~ 1 

=> (liji4FJ.¥ ~ 

(1) - 31~8('1('11\ ~ ~ lfl"ft \ ¥14i'1:Sit 34Cffilti ~ I 

C2H50H + 302 -+ 2C02 + 3H20 +'ffi"q'. 



(2) m ~l~IOI¥1 CO' 4lC:I~IOii1~41 gftlf$1011 ~ 'i4l«H11':S ~ I 
- + 2C2H50H + 2Na ~ 2C02H50Na + H2 

" ~ -""::' IZI'TW"7 «lf6101i1 'i41CH11'i 

(3) m e~Cfi ~f{t:stii \3qf\lqfa+11 Cfilq;"'l'~* ({f\t:s~41 gfal'$1011 ~ ~1!1: 

(Ester)~ 1 

H2sco. 
C2H50H + CH2COOH ----+ CH5COOC2H5 + H20 

~ \31~@1{'1 ~f{tflq; ~ ~ ~ (~) 

(4) qq;) Gll\6{'11, 'ffi"ffi ~ ~ ~C!P\":Sfii':S ~I 
Cu [O) 

C2H50H CH3 CHO =+ + CH3COOH 
-H20 

(5) "'i"<fflEI{"' 4lC!I~IOii1 :SI':fi)~c: l: ij~Cfi ~:Scffl \3q~fili11 31f'<ffi:SI'~ 

(Oxidese) 'lt ~ ~c:F\":Stcl'i l: <'lleq~ ~flCfi .. ~ 1 

[0] [0] 
C2H50H ----+ CH3CHO -. CH3COOH 

-H20 

~c:F\"\\Sfll':s ({f\tflifi ~ 

(6) 31\"tilet{"'~ q;ftir 140°C dlq!fi¥1¥11 e~Cfi C{ftt:s~•l gfaf$1011 ~ \\SIU~I'{"' ~l: 
~I 

140°C 
2C2H50H + H2S04 ---+ C2H5 - 0- C2H5 + H2S04 + H20 

(R 31~{({'1 q;ftir 170°C dl4!fii1i11 ~ H2S04 ~ gfdl'$41 11it ~if 
~I 

110°c 
C2H5 0H + H2S04 ===+ CH2 = CH2 + H20 + H2S04 

(7) 31~t<{'1{'11' 240°C dl4~i1i11 ~1flf'11i11 ~ :SIU~I'{"' ~ ~ I 
A/203 

C2H50H ---+ C2H50- C2H5 + H20 
240°C 

:SIU~I't't ~ 

(R 300°C dlq!fi¥1¥11 31~f1{'1cffl IU'ht'tiC .'11¥11 V'm' ~ ~ ~ I 
A/203 

C2H50H ---+ CH2 = CH2 + H20 
300°C 



(2) ~ ti'lii1••1 ~ m, anm, ~~ <MWiut, m~t, 6Tt d' ¥11"., ~ 
~I 

(3) ~ ~ dl4!1fi+t ~ ~qt{lflt<!< ~ ~ ~ I 

(4) ~ Olt¥1~~· ~ ~ ~: : ~' ~~ ~~ ~ d' \1('41~., 1'T't 
~~I 

(5) ~ ~ \ cfl~llf'1 ;;rm ~ ~ ~ ~ I 

(6) ~ ~ +tfltctt"t 41111•t:~ .. .,1,ooa 1 ~= 'ftlfi:t'1, ~, #fl(lq;4, 
~flq;~d'l 

f1t1RI ()t't (Glycerol) 

011°1~q; ~ => C3Hs03 

OIIOI~Cf) 111\ => 92 a.m.u. 

f1~R!()t1 ~ fcfftt :-

H H H 
I I I 

~ H-C-C-C-H 
~=> I I I 

OH OH OH 

(A) ~ lfT 1i'mT "{ ~l~4+t @II,"OIIMI,6il ilt>StOii"ilt ~ Ri"i~Oi"i .. .,~~~ I 

. 0 

CH2 ·_ 0- ~- R 
0 

I II 
CH - 0 - C - R · + 3Na0H ~ 

0 
I II 

CH2- OH 

I 
CH - OH + 3RCOONa+ 

I ~ 
CH2 - 0 - C - R CH2 OH 

~ lfT 1i'mT 11ii1~ (I~ 

(B) f'f;ft lfT ~ q;if .. ae., m qf.r Ri"i~<li"i \1('41~., ~ 1 ~ m- ~1~4+t 

eWitSC! (Na2S03) ~ ~ I 

C~1206 Na,SOJ ) CH2 - OH 
~ Fermentation I 

=> ~~-

(1) ~~~~m1 

(2) ~~~~~ · 

CH - OH + CH3CHO + C~ 
I 
CH2- OH 



(3) m- 290°c liT ~ ,~ 1 flc liT ~ •c:~oaa 1 

( 4) m 'CfT'ftliT tjWUft~ ~ I 

~ (jijjqflt• ~ 

(1) lfri' ~'lfil4+i~l gfdf$<41 ~ ilt~lfil4+i fl~fil(it(C! ~ I 

CH2- OH 
I 
CH- OH + 2Na 
I 

CH2- ONa 
I 
CH- OH +H2t 
I 

CH2- ONa 

ilt~l~l4+i f\t'tfit<lt(c. 

(2) lfri' ewP!P<• <(fila¥! ;aqR:tqft:t+il 'fit~• t(fita(f•l gfat$<41 ~ ~ 11~Fti <1~r 

~I 

CH2-0H 
I 
CH- OH + 3HN03 
I 

.. 

CH -O-N02 '+ 3H20 
I 
CH2-0-N~ 

~ 11t'tftif\.,· 

(3) m <ffiw;<e q .. C!I'R'Il<lt\4 (PCls) ~ gfat$<41 ~ flt't~<ltt't ~ltifi'(J<Ita · 

~I 

CH2-0H 
I 
CH- OH + 3PCls 
I 
CH2-0H 

(1) ~ ~61C8~ ~ qy;f1rr 1Fittr ~I 

CH2-Cl 
I 
CH - Cl + 3POC1] + 3HC1 
I 
CH2-Cl 

11"1~ <IC"' ~ICIR'fl <Ita 

(2) '3"'f ~ ~' $Pl¥ ~ ~ 1T'fliT VlfTtr ~ I 
(3) l1t'1f\t(it't ~~~q;, ~ l1t<1~f\'1, flt~~~<ltt'it ~ICik'tl<ICi - '3t'U«'1 1T'f m 
~I 

iiU'IICi't 11R (Di~yl Ether): 

- attotn-q; ~ ~ CJi1oO 



otiOI~¥ 1fT\ ::) 74 a.m.u. 

H H H H 
I I I I 

H- C- C- 0- C- C- H 
I I I I 

H H H H 

941•t~iit'tl4il ot~tct'tt'tlt ~ 140°C dlq!ifi4i4il CRT ij~q; Q;~:s4•t ~ ~ 
il'tlt~ I 

C2HsOH 

~~: 

::) tftftr1J ~ -

(1) ~ <(i(«itft'1, ~ ~ ~ \ ilotJ(j'ffi tmtT lr I 

(2) ~ (1jq!ifi4i4il til d«f FQ I 

(3) liT 34.6°C dN¥4i4il ~ I 

(4) · til qjfil\1"<1 ~ FQ I 

(5) til~~~~' 
::) (jijjqr... ~ 

(1) 1"f\ \iq('fft~ftt't ~ lr I~~~ liT'fi \ 4ilat'1:SI$01CRII$i ~I 

. (4) t•Hi'ltt ~ tttt4\411fltq; <!;fea4it fltijt~t ~ ot~ttt't \ t'n1'l 4i'l4it~a 

~I 

+ 

(1) ~ iji'1tfa'11 ~ .rro Plm ~ ~ ~ afrc.ftr (Local anaesthesia) 

~~m-~. 



(2) ~ tlf~4i$1 ~ ~ 4il4f.14i 4J~I4il'i~ t¥11\3'1 ~ ~ I 

(3) ~ 4iliff'14i gfallti41+tl ~ +tlfA+tifil ~ ~ ~ I 

(4) ~ qtuwfl'i~ ~~1\3~ «mm m ~ I 
~.¥ nue~~ (Gases) : 

lft~~(R"~fl~ l 

~ tlfll(l+tl ~ ~ ~ ;m- fm II 

~ ~ 1JPT ~ atf<Rtl3f., ir ;:mr 

\3q41•ft ~ t lir (f ~ ~ 

fil'"ljf\9~ ~ fW ~I 

atfcfel3f'1~•1 ~ m-~ ~ 
fll~q~~ 11m" q•FJQ ~ anm-~ 
'1~~~- ~ ~ d (ffifr ~ 

ifila('1CitdliR11'45 ~ l ~ ;:mr 

arm; W'<J1r ¥ ~ \ft ~ ~ ~ ctil1f 

"!iiqloft+tl ~ -cmt ~ 
~ ~ qltft~'Jj ~ ~ 

~ ~ 1f'f f1m C(+i\f,41 

~~lpr~~~ 

'Alfl'1~ ~ ~ '11tctll3f'1 ir iRr 

~ ~ amrr 1A atf:Rt.,..,t't 1t m-
ttl'""'., .. t 1f)+t" Q '{ ~ 1Al\3"1" 

lRfr~~~~ll 

mft ~ ~q'1+tl •41EtfC(&cit ~ ~ ~ Q I ml'1rr 01~134'1 '11,~134'1 1 
4ilaf'1CISdliR11SC, ~~ ~ 1fr10 ~ ~ I 1ft' •41EtfC" ~ ~ ~ ~ 

~ ~ ~ m ••r<u•• • 1 mTlrr ~ ~ •41er:" \ ~ 3fl"l«f.f 

(gfa ~ld+tl) ~ dlftt¥1'41 ~ Q I 

~------~----------------------~ ~~~ 



~.~. wmrr ~ n~t~fl~ arrt«A' ~ 

1. .,,,c£1\iil., 78.08 

2. atf.Rt\iil., 20.95 

3. Cfil at., 61,34 CRII':S 0.03 

4. arr*; 0.93 

5. ~ 0.002 

6. ~ ~lll~~~ 0.008 

m1lfT eft nmff!~ ~ ~ ~~~ q;fii;:r '1l•t)34CRfl,'51 ~ ~1 ~ 
diCRII$\15 ~ 'tlf.r ~I~ q«ttfEI~ t<IC4l{'llt ~ Gt.,IJQ"( I~ m;;IT ~ 

~lll~~~ctit ~ ~I ~ ~ (f1ff :aql41~1d1Ei~¥l iffOO ~- ~tF<q~ Q I 

~.¥. ~ ~1\'$-lliC., nmf (Hydrogen gas) 

tU$~\iil., nmr "«'\ 1823 m t.it' 44tiiP .. \15~ (Henry Cavendish)'<mf mr ~ 
a~lfo:t~ tref {'lcjj({Cfil ~ I ~ m(J \ ~ ¢~ l'fU{ 1it nml" G4'11({4ll ~ \ 

~ <mf ;rtij{'l.,_ft{'l nml" m mJq;r ~I~ 17~ {'111'41$\il{ (Laviosier)~ 

~ c41~¥l omr fll\41\iil., (qr-ft ~ m mi ~ ~ m mrm ~ qpft 

~ 1 1it nmr qr-ftl ~~ ifnn1 $~ ~~ 4itcilE:t$~C!1 at~e:~~ at~t<{'l ~ 

<4~~1 4l¥11 ~ I 

~ => 1 

$~~., ~ => 1S1 

2am.u. 

Si4)cml{'ll+il ~ICf'liC" ~ ~ : glf1ct~ll{'li¥11 \ii~ICfii <;'!fliEi~~\"11' ~ ~~* 

qf\t:gq;lct g~Ofi41 11'U{ Eli$:{1\iil'1 nmr i1'11$«a 1 



fcrtU : 

ijc{CJitl+i ~ a(hti'i+tl cfitt 'ii~ICCil (i!filft" ~ I \3m .. 1'di1*l ' a0eT ~ ~: 

~ ~ "{ ~~\!~ ~~~I ~ i11fu ~ ~ ~ I ~l 
~ ~ ~ qjoft+ti!l4 t(I'C~,41\((*l UUtt'flll(+tl "'1fl"i\ I \3m 11:ffir "'l«'tlt ~i 

e?h+tl~ ~ m-~ ~JI\1~ ~ \ nmr ~~~~I¥~~ 
~ 'fi~i'i*l ~~~ (air tight) lJit ~ ~lfu:{*l ~I f4tlqfQ ~f 

'h~i'!Gtlc ftncR;r ewcf<cc; ~ ~ 1 \iffi1T 1: e~cc; <tftu; .. )wq <tet4f.lcc; gRlF$4r 

\T{ ~~,~1"1'1 nmr f.lt<t>~ I \3m Tiffir ift>t\ftl ~ ~ t" ~ m CfTC\ ~T 
t() '(41'~\(*l . 11:ffir ~ ~ \il'++tT ~ I 4) nmr -crr;ftlrr dttji'l '1 ~fli'l 1: ~ ~t 

qjt1'Ji'll$ Pci~lfqd lJit i41tl"'l(+tl \il'++tT 11ft~ I 

gifl«l ~Iii'! I +t I Ell S(i'fll '1 nmr Gl '1 I J41 tl I +t il'lt\ (E ;q'A' ~I ft<t*l "11 +t I ~q;a m m>r 

a&l,«*l ~ 1 

=> g<fl~l ~lli'll+tl t\IS{i'il'l nmT ~ 9n'f ~ ~ : 

(I) ~ afl<ti'l+tl ~ mcrr ~ 

(air tight) lJit ~ ~ I 

(2) q) ~ ~ emf ~ 
~~'fl~ l 

(3) ~ "'~i*l ~ ~ fcfi;:r 
~ ~ ~ ij~¥ 
~6~~1 ~ gfal1fi41 lftt I 

(4) lfm ij~Cfi ~ ~ 
~ fcfi;:r cit ~ 1Tm 
ij~¥ ((fti6~4j gfaf$qj 1T'tt 
l'li\4J'il 'l*l 'tl1it ~ 
61\atiMI\6 ~ ~ I 

(5) ~ 'ht\i'li'ii$ ~6+tl ~ 1T'tt ~ (llj~qflt 

(6) iilt'l~ Gqi'li\ cdlt6+tl ~~I 

=> 81Sflii"1¥l ~ 

tci,(i'ii"' nmm 'lf<((¥1 i41tl'ili<¥l 1jW ~ ~ •d~<~ctil tli'IISctil q;ffl i'ilft 
441tl'ili<E11S Ofir ~\3m~ fq;m tft'i'IT iRffi'lT ~ ~ I ~ ((CCi'll¥1<ctil fAt.r 
(Pop sound) 1lf.r ~ ~ t 

------------------------------------- ~~~ 



('lfi') ~~-~¥1l"1 ~ ~ iiUQiiiUl : flfir.f ~ ~ ~ iltl51 Oi{'tl' aria" ~ 
arq*i+i+U (~ 1200°C) ~ ;a('9<Cfi+il ~ ~ l<i$4\111'1 nmt4il ~ 
~I 

Clit(g)+ 

flfirrf 

=> ~~ 

Ni 
CO(g) 

(1) liT~ <(•ltft'1, 4i"'fltft'1 ~ ~~~~'1 ~ I 

(2) liT ijil\t'<l ~ ~ m- I 

(3) liT ~ lfr"ft+rr ~ 'Cfi1f '¥f '1-ft{'f ~ I 

+ 

(4) ~ ~ ~ -259°C~ ~ omilf -253°Cm-l 

=> (jijjqp.q; ~ 

(1) liT~~ m- I 

(2) liT ~ ~ ~ ~ 'lT'ft' ~ I 
2Hz(g) + Oz(g) -+ 2Hz0(1) 

(3) t<I'~~'N,.,~ (1')1~4+i, '1')1GI~4+i , Cf41~4+i ~ arqe:~dlr gfdf\14r 11iT 
Eil,ii,\SE!~ ~ I 

2Na +Hz -+ 2NaH ((1l~4+i . E!ltii'\Sl 

(4) tli$4Jiil'1~ ~ 3fCRii,~d4i (iiji4~Cfi gfuf\141 1ft~~~ 'lT'ft' ~I 

~ 
ZnO +Hz -+ Zn + HzO 

(5) tclt"lll'1~ ~ (halogen)~ gfu~41 1ft ~ ~ 1 

H2 + F2 ~ ) 2HF 
~ 

2HBr ' ' 
tilt 1111'1 •t+ilt:S 



(6) ~ \3t9(cticN \34ftw:lfa+U l'IIS;fl\'11'1~ '1iS<;)ii11'1dci ~ 200-600 <Uli+to45t'flq 

~ ~ 500°C dl4:ti+t+tl gfa~ql 1ft l{+1)f.:tql ~I 

200-600 atm 

500°C I Fe > 
(7) ~ \3t9<cticN \34fttlfa+tl, 8 - 10 2411+to45i'ft4 ~ \ 200°C dl4!fi+t+tl 

t<ii(Fit'1t'tlt q.,('qra ~ t.llm' ~ q.,('q~ m ~ 1 

C4'1(XiR\ ~ + H2 8- 10 atm I Ni C4'1(Xifd m 
200°C 

lffi 'll~41t'tl' tas;ft~~e., (Hydrogenation) ~ 1 

(8) i<IS~\'11'1~ q;ftif 440°C dN:ti+t+tl t!WI<d•l gfaf\41 1ft Eii,;fl\'11'1 e~'hi':S 
~ I 

(1) 'lft 11ffir tt+flf.:t4+t ~, l{¥11t'rt4+t ~, l{¥11t'rt4+t ~, ~ ~ 

.,,,~"'.,1m <ltti4r.:t* li(1' ~ m ~ 1 

<i) m- 11ffir 24'1(Xifd m ~ m-~ 1 

(3) ~~44ittd•l~~m~m-~~ 

(4) ~ ~ ~;s.,*' ~ m ~ 1 t:''"'""., \ acPm,..,<N ~ 
(ltli4t'rt4i gfd~41 ~ ~ ~li'u;t'tll ~ ~ 1f'f+rr m-~ I 

(5) 4tfif1'G m--tcl,~"f'1 (Oxy - hydrogen) \ l{clillcti t'ii'"'"''1 {Atomic 

hydrogen) ;;cm;rr ~ ~ ~ \ ~ (Welding) 1A' ~ m 
~I 

(6) cN't'tli41l th~~a ~ (Synthetic Petrol)~ m-~ 1 

(7) f<'fGnt& ~ {Reducing agent) q;) ~ m ~ I 
Y..¥.~ acPte\il., nmf (Oxygen gu) 

• 

~ 1831 liT ~ -~IP-1¥ ~ ~ (Priestley) ~ 'lft 11ffir tmr t141il{¥1 ~ 1 

~ mft 'tfJ'Uq;) atiffll,\4 ~ 'lft nmf t'rt~ctil ~ I ~ \;Ui nue¥1 tmr 

&I~GFt m t'tl+illtiiiiC{Lavoisier) ~ .#llt'rt~ (l~~l{ I 'lft 'liC¥1fd+tl ~ +t'l1l1"+tT 



lf1l't ~ trr I lit ~ liT lftfltq;~ ~ ~ I qr;fi, 1fRllll, q;jqlfiiS~<!, ~Eji\'11\JI , 
+j'1<!(~11 , fltft:iifie:, q;1cii~e:. Of$ ~ lit nmr ~ 1 ~ ~ 20.95% lit 
nmf ~I -mit -it\(4il q;ftir 72% atf.Hi\JI'1 ~I 

154~"'" nmr ifTt ~ ~ 
0 q(fliUI~Cfi "fT< => 16 am.u. 

~ => 02 diiUiO.Cfi "fT< => 32 am.u. 

qj(fjjUjO.q; ~ :::> 8 ~f'<41!11 q; ~ ~ => -+ "rf VIA 

~ => 2 -+ ~-~ 

S~Cf{1'1 ~ => S22S22P4 

(~) (f1"q' ili'm m 
(W) (f1"q' ilfm 'f1rtt . 

. ('IIi) m~m 

'i1<!1flt4fl ~ \ +41AIIr.,\JI 61Satiffii,6~ flt>Sioi('IIC q;ft1f 240 - 250°C <uq!fiflfll 

~ atftR1"1'1 nmf m ~I 
Mn02/240°C 

2KCl03 2KCl+302 

I . 
t 

~ cfletfli4fl •«l'l:el'IIS ~ ~~ tr ~. W' 370°C <tl4!fiti+u ~ atf.R1"1'1 nmr 
'dt"tllt'1 ~ I 

370°C 
2KCl03 ---+ 2KCl+302 

=> ~ : 

e4'llt4fl cfl<!lflt4fl 'ttl'tTtG \ +41AIIPI"' CI'Pittei,i¥1 f¥11('11C 4:1 ~ at'jqld¥41 ~ 

m-~ ~ ~ ~\\rei~ ll'ffiT ~ etctl4(11~ ~~'It~ ~ ~ 
~ I \rei 8~'1{1 ~ ~ ~· ~ EC1'<41,<(¥1 -nmf ~ ~. ~ 

~Wi~ ilfm 1ft ~fi'i( I m ~ ~ ~ 'fft\ ~ l'fiil''i( I 



~ij qfQ ~ il434 Uf(l'tlt ftq'fte ~ lO' if'k 1Fft1T 1rtt ddt'~ I (11'qCfif' ~ 

'1l21~ll+1 ~ ~ '1l2tf~ll+1 if(iOil(IU \ 31f.Rilil'1 nmr ~ I \3m nmr qy;fu;fl{ 

fc:4{lqtfqa 1rtt •llte\Jit<+it ~ ~ 1 

~ g(4l41 -11~1+11 (fl'Cf m- m dlf.Rilil'1 nmr ~ ~ ~ ~ ~ :-

(1) m n;mf te<w¥\ll'f ~~ (airtight) il'11'3'jqQ I 

(2) m n;mr ~ aat-a'l'l~' arlt.r ~n=t"t't GCI~'' q,4l .. 12 ~ .. .,,-a1q{j 1 

(3) fl:IJSiot~IS ~ ~ ~ ~ ~ I 

(4) nmr GC~e4;q(Q ~ ~21'3~~~ct;· ~~~ ~ qtRiille ~ ~1'3'lqQ 1 lli~ 
~ ~ ~ -qr;ft ~1;g•~1e lfe01q+11 ~ \ ~ ~ ~ 1 

(V ) <lN~~ :-

~ m- '141 {t4)'1 qf.f ~~~~,,~~~., q <ICMI$'6~1S ?$:ti,llllt< "'nHi"' '1 -nm~ 

gqltl~ll~l+il ififl\3"'1' ~ I ~ gfdl'$lll+11 qf.r '3e9<4)¥\ ~ ~if 

:SI$31iffll''6 m-~ I 
2 H202 (aq) Mn~ 2 H20 (l )+ 02 (g) 

~ :- ~ ¥\~CfK"t 'MI~+il 31R:I4)1d +41(4ttf'.:tlil 61,31CMI':S 00 ~f 
~ \ iR=I'ffr "G'f ~ ~ ~4!illltlil~ 1ftt ~ ~ I ~fiwt'ftl ~t 
~ ~ ~ tn«<<H,ct¥\ ~ \ifiW "'lfi~ I ~ ~ ~ ~t 
1Jtim ~ I ~ '6~~+11 t\1,-§l"''1 q(lifiji':S ~ \ ~ ~ ~t 

t"l,:{llil'1 q(liffii':S~IC 'MI~+il ~~I 

"~~"'., nmr 1f"f t41~qfQ ~ t'il,:{llil'1 q<liffil':s ~ ~ 1 ~t 
~~*' 31fiRt\JI'1 1lffif ql.fl~IC ~~lq'1 1rtt 4llle\ill(+11 ~ ~ I 



=> m 1JlfrtT m atP-ffilill., nmf ~ ~ ~ ~ :-
(1) 4ilf.14*1 'R'1itcfli¥lljW ~ ~ (air tight) 4rtl ~ ~ I 
(2) ~ qfhu11Ji¥l fiii{ilill'1 ~Uifflii6 'R'11tct~+il oqf'<ecf>q{Q ~ ~ {\CFjqQ 1 

(3) a!'t=i\f~ Gqt•uc t<iifilil., ~<lifflii6+il ~ ~ 1 

~ .. ...., .... ...,._ 
OIMtif"lf'i q'(.jifM 

~ ~~~<~4il et'tiCI¥l ¥Tl\\-tiC ~ ~ nue\JIJ<+il f:iel~l ~ \rei ~ 

~ ~ ~ I ;q~1 ~~lit nmf atf.R1\il'1 iJ' 1l'fi M-41\3'1 ~ I ~ 

\3Ui nmf 31~1ii1'1 ~I 

=> ~~: 
(1) lit <(i(~ltl'1, ~lotitl'1 <t1fT ~1«11'1 nmf trr I 

(2) at P-ffilill., nmf ~ ~ tfT"'fi1rr fit't'1 -fit't Q I 20°C d I q :ti+i +i I 1 M tfT"'fi1rr 
30 ~.ft;r. atflRt\il'1 ~ ~ I 

(3) lit nmf {(lql\f"GI ttl' tR?f Q I 

(4) lit~ nmf iJ' I 

(5) lit arrt ~ ~ ~ q«Jeffl~·uc ~ ~ 'i'41JQ 1 

=> (lijif4r.t• ~ : 

(1) ~ atP-ffi\JI'1 ~ ~ dlilll(~¥ ~\at &T¥1' atiffll'6 di'11J~'(I 



(2) Oltllqfl" 01~"1'1 ~ ~ ~ Oltllq¥1 OliRti':S 61'11\J~'t I 
f. 

4P + 502 -+ 2P20s 
t:. s + o2 -+ so2 
t:. 

C + 02 -+ C02 
t:. 

2H2 + 0 2 -+ 2H20 

(3) ilfill(~ij; lfi~lilfil<" (@ll,(i+laf'11 ~I Oli"¥1@1{'1 ~I ~I ~ ~) 01~\JI.,~il 
~ ilfill(f1:SI,OiiR41'6 \ ~ 61'11\J~'t I 

f. 
CH,rf.JJ) + 202 (B) -+ C02 (B)+ 2H2 O(l) 

t:. 
C6H120 6 + 60z -+ 6C02 + 6H2 0 

f. 
C2H50H + 302 -+ 2C02 + 3H2 0 

(4) OlfWiiltt~ flttlfi4+i ~ .. c?liR41'8 (V20s) cit ;aq~fa+il ~ 400°C (11q:t~+i+il 
~ ci,OiiR41,4Hf•l gfaf1ih41 1f'6' ~ ~i,OCtRtlt:C ~ I 

V20 5/45°C 
2S02 + 0 2 2S03 

(5) 31fWij\il'1+il Silent electric discharge~ ai'i'iii'R ~ I 
eLectrLc discharge 

302 203 

(1) ~ SIIOftfl"+il -qlij'll~qlij 1f'6' ~ ~Cfil?l1 lA' iqjij¥) Ollq-4Cfidl ~I 

(2) ~ ~qjij\UqlijCfil t'1Tf1r 1:tf.f lA' c41e¥i m ~ I 
(3) ~ Oxidising agent cit ~ m-~ I 
( 4) ~ ~ iCIHCfil t'1Tf1r atflRtliltt """' ~ I 
(5) ~ OlfWfll'""'" ~ ·-~rlft1'1 ~ ~ fmi ~ \ ~ 
~m-~1 

(6) ~ o-a6la+ tm1f ~ ~ ~ 1 

(7) ~ \ctG (ro ~eltE'I+il ,0¥.1'1¥1 ~ m ~ I 
v..v.~ "'IU'•" (Nitrogen) 

"''~"'" nmr e~'ll*4+i ~ 1772 1n :C1~4E1 «<<c614f~ qm E'l•llt<+l ~ 1 ~ ornr 
('4ij.E11 ·~ nmf" (lf41t<¥1 ~ I ~ cA '11S~Iil'1¥i 1Wi+i''6E1+il 'JijUftt;~ 
i4f'e\'1'( I tnt' nmrctr ql(l(to-lf> ~ ~ ~ ij"'( 17761ff E'IIRCI,Iif<~ mT S'(l 

lit nmf ~ (NaN03) 1fT ~ ~ ~ ifT1f '11t~lil'1 <lf&t<Cfi'l i'f I 

------------------ 1,1 



28 a.m.u. 

~ ~ 3or5. 

~ 14am.u. 

'i~ctefltt ~ ~ 182
, 2S2 2P3

• 

qf<ql~Cfl dlrttCfll+il ~ ~ ~ - v. A. 

NaN02 + NH4Ci -+ NaCi + NH4N02 

NH4N02 (aq) -+ N2(g) + 2H20(/) 

NaN02 (aq) + NH4Ci(aq) -+ NaCi(aq) + N2 i (g)+ 2H20(/) 

~: 

~-00 

ij4CJI'4+i tt+i'J~4+i #t~l(l'ii \ ~-;r '11'if;l'iliil flfJSIU1(1Pi ~ ifGlf 'R'il~+ii 

~ I e:qijqfQ ~ 'MI~cffl ~ ~ ~ \ :€~\l~ ~ ~ ~ 11it 
~ ~ I ~ftt\4~ ~ ~ Q'I3'E41~ qJo1'i+il~ tli'<41~l(cN nm1 \ifl'\liT "'li'-s~ I 

~ m ~ ew;<ffl qf.r ~ ~ 1 e:qijqfQ ~ lfl~('j~'z m €jrqj~~ 1 

qy;fi ijirqll(q!Q NHtCl \ NaN02 ~ (fiji4~Cfl g~f\41 \lf '11~~\11'1 nmf ~ I 

~ -nmr qJtfl('ltS ~ rc.~1q'1 11it nmr ~ ~ \il++iT ~ 1 



(1) ~ 'h~~~IC ~ {111\i'lqQ I 

(2) iR:i'f~ Gqt'tiC ~ ~ tt-r I 

(3) ~ 1fClf 'Mit¥¥! 1Fi mT ~ (air- tight) 1J'tT ~ ~ I 

(4) ift:t'ftl G14t'ttC qt ... 1•ta ~ f.1¥t~qfQ ~ m ~ ~ 1 

~ .,,,{1\!11'1¥1 ~ 

~ ~~~<~*' +41i~t\ti.4+t f<il'1t'ttC nmr ~ tjtti\hl ~ ft1r;r cl;tt ~ llfi:i<~ifl "< 

~CfiCJICfll<*t ~ (+414~~1.4+4 '11'?111) ~ ~ tit nmf '11${1"1'1 m ~ ~ 
~ I 'tll{l>lll., nmr lfAi 'qf.f ~ '( .. ~~¥1 qtu«it'tiC ~ ~ ~ m 
~~~irl 

"''{I"'" *t aftcnf\tct~ :aec:tltt'1 

af!VIf\1+ ~ '1il{l\lil'1 nmf fllf41ijl(! '3Nitt'1 ~ I f!lqi~IC il1t "fTlr '( q;1J 

6N!Ifi+t+tl lmf Cifqtf41+41 ~ql"d< ~I ~ ~ ~ dlq!ifi+f ~ 11'1\ -196°C 

~ "ll{i'lt'1 nmf ~ fcw;;r .. ~ ~ ~ -196°C liT I \3Ui '11S{I>lil'1 

41.4 ltlt'tiC ~~ ... (iU 1f« ~ I 1lfcit ~ 6"(('1' mTlfT atfiHI"''1 ~ ~ fcf;;r ~ 

~ ~ ~ -183°C lfr I ltf ~fSII<I '111{i>lll'1¥1 ijlqijl~ atfcffi>lll'14il ~ i3NI~'1 

lfit~l 

.... ;trae .. ~ ~­
=> tMP,.. 
(1) tit <(4(41~'1, 41'f.itl., wwrr "'I'*~" nmr liT 1 

(2) tit flli41\f"tl cl* ~ ~ ~ I 
(3) tit 'q'1';ft1rr ~ 'Cfilf 1n1R1n' tj(lf't.ftt't • I 

(4) tit~ nmr ir 1 

(s) tit ~ ~., '( ~ ~ q<l«itc~~• ~ ~ ~ m 1 

=> (jijjqf't¥ ~ 

(1) tit ~ ~ ~ m 1 ~ ~ ~ ~ ~: +414~t\ti.4+t , 
ii41~1.4+4, ~~r.,q .. ~ '11.{1\lil'1+41 ij~(fl"'*'l '( (jijji.4~Cfl gfaf$1.41 1ft ~ 
'11'1?111 11'11\lQ'(I 

3Mg (s) + N2 (g) A Mil N2 (s) 

c. 

3Ca (s) + N2 (g) 

------------------ ~\~ 



(2) '11t~"''1 ~ ~IS4\"1'1cffl ~J54UR'flt q;ftcf 500°C ~ ~ q;ftaf 200 atm 
cUy;+iU:S~ll ~ ~ (~) ~ +fl~a:l'1+i ~) Wr ~ <{+1'1~<41 
nmf ~ I ~ ~ff.H'flt ~ ~ (Haber's Process)~ I 

FefMo 

Nz(g) + 3Hz(g) soooctzooatm 2NH3(g) 

(3) ~ 3000°C dlqSfi+i+il '11t~\ill'1 ~ dlflffi\ill'1 <I~Ull~* gRt~lll ltiT ~ 
di'H11S'i5 ~ I ~ m qly;+iO:S~+il 'tlf.f 7if gfa~lll ~ I 

3000°c 
N2(g) + o2(g) ~ l:C~~~g) 

(4) '11t~\il'1 nmt~lt ~ 900°C dlq:fi+i+il ~'11 ~ i.filafrt~ ~ (AhOJ+C) c$1' 

~J54UIE11C 1Fm' ~ l(('jf\1~<1+i '11ti;lt'i5 ~ I 

2AlN + 3CO 

(5) '11t~,..,~ ~ 900°c a1ql¥i+i+it ~.~<~+i *lqis:a(f~~ gfuf1ti<~l mr Cflll~<~+i 
ijiS'11+ilt'6 ~ I 

CaC2 + N2 CaN2 + C 
(iflll~ll+i ijiS'11+ilt'i5 (iijlllr.t* ~ ~ m ~ I) 

(1) 7iT nmr 1(+11~<~1, .,,,~* ~ 1311~\JI~I +ifit'4\"l <lijlll~* ~ (~'tiT 

'1itcfi~€1fttf<'1\ilt(1l ~wile¥ ~ Glrtl'drt+il m ~ 1 

(2) \31~1\il~~+il FtJif <_41~.+il n.wi'lz'1 S't. m ~ 4qjij*i ~ lit nmf 

'if\({¥\ ~ I :: 

(3) 114~it'ft*' ~+i~~+il ~ Cijiy;+iu:a€1 ~-~ nmr m ~ 1 

(4) .,,,~ ... .,1'ffi . (jijjqr.,q; ~ ~ : <{+1lr.,ll+i ;u$, ~. Cflll~ll+i 

ijit'11+ilt4' ~ ~ 1i\' 4qjij¥J m ~ I 
(5) 1i\' nmr ~ -.'114fta<~~+il "*'r m ~ 1 

q'11f.tllt nmr (Ammonia Gu) 

ij4'JI'4+i 1(+1'\iPo:llli nmr \JC'11q<¥1 ftre ~ ~ f.\¥1ft:tq;¥1 ~ 1 ~ ~ ftqftc 

3fq; ~ (Spirit of hartshorn) ~ I ~ €11~1t\JC~ Q;+1l~ll+i lk"'l<lti (Sal 
ammoniac) ~ ~~~ll+i fltt{IIH1tti€tlt ~ C(+i'1r.,llr nmr f.t¥1~¥1 ~ 1 cci8~1z 

~ ~ (Berthelot and Davy) t ~ ~ ~ ~ ~ 1 



31101ftcCf) ~ 

~~ ~ 17 a.m.u. 

~ (Composition) :-

3114 <1'1 Cf)l fiHU q~ 

~~ijjq~ 

~ '11~{1"1'1 \ ~l,'i'\"1'1~ ~ 1:3. 

~ '11~{1"1'1 \ ~~'~'1"1'1~ ~ 14:3. 

g~1•mi(Otl+tl ~'11fit41 nmf ~ ~ -

'l4l41 ~ll~l+il ~+ilf.:t4+i CR1l(l$6 CNH4Ct) \ cf<U~4+i tii$:{1CMI$6cffl JliJ54UI~It ~ 

~+i.,lf.i41 l'lffif ~ ~ I 

fcrlU : 

~ m CfGlf 4\"'l~+il ~+ilf.:t4+i <R1l<l$6 \ Cf41~4+i tiiS:{l<Mi$6~ ~ 

~ I ('lfijqf"Q ~ ~ ~ ~ ~ ij{il4dl~ ~~lftt ~ ~ ~ I 
~~116 ~C4~1$ ~ c:m- (lime tower) liT ~ ~ I ~ ~ GfCRliT q. 
~ ~ mm m-cir qftt (I~~~ l'lffif \il'R'+iT "'l~~ I l'lffif ~ \ ~ ~ 
~~411S~ I 

("lfijqfQ ~ ft4J54Ui~l' ~ ~ qf GfiR M 11it ddi'~ I (jijjlff.:tCf) gfaf~ti41Cfil 

'fl~('q~q ~ ~'lf.:t41 l'lffif ~lcU~It ~ {}:jeqjq't mT 44iij"'l<+il "'++iT ~ I m 
l'lffif ~ f¥1<t~ft~ ~ q•·11~r$ ~eqrq<t 11it ~ 1T't ~ 1 

NH3 gas -----,1~ 

line tower --------. 

~Cl+Ca(OH)z 

~ 'll4l41 ~IIE'il+il ~1r.t41 -nmf Gf<tiJ<=i 31q'11\3'l ~ ijjqf.llofttc~ 
ftnn;r fmpr 



(1) m CfClf "k''i~R'11' ~ ~ 1JV I&Rt>i~ (i&ilqQ m ~ (iiji411\45 

'llntftti<ti~HI ~ iWO ~ qr.ft cr.fi ({'1lf'ol<t+i IR'I'I<i'a6 "{ ~~ 

~l'a~ijl,6cffl fltJ5fUI+fl ~~I 

(2) m CfClf "k''IWicffl 1jV mciT ~ (air tight) 1f'tt ~ ~ ~ I 
(3) flt>5fott'1i$ ~ d<11\'3'jqQ I 

(4) ({¥flf'ol<tt ~<t1et11t ~ ~ Cf<tl~<t+i at'R11~6 'lf<({ctil ercn: (Limetower) 1ITG 

qol\'3'lqi4 1 

(5) lfT"ftm ~ ~ nmr ~ Pcl~tq'1 Pctfu,t<t ~ 1f1 ~ 1 

~+(IP..4ii+\) ~ -

(1) lft nmr ~ ~ ~ miT ~ qq<t1t4 ~4teiJit<~!4 qe1~1 ';ftt1T 

~ ii~R=i~ I trnT \Tlft ~\rei nmf t{'1lf'ol41 t'f '1"f ~I 

(2) ~ ~ ~ Tim ~~~~IR'I'If<45 ~ ~ t<tiij\Jii(cffl 1jV ~ 
~~ ~eq(Q ~<tteiJit<t'itt oriT ~ '(6ifiC mit~ (White fumes) f'olE<ti~ 1 

~.~mit~ f'ol~) ~\rei Hliij\Jii(+ii ~ ~ ({+flf'ol41 t'f I 

'F.. .. 'R ~+ii 41ifil outlllifi \3Al4i1 -

iltflf1t45 ~ tt'11P-i<tt nmr, ~~~~"'" "{ "''?1"~'1t'1t$ 4it'1t+icti\ qm ('3~<45) "{ 

+t)R-iq'1+f (~) cR :aq~nt+il q;ft'ar 500°C ~ "{ q;ft'ar 200 atm. qllj+f06~4 

~ (iiji4f'ol45 'llntftti<tl 1f'<Tt \'3("ii~'1 ~ I gfar.tl<tii"ll$ ~ (fWIT Cfi+i' ~ '{ 

~ tl(l\'3'1451 mf1r ~ ~ ~ ~ 'll+il(!('ql~ \3~(ce;cti\ i:e;I4Q1+H11 if1l'\1if 

ril'1f ~ I ~ t{+il~41 ~ Pctftlt1tl ffi ~ (Haber's Process)~ I 

~q'lr;.cUifil ~- • 

=> 1ftfn; .,..... : 

I 

(1) tfr ~(4(•1~'1 nmf Jr I~ CRT fq-U 1JOtT ~I 

(2) tfr fllill\t"'ll ~ ~ I 

(3) tfr "'* ~ Ej("ii1~ftt1 Q I 

(4) <tT IRTtPf nmr tr 1 mt m ~ mrr ~ qq«"''' ';ftt1T <(4(41+41 

~I 

(5) ~+t)r,<tl -33.4°C liT ~ ~ \ - 78°C 1IT m ~ I 



~ (jijjqP.,q; ~ : 

(1) m- nmr ~ tjt1'1~ft{'l ~ 1 m 'lT'ftlrr ~ l{+?tf.lll+i ~i'&'i'tCfeu~ 

~I 
NH3 (g)+ H20 (1) ~OH (aq) 

(2) l{+tlf.llll ~ l{~'S~il gfdOfilll mT ~ (salt)~ I 
NH3(g)+ HCt (aq) ~Ct (aq) 

(3) ~ ~lR=il{cffl l{+tlf.llll (NI-40H) ~ ~~~•1 g~f:MI mT ~ \ 'tflrft 
~I 

2~0H (aq) + H2S04 (aq) -~ ~)2 S04 (aq) + 2H20 (I) 

~OH (aq) + HCt (aq) NH4Ct (aq) + H20 (I) 

(4) q;ftq 1500°C ~ \ ~ ~ l{+tlf.llll \ 4ilai'1~1tatiffii'&>S~-=er 
(ltftllf.lq; \ll~f'::filll 'li ~ ~ I 
2NH3 (g)+ C02 (g) 1 500°4 NH2- co -NH2 (s) + H20(l) 

~ 

~ ~ +itf€C4'{\Il (IE!Illf.l¥ lffi if I 

(5) l{+?lf.illl atf+Et'i1'1iffl <wjl+10'5{'1+11 ~ 'CfTrft \ '11$?1\:11'1 -nmr ~ 1 

4NHJ (g)+ 302 (g) 

(6) l{+?tf.l41 \ atf+Et'i1'1cffl ffi>slol{'ll' q;ftaf · 800°C dlq:fi+i+il ~fl'1+i 1f'iflrT 

~ '11$~4i 131Cffii'&'S ~ I 

4NHJ (g) + 5 02 (g) SOOoC ) 6H20 (1) + 4NO (g) 
. Pt 

(7) ~+tlf.llll nmr ~ (1')1!ll4+i ~ ~ (1la51+ii''S \ @il':{l'il'1 nmr 

~I 

2NH3 (g) + 2Na (S) 2NaNH2 (s) + H2 (g) 

(8) tt+t1Pt4t<ffl ~lt1t11S ~ ~ (CaOCli) tq- fl:te1J<u '1t,?i"''1 nmr 

~I 

3Ca0Ct2 (s) + 2NHJ(g) --~ 

t(~f.iqitf\"1 ~ 

(1) ~ -nmr tt+i1~4+1 ~' l(l(IPI4+1 ~' ~, tt+tWot4+1 ~ ~ ~ 
(IEII4f.lq; lffi ~ ~ ~ I -



(2) . lfr 1'lffil' i11G~Cfi ~~ q;jjfkq; ~ ld c:-qlc:ot ~ ~ ~ I 

(3) m 1'lffil' ~ ~ mr ~ ~ ~ 1 

(4) 7ft 1'lffil' ~+ft~4+t ('fqUI1ffi at"l~fu~~ ~ ~ ~ I 

(5) 7ft 1'lffil' ~ ftR: (Blue Print) ~CfiiH ~ ~ I 

(6) 7ft 1'lffil' ~~113~ ~ (Cooling agent) ~ ~ f9iGt~~+tl ~ ~ 1 

(7) ?fr 1'lffil' chlE;l(~('fi ~ ~ (Cleansing agent) ~ ~ ffii, ~ ~ 
~~~~ 

Y,.'t.Y, ~~(Carbon di-oxide) 

~ Clili+tU6('f+tl q;f{q 0.03 ~ Cfiiofi1:Si~31Cffii~6 1'lffil' ~ I lfr 1'lffil' ~ 

~ ~ q~i'Qs~ ~: : ~~ ~~ ~~ ~~~(if, cmm ~ ~ ~#~ 1 

f4ijqfQ lfr fll(iqjfi~ vq;fU {h~~Ui ~ ~ ~ I lftf1tCfiCfil ~ 7ft nmf 

"!"1«~11 (CaCo3) ilt-~l+ti'iC: (CaC03.MgC03), QW~iji~C: (MgC03) ~~I 

4iiiht:Si$44iffiiC:SiU~ ~ ~ -· 

djjOj~q; ~ => C02 

attoi~Cfi 'fR => 44 a.m.u. 

~ a:eq f! ~ => q;raR 't atf«HtGt., 

1l"fTCf?: (Coposition) => q;raR '\ atf«HtGtotct5l fqogc61 ~ 3:8. 

'll4l-11(11+tt iJii§(ill (CaC03) 't ~ fii'i{i#?lf<q; ~:s~"J-q <tiji4~Cfi gfaf$41 1Ttt 
Cfilofi161Gdliffill6 1'lffil' i4i11G~ I 

CaC03 (s) +2HCt (aq)~-~) CaCt2 (aq) + H20 (1) + C02 (g) 

~ 

~ ~ .. lt1('f+tl cf;gT "1"1~11 liT ill~i+t(+t(Cfij ~!fit@!~ 'tRft ~ ~ aiTe:r 
'iCUi~+tl 'Sti1nT: ~ ~ 't ~~\Ttl 'GCi" ~~I~~ '(GR ~ 

m ~ I ~ft=t11fl ~ arq;l ~ orif 'tfffi <llti~¥1 1'lffil' iifR+tT ~ I 

f4ijqfQ ~ 'h~i'ti41C: ~ fili~CR4'Jf'<qs ~ ~ afltli't+tl €1R41'i~ I ~ ~ 

"i'l«~" 't fit,{iik'l1f<qs ~ftn;ift-q <tijt4f.1ctJ gfdf~tl4t 1tl ctJtaiotstS311HtiG:C ~ 1 am 

1'lffil' fitqli'ft\ +n~fa< ~~tf11a 1ft nmr iifR+tT ~ §~a 1 



~~ 

tfte: ~ ij~q; ~ m- 1T1 ~ fq;.r ~ {lij14frtcf> gful1fi41il<l ~· 

Cf41~4+i ~ {CaS04) "CJ'14(«ii+il ~ S'f ~ \ gfal1fi41 S'f ~ I 

(1) 4T Timf ~ qf.r ~ \ ~ q~lefei~l$ qf.r ~ ~ ~ I ~ ~· 
Gl~<fi*' ~ ~ Timr ~ tjel\31qQ I ~ ~ ~ f.r+4T ~ \rei" 

Timr Cfilai'161SOICR11i:S tf I 

{2) CfiiGl'1:SilOICR11$:S Timr "CJ'1q1Rf+il ~ "CJ'1ql.fl ~ (m) ~ I 

afl¥.4'1~1* ~ '!"«ill 1fT ~~ ctiic:O~e(i!IS ~ ~ (tlq:t~+i+il ~ 
Cfilai'1ili OICR11$~ Timr Gl'11i~ I 1ffi ~ ~ +ifitr4't"i ~ ~) qf.r \3NI~'1 ~ 

~ 4T ~ ~ +ie:tr4'i"i ~ I 

CaC03 (s) 

¥1i{ttil'liliMI'Ii¥1 ~ 

~ ~~ 

!1 ) CaO (s) + C02 (g) 

{1) 4T Timr <(«(«ilfi'1, il;alfi'1 \ ~~~lfl'1 ~ I 

{2) 4T Timr 'tf1'iftm Ej('t '1 ~ft('t ~ I 

{3) 4T Timr e:lql\10<1 ~ ~ I 

(4) 4T llmf ~ g~fa¥1 ~ 1 ~ m ~ ;fu;tT ~ qq{(itl~ -uar 
<(4(«1+il ~ I 

cs) 4T ~ •fi;ta*' q~t•uc ~111JQ 1 

(jijjqf.t~ ~ 

(1) ¥1ai'1iiSatiR11S6 nmr ~ Ej(it'1~ft('t ~ I m lfTift1fr ~ ifiictifrtq; ~ 

(H2C03)~· 1 



C02 (9) + H20(1) t+ H2C03(aq) 

ctiJCii~ Cfi ~ 'ffil'1\fu ~ "{ CfiF4'1 :S I~ dl CHI I~:S TlffirliT ~ I 
d 

H2C03(aq) ~ H20(1) + C02 (f}) 

(2) Cfiiai'1:SI~ diCHII~:S ~ ~. ~ ~«!{'!It ~ ~ ~ m ~ ~ 
G~fi;t<~cffl C4~1t ~'li\?Q I ~ ~ G~fi;t<~cffl +41i~Ri4+1 qr 'ilC:i~4+1{11~ C02 

n:mf ~ ~ f:{EiiJ"<=i ~ m(J C~fi;t<t=:~ "{ (itii4~Cfi Yfd~41 ~ I 
d 

2Mg(s) + C02 (9) ~ 2MgO(s) + C(s) 

(3) Cfiiai'1:Si~31CHII~:S i41E!{11t ~ ~ 1'1q(;tl+ii ~ 1'1qr;ft miT ~ 
Gl~~~ I 

(4) 

d 
C02 (g)+ Ca(OH)z(aq) ~ CaC03 (s) + H20(1) 

q;raf'1:SI'4dliH11'4:S{11t ir~~H1++1 1'1qroft+1r q6r'4<(q'J ~ <rer4~* gfd~4rc#'t 

q){'t~~\q Ej{1'1~ft{1 Cf41~4+1 crrl-ifilql~(! ~ \ 1'1qj;{j <(~(•1Ci'1 ~~ I 
d 

CaC03 (s) + H20(1) + C02 (f}) ~ Ca(HC03) 2(aq) 

lii!<i(m:~t>t ~ ~ <R'11?ifq:;{1 \ 1T<mT ~rfmcil \3q~fd+11 lfr.fi \ ct>r4'1:S1 '4 

31CH11'4:SGIIC: Cfiia0t'i1'4~C: Olm: ~ I <m 'A~41{11\\ 1J<mT B~t>l"1ul 

(Photosynthesis) ~ 1 

6C02 + 6H2 0 1T<mT 

(6) <m i41e{1ni mfr cmfr Cfiiali1ctSl ~ q;ftif 900°C dlq£fi+1+11 gfd~41 ~ 
ai ' ' Cfil '1+tl•113t'H11S:S n:mr if.:g; I 

9oo0 c 
C02 (g)+ C(s) 2CO 

(7) t\IS(t"i'1 \ Cfilal'1:Si$ 31CH11'4:S{11~ 'ffil'1\fu Cfilaf'1+1l'1l31CHI1'4:S \ ~ ~ I 

C02 (g) + H2 (g) ~ CO(g) + H20(g) 

¥tlf'1CitatiRtl,i¥1 ;aq«t)l'nu 

(1) 41' n:mr ~1:srqr;f\ ~ qr ~ ~iFf~ m-~ 1 

(2) 41' n:mr arrm f>;t1u:a~ q;f+1"+1T m-~ 1 

(3) 41' n:mr ~ ~ mr, ~ ~ ~ +18tt~t.,f ~~1Cfi8~ ~ m ~ 1 



(4) \d'i~iiHC! f-tf;ft ~ ~ 1R q;IC(i~e'1 (Carbon~tion) S1F$4i'il 4T nmr 
~~I 

(5) 41" 44ie~•ut m ~ ~ lT( Ofmf (Dry Ice) Cl4'11~~ ~ fl4et'llt lJTW, 
4'it'l'fit'l, ~ lill~t'llt f;:rnT Cl4'111<191 ~ ~ ~ ~ at ~ 
~~'1'(1 

q ~4~ \ifoti ifiTtf 

(1) d41~cN qftqft err ~ ~ an<i'lf1iq; (ijl4'1tl~cN ij(l$(1'1 lliT ~ fq;e 

O'lf1'\ ~I at (ijl4'1t<~'ifA ~ ~ 'ff4'Tf ~ O'lf1'\ tr1iT ~ \JO{SI(Oj 

. lliT ~ ~ <l&ijE?i~ ~ ~ 01rr m- ii4fffit'11~ ~ ~ 1 

(2) q;m ~ liT 016414'1 ~ X of\cJ 441eti~ ~ ~ 01rr <el4'1t<€'cN 

ij(l$(1'1 lJiT ~ ~ at 441ijt(~ O'lf1'\ ~ I mi)' at 441ijt(~ fq"iq;l 

mf1r' q~iftUiij~(l ~I . 

(3) Ml(ctSl ttfttrtt ~ ¥ ~o of\cJ ~ ij(l$(1'1 ~ ;jffiliT ~ 'ffiCf 

~ I <ft q~t(€\'il ~ ~ ~ ~ ~I ~ ~ ~ 
F$41~14{;~ ~t'l~t'll ~ ~&ij~~ I ' 

atUI4'1Cfll ~ ~ e1+mft :-

1. Jha, J.S. and Ganguli, S.K.: A textbook of Chemistry Surya Publication. 

2. Bahl, B.S. and Bah!, Arun: Advanced Organic Chemistry ; S.Chand and 

Company Ltd. 

3. Tuli~ G.D., Basu,S.K. & Madan, R.D. Advanced inorganic chemistry S.Chand 

and Company Limited. 

4. Jha, B.K and Yaaav, A.P.; Advanced Chemistry; S~a Publication. 

5. Mitra L.M., A Text· Book of Inorganic Chemistry; Ghos & Company. 

• I 



~ ~ ~ (Motion and Energy) 

~ - ~ ft4~1'14il 'tfRWI' \ ~11\=tl<ffl ~. fifi4fll\:il'1¥, ~ ~ ij+H41\(14' 

~M¥tc~ q~::ql'1 ~ ~ lflit~~¥1 fi4<14CC«j+H ~ orrcr:i't ~1'1~1, d'1c:!td ~ ~ 
~"N~I' ~ ccldlcc<ul+il ~ u1M~<ffl ~~~~q; \ gf.4fuqm u1a~~~~ ~ 
~. ~ OQcHiql4'1, ~ ¥{i"4!(<ti'1+11 ~ ~ 311tlif.4~qlij!l mtr ~~1'1cffl 

fm1vT 1f't I 

~ 

~ ~ \iftCC'1+11 1FWT ~ ~ ~fu+i¥1 ~ CC«j~~l' ~ '1' ¥ ~ ~ ~ 
~ I ¥ q~~~l' ijiji(1H ~ gq;l(cffl '11'lii11C! "1'ftf ft;A ~ ~ ~ ~ q~~~l' 
~ ft4il<131'jijl( ~ gq;l(¥1 l£4ii~~~GIIC! "1'ftf ~ ~ ~ 1 mt • 1T\it1<f~1< 31"'141d "1Ttfr 
~ +11'1141'tft<ffl ~ arctiT ~ CIT arctiT ~ ~ ~ ~ ~ ~ ~ g:q~'1+11 ~ 
%3•<s<ffl ~ ~ ij+il\:11+11 ~ 1 ~~~~.., ~ \ ~ C41411{q; om C41CC~II{q; ¥14~~+11 

\ eli gq;l(cffl ~ ~ ~ 1T't ~ ~fu+i¥1 ~ gom;f)g~ 314'11~ 311,l£cffl ~ 1 

"iffin ~~<~It ~ ~ ~~4+11 ~ ~ df I ~ ~ ~ ~¥1\WGI CIT 'ij'l1f ~ 
arctiT ~am 1FWT ~ ¥14~+1 r.~1R1tt<ffl aa'11~~ ~ ~ ~ w 1 am m -.rtT 
~ orrcr:i't ~ iffi;;r arrv:r ~' ~ 1FWT 1ftt orrcr:i't 31 'l¥ cffl CfiT4" 31 ~I <I 1f't 
~•llttcffl ;;miT \4'11,~~ ~~~~~1+11 ¢ ~ ~ I 4T ~ ~. ~ij"l~ ~' ~ ~ 
~ m ~ ~ ~ ttf.f ~ ~ w 1 'd\ fi4~1'1+11 am ~* m- <r ? ~ ¥ ~ 
Of"! CIT~ m ¥ ~ ~ ~'"df:fi41GIIC! ~ S'f ~I~ cc«j4l:q<ffl 31'"d f:fi41 

~~~~~I~ fi4~lf1dl¥1 311fli(+U ~ ~ gq;J(¥1 ~ 1 

¥ ~ 1FWT mT <rnJ ~ liT ~ 3ffi1'f ~ I ql{ql{<ffl ~ ~ llnf 

CC~I' 'tfRWI' CIT ~ 31cHliH+11 ~ '1"i ~ I ~ ~ mr f.i~:qd ~ ~ ~ 

flHf~n~ mr \ r.,r-:qa ~ ~ ~ ~ ~ ~ ~ I 

ijJflJ(UI ~ ~ '*lCC'14il ~ 3ft ~ ffl. I ·~ ~ ~ ~ n ~ o ~ ~ 
\NTir ~ ~ 1 ~ ~ m ~ ~. iiffifr, ftf;tl, ~ ~ m ~ ~. m;r, ~ 
~. ~ \ ~ ~ ~ ~ ~ \ ~ <fl<al{q;1~1t 1Re '4'A ~ ~ ffl.l 

~ ~ ~ f.:tr-::qa lflit'h~+il ~ am ~ ~ 1 ~ ~ mr ~ 

I\41C$('1J4tc~·~ut ~ 1l1lR 41fn%ci ~ 1 ~ '4iTd ~ ~ t121J~1 ~ cf4 
fl ~ ~ 1J1lV ~ilf1dl if I 



~~lf.i¥ ~ ro q;Jlf ~ f'ot~iHI ~ ~ r.,"i'H'I ;:t\e"'i ~>!ill'jqQ I c(rl" 'ij'1"q1ft err 

q~t{ ~ ~ <~ ~) ~ 61\lGctc:: ~ 6l\3e"'i '!"''41\3., ~ ~ ~ Olffui err 

~~~~~~ 

'lffi ({¥1,¥11 ~ ~ ;rrq', ~' i!ffi'r ~ 1\'ftr, ijlfli{Uj ~~ q;pf, ~ ~ ijl+iu.iijil iff{+ir 
~ ~lf<({cfl ~ I 

Fc.QQC'.1"jj 

\ . ~- 'Wf (Measunnent) 

c(rl" ~ P.," *q d 3i I~ I +i ct?l 'l:fftlnvr ~ 1ffiTtf 3i q011'~ ~ ;rrq- * I ~ ;;rq­

~ ~r\l+iiU(! fWr ~I W ~--~ ~ ~ 3l1mf ~;;rn­
~ ;;rcil ~ I ~ IJI'q{'1'1+il ~ cl;tft \3l=t(({OI ~ - 4N61t'llf ~ ~~~ 

3i"1t=tl~ ~1\ll+i+il, (ro'1' q<=l'rftwtl~ ~ ~ ~ 1 ~ ~ ~ ~ ~m 

ql\3'1¥1 m 'iWf ~ I ({Cl; 'll¥1<¥1 ~ ~ ~~IF<f¥ ~ ~ ~ 

m ~ cqcH<If<¥ ~q'1¥1 t11f1r rn ({¥~Ndl ~ +f{O ~ I 

CGS, MKS ~ SI ~ : ~ t=tk41,t11C ~f..i!il1i!<+il , ~o;stwtiC 1Jl'1f+iT ~ ~~ 

~cf; .. ;s¥11 ;;rcil IJIUII~twtlj CGS ~ ~ I ~ ~ t'IUCI,t'IIC ~, fqv;s-~ 

f'qx{j\JI+i+il ~ e+i~twtlt ~t$""5'11 ;;rcil IJIOII~t=tl'i MKS ~ ~ I ~~lf.i¥ ~"IT 

~ 'fmrr ({qi~qdl ~ ~ ~ ~ lrtt "«if, 9~~0 1IT Slllr<El+il ~;cffl" 

~~lf'fi¥t<~ct?l ~ ~ ({¥1~'11 3i~d~~ ~ 3iqf11\3~ ~ 1Rfr I ;!ffi 

IJIUII«it=tlt Sl ~ ~ I Sl 9011~¥1 ({¥1,3i'jijl( ~ elddlli!l ~lid' 

({¥1,£<~ (Fundamental Units) ~ I ~ ({¥1~@1~ ~ dllfll<l@ ({¥1'@1"'11 antm~ 
~ ({¥1'Ei~ (Derived units)~ I ~ *tft 3ilfll~ ~ ~ ({¥1U~¥1 cm:+il 
~ ~I 1\<tct?l ~ I 

3fltll<'@ <('4'ili~¥ (Fundamental units) : 

Slllr<ect?l qfur ~ 3iR1ti~~ 'iWf crnr ~1WI+il <l,~({ct?l tt"'lfe'1+i~~i\fi4+i ~ ~~ 
~fl.J~n::e4t1 dlq~+i+il ~ t1k41,t'thl SI guu~+il ~~~I 

~ : dlR1ti~4 '1iq('l~t'i ~ uft.i({~ tt"'ifl'1+i ~~4'1 flHjilli! ~ ~cit 
fqo;st=tiS SI gun~+il ~ ~l\11¥1 ~I eel<llf<¥1 ~ ~ ~ \ ~ ~~ 

t('tlfe'1+i 'f<f64+i ~ \ i'¥t1T{ 3f1UT\ lfA\ il'il,({¥1 ~I 

~ : 1 ~ ~ 86400 ~ 1 ~ t1i14twtlj 1 ~ ~ I 0\ ~$\lf.icti 'CfiflfliT 
~ \ t1+i4twtlj 3i1n ~ \ ~ 'iWf ft;r.r ~ ~ !31q'11''"a I 



~ (f':te«+u) ~ ~~c;~ ~ ~ ~ ~ ~-c;' q?r ~ miT ~ 
~Cfi;¥iC¥SI ~ djq!fi¥4¥41 ~,.~o,l3~~. 13~ ~ ~ ~ ~ qf<oql~d •1f<~C¥SI ~ 1 

~ijqfQ ~ dllHlQI¥41 Slifll~ltil ~ {lcl;.-6¥41 1fl\ ~ ~ ~ ~ flrc\ 
~ 1 ~·''·:··rtv, 

~ - (~lti.-:S+il) ~ {lcfi .. 6i11t ~ - ~~~ (Cesium- 133) q(¥ilujC¥SI "t~4ij'1(il ~. ~~. 

~\, ~. \91..90 ~ !<f 1T'f ~ tf1llf 1i'ft qf<oql~tt •1f'<~C¥SI g; 1 

~ qft¥41111 gifll $ q)) 'fTtr ~ 
q;nf; fi ~ J 

1111 ~ N 

+(j~ .. <!¥4 ~~HII¥4 ~ gfa{lcl;.-6 Nm 

~ l!l•f~c< m2 

~ ~'1~(!( m3 

~ ~14JI¥i '9ftr ~'1~<!( kglm3 

~ ~ Pa 

~ R Hz 

~ ~4i1Sfi~i11t qf<l!ld'1 1f.f OTft;rCfir liijSICfll< ~ WI:. : 
*"'t qf~;qd., tB ? tffiu qfhd'1 13 1 

~ m 
ttCfl6 ~ 

~ cf4f¥ilti1 

l(<t+fiWill< -cn-U, t.~. 

{lf .. c~C!< P'f 

{lf .. C!~(!( fq;e 

Q'1flhC! ~.,~(!( 

~.,~(!( ~ 

~ dllfJI('iSl ~ 

kg m2s·2 

kg ms·2 

k 2 ·2 gm s 

o. ¥0¥13 

't~~\0. 00 

0.00~~,~ 

"',00 

o.~~~\ 

o . o~~c;4} 

o. o~c;~ 

~~.~¥~ 



4J:!~ tt>I1R< 41~ Cfi 4 l'if <t.~o\9~ 

41~¥414 ~tt>llia< 0 .~¥~ 

~ ~ o.o~\9¥X 

~ 1JT1f 0 ,00~0~ 

~ ~ 0 . ~O'tr:o 

~ ~ ~ ~ I lfVGT o .~~c; 

~ (31~ft~) ~ l\k;X~ 

1JT1f afffi o. o~x~ 

1JT1f ~ o.oo~~ox 

~ ~ ~. ¥\9(\0 

tnfqi<H em: \9YX. \9 

'f.tVCJ ~ 0, 0¥~~\9 

~ fff R:i fff e < ~x.vo 

Pc ., ~HI Iii ~ ~.~0¥~ 

~1illa< ~ o.~~~¥ 

~ ~ l~c;Oc; 

~ 1JTl(i 0 ,000~~~¥ 

~ ~'Iilla< ~.~o~~ 

. 
~ m X~c;O , O 

~. ~ ~(Force) 

¥ ~ 31"dl¥4iisua ~ ~ ~ err ~ 1J1fTCf *' ~ ~ ~ 1 ~~ 
~ q~{'i~¥1 ~ at"di¥41 ~ ~ ~ ~ ~ ftf*rr ~ ~ I 
<4~ei~G!I=q ¥ ~ 'll¥1<¥l ato:al¥41 ~ <4~~¥11 ~ ~ ~ ~ ~ ~n: 
atct~liil Wt;T q~t:tiS ~ ~' ~ '\!ffifliT Wt;T q~t'fiS m ~ ~ 
~ ~ ~ it I ~ ~ ~ qf<cHf., mt t'lfu ~ ~ ~ I ~¥rf 
~ \11\ilcn:~ qftq;T ~ o ? 

~ m ~ atqtt41¥l q~ls ~ ~ ~ ~ 1 

~ ~ 31C4~1'il ~ CiH$'11t ~ t'f411J«I ~ ~ 'i!ff't'f1rr ~ ~ I 

~ oqR:idc6l <4~1C tJiR ~~I 

~ ~qfi<~¥l~~~lrivr~~~l 

fQr.r lmPr 



)> ~ :q~ <~ctJ ~ h qf<qd'1 lR ~ ~ I 

)> ~ :q~ {gq)) cmr*'" lffu" ~ ~ ~ I 

)> ~ :qft-1 act~ ~ lffu" 'f.RJ\3'if ~ ~ 1 

~ 3fqf'41Cfl) ~ (Object at rest) • 

~ m-~ ~ qf'(qf'(ctJ cmr*'" ~ ~ qf<qd'1 ~ ~ 1lir flHH'IIC fN{ 

dlq~i*t ~ ~ I ~ ~ fN{ dlq~l+il ~ ~ oq;ft ~ ~ 1(('1" Vlfm 
;:r\lltq;IJI ~ fN{ dlq~l+il ~ ~ ~ ~lilf'l4q; ~ ~ ~ I m:: crnp!T ¥ 
m- ~ ~ fN{ dlq~l+il ~ ~ I ~ \rei crnp!T ~ ~ ij'1ft1d 

djq~, .. , ~ ~ ~ V\1TCr ~ ~ ~ fN{ djq~, .. , ur.r ~ m 1 

lGi\'l+itftl fN{ dlq~J+il ~ ~<1id4+il i}(if4Jq;~UJGI\'1 ~ ~ I ~ ~<11Gi\'1i{ 

+ititlfu< ~ ~ (Upthrust force) tff.r ~ Q I ~ ~ tff.r ~ Q I 'lft' ~ 
ij~d atq~iJI ~ ~.,')~~ctJ V\1TCr lFf S'f ~ 't ~ fN{ dlq~l+il ~ I ~ 
lGi\'1\'IIC ~C!OI~~ift' 1lif ~<11d4+il ~ i}(if4Jq;~o( ~ q;J(otJI 'lit~ awm 't ~ 
~I 

~ 3fcW4iifil ~ (Object at motion) 

~ qf'(qf<c$1 ~ \l\'1'11+il ~ ~ qf<qd'1 ~ ~ \f.T fllij\'1Jt 'qR'f Ojq~J*t 

~ ~ I q~+il~ ~ Gl{'tt;~cffl ij~d dlq~l{11~ ~ ~ ~ V\1TCr ~ 
~ 'qR'f atC4~i+il ~ I cH~j+il~ ~ ~ ij~d dlq~l+il ~ Olq~lij¥0+f 

Cffi! ~ ~ I q~~(C'+il ~ ~ (OI;:a~4 1) ~ ~ q•ftq;(OI ctf<ctcffl ~ I 

• q~~~ "'l~ct< ~ ~ 1(('1" (Contact force) 

• ~ <taf'lfi:cq;if ~ ~ ~ (Forces resulting from action at a distance) 

Contact forces :-~ ~ ~fij•ttl Ol;:a~41+il ~ q~fi~ ~ ~ OIJqij+iJ 

~'ctctil CIT "'l~ct¥T ~ I ~ 'iJc=t@i(OI+il frictional forces, tensional forces, 

normal forces, spring forces, air resisrance forces 't applied forces ~ ~ I 

Frictional forces :- ~ ~ ~ ~ ~ ~ ~ W ~ "'!fl"\'1lrr ~ 

~ ~ ~ ~ ~ Frictional forces it (The frictional force is the force 

entered by a surface as an object moves across it or makes an effort to move across 

it.) I Frictional force ~ ~ ~ ~ ~ ~ I ~ ~ ~dfd4{11C ~ 

~ 'CI{'tl'&ctcffl ~ ~ ~ ~ ~ld4cffl ~ ~ fhllfu< ~ il1'r ~ 

~ I ~ ~ q~fl~cffl ~ OIJqij+il ~ ~ ~ I 

Tensional force :- 'lit ~ 1ffi it, ¥ ~ m, iltl\'ltC d0¥t,ctct51 Olqf1!41+it l.rn'lfto 
~ ~ I 'lit ~ ~ ~l~td ~ "< ~ ~ ~ ~ q~fi~t\ 1f<f1f\ 



lf1:m1T dlf.l<~ctil ~ I (The tensional force is the force which is transmitted through 

string, rope or wire when it is pulled tightly by forces acting from each end ) 

Normal force :- c¥ ~ crnrctil" mPrr ~ ~ q~{'flt ~ ~ ~ amm 

~ ~ Normal force ~ I (The normal force is the support force entered upon an object 

which is in contact with another stable object.) 

Spring force :- ¥ d;:qil$({ctil err ~Ai41$({iffl ~ ~ Cl~+il~ ~ ~ 

spring force ~ I (The spring force is the force entered by a compressed or 

stretched spring upon any object which is attached to it.) '!ff ~ ~ a.-q;J;a~ err 

~Ai41'3~ ~ ~ , t<HI;aq< ~ ~ {'flfll<giffl ~ ~ Cl~l~ e;:qft:ia err ~ 

dlCI~I+il mM ~ ~ I 

Air resistance force :- m ~ ~ ~fu+tct?J ~~U(Gf{'f ~ iJ" ¥ ~ +litA+I+Ii 

~ ~ crn.prr l)fi41~ft{1 ~ ~ 1 ~ ~~Ujij{'f~ ~ m ~ rn-~ 
~l{'f{'flt ~ '!"4l,@cN ~ I ~ dlCI~I+II ~ mttT qf<+tiU(~ ..ro Air 

resistance force ~ 1f01iiT •rf<({iffl ~ I 

Applied force :- -¥r crnr err ~ ~ Cl~+ll~ 'CJ'lfrtr 1'f.f ~ Applied force 

~ I tCII{'f+ll~iffl ~diGf{'fit ~~~Applied force~ I 

Action-at-a-Distance-force :- ~ ~ 1fif at"'df:t41+11 ~ Cl~ti~ lfl~q;~q+tl 
({Cf)aljqij+tl .,,,j)~((Cfil qr '1;Jl,({ctil djq~l+tl qf;r c(r; q~{'flt 'OT"f qr ~ ~ ~ 

~ Action-at-a-distance force ~ I ij~fctiCf'~Ui iR'T, ~ Gf{'f', "iUi$\4 ~ 
4~at"'d•ia ~ 1 · 

Gravitational force:- c¥ qf;r ¢ q~~~Cfil ~ ~ atcil{'flt 'OT"f ~ ~ 
Gravitational force~ I t:ri+ft ~'I({~~~ ~ aft:en:rr ij~eqrq;qoJ iffi 

~<l+il'l ~ 1 c(r; ct~tti ~ eM+tl~ "<Rm 1~eqrq;~o1Cfil ~ ~ ~ 
~~I 

Electric force:- aruJ*t cAm ~ c)Jc!l'lfl~ ~ ~4eatt~<Cf'l s~ct?ltt~~Cfil ~ 
~ ar.plif 11SGCfil ~ I ~ ~ ~Electric force~ I 

Magnetic force :-~ "i+41Cf'~~ ~ ~ ({Cf)aiCf'i{'flt df(Cf)qo( 1fT ~ 1fif 
rn Q ~~~~Magnetic force~ I 

~ f\'l'l:f "{ ~ :-~ SI unit lfT Newton lfT ~ I m ~ ~ ~ 
~ I ~ ~.,.HII+tcM fqu:g\'11C ~ ~. gfaec$.-:g$1 m ~ ~ ~ ~ N 

~~ 
iQT;r fmftr 



~ -A- '? ? ~ ., t~.,.,;.,.,.,.~ 
1'1"'-5 ~ (11~ :- QIEII{UI€141 cql~l'i:ll~lfll 1'1"-:f ~ tlit'tt'tl ~"'c. ~~·u '""'~""' ~ I 

~c:t<l'1fll .~~~~'fl'cr4'fif~~~~~~~~ 
~ ftR' 4ji{'{c¥i ~ ~ ~ ~ f.t>fufl~ Gft'1' ~ tiT I ~ ~ ~ 
31o:c:tm~c:t q<=plfq)j lfniT ~ ~ ~ I ~ ~ ~ ~ ~ I liT Gll~att'tc¥1 
~ ~ ~ '¥ 31qe£11fll ~ 9; ~ 31qe£1fll ~ ~ I ~~lt'tt'tlt ~ 
~ ~ ~~'{cffl fqo-sc¥1 ~ ~ ftR' ~ ~ ~ ~~j{'f{'flt 1~('Ciit{1cffl ~ 

~i{'jq~~ I ¥ fqu-sfll~ ~ 4J>c:!('Ciitt'1 ~ ~ ~ ~ tiT I ~ ~ ~ ~ 
~ ~ 'h<<ti~~ t{f I 

~) ~ ¥ m- crnprr 31o:c:tf.l~a q~l4<¥1 lfnrr ir ~ ·rct; q~flr~ ~ 4J>c:!('Ciat{1 

~tiT I 

~) q~r4c¥i ~ \ill'lf~cl; ~ ~ <R ~ ~ 6iJ31'jQI< ~ m ~ ~ 
-m m- qf<qJ'1 ~ ~ 1 

~ ~ ~+411'jQI< ~~I 

SI r.'PS CGS 

~ Fc ' ·q;~mrfl ~ lj"jlf 

ffl{1' ~ ~ i1lif 

~. ~ ~ ~ mff (Motion and velocity) 

~. ~. 9 ~ ~ mff (Speed and velocity) 

¥ Cffi! ~ ~ ~ ~ 9; '1'ft ~ Scalar quantity ~ ~ ~ I "ilfT{1' 

31Giet~lfll ~ ¥ ~ ~~:qa ~ ~ 1,ft m: ~ ~ 1 ~ ~ ~ 
~ m: ~ 1.ft ~ ~ en- , Slfu'{Cflr' ~ ~ 1.ft m: ~ ~ ~ ~ ~ 
Slfu'{Cfll~ ~ ~ ~ m: ~ ~ ~ij{'fl'i 3f{ifl1'i ~ ~ I trni ~ 3fq('1qlfll 

~ ~ ~ ~ ~ Q¥{j(fi{Ujijj(! f.:!Cflrftwl~ I 

·-· 
~~== m:~1,ft 

~ 'Q'fj"lf 

~ ~ qf<qd'1cffl ~ lTftf ~I liT~ Vector quantity~ I¥. 
3f1ti'1T ~~i<tc¥1 3fqe£11GIIC! ~ ~ 1:: 1fift ~ m ~ ~ T"Q ~ ~ 
lTftf '0' S'f T"Q I ~ ~ ~ 3fTtfi1T ~~l<tcffl 3fqe£11{11\ 'Cflfu' m- qf<qd'1 

~ ~ I lTftf S'f ~ ~ 31C4('1qiGIIC! ~flt:;qa ~ ~ f'o:i~'tl<t ~ 
~eQifq<t ~ I ~ lTftf 'Gift ~ ~ m: ~ ~ ~~~~ij~d il(11\ii'jqQ I 

~ ~ ficet~lq'1 (Displacement) ~ lfT7: lTftf 9; 'l"f ~ I ~ rn 



~""C(d ~ ~ 'Cff.r ~ ~ I (Velocity is speed with a direction) 1!ffi.[ ~ 
dl q ~I +U mr ~ aTlmr lTftr f.p:;; tl +fl tfi(U I ill C! ~ tfil R:f ;aa I 

fi4~14'1 ~ ~ 

~ 

\3~1@1(01 :- ~ ~ 4 ~. ~~ 2 ~. ~~ 4 ~. ~ "<: 2 ~. ~ ~ ;;fkr 

~ 24 ~ ~ ~ ~ amre-~ "<: amrcr 1lftr Cfiftr mr ? 
~ 

4m 

2m 2m 

4m 

~ amrcr ~ = 4+
2

+4+
2 mfs 

24 

12 . 
c-mJs 

24 

= 0.5 mls 

a"<: fmTq; ~ ~ ~ ~ ~ ~ fi4tt4jq'1 = 0 m 

('4ijif)j(Uj 1Jftr .. 0 m\s ~ I 

~. ~. ~ .,e.,ifit ii~ij"'"~ P,.qq~• 

~~t~~¥1 'qj(ifQ+iij'fA+u • ... 1r..¥ m: ~ ~ ~4+1@1~¥1 ~ mr 
W( I eft Pl4+tfi~IC Qle¥6+tt ~ •tf<tt¥1 ~ I 

~ q m- '1\f({QUf ~ ~ ~ dlcHcU+tl fr ~ ilfa-ftt'l ~ ij"(tif Uir+rr lfliR 

1Tftrqr fr <fhM ~~ ilii .. QUf ~ ~ ~ m-~ I 
"'Je'1¥1 ~ r..4+tt'IIC ~~ ~<it .. tt41+tl ~ 'ii!f"Clt'ltC ~ ~ ~ ~ 
dl .. tt41+tl i"C41Q¥1 (f ~ ~ I a"<: 14<~¥1 .. Q}t"IIC ~ 1lf(if' m-~ ~ 
m ~ ~ ~ ~ <r ~ "'"" ~ 1 ~ Q1fT ~ ~ i4l'ltc~ ..ro 
•11lnft(if a~ .. tt41+tl ~ ~ ~ ~ ac .. tt41+tt ~ ~ 1 ~ Q¥Qe¥ ~ 

dlllt~W t~ICCfit'lt'IIC ~ <tfe<M ~ ~ atl .. -4¥<11 ~ ~ <R mf ~ 
~ "*'r ~ ~ 1fif •tt:4•"¥1 dll .. ~4¥dl ~ I arf.f ~ ~ ~ 
iit._tt41i41 (~(@!~ I 

,. 

~ ~ ~ ~ ·~ m ~ &t•u•«¥1 ~ ei41'J41fa¥ ~ ~ ~ 
fqoc~t *:{d!ti+tl'jQifa¥ F'l 1 



~ ~ ~ ~ \lliT ~ 1Tftr qf'<qJ'1q;) ~ qf.r ~ ~ ~ fqq Qt ~ 
~ 1Tftr qf'<qd'14i) ~ qf.r ctilf ~ ~ I 

~ tffi.PIT {'tlii~C(q;) ~ F, ~ fqq m ~ m a ~ ~ fqq ~ ~ dltl~l+il 
m ~ e+it'l41Fdcti ~ 1 

m (a) oc ~(I) (fqq ~ ~) ------ ( i) 

tffi.PIT {'tlii~C(q;) ~ ~ ~ ~q~l+il ~ m fqu\5~11 i1~:tl+il'j41fdq; ~ I 

m (a) oc ~ (~ ~ ~) ........ ( ii ) 
(m) 

ij~qi(Uj i ~ ii ~{11\3Gi m (a) OC _j_ 
m 

I ex: rna 

I= kma .............. (iii), (karen: '<tfu tl) 

1 kgfqq ~ Cl~l' 1 m/s2 m~.,-;f~~ 1 N~ I 

1 = 1x1xk :.k= 1 

k ~ '+iT'1' eJftq;<ot (iii> ~. 

1= 1 rna 

1= rna 

ffift ~ : -

~ ~ ~ 0\ ~ gfuf!ti<tt ~ 1 ~ m ~ ~ qf.r ~ 

~ ~ ~ 31~11t4i ~I~~~ Cffi!liT ~ ~ ~ 00 ~ 
m ~ ~ q;q;iJQ 1 ~ dlct{tak+i* ~ "'q~a ~ ~ ~ GfUGf\ 

.0\ ~ gfdf)fiqj it'<~*' ~ I <m1'lrr f@<ti'(~Cfil ~ ~ 3114tl+il ~ ¥ 
~ ~lW-nllT \3~~'{1 

'·~·~ ;mf, • '{ i'1ftf41 (Motion, Energy and Inertia) 

~0 

~ qf'<qf<*' ~ ~ ~ qf'<cuf'1 ~ ~ .~ I ftsq(31q~jcffl Cl«j\11S 

~~~~~~I ~ 3jq~r*' cmr ~ ~ ~ ~ 
~ ~ 311q-4Cfidl ~ I 0\ ~ ~ ~-lliCIC! ~ ~ i3qf\lqfu ~ ~ 

c(.f ~ ~ ~ ~ I ¥ qf.r 'CfiTlf 1f'f ffi lft+idH'II' • ~ I -lfW\11, 

¥ C(ctil,+il ~ I ~ ~ 1ft c(.f ~ ~ ~ 1f'f ~ ~ CfiT7t ~ 
~ I ~ 'CfiTlf 1f'f m ~ ~ • ~ I +itf.Ht~ ~ ctii4tc~ 1f't ~ I 



. ijl,.,, .. ,c: ~ ~ ~~~ .. ,c: lftf.,w q;nf-1f't ~ ~ 1 ~~~~~• ~ 1T't err~ 
1T't ~ ~ ~ I]Cfil<*' ~~rm~,, ~ 'lctil<<ffl ~ ~q1o:a< 1T't ~ 1 ~ 

'fi e .... :q4cti'l ~ (Law of Conservation of eneragy ) ~ I ~ii'fflctil ~ 

(<t~qt=:~ctil iffurr ~ ;Jic:q;fl~l ~ 1T't et«f'lcti ~ 1 

~) (lei~ F.\~~ (Chemical energy) 

~ CfT ~ 'rtJitEi~ ~ ~ \ 1JCmT r.,~~ I ~ CfT 'rtJit~l ~ (iiji4f.:!Cfi 

m ~ \ 1J'CmT ~ ~q,o:af'<d ~ ir 1 qyt~fMt (1"llhii'ffl~'' <lel4f.:1Cfi 

~ ~q1o:af'<d 1ft .I'Qq41vf~1 ~ 1ftq;) ~ I ~ qf1~Rfiil ijiltN41vfcN 

~ ~ ~' 1J'imT ij~~"'UICfil ~ 1JCmT ~lfmq;l 311q~4Cfidl ~ I ~ ~ 

<lel4f.:tcti -~~ill<!~~ ~q1o:a<- mt ~ elii4fll<~ e~l~'1 1T't ~ 1 

~) tnm ~ (Mechanical energy) 

~ -~rm~~• ~ F¥Ftt~~~ t~ft'it(¥1 ~ 1 ~ 3jqEIQ131'lel< lft ¢ I]Cfil<¥1 ~ : 
(q;) ~r~,.~~ \ (•> 41fd~lfffi 

q~l' d;:q;lt(cti'l 3jqE'Qiiil ~ ~ ~ -~rm~~• ~ • ~ 1 ~ ¥ 
cmr :a'ql-iil ~ 3jqE'Qiiil ~ ~ ~ • ~ ~ 'fi ir 1 .mnrr <tf¥t(cti'l 

qy;ftm ~ 'fi ~ I ~ ~ ~ §itlel~ 1fftr ~ ~ql;::a< ~ I ~ 
~ ~ ~ ~ -l~t'IIS •1Rt-1~ ~I 

ilftr 'fi K. E.= ~m192 \ ft:qftr 'fi (P.E.) = Mgh (i4fi~ill<! 311~'1 1T't ~· I 
2 . 

~ 1Tftf • ~ m ~ fqq err 1fftr <f4 ~ ~ ~ • <f4 ~ 
m ~ ~ err ~ <l&'lqQ ~ ~ <f4 ~ ~ ~ :a~~d 1i4e:~ 
$1ftq;)~l 

l ~ ~ (Electric Energy) 

~ 31o:af.t~d ~(11ififl'1e:~¥1 ~ ~ ~ ~q1;::af'<d ~ 1 "lkl~4 am 

~ 311qeJil ~ ~ ~lfmq,) ~ ~ I 

¥ . ffi1f ~ (Heat Energy):- q41vfCfil 3fujfl~cN 1Jftr -lfmq;l Cfii(Oiill<! dlq-lfm ~ 

~ I ~ mlT (kt$(;fl@i~ ~ (ffifr ~ ~ ~ I m'1fT ~~o1t$1 ~ 
~~~irl 

~. ~ ~ (Sound Energy) : -~ Cfia:<j'1i41e ~ :aeql4'1 ~ 1 ~ ~ 

~~~~*'~~~ 

'· 1J1mT ~ (Light Energy) : - ~ ~ ~ ~ ~ 1J'CmT ~ I TcmT 

qf.f ~ 'lctil<¥1 m ir I TcmT 'fi ~ 1!RI~4 dU(ilq;l ~ nTrorr ~ I 

• 



\9. ,.,..._;Q ~ (Magnetic Energy) : - 'iJUI~4 ~ ~ ~ ~ ~ 

~ ~ orm it~ "1¥41*'4 ~ ~ ~ 1 

t\. 41(*4101~ifi ~ (Atomic Energy) : - 4<+tl"j+i Rj~4ij P:..'1 ~ ~ ~ 

at?4fbq; 1fT!n'+tT ~ '3('41~'1 ~ I ~ '3('41~'1 ~ -~~Mil\ 41<+4101~¥ ~ 

~I~ 4i(+fiOiP:.ct>. WT«f \ ~ ~ ~qjf'ij( 'ill(~¥)~ I 

,.,ftfQI (Inertia) 

~ ~ 41QI~fa+tl ~ ~ ~ '('1ftm ~ I ~ dfq('lql+fl ~ ~ 

(=lf'ij"+fT ill~ ilt1 '1t11 ~ ij Ul ~ at q ('lq I +t I <f8 <t<~ I ~ ~ fN\ at q ('lq I +t I ~ crnr 
(=lf'ij"+fT ill~ii(1¥J m- "'NijUl fN\ atf4('lql+fl ~<t<~ I ~ ~ ~ ~ ~ 
<~<M ~ ~ ~ \ ~ ~ ~ fN\ atf4('lql+tl ~ m ~ fN\ ~ 
if I . 

~. ~. 't f!.:!("CCIiU'i~ 1Rf ~ m ( Acceleration due to 1ravity) 

~ q~(11' ~d'"'I"C(~ ~ ~ it ~ {11\fl~¥~4~ tn ~ ~ ~ '!ffl( I 

"'~ .. IG •flf<~~· ~ ~~Hs+tl m tm: 1R ;:.tt ~ ~ ~ i ;am ~ 1Tftr 
~ f.l~tHt .~ ~ ~ I ~ P-f~itd ~ lJftr ~ ~ 1fcm ~ S1 if I 
cm:1 +tl~iliC:: '6'i1' {fW ~ ~ m 4j(i('t4ilt14ii (f)j(Uj~ ~if I 4j(i<"<4ilt1~ ~ 

~ g~ilt11t ~ 1fcm ~ I ~ rtffi afrmr ltT'f ~ 9.8 ~. /~ ~ I 
P-f~'t4d ~ 9.78 ~. /~ ~ ~ m- 9.81 ~. I~ ~ I 

~.~.Y. •!Qiit'1 \ •!QI¥<401 if(l1' (Gravity and 1ravitation) 

:a••~1•u trrn ~ fQl ~ ~ ~ 1 ~ ijdfi•uc:: lflftr ~lf$<(¥1 cm:1 
~ ~ ~ ~ ~ I ~ ~ ~ lMf 41cf;qfQ atl¥1-lfd< 'ltsiA¥'1 

~ ijdflfd< ~ ~ I ~ ~ tR'IIfl~¥1. ~ '(f)f'('O'f if~ 4j(i<"<4Git1 I 

~ arrq;fr q(q(Cf)l q~fi~i' at1'l'fr cf;~(1~ atl(f)~OI lR ~ ~ 4j(i('t4ilt1 ~ I 
~ ~ at~~+tl ~ 4~1-itt~ ~ cf;~f(H atl¥~d "'<~¥1 ~ I 4j(i<"<4Git1 ~ 
4j~('qj(f)~Oj ~~~~1ft~ 1ft~~ f\t"tditi~ ~I rtq; ~ 
~ fqu3(11t P.,~wq(t ~ atiCf!l'a< atl¥~d •1f<~¥1 ~ 1 fqosfi~it¥1 armft 
Ojj(f)~Uj ~ 4j~('qj(f)~Uj ~ ~ I RjC::'Iil<l gfdqj~(t 4j(i('qj(f;~OiijUI~ rc.-qCl!H<i) 

~ ~. ··~106+41 ~ ~ qt.f ~ q~~iif\wq ~ antRft ~ Gffi at 
l{ q~fi"'¥1 fqui¥1 4JOI'1<6t14il ij+fi'j41fa¥ ~ Rtiflft~¥1 cf;~GI.,I'E4¥1 ~ ~ 
i~Jd!fi+fl'j41ffl ~~~ I il~lo.,IQ ~ ~ ~ ~ ~ ~ : 

G.m1m2 
F = d2 



F = lf q~oq ~ ~ ~ ("':1<!'1+11) 

m1 '\ m1 ~ q~@i~c61 ~ (fq;.1JT.liT) 

d- i!'q~*' cf;~Ci(joqc61 ~ (~) 

G ~ \Tfu tl, ~ lfT'f 6.67 x 10"11 Nm2/Kg2 ~ I 

~ ~ G ~ +il'1t'tl' q~~~afloqctil ~' q~tt~ct?l ~ err fi14lti~G!l'Eic61 ~;:tt 

~ ~ lif.f 'Alll~d ~ I _. 

rZ 
G=Fx­

Mm 

F ~ "':1<!'1+11, r ~ ~ '\ fqu;st'flt Kg ({Cfil,¥11 ~ '] ~ ~ll 
mZ = N.-- = Nm2Kg-2~ 1 

Kg.Kg. 

1<l(q1Cfi4UI ~ ~. ~ qi1+1U'St'ft'tlt ~ ~ ~ ri;q;) tit I Cfl!riq;T qr;ft 

~ ~ ~ ~ >~tictGI~l'l~ ~ ~ Wf ~ ~ 1~CCICfi~UICfil cmul~ 
m~tit1 

'lf{(f ~ 31tt6Qie ~ <~ "Cfill) ~ ~ 31U6Qie (R) ~ ~ ~ '\ crnrt>t 
~~~~~ 

1(ifc4ic~ : ({\ffi ~ 3l"flRf ~ '\ ~ ~ ~ ~ ~ ~ crnr;rr 
1<!(qjCf)qUI ~ ~ I m m<fT fqu;st'flt ~ ~ JljCfiqUj lA' ~ ~t't" 
~I~~~~ lif.f ~ 1<l(qd4t'f ~~I 

~~~M, ~~ m, ~\<Hqa.1oqc61 ~R ~ ~~ 

F = c;zm ( G ~ 3f'Ef{ tit ). . . . . . . . . . . . ( i ) 

m- m ~ crnx '1e:q1fa< <t\ffi r.t"oqa ronrr 311Cfi~a ~ 1 

tfift, "':1<!'1¥'1 'EIIt'teR4"Eft ~ f.ill¥131¥1< F = m x a 

M 
a=Gx­Rz 



lit m q(i~ .. i't~ ~ ~ ~ it 1 ~ m g'tr 1 

M 
g = G x R2 

iQf G ~ 6.67Xlfll1Nm2!kg2 (f!(i('q1Cfi4ot ~) 

M= 6xl024 kg (~ ~) 

R = 6.4xUI m (~ diSC4ie) 

6.67xto-11x6xtoz• 
g = (6.4xto6)2 = 9.8 mjs2 

M 
g =Gx­Rz 

G - gravitation constant = 6.67xl 0"11 Nm2 kg ·2 

M- mass of moon = 7 .4xl cf2 kg 

R- radiUs of moon= 1740xl03 m 

= 6.67xto-11x7.4xto22 = 1 63 / 2 // 
(1740xto1 ) 2 • m s 

~. l\ ~ wmt (Free fall) 

~ antRr ~ ~ cH(jt'til dli'f!Rl< dlictiNa 1R ~ ~ ~ lflftf 44fcf;ttctil 

m ~ ~ ~ ~ 1 .- +tl~et<"+t' ~ ~ fim ~ ~ ~ fQtr 
~ ~ ~ ~ I ~41~~41~ ~ ~(ii'tll 1llr(f fU ~ I ~d .. ~~q+tl ~ 
~ cmr*r ~ m ~ ~ I ~ m ~ fqo4{f41 ~ ~ ~ ~ 
'll4l41ifiG ~ \4$ijcf;Cf)l ~ I \1ft i41li'tiil (Robert Boyle) ~ ~ i't1liT ~ ~ 
Q ~ ~ijii'til \t~cq'jfl ~ s' iR<! ~ ~ ~ I ~ dlqUS~ ~ 
~ tq(j .. ~~q+tl (iijift1ttctil ~ m tR1fi ~ ~ ~ f.:111Cfi4+tl ~ 

~ 1 tq(l .. ~~q .. ,e: (iiji~tt*' ~ q~tc~+tl ~ ~ 1(i('qiif('t~ ~ ~ m ~ 
~ I lit \3tftt<~Cfil ~ f.N\ ~ I 

~.¥ ;m (Pressure) 

~ ~ ql,<lii'tl~ l!ilfit.,a<6 s~ctil ~ 1R ~ ql$<11i'tli'ti{ +tii11M~ s~ctil 

~ ~ ~ lftcl; ~ I t!l,¥!iil., \ffi QlfE: I{Cfil ~ iii fit., Cfil ij dt=:iifl C! ~ ~ 
~ I ~ ~ ~ ddl\3~fil~~ ~ (1411$~~ it~ f4@:~~ ~~~it 
1R ~ if'F ~ ~ ~f\1:1~ I trorr (if&I{Cfil ~ ~ (qi@GIIC! ~ i'tl,l1+tl 

111lf81{Cfil tii(il<~+ttA +tii11~1 ~ ~ ~ ~ STUliT ~ iftt ~ I ~ 



\3Gi~(Uj(l~¥11 ~ eACf;ad ~"44(1~ e~flttitil ~ I C41~C4¥1 1 'll~\tltil' ~i41MI¥1T 

~ ~ "i''TCr ~ 1 oqrqt1r\ ~ (Pa) ~ ~ 1 ~·"11f.m" ~r 
~ ~ ~ rn ~ m- 0\ ~ q;ftJ~~ 6lF$ttt$1 ~ ~ ~ ~r 
~I~~"{~ 31'mft~~~ ~trnft ~ti' I ~T 
+1ro<Qt$1 qe:¥1r~ ~ m 'tmft ~ ~ ~ +11.-Qt1r\ cf;tT ~ -a:&r'~ 1 m r 
q;r('O'f ~ ~ "{ ~:t'ht1tf~1 ~ ~ ~ ti' I 

't)(. ~ it=f, ~ ~ ~ ~ (Relationship between force, area & pressure) 

m ~ '!Wr ~ qf\tijOjij'~j tt'ii'jqlfilcti ~ I artmr ~~'q(1 ~ ~ Gffi air 
~ "i''TCr qf.f ~ "{ 1f{'f' ~ ~ "Wr ~ ~ I 
~ (P) ex: if{'!' (F) ........ ( i ) 

~ qf\¥11 o (t$1 1f{'f' t1 ~II~ I ~ ~ :t Cfl{'f ¥11 ~ ~ "{ m;ft ~ i4 Cfl{'f ¥11 "i''TCr Gfit ~ I 
"'U!f t1~ii-ttt$1 ~!44it1tf~l iljd!fl+il'jqlfd ~ I 

.....n7' (P) 1 ( ,·,·; .,,, CX: ~ A .... .... 

~ p = !..K (K tt\3GT ~ ~ ) 
A 

~ 1 q~fflte< ~i4'ht1+11 1 N if'{'!' ~ Q ~ ~ ~ "i''TCr 1 Nm'2 ~ I 

.'.K= l ~l 

:. P =!.. ~ 1 ~ ~ ~ ~ (N) "{ ~!4'fit1*1 ~ q~fflle < (m2
) ~ 

A 

~ ~ ~ ~ flre'< (Nm'2) ~ I 

Clt1i'lljm ~ 'Gf'fl\fu ~ w fanr ijliT ~ ~ "CT\'ctiT ~R:t" ~ ~ct>l 

<fi(i~lq'flRf ~ ifiT ~ q;r('O'f ~ P = ~ ~ czmiZIT 11'f ~ I 

\. '«(.~ at:ef~jq (Upthrust) 

tt\3Gf auR::C!'I'fft lflift ~ ~ E'l~ll•ttiffl C{'flf6!q;iffl 1fF 
«t~~l ~ ~ I tt\3GT flr.mr qj(!(cffl a()(!{'f¥11 ~ 

~ ~ ~ ~ ~ ~ I tq"R:f ~ 6f)C!t1¥il 

lflifT ~ I ~ ~ ~ Wt tq"R:f Vli"'j6it( I 

~ ~ lflift ~ 1T1ft ? ~ cq j{'!Gjj(! lflift ~ 
~~ ? feR ? 

fcnrR fmt1T 



- : 

. 
-~.~ 

(~ qltfl€11t ~ ~ ~ 'B' CCII€14il lfl"'ft ~ ~ ~ I ~ air~ 
~ ~ -m ql.,l€11t 3fft;r 'ffii ~ ~ ~ ir o ~ ~ -:errtr ~ 

~~ ~ ~~at'jijl< ~~1m-~ 0'\€1" ~ ~ ~ -:errtr 'tff.i ~ 
;avql,4•1 ij+il'jqiRicti ~ 1 ~ ~ 'd~ltHUI ~ 1 auf("2'1~ ~ ~ A, 0'\€1" 

q~1efcBI ~ h ~~\3m~~ ii<I'IHcBI ~ auf("c:'1~ fthnrr ~ 1 

qyrfrq)t ~ = d ~ 

0'\€1" q'=1efcBI ~ = ~ x ~ 

m=Axhxd 

~= mg 

0'\€1" q(tlwfq}) ~ = ~ = 

~ P=hxdxg 

mg Axhxdxg h d -= = x xg 
A A 

0\ t% ~ ' ~ 0'\€1" tmtf ~ 1J1im ~ 1~~'ll~•1 (g) ' ¥ ~ ~ (d) 

~OOftl 

~ Cfii<UI~ mq})' +11~~1 omlfT 'tRT ~ ~ ~ mntT lfi"'ft ~f.!~~ I 

'31!flt 114idPjijl< m +ilillRI< ~ "'Cf£lf Upthrust qf;f ~~I 

\ilfll'1+11 ftrnr.t f1ijf4;C(~ ~41€1U~ ~ err M11'3cBI qr;filrr ij~~dtl ftrnr.t ~ I ¥ 
Cf~lt mrm '4RT q1tflf11~ ~ ~ ~ 1 ~ ~ ~ 0'\€1" ~ at 
Cf~~IS +11itlRI< ~ m ~ ~ ir I~~~ ;aEC\=cuq ~ 1 

C(\m Cf~l' ~ ~ ~ ~ w1 ' qr;filrr ~ ~ ~ W2 ~ ~ 
~ ~ €11il"CfiT '3fA't41q = W1-W2 ~ I '3t:4*CIIq€'flt ~ ~ (buoyant force) ttf.i 
~I 

,.¥.~ qiRI€14'1 ~ (Pascal's law) 

l<l'\fl~• ~ gou~1+11 ~ ~ '1E!Pt4~ a<€1\iiAl tmVt; ~ ~ err ~ 9ftr 
em ~~\fi€1+11 €1•ustt~ ~ ~ 6f.aillc: 3fq;f of'3'1rr ~ ~'J4\fi€1+11 ~ ~ ~ 
~ ~ 1 ({(4<:til<fc!~ R gou\4l+1i, ~ ~ ~ ~ ~ ft:l;i;rr ~ ~ 

'll0ii~@I\U41 fCi'i{i~q; ~ ~ 31q'11'il(cBI ~ I 



~ ~,A,B,C,D,E ~fC!'1tc~ ~~ICC{Cfil ~I 

-:am ~f(;j .. \S <+U <lf&C{c61 ~ C 111ea"1ct?i 11ftr 
C{Cf)11" ~ t{ ~ ~ 111fa"1l'i~ Cfi(Cf)Cfi(Cf) 

~~'hi'!Cfil ~ I ~ ~ C liT 1 N qiT ifi'l" 

i'\ciiCC{ct?i ~ ~ ~ d 111te"1t<~¥41 gfaqctil' 

&\:t<n€1¥41 1 o:lj<!'1ct?l ~ act;~ <~ct?l ~ 1 

~ ~ttiF..ifi Blaise Pascal (1623. 1662) ~ ~ {1+41~+u ~ aar Yifll~l+il ~ 
~ ql@)i'lct?i ~ ~ I ql(¥{'1c6l ~l4+il'j{ll( m Olq('l!ll¥41 t(.r ~ ~ 
~ ~ 't!fTlf ~ l'fftl4T ~ \rei 't!fTlf \rei ~ ~ ~ "'Elfl:;;j~Cfl"' 
if<T1R ~ €11~1 ~ct?l ~ I ( When any Part of a combined liquid at rest is 
subjected to pressure, the applied pressure is transmitted equally and 
undiminished to every portion of the inner surface of the containing vessel.) 

ri ~CSII,q4?i m A ftlfi!"1.+il 5 N ~ 1fi'l' i'\411,({¥1 ~ ~ ~ ~ 0.04 sq.m. 

~ i'ICIISC{ct?i 't!fTlf P = ~ = 125 Pa A B 
.04 

1tftr ~ 'qT<f B ~~~I~~ 
B q;r ~ 0.5 sq.m t{ ~ ~ 

mrlr ifi'l' F = p X A= 125 X 0.5 = 62.5 N 

~I 

~ -:am gont'ft+il 1ffi 12iJOII'I"<I ~ ~ ~ ~ 1 ~ fll,4)f't:ICfl qaf'd+il 

~Pcf>'hll4tft = :=: ~~~~~~ 
~~1T't~~mm~, 

q I @)i'l Cf)l ~ l4 +i at 'j{i I < : 

~ AliT~~=~B lfr~'qf<f 

pl = p2 

Fl F2 
-=-
Al A2 

F2 Az 
-=-
Fl Al 

lFI ·~A liT i'l~ii,C{ct?i1!lf, F2 - Piston B qiT ifi'l' J 
A1 -~ A q;r Cross sectional area A2 Piston B q;r ~ross-Area 



, .'t.'t ~~~~~"1¥1 ~ (Archimedes' Principle) 

~ ~ ~ ~~'tid ~ q«Jei('lll a*f~H~cit ~ ~ ~ ~ ~ m 
qf<qf\q,l ~ U<!'11Ei~l~ ft;r.f ~ I \iiO:i'1+il ~ +il~ij~il' "ij"A) +ilf':tei=\ ~ 

~ I (I\ 'tfT'ftlrr ~ ~ l \ilf\:1'1 +i I ~ q;fo;f ~ cH~jfll S 'tfT'ftlrr ij ~~ 6'•1 

~ ~ l ~ q«Jeictil +il~fu< ~ ~ 1f«t ~ q«jt•lll qj;flf11~ ~ ~ 

~ tt 1 m ~ at:~'qjq ~ , 
~ ~ '\if~lt'll' ~ ~ <l~~qit 9; I \1l6T ~ q~Jqqi) h iJ~(J~ijAl ~ 

g; I cross sectional area A,~~ t:f'f("Cf d ~ ~ crnprr ~ 'dt:t:i'euq hdg x A 

~I 

F=hdgxA 

= bxAx d.g 

=Vxd.g 

=mg[m=Vxd,)~ m=~EIQI~d ~ ~ 

~- -- ------- ---­- ---------- ---­·- -- ------- ----::: :rt:: :::::::::::::: :::::::: ·- -- -- ----- ---­- -- ------- ---­·- -- ------- ----
t t t 
~.'iWf 

31ic$0:ifi\JI4?i ~a·~311e•< ~ ~ 31i~Jq)~q+iJ ~ ~ ~ crnrrr ~ ~ 
~ '3£41!114 ~ ~ n.EIQI~(I lftt;T ~ ~ ~ ~ l (Any body partly 

or wholly immersed in a liquid experiences an upthust which is equal to the weight of 

the liquid displaced ) 

~ ~ ~ ~ ~ iiAPrr q~('llt '(Ti«T ;at:Ci=qJq ~ l (I\ ~ q~·· ~ <rR 
'if(; ('1•11\lcu lit ~ ~ ~ m ~ \ifRJ; 1 ~ <1~~¥\ ~ ~ ¢ ~ ~ 
~-••act ~ ~ , ~ ~ ~ 'd1f'1"q)T m ::at:ei:q•q ~ ~ ~ 
~ ' 3ftfuq; m a~d¥1 ~ m qf.r ~· ~El!4,rqa ~ ~ ~ 
~ t'lq~Q, ~ djqEIQJ+il a~<~¥~ ~ m ~ n.EIQ.~a lftt;) ~ 

~~~~ 

~~=Vs 
~E~Qifqd ~ ~ = VL 

~~=c;s 
~~ =c;L 1fCt 

~ ~ .. n.~l~d ~ q«lei4il ~ 

Upthrust u 



~ ~ = ~~Jfqa ~ q~t4<ffl m 
Ms =ML 

Vs X ~s = VL x ~L 

~B = VL = T { T = 'Cftq \: ~ ~i'i('qcffl ~ } 
\L Vg . 
r < l ~ Cffi! ~~I Cffi! d(t'iq~J4'il ~<Tit ~li'a;" a:i m ~ ~ \ 

' . 
~~~~I 

~. ~<fR;r~~~;re;(ro1~~1 

~. ~ <fR;r \3t:4'i:ltq4•1 ~ ~ crnr a<t'lf\h ~ •tfht~'i' ~ 1 

t ~ <fR;r ~ q;lf ~ ~~ Cffil ~ artfuq; m ~ ~IT 
~ I ~ ~ \WT ~ ~ ~ ~~lfqd ~ ~ ~ m.~ 

~~~.~~~ 

't..~ muron ~(Simple machine) :-

'it~ecN "''14'1'it ~ ~ mfuq; q;l4t;~l~ ef-it~14•r' err ~ 1Tfum ~ <r;:i 

~ ..r.r \3qqi(Oit'il~ ijlai(Oj ~ ~ I ~ lffi1T mtil'\UT 4.-~(;(?t'll~ W.Jf 
41f<:<g4>1 ~ I mq;T om+IT ~ 'l"<tl~·cN m, ~'11(GIIc 'tfl;.ft ef-it~~"'41 ~ \: ~t 

fcrrfur fhufd< ~ ~ ~ m, •uJ~<'il 3l"T ~ m ~ ~ a:m~ 
elui(OI ~ \3~1(;(01~~ ft I mm ~ !'$fu44>1 ijJai(OI 4.-~t;~$1 qft:q7;r '\ 

g4' 1•1<ffl ~ Ot'1' m ~ 1 

ftr.:ff (Pulleys) 

¥ 'fol4>1< ~ err~ \ilt4>) cR'liT t~'1t~~<ffl '41t'lt~tc ~ ~ 31'(ltt\3~ \lllrr 

G1'11~~q;l \: ~ ~ Gl'11~~cffl €11\"-s'lt~IC ~ e~l(l•l~ ¥ ·.m q~t'll~ ~~ 
'i:llfu~q;l ~~llfd< mrf ~ ~ C'lH1~1~ fu;ff ~ I e~<fd< fil'¥1l4>1 vmurr 

t'11~'1'il ~Hllfi4< ~ tM ~ M 1Jit ~Hl~l~ \3'i:ll~cffl ~ ~ I •IIJ~<fd-\ 
~ Y4' t•l"l<l ~'11<t~lc 'CfT'ft ~ ~ ~ ~ ~ 1 

iji!JI(01d41 fu';ff ¢ f'$fu44>1 ~: 

~ fu;ff (Fixed Pulley) \: ~ fu;ff (Movable pulley) 

~ ftr;:ff (Fixed pulley):- ~'11<GIIc 'CfT'ft f\:ocFr ~ 
(l~~cffl ftr-ff ~ flr.ft ~ I ~ ~~'1cffl ~~llfd< 

~·~~~~ ~ ~ fcrrfur ~~nfd< err "'~.,<ffl iil~fd< 
rtcffl' ~ I lffiliT ~4iioq~cffl ~ \: ~ Gf(Jlf( ~ \: 

~~~m:·l 



~ ftRf (Movable pulley):- R:itftt'IIS ¥ ~!1:qa 

aua•< .. , 1liS1: m t11:s~ ~ mt lltt'li$~*' 
futftt'ti( ~ fuoff ~ I ~ ~ ~ ttn1i 
~ fhllftH ~ ~ \ ~ ~ ~ ~ 
~ mlftt I~ l1'ftr ~ 2~ I 

""' \ ~ ftr.ff ~ ~ ~ mt ctil4('fiS fQit 
\ ~ 'q'T';f ~ I ~ ~ ij¥{fit'ii( ~ 

ftr.ff ~ I ~ ~ ~ ftf;ff ~ ~ 
~ l1'ftr ar.rmr ~ I 

~.~. ~ mvT ~ ~ (Wheel & Axle) 

••••• 

qmJT \ ~ "'l£i't(fi) \ "CfTm Ej+!(~j ~ lJf.f F \ ~ 'tir61$'tcil ~ 
m ¢ lfR ~ 1Jit il'1i,~ct>l ~ tR ~ qmJT \ ~ lt I mlT ~ mwiT ~ 
+tl~qft q(eillliC~ 1IT1T ~ ~ ~ I iji$CfR'IIcil ql\3«1tft, 'fe ~ lJ7i'm ~ • 
~ ~ -qmrr. \ ~ \3~18(01 ~I ~ ~ 'fe m-~ ~ ~ ~ 
lJ7i'm ~ I ~ 1Ri ~ lff.f ~ ~ "CfiTlt lf't ~ I 

~.~.~ ~ (Wedge) 

~ mfu;ft ~ futsiT ~, atctilfd< lfl<IF4R1'i m1T ~ \ lfl<IF4R11 1ll'1TliT ttn1i 
(1411~1 mfu;ft ~ "4iTlt lf't m ij l+tiftt'll\ m ~ 1 .. ;::q ?I~ 'Cfi\0 ~, ~ 

~ ~ ~ ~ ~ ~ 'Cfil'lf+tT ~ ~ ~ ~ lJ7i'm 4jf<(~Cfil 

~· 
~.~.¥.~(Inclined plane) 

~ ijij~aU(! +II~~ ~ ¥ ~16t'lh\ ~ m ijij~{f4j ~ 'tfi« <lftiltctil 

ijdM~ ~ ~ Si[. I ;:4i8(ll+tl m1tT'f (1~4~i, ~ m:JT1IT ~ m ~ 
ijdM~cil Vlfm 4if<ttcil ~ I ~ ~ ~ ttn1i ~ ~ ~ ~ ~ I 
~ ~ litfl1'1{f4j iil'ftr ~ ~ ~~~~~~~I 

~.~.~ ::H"t)('f¥ (Lever) 

~ ~ ~ ~ fM~ttd ~ ~ ~ ~ ~ \ ~ iRi t1•11$~ \ 

atctilfd< ~ \361,~ ~ <'4ijt'ii( ;a~'it'ICfi ~ I ;a~'lt'lcticil iR=f, ~ \ ~ 

atq~ldliijl( '3fftt1Cfi <f\;:r 'ACfii(Cfii ~I 



<t. ~ ~ \ih't)(OIIifl :- ~ ~ tcffic!¥1 ~ q)(OII!fi+i m \3"ttl(OII¥ ~ ~r 

\3't1~(011q; ~ I~ IJI4~•1i11C! q;nf 1Tt¥l' ~ ~ ~ ~ ¥1fl({¥\ ~fir I 
~4)((~ ~ ~ \3"ttl(OII¥ ~ l 

~. ~ ~ ':h.,,(QI"' :-~ ~ ''*'<!'*' ~ ~ m- \3"ttl(OII¥ ~ ~· 
\3't1~(01jq; ~ 1 ~ ~ 6i•wmu, rlraT ~ C4~~ ~ \3~115<01 ~ 1 

~. ffin ~ :at~,(Qiifl : ~ ~ ~ ~ ~ m \3't1~t1¥ m ~· 

\3"tt~(OIIq; ~I ~, ~ ~ \3"ttlt1¥¥1 \3~1(({01 ~I 

~.~.~ ~(Screw) 

~ ~ ~~~~~~~if l ~ J'qlt~ ~ ~ 

f.:i¥41'3?1 ~ ~ ~ ~ 1 ~err~~~ m-~ ~, ~ ~"~1, 
lfliT ~ ~ \3~1(1 {OI fl. I 

(Velocity ratio, mechanical advantage & Efficiency of Simple machines) 

~ 1fillU (Mechanical advantage):- ftiSI{OI ~ m- Trtt q;nf ~ ~ 

~l~t11' 't4t11'3'1 m- •tf<({cffllffi \ilia' 1.roR (magnify) ~ ~, ro ~ ~ "hTW 
~ 

tft I ~ "hTW = ri)i ~ I ~ ~ 200 N q;) 1ffi ~ 600 N q;) 

~"lt1t1t' ~ ~ R:t1Hc6l m- 1Flfr 1R ~ ~ ~ m ~ ? 

~ _§Q9_ 
~ ~ (Mechanical adventage) = iii't .._ 20o- 3 

~ (1411t({q)l tthlb4"<1 ar.; 'T'1l ~l~t11' ~ ~ l ~ ~ ~ 'T'1l ~ 
~~~ 

ttffr ~ ( Velocity ratio) :- ftiSI(OI ~ ~ ~ ~ \ ~ m: 1R 
~ dl'jqldt11S 1Tftr ~ ~ I 

~m:1R~ ~;:6' 
1Tftr ~ (Velocity Ratio) (VR) = ~ m: "'* ~ m ~ 

~ m: 1Tt¥l' ~ (t) ! .?;::::i :::: ... :·.. ... . > t~ m: 1Tt¥l' ~(e) 
~ ... .... : : .. :~ 

~" ~~ 



\.V.. c:; +141A+tdl (Efficiency) 

~ ~ (J;t'1'11+tl q;fu- 1p1T \'3Ni~d ~ B ~ ~ flHit'11~ ~ ~ ~ 
~ I ~ 'llfu~ld+il Clffii ~ I ''hlc!+tl ~ ¥14t'11l ~ ~ ~ ~ 
~ +14t'11' \'3t"qi~d ~ ~ I 5 m ~ ~ ~ \'3~lt'1+cil 1J'li't1r ~ 150 N 

q;f ~ 450N q;f ~~~I~ mi ~ 4 ftr. 'l\J; \3m~ i. MA, 

ii. VR, iii. Efficiency q;fu-~ ? 

~ \'3~it'1CflcN ~ 5m , m'i ~ (e) =4f1r. ~ ~ ~ (L) = I ftr. 

Load (L) = 450 N. effort(E) = 150 N ~ 

L 450 
MA=-=-=3 

E 150 
e 4 

VR =1=1=4 

+141A+tdl (Efficiency) = ~ x 100 = ~ x 100 = 75% 
VR 4 

~ ~ ~ 1000/o s;:r~ I~~ ~~ri~~ ~ 
~t'rl 

~.V.. \ ;ftW.c ( Moment) 

~ crnprr \'3('tFf ~ atR ~ ~ m 1 ~ arrsm -cR ~ ~ ~ 
atlt'1+41illc ift'1t~R1cil ~ ~ ~ ~ 1J1IT'f ~ ~ ~ 1 

~ - ¥ qf;r \'3~lt'1+ ~ - - - - -
atq~l+tl ~ t'11fu ~ fhufu<cil 

~"(~~~~ 
~~llfd<cil ~ ~ ~ I lit 
~ +i' i+t .. C:cil ~ tf I ~ e~a 
atq~lcffl ~ ~ '3~lt'1+ ~ I 

---

~ fvr;rr ~ '3:ffit'14*11~ ~ ~ ~ ~~li[ij( "( ~ ~ ~ ~ fcrcrfur 
~~lifd( ~ (Sl~aciJ ~ I ~ ~ ~ ~~ll<tctcil ~ = ~ X ~ ~ 
~ 1 +ilif .. ccil fij;g:1raat~1< -a~l(WI+ tt;:qftta ~ atq~l+tl ~ x ~ ~ = mt 
xmt1,ft~ 1 

~ ~ \'3-dJ(WI4*11l tlo:(j(Wi'1+il ~ m ~ q;fu- f1c'1cil am ~ ~ ? 

~x~1,ft=mix~~ 

200 X 60 = 80 X ~ mt = 200 
x 

60 = 150N 
80 



~ . ~ m, ~ ~ ~ (Work, Energy and Power): 

~ .\., m (Work):-~ ~ ;(jq'1ql ~ ctit4~~ ~tfh~ctil ~ I~ lJq'1ql ~. 

~' 1trtt afrtR1 Cfilq~i'icUC~Cfil ~ ij¥41~'1 ~' ~ ~ '" ~ ~qiCf)('ilq('ij~ 
q;nf ~ ~ ~ I 0:4"1'1ql ~ 1JTlim 1ftt ~ ~ "!ff'i'1" ~ ~ ~ ~ 

('qiji'iiC ~ ~ 1 ~~~act~ ~ ~ ('qijl"it\ m ~ ~ ~ 1 ~. 

~ 1Im atf.t<~ctii ~ ~ Gf.;st'1~ aremt at~<~cffl ~ ~ tft nt;qtCfii11q{'llt m 
~ I (f{ ~ ~ ~ ~ q(Si{'fi11C ~ (f{ ('qij('ij' ~ ~ \iffiiT 

nt;qtCfii1fqi11t q;nf ~ ~ I ~ ~ ~ q;nf ~ d'titfl~qj ~ ~ I 

~ . ~ 1fm (Magnitude of force) 

l ~ 1R'f i'i~ii,~ctil ~ m ~ ~ (Distance through which the body 

moves, in the direction of force) 

~ ~ ~ ('1~11,~¥1 1!lr \ ~ 1!lr ~ fhiifd< qj(~{tiffl ~ 

1at.,'hi1i1tt ~ ~ m ~ 1 

q;nf=1ffix~ 

~ lN G{{'f~lm~lfT<lJff~~~Gf{'f"W~~~ 

W= FxS 

=Nm 

-=J ~~~~tif~~qf<qjOf'f!ll 

IN ifi'1' ~ 1 'm {tT m 11't ~ ¥t4i11C 1 J ~ I 

q;nf ~ ~ ~ m lf1 ~ ~ ~ ~ ~ 'Effir '1~f&~iffl atcHlQtqt 

qt.f q;nf ~~1\~*l ~I ~ ~ 5 f4>.vr. ~ qt¥'1C i3'EUPt:i~iffl ~ t ~ ;:tt 
m ~ ~ qt.f m ~""''~<At m ~ ~. ~-

t ~ ~ qj~jq~i11C dR.fii,~ctil ~ \ fit~8~cffl ~ ql\qd'1 ~ I 

'· af.¥<giffl +ii~tq~fi+it <'diEto>l!41< 11'f ~ tfi11t ~t1qch~ I 

~. ~t8<ql ~ vmq;r $~~I 

if ~ * ~ ~ ~ ~ qf<qd'1+il tfi11t ijqj~-1 ~ ~ ~ ~ ~ 

~ I ~ f'4fitfci11 ctit4Et¥41t:'1 ~ ~ ~ ~ ~ ~. lfftr, ~ 
~ qf<qcht 11't ~ 1 



i!~~iH"' ~~41¥1) 1li11f : - ¥ Cl~lt ~ ij@ijlef;~Oj ~ m ~ ij(i('C4iH'1 

~ ~ ~ ~ I dl ~ m ~ q~{'ll\ h ~ m '361,<!\cil ~ ~I 
('(Hf{'ll\ m ~ ~ ~ W=Fxh 

W=mxgxh ' [(g)~ m) 

trf.foT fcfq m (Force against friction):-

iffi {'liii(/\t$1 fhiifd< ~ ~ ~ ~ ~ ~ W = F x S ~ I (R: ~ ~ 

~ ~ fhmtct iffi {'lill$<!\t¥1 ~ a q;lvnrr iffi ~ ~ ~ ~ ~ ~ w = F 

xSlW-1~1 
~ 31CIEI!ll+ti ~ ~ ~ ~ 

iffi = F cos a 
:. ~=Fcosax s ~ 1 

---- ________ s ___ ~--
c ~mx 

~~ ~~ 

~ a ~ ~ ~ rn ;{ 1R'1' Vlfttr ~ fhuaft:qcii ~ it ~ ~ 1 

~ ~ ~~iidii ~~if{'!' m ~ ~ ~ ~ ~ ~ ~ 1 

W =F cos a xS 

= F cos 90° X S (9 = 90') 
=F. 0 . S (Cos90° = 0) 
=oil 

~. ~- ~ fi (Energy) 

. 

~ ~ if'ftfT Q\q;" 6jJijj(! ~ orJ+tT \iWf ~I ~ ~ +fjr.tiji>\ ~ m 
~"CIT ~ ~ fqo-st¥1 Cl~lt Q\q;" 61Jillc ~ orJ+tT mot~ 1 +tTct "CIT 

3R" ~ t~la'1t;t;l ~f.;ir.,ec~ ('(4t~{'ll\ ~ ~ ~ 1 7.ft' ~ 31CIEI!ll+tl q;y7f S'1' 
~"CIT 'it~~t$1 11'ft ~ iiA{41'3'1 ~ I ~ ~ lT'f 'it~~t$1 31CIEI!ll+tl ~ 

-uftn ~ ~ I ~ ~ lT'f m ~+tdl{'llt -uftn ~ I ~ ~ lt<61~+tl · 

~ I ~ lff.f <!\'3C:T ~ ~ jr I ~ ~ ~ lT'f ~ fi mlfT ~ 
~ll'f~~~~l . 

~. ' · ~ ~ (Power) 

~ ~ ~ tl+t4cti'l '¥ 1fVT'rr ~ I (R: ~ ct~~ q;Tlf ~ ~ ~ 'f 

~ ~ {'liiiJQ'(I '¥ q;Tlf ~CO' tift ~ ~ lT'f ~ ~ ¥ ~ ~ 
fim CfT ~ ~ ~ ~ I ~ ~ ~ ~ \ ~ +tlr.tt~~ ~ 
ifTZT ~ ~ ~ 1l'ft:f4T +t ir.,t~~ ~ iiTZT 1J:U 1Jtk ~ ~ +tlr.tt~{'IIC ~· ~ ~ 

m lT'f 1f1t ~ ~ I ~ 1l'ft:f4T +tir.,ij~il ifit ~ Q ~ I ~ ~ 



~ Rt;flt:*t ~ ~ 1'f't m q;J7f ~ ~ 'lt't 1 ~ ~ q;J7f 1'f't ~r 
~~~~ 

m 
~ = ~ (iji+iufq;) ~ '¥'" gfdecf>o6 m I) 
ij i+tuitwtlt ri ~ ozrm 1'f't ~ 

~=q;nf~ w 
~ t 

FXS =-
t 

s 
=F x­

t 
P =F x t9 

~ = iffi X 11'ftr 

~ ~ ~ ~ ~~fffi~••{;fi ~ q;J7f 1R e:nrnr m ~ 1R an;r ~ lfftn11· 
\R ~ I ~ of<ctil~ ~ ~ qf<cHl'1q;) ~ m ~ I fcf;ir ~ m ~· 

W ~ (qf<qd'1 ) tJf.r iT I iji+iuftwtlt qrc (watt) C{Cfil~+il tJf.r ~ I 
1 qrc = 1 '¥f/~ 

~i~ifil ~ (Types of energy) 

q;rlf 1R g~faat'jiji< m ~ CJictil<ctil WI:. 1 ~ lf.nl;. \i(Jq'1+il ~ ~ ~ 
~ 'Actii(Cfii ~lfffifi~+itA ~ ~ ~ ¥1f<q$1 ~I 

~ fi (Mechanical energy) · 

~ djq~lat'lij'< ~ _. ~ m ~ • tt 1 1ft @jij··~ ~ CJictil<ctil 

W(. : ~fa ~lfW (Potential energy) \ •1Rt ~lful (Kinetic energy) I 

fft:cfct:ufffi (Potential energy) 

~ arrq;iT ~Rt+t1 ~ 1Jftqq?r ctii431'lij'< m ~ ~ ~ 1 ~ ~ 
dRfiiSC{cffl \iR, ~ ~ di(41SC{cffl ~ ~ ~ fi ~ ~ ~ 1 tiT 
~ • ~ ~ m m 1 ~ "'"ij+ii ~ ~q;•i4 m lf'f a twtl\'3+il ~ 
~ lfT'ftm ~Rt~ifW ~ \ 7ft ~lfffitwtlt lfftr ~ ~qj~( lliT ~ ~ 
ij~C{*' ~ ~ mel; ~ m 1 

f\lqfd-1~ ljil4l{ 'Actii(Cfij Wl: 



ct. ~ ~ a~1~+11 ~ ~ ff:'IR1~1fm (E) 

E = ~ (m) X ~ m (g) X ~ (h) 

E= mgh 

¥ C4~t11t \3'ql'aaui! ~ ~ ~ ~ ~ ~ \3'ql~+il ~ ~ ~ 
~ \3'ql~+il ~ ~ ~ fisQ{~ifm ~ ~ l 

~. C4'¥tlf ti~l::i«u ~ - fi 

q~{11t d00¥i:J~i ~ d .. Cfii~cN q'f ~P£4i'cN Cf)i(jOj~ ~ ~ ~1fmt11{ 

~fu~l~ ~ I {iSI{t11t d .. Cfil~l, ftcHJ·i'11t aRT C4T ~. a'iqiS!Ii! aR ~ ~ 
d<¥1,\tcN 31C4et4i+il ~ fi ~ ~ ~ I cfitft ftcA~·\5 ~+il ~ Gf{1' ~ ~ 
~ C4T ~"41, (X) ~ 3{'tf{ (k) Wf ij+il'jqi(ll ~ ~ l 

F spring= K xX 

'lffi1T ~ ~ f.:l~+ii'11~ 31'1ij {Oj ~ ~ I ~ ftzn: ~ CfT ~ ~ ~ 

~ d .. Cf)j~¥) ~fa~l~ 31.-a<f.:i~d ~I~ C4T ~ ~ ~ fmm ~ 
~1fuit11~ f.:IA11~1< ~ ~ I 

Espring = .!. k x x 2 
2 

x= ~P£41$cffl m:rr < e~R:td 31C4~1+il ~ 31'jqld+il ) 

~~i"t~lfffi (Kinetic energy) 

di'11\3+il fisq-{ 31C4~1+il ~ qj..,li'11~ ~ 1Tftr 31C4~1+il ~ m- Pct~((~rt:<N 

~ ~ fc:4'1<(~1~ ~ 1T'f ~ 1Wk I 41fu~ftt1 31C4~1+il ~ ~ ~ 

~ ~ q~·~ ~ ~ ~ ~ ~ ~ 1 m- 41Rl~ftt1 31q~·•cm ~ 
~ 1T'f ~ '{ ~ ~ r.tmr ~ ~ cg<li'11~ ~ ~ l "q'ffi 31C4~1cN ~ 
crnrrr ~ ~1fmt11j 'qj{1~1fm ~ I ~ ~1,\tctil ~ fcl;{11t11~ m ~ 
~ 1 41fa~ftt1 31q~l+il .~ q~·~ ~ ~ ~ m fisq-{ 31C4~1+il 

~ 41f~Ui~ ~qjo:ij{ ~ I 

~ m fqq ~ ~ u q;T 1\fu;rr ¥ 
+iitA+i+ii rt'U lfQ l (F) ~ Cf)j{Oi~ (S) m 

~m:~~~~~s~ 
f 

m:m F ~QcN ~ W=FxS A B 
L....---------=---1 

u =0 



~ ~ 1J'f' \1m ~ 4fftt -tfffi¥1 1Jlit1r ~ f{ I 
:. K.E.=W 

K.E. ,.. F X s . . . . . . . . . .. (i) 

lilifr, 
~u~~~~m~~1flsttm~ll'ftr~ 
(V =0)~ I 

y2 = u2 + 2 ( - a ) s 

or o = u2 + 2 as 

or, a2 = -vz ......... ...... (ii) ( ~Ojj('fiCf$ ~ m ~ ~ 1flt I) 
2s . 

F = m x a 

F err, a=­
m 

............ (m) 

ft ('') ('") -vz F ('lii q)(Uf 11 ~ 111 -m:, - = -
2s m 

v2 xm . err, F = ~ .. . . .. .. .. .. . (1v) 

ij4f)q;(oi (i) ~ (iv) -m:, 

K.E.=FxS=~ 
. 2& 

mv2 

:. K. E . . = -2-

(lij14f.\¥ • (Chemical energy) 

q•n:qRti'l gq;m e~i'lf4oJ ~ ~·llhi!W~It <lel4r.,¥ ~ "qt;:o< 1lit 'AitN~Ivf¥11 
~ 11tq;f ~ 1 ~ ef'.>::t4a-IIW 1JTqf 1J'f' suofttt~ qf1Elifa err~~~ 1 

~I ~I q~R>i4fi ~I -~\ill,"9f1 ~ m (jijj4f.i<6 • ~ ~ tiT -jfffiqi) 

"ql;:o< 1lit ~ 'Cfi17t 1l'f' ~I~~~ ~q'1fil 1Jlit1r ~ ~tj((-11\ti, 
dlq-lfui, t;qP.,-tfW, IJCf$1-l~lfui, 1Ricil4-lfffi, qj(fijOj~q)-j~ ant{ ~ I ~ 

~ldtt~l<! lfT -·~@1~1, ~ ~ arci ~ "qj"ij( 1lit cwt ij+qj~l1 1f'f 
~I 



"-lffliifil ~ ~ •41*1< (Source and convenion of energy) 

-I~"'IC 'f (f ~ 1f't ~ 'f (f ~I~~~~~~ 

~41"d< 1m~' 1f't ~ I ~ • ij0Jt44¥l ~ (Principle of conservation of 

energy)~ I <H'tl\iiil ~ ~ "<tcir 41ofltitiC ~ ~ ~1ftl•l~iil "41"d< 

~ I t'4'~1~ li'f' "fm ~ G1riR fiiiFJitl n-tj((-lfWiil "41"d< 1f't ~ ~ I 
~ ~t'idfi"iW! •1fffi'11$ ~ ~ atctii~4¥il "41"d< lfit ~I 

~ "{ ~(1~4+4 tm1f (Coal and petroleum ) 

•11\tl¥1 itati~iitA cmm \ qcf!il:t4ii ~ qfir fi{;'(q'{"i ma- ~ 1 cmm ~ 
~ tR-~ ~ m-it 1 a14•1fm¥t ~ ~ m cmi{11{11t m- lff« 
~ ~ I q<:Jil:t4ii 441ffiiiiC! t4(t4(¥il ~ ~cGI~IC ~ vm ~ m \ ~ 
i~'1l<~ ij5JtCI'1'1 tA fi 1lTt<f ~ I cmm \ nmf e4~\f \ mar ~ (fl'4f.r 

f4ofll'i~IC ~ ~ ~ 'ilfi"4UI~ ~ ~4'11141 'fii'¥1\JQ I r;f<d~[ti "iilfTlf, 

i!!~?ll'll~~, <lf#tqiij\ ~ (jfij((;~ ~-qfil ~ Pt~'i'ld ~ ~ ~ Cfiii\1"'«1 

(f)ll 1Ffm ~ atltf.4Cfi ~ I 

{t~ahlfffi (Solar power) 

inf •lfm{'il' 'IJ'CmT, m, ~'q((-lfffi \it'414'1 lftt ~ ~ I li'f' 11i4lCfi(Ufi4 fi it 
\ ~ ~ ~ 1Ffm 1f't ~ I mt ~(Uifi~h~ ~ iilt4¥iil(l ~ 1JiT . ' 
'Cfr.ft ~ \ m ~ Fl!in-~tj~:::r::e"'ct~\i':FI1 ~ ~ Plctili"'i ~ I Photovoltaic 

~{1tl~ct?i ~ 1Jit ~ \3e<41411 1f't qfir ~ I ~ ~ q<:Jft:t44i 4414¥1 

g<f1~1{11\ ~~ ~ ~ •1FWcm ~ ~ ~ tR- ~ (fl'4f.r • 1JTt<f lfit 
¥fleiiiil \f\ ~ \ Photovoltaic ~ \it'41411 lf4t 1l1m ~ ~ \ ~ ~ 
~6Cfilijl1 'ff m ~ atttqvt(l~ -rt I 
ii('f~fd( (Hydro electricity) 

'i'll'14¥ilfl ~ ~ ~ 'i11{1•tfffi€t ~'q((ect\111 ~ ~ '3t'41~11 1f't ~I 
mn ~ \ii{'\~'J((t'ltc ••1\tlcm ~ ~ ~ f?rcmr 1f't m vma- eAttccl1t 

~'a I 

Sii~fttifi nmf (Natural gas) 

91~4> nmr ijil\f'<l ~ ~ ~ it' I ~ ~~ fl4~1\311 \ ~ '3Niltl1 lfit 
"ii'<it1r lfit ~ I li'f' ~ i;e '1\f '<I mar \ ~ 'a I 



;:qfTR:tq( m:flr (Nuclear power) 

~ \3N1«'1 \i'(~Cfil -I~Cfil Ei'idtc~¥1tA 17$ ~ "'1f.McH ~ a?i•1zci\ ~ I 
litf'f4¥1 q(¥1i"Ji"'IC «;~1\lc=l ~4< • \3Niil'1 1f"t ~ I tlldtcfa41< \ ~%\ecti 

q(llvtci\ ft\¥1fUI¥11 lfr -1Fffici\ S~qqlil \i'(~cffl ~ I 

~(Power) 

'CfiTCt ~ m m e¥14~1 ¥ ~ ~ 1 (I"{ ~ ~ 'CfiTCt ~ ..m ¥ 
'1' ¥ . ~ \'liii:J~ I ¥ ~ 'CfiTCt ~ qr ~ ~ ~ lT'f ~ ~ ¥ ~ 
~ q;fCt ..m ~ qr a:\"~~~ I~~~~\ u.ft~ 

~ ~ ifTir ~ i'1'rir ~ ~ ¥11f.:te~ fQir ifTir ~ 1Ttt ,f.r "Um ¥11f'1et•ui 

~ ~ W liT\ 1f"t QT ij"¥11f ~ I em ~ ¥11Ffitt~41 if1T ~ 9; ~ I ~ 

1f"tm~~~~ 

~ = q;fCt ijf¥1utci\ ~ qrc: if I 
~ 

ijJ¥1ut\'11t ri ~ are; 1f9t ~ 

~ = q;fCt =~ 
~ t 

FxS =-t 
=F X~ 

t 

P=Fxll 

I 1!1ll"f ~ if<'fX 1Tilr L . 
~ ~ fi ~ -·~••t4l ~ 'CfiTCt ~ &11m m ~ ~ if\'1" \ lTfu1rr 
'l\~1 

qf<afl\if'tl ~ 

t {lqftctil ij4jlill4¥11 'li'EI\'1'1¥11 ~1-t:{Cfil 'll¥11fllicti \ dl'li¥11~1Cfi ~ t{Cfii'C4il ~ ocm: 
~ I dl'll¥ii~ICfi ~ ~ ~ ¥ilr.,t!Ei~ ~ ~ tA ~ Pc!-~"101 

~ 1 dl'll¥ilfb1Cfi '11qffi{1cti\ q4fttt11' 'll¥ilfbl• ~ 114~14'1 mr ~ ~ ~ 
"I$~ ~~~~~I 

~. ~ 'll4':>11l1'1¥1 ~ "ll'lirtr ~ ~ 4?.Cfi~IC ~ qf<~-l¥il ~ e¥i4elql$t 

1f'ffi1'1' ~ ? d41t¥1 ef!Jfi4m¥il cti~¥il ~ af1Gr ~ 4?.4fi~IC qf<¥il;j{if 1ft ~ 
- ~ ~ ~ ~ Cfil44llll'11 (Action plan) ocm: ~ 1 



~. ~ CPre:ssure) qn; iifANtt ~ ~ f-t ~ ~ ~ ~ 1Tt ~ 
1fi'!W, ~~ ft* \ '1fltiii4¥U ~ 1T'f ~ ijMiiqf11ij~d¥1 .,..... ~ q;j4-iil'tl¥tl 

.. ctil't¥1 'flfu w ~ l 
Y, ~, ~:; \ ijj¥fuf¥1 qn; iifAI4'1 1I'U( ~ MIC¥1 ~CII~fl~ ~ ~ 

~ 1fflT ~ ~ ~ lA1f • ~ ? ~ ~ fil411'3'1¥1 ritr ~ 
¥i4tltfa-~11' ~ ~ l 

1. Hendersotn, Tom: The physics clas~xn, 2004 

2. http://www.infoplease.com/ipa/A0001~58 html 

3. http://www.physics.nist.gov/ccuufmdex.html?/ 

4. Energy types, file: iii Energy~ 20 types-I htm 

5. 2004 The physics classroom and mathsoft engineering and education. Inc. 

··. 



~flA'e 
~(OC) 

~ 
qr;ft ~ 

~ 

't 

~ 

I:\ 

~0 

14 'iifli C:::< 

~ + ~ 

~ 

orm 

~00 !lf.~. ~ 

(q;J toonoo gm ~ ~ w, orm "< 'h('fl'i¥1 41dl('flt ~ ~ fai¥<'11 oo 
~ \ (11q'!f)Ji <iTc <A- I 

(l!I) d'i'131'tc:::l fil¥<'11 ~oo ~.ft;r. tfr.ft m Y~¥'11 ~ ~ crn.I m fcffifft 
~ ~ <iTc <A- I 

(lfl orm, w "< ~ ~ fi4¥<t't~'itA ~'1'EIIrg'il ~ ~ ~ "< ~ 
~~~'!RIT~l 

("q) 1ft ~41tfR'IIq<N ~~~em~ 1 

\3f*t~d P:fi41CfR'IIq 41 (l({qfQ f.t+41at+1'1~'14il ~ ~tlleftt<~lt ~ ~ :-

~ ~ ~ 1 gm ~ (1 kg)~ qcuq('flt 1°C ~ ~ ~ ~ 311cU44i 

~ ~ qf<+iiOI('flt '3m ~ ~ dlqtJI(Oj ~ (Specific heat capacity) 

~~ 



qGpqtil ~ dlqui(UJ ellrnT 'fi(ij)'fi(q> ~ I cf;6T q~~cN ~ dlquJ(UI ~Tlfffi 

f.:tMil'j~ll<cN qJ$ltcN ~ I 

Cffi! ~ dlq!JI(UI allfffi' {J/kgoC) 

lOi't 138 

m (Lead) 140 

a1liT 
. 

380 

~ 470 

~ 670 

ifT¥T I mir 800 

~ 840 

au~f.f~~ 910 

men 993 

if(q:i 2,100 

~I<Jftoot m:r 2,200 

trr.ft 4,200 

i"NI4i'11( ~ ~ ~ Cf ~ I 
• Ofujg~cN OfiUifllct> Oflq>~UI ~ ~ ~ qGieltN ~ (1JqUJ(Oj ~ 'l:tf.r ifiT 
~I 

• ~ "ffilnmVT &nlOT ~ ~ q~leltN ~ ~ ~ ~ fit;i't ~ ~ I 

• Gtffi'11l"<l ~ ~ dlqaJ<UI ellrnT ~ ~ Gtftiottil ~ trr.ft ~ 
~ ~ fit;i't ?li'1h3~ ~I~~~~~ Vlm fct;otl<l~l ~ · \ii'T'ir 
?{T ~ lJlft ~ I 

\9. ~ . ~ (Light) : 

~ ~ <l~'i{~ ~ lf ~ ~tlli'1~~~ q(!JJ¥:4,. 1 <I~'CI~"'.,I Physics q(!J'I3'ji!ria4l 1 lf 

~ Biology~ 1 ~ ~ ~til\'!~~~ Of'jq~a ~ ~ ~ ~ ~'lqt4i 1 

~ ~ ~ ~ lf ~ cmTliT ~ ~ I ~ ¢ ~ ~ ~ ~t1s;aft I 

~\Th't<N otS4Jqotctil q;r4- efctictqfQ tmiT q;lfi q;~.,.'t{l ~ -wm ~ ctj<tg~~~ ~ 
~ 1 ~ cr eliflet4'icfl:q~' ftfcR ~ e~~~g~ e~tatot ~ qhqtll\'llt ~til\'!~~~ 

OIS414't ~ ~ etvfl~~#l 'l:tf.r Of'jij(Of 1T'f ~ I ~ lf (J~:q~,;lcN cmrlfT ~ 

~ I ~ f!rraivT ~ qJ~4q~ ~ 'l]'q;T'U I (i~'i:l~"'l#l e~ll"<l - ~1icN61~1 
m ~ P.1M1Giii .. W'~~*' q;ftm 4lli1111J+u m choj'14T I 



(1e m•ut ~ m1; 1«'fTt ~ ~ 

~~ ~ 1tn{ m ~ 'CJf.r 'T'T ~ 

~ w em ~ ~ anit ~ ~ 

~~~~~ 

~ mefT -eft ~ ~ fh:r ~ 
~ ~ ct>fMtct>tff ~ mr ~ 
~ ~ ~ m!; <I€14Q ~ 

lfa~~~~~~ 

qrn:t:tm~~~ 

~ em, mt m'iT ¥ ~ ~ 
~~fum_ 3lfvr flcfu~4il ~ 

~~"fliT~~~ 

ti+ilfll'i ~ ~ ftrVr ti+iWictl 

\1m q;ftrnr ~fll¥fie:~J\ qfGecf>q!Q ~ "lf ~ ( ?n ~ ~ ~ ~ I ~~cl;+il 

~ ~tlieftJ:I ~ "fliT a vcmT i!" m I <l+ii4;:;a3i\J\ ~ ~lql~ ~ ~ 

Oli!l\3'j'i~ 1 ~ ~ ~tllefte:~ Motivation 1R oftCfiT ~ +i'14"4l 1 ~ a 

fQr.r ~II$IOI<til ~ ct>~dlillt ~ atitt{iii$ ct>~1ct>~1 ~ ~ ~ -zroT ~ 
"1614il 1~('qjCf)~Ojq;'J ~~ dfi~rtei~1<ffl ~ ~ ~ 6ifii1<ffl ~ 

Pc4ct>H1<ffl ~<Gi"(lJ\ til~f4+il ~ tNfCf ~ ~ ~ ~ ~ ~ 

e1~~*' ~ ftr;; fq;;r ~ ? ~ ~ a ti(~f\deAi ~ ~ ~ ~ 

fcfcmr 41f'<'l4Q\il~">l ~ ~ I· ftR ~ <l+ii4~~')J:I 'lifCmT fmroT -.ro 41 <I~Cfil *tr 
+iEi~'iul f%~1Cf){114 '\ {<=le:~4il ~ ~ liTOlfT ~ ~ I 

\9. ~. ~ SICfll~i'fl'i ~ (Refraction of light) : 

<l+ii4~~1J:i C)ICfil~l<ffl ~ Gi!l\3'f'l~l ~ ~ f%~1Cf){114 ~ :-



11fil41it*114 9 ~ \16l\11t ~ mi\ fm ~ ~ ~ ~ ~ ~ 
~Ciil\3~ I 

~l41it*114 ~ : 314i<<Hft ~ ~ ~ 11it ~ ~ ~ ~ mA" ""( 'CJT'ft' 

~ 'Tf: ~ (41ct*11t 31qJiCfi'1 ~ I 

~l41it*114 ~ : rn ~rt rro:r ~ ant'1frfir mi\ ~ ~ ~ ~ 
-uVt ~ Cffttfft mr ~ 1 @4iil <til ~;ftm{ \lT1TliT ~ 11it ¥ ~ ~ 
offi ~o ~ T.to F~nftlll~ ~ 11it 31il41R1a -qitvf (i) ~ 1 ('1+4fl'~l ~ ~ 

~ ~ fq;:r ~ ~ @4ii1¥'J ~~ llHICIIic tt)' ~ ~ q~(1qi) 

fq•n:~fl'~l ~ ~ ~ 11it ~ ~ ftr.!· ~ 1 @41q\'tl' ~ 31JqRfa ~ 
(r) ""( \'tk4fi:fl (p) ;w:ft 11fil41ct*1iq¥'J ~ ~ I 

gCf)j~j~ ~ qf<qd'1 ~ ~ 11fa'm qftcffi'f ~ ~ ~ ~ ~ ~ 

~l41it*11qt<~C14ic ~ ~ 1 

• ati4Rla ~. atlqfifa ~ ""( ~f ~ ~ qQ 1 

• 311qR1a ""( 311q~(f ~ 3f'ltmf ft~ ~ I 

sini 
-= sinr 

t{Gf 341'fl I{¥ q (1CIIh'1 

= 

J.l= fuli~~ 

~ -czq;rn*t im (c) 
~ vamtii' $1' (a) 

~ ~ 11it ~ ~CSIIC('il~) 11fil41it*11q lfu: ~ I 



vq;ru ~ ¥iltA¥iGIIC: ~ ¥iltA¥ifit< \ilkr auqfda*tor "Cf<¥ictilor1f'<l ~ ~ dfCHll~l¥i l 

~ ¥iltA¥i¥il ~ I 'ilctil~l¥'1 tfr ~ 'i'f dllo:(tf{q; G(lqd'1 (Total internal 
reflection) ~ 1 "TcmT ~ ¥iltA¥i¥il ~ ~ ''H¥ictilor¥il ~ 11lt, ~ q~pqfq~ 
'h(Cf)q;(q; ~ I 

~ if('q;' lfl'fi d(~(l:t"l ~(((fq;ij 11~eft'1 ~~ n:mr mfVrcf; tm 

"CC (if4i~OI 
60 49 48 44 43 

~ ) 

~ ~J~"Iq'1¥il ~ dll"'df<q; G(lqd'1'fil "PJm : 

1 mil q_;j(fi;c~ qf;r ~ q;r;r lTd 

eli~ctil GQI~G~ ~411((¥'1 mil 
~~fk~ 'ilctil~l~lt \"l~N¥il 

q;q;iJ~ I 111"c\ ~ Cfil(iliC! ~ 

'lj("q;J'U q_;jjfkq;q;) ,f .. :g4;(!(¥il ~ 

~ vq;m ~ ~ qfQ 

diiSa¥'1 ~ ~ ~ ~ ~(qj • 

\~~~vmT ~ I 

1i'rG\ ~ ~ ~ ~~IIGIIC! ~ 
~ t:S~I$C!GIIC! ~ 'il$1~1¥'1 

~(Oif!~ mil q_;j(fkCfi¥il ~ 

'§I $'if <¥'1 arft9T;rr ~ I 

43 42 35 24 

(ijl~~ifl ~ mfr C('lj{£~ ~ 
vq;m q; q;j JQ ) 

\ildlqiC: ~ 'tJCfim m ~ <ni$'1ctil ~ el¥i1"4dql ~ 90 ~ ~ 
qiTar 'tJit< vq;m G oiJ~ I ¥i I !4 ~ I 



11J"CmT ~ 

Cf>41(1ct?i ~ ~ ~ 1JCmT ~ Cf>'11Cf>IC'ql ~ . ... .., 
~ -qf.f ~ ~ ~ 4 <IC4d'1 ~ I ~~ 'hi'Q!I <+U 

1JCmT ~ ~ 4 <IC4d'1 ~ I ~ ~ \ilfu m<fr ~ 
1JCmT ~ ~ 4(1C4d'1 ~ I liT )rfcffu' 314111({( 

\iSICfl(t\~~ +11fiit~ct?i ~ O¥:fT 311~1+11 ~ 't:rr\3' ~ t.f 
~ 1 +11~t~*' 3lRIT (ll:IT ~ ~ ~ m 
'1Jl(11{ ~r-sl~4 (Endoscope) "\ ~lf ~r-?it<fll'fl 

(Endoscopy) ~ I 

31ftcCf>(1 'hl~!l<cN ~ ~ +1Eitc4'iui ~~ g; I ~R:fql)'1 gou<-1'1+11 m ~ 
~ 31ftcCf>(1 '61$!1<~ ficNI~d 1Rt ~ 11~ 311C41 'iH'11t YCf>l~lct?i ~ (Pulses) 

~ ~ ~ N1'1!11l 3ftfiT N1'1t1+'+4 4611«a I 

zn -qf.f " \141{(11$ ~ ~ ~ ~ , 

• ~ 4i{qd'1 1T'* ~ 'T'T ~ q;r(l~ ~ ~ ~ ~ ~ 
+11tA+1Ci412 ro C41~ficCf>ll~l q;+r ~ ~ ll"A ~ I 

• 1JCmT ~ 4Gi¥fii41l 3ftfiT ~ \ilfu' ~rn 11'ftr 4f'<qd'1 ~ I qf{oli+1 tc4~4 
'lCf>l~icN m ~ qf'<qd'1 ~ ~ ~ 'lCf>l~l ct?i ~ 3fTlAT rn (Direction) 
qf'<qd'1 mt I 

• ~(1ijf{'1~ ~l21+i'lll ~ ~ ~+rr 'lCf>I ~ I(:!Jt Ci4(~~1\3~ ~ ~ 
¥+!G~fc6)~ q;rzf ~ ~90tlt\(?' .,(J'(I1Cf>l 'ffiflr ~R'1lt '\fliTtr ~ I 

o Cf>i'\~1'1+11 fm9t ~ 31ffi m r.tCf>l?i 11N ~ ~ 1 31ftcCf>(1 'hi ~G4<ii41c: ffin: 
1TcmT ~ ~ cN"'t'i~ mot~ I •· 

o \i51$+1r\i5c6'1 f'<'lilf.R\f ~ ~ ( ~ = 2.42) "\ '€1(+1c6'iOJ ~ (24.4~ ~ ~ ~ 
~ mrEi'+rr ~~~~~~it~~ liT~ '€1~1 ~I 

IS. ~. ~. CRt~ (Wave theory): 

m ~ ¥ '4t.f +11tA+1+11 ~ ~ 
(Particles) ~ ~ ~ f.i~'t.ld ~rq;) 

31'*1<1(1+ti ~ ~ (Disturbance) m 'fA 
~ ~ ~ ~ 1 <r+t"CI~~~ '(f('f'Cf)T an=tm 
fm1vT ~ ~ ~ -s"it\(1(, ~ iffm: 
lfi(i$11 ~ "\ ~ ii+JI1T ~l\3'j\flfr I 



~tll~~~lt 'i~Hifictil ~ ~ 'il&fictir ~ ~ ~ ~ ~ ~ ~ 

~ ~ ~&l\3'j\llfr I ~HIGIQ ~ f&tt"~lt (t;:qil({< ~ q~~Cf)l ct<n~ctir 

~ 'lfflliT cf; ~ ~ \lffi il!¥Jivfltc~ct>l ~ ~ ~ l ~ ~ ~ 

m+ft' gz41~1i('f1q; cwfauc ~41~q;aq!j ~ ~ 1 ~6TliT ~rf{({ctir ~Wiit'lillc ~ 

~ fi1'>Cf)4+il. ~ ~ I 

~ (Medium) liT q;ur~~q?J ~ ~ ~ 311SI<+il ~ ~ (Transverse) 

't t"~ft'61!s"H'1 (Longitudinal) 1ft' ~ 'lCf)I(Cf)l ~ 1 ~ ~ ~ ¥ qf.; 

+iltA+i+il ~ ~ m ~ ~ ~~llt'llt ~ ~ 1ft' t(~~"t (Vibrate) ~ 

~ d<ft'llt i;Himf ~ l 

(@:~Cf)j Cf)O(@i~~ ~ ~ ~ ~) 

-trt ~'(4)1cti r.=t~ct?l CRl, <i1&t1ct?l ~ ~ ~ ~ 't gq;r~rct?l m ~ 
~ m- 1 ~ a<n~+itA "l<mT ~ "!kl$14 ~ ~ ~ ~ ~ qf.; ~ 

~ ~ ~ "trft \ ~ ~ ~ ~ ~ ~ ~ l)ij((U(Cf)( ~ 

+iltA+icffl ~ ~ 1 d'qliT ~ ~ ~ ~ W (Crest) 't ~ m'1' 

~ ~ ~ (Trough) ~ I ~ ~ qr <;<flcqj:qif)) ~ 0'\'f ~ 

(Wave length) ~ I 

~ 3{1Jj a"'fT q;ure:~ctir ~ 

~ q~t'fictil 13ICI~It'li$ 3f1m\ lfRT 

e'4 e GIIG ~ qr i;<fle A1 cffl ~ 
({fl:c~r~s (Amplitude) ~ 1. ~ 

PQ om;) ({~151!6 ~ I ~ ~ 

({Cf)l,¥11 ~ I 

g~{l~ .. ;s ~ ~ om;) e(*41t'll' ~ (Frequency) ~ l ~ m ~ 
~ e¥14('11' ~ ~ (Time period)~ 1 ~ 't ~ 31CdSt'ti' ~: f't t 

~ lll"11'~ ~ A 't ~ ~;ft(C~ ~ ~ ft I ~ ~ {lcf; .. :sf11 m: ~ 
~~lfftr~l 



v = f X A I ........... (i) t=-1 I 
.________,T • 

ij4flq;<or (i) ~ mqit ij¥flq;<or (Wave equation)~ 1 

\9. ~.~ ~ (Spectrum) f 'ifif <l+t*q'itlift~ ~ ~ ~ vq;r'U ti'Tt ('4ij~ll 

r.,~*' f¥<or8~'' ~ m ~ a:iji\3'jll41 1 ~ ~ a:ijir4441 1 ~ oo 
- ~ w.fr ~ \3'l6\\3'l6\ ~ tit~ ~ amft I 

~ 
~ <l+ti4'1llift~ 4cu((¥1 ttca<f' ~ \ ~l+t41oft ~ ~ ~ atiCf)l-l+tl 

~ t~ofl*t ~ \ \1 ~ ~ 1 CMti*toi+tl ~rf{((*t ~o:al¥4rq(Q AA- -.:rm ~ 
'liCf)Uit:tl' ~ ~ <fum lfr ~) 1f1G fQ<rJ«I tit ~ ijloat)ll ~ ~'ll~o 
((J~Q I ~ ijlda?lei 'W ~ d<H~cit <Rt ~ 'fi(Cf)\fi(Cf) ~ · ~ qf.r 

+ti&4+t~•u*t ~ (Vaccum) 1U ~~8~*t ~ 'ij'1I'T"f ~ 1 tit m<r Wcit • 
~ ~ (Spectrum)~~ I ~ ~ 1f"fcR ~ ~ ~ m 
41° ~ ili4Rld ~ 11.,1\3!{4~ ~I 

ftmJ;;J 'WFl srm;)' ffi4IIJ 

~- 6.6 x 10-7 m 

-cmfr- 5.8 x 10-7 m 

ofu:it - 4.7 x 10-7 m 

~ - 6.1 X 10-7 m 

~- 5.5 x 10-7 m 

~ - 4.1 x 10-7 m 

ifr1ft m ~ ~ Pcti<oltt~¥1 ~ ~ '{ Cf;lf m ~ ~ a <ttt(&cit ~ q;;r 

~ ~ ~ (v = f X d) tf"fr.f ¥U&4+t .. l(! 'JICf)l-1¥1 fct;(O((C(& {t¢ Cfi(Cf)Cfi(Cf) mr 
~~~·.,~~~ 



I ~ ~"*""~ ~ (Electro-magnetic waves) I 
~ qr -~crc;l'1+11 ~ ~lffficil qf<qd'1~ ~ ~ "!R4*t4 d<tt<~ ~ 

~ I ri" ~ i!' ~ ~ f!¥41cil4 ~ ~ ~ "( 1k4cit4 ~ ~ 
~ (Disturbance) q?r qf<uil¥1 i!' I ~ "TcmT ~ 1R4r:il4 (fq if I ~ 
ik4*t4 a<n~ ~ Y<f!Fd*l ~ ~ cgu ~tftt<~cffl oq {'1k411+11 ~ ~ 

~ ~ (l('f(i~M'tl' ~ ~ !):j\il"''1 ~ ~ l ~ 1¥41*'4 (l(fti~cil 
4T ij1~{'11t ~ "!k4cti'l4 ~(Electro-magnetic Spectrum)~ l 

~ 1"*""~ ~ ~ 

(f"(f 
(Rf~ m- -~ lfo:!f (Detector) v4T1r 

(m) 

m~~~ ~ ~I 'f41o:ij <cil 
{~41a¥ft ~~ 

1TTlrr { 10-12_10-U <h\ iHJijq;q; ~~ ~~~ ~4( ft~iRI'1 
~....,~.~.,"" fiZCR:< (thickness) q?r 'fTlf 

<h\tnufq;q; ~~ 
X- Ray lf't, 31 ~f<&f 3114'1 '11 .~ ij cil '910Cf, X-Ray~, 
(Astronomy), F'$~{'1cil 

~{ 10-a-to-•2 
om, '~~., cil ~ZCR:< (ijl4'1cffl: 
~ qf<qd'1 ~ ~~. 

'+41 o:ij <cil ~ Fluorescence 

(ijl4'1cffl ~ 
«.{il{'iltc, •in~~'GI , <hlinufq;q; ~~ 

q <1~"141 ~~ ~~~ ~ai·~~l 4T¥J' q4t4cil 10-6- 10-9 1~~Cfi ~ZE<, 
~ '~~q; an-ct ij (ij 'hl1 (Sterilize) 

~~ f11ct~'1 D qir m 
(Tanning) 

m atm, ·~~q; tot, qi) c?t ill cf;l, ~ 
0.4x10-6- ~, ~miT 

~ 0.75xto-ts ~ 
~ZCR:<, <h\c?tiitfq;Cfi 31141'19cU'1, ~ 

vcmT ~ ~~~-.a,, •in{'i~~~· 

~miT~ ~I ~~~()tq; ~. •in{'i~~~·. 
,~1{~ to-3 - to -6 

~ ~ZCR:< ~+iii! I~ 

~~I ~I ~I z~i14"1'1, ~aliT 
~ 10~-10-3 zft:t f11"' ., "tf~cfl4it ~ 

zft:t<hl.,, mJ"(, ~ 
m <:to:iji1lc<, am, 

h,~~ 
(Micro wave) 

_0_1~~0\11 , 



~"!""~Q~~ 

• ~ ~ "3)+41~4 d<tl'i~ ~ Tc~ ~ I +ilfA¥10.'11¥1 ~ (Free 
space) liT ~oflt'i~¥1 1Tftr ~ mv ~flte:< gfu~ci; .. g ~ 1 

• ~ iJ¥41~4 ~ ~ 'd"('f t1UII$C61 m 'tff.f c=fx A ij4{jq;(UI :.3q4')14ft ~ I 

• ~ dlq('IQI¥11 ti~4!11~ ~ "!UI~4 (1<f(!i~ q(lqd'1, ~~ f8'1iliffl'1 '( 

S .. e<'fi\;:<('1 \iffifT ~ '44!11\l~'t I 

• ~ 1!UI~4 d(f(!i~ cflt11(1$~ (Polarize) 1~ I 

• · ~ ~ "i+GG~4 a<tt'i~ ~ .. .,,J~'t dllffir ~ t4et11C cf;tt lW-fTliT ~ 
~~ 

\9. ~. ¥. ~'{~~ 

A ~ miT '( ~ Ci'llife:~ ~ ~~ I ~ -~ ~ ~ ~;:<('1{11t 

~"<~~~~~(~A~~cgum:ni~ 
f1rlft I (1+1't4~;(\~ ~ ~ ~ ifft+11· q41'3'jq'f ~ I ~ ti-110<1 ~ 

S41t1itC61 ~ mt cR& ~ q1~ 1 :('4) ~ ~ ~ 61\l•ue: gq;'~'*' 
f4;(UI(!i~ ~ ~ ~ I 'i1C61-IC61 fq~ fft'*r 1fl'illrr ~ ~ ~ 
A -mit ~ ~ C61•1iil¥1 ~ ~ ~ '4:4!11'3'j1141 I ('4ijqfQ ~ ~ 

~ "3m 'iiC61-IcN fq;(vr ~ ~ ~~ I ('4ijqfQ ~ ijfi;t~cN if41f .. :St1 

~ "<~ ~ ~~~rr mm~~~. ~"< q;fir 

~ ~ ~ cgu '4:4!11'3'j114li 



MI((QII( ~ • ~ ~ ~. 

• 4j+!(iti~Oj~ ~.t:..: .. ..,,~~'"'·~ 

• atfteq;(QI *••ue ~~ auft''f r 

• ~ 'AittilfiCfil i'¥<vl8t!'('IIC ~ ~ ~+f;c:tt ~ bi+Htit'tiC ~~(Power of 

lens) ~ I ~ ~ +0\flq;(GI ~ ll{('!t)+ii'Jql(11 [P = 7] ~ I trnml 
$14te< (Dioptre) ~ctil,+il ~ 1 

• ~ auqfa¥1 ~ ~ ~ ~ ~ ~ ~ '3'E41'¥1 ~ [m = ~ = ~] mt 
~(Magnification)~ 1 

• ~;::e .. ,e ~ ~ ~ tt '61fT '3$ ~ +0\flq;<a, ~ ¢ vmr ~ m 11m 

~~I(!=.!.+!] 
f u v 

• tlifi'I(Ui ~tuhti4?3i ~ ~ ~ ~ (Magnifying glass) ~ A ~ ~ 

q~~"' A ~ *0\flq;(Gj ~ ~ ~ I 

• diCiiEdfi..Cfi ~(Virtual image) t'tT( ~ m-~ I Gm ~ c¥ Ci«:iall(! 

~ CjjCfillfjCf)j f¥(Uj8~ilti~ ~ ~ ~ '3$ ~ ~ ~ m­
~ 1 ~;::e~ dli~"dti++t¥1 ~ ft '3Ui ~"'EEti¥1 +;:ftq;(Gi t(T (Focal length)~ I . 

• ~ '¥loT1rr ~ t"''11G m ~ ~ ~ f!l'f '3$ gq;, If I ¥1 1'$(01+41 ~ 

'C1Cfi1"U ftmr ~ ~ ~ ~ ~ ~ 1f't ~ I 

~. ~f~n¥N, ~ 'lll~ifl(, aihta& 'li~I~CfG<, +il'¥i~N, ~ ~ :aqq;(Ui~~+il 

q;;:i!4tl A~ ~ 1 '14~1+41 ~ ~ ltf.f ~ ~ 1 mrr ~ ltf.f ~ 
~ ~ I ~ ~ '3$ ~ ~ ~ 1f't ~ ~ ?.fT Ct'flfu!Cfi~ ~ ~ 

~ ctMt4tl A '14~1+41 00 m-~ ~ ~ (1qiC(iliiC ~ ~ I 

"· ~-~- oc~'fi(QI ;aq¥(Uif!+ (Optical Instruments) : 

A 'Ut\ 61'11~¥1 :aqq;(OI(ilil$ atftectit't :aqq;{Oj ~ I ~ :aqq;(Oj~~cA {1~14di #l 

~ ~ Ci1Ettfi:4q; (Real)~ atCiiEtt~Cfi (Virtual)~ 1 at14iRicti1 atlfll<+tl at ftc:~ 

:aqq;(Git'fiC ¢ 111lfln' llt\11'31'1 ~ I ~ ~ '+41+tl<l, ~ •iJJICfc<, ~ 

cil~ifl~ 14'11~¥1 oti~"'MtiC ~ m- ~ ~ ~ CiiEd~Cf) ~ I 0\ 

~fmfwr 



• 

• 

• 
4il 

• 

• 

iliS.?I¥<, ~~~-i~ .. !4, 2ft:I~N~ il'11"t<¥1 1311Cfifd{11S ~ ~ il,n...,-;t ~ ~ 
\31cU~~q; ~ ~ ~ ~ ~ o ~Tt qf.f qm' ~ I 131fte¥{1 '34¥(Ujfl~ciJ 

~ 131tAI4'1 ~ <l¥i~"'=~;~~l~ fi4tUcftHs(•llt ;m: ~ ~ mT ~ 90 *r 
41Q.4'J~¥¥il ~ 41Q_4cH~ t<id~~~ ~mfq; ~~ Cf<ll¥11<1 ~ tft:lt<Nq m 
e'i~41d~4¥il ~ 1T'tT '1~¥1 ~ ~Wof '~"114~ 1 Cfi&tlcffl61¥il cf;tft e¥i~e++i 

1.n"f ~ ~ ~ amiT I f4ij4~ ~ f~lfllcftfi(Q('IIS Cf41¥il<l ~ aRT, eTtJ I(Oi ~ 

q;&qj'3 .. 6 ~~-i~ .. !4, ~«-i~ .. ~ ~ ~Tqqit ~ ~ 'l"l\4lit I 

Cf41¥ii(i 3RT 

arrq;ftr cil c?J 4J Jfq)q; ~ ~ I (~ {ft!'11¥il ~ I • .. 
Cf41¥il<i<¥1 cf;;(\q;(Uj ~ f.:t~=qd • ~~ffi~Tq;) cf;;(\ q; (U I ~ q f'<cHf '1-fi {1 

(Fixed)~ I (Viriable) ~ I 

ijj!Jj(Uj {l$'+1f4-i¥ ~ • cfi&qJ:a .. :g ('f'if4-i¥ ~ 

({'3C!I¥il!4 Am-~ I • ~A-m~ 

~¥if~ \31C!H~fi4q; ~ • a~ ~ ~ \31C:HE(I~q; ~ I 

cf;;(\t,t;(Uj ~ {111ft (~ 25 t.~.) • ~~;:fjq;(Uj ~ ~ (Eye lens-Scm 

~I objective lens-3cm) R I 

~~-iq; ~ l~t<Nq 

• Objective ~ il'1i(t<¥1 ~ Eye • Objective ~ il'1i(t<¥1 ~ Eye 

~ ~;:fjq;(Uj ~'q~j ~ ~ I ~ cf;;:fjq;(Uj ~ ~ I 

·~~~~'Ffm~l • GTe~r ~ ~ ~ ~ m-
1Tft;~ I 

• Objective ~ Eye A ~ cf;~q;(Ui • Objective ~ cf;~t,t;(Uj ~ t'fT1fr 
1:fr Wit (Scm I 3cm) ~ 1 (1010 em) <R Eye~ Wit (5 em) 

~I 

• ~ ~ Objective ~~\1~1 'tR • ~:ir ~ ~ (Infinity) liT ~ I 

~I 



('4ijq{Q (j+i'qi'{ii~Jt.,j(il qjt5>4~«1Cfl*l f:ti4jif*1jq 11 \ 12 lfT ~ 4({GI+i~lf\il+1¥i ¥'f~~\Cfl ~1 
tft:t~'N, qj;fl~~ \ ~ Cf41+il<l*' "1f'T ~ (1411\i'jWr I 

·~~~m:~~crr 

et$'1<i'1+11 fu tTt (Loop)~ 1 

• ~ il'1ict*l <rr ~ ~ ~ q~j­
~1 

• lfT'ft Jl~t=~IC dt=~+it~ Trtt ~ ~ ~ 
~~I 

~ ~'i21iftt'i~ arr-~ ~ ~ 1T't ~ ~ t 4fij3>+1t ~ l1t'i21eftJl 

<1+1i4~lilit=~it Wf lRT lf'< ai'l14~6 'Al~iR:< (OHP) ~ atft<::ct*i ;aqCfi(Oi m ? mit 
Fll'i2it14 ~ ttPfr I f14'i21t14+11 OHP 1if.r ~ ~ OHP cit" ~ ~ ~ 
~ ~ ~'1t:J\ 'm"1T at&t<fl~ OHP ~ ~ ~ ~ ~ ~ ~ 

~I 

anti(~:S lfi\Atte< (Overhead projector): 

m ~ ~ Tlht=~itH! (Quartz halogen line filament) iRfi ~ ~ 
q'!fidl*' ~ (Centre of curvature) lfT ~ Trtt <1~<(¥1 ~ 1 ~ CII~CIIIC: ~ 

~ ~ ~ ~ I ~ 1f1f'r ?l~q"{;41 ~ I ~ Jl~CIIIC: ~ 

fQT;r~ 



TcmT (f; .. $1~ A" «" ~ Q:;mrr ~ 'q~ ?fl~q'\4411 ~f&<{¥1 3{1$1(~~ ~ 

1111¥1<411 ~f«i--a'l 1 (f;""4Rt ?t~~~• a~111~ ~rn ~ ~ dlll1<tc~ ~ ~ 
'q"j';f ~ I ~ Q:;rr ~ ~ ~ ~ diTc~ ~i+tl 1R{ I 

Mli~l( ~ ~ ~ (f ~. . I 
·-~"'' ~ ""'l(llll ¥"<••f• '1"'111! ~ <imont Objective~ - 1l'il>r 
~~~ . 

"- ~· '· ~ ~. ~ ~ ~ : -mil i[t~<ap!l mft ~ ~ ~ ~ 
~ I ~ ~ ~ \41~1S ~ \4ij(f;l~41f 'qf.; q;ftf ~ q11q'\cfl I ~ ~ 

~ ~ ~ ~ m: ~. q!4q~(f;l ~ ~ ~ {1~11\3'.m;:u(j I (('!<apll?i 

twl~ll<{(f;l ~ ~('+il~ ~ ~ mfu ~t.r ~ '1'f ~ (f41'4~Jl~ tfilffi1lT lf 

~ ~ I t4eqfQ ~ ~ ~~ ~ 111~e?t '1~(f;411 20 - 30 em ~ ~ 

Cl«lff~ ~ ~ m ~ 1 il4"6'ql~~ ~ 10- 1s ~ '1~(f;411 ~ ~ ~ 

~ 1 ~ em 31'1~411 ~ Cl~tc~ 'qf.; ~~ ~ ~ ~ 1 '¥ Cl~itlc ~ 
IJ(f;l~l(f;l f4i<Uifl~cfi ~ dlf<il~ 'fl'11411 ·~ ~ ~ ~ 41~eqi411 ~ 

~ mt ~ C4~1' ~ ~ I ~ ~ ~ 'fl'11411 ~ ~ -miT 
~~ ~tM ~ 1J1l'l ~~~I~~~~~ 
'Fl'11411 'lT'i' m ~ \3m dllit£fu{11' WG"tTm ~ mfu ~ attrnr ~ ~ 
~ ~ ~ 'fl'11~'"«1 'CI\ CfT ~ ~ 341ct£Rftwtl~ 'fl'11411 'CfR ~ I ~ ~ 
~ ~ ~ ~ ~ Cf\ ~ ~ \3m dllit£~twll~ ~'11ijAi 
'l'41\3'1(f;l mfu ~ A" ~ ~ t'1lll~ ~ 111f'91c¥1 ~ ~ ~ ~ 
~ ~ 'fl'11'i'"«l ~ ~ ~ ~r ~ A" twt~ll\3'jqfl ~ 1 '1~(f;cfl 

1fnf ~ m m: ~ ~ '1~+Atwtf' ~~ (Short sight) \ ~ ~ ~ m: 
f1f.;j(f;ccil '1~~{11S ~ (Long sight)~ l~ I ei111"'4MI il41{1il41~¥1¥il 111\<?i~ctil 

~ 1fit ~~~A-~ ~r {Of~iiJ«u ~ 1 ~ ~ ~ tt ~ 
111\<«i~ ~ ij41(41?i ~ ~ mT (('!<ijC41?t ~ ~ ~ ~ 
~I 

q;&Uccilol+il ~ \ "4\<'it\ee+ii4 ~ "~~d:ccil ~ i ~~ct111 ~ ~cucr.ft?t 
1fr.f ~ 1 ~ ~ tm ~ ~ ~ m: ~ !~ \311'41~1 ~ 6llfa41c: ccilolfa< ~ lf 
m ~ ~· m: q¥fQ'1qfQ ~ ~ ~;r ~ \311'41~1 ~ 1 ~ llr ~ ~ ~ 
111\<C{~ I ~t11tflccil V(ff r.rcl; mJU ~ 6qjC4f!lf~ ~ I ~ \3W( tl1ii'1' <l¥i'4~~?t 
~ ~tllwfltc~< tmr ~ I eR1l~\:11'1r¥ '3W( 'ldU<{qfQ ~ 3fTt \i~ 
"111T<il¥1 'fl'11¥il 8\ 'lJCmT 1RT ~ ~ ~ mfu ~ ~ 8\ 'lJCmT 'fl'11¥il lf1 
(CI~¥1<¥ ~ I 34T411l"'IC il'dll\3'1¥1 mfu ·~ ~ 9¥1-ll"'IC ~ 1R ~ 



311111:('1~ ~ 1 T<mT ~ ~ ~ ~ af4;~ '\ ~ ij1'i'!) ~ '\ ~ "«T<mT 

lfnl atf~lflil4 ~ 1 zrr ~ wft ctil61flil4 1fm ~ lfnl T<mT ):fl'11+tl ~ '\ m 
~~I~~~~~~~'\~~ 'lf ~ ~ 
~ ~ q)\"f('q~q m \3"41t>11 ~ 1· 

MIC\11{ ~ ~ ~ (If ~~ 

• 31«i<1~\1H\ Myopia'\ «t<;f'e:\11' Hypermetropia 'l:ff.r ~ l 

• 31f(!ltctil ;rr.fi (Eye ball)~ \ll 31f(!ltctil ~ cf;~q;(ot 1.ft ~ 31\<1~ ~ crnur 

m-1 

• ~ ;rr.ft' ij1'i'!) ~ ~ cf;;(\q;(Uj crtt ~ \{i~qi} ~ ~i411\1Q l 
• 31f€it¥) q;q.,.">ttlcti't Pt:4~bat ill'1tJ<u 'l1Cfit-t¥l ~ 31tll1:('1ll~t ~ ~ <t&'jqQ 1 

• ~ ~ m ~ '\ ~ ~Riaftoqcti) _ ~ Range of vision~ l 

• 'E4t+tt¥l ~ "C66T ~err C(1JRe~ ~ ~ ~ ~ ~ ~ ~ 1 

• ~ 'E4t+tt¥l ~ '\ +ti~Rt< q;;:q'R1 \ ~ ~ ~ ~ \ em -<tq;r ~ 

~trf'~l 

IS.~. ~ (Sound) : lfr ~ AA ~'Gt\"t~+tt ~ iffurr "tlftUt~Cfii'Cfit ~~1Cfii'1tq 

ij5'qj~'1 4j1q~Q l qJQ.4'!«1Cfi+tl ~ ifft1rr ~ ~ ~ ~ ~ ~'Gt4lctit 
~~tel~~ e•uat'1 lfOt \ ~ ~ anlJ'1T ~ .. ~¥) m ~ ~ ~ ~ ~ 

~ ~ ~ ij~~Cfil ~ 7U f2"q)e (11ft"( ~ t l 
fAt.r ~ 'l1Cfit<¥l ~ ~ '!'1" Cfi+Xi'1il<l ~ ~ l ~ ~ ~ ~ ¥ ~ 
+tltA+t+tt ~ 31"Jff~+tt ~ \'4t\31qQ 1 ~wqf~Ht ~ at"jt<~ r.:t~wqa ~ ~ 



~ ~ ~ tAft'H11t ~ ~ (l\1echanical energy)~ I q;;q;r ~ 
q~((~iiiC! ~ ~~~ I mil ~ ~;r Vocal chord liT ~ ~ ~ 

P-f~~ I 1ftm:, Uli$~'1 , ~ anf?:q;r ID\lrr ~ ~ t;qf;r ~f%qct?l iT I ~ 

~t'tlt ~ilt't+tl~ '00 ~ ~ ~ ~ \rei ~t1Pi ~Cf)\Jifr liT ~ <tictt'tit 

(ii(C416+tl ~ ~ ~ 1T'f ~t I SICfiFd+ti ~ at'1fllfo:ij ~ W(l 

~ ~ ~ fZ'cnc: 1ft 'f I 
~lim~ 

'\ . A t.!tll qct?l ~ . . .................. ..... 
~. ~ 13, ........................ 

l 'iJ'Cf)r (1411~1 I ~ c;, ......................... 

"· ~ illflli\ll=i ~. ........................ 
~ . ..... ................... '\0 . . ....................... 

~ ~~dille ~ ~ m ~ ~ <'tffi, ~ liT nmt') «t mi'r ~ -em 
~ ~ \rei ~ +tf{ij"Cf)+tl t"4h3~ q;rlf ~ I \il'ir ~ ~ ~ 
+tf{ij"Cf)+tl ~ f4ijqfQ ltnf ~ ~ ~rdf I ~~~~~!IT 
Cf)l~ij-il~ ~ +tfi<t"Cf)ij&Ji atlqilfllctil ~ 1f"1" if1m ~ ¥ ~ 'Cf)1'f ~ 
~ t~+tt41Ei~ ~ 1 M ~ arr~r.:r1~·R ~~ +t.,~, (00\jj~ ~ (~) ij1IT • 

\3q'ECI<il ~ tft.r 1Fft1r ~ I t1'lmm: Cil\ilit(ctil ~ CU ~ miT +tf{ij"Cf)+tl 

atP,4~d ~ arm "1(1'1e:" (Disorder Neurone) t1T{ fo'14f;td ~ ~ ~ 
~ \3qCf)(OIGCIC! ~ ~ i41ctlf<41"1~1 ~ ~lqt'IIC ~ q;rlf ~ I 

'-' . ~., ~ ~ (Propagation of sound) : ~ fuA ft't lt f1mTliT at(ctilt(< ~~~~~ 

~ ~~it(ctil ~ 1tilf ~ ~ I ~~fliT~~~ ~ "{ cB ~ 
cm~~~~~~~it ~~~"<~~~ 
1TWt ~ +t rtA+tacre: ~ vm"<OT ~ lff.r ~;rq; m mr mTCf)T ~ ~ "{ ~ 
~mr~1 

~ vm"<OT ~ ¥ +tltA+t+tl ~ q;vr (ftrT ~ ~ ~ ~~~~'l ~ ~ 
~ ~ I lfr ~ "{ ~ ~ ~r ~ ~ ~ I +tltA+tCf)l q;vr ij1IT 



~ @I~C!;Cfll ~ ~rq- ut ~ 1R ~ 01'\flrr 'Cfllf ~ I m 1imT\VT ~ ~ 
€1i~C!;cN ~ ~ ~r Compressions and Rarefactions~ 1 ~ @~Q;4i'l 

err ~ ~ ~~ ~ ~ ~ ~ 1 ~<a~i:4~1+il ~ 'CflVT 

(Particles) ~ \3-..'Eia+l ~~ m: ~ ~ \rei ~ Q;f):t(WI'Eii\\5 (Amplitude) 

~~ 

fAf.; ~ ~ \\{ lR!R ~ ~ +ilfA+i~IC: m \ildlf~H ~~\rei +ilfA+i+il 

~ 'CflVT (fliT~ 't1f.ir 31~1qfQ ~(To and fro)~~~'( 1 

~rn 

m ~ (Transmissiou) q;r m ~ after mf 'iU ~ 

• tim- (Source): q;;:q;~ ~ ~ m \3('<41~'1 ~I 

• ~ (Medium) : 1~ (om-, ~ err nmf) \ili!i'fatic m ~ ~ I 
• 1]"('q"q; (Receiver) : -q;r.; (fliT +il~:fi'lq:iJ'1 ~ m ~ ~ I 

\9.~.~- ~ lTfa' (Velocity of Sound) : t4RI~~~ m-~ ~(¥\"'ieN ~ ~ 
~ I 00 ~ ~"'1T cN~<I~I ~ lflf.:ffi ~ I ~ ~ mi ~ I ~ 
~ ~ if cN~<I~IIifl twit ~ ~ ~ M ~ I ~ iiiT ~ cNS<I~I 
~ 'mf @lif Gffi;rr 'f~ I ~ ~ l1 cN' <I~I ~ ~l~i\3'1 lflfr I ~ 
'!~IU1Ai fct;;:r ~ ~ ·~ +il~~~~ ~l~l\3~ ~ 1R I cN~<I~I ~ ~ ~ 
~ §1Srt4l I C%1'1~~4"1 ~ \3flll\3ctl ~ ~ "4i'l~<l~l ~ 'mf ~ ~ 
art" I a\ ~ ~ ~~ I ~ ~ '3'€11~~ ~ tfffi m- Cfl<IJ¥4r I ~ 
~ ~ ~ ~~ ~;::q(l~ ~ MCflT ~ ~ ~ ~ m1lT i3fTi{Ti;r 

~ ~ ~1'3(icffl 31ii:41\ilcffl ~ ut mJU ~ Cfli(Oi~ ~ '1\(~\il«ll ~I ~ 
MCflT ~ ~ 311i:41\il~"i:q+lT ~ or~ l'll~l'3'1 ~ ~ 3Rf+lT ~ ~ ~ 
~~I ~li¥4Cfll~4it' \rei tR:"'1T ~ 3fT\il" ~ ~ 311$~~ ~ ~ 
Rti41CfR"'i4cBI aual<+ll rom 1Tftf ~ ~ ~ ~ 1 liT'fr .. ;::q(l~ ~1-a<l+ll 

6\~lcffl ~ =tl 

~ C%1-a<l+ll ~ ~~ m mn Cfll'1eA1 311''1 • ., ~ ~ = t2 

~ MCflT ~ ~;; 311$'!1'1 ~ 'ijlflf t = t2 -tl 



~ ~ 't ~ ::af11~4?1 ~ ~ = d 
d 

~ 1Jftr (v) =-
t 

~ 't ~ ~ ~ ..,-c;r m- ~ mTliT ~ 1Tftr 332 m/s ~ ~ 

~sq;~+U ~ 1J"f ~ I illi'4Cfilt'l4it ¥ ~ ¢ai'rGT ~ 4(ill+il STli'r ~ 

~ ~ t\te<4il ~ ~ ~ ~ 't ~~~~1Pc.i11 a?ifGiil~l ~ m-~ ~ 1 

'il~t\+ii ~ ~ ~ 41.fl4jf.t ~ ct><IJ'i=l 'il~fl4it ~ ifW qf.r atR:idiR:i '+ml 

~ I 41tfl4jf.t ~ Cfl<IJ«I ~ 'l:fr.t ~ ~ ~ .. ~ ~ "E1C:"1T 

\fit'l\fl~.,l ~ 011$(fi~'{ I 

• <to · - <tv. ~ tff'ft ~ .. ,t"lt+il tff'ft m 
~ ftf!nrr m t;4vl\t:~i' Ci11Fkcti4?1 . ~~'iitli4 
00~1 

• t40llt:~l' ~ ~ 41~<1i+il m ~ , 
• 

ilii"lfCfiit'ICfii ~ ~41Cfit'li4CIIC! ~ 1f cf; P.,sq;~+ii 1j«f' ~ ~ ~ ~' '(f'(t; \ nmf 

ol~aOC!i +iiFA+iiiiC:: ~ ~~Q (!'"{ ~ mT1fT 1RT ~ ~ \ ~ 1RT ~ ~ 

~~~~ 
nmr '(f'(t; ~ 

~ 
~ f:l$~'i1'1 C02 rt Ol~~t'l armr ~ ""ll ... l'l<i ... ~ 

l;.ql'1q)l 

1Jftr 332 1270 258 1498 1210 5200 5500 5100 6000 
(m/s) 

Mli(QII( ~ ~ ~ ~ ~ I 

• ~ ~ m ~ (Frequency) \ d<ft'!Rtli (Wave length) t'ITt 'T"1'f m qf.r 

'CfijT ~~I (v = f X .il) 

• nmr +iiFA+i+i l ~ ~ ~ '4'1~~41 !SPJ('~+ii'J41ol ~ ( v ex:;) 



• nmr +tlfA+t+u ~ im arq'lfl+td~r Oi'j'lfi+tl'jqr(ft ~ (v ex: T) 

• ~~~im~mm~'lfit~' 

-mfr ~ ~ ~ (A.r) = 7.7 x 10-7m 

gq;r-r*t 11'fir (c) = 3 x 108 m/s 

-mfr ~ f<'lliir..t!1f t~ (~) = 1.5 

~t'lre+tr gq;r-r*t (Rf t'l'l4fl{ (A) = ? 

~gq;r-r~ ~ - -
f<'lliir..t!1f ~ 

_ 3><:108 m/s 
1.5 

= 2 >< 108m/s 

-- 3xloa Hz = 3.8 x 1014 
1.1x1o-7 

~ ~ d1rit ~ (constant)~ 1 

~ 
:. ~~ == ~ 

uaT ~ ~t'litt+U ~ ~ 
• . ~t'lre+tr m (:rRflt = 'iRii ifirii • 

_ 2X108m/s 
·- 3.8X1014Hz 



1.9.l ~- ~ q •UCIIcf., (Reflection of ~ound) : 

3JTO"Ut a,f!+iii41z a<lttfd< ~ m ~ f'4;ttl<l411 mqit ~ c;R ftrlfr 1 ~ 

\ifir mqit 31Wl~ua ;a&;;a~ *<IM 1 ~ ~ ~ mqit m *<IJua cf;tt elliT 

1:ffQ ~ ~ ~ m q;f¥f'l<41 1 ~ ~ ~ ~ &lVTliT ~ ~ 
~ q ~ 0\ ~ 'hcb'lcN ~ ~ e\141&~1~ ~ ~ I e\ICf'tl{cN ~ lrU 
~411~1411 ~ ~ I ~ ~ 3{lCI1'\if ~ ~ ~ 61¥1'1fdt q;f¥~¥) ~ I 

m ¥ #J1aii41e ~ ~ m ¥ ~ \ ~ ~ ~ m-~ ~ 
~ gl1fi~l&tlt gfdfAf.:t (Echo) ~ ~ 1 gfdt:~f.:tcA 1iT f:Miq;&~lqcN dllf.ll<411 

~~-qf.;~~~~l 
~mlltf;r~ 

~~=~m~~~ 
~ m ~ ~ #J")Ia~R:I q(lcHi*eAi<N ~ ~ ~ 1 ~ ~ ~ m ~ 
~ ~ ~ &t~li\3'1ij;l {'f1flr ~ ~ ; q;(IJ'GI \ ~ ~ ~ diiJGicN 

e+i~cN 3l"d<ii41Z f.:tij;l~qQ I 

gfat:~f.:t ~ mrg- (Reflecting surfaces) itt mer wt \ iJdql(! ~ ~~:Fr ~ 
15 ~ q;lf ~ ~ ·:· #J1aa~lz ~ ~ gfut:qf.i ~ ~ ~ mm 
e41~e++1 ~ 1 m ~ e41~eAi ~r;, 1+11 gfdt:~f.:t ~ eae:e:(?cA ~ ~ 

~ 1 m ~ ~ gfut:~f.:t ~ ~ ~ mm e41~eAi ~ ~ -
«f'.:t'l&ll~ 1""11~411'1 (Reverberation) ~ I 1""11~411'1~ ~ \ ei~faij; 
ij;l4#141~(?&11t ~ ~ 0\ ~~ ijilf'11< ~~ ftAm ~ ~ m- \ 
gfut:~f.:tcA ~ ~*311qe411 ~ ~ ~ ~ ~ (Sound absorbser) 

<l~t:!;cN ~I 

1ftt td .,. I 

• 1 ~ ~ \ 5 ~.~. ~ ozmr ~ 
2 mer <fiR:i~tt*l ~ ~ ~ 
~ 1ft' \if6T'1' ~ I 

• ~ A~ 00 ~ B ~ ~dl\3dl 

1ft' ¥ 31C4~1+11 ~ ~ ~ \ 

~~~~~~ 
I 
I 

~ 
• ~ ~ \ ~ «f.1t:i;¥l ~ LAON \ LBON ~ fdtfi~(?cN 

• 
• 

~I 

~ ~ q;ro, q;cm CfT ~ m ~ 11fi~lifX11q citt?J441\3~ I 

11fi~lifX11q¥) ~~I 



\9. ~.¥ ~. ~ "{ cf\'ior (Frequency, Pitch and Intensity) : 

~ (Frequency) : atlct~ctil !ffiVTT ~ ~ 'll~llft~ 0'1ft;nr ~ ~ 

f1fi~ICM'114 ~ ~ t«r ~ ~ I IJI~II$1Cfi'Ri~ ¥ I V. \ififT ijl¥4lf\~\11t q;!$ilcffl61cffl 

~ ~ 41~41~f 10110 ~ m t<i'+tl\3'1 ~ 1 ~ m t<i'+ll~ 1TGt 
~ gfuecfi .. <g¥11 q;ftr '4"C'Ct) ~ m @ii\'\11~ m fATaf ~ lfif IQii"'}oWr I 

f,:T(f ~Tl gfdecfi .. :s ~ 
;mr 

('4"C'Ct)) ~(S) 
~~(Hz) 

~ 10 10 1 
m . 12 10 1.2 
"{(1ft 

9 10 0.9 
'qCfif 

~ 
11 10 1.1 

10 10 1 

('4ij4fQ ~ ecfi .. '6+il t<i'+ll~ctil ~ ij(ij41\11t ~ (Frequency) ~ ~ 

qfhul1ta ~ 1 

t:ft¥i1~1N ~§ZIT (n) 

~ = ~~!f(t) 
~\11, ~ mit ~ ~ ~ 
tli\'\11~ ~ awf~ 'tffiT ~ 
lt"joWr I ~ lO\o~ \1+411$+4 I 

~ \1m Ofi~ICM'114GIIC:: m1ft ~ ~ 
~~~~f.re~~~l 

~ m- d\1+41~ t<f~m m ~ ~ 1 gfdijcfi .. :g ~ ~ ~ ij~l\11$ 

~~~ 

~ cfRffi (Intensity of sound) : gfdijcf; .. :g t4~d<f~ ~ldiiiC! ~ ;;rA- ~1fmctil 

+ilstl\11t ~ ~ (Intensity) ~ I~~~ (Loudness) eN 
atiSI<+il ~ I ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ 
\3"G"cH11\11t ~. Cfrc: -qftr cHffitc:< (w/m2

) ~ ~ (dB) ~¥1,+41 ~ I ~ 

~ c:61-~"GJ:1'6 (I a a2
) , ~ ~ (I a source of sound),~ ~(1 ex: : 2 ) ~ 

~(I a e) liT 111: m~ I 

fQA' fmftr 



~ ~ (Pitch of1he sound) : 

~ ~ ~ TT ir m ~ ~1ftfm1~ oerr ~~~~mit ~~liiJ~ , 

~ dll<{~+tl 1R ~ l ~ ~ ~ ~ ~ ~ ~ l ~ ~ 
+t~{:lli¥1 '\ \<Zid{iflqi) ~ *el*lt~~q)) ~ ~ ~ ~ I ~ ~ 

lf't~m:~~~~ 

(\(\(\ 
v v 

Ml(ftl{ ~ ~ ~ Cf ~~ 

• +tlf.Ht~ 20 Hz~ 2o,ooo Hz~ ~ ~ m ~ mt.r ~. ~ ~ 
~ dll<{~c#l ~·::tilf ~ ~ l 

• •uf.:te~ ~ m ~ 'R+t' ~ 0 dB C1ll ~ l 

~(Hz) 

0.1 1 10 100 1000 10,000 1,00,000 10,00,000 

I Subsonic I Infrasonic II Human hearing 

I I 
Ultrasonic 

I 
I ~;q111e~~m I I ~ I 
I I 

-
~ 

. I ~ I 
I mft I 

I ~ I 
• ~ i!il'11cH~~¥J ~ 3111~¥1 ~ ~ ~ a\ 6191(01(141 i!il'11q(~~ 

~ ~ ~ ~ m ~ ~ (\3~~~., lf't) ~, 



\S. ~.x. ~ ~ qvfqc (Spectrum of sound wave) 

3\I~Cfil 311tll<+11 ~ffit aq~{'!Cil¥1lf-it+i "dR \lTlTliT ~ ~ I 

~ '\rCfi1"{ ~(Hz) ito ~ 

~ ~ 20 ~ Cf>ll ~ 31'lij~l'1 

~~~ 
+ilf';tij~ ~ 20- fum\, ~~~~'1, m'1T • ~ ~ +i'1l("""i'1 

rn 20,000 ~. \(j Cfi{'l ct>J, ~. • 31'lij~l'1 

~~~~ 

~~~~~")f';tq:; 20,000 \TM~ ~ ~. ~, Offi~~ 
Gftt 'ffiT ~, ~I{\ (Cfil f1:rt 

~ftt~¥l ~ 'ffiT ~ 
(Ultra sound), 31'ltt~l'1 

" · ~-~- ~ 1l'1mf (EffeClt of sound): .. . 

~ ~ ~ t\1~{11~ ~ ~ ~ ~ \T"i {'i~ll~q!Q qiQ_ll'j«!Cfi+il 

~ ~~f<~ct>l ~q~q~cN ~ ffi+ft ~ ~ ¥ lffiTt 31~~\il~l ~ I anq;:iT 

~~13\'lijl( ~. qmijc ~ %3'!q~ ~ ~ anq;:iT 31itJ<t>l<¥l ~ ~ ~ 

31fuct>l< ~ 1f't ~ ~ ~ iiTaT ~ 1ft ~ \3<"'i14'1 1f't ~ ~ ~ 
miT ffi+fl ~~ ·~I~~ 1Fftlr ~ ~ ~;qf.r ;aq<ql(cN ~ 

~ ~ ~ 3114~~Cfidl\l~ ~ ~ ~ ~ I ~ 31141i11J:I ~l~+il ~ ~ 

~ ~ ~iSCfi~+il ~;nfi ~~I~~~~~!{~¥) \3m ~Wh{'lcN 

314e<+il ~ ~l'llf aq~{'!Cil¥1l~+ict>l ~ ~ ~ ~ ~ 1 

qiQ_ll'j«<Cfi+il ~ ~~ ~ ~ ~I<I~~Cfil ~ ~ ~ ~ ~ 

~ mvrr f.f;rivr 1f't ttl¥t?l{'lli\ ~ ~ ~ ~ 1 

Cfil6+11~ ~4Cfi1Cfl'j ~ ~ ~ ~ +11",(ijCfi ijt1f41 

~qj{'l+il qf.r ~ ~l'f'GITG +ii'1~Cfi ~ ~ ~ ~ ;aqe'4Cfi1Cilltlti~l~ 

~ ~ qf.r ~ ~ ? 0{ CfiiMIJI'cN ~ ~ 31e'4itJCfi ij('ij41+il ~ 

~ ijltl'1tt~CiiiC! ~:0, ~ ~ ~ +il'1fuct> ~ ~(ijlq{¥) iiii'1Cfilt) ~ 

<lillctl~ ~ ~ '\lfciT!r m 'lf'dil61'1 (~) arrG •1i'<~<ffl ~ 31~4'1ille 'ffiT ~ 

~~ 

W{_ 'OO<t t?J.qk!(~~ ~~00, (fit cfifii{lijJ41 0'11(1!i!IC! Cfilo+ilif '1il(qlftlct>l ~ ~ 

~'!1~~Cfil ~ ~~ ~4f';t'l\lli?H1+4!4 ~ •If<~¥) ~ I \3m 34~4'1+11 
fcmr;r fmpr 



at€'4faq; ECI~+uq., ~lf<C{q;J ('l!41'1Et~•u 'ldt41t~sq;1 '14fau~-q(1 CfX't(ciil1 '11<140f~fiqf{1 

~I ~'1):-q(l ij;l~+iill \ qi)l-q( ~ {f't I ~ ~ llnfr c;O ~ Gfat 
~ f'f4T I \1$ ('l!41'1Et~+itA ij~1f"<l ~ ~ 1W-IT 'jdt-~"lffsij;+ii ~ f'f4T I 

~ m:4"+f ~ ll'11fi' 1f1'CR' 1ffutq;r ('lqjftfi~+if mmml ijjij{iauc:?ll ~I 

~Ji'¥1qf&i 1 t~i~"1li'ti ~~ ~ ~ ~ \ ~tlai<l ~ ~ 1 ~ ~ 
1W-IT \.90 i~di{'OI~f& c;O ~ ~ ~ 1. (f)if ~ ~ ~ ('l!41'1ft~+ii ~ 

1W-IT \.90 i~ili't\10<1 (f)+t" ~ f'f4T I f1ncr ~ ff(•l6'1~ ~~ ~ Gfat 
ECit.r +iifitijqi) ~ ~ lf(it ttf.r ~ ~q;~a m lfl~fi(!i'+ii \.90 g~ili't1t'<l 

(f)+t" ECif.r ~ 1fR<IT ~ I 

\3m dltA4'1+il ~ lfrCf'i 1ffutq;r ~ il~dlil{ij;f ~~ ~ ~~ Cflict;r oqfffifi~411 
.. ,.,~q; t~41(4fij;j 1fft+rr attA4'1t~~a ~,f{C{qi) f'f4t 1 \3m attA4'1+il ·~ m 1f1'CR' 

~ ~ m- ~ ~ 11ftrmrl m:4"+r m lfrCf'i ~If<({¥~ ~ m ~c; mm-
41i~ijft~41' +il'1~ij; ff+i(41fi~ ~ ~ I \3m t~a&IOI411 ij~~'1 ~ 411fitttt'l~ 

ffi'1q~1f'<l ifit ff+i4~~ mtt ~ il~dlil{ij;l ~ I ~ ;a~!fid ~ m liTlA" 

1ffutq;r ~ <Et~+i~ ~~ 'iiRUid+il 0"'1Tif ~~ ~o gfd~ld+il m (fliT '3~1fi1'1dll 

~~ 'iiRUid+il anq;:IT ~ ff+tlal'1411 ~ \ ~~ gfd~ld+il ~ ~ ~ 
~41CfX'tlq411 ~ 'ffiiF! ;;miT ~ ff41(41fii~ ~ ~ I "ff'l. ~ooo 1IT 

cfliW<ws+tl ~lf<C{qi) attA4'1411 ttf.r tAfit'llctli1oi1W t~sC¥>411 ~ 41Jfitt~E:~411 ~ 

~41CfX'tlq 1 1R (fliT «f'''1t-~l+il ~I ~ ~ ~ ~ 'S'I*f ~ ~S~SI'iJ'l 
;;miT ff+t(41ft~ qlll{cti f'f4T ~ ~ cqf\+1((~ ifit 1W-IT1IT ~ ~ \ i'IQ_lll\3~ 

afl"il8(!i' 1J7iTlr ·~ qlll{¥\ ~I 

~ ~~ld+fl ~ hltc"+fl ~ tAfit'ifct1!1UiftU4'fft ditA4'1411 ~ ~ 
t~41Witc~ qlll{cti ~ 1 ~ t~+tWifl~l JS~qUI~Ifm ~~ q;J4&~41dl411 mrl ~ ~~ 

qq;f'ffl 1R 01rr ('ffifl&>ql( CJlOift-~"l+fl ~~ ~ ~ 01rr arr.ml dj'ql'1ij; ~~ 

+fl'1fi1ij; 01rr ql'q'1fli44'fft ~~ lfr;r l$141df411 mf ~~'jij;l ~ ECifitCJl'i:'fOIIjm ~ 

m- .. ~i'ti¥1 1J1tarre i51fr+tl{ij;l ~ ~u1tt~ct~ ~ • ~ m ~ ~ 1 

~~ldC¥>1 ECI~'if\'1Uift¥44'fft attA4'1GIIC! 4>16+t1Jf ;aq€'4C¥>1f1t~ m-tf m-~ 'il<ili1Uicffl 

~ at"'d<'i~4 +tlq«ui1f'<l 111t ~ ~ ~ 'ld«<t~sC¥>1 C¥>1tl411ll *i't~ ~!4fi~411 

~ 'll\'101¥\ 1W-1T ijjd(llj'ffi atq('l!41+fl ~ ~ I 

4"«t 4>16+tllf ;aq€'4C¥>1f\t~ctl ~ CJl'i:'fUicti ~Rti>IIC ~ ~-~tt~411 ~lf<C{cti fAf.r ~ 
\ 1IT'flf ~l~tt+440fli attA4'1{11C ro ~qli't+il ~ CJl<iqofdiiC! ~ ~ ff41Wifi~ 

~taNf<tt*¥\ ~ ~ ~ ~ ~ 1f't ~ I 



Cfii6+11Jf ;:sq('l!Cf)lcffl ~l'f ~fd{'ll~ ro arsqqf~n' ~~ ar('llft!Cfi ij~~l+!l re ~ 
ijlfliil'i~, ~ ijql(\ijl~ '\ \111~d'11cffl "Cfilft ~ ~ Y{"fOiq?f ij+iE41+!1 ~ I 
~ qui<Cfil ~ m_;r ij(Cfii<JI ~ +!lq«u~ d'l+jqif, ~ ijql(\ijlfliit'i~{'ll~ 

YI~~Cfidl ~~ ~ +!lq~u~ GII~(Cfil ~ ijlfl'1l'i~l~ ~ OQqeQ(qiicil ~ 

;:s~iliia ij+iE41t=:~<il ~~ $R ilft~<ffl arqectl+il <l"'ult1i ~ ;q,{'!Cf)( ~ m 
~':4l'i~+il ~ Y\"101+!1 -qaR 3l1'\3'<f ~ I (~ : ~ m-, fcrnl'f Jl€1+!1{'11 

~) 

afrrf~ ~ ~ ~~fiH 

ij(~ftdcN ~ -qr.fr ~ ~ qf.f mrtt ~~ ~ a:t ~ ~ '\ ~ ~ ~ 
~ I ~ ~llflftcti ~lliCfi{'llq, ~~ ~~ ~ ov:rr \i1Cf11ti~ ~ qf<Cfd1 

ilf<~«a I \3~((;(UICf)( {'llfu (i(~~dJ\ 00 ~ 11'ftr, ('ffi'qlq, ~Cfliji]~Cf((1 ~~ 

{;;(iii cffl liro ~ ~Ri<f il~«a I 

~ _ ij(~ftaJI ~-mr ~ ~ ~ : ~~ ~~ ~ ~ 
f.iCII<OICfil m ~ afrm1t:~*t ~ "Cfilft ~ 1 ~ ~ ~+!lil*t G->ilf if ~ 
~ ~ ~+!lilcN q;rlf if I 441~<*t qm "Cfi1f 1T'f ~ ~ +!1':41{'11~ tJf.r 
ij(~ftaJI ~c:1~R«a 1 

ij(~ftac61 ~ Clfrlm1 :rr.f 3fCfiT ~ m 1 a=t +!lf.:tij{'lh\ Clfrlm1 1T'f lf-1 ~ (f{ 
ij ~ftd +il ;rre.; ut \if<lT ~.+ii:J~'(I ~ ~ W fq,~4')~ <lcfl+il 'CJf.f ij(~ftdcffl 1Fi'm 
~ 1 +!lf.:tijq)) mron· 3WFr ~fu+!Cfil ~ wr, ~ : ~ ~ ~ ~~ 
~ ~ 1ft ~' 'ijl"ij'" ~ ~ ~ ~ I ~ €iifl{'l~llf:ftt:~Cfil ~ 

€1ifl~ll ~ tJf.r ~(lfur ~ I \3-11t:~Cfil ~ ~ ov:rr dl<lt:~cN tJf.r awFr 
~fu+icil ~ ~ I 

~ ~ au~* ~ ~Cf1Cfir m ij(~fta{'ll~ ~ ~ ~ ~ ? ~ ~ 
~ ~ ~Cf)~Ucl ~ ov:rr \l\ll"f ~d'1+!1 '1FT ~ I \li'ffi'icicti 1fto" ~ 
+~rf.iij*' ~ rn ~r M ~ ~ ~ ~ 1 ~ ~ ~+!1416'41 ij+il~a 

tm ~ ~~ll~~~a ~ ~ ~ cqfm+il ij'i_~fta~ mrr ~ ~ 1 

m ~ ~ YCfill<cffl dll~~iCIH aWmt tiT I ~ dt~qfflq?f ~Cfif(;:qCfi oftq;r it{;; (f{ 

m ~ ~ 'CJf.f '!llliCI¥1(\ ~ 1 (~ : ~ ~~ ~ ~€1+!1{11, ~) 



• qm;fr Cflit111li m CIT 10{11fu!Cflcffl ~ qm-~ ~ ~ 11it ~I 

• ~ ~ ~ ~ 'iJOe~ ~ \lWr ~M~~~~ iR' 11it ~ ij{;i4dl~ m<tl 
'CCffir (Pin hole) ~ 1 

• m;fr~~~~GR"llit~~~ l 

• ~~~~ i'Hll~~ Gi!t'llt '¥ ~ ~ ~ ~ ~ m;fr (J!Git'tl~ 
~iff~l 

<Jc~:----~(====a~--~~~~ 

f1rt~~ ?refm Gltft! ~ 

1Ttt ~if~: 

• ~~i'IT{~\in:~~w 

'ti .. (4h3~ I 

• ~P.,Cfl\'1 'MI#'il ~Cfi~IQI' \il'fu" 'q'J';fl' ~ 
~I 

• tjf.4(iijftd~ ~ ~ Cfit~ctx:t 'MI#cffl ~ 

~ lR ( ~ (;i"\'tj;3~ I 

• ctit~Cf/\"1 'i\'tl~lt ~ ~ ~ mt 1J:f 
~ fli"\'11\3~ I 

• m- F$41 Cfl\'1 I 4 cffl ~ ~ ..................... . 
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UFU~'J.ft ~ =i!+C4C¥i?J4 (Electricity and Magnetism) 

~ : W<l~'q{\ ~ iUICfi~cffl ~ q;fo;r ~ ~ mvTT ~ ~ ij¥H41't(1Cfi 

fc:lq«~Cf«J ~ l1iT ~~ 'llcttfactil a#llf.:tcti ~ 'liPc4fScti tfloela'1cil ~ l1"tT ~ 'ID'1 ~ 
~q('Otl~ ¥i<i~~ mt ~t<IJ<i! ~ '('O'T'ftfu ~ 1'ft' ~ ~ \3~H'1Cfil ~ 
~1¥'161cffl ~ oqq~Jq'1 ~ ~ \(¥41t'1 1'ft' fmlvT ~I 

~ 

"~ cf; ft;r;J ~ ~ "!R; ~11 +i(IICf)~ ~ ~q~)ljcN tit q~"'UicP\ ift ~aN~ 
~ I ~~C!Cfil ~ ~~lf.ictit<~cP\ 31'1C!U1 ~ m ~ ~ "!U1$l~ ~*t'l'qcffl 31;::a(ijUI;oa' treT 

('Ot~II((Cf)l ~ I liTijCf W'4di¥'1 tit \3'E41$+ii 311,'iH~iijAi ~ t.1'tl ~ ~I ~I 

~~ '41ife~{'t~ ~ ~ ~ a~'f'.:t*t'i~cit ~ ~ ~ {1~11.,1¥'1 ~ m- ~ 
¥ ~ ~ ~ 1 311Pc41!Cfll<¥'1 ~Rtt~le{'tl~ q)mr ~ ~ ~ m ~ 
~~"f'.:t*t'i~cit lt~H,4i'1cPI 3{'\l; m 'i"41((cit ~ 1 311f!f.:t* 14~1'1¥'1 tit mmr ~"· "'4~aj'c: 
~ ~ m I ~ ~ ~ ~*11'1¥'1 ~ 1'ft' ~~1'1Cfil ~ ~ ~ ~ m 
~ 00 ~ 1$': ~¥'! ~ I ~ cf; ~ ~ 'i~ Cfi+i I ~ 'l q;;:11"cU4cP\ ~ f4#11'1cffl fcrcmr 
~ ~ ~ 00 ~ ~ 1 .~ ~ ~#jjf.iCf)(':~ +ii;;Qf4'11 ~ ~ ~UcJ+iJ 90 ~ 
~ ~ ~ "EE1m' aj'11((cN ¥ ~ ~1"1\llajra+il cPI~((¥1 ¥ f.p:;; ~~1ctit'i~<61 3flU1"{liT 

\Ff~l 

cw! ~ ~ ~ fcRr ~ "q{1('4\ilij¥( 

~ ~ ~ ~ q;)qijAi ~ ~ ~ ~ <'4) ~ ~ ~ ~ ~ ~ ~ 

1UI q,a.')oq ¥'1 31 ;:a <e +41 ra cit ¥ ~ ~ ~#tlf.:t<6t< ~ m- "<T¥1it ~ ~ ~ ¥ 
~~~~~ 

~ ij\lldl¥'1 ~ tit 31q~l+il 311$':1~'1 ~ ~ ,U~CficPI ~· ~ ~ ~ I ~ <it 
aftoqq;T 31;::a<eU~ra '!fffi" ('Otl~qfQ -a- ~'::l{{-i!R4$l4 \3~w~'1<61 311fll<+ii ~ ~ li'tc:\

1 

~ ~ ~lr:ijlfl;f(\il~l \jq(;f;(OI(I~ ~ 31J~Cf) ~*11'1$1 Cfm'1" ft ~ ifit;rr ~ ((Cfil~+il 
~ ~ ~ I ~ ~ ~ '1R4c614-l~ 311{~4~q+il ~ ~ ~ I ~ ~ 

~ ~ ~ m I 1U.l{'IIC .,....Cfi+il qf<Cfd'1 ~ ~ ~ +it<~'i~~i ~ ~ ~ 

¥ m-~ l{Cfil$cffl Q{'tlfl{'tcN ~q4q~ ~ I 



~ ~ ~ ~ liT ~;rnr ~ ~ (~ rn-) ~ ~'q<(-tfm ~ ~ ij<>-'qlt'f'1 

~ dt«ita Wrif ~ ~11T lJ"tl' ~&II~({ (~o~~ ~ ~ e¥ittqt(q!C) I ~ liT atl~tSCf;l(~ 

~ W fl4cw4ht0<1 ~ ~~ I -#1tf-1ct> ~ ~ ~ att44'1*' ~ m, ~ ~ 
~ vma ~ ~ fltf8~a.~ atiiH4ct><1t ~ ~ CfU ~ vqf<atef lT'tl' ~&~~~({ 'Tf C[U 

q)1m ~ ~e"'*' sRtectetm qt.r ~ ~ 1 ~ ({ct>tt¥it atttPct> ~ "{ g~ftl~ \3~ila¥i 

~ ~ ~ ~ ~ ~ ~ ~ dl~(ij¥0i4'fl ~ ijUf~(j \3q(f>(O(t'i~Cf>l 'Gffurr 
atfA4'1atf4tq'1 ~ cf;tt 'ifl]:'IT ~fat:~*' ifRlJT ~ 41f<({cffl ~ I 

ft.q~q~ 

t\.~ ~'dkq~q~ (Electric Circuit) : 

~ ~ ~ ¥ fl4'qq:Cfi\ 'Gla, ~ ~ 1'qlt'fif> ~ ¥iGdGIIC! ~ f4ijt'fi~ 

fl4'qq:qf<q~q (Electric circuit) ~ I anir ~ ~ ~~Cf~'1Ei~ ~ ~ ~ ~ 
~ft(;r~l ~~ artffir~~ ~~ ~~~~ I 
~~ct?l'1e:~ ~ 1fT'ir i~ trr ~ ~ 'Cf>Tlf ~ lfQ I '~Cf~'1cil ati~6Cf>i( ~ 
~ cftil'1fl~ ~ Cf>i(Oj~ ~ ~ ~ ~ ~ ~ I \rei ~ 

~~~"'*' ati~6Cf>t<qfQ ~ ~ ~ ~ ~ 'Gf'rit ~ Gffurr qvq<l41<1 

¥il"'4dk'11S ~ ~ lfft~({*' ~ I 

~ 
~'!t('lf<qt4) 

~'q({'lf<q~q ~ lJ"tl' ~&1'3'1Cf>l ~ ~ ~ Rf4(l:c:*' f\Tt m- ~ i4t<t)cil ~ 

q;Jlj'(ft, cRT, if'R, ~~ atl~t'IIS qf;r Vlitlr lT'f ~ I ~ ~ \rei ~ 

Vlitlr ~ fl4'q(('Aql@i ~~ ~ ~ ~tltwfle:~l· ~ ~'1~fl1f 44(("\11'1~1 ~ artffir 
~fl(4ict>il¥ii lfTR 1!'RT ~ lTof ~ I ~ ~ ili2itl~¥il ~ ;aqq;{Oil'i~ 
et¥il'11~< (Parallel) lfif~ ~(Series)~ e¥it'1t~< ~ ~ lf'f ~ 1 



~t,!(lqf<q~+il ;aqCf)(Oitt~+i~ mi."2J~20< ~ ~ 'llf.r ~= ~~ \ 
~[ltCf)~qifj ~~I~~ if1CJliT ~ lJ't 3ilcH~Cfi ~ cf;gt ;aqCf)(OJEi~cN 

--fl(il;{ltl~ p,..,,+ ! -c:J-'f£ -1'\llllr--- --+--
01\ ~ 01: •Nt'jt)~cti'J 01\ ;j!lil~~ 01\ ~ arcrmr qf'<qJij ~"~ 

arcrfur 
---- err ---- ----i 1-- ----i I 111 1--

m:r ~ 

c 

-CIIJ- ----if- ____[QQffi)_ 
m •t<m 1~ C! < \Sr:SCf(! ( 

][ -®- T 
~jr:ijql(+i ( m ~writ 

............... --
~::;.~ . ~~(Ohm's Law): 

~ ~€11~1('i1~1 e~C!dl'je1<4>l ;aqCfi (Oit:~ ~ ~ 1.5 ~ ~ ~= 

~ ~ \ \{)I."C!rlii!<~ ~ai~Cfil 3ilt:~<N 1JTT.O ~ Fc:ltli t1~¥tl -miT m ~ 
ern ~ 3i't 'llf.r ~ ~ 3ii~<%Q 1 ... 

+ 

~ 
\{'ll."i!flli! (~ ~(!(~ V \ Iq;l 

~ 
~€11({cN ;q ~€11({4>l ar.rrnr 

(V) iq(I) VII=R 

1 1.5 .1 15 

2 3 .2 15 

3 

l 4 - 5 

6 

v-



~ ~ ~ll:"'+?l~+icf.~ ~4(Cfi(114 ~ ~ ~ 

~ 'CfiTorm ~ tmfti~ lFWr G'(~">l""4i~{ 'Tf: ~ '\ 
lJ'1"CC "1'1Nctil ~ I f~ e~l~"'¥1l~+i 1TtCfiT ¥ 
'l4'1~i~~"'IC! ~ cf; ~;tfm ~ ~ ~ ~ ~ '\ 
~ ~ fN< ~ c~ q~I(1Cfi"'IC! ~ r.t':{((tll{l \ffll 

~l('ictictil 5{~;a<ffl ~~ ~ e+il'j41~Cfi ~ 1 ~ 
~ e~1~ct+lr~+1 l~ \ffll f'::ti41Cf)(114 m 4~r~Cfi 

~ fu+A" ~ ~ 1826 +IT mfc«r m ~@i~Cfil ~I 
r.tqeymr '\ r.tq~~rqct?J ar.rmr ~ m- \ffll ~ 

~ ~ ~ R ~1(clidJI \i1'11~;:;a I ~ ~lfOta<ffl 
flmrq; ~ mfuq; ~ct?r ~ om ~ ~""4113~ ~ 
4~r~q;Jl ~ 5t •ri ~ ~ 1862 m ~ 
r.t~4r.t<JI(14+il ~~Cfi~llf?.i 31tAI4'1 ~ ~ ~ 

31 f\{(11 q I ~ TftCfiT ~'\. I fiR limiT 4 ~I~ Cfi ai'JE: +i cffl 

~+rr 314()act?J ~~ m '11+1Cfi<ur TTt n 
e&_cliaJI ~ ~ '{~ 1 ~ 'l~41G'1 ~ 'ffll 

~4+1(11{ fvr+rr ~€11~~ lft 00 ~ ~31">1clctil l1Trf 

~~~ltR~T~~~~~~ 

v v 
I=- R =- V = IR 

R' I' 

~. ~. ~ 31cfUu (Resistance) 

riftr+Rm 
(~\ liN ~"t;C!, -

\ ~ ~t;XY) 

~ ~ i1it «~1(1Cfi+il 'R%T ~ ~Jlct?l'1~~i{ ~ en (Electric field) m 

qoJ7.iT ~ ~ ~ ~f{i'1~~ ~ ~ t1'1k+1Cfi ~ ~ ~ ~ I 
~ 'fl(1f4~4 trl<l~tj(( (Electric current) ~ ~ I ~ W ~J!Cf{i'1t'i~ 
~ ~ ~ ~~I ~tftt'i~cffl '!!GI~cffl Cfi({UI"'Ic ~ frT ~ (I) mt ~ 
(Q) '\ ~ (t) q,l ar;prr~ 1tfCf'1" ~ ~I= Qlt ~ I rc.tj((tll<l ~ ~ 
~J!Cf{f'1e:~ct?J ~lfu('ll{ 'Tf +iltA+i"'IC! Rttfte:~ ~ ~ +iltA+icffl 4Giefctil 31"Jt'i~Jl 
U<Fr €1l'IGW(I ~ ~~'1t'i~cffl ~IRt('ll{ UcR ~lf'ffi('llt ~(Resistance)~ 1 

31lt'i+i<¥l ~ R =VII v~ m ~ ~ ~ fmt ~ ~ +ift"cllic< m 
~I 

m (Q) ~Cfil,+il ~ 314()aJI ~ rc.tj((-'C414 ~ rnf.r ~ ~ ~ ~ 
'\"1+11i41cffl ~'JI¥1<1 ~'f lRt I 
4«14<¥1 ~Jlif{i'1cffl lJftr -()cf:;r '\ ~d?-4~4+11 ~ ~ 3lltll<+11 ~'11Ei~lt ~'qj(1Cf) .\ 

«'qi(1Cfi ~ I 



" 

ffilrr, ~. 'limlf 011~111(! i~Cfctl'1et~ ~ ~ ~ ~ i~Cfctl'1 ~ 'ff 
~ ~ ~ ~ trn'IT q~l'4t11t t.l'CIIt1(f; ~ I 

• \if1liT '(fl"{llT ~ ~ ~ ~ '(fl"{llT '* ~ artmr R ex. 1 

• ~amr~~~arvffirRa~ 

• ~~~~qf.r~arvmrRcx.T 

• ~ ~ qf'<qd'1 ~ ~ ~ ~) arcffur ~ I 

• ~ 4<=1tfcffl i1'11cte+U 'R ~ ~ ~ ~ ~ arcrfuT ~ ~ I 

t:.¥ . C(tt~"jq)fati ~ '{ tt12~cH"'~) ~ (Difference between electromotive force 

and Potential difference) 

~ ~ ~ OICC('t(i+U (~ qf(qtqiil) ~ ~ at~<r.t~a fi m 'ECIIift11l 

~ ~tjt(qfNE4iil ~ ~ ((HH'11l .~if?\+i'tfl'l1 ~ (e.m.f.) ~ ~ m-~ 
Ojq('t(liil ~ qf'<qE4iii) ~cti<(¥1, ~ ~ ~'¥iii! ~ 01'¥fut i"4i;;ki ~ ¥14t1il 

'i~ith4t1cffl ~ (p.d.) '11nfctfdQ I P.d. ~ e.m..f. ~ 1fTtf'f 1l'f ..0Rflle< m­
~ ~ sR' ~ ~ ('CH1~t11 ~ ~ iff ~ ~ <nft:rlr ~ g~ll$lcM 
~ ~CII<{IJI~ ~ ~ 1f'rnt< ~ ~ ~ ~trtqf'<qE4iil \(tROflle<<q 1fTtf'f 11it 
~4111\:S'J'Ncffl ftflfr 1 e.m.f. cit 1IT'f p.d. 'RT mft ~ ~ sR' ~ ~ ~tlleft~~il 
lj1fil\i~'1¥1 mfu ~ ~ ~ ~ Q I 

~ qf'<qE4¥tl 'mtG ~'.l((dl<l lJlm' ~ ~ 
r------"'--1 

·~~'1tc~ ~ ~ ~ ~ ~ ~ p.d. ~ 
e.m.f. cit 1IT'f ~~~I~ n.'q(('.IICCI~t1il -<r.R L--{:J[:}--.J 
~ ~ Oll~f'<q; Of1f{n:r (Internal resistance) 

~I 



e.m.f. ~ p.d. ~ E ~ V ~ \11'11~~ lftt auo:af'<<fi 31CI(i!H'11t r ~ \ll'il''"a 1 E ~ V 

~ ~ ~ m:ram: :q1Gfi'IIS $~'f<fli'ii,C!cN 311"df'<<ti 31CI(tai11~ ~ lftt 
~1Tfum~arrc~~~~~~ 

~ E-V=lr 

E- IR. = Ir [:. V = IR] 

or, E = I (R + r) · -- (i) 

~I= ~tj(l!ll<l 

r = ~ arRrft<fi arcrt'ta' 
R = l}cwf'<q~~-cN-~ arcrt'ta' 

~ e.m.f. = lit'q(ttli<l x ql{qqq;) ~ arcrtTa-~ ~IJQ ~ 

p.d. = l}ctj(\!li(i X ~-eN'~ arcrtTa-~ ij\fiiJQ I 

311"di1:t¥ arcrim' (r) = 0 Q ~ ~ lmf E = V ~ e.m.f. = p.d. ~ I 

t:.X. f~qC(•ti) 'Wf (Measure01ent of current) : 

fll (ifit'q(( ~ ~- lFm' m I ~ ~ ~i'i'f<fl(;~l~ ~ 'ql'q' ~ 

'IQOikii Cf) ~ ~~ fl 'iifii(f) ~ ~ ~ I qf'<Uiiii~(Qq fli((i}ctj(( 

~ ~ I 1 ~ (Columb) ~ 1 ecfi.->Siil ~ ~ 1 ~ ~ ~ 

~ I ~ ~ ~ fll<l f.:t'q((\'11~ ~ <{Cf$l,iil ~ I 

al<li'4<l(( = "Eff!_ 
~ ~nr 

fit'q(\!.11<1 C{f+l C!(~ ~- I Pci'q(l!JI<I ~ f.;t 'q((qf'<qqiil ~ q;fu- ~ ~ ~ 

~ <wf m I S i(li}c 'q<l: 1iJt1'i ~ \?jq(f)(U( ~ m- I ~ i}c'q((<lf'<qqq?J ~ 

~ \i161'1iil >J~'i('jqQ I 

• • 
Alll.ll t (U 

-• 

'" 

(<{fliC!<~ i}c'qdtli(i ~) 

am ~ ~ 1f'f ~~ a<ikiit¥ ~ ~ ~ tl'1kiit¥ ~ 111l(1qQ 1 

qf'<qlqiii GfR lit'qct¥l ~m ~ ~ ~ i}ctl((<lf'<qqii( ,.','('lqQ 1 

~fmpr 



MIPti( ~ 1fq't ~ <t ~I 

• ~tj~qf<qtt•U l~q{\'1~~ rem (0.1 mm/s) ~I 

·• c(rr ~'l~qf<qtt•u 1 ~ ~ ~ ~ ~ ~ '!f~ ~ ij$ .. \S¥il 

6.25 X 1018 ai'rcr 'a~q{\'1t¢~ ~ ~ ~ I 

• ~ ~ .,j'jf~~Cfil ~tq~qf<qtt¥ii ~ tli(i~'q~cN lfR ~ ~~ 'fN 'lf;r ~ 
~I 

c;. ~. 14~C1 ... "'!+4fcti (Electromagnet) :· 

C!!:qr{;f~ ~ ~ ~ ~ q;;:q;r ~ f4eftl:c ~m crnr (~ ~> 

mt ~ ~ ~ "«Jkfct\q crnr ~ 1¥41*¥i' ~ ~ 1 ~rm-.r '{ g~fbcN ~ 
· ti\' ~tj~al<l ~ ~ 1¥41~ a=t -~ ~ ~ 1 ~s~45<, l~<hl11, ~ 
~. lf\1ftl\JI11 ·~ \3qCfi(Ujt¢~¥il qijSICfit(ctit "iJ¥41CfiEI~ 'SI'lfm ~~f<~Cfil ~ l trn 

'IJ¥41CficN 1Jl!l9 ~:iltlldl ~. anq;fr '~ldl'jijl(cN atTCfiT'{ '{ ~fl ~ ~ ~ 
tnt . 

~~~ . 
.....--~+ r~,....· --

. 
__. :t·· 

P.t!it'tq¥il flttf$1Uifltctil' ~qj4)t'tjqcN fut:tfut:tt¥ii ~tj<('E!UICfi ~ m~ 1ft ~ 1ft 
• I 

~t!leftt<~l~ ~ ~ I ml 'ER l1tt!tt14 a1fT 45t4ft:t4ti~~Il 'SI'lfm ~ ~ 

'EfUtt ~'q(("JUUCficffl ~ ~ 'd«ll<<ot ~ I ~"l((qf\qtj ~ ~ 'Ef~ iffii "«Jk1Cf)¥il 

~ ¥ '{ ~ ~ ~ ~'l((-E!Rt~ anq;fr '!klc:t\4 ~ ~r ~ ~ ~ . 
~ ~ fQ'1fQ'1¥tl ~cM\3~ ~ ~ 'EfUtt ~ ClfT?mr ~~ inT ~ ~ 
~ (m ar-r ~> aus<t<~ 1 

~------------~--------~---------- ~ ~ 



Ml~i{ ~ ~ ~ <f l~, 

• ~ \ *ijklit)Cill<q+il ~~ ~ ~ ~ ~ ij~'f"<l 
~ tmr ~ oqfu:i ~ ~~rf.:lq; ~ nti~4"1 ~ 

ft 1 ~ \ 'i}UI*"''J:qm ~ ~ ~ ~ ~ ~ 
1820 m ~c:r~ ~rrn- 1lit iilt"fit)t{l •t<N*' ~ 1 

• ~ 1823 liT Briston William Sturgeon~ ~:qt~CfXj'ffi oror 
'l:f'imlf m- 1Jit t1~9'4+i ~ ~ ~ 1ftq;r ~ I ~ 
1829 liT ~ ~ ~ (f1\ VlinT lJ"tT ~ tf\1'1 ~(jJ) 
Pc.tq((-iJklq; ~ 1ftq;r f~ I 

t;. \9. '1kl'flilli! ~?dtt'fl"'l ~R (Electricity from Magnetism) 

~ 1820 liT ~~ ~ $:{ (Electric field) ~ 

"CJklctllf m (Magnetjc field) ~ ~ ~ ~ IJI+iii'Oid 

m ~€11G~~q{Q ~eft ~~lf.:lq; ~ ifi<t~*t ~+iHI+il 
t:r-m ~ ~ ~ I • ij(I;!UjqiJ ft141"'MI'jtii( ~ 

m "CJUictllf '" r.:nrtvr •t4t~<tQ ~ 1Uictt4 m ttf.f 
Pc.tq<ttJI<I ~ ~ ~ ~ ~ ~+il41+il ~~I ~ ~ 

(1791 · 1867) 

~ ~+it•t+il ~ ~ ~'ttl<~'~ ~ 1831 m ~ lf.:i4T*t 'ffil! ~ m 
~€11G~~ I "CJfGictllf ~~ "1+4ctllf q~«fl{(~~~~ ~ lrtf qoqi~CfXjU) (f1\ ~ 

~ ~ {(i"\''IJ~i i:Rn 4lflt4t!r?lflle~ Pc.tqqpl<l ~ ~ ~ I ¥ at'j41d+il 

(f1\ ~ ~ (f1\liT ~ lffir ~ at'j41o+il ~~I~ l'l!ltq<ttJI<i*t ~ 
~ ~ "!Uiq;~ ~liT tif.f 'R ~I "CJklctllf q~"«<IEi~lt ~ 1Jit (j'qi~CfXj'ffi 
(f1\ Eii"\11~1 ~ ~T e.m.f. ~ \lt fi4•y;q_tft<l ifR gf:ti4i~IS ~ i!klctllf 

\3NIG'1 (Electro magnetic induction) ~ I 'h<l~~ lfflT ~·~~~*' tit ~ 
fu41"'<~'3Ni~'1t~klra1 ~fr.f gPc.fu*t ~ *'i'<A'' -mmr 'ltit 1 :g,;.,,.n lfT ~ ~ 
fu4HI+il atitl(i{d ~ 1f.f \34it)(UI~~ S"[. ~ iil~~'q(( (Hydro electricity) i3NIG"' 

1f't l_{iZf ~ ~ I 

~ ae<~r~a ~ ~.<ltll<lcffl rn ~ 
~ ~ 'R ~; I ~ ~€11~~ 
1litoo~¢al~~~ 
~\~~~~<ffi'~rn 

~11tt~~~:rm~mrn 
~ lftt I 

fQr.r fmtwT 



~ ~ ~ qf\qd1 1'Rft ~ ~-l(( ~ ~ ~ qf<qd1 ~ I 1kl*l'1 ~ 

\3('qlc=1 ~ fq<q(@l<i*t ~ ~ .. %\fli~ lR\T {IO(~ii({*t ~ ~ ~ 

~ f.P'l+i{IO(It ~flii>*t ~ ~ ~ (Fleming right hand rule) ~ 1 

l1'\'T td ;; I 

• C#l,gai'l,g qq({IO(It i§&\41¥1 311<#1<+11 ~I 

• . ~ i!(t.ll{IO(It ~o ~ \ilfu 'a11~~\S ~ ~I 

• ~ ~ ~ ~ @llcffil*t ~ ~ 
UUt"+il<fl flie'.+il ~ I 

• .~OR~ ~(ift~=4 ~ ~ ~ ~~ 
"( ~ q;n:f G!l<kll( c{(e;1"41\3~ I 

• ~ ~ m U041(4il.flllie(+il ~ am"( ~ 

~ ~ 11fi414X'IIqcffl ~~I 

Ml~l{ ~ ~ ~ (f ~ I 

• ~fll4ol 4#11f'1~ ~ ~ ~'( 1831 lfT "tRfT {11~11({$1 ~'9>((-iikl$\4 \3(<il<=14il 

fu4Rr 31~['{$} ~#tlfitq; ~ ~ W( 1830 lfT ~ lR\T {11~11({<#1 ~ I (R ~ ~ 

311~\ICfli(C#I antm ~ (fliT{ 1lit ~ ~~{il~l .. lfl(l,g~ ~ ~- \1111<#1{\ 

~ "ID1I ~ 1ftq;T ~ ~ 1ftq;T ~ 1lm'i 311~\ICfll <<N ~ m ~ 1 \3$ 

~e11ille m ~ ~ wr_ 1832 m ~\3qqr~1*t ~ 
(Theory of self inductance) tRrr ~ 'l<#l~lel lft I 

~ 311~\ICfll( ~ Induc~ce qiT ~ (Unit)~ Henry 

11+11<#<01 1lit ~ ~ m flAilf<le~ ~ 1 

• ~f'"\111<#1 311~\ICfli(C# ~Rt<#~ii~ ~ Ui141~i{ ~ 

~ ~tj((¥'1 ~ m ¥ Ion, Electrode, Cathode, 

Anode~ ~I<Ei~ 94'1•1¥1 ~ lftcf;r ~ ¥ 3IT\1I' ~ 

~ +it<tct<#l "ijN m ~ 1 

c:.c:. rc-qct:'tp:;ijc:61£4 ;aqCfi'(OI~¥ (Electromagnetic Instruments) 

~tj((i!kl$\4 \3q(#(OI{((!K$1 ~ ~ \SI'a11+1\ ~~ +fR:"< "( ~l"*ilfl4({111t ~ 

~ I ~'q((i!kl*l4 ~qq1~1$1 fii41"e!+il 31161f\(l \l'({'< ij<>'€41{11'1 ~ ~ ~qq;\Uit¢(!:\~1~ 

~ t<C!I'a~~ {() ~ ~ 31<tl<#l( "( am{ ~ I ~ ~ ;aqq;(UI{((!Kcffl arr-awFi 

OT\llfT ~ ~ ~ I 



~.~.'i. PclfM'i)C!< (Electric Motor) 

,.,..ci$lq ~ ~~ ~ ~ ~ "Jklci$lq~ ~ 1 ~a .. ~~4+tt ~ rn 
ll"tT ,.,..c{;l41fl~+tt ·~ ~ f14wqtt: ~~arm~~~ , .... ci$14 

m '\' '!4'4**' iJklci$ll:r ~S!c:l1"4c61 m'1tat.,~ m1IT 'qRi ~ ~ 1 m ~ ~ 
·::ui'li'IIC ~ am\ (Motar effect) ~ I 

1itC!\ ~ ~ tt ·m-~ ~lf'ffii'ltt ~ 
~ ~ ~ I 'I!U4ci$14 ~ f14ifj((9Cl1Ei. ~ 
~ •tfa~fti'ldl ~~ ~ +tl"4dl+tl . 311flil\d ~ 

~ ~ 411\qqj) ~~ I 

~ ~<!11<(\JI~ ll"tT t~ifjq:ql\q'Q ~ ~ ABCD if<tlii'IGIIC! Direct current 

~ ~ qql~i1c61 AB ftr\c6l' 1U41GIIC! ~ <Mfl:ts;Cf)) i14ifjeyll<cil ~ mCf))' ~ 

~4+t31'jet< ~ ~~ ~ ·gq;l<¥1 ~ ~ ~ I f4~•ttl if<tlii1c61 DC~ 
~ +ttftfRt< ~~;~~I~ st f«rrm ~~~(Couple) 
~ ~ ~ ~ if<tlii'I+U ~ ~ ~~~~~< ~ .~ ~ I i14iidi( ~ 

qilt<tl~ '(1'1"{'Cf))' tm vq;r;~ efG&+tl Ej+ttic61 ~ GICZI\3'1i$1 mf1r -

(i) 'likli$c6l ~ (Strength) GICZI\3'j4Q I 

(ii) ~ifj(ltJI(iqj) +I'm i4GI\3'l4Q I 

(iii) ifqiii1c61 ~ <IICZI\3'l4Q I 

~ ~ •tP<ttc61 fl~ +ile<i'IIC ~. q;r(, ~ ~. ~. ~q'{q;i<, 
~~~~an~Vlim~t 

t't41li'11( qm ~ ~ (f ~. 

• ~ ~ mc6l' ~ ai~ "JU4ilil4 m '\' liTitt 
~ ~ifJq:_g<m: ~ ftmr ~ 1A a@T ~ 
'(1'1"{'Cf))' ~ fhiii11l ll~ ~ ~ CJJU <Mr:t*t 

w t'14iit(c61 ~ tm ~4+ti11C <M~•c61 ~tt<tac61 

~~' 
• @I@ I +fie<fl~+tl ~l'lf ~ Vlim ~ t 

• ~ • qf'<qa., lf.it ~ tr 1 m ~ 
-1~\'IIC ~ ~ ql\qd'1 1fll I 

:urrent 

• ~~~q; lfte\ e•'l"<l '4'\" au~'¥1< lJiit -$11r.t¥ ~ ~ ~ 1 



~. ~.~. \i\iHe< <u ~11U (Generator or dynamo): 

~ err -sl~'11+11 'lffiiT \3qqi(lll tn m ~ 
~l!ffi{'ll' ~ ~ qftcHf'1 ~ I '51~'11+il+U ~ 

~ lFim ~ ~ ~i':\<Z<+il (\iff~ ~ \3~1G'1 
1f'f1Fim~)~~lFim~l 

~ ~&IC('il~ 1ft ~ CfC41~{'1{'11~ U ~14il<cN 'ij+<il4itffl ~ 'WT1U -cR 1ft W< 
'ij+<il¥{'11~ t_i+iiJGI 'ij+<il¥¥1 'ij+<ilc6\~ Gl{'l{&lti~l~ CfC41~{'1Gffl ~ ~ ~ ~ 

\3m m<m ~ \3~1G'1 ~ ~ ~ ~ ~ I <rtrtl ~ ~ 
~ 'ij+<il4itffl amrr ~ (Half revolution) +IT ~ qf'<<:Ht'1 ~ ~ \3~1~d 

Pc:i'q(l~l~ Alternating current (A. C.)~ I 

~ CfC41~{'1+il ~ ~ fcl'jt(q)) llrn tiliSI\3'1t.til ~ -

(i) ~~!ffi~il('ll ~ Vlfi1T ~ 1 

(ii) CfC41~{'1+il q:) .. q;rc.ffl ~ 4iSI\3'jqQ I 

(iii) CfC41~{'1cN ~ 4iZI\3'jqQ I 

(iv) 'ij+<i14icN ~ 4iZI\3'jqQ I 

(v) ~ "{ iJ+<il¥aft'E4cN ~ ~C:I\3'jqQ I 

H41lt-tl{ ~ ~ ~ cr ~ r 

• D.C. ~i':\{c:<+il ~ mft ~ ~ ~ I 

• 

• 

A.C. ~i':\{C:<+il ~ ~ ~ ~ ~ 
~ d{'l+il~ ~ 3T1TTf6 ~ I 

'51~'11+?1 ~ ~ ~ ~#!lf.:t¥ ~ 
~ftl 

-e 

i 
~.~. ~. ;t;:el64< (Transformer): 

rc.'qt(t'11~ ~ 1ft ~qlf'ij(lll ~ \3qqi(llj ~ ~ ~11\1;{'11~ ~ 9¥1<¥1 

~t-l\il+il qf'<qd'1 mj I ?Jrel64< 16i'll+itffl ~i\i~t\5 ~ (Core) "{ OR (Coil) GfTG 

til'11~--a 1 ~flli':\tzs ~ IJ;¥1q~i!IC! Alternating current arqif ~ f.:t~--a 1 

rc.'!ttt~l<l qeq~¥1 ~ 'lltqffiq; "{ f.:t#q~¥1 i'l1i ~$ .. zstl ~ 1 



CJI'Q~.¥ '{ ~4Hst'1 m: (Coil) liT q;;:q;r '{ \rei Cfi .. <tiliil ~ ~ e.m.f. tliil'j41fu¥ 

~I 
~;{; .. ;st) m:1IT >:R4"f ~ e.m.f. ~;{; .. ;st) ~ 'fl~ltt~ 

~ =-------
' ~ m:1IT \11~ ~ e.m.f. ~ ~ 'fi~IEI~ 

~ 'fl~i¥1 atlal~iir «;it=e'fl4<iil ~ ~ ~ ~ ~ 1 ~ 

Gli!l\3'j4'f ~ Ns q,l ;~ Np q,l ~ ift '{ ~ ~ ~ ~ ~ I ~ 
tlC!I\3'l4'f i;lt=e'fl4<{'11' ~ ~ (Step doWn) \ i441\'3~1t ~ artr (Step up) 

~I 

~Np ~ Es > Ep- Step up transformer 

~Np ~ Es < Ep- Step down transformer 

Primary 
coil 

Lamineted core 

Step-up transformt~r 

Secondary 
coil 

(141~ 1{ ~ ~~ o~ I 

Lamineted core 

Step-down transformer 

• eft1f\t\il'1¥il '{ q;+cqz<iit ;~ artr «;it=e'fl4< m-~ \JI'tf t~<tll~ Sl<4't\il'1*' 22ov 

~ 20 KV- 25KV 'tl"+ii" Gl41C((fir ~ I 

• ~ \ ~tj~OlJiii ~ ~ c;it=e'fl¥f( m- lf'tT ~ ~ ~ n.tj(t!li(j ~ 
\rei \'34<ti(Oi¥il ~~:rtf ~.;J'1i41C:: ~ ~ I 

• lfTCf{ ~ij'1i41C:: ~ ~~ ~ ~ ~ artf «;it=e'h4< m-~ ~ 
t~<lll~ S14l\il'1*' m ~f'<VT ~ ~ ~ c;tt=e'fl4< m-~ 1 

• ~ O'EI' $ .. :Siffi'1 01\liT ~ ~ -l~cffl sfq;~;:4l W ~ (100%) ~ I 
Vs Ip 

~~ Vsls=Vplp ~~ vp = 1S 

~~~~JTU~I 



t ~~ 
ffJ 

i j 
~~j ~~ill: 

tl 
t;lii·jij 

J 
i'i!f 

~~ 
~~

. 
iJil~ifi~ 

:~ 
tji~.-

i 

-a ~rt ~ .r J ~I I~ i I !t ~iii i ~ i 
Ji I~~~; _ 

i ~~l 1 ; "~~ .-:~ i ~~:!~~~ ~~ 
tt Iii~ r: 

t!tt,·!l~t;JII!tl~!iii !~ Ji~~!~ 
~~~t--i~ii;l; ~~j~~~-J!! 1i 

t~l$!t 
f i i ~ lr! w

 i! f i 
t ~ 4

1
! ~ 1& ~~ 1!i 

~ ... -
~ 

-
-
-

l 
t .·~ 

1& ~ 

"' i -~ i ~ 1 .i: i ~ ~ I ~ . i -~ i i ~ I i t i ~ ~ 1·~ ~-I i i ~ ~ 
i [B!tl 

~~~~I 1 t ~f~!l,$~"' 
"'Gf~ i 

i~:f;:j; 
~ f

f
i 

i@: 
1 ~ .-1&

 .rli l¥ft,.j ~ ~~ &
 ~il i'[if:t 

.; 
Li 

0 
<

r
 

Li 
~
 

(
Y

 



1IT'f M' IJC4~~ii<'ii¥ ctil!lf ~ ~ 'iC:il~t(ctil ~ ami' ~ ~ ~ ~ o ~ I 
~ ami' lfmt ~ 11r.f' lR ~ 9; lfmt ~ ~:'1 ~ flttJieftEC~i- ~I ~ 
'frt <mt ~'j(ll4 ~tiiill8~ mn 'lftq'1¥t ari1Ff ~ i4f.:te4i¥1 ~ ~ 

fat:ftfi~IS ~ ~ ~li$1i*t ~ ~ 9; I 
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~ "!UI q;@l ~ 

• 'I!Aiq;q;1 ~ ~ffi{ ~ ~ 'J(41\3'1 ~ I 

• "l;:GIC*~\(4 \3441«'1i¥t ~i'lrr ijkl~ 'l!klct'Jll ~ 01101n.qi "!klq;q)) ~ ~ 

fcftrfuT ~ at 1\fiRt < Oi'Tqi~ ~ I 

~ ~ GJ'-:--:--:-N-.. D ~ 'l"'<tl• '"'! 

'I!Uict'Jll \3N1«'1 

• "ij!G4ct\l4 q~lj ~T "!Uiq;+u qftvro ~ (fTlf \3"N'"f ~ I 01101n.q; "!Uiq;q)) ~ 

~ ~ (fTlf \3"N'"f ~ s'1e~ I 

• 'l!kiCf*ll~ ~<Ht .. i4~4+il 1~ ~ ~ ~ arrq;ft "ikl~ll 1jVT :film: ';fflC ~ 
~ I "ikl~ll "Wf1IT ~ffi ~ ~ 01101f4q; "ik!qi(!:~ ~: ~ ~ tn I 

• ijklq;q)) ijklctlll 1jVT '1~ ~ "1'>1411\3'1qil ~ "ik!Cf*llt ijklctlll ~ Magnetic 

Keepers m <l&ij4Q 1 

"'-+- -+- -+- -+- r--.. 
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• 'E.\k!Cf*ltt ~ ~q; "iklq;q)) ~ ~ "{ m arrq;ft "!+41ctll4 1JVT ';fflC lfft 1 

el+il"'4d41 "!+41Cf*ltt 69'0°- s1o0 ~ dl4!fi+i+il ~ m aJTtF~T "!Uict\4 1JVT 
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• "!kiCf*ltt &et:J'I=I "{ \if1!fNTCft ~ ~ ~ anq;fr 1JVf1rr m att\3'jqil q;r(VT 
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~~ ... , 
• "1+4<il4 fum err ~ ~ ~ 1 
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• m ~ 311,'14<~, ~ ~ ~ ~ 1 m 
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• ~ ~ &iiidl<til 1¥44it:~ m 1rtT ~ 
Rti41Cf*tlq cilf?HU\3~ I 
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~'q((9ctl(( S'f ~ ~ I ~ d16<G41C! ~ "lR4cGlll ~~ ~ ~ 
~I 4631'161< \tf1nf\1Cfi ~uft~+tl ".i"iilcGlll i3ijfl~ \ m1n~Cfi ~re\ qcro ".i+'iilcGlll 
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'l ~itlif (Earth science) 
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~ 1lJliliT <fj{'jjq{q;j ~· ~ OliT >iflqj~(ltijg(O'qit ~ ~~\3~ ~ ~ \34Cf;(OjcN 
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~.~ ~Wi•t\'1 ~ '( iiftcA:IT ~(History of the Earth and evolation oflife) 
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t~lo¥¥1 Cll'ilqe¥1 ~ ~ Qfj414+il ~ iil~et't~ arr-~ lfd' ~ ~ 
. . 
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~ ~ ~rrc.ct tll. 1 ~~~err~~~~~~~ 1 
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~ ~ ~ ~ ~ rc.qr~a ~ ~ 1 lft R~4r~t't~'' ~ rn ~ 
cf.r Ri41~¥1 gfaqtl;'i 'i\f~Q¥41¥1 ~ ~ ~ ~ (1lfT qf<#'(i'il\'11, ~ 

•r1q\cil ~ 1 

atrtf.tq; ~~,.,~ Cfdlrr;r Ofq~l+il ~ ~ ~ ~ ~1qlq(l"1 ~ti'la+ft 

441'Qt'i~¥1 otltll(+ii ~ ~ 4k1i~cffl ~ I ~ ~ ~ ~ OtfT 

\(icHif~t't~¥1 l«f1n ~ ~ ~ 01"CCf.r ~ +ii~Q~ mT ~ 
f\41¥\'114fi~IC 'ij"flf1 ~~ im '( ~ oq-;ft ~ 'q(UI+il ~1111'1 ~ ~ 01"CCf.r 

~ djq~l+il \34l'latl ~ ~ Olltll(+il a~r~q;(li~ aritr ~ ~ ~ 
~ ~ 1 autf.tq; -suf.\c:w;t<~ ~ ,nnmt\'illl fcri1r;:;r +iEii#Xi (Era) liT ~ 

f?Nrf.ita ~ ~ ~ ~ ~ aqRi~Hcit ar~¥1+il ~ •rf<~¥1 g; 1 



fir. +1(114*'1 ~ aJCritr (~ 
if. (Era) ~ 

tpr (Age) 'll'~l{"i ~~-.ll'~ ~ 

, 
f le tll{qf'<<U< ~ ~ 380 ~ 

~ ~~ 

ti 
~ .~-~~~~ 

i "'i{i!J .. ¥1 f.rqfvr 350 ~ 
~-~~~~ ~ ,......., 

'-"' r--- ~ 
"' I 
0 Co2 ~ 02 ;;mrr ~ 57~~ r---
'o:t .._.. f.rqfvr ~ 

~ *' .... ~'1 57-50 ~''!'~"' ~ ~ 
(Cambrian) q;U6 

'0' di.SII'til~<ll'1 50.5- 'ifi'~~~ ·-0 (Ordovician) 43.8 N 

~ ~ ~ ca 
~ 

I ~~~1<.<{'1 43.8-40.8 m~+~tQil'~ctil .._.. 

i (Silurian) ~ ~ 

'o:t 
~ 40.6-36 ~m~~ 

N (Devonia~n) ~ i311l4'1!C<ctil ~ 

t 
I 

r---

"' Cfll Gill"' 'M.'a- liTif;ii ~ ~ 

(Carbonefe 36.6-28.6 ~~~~ 
~ 

rous) 
~ 28.6-24.8 ft~iS(fql'~$1 ~ 

(Permian) ~ 

~ 1-~ 4&1,..,1t?l<fl"ilil 
,......., 

24.8-21.3 ~ 

{:I 1- ~11 .. 1(11'11 ~ 
,......., ;Alqfl"ilil ~ 
() 

·~ ~ c 1-~ (Pangea) 
0 +llfll~~l¥1 ~ fl) 

u 't 6 ~ <.l<fl~ct> ~~ 

"' (Jurassic) 21.3-14.4 il,-.1\t.,I<Ciil arftrc«:q-

1 
...0 

I ~~~~ 
'o:t 
N ~n .. il~l .. i¥1 ~ 

l'f!C-11~'1~ 14.4-6.5 451'11'11ttl<.fl~"'' ~ -

(Cretaceous) ~ ~~lqfl~¥1 
~ 



ftr. 
'f. 

'I 

ittci¥@4 ! ~ aAitr -lpT .. ~~~J:.,i 'Eieo:tilll~ cl;Jq;~(t 
Era ' (Cflf) (Age) (cri) 

• di~R:I~i, ~. ~ .. elfc!ctil ~ 

~ 
lihft ~eM fl:t'lrivT ~ 

........ 
• ~ .. dft!ctil ,r .. :s~li!le ~ ~ ~ 

0 
~ ~~ 

I 
'€ 
~ ~ • ~ ~~~1441 ~ dll~q!Q '-' 

i \0 ~~+rrftr~ ........ -
i 

u 

f I 

·~ lrl • ~ ~ +rrftr ~ ~itl('l~cM 
I.e) 
~ ~ 

u 
'-' f • ~o:ta16 'ift~e:~cM ~ ~ 1 

lrl ·~~ \0 - ~I i 
c ·~~~ as 
E 
£ !! • dl lf:!Fttcti ~ ~ ~ 
as 

~11a16t:~q;) ~ = Cl 
·. 

.._, 

Geologic time scale q;l &ual<¥41 f.n:IToT ~1ft dl~<til+ll ~~Devonian I 
Paleozoic \iffifT ~IC!Glll~ ~('ll~ffl ~ ~ ~ ~ ~1'ifi4lRt ~ ~ m<IT l'1'f ... 
~ ~ 

~ al~ctilcil ~ ~ lA m- ~ ~ ~ ~ ~ ~ gct)l <¢1 ~ 
¥ ~ ~ ~ ~ 6'J~I{+ll ~~ I 

~ ~ WdH+ll Gfl~1~ :i1 t1 (Fossil) q;f t'ff.r +llllfC4 '{ui ~ ~ ~ 1 iiftcf 
\ilo:ti<H¥'1 e:l's~1<, 1rl<r ~ ~ m1T ~ ~ ~ err '€! ~1'1¥4 1 murn-~ 
~ ~ Rttfte:~cM ~ dlfA'1~1e tff.i ~ ~ ~eN ~Rnmt<til GOtm ~ 
"11'1ctil6 ~ ~ ~ I 

't4~1'1¥1 ~ (Layers) W t'ff.r iiftcf ~ ~ Gfftm ~ l'f'f ~ I ~ 
dj;<ij{l('l¥41 q~\:4~1'1¥1 ~ \t¥¥41~ 3{q;f ~ ~ ~ ~ ~ ~ 3I1m'\ 

~ ~ ~ 'dt=<i~cil ~ l'f'f 'fCf 3I1m'\ ~ I 

4(411¥41 "11cUq~ltii¥'1 ~ lA ~ ~ Wf <t~OO liT ~~"1111tfi ~ ~ 

,e('ft•ue ~ lftq;r ~ 1 1ft ~ ~ ~ <t\9 aff ~ ~ ~ldl<'l+ll ~ ~ 
¥tlf'tij8~qil ~ ~ ~ ~ 1 ~ "!1cw4(itiJ8~¥'1 dlfA~'1iiiC! ~ ~ 
'dt=<i~¥1 -an{liT ~ ~)!IIC('il~ \il'11~<lll~cffl ~ aR' amrT\ (flffi' ~ I 



'€1~1'1@1~*t ~ 1f.t ~ ~ 'Wf'lf 

"t:fi41a¥ft tt**'fi~iffl ~:r ~ ~ 

diiSI<+H ~ ~ ~~ q;ftr Cflt ~ 
~~~lffif·~~l 
~ f11fi d"(<Cfi~ ~ ~~f~Mii("'~ ~ 

~ a, ~, y ~ ~~1$~11~ fPT 

(Particle) OlfT ~ (Ray) ~ ~ 
~ djO'ij{jCi'jfjj ~- ~ ~ 

q{fj(tljcM ~ m fiT-3' (Parent) 

df4GCIC! Wt (Daughter) ~ ~ 

~~~~r.~~'{~ 

~Jtii!4'1cffl arm 3JCI'ftr (Half life period) '(f;f 

diiSI<fll ~ ~ ~~ 00 ~ 
'3Nfu eM 1fttmr lffiT ~~ ~ '{ 

~ ~ en I d"(<Ct<~Cfil ormT 

.:~~"lq'1d(qfS fqq miri1rc::"< (Mass 

spectrometer) ~ iflft~ I lj)"t:f.:t4fl 

(238 U) di{Gfq~fll m 206 Pb 1fT qftvrn­

~ I m llit q;raf;r (14C) 5730 ~ 
'11S?Jiil'1 (14n) 1fT 'Cff.tvro ~ I lft 
dl4t<"ct?\ diiSI{fll ~if ~ ~ 

~~9;1 

~:~. Slt'f!f<lwitl SCCfl)q~~ (Natural disasters) 

H tmictiCII'dltl 

~ • 
iter fit*' e ct?\ ~ Gt'1 1 1!4 <E~ ~ct?\ 

~m 

fljf.:tijct?\ f.:t4.-~Uj1fi<j anftm;r ~ ~ ~ iflit, ~~ ~ \ktlii'lt1j4\1 stl' 
aca1elil~l t4C::'11~~~~ if~~ ~ mttf.r ifTit "< q~<lfll fll~ect?\ ~ 1lT'!nllT 

~ ~ ~ I ~Cf \iC41Ci114j4l '{ ~ 1fmf mft f.:t4.-!ijU1ftt!t tor j Poi4.-!ijU1ftt~ 
~ ~ 1!!<1~~1, ,rr;T atl.flacl;ft, F$41ff*11q '{ 04ctt<l{iU ~ ~ gct?\qct?\ 

R{f1"1Cfi(UI 1f'it ~ I ~r;T ~ ~ ~ ~\rei gct?\qf;"Gfl(! ~ dillfu 
ij(cU.IIift atq'11'31 ~ ~rl'l4CfiT it1W ~ m- t"41'31 tA ~ I "dllctil~lcffl "US 
q@('fcM *<I qq;q\"(! ;rqi~ ~ ~II ~ ~ :a~i'Gd gct?\qf;~ mi'r ~ 'q"(!'q; 

'q"(!'q; ~ a '1\il '1 eM &'fftr 'fl~ ~ I awm ~'1 fi ~fll ~ t4 C!'1 I fi ~I C! ~ ~ '¥fl' 1f'it 
ri«R WV6fiT mr ~148~fll IJIIqfd * IJI ct?\ q ct?\ it1W 4if<qct?l ~ metq; ~ 

~· 



... ~.~- ~~(Flood and lands slide) 

~ «'1etlr¥! 'Eidl<l¥11 ~ ~ ~ ~ mit <to - n '·fcfm \ifl11T ~ I ~ 
~ ~ ~ qf~:C~i(i"ti' c(.r ~:~ ~ I ~ ~ ~ it ijqj*'~iil ~ ~ iflit 
amfrl~~: ~~~~~~~~~~~\ifl11T~~ 
cf;tt ~'1f$1'4iil -mrr ~ ~ ~ 1f1l'TliT 1 ~ <to - <t~ rcmm s'!!iii41~t;~ 

1'!!iii4ieliii 1:fftvrn" ~ I ~ 1'!!+441«1 ~ ~ ij(Cfii(J\ ~ cftfidi"th~ 't!fflTU 

~ ~ IQ··~w~1 1 ~ ~ ~ ~ ~ m tu¥i1"'~' ~ iflit 
'il~M~ ifficl;r ~ I -mif 3114~ld ~ ('llijqf~ ~ qf\qf(Cfii cf;tt ijG(4t;~ 

"f(ili"tiil ~ ~ ~ iJ'f ~I ~ ~~~t;~ q;yo fero;f lfit ~ ~ I ~ 
mit qf{q f\q?j ~ m91'T '1tiT I 

~o~~ ijfi"tfd<r¥1 ~ ~ ~ ~ ~ "fil:SI¥11 ~ I lfTlfi'1" *r ~ 'EII<r¥1?1 

~ "CIT< m ;jjf'jqa(l I <tO ~ 1J'f: lfTlfi'1" ~ o ~ ~ ~ 1JT\Prr 
qf<ctd'1 ~ I ~ ~ ~ ~ \hhm:~ (~ mr, R ~) ~ ~ 
1:fftvrn" ~I 'EII<r¥1?1 ~ 3fTCm lff.f m'iT ~I~~~ G4«f!t;~iil 
~ trorr 311l('il«l">f ~ 1J'f: ~ ~ I ~ ~ ~ <m1IT ~ ~ amft I 

~ ~ ~, lJTCIT "< ftlel(il ~ ~ GflroiT Wrn" ~i<fi<~Q 1 ~ €lli'11*t 

~ ~ 11T.fcf. "ij", liT ~ mil CfiiCfil ¥) ~ tanrm ~ Ci11rorr "tJftvTo ~ ~ I 
~o~o eli"tfo< lf ¥= CfiiCfilr¥~ trorr ~ \3Ui €lli'11{11~ ~ ~ m ~ 
GflT< 1J'f: ~ qf<qd'1 ~ I 

~ t;'1<GJG41 dl~'1'5·¥l t;l(il~/41 11T.fcf."ij". liT G4~§ft41 I ij~(1Cfilii '1i(ilft1'1G41l ~ 

~ \3Ui ~ ~ -.m-u ~ ~di41tl ~ ~ ~ ~ ¥T '11(il€il~i(ii¥l 
~ q~?ii41l ijdl~t:tr¥1 3l'1'tFr ~ ~ 'Eidl<lfo< ~ "<%'Q I ~ qf<<H<i"tlt 

~ ~ ~ ~ lfil" mil ~ ~ qf<qi(fi~ ~ ~ fil:q~"'i ~ Q I 

~ Cfiloiil~ii' ~ ~ crur ~ ~ -m ~ ~ <1¥1'1~1<¥11 f.italt:t¥1 ~ 1 

~ Cl~3f~lf~ ~ "( (fiif1~j(Cf)t ~ ~ ~ ij:SCfii"tft ~ f1j(jqUft ~ 

'!"41t:t¥1, ~ <i"'lfia{'lll "<mr mlfVt ~ ~, ~ e<¥1<¥l eM1~1+il ~ 

~lf<t:t¥1 fl'"(T'f ~ ~ ~ Qi3"CfiT ~ {1t41R=f(~l ~ ~ ~ ~ ~ 

E4l'11((~ ~ ~ ~ ~ ~ ~ 1ft ~ E4l'11((~ ~ ~ ~ ~C!IIt:tcN Q I 

~ ~ lfi'1'Tt 1fT1t ~ ~ <m1IT "( f.HICfi(UfCfii \3qjq((~ ~ 1f'f ~ Q I 



cmft~~ 

• C4tti<n+~ +u ~ 'Wft ~">lcfli~C4i<M 3NfCfliT "'fli '1 +i l '1~1ftt~ ~ a~~~r .. ~a 
~ ffi 'iTT'Jl 

• j'g+id l~~~ ~ I 

• C4tti~l+i+il ~ Gffu', ~~I 

• \illll'1<M ~ ~ '\ f\rnffi ~ 'Cfliri1:rr ~ 'Wft · ~ m ~ 1 

• 'Wft ~ GITir (~ fq;;rn") ·+rr ~ 316qq~(l arnft ~I 

. .. \11(4i~cM ~ 

• ~ \ST\Si<tiT\Si¥11 ~(lqotiN ~ 

• Jl oqq~(l i ii{C4tq ~ 

• 3104 C4~a ~ ~ldi~ia4il ~ ~ anc?latc?l4?l ~ 

• ~ \illll'1~~+11 1M~~~~ 

• ajiJ\'1iJ\4ii ~ ~ ~ 

• <iiit '1"1<i!lc 31f.:iqf1n1 ~ ~' +rrtr, ~ ~ ~ q;J?t 

• C4 tti qt+1+1t ~ 4ict:a~ YCJ~<M 31'TICf 

cmft q~'()Cfl) ~ 

• ~ ~ ~¥ ~ a'111lc< +rrtr ~qt~<il tc ~ fcfrn '\ Cii (•II~ <M ~ 
~\j~ ~ql~+il ~ +ilf.:i «~~¢) ~:q~ 

• ~~~+rrtr~~~ :acrn ·~mr 

• Gflir, mtr, "¥f, ~, +10 ~' m:Jci«ft ~ e1ftf 
• Cil'1&1(4 1~ , ~' ~ ~' ~ ~ 'lfijliT \ilf6G!ll ~ ~ e1ftf 
• f4;et '1@1 ~ ili~cM <i!IJ\'11J'1 q;gT ~ ~ ~ ~ q;tff qili~~~ ~ 

fq;ij ('1~~ ~ ~ ~ ~ ~ \3('<iW1+il ~ 

• C4'1\11(4i~cM ~ qif{1l1' ~' ~ ~ ~rtl'1cM 31 1 'if~+i l q;+ft ~ 



• f1fmi't lSI fll '1 +t I 1JJT 1JJT ~ VaT TR 

• ~ 'h61t1'1(W(It ~ \ iji1GI~¥ ~ f.II(O(((W(I~ 31f1ti{f.a: lA 

• q~i41+t+tl c&iijl(;~ ~ 

• m- f«t>'11(+tl ~ d(!q"fJcN ~·lf.t 

• f1fmi't ~ (!lfT ~ cTcr a ~+t 1 1&1 il q 01 1f.t 

• •lltq~Cf)l 'llff'\oi ~4 .. !401 1Tft OQq~d ~ 

• lf(W(' ~ ~: 1f.t 

• ~~ ~ 311~(W(It ~ ~ 1Tfr ~ ~ ~ 

• q'tff ~ tA' ~ ~ 1Tft \1m ql;i)(W(I~ d¥il3'1¥1 (W("'fu f.l¥1ijcN ~ 
fli(W(I\3~ 

~. ~ . ~. ~(Earth quake) 
-

u~ lJTt.m 1flt.r (R 31~(~ ~ 1fltt" ~ ~ ~ ~ ~qi(W(¥J 4T 
~ ~ ~ ~ lR lRlT I lft ~ q(1(~1 m;nl ~ ~ ~'11({4?1 fir.~ 

9~~0 ~ 'i4ii4cN ~ q;tiT ~ ~ m- hi11f<+tl c;,V.9~ ISI'IT +tif.lijif)l 

~~~I 'oyv_ ~~(f~~if, ~amro· ~v_ ~ 

~ ~ v. ~ ~ ~ 1mr ~ 1 €'4fdiH ~ mu m.flr.~. 1fT~ tmrr 

~ 1 \1m lR ~ ~ ilzfq(ir ari{:(W(c:t~St~ 1Tft t<l*ic:t¥\ ~ 1 lR ~ 8R;(W(c:t¥rt?l 

tl\1fT ~ ~ ~ Ml<8dl< l3t\ em~~~· ~ \*'4*' f.I'CRiT omrr 

fll~eij++i 1lnf ~ ~ 1 ~ em ~ ~ ~ •rsij;f;Cf)l ~ 1 ~ em 'llft 

~~~~m\m\~~~~~~fcf;1jf~'t~ 
~ ~ qf.f ~ ~ 'Cf;f m ~I ,oyv_ ~~\1m \4ii4J\ '.9~ 151'IT 

+tif.lij¥) ~ ~ ~ ~ W' ~v_,ooo lf\ ~ f'f({ 1 mtr ~ '{4ii4cN 

~ ~ ~ ~ ~'v_v_ 1fT~~~-~ 1j('qi«J ~~I 
~~ ~ -ldlc(\+tl '+in 'dr.r aitcT ~ ~ \j('f41(W(I8~ (~~o, ~c;~~~ ~c;~~) ~ ~ 1 

mfr ~ rtcf; ¥0-V.O ~ lJ'91 ~ c;O - 900 lf't1fT ~ (fffT +il<i'{4ii4 ~ 

\j¥&~4 ~ ~ I ~" if ~ 3ffifu ~'1l<~+tl ~ ~ ~ ~lq'11 ~ 
~\~~~' 



~~; f\rt 'lT1T u:\" <mnr \ ~ 'lT1T ~ ~ ~ ~ ~ ~ \lTlm 

:q~l'14il <ql#fiEI~ ~= 1~ auqe4il ~ ~ ~ ~ ~ ~ ~ ~ 

~ ~ ~ ~ ('IQI'1iiiiC! ~ ~ \11t{ ~ fi -arm~ ~ 
~~m~~IT~~~I 

tHEI~c6\ ~ r.:nrtvr '"{ atCillq~(l ijti(ICfi(viCfil Cfii(Oit?i ~ ~ \Cfi&eftq ftijlq(?j 

~. at Jif\q;l, twf \ \TR~ ~ l{CfiWJq ~ ~ hiEI~¥11 ~ ~ I 

~ tn: r.:nrtvT \Cfi+"qiillc~ ~ ~ ~ ~ ~ I ;mrr '1fl:ii"tlt4>'1 \ 1UI~<Ci'1 

~ m lTtq;T ~ ~ fu~4i'*l ~ m-~ ~ ~ 1 ~ f.flrivT 
rm <!i'11'1c6\ ~ ~·, ~ \ ~ '+1nff <{ : ~ : Y q;)' at1 qj(14il mi'J ~~I 
Cfii~e ~err~ lflirq;T m r.:nrtvr ~ ~ ~ ~ 'hi'114ic6\ ~err Gfffi 

err em; -m it ~ ~ • ~ lT1lT ~ ~lq'11 ~ ~ 1 atll4d4il< err 

~ ~ ~ arr<m"Cfif ~<'10<1 ~ ~ ~ ~ I $4li"til4il ~ ~ 

CfiltiCI¥11 ~ aft':cf 'l11lTln' \~ 1{Cfi+Xfil4 (j<&11*' ~ ~ ~ :aq<lHft ~ ~ I 

~ 00 iilijf'l~*' ~ i~ I ~ tn: ~ ~ 00 iilij~~Cfil ~ it I ~ 
~~~~rr~~~\rei~~~~~ 
~ 1 q;lf ~ m m-~ po ~ ~ ~ 1 ~ m ij\ifjq(!¥11 

~ ~ ~ m;rr ~m q;tRft 1A' m- ~ m-~ tR f.flrivT lf't ~ ~ 
~I 

at iMie+=4itil fcmA' \ ~~ ~ atl\31'ici ~ ~ \:111'1Cfil(l ~ ~ t.r 1 

~ 311\3131~1if'6 ~ ~~ \:111'1Cfil(l +1if.:tiji"tl' ~ \il'11q(t;~lt ~ ~ ~ 

~ ~ ~ \341(((01((~~ ~ I ~ 311\3131~ 'q(l"!(!(•ftt~~ ~. ~lltq«! ~ 

<NT ~ ~, \ili1Acli\' ~. ~ ~ ~ '+1nff \ ~ ({-EII\'1Cfiq'11 

~ Ch<li"'lt ftU~f4vl m l{Cfi;q*' ifftl:rr ~ ~ 1A' ~ amiT\ at~~ij+=4i 

~t.rl 

~ ~ ~ ~ ~ e-\10<1 +1EI't<4'{11i q;pf it I ~ awm ~<t<~¥11 

GfW ~. ~ m- -cR:CfiT 'l11lTln' cmJ ~ ~ 1 \Cfi44ll4 ~ ~ ttrt ~ 
~ ~ <.fl'11+11 ~Gffl' ~. ~ I ~<fl~afi:qq;l «AT miff ~~~lEI~ ~ 

1f6etilo1~ ~ ~ ~~ 1 



~ atl,ftcflq!Q ~ ~ ~ m ~ ~ ~ ~ ~ ~ 1 

'iCfi&qc6\ nq;r lff: ~ m ~ ~ at<H~I+II amft, ~ Gffu ~ ~ 1f1 
-cR~I 

\Cfi&<tl4 t1<(41~~ ~ q;Tlf ~ (Richtor) ~ ~ ~ ~ ~ f{H+i11ll'ht:l 

~ ~ d((41cN ~ ~ m+IT ~ ~ I 0 ~ 'lO {CR<cN "tct)l~+ll 

~ 'iCfi&<tl4 ~(•lit etftr OVfr atR 1f41\3~ f~fii<HO\ f.1+0111'lfll<cN ~ m+IT 
Gl ~ftij)(UI ~ ~ I 

'iCfi&q eN ;rrq ,. 

am\ 
(~~) 

1-3 ~ ~~i14ll<iit:l ):q;t ~ 0< ~ lJ'Wf ~ lf't ~ I 

3-4 ~~a<&lftrm1 

5 ~ ~ lf't ~, ~~~ .. e(tft ot~it)~l ~ &lftr ~ I 

6 10 f~l~e( ~~~~q;1 \1q't~~ ~ ~ &lftr ~I 

1 00 fctk:1~1fll e <tft !iflfl~ ~vcm-~~~1 (~, 
7 
~ (~), '(tlfT if41~~ffl41 ~ ~ ~ ~;q~~) 

100 fctk:11flie< \flfi~Cf;f ~ c;u ufn: ~ rt ~ am\ ~'"41\J'Q I 
8 

(flotlliiA~, CfCft;:r, 'i!ll~~.,le, Oll~fl~l .. ~ ~ ~ ~ ~;q~~) 

tft ~ amTtlf ~ ~ \ ~ ~ 1000 ~'tilte<fl~ -cR 

9 ~I~~ (1919), Of{'lltcfil (1964), atlfm;r (1700), ~ 

tft~41 '6lrr ~U~(41e"t fi-.~. lfr ~ '{Cfi~~~ I 

{'l~ll<~fl:tq, (Logarithemic) ~ ~ ~ f1l"f qq;I,Cf;l d<(ll~~tft ~ ~ 

q:;('ij) ~ ~ ~ I 5 ~ ~14~1 6 00 ~ 10 'T'fT ~ ~ ~ ~ 
~ ~ d<(41t:l ~ ~. 500 ~~114~1 6t.R:\ ~ 31 'T'TT qr. 
~~~I 

• ~. ~ . ~. *ll{'ll+j.a"i (Volcano) 

(\iql{114j€lit)l ii"Rm ~ltft61cN ~ att(ilqot q;Tlf ~ ~ fmTq; \ ~ 

cftlr ~ ~(l<f;ltil) 



~ : ~ ~ 1 ~-~ \ie41(114J&1¥1 ~ ~ ~ ~ 11tl41¥('11q~~ a a=t 
~~I~{%~~~~ ('llfll~ct?J ~I 

~ : fu+{j~~cffl ~ <!flift a m ttcf; ~ a I ~ ~ ~t44C4~¥1 ~ 
~ VIR -.mnft ~ ~ a ~ liT fir, ('1" 'l'i fa1iT ~ cf; ~ ? 

~ : \ie41('114j~ ~q5t ~ \lT1TliT ~ ~('l'q('lcffl ij;I(Uj{:t tro ~ ~ ~ I 
Gt('lqfCsq ~ "tf~ ~ :qg1"1~~ ~ 't01o?tc('il~ ~ ~ ~ 

~ \ie41('114j4t ~ ~ ~ '4"R ~ a ~ 0\ -at :qg1"1~~ ~ ~ 
~~WIT m ~ qf<~ct?l ~ ? 

~: ~ f\rtt \lTTI+IT ~ ~ ~ ~ (Igneous rock)¥ ~ lrtt 
40 - 80% ~m (Si02) q;T ~ (Ions) J1" ~ ~ 1 ~f(;,q;1<ffl arnrcrr 

atf.HiGt"1, ~f411, ~~ <t41~4+t, ~;·,~4+4, 'i'">lcl~4+t +<w~fu4+t ~ ~ 

~~I 

~: ~ f\rtt m~ ~ '41i+tl<ffl ~"¥fir~~ ~ ? 

~: '41•+41¥'1 ~lf el+tl"4d41 500 ~ 1700°C ~ ~ ¥ ~ ~ 
atl({qfQ ~: ~ ~ I 

~: iR41('114j@) "¥fir 'SI¥1<¥1 ~a~ ? 

~: 17cCJ(114j€1l mlf1'"4"fflrr ~ Sl¥1<¥1 ~at ~ : ~ (Shield), ~ m 
(Cinder cone)~ ¥4i~c (Composite) 1 ~""6+41 ~ 50 ~'">l~c< ~ 
~ ~ ~ ~ m ~ ¥•'i'">l~c+tl ~= 1 ~ 10 fitl~1~c:<e&+~ lf( 

~ ~ 1 ftr~ qfl('l({cffl Ul(J Gift ~ ~ ¥•41~c: ~ ~ .. 6<¥'1"1+41 nmr, 

~ ~ ~ :~ ut ¥U~e·&+t ~ ~ I 

iiC41('114jti\¥1 'll¥1 (~~ 

~ ~1('114j4i ~~ tR ~ 'qil"1ct?i ~~~tl (Viscosity) a't ~ ~ 
~ ~o6<iffl"1 ' : q;Afl~ect?l ~ ~ ~ ~ ~ ~lfffictil mtr ~ 
r.:t~;oal 



~: . ij('ll(+l ~ 61Jtt~'11 \iql('ll'!4i ~ ~ t1AIIq'11 ~ fCfi ~ ~. \3"11 ~ \ 

~~vM:~~ ? 

~= ~ ~ wn V{'f ~ ~ 1 ~ f'nft ~ G~-?te¥11 ~ ~ 
~ ~ 'R41('11'!~"1 ~ ~ ~ICI'11 ~ ~ ~ ('11'1"1' ~ <f\ 

'R41('11'!(!1lc#\ ~&6ie'1 ~ m ~ '!,-GI-?ie4?J '1l<fi!4't"i ~ ~ 
~ I '*41(:11~¥1 •fiitciEI('tlt $(:11\3~ ir ~ ~tll<+l . ~~oqa 6i::h ~+il 

\iql('ll'!4i ~ ~ ~ ~ q1stt<¥1 ~ 1 

~: ~ ~ ~ ~ ~ 'l,-\WT \iCCI('II'!~I ~ mT ~ ij' ~ ? 

~: ('!' ~ 7.fr rc.~CI¥1 '1iftll+il \iCCI('II'!~l ~ ~ ~ ~(CJII({Cfil ~ I 

~ +itcltll•l<~~ ~ ~ cfif\;ttt<¥1 ~~~f~A'1 e'!f"':+ ~ ~~ltiAic#\ ~ 
'*41('11'!4\ ~ ~ ~ ~ ~ ~ I \iCCI('II~l4?J Pcilaoole'1 tlllt4tll~ 
~ qf.r ~ ~ ~ 'iq;;c{j~ \ '*Mii'!4ic#\ 1fte<¥1olatl(! ~ ~(CJI({Cfil 

~ ifiT "'llli+i+ll ~ 61r.t~'( l 

------------------------------------------------- ~~~ 

· ~-""· 

'[Cfi;cfl~ \ \iqj('II'!Wl¥1 ~fi>Gi$loiatl(! ifiT ~ ~ ~ 

t¥1('1~tU, ~ ~ at~f<+l, ~ \ 'O"((f '{Cfi~l~ \ \iCCI(iii'!Efl ~ ~ 

+ur.t~'(l 



~. ~. '41Y,+1U:Si't \ ~ (Atmospbore and Weather) 

~ qftqft -m;r i~ ~fl:t{cti) aticHUI{"flt ql<j+iU'lS{"f ~ 1f.R irtf ~ ~ 
4f<lllf41 ildit{ctil C[U 6t~c?ilil~~~,l ~ I ~ ~ ~ -qf.r ~ ~ ~ ~ 

~ Cfilm ~ 1:ff.:r ~e:!\3l"1 ~ I ~ l(j;{j{"fjt qi<j+1U6{'14il ...ron 4<tlt{ctil ~ 

~ ... ,e+=l -qt.r \3l~ f~q:;'~*' ~ ~ e~ctil Wr 1 ~ ~i¥tl{"fi~ ~ 

~ ckliCI?\61+11 ~R" ~ lf.t ~ ~ at'*'~'+ff-t ~ ~ m lf.t ~ 
~ ~11§""4l I ~+1U6{'14il ~ ~(if4di ~ ~ ~f.E4!4CI?\ ~ if I 3Jmrr, 

~I dl4!fl+1, 'Efr4", .. ~ ~ mrCI?\" ~ ~ ljjqij~jqi) "C:firolT qfl:qd"i ~ ~ 

~ .rte+1+11 qfl:qd"i ~~ -qt.r ~ ill<kll< fuct>ictCI?l ~ arl'if 1:ff.=r ~ ~ 1 irtr ~ 
oftct;r ~ 1<~t<~{"f'' ,r.ft :aq4' Hft mr ~ \T";n: qi<j¥106{'1*' ~, ~ ~ ~ ~ 

"9'\lTCf ~ ~ "1 Cffi I*' ...ron ~ ~ 1'l"t VI~ tt¥1 if I 

~.~., cuq•N:Si'tifil ~ 

qi<j+1U'l5{'14il dM~4il ~~ ~ ~ f;t+04114+i'1f.;t+1CI?\ ~ ~ 11it +i~t'14'ioi 
~ ~ 1f'f 'l"pflil I 

~ C4Fffi~id ~ 'iiltiit{ctil 

4il+1{'11t qfQ e1~~id ~ 

~ mTt qj~q~~")lr ~ 

1f'f {'1 c II \3 '!" lfl I ;jfiif ~ 

e4{t¢~id Q{"flfi{"f+il ~(f f'rzfr 
t\q; fq~~{"fj ~IU'lS{"fftii 

~ ~ ...ron ~(!Cfit\+ii 
~f&l(Ci?l f;t¥041i'jiji(cti\ ~ 

@11(1{'11, ~ 1'l'f' ~["Nr I 

100 0.0001 

0.001 
-80 -
~ 0.01 ~ 

j:: 0.1 -
~ 

10 
20 100 

0 1013 

P..Ui+iO:St'1 (Troposphere) 

173 193 213 233 253 273 293 313 
~(K) 

• 15f('fqj&:f('flt QT11: "lft p- mm ~ (Density) ~ ~ I 

• ~ ~1flte<c"' '3"'!fr1' ~ ~ 6.5 K cit ~ ~ m ~ I ~ 
:t~ftiCfi~q+il ~r ~ 213 k ~ ~ ~ ~: ifi'f ~ 1 ~ 
qfl:qd"i (-f "lft "'~ ~c(jq\51 ~ I 



• ~ ~ amro- ~ ~ qf<qa'1cA ~ ~ ~ ~ ~ mnr ~ 
~ f.:tA1+1 U>s{1cA ~ ~ rror q;fo;r ~ 1 +?letli1tJ~q+1J ~ tft ~ 
"j+i~<l{€11~ ~ ~ ~ 'll11ltT f.:t+"'1+10'5{1c6l ~ ~= 16 km ~ 8 km 

~I 

• C41':i+1a;s{1+11 ~ ~ ~~1e4?i 75% nmr <ft ~ ~ 1 nue~1~q; <rtr ~ 

111{1C41tili ~ ~ ~ (Aerosol) ~ ~ ~ ~I 

~ ~ (Stratosphere) 

• 6+1dl4+10'5{1c6l ~ 61+11"'4d~l ~ ~ I <ft ~ ~ 220 k ~I 

• <ft ~ ~R"i~+i ~~lijcffl +miT f.:t+"'1+10'5{1cffl ~ ~ ~ ~ I 

• 6+1di4+1U'5{1q.l ~ 16 km ~ 50 km ~ <?iRwictcffl ~ I 

.~nmr~~~¥-q;nf~~lir~¥~~~ 
~ q(lallltft f'q;(UI(;~ (Ultraviolet A~ B)~~~ m ~ 
<rtf ~ ~ ~14iC4111c6l ~ ~ I 

• '3'i41~ctil ~ <ft $111' ~~1ectil ~ ~ ~ 1 

• +1fA+10'5{1if)l 50 ~ 80 fq;, flr.~ ~ ~: ~ ~ I +n.~+106{1<if 

~\lTll'lrr ~ ~~ 183k ~~~ I 

• ~ ~ 3114il(4il ~ <ft ~ ~ 41~~'1< I 

• <fr $111' 60 ~ 1Jftr ~ <f; .. ;sq?j ~ Gfd'rn' ~ ~ I 

• <ft $111' ~ "qTtf m 1mb ~ 0.01 mb ~ ~ ~ I 

ffilfttf ~(Thermosphere) 

• ~ ~ 80 km srrc 600 ~ 720 km ~ <?iRwtct<¥1 ~ 1 

• m-~ ~ ~ 31101~4) atr.t:e\i\ '1, '11~{1\i\ '1, rt, 4i1Gti161~31CR11~6~ ~ 
~I 

• <ft ~ +1fA+1HI+11 4(1a\i1Rl fq;(Oicffl ~ 31101~4i41 C! 41(+11f01q; ~ 

qf<qd'1 ¥ ~ ~ ~ ~~CfcfJ'it:~ tfTrt ~ I <rtf ~ 31 1~ll'1t%~< 

(Ionosphere) 'Cif.f ~ 1 



i11~+1U:S"' (Exospht:re) . 

• ~ ~ \ilfti'1611<! 80 km ~ 720 km +U~~ffl dl"'df<&H1R1 cfiR:I((qil ~ I 

. ~ P' ~ ~ @li,,l\ii'11 diPcR:i\il'1 ~ ~ft;j4+1 i41E!Cfil q(+11"Jtl~ 0114'1'1¥1 

~~~~~I ' 

• 600 krn ~ ~ f~ ~ ~l,:(iliil'1 i41eqil ill~dl ~ I 

• UHijqil "'1{"1€1'1~ ~ ij~~ICfi4Uiqil 1J'lTi!f ~ ~ ~ ~ i41E!Cfil q{+116j@l~ 

~'d'Ji~'(l 

• ~ ~ 2000 krn \RT ~ ~ ~ '~ff{tiictil ~ 131('411!1¥ ~ ;fi 
~~~ 

~tcftliO<i ~ +11fVHtR1ctil c1Jlj+1U:St'!Cfil ~ +11f.:iEt@l~ ~ \ill'1¥1tl 1JTt<r 1ft ~ 

~ miT ~ ~ fft ~ li"j'llfr ~I ~I ~ ~I ~ ij1fT ~Gt'IJ'G*' 
~ lf'tt ~ ~$llf.:i¥@1~c~ ~ ~ ~ ~~ dl'jE!'tll'1 ~ Y4'H1Cfil dlltll(+1i 

+11f.:ie~~ cw.{+iU:St't¥1 iff~ ~ ~ Cf<let~*' \ill'1¥1tl 1JTt<r ~ it 1 

~.~.~. ~ ~ \' ~ ftr.lm 

mrr ~ ~ ~· :qRn~<t ~ ~'Oit14*' ~ ~ ¥fillitill<! ~ 
+1ftt11cti'l t=mr ~ limlfi~ " '{l'lf '{l'lf m'4' it" ~ ~ ~ l3tT'(( I ~ ~ 
~tllefi@l~ at +1ft<t'ticN ~~ q;rorr ~lf-il<~¥1 ~ I ~ ~ ~ ~ mtT ~ 

~ ~ ~ fci;ir ~!1ft~~ t'ti~J<~Cf)) fVr4T I 4fa<t+11 ~ ~I(.('JcN ~ 

i4i<tlf<41 • m ~rm ~ ¥T ~ ~ 1 ~ ~ ~ ~ ~ 
~at~ I~ li~ fVr4T ~~mit~~ aT +1ftt11cti'l anfijq; 

~ ~ ~ ~:tl~\3(1l ~ (! .. (!t'tl'i< tmnrr ~ flTit ~ q;r+f ~ I 

tmnrr ilt<tlil~ 'd'fCfiT w~ ~ fVr4T 1 ~ ~ ~ ~ Cf4jt=ij < 'Ulr ~ 
~ I ~ ~ mt ~ ~ ~ I ~ 'Ulf lffiT ~ t4Rl~< 'Ulf 
~ an1R iloaecf;q?r ~ 1 f4eqfQ ¥T ~ ~ Cf41;::e< t'tli'lcN qiRUT * 
fVr4T ? 4~$+11 ~ ~~ ~ ~ ~ t'tli'l*' crnvr ~ q(i~\iltfl ~ 

(Ultraviolet - B ) it 1 ~~ ~ ~ ~ rr.f ~ 1 mrr 1F ~ ~ 
~~<G(j I ~ "¥+1' ~ '@1'!1fu;ni ~ q;rq-~ ~ ~ ~ ~ q;rq-~ ~ 

~ ~ m ~ rq,~ 1 ~ ~ '1lfr ~ t<l¥i1t11S ~ m \ m ~ \lfft 
qj(ijq(Uj ~ '1ll,~ij'i({cN ·~ I ~ ~ qf.f ~ ~ ~ ~ ~ ~ ~ 

1JTCO \ m ~ lf"tl' ~m ~ ~ li"J'l({*' fVr4T 1 



~00 

UV -rays 

1JT'CO attA4'1ille (;1¥f\t'tn~ 'tjf{C wrr ~ ~ ~ at1"'1"cN limn -qf.r ~ ~ 1 

ai'J"!' Ii'fcffl ~ ~ (1d£i~ftif 20 - 25 fct;.fu. ~ (1~\iO<I ifit ~ ~ I ~ 
~ ~ ~*11(11(;~ (1+mU'1 ~ cgu ~ ~ 00 ~ l~ ~ ql\31§ri'-4~1 I 

('qijq(Q ~ ~+0\GI+tl~+iCfil ~ Cfilie~~l'S+il ~ t1mJliT eRft lil+flt'ttt ~ 

\f"j\f~ I 

'll~+il ~ ~41(1cffl ~ '\ fcr;mr ~ ~ ~("'d(~q+il \i$(((~ I ~ ~ 

~ ~ ~ E:tfo:tctil<cti q(,a\:lltft f7fi<vr ~ ~· ~ 242nm 'RT 

~~~llllV~~~ 

<Wi+i06t't+il ~ ~ '\ ope ~ ~ e4'lll!4+i ~ 1.930 1fT 'E41q+41'1~ 

M~t'!Cfil V. ai'lcr (1(114P-icti ij;ftCf)(Ul ~ 'Cfm t't~II'{Cfil ~ : 



q<l->fll'11 ~ ~Ill' 131F3"11~ •uf.teqil ~lt\<¥1 ~ ~~ ~ S"f, Qlt'llqil 

Cf41;:e< ~~ ~ 1f~, +i~id\04'1i ¥, -.1e~(iql¥1 ~ ~ an\R, ~ ~ 
~ ~q~~¥1 'q\if'A" !ftl«fT ~ e~IC4'11 8\- ~I 

m-u •u~e('llt mil'ft' ~ ~ ~ t'4"a~ ~ ~ ~ 11 ~ ~ 
2 C4~e+¥i ~ iR';tr err~~~ mi'r ~ 1 

CJI~fdcti ~ ~f uue¥1 ~ ~ ~ ~ q(l~\:iloft ~ cHJi+1o~(1+11 
13h"+1ftl~ ~ ~ '{ufte+¥i 13US'j4\'1 I ~ 131'i"!~l'1(11t lfT"1Cf <~ICficNI ~ 

~I 

ctit4'1+i1.,'tatiffil'~ ~ ~ ~ uue~~ 31f.Rt\:il'1 uue441 <let~~* gfaf~~~ 

~ ~ ~ 'tff.r ~ Tlffi'l'" ~ ¥ "l'fUft ~ Cl '1 ~ f'd Cfil (11f1r t: I~ Cfil (Cfi 

~I 

CFC nmr (CFC·11 ~ CFC·12 ) ¥ ~ 9~1{;~+11 _flij~l\3~, am\, ~ 

rmrcfi & ~. l3fTlTt f~ ~. m, '~~r.te ~ C('llffecti \3liT1r e~:etl(1'1 ~ 

\iffiiT ~ (11f1r ~ ~' ~ ~ ~ mf ~ ~ '91!V q;r(VT if I 

CFC ~ N20, CC4 ~ H20 \iffiiT ~ 'tff.r ~ ~ ~ ~ I 

~ ~ ~ t11fu ~ ~~lc!ICf;(1cffl ~ ~ ~ I 04 -CICfil ~ 

~~~{;~ CFC ~ ~~ m ~ ~ HFC ~ HCIFC ~ q;;r 

{;I~Cfii(Cfi 4~1ijfi~ ~ ~ I 

~ ~ ~ Tr.iq;r (11f1r N20 ~ CC4 ~ 4~te¥1 \3Ni~'1(1n\ f't:t<~ffilfga 

~I 

CII1+10~t'l+11 ~ ~~ 131l-(1'1cffl ~ ~ ~ ~ ~ 3mm liTir 
4~1H~~~I 

~ ~ aR' ai~ ~ ~' -qlijg-q(ij ~ ~ ~' tffi!t ~~ 
;uq;~~~~~~ 

~ ~ 'tff.r ~f\';f Tlffi'l'" ~ I 

~~ ~ ~ ij(ij((ft ~~ '14!~4il ~~ llf ~ ~~ 

~~~~~~'tff.r~~wtt~~l 



~.l~. ~~(14~ 11lnlf (Green house effect) 

~ td'<d~l~*t ~ ~ 1tt;rr 1Pir ~~¥1('14+11 ~ cl;tt 'i~*fl" tli¥t'I('IIC ~ 
\f"j\141 I ~ ~ ~~¥i(if4dcfi I ~ ~ ~ "{ 1114'1@1~ ~ ~ ~ 
~ I 'i~¥1('14+11 ~ ~ ~ ~ ~ @liJil(>liC VmT 1Pir I ~ ~ 

~ ~ 0{ C02, ClL$, CFC, 03, N20 "{ ;Jt(>lql'sq (H20) cit Cil~~+1o6('1+11 (fN 

,ti ~ Cfii{Oj~ ~ ijd@lijl(! tfi'Ck ~1~+10~('1141~( ~ omcR ~ I Cfl('l~~q 

'(fl'tf '641fq\t( ~ ~ ~ ~ I ~ fi~d~lfl \fr.f~l<~Q I fi~(Hlfi ~41ijfi~ 

~ ~ '¥T"{Vf ~ +iir.=tij¥1 ~ Oti41¥('tlq(!l~ ~ I ft)C('II'1~ 3!f1:14f .. ~d 

~ ~ Cfliii\~~~'atiRti'i6('11' m wr. ~~~o ~ <=~ICfl¥11 ~ +1tf1:1ijCflj f':ll4t¥('1(4('11{ 

f1:14.-!4Uj ~ if' ~ ~ ~ldiiifl¥11 1 ~ 2k ~ ijjq:t)¥1 ~ 'l'ft "'fi464qjUft 

1ftCflr ~ I ~ 'Cif.r cl;tt ~ a ~ 1t'ft ~ ijq~('!Cfll ~ Pc<itc 11it 
~ ~-I \tCfll ftrl?f I 

• W( 1750 liT~ afJ'Q~If11Cfl :t~lf.:dq{Q C02 ~ 25 gfa~id~ ~ ~ g; I 

• ~. ~. ~~ em;, ~ ~ ~ ~ ~ ~ 6-7 3f"{Gf e'f 

C02~~~~ 

• a,.,~<fl . "{ q~qj(if., cqqij(4~ <tfij4'*' 4F.l*EI~ lfnf ~ 10 mw futr;; 

nmr~~~~ 

• mrr t.rorr em; ~ ~ 'Cif.r ~ ~ ~ cmvr ~ 1 

• i4tctef<41~ f1t<~qjq)) ~ 1riR <tijt4F'1Cfi ~ ~ mr "{ .,,,~Cfi 

atiRtl'i6qSJ dfl>J~l'14'~1qj) gfaf)fi4jqj) Cfli{Oj~ ~ 0.25 1lftrm ~ atiRti$6*t 

~ 'iti(~(f)) Q I 

• ~~~:a~ ~ ~ \11ir1T ~ ~ 1fAA CFC-11 (CCRsF) "{ CFC-12 
(CC/2FJ) 44iijq)J Ciii~Cfi~q+u 4 gf~UidCfll ~ ~ 'iti~q)) Q l 

• a~ur.=tCfll'l~ ~ ~ (Thermal decomposition, Plasma, 

decomposition, catalyst decomposition, Reagent decomposition) mr 11it 
CCI~¥106('1+11 ~ CFC cit lfr.U ~ ~ ilf'<~¥1 W{ 1 

• F'1+001+1U6('1+11 ~ ~ ~ 'Cif.r ~sr.cfl('ltt E:f<d4lfi ~ 'CflT'lfm +1fi'€Cfl'{ui 

~ ~1t1Jcn ~ Q I 

• at~~4"q+11 ~ \JI('Iq(osq~ 'Cif.r E:f'<etc{fi TJ\1TCf ~~lilt I 



• E:f'<a~rt< ~ ~ alq!ifiififl ~ ~ 1 ~ijqfQ ~ \lTlT1IT ~ ~ 
~ ~ ~if.,~@i~ ~,ij'!'tifl ~ ~ ~ ~ ~ @ijqjqjoflqj 

~ qf\cni'1 ~f ~ 1 

• q;laf'1li;i#O<I$:s, fiii{I#I~0%~0 ~ (HFCS) ij~'h<:SiidiCRIIS:S , 

q;laf'1'i~.?fatCRII$:S ~ ~4iij@i~ ifif.:tijqi) ~ ~41q;{'llq~ ~ '¢r lli<~q;l 
wt ~ flf'<a~r@i V\lTCf ilijls<8q;' WI. I 

~ 'i~q;lt'I4CIIc q;AAn ~ ~ qlljifO:St'tifl E:f'<a~rfi ~41ij 4il '¥f'nrr mt*r mft;rq;r ~ 

¥ nmffi q;ftr ~ e:f'<a~rE: 1JllTCf '¢r 1R ~ ~ ~ ~ ~ qj~=eu<! 

~ '.fi'"'(41'3'l ~ ~ I mft;rq;r ~ qjioqi<!Cfil ~ ~ o ~ 'j~q;l{14¥fl 
~ ~ ut ~ ~rn -qr ~ 'O"ln"\ ~1'tG!fui ~ 1 ~ a41<~({Cfil mft;rq;r '\ 

q I i 't4 I <! Cfil "1'1f'T trniT fti1:ft I 

e:f'<a ~rE: ~ 4, ij 4il 'il7f1'iR: ~ '¥f'11rr 

Ei~d~!Ei -nmr '¥f'11{T ~ '¢rm ('9ftrmr) \JI~jq'1dlqfa ~) 

C02 33 ppm 0.5 50-200 

CR. 1.72 ppm 0.9 10 

N02 0.3 ppm 0.2 150 

0 2 100 ppb 1 0.1 

CFC-11 0.3 ppb 4 65 

CFC-12 0.5 ppb 4 130 

Other green house gas 7% 
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. ~ ~~~~~' 1J1mr 

(jtq~" 

• ~ 
• ~ "'U'f 

• mrm~ 
• ~~q~a arrm 

• ~ 
• qr.fi ...... ___, .....__ .. _ 
• ~ 

~~~~ «"C4'11 

~ §:CM1 '1 ~ 1mlfl1 

• m 

• ij(!j{'lj~(! 

• ~ 
• ~~ 
• ~ ci;~~~ 

tfl~ .. ~ ~ arcfm iif1""1 '61IT 1tfcltsqCfij Gffurr qm 1ffi3'f ~ ~ ~ :aq<(jift 

~ 1 ~ ~ ¥ -qf.r ~ dN~¥t, 'CfT'fi, ~, ~' ~rttl$d anrn, ~ 
~ I BBC \ CNN ~ Et~iei~ Pc.~ct~ ~ ~ '1iR11¥tic6d ~Ell<{~ CfU 
f;14\{'1tS tnt~ I ~· ¥tlfA¥tilll ~(4*1'1 411\c:{Cfil ~ {oq'11¥\ atlfli(¥41 ~ 6/6 

~U(!j~ ~ 'fCRn' 1A~ ~ ~I 

~ '1iR11¥tt ~ (t=tqfi~tt Pi~oqa ~ Vli'r1T 1f't\' ~ ~ ~ \nfi 

ij~dCfil atlfli(¥ti ~~ ~ ~ •tf<({~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~q;r ~ ¥ 11m ~(!~ .. , ~ H m- 1 .. ,~~ ~ 1ffiiT 

~~@:" Vli'r1f ~ W( I ~l¥tiR4d41 '¥ ~ ~ ~ ¥ ~ ~ 
if'rtt iff~~ (IT~~ <=4ftf ~~~~~I 



("'q("'i( ~ ~ ~ (1' ~ I 

e ec\eiS((O( ill'1dlt<~ii\ vmf 1ffi1i""( ~ \3(-4ii\ ~ lii146qcUUft lA ~ "ij"'f. 
1930 ~ <=~l«tiilli! ~ ~iF\ttcti\ m- I 

• ~ ~ e(4*1'1 1T'f ~i!it11,cc6\ VliTlr 1960 1fTG W<+\l ~ m- I 

~at11~at<~ ~ eMilie ~ 36,ooo ~11lta< em <1~<(¥1 ~ 1 

• ~ 31~f<q;lc6\ illll"i'1¥11 ~ 2 <fiT ~ ~ (Hog) ~ wzrr ~ Winter 

Season -n t<ca1qfQ ~ ~ ~ ~ ~ 1 

• ~ (Weather) ~ ¥ ~ ~ ~, mT, m, e1qfM 311stat¥11 ~ 

~ qf<cHi'1 m ~ t'i141qlrfl (Climate) ¥ qt.f ~ ~ ~ ~ m ¥ 
qf<ctd'1 S'f 20,000 ~ (1'1T'1' ~ I 

qf<q':tji:lj~j ~ 

~. aq,,iffl ~tllt14 ~ 'f.'tfl'. / 1TT.fcf.tr. ~ ~ 'f<mT c6\1Ei'l( 1 

~. lT{t ~ 'f (1' I 

• c6\q;ic6\t11 CfT ~ ~ ~~(11, 10 ~tf;o:satf'd t!iHI\3~ l 

• ~~t'tl' cJia+11~ or:sT ttm: ~ 1 

• ~firq;fm-~~~~'flctAl 

• ~ ~41¥(1iqii\ '*41t114f4' ~ ~ mm ~ Ml~t'll' ~ ~ ~ ~ 
~I 

• ~ ~414*11qq}l ~ ii\~e;'l( l 

• 2001Jllf'ilftr~~~~~l 

• ~ qj;:J:S(cffl ~~~~miT~ qm ~ l 
• ~ qi\3:S(t11l "¥41<(( ~ ~ ri ~ ~ l 

• ~ ~ ~ 4i!ll~~l¥11 ~~~I 

• ~ ~41q;('jlqc6\ ~ ~ l 



qtf ~ mfTr qof1cfi4Q ~1i+Hft~~ 

1. Rowell G. and Herbert S. Physics, Cambridge University Press, UK, 2002 

2. Jones Mary and et all, Physics, Cambridge University Press, UK, 2002 

3. Teaching Physics, Indira Gandhi National Open University School of 
Education, India 2004 

4. ·. New Unesco Source:: book for Science Teaching, University Press (India) 
Limited, 1999. 

5. Bantawa K.R., New Advanced Physics with Astronomy, Elcta BoQk 

Kathm~du, Nepal, 21000. 

6. lilt:tl!1iC6 ~ ~ ~lfmtq; ~~~IC61, liltA!1iC6 fum ~ ~. ijl.,~l~¥1\ ~' 
~0~13 I 

7. f.i.m.fcr. ~ ~ ~rfmlq; ~~fltiC61, lilfAfl:tq; fum ~ ~. ijl.,1f6¥11, ~. 

~o~~ I 

8. Y4"11'cll4, ~, ~ * ~ ?, m'liT Y¥1~1'1 , ~, ~ft1<t'j<, ~o~o I 

9. Ojakangas, Richard: Introductory geology Schaum's Outline Series, Mc­
grawhill Inc., Singapore. 

10. Ordway, J. Richard: The Earth. Science East West Press Pvt. Ltd. new Delhi. 

11. Brown, Julie and brovm Robert: Weather, S. Chanda and Company Ltd., Ram 

Nagar, New Delhi. 

12. Niraula, Baudha Raj: Interaction of Solar UV -A Raditaion in the Earth's 
Atmosphere (M.Sc. dissertation. unpublished), Central department of Physics, 

TU, Kirtipur, Kathmandu, Nepal. 



~ ~ (Space science) 

~ : ato:af'<&t Fl4$11'1cffl ~ atl<fi('IIS ~ ~, ~ ~ "{ e+H411,~4i 

~'44CI~ ~ lf'ft ~ m-~ , -*''r.tq; "{ '~~'~fuq; ~,(1~~ ~ lit' \1m ~ 
3JTtFit lfTif "{ ~ atfiiC{fi lit' ~· ~j&f0j~4)11 ~ Of"'fifr'( ~fijJ'~ ~ 

oqq~jqf1 "{ ~ 1_(¥41(<f>'1 lit' f?mTrr fll&ticti\ \3€'QI'14il ~ fm1vr lf't I 

atlctil-1+11~ ~ "{ ~ ~ (!ft;q;~'(l 

e•t<'ilf'< ~ mu ~ \fift;q;""a'll 

~ rn ~ ~, qj«fq+il ~ t ? 

~m~~"'~~ln 
ri mu t~+uogaftwq ~ 'Nt 1 

W( a"{ m ~ ~ ~!lsi --a'l ~ 1 

4Tmrr~~~~~ 
OT'!r "{ vq;m ~ ~ ~ ~ II 

't~qlij~(l ~ ~ ~ ~4111•1d+il 

4J~fC4jqi~Uj ~ ~at ~ 'lll'1i"a++T I 

~ cri amt1? ~ ~ aA (ft 
r.t4fltd lTftr ~ d ~~at II 
~ ~ ~ ~ (Ji2f ~ mft4T 
~ ~ ~ ~ ~-mfcrn" 1Tfui'r I 

4T ~"14+106('1 ~ d ~ ~ 
~ ~ ~ arT1ft v+fTVT ~ II 

~ ~ arrchr ~ lffu: q;;:q;;; 

~ "qV(!T m -cru ~ '(1"6' ~ 1 

~~~~~m 

~~ .. ~---~~m-·~11 
~~~~('Its~~~ 

crur+rr ~' ~ "!R ~ ~ ~ I 



~'~~ri~~ 
~{ ~ ~ ~ lfrtt il'b"'!!ltt ~ II 

~ ~ "f!Rnrr m ~ "iR af%;ct;~ 

'{fflc{lq~ ~ '1m ~1+1G41(! ~I 

~~~n:r'iR'~m 

. ~ ~ ~ lJ~ 'ijif(;q;~ ~ II 
~ ~~ '{f'lqlG41(! ~ ~ 

~~~~~~ ~M-1 
~· 'Uftr ~ ~ 'iR' ~ ~ 

am:(\ ~ ~ 'iR' ~ m- II 

~ tfTlf ~ilct?r ~ ~ ~ ~ 

~ ~ ~~ ~ R;ft \Tift ~ I 
~ ~ mffi~ "«-~ ~ 
~~~Jr;IT~~~~~ 

9o.9 ~ ~ ~ l1fff (Eanth and its revolution): 

-· 

\iffi'tt 1fTf.rn' t'iC!i'a\Sit'i i\SI¥11 ~ ~ ~ ~ ~ ~~ t'iC!i~\Sit'ii\SI f1()fq)~ tiT ~ 
m ~ qftqft ~T 1f't ~ I ~ ~ ~ W ~ ~ ~ qf'<:fi¥11 

~ 1 m ~ ~ ~q; ma- en-~ ~ m- 1 ~ rct;~¥1~ ~ m- ~ ~ ~ 
~ ~ ~ ~ ~ I llT ~ ~ ~ ~ 'Cff.f ~ tj~ISI~ en' 

~ tj~ISI~ 'h'1'hifl ~~ ~ I ~ ~ ~ 11'ftr en' ~lf\1+101 ~ I 
m rm- 1311q)l~tq)t Q'l'\ll~~ 'iR'I ~ ~ 131~1\3~ ~ ~ • 1 ~ ~ ~ 

~ ~ ~ ~ fcfcrtto fhufd< ~ ~ ~ 131~1J~ 1 

~ liT ~ ~ ~ G ~ ~ @ gq,t<q)l qf<c:ni'1t'i~ ~ ~ ~i!'11t\~ 

~ ~ I "C4~+11cffl ~ ~ ~I afMtl ~I iJt'iOI\SI~I ~ ~ 1I\1TCr 

~ ~ ~ ~ ~ qf<qd'11 ~ IIC41<'lli!i1 ~ ~ ~ ~ '4f.f ~I 

<ft fcf;;; ~ ~ ~ \1"~ ~ (f ~ ~ I ~ 31'1~$1dli41i! ~ \30ft ij¥11151+11 

~ +itf.:tet:~~ ~rcmr ~ ~ m-~ 'Cff.f '~'<~q,t ~ 1 ~ mfT ~ 
~tse~q~ ozmilfT 1f't ri;+rr e¥11\ilcffl 131"fl$1{ ~ ~ <lHiGI'1 ~ I 

~ lTfff (Axiai rotation) : ~ ~ ~ ~ ~ ~ ~ q)l~f.:tq, {~i~lt 

3fel (Axis) ~ I ~· ~ qtT llW ~ 'h'1'htfl tjflid;;ffl ~ I llT ~ 1Tfu 
fcm;; fmroT ~0~ 
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¥~~ ~ ~ ~~ lfotamfu Mo~~ I 'Eij~i11c¥l ~ (mlf 

~) 'tT1T ~~~I m ~~~~I m ~~(New 
moonday)~ 1 

:q~q~~ ~ ~o ~ ~ ~ ~ (~~0° qf\:ti+tl ~) ~ ~ <t rnr 
q;ftir <t~o ~ ~ I m ~ ~ 31~1J«I i!R1rr q~'Eij¥tl ~~Giilli! <t~o ~ ~ I 

~ q~:q~ ~ +tnl' \3\i41{'1l 1lt ~ 311Cfll(cffl (Crescent) iR¥IT ~ 1 

~eqfQ ~ ~ <t~o 'cffl' ~ijlq~ i!R1rr ~ ~ I 't4~i11cffl '3\i41\'1l \'fi1T tff.f ~ 
~ I 3111(!!1icffl ~ ~. ~ ~ ~ ,0° 'cffl' ciruf ~ I 'q~i11cffl ammJT 

~~~I~ :q~qJ~ <tc;0° qfl::fi¥11 ~ M1s liT~ I~ !t \'fi1T 

~~ltfr~~~l 

~"J~flg 1J.M+tie¥41¥'1 ~ l!J#Iqlfl' ~ 'if"i¥11~~ a?hfte;:q«ffl 3fCrib' 4£Wiq!ff S"( I 

'q~i11cffl 311tll1fi1T d ~ ~ 1fc:t ~ '{~illi! ~ \3\i41\'1l ~ ~ ~ 

~ ~ ~ 'q~i11cffl amm: ~ G~«ftt~ I 

Jiq(.,..,""., : JMl~ftil 'ifVi+ile¥0¥1 m ~ m ~ ~ ~ em ~ ~ m-~ , 
31C4\'1lCfl'1 1ffi ftCflt ~ I ~ cf;;$ ~ qm ~ ~ ~ I 

'iHli11e (Synodic month) : ~ afr~1~ftil q- 31~e¥41¥'1 ei143fqfa~l~ C(C6"Cl~i11ij 

~I~~~~~~ "Cl~i11ij ~I 

~ (Sidereal month) : "Cl~¥11~ ~ qftqft ~ ~ qfl::fi¥11 1T't ~ 
3fqftJ~I' ~ '1l$ti4+tlij ~ I ~ ~ ~\3 ~ \3 ~ ¥~ ~ <t<t ~ (q;ftir 

~\3~) ~I 



~mit ~ "Rltlr M2 liT~~ afM' ~ I areffit 't4~+mt "{ om'J4+mtcffl 

aAftr 'GfU1R ~ l1fli'r I oq "'= +t lt11' M2 ~ M3 ~ 1J«f ~ ~ V.. l:I"II'CT o ~ V.. ~ 
~ (q;ftar ~ ~ V.. l:I"II'CT) ~ I ~ 'q~+fiijcffl ~ i1&P4+fiij\f0<1 ~ ~ V.. 

l:I"II'CT ~ t1"fliT ~ I 

~o. ~ i4"i\i~OI (Lunar eclipse) : 

'EI~+llcN antFr 'TcfiT'U ~:;:~" I ~ 9¥1~1~ '€1~1 ~~({eN ~ I ~ 'Cfftqft ~ 

~ q;~~q;ltff ~~ \Rf ~ ~ ~ m ~~~~~I 
~ ~ ~ ~rm ~ ~ '€1~11@:01 ~ ~ ~ ~ \311'41~1 q;+r ~ 

~ ~ 'f!"ut+flcN \Rf 'I!Fir+tl ~ fcro:r QTln'1fT ~ I 

I 
I 
I 
I 
I 
\ 

, , 
~---- ...... , 

~ :q¥~fiq)l -mr (lJ!i~ atf£1~1 mn ~ OTftwr artt \311'41~~, ~ 1 ~ 

~ .m (Cone)~~ 1 ~~~err Wm ~ ~ 1~1¥1< ~ 1 

m~~~..rr~~~~~~ 

'iv:q'hue \il'fu" lR 1fliT tmi~ m.r;r ~ ~ ~ ~ ri ~ 3RfliT !'itt11zm 1 

-@ 

0\ ¥ 61Jaue '€1~+11~ ~ ~ m ~ ~ 'EI~+tlcti) ~ ~ czmr 

dt'14!UII ~ ~ I trT Q141t11t afl:qaue 'q'1'\ 1fif 't4~+tlt11t ~ ~ ~ I m 
~ '€1~10i@iUicffl ~ C{qi~U(!j ¥0 fltf\(!ijAfcN ~'1ij~ I ~ ~ ~ ~ 

~ m ~ ~ ~~ ~ ~ ~ I 0\ 4;"'=d41C! M1+tl~ ~ ~ 

~ 11f!Uiq)) arcritr ~ crr ~u~10iiij m 1ff.r ~ ~ 1 



1fift :q~q,q:;, ~ ~ ~ ~.~0 q,1vr ~ ~ ~ 1 m ~ ~ 
qf'<fa«il ¥ ~ 0° ~ ~ ¥ ~ ~.~

0 

w=q' ~ 1 ~ ~ ~ ~ 
~ ~ -mr o

0 
~ ~.~

0 

~ q,1vr if'ffi3"ir m-~ 1 cn"iqt*t w :q~q1i4 
'ftcfHf41 q;fu-~ 'qirvf ~~~~~~~I¥ 'n~iqJq)'J W 

~ ~~ ~ ~.0\S\Jtij ~ ~ \ ~ om ~ ~ 1 ~ \ 
~ C6tfc:~:t4it ~ ~ w ::q~qJ€4 'iu~'hf41 ~ ~ ~ f61ft 3Nffl:. ~~ 
~ \ ~ ~ ~ ~ lf'f ~ I tiT ~ ~ ijqqq?j om 'q~i](;O( 

~ I ~ \ ~ ~ ~ ~ (\JS) ~ 3l'ft;r +Uft!GI~C! ~. ~ ~ 
31<4fucil om qr ~0\S\JJij '+f11f ~ ~ ~ 1 

-.,. 't t{lf<I~OI (Solar Eclipse) : 

1 4iJ(;O( ~ ~ ~ I 'ijT ~ ~ \ ~ afi:qm ~ ~ I :q~qjq,l ~ 

~ ~ I ~ ~ 'G'tq;T 61JaiiC! ro ~ :q~q({4 ~fct;R~ \ 1 4\Jt<Ul ~ I 

:q~q(ql( 'ij"'Ef'f ~ ~ 61J'alic ro ~ 14il(;O( ~ I 

Fcrrn ~ ~ 6rJattc: ro ~0\S\J(ij 14\Jt<OJ ~ 1 @lfflf 14\Jt<Orci\ ~ ~ 

~ ~ :q~q({4 ~ ~ ~ ij(IEiGIIC! ~ frl*1.,1fliC!<ijAi ~ O"RiT ~ 
~ ~ ~ :fir+ir%4«'11' iTiA' ~ ::q~q,€4 ~ 1 ~ m ~ ~ ~ 
qm;fr ~Ri({cil ~ qftqft '3'"*".,' :q~') gq;(~jq)'j 

~~~~\~~~ ·1 
~ qftqft ~ '3"41~1 :fi'l+1lijtflq{{'fl'i w 
~ 4T om {4\Jt<u(ci\ ~{'f(q(f4 ~ ~ 

:fi'l+1lWl4<*t 31S44'1 lf'f ~ 14\J(;O( q(<=eq'{lli 

~~~ 

~ \ ~ ~.~o '*t ~ iit4;cil€4 ~ ~ ::q~qr€4 oo ~ ~.~o ~ 

~ if'ffi3"ir ~ 1 ~ \ 'ir;q1q;!ff ~ ~ ~ ~) 'q'f ~ m-r ~ 



~ ~4iJfiOI ~ I ~ ~ 'i'4~+11~ '{~e'~l ~ Cfi'r1rT ~ ~ ~ 
~~cti¥1'~{1 

... ----- . , . 
I'' ~\ q;J:ff 

-_[--- --~---~-::: \ __ 
I~ I 

. ~--- ~ / 
~',... ,,'' ... ____ _ 

~ qt.r ~~ ~ i!R1IT '{tqlillc em Nq;~R14i1¥10 • ~ 

~4%ul ~ ~ ~qrq,1 ~~~~~~<;~·~~I~~ 
~ (apex) ~ 'eft fcmr ~ ~ ~ I m ~ ~ ~ 61Jillc ro ~ 
fq;;:rm 1fnf ~ ~ ~ ~ ~ I m \lfiOI{'II$ Cf{'l"lf ~ (Anular 

eclipse)~ I m ;~ ·~~~I 

Cf{'l"lf ~ 

@1ffif tt4iJt:Oict5l ~ ~ ~ ~ 4ii(Oifi~ ~ I ~ q;rror 'EI~¥11ct5l mr.r 
~ ~ cti¥1' ~f I emiT CfiR1IT 'EI~+ilcffl ~ 1lftr ~ ~ I llT ~ ~ooo 
l'cf;\"'lflte< _gfo~uci ~ I cB 61J{'IIt mr.f ~ ctl<ii4fQ m 61J{'IIt ~ ~ liT\ 

~ I ~ ~ ~rn-uT cB ~ 6TJiiTc c::; ~ am 3fqfuijAi ~ ~ I 

~ q~~ct?t ~ m- mf.:~ ~ailltl¥11 qiTlf 1T'f ~ ~ ~ rn ij+i4ct5l ~ 

m- I ('4ijit{'ll ~ ~ ~ ~ \ ~ ~ ~ ~ ~ I arq;f ~ 
q~~4il ¥ilf.:tijEi~ ~"It~ l1ffi ~~ ~~ om~~ qfbt~¥11 ~ ~ 1 

m @~il{'lf'ciC( ,(IEil~~ ~ (Johannes Kepler) ~ ~ 31!:44'14~ ~ \ ~ 
~ ~ ffiilatki ~ ~ 1ft I aT f.:t4+1Ei~ ci;C{'I(ct5) ~ ~ ~ qf.r 

~~~aT~~~~: 

1. ~ ~ ~ \ \"3"4W~ ~ ~ liT'ft qfbM I ~ I ~ ~ \ '344Jticffl q;J:ff 

fuf <f'd l4il< ~ I fuf <f'd14ii( ~ ~ ~ ~ ~ ~ I ~ ~ 
qf<':fi¥11 ~ ~ ~~ ~ qf<~R14i1 (Perihilian) +rr \ ~ c:m ~~~4'1 
(Apehilion) +IT ~ I 

fcrnT;r ~ ~~X 



2. ~~w~~~~~ 
~:t4i{'l{'l(t ~ I '3Git'i(O( : ~ w A GiTC B 

~~~~CGITCD~~~~ 
W[. 'iR ABS ~ ~ ~ CDS ~ ~ 

~~~~~~~lfftr~~ 
~ em ~ ~ 1ffir tft.f ~ ~ 1 

3. m ~ ~ tt+14Cfil q1f ~ ~ ~ ~ "Ef'f (Cube) ti+tt;:tqrfaq; ~I 

p2=Ka3 ii!'if P~ ~~~.a~~~~~~ K~ ~ 
"ufu W(l 

~ ~ ~ ~ ~ ~ ~ lfftr ttt.f ~ltflat'jtii( q;lf ~ I 

~·tt.fqf{c:m: : {4{'14tt4a ~ qfbti+tt ~ ~ w, ~. 'l4at<t, ~t!{111Ei ~ 

~ ~ tt\~{'11, ~~zfqftcU( ~ I ~"14qftqt(4ii ~ fi4i\ttdlt'l~ ~I 

~: ~ ~ ~ fltq tn I~ fltq <t.~~0~0 ~lill+i ~ ~ ~ 
~.~~~ox~~~ 1 ~ iiM~cffl fltq ~ ~ o.oo<tx ~ ~ 1 (4q?r 
Clffif <t.~c;~O~ ~li11c( ('{tqjq)t ~<tO~ 1pTT ~ ~) liT {gij(Gf~ ~ ~ <t~ 

mv 1pTT ~ S'f ~ 1 

~ ~ ~ X\900° ~ ~ f1rt ~ <t.~ ~ ~ ~~qijijAf ~ 
~ ~ I qi(j~4< ~ 'AR1~419:t<l .~ aN~ 'TcfiTU \3N1<='1 \l~<t'l~ I 

!S" (Mercury) : ~ qftifi+tl ~ ~ ~ tl-it~l '1f.ilq;q)) ~ tr I ~ 
~ ~ liT ~ orrfr ~ ~ ~ I ~ ~ tqfaR=i4'1) 1fT ~ ~ 

~ l ~ 1pTT Gftt 'TcfiTU ~ I ~ ~ \fi{'ll+i<j'ffi ~ ~ ~ <q&1'1~ m­
~ ~ 1 li'r wm ~ ~ ~ ~ .,m ~ atNfS¥ ~ ~ c¥ nmr 

-qf.r ~ 1 ~ ql<j¥106{'1 ~ ~ ~ otftf 1J1ff pr~o0 t .) ~ mf arftr ~ 

(-<tc;0° t.) ~I~ -qr;ft -qf.r Wr I eft~~~~ Wr I 

~ (Venus) : ~ \ ~ ~ att¥t~t+tt 00 'tt~ ~ ~ fr ir 1 ~ ~ 
~ ~ ""'% vcmT q(lqd'1 1Jtt I~ .~ ot~l((q'- qh'tt+tftH 1fT~~ 
armfi' t4fa<*' att¥r~t+tr ~ 'tt~,, mu m ~ 1 4'r w v.r ~ ~ 
'f4il'1iiiC:: ~ ~ I ~ q(\+f06\'ll4 ~ ~ ~ <tOO 1JVTT ~ I ql<j+t06(1¥tl C02 

~~~~a\: aN~ 1Jtt ~ ~ at\"lffSq; (¥\¥
0 t .) ~ I "'fll'1+il 

~ ~ ~ ql<j+tU6{'1+il 02 4qjijq)) ~ ~ ~ ~ ~ I 4) ~ otltAT 



am Axis m ~ qf1!:q+iRI< ~ \iiGf fq; ~ qf)(:q+iiiltc ~ ~ 1 ~ 

<u<j+iU>St1+il '\CCc% 'il'ftr C02 ~ ~ ffi'1:f ~ ~H(ctit1'1 ~I ~ 1fr oral~ I 

~ (Mars) : ~It ct>fi:~ct>ttff 311ct>l~l+il ~ ~ 1 1fr 1fqU "< 3fftr 'Uffi om 
iifW ~ I 1ft a=t <~ '{f4lff•t fliW'J'1~ ~ ~ ~ ~ I ~ ~ 
afmo ~ ~~0 -a-.t~ 1 <u<j+iO>St1¥J ~ ~ 9900 ~ ~ I tfT'ftc1;T 3Nfcf, 

~. "111+iu'5{1 ~ ~ ~ ~ ~ ~ Eif I 1fr ~ '{e:cfi'it~ ii4~1'1CIII20 
~ ~ 1 lfij"Cf)) mnrm oocx, ~ iiit 'l111liT ~f'(Cf)31CR11~-s ~ 1fr ~ mrr 
~RiJ({¥1 ~ I ~ ~ ~~ ~ \JC!It114j6it<~ ~I ~~ ~. ~ '{ ;u- ~tr:tr:~l' 
~J:~~t1 ~ (Terrestrial Planet) ~ I ~'1itr:~ ~ l1nf ~ ~ ~ 
~ ~ I ~ Wtr:"~ ii4~1'1CIIIc ~ ~ I ~ ~~ ~. ~ '{ ~ 
~gg~'' _,">lf1i~'1 ~ (Jovian Planet) ~ 1 fil<fltr:~t11t ~ W ~ ~ 1 

~'1"itr:~¥J 31fuct>i~l \lllT" •~teiillc ~ ~ I ~ ~M~tffl ~ ¥!'11+il ~ ~ ~ I 
i~iijiilic ~ ~ ~ lrnm -qf.r ;;flqg~;;N ~ ~ Q;r 1 

~ (Jupiter) : 1fr ~ ~ ~ ~ 1 3A' ~tr:t<~rffl ~ fqo;s11~1 lfij"Cf)) ~t.s 

~. ~ TIT ~ ~ 1 w~ ct>fi:~ct>ttff 311ct>l~t+it :q~~1 dl<t\il~ ~ ~ 1 ~ 
I 

~ ~ \RT cmar ~9c; TIT ~ ~ I 3Mdi1Cf>l ~ijjq~ ~ 9000 3l1c:r if\1Gf'{ 

~ ~ 1 ifiH4RtiN ankct>m mtT t:1~4'1Gt'1 "< ~fti~+iiiltc ~ ~. ~ ~ lTftr 
(Escape velocity) ~ ~ t:t~4'l\il'1 ~ mf;;; I ~ ~ ~~11"<1 ~ fi 
~ I ~ ~ ~ oral ~ I ~ CfP:J>+iU>S~"i~ GCII'Tif ~ \RT ~0 ~ ~0 
~ TIT ifGft ~ ~f'j+i'T'1" ~ I 31('4fuct> ~ <SfR({cl; ~ {(1~~"1'1 4<+1iujrffl 

~ '{ ~~ctifl'1 ~ lll ~ ~'t41t1Cf> ~ I ~ ~ ifi<t4Rt+il 9'~,000 fq;.l1f. 

*t 31UC4iijf« ~ I 1~ ~ciR-Ict> t:l~\{)\il'1 ~ 1 

~ (Saturn): ~ ~ ~ ~ 1fr ~ ~ EiT I 1fr ~ ~ ~ 
di(i\il~l ~I ~ Gf'11G, ctllj+106~ '{ ~fct;(oi, G{tr:f4RI~il ~ ~ I lfij"Cf)) f}Ultiidl 

11n1 ~ ~ qftqft <fitft ~1fllz< ~ Gf('ql "< t4gi'1Cfil c;:t~ti!le ~ =qCfCfiltr:~ 

~ I ~ 'qCfCfilt(~ ~....-rc ~RiJ~'( '{ ~ cf;~dlic \S'lOOO ~.~. ~ 9¥0000 

fq;.~. q?r ~ ~I ~ ~ - 9c;c;°C ~ lfij"Cf)) "Cij"('ql ~ I ~ 
ozmf~ \RT~ ;fr~~~ I~~~~~\~ 1J'TT~ 
~I 

~ (Uranus) : 1fr ~ ozmf ~ ~ ~ Y TIT ~ ~ mf.r ~ 
em ~ ~ ~rl'r ~ ~ ~ 1_ 1fr ~ am (Axis) "< w (Orbit) 

~~~I~~~ am~~ CCcCCc.~
0 

~~~I 1fr W 

~ ~ f\!rnT (~T ~ - ~90° ~. ) ~ I ~ Gm ~ m ~ ~ I 



tnr ~ Cf~% ~~'~'liil't, ~0$ ~ \ ~~$ ~ \ fltft;tf$(!Cf)\ tq~l't .. IC! ~ Q I 

tnrln' ~ ~ ~ ~ WI: I Cfilif'1Cfil ;;!fii .. IC! ~ ~ ~ m 1Jf~~·I .. Q I 

~ (Neptune) : ~ liZffif ~ 'RT 'Cfiftar 't41<4JUII ~ Q 1 C41lJ¥fU6t'i¥fl f1N;r 

~ m-~ ~ 1JiR'U 4<1Cia., ~ 1 a\ ~ ~ ~ ~ \lT1T cmtr 
Q I tnr ~ ~ '1T1TliT oq~l'1¥1 ~ Q ~ atfuifii~l \lT1T ~ 1lfM \ d(t'i .. IC! 

~ ~ afmo ~ ~ <~x..- 1J11f 1Jftr ~.,~f .. aftte<) Q 1 ~ ~ ~ lJf.f 
~ (-~~~o't.) {{I 

tnl (Pluto) : lilf ~ ~ ~ ~ ~ qf'<!fiifl ~ ~ liT ~ ~ ~ 
~ 'tfif ~ I ~ G{(!OIG{Ie \fjf("ifi\t( ~ ~ t'r ~ ~ ~ lR OT\l ~ 
~I~~~~~~ lft ~ ~ OllqE!ifl ~~ ~ 
t.; I ~ ~ flt~'1<A G{(q;am:; iil4iifil~ ~ ~ (-~~0°'t. ) ~ 1 ~ <t'\~ 

~ lff!t ~ '\ '\ '\ ~ 'lir lg ~ ~ 'tfif OfTlft 3fir arq,i- ~'tc; ~ lff: ~ 
~ I \i4lfu~~~fi(!Cf)\ Ol~<lf6;;4 ~ (~00~) ~ ~ ~ ~liilld41<! fi<!I~E~fit;ctq?) ~ I 

~ (Earth) : ~ lif ~ m ~ ~ I 'lir ~ ~ ~ trr \iffif ~ 
IJiifii(Cfil q'1('4fu \ IJIIofte;~Cf)\ ~ \ fircmr ~ ~ I ~ CfiT<VT f.:t+<'iat'jEII< ~ : 

(q;) ~ ~ qr;ft {{ I ~ ~~~ V"OT ~ a?i~ll<A ~ I 

(V) ~ ~ \ qllJifO>St'icA Gf'11c ~ ('1i'Q~Iiil'1, atflRiliil'1, ~ 
- ~) ~I 

(lf) dlq~if ~ ~ ~ (aTlmr 9~0~) ~I -c;'\.~
0

't. ~ ~c;
0

't. ~ I 

(~) ~ Yifil<ifil ~. ~ \: 'flc?l•ue ~ ~ ~ Q 1 

~ iilt'i"4~, ~-atf.RI\Jf'1 ~. '11,~'il'1 ~ ~ ~ •lf<ctq?) ~ I 

~ (Satellite) : ~ ~ qf<~+tl 1R atlifil~ft4 fqo>5e:~1t ~ ~ I 

~ ~ ~ (Moon) if ~ ~ ile:e:"q?j lJf.f orr~ :aq4Je:e:~ ~ 1 (ft 

:aqile:e:~ ~ qf<~+tl ~ ~ lJf.f qf<~+tl lJ'ft 'TW(I :aqile:~ wm frt "«NTCf 

~ ~ 1 ~ ~ '*'I<'Hel ~ nvr ~ '4~¥flcffl ~ 4*11e:~ ~ 
~ I cfrr ~ \t\3<!111'<1 aBt \34iiM~ ~I ~: 

Dcir tmf 

~ 
~ 

i{Ei(XiRI 

~ 

\34il8cJt ~ 

~ 

~ 

~~ 

~c; 

~11Jiir'IT1r 
~(Moon) 

fili'm' (Deimos) \ ~ (Phobos) 

~. ~41f.1~'6, if41Rwf0 lft ~ iJ'lll'<l ~ ~ I 

c:t1GT'f (~9~0 ~.f;r, ~ ijSll'<l ~ 



~ ~c; C::ISC::I~~I (Titania) (,S\10<1 ~) 

~ c; ~(Triton) 

lf1f ~ "''!f1\VT (Charon) 

~(Asteroid): ll~ ~ ~ ~ ~ «t ~ooo ~ Gftt 'ij'"-'m"!T 

fqo:n~ ~ qfbMI 11fht<~'(l 1ft ~ ~ c;oo ~.~. azmr ~ ~ momrr 

~ . ~ ~.~. ~ ~.~ ~.~. ~ ~ W£. I 1ft fqo~~~ 1JF1 Ol~~"qd 311Cfii(Cfil ~I 

~ l1roG ~ qf.r ~~ ~ ~ q;lf ~ I ~ \lt<t'i~c6J ~ ~ ~. c; 
AU (¥~ . \9~ ~~flier\) em~ I ~l!tj{li5 ~ ~Rwicl;c::, q;raf.; ~ Sl<.llillc ~ 

W£.1 

~ (Meteor) : ~ {lt¢t¢~Gtl:qc:ffl ~ ~ qf.r ql~qlll ~ ~ ~ Q;r 1 

~ ~ 'liCf'I<Cf'l 'ij'"-mo:rr 11:lost'i~ ~ 1 flH1{11' il~4l<l'>S (Meteoroid)~ 1 

ijT f:l'Gif:l~ ~ ~~ tR ~I ~ 1(!fqiCf)qOI ~ m ~ ~ 
'1e:q1Rt< ~ 1 ~ llfu· ~ ~ m ~ ~ ~ @ilqr4~1 ~ ~ ~ 
~ ~ I '{tc?iiillc ~ OT<T ~ ~ ~ 'liCf'l~lc:ffl ~ OIICf'I~I+U ~ I 
flH1{11t ~ (Meteor) ~ 1 1ft \3("Cf'lt'i~ +1t4+1U>S{1 '1•~1'1'1•~ i51ql4 •1c:ffl ~ 
M ~ ~ 'liCf'l~ic:ffl ~:fr ~ I \3("Cf'lt'i~ OfCm\ ~ ii;(l\34'il ~ \il1rr ~I 

01: q;fM'fCf'lffi' a1: ~ qf.r ~ I ~ ~ ~ ~ q(&tlCf)(OI Sif' ~ ~ 
tHHHIAi 011~'1·~ I e4ij{>llt ~ l1roG (Meteorite)~ I 

'3,$1(1 (Comets) : arrq;m;rr q;~~Cf'ltff R ~ ~ \31i41t1l ~ ~ 1 -aT 

';1~<11(1 S'f_ I 01: ~ "f6iJ~1i(lc:ffl ~~I 1ft fq0>5i5~ ~ ~ ~ 
qf<$+11 tlf<<~Cf'l ~ I ~~ ~ awfu ~ ~ I ~ ~ ~ ~ I 
cl\3c:fflc:ffl ~ \lT1T (~flfij') if'('q; ~ ~ ~ ~ ~ 1 ~ ~ iii<Cflct51 

~~ ~ ~ l'lffiftlf GJmffi ~ ~ ~ q;m (Coma) ~ I ~ ~ 
~JMI@ Pctk'11ffic< ~ trl~ ~ 1 ~ 'llctil<ctil nm1iillc ~ ~ d ~ 
~~ 1 ~pq;m.zr~~ \3s1JQ ~~~ 1 ~~~ 
~~~~~{>lro~:q~~~~~em~~~~ 

~ ~ ~ nmr '( ~ Cf'Oit'i~ilic ~ ~ I tim 1Tt C02, CO, N2, 

~+, CRt~ nmr ~11T ~ ~ 1 ~ ~ if'('q; ~ oq~l'1iillc ~ ~ .1 

@lijt(t\ lt+1l~41, 'CI'r.fi ~ fl:ri!f;rcf;r if'('q; '1:4~1'14'41 ~~~~I ~ ~ 

~ ~ ql«(jCf)(OI \1{ c~ ~ ~ ~ ~ ~ ~ I 

~o.\ ('II(I+N:Si't (Constellationt) : mf11T arrq;m ~ ~ ~ ~ cf;tT 'q~l m<li5~ 

~ ~ ~ ~ ~~ OITim ~ m ~ I ~ ~ ~~:qd arrcm: 



~ dl(lf!~ct?J ij4i{;t1hi dl(l¥106{1 ~ I ~ ~ iflt11:iGIIC: 1ftT ~ 
dl<l¥106{1@:~ c;c; ai'rc:r ~ ~ I ~ : ~. ijqj~~. ~l~lll ~. ~ 

~~I 

~o.\S '<lr.l+to\¥1t1 (Zordiac) : ~ ~ ~ m 3lq~l+11 g; 0\ ~ ~ ~ 

3l1Cfil~l+11 ~ m-~. I ~ ~ ~ it* ... qf.:tq; G~lilt11~ <fi4+11if (~lf'raCfd) 'tlf.f 
~ 1 ~,rra1tt4i) ~~

0 

3ljijqjij ~ ~" aftGr ar<l¥10\¥1(1{!:~ m ~ ~ ~ 
~ ~ 1 ~ ar<l¥106{1{11~ <1~1+106(1 ~ 1 ~ : ~. err. ~. <fUk, m, 
~. ~. ~. ~ ~. <FT ~fWT 1 ~~m~Q;\m~mu 
m ~ 1 ~ ¥ ~ g; ~ fcrqfur ~ ~ ~11.11~ "Ufu 311¥1~1+11 ~ 

~ 1 ~ ~ +1~'11¥11 ~ ~ 'Ufum ~. -m ~ ~. ~. ~ <lfltli.11~ 
~ ~ I ~ ~" ~ ~ "ufu ~ (mCfi) ~ 31'TCfiffi) liT ~ I ~ 
~ ~ Cf'flfr, 3liji(+11 ~~ fSIIqOI¥11 <fUk 'Ufum ~<f!~ I ---mm 'i~"IGIIC: ro ~ <Ff / ~ ~ ¥' 
\Tfum g; I ~ '{e:cftGIIC: ro "~ ,. --.... ~ 
~ m'fur ~ ~ I ,~ ~ll(/~ \ 

I ..... ~~~~ IW+ 
<rr.tre;~ m, ~. wrr ~ 1"~~"~~~~~ , 
~ I ~ d ~ ~ ''tlf.f ~~~\~~" 'V / ~/ 
3l1Cfil~l¥) ~ d ~ ~ ~ . 1)lf· .... --~ J' 
~ 1 '~· err -'"/ 
~l'llil'""! - -6- -

~ dl(i+10:Si.1fil ~ di(lf5~ 'tlf.f ~ ~ ({Cfi\31Cfil4 il ~ ~ ~ ~ 
~ I at ~ 31Cfil~il ~ ~ ~ ~ W( \ '{~GIIC: 'tlf.f c¥ mT ~ ~ c¥ 
Gm~l at~~~~~~ 

~o.c; • (Nebula): "Ufu ancmT 'ij"qiT ~ ~ 2R-Imq~ ro 41C:t1Cfil ~~lliilfu~i ~ 

~<11~<11 qt¥11~ ~ ~ I ~ qj~~¥11 ~ i~jij{':~, ~ ~ ~ 31~ 

fqo;se;~ ~ ~ s~ I ~ ~ mrnr ~ I ~ ~ ~ 1pTT ~ 
~ I ~ ~ ~ i~iijfi~+il f51~(11ii1'1 , ~. '11~<f\liil'1 , 31Fcffiliil'1, C~, NH3, 

Cli4 ~ ft ~ ~ CfiOif5~+11 ~. fltft:icti'1, ~. +41i~flf~+1, ~ ~ ft I 
~ ~ ~ ~ ~ qc:I~GIIC: ~~I~~ m '\ ~ 'WT 

~ I ~. fi:r~fi;c:, UNII~C:Iiil~l <rn! ~ ~ ~ C02, H20 NH3 , C~ 

~ ~ ¥)({11~ ~~I~~~~~~~ di(IEi~ 
1:lf.f ~I \3C:i{((OjCfjj ~ ~ • I liT ~ di(i+10:S{1¥) ~ i.1q"q;({¥) 

<"fi'1ai'JC:i di(i+1tA ~ mTliT afl«;i't 41C:t11iiifu'i ~ I ftA ~ • ft I 



~~ ~IRfct>Ri< arr<m1~ ~ ~ ~ I dfi4>1~1~1'(4JI+il ~ mrr ii!G\'14>1 

?S~It'i~ ~ ~ CffiJ ;:fat~ S"£.1 

~o.~ dl(l'jS'ii (Galaxy) : '!14ili06+il ~ dl<lt'i~ ~ ~ ~ illi11~4>1 ~ I 
dl(lt'i~ct?i ~ 1~H•tit dl(l'iOXil ~ I <ii'i\IUij+il ~ dl<l'iOXi!t'i~<ti'l ~ 1011 

~ ~ ~ I arrq;m ~~ ~ .. {1~61 1 ~-87 (Messier 87) ~ I 

dl<l'io::31Ei~ dtl4>1<4il fg;~ at;; 94>1<4>1 wr. : df .. 614>1(1 ~ ancm: (~) ~ 

at f.14ffi a ancm 1 

~ (~~4+4.06('1 ~ ~) 

3114>1~1~1'(411 dl<l'iOXi!+il 1~ I ~ 
at<t'i~~~~ ~ oms~ ~ 
'~if.; rn.rr I fq;;, fq; (ft dl<l'i~ 

~cmW(t~m~ 
~ .. {1~61 i41~cffil ~ 

atlct>I~I•I(•IIGIIC! ~~ ~r Vct>m 

crt Gm ~ I ~ ~ -ufu+iT 
~ ~ i41~'Htl ~ c~ ~o 

~ 9ct>l~lq~ em~ 1 

a~<l'iOXi! -qf;r antA- <R qfttff1: qf<!fi+il ilf<~*' ~ 1 m qf'<~+il 1A' lTftf ~ 
~ ~ I ~ 01\~ \ ~ dl<l'iO\lifaftoq -qf;r 1~t'CCICfi~UI iffi ~ I ~ 
dl<lf>'i\l<~ -qf;r ~ ~ \ C(Cfiat~("'lt qf'<!fi+U ilfh~ct>l ~ I dl<l'iOXil+il 

di(ifl~1 l1fRf \ ~ ~ I 

311ifii:JIIil'(4fl ni(I'}S'it (Milky way galaxy) : ~ m4+io6~ ~ dl<l'iOXi!~lt 
dt1Cfil.l41~11 di(i'i~ "lf~ I ~ cii~iCIC! ~o ~ 94>1.1q~c61 ~ ~~4+iU6~ 

~~I 

lfr <'II<I'JWC ~oq11J41+fl m~ ~ tR ~ ~ ~ ~ ~ (Spiral shape) 

~ 1 ~ amr· ~, ~ ~o ~ gq;j:J~Jq~ ~ 1 ~ fqq ~.¥ x ,,, ~lffqoc 
'lf'<l'1f\ ~I~~ ,~lO arof di(ifl~ ~ lJI'l+'T'f ~I 

~ ¥tftiCfifiH OI'T4Sm ~ ~ mr atl¥1.1+11 ~ emedl itl«~¥1 ?$!flll'i~ ~ 

~ q~fl~ \1ij'\ ~ ~~ ~ qfloq+ifa< cfi~C(ct?i 4i(lflfR:i'i anir ~ ~ I 
ltr ~ att¥1.,,4,~11 ~rr m 1 ~ ~ ~ auCfil•t+il ~ ~ al<tl'i~ 
att¥J.,,i,(4tt at<l'i~~'!t;~ ~ 1 ~ (fTU ~ aJ<ttt~ t.t a~tctitqcl; ~ ft;r._t 
~I 



~"'fl~ili rll(l'jSOiiij (Andromeda galaxy) : ~t-ttf(41iiiiC! ij-\4~1 '1P-i~Cfl¥\ ~ 

311Cfii(¥\ dl<l'j~ (( .. 41~~1 ~ I ~ 1~iiiC! ro ct .. 4!~'61 ffiU ¥i0'6t't+U ~ ~ 

~ "111l (( .. (1~61 <llliJC(¥\ ~ I ~ ~ ~<t qf.f ~ I ~ 311Cfil-ltl(tlliiiC! ~~ 

t'fTV SICfil-iqEJ¥\ ~ ~ I ~ ~ <t t'fTV 00 ~ Si~l-lqEf ~ I ~ ~ ~ X 
<tO,, tJt fqq ~ I 

~ ~tttt'tt~lfi ~ (Large Megalanic cloud) : ~ ~C!Cflft+it LMC ¥i'nf 

~ I ~ dl<l'f>'JI 311Cfil-ttf(4ii¥\ ~ ~ g; I ~ ~ <t t'fTV \0 m 
SICfii-IC4El g; I ~ dl<l'j~ 311Cfit-ttf(41i~tl Elt,4!\il'1 ~ ~ .,.1fi~c#'l g; I LMC 

31f.:t4~d 31tCflt<¥l at<t'j~ if 1 ~ ozmr ~\ m VCflTU cret lW-{ ~ 1 ~ ffim 
~ dl<l'j:%1 ~ I m 311Cfil~ttf'(4ilt'fl' qf<:fi+il tlf<<EI~ I tmllT 't ataT mzt 
fqq aroar\ t<l,4!'iil'1 ~ ~ ~ I 

GJie+1106cffl 3f!."4'4"'1' ~ * ~ ~ ~ ~-rt dl<tt<~ ~ ~ ~ ~ ~ 
t:1~4'"''1 ~ ~ 1 GJie+ito'6¥il t:l,~t\il'1 arm ~ ~ 1 al<l~~+il ~ e:1~:(tlif'1 ~ 

31fbCfli-l ¥i'nfTlrr 1:fTrt ~ it I dt<lt<~ ~ ifft ~ ¥it:lfi4%'JC! (Big Bang)ifft 

~ ~ ql\3'jqQ I 

~ GJIC¥110'6Cfil ~ dl<l'j<hi1t<~¥il ~ fqq ~ ficfCfir ~ I 31~ftlq; <S'fRC(¢1 

q~fett<~ ~ "ffi'"ffi' ~ ~ ~ d"l<fT fi4f4i<ot f.:tCfll~~ I q(+ifujt:~ ~ 1friT;; ~ ~~Cf{H 

~ I ~ 31t<4'ioftCfl(Of ~ q~tef¥\ ~ 4"ftr ~ ~ fq; ~ -qf.f Wit ~ 
~ ~ ~ ~ .~lfu~ I 4) ~ GJIC¥1fU:S ~ q;ffir ~ 3jql(~~fq; ~ ~ ~ ~ fqq 

~ ~ I lft 4fu ~ d"l<fT \f1ir fq; 31'qf'1 cti ¥i ~tfi4%)(! ~ ~ aw lfftnrr ~ 
~ I ~ ~ "111l +it<t~wlk Wl ~ I GJIC¥110'5 ~ ~ ~ ~ ~ 

~ ~ I ¥it<trct%'JC!cffl ~ 311,~1~'1¥\ ~ fii<G:I"'d+il 3f1Sif<d ~ I 

+it:t~%'1 C! <t\ X <t 0" Cffit (<t \ ~ Cffit) 3f1TTfir ~ ~ ~ I ('!"{ ¥i tttfi4 %)(!<¥! 

~ ~ ~ ~ ~ ~ ~ I di(i~ti~ C(cti31CfliGitC! ~ :tilf ~ \ifliT 
~ ~ +iEit~wiiC! ~ ~ I 

~ ~ (Origin of Star) : 'il¥t+ifO:S+it ~ 3lftr ~ ~ ~ r<mf, 

qmq;r ~ ~ ~ fqo;sa~ ~ 1 (ft q~t4t:~ ~ 31Cf;1tott' 31tcti4ot ~ ~ ~ 

Gfr'1' ~ I ~ijqfQ 'i~ctictii ~ fqU\05((~ \Wi ~ ~ 31tcti4Ut 1J't ~ I m 
31tctiEiOt¥\ ~ C(cti31Cfli4ct ~ Oflr ~ ~ I fqq \il'ftr ~ ~ ~ ~ 



~ ~ ~(h?1311el< C!~ wU I~~~ 14lil'1f<R1~1< ~ YR1~~1 
~ ~ ~ ~ OT<T+fT 'lftvRr ~ 1 m<rr rq o:sE:~lir ~ ~ ~ 11e 4;¢l~ 

~ m:urn- ~ ~ Gf~, ~. ~. ~ ~ ~ ~ mlf ~ fqo;sE:~ 

~~tm ~~m0Tlf3i"t~~ 1 wt<t~~~ m~~~ ~ ~ 
atE~{XiRtlir ~ ~ a:t mlf ~ ~ e.~mq~ ~ ~ 1 ~ ~ 

~ ~ ~ ~ -e~ ~ ~ 1llVft 'ffi"q" ~ mn- 1 

~ WO {Death oftl~e star): {4~Pilltd 3Flf di<IEI~lil m ~ ~ (Core) 

liT ~ 14+fl"Y:f*llt< ~'if ~ mlf ~ \!~{~¢) ~ I ~ \WTliT ~ E\i~:(l\11'1 

~ «C~IC!{WIIt ~ ,ifllTliT .-y;f*llt< c:.fu~ltr~ m ~ ~ ~ ~ m 
~ ~ 1 ~ ~ ~~~-ll\11'1 m ~ ~ 401"<R1lt< c:.Rri%ltr ~ 1 ~ 

mlf~'tUtr~S'fGI'=G~~~1WT~ ~~m~~ 

~ ~1 (IT 1IT mlf am ~ S'f m- j (tij(f;j(Oj ~ ~ ~ ~ 

~ ~ ~ m ~~.lt+i{Wirt ~ ~ Cfi1GR" atf.Rt\11'1 ~ ~ ~ ~ ~ 

~ ~ f.1<l; ~ l m di{I{WIIt Red Giant~ I miT ~ qfT:r arof ~ 

1IT 31Cl~l+ii ~ ~ 'IIY)+iO'S{WI ~ 'ftc\l{WIIt m ~ ~ ~ ~i'iijifQ l 

~if;~flir~~\1\~lat'if~~~~~ 
tTf.i efcf)({q!Q q;rai'1{W!Jt q~ l1'f ~ arqr:,;+i ~ ~ T'f ~ 1 ~ ~ 

~ ~ ~ ~~ ~ 4;~'€11~ White Dwarf liT m:urn-~ l 
ar., ~ ~ <~ ~ ~ ~= ~ q;rai'1C~Ic ~. ~ 

atf.m\11'1, ~ ~~Cf;'1C!Ic lfi{WII+ie4i l"41\3'1 ~ I lfi{WII+icN "Y;f*14e ~ ~ 

m- 1 ~ ¥ ~ \3,qi«'1 S'f m- 1 ~ 'qf1T ~ ~ ~fl::q~ ~ ~ \llil'€1rfi! 

~ ~ (Super Nova) ~&hie~ 4'11~~ l ~fki({cN ~ \ll1T ~ ~ qftvrn­

~ l lft ~ ~ ~r.r ~ ~ tTf.i ~ omcA' 11iT ~ ~ Black hole 

liT qftvrn-~ l 

~om~~~ tTGl1f ~ ~ ~ 11IT ~ ~ cf;tft ~ 
~ ~ ~ ~Gf ~ $~C~Ic all~<fu< ~ ~ ~ ~ 1 lfij'" 

31Cl~l+il om mrfr ~miT~~~ miT CfT1f (White dwarf)~ I <t.Y 

~"lzfftio;gij4icN ijf{f mfr q(1{11f 'lftvRr ~ l mfr CfT1f11T ~ q~lelcN ~ <tO". 

fcf)~'l4ll+i I ~'1ffic< ~ I rn ~ ftfq ~ 'Gfit ~ ~ ~ ~ Gf{WI' ~ 1ft 
ifit ~ ~ ~ anf6Q'Tij' ~ ~ 1 ~olii41+icN 31C4~1+il ¥t' 14+?i~4< ~ 



'li~Ofi41 ~ I 4T ~ ~ ornl ~ I 4T ~ ~\'tiJ~ I ~ mft{ ~ 
Cf>i~lill+i+il -qftvrn-~ I 

~~(Neutron star): <t .Y ~~~4~u\\S'l"<l ~ ~ ~4< ~ gfd0fi41 

(lfq;({qfQ +ifA+iU\\S~+ir ~ q<=rwfl1i'll ~ ~ 1 dt q<=rwf~~ ~ ~ ~ 

~ ~ I ~ ~ <ton ~l~i+i I Q'1f'ticH1Ai ~ I 'll'ftf ~ ~GCIGI+il ~ 
~ ~ (Inverse beta decay) ~ I ~ ~ T.ftiA l:: S~if{t'1 ~ ~ l:: 

~ ~ I q(+iilljc¥1 ~4ij ~ ~"'1f'i"'1 ~ ~ lfl"'ll'Cf>T l?ffi1lrr 'tlftvTo ~ I 
m djq~jq;) di(i~lt rijO(i'1fCI( ~ ~ c;O% ~' <tO% T.ftiA l:: <tO% .~ct{l'1 

~ ~ I ~ ~ czmr <tO ·~ ~0 fitkwnfltc< 1W-f ~ I ~ ({Cf>'t4P€41 ~ 

~ 9 ~ C'1' ifUiR ~ I 

~ (Pulsar) : ~ m ~ ~ ;:c;{(i'1fCI((11S ~ ~ I ~ ~ ~ 

arr;ftl' \fi(Cf>'h(Cf> ~I~ lJftf ~ ~o ~~I 

~o. ~~ ~ ftR (Black hole) : 

dt<rt<~+il fi (vcmr, m ) '3NI~'1 ~ 1J1!V ~ ~ ~ ~ dl€4ftlct> 

t=:l'a:{ilil'1 nmf f8~4+i+il -qftvrn- ~ m I dl<lt<~c¥1 ~ \fr1TliT ~ ~ ~ ~ 
m \ ~ ~ Cfii(UI~ ~ ~ ~ ~ l<IS:{IGI'1 nmf ~ ~ fi;R=i4+i 

~ q;yif;r, dlfcffilil'1, ~. fu~Cfi'1 ~ ~ ~ d~fi~+il tfftvRr ~ I dl<lt=:~c¥1 

~ \fr1TliT ~ ~ ~ fi 1lm\ S'f au~<¥1 ~ ~ if1m 'i""41~1 

dl<lt<~¥'1 ~ ~ I (fi;r Jjqfqo6'1"<1 ~ dl<lfi~ ~ ~ ~ ~ ~ 
aR ~ cf;~fiH ~ I 7ft ~ ~ ~ i4"1ijcffl ~ ~ 'UtFf m- I 

~ :am -~({¥'! fqoc¥'1 anf6141ij (Schwarzschild radus) (Rs.) = 2GM/c2 (M -

Mass of black hole) ~. (l1f 7ft diU614iij¥'J ijdl(iCic vcmr ~ ~ ~ I 
€4ijqfQ :am ~ ~ ~ ~ ~ (Black hole) ~ 1 7ft ijdl(iCic ~ 

1Tftr (Escape velocity) \llif>l-1¥'1 1Tftr 1fU1f\ ~ I te+ti06Cfii dltAdl~~¥'1 * ~ Q 

~7ft te+ti06¥'J 90% ~ ~ l:: m- 10% ~ lfPf ~ ~I~ 7ft 
4e+li06+il ~~~\1~1 ~ mm ~ ~ Q I ~ ~ arerTo ~ '11+ilif>(OI ~ 

~~fq;vq;m~~~~~\3$~~~~~ 
'lt..cot¥1 it ~ ~ Q:aQI\i+il ~ q~(ii~'' atlctit1ia m ~ ij+il~d ~. 
fliE'II\3~ 1« IQ<I'3~ ~ ~ 1« ~ '4~({¥'1 m I c(.r ~ di(l(ii~ ~ ~ -qftvrn­

~ ~~(ll~c$( ~ ~ ~ I ~ (11fT ~ ~ ~ ~ ~ ~~t:~¥'1 
diU&41ij '$1J'U: 3 fW'Ifltc< '< 3 ~~f'tic< ~ I cm;i't ~ ~ £1<1E11S Event 



horizon ~ I Event horizon ~ 1fftlrr ¥ ~ ~ ~ ijtU<+ll ~ 
~ ~ ~ ~ lfim '1i+Uit><ol Event horizon 41fttt$J tT 1 

(llql~i( ·~ ~ "!U ff ~- I 

Object Mass 
Schwarzschil Density 

d Radius (Rs) Kg./m3 

Small 
1012kg 1.5x10-15m 1056 

Mountain 

The Earth , 6x1024kg 9mrn IOJO 

The Sun 
2xlOJ'1cg= 

3km 1019 
lino 

Entire 
l011Mo 

0.03 light 
10-3 

Galaxy yrs. 

Schwarzschtld radius 

·.0 
mu~~ 

• ~ ~ t~Millle ~~ ~ ~ 'ti("*~ (~ ~) 
• ~ '!filf ~ ~ ~n t~Mille ~ ~ 'll¥1~1¥1 f«¥><o•~~ ~ 'Tf: ~ 

1\1\ ~~ (m ~) 
• 

• 

• 

mu Schwarzschild Radius ct?r Ojqt~QI+U ~Hj\10<1 ~ om fit;(OI@i~ (Vertical 

rays)~~~- ' (m ~) 
mu Schwarzschild raldius) ct?r fic4fa+11 ~ Ntlille "ll7f)l1T ~ ~ Nt~q{Q 
7ft'~ (mY) 

tWfT ~ (Event horizon) ct?r ~ ~ t \rei ~ ~ ~ Singularity 1IT 

trf<vRr ~ (m v.l 



~ ~ ro ~ (I\ ~l<'Z4di{Wtlt 3fmR ~ iji{j{(~ tpt<~cti'i cgu ~~ 3{tA'1'1~ 
~ I ~ ~{11, qf'<'ifi+U 1f.t dl<lt't~Gtli! ~ ~ ~ ~"{ ~ I ro ~ 
~ ~ ~ ~ qf<'ifi+tl lit Mefil~ ~ 1 ~ qf'<'ifi+tl ~fliT~ ~~rw~n\'1'1 

~~I~ l{<fij{{Wtl' ~ qf{qft E!fli<{(~ 'i:R' ~~~~~I 1ffi 

YCf;l<cti'J ~ Q<'f "{ ~ ~ ~d~1cti'J 3traf¥~1Gtl(! ~ ~· ~ ~ ~ 

~ ~ Y+tlfbid ~ ~ I '13<ft{(~Cf;l ~ m+if ~~~~cffilqj) ~~ 109 Mo ~ 
~~~~~ .. 

~ ~ Gffurr ~ ~ (qfct;tct>l mr 3tft;r ~ ~ 1 tt_qfe$t(f;J3{~~ ~ ~ m+iT 
~~~~I m Event horizon~~ 3tra<~~~~ ·~ .. m -cn';r cttft 
rc.fct;<ol ~ ~ ~ Y+tlfbla 1ltcf;r ~ 1 ~ q;+t' fqo;scti'J ~ ~~ ~ ~ ~~rm~n\'ft 

rc.fct;<ol ~, C41&1'itfld ~ 3{C4~1Cf;l ~ ~ a ~ll+t l fct;<ol (Garna rays)~ ~ 1 

~o. ~~ l;l1 "{ ~ 3CC4~'M 

qit<~Cf;l +tlf<te6~ dT<T \ dT<T ~ 3tC4t>~lCf;'1 1ft ~ :tl@~ci5T ~ "{ ~ 

~~~I~ 'Uftr dl<l6~ fu ~~~~I~~ \lfo 
3t~<e++t ~ arr.ft ~ 1 34Gl<e++t ~ ~ ~ t<i1<3tl+tl am!;\ \l"l§ra(j ~ ar.r 
dT<T ~ 3{1~6Cf4l ~ ~ atGf .a ¥ ~ I ~ +tl~eM $rdT<T \lfo 3{J(f;l~l+tl 
~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ;rqftq;r +ti~6E¢~ 'Clf.i 
dl<l@t~ 3tC4t>~~ICf;'1 m ~ iiftq'1+11 ~ ~ I fd.,"lt<~d~i ~~ fum ~ I 

~a~ dl<t~~ ~ ~ ~ 1 (I\ cttft ~ m<t+tO:S{Wt \ d1~ ~ ~ 
~ ~ I ~ 'ffi\1'-+tO:S{Wtfl~ 3{1Cf;l-1+11 W {~{6~ ~ '{t4li4i(! fcrl1:rn; dT<T +tO:S~6~ 

~ ~ (+t~'11fl~) 1IT 1W-f ~ l 1fift dl<lt<~ ~ \ 3{{ijl\3~ ~ qf.; 

~ qf'<qd'1 \4,{@1~ I W ~ ~ q;rorf ~ ~ m'lft ~ ~ 1f'1 tiT I 

'{'4'i4te ~ awmr ~O{WIICf;l< ~ 1 ~ ~ amrr \ mf1IT ~ffl' amrr 3tt(f;l~t{Wtlt 



1? fl:t(11J«i ~ •fl{11¥1< ~ ~ I ~ ~ (Celestial sphare) ~ 1 

~1fu"'~#ll'1¥il ~ q;j(~ +Jifl{1¥1 f1reTm ~ di(i8~, ~ \ ~ c:lfii<~¥1 ~ 
~ ~ ~ I ~~ di(J¥i0'6{1 mi1IT ~I'Ql{¥1 ~ ~ ~ mtT+I'T ·~ om 
\om ~ ~~A' 311¥1-l¥il ~ 1 ~ Cfft'qft ~ qfbti¥il lT«T ~4fu<¥1 
dliCfii~i¥ii ~ di(i((" ~~ ~ ~ ~ ~ m I ~ ~y ~OC:J¥ii anlAT 
arem l{Cfi<fl;:qii ~ 1 ~ ~ auq;J~ft~ fqo:st<~ ~v ~oc:J¥ii ~ ~ ~ 

.Cfft'qft 311Cfil-l¥il ~ ~ I . 

~ ~ ff"<fSQ~f di(l¥i0~{1 

(Ursa major), ~ (Cassiopia) 

dl(l¥i0'6{1 \ qcf d1'(1'{1T( ~ 

~~~lft~~lfd 
i3'd<f~H¥1 311¥1~1¥il ~~I 

ff"<f~~ \ Cfi-~q~ qcrerTmfT{ ~ ~ ~ qf'<:MI ~ I ~ ~ ~ ~ 
~~~mtt~1ft~~~~~~m~ 
Wl{«li61J¥il <~<~c6i ~~ I ~om\ d1'<T ¥i0\\5{1\JI~ ~ \ 31«11\3~ m I arcR 
~ ff"<f~~ ~ q;(lftf dl«tiJQ I~~~ ff"<f~~ dl«tiJQ I 

~N1%~ : ~ ~~{11C liT'Ef ¥i~rti~I'Q $@f1Ai m ~ I Tif ¥i~i11¥il \Tftr ~o ~ 
~ ~ 'hl1'1fi1< ~rhli X ~ ~ ~ I d'\ ~631ffl<fd< ~ ~~ ~ ~ 
i3«1,e4Q 1 ~ m ~~ 1 m , ~ 3ll'li ~ ~ hu'fl< Wrlrr 311,'!•Q \ 

i3'd<q~:q¥i 311¥1~1¥il 31'~ 1 mrctiT c; ~ \3'd<q"£1+ifi'l<¥1 311¥1~1+11 '!~lecli¥1 

~I m-~ ~~ 311¥1~1GIIl ~I ~0\~ ~ 3Im\ ~o lfff \Tftr c; ··~ 

arrq;ru ~ ~ ~t ~ 1 ~ ~ ~-ll'fi<GIIl ~ \ 3fAi ~ oiJGiie 

\3'd(fu( ff"<f~~ ~g'{1' ~ I ~ \ 31«11\3~ ~ ~ ~ ~ ~ 

~ ~ ~ lfit ~~ I 311¥1~1¥il \31q('1lCfi'1 1ft ~ ~ ~ ~ lf1 ~ 
mr1 
qc:4ni'U (Pole star) : ff"<f~~ dl<l¥iO>S{1cil ll\3cffl¥il ~ ¢aOer dl<lfi~ ~ 

«<IGIIl & ~ ~ ~~ ~ qf'q1o11 ~ ~ ~ ~ d1'<T ~ Q I 

~ ~ qcf d1'<T fiT I \ ~O(!Icffl 31qfS¥il {f"<f~~ d1'<T ~ 311Cfil-l¥il 90° ~ (1'\ 

~ ~ ~ ~ ~ I ~ 'f ~ 'f 31~1~ I f&qdi(l~ ~ lfi•O~Cfi 
~ ~~llfa< ~ 1 ~ \'ifA\cuaue ~c;

0 

diCRi-1+11 • 1 ~ ~ql{1111l ~ 
~ fetfu'l4i41l ~c;o ~i!frt'IT (Declaination) lff • I l{Cfiq(!q; ~ ~~qiQ m­
dl'U \14t:T .. Ie ~ ~ •~ m ~ ~ 1 



~ (Cassiopia): lfr ~ arm 'W' dll(f)l<cti'l dl<l¥10'5(1 m I ijtij~fttcti\ ~1'1CII<! 

q<mU ~ ~ ~ \ffi" ~ I lfr dl<l¥10'5(1 'lnr +1~'11fu< ~ '3'tH'icft 

dll(f)l-1+11 ~ ~ I ql~q¥11 ~ di<IEI~I!il~ lfr lff.f ~ ~ ~~Cf)~qii\ ~ 
~ I ~ fq; ~ di<IEI~ ~ ~ ~ q"tq+1Rt< ~ ~ I ~ <m ~ 
(~ llftr) ~ ~ ~ m- 1 ~ al<l¥10'6(1 ~ ¥ 01\Jlrr a~<til m- cf>tt ~ 
~ ~ ~ atft.T ~ ef'Ht<f?c6t ~ I 0\ lfr 1Tftr ~ ~ ~~ m ~ ftW 
m I ~ ~ 't\3<!1+11~ ~ ~ di<IEI~ ~ ~ I m ~ ~ 'ffiU '( orq;T 

dl(lit"i'qc6t ~ ~ qf~Ad'1 ~~I ~ D 
~ __ _ ,, -~ . . •plf~l<l _.- :!,'1"1~ 

ifiH'1~~tC (Orion) : liT l!il'1+11'1e+1.1 ~ o ,' 

~ om ~ m 1 liT mr +10'6(1('11C ~ -~~-~ --~ o ,," 
---:~o 

dl'1dl<l ~ ~'<Q1< I dh1atli!l '\:1~1 

di<IEI~ m ~ ~ dl'1dl<l 'lf.i<tc6t 

S'f~l 0 , 

o\o 

,,,, , ''~-~-~-~-- - -? 

liT mr +106(1+11 ffi'1atl<!l 'i:!il¥i11 dl<lfi~ t4q"oq+1 ~ ~ ~ ~ ~ 
~ 'i:ll<fd<c6t ~ orq;T tCI<atl<!l di<IEI~ ~~I ifftt dl(lfi~ ~ ~ 
~ I lfr dl(l+iu'6('1('11t Cf)l('l~(iiijc6t ~ 11f'<<tc6t Q I ol'1atli!l dl<lt'i(!:\ Cf)l('l~<!4cffl 
~ ~ Q1< I (fi ffl'1atli!l~11 m ~ orq;T mJm ol'1atl<!l dl(l@i(!:\ 'lf.f '<11J"tT ~ 
m ~ I (ft mrm ffl'1afli!I('IIS Cf)l('l~(iiijc6t ~ t1<!"4i't(f)l d<CII<cti'l ~ 

~ Q I lfr om ~ \llt:atli)q\1 +1~'11~fil ~ ~ ~ I dll"q\1+11 lfr 'Uftf 
. ~ ~ ~ ~ ~ I Cf)IR\Cf)c6t at~fd< ~ c; ~ ~ lfr om~ I +ifu<¥11 ~ 
~ I l{1'tf +ift'11+il c; ~ lfr C!i'3c6l+il~ ~ I 

~ 'UftT (faures) : liT om ~ Cf)l('t~(iiij~ ~ 
~ I ~ 'lf.f f.cr;;; ~ Q I Cf)lt'l~(iiij\IY<I 

'3t<q"tq+ifd< ~ arm 'V' atl(f)l<¥1 om~ cr'f 
'Ufu jr I lfr om 1f0"6't1' Cf)lt'l~(iiij\10<1 mar ~ lfCIGr 

~~~ 

~ ~ (Canis major) : liT ~ dli4dl(f)l(¥1 

dl(l+iO:S('t it' I lfr dl(i+iu:S('t ¥1(1~(iiij¥! ~OI'i~ 

~ ~ I dll(f)l_l.+il ~ dl(lfl~+i!4 fl~\10<1 
'tfl~1 om ~ d di<I~&;Jf+il ~ 1 Cf)lt'l~(iiij\1'<1 
~~ flt~e:"lfd ~ liT om ~ 1 lfij'lfT ~ <lfil<t¥1 

om ifiiRIT (Star maps) fu ~ ~ atl(f)l-1+41 

dlq\"'l¥'1 lA ~ ~ qf.; di<I~O"l '( dl(lfl~ ~ 

m-~, 

~ __ , .. ~ 
'"----- '.l'tl~'tl 
I \ 

, ' , \ 
I \ , \ ._ ______________ . 
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East 
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~ 1ore1111 
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atiiiit'fiiM : 8{~"1 U(IC~ c; ~ ~ ~ dll4il~l+tl r.r I 1fm1 oN ~ ~ ~ 
~ (fT'U +fU'S\18~ '\ i~ ~ ~ ~ I ~ ~ dlq\"'l4i"1 ~ ~0~~ arm\ 

~o lTW dll4il-l+tl ~ ~'tf'f I 'Uftr c; ~ ~ 'Ufu ~ dll4il-l+tl ~~C{~ ftrlrr I 

~0.~~ Ul' ~ ~: 

tt•i4+tvi(if4il ~ ~~ 4itl\11j ~ '\ ~ ~ ~ I 

!tf : lit~~ iff~~~~'\ 01~1\3~ ~ I ~ '11¥1-1~ ~ 
lit~~~~~1nw~~'flir~~~ ~R1wi!q~ ro 
~ 'll¥1-1~ tro ~r ~ ;re ~ I mlr 1f1'f oN lit W Oiq\"'' i4i"1 ~ I 

~ : *J!Mifl\11t ~ 'ffiU (Evening star) ~ ~ I lit ~ ~ ~ 
q~tl+tfa< 0114il-l+tl ~K=ij 'ffiU ~ ~ I ~ ~ ~ ~ ~'jatill~ ~ 

dll4il-i+tl t~fictx1">1 'ffiU ;;r;~ ~ I ~ '\ ~'i+tJqfQ ijGt\fO<i ~~1 ~ ~ lm" fr 
itt 

~ ~ ~ \ mtf ~ fcriU : ~ ~ +tfic"11+tl St&tlC!I 'UfU ~ 
~ ~ I 00 ~~ s'fltijiij¥0+1 (i~i+tUi\1, ~, 'l!f'ilfT \ 118fl~~ ~ 

~ ~ I ~ i!'f '(lfulrr ~ ~Ell·({~ ~ lfr 'Ufu ~. ~ '\ dl~l\3~ 
~ I ~ ~~ a0cr cti'Jo11rr ~~ (1~18~ ~: ~ (I~C{~ ~ I ~, lff, ~, 
q;ckl ~I ~I ¥1'f, ~~~ fl'f, lf'CR, iFf '\ ~ ~ ~= ~ ~ ~~ ~ 
~ \51"11({¥1 ~I 

~ CftUit:ft+tl ~of. ~ 'Ufu {lff1 1IT ~'\"'!~~I~ di~I.JQ lff 00 '1f.r 
at~t:JQ 1 m-~ '(I~ ~-~, q;ck-v, ~-~, ~-~ '\ ~-\5, ~ 
fetfaiSIGCIC! ~: ~0° qit· ~ ~ qrtt ati¥1-l+tl ~ ~ I ~ iff 'Ufu 
at~l~l ~~Cfi(I~T \ft!h: \341C{cfl ~ I ~~q;q{Qq;J (1~18~ m s't4v(!lqfQ ~ 



~ ~ I ~ fit; rtq; ~ttiO(!Iq~ ~ 'ufu ~ "t ~ 'ufu 31«11\3~ :till 

'CIR:i <~r<a I 

~ 'ufu \3~1~¥\ S'tiO(!Iq~ ~ 'ufu ~ I ~ ~ '<Tfulrr ~ ¥1(41{1\1~ 
~ 41o;gt'fttot ~&l~cN ~ I ~ ~ ~ tjO(!Iq~ ¥14iHI~I <: ¥1(41{1\1~ ~ ~ 

~ hiii"ij(+il 31lt~~~ I ~ ~ 3114il~lcN ~~lii"ij(¥11 ~ lfim ~ ~ I. 

4io!i5~ldl¥1< ~ ~ '<Tfulrr ~ I <fr ~ ~ ~ ~ <: 31«11\3~ 
~ I ~ ~ '<Tfulrr ~ I <fr ~ (1~1@1 ~ <: 31«11\3~ ~ I 

~ ~ rn ~ 'MJ~'1¥11 ¥ mu <: ~ ~ ~ <: ~ 31«1F1~ ~ 

~ ~ ~ ~ 1 m am~l<+il ¥ ~ 'ij'lflf ¥ ~ 'liT mu ~ ¥ ~ 
~ \lfft ~ 1T'f ~ I 

• 1J'l ~M14il m ~ ~ ~ ~ ~ ~ ~ 1 \iffilT ~ ~ <ld'i<ld'i 

~; ~ ~; fq{'ffq{'f m; ~m ~ 1 

• ~ ~ ~ q;lf <: 3Rf dl<l~~q?) ~ ~ :qfq;~1 ~ I ~ 

011~1 

• ~ ~ qi¥1' 'CI~l 0\ 3Rf ~ dl<l~~~ ~ I 3Rf d'TmflT 
~~m~~OT1~1 

• ~ ~ ~ ~ ~ 3114)1~1¥11 ¥ illi'tGlli! ~ ~ mtt ~ 
311eqlij+il ~I 

• vg it fit; ~ .. 1T'f 3fT\jf ¥ ~ ~ vg ~ ~{Q~¥\ ~ ~ 

311ijqle+il dl<ll<~ ¥'¥ ~ wt ~ (;:he) 1ft m- I Ji'1'CII( ~ ~ 

di(I~~IC: ~ ~ ~ ~ I dl(l~~ qi{qi{q;1 3Rf dl<l~~~ ~ ~ 

~m1 

~ ~ 31Cic:•i)4i'1 ~ Jf'Qmf, ~ <: t'f~I'1410:S~31'jijl( ~ 1ft ~ 
31eij~l4i'1 ~ ~ 1T'f ~ I 

dl<ll<~ t.f ~ ~ <: ~1'1cN ~ 1f'1 'Cff.f ~ ~ ~ I ~ 
eEt<~~ em<:~~~ ~11\'j¥\ '4il'\OT 'Cff.f ~~1m-~~<: 
qqf¥\' ~ ~ I 9\"101tof ~ arrcmT ~ ~ I 'dT\T <: vg ~ ~ I 
et«Rl< ~ ~ ~ ~ ~ ~ ~ \3G41~1~ ~ dl<lt<~ N 

~~I~~ 41<18~¥11 ~~~~I 



,. 

• ~. ~\~ 'lli"'oft'l ~ ammr~\t{~~~~ 1 anm:, 
~ \ ~ ~ ~ t11~1<Ei~ I ~ ammT diCic.•i'l<t,.'ICf>l ~ ~ ~ 
~I 

• ~. 'Cf>Tftrcl; \ liftR ammT diCII.'I~ICf>'1Cf>l ~ ~ ~ ~ if I ~ 
~ Cll1+i06{1q;) ·qffi \ ~ ~ 3imU ~ ~ ~ I ~ ttf;r 

~ I ~ ttf;r fQiltf ~ I 

• ~. 1lTlf \ 'COf1!'J 'lf.:r ammT d1Cic.-i'lct>'1q;) ~ ~ ~ m I mT diR:iatft-1 ~ 

a~ a\ ~ 1n:~ mm ~ ~ atfc.:13t'ft;r 4&lfc.:1~ I W ~ ~ ~ 

~ ammr m m~ 1 ~ 11iT ~ \ mtr ~ ~. ~ a1: ~ ~ ~ 
ift'1' lJ1lT ~ I 

• ammr atC41.'1~tct>'1 1f'f ~t:<iiliiit<iillc em ~ ~ wrre •t14~~ 1 ~~~++i dl1"ffi 
~. 4t:f6q;) ~. ~ dl1"ffi ~ rtuftiiltc ifflT "'1iillt'ftct>'1 atCic.-i'ict>'1 1f'.t oq;;r 

u;ft ~I 

• ~ iillioflC!!~HCf>l 1~ ~ 'f1l) ~ ~ (11(1{;~ ttf;r ~ ~ I 

• 'ffi'<T \ 1lt:t:~~ 'f<R1r ~. eCffGf.-c::, at~Jiiii ~ :a4<t><OI(;~q;) 1ror R=I'J4~~ 1 

9. ~ ~~~c:?IF<4+iq;) ~rrr ~ 

(q;) Wffi ~ '(1'1"(1lf0'~ ~ ~ 11iT ~ ~fii4dl~ fmrm ( miT\ miT) 
~~I 

(&') ~ m "',~(~ m g;crnru ~ ~ ~ ~C(I~~. if41~+i~,n.4, \ 

~ 40t11S+ii ~if di(f+i06{1 ~ I 

(11') Qldlt11C ~ ~:ct>l' ~ ~ ~ "<1ftr ammT ~ "lJ''T ~ tA I 

~. (q;) di(i(;~Cf>l ifCR1f ~T ~fu4'tfli4t , ~ \ ~C(I>;Q~ di(f+iO\S{'fCf>l 'fCR1f Cf>l1tn~ I 

(V) (j~f+40$(1q;) ifiRIT q;)161~ I 

(11') ~ 4'€11(1411\3~ ~ ~&'J~~ I 

(lf) (~f+i0>$(1Cfil 9~ <~ dl(f+i0$(1{1~ ~ ~ ~ a:lfs~O( I ~ di(f+i0${1(;~ 

~ amm: '* W( ? ~&'J~~ I 



I 

l {q;) ~ after ~Cfiij ~ (V. t.~. ~ ~v_ t.~. cl;;(\Cf)(Uj ~ t~ ft:l'lil~ l ~ 

fOcR; ~1ft~ ~0 t.~. ~ Cfili .. ~i ~ ~~ ~ ~ ~ 

~1ft) ~~~~ 

<•> ~ (J~<c¥1 ~ ~ ~ '«<'f 1T'tl' ~ ~o:ij~•t ~r;rr ch1tfl~ 1 

(lf) ~ Q::aQ::a+u ~ 1T'tl' ~ mrorr arcR '00 tjiji::a'jt?l~ 1 . 

('Q') cl;;ftq;(Uj ~ v. t.~. ~A dlf(illfa< w dl(l((~q;} ' djq('I~(Cfi'1 ~ I 

(e ) ~ dlq<'tlcti'1 ~ al<ltt~c¥1 Offt+rr Cfillf~ll~l4fi ~ 1~ 1 

q1f ;;ffAQ.,ifil ~ q'Qtf ~ ijjqift~· : 

~ . Jelik, Michiaez; Astronomy 

~. Mac Donald, Peter; The Universe, S. Chand and Company; 1994. 

~. 441FA~Cfi ~ ~ 'il~ifi f,~~ICfiil +U!AilfCfi ftre:rr ~ cl;;:rl ijj.,'j{?;;ftl ~~ 

~ov_"' 1 " 

¥. r.r.lJT.~. ~ ~ g"jlftCfi r.,a~1~1 1 fli!AI\iCf) fm1T ~ cf;;~1 iji'1l~4fi1 ~~ 
~ov_~ 1 
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