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gvs (%) — Hifae fagm

SHIS — 1

ALY — 1
A9 Uq afesr

(Measurements and Vectors)

UXATIAT  (Introduction)

Aifcre, fas &1 a8 W g, R upla 8iiR
wfas gRad=l & ot Wi o1 e fhar Sar 2 |
Aifde fagm fawa sro oma # fawmerdr forg gg 2 |
Hifde S # afed 89 arell gl B Uhid &
Af~Tde Jo oy | Fega Wifasd [asm o fear sar
2 | TeATe B fRiRd B+ drel BIRol &Y S & forw
ISP ZiEPIVN U SIaT & e |19, fageryor
Td yrfe HAoE g W 2 | ey arar @
forg “ifdera aftrar aRvifda @ S & 1d ST 3
T B © | T J&IG: QT WA A IR fdam i §
(1) ferzgwra Wiy fast aif3a), Swrmfied), a3 aif3aor,
&@fs, yeifral vd faga grafeer afafera € aor (2)
e AT [ amufaiaar, A HifcraT, u=ar]
HIfcrd!, HOT AT, I eI HIfa!, wirsaT Hifda,
WMfera vd Faved Aifye aftafera € | s fasm
ST YA AT ST Bl d8dR g4 3 1 fosar a2 |
T gHT # fafdedr, HreR, geve, AdIgd, §—aUR
T Aifdal & Az & AR ger fRar 2 o Wifaew
IRt w1 sreEge famar Srer # |
Hifve TRMET (Physical Quantities)

g IfRrr for=at A9 81 9, Hifds Rrl s
g1 T IR B BA T
1. o R[N — 9 it IR S @ gREIiva il

2 fodlt o e ¥ R ek =1 et €1 9 -

ST, TS Td 999 |
2. o= IR/ — 9 «ifds JAIRET S g R W)

iR et € o S gege @) S e | SR — 9,

I, BRI M |

A9e @ fod A=e (Units for Measurements)

foddl o i IR &1 Iuge Ae 39 IR &
= va ARad A a9 3 goT dRa urd fHar S
2 | aiffre N ¥ & g vd [fdad fAder ame o
AE® drd § | fd ff Wifas Al & aRems &1 s9a
3rifdses A qAT ArFd & w4 H Ui fHar S 7 |
TEIERYT & o Sid &9 [l 9% T S| A & dl
IH IR & TEIOIE AT A HAITH A AT A & |
i 9% BT SHHM T fHAru™ & fHH o 3 7 |

fosft oY ifae <Ifdr &1 \rEe Rtaer Bier 8T §,
SABT 3Tifhds A ST d¢ SITdT & | reifq wiferas afdr
HT A13D D 3Nfhedh AN & GahArURI BidT © | IfS
fsr +ifa®e ¥ & wrF® T 1ifdhd A9 HAM: u TAT n
g ar

uo l/n (1.1
T un = FIdT® (1.2)
a1 nu, =nu, (1.3)

STEl A9 B U ygfa H Hifde 11 &1 49 u,
T afifdbes A n, & vd Sl Wifere I &1 Ao @l
¥l ugfd # AES u, 9T 3ifhd A n, € |

ifcre JIRAT & Al BT a1 4T H o faar
ST FhT & —
(1) ¥ Ar7h
(@) I~ AFH
14 I UG I~ HAHD
(Basic and Derived Units)

o wifdes IR & AEG qo A5G HEAT B |




fd 7 A o178 fhdl o= w3 gea= 81 fban
ST AHAT &, e AFD Bedlld o | AHT 7 | Hifcrs
IRAT TS, THAT UG THI & AIFD H Fdd DI STl
21 39 Wi afrEl o qa Hifae il & Ed
AFDBT W, fHaArmd vd davs &1 gt A6 HEd ¢ |

aroft 1.1 fdwm Fgou= G

I~ HAFAD (Derived Units)

Hifcrep fa= o ogad &1 drell iy AR ged—
Hiftre IRl Ud S9a AEd & = |Rel | uelRia
forar T 2|

IR, A, 9Ee Ud wdie e

ERt I IREZANIN SEl I AFD PRI CE
SIHA TS x dAreTs I Hrex m>
IBGRET oIS % AlSTs X T T Hrex m3
R SHA / TadA foar /9 kg/m?
qIT favermus /a9 ez /9 m/s
ROT I/ F9T ez /2 m/s?

S UBR 9 AES I 9o JrFd & SUAnT | 9d
fFar STaT 8, ST YU WFAD Ped ¢ |

S A1t = g9 /|/HY = Hiex /HHve AT A /|
qEG UgHAl gd o ATHS
(Systems of Units and Basic Units)

AT ¥ WY AT5D UGl IR GhR Bl BRI o—

1.  Hrex—fraum—dave a1 MLK.S. Tgfd — 9
Ugfa ¥ of<Ts &1 91Fd deY, SHA Bl qr3d
fpaum™ vd 99 BT J919d dAdhvs aidl @ |

2. ACHIe—IH-d®vs AT C.GS. Ugfd — 9
g § oTH 1S BT ArFd A<M, ST &l 713D
UM Ud 9T BT A15db JHhUs Bl 2 |

3. [C-USUs—d@vs AT FP.S. ugfu — 39 ugfa
H SIS BT AMFD Be, SHA BT AFD UISvS T
T BT AIHD HhUS BIAT 2 |

4. gaRisety ugfa a1 S - dIE
Arer—fbarmH—devs (M.K.S.) ugfd &1 fawyd
¥U 2 | Wrex, fhaum™, dahvs & Iaar sad dry,
faegd &IRT, YTl T Y& <fiercl gd uaref ol AT
f9® AF® HHE: dfeds (K), TR (A), HIST
(cd) Q@ A (mol) BT o ATFADI & wT H FfFAfTd
far a1 8| 39 A1 g AED] & AATAT FHIA
P fIGBT A13F ASIF (rad) TAT S AT GF
PIvT FTABT AFH FCRFSTT (sr) DI Rh ATTDI &
w9 # affAfera farar 737 8 | 99 1960 # SR
AT UG 91 P ARIRO T4 H AP &7 37 SRS
qgfd &1 A& S.1. (System International) faa
AT AT Ugld Bl favg & FH 9 A R fHar |

Aifve TR/ @1 faar
(Dimensions of Physical Quantities)

iy #§ Aifde IRRN & gou=1 ArFd! B GHHE
(M) oIS (L) @ 983 (T) & 9l ArDI H g fobar S
AHAT © | SISO AT BT Fa ATTD

M (V) = oH 18 x Alels x Sl

=LxLxL=L¢%]|

JNIT 3MIAT BT (L) TR 3 T THY Fad foha
SITAT ® | 341 TR

9T (v) = faxearus /9w

=L/T=L'T"

T8l SAE M T8l © AT 39 WR 91 Y R g
M =1, 39 UHR 4T (v) = M° LIT!

Ife f<d A ugfa # fa Wifas il &1 ase
ST HRAT 81 o Sudad g3 4 M, L9 T ¥ Hafod qdf
AFDT B A9 UfARNAT B BT | O Aie—fhur—aavs
ggfad § M° LIT! &7 a1ef § Hiex /Adhvs 81T | g
TR ASHR—ITH-—HBvs § M LIT! &7 2ef 2
I/ ABUS BT | 59 UHR sl Aifas fr &F M, L
g T FafAT gal ArFdl H I UR °1d SR Faa B
ST el 2 |

firee fHdT Wifds fdr & M, Lden T w9 ¥
FT B D ol B9 IR M TS G Bl SHD! faAT
PEd B |

TR = /999 = L'TYT = L'T2 I8l aI=Ts
&) fa|r 1 qor gwg & faar 2 2

ol = T x @R = M! x [LIT2] = M'L'T2




B ¥ifrs <1f3r &1 39 w0 foreq & o vds

B9 S B b fpdl +f1 wifcres T &1 gof wu 4

T A1HD B IS & TS 3MeR F IR IR IS DD
¥ forga |

ara: foedt Wiifae <1 Q & o IR & wu
HM, LTAT T & o A13D1 Bl 71+1 TR ¥ forar Siran
3

Q=[ M°L°T¢ ] I&f [ MOLPTe ] &I fadii 3 Fed
g1 a,bd c¥ifds AR Q & AW e € e1iq a
SHAM DI, b THEE DI AT ¢ I DI 97| Hifd®
RIRTT, I97a 31 RN | Hag oI 396 99 g3
=t |reft 7 fer 1 &

qT BIA D foT¢ ST ATAT (GRATO) TAT AIHD DI
JAMILIHAT ST B, AT
Q=nu =nyu, (1.4)

Siet Wife R Q &1 BT vab ugfer # ulRAT n,
AT AP u, & TAT A Tgfd H GRHATOT n, FoIT A=D
u, 8 gfeh HIfcrep Ifr b & 8 et 3rerT ugfadr gid ge
A fqHr € el B

afe oM ggfd # g@mE M, oW1 L, 7211 993
T, T 39! f49¢ 93 a,bd c & af

|arvll 1.2 : Aifte REl, ST o= R/l @ ey dom S9e fie g3

ERtS I IREZANIN 5Kl GO AHAD foi =

B TS x dreTs g Hrex m>  ML2T°

IBGRET oTETs % AlSls X $als T Hrex m*  MOL3T°

ORI TIHE / AT IEIVA:N kg/m*  M'L3TO
T RIS e /A m/s  M°LT!

IROT I /T AR/ m/s2 MOLT?2

T SHA X @R T, Hrex /w2 kg m/s> MLT2

SR 1.1 — SR (W) Td ol (4adia (G) u, =[M? L Tf] (1.5)

@ i g = a1 |
1. B W=9a x faRmus = F.S=[M'LIT 2] [L!] =

[M'L2T 2]
2. T FRA® (G) oIy & | |
F = Gmm,/r*
G=Fr*/mm,
G = [M'L'T2] [L2] / [M?]
G= [M'L’T?]

1.6 frfy gfeRor & ST

(Uses of Dimensional Equations)
fedlt “ifas fdr Q @1 fad TR @& wU |
e TR ¥ foran Sirar 28—
Q = [M'L°T¢]
Il wifcrs T @1 g AFdT @1 faAr & w5 A
TGN GIRT fordT ST 8, SeEvl & foldy 9
F = [M'L'T?]
fafi TiieRor & SuaT A 23—
1. foel #ifos T & oRwor &1 e A=e
ygfa 9, 3 AFe ugfa A uRafid & —

41 gBHR Al ATFF ygfa |
u, =[ M3 LT3 | (1.6)
u, g u, P A FHIBROT (1.4) H G W

n[M{L TS | =n, [MSL, TS ]

B Ml a Ll b Tl c
B e
FHIBIOT 1.7 DT FERIAT A fhedt o Aifos ufyr &
GfRATT BT Yo AIFD Ugid H GA ATHAD UG H 98
REZRE
FETEXYT 1.2 — ol @ROT (g) B a1 MLK.S.

ygfa & 98 M/ 8 s9@I A9 91 o7 A-raar |
C.GS. ¥ gcal |




n =984 /&
a=1,b=-2

1% e
1'1229.8 |:—1 Qﬁ'lﬂ':| |:ﬁ:|

2

=9.8 %100 x 1
31T g =980 AHY /2
2. Aifde O & gF o F™ar » oig —

i wmiTar fRigid & rgaR fh o1 Hifds il &
&g Fdiexor & fory —

it R Rera ¥t &1 faar = TR R Rerg
ferat &1 famr

39 YR Af TOET gRT ST Ueli a1 fa8r 9491 87
ar = gerref BIar 2|

JIERT 1.3 — O dAldd & AMEABIA BT G
T=2n/1/g & Tgar &I T4 a9 F B Sigiy =18

qAT g [T TR T |

_8'(_"[—?17)[ T=27‘C\/§

3 ver § Ry T &1 famr = MOLT!

1 | = 100 A

TR} el @ faur = 2n éiﬁf fomr

Cn famrd ?)
Twerr
| MLT?

= M°LT?
= [MOLOT]]
4% JqF & Y uE B a9, I U B A &
RIR 7 1 g fal gfic & v 2
JQIERUT 1.4 — I vi=u? + 2 as B JATIAT Bl
9, I T u = IRMIS 9, v = 1f~d I, a =
T@RT AT s = B |
TA — I TS FHIGIOT F V2, 02 TAT 2 as AT Dl
faarg || B =A1fed |

Vo fadr = (@ a1 famn)?
=|:M0L1T71:|2

)
w e fmr =[ML'T T

=[L*T?]

eIt

2as 1 famr = [L'T7][L'] (2 fomréie 2)
=[L°T 7]

Igl A1 ARrE @ famr 'wE © o fi gfe 9

I8 G JAT T |

3. fafr=r «iifde <R@l @ d9 d9g wnfig
HRAT — I FARTAT & 99 &7 ITIRT AR gY, Uh
Aifdre AR &1 ey, gE Hifds ARl 9 7 a1 S
Ga AT ST FahaT © | 91 UeT 3R IR Ul Bl e
B AT B G T DR TR 2 |

JETERV 1.5 — Al GeI UF UR b A O |
TR SO UR T 1elT BT I (F) BT A1 3
B B GHEE (m), I (v) TAT 9 B B i) R
FRAT &, AT G ST BT |

T — U A

Fam*v'r”
IJr F=Km*v'r*
I8l K faREN Sargunl Reris ©

9 ver Y famr = 91 o fmr = [M'LT? ]

TR el &1 famr :[MIJX [LIT’I]Y[LI]Z
=[ML T ]
i s=imar fam |

[MILIT’Z] = [M"LWT’Y]

ST UEl § M, La T & ©1dl &l et R W
x=1
yt+z=1



x=1,y=2,z=-1
3d: F=Km' v’ r!
FzK.ﬂ

r
TR §RT K = 1

IIlV2

F=

I8 AMB=IT 9 BT GF © |

1.7 fofm Sfi®=or &1 S99
1. UH | Jfdd ugl & FHIHIT wrfud T8l By o

1
Fhd, S v =u + 2 as, s=ut+5at23m%|

2. ifd® AR & g ¥ Feerd a9, faaEE HEdmt
@ g fad Ay | 98 ura R wad 2 |

3. =9 A 9 991 Al &1 o= 21 fhar 51 A
fS1H eTgaoretd, TRerdiao! a1 Barofddy vt
HT SUANT 1T & |

4. I A RRTT & 38 GAH & AT I8 BHAT AaRD
T8l o 1 IRt e wu ¥ 99 @ 9 —
Q19 UG I BT YIATRRIAT TN |

afeer
(Vectors)

UTIAT  (Introduction)

fodr f Aiifae W &1 gofa: &raa & & forg
gRAT g ATA®G & Iretrar e a1 & | mavIdhar
gl & | BIg fdd 5 fAL uf gv¢ @l ara 9 ae <&@
2, $OH URAT 9 A5 a1 § U= fawrm ar 981 & | 97
B qof w9 | THT ad B Fahdl © 19 I8 Al 8l fh
a%q b fm o SR € 1 39 SMER WR Hifas i3
BT A AT H qier T 2

1. affqer IR 2. |Afder Al 3. wfewr i

1. @1f&er IRMET (Scalar quantities) — a8 ifa®
IR 31 9iRAror g 71 | & 07 wU | A B Fahdd
g, faem &1 smazgdar 7 U $W afewr Wl ®Ed § 9
|HY, SIHIA, @, AT, BT, Holl, e, a7, 1Y
SIS | affeer IRMAT & Sire, 9rabl, o1 9 sTe &
forg ATerRor ST &1 SUAT BRI ¥ |

2. |f&er AIRMT (Vector quantities) — AT Hifcrad
RIRMT {572 qof w0 ¥ @3ad B & ol uRAT g A5

P ATI—1T 9T BT Sooig Y 3avd BT 8, e
JIFAT BEAT B, O fAvITO|, 97, @RI, 9, FaT
S | 399 RN & Sir, a1, o e & fog Afesr
qorTirg @ feEt &) snavgedr g1 2
afeer f3rat &1 &7 9t § _9rfig a) aahd 8-
1. gdrg |fIT (Polar vectors) — o1 |fder Al
HT e V& T A BT 2 gag afe dEerd 2
SR — faveImuE, S g—caRor, IG—aT Snfe |

2. 31efrg e (Axial vectors) — 51 afeer fer
HT1 ey fdT 3fer & far goie | e 21, el
ARRY BB & S — B I, HIoiy @R,
Iof 3ol onfy |
3. ufeer IRMEAT (Tensors) — wB ifad IREAT

el edeR gl © srIfq 37 IRmT & aRkEmr

fafy= faemen # srer—arerT B € s ufesr ¥t

FHEA T | O — SISed AT, FrIheiierdl, Aratdar 3NfS |

Il ¢ & srfaer v afeer ARmr gfewr IRrl &

fafdre i wu 2|

Hfewr doad a1 Te eu
(Vector Notations and Graphical Representation)

afs Rafd A A BH uRada &t A—— > B 9
fRefUa foar g 1 fawerus |feer AB @1 AR ¥ &ad

P 2 | IS8T AR N1 BT T8 A9 & gRHAr 9
TR @7 fewm afeer fdr &1 fee o yefR¥id w:al 2|

Refa afew (Position Vector)

afs o1 wor BHfew a1 Fwaa 7 wfom= @ @
==~ 999 W 39! Rafd =—=1 g8, 9
Rerferat a1 afeeit g_1 @aq far smar g, g7 afes o
Rerfa afewr s 2|

i 93 7 9o fag @1 0’ ¥ =ad X a1 XY
el # {5 wor 1 19w o) Rfa Afeg wr vd o w9
wR g9 Rafy Ba sy Y1
g, g 0@ A9 W A B
T R A @ AR gRI [\f/
AP AR e qard & @
OA ®T t AT U AT 34T

YHR OB Pl t! FHT WR
Rerfy afeer pear &1 O

| \\@
¥

23 4



N i\ N
X 2 3
A N —
5 THY 2N 7 S
S ] 5
N 1 9T
O NI

AT Afew

faa 1.2

JET (t'—t) FHIT=aRTad H AR foverus wafaer

FHEATAT B |

el & UeR (Types of Vectors)

1. 3THM AfSY (Unequal vector) — afg 7T a1 a1 |
31feres afeer ufkaror g femm # sRar 81 a7 ufaroy
H FEA oy feem = 81 ar fawn | wme g
gfRamrr § 4= 8 v |feei & | |feer oed
gl

2. 9 e (Equivalent vector) — &I AT &I 3 31fI®H
|fcer aRarr g fa=m § @99 8 Jog afew
FHEA & |

for3 1.3 9 P,Q @ R URTR AR TG {HE URATOT
@ T o Jod Al 2

o3 1.3
3. UdIe A (Unit vector) — FPHIs TRAMTT dred
afeer & Tahie afeer ded & | I A d1g Aafesr
2, IG@T gREmT ‘K‘ 2 o vie @Ry ; @1 AE
BT

A== JI —
Al A
3 Udidh Ffewr &1 afkarr df g&1s 8T & 3
afeer &1 fwm &1 qarar & —

afeer = alRAmT x vaie e
A=aA
faw e 93 #x, ya z fewrn # vwie afeer swas:
79 kK 9Tl e #
4. fawda | (Opposite vector) — afe a1 Afder
giRHATT H SRIER R faem fAuRIa 81 ARl |t

HEA & |
o 14 4 Wk P Q e
faudr wfeer & g =1 R /ﬁ,@g\7

q forar 9@ 8 — P=Q |

-
AUl afeer &I ks afeer Q 5 o

A BT Sar 2 | =7 1.4

afee &1 AnT (Addition of Vectors)

afeen & dared | e aRermr afeer 1fer 8 g
BT © | AfReN &7 Haree = foet & ameR uR foar
ST 8—
1. |k Gare &1 Bo M
2. |EIR gyl A
3. 9gqo fom

1. | a1 &1 B fem — 59 fam @
AR T AT BT T &1 9 H RS BI &I Jorall |
Fad B dl 39 AT BT gRm Afeer Audig wa &

A/ o 9@ e
Frefld #Rd € | ;XQ/,‘C
sa: g 15 9 /&V/
R=P+Q /2

= IR / / )

fafr & dfqent &1 A© > ”B
AN FEd ©; TS -
AB @ BC ¥vIT¢



& B HH | HA: Ay p g @ BT el R 2
RETFAR AC ST gRom |l R @1 iU &_all © |

I UBR Bryet A &1 SuAnT R faveryor fAfy
I R Afeer &1 ulRamer g e 91 s1a wR AHhd
gl

faweryor fafr — o7 16 § B9 & g9 AB T
BCHT Afeer p 9 Q & UHh &1 %HH # faafud fhar
21 gforr

wfeer R @1 gl

AC 9 fawfug

forar war 2 P

ETQEP\?H%HT\TUT A = 3 -
plafewr P 9

gRo wfaer fo 1.6

R & 99 BT o 8 ST aRumd) |fesr R &1 e =uad

BT | Romdr |feer R 9 S {9 si1d &3+ & foru
BP Ddd 92ra7 C A AB UR ol STelT |

o 1.6 @& AHBIT A ADC H

AC? = AD? + CD?

AD = AB + BD

dr AC? = (AB + BD)? + CD?

AC2=AB*+2AB BD+BD*+CD*>  (1.8)
a9 ABDCH

BD
Cos0=— = BD=BCCos 0 1.
BC (1.9)
I TBR

sme:E—g — CD=BC Sin 0 (1.10)

THHOT (1.9) T (1.10) B AT 1.8 H IWH W
AC?> =AB? +2AB BC Cos6 + (BC Cos0)’ + (BC Sin6)’
AC?>=AB>+2AB BC Cos0+BC?(Cos*0 +Sin’0)
¥R AC=R,AB=P,BC=Q (1.11)
TqAT Cos?0 + Sin20=1¢8 ar
R2=P2+2PQ Cos 0 + Q?
R2=P2+ Q*+2PQ Cos 0

R = /P> +Q* +2PQCosH (1.12)

g9 A ADC ¥
CD
tan 0 =——
AD

CD
AB+BD

FHIBIOT (1.9) T (1.10) & AN TG WX

BC Sin©
P+ BC Cos6

FHBIOT (1.11) A

tano =

(1.13)

tano =

P+Q Cosb (1.14)

FHIHROT (1.12) R Afeer & gRATT R &1 qoI1
THHEROT (1.14) DT T BT 2y HaAT 2 |

39 &9 faory aRRkerfoal ox faar &:a &
(i) 9 0=0°3gfq A A p 9 Q TH & e #
g ar
Cos©=1TAT Sin6=0
ar aRomdr Afeer &1 aRkmrr FiaIor (1.11) |

o =tan"' {—Q Sinf }

R =\/P? +Q* +2PQ Cos0°

R =\/P>+Q* +2PQ x1

R=y/(P+Q)’

R=P+Q
TAT THHIT (1.14) A

1{ 2j|

o=tan'0

JG a=0

39 gRRfa & gRomer wfeer R &1 aRarmr 41
Jfeert & feom 5 7 921 < & ufRArn & anT
P SRIER BT |

(i) STd 0 =90° 3l &Il A p g Q TR oH=ad
il



Cos6=0,Sin6=1
ar AHHRT (1.11) 9

R=yP+Q’

Oc=tan1(9)
P

(i) IfX 6=180°Atq p 9 Q fAuda wfewr & ar
Cos6=-1, Sin6=0
THNHT (1.11) A

R =, P>+Q>-2PQ
R ={(P-Q)’

R=P-Q

Td o=0

afe Q & el foren S srIfq

R=Q-P& @ a=mgNT|

2. Afew WA & R agge T -
Ife 1 wfeen @ #eg v fear gan & ar s9&d Fared
AR IgYS @ W A 91d R 8 | 39 FE @
IR Ife <1 afeell & FArFaR IS @ ] SrE
T3l §IRT 60T fham SIIar & a1 |Aroi &1 aiRormHl
Afeer vd e gorsll & derd g 3 JorRe arell el
3 ad fear sirar g | fos 1.7 H 9 p 9 Q Bl HH:

L/ //
s/
Al S 4
P 0
A

(1.14) & FTAR

g B E

= 17

FHIRR TGS D1 ME 4T3l ABT AD gRT i
forar T & | fawet AC aRom w|fewr B @ aR\mr g
feen BT ad HA 2| p 9 Q B 7eg HBIV O B, gROmHr
afeer @ T2 BT o DI § Fad fHar ST Adhar B |

|feer R &1 uRAmT g fewr afeer Saiee a1 g
fazeryor fafr 9 97 gR & 51 Fhe 2—

R = P?+Q’+2PQCos

o = tan 1(—QSin6 ]
P+QCos6

3. gfew HaleE &1 9gqa figq — 3fe a1 9
31 Afel 1 I &A1 HRAT 81 Al T8l ﬁﬁm T
ST fHaT ST B |
59 M @ ER
afe 1 ¥ 1 Al
& gRaror g e fasd
TGS DI TI3it gIRT
%9 ¥ Freid & ar
qgYST Bl I& DA
grefl Sif¥ad H
fauia v #, gRaror
g feem # uRomdr Afeer & Fefia wcl & sriq

R=A+B+C+D
ISl & AWM= A9rTl & fory BrisT M &1 SuaiT
PR UROITT AEST &1 URAT g {320 S $R A © |
4. few HareA &1 w9 it fm — 59
™ & TR a1 |feel & ANT urey aiRormHT [T wR

9 919 T Y919 81 gsdl fb IRT 7 ugel fhd afesr &1
=g+ faar T 2| srifq

faa 1.8

A+B=B+A (1.15)

3rcr: |fe=ll &1 AT w4 fafmg gar 2

fora 1.9 H FHIR TS H AT A 9 B Bl A
qoTrsil A I [HAT & | STH—AMA Yol Bl Jd
afewt ¥ e ﬁﬁtﬂ gl 3 g w9 g far <

ICERRK:

T ¥ e afeen & I § 59
91 BT Y1 81 Tear fb Ul b |afesr &1 =+ fhar
TIT B TAT I A B H Ry T B

5. argad fora| —



BIGH

(K+E)+C:X+(E+6)

3reT: el &1 AT ArEEd A BT Ut &R ¥ |

1o AR age A afer A, B @ C
BT o et 9 Fafia famar Tar 2 | i wae @
ryot fram & Rig fear i1 wear € fas aRomd afew

§=(K+B>+C=X+(E+6) (1.16)

B
A~ N\
7 ~ —->

=& 3
/) T~\
- NN

R=(A+B)+C=A+B+0)

T3 1.10

JITENT 1.5 — &1 A g (B qHarg FZryst &1
I3l & A BRRT 2 | 91 Bl fa=m] forF 1.41 H
SR AT ¢ | 39 uRRfRl 3 fag AR aRemT 9d
BIGIENE

A A
JANL L AN\L
/ N/ X
pA N L A
&= 1.11

3 112 (a) 9 HRIRT Tl &1 fe=rgey Ao
ST 7 ord: ulRorHr |fder

g

Fa
R
- 1‘ F

e/
N
/ N\
[\

C . . B
= 112 (a)

F,, = \ F* +F> +2F-FCos 60’

~*R=y/P?+Q* +2PQCos6

E, =\/F2 +F? +2F2><%

F,, =+/3F
3 1.12 (b) 3 TR T 919 & AR gRomH
|faer &1 gRkArT

Cos 60=l
2

%
E
‘A 60 ?
60 A2
é
/ \
C B
= 1.12 ()
F,, = F* +F* +2F-FCos 120’
2 2 2 1 1
FA2=\/F +F +2F X(—E) . Cos 1200=5

= F+F -F
=/ F?

F,=F
Il 59 Reafa # uRemf 9ot fF¥ v 4o &
T T ATl I & YRHAIT B SRIER BT & |

Tfeel &1 aaHad (Subtraction of Vectors)

faery araverr # Afeen & dorrforta arr & afewt
P FaBeT B Ahd © | T old: U Alael F TN
ol

I3 1.13(a) UB drcl AAw A H AR AR B
faumia afesr g &1 |fewr daeH sy & Srer siar g

TEd A e B & IR offdh fuRia feem # s
gRArer &1 \feer Rewd € ST 6 1.13(b) § geriar 13




= 1.13

2 orq Afeer waor @) Byt fafr & uRomd wfeer R
T A @ ol b 1.13(c) H g2 737 © 3riq Byt
fram |

R=A+(-B)=A-B

AWl & AT T Fadber H AT AR & IO 59

g 99 &7 ured HRaT 87| Ifeer p d Q &I c3ffeyr
R | IO HH W

c(15+ij)=c’15+cij (1.17)

C(F+6) = C-P—CE)‘

i Il IR & AT OB & AT g
3R & IRIER BIAT € |

(1.18)

R afewr (Zero Vector)
Ife q1 gog Afewll & adad 9 ST 9w urd &

ar S I ARy §FEd §
afe A=B @ A-B=0
I VAT Ffeer fTeT aiRarT 31 & doI1 s9a!

Pig ALy faurm 981 81l T Afeer dean & i fadl
Afeer # T A SrST A1 "SR S a1 aiRenH |fewr

W AT A AT 2 W A+0=A ..(1.19)
S YR T AQer A Afaer IR &1 o &

¥ Afer U BT § 31Ut kO = O ..(1.20)

prdtg e ggha

(Cartesian Coordinate System)

difca # fafr= Mol & sree & fog o
FICRITTRT BT Tazaehdl BT & Maenerer H fH fag

P Fad BRI B fo1 Afe Y MaeIHar Bl = | A
ATAMRIT: SH13 AR 81 & TAT IR I+ 8Id © 3T
fpY foreer O &1 MUVl IRER o ad el gl A
foar <Irar © | afewt @ arenr & forg Hemary e
HT ITANT BIAT & | 399 o fd=5 O T OX, OY T OZ
U ORER ¥ 9d 21T BId & orT fob fasr 1.14 # fegran
T 2 |

Fra fAdImer | Refa afewr &1 fAegor
3 1.14 5 g 35 O & | A &1 (P)
Reftr agad &4 aret fFdena afe (x,y, z) & a1 Rafa

afeer gp @ ¢ ¥ T BRI 2| b Rafa afeer

r=xi+Yy]+ zk 3GHT gRAT H = /(X -y +2°) 2|

Y

o
- > ¥

k

3 1.14

0X, 0Y 9 OZ & 49T Ydbic Afyer Hoer: |, |
T k =, 91 3h1E ulkErT & qor feem sawr 0X, 0Y

T 0Z P FHFR 8| IS fBl oo &1 favengs 7
AIex g o 98 7 Hiex (G X et &1 feerm # a=res
fazenfad gar |

Tfee &1 AT (Resolution of Vectors)
21 1.15 % U@ 4RI Ag@ Bl F, ac1 MR wied

T

8U Wgd Bl fawerud a
OR | wife I=®
g% alRomdl gl B >
foam & wfy =t 21 0 R
9 UBR AT Agh T
W $§ 9 BRRA B Mg
SIRSC ISR BRI

3 1.15




Rl 9t & aR1ER B | o 7 favenma| gR & forg

F, 9 &1 QR & SAMI<R 9¢& F &1 93 RSP 81T |
AT I B D TTh THT ©, SHT THR fmsr Y afeer
P IGP 3D Tch! § i fbar 5 Iodr 2 | I8t
g4 fHd |fder & a1 FHaiy gcdl &1 f[ARga seagq
BNl | AGTHY I THDBIONRT TSh] BT T+ FIHdT o
B B | 9 UbR o7 I B AT HR T
RO AfeeT U B1aT © S¥1 UBR U Ay &I STqD
Heh § g wR aad € |

e &1 fgfeia fagem
(Two Dimensional Resolution of Vectors)

fodlt afeer & sas Taafvre Afeen # e
HIAT SUIIT BT © | 9T T 1.16 H g9ItAT AT ©

AMT X-Y T # Afeer —
A Red g siraer 0X Ap
@ WA O BIOT A1 RET A A

dluRe £ d M d 2
X - 3f& g} PM deT1 Y-

31T IR PN oI STefd 0 5
g | sl A e A & 0 _AZ M
X—&fﬂ%ﬁﬂtﬁ%iﬁ A 116
qAT A, G A BTY
et B e # Ted W uelia wRd € |

Afeer FaoH @ Bs | 3 aopM H —

OP =OM + MP
OP=OM+0ON (- MP=ON)
K:Kx +;&y (1'21)
afe x gy feam # uRkAmT A 9 A, & Usle dfe
A 19 ) 2l
A, =iA, - R¥ = UHid Al x aRErr

A, =jA, I THBRO (1.21) |

A=iA +jA,

Y AOPM ¥

A OM
* = Cos 0 e = = —
" Cos 0 =3TIR / of op

I A =A Cos 6 (1.22)

A,
ERLREEIN Ky=Sme?3|T A =ASin® (1.23)

- _ ON_PN
-Sin 6= 9 /P = op = Op
Q. OP? = ON? + PN?

AZ = sz + Ay2

2 2
A= AHA] (1.25)

FHIBIT (1.24) BT AHIHROT (1.22) T FHIBIT (1.23)

% T D AN B W U< B AHd & fiq AT A Bl
gRATT IHD TTHl & I & AN & ol @ G_IER BIAT
21 g upR A B R 5 e B forw wHieRor
(1.23) % FHIHROT (1.22) BT 9T °F W

(1.24)

ASing _AJA A,
ACos® A /A A,

tan 0=—L
A

X

A
0=tan" [—y]
AX

39 ey ¥ Ay A &8s & |t feaer e
(ferem) 941 R8T € S1d B AHhd B |

i Bfeiy e
(Three Dimensional Resoluiton of Vectors)

fos afeer &1 9 FH@oiT gedi 0X, 0Y T OZ
# faarem Bfada e sedmar 21 afeer 4 8 @
IS A TShHl A, A, T A, H AT & Fad 7 |
v FHfad fAgre o T = 1.7 9 B S gahar
21 zad fag P &1 Rufa afewr gp - A 21 J8i wfewr
A AP R 0, A, D AR PTAAT A, D AT y DIOT
341 &1 2 | f3fadir fagem & ave & Hfed fges
# foreg afRmmor ure =g 2

A=Ai+A j+Ak

A=A +Al+A;

A =ACos o

(1.26)




A
] \\\
A \\\\
Ayl N
A 1
|
1
sl N
1) o Axi 1 1
i /
7 L
1 7
; .
Ak !
P
A Iy
k 1y
Iy
L CEE PP PR PR
o= 1.7
A, =ACos §
A =ACosy

fefaia ar BHfeda fader 93 9 fe Rufa afeer
BT S [T ST Hapall 2 | i () fag & e P
(X, y,2) 2, o fa5 O 1 P I e arell v &l Reafay

|fer (?) QA g fpar orar &1 e § R 9
Rerfer wfeer 1= xi+ yj+ 2k 87

M A
(X.y,2)
, 'p
o>
yi r
0 xi
7 N
R
/ Q
&I 1.18

@@l (x,,2) g P& fderias B)

o veR fgfaia fagieq & xy da # 5i/d @)
B B ;=x1+y3

SETER 16 — AfE A=2i-3j+7k & a1 @l
BT Uhid Alae ST B |

& —

gfger

Udhid Afger =
gfeer &1 gRYTT

A=t
A

@ [{=fAaT Al

_ 2i-3j+7k
J (@ +(=3)*+(7)

2i-3j+7k
J62

wfes &1 TOTT® e (Product of Vectors)

3fferer IR BT [OTHE AR SISO fF a1
A B TS © | UG AT H§ URHAT & Are—are e
qrer A1 BIT B, 3T ATHRYT U & 9 |fen d
[T dig Bl FwUT T8l HRar 2 | Al 1 qorke
3 UHR I BIAT B
1. 3ffeer A1 favg qorThel

2. |feer a1 asiig qorHd
arfeer ar ﬁlﬁ TOTTP e (Scalar or Dot Product)

e 37 Afeel & o & aRUImERY Udh AfasT
IR o B ® Y 39 S1fe YuHhe wEd & | 9 a

dfeel & 7eg fawg () R welRia a_d €| sifew
TUHAHE I |fewl & URHA UE 95 F- DT DI
PISAT HT OAHS BIal 2 |

AT G ARSI A 9 B © D W BT O AT
afRATeT A AT B ® Al Qe JoHAHe

A

A B=

K‘ ‘B‘ Cos® ¥ A B=AB Cos 0 (1.27)
3ffeT VTS B FAHSH & oIy 74 IS8T o

21 QP 9gH W F g o1 S jaT & forad g8 X faen
# favenfya g1 & 9 — a3 1.9 ¥ gwtar wam 2

-
F

7 A
/ /
/ 2/
/ 2/
ZQ /Q
JAAY > FAN S
Fcoso ;) —;>
(@ (b)
&= 1.19



ar o 1.19(a) & AR

F Xz(FCosG)x
F X=Fx Cos 0
A TPR

F X =F(x Cos 0)

F X=Fx Cos 0

9 bR fHdT afeer &1 aRkErr, gav afqer @
Cos 0 U |feer & faem H [uHA®d 71T Porahel
HEATAT © | A YOFhel HAAFHY B B e o1
ot 8-

() efeer qoAwe HAfIfHT BT 2 s fE | W

2 |

F X =FxCos0

X F=FxCos0

F X=X F
31cT: 31faer o HAfafma BIar 2|

(i) <7 AR AT BUS S & ofaq 8l qiq 0 =
90° ar

A B=ABCos0

A B=ABCos 90 =0 Cos90=0)

A B=0
3T AHDIOTD AT BT Afee YUhel AT I

BT 8 | T8 89 UBbid Afaer |, 1 9 k ofd A1 9 U
& oI B T |

j k=0=k j (1.28)

~ ~

k 1=0=i k

(iii) <7 AT Th GAY B FARIR BT AATq ST 7 DI
6=0° A B=AB Cos 6 =AB Cos 0=AB
 Cos 0=1

SFITT ITT RO &1 32l & uRA & o
@ SRIER BIAT © | X T AT oI 81 Al S gRATT
HT I YT BT |

SRR
A A=AA CosO=A 6=0°
sl UPR Udhid Afeel @ forg
il=]j=k k=1 (1.29)
SEERT 1.7 — AR A=A i+Ai+Ak T
|feer B=B,i+B, |+ B,k &7 3ifer qorwe o & |
e
A B=(Ai+A,j+Ak) (Bi+B,j+B,k)
= Ai(B,i+B,j+B,k)+A,j(B,i+B,j+B,k)

+A k

—

B,i+B,]+B,k|

vij=jk=ki=0Td ji=jj=k k=1

. AB=A

SRV 1.8 — A =2i-4j+k T B=3i+j-2k
BT S OB S BRI, TROMH F 319 7 {rpy
fRepTet |

2i+2j-2k B=3i-4j+k

g?,l'_

A E=(21—43+12) (3&]—212)
=2x3+1x(—4)+(=2)x 1

=6-4-2
=0

AB=0
rfq Afeer A Td B UREWR oIHad R |
SJIET 1.9 — UF a8 W 9 F=i+2j+k

T UR y — 3167 @t fawrm # Seafer 3 #iex fazenfud g
2, B AT B |

gl —
F=i+2j +3k

S=43] (y—amr @ faer # )



W=FS
= (§+ 2]'+312) (+3})
W =6 S
|feer AT a1 OMEHA  (Vector or Cross Product)
9 &1 AfQEl & YU & YR F Ud Al

IR o Bl © 7 39 Afee Yo HEd § | 39 QM
[t & w7 B (x) BT e MR forad € |

ARE JUATd, & |ieel & URANT 9 96 7
HI0T (0) BT AT (Sin O) & [OHS P o BIAT B, TAT
afRerl faer 99 O & oraad il © foraH g1 afaer
freme gId €1 afe A T B & H BIvT (0) B AT ST
|feer Yo

R=AxB=ABSin6n (1.30)

i URom wfewr @1 fown 4 veie afewr ©
I DI fA=M A 9 B & dd & ofwad sl |

o |feer R (\rm) & fen & f= e &
ST B D 2 |

() <fomadt b= fm - afe B -F%
Ug B JT B A d B B
AT IR U9 D RFAGAR

(A<¥ Bl R%) YA SR
ar i< fe=rm # U= o1t gean

—_
2 ag ufRomdr afeer &1 foem - B
B | A
(i) = s @1 FE - TR/

B B el BT fa=m A & B @1 3R Al df
AT 3[aT aRomHr [faer o1 fem &1 gaiRia w=ar

g
1. 9fger  quAnd

gafafmy TE glar 8| B

AxB#BxA
%
A

AxBUd BxA®
A9 A1 SR1ER B & A e e B 2 |
2. 31 FARR Al BT Al UG — AFT Afder

AT B IARIR AR 2 i S 7 T ST 0=0%
ar gl |fewr g

R=AxB=AB Sinfn
—ABSin0°n
R=AxB=0 (- Sin0=0)

gou |fewr @ Refq 4 Afe=i &1 |feer quHawa
¥ BIAT B |

AxXA=0

3. URER TTHad il b1 uRemdl |fes Jorwe
R=AxB=ABSinfn

R=AxB=ABSin9%n

R=AxB=ABn  (.-Sin90=1)

o R Afeer B fAer S A @ B & <194ad © | 31
fafa st # <feronadt ua a1 IR B & W |
91l wahd 8 fb —

IX3=12 }xi:-ﬁ
3><12=; lzx3=—f
fxi=j k=] 130

4. e OFEHS fATROT R BT UTaT BRAT ©

AX(E+C)=KXE+KXC

SAEU 110 — < ARY A=A i+A j+Ak
dr B=B_i+B, j+B,k 3T G oG ST o |

AxB=(Ai+A,]+Ak)x(B,i+B,j+B,k)

=Axf><(Bxf+Byj+lez) +ij (BX§+Byj+BZIA<)

+Akx(B,i+B,j+B,k

=A B, (fxf) + AXByfxﬁ +AB, (fxlz)



+AB j-AB,i
—(A,B,-AB,)i+(A,B,-AB,)]
+(AB,-AB )k
AxB=(AB,-AB,)i-(AB,-AB,)j

+(AB,-A,B )k

39 IR w0 § = uar forgr Sirar g—

SETERVT 111 — T 9 F=2i—j+3k fosf faeg
}:(i+2j+31§)q‘< &1 BR e ¥ | g fag B wfa

JeTeel &1 719§ HRA |
ol —

F=2i-]+5k
¥=f+23+512
t=rxF

P
2 -1
1 2

T=rXF =

W

T=i[(-) +3) -2 3)]-i [(DE)-D)B)]
+k[2) @-0) (-1)]
=i[-5-6]-j[10-3] + k[4+1]

T=-11i-7]j+5k SR

afRATT = [ (=11)24+(=7)* +(5)°
=121+ 49+ 25

T=,/195

HAifoer #§ |y PEEwa & 9>
Aifcreer @1 faf= wrrrell | @i Yo @1
Ik IUAIT & TN T8T B9 B9 WRMIS JqeRomaf

H 39D JIPRNT & BB I R IR HT T

GG 9T TAT @G @R — B 1T B ATveT
1 a1 & g1 # w 1o 9T | afRepHor R arel
P BT W T v BT A1 y=wxr 9 od &
G 97 P feem e vd Sl 9T & 99 @
I BT 3 |

SIfSe e q g &3 B H v 9 i €
ATAIT IR HTIIG AT g T AT

F:q(QxE)zq‘Q‘."B".sme n ¥ BN | ARt O
B ST fAfixi O & oiFaaq s&1g afesr o ® qor
vUd@ B & eI BIT O |

Teaqel fawg

el AES — J A5G Sl QUIeY § W@ad 81, 9l 3
AFDT H 91T el fbd ST Fabdl Hel AFD Dealld
gl
Y= HIFD — Sl A3 Jol AFDI I G b
S & a1 A15d BB © | O™ AT, T,
9T, g1 SIS |
AF® UGl — THS.TA. DI A Thaum—aavs,
SN0, BT ATHICI—TH—HHOS TAT T UL.TH
DI Ho—URSTS—HHUS A T B & | IR
AE$ UGHT TAS.TH. A1Fd ugfa 1 uRafda wu
2 SUH 9 qA AFG qAT & R AFADI DI
aftafera foar T 2 |
famar — aifzer # fed Wit TR &1 g A=)
M, L, T) R &g ¢ g1 famr ot 8 o
M:LPTe # a, b, ¢ famrd €|
i IR & STANT —
(i) fodY Wifas fdr & afR¥mr & ve arEd ggfa

DI AFD UGfd H G|
(i) W@ & A B FIAT B S BAT |
(i) ¥1fcre 1 & 1= & Hag HT G e BT |
aifeer ¥t — gofa: erad =7 & forg avaat afamr
DY ATILIHAT &Y, Afeer IR FHEard § SIER0
0, 1, BRI MM |
afeer ARt — 9 Hifas R 57 gofa: erad
HRA o fog g\ & A fwm @ W

JMITIHAT Il & Afeer Vfdrai deerdl 8 | SNl
dT, g, HAT IMf |




10.

11.

1.

. fer
Ui Al = hilkal srrig afesr g

 afyer e uRarr

aRETT 1 BT § | Ul AT deellal €1, jd

K PHI x, y T z Nedl B T § v afewr 2
Afeell &1 FIIo — | w1 FAre T (i) B (i)
FATIR A T (iii) g9 fafy & grar 21 afe

P9 Qufey & ar uRurd afewr
R =/P>+Q* +2PQCosO TT A& R a4 P&

He proT (AT feem)

o =tan"' _QSin®
P+QCos6

afewt &1 fagem — f2foda va Hfeda faasm
I afewr g ufkAarT & ad HR Fhd 2 |

() Bfi i = A=A 1+A ]
A= AT+ A?
(if) fefr § A=A i+A,j+Ak

A=Al +A]+A]

A3 YU — &I YBR BT BIAN © | AR Yo
1 fa=g oAl qer afer o A1 I OB |

Rl g
FEIfs e

=T % dIFaT qot Ar® T8 27

@) = @) Hex
) faar @) Jdvs
P! a9 @R B _?
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( Dynamics of Rigid Body)
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S-4nR2[%—%]‘5’\TTﬁ TYS T4 2 |

2 x 107 #ieR A & AT b goAdel b
T BTGRP FRI | AT B ©iet Bl IS AT
0.04 e /A & |

T ®IHfrdT NF® a1 a9 5.0 9 4.0 59 ©,
Th—TUPh HND olcl H Tl Bl STl & | Tb ol &
ST fha= Sars I aer?

AT 1 () 2 (A) 3 (@) 4 () 5 (31) 6 (@)



SHIS — 5

I — 5
Nl &1 e g
(Kinetic Theory of Gases)

il & SFUFTTe RIGTRT & IRAT BT AIT B
A Ul I8 AGID © [ g9 ofI1 A5caqUl =R dT9, 19
Td I B IR H SRR U N |

qY A@ERCN, d9& TG JAET
(Concept of Temperature, Standard and Scale)

19 B9 BIA Bl TS © ol FO &7 Ugard d T 8
ST 2 | fhdl UeeR wR A1, A1 ST BT IR B Al T
A Iec—AT I W A1d; T AT T4 &1 A1 & | T
MIArER v fHd 9q Irad WR fhadar € ar a9
&3 T BT ST © | SfdRer a1 g gedl & argaved H
TJ3T HRAT & A1 TY97 & HROT I DI 18] Fdlg 3~
TH B S ® | SURTad Y TesmRl § ifyd SHoit o
B BT & Qd A& aq T 8 91T 8 | I ol
¥ B9 arell B =afRe St ¥ wHifRd 8 ol 2
Tolaay A% H SWIAT AT SR © | AT g b Fapdl
2 & Swr five @) e Soit g |39+ 2 fuve
I f® Bl B

319 &F U SW[ UG Uh d fvs ur faam &1 € |
9 32 IRER 99d H o1 € ar 2fider fivs 14 grar 8
g 79 fus Wae gIar Sdr g1 e ae fuvs @t
TIRP oIl ggcil W & T 719 fUvg &7 &4 8rall S
2 s # Rerd fuvsl § weur ot &1 fafsa grar
REAT © U4 39 ufshar H, fivsi # smas uRad= 3= 8
o Rafa &, o1 Iifye o 721 8rar 2 | 79 | 3ve) 9%
DI TR SHoll RATHIRYT RIS YT 8 | a8 ol S
Th 9 A N ax] @l 991 e e fHY gy,
RIFETIRT BT & S S HEA © | T8 SHoll BT Uh WY
2 ol fp Aifer wu & davcia 31 2 | &9l & 59 Aiferd

TJHY BT AIfTDH! H AedYol AT & Yd SHANTIDI, 31
gz Hifcra!, ARk Hifcra!, W AT afe
H v IR & WU H YYa Bl © | 37T ST BT AT
T 991, AEES fageyer & oy S mawdsd g |
[AYH T 199 §RT AU B S & AT & forg
Feftd fasar a1 | 59 M &1 $o9 39 UaR € —

“afe T IKIY AT B FHAIGR AR H § a1
BUd C +f swrfder a=r #§ € @ ATd C
SIS A # gl |

g 9l aRIY I IR HH AR H & SHT AT
fl 919 BIAT B |

1Y BT IRFINT B B 915 T ST MMaTTD &
o ara @1 srifbd A B FuiRa fear o | s9a forg
T BT AFHIDHROT Ud YA M & | ATIAME 1
B © oIy IR BT qroErdt a1 gfoRiy A B
TN fhar S 2

AT IR & gAY BT SUART QfF e Siia= #
fooar wirar @ 99 fos 5.1 # g <wilan &) @
ATIAY &7 UaT, RTH UIRT 9R7 8o, fonddl T avg &
FHd H AT B AT URT gl H HUR B A% 98T B |
ATOHI & 31U U8 Yo (AT A UR SR 98T a7
B SI1AT 2 | 31 §IRT 39 Ug B a1 A1d HR FHhd ¢ |
IR @ dT9ATST §IRT AT &1 gh18 & °C (el Afewa=)
HEd ¢ | Afedad HoITel! § 1 argAvSHId Q19 UR UT+l &l
A9 fd7g 0°C Td ars fawg 100°C HI91 737 € | AQThaT
Afeqad 1d ACHIS BT FAM WY A AT DI SHIE & w4
# o # forar Sirar 2




o ffeer AIfY 8 s o G ot wrafera €
HIRABISC JOMel! H $Phlg dRJAvSARI &1d UR Ul &l
SHIF fdvg 32°F U4 arw {5 212°F 8141 2 | 31d: BINAEI8T

U9 § gh1S delas! Afedasd aM ﬁ%:g Cd g

£ | 39 UR WR U4 I8 &A1 v&d gy b Uil & S
favg 32°F A1 0°C WR W1 I BT §9 QM1 & e Hae
fetRa fasar S wewar 2—

F=32+2C
5

F-32 C

a1 —=— 5.1
5 s (.1

SWRIH G I ET ST FHaT © 1 FT JAF — 40
IR ISR B & (o 5.1) | AT AR O AR IR &
I ST 98.6°F BT § S f 37°C & g B
MO ST BRI & folU 39 ATqeIfudy &7 JanT +ff
o ST & I Ul ATy, wife s Ui argandy,
forag smads 9 qroardt enfe |
STo! GUIfRAT, U1 Ud HRIYOTTer
reTT—3TerT Ragreal R menfRa
BI 8 | 397 91X ¥ 319 3117 3RATT m
BT |

I8l &9 < W © fo
AfeTad Ud BRABISE argAut oy
TR AT & SeT—3rerT A1 fafig « =4S
WNfd vd D ravemtt af
qeNd & | AT 99, Sl for 5.1
JuTiedr, W, I 4 sgad ugrel & ardi ol |9
fAutRa grar 21

SaIERY 54 — 9= Rufqat 7 e @
FUIH 1347°C 2 | 39 BR-ege # aRafda S|

w & o
S & &

2

[T

_ 9
T — 89 99 © fb F=32+§C
gg fear g f& C=1347°C

F=32+%><1345

=37+9x269
=37+2421
=2458

T foIfora® &1 @i =2458°F

QI (Pressure)

a7 3o BT ek fomar fs g8 & gir et |
<a1g UaT2d &3 & ot g UR Boh! AT (80 o) 9
SRTTET USdl © | 39 fAudid IRk UR el a3 oife
TJore s G 6 U=) 9 T B w9 & forg
JUEATHT SATRT &1 TIAT UST 2 | ATIPT SR e
BT b S & GIRT STAT AT G4 AN IEIBRVT DI el
H SIGT 2 31 RN T 9 fbad= SuReT HIe W)
FAGY o IBT B, I8 U fafre Hifde I | =rad
fopar ST & oY <19 ed € | <19 98 9 © Sl b fbdll

I, 59 IT I gIRT $hT8 &7 UR VIIAT Wiral & | afe
A A IR HIC & odd o 38T & ol

P=—
A

g9 ffeyr oifps faume e fdr 8, S=a wersii &
MY Irf-ifed AfI= LR BT NeTIT B |

I & fAud g9 Ta ) | yarg gidr | vd favre
IERAT H 5q UG 19 e g1 BT GHTT 8] U 31
IRITUT 91 T T & TTHIaq Bl & A1 Tt Wias
raReT § g9 A4 fewmell # Hwy W uRIHdT BT ©
7q ¥ fodl WR R g/ o feemet § 9HE wu 9
JRIAT Brar & < g3iar ® fb ReR ga & &R g4, a1
STel X eTaveT § €19, W g Pls Q2 T8l 8l
2| T4 & fAR=T 913 ugad B1d © | 9. . 9. H 91
AE® e /AP & Ridd! ukde (Pa) il dEd & | 9.
1. W, | 1T BT 4156 S84 /W41 BIAT © | IIgAvSATT
g9 (atm), IR (Bar) ¥4 €RR (Torr) ¥ &9 &I ydferd
SHIZIT 8 | FIfP 19 I Hdferd TRl BT euy— &
3T I & A: fAf= &3l H T3l T A5 yga
B © | 319 B9 W 19 SHhIsAl & Hed Hed Sd Hd
=
qIYaUSHIg &1

(Atmospheric Pressure)

for 52 # SeTHR 91 I
BT ARl bre (U B
AHA) A AT | §H p ¥ h
P %9 I hSars ddb W1 77
HECRIEE R R G C

dxh ‘\L*’CCHQ')éUl EIESRIGI

=

(5.2)

= 5.2



TP 9 F=m g
=(PpxV)xg=pxAxhxg

wdag  P=—=""Eop

.. P=pgh (5.3)

qrgHvSEd &9 ®I A0 S Y sgad qreErdy §
ARG UR BT YT BIAT 8 | A argavsey Rerferdr
H TR BT TR 76 cm AT 760 mm BIAT 8 | $HS 1T <19
B P AGATSHAI a9 BB @ |

3[: ARYAvSCAT <19 —

= 13.6 25 %980~ x76cm

cm S€C

= 1.013x—20_«10¢

cm S802

=1.013 x 10° Pa (5.4)

- 1Pa=10 —2

cm Sf:C2

3T bR 1 Bar=105PaTd 1 SR =UR &7 1 A
A, PIeH WR S god BIAT © | 37 1 SR =

13.6 £2-x980 ~=-x0.1 cm
cm S€C
_1.33x10* —20
cm S€EC
10*
=133XW Pa=1.33 x 10° Pa

18R =133%x10°Pa (5.5)
THIHRT 5.3 F Ig W © b 319 TS & e
YT wU A gl © | e AT g9 @) s R a9 P
2 dI TE}TS & A1 T4 &1 A4 71 93 9 e
WA § 0 P=P, +pgh (5.6)

TE | Hefdd o Jae aeF

(Interesting Facts Related to Pressure)
1. g3 NI 81 9 Hels g foRue &+ & fog agd

BT I T TsdT 8 Fifd Pziqﬁﬁ‘s‘?ﬁ‘r b

BT &FB <A BIAT 2 3T BH g A1 AP I9
TR T 2 |

2. IS 39 AEI §oISl AR, SII|HE A7 701 YTy
ARTR 91 BT 06707 B ard T s arei &l A
% foTu g9 Y pbic B IR BT ST HUY
HH BIAT & AT 18 & Tl qb HHLT: gl ST © |
T fger det &l Ul 31fE RIS Td & FHHI0T
53 B AJAR TER[S UR U Pl S&Tq P Bl 2 |
SI—oiY 89 9dg &1 d¥® $HUR S TENS HH
BI ST 31 q1d BT A9 91 HH 8IAT SIRAT |
NP ST T4 aTel U Bl A & oIy q7eT Bl
AR BT AP H SART &FhA dTell AT D
(Trapezium) & NTHR BT AT ST © |

3. 9T ® <Hhl @ dIs Red ug — 89 W9 § fob |1
P <phi b Uy Red & 991 Ugl R Iard © | f3=r ug
3 Ife 9ty gerd g a1 AUd &A% BT AF HH
BT § UG <19 SaTe] offTdl 8 | $9s—Eles SIial
UR STET &Td STT—3AelT fagatl IR e 3 el bl
<iqer farredr &, e gfdd 8 S | ugh &l
T UR AUD &5 96 SIIal & d TUelTdha FHdd
AR &9 ST 2 | o srdger @ Reifar ge Sl
2 Ud FaTel 31 81 SITaT ® |

4. TFR B IS URY — WAl B SHH AT 81 B
2| gars & AAY IR &HaT a1 @ & forg gy
Pl IR—IR SAc—Telc fHaT SIdT B | 9H gaex Bl
TR BIAT © | Sder & Uty 9 810 & holawy
AU &3 BT AT AP BIT & Td S1d HH 9Tl &
Hold: e AT A Wl § ool urd € |

i A T (Pressure in Gases)

A9 § Q19 B JAYURIT Bl WK BT B U
SWI fAde T & IR BB 37 Jof d<al BT FAMGL
HRAT ATTLID & | 6T H 377] Argfeod wU A i B
& | 379 JATIF H TIBY PR & (o778 AR HIFT ST Fehell
2 | THRRI B HRIH W Udh 3TY] TN A Pl Holl RIFAFIR
Al © o f wu 9 Ifas St A S Gl 7 |
HAERY Uh AV & 9T § HH qAT TR & 97 7 G
BT 2 Ud 91 Advs 997 gaced | & 719 H§ uRads
BT © | 89 O & b G # uRads &1 &R 3l 9
Fed 2| o A9 H Uh Brou~e SHle &TABA B
IR P WR AR BN AT 59 IR Ui il gIRT
ST 14T o ead 9, AR 719 & T BIAT & | PR
Ufd AhUS B dlell SIhII b F&IT gadT & 3R FdT
H gRac @1 &< 1 Af gecil & A I19 &I A9 9877 | IS




AT B AT T T &1 STl & dl FaT 3§ uRaa @l &
ST 81 IR © 3T &19 96 ST | I8 19 Bl 9] i
Rgr = smurfa wrr g

JETEROT 5.2 — A5 dd A ol Mg R [
RGAYSAII &9 BT AT BIdT © | YT BT =7cd 1000
T /9P § Ud g @R g = 9.8 W /2

& — 89 SIMd € &b P=P + pgh
_P_PO
g
fear gam € f& P, = 1.013 x 10° Pa
P=2x1.013 x 10° Pa, p = 1000 kg/m’

h

(2-1)x1.013x10° _1.013x10°
1000% 9.8 9.8

al h=

=w=10.34 .
9.8

ATITT  (Volume)

T URHTY] Ue 379] BT ATHR A BIaT & Fa:
I WM BRA & O radd ®Ed © | Sl Bl 377gad
JHaa siar | sa 9 9 H @1 S § 99
IITHU e BT H T ST & A IHD ATITAT 3
gRad= T8} 3T & | 377 fAud 4T 7 rad= aRkfag
ifpe 1R BIaT & | UTF & U 19 &7 I
9acl FHdT & | 3AD! SHIS AL IT AP B 2 | 319 U
Tel SHTS (entity) A a1 B & | A SHIE WA 3ferdT
AT URATY] AT IAHT A 8 Whd © | 39 HAleld
SHIS H 9 & FH WIS I HI@ 81 © gd 19
# AT SHRAT & AL A D SMHR B Jol T H
AP BT € |

(Postulates of Kinetic Theory of Gases)
AN TATHS RG34 & FI8R B AREAT
@ T R=ife T @ aRafde @EasR & faveryor
Sifee B 2 31 UIR™ § 3 & AR Ufasd &1 Hedl
FRA & Sl b Bicuy ffedl w R g | S 314
39 Ufoey & §Aged © 99 ATey 9 ded § | 9l &
TATd g @& g fafed e § —
1. 1 A A o] fafe= il # argfe® wfd w=a
g | @) AT U, fg, 3% a1 9g wxAfdas g
g AT URHATY] AT AT A BT FH ¢ |

2. Ul BT ATHR ITh e Ry A X & A1ve
90 H9 BIAT B |

3. AUl & Wey U4 ARl Ud U &l <ERl & dra
Pl g 81 AT B |

4. URTOR U] UG 39 G UH B QAR & A B
aTelT TaHY JoiaT HITReT BIcH © | 3Tc: TTferet Syoll
AT B B | TIBR 31T 9T & forg Bl B |

5. I 39 =g & T FHIGIUT BT U I B |

6. TR ¥ I P °=Icd, ITO[BI BT 99 faaRor
anfe w93, Reafcy dorr famm wr iR 81 &=a 2|
AERT: I8 AT 9 °cd B Rfa d arg
BT 2

7. g Rfadl § 49 &1 99« g ura § 9949 7 |

8. I 31 U |HM & I8 19 el & o A & |
ameel N # q@ @ AU

(Calculation of Pressure in Ideal Gas)

fos 5.3 # e1esl I U TAIHER 9T H 9 B | T
BT YD Yol AT L2 | Ui &1 A1 O {o g & qen
X, Y Qd Z qaiail & \HIRIR el B | A, Ud A, 69 & aT
FHMATIR T 8 O fb XZ T & o aq & |

d

faa 5.3

A s 9T 9§ e b o B X, Y, Z =
YeH FHHAR v, v, Td v, § | TR 30 SR A, ¥ SHIA
& YA A9 Aledl © | SAB FaR | SFHR B ugarq 97T
&1 X far § ged — v @ Sl Afde v vl v, @ A
raRafia v&d €| Fiifds cay qoiaar weaRer A T34 €,
JT: 3] B HIT (p) ¥ uRac=

Ap=mv, —(-mv, )=2mv, (5.7)



e

T IO B BN IR b FdT F gRad-

Ap=-2mv,_

IfE A, Td A, el & Heg [OIRT & SINT 3]
HIg TFPR T8 BIAT & a9 A, A, TP S H &AM

NH =
\%

X

IfE 39 A, IR TFHR B UTA AlCHR A, DI AP

L
ST § 9o

X

HHI TN G T A, W THIIN | 37

: 2L .
ST TR TFhI & A o4 alell §9g At=— g

X

THhIS T H A, dcl ¥ B dlell CHhRl Bl AT

n_1_VX 58
At 2L (5-8)

YT $hIs Y H Tl DI RAFRIRT HdT BT A9
=nAp BT | 89 S48 b ufd oS Hawm # 89 aral
gRad= Bl 91 HBd & T Tl IR AT 9

AF =nAp

m
=— 2 2mvx=—fvi

2L

THTET U W IET gl SR GIRT 379] UR ST ST
g Bald: A, IR ARG 9 BT 41T

Fzz%vi

(5.9)

3Rl 1% @ arupail 1 el FT fe=Irelt # |9 w5y
| G9Ifad 2 erriq fonddt faeiy e 4 wfy @ uge &
Pl DR 8l &, 37 Reafdr # —

Zvi = Evi = va

(5.10)

(5.11)
DA% =%(2Vi + 3V, + Zvi)

=% v (5.12)

I m
. F=— — Xv? 5.13
3L (5.13)
3R el IV B HET N & q9 Fzrg—f 2
: F 1 mN XYv’
e/ P=— = 1 M
A L> 3 L° N

M Evi_1o 3V
L° N 3 N

W | =

H’S’TME\WWTH,pWQﬁ% I B I BT
ied A9 & o1 (2 9 =19 R € |

P= %p? (5.14)

a op=iMy
3V

yv?

afe

2
Joafq v, =, / 2V
N

g PV =%Mv2

H 9T HT G A qoA AT FEd &

- 1
APV = LmNY =§mNmes (5.15)

& AUEIf Rrgr 4 amesl 1 & oy <9 g9
3T & ey Ay B | Iy Rigrd I A= aRRerfoar
# G B FIER B ARAT B ST AhA © |

Tlocd &1 e <9 &1 |

(Dalton's Law of Partial Pressure)

Ife v ura # 61 1 s 2 a1 S Rigr
H 101 o 1 B Ao B HRT AT R U B9 a1l
TTE I 0T BRAT JNATID © | FH570T DY AT & 37opai
BT TRHE ST BIAT © 1 AR TR T 91 fafd=

30pal §IRT SR T 9 T SISTOriR AT 1T & |
5 g g F=1% 1 & N, (vail gIRT IR et




aﬁ%aﬁaﬁf?nﬁmaplﬁwaaaﬁai

P=P +P +P +.. (5.16)

BN STee Bl 3MMfI% I1d BT 14 © | 39D AJAR
I & 01 gIR1 SMRINT g9 &1 A9 e T gIRT
fAsI0T & gt AT WR FRINT S B AN B aRIER
BT ® |

d9a &1 aE (Boyle's Law)

ms

FHIHRT (5.15) & PV = % mNv?

el T & oy Iw =na fbar o e ®
=X/ g frgd ad Wy Rerid € a1 @l
e A1 & fo mud N9 ReRri® 8 o/ PV, =
PV,=PV,

1 PV = Rerisp

3 YR TR P8 Fhd = (& fad a9 wR [l
A1AT BT I BT I19 IAT & GSHATIUTI BIT ©

1

Poa— 5.17
v (5.17)

gg dfgel &1 1 2 | fd arafas 1, sopfa
fagra # A T gRRfT &1 Fyot wuer urer 78
FHRchl § anfy ffdea aRRefoal # g 9 aiaor
(5.15) T U1 HIAT & | (T @ YA | a9 Rer @d
2 3ra: =1 qTdl UR U STe—SId 9%k Bl FHdTd

N

fora 5.4

Ieh HBd 8 | 19 P UG 3T VB 7eg UT% o 5.4 H
<o1far 7T © | FEATYY 9 GHBIOTh SifuRaerd B € |
ared B (Charle's Law)

Ife a1 & 99T 9 BT g9 ReR 8T FHHR0T
(5.15) &

2
Vav,,

gASFET e fb v o T

rms

3d: VoT (5.18)

3rd: fraa e wR AfeEd A @ 19 &1 g,
1Y & STPEHAMGURN BIAT & | I8 =Tex Bl 199 8 | 3HD
FFAR T T4 UR I BT AR AT S A1 R /Y
A Jeodl © | I8 el Y& uRad= firF 5.5 # qwri
TAT 2| SHG WAl ¥ BH A9 & I YAl Bl

JTILIHAT DI FATTAT T BT |
N

v

t(°C) >
oz 55
ﬁ?:]_,'\q'l?ﬁ P71 e (Gailusac's Law)
Ifg FAHT (5.15) H A9 &7 A f9d & <
gl Pavl,

BT e f6 v, oT

S

a7 PoT (5.19)

3rq: g s R fAf¥ad 9= @ 99 &7 g6,
d1Y & FHUTC! BIdT & | I8 Tare b 179 a1 =red
BT <19 g Y wgarar 2

AN &1 s (Avogadro's Law)
g9 o i WR 3R &)d § RS9 g9, 99 ud
AT A B | g B forg

PV = lrnlNl Vlzrms
3

: 1
Ud PV= 3 m,N,v;

2rms



2 2
mlvalrms - m2N2V2rms

s AT BT 19 FAIF 2 7d: 3irad Tt ol &
=l & forw

. N, =N, (5.20)
Jd: qH9 d19, <19 UG M- 9% gawd ial #

3oL BT HEAT A BRI & | $U AENTGT BT RH
FEA & |

UXH dMU (Absolute Temperature)

for 5.5 # g T Ared @ W & Y e
H I8 W B b °C W 1 19 &1 FHi¥ad smaas v, 2 |
afe ARt QT B A9 S FOMHS A1 (°C) & forg
JErT ST A1 (¥Ed A uR 39 B A YR B ST
2 | U8 BIUId AARAT & | Fo7 A9 R 19 B1 1gad
HeufTh wI A YR B AT & 98 WA YA Y &
JTAUT BreT & Rraet ymifdre A\ —273.16°C B | 59
URH IR A BT SfEURET ¥ I79] sl g ud
fafi= aRRefaal # N & @aeR & =T & ST
bl 2 |

NIH HH AT BT W91 54, 319 IR S & 3
ol 7 oY URATIT BIAT & Ad: T19 & T YA Bl Ig9d
g1 oY URH AU Ped © | MY e & qa
IGTR H URH AT YA BT B SYANT BT © | U A9
@1 3@Ts K (Kelvin) 81T 2 | ST & & dfeas & 9™
TR T TS B | Bfeaw (K) 1@ IS (°C) & A Haer
T(K)=273.16 + t (°C) & zifan <irar 2 | Jfer & forg
HIR P AU TG SAH WX 273.16 DI 273 & IR forar
ST & offeh 1 g Hifdat % s9aT uRgE A1 &
forar SIar & —273.16°C &1 U I AU HEd © | S
gfRdmyT fAf= A3l gIRT 99 &I TS B |

amgel A FHIBRT (Ideal Gas Equation)

SIFH FATd Haad e -1 qar & o] 1fay g &
SAIETT BT U™ R aTell 19 & A3 & 9T BT A
AT TFHI] B PBIRYT TR gaefdl &aT & | Hadded
Td grecodE | fgd am o A\ & e @ forg
qu—faaror e gfouifed foar | 9 fow & 391 @

JUETIY RAGT=T # &, &1 WR P, V, Ud T # |dg s
giar & O srres A9 &1 v AHeR R 2
AR B I IR0 98 & I8 <2far o7 Aabar © b

—2

3kT _ . o
Vims = —— Glgl T d1Y, m gH1 Ud k e STH I 1D
m

(1.38 x 103 5[aT ufay dfea) & |
v: BT AIF FHIGHROT (5.15) H @A TR

ms

3 m
IT PV = NKT (5.21)

Ife 1 UTH—ATT T DI AT & S O N=No =
6.023 x 102 gfaHrer

31T PV = N kT

gfd R =Nk 3T PV=RT (5.22)

Ifg n U™ A 9 & G PV =nRT (5.23)

oY o AT v SHEAH! FHr &1 IHqD ol
TR AT P, VUG T P HeI FaeT QAT THIHRUT HEeATd
2 | 31 <& (5.23) 3ME3 T BT 3ravel AHIBROT & STaf
R 99 Fdie € fo=aet 714 8.314 5[ At Uy dfodd
BIAT 2 |

SETERYT 5.3 — AT 37aReqT H T = 0°C Ud P=1.013
x 105Pa ® @ 1 Arel 3meet A9 &1 maad fha=m grm |

g — TS A9 BT AHIHIOT PV = nRT

YT WRn=1,T=0+273=273;P=1.013 x 105Pa
TqAT R = 8.314 S Al Uil dHfead

FHIHRT H JeNiferd A9 T UR

Sfe
nRT 14 8.314;‘?[?[ 273 %.

V= —
P 1.013 %10 dr.

=2240.594 x 105 4p°

= 22406 x 10 #p°

=22.4 fIeR (& 1 &feR = 1000 cm’® = 10°m’)

JeotE 2 o a8 alRord fadt oY srest 9 &
fog w1 7 | 9 va uRHIfdaes srerar aguRAIvad i 8l
JH 2 |
EISIEC AR

IER H AR 4 AT R & wgfar &1
UTele =81 B 8 | BH °-cd, BH <19 T4 Afdd a1 &




3aReyT # ¥} @ 370 & A g AfF B T A 37

uRRRerfoal # A9 amest 9 @ avE @@ER &l 2|

IRt FRAER FRIa Q™ W 1 & 19 Qd 3Ra Bl

TUIThS ReIRiE BIAT B olfdhd I8 Url 3T b STev—aielT
AT IR IT9 Qd AT BT JUHAhd ReR(E &1 BT & |

TRI% 19 & Ty gep fARTe ary glar & R4 wR <19 v

AT @ /e [OHE R TT ReR I8dT © | $99 19 Bl
diTel A9 HEA ¢ | T YIS I el 19 uR et
I BT HT ATl B 2 |

LS P AT RIS FHoll

T AU Pl A RIS ol = %m;z

Tl aropall 1 A RS Sl = %mN?2

Ui 3T H Rerd 37ufeil & HIRoT i1 &1 Ay

—2
afrer g = L NV
2V

= LoV ot =N
2 v
- mN=M o p=i M
3V
qr p=2 MY _2E
32V 3V
afx E=%M;2 (5.24)
2 —_
@ PV =§E (5.25)

JETERT 54 — B S 1Y (27°C) R arg H Rerd
37op3l 1 SirEd IS ol 1d BT |

ol — 3l TIferst ot K:%m§2=%kT N

K dSieesr 9 fadia g |
. E=%x1.38x10’23x(27+273)

=%><1.38><10'23 x 300

=6.21 x 102 Sl

+ 1.6x10™ S = 1 Sl dlee

3

6.21x107*

exi0 ™ =3.86 x 10 2=0.0386 SIS dlee
O X

Aeayel fag
e fd 19 @1 FRgot Sl TS Hoil & wY H
2 J1 Refdst ST &1 A T 2 ar 39 3fesl i1
FEA T |
2. TS PG & ATER ATee I HT I

K=

[N

P= lmN;2
3
URH A9 (T) Td HoEie (°C) # w1 v 8ar & |
T (@®fead, K) =273.16 +t (°C)
4. PV =nRT &I I BT N7 THHIT HEd & | S8
n |iel =T vg R f19 fadis 2|

5. 9 & fam —

(a) PV =fyudis, afe T Aad g, g9 dfad &1
o Ped B

(b) VoT3afe Pfad g, 9 arcd & 99 dgd
=l

(¢) PoTaR VTG g, 39 Te@d & faw
PET § |

6. MANTIGT B I — F99 g9 9 A9 R A9} & G419

JITITHT H 3TUfAl Bl HAT SRIER BIAT © | TS Ugred

T TP A H A B H@6.023 x 102 Bl 7

Oy 3MAITIST Gr Hed & |

e

JwgrarRl uee
TS JeT
1. 379] T RAIgTT & MR R I 99 <i1d 2
TR AhT & —
(1) =red &1 fgw  (3) 9 @1 |
@) S & M (]) uTEH @ e



draret o BT ure= R dTel I B & —
(@) \Hard @) HHGTE

) FHTIAfT® (@) SuRITd H & BIg T8l
qm & fbw A WR BREEEe Ud wedis
|HE B & —

(@) 40 @ 986

@) 100 @) —40

] & 9 BT grei BRI aTell 19 BT T
(V) Td arg (T, dfedT #) & #eg 3R9 8T & —

(@) o fog & U AR wAr
@) Ho fog & uRa -t ¥&@T
(@) uxder™

(@) arfcroRacry

PV Td A1eg ST Soif g § 9HE § —

@) PV=%E @ PV=E
1= 2—
(@) PV:EE @ PV=§E

af ?‘I?'[EIWI_C'FT?E UZH

1.

Ife HAR BT 9183 BT a9 10°C §¢ Sdm ©
HRABES UAM IR §9d god Jhg faasi grfr?

IS &7 F9uFe 77.3 K 2 1 39 Afewad gd
HRARIZE H AT DI |

3.
4.

qTT &Y SIS TRYTST IR |
U9 A9 Ud URA TR A9 H 3R foRey |

g IRTcHD Y3

1.

5.

19 g9 180kPa ® T 350 K UR 8.5 <flex aneet 4
H Il B FEAT =T DI |

HiTel U8 WR ArgAvSHd T19 gedl UR drgAvScild
T BT 1% & T4 3IGa a9 6T 215 Bfed B |
WIS & argavSe H 1 Al AT I/ BT I A1l
DI |

e I AHIBRUT H STeed & Aifd g9 & g9
P FHSY |

JTAITTET R @) AReT eyl A AHIER B
YR TR BT |

NG & TATHS RIgId I 19 DI ARAT BT |

INERCISC AR b A

1.
2.

3MeRl I AHIBROT BT RATYAT BITSTY |
3MeRl I AHIPRY ¥ e, aTe’] 9 AT B

M T iR |
1 & SUFT RAgT=T &1 Feradr 9 g S

fp PVz%E

M A gRT STl A 19 BT 0T BT |
R & ST RIgT=a & ugRa AIffed ol |

1(@)2@)3(@4@5 (<



SHIS — 6

ALY — 6
UHTST Ud a9 B UG
(Nature of Light and Waves)

yHIRDI Hifday o 98 orEr g f59H ga e &
IER, UP(, WY U4 T[0T BT AT BT S 8 | o1
P THT A R G I st fuve | srgfehan
B & RTTPT SMHR YHIeT aTaed | SI1eT §, a1
T AT FoRdT § 1 B € R favor wed
2 | foRor e # UBIe & AA-R B AR HRA Tl
T BT RAAT TR HEd & | T8l IR & S
THIRIST & RI fAM= UgTell & T Y8 WR UHTeT &
BN DT JEgI-T DI |

R (Reflection)

AT Y1 fhel AR irar FAde U= gl

2 | FART T W ATIRIT FBIT T & FYIGXUT & BIRYI
A= feemeil 5 au dliear & | Jefl IR JehreT a3
WRIG & AT AT, e Seeikg T faar ST
2, B UTe Bl © A 99 w9 ¥ gARd u=1aa
SfeAT=R BIAT & | SRlAd: 9 BRI gk URIdd b
2| G} U 9 gaRd wradd a5 6.1 # gertar war

2 | UPTe S1d AT S UR JMUfcrd BT € dl I8 W
AIRA & gearq arad S Aregd H uR1afid & ST © |
AT Y I URIARIT 819 ATl UebIT Hicruy st &1
Tl BT & i uxrad & a9 wsd €| o 62 #
AT T8 I WRIEAT Pl ST AT & | Ffs wRrafcia

1

1

: Reflected
\ /" ray
1 /
1

1

) 0!]

Incident ray

.
%

ICEN:Y

fepRor @1 fa=ir wd ivr fAfdre ol &1 urerd &R 2

3rqug g8 fAuifRa &3 & foTv Ue A% &1 Sid Il

2 o iffer e 2| srafad fvor, axrafda faor

Td SIfer §IRT UTe {6 ST arel 91 &1 uRiad=

& 7| ®Ed € | Sl FrETgER B

1. IHad g & Bl fdwg R i fosRor, uRiafda
fHRor U4 % W e Ua adt # B 2 |

2. e smufera fRoT gd SAf¥rer qeg HIoT 0, B T2
uRrgfefd fbror vd aif¥rerm & @eg ®Iv7 0,8 dl
0,= 0, 31T YT PIOT T URIGT HIVT FH € |

Ieol@1g 7 fh g2 Riad # FArR el & g
ed o o 7 {6 fagfa & umafda & smar 2

@ URTACE  (Partial Reflection)

9 Al UHTY TN ARIH & UUH U8 W ARA &
qTIT S ATETH H STUAR eI B Ul 79 Usel Aregq ¥
a9 dledT © | ITHaT ahTer bl yReel uared & o
R fRar & o1 99 s 9 W) gRrafid gar g1 89
yRRerfaal # oveaq muad U fFaH uRiadH 1T §,
Hig § ovaq mufad fHo &1 4% Rrads gdr @
SATIT PIOT A BI7T UR URIGTT SATGT AFT H gieT=R
BT 7 |




WRIEdd & a9 &1 urEfie e

(Experimental Verification of the Laws of Reflection)

1. B9 15cmx 10 cm T U FHdel U9 oI & | S
3TeTlal A BITS BT T U4 O A0l Bl
SHST B 2 |

2. gIuYH TId T UR 20 A B @y Rgod €1 59
T & 727 g W ua o &1 fAmior aRd
qouearq o & e el F9a e W) ua
arrafad faror 997 2 |

3. 20 9 TR N1 UR FHAA <997 WA © U9 fAfad
Jafara fabvor uR F MAf=! & BT & dd &
oA 39 YR YA © & gdor 7 aiufad faeor &
YT IR AT 3 U B o | a7 agaver At
JATANAT & Y &1 ofad ael § Ud Xl g4 @l
gfte w4 B |

4. 379 B T DI I TR AT IRI W H AT
BT IR S 2 q1 gievrd A1 &l o &_d
80 U o 2 | 31 f=m | |7 &R U1 T ¥
YR o1 f3ar SIrar 2

5. 319 TU Bl BT ofd = MR fUAf & urrafcha st &
MRl BT SIS aTell A X9l 9910 & o fh
qRrafca fpor deard 2 |

6. LNICJCE"I DTUT Dbl HIUT hNd %l
7. UM BB si=sr
e+ (Refraction)

o= UpIf3re RO A1 I @y Y AreH u) R
BHRAT B | T3S HIegH H YehTer AT 31 foheft ama
BT T A== grar g | fear {1 oReell Argq |

Y12 BT 7T faid I & AT HH BIT & | 37 Ub1eT
& BT Argw § 97 vd fAaid & weg iy & smadHie

. C . .
PHET B | T =5 Sigt ¢ fata & uarer &1 97 gar v

AregH H AT B | Wi H SIwierd: suadHie Bl AT
fafd & s1eR =g () g)1 ad fwar Sirar 2 |

IR © b ThIer S1d Us | SN ARIH § JIeT
AT & O SH@ =1t uRakia grlt 2 1 < <=1 &
AreEl # (e FRaTaRId | O arel {97 ug Tl
DI AT [HA B © A AGRT Al BT A H
araRafctd w&dt 2 | 9 & 997 3 uRad= aw 9 Hay &
IR TRTeed W uRads & wu # uRafad gar g |

YHTIT o9
gResft ugref wx
¥l Pror 9 3ufaa
BT & dr 9Rfad
UG I el Ud
wfa w1 feem ®
qRad= 8 ST ®
Y eyada wed
2 | ot 6.3 ¥ Nifer
EIRT AT BT T
foar Tar 2

39 fora § AO UG OB #1eT9 1 § T 3mufdd Ta
oRrafcie fBRo € | NOM SffWer & 3fct: 0, Td 0, 3froa
UG YRTac BIvT © | /19 2 7 irafad fHor OC 9 Uk
TR BT & | 8 fR0T affererss MON 9 0, 10T Jwei
TISgARgT A, AR 2 A fRA ()T AOTIRRE
3Ugc @ IR OM B TR 31 I & Td DIoT 0, BT
|1 0, PH Bl Il € | IS AeFH 1, AT 2 FEA
(, ) & smufad f&Ror AO Sugd & QR
31T OM ¥ §R SR URIAT Bl & Ud 19T 0, BT
HI 0, 3D BIAT 8 | 37T AIETH 2 B HeAH 1 & AIUE
STETAT AT fAReTdT 6, b1 el H 0,1 B4 AT 3fdreb g
B! FEIRT HRAT € | YS9 & U Aregq | gav AedH
H URITHT B HROT B9 Tl URad BT 3[9ac= Had & |
Jadd # B arel uRad=i &1 TR fAeuer adanerd
1621 ¥ AT WA 7 A B FETIAr & @aq foar
oY =Tet &1 ) @ed € | 39 AFAR —

/SinB = Sin6, (6.1)

S8l | 3Tafdd fhRoT & #reFH BT udaciD, 0,
I PIoT,  Jfufcld o & ATEH BT AU iy Ua
0, 3a<T IV & | IE ST A © b UHI B
foxdl e H ruaaHi® ueTel ® g9 UR R HRar ©
TAT YHTY & A== aireed & forv vap &1 ugred
BT YIS A== BT 2|

Juads & |l wrfie S 4

JUadHid FTd HIAT (Experimental Verification of

the Laws of Refraction and to Determine Index of

Refraction)

1. BB 10x7x3.5cm® UF Ufedl od & | 39D
ATl TdT BITS BT AT UGBS IMAUA] DI
TR XISl R YDA B & |

o 6.3




JAWH TAT 7T UR Bid B UfedhT AT B B
vd URid g1 SmIareR Sndfa R Sl 2
3T D T8 & A g wR <ifierg g+ Sirar
g T fed v RuiRa a9 & enuas ®or R
JTafird W g7 ST 2 |

YT YT UR 9 ATAMAT Dl aaRed wa
I Reyfa & wer foar wirar g o afgsr &
g & HER T Od 9 I WR »dd U &
aafue gftesrd & |

39 AT g8 WR Srfuel & suafid fov @t
G & AT AT ATANAT BT Th &Y XWT B I
37T fagall UR WeT FRd € |

3~ MU BT <@ U= 3Mfd g3 oI A ga

R g & 2 e JAfdad™ @ BIRor gt
REESIES

g T g @1 dR% A1 JATeArUAl & IR 0R
fAfiT T19 fa=gail @1 uedl &1 Aergar 3 e < 8
AT AT BT TN JS ddh fARIRO FA 2 |
NI Y IR A ga 3ufad favor & SvafTs
fag Td e g o} gRIAR BT Td Sifier
$ IITS fag @I qed g1 HemaR smafid
fBROT BT U qERIT SAET ® | 3ruafid faRor &1
AT & ATUET IR AT PIVT Alg F AT ferar
ST B | U8 Faver o 6.4 # qwid w2

I U g fb
W, _Sin6,

Td 0 =0

1 2

= 6.2
u, Sin 6, (62)

T P17

e Shaw # emadd @ S|TER

(Examples of Refraction in Daily Life)

1. o 9 R Ry — o 9 W AT 9= # Ry gan
Rt g9 SR IST g U BT & | g @
IRAAS TS Ud MR TeXTs H =R 39ac
& BRI BT B |

2. X0 # ARl &1 fenfen Er — ud # e arel s
ARI @ e AN ArEl POl © ord: &l
AT & VeTd T Uga H ac @ HIROT o
el FHATRIA B PRV AR feAfeHIT gY o) a7t
gl

3. HRYCR H oR (ROl gIRT WIS A 3fTpsl Bl ggT
ft arad &1 aRome 2 |

T&T AT AT
(Waves or Wave Fronts)

g &) T HAE W 19 hbs Hhd g af aHD
faeg U= fAeinT Io=1 81T 2 | AIMd Ud |/Y SIaR &
TR @ §IRT HATE B & | BT Ud SFH Fa{ed a<ai
@ gIRT EAR ST Yl ST+ arel) e fawrg <ot
21 IR IRR & =aR® ¥R & IR § U181 a3 o
AT ST & | AT IR HIIER Bl gexHe A SISl § |

SURIFT T IR0 # T fAed™ a1 gordel SIS
H 71y HRAT B | I fAeInT rue AT St HaROT HRaT @
QT g T8I i Aregd & HOT U Ay Reafcy &
gafiIe € S IR 2 | JAT 99 B G A 2 Al
eafy Iolf AR B9 & dG WRIEIRT 8l ® 7 &
g | S UPR FYs ¥ UM AFR & R T8 Il ©
cIfth &af TR Jpolf UR BIAH 8 | 3 A% Qb WRTTHI
faein 2 S 5 ot 1 RITHRART FHRAT © UReg 5 Bl
T8 | g faef daRor 31 fafy € 93T Tfy BEer 2|
SHH S @ BT W Holl b U I | GAX W
R FET I | SHoll Bl HAR0T ARTH & Yo Bl A §aAv
P01 TAR A AR 9T A1 H BIAT © 59 AP [ Sl
3if™ BT qb el ugE Sl |

HeFH § HORY & AR UR A1 Bl GE&Id: &l qFl
H qiffepa fobar a1 & — (a) AP T (Mechanical
waves) (b) fag]d gra@d T (Electromagnetic waves) |

i3 TN & g Aregd awasds © qAn AedH

1 g1 BT 997 © 981 fAeiv B BT H RIEraiRa

HYAT & 378 TR a¥ WY BEd & | O & eafsy s,

ST O3, arafer @l SN, e | I qAT gl & T H

Eic




g 19 o4 Y 2 b I oIl wI=raiRa wRa

B BRAT & AAT BB 9T 915 (U0 3 1 gl ThR

g <ifp A =21 9@t Ay I8 98 2 fb Aeam
B TSI a9 T T8 BAT § | Gegord a9 At
AEYH B B 0T A1y R & sefird anadt iy wradr
£ S1d IR OR S & ARIH & BN AT SISl AT
Ut Wy Reyfa # e omclt €1 o ArI® & &7
ST AT IR a3 ¥ faga 8 9l 2 vd v
AT &Y SHofl ARG BT & | I 89 U fUvg ar
R 3 orars @1 fo9m # favenfud &_a € df I8 qreei
T war 7 fe T favs Rkt g1 g3 € ord: s
fvg Y et T HRA T € | aRvmRasey favemas
& BT I faeir s1f~w five d& uga oirar & | 9

f for 6.5 # efar AT B
«—>

WAL VWL v P

€<—>

[ ww W hwa hwwv

o7 6.5

v Gfad # e« 9 <l mar ® wefe it
SHoll BT HTRUT 37Tl U BT 81 RET § | TR > FaRd
Bl BT & AfdT fvs areama=err # 31 Sirdm 2 |

Iif3P T 3T TBR BT B0 — Tgaed Td AR
TR |

1. 3gaed TR (Longitudinal waves) — STd a3
H ATEA & BT AR FERT P Q2T H B B & ar
S 3rgaed O3 dEd ¢ | & A ergasd a3 € forat
foreuor forat 6.5 # fobar T B

2. AU TR (Transverse waves) — o<1 b
fora 6.5 % TEItar AT ® S9S fqudd fvs =T iy @
e & Tvaq W HF B Fad § ol & a3 66 #
T AT B 39 a7 ¥ fUvs 2 # fagm S

N

B FHAT B | 31k 9T, et & 1fey @l fem & engaa
B B B IRUTAEGHY ST BT RET § | 3 TuReT
THT HEd 2 | SSTER0T I 88 SR H I a, el &
U8 WR I a¥ ST |

el AN — B AN A Srgacd Td SgeRe i B
FAIIR YRSATRIT BI4T © | STl Y8 R g arell IR Bl
e 6.7 # <wilar w1 B |

e Td SR

7 6.7

SURITT faga=r ¥ I8 e § b a9 i, St
RRITHTRYT BT AT faur 8 Wifas! § fafi= wesmen &
faveiyor # 937 AfY &1 STAET R ST B 91 s
MaeTd & fb 7T 7Y BT TR Tawy fawd fahar
ST vaee &9 fafi=r a3 & forg fafdre @eror vd 39y
TRHTIIRI BT AT B ®

1. T WY (Wave form) — A= amafa @&
et 93T w0 # Ty HRA B RIIA 3TITT—31eT MHTR
B A g9 ® e a9 Ww bEd 2 | shald gd
faerfira wfareiiet faeiT | St G ®1 A1) a3 (Pulse)
FHEd ¢ | Ife faem 91 srfaRer gaRIgfy E1ch & S e
TR (Continuous wave) Hed = | 39 &I Reafoat & #ea
e ®Is gl e M= @99 & vwarq fAgw sl
ST 8 S A9Rel (Wave train) HEd 8 | /1 Sfra= #
T AT Td fagw T8l B arell aRINel ¥ R
AT BIAT & | Agifad [ageiyvr, |adq a3 T &I SR
AR fasfaa fear Sar § ud am=d: g9 81 )T
PEd 2 | 39 o 6.8 (a) § g T B | fhelt TR &
A T eIl s/a¥d B § — (a) I S (b)
JMGRT Td IMadBTA (c) TITE |

(a) TR ATATH (Wave amplitude) — T ey &
areg Rerfa | IfHad A1 BT a9 AATH HeEd © | 3
‘A Rt far T g




(b) T 341?{%[ Td 3fmacidrel (Wave frequency
and Time period) — T THT B ATHT UG AHATHTY H
geRMERE BT 2 | JMIRT = qof &R H 9T FHI AT
BT ATAADIA (T) BEATIT & | IADT AFD HHve BT © |
TEIAR T ERT U davs § qof fd T =rshl
AT A IMIRT HEAd © | IE Al Fo1 gRT U
Jpve H fHd T w1 e ff saandr 21 S.L
Ugfd § ST A19P gcof aidl & | 39 N uefdfd &-d
g W g fb gRYIgER

1

T=% (6.3)

(c) a¥Taed (Wave length) — TR & MMhTeT H
geRTEc BT AMETED Fauel aRraed 9 fBar Simam & |
T 98 U © FTAH AT HT ATHR Td T AeToT
[HIRT BId € TAT MBI H $HD RAFFARYT A qdq
v fAfig &) S @ | vaeef U & Bl H BE B
It &1 frheaw Folt & 9 &1 g2 BT aITee] HEd § |
9 U Afed 3R A (oiven) | wafdfd &a € vd S.L
YERI § BT A1Fd HIeR BIAT & | SURIGT Hel el |
HAfAT BT reteror W TRl & R fageryor 4
ST # fory & 2

1. BT BT (Phase angle) — 14T b o1 6.8 (b)
H gular T ® US oy a9 ROIdT uRY | Qe
(Displacement) TR W STl & TAT &0 T WR faverod
DI R TTT—TAT B | 1T Q141 Bl & FId Al

T & AT AHT T UR Pell {1 3T B | 31 iy &7or
TR BT BT BT HeAT HIOT I &I0T I T DI raReT
P T HIAT & 9 ¢ F U &3 & | o 6.8 (b) |
¢ =0, =/, AT =/, B A AT T T |

2. BIvY JMgRT (Angular frequency) — Tdb [
TR @ 0 WR Rerd 1 Ul & 7o deraR 2 BIAT
21 gEN TEl H I 8 HU1 A el | 2 | Ife T
& A1 BT § YR BT I BRAT BT Al DIV AMIFRT
BT UGN BIdT § Tch: AT Rl B a2 # T Felr
@ B DI AT B DI JAGIT DIV MRS HEAR & |
34 0¥ I I & 97 S.IL ugfa H gABT ArFh

2n .
RfETT A e 8 | gRUIgaR 0= o T SICREAR

=l

3. TR F&AT (Wave number) — U AT, A, ARTeed
% UTAT QIEIAT © | SHD T HeAT A7ad 2n BT & |
eI Kx , x S WR HfRad Foif @l defl Bl 2 gt K-

NI G BT AP & TATKA =2, AT K = 2}%‘ o=

TR AT, AaRvT fAgaia srrar a=ar Afeer T &wer Siar
2| I8 USid QI W Rerd weiie B0l & 76 delr<ik
BT YT ST 2 |

I]TEXT 6.1 — o 6.9 H A aTel & wferefar &1
T (a) TG (b) SR T © 5 a9 & oy (4) ™
(ii) TR (i) SMaciapIe (iv) AT H&AT (v) MMIRT BT A
3fd® 21

—-

1%
(a) -
- N
TN P
) \_/

3 6.9

B — QI I FAA 3Tt | TN 2 1(7) AT (a)
H & A_H favgeil & dra &1 0 TR (b) S AU FH & |
T TR (a) BT AT AfB T | (ii) &7 HARTT Ifeasi
a1 fAfeTsel & 9 @1 g9 a¥Tesd dEdl © | fRF (b)
H I S 1A 2 | 37 T (b) B AT (a) A AMAD
2| (i) TP T BT gOT B H foram 11 |qw raciabret
FHEATIT B | Ffh T (a) Fova w99 # A9 aTaed got



PR ol B, AT (b) IA- FHI H HG 3 /2 dATeed gof
P © 3TT: TR (b) BT ATacBIe 3D = | (iv) Ifd (a)
H 3HIS IHTS | ISP axd AR 81 9l 8 3 3P
fore < e &1 A4 S1fId ' | (v) SHIS IHT | AT
(a) BT D 372 7T HR ofal & | A1 B SHDT AT BT
®H & SAMIY IMgRT 31fdrd BT |

THT AT (Wave velocity) — fIei gRT U Adhvs
# T BT G BT AT IT BE € |

T GRI AMGAHT (T) H TF Bl 715 G AT
@ IRIER B B |

R v:% oV = 6.4)
a7 \/—2—n><2—9 fN/AQ 6.5
k 2m k /3 6.5)

AT FfaT (Waver power) — T3 ol & Hargd
21 fHd 19 # S a3 ¥ Heg 3iad wfea fre=
TP gIRT & S 2 |
mon’A’v

P= (6.6)

T8I, v, AR, m SR B TPHIs THTg B GTAM,
o i angfy, A iffieas ™ 21 g|al S H
SHS are B

Sl AFYATE (Energy flux) — $9 ATHRIG: Solt
gRT AT T HEA ¢ | AT Bl 7T &) e & ofFgaq
Uhih &7%hd ¥ Ul Ahvs udiflgd a9 drell ol dl
it 3Ifarg wEd € | Ig SHoll YdIg &1 A19F ¢ |

AT fiedr (Wave intensity) — AfAd A=t
S SR, UIfRI, AT &1fe # AT A qel AT B
aRHTE fhar ST Aear & | R ST AT H <fler
BT FEROT FHRAT SATQT YWTT BIaT 7 | fhedl a3 gIRa
THTS AABl H of S grell HIT bl avIT SIsTdl HEd © |
3OHT A1d S H dare /A2 7| ey O’ &1 fadr
I I & I3 & SHATTAT BIell B |

T (Wave front) — T HERT BT THTE HY A
T PIA D [T TP el Bl Hed-T B & | 39 def U
B HR drel FHT BT TP &1 Hedl | B &, 9 ol
BT TR P& © | SaTeR0ne, BT fdwg o =T T 3
f&en & orvad I, AT 81 A $2 AT a3t BEd ¢ |
T At anaprer 7 fafkaol 9 g1 ® e daar fad
& 7 | Ife 99 U fag 9id 9 S Bl B A I

fematl ® bl € | 3 A% MeAly IR BT {707 el
2 | fopel famg wR TMieig o’y &t <fisran 9id & fag &
7 G B T B JHAMUT B B |

1 C
la— a1 I=
Ocr2 4T[?I‘2

JETERIT 6.2 — YAl | & g ar e gkal
R R © | 30 g8 uR Reyd TR A 371 arel Jebrer dl
AadT e TR A 37T aTel U1l BT diarar &l 1%
frpever AR @1 gedl | g &1 g1 § Y AR DI g4
fopan 27

STel C U i g1 (6.7)

C
— digar 1=
'cl ¢ A

QI AR &I © AQ: M1 & fIY C BT AF a_IER
BT | Wi AR & forg alerar I vd g8 r, dr YR dR

@ forg af Lt =T

2§

H W T AT g W Rerd 7|

[HAS ORI (Plane wave front) — ATl TRITY
BT o= 6.10 H ST AT B | TP B HeAT H IR A
favgall T fa=guer Us Aael gIRT ST ST & Ud I8
THad FHT ® AT
amerer H fRETER
I arfoefier RBaT ® 9
Y AT BE © |
Ieelgig & foh |l
ol Farg W e

o= 6.10
BT T BT = | BIGT © o7 T B SRIT &7y T A

I9 § G @ fadr aogr Sl § HE ALY Bl 2 |

el TN (Spherical wave front) — e
T 4T fagad Aia & SU BIAT © oI MR



FY feemall # spreR 81T 2 1 or: Iocl2 I ©
T

o favg WId & 3= g WR ety IR, FATS AT
&1 TRE FIBR BT & —

TART — U @RI ofd 2 R e IR A
10—15 T4 & AT BT TP el 99 S | el & a1
T TR BT BT 1 FH2 B S4B DI af~a1 fager <
ST | 39 IfT AR # 3R AT WRBR SHD! HaATl
S a1 89 ud ® b 9 da R fauerg ol ufea
3G IEHIA 7 BIPR FHAA ®Y H GRS Bl o | 37
e IR favg A & A1vel 51 & 9+ iR |ade
awTy # uRRafda 81 Sirar 2 | 59 92 @ T are
AT B Pl H e |

TR &7 MORIE ¥ (Mathematical form of wave
front) — fHAT AT TATHI AT DI 7 AHHROT GIRT
T BT & —

f(x+wvt) (6.8)
T8l R y, X U4 t BT Held & AT y I x,tTd v
faf¥ga i wu & wgad fear Sar 8 | wad a1
SR & o TR WU g 41 81 Wahdl © olfd [Fhr
R iR wRar 1 I8 wones e + x e # e
AT g -x fewm # v a7 & wferefier 93T @1 gwriar
g1 a9 1fy @ RAgeer § wra: A’ Tt (Sinusoidal
waves) TR faaR A & | TR (6.8) H fafe SaTherd
2 T 39 T $I ST (Sinusoidal wave) BEd € |
BT ol = gdT & —
y (x,t) = A Sin (Kx — t) ...(6.9)
TET A THT T MMAM &, K AT F&d1 gd Biofrg
g 2|
JGTET 6.3 — AlX U AT BT FHBIT y (X, t) =
1.8 Sin (0.5x —2t) & T SHBT AfABAA ITAH, A HTA
Td AT A IR | T8l y T x BT 3HTs 4. TG t
B gD . T |
& — y= 1.8 Sin (0.5x — 2t)
A STd y = A Sin (Kx—wt) ¥ T T WV
JferHaH AT A= 1.8 #I.

. 2m
g K=—=0.5
A

21
SA=—=4n=12.57 #.
0.5

3F BTN AGRT w =2

_27t

ofpT w=
T

.'.T=E=E=n=3.14 .
w 2

TR 19 MBI H SRR &l & a1 fafaw uRRerfaa
A BIHR O 2 | Q1 A7 1fde T 31ruw H A € A
T fHAY 91T | TeHABR A1 g HuiRa et € |
fafy=r aRRerfoat & a3 gIRT ST ST drel a8k &
eI | CfP ST H B aTell geHRl & ATuw
GRAT B Fhe ¢ |

AMF FAER H TR AR, AAfTehR0r va faae
o & | 38y 379 BH SHBT LTI B ¢ |

STERITT (Superposition)

ST9 &7 AT &7 ¥ I1fd a9t Uep 1oy J1egH & bl
PHUT B TP AT YHIAT B 1 Tl =T SF BT IR
T ST fARATIT Iu= HRAN | BeAd: I YT
BT RO Ao IR & STeTT—3Te T faRIu=l &7
SISO AT A1 [T ART BIAT § | 9 1eIRII0T
&7 g B8d B | 81899 A I8 RIgid qdverd UahTal
T & forg wfoorfed far afes a8 ) a9 & forw
SN EIAT ® | Ay, favg x Ve WA t UR IR T favena
2Ry, (x, ) & e S & o7 y, S g x TG ¢
R g IR BT AR & Oy, (x, t) A e bR
g 1 9RO AT y (x,t) =y, (x,t) +y, (X,t) BT |
IR Rigia a1 A
(Limit of the Principle of Superposition)

R BT RIgid daat Rasw 71T & forw |8 &,
ST & g & a9 &1 ures Sl ® I8 smand a
(Shock waves), fa¥pIe & ST T U4 STl a1 &
oy o] 21 BT B | SR A e faei ¥ S a3
IRV & RAFIT BT UTel BIAT T | Tl faei | Hor
% fIvIus &1 RI% AT I BT © U9 9 sRRa®
T WY B B Ol fob SR & Rygia &1 urer e
Al 7 | IR § fF=ferlRad uReean gitemer
BIc 8— (1) TSR (if) faaa T |

Hfador (Interference) — S &1 AT &I A AfIH
TR 3BT H T & FHT H IR eRIfd gt © o
AfqHROT B T Bl 2 |




I FEA AR B T qR A Feg I del
TdT B, TP Bl AYH H FHBIID HARI HIAT § ol
ol fa=g o aRurl T a1 <israr SR 29 arel
TR Y <AreTar & =T 8Ieh ® | fadrnei 7 s srarRifvd
T & AL FeATaR (A1 Jed TATR) W iR Fvar 7 |
RO AT Ud vaeef TiedT, BT A SRS a<
P 3ATH I 37fh IT B9 8 Fhell ¢ |

WA fIBIOT (Constructive Interference) —
T4 IIRINT T Aegd & ol fa5 W b &1 Fell
H (0, 2m, 4m, 6m) W Ao 2 ar 9 fog W aRomE
3T B TH Ud fadr fhdd & S 2 | 39 [y
BT (Constructive Interference) HET ¥ |

fera 6.1 ¥ &1 A RIS 1A a, Td a, 8 TP &
HAT H SR 81 EI 2 | 37 [ FRASIT Bl aoT8 A

aROTAl TR BT STATH a,+a, B AT 8 |
A

™
[\ o e
[ \" T

[/

. N n |
DNV VI N

o3 6.11

faereft <afrsvoT (Destructive Interference) —
9 IR a0 A & B g o) ok wer
# (m, 3m, 5m) H e & O 99 fag, iR gRomT smam
gHqH B9 | <fraar f =gFaH 8 o 2 ) o 612 |
ol T 1 A} fQudd wen # 21 gaer gRom
AT A=a, —a, | I8 (R ATHROT HEATT & |

A A

I//P\ | e
Nl

A%

7 6.12

AART: T fawg uR &1 99 Af regRIfNg g
g @ Rigraa: s ) geA1 SO 8 Gddl ¢ |
AT IR AT B g1 & oy {8 3Maedd
2| I8 o e &
() fodl fog o AT A & 78 Herlar (AT TATTR)
Rer vg=1 @2y |
(i) < AT B IR R AT A B AR

FIIfeh SRIATT SMGRT JFAaT AT dTell &I TR
HT BAR Aad [l f[d5 W uRafia gar &
RS9 Sfae?or IRl U 4 78 g =R 8 |

(iii) ST TR BT STATH RTHIT SIS BT A1RY |

(iv) TFI A9 §IRT U 81 Rl NWT IR favermos S
BT =1y |
Jaft ve fammeht afaexer @ TRy e
(Mathematical Treatment of Constructive and Destructive
Interference) — AHT fh T AR gD x - fIeM # v 97
I R B § Td reaRifd Bt 1 < b wey
AR ¢ o—

y, = a, Sin (Wt - kx) (6.10)
y, = a, Sin (Wt - kx - §) (6.11)
FFRINT T BT gRUTH fAaReoT y=y +y,

y =R Sin (wt - kx -0) (6.12)

&l R =\/a12 +a+2aa, Cos ¢ (6.13)
. a'Z

Uq tan B = (6.14)

a, +a,Cos ¢

wd gRorEr ierar =1, +1, +2./L1, - Cos ¢
(6.15)
S8l I, =Ka’ T I, =Ka?

U BT F HeATaR ¢ =0, 27, 47 ... BIAT
I IO 3Ty

R=a, +a,qd oflerdm I=(\/i+ \/ﬂ)z

gfe JIA1 AT @ AT WA § Al R =2a 791 [,
=L =1,=a

I =(a)y=(a+a)y=4a*=4l (6.16)

faamelt aafdavor § dardR ¢ =m, 37, 57... BIAT 2

3T Cos o =—-1

~ R =(a -

a,)

ar aRoEl fiear =1, +1,-2 /1,1,

gfe SFl a1 & AT FHA © Al a,=a,=a U4
1,=1 =1 =a’ g9f1q

R.=0; L= (\/i _\/E)z
= (T 1) =0

(6.17)



FfIHRoT § N AedT 1 TRt b et b
T & SRR BIl & | AT [=1, +1,

39 fAg9=T 9 I8 o1d 8T ® b afdevor uforsy
# ! AfAHROT B UR IS UR IrfrHaH it B
2 1 TS IR St fagw 81 SRl © | o1 39 ufdhan
H Sl Bl &7F 81 BT & a7 Holl bl GAGIROT 81T © |

Pl Hag Ad (Coherent Sources) — &1 ArAl A
I TN B L HATIR N3 THI TR ) FHH
AT & d1 3= Pl Hdg Wi Hed & |

T TITST Bl o w9 I IOl UR Scq= eafsy a<il
HeT JFdg W 2| g, AHeh, god gRT Il
YHIe fl AT IRidg AT WA oAl H BT & |
ATHIRI: b1 TG eafs a3l & \id ¥aa doll aTel s8I
g | THgull YbTer AT Bl AT § BT B B fory
BT Hag AIdl ® Aol AT S FhdT © | Jefy 59
AT | S ARATHTAT BB AFT b= WA el 2 |
el BT g AT A ST ARITAAT BT fAIKR aRkfAd
BIAT © | 91 # YRS HeAT g A | S qRITHIAT
BT favR aRfET oifde B! 1 81T & | Sargvvmet
ST BT FWid F IG~ Uehaofl IITHIAT BT AR,
IR | I dHIT & fadR ¥ 9 giar € I9f
g1l 81 BT Hdg I © | Seai=-1a & fb Hell Hagdl
P IR ARG TG AR MR W AT B SR 7
DT AT AT T BT Pefral § BT |

FfaHRoT &1 wfire g
(Experimental Verification of Interference)

BV BT TT B fgRete Ta fadd Tl arel T
3 FHSIT S haT & | I8 UR &4 fdad el & TN Bl
JETIT BT | fodd Tofl & WA § fd 7 s faoy
bR BT Tl IR ARTBRO BT FHAT | 41 b o
6.13 H TITAT AT B | STHT 4 AHY 19 @Y &1 Aferat A
Td B®! Udh R H FHEAINIG fhar S Aadr g | AdT
B @ 3rex RIGHRT ST Gahdl & | ReFd | I
faReIToe ¥dt @ FRIIAT | AMAT S AHAT 2 | P Ud Q
31 Yol Y 91T € | P U 9= IRy &) &afy Ica= o
ST 2 | I8 eafy |1 |t § fawa &1 St 2 | I safy
AR PAQ IT PBQ ¥ &R fd=g Q Wk RId §R ¥ dTeR
el 2| fasg Q R JUTE! Sarelr & Wil & | 99
Tl YR PAQ UG PBQ &I WS axIe} © I favad
TN AR nA BIAT B | HolRawy Il avdl qard
BRIV BT AT ST BRAT & 9 AT H SaTAT IS8T

o 6.13
Il I BT B 21 379 IS A DY 918% BT 39 TR

. L el A 3N 5A
RGBT & fb = Aferal § g K=

(2+n)%‘s’\r ST 21 g9 g # faEnh aftesor @

Rerfd S 81 © 1 STl § Bl goladl ScU— ol
Bt 21

g1 HEITT AUy A1 ATl aafqeer @ Rafaai &
foru Feft B @7 Refd e 9 91d ok faReimu= &t
QI[N HR& AT A ST FR ofd 8 | 39 MRT v/A
fl ST @1 7 Wbl © STl v e & g § 9T 7 |

fau=g (Beats) — 1@ &1 ST HAM Mgy 3iR
JATATH BT T 7 U &1 o= H T SreaRIfua
BT & A fodl (e fa=g oR eaf™y &1 Siieran AR
HH T 3P B & 59 "eAT Bl fave Fed & | I8
Ffrazer & A9y sraver 7|

faege®ra (T) — & FH9rTa favuassl @ #ey
FHITRTA Bl fAI<dhTel Bad & Ud ufddavs faw=l
@ g1 &1 fawes mgiy (N) dad 2 |
fawe gkt &1 tReas
(Calculation of Beats Frequency)

A1 b &1 AT FHIA AT arel @R fgyoil
U AT SOl STdT & | RO 991a §1d &3 & forg
R & RAIgT= & A-MIAT ofdl & | fas 6.14(a) 5 a1
TR RTTa! ATGREAT T SRR ©, DI FeRiT B
AT & | Uh AR BT [Igad AT Ud GO Bl Fad T
I ST AT B 1 6.14 (b) H rARINT a7 gy T
2 | RN TR BT Argferd TR AT w8l Sl & | =
A I8 W © & Aiglord a1 & gy uRafia st wi
& | A1 €Al Iared Aid A Dl SMgRT n, T BH n, ©




Td n,>n, 8 | A t T H B AT x D I HRAT &
AT B FHT H (x-+1) HHI ST BT | 31k Ao
BT A BTA

x+1 x
T:—:—
R (6.18)
son,(x+1)=nx
gl n, = (n1 — nz)x
X=—2
3T ol HH n, —n, (6.19)
gor fawel &1 Jddere :
X n 1
T=—= : = (6.20)

n, (n,—-n,)xXn, (n,—-n,)

- T=X+1=L LT _1[{n,+n —n,
n, n,|n -n, n,| n-n,

1

1
n —_—

a1 T= (6.21)

<—fawems —> < fawemgg —

a9 6.14

TBEIERYT 6.4 — al & A ol rgiri 512
SOl Ud 516 8o & | Q1M1 ®I U AT S fhar Sirar
2 @ < fawel & 7o gHaTaNTd Sd S |

L _ ! “Looasa
n,-n, 516-512 4

fgzdal @1 iy fageryor R WX B4 U © b
gfe Al | S~ a1 @ AT afd y =a Sin27nt
qAT y,=a Sin 2 n,t ¥ &h [y Sy ar aRomH) fazenmg=

T=

y=R Sin [2n n,t + 0] BT 2 |

W8T R =4 a* +b’ +2ab Cos {21An.1] (6.22)
g eI
0= tan" | 2 Cos2nAnt +b
aSin 2nAnt (6.23)

T8l An T NI BT 3R 7 |
Hed®d YR erdr o1 |41 1 = Ka?, L=Kb’

AT I=1,+1, +2 /1, /1, Cos (2nAn.t) (6.24)
faedal @ Tedr o T 91 AT 4 AT F Bl
ST Fehdl 28—

¥ t=0;R=a+bVd I=(ﬁ+ﬁ)2(aﬁzﬁaﬁ)

(6.25)
1 : ?
t:E;R =a—bQEr Iz(\/Tl_\/TZ) (:q\:[a—q)
(6.26)
2 .
t=— R=atbrd 1=({T +|T, ) (sfoam)
(6.27)
3 : ’
t=5 - R=a-bvd 1=({/I, + /L) (g7
(6.28)
i t=0 4 R 31TTH Ud radr
: "2An" 2An’ 2An " A
3

1 .
JAfeHaH TAqT t = > W IR™H Uq

2An’ 2An’ 2An "
frar =FaE B 7 1 |1 HArTa Sfest vd At @

1
e 3R] — BT |
An

AT aA (Stationary Waves)

Sq B Aregq § G SMgRy T AT &I |l
T IRIR AU feom o 999 1fd 9 ue ) g o
FafRd B reaRIfid € dr aRvmRasy = a3 &7
fmtor g1ar 21 59 949 a7 g1 Aty aor ot &1
oy Y foer # FaRor 981 81T 7 | 39 TSR & 97T B
VAT TR BB 8 | IEIRY TR ST UbR P Bl o—
(1) S@%ﬁ AT TR (Longitudinal stationary waves)
(ii) STITRT JASATH A% (Transverse stationary waves) |




Irgeed AT XA — Sf@ & WA SRy vd
FH AT BT Saed I T 8 Al AT WR U’
e # 1f et g2 eI Bkl € a1 A | 59
JIRIIO F A& A T FeH! & | SaT8R0Me,
IR H G aTell ST aWT |

IR ST T — 9 &1 99 MMIRT vd
FHIT STTITH DT YR TR b 1 AR vl WR oy
e # T et g8 St Bkl € a1 A | 59
JETRIAVT UL T I Il 2 | QT
WRAM AR arel ara I3, Heelol TN, sl 9 a9+
arefl T4 |

I TR dr AT
(Formation of Stationary Waves)

AFT (R 6.5 & IIGAR) [l g ARgq 4 U
T R 9T TR | SR ofR ARk & RET ' T
A qRIEfd AR ST SR ¥ Gy AR HART 81 E 2 |
= HEY T W Ud Aad @ ¥ quir T g
JNfABAA ATATH & Fda YT A <A a9 gRomer a3t
Bl S 2 |
1. 9™ 3 t=0 Rafq & (R @7) S a¥F oaiss fag)

WR A BT H & JA 1 a0 D T ¢ Tl

T Reafa § 21 aRom G397 &1 faRermg= q=1

T GRT S JTAT—3TeAT fARRIU=1 & AT &

RIS BT | UROMHY G STfYad 31T arell Al
XWT gRT U fdid &) 78 2|

famg N, N,, N, &R fawero= 3= 81am &, 3 g
BEA & | ﬁg A, A, TR fIzeITo 3ifdreaH B ¢,

Y YOS HEATT © | YD I BT acibial T Ud
avITeed A 99 B |

Al TR A3 -
t=0 Nl & - P ]NQ AQ N;I\__-’ IN4 Ay

| 1 1
t:lNl_\’ —IN7 \/-:N\ —h\h Nl Ns (El)

B ,ﬁl\_l/Az\ d- A;\/A,p

g t =; EEIEI % ERUCIEC RIS LRI NI

# 9 I 2| 39 &9 R TN B IAD g W
faerm sxrex ud faudia faem # € o uRvmd
faverros g el (1)) 'l (R 6.15 (@) |

SER =; CGIGE] % X W IAYHAI—gAT el
¥ 9g ST © qAT Q1 ARAN B AT UG A FHH
feem % & (for= 6.15 () |

T a9t () B Rafa | %g@r 4R

JUTI—3TuT fawTall # gl 8 qUr uRi% fag W
ORI SRTER Ud AR 819 & wIRor ulRurm ey

v =2
4

() e & | g 7 Rery 21 Ry - < e

2 (a1 6.15 (2)) |

T4 t="T, TS a3 A g faRenfuq gt € qor g2
Rerfdr t=0a goa 2 | 32 9 @ IR—TR FARIGRT
BIT B | VAT TR Bl ARaTeed H PIs yfRad Fel
BIaT 2 |

I TN & T[oTeH

(Properties of Stationary Waves)

1.

" @ BY BN Aad Ay Reafd § g € sreifq
ST W T2l 8147 @ SIIN, N, @ N, gfa [ U
fa=gall 1 fFu== ®Ed & (B 6.16(a)) |

SEREVZERN

4 A >
o7 6.16 (a)

34 o=l &1 Rafcrl @ w9 o1 & HR1 Bl
NI TG BIAT T | AT a1 AfHIA B
g O A, T A | U fawgall BTy ®Ed §
(e 6.16(b)) |

ST ST URO=_1 U4 &I ShANTd (A=l & d1d &
A A/2 TAT U IS U4 HANTT R & 419 al
A A4 BT B |

I'—l‘

t:

Sl




« 3 .
< r—

«—T —>
M
Ni N> Az N
< A S < A .
— > > >
o9 6.16 (b)

4. =i o Rafa & aifdRed w1 fIwgail oR &

AR AT BT DY ¢ |
5. T HANTT Rawel @ 9 9 BT G dal H

R A= Il | HF T A R |
6. fu=i @ TFI &R & Mvead o1 AT war &

BId B
7. Y BT U Arey RAfT | UH AT HFA UIRF

B & UG S 9T I BN € |
8. IMFITHI I H eI FaRor &l 81 & BIROT Sholf

BT RAFTIRYT 8] 1T ® |
9. U= W ArRH © U@ U9 g9 H ufRkad Ag<H

BId & | 9T A% d5b BT STl AfRIHhdd BT 2 |
10. YOI WR U9 UG q19 URac IR BRI © T

YORI UR AT dh BT eTel Y BT 2 |
IV TR B R T
(Mathematical Treatment of Stationary Waves)

AMT BIg T IHD x-31& DI AT v T A
ToRd 81 & & | I BT Afebay AT a, dTeed A
g 3adald T2 390 TR w0 § = aee o
for@d € : y, = asin (wt - kx) (6.29)

Jfe IR BT URIGH fh¥] e degq | 8Iar 8 dr
Jmafad Ud uRmafda a9 @ " ST 81 ST § |
URIAfId IR BT ITH BT

Yy, = a sin (wt + kx) (6.30)

Ife T b7 fHAY faver Ares 9 uRradH 8idr 8 ar
T x-30eT B I FMAHD (2 H FART &I el
2| d9 I BT FoTh BT

y, = a sin (wt - kx) (6.31)

Il 89 99 € {6 u_raas @ Soil 81f FT0g gl
2 31a: A o) ulRHMT Uk FHIA MATH &Y a3 uRafid
BICT B | IR | I T BT GROMHT 31T -

Y=y,ty,

sy =a sin (wt—kx) + a sin (wt + kx)
B PR W
y =R cos wt ST8T R = — 2a sin kx (6.32)

/g gF gRum emamm @ fafy= uRRerfaat #
GRAT B B |

U1 o Rafqd & wmeg aRads

() 3afe x=0,%, % %%a@r n=0,1,2,3..d9
kx = n 31T 59 fIgall W HU1 H1 faRUA wd
AT T B B |

(i) I E M Fam=er@r i © Al s fagall i)
9 AP =—-2aEkcoswtcoskx # uRads arfdraas

BT 2 | 37 fagall &1 fed| ®ad € der &1 HArTd

Pl & i 9 g =5 B 21

(i) IT x=

g 7191 & foTU sin kx = sin 2n 7
=0 BIAT & | 37 975l TR POT T fARTUH, 1A
Td 9T HETH BIAT © AT /19 H uRad= =gF Bl © |
S8 URU $Ed o | 37d: TT HANT UGSl & 9 Bl
& = A /2TA1 U R vd U @ g B gl
A/ 4 FBT DI JGwAT H

g $ e gRadd

=11 Tq coskx

nmt nT
() 3T wt=0,m,2m, ... nm M t=;=7 T Sin ot

=0Td coswt ==+ 1

31 BT HT IR favermu= vd fIgfa § ulRady
JIfArBTH TAT BT BT 97T T BIAT & 3 5 F9
ot ot Rerfast Soif & wu # greft  qerr afaw
SHoll TR B B |

_x 3 5—“ (2n+1)g 7

(i) =2 =

(2n+1)TC T . .
t=—=2n+1 ar o t==+17q
o ( ) A sin @ T



cos wt=0 | 7 fS=gall U= uRvIHT favernus, g19 va

JSTER0T 6.5 — Tdb o1l §s ST 256 ool @

fapfcr # uRad™ [ 81T & Sidid o v AfSaaH

IMART | HH HC! © | AT SN # 916 U AT,

BIAT © AT 39 999 WR F¥0f FHoll s Sl

% w9 H Bl B
Ig &9 <7 AT © fb parTd ARl a1 uvdel &
/27 | e R s St IR vd Rkl W
ST Solt 3rferead & 3ra: fede u” ot iy 181 d_a
2 | 37 SHolf WRIFATIRT T8 81 ddhdl 2 |
ol g8 SN # SR A
(Stationary Waves in Stretched String)

fax 6.17 @
AR, SN & Al R )
& B9 UR SR BT 92
A e famr d o
Wi o Brs far sirar
g 39 RRY o aw I Me
JAITT WATH AR
Tl ST & | 9 A% BT AT —

g 6.17

T
v=,|—

— (6.33)

STeT T=Mg TH1d 9T m AR & Thih HTs Bl GHM
213 a0 R & 3o RNl 9 grrafia gl & aRemmasy
JMUfT gd wRTafdd TR & AR | SR H 3o
A TR & € | S & <l IR B gY B
PR J Fad 9 BId & g1 78 H IR 8T 2 | 399
FERT H ST YATH IR BT TR Iq~ Bl 7, fod
o TR PEA © | §¢ N &I A& arel U gRuRl W

SRTTAY IS 6N 2 |

A
31 [=— I A =2/

> (6.34)
- ol WR B ARy N =%:% (6.35)
THIHIT (6.33) |, N= %\/g (6.36)

Ife S & ugred BT g d TAT ST @Y B3t ¢
81 A1, m=nr2d TAT T=Mg &1 A1 THHRT (6.36) H 3@
R,

_1 | Mg
21\ mrid

g IR R @ SRET BRI S A SN @
gy Far sf?
A — URATIAR, T g8 SR @ MgRi N =256

g, sﬁ‘rﬁa—vnaTE%,@Tﬁa%‘rWé j=!

=3 Td S

BT A D' =2D T IR B 31 ' = 2r
B9 W & fob fbdl S # Al @1 il

_1 /T
2Ir \ md
AHET 7Y Smgfy N, dr

' 1 / T
N':—l l HT N':
21'r' V nd 2(1/2)x2r \ 4nd
1 T
N'= Sl
a T oo\ nd

N 256
ar N'=— a1 N'=—"= ot N'= 128 &cql

T g8 SN B o WP Y9 AERD

2 6.18(1) & AITAR, ; R
gfe RRT o o=l N,
T N, & 419 U IR
SATE | A9 SN b BT 2 5
@ Ig fqur o fqur ;
PEAT 7, 39 faur # NNI\(IH)
ngRT At SN BEAN 2hi2 >
& | g8 = angf ardl  <ASA DA S i)
€, 3 W A (First ey
harmonic) H&d & | SN
¥ U= 39 XaRD DI Yol fors 618
¥IR% (Fundamental tone) ¥ HEd & |

. A
39 Rufa ¥, l=7‘
ar A =21

\'
aret: sy N = o
1

(6.37)



1.

S SR & #eg fdwg Bl Sl WY $HRA gU 5D
T RN ¥ /4 53 UR 01T Wi R Bl < I S QT 49T
H O Bl 2 (R 6.18(10)) | ST & =1 a1 59 fauT
BI T FArEY (second harmonic) IT ‘WA STARARS
(First overtone) &4 & |

. A, A, 2 21
Rerfy [=22 402 2 ) =
= fRerfdr % 2 2 2 A 2
v 2 [T
. N,=— =— — =
e gy No T N, 5y 2N,

(6.38)
9 QT H I WRE Bl IR oA WRD DI
3MgRy & IR B 7

STg 1Y A HE (R 6.18(Gii)) § HHRT BRI § ad
IAD HFI DI g8 a1 Feirg FATE (third harmonic)
a7 fgdig MfRERE (second overtone) HEETT ¢ |

. A Ay Ay 3A 21
l=_3+_3+_3:_3 A =—

39 Rufa ¥, St =, WA=
(6.39)

v 3 [T
ara: argfr Ns =5, N, = \/; =3N, (6.40)

S ST H I TR DI MIRY HeT AT DY <A
T B 21 ¥ TR I} SR @l @R, U Wl |
BT PRIAT ST T I ATERD U< b 1 el
g |
N N :iNjtoNp=123 .0 P (6.41)
Il I g5 SN H |H U9 v Il UBR B
ALY, IO B € | IS SR P @uSt H HH R Al
SRUEAREIClit

N, B [T
2/ m

e S & ucrd &Y g9 dud B rg

P/T P [T
N=—|— 3 N, =— ,[—
TN T T

SR A R w3 e
(Laws of Transverse Vibrations in a String)

SN & PR FFAI B 1 A Frw B €

(6.42)

(6.43)

g B fm — afe S ¥ 9919 T Ud uhip
THTs BT SdE m ReR I a1 & SR &
JMIRT SHB! HTS & GHAJURI BN &

|
sRrf Nows (6.44)

a1 N/ = fgdie a1 N/, = N, I, = N/, = fradic
AT &1 R — IfT SN B TETS 1 TAT Ui
g BT G m ReR 2 Al Hid ST &l
JMgRT q1a T & I & FHGURIT Il & |

i Noay/T

l_ﬁ_q . Nl — N2 — N3 zﬁ .
g1 ﬁ = dlch a1 \/Tl \/TZ \/?3 RICA
T $1 fEq — 3 S @ dwIE L oden

aara T ReR = 1 &fad SR @1 gy S|
UHid GIAM & I & JhAUII BIdl ©

1

rertq No ﬁ (6.45)
a1 N/ m = fFrdis (6.46)
a1 N,J/m, =N, /m, =N, /m, = Frdi®

(6.47)

o 31w — It S @ s L, e T
Td g ReR 8 A1 Hia ST &1 snghy Ids!
roar & Zepargurdl Bl @

1

i N o (6.48)

a1 Nr = fF@is a1 Njr, = Nor, = N.r, = i

...(6.49)
T BT 9 — afe SR &1 w18 1|, 94919 T U4
3 r ReR @ a1 wfgd S @ egiy Sda
gcd d & I & FHATGUR B ©

1

DI N o —— 6.50

1 o N (6.50)
ar N,/d = s (6.51)
A N, /d, =N, /d, =N, /d, =F=@i®  (6.52)



6. Aeel (Melde's) &7 A — fraa o ag @7 &=
FHRA g SN & HH & Ul () BT | qAr
SN & TF1d S TS BT YUFABe T & ¢ |

3afq P /T =i
T g8 SN & oY HE BT URNfS

MY (Experimental Verification of Transverse

(6.53)

Vibrations in a Stretched String)

A T HeS! BT FANT fhAl a0 g3 S H
SO IR RN b USRI bl AeH (AT € | 5
SN wWRA &1 MIRT S @I S AHhah 2| T8 &
TWRAMT Ud Hes! & TART Bl AT Bl |

WRATYT  (Sonometer)

3 619 & AR, 9 Ik H bl B Uh
GIRIAT g7 BT & | o Ta fR iR LT (Peg)
AT gAR fhaR R ayor Jfd el ol gichl & | et
& Udel IR BT Ud AR Y W HF <A § 77 GA 3R
fORAT OR ETehR Tl < € | 39 R RIR W 87R I
FR IH W d1C IGF AR § TG99 IO fHar SI1am 2 |
B, Ud B, a1 g &I & & U gR 1R R e ST
2 | 9139 @ SR H $B B 99 B 8 Rid gRT 3R
BT ATg BT FIY 181 b ArgAvSH I & & |

I 6.19

dR Pl BT BRI W B, UG B, fdg uR BT
e 9 8 T S81 & 1 TIHReT AT AT T
fAmior g1 2 | gl B Rewarar S Aear © forad
HYT TR BT 18 Il ol Gl & | A3l & 99 B
TS JUTdY ¥ TS AT ST 2 5 91T &) v Te
P IER o Hiex YA &) FErdl 9 91d fhar o
FHhdT 2 |

g a9 ofad IR &7 w18 I8l STl © Ud diR F
WTfcies 3RT Fael Sl © | 579 AR Bl Apie gl
W@RA BT AR & SRIER 81 Sl & 99 AR H feHaH
3T & H¥I IU B ¢ |

39 Rafd ¥ wazardt § Naaq snars S 8idl &
AT A3 & 919 TR R IWT SR (BT BT Thel) R
R Sirar 2 1 F81 srgAre 3 Rfd g |

IS AT BT 3faRAT H TR W dcd dIel Bl
S| M, g B, Ud B, & 4@ &1 g9 1, AR @1 Brean
r Qg AR & Uaref & U d 91 81 Al WRA Bl AT

_ 1 |Mg
21 \ rid

ST AT IGH N ST A 1 fHar S 2 |

ATS! BT TN
I3 6.20 & AR, Hee!

@ QUG H TP fIgd aifvd
@R BT © | WA BT goTraii
& dra H U g g am
Ear 2 forad e a2t g
YRT JaIfdd &R | U Ud
AT IR ThT Dl AT A
fag@ uRuyr &1 v ffEd
AGRY A @rer qu1 a1 fbar
SIAT & 1Y Wik B R
AT & | FRT U418 9§ HOSell & IR DI hls Feafda
B O & 59 I8 WRF BT YSirell B Hia bRl

=

(6.54)

]

Al e

> (s

a3 6.20

SIS & R DI AR fARRIOT | U=l 3R U H
|y < Ol & RT9d gRT a1 9+ 81 97dT ¢ | 3
®rs § fAgrdd ¥ @iRa &1 Yoy s Rafd &1 &R
Siiedl 21 g o<l U= & 99e o ® R grn
yarfed 8 ol 8 I8 fhdr IR—aR Ferdl W& ©
e BT @RS B Yo |aq v ¥ 73 s |
HF HIAT © | WRA B 4T F 2 e o= ST aelt
BIcl & ot gaxr RRT g9or f2d Rl & R 9

WAl gRT fh W@ &1 Mgy |1 SR

(To Determine Frequency of Tuning Fix Using
Sonometer)

HIYTH WRAM & 8R WR BB dIC hIR Uh
BT WRF WA & U1 A1 2 foraa a3 gonfea
HF I BIA § | 379 el & 91 1 X Igerd o

TTORAT 2 TAT 39 RIR ¥ gereT §97 w&ar 2, foed IR
RGHR AT S~ fhaT SrdT 8| WA & v+ &
PHROT SR H A I BT § ol oAl & gRrafeia gt
g1 arafad g uRrafid a9 | S H e a<a
I Bl SR & AR BH WK 1Y I Yo g+ gV fawrs




<d 2| faga oifta @R g/ S # ww= @1 a1
AR AHT BT &

1. IR GawRAT (Transverse arrangement) —
9 FawaT § WRA B FTS Yol & I
SNl & orEad BT 2 | SN H S Rl @ Jmgfy
WA &1 AMgRi N & RaR 8l & (7 6.21) |

Y

3 6.21

HET SR B =TS [, S BT Tdbid oIS BT
TIAE mIdATd g T 30R BT a1 H IJg P Wos| #
P B B! 8 | Ife IO TN B ey A B ar

PA, 2
l= 5 mAP—P (6.55)
ST H IR AR BT 47T v:,/I
m
ar N=L | L
- BRI & B dl gy N =\
: P [T
=N' 31d: N=— |—
Zfdb N=N'37cT: Agfi 7\
@ PJT = 2N/ /m = FIais (6.56)

I "ol &l 9 B |

2. Hﬁi‘-ﬁ AT (Longitudinal arrangement) —
I 6.22 & TR, 39 IAAT H SN & AIUel @R Bl
9 UHR FaARYT A © b HFITee Yareil ol fazia
SN & AT B | 39 AT ¥ AGRT WRA B ARy
@1 et %8 Il B |

SIS CI] N'=g

a3 6.22

() <9 WRF P GoIR, 9B BT AR 3fHaH Iwma=
@ Reafey # 2 a1 9o fen & w71 fawg wR arfdresaH
fazermos ud RIRF or ~gAaw fawermes giar 7 |

(i) <19 W@RT B Y <R @l 3R e et 2
ar S a9 B A B S 2

(i) <aRF B Y<IN & Y: e @ 3R faverrg # S
SIell 81 Tl © | URR] AU YRS 9T & BRI
SR BT AR fawenfid &1 SRl & | @RT &1 gorraif
H afdread faweras sraverr | o fur #§ w727 f9=g
R IffSmad faver, srawer (i) & fJua fewm #
o B € | 39 UBR WA & Uh HFF § SN
e AT B BRI © | AATT S B SAgRIT N,
WRA &1 g, N, &1 el 8ichl 2 | afe T, /7d m
FHE B G SN P 0S] H ¥~ FR I8! © Al S

IR IR IR @I mafky N'=—, [—=—

! E 2I\m 2
o N=2 | T
/ \m

a1 P'\T = Ni/m =fradis

SRIEXT 6.6 — Heslol & YA H Udh TR 3 HUS
H B HIAT © O1d 99 IR 8 UTH WR BT T91d 71T BraT
2| 99 WR fhaqr a9mg o SR {9 98 5 a9t §
BT PR?

8ol — WeAIIER, P =3 ¥og (uren), T,=8 UM Tq
P,=5WUs| B I ¢ fd Ao & | & PPT=
forRidTe | STeT U P Wust &) Wear gd T d-1d 2 |

P’T, 3x3x8

3 PIT, =P;T, a1 T,= ;)221 L="C %
72
T,=—
25

3 T, = 2.88 T ¥R
IR H AR AT
(Stationary Waves in Air Column)

T4 HIs €@l BT S g™ & U1 AT S
2 9 g™ § R derr faved S B €1 3
T AT @ gEr RIR 9 wrafda gl 8 smufad
AR U gRIaRla TR @ IR0 A AT THI
I BT At BIar € |




ISy & g% R W 9 & PO & HWF 8] 8l
|H & Ok 39 NI R Aad U= &1 841 a1y |

g1y &1 Gell FaRT argHvsd & §9a § 35T & |
safery 39 AR & o # gRads o T I 81T 2 |
i F't fAfT I B anfed &iik sy & el R
R YRGS BT AR

EUREB SRl 2 I R el D I I R i i
fFRY= 8141 A1 |
I g W H SN A’
(Stationary Waves in Closed Air Column)

I UIgy BT Ve RART ava 2T gORT RIRT el gai
g, TI S < AN UIgY Bed & a2l S arg K™ Pl
5 I HET § | 3HH AT 95 RIR IR g qoT
Yol R W g8 9991 & | = 6.23(1) & S 9R, 19
< IS & Yol IR IR o IR0 ol < IR W U
feg=s a97aT €, a1 39 fur & 9ot fdwr wed § | 59 faer
H Pl B SgRT gy B JoA AgRT (Fundamental
frequency) IT B&F HATST (First harmonic) H&d 2 |

A A

A
4 ~ \ l\l\\/ n
MING
. /\
A _?

~
A|_>

~
=l

~
J»I%

A N
VIS
v Niv v NV ¥
(i) (ii) (i)
o3 6.23
N
39 Rufa #, l=?
qr ) =4l (6.57)
3 amgRy N, =% a7 amgRi N, =4ll (6.58)

1

(i) 919 v R WR o= Jor go R wR g
% 99 H Uh IR U4 U RO @Ik 99d € d 39
RS BT 9UH JARE dbad 2 (I 6.23 (ii) ) |
A 3 qr A S

Y
T Rafa & 1="2+
g 4 2 4 3

ard: Mgl N, =xlm amgRr N, 3V 659

5 4]
g AgRT g Mgfr & A o B 2 o 59
T |G AT FrH fOERS Hed ¢ |

e srfdvavs Rerfa # (R 6.23 (i) ),

Mk A Sk 4

/ A=—
4 2 4 a 5

4 3
3 amgRr N, =% an amgRY N, =%

3

(6.60)

I NIRRT HeT NIRRT B e oI &I & | 37h: 3

g FATET A7 gl fteaRs wed € | 39 UBR 3

NfAFERDT BT MR 1T HIA B | 31: I8 3T U8y

AT 71 IIGRT™ H I~ BT DI ATGRIAT BT AU

N :N,:N,:..=1:3:5 (6.61)

AT I 3T UISY AT 71 IRET™ H dHadl favd
AT € I B FH R |

ol 9 W™ H TN AT

IS UIgT & T R el 8T © Al S eIl AT
qISY AT Gl IR HEd ¢ | I3 6.24 (1) & 9R,
(i) Yot IR UIST & QM1 RART IR URO=s AT 39 7
# fregs 99ar 7 | 99 39 Reifay 3§ wwa=i a1 fawn o
fauT =1 g FATE HETd 2 |

A A A

A A A AA A
i
N
N
I
vl A v vl 4 vl A

@ (i) (iii)
o 6.24

g4 Rerfer #, l:% qr A=21

N, =— v
3fa: 3MgfRI Y a7 g Nl:2_l



(ii) 519 a1 gol RRT & geo==] & 419 7 a1 =g
TJAT TP Y~ 9dT © df 9 RAfd & wwg=i & faer
P YH IHfYTIRD Had © |

] 2/
s Refy , 122222 g
2 2 2 2

ard: Mgy N, =Xl a7 AMgRT N, =22—;

Ig 3rgRy Fel Argiy Y AT ¥ | o 39 g
FATEY T YUH IffRARD Pped © | gy rfeRaRs &
Rerfa #

ot JMgRT N, =% a1 MRy N, :32—‘1’

g MR gt gy @1 A IO Bl & | o1 W
el A7 fgeirg siRaR® wed & | 330 UdR
SrfrER®! @1 gt Fd B |

3: Gl IR UIgy AT Gol argwa™ H I+
BT Dbl MGRIIT BT T

N NNy ro=1:2:30

A el AT Uy AT Yol IRGRT™ H 99 qd
v T TR & FART IO B G 3 |
faac= (Diffraction)

A B HIA Il T A O A7 I Bl

qhd & | fdadd & W # i [HAT gfad & MR B
Y JUqT THTS, drels, oA sarfe ufdd av T &
araed $ HIfS BT E1AT & T9 Ig U S[aRIEdH BT BT
PIAT ® U9 gRemH ¥awy faad= &1 urdr g |

e Shaa d fads @1 SemERw
(Examples of Diffraction in Daily Life)

g9 O 2 T e g @et o afe oig ura wifia
AT RET 2 AT AT Joiral 2 df 89 S g AP © ol
T SN <@ TTE] 9Hhd 8 | SHHT BRI I8 § fh @ &
forg &Aoo It & wfy daeeiiat © vd R

I R 2, SR TR B P ITHT 3600 A A

7800 A @ T BN 2 | 39 R TR BT R aw

@ T FIGTRNS AT G Fhd © D! IR BT U

T 1.5 A 15 W BT © | &varsl, Rasfear v

RPN B ATHIT BT A9 | 3HT BIfS BT BIAT © 31!

@ g e 9 fafda 8kt 7 | fFRl R gsa]

ST d UGS 2 STl §29 AR JSdl A8l © 3FT: aIgdh
&4 fawrg =78l <ar 2|

fagds T vd fQves emwar

(Diffraction Limit and Resolving Power)

faade &1 SuRIad fada=T & I8 W g fb afe
12T fholl dT faafdd B3 & oI raxe® &7 AMBHR
FTHT 0.1 1 cm @ HIfe &7 241 a1f2y | 39 od &
IR R GeH ATHR & aI faRED H fag H @l
AT WY ST B O Fhah © | faved @ HHer v

g a1 9 A1 § erd! € | afe A Al vd aHa e
(@ feemmei % g |AM) © A favg S 9 S a%il
M IFMT 491 & o 6 it fewmmen # aweu &
AT 1T © | el I8 SaTERV & GIRT FHSTAT 14T §
b ST A Af® g UR g [T FHAA A BT
®Y o ofdl & | 39 uRRefel o afe a’kmw & A § 3l
IR (fog gad sl a1 Rere) o S@ar € ar a3
R, fog a1 Rele & fFRI IR JSHR IR 9 Bl
I B & | 31k avl &7 bl e’ fosg a1 Rere
& fHIRI R g+ &l fagd= sed ¢ | fada a3 &
ST 0T 2 37T T-AD YR Bl a-I fdaci= Jeiia
B B |

el 93T & A fe fad &1 erariys®, fog ar
Rete wer o 97 gy fawg 2 | raxes, fog v
R T ATPHRA STAT—3TT B © Td §19 AT T 8

faad= 1 § e T gas & forg fafy=1 aRfkerfaar
¥ fagd= & 991 BT eTIT BT B—

s 6.25 # 31 HIA 1 Td 2 W IHT UBTT Th
Rt A oRar 8 | Sl & 71 g3 a0 @ & mufad
AR Ueh AT IR
P TE FIER Al ©
St fe fyge ox
JTSIT—3TT IV 3 3T
® T @A " P 1
HagdT el 2 3Fd: [ 0
fAHIOT I wefdia 2
8 B B | IRUTARERY
¢ XY U STTT—3etT
fagel W™ T =
Sfeass wr 8 &1 |

X
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Ifeas W giewer 8 € o9 QM Sidl & 9
BV G YA B | el ST BT A I ST Bl
a1 & AT & I 2 | R A H wer Hagar T8
g

YHIRDH H <1 I Sfeast # faves far <
THdT & | T 6.26 (a) # wuee v o Rafa gorfh
T 7| Ik ugel Sfeas &1 ey fag v Sfeas
% T fawg 9 d o & | g9 Reafd &1 = 6.26

T A<t (Light Waves)

S T W Yd H BHT RN DT URHTYT, SA&I0T Ua
S Hdg Bfauy Hiferd @&Ton & FHsmaT 2 | 38 o
gH A9y ®U | YT a9l & Al H FHI BT 9T
B |

THII T Pl T BT B AT AIH BT MaegqHar
8 B 7 | o I fatd # o i &<t © | vt
T T frafa # e =3 x 108 91 /. rar ¥ | 3% fagga

(b) ¥ gw1faT AT € | 39 IrawRIT H A1 &1 HHuRer St
# faug foar S Adar g | fauss &1 59 T BT Yol B

FHACT BB B |

of R
()

(a)

o3 6.26

o 6.27 % TuIRY 1Y fagds & WA F 319 &1 Al
& e HIvfiF QU HH B 8 Sl b UG o U= 81 Il
2 | drofia 8 &9 &
R T Sfeass Ade
3 @A © | faads &r
T I BB 'H
g g f o srofa 1
Rerfd # ot HEIE v 2
g1 § 99 sin e:%

STEl a Rele @) disTs,
A TR U O | QAT
SNl & 7 BT 2 |

CsnB=)
..smG—A
2 0 = A 0% qgd @ AT B Y Sin6 =0

(6.62)
3NT: Q1 IfeasT Bl TN ST & foly MawT®

g fb Gz% | IFS SR, AFATHR, RASTAT &1 BT

a3 6.27

_ 1.220 .
IATPR & a1 59 ReIfa 7 0, = el D, ageli ek

JARNYH BT ATH ¢ |

FHIDI A W1 FHBT ST 8 | §7% 07 7 81 &
1. YT a3 &T fatd § o

1
v K€

ST AT @ FrIweiierar T dgd YRR & |

2. Ife g a3 fAgd gEa a0 7 | I sd
SaRT & RO FHHg A7 faga & SIfa faem
BIAT & | Wolawy fag[d graia a¥il &1 M
Hag faga &5 a1 gEa &5 & A W) R
BRAT & Sl Tdel ¥ dad [dgd &3 A g
AT 1 o= ST 2 | Wag gD &F Bl A4
=1 ¥ A S fbar o Adl €1 E =B U
fag dad ard & forv I 8 | ST8TE Ud B, fhsl
faery Refd & wwa faga va gma &3 &1 a9
g

3. UBAOR H E UG B AHIATHIY H UP & HoAl |
B0 & | b Refay aireprer # uRvoR @ it € |

ETd B el & wfd @ fen & orveaq B &
31T S UHfT TR Bt & | faF 6.28 H x
fererm # apreR fagd g I ST ST T E |

TE W t 6 E 9 B IRER oWaq ¢ |

c= =3x10"#1 /. I © el Ud €,

4. 9fd E vd g gcH Al @l A o1 = & eraq
HHF HIA © A EIAT B B H¥I= DI fawm,
& oraq Rd wAae # wal W) 8 |ahdl & | a3
B ol fAazer & faw E @ ww= @l feun
ACRIT BRAT e © | 39 e ®I gav &
HeTH & BRA o | 3T v [Agd R T bl
TP UHiT BT URVIA & | Al 89 E MR &R
AdE @ B D e @ & g vd wfa A fRem B
SRG B © | §ATE gavT &T FaRor § & de




B fawr & srgfawr oo
forar srar 2 1 Ff% £
o 628 § E @ AN
T y 3%eF Bl IR%B x
2 ord: quIty Th
faegga gy T
B gaul b fe=m
1 y a7 1 81fY |
g ol HIfa! AERI &1 Jel © Sl & Wi
P AMS RIS FReretl gy MuiRa faa sira
2 |
T, R Ud FAR & = WAl § Gadl Bl
MY g e a1 & g1 81 81T & | 34
AT BT U (HiRed gavr giar & o HeiRor difie!
& FAgGId Qd UEIHT BT fR{ET UR fFRiR &_aT € | 389 WY,
I, 99, TYFATST | UK TehIT SFIFIT BIam 2 | 3reggfad
A Al 7 b SR gaTer aR91 & gavT @l fawn g
ey 7 grx argfed Bl 71 Uit Rafa & gaor @t
faery fo=mr were &1 @1 S Al B |
fae]d FH®HI TRAN Bl Ia! IRT AT AT &
MR OR fAff= &=l # qier 731 2 | 8% &7 B a<l B
eIy Hecq BIAT © Weld: SUIINITT BT yHTg &3 AT 1T
—3rertT @ | figa e a3t & @il a3 & d9E @
faga grar avfma wed €| aesd Ud smafy &
MR TR i fowar o7 wava 2 | ot 6.29 # fagga
FHIHII AT BT gUIH RT3 2 | o 9 e @ fob
1 H, -3 x 10"H, &1 3gRi &1 =71 Bl f$AqT a1 ded
2 91 37 H1 SUANT A H vgad Fadi o FeRor §
BT ST & | 319 31U+ 71T A7 WER H A & ey
JTprREll S BT ga fAfkre aiaed ar sngfhky @1
SITHRI T BR Fhd © | AR AGleTd sl Dl AGMT
ST 10°H, o7 STy AIgferd ds & Mgy e
10°H, BIcfl € | RHISER H Uy Argshlad e, ISR,

Cc
—

z B

9 6.28

L | | || S [
1 10° 10° 10° 10'2 0
AR (Hz)

ARG RE]

e 2w [
1 | | | | 1 1
700nm 650 600 550 500 450 400 nm

9 6.29

AThIA Ud SUUE HeRl H WY =T BT MGRT SITHT
10°H, 9 3% Bl © e geaa<s| & © |

A RAT W W TG g TR B A AT
102-10H, & U1 P AT B favad &7 Hed ¢ |
AT T aRIY o fAfdRor a3 1 Ifid SRl
2 98 39 97 # ol 2 | fafeedia srawor, wa fmior,
ART & AR 3 H ARG DRI D IUANT UR A4
Tl BT fa2elyor R AEYol SIAGRI AT B STl
2 | TIRTd DA gIRT 1A H =R HA arel fdf g
STERT &1 A afafami & TR 9 SR U1 al
ST | 2 |

ST 10'°H, ®1 @3 dTeed 700 nm ¥ 400 nm
@1 UF | BN ©, $% §¥9 I HEd © | A Bl A
S TN T Y[R PR Al & AT FeT—3FeTT AR
P TR IR faufed o &) At © | fafi= aReeat &f
a9l 1 o fafed &% |l & S T had © ofd:
TS W H Hag TP areed B o] g% &F H
JAfBaH 3MIRT B g2 AT BN I NI Ud =AqH
3MgRY BT AT HT 7 Tl BT 2 |

JTYRY AT IR 2T TR WX URISTA BR0} aqrehy
2| s8I froll & war ol ® ud fagy aRRerfaat &
T HER BT BROT TAT & | I AN IR BT JHATT
UEAR © | Ui 1 B9 I W 377 drell WIS fhRor
A g B forT SISl 319 BT AR W fobar 8 <
f g7 fHRol BT @I B ofar | 3999 T S=d
fodes emar arell X-fhvol vd v-fHRoil &1 SuIm
AR JrAvoT § | 2 | v-fhRoll & i I
P T FSAHT ueref 81 € | 399 fave eHar s ®
B 2 FTeT SUART WY U g 3 faar ian 2 |

SWIad 91 a3 Aifers wU ¥ 99 ¢ | fagd
ARl BT AT A Yaaef qRITeed AT H iR € | 9
TITST T W QT HReA 2 AT UepTN I G RN BT
B frafd o 971 § | 1 AR A fIRa vd g aed
B © | ST TFIThRYT Ud TSR dbdel FiaeT & forg
frar w1 2 | fafir= ol & wen fosll maR &7 amafr
ORI 78l & Ud WYl auichd |ad gy AT Ao
AT | ATHT ST &, T A= a7f &1 aa @
faerrett # 3far BIdaT © o UrAIfTe dk WR I8 fafr=
APl BT FIER ST & |
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12.

Tp1eT bl FaTe Uk Aufdd BIdT 8 Ud args S
Aregq | ofie AT € SY URIadH bed © | RIdd-

% QI Agwa gl M 7 |

THTeT ST Qb ATIH H TEX ATeH H YJe AT &

ar smufad fhRor gEy Argd Afier | W AT

AT BT ARG J$ Sl © | §9 TSHT Pl 9ac

HEd & qAT TN A H IR0 BY uafca famwor

HEd T |

goTel & fFara § d fBA Areg| § 99 & srurd

DI UGS HEA & | FAD! SHTS -1e) aldl 8 | T8

geref & g9 WX R BRar 81 v & garef @

gH19T Bl faf areeaf & forg smad=ie M-
BIAT T |

AT & FIdl & FAgER | Sin®, = , Sin,

GRS SIS CA E e BRI G M N o I D ARSI A |

faeirT a1 BI3 Hifdera ger SR wIF w) Af¥ed

T B UgETq WEd & iR Ug FHIATRIA 39

Rerferal & #ed g9 & FAIURI 81 A1 fJe™ FeRor

#1 fafer ‘a3 wfy peard ?1

gl a9 S 9RO §IRT Sl BT GoRoT gidl §

qer A Arew H o gt 2

Fify® a3 9 97 T AR v B oy

HIegH &1 AIIIHAT BIdT © | §7 IR} bl AR

ad o wEd ¥

Igae] I : 39 UPBR BI A H ARTH & BT AT
HoRT BT Q9T & AT FF A B |

IR TR - I ARIH & HOT TR FART bl
& AT B BRA © Al GHT TR Bl AR

Tl FEd £

faga g a3 - R a9 & SR & o

AT BI JATLIRAT T8l Il © AAT I T fFrara
H A1 HeRor Rl 7, faTa g a9 dEerl

2| T8 TR Ui @ Bl |

AT 9 - A H feiny 51 97 1 1f ovar & S

T T FHEd & | 31T a9 I v=% Tq v=%

&gfy a3 : f3IT A B BT B gRT BART HU—uol
Hfgg AT & Ud HH— God ARTSh d Hafd
BIhY g afe BT I BRIT B, ‘eafy I[N pEadrd
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g W & B Bl AU RN 20 Hz 9 20 KHz
T B | I 9 W Bl AT BT ‘57 IgHT
FHEd B |

RV BT I : 519 &7 IT &1 3 31feyp a<a
Ueh A1 fhd) dregd § GeRor oY) © ol Jegd &
IA® U HI fHa &or Ao = av &
Ufeh—Yeieh fARATUAT & AT TN & SRIER B &,
U IR BT RIGT HeEd ¢ |

IR & Rigra | aRom faverras

YEY, Y, 2y, E Ty,

JFEIRIYVT & Helazey U] TROTHT TRAT BT 3Tt
AT fAReIU= TN HI MR, AT, A7 & A
HATAR T AT B HaR0T B o uv R ST
g |

T AN @ SRARIGY & FATT ¢ (i) ARTHIOT (i)
fIRT=g (i) ST TRF1 U (iv) forarsy @l anapforf |
TN BT AfTBROT : FA IR BT &1 A B U
g1 32 3 o &1 IR WM W TRT A §YT IRER
IRV & FIRT I FHoll & YAMIAROT BT Te]
IfABIOT BEAT ¥ |

fawo=< : A & ol famg wR U &1 e H =re
Tl &1 ST A MGRT BT AT D ARV
& BHRYT afy B Aaar H ad Y F IAR TG
& e B I’ FwEd 2 |

I T : 59 fHl wregs H |AF MgRI wd
FHE AT B T a7 WRER o e § w919
Irel | TH 81 A7 R FaRa gl RgRIfa sl
2 a1 39 UBR A I~ Ul T Bl IRTTH
TET FHEd € | I I S TBR Bl Bl 7
(i) Irgaedt STURITAY (if) STIVRET ST A |
=S« ST T H B BT 37U I R Fad
ReR I8 € TT 37 4531l UR HOT BT A9 Haq
Y BT B, 5% R #Ed ©

URUE 1 ST A% # g5 favg O B 8, et
ARTH @ BT IAMRTHIA MMM A HU~ A T,
T HEAT 2 |
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IR & HFI B fauT : gv1 i Uy a1 a0
IR H A B DI SMIRAT BT AU

N oNyiNg =135 ol AT UTgy
AT Gl ArGET™ § I BT DI AGRRAT BT
U N, N, N, s =1:2:3 e, Yol 31

ISy B JA AGRT FHE TH18 & a1 ST UTgy
BT A IMGRT BT &1 AT BT & | FH1 AT BT
ol TR I B B (oY el UIgy &l TS a1
UTSY B IS B QAT BT ARy |

T S9 AT B B & A ragE |
oA & A1 STaRYE & fHIRE | g3 ot @ i«
IEECRICENRS

el B BT & JgER aT faafcda afafer favs
fepar S el & | Al 0 =%/, 518t a Rele & ABR

2| IYATPR JdRED B Y e:% &l D

JARNETH BT ATH 2 |
TeHTeT TR DY U] S0l Bl 8 9 E U B
e Afavrsd erggq B 2| faga wafewr E @
B B B QT &Y gavr dEd &1 E T B
JROR AHAq B & |

foga graera a¥all &l aRTeed AT ATGRT & SR
R il febaT ST € | 93 a1 b1 AR 400
nm ¥ 700 nm T BIA & |

rraref wee

JEIIS He

1.

T AN & STITH 1 : 3 B AT H 2 | ARV |
31 d =g ATearsil BT U BRI —

@) 4:1 @ 2:1

&) 3:1 @ 2:3

T W@RA fgqsll &I Fo W 4 A< IT B © |
T bl ATGRT 256 H, & | IR fgyot o 419 A wiRka
R TR 30 BI H=AT 6 BT I © | TIN g9 ol
gy @am BT —

@) 262Hz @) 260 Hz

(@) 250 Hz (& 252Hz

Yol AT UTgy H TIAR) FATET AGRT DI FIT HEdl
§_

(@) uoH SffeRaR®  (d) fgdiid SrfeRaR®

@) gar feRaRed  (]) qo AfRw@RSD

SN MY, T HeRol Fradics gd a1 97 o
g ® —

(@) m:% @ o=

@) w=Kv @) SWiad ¥ BIS T8N

31 I B HE GUIRAR (2n+1)% g a1 afadvor

BT qwY BT —

@) fa=reh

@) o

@) fa=reh vd durdy @1 fAsror
(@ Y T B

fIac &1 JMaede TATER faRD & ATHR B
Hife BT =Ry —
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3Tgaed g SguRe A’ H @l AR 87
TR AT B bl 87

1T H TAeNel A IR BT Holl § &7 T8l
BT © HI?

T FfIHROT | ST TN B HeY GATR fhdT
BT arfey’?

A & A1 3R Rud &l & g dorr=aR fbar
grar 27

WRAM # I~ TN B THfa HEY B 2°
e RN H gaor i TE aRHINT HR Fohdl 87?

10. G AT BT UNH 9T 772
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erort &Y gR9IRT SR |

FfIHRT fhd Hed 8?7 ATHROT UTHwy U B
B FT 9T

AT 9T FHIGIUT [~ DI |

IR RIGT=T BT A |

favdie vd fawesdra & assy |
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10.

ST H SryRey a¥l & fm forRad |

AT I DI gRTYT Ud Feor forlRey |

gav b Ped 27 T |

faaca &1 aRwrer SRR | smaeas ot oY forRad |
el BT | T AT 72
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1.

Jadd & fEl &1 uraifire AT & fafer o
qoig B |

AT g faArelt fdeRor @1 A @ SIS |
fawiE JMgRT @1 TUAT B B o7 ATIAD US
forgar o B |

STRTTHT XM @ Torer forRRad |

TeHTeT A @ fafdre i @ THssY |

IRATYT g1 WRA fgyst @1 gy ¥ = &
27 WINT BT o DI |

faadd ta ¢gaur # R W difo | e ud
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Qv (@) — q fasm=

SHhIE — 7

ALY — 7
URHATY] DI G0

(Structure of Atom)

U191 (Introduction)

frdl a<a &1 Ha9 BIeT |1 {599 I9 oxa &
RIS o7 2T 8 €, URAT] (Atom) HEATA & |
(‘tom’ ®T 3ef BT & fAWIIa w31 @ik Atom a1fs
rfawTsy s T @t 59 <R 31fds favrfa =€
fBaT ST AHaT) | URAY HT IJ§ TIAM SRS 7 “Atom”
SHIICH & o1 | 99 FgER uared A= yeR &
URAM[AT & FST AT H Ud AT O B 9 g7 3 |

Sfeed &1 wary] g

fafesr d=nfvre St Sfee 9 1803 H URAIVETE &
frgra afaufed fdar| s=F wa] Rgra 9 I8
FHS BT Y14 fhar b a<a gHen B! Qoi dw&mei &
arguTa ¥ e o afafesar et ek B |

Sfeed & AR URHAIY] & BT U G&H &Il o, Sl
JIFINTST BIT © TAT ST AT fHAT3M &Y gbIs BidT
2 | foreg SN |1 & 37T T URATY B AT B
UR U I B gt o 3R q1e F o d JIBI gIRT
@1 TS Aol ¥ I8 g 81 T % oA sifamrsg T8l
213U goidg, We R =ggie & fawfra fasar S
HEHAT B |

TRHAEI HUTT BT [T
(Study of Atomic Particles)
1. gaagid (Electron):

() SIFEd DI WIol AR oL.o. AHFT (J.J. Jhomson) 7
1897 H @ ot |

(i) SIFGETH U FEOT ATIL BIAT & | AT P ATAT =
~1.602 x 101 @l |

(i) FFE BT gTAM 9.1 x 103! {1, Bram 2 |
(iv) SCIFEIT & ST HT AT BIgplo WA & AT

1 .
BT 1oz A A 2T 2

2. WM (Proton):

(i) WEH @ WIS 99 1886 H Meewed o &I o |
UIere (Proton) M ¥g & RraaT 212k @ First” |

(i) WIS TH g9afda o1 AT © | M P AT =
1.602 x 107 FHeATH |

(iii)y W BT A 1.672 x 10727 {63, g1ar 2 |

(iv) WICH & S &1 A1 BTgSIoT URHTY] & S
% T SRIEGR TAT SIS B GH H 1837 AT
e BIAT B |

3. =g (Neutron):

(i) IS BT Wl AR oI defdeh(Sir James Chadwick)
1932 H @ oY |

(i) =M TP ISR BT BT & |

(i) IS HT FFAM 1.675 x 1027 fH31. Bar 2|

(iv) =g &1 G&¥E AIeH ¥ | 31fd 8T 2 |
9 UHR URAY] H Seldg™, Hiei 3R g O

TR B AP BN BN & | HB A WAV BT AT 2 |

4. WAEH (Positron):

() uIIgH @ @ 1932 # Q. yr=dq (C.D.
Anderson) T @I off |

(i) 9 IR SHIS G MY BIAT & TAT THHE 0
BIaT 2




5. ®EM (Meson):
() AAM B Wil Ersdl JHbrar (Hideki Yukawa) =

1935 H @F ot |
(i) S9 R g4, FOT qAT YL A B FHaT & qAqT

S FIFG I BT ST 200 T[T BIAT 2 |
6. :l{\f?{:ﬁ (Neutrino):

(1) qllg’:ﬁ P WISt ifef T (Pauling) 1930 § @V o |

(i) S R B IMIY F8l BIAT & TAT BT SIAM
ff¥ga 721 811 & Uk Selagid | HH BT & |

(iif)y gfSAT AT FBR (Three types) & BT 2— (i) STagi

?{flg':ﬁ (Electron neutrino), (ii) ¥ R’I@‘rﬁ (Muon

neutrino) 31X (iii) <13 :{f?;'?ﬁ (Tau neutrino) |
7. gIme (Antiproton):

() TN & ot TRfery SR (Emilio Segre) 3R
3fra= TRfeT™ (Owen Chamberlein) & 1955 # &1 |
(i) 9 U SHIS KU1 ATAY BIAT & AUT S W

@ IRIER BT § |
URAY] Hied
URATY] &1 ATHAA disol
(Thomson's Model of the Atom)

ATHHT HT URAIY] AlSd .ol oAfHdd 7 1904 #
fear| s @™ YT Afed (Plum Pudding Model) *t
HEd 2| M T US Wrel uered &1 A ' S B B
FAM BT 3 |

off e & W YT AlSel & TFAR WA U &
ATaf¥ra Mer Bar & s or maf¥ra seiaeTT
STE—STTE Ul UPR I &3 & & ol YT H wrd A1
WS H I |
IBIs I G died
(Rutherford's Model of the Atom)

GBS BT T YART (Rutherford's scattering
experiment) — 9 1911 # 3 WIFHITEN EIBIS 7
AN BIVS 95 gdell (0.0004 L) UffHT IR ool
(fg gT® Eifera I He?) @l dIBR &Rars | i8R
@ UTE o~V B &2 S & o arg ufdier &
IRI 3R RS Aewrss ofid U< &I @ f&ar qun go=
Irel gesreelt o derar 9§ fferRad deror ura fea
(= 7.1) —

(i) SIB a—HT (T 99%) 319+ A1t o fyaferd

8Y o7 &1 el & | e i 2

g

’___~\/
75 <
yi / A
[ “
T ()l
\ )
\ !

—~_

~
«__fh\\\\

g 71 : WWRWIE BT g y=@HT

(i) G o—HT (FTHT 2000 HON H ¥ UHh) A=
PO 9R S ARt | faafdd 8 oira 2

(iiiy 9T HH BT (TITHT 20,000 HUI H H Th) UH 2,
ST 180° @ HI0T AT T: 37U U TR Tl MY oI
5 9 fodl) rea=a ufaddl uered | edvias @i 8l |
EXHIS 7 3R AT 39 ISR & B3 T TN fy

3R U Yerol & MR WR FAHfeRad fAwpy fdre—

(i) URAY BT AfdBIer 41T Rad 8 Fifds o—hoT IqH
| AT e 91T 2 |

(i) BB o~ AU AR J fAefg g S € or:
b URATY & des H AR G R 41T SuRerd
2 R % (Nucleus) P& € |

(i) ST HH BT AqYH 37U Y WR Aled 8, 37 ATfEH
I &1 FET 3R URAN] & MHR B g1 3§ 984
& g&H SMMBR BT BT B |

URATY] BT IGXHls Arsd

(Rutherford's Model of the Atom)
3T FAMTT & JMYR UR YGRBIS - A Hied

[ERISHERCH I

(i) IS BT AT HTHT 1015 e Sdfd URATY BT
T ST 1010 Hex BT B |

(i) 1S BT G I SIS B Bl FONIL B
TR BT & FTHH AT WRER Hferd 81 91 & |
JE BIROT 2 b UA] ISRAA BT 2 |

(i) Sraed A1fA® & ARl R R w7 # faaRa g
21 ¥ goideE ReR 781 810 8 | afe Rer g1 o
AIADBIRT MMHYT & FHROT A1fH H IR 1 |

(iv) oragta AfE & TRl 3R g7 Fersi} i MATHIR
Ferrall § ulRepdr &ed 7 | VAT RAfT # selagia iR




TP MO g1 (S A1fD B R BT B),
AUBZY g (S gelderd @ T & HeRawy
ST BIAT & TAT 918 P R BT 8) 9 UfdT
a<ferd 8 Ol & | 39 URvTHERY gelag i
qIfH & AT FTEl 3N | RERBIS B 5H URHAIY]
Aied H Sl NG & IR R I ThR god
g o gaR fafr=1 78 @ & IRl 3R g9d ©
(e 7.2) |

TN

ffr 7.3 : EXWIS Hisd QN

(Electrodynamics) @ 1719 TRAIY] 31 IFS IR qRepAT

R ATl FodRT U AR 8T B |

IR Aise (R 7.4) Fr=forRed Ifrfaal (Postulates)

QN O -

S

e

frF 72 : ToEgA & NS & AR AR O

RERWBTS URANY] Aise H FfaRad s ol 18 —

(i) D HRFIA (Clark Maxwell) & fag[q g
fafevor 1T (Electro Magnetic Radiation) @
AR UId MR Ho1 g |qaa Ao &
WY H HB SOl Gih HRAT & | Ad: AP B ARI AR
SAFS I BefIy A B Al 9 A1 B FHoil fAfdson
& BT H b B |

(i) I SIS GRT HST BT @I AR BT AT URATLSA
F1 fag[q graaa WagH Y@ (Line) &1 Bl
| (Continuous) BHT @1fZY 3R Felagi= Bl AfAE
P ASTRID SN II<Id: STH AT ST ATy
(R 7.3) |

(i) YEIBIE B URAY] A H FERIl H gAT def geragiAl
& vie Pfe & @ T o @

IR P GRAV] Asd

(Bohr's Model of the Atom)

YERHTS ARSA Bl HIHAT DI G BIA B oIy e

9k (Niels Bohr) & ¥ 1913 # WagH! gad 3R

FarueH RAGT (Quantum theory) BT FERT &R URHATY]

el T AT TR Hfowey f&am | Aied 9k 7 gl

f& g ITfABI (Conventional mechanics) 3R [EEGRINED

43ITN

3 74 : IR WA AfsA

(i) SIS AMNS & =R} AR HB FRET MATHR uer

R & gAd 2 T2 Fe (Orbit) AT BT (Shell) AT
Foll WX (Energy level) @80 & 3R =% n §RI
TefRRid &A1 n=1,2,3,4 ... A1 n G 719 Ll
BT € R §° K, L, M, N ... ¥l &l Srel 2 |

) W FeT H g 99d goldgd fAgd gRa

fafevor SaRTd A8 ®Rar N ST SHoll &1
PIs g1 T8l BIaT B | oifded afe B seiderd
oIl TR H S Holl WX § ST & dl $Holl &l
TN HIAT & TAT AT S FHoll wWR I 4
Sl TR 3T & A HB Holl BT IS 81T |
39 oIl BT A9 S Holl W B AR B aRIER
BT 2




AE=E,-E,
E,= 9% &oll WR § gelda = Bl Sl
E, = %1 &uil WR o geldg = &1 ol
(iii) oIl BT JGNYOT AT ISAwi hy DI =T gargar
# grar & 1= el (Quanta) B € |

AE=hv=E [v=g}
A A

JE1 AE = IAfId a1 Sqenfyd Soil
h =wi® FIdie a1 e o1 ReRi®
(6.62x10727 31T HAHTS)

vV = B Bl IR
C = UBIA & 97T (3x108H1. / AH0S)
L = fafeson @ aRrasd

(iv) U& Hel H gelagid wrdl ®u A gHdr &dr & R
g gY goldg i W) & fAuRd 9ot &1 &R 2 |
3B 9o (Centrifugal force) ST 9 s 9 BN

mv?

gBeldl & | AP de1 =
iy

TR AMNS BT i1 gt (Centripetal force) AT
JMHYOT g (Force of attraction) ST S & dI

3R BT HaT B | WDl 9ol = Z;

Y IE I UH—gER DI Hdferd B od & forad
ST ST ®eT H XU ®U N YHAT 5T § |

mv’ Ze® ,  ze
= 3 Zﬂ' mv =——
r r r

(v) soded f®T S (m) 81 98 Sl 39T ()
Tl TATHIR FBer3il § 9T (v) F g qohar & o
AIded BT HIOT FAT (Angular Momentum)

h :
mvr T HIT EEBT qol oI (Integral multiple) 87 |

nh
mvr = —
21

ERIG
I8l h= Il e a1 Reris

n=1,2,3,4,5..

RATY] H IS B GTER AT 3T & Py
I MEATHR P& B © [9Tb] SHoll ATH A X I&

P AT 93T © TAT 58 ngIRT Taf¥d wRd 2 I n=1, 2,
3,4 %ol WRf @I K, L, M, N ®Ie gIRT g9Ifdt € |

IR BT 37U B & oY Agel YRIBIR {37 77 27 |

9} Afeadl @ AT (Drawbacks of the Bohr's Model)
() DI AlSd BIgeIo WaeH a2 SHH uril S
AT FART G B AHAAT D ST B Fhdl
2| 39 Afed | a1 IR werrall a1 f3rsar qen St
ST | ST Bl 1 Febel! © | T IR Alset I

RAMSIT BT ARAT B H FH &l T4 geragiAl
P GRT AP B e B |

(i) IR & JTAR Ied SHoll W F 7= ol W 4
SAFSTHl B HPA TR Ub WgH) QT el &
AfhT Sz W= 9T dTel WASIRDIT | WFSH of =
R ST gAT b I8 @1 98 Al AAIUa | XT3 BT
HHE B & | IR AfSd @ ARAT BRI H 3/IH
ET|

(i) FEH &F H WISH o W IS WagH VT
fawifsid & S @ 39 SfWH U9Td (Zeeman's
effect) BEd 2 | 3 UHR fIgd &7 § 7@ w AN
WFeH XY fFqora 8 9t @ 39 eTh—341d
(Stark effect) 8T |
IR Aisel 9 QI YU BT ARAT 81 B FHT |

(iv) SR AISS GIRT ORI DI SATHAT TAT MBI BT A2
THSATAT ST T |
IR BT Aed J¥F ©U F Ih T | TE B
AT aRemE B FHSI H Fhel I8 IR 58
31 O BT TSI H B ET B |

FeTH AR F@eH =N

(Orbital and Quantum Numbers)

Faied &I (Quantum number)
qRATY] H Ud gelag i &I Refd, gafa &k et

ST B & fory =R fAgdist & sngsgsmdr aidl & e

FAUeH AW BEd § | A ffaRad g
1. J FI9CH AT (Principle quantum number)

n—3¥ ‘0’ §RT USRI &R & | I8 FAvCH FET goldg

D ATD G AT Solagia & deT (Orbit) AT BIeT

(Shell) BT 3THR FARI & AT YA & 3MHR (Size)

@ 9N H FARN B | T8 Seldgi= & Je& ol WR(Principle

energy level) @I FaTc & | SHofl w1 & FHIfIT A n=

1,2,3,4 .87 €52 K,L, M, N, O ... anf 3R (@R




EIRT 7)) | A1 AT R 2 | n BT A P I TR
BT 2| Th 1Y H Afbaq 2n? sidcid X8 Thd o
@Rl 7.1) |

RO 7.4 &I F@ISH HE&T n

(Orbitals) & AT (2¢ +1) I | 1A s SUBTY H
U, p ¥ N, dSUBIET H 5 qAT £IUBIY H 7 FHeld 81
=

PeTh H SURAT FATSIH DI Holl 9D HelT Bl

n 1 2 3 4
I K L M N
EECHkll 2 8 18 32
P AT

n=1 (®& K) 3MIHTH Sciaeidl & A&l
2x12=2 SoAdG
3 UHR Ifg —
n=2 (@& L) H 3Mfpad geiag=l &I Gr =
2x22=8 oIS
n=>3 (@ M) ¥ fHad glac=l B GwEdr =
2x32=18 Sl
n=4 (%7 N) H AfHaH Setag=i dI G&T =
2x42=32 geTae
2. fweft @amvew ¥ (Azimuthal quantum
number) ¢ — 3 ‘¢’ gRT Y& & € | U8 Faroed
TR AT 1Y 31IAT SATS T B SUPET (Subshell)
JMMGHIT TAT TS PV HIT (Angular momentum) BT
fReIiRor SR 7 | T8 PHeTd (Orbital) BT MNP & IR H
ft 9T 2 |
AF n S AN A1 | W1 ol Wi A geH [WagH
P FRAT T8I BT Sl el & | G ol wR A=
IRl faurfra grar & 9 ¢ A9 g1)1 9arn <
[T 2 |
( BAFM O (n-1)TqH BT & | ¢ B UAH A Bl
TH R geAm Wl fRar mar g | ¢ =0, 1,2,3 99 & forg
HI: s, p, d, f U™ (@R 72) | = WagH a1
s=Sharp, p=Principle, d=diffused, f=fundamental TSI
& U eRI W ol AT & | ¢ BT A 4 H AH 8
TR ST qUiHTAT & HH BT UTerd BidT & (bder aof J &
AfIRT®) S ¢ =4 (g) 3fe | fel Y Sumprer # a1fe
THTH SAFSHl DI T 2(2 ¢ +1) BRI § TAT HeThl

G IR R el 2 |
FeT BIvRT T _hJyrerh

27

39 MR W UF & HIY & fAf= Iuapren #
SIS B Holl BT HH FFTIAR BRT—

s<p<d<f

BETDT DI ATPI :

s=TATHRR, p=8rid W, d=fgerel, AMHR e
f ol agpfa Sifea 8t 2

3. gNGII FGVCH H&IT (Magnetic quantum
number) m — §9 ‘m’ §RT &Rid &xd €| I8 daroeH
& ol dae & g smere # sfafa=
(Orientation) & IR H 9Tl g | UH SUIDIY & fafi=
FeAD H fIig gESH FarveH T & [N A gR1
P ST 81 ¢ & URAS A D fIT m B AN (20 +1)
BdE 0N A ) 1A AT —¢ A +/ TH BT &l m
BT UG A9 Th HeTdh Pl Gar & Foras rfdwmad <1
Soldel X8 Ihd ¢ |
(*m® A9 ¢ A U BT TAT/ D A nH U B
2| B HeTh 02 P IRIER W B B )
(=0 foly m& |WIfad 99 &7 F@r = 1 gd
m®T A = 0
(=1 oY m@ FAWIfad 919 & = = (2x1+1) =3,
m @I AT =—1,0,+ 1,+2 (p, p,, p, PETD)
(=2% foIU m® F9Ifad A9 D FE&r (2x2+1) =5,
mbl AT =-2,-1,0, +1,+2 (pxy, P, p.,)
4. THUT FEIYCH H&AT (Spin quantum number) S — 9
‘s’ gIRT U< Rfd &xd 8 | I8 FarveH AT fhdl seragid
% THU B AT & IR H IR 21 1925 H MHHAT
(Goudmit) 3R Jei-dd (Unlenbeck) = qarar f& gelag i

ARy 7.2: ndAT/ D AN

n 1 2 3 4

¢ 0 0 1 0 1 2 0 1 2

REEIR s ] p p d p d
SEHRICIRSEE) 2 2 6 2 6 10 2 6 10 14




NS & RN MR FeT TT BRI B A1 B U 78T
OR ¥ SIh I TR FH B & o7 UHR SHIRT gl
I ARI 3R e A & AIT—AT U g1 TR
A B |

Soldel= BT TIhYT o feemail § & G9q 2 — <feronad
(Clockwise) 372rdT amTad  (Anti-Clockwise) | T
SIS FEOTARIT BT & SO A0l T I W) e
I~ BIAT © | SISl & grorde 3fydr gferonad faem
¥ IO gESd 89 A dfed fawda feem 4
AFfI=TRT 810 € i IhYT FaIveH HRAT & A

+%a@n —%ﬁ‘{?ﬁ Sl el & il 7% A B HIRVT B

D SHoll A9 H U §PBTs Soll BT AR Uy ST © |
3= dRi 7 (feromad @eper @ | (@mrad aeeen) g§IRT
yeRRfa fear smar & (R 7.5) |

——

/ N\

/de&x

URATY] HEDI B AP
(Shape of Atomic Orbitals)

(1) s—TeTH = “s’ eI TATHIR MHIT B B & |
3TH A1f® B AR 3R goiderd iy S dY Wifyesdr
T e # Bl 7 |

ArSd @l (Nodal surface) — 98 A8 STal goldg i
& U1 A B WG T I Bl ' (R 7.6) |

PHED: BT IMBR I FaUSH AT (n) &AM W
iR oA & | g FarveH WA & oy Aise aal &
AT (n-1) BIAY & | A n=2 B foTQ Sreaid 2s dherd &
foTT Arset dall @ AT T BT B

(2) p— PED = p’ FEDBI DI ATHT SHIA (Dumb-
bell) ST B @ R <1 wiferdt (Lobes) 81 & | g1
gIfeTat § Solaei= Uiy S+ bl WIfyehdT axTeR Il & aeT
Ared dd Urferdl @ 4/ 81dT & | ‘p’ Held faeire s aid
g, A x, y qAT z 31T IR IFAFA=NRIT &1 € | T & pray
& T p— BED (p,, p, TAT p,) il SATBR AT TP
H 99 81 €, 399 A feesmdr B 3fax BT § 3f:
I AFHY FeIP (Degenerate orbital) el & (@3 7.7) |

y
z
A
2p, i
X
2p,
R 77 : p-dEDI B ATHIT

(3) d— PeTd = *d” PEDI DI DI [gSHATHR Ud
SANTIER B 8 | G gid d— Feaehi § & i dwerapl (d,
d,, T d )a%’rtm%nﬂ el & W &I 2| 9 <At d
et @ MR sl 9 SR ARRRIRIT B 2|
d ._,. Berb Bl iferdr x 9 y il & feem # qorr d , &
arferdt z — ate7 & MR A=y & &1 Ui d—
TP ol # 99 B & ([F7.8) |

z z

ﬁ? //\ﬂx *

P

ke

R 7.8 : d-paDI a%‘r SIEALDI

(4) f— ®eTd = f> weTh! H urferal o) A i
B & BRUT SAD! IMHIT d— el | T SIfed gl
2 |




axefl 7.3: ¢ GAT m D A

L &1 |19 PHeTDI DI AT m &1 A9 gelagi @ IffSHad A&l
(20 +))
0 1 0
1 3 -1,0,+1
2 5 —2,-1,0,+1,+2 10
3 7 -3,-2,-1,0,+1,+2, +3 14

IArware a9 /3iiwers fagia
(Aufbau Principle)

3MHATS:; Yo STHA ¥Teg & forsaant 1ed grar & “fefor
FHRAT” (aufbau = building up) | IIATILAT feraT T &
sodel=e A= g9+ # 9 = &1 ureq fear
AT 8, 9 GG U ¥ 3ihars; Rigid dEdd 2 |

3iTHaTS Rigid & AR Tl +ff u=Ar] # seragi,
FHETD! DI Holl & 9gd HH H MR & | =ATH SHolt & dF
Aqifered IR BT € | T I BH ol b beTd H
SIS T TS T B 8, 39 HeTh & X 5 B
918 Soll b g A H DT X a2 | fo et o
aftaferd v 9 effwars, Rigid dsd 21 3 faH
fr=rfalaa 28—

1. UTSell &1 3rqqeiy RIgld (Pauli's exclusion
principle) — 1925 # UrSell 71 JmasiH Rigia faar| g9
e & AR Tl a1 selagMl @GRl garveH
g U SifT FTET 81 Adhdt et fael |1 getagiAl
@ ford afg n, |FAT m & A9 FH19 8 A1 S s D A9
fAf¥aa € 997 81 | I U weTdh & Q41 Soiderd &l
ThUT Fad fAuId giar &, TR |l |

T
a1

T Rl

SETY

Ll

2. g8 @1 Afrdad IgdHar &1 99 (Hund's
rule of maximum multiplicity) — AT Holl & HeTdh!
IeTERuN AHYI p— 9 d— BB H Folderdl & faavor
B BN 39 | I ur Bl 8 | afe gHE ol
qrel Rad Berdh Suted 81 d1 Soiderd ugdl Rad heted #
ST SR 79 G JFAd T81 BId o db ] perapl o
UH—Td Seldeid el gl 1T |

ISV — ARSI BT S+ A= ST

URA] A6 8 BraT ® fforRad 8-
O @®)= 1s?, 282, 2p)2( 2ply, 2p1Z

3. (n+ ¢) I - 39 99 o Frdr 9 SuRI
D WA B HH B BT S Ahar 21 39 | &
IR 518 FeI® & g (nt ¢ ) &1 A 71 BR1T 921
HeTPH Tgl URT STRATT 3R JfS ST AT &1 3 S7fyd FHerapl
% oI (nt¢) & AT GAE 8 O 98 HID U W
SIRATT 519 folY n &7 A9 &4 &1 |

FEDI B (n+ ¢ ) A A BEIBI BT dal g3N Holl
®¥ FTgaR © (R 7.9) —

1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<5p
<6s<4f<5d<6p..

/
@
@
G
(46)




IRl 7.4: Sl & U ARl dAveH W&ATY TAT Soideidl @ AfreaH Fw&T

n L m ] 2Q2L+1) 2n?
SEEANE] T DI
JAfepaH H arfeman
SAag W golag s
1 1
1(K) L=0,s-SUdie m=0 +5,—5 2 2
11
2(L) L=0,s-S9dIer m=0 575 2
11
L=1, p-Suara m=—1p HE®H 575 6 8
=0 p, BETH P
R - 2 2
=+1p, BEH P
S 2 2
11
3(M) L=0s-S9aY m=0 273 2
1
L=1p-SUdier m=— 1, p heIhH 273
=0, p, BEDH P 6 18
m= :pz 2’ 2
=+ 1, p, BEH AL
meT P 2 2
11
L =2 d-SusIe m=-2,d ®eIDH 273
_ L1
m=-1,d, 5&® > 10
=01,d2®ed AL
me= % 2 2
=+1,d_PeH P
e 2 2

m=+2,d. .®eIH

+
N | =

N | —




m=20

0, S-S

L=

4(N)

m=-1

1, p-SUBI

L=

— |~ AN
| | I
— AN — A

+ + +
— I

[« + |
Il Il Il
g g g
\m

5

-

o

o~

Il

—

32

— | N — |

— N — '™

+

o
—

— AN =
| |
—'N =N
+ +

—
(=) +
Il Il
g g

— | N

— '

+

m=+2

— | N

— N

+

m=-3

L =3, £-SYPIer

14

m=+1

m=+2

m=+3

n? a1 (2L+1)

* heTch] bl AT



4. JEINT T QUIgRT derdl &1 Il
(Stability of half filled and full filled orbitals) — T® &I
IABIYT & JGYVT BETD (p?, &, 1) TAT IoT WX HeTdh (p°,
d°, f14) &7 I 37 weTdhi (pt, df, ) & 31 Bram
2| 31T Th AT 1 g1 & HhAT I Hfi—mft ot
TR AGYRT a1 PRI B BT Tt & 2 |

JIEROT — (i) Cr BT YA HHIS 24 T |

JATHaTS,; RIGId FTAR geldaiid fa=rd =

1S* 2S* 2P° 3S* 3P 4S* 3d*

e aRAfd® 91 SeldgiHd fa=ar =

1S* 28* 2P° 3S% 3P°4S' 3d” gy |

I AR —

Cu (TRHI] H7) 29 - (Is 225 22P03523p0 452347 =

3Tharg; RIGTITIRR

Sife arefie soraete famary = 3d!04s! =)

Agaqul fa=g

1. Sfeed & FJAR URATY G BT b GeH HUl &, il
3fferTSg I 2 |

2. SIS B WIS WX . O, ATHIT |, Uerd B
oS ™ o TAT R Bl Wiol VR o F8fdd =
GOl

3. AT\ o URA] BT W YT Aled AT |

4. ORAMY P REIBTS HS B JIAR UIHY Bl ffeIepier
R 1% | 81T 8, ATWD a5 ged a7 g1
BIAT & | URATY] T Afdesier “rT Rad grar 2 st
Soragi faaRa g 2

5. IGIWIS YA Hisel Bl HHAl BT IR Ared §IRT
R A BT 9T fHAT 147 |
URAMN] & dR ATS B ATROMG—

() selagd TWE & IRI AR Ho FEd ug R &
gd 2 58 &1 A1 BIY Hed 3 |

(i) T BY Soragd o Hot raRafid wad 8 | offe
g B &l aRITdT B9 R SHoll BT ST AT
SENIELIS RIS

(iii) oI BT IS AT IO hy BT FAf¥ad sHrsal
# grar & o2 qarer #Ed 2|

(iv) SAFST BT BN H'%mzh—n?m IS UF ¢ |

6. URAI] ¥ golagy @ Refd, mefa ik ot g
TR B ford IR Faaiat & snavaswar gl € =
FITUCH AN FHE ¢ |

7. Jpare FREAGER AT @ =AY & sl
FEIDI B HoAl & ggd HH H WA ¢ | T7 Frforlad
el &1 FE B
(31) TS BT 3rgasiH RigT
(@) gvs @1 I
&) (n+1) frm
(%) srgulRa qor yofgRa srert &1 e

rgraref geH

JEAS g
1. XGERBIS 7 U 9gd Udell W@l Tl 1R 9! dIerR

RIS ofl—
(@) sreH @ ==
(@) solagi (@ o~
2. R P RAgrargaRr ®&i d Telia selag= &
St grdr 2—

@) g@rs @) fRaR uRad=eiar

(@) warodipa (@) urgfo® @ &
3. Igd Sull WR (n=4) B B SAag( AT B—

@) 32 @) 16

@) 8 @) 4

4. 3fafRer ¥ werd o1 AfAfa=arw fA=faRaa # 9 fad
FITCH T gIRT SIrdl 2—

@) n @ ¢
(&) m @ s
5. Udh ‘d’ SUBIY F Perhl P Fedr sl 23—
@) s @ 4
(@) 3 @ 2

IfTAgTRIS 4T
6. Sfecd &l URAM] fAgT Iasy |
7. TRAM] & AfTd FHON & AH AT AL IATSY |
8. fa=feRad & & S99 SUBIY F9T 781 & —
1p, 2s, 3d, 3f
9. P H AP FAFSHl bl FEAT BT HIF T BIT
g7




EENNEIRES

10. URAIY] IEIBIS AlSA B HIIT qargd |

1. n+ 11979 @1 8? 18, 25, 2p, 35, 3p, 3d, 4s, 4p, 4d,
T 4f FHEIHT BT Igd 8T ol HA H forlad |

12. URAIY] HHIH 24 B oIY Selagie = falka
qAT THSY |

IRERISC R b &l
13, URATY] & AR S BT ARV foIRad qorm gaa!
BT gAY |

14, FI9CH AT o ded 87 A fhaw IR & s8I
HSEEIERE

SRATAT: 1 (%) 2 () 3 (31) 4 () 5 ()



ShlS — 8

ALY — 8

adl @1 FEfiexer SR TN # smafdar

(Classification of Elements and Periodicity in Properties)

<@l BT GHiHRT (Classification of Elements)

UEITAT  (Introduction)

Il TATR] & YR T a8 HH AT H <
S o | Ifh 519 HTo) deer § d<al o) @ret 81 ga
TG I 0N BT T T B H IFVDT P
HfSAE Aggd B ol 3R a9 9% IfTdRor @l
MAIHAT HEGH B | d<dl & GHTHROT BT G I
“qdl qAT I AIRTHT @ 0N BT FIRAT eI HH
FHY TAT A I HH TA1H gIRT {61 1 A |

ToIH T Al GITHROT § Aehi o d<al &I &l
ART H qieT — (i) 91 (ii) T | IR 9 GBI Bl
Aherar el el R o dwd W W O f5Fa Tor arg
qgr g Sl 9 e o dr S| dxal @ wHifde gl
MRS O & eI b IR U IS aIhRIT
JNMATIHAT & JHY el Ul 77 | 918 H UHe (Prout),
STRTSTR (Dobereiner), <et€ (Newland), aleR #H3R
(Lother Mayer) 3iR Hgefld (Mendeleev's) & VA 4R
$ AR WR a<dl & TIBIV BT JI b |

(i) WIS 7 1815 § Ud UR&euT & foTas SIgaR T+
< BTgsIo WRATIRI A e 9+ 2 wiifd a<dl
% URAT] UR BIgSIoT & URATY ¥R & AR Ol
2| O — BIEA, AggIo @ ATGATST BT UHT]
HIR AL 12, 14 T 16 © | oIfb T<al b URAY 9]
FT 8! IR & wR g7 T 6 &3 a<al
@ URAN] ¥R fA=iE # 8 2

(i) 1829 ¥ STHF AT STERIETR 1 FAM I[ON Tl
d<al @I dF—dF @ 9qel § FaRed f&ar| g4
Al BT 3@ (Triads) Fd & | SET gardm & 3w

(iii)

(iv)

v)

H SURYT d<al § | #eF grel d<d BT URAY 4R,
AR ST T<dl & URATY] YRT BT I AT Bl
2| 39 SR &7 31 frm (Dobereiner's law
of triads) B&d £ | <Ifes B & a<al & W !
H foh fpar <1 AepT |

A 1864 H WIS RIS «f d<a@l Pl ITd URAY]
AR & d¢d 8Y A H AR fhar a1 ta M
e O RIeive &1 ared 199 (Newlands law of
octaves) BEA & | 3 19 & AR a<al DI ST
URATY] MR & 9¢d HH H FaARAT B WR TAD
313 T B TOrEH Ugel oxd & YOrH I FHI Bl
2 | oifdp I8 M 0 &1fde dwer 81 g aife
BRI & 18 g % A 781 81T © OAT 918
H 519 I ™1 B WISl g8 AR T AT Bl A
I feT 1 39 19| @l #exd T8l Ve |

T 1869 H WIAR IR & 9% (Lother Mayer's
Curve) H STHT IS oA1eR HIR 7 T<al & Hifad
oI BT IS URAY] 4R W HafOT B BT 9T
foaT iR d<al & URATY] YR TAT YA AT &
Hqeg a9 QT | I/ 91T b FHE 0N arel o
ass # g9 Refd o ava 2|

Heefta &1 amad 9 (Mendeleev's periodic law)
— ¥ IS 7 1869 H <@l & Wifad Yo B
ATI—AT I A 01 DT |l IRHATY] /IR A
Hafra o 3fR o afrad e & | g9 M
% IR “Te@l & WIfde gd IAAEG I D
URATY] 9RI & 37acil el (Periodic function) BIt
21" dfes Hselra @1 amad ARl BggIoM,




ARG TAT o~ Hss 9 UfdeAras & Ruafa
W G HR D! | A1 B FAM I dlel FO <aedl
BT QP B I H I T8I A1 war qn &= goit
aTel T<al BT Qb 81 a7 H T AT | {B WM W
URATY] 4R & JARIET ¥ BT Ul T8 b1 T3 |

(vi) AISTel (Moseley) = 1912 # Heelld & mad fraq #
g R IMYH 37Mad 1M (Modern periodic
law) feT |

mgfe mad | a1 emad WROl @
JMYFTdH HY (Modern Periodic Law or Modern
form of Periodic Table)
|9 1912 H HAIGel (Moseley) 7 SR & U=AT]
HHIH YA R B AT H a<d BT AeH I AlfTd
T | URHTY] HHIP (Atomic number) TRATY] & ATRYEH
¥ IUReIT WIS &1 F&AT BT Hed & a7 B IS
GRHATY] H WIS B H&T = galagiq ol G |
B 0 a<a & Hifde T AR Tor S99 IuRerd
goIaS il @l H&T S YA HAI% & IRIER BT 2 W
iR & 2 |
HISTel & URATY] HHIH BT d<al BT Hiferd T AT
B Hedlld & ATad ad H YT dab =31 3frad a8
— 3y afad | fear| g8 snmad AReN & <"
WHY B AR © | 39 (1799 & JJaR a<dl & wifcd vd
RIARIE o7 I URHIY HHAIDI B A9 Herw(Periodic
function) BT B |
qRHTY] SHHIDT & gl gY HH H d<al Pl FaRerd
HRA IR S AR AT BT ©, S SMeYfias fact HRof
(Modern periodic table) H&T € | fh Ig rad AR
Heelta Bl arad AR B g1 H SreT ARy 2, 31
S Mg AR BT < [ AT MEd FIRON BT wIT
¥U (Extended form of periodic table or long form of
periodic table) ¥} @& € | 39 rad ARvft @ fA=fafad
faeryant g—
1. 39 3m9d IR H T<dl DI I URAY] HHID] B
Jd H¥ # aRerd faar 1T 2|
2. 3Nad AR H ST FeafuR W™ (Vertical columns)
8 €, 12 a7t (Groups) d8d & TgT A1a &fast
tfeat gich €, 52 anad (Periods) B8 & |
3. @ (Groups) :
() TA A IIAIVA, VA, VIA3R VIIATT #
AR d<d (Normal elements) IT Ui a<a
(Representative elements) ¥ |

(i) IB,1IB,IVB, VB, VIB, VII B &R VIII a7f &
hHOT T<d (Transition elements) & | oIfdh HHHOT
dl @1 MYd ufRTT & AR Zn, Cd, Hg
(IIB) I<dl BT HshAUT T<d el AT AT 2 |

(iii) 11 B g7 & HHAOT TAT 31: HHAT (Inner transition
elements) QI B UHR & AT 2 |

(iv) I o H I A 2|

4. 3mad (Periods) :

(i) Y 3mad #§ &7 a<d H (1) 991 He (2) € |

(i) fg<ira amad # Li(3) ¥ Ne (10) T® 13 o<T ¥ |

(iii) T 31Ta # 7 313 T Na (1) Ar (18)TqH B |

(iv) =gef anad # 318IRE, K (19) ¥ Kr (36) T<d T |

(v) U=H 3Mad 7 318RE, Rb (37) 9 Xe (54) O<T ¥ |

(vi) ¥SH arad ¥ 9 Cs (55) 9 Rn (86) T<d 2 | 314
TS [Ce(58) | Lu (71)] + affafera g |

(vil) AT A9 MYUT 2, S99 Fr (87) W 31T 3d T =
(118)T<a & | YA 94 T WIPHIP w4 ¥ fae@s
2 | URAY] HHid 95 H 118 TP & d<dl Bl JANTLITAT
# 97T (Synthesis) AT B |

(viii) faf=T faarel & g3 &7 & oIy Ha (105) & 918
grel d<dl BT Adbd AT ARG [UPAC HOITelT &
IR B |
[IUPAC = International Union of Pure and Applied
Chemistry]

" WY Aad RO B SYIIRET v W

(Utility and Defects of Extended Form of Periodic Table)

SYFIRTATE  (Utilities)

1. <re X9y arrad ARell # a<dl BT I Aifeld o7
3T URHTY] HHIG B dgd HH § dferd fHar
AT & | fh-AT URATY] BT URAIY] SHHID SAH SURef
gelde i ®I AT & aI6R BIAT © | 3T Ig Hal off
Aear © fb aw@ @ enad ARl # Rafa s9a
ERESIRCACEINIASEIC N

2. 39 3mad ARl § uifcge d<al o il R T
3refeaas d<al ol qiT MR IWT 1T & A et
3R rengett &1 gof wu | e fohar 7am 2 |

3. 9RME (B), Miford= (Si), & (As), SIRIA
(Te), 3R VT (At & A Wil T8 Aol vw@r
(Diagonal line) &ITRIT 31 AN DI SFAT—3FT
Tt B |




4. UH & T H Ul g | A== o aret
a<dl B foufed far < |dar 2 |

5. 39 3ad IR § TS g UdeArgs Sl s1fds
e B | Fiife 52 11 B | Gaferd B ammad |y
@ A X fear T g

6. S AN B ARV & T H IWT AT 7 Fifh
T4 gof IUBIT B B |

7. U8 ARV URAY] HHH D JUR W T | U
Rerfe 3R FHIR®T @ Rerfty @ wwwar g
HIEN

8. dOxdl & Soldgid fa=are A & FHST Sif Ahd © |

TIY  (Defects)
YT arad w9 a1 < WY JAad ARl H B

qy fl € 9 —

1. ErgeoE o Ruft we 78 21

2. ARIEl 9 YfaeAtasl @ wo emad |wRel #
THAINT BRAT F9T 78T B |

3. $Y a<d oY Ba (§RTH) 9 Pb (cf€) T2T Cu (HT0R)
g Hg @) & O § F9Har 89 R 41 =
JTTT—3TTT 7T & @1 747 2 |

o wu amed woft &1 amgfe w@wu

<re wY afad ARON § BB IeATd BT TAT | S SArad
AR T AMEYfeh ¥R © | $EH a1 Dbl AR B SUa
¥ faTST AT R 3T 17 a1 VI a1 i 92
Tul # foafora fosar | sl smyfe Wy # anl
BT HAGT 1 18 T B (Ao 8 7 < w5y aract |Refy
TAT SHDT MY WHY Y& 3) |

Tl D goldgivie fawre den Jmad 9ol

(Electronic Configuration of Elements and Periodic Table)
IR T dcal ®T I7H SURIT 31q0l Seag M1 Brei

& @ B IMIR W IR 9F1 # o fopar Tar—

1. 9P A9 (Nobel gases) — 3mad AR & NI
ot ¥ g° dafafead fear T 2 59 9@l @
qRATOL3I ¥ ATEIdH BT & SUYBILT YOIdAT X &Id
2| He (3oiagifa fa=ma 1S%) &1 BISHR qTd!
|1 I Al B T DI BT Selag i [9-=ard
ns?np® BT T |

2. MM dwd a1 UfAr 9@ (Normal elements
or representative elements) — 7 d<al ®I s—Aidh
T<d (s-block elements) TT p-&aiich T<d (p-block
elements) 1 W # 9ieT ST AHaT 2 | 9 d<al
URATILSN & AR DI AR §Y BId © AT qTEiad
BT Al BT B |

(Modern Form of Long Form of Periodic Table) (i) s-=itep T — gTH SAfCTH SeIdei= s—SUDIL AT ns
. . . o - A=l
IUPAC g7 &3 17 geirdi & ek &+ 1984 ¥ el H URT ST €, AN 78 s—<ilb ed D]
. HRO 8 : 3G ARUN H D WU -
n o
13
Illf\
s e 8 ¢ & ¥ 1 =
23 y 245 25! & 25— 275 28! = ZQA 30—
V Cr Mn Fe Co Ni Cu Zn G
T TR TR o3 B OB T e [l e G e
41 42 43 44 45 46 47 48 49 51 52 53
Nb Mo Tc Ru Rh Pd Ag Cd In Sb Te |
ol B G | S | | B | B |
73 74 75 76 77 2 79 25
Ta Ir Pt Au
Tantil\lT Platinum

Iridium

.............

[ im0 li
[298] unknown

[269] unknown |
NN 1 a a = N A D 2 Eus A Th Ny HA Cr T Vi I a
W]T‘HS@ = A A= LI | 14 1 ~iil e A 1w | =4 1IN [ = ] 1 1 W [=L
Lanthanum Cerium Iv Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.118 140.908 144.243 144913 150.36 151.964 157.2! 158.925 162.500 184.930 167 259 168.934 173.055 174.967
89 90 91 9z 95 94 95 96 97 98 99 100 101 10z 103
. AN o)~ I D, a0~ Wl 0o ~e [ Y U Y P e
LREIES] no 1n ra Np ru AAITI wIn DR i rim wvia NO LI
227028 || 232038 | 231,036 237048 || 244064 | 243061 | 247.070 1| 247.070 || 251.080 257005 || 2531 || 259101 | [262]




€ | n=URAY] & AASTHAT BT AT AT HEAT |
ST ATHRT Soldei=1d fa=ad ns! AT ns? BT © |
s—ifd a<d anad ARl # UHeH qr AR B 8
qAT I AT 1 FAT 2 7 IR &R 3R AR FaT
g1y 39 i | |faford & (A@Rell 8.1) |

aRoft 8.4 : s-sf®d aXd
&R &1y &R <1 eTgy
@ 1) ns' (@t 2) ns?
TG | golagi=e fa=ard T | Sodeiq® fa=ard
Li [He] 2s! Be [He] 2s2
Na [Ne] 3s! Mg [Ne] 3s?
K [Ar] 4s' Ca [Ar] 452
Rb [Kr] 5s' St [Kr] 55>
Cs [Xe] 6s' Ba [Xe] 6s>
Fr [Rn] 7s! Ra [Rn] 7s?
(i) p-<ATd TG — 94 SATCH SAFE I p—SUBI AT np

FHeTH H WX I &, SAFTY 7= p-lich aed HEd & |
AP ATHIRI SATFS =T A=A ns? p' I & T&T
(=23 6dP) | p—iid a<d ATad AR H SR
AT § 810 € 99T 9 13 9 18 318 AfeAferd & | 39
d<dl & Aa 9T8%] BT B s— SUBII H &I SAded
BIT & TAT p-SUBIA H 1 H 6 Foldg= WX I &,
SIS 13 9 F 18 T B AR ded B | I 18
I 4l BT 7 fTH p-Suehrer gof w-1 8Iar 2 |
He &1 Selagi~ie fd= 152 81 8¢ 9 o &
MR W 3 p-edid a<d ¥ Aftafera far war @
(AR 8.2) |

d—sdifed dwd AT HhHA axd (d-block elements
or transition elements) — S99 3ifaH Selae = (n—1) d
SYBI H 917 AT B, 3AfIY g% d-dfdh a<d byl
£ | 3Pl MG salaeie A= (n-1)d ns’
BIT & | S99 STRIAH &1 BIe 31gef WEd 2 | d-Ald
Tca arad AR & 7eg § s G p Al axdl © 7
# Rerd 81d &, SHIfelT $72 |shAvT a<d 1 dal STrar
2| I I%a Uifcad UPpia & B & AT S AT
U1 V9 B 2 | d-sdfeb a<dl | 3 12 Ib & <
i 3 © | 9% 12 & Zn, Cd T Hg HhAU T 8]
2 Fifd 399 d-derd gof WX Bid € (AR 83) |
f-ii®d axd a7 SMT=IR® HshAYT a<a (f-block
elements or inner transition elements) — Rkl ?g’ﬁ?ﬁﬁ
(n-2) fIUBTY # ¥4 & HH H B §, SAfY =
£ d<d BB © | STPBT AT SAdS - fa=aTd
0n-2)f"* (n-1)d"? ns’

BIAT ® | 39 S1e1ad <9 I HASThdr H1ey Valence
shell), SUT=I BIeT (Penultimale shell) TAT 9d ST
PIeT (Prepenultimate shell) GTE(Uf B © | 391 a<al
P IIRD HHAUT a<d H HEd & TAT 39D &l
Sforgr g 8-

(i) 4 £t (@HTTS)

(ii) 5 £ oot (RfdeAta=)

3 QI SIfOrT H 14— 14 <9 810 € IAT 378 8fdd

ARt & e ST T T AT ' (1RO 8.4) |

ARl 8.2 : p- WP axd
i 13 14 15 16 17 18
g
1 He(1s?)
2 B C N O F Ne
(2s*2p") (2s*2p?) (2s*2p%) (2s*2p*) (2s*2p°) (28°2p°)
3 Al Si P S Cl Ar
(3s’p") (3s’p%) (3s°3p%) (3s*3p*) (35°3p°) (3s*3p°)
4 Ga Ge As Se Br Kr
(4s%4ph) (4s%4p?) (4s*4p®) (4s*4p*) (4s%4p°) (4s%4p9%)
5 In Sn Sb Te I Xe
(5s%5ph) (5s%5p?) (5s%5p%) (5s%5p%) (5s%5p°) (5s%5p°%)
6 Ti Pb Bi Po At Rn
(6s°6p") (6s°6p*) (6s°6p°) (6s*6p*) (6s°6p°) (6s*6p®)




arefl 83 : d-sdid I<d

aF| 3 4 5 6 7 8 9 10 11 12
armad
4 Sc T A% Cr Mn Fe Co Ni Cu Zn
3d'4s? | 3d%*4s? 3d34s? 3d34s' | 3d%4s? 3d%4s? 3d74s? 3d34s? | 3d'%4s' | 3d'%4s?
5 Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
4d'5s% | 4d>5s? 4d*5s! 4d°5s' | 4d°5s? 4d75s! 4d85s! 4d'0 4d'95s! | 44'05s?
6 La Hf Ta A% Re Os Lr Pt Au Hg
5d'6s? |41145d%6s? | 5d°6s? 5d*6s? | 5d°6s? 5d%6s? 5d76s? 5d%6s! 5d'%6s! 5d1%6s?
7 Ac Unq Unp Unh Uns
6d'7s?
. AT 0T (Periodic properties) & & IR oI & 9
Al 84 : fwilE T i UiRad @ 81 Ul 3§ safidr (Periodicity in
ST ol NECEISE R properties) HE 2 |
gl | Selasiive = | wdie | gelagii-e = O ggE oN H srafddar &1 aoF fEfaiad
Ce [Xe] 4f'5d'6s2 | Th [Rn] 6d27s2 TR B—
Pr [Xe] 4£5d°6s? Pa [Rn] 5f26d'7s? AT e a1 wwArdg Brear den smafie
Nd [Xe] 4f*5d°6s? U [Rn] 5£36d'7s> 341 (Atomic Radius and Ionic Radius)
Pm [Xe] 4£5d°6s? NP [Rn] 5f*6d'7s? qRET] e
Sm [Xe] 45d°6s2 Pu [Rn] 5f°6d°7s? URATY] & A1 B g TAT IIEITH SeAda = & §rd
Eu [Xe] 4f5d°s? Am [Rn] 5f6d°7s? DI U URAY] T HEARN & | U] URATY Bl 3
Gd [Xe] 475d168 | Cm [Rn] 576d!7s2 AT | ST 81 DI S Fhell Riifh AT DT B
Tb [Xe] 4P5d%s> | Bk [Rn] 5£°6d"7s> TR AT ot 4Rt A o gerarsi= &1 Reifcy e
Y [Xe] 4695d%s? | Cf | [Rn] 5f06d'7s o1 EXdl |
Ho [Xe] 4f'5d%s> | Es [Rn] 5fl6d'7s? &1 oS AT &8 g
Er [Xe] 40125d%s? | Fm [Rn] 5£26d'7s? WA BT AT & fog s gIRT SRAMSH™I
Tm [Xe] 4f135d°6s> Md [Rn] 5%6d°7s> q\ﬁ ARSI % SREEC] m Eb_‘é'ﬁ % | foR 9y
b [Xe] 475632 | No [Rn] 5046d"7s? TS AT ORAM] B & A dgifae ey wenfia
HR YA T B TOFET BT AR B |
Lu [Xe] 4f'*5d!6s? Lr [Rn] 5f'*6d!7s?

aal @ I[oEEl # smafdar
(Periodicity in Properties of Elements)

URATULST & I[O7 S GRATOG 3, sirafe B,
I fava, fagasroncadn, seiagi dfey grlered
M RAMT & gelagi-ie fa=ard R ik w8d 2
aad ARl # madf § §7¢ | SY S UR 9T 991 |
R AT O UR, T<dl & SIdei~d fa=ar # hifd
ufRad BT 2, S99 J U1 S Seldgie O W)
ik &% 8, 9 0 #fe vy 9 uRafifa 8 8, 3=

i 44 BI difcads, AgdarSTd, AMASG Nfe def
# fowifoia foear Sirar g, ora: §efaa B a1 arfcas
BT, Aesdaoid 3, areRdred T siafaed e
PET § |

YRATGR 351 B 09 SRIGRT Fheadmsi gk
ef¥id & & — (i) anfeas B3 (i) gedarsTs B
HEESCIGRESE

() onfeass B — arqgeil & uRAgRil @ e

31 gifegs fBrear ved 2|




(i) TEwdIoTe Prear — wewdee 99 ¥ &t
URATISI & ANDT & 1 DI g (G THIg) BT 37T,
I < & AN D AeGAreTd 351 Bl & | 5799 A
HATIATG E—

(37) 3T H Al URATY (A-A) 54 U & a<d & a8l
das—

d . o~
r, = Z*A r, = URAY] A ST HEHAISTd 3
d, = URATY A-A DT §T e
dA,Azer

(d) 379 & YA (A-B) 59 IFAF d<al A B W
faRas oS AT TRTHIT A 81—

XA XB

X, AT X, HHEI: UATY] ATAT B
EIREEGEAI G
d, ,=r,tr,

d, , = TRAY A-B &I 98 THTg

r, = URHIY] AP FewdITh B

r, = WA B &1 Aswsie Hoar

(¥) 3] & URAIY] (A-B) 3/EH d<al | & AT
I ORATOLS] Bl fAgasroncAdmar W A 8l—

d, ,=r,+tr,—0.09 (XX,

SWRIh FA MR T WIdAq (Schomaker and
Stevenson) ¥ HEAT & |

(iii) gT~exaTed fsar (Vanderwaals radius) — &
1 O<d & QI A3 D AT FHIUR WA B AT
@ AT B G BT ST arevared ol dedl & |

smafie f3ear

It fhveel # o=l @ f3rour &7 mafee
3507 HEd § | URAIY] TS AT UF A S1F SelagH T
PR YA 99T 8, 3Td: T BT MHR Aad IS
URAY] | BICT BIAT TAT $HD AU 0TI URAIY] Ueh
IT TP | AR gIFe= TS B UR 7dT 8, (MY
FUTIT BT ATHR SSTA YA F GT 1T 2 |

Jmafiar (Periodicity)

1. U®P B 3Mad H 91U F Q¢ 79 UR YA T
amafye < Broamet & 99 ¥ o9 81 8| edd
917 3 ST S goideid S Brer ¥ wja 2, {99
IIEITH PIY A g8l XB8AT & Sldfh solder[l U-
AMAHRT JTHYT gt AT ATHGI TIL F@aT

2 | hoRg®Y URATIGT g 3Mafad f3rear &1 a9 o
BT BIdT ST 2 |

2. HHHU TAT RSB HHHUT acdl &1 Sroft § giv |
U 9 UR a<di BT GRATGY 3rometl & A |
NS 3R &l BIAT & | HHHAY a<dl H Foldeid
=A@ (n—1) d BeId! H qAT M=ARH HHHOT A<l
H goae (n-2) f H&HT § 9 T B |
Il &1 9919 B BT & — 39 o<dl & fa=urg |
I arel AV goide = HidR & el # 91 2, oA
IRfY & goIderl R ATS BT BV g1 HH &I
ST §, T8 UHIT 3MMBIR BT deTdl & 30 URRETT
YA Far ARl YATT bEd © |

TERT JTET I 377aer W1 RTAR deal 38l ©
N gerdel BY e B HAG AT B |

9 THR TRRETOT FH1T TAT AIADBIRT A B BRI
TIAHTT IMHYUT T Th—GAY DI THIT Hford
PR T © 3R gfery 391 axal &1 st & A
3MfF R Tl BT |
ORIy : oFNTIS] &1 ot e orHTgs e
BEATT & |

3. I H HUWR W A WM IR URAVGR TAT IMAH
S el & w99 § g9fg Bl 7 | wife ot #
FWR I A M R UH—Td J& BN deal SIdl
=

4. TH I H gAY FHAU S07 (4 d) TAT FE HBHT
soft (5 d) & el BT YRATVAG MHR - ATHT
HHIT BIAT & | FIfd ITeIdd DI Bl gieg I URAT]
MBR TG BT IS BT &, AN 3R DB
MYV 9 ¥ Igd 3P ghg URHAIY ATBR HH
FH BT TIN BT & Hoand Gad Hhavr Syofy
(4 d) TAT TR FepAvT Soft (5 d) & a<dl & MHR
TH BIT € | SETERN — Zr 3R HETAT Nb 3R Ta
URATL T T ST AT Bl ¥ |

5 SR Al DI AEGAGTD (AT AT T8 Dl ST
THaT Rifd T AfH 81 991 8, ST 3D
fore arsxared fBrear g @ S ® |

M= fa9a (lonisation Potential)
gRuryr - fheft dxa @ fAAfa (Isolated), =4

(Gaseous), S&IRIIF (Neutral) URATY] H A e ifd
<ol 99 SelgeT Bl AWS & J91d | Jeh B fAlq




URAY] ¥ QT WU B & folY 3Mawad FHoll Bl I
<@ &1 I 3ol (Ionisation energy) AT M= faqa
FEed & (AR 8.5) |

341 A%E IP,, IP, BIAT © |
3T fawa & A1 BT %9 — [P, <P, <IP, 3fIfa |

aroft 85 : IMAET fava (kJ mol! #)

H He
1312.0 2372.3
Li Be B C N (0] F Ne
513.3 899.4 800.6 1086.2 1402.3 1313.9 1681 2080.6
7298.0 1757.1 2427 2352 2856.1 3388.2 3374 3952.2
Na Mg Al Si P S Cl Ar
495.8 737.7 577.4 786.5 1011.7 999.6 1251.1 1520.4
4562.4 1450.7 1816.6 1577.1 1903.2 2251 2297 2665.2

2744.6 2912
K Ca Ga Ge As Se Br Kr
418.8 589.7 578.8 762.1 947.0 940.0 1139.9 1350.7
3051.4 1145 1979 1537 1798 2044 2104 2350
2963 2735
Rb Sr In Sn Sb Te I Xe
403.0 549.5 558.3 708.6 833.7 869.2 1008.4 1170.4
2632 1064.2 1820.6 1411.8 1794 1795 1845.9 1170.4
2704 29430.0 2443
Cs Ba Tl Pb Bi Po At Rn
375.5 502.8 589.3 715.5 703.2 812 930 1037
2420 965.1 1971.0 1450.4 1610
2878 3081.5 2466

Hebd : T & M & ird A YA, g, A A e e T 2 |

T 1 ISR URHAIY] & U 9 31 Setag = o1
fAmTel ST Add © | Y Sldeid (b & fory srawad
ol UUH M fava FwEerrdl B | 9D 91 HA:

fgd, qa g favg wealt &) fgda e
fagg o1 99 U9 I gHI IYF BT & Hifd Uh

golag [ e & ugand ST WA g9 & Sirar

2 3R g99 W soided Naras # 31fdd oIl @

JATILIHAT BT 2 | AT BT ATHR IS URAT] A
BICT BIAT © 31d: DI AHYU I 31F BIAT © |

(IP,= 9o 3a fawa)

M (@ serie ) 0 v e

(IP, = fg<ia g favra)

M (v Fareh s 2 ey

I favg & wIfad o1 9T BIRG

1.

qRHATY] ATHR FATAT qST B, ATMND BT ATHYT
I HH BIAT SIUIT 39 SAdel fHhTea=T I
BT AT M fava &1 A1 &H BRI |

YA 3THR of ———————
3 M4 fava

TANBIT BT oL I fawa

=T oY STt UR 3faR & Soide 1 gIRT STl 1T
GRReTT yHTg =T &1fdds BT AIfADBIT MHoT
T ST B HH BT ST SIS (BT AT
BITT 1T I fawa &1 A &H 81T |

gfRveror g9 f ———
M4 fava



3. f&AY ft BT & s-3oaeE S BT B p, d, f
SoldelH1 BT TV A1 I 1fdh Nhe 8id & a1
AT A S B © AT s-Pe&DI DI W &
3T PHETDT BT YULIT STRHIH BT € | oTeh: AT 3
PBRE A BT Al s-PBEIDI B AT BT TIAT
fava g derdl | 31f® g |
ns >np > nd > nf

4. 3 ARE O S F WY PED JAd g 0T W
PeTh BT AT faqa Y 3UelThd 31 Biem 2 |

rafefar

1. TP & 3MMad ¥ ¢ ¥ Y S W, YA HHIH
e B W URAMN] BT qITH HIY I /AT ©
ifepT MBI 3raer 7 gieg BIAl € gD Belawny
qIEIdH Soldgld Bl dre # 3ifSd SHoll @
JITIHAT B © | 37 3MTad H 917 F 1Y S U
M fava & A9 # gfg el 2|

3 H R fava | waRT g famg, FafaRad
3

() SPE I BT M fava &1 A 9 AT H
STIdH BT © Wit 39 A9 BT fa=ard g9
1Y BT § gAfery St ¥ redw AMfh ¥

(i) R oTg3N T AMIAT 9T &1 A1 I Arad H
<IITH BIAT & FIfdh U gelagi= AN $R I g1qy
IGE A BT A T8O R ofddl 2 | gAfery
9IIdY SoldelT dH $Holl o UR Bl I

el SITAT & | ST &R gTqu sred=d fshareiie
) Bl 2

(iii) AT SN & WS B AMBHR qUT ITeIad fa=ard
TRTHIT I B ©, 3o 399 M= favg o)
ST A B E

(iv) RO 9.5 BT SWH U IMMA H I fa9T & A
# 3rarg g ST TR B

(@) N T M=+ fawa O | qUT P &7 NI+ favg S«
31 & Fife NTar Pasi 3 8 3l gof W PeIdH
(np*) BT € R wenf¥ca arfde Brar 8 qorr s99
SoldG [ UR, BR & SITGT Holl @y | g8l O Tl
s ¥ (np*) H&PH B & Sl U Soideid ST |
TR HR JGYRT fI=Ir 9] =7 ared € |

@) Bed®T M= fava B ik Mg &1 =4 fawa Al
3 1% Brdr ® Fifd Be iR Mg # qraidH sotag =

(ns) FeTH H BT & FTHP! VST 9T np A 3MfAH
BIAT © 1T 81 S99 s-SUBIe H golagid W A
BT B |

2. UH 8 I H SR A A S UR URATY] B HBR
# gfg B8Rl 2, o9y I1eIaH solgg i« uR A
JMHYU 7 HH BIAT WAl & HoRd®T FoIde
fu'd Kk djusdsfy, At kA sekuksestind ehv ke h
g8vr%xZe-Aij | sulpst kusij vk uu foHo ds
ekuksesd ehgksh g8 oxZesw k uu foHo | sl sfke
ef; fclduk g&

(i) RN 9.5 P WA U A 99T & &HH H uarg
2 Sl TR 8 © Ga &1 3134 fa9a Al 2Tl
T 318w & Fifh Al TAT Ga & A WHAU d<q
B © | WHHOT T<dl BT ATHR YA HHID H ghg
B & 1Y B B BT 2| Al Ga & URHAIY
IMHR # gfg & 999 Fo FH 8 9 2 Al
Ga &7 AT 39T Al ATST AT 3AfEH IT T
TRIGR BIAT & |

@) WHAT argel BT Aof H I Ao & ASR B
e fawa &1 a4 fgdra oot & el & s
fova & @1fde BiaT & Fifes a<dl 3§ WA HHS
# gfg & o1 aMeR | A B 2 o oS
HAGET Bed © U BRI ANDI AL 9861 A
3 favg &1 A Y 9g Siar 2 |

ﬁQHBEUTI'cTCb_CIT (Electronegativity)

9 &1 A URATY] GYh BIb] FEAATH §¢ q1d
T 1 98 selae= g™ &1 Rfa S0 wRarpel & #e
BT ® | SSTERYT (H-H, Cl - Cl 3nfx) Jifh wgsareit
§Y 9 QI SR URAIYSH ® e §9ql © ol @l
Selag [ g Ud URATY] I el SN & 31fd e
BRI | AT IAP URHAIY] & Soldeid Pl Ul AR
MBI B BT FgiRy # Sfax grar 2 |

ot oY J1fiTep + 2T URAY] gIRT 18T & Seldg i+
I BT IO AR SMBNT I DI UIRT BT URATY Bl
fAR[ARUITHDAT HEd © (AR 8.56) |

fAEIdsRUITAD AT &1 JURITh URYIYT GifeRT T8
IS® gRT &V TS © |

fagaRTToear S J9IEad -1 I IRD

1. fodr W a<g/9RAY] &1 fAgdsrocAGdr SHD
BT AL g1 & 1T FEl ¢ |

2. URHAIY BT MHR g1 UR A0S FATSN gelag d dl
B I W YT 3R BT HR UIYAT | 37: TIAY]




|roft 86 : Uifel T @ g Fomewaren & A4
H
2.20
Li Be B C N (0] F
098 | 1.57 204 | 255 | 3.04 | 344 | 3.98
Na Mg Al Si P S Cl
093 | 1.31 1.61 1.90 | 2.19 | 2.58 | 3.16

K Ca Ga Ge As Se Br
0.82 | 1.00 1.81 2.01 2.18 | 2.55 | 2.99

Rb Sr In Sn Sb Te |

0.82 | 0.95 1.78 196 2.05 | 2.10 | 2.06
Cs Ba Tl Pb Bi Po At
0.79 | 0.89 2.05 | 233 | 2.02

FT AHR de- W fIga fRegawonedsmar &9 &
ST 3R URAY] HR B 81 WR fAgfasronEdmar
el © |

3. URAN] R gAY g1 UR 9l § AT NI g8
R fag[d ol "edl § Al ATRATBROT et
9g-1 ¥ fagasronedar 9gdl & a1 e sifaiea3or
st # fagasroTHEaT FHH Bl 2 |

qrafar

1. sTATpal { FUR A A< S WR URAY] FHar qen
TIABR AT ARG gd B J QT ORI
fAuia gwTg aret RS €, offhT el A Brsan
BT AT ATNDBII LT DI JeIT H 37D BIAT © |
AT s T p Al H HUWR A A1 T WR {Agfaroneanar
Tedl B s T p WUST & A HHHAY I A B
IRV I YA I dTel 13d qAT 149 I @
Ael B g uer ¥ 31fdd Bl & |
IR S BROT Al D! fAgdzonciadr BH &4 8l
2 JIfd T Ga @1 fagfa Fordr Al9 31f& 81 STl 2 |

2. HPHHO I B Ul H ARG g GE B
A OTTHSBAT Ugel | S1f¥d Bkl & a2l dAX @
3o A @l fAga - oTHBAY STHT FAA Bl
=l

3. 3Mad # Y A Y S IR gHET AHDT AL
Il & TAT URAY ATHR HH BIAT © | 3 AT A
Y A &MY S IR fAgasroicadar &l 919 981 & |

4. TR AR Argal 9 fgasrencInar # ulkads §
S fafaaar fawd @ dfda i, uikd 9 80
amadt # g uRad= srfafia & Srar 2| deeaor

d<dl & fagfasRomeAmar & A | 919 ¥ J1U S
UR 9gd HH deiadl BIdl | dAigs) @
fAR[ARUTHGBATY I FHI URHTIAY JATHR BT+
H T ruRadrr & 2 |

galagl dfT YT (Electron Gain Enthalpy)

fosft axa @ A (Isolated), T (Gaseous),
IS (Neutral) U9 & a9 sfazem § 39S
HATSTHAT DI H U Selag (= Siie UR ST SHoll eb Bl
2 S I URAN] B Foagi e el dEd & | fh
I IR URATY] H T gerag i sire UR SHull Jib sl
® AT VI 97T © | 39 UAH Soldeld olfel Uoied
(EA,) ®8d € 3 T8 W, AR galded Jo W
A feedi getag= @fer gedl (EA), Tl et
Aty Il (EA,) & A9 U1l 81d & | S fawa o
SITSTH T S 8 T 94919 997 & | 31+ favar
& A B B [P, <IP, <P, 37X BT B |

gAD AURIT Seldg [ T Ul 3§ IR URA]
H U golag i Sired H Al Sl Gib BT 2 olfdd 3D
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gfe g &1 Figar C A ufd elex aar o
JTEed &V AT h 8 al —

B* + H,0 BOH + H*
UR¥™ H, 1 e 0 0
R W 1-h h h
RIS INE G
wigar g ar
q=g Aigdl - C (1-h) Ch Ch
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IRETYT & AR
[BOH] [H" ]

(5]

—~
RN
~

Siel 3rgEed Rerid K, =

Iy Figarsil & A7 9T TR,

K, - ChxCh
C(1-h)

_Ch?
1-h

e h<<1dl I-h=1
K, =Ch?

h2=&

C
I<h
h=,| e .. (3)

1
I h=,/VxK, %@saav

% U9l 3761 9 ool &R & 1dul & oIl qecH
AT Aisdl & I  GEhAGURIT B T |

K,K, 9 K & 999 — Sd aueed 4 urw
BOH 219 faaifora giar 2 ord: BOH & fadre & ford

o\ N ON
[T HI 2T —

BOH B' + OH
¢ LB Jlo ] @
[BOH]

STel 1 A qorher Kw=[H'[[OH | .(6)
BRI (5) H (4) BT AN < W —

K, [H'][OH ][BOH]

K~ s on ]

K, [H"|[BOH]

K, [B']

K

K_: =K, ..(6)

K, &1 & A1 FHIHRT (3) H Y@ W,

ne | XK
C
K
h= | —
K, xC -(7)

faeqaq & pH & fod 3 — H' A1 & 99
|igdar Ch g |

[H] = Ch

[H']=Cx K,
K, xC

{FNHION (7) & A9 G W)

K, ,xC

[H']= K

b

QFl 3R T o R,

1 1 1
log[H ]l=—log K_+—1log C——log K
g[H"] 5 log Ky +=log C=—log K,

—log [H*]=—%log K, —%logC +%10g K,

1 1 1
H=—PK_ —-—PK, ——logC
p 2 W 2 b 2 g

[ PK_ =14]
1 1
pH=7 _EPKb —Elog C ..(8)

FHIHIT (8) W T BIAT ¢ & U9l 371 9 et &R
@ 9T BT STel AqEeH & UR fderas &1 pH=7 & A
BIdT 8 orch: Aot areeiia 8Iam 2 |
1. G6cT 371 9 U9l &R & 99 BT oI
JqecH
39 UBR © 99 BT ool e frfafad
THR A BT 28—

A + HO HA + OH
ey
YRS Aigar 1 0 ¢}
I W) 1-h h h
fe gk |rgar 8 ar
=g Figdr - C(1-h) Ch Ch



[HA][OH ]

oo 3fgged ReRid K, =——-=—=—=
[A°]

Iy Figarsil & A9 W TR,
_ ChxCh
" C(-h)

C’h?
“C(-h)

e
" (-h)

e h<<1d 1-h=1
K, =Ch’

b2 =

T
he [Ke
C

G IR g YIS &R & U b SIcd (TS Dl
AT AiGdl & I & JShAIJUR 8l © |

1
- y==
c

s h=K, xv

AT TIDHRN B UR Sl qees ol 7131 H g

BT B

THIHRT (13) H (14) BT WRT < W,

SO [ )fon Jina)

LA /—

Ko [w][a]

=K, (FHRT (12) 9}

-.(10) K, &7 I8 A1 FHR0T (11) ¥ 78T W,

b [Ke
C

K
h= |
K, xC -(18)

foes @& pH & foR ¥ — Uad &R TN g

-(11) 3%l B TGN PY STeT 1gere SifAfhar § OH 3mg=f &)

I |igdr Chg |
[OH-] =Ch

— I<W
=C K xC (FHHRT (15) A}

[OH |= —K;:C ..(16)

K,K, ¥ K # 999 — Jad&R g gadl 30
J 99 oG BT T 3uged Afdfhar F=fofag € —

A + H,0 HA + OH
BIRGING IS
HA| | OH
o _mj[on ]
A

STel T MY o K, =[HT][OH | .(13)
STl UECH ¥ UK gaol 37 37ed A3 H faarfora

BT g —
H + A

HA

[H ][]

faaoe Rerie K, = [HA]

g9 99§ o —
K, =[H" J[oH"]

[H+] Z% .(17)

-(12)
FHIHRT (17) § OH &I A FHIHRT (16) H 3@

W,

-(14)
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QI 3R STYIOTH o TR,

01 1 1
log[H }zilong+ElogKa—§logC

N 1 1 1
—log [H ]zfz log K -5 log K, +E log C

pH :lPKW+l PKa+llogC
2 2 2

25°CWR PK =14

..(18)

FHIHIT (18) | W & & el e TAT U &R
A 9 U & faeas &1 pH=7 ¥ 31 AT g 3r:
e aRI =rar 2 |

IIl. g6eT 3+ 9 Gacl @R & odUT &I ofed
JuEeH

1 1
S pH=7+—-PK +—1logC
p. 5 T g

B"+ A" + H,0 HA + BOH

gfe T99T BA ® U UTH HIdT BT V oilex ga |
faera fpar S a1 ST S19Ee &Y ArAT hal af —

B* + A+ H,0 HA + BOH
URTH 1 1 snfd@ 0 o)
g o) 1-h 1-h h h
Ife wRfA® Argar ‘C’ & ar
wmr C(1-h) C(1-h) Ch Ch
RIEGI
STef C=<igdr (Alel /@fieR)
h=STd 3Mqge HAMET
GRATYTIATR,
STeeeed Rerid K, =m ..(19)
[B"][A7]

THHIOT (19) H AR Aigarsl & A @ W —

_ ChxCh
" C(l-h)xC(1-h)

Ch?
T C3(1-h)

h2
K, T .(20)

qdel 37T G Gael AR & oAdUT Bl STl Aqee AT
igar o= fdR T8 a2

K, K, K, K % q= —
K, =[H ][oH ] .21)

g F HA & faaes & forg,
HA ———— H' +A"

faaoE Reris K, = M -(22)

[HA]
a9 &R BOH &7 fadisi ReRiss Ffalad g —
BOH B* + OH
B' ||OH
K, =—[ J{ox | -.(23)
[BOH]

FHHROT (21) BT FHHIOT (22) T (23) & 91T <
R —

K, _[HA] [H"][OH | [BOH]
K, xK, [H"][A][B"][OH ]
_ [HA][BOH]
(A ][E]
Kainb = K, .. (24)
_[HA][BOH]

U Kh - +
THIHIOT (19) A A [B]

K, &1 & A1 FHIHRIT (20) H @ W,

S
(I1-h)

h? K

W

(1-h? K, xK,

h [ K
I-h
fae &1 pH — S o 9 gaT &R & @l

& STcl JUECH RT gddf 3t I 2relm 2 | faeras H H
3T BT AigaT gacl 3l & AT | U< el 2 |

K, xK, +(25)
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HA H" + A
o [[a]
) [HA]
- K, x [HA]

AT 9

I B T 31T AR H [A] T [HA] BT A&7
Afgamit & A S fd HA: C (1-h) TJT Ch &, FHIBROT
(26) # TET W,

1K, xCh
(1] C (1-h)
K, xh
(7 ]=47h 1)

h [K,
THIHIOT (25) W i-h \ K xK, €

THIBIT (27) H T W,

R K, xK,_
(1= =

QI 3R STYIOTH o TR,

1 1 1
log[H J=§logKa+Elong—ElogKb

N 1 1 1
T, —log[H ]Z_Ek’gKa_EIOng +ElogKb

pH =LpK +1pK -1 PK,
2 2

5 ..(28)

25°CWR K, =10" .PK, =14

pH = % PK, — % PK, +7 .(29)
FHIHIYT (20) & I 3T BT & b afe —
(i) PK, =PK, WpH=7 faoros Sa-i= @
(i) af¢ PK >PK, @ pH>7 facora= &g e
(i) afe PK <PK, oI pH<7 fIora+ ariia @

AT

fagd a1 & Uit asR & AER 4R Tl Bl &l
gt # aEffepa fowar o1 waar @ —

1- faga svEca — 9 RS AifE G o
g et § fae fasar sar 2 ar feern sar 2
a9 gFEl qA1 e § AT 8 S g den
fagd T WA Rd &, fagd ruecy Heaid © | 3
A 31erar YT WEHASTd UHia & B & | 39D T
PR & —

faega SRR
\ \

() y9at faga srveey (i) g9 faega oMEey
9 faga suacy 9 faga sueacy
SECARCERENINE 7T 31ifRTe faarsT
BIATE | BIdT & | S’/ — H,CO,,
Ja1. NaCl, KCl, CH,COOH, H,0,
NaOH &1if< | H,SO, 31if2 |

I g — =g 1 |9 1887 H dgd
JUECAT & STl fIera fgar Id! Tferd gz |
fae[d 9RT A1as @1 "1 &1 fegae fhar iR &
g oga far 9 e &1 fag@ eeeh
e AT ®ed © | 39 I & &= SIfueid 8—
1. 9 fof faga sy & oiat # grelr Srar € o

IT 37T gad Foit # a8 onar 21 R

3T B 8 | I8 UfhAT 3MIAH e © | Y

HIYT & SR 37T R BT 34f § "W arell AT

A ATAT | AT HOT DI AR TAT OIS

HUT B FOMIT HB B |
2. g QAT FRUMAA G WA SR IR

3§91 B | 39 TBR A AT A3

YT TS B 19 U TicTd A SURT &
2|

AB A" + B

Jgd Ecy CEILE B DR

3. faoram # SuRerd gArs! &1 el 913w, FoTRAT
& Pl UMY S SRIER BT © | 59 YR Ao
faga S BT & |

4. SN TAT JFATIFT AR & Ao IURST FR=I
P AMAMD AT HEd © | 39 IS AR R g
Ul fvar fem @ g 2 |
AB A"+ B
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g A [B ]

[AB]

K = faarsq / siraa Reria

fI=[a JTUacy &1 Gt AT HT 98 3 Sl AT
BIdT & ST &I ATAT (or) HEATH 2 |

faga sraeey @1 faaif afer

o =
faga sruegey & | J1d

uerell & AT A H e urg ol g |
yedt faga sEey gof wu | I & o §
STafds gedt fIgd smaecy &¥ AET H mafd gid
g |
faefa sruaey faeraq o fAgd 9rRT &1 yars =i
& HIEAH ¥ BT © | S1d [Igd gRT Harzd o i)
2 O g defie @l MR qAT FOMIA TS B
3R THT BT T |
fpell fazpa sueca & Ao @ =neredr !
& FeEAT T IHY W R B 8 1 9 — CuSO,
BT AT T Cu* AT & BRI BT 7 |
fI=[d ERT YaTf2d R UR AR 30 fIudi siraer
$ garagts o1 3R frefie a2 | 39 yaR fagd
IR 3MIAT Pl I TE| PRl & I8 Dad A
@1 fa @ faen FiRa a=c 2 |

foae™ @1 "9 (o)
JTYA YT AB & fI33ISTH /3= WR =R &

g

AB A" + B
S SIUr AT e o W,
sz - (1) K=3maa Rerid
[AB]

AT 6 V ofieR maa # ded ey &7 Udh Al

IuRYT & TAT TH! I T13 oL 2 |

AB A" + B
R H, 1 0 0
afe gRfS Aigar «C’ g ar
=g Figdr - C (1-w) Ca Ca

AT Aigarll & A9 THISERT (1) H IE@H W,

_ CaxCa
Cl-o)

_Cco?
“l—q - @

39 Aoidh Bl JdYUAH IRcdlos I ST fhar o
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IfE o BT A 980 A & |

a<<l @l K = Co?
Coa’ =K

K

o =—

C
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a=, —
C
g7 o=, KxV

3T B /AT o AlGdl & I b GIHATIIT

Bl ® TAT IAT @ IS @ FARGUT B 2 |
I B AT B FAMIT IR a9 BRD

-

. fK 1
W — = _— = (O o0 —
C NC
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3TT: AT 9@ UR 3MTI Bl AAT d&d] 8 | 3=
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AT & eI ATHYYT 1 Gl B Il © | SQT8RVT
& foTY STl BT UIAEdics Il @7 goi=T # 3fferd
BIAT & 31 NaCl T A= |13 S § 378 eIl
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AT JTUST B UPIA — Udd dgd AuEcAT H
gd FEHared a1 e du SuRerd B 2 |
SIHT AT AfE BT T TAT I B AT
ozl BT B | s9& fAUT 9 fagd sruucy =9
AEHATD UHIT & 9 U AT 2 37ed /Al H
A B 2 |

I Al B SuRfa — &N gda ded
STYECT BT NI AN AT ol 1T Haf faeggd
gy o1 SURAT # HA 81 AT B | 3H AHIATIA
I HEd 8 | SATERYT & ford NH,Cl 31 SuRerfay
# NH,OH &T 3I &5 &l Il 2 |

Teayul fowg

ugref I UHR & B @ (i) g sMeuEey (i)
faga smoecy |

I UgTef ST T rgRT TAT Sl faea= 3 fagga
HT Tl HRA & 9o (AT AUETCT HEd & | O —
3T, &R, 9T |

vae fagld smeeal & fagre gof 8IaT © | g
fagd smercy oo smafAa B 2 |

faga sraerey o1 a8 3feT Sl A WR AT B
2 I 3T B AT BEd ¢ |

IS 3R d § Sl seldag i gT U8 IR © T &R
golgg i< g7 <A1 H8d 2 |

STel P A [orhe Kw =[H' ][ OH |
PK = pH + p"

pH =—log , [H']

Y& I Bl A=Al 55.55 M B 2 |

3N¥cdres agar 1 — fdt gda fagld smeca &
ST 1 AT AT S I B FAGURI BIlT
g |

K =

Co.” K

e R e LEy
fsfl <1aur @ St H fobar SR R fder s @ pH
# afRad 819 BT dd9T SieT ITEe Bed ¢ |
AU & THR — (i) T6T 3T g Udel &R & a1
g7 : pH =7, IS

(ii) GIT T T Ul &R ¥ 991 1997 < pH > 7,
&R

KW
@ K, ==

a

I<h
o

1 1
H=7-— PK, ——logC
(© p 5 PRl

(iii) 79 3+ T I AR F T 1997 : pH <7,
AT

K
(a) K, =—x
h Kb

Kh
el

(c) pH=7+% PKb+%logC

(iv) 39 Rl 9 gal &R | 1 oIav

pH=7 fIemaseria (@ K =K,)
pH<7  3ira gdet K,>K,)
pH>7 gda &N K,>K)

KW
@ K.= K, xK,

® h=K,

1 1
(¢) pH= 7—5 PKb—ElogC
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3R aree TIAT I BT SIUAT BIaT 8—

(31) o fagd sruEcyd & fory

@) wae fazgga sEey & fory

) Rga o @ Rrg

(%) ¥aat qAT g cFT fAgQ el & foy

H AV B g8 AT SN fAfa vy faerad |
AT Bl & PEARI 8-

@ snfda®w o @) srfafear o sife
() 3= A= @) #ra =

U gadl fIgd uEey &l e gedl o—
@) S W (@) TIAT ECH W

(@) Igar se™ W

fr=forRaa & & I=ar <Igor U=l # "= U¥ ool
JoEfed g—

(€) WfEdr ge™ W)

@) NaCl @) KCI
() NH,CI @ Na,SO,
HIFd e BT pH BIaT 8—

@) 5.2 @) 6.3

@) 7.4 @ 83

3T HA, HB, HC, HD & faare= Reris HH:
2.6x103,53%10°,1.1x1029 7.5% 1058 | 394

A g &

@) HA @) HB

(&) HC & HD

aiffehar AICL, + Cl AICI, % AICL, 8-
(@) &R @) ot

(&) <aor () g el

M= AT {59 HRE R 4R 781 HRelt g—
(@) dra @) ugrel & gHia

@) ucred &1 MR () faemad &1 U

freforRad o 9 fog aaur &1 Soird Ao ofre
foTeag ga &1 AT HT—

@) Na,Cl (@) CH,COONa
(&) NacCl (€) CH,COONH,

11.

12.

13.

14.

15.

Sief 3TgEe @1 AT h, 96 srqEed ReRi® K qef
aur Bl Afgdr C (et Uy ofiex) # v 8-

h K,
@) K,= e @ h= <
_ K, _ h’
@) h= ® K-%
I TiIeT &Y 9o UEe da—

(e1) WigdT @ g UR gl 2 |
(@) wear TeM W 9ol 2 |
(@) Aigdr i R T8 ol |
(€) wigdT 9e™ WR "l 2 |

gacl 3l HA & fagieH Rerie K| &1 &oid
BT

[H [HA]

G A ] @ K, =m

=

A Ty L AT
W Y ST

e ey grar ©

Oifegs wiice &1 Selld
T

(1) 3HHT pH T A1 7 ¥ ¥ Brar 2 |
@) TEfe® sreT Ta gdo 3 © |

(@) a8 oret foread U= &I el HRT ¢ |

(]) THICT T Wit W b1 ok gao YHIed

IrFeT 3R BIS ST AT ST 2 |

& Gaol 3Fel G Gdol &R & ofd0] & STl JyeeH
ReRies K, &1 919 81T 8—

)

©) % -K, @ +K,
Ky K, xK,
@ @ &

IfrAgTRIS 9T

16.
17.
18.

SCS—olINl AR HHSS |
AT S—&TR g b Ped &7
3ol AT IUTCT SaTERVT |fed ufRurid HifTy |
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19. pH ¥ p Tur H &7 a1 1k 287

20. JfcdIes dgaT =™ @ 8?2

21. TI Y9dl Jegd IUEcAl & A 18y |

frearees g

22. A IF AT Ua &R & o1aul HT faera &
R BIAT B, AHATSY?

23. I B AT BT FHIAT B Tl TR BIRDI BT
wfereT # aofF BTy |




SHhIS — 10

AT — 10
ITFATHIOT — T

(Oxidation — Reduction)

gRHMNT (Definition)
JHTFATHIOT  (Oxidation)

MRATHROT 39 IrfHforarent &I wad €, fH far
a<a a1 AT a1 uered | (i) IS BT AT &1 AT
(ii) f=l Feorfaelcl a<a a1 Joid &1 |AWT &I, AT (iii)
gTg gl &1 FIsB1ae &, A7 (iv) fodt gafash a<a ar
ol BT TBIAT BT | JITHRIBIOT BT IUAIT 3TA{HAT
#I Ped © | IaTevmef —

(i) SIfRISE & FIRT — I ST TSR A 8 FHal g—
@) 2Mg+0,— 2 MgO

C+0, - CO,

S+0, — SO,

SURIRH JEIERV H d<al Bl Sffedio (arg) @t
SuRerfd & Fa™ WY ST 3ifaarss 994 2 |

() CHCI, +[0] — COCI, + HCI
FARTBH

o
RdESSIN|

CH,CHO +[0] — CH,COOH
(OETC] TIAIEH
SURITh NIRRT SfHfparsll H argAvSAT
SfTRAIST BT Sra2myor 81 V& ¢ |
(i) SO a<a AT JAD BT FANT —

SnCl, + Cl, —- > SnCl,

N
SR EACKINES]

NS RSIEENINES]

2FeCl, + Cl, —- > 2FeCl,
BYY FARISS BR® FARTTS

(i) BTESIOM BT BRI —

H,S + Cl, —- > 2HCl+S(H,S 9 H, fazeimys)

2HI+H,0, — »>1, + 2H,0
(iv) &9 faege T a1 gold BT i —

2KI+ Cl, —- > 1, + 2KCl

Hg,Cl, +Cl, —- » 2HgCl,

(Hg,CL¥ Hg &1 frepra)
U= (Reduction)

I 39 Jrfafshanstl & wed g, R+ fed a<a
a1 Qe a1 uered A (i) BISSIOA & AR BT ® A7
(ii) AL I<T 3reraT HAH HT FANT BIAT B, AT (ii)
AT BT FsBTET BIaT €, AT (iv) FRvrfdeldl a<d
37IdT e a8 dmerd & |

IaTERommef —

(i) BIgsIo &I JIIT —
2Na+H, — »2NaH
N, +3H,—- > 2NH,

(i) G q<T AT HoAD BT FATT —
I, + Hg —- > Hgl,
I, + 2Na —- > 2Nal

(iii) 3fTRITSTT &1 FhTa
ZnO +H, —> Zn+ H,0
Zn0+C——> Zn+ CO

(iv) rorfagdl d<d a1 ol b1 FIsehI™a
CuSO, + Fe ——> Cu+ FeSO,
2 FeCl, + H,S ——> 2 FeCl + 2 HCI + S




IR SURRH AT STTARABIOT TAT AT P IETER0N
P QT SV AT SURRH T rfwfehanatl # Siet uah ueref
T T Bl SHTFATHRT 81T 2 G981 SR fhareiiet uaref &1
T AT 7 | Faifeh afe fedr Y srfwfshar # 59 us
garef # fredl a<a a1 eI @ o a1 gfg Bkt 2 ar
TR uered # I a<F A7 M @1 gfg AT S srawd
BIfT |

JTRATHROT TAT YA AAHATY T ATy T~
B 8 o7ch: 372 NI AMATHATY (Redox = Reduction +
Oxidation) H&d & |

ATFABRO, AU Pl AT SATSIT AR
(Electronic Concept of Oxidation and Reduction)
JRIBIV T UAIF DI IURh FHI GROMY AT
IRWTETY, TRFARFT 9RO & S 8fSt ) 9 3R
P B | olfh STAATBRU—ATaIT B ATfIeh LIROTI
31 AT BT HHAI: SATSTT AT qAT TBIT B
% ®T H IRATIRT BAT 7 | ATATBRO—31aaa Bl &l
Mg ROy E—
(i) SifeRiTnRor 3feh HeheuT (Oxidation number concept)

(i) Selag™ HHeuT (Electron concept)

JAfFATHIOT (Oxidation)

JTRITPRU—ITTIT DI 3MAT FAde i AHeU
(SraERvM) & IR Afa=fiamwor a8 srfwfar 7 foras
DS 379 T YRAY] AT 7T Ueb IT U H AfAP gelag 1
BT AT HRAT & | AT ITRNBROT H geraeivl ol fepraT
BIAT & | [T I 370] AT URATY] AT AT & &1 H
gfg a1 Fomaer § & 8 SRl B

SESCIPES
() H,0,—> 2H*+ O+2¢
(i) H,S—> 2H"+S+2e"
(i) Mg-2e ——> Mg**
Cu-2¢e —— Cu*
Zn—2e ——> Zn*'
(iv) Fe¥*—— Fe*'+ e
(@®39) (®R®)
Pb?>" —— Pb* + 2e”
(eHE) (cAfrg®)
Sn**—— Sn*" + 2¢”
(9)

[wg EINESEE] ﬁwwﬂ

URATY] FIRT Seidg = e

g gRT
ERCHRARL: AR

)\ J

(v) 2Br—— Br, +2¢e

2 C——> Cl, +2¢

S —— S +2¢

MnO2 ——> MnO, + ¢
9= (Reduction)

JTRATHRT T BT I FAdS [+ TR B
AR 3T a8 3TWhaT & FTAH BIg 3T9] AT URATY]
AT AT U AT U 3 3 Soidei U BT o |

T H I 3T9] AT UIATY] AT I & FOMdeT H g
PUEEIENIC I RS RSITR

SESUINES
() 2HO+2e —> H,+20H [ FTa¥ )
L+2e — 2T ST e )
(i) S+2e —> S* N
O+2¢ —> O URATY] §IRT Slde i T80l
Cl+e —>Cl
N+ 3¢ —— N> /

O gIRT
ERCERRRLALSE]

-
(i) Pb* +2e ——> Pb>*

2H* +2e —— H,

[bl'-llu"l ERT Selde e BT
J

(iv) [Fe(CN)F + ¢ —> [Fe (CN)]*

MnO,” + e ——> MnO* T8I
AfrdmxT—emuaaa Ififpar a1 Yeraw  aifvfear
(Oxidation-Reduction Reaction or Redox Reaction)

SOIFS I STAUROT & AR SAGATBROT Ufehar H
TSI T ST & AT 199 H geldei= U89l fhd
ST © | U ik foRed vep uaTel & g uared H
goldg i Bl IR (Electron transfer) 81AT &, NSia¥
AfAfRAT BTl B SRRz AfAfharg
ATI—ATT I & qAT Uh—GR B! G BT 2 | Neraa
rfiforar o SffaiTdRoT srqem Srfifshar &1 org
AT (i) SITRITDBROT 3T STATHAT TAT (i) ST
arg rfaforar &1 AT Bkl 2|
SEERUINES

HIUR Fewe (CuSO,) & faera # RNid /ST (Zn)
ST W 5% Aewe (ZnS0,) TAT BIUR (Cu) 9T 2 |

CuSO, + Zn —— ZnSO, + Cu

39 AfAfshar & a1 org fAfspand fa=forlRad 8—

Ao g AfAferar
/n —2¢ ——> 7Zn**

FORA_
gRT




Ju=ga g f¥fshar
CuSO, # Cu** TAT SO,> 31T % |

Cu*+2¢ —— Cu

@ Q1 ZAGET Zn §RT T T )
I BN —
FeSO, + Zn —- > ZnSO, + Fe
(@3 debe) (Riw) (Rie Tewe) (e

Zn—2e ——> Zn?* (3IRATHROT org srfwfehan)
Fe** +2¢ —— Fe (3(uera= 3@ 3rfifehan)

APRS qoT AUaEd ugred
(Oxidant and Reductant)

ATFNERD — IMTRITBRT § SAFSTT AT ST & |
AT BIS Y 3T0], YA AT AT ST NSraa AfAfHAT
H ZIFS( TS BRAT B JARNBRD BT & | SRNBRD
I TEYT B AR BT T § |

JURITh Ia18RVIT § — Cu?* (CuSO,) T Fe* (FeSO,)
SRR 2 |

ATATID — IATARATBIT FWAHIT Bl U T
arfafshar # geragi= T-YT fd ST & | 3rIfq BIg Y o1,
TRAY] AT AT T Feldg < YRS HRAT & I
HEATTT T | AYATIH oAdg - RN B AfaAIhd &l
S R

SR SETERVN § — Zn (STT) 399D ¢ |

EB A ARATBRS TAT AARID Uaref —

dfedipR® garel — i (0,), TR (C),
S (Br,), 3TAIEIA (1), Ui fas srghiie (K,Cr,0.),
AT 813 SifiTgs (MnO,), ATgfee 3 (HNO,) 311fe |

AUAES Ut — AIfSTH (Na), uelRrH (K),
THAFTH (Al) 1S GIGY, H1E (C), BTESIo Ahigs
(H,S), BT SIS 31t (HI), 8TgSIaIf® 3t (HBr)
anfe |

JHI TOT arer uaref
FB uarRf uRRUAl & JgaR ifRieRS AT
IATID S B IE JIER FA © | J A HRS 7
TETId S9F 0T arel yaTef HEAN ¢ |
JaTERMe —
(i) H,S+2HNO, —— S +2H,0 + 2NO
(@8l HNO, 3ifeRfiepRep & for=rebt NO # Sroerd &1
RETR )

(i) 2 Br,+ 2 HNO,* 2H,0 ——> 2 HNO, + 4HBr
(@&l HNO, 319=rae &, fser HNO, H sifaiTenror
HEEES)

(i) 2 KI+H,0,—>2KOH +1,

(@8l H,0, 3ifRiieRe St KOH H srqer)
AgO+HO0,—>2Ag+HO+0,
(H,0, 3rq=mae g et O, # SifariTenron)

ATRNHIOT—IUTIT B AT goAder= fafer
A T wfera &R

JfATRROT—T e IAIHATAT Bl Aol BT Bl
<1 fafdrat vaferd € — (i) g seragid faf (i) ifarfrasror
i fafer |

BT I getdg 1 A A FAH0T Hged & A=
ug fferRad g

Ug—1 = e UsA AMAfHAT & SifRNBRS q2AT
TS 9T fhd 9T € |

Ug—2 = AfAfhar & AfERS qur fharwal o
fAf¥ad &R sffaiieRS T Juard & forv arg sififdar
forerar €1

Ug—3 = 3rg Ifshamen & fA=ferfad meR |
AT HwRd B
@) URD 3rg IrfAfhar # FdverH SR g gIggIo

& SffaRRad =1 T dedl & URATRI Bl IoTh]

ERT |gfera faar S & |
@) FHBROT H R sffadior |qford & & forg o

3R Fo1 sifeiioT @1 41 81 Sa- € H,0 s

A 2 | ST ORE TSI URAT[RAT BT Aol &Y

& folq i394 37R f57aT BTggIo URAM &4 8, TeR-

ST B BIESIH M (HY) Sied |
() “Stad rfaforar =l Areas I e, e A

ISR # 9 fHdr # ff 81 Aot 2 | afe aeRor

% A W R (HY) BIgSINA M Udhe & al

AT il ArRgH | Il § 9T (OH) 3+

The B A1 &g AegH § R gl 81 HY AT

OH @I SruRIf IWfhar & SaRIA A H

TR BIAT SRITCT © | 31 JAMIHAT 7 38 1 Aferd

FRA 2| H' TAT OH- BT FIH B ofcl a1 2 |

FHIHROT § STel & I UR 1 AT AT |
(§) WHIHROT & QI IR g a7 R A & fory

Solde e Sired IT T © | IR0 31g TfAfhan




IT JUTATIS BI 3Tg ARAhaT H 1Y AR golag =
e 8 a1 SR R solgel= oied g | Sl dvE
JUFT 3T ANMMfHAT AT ifRNBRE B 31 rAfhar
H 91t 3R gotag = Sisd & AT TR 3R Saidei
e B

Ug—4 = S 3Tg MBI BT SITST SITdT § a2r
TS 3@ AMAfHAT BT T I dr | 1o A 7
59 Tl ot IAfhaml & geldeid avIex 8T WY |

Ug—5 = YI%] FHIHRT B ST 3R & FHA STl
I7 37 WY BIg A1 SYIS g B ar ST A e d 2 |

Ug—6 = 3fd H U8 W9 oId € fo5 a0 § QT &R
fafa=1 aai & URARIT & AT q9AT MY FEHA T |
SETERIT—1
Br,+ H,0, — BrO,” + H,O
Ug—1 = 3UARID = Br,

HfRNBRS = H,0,
Ug—2 = iTeRAHR 31 AMAfhAT — Br,—— BrO,”
Ug—3 = AU g AMfHAT - H,0,—> H,0
fefraxor g arfwfspan
Br,—— BrO,”
(31) Br,®! |qferd BT

Br,—— 2 BrO,"
@) AT Aferd BT

Br,+ 6 H,0 —— 2 BrO,"
(@) BrgSIS Gdford BRAT

Br,+ 6 H,0 ——> 2 BrO, + 12H*
(%) ATIe AT HRAT (SR TRE gelae = Sired ©)

Br,+6 H,O ——> 2 BrO, +12H"+ 10¢" ... (1)
JUIIT g Affhar
HO, — HO
T8l HT O & AIfReh g 31 uA] SuReSd T2l
€ 3fT: SffeRiToT @I |gferd B H,0 Sirsd © |
H,0, —> H,0 + H,0

ar

H,0, — 2H,0
@) sESIoH Hgfeld AT

H,0, + 2H" —— 2H,0

G

(]) Smer Afeld HRAT (IR TG gelagiv Sied o) |

H,0, + 2H* + 2¢ —— 2H,0 ... (2)

FHHI (1) 9 (2) 31 wHferd 2 |

Ug—4 = FHH (1) T (2) § Siag=l BT dw=r
IR B B folg FHIBIOT (1) BT 1 F TAT FHBIOT (2)
HT 5 F TN & T |

Br, + 6 H,O0 —— 2 BrO, + 12 H' + 10e"

5H,0,+ 10 H" + 10e¢ —— 10 H,0

SURRH Il FHIBROT Sire UR—

Br,+5H,0,+6H,0+10H"+10e —— 2 BrO, +

12H" + 10 H,O + 10e

Ug—5 =

Br,+5H,0,——2 BrO, + 4 H,0 + 2H*

UG—6 = g8 FHIDHROT YIATIRAT AT AT QI
gftearl | Agford 2 |

JQTEXUT—2
Cr,0,> + Fe** + H' —— Cr¥* + Fe¥' + H,0
1. SffRIPRS — Cr,0,>
A — Fe?'
2. SiTRNPRN 31 AMAfHAT Aford B —
Fe?*—— Fe**
Fe?*—— Fet*+ e ... (1)
3. ST 3fg AMfHAT Ffera HAT —
Cr,0> —> Cr*
Cr,0,> —— 2 Cr* [ URAY] o1 Aferd |
Cr,0.> —— 2 Cr’*+ 7 H,0 [ 3iTeiTor agferd |
Cr,0.> + 14 H'——> 2Cr** + 7 H,0
[ BISSIo Hgfefd ]
Cr,02 + 14 H'+ 6 —— 2Cr* + 7H,0 ... (2)
[ faega amder dgferd |
FHIBROT (1) BT 6 W TAT (2) DI 1 F O BT WR—
6 Fe**—— 6 Fe¥' + 6e
4. TFI 3Tg SIWIHAT Srew W

6 Fe*+ Cr,0.> + 14 H' + 66 ——> 6 Fe¥* + 2Cr**
+7 H,0 + 6




T
6 Fe*'+ Cr,0,> + 14 H" —— 6 Fe’" + 2Cr**
+7H,0
g8 FHIHRYT RAMVSIT TAT AT ST 61 gledl o

Hferd B |

(&)

@

qeaqul fa=g

SATRITBROT—3TTIIT 3T SIS TRV &
TR —

g8 ufshar fOTH Ud a1 Us 9 31fd gt =
S 8, STRNBROT Byardl 2 |

g8 ufshar f59H U a1 Uh 9 ISP soideid Ul
fed STa €, 3reee wEdr § |

I8 U1l Sl Soldgl= U89 dR ¥y 9afd Bidl &,
MRIBRED HEATT ? |

g8 UaTef Sl gelagi[ QAN B b i sidl

2, 3YATID heAlal B |

SATRITHROT TAT U= AMATHATT Arr—=A1er Bl
g TAT Th—GHR B ] 8l ¢ |

srgraref gge

IR U

1.

SifeRATHRoT a8 fehar a—

@) e golag= QA oI 2 |

@) T geraet T fha W €|
@) forad grggIoe &1 AT 8T 2 |

p

@) Rrad st &1 frehras giar © |

fereferRad & sru=mae uerel et &—
@) O, (@) Na
@) K @ Al

3.

qoicaT Hdferd rae srfear a—

@) FeO,+ H,0+20H — Fe,0, + H,O + 2e
(@) 2Fe0,+HO+20H — 3 Fe,0,+2H,0+2¢
(@) 2Fe0,+H0+20H — 3 Fe,0,+2H,0 2e
(@ 2FeO,+H,0+20H — Fe,0, +2 H,0
Hferd org rfaforar Il 38—

@) 2502 — S0 -2

@) P,+8H,0— 4 HPO, +4H"

(@ MNO, +2 H,0 — MNO, + 4 OH + 3¢

& C,02—2CO0,+2e

ARTTLTRIAS T

5.
6.
7.

IUIFH! U7 aTel UgTe BT U S&TeRVT oty |
JifaiIERS B afRaTia I |

FeSO, + Zn — ZnSO, + Fe fAfhar # so=g=
a1 arfshar ey |

STFABRE TAT TP U1 B Th—Udh ISTEI0T
AR |

e TIXIcHD U3+

9.

10.

11.

3T JAfAfhar fd wed &, SR Afed A9 |
Y AfAfshar 5 wed 27 CuSO, + Zn —
ZnSO, + Cu, 3AfHAT H eS0T T2 S
arg arfafsrar forfRad |

frferRaa sifafhar & sifcfieR® qor emargs
arga—

(1) H,0, + Br,— 2 HBrO, + 4 H,0

(@) H,0,+0,—2H,0 +20,

IRERCICAR L E]

12.

IR golag i fafy | fr=ferRea sifafsrar wgfea
Cr,0> + Fe¥'+ H"— Cr*" + Fe’* + H,0

STIRATET: 1 (31) 2 (31) 3 (3) 4 ()



@vs () — ofig g™

SHIE — 11

ALY — 11

(Diagnostic Features of Main Plant Groups and Different Branches of Botany)

MHRAET (Prokaryota)

39 Slial &1 RIS AT MhRAlfes BIfdaRi
| 0 Bl B | Wb RaAfed wIffresra e airer 9 arget
B B, Fifh 398 Dsd IR Brsd f3rcei BT 31T Brar
21 9 PR B Bsd B URMPIH dsdb (Incipient
nucleus) IT BEHM (Nucleoid) HEC & | 39 HIRTHRI #
@il et HIRMAT g7 # fwRT ger BT T
DIRIBT & 3T BIRTHT GABIT Ua f3reet] rag el
B B | MbRATCH 3 U BIRIR Sig il Sirary, el
gRd 3T, drsdITsHar o aftaford fear ar 2 |

MoRAfeH ISl & A.IOTd  F&ToT

1. WaHRANCH Aol Bl BIRNBRAT BT ATHR FeH
qAT 1.0 ¥ 5 AL 9 &1 8ar g

2. @I AT f3Teell BIRIDT & IIdd Folld Wi
BT B BT 2 |

3. g9 Sial @ SIfeT ARy Reuessy, fatusy,
I 3Tl O URTAT | G+ Bl © | ATS P IeToHT
# PIfreT fafkr srgufRerd gl 2 |

4. ST GRFHMNT SR S sFausall Sferar,
Meoibrd, ATgcipi~gdl, 8RT odd, TSI,
ATZATAI+E, URTGHIEI +6, ATSHICIgd,
AISHIBIS I, Hsd f3eell T Bivgdl JTURT
Rk

5. 9 9olal @l DIfFFRT § eIfieEge varg fave
THR BT AT FTYRIT BT © |

6. STTIAIfRIH UaTef BIRIP 5o H fIwRT geT 5T © |
S TAT. H R UId| &7 3M1a 28Il & a1 LY.
T P AT W BH OB B | gdT SIUAN. 9ad

10.
11.

12.

ARUAY

MO YHR BT BIAT © | dsp [3ieall Md 39
THR BT SLTAY. Ssdh HEAdT ¢ |

D DIRTHIRI B HAMIHIG URGET b d-qdh o
fafia g 21

YhTI IV Bl fhAT pacT ATSATS IS RAT TAT
THTeT Aeeryy sfaefRar # € gl 2

PIRBIRY BT faMIsTT ARt FfMrS (Binary fission)
ERT BIAT © | A 9 SRl farar erguRerd
BIaT 2 |

I AT S SruRerd BT 7 |

39 Aoidl | argdrd 99T b USIgH WIToAT f3reett
IR SuRed BId € | U JErgdy $ad= 8T B |

AT BT 9 favel wu § SulRerd gidl & |

HIMABTY

EINEZARIS]

Ul

[ ——

A HIGY h T

e 111 : e MeRIfces IR F G



13. TRTH Herrd JguRerd gl ¥ |
14. A ATFAIRI® yaref LG BIar & (o 11.1) |

ﬂﬁﬁﬂ’lﬂ:ﬂ (Eukaryotes)

39 Aolidl Bl ARIRS FYaT IhRACH Piferamrai
A g1 B & | gD RAfeH (Bu =4 a1 fasfAd, Karyon
=Trsd) DIRTHRI H FII< I [AHRIT Bvses arar ST
2| 37 DIRGRN BT Bsd S Hsd fBreell F fBORT
AT 2 | 3T DIRNGIT W AgcThii~gal, gRdddd,
Meoilbld, a:gsel SIIfeTel, ISaIAH 3ffa GfddhRid
g Tl fereell | fOR BId € | S8R0l & ford gaRAled
H g IR S ARe, AR §8 dara 9 fafi=
TEPIRIDIT UIQT T S=gall Bl &1 11 & (BT 11.2
39 |

I 112 : & gHRATRE SIS I \=T
@) g SIRreT (§) urRd PIRMDH

JHRAcE & TqETE  FALTT
IHRATTH & AT Feqor FrferRae g

1. JHRACH ol Bl BIRTHT BT ATBR JATHD
gfte 9 Fe1, 5—20 AL A &1 =@ 2 |

2. TATH f3Tcell AHRACH & T IR B i
FoNg ¥R BT B BRAT 2 |

3. SO IR AR ARES, SRS, UfdeH
SR e ueret @ fAfid g @ seafe 5 g
BIRTETsI # HIRHT MRy srgufera gl 2 |

4. FRefaa 7 SR S Aigceifga, ravsal
SIfTdT, Moolibr, sRIATD, ATSAATE, TRIFRIA,
RISAIAM, AHICIG ASHIbTsiNe IuRIT B
g

5. PIRBIEANY Yarg IuRerd gidr 2 |

6. DD, QBN DD f3Tect AT ARV A IRIG
BIaT 2 |

7. ®fgdr IURYT T r3MRTAN. (rRNA) &7 HZeIyoT
BT BT FICAT T |

8. rgdif¥i uarel b fIreell giRT uRag <&dr &
JT SIgAT H R MidH 8 81 g &
A= AT 31 BICT & | I8 YOI g g sraverail
H UHIRT BT B | 39 UBR & dsdh HATGD
3NaifdTs ugrel B dEd HE E |

9. PINTHT B HLADIT F&H T2AT 20 TIDI AT
2 x9+2 @ A H Bl B

10. 11 B UISU U1 HIAYU HRA & Filfh gD
BT # yofeRa urar Sirar 2

11. 3 Foial § SITeT favres TRl qr sweREE
QA1 8 TR A BIAT © | G311 gRT ORI Bl T
ey Bl 7

12. ifftd S99 fasRid YR &7 81dT 2 |

13. 39 AoNdl BT PIABRN & ATSCIhi~gaT § I
39A BT 2 |

14, i ur: SoRerd 1l € | urey SIfdremi #
3 FTAT ST BIRIBIRT & ForTT H 9T &Iy B |

15. ERIed el SuRed gl & |

16. &I ATAIRIHT Uaref SLTAN. BIAT & | RUAT.
TSI Aoyl BT B T 2 |

JIAPIZST — HIB
(Thallophyta - Fungi)

Fa% (Fungi) ITd: ofe WINT &l 3 7, i
31ef BIAT © AYHH AT BAGIAT | TIRAT | AHITAT SHD
T Hael BADIA! b Follfal Pl & El Tl
BT oifded 97 § o= uRuTel a1 gofgRa e ureudt
b TSIl T T Bads Aqg H AT HR foram 1T |
S FEI & Sidl BT NI JAIR Bl T Iy
YT & I fbar Srar 2 5 dwass fasi=(Mycology)
PET B |

AISPIATS 2Teq BT ST Wb HIYT B QT Ie&] HA:
Mykos = B3% IT HIHH TG Logos = T A HTHR
T ¢ | 3D WTfeqdh 37ef & STAR BB Follfaal 3frdr
U & FHIT A&T0 dTel) Hadh YSIIfadl &l eqI= hddh
fasI= (Mycology) & 3r=itd faar ST 2 |




HIhl P RIS AETIT

[N
I

7 113 :

5.

HIPI P ATRIOTS oeror fareforRad el 8—
Hdh qdATY BT § |

PP YIS MR T T AATT Dad q=gail
BT g7 B1dT 8 | TR ThPIAPIT B Bl STERTI
2| 9l Bad a<] HAHR T Fe STl AT FYE]
TR 2, 30 b BEd © | AR Fa& a-g B
ST &Y BIFABT & 3R FIY 7 HRS URUMT & &I
BIRBTRI & 4 7 gfg B & AT g8 AARDIRND
PEA © | Al Badb T URUNT BIRTHBI & 3"
TR HR SR qAT I BIRTHRI & o< o Ifg
BRI & I T DIND HEd # |

FaP q-g UCEIT g ADIADIY (IATERT
BIEHMSHICT H) S12rar yegm 9 Udh, fg dsal
(STTERVT QEHIHATSHICS, JHIfSTIAgHIics 9
SRS # BId € |

FHIH! & U U fogg® B § | Sifsamsaiies
o fafRe 9 auf 4 uefvs wWRa w&fe
FifeaEEfes 4 Seue g ud o g1 W
el & Sl % TP QI8 HATHT ARFT BT 2
(R 11.3) |

TR

A

|
| (2571

I-9 R g (@) Wa @) s i
T BBT Bl Sagd T e fRreel 4 -
BIAT © | 51 ®adl dl SIS MRT HT 7 ¥eh
HIH Aol AT Prgfed siar & | 7 3ot &
HAB] S HATFAINCST DI BIRTHT MRT AT
| g1 BT ® | It FART & 31’ BIfRET fRreet
BT &, I8 f3reell BIRMGI & goaeiial uareil &
MAFTH BT I el 2 |

FHIH TGAT BT PIRBIGR e T UG Bidll
21 U8 PIRGIT O ArgcIhifRgdr, Meoliard,
IrATE SifofdT d s & ITfafh Ioifdd

Ue fog

10.

=7 115

ugTef U I B | Had g DI BIRIDT H T TS
JIAT 3P BIA-BIS [quIfgr arft St 2
YD I U gaell f3reet] I o) & & 39
THRE $ed & ([T 11.4) |

FHad] # guigRA BT M1 BIT B olfd dATHIZSH
U ST B | B! § IS BT G TATghIST &
w9 H BIAT B |

D] Bl HaD JDHRANCDH YPR BT &Il & | STDI
AT TP PIRNGT § TP AT Uh A AfAH 81 Ahell
2 IAF BEd H TP GITST digd! urdl Wil 2 |
Iz 9ol & Hadh 3rael B 8 AT & Shad @b
B Y craverr # od HIf¥HRI 78T urlt ST
2 | STTERT — WahrsHifes, sfifsamgifest g
ScMgHIfes onfe | Safd 7= sofl & FHaawl
P S BIRGR e 9 U a7 fgmenfiarg g
g | STIER — BIshHARHeS |

I HEMMAGR Fde 9 Hd &1 THR @I Bl & | 39
BEMMBIAT Bl FIg WR A GeA I & A
UTedS (Mastigonemes) U1 Wi & (R 11.5) |

@
;. BUAMABIY (37) Talg (9) o S

(31)



11.

12.

0

(it)

(i)

13.

14.

0

HaADI B BB ABIAT: Jfhecel T Bee TG
THE 91 8 oifhd 7o I<d 3ol & Hadl & Hdb
T WATIRG BIHR AT ATIH H IoAST TR &Y
(Prosenchyma) 3T JATHTHT SHdD
(Pseodoparenchyma), d~qSicT (Rhizomorph),
TFARIFTAT (Sclerotia), JTHTIT (Appressorium),
FYHIT (Haustorium) SR FRFARI 9911 & | I fafdre
IR g oifad <& a1 fawy At § HEre
Bl & | FEIfY A AR 999 & 9IS BT AeRawy
(Individuality) @ &1 SITQT 2 |

FHad # gofgRa =&t grar g ra: 3 gofaar uand
BIT € | 99 & 3R WR Hadh H=alRyd UeR &
Hok

URGIAT (Parasites) — I Hdd AT WIS Y
ST aredl srerar Si=g HIRTHIT I IT<T 6 © |
HATGSHET (Saprophytes) — U1 &ad SiT AT GIyor
qd, FS—Tel Sial ¥ W &R &, S7& Jargeirdr
FEd B |

AESAT (Symbionts) — U Hd®w ol Sffad
FIforaT 3ferar Urell R A & ORI QI UREAR Yh—gaN
& ford AM@BRI BN & | SIIER0T — ARDT T BB |
gD AT T HaDl W AABR g0 & | 37 g
H Frarel YBTI HIAYO[ | HISH I971d & Sl Bl
P fAeTAr 8 TAT Had gl | Aaral oI Gfel a@
T B © | 3 TBR HaHHe § IR HdH Pl
Qrel Uere Suel FHRIAI § 98l § Had Uil Pl
Wfret ol @Y T BT F F-IdT BRaT 2 |
HID] © INfABIYT G2 H BTG Haboirel BT Dde
Tdh B 9T 31T {2 B ST Shls g1aT & SidiP
Y HIBATA HIIH B ITAT B | T Hadh B
WieTd (Eucarpic) B8ATT &, Sldfh THBIBI
Hadh aT H Tl DIRIBI T4 $hIg & BT H 41T
SRl ® 3l O & I SOl IRt ST
SaTs ¥ gRafia 81 Sl 8, VA S QuibrIh s
(Holocarpic) &&eTd 2 |

Badh] | o9 d1F YbR Bl gidl &—

(1) F1IH S (i) riffres ST+ (jii) <ffre ST+
BT ST — BB § BIYD S 7 THR A
BT 28—

(37) WU — (ITERV — RGBT, VIFWITH)

@) fagred — (A)
() PIFSAT gRT — gAffergs, Yosgar i
(]) gEeld §RT — ARE, SRS i |

(i) AP ST — HaPl H AAfH T IR

aRRerfaat # wifafear srerar SiamRil g1=7 21ar 7 |
A IS vESIRISIE (T AforaH), sterar
TEPIRDIT (SFeevAvT]) B & | At Jram]
I (T13719r74), FAATSSEISIY] (SRS, JSfSAT

(vgwrge) i S JaAdISIY] §IRT et R S+

HY d ¥goge | giar 7 (R 11.6) |

A 116 : (31) FAdETY (@) SHifAfSET
(@) omsfear (3) Fetwmssy diomyg

(i) oIfrd 9 — YIRS & ifaRd T

15.

T HaD! | T ST 9rIT SI1AT © | 39 oA

gehA H A T Ufohar B § | A HA: (1) rsAR

(ii) DD HeTd= AT BRI 7 (iii) FLIT &

3Tt gof g 2 |
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A THT &1 ¢ | IAD fAur] # smgafire uaref &1
Hacl U A BT © 594 JY[dersicrgs Il &I
H@IAT 1000 ¥ 2,50,000 T BIeHl & fobwg bl Uep
UhIR & FATo] % gt et e gl ¥ | sreriq
JfaAeIsel &l HeT faury] &1 e fafkre s
&I0T B |

fesmoy  ATHEBRT

g ugfa fauroell & AmeRer & fory affdw
U T B & HRY A0 & M UghT BT SR
AT 77 1968 ¥ U 718 UMl <1 | S HOTMel & ITFAR
fauroy & M & 1 WrT 2 RORE yer 919 aRRE &l
sraferd =19 T g 19 H 91aRA 6 e AEsI Bl
Iooid fam STl & | 91k @ A1 6T YA YIRT i
vraferd A gRafda T8t g1ar 2 <fe gar 9rT & {59
freuT wed & IRId & | §9d daol ¥ G-I 91T
gRRafia 81 Sar © | faure] & 919 & AN |1 A
P # AR g7 e WREAIG Bl & Sfl fFforad
THR F -

1. UM ¥ — Yfaad 3l & YR UG Iouldl Bl

T |
2. fgda g™ — YfFasd el &1 AUMR qr faurg
H fFeAdh 37l BT HfTerd A |

3. qara g — A9 &1 MBR qAT Gfdesii A
HT AMHR | S Tt S, AT E, 39 X/S, E, X

4. =g T — WUl P FHR JAT ORI ATEP |
fawrogett o IgOOM s oA

fuTopatl 3 98I Sferdr S g gfderdy Al
# UfIFIHIOT (Replication) & HIROT BIAT & | T @t
gfshaT 7 fauo] o, wRUT) BIfRTHT @l Surderdy giawr
BT ST FR U HON &) AT H gfg aRar 8 | |B
fquroatt @1 Bredy 9|l fawmper # o &1 ufkhar
A SHATIMIST (Bacteriophage) fasTopeii & #4981
BIAT & | 3rd: fawmpel & o A1 W= @ ufhar &t
A & o eIl & Sfiiad ash Bl qqer
AP 2 | LATHT © b SHATOMISH arsvd d argd
B & ST ShamRlt (Bacteria) &1 HshfAd el 2 |

T O 95 &1 UBR HT BT 8-

1. TITBRT Th TAT 2. ATBINI Ah




(1) (2)
U o]l 3R.UA.Y. aRIRY

(SS RNA Viruses) (DS RNA Viruses)
= (A) Bolldhd AT HUSford > (A) WS SIFH—
(i) 3¢ BSIHR URY IRRY TRATITRIR,

(ii) STl BeTHR SR IR
BIERICIDESS|

— (B) fawAweiIom — (B) SMMaRT gh

(i) TR ey aRRA IR

(i) I B YrgIaraRd

(iii) §gueT T LRUBT

(iv) TR,
ST ISl IRINH

> (C) 3MTdRT b dTARY
(i) e FSATAT IRRA
(ii) TS TIAT aTIRA

1. SITHN T (Lytic Cycle)

S99 ST (Virulent), FIAHRI (Lytic) STaATIHIS,
RY SHaT] HIfHTR B WHAd HR T HR Id §
AT 371 9 U] BIRIBrAT 7 fawrsit srerfq fawro) &
AL FT ARG Brar & a1 T e a9 2,
ST oRAT BIRIBT & Hew | a1 o1 o1 & (s 13.2) |
g I frT ol 7 qof grar 8-

(i) AT SrgTT — YRUTT AT PIRTHT BT ATE

R gRHTSH faNTo] 01 BT Heli = BT |

(i) foN ~gfFere et &1 uRat BTt H Faer |

POZ EEEauEa i G et R H RSl
.M R SRE B SN

fERoo]d] AIRUAY. IRRY U Youldl SLUAY. aRIRY

@3) (4)
fevool@ S1LTA.Y. araRd
(SS DNA Viruses) (DS DNA Viruses)
- (A) fawAmera - (A) fyAsad
ORSIEILSIE] vifed 4o
(ii) TRETaRY (i) S Brarg 9o
= (B) grsferd — (B) 3TTdR0T gh
— (C) BT B
OREIEIDES
O NERICIRESS]
- (D) BIf3reT s
Hed= ATaRT
EIESICIRRS]

(iii) WO FIHET BT OIS STTeH HIfTHET |
godTd — Y AHHT BIHT H faIol & geal

BT FLAYT BIAT & | SHH TSN & et et
g WA BT GIAT T 2 |

(iv) fsh SIRTeT &1 Ut SIdrer & fadET —
oot fmfor &1 fosar 30—90 fAe # g &1 wireh
T AT 9 3fAf H U FehfAd SIare] HIferaT A
ST 200 Th fI9ISN 997 St € | 59 a1 faviof
BT SIUAY. AT TgH I1fad &R & o1
QRO B PIRNGT BT I & AT B | BIFABT
fIRr & 9 & RO ST b Bl 1R Fae
S 2

2. WIBN °Gh (Lysogenic Cycle)

4 ST (Nonvirulent) FI&NI SHATOMTST 4UgT
STare] SNSRI B T &1 B 8, TAT BT SLYAT
GUE SAT] BIRTHT & S S F1T FATB AT
(Integrate) B SIAT & AT s W1 & | ATy &
S & A1 Sl §AT I8 SLUA.Y. SaY] Bl 3d
qfgAl T TfIpaIenRor (Replication) HRAT & | $HH URUST
PIRTBT (STAT0]) BT T3 (Lysis) T8l 81T & 59 Hfshan
B ATSHHAT (Lysogeny) Had & (forF 13.3) |
fauTopent &1 WeRoT

fawTopeil & HeRor &7 aref 8 AT UIRY AT II) |
IR GRUTYY Th §IehT JAFATHA | T8 AFATHT AT AT
f=ferRaa wgza fafdrat g erar -




6

V JEERAT BT

a3 133 : fumpl &1 TaeN @®

1. PRI FaeiF §RT — gy UIedl & S I
g |

2. H&T §RT — IR0 Uil & Aerd a1 3wy 9 ey |
R S grel fIuTo] ¥aver ey & Heiad ad ugd
ST & TAT 39 HHAT B T |

3. ¥ ERT — TSl 84l & PR I UIGUl B
TR uredl H W |

4. 960 gRT — 3Ma I fSpa srawen § wwer
ISl # Aro[E 384 © | Afd argae uRRefoat § 3
qTey Pl AT FHRd 2 |

5. WRITHON §RT — 3d fayro] 70 urey & uRATeRoll
# SuRerd gid € a1 g & A uRaffa di
qH g O B |

6. TAT T O §RI — 3 [TY] §41 9 5T §IRT fHE!
H Ugd O ¢ | TAT UIeY & &fu ArI | qa9
PR UTSY BT FhAT B <A 2 |

fawmorsfa g T
fayrefa uE wFa /T T AP IRS

TPh — Ul qR |
SHUT — JMATHTAT IR |
WRT — AT IR |

qiferal — Aiferal araRd |

ST — N&sT arIRd |

N N
gyclgicd — gUcIgicy draxy |

SJhTH — Rl dIURY |

© N o o 0 N ==

USYq — AT <l ferhigifthes 9raRd 111 (HLV 1)

T U AT IR (ARU) A7 forvmraiAiel
FHFIT araRE (CLAV)

. et gq@ gy [
CHICR T HFAATT AT
BISIEAISED
B BT ATH
oSt @1 drar RRT Ao
3TTe], BT AISTH
qaId BT AoTD
HAFHT BT TSI T

. Irad BT arFT T |

BICIMGI)

\ﬂ‘\lqll{LHI\ﬂ(\l JfIHT UISIET (Obligate parasites)
ISR BIA & S Siare] HIfrere &l Aehfid ad 21
AT J&T, HelJeh oied, Ball, g9 9 Afeoral aMfe #
Uy ST 2 | faRre SiarMsh sgei g uferl §
fierd €1 3 AT @Y oTdl, b, R, Xad 9 T (Pus)
anfe # 1 9R SR § | A SHaroISt sharegsii & sifaRed
A AT ArereRa areli R A WRolid! & w9 H I
S € | 78 HHY: SITSHGY g AgAThYl Had ¢ |
SaroHTSlt @1 "=

3 IS eH Bl © OAT §% oianvad fheex 4
gerdh T8l fhdT S Fahdl 8| U WTwiud SHareHieh
<eurd @ A (i) IR (i) g8 # fawfea grar 2 (R 134) |
3ffAreper SHAToMIRSTAr &7 R fiIsH @ SIrfd & siar
g o — T, T, T, 3fd aifbd T,a T, # ¥ veafy

J
-l

® N o a bk~ 0w Nh =

50 A=»€—950 A—>

-

(31) (9)

: SfaTopArSil (31) gelagrd geaeelt fora
@) ShamEeh @ faf= acs

I3 134



BT 2| BB H g TgAT B ©, o I RR 9 4B 3§
faifed 781 g 21 T, Sharoprsh &1 R 950 A x 650
ABar 21 AR T B @& I/ &1 91T BieR Hear o |
U8 g IR &7 I8 ST SRIER BT ¥ | 39S T
80A BIAT & qUT I8 WA &) URd | &1 I8l 2 | UB
& U U Yeavfid wie 8l & f7¥ U8 wie &&d & |
D! AICTg 200A BTN & | 59 Wi B [l |8 R B
e dg (Tail fibrils) & &0 € | TP 4B ag DI
TS 1500A BRI © | 9B d+g &I &1 &Rl 3 — (i)
SIETOISIT ®1 SiaIY] &1 dds WR guer H Fer]
PRA § AT (ii) 379 AT Grolsd Siare] o [y &
@I (Lysis) § 8@ 2 |

SHATOETSH BT RIR Yfdeaietas o1 a1 8id © |
S Had AT AMAROT BT 07 FHIA arel T WIS 3]
T FHE BN © | IS SHATOMISN Bl G Telfords o7 2 |
R & &= ¥ AL & ThH=I He BAT 2| S
AIEI & AR | T &1 & | ATARS Had Bl (Ao
B dTell e SU—gdhigdl AT (Capsomeres)
BB © | PICBIST TAT ¢ x 174 H SIUAY. ThRSofd!
(SS DNA) BIaT 7, ifipier Siampifsrl # g,
fgRSg@! (DS DNA) 8IAT & | SI.UA.Y. STarvMIS &
ATFAfRre uaTef & | 39U g &1 B BId § — (i) 389H
SIETOTST & A1 SteTor fHf2d 81 © | oI (i) I8
HHHYT BT J AIEP © | I§ URUIYT BIRTHT B Al
A 1f® fawr] = & ford IR war 7|

ATS I ATSHT
(Mycoplasma)

ATSHIATHT SATVT I 1 BIC MHR B Foilg
gHISTN © | IXI: A AId SITd H GeATH Sid I ST
2 | HavH Jed URER F URHl & QRIFEIRAT 9T B
AMTMHRE & wY H gdl SURART arad @ off | 37
ITAR I8 UY T FHHAT: ASPIATH & HHAT &
HIROT BT & | U] d AISPITSAT Bl g (Isolate)
B TAT TARTLTAT H P UIY0T ARRTH R FIelT B
H A 37 | 91 | qT BT ISRl Aidre gd e
(1898) =1 32 HaEH WA UR S H ABeIdT U P |
ITD AR WA B Hael= Argd R4 Hrdfie garef
BT JGRAT &1 I Sig A, dged, TRIGR Afe A=
wul # e 2

UIRA | AIBIS Td AT 7 ST AR TR
ST STaRnRAT (Pleuropneumonia like organism A1 PPLO)
& WU | fhar | 915 | SBT A8 AIghITSAT fSar 73T |

AGHIATSHT & TIE AL

1. ATSHIATH THDIRE, ad, WhRAfCH, FeradaH
SiEeRl Siig 8 S del 8Y 930S & JAM [ds
(Colony) ¥ U STl € |

2. Y MATHR AT IJUS[HR DIRTHII g a1 & aqT
TS—Tel uereli, arfed #dt, ) qur Ui vd mfvray
# ury o

3. PRI FRY BT SulRefd & PRI ST TPHc
e B 21 o 3 JgeNTdfad A1 dgwu)
(Pleomorphic) SN &I & | A MM, T, TRIBR
a7 frafad fis & wu & urd ora € (o 13.5) |
AT BIRU AIGHIATSH BT Sild ST D SIHR BT
AT 2 |

A

TIA_’-L\_I_.—FT%
WIWIg 971

e
agd
135 : AsHITew B fAfi= st
4. IR rrar gaondr Sia B € |
5. S RUATY TAT SIUAY Il UHR & Yfdaid

T U ST & | offhT SLUA.U. BT AT MR.UA.T.
J HH B B |

6. HISHITITSHT BT Iada HIfHT fed HaelH Aeaq
TR AT ¥ HafSd fohar S Aahar § eife g9d)
afg @ for W &1 IURAfT nawas 2 |

7. HATSDHITSHT T WIS & R rfshar T2l o
2 31 A UMH—FOMHS (Gram-negative) BT 8 |

8. HARHIATHAm fHAY +ff vwotrgH & vy Hagaeher F&l
B & wifes 399 BIfreT MRT srgulRed &l 2|
i BI¥®T kT R fhar &7 arel ufosifas
irufarat S UfRafer, Iz vd Rim kS
e BT 39 W P 91T 8 BNl 2 |

Rzl
I — AreliRged
T — ATSHIATHS AT
FHA — ATZDIATHCH!
I — HIZPIATSHT




D

AISHITSHT BT AXTAT

ArsHITeRT HifreT faf fga maRaifes,
UHDIRIP GeIolld & | T8 aIdl Udhdh lToAT f3reell &
wY F Bt & o PR g arsumicE @Y 99 Bl 2 |

AISHIATSHT H BIFBT F 7P BT TG MATHIR FRAATY
AT § AP IRMBIH AT HEd 2 | S—ord g7
TP g 3MHR H ghg 817 o7l & A1 gfg & I JwU g0
fedaes a1 gige ARemg Wt w1 ST 21 o9 3

gAY BIRGIUSH Ud Plelgld 8idl & adl BIfR]

GYEATG URUFT B ATSHITATSH Bl AR DIRTBT

f3reetl @1 Arerg 80A W 100A % BNl B | I8 TS
IR BT § | IToAT f3reell & uRdg SIfdrdrae grar
g forad fireell g SIR@T U &1 M1a BT B |
DIHET & 7 H dsd™ (Nucleoid) UTIT ST 2 | I8
YRS Bod Bl a8 B BRAT & | PIdEH o
FH—H BT RRABIT N urg A 2 | g™ 70s
TBR & B & | Do H U 7 fgqrsiord garar
ISR SLYA.Y. (DNA) U STl 2 | 396 JAfIRD Thed
FHUSrd 3MRUAN. (RNA), 34T, ereid e, Trairgrd
Td 3 Surga) ueret Y urd ord § (R 13.6) |

HIgHIATSHT § Afffh T 3eiffT S9=1 =8l uram
SITAT 8 U] 5 99 1 oA (i) faavsT (i) g
(iii) THUT TRPAE HDARN gRT B B |

TR URME AR@1 (Elementary bodies) §IRT
S ATSDIToAT H Jgayol g1 89 S & 9Hd

qad & I & a9 = aqef e dEd § | U8
AT € U 9 Ud guf ArgpitarsHr | fasiad s
2 (o 13.7) |

ESIEAIEER

fgvro=
R 137 : ASBITSH ¥ WA

AT GIROT
1.  HAISHITSH SIfAd 9rey T BT GaRoT Udh a9y
UBR & DHic Uahed (Leaf hopper) ERT &1 BIAT

gl

2. O Y AT HAH i A Al SHBT FER0T BT © |

3. 3FRJA & gRT I8 I U UE | @ Ul H 8
gl

AgH AT @ T

I. 9I&Y T

(i) = BT arRar T

(i) ST BT YU AT

(iii)y AT BT ST BT T

(iv) HUr BT SAfTATTH A7

(v) HFBT BT T 9T

(Vi) 3T BT HERTH T

II. 999 3T

() TS AT vd 3999 5 T

(i) TFE ATl HhHOI



(iii)

Ag=l H qedn

(iv) STEERT 90T 7

111.
(i)

(i)
(iii)

10.

11.

12.

13.

=g N
TSI BT =TT AT
HE IHY BT Weldear I

U AN NISICIN DRI

Hqgaqy fovg
fauroy o @t SRy Afed wree IR 9 g R
fore enfeaa aref & faw o] | 5% A fiheex
H g Tl fhar ST AT € |
JRAT T e (1968) B AR AT T T |
RT®T S U ~gfdelds 37t &IaT 2 |
fouro] oty R © | 57T Haeld Hizm A |
&I fhar 511 |\ |
3Mgaifre uaTell &1 gRIgid, SRadd & a9
gRaciH, rArafe garell, fafsor, am anfe & ufa
3fhaT, JATAIRIS Ul SIUA. AT R g
Dae Shfad PIRIHEI H 2 O ATfE ST faTopait
% Ifde o1 BT B |
fauropsti # @ o1 froiia gerdl & qEE W U
I
faury] o= Qe Sfig €1 Y Y g AR H
fAy=1ar <wifa & |
MY FHTHIO & AR TrgelTh, BT 9 SR
(1962) =1 fauTopell &1 aRerd aifiaxvr faar| g9
AT, G Y FHET 1T B |
fauToatt # SO ST ST gD RYfdeid Al
# afrpfadRor & HRer B 2 |
fauToatt # S99 = TRIFBRNI I TIDBRI UHR BT
BT 2 |
fauTopel @1 HeRvr HI¥S FaEd, FaT, W, d,
TRITSHON, §4T TAT STl §IRT BT © |
B3 [ANTY] AR BId 8, elfb 3Fieb fauTo] /17
g eyl § &S YR B I I B ¢ |
SIAIUTSl sffdehed] URSidl B8Id & Sl Siar]
BHIRTHTSI B Hepfid B 8 | J AHERIGAT 74,
AAY<h oidt, Bell, g9 T |feeal e # 9 i 2 |
BIRTHT FART B IJURART & HROT ATGHIATH]
@1 rpfar iff¥Ed g1 7| o A agenHias ar
Fgwdl B1d © |

14.

15.

16.

HIZDHIRATH BT ghg B ford wReq B SuRerfa
AMATF T |

MY BT & ATAR AZHIATSHT DI
ArelTRIed # @1 TI7 B |

ASHITSHT H TeiffT g oiffTes <19+ =8l grar
SIIAT & UR=g, 599 oI & b1 fagved, o ud
TR0 UIRFPE ARETR gIRT 8IaT © |

el gve

ERTjﬁfE g

IR Bl §—

(a1) BforREY

(@) agaiie
STATUHIST a9 81 8—
3) gfFTd I B
@) @ad WEHE B

(@) =afdst T &
(@) PrElEESC &
JIIRA P & IR Bl HEA o—

@) THBIRH
(@ dgma

@) PIR@T fBreelt (@) PIfr®ET MRy
@) wgfedpa @) wftas

o & W IrRE S T 2

@) crswrgs (@ <4

(@) arferar @) feehifRar

MY GBI & JTAR ATSHITSH A HAferd
P T g—
( ) ArgAefdeRar § @) gafdeRar #
@) dieflREeE s (§) wWEdded d
11 @1 gt 7T BT -
(1) raraT & @ d9rRE 4
@) AT |9 (@) IR

BIRNBT ST BT SIThR fhd BB SITaT 2—

@) arRw @) dfaeRar

() ATSHIATHAT @) <rgArefdeRar
ASHITATHT BT gfg & ford snawas 2—
@) @ @) W&o
SIEE] @) PrafETgSe



AT D I3 IEERCIR S|
1. 99 faury &1 A9 el fOres vebet ko9l SIUAT. 1. fawTopRlt @) ufa v wAeror @ auie B |
TR ST | 2. fawy @ AEr wd R Sired @1 e
2. 39 faury &1 9 fafed R fgesgat s gA.G. DI |
T ST % | 3. fauroy/ et & S99 B wHsEd |
3. ATHDAL (TMV) &1 9-1 A4 feifad | 4. fawE & aeffexor & ar # forRad |
4. T fqurop S wifor /T @ A gargd | 5. HATSHICTSH BT AFAT g T BT qof BT |
5. PPLO & R A foiRad | 6. HISPHIATSHT BT UPIT UG 0l BT qoF PIToT |
6. HAISHITATSHT Pl Ig3NPIAD FI HE o7 7. HISHITSHT ST I R o forfRay |
7. HISPHICITSAT Sifd 1 #19d T 9d18Y |

[IRATAT: 1 (31) 2 (A) 3 (]) 4 () 5 (W)

TERRICAD YT 6 (@) 7 (4) 8 @)

fquToy TSl a1 Mol 8, T B |
uTey g S o) # @1 o R € |
SHATOPATST @1 HREHT AASE |

AISHITATSHT DI BIFRHT AT g1y |

YIS PIATSH BT FeRN fhdg TR 8idr 2 |
YISPIATSH & ATHRY Fe7o7 forRad |
qIghIToar 3 o= uR Gfere fewofy e |

N o g W N o=




ALY — 14

Sfraroy

(Bacteria)

SIATY] UHahIfRe Ud HiaRalfed Jersid 8id & |
SIPT JIYTH WISl Bleivs & dslli~id Tl aF
F?JQ%FI'ETI'CF (Antony Von Leeuwenhock) ¥ 1676 H @I |
SBI9 Nl T I §U SIe, TR 9 Qidl & YR 8T Hel H
Jereell ¥ A= JR & Bic—8IC Siig g ST
SIH W@ AT VAT (Animaleule) 9 T |
I 39 Wil & oy I= olfary fase &1 o\ e
(Father of Bacteriology) &gl SIIdT & |

STy T
Sirar] |d@mdl & | I A, 911, 9y, 5T, 99 g

=g MfE W1 # fAerd © | I81 O & Arg @t &fd |
g Plong AHd Shar] fied € | A =gFa9 (-190°C) |
I=ad (78°C) ATYAE ¥ 1 U W1 8 | A a1 § RN
BT $ATs dP G SHIH & A1 TTHIT 16 HIC DI TES
T et & | SIaT9] 9yt ST, 3 Siel, Y B T8Y Ul
TAT SATATHET BT G H T8I Aol © | ST ISueTerdn
A yRTAf, Hed, qY, Heoll 37fa # 21fde Bl & |

Sarogett &1 aeffeor

TIRAT F B SarRil w1 aEffer denfel & for
faarereds fawa &1 € | Aaved N U gid
IKsRaekall W (Systema Naturae) H G‘TTEITU\ISI\T' BT oy
DIATE Td I3 HIoT H I@T | IIA § |7 STarogeil &t
afTaxor AT @ fgam™ ugfd @ QIR W s S
2, U9 D! Sl BT AASHROT T SRS @R
Rl & SR 1R € gRfRed fear s g |

STaTopsil &7 gHTeHRoT Gerael uRierl & MR R

MG, URAM (Size) T WIS fhamil & e #
RGH [HAT AT 2 | oAb TH—T I IRYT T2

T TR0 YOITel Bl JMATIHATAT DI YR ! B UK

g 3 Blcl= & IMHIRST fALryar, wenfiwRil &

SuRerfa, aiyor R, Si9 e daren, SIuE.g

HHRY, AR YA, GABRY GIRT &RD JEATAT Pl JAIHD
fATIyoT, IRT STHHT, ToISRT Ud A8T-SIIs® BT Bl

ToITell affe faeiyarell & SR WR T STarepel &

FaffeRor fosam T 2 | 39 g # Sfas sRor (David

Bergey, 1901) )T {3 & Siampeli & affdor &1

Jeotd fbar &1 RET ©, SN b Siarsil @l sraRay,

FIID T, ghg, Vg EMRAMS  fIRIvdra, dyor

fafreareil derm enaiftie demn R smaRd 2| I8

Fiffexer Agera ofw Sexfmfed dadifRaiarsh

(Manual of Determinative Bacteriology, 1901) Fi1He J¥&id
H /o G & A1 = HeTe 3% serfAAfed

dfeeRateisil (Bergey's Manual of Determinative

Bacteriology, 1923) FTH® YId ¥ UHIRIT [T TAT % |

9 JRID BT AIadl AERBROT 1957 ¥ UHIRIT gl ForaH

JURIh SR TR SHAT3i T JHfienRor f&ar 12 |

9 FATHIU S AR R RO -1 Sarvfei &l
HIgAH USSR # @1 s |1 avf wfed fod —

it 1 TgeiwIgd — e gRT darer qen

I 2 ATESARRIES — §AH Siarefel &I 37T |
Sharoge @1 |@)EAT

SHATULl &1 FAT &7 9o 14 favgeil & R
IR fhar Sirdr 83—

JATY (Size) — SIATY] AAMDH JeH AT & B
2 | AT SIARIt &1 @ 0.2-1.5 m aT oy
2-10 mT® B © | DIl AT TATH SHATVRAT BT AT




0.5-2.5 mdTP BIAT & TP JUSIY B 15 0.3-15 m
T® B B | A9 g1 Sary] dFrgreisr fAvifafera &
1@t e 169 45 mUd o1 80 m AT S AR
BT 2|

JMHR (Shape) — T SHATIRAT DI MBI BT
fagzor f waR 2 (1 5.1)

1. DG IT MATHR SaT] (Coccus or spherical
bacteria) — I SATY] MATHR B & | §AHT 9 0.5 9
1.25 mear 8| 379 HAWHTg rgulkerd 8t 21 A
Sar] e IR & B 8-

(i) HISHIBIBETE — J Jbd fad 8, SRR

AIgBIFIH QififersT O 1. TRIw |
(i) felidldd — =1 § 1 qAT HAWBIY JH A

SN fSriBia AT |
(i) SETHIHH — AR TMATHR BIDRIT & T H,

SISVl HISHIBIBH CSSIforTd d F8RIRar|

(iv) BREIDIHE — SR & F99 Uh & & w9
a8, SN weialed dfded |

(V) REIGATDIBIE — I SNAT] AT Td Afafia
IR 8IR SFR & =81 & |AM TE 99K &,
ISV YCBISAIBIBT STRIT |

(vi) TR — 3 SIaT9] U& SR AT Yae & w9 |
Fafad srefadl § o Sd €, Sare’er wildEr
grear|
2. IfYEE AT BSTHR ST (Bacillus or rod-

shaped bacteria) — S SATYRI &I HT Th B AT

SUS & WA BT B | §70 RAR e, U A1 il B

g1 I HAMEHTGD A1 HAMHHRRT 81 € | 3 A

1 TBIR & BT 8-

(i) TPbel TUSTY AT AAINRITH — U BSIAT SIAY]
Udhel WU H IR S © oI dReTe |

(i) feAIpImE — 519 SV &l Bl & TP JH &
wU H e €, SR [Sdblnd Al |

(i) TeNfaE — S TUSIY SAIY] U el &
wU H U G 8, SQIERV JRTeTT SYaRG Al |
3. |ffamer a1 gosfaa sfamy (Spiral or

coiled bacteria) — I SaTY] AUATHR AT Husfoera sid

21 A T Uhd HIGR @A SHEA & w9 F U

S 8 TAT HRAMNBIGH B4 &, SRV WISRTH 579,

WIEReTd qiefe 7 3N |

4. fafgar a1 SET (Vibrio or Coma) — 3 ST
BICT YATGER I7 BIAT NPT & BN © | 9 U AR W)
HEMWHT UTlg ST &, IRV [T BIANTE |

5. T=g¥d (Filamentous) — ¥ Y& I Siar] @
I U T JE@ & wU H g A § gd AfABIHR
JATAROT H @ & © | A AHIAT A8 b ofcd H UR
S 8, SIERV A1, FrSIferas, JArarersir M |

6. 9g%4l (Pleomorphic) — $9 Siarvel H
IATGRONT gRacl & TR MU IMPHR T ATHfT H
3RS URATT B DI &HcT Il © | 7 T T 3 A0EH
wUl H U S &, SIER0T Ueldaey | ged il <
T (J7erv) AT GeH Bl B YT (FLE/7er)
S wat 7 arar Sar g (R 14.1) |

4 — T
LAnY 4 JISC I\
L HAe P

INali® iTwkal
AL TOTU —~ o R\ AW
1 O el d P P >= N i IV D]
INSANTH S FEMOUITNAT

o 14.1
SHare] SIfTeT |RaT

SHATY] DIRIBIY HDT H TR Td ATeT A&T0N aTed]
BT & | AT 81 318 |1 UTeY DIfTateil 9 | A=
rerar Jfaesfia ARG fHerdt 8 | Seragi= geree derm

fafy= IfaRes fafSrl & gIRT euyd & I gD
PIRTRTT H faeforfRad |vammd fawrs 3t 28—




1. DIRST AR dom $ga — 9% SiEy s
PIRET FART A THT BT & | g HIH ART dret

H UTY S 91l 9181 Hblel & AHIF Il © | A hier

SraToatl # HIfre MR & qr8R el & 919 Udh
sifaRad o Bl 8 U ¥ATSH WK $8d © | BY
Sarepelt # I uct STl A Bt 9 39 by

7 WCEIGE T S0 —a
MATRES T CRCA NN Tt ==
=

FET B TH WIZH WR ¥ Gifed PERESe,
ST 37T AT Mg U S © | SIaT] a1 HIRTehT
Ry =xfAe ol qAT SISUHMINHAIGTS 3t oI
a9y ypR & ARG ggrRil B g9 BT B |
2. Sfagd — I8 P HIAHT fEreell & GIRT SHT 8T
2| SNaT] HIRHT BT BIAGGS FAET AT 2
S diyor gerat S g9r fUvs qr Targdie

HOTHTY Urg Tl & | Srar] ST # glasfad
P5h BT TG BIAT © | S99 dadld Uared eiiq
aTgafdTd gl (SruAY) difdrerga H§ faaRd
TSI XEAT & | U Brsdb Bl 3MTEl AT A D
Ped | DI § RRped qur vgdm
U T B | <ifb ofddi, ATgclipif<gdl I =
freetiygad SIRTHI &1 M BIAT B | SHar] @l
B STl § U 399 YR &1 qoieRa urr sirar
g o9 Sharftgs gofgRa (Bacterio-chlorophyll)
BT © | T BIRYT 5 AT Bl SATIAT H FbrT
AT Bl fhaT B & | BRI fErcetl wel—dhe!
TR 3SR Pl AR G S B © | 37 AR Bl
TeghI AT WG (Mesosomes) HEd B | WT
JHAT ST ® TET SR Trolgt Tadd iy
foraretl & \efa © (R 14.2) |
TeToiarcsl H HuMAGY ey don Rerfa o

A=—f=1 Bl € | 39 SR Siaryail & fr=iferRaa

gt # fawifra foar ar 8-

1.  3[PHITHI, TETSHH (Atrichous) — STH HIAMHHIY
&l BIKT 8, SISV HSHIBIHT |

2. UHHIMH, ANES®E (Monotrichous) — TH
RN R DI Th BB, SSTERT 13T

3. fuwalgg®w (Cephalotrichous) — Th IR W
T I AfOF HIAMABIT S FrINTrsRerd |

4. SHIHIMHI, TFBHIGTSHE (Amphitrichous) —
PIRBI BT AT RIS U Th—Tdb BB, IS8
FISCIAIHIAI |

5. URGITH, IRETEHHA (Peritrichous) — T4 KIEIL
PINBT & AR 3R HAMABIY BT 8, S8
IRToTvT TIsH |

6. TOHIUANND, ATBIGTSHH (Lophotrichous) —
T IR R BB & =T Uh I 3D,

SEIERT I3ReTH |

qI9oT
31 Sial T ifel UIYor & SYEIR UR SHarY] &1 JehlR

% BT 8— 1. WUl (Autotrophic) qUT 2. TRUTHY
(Heterotrophic) |

1. QUi \_rﬁEITUL (Autotrophic bacteria) —
SIHATIRIl @ 98d &9 Sl @UIfd gl 8 | R o
B3 UBR & A9 BB TATI D Haell | SHoi o
FRD WIS UTdt &1 i R ¥ | B ST dief @l
TRE TPBRI—HLATOT ] HA 2 | 59 YR W @UIfNa
SHaTY] JE@ITaT &1 UPR & BId 8— (&) TP FTeIdl
(@) AT AeerdT |
(®) ST GTAHl SE] — g Sfary Sifadl 4 g

faRy yeR &1 AR TR grar ST g |

g9d IfafRs ®IfRreen d sadIRIfaRkfea

(Bacterioviridin) a7 adIRIfygw aai<i e

(Chlorobium chlorophyll) ¥ 9rT SIrdm €1 I8
FARIbT Sz AN H YT W dTed FediRIfhel Bl




A8 B WAIRITA & Afe § fh<g A FdPI(Plastids)
# I B B I HIHSIHIE (Chromatophores) #
e €| geTer Heerd Siare] gY Uil @ avE
PraTSIATTAISS ¥ HaBgsed &1 FHior wa
2| UBI ATV & Jg b1 ifdpar Tud
Aiffre o1 SuRerfa 4 €1 |9 € H,0 & faudia ggf
T H,S, BTgSIo (H,) BT 9Id & d7 STE ®
w9 H g8l MRS & A9 R TH (Sulphur)
BT 2

CO, +2H,S—PRL 5 CH,0+28 +H,0 + il
STIERY — BIHCTH, FoARIETT, FARISRIRITHN |
(@) IR HEAY (Chemosyntheic) — G ST
PrITSIEATFAISE Bl FBlagwed # uRafda &
& ford A= yeR @) e fhael 3 urw
ol BT YA HRA & Rifeh 399 woigRa &t grar
2 37 I A ® TBIY BT Holl Bl SUART T8l B
AHd 2| 3D gRT SHoll W & & ford §&
TgTIT BT JATRNBIVT AT ST 2 | 59 UBR & HB
uaret foreat sifavfia3or sharepell g1 fsar Sirar 2
S — e g 9D AfTE, I, A18gTSed,
ATST, BIgSIoH, Brad AFRATSS, Y onfe | 39
Sirarepel & A A1 S UBR § S — e Siar],
TS SHAToT SfY |
(i) TE® AT — B TED SNATY] S [IIIISISTT,
IRy Terds AT Terds AIRTDT BT ra=iIga
BYP I Fofl TG B & |
2H,8+0,—52S+2H,0+122.2 K cal (i)
gE YD SNa] & &R Yh(d & Sl § Sl

JATRID AT Usd UR Heth< # ggo faar Sirar g—
2S+2H20 +3O2 - 2HZSO4 +284.4K cal &)

(i) g Sfam] — I Sia] o)A Afet &1 oRE

AT # ifeRiTga HDb IAH Holl T B o—

4FeCO3 + O2 + 6H20 - 4FeCOH2

+4CO, +81 K.cal (3T

JIE SRl & B8 SaIERT — Jerdl- el oelRIa,
PHRIFTTT T |
(i) BTS|IoM Si@T] — I S Avifas gggioH
BT Tl § 9af < © AT ST WIS ol BT ST
ARG FIATT H B 8| SIS §fTTHT
QeI IBY BIEIRISSC Bl AIAYI HRAT 2 |

2H, +0, —»2H,0+137K.cal (i)

2H, +CO, +115 K.cal - C,H,,0, + H,0
(iv) ATSETHIY SHAT] — J S ASgIo @ D!
A ol U B B | SSTER0T (31) AT Br
AEgcd A ATeIGd dIA Tl SHarv] i
TIECIAIETIT G FIECIAIBIH A (d) AggIsed
BT ATSEC H IS aTel SNATY] SN FIELIFey qAT
Frseifeiie anfe |

@) 2NH3+30, — 2HNO, +2H,0
+158 K.cal (&IT)

(d) 2HNO, +0, — 2HNO, +38K cal ()

(v) ®rEq @] — BB Sar] BlEd A6 TS
DI ATRNGT BB Foll WKl HIA 8 | ISTER0T —
IRTeTeT SITcINTIBTE e |

2CO + 0, —2C0, + Sl
(vi) #AT Sfary — 3 Shar] M &l fadipd F

Sl YT B & | ST — HITF74 |

CH, +20, — CO, + 2H,0 + S5

2. UMy SiET9]  (Heterotrophic bacteria) —
P ATy wRUid 8 81 $9 USR & SidIy]
S BIaE AMD DI Tolgrd Bl A1 H garTiie
TR T B & | U 19 A1 HBR P Il §—
(@) TaSiEl (Saprophytes) — I SHATY] Hd HIaTD

UgTIT OR U SHEATa+ &R & | G oial & IR

BT M TAM dlel Y & SHary] 8 & | A Siar

TITg 1 Tl ¥ Sifeel Agaieie Plaf-idh

UETI BT R GATTA YaTAl # geed ol 8 R

S YRl Bl IMATIHATIAR JaNNT FR oldl & |
() wESIdT (Symbionts) — I SATY] TEX = AT U

@ 1T Y& & qAT SH THAM e UgAd § AR

O BIIRT 8 < & FoTa 3 11 W& € | A S

30 ford IR IS0 AT ] © 9ot 3§ 9 uRardy

P ATSSIo 1D TS HRA © | SEIRRUINISTN§TT

SHaTY] &1 SIfaal S ogfies diel &1 el H

TR & e U W & | A SiErY] ardrarer |

Ih SIS Pl ASEC H 98 <l & | $9 AIggC Bl

JYIT e B © |




(1) URSIET (Parasitic) — ¥ STare] Wil a1 Sl &

IRR TR T AR I8 & IAT S8l A (YT HISH
YT B & | A Sl b 28R H GBI dRE—aE Pl
ARAT SU= B 2 |

Sharoger § wawd
SIATIRIl 3 ST 9k BT a9 BIdT 8—
1. JATRATZaHT 2. JATGAITTTA

1. SiTeAIgad= (Aerobic respiration) — HB AT
SITFATST BT SYANT HIA Y I 07 & Shal B
aNE 99T B B |

2. SATGHIIH (Anaerobic respiration) — BB Sid17]

S{TeRITST BT SUANT ATEl BRd Y I fhaT B
g |
Sharoget § o9
SHaropsi H S 3 faferl gIRT BIaT & fobeg I
ANfHAR (1) BIRID T (i) 3TifTd TR BT BIaT B | (i)
Afe S ot e STamRt # qdrr Tar g ge
STamRl 3 9 i STH9 81 91l S 2 |
1. BIFYF T4 — Ig JITAT ST TYHR 4 BN 2—
(i) fggvs 7 (i) Gt gI_T |
() fg@ved §RT (Binary fission) — 9% IrJdHd
RReIfCl # Uep BIRTDT QT aR1ER GAT BRI
H dc STl 7 | I8 fohar SIfeT & 919 S g
darel T4 B PR BN © | SHH ATARID Tare]
(DNA) 3RT3T (Amitosis) faTSTH IRT & aRTER 9RTH
H gTHR Al FAld BIRGRI § I ST ©
(fa=a 14.3) |
(i) F@eT (Budding) - HB SATVAT BI HIRIDBT H b
3R aifigle aell & TT SHH BIRTBIE AT
AT H favad BIaT 2 | rer 81 angafie garef
dc OdT 2 | DIfhIe & 39 A favred &

FaN o
RIEIR RG]
MHANISIYA A [TV

3 143 : <A ST § fgEveT gRr o+

(i1) 31*_cf:'sﬁ\_:ITE[L T YUSIAR (Endospore) — I "s‘ﬂTrﬂUl
gfirerer uRRefRRT § 99 € | 39H SiaTY] BRI
FT SNIGA Tl BISH s SAGT & AT deg H
UHfT B ST & TAT I &) s ARl AR Th
A& FARY a9 Sl & | JET SraveT SN § | A
JIATSATY] 3w wfcrepet uRRerfal &1 1 w8
PRI H eI BIT © | SIIEVT T |

3. dffid gHgoE — Siargeil # dfie sS4

HIROT QT ITFHIA AT BINBIT q<T © | I Tl
BICT Hald IR BferadT AT Gagel (Bud) BTl
2| I8 HB 9 qd A1 HIGT F 0 <&@ 2|
2. JAfH G — IE P UBR B A3 B

ERT BIAT & | A [T dISTY] 3reret 81l & |

(i) BINTSAT §RT (By Conidia) — SHATIRIT # et AT
BE B IAMBR B BIfArSAT AR & R} v g
B € | uRUFa 819 & 91 J&T STRATRIT A T &l
ST 1 A A »E ¥ 8 g1 Serev
IS |

AT ®9 | 89 dTell S99 8 8 | Haeq yaneT ud
I JTELTHN & AR R Siarfe # FferRad g
BT ST ITAT STl 28—

(i) g™ (Conjugation) — $H UHR BT THH I BIC
3T (Size) & SHARIT & 919 8IaT & | I8 foha
<1 fafy=7 fausl (Strains) @ €19 BIdl 8 | $9° =R
BIFRBT, TTAT TAT AIGT BB UTel BIFRTRT AT
O (Strain) HEARI & | WA & FHI ST qAT
TS PIN®Y e Mt § qAgT 3976 THH I ATH
R BII rfagfy S Bt 2 | 913 # <1 fvrg 3




O

ifrafe oEr orarg # gy Ud H 9g Wl 2 |
X GG AfeTeb] HEd © | I8 AT AlSTDT &Il
PIRTBIE (+9 - faNg) & 99 Ue |g a1 55 &1
B BT © | SH AYWA AleTep! I 7R A1 ST BT
PIRBIG AU MRS yaref Afed AraT Faiq
TET Sar] HIRTGT H =l S1dT 2 | §B 99 &
for AT Sirarvy argel f§for (Incomplete diploid)
I AT VAT © | 374 $H SHAT] BB & 0T ST
3R T A | A= B 2| 39 UBR Uh RS
GﬂEﬂUl (Mutant bacteria) @1 ST Bl € | 3?&?13?[
T =181 81T 2 | STf¥raier Ricwe Siarveil # S
HYHA W 9 BIA © Yab AR0T AIGT TORIF AT R
TORIA BT I O &1 AN BIAT 2 | VAT Ao
BIdT & & ged f3e™ (Disturbance) W Hg¥HT &
FHI QAT BT ST IR qdl © | 39 THR A a1
RICT BIRTHT 3T SIDI B AT 7S Tfcraet
Rl 3 Sifad e 3 |t 81 2 | 9/ Shargeit
BT AT ARV UG YRIBD ThIR BT i Teh ST
2 Rora# BIfaT oI (Multiplication) ¥ 2 81T 8
(= 14.4) |

-
REAIEC L R g . R FIAIKY N - A
........ s I A0 e G PR
NPy 4 . ¢ . PECE S 1
D K2 - L3 LD W LA Sl
T XRREED T ARG PR AP Y. R —
7
R B\~ o vu o~ Y Lo 5 o W N - & W 0 N i~ )
AN B | T T T
= =

(i) WUTIRYT (Transformation) — Aaele ATEH (Culture
medium) 3 ATARTH YT BT FAYT HRD T8

SiraTe] SIfTEmTsll &1 i 39 fhar & gRT grar
21 US faug (Strain) &) 7q BIRTHRIT HT frera
TR g & BIRIERI & daed arad § fAar
faar S ar wEr Sifad Siary) Sk Jd
PIRTBIAT & 3MTARNP TaTef SITA.Y. BT AT
TR o | WA W S| T B fb Sud qa
PIRTHERN & BT (Extraction) ® AT H
A & ST PIHRi &1 FEir 81 S 8 | 9
fordT BT HUARYT ded & (o 14.5) |
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fra 145 : Sharvpel § wur=ReT @ HfHAT
(iiiy UREHACT (Transduction) — FE SHATOAT H <4

WIFRRY & g Y Hscayol fhar g R
ST uRSHdl faure] SHaroMisll & gRT 9=
BT 2| WHAT & FAT SATOMIS JoIr Hehfha
SIarY] & dr9 JATJA RIS ugrl B ael—dael il
2| Sfrar] IR & srex & faury ot Hwm
AT © | $9 UPR a1 arel 1 fqurop poni H
AT & Rfdeid 37 &1 HY AT W Held 8l
SIAT € | 39 bR &1 SHaroIet ofg fei gad
SIaTY] HIFRTHT BT HHAT HIAT & AT gd SIarY] B
T AT AR garel $9 HIfReT H Bre
ST 2 | §9 bR Udh o< (Mutant) BIfRTHT BT
fFmoT BIAT © | 39 USR fANTY] & AR | i arell
TE a1 SIS dwEdrdl & (s 14.6) |

a¥ uifsfea v am Aafea Sharg

TS & URIg fafecas fhfR=as I (Christian

Gram, 1884) 9 3= WRig Td {IAY SrfvRe fafer
EIRT STl & &1 el o fawfed far —



— qrgvd DNA Gﬁ—clTUJ
\%@/ ayICIL! DNA} arofy
= N\
09 2 ? o0 l Gﬁ_clTu:[
(O DNA
T DNA lﬁsﬁﬁﬂ
qs¥d DNA

3 146 : SiEoEl # WEpET R

(i) I Slar S 7 SRS (e ariere) | ARSI
PR o AT 91 | Yedblaral F € uR A fwfora
9 YEd § $= U GgFq® 1 T IR AT I
gifafed (G) F&1 ST & | STIEI — FIZHIBISH,
CCIBIHT, AT, FANCISTH MM |

(i) I TFIfeT — I A1) S IURH Uk & 3id H
MRS BT < & | ST UM UHSG AT I
TTEY T T WWfET (G) ATy FEd & | ST&R0T
— RIEGNITH, ST, I, [@Er A |

1. SN UheIRIh Tg chm??g e Sig B, S
GIel el 99 oga-Teid (1676) - I |

2. Siar] |damdl § | 3 9, J]1, a1y, 9, 99T g
S afe et & fAerd € |

3. RO AR 3 ScxffAfed dacIRATASH &
3fTSal HAEHROT W 1774 ¥ gad gd e gy
yHIRIT foar a1 R Sharoeil ®r 19 9rm 3
qier 77|

4. IEATHE GRE | SIAT] A T JATHR H FR=Idr
NI

5. SATY] BIRIBIG WRET H ARel U 3Tel Fefoll arell
BT 2

6. TIYIT & SRR TR ATV & YR & BId &—
(i) <Qurey T (ii) RO

7. SiEropei § T9dT & UBR B Bl o—
(i) SifeiIeadd= 9 (i) sMrarzad

8. oiampl # S99 oW fAfddl grr gar & 99
BIRAD, Al g FB AR d i 5= |

9. TIEIY] ARG g BI UgA dlel QI UBR &
BT © |

10. foR@a= Ut (1884) 7 3o+t URig wd AR
RS fafer grRT Sfiaregsii & M uifsifed dor

UM e &1 9 | aEiipa o |
SRR IO EReRE |
JEIfIS ue
1. HAYH SIATY] Bl WISl DI ofi—
(@) @ @) ureER
@) gaar® @) SR+
2. DIUCSS DHIRTHT MRT dAeror 53—
(&) Sfrarg ot (8) “rereRa Sraret @

@) sRa darad &1 (@) drRe @

STaropell # $aE e o

(@1 rzarEH @) WA

@) PEfeTaH @) v
4. G Heedl Siar—

(31) WIS HTIYOT &I HRA

(@) wbTe F Wi ST E

@) e far 98 SRa

@ wrarEfE Holf BT STANT H I g7 2 |
AfTAYLTRTHS g3
1. Siary faene &1 far fed wer Sirar 872
2. YA B qe URAT § BT SET0] Urdm S 87?
3. U™ uifsfed Siamy T 872
4. I feq Sfar) @ 2?

TERRICAD Y3

1. Slarogll &7 faaRor aargy |

2. HAYfeH R 2?7 $HS I AHSY |

3. UM TIfeT g I uifdifed # <R aarsy |

4. o] SRS &7 Amifed fom a7 |
ISCRCIRCARRE |

Strarolt & aiffevor @1 e faazer Qs |
STarepRll @1 |IFHT vd iyor AT w o forley |
SHar] # 3reifires S |HsIEy |

SHarpsil # <ifid S99 &1 |faa 9o B |

> 0N =

FARHETAT: 1 () 2 (31) 3 (@) 4 (/)



AT — 15

qaret — Al T4 dad — Yosgil

(Algae — Ulothrix and Fungi — Albugo)

giffexor Rerfa
ST — 1Y ST
SUSHTd —  JAIBIger
ik —  FARIBISEr
ERI —  FARBISH
™ - e
ST~ garersfe
B S UL
EN . GUCES

AMEAT 9 TIHIG

WS G 3US Ol & SIATeR | oI dTed, 8L
anfe % o 9Id € A1 9TEf uR urer -k 98T g o
IRAL, ATl M H Ukl W oI I@AT B | AT
&®l  (Ulothrix flacca) T9% & WR U1 4 1 9r
SITAT € | SH®T o T 30 SIfR € | 9Rd # uig o
arell SR Sl § gerlferarT Siriet (Ulothrix zonata)
A B |

AMHR dAT HI=AT

g arel IMNRIT qAT JFad (Filamentous) BT
2| % I THBER, B T M HIRIGRIT & R A
=T o1 | Il 2 | 39 UPR I uRY § dad d
PIFHT BT BT 2 FITDT AT 9T 1 /4 A BT 2 |
3 o Al PIRHTY FFT 7 v I 8Iehl ® faeg
A A B BIRBT O MR A et I8l & 31T
THIR FAAT BT BIAT © | TT PIRIBI T8 AATT 39H
gofgRa =8f grar 8, ol qr e s # sifafag
JAMMHR aTell BIH © U IMURT BIRIGT AT BleshRT

(Substratum) ¥ fU®TY I@T © | G BT TP BIRADT
mrgareR fe@rg <ol & srufq sua! e () oS
BT 3er Afd BN 2| SHDI PIRMHT ART Hegatrot
31 HN—p UfdesT oY BT 8 &1 a1 BT ® | BIFrhr
P g H Th dorg Rihadl B 2| 39 UBR Silagd
AT | @I BIAT 2 AT BIfTdT SfT (Primordial uticle)
AT 2 | ST PIRIBI T H B qAT TS DloR AT
AGAT & MBI (Collor or girdle shaped) BT ERdTTD
UTIT ST © | 390 BIROT BT &9 fawarg <<t © (s
R BRI EleshRe § H8] 81T &) | eRAAdd H U
7 AP YrIRATESH U I ¢ | UraRArgSd U |
I AREAT © O W | @b X&d ® a1 ifaRad e
AI5g ueTell (¥erd) &1 U8 od © (form 151 31, 9, 9) |

NEE)

Feforad § S I TR Bl BT § —

(1) S1¥FH S (2) 3Tl ST (3) i

1. ®TISH FFT (Vegetative reproduction) —
AT @1 TN BIRTBT & ATar AT BIRABIY
U oIl Bt € o1 afe fheft vaiR pIfdrdrd *rer o
B S A IS DIRIGT fI9SIE §IRT UIey 99947 7 |
T fHH HROEY G ghsi H < I § AT
YAH Shl U ey ¥ uRafEid sidm € | 5 fhar &l
fa=gus (Fragmentation) %8¢ © | I8 bl dadl Ao
IIATEROT H B TG BRI T |

2. Affrd W= (Asexual reproduction) — ST
@ 78 fhar daa vfdae aRRefaal § 8 21 fg
F—FT T8 ST el aTaravor H ) 8iar 8—

(31) I Jdme aETERl # AT W= — Irde

FE © | I8 U HIRIDT Fool G BI bl MR

GIATERYT H A ST AATVRIT §IRT 81T & | DI



151 : gaifew (1) gefdrew §A
@) BINT®T AT (4) DIRTHT AT BT

{ qd 579 U1 9IS AET H BT © A1 dg D PIRIHT
AT IATCH € | T DI T DIRIBI H FreTaoi]
T § S AASISIIH B & | T ad IS
1—32 FAGIAT] 99 Tl & (o 15.2 3F) |

@). @) a“rg-sﬁmTulsTrﬁu’r H1 foAfor
@) ToETET (3) TerdeTT BT A
@) STy R) TeETY

Ferfora a1 39 shfadl # R iftrer o diers
31 Bkl € 39 A UHR & Fdioy] a9 &—

(1) T\’ﬁl?'l'sﬂTrlTUl (Macrozoospores) — il?'rgﬁ\_rﬂﬂ%ﬂ_vﬁ
H gIh! AT HH BT & AT A ATShANBII Bl

g |
(i) TISHIMNSIT FTHFAISTY (Quadriflagellate
microzoospores) — 3 JULATHT BIC A BTl &
TP T TSI # 31 Bl ¥ I
eI AR R RIS
(i) fgpeTf®dIe  AEAIST9]  (Biflagellate
microspores) — I {1 T 7 NfAH AT fgHenfAma
B B |
Y T THASIY] B, GRAM (Size) 73 {45 (Eye
spot) @ Refy ek O & w97 & A= 810 €1 U
THAAIISITY] JAVSIHR T © | $HBT U RRT Jblar
BIAT 2 | STeT T BT b -1 {75 (Red eye spot) $H 37
B & U BIAT © Sl ISHTeUTEl BIAT © 99H7 ¥ iR iR
HIMMHIG BIh 2 |

U THAAISIY] AVSTHIR AT & [Tl AT
JbrelT BIAT & o7 WR &1 AT AR HMWBIY Bl € | g2
RERT TS BT 2 | I FSSISIY] U T3 AR © |
S Udh s, U UUERA a7 U URRATSS U1l
ST 2 | A1F B b AT &1 Haaes i (Contractile
vacuoles) ®I BIdI g | goieRd gva RN & /<) o
= ¥ qur Ggaeiial Riheri s Rk & T HIfreT
T ¥ Bl g |
AT § S FHT

FSASTSATY] T TSSO | GAGT b FHY
e & TAT TS JhTeT I G U § {8 FHI T A=
21 P WR Y U Tl R A Tl 9% S AR
9 fors S € | €1 8 [oaadra] oo ued R |
TAT TSI A 3T RN ¥ IR 9% o fud
ST & | 379 BB T B STl & AT T3 dIofY]
3T IRY SR g AT Ay 97 @rar €| 39 99T g
O AT BIPR [T 8 ST & | $9 TSR A T
el BIRIHT EleshRe TAT JHUY HIFAHT 2T BT
D w0 H PR AT & | W PIRGT TR—aR fawfora
BIhR Udh o MR =g arcl & (s 15.3 37—73) |

(@) ufagma aRferfial & sdfe &4
(Asexual reproduction in unfavourable conditions)

() FANSTOL §RT (By aplanospores) — T




(i)

(ii)

(iv)

&0 @ @) @

153 @ gaArew drarogen d afgRoT|
F—F—TBAISMY] H SHIOT| 3F—T, TSI

BT IHHIT

grarexeii aRRIRET FadTT a9 & 3T
Tl BT § T4 ZeTlferaRT a1 BIRTHISH H BB
e A FRkrg® srEeda 999 | g
IATERl # A IS BRI BB AT UGy I1d
g

IREELS) dISI9] (Hypnospores) — {I—eT gfcreret
uRReIfal 3§ ditiepee Rigedr iR Ff3d sraw
319 ARY 3R T AT Ay a4 o 2 | 7w Ry
HIRHT RN A gy I8 21 59 TR waRferd
Sliage e IS e © | Agdhe aiRRerrl
H JHRT B A BT A8 9 YIQY I1d
g

THTSCH (Akinetes) — 31 Uftraa aRRerfast
H DIRBT BT Siaged RIgEs®HR 30+ AR 3R T
HIRrHT fafr |fed e @i MRy a91 @ar 2
ST PIfrepT MRY oI Sfiagey & ARl AR a7 A
3ITERYl BT Yy el AT ST AHaTl & | 39 UBR
|HOT STaged Y& dIolTY] 99 ST © | $9 Udhig-icd
FEd B | A ThISIcH 4l e uRRefdl 7 sigRa
IR T UIeT 1 3 |

TeRelT 3MaReMT (Palmella stage) — f579 Il o
a1 fh=RT UR R AT & | Siel & IR R 79

A IR U AT & T DT BIRIHY AIHT
w0 A i g’ SIRTERI &1 A8 91 ofdl
21 37 IR o ARkET o™ (Mucilage) &1
foHfor B ot B | 39 TR T H 3Md HIRIBY
ToI™ ¥ BT fars il & | 3rgeer yRReferdl s
TP TS ] T AT IR G@H | S 2 |
UTHAT LRI BT BIRTHY BIC—BIC FE b WU
H fers < Aol € | 39 AT BT YD BITABT
SFACETSIY] BT kB Il © | Y e uiRiRerfeal 4
BRI BIHR AT UIST B ST <l 2 |

Bl

3. offfid S99 (Sexual reproduction) — ZeTlforaT
# <Iffres ST 9T (Isogamous) FHIR BT BIAT 7 |
U8 FAGTHAD] B AAIT B BIRYT BT B | ST ZoAlfrag
TG DI MR T MR PIRTBI BT BISH DIg I
PIRTHT JHS I THAI © | I JHD PR, AP T
HEAT H GAM B 2 ofdhd gdl BId] FaER
T—3AET BIAT & | A o g2l Treraioiofel &
FAM B B | g1 (AT FerdraropnE § g1 7 |
STD] G116 F 64 TP B D © | AAGTAGHTA DI
ured {RY # o5 A U PIAd GiedhT H &1 acTaioiy] Bl
TR @A B © A7 AT H 37U BB BT FETIdT
d A H gh Y 9 R WB/A 2| IS JEHD D
AT B JMTHR BT 3 DIFMBT & | SqD Hepx RN T
Q1 HMMBIT BIch & TAT U WE Besdh g U YIS,
T gRTead 9 arat 75 favg +f B € |

Sl # ¥GAF WY AR §Y T AAT—AAT AT U
B Ivg B 3 JHGIITIT F 3717 arel ]F Irdd 7D
3T & AT AU HRATWBIAT GIRT ATIH H eIl I © |
ofrer & sHa Jard R U R g8 Wid € | T
HAA fR—eR IS T%a W &1 aR 9edT © T Ifd
H U agS HAMWGI AMBR I S1ar & | S99 &
gRaea®, &l AT gald—g aAT U GO s sl
2| 37 39 TUREET @ e ffra ar2x Bl 7 1 39
THR 91 IO sraverr &1 dsd Il HEard g,
ST 5 Q1 IS & Herdd 99T & | IE ITHTS B
A & ol TISHLMNE BIT 2 TAT U OR ARAT 8T
2 olfd e &1 g Ff%pa 81 S & | Sy
T B K © | 379 TS FATIIGATY] P X8 FIER HIAT
21 39 IRI R US At MRy 7 St 21 39 Ak




@ 3FaR GIEAS GRIGT XEHR Hiael uRRRIT PT ar=rr
H SNfad <& © | 39 fasmh gwe #8d 2 |

I IS A el ArraRl H AHRT B
2 | IFIY) STl SIS B Afhd B ST 8 | 31 T
S5 JFRGA FITSH g1 AR ST dsdh a7 |
A1 B Y] BT BIRTBIa 1 fagea & gIRr i
BIdR ARl Bl & ARI AR JTT—AT foR ST © |
ST WIS AT 3 AN bed & | 91 H $H
HINMIBIT ST~ Bl B BRI 52 Aol TANWTE had
21 A gt M {B I qH U H ORI B E |
IGD 918 MR BIaR [T AR UR f{ue SN & | 3id
H ST 1o A ARSI BIhR Ueh SMTeIRIY BIfRIehT
g U Y PIRABT e © | SR DIRMHT H 0
TS 81 B1aT & TUT Y8 BlesBIRT BT B PR 4
AT BT AR A IudE & SR Rl & | o
FIRMGHT § IR—IR TR o= g1ar 21 3 |98
PIRTHY Tep Ufh # Rerd &l & 37 Tab STeniad g
a1 & (= 15.4) |

®HaD — VoIl

(Fungi — Albugo)

Tifferor Rerfa
9T —  gHIZPICT
IugErT —  JRemmgdIfeAr
g7 —  SHEdfes
0T — AR
s - oo
SUTT - gelgTgfee
ERI — vl

faaqror ud wiftq <=

Vosil] el VeegfoTIdl &l Uhars d9r o | fawg
A ST 30 QAT HIRA H 17 YTl urg Sl 2 |
arfdamTer yonfadl awefiarer a1 Swiefedd geun #
ST greal 9T 3 uR Ifddmedl Ui &
9 F urg Il € | A ureUl R 399 fbg (White rust) R
I R & | Yo7l a1 faff=1 gonfadl 3§ ¥ sy
(A. candida) At AT TSTIRT 8 | ST HAHT G
& AR Uil SRy |RAl, Hetl, TR e uR TR AT
PR T fhg S T S Bl & (=—rF 15.5) |

&) @ @)

7 154 : Za¥ew § dfte S99 | W - TP
JAGHD! P 0T @ WA BA1| A -7 @
WIHAS] BT WA Yd A g9A91| I-& dB
AT BT SFGROT Td 9 qg

frrm 155 :

dosgt| (&) el Tl
() wwfa gussd
eI HYET (Thallus Structure)
Vo7 GbTd, BT, Hierd, ARIT FHIRD! T
TeRfed HAHTA & | I8 URA) Uredl & Hldbl @ 9

SURYT SRRBIRTDH el § ghg AT & | SHD



@

HgBOIA AP Hdb A A A a1 BIaT 21 A
IFRBIRTHTT HAGYST WU Sl § DI gRI
AT YIGT BRI © | A YD bach LA Dbl HGSIGAT

PR B ST © TAT WU PI JElcar g 8
ST 8 | 39 ST 91 H 3 qha, HEA ol b wU
#H rorropurirar fewrg adl € | STl B 39 9w

JAfagiear Bl € | Habolel BT DIRIBI G TgDH-wb]
Ud HOTHRHY BT & 398 Afd Wre uerd TorsdieT
T dd g&l & ®U § 9rar S 2

S99 (Reproduction)

VoIl W ST 3Tl Td «ifie a1 fafdal grr
BT 38—

1. 3t ST (Asexual reproduction) — Yesa7)
¥ 31cifires ST 3rdrel uRReIfIAT # uRudy 3 HHAT &
T BIAT ® | 3T S fa9y geR bt oot
% gRT BIAT &1 ¥ dreroentar sRifad gig ara
e’ W faefid S 71 H@HEer & uEnd
SABT Hadh A Jfg B HaboTd AT B | A IR
FHaP G URUY B 18 91 B i1 FE Y I TS
BId § 1 S Ak YA I AP, Ted, B TEATHR
Jfagfeal IU=1 Bkl € Sl U gAY & FHAR g
U @ @A & A aRed 8 S € g4
AIFATAT BT ISR H8T ST © | §7 SIooEr=eR)
BT HUR RART delt T et Rt At Siftra iRy 3h
BT 2 | 39 S R IR AP0 UfHAT §RT TP BIT
gcrel fART b, MATHIR, Tgdhsd! SISV I 2 |
9 AT & e Reyd SIAToEreR b 3§ gad
SISO BT (0T BRAT 8 | 39 JHR T aR] B
# AR fromoenfar et SRl @ | hoawy glw
FAIEFER & HU AR IR e diairoEn=ar el
T YT g9 S © | UE—UTq DI &I ISR gab
faarsrs U (Disjunctor pad) ¥ M9H SSRGS 2l

39 faureid IS @ T & SR Hel™ ol
3T B IR © | 39 oMl & qd/d & BROT
YRUTE] &Y 9181 @] HUR S SIdl & T 3fd § 919 &

el @ SRV & Yosg71l HehAd 9 T Bl ¥4 fohg
BB ST S | THE oI & ®9 H 39 dISMoer & 5,
IR IT 3T WAl §RT Faivi giar 2 (3 156) |

YA ATATERYT H YD SISO faHIioTa 8le”
AT 8 U WIS 91 & 39 TBR a9 UAD
Yos § HRICRY §RI U bR, fghenWaIy aatdisio
AT | ST B ARY wed & BRI A
FASISIY] feHT & WU § q18R A 8 | 9eR FFve &
qedI HB T 918 g f[aelie 81 9l 2 | 5Tt § 68
FAG TR & LI I FdTSI0] URUIT & F<iahi UR ReR
B O 8| 39! HATMHBIY I &1 Sl 21 o 3
MATHR ATHIT T HR U g a8l MRl Bl iy
PR o 2| U ASEISNY Y ST APl §RT SHpRa
BIBR Y: WU &7 Fhfid wd & (T 15.7) |

m"*
. Fysrfor
"

@)

R 157 :
ROl W WHACT SIovel BT T uE SiqRer

Vst STlf® O 31— Yoy Bl

2. offfis S (Sexual reproduction) — Yo7 H
ST ST fAvAg™@T UHR &1 8IaT & a1 I8 S
wRUY & gigdrer o Sifere sravern # FR BT 7|
S R g HIGT STHAART HALT: YUT T AvSYTI Baatral
21 A SN WRUNT FRRBIRIGR Wl H Iulerd
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forsr 1558

T HIH FAI A qold & wY ¥ BT sl
2| 39 BROT WU # srfaafgar (Hypertrophy) Td
gl Sa=1 Bl 2|

o
)

ST ARTA1RT BT AT Ud GRaHT 9 UHR gl

GO (Antheridium) — eIl U gaItta vd
THRIETRIR GRET BN & | U8 JUSYM &b qHIT b
FIB GF B HUI R R [AHRAT eIl € | TR Fad
A BT HWRI RERT Bl BR THEEIBR B ST 2 a7
T YR FART 9971 & BRT I8 AV FHad g3 4
3T fawg <ar & | uRuaa gurl # 6—12 d=d
U ST | $EH A Uh dad R D WU H BRI
HAT & AY T B A< 8 W © | I§ oI
srsaT & i U H fysfia Bl 7| 39 Ry
@I ST (Perigynous) H& € |

Vel AT — Wfid oE @1 fafr= mreseny

(i) IMTSUTT (Oogonium) — AT & fHOT & 7

fodl WY wads g3 &1 M 9r7 Afdew AEm H
PIRBT G T Hsd YHAd & o I G B
TMATHR B ST & AT Yo STPoReT MRT 994 &
HRO T8 AY FHIF A A AT fa@rg ar 2| 78
Hell g8 TIATBR ERIAT JUSHH HEal o |
JUSYT fAhTT & ATI—1 $HPBT BIFDBT G
18 ¥rT # Richawa uRged (Periplasm) T Hiay
3vsga (Ooplasm) ® w0 H faufad & Siar 21
ST Rl # drgol B I )6 B 8 | AP
% URGA B dad FEGA Ao | T
B © TAT §79 ¥ 3N B vSEd H Tl Sl
2| vsy e & sifod aRor # v #
BT [P B AY IBAT & Sl AIGT JWHEH Bl B
FRAT & | Y 99 §U Db IT I I & Wl & AT
R g uReer # =rel S & |
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(i) == (Fertilization) — Y@= & Wy vy #
SURT 83T UfTer a1 UTEl SUR S BT & S
YT BT ORW% AR BICT © | g8 YU H SEIuA
I PR TR Bl O © | 3T 49T GO oY U
AfeTdT & FHAM AT a1 HRe &, 1 ==
qferet wed 2| T8 Aferdr ey @ fafky va
IR BT WEHPR AVSG T Ugddl © | 3vssed H
Y= & Tde1 9 94 vSEd BT HOTHEI BIfThT
o Usp 4919 Wl 991ar 8, 39 A< H $8d ¢ |
= AfetdT 39 NHIRI<H & UTF STTHR Be ST
2 TUT R dgd WGl JHS I FAdd B’ T
&0 (2n) JT1oT ST © | o 9 YT 59
THAAS & AR AR U AT FRT a5l & | 39 A
Ry ofa s WR@AT &I Af¥aTS (Oospore)
FHEd B |

(iv) Ff¥eIUe &1 FHIT (Germination of oospore) —
3R & TRy AT @1 fEd s el
faqre | fawfSra g1er 32 dxd g91ar 21 s
g T & aR iR &1, A9 e U Al
fafRr &1 foAToT 81T B | 39 ST 9 HeElel dhad
& | v yRuaq Fftedros aw a9y e gyairavel
H ST REAT & Ud WUIY] il & A€ B9 R WdA
g g1 # ftpa sraverm # usT v&dm & |

g uRRerfa # fftaaros wfesa gar & qon
TUD Pod ITTT BId & TAT ST HAT THTHIT 100
TP Ugd S B, | B BTl g o1 fagfera graw
TR dadl & TRT MR THT 81 91T § | 39 IBR
FAERT SHage 100 Vhdb-5hId Guel | a9 8T SIar © |
TP Sage Yus U JabIbIR fghAABIY TerdIei
# HrfaRa 8 91 & | 32 AeNaadIaTy] w&d & | I
JFRANT B Ff¥Fs & RRN Be S & T AATSI]
T Hefd & ®U H 9181 AR o H O o 8 | {B
FHY 918 @1 BEAHY A 81 oIl & ar I Rer
BIhY Uh TMATHR AT 991d & | 39 Rl 3R Th
JMEROT G ST 7 | RO & FHI G MeATHIR HD]
A TP ST AfIBT g1 & | T8 ST AfeTdT Il gIRT
RAY & HTDI H YA B GRUYT BT HhAd B <ail
2 (o 15.8) |

-

1. gorfraw Srarel Jrenad dem gFad B & |
2. TUD UAP PIRGH GA A 0P Dsd qAT T

BIR AT A B 3PN BT R oIdd raT SIrdl

=

3. oAy BIfde, 3cifiies a i TR Bl S
qrT AT R |

4. gge aRRfTAN § orcifies S Trerdsiosi g1
BIAT 2 | ¥ gdIoNY] fg a1 agehenfued 8 ¢ |

5. dfade YRR # el 94 rerctdieogil
S faftre 9], UdTsed @ uredel dioiropei
ERT BT 2 |

6. Zellfrag ¥ <iffies ST AT YHR BT BIAT © |

7. Fenferaw & Imar St # yofeRa w2t urn
ST & |

8. Vol UIUl WX ¥9d fdvg T I FRAT & |

9. VoIl BT GHTY, IeHTIBITS, AR, FahifRra!
g YeRf2d Hadeld |

10. VeI ¥ ST el @ <iffres &1 faferf gy grar
g |

11. 3Teifd ST el IRRARTAT # wUnT  HehHor
& ggard BIdT § |

12. Yot ® SiffTes ST fawagTias g1k &l BIar 7 |

13. Yosga7l # <iffTed o= fawAga UeR &1 81T §
AT I8 ST WUl & IlGHIeT BT AMTH Aa=eAT
¥ BT B |

arwgrarel we
IR T
1. Zerlferaw U@ Sard o—
@) wiRgd g gzaa () IrRyad g gaad
(@) wgIRyd Fad (€) SuRRh |l
2. Zlfra @1 98 SIfTeT forad ueieRa wEl g
3
(@1) SmaNT BIftrET (3) MY BIfRrD
@) W= BIRET () SURRD Al
3. ZAIFRT B U TANSIIH H AR DI
| BT e
@) 1-32 @) 1-40
@) 1-45 () 1-50 d®d
4. Zelforag T 98 dIoY] S giidpet uRReIfT 3

Sdga & Rl 3NN BT ARy |fed veh Hier
JTROT T oIl & Peelldl a—

(@1) =rerdisiTg @) ST
(&) areHe () USIEICH




Qe # waqd fbg A7 BT 8-

@) gFAFITERT (@) Vog §IRI
@) IReariigl (&) BIZSIIRT g1RT
Vo=l § STl S BIAT B—

(@1) SIS FIRT

@) TSRl gIRT

@) g SRt gr

@) SWRIH T gRT

Yo @l 3T famfad gt 8-
(31) *vE g AU H

@) 3w g uRea |

(@) ervene 9 uRge

@) SWRID H F BIS T8l

VosgTr # Wferd Hieg ugre grar 8—
(31) Tt @) TATSHIH

@) I TS (€) TAEDIGH T TA §o

HfTTERTASD U3

1.

2.
3.
4.

BloShIRE T 27
oo oy @@ 872

et § oifie S {6 UHR &7 Brar &7

5.
6.
7
8

Vo7l g et: fébe ureal ol Al bRl 87
Yo7 ATl # Il T HeAT 2 |
JEA=H |7 87

Vo7 T IS &7

TEYTRTHD T

1
2
3
4.
5
6

7.
8.

FerlferavT &1 el farlay |

TAIfIRT ® AT T XA B aIR H I8y |
UTeHAAT 3TaRAT AT 87

JEAIIFT BT BIAD FDAT daT8 |

Vel & Hadollel bl AfaH I8 |

B Ureul # wad fbg 9T R Hfera fewofy
forRag |

VoI T YU BT FREAT IS |

Ve DI JAUSHTT DI HDAT qarsy |

IBECIRCAR LS

1.

2
3.
4

AT & AT AT | fhal HMHTY urs Sl

g7

Terforad | sl S99 &1 |ferd aui| Sy |
genforad # <iffie S99 &1 |fes aoi= g |
Vol H oifftes S &1 e auie Hifoig |

Voa7T ¥ el S99 Ud wdd fog 9T &7 quie
HIFOTY |




ALY — 16
ARABISeT — Rfewar td Rewser — 2RfETH

(Bryophyta — Riccia and Pteridophyta — Pteridium)

FafteRor Rerfe
AT —  FIaTBISeT
a7 - fRufeaiftasr
0T — AT
Gl —  HTdiergEr
qer - Rigwar
faaor 9 w@¥E

Ry fazaaard ® | 39 991 § S99 140 SATferar

et € | o8 9 31 Srfodt aRa & urs S € | roien=
# gadl 14 Srfadt e € i R wdarv (R
discolor), R fvcerrg=r (R. crystalina) R tc) HIEAED
afaReh R anguf~aw (R. abuensis), R e~ (R.
fluitans) STl wifadt €1

Rfaar if¥waR werefrg rarsdl # rar STrar € | I8
T 9 9 BIARR, {9 e ugrel &3l 3 g
ST B |

I3 16.1

Ridwrar & Siaw =i 3 ] wrawen e 8-
(1) gHPIEMT T (2) AMIEAT Tazer

1. DI ATaeel

(Gametophytic phase)

918 G¥gAT (External structure)

RIv7aT 1 9 Urey TRIR JHbIg g e Bl
2 | ot W T, 99eT, TR 9 fgwroll enfed grar
2 | T 3MPIT & AR W I8 UIEY gIATHR, USTBR
T BIAFAT 81 Al © (FRIF 16.1) | I BT IS ARAT
% W W U @iF B 8, R gig fog Red grar 2 |
T AT BI {UTE Faig IR HERRT &7 H Ueh Aaed
Wid (Median longitudinal groove) BT & | S A& @i
# ST @ fetor g 2

RIS AT B AL T8 W &l JBR & JATT
(i) faa= faRkeges dom (i) TIferara U o €| g
g TR Yo T U S & | Weeh IRy, I+ 1

®)

: -7 : RfETIT & 91 AHRA| (@) Ured wWEE, @)—([) ddw B e 9ds,

@ e ARy g gamm, @) e o () e |



@

® AT H YhaIRI, WAl BId © | 79 A1 H I+

aretl ST H 2o UTT: BIC T JcThIfeld BId & Sidfh

Y SN H S arell ST H Weh I T Sradblicrd

B 2 |
Afafk®d AT (Internal structure)

gfRudd Rfewar Soiq & 3idRe GRaHT 31 W

&3l # faveh el 8- (1) U THTeravers) &5 g i o
MR (i) Frr &= (ot 16.2) |

(M)

(i)

wfiveer gfEg (Apical Growth)

Rigerar der| &1 gfg, oY W= (Apical notch) A

Rerd 3—5 ofif IfrarRIT R Bl 2|
S (Reproduction)

=l

Rfavgar % S99 w13 T offfre faferal gi=r gxar

1. BIYD S (Vegetative reproduction) — /R/3wFar

# FIdd S e afgara H fm fafda g grar 8-

o — ST e
TRl E
P —1; Y TPTIE
e o
A R 24 8. d Bk 6 v ToToT o ==
L 0 A 8 q: 2 ". = AM/AX]T NIXVTHI \I\$
o
frreret srféem

//TW@/}/ \\__—/“a =1 ARG e

fI7 162

UHTIRITAST & (Photosynthetic region) — I8
&1 JTTIRYT ST HIRHT Gl BT aaT BT 2 | 3
URRat geTerRiTedl a7 FEAR © | IAd I bl
2T PIRNBT JAAIHD ©U A g1, Brari(Hyaline)
g BRAcTad e BIdl © | TPIeHTA] da=all &
9 Fpivt 3rerar drg EITQ‘CB\TEB_CB (Air chambers)
U S B | U8 Jold @ Il WA R argfos
(Air pore) ERT YeIdl € | $7 ArYBE! & gRT TbI
YO & A AT BT AU BIAT 2 |

Hadl &3 (Storage region) — I &F UHTIHIAY!
&3 & {1 T, e, g DIRMBRIT BT g1
2Idr 2 | 39 &3 BT Bl ¥ sRdcidd A8l grar
SITAT 8 QT SIRGIRaT /ddrer (Intercellular
space) B ITIURAT B © | I BIRTHN TIE & HU
H 9IS ygIdl BT HIg BT & | 59 OF B A9
el wa el eiffred &1 &1 Bt ¥ 59
et sTfdrad & &1 g 9 wed faHhid 81 2 |

)

()\

: Rfgar . daw &1 o e, (@) Infea fm, (@) sfR@E ==

fagved — W I & dR—R 5 8 & BRI
QT TGS &1 WETg ST T 8 Sl © o
A% JUF g5 T UH Wad Jdd & w0 A
i Bl © |

RIS T3 §IRT — Rfvrar &1 go e
& A DI 3WIeT AaIg WR IR oRaTg fAamRia
BT € | U WAV AR UIGY | 37 8IdhR 1T ST
AT B |

et il g=T — g &3 § S arell
Sifaar # ufdae aRRerfaa # o wim & iR
Al ST T B AT © | Sidid oY 9T gaT H§
397 REaT ¥ | 39 Rt oY o € | 9% fererrdy
Y saer aRRefoal # gfg &= a1 do9 a9rd
&, SR R fevaperv|

B% §RT — RfFwar & @o SIfadl § gigarea a1
FHIT UR qgdIRId, MaATbR RS d AR
Tl § RoTE #g ded & | A &g Ufagma aRRefar
YT AT H X6d ¢ | 3geel aRReifcrdt # Arg




O

UIey ¥ gUd BlaR 99 g # fefua g €
SRV R [S¥pery a R Jed |

(@) qAMTE §RT — B3 S § A & A 91T
R U% fARTe 9g@If1e Hafa (Multicellular mass)
ST 0T 811 © S YT O (Underground
gemma) HEJ & | I o1 e uRRerfaal § 9a
Uy Bl S <l B |
2. offfTd S99 (Sexual reproduction) — Rfw7r &

R 71=He®T (R. gangatica), R, fS¥&a¥ (R. discolor)
USSR (Dioecious) BT § 37T AR T ATGT ST
3TT—3TeT et TR fawfia 81 €|
G (Antheridium)

QT SIS BT 3TUTeT HdE UR HEIRIRT &5 H Ul
S W NHARN HH H AT Bl © i =8 gar
Id & M 9T B ARG AT YR U O &
fRreret W oR RId 8Tl & | I g, GuIT i H

I S 91 fATSRHS®! bR BT BIdl © | AR ST
e+l (Antheridium) @ ATIT SFATT FHTerm=]
(Archegonium) HEATT & | RfeTar &1 arfdraier irfot
USRI (Monoecious) BIcH & 31 AR T T ST
T B I W fIBIT B © | ifdh o el Si

=5 =T
SENEEZINEA

famfRad g1 B |

guTT &1 uRae (Development of antheridium)
G BT gREes JaF @ suie "ag ], oy

PIRTHT & 2—3 HIRHT WIS 720 Wid BT Ada! BB

(Superficial cell) & BIAT & | 39 YA TRPASH BIfTHT

/

UONTRTch Ug hIT9TdhT
AINITRGY T ey




(Antheridial initial) B8 8 | T8 BIRTBT =T BIRIBRAT

BT B &A1 & | U YT H 3 gAv] fasmRid Bid 2 |

J I T AU BIRNGT G I BT & | $HH U SR
OIS EIRT Ul 911 BIRTHT (Outer cell) T el
T BIRNHT (Basal cell) STl 2 | MY BIfdTdT A
GO g7 9 WY 9T qTed HIRIBT F 997 © |

TR PIRNHT ITRRIR TR TR §IRT AR PIRABT
qg BT 0T BReAl 21 39 A= Bl HUY &I BIRNBY
eIt gari SIfkrel T el a1 BIfRieg mrefie
g PIRTBIY HEAT © | WD g DIRMBIG TS
ERT 3T BIRIGHR HICTs Jh IgdIRId g=d a7l 2 |

eI gurel BIfTerel § a1 IqY AW U
T B FHBIV WR BN © | Ty IR—=R BIfrarei &
Q1 9T (Tiers) 4 & | 371 373l HIRI@RI # uR=d
TS IRT 311S a1’y Wriffies Sidbve BIfRTHIY AT 3113
fiad wrfie goi-e BS99 c & | wrfis Stac
PIRTBIY NUFT TSI §IRT Udh IR YA STdve Bl
fomTor SRl 2 | STafeh wrfie gore BIfTeY SRR
frremt g7 eme BIfGY a9cdt 21 3% gH) g
PITRIBIY PHE | Tcdeh YAY] AIG BIRABT SR faurer
ERT =R BT A BIRIHIY TN 2 | D YEhTY] ARY
BIRTBT T YpIRTBT BRI (Metamorphosis) gIRT
Te fgapenfia g (Biflagellate antherozoid) T fHHfor
A 2|

gRudd gl (Mature antheridium)

Rigwar & 9 uRuad Jui THR, ATSIHR
T TREIETHR YT Bl & (B 16.4) | 9 gl Uab
BIc, JgdIR®D, fgaIRie AlCrs I g1 gR1 guri
TPHIS B MR IR M I8 & | TP U TS
(Antheridial chamber) @1 3T1&T |AE UR Th HHIv g
EIRT 918% GeIdT © | YuT=il BT Sive gHY] A BIfRIebrail

ge gAY FHrsferd 9 fgenfia g € |

GUTHI &1 ¥hea (Dehiscence of antheridium)

QT ¥hed & foldl ST Mawdd & | guTi Side
B1 ¥ BIRTBHIY STl AT PR RTASHIBROT §IRT
faafed &1 ol € | |rer & U &1 iAo o d
3T R oAl B 37T $9d Tl B BRI IIRD
S919 gl 2 | 3T YT B Y 41T %e SIdm § a2
fog | gAY TS & AT TR § I B Fag UR M
T G Sl & AHD H IMHT AR o 3 |

STl (Archegonium)

G & 1 ST Y e &1 aruTe §as
R S Yobrs # fasRid gt 8 | 3931 fabrg o
AR 9 F BT 2|

g &1 gfRuda (Development of archegonium)

SN BT aRaed et B Fd! BIRGT I Il
2 39 Sur uRfMe PIRET BEd €1 I8 BRI
SFURET IS GIRT U FTed BIfRIHT FAT el e
BIRTHT RN 2| ST BIRTBT A A &7 3
LT T AT a8l BITRNDT ST A PIRNDT & w5
H B BT B |

ST A1g SIRTHT A9 I foRkiss [T & g
BT TTAfAP &I BIfrhT Toar N9 ufRefiT wifrwrei
o1 frafor sl 21 3@ e ufRei ifdrer e
el e gIRT faMifoid glar & Sae aRfMS
PIRIBIY TR 2 | A DIRNBIG IR fPITST RT &I
ATAT g1 & | $UR) ATAT &Y BIfAHIe far TR ®
(Neck initials) @ f@el UM & BIFAHIT fvHT URBHH
HEANI © | War IRMD BIRpral # srqueer faror
| Arar &1 o1 grar 21 3 B I uRkAl # 69
PIRBT SaTs BT g1 B © | TTST YRAAE HIRHIY
STIPRY AT §IRT Yob WA JveeT fRY 94 2 |

el PIRMBT PR 9T ERT HUN Irfiiep
IR BIRFHET qAT el d<IF BIfAHT a9 B |
3ITARVT BIRDBT Uh GAX & AADIU YR &I I fIATSTH1
A AR SR BIFNBIT qAT el rvser HIfreT qardt
2 | IR frar 1e BIfRIeT SryRey faMTSi=il §IRT 4—6
AT ATl PIRTHIY 40 2 | A U Gfs H Rerd gt 2 |
3OS PITRIHT Teb AFURR TSI FRT &T JAATHIRIBIY
TN &, HUY BICT AVSYT AT BIRIBT T MERIT T,
TMATHR VS BINDT (Egg cell) HEAT B |




@

N IRTIT & THY 39B IRl 3R BT BB
HIRHIY W AfhT AR fIo™l gRT SN ThIs
A & | ST WA & FB AR S B S Adw
TR YHIS ¥ 91 Fdern vgdr 2 (R 7.5) |

TRugg SN B GEAr
(Structrue of mature archegonium)

T UiRudd S FABIAT BIll 8, S A
TP B AR W BIT g1 § o &< 2 | Yo uRuaa
ST MATHR AVSHT R AT Feorof aw frar
FU 9T H ffed gkt & | War Side B: ey ufRkhal
BT g BT © Foraa Sars 6—9 BRI gl 8 | Wrar
% 2N R amesE BIRTHY (Cover cells) BT & | frar
1et 4—6 AT ATt HIRTHIRAT @ I I © | A HIRNBIY
& Ufth § ofl &< 7 | SvSHT & ARI 3R U Wi
PIRMBI Siebe BIAT & | 30T T H U F 1 MATHR
31US (Egg) T $U & I[UsHT ATl HIRTHT BIdl &
(o 16.5) |

=T (Fertilization)
YT & ford STt snawa® 2 | fve 9 gd uRuag
TN B War ATl BIRBIT qAT TUSHT ATl BIfIBT

52116 | MRS
URMRFHT DI

SRIEE

Juefed Ba} Th Yool ugred et & o fb oid
AT R ol Tl © | 3D <91 D HR YAT &
¥ oR ReId 31TaRvr BIRIBIY gord 81 SRl & 3T Telwl
gaTef 98 31 AT &, S GAYSH Bl UAT AR Thia
FRAT & | 39 TS # WS, Hferd et 9 urefRrad oo
B T | I GHY] AR gt a1 gR1 ST 3 ae
BT T | I STH W UH YA 30T I FAMIT Bl
TEaIiOTd ATt 91T © | F19E & uRend WY gAY A
Bl ST & TAT VST BT HUA AT T | v 81 STl
2| 39S U IS 37U AR AR Hegalrol Bl Th
fafr E=rfad o fAf¥adrs (Oospore) # uRaftid &1 Siar

gl
2. ISR wreawer

(Sporophytic phase)

TS (Zygote) SIS YT BT Herd bIfrehT
2| STH fASIATGRIT &7 31T BIAT & | I8 fa9rerl gIRT
ARG &7 T Har © | ST st 3l Jae
BIRTHIS e frar & Sefia Siax |fthg 81 o 2 |
Ig gRFT TAT u=d faurst=l g1 faufid g1ar U
TSR <ARETOT STARYT MYUE AT DAl IR & | ThH

;S aReed T A mare] 9 e uRueg S



164

gRaftfa gl gy dISuEiAg @I B8 I&dT © wifd gl
gig WRINTH & ArI—ATY F919 &% 4 8l & |

T & | S—9 IT0] Fgsh &1 At gam 2, |rer 8
Sibe AT MYB B HId IR BT BIRHIT T 7 gl

ST 8 9T URydd 3raveil § dadl 91gl Mud u’d 94
& & (o 16.6) |

fomefg &1 gRas
(Development of sporogonium)

THAS Uh AU fawre | fafoia g a1
HAM JATHR BT DIRTBIT FATAT 8 | HUK BIFIBT FeATER
(Epibasal) T2 f=rell ERT®IR SIS Bl & | Gl
e Seuraat # 1 A IR IR I 947 & |
AERT TSS9y FRY §IRT 81T © I8 faMTe ugel
ST TS & FHBIO UR BIAT B HelRA™Y 3MS BIFABIT
e YoT BT AT 81T 7 | 39 STeieh @l Al BIfrard
AT BT 4 fAWITRTd BT 20—40 BIRTHRAT B UH
MATHR GRAFT I & | §H THE DI Ae! DIABIAI
# te uRAd faqe BT @ Heldwyd Udh 9@l WX
afgeefif9a9  (Amphithecium) TgT ST AT
SaRefIRITA (Endothecium) 99T & | dfeefiRis of
PIRTGIR # Bhad oad fdre= g € 9 v
HReN U WIRIA Save 9947 7 | STl &7 HIfIHrg
WRIA® (Archesporium) @ w9 H B HRA & | A PIRIBIY
IR TR 81’ ST $<idh (Sporogenous
tissue) SAICH © | SAD! YD BIRIBI SISV A1
PIRMBT HEARN 8 | SIS AT PIRNBT T TR A
9 BB Y MATHR H& TR © | $99 o |/B
PIRTHTY FEdhg (Abortive) BIBR efeT B S & |
Y ugfed BIRGIT UIvd BIRNGRN BT B BT 2 |
TRAE SIS0 A DIRNST G 1T §IRT T 1ol
TG BT AT FRA 2 | I8 AT SIS AIG PIRABT
& fafRT 9 iR I8d & | {B T99 918 IS A1 IR
IR & @ BF & BRI AgSh & Rl dISI] GId 8l

gRuga FrAToEg B G
(Structure of mature sporogonium)

Rigear &1 SISTEg e el AT 8, Sl &
Had SR T BT B 8 | S urg (Foot) T e
(Seta) STIURIT &I & | I§ JISTEIIT U WRIY Sidbe
qor fgwa’ra Mus g1 uReg &ar 2 | uRuad 8 d@
Sbe doI WId) Y& ORA JfUEfed 8 S g | e
qRUFT A D dTed MU WX gIRT 81 foR1 &1 2 |
§AH 3F® dISY] AW g drolY] UReg W& B | I8
ISV TIYoT & o)l qof wU I JHBIGAE AT uR
fiz vgar © (R 16.7) |




S)) @) (&)

A 1e.8 : Rfewar : 31— : ] sfgror & A= areveny

SA BT ®hed (Dehiscence of capsule)

RIGEIr $A & Deilgl &I aie WR TAT 59D ARI
AR B AT HIIDI B BIHR &1 8 S WR dIoT9] Jh
B O € | A H d] arg g1 v g g |
GRS g"ﬂﬂﬁ?&lﬂ (Young gametophyte)

1S9 (Spore) YrHBIGHA U1l BT HrH BIfAbT
2 | Y SISTY] AHRICAT TSR d I JfeFar fORTHS bR
& BIA 2 | ST Araro] FfRT TWRISH gt & | A1 e
ORI AT AT, HeFarel T SFA-ATe | 99 Bl B |
3gma gRReIfEl # 5] siGRa giax 9d Uiy &l
=1 <0 & (o 16.8) |

<Remprger — 2RfeTw

(Pteridophyta — Pteridium)

FafteRor Rerf
YT -  Remwprger
SUYHAT  —  oRIiTST
it - JerRRfTE
o7 - fheliaels
B - SwcelfeuH
q3r - 2RfsTT
faaRor 7 w@WE

SRISTH U Uh w™Y A UIAT SITH a1l B 2 |
g 9 9 BIATSR WAl § UrdT 9rdr 8 | g9l fafyr=

Sl UgTSl d HeT 9Fl H u1g It © | 98 fa
udha W g HAT © | IRA H $HD! B ATl U7 Sl
g 1wt 2 cifewagers a 2 Vfdaferawd § | 2RSTH
@ Sl =h H AR I PG &I T ATy
I S & O AISTgig g &1 g+Tdl maser 2 |

918l d¥gAl (External structure)

SRISTH &1 AAEHE Jofed | fS, h< d
gfert # fanfed giar 2 | wefie, qaard, seadifors
SISl TAT Udhs | RIS UG e Mdwerd! g1 A
U BICT 9 ARG BRI 8 | Jba JoIbR fgursil
eNRad T YT BIaT © | I8 Ud g At o fafed
BT ¥ | $9 U IgHIRIGIT 9 81 € | ufRkrdt udwfiray
I HWR P 3R THrR H9 H (eI gt 8| awur
gl 3§ gusford fedama fa=a/a (Circinate venation)
IRIT STAT & AT A WUATHR w9 H Fosferd sl & |
s yRuaq Uil fgfi=sd! |y (Bipinnately compound)
BT B | A MMBR H AFHR BT 2 | 372 T (Frond)
FEd © | Rl BT BT 8o PR [N B AFAl F DI
Bdl & (o 16.9) |

AM<IR® @1 (Internal structure)

1. ol (Root) — I HIC H ol & A W &7
g <0 € | 3 &7 Yeltacadn, wRoT I 9 Hagd adf
B B

Tl @ 9 U WY IRd & w9 H 8l 2|
SIS HB DIRTGY [HHIRR Tl A I 7 | 90T
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205t ) SE P
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A S ||
SN ¥ "_‘,"'N‘ AN \f"
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SR “? 3% *';ﬂ‘g{y il
2 N iz s
T mm] $z ol S
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RSl o

kS

7= 16.9 : SRfSFH : a1 A=

FH<Ih IR BIAT & | |R0T T Bl S @l YR
TN B | A B s H DI Gasd af IR A g |
S8 D51 HETSIgd & QI 3R UeIsligeld & Ble—vIe
FHE URI S © | $9 SIeTgH Ue! @ Qi AW FelgH &
TH—Ud A8 SURYT grar 8 (R 16.10) |

2, ¥&=< (Rhizome) —J&=< & JIT BIC H AIH
I8 Th IR URA 9reIadn (Epidermis) I € | I8
FEHA | TH! T T | 39 WA & A1 IS BY a1
AT (Hypodermis) Bl & | U= T Y AT Jg<IH
BT T 9RT &P BIAT © AT B H D19 Fagd ax
IRIT ST & | gaT = § ATl 39 (Siphonostele) STafds
qRuad gdh< H agafshd I (Polycyclic) ¥ IRl SIaT
2 | 39 HagIY <1 Tt H aRerd 81 € | $7 Hagayal

=7 16.10 :

SRFETH : & BT T BT

? AR ded 2| 7A@ ARRed & IRI 3R T
UHERY a4l (Endodermis) I U AT &I IRIT |
fRIRT XEAT © | T8 31U MY H Udh I BT 5 war & |

gAH Hagqd S UHR HT URI ST © ffq dsii
ST AR IR & FeAled o R ¥&ar 2 |

3. Uuig=d (Rachis) — UUg=l 3IIURT HIc H
TR fewrs a1 & | sAP) d1aradr U a9y il
21 39D A1 2—3 W IEII@N RITAAT B B | 3R
BI 3MR Ggil A g1 IEWINY AR H<IP BIdll © | JaT
UG & RV HIP H T “U” MBI BT A UTAT ST
2 | 9x=g Hiie uviga # I8 <1 aRErar # fifora & sirar
2 | TP ARSI P IRIAT SUP Udba b FHIF BT ©
(= 16.11) |

4. 99 (Pinna) — U°[% TP FUST JORIR HET
2 | Ui <aRe w0 | HU 9 el ifdad 7 fanfed
&l © | 39 g1 31l © 91 yoiHediie uram Siidl
2 Sl WHIBR T TGOl Sl BT 941 BT & | ferelt
arferest # 1 urd Wi € | uvis & B § udh Aadsa!
HaETYe U1 STdT & | 9H D1 Siied @ aRi 31
TeAIGH PHIRIBIY BT € | I8 Hag-qel U Jelreora o
foRT 38ar & (R 16.12) |

SIF9 (Reproduction)

SRIsTHH S BIfde, 31ciflies Safail qeir offfie
faferai g=r g 2

1. BB S — I8 S99 SRISTH B HIRD AT
T&a §RT &Il © | U< @ Tl U4 G B HIROT 3HD!
fg¥TS TIETY 3Tl BlaR I MdT 4 dISo[giag
T B |




7 16.11

I 16.12 : 2RFETw Uvid &1 ST BIc

2. iRl gRT SAfE e - SRfSTH |
JHT IS0 TP |AM B § o g8 AHSISIYd
(Homosporous) SREIHTZT BT ITERN & | A ooy yooit
(Fronds) @1 Frerefl &8 R 9+ arell ool |
A € | 31 372 w9l draropef +ff wEd € | 37 dorogort

: SRISTw : Ioigd BT IR P

@1 freel ¥d8 R g9 arell SR Bl AR
(Sori) &A & | A ANIS UH Aaq Rgd HH H AR
fasfid Bl 8 Helawyd Udh YRad FRA F9RT 3 |
UR% AR & Udel dUIC W59 Igdl ¥ T & T |
SO FHUTE AT $FH 11 2 Siafd Wiadt sgiem
%4 fABRAd BIAT & | I8 Udell Yeb WRIT DIRMDIBI Bl
I BIAT © 39 9 SgRIW FEd €| F I SR
IATaReNT H AR BT B V& ¢ |

IS SISO AO7 9RE U g 9 hogel A
fufed g 2 | aRuda $=ga &1 Ve Td 3R {B
HHA T gaell ARRE SIf@RT o tE ug g @
fSRY e (Stomium) PE & | DR DT TR 5! D
BT ¥ | 399 AfIRad wrgel deget o fafe st
ST 99 Ud ae1d (Annulus) I THT I&AT 2 |

3 16.13 :

eRfeFm - (1) o uof, (3) dromoerh



SIS & 3T7GR Bl AY FHET PIRTHTY H1Afieh
QISIYSTT PIRABIY HEAH & | Y PITABIY FHGA TS
q ffra gieR 16 dIGIY] AR PIRGIG G496 © |
UG AST] A BIRIGHIG FERGA 9o gRT R
RO ISR BT Y AgSh SN & | 39 THR TAD
SO # 64 SFIOTT o] g9 & | A 1 oy
3MHR T NPT # FAM B 2 | I dIoM9] U d1ed,
A1 g e T P aErEia 9 A9 udell g e
el | foRT vgar & (R 16.13) |

YSh IIATERYT H Il BIRIBRI B d8 ) udell
ffr ¥ 9O BT § BeRa®y 96T Ihid <19 (Turgor
pressure) B & SITAT & TAT 9128 FART 3<% g9 SIIeh
2| 39D PR garg B AT g MR o @ R
Rea ol € | 39 Rd=ng & HRoT IS egd |
ST B IR 8 T2 a1 UTe &l 3R g$ Il 2 | 39
I8 $HD! BIRTHY TR FHH ALl 8 A1l 7 AR
T dITY] o SR e GEHR dhd A g |

LAY
(Gametophyte)
0T ST JHBIGIHT UTIRAT DI TIH BIfRIHT
2 | IS araraRer ¥ garoiT & arg Somogsit 7 sfagRon
UR™ BIAT © | GV & A STeT ALY B TSI
T IIeTadl e AT § O IIT-ald Yo Sid AfeTadl &
wU H q18R Mdhetdr 8 | 39 Afeldl & fa9IsH 9 Ua Bl
q<g 9qT 2| 39 A< DI IJAER IS A 3
qarrd s 81 & foras 79 urey e 7 fore
REAT & | U BB § sRIeTdd urr Sar § I8
PIRTHT fIFST TR a8, FUCl, EIATHR AT
AT © 579 Tieeiy B8d © | I8 U U] GReAT © |
ST ST 3T Mgt WR S &1 © (T 16.14) |

98770 000y
o s 20,5,
a5ien22

T

g aRugs wiere™
R 16.14 : SRfEIT WMAaw

ffré S99 (Sexual reproduction)

SRISTH # <ifireh S favsgma UdR &1 siar
2| 7R G AT ST sen: gunfit g Eenfat ge &
Mo W fasfad gy 2

YT (Antheridium)

Gl gaaTaR HIdes & SR &3 H faawRid
BT & | W1 & 31el A8 B TOr PIRIST geri
TRMADT BT BRI BT & | 3D JPRY f9rei | v
I8l HURN PIRTBT G {Frerel] Herd aerd BTt a9l & |
S BIRTHT G U STuRey farer= 9 fawifora g
T qTeNl I BIRTHT g HIal Hrifies gore BIfraT
AR B | T BIRMGT A UH G AR HIFABT g
N g PR a1 & | 92 g fgeli aery SIfRsiel
TG AR HIRABIRAT H AU fIHIST | G BT Sidve
TICT € | STaf FreIfHes Yoi-ieh BRI ich farori &
HRaRY 30—40 Yd YAY] BIRTHIG 10T € | 9P 9d
YY) HIRNBT HIATING BIHR Th dgHRIND GAY] T
2 (form 16.15) |

ATl (Archegonium)

RIGT#7 % HNenferal vigrers R fver &g & urg
oy Bt 2 | Mo & el Fag o I BT
SN TRMAIBT BT B BT 81 Ig IRPIBT T
3TIPR AT §IRT Ueh U TTifies 3TaRoT BITRIehT
TAT T el d1g BT 997 8 | wrfded smavor
PIRTAT & War T ST BIRHET & FIe= F wafas
ATeT BIfRADI, VST BIFBT T Uh 3[US g7 B |

frY==T (Fertilization)

RfSTm # fv=m & ford o1 smawas 2| 5
3aRfyT &R uRudd guri Thal S & | fTa™ Mmavo
PIRTHT TR TI19 UL & AR T8 Gl Sl 8 | By
YY) < B I © | F §<h YA SIed R IURed Sfd
DI g TRT R IR 2 | 3H wHg St @ frar
AT PIVHIG g IvSYETA HIHT & fAgeT d 1&H
favrd uarel 99ar & | I8 ucTed gHvSH B U 3R
3T BRAT 2 | 31 JAYSI H 9§ Badl Yb YA 308 |
FufRT SR gHATS 99T & | {B 9HI UTEr §9
fEgfa I & IRt &R v A fafky wfaa e 2
319 39 gl Bl (fYaree ded & (R 16.16) |

T9 droogfig @1 uRaes

(Development of young sporophyte)
e & R 918 S 9 IuRed fawesd uared




® &)
fa= 1645 : 2RfETT : J—& : dur uReeqd &1 a1 ey ud gwupen &1 fawE=

fam 16.16 : SRRFT : a1—x : Ser uReefa 1 (P wrazeny

@ AT 2 Borawy N Sur BT § 9 8 I8 YU 16 BIRIG H w81 Sirar & | o
AT B | $9a 9TArq A¥edre qT ST fMed gRITE SO A 3l AR HIRGY URE oY g G519 IR
TISh DITABIT YOT AT © | 37d Uh PR fAMe ¥ 99101 & 7 fHierel | & IR Ifkieg g 9 ure




O

14. SRICTF # <iffre =4 fawagT @ JbR &I BIdl

(Foot) g & | UT& T URMA™% S Farfad dgig
Bl HISTH H A UG BRIAT © | offhd Y A

qearq IR U1 HIoE WE 99l & | o
AT AT AT WG G WP FHY <l & T
ure g Widd W 8l ok © (R 16.17) |

10.

11.

12.

13.

Rfaar fEwaR werefia mardt & urdm SIrar © | I8
AT 9 G BRIGR WM H TR ST € |
TG IS W T, FUCT, SR g fgren
o &I & |

TS T D 3JE A8 W al IBR & FATI1H—
fer= Fiferges derm ferera oy o 2 |

gRudqa RfFwar 9o &1 JMIRE ARAT &l W
g3 # faueh Bl € — (i) SN UBIT Aoyl &
TAT A1 BT 3MR (if) Ford &7 |

BT AT & SrenRad SeU PIf¥dT uRpal &1
4T BIAT € |

Rfagar & S= ®1R¥d g oifre fafral grrar g
AT ST fAyHgTHaT UHR BT BT ¥ |

RIITRM Ueh el WA © Sl [ dad dogal
gRI1 fia grar 2 | ure g et orguRerd 81 2

SRISTF TH U% wU | Uil S arell B & |

SAHT ISR o w0 9 ¢, Udh=< d uRil |
faafed giar 2 |

S IH Ukl § Gusferd fedaera fa=ma ar
AT B |

SRISTHH S I, Ml Il T offire
fafdrat g1 grar 2

SRfsg § | dISIY] U T BId © o I8

qHIIG0Th SRSIBIse BT SEIEN ¢ |

2| R g HI&T SFART AL gurirl g Ser
U 8 M W fasfyd gt 21
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@) R fewperv @ R TafeHr
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(31) T ™ @) agafpd ™

@) o ¥ (€) ufgsr ™

SRISTT &1 HagTYel T JerTesTa ¥ fRT v&ar a—
(1) HeT H @ ud<d
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RfFerar % &1fie S @t fafdar gagy |
Rigerar & aRuad gari &1 Ee=T 9amgd |
Rifgerar % f¥aa & aR # qargy |

Rigerar & aRuga demogg &1 "mifea fm
1Y |
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amEifed fE a9 |
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1. Rfewgr @ 9@ 9 MialRke® a1 &7 |fers 9ol
BT |

2. Rfegar # qur 9 S aiRaes o1 dfer goid
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3. Rfewar 4 domgg uRaes g uRuad Somogiig
B AT BT Afe ot BT |

4. CRISTF & Y 9 Uvig= Bl AARD AET Bl
o B |
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St ¢ T
(Angiosperm : Capsella)

G M — Uhsd U9 UIRY

(Shepherd purse plant)

Fiffmvor ReIfar (Systematic position)

UK - e

AT —  JgddrSl

aif - fgdeaE

Syofy - AR

o7 -  WIscH

Gyl — g (HEm)

g - DA

Shfa - gal— UwIRg
mard 9 M

PWT Uy UHANd WP © | I§ IS Hg A
WRUTAR & WU H IIT 2 | U189, §el, 91 9 ufrai 7 gof

T ¥ fWfed 8IaT & | ST & UIeU dISE g,
gl (2n) vd fawadonfoas iar 2| s99 oy aen
TS, &l TRE & 1G] HAY: g g TRl §
g4 2 | UTSY Pl TS 2—3 WIT dd B Tl ¢ | T

1Y Ud Wi AT & FART FeToT Uit bRl
g (s 17.1) |

gt
gfrdt R, YhI=IR 3ferar W™ 8iell & | 3 |gd
g uofl 81l € | 579 RRifd=ard Sifereprad siar 2 |

EAER
PG H GEIHH IRATHTEN BT 2 |
gy
HTHAT BT UTqY IHATGT BIAT & I A% 9 Arar
ST QS B UG W, U & gy # Red B 2 |
g, JHIET R o REd © | U I U, |gd,
gof, fgferf, Bicama wafia, SR vd Rafa gar g
U & G Gl Wb AL delaciyel Ud Selysl Heelld
21U g9 & TSRS I © i gADI o H Dl
AT LT BIAH © | 3FER P &I 9h HAA: YT g ST
FHEATT & | I T $ IMAIH °h HEAN 8, T o H
ART ofd 2 (R 17.2) | dWerqe & f=falRad “rT it
e
1. SIEIGAYSl — I8 YW HT a8 9 sIAl © o
JISAYS BT & | SHD! TAD DTS Tl BEeld]
21 399 S 91T 9 < o AT ol IR STeree
B4 & | S79 PIRSTE) fa=I1g urgr Sirar 2 |
2. TAYST — IE I BT ST TP BIAT © | SHD] T
SHS T AR © | I8 I & Wi T Thvd
ART BIAT 2| Sl WRETOT & ol @il &l 3mhivd




afefeprr
afdfet
<ot
ERE
/SWW

\\{ h‘]’i,/ !/‘r‘gii CIEIG
\f’z/

3 172 : g9 &1 I P
PHRAT & | P H IR T 9 30 d A 81 & | A
G B H aRed 81 8 (3 17.3) | 397 &
T (Claw) Ud ®eld (Limb) # faufed g1d € (ot
17.4) |

TR AT — YHT, g BT AR AR BT B
gD TUD $PhIs JHAR Hadldl & | WA H B:
GHuR B 2| F QT T@hl (2+4) H Faferd g1 2|
TIER B AR I BIC TAT IR DI 3R AR I GHAR
B © | 30 Tgardl AT PEd © | TAD YHR
feaisdl ua Sraqe) 81T & | ¥ Yok el Petaloid)
Bl ¢ | UAP YHER dIF AFI gAdg, WRITDIY g

Y 4% .
F

o S<id! # fanfed grar 8 (R 17.5) | IRETHINT
BT AgIraEe W FEd € | IS geer fgufaa
BIAT 2 | 39H IR AgdenoEfrRt gl § qor g4
ISl BT e/ JERFUE YHR BT 81l

2| YD WRITHIY dreleadr, U™, 78 uRd
g 2UcH nfe IR uxdl § raRe wu o faufed
BIdT 8 | TUCH |aY 317eR Bl URd BIdT & I URITHOIN
P 9ryor ygTe R © (R 17.6) |

YA # THATATY] A DIRNHT & el
TSI IRT SIS A1 WRITH gt & | ST
T B I8 UlhAT AT Peeral 2 (o
17.7) |

177 : IS
PTHAT H URITOT BITh IRT BIAT 8 | A WRRTHIT 7R
FJHHIGAE IR gIRT TRYHADIGWE 94914 8 | 34
TR JHSHIAE H qT R Jd B & (3 17.8) |

3 17.8 © RIAKIR
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TR A DR — HW d JU BT FEH

31X BT Fh HIGT STHANT SIANT AT BNDHIR B ATl
2| IAP AT afdery, afder ud svereryg anfe
= W | fowfed gt ® (R 17.9) | afder

R 17,9 : ST
ST &7 e 9RT BIAT § Said afder oy
TTIHR AET BT 2 | JAVSIRR AT BT Gl
BT AT 91T BIAT & | I8 3ol I AR e

R 17.10 : fo=F - 9@ fFR=EE 9 fasdora=

TR ALATIRYT PR HOIR &l ST & AT I1ed Jrorad

2] 3veyl | dIVvS BT B PWorT BT S

AT g JAT=IRP TR Yalell f3cell & FHIT A-dRD

fgarosdl, FhHIved, VSR SHedadf BIaT © offd
MRS & HIRYT g fEeissT fars <ar 8 | vl
PSS H 3P dIvS BT 2| SEH devS=aTd
R geR @1 Bdr 2

e — Pwer § fYes & qd Rl )1 R
TSB! AT YOIPIY H Jde FHAAT & A Al R
IHE [T w9 F YUHY H BIS I 2| THD
gzard e @1 far gt 2 | e & 99y e
TR D 308 BIRTHT H Feldw AT & forad
T gra=ot a9aT 2 | 59 I e @Ed 2 |
AT TR GHD A1 dah AT fgcilad dsd (2n)
A Hergd HAT § forast uafie oy &5 (3n)

T 2 | I8 Tohar Biera Fearil § | gid Herd

@ fad) vd Baaas o e fgfvad sed
g (for 17.10) |

T & gRaeH # fgIforg grast & famrer &1 oo
Tq g Yoy dsd @ fadre | Ry
YOIy g 2 |

5T 9 B B1 AT

Pwierr H g & gvanq uRuda A e

%l vd gRugd fRfrd dioirvs i § aRafda g1 &

dISIUS & JFEITARYT §IoTaled a1 & | 398 dIovs BT

drotelel ST &1 i B ¢ |

N O\

P BT Bl el Riforgsn siar g | 91
JTUTATET BT 3 |

1. P B Ahed qd Urey Wl wHEd ¢ |

2. TG P URY dionvgHg vd f[avHdieitas
grar 2 |

3. HTerT B YA AR BT 7 |

4. P H AR I T WAF T B & | A HHHH
w9 ¥ FafRed B € |

5. 390 JW ¥ ©: YHAR BId & | I &1 GBI (2 + 4) d
2ZaRT BId & | A agardi 8id @ |
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7. DA B Bl Wheada Riferdga giar 2 |
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PRIAT B TAYS [hd wU H AR & ¢ |
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T 87
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2.

P B U B FRAT IS |
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1Y |
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ghlg — 13

JUTT — 18
uRfXerfae a9

( Ecosystem)

giRRIfYd T I8 BT FIUAH ST TN, =Tl
(A.G. Tansely) 7 1935 # foar| wikRafas @3 e
FIeNe SIS & WU H (THiUd ST 21 39 UPid &1
T VAT I 141 S1dT & s Sifds v aoifas gl
DI G T HrIvIT BT URRfds dda go FiReq
Rl & SIgaR RIS g # 38T & | T € Sl ud
fafr=1 uerelt &1 varg f¥aa g # gar g

3ed (Odum 1971) & AR VAT sb1s foraH
el fadly &3 & woltg affafera 81 9 e Hifas
qraTaRel | URWRS fohar &R &, o fafag ot
BT YadTg, I YIYU[ \FT, Ui &1 ufRehor gd oig
fafqerdar arg st 2, 9 uiRRerfas o= @gd 2 |

[ URATT & AR UIRRIfIe T3 Sig Avsd
BT UH VAT XG0 a7 & forad @rer ueredi gd Soff &l
TATE U UINe WR ¥ §AN UI¥dh WRI I (99 Rl
@ SJER BIAT T |
giikfRerfas 9 @& W)=
(Structure of ecosystem)

3 (Odum 1971) & ATAR Yo aRReIfIH d=
Pl ARFT 6 eh! A BABR 97 © | A ged HEfilyd
Hok
1. STHEG ugret
3. Sddryg 4. IATCH
5. TOQUNIH U4 6. G&H SUHRHT

STH ¥ WM < 31o1fd@ TS (Abiotic components)
PHEAN & ordfP Y A9 AfAP ved dedd ¢ | ukRefis
T B Bral BT 7 59 WA T Iifdd Tehl B

2. Prdfd ggred

qRTRE fharell, Soil warg vd urye ugrelf w1 gRkeaRor
2| 39 UeR Ts uiRRefds o= & g1 gcsd 8Id g—

1. 3Mifd®w Tedh (Abiotic components)
2. Jifd® T@ed (Biotic components)

1. 39fd® "TH (Abiotic components) — fHT
giRRerfas a3 @ wifas aaaeia oRe S gare
<o, MTSdT, bTEfD Ud Braf-d uaref nfe oifdd
UTH HEAT ¢ |
(i) Se@aryg ®R& (Climatic factor) — UIRRefd T

H Searg HREI Sl ATUHH, UHTeT, a9, g1 B

T af sifds Tedl &1 999 ANTEH A & |

gAH U@ & IFavd A o1 fafdeer ot uikRerfas

T3 BT TG Foll S 2 |

(i) STPTdfTPd ugref (Inorganic substances) — ¥+
BT T Ud HRPb oI ST, FaT, ifairor,
ATSTIO, BT+, HfoIIH Hrai—e, HIThe d
praTerssitaIss Infe uRRerfae a3 & Ayt
Teh o | A Teh A= T gt # SIfTae od
=

(i) BTEfT®d ugTef (Organic substances) — ®TafTdH
gaTll H 991, BElgse, aAd, uuiElRd 9 fafte
uiRRefies 3 & g9 dHf® Ted 8 &1 A
giRRerfde 7= & Sifdd 7 3mifds aedl BT Sired
BT B B 2 |

2. 9fd® "e®d (Biotic components) — TIiRRerfa®
T & FAKT Foildl (U9 g Si<]) BT $9 ¥eH A AfAferd
foar Sirar € | 59 = | fafi=1 Shal g1 9ryor g A
DI UfHAT & R W Sifd® gcdl I 79 T a1 A
gier ST Fhar 23—




() Ul IT IWIEH (Autotrophs or producers) —
giRRerfde a3 & SuRud dofila I 8% 91ey g
AT Hee¥l SHary] G & YHe B SURAFT H
BT AT BT fohaT §IRT ARA 3BT TaTit
B Sifed Hrafie garell # gRafdd w=d § | Siar
AR HIAYY GIRT XA JTbIafeb ggref &l sfee
FIAH TSIl # 98T & $78 SIed (Producers)
BB ¢ | 3TH ST UR S Tl d FE 9ISy O
STAIGMATE, AN, GeH radl bl Hl IATEH B
ot § T S1ar 2 |

(i) faurHUtsft a1 SUHMTHT (Heterotrophs or
consumers) — IIRRYT® T & Aol g oI
o & ol Saresdl R 4R v8d €, R ife g7
Fotral H BRacTadh! &7 3Td BIAT & 3T 379+ Uryor
BT AT DI &HAT 394 8] BIdT 2 | S= SUHRHT
PEd ¢ | SYARHT BI < S § faarfia far ar
o

(37) TESUHIBI (Macro consumers) — 9 SYHIHT Sl
JUAT |ISTE SHfad areal a1 Sidi | WIS 6Rd B,
3 9eTd Ul 1 FHE T | SSIER0T fRROT 9 W
el WU A Uil uR R Yed € 91 S § XEH
qreAT AR 394 Ao & fordy f2Ror &1 Rk HRar 2 |
Il IR 201 9 ¥R SF[ & SUERAT & U !
AT AT & | 3 TOSYHIHIS Bl Tl
Fforgt # qier S Fhar a—

(i) uTIf¥® SUHIWT (Primary consumers) — 3
IMBIERT ST BT & ST 3799 |IoT= & fory ycueT
wU W B eyl 3fq S@redl uR R 'd B
JTEROT G, FaI, f2Ror, dre, I, T, =g,
A9 anfe | s udpR Sefm uiRRefis d3 @
TTCISTIRT, AT T IR 3N 319+ gIyor &
forr Saures! U fdk B 2 |

(i) fedas SuwRmT (Secondary consumers) — 3 S
AT Ao w2 Soft & eRIRRy Wit | urw
DR & | A U FIATRIRY AT I9el) B € | SITER0T
|u, fdeel, Hed, FHIT, Al o |

(iii) ﬂ?ﬁ'ﬂ'cﬁ SUHRAT (Tertiary consumers) — 39 UBR
@ SYAIRHT U1oft =T HIST fgei soft & ARy
SUHIHT ST=GRIl | U] &R & | 39 S1aRes A
SYHIHT ARl T TATHIERT WIOrRI &1 o1 wefor
BT B | b S JAID ISUHIRHI BT Bl 3T

groft 9E1 Wl Fahdl | 59 UPR $= Seaaiiig
SUHIRHT AT I AIATERI W) B8 & 9 IR, 91,
drar, 9191 9 firg enfa |

@) |&u SUHH! (Micro consumers) — 3 SUHIHT
3T IVl & FHY T Tolgs=d & Iguar I
Sifed wrdfae ggrei ol A fBIe-dh uardi o
JuEfed &R €| 39 UvArd g9 uHfed A
Tl BT JATATIO] HRA 8 3IcT: §78 fUecH IT Favell
fl B € | IITEROT Hdd, SHaTY], QlaeArrsHey
g 31 FArgSidl Foiidl &l 39 a7 #§ |fafera far
T B

IATEH  (Producers), SUHIHT (Consumers), AT
3Eed! (Decomposers) B AATHR JTHR (Biomass)
FHEd T |

39 TR 3oifdd Tcdh, Iared! § Sidig I &
?T H TS B & | SUHRHT SUI IS Bl U B
TH 20N & IUHIHT HEATT & | T ATHEN S 81 2 |
fgdae ooft & ITRGT AFRI B8 § o fo g9
SMHENT ST3l A 9IS WG B & | I8 A 314
AARRY TGl § Ud & 915 §EX H FeIdT ¥&d1 © | 39
THIR LA & THI BT Froll BT ST B T ABIE D
STl § IATEH Ao BT AT SR ¢ | I8 IoH Uh
TG W TR H, TR W AR H FeAdm R8T § | 37 H Ao
3R Uredl & AR I ¥ IUECH! §IRT g% Iru=fed o
ISR UgTelf & W9 § 199 SATED] & ford ST 81
ST B

e §@dl (Food chain)

gRRefds a3 # o Siid & gax oiig § @re
U1} TAT Holl BT HaTE U UI¥eh WR ¥ G UI¥d KR
TP Teb Yl WU H Il & 3 WE el BEd © | Tb
uiRRerfdes 93 # @ W gE@dan g g1 3 9
SIYATG O H U O A AT Bl 8 AT Ig Heler
B ) TR R B FhaT © | Wil el B ISP KR
P Hofl WX IT U W (Energy level or trophic level)
FEd 3| U O W uikRefae 93 4 e @
HEGA, 9 —fees »Hed — U — I @ 49
B 9 7 | e O SRl | U Wil yjer fousmfor
@ P I el T Ugd Fehdll © fAT IS WATHIERI B
w Y gR A WM qF Ugd A 2 |

e ST (Food Web)
e «ft mIRRefds T3 3 w1 @rer §ared sy
# ATHR Ud Wrel Siiet 9914 & | aRad #§ ga aikRRerfiew
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ffrar 181 : @@ W &1 IRRed =

T3 | Al @rer §Wey HEl A Bl NI § [ sl
21 39 UBR Ueh Sfcd @R Id 99 Sial § Sl U
el TR & |1 Sifad Sial H Hee i wRar
2| 39 UBHR WE Al § HAt BT Yarg T 81 §Y
A1 fAf=1 il # gIeR BIaT &, T7 Udd Holl WR W
agd Al Bl BT B/ BIAT © | 3FT: WIE STel § Ueb UIyep
TR A T UINEG WR dF SOl B ardl ot 2 (frF
18.1) |

yiRf¥erferes &3 : e (Ecosystem : Balance)
fooedt o giRRerfas a3 & @re Sire =T wifee
g faerre BIA1 § OF ST &1 1Y BIar ® | Sifee wre
S # e W SwReT & ol i dvE @ ohg
ST & ford Sueel B0 €| o1 Uh g & el
PRV H A< B9 IT HH 819 A Wl STl $ RARAT W)
31 FTa 1 usdl ©, Rifh IqD! Yfl I WR BT
PIg T SN HR oIl & | ISR & ford U o9
el UIRRAfIS a1 F WIS P AT HH BT 9T
T A g e dwer § S Ba] Wrel Sffd @l
JRRIRAT B HH B < 8 | A VAT 7 81 A1 SATEHT DY
TeIT T 9¢ SIRAT Rl ST [ dTell BT G&IT HH
B SRl fareg a1t 91 vl @ WY SR | or: ST
TRAT H ABhfoud U 81 & HIRYT W SiTel Afd R
T Hgfora uikRerfae d3 awar & | wRRefds T3 &1
e gafely oY 97 J8aT & b fB il WR & Shal &
TR DD B UR d X9 & < B oI 2 |

TRRaftrs @3 @ nifds gca &1 Sifdw
HeHl © wI A YATE

faf= g&R & smifde uerell & Iwres (Y uren)
T & de&1e o SuRgfa # faf= yer & Sfew
BT YTl H 98 <d & | I J ugrel @) onifdd
B B B, fog 379! S 3raveiTd SRS dl Sd]
QI d1el SIR31 & Sased & ATl AHAR AT W
BIHR ohal @1 gfg # T A B |

raereds fafy=t Shal & ga w¥Ri dor 396 gIRT
frrel T el ygrel uR srgTe fhaT HR S WIRE &
oifdd Rfd # 9gat <0 € | 39 TR Sfidl & 3iEx Jarg
% 915 I yert IraraRer H# ar9w die 9 2 | g H 39
YHR & 3D dh deld X&d & | 37 gD WIel YdIg dh
PHEd & | 39 UBR & Ihl § Sifdd g e AT &
UhR & "ch fANax feparsfiiad vgd & ard: =2
@TH—?{\—’\’THTW I (Bio-geo-chemical cycle) HET # |
gHfa § FAd Il ggW Sia—-—aratiE g
ferfearfaa -

1. BT = (Carbon cycle) — FHT STAl BT INR
Sasa ¥ 991 BIAT © | §9 Silaged H $1ed U T
a2 | 31 Sidged B AT 9o P o) Brad Bl
FIfIBROT BT 3MTTAD © | Bl BT TN IHid H sidi
& AfaRe CO, 8, Sl arg # fAerc 81 8X ey 39
BTITSIZITRITSS BT SYAT THIe FIAYU H BIb 59
Sifeet wrafa® uarl # 9ad <d € | I8 Uh BEfTH e




et 2 | SAgHhl gRT IIfed 89 dldfd Wre ugref
I B 3T SiIg U TRR FHr va gig & ford Suam
# @ g1 98 |arel wrdfAe gered wolidl @ w9ad
forarT, SifaRfTaRoT, STl S1al aUeed & gRI g
HIITSISIATRITSS H gal SIdT & | BIIdl, WiAe dd
anfe i 521 fohamall gIR1 99 9 & 3fex <9 uaref € i
ST IR YHREA: Bla-eIsaiiadrgs H 9ael oI © |
PIITSISHIRATSS DI Ho ATAT et A AT geil il
2| I8 3 Tl & AT WYh SR d Wiel garelf
1 o Al 7 | 394 AifeTH, BfcrrA onfe & sai-icy
&1 faEe BIaT I8 & fSA™T CO, §1h Bl © | STelid &Y
UTSY 39 BT WIAYU & fod o # gfed
HIEASIZATTATSS BT 8l YINT & & (T 18.2) |

e

el
/+\
g T AW \ \

RN
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Wﬂaﬁcoz i
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\\ //
[ | Smrowm

7 182 : upfa # FEF TH

2. O 9@sh (Water cycle) — 99T Sl & IRR #

s 183

: Upia # S P

UHAd &1 ST & | T4 BT el 98h? g5 H el SIar

2 1T B 991 BT {B T 3, ATeTd, eI 371 & w

# ot & o g WM H SRl ®U | UHMIT & B |
gl TR IUReT I8 STt A= Sia, fafr= il

A, O 9§, U SIS, Sielid UIey IRy S gIRT

TEY BRI B | SNdl B IR F TE I 3D SUTTAR
forametl # WIT <11 & | STTERY @ ford Uahrer Aeetyor #
IE IMATIH Hed UGS & ®U H BRI HIAT & oTd(dh
Y9 ¥ Ig I I © | ST Sial & Siiag e BT 5
Ted & (o 18.3) |

3. ATSgIoA g% (Nitrogen cycle) — g Udh
ffpa 1 2 T1 9ol & argAvSd H Urg S dTell 3
6 @ o § gEa A S & | uey g |
ASSIST Bl IS9P JITDI & BT H STl qAT 3 WfAoT
AIUIT B AT STl GIRT TS BRA © | Siral H AT oM
MR Bl FLART A arel 3T o7 9919 & fory
MALYP B | ATz [Afe= Sifaew 7 Sifaw fohamsi g

el Bl JAAAD HEW © | Yl WR Siel Bl T HUSKR
A% © | Y% O I S Ity BIaR argAvsd ¥ el
BT & | 319 Il S STl &1 Gl aal ail Sidl &
I | T ST AT g9 argavSe H fHerdT &l & |
qrgHvSe # SURIT I8 91w, g HUI I HeAdR argall
H 9T’ gedl WR qul, BIEl, 39, 29 onfe & wu H
9T 4R 9199 e ¥ |

auf, 29 e & g1 o gedl R ARA & «1=

gd JIfTdT O ATSged g A13gIsed 3fe & w9 #
gfRgfda gt 2 | urey s AT b1 Idd & Y ¥
SUANT B & | $1 A4 feharsil # Siarvil o1 Agcayor
ARTET BIAT 8 | Y | arg O Ulel, 51, Sia19], Wi
fpari anf ATggIo & He @l 991 WA © | I8
AISEIOH @ & gRT &1 99 ¢ |

Arggro ReRABROT Sarsil &1 Asgio ah d
T AUl AN 2| HB Agior JINTDHIDHR]

3fergr g H €1 Ho AT H 19 AT BIbR ARIHvSH
H N AT 2 | AMBAR 9T 29 & w0 H SRRl v
A TSI BT ST & Jfrar gl UR 98} T4, Arel Mfa
H 95 AT & | $9 ST BT BB 9RT @B & HIRY]
qaT & el 9RT § FaT Sar & 9 R 9RN H

SIATY] aRAvSE Bl Gib Aggior bl ReR ok IqD
AT 7 98 < & I Siar] g § 9 9§ o
USielddey  (Azotobacter), ST @SIfRAT
(Cyanobacteria), H‘c’?ﬂgfoﬁ‘d[ greai (Leguminous plants)
B o TR H U S arel IgSliaE &fd |



gl 3§ g7 SiavEl & gRT Bls T AEgINHE &
gereiier A gl gRT U801 fhd S 2 | g9 3R
EB SIAIY] JTECH B & | A ASGIST PIai-dh yaTl
BT AR AT (NH,) § 981 <1 © | SFifer &1
ARETHRN SATY] S ATSSIAFAAN, TASgldaey Al
TEgTH (NO,) T FI8gTgeH (NO,) H e o & | 9
TSI & 3 WU BT GNRT B T |

IIJAVSE B WAF ATgLIo HB AT H gyr fagyd
(@fsa) @1 SuRerfa & sifeioE @ A1 |GIT HRDb
JifeATgSd STl & | I Sfassd a9 & ol & AT
I @ T B 2 |

ATSEIo & Al dRAvSd | Aol BT B
A SIARY Shary] w:d € | 39 faArsdiaxr #&d 2 1 3
ST AggTo & ARTDE B ATSHR g: ATggIor 19
# uRRafda &% 30 2 | SITER AISHIBIHd, RSN
fesdifthaa anfe (= 18.4) |

yiRReIfi® 3 @& TSR (Types of ecosystem)
Sigdved H v utRRerfas o3 Frefaiad gerR

P I o—

1. JAgula Sa gTRReIfT® a3 (Fresh water
ecosystem)

2. d9vflg Sta uTRTIfT® 93 (Marine water
ecosystem)

3. el utRRIfdd dF (Terrestrial ecosystem)
39 gikRerfas T3 & &3 Sudal # i fear

ST AHhar ® o ererauiiy oiat uiRRerfae o=, Sarevor

qrelrd, a1 9 3 & wU H | Wy uikRefds a3,

RS, U & HeTT 3Mfe |

IJaUg S AT arerd yIRRefas dF

(Fresh water or pond ecosystem)

arare &1 gikRerfdes a3 e qof gd @Ed
uiRRerfies a5 2 s faforRaa g 8 8-

1. 3ifd® ygrel Td ol — SEH ol B T[T
T I BT YHT © | G gared qar (A= gar ot
T S PraTSIZ3aTgS T TR drelid & Siol &
gferd @ H Bl 8 | B A0ifad uard T & R
Rl fAerd 8 | 37 I 9 St § gAAd] M arel garedf
B AT 1 & MMETI-—Ua, gF & Threr o SuRfa
TqAT A MM & MR WR &1 AT BT uRReIfes a3
feifya <gar 2

2. 9fd®d g — dae & A=falaa Sfew

¥Th BId o—

(i) SdTE® (Producers) — 38 fAf¥= IR & ard,
P ST YR RA drel, S A 1 S & fheIR
U ST §Y UIRY T Sifdss Ted & v H B4 2 |
A UITY I B UHTT I Holl AT BR U1 HLIoT
D gIRT QT ggrdil &1 A7 &Ra & qAT ST
T B © |

(i) WM SYHRHT (Primary consumers) — BIc—BIC
STl B, Bt & ardl, Trilfeled Ud A<Dl 39
oft F e € | I Frarelt T STefr uredl &1 ufkidt
B Ao B w9 H T8 B 2 |

(iii) fEI®H SUMRBT (Secondary consumers) — I B
ANATERY BIA B, ST ITHIRTRT STHIBISN &7 HIo &
fo1 RIPR BT & S 9T (Beetles) 31T |

(iv) T SUHIHT (Tertiary consumers) — 3 AIRATETR
Aoferdl Bl €, S fAf=T TR & STHIBIRT &I
JYAT HISH T | arermd uikRerfas a3 # 3
Aoferdl & STaad IUHRHT (Top consumers) BT
gl

(v) 3Ee® (Decomposers) — I geH S BT €
arerd aRRefO® a3 & T Shal & wR7 W) 39D
A TRRT T TRIR & AN BT AT B & 2T
Y 3Efed wRd uert g 9d H fAd 9| B |
SRTERVT JeHSId g SIArT] | 3 fUefed A ugraf
H B, AZSIO, BIEpRY 3Nfe WS d 81 ©
ST oI H A S © 91 3 G o | WS yars
A B |

991 giRRefd® T (Forest ecosystem)

79 uiRRerfas T3 WY Sfds g eoifds acal |
HAHR 997 BIT & | SHH SUTESH UG SUHIHT I 31+
Seaad faera @ Refa # ferd € 1 ve a7 uiRRafas
T B 91 TSR FHAT ST FhaT B—

1. IoIfA® gcd — I9 &7 Y & Saayg &
YR A= gPR & swifdd gcd argAvsd ar gaT
H e 2 | STUIE® argATSd ¥ BIaeISalavTss oidhR
I & YBT BT Soll & wY H ST &R I a1 2 |
I argHvSd H SURIT SiTRIST Tad H B AR & |
9 UPR CO,d 0,7 59 I 3Rl ¥edh & |




e %ﬁﬁ N, Rerfraer e W > og W
N, ﬁ%ﬁw ;

v
AT IBIR T SiTarY]

pEY A 4
e 9 oufine T |
U

I, NH,
SHHRY SiaTT]
IRF a7
I3 184 : UHfd # -ggloM @

2. Sifdw T — arae @ RRfas 3 31 ave grey 99 yiikRerfie a3 # ITEd &1 B a1 ¢ |
SHH W IUTGD, ISUHRHT d ITICH YA Ifdd TCh A Urey A & BT BT ol & WY H ITIART IR
B € o 91 UaR i &Ra 8- TehTIT HIAYOT gIRT @rel ygred 997 & oI SHBT
(i) SUEH — & IATTP & ©Y § 3P 8 Uy il Tag A B 2 |

ge1, SIS AT AT & w4 H a1 § U i & | A &
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SIary, 9, ThTeT U4 JaT & MUR uR A=
Rl OR 18 S arell aafer o et gl 2
TEERT & ol IWpfeaey yasl # S8l aul
3fad g 99 & SffAwIer FHI § BT ©, 98T R =
g ASEER g&l & a9 B © | 591 ° gl & BRI
I BT U T80 HH AEN H A IR UgT Ui 2
ra: g9 a=i H IfuTey (Epiphytes) 9T IMRIE!
gy JARE HhT H AT Y W) BNy qrey
S © | QTN — T, | 31 |
S UbR GRS Serdry # yoidrl a1 ferd

g, Hifh J81 W MW vd IR Fg & 999 d
ARG AR BT €1 S g9 H WIE, Al
ofrem, 9IS 9 TITR & T & T w9 H fAed 2|
SAD AN B UBR & T8 g B Y Ao & |

(i) Y SUHRHT — 39 il § 3M® AHERY Sfig
S @RI, g, R, f2von, frersd, 3y, 9rs,
BHre—HPIe I T 3N« AfFAferd 8 | U Sig BX eyl
A AT WIS U HRA ¢ |

(i) fera® STHRRT — WHERN SRl BT RHR B
3T IS T dTel 3 i, oid WSy, gy,
fafeeral, ddeam™, wiu, a9, 9 onfe fgds®
SUAIHT BT Srof # 31 B |

(iv) qa® IUAIHT IT Ioadd SUHIHI — ad
urRReifires a5 # g W &9 81l § o ¥R,
YT, IR, fI9 TR & wd onfa | A S Y
TR & SI=3l Bl W S © | A YgeT: AABRI Bl
g |

(v) ged — I J |ges Siar] B 2 o uiRRerfae
T3 9 STal BT UEed IR S5 A ABIETH
uerell # ulRkafdd #=d 8| A srbrafie uaref g
qaT1 H AaeR uredl &1 STel gRT 95 @Sl Faol
@ ©U H AT od g (R 18.5) |

73 TNE TR ——— @t TID SuHIE

TIS GIvd KR €——— @ s Sustam
feiiaes o1 ww @— e Sy
VO UINE WN <— @— sarew

yRRRerfos fArifye a1 wu
(Ecological Pyramids)

uTRRerfires a5 3§ Scurasd, weifie, fgd, Jas
SUIIHT IT I SUHIRHT UG JUETH] Bl IT THET WTe
ST BT @Il §IRT Y& Rid HRA WR Uep ORI a1 wq
BT WU T &, 3% o uIkRefds RIS ar wqu a1
wre fafas wsd 21 fe Y wiRRerfas o3 & =
yHR & fORIfs <ol o1 dad -

1. Suit &1 FORIAE (Pyramid of energy)
2. g A&r &7 fORIfAS (Pyramid of numbers)
3. SIg ¥R &1 fRIAS (Pyramid of biomass)

1. Soil &1 fiRTfas — aRRufds 7= & Soff &1
U USRI Holl WR A TR Holl WR #§ 16 [fad
PHH H Yd18 BIAT B, oifh Tl ol W) R Hf¥ad vy
I ol 4 BT STt 2 | bl ua R uR fed st
BT I T UL SHoll 91T 8 T8 WR H Sia—dR
P BY H WIMFIRT BT & | 31 SATEDh] Pl SHoll e
e el 2, Safd v, fgdae den g ar
STTH SYHIDIST # HHI: Tg Holl HH Il Sl 2 |
31 g1 §IRT I BT T foRIfAe Had Aem (Upright)
BIAT B | €19 X8 TP Shls IHT § TAT &3 B TR TR
B 39 ypR & fORIfe 4/ o1 Fadr 2 |

2. Sfa—<er &1 fRiffs — uiRRerfas o3 #
SATEH I ITIdH SUHIHT ddb IAP WX § Sildl Bl
AT HHI: HH Bl S & | 31 39 R & gIRT Sl
foRifas STial @ ST BT 99977 SHH SATG D] D G
e MM Siafd e, fgedia g e sl & SuHIhrall
Pl FIT HHI: HH AT STATH STHIRHT DI F&IT TG
HH BT | 39 UHR BT fORifas e fuRifie wamar 2 |

3. SIT—9R &1 RIS — v uiRRafas d3 &
Sial BT gphTS & H Tl gh IR Sid—41R (Biomass)
HEATAT & | T UIRRAfIS a5 & e Ifthd WX #
SURYT Sal & SHI—HR DI T BT ST T ATHRI:
IATEH TR BT SIT—HR T4 AfeIh BT & qAT SHD
q1E ISP R R Sa—HR TIH HH BIdT ST & a7
IIdH SYATHT BT SHa—H1R HH BT © | 1T 399 g9

a1t fORIfAS Aea Y B 2 |

T get uTRRerfre 3 &1 @Wre fovifis Sig awn
@ IR U Il BIT 7 | ST UHR Sieg uiRRerfias
o H ST—9R &7 ORIfie w3 Soer gidr 2 waifed g
SATEH] I NaTedl, SIS BT Sd—9IR HH BIdT 8 |




I 186 : A= yeR & wRRefi® Wy : (@) o iy uRRafie T
@) == wRRefde 93 () a7 uRRefas o3 wm

Ig a—9R vd, e 9 Swadq Sudi<hl dd Ham:
1S BITT ST 8 | BT IR STIaq SUARDT g1 asferdl
BT NI—HR gedr oar & (o= 18.6) |

Hgayul fawg

giRReIfYd T I8 BT FIUAT IUINIT TSN, STl
(1935) = fopar |

uiRReIfires G5 Sig Aved &1 Ua Q41 o5 & foras
Qrel YTl Td Holl Pl Jar8 divd WR H T
Ay WRI d6 ARy FREN & IR BT 3

giRRerfares =1 &) TRFAT aT9fdd T Wfdd Tehl |
[EECACRG IR

uRReIftd T3 % U Sild 9 §AR Sl 4 @re
ugrl Jo Holl $T ¥alE U Uvd R H g

UIYd ¥R T% Y WAl & ©U § 8Idl © 39 WM
G HEA © |

T Wl JEAG 3MH H AT Qe St I 2 |
ggpfd # oifde g Sifdd gehl @ garg fFARwR
FAdT IEAT © $72 I TA-MS =% FHEd & |
ST AUSH H TAqUINT ST, AU STeT AT I
giRRerfered &= ard I & |

uIRRerfies o3 # Ieuras, wrRIfie, fgde, s
SUHIRHT IT STd SUHIRHT Ud JTESH] Pl IT THE
WTel ST dl X@Iferal g1RT wef¥fd &9 iR Udh
RIS A1 WU &7 U WM € 3 IRRARTS
ffeq a1 wqu a1 @ fARifie oEd 2|

T a7 UIRReIfds T3 &1 Wi fiRifde Sitg g
@ IR WX el BT 2 |
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IfagTRIcAs ged

wrTel g9e

IS g3

1.

uiRRefie 3 & I ged B 8-

@ Sfaw Tcs @) srifas Tesh

@) <t @) 3T | BIS TE

Grel §GAT H T UI¥dh WR A T UINdh KR dh
UET ATl Sroll BT Uferd BIar 8—

@) 10 @) 20

@) 25 @ 30

urRRerfae a3  @irst i &l Sidl | 9 + A
A G Sial # ufREeRer SHEernar a—

(&) R

@) Sa—asu

@) SiI—REEES ah

(@) It =HT

g9 fra wiRRerfas o= &1 Sarevr 8-

(31) e urikRerfre o=

@) erefrg uiRRerfas a3

@) |gar uikRerfde o

(@) SWRID H F BIS Tl

1.
2.
3.
4.

giRRerfas a3 & aRwifa &g |
uRRIfIS T & TH@ gcdl & A1 forfey |
IATED T B 57

ITaTH SUHIHT | MTT FIT T3 &7

TYTRTHD U

1.
2.
3.

WTEl AWl a7 87 TS |
W STl & IR | fere fewof faRyy |
ol fUvifys & ey ar gasa 8?

IRERCISICAR LS

1.
2.

giRRerfas RIS &1 dfers aviq S |
gRRefded a3 & Arsero= g% &1 | aufq
BT |

IS gIRT A fhy T fsdl v wiRRerfas
TF BT I31EI0T Afed 9o BHIfY |

SOAAL: 1 () 2 (31) 3 (9) 4 (@)



AT — 19
eyl @ utiRRerfde  srgdmed

( Ecological Adaptations of Plants)

B9 O © b Us—dle, gl & faf=T Wil A
3MATH B & qAT 89 I8 AT Sl © b gedl & fafi=
I BT GIEGR0T U FHIF 8] s8Il & ofd: fhdr &
faeIy % Uy S 9Tl Uiy 981 & UATERV & TFAR
JTT 3MTUDT STA- BT YT B 8 | 3P Headmy I
UIeal I AR b AR A YR & dmd
LT IO BT & a1fh 9 99 araraer fagy # Shfad
I8 9P | 39 UHR Iraraxel a9y § SHaaros &1 &
forRl ST Srgdd Sleroll Bl urey rder (Plant
adaptation) HEd T |

qIfATT (Warming 1895) 7 STl @1 SUTRIGT, TaTIDHAT
Uq Uil & ST arel! g & MR UR uredl & fferRed
siforal # qier—

1. WAIQMAg (Hydrophytes) — STeidl 3mardi # Uiy

ST arel U1y |
2. '\H’Hﬁm (Mesophytes) — Amar= gRRefaat &

IR ST drel Ty | | Af¥d b A AfNS STl

AT geb JMMarAr H |
3. #OGMY (Xerophytes) — Y&h AT dTel UG |
4. Wﬂ’fﬁfﬁﬁ (Oxylophytes) — /=1 pH a1 3+l

HaT # S drel Urey |
5. 9UIRMAg (Halophytes) — TGURIh &1 # I

qrel UTey |

6. SIDIGAG (Psammophytes) — TS FaT AT N

I7 ORI § S dred TSy | ¥ UIey AR H4O
oo § S 2 |

EEICLEEE N CoR|
(Adaptations of hydrophytes)

el AMErEl W U G dTel UIRul @ g
&N DI HDAT Td B B AR R 5 UHIR | A
ST AHAT B—

(31) STBTRBIA FTHAT

(Morphological adaptations)

1. <is (Root)

() ST UIRUl P Sie Sreufamidd AT JuRerd
(Raxeifthee™), BIST, ISR U6 U srenfyd
B 2

(i) ST rgulRerd — @ifcaf~ar, (= 19.1 31) badt Th
STe orFr (o 19.1 9) anfe |

__g_J'ﬂTT TL_Q'I__L_T
SIS DIl

ffm 191 3 :

grfeafar

(i) ST TRl H oA MY B WA W oA DICRBY
(Root pockets) TTd SITd 8, S<IERV fAReT,
srgwiftar, Ryarsr ([ 191 9, 7, ) anfe |
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(iv) 3P STeirg uredl (vi) STar Y SIS BN B § A UBTeT FIAYOT gIRT 3701

S RIS SFr AISH RN & §° WRBRI Jo (Assimilatory
@ STt H HA I root) B B |

argulRerd B 1 2. ™ (Stem)— STeflg UIedl & ™ & frfalRaa
oY frerfa & ST B $—

SENIN I D

SIS 8 BRA 2 | (i) X U I, Uddl, e, BANR, Bob X AT

ﬁmﬁma: rekall drel 81 € |

o 191 T : Rygrer (gm)
(i) YOIIar Sial R urey S grgiser (A 19.1%)
ol S ¥ aRenfe ud i B AT @ R gafsgred grerarsfierT (s 19.4 &) & T ol 8

v) ofdar VUT (Jussiaea repans) —H & UBR DI Hel

- : N1 . .
T e | g 31T STl B T8’ BT M I AT Y Ihd o |



(iii)

(iv)

)

(it)

(iii)

(iv)

: ETgheer
F{O STAI UIRUT H T Jha AT PRIRT H wuaika
BIHR UTY Bl T H ReR@T UaT &d 8, IITE00
A |
O A UIRUl & q AT /UART BlbR

R HARTETY 91 & Sl UTey &l or qqd
TP o § SNfad v& ¥ g8 aidl 2 |

gof # S@e™ (Adaptation in leaf) — STefid Tl
@1 gt # fyferRed srae U\ -

STet fa= areat @ ufkidT udell, Bt a1 w-wal
BI € 31 STl dI eRIRN AT T8’ Bl 8T B
APl ©, SETENYT RRElBoerd e |

STeT WAl UTey, STet gIRT dias H ReR R8T € g7
uRrdl 91 9 GRABRAT B € | 39T S IRd W
A g fTaell a8 UR ToI™ & URA BT § 8fd: U
G H T8 T § T M | 9T+ UR AR Al
2, S8RV HH |

ReR wrdl ureal ®1 yoiga & 9 e giar @
ToIT 39! gig AT Bl 2 31 ST WR 98 S
TR Uit STet @1 g U ARel Y& |

g Tt aredl # ufrdt awgl # uig Sl 2
gTohT Yoigd I HolT AT T TWioll BT 8 I 9Tl R
IR H FBTIAT HRAT ©, ISRV RHETST T TAGH] |

R 191 o : glemiieT

(v) EO STe(id uredl | &1 YHR B airdl urg STl 5—

(31) ST @ 7GR XB arell URRAl BICT 9 Udell B
g TAT (d) STt & qTe} Bl gRiAt 991 9 HS—HeT
B B 1 A TP FIATOT BT & | §F T Bl

fawmufdiar (Heterophily) ®&d &, QT8R0T foreaiftrer
gevifboord|

@) SRl & AaRe sHed
(Internal adaptations of hydrophytes)

STAGIIE uTeal # FrfTRaT idRe gt urd

S -

1.

ST dTedl § Rfedhd SuRerd, wirdl ureuf
H I8 TP Udell A & 99 § qAgT SHAIR gray
(eT3%]) H GaHRIa e urg el 2 | Af=H B
PIRNGIY Uh GRe & 8 8 | I8 URA oI, WfroT
geref vd it & fafmg &1 B wRat & | sTsfeen
P T H sRdTaD IR ST & S BT FIAYO
BT BT B 8 | 59 g IR IH T8l U1 91 2 |
A1 B ST 3fey fABAT A7 guiRerd 8l & |
el ureul # ar] gt @ agear skl § | S
UTEYT T WATEdT BT 0T YT PR © |
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STAIGI UTeul # JifA® Heldl &1 QUi 41T
BIAT & | i F AR &R & oiet & foR <& € o
2 TIf¥® St @ nawadar TE Bl 8 | 7B
gl H SR Sfaviele & 99 ARIER FHIT &
WRIfbEed T ®ed (Sclerids) IR I € ST Tyl
H Iif3d ot S BRA €, STERVT 7357 |
STAGG UIgdl H STt Ud WISl odoil BT Iaeiyor
UTey @I ROl [dE I BIAT © 37 5 (A
a8 DI oI SITITH UG FolTUH BT 91T 2rdl
2 T JrIfABRIT BT & | SHIA Ureul O 7897
g Y77 (I 19.1 @) § Hag i 3TUelTdhd
faeRid Td geae 814 € | 37 syl A fedias gig
A1 21 Brll 7 |

= 194 T
aogg aedl H uRRefdd  srghe

(Ecological adaptations in xerophytes)

RTTBTT

9

ARGME UIGUl & SMHTRDIT T RS Jdel

AL BT T UBR AT ST DT 8—
(37) 3mTR®IY 3rgehet (Morphological adaptations)

1.

TS (Root) — AHGWE UTGY U b ATATAl H U1
ST & A 3BT eI o ot faeyol & ford i
fasfyd sIar 2 |

)

(if)

(if)
(iii)

(iv)

D] TS UTT: AT Hol TBR B BT 2 Sl ATRad
Td fIRId U A Hell BRI © TAT JaT 3 TS ab
S B |

D H R 9l I G g 9 GABRIT B © o
S ATAT H TeT BT N7 PR H Ferd Bl ¢ |
I (Stem)

AHEMAE UIeHl & JRHY W™ B g Al g
BIC BT & | 3 95T o, enfeal 9 geli & wu
F BT E | g I yfaea o g 8 O Y, (R
19.2 31) 37714, HPHVH AT |

e, 2
e

PR e

e

re
—ag—C
Mmﬂ?*-.’-’)}‘#??’????_,m;»;
o -'\ - —
-

LS e
T

TIW X GBI W™ IH 91— O F |

B AHKA] UIRUl H 9 B ATERIT W Hed
(Spines) U WIId & S gHRIFIr (= 19.2 9)
VoI~ o ¥, HIoITH G1eIBINgH, SI¥CT IS |

B AHGN] UTGUl BT W™ HUIIRT BIH U<l &
FAM FUST 9 &I B SNAT | $H UUNHITR
(Phylloeladle) HET €, STIEIVT HIHIATET | SH UHR
EB UIRUl & T DI BT WA@Y FURRT BThR
B T B U GETHR AEAg g1 € g2 gore
9d (Cladode) H&T &, IITEIV YW |




(it)

I3 192 9 :

quf (Leaves)

AHEHAE gredl @ afrdt w81t Bt ® 91 5
|HY 915 g 81 SRl © | U UGyl Pl MMUTeh
BB AT & S o777 | o Uil ¥ ufRidl
qUicIT URRerd Il &, IQTERV IR (Capparis)
(e 192 W) wEfe ArFTE # okl dew H
FUART 81 ST & | THHE, YRR, BoRigT |
gferal  ered! ;
T i

(Scaly)
sggTfaa =l i

ST B | 3

gredt @ gl S\ T/\\f N

H WUIRY BT \A\\ M . /{f :
HIROT AT \E /!)Z)m

TR BT HH HRAT j

2 o~

R wwehe 4 N

gt 9 gkt X j %
TS B ® 9 S

Rl @ Adg

GABIAT T ]

fas-n B8 2 L

o1 IS T X y

gRrafa g Srdr
2 o Uil Bl
NICEIE )
ST 8, g9d

188

(i)

(iv)

(Vi)

hoRg™U drTeToid I 3 HH 8l ol & | 3Fd
ufral gv /1" g et &1 31maver uram rdn g,
S &M® (Calotropis) (o 192 7) |

3’
f

1 i

)

'1:/,”’;"“.
s

OB URUl PI gl I A8 W IgHIRDT I
iy ST ® | 9 1fSraH g uoiken @ smalRa wR
IS &R B HH BT & | 3= A9l urey
FEd 2|

EB Ureul H IR I e B B Bl b & ford
aferdl gEeR e R 1l € <fd g97aT uoiga
Gt & G FUST 9 BT Bl ST & 9T YT
HYAYOT BRAT © | 59 TbR HUART qoiga FaT
qui9gd (Phyllode) FEATH © | ST ATHIcHGIT &%
$9 Bl T, S]IET RGfedd 99a (Acacia
melanoxylon) (o3 19.2 3) |

EAEICE] ST R (Ziziphus), YR ??#§37’T
(Capparis decidua) T8 Wsrel saaife # uRkral &
31Ul (Stipules), BICT (Spines) H wATART &1 T
=

EB UHAISTIH] ARgWG Ureul § STATId a1 bl
& Y R SHR MATHR IT ATBIBR wY
&IROT HR olcll &, STVl F137 (Poa) T YHIerT |
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@) AWK B TAR® ae (Internal adaptations

of xerophytes) — AHEME UGl &I Sfel, a9 d
ufrat # ffoRad s e fawrg < 8-
S uredl oI 1fd=aH o 9 RIS b A ffy
H AERT BT & | 59 917 IR R IgDIRIBRI IH
B & TAT HUL Adg AHBIel Bl © O S U
TS arel I & UHT Bl URIEARiad HRa © |

I @ HIfTHTY BICT 9 UrF—U1d |l g8 sl

2 | 39 PIRT@R @ ared iRkt faffae g g

21 3 ISt B G B FHH G T | BS ARG
areyt # fga® gfg & R B16 T BT a9 2 |

3 Ao & 91ex fAwfad Bt & o <1ftred & fory
T 3MMARVT BT B BRAT ¢ |

EO FH]ING UGl ST RIgra el & a Bl
91 WRT S9RI G Tal (Ridges and Grooves) H

ffed <8ar g | 37 Mg el # 99 gy W U

A 8 | B3 UIeUl @ & U SgRIRrdg 9 W U
S E | I8 UH "eayof Awgg arde § ol

TSI Bl HH BT ¢ |

B U9 @A D ARG Ul DI SHUI 3T H
el BRI (Bulliform cells) U8 Il & forad

10.

gfkidT foluedy MTdR AT AfIhIHR 8 Sl &
T AT U | GRAT UG ATl HH BT R |

S Ul H BSOS gAHd Bl © | S
HIfrpra H AT g = Y grar Srar 2 |

3 UIeUl # dede e GBI BT 8 e
D! PIRTHRI H Al T dca arfge urg
NI

B ARG UIRY A G QTR B & (o4 ofd
BT G BIAT © O ANTHH], TGRUIST I TSR S0
7gudff Iy (Malacophyllous) ¥ H&T SIAT 2 |
gfkral & qoimeac® (Leaf mesophyll) H @9 3<id
Td WOl Heid GMfRd B & | ol Hd al
VLT H SH<idh 31AP fABRIT 81 € |

AHE IRl & Hagd Hdd GABiad B © |
S SR, weligd @ Jorr # 21fde fawfd
BIAT 8 | Adgd dsai @l awr | Hfdd g1l 2|
AwgWg uredl ¥ g gfg & dRo glasiyd
q1f¥% 9o} (Annual rings), ®id Td BT U1g ST © |

AANERI & Irgae

(Adaptations of halophytes)

AU UTeal H U W drel IMHIR@T U4

arfaRant argdrer ffaRad 8-
@) SMHIRBI 3JdHe™ (Morphological adaptations) —

2
)

(it)

9 UBR & ATIRAT &3l DI gaT § A0l DI AT
Nt BT © 3T T DI SAABAT B & a1g W1 Y
U1y SHSHT ALY TEl HR UK 2 M g9 ford
areyt # ffaRad sraRar sde e 8-
i AaUgiiE il a1 Bic geil & wu o
e §1 g7 9 &gui H |l wRIT (Cymose
brancing) ® BRI &I ATl THEaTGR fe@rg
<l 2|

e (Roots) —

S UIUl BI SIS HaT H AP Bl gs a0l B
TEAS dPb Sl B 39 o6l @ IifaRk aradrg
SMTRAT I W™ Hel (Prop root) I 3a¥whel o (Stilt
root) ¥ fAHRAT B & | SIS UIGY &I Sofad gib
s el 9 ReR Il 8, IIIER 5T BINT |
AT HaT (Water logged soil) #H Sifa=iTo @1 AT
% BIA 2 37T 3 Uil Bl TSt Bl 3999 & ford
it eI A8 el Uil € | ora: 39 Uil &




D

Sl B FE AN I 32 7 ghg R, e A
QHTAT ATHIT TBT IR Tercell Y I qrex e
il B | g9 SHud RRY R T o 7 P b
A o5 U7 S § R 9’y a1 _ficed
(Pneumatodes) HEd T | IS 39 foal 4 Iifador
AT B B | §= :?{ﬁETCE\T? (Pneumatophore)
FEd B |

3. &™ (Stem) —

() AT redl @ B S & a9 Al
TRER BT €| 39 T4l & AiFGAdT BT BROT gAH
FARISS ATTT BT IE 2 |

(i) S UTeUl & a1 H Al REE grr Srdn g I
J Iy AEIHT, BIC 9 S—HS & Il 2 |

4. URTT (Leaves) — 3IfI®GIeT @@uigiag uredl #
aftrat A1), AT T BIST MBI B BT B | 3
uRidl @ Fag TEee Ud e 21 2 |

5. 91 UIQUl & IS A UTeY WR o %l H B 3R
B 2 | 39 ffdurs JTRRO1(Viviparous germination)
FEd 7 | fafatd Tereelt 9o # S arel ureul &1
He@yol JA T | 39 UPR D UIRUl H IIBV]
Y9 UIeY & |

'\H’H’Rﬁlﬁ (Mesophytes)

9 SOl & UIeUl &1 AT FHITAT Gl TR ™
3P B | A YTy arqraRvr &f A= gRkiRerfoat § ury
S € | AJhel AI9EE, TH G STel Bl e Suererdr d
AeER 99 e B € | Swisfedd aut g9 9Aigfig
UIeUl T HISSS IETERV 7 | AT fdl I &7 dgAre
AR ¥ 9T Ud 3iaa auf 100 WAL W HH B oar
FAGAIE Y U1 I Bl SR B & | A=
gifra, arersl, el vd Afeal & BRI oR S 9
ey FHIMGE &1 BId B |

FHEIGME ISyl # STAIGMIE Ud ARgig] & d9rd &
e Sgdeld U S © | §9 UEal # URl S
el AHTRBIY T AR qAiaRvii srgaeri Bl
UBR FAHSAT ST AhdT 8—

1. g UISUl &1 9o 95 W 9 JRAGRIT 8Iar § | oS

TRIT T §71 IR 1A o M IURT B B |

@ 31T R 9T Je Y (Root cap) U ST & |
2. 91 IRA, BISK, ARG $id, AreT ud warikad

BT 2|

3. 39 UTeUl & gkl gSl, disl, Udell AT AT g T8
T @1 BN 7 | 39 ufkrdl a1 ampfar 7 fafderar urg
ST 2 |

4. Rl oR gdel ar A1 R®jfedd SuRed Bk 2 |
aferat & Y Adsl 9R % ury o 2 | gofHenia
AHRIT, U g WRT g ol SHdd! § foufed giar
2 | 3T 91g i@ AFURT BN 8 | 9of @l |g W
9 gAY B R 8] UTS STl ® |

5. 39 Uieul ¥ e Idp I Hasgd Fdd WK g
Jlasaa eI 2, Ia1exvr AW, 2RM, SR, 1M,
Yroet enfe |

AEaqul fawg

1. fodl &7 fa9y 4 9 S arel uTey S aTdTaRvl
T ATHY fAAY UHR & S A&V ITU HIA 8
dife 99 ardrarer a9y & Sifad <8 dd | 59
3Tdrel FeTol B UTSY Fgael Ped & |

2. IffT (1895) ¥ STt DI SUSAITT, NITAHAT Td Ul
% A arell g & SmuR R B A H qier |

3. Sl UTeul ¥ Hel Tedfdepia I SrguRerd, T
PIFA g U, URidT udell, BIS! T Hel—Hel Bldl
gl

4. TClTg UTeUl # arg YHTSI @ ggerar gl 2 |

5. HOGMG UIGUl BT ol H [AHRAT oIl W™ B,

A1 9 BIe 81 & |

S Uredl @l gfRid! g 8IS )01 § A1 {8 99

T IR Wt 21

7. OUIIGME TRyl &1 Sis 9al H AANE el g3
TAT HH TEXS TH I ¢ |

8. WG UTeUl ¥ AR U BT B fold STel iR

IR IR 1 2 |
9. VAW Ul § SAIGMIE Ud AYEMG & dId B
TfaRoN Jrgae Ul oI ® |

o

gl gve

TeIfs g

1. Ul &1 fauda oRRufoal § Shaqamms &7 &
e 3Tu= ST YYTaRor & gl STl BT 0T
BHEATIT B—
(@) urey uiRRufaer (@) urey FHRESH

(d) U g (Q) UIQY el




2.

J 9Ty Sil 771 pH I1 37 H&T H U S 6—
@) craonEg @) srelgfag

(@) wHhg () Siergfig

araraRer B A aRRefadl | 9 S are
TS HEATT &—

@) wERRg (@) wHgg
(@) Srergfig (@) 9rgPIgg
AT 91eY9 BId 8-

@) WY (@) 9rgPIgIg
(@) aongig (@) "o

SINCESHIGEIR S|

1.

2
3.
4

ARG UIqy Aidel Ff gi 87

G UIel DI qeT D faRyar qargd |
fawmufdfar @t 87

qerdie {5 ISR & ureul § U8 oIl 57

YIRS Y
1. SIAIGME UIGYT &I A & derd [oTRdy |
2. HHGMNG UIRUl & T B gl [offay |
3. AT IR W 3T T FHIA 27

4. UUIRT™ T 27 ISTERVT Afd A |

IRCRCIR GRS

1. WHEME UTCY FT 87 ASGMAIS ISl & THIRGY
et BT qui BTy |

2. AU Uredl Bl yRWIRA #Ifeg | 397& fafa=
gl &1 e faor QT |

3. TAIRME & TUTHROT g I I BT 9o
BT |

4. UIRY AJHAT FIT 8° A™RIG UIgdl H I Il
@1 fawga < HIfsy |

SRAT: 1 (3) 2 (@) 3 (31) 4 (4)



TP — 14

™ — 20
ATSHATS
(Mendelism)

JMFAIRIBT IR #osd §RT fhd T FART U& el
o1 gera # ffea fearfafyr o1 e &< 9
o+l @1 gfoared #vsedre (Mendelism) @ A9 |
ST ST 2 |

IR e Aved (Gregor Johann Mendel)

o  UISH BT W 22 JoIls 1822 Bl MRTAT & Th
PP URaR H 3T T |

o HUSA 7 1843 H AT A3 (Augustinian
monastery) H UTGRI BT Ug T fhar |

e BN AeX/Garden Pea (Pisum sativum) TR HTI
fova |

e 1866 W HUSA I IAUAT TWUF “The Annual
Proceedings of the National History Society of
Brunn” A& UHT # UIGY HHIOT R UIRT”
(Experiments on Plant Hybridisation) =& Y&
| gHIR T |

o UUSH B FY 6 ST 1884 Bl S 3R IDI B
SEIGRCECININGIREE

AUSA & DAl B ANl U4 SHRIaaT &

CaEsdl

1. 9P IUR ARG THT o AId Td A F WX
o |

2. 59 999 Aved 9 eoH fspy uwifa fad <9
Y e STfde (Darwin) @1 J&I& “Origin of
Species” @1 =@l # ISl o |

3. Husd & fIspy |iflera! g arqurd menRa o Sif
BTHI SIfeet o |

4. Tt Sl (Carl Nageli) & 87gvReT (Heirarchum)
giqy UX HUSH] EF} YINT ATl _\’%|

35 a§ UTarq 99 1900 # Hugo de Vries, Karl
Correns 3R Eric Von Tschermark g7 gafs i fOwRIst
(Evening Primrose), Ag®I G 3T UEll WX GeITIfa &
NI IRT WSS & gIRT WRaATfad i &l Ar=ar ud
AHAr Hell | o1 AUSH Bl “MAIRIH! BT STH Ud
¥’ (Father and Founder of Genetics) ATHT 7T |

AR @ U & gAd & BRI

1. ¥R HT UMM U 981 UGy § AR SHBI Sia ash
ITPBIAT B & BRI BH THY H H Uifeai &l
e fhar S Aahdr B |

2. Hex T URIT 31U BIC MMBR & HRU el H
AT | ST ST FhaT © |

3. fafel i @9 @& FHIRO @—u=m o1 (Self-pollination) T
R—TRTTT (Cross pollination) AT | HHT 2 |

4. e ¥ 3@ fquaidl (Contrasting) SA&ToT U1 ST
gl
Aved §RI @9fTa fa9w® (Selection of Trait)
HAUSA o AR @ Ul | AT A&t &7 Tu fhar
fS1aH 8% 6107 § U yMTdl (Dominant) 3R GERT STHHTET
(Recessive) 2T |
TS / JHTAl FeToT 393 DT FHGTHST (Homozygous)
AT fAYATTHSH (Heterozygous) Q11 Jrawmall H wafid
BT B |




qued g1 gafad fauaidy defor

HHID <T& 01 Udel Yl
1. @I @ MBi e ‘R’ RIER 1’
(Seed shape) (Round) (Wrinkled)
2. AT BT qrerr Y’ Iy
(Seed color) (Yellow) (Green)
3. Y @ g T CISINE
(Height of plant) (Tall) (Dwarf)
4. HBA,/JH B[ CURIRA BT ‘W’
(Flower color) (Purple) (White)
5. g9 & R e A AT “a’
(Position of flower) (Axial) (Terminal)
6. el B JAMHfd Hell g8 1 i@l g8 4’
(Pod shape) (Inflated) (Constricted)
7. Wall &l AT ESUNEY qrelr ‘g’
(Pod color) (Green) (Yellow)
AvSA DI APD

gred} F HHIOT (Hybridisation) HRaT™ & oy Hoga
J fagH v AefieRor deh+iiah (Emasculation and Bagging
Technique) &T YA & |

HeR & U fgfort T 81aT 2 3R T@—uRATor A &
oY e urqy &l 7R 311 e Bl ATGT BT a%E Tgad (har
AT | SYRUFT FaRAT H U UIY & Jagall (Stamens)
BT PIc &A1 ST 7, I§ AT fAgdT (Emasculation)
FHEA B | J@ifsd WR—uREOr B e 7g fagiaa
gredl Bl el | 9T AT, FE ufhaAr Ao
(Bagging) ® |

#usel | F, UIl &1 UIf%T qR—UR[T0T §RT &7 3R
IAD 918 DI T NfGIT F—URITT (Self-pollination)
T @ |

Augeare | A&t Srgaife v

1. ®R® (Factors) — NI @ SHIS S fHAT 0
LV BT Uhe B B folg TAT ST AR &
foq S ER B | MY rgaifiiat # 59 SR
B S (Gene) BB ST & | S G SEa
(Johannsen) §IRT f&a1 1 T | ST SAT@ifRrest b1
fharH® SH1E BT B

2. JARHAT (Allele) — B S & TBI=IRT Il
BT S TSI JURYAT (Homologous) TR AT eI
R UG S & S rAfddhed] BEd © | 31 TP B

w

fagai=dt (Opposite) F&ror & S fadwedl @ ffa
HR Tl S & g BT FrAfAHAT (Alleles) Hacl
=

AEHE (Locus) — AT T[UIRGAT &1 I8 I STat
R fAqaidY oteron T fEfa e arel S suRerd
B 2 |

'\H'H'ﬂ"qﬁﬁ (Homozygous) — ST U faugisdl <teror
I FRIFT AR arel IFT JHAH! T T Bl

g A1 IH TGN (Homozygous) HE & | ARG
YTdY / gael ‘RR’ AT 9T/ 3T9del ‘v’ 81 eIl
2| FAGESN ¥ B U & TPR & JHDI Bl
fmfor grar g |

faHgTSH (Heterozygous) — 514 U&=l
dA&Tor Bl RGBT B arel <M1 gEfaded! et
B & A1 Y fAIvAgHell H8d © | Ig SHT JHTd
(Dominant) 81 & oI Rr, Tt STE 3R A T IHR
@ BT BT Wi BT E |

yTdl /99 (Dominant) 3 FHTHY / el
Recessive) — [AuAgT ol @z # SuRerd !
JAMADHA (Allele) BT T2 81 BIAT | [T SAefor
BT TSI BIAT & I8 TfeTel T9TdY / Vel heedTdl &
3R AT T AT JATHTT / S BIAT © | S U
fawwRymAST o/ e (Tt § T Ufeid &1 ueeiA
BIA1 © ARt G« 2 | 3: ‘T’ Ufeledl vaal (Dominant)
3Rt el (Recessive) ® |

LI UTHYT (Phenotype) 31X A9 UTHY
(Genotype) — fo=il <Tefor & qTe?) a1 Hifds sy
St ferg <ar € a8 ofefor Wrwy (Phenotype) ® |
fhdT ST&ToT BT JATAIRIh TS IHHT S IRy
(Genotype) HEATAT ¢ |

TTEROMT: FdT oTF W} T <1eTor [Hfte U |qH1
2 I8 Ui BT @I Urey 2| oW 9 & forg
STURGRY ST Afte TT a1 Tt &1 ddhdl § | rafq
[ IS oI Ul BT S WY TT ® iR
fayagSll o/ dielt &7 Sfie Wy T B |

& 5 (Pure breed) — U gl ST bl
Jgor faRy & forg oM difedl a& |we oferor
qrell |ATH / Sid I BN, I8 Yg [H¥H haawil
gl

HHROT (Hybridisation) — &1 =7 o1 arel STl
AT UTeUl & W B (Cross) B DI UfHAT Bl
BT HE % |




@

10. Tehol HhY HHYUT (Monohybrid cross) — STd HhHIT
TINT U Sl fauaidl deror ol RIS & arat
FJAMEHAT & A HRAIT AT © Al SH Uhd
PR FHT Bl © | oI ATl AR Aha g arel
urel & WA |

11. T§H®X FHOT (Dihybrid cross) — S/ FHT TIRT
31 SIS ARG & Fe HRAET Sar 8 ar S99
fEH®R FHIOT Bl © | Ol oI 3R ATl g dred
UIEll T [HIOT I 3R Aha g drel el & e |

12. &Y ool FHROT (Back cross) — 1d UH A
gl F, 96l 1 o <l @1 epor P, Al &
fodt W ST% & A1 HRATAT SIAT & Al IH FhY
qdS HHIT FHEd ¢ |

13. T&UT HHROT (Test cross) — g F, NET &
fAuagTHT HAfT BT HHROT THGTHS AT SiTeh
| HIAT WY AT IH GET0T FHI0T Had ¢ |

14. P AT F Gafa — wosd o1 Bl daHvor & qd
STPT BT P (Parent) Hafcl qAT ST Gd 6T UoIH
G- Uil (First filial generation) I F . G Dl |
1 Wb F,, F, |afd e faar |

Uh HDHY FHT (Monohybrid Cross)

9 UHR & FHU Uh Sirsl JHAMAEGAT & 7
HRIAT AT B | ST (For 20.1) —

9 P S gEfdded] Yg o (TT) 91 aiF
(tt) dreil / redl & Hed HHROT BRI AT a9 F die o
|1 o Ul wTd gU | $9 Sdfaal Bl §a” (Hybrid)
HET T Fifdh T bl BT SIuTHY YA (Tt)
T | 519 3 F, 4Gl @ dlell % tg—u=rror (Self-pollination)
HRAMT ST & 1 F, A6l H o @ 49 &11 9ebR & die
T BId 2 |

9 AU P F, NI H ALTUTITRAT SIUTd
(Phenotypic ratio) 3 : 1 9Tl EIdT & AT 3 o : 1 91T
@1 75% % Td 25% 9 e qAT SIEyRey! JguTd
(Genotypic ratio) 1:2 : 1 311 TT : 2 Tt : tt | 2 FHAGTHGI
T, 2 fyAgmEeh R &fik 1 wETESn e Ul |
Tehel HHROT H F, GGl H 2 TR & &loT WIRey ciell 3
YHR & SIF Uy (TT, Tt, tt) 1Y I & |
fgg®x G®Hvo1 (Dihybrid Cross)

g8 APV Tl SIS JHAGH] & Hed PHRIAT SIAT
2| SarEvr (s 20.2) —

I T g Y[ St dien
W& NGl P TT tt
! !
IH T t
S~
F, tﬁ?ﬁ Tt ?:‘%WW)
= YRFTOT
(Selfpollination)
F, i N T
T TT ft
oI | ST
t ?I%T i
ITT : 2Tt C1tt
L
ALY 3 AN S ASICH)
s TT Tt £t
ShuTed 1 : 2 : 1
3T Yol fAuHgTHl Rl
SEl 5l aT

o 2041 @ U dBR GHIOT

AYell et diof a—gdlarR 9o
S il P YYRR yyrr
pitcy YR yr
F, 91T yyRy T T T
y it
T TRETOT
(Seefpollination)
Ead (8| YR | Yr gR yr

vR | YYRR | YYRr | YyRR | YyRr
ret—Tre | Gt | Qe e | et T
% YYRr YYrr YyRr Yyir
U | e ma |Ger—spier| e 7 | fe-giRR
R YYRR YyRr yvRR yyRr
YR | er—a | gt | e | W

o+ | YyRr Yyrr yyRr vyir
Y| et e | dongdier| 29 e | evigitar

ALTOTITRRUT G M« PeT—FoaR © T I © T aR
W 9 : 3 : 3 : 1

SIREICEI] YYRR:YYRr:YYRR:YyRr:YYrr:Yyrr:yyRR: yyRryyrr
W 2 2 4 1 201 02 01

A 202 : fgd®R HAoxoT



105

fegdax dAHR0T & oy Aved o1 diel &fiR Mt o
qTel Uil T HehROT B8R d GRIQR dIST drel Urel | BT |
F, 0T | ure adl dler dred 37iR TTel diof arel S g
AT ST BT YT 17 3MR A MHR HHI: B I 3R

GRIER ATHR GR Y1l & | F| 41l & ¥ URIror 3 e
F, 4l # =R faf=1 5k & sl arel el 9req gu—
() 9l T M 99 (9)

(i) drel T gRIER 91 (3)

(i) B T A G (3)

(iv) B9 R 951 (1)

F, 911 1 @eiorsedl 3/gard 9: 3 : 3 ¢ 1 3R Siiasrsdt
U 1:2:2:4:1:2:1:2:18 | f§HHR BT BT F,
W T 4 PR B ATITITRYT 3R 9 YBIR B S50
AT B 8 |
Avsd @ IallRIal W

HUsel J 3 MAIRID & fFrom 3y —

1. ywIfaar &1 =9 (Law of Dominance)
2. faqdeE &1 M a1 gesl & gear & W

(Law of Segregation or Law of Purity of Gametes)
3. WA gfaafdesTor a1 Wad ugeE ol 99 (Law

of Independent Assortment)

1. g9TfaaT &1 99 (Law of Dominance) — 399
9 & AR TGSl /el # U i R Sid
B ANl DT 91 Thal € 7 T8 FHIE S F, did
H o gefRiT BIAT € | Y9Tdl SA&T0T BT JATAT I UgarT
ST FHAT & Rl I8 FHIHS AR fawagmEei =1
argeTaAl | FafRid BIdT € | STUWTEl ST bacl FHGTHSH
3fERAT H BN ST &0 ST 2 | II1BRT & oIy “T”
S ‘@ HUR TTET © Srafq TT, Tt UHTAY 6T ““oivd
g B S &Rt I A @ uelRia wRa 2
TTITT BT M 3cdid Aeaqul © | 39 999 & PRl
HHR ofidl § EIBRE I Ybe F&1 & Urd ¢ |

2. faEgom &1 e a1 gwat @ gEar &
99 (Law of Segregation or Law of Purity of Gametes)
— 3 GAEHRY BT M ol PEd © | 39 M & IgaR
favagTsit &1 R srawerr # gwfdded! (Allele) & 11
PRSP YIF—UI &< 8Y M Uob gar A MB 78l g1 aor
I AT & T Q1 BRE U gA% A JIP 8l Sl
g T UAS JHG H B U & O BT B |

JdHRY & A T AT
1. YIS a9 U oiF gRT Faf3a g g |
2. UAP SI9 4 &I JHfdmel (Allele) UTq I[ & Sif
T SIIST fauaiiy qerolt o7 FEifa e 2|
3. SIF & gHfdeed! BT U &1 e (Locus) B UR
ff g7 affastor €1 grar 2 |
4. gwe Al & G99 gEldeed! gud glax
STET—3TT JHH! # T T & | IS S dbad
TUdh HREG & fol g BIam 2|
5. WP & AT (Fusion) I Y fEIIfora srawer
TS 81l B 3R §H UPR I eI BT SHhIS ©
S U G & g @) H T a2 |
3. Waa AIGga PI 9 (Law of Independent
Assortment) — 59 M & JFAR faf= Feron &
TR UGN ¥ @aF Bl © AT Yo eToT gaw
0T | yuTfad gY foT Hafaal 7 g=imTd 8iar § | WA
JUGEd & MR U STdiftie deror & oI fauaiw
JHAG JAFHII & T [H—gaN A 3T Bl
ol o dtetor & fohel oY fauaiRi &R | e Jad
2| US SR T BT BIg JAT BRS (BT 3
TETT B FHTEl BRS IT AT HREb A [ANTT 8
HHAT T |
TP IS B ®U H AUSA P fgdd ThT Bl
3T fHar ST wehar € | S99 ugad Uil g e il
T 8 9 IR ol & 91af F, 9gl § g1 |14 GeblR o
ffaRed &1 7Y FAmTHY (Phenotypes) ScU+ 8T | &Y @
T dST AT Uret T FRIGR SIS Y ALTOHITHRY & Bd H
Tdhc gY 3R o UAfsIol devmHy (Recombinant
phenotypes) ®sI T |

gof gaIfadT (Complete Dominance)

S fdl gurdl famedl g1 fawagst srawer o
I ALT0T IHD GIRT AHITHGT fARAT H I~ A& B
FAM &1 A1 S9 Yol g1faar wed & | Sarevned — Aex
D U B A g FEER 99 b AU AeTor g o
g 9 Ol # e 9 o deror got pMrdY deror 7 |

SW;UT gHIfdaT (Incomplete Dominance)

Bt PR (Carl Correns) 7 1903 ¥ fAxifafera
SIATAT (Mirabilis jalapa / 4’0 Clock Plant) § 37qof
gHTfadr (Incomplete dominance) &1 3 a1 | 9
fRIfafer SemaT @ e goI (RR) Tl iell &1 HhoT
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HBE Yo (rr) dTel GEl I HREAT 7T Al F, AT B )
gl & g9 T[Tl (Rr) 91T §Y | 579 849 Jera! g9 drel
F AT & diel # ¥ u=1ror 11 ot F, 91l 3 Uep e,
&1 Tl 3R U e Ui arell |afd o< g8 |F, 9l
H fhAIersy (1:2:1) 3R SIS (1:2:1) U AN
T BT 2

g F, 9G4 i3 Uge ceromey 9 WY |
wefRfd g gar € o1 S gl yWrdr wEd & | 3l
gaTfIar H HRPI G Aftwsor 81 grar & ([ 20.3) |

STet geaT AHE g
Wfﬁé_}fp RR X T
! !
F, Uret Rr eIl g
NUINTOT
d
Fﬂﬂﬁff g R T
o RR Rr
R ard Tl
Rr Ir
r errdl DG
SfeToTsTRdt de A |9we
SREIS 1 : 2 : 1
NIEEIEE] RR :© Rr : 1
S RIn] o2
o 203 : fAwrfaford wergr ¥ S7qui wwTRAET
3 3qleX0 —
1. O$TT (Antirrhinum majus) 99§ aRkrai &
3ThIN

2. Teqfaad g3 H Ul &7 T amf |

HPY qaol FaxoT (Back Cross)

1. 39 GHROT # F, U1l @l afd o1 deror fhr ff
ST & AT fhar SIar g

2. 9 F, U<l & HHR UIGT BHI FehRoT Y9IE) STeb A
BHRAT ST & A S 3MST i (Out cross) HEA
21 39 B A T aH) Faferdt gHidY deror areft
BT 2|

3. PR S HHIVN gIRT Ulel DI Ygell a1 gl
BT ST 8] PR Fh 2 |

TOET0T HHROT (Test Cross)

1. 39 axol H F Uil & |HR QY BT HbRUl
FAYHSI YA TS & A1F HRATIT ST 2 |

2. TOY U< Aafaat # 50% wArdr oAetor areft qerm
50% 3T feron arell Bl ¥ 1

3. 39 ™ gRI U &I Ygal iR SIFRY BT A1 HR
AHA & 39Ty 3 URIeTor HehRoT BEd & (fer5120.4) |

P TT X tt
i !
D T t
F, Urel Tt fOvAgS
lBack Cross Test crossl

Tt = TT Tt x tt

Fy) @ &) P

Q d T t ) d T t

T iTT Tt t Tt | tt

T | TT | Tt t Tt | tt

RTINS = AW TR SRTINTeY = o 3R 99
50%  50%
1T

ST TT Tt ST Tt -t
| | 50% : 50%
50% : 50% 1 : 1

T 204 : GHX WA GHIOT Td WRIAUT HHIOT

Heaqol =g

1. HUSH Pl IARIGAT BT T DHel Il & |

2. XA YIRS ¥ IS U S &l Ager=l o=
FEd B |

3. AMG Rl B D! TS 9 [ORgF fag @l
Rerfer & amuR wR 7 gl # 9rer B

4. 09 fagr @1 98 wrar R Sl @1 dRnTh 3R
fafy=rar &1 remae o Siar @ S mgafdran
FEd ¢ |

5. HUSH A YA WARN & ford ASR (Pisum sativum)
9Ty Bl T |




IRERZIRCAR LS|

F, 0l % wad vl o9 gef¥id 81 € |

B urqy BT S URey eI YEdT S & ford
oieTor HeHROT AT ST B |

BTl DIR-F 1 YT YHTfARAT BT fega= FRTfafera
STerar # |

rwgraTel g9H

TS U

1.

PIFAT GAETIT HBROT (Test cross) a—

@) TTxTT @) Ttxtt

(@) ttxtt (@ TtxTt

F, 4Idl % U 07 YHeR0T (Monohybrid cross) &1
SiF 9194 (Genotype) 3fUrd BIaT 28—

@) 1:2 @ 1:2:1
@) 1:1 € 3:1

Ul et & b SIS BT bEd B
@) BHrIETE @) BeIETd

@) veltam (€) dfehHrs
AR #vsd uRig g ufoures & forg—
@ ®iferer g

@) Surfoia oeor o g

&) SwRadd & g

(@) smgdfrear & fraH

JfTATRTHS g

1.
2.
3.

HUSE J U YANN & forg B urey Bl gAT?
TRAETOT FHROT (Test cross) &7 A T BIAT &7
FI & YHIY H AT (Autosoms) Bl AT
fapeeir it 87

T S H Hifcies U A T B dlel SA&1T Pl T
B &7

SIRTH® U=

1.
2.
3.

faarST (Segregation) @ ¥ &I ARV |
34110f ATfAd (Incomplete dominance) @1 AHSEY |
gasl HHIUT (Baub cross) Td URIETOT HHROT (Test
cross) H T 3R 87

UHh FH? AHIT (Monohybride cross) BT STTERT
|l |qHsIa |

1.

2.

wfera fewoft w —

(i) HHR gdsT HHIOT (Back cross)

(ii) TRNETOT FHIT (Test cross)

(iii) TS AYGET BT 7199 (Independent
assortment)

wfera fewoft & —

(i) gHfa®mad (Allele)

(i) <7&Tor Urwy (Phenotype) Td
S WY (Genotype)

(iii) fAwAg™SHT (Heterozygous) Td
Wg"ﬂﬁﬁ (Homozygous)

SARATAT: 1 (@) 2 (@) 3 (A) 4 (@)



SHIS — 15

YT — 21

(Cell, Cell organelles and Functions)

PIRNPT (Cell) STal & TR B ITFTHD (Structural)
3R fharH® (Functional) SHTS & IR UTT: ¥adh: S99
(Self reproduction) BT AT Y& & | ‘BIfABT AT TSN
TE A (Cell) AT T & AT “Cellula’ T&E |
forar T 2 ST a1ef € Ue BT BT | BB Foid
S SRl (Bacteria), 374197 (Amoeba) & TR UH
B PINHT A 9 B 8, ST THDIADGT Sl Unicellular
organisms) T & SIdid HB oild oI AT BT IR
3 BT F AR 91 BIAT © T IgDIRIDI
Sitg (Multicellular organisms) PHEA B |

PIRIBT BT Wil Jac 8P (Robert Hooke) 1 1665
g ¥ foar ar| dIR¥ERT @1 A segme Hifdrwr
fagm (Cytology) a1 ‘®If¥T@®T W@ (Cell Biology)
HEATIT B | BINBIN T THR DI BT o—

1. IdADEIT 1 MafRAifes 1@

(Prokaryotic cell)

o A T WA B T

o ITH BIS WE Brsd -8l Bl & |

BEdra gared (Nucleoid) ®IRTHT 59 # @R g1

=

JIZAA 708 (508 3R 30S) UBR & B 2 |

STV AR WR agdet (Circular) BT 2 |

el URIA U S 2 |

9 UBR B BIRIGI SIArT] qAT el &8 dard

(Blue green algae) ® Uil Wil 2 |

2. GdFO= AT JHRATEH BIR@T (Eukaryotic
cell)

o T SgHIRI®R Worl (Multi cellular) # gl STt

g | 58 aima=<1a (Eukaryotic) BIfT6T B&d & |

o W I=g SO & Uil SR Sl # gbRAfeH
TR BT PBIIBIT Urs Sy 2 |

o W YBHRANEH SIS # HfST dseh U
SITET 8 S Udb SMaRT | SHhI BIaT © |

o IZAIM 80S (60S 3R 40S) UHR & B 2 |

e  SIUAT YW 379 (Linear) & ®Y ¥ 81T & | I8 2%
AIE & AT SR O HT AT BT 2 |

o UFH I &% TURIF UlY W ¥ |

HIRTHT fAgIa (Cell Theory)

DIRNHT ST B AT IHIS 7 | 1839 H TaATgSH
T ¥a19 (Schleiden and Schwann) = BIf¥TeT Rigia
o fohan S ST R—

o I SAl &I INR TP IT UHIAD HIABRI I
et 94T BT B |

o Tl BB & IR gl ¥ SuRera fHwr
PIDT I B BIAT & | T8 PINBIT HIFABT AU
&1 ufshar gIRT 3T SNfad HIRHRN A & S
BT 2 |

FIHIBT AT

o FHIVNHIT Aolg B & qur 9 1 B el &,
12 ofta g &Rd 2 |

o SA® ATHR IAfaged qAT AHfa MATHR
(Circular), 3fU€Td1R (Oval), ¥HTHIR (Columnar),
W®$T§—crﬁ (Flagellar), 9g45i1d (Polygonal) e
YR Pl BT 2 |

o I Tiehl O/l s ARl T Ay ' ® sl
PIRTHTART (Cell envelope) AT HIRHT f3reed (Cell
membrane) BB B |




1]

g Hiax =ferRad GRa=d a1 SIS 9y
ST 8-
e I=d (Nucleus)
BfegdT (Nucleolous)
Siigged (Protoplasm)
M AT A7 AT T3 (Golgi body)
DU g3 (Mitochondria)
sfavge SfetdT (Endoplasmic reticulum)

oA (fUg¥) (Chromosomes)
S (Gene)
IS (Ribosome)
I (Centrosome)
odd (Plastids)
O G W=IARI B BI$ UIey Ud iy BIfRIahT
DI FEAT T TH ST BT & | A Fong R fsifg
Il A8 &I ghrsal O ATH o+ Bl § 1

U AT DIRIHT AT URefUD BIRIDT & J&T A4
T ®, BIAHEROT (Cell envelope), HIHT g
(Cytoplasm) Td &< (Nucleus) | BIFRIHTAROT HIFRAD]
BT AT §T8 BT SMAR0T IT B 7 |

urey HIRIET # HIRIGT fFART (Cell wall) 3R BIfHT
fareetl (Cell membrane) fra®R HITHTERUT (Cell
envelope) &7 AT HRT T |

ST BIfReT § PIfreT Ay T8I urg S 31
PIRTPT fareetl B A FTER JATART 7 | BIFRNHT fEreed!
Td o b dF B AN BT BIRIGI g bal oIl &,
9 faf= PIRI®IT 81 £ |

IRy 3R ST PIRIBRIT H B AAG 3R FHAAY
€ | SaIER0T & forg, Si=g BTl d et MRy ar
FARIRE 781 8, <fd urqy dIfdrarel # & urey
PIRIBIBI BT FHR AT &, STafch ST BIRTHIST BT
MHR AFTAMHT €, I MIATHIR, Tl 3N UHR B BIeh
2 (ARoft 21.1) |

PIRHT FART (Cell Wall)

BIRBI WART g w4 F A (Cellulose),
THIATYATS  (Hemicellulose), TATSHIATSTT
(Glycoproteins), ¥fae=a (Pectins) 3R {13 (Lignin) &
I BN B | I8 Hael Urey IRTHTEI # 9§ A 2|

e RT & &
o BT BT U f¥ad 3MaR 3R GRar <l 2 |

o IRTATHD FHAT TN B |

e THHY AR IfFd dA1g b RacTh GReTT UgT
BT 2 |

e 1B ATATARYT W BINBT B AR ATATaRT BT
T B 2 |

e  DIBI BT 918X 3N 1< I gl 3R A6 &
gRagT & forv werq s=c 2 |

e S IfATAT WRIARV—{IAT (Osmotic equilibrium)
# HAEE Bl 7 |

o UMY B HH B el B |

o Ifdr@mT fafky @1 TIR® iR Sl rarafae wfafafer
HIRNBT—HIHT FAR H AGE BT ¢ |

e IET WId <19 (Turgor pressure) GdTd & HIROT
PIFBT BT Hed A Al 2 |

o FHINNGT & <R 3R 918X & 14l & TR H ACg
B B |

o UG Al Blg 3R TSR I IifAdh FRe
TSI BT ¢ |

e fireett / BT fSreet!
(Plasma Membrane)

T fRreel Tah Sifded fBreell 71 98 Wi SR
FHTEEIESC ¥ I Uw fgvadig defra dvan 2 rifq ae
BRGNS & a1 wRal A 41 21 399 e WdH
3faftfRd & | HIRHT fRreeh 7 wu A A iR forfoe
A g1 2| fIfts fEreel &l =i &9 & forg iR
A IR 31R Uil & SXATAR0T H WERIAT $d &
IR T SR HIEHT B ARG TAarg a1 I|A
2 | TATHT f3reell H STereTe! IR 3R STafariel g gl
e € $9feTy I8 SHIUTET (Amphipathic) € 1 S
HH—HHT Sldged ®al’ (Plasma membrane) 1 &gl
ST 2 |

cap

o PP fErcell BINGBT BT I 18 ATATARVT A
T BT 2 |

o TAH f3reell BIRIGT H dad =afd ugrdi &l
SOOI <l & 3R oy Ugrelf &l 91e} Y@= o
PIRMBT P ATARBAT BT IRGSAT BT el B H U
AEaqol e Rl 2 |
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RO 214 : W) Td UIRY HIRIGT H =R

LRI

S ®IT (R 21.1)

9y HIRTEr (R 21.2)

BIfTHT FART (Cell wall)

BIBT MHR (Cell shape)
®d (Nucleus)

ATSHNA (Lysosome)

AT R (Glyoxysomes)

II3led (Centrioles)

oTdd (Plastids)

RfFTHIE (Vacoules)
Wferd WIS (Reserve food)
FARIEE (Chloroplasts)

fae1fie wd grairgs Heeyor
(Vitamin and enzyme
synthesis)

CAINEARGEINET
(Cell division)

EUNCIR-CRECINE]
(Cytoplasm division)
URTANOT (Osmosis)

3IUReIT | I8 Bact U el

g TATSHT f3Tecl & 3TlTdT Ueh HoR

foreelt | ol 2 o1 T I HIRTET
JTRIT 37T B BT dacl Fhal 2 |

T I BRI ATHR
3TETTHT BIST Bl |

Breh IHAN W) dg | Hfed
BT 2

TSR §HIT UY] BIfRTahral H

RISCRISES
arguRerd B B |

Iars (Cellulose) ®T a1 BIferamT fAfr
I 8 BN 2| 39 BROT BIRBT 30
JMHR BT G T8l Ahell © |

T UTSY HIfABT MBN | HAR N gl
B 2

Bsd Ui SIReIEaE (Peripheral
(cytoplasm) H U@ 3R Rerd gIaT B |

AT ot B |

ANl B 9o 2 |

ARBBIY (Centrioles) T DIRIBTII
# aagiRe wU ¥ AivE B 2 |

@ad (Plastids) AR TR
SruRerd &I 2 |

T i<, PIRIHT H AR By BICT
Rfdqad urft smeh € |

T 9IS JMHEAR TR TATg DI
(Glycogen) ® |

S BIRTBIAT BT FARICIRE DI
SERT T8l T |

S PIRMBT ST GIRT STATID
UolTgHl SR faerf®s afed ai
UHET TRIS &1 H3elyoT 81 &R
DT & |

e, dall @ FEiT § IR (Asters)

IulRerd g1 8 sl arar fawre
(Astral division) 14T 2 |

HIRRTRT g favrs= Wi
(Furrowing) AT &1 1T 7 |

JTeudHTdl BTl (Hypotonic solution) #
PIRIBI T ST & 3R ARTIATEN
"l (Hypertonic solution) # BIfRTHT
e ore 21

dR&HBII (Centrioles) Trell @1 wrferesfiar
HIRNBIBN BT BISH MMHAN TR
SURT BT 2 |

9@ (Plastids) AIS[E BIA & | ST DI
AT S FHD F urey HIfrwR 7
FARTERE BT & |

&% yRuad urey HIRIET H T a1
T RfgdswT arly Sl 2 |

Jferd WIo e (Starch) & w9 #
BT 2|

qrey HIfHRT § gRacdd (Chloroplast)
B © Fifd 3 31941 Wil Wy 411 2 |

Ureg BIRGT A UHAAT TRTS, BIvusH
3R B gIRT ISP fAIHT BT Fooiyor
B Fhd! 2 |

T T3l B1 FHior sraRasr
(Anastral) BT T |

PIRTHT g o wie A (Plate
formation) KGR

PIR¥THT kT & HROT BT rfara=rd)
Hel (Hypertonic solution) # Hedl Fal & |
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e IB {Y Sidl # PIRTHT BdHTA (Cytoskeleton) 371R
TR H U MR & ®U § B HAA 7 | 39 THR
PIFNBT f3reet] PIADT BT FHAT U HRA B iR
HIRHT & IMHIR B gAY W H ASE B & |

o TATH frcell BB & Hawr iR A &1 fafa
FRA B | B 3N URIARYT UG fAEROT GIRT BB
f3reell BT IR B B |

o UH HAIg[@ WIEH, WY, I=el, ARl (Receptors),
USITSH AT GRA-THD Tchl & vy H BIH B ¢ |

o T f3Tcell @@ el URIHI (Selectively permeable)
BIH & et sref € fob Ig f3reel fhdl uared (a1
T 31I) DI o wU I UR B9 qail o, AIHT 73T
# UR B <ot ® A1 fdeqmat s <l B

W (Nucleus)
Prgd HIFRTGT & e YT S dTell b el T
NESRCEIR]

o  Tad BINGI & HIAR BIRHT & (Cytoplasm) H
I ORT &l |

e TH PINTGT H AMIT: U & dsdh sl o, T
PP T 9 NP B T UrT oI € |

o I HIfTHT fvIfea gt & a1 ST i e =1
ST R |

o UG gl &5 Af¥ad e+ w1E} grar, qunfy I8
SIHAR THT FeIHTT H & Rerd il 2| {B
BIRTprel § gaa! R MR (Basal) 3R 8
H AW (Peripheral) ¥ 21T 2 |

o Tud B IAPHR MATHR, TIATHR TT JUSIBIR
B! & | T, HH—PT T8 JATPR, TP,
|UTE, WREIfad, AU STT, HIATHR 3 FHal
BT Y B qehar 2|

o I U Al Bicell A AT war 2 | 59 &
JATARVT B dgdHdAl (Nuclear membrane or
nucleolemma) FE ¥ |

o Tsd Bl ARl fIreell WIS |ag arell SfetdT Bl
foreelt & ey |ad gy 2

e 3T WAl & 91T DI SITE BT IRG= DI (Perinuclear)
R B B9 H SIET T B |

o g f3reell BT e R BRI B AR
AT BT ST B B |

I8 Wad WU 9 dsd A (Nuclear sap) 3R
HIRBT S & dr9 g8a AYSN & UIRd 81 B
B B o1 U 9o & wU § B BT 2 |

Fsd b MIdR dod—d (Nuclear sap), Bfaddl
(Nucleolus) TT ORYA (Chromosomes) UTY ST
gl

Cap]

DINBT & TAKT BT BT Ig AT dvs 8T & |
Dradh BT DIYDT BT ARTH Hl BaT oIrar 2 | o
YHR IRIR DI ART fohaetl &1 =1 aRkass &Rar
2 3P S UBR DIRTHT & AR BTAT &7 =07 Y
Db gRI BIAT 2 |

@b H ORIAT (Chromosomes) AR FTHIT HHT
SINGIY mﬁ[ (DNA replication) IR 3MRTAY
HATAYUT (RNA synthesis) B & |

BERCS CRCI IG5 CIN G CRERIC IR ERIER]
BHRAT B |

TE WIS AT, I fadror iR fasrd &
forg +ff e 2|

I8 SITAY & HU H ATAIRIe AR Bl HUSROT
HRAT B |

gD 3T WA 3R RNA BT GUEId HRar 2 |

TE AR JMRYAT (MRNA) 3R WIS HIAT0T Bl
TfshaT BT 3T 2 |

dsd PIRGH & 91 2w & 9 YAy iR
JRYAY (Tgaifraar |Arl) & Ta—dar #
AETIACT BT 2 |

BfdT (Nucleolus) ISR UST HAT B R WIS
HRYM B WY H ST ST 8

I8 S 3R SN srfieufad @) sresar & ff3a
PAT B |

PfegdT (Nucleolus)

TS BHad | T I NS Bgwd urg ol €|
DIRNHT fIT o HB A9y @z § sfsa g«
1 9Tl B, fg 91 3§ g% Ihe 8l SRl © |
Sfadl & Wav Rargaeis® 37 (Ribonucleic
acid ) TT B fARY YR & JoirsH Afde arar |
qTY S 2 |
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Bl FAGAT (Mitosis) IT G (Meiosis)
T # Wyl yfier araT HRA B |

Siigs<d (Protoplasm)

ST IfI® 9 Siraw &1 Hifid MR’ (Physical
basis of life) & AT ¥ AT BT € |

TE TP TMeT ael uatef (Gel like substance) BTdT &

ST XA U {2y A gIRT ST S §; O,

i PIf¥TEEE (Cytoplasm) — g<gd T (Plasma
membrane) AT &xd (Nucleus) & Hegacd T4
# UIg S aret Sage B BIRIBIEE(Cytoplasm)
HEd § qAT I8 G4 ©U 9 UM 4§ 497 7 3R
HIRTHT f3reell 3R ®sd & 19 9T S arel
TGl ST B |

ii. B s®aa (Nucleoplasm) — &5 f3reei (Nuclear
membrane) & HIdX TN S dred SHAgd Bl
DHodh G HEd ¢ |

39 9ola’ (Living) a1 ST & diifd PIfHT BT

T IR 3T Aq AR BIRTHT B AT I

gfshanatl &1 & BT § |

Straged &1 =i

i. @& (Carbon),

ii. BTSRIo (Hydrogen),

iii. 3feRATSTE (Oxygen) TAT

iv. BTEfF (Organic) AT

v. 3BTEf® (Inorganic) U&TIT IRT BIAT & |

399 R S a1l faf=1 st &1 7 | o

T 80%, WIS 15%, TAT 3%, HTEEsse 1%

3R STHTEE AT 1% BIAT © |

Slagall & &3 UHR 81 &, o drags (Colloid),

@MY (Granular), GgaY (Fibrillar), SR

(Reticular), BfUPIBIR (Alveolar), 3T |

Cap

PIRIBT 5 ST DT gAY G & forg As@yof |
I PH3 ATAYUl g IERGS ARl & Aeg|
T &R & |

IE IS & PIRHI BT |/ & oIy g e
IH AT 2 |

I BIRIBT BT MBI (Shape) 3R T (Movement)
@1 AT TeT HRAT T |

PIRIDT G FaiRe AP & forw uRasd &1
U AU 2 |
Ig PINRHIY Ta99 & STl bl ufRdg+ &Ral 2 |

Jg fafy= HIRe™ Tl &) Srarsiel § 4gg R
BT 2 |

PIRDT G U gHY & ®Y § B HIAT 2 3N
PIRTHT B AR AR 3R =T PIRTHIST &

1 T 3R THFBY B BIRO I il I DINHTN
P T BT 2 |

PIRDT S THATHY B BRI DIRTHI S FE
T A ABAT & S SAD B H T I DR
HHd 2 |

Mef s ar I3
(Golgi Complex or Apparatus)

o BRI FT Ve U@ HINHIT ¢ |

o U I P IE A D WIGTHd! bAfrAr e
(Camellio Golgi) & A9 TR UsT &, 5=+ 1898 #
Jduerq gHd WIS B |

o I PG gy H Ul W B |

e I UH UHR & ollel (Network) ST fewry <ar 2 |

o JE I WHIRVR: s b AHIY, bl T Aqe! H
IrIT ST & |

NEECE]]

o I fIrcell qreg & St deft @ ARE Uahid B B |

o SUDI IFAT I dwdl (Elements) AT ECSH
(Components) §RT T &—
i, TUS AfABIY (Flattened sacs Cisternae),
i. 991 RFFTHNY (Large vacuoles) Tt
iil. MR (Vesicles)

e AfIHIV (Cisternae) & Tdh I X (Stack) B
feFSraram (Dictyosome) B WY H ST AT © |

o TP BIFABT § A9 40 H 100 & X Rwd & | s
X H 4-8 AfABIV (Cisternae) BIcH 2 |

e TPV (Cisternae) T FUST Aferai @l dvg &l
g 3R MHR # Tl 3R MefgaradR BIell 2|

o ool Ui # garT 2 |

o TRD UP BR B f3call B FREAAT AR ACTS §AR

BIR B f3eel A 1T 8Iel € | e A1 (Cis) 31k
Ti¥F (Trans) B $HET SIIQT & |
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cap]

e IT PRI ¥ (Cellular secretion) H ‘TS"CEI{UT
AT forrar 2 |

e IT UITHI, IR quT Hiaua T=irgHl (Enzymes)
BT HSRYT (Storage) BT § |

o JT U WU A GREXI AdE dTell STl FRT TAR
M BT FNRIT Har 2|

o PINDI & F—U forfUs aropaii & yRasd 3 Aas
HRAT B |

o T AR I UST HA T |

o WfSAraEd=a (Proteoglycans) & IUTGH H Tdh

Agcayof AT frar 2

e AfIHIY (Cisternae) H AINE YoIlgH HraTRIERC IR
UIEH BT HA: AT HIATSA (Glycosylation) 31X
BIDIRIgee (Phoshphorylation) &1 UfshaT g1_T
FMfAT B 2 |

o T HIEEISHC B ALAY BT Udh YIF WA % |

o FIFHMIIN gRT ITIRT WA 3R forfus o a9
3Top3i @l Ui 3k uRass # Agg HaT & |

o TSl BB ITULRHT & HWIHROT (Sulfation) Hfshar
# ot et g1 B

o IV B BIDIRCATDROl Dbl UfHAT BT WA ¢ |

W (ArsTIPifsgdT)  (Mitochondria)
HISCIPI =T Uh Sad f3Tcell STed BIFDBIT R
2 R PIfH & Srfwier wrT # urar ST 2 |

e IE IARIMG Sl & AT & |Adenosine triphosphate
(TN / ATP) & 59 H BIf3rbT & Frofl JaT B &
gy §7= BIRTHT &1 IR wlic’ (Power plant)
PHET AT & |

e I BUHRIT (Granules) AT ATHRAT (Rods) BT BT
arel B 3 |

e I 3F (Organelle) PIHIEA (Cytoplasm) H Rk
B0 2|

o I WAA T B Hifh 39D UK U ¥qF B SIYAY
@ TP BIE 3BT 2|

LEERI

ArgeIpif~gar Uah fg fSreell amey R@=r 21 I8
T f3reetl 3R WIaR 31 f3reet & | fEreell wimifrfus
3R MET I a0 BT 2|

qTex) fereetl faret § qr sipifarfis i udH
BT IRIER AET I 41 2 | I8 Ui << IAYBH, 3T,
Soll TEMT IR TSI 37upsii & foly wadd wd | U
=

NG fRreeh =T ¥ o Sifed 2 | I8 &S uval
Dl A # ® RH®! 5% (Cristae) & wU H SIHT ST
2| 39P PRI 3EX B Adg Bl &b 9¢ Sl o |
e f3reelt & faudid, fiar & fEreell Tl & URIT=
2 3R I SRS, TS (ATP) & forg uRaT=T ® |
g f3reell TaU=dl & sdiaRer B fafafad e |
HEE P © | TEIAT (ATP) 303l & Icarad H IR a1
fRreet & Wi e &7 ¢ | faf= wmafees ufafsard
ArgeIhif<gdT &I WIaw f3ree & 8l 8 |

IORBII DY — I ATSCIPI=gAT b I8 3MR
WA fBreell @ 99 & ST B | S9D! T BIFRDT 5
@ A B B |

Heqm — AgTraifear & Afgam WA R vorsH
BT T Sifcet MAsI0T & | JIrgAl Teidl 1Y), Aigerai=gad
TEEIAH, tRNAs 3R AgeIhif~sdd ST & HIAYU]
& forg wg@yef €

Gar

o ASCIHIFSIT BT AT YW B SaAHONT TaqT
gfehar & ArTH A TSI & w9 § SIS S &
forg Soit &1 SeUTe BT 2 |

o Ul I @ ufafshansii & SRAT (TCA cycle;
tricarboxylic acid cycle), a1 18fe® RIS T (Citric
acid cycle) a1 %4 ah (Kreb's cycle) @ wU H ST
ST B |

o IE I PIRNBT & TII=y fohar &1 AT BT
2 | ST I B BIFGIT w99 ¥ | 39 aeqh
Solt (Energy) &T{fﬁ ATP & U # &Il I8l B |

fasiger SfadT (Endoplasmic Reticulum)

TE SfeTdT SIRTETEA (Cytoplasm) H Tl
(Vesicles) 3R AfTHTRIT (Tubules) & ©U H el Y& 2 |
e Rafa amr=ad: d=aig f3edl (Nuclear
membrane) TAT GAHAT (Plasma membrane) & 914
B 2, fhg I8 FaR Aot IR § Bl & © | T8
SIferdT & UHR BI BIdl & « frdl |dg arefl (Smooth
endoplasmic reticulum, SER) 31k YRVl |eig drell(Rough
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endoplasmic reticulum, RER) | &1 a8 YRGY $AY

Bl & f6 39 4R U3aA™ (Ribosomes) & HUT fawy

BT 2|

cap]

e Id D B IAANY Y T, S AifHH STeIRT
(Mechanical support), S&i &T FeaTda (Exchange
of materials), 3fd: BIHIT JINTAT (Intracellular
transport), WeI AT (Protein synthesis) 3RS |

e JT AN, ool SUBRV, WITHT f3reell &1
TRE I iR 3 FEEEse B galls & oIy
T w0 9 RAER 2

o I FHA T D TeA H HAgdqel AT e 2

o I PIR®IY Ufifharell & v ged &z%hd yar
BT T |

o PG faMITH & SRME B fSTeetl & T3 H
A BT B |

o I PIoRTIA, UORCIM, TRSIIE, WEH, aT,

TATZHIG 3R 3 WRTS B HeAYo[ 7 U Aol
qfiwT T 2|

o fyEHI Sfera fafis 3k wRiae Heemor 3k Yad
SAfereT WEA HeeyoT &7 BT HIel 2|

o IT HEEISST SUTTTY HIRTHT H bfewrad sma+
BT FUBYT TG AU, favsRor iR HIfdrdr fBreeit
R M Raed & fafor o fHaf3a sar 2|

MELIRI] (Ribosomes)

GeA BRI & BT H UK 9 GLE181 BT Had
SAIdeTE HISHIBIT B gRT 81 W@T ST AHAT & | §D]
R 50% IS AT 50% AR §RI 8g &Il © | U
HIf3HT H ST BB o & < &3 § RAT B | I
FHIRMHT g # fawy gY urw o7 € &R @ Siferat |
s B & | A fIRya idviaed Sl & HUR ury S
2 | 97 3IR ad UgAIAM WA § FAM § SiR WA
AIIHOT H HBTIH Y& © | TSI MRy 3fiR uidH
TEN W 99 € | ISIIAE 1 3HI8AT I §9T 8 TP BITT 3R
TP g9 SUSHISAT| g8 SUSHIs HHAl v Pl
Polypeptides @1 V& W & ®U H 991 &, STdfd BITT
ﬂ"@l’{ﬁ—d mRNA UgdT 8 | Ribosomal SUS®HIZAT TP AT
Th ¥ AfH rRNA RISEEHA SRYAY) U] iR
fafr=1 9= & 99 BId 8 | IS BT gh1gAT w1
AT WEd T (Svedberg) SHTS & Udh AT oiel (Gel) TR

JTHTE B ITAD! &HAT B ATAR AT B | 34 Wl

BT HIAYOT BT 2 |

ap

o fIRIE UIEH & AT B MM 37l BT TH3,
N Ao Tfafafdal &r o S & forg eiawa s 2 |

o fIRIREIYfFI® TRrs (SITR) Ul @l
TfhaT §IRT mRNA UST HRAT 8 S WIS & Seara
&) UfohaT &) Ul Fel B |

o <SIUAY & ATIAIRIS HI B mRNA 3R IS H
31aTe AT & |

o  Hd H HYAMT mRNA BT 31T &Y ufshar & forg
PHIHT g7 H o ST SAAT B el HIRIST g7 #,
RISEIAM @1 &1 Yf7e, mRNA I TSI Bl Geelfvd
PR T |

o FIND g H AIGE AZIAH §IRT FLANT WH
PIRPT g | B gxIA fhar WA 21 9™
RIS9IAE g1 Sarfad Wi BIf¥Tdl & 9183 of
SR ST B

TOTA AT ﬁw (Chromosomes) IR
S (Gene)

U & B (Chrom) TAT AT (Soma) &l A
) a1 7, et sref grar 2 : Wi fUs (Colour
bodies) | TOIGH sl & WIAR Sirel (Pairs) H UTg S
2 3R PIf®T favre & 99 B Afed fawrird &
ST 2 | 37 Rerd ST &7 ydwit @ Uf3e qont @1 ared
HET ST 2 | 3o e ol # Af¥ed g ®, S
T SISl | odR ®s Al SISl dd &8 Gdhall © | §IdT
JTPBIN 1 HIghI- A 30 ATShIA db ofF T BIdT & | STeh!
QMY ATROIT: ST ATYT & feiR S ST Il & | 5778
fFAN—TTE (Nucleoprotein) g4 U I UIY S & |
ATl & g8 APy ger A ag S E, R ofuser
fUgg (Lampbrush chromosomes) 3R AATE HIHRAH
(Polytene chromosomes) @1 =T <1 778 21 $° W, X, Y,
Z, 3nfe Al & Faiferd fear ar 2 |

ST T U3 oIl BT a8 (Carriers of hereditary
characters) AIFT SITAT & | SHIAMM A1 UGG @1 fFrafor
fewe Ui qur fSaifRiRIsagfdatd e (DNA)
qoIT Igarfderd YRIS (RNA) 9 fea? o &rar 2 |
S BT Ao g1 § 9 e SIUEU gRT BT B
DIRHT TS & BoRa®wy ofd AY Sfid & Siad &
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AU BIAT &, 1 YT S Uge U ARIRG oI & AT
ATAT—FaT A Faerdy Fafea # e 9T € |

IE IMEH-US A1l & &9 (Ovum) AT T &
Y1) (Sperms) # Roq SiEl & gIRT A7+ 2IaT B |
TURE ATAR1e arg’ (Hereditary vehicles) § ST SiIF
(Gene) A1 "MT@iR1& HRE (Hereditary units) BT T
O & T O H A S 2

AT 1970 & S A H W Rerd ARAR™ asnid
) BT GRAT BT HIA SIF Iq= B H 3Aqd
|oherar el o | 378 |9 1978 H Adel YR¥BR fAa o |

ofded (Plastids)

a9 IffHax Uil | & U 91d B | U Th UBR
% I9®H HUT (Pigment granules) B, Sl Siaged
(Protoplasm) § IJ3—a9 @R ®A €| FARI%
(Chlorophyll) R@ avf & Tad BT 8Rd Tad(Chloroplast)
HET ST 2 | S & BRYT &l 3 &9 faelrg <ar & |
FARIPAT & & BRI IS W YHTIT FIATT
(Photosynthesis) X & | B ISTHI & AATIAR Tadh
PIRTBIGT G (Cytoplasmic inheritance) & U
H BIET AT & I8 Fafa sifdrerer § Ae—ae
IAART 8 11 € |

FARIARE  (Chloroplast)

FARIATEE YhT HIANT & forw RrerR & S
B Uil B BB F IR S 8 | FARIRE T
f3reell @1 T HorTel ® | 918 f3reed!, Wiar @1 fEreel iR
ATEABIZS (Thylakoid) HoITer! | 1B 3R FARICRE Bl
NA fereet & 7 Vs oiet AT Uarf (Gel like substance)
TrIT ST & O T BEd § | ATgerdhIsSa(Thylakoids)
RIEH X2 § ARaT © | 9183 f3reell — I8 Uh S—3RSRT
fSreell & T BIT ARt 3R smaHl & forg uReT 7|
18l fRreeh a8 WMEHT &1 999 =81 B3 it & | Nad
f3reell — FARIRE @ HIaSy f3reeh weHr @ forvw v
AT & B9 H BT B 8 | FARIATRE BT HIas) f3reet
DI AZABIZSH (Thylakoids) BT SIAT 2 | ATSABIZSH
(Thylakoids) JraeR Ra® & ¢ & wU # Aigg &I 2 |
IE FARITATRE B 3aX AR q8% uardl & yiRkd 819 &l
ferafaa arat 2

Capi
o TARIARE BT HaH AZ@Yol BRI UPHIT HLAYY]
BT UfshAT A QAT 99717 BT 8 | W DB b ©Y §

IR far ST 2 | UHBTT YT (Photosynthesis)
P UfhAT B SR U, Holl, Tl AR Bra

STZINIASS BT STANT B THIo + 0, BT Ffor
fopar SIrer 2 |

o YD HIAYU BT YHIY AT (Light reaction)
& o1y UidE a1gedTSS¥ (Thylakoids) @ fareedt
H Uy S €1 warer IfWfBAT (Light reaction)
ASABTSSA (Thylakoids) BT f3reet o BT B |

e Bfead =Hh (Calvin cycle) FTARIARE & THT H
BT © oy Sierdr ifafeanel (Dark reactions) @
T | A ST ST 2

e  NADPH &I 3G+ Ul @1 Photolysis & T URoiA
& wY # g&f BT 2 |

o fafm wffafy & sramar, &3 v, forfug @ik
FRICAIZST WA AR 3ol # Aeelfya
gl 2|

AN (Lysosome)

ATSHINEM T Bl f3reell | fOR1 811 & S ASTqd
qre USiTgHl gad BICT A el |aHmel @ a3 8Id ¢ |
TSI BT BIRHBT BT AT el & wy § o}
ST STl 2 |

VTN (Centrosomes)

A Do & FHIY UIY O B | 998 Tdb A9 AT
B ACIRBRR (Centrosphere) FEd &, foras iax
ARBIHR  (Centrioles) BT YH SireT UMAT STl 2 |
HIRTHT faure & F9g A f9cie SIfieT & ga
(Pole) T IR 3R & PIRNHRI H HMMB(Flagella)
SRl RN Bl ST HRA B |

PINBT B AT BI Hmfjﬁ;ﬁiﬁ BET B |

TelTS AT ¥ F ‘HIRIST A’ IRd foha |
1Y BIFABT B ITeT U DT BB ART B € |
HISCIPIOSAT B ‘BIDHT BT Holl TR Y B B |
TSR H 3l Sal faverdl TearsHq Urg oI
=

Bvad DI GIol TS F6HT o D oY |

TS U IO & aEF B B |

RIZEH 1-RNA UF WIEE | 9 € |

MBI H BIRBIRIGIV Td TATZHIATZAe o
TG TrolTgq a1l S © |

10. ATSAIATT BT rcHErcl Aferdt Y wer ST © |

o A WD =

© ® N o
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gl gee

JEIIS ue
1. HAECIPIOGAT Bv5 BId o—

@) ol g & @) o 9UBT &

@) WdH Heemer Q) 991 |y
2. TSI MY BT B—

(@) SMRTAT.

@) = ARUmeRd @
() ST SMUECd TrllgH &
(@) @&
3. Y wolta Hif¥rerett @ b s 2 28—
@) =D gIRT @) snfRT= gIRT
@) TR gRT - (§) BRa oad grI
4. 9ol BIRTHT Td Urey BIRMST & dra G AR
BIaT 8-
@ wada H

() 3f& A

(@) dryor #
@ wfa#

IR SRR RS |
1. I¥eT Rigid feaq fear ar?

2. IpRANCH HIH § 68 TeR & ISa-[H ur™
ST 87
3. USRI BT R B BT 27

4. XTSAEH B @IS AT B

TERRIHD g9
1. BIf®ET fBSreell & T B BT 87

2. ASCIPIf~gdT Bl GTAT FHSY |

3. ®IfE ART & dR7 RSy |

4. ATTARAH BT MHET ARt Faf ped 87

IRERISED

1. wdRACE BIeT 1d gbRafes it # sidv
TSy |

2. BEd DI T B B fAwga H wHsgy |

SIRATAT: 1 (31) 2 (|) 3 @) 4 (@)
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SIPT AT
(Cell Division)

CAINCACG ISR
Jofid & IR & gRae & forw gor o=+ & forg
PIBT fAVTST T MITIH TihaT © | BINAT Adrs=

I8 TfshaT & fore gIRT U BIRIDT (A1 PITIapT) fawifor
BIH] QT AT &I 9 AfTH HIRTHIT (T PIRTHY) I
FAAT ¢ | TR PIRMDT 9T, PIRTHT =56 HT T
R E |

PIRHT fAes &1 Hew
1. oAl & IR B gRae= & forw Sy |

2. qu & uRaeds # — BYPE gmas (Zygote) &
BIRMDT TS GIRT &1 IZHIRBII Y1 g7 2 |

3. 9@ gRI 8 Sial &1 gfg ok fawr gar 2

4. °19 9 DI Ufhar WY HIRGT 9o g1_T 81 8Kl
gl

5. T Ud %A [P @ forg WY Sifdrer favrsr @
fopar amava® 2|

IR fFoE & & TaR
PIRMBT PTG Jig WU | &I YBR BT BT o—

1. AEGIAVT AT GG BIRTBT fIHTST (Mitosis)

2. SERIIV AT AT PIRIBT TS (Meiosis)

BIRBT AT & yBR

NESCIREEIVE] RGN e
B ar
BIEMIRIE| EDIISE]
(@1 HITETRIT ) (@R wIfdrmRl #)

WAGACT AT AT fFHreE (Mitosis)

T ufhar Shal @ &% HIHERN (Somatic
cells) # Il 2 | gAfery 9 w1f% HIRIHT fawrsr= +ft
Fel oar & (fRrF 22.1)

FEG 9IS & SR T[ORIE &A1 94919 W& ©
3l | BIfRTHRIT (Daughter cells) BT UG |
STH® PIRIHT (AR DIfTHT) fAT 81 W& &, Sy 39
ARG faTS (Equational division) B&d & |

FAGA farer @ aeget wfsar <1 gvon # g g
1. U9 WU Had BT AU a1 HRIATBIZARA
2. fgda =R PIf¥dT g &7 fAUrsT a1 AigeIdisHRIg

g ool @ 9 @ NI faWToITaRTe
(Interphase) wEaTdl 2 | fa# g: fawres a1 Gy
B 2

L 3% v o sRIOeEIfew
(Karyokinesis)
URA% PIRIET fIIIST & qd IAD dbesdh Bl [IITeT
BIAT 2 | 0l FEE TS =R AR0T H YRT BN & |
TG fdqe & =R

Do a9 CAINEIFCIRCRIN D
AT AT
B RATPIS T G RRIRES]
qatawer / weo

N/

1

A TOSTTOTOIT /AT T
Z. IUSEI /S il
3. UTATd¥=IT / UATH ol
4

3R / e

o 22.1
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1. Ygia=T AT WBS (Prophase) — HIRIHT &
BGh H hIHCH SITel BT HEAT B & BT GAD G
H U DI ARTS HH & S © AR T g1l o
oA Qg < © | SLUAN. 3 AfUelaRon(Spiralization)
% HRYT YURIF BIC 3R A 8 91 & AR AeATGReI Tdh
q HIHT AT A S AFd 2

Bs P BT AT (Nuclear envelope) T & SITAT &
3R IHS T WR U Addd A1aR0T (Spindle apparatus)
I+ BT ST & |

IS YU H 39 99 31 pfced wWe g
<d € | I8 a1 ey TUREH & Hed 1T H U favg R
IS ¥Ed B, O AZHRR (Centromere) HEA 2 |

S JAARAT & (T TP Dl I 8l Sl & 3R
B fBreel WY fags 8 Sl 2 | 5 SIfaT & s
@ U AfeATe (Centriole) 3R =21 (Centrosome)
U7 SIEAT © | WSl &1 9EI A ged] fudia fae #
Reyd BIaR fawro & 999 IRGSTT 9910 & |

2. FEOTaeRAT AT HSTH (Metaphase) — 59 3TA=IT
FT IR dsd f3ecll & g« 8 & AT BT 2 |
PIRIBIGA AR Habaed B AMPHSION I Udel—udel a3l
BT Vs g (Spindle) I SIIAT & | b d=gail U= TIRT el
Y 91 OIS @ B T YT $ AT R TS 8l
ST & | 39 A& 91T &I #eguciold! (Metaphase plate)
FEA T |

TS O H T fARIY Wi BT § Sal b @
TG T (Chromosomal spindle fibers) ST BT
2| I8 fI9y I ISR HEATdT © | HeTh ol Tl
# IORE B MR J, LA VoD fRwrs <t 2

TP @ 3T W< gd B B BRYT YOGS BT BIFRTEHT
@ WA H A AT S AHAT B | 5 fa=AT & (A
H ULHRR &1 el T 81 ST & 3R I
oA & &I ifcs [ gal &1 avw 31gRg I8l
g

3. UTATGRRAT AT TATHST (Anaphase) — $9 3TaReIT
H IS HHCS Th TN F JIdH BIGR [AHY0T §RT
AT ¢al &1 R 799 W™ FRA © | §9 AfhAT B
SR T & g faResr &Rd 8, ifdh AgHR S
A G V& © | VAT AFT S 8 b 9 & awgail & d4ed
AIT A &1 gl Bl AU e § Haad 8 | Hrhcs
@ Ifa fauda feem # g 2|

39 UlhAT & 3T T YA ORGH DT ST 1T
(@i PIAfCS) Tah ga U qAT THRT AT |1 I ¢d
R U ST € | 39 UPR QA1 gal IR A PIRIBT b
OIS W& & SRIER HIHfCS B B |

4. JTARAT AT fEATBS (Telophase) — S AT
% IR fAuRia gal o) e srfes # fAgred o
afshar gicl & e werawy HHfes ga: Udel 81
T B | 39 RS & ARY 3R He51dRul IU BT &
JATT dsb A drell f3reetl a9 Sl 2 | dfvgdr |
T: Tidhe BIHR YU B ST 8 | d) @ o A faoga &
T E |

S (AT B 3 P aHl gal W Uh—Ydb Al
Fodh RITH FHF TP, THR U9 9@ & s
faemM 81 €, &1 o gof 81 S 21 g9s | &
PIRTEIG faTe & Ufshar w™ 8 Il 2 |

IL SINHT T ue a1 AgcIarsag
(Cytokinesis)

SATERAT & q1g &1 YA Dsieh Bl ({0 & SIIdl ©
3R 1T B PIRNGT g7 faqred i TR 8 SrdT ® |
TRy 3R ST PIRIGRI H I8 Alhar 4= 8Kl 2 | urey
PIRBRIT § AAUSTART & R IR GO GeIh9T Herfia
B @9 d 8 S fR—R urerfie w1fdrer ARy & wu #
gRafda & Sa 8 iR erad: PIfdaT g &1 9 |
fawIfia &1 ST 7 |

ST PIRTBIAT § BIfRTHT AT & weay H T4l TR®
A Wi (Depression) & fHAMr Erar & S - 7d—gHR
BT 3R & gY AT H PIRIBI & BT Yol faMTo HR
U T | T STARRAT B AT W &I YT PIRIBRIT BT AT
BT & 5 ol § HACS B AT T UPid ARY
PIRTHT & F9H BT & (R 22.2) |

feqToT=IRTeT WTaRem AT §exwol (Interphase)

PIRTHT 5 fa9TSTT & gRT 941 &1 g1 BIfRraprail
D Db § bad YUIGA P HRICS UIT G © | TS
HHfCS AT UfTwY TR HRaT © SR guf ugE H
gRafiid 8IaT & | I8 fshar srifes & gAY H fgoE
(Duplication) & 0T Yof BT 2 | 3Id: TS DITABI
TS & g9an U STaRTe JNTaeId BIdT © Fiifd 5
gfehar & ST PIfRTHT AR | fohar BT e T8
B Fhdl | 39 UHAT DI TXBOl IT fAYTSTI=Td
ATl (Interphase) & 8 | SSIWol & QR DIFTH]
DI W@HHd Wrel AT Holl d ATGLIRAT B & |
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1. Si=gail Td ureul Bl gig § TEE IS st

JAITISD T |

2. IEHIRG SHAl B AGAT THDIRDT ool
(Zygote) ¥ Y BT & AR FAGIOT B UfhAT FRT

T it e H gfg Bl 7

3. UHSIRNG! WMl  uredl § S ufehar Faga

faqro ™ gIRT BI 2

4. 39 9O & BoRawy G BIRIGRIN H ORI
AT WA Y& © IR 9 FERdT N Bl RO

BT B |

vEsEaING
//’>\ AETaH
gl —f Y I ™D
\ VY afgm
N S i
~ - oA f3Teell
N
rd \
- S )
\ &7 ] IRF
\_/
/.-\
7N e N TP Td
& 25 7/)
> o>

[ENITISNECHINEY

YT a1 SRRl BIR®T favTe (Meiosis)
LA BIRBT AT U I UBHR HT HIRTHT
foarer & St <ifves S99 & forg sawads 2 | sy
&R g% (Gametes) PRGN UeT €Kil 8 | JHD B
[T | ISl (Zygote) BT (AT B1AT & 3R s
fgpfora &1 omar & (RS 22.3) |
A TS |1 Agayol vell W A T
q = 8-
(i) LA & YRUMFETHY IR G BIRIHIG a7l &
RTTa! T[ORIE =T A BIfRTEHT @1 3fefl il @
i T8 =T ST (Haploid) B 7 |




(i) A fawrsT A qorgAT HT gAA IIOA
(Recombination) BIAT & 3R I SiHI T GAGIART
I ST 2 |
SRR TS T <1 |rT H aier T 8-

1. JAERLAT fa9To 131 <AHRT faiTS (Reductional
Division)

2. RPN TS 11 a1 SR fa91ee (Equational

Division)

aw‘aﬁﬁrlﬁﬂﬂm
v

1
v v
SR fqwmor 1 SERET fawror 1T
4 B 1. W% 11
(i) STSMEN 3 Slbul I
(iv) fewetcT
(v) STSHEARMN

PRRICIL I I
3. TS 1

4. fedmmor 1

fam 223

aﬁ?ff[ a9 WM (Meiosis 1)

R G AT AT JTHSD D TORGAl DI AT Bl
2 3R §9d AN W US fgIa ™ol (Zygote) BT
fmtor BIaT & e oAl @l | 2n Bl 2 | f
A GO BRIt # oREEl & JH B & RoTe Fwaia
oI (Homologous chromosomes) C i

FASTT ORLAT & T H o ORISR F AT TEA
OIE WGl W UK Bl © | A TS g
fEIford BRI BT Badp AT BB &I O
BIRTHIAT BT AT HIAT 7 | AT fPTST & Tovawy
g arell <A1 GAT PIRIGISI # [OREN B F=AT ‘0’
B 2 S A HIRMEST (2n) DY 37Tl HRT B | 3 HROT
AT TS BT FAGIN TS {1 Bad 2 | TG
®I fauA fAITSTT (Heterotypic division) ¥ @& SI7dT © |

AT fawro v &1 fferRad wRTE # qier
T ' (R 224) —

1. ygafiawar I/ 9wt 1 (Prophase I)

HEYTIRAT [/ HETW ST [ (Metaphase 1)

2
3. UTAGRAT 1/ A%l 1 (Anaphase I)
4. IfgrERAT 1/ feawot I (Telophase I)

1. qaaem [ a1 9 |

UE TH W TG Sifee UfhaT arefl Jraverm ¥
YataReT N ST 9IS &7 HaRT ol 3TavelT BIel
2139 7 5 W1 a1 uiw SusraRmeli # qier I B
(@) = (Leptotene) AT ST (Leptonema)
@) SIEIEN (Zygotene) IT STEMMAT (Zygonema)
(@) YIS (Pachytene) 1 YdHMAT (Pachynema)
@) fSweF (Diplotene) a7 fSAMMT (Diplonema)
@) SIEHEEAR (Diakinesis)

(31) Awerd=
(i) TE WHT [ &7 Ul Iraver B |
(i) S AEARAT H Hgh ATARYT (Nuclear envelope) UTIT

ST R |
(i) 39 37a%AT H dsdb (Nucleus) TT BT & |
(iv) 39 @Rl § Yfaersiierd W W gl & i &

IS & Sitg H I8 Qe (AT oA A ST X&d

g, forIeT B T+ (Nucleolar organiser) S8

gl
(v) S 3favel # [UGH Uddl, T Td fqpusferd 8 &

PHIROT G S YT 8l ©; SAGTY 3 FaRAT Bl

RIS (Leptos = thread-like) H&T SITAT © |
(vi) S99 a1 H OH AdaR (beaded) U B 2 |

39 F-h! BT PIAMRIR (Chromomere) B © | T8

PIHAMIIR T HUSAT B &3 (Areas of localised

coiling) B4 €| S AFD] AT HHAMRR & BRI

TUREST T “HTDb! B AT AT “HIfAT B A

(Beads on string) ®gT SITdl 2
F) SrsMEH
() =9 3@ H YUgH RFEHS HUSAT (Paranemic

coiling) §IRT FAGSAT TIR™ & 3 |
(i) 9 TIAT H BHIGANTH AT FHAS ORE & JH

4 & | 39 JHHF (Pairing) &1 fhaT &1 Ry

(Synapsis) B8 & 3R TSI JORA & 7T Bl

T AT dIgdelT (Bivalent) HE B |
(i) = 3R # YURIE! H JHAT T I R 9k

BT 2 &R Srgmifed & ofd # g+ fsar gof &

ST R |

(iv) ®5® IATAROT (Nuclear envelope) Ud dfgadT
(Nucleolus) 3T 1 ferg < €|
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o 224 : SEREH fveE 1

SR EICE]

() TORIA BIC AT AIC IR B T (Rod-like) Tl
B 2|

(i) STEIT /I AFH TTEID BT ST & 3N PIRAHT
3T wefia Bl 2|

(iv) UBIE ITaRAT HT AIH T &0 HIRAT MaR

(Crossing over) 3R fHUSHET (Chiasmata) BT 4T
BIAT © | fhTsHeT FAST ORIl & 98 fovg 8I1d ©
S8l | d1gdeic 9S I8 | §% HIRAT SR AT
S faferas &1 v AFT ST 2

(i) TAH TOrGF H v rgaed fNSH (Logitudinal (V) Do SMARV MR Bfvgdl (Nucleolus) 3T 1
division) BIdT & 3lR g1 BIAfes 99 S ® | 39 UBR SURYT B © |
B gigdelT § AR PAfCS B W B iR g% egre (]) fwardlw

(Tetrad) H&d € |

)

fpusHer o A I Wl S HobdT 2 |



(i) TOrRAT H AT Condensation) U vSa (Coiling)
@) ufhar ST & 2 |

(iii) fHTHET & AT BT BITHR AY W G- fAHyor
(Repulsion) 9&dT © 3R YURGAT BT &I Agall & wY
H W AT © | g9y 39 a1 Bl I
(Diplotene = Double thread) &&d % |

(iv) TTSdelT BI MG fawyor iR fhyster &1 ww
@ AER W X I (& feusHer 89 W), o
FAM Q1 fPySHeT 8 WR) a1 oful &1 §@el (31 4
AIf® BN W) B avE fwrs <d 2

(@) srasgAfad

() R@EH & i vd SRR & UR™ H fHusHer
P GIT HTATSOIE I ¥ ol 2 |

(i) fPUSHST @I F=T HH B D AL YOG
3 BIT 3R AIC B I 7 | 59 a1 H ORI
BT T (Strepsineme) AT Hied JF “l Hadl
gl

(i) JTA AT ATSACIT Db DI IR BT AR A HA
2 | fogsHeT I & BIROT AAIT JOREE Th—qaN
A gIH Bl I & |

(iv) Ifoerarerd o 8l SIdl & |
(v) B=d el /AMaR0r e R el 81 Srdr 7 |

TP A1 B UTHol UAH ITIRJAT BT 3T &l SI1dl ©
3R PIRHBT FegravedT g9 H UIJ B Sl ¢ |

2, WEHERRAT [ AT HeThol |

(i) R FIFIAT /Al W BT FHUSTABT AT HSTHGl
wc (Metaphase plate) TR afRed & & |

(i) TORAT B I8 (Arms) TH—gER & GHD H AL
RGN UR R © 3R QM1 A2 M Th—gar d g
gal @l 3R W& B |

(iii)y % Iq Al F b gl & IR R IS
ST 2 | A ERR T & {1 wads 8 R |

3. UTEmERAT | AT TEIHO |

(i) PENEM/TORF T dgall & HIROT gal ol 3R
T TR AR E |

(i) #eThol ufedl wR IuRYT drgder< RNiad uld®
OGS ¥ &I HAfCS B © Ol TEIS Huad I 3
31 PAfCE el OREF H 9 I © SR TS
(Diad) a1 fg§&® T = |

(i) gal W 3@ O YURIAT B T FHE I I © |

4. IgraeR [ a1 feawe 1

() ST T[OREA UH B O © qAT fAuRIT el wR
T B W E |

(i) ORAT # 3r@USEA (Uncoiling) &1 Ufshar g 2
18 9 g7 @ (Elongate) 81 W & |

(ii)) TORIAT B TRI AR B 3ol BT {401 BT B |

(iv) gfFersiierd I g 99 ST & |

(v) T% T g« 81 9 2 |

(vi) 3T H 1 G Dsepl Bl SR BRI 2 H JORIAT
DI GEAT IO AAT AR DIRIBT & [ORIAT DI
AT BT ATEAT BICH © | 3 BIROT JERGA AT
[ B FASN 9IS a1 SI1ar 2 |

e fawre= g™ (Meiosis 10)
1. SRR faWTeH 11 U [ FHgEl fawre &
[ BT B | 39 w9 W dEd ® (st 22.5) |

2. 39 UfhAr H R faqre ueH & faws favrer=
(Unequal division) & §IRT W& &1 el PIRTHTRA a1
3 g Bl § AT—AT TS B € |

3. fgdira = werm faursr & a9a@Tor (Right angle)
IR BT 2 |

4. T fours™ &1 =R sravensii # qier a1 83—
(i) Wee 11 (i) #eTHot 11
(iii) TATHST 11 (iv) fearst 11

5. %3 qR wH fawrew g # g mar @ ek
fEBS [, SexBoT g WHof 11 IRy e faxgrs
81 ol © |

1. %S II (Prophase II)

() 39 ¥aReAT # PHfes Th—gaR A fsfia & €
3R T i AR & I 9 IS & ¢ |

(i) wAfee gt wU A FHfd B € |

(iii) ~gfARMNT T B T B |

(iv) Tg awgeit & fmfor ot g 2 |

(V) D=d fEreel g 8 o 7 |

2. AW I (Metaphase 1I)

(i) #eIBol 1 5 fSieell Ud <gfaaislior’ g 8f Siid
gl

(i) ST [ORLF HIUCITDBT / Fed @T AT HSTHo
wie (Metaphase plate) U @rafRerd & SId & |
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(i) VMR (Centromere) Hed X@T R TAT JORGAT
(PHfes) & 918 (Arms) FATda gaf @ iR 81 2|
T HEThol H U8 FIIT Iec! & ST & Rilfd
IET 9Tg T T TAT F IR al BT R B 2 |

(iv) T ¢al & AZIHIR TH IS I8 ¢ |

3. UTAT®S II (Anaphase II)

() <9 AT H TS [ORIA & HRCS TAT AL AR
JeIdh BIdR Yh—Udh T[UIRIA §1d & 31X gal &l aRb
Ty PR B |

(i) I T qH3IT (Fibres) & HROT BRA 2 |

(i) S AT & 3T TP YUIGA & &l Fqg [quid gai
O U W ¥ |

(iv) U% ORI @ &I HCs A T YURAT BT +Aior
BIAT & AR ORI &1 F=T Aot 113 °1g Jorgat
e Bl B |

4. feA®S I (Telophase II)

() ¢di o Ugd OREN & IR AR Bl AR 99
NI

(i) BfEHT (Nucleolus) BT ffor g Srar 2|

(iii) ORI AFTSAT A HIAfT H IIA T B |

(iv) IR N BIRrwTel @1 fHfor grar ® &k udd @
dseh H IORIAT D AT A1 DIRIBT A e BT
g




fafa ol fom @ wag o & ofR

1.

fgdirar fare= # TorRgE RN “n’ (Haploid) 81 &
3R IR foare T 20’ (Diploid) B 7 |
fgda fovom & 9l fawres & a8 DNA
Tl BT Plel el Blal B |

fadirar fawror # pmfee Ta—gar & 9@ 8Id 2|
fg<ira fawror= & emfest # iR eiar o ufsar
BF 9 I A prafest F ngaifdias wu ¥ = g
g | g faare # wmfes = w18l 810 aaife
IR e @l ufehar T8l gl & (iR ffar |
S 98¢l S ) |

JefeEl favre &1 w5w@

1.

Al ST H BT B o+ A JIHTS BT 0T
BIAT & | 31 I S99 & 918 JURIAT Bl 6T
e wEm & forg riE favre snawws g,
AT B 3Tl |aAld H Sl (Parents) & g
TURYE B TG |

DIRAT AR &1 kAT & Welawy siF fafwg
BIAT 8 AR YURGAT B SiF ERe1 § uRade &
STl € | 39 JR g Adfd § Y ol BT fadrd
BIaT & forad gRad=iTet araraRor # I9@! Ahard
B AfH AATGE Bl & AR g (HAT WY SIfT &
fIBr BT AR 99T B |

HEw@qul fovg
DHIDBT Feh H AL UTIRAT TAT FHAY TTARRAT BIchT
g |
Yprgfes eraxer # o9 faffsa (Crossing over)
BT B |
AT AT AT H Dseh ATIRYT U Dbrsiebld T
B O © |
gl Td wigdl @ gfg § FALA! fMIS @ AEd B |
HIT faurer Shal 9 gfg vd s & &y &
H1g 9 SR AgyUl AT § WA <l 2 |
31 HIRTHT f9eIT & 919 &1 999 Ag@ygel 8iar 2
S rTelt BIfraT frrer @t |t Gy Bl 2
AT TS & o H 11 gl BIfraIY a1
RTaH 99w & safee faem™ wgd & aen
Sl g BIRTHTRI H [URGST B FRAT FH B

=

8.

I e & TR g IRIY a9l 8 o
TTURIAT D1 GEAT A BIRIDT Bl el 81l & | I8
T & Sifa & s &1 smaR 2|

U YaTaell, U A TS @ Aad o)
37aAT B |

arvgrTel Uee

TR T

1.

2.

3.

4.

TURIAT BT gerdhd BIar g—

(@) Wwe # @) <relor #

(@) vATH # @ e §

A faTST (Mitosis) @ S7d g el (Nuclear
membrane) 3S¥F B STl &—

@) uRfEH Wme |

@) uzaTaReT #

@) Sraarawerr

(@) erfeam moer #

FAGA! fPT9 &1 9 AEd I8 BT § —

@) BIRGI & STl Tch! Bl gaTal & |

@) PIRHRI B MRS FHFAT IHIY G ¢ |
@) TR HEr B Heren] Ml B T ¢ |
(@) SNUAY. BT JRTAY. H RIFIRYT BT ¢ |
a9 g (Spindle fibre) 9T 8—

(@1) T TAT TG farS S H

@) @ad AGAT TS #

@) daa G e §

@) @da =g fawremr #

HfTeTeTRIHAS 9T

1.

FAGRY faure @1 qafawerr @ fehar sy
B & | 719 qarsg |

rE<A faarer # faffra Si==Y sraver # grar 27
Mo & 3IId OGS Y AMBR & BT 87
N PIRBT fIIS & i b srawrr # oA
ol gar w fy F=a 2°

olE[TRTcHD Y

1.
2.

e fadre &1 wew qargy |
fa<ra srd~gal fovrom @ IR fawrer # oraR
ERIENY
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3. PIRIGT I &1 91 A8 27
4. UIRY 9 ¥ B HI¥BIGE GUTIA AT
ATSSIHIZARTT # T R BIar 27
IRERCI GRS
1. IR favres @ faff=T sraversii &1 s wAfed
HHEATSY |
2. TG IS Ui (Meiosis I) @1 fafi=T srazerrsii
o1 o afzd Fassy |

SORATAT: 1 (F) 2 (]) 3 (@) 4 (@)



