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- B.Sc. Part-I (Semester-I) 9
‘Course Code : CHM-51T-101 Course Title : Structure Bonding,
' .., | Mathematical concept and States of
: £ s o | M atter :
Course Credit : 04~ Hours/Week: 04

- CHM-51T-101: Structure Bonding, Mathematical concept and States
: gl e D of Matter :
| Lo il Uit
: Tonic Solids: General characteristics of ionic bonding, Ionic structures,
mdius ratio effect and co'_ordin_atipnhumb'er, limitation of radius ratio rule, Lattice
 enthalpy, Born-Haber cycle and its applications, Solvation enthalpy and solubility
of ionic solids; polarizing power and polarizability, Fajan's rule.lattice defects,
- semiconductors. b e
i Metallic bo’hd:f_‘ree’e_le(:tron, valence bond and band theories.
i Weak Interactions: Hydrogen bonding, Vander Waals. forces.
/ | e Ao SR 15 Lecture

ERIEN ] 112 |

- Covalent Bond:. Valence bond theory and its limitations, Directional

 character,Hybridization. Valence shell electron pair repulsion (VSEPR) theory t0
N-Ha‘-' -H30+;SF4’- _CIF3- ICIz', HA,O _ , p

Ay -Molecular _O_,rbi.tal Thgor}:': LCAO method, bonding, nonbonding and

' Z“;;?ondmg MOs and their characteristics for combinations of atomic orbitals, MO

| Commen;of homonuclear and-heteronucle’ar (CO and NO) diatomic molecules.

mdezi};'lson of VB and MO approaches. Multicenter bonding in electron deficient

neshond sttength and bond energy, ionic character in covalent compounds,

1 tiof ; : 1 1 1 - .
g?fg:;?g: o percentage ionic character from dipole moment and electronegativity
SEr Y ' 15 Lecture

Sl R
aMngtc:]?ﬁ:tciz] Cofll__cle_pts__ Loganthnuc _'relation's, curve sketching, linear graphs
tions of slopes, dlﬁﬁ{entiation of functions like k , €, X", sinx and log X

xima and minima_ partial di L1 :
- useful/'rélg% partial differentiation and reciprocity relations, integration of
some - .I.._____;;"f‘.?rf‘i'__functl_ons; Ppermutations and combinations, fa_,ctorials,

f




D s s
‘ ipy ' lids, liquids and gases. Liquid crj{stal
description) Structural differences between so 1(; id...qLiquidS- 2 quUids EdsiEan

probability. Matrices and Determinant. ‘ctul;e of liquids (a qualitat'ive_ _

Liquid State: Intermolecular forces, stru

Difference between liquid crystal, solid and li )

types of emulsions, preparation. Emulsifier. LN
Solid State: Definition of space lattice, unit cell.

_Laws of crystallography- (i) Law of constancy of interfacial -angles ()
Law of rationality of indices (jii) Law of symmetry. Symmetry elements in crystals.
Basic concept of X-ray diffraction by crystals. Derivation of Bragg's -€quation.
- Determination of crystal structure of NaCl and CsCl (Laue's method and powder
~ method.). Defects in solids ' '

Unit- IV

Gaseous State: Postulates of kinetic theory of gases; deviation from ideal

behavior, van der Waals equation of state.

Critical Phenomenon: PV isotherms of real gases, c'ontinuity of states, . .-
the isotherms of van der Waals equation, relationship between critical constants and sy
van der Waals constants, the law of corresponding states, reduced equation of state. . .|

Molecular Velocities: Root mean Square, average and most probable
velocities. Qualitative discussion of the Maxwell's distribution of molecular velocities, ' |
collision number, mean free path and collision diameter. Liquification of gases (based = -
 on Joule-Thomson effect) : gl . _

Colloidal State: Definition of colloids, classification of colloids. Solids in
liquids (sols): prbperties- kinetic, optical and electrical, stability of colloids. Protective

action, Hardy-Schulze law, gold number,

Liquid in solids (gels) : Classification, preparation and properties, inhibition, ;
general application of colloids. e i : : 15 ‘Lectira

15 'Lét:t_ure .
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i Lot WI fafdreard  (Tonic bonding and general characteristics)

aafre |TEAT (lonic structure) :
Ay T STE T SUHEde e
(Radius ratio effect and coordination number)

2o U 7g MW (Radius ratios and limitations)

e SHell (Lattice

Energy)

< &R @ (Bom-Haber Cycle)
' fomgea @ (Solvation Enthalpy) :
s ggredf @ fdeadr (Solubility of Ionic compounds)
gaur wfde gd gaofiac (Polarising power and polarizability)
B & %9 (Fajan's Rules)
rafe Afirel § Siere FfEAT (Lattice defects in jonic compounds)
egifeas 9 & Rigia (Theories of Metallic bond)

HArotedl 98 RIgT (Valence bond theory)

Sl FEF I T g (Molecular orbital or band theory)
O 9UHleld  (Semiconductors)

© EEFIA 99 (Hydrogen bond)

qrek qled 9ot (Van

2. WEHHAISTH SET (Covalent Bond) -

TRy (Introduction)
Eaﬂﬁl;l—gn’{ &R

der Waals Forces) .
- 107-183

(Electron Pair Concept)

mﬁ?ﬁ EF’ET ® 311‘3];%'65 G (Modem theories of covalent bonding)
FASIHdT 99 Rrgr (Valence bond theory)

ﬁgﬁa“rmﬁ T & fRureys sifraemor
AEROT (Hybridization)

(Directional character of covalent bond) -

ZFEII & SWIQEE”%_?M SRR g R¥gT=I(Valence shell electron pair repulsion theory)
AT T HWT (Bond strength or bond energy)

3 Perd Rigra (Mo

URAIY] HEDl BT Wl IRy Ha

(MO' s from LCAO)

TR FEDT P IFE Ty (Non
H," 3 & g o) weres
(Applications of MOT to H,+

&

[ ﬁ.lﬁﬂ"? (Rules of LCAOQ)
W Wl ¥ e afad e

-bonding combination of atomic orbitals)
Rigrt @1 s

ion)

T (Homonuclear diatomic molecules)
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.- URfUTeR (Determinants)

AW =

- Ry

319 (Heteronuclear diatomic molecules)

TR femReoe

(Multicentre bonding in electron deficient molecules)

Wamaﬂ?ﬁﬁ?ﬁﬁimaﬁw

T T =1 #:} oy (Linear Graphs and Calculation of Slopes)

éﬁ%@? T qRHmT (Definition of matrix)

aﬁ\?ﬂ? % THR (Types of matrices)

ﬁ@aaq | ﬁm&‘ (Operations of Marices)

Afea & ARG § sfafni

(Non Commutativity of multiplicaiton of matrices) |

S HigF T Ted I A N w5 e (%o TR Ay

-fema) [Existance of non-zero matrices whose product is the zero matrix (restrict to square

matrices only)] ‘
Afgry w1 ThH @ wem g T (Multiplication of a Matrix by a Scalar)
qfiad Afead (Transpose of Matrix)

. Afeam #1 3?3,"(@ (Trace of a matrix)

244-272

T Afad Ft AR (Determinant of a Matrix)

Tehol al 3T-Tahel ﬁﬁ'ﬁ:\q (Singular and Non-singular matrix)
ﬁﬁﬁﬂ + g ot BTW SYERTUTR (Minors of a Matrix)
& a1 SRV & SEadl & SIEvs -
(Co-factors of any Element of a Square Matrix)

arfors & 'T'TEF:f (Propertics: ot‘Dclcm1inants)
foreer 1 & WA FHT H AR H v

(Application of Determinant in finding the area of a Triangle) -
P : . .
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10.

1.

- 3TAXAT (Liquid State)

gegves AfgR (Adjoint of a Matrix)

Egﬁq“ﬁ'q Hfead (Invertible Matrices)

gohH ﬁﬁ?\q (Inverse of a Matrix) |

Yt i @ aF @ e [ H

(Solutions of a System' of linear equations) ; |
[Solution of system of linear equations by inverse matrix method (Matrix Method)
e e @ WA O B w

(Solution of system of linear equations by ‘Cramel’s rule)

iR Az @ ST A SR A af

(Eigen values and Eigen vectors of a square matnx): .

273-303

¥, 58 ©d S 3T (Gascous, Liquid and Solid States)

73 arae i 9| el @ WAM (Liquid State as a molten solid state)

39, 7@ 3R THE e § weEAed (Strucﬁtral difference between Solid,
Liquid and Gaseous States) : :

© 3T=fvas S (Intermolecular Férces)

SIS N EQl Eﬁ‘ STﬁEIﬁ ?% THMIT (Evidcncc hin favour of vander Waal's Force's)
SRV . STHYV A&l 1 I (Origin of intermolecular forces of attraction)

'. zal @t g fafv=r fagra (Structure of liquids, Various Theories)
S (X9) HE (Structure of liquid water)

%a fs&ad (Liquid Crystals) :
T?' freeel &1 i - (Liquid Crystal-Classification)
e 59 fF=d (Smectic Liquid Crystals)

THfeE w9 ﬁ{?@ (Nematic Liquid Crystals)

m‘@iga 5a fhEd (Cholestric Liquid Crystals) :
Wﬁ%ﬁaﬁ'{ THfeFE A agw U A A @ fafae 39 fiFa (Compounds
Exhibiting Poth Smectic and Nematic Characters or Mixed Crystals) '

G| m % fagm (The Theory of Liquid Crystal)

T T & Sﬂﬂ?ﬂﬂ (Applications of Liquid Crystals) '

faua waw (Introduction) I
fFeeia wd sifsecim s (Crystalline and A’morbl_mus Solids)

Solids) = Bﬁﬁ A S (Difference between Crystalline and Amorphous

EIM 3 (Polyerystalline Solids)
frea e (Crystalline Structure)
ﬁrf_%m eI (Space Lattice)
THH ﬁﬁ%‘vﬁr A THE A (Unit ce
[EELES GEa el con (Types of S
SiIels e (Lattice Planes)

free fogm & frag (Laws of Crystallography)

1))

pace Lattice)
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"Wmﬁmwm

: 'Qﬁ?:m (Introduutlon)

i

T

(Law of Constancy of Intcrfaclal Angles)
IS 1 e (Law of Rational Indices)

frecdmirs ag (Crystallographic Axes)
RIS ERs T (Seven Crystal System)

Fed & wor W I WiE w1 e va ‘;TUTIFﬂ' (Plancs of a Crystal and their
Desngnahon or Crystallographic Designation) 7

(Symmetry in Crystals)
X-ﬁﬂ'ﬁﬁ 1 faadq (Diffraction of X-rays)

of Crystal Structure)

FIZE qen trréﬁvm TGS 5 mzfrn F1 AT (Structure of NaCl and
- KcCl Crystals)

: AT Casinai Chioride CsCl)
. g ﬁmrcr .(Band Theory of solids)

ﬁh_{iaﬁ | zﬁ'én (Dclccts in Cr\%tal)

355-432

Tlﬁf % fram. (The Gas Laws) :
"Hl'qF?{ o gHEm (General Gas Equation)
. ﬁ-‘ERTE R %1 WHfd (Nature of Gas Constant R)

"G STUIfd firgr (Kinetic Theory of Gases)

311@'? =EaeR § fa=e (Deviation from Ideal Behaviour)
a7ey SIEER 9 foraert 3 RO (Causes of Dewatlons from the Ideal Bchawour)

‘et e HIHW (Vander Waal's Equation)

Fretard feld T 3T Yaid (vander Waal's Constant and Their Nature)

"WMWSIWﬁHH

qreErd gHieRol g1 STIZEf =EagR § fagem #1 =remn (E\plananon of Deviation

from Ideal Behaviour by vander Waal's Equation)

digd a9 TB ! T (Calculation of Boyle's Temperature TB)

w1 el U wifad fEU® (Critical Phenontenon and Critical Constants)

Fifas feag@l @1 FuR0 (Determination of Critical Constants)
areafae rdl @ P-V WAt I (P-V Isotherms of Real Gases)

araEyr @ided (Continuity of State)
et T EHEl & WA a9

(Isotherms of a Vander Waal's Gas equation)
i< feorgant EagRLE! (Caluulahon of Critical Constants)

wifre aa d TR :

?Rzgh:::q b:wccu Boyle's Temperature and Critical Temperature) __ R
aretare feadinl 1 diEner
(Calculation of vander Waal's Constants)
SretETe FHIEHT B i

(Limitations of Vander Waal's Equation)

!
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28
29
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. HICTESY 37T (Coloidal State)

- Associated Colloids)

ST srEensit w1 FRM a9r FHMAIG STl qHihT
(The Law of Corresponding States and Reduced Equation of State) .

ey At @t faawer (Distribution of Molecular Velocities)

sty a @1 UMD (Calculation of Molecular Velocities)

Agae-deesmr @ faor frem w1 i e

(Experimental Verification of Maxwell-Boltzmann's Law) .

Hoeed, Tal §eu Td "ueed A (Collision Number & Collision Frequency)

Huegd =A™ (Collision Diameter)

ey HEH Ty (Mean Free Path)
Gi &1 T (Liquification of Gases)

433470

(i) fFEa  (Crystalloids)

(ii) SIeAEE  (Colloids) .

Ficisel & T H e uRon

JrEfas qul Hieger faeaal ® =R

EAGIESH = (Colloidal System)

Fiaiset fae@Hl #1 i (Classification of Colloids) _ :

T, Jeg fvas den WIfra Fieise (Multimolecular, Macromolecular and

Hraget faea a1 @ia (W, g9 H) [Colloidal Solutions or Sol (Solid in liquid)]
Fieieet fae (dia) o =1 fafEr - ‘
Ficliget faee i 1 Yfewr (Purification of Colloidal Solution)

- prarset faeEl & e (Properties of Colloidal Solutions)
- HIAE HU W _311?%‘3 (Charge on Colloidal Particles)
HIARE! FH eI (Stability of Colloids)

FcligSl e &1 T (Coagulation) 91 STI&TUT (Precipition)
T 3o Fram (Hardy Schulze Law) '

'{aﬁuTe (Protection) & &t f3Fa (Protective Action)

IS A W @A (Gold Number)

ST (Emulsions) 71 Fa-7a Wil (Liquid in Liquids Sol)

aE H i (Classification of Emulsions)

998 F T
o E:; i fafr (Methods of Preparation of Emulsion)
ST (Applications of Emulsions)

Fieftest © (Preperation of gels)
1A 16 QS A9 (General App]ication of Colloids)

* %k k
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SYLLABUS _
 UNIVERSITY OF RAJASTHAN, JAIPUR
"~ R.R.BM.UNIVERSITY,ALWAR

P.D.U.S. UNIVERSITY, SIKAR

M. S.B. UNIVERSITY, BHARATPUR
B.Sc. Part-I (Semester-I)
DIVERSITY OF PLANT KINGDOM

Credits-4

: UNIIIT-l ; - 15 hrs,

Algae: General characters, Classifications (Fritsch) upto classes. Diverse
Habitat. Range of thallus structure: Reproduction (Vegetative, Asexual, Sexual).
Types of the life cycle. Type studies of: Chlorophyceae- Chara; Rhodophycege-

._ Fungi: General characteristics; Thallus organization; types of fruiting bodies,
Cell wall composition; HeterokaryOsis and parasexuality; Nutrition: Classtfication
(Alexopoulos); reproduction, economic importance. Type' studies : Zygomycota:
Rhizopus, Basidiomycota: Agaricus. Lichens- General characters, habitat,
morphology and reproduction. e

UNIT-2 | : & 15 hrs.

Bryophytes: General characters, Origin, and evolution of Bryophtya.
Classification (Rothmaler), Habitat, Range of thallus structure, Reproduction
(Vegetative and Sexual), Altér_na‘t’ion of generations and Economic importance. Study
of Morphology, Anatomy, Reproduction, Gametophytes and sporophytes of
Marchantia and Funaria.

15 hrs.

UNIT-3

Pterid ophytes': General characters_of pteridophytes, affinities with Bryoph¥t®

fossil Pteridophytes - Rhynia. Type studies Life histories of Selagine!™™
(Heterospory and seed habit), Marsilea. Steler System in Pteridophytes. o
: 5 hrs.

|UNIT- 4

Gymnosperms: General characters, classification, Gymnosperms: Tﬂ;rﬂﬁ-
Life histories of Cycas and Ephedra, economic importance of gymnosp

y : tedons &t
Angiosperms: General characters, Differences between 1\/Ior1000t§/lcdOI
Dicotyledons, Typical life cycle of Angiosperm.

e Stlldies



[Vl 9S= (szaas I e i)

__ (Reproductlon—Vegetatlve Asexual and Sexual)
V1] Sfles = a% IR (Types of life cycle)

}

[1] mm—m (Chlorophyceae—-Cham)
[II] q‘rs‘rmﬁ—un?ﬁmsm?ﬁm (Rhodophyceae-Polvs:phoma)

i ?:ITFﬂQT ot (Getgéral_ Characteristics)
[I] 1% FTSH (Thallus Organization)

ﬁfﬁ'ﬂfﬁaﬂ?ﬁ”f g Wl'c%lﬁ!ﬂ'?ﬁ"f (Heterokaryosns and parascxuaht\)
[VI] oy (Nutrition) _

YII] ITPHROT (Classificaticn, Alexopoulos)

| 1II] S99 (Reproduction)

[IX] onfdies w8 (Economic Importa_nce)'

SUNEPSEPROPES - TE Y



g 9 (General characters)
o F 1 Gfi‘l“l Td AT (Ongm andevolutlon)

[111] ifTepR Ul (Cla551ﬁcatxon)
® SITEITH (Hab1tat of Bryophvta)

Range of thallus)

aﬁaﬁ TTE'C"J (Economlc 1mportance)
Vi) ;[T?:fl'q?l'&'a 12l Q‘GFI"T (Reproduction in Bryophyta)

(Alternatnou of Generatzon m Bryophyta)

B,

gy AR (Marchantia)
(11] RIRYT (Funaria) :

gETe
AT

[H e | T (General Characters of Ptendophyta)
] FRGEel g forereosd & e FEEAT
(Afﬁmtxcs with Bryophyta and Gymnosperm)



IdIST - (Angiosperms
WREITH % ARSI

1] [ "{I‘T[ (General Characters)l
[1] TS g fgdea=h & arae

(Difference between Monocot and Dicots)
[II1] SMGAEISTt &7 Sfias a% (Life cycle of Angiosperm)
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SYLLABUS

UNIVERSITY OF RAJASTHAN, JAIPUR
R.RB.M. UNIVERSITY, ALWAR
P.D.U.S. UNIVERSITY, SIKAR
M. S.B. UNIVERSITY, BHARATPUR

B.Sc. Part-I (Semester-I) .
5 fafderd (Animal Diversity)
I Semester , Total Cre.dits= 6 (1 Theory= 4 credits; 1 Practical= 2 credits)

1(2023-2024)

Paper 1- CZ101 : 3 Hrs duration 80+20 (Int.)= 100 M
" Practical- CPZ102°  : 4 Hrs. duration 40+10 (Int.) = 50 M
PAPER I- CZ101 4 Credits 60 hours

Course Learning Objectwe The main purpose of introducing this course is to teach the
students the Morpho-taxonomy, and evolutionary relationships among and between non-
chordates and chordates along with creating awarencss and concern towards importance
of animal diversity for human survival and its socioeconomic significance. In addition to
this, the course is aimed at nurturing skills of conducting scientific inquiry and

experimentation in the field of animal diversity to acquire knowledge of fundamental concepts
and theories of animal diversity.

Course Learning Outcome: Upon completion of the course, students w1ll be able to:

* Learn Morpho-taxonomy and structural orgamzatlon of non-chordate and chordate
groups : :

. Acqunre knowledge of diversity of non-chordate and chordate groups.

» Learn evolutlonary relationships and phylogeny of non-chordates and chordates
~ through functional and structural similarities.

+ Understand the economic importance of non-chordates and chordates and their
significance in the ecosystem. *

* Promote shared learmng through practical classes, class room presentations and projects.

Section — A
LOWER ]NVERTEBRATES
Unit 1: Protista/Protozoa: General Characteristics and Classification up to
classes; Locomotory Organelles and locomotion in Protozoa. 3 hrs

Unit 2: Porifera : General characteristics and Classification up to classes; Canal
system in Porifera. 3 hrs

. Unit 3: Coelenterata (Cmdana) General charactenstlcs and Classification up t0
classes, Polymorphlsm in Hydrozoa. . 3 hrs



: (v
Unit 4: Helmithes: Platyhelminthes: General characteristics and Classification
up to classes; Life cycle of Taenia solium and its parasitic adaptations.

Nemathelminthes : General characteristics and Classification up to classes; Life

cycle of Ascaris lumbricoides and its parasitic adaptations. : 6 hrs

Section— B

'HIGHER INVERTEBRATES

Unit 1: Annehda General characteristics and Classﬁiczmml up to classes;
* Formation of Coelom; Metamerism in Annelida. 3 hrs
_ Unit 2: Arthropoda: General characteristics and C]aSS]ﬁcﬂthl‘l up to classes;
Larval forms in Arthropoda, Metamorphosis in Insects. 5 hrs
Unit 3: Mollusca: General characteristics and Classification up to classes; Torsion
and detorsion in Gastropoda; Pearl Formation. 4hrs
Unit 4: Echinodermata: General characteristics and Clasmﬁcahon up to classes;
Water—vascular system in Asteroxdea 3 hrs

Section —C

LOWER VERTEBRATES

Unit 1: Protochordata: General characteristics and Classification of Protochordata
up to orders Retrogresswe metamorphosis. 3 hrs
'Unit 2: Agnatha: General characteristics and outline classification of cyclostomes
up to classes; Ammocoete larva . 3 hrs
Unit 3: Pisces: General characteristics and Classification up to order. Parental
care in ﬁshes and Migration in fishes. 5 hrs
: Unit 4 Aquatlc adaptation in fishes; Origin fins; Scales of ﬁshes Osmoregulation
in Fishes. : 4 hrs

Section —D

HIGHER VERTEBRATES

Unit 1: Amphibia: General characteristics and classification up to order; Neoteny,

Parental care in Amphibians. L BHres
Unit 2: Reptilia: General characteristics and classification up to order;
Identification of Poisonous and non—pmsonous snakes; Biting mechanism in Snakes. 4 hrs

Unit 3: Aves: General characteristics and classification up to order; Types of

feathers; Flight adaptations and Migration in birds. 4 hrs
Unit 4: Mammals: General characteristics and classification up to orders;

- Dentition in Mammals; Adaptive radiation in mammal s 4 hrs

e : Mm@mwﬁﬁmmwﬁmaﬁﬁwﬁﬁm
maﬂrmﬁ@ﬁammnﬂnﬁmaﬂﬁzﬁwﬁmmlm@
Wmﬁqﬁiﬁmﬂﬁﬁm




.4, IeATT

TS 3

u’tﬁzarfu’raﬁm:m @etT Td  gaffeeur

1 O
(Protista/Protozoa : General Characters and Classification)  1-31
2. wWidelam & A dYr AN
' (Locomotory Organelles and Locomotion in Protozoa) 32-44
3. T : WA e U4 qoffeeor
(Ponfera General Characteristics and Classification) 45-53
4. woet F aE-ae > A
(Canal System in Sponges) . 54-62
5. dg-argARemr @ AR JAew @etvr T dofieur
~ (Phyla-Cnidaria and Ctenophora : _
~ General Characteristics and Classification) 63-75
" 6. ersgreitam & agHudar :
~ (Polymorphism in Hydrozoa) 76-84
7. Hg- eHoefIor : T -@ETUT Td  GoffBeoT
| (Phylum-Platyhelinthes : General Characteristics |
and Classification) g 85-94
8. dferam : o :
(Taema) ‘ 95-116
L _ﬁlﬁaaﬁ'ﬂ?eﬁa AT &0l ©d  aaffeeor -
~ (Nemathelminthes : General Characteristics) 117-121
10. w=R= BRI 1 R 7
_ (Ascans) . 122-144
1. Wy wregat oF s mw?vr _
. 145-152

(Parast:c Adaptations in Helminths)



12.
13.

14.
15.

16.

17.

18.

19.

20.

24;

22,

23.

(vi).

JAg-vafersT : Arareer
(Phylum-Annelida : Gen
and Classfication)

Hg-3myiatsT : JrTeRT

dgior wad qoffasvor

eral Characteristics

oietor wd  qoffeseor

(Phylum-Arthropoda : General Characteristics

and Classification)

BRRRT & aaf

(Larvae of Crustaceans)

del H  BRIeaIT

(Metamorphosis in Insects)

gAYz : AT

Eremt-rq'auﬁmw

(Phylum-Mollusca : General Characteristics

and Classification)

Igiter F w7 RefmE

(Torsion and Detorsion

in Gastropoda)

(Pearl formatmn and Pearl Culture)

Hq—gaﬂsa’lsﬁam eToT Td aaﬁ‘ca?w

(Phylum-Echinodermata :
and Classification)

‘General Characteristics

uz%a"l’s%mﬁaa—aaﬁﬁaa

(Water-Vascular System

in Asteroidea)

(Protochordata: Genera
and Classification)

ufemsft srmedzer

| Viderder: WEeT WeT UY  aoffeor

1 Characteristics

(Retrogressive Metamorphosis)

woagr : WA waivl aoffewer ayr wedle wmal

(Agnatha: General Characteristics Classification

and Ammocoete Larva)

153-169

170-189

190-199

©200-205

206-220
221-226

227-235

236-246

247-252

253-265

266-274

275-283



T

24.
25.
26.
27.
28.

29,
~ (Osmoregulation in Fishes)

30.
31.
32.

33"

a8
35.
36.

37.
38,

39.:

(Aves :

(vii )
HHeT @eiT Ud  daffaor
(Pisces : General Characteristics and Classification)

sehel & Age RO

(P_areht_al'. care in fishes)

Feforef & ware

(Migration in Fis hes)

sefal o ol rejReTa
(Aquatic Adaptation in Fishes) .
seRel & oow T Uy ayr @l 3aafa

(Scales and fins and their Origin in Fishes)

sehrl F wrRu R

'Ewuﬂféen' aoffear ©d  @amr

(Aniphibia_ . Classification & General Characteristics)

v wegslt #F ¥ge wwr wd R

(Parental Care in Amphlblans and Neoteny)

YARMT : AT e UE  @offeeor
(Raptilia : - General Characters and Classifi cation)
g @ fffa auf &t veaE

agr dera o fesenfafer
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