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Dr. S. S. Patil

Assistant Professor of English

Department of English

Smt. Meenalben Mehta College, Panchgani

Introduction to the Novel




What is a novel?

» Characteristics:

» a fictional prose work

» usually divided into chapters

» relatively long and often complex plot

» story traditionally develops through the thoughts and
actions of 1ts characters

.



First person point of view

» This means that the narrator —1s a character in the story

» describes the action 1in his or her own words What’s
shown 1s limited to the character's observations and
thoughts




Third person point of view

Events and characters described
by a character outside the action
Third person limited point of view:

» The narrator tells the story from the perspective of
only one character.

» The reader only learns what this person feels and
experiences

.



Development of character

» Main characters - characters who the story revolves around
the most.

» Minor characters - interact with the main characters and help
move the story along.

» Static characters - stay the same over the entire course of the
story, even though their situation may change.

» Dynamic characters - evolve as individuals, learning from
their experiences and growing emotionally.
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» Plot 1s the organized pattern or sequence of events that
make up a story. Every plot 1s made up of a series of
incidents that are related to one another

» The plot 1s the sequence of events or what happens in a
story.

» Many plots contain a central problem — something that
goes wrong.




Parts of a plot

Plots usually progress through stages:

o Exposition

> Rising Action
o Climax

o Falling Action

Resolution

.
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Literary Criticism &

Critical Appreciation

PLATO'S THEORY OF IMITATION
Mr.J.V. Shinde
Ass. Prof. English
SMt. Meenalben Mehta College, Panchgan




The Mining Of Imitation

* He theory of Imitation is
one of the most discussed
concept In Literary
Criticism. ‘Imitation’ is the
translation of the Greek
word mimesis. It was first
use by Plato in his book

‘The Republic’




Plato's Theory Of Imitation

Plato was of view that all the fine art are
imitative.
Plato considered poetry to be imitative.

He claimed the poetry is unreal and away from
reality.

Plato gave example of bed.



DEPARTMENT OF ECONOMICS

Shri Swami Vivekanada Shikshan Sanstha
Kolhapur,

Smt.Meenalben Mehta College
Panchgani

DEPARTMENT OF ECONOMICS



ECONOMICS PAPER -IX

B A- I

HISTORY OF ECONOMICS
THOUGHT

Prof. S.P.Kudale

(Head of Department,Economics)



HISTORY OF ECONOMICS
THOUGHT

Define the history of Economics Thought and compare
it with Economic History of Economics




Definition

“The History of Economics Thought,
then is an essential part of general
history both explaining it and being
explained by it”



Introduction

The man is the only creature in the world who is
rational and thoughtful. Thoughts of human being
may be of two types- problem- oriented and
knowledge-oriented. The genesis and the
development of many human sciences and have
been problem biased. such as sociology , political
science and economics. secondly there are other
sciences, like philosophy and astronomy which may
be called knowledge oriented and have been
developed for the satisfaction of ones desire of
gaining knowledge.it is with this view that plato called
philosophy as the Child of wonder...... Pigou called
this classification of sciences gradually fruit bearing
science and light bearing science.



Unit -

Definition and Scope of History of
Economic Thought.

Part-I

Ancient and Medieval Economic
Thought

Ancient Economic Thought
.... The Herbrews , The Greeks and the Romans
Medieval Economic Thought



Part-l
Dr. Marshals Theory
Prof. Keyns Theory




DEPARTMENT OF ECONOMICS

Shri Swami Vivekanada Shikshan Sanstha
Kolhapur,

Smt.Meenalben Mehta College
Panchgani

DEPARTMENT OF ECONOMICS



B com- |

MICRO ECONOMICS

Prof. Dr. T.M. Rabade

(Asst. Professor)



MICRO ECONOMICS

Economics is a social science.Paul A. Samuelson, a
Nobel Laureate Economist, regards Economics as
queen of Social Sciences.Economicsas Social Science
has been variously defined.



Uses of Microeconomic Theories

Microeconomic theory explains the behaviour of
various individual elements of of body economic
and brings out the nature of interrelationship and
Interdependence between them.

Microeconomic theories establish cause-and-effect



Introduction

The man is the only creature in the world who is
rational and thoughtful. Thoughts of human being
may be of two types- problem- oriented and
knowledge-oriented. The genesis and the
development of many human sciences and have
been problem biased. such as sociology , political
science and economics. secondly there are other
sciences, like philosophy and astronomy which may
be called knowledge oriented and have been
developed for the satisfaction of ones desire of
gaining knowledge.it is with this view that plato called
philosophy as the Child of wonder...... Pigou called
this classification of sciences gradually fruit bearing
science and light bearing science.



Unit -

Definition and Scope of History of
Economic Thought.

Part-I

Ancient and Medieval Economic
Thought

Ancient Economic Thought
.... The Herbrews , The Greeks and the Romans
Medieval Economic Thought
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Agricultural
Development

1

Infrastructural
Development

Availability
of Jobs

N

Adoption
of New
technology

Social and Health
Cultural Facilities
Development
“ Education
Better Facilities
Standard
of Living s
l l Food
Drinking Security
Water Housing

Facilities Facilities



FURAL DEVELOPMENT: OVERALL DEVELOPMENT OF THE RURAL AREAS

SOCTAL

DEVELOPMENT
CULTURAL

DEVELOPMENT

ECONOMIC
DEVELOPMENT

INSTITUTIONAL CHANGE IV
DEVEL DPRH_T___ THEIR ATTITUDE
/ POLITICAL
INCREASING i FEFEDOM
STANDARD OF LIVING OF

LIVING WITH
SELF EESPECT

THE EURAL PEOFPLE




AGRICULTURE DEVELOPMENT

IRRIGATION

0% DRY LAND _
- MODERIN

TECHNOLOGY

CREDIT SUPPLY
POULTRY

\

HORTICULTURE

FLORICULTURE




Rural Credit Cooperatives in India

R

Demand For Sis

-

M Rural Credit
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IRETIGATION

INFEASTRUCTURE

EFEURAT ROATYS

TEASFORT AND
COMMUNICATION

FLECTRICITY




RURAL INDUSTRIES: COTTAGE SMALL SCALE INDUSTRIES

TRAINING

EXTENSION
OSE OF LOCATL
EESOURCES




Cottage small industries
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SOCIAL SERVICES
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Health services
Rural




Education situation
Rural_ | Urban




HUMAN RESOURCES

EDUCATION

—
INCREASE IV

PRODUCTIVITY

EFFICIENCY




~RURAL DEVEOPMENT
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Percentage of Rural Population in

India

Year Urban Rural
1951 17% 83%
1961 18% 82%
1971 20% 80%
1981 249 76%
1991 26% 74%
2001 28% 72%

2011 (P) 31% 68.85%




Issues In Rural Development

TO BE REDUCED

’ ’ 4\
POPULATION PROGRESSIVELY

STRICT ENFORCEMENT OF

ALCOHOLISM PROHIBITION

LAND
HOLDINGS

CONSOLIDATION INTO VIABLE
UNITS OR COOPERATIVE

FARMING

PRODUCTIVITY TO BE

AGRICULTURE
GRICULTUR INCREASED — FOOD/NON-FOOD

TO BE INCREASED
SUBSTANTIALLY

I 3 3 3 3

EDUCATION

(MEN & WOMEN)



EMPLOYMENT

CASTEISM

EXPLOITATION

TRAFICKING IN
WOMEN &
CHILDREN

LEADERSHIP

=

OPPORTUNITIES TO BE
INCREASED

» TO BE ABOLISHED

=

=

=

MUST BE MINISISED

TO BE PROHIBITED

INNOVATIVE AND MOTIVATING



RISE IN INCOME

PRODUCTIVE
EMPLOYMENT

RISE IN OUTPUT

EQUITABLE
DISTRIBUTION

ASSURED MINIMUM
LEVELS OF LIVING

NEED FOR RURAL DEVELOPMENT




Process of Rural Development

WELFARE

CONSUMPTION

DISTRIBUTION

PRODUCTION &

Rural
Industries

PRODUCD

INFRASTRUCTURE




O

reanization for Rural Development

Centre

State

Local

Rural People

! 3 3 3

Strong
Coordination

Adequate
Regional Planning

Coordination

Effective
Implementation

Control

}

Participation in
Development
Works

Integration




BARRIERS TO SOCIO - ECONOMIC
DEVELOPMENT IN RURAL AREAS

SMALL LAND HOLDINGS

POVERTY

/N

UN EMPLOYMENT &
UNDER EMPLOYMENT

}

STARVATION
MALNUTRITION

l |




Spotlight on UNICEF focus districts




ILL - HEALTH

ILLITERACY

IGNORANCE

IDLENESS

CASTE

EXPLOITATION BY
VESTED INTERESTS




Rural Poverty
S.D.Tendulkar Committee

MPCE-Monthly Per Capita Consumption
Expenditure

Rural Area- Rs.673
Urban-Rs.860
Year2009-10

Rural Poverty Population(BPL)
2004-05-41.08%
2009-10-33.08%




ROLE OF THE GOVERNMENT IN RURAL
DEVELOPMENT

GOVERNMENT

|

l

SPECTAL
RURAL AREA
AGRICULTURE EMPLOYMENT PROGRAMMES
INDUSTRY DEVELOPMENT (WELFARE)
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A00

EMPLOYMENT

PRODUCTION

|

/

PRODUCTIVITY

BETTER LIVING

HIGHER
INCOME

\

BETTER FOOD




Ministry of Rural Development

PLAN (Rs. in crores)
Name of Department 2013-14
B.E.
A Rural Development 74429 .00
B Land Resources 5765.00




Department of Rural Development A

ﬂ Name of the Scheme W

1 Mahatma Gandhi National Rural Employment Guarantee 33000.00
Scheme
2 Ajeevika- National Rural Livelihood Mission 4000.00
3 DRDA Administration 250.00
4 Rural Housing 15184.00
5 Pradhan Mantri Gram Sadak Yojana 21700.00
6 Grants to National Institute of Rural Dev 50.00
7 Assistance to C A.P.AR.T. 15.00
8 PURA 50.00
9 Management support to RD 150.00
Programmes and Strengthening District Planning Process
10 BPL Survey 60.00




Department of Land Resources B

PLAN (Rs. in crores)
E Name of the Scheme 2013-14
B.E.

1 Integrated Watershed Management 5387.00
Programme

2 National Land Records Modernisation 377.00
Programme

3 Bio-fuel 0.00

4 National Rehabilitation & Resettlement 0.50
Policy




Department of Drinking Water & Sanitation ©

Name of the Scheme

Plan (B. E.) Rs. In

Rural Water Supply and 11000 13000 15260
Sanitation Programme
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Programmes & Policies For
Rural Development

National Rural Employment Guarantee Act
(NREGA)

Swarnjayanti Gram Swarozgar Yojana (SGSY)
Pradhan Mantri Gram Sadak Yojana (PMGSY)
Indira Awaas Yojana (lAY)

National Social Assistance Programme
(NSAP)

Provision of Urban Amenities In Rural Areas
(PURA)

District Rural Development Agency (DRDA)
Rural Development Activities in North Eastern
Region



10.

11.
12.
13.
14.

15.
16.
17.
18.

Empowerment of Women
Scheduled Caste Sub-plan And Tribal
Sub-plan

Disability Sector

CAPART

Training

Information, Education &
Communication
International Cooperation
E- Governance Activities
Monitoring And Evaluation
Organisation



National Rural Employment
Guarantee Act (NREGA)

It was introduced in 200 districts
in the financial year (FY) 2006-07 and
additional 130 districts in FY 2007-08,
and extended to rest of the country
from FY 2008-09.




“A nation’s culture resides in the hearts and in the soul of its people.”

Mahatma Gandhi




Water Conservation




Swarnjayanti Gram Swarozgar Yojana
(SGSY)

The Swarnjayanti Gram Swarozgar Yojana (SGSY) is a
major programme for the self-employment of rural
poor. It was started from 01.04.1999 after
restructuring the erstwhile Integrated Rural
Development Programme (IRDP) and its allied
programmes, hamely Training of Rural Youth for Self
Employment (TRYSEM), Development of Women
and Children in Rural Areas (DWCRA), Supply of
Toolkits in Rural

Areas (SITRA) and Ganga Kalyan Yojana (GKY),
besides Million Wells Scheme (MWS).




The basic objective of the SGSY is to vbring the
assisted poor families (Swarozgaris) above the
Poverty Line by providing them income-generating
assets through a mix of bank credit and
governmental subsidy. The programme aims at
establishing a large number of micro enterprises in
rural areas based on the ability of the poor and
potential of each area. The brief details of the
programme is indicated in overleaf.



A stall marketing products made by SHGs




Pradhan Mantri Gram Sadak Yojana
(PMGSY)

Pradhan Mantri Gram Sadak Yojana (PMGSY) was
launched on 25th December 2000 by the Government
of India as a 100% Centrally Sponsored Scheme to
provide road connectivity in rural areas of the country.
The programme envisages connecting all habitations
with a population of 500 persons and above (250
persons and above in respect of hill States, the tribal
and the desert areas) through good all weather roads.
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India Awaas Yojana (IAY)

The India Awaas Yojana (lIAY) is a flagship scheme
of the Ministry of Rural Development to provide
houses to the Below Poverty Line (BPL) families in
the rural areas. It has been in operation since
1985-86. The funding of IAY is shared between the
Centre and States in the ratio of 75:25. In the case
of UTs, entire funds of IAY are provided by the
Centre.
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' The help provided under IAY spurs construction of homes in rural areas




" Bharat Nirman
@ A Business Plan for Rural Infrastructure
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Irrigation

Rural Roads

Rural Electrification
Rural Water Supply
Rural Housing



Swabhiman Scheme to Open Bank Accounts in Villages

UPA government has launched a programme named ‘Swabhiman’
which aims at opening 5 crores no frills accounts by March 2012 in
over 73000 wvillages. ‘Swabhiman” 1s one of the two ambitious
programmes of the UPA regime to spread financial inclusion.

The other programme-‘Swabhiman’-has already been launched in
September last year. The centre provides Rs.1000 as pension for the
poor in a year, if they come forward for ‘Swabhiman’.

The newly introduced Swabhiman scheme will help a large
number of people come under the banking system and thus into the
saving mode in the economy. The government in the Budget for
2010-11 announced to provide appropriate banking facilities to
60,000 habitations having population in excess of 2000 by March
2012 and extending insurance and other services to targeted
beneficiaries using the business correspondent and other models with
appropriate and other models with appropriate technology backup.



Grameen Upjivika Yojana
June2011

Lanunched by department of Rural development (Govt.of

India)

To increase domestic income of the rural households

To provide economic services to the rural households

6 lack villages 600 districts will be covered under this scheme

Through self help Groups (SHGS) nearly 7 cr.BPL families will
be benefited.

Within a period of 8 to 10 years to cooperate rural households
for their subsistance.
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Nuclear Fission



Benefits of Nuclear Energy

» Continuous, reliable supply of energy

» Well-developed technology
- 12,700 reactor-years of commercial experience
- Accounts for ~16% of world electricity generation
» Extensive fuel supply

- Breeder reactors
> Fissile materials other than Uranium




How Fission Works

Water or other moderator

slows neutrons, thermalizing
them

Thermal neutron collides
with U-235

Unstable nucleus splits in two

Energy and neutrons are
released

Reaction repeats
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NUCLEAR FUSION
ENERGY



NUCLEAR FUSION PRINCIPLE

® Energy generated by joining two elements
with low atomic numbers.

® Most efficient reaction known is fusion of
Hydrogen isotopes, Deuterium and
Tritium, to form Helium.

® Fusion is source of energy for stars and
the Sun.

® High temperatures > 100 million degrees
Kelvin needed for fusion on earth

@ At high temperature, the gas mixture
forms a plasma (hot, electrically charged

gas)



NUCLEAR FUSION

@ This reaction releases 17.6 MeV of energy. No
limit on amount of fusion that can occur
(unlike fission).

tritium H3 helium He?

. _» 8
oo 9

deuterium H2 neutron







%TERN BLOTTING TECHNIQUES

Presented by:
Dr. Dr. S K Khade




Western Blotting Techniques
(Protein Blotfting)

In 1979, H.Towbin and coworkers developed the
western blotting technique to find out the newly enclosed
protein by a transformed cell.

Its working principle lies on antigen — antibody reaction;
hence it 1s on immuno detection technique.

In this method radiolabelled nucleic acid probes are not




Thi\\s\*\*\\tg\chnique follows the following steps:

l. Extractlonof protein from transformed cells
2. Separation of protelnby using SDS- PAGE (Sodium Dodecyl
Sulphate Polyacrylamide\‘Gel\ Electrophoresis) where SDS acts as

solvent for electrophoresis

3. Transfer of electrophoresed gel in a buffer of low temp.(40°C) for

half an hour.




6. Soaking of nitrocellulose filter, whatman filter and coars filter in

transfer buffer.

7. Placing of whatman filter paper on a cathode plate followed by
stack of coarse filter, whatman filter, electrophoresed gel,

nitrocellulose filter, whatman filter paper, coarse filter stack,

whatman filter and anode plate.
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9. Application of an electric field (30 V overnight for 5 hours to cause
the migration of protein from) the gel to nitrocellulose filter has
exact image of pattern of protein are present in the gel.

This type of blotting 1s called western blotting.

10. Hybridization of protein by using radiolabelled antibodies (T123-

antibodies) of known structure, 1solated from the rabbit
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Introductory to NMR Spectroscopy

Ref:
1.  NMR Spectroscopy, Basic Principles and Applications, by Roger S. Macomber
2. by Joseph P. Hornak

3. Some figures copy from the web page by Guillermo Moyna, University of the
Sciences in Philadelphia

4. Withrich, K. "NMR of Proteins and Nucleic Acids", Wiley, 1986. FH###H11994

A
5. Cavanagh, J. et al., "Protein NMR Spectroscopy-Principles and Practice”,

Academic Press, 1996.

6. Vande Ven, F.J. (1995), "Multi-dimensional NMR in Liquid-Basic Principles &
Experimental Methods". VCH Publishing


http://www.cis.rit.edu/htbooks/nmr/

NMR Spectroscopy

Where is it?
Inm 10 102 103 104 10° 106 107
(the wave) X-ray UV/VIS Infrared Microwave Radio
Frequency
(the transition) electronic Vibration Ro‘ra Nuclear
(spectrometer)  X-ray UV/VIS Infrared/Raman NMR

Fluorescence



1924

1930

1939

1946

1949

1952

1966

NMR Historic Review

Pauli proposed the presence of nuclear magnetic moment to explain the
hyperfine structure in atomic spectral lines.

Nuclear magnetic moment was detected using refined Stern-Gerlach
experiment by Estermann.

Rabi et al. First detected unclear magnetic resonance phenomenon by
applying r.f. energy to a beam of hydrogen molecules in the Stern-Gerach
set up and observed measurable deflection of the beam.

Purcell et al. at Harvard reported nuclear resonance absorption in paraffin
wax.
Bloch et al. at Stanford found nuclear resonance in liquid water.

Chemical shift phenomenon was observed.

Nobel prize in Physics was awarded to Purcell and Bloch.

Ernst and Anderson first introduce the Fourier Transform technique into
NMR.




Late in the 1960s:

1970

1980s

1991

1990s

2002

L Solid State NMR was revived due to the effort of Waugh.

L and associates at MIT.

| Biological application become possible due to the introduction
superconducting magnets.

| NMR imaging was demonstrated.

2D NMR was introduced.

Macromolecular structure determination in solution by NMR was
achieved.

Nobel prize in Chemistry was awarded to Richard Ernst.
Continuing development of heteronuclear multi-dimensional NMR permit

the determination of protein structure up to 50 KDa.
MRI become a major radiological tool in medical diagnostic.

Nobel prize in Chemistry was awarded to Kurt Wuthrich

NMR is a versatile tool and it has applications in wide varieties of subjects
in addition to its chemical and biomedical applications, including material
and quantum computing. 5



Edward M. Purcell
1912-1997

Felix Bloch
1905-1983

Richard R. Ernst
1933-

Kurt Wuthrich
1938-

CW NMR 40MHz
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The problem the we want to solve by NMR

What we “really”
see

What we want to “see”

NMR




Before using NMR
What are N, M, and R ?

Properties of the Nucleus
Nuclear spin

Nuclear magnetic moments

The Nucleus in a Magnetic Field
Precession and the Larmor frequency

Nuclear Zeeman effect & Boltzmann distribution

When the Nucleus Meet the right Magnet and radio wave

Nuclear Magnetic Resonance



@ Properties of the Nucleus

Nuclear spin

»  Nuclear spin is the total nuclear angular momentum quantum number.
This is characterized by a quantum number I, which may be integral,
half-integral or O.

»  Only nuclei with spin number I =0 can absorb/emit electromagnetic
radiation. The magnetic quantum number m; has values of -I, -I+1, ...+T.
(eg. forI=3/2, m=-3/2,-1/2,1/2,3/2)

1. A nucleus with an even mass A and even charge Z - nuclear spin I is
zero

Example: 12C, 160, 32S - No NMR signal

2. A nucleus with an even mass A and odd charge Z - integer value I
Example: 2H, 1B, 1N > NMR detectable

3. A nucleus with odd mass A > I=n/2, where n is an odd integer
Example: H, 13C, PN, 3P > NMR detectable

10



Nuclear magnetic moments

Magnetic moment p is another important parameter for a nuclei
u =1y I (h/2r)
I: spin number; h: Plank constant;

y: gyromagnetic ratio (property of a nuclei)

IH: 1=1/2 ,y=267.512 *10¢ rad T-151
13C: 1=1/2 ,y= 67.264*106
I5N:  1=1/2 ,y= 27.107*10¢

11



Table 1.1 Nuclei of Major Interest to NMR Spectroscopists

Abundance . 5 sp | Relative® Y o at
Tostope Z Spin o v %10 o At 7.04T
(%) sensitivity | 1'T(MHz)
'H 99.9844 1 1/2 2.7927 2.6752 1.000 42.577 300
’H 0.0156 1 1 0.8574 0.4107 0.00964 6.536 46
10g 18.83 5 3 1.8006 0.2875 0.0199 4.575
g 81.17 5 3/2 2.6880 0.8583 0.165 13.660
Bc 1.108 6 1/2 0.7022 0.6726 0.0159 10.705 75.4
1IN 99.635 7 1 0.4036 0.1933 0.00101 3.076
N 0.365 7 1/2 -0.2830 -0.2711 0.00104 4.315 30.4
g 100 ) 1/2 2.6273 2.5167 0.834 40.055 282.3
*°Si 4.70 14 1/2 -0.5548 -0.5316 0.0785 8.460
3p 100 15 1/2 1.1305 1.0829 0.0664 17.235 121.4
a Magnetic moment in units of the nuclear magneton, ei/(AuM,, c)
b  Magnetogyric ratio in SI units 12

c For equal numbers of nuclei at constant field



€ The Nucleus in a Magnetic Field

Precession and the Larmor frequency

* The magnetic moment of a spinning nucleus processes with a characteristic
angular frequency called the Larmor frequency ®, which is a function of r and B,

Remember p =y 1 (h/2x) ? L

Angular momentum dJ/dt=p x B, o

Larmor frequency o=rB,

Linear precession frequency v=w/2n=rB/2n

Example: At what field strength do 'H process at a frequency of 600.13MHz? What would be the
process frequency for 13C at the same field?

13



Nuclear Zeeman effect

+ Zeeman effect: when an atom is placed in an external magnetic field,
the energy levels of the atom are split into several states.

* The energy of a give spin sate (E.) is directly proportional to the value
of m; and the magnetic field strength B,

Spin State Energy E;=- p. By=-m;B, r(h/2p)

* Notice that, the difference in energy will always be an integer multiple
of Byr(h/2p). For a nucleus with I=1/2, the energy difference between
two states is

AE=E_,,,-E.,/, = By r(h/2p)

The Zeeman splitting is proportional to the strength of the magnetic
field 14



Boltzmann distribution

» Quantum mechanics tells us that, for net absorption of radiation to occur,
there must be more particles in the lower-energy state than in the higher
one. If no net absorption is possible, a condition called saturation.

» When it's saturated, Boltzmann distribution comes fo rescue:
>Pﬂ'\:-]./Z / Pm:+1/2 - e -DE/KT

where P is the fraction of the particle population in each state,

T is the absolute temperature, e L
k is Boltzmann constant 1.381*10-28 JK-1

> Example: At 298K, what fraction of !H nuclei in 2.35 T field are in the upper and
lower states? (m=-1/2 :0.4999959 ; m=1/2 : 0.5000041)

> The difference in populations of the two states is only on the order of
few parts per million. However, this difference is sufficient o generate
NMR signal.

» Anything that increases the population difference will give rise to a more

intense NMR signal. s



€ When the Nucleus Meet the Magnet

Nuclear Magnetic Resonance

*For a particle to absorb a photon of electromagnetic radiation, the particle must

first be in some sort of uniform periodic motion _m
S|
/¥
« If the particle “uniformly periodic moves” (i.e. precession) f )
At Vo cession, AN absorb erengy. The energy is E=hv . .. >;

*For 1=1/2 nuclei in B, field, the energy gap between two spin states:

AE=rhB /2 .

A AAAAA A B,>0 I AE =hv

VVVVVV

photon

(02

» The radiation frequency must exactly match the precession frequency

E hy =hy =AE=rhB /2n

ph0t0n= precession photon

16



Nuclear Magnetic Resonance Spectrometer
How to generate signals?

( | = ( / \

| | ==F

| N | T S [ | Magnet
o ] |

'l\ hE B1 \ \/’

|

Recorder
;

‘fJLjG.JJs

i
i

i

B,: magnet

B,: applied small energy
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€ Magnet B, and irradiation energy B, .
B, ( the magnet of machine)
(1) Provide energy for the nuclei to spin f
E.=-mB, (rh/2r) o

Larmor frequency o=rB, Magnetic Field

(2) Induce energy level separation (Boltzmann distribution)

The stronger the magnetic field B, the greater separation

between different nuclei in the spectra

Av =y -v,=(r,-r,)B /21
(3) The nuclei in both spin states are randomly oriented around the z axis.

M =M,M_=0 B
Y/ ’ Xy + (s{;alic field) E.S[T,EIIC field)
( where M is the net £ + [ {':Eﬂk magnetization
)01{\ l/vecmr}g
= y

nuclear magnetization) ,

>

/

18



What happen before irradiation

 Before irradiation, the nuclei in both spin states are processing with
characteristic frequency, but they are completely out of phase, i.e., randomly
oriented around the z axis. The net nuclear magnetization M is aligned statically
along the z axis (M=M,, MXy=0)

s &
g\ o
Y a/‘
i
by Mu
: X X
> - — > -
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What happen during irradiation

When irradiation begins, all of the individual nuclear magnetic moments become
phase coherent, and this phase coherence forces the net magnetization vector M
to process around the z axis. As such, M has a component in the x, y plan,

M, =Msina. o is the tip angle which is determined by the power and duration of
the electromagnetic irradiation.

z A

Z )

- \YX /)& ):/
By ] X Y M,,
y

o deg pulse 90 deg pulse

20



What happen after irradiation ceases

*After irradiation ceases, not only do the population of the states revert to a
Boltzmann distribution, but also the individual nuclear magnetic moments begin to
lose their phase coherence and return to a random arrangement around the z axis.

(NMR spectroscopy record this processl!)
*This process is called “relaxation process”

*There are two types of relaxation process : T1(spin-lattice relaxation) & T2(spin-
spin relaxation)

P /)&y x.y

21



B (the irradiation magnet, current induced)
(1) Induce energy for nuclei to absorb, but still spin at ® or v

—_ AE=thO/ 2n=hvprecessi0n

precession

Eph0t0n=hvph0t0n

And now, the spin jump to the higher energy ( from m=1/2->m= - 1/2)
@ m=—1/2

Energy

AVAVAVAV, -

(2) All of the individual nuclear magnetic moments become phase

coherent, and the net M process around the z axis at o angel
Z

e m= 1/2

Magnetic Field

M =Mcosa

Mxy=Msina.
KY

22



T1 (the spin lattice relaxation)

* How long after immersion in a external field does it take for a collection of nuclei
to reach Boltzmann distribution is controlled by T1, the spin lattice relaxation time.

(major Boltzmann distribution effect)
*Lost of energy in system to surrounding (lattice) as heat
( release extra energy)

It’s a time dependence exponential decay process of Mz components

Z
dM,/dt=-(M,-M, , )/T1
Z
z
Bo
e [ e
X y
. />"’—\ , ) —/><_-_
Y
z
equilibrium... M,
X j"l P :{
H,—-h L
r’f M,, * o, p L



T2 (the spin —spin relaxation)

*This process for nuclei begin to lose their phase coherence and return to a random
arrangement around the z axis is called spin-spin relaxation.

*The decay of M,, is at a rate controlled by the spin-spin relaxation time T2.
dM_ /dt=-M_/T2
dM,/dt=-M /T2

ERERCR
®-%

4



NMR Relaxation

f

T, Regrowth

WOORF(%@@ @Wll

>
1000 1500 2000

T, Decay Time (ms)

Spin-lattice relaxation (T,) anc spin-spin relaxation (T,)
of nuclear spins. Figure shows the evoiutioin ui the
magnetization after it has been flipped by 90* pulse.




€ Collecting NMR signals

*The detection of NMR signal is on the xy plane. The oscillation of Mxy generate a
current in a coil , which is the NMR signal.

*Due to the “relaxation process”, the time dependent spectrum of nuclei can be
obtained. This time dependent spectrum is called “free induction decay” (FID)
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(if there’s no relaxation ) (the real case with T1 &TZ)
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In addition, most molecules examined by NMR have several sets of nuclei, each
with a different precession frequency.

Time (sec)

*The FID (free induction decay) is then Fourier transform to frequency domain
to obtain each v ( chemical shift) for different nuclei.

pression

Y UMMU_

frequency (Hz) 27




Fourier transformation (FT)

FT

o

= T T
- —
z \\/ e \/nnt—: z
0

T
F FREQUENCY

flw)= T f(t)e iy = T Flt) coslwt) —isin (i) dt

150
nnnnn
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AT 71000 GAUSS (7.1 TELSLA)

(1T = 10,000G)

30 75 121 280 300 320
R 13
15N 13C 31P 19F IH 3H



NMR signals

* We have immersed our collection of nuclei in a magnetic field, each is processing with
a characteristic frequency, To observe resonance, all we have to do is irradiate them
with electromagnetic radiation of the appropriate frequency.

It’s easy to understand that different nucleus “type” will give different NMR signal.

(remember v =@/2n=yB /2n ? Thus, different y cause differentv !!)

*However, it is very important to know that for same “nucleus type”, but “different
nucleus” could generate different signal. This is also what make NMR useful and
interesting.

*Depending on the chemical environment, there are variations on the magnetic field
that the nuclei feels, even for the same type of nuclei.

*The main reason for this is, each nuclei could be surrounded by different electron

environment, which make the nuclei “feel” different net magnetic field , By, 5,



Basic Nuclear Spin Interactions

Dominant interactions: H=H;+Hpy+Hs+ Hq

H, = Zeeman Interaction Hy = Dipolar Interactions
H< = Chemical Shielding Interaction. Hgq = Quadrupolar Interaction




NMR Parameters

€ Chemical Shift

*  The chemical shift of a nucleus is the difference between the resonance frequency
of the nucleus and a standard, relative to the standard. This quantity is reported
in ppm and given the symbol delta,

O =(V-Vggp) X108/ vpre

« In NMR spectroscopy, this standard is often tetramethylsilane, Si(CH,),,
abbreviated TMS, or 2,2-dimethyl-2-silapentane-5-sulfonate, DSS, in
biomolecular NMR.

The good thing is that since it is a relative scale, the d for a sample in a 100 MHz
magnet (2.35 T) is the same as that obtained in a 600 MHz magnet (14.1 T).

Alcohols, protons a

< Aromatics to ketones .
: Amides
Deshielded A.é?h"jies Olefins Aliphatic Shielded
(low field) 1 1 | | | L L1 (up field)
| | | | | [ ppm
15 10 7 5 2 0
TMS 32



Example: Calculate the chemical shifts of a sample that contains two signals
(140Hz & 430 Hz using 60MHz instrument; 187Hz & 573 Hz using 80MHz
instrument). (2.33ppm & 7.17ppm)

Example: The 60MHz 1H spectrum of CH3Li shows a signal at 126 Hz upfield of
TMS. What is its chemical shift? (-2.10ppm)

»Electron surrounding each nucleus in a molecule serves to shield that
nucleus from the applied magnetic field. This shielding effect cause the
DE difference, thus, different v will be obtained in the spectrum

B.¢=By-B; where B, induced by cloud electron @13':’
B.=sB, where s is the shielding constant

B.+=(1-s) By

Vorecession™ ("Bo/2p) (1-5)

s=0 - naked nuclei @

s >0 - nuclei is shielded by electron cloud

s <0 - electron around this nuclei is withdraw , i.e.
deshielded 33



A A 0)0=rBeffect
low —A—— B high

PPm

Notice that the intensity of peak is proportional to the number of H

34



*Example of 1D : 1H spectra, 13C spectra of Codeine C H,,NO;, MW=299.4

334

1H

‘ T ] T 1 L L T T T T 1] I L T 1 1 l
140 120 100 B0 &0 40 PPM

35



€ J-coupling

*Nuclei which are close to one another could cause an influence on each other's

effective magnetic field. If the distance between non-equivalent nuclei is less than or
equal to three bond lengths, this effect is observable. This is called spin-spin coupling
or J coupling. 1

H 'H
130 \___/ three-bond
one-bond Vat N

*Each spin now seems to has two energy ‘sub-levels’ depending on the state of the spin it
is coupled to:

oo
The magnitude of the separation is called coupling constant (J) and has units of Hz.

36



*N neighboring spins: split into N + 1 lines

Single spin: T

One neighboring spins: - CH — CH -

ey .

Two neighboring spins: - CH, - CH -

[ R O A

* From coupling constant (J) information, dihedral angles can be derived ( Karplus

equation)
. i . , C,
J i, = 6.4c0s” (¢ —60)—1.4cos(¢ —60)+1.9
C

3] . =9.5cos’(y, —120)—1.6cos(y, —120) +1.8

3Ja,82 =9.5cos” y, —1.6¢cos y, +1.8 &‘
ﬁ




€ Nuclear Overhauser Effect (NOE)

*The NOE is one of the ways in which the system (a certain spin) can release energy.
Therefore, it is profoundly related to relaxation processes. In particular, the NOE is
related to exchange of energy between two spins that are not scalarly coupled (Js = 0),
but have dipolar coupling.

* The NOE is evidenced by enhancement of certain signals in the spectrum when the
equilibrium (or populations) of other nearby are altered. For a two spin system, the
energy diagram is as follwing:

*W represents a transition probability, or the rate at which certain transition can take
place. For example, the system in equilibrium, there would be W,, and W4 transitions,
which represents single quantum transitions.

38



* NOE could provide information of distance between two atoms:

NOE/NOE,; =r /r*

* Thus, NOE is very important parameter for structure determination of
macromolecules

39



® Relaxation Rates
*The Bloch Equations:
dM,(t) / dt =y [ My(t) * B, - M (t) * B, ] - M,(t) / T,
dM,(t) / dt =y [ M,(t) * B, -M(t) * B, ] -M,(t) / T,
dM,(t) / dt =y [M(t) * B, -M,(t) * B, ] - (M,(t) - M, ) / T,
*The relaxation rates of the longitudinal magnetization, T1, determine the

length of the recycle delay needed between acquisitions, and the relaxation rates
T2 determine the line width of the signal.

*Relaxation could also provide experimental information on the physical
processes governing relaxation, including molecular motions (dynamics).

40



NMR Parameters employed for determining protein structure

1. Chemical Shift Indices: Determining secondary structure.

2. J-coupling: Determine dihedral angles. ‘ ‘ ‘

(Karplus equation)

3. Nuclear Overhauser Effect (NOE):

Determine inter-atomic distances (NOE o« R®) 1H/ R /1'"

Bo

4. Residual dipolar coupling: V+ 'H
15N #

Determine bond orientations.

5. Relaxation rates (T,, T, etc): \

Determine macromolecular dynamics.




Steps for NMR Experiment

B 17 »#® NMR W # ‘G’?M“%D

‘i%“m’fﬁﬁ‘*é ﬁil“g('& A

‘#—wiNMRé#fﬁz ‘ PR 1 2 L % ~

ll!mrg
. - ey .;. s mmlg
S Do = '
a7 " J Substrate Product A
R vie wa = ) . @» Product B
CH3 b S B Active Site
aie et T Enzyme
Aromatic 0o ‘
Regulatory Site
:E ,ﬂ_. =i : 2 P - Allosteric Activator
etz | g o
a H Chemical Shifl ( " -
7=}
5
&
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Preparation for NMR Experiment

1. Sample preparation (¥ # i§ ¥ 2. # &% &)
Which buffer to choose? Isotopic labeling?

Best temperature?

Sample Position ?

1T

2. What’s the nucleus or prohead? (% #% & if 2 #F &)
A nucleus with an even mass A and even charge Z - nuclear spin I is zero
Example: 12C, 160, 325 > No NMR signal
A nucleus with an even mass A and odd charge Z - integer value T
Example: 2H, 1°B, *N - NMR detectable
A nucleus with odd mass A > I=n/2, where n is an odd integer
Example: IH, 13C, 15N, 3P > NMR detectable 43




3. The best condition for NMR Spectrometer? (3% &/ 11 &

> Wobble: Tune & Match & Shimming

Tune

—‘THL Match

RCVR™

0% |
Absorption :
100%

Frequency

4. What’s the goal? > Which type of experiment you need? GEHE &g 2. F & > i)

Different experiments will result in different useful information

44



5. NMR Data Processing

® The FID (free induction decay) is then Fourier transform to frequency domain to

obtain Vpression

( chemical shift) for each different nuclei.

Fourier
. FID transtorm Spectrum
:" l"/ \‘\ './ | _‘\" I ‘
I
Time Frequency

e _J[_Jl J_J__ﬂ_JMU i A A WA WU

Time (sec) frequency (Hz)

45



Types of NMR Experiments

Homo Nuclear 1D NMR

1D one pulse 1H NWUM M

Y Y

Aromatic & Amide Aliphatic

H H H H 46



Homo/Hetero Nuclear 2D NMR

Basic 1D Experiment

Observed I
nucleus

Relaxation ¢x
time

$=<90°

Basic 2D Experiment

\.
\
\
\\

Relaxation Evolution
time time
h

y Fourler
f/ \ :'/ N . FID transform Spectrum
{ ./ \ / - N\
w4 | i \ [ '
U L
5.0, g - I
Acqusition
f Time Frequency
Frequency
Evolution Ji
™\ - time * ol
[\ [ ta~ 2DFID
| ".\\‘\ '{\\ N
e / -/ /:(\& ;\;‘\\\\‘,;f? - *
WAL 2D Spectrum
Acquisition \J ~/ 2DFourier| e
£ . transform L
Acquisition Frequency
time J2
)
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Multi-Dimensional NMR

Basic 3D Experiment
Refaxation Evolution Aggusition Z_D
tume tme t:
h

2D Refaxaton Evolution Acquisition

tme hme Iz
8
Relxation Bvolution Bvolution Acguisition
time tme tume
t1 t2 t3

Frequency

Evolution Ji
time *ef]
(A, =D I‘IQ
/ --‘ff'\L{ 3 o -

\\\7 “.\-._‘j‘-[z 3\ 2D Spectrum

"/ Y 2D Fourier| e

,transform -
Acquisition F PEHUCRCY
time i
{:
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Developmental Biology

An Introduction



Animal Development

s How has the study of
development changed?




Animal Development

What kinds of questions are

developmental biologists asking?



Animal Development

How does the
same genetic
information result
in different types
of cells?




Animal Development

m How 1s cell division regulated?

Microfilaments

Centriole

Microtubules

Chromosome

DEVELOPRENTAL BIOLOGY, Seventh Edition, Figure 8,3 Sinauer Associates inc
© 2000 All rghia reseved



Animal Development

s How do cells form ordered structures?

(D) Auditory Myelencephalon Metencephalon
vesicle

Aortic arches
Atrium @ o Mesencephalon

Truncus G 7 Y& ' Diencephalon

arterious ‘

; 2\ N Choroid fissure
Ventricle % BN Lens
Sensory retina

Liver Pigmented retina

rudiment )
Olfactory pit

Forelimb ,
bud i Telencephalon

Somite Vitelline vein

Vitelline artery

Hindlimb Tail bud
bud

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 1.2 (Part &) Sin
AN



Animal Development

s How are reproductive Germ cells
cells set apart?

Male Female




Animal Development

How do changes 1n
development create new
body forms and what
changes are possible?



Animal Development

s How do each of these contribute to the study,
ol development?
= comparative embryology.
m evolutionary embryology
m teratology

s mathematical modeling



Comparative Embryology

m Epigenesis
VEISUS
preformation




Comparative Embryology

s How does the concept of germ layers support epigenesis?
m How does the concept of induction {it in' here?

Endoderm

‘ Raspir-
Digestive atory

tube Pharynx tube Male Female

al Neuron Pigment | Noto- Bone ’I'ubule Red Facial  Pancreatic I'h)rmd Lung
cellsofskin -~ of cell chord tissue  cellof  blood musde cell cell cell
Drain kidney cells

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 1.1 S
& 2000




Comparative Embryology

s What principles did
von Baer articulate
with respect to vertebrate

development?

Human Opossum ~ Chicken Salamander  Fish
(axolotl)  (gar)

DEVELOPMENTAL BIOLOGY, Seventh Edifion, Figure 1.5 Srnaue Assocates I
20001 pservud




Comparative Embryology

m General features of large group of animals
appear earlier than specialized features of
smaller group

m [_ess general characteristics develop from.more
general



Comparative Embryology

m A particular type of embryo, instead of passing
through adult stages of a lower form, departs
more and more from it.

s Embryo of higher animal 1s only like early
embryo of lower animal.



Comparative Embryology

s How have fate maps
contributed to our
understanding of
development?




Evolutionary Embryology

x How have observations off embryos contributed to our
understanding of’ evolutionary relationships?

(A) Tetraclita (B) Penaeus

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 112 Snouer Assocates mo
£ 2009 All 1 ¢




Evolutionary Embryology

x Why 1S the distinction between analogous and

homoloegous structures important?




Teratology

How are malformations different from
disruptions’?




Mathematical Modeling

s What’s the difference between isometric and
allometric growth?




Figure 1.20(1)" Reaction-diffusion
Systen of Pattern Generation

Time 1 Rapidly diffusing inhibitor (S)

Activator (P) stimulates q S diffuses quickly
production of inhibitor | ~§ and inhibits
(S) R Auc?talysm autocatalysis of P

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 1.20 (Part 1) Sinauer Assogates, Inc
2003 All rights reservad



Figure 1.22° Pigment patterns; ofizebrafish
homozygous for'thewild-type allele (A) and for three
different:mutant alleles (B=D) ofthe leopard gene

Actual
pattern
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DIFFERENTIAL EQUATION:

A Differential Equation is an equation containing the derivative of ne
or more dependent variables with respect to one or more independent

variables.

For example — 1)%: XY,




Order of Differential Equation:

The order of highest order derivative contained in a differential
equation is called the order of the differential equation.

Example : 1) dy = (x + sinx)dx

Order =1

d*x d’x ,dx
 heert |
dt™ dt dt

)5=et

2)

Order =4



Degree of Differential Equation :

The degree of a differential equation is the degree of the highest
order derivative occurs in it.

Example : 1) (Z_Z)Z + 2 = x?

Degree = 2

d*x d’x ,dx
> Bt
dt® dt dt

)5=et

2)

Degree =1



Linear Differential Equations:

A differential equation is said to be linear when the dependent
variable and its derivatives appear only in the first degree.

A linear differential equation of the first order is of the form
ay: 2
o +Py=Q

Where P & Q are functions of x or constants only.



The solution of the differential equation:

Z—y+ Py=0
.e. C;y + Pdx =0isy = ce et
vel M R (2)

Differentiating the equation (2), We get,

fpdx(dy+Pydx) =

This shows that e/ il is and integrating factor of equation (1) as

Q is a function of x alone.



The solution of Linear differential equation:

o i
T CVe RSt T T T (1)
Multiplying both sides of (1) by integrating factor e de, we get

dex d_y & dex
e (dx+Py) e Q

d f Pdx

a 3 dex
dx Ly I=Q.e

Integrating both sides w.r.t. x, we get

Thus, the solution of the linear equation is
Y(ILE)= [ Q.(I.F.)dx+c



Where |.F. = e/ §e

Remark : The linear equation is of the form Z—; + Rx =S, where Rand S are
functions of y only.

In this case solution is of the form
X(I.LE)= [ S.(I.F.)dy + c

Where I.F. = e/ i



Ex. 13) : Solve dy + 4x2 y= 1

dx 1+x 2\*
. +
fol. :  Here in usual notatlons,( £ )
4x 1
p= Al Q= B vets,
l+x (l + x2)

[ 2f2E
1+.\'- =e l+Y

IF =eIde=

2log(l+x2} log(l+x2] r 2
= e \ ‘=e ; =(l+x”)

The required solution is

y(LF.) = I Q.(LF)dx+c

» 2
y(l+x2)2 =j -(—;:2-)—;X(1+x2) dx+c

dx

1+x

ie. y l+x

y(l+x2)2 =tan lx+c



: Solve (l+x2):-—y+2xy = COS X

X
Sol. : Given equation can be written as
dy+ 2x2 . cos;
a 1+x 1+x
dy
. e. —+Py=
iLe 5 y=Q
P= 2x:Z 4 iy cos:;
l+x 1+x
IF. = elPd
2x

dx
e l4x 2 =elog(l+x2) =14 x2
". The required solution is

y(LE)= [QLF)dx +c

[ cos x
2

) x(l+x2)dx+c

14+x

cosxdx+c

y(l+x
y(l+x

y (1+x )=sin X+c

:
’)



Exercise:

1) Solve x(x-1) Z—z —(x-2) y = x3 (2x-1)

2) Solve (1+y2) dx + (x-e tan ¥)dy =0

] .
3)S|nxd—i’+ycosx=xsmx

4) (x2 + 1) Z—z+ 2xy = 4x?



Thank You



