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CLASSICAL MECHANICS

Classical Mechanics describes the motion of
Macroscopic objects
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CONSTRAINTS
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The limitation on the motion of a system are
called constraints and the motion is said to be
constrained motion
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CONSTRAINTS

Types
‘Holonomic constrains
'Nonholonomic constraints
Sleronomic constraints
'Rheonomic constraints



HOLONOMIC CONSTRAINS
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If the constraints are expressible 1n the form of
equations of the form

then they are called holonomic
constraints
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NONHOLONOMIC CONSTRAINS
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Suppose the constraints are (]i)ljesent in the system of N particles. If the
constraints are not expressed 1 the form of equations of the form

* f(ry 1y....,t)=0  ----- (1)
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Then they are called nonholonomic constraints



SLERONOMIC CONSTRAINTS &
RHEONOMIC CONSTRAINTS

Y 7 e
........... . .
-.—-::: .__-:: -:-—%
= — —

3 =
5 — :é
= =

=
=

Doesn’t depend on time explicitly Depend on time explici



CLASSICAL MECHANICS

Asst. Prof. Sunil Kumar
Dept. of Physics
S.S Arts College and T.P Science Institute, Sankeshwar
Belagavi












CLASSICAL MECHANICS

Asst. Prof. Sunil Kumar
Dept. of Physics
S.S Arts College and T.P Science Institute, Sankeshwar
Belagavi



DEGREE OF FrREEDOM

The number of independent variable in which the motion of a system
is described is called the number of DEGREE OF FREEDOM

To explain the state of a particle or system, we require reference

coordinates, through which we can configure the state of a particle or
system.

Ex; Cartesian coordinates X, y and z

Polar coordinates; r and 6
Spherical coordinates; r, 8 and ¢ f/



GENERALISED COORDINATES

“The least or minimum number of variable or coordinates used to
describe the configuration of a system are called generalised
coordinates”

* It eliminates the dependent variables

* They are independent coordinates (Neither polar nor Cartesian
coordinates)



Holonomic system: generalised coordinates = degree of freedom
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eneralised coordinates are the transformation equations from an old set of r;
ariables to a new set of g;, wherei=1,2,3,.......

he inverse transform is given by
i =qi (T1, 72, T3yeenecrieinennnnn Ty, £)



GENERALISED DLS)PMC EMENT

e the position vector of the particles, wherei=1,2,3,..
rms of generalised coordinates, we have

T =1 (q1, 2,03, ceeeeeeeenencQ3py, t)
change of position 87; gives the displacement
ind 677 using Euler’s theorem

X aX aX
( Euler’s theorem, If X = f(x,y,z) then 0x = o, ox+ 6y 5, 97 )
v,
— _ Jary Jary or;
or; = 3a: §q, + 3, 8q, —I——aq3 8z + .o,
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e, 617 is called virtual displacement
is called generalised displacement




* Constraints
* Degrees of freedom
* Generalysed coordinate
* Generalysed displacement

Genere}:lysed velocity

U
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Time derivative of a gﬁeralysed
coordinate g;
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Velocity = % =
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PRINCIPLE OF VIRTUAL DISPLACEMENT
AND VIRTUAL WORK

; be the virtual displacement of the i*" particle of the given system. F;
 resultant force on the ith particle.

given system is in equilibrium, then F; = 0. Therefore, virtual work for
particle must be zero.

fTi: O
onsidering all the particles the virtual work done
ri= 0 ---- (1)

nstraints are present, the resultant force F; acting on the i*" particle is
b of two forces the applied force F;* and the forces of constraint f;.

* + f; Then equation (1) becomes,

=0, X;(F* + fi) 61=0,

i+ ﬁ 5Ti= 0 ----- (2)

virtual work done by the forces of constraints is zero, i.e f; 61; = 0.
uation (2) becomes, Y F{*&r; = 0 for equilibrium of a system
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CONTENT

* Bioimnorganic Chemistry:
* Essential and trace elements i1n biological
pProcess

* Metalloporphyrins with respect to
haemoglobin and chlorophyll (structure and
function)

* Biological role of Na, K, Fe and Zn.




BIOINORGANIC CHEMISTRY

LCSRSDS

Oxygen Bound
Myoglobin

Zinc finger interacting
with DNA molecules

Transferrin




ESSENTIAL ELEMENTS OF LIFE

Bulk elements

C,H, N, O,

Macronutrients (relatively large amounts)

Na, K, Mg, Ca, S, P, Cl, Fe

Micronutrients (Trace elements)

Mn, Co, N1, Cu, Zn, V, Cr, Mo, Se, F, I, Se, Si,




BIOLOGICAL IMPORTANCE OF SODIUM

* Source:

* Occurrence in humans

* Importance of sodium in biological system
* Deficiency

* Excess




SODIUM

e QOutside cell = 10 mM, extracellular fluid

* Inside cell = scarce

 Normal serum sodium level = 135 — 145 mmol/L
* Weak binding to ligands

* Sodium 1ons are primarily found inside the human
cells such as nerve cells.

Source: Table salt, high content in bread, cheese, carrots,
cauliflower, eggs, milk, nuts, spinach.




BIOLOGICAL IMPORTANCE OF SODIUM

Role — acid-base balance
Regulate the flow of water across the membrane.

They are needed for transport of sugars (glucose, galactose) and
amino acids into the cells.

Regulation of osmotic pressure of body.

Regulation of membrane potentials 1.€., electrical impulse of nerve
system

Maintains the electrolyte balance 1n the body.

Enzyme activity (Many enzyme reactions are controlled by Na and
K ions.)

Signaling process

Conformation of proteins and nucleic acids

ORS - oral rehydration solution

Freezing mixture

Preservative in pickling




DEFICIENCY OF SODIUM

Hyponatremia — headache, nausea, coma, seizures (sudden
uncontrolled electrical disturbance in the brain) etc.

Due to high environmental temperature extreme sweating may
cause loss of Na". Results in muscular cramps — abdomen,
headaches

Addison’s disease (Na,S,0; (30% aq solution —1.v))
Stoker’s cramp
allergic disease

Neurology arthritides — swabbing and gargling in disease,
upper respiratory track (Drug: NaCl/KCI (0.9 %) — 1sotonic
solution




EXCESS OF SODIUM

Hypernatremia
Dehydration/loss of body fluids
Vomiting, diarrhea, sweating, high fever

High intake of table salt causes high BP, on
continuation 1t causes stroke, heart failure,
osteoporosis, stomach cancer, kidney disease.




POTASSIUM

* Inside the cell

* Cytoplasm, intracellular fluid — high = 0.3M.
* OQutside the cell — low 5 x 10> M.

* Maintains the osmolarity of the cell.

* As co-factor — ex. Pyruvate kinase

* Na/K — ATPase enzyme

* Sodium & potassium transport channels.

* 2003 — Roderick Mackinnon shared chemistry Nobel prize — structure &
mech of ion channels (passive)

 VALINOMYCIN is an antibiotic also an [IONOPHORE has an high

selectivity for K" ions coordinated by six carbonyl groups — enables to pass
through bacterial cell membrane & thereby dissipate the electrical potential

difference causing the bacterium’s death.

Source: nuts, beans, banana, dairy foods, starchy vegetables, dried fruits,
apricots, spinach, broculli, meat, poultry, fish, milk, yogurt, papaya etc.




BIOLOGICAL ROLE OF POTASSIUM

Maintains the electrolyte balance 1n the body.
Osmotic pressure.

Heart function, skeleton and muscle contraction
Conformation of proteins and RNA replication
Electrolyte balance in the body

Secretion of gastric acid

Nerve impulse transmission. (Concentration gradient control
the development & functioning of the nurve cells).

Acts as co-factor for certain enzymes.
Like Na, K has a stimulating effect on muscle irritability

11




DEFICIENCY

HUMANS PLANTS

« Hypokalemia — < 3.5 mM Chlorosis

. iting, diarrh kness & )
F;trlrglhéng HTTTHIONE, WEAEESS Growth regulation

* Muscle cramps & spasms, « Protein synthesis
» Digestive problems, constipation,

* Heart palpitations (regulate heart
beat)

 Muscle aches & stiffness,
* Tingling & numbness (harmless),
* Breathing difficulties, mood

Regulation of opening/

* closing of stomata

changes & mental fatigue. * (Tiny pores in plant that
« Diets with low K+ leads to allow for gas exchange.)
hypertension

12




EXCESS OF POTASSIUM

WI

Hyperkalemia

Heart rhythm — affects — dangerous

1EN CELLS RELEASE TOO MUCH OF K* IONS

* Breakdown of RBCs — Hemolysis

* Breakdown of muscle tissues — Rhabdomyolysis

* Burns, trauma, or other tissue injuries

 Uncontrolled diabetes

13




ZINC

* Zn-—over 300 metallozymes

* Over 2000 transcription for regulation of lipid, protein and
nucleic acid metabolism and gene tranascription.

* metalloenzymes catalyse peptide hydrolysis and maintain
HCO;/CO, equilibrium (CO, transportation).
* Zinc finger proteins enables the protein to recognize and bind

to precise sequences of DNA base pairs and plays a crucial
role in transferring information from gene.

Sources:
Oysters, meat, nuts, shell fish, poultry, eggs, milk products,
cereals, bread, fish, green vegetables, potatoes, fresh fruits.

14




PHYSIOLOGICAL FUNCTIONS OF ZINC

Biochemical functions

* Co-factor for enzymes.

* Activity of zinc finger proteins
Cellular functions

* Growth and cell development
* Cell membrane integrity

* Tissue growth and repair

* Wound healing
Immunological functions

* Function of neutrophils, T
cells, B cells, & NK cells

Endocrinological functions

- Reporduction: spermatagenesis
- Thyroid function

- Pancreatic function — insulin
storage & release

- Prolactin secretion
Neurological function

- Cognition, memory, taste acuity,
vision

Hematological function

- Coagulation factors,

Skeleton function

- Bone mineralization

15




ZINC DEFICIENCY

Chronic renal disease
Cystic fibrosis
Liver disease and alcoholism

Mild depressed immunity, impaired taste, and smell, onset
of night blindness, decreased spermatogenesis

Moderate — growth retardation and delayed puberty in
adolescents

Hypogonadism 1n males, rough skin, poor appetite, mental
lethargy, delayed wound healing, night blindness.

Severe immune suppression, frequent infections, pustular
dermatitis, diarrhoea.

16




ZINC EXCESS

* Nausea, vomiting, loss of appetite, stomach
cramps (pain), diarrhea, headaches, flu like
symptoms, changes 1n taste.

* Too much of zinc intake (> 40 mg/day)

- Low cu levels, lower immunity (frequent
infections) and low levels of HDL cholesterol
(good cholesterol)

- Blood disorders

- Treatment — drink milk

17




IRON

Oxygen transport and
storage

Hemoglobin
Myoglobin
Hemerythrin,
hemocyanin

Electron transfer
Cytochromes C,
Cytochrome a, a3, & b
Enzymes

Peroxidase, catalase, etc

Nitrogenase — 2 Mo and 30 Fe
atoms

* Oxidases, Oxygenases
* Cytochrome c oxidase

* Non-heme proteins

Iron transport - Transferrin

Iron storage —  Ferritin
Hemosiderin

Iron —sulfur proteins

i. 1 Fe ferredoxins

il. 2 Fe ferredoxins

ili. 4 Fe ferredoxins

18




CHEMISTRY OF IRON

Fe- 26,

Variable oxidation state — Ferrous, ferric, ((IV), (V)..)
2/3 of body contains iron — Hb

RBCs contain a protein called — Hb

Erythrocytes and 1ron are updated every 120 days
Essential for cellular activity of all tissues

Hepcidin — circulating peptide hormone secreted by the liver
that plays a central role in the regulation of iron homeostasis

Internalization and degradation of iron

19




BIOLOGICAL ROLE OF IRON

Metabolic process

Iron essential for

cell division,

cell growth,

synthesis of DNA molecules
protein metabolism

to strengthen the immune system

Fe involved in the formation of connective tissues of several
neurotransmitter in the brain

Cytochromes — transfer of oxygen, involved in energy
production

» Thyroid hormones (iron contain) — regulate metabolic
processes

YV VVVVVY
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Some foods rich in iron include:

Meat and Poultry (Heme Fe)

Lean beef

Veal, Pork

Lamb

Chicken

Turkey

Liver (except fish liver)

Seafood

Fish
Mussels
Shellfish

Non-heme Fe
Cereals
Pulses
Vegetables
Greens, all kinds
fruits
legumes
Broccoli
Sweet Peas
Cabbage etc

pA |




Inorganic Active site / Prosthetic

group

Ferredoxin (e transfer)

In molecular biology
the active site
(prosthetic group) is
part of an enzyme
where substrates bind
and undergo a
chemical reaction. It
can  perform  its
function only when it
is associated with
the protein unit
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(O, storage)
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Electron transfer agents; e.g. Cytochrome C

Electron transfer agents Cytochromes: redox intermediates

Fe?t/Fe3* membrane-bound proteins that
contain heme groups and carry out
electron transport in Oxidative phosphorylation

3




Glycolysis + Oxidative phosphorylation: How food is
converted into energy

Glucose + 36 ADP +36Pi +36H" +60,—» 600, +36ATP + 42H,0
Gluoose gives 18 times more energy when oxidized

ATP+HO —> ADP+P +H +emrgy AG=-73kCalirole

phosphoanhydride bonds
o
aTF  Synihatane ¥ Y ’-'f!{“-__i]
o = e '!'1III|| i
0 o | |
) @ ”
; enargy from m anergy dvailably
sunlight or for cellutar m_:u‘l
from food and for chemical
synihesis
v o)
(g0 + 1|-I.'--|I--I'-|:---l| “-r'"-"'
. : Irl (R} L¥)
inorganic
¥ - & phosphata {F)) m'
membrane Space i —
ATP : Universal currency for
Different forms of Cytochromes energy

(except Cytochrome P-450) are
involved in the electron transfer in living systems
process leading to ATP synthesis
and conversion of O, to H,O




1 microlitre of blood (1/50t" of an

Red Blood Cells —Fact sheet average drop) of an adult human

has

RBC 4,000,000 - 6,000,000
WBC 4,000-11,000

Platelets 150,000—400,000

Each human red blood cell (RBC) contains approximately 270 million of hemoglobin molecules, each
carrying four heme groups;

Hemoglobin comprises about a third of the total RBC volume. The red blood cells of an average adult
human male store collectively about 2.5 grams of iron.

The cells develop in the bone marrow (stem cells) and circulate for about 100—-120 days in the body
before their components are recycled. Each circulation takes about 20 seconds. Approximately 1/4th
of the cells in the human body are red blood cells

Mammalian red blood cells are unique among the vertebrates as they don’t have a cell nucleus in
their mature form (so no chromosomes or DNA present). These cells have nuclei in the early stages
of development, but extrude them as they mature in order to provide more space for hemoglobin.
These cells also does not have cellular organelles such as their mitochondria.

25




RBC strange shape -- a
biconcave disc that 1s round
and flat

RBC has no nucleus. The
nucleus is extruded from the
cell as it matures.

An RBC can change shape to
an amazing extent, without
breaking, as it squeezes single
file through the capillaries.

An RBC contains
hemoglobin.

270,000,000
hemoglobin units are
present per RBC.
Each hemoglobin has
4 heme units; 2 o and
2 B units. Active site
of a heme unit has an
Iron ion

26



BIO-AVAILABILITY - BIO-ABSORPTION

Iron inhibitors

Enhancers

Polyphenols (tea, coffee, wine,
vegetables, some cereals)

Phytic acid
Calcium

Peptides from partially
digested proteins

Soybean

Milk proteins (Casein)
Egg proteins (Egg white)
albumin

e Ascorbic acid
1. Fe(III) to Fe(II)
i1. Chelator

e Muscle tissues

* Ascorbate (as
° Citrate chelators

Increases
Fe uptake)

27




Deficiency of Fe

Anemia — reduce learning
ability, sickle cell anemia, Heart
palpitations, Shortness of
breadth, Decreased
concentration, disturbed sleep,
severe menstrual pain and
bleeding, Inflammation of the
eye, Mouth ulcers, Hair loss

Rheumatoid arthritis
Thalassemia
Blood plasma — low Fe

— 1tchy skin — elderly

— Nails — soft, brittle & white

* Pregnancy

e Newborn child —can become
casily infected

* Miscarriage

 Premature birth

* low weight in newborns

e 1ncreased risk of anemia of child

* Drastic impact may lead to death
of a child at birth

* Slow growth of children &
weaker development of mental
abilities

28




EXCESS OF FE

¢+ Can cause damage to intestinal tract
“*Vomiting, diarrhea,

“sliver damage, abdominal & joint pain, weight loss,
fatigue, thurst & hunger,

¢ cancer,

ssheart disorders,

searthritis,

“*0Steoporosis,

s Diabetes,

“*a variety of psychiatric disorders,

s Cirrhosis of liver,

“*Excessive skin pigmentation
“*Body weakness

“*Hemochromatosis

29



SUPPLEMENTATION

FORTIFICATION

“*Oral iron supplementation
“sFerrous sulphate
“sFerrous gluconate

BIO-FORTIFICATION

»Ferrous sulphate

»Ferrous fumarate

»Ferric pyrophosphate
»Electroltic iron powder
»Wheat flour — Fe fortified food

»Plant breeding

» Genetic engineering
-Wheat
-Rice grains
-Beans,
-Millets

30




HAEMOGLOBIN

Hb — discovered by Friedrich Ludwig Hunefeld — 1840
Structure of Hb - Max Perutz and John Kendrew — 1959
Mb — 1958 X-ray crystallography

Globin protein

Distal histidine - stabilize OxyHb, protects from CO poisoning for both
Hb & Mb, controls the properties of Hb & Mb, Pull effect, do not
coordinate with Fe in both oxyHb & deoxyHb.

Proximal histidine - Push effect

o, 3, tetramer

o= 141 AA residue Hb = tetramer of Mb

B =146 AA residue 2 o chains = 141 AA’s residues — each
. C . 2 B chains = 146 AA’s residues —

N-Imidazole of Histidine P

Structure of heme unit in Hb and Mb
H,PIX? + Fe?* > Fe(PIX)? + 2H"
Heme-b 31




STRUCTURE OF HEMOGLOBIN

Hb = Conjugated protein having M.

W= 65390 Da
Mb = M.W = 16000 Da. = S

o _ . _ Bright red Purple colour

Tetramec{ contﬁimpg 4 1d§nctllcal units | .olour (bluish red)
arrange rqug y 1In tetrahearon. Fo= 75 mm Fe =92 pm
Each contain one heme group. Heme Oxygen co- Water
l_iggrlllglate of iron with porphyrin ordinated coordinated

' Arterial blood  Venus blood
Each Hb molecule has 4 heme e o=
groups bound to the globin (a| ™ . .
protein) on its surface. Diamagnetic Paramagentic
Heme group — prosthetic group. Sgerion 5ol

increases by

(At. Radius Fe(II) = 126 pm) 30%

Van der waal’s radius = 244 pm.

32




DIFFERENCE BETWEEN Hb AND Mb — CHEMISTRY

I T L

Molecular weight 64,000 Da
Metal ion and O. S Fe (II), binds 4 O,

Fe position Not situated on the plane of the
porphyrin ring = just above the
plane 42 pm

Coordination 6 and out of 4 N atom of pyrrole

in a porphyrin system

5th coordination = histidine

6th coordination = vacant or
weakly bonded water molecule

Ligand field Since 5 coordination is only
available it offers HS complex

Magnetic property T,,"e,,~ paramagnetic, ESR
active

Action Transport of molecular oxygen

%sat vs PO, mm Hg Sigmoid curve — pH effect —
Bohr effect, co-operative effect.

Low O, conc — less oxygenated

16,000 Da.

Fe (II), binds only one O, molecule

In the plane of porphyrin ring

6 and out of 6, 4 N atom of pyrrole ring
in a porphyrin ring system

5% coordination = histidine

6" coordination = oxygen molecule

Enough field is available to make LS
complex

t,’, diamagnetic, ESR inactive

Storage of molecular oxygen

Hyperbolic — No pH effect , no co-
operative effect.

33



STRUCTURE OF HEMOGLOBIN

Hb REACTIONS

STRUCTURE

Lungs (gills):
Hb+40, —> Hb(0O,),
Tissues:

Hb(O,), + 4 Mb =——> 4 (Mb(O,) + Hb

CO, as HCO; (25%)
1t stage

2nd stage

34




FUNCTION OF HEMOGLOBIN

Hb = tetramer of Mb

Mb does not exhibit
Bohr effect and

Sigmoid curve

Hb binds 4 O,, red pigment in
RBC:s carries O, from lungs to
the tissues in the Mb.

Hb = cooperative effect binds
4 oxygen,

Enhanced affinity results in a
sigmoid shape instead of
straight line for the curve.

At lungs Hb saturated with O,,

As blood returns from the
tissue, 1t takes away CO,.

CO, 1s more soluble than O, in
the blood.

CO — 500 times stronger than
O, — for free heme

(steric hindrance — Globin
Protein, Dist & Prox. Hist and
H-bonding)

35




STRUCTURE AND FUNCTION OF
CHLOROPHYLL

Structure of chlorophyll was
established by H. Fischer
1940, R. Willstater 1915, and
J. B. Conant.

R.  B. Woodward  first
synthesized chlorophyll from
simple organic molecules —
1960. Nobel prize — synthetic
organic chemistry — 1965.

1817 — Chlorophyll was
isolated by Joseph Bienaine
Caventon and Pierre Joseph
Pelletier

* Chlorophyll

—Mg — porphyrin complex — green
pigments in plants

—Square planar complex - Mg?*

* Mg 1s at the centre of the flat
heterocyclic ~ porphyrin  ring
system

* Metal atom 1s bonded to four
nitrogen atoms

* Chlorophyll a 1s the pigment
directly responsible for the
transformation of light energy to
chemical energy.

6CO, + 6H,0O + Solar Energy

> C6leo6 + 02 36




STRUCTURE AND FUNCTION OF

CHLOROPHYLL continued..
1906 — Mg STRUCTURE
ARTIFICIAL

PHOTOSYNTHESIS
- water splitting reactions
- fuel cells

37




* Chlorophyll as a photoreceptor/photosensitizer
—Chl.a—R, =CH,4
—Chl. b—R,=CHO
Magnesium — porphyrin complex (macrocyclic ligand) — green pigment
in plants
- Square planar complex containing Mg>*
- Metal atom 1s bonded to four nitrogen atoms
- Reaction takes place at R.T. (which is quite difficult to perform at lab)
- Mg- slightly above the plane of the rigid chelate ring structure
- One or two water molecules — Chl can add axially

- Chl responsible for transformation of light energy to chemical energy
(red region — near 700 nm)

-  Hydrophobic long hydrocarbon chain — Phytol attached to ring
helps anchor molecule in internal membranes of chloroplast

- Photosynthesis = chl + 4 other metal complexes [Mn complex + 2
iron complexes (Cyt & ferredoxins) + copper complex (plastocyanin)

38




INTERESTING ASPECTS OF CHLOROPHYLL

AMAZING FACT

ATP PRODUCTION

From where does the
oxygen molecule come
from, whether from water or
carbon dioxide?

Traces studies — Oxygen —
comes from water and not

from CO,

ATP molecules — produced
during cell respiration (3
step process of ATP
production)

- Glycolysis

- Tricarboxylic acid cycle

- Oxidative phosphorylation

[2 ATP & 6 NADH]

produced for every glucose
molecule entering glycolysis

39




FUNCTION OF CHLOROPHYLL

CO, + moisture = glucose + O,

Photosystem — I and
Photosystem — 11

Chlorophyll absorbs light in
the red region = 680 nm
from sunlight

Glucose is further converted
into polysachharides like
starch.

When 1t 1s associated with
certain proteins and
embedded 1n a specialized
membrane

Mn complex and Two iron
complexes

Cytochrome
Ferrodoxins

Copper complex -

Plastocyanin
CO, undergo red — glucose

H,O undergo oxid — oxygen

40




FUNCTION OF CHLOROPHYLL continued...

6CO, + 6H,0 = hy/Chl = CH,,0,+ O,
(A) [Reaction takes place in two steps]

FIRST STEP: Light reaction

[EMR energy (visible) is trapped]

12 H,0 = oxidized = 12 H, + 60,
(Water oxidation)

SECOND STEP: Dark reaction

[Energy acquired in light reaction used]

6CO, + 12 H, = 18 ATP=CH,0,+6H,0

* reduce CO, to glucose ie., ug red".

* for one molecule of glucose = 18
molecules of ATP

* Energy needed for above reaction —
supplied by ATP molecules

ROLE OF Mg IN CHLOROPHYLL
(PHOTOSYSTEM -1 & PHOTOSYSTEM - II)

ELECTRON TRANSFER REACTIONS —

*  Mn complex (OEC)- under go reversible
redox reaction

* Fe - cytochromes
*  Ferrodoxins
*  Cu-— Plastocyanin

*  Photosystem — I — electron donor — Cu
protein

*  Photosystem — II — electron donor — Water
molecule

e OEC - light driven oxidation of water to
molecular oxygen is carried out by the
OEC in PS (1I)

* SO -S4 — Four (semi) stable S — states

41
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INTRODUCTION TO
INTEGRATED CIRCUITES (IC)
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« HISTORY OF IC
« INTEGRATED CIRCUIT (IC)
* TYPES OF IC
« APPLICATION
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DISCRETE CIRCUIT COMPONENTS




Discrete Circuit Vs IC




INTEGRATED CIRCUIT (IC)

» First commercially successful Monolithic Op-Amps (1965)

' |If multiple electronic components are interconnected on a single chig
of semiconductor material, then that chip is called as an Integrated
Circuit (IC). It consists of both active and passive components.

Silicon Chip

clogy.org



ON BASIS OF CHIP SIZE

SSI (small-scale integration) : Up to 100 electronic components per
chip.

MSI (medium-scale integration) : 100 t0 3000 electronic components
per chip.

LS| (large-scale integration) : 3000 to 1.00.000 electronic components
per chip.

VLSI (very large-scale integration) : 1.00.000 to 1.000.000 electronic
components per chip.

ULSI (ultra large-scale integration) : More than one million electronic
components per chip.



ON BASIS OF FABRICATION

* Monolithic ICs
 Thin and Thick Film ICs.
* Hybrid or Multi-chip ICs.



rd ‘monolithic’ comes from the Greek words ‘monos’ and ‘lithos’ which m
and 'stone’.

ynolithic IC’s refer to a single stone or a single crystal.

power rating.

not be used for high power applications as it can’t have power rating of mo
1 W.

isolation between the components within the integrated circuit is poor.

Thin and Thick Film Integrated Circuit

ntegrated circuit are larger than monolithic IC’s and smaller than discrete

e used in high power applications.



Integrated Circuits

/\

Linear Integrated Circuits Digital Integrated Circuits

(Op-Amps) (Computers and Logic circuits)
The relationship between the The circuit is either in on-state or
input and output of a circuit is off-state and not in between the two

linear



ADVANTAGES OF IC

Small size

Low cost

Improved performance
High reliability

Low power consumption
Easy troubleshooting
Increased operating speed
Less weight, volume

Easy replacement

DISADVANTAGES OF IC

* |IC is small in size its unable to
dissipate large amount of power.
increase in current may
produce enough heat which may
destroy the device.

* At present coils, inductors and
transformers can not be produced in
IC form.



APPLICATIONS OF 1C

* Bipolar Junction transistors.
* Logic Gate array.
* MOSFET.
* Timer ICs.
* Micro Processors.
* Op-amps or Operational Amplifies.
* RAM chips /Memory chips.
* VVoltage /Current regulators .



Thank you



OPERATIONAL AMPLIFIER

Operational Amplifier, also called as an Op-Amp, is an versatile integrated circuit device, whic
can be used to perform various linear, non-linear, and mathematical operations. An op-amp is
direct coupled high gain amplifier. You can operate op-amp both with AC and DC signals.

The term Op-Amp was originally used to perform Mathematical operations such as summatior
subtraction, integration and differentiation.

Early Op-Amp were constructed by using Vacuum tubes(in 1948 first VT based Op-Amp). Th
invention of semiconductor based Transistor replaced Vacuum tubes and therefore they wer
costly. In 1965 first Monolithic IC based Op-Amp was invented. The Op-Amps were then widel
used with the reduction in cost.

The inexpensive linear IC Op-Amps perform all the functions of the discrete Op-Amp.
CONSTRUCTION OF OPERATIONAL AMPLIFIER

An op—amlp consists of differential amplifier(s), a level translator and an output stage.
differential amplifier is present at the input stage of an op-amp and hence an op-amp consists ¢
two input terminals. One of those terminals is called as the inverting terminal and the other on
is called as the non-inverting terminal. The terminals are named based on the phase relationshi
between their respective inputs and outputs.



741

8-pin DIL {Dual In Line)

not connected

+ ¥V

output

offset null



BLOCK DIAGRAM REPRESENTATION OF TYPICAL
OP-AMP

Hunw
—_— - LEVEL
INTERMEDIATE OUTPUT
;:,FUT STAGE = SHIFTING S STAGE -
e E —— CIRCWUIT
inverting
P
1. In

> Dualilp, Balanced o/p Diff Amplifier
* Provides = most voltage gain of Op-Amp
= i/p resistance of Op-Amp

2.Intermediate Stage:
* Duali/p. Unbalanced o/p Diff Amplifier

* Dnves the o/p of 1% stage
* Direct coupling=> dc voltage well above gnd level

* Dc voltage level to zero wrt gnd

4 Output Stage:

* Increases o/p voltage swing

* Raises current supply capability of Op-Amp
* Low Resistance



rational Amplifiers have atleast following five terminals:

e positive supply voltage terminal (V_. or +V).

e negative supply voltage terminal (-V . or =V or =V).

e output terminal. inverting input
e inverting input terminal. non-inverting input

e non-inverting input terminal.

input at inverting terminal results in opposite polarity (antiphase) output.

le the input at noninverting terminal results in the same polarity (ph
ut.

op-amp is fabricated on a tiny silicon chip and packaged in a suitable case.
ye wires are used to connect the chip to the external leads.






e ee—

e

-AMP is a very high gain amplifier fabricated on Integrated Circuit (IC)
mbination of many transistors, FETs, Resistors in a pin head space
1ds application in:
udio amplifier
ignal generator
ignal filters
iomedical Instrumentation
And numerous other applications

antages of OPAMP over transistor amplifier:

Less power consumption
Costs less

More compact

More relhiable

Higher gain can be obtained

Easy design
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Ideal Op-Amp characteristics

VOLTAGE GAIN (A): INFINITE
A difference between two inputs is amplified infinitely

+.=+5V
- 15V
VO VO th - V
A =— = e

Via (Vii—Vi2) Vi 0
oltage at noninverting input (volts) v;,, — I _5y
oltage at inverting input (volts)
itput voltage (volts) | oy =Y

ifference input voltage



ZERO OUTPUT VOLTAGE : When input voltage is absent.
INFINITE INPUT RESISTANCE : No current flows into inputs.
ZERO OUTPUT RESISTANCE :

INFINITE BANDWIDTH :

INFINITE SLEW RATE : Infinitely fast



Tdeal Operational Amplifien vensus 4ctual Opevational Amplifion

Parameter - Ideal Op-Amp Real Op-Amp
Differential Voltage Gain | 00 . 105- 109
Gain Bandwidth Product (Hz) | c0 1-20 MHz
Input Resistance (R) | 0o 109 -1012Q
Output Resistance (R) | 0 100 -1000 Q

* HT‘ Vo=AVig=A (Vi — Via)

Ideal op-amp Practical op-amp

Non-inverting
H

Inverting




Vo=AV5=A(Vy — V;2)

P = Ideal op-amp Practical op-amp
I Wi
inverting L. & i
¢ i TS s
Via |1 R; :‘_
-
I - Al-’,d f[i____ e 2 .-T . 0 ‘
Inverting o I g Uy S ] 7l v,
Wy it Y I -
i+ 4 L LL i |
— -_— lI.l’E.E. — = - [ -1{::E — =
aure, Parameter - Ideal Op-Amp Real O
- voltage at noninverting input (volts) . . : 5
- voltage at inverting input (volts) Differential Vﬂltage Gain 2 10
Output voltage (volts) Gain Bandwidth Product (Hz) 0 1-20
- Difference input voltage
= Input resistance Input Resistance (R) 00 100 -

Output resistance

Output Resistance (R) 0 100 - .



|deal voltage transfer curve

A = Vo Vo
- — = Positive saturation |_______
Vida (Vi1—Vi2) voltage +V.. * B
Vo=AV;;=A (Vil o ViZ)
s +ia

The output voltage linearly varies
with input difference voltage until
it reaches the saturation voltage @ ——F#-----1
and next higher values it remains
constant.

Negativesaturation
voltage -V,




Thank you



Tdeat Operational Amplifiers

itage gain
tage difference at the two inputs is magnified infinitely
ith, very high (~250000)
ns difference between inverting terminal and non-terminal is amplified by 250,000.
put impedance +V..=+5V oA
irrent flows into inputs -
ith, about 102 2 for Field Effect Transistor input op-amps — +5V
Vs
ut impedance /\/ Vi 0
solid independent of load &
up to current maximum (usually 5-25 mA) -5V \
fast (infinite bandwidth) —V.=-58V
ically limited to few MHz range
rate limited to 0.5-20 V/us The output voltage never excess the DC voltage supp
Op-Amp

Ot -Amp
p-amp is configured in any negative-feedback arrangement, it will obey the following two rules:

1puts to the op-amp draw no current (true whether negative feedback or not)

p-amp output will do whatever it can (within its limitations) to make the voltage difference between the two
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PRACTICAL OP-AMP
CHARACTERISTICS



Characteristics of Operational Amplifier (Op-Amp)
A

nput offset voltage (V{OJ) =V,,is the input voltage which must be
pplied between the two input terminals to obtain zero output voltage

(P (Vdcl - Vdcz) \/
. /

"1c1= Input dc voltage to terminal 1 | VierWaer = Vaed)
"1c2= Input dc voltage to terminal 2

o Z oV
\/I‘Lot Vi = 0"

_]"':?-:




put offset current (I;,) = I;, is the
gebraic deference between the
iIrrent in the inverting and non-
verting terminal. When Ip; and
2> come closer, the Input offset
irrent ( [;, ) becomes smaller.
aximum value for 1C741 is 200 mA.

Iio = Upgy-Ip; |

put bias current (Ig) = Ig is the -y,

rerage current flowing in the
verting and non-inverting terminal

an op-amp.
I Ig + Ip
BE— 2

Positive saturation
voltage +V..

Negativesaturation
voltage -V,

Slope A

+ Vid'



Output Voltage Swing

The output voltage swing
between the positive and
negative saturation voltages and
is called output voltage swing.

This parameter indicates the
values of positive and negative
saturation voltage of the op-
amp.

Positive saturation
voltage V.,

Negative saturation
voltage —V/..

Vi



rge Signal Voltaﬁe Gain (A) : The ratio of the output voltage to the different
put voltage is called large signal voltage gain.
output voltage Iz

" Differential input voltage B Vid

utput Voltage Swing

e output voltage swing between the positive and negative saturation vol
d is called output voltage swing.

is parameter indicates the values of positive and negative saturation volta
e op-amp.

fferential input resistance (R;) :

ifferential input resistance R; is the equivalent resistance that can be measit

either the inverting or non-inverting input terminals with the other termin:
nnected to ground. Typical value for 741 IC is 2 mega ohm.

put capacitance (C;) : Input capacitance is the equivalent capacitance that
 measured at etither the inverting or non-inverting input terminal with the
her terminal connected to ground. Typical value for a 741 IC is 1.4 Pf.



NMR Spectroscopy
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Content
Principle of Proton Magnetic Resonance(1H NMR) spectroscopy,
NMRspectrum,
chemical shift,
nuclear shielding and deshielding,
spin-spin coupling(n+1) rule,
intensity(height) of the signal,
TMS as internal standard-advantages,
interpretation of PMR spectra of simple organic molecules such as
ethyl bromide,
n-propyl bromide,
1so propyl bromide,
ethanol,
acetaldehyde and benzene
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Range of Spectroscopy

Depending on the property being studied, a specific
Wavelength of the radiation is chosen to interact with matter

THE ELECTROMAGNETIC SPECTRUM

wwﬁl::g:: Radio Microwave Infrared Visible Ultraviolet X-ray Gamma Ray
103 102 10°% 5x106 108 1010 10712
T ———— NSy
(Hz2)
104 108 1012 k 105 m'}'ﬂb 10'8 1020
| | Y I
Structure of molecules Flectronke state
Rotatlon of molecules Structures of molecules

Vibration of molecules



What is Spectroscopy

Spectroscopy involves the study of interaction of radiation with
matter

Electromagnetic Wave

4—mum-nc Field (1)
£ Elect

i X il Stmita

Tl Yy, Fnergy=hv
PFropagation ¥ bt 4 i
Direc tion | T |

Ciround Stal

Radiation Matter




NMR Spectroscopy: A unique spectroscopic tool
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NOBEL PRIZES IN NMR

A True Measure of Multidisciplinary Science
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NMR Spectroscopy: A unique spectroscopic tool

* NMR Spectroscopy 1s a non-mvasive/non-destructive method

* In NMR spectroscopy. each atom m any given molecule can be probed selectively

* The system can be studied at varying conditions of pH, temperature, solvent,

pressure ele

* NMR spectroscopy can be used for accurate quantification of different components
In & mixture

* All the three states of matter: solids, liquids and gases are amenable 10 NMR

SPECIroscopy

* In additon to structure, NMR spectroscopy can used to probe dynamics at an atomic

resolution for a wide range of time-scales
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Image adapted from https://sdbs.db.aist.go.jp

H-1 NMR spectrum of ethanol

CH;—CH,—0O-H

(3) CH,
d

1.26
a b c triplet
o 14 proton shift ppm 1.26  3.69  2.61 1:2:1
(proton ratio in molecule) (3) 2) (1) CH,
(integrated area under peak) split by
CH
(2) CH, 2
low resolution H-1 NMR for ethanol CH, b
split by 3&55: Can be at
p
i (1) ¢ i CHy 1:3-3:1 ~5.2 ppm
lP (see notes!) T
- A (13: O-H "
0 Wl ] S
Zz 2.61
= 4 5 P l singlet
=
| W
H-1 NMR chemical shift ppm
- 1rr 1 1 ' 1 L Pt
11 10 9 a8 7 = 4 3 Z 1 0




Gk CH,
CH,
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#(ppm) a(ppm)

13C NMR spectrum H NMR spectrum
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Image adapted from
https://sdbs.db.aist.go.jp b | CH; protons
.  adanptatic 1.68 split by
- CHE protons
(proton ratio)  (3) 20
1:2:1 triplet
The 1H NMR spectrum of bromoethane
CH,, protons d
CH3— CH,—Br splitby .
CH}[}rDtDI'IS {2} 00
a b into a T
1.68 3.43 1:3:3:1 quartet M
14 proton shift ppm S
_——JI ll"lh-u--'—-
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Image adapted from https://sdbs.db.aist.go.jp (National Institute of Advanced Industrial Science and Technology, date)

just a singlet

H-1 NMR spectrum of benzene
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M
S
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Nuclear Magnetic Resonance (NMR) Spectroscopy

8 55

proton  neulron

ik [
4 4

Matter Alom Nucleus Nucleons

* T'he net (total) spm of the nucleus 1s equal to the sum total of spins
of the nucleons after pairing them up

* The net spin can be zero, half-mteger or an nteger

* Many elements in the periodic table have non-zero “Nuclear Spin”, These

elements/isotopes are called “NMR-netive”,

« Any molecule contaming such elements (with non-zero nuclear spm) 18
amenable to study using NMR spectroscopy




NMR Spectroscopy

Estimating the Nuclear Spin

Atomic Mass

Even

Odd

0 (NMR In-active) (C,
160))

Half Integer
(112,312,502 .)
E.g., B¥C=1/2, V0=5/2

Odd

Integral value
(e.g., *H=1; “N=1)

Half Integer
(1/2.3/Z ...)
E.g, 'H=1/2, "™N=1/2



Most commonly studied nuclei

IH )

3¢ All these

- Spins have
\ 1=172

PN especially when labeled in proteins
19F
BN




Proton/Neutron A spinning charge creates a magnetic

Inside the moment, so these nuclei can be thought of
Nucl as tiny magnets.

UCICUS
(spin= ')

h"* f |
Applying

Lxternal

Magnetic

”' DU

In absence of any external
Magnetic field



Classical mechanical picture
* The external magnetic field exerts a torque on the spinning nucleus, This causes the
nuclear spin to precess around the magnetic field

* The precessional frequency is same as the energy gap between the two spin states

(By)

Larmor A : o
aae e F “l‘“
Precession | ; Energy
wy=YB, L, e
i =78 =




Strength of the magnetic field
# The strength of the miagnebe Held s gven m dilferent wmls:
Tesla, Gauss or MHz (1 Tesla = 107 Gauss)
= The most common way o indicate the magnetic fiekd strength s o give n terms

of the Larmor Precessional frequency: v =ny/2n=v8y/ 2n of 'H nucleus.
Higher the Larmor precessional frequency, larger i the magnetic fekd.

Magnetie leld sirength
Tesln Mz
TO5T 300 Mz
15T S00. MHe
[
16451 T00 MHz
i B | SOty Mz

= Earth's magnete Neld & 0.5 Gouss




Quantum Mechanical Picture

* The system is thus sphit into two states with diflerent energies:

E\»=-12hB, andE,,= 1/2 h By => AE=E ,,~E,,= hB,

For 1=1/2
"f]“ ul‘li
L=12F 1172k

In absence of an external
magnetic field, the « and f states
are degenerate (i.e. they have the
same energy)

|

AE=hw/2xn

=78,
(in radio frequency range)

!ll{"

o e

P

W L]
oL

When an external magnetic field 1s applied
these two states split into two distinet levels




Quantum Mechanical Picture

*We can induce transition from *a’ to *[}" state or vice-versa by
supplying energy equal to the gap between the two states

AE=hv

(NS 5%

o

* Hence the name ‘nuclear magnetic resonance’ (resonance results in
energy transfer)

* The number of nuclei in the ground state is more than in the excited state at
equilibrium. Hence, there is a net absorption. The strength of the signal is
proportional to the net difference in population between the two states.



Quantum Mechanical Picture

* In a sample, if there are N number of molecules each containing a given nucleus (1=1/2),
the molecules will be partitioned nto the two states (1, =1/2 and 1= -1/2) as:

N=Nya+ N, (Le, N+ Ny

Nyo/ Ny, = e (k=Boltzmann constant, T=temperature)

This is the well known Boltzmann law, an universal law obeyed in nature,

« In NMR spectroscopy: AE = vhi3,

=2 Ny /N = @ ORE L 100001 at room temparature (300 K)

* The difference in population between the two states is very small. Hence, the
NMR signal is very weak and this causes the sensitivity of NMR 1o be low.




Sensitivity of NMR

* According to Boltzman law, the population ratio or difference 1s governed as:
4444 WY
8
Ny /N, = oA = o VHBOAT . }AF.
44444544
M+

* To increase the population difference, we have to increase energy gap
between the a and the [ state (1., mcrease AE)

“l:i“

$44444 an
RRLAL Increased
Sensitivity *

fnT”TT 1y “o (increased AE)

» AE= yhB/kT can be mcreased by: (1) Going 1o higher y
(2) Increasing the magnetic field (B,)
(3) Lowering the temperature (T)

* Sensitivity can also be increased by increasing the total number of nuclei
(Le., increasing the concentration of the sample)




General layout of the essential components in a
spectrometer

Source Detector or
————| Sample cell
P ———= | transducer

ﬂ

Display/ Analyzer
Recorder [~——
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Optical fiber is the technology associated with data transmission using light pulses,
which is usually made of plastic or glass

! Cladding Buffer coating




Exil ray

Loy snclox e
fair)

\"\ Partial intermaal

\‘frflﬁfﬁ'ﬂﬂ

High inclex m
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Incidont ray




Low index cladding [

Core axis

High index core

1 meridional r




Mo light lost — cladding allows
plete internal reflection.






* Note

* B, and i,, both are acceptance angle
* N.ore and ny are same, refractive index of the core medium

* Ncladding aNd Ny are same, refractive index of the cladding medium



» Any ray incident into fiber core at angle > 0, will be transmitted to
core-cladding interface at an angle < ¢, and will not follow TIR.
= Lost (case B)




D.” 1s the maximum angle to the axis at which light may ent
he fiber in order to be propagated

—> Acceptance angle for the fiber



Optical fiber ACCEPTANCE ANGLE

btance cone
':Im fly=
\ Glass core iy =

ceptance angle

W 4

Consider a light ray entering from a medium air of refractive index n, into the fiber
with a core of refractive index rnq which is slightly greater than that of the cladding
Fiig .

ng Snell's law of reflection at point A,

sine, VPR - e - .
SETLER i, I lm

VA = n,sini,,, = n, sinod
8 = (90 — B'}
78 = stn(90 — ) = cosO’

ting sin@ in the above equation,

int,, = n,cos®’

trnn £, = -'-?J--cc..rﬁﬂ'
i,

Iy



Applying Pythagorean theorem to APQR,

2 9 n‘
n - n sini =
r J 1 a2 rria

cos® — o

rn

!

Siﬂi =n'l Jﬂlz—ﬂ.i i J;llz-n:
My n, n,

i = sin” J L

e n

o

Mg

The maximum value of external incidence angle for which light will propagat

g .

— -1
iﬂ'lfﬂ'l.ﬂl."} = sin |:
0

2 2
‘Jnl — N,
n

The angle is measured from the axis of the positive cone so the total :

vergence is actually twice the slated value.



Numerical Aperture

« NMumerical Aperture is the ability of fiber to collect the light from the source and
save the light inside it by maintaining the condition of total internal reflection.

Numerical Aperture

Acceptance cone
[lm “::'1 *'6 I

Glasscoreny=1.5

« Consider a light ray entering from a medium air of refractive index n, into the fiber
with a core of refractive index 72y which is slightly greater than that of the cladding
TLa .

Applying Snell's law At core claddinginterface ,

sird 0 ) n ) . )
—re = 1 n,Sin EIE- =1,5in 90 sinfl, — —
sinh ¢ n, 721



n the TIR takes place, f' — E::‘ 2 i_—_l‘m In right angled A PAR

¢ :
r B =critical angle andf,m= acceptance angle P ..
, f ? | = E —ﬂ::

=fore,

- . T o'
n, Sinnd,, = 1, stn® NA= n, Si72ly — 724 szﬂ.(i — 8. ) = n,cos U,

" — _ sinntzyr/2
cosg!, (1 si72Q: )

From the above equation

NA= sirely — 729 (1 — SinB::?)]fE

sini, — n1(1 — sin)'/2
we know,
TL:
.SZTI-BE e _3
T




N.A.= sini,,

« sini,, represents all the light rays within cone ofi,, , which maintain the condition
of TIR inside the fiber.

+ The NAis always chosen so as to accept maximum incident light, satisfying other

requirements

NA = Jn? - n
nd -n3 =(n +n)(n -ny)
N N e
2 n, ,
Generally n, is only few percentage greater than n, l.e.. approximately E!%‘i._,{_

n, —n
we can express the above relation as (nf —n3)=2n{A . Where ﬂ“""'"]—;—i

It gives,
NA = J2nlA

NA = n,~J24 wuld)

Numerical aperture is thus considered as a light gathering capacity of an optical fibe
It s a measure of light that can be accepted by a fiber. From the equation (6) It Is cle¥
that numerical aperture Is dependent only on the refractive indices of the core af
cladding materials and does not dependent on the physical dimension of the fiber.




1. Numerical Aperture:
» |tis defined as the light gathering capability of an optical fiber.

« Itisthe ability of fiber to collect the light from the source and save the light inside it
by maintaining the condition of total internal reflection.

The Numerical Aperture is given by:
N.A=ny * (2A)1/2

or
NA=,/n?2 —n3 = sinb,

where 11 = refractive index of core.
na = refractive index of cladding.
#,= acceptance angle.

+ The NAis always chosen so as to accept maximum incident light, satisfying other
requirements.
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Glass core and cladding (SCS: silca-clad silica)
» Low attenuation & best propagation characteristics

* Leastrugged — delicate to handle

Glass core with plastic cladding (PCS: plastic clad silic
e More rugged than glass; attractive to military applications

e Medium attenuation and propagation characteristics

Plastic core and cladding
» More flexible and more rugged

« Easy to install, better withstand stress, less expensive, weigh 60%
less than glass

e High attenuation- limited to short runs.



ractive Index Profile: Two types

Step Index : Refractive index makes abrupt change

Graded Index : Refractive index 1s made to vary as a functio
the radial distance from the centre of the fibe

de of propagations : Two types

: Single path of light
 Multimode : Multiple paths






Multimode graded-index fiber




Refractive

ndex nir]

Relractive index (qir)

.....

« Radial distance irl



ost widely used optical fibers consist of a core
Id cladding, both made of glass.

Ithough, it give a lower NA for fiber, but
ovides a far more practical solution.




Single mode (mono-mode) Fibers

Fs: Most important for long-haul use (carrier and Internet cor

all core (8 to 10 microns) that forces the light to follow a |
gle path down its length.

sers are the usual light source.
st expensive and delicate to handle,

hest bandwidths (GHZz) and distance ratings (more than 100




Multimode Fibers

tively large diameter core (50 to 100 microns)

-index multimode cable has an abrupt change between core
ding. It is limited to about 50 Mbits/sec

led-index multimode cables has a gradual change between
cladding. It is limited to 1 Gbit/sec.




-5 — AT TENUATION OR LOSSES IN FIBER

he losses of signal power when the light propagates from onc cnd of the Mber to
The b

end in single mode or multi mode Mbers Is known as attenuation.
nismm in fiber arc absorption, scattering and radiativc losscs of the optical cne

here are different types of attenuation or losscs Iin fiber optics. They are,.
Absorption losses
Material. or Rayleigh Scattering losscs
Bending losses
Core and Cladding losscs.

gnal attenuation or loss iIs defined as the ratio of optical output power r»__ fx
f length I to the optical power input P . This power ratio is a functic
ngth. The symbol o is commonly used to express attenuation in decibel:

rer.

P = P e "

(=153 4

1ere ‘ot is the signal attenuation in dB/km and L is the fiber length in km.

R ey T
L Pﬂlut
units of dB o is defined through the equation.
10 2
I g]G[PM‘ ]

e power loss is given by.

)
Power loss (dB) = — 10 l.og[ ;u

Power loss
fiber length

P
— 10O loag > sy a
o (Pm ]

I
A= — 10log| Xeu ). 1
P, I --

Attenuation A==




Power loss (dB) = — 10 !og( J

) . Power loss
SUARCTRB LR fiber length

P
— 10O log» | —=ut
g[p
A =

L
A— — 10105;[__‘;0: ] - %
o equation
substituting the value of power loss from equation (2) t q (3), we get

!crg[P“"‘] AL

B 10
P;‘l-.u! = E—ﬁLflﬂ

B

By = By 00

Where P, and P, are in watts and L is in km.

A B

a1l

I. = 10 L 5..‘1._
The length in km can be derived from = —== 0o

1. Absorption losses (Uv absorption. IR absorption and lon resonance absorption)
2. Scattering losses

3. Bending losses or Extrinsic attenuation (Macroscopic and Microscopic bending)



2
¥ O = (-1,
Where 1 = Wavelength
N = refractive index
k, = Boltzmann constant
Br| — isciitrmial comipressibilily
1, = Tictive temperature

The in homogeneities in glass and the attenuation of light is proportional to 1/A*. Th
/IEIZN SCATIETING COEIICIENT 1S gIVEn DY,



bsorption losses (Uv absorption. IR absorption and lon resonance absorption)
cattering losses

ending losses or Extrinsic attenuation (Macroscopic and Microscopic bending)
ore and cldding materials mmmd,

Core

ughu-nrdet mudu

AR~

Power coupling to
higher-order modes




Thank you

lote:

By making use of this PPT make your own notes by referring book.
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path
Variation A

wrical aperfure

herials used

a rate
nuation

Comparison between Step index ond Groded index

- Step Index

The refractive mdex of the core is
uniform throughout and undergoe: an
abrupt {or) ﬂép chonge at the clodding
boundary.

Light ray travels in zig zog paoth

n,—n.

n,

Mumaerical aperture remains constant

Step index fiber ks of two types viz; mone
mode fiber and multi mode fiber.

Mormally plastic or glass is preferred

Data rate ks low
Typically 0.34 dB/km ot 1.3 mm

In local area ne:h-mri:

Graeded Index

The refractive index of the core is mad
to vary in the parabelic manner such th
the maximum refractive index is preser
at the centre of the core.

Light ray travels in oscillatory fashion

- e

N, — s
E:r_'l,_rl

Mumarical aperture changes along the
radial distance from fiber axis

Graded index fiber is of only one
type, that is multi mode fiber.

Chnly glass is preferred

Data rate i5 higher
6 to | dB/kmoat 1.3 mm

In LAM and WaN



Signhal distortion in Optical waveguide

When optical energy travels along the fiber, spreading of light pulses
takes place due to Inter and Intramodal dispersion which causes
distortion in the output.

It takes place in both digital and analog transmission
This limits the bandwidth attainable in the fiber

Therefore, the digital signal bit rate must be less than the reciprocal
of the broadened pulse duration to avoid dispersion.

Jintermodal Dispersion

Jintramodal Dispersion (Material dispersion and Waveguide
dispersion)



BLOCK DIAGRAM OF FIBER OPTIC COMMUNICATION SYSTEM

Transmiiier
Electracal r __________ Fibe i.—l Optical
nput i Mylcad | splice
i d Lo | o I
cireuit source
I l Connector
L ——————————— Optical
fiber
Regenerator
or
Oprical coupler or

— Flecincal signal - R beam splittet
77 Opvical signal | Oeical

r-—l

receiver L.J‘—W
L 4
Elect

romcs
To other equipment
bzzzzzzZZZ | Oprica J

iransmilter




AGRAM OF FIBER OPTIC COMMUNICTION SYSTEM:

mation to be conveyed is converted into electrical input signal and enter into the
] transmitter. This optical transmitter converts electrical signal into optical form
e resulting light signal is transmitted over optical fiber.

1e recelver end, an optical detector converts the light back into an electrical signal.

ITER:

eart of the transmitter 1s the light source. The major function of the light source

vert an information signal from its electrical form into light.
optic communication system use light source as, either light emitting diodes
s) (or) laser diodes (LDs). Both are semiconductor device that effectively

rts electrical signal into light.



PTIC FIBER:
* The transmission medium is fiber optic communication systems is an optic fiber.
e Optical fiber 1s the transparent flexible filament that guides light from the transmitter
to a receiver.

e Optical fiber 1s generally made from a type of glass called silica (or) less commonly

from plastic. It 1s about human hair in thickness.

PTICAL RECEIVER:

= The key component of an optic receiver is 1ts photo detector. The major
function of photo detector 1s to convert an optical information signal
into an electrical signal.

= Photo detector in today’s fiber optic communication system 1s a

semiconductor photodiode (PD)(P-n, PIN or avalanche) and 1n

some instances, phototransistors and photoconductors .



ENERATOR:

* Regenerator is used to boost an optical signal to transmit information

over a long distance.

* A regenerator accept an optical signal, converts into electrical signa
makes a decision whether 1t 1s bit O(or)bit 1.generates a new electric

pulse, converts back into an optical signal, and transmits reshaped sign

farther along the fiber.



Thank you
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CONTENT: Photochemistry

Photochemical reactions

Laws of photochemistry

Beer’s law,

Lambert’s Law,

Beer- Lambert’s Law,

Grothus-Draper Law and

Einstein’s Law of photochemical equivalence,

Quantum efficiency or yield, reasons for high and low
quantum efficiencies with examples,

Fluorescence
Phosphorescence
Photosensitization and

Chemiluminescence. 2




’ Its reaction of matter with light




What Is Photochemistry 7

» (racomo Clamician 1s regarded as father of
Photochemistry.

» Photochemistry i1s the study of chemical
reactions that produce with the absorption of
light radiation by atoms molecules.

# It also includes the reactions that are
accompamed by the emission of chemical
energy as radiation.



mﬂ'"‘f - - 2
~ INTRODUCTION

= Photochemistry 15 concerned with the absorplion, exciation
and emission of photons by atoms, atomic wons, molecules
and molecular ions ete.

A1t deals with the study of imteraction of radiation with
matter resulting inte physical changes or into 4 chemical
reaction.

= The term rudiation includes all type of electromagnetic
waves from very low [requency microwave o high
frequency X-ray and y-rays,

= The radistion of photochemical imporiance are visible and
L'V radiation.



CHARACTERISTICS OF LIGHT




LAW GOVERNING ABSORPTION OF LIGHT

The fraction of light absorbed (110} is given by the
Lambert’s-Beer’s law:

Lambert’s law: When a monochromatic light 1s passed
through a pure homogeneous medium, the decrease in
the intensity of light with thickness of the absorbing
medium at any point is proportional to the intensity of
the incident light.

Mathematically:
difdx a |
or dl/dx = kl



.-—-"51-‘-‘"

Beer's law: When a monochromatic light is
passed through a solution, the decrease in the
mtensity  of light with thickness of the
solution 1s directly proportional fto the
intensity of the incident light and the
concentration of the solution.

Mathematically :

di/dxal xc¢

or dl/dx = Ice



.--"ﬂ""’

Combined Lambert-Beer’s Law is given as:
loglo/l=¢ecl=A

Where lo = Intensity of the incident light.

| = Intensity of the transmitted light.

C = Concentration of the solution 1n

moles/litre.

| = Path length of the sample usually lcm.

£ = Molar absorptivity or molar extinction
coefficient.

A = Absorbance or optical density.



LAW OF PHOTOCHEMISTRY

The photochemical process are governed by the following Biws:

| Grotthurs-Drapper law.
L Emstein Stark law of photochemical cquivalence

~ Grotthuss-Draper Law :When Light falls on a
substance ,only the fraction of light which 1s
absorbed by the substance can bring about a
chemical change.

~ Stark-Einstein Law :One quantum of light 15
absorbed per molecule of absorbing and
reacting substance .



Electronic Transitions

~a-o* Transition
#n-0* Transition

& e T e AR :
» T= 1" Transition E
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- Photgchamical reaction
o 1ts & repgetion which lakes place by absoqpiion af the visibda and ultravialal

radiatipns (200-E00 nm)
o

 Phiyioehemical raabitn :
lads fo 1he l}lllilllg ol ih
Ine Atmosphate during
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obsorplion of wilkaviell
rodintion,
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- Phatochemisiry.
o W the braneh of chemisiry which dials with the study of phatochemical
reactions.

Oermonstration of a Photochemical reaction

H, + €1, —— Ko action

H, - Cl, TS
= T




Photo Physical Process Mechanism:

* Fluorescent material at ground state exposed

Photo physical process involves | to Uv or visible radiation ,it absorbs radiation
and excited to singlet excited state.
# Fluorescence A{Sq) +hv - A*(S:)
# Phosphorescence
5 Chemiluminescence = As life time of singlet E:-::r:tted state is very
small it returns back to its ground state.
A (5] - A[Sa) +hw,
Jablonski Diagram :
Mechanism:
4 s, _ : .
— * Molecules in ground state excited to 1 singlet
£ f Wi exciled state.
Sz e * The excited molecules retum to ground state by the
- emission of fluorescence,
ﬁ e - * S5a + [luorescence
I-W & - .
5 * Excited molecule may return tolst implet excrted state
through inter system crossing(15C)
il i -
N i « T
- * Molecules may return to ground state by the emission

ol phosphorescence
I « bt phosphoresence




Jablonski Diagram
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# When exeitation occurs ,paired electron from ground —  After absorption of energy
state (So) become unpaired. * The molecule may be excited to 52 from Se
« It may rapidly decays to Si 1t is called IC
# Absorption of light may oceur without inversion of # S may undergoes following transition
spin . This state is called excited singlet state(S) « Emils encegy Rtrops to Seli is called Auorescence
* [t may drops to S0 by a non mdiation process

# Electron excitation [ollowed by spin inversion give — « |y may undergo chemical reaction
rise @ new excited state with 2 unpaired electron . This

_ g « [t may drops 1o Ti.lt s called ISC.
state 1s called excrted triplet stae(T)

» T may undergoes following transition

* Emits energy & drops to So, It is called phosphorescence.
* [tmay drops to S0 by o non radintion process,

S S Ti * It may start the reaction.



Mechanism :

= Two chemicals react to form an excited intermediate
with higher energy .

Ac+ld All®

* This intermediate breaks down by releasing some of
its energy as photon of light.

AB* Products +light



QUANTUM YIELD

Quantum yield is defined as the number of molecules reacting per quantum of
light absorbed. It is denoted by ©

Mathematically:

Number of molocule reacting in given time
Number of quamtum of radmtion absorbed in &ame 1ime

h =

» The quantum yield of the product formanon 15 given by
Mumber of molecule of product formed
Mumber of cinstcin of radiation absorbed

‘-

~ The quantum yicld may be as high 106 or as low as for
several photochemical reactions.



Reasons of high quantum yield

High Quantum Yield Reaction
o
=4500 A
H, + Cl » 2HCI Quantum yield= 10% to 10°
4000 to 4300 A
CO + Cl » COCl, Quantum yield= 103

There are some reasons which may be responsible for the high quantum

efficiency.

The primary process of absorption of radiation produce excited atoms,
molecules or free radicals which initiates a series of chain reaction called
secondary processes. Thus, by absorbing only one quantum of radiation,
several reactant molecules undergo chemical reaction. Hence ® will be
greater than unity.

Formation of an intermediate product acts as a catalyst and readily
propagate the reaction.

The secondary reaction may be exothermic which activates other
secondary process as a result, more reactant molecules undergo chemical
change without absorption of radiation.

Free radical gives chain reaction which increases quantum yield of the
reaction.




LOW QUANTUM YIELD

* Areaction is said to have a low quantum efficiency if the value of @ is less than
1 for that reaction. Let’s see some examples of such reactions.

Low Quantum Yield Reaction

o
H, —+ Br, 2100 A = 2HC1 Quantum vyield= 0.01

[=}
2100 A
2NH;4 » N, + 3H, Quantum vyield= 0.2

Reasons for low quantum yield

s»If excited molecules formed in primary process are such that they can’t react due to
their deactivation by collisions or by internal arrangement, the quantum yield will be
extremely low.

¢ Collision of excited molecules with non-excited molecules may cause to loss their
energy. This 1s another cause of low quantum yield.

¢ The excited molecules produced in the primary process may recombine to form the
reactant so as to give low quantum yield.

¢ If a reacting molecules is initially present at such a low energy level (EL), so that it
doesn’t acquire an optimum EL to take part in photochem. process by photoexcitation.
¢ Some of the photochemically excited molecules in primary process do not undergo
secondary reaction. Thus, there 1s some time interval between primary and secondary
process. And they lose some energy. This will give low quantum vyield.




REASON FOR LOW QUANTUM YIELD:

1. Excited molecules may get deactivated before they
form products.

2. Collisions of excited molecules with non excited
molecules may cause the former to lose energy.

3. The primary photochemical process may get
reversed.

4. The dissociated fragments may recombine to form
the original molecule.




HOW TO MEASURE QUANTUM EFFICIENCY ?

In order to calculate the quantum efficiency experimentally, we must measure
the number of moles of the reacting substance that undergoes a chemical

change in a given time and the number of Einstein’s of radiation absorbed by
the light-absorbing substance during that time.

The experimental setup for the determination of quantum efficiency is shown
as:

Pt
o
Thermostat
Pf* et IR s e
. Lens
Light
source | /. | A et
Monochrometor Lens 3 ) Thermopile
Reaction cell




CONTINUED...

First of all, the empty cell or the cell filled with solvent 1s
placed in the path of the light beam and the intensity of
light 1s measured. Then, the reaction cell 1s filled with the
reaction mixture. The light i1s passed through the reaction
cell for a certain period of time. After then, the intensity of
light 1s measured after the completion of the reaction.

The difference between these two data will give the total
energy absorbed by the reaction system in the given time
period. The intensity of the radiation absorbed 1s given by
the total energy absorbed divided by the volume of the
reaction mixture if the time 1s one second. Then compute
the number of moles that reacted in a given time period.
The following formula 1s used to compute the value of ®@.

No.of moles reacting in a given time

(_I):
No.of einsteins absorbed in the same time




Energy transfer in photochemical reactions :
Photosensitization & Quenching Reactions.

* Among the photosensitizers commonly used are mercury,
cadmium and zinc as atomic sensitizers and the molecular
photosensitizers such as benzophenone and SO.,.

EXAMPLE FOR PHOTOSENSITIZATION

Dissociation of H, molecule: [rradiation of a mixture of hydrogen
gas and mercury vapour with light of wavelength 253.7 nm
brings about dissociation of H, in to hydrogen atoms.

 Hg+hv ——> Hg*
* Hg*+H, — H,*+Hg
- H*—>H+H

 Here Hg acts as photosensitizer




DIFFERENCE BETWEEN PHOTOCHEMICAL AND
THERMOCHEMICAL REACTIONS

Photochemical Reaction Thermal reaction

These involve absorption of light These reactions involve absorption or
radiations evolution of heat

The presence of light 1s the primary These reactions can take place in dark as
requirement for reactions to take place well as in light.

Temperature has a very little effect on Temperature has a significant effect on
the rate of photochemical reactions. the rate of a thermochemical reaction.
AG for photochemical spontaneous AG for a thermochemical reaction is
reactions may be +ve or —ve. always negative.

Photochemical activation is highly Thermochemical activation is not
selective. selective in nature.

The absorbed photon excites a particular
atom or group of atoms which become
site for the reaction.




CHEMILUMINESCENCE

* Chemiluminescence 1s the emission of light as a result of
chemical reaction at room temperature. It must be clearly
understood that Chemiluminescence 1s not due to any
photophysical process like fluorescence or phosphorescence.
Some examples of Chemiluminescence are given below :

¢ Ex. Glow of phosphorus is due to slow oxidation ; it is not due
to phosphorescence as name suggests.

% Oxidation of Grignard compounds by air or oxygen results in
greenish-blue luminescence.

* Will-o-the-wisp (mistaken as light produced by evil spirits) 1s
the glow caused by the oxidation of decaying wood in marshy
places.

* Emission of light by fuefly i1s due to oxidation of some proteins
in 1ts body (this 1s also called bioluminescence — Luciferin
protein, Luciferase enzyme).
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