
 

 

 

(Affiliated to Chaudhary Bansi Lal University, Bhiwani-Haryana) 

 

Assessment Period: 2018-2023 
 

SupporƟng Document: 3.3.1 
Number of research papers published per teacher in the journals noƟfied 

on UGC care list during the last five years 
 



 

 

 
Vaish College, Bhiwani 

 

 

                          

 

 

                               Research Papers serial Number 21-40 



PAPER 21













PAPER 22















Applied Chemical Engineering (2019) Volume 2 Issue 1 
doi:10.24294/ace.v2i1.404 

1 

Degradation of AY36 using TiO2-UV Photocatalytic System 

Palak1, Shivani Chauhan1, Krishan Kumar2, A.K. Haritash3* 

1* Department of Environmental Science & Engineering, Guru Jambheshwar University of Science & Technology, Hisar, 

Haryana (125001) India. 

2 Department of Chemistry, Vaish College, Bhiwani, Haryana (127021) India. 

3 Department of Environmental Engineering, Delhi Technological University, Bawana Road, Shahbad Daulatpur, Delhi 

(110042) India. akharitash@dce.ac.in. 

ABSTRACT 

This study investigates the efficacy of photocatalytic degradation process using TiO2-UV configuration for treat-

ment of waste water containing textile dye Acid Yellow 36 (AY36). Acid Yellow 36 dye was degraded using catalyst 

TiO2 in an alkaline medium of pH 8.0. A dose of 0.25 g of TiO2 was used for 88.4% degradation of initial concentration 

of 20 mg/l AY36 dye in 28 hrs. The effect of parameters such as pH, initial dye concentration, amount of TiO2 used, 

and exposure to UV light/irradiation on degradation of AY36 was investigated. Further it was observed that suspended 

TiO2 in dye solution shows more effective results towards dye degradation, than embedded TiO2 in the form of algi-

nate beads. The study concluded that photocatalytic degradation is a potential tool for degradation of azo dyes. 

Keywords: TiO2; Acid Yellow 36; Advanced oxidation process (AOPs); Photocatalysis

1. Introduction 

Dyes are important raw material for industries like paper, pulp, leather, textile etc. Azo dyes have ex-

cellent coloring properties like yellow to orange so they are used in almost every industry. These dyes have 

colouring properties because of the presence of a chemical azo group. Other industries where dyes are used 

are tinting and inks, paints adhesive, polymers etc. [1] Effluents from different industries are the main source 

of contamination of water as they contain different fractions of residuals of dye. Azo dyes are highly resistant 

in nature; they are even resistant to heat temperature and weather condition.  

Azo dye; R-N=N-R’ 

Where, R and R’ can be either alkyl or aryl. The N=N is an azo group, which is only responsible for the 

colour of the dye and the only reason for its recalcitrant nature. It is hard to degrade dye by any biological 

means so chemical methods need to be applied for breakdown of double bond which turns coloured solution 

to colourless[2]. Industrial outlets contains huge amount of an azo dye residues which are toxic in nature and 

cause harmful effects on ecosystem. Dyes are not only harmful to plants and water organisms, but also show 

harmful Impact on human beings. There is ample evidence of the harmful effects of dyes. These are highly 

mutagenic and carcinogenic in nature and hence causing cancer and other dreadful disease. These are con-

tinuously being released to the environment from industries which impart ecotoxicity in aquatic ecosys-

tems[3]. Since dyes are readily dissolved in water, they interfere with the photosynthetic activity of water or-

ganisms, and disturb the food chain of aquatic ecosystem by reducing visibility of zooplanktons. Textile dyes 

also cause allergies, respiratory diseases and dermatitis, irritation of skin and eyes etc. Considering the 

harmful effects of dyes on environment, it is important to explore an effective method for its degradation.  
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There are various methods of dye degradation but one of the more efficient accelerated processes is ad-

vanced oxidation process. It is a chemical treatment which reduces organic impurities of water by oxidising 

them to simpler forms[4]. The hydroxyl radicals are produced during the process with the help of primary ox-

idants (H2O2, ozone) or energy sources (UV lights) or catalyst (TiO2). These components must be precised, 

properly configured, and used for the study. AOPs are mainly used for non-degradable and toxic products 

which include photocatalysis[5], Fenton oxidation[6], Photofenton, ozonolysis, and ultrasonication in 

standalone mode or combination of two. Photocatalysis process is the acceleration of photoreaction in pres-

ence of catalyst like TiO2 or ZnO etc. The most widely used semiconductor catalyst in photo-induced process 

is TiO2 which is activated by UV light[7]. TiO2 is also known as heterogeneous catalyst. It is chemically 

and biologically inert, stable, relatively easy to produce and reuse, cheap, environment friendly, have stable 

electrical properties, and efficiently catalyse reactions. It exists in four mineral state anatase, rutile, brookite 

and TiO2(B)[8]. It is versatile in nature and has various application areas like paints, varnishes, paper, plastics, 

solar cells, glass, electrical conductors, food colouring agents etc. It is also used in immobilised form 

of beads and acts as an opacifier in powdered form. It is widely used as a white pigment due to its sticky na-

ture and having very high refractive index. TiO2 is being used in the photocatalysis process because of the 

following factors - inexpensive, easily available, wavelength selective, and accelerated by UV light. Photo-

catalytic reactions take place at room temperature and the formation of intermediate products is avoided. UV 

light is absorbed by TiO2, making ground state electrons jump to excited state forming an electron hole pair. 

This creates a void or energy gap between lower vacant conduction band and upper filled valence band. Hy-

droxyl ions are generated by this process. When photons with greater or equal energy to 3.4 eV is ad-

sorbed by TiO2, an electron is excited from valence band to conduction band; charge carriers (OH radicals) 

are generated and leave a positive hole in the valence band, this photo generated electron hole pair is known 

as excitons.  

There are various operating parameters which play a vital role in the photocatalytic degradation[9]. One 

such parameter is amount of catalyst used. Greater the amount of catalyst used more will be the rate of deg-

radation[8]. 

The mechanism of photocatalytic degradation can be described by following steps: 

• Absorption of photons by TiO2 and productions of electron- hole pairs. 

• Oxygen ion absorption. 

• Neutralisation of OH radicals by photon holes. 

• Reaction of organic pollutant with OH radical. 

The first step of the reaction is carried out by photons with the energy higher than the band gap of TiO2 

i.e. 3.2 eV[10]. 

2. Materials and methods 

The AY36 is an azo dye with complex chemical structure, recalcitrant nature, and reported eco-toxicity. 

The dye was obtained from Vishnu chemicals, Ankleshwar, Gujarat having 85% minimum assay. Titanium 

dioxide (99% AR Grade) was obtained from High Purity Laboratory Chemicals Pvt. Ltd., Mumbai. All the 

experiments were performed in triplicates using Grade 1 ultrapure water. 

A stock solution of 1000ppm (0.5mg/500ml) of AY36 was prepared for degradation experiments. The 

20mg/l solution of dye was prepared by diluting the stock solution. A standard curve of AY36 was plotted in 

concentration range of 5-20 mg/L with regular interval of 5mg/L The absorption spectrum for absorbance 

(400-700 nm) of AY36 against wavelength reported 434nm as the wavelength of maximum absorption. The 

pH was adjusted at 8.0 with the help of HCl (1N) and NaOH (1N) solutions. The experiment was conducted 

using 150ml of the dye solution in conical flask. The solution was continuously stirred using magnetic stirrer 

at 150 rpm in the UV chamber fitted with three (03) lamps (λ – 254 nm) of capacity of 30 W each. 
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The photo-catalytic degradation of AY36 was studied at an initial dye concentration of 20 mg/L with 

TiO2 as catalyst under UV light. A volume of 10 ml was extracted from the flask placed in a UV light and the 

absorbance was monitored first at interval of 15 minutes for first one hour; 30 minutes for next one hour; and 

then at regular interval of two (02) hours. The extracted sample was centrifuged at 5000rpm for 20 minutes 

to separate TiO2 particles from the solution. A blank without dosing of TiO2 was also run to compensate for 

the photo-degradation. The concentration was obtained observing the absorbance at 434nm over Labtronics 

make LT-290 model spectrophotometer. The percentage degradation of AY36 was calculated using formula 

given below 

Percentage degradation % = ((Ci-Cf)/Ci) × 100 

Where, Ci is the initial concentration of dye, and Cf is the final concentration of dye. 

3. Results and discussion 

Based on the results obtained, it was observed that photoctalytic process could degrade AY36 dye. The 

concentration of AY36 went on decreasing with time. It decreased from initial concentration (Ci) of 22.6 

mg/l to 20.4 mg/l in first one hour. Later, the rate of degradation reduced but the degradation progressed 

slowly; and residual concentration of AY36 stabilised at around 2.2 mg/l after a period of 32 hours (Figure 

1). Further degradation of AY36 was not observed, and it was concluded that Photocatalytic degradation of 

AY36 has an overall efficiency of about 90%. The reduced rate of degradation in later phase may be ascribed 

to reduction in initial dye concentration with time. The Photocatalytic degradation of AY36 might be follow-

ing first order rate kinetics which is dependent over initial concentration of reactants viz. AY36 in the present 

study. In order to confirm it, the rate of degradation (mg/h) was calculated using the following relation 

Rate of reaction (K) (mg/h) = (Ci-Cf)/(ti-tf) 

Where, Ci is initial concentration of AY36; Cf is the final concentration; ti is initial time; and tf is the final 

time during an interval of degradation. The rate of degradation was maximum during 15 to 30 minutes (@ 

2.6 mg/h) followed by the rate of 2.2 mg/h during 30 minutes to one hour. Later, the rate of degradation went 

on decreasing with time (Table 1) and it stabilised at 0.1 mg/h after a period of 32 hours with an overall de-

colourisation efficiency of 90.3%. 

 

Figure 1. Degradation profile of AY36 during photocatalytic treatment 
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S. No. Time 

(hours) 

Concentration 

(mg/l) 

Decolourisation 

(%) 

Rate of decol-

ourisation 

(mg/hour) 

1 0 22.6 0.0 0.0 

2 0.25 22.2 2.0 1.8 

3 0.5 21.5 4.9 2.6 

4 1 20.4 9.8 2.2 

5 1.5 19.5 13.7 1.8 

6 2 18.5 18.2 2.0 

7 4 16.4 27.4 1.1 

8 6 14.3 36.6 1.0 

9 8 12.8 43.4 0.8 

10 10 11.3 50.0 0.8 

11 12 10.1 55.3 0.6 

12 14 8.8 61.2 0.7 

13 16 7.5 66.8 0.6 

14 18 6.3 72.1 0.6 

15 20 5.4 76.1 0.5 

16 22 4.4 80.5 0.5 

17 24 3.6 84.1 0.4 

18 26 3.0 86.7 0.3 

19 28 2.6 88.5 0.2 

20 30 2.4 89.4 0.1 

21 32 2.2 90.3 0.1 

Table 1. Percent decolourisation and rate of degradation of AY36 in the present study. 

4. Conclusion 

Based on results obtained in the present study, Photocatalytic degradation was observed to be an effec-

tive process for decolourisation of azo dyes like AY36. The TiO2-UV system can be used for the treatment 

textile industry wastewater containing toxic azo dyes. Optimisation of parameters regulating photocatalysis 

may be done to improve efficiency of the process to treat the industrial effluents to the level of compliance.  
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Innovative Developments in Coating for Making Flame 
Retardant Paper and their Kinetic Study

1.0 Introduction

Cellulosic polymeric material like fabric, 
papers, wood etc. undergoes degradation 
on ignition, forming highly burnable 
volatile products mainlyleavoglucosan 
with spread of fire causing injuriesand 
losses in fire accidents [1]. Cellulose 
thermally decomposes below 300°C 
under dehydration, depolymerisation and 
oxidation with release of CO, CO2 and 
carbonaceous residue [2, 3]. At higher 
temperature (> 300°C), tar consisting 
leavoglucosanasa major flammable 
constituent is formed [4, 5]. Function of 
flame retardant is to increase char at the 
cost of flammable volatiles. Many flame 
retardants available in the market such as 
chlorine-type flame retardant, bromine-
type flame retardant, phosphorus-
halogentype flameretardants and also 
inorganic flame retardantto make 
cellulosic papers as flame proof [6]. But 

Dr. Krishan Kumar

halogen based flame retardant releases 
highly toxic and corrosive fumes during 
combustion. There has also been major 
interest in replacing halogenated flame 
retardants because of environmental and 
toxicity issues [7,8]. Also traditional 
phosphate-based flame-retarding papers 
meet the requirements of non-halogen, 
non-toxic, and low-fume characteristics. 
However, papers incorporating chemicals 
are liable to become wet when exposed to 
atmospheric moisture, leading to resist of 
their more-general acceptance.

In this study, attempts were made to 
develop a new approach based on an 
innovative coating. Intumescent flame 
retardant system requires acid source, a 
swelling agent and a char forming agent 
[9-13]. The coating composition includes 
compound based on phosphorus and 
nitrogen and char forming agents which 
trigger several fireproofing mode of 
actions in condensed and gas phases.

Experimental:
Materials
For intumescent flame retardant system, 
ammonium polyphosphate (APP) as an 
acid source, melamine as a swelling agent 
and pentaerythritol (PER) as a carbon 
source were obtained from Clariant 
Co., Germany. Normal Photocopy 
paper (purchased from market) was 
used for back coating, and acrylic resin, 
Zytrol-7800 as binder (Zydex Industries, 
India).

Preparation of intumescent 
formulation

Intumescent formulation was prepared 
containing intumescent components 
(APP, pentaerythritol and melamine) in 
ratio 3:1:1. The acrylic resin was used 
for coating the intumescent formulation 
on ordinary paper. The intumescent 
formulation was prepared by mixing 
evenly in pastel and mortar.

ABSTRACT

Organic polymers and cellulose based papers are intrinsically flammable and therefore these materials need to be modified to 
prevent or delay fire propagation. This is usually carried out by means of incorporation of fire retardant material into the polymer/ 
cellulosic based materials. However, an alternative and innovative way to provide flame-retardant properties to such material may be 
carried out through application of flame-retardant coatings. Furthermore, this coating provides anti-fire properties without affecting 
the bulk properties or processing of the polymer substrate and can be applied easily to any substrates. In this study, attempts were 
made todevelop a new approach based on an innovative coating. The coating composition includes compound based on phosphorus 
and nitrogen and char forming agents which trigger several fireproofing mode of actions in condensed and gas phases. This article 
investigates the preventive modification of cellulose paper to exhibit flame retardancy by application of intumescent coating through 
Pad-Dry- Cure conventional process. This study also explored the various parameter to achieve the goal like flammability and kinetic 
parameters of cellulosic paper and coated paper samples. Activation energy of thermal degradation of samples was determined 
using Coats-Redfern method. Result of the study revealed that paper samples coated with intumescent coating formulation were best 
as far as physical properties are concerned. The Limiting Oxygen Index (LOI) values of sample found increased from 18to 31% on 
coating.  Activation energy of coated paper is found to be lower than simple uncoated paper.
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Intumescent formulation application and curing process

The intumescent formulations solution was prepared with 
desired proportions of M : L (material to liquor) ratio that 
incorporated into sample by using pad- dry- cure technique. 
The solution was placed in the trough of padding mangle for 
giving treatment. After dipping the samples into the solution for 
approximately 2 minutes, the sample was passed through the 
rolls at 2.5kPa pressure.

Two dip two nip were given to get desired chemical level of 
weight add on. The paper sample was taken for this study was 
basis weight of 75g/m2. Initial weight of sample taken for this 
proposes was 3.32 gram. The coating amount was adjusted 
using bars of different numbers and coat weight was maintained 
to 20-22 g/m2.Then the coated sample was dried in oven and 
cured at 110- 1200C for 2 minutes.

Thermal Analysis

Thermal degradation of samples was carried out by 
thermogravimetry (TG) (TA instruments SDT Q600). Samples 
in platinum crucibles were analyzed from ambient temperature 
to 600°C (heating rate, 10°C/min). Nitrogen was used as carrier 
gas (flow rate, 100 ml/min).

Limiting Oxygen Index (LOI)
LOI values that measure performance of flame retardancy were 
measured using a Stanford Redcroft FTA flammability unit BS-
2782 instrument. Samples were tested according to standard 
method ASTM D2863, ISO-4589.

Kinetics Study
TG data were analyzed for kinetic study using Coats-Redfern 
method [14, 15]. It is assumed that only a single reaction occurs 
while a sample undergoes a certain temperature rise at a steady 
heating rate, β. Thus, Coats-Redfern equation when n≠1 is 
given below:
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Where n=order of reaction, E is Activation Energy, A is Pre-exponential Factor, R is gas constant,  

β is heating rate i.e, 10 0C/Min,  

α is degree of conversion= (W0-WT)/(W0-Wf) where W0  is initial weight of sample, WT is residual 

weight of sample at temperature, T 0C, Wf is the final weight of sample. 

when order of reaction, n=1 then Coats-Redfern equation become as below 
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Result and Discussion: 

Thermal analysis 

The untreated paper sample shows one stage of thermal degradation in range of 295-400 0C with 

weight loss of 79.2% and with DTG peak at 375 °C as given in Table 1 and shown in Fig 1-2. The 

sample degraded almost completely up to 400 °C leaving no char yield at 600 °C. The thermal 

degradation of sample was due to pyrolytic decomposition of reactions. 
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sample was due to pyrolytic decomposition of reactions.

Fig 2: DTG curves in Nitrogen at heating rate of 10°C/min of untreated paper 
and Coated Paper
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Fig 3:Coats-Redfern plot for first stage of thermal degradation of untreated paper and Coated 
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Table 1: DTG peaks, LOI and Char Yield and Kinetic Parameters of untreated paper and its 

coated sample 

 
Sample TG Stages Temperature 

Range (0C) 
Weight Loss 

(%) 
DTG Peak 

(0C) 
1-α 

range 
Activation Energy, 

(kJmol-1) 
ln A 

(min-1) 
Char Yield (%) 

at 600 0C 
LOI 
(%) 

Untreated 
Paper 

Single 295-400 79.2 375 0.9-0.05 154.7 20.07 Nil 18 

Coated 
Paper 

First Stage 
Second Stage 

240-270 
270-600 

31.5 
31.2 

255 
- 

09-0.49 
- 

129.8 
- 

20.12 
- 

28.7 
- 

30.2 
- 
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Result and Discussion:
Thermal analysis
The untreated paper sample shows one stage of thermal 
degradation in range of 295-400 0C with weight loss of 79.2% 

Table 1: DTG peaks, LOI and Char Yield and Kinetic Parameters of untreated paper and its coated sample
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First stage of thermal degradation: 
Firststage of thermal degradation of intumescent coated paper 
in temperature range 240- 270 °C shows 31.5 % (Fig 1) weight 
loss. The first stage thermal degradation of sample is mainly due 
to pyrolyticdecomposition reactions corresponds to release of 
phosphoric acid from intumescent.This released phosphoric acid 
startsphosphorylate the cellulose as well as thepentaerythritol 
at about 200 °C. In themeantime the melamine (the third 
componentof intumescent formulation as swelling agent)
sublimes at about 240 °C and start releasingNH3 at about 260 
°C and continues up to 380 °Cand weight is less in nitrogen 
atmosphere.This way, a cover of swelled material startsbuilding 
on the polymer substrate as a thermalbarrier. The dispersion of 
combustible volatilesfrom the burning substrate to combustion 
phaseis also prevented. The DTG peak at 255 °C  (Fig 2) for 
coated paper also predicts the changes indecomposition stage 
of paper sample.

Second stage of thermal degradation:
Second stage of thermal degradation of intumescent coated paperin 
temperature range 270-600 °C shows 31.2 % weight loss as in Fig 
2.This may be due to pyrolytic decomposition,deoxygenation, 
dehydrogenation, andaromatization of char. At the same 
timecomplex formation takes place of intumescentcomponent 
with the substrate and solidification throughcross-linking 
reaction of residual char occurs inthis stage. No DTG peak is 
shown in this stagebecause of gradual weight loss.

Kinetics Study of Thermal Degradation
The kinetic parameters of thermal degradation of untreated and 
its coated samples were determined using first order Coats-
Redfern method as in equation (2) on data obtained from 
TG and is given in Table 1 using Coats Redfern Plot (Fig 3). 
Activation energies of coated sample and untreated sample was 
calculated in range of degree of conversion (1-α=0.9-0.49) and 
(1-α=0.9-0.05) respectively, which falls in first stage of thermal 
degradation of maximum mass loss. Activation energy of coated 
paper (129.8 kJ mol–1) is found lower than that of untreated 
paper (154.7 kJ mol–1). Decrease in activation energy is due 
to catalyzing effect of phosphoric acid and metals, which show 
that dehydration path during thermal degradation of cotton is 
chosen resulting in more char formation at the expense of tar.

LOI and Char Yield
Char yield at 600°C and LOI values of untreated paper and 
its coated sample were obtained. Higher the valueof LOI and 
char yield, better is the flame resistance ofthe material. LOI 
value for pure untreated sample (18%) was found toincrease 
for intumescent coated sample (30.2%).No char yield was 
obtained for pure untreated paper sample at 600°C. Char yield 
for intumescent coated sample increased from zero to 28.7%. 

Conclusions
TG curves of coated paper shows two stagesof thermal degradation 
which are mainly due to dehydration,pyrolytic decomposition 
and aromatization of char,respectively. For coated sample, 
pyrolytic degradationgives a less amount of tar consisting 
flammable volatileproducts and correspondingly higher char 
yield. Decrease in activation energy is due to catalyzing effectof 
released phosphoric acid, and support thatdehydration path 
during thermal degradation of polymeric substrateispreferred in 
which more char is formed at the expenseof tar. LOI value for 
pure untreated fabric (18%) increased for coated fabric(30.2%) 
again supports the flame retardant behaviour of coated sample. 
Hence the thermogravimetric analysis, LOI and char yield results 
has demonstrated that coatings decompose, absorb heat, swell 
and form the protective char layers at the different temperature 
ranges, and, therefore, these cooperated reactions provide a 
good fire protection for the polymeric substrate in a fire.
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Abstract:- Soliton waves are those waves which propagate long distance without any 

distortion of its wave form. The propagations of optical pulses in optical fiber by non-linear 

Schrodinger (NLS) equation calledsoliton in optical fiber. The optical solitons have been 

experimentally generated by various research worker using mode-locked lasers and single 

mode fiber. It is necessary to generate short pulses at wavelength greater than ϒ0 which is in 

the 1.3 to 1.5 µm region of single mode fused silica fibers. Generally color center lasers have 

been used to create the pulses, although semiconductor diode laser are becoming available 

which can generate the optical solitons is of the order of 1W. Such peak powers are relatively 

straight forward to generate. 

Keywords: Optical solitons; optical fiber; optical nonlinear; dispersion; WDM and FWM 

1. Introduction 

The optical fiber development much of the effort was devoted to decreasing the loss. These 

efforts led to the realization of the low-loss single mode silica fiber which has a minimum 

attenuation at 1.55mm. In single-mode fibers the total dispersion is the sum of material 

dispersion caused by the dispersive properties of the waveguide material and waveguide 

dispersion caused by the guidance effects within the fiber structure. The total dispersion can 

be negative or positive depending on the wavelength. In silica based fiber the total dispersion 

passes through zero to 1.3mm and it is negative for the wavelength greater than 1.3mm. 

In 1973 Hesegawa and Tappert modeled the propagation of coherent optical pulses in optical 

fiber by nonlinear Schrodinger (NLS) equation which showed theoretically that generation 

and propagation of shape preserving pulses called soliton in optical fibers. They solved the 

nonlinear Schrodinger (NLS) equation. This equation has an exact solution for an initial 

pulses shape of Nsech (t), where N is any integer known as order of solitons. The first order 

solitons is a self-maintaining pulses whereas higher order solitons split and narrow which 

recovering their initial shape at the end of a period which is P/2 in normalized coordinate 

axis. This period is known as the solitons period. They showed that the pulses can be convex 

upward (bright solitons) or Concave upward (dark solitons) depending on the sign of the 

dispersion. If dispersion is positive „dark solitons‟ generated or positive then bright solitons 

generated. The following properties of solitons make them attractive for optical 

communication systems. 

i. Pulse shape the width and speed are preserved in the absence of loss 

ii. Solitons are stable against small perturbations 
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iii. They collide with each other without changing their shape and speed. 

At present solitons propagation is the only method which can be induced broadening 

of pulses in fiber-optics transmission. This important discovery of Hagegawa and Tappert 

stimulated extended research towards optical solitons as in high bit-rate optical fiber 

communication systems. 

During the present research work, we have tried to analysis the following cases- 

i. Introduction to Soliton Propagation 

ii. Types of Soliton 

iii. Soliton Transmission 

iv. Wavelength Division Multiplexing in Solitons 

v. Four Wave Mixing in Solitons 

vi. Stability of Solitons 

vii. Conclusions 

2.  Types of Soliton: 

2(a) Spatial Solitons :The nonlinear effect can balance the diffraction. The electromagnetic 

field can change the refractive index of the medium while propagation thus creating a 

structure similar to a graded-index fiber. If the field is also a propagating mode of the guide it 

has created, then it will remain confined and it will propagate without changing its shape.  

 

 

Fig- Optical field approaches the lens and focused 

In order to understand how a spatial soliton can exist, we have to make some considerations 

about a simple convex lens. As shown in picture on the right an optical field approaches the 

lens and then it is focused. The effect of the lens is to introduce a non-uniform phase change 

that causes focusing. This phase change is a function of the space can be representing with a 

Ψ(x), whose shape is approximately represented in picture. 

The phase change can be expressed as the product of the phase constant and the width of the 

path in field has covered can be written as 

Ψ(x)= k0nL(x)    …………1.1 

Where L(x) is the width of the lens changing in each point with a shape that is the same of 

Ψ(x) because k0 and „n‟ are constants. In other words, in order to get a focusing effect we just 

have to introduce a phase change of such a shape but we change the value of the refractive 

index n(x) we will get exactly the same effect, but with the completely different approach. 

That‟s the way graded-index fiber work; the change in the refractive index introduces a 

focusing effect that can balance the natural diffraction of the field. If the two effects balance 

each other perfectly, then we have a confined field propagating within the fiber. Spatial 
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solitons are based on the same principal: Kerr effect introduce a self-phase modulation that 

changes the refractive index according to the intensity 

  Ψ(x)= k0(x)L = k0L[n+n2I(x)]   ………….1.2 

If I(x) have a shape similar to the one shown in the figure, then we have created the phase 

behavior we wanted and the field will show a self-focusing effect. In other words the field 

creates a fiber like guiding structure while propagating. If the field creates a fiber and it is the 

mode of such a fiber at the same time. It means that the focusing non-linear and diffractive 

linear effects are perfectly balanced and the field will propagate forever without changing its 

shape (as long as the medium does not change and if we can neglect losses. In order to have a 

self-focusing effect, we must have a positive n2, otherwise we will get the opposite effect and 

we will not notice any non-linear behavior. 

2(b) Temporal Solitons:If the electromagnetic field is already spatially confined, it is 

possible to send pulses that will not change their shape because the non-linear effects will 

balance the dispersion. Those solitons were discovered first and they are often simply 

referred as “solitons” in optics. The main problem that limits transmission bit rate in optical 

fibers is group velocity dispersion. It is due to the fact that generated impulses have a non-

zero wide bandwidth and the medium they are propagating through have a refractive index 

that depends on the frequency or wavelength. This effect is represented by the group delay 

dispersion parameter D; using it it‟s possible to calculate exactly how much the pulse will 

widen 

  ∆τ~ DL∆λ        …………………………….1.3 

Where L is the length of the fiber and ∆λ is the bandwidth in terms of wavelength. The 

approach in modern communication systems is to balance such dispersion with other fiber 

having D with difference signs in different parts of the fiber: this way pulses keep on 

broadening and shrinking while propagating anyway with temporal solitons. It is possible to 

remove such a problem completely.  

 
Fig:- Linear and Non-linear effects on Gaussian pulses 

In above picture left side is a standard Gaussian pulse which is the envelope of the field 

oscillating at a defined frequency. We assume that the frequency remains perfectly constant 

during then pulse. 

Now we let this pulse propagate through a fiber with D>0, it will be affected by group 

velocity dispersion. The higher frequency components will propagate a little bit faster than 

the lower frequencies, thus arriving before at the end of fiber. The overall signal we get is a 

wider chirped pulse shown in the upper right of the picture. 
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Now let us assume we have a medium that shows only non-linear Kerr effect but its refractive 

index does not depend on frequency- such a medium does not exists, but it‟s worth 

considering it to understand the different effects. 

The phase of the field is given by: 

Ψ(t) = ω0t – kz = ω0t – k0z[n+n2I(t)]  …………………1.4 
The frequency (according to its definition) is given by 

ω(y) = ∂Ψ(t)/∂t = ω0 – k0zn2 ∂I(t)/ ∂t …………………. 1.5 
This situation is represented in the picture on the left shows in beginning of the pulse the 

frequency is lower and at the end is higher. After the propagation through our ideal medium, 

we will get a chirped pulse with no broadening because we have neglected dispersion. 

Coming back to the first picture, we see that the two effects introduce a change in frequency 

in two different opposite directions. It is possible to make a pulse so that the two effects will 

balance each other. Considering higher frequencies, linear dispersion will tends to let them 

propagate faster, while non-linear Kerr effect will slow them down. The overall effect will be 

that the pulses do not change while propagating: such pulses are called temporalsolitons. An 

electric field is propagating in a medium showing optical Kerr effect through a guiding 

structure (as an optical fiber) that limits the power on x-y plane. 

2(c) Dark Solitons:- In the analysis of both types of solitons we have assumed particular 

conditions about the medium 

 In spatial solitons, n2 > 0, that means the self-phase modulations causes self-focusing 

 In temporal solitonsβ2< 0 or D > 0, anomalous dispersion 

Is it possible to obtain solitons if those conditions are not verified or if we assumed n2 >0 or       

β2< 0 we get the following differential equation ( it has the same form in both cases we will 

use only the notation of the temporal solitons ). 

                -1/2∂
2
a/∂τ + ∂a/∂

ζ 
+ N

2
IaI

2
a=0               ………………………1.6 

This equationhas soliton like solution . For the first order (N=1): 

a(T,ζ) = tanh(T)e
iζ                               …………………..1.7 

 

 
Fig:- power of a dark soliton 

Power of darksoliton shown in figure. For highest order soliton (N>1) we can use the 

following closedform expression.It is a soliton, in the sense that it propagates without 

changing its shape, but it is not made by a normal pulse, but it is  a lack of energy in a 

continuous time beam. The intensity is always constant, but for a short time it becomes zero 
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and then back to the constant value again , thus generating a “dark pulse”, from which the 

name dark solitonthose soliton can actually be generated introducing short dark pulses in 

much longer standard pulses. Dark solitonsare GeO2and P2O5 compositional fluctuations can 

occurs .These two effect give rise to refractive index variations which occurs within the glass 

over distances that are small compared with he wavelength. These index variations cause a 

Rayleigh-type scattering of light. Rayleigh scattering in glass is the same phenomenon that 

scatters light from the sun in the atmosphere, thereby giving rise to a blue sky.  

3. Soliton Transmission:- The solutions a pulse able to keep its shape and width steady as a 

result of mutual compensation of dispersion broadening and self-phase modulations 

narrowing processes has been discussed above. The Wavelength Division Multiplexing 

system is based on solitons transmission. System of 128 channels with each channel carrying 

capable of 109 bit/sec. Its pulse is able to travel upto6,000KM without regeneration. Since 

solitons can be transmitted over a very long fiber link without amplifications and dispersion 

compensation. They look like the most promising transmission technology. The urgent need 

of solitons stems from the necessity to cope the most limiting effects in today‟s fiber. The 

major challenge in the development of commercial solitons transmission is already installed 

multimillion networks of standard fibers. Solitons are used to produce a pulse train suitable 

for solitons transmission. 

 

 
 

Fig- Semiconductor of the device for a hybrid pulse source 
Our research goal is to realize long distance large capacity optical transmission by taking 

advantage of optical nonlinear effects, including optical solitons and nonlinear techniques for 

generating ultra-short optical pulses. Thus soliton is a wave that exists in nature which can 

propagate over long distances without any distortion in its waveform. Another interesting 

property of solitons is the durability, which means that once generated and launched into the 

fiber they retain their shape over long distances. 

4. Wavelength Division Multiplexing (WDM) with solitons- 

The wavelength division multiplexing is the potentially an effective way to increase the 

capacity of ultra-long distance date transmission. For most transmission modes, however 

nonlinear interaction tend to cause server in inter channel interference. On the other hand in 

losses, constant dispersion fiber, solitons of different wavelength are transparent to each 

other. The transparency means that each solitons emerges from a mutual collision with 

wavelength energy and shape. In particular FWM components that make a temporary 

appearance during the collisions are reabsorbed by solitons. This transparency can be 

maintain in the system by use of a chain of lumped amplifiers as long as the collision length ( 
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the distance that the solitons travel down the fiber while passing through each other) is two or 

more times the amplifier spacing. Nevertheless the effect of cross-phase modulation between 

colliding solitons and their generation of the FWM components was assumed to be similar to 

that in the lossless case. In the recent experimented study of soliton WDM transmission at 10 

G bits per channel, however we observed serious penalties, particulars the distance for error 

free transmission. Thus it is clear that the above analysis has an important effect. 

 

 

 
 

Fig- Intensity(a.u.) with respect to Time(p.sec) 

The net results in that WDM solitons system behave quite differently from conventional 

WDM system e.g. channel spacing ∆λ in conventional WDM system must be longer than a 

certain critic value or satisfactory performance. But soliton system impose an additional 

requirement ∆λ must be smaller than another critical value. The growth of FWM products 

can be effectively eliminated through proper dispersion management. The elimination is 

complete when the fiber decreases exponentially with distance exactly as does the single 

energy. Although such dispersion tapered fiber is not yet commercially available e.g. just a 

twosteps approximation almost completely eliminated the timing and amplitude jitter. 

Residual Four Wave Mixing energy following a single collisions of 20-ps solitons in 

channels spaced 0.6 nm apart in a chain of fiber spans with D=0.5ps/(nm km). For constant D 

and for the optical two, three, four step approximation to the ideal exponential taper. The 

Four Wave Mixing energy for a single sideband and is normalized to the soliton pulse energy. 

No noise seed was used in these simulations. Channel spaced „n‟ times the adjacent channel 

spacing the Four Wave Mixing intensity should scale as n-5. The apparently rapid full of in 

Four Wave Mixing effect is tempered somewhat by the facts that the no of collisions tends to 

increase as „n‟ and that is really the vector addition of residual field quantum from at least 

several successive collisions that is to be referred here. Also note that the no of steps require 

for total suppression of the FWM intensity increasing channel spacing just two steps are 

required for lamp. In the neighborhood of 30km. Whereas our steps are required for same in 

fig. Finally note that because of the finite nature of the pulse width and collision length are 

responses. 

5. Four Wave Mixing in Solitons- 

The power dependence of refractive index has its origin in the third order non-linear 

susceptibility denoted by χ
(3)

. The non-linear phenomenon known as the Four Wave Mixing 

also originates from χ
(3)

. If three optical fields with carrier frequencies ω1, ω2 and ω3 co-

propagate inside the fiber simultaneously χ
(3) 

generate four field whose frequency is ω4 

related to other frequencies by a relation ω4=ω1±ω2 ± ω3several frequencies corresponding 
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to different pulse and minus signs combinations are possible in principal. In practice most of 

these combinations do not build up because of the phase matching requirement. Frequency 

combination of the form ω4= ω1+ω2-ω3 are often troublesome for multichannel 

communication systems. Since they can become nearly phase matched when channel 

wavelength lie close to the zero dispersion wavelength. In fact the degenerate Four Wave 

Mixing process for which ω1=ω2is often the dominate process and impulse the system 

performance most. On the fundamental level, a four wave mixing process can be viewed as a 

scattering process and impacts the system performance most. The four wave mixing process 

may also be interpreted between four photons. A photon of frequency ω3 combines with a 

photon of frequency ω4 will produce a proton of frequency ω1 and ω2 shown in fig. 

  ∆=β(ω3)+ β(ω4)- β(ω1)- β(ω2)                 ……………………………1.8 

Where β(ω) is propagation constant for an optical field with frequency ω.in degenerate case 

ω2=ω1, ω3=ω1+Ω and ω3=ω1-Ω where Ω represents the channel spacing. This process can 

still occur and transfer power from each channel to nearest neighbors. Such a power transfer 

not only results in the power loss for a channel but also induced inter-channel cross tall that 

degrades.  

 
Fig-Interaction of four photons in Four Wave Mixing 

Modern Wavelength Division Multiplexing system avoid Four Wave Mixing by using the 

technique of dispersion management I which Group Velocity Dispersion is kept locally high 

in each fiber section en through it is low on average. Four Wave Mixing, can also be useful in 

designing light wave system. It is also used for de-multiplexing individual channels when 

time division multiplexing is used in the optical domain. It is also used for wavelength 

conversion. Four Wave Mixing in optical fiber, is some time used for generating for a 

spectrally inverted signal through the process of optical phase conjugate. This technique is 

useful for dispersion compensation. 

6. Stability of Solitons-We have describe what optical solitons are to creat a field with a 

particular shape with a particular power related to theduration of the impulses. But what  if 

we are a  bit wrong in creating such impulses then adding small perturbations to the equations 

and solving them numerically, it is impossible to show that memo-dimensional solitions are 

stable. They often referred as (1+1)Dsolitions meaning that they are limited in one dimension 

and propagate in another one say z. 

If we create such a soliton using slightly wrong power or shape then it will adjust itself until 

it reaches the standard such shape with the right power. Unfortunately this is achieved at the 

expense of some power loss that can cause problems because it can generate another non-

soliton field propagation together as we want. On the other hand (2+1)D spatial solitons are 

unstable so any small perturbation can cause the soliton to different as a field in a linear 
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medium or to collapse damaging the materials. So working close this saturation level makes 

it possible to create a stable soliton in a three dimensional space. 

7. Conclusions- The propagation of first order solitons with different pulse widths indicates 

that shorter initial pulse spread more than longer once although the loss coefficient in the non 

linear Schrodinger equations is smaller. These solitons are basically used in optical 

communications, optical switching, high energy physics and in solid state physics. 

 In optical communications- The most use of solitons are in optical communications. 

In these cases information is encoded in light pulses and transmitted through optical 

fiber over a long distance in 1977. With the help of solitons theory optical cables has 

been developed which transmit 40,000 telephone conversations simultaneously which 

have been experimentally observed and theoretically confirmed. In addition we have 

shown that the uses of the DM soliton improve the power margin and the dispersion 

tolerance of long distance transmission systems without any distortion. 

 In optical switching- The optical switching as the controlling of the gain from very 

low values to very high value or vice-versa. The solitons pulse having very narrow 

band width and highly intense so we obtain optical switching using solitons system. 

 In high energy physics-High energy physics means the particle physics where size of 

the particle is very small having high kinetic energies. Ideal solitons, which propagate 

without waveform distortion, can exist only in a transmission line with no energy loss 

and no fluctuation of the group velocity dispersion along the line. For achieving 

soliton transmission in a real optical fiber, it has been necessary to extend the concept 

of the soliton. 

 In Solid State Physics-  In this case we used to measure the high energy of any 

object. If we want to measure the length of a person with having a box of height of 

several hundred meters so there is no matching of size of person and the box. It can be 

easily measured the height of a person accurately with the help of box. We have 

developed sereral novel soliton transmission techniques,  such as the use of dispersion 

managed solitons, a pulse reshaping technique which we call soliton control and also 

wavelength division multiplexed (WDM) soliton transmission. By adopting these 

techniques, we can increase transmission capacity and upgrade installed terrestrial or 

submarine cables. As enabling technologies for these transmission techniques for 

ultra-short optical pulses; fiber gratings for  the dispersion compensation and 

equalization and the application of ultra-fast optical pulses to optical signal 

processing. So we used the solitons system in solid state physics. 
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lgk;d izoDrk] bfrgkl foHkkx 

oS’; egkfo|ky;] fHkokuhA 

 

 

 

ljnkj oYyHk HkkbZ iVsy dh x.kuk Hkkjr ds egku ns’kHkDrksa esa dh tkrh gSA os Hkkjr ds jk"Vªh; LorU=rk laxzke ds 

vVy LrEHk FksA muesa fcLekdZ tSlh laxBu dq’kyrk] dkSfVY; tSlh jktuSfrd lq>&cq> vkSj vczkfge fyadu ds leku 

jk"Vª HkfDr fo|eku FkhA LorU=rk izkfIr ds ckn mUgksaus vlk/kkj.k ;ksX;rk ,oa lkgl dk ifjp; nsrs gq, ns’k dh fofHkUu 

NksVh&cM+h fjlk;rksa dk foyuhdj.k djds fo’o ds ekufp= ij ,d v[k.M Hkkjr dk fuekZ.k fd;kA 

 LorU=rk&izkfIr ds le; Hkkjr esa yxHkx NksVh&cM+h 565 fj;klrsa Fkh] ftuds vUrxZr 715]964 oxZehy 

{ks=Qy Fkk vkSj 1941 dh tux.kuk ds vuqlkj yxHkx 931189233 tula[;k FkhA ijUrq dskbZ Hkh fj;klr jktuSfrd 

n`f"V ls LorU= lkoZHkkkSfedrk dk iz;ksx ugha djrh Fkh vkSj os fczfV’k ljdkj dh vf/klÙkkiw.kZ FkhA  

 Hkksiky ds uokc us dSfcusV fe’ku ds lkeus viuk n`f"Vdks.k Li"V djrs gq, dgk fd] ^^Hkkjr dh fj;klrsa 

vf/kd ls vf/kd izHkqRo ds lkFk viuk vfLrRo cuk;s j[kuk pkgrh gSA mUgksaus ;g Hkh dgk fd ;fn Hkkjr ds nks [k.M 

cuk;s tk ldrs gS rks fj;klrksa ds fy, rhljk [k.M Hkh cuk;k tkuk pkfg,A fj;klrksa dks Hkkjr o ikfdLrku esa 'kkfey 

u fd;k tk;sA fczfV’k Hkkjr esa tks Hkh ljdkj cus] og fj;klrksa ds vkUrfjd ekeyksa esa gLr{ksi u djsaA** 29 tuojh 

1947 bZ0 dks psEcj vkWQ fizalst dh LFkkbZ lfefr us cEcbZ dh cSBd esa dqn fof’k"V vf/kdkjksa dh ek¡x dh vkSj dgk fd 

fj;klrksa dk Hkkjr la?k esa 'kkfey gksus dk vfUre fu.kZ; fj;klrksa dk gksuk pkfg,A ijUrq cM+kSnk ds 'kkld us bl 

fu.kZ; ls vlgefr trkrs gq, O;fDrxr :Ik ls lafo/kku lHkk esa 'kkfey gksus dk fu’p; fd;kA 20 Qjojh 1947 dks 

fczfV’k iz/kkuea=h ,Vyh us twu 1948 bZ0 dks Hkkjr dks LorU= djus dh ?kks"k.kk dh vkSj ns’kh fjlk;rksa dh lok ZsPp lÙkk 

,oa nkf;Roksa dks fczfV’k Hkkjr dh fdlh ljdkj dks u lkSaius dk Li"V vk’oklu fn;k] ftlds QyLo:Ik nksuksa i{k 

izHkkfor gq,A 15 vizSy 1947 dks cM+kSnk esa ljnkj iVsy us jktkvksa dks lEcksf/kr djrs gq, dgk fd os dkaxzsl ls Hk;Hkhr 

u gks vkSj lafo/kku lHkk esa Hkkx ysA mUgksaus psrkouh Hkh nh fd] ^^vUr esa gkjdj vk,xsa] og 'kksHkk ugha nsxkA 'kknh ds 

ckts 'kknh ds oDr gh vPNs yxrs gSa] ekSr ds le; 'kksHkk ugha nsrsA** 

 16 vizSy 1947 dks ljnkj iVsy us lwjr esa vius Hkk"k.k esa fj;klrksa dh ^^Bgjks vkSj ns[kks** uhfr dh vkykspuk 

djrs gq, dgk fd jktkvksa dks 'kh?kz gh vius izzfrfuf/k lafo/kku lHkk esa Hkst nsaA 28 vizSy 1947 bZ0 dh lafo/kku lHkk 

ds vf/kos’ku esa cM+kSnk] t;iqj] jhok¡] dksphu] chdkusj] tks/kiqj] Xokfy;j ,oa ifV;kyk ds izfrfuf/k;ksa us Hkkx fy;kA ykMZ 

ekm.VcS.Vu us Hkkjr&foHkktu dk fu.kZ; ysus ds ckn tokgjyky usg: dks Hkkjr dk tks izk:Ik fn[kk;k] mlesa Hkkjr 

ek= nks fgLlksa esa ugha oju~ vusd NksVs&NksVs [k.Mksa esa foHkkftr FkkA ekm.V cSVu us vuqHko fd;k fd jktkvksa ds eè; 

xEHkhj erHksn gSA Hkksiky ,oa Vªkoudksj ds jktk LorU=rk ds i{k/kj FksA chdkusj] t;iqj] tks/kiqj] ifV;kyk ,oa Xokfy;j 

ds 'kkld lafo/kku lHkk esa lfEeyr gksuk pkgrs FksA gSnjkckn ds futke ftUuk ds lkFk le>kSrk djds ikfdLrku esa 

'kkfey gksuk pkgrs FksA 

PAPER 27
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 Hkkjr LorU=rk vf/kfu;e ds vUrxZr vaxzsth ljdkj us lHkh ns’kh fj;klrksa dks mudh laizHkqrk okil ykSVk nh 

vkSj mUgsa NwV ns nh xbZ fd os viuh bPNkuqlkj Hkkjr ;k ikfdLrku esa fdlh ds Hkh lkFk le>kSrk dj ys vFkok viuk 

LorU= vfLrRo cuk;s j[ksA vr% vusd ns’kh fj;klrksa ds jktk LorU= jkT;ksa dk LoIu ns[kus yxsA ijUrq 15 twu 1947 

dks dkaxzsl us bldk fojks/k djrs gq, vius izLrko esa dgk fd] ^^vf[ky Hkkjrh; dkaxzsl lfefr] Hkkjr esa fdlh Hkh 

fj;klr dh LorU=rk dh ?kks"k.kk djus vkSj 'ks"k Hkkjr ls vyx jgus dh ek¡x dks Lohdkj ugha dj ldrhA ;g Hkkjrh; 

bfrgkl rFkk turk ds y{;ksa dh vLohdf̀r ekuk tk,xkA** 5 tqykbZ 1947 dks Hkkjrh; jkT; foHkkx ykSg iq:"k ljnkj 

iVsy dks lkSai fn;k x;k vkSj oh-ih- esuu dks mudk lfpo cuk;k x;kA blh fnu ljnkj iVsy us vius ,sfrgkfld 

oDrO; esa fj;klrksa ds izfr dkaxzsl ds lgkuqHkwfriw.kZ O;ogkj dk vk’oklu fn;k rFkk ^^dsoy lqj{kk] oSnsf’kd lEcU/k vkSj 

ifjogu ds {ks= esa dsfUnz; ljdkj ds vUrxZr vkus dk fuosnu fd;kA** mUgksaus bfrgkl dh vksj b’kkjk djrs gq, dgk] 

^^gekjh [kf.Mr voLFkk vkSj ,d gksdj eqdkcyk u djus dh gekjh v;ksX;rk dk fujUrj gesa f’kdkj gksuk iM+kA gekjs 

vkilh >xM+s] bZ";kZ] }s"k vkSj cSj Hkko ds dkj.k gh tks fons’kh vk,] muds lkeus ge gkj x,A** ljnkj iVsy us fj;klrksa 

ds 'kkldksa vkSj mudh turk dks viuh ekr`Hkwfe ds izfr leku fu"Bk ls izsfjr gksdj lcds leku fgr ds fy, eS=hiw.kZ 

vkSj lg;ksx dh Hkkouk ls lafo/kku lHkk esa Hkkx ysus ds fy, vkeaf=r fd;kA  

 11 vxLr 1947 bZ0 dks ljnkj iVsy us vius lEcks/ku esa dgk fd] ^^pkj fnu i'pkr fons’kh ljdkj pyh 

tk,xhA vr% fj;klrsa 15 vxLr rd Hkkjrh; la?k esa 'kkfey gks tk;s] vU;Fkk muds lkFk dBksj O;ogkj fd;k tk,xkA** 

mUgksaus ;g Hkh Li"V :Ik ls dgk fd ^^vkt dh nqfu;k esa vdsyk jguk eqf’dy gSA tc rst vk¡/kh vkrh gS rc vdsyk 

isM+ fxj tkrk gSA exj tks nwljs isM+ksa ds lewg esa gksrk gS og cp tkrk gSA vki Hkh jkepUnz th vkSj v’kksd tSlksa ds 

oa’kt gSA ijUrq ;g Hkh lR; gS fd vki vktdy vaxzst vf/kdkfj;ksa ds NksVs&NksVs piMkfl;ksa dks Hkh lyke ekjrs gSaA 

vkidks vHkh ;g fo’okl ugha gS fd 15 vxLr dks vaxzst pys tk,¡xsA ijUrq tc os tk,¡xs vkSj vkidks LorU=rk dh 

gok yxsxh rc vkids ân; iV~V [kqysxsaA** ljnkj iVsy vkSj oh-ih- esuu ds vFkd iz;klksa ls 14 vxLr 1947 rd 

ifV;kyk] chdkusj] /kkSyiqj] Hkjriqj] fcykliqj] Xokfy;j] ukHkk] Vªko.kdkSj] tks/kiqj] Hkksiky vkSj bUnkSj fj;klrsa Hkkjrh; 

la?k esa 'kkfey gks xbZA gSnjkckn] twukx<+] dfB;kckaM ,oa d’ehj vc Hkh LorU= FkhA 

 1941 bZ0 dh tux.kuk ds vuqlkj twukx<+ dh tula[;k yxHkx 670719 Fkh] blesa 80 izfr’kr fgUnw FksA ogka 

dk uokc egkor [kku jlwy [kku FkkA mls dqÙks ikyus dk 'kkSd Fkk vkSj mu ij og vR;f/kd ek=k esa /ku [kpZ djrk 

FkkA fj;klr dk lkjk dk;Z nhoku 'kkguokt HkwV~Vksa ns[krk Fkk] tks ftUuk ,oa eqfLye yhx ds izHkko esa FkkA twukx<+ esa 

Hkh Hkkouxj] uokuxj] ekSjoh] xksaMy] iksjcUnj rFkk oudkudj bR;kfn fj;klrsa FkhA Hkkjr ds jkT; foHkkx us twukx<+ 

esa izos’k&fyf[kr iwfrZ gsrq HkstkA 13 vxLr 1947 dks 'kguokt HkwV~Vksa us mrj fn;k fd og fopkjk/khu gSA ijUrq Hkkjr 

dks vU/kdkj esa j[krs gq, 15 vxLr 1947 dks twukx<+ ikfdLrku esa 'kkfey gks x;kA twukx<+ dh Hkhrjh fj;klrksa us 

uokc ds bl dk;Z dh dMh vkykspuk dhA uokuxj ds tke lkgc fnYyh vk, vkSj ljnkj iVsy rFkk jkT; foHkkx ls 

dkfB;kckn {ks= esa LFkkbZ 'kkfUr vkSj O;oLFkk cuk;s j[kus ds fy, 'kh?kz dk;Zokgh dk vuqjks/k fd;kA 

 17 flrEcj 1947 bZ0 dks dsfUnz; efU=e.My esa QSlyk fy;k x;k fd twukx<+ ds pkjks rjQ ?ksjk Mkyk tk,A 

twukx<+ ds uokc us ckcfj;kx<+ esa lSfud gLr{ksi djds 51 xzkeksa ds 'ks[kksa dks ikfdLrku esa lfEefyr gksus ds fy, 

ckè; fd;k] tks igys gh Hkkjr esa 'kkfey gks pqds FksA ljnkj iVsy ds fu.kZ;kuqlkj dek.Mj xqjn;ky flag ds usr`Ro esa 

lsuk,a twukx<+ Hksth xbZA Hkkjrh; lsuk us twukx<+ dh vkfFkZd ukdscUnh dj nhA uokc lSfud dk;Zokgh ds Hk; ls 

djkph Hkkx x;kA ljnkj iVsy us twukx<+ tkdj ogka ds yksxksa dh Hkkoukvksa dk vknj djrs gq, mls Hkkjr esa lfEeyr 

dj fy;k vkSj ikfdLrku dks psrkouh nh fd oks Hkkjr ds vkUrfjd ekeysa esa gLr{ksi u djsaA 20 Qjojh 1948 dks 

twukx<+ esa tuer laxzg gqvkA 20 Qjojh 1949 esa ;s fj;klrsa lkSjk"Vª la?k esa feyk yh xbZA  
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 Hkkjrh; ns’kh fj;klrksa ds 'kkldksa esa ls gSnjkckn dk futke ehj mLekuvyh [kku cgknqj lcls vf/kd 

egRokdk¡{kh FksA mUgksaus 12 twu 1947 dks ?kksf"kr fd;k fd vaxzstks ds pys tkus ds ckn gSnjkckn ,d LorU= jkT; dh 

fLFkfr izkIr dj ysxkA 29 uoEcj 1947 dks Hkkjr ljdkj ,oa gSnjkckn ds futke ds eè; ,d ^;FkkfLFkfr le>kSrk* 

gqvk] ftlds vUrZxr r; gqvk fd ^^15 vxLr 1947 ds iwoZ rd gSnjkckn ls ikjLifjd lEcU/k dh tks O;oLFkk Fkh] og 

cuh jgsxhA lqj{kk] oSnsf’kd lEcU/k vkSj ifjogu dh dksbZ ubZ O;oLFkk ugha dh tk;sxhA** le>kSrs dh 'krksZ ds ikyu ds 

fy, nksuksa gh ,d nwljs ds ikl ,d&,d izfrfuf/k j[ksxhA ljnkj iVsy us ds-,e- eqa’kh dks Hkkjr ljdkj dk izfrfuf/k 

cukdj gSnjkckn HkstkA ijUrq 'kh?kz gh futke us ^^;FkkfLFkfr le>kSrs** dk mYya?ku djrs gq, ikfdLrku dks 20 djksM+ 

:i;s dk _.k fn;k vkSj cxSj Hkkjr dks lwfpr fd;s ikfdLrku esa ,d tu&lEidZ vf/kdkjh Hkh fu;qDr dj fn;kA 

bruk gh ugha futke ds funsZ’kksa ls gh ^bfÙkgknqy eqlyuhu* uked QkflLV laxBu] ftldk eqf[k;k dkfle fjtoh Fkk] 

ogka ij fgUnqvkas ij vR;kpkj dj jgk FkkA ;g laxBu [kqysvke fgUnwvksa ,oa Hkkjr ljdkj ds fo:} ?k̀.kk dk Hkh izpkj 

dj jgk FkkA ds-,e-eqa’kh us futke ds iz/kkueU=h yk;d vyh ds ikl bl fo"k; ij i= Hkh HkstkA 

 16 vizSy 1948 dks yk;dvyh us iVsy ls eqykdkr dh rks iVsy mls psrkouh nsrs g, dgk fd] ^^eSa vkidks 

vletl dh fLFkfr esa ugha j[kuk pkgrkA gSnjkckn dh leL;k mlh izdkj gy gksxh tslh fd vU; fj;klrksa dh] dksbZ 

nwljk fodYi ugha gSA ge dHkh Hkkjr ds vUnj ,d vyx LorU= LFkku ds fy, lger ugha gks ldrs] ftlls Hkkjrh; 

la?k dh ,drk Hkax gks] ftls geus [kqu rFkk ilhus ls cuk;k gSA ge eS=hiw.kZ <ax ls jguk rFkk leL;kvksa dks lqy>kuk 

pkgrs gS] ij bldk vfHkizk;% ;g ugha gS fd ge dHkh gSnjkckn dh LorU=rk ij lger gks tk;saxsA gSnjkckn dks 

LorU= vfLrRo izkIr djus dk izR;sd iz;kl vlQy gksxkA** 

 gSnjkckn dh leL;k fnu&izfrfnu fo"ke gksrh pyh xbZA 28 vxLr 1948 dks fnYyh esa gSnjkckn ljdkj ds 

izfrfuf/k us gSnjkckn leL;k dks la;qDr jk"Vª la?k esa ys tkus dh lwpuk nhA ljnkj iVsy us gSnjkckn esa lSfud 

dk;Zokgh ds fy, ^^estj tujy ts-,e-pkS/kjh ds usr̀Ro esa Hkkjrh; lsuk,¡ Hksth xbZA 17 flrEcj 1948 dks gSnjkckn dh 

lsukvksa us vkReleiZ.k dj fn;kA 

 d’ehj&Hkkjr dh mÙkj&if’pe lhek ij fLFkr og jkT; gS tks Hkkjr ,oa ikfdLrku dks tksM+rk gSA vktknh 

ds le; d’ehj ds 'kkld gfjflag us LorU= jkT; dh dYiuk djrs gq, Hkkjr ,oa ikfdLrku nksuksa esa ;FkkfLFkfr 

le>kSrk dj fy;kA d’ehj esa ;krk;kr] Mkd ,oa lapkj ds lk/ku ikfdLrku ls gksdj tkrs FksA ikfdLrku us d’ehj 

ij ikfdLrku esa foy; dk ncko cukus ds fy, d’ehj ds vUu] iSVªksy o vU; vko’;d oLrq,¡ Hkstuk cUn dj fn;kA 

flrEcj ,oa vDrwcj 1947 dks ikfdLrku us dck;fy;ksa ds :Ik esa l’kL= 5000 lSfudksa dks d’ehj ij vkdze.k djus 

ds fy, HkstkA d’ehj ds jktk gfjflag us 24 vDrwcj dks Hkkjr ls lSfud lgk;rk ek¡xh vkSj 26 vDrwcj dks d’ehj ds 

Hkkjr eas 'kkfey gksus dh fyf[kr ?kks"k.kk dj nhA 

 27 uoEcj 1947 dks Hkkjrh; lsuk,a gokbZ tgktksa ds }kjk d’ehj Hksth xbZA Hkkjrh; lsuk us Jhuxj ls 

ikfdLrkuh lsuk dks okil [knsM+ fn;kA 1 tuojh 1948 dks ljnkj iVsy dh vlgerh ds ckotwn d’ehj dk iz’u 

la;qDr jk"Vª la?k dh lqj{kk ifj"kn~`̀`̀`̀`̀ ds le{k izLrqr dj fn;k x;kA iVsy us cM+s nq%[k ls dgk fd ^^;fn tokgj yky 

usg: vkSj xksiky Lokeh vk;xj us d’ehj dks viuk O;fDrxr fo"k; cukdj fj;klr foHkkx ls vyx u fd;k gksrk 

rks d’ehj leL;k mlh izdkj gy gksrh tSls fd gSnjkckn dhA** 

 Lkjnkj iVsy us LorU=rk&izkfIr ds Ik’pkr~ fj;klrksa dk foy; fd;k vkSj ,d v[k.M Hkkjr dk Lo:i iznku 

fd;kA iVsy us mMhlk ,oa NÙkhlx<+ dh NksVh&NksVh fj;klrksa dks mM+hlk ,oa eè; izkUr esa feykbZ xbZA dkfB;kokM+ esa 

14 lykeh] 17 xSj lykeh ,oa 119 NksVh fj;klrsa FkhA iVsy us budk foy; djds lkSjk"Vª la?k dk fuekZ.k fd;kA 

lkSjk"Vª la?k dk fo/kku cukus ds fy, ,oa fo/kku ifj"kn~ dh LFkkiuk dhA jktLFkku esa Hkh 18 ekpZ 1848 bZ0 dks vyoj] 
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Hkjriqj] /kkSyiqj rFkk djkSyh dh fj;klrksa dks lfEefyr djds ^la;qDr eRL;* dh LFkkiuk dh xbZA nwljs pj.k esa 25 

ekpZ 1948 dks la;qDr jktLFkku la?k esa dskVk] cklckM+k] cw¡nh] Mw¡xjiqj] HkhyokM+k] fd’kux<+] izrkix<] 'kkgiqjk rFkk Vksad 

dh fj;klrs 'kkfey dh xbZA rhljs pj.k esa 1 vizSy 1948 dks mn;iqj dks vkSj pkSFks pj.k esa 18 vizSy 1948 dks t;iqj] 

tks/kiqj] chdkusj rFkk tSlyesj dks jktLFkku la?k esa feyk fy;k x;kA  

 iVsy us 2 vizSy 1948 dsk 38 fj;klrksa dks ,d twV djds la;qDr foU/k; izns’k dh LFkkiuk dhA 1 tuojh 

1950 dks foU/k izns’k dk 'kklu dsUnz ljdkj us vius gkFkksa esa ys fy;kA eè; Hkkjr dks nk s la?kksa&Xokfy;j ,oa bUnkSj esa 

foHkDr djus dk izLrko j[kkA ijUrq iVsy us buesa la?k"kZ dh vk’kadk dks ysdj ,d la?k dk fuekZ.k ij cy fn;k] tks 

Lohdkj dj yh xbZA iatkc esa ifV;kyk] thUn] ukHkk] QjhndksV] eysj dksVyk vkSj diwjFkyk dk feykdj ,d la?k 

^isIlw* dk fuekZ.k fd;k x;kA oh-ih- esuu us Vªko.kdksj ,oa dksphu dks feykdj ,d la?k dk fuekZ.k fd;kA 

 iVsy }kjk uo&Hkkjr fuekZ.k esa ns’kh fj;klrksa dk foy; viuh vfgalkRed ,oa 'kkfUriw.kZ i}fr;ksa ds fy, fo’o 

ds bfrgkl esa ,d vHkwriwoZ dzkfUr jgk gSA izfl} jktusrk ,u-oh- xkMfxy dk dguk Fkk fd] ^^;fn egkRek xk¡/kh gekjh 

LorU=rk ds fuekZrk gS] rks ljnkj iVsy Hkkjrh; la?k ds fo’odekZ gSA** eksjkjth nslkbZ us iVsy dh fcLekdZ ls rqyuk 

djrs gq, fy[kk fd ^^mUgksaus vf/kd le; fy;k vkSj og Hkh ,d NksVs ns’k esa tgk¡ dqN gh jkT; Fks rFkk ,d gh /keZ ds 

yksx FksA ijUrq iVsy us ;g dk;Z ,d fo’kky ns’k esa tgk¡ fofHkUu /keZ rFkk Hkk"kk ds yksx Fks vkSj tgk¡ ns’k ds izfr vf/kd 

ns’k HkfDr Hkh u FkhA** 

 bl leL;k dk lek/kku iVsy us vR;f/kd lkgl ,oa /kS;Z ls fd;kA blh dkj.k Hkkjrh; bfrgkl esa mUgsa 

ykSgiq#"k ,oa vk/kqfud Hkkjr ds fuekZrk ds :Ik esa lnSo Lej.k fd;k tk,xkA 
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1- nqxkZnkl ¼lEikfnr½ ljnkj iVsy dk i= O;ogkj] 1945&1950 ¼lEcfU/kr [k.M½ 

2- ijh[k] ujgfj }k % ljnkj iVsy ds Hkk"k.k ¼ 1918 ls 1947 rd vgenkckn] 1950½ 

3- ijh[k] ujgfj }k % ljnkj oYyHk HkkbZ iVsy] [k.M 1 o 2 ¼vgenkckn] 1950 o 1956½ 

4- jk"Vªh; ,drk dk fuekZ.k&ljnkj oYyHk HkkbZ iVsy ds Hkk"k.k ¼ifCyds’ku fMfotu] 1954½ 
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ykMZ dkuZokfyl dk LFkk;h cUnkscLr % ,d foospuk 
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16 oh alnh ds mrjk¼Z ls ysdj 17oha lnh rd vusd ;wjksfi;u tkfr;k¡ O;kikj djus ds 

mn~s'; ls Hkkjr vkbZA 1600 bZ0 esa bZLV bf.M;k dEiuh dh LFkkiuk gqbZA 1600 bZ0 ls 

1757 bZ0 rd bZLV bf.M;k dEiuh us ,d O;kikfjd dEiuh ds :i esa dk;Z fd;kA 

vaxzstksa us 23 twu] 1757 bZ0 dks Iyklh dh yM+kbZ eas caxky ds uokc fljktq}kSyk dks 

gjkdj O;kikfjd dEiuh dks jktuSfrd 'kfDr cuk fn;kA vDrwcj 1764 bZ0 esa vaxzstksa us 

vo/ ds uokc 'kqtknkSyk] caxky ds uokc  ehj dkfle vkSj eqxy lezkV 'kkg lezkV 

'kkg vkye f}rh; dh la;qDr lsuk dks gjk;kA 12 vxLr 1765 bZ0 dks bykgkckn dh 

lfU/ ds rgr bZLV bf.M;k dEiuh dks caxky] fcgkj] mM+hlk dh nhokuh izkIr gqbZ izkIr 

gqbZA 1772 bZ0 esa okjsu gsfLVXat us Hkw&jkTkLo ,df=kr djus ds mn~ns'; ls ik¡p o"khZ; 

O;oLFkk LFkkfir dh FkhA 1777 bZ0 esa bls ,d o"khZ; O;oLFkk ;k btkjsnkjh izFkk esa 

ifjofrZr dj fn;kA buds vuqlkj tks tehankj uhykeh esa vf/kd cksyh yxkrk Fkk] mls 

yxku ,df=kr djus dk vf/kdkj fn;k tkrk FkkA ysfdu bu O;oLFkkvksa dk ;g nks"k 

Fkk fd u rks og le; ij yxku tek djok ikrk Fkk vfirq fdlkuksa ls Hkh vf/kd 

yxku olwyus ds fy, mu ij vR;f/kd vR;kpkj djrk FkkA Hkwfe dh n'kk dks lq/kkjus 

dh vksj u rks tehankj vkSj u gh fdlku è;ku nsrs FksA bl O;oLFkk esa df̀"k ,oa O;kikj 

nksuksa gh iru dh vksj vxzlj gks x;sA ykMZ dkuZokfyl us 1793 bZ0 esa bu nks"kksa dks nwj 

djus ds mn~ns'; ls LFkk;h cUnkscLr ykxw fd;kA  

 MkW0 j.kthr xqgk us viuh iqLrd “ A Rule of Property for Bangal” esa 

LFkk;h cUnkscLr dh mRifÙk dk vk/kkj baXyS.M esa izpfyr okf.kT;oknh vkfFkZd 

fopkj/kkjk rFkk Qzk¡l esa fQft;ksaØsfVd fopkj/kkjk crk;k gS] tks fuft lEifÙk ds 

fl)kUrksa ij vf/kd tksj nsrs FksA Ýk¡l esa vPNs ,oa fLFkj lekt dk vk/kkj lEifÙk dh 

PAPER 28
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lqj{kk eas ns[kk x;kA fQft;ksØsfVd  fopkj/kkjk eas vk; dk eq[; lk/ku df̀"k ekuk x;kA 

vr% df̀"k ds {ks= esa vfrfjDr mRiknu c<+kus ds fy, LFkk;h cUnkscLr dks vfuok;Z ekuk 

x;kA 1784 bZ0 esa fiV~l dkuwu esa Hkh tehankjksa }kjk yxku ,df=r djus ds vf/kdkjksa 

dks ekU;rk ns nh xbZA ledkyhu fopkjdksa dk ;g ekuuk Fkk fd baXyS.M ds leku 

caxky esa Hkh lEifÙk lEcU/kh vf/kdkj ,sls oxZ dks lkSai fn;s tk;sa] ftldh Hkwfe esa xgjh 

fnypLih gksA ykMZ dkuZokfyl dk Lo;a ekuuk Fkk fd caxky esa df̀"k gh /ku dk L=ksr 

gS] okf.kt; ughaA okf.kT; dk foLrkj d̀f"k {ks= dh lèf) ij gh fuHkZj djrk gSA 

baXyS.M ds okf.kT; ds fodkl esa Hkh Hkkjrh; df̀"k egRoiw.kZ Hkwfedk vnk dj ldrh gSA 

uhykf} HkV~Vkpk;Z ds vuqlkj LFkk;h cUnkscLr dh fopkj/kkjk u dsoy ;wjksi dh ckSf}d 

fopkj/kkjk ls mRiUu gqbZ] vfirq LFkkuh; ifjfLFkfr;k¡ Hkh blds vuqdwy FkhA caxky eas Hkh 

eè;dky ls gh cM+s&cM+s tehankjksa dk vfLrRo Fkk] tks jktuSfrd {ks= esa Hkh egRoiw.kZ 

LFkku j[krs FksA N.K. Sinha ds vuqlkj LFkk;h cUnkscLr dk ,dek= mn~s’; vf/kdre 

Hkw jkTkLo izkIr djuk FkkA 

 vk/kqfud bfrgkldkjksa esa vHkh rd bl ckr ij fookn gS fd vaxzstksa ds vkxeu 

ls iwoZ tehankjksa dk df̀"k O;oLFkk esa D;k LFkku Fkk] riujk; pkS/kjh ds vuqlkj Hkwfe 

fu;a=.k vkSj Hkwfe LokfeLo dk lgh vuqeku yxkuk cgqr dfBu gSA ,l0 uq:y] glu 

ds vuqlkj okjsu gksfLVXta Lo;a ;g ekurk Fkk fd tehankj 'kCn vusd izdkj ds 

vf/kdkjksa dk lwpd gS] ijUrq mudh okLrfod fLFkfr ls og voxr u FkkA riujk; 

pkS/kjh dk ekuuk gS fd vaxzstksa ds izHkqrk ls igys caxky ds tehankj LorU= ;k 

v/kZ&LorU= eqf[k;k Fks] tks is'kd'k nsdj iz’kklfud Lok;Ùkrk izkIr djus esa lQy gks 

x;s FksA 

 caxky ds uokc eqf’kZn] dqyh [kku ds 'kklu dky esa tehankjksa us uokc ljdkj 

dks fuf'pr jde nsdj Hkw jktLo ,df=r djus ,oa xzkeh.k iz'kklu ds iSr`d vf/kdkj 

izkIr dj fy;s FksA vr% ge ;g ns[krs gS fd vaxzst vf/kdkfj;ksa esa tehankjksa ds vf/kdkj] 

dk;Z&{ks= ,oa muds vf/kdkjksa dks ysdj i;kZIr erHksn FkkA lj tkWu’kksj ds vuqlkj 

tehankj Hkwfe ds Lokeh gS vkSj bUgsa Hkwfe dj ,df=r djus dk vf/kdkj gSA ljdkj dks 

rks mlesa ls ,d fuf'pr Hkkx jLeh Hkwfe dj ds :i es ysus dk vf/kdkj gSA 'kksj us 

tehankjksa ds bl vf/kdkj dks oa'kkuqHko ekuk gSA ijUrq tsEl xzkaV dk fopkj Fkk fd 
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ljdkj leLr Hkwfe dh Lokeh gS vkSj mls vf/kdkj gS fd og tehankj ;k jS;~;r fdlh 

ls Hkh ;g le>kSrk dj ldrh gSA mldk ;g Hkh ekuuk Fkk fd yEck ;k LFkk;h 

le>kSrk djus ls iwoZ leLr fjoktksa ,oa Hkwfe lEcU/kh fjdkMZ dh tkudkjh izkIr dj yh 

tk;sA 

lj tkWu 'kksj ds fopkjksa ls lger gksus ds dkj.k vkSj dEiuh ds vf/kdkfj;ksa dh 

v{kerk ,oa iz'kklfud vuqHkoghurk dk vglkl djrs gq, tehankj ds lkFk gh ubZ 

Hkwfedj O;oLFkk LFkkfir djus dk fu'p; fd;kA jk"Vªh; fopkj/kkjk ds bfrgkldkjksa dk 

ekuuk gS fd dkuZokfyl lEifÙk ds vf/kdkj ,sls oxZ ds ikl lqjf{kr dj nsuk pkgrk 

Fkk] ftl ij jktuSfrd :i ls fuHkZj fd;k tk lds vkSj turk ds izfrjks/k ij Hkh 

vadq'k yxk;k tk ldsA ijUrq B.B. Chowdhuri us bldk [kaMu djrs gq, dgk gS 

fd ykMZ dkuZokfyl caxky esa df̀"k ds iru ls voxr Fkk vkSj mldk ekuuk Fkk fd 

Hkwfe yxku dks LFkk;h :i ls fu/kkZfjr djus ls u dsoy yxku olwyh esa fLFkjrk o 

fujUrjrk vk,xh vfirq blls dEiuh ds O;kikj dk Hkh vHkwriwoZ fodkl gksxkA 

vr% ykMZ dkuZokfyl us tehankjksa dks ,d o"kZ ds fy, caxky esa Hkw&jktLo ,df=r djus 

dk vf/kdkj ns fn;k x;kA 1790 bZ0 eas ;g yxku O;oLFkk nl o"khZ; dj nh fd ykMZ 

dkuZokfyl us dEiuh ds Mk;jsDVjksa ls Lohdf̀r feyus ij 1793 bZ0 ea tehankjksa ls 

LFkk;h cUnkscLr fd;kA bl O;oLFkk ds vUrxZr ljdkj us tehankjksa ,oa muds 

mÙkjkf/kdkfj;ksa ds fy, Hkwfe dj dh nj fuf'pr dj nh xbZ vkSj ;g nj Hkfo"; eas ugha 

cnyh tk,xhA tc rd fuf'pr le; ij tehankj fu/kkZfjr Hkw&jktLo ljdkj dks nsrs 

jgsxsa] rc rd mUgsa Hkwfe dk LFkk;h Lokeh ekuk tk,xkA 1793 bZ0 ds fofu;e XIV esa 

yxku olwy djus ds fy, ljdkj dks tehankjksa dh LkEifÙk tCr djus dk vf/kdkj 

iznku fd;k x;kA 1794 bZ0 esa la'kks/ku ds ckn tks u, dkuwu cuk;s x;s] os lq;kZLr 

dkuwu ‘Sun Set Laws’ ds uke ls tkus x;sA buds vuqlkj ;fn iwoZ fuf'pr frfFk 

ds lw;kZLr rd ljdkj dks fu/kkZfjr yxku ;k mldk dqN Hkkx ugha fn;k x;k rks 

tehankj ds fo:) dkuwuh dk;Zokgh dh tk,xhA 

ykMZ dkuZfoykl ds LFkk;h cUnkscLr esa xq.k ,oa voxq.k nksuksa gh fo|eku FksA bl 

O;OkLFkk ds ykxw gksus ij o"kkZ ds de ;k vf/kd gksus ls jkT; dh vk; ij dksbZ QdZ 



Parishodh Journal   ISSN NO:2347-6648 

Volume IX, Issue III, March/2020  Page No: 5814  

ugha iM+rk FkkA ljdkj dks vc le; ij fuf'pr vk; izkIr gksus ls vkfFkZd ;kstukvksa 

dks cukus esa lqfo/kk gks xbZA Hkw&jkTkLo dh LFkk;h O;oLFkk gks tkus ds QyLo:i bl 

dk;Z esa yxs gq, ljdkjh deZpkfj;ksa dh dqN la[;k 'kklu lEcU/kh vU; dk;ksZ dks djus 

ds fy, eqDr gks xbZA rRdkyhu fo}kuksa ds vuqlkj LFkk;h cUnkscLr ls df̀"k dks c<+kok 

feysxkA lokZf/kd Hkwfe tksrh tk,xh rFkk tehankjksa dks df̀"k ds {ks= esa u, iz;ksx tSls %& 

moZjd dk bLrseky rFkk Qly cnyus ds rjhdksa dks viukus dk volj feysxkA bl 

izdkj LFkk;h cUnkscLr ds }kjk Hkwfe dk vf/kdkf/kd iz;ksx lEHko gksxk vkSj fdlku 

vf/kd le)̀ gks ldsxsaA jktuSfrd {ks= eas Hkh tehankjksa us dEiuh ds fgrksa dks lqjf{kr 

djus esa Hkh mudh Hkjiwj enn dh tks fd 1857 ds vuqHko ls lkfcr gksrk gSA okLro esa 

izR;{k :i ls tehankjksa dk bl O;oLFkk ls vf/kdre ykHk gqvk D;ksafd mUgsa Hkwfe dk 

okLrfod Lokeh Lohdkj dj fy;k FkkA bl O;OkLFkk ls tehankjksa ds ikl vf/kd ek=k esa 

/ku lafpr gksus yxk] ftls dqN tehankjksa us O;kikj esa yxk;kA ykMZ fofy;e cSfVd us 

Lo;a bl rF; dks Lohdkj fd;k fd ;|fi LFkk;h cUnkscLr dbZ egRoiw.kZ mn~ns';ksa esa 

vlQy jgk] ijUrq blds QyLo:i Hkkjr eas /kuh HkwLokfe;ksa dk ,d ,slk fo’kky laxBu 

rS;kj gks x;k] tks rgsfny ls ;g pkgrk Fkk fd Hkkjr esa vaxzsth jkt cuk jgs vkSj 

turk ij izHkqRo dk;e j[ksa jgsA 

LFkk;h cUnkscLr eas vusd voxq.k Hkh FksA bl O;oLFkk ds QyLo:i Åijh Lrj ij 

lkeUrokn rFkk fuEu Lrj ij nkl izo`fÙk dks c<+kok feykA bl O;oLFkk ds vUrxZr u 

rks Hkwfe dh iSekbZ'k Bhd <ax ls gqbZ vkSj yxku dh nj Hkh tYnckth esa r; dh xbZ 

FkhA ljdkj dks nh?kZdkyhu n`f"V ls vf/kdkf/kd fofÙk; ?kkVk mBkuk iM+kA ubZ yxku 

O;oLFkk ds d̀f"k ij Hkh ?kkrd ifj.kke ns[kus dks feysA jk"Vªh; fopkjdksa ds vuqlkj 

vf/kd Hkwfedj] Hkwfedj dh vnk;xh udn esa fn;s tkus ij tksj] yxku olwyh ds us 

dsoy dBksj fu;e cuk;s tkuk vfirq bUgsa vkSj Hkh dBksjrk ls ykxw fd;k tkuk] 

fdlkuks ds fgrksa dks uT+kj vUnkt djuk & ;s lHkh rF; xzkeh.k lekt dks cnyus ds 

fy, mÙkjnk;h FksA yxku dh nj vf/kd gksus ls iqjkus tehankj le; ij yxku jk'kh 

tek djokus esa vleFkZ jgs vkSj os Hkwfe ls oafpr gks x;sA fdlkuksa ij fnu&izfrfnu 

dtZ dk ncko c<+rk x;k vkSj os Hkwfeghu gksrs x,A bl O;oLFkk ls fcpkSfy;ksa dk 
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Hkwfe&lEcU/k eas izos'k gqvkA ftlds QyLo:i lekt esa milkeUrhdj.k c<+kA ;s mi 

lkeUr vf/kdka’k O;kikjh ;k cfu;k oxZ ls lEcfU/kr Fks] tks 'kgjksa esa jgrs FksA 

 bl izdkj ge ns[krs gS fd fdlkuksa vkSj ljdkj ds chp eè;LFk mRiUu gks x;s] 

tks fdlkuksa ls vf/kdkvf/kd ek=k esa yxku olwy djrs Fks vkSj muds lkFk nqO;Zogkj Hkh 

djrs FksA vf’kf{kr gksus ds dkj.k fdlkuksa dks Hkw&jkTkLo dh nj dk Kku u Fkk] ftldk 

ykHk eè;LFk ,oa muds dkfjUns gh mBkrs FksA vr% LFkk;h cUnkscLr us vuqifLFkr 

tehankjh izFkk Lohdkj dj d̀"kdksa dks iw.kZr;k tehankjksa ,oa muds dkfjUnksa ij vkfJr 

dj fn;k] tks LFkk;h cUnkscLr dk okLrfod mn~s'; u FkkA vfer Hkknqjh us vius ys[k 

‘The Evoulation of Land Relations in Eastern India under British 

Rule’ esa o.kZu fd;k gS fd milkeUrdhj.k ds QyLo:i Hkwfe fdjk;s esa vfHko`f) gqbZ 

vkSj df̀"k mRiknu esa vis{kkdr̀ de o`f) gqbZA vr% fdlku dtZ[kksjh ls Hkwfe&ghu gksrs 

pys x,A  

jtr ,oa jRukjk; ,oa eQ[k:y bLyke tSls ys[kdksa dk ekuuk gS fd LFkk;h cUnkscLr 

ds ckn dksbZ ewy ifjorZu ugha vk;k vkSj tks dqN fn[kkbZ nsrk gS] oks igys ls gh izkjEHk 

gks pqdk FkkA mudk ekuuk gS fd tehu izkIr djus okys lHkh O;kikjh ;k cfu;k Fks 

vfirq buesa ls dbZ rks tehankjksa ds veys] xqek’rs]”is’ksoj nyky bR;kfn Fk s tks lw;kZLr 

dkuwu ds f’kdkj tehankjksa dh tehu [knhn ysrs FksA 19 oha 'krkCnh esa tsEl feyus 

viuh iqLrd History of India esa bu tehankjksa dks 'kgjh rRo ekuk ;|fi bl fopkj 

/kkjk dk dsoy rF;ksa ds vk/kkj ij iwjh rjg [k.Mu rks ugha fd;k tk ldrk ijUrq bls 

ekuk Hkh ugha tk ldrkA c)Zoku jkT; ds tehankj us bl nkSjku u dsoy viuh lEifr 

dks cpk, j[kk vfirq mls c<+k;k HkhA tehankj dHkh&dHkh Lo;a Hkh vf/kd yxku okys 

{ks=ksa dh uhykeh djok nsrs Fks] ftlls fd os de yxku okyh Hkwfe ;k ou {ks= [kjhn 

ldsA bl nkSjku u;s ifjokj Hkh vifjgk;Z dkj.kksa ls Hkwfe [kjhnus esa 'kgjh fnypLih 

ysrs Fks vkSj 'kh?kz gh cM+s tehankjksa dh Js.kh esa 'kkfey gks tkrs FksA jaxiwj ijxuk ds 

dkrqckcq vkSj Hkw dSyk’k ds xksdwy ?kks"kky bR;kfn izeq[k Fks] tks O;kikj esa vlQy gks 

tkus ds dkj.k Hkwfe [kjhndj cM+s tehankj cu x, FksA 
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jtr o jRukjk; ds vuqlkj Hkkjr esa vilkeUrhdj.k LFkkbZ cUnkscLr ls iwoZ Hkh FkkA 

caxky esa e/;dky ls gh cM+s&cM+s tehankjksa vfLrRo FkkA muds vUrZxr vusd NksVh 

Js.kh ds tehankj Hkh df̀"k dk;ksZa dks ns[krs Fks] tks milkeUrhdj.k dk mnkgj.k FksA 

eQ[k:y bLyke ds vuqlkj caxky dk xoZuj okjsu gksfLVXat Hkh fcpkSfy;ksa ;k e/;LFkksa 

dh leL;k  ls ifjfpr FkkA vcw vCnqYykg dk ekuuk gS fd milkeUrhdj.k cgqr cM+h 

tkxhjksa dh izcU/kdh; leL;kvksa dh nsu Fkh] u fd LFkkbZ cUnkscLr dhA 

ledkyhu vFkZ’kkfL=;ksa dk ekuuk gS fd df̀"k {ks= esa  LFkk;h cUnkscLr ds QyLo:i 

okf.kT;hdj.k vk;k] D;ksafd bl O;oLFkk esa udn yxku ij vR;f/kd tksj fn;k x;k 

FkkA vr% d̀f"k ds {ks= esa mRiknu cktkj izsfjr O;oLFkk ls izHkkfor gksdj fd;k tkus 

yxkA ijUrq ;g rF; iw.kZr% lR; ugha gS] D;ksafd Hkkjr esa dbZ 'krkfCn;ksa ls js’ke] 

dikl] rsy] lqikjh] rackdq] uhy bR;kfn dk mRiknu O;kikj ds fy, gh fd;k tkrk FkkA 

vr% ge dg ldrs gS fd LFkk;h cUnkscLr Åijh lrg ij dqN ifjorZu ykus esa lQy 

jgk ijUrq df̀"k {ks= esa fuEu lrg ij ;g ifjorZu yksus esa vlQy jgkA ,p0 csfozt us 

bldh vkykspuk djrs gq, dgk gS fd bl O;oLFkk esa fdlkuksa ds fgrksa dh mis{kk dh 

xbZ A ,l0 ,u0 cSuthZ ds vuqlkj ge LFkk;h cUnkscLr ds fl}kUrksa ls iw.kZ :i ls 

lger gS] ijUrq gekjk ekuuk gS fd ;g ns’k ds fy, egku ckr gksrh ;fn cUnkscLr 

jS;~;r ds lkFk fd;k x;k gksrkA ykMZ dkuZokfyl us tehankjksa ds lkFk cUnkscLr djds 

,d Hk;kud Hkwy dhA 
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Abstract: The evolution of the new systems is directly or indirectly connected with betterment in the old systems and hence the 

efficiency. Thus assessment of reliability of equipment is of great importance in the context of rapidly growing technology and its 

further development. A large number of studies have been carried out to evaluate the reliability by taking two-unit set-up under 

different conditions. This paper presents the study of the execution of steam turbine running in electric power-station. Execution of any 

set-up can be computed with the help of its availability and reliability. In many combined cycle power plants, the turbine generator 

consists of steam turbines interconnected to each other. Here one steam turbine is considered as one unit. In this paper, a system is 

considered in which three indistinguishable units (steam turbine) are considered in which two units are functional and third is taken as 

an understudy. If two units do not perform, the working of third unit is discontinued till the availableness of the other functional unit. 

Here inspection before failure is conducted to check functional units in a regular and schedule time. Operating units are inspected 

before failure to analyse whether a functional units required normal maintenance or not, otherwise repair of the failed unit. Here a 

independent single server system is supposed which execute normal maintenance inspection and reparation. Inspection before failure 

and maintenance are taken in priority over repair of discontinued unit. Also supposed that unit is failed and under reparation, no pre-

failure scheduled inspection is undertaken. In this paper, system will be analyzed to determine various reliability measures by using 

mathematical tools MTSF/MTBF, Markov chain, Markov process, renewal process etc. 

 

Keywords: maintenance, availability, busy period, Inspection, steam turbine 

 

1. Introduction 
 

A thermal power station is a power station in which heat 

energy is converted to electric power. In most of area in the 

world-wide, the steam turbines are steam driven. A steam 

turbine is a machine that extricate thermal energy from 

compressed steam and utilize it to do automated work 

therefore steam turbines are used to originate a collection of 

apparatus type pattern of various sizes and speeds such that 

all production section taken in power generation and gas 

industries. Although there are considerable dissimilarities in 

set-up or plan, complexness, steam working order, 

dimensions of steam turbines and undergo to the identical 

non-performance or discontinuance technique. To hold 

reliable turbine performance, there require being an effectual 

framework, inspecting the functional working order. Here 

one steam turbine is considered as one unit. In this paper, a 

system is considered in which three indistinguishable units 

(steam turbine) are considered in which two units are 

functional and third is taken as an understudy. If two units 

do not perform, the working of third unit is discontinued till 

the availableness of the other functional unit. Here 

inspection before failure is conducted to check functional 

units in a regular and schedule time. Operating units are 

inspected before failure to analyse whether a functional units 

required normal maintenance or not, otherwise repair of the 

failed unit. Here a independent single server system is 

supposed which execute normal maintenance inspection and 

reparation. Inspection before failure and maintenance are 

taken in priority over repair of discontinued unit. Also 

supposed that unit is failed and under reparation, no pre-

failure scheduled inspection is undertaken. 

 

 

 

 

1.1 Description of system and Assumption 
 

A working unit analyzed after a bounded or definite time 

period of its functioning and it is decided whether unit can 

running further or demand certain maintenance. 

 The system having three indistinguishable units - 

Initially two unit is functional and third unit is kept as an 

understudy. 

 System is supposed to be in Up-state if two units are 

working and in down state if one or no unit is working.  

 Each of the units of the system has two modes-normal 

operative and failed. 

 A normal functional unit is inspected for preventive 

maintenance before failure. 

 The unit which is in understudy cannot fail. 

 If an functional unit fails it is reparation by mender and 

no preventive maintenance inspection is carried out 

during the repair. 

 Maintenance will be preferred over repair. 

 Inspection time is too small to go for maintenance of 

second unit. 

 A unit under maintenance would not fail. 

 All the random variables are autonomous or freelance. 

 

1.2 Notations 

 

Ѡ: Compose of renewed or regenerative states 

Ѿ: Compose of non-renewed or non-regenerative states 

O:   Unit is in working state. 

S:    Unit is in understudy 

Oi :  Unit is under inspection  

OI : Continue under inspection from previous state. 

m (t): pdf  of maintenance time of an unit under inspection 

M (t): cdf of maintenance time of an unit under inspection 

π:       Invariant failure rate of a unit 
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a: Chance of unit(steam turbine) required no maintenance 

b: Chance of unit(steam turbine) required maintenance 

d (t): pdf of observed period of a unit 

D (t): cdf of observed period of a unit  

α: Rate of inspection before failure 

g (t), G (t): pdf and cdf of repair time period of a 

unsuccessful unit 

Oum:    Inspected unit under maintenance 

OUM: Maintenance of inspected unit continuous from 

previous state 

Fr: unsuccessful unit under repair 

FR: Repair of unsuccessful unit continuous from previous 

state 

Fwr, FWR: A unsuccessful unit waiting for repair 

©: Symbol for Convolution 

Δ  Symbol for Laplace convolution 

ʘ  Symbol for Laplace Stieltjes Convolution 

Down-state 

 

Regenerative Point 

The system can be in any of the following states with 

respect of the above symbols: 

RS0  =  (O,O,S)    

RS1  =  (Oi,O,O)                                                                          

RS2  =  (Fr, O,O)    

RS3  =  (Oum,O,O) 

RS4  =  (OI, FWr,O)    

RS5  =  (FR, Fwr,O)   

RS6  =  (Fwr, O,OUM)   

 

State Transition Diagram 

 

 
 

2. Transition Probabilities 
 

The era of entering into states {RS0 , RS1, RS2 , RS3} are 

regenerative states. The transition probabilities from the 

states RSi to RSj are given by Qij and in the steady states Tpij 

denotes the transition probability from states RSi to RSj are 

given under 

Tp01 = ξ/(ξ+π)  

Tp02 = π /(ξ+ π)  

Tp10 = a d*( π)  

Tp13 = b d*( π)  

Tp14 = {1- d
*
( π)}  

Tp20 = g
*
( π) 

Tp30 = m
*
( π)  
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Tp25 = {1- g
*
( π)} 

Tp36 = {1- m
*
( π)}  

Tp42 = a  

Tp46 = b 

Tp52 = 1  

Tp62 = 1 

Tp1
(4)

2 = a {1- d
*
( π)}  

Tp1
(4)

6 = b {1- d
*
( π)}  

Tp2
(5)

2 = {1- g
*
( π)}  

 

It can be easily verified that 

Tp01 + Tp02 = 1  

Tp10 + Tp13 + Tp14 = 1  

Tp20 + Tp25 = 1  

Tp30 + Tp36 = 1  

Tp42 + Tp46 = 1  

Tp1
(4)

2 + Tp1
(4)

6 = Tp14  

Tp2
(5)

2 = Tp25    
 

Mean Sojourn Times 

To compute the mean sojourn time µi(t) for state RSi, let Ti 

be sojourn time for state RSi. Then   

µi (t)  = 

0

lim [ :0 ]

t

t
P t t T dt


 

 
 

So that in steady state we have following relations 

µ0 (t)   =  1/(ξ+π)   

µ1 (t)  =  {1- d
*
(π)}/ π 

µ2 (t)   =    [1- g
*
(π)]/ π     

µ3 (t)    =    [1- m
*
(π)]/ π 

 

The unconditional mean time taken by the system to transit 

from any states RSi  to  RSj is mathematically given by 

 mij = 

0



  tdQij(t) = -qij
*
(s)

’
/at s=0 

So that     

m01    =   ξ / (ξ + π)
2
    

  

m02     =   π / (ξ + π)
2
 

m10         =    a d
*’

(π) 

m13       =    b d
*’

(π) 

m14      =    [{1 -  d
* 
(π) } / π] + d

 *’
(λ) 

m20      =    -  g 
*’

(π) 
 

  

    

m25       =       [{1- g
* 
(π )} / π] + g

*’
(π)  

  

m30        =      - m 
*’

(π) 

m36      =     [{1- m 
*
( π)} / π] + m

*’
(π)  

 

It can be easily verified that 

m01 +  m02  =  µ0(t)     

m10  +  m13 + m14 =  µ1(t) 

m20  +  m25  =  µ2(t)   

m30  +  m36  =  µ3(t) 

 

Mean Time to System Failure 

Let Ωi (t) be the cdf of the first and foremost transition time 

from regenerative state i to a failed state, respecting the 

failed state as absorbing state. So the recursive relations for 

the Mean Time to System Failure (MTSF) are given by the 

following equations 

Ω0(t) = Q01(t)  ʘ   Ω 1 (t) + Q02(t)  ʘ   Ω 2(t) 

Ω 1(t) = Q10(t)  ʘ   Ω 0(t) + Q13(t)  ʘ   Ω 3(t) + Q14 

Ω 2(t) = Q20 (t) ʘ   Ω 0(t) + Q25(t) 

Ω 3(t) = Q30(t)  ʘ  Ω 0(t) + Q36(t)  

 

Above these equation can be Solving by taking Laplace 

Stieltjes transformations and solving for  Ω0
**

(s),we get 

Ω 0
**

(s)  =  U(s) /V(s) 

Where   

U(s)   = q14 q01 + q02q25 + q01q36 q13 

V(s)   =   - q01q13q30 +1- q01q10 - q02q20  

 

MTSF   =     Ω0       =                1-Ω0
**

(s)}/s]  

 =   {V 
'
(0)-U

’
(0)}/V(0) 

 =    
 

 
 

Where  

U = m01 + m02 + (m13 + m14) p01+ m10p13p30 + p02 (m20 + m25) 

+ p01p13 (m30 + m36)  

V =  p01p13p36 + p02p25 + p01p14 

 

Availability of the system - (Av)- 

Let Avi (t) be the chance or probability that the system which 

is in upstate at instant of time‘t’ given that the system 

entering in the regenerative state i at t=0. Then the recursive 

relations for the point wise availability Avi(t) of the system 

is given by 

Av0(t) = Ϻ0(t) + q01(t) Δ  Av1(t) + q02(t) Δ  Av2(t)  

Av1(t) = Ϻ1(t) + q10(t) Δ  Av0(t) + q1
(4)

2(t) Δ  Av2(t)+q13(t) Δ  

Av3(t) + q1
(4)

6(t) Δ  Av6(t) 

Av2(t) = Ϻ2(t) + q20(t) Δ  Av0(t) +q2
(5)

2 Δ  Av2(t)  

Av3(t) = Ϻ3(t) + q30(t) Δ  Av0(t)+ q36(t) Δ  Av6(t) 

Av6(t) = q62(t) Δ  Av2(t) 

 

Where 

 
 

Now solving these equations by taking Laplace transform 

and solving for Av 0
*
(s),we get 

    Av 0
*
(t) = U1(s)/V1(s)    

 

The steady states availability is given by 

Av 0
**

= (        v0
*
 (s)) = U1(0)/V1(0) 

here 

U1 (0) = - µ2 [p01p13p36 + p01p14 + p02]+µ1p01p20  - µ3p01p13p20 

- p20µ0 

 

And  

D1(0)  =  0    

D1
’ 
(0) = – m20 (p01p14 + p01p13p36 - p02) - [p10p25+p20 (1 – p10)] 

m01– m02p20 – (m10 + m13 +  

m 1
(4)

2 + m 1
(4)

6) p01p20 

+ m 2
(5)

2(p01p10 + p01p13p30 - 1) 

– m62 (p01p20 p 1
(4)

6+p01p20p13p36) 

– p01p13p20 (m30 + m36) 

 

Busy Period Analysis 

The recursive relations for the busy period BPi(t) of the 

system is given by 
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BP0(t) = q01(t) Δ  BP1(t) + q02(t) Δ  BP2(t) 

BP1(t) =q10(t) Δ  BP0(t)+q1
(4)

2 (t) Δ  BP2(t) + q13(t) Δ  

BP3(t)+q1
(4)

6 (t) Δ  BP6(t) 

BP2(t) = S2(t)+q20(t) Δ  BP0(t)+ q2
(5)

2(t) Δ  BP2(t) 

BP3(t) = q30(t) Δ  BP0 (t) + q36(t) Δ  BP6(t)   

BP6(t) = q62(t) Δ  BP2 (t) 

 

Where 

U2(t)  =   
 

 
-πt

 G(t) dt +     
 

 
-πt

 © 1)G(t) dt  

 

Now solving these equations by taking Laplace transform 

and find BP0
*
(s), we get 

BP0
*
(s) = U2 (s)/V1(s) 

 

Then for steady states 

BP0
**

=
0

lim
s

 (s BP0
*
(s)) = U2(0) / V1`(0)  

Where  U2(0)   =  –(p01p14 + p02+ p01p13p36) µ2 

D1
’ 
(0) is already defined 

 

Maintenance Time 

Let Ki is the Maintenance time starting from a regenerative 

states Si at t=0 is given by 

K0(t) = q01(t) Δ  K1(t) + q02(t) Δ  K2(t)  

K1(t) = q10(t) Δ  K0(t) + q1
(4)

2(t) Δ  K2(t) + q13(t) Δ  K3(t) + 

q1
(4)

6(t) Δ  K6(t) 

K2(t) = q2
(5)

2(t) Δ  K2(t)+ q20(t) Δ  K0(t) 

K3(t) = X3(t)+ q30(t) Δ  K0(t)+ q36(t) Δ  K6(t)  

K6(t) = X6+q62(t) Δ  K2(t) 

Where    

X3 (t) =  µ3 

X6 (t) =  µ6 

 

Now solving these equations by taking Laplace transform 

and solving for K0
*
(s), we get  

K0
 *
(t) =  U3(s) / V3(s) 

K0
**

= 
0

lim
s

 (s
 
K0

*
(s)) = U3(0) / V1`(0) 

Where    

U3(0) =  (p13p36 µ6 +p13µ3 + p 1
(4)

6 µ6) (p01p25 – p01) 

V1
´
(0) is already defined 

 

Inspection Time before Failure 
Let Ґi is the inspection time starting from a regenerative 

states Si at t=0 is given by 

Ґ 0(t) =  q01(t) Δ  Ґ 1(t) + q02(t) Δ  Ґ2(t) 

Ґ1(t) = N1(t)  + q10(t) Δ  Ґ0(t) + q1
(4)

2(t) Δ  Ґ 2(t) + q13(t) Δ  Ґ 

3(t) + q1
(4)

2(t) Δ  Ґ 2(t) 

Ґ2(t) =  q20(t) Δ  Ґ 0(t) + q2
(5)

2 Δ  Ґ 2(t) 

Ґ3(t) = q30(t) Δ  Ґ 0(t)  + q36(t) Δ  Ґ 6(t) 

Ґ6(t) = q62(t) Δ  Ґ 2(t)  

Where N1 (t) = µ1 

 

Now solving these equations by taking Laplace transform 

and solving for Ґ 0
*
(s), we get 

Ґ0
*
(s) = U4(s) / V4(s) 

 

In the steady states 

Ґ0
**

=
0

lim
s

 (sҐ0
*
(s)) = U4(0) / D1`(0)  

Where 

U4(0)= - p01p20 μ1 

D1
´
(0) is already defined 

Particular cases:  
If we take repair rate and inspection time as negative 

binomial distributions as        

g(t)=       )t  i(t)=         

 

Then we get,
 

p01 = ξ / ξ  + π   

p02 = π/ ξ + π       

p10 = aδ / δ + π   

p13 = bδ / δ + λ   

     

p14 = π /π +     

p20 = σ /π +σ      

p25 = π /π +σ                                  

p30 =  m/m+π     
 

p36 = π / m+π          

p42 = a 
 

p46 = b         

p62 = 1 

p52 = 1           

p1
(4)

2 = aπ / δ + π               
 

p1
(4)

6 = b π / π +δ        

p2
(5)

2 = π / (π+ δ) 

 

Mean Sojourn Time:      
 

µ0 = 1 / ξ  + π 

µ1 = 1 /δ + π 

µ2 = 1/π+σ 

µ3 = 1/ m + π 
µ4 = 1 / δ 

µ4 = 1 / σ 

µ4 = 1 / m 

 

Unconditional Mean Time: 

m01 = ξ / (ξ  + π)
2 

m02 = π / (ξ  + π)
2 

m10 = aδ / (δ + π)
2 

m13 = bδ / (δ + π)
2 

m14 = π / (δ + π)
2 

m20 = σ /(π+ σ)
2 

m25 =  π/(π+ σ)
2 

m30 =  m /(π + m)
2 

m36 =  π /(π + m)
2 

m42 = a/δ 

m46 = b/δ
 

m52 = 1/σ
 

m62 = 1/m
 

 

The expectable outcomes based on above particular cases 

can be explained with the graphs as following: 

 

Paper ID: SR21916213532 DOI: 10.21275/SR21916213532 1110 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2020): 7.803 

Volume 10 Issue 9, September 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 
Figure 4.12: MTSF vs Failure rate 

 

 
Figure 4.13: MTSF vs Repair rate 

 

 
Figure 4.14: Availability vs Failure rate 

 

 
Figure 4.15: Availability vs Repair rate 
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Abstract: In this paper, wehave prepared nanopowder crystalline of lanthanum (La) doped 

zinc ferrite by co-precipitation and sonication technique using an open-air heat treatment. X-

ray diffraction (XRD) was used for structural characterization. The evolution of the 

crystalline phases was analyzed. The effect of precursor concentration is reflected in the 

diffractogram. NiLaFe2O4 (x ¼ 0.01, 0.03, 0.05, 0.07 and 0.09) nanoferrites were prepared 

using the sono-chemical reaction method. The prepared nanoferrites were investigated using 

X-ray diffraction (XRD), ultra violetdiffuse reflectance spectroscopy (UV-DRS), Fourier 

transform infrared spectroscopy, field emission scanning electron microscopy, energy-

dispersive X-ray spectroscopy, electrochemical impedance spectroscopy and a vibrating 

sample magnetometer to explore their structural, optical, dielectric and magnetic properties.  

The analysis of the XRD pattern of these NiLaxFe2xO4 nanoferrites confirmed the formation 

of a cubic spinel structure. The average crystallite sizes of the nanoparticles were 54, 49, 47, 

43 and 40 nm for the composition x ¼ 0.01, 0.03, 0.05, 0.07 and 0.09, respectively. An 

impedance analysis of the prepared nanoferrites was carried out to explore the dielectric 

behavior.  
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1. Introduction 

The general chemical formula of spinel ferrites is AB2O4, where A represents a divalent 

metal ion and B represents a trivalent metal ion [1,2]. Spinel ferrites have been the focus of 

many research groups due to their applications such as in low loss magnetic core materials, 

microwave-absorbing materials, transformer cores, antenna rods, high-frequency devices, etc. 

The nickel nanoferrites are important soft magnetic materials that have many applications in 

a wide range of frequency [3e5,7,8]. Spinel ferrite is one of the promising materials used for 

absorption of electromagnetic radiation in various forms such as sheets, ceramic tiles, 

powders etc. [1].  

Characterization studies indicated that the addition of La to NiFe2-xO4 nanoparticles 

improved the dielectric properties of the prepared nanoferrites. The hysteresis loops promoted 

the ferro magnetic behavior present in the prepared NiLaxFe2xO4 nanoferrites. A decrease in 

saturation magnetization and an increase in coercivity were observed with an increase in the 

La content in the prepared nanoferrites. 

In recent years, the problem of electromagnetic interference (EMI) has attracted considerable 

attention due to a variety of applications in telecommunication systems such as mobile 

phones, computers and radar systems. EMI causes considerable interruption of electronically 

controlled systems Thus, it leads to device malfunctions, generates false images, increases 

clutter on radar and reduces performance because of system-to-system coupling through EMI. 

To overcome these EMI problems, electromagnetic wave absorbers with the capability of 

absorbing unwanted electromagnetic signals are used. Extensive research has been carried out 

on EMI absorbing ferrites. Nowadays, rare-earth ion-doped ferrites have found important 

applications in modern telecommunication, electronic devices and magnetic recording, and 

considerable attention has been focused on microwave-absorbing materials. 
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2. Experimental Setup:  

Lanthanum (La) is synthesized according to our previously published article [2] and zinc 

ferrite is manufactured according to our other published data [3]. 

3. Result and discussion: 

3.1 XRD Analysis: 

The XRD pattern of the prepared NiLaxFe2-xO4 nanoferrites for x ¼ 0.01, 0.03, 0.05, 0.07 

and 0.09.  The diffraction pattern confirmed the presence of a cubic spinel structure in the 

prepared NiLaxFe2-xO4. Fig. 2 indicates that the prepared NiLaxFe2- xO4 nanoferrites had a 

cubic spinel phase (JCPDS card no. 89e4927). The indexed cubic spinel diffraction peaks 

corresponded to (220), (311), (400), (422) (511) and (440) diffraction planes. The 

DebyeeScherrer formula was used to calculate the average crystallite size (D) of the prepared 

NiLaxFe2-xO4 nanoferrites by measuring the full-width at half-maximum (FWHM) and  

Bragg's diffraction angle of diffraction peaks.
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The crystallite size of the prepared NiLaxFe2xO4 nanoferrites decreased from 54 to 40 nm 

with the addition of La3þ ions. The addition of La3þ ions in place of Fe3þ ions induced 

crystalline anisotropy due to the large ionic radius mismatch between La3þ and Fe3þ ions. 

The strain within the unit cell of the crystal increased with the addition of La3þ ions due to 

the induced crystalline anisotropy [4].  

Therefore, the doping of La3þ ions acts as a kinetic barrier to further grain growth. Hence, a 

decrease in the crystallite size was observed with an increase in La3þ ions. It can be seen 

from Table 1 that the lattice constant increased from 7.4494 to 7.5616 Å with the addition of 

La3þ in the prepared NiLaxFe2-xO4 nanoferrites. The increase in the lattice parameter with 

increasing La3þ ion content can be attributed to ionic radii. The ionic radius of La3þ ions 

(1.05 Å) is larger than that of Fe3þ ions (0.67 Å) [5]. Consequently, La3þ has a strong 

preference for the Bsite. The average value of XRD of the prepared NiLaxFe2-xO4 

nanoferrites decreased from 7.5577 to 7.4302 g/cm3 with an increase in La3þ. The La3þ ion 

has no electrons in the 4f orbit, which makes it nonmagnetic. Doping of La3þ ions in spinel 

ferrites leads to strong spineorbit coupling of their angular momentum, which in turn 

improves the dielectric properties. A rare-earth ion in the spinel ferrite improves 

densification, electrical resistivity and low eddy current losses. The doped rare-earth ion (La) 

enters into the B-site (Fe) by displacing the corresponding number of Fe3þ from the B-site to 

the A-site. 

In the present investigation, NiLaxFe2-xO4 (x ¼ 0.01, 0.03, 0.05, 0.07 and 0.09) nanoferrites 

were prepared using the sonication method. An attempt was made to study the dielectric 

constant and capacitance behavior of nickel nanoferrites using lanthanum as a dopant.  

3.2 FTIR analysis: 

The FTIR spectrum indicates that the presence of two absorption bands around 405-420 cm 1 

and 560-620cm 1 corresponds to the intrinsic stretching vibrations of octahedral and 
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tetrahedral complexes of NiFe2O4, respectively [4,6,8]. The absorption bands are 

slightlyshifts to higher frequency with an increase in La3þ ions content. 

 

The size of the prepared NiLaxFe2xO4 nanoferrites is in the range of around 60 nm. The 

EDX spectra of NiLaxFe2-xO4 (x ¼ 0.01, 0.03, 0.05, 0.07 and 0.09) nanoferrites. The EDX 

spectra confirmed the qualitative composition of Ni, Fe, La and O in the prepared 

nanoferrites. It is suggested that the elemental compositions are close to the starting 

compositions of the prepared NiLaxFe2-xO4 (x ¼ 0.01, 0.03, 0.05, 0.07 and 0.09) 

nanoferrites [5,6] 

The prepared nanoferrites were characterized by X-ray diffraction (XRD), ultra violet (UV) 

diffuse reflectance spectroscopy (DRS), Fourier transform infrared spectroscopy (FTIR), 

field emission scanning electron microscopy (FESEM) coupled with energydispersive X-ray 

analysis (EDX), dielectric spectroscopy, electrochemical impedance spectroscopy and 

vibrating sample magnetometer (VSM) measurements. The results obtained from the above 

characterization studies were analyzed in-depth to gain greater insights into NiLaxFe2-xO4 

(x ¼ 0.01, 0.03, 0.05, 0.07 and 0.09) nanoferrites. 
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In the present investigation, high pure-grade Merck chemicals such as lanthanum nitrate 

hexahydrate (La(NO3)3.6H2O), ferric nitrate nonahydrate (Fe(NO3)3.9H2O), nickel nitrate 

hexahydrate (Ni(NO3)2.6H2O), citric acid (C6H8O7.H2O), ammonia (NH4OH) and distilled 

water were used as precursors for the preparation of NiLaxFe
2-

xO4 (x ¼ 0.01, 0.03, 0.05, 0.07 

and 0.09) nanoferrites.  

The required stoichiometric amount of chemical powder was measured separately using a 

digital balance (Analytical, Shimadzu) [7]. The measured powders were mixed with distilled 

water to obtain a homogeneous solution of the precursor. High-intensity sonication (titanium 

horn) was carried out using an Ultrasonic cell crusher, Lark, India operated at a frequency of 

25 kHz.  

3.3 Magnetic and electric characterization: 

The reactants were mixed together during sonication at 80 C for 1 h. After the sonication 

process, ammonia was added to the ferrite solution to adjust the pH value of the mixture to 

~7. The resultant dark liquid solution was collected and dried in a hot-air oven at a constant 

temperature of 60 C for 24 h. The resultant powders were collected and calcinated in a muffle 

furnace at 50
0
 C for 2 h. After the calcination process, the powders were ground for 15 min to 

obtain a fine powder [8]. These obtained ferrite powders were well sintered at 100
0
 C for 24h. 

Techniques such as XRD, UV-DRS spectroscopy, FTIR spectroscopy, FESEM-coupled 

EDX, inductance capacitance and resistance (LCR) Htester spectroscopy, impedance 

spectroscopy and VSM were used to characterize the prepared NiLaxFe2-xO4 (x ¼ 0.01, 

0.03, 0.05, 0.07 and 0.09) nanoferrites. To identify the structural phase and the crystallite size 

of the prepared NiLaxFe2-xO4 nanoferrites was used by X-ray diffractometer (X'Pert PRO; 

PAN alytical, the Netherlands). CuKa radiation (l ¼ 1.5406 Å) was used [9] as a source to 

analyze the prepared nanoferrites at the 2q position from 10 to 80.  
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The optical properties of the prepared nanoferrites were determined using a UV invisible 

DRS (UV-2450, Shimadzu, USA). The UV-DRS spectra were recorded the wavelength-

dependent absorption of the NiLaxFe2-xO4 nanoferrites from 200 to 800 nm. The functional 

groups and chemical bonds existing in the prepared NiLaxFe2-xO4 nanoferrites were 

identified using FTIR spectra (Perkin Elmer Spectrometer, Spectrum 100, USA) in the 

wavenumber range of 4000e400 cm 1 at room temperature.  

A pellet was created of 95% KBr with 5% prepared nanoferrites for FTIR spectral analysis. 

The surface morphology and elemental composition of the prepared NiLaxFe2-xO4 

nanoferrites were characterized using field emission scanning electron microscopy coupled 

with an energy dispersive analysis spectrum (Quanta FEG 250) 

To investigate the conductivity of the prepared NiLaxFe2-xO4 nanoferrites, the spectrum was 

assessed using electrochemical impedance spectroscopy (PGstat302N; Autolab, the 

Netherlands). Magnetic measurements of the prepared NiLaxFe2- xO4 (x¼0.01, 0.03, 0.05, 

0.07 and 0.09) nanoferrites were performed using a VSM (7410; Lake Shore, USA) at room 

temperature with an applied magnetic field of 20 to þ20 kOe. 

Generally, the dielectric constant of any material depends on polarization factors such as 

dipolar, interfacial, ionic and electronic polarizations. Among these polarizations, dipolar and 

interfacial polarizations are responsible for the observed behavior in dielectric constant at 

lower frequencies [10]. On the other hand, electronic polarization is more effective in the 

higher frequency region. 

4. Discussion 

A huge difference in the impedance spectra was observed in the prepared nanoferrites in the 

high-frequency region and the lowfrequency region. A clear arc in the high-frequency region 

was presented for the composition x ¼ 0.01. Further, an increase in La3þ ions from x ¼ 0.01 

to x ¼ 0.05 led to a decrease in the position of the arc towards the low-frequency region. In 
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addition, an increase in the radius of curvature of arc was observed. An increase in La3þ ions 

beyond x ¼ 0.05 led to an increase the position of the arc towards high-frequency region. 

However, no arc was observed in the high frequency region for the composition x ¼ 0.09. 

This absence of arc implies (x ¼ 0.09) that the interfacial charge-transfer resistance for the 

prepared NiLaxFe2-xO4 nanoferrites is significantly high. Furthermore, decrease in 

conductivity with increasing frequency is attributed to the electronic exchange (Fe3þ⇔Fe2þ), 

which cannot follow the alternating field due to the predominance of species such as lattice 

defects, oxygen vacations and Fe2þ ions [43,44]. On the other hand, an increase in the 

content (x ¼ 0.05, 0.07 and 0.09) of La3þ ions of the prepared NiLaxFe2-xO4 nanoferrites 

leads to progress decrease in Warburg region value which were less than 45. The three 

compositions were found to show resistive behavior [11].  

The resistive property of the prepared NiLaxFe2-xO4 (x ¼ 0.05, 0.07 and 0.09) nanoferrites 

indicates the presence of space-charge polarization in a material. 

The saturation magnetization (Ms) value of the prepared NiLaxFe2- xO4 nanoferrites was 

107.56, 98.08, 77.87, 70.19 and 54.67 emu g1 for the composition x ¼ 0.01, 0.03, 0.05, 0.07 

and 0.09, respectively. The obtained magnetization curve indicated a ferromagnetic nature of 

the prepared nanoferrites. The Ms decreased with an increase in La3þ substitution in the 

prepared NiLaxFe2-xO4 nanoferrites. This is due to the formation of a nonmagnetic structure 

in the solid solution spinel by the substitution of nonmagnetic La3þ ions in the prepared 

NiLaxFe2-xO4 nanoferrites. The magnetic super-exchange interactions depend on the cation 

distribution between tetrahedral and octahedral sites. The dominant magnetization may have 

occurred due to the presence of Fe3þ in the octahedral B site. 

5. Conclusions 

NiLaxFe2-xO4 (x ¼ 0.01, 0.03, 0.05, 0.07 and 0.09) nanoferrites were prepared using the 

sonochemical method. XRD confirmed the cubic spinel crystal structure of the prepared 
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nanoferrites. The average crystallite size of the prepared nanoferrites ranged from 40 to 54 

nm. The unit cell parameter decreased linearly with an increase in La3þ ions substitution. The 

morphology characterization of the FESEM confirmed the formation of a spherical-like 

morphology. The UV invisible diffuse reflectance spectrum showed that the Eg of the 

prepared NiLaxFe2-xO4 nanoferrites ranged from 3.31 to 4.14 eV.  The increases with an 

increase in the number of La3þ ions in the prepared nanoferrites. The FTIR spectrum 

indicates that the presence of two absorption bands around 405-420 cm1 and around 560-620 

cm1 corresponds to the octahedral and tetrahedral sites of NiFe2O4, respectively. The 

dielectric constant (ε0 ) of the prepared nanoferrites suddenly decreased at lower frequencies 

and remained constant at higher frequencies. The impedance analysis of the prepared 

ferromagnetic materials revealed that the dielectric behavior of the prepared NiLaxFe2-xO4 

nanoferrites. These materials showed ferrimagnetic ordering at room temperature for all 

compositions. These results confirm that the prepared NiLaxFe2-xO4 (x ¼ 0.01, 0.03, 0.05, 

0.07 and 0.09) nanoferrites are useful for improving radiation-absorption properties. 
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Abstract 

Corona viruses are a large family of viruses which may cause illness in human beings. COVID-19 

is the infectious disease caused by the most recently discovered corona virus. The most common 

symptoms of COVID-19 are fever, tiredness, and dry cough. This disease spread from the contact 

with person to person directly or indirectly. Due to this disease, it mainly affects our Rural 

Education System and resources of Technology. Schools Colleges, Universities and other 

educational institute closures in response to the COVID-19 pandemic have shed a light on 

numerous issues affecting access to Education, Technology as well as broader Socio-Economic 

issues. Their impact is more severe for rural areas disadvantaged students. Distance learning/online 

classes can be effective only if all students have computers, smart phones and high-speed internet 

access. But mostly students from rural areas and disadvantaged families are affected from 

education. The spread of COVID-19 is a stressful event that may have a direct effect on students‟ 

preparation. Along with the effect of COVID19,  closure of educational institutes play an important 

role in reducing or breaking the chain of  spreading of COVID19 with some simple precautions as 

regularly washing your hands with soap and water, using alcohol-based sanitizers and maintain at 

least one metre distance between yourself and anyone. So Stay Home Stay Safe till no vaccine 

discovered. 

Keywords- Corona viruses, disease, spread¸ epidemic, Impacts, Education, Network, Technology 

Introduction 

Corona viruses are a large family of viruses which may cause illness in human beings. COVID-19 

is the infectious disease caused by the most recently discovered corona virus. The most common 

symptoms of COVID-19 are fever, tiredness, and dry cough. This disease spread from the contact 

with person to person directly or indirectly. Still now there is no vaccine found so it called 

epidemic disease. Due to this disease, it mainly affects our Rural Education System and resources 

of Technology. Schools Colleges, Universities and other educational institute closures in response 

to the COVID-19 pandemic have shed a light on numerous issues affecting access to Education, 

Technology as well as broader Socio-Economic issues. As of March 2020, more than 370 million 

students are not attending their classes because of temporary or indefinite countrywide educational 

institutes are closures mandated by governments of India in an attempt to slow the spread of 

COVID-19. Their impact is more severe for rural areas disadvantaged students and their families 

including interrupted learning, compromised nutrition, childcare problems and consequent 

economic cost to families who cannot work. Distance learning/online classes can 

be effective only if all students have computers, smart phones and high-speed internet access. But 

mostly students from rural areas and disadvantaged families are affected from education. First, 

campus closures and online teaching have direct consequences on complete the syllabus and 

student‟s preparation. But now is the timing of the COVID-19 spread is affecting how final exams 

will be managed. No one possibility is to eliminate for final exams, but this would be especially 

problematic for students who were counting on this year‟s results to increase their average 

performance and their final degree classification. Delaying the exams would also generate some 

problems, as this would lengthen the time to graduation and add uncertainty to the timing of the 

assessments, and could also affect students through learning loss. The spread of COVID-19 is a 
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stressful event that may have a direct effect on students‟ preparation. Now the major problem is 

how the COVID-19 emergency is likely to affect students‟ entrance in higher classes in university 

as well as in job opportunities. Along with the effect of COVID19,  closure of educational 

institutes play an important role in reducing or breaking the chain of  spreading of COVID19 with 

some simple precautions as regularly washing your hands with soap and water, using alcohol-based 

sanitizers and maintain at least one metre distance between yourself and anyone. So Stay Home 

Stay Safe till no vaccine discovered. 

 

What is COVID-19 

Corona viruses are a large family of viruses which may cause illness in animals or humans. In 

humans, several coronaviruses are known to cause respiratory infections ranging from the common 

cold to more severe diseases such as Middle East Respiratory Syndrome (MERS) and Severe 

Acute Respiratory Syndrome (SARS). The most recently discovered coronavirus causes 

coronavirus disease COVID-19. What is COVID-19 COVID-19 is the infectious disease caused by 

the most recently discovered Corona virus. This new virus and disease were unknown before the 

outbreak began in Wuhan, China, in December 2019.  

 

Symptoms 

The most common symptoms of COVID-19 are fever, tiredness, and dry cough. Some patients may 

have aches and pains, nasal congestion, runny nose, sore throa. These symptoms are usually mild 

and begin gradually. Some people become infected but don‟t develop any symptoms and don't feel 

unwell. Most people (about 70%) recover from the disease without needing special treatment. 

Around 1 out of every 6 people who gets COVID-19 becomes seriously ill and develops difficulty 

breathing. Older people, and those with underlying medical problems like high blood pressure, 

heart problems or diabetes, are more likely to develop serious illness. People with fever, cough and 

difficulty breathing should seek medical attention. How does COVID-19 spread People can catch 

COVID-19 from others who have the virus. The disease can spread from person to person through 

small droplets from the nose or mouth which are spread when a person with COVID-19 coughs or 

exhales. These droplets land on objects and surfaces around the person. Other people then catch 

COVID-19 by touching these objects or surfaces, then touching their eyes, nose or mouth. People 

can also catch COVID-19 if they breathe in droplets from a person with COVID-19 who coughs 

out or exhales droplets. This is why it is important to stay more than 1 meter (3 feet) away from a 

person who is sick. Can the virus that causes COVID-19 be transmitted through the air? Studies to 

date suggest that the virus that causes COVID-19 is mainly transmitted through contact with 

respiratory droplets rather than through the air. See previous answer on “How does COVID-19 

spread?” Can CoVID-19 be caught from a person who has no symptoms? The main way the 

disease spreads is through respiratory droplets expelled by someone who is coughing. The risk of 

catching COVID-19 from someone with no symptoms at all is very low. However, many people 

with COVID-19 experience only mild symptoms. This is particularly true at the early stages of the 

disease. It is therefore possible to catch COVID-19 from someone who has, for example, just a 

mild cough and does not feel ill. Can I catch COVID-19 from the feces of someone with the 

disease? The risk of catching COVID-19 from the feces of an infected person appears to be low.  

 

Impacts of COVID-19 

Corona virus effects all fields in all over the world such as Education system, IT and 

Communication Sector, Labour market outcomes, Manufacturing Market, Transport Department. 

In this paper we discuss about effects on Rural Education System and Information Technology. 
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On Education System 

After some initial uncertainty in higher education institutions in the India switched to online 

teaching in March, not without some debate accompanying the decision. Even if technology 

enables distance learning in a relatively smooth way, the fact that by the end of March most 

universities decided to close at least part of their campus facilities is likely to have a number of 

consequences. 

 

On Online assessments 

 The most realistic alternative is online assessments. But this also comes with some issues. The 

spread of COVID-19 is a stressful event that may have a direct effect on students‟ preparation, 

while the closure of some campus facilities may also impact on their preparation. For example, 

library closures, though necessary, will be particularly disruptive for some students, and a lack of 

quiet space to study at home might be a relevant issue, particularly for students from low-income 

backgrounds. Also, access to technologies at home is particularly crucial in times of online lectures 

and classes, and this is unlikely to be evenly distributed across income groups.  

The design of online assessments should take these aspects into account. To reduce inequalities 

among students, it may help to allow more time to complete the exam than usual, and to keep a 

high degree of flexibility in terms of how students can submit the exam. To reduce the risk of 

plagiarism, as trust relationships are not likely to change in the very short term and blocking 

students from accessing resources is technically unfeasible, assessments should take into account 

the fact that exams will be de facto open book, and focus more on the re-elaboration of the course 

material rather than a more simple recall of what was covered in class. 

 

On Conduct of Examinations 

First, campus closures and online teaching have direct consequences on exams and students‟ 

preparation. The timing of the COVID-19 spread is affecting how final exams will be managed. 

One possibility is to eliminate final exams, but this would be especially problematic for students 

who were counting on this year‟s results to increase their average performance and their final 

degree classification. Delaying the exams would also generate some problems, as this would 

lengthen the time to graduation and add uncertainty to the timing of the assessments, and could 

also affect students through learning loss. Moreover, online exams can have a higher risk of 

plagiarism, as students can have full access to the whole course material and to other resources. 

 

On Entrance to University 

 The COVID-19 emergency is likely to affect students‟ entrance to university. A-level exams are 

not going to take place this year. The qualifications‟ watchdog, Ofqual, has consulted on how to 

receive grades in these qualifications through teachers‟ evaluation of each students‟ performance, 

based on information such as coursework, participation, and previous performance. A-level and 

equivalent exams have been traditionally used to evaluate university applications. Currently, most 

students have submitted their application for entry in September 2020 and universities are issuing 

offers. In a standard year, students will then sit their A-level exams and attempt to meet the 

requirements of the university offers. This year, as the exams will be substituted by more elaborate 

forms of grade prediction, it is hard to say how accurate the process will be. But past 

research shows that grade predictions are not particularly accurate. If this is confirmed by the new 

prediction process, this could worsen the probability of mismatch between students and 

universities, particularly in a context where universities may have a bigger incentive this year to 

make offers to marginal students, due to the possibility of a fall in international student numbers. 
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Mismatch refers to the situation where students enter „lower quality‟ universities than their prior 

attainment would suggest they are able to. Research shows that this affects students from low-

income groups more than those from high-income groups. Any increased mismatch could therefore 

have long-term impacts on social mobility. Furthermore, teacher discretion in the grading of high-

stakes tests can have long-term consequences.At the moment, the offer process is on-going, but 

discussing alternative selection methods that overcome the lack of information related to A-level 

disruptions is still relevant, in order to prevent similar problems happening in the future. One 

possibility is that universities provide their own entry tests. An alternative is to extend the weight 

given to previous assessed results, such as GCSEs, so as to have a more comprehensive overview 

of the students‟ school paths, which can complement the information coming from A-level 

coursework. 

On IT Sector 

 The significant weaknesses the IT industry is facing now is due to the fall in the economy, as a lot 

of companies are faced to ask their employees to work from home keeping in the account of the 

public health concerns. Due to this, there is a massive loss in opportunity for many companies who 

have international dealers. For example- Apply inc. is estimated to have at least 10% fall in its 

shares because of the lack of availability of iPhones in the market. The parts that are required to 

build the iPhones are supposed to come from China, and it is facing a major lockdown. The spread 

of this deadly virus has caused a lot of tech conferences to get cancelled, which could have been a 

great partnership opportunity for many companies to expand their horizons. A few of the meetings 

were shifter to teleconferences, but this won‟t have the same reach, and the conference attendees 

will not be able to have the networking opportunities as they would be attending the actual 

conference. Due to the cancellation of these major tech conferences, there is an estimated loss of 1 

Billion dollars. 

Need of Recommendations 

Distance-based learning 

The digital divide will impact many students‟ ability to learn and remain on target for academic 

progress. Strengthening wireless hotspots outside of libraries and other city facilities (even if the 

facility is closed) will be critical. Fortunately, the Federal Communications Commission has 

secured a voluntary commitment from many internet service providers (ISPs) for the next 60 days. 

The “Keep Americans Connected Pledge” asks that companies not terminate service for residential 

or small business customers, waive any late fees incurred due to the economic effects of the virus, 

and open access to public Wi-Fi hotspots to “any American who needs them.” Cities should check 

if their local-area providers are on the list of pledged companies and remain in contact with them 

about these commitments and any additional ones they can make.  The American Federation of 

Teachers has published an important Checklist of questions you should ask your institutions district 

now to ensure everyone is prepared for distance leanings. This checklist covers important questions 

on topics such as technology access, preparation and training, and technology “help desk” support 

for students and parents‟ writ large, specific to English language learners and for students with 

disabilities. The AFT site also includes access to the Remote Learning Community for educators, 

Institute support staff, and parents to engage/share ideas, and lesson plan resources. 
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Meals to ensure food security for our nation’s students 

 City leaders can bring various city agencies and community-based partners together 

to identify organizations and facilities that can be used to serve meals for students, such as school 

or college‟s sites and the city‟s recreation centres. Identify non-institutional locations and 

transportation for non-essential staff who can be deployed to coordinate sites where students can 

pick up meals. Ensure that your state nutrition and social services agencies are making plans with 

your institutions district(s) to submit waivers to the federal government to ensure low-income 

families relying on school/college lunch and school/college breakfast will continue to have access 

to institutional meals. These measures include waiving eligibility requirements for summer 

nutrition programs, allowing multiple meals and meal supplements to be offered at a time, 

flexibility of meal items and for procurement. 

 

Finding safe spaces and/or housing for students while institutions are closed-  

City leaders can bring various city agencies and community-based partners together to ascertain 

facilities that can be used and services that can be redeployed to support safe, productive activities 

for student and families. This includes recreation centres and gyms, the local Y and other 

organizations with facilities for safe activities. City leaders can work with higher 

education institutions to convert part of their on-campus dorms to house students who cannot 

afford to or are unable to get home, or who do not have a home to go to, with the proviso to 

practice safe distancing and that campus services would be highly limited. Some hotels are offering 

severely discounted rates for students who have nowhere to go if their colleges are closed. City 

leaders can encourage this practice with hotels. The Hope Centre, an NLC partner, offers a very 

useful toolkit for educational institutions trying to support students‟ food and housing needs during 

this crisis.  

 

Ensuring Healthcare Access for students while educational institutes are closed 

City leaders can work with partners to ensure access to health care by engaging community health 

centres, public health departments and other healthcare providers to explore strong access to 

care, including through tele-health options. Hospitals and healthcare providers are likely to be 

stretched under the current crisis, and individuals showing symptoms of COVID-19 should always 

call in advance before going in for services. However, students have a wide range of other health 

care needs that may require medical attention. Cities have a role to play to promote alternate 

sources of healthcare and in communicating ways to access them.  Many students are uninsured. If 

they are eligible for CHIP and/or Medicaid, they can get emergency coverage to get screened and 

treated. Some states may be opening a special enrolment period for health coverage due to the 

Coronavirus crisis. For students who are not eligible for Medicaid or are undocumented, they can 

go to a health centre and access care sites with sliding scale fees. 

 

Conclusions 

 Closing educational institutes‟ cafeterias/dining halls will affect students who will go hungry 

without school breakfast and lunch and after school snacks and suppers.  

 Distance learning/online classes canbe effective only if all students have computers and high-

speed internet access.  

 Many  students who already face housing and food insecurity are further challenged as their 

institutions close and force them to leave without access to food pantries on campus.  

 Many students who really on campus jobs or work-study job may face unexpected expenses 

and loss of wages during this time. 
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 Many students may not have health insurance and access to health care with the closure of student 

health services on campus. 

 Along with the effect of COVID19,  closure of educational institutes play an important role in 

reducing or breaking the chain of  spreading of COVID19 with some simple precautions as 

regularly washing your hands with soap and water, using alcohol-based sanitizers and maintain at 

least one metre distance between yourself and anyone. So Stay Home Stay Safe till no vaccine 

discovered. 
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                                                               ABSTRACT 
 

Swami Vivekanand was highly sympathetic towards women's oppression instead of their emancipation. In 

the 19th century, free minded social reformers like Raja Rammohan Rai, Keshav Chandra Sen, 

Jyotibaphulle, Atmaram Pandurang and Vidyasagar fought against the cruel injustice against women. But in 

the middest of modern day decision on feminism one name is until forgotten or forbidden, the great Indian 

Yogi Vivekananda. He is also known as a great nationalist leader, Karamyogi and a devotee of veda in 

modern Indian history. He stated that forthcoming Indian women will attain glorious achievements. Women 

like man must be acceptable to enjoy independence and accountability. Swami Vivekananda was the leading 

monastic to do work for the liberty and impartiality of women and realising her prominence for the proper 

working of home and society. Swami Ji thought that the main motive behind the numerous glitches of the 

women in our country was due to lack of good education. Swami Ji quantified that if the women get good 

education then they can resolve their own difficulties in their own means and they must also understand 

what chastity means, as it is her legacy.  

Keywords: Swami Vivekananda, Feminism, Oppression, Equality, Emancipation, Society.   
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Introduction: 

 Swami Vivekanand was a great son of 

India born on 12th June 1863 and died on 4th July 

1902 at the young age of less than forty. Though 

he lived for a short period but his achievements in 

different fields had been remarkable. His 

stimulating character was well known in India, 

USA and some other countries during the last 

decade of the nineteenth century and the first 

decade of twentieth century. The unidentified 

monk of India rapidly dove into fame at the 

speech delivered by him on September 11, 1893, 

at first World's Parliament of Religions on the site 

of the present-day Art Institute in Chicago, where  

 

he represented Hinduism. He started his discourse 

in a profound voice with the words, "Sisters and 

Brothers of America" and the entire audience 

applauded and praised widely for two entire 

minutes. He was not only a great teacher with an 

international message but he was also a very great 

Indian, a patriot and his message inspired our 

countrymen down to the present generation. He 

gave his ideas on various issues on mankind, 

peace and human brotherhood, spiritually, 

morality, philosophy, womanhood and several 

others. However, our focus in this paper would be 

on Vivekanand's views on womanhood.  
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Research Methodology:- 

  Research methodology is a way to 

analytically explain the research problem. 

Through proper research methodology objectives 

of any research are encountered. Methodology, 

broadly comprises of the research strategy and the 

method hired for collecting records, information 

and substantial. The research design should be 

compatible with the accessibility of source 

substantial. Two major components research 

methodology, viz research Strategy and Source 

Substantial.  

Research Design: 

 The search proposal implemented for our 

research paper is of a composite nature mixing 

descriptive strategies. Most of the ancient search 

comes under this compound class of plan.  

Source Material: 

 The history is not mere description of past 

proceedings of deeds and misdeeds of ruling 

sovereigns. This is emphasis on social 

organizations, their monetary, spiritual and ethnic 

conditions. The evidences and material were 

garnered, collected and ordered from diverse 

scattered source such as journals, books, 

government reports etc for writing this paper.  

Analysis: 

 We now proceed to analyse the views of 

Swami Vivekanand on womanhood. As we know 

that women in India enjoyed high status in vedic 

age but with the passage of time the position of 

women deteriorated and during Mughal period it 

was far from satisfactory. They were expected to 

be subjected to men all their lives, first to father 

and brother then to their husbands and lastly to 

their sons. The social evils like Purdah System, 

Killing of Female Child, Early Child Marriage, 

Sati partha were prevalent in the society. He said 

that welfare of the world is not feasible till 

condition of women is not improved. He 

remarked that it is not conceivable for a bird to fly 

on only one wing. He discoursed that motherhood 

of a woman is the depiction of "Divine Mother". 

He further added that if you do not permit one to 

become a lion, then she will turn out to be a fox. 

He preached that the Hindu women are spiritual 

and religious as compare to other women in the 

world. He said that a sprint must first nurture a 

great respect for maternity. The God should be 

worshiped as "Mother". The woman is a form of 

"Shakti" (power) and there has been no revival of 

this power and that is why India is the feeblest 

and the most retrograde of all countries. Without 

the grace of Shakti, nothing is to be proficient. To 

me, mother's grace is far more valued than 

Father's. India has so many powerful women like 

Sita, Gayatri, Ahalyabai, Mirabai who were 

peerless on the earth. He said that through 

education, women problems can be solved.  

 According to him men and women are 

equal. We, human beings are born to apprize and 

to help each other. Since man thinks himself 

superior to woman is the great cause of divorce. 

The beauties of home life and principles that may 

develop an ideal character with the help of 

modern science and the female students must be 

trained up for ethical and spiritual life. It is only in 

the home of educated and pious mothers that great 

men are born. For the upliftment of women, men 

must come first. 

 Swami Vivekanand considered Sita as an 

idyllic woman. He also told, "The ideal 

womanhoodd of India's motherhood that 

marvelous, Unselfish, all suffering ever for 

giving mother" He assumed that the day India 

starting abandoning their woman, the demise of 

the nation started.  

 The best parameter to measure the growth 

of a nation is its treatment to women. In ancient 

Greece, there was no significant difference in the 

status of man and woman. The idea of prefect 

parity existed. Only a married man can be priest, 

the idea behind this works that a single man is 

only half a man, and flawed. 
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Swami Vivekananda was in favour of liberty of 

women so that they could live on their own 

principles could be able recommend ideas for 

their own improvement. He thought that if women 

were properly educated than they could be able to 

use their capabilities. He was in the favour of self-

esteemed and dignified status women and wanted 

no man to crush upon it.  

 Swami Vivekananda emphasized on the 

fact that there was a significant difference in the 

approach of Indian men and others towards 

women status. This was hard fact that Indian men 

consider women are born for their pleasure. The 

real Shakti worshipper is one who knows that God 

is the ubiquitous force in the cosmos, and sees the 

women as the sign force in the cosmos. American 

men considered women in this view and treated 

women as well hence they are so affluent, so 

cultured, so factual and so enthusiastic.  

 Swami Vivekananda was a great admirer 

of Indian women past for their great 

achievements. He pompously said that "women's 

statesmanship, managing territories, governing 

countries, have proved themselves equal to men, 

if not superior. In India I have no doubt about 

that, whenever they have had the opportunity they 

proved that they have as much ability as men, 

With this advantage they seldom degenerate. They 

keep to the moral standard, which is innate in 

their nature and thus governors and rulers of their 

state they prove at least in India far superior to 

men". John Stuart Mill mentions this statement.   

 Swami Vivekananda stated that Although 

he had more chance than others to know women 

in general from his situation and his profession as 

a missionary continuously roaming from one 

place to another and had contact with all kind of 

society. He said “Ideal woman in India is the 

mother first, and the mother last”. 

 According to Swami Vivekanand, Liberty 

was the first condition of development. It is highly 

wrong if some one says that he will work out for 

the resolution of the women status. Women will 

solve their own problems. We should have to 

create such an environment that an women will be 

able to solve their own problems in their own 

ways. 

 Swami Vivekanand evoked so much 

admiration among American women. The 

relationship between Vivekanand and American 

women became strong, Miss Kathenie became the 

first hostess of Swami in America. Similarly, he 

came in contact with Professor Wright, Mrs. 

Katewoods, George W.Hale, Mrs. B. Lyon, Miss 

S.E. Words, Mrs. S.R. Shephard etc. He became 

so popular among women that most of the 

audience in America was women. The audience 

used to be spell bound. Vivekananda criticized the 

Christian Missionaries for their insular approach 

and outlook towards women and remarked that 

their religion preached  in the name of luxury. The 

wonder audience always became frenzy to hear 

his speeches and his sense of respect and 

compliments towards women. The Swami repaid 

their admiration by writing both "religious and 

semi sentimental verses" in his autographies and 

books. The result was that the "New thought 

Movement" was launched by Mrs. Ella and 

regarded the Swami's teachings on anyone for 

despair and gloom.  

 Swami Vivekanand's contact with the 

American women provided with ideas which set 

into motion the process of the spread of Hindu 

thought in America. His message caused "the 

frivolous society women to think" and imbued 

"the wife and mother, the husband and father with 

a larger and holier compression of duty". The 

American women took him up and made him a 

celebrity. The swami also reciprocated by paying 

glowing tributes to them. He said "The United 

States has inspired me with hopes for great 

possibilities in the future, but our destiny, as that 

of the world rests not in the law-makers of today, 

but in the women".  
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Conclusion:  

 Swami Vivekanand's social regeneration 

of women in America, India and other countries 

was based on Vedic principles. Today in Modern 

India Swami's Doctrines are still needed more to 

free the women in India from Social evils and 

pressures under which women are groaning in 

almost every field and their conditions are far 

from satisfactory. The women though are 

marching ahead yet their position is not pleasant 

from her birth to death. The task can only be 

accomplished if we follow the teachings of Swami 

Vivekanand with all its earnest.  
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ABSTRACT 

In this paper we will explain about the basic of non-associative algebra using triality group 

and some were matric and graph representation.A Non-associative algebra structure can be 

studied with other associative algebraic as K-endomorphisms of A just like K-Vector Space. 

Whereas as some of the researchers  we have also consider non-associative algebraic as a 

multiplicative operation of a commutative Ring R. 

KEY WORDS 

Non-associative, Triality, multiplicative operation, associator, vector space. 

INTRODUCTION 

Non-associative algebra:  A Non-associative algebra also known as distributive 

algebra.Non-associative algebra is a vector space over a field because its vector space 

provides a bilinear product. An algebra known as an algebraic structure which consists of a 

set with an additive, multiplicative and scalar operations of the elements of a field of vector 

space. Thus, an algebraic structure A, is a non-associative algebra with binary multiplicative 

operation over a field K. An algebraic structure A A A  may or may not be associative. 

R-module in mathematics is one of the fundamental algebraic structures. The notation of 

vector space over a field is a module over a ring R with operation of a scalar multiplication 

known as R-binary multiplication operation. Some of the researcher also stated that Z-algebra 

as a non-ass0ciative rings. Where Z-algebra is an algebra which obeys all the properties and 

laws of ring for example as R-algebra. An algebraic structure ring act with two binary 

operations. Associative is a part of one of the binary operations in which rearranging of the 

paratheses is done . 

The linear algebra multiple mapping is a function 1 2: ....... nf V V V W    known as K-

multiple linear maps. Therefore associator of A is a K-multiple linear map with the operation 
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as  , : A A A   and with three operations are as  , , : A A A A   . Thus, the 

associator on A is given by      , ,x y z xy z x yz   where , ,x y z  is an arbitrary element of 

the algebra. 

Derivative algebra is equipped with number of derivations as differential rings, differential 

fields which satisfied Leibniz’s product rules. A K-derivation is also a K-linear map for an 

algebraic A over a ring or a field is such that :D A A  which satisfies Leibniz’s product 

rules. 

     D xy xD y D x y   

Triality Group:Let A be an algebra with a bi-linear product over a field F denoted by x y for 

all x and y an element of A. Let us suppose a first triple    
3

1 2 3, , pih h h h E A   

Equipped with                        
 

   

         

   

j j j

j j

h x y h x h y

and h x h x 

  


 

piE A  represents the set of epimorphisms of A, for F  

By the Global Triality relation we have, 

    1 2,j j jh x y h x h y  ……………………………………(1) 

And                                       
3j jh h  ………………………………………………………  

(2) 

Where j=1,2,3  is a module3 , ,x y A   

Similarly for second triple 

   
3

1 2 3' ', ', ' pih h h h E A   

Equipped with                         1 1 2 2 3 3'  ', ', '                       hh hh h h h h

…………………………………(3) 

           3

1 2 3 1 2  Trig , , :pi i j jA h h h h E A h xy h x h y      …………………………(4) 

       : , ,piAuto A h E A h xy hx hy x y A     ………………………………. (5) 

Let us assume a function   f End Trig A  

So as                      1 2 3 1:f h h h h  

…………………………………………………………………………….. (6) 
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It is a closed walk with cyclic graph and satisfying  3f id  

Trig(A) is invariant for the cyclic group Z3 by the generation function f. 

Similarly let there be three functions 1 2 3, ,    by       =1,2,3     for End Trig A    

i.e ,  

1 1 1 2 2 3 3

2 1 1 2 2 3 3

3 1 1 2 2 3 3

: , ,

: , ,

: , ,

h h h h h h

h h h h h h

h h h h h h







   


    
    

………………………………………………………..(7) 

In Matrix form it is 

1 0 0

0 1 0

0 0 1

 
 
 
  

             unit matrix of order 3 

i.e 3I  

Which satisfies and is isomorphic to K4

2

1 2 3

,

   

id

id

        

  

 

 

………………………………………(8) 

For                                     
1

1

4 1        f f
   


 

………………………………………………………….(9) 

For 'x x    which fulfil      ' '    &    ' ' 'x x xy y x 

………………………………………………….(10) 

We define            ( )        ( )R End A for R End A   

 Rx R x

…………………………………………………………………………………………(11) 

Take  x y  

    2 2j jjh xy h x h y  ………………………………………………………………….(12) 

For     End Trig A   

1 2 2 1 3 3: , ,h h h h h h    ………………………………………(13) 

h1 

h2 
h3 
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Now,                         
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





 
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

 

 

……………………………………………………………………………(14) 

METHODOLOGY 

If        0 1 2, , , ,D x y d x y d x y d x y    

Then it holds a derivative  ,D x y &      , , , 0D x yz D z zx D z xy    

Therefore, a model global triality is      1 2j j jh x y h x h y     

CONCLUTION 

Thus, a researcher stated that automorphism of Cayley algebra can be constructed. Also, 

Triality algebra (Trig(A) is an important concept of lie algebra. 
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ABSTRACT 

Studying the subject from several angles is possible through the use of research methods. 

There is an explanation of the research topic and its aims as well as the structure of the 

chapter and the necessity for it. It has also been explored in detail the statistical tools and 

procedures that are used to examine data. The current investigation is both descriptive and 

analytical. E-banking customer impression in Haryana is the focus of this study. It has to 

do with the collection of primary and secondary data using a well-crafted and well 

validated questionnaire. 

Customer awareness and satisfaction with e-banking services in public and private sector 

banks are the primary goals for this study. In Haryana, both private and public sector banks 

offer e-banking services.Because of their computer proficiency, today's young people are 

more likely to utilize electronic banking services, according to the study's findings. E-

banking is preferred by those in the high-income and professional categories (such as 

teachers, physicians, surgeons, and dentists). As a result of their higher levels of education, 

the residents of Ambala and Rohtak districts utilize e-banking services at a higher rate than 

those in the other districts studied. 

Keywords: E-Banking,comparative study, public, private sector, banks in Haryana 

 

INTRODUCTION  

India has been praised for its ability to remain relatively unharmed during the global 

financial crisis. A large part of it depended on the country's financial sector. The banking 

system underwent a major overhaul as a result of these changes. The changes have a 

significant influence on the financial system's overall efficiency and stability. The number 

of branches and ATMs owned by banks rose.  

They also expanded in terms of both their balance sheets and their total banking business 

Profitability, net interest margin, return on assets (ROA) and return on equity (ROE) of 

Indian banks improved as a result of increasing competition (ROE). The banks' non-

performing assets dropped dramatically as a result of the significant improvement in their 
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capital position. During this time of change, technology was increasingly used, which 

helped to enhance the quality of customer service. 

While the Reserve Bank's law (RBI Act, 1934) does not specifically mention that financial 

stability is a goal, numerous steps were taken from time to time to enhance the system's 

financial stability and spanned a wide range. As a result of a continual exchange between 

micro- and macroeconomic judgments, the methodology has evolved. “Financial stability 

has been maintained in India thanks to the Reserve Bank's multiple-indicator monetary 

policy, as well as prudent financial sector management and a synergetic approach through 

tight interaction with other financial sector authorities.” 

Capital Account management, systemic interconnectivity management, enhancing the 

regulatory framework, and steps to improve financial market infrastructure are a few more 

examples of policy interventions. In order to deal with systemic issues arising from 

interbank and bank-to-nonbank financial company (NBFC – our shadow banks) 

interconnections and common exposures, prudential limits were placed on aggregate 

interbank liabilities as a percentage of banks' net worth, banks and primary dealers were 

restricted access to the uncollateralized funding market with borrowing and lending limits, 

and increasingly subjected to risk-based regulation.  

It has also been observed that countercyclical initiatives have been used to solve the pro-

cyclicality difficulties. While the RBI has utilized time-varying sectoral risk weights and 

funding intermittently even before, the countercyclical measures were first implemented in 

2004. It is widely accepted that these unusual steps implemented in response to rising 

concerns were essential in shielding the Indian financial system from critical 

vulnerabilities. 

Much progress has been made since the changes of 1991, and we may be proud of that. 

Our accomplishments and success should not blind us to the fact that we still have a long 

way to go in our quest of perfection. Look ahead to see what is ahead of us. 

 

CUSTOMER PERCEPTION ON SERVICE QUALITY OF PUBLIC AND 

PRIVATE BANKS 

The development of the economy is greatly influenced by the performance of the banking 

sector. As a result, the Indian government is concerned about the growth of the bank's 

customer base. In today's retail banking market, the focus has changed from pricing to 

service quality. The rivalry has grown as technology has advanced and other banks have 

stepped up their service offerings. Now, financial institutions are making an effort to 
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improve the quality of their services. The banking industry's profitability is heavily reliant 

on the services it provides to other institutions. In today's competitive economy, it's 

becoming increasingly difficult to maintain service quality. The level of service supplied to 

potential clients of the bank has been evaluated as an overall measure. A customer's needs 

and expectations are often considered while determining the quality of a service. Another 

way of defining service quality is by comparing it to client expectations. It has been 

categorized into five categories based on the amount of time spent using the service. 

 

NEED OF THE STUDY  

There is a fierce battle between Indian banks and new-generation and global banks 

nowadays. The banking business has seen radical transformations as a result of the rapid 

progress of information technology. Customers are growing increasingly demanding, and 

banks are able to meet their needs thanks to their widespread use of technology. With the 

advent of Ebanking services, banks now provide a wider range of services. E-banking 

services and their effects on operational efficiency and customer satisfaction necessitate 

more investigation. E-banking services have become increasingly important, although 

research on e-banking in India has been minimal. 

Research on Haryana consumers' perceptions has been mostly limited to studies 

undertaken on a national and international scale. In this context, the current study aims to 

determine if clients in Haryana favour e-banking or not. E-impact banking's on customers' 

perceptions is examined in a small-scale experiment. 

 

SCOPE OF THE STUDY  

Customers in Haryana's E-banking sector were surveyed in this study. Haryana's 6 six 

districts were chosen based on population density. According to Indian Banking at Glance 

2015, two public sector banks (PNB and SBI) and two private sector banks (HDFC Bank 

and ICICI Bank) were selected for the research (www.iba.org.in). The research spans the 

years 2012-13 through 2016-17. Pooled data is used in the study. 

 

LITERATURE REVIEW 

Kapoor, Sheetal &Vashishth, Vibhuti (2021)The Indian banking industry exemplifies 

the sturdiness and adaptability required of a business its size and scope. Banking is widely 

understood to be a relationship built on trust. Our country's entire financial structure 

revolves around the banks. Protecting retail financial services consumers effectively while 
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empowering them to exercise their rights and fulfill their duties is the goal of an effective 

customer protection regime in the financial industry. 

Buddhika, H &Gunawardana, T.S.L.W. (2020)For their everyday operations, the vast 

majority of contemporary financial institutions rely on computerized banking processes 

rather than traditional banking techniques. Experts report that Sri Lankan e-banking 

services fall short of international standards. Sri Lankans' views on e-banking vary from 

nation to country, according to a study. Surveys were distributed to 150 people in Galle 

district who use e-banking through the purposive sample approach and the snowball 

method. 

Kadam, Mahesh &Sapkal, Deepak (2019)the banking industry is one of the most rapidly 

expanding in today's world and a large amount of money is being invested there. When it 

comes to rating financial institutions, particularly commercial banks, for their capital 

sufficiency, asset quality, management capabilities, profits potential and liquid assets, 

CAMEL Rating is one of the commonly utilized techniques by major regulators throughout 

the world. 

Shimpi, Leena (2018)Because of this, the banking industry's capacity to expand and 

deliver better customer service is significantly impacted. E-banking services are expected 

to increase customer pleasure and satisfaction, as well as lower operating costs, improve 

competition, and increase profitability for banks. As a result, e-impact baking’s on 

customer satisfaction must be assessed in terms of its many components. 

Glara, K.Thanga& Franco, C. (2017) 

The banking business has undergone several changes during the past two decades in order 

to compete with its rivals. The banking sector is putting a lot of emphasis on technology in 

this rivalry. E-banking is the most widely utilized technology in banks today. 

Technological advancements and competition have led to the development of e-banking. 

 

RESEARCH METHODOLOGY 

A research technique is a method for investigating an issue in a methodical manner. A 

thorough explanation of the study's issue statement and objectives, as well as its purpose, 

scope, hypotheses, and data source are provided. In addition, the data analysis methods and 

tools have been described. The following is a brief summary of the study's research 

methodology: 

It was decided to adopt a survey approach in order to acquire primary data from a large 

number of respondents. Structured questionnaires and one-on-one interviews are used to 
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gather the bulk of the main data. Open-ended and closed-ended questions were included in 

the survey. It was divided into two halves. To begin, we'll look at some basic demographic 

data, including things like race and income level. Gender, marital status, educational 

attainment, employment, and family income were all included in this survey's findings 

about its participants. Section two is broken into three parts once more. First, there are 

questions about customers' preferences for E-banking, and then there are questions about 

customers' preferences for E-banking that don't exist. 

 

ANALYSIS 

Customers are critical to the success of the banking industry. So banks provide a wide 

range of products and services to attract new consumers as well as keep current ones. 

Banking institutions, too, have a strong desire to learn about and meet the desires of their 

customers. Customers' preferences and disfavorites for private (HDFC & ICICI) and public 

sector (PNB & SBI) E-banking services have been explored in this chapter. There are two 

parts to this chapter. For example, consumers' names, ages, genders and marital statuses as 

well as their occupations and incomes are all included in Section A's demographic and 

background information. Section B focuses on a series of comments that indicate whether 

or not clients like or reject E-banking. 

 

Table 1:Distribution of respondents on the basis of types of account in different banks 

Type ofbankaccount/Bank Privatesectorbanks Publicsectorbanks Total 

HDFC ICICI PNB SBI 

Frequency % Frequency % Frequency % Frequency % Frequency % 

Savinga/c 72 48 83 55 108 72 109 73 372 62 

Currenta/c 16 11 29 19 6 4 17 11 68 11 

Saving a/c&Currenta/c 23 15 24 16 19 13 9 6 75 13 

Savinga/c,FixedDeposita/

c 

 

17 

 

11 

 

6 

 

4 

 

5 

 

3.3 

 

4 

 

2.7 

 

32 

 

5.3 

Saving a/c, 

Currenta/c,FixedDeposita/

c 

22 15 8 5.3 12 8 11 7.3 53 8.8 

Total 150 100 150 100 150 10

0 

150 100 600 100 

 

Responses are shown in Table based on the kind of account in private (HDFC& ICICI) and 

public (PNB& SBI) sector banks, respectively. Of those who responded, 62% have a 

savings account, followed by 12.5% who have both a savings and a current account. A 
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bank-wise research shows that SBI and PNB of Savings A/c have the greatest percentage 

of responders (72%) followed by ICICI (55.3 percent). Fewer than 5% of ICICI, PNB, and 

SBI customers have combined accounts (Current a/c and Fixed Deposit a/c). 

 

Table2: Distribution of respondents on the basis of awareness of net banking services 

offered by bank 

Response/Bank Privatesectorbanks Publicsectorbanks Total 

HDFC ICICI PNB SBI 

Frequency % Frequency % Frequency % Frequency % Frequency % 

Yes 110 73.3 102 68 95 63.3 93 62 400 66.7 

No 40 26.7 48 32 55 36.7 57 38 200 33.3 

Total 150 100 150 100 150 100 150 100 600 100 

 

Net banking services supplied by private (HDFC & ICICI) and public (PNB & SBI) sector 

banks are shown in Table 66.7 percent of respondents replied "Yes" and 33.3 percent said 

"No" when asked if they were aware of online banking services. Bank-wise, HDFC has the 

largest percentage of net banking users (73.3 percent), followed by ICICI (68 percent), and 

PNB (63.3 percent). Only 26.7 percent of the respondents are aware of net banking, and 

the majority of those are HDFC customers). 

 

FINDINGS RELATED TO CUSTOMERS ON THE BASIS OF DEMOGRAPHIC 

PROFILE 

• HDFC and ICICI, as well as Public (PNB and SBI) sector banks, have the highest 

percentage of respondents in the 21-30 age group, followed by 31-40 age group. 

ICICI bank has the biggest percentage of customers in the 21-30 age bracket, while 

SBI comes in second. Only a small percentage of those over the age of 60 are 

customers of ICICI bank or HDFC. 

• Private (HDFC& ICICI) and Public (PNB& SBI) sector banks had the highest 

percentage of married respondents. Respondents from HDFC and ICICI have the 

greatest percentages, while those who are not married have the lowest percentages. 

SBI and ICICI had approximately the same percentage of married and unmarried 

respondents. 
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• Graduates (HDFC& ICICI) and postgraduates (PNB & SBI) make up the majority 

of responses, with matriculants and postgraduates following closely behind. HDFC 

has the greatest percentage of responders, followed by ICICI, SBI, and HDFC, 

according to a bank-by-bank analysis. 

• Among private and public sector banks, the majority of responders are servicemen, 

followed by businessmen, in terms of occupation. An examination of responses by 

bank reveals that ICICI and SBI had the most serviceman responders, followed by 

HDFC. For all banks, the proportion of respondents who are retired is lower than 

that of other groups. 

• Among respondents from the private (HDFC& ICICI) and public (PNB& SBI) 

sector banks, the highest percentage came from the income brackets of 10001-

20000 and 20001-30000. According to a bank-by-bank study, ICICI has the 

greatest percentage of respondents in the 10001-20000 income bracket, followed by 

SBI and PNB. 

 

Conclusion 

Incorporating human assistance via E-banking service delivery channels might alleviate 

consumers' concerns about security and so increase their adoption of E-banking and use of 

complicated banking services and product facilities.. Because of this, customers frequently 

rely on one another to help them cope with the stress of a new product or service. In 

addition, there are just a few researches examining Indian customers' use of E-banking. As 

a result, future study should focus on identifying the major factors that influence the 

adoption of E-banking in India. 

The present study is centred on Customers perspective about E-banking in Haryana. In 

future, investigations can be carried out in the following areas: The research of 

acceptability and satisfaction of various E-banking goods and services in other states even 

all over the India which would offer better image on Customers perspective regarding E-

banking services at National Level. A comparison research may also be undertaken on E-

banking adoption across public sector, private sector and overseas banks. 

A comprehensive analysis may be done to determine the Information Communication 

Technology hazards associated in the delivery of E-banking services for improved 

adoption of E-banking services. 
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Abstract   

This paper explain stochastic model having dual non-identical units. Here a routine inspection is carried out 

on the operating unit after doing a normal maintenance. It is also assumed that the operative unit is 

inspected if another unit is failed. After inspection either the unit is maintained or assumed to be failed after 

inspection. The decisions about failed unit is done by taking the concept of guarantee period. It is also 

considered that the unit under maintenance would not fail. After guarantee period, it is to be decided that 

whether minor replacement or major replacement. A new concept of paid maintenance is taken in this 

second part. This system is analyzed to determine various reliability measures by using mathematical tools 

MTSF/MTBF Markov chain, Markov Process. It is assumed that a repaired and replaced unit is good as 

new. 

Keywords: Maintenance, Availability, Busy period, Inspection, Repair,Replacement 

 

INTRODUCTION 

In order to develop a good reliability program for a system, the system must have good reliability 

specifications. These specification most, if not all, of the conditions in the reliability definition including 

MTSF, limitations, operating environment instances, this will require a detailed description of how the 

system is expected to perform reliability- wise. A proper balance of financial goals and realistic 

performance are necessary to develop a detailed and balanced reliability specification. Another important 

foundation for a reliability program is the development of universally agreed upon definitions of the system 

failure. It should be fairly obvious whether a product has failed or not. 

Reliability testing is the cornerstone of a reliability program. It provides the most detailed forms of data in 

that the data are collected can be carefully controlled and monitored. Furthermore, the reliability tests can 

be designed to uncover suspected failure modes and other problems. 

The development of the new systems is directly or indirectly associated with improvement in the old 

systems and hence the efficiency. Thus assessment of reliability of equipment is of great importance in the 

context of rapidly growing technology and its further development. A large number of studies have been 

carried out to evaluate the reliability by taking two-unit models under different conditions. 

PAPER 40
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This paper explain stochastic model having dual non-identical units. Here a routine inspection is carried out 

on the operating unit after doing a normal maintenance. It is also assumed that the operative unit is 

inspected if another unit is failed. After inspection either the unit is maintained or assumed to be failed after 

inspection. The decisions about failed unit is done by taking the concept of guarantee period. It is also 

considered that the unit under maintenance would not fail. After guarantee period, it is to be decided that 

whether minor replacement or major replacement. A new concept of paid maintenance is taken in this 

second part. This system is analyzed to determine various reliability measures by using mathematical tools 

MTSF/MTBF Markov chain, Markov Process. It is assumed that a repaired and replaced unit is good as 

new. 

Description of system and Assumption:-   

In this paper, an operative unit is analyzed after a bound or definite period of its functioning and it is 

decided whether unit can run further or demand certain maintenance. A new concept of normal 

maintenance and major maintenance are introduced in this part. 

 The system consists of two indistinguishable units - Initially one unit is functional and second unit 

is kept as cold standby. 

 System is supposed to be in Up-state if one unit is working and in down state if no unit is working.  

 Each unit of the system has two stages - normal operative or failed. 

 Firstly working unit is analyzed for normal maintenance before taken routine inspection.    

 After routine inspection it is to be decided that whether the unit needs major maintenance or the 

unit is unsuccessful under guarantee period.   

 A unit under maintenance would not fail. 

 Check the guarantee of the failed unit, either it is in under the guarantee period or not. 

 If the unit is in the guarantee period, the failed unit is minor maintenance and if the unit is not under 

the guarantee period then it is major maintenance.
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State Transition Diagram 
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Notations 

Un1:   Normal maintenance 

α :   Invariant normal maintenance rate of unit 

i(t):   pdf of inspection time period of a unsuccessful unit 

I(t):   cdf of inspection time period of a unsuccessful unit 

β :   probability that unit is in under maintenance 

Ui   Invariant inspection rate of unit                                       

UM1UM2 :  Maintenance of unit is continuous             

 Fm1:   unsuccessful unit under minor maintenance 

Fm2:   unsuccessful unit under major maintenance 

Fgc:   unsuccessful unit under guarantee check 

Fwgc:   unsuccessful unit waiting for guarantee check  

m(t)   Maintenance rate 

r1(t)   Minor maintenance rate 

r2(t)   Major maintenance rate 

A:   {1- m*(λ)} 

B:   {1- g*(λ)} 

C:   {1- r1
*(λ)} 

D:   {1- r2
*(λ)} 

The system can be in any of the following states with respect of the above symbol  RS0 =

 (O,S)     RS1 = (Un1,O)                                                                        

RS2 = (Ui, O)     RS3 = (Fn2,O)   

RS4 = (Fgc,O)     RS5 = (Fm1, O) 

RS6 = (Fm2, O)    RS7 = (FN1, Fwgc) 

RS8 = (FN2 ,Fwgc)    RS9 = (UM 1,Fwgc)  

RS10 = (FM 2,Fwgc)    RS9 = (FGC,Fwgc) 

 

Transition Probabilities 

The era of entering into states {RS0 , RS1, RS2 , RS3,RS4,RS5,RS6} are  

Renewed states. The change of state probabilities from RSk to RSl states are given by Qkl and in the steady 

states Tpkl denotes the change of state probability from states RSk to RSl are given under 

Tp01 =  α/(α+λ)   Tp04 = λ/(α+λ)  

Tp10 =   n*(β+λ)   Tp12 = β{1- n*(β+λ)}/( (β+λ))  

Tp17 = λ{1- n*(β+λ)}/( (β+λ)) Tp20 =   i*(γ+λ) 

Tp23 = γ{1- n*(γ+λ)}/( (γ+λ))  Tp12 = λ{1- n*(γ+λ)}/( (γ+λ)) 

Tp30 =  m*(λ)    Tp38 = A 

Tp1
7
4 = λ{1- n*(β+λ)}/( (β+λ))  Tp3

8
4 = A 

Tp45 =  ag*(λ)     Tp46 =  bg*(λ) 

Tp4,10 =  B     Tp4
10,9

4 =  B 

Tp4
10,11

4=  B     Tp50 =  r1
*(λ) 

Tp59 =  C     Tp5
9
4 = C 

Tp60 =  r2
*(λ)     Tp6

11
4 =  D 

Tp6,11 =  D 
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With the help of following calculated values, we can easily check that 

Tp01    +   Tp04    =   1  

Tp10   +   Tp12  +  Tp17    =  1 

Tp20   +   Tp23  +  Tp24    =  1 

Tp30   +   Tp38    =   1 

Tp17  = Tp1
7
4 

Tp38  = Tp3
8
4 

Tp45   +   Tp46  +  Tp4,10    =  1   

Tp4
,
10 = Tp4

10,9
4 

Tp4
,
10 = Tp4

10,11
4 

Tp50   +   Tp59    =   1 

Tp59  = Tp5
9
4 

Tp60 + Tp6,11 = 1 

Tp6
,
11 = Tp6

,11
4 

Mean Sojourn Times 

To compute mean value of stay/sojourn time µk(t) for state RSk, let Tk be sojourn time for state RSk. Then 

  

   µk (t)  = 
0

lim [ :0 ]

t

t
P t t T dt


 

 
So that in steady state we have following relations 

µ0 = 1/α+λ     µ1 = {1- n*(β+λ)}/ (β+λ) 

µ2 = {1- i*(γ+λ)}/ (γ+λ)   µ3 = A / λ   

µ4 = B / λ      µ5 = C / λ   

µ6 = D / λ     

The unconditional mean time is mathematically given by 

    mkl = 
0



  tdQkl (t) = -qkl
*(s)’/at s=0 

So that  m01 = α/(α+λ)2
  m04 = λ/(α+λ)2

 

m10 =  -n*’(β+λ) 

m12 =       [β{1- n*(β+λ)}/(β+λ)n2]+βn*’(β+λ)/(β+λ) 

m17 =       [λ{1- n*(β+λ)}/(β+λ)n2]+λn*’(β+λ)/(β+λ) 

m20 =  -i*’(γ+λ) 

m23 =       [γ{1- i*(γ+λ)}/(γ+λ)2]+γi*’(γ+λ)/(γ+λ) 

m24 =       [λ{1- i*(γ+λ)}/(γ+λ)2]+γi*’(γ+λ)/(γ+λ) 

m30 = -m*’(λ)   m38 = A/λ - m*’(λ) 

m45 = -ag*’(λ)   m46 = -bg*’(λ) 

m4,10 = A/λ - g*’(λ)  m50 = -r1
*’(λ) 

m59 = C/λ - r1
*’(λ)  m60 = -r2

*’(λ) 

m6,11 = D/λ  -  r2
*’(λ) 
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It can be easily verified that 

m01    +   m04 =  µ0    

m10   +   m12   +  m17    =   µ1 

m20   +   m23   +   m24=   µ2         

m30    +  m38    =   µ3 

m40     +   m46  +   m4,10   =    µ4            

m50     +      m59    =    µ5 

m60     +     m6,11        =   µ6  

Mean Time to System Failure 

The recursive relations for (MTSF) are given by the following equations 

Ω0  = Q01  ʘ  Ω 1 +  Q04 ʘ  Ω 4 

Ω 1  = Q10  ʘ Ω 0 + Q12  ʘ Ω 2 + Q17 

Ω 2  = Q20  ʘ   Ω 0 + Q23 ʘ Ω 3 + Q24  ʘ Ω 4 

Ω 3  = Q30  ʘ  Ω 0 + Q38 

Ω 4  = Q45  ʘ  Ω 5 + Q46 ʘ  Ω 6 + Q4,10 

Ω 5  = Q50  ʘ  Ω 0 + Q59 

Ω 6  = Q60  ʘ  Ω 0 + Q6,11    

Here Ωi and qkl are all function of  t 

Above these equation can be Solving by taking L. S.T and solving for  Ω0
**(s), 

we get   Ω 0
**(s) = U(s) / V(s) 

Where 

MTSF   =     Ω0       =       lim
𝑠→0

[{ 1-Ω0
**(s)}/s]  

     = {V'(0)-U’(0)}/V(0) 

    = 
𝑈

𝑉
 

After solving, we have 

U(s)  = - [ q01 q17+ q01 q12q23q38 +  q01 q12 q24 q4,10  + q01 q12 q24 q45q59 

+ q01 q12 q24q46 q6,11  +  q04 q4,10  + q04 q45 q59 + q04 q46 q6,11  ] 

V(s) =  - 1+ q01 q10+ q01 q12q20 +  q01 q12 q23 q30  + q01 q12 q24 q45q50 

+ q01 q12 q24q46 q60 + q04 q45 q50 + q04 q46 q60  ] 

                  Where  

         U   =  V´(0)-U´(0)=  - [ 1+Tp01 µ1+ Tp01 Tp12 µ2+ Tp01 Tp12 Tp23μ3 + (Tp04+Tp01 Tp12 Tp24) 

(μ5+Tp45μ5+Tp46μ6)]  

   V   =  V(0)= -1+Tp01 Tp10 + Tp12 Tp01 (Tp20 +Tp23 Tp30 ) -  

(Tp01 Tp12 Tp24 +Tp04)(Tp45 Tp50 + Tp46 Tp60 ) 

Availability of the system -(Av)- 

The recursive relations for the availability Avi(t) at each point of the system is given by 

Av0 = q01  Δ   Av 1  + q04  Δ   Av 2 + Ψ 0 

Av 1 = q10  Δ   Av 0  + q12  Δ   Av 2 + q1
7

4  Δ   Av 4 + Ψ 1 

Av 2 = q20  Δ   Av 0 + q23 Δ   Av 3+ q24  Δ   Av 4 + Ψ 2 

Av 3 = q30  Δ   Av 0 + q3
8
4 Δ   Av 4+ Ψ 3 

Av 4=q45  Δ Av 5+q46 Δ Av 6 + (q4
(10,9)

3+ q4
(10,11)

4)   Δ  Av 4+ Ψ 4 

Av 5 = q50  Δ  Av 0 + q5
(9)

4 Δ   Av 4+ Ψ 5 

Av 6 = q60  Δ  Av 0 + q6
(11)

4 Δ   Av 3+ Ψ 6 

     Here Avi ,Ψ and qkl are all function of  t 
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Where   Ψ0 = μ0  Ψ1 = μ1   

Ψ2 = μ2  Ψ3 = μ3 

Ψ4 = μ4  Ψ5 = μ5   

Ψ6 = μ6 

Now solving these equations by taking Laplace transform and solving for   Av 0
*(s),we get 

   Av 0
*(t) =   U1 (s) /V1 (s) 

 The steady states availability is given by 

Av 0
**= U1 (0) / V1(0) 

Where 

            U1(0) = -[{μ0+μ1 Tp01+(Tp12  Tp01 +Tp04)μ2 + (Tp12 Tp01 Tp23+  Tp04 Tp23)μ3}+(Tp45 Tp50  + Tp46 

Tp60) +(μ 4+Tp45 μ5 +Tp46μ6) {(Tp23 Tp3 
8
 4(Tp12+Tp01+Tp04)  +Tp01(Tp12 Tp24+ Tp1

7
4 }]  

And    V1(0)=0   

                 

                  V1
’(0) = - [(1+Tp01 Tp12 + μ0 (Tp01 Tp12 Tp23+ Tp04 Tp23)μ3) (Tp45 Tp50+Tp46 Tp60) + (Tp01 Tp12 

Tp23 Tp3
8

4 + Tp01 Tp12 Tp24 + Tp01 Tp1
7
4+ Tp04 Tp23 Tp3

8
4 + Tp04 Tp24) 

(μ4+ Tp45μ5 + Tp46μ6)   …………………………………(a) 

Normal Maintenance Time 

The recursive relations are 

Nm0 = q01  Δ   Nm1  + q04  Δ   Nm 2  

Nm 1 = q10  Δ   Nm 0  + q12  Δ   Nm 2 + q1
7
4  Δ   Nm 4 +Ñ 

Nm 2 = q20  Δ   Nm 0 + q23 Δ   Nm 3+ q24  Δ   Nm 4  

Nm 3 = q30  Δ   Nm0 + q3
8
4 Δ   Nm 4 

Nm 4=q45  Δ Nm5+q46 Δ Nm6 + (q4
(10,9)

3+ q4
(10,11)

4)   Δ  Nm4 

Nm 5 = q50  Δ  Nm0 + q5
(9)

4 Δ   Nm4 

Nm 6 = q60  Δ  Nm 0 + q6
(11)

4 Δ   Nm 3 

     Here Nmi ,Ñ and qkl are all function of  t 

Now solving these equations by taking Laplace transform and find ¶0
*(s), we get 

¶0
*(s) = U2 (s)/V1(s) 

Then for steady states 

¶0
**=

0
lim
s

 (s¶0
*(s)) = U2(0) / V1`(0)  

         Where   U2(0) = - Ñ Tp01(Tp45 Tp50+ Tp46 Tp60) 

V1
´(0) is specified in eq. (a). 

Paid Maintenance Time 

The recursive relations are 

Mm0 = q01  Δ   Mm1  + q04  Δ   Mm 2  

Mm 1 = q10  Δ   Mm 0  + q12  Δ   Mm 2 + q1
7
4  Δ   Mm 4 + £ 

Mm 2 = q20  Δ   Mm 0 + q23 Δ   Mm 3+ q24  Δ   Mm 4  

Mm 3 = q30  Δ   Mm0 + q3
8
4 Δ   Mm 4 + ɱ 

Mm 4=q45  Δ Mm5+q46 Δ Mm6 + (q4
(10,9)

3+ q4
(10,11)

4)   Δ  Mm4 

Mm 5 = q50  Δ  Mm0 + q5
(9)

4 Δ   Mm4 

Mm 6 = q60  Δ  Mm 0 + q6
(11)

4 Δ   Mm 3 

     Here Mmi ,£ and qkl are all function of  t 

Now solving these equations by taking Laplace transform and find Ḿ0
*(s), we get 

Ḿ 0
*(s) = U3 (s)/V1(s) 

Then for steady states 

Ḿ 0
**=

0
lim
s

 (s Ḿ 0
*(s)) = U3(0) / V1`(0)  
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         and             

U3(0) = - £[Tp45 Tp50 + Tp46 Tp60 ] [ Tp01 Tp12 Tp23+ Tp04 Tp24] 

V1
´(0) is specified in eq. (a). 

 

 Minor Replacement Time 

The recursive relations are 

Mr0 = q01  Δ   Mr1  + q04  Δ   Mr 2  

Mr 1 = q10  Δ   Mr 0  + q12  Δ   Mr 2 + q1
7
4  Δ   Mr 4 + § 

Mr 2 = q20  Δ   Mr 0 + q23 Δ   Mr 3+ q24  Δ   Mr 4  

Mr 3 = q30  Δ   Mr0 + q3
8
4 Δ   Mr 4 + ɱ 

Mr 4=q45  Δ Mr5+q46 Δ Mr6 + (q4
(10,9)

3+ q4
(10,11)

4)   Δ  Mr4 

Mr 5 = q50  Δ  Mr0 + q5
(9)

4 Δ   Mr4 

Mr 6 = q60  Δ  Mr 0 + q6
(11)

4 Δ   Mr 3     

Here Mri ,§ and qkl are all function of  t 

Now solving these equations by taking Laplace transform and find Ir0
*(s), we get 

Mr0
*(t) = U4(s) / V1(s)  

Mr0
**= 

0
lim
s

 (s Mr0
*(s)) = U4(0) / V1`(0)  

Where                            

U4(0) = -Tp45 § [Tp01 Tp12 Tp23 Tp3
8
4 + Tp01 Tp12 Tp24  + Tp01 Tp1

(7)
4–Tp04 Tp 23 Tp3

(8)
4 +Tp04 Tp24)] 

    and       

V1
´(0) is specified in eq. (a) 

Major Replacement Time 

The recursive relations are 

Mj0 = q01  Δ   Mj1  + q04  Δ   Mj 2  

Mj 1 = q10  Δ   Mj 0  + q12  Δ   Mj 2 + q1
7
4  Δ   Mj 4  

Mj 2 = q20  Δ   Mj 0 + q23 Δ   Mj 3+ q24  Δ   Mj 4  

Mj 3 = q30  Δ   Mj0 + q3
8
4 Δ   Mj 4 + ɱ 

Mj 4=q45  Δ Mj5+q46 Δ Mj6 + (q4
(10,9)

3+ q4
(10,11)

4)   Δ  Mj4 

Mj 5 = q50  Δ  Mj0 + q5
(9)

4 Δ   Mj4 

Mj 6 = q60  Δ  Mj 0 + q6
(11)

4 Δ   Mj 3 + Ƕ 

Here Mji ,ɱ and qkl are all function of  t 

Now solving these equations by taking Laplace transform and find Ȓ0
*(s), we get   

Mj0
*(t)=  [ U5 (s) /V1(s)] 

Mj0
**= 

0
lim
s

 (sMj0
*(s))  

       =   [ U5 (0) /V1(0)]   

Where 

U5(0) = Ƕ Tp46  [Tp01 Tp12 Tp23 Tp3
(8)

4+Tp01 Tp12 Tp24 + Tp01 Tp1
(7)

4  + Tp04 Tp23 Tp3
(8)

4 + Tp04  Tp24          ] 

    And   V1
´(0) is specified in eq. (a) 

Inspection Time 

The recursive relations are 

IT0 = q01  Δ   IT1  + q04  Δ   IT2  

IT 1 = q10  Δ   IT0  + q12  Δ   IT2 + q1
7
4  Δ   IT4  

IT2 = q20  Δ   IT0 + q23 Δ   IT3+ q24  Δ   IT4 +ѭ 

IT3 = q30  Δ   IT0 + q3
8
4 Δ  IT4 + ɱ 

IT4=q45  Δ IT5+q46 Δ Mj6 + (q4
(10,9)

3+ q4
(10,11)

4)   Δ  IT4 

IT5 = q50  Δ  IT0 + q5
(9)

4 Δ   IT4 
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IT6 = q60  Δ  IT0 + q6
(11)

4 Δ   IT3 + Ƕ     

Here ITi , ѭ and qkl are all function of  t 

Now solving these equations by taking Laplace transform and find Ȓp0
*(s), we get  

IT0
*(t)  = U6(s) / V1(s)  

In the unvarying state, 

IT0
**= 

0
lim
s

 (s IT0
*(s))  

       = U6(0) / V1`(0)   

Where    

U6(0) = - ѭ (p01p12 + p04) (p45p50 + p46p60)   

And                            

 V1
´(0) is specified in eq. (a) 

Busy Period of Repairman :- 

Inspection Time + Normal Maintenance Time + Paid Maintenance Time + Minor Replacement Time 

 + Major Replacement Time 

Particular cases:  

If we take repair rate and inspection time as negative binomial distributions as        

g(t) =  𝜃𝑒−𝜃𝑡        m(t)  =   𝜋𝑒−𝜋𝑡           

i(t)  =   δ𝑒−𝛿𝑡     n(t)  =   γ𝑒−𝛾𝑡  

r1(t) =  𝜇𝑒−𝜇𝑡    r2(t) =  𝜌𝑒−𝜌𝑡 

k = α+λ    w = λ+γ+δ 

           e = β+λ+γ    f = λ+ρ   

h = λ+π    j = λ+θ          

 x = λ+μ 

Then we get, 

Tp01 = α/k    Tp04 =  λ/k  

Tp10 = γ / e    Tp12 = β / e    

Tp17 =  λ / e    Tp20 =  δ/w   

Tp23 =   γ/ w    Tp24 =  λ / w   

Tp30 =  π / h    Tp38 =  λ / h   

Tp1
7
4 =  λ / e    Tp3

8
4 =  λ / h 

Tp45 =  aθ/ j    Tp46 =  bθ / j  

Tp4,10 =  λ / j    Tp50 =  μ / x 

Tp59 =  λ / x    Tp5
9
4 =  λ / x 

Tp60 =  ρ / f    Tp6,11 =  λ / f 

  µ0 = 1 / k    µ1 = 1/ e   

  µ2 = 1/ w    µ3 =  1/ h 

µ4 =  1/ j    µ5 =  1/ x 

µ6 =  1/f 
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                      Failure rate vs MTSF graph   

 

      

 
 

                             Failure rate vs Availability   

 

CONCLUSION: 

In this paper, a new conception of maintenance, repair and was taken together in system to avoid the loss of 

production and extensive damage for safety reasons. Also routine inspection concept also taken with these 

assumptions. By the particular cases, we conclude that 

For the invariant value of α=1,β=1,μ=1,π=1,η=2, λ=3 

MTSF goes on increases with the increase of failure rate. 

Availability goes on decreases very sharply with the increases of failure rate. 

Thus above conclusions help to get the desirable results in the field of design, development and production 

of individual production.  

 

 

 

 

 

 

 

0

0.00005

0.0001

0.00015

0.0002

0.00025

0.0003

0.00035

0.0004

0 10 20 30 40 50

MTSF

Failure Rate

α=1,β=1, π=1,

η=2,  

μ=1,λ=3 

Failure Rate

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0 10 20 30 40 50

AVAILABILITY

AVAILABILITY

Failure Rate

α=1,β=1, π=1, 

 η=2,  μ=1,λ=3      



www.ijcrt.org                                                © 2021 IJCRT | Volume 9, Issue 9 September 2021 | ISSN: 2320-2882 

IJCRT2109354 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d262 
 

References: 

1. Rander,M.C.,Suresh,K. and Ashok,k.," cost analysis of a two dissimilar cold standby system with 

preventive maintenance and replacement of standby", Microelectron. Reliab., 1994, VOL.34,p171-174. 

2. Endrenyi J, Anders GJ.,2006, “Aging, maintenance, and reliability”, IEEE Power and Energy 

Magazine, 59-67. 

3. Marquez AC, Heguedas AS,2010, “Models for maintenance optimization: A study for repairable 

systems and finite time periods”, Reliability Engineering and System Safety ,75:367-377. 

4. Brown, M., Proschan, F. (1983) “Imperfect repair”, Journal of Applied 

Probability,20: 851–859. 

5. Jiang, R. and Jardine, A.K.S. (2005) “Two Optimization Models of the 

Optimum Inspection Problem”,Journal of the Operational Research 

Society,56: 1176–1183. 

6.  Beichelt and Fischer (1980), General failure model applied to preventive maintenance policies,IEEE 

Transactions on Reliability, R 29(1), 39–41. 

7. McCall(1965),Maintenance policies for stochastically failing equipment: A survey,  Management 

Science  ,11 (5), 493–524. 

8. Jui-Hsiang Chian and John Yuan, (2001) ,  optimal maintenance policy for a deteriorating production 

system under inspection,, 


