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Chapter 1

Forensic Mathematics

1.1 Introduction

Forensic science is a branch of science used to analyze crime scene

evidence. All science uses mathematical concepts and equations, and

forensic scientist are well educated in mathematical concepts they uses

to analyze evidence from crime scenes.

Without mathematics it is impossible to analyze forensic evidence

scientifically. One of the main things investigators do at the crime

scene is to collect, measure and document evidence. This data help

investigators to perform calculations and determine the facts of a crime.

Mathematics shows proof of what ever happened during a crime in data

and number.

The court ask the significance of evidence in the context of the crime

and, as an expert witness the forensic scientist should be able to respond

appropriately to such a challenge. Methods based on Bayesian statistic

utilizing probability arguments may facilitate both the comparison of

the evidence type and the weight that should be attach to each by the

court.

1



1.2. FORENSIC SCIENCE MATHEMATICS IN FORENSIC SCIENCE

The discussion and presentation of the data within the report submit-

ted to the court by the expert witness must be prepared with rigour and

clarity that can only come from a sound understanding of the essential

mathematical and statistical method applied within forensic science.

1.2 Forensic Science

Forensic science is the application of science to criminal and civil,as

governed by the legal standards of admissible evidence and criminal

procedure. Forensic science is an ever growing field of science that

can be further subdivided into toxicology, anthropology, serology and

many others. Forensic scientist collect, preserve and analyze scientific

evidence during the course of an investigation. While some forensic

scientist travel to the scene of the crime to collect the evidence them-

selves and others occupy a laboratory role, performing analysis on ob-

ject brought to them by other individuals.

1.3 Forensic Mathematics

One of the main thing crime scene investigators do is, collect, measure

and document evidence. Their data help forensic scientists to perform

calculation and determine the facts of a crime. Mathematics is the main

key to analyze forensic evidence scientifically it is impossible to carry

on without mathematics. For example, for pathologist calculus is need

to estimate the time of death of victims. Overall, calculus has many

application in the field forensic science. Mathematics make it possible

to show the proof of what occurred during a crime in data and numbers.

1.3.1 Measurements:

One area of mathematics that is crucial for forensic science is take

precise measurement at a crime scene. Knowing the exact length of

shoe print from the crime scene help to rule out crime suspects whose

shoe are the wrong size.

Forensic scientist need exact measurements of everything at a crime

scene in order to perform scientific calculation properly. Investigators

Department of Mathematics, St. Teresa’s College (Autonomous), Ernakulam2 Page2



1.4. APPLICATIONS OF MATHEMATICS IN FORENSIC SCIENCEMATHEMATICS IN FORENSIC SCIENCE

spend a great deal of time measuring distance, weight, temperature,

volume and other aspects of evidence to get the number correct.

1.3.2 Proportion:

Forensic scientist use not only measurements but proportions in their

analysis. If a human leg bone is discovered in an unmarked grave foren-

sic scientist use mathematical equations to determine what proportion

or percentage of persons overall height of the leg bone would be. Once

they know that they can determine how tall the person was and whether

it was a child or an adult. Proportions are one way mathematics is in-

volve in forensic science.

1.4 Applications of Mathematics in forensic Science

Forensic scientists analyze the evidence and search around crime scenes

for clues pointing to possible suspects. Mathematics can be used to

determine time of death, how crime are committed, when they were

committed and who committed them. Some of the application of math-

ematics in various field of forensic science are given below :

• Psycho physical detection Monitoring pulse rate, blood pressure,

and breathing patterns.

• Heights and distance Footprints in dirt and mud, length of objects.

• Bullet trajectories Geometry and trigonometry.

• Entomology Time of death.

• Trigonometry and industry physics can be used to reverse calculate

height.

• To find an elevation consistent with two blood drops.

• Can be used to determine the height of the blood when it exceed

to the body.

Department of Mathematics, St. Teresa’s College (Autonomous), Ernakulam3 Page3



1.4. APPLICATIONS OF MATHEMATICS IN FORENSIC SCIENCEMATHEMATICS IN FORENSIC SCIENCE

• Examining skid mark an help to reconstruct the accident. Marks

are caused by the speed of the car, braking force, frictional force

of the road and impacts with other vehicles.

• Newton’s law of cooling describes the cooling of a warmer object

to the cooler temperature of its environment.

1.4.1 Trignometry

Trigonometry is very useful in forensic science. Knowledge about trigonom-

etry is absolutely necessary or many crime scene reconstruction. Blood

stain pattern analysis(BPA) is one of the several specialists in the field

of forensic science. It involves the study and analysis of blood stain

at a known or suspected violent crime scene. Blood stain evidence

is most often assault, homicide abduction, suicide or even accidents.

associated with violent acts such Pythagoras theorem, trigonometry

function, trigonometric rules are application of trigonometry in foren-

sic science. Trigonometric function related to non right angled triangles

and can be used to find an uniform angle or side.

1.4.2 Probability

In forensic science, empirical probabilities are particularly important

and examples may be derived from data on height, fingerprint class,

blood group, allele frequencies in DNA profiles or shoe size among the

population. Some examples involving the use of empirical data like the

matching of hair evidence and analysis of human teeth mark are dis-

cussed later

Forensic science uses several approaches for DNA statistics with com-

puter programs such as match probability exclusion probability, likeli-

hood ratios Bayesian approaches, and paternity and kinship testing.

Random match probabilities (RMP) are used to estimate and express

the rarity of a DNA profile. RMP can be defined as the probability that

someone else in the population, chosen at random, would have the same

genotype as the genotype of the contributor of the forensic evidence.

RMP is calculated using the genotype frequencies at all the loci, or how
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1.4. APPLICATIONS OF MATHEMATICS IN FORENSIC SCIENCEMATHEMATICS IN FORENSIC SCIENCE

common or rare the alleles of a genotype are. The genotype frequencies

are multiplied across all loci, using the product rule, to calculate the

RMP. This statistic gives weight to the evidence either for or against a

particular suspect being a contributor to the DNA mixture.
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Chapter 2

Ballistics and Richochet analysis

2.1 Ricochet Analysis of the bullet

Ricochet occurs when the incident angle is below the critical angle for

the surface,a bullet after impact bounces off a solid surface at a glancing

angle after impact and then continues its trajectory,otherwise the bullet

will either fragment on the impact or penetrate the solid surface.

Figure 2.1:

For soil and water the critical angle is very low, at around 6– 7◦, whereas

for hard surfaces this value will be much larger.
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2.2. ASPECTS OF BALLISTICS MATHEMATICS IN FORENSIC SCIENCE

In almost all cases the ricochet angle θr at which the bullet leaves

Figure 2.2: Incident and Ricochet angle

the surface is lower than the incident angle θi and these parameters are

linked approximately by the equation

tan θr
θi

= C

where C is a constant dependent on the surface and the bullet involved.

θr : Ricochetangle

θi : Incidentangle

C :constant

2.2 Aspects of ballistics

The effect of angle and the measurement of angle are important in un-

derstanding the trajectories followed by missiles such as bullets, arrows

and cricket balls etc. All missiles start their motion with some ini-

tial speed and a specific launch angle from the initial force comes from

the explosive charge in a rifle, the elastic energy in a tensioned string

or human arm muscles strength. Once set on its trajectory, the only

force acting on a missile is the vertically downward acting gravity.This

is called the vacuum trajectory assumption. Horizontal component of

the velocity remains unchanged. The result is that the missile follows

a curved path, reaching a maximum height when the gravitational de-

celeration has reduced its upward velocity component to zero. It then

descends with increasing downward vertical speed and constant hori-

zontal speed until it impacts on the ground. (Fig 3)

If it is launched horizontally, for example from an elevated window, roof

or cliff-top, it follows the downward part of this trajectory. (Fig 2.2)
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2.2. ASPECTS OF BALLISTICS MATHEMATICS IN FORENSIC SCIENCE

Figure 2.3:

The trajectory of a missile launched with speed u at an angle of θ to

the horizontal is given by

y = tan θx− g
2u2 cos2 θ

x2

where y is the height at any particular horizontal distance x and

g = 9.81m/s2 is the acceleration due to gravity.

In the equation (y = (tan θ)x) represents the straight line obtained in the

absence of gravity by following the launch angle i.e. the line-of-sight

path and the next term calculates how much the gravitational acceler-

ation moves the projectile path downwards from this straight line. For

specific initial conditions defined by u and θ, this equation is similar to

the quadratic form:

y = Ax−Bx2

This function represents a parabola with maximum altitude at x = A
2B

ymax = A( A
2B

)−B( A
2B

)2 = A2

4B
= tan2 θ

4g
2u2 cos2 θ = u2 sin2 θ

2g
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2.2. ASPECTS OF BALLISTICS MATHEMATICS IN FORENSIC SCIENCE

Figure 2.4:

The parabola is a symmetric shape, so if both initial and impact points

are at the same height,the initial launch angle is the same as the angle

at which the missile lands and also the speed with which it impacts on

the same level surface is equal to the launch speed.e.g. a level surface.

The horizontal range of the projectile occurs when horizontal distance

y = 0

(tan θ)x− g
2u2 cos2 θ

x2 = 0

x(tan θ − gx
2u2 cos2 θ

) = 0

therefore either x = 0, which is the initial position, or :

tan θ − gx
2u2 cos2 θ

= 0

xmax = 2u2 cos2 θ tan θ
g

= 2u2 sin θ cos θ
g

= u2 sin 2θ
g

Hence the maximum value of the sine function occurs when the angle

is equal to 90◦, the maximum range will occur here when θ = 45◦.
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2.2. ASPECTS OF BALLISTICS MATHEMATICS IN FORENSIC SCIENCE

Figure 2.5:

2.2.1 Worked out example

Example :

An amateur archer who has the best launch speed of 25 m/s stands 20 m

from a 5 m high wall and launches an arrow horizontally from a height

of 1.6 m above the ground and at an angle of 20◦ horizontally, towards

the wall from her standing position.Determine whether the arrow will

clear the wall and if cleared by what distance? How much distance

away from the other side should onlookers stand in order to be outside

her range?

Solution :

Calculate the height attained over a horizontal distance of 20m under

the given launch conditions using :

y = (tan θ)x− g

2u2 cos2 θ
x2 = (tan 20× 20)− 9.81× 202

2× 252 cos2 20

= 7.28− 3.55 = 3.73m
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2.2. ASPECTS OF BALLISTICS MATHEMATICS IN FORENSIC SCIENCE

Since the arrow was launched 1.6 m above the ground the net height

will be 5.33m and hence the height of the wall 5m is given, hence the

wall will be cleared by 0.33 m.

The horizontal range is given by the sum of two calculations.The dis-

tance travelled until it is again at launch height (1.6 m) above the

ground is given by :

xmax =
u2 sin 2θ

g
=

252 sin 40

9.81
= 41.0m

The remaining distance taken from a height of 1.6m,travelling at the

same speed but this time on a negative launch angle of 20/degree below

the horizontal, down to ground level. This distance x is given as the

solution of the equation :

−1.6 = (tan (−20))x− 9.81

2× 252 cos2(−20)
x2

0.00889x2 + 0.364x− 1.6 = 0

Thus we evaluate the positive root of this quadratic equation.

x =
−0.364±

√
0.3642 + 4× 0.00889× 1.6

2× 0.00889
=

−0.364± 0.435

0.0178
= 4.0m

Hence the total range of the arrow until it hits the ground is 45.0 m,

which represents 25.0 m from the wall on the far side. The negative

root is not taken, as it gives the distance below ground level which is

against our assumption.
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Chapter 3

Determination of fall type

3.1 Introduction

In a culture that value life , explaining the death in a public forum is

crutial for many reasons . The examination of a death scene and collec-

tion of potential evidential material requires special and advanced skill,

knowledge, aptitude and attitude. If a body is pronounced dead at the

scene, many death investigation systems require a scene investigation.

Others have many protocols as to which case types absolutely require

a scene investigation (whether the body is present at the scene or not).

Case types that should have a scene investigation include all confirmed

or suspected homicides, suicides, accidents, traffic-related deaths, in-

custody deaths, and workplace-related deaths. In this chapter we are

going to see whether a death is suicide ,accident ,or murder using the

relationship between the height above the ground(say y) and horizontal

distance travelled(say x).

3.2 Suicide,accident or murder?

Studies have shown that the distance from the wall of a building at

which a body is found can help us to establish how the fall from a

height originated. This is because the initial conditions of launching

differ according to whether the person simply loses his balance and

falls or deliberately launches himself from the tall building by jumping

or even running or jumping. In the former case i.e. accidental case,

12



3.2. SUICIDE,ACCIDENT OR MURDER? MATHEMATICS IN FORENSIC SCIENCE

the launch angle will be zero and the initial velocity will be minimal,

whereas in the latter situation the jumping action will lead to a high

launch angle and larger initial speed. It has been suggested that a

launch speed of 2.7 m/s or greater can be used to indicate suicide and

the jump angles likely to be between 21° and 38°. For the third possible

scenario of murder by pushing the victim over the edge,the launch angle

may be expected to be very low with the initial velocity higher than

that achieved in case of accidental fall.

Figure 3.1:

The basic trajectory of the body is given by the same equation as before.

If the ground level is set at y = 0 then we should simply add the

fall height h, to give the relationship between y(the height above the

ground) and x(horizontal distance travelled):

y = h+ tan θx− g

2u2 cos2 θ
x2

Typical trajectories, corresponding to accident or suicide, are given

in the below graph. These have been calculated by assuming θ = 0◦, u =

1m/s, in the former case and θ = 35◦, u = 3m/s, in the latter case.
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3.3. WORKED OUT EXAMPLE MATHEMATICS IN FORENSIC SCIENCE

It can be seen that the impact distance for suicide is over twice that

for accident.This result is supported by experimental data including an

allowance for variation in the launching conditions.

3.3 Worked out example

Example :A woman jumps from the top of a vertical cliff-top 100m high

a)At what distance from the base of the building will the body land

assuming initial launch conditions of θ = 35 and u = 3m|s?

b)Compare this distance with the distance calculated on the basis of an

accidental fall: θ = 0and u = 1m|s

Solution: a) This problem requires us to calculate x where all other

parameters are known.This results in a quadratic equation:

0 = 100 + tan 35x− 9.8
2∗32∗cos2 35x

2

0.812x2 − 0.70x− 100 = 0

This is solved using the standard equation for the solution of quadratic

equations:

x = 0.7+
√
0.49+324.5
1.62

= 11.6m

b) The method is the same with these parameters; however , as the co-

efficient of the linear term in x is zero the solution is found more quickly:

0 = 100 + tan 0x− 9.8
2∗12∗cos2 0x

2
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3.4. PROGRAM TO CHECK THE FALL TYPEMATHEMATICS IN FORENSIC SCIENCE

4.90x2 − 100 = 0

x =
√

100
4.90

= 4.5m

The former result is clearly different to the latter.

3.4 Program to check the fall type

#import required modules

import math

class Project:

#Get user input through the constructor

def init (self)

self.height = float(input(”Enter height of the building in meters: ”))

self.theta=float(input(”Enter the angle: ”))

self.gravity=9.81

self.velocity=float(input(”Enter the velocity in m/s: ”))

print(”————————————————————————————

”)

# calculate the distance from the building for each ¡type¿ of fall

def calculateDistance(self,type):

if type==”Maximum Accidental”:

self.theta=0

self.velocity=1

if type==”Minimum Suicide”:

self.theta=38

self.velocity=2.7

# make the quadratic equation ax2-bx-c=0

x1 = 2 ∗ (self.velocity ∗ ∗2) ∗ (math.cos(math.radians(self.theta)) ∗ ∗2)

a=self.gravity/x1

b=math.tan(math.radians(self.theta))

c=self.height

# calculate the discriminant

d = (b ∗ ∗2) + (4 ∗ a ∗ c)
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3.4. PROGRAM TO CHECK THE FALL TYPEMATHEMATICS IN FORENSIC SCIENCE

# find the solutions

sol1 = (b−math.sqrt(d))/(2 ∗ a)

sol2 = (b+math.sqrt(d))/(2 ∗ a)

# print the distance calculated

if((sol1.real) ¿ 0.0):

print(type+’ distance from the building is ’, format(sol1.real))

return(sol1.real)

else:

print(type+’ distance from the building is ’, format(sol2.real))

return(sol2.real)

# print the findings

def printFindings(self,Actual,Accidental,Suicide):

if(Actual>=Suicide):

print(”The fall is SUICIDE!!”)

elif(Actual>Accidental):

else:

print(”The fall is ACCIDENTAL!!”)

print(”\n”)

print(”————————————————————————————

”)

#creating an object with the class

obj=Project()

#call methods

Actual=obj.calculateDistance(”Actual”)

Accidental=obj.calculateDistance(”Maximum Accidental”)

Suicide=obj.calculateDistance(”Minimum Suicide”)

obj.printFindings(Actual,Accidental,Suicide)

Output of the program

Enter height of the building in meters: 100

Enter the angle: 36

Enter the velocity in m/s: 5

Department of Mathematics, St. Teresa’s College (Autonomous), Ernakulam16 Page16



3.4. PROGRAM TO CHECK THE FALL TYPEMATHEMATICS IN FORENSIC SCIENCE

————————————————————————————

Actual distance from the building is 19.516519331513965

Maximum Accidental distance from the building is 4.515236409857309

Minimum Suicide distance from the building is 9.974033289332445

The fall is SUICIDE!!
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Chapter 4

Case Study

4.1 Introduction

Our group visited the Harbour Janamithri Police Station, Willington

Island on 20 th December 2021 to collect data on a case based on Chap-

ter 3(determination of fall type) of our project. There we checked some

case files and found a case where an employer during the construction

work of Dhruv complex were found dead due to the fall of a screw jack

on his head. We got the measurements such as building height and

measurements giving the exact position of the body.By examining the

position of the body we came to a conclusion that the screw jack fell

by accident.

18



4.2. CASE DETAILS MATHEMATICS IN FORENSIC SCIENCE

4.2 Case Details

FIR No : 0948

Section : 174

Name : Benoy

Age : 41

Height :169cm

Date : 30.09.2021

Place:INS Venduruthy

A man named benoy was found dead on the ground(y=0) near the

constructing Dhruv complex after a screw jack fell on his head. The

body was found 4.5m (say x) away from a tall building.The screw jack

was said to be in the 6 th floor of the building i.e. approximately 22.4m

high.According to the witness statement the screw jack fell by accident

and the police conclude the case with the same

According to our study the impact angle and initial velocity should be

minimal for an accidental fall. The body was lying at a short distance

, 4.5m away from the building which would only be possible when the

initial conditions i.e. initial velocity u and initial launge angle θ is min-

imal.Hence from our studies, we concluded that the fall was accidental.

i.e. y=0

h=22.4m

g=9.8

x=4.5
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4.2. CASE DETAILS MATHEMATICS IN FORENSIC SCIENCE

are the measurements obtained.

From the eqn

y = h+ tan θx− g
2u2 cos2 θ

x2

we usually calculate x which is used to determine the fall type provided

u is minimal and θ = 0 in the case of accidental fall.But here x=4.5m

is already obtained without the calculation which is very small which

implies u and θ are minimal.Hence the fall is accidental.
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Chapter 5

Bloodstain shape analysis

5.1 Introduction

Correlating the basic shape of a bloodstain with the impact conditions

of the droplet involves trigonometric functions. There are two types of

bloodstain formation :

1.Bloodstain formation from a stationary source

2.Bloodstain formation from a moving source

5.2 Bloodstain formation from a stationary source

Blood droplets in free-fall through the air under gravity adopt a spher-

ical shape, surface tension forces act on the blood droplet to minimize

the surface energy leading to a surface with minimum area.

On perpendicular impact of blood on a surface, it will spread out

equally in all directions, then circular stain is formed. If the impact is

less than 90°, the blood spreads out at the same rate in all directions.

On impact the spherical blood droplet will intersect the surface in an

elongated fashion in the direction of travel of the victim, then the stain

is in elliptical state. The long axis (L) lies in the direction of impact

along the surface and the short axis (W) is in transverse direction.

By measuring the dimensions of the blood stain, the impact angle can

be calculated using their ratio :

sin θ = W
L
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5.3. BLOODSTAIN FORMATION FROM A MOVING SOURCEMATHEMATICS IN FORENSIC SCIENCE

Figure 5.1: Angular impact of a blood droplet on a surface

5.3 Bloodstain formation from a moving source

Consider blood droplets falling from a moving source, the droplet un-

der gravity starts falling vertically, it posses a horizontal component of

velocity due to the moving source and when it impacts on the ground

surface, its actual impact is not 90°and it depends on the relative values

of these two components.

Figure 5.2:
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5.3. BLOODSTAIN FORMATION FROM A MOVING SOURCEMATHEMATICS IN FORENSIC SCIENCE

The above diagram shows the relation between the velocity compo-

nents as impact angle vectors. These components, from a right angled

triangle, which are perpendicular to each other, includes the effective

impact angle, θ. Inspection of this triangle gives:

tan θ = V y
V x

This equation enables us to calculate the walking speed of the victim

Vx, from the measurement of the impact angle θ. The vertical velocity

component Vy is calculated using the drop height h:

V y =
√
2gh

In the above equation it is assumed that the air resistance has no sig-

nificant effect, which will be true for large droplets of blood falling over

relatively short distance.

5.3.1 Worked out example

Example: An assailant walks away from a crime scene, blood dripping

from a wound to his hand. The elliptical bloodstain has a length of 7

mm and a width of 6 mm. Calculate his walking speed assuming that

his hand is moving with the same velocity as his body.

Solution impact angle is calculated using the dimensions of the stain.

sin θ = 6
7

θ = sin−1 6
7
= 59

Estimation of drop distance of the blood droplet. Assuming a hand

wound, this would be around 1 m;the vertical impact speed is given by:

V y =
√
2 · 9.8 · 1 = 4.43m/s

the horizontal speed is calculated using:

tan 59 = 4.43/vx

vx = 4.43/1.664 = 2.66 m/s
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5.4. PROGRAM TO CALCULATE WALKING SPEED OF ASSAILANTMATHEMATICS IN FORENSIC SCIENCE

5.4 Program to calculate walking speed of assailant

#import required modules

#import math

class Project:

#get user input through the constructor

def init (self):

self.length=float(input(”Enter the length of the bloodstain: ”))

self.width=float(input(”Enter the width of the bloodstain: ”))

self.height=1.0

self.gravity=9.81

print(”——————————————————————————“)

#calculate the impact angle

def calculateVelocity(self):

x=self.width/self.length

self.theta=math.asin(x)

self.theta=math.degrees(self.theta)

#calculate the velocity of the assaillant from a crime scene

a=2*self.gravity*self.height

vy=math.sqrt(a)

b=math.tan(math.radians(self.theta))

vx=vy/b

return vx,vy

#print the findings

def printFindings(self,vx,vy):

print(”The imact angle=”,self.theta)

print(”The vertical impact speed=”,vy)

print(”The walking speed of the assaillant=”,vx)

print(”\n”)

print(”——————————————————————————”)

#creating an object with the class

obj=Project()

vx,vy=obj.calculateVelocity()
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5.4. PROGRAM TO CALCULATE WALKING SPEED OF ASSAILANTMATHEMATICS IN FORENSIC SCIENCE

obj.printFindings(vx,vy)

5.4.1 Output of the program

Enter the length of the bloodstain:7

Enter the width of the bloodstain: 6

——————————————————————————

The impact angle= 58.997280866126005

The vertical impact speed= 4.4294469180700204

The walking speed of the assaillant= 2.6617663308412336

——————————————————————————
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Chapter 6

Probability in forensic science

6.1 Introduction

The term probability is given to a proper measure of the certainty that

a specific event or outcome will occur.In each cases of probability the re-

sult’s based on unbaised outcomes where every possible result’s equally

likely.

In forensic science , empirical probabilities are particularly important

and example could also be derived from data on height,fingerprint

class,blood group,allele frequency in DNA.

6.2 Calculating Probability

The most common assumption in probability is that every event has

the same random chance of happening. For instance, once we toss a

coin,either the tail can come up or head can.Both these events can’t be

predicted.

Probability] = Numberofselectedoutcomes
Totalnumberofoutcomes

6.2.1 RULES OF COMBINING PROBABILITIES:

We use some ground rules to combine probabilities of various situations.

We can do that only when the events are independent of each other.

When the outcome of one event doesn’t depend upon the result of the

other, the events are said to be independent.
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6.2. CALCULATING PROBABILITY MATHEMATICS IN FORENSIC SCIENCE

RULE 1:

The probability of specified outcomes A and B occuring is given by:

P(A and B)= P (A)× P (B)

RULE 2:

The probability of specified outcomes A or B occuring, where both A

and B cannot occur together (mutually exclusive), is given by:

P (AorB) = P (A) + P (B)

In some applications it is possible that both A and B occur together(e.g.

A and B aren’t mutually exclusive).In such cases we should always ex-

clude this possibility to obtain:

P(A or B)=P(A)+P(B)-P(A and B)

For example,some witnesses have claimed that a criminal has long,

fair hair and data is out there that says that 10cannot compute the

probability of somebody having both these attributes (P(A and B))

from this data alone as we do not know the probability of occurrence

of one without the other P(A or B), e.g. long hair that is not fair and

fair hair that is short. In other words, having long hair and having fair

hair aren’t mutually exclusive.

In cases where we’ve to seek out the probability of an event not occur-

ring, for example, the probability that a coin wouldn’t land on head

when tossed. Such an event is notated by (“A’”) and therefore the

following applies:

P (A′) = 1− P (A)

Note that this suggests certainty – a probability of unity – that either

the event will occur or it’ll not!
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6.2. CALCULATING PROBABILITY MATHEMATICS IN FORENSIC SCIENCE

6.2.2 Worked out examples

Example 1:A violent incident leads to a multicolored vase being broken

at a crime scene into very many small pieces. Half the ceramic pieces

are white and the rest are coloured either red or blue in equal propor-

tions. A CSI is tasked with retrieving pieces of this evidence randomly.

Calculate the probability of:

(a)selecting a white piece

(b) not selecting a red piece

(c) selecting a white piece and a blue piece in either order

(d) selecting one among each color in three attempts.

(e) What assumption have you made in calculations (c) and (d)?

Solution:(a)Half the pieces are white so:

P (white)= 1
2
= 0.5

(b) A quarter of the pieces are red so:

P(not red)= 1 - 1
4
= 0.75

(c) The probability of choosing white then blue or blue then white is:

P (w and b or b and w)= 1
2
× 1

4
+ 1

4
× 1

2
= 2

8
= 0.25

(d) Similarly, we extend the calculation to three selections, in any

order. Note that there are six different orders during which the three

differently coloured pieces could also be selected, e.g. white, red, blue;

white, blue, red etc. Each of these has the same probability.

P (all three colours) = (1
2
× 1

4
× 1

4
)× 6 = 0.1875

(e) In these calculations we’ve assumed that the removal of a couple

of pieces does not change the total number significantly, i.e. it is very

Department of Mathematics, St. Teresa’s College (Autonomous), Ernakulam28 Page28



6.2. CALCULATING PROBABILITY MATHEMATICS IN FORENSIC SCIENCE

large.

Example 2:The percentage distribution of shoe sizes for 2001 is given

in Table

(a) Calculate the probability that a man selected at random will have

(i) a shoe size of 10

(ii) a shoe size of 8 or less.

(b) If two men are randomly selected from a really large population,

what’s the probability

(i) that both will have size 9 shoes

(ii) that both have identical shoe size.

Table:Distribution of men’s shoe sizes

SIZE 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 >12

% 1 1 2 4 7 11 13 15 14 12 9 6 3 2 1

Solution : (a) .(i) Out of each hundred men, nine have this shoe size

and then the proportion and thus the probability is given by:

P (10) = 9
100

= 0.09

(ii) Here we need the number of men who have shoe sizes of 8 or less.

Using the data from the table gives:

P (≤ 8) =
1 + 1 + 2 + 4 + 7 + 11 + 13

100
=

39

100
= 0.39

(b) .(i) This probability is given by combining the probability that

the first man has size 9 shoes and that the second has size 9 as well:

P (size 9 and size 9) = 14
100

× 14
100

= 196
10000

= 0.0196

(ii) If both men have identical size then we would like to sum up,

over all sizes, the individual probabilities that both have a specific size:

P (same size)= 1
100

× 1
100

+ 1
100

× 1
100

+ .......+ 2
100

× 2
100

+ 1
100

× 1
100

P(same size) = 0.0001 + 0.0001 + 0.0004 + 0.0016 + 0.0049 + 0.0121

+ 0.0169 + 0.0225 + 0.0196 + 0.0144 + 0.0081 + 0.0036 + 0.0009 +

0.0004 + 0.0001 = 0.1057
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6.3. PROGRAM MATHEMATICS IN FORENSIC SCIENCE

The probability of two men having the same shoe size, based on this

data, is therefore 0.1057

6.3 Program

shoes=5:1,5.5:1,6:2,6.5:4,7:7,7.5:11,8:13,8.5:15,9:14,9.5:12,10:9,10.5:6,11:3,11.5:2,12:1

option=0

while(option1=3):

print(”\n ================MENU==================”)

print(”1. Probability that a random man selected will have a given shoe

sizes ”)

print(”2. Probability when two men are selected ”)

print(”3. Exit”)

print(”======================================”)

option=int(input(”Enter the option :”))

if(option==1):

sizes=map(float,input(”Enter the shoe sizes :”).rstrip().split())

p=0

for size in sizes:

p+=shoes[size]/100

print(”Probability is”,round(p,4))

elif(option==2):

print(”\n==================================”)

print(”1.Probability that the have a given size”)

print(”2.Probability that they have same size”)

print(”==================================”)

option2=int(input(”Enter the option :”))

if(option2==1):

size=float(input(”Enter the size:”))

p=(shoes[size]/100)**2

print(”Probability is”,round(p,4))

elif(option==2):

p=0
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6.3. PROGRAM MATHEMATICS IN FORENSIC SCIENCE

percent=shoes.values()

for value in percent:

p+=(value/100)**2

print(”Probability that they have same size is”,round(p,4))

6.3.1 Output of the program

================MENU============

1. Probability that a random man selected will have a given shoe sizes

2. Probability when two men are selected

3. Exit

======================================

Enter the option :1

Enter the shoe sizes :9

Probability is 0.14

================MENU==================

1. Probability that a random man selected will have a given shoe sizes

2. Probability when two men are selected

3. Exit

======================================

Enter the option :2

==================================

1.Probability that the have a given size

2.Probability that they have same size

==================================

Enter the option :1

Enter the size:9

Probability is 0.0196

================MENU==================

1. Probability that a random man selected will have a given shoe sizes
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2. Probability when two men are selected

3. Exit

======================================

Enter the option :2

==================================

1.Probability that the have a given size

2.Probability that they have same size

==================================

Enter the option :2

Probability that they have same size is 0.1057
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CONCLUSION
From the above it can be concluded that mathematics is a subject

which can be incorporated in all types of sciences including the various

branches of forensic science such as forensic biology, forensic chemistry,

forensic physics, forensic ballistics, etc.

Mathematics has a wide scope in forensic science because it deals

with the analysis of the evidence obtained from a crime scene followed

by its interpretation and and followed by mathematical calculations.

Moreover, only with the mathematics interpretation, it is possible

to determine the findings such as height from which a blood drop has

originated, or the angle at which a blood drop has struck a target sur-

face resulting in the formation of bloodstains, or the probability that

the blood types of any two randomly chosen individuals would match

with each other and much more.

As it is clearly understood that mathematical calculations have a

wide range of applications in forensic science. So, for a forensic ex-

pert, it is important to possess excellent knowledge of mathematics

and statistics along with the principles and theory of different sciences

to solve a crime efficiently and effectively.
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ABSTRACT

The transistor is without a doubt one of the most important contributions to the

world of electrical components. Many firms have begun large-scale

programmes to create transistor circuits, and practical applications will

undoubtedly become more common in the near future.

This project “Study of NPN Transistor Characteristics ” discusses the input

and output characteristics of a NPN transistor in all the three configuration-

CE,  CB and CC.
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CHAPTER - 1

AN INTRODUCTION TO TRANSISTORS

INTRODUCTION

A transistor is a type of semiconductor device that can be used to conduct as

well as insulate electric current or voltage. It can act as both a switch and

amplifier by providing a small signal voltage. A voltage or current applied to

one pair of the transistor's terminals changes the current through another pair

of terminals. They are the key components in most modern devices.

Transistors can be classified into :

❖ Bipolar junction transistors ( BJTs )

❖ Field-Effect Transistors ( FETs )

❖ Insulated Gate Bipolar Transistors ( IGBTs )

Bipolar junction transistors are of two types :

❖ npn Transistor

❖ pnp Transistor

Field effect transistors are of two types :

❖ JFET

❖ MOSFET



1.1 BIPOLAR JUNCTION TRANSISTORS

A bipolar junction transistor or BJT is a three terminal semiconductor device

consisting of two p-n junction diodes that can amplify signals. It uses both

electrons and holes as charge carriers.

A typical transistor has three terminals that help to make connections to

external circuits and carry the current. The three terminals are:

1. Emitter

2. Base

3. Collector

Emitter :
The emitter section supplies the charge. Hence it is heavily doped

so that it can inject a large number of charge carriers into the base. The

size of the emitter is always greater than the base but less than the

collector. It is the negative lead of the transistor.

Base :
The base is the middle layer. The size of the base is very small. It is less

than the emitter and collector. The size is kept small so that the charge that is

coming from the emitter and entering the base do not recombine in the base

region and is transferred to the collector region.

The base is lightly doped and it is used to activate the transistor.

Collector :
The function of the collector is to collect the charge carriers. It is

moderately doped and the size is slightly large when compared to the emitter

and base. It is because all the charges coming from the emitter recombine at

base and heat is released in this process. Hence the collector terminal must

be large so that it can dissipate the heat and the device is not burnt.



Bipolar junction transistors can be classified into two types:

NPN Transistor

PNP Transistor

1.1.1  NPN Transistor

When a P type semiconductor layer is sandwiched between two N-type

semiconductor layers the transistor is said to be a NPN transistor.

1.1.2  PNP Transistor

When an N-type semiconductor layer is sandwiched between two

P-type semiconductor layers the transistor is said to be a PNP transistor



1.2  WORKING OF A TRANSISTOR

The transistor mainly works in three regions:

1. Active Region :-
When the emitter junction is forward biased and the collector

junction is reverse bias the transistor is said to be in active mode.

This region is used for amplification purpose. In the active region

collector current is 𝜷 times the base current i.e,

Ic = 𝜷 IB
Where,

Ic = Collector current

𝜷 = current amplification factor

IB = base current

2. Saturation region :-
When both the emitter and collector junctions are forward biased

the transistor will work in the saturation region. In this region the

transistor is used for switching operation. The transistor act as an

ON switch. In the saturation region

Ic = IE
Where,

Ic = Collector current

IE = Emitter current

3. Cut-off region :-
The transistor works in the Cut-off region when both the emitter

and collector are reverse biased. Therefore,

IE =  Ic =  IB



4. Reverse Active :-
In this the emitter base junction is reverse biased and collector

base junction is forward biased.

NPN Transistor

Since the Emitter-Base junction in an npn transistor is forward biased, a lot of

electrons from the emitter enters the base region. Base is lightly doped with

p-type impurities ( Holes ). Due to this there is very less electron-hole

recombination i.e, very less electrons combine to constitute the base current

( IB ). The remaining electrons cross over the collector region to constitute the

collector current ( Ic ).



PNP Transistor

In a pnp transistor the emitter base junction is forward biased and collector

base junction is reverse biased. Due to this a large number of holes flow from

the emitter to the base and the electrons from base to the emitter region. The

base is lightly doped with n-type impurities and hence number of electrons in

base is very small. Due to this electron-hole recombination is less and a very

few holes combine with the electrons to create the base current ( IB ). The

remaining holes cross over the collector region to create the collector current

(Ic).



1.3  ADVANTAGES OF USING TRANSISTORS

Transistors have been proven as a very important invention in science. It has

many uses and advantages:

● It is small in size and is very cost-efficient.

● It needs very low voltage to function.

● It has a long life and requires no power to operate.

● A single integrated circuit can be developed using the transistor.

● Current switches fast in the terminals.

1.4  LIMITATIONS OF TRANSISTORS

Even though transistors are extremely efficient, there are some limitations to

its uses:

● Transistors get damaged very easily due to changes in electrical and

temperature conditions.

● They lack higher electron mobility.

● They can get affected by radiation.



1.5  TRANSISTOR CONFIGURATIONS

Three types of configurations in a transistor are :

● Common Base configuration ( CB )

● Common Emitter configuration ( CE )

● Common Collector configuration ( CC )

1.5.1 COMMON BASE CONFIGURATION

In the Common base configuration ( CB ) the Base is grounded and used as

a common terminal for both input and output. It is also known as grounded

base configuration. Here, the emitter is the input terminal and the collector is

the output terminal.



Input Characteristics

It is defined as the characteristic curve drawn between the input voltage to

input current keeping output voltage constant. To determine the input voltage

the collector base voltage ( VCB ) is kept constant at zero and the emitter

current IE is increased from zero by increasing VEB. This is repeated for higher

fixed values of VCB

Output characteristics

It is defined as the characteristic curve drawn between output current and

output voltage keeping input current constant. To determine the output

characteristics the emitter current is kept constant at a particular value and the

collector current (IC) is increased from zero to higher values by increasing

VCB. This is repeated for higher fixed values of IE. It is seen that for a

constant value of IE , IC is independent of VCB and the curves are parallel to

X-axis of VCB



1.5.2 COMMON EMITTER CONFIGURATION
In common Emitter configuration (CE) the emitter is grounded and is a

common terminal for both the input and output. It is also known as grounded

emitter configuration. Here base is used as the input terminal and collector as

the output terminal.



Input Characteristics

It is defined as the curve drawn between the input voltage and the input

current at constant output voltage.

To determine the input characteristics the collector base voltage is kept

constant VCB at zero and base current IB is increased from zero by increasing

VBE. This is repeated for higher values of VCE.

Output Characteristics

It is defined as the characteristic curve drawn between the output voltage to

the output current at constant input current. To determine output

characteristics, the base current IB is kept constant at zero and collector

current Ic is increased from zero by increasing VCE.This is repeated for higher

fixed values of IB.



1.5.3 COMMON COLLECTOR CONFIGURATION

In a common collector configuration the collector is grounded and is used as

the common terminal for both the input and the output terminal. It is also

known as grounded collector configuration . Here the base is the input

terminal and the emitter is the output terminal.



Input Characteristics

It is defined as the characteristic curve drawn between input voltage to input

current whereas output voltage is constant.

To determine input characteristics, the emitter base voltage VEB is kept

constant at zero and base current IB is increased from zero by increasing

VBC.This is repeated for higher fixed values of VCE.

Output characteristics

It is defined as the characteristic curve drawn between output voltage to

output current whereas input current is constant.

To determine output characteristics, the base current IB is kept constant at

zero and emitter current IE is increased from zero by increasing VEC. This is

repeated for higher fixed values of IB.

From the characteristic it is seen that for a constant value of IB, IE is

independent of VEB and the curves are parallel to the axis of VEC.





CONCLUSION

Thus, a transistor is an electronic device made of three layers of

semiconductor material that can act as an insulator and a conductor.It is an

essential part of many technological advances and devices.This chapter helps

to give an idea about the basic theory of transistors. It contains a quick view

on the construction, working, types of transistors(npn and pnp transistors) and

advantages and limitations. It also covers the three configurations of

transistors - Common Emitter Configuration(CE), Common Base

Configuration(CB) and Common Collector Configuration(CC) and their

respective input and output characteristics.



CHAPTER 2

BASIC REQUIREMENTS
( Details of Components and Devices )

INTRODUCTION
The experiment works with a npn transistor in all the three configuration i.e.

CE, CB and CC configuration, to find the input and output characteristics. The

basic devices used are transistor, voltmeter, ammeter, rheostat, battery

eliminator, bread board and connection wires. This chapter contains the

details regarding the components and devices used for the experiments.

2.1. COMPONENTS AND DEVICES

(i) Transistor BC 107
The BC107 is a small single NPN Transistor available in TO-18 metal can

package. These transistors are age old and have been used in low noise and

low signal designs. Today a lot of new transistors have come as replacement

for BC107, but still the transistor can be found in the market for its legacy.

The BC107 is a low signal NPN which is known for its low noise operations

making it famously used in signal processing circuits and television receivers.



The transistor is still available in the market due to its legacy but you will find

better modern transistors as replacement for BC107.

Applications:

● Driver Modules like Relay Driver, LED driver etc..

● Amplifier modules like Audio amplifiers, signal Amplifier etc..

● Darlington pair

(ii) Voltmeter:

It is an instrument that measures voltages of either direct or alternating
electric current on a scale usually graduated in volts, millivolts (0.001 volt), or
kilovolts (1,000 volts). Many voltmeters are digital, giving readings as
numerical displays.

Analog voltmeters move a pointer across a scale in proportion to the voltage

measured and can be built from a galvanometer and series resistor. Metres

using amplifiers can measure tiny voltages of microvolts or less. Digital

voltmeters give a numerical display of voltage by use of an analog-to-digital

converter.

(iii) Ammeter
It is an instrument for measuring either direct or alternating electric current, in

amperes. An ammeter can measure a wide range of current values because

https://en.wikipedia.org/wiki/Galvanometer
https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Amplifier
https://en.wikipedia.org/wiki/Analog-to-digital_converter
https://en.wikipedia.org/wiki/Analog-to-digital_converter


at high values only a small portion of the current is directed through the meter

mechanism; a shunt in parallel with the meter carries the major portion.

(iii) Rheostat
A rheostat is defined as variable resistor which is used for controlling the flow

of electric current either by increasing or decreasing the resistance. The term

rheostat was coined by the English scientist Sir Charles Wheatstone and is

derived from the Greek word “rheos” and “statis” which means current

controlling device.

For any given rheostat, we can change its resistance. We know that resistance

is dependent on three factors:



● Length

● Areas of cross-section

● Type

In order to change the resistance of the rheostat, the effective length needs to

be changed with the help of sliding contact. The effective length is defined as

the length between the fixed terminal and the position of the sliding terminal.

As the effective length changes, the resistance of the rheostat changes.

(iv) Battery Eliminator:

A battery eliminator is a device powered by an electrical source other than a

battery, which then converts the source to a suitable DC voltage that may be

used by a second device designed to be powered by batteries. A battery

eliminator eliminates the need to replace batteries but may remove the

advantage of portability. A battery eliminator is also effective in replacing

obsolete battery designs.

2.2 PROCEDURE
Connections are made as shown in the circuit diagrams. The rheostat Rh1 is

used to vary base voltage (input voltage) VBE and it is read from voltmeter V1.

The base current (input current) IB is measured using a microammeter (µA).

The collector voltage (output voltage) VCE is varied using the rheostat Rh2

and readings are noted from voltmeter V2. The collector current (output

current) Ic is measured by the milliammeter (mA).

https://en.wikipedia.org/wiki/Battery_(electricity)
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Voltage


CONCLUSION
The chapter briefs the details, uses and types of various components and

devices used in the experiment to find out the input and output characteristics

of the transistor. The experiment is, thus, done with the npn transistor -

Transistor BC 107, ammeter - to measure the current, voltmeter - to measure

the voltage drop, rheostat - used as a variable resistance, battery eliminator -

for supply of voltage,  bread board and connecting wires.



CHAPTER-3

CHARACTERISTICS OF COMMON
EMITTER CONFIGURATION

INTRODUCTION

In this chapter we try to find the input and output characteristics of common

emitter configuration experimentally and compare it with the theoretical

values.

Aim
To study the input and output characteristics of a transistor in common emitter

(CE) configuration.

Apparatus
Transistor BC107, Breadboard, Rheostat, Analogue Ammeter, Analogue

voltmeter

Circuit diagram



3.1 Procedure

a) To find input characteristics:

Connect the circuit diagram as shown in the circuit diagram.Keep output

voltage VCE=0V by varying Vcc.Varying VBB gradually, note down the base

current IB and base emitter voltage VBE.Step size is not fixed because of linear

curve.Initially vary VBB in steps of 0.1 V.Once the current starts increasing vary

VBB in steps of 1V up to 12 V.Repeat the above procedure.

b) To find output characteristics:

Connect the circuit diagram as shown in the figure. Keep base current (IB)

constant by varying the rheostat. Varying the rheostat gradually note down

collector current (IC) and collector emitter voltage (VCE) Repeat the above

experiment.

Plot the graph of input characteristics by taking VBE on X axis and IB on Y axis

at a constant VCE as a constant parameter. Plot the graph of output

characteristics by taking VCE on X axis and taking Ic on Y axis taking IB as a

constant parameter.

Graph



3.2 Observations

INPUT CHARACTERISTICS

VCE= 0V VCE= 2V

VBE(V) IB=(µA) VBE=(V) IB=(µA)

0.5 10 0.65 10

0.55 20 0.7 70

0.6 60 0.75 160

0.65 140 0.8 260

0.7 200 0.85 370

0.75 280 0.9 460





OUTPUT CHARACTERISTICS

IB=0 µA IB=100 µA IB=150 µA

VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA)

0 0 0 0 0 0

0.2 14 0.2 20 0.2 24

0.4 16 0.4 22 0.4 28

0.6 16 0.6 24 0.6 32

0.8 16 0.8 26 0.8 34

1 16 1 28 1 36

1.2 16 1.2 28 1.2 38

1.4 16 1.4 28 1.4 40

1.6 16 1.6 28 1.6 40

1.8 16 1.8 28 1.8 40



Calculations from the Graph
To obtain input resistance find △VBE and △IB
For a constant  VCE on one of the input characteristics;

Input impedance = △VBE / △IB = (0.6 - 0.5) ⁄  ( 60-10)

= 0.1 ⁄ 50  =   0.002 Ω

Reverse voltage gain = △VEB / △VCE = ( 0.6-0.5) ⁄ (0.4-0.2)

=  0.1 / 0.2 = 0.5



To obtain output resistance find△Ic / △VCB at a constant IB.

Forward current gain = △IC / △IB = (16 - 14) / ( 20- 10)

= 2 / 10 = 0.2

3.3 Results

a.The input resistance = 0.002 Ω

b.The reverse voltage gain = 0.5

c.The forward current gain = 0.2

CONCLUSIONS
In this Chapter we studied the input and output characteristics of an NPN

transistor in CE configuration. We have also included the observations and

graphs of the same.



CHAPTER-4

CHARACTERISTICS OF COMMON BASE
CONFIGURATION

INTRODUCTION

In this chapter we try to find out the input and output characteristics of

Common base (CB) configuration experimentally and compare it to theoretical

values.

Aim
To study the input and output  Characteristics of a transistor in a CB
configuration.

Apparatus
Transistor BC 107,Rheostat,Analogue Ammeter,Analogue

Voltmeter,Connecting wires.

Circuit Diagram



4.1 Procedure

a) To find Input Characteristics:

Connect the circuit as shown in the circuit diagram. Keep output voltage

VCB constant by varying rheostat. Varying rheostat gradually, note down

emitter current (IE) and emitter-base voltage (VEB). Step size is not fixed

because of the nonlinear curve. Repeat above procedure for different

constant value VCB

b) To find Output Characteristics:

Connect the circuit as shown in the circuit diagram. Keep emitter current

(IE) by varying resistance in rheostat and note down collector current IC
and collector-base voltage (VCB). Repeat the procedure for different

constant values of IE Plot the input characteristics for different values of

VCB by taking VEB on X-axis and IEon Y-axis taking VCB as constant

parameter. Plot the output characteristics by taking VCB on X-axis and IC
on Y-axis taking IE as a constant parameter.

Graph



4.2 Observations

INPUT CHARACTERISTICS

VCB = 1 V VCB = 7 V

VEB (V) IE (mA) VEB (V) IE (mA)

0.58 0 0.58 1

0.6 1 0.6 2

0.62 2 0.62 3.5

0.64 3 0.64 5.5

0.66 5 0.66 8

0.68 8 0.68 11

0.7 11 0.7 15

0.72 14 0.72 18

0.74 18 0.74 23

0.76 22 0.76 28



0.78 26 0.78 33

0.8 30 .8 38

0.82 35 .82 44

0.84 39 .84 50

0.86 43 .86 Out of range

0.88 49

0.9 Out of range



OUTPUT  CHARACTERISTICS

IE = 3 mA IE = 5 mA IE = 7 mA

VCB (V) IC (mA) VCB (V) IC (mA) VCB (V) IC (mA)

0 4 0 7 0 9

1 4 1 7 1 9

2 4 2 7 2 9

3 4 3 7 3 9

4 4 4 7 4 9

5 4 5 7 5 9

6 4 6 7 6 9

7 4 7 7 7 9

8 4 8 7 8 9

9 4 9 7 9 9



Calculations from the Graph

1) Input characteristics:

Input Impedance = △ VEB/△IE= (0.88-0.84) / (50-49)

= 0.25 / 1 = 0.25 Ω

Reverse voltage gain = △VEB /△VCB = (0.64 - 0.62) / (3 - 2)

= 0.02 / 1 = 0.02

2) Output Characteristics:

Forward Current gain= △IC/△IE= (9-7)/(7-5)= 2/2 = 1

4.3 Results
a. The Input resistance =   0.25 Ω

b. The Reverse Voltage gain =0.02

c. The Forward Current gain =1



CONCLUSIONS
In this Chapter we studied the input and output characteristics of an NPN

transistor in CB configuration. We have also included the observations and

graphs of the same.



CHAPTER-5

CHARACTERISTICS OF COMMON
COLLECTOR CONFIGURATION

INTRODUCTION

In this chapter we will be discussing about the input and output characteristics

of Common Collector Configuration

Aim
To study the input and output characteristics of a transistor in a common

collector configuration(CC).

Apparatus
Transistor BC 107, Rheostat, Analogue ammeter, Analogue voltmeter,

Connecting wires

Circuit Diagram



5.1 Procedure

a) Input Characteristics:
Connect the circuit as shown in the circuit diagram. Keep output voltage
VCE as constant rheostat. Varying gradually, note down base current IB
and emitter-base voltage (VBE). Step size is not fixed because of the
nonlinear curve. Repeat the experiment for different constant values of
VCE.

b) Output Characteristics:
Fix base current, IB at constant value. Vary the output voltage in steps.
Measure the voltage VCE and current IC for different values. Repeat the
experiment for different constant values of IB. Draw output static
characteristics for tabulated values.
Plot the input characteristics for different values of VCE by taking VBE on
X-axis and IB on Y-axis taking VCC as constant parameter. Plot the
output characteristics by taking VCE on X-axis and IC on Y-axis taking IB
as a constant parameter.

Graph

Input Characteristics



Output Characteristics

5.2 Observations

INPUT CHARACTERISTICS

VEC = 2V VEC = 4V VEC = 6V

VBC (V) IB (µA) VBC (V) IB (µA) VBC (V) IB (µA)

0.9 0 0.75 0 0.6 0

0.85 20 0.7 24 0.55 28

0.8 42 0.65 48 0.5 56

0.75 68 0.6 82 0.45 84

0.7 98 0.55 110 0.4 114

0.65 130 0.5 142 0.35 150

0.6 160 0.45 180 0.3 190





OUTPUT CHARACTERISTICS

IB= 200 µA IB= 300 µA IB= 400 µA

VBC (V) IE (mA) VBC (V) IE (mA) VBC (V) IE (mA)

0 0 0 0 0 0

0.2 2 0.2 2 0.2 2

0.4 2 0.4 4 0.4 4

0.6 2 0.8 4 0.6 6

0.8 2 2 4 0.8 6



Calculations from the Graph
a.Input resistance= ΔVBC/ Δ IB= 0.5/20 = 0.025Ω

b.Reverse voltage gain = ΔVBC / ΔVEC = 0.15/2 = 0.075

c.Forward current gain = ΔIE / ΔIB = 2/100 = 0.02

5.3 Results

a. Input Resistance =  0.025Ω
b. Reverse Voltage Gain =  0.07
c. Forward Current Gain = 0.02

CONCLUSIONS
In this Chapter we studied the input and output characteristics of an NPN

transistor in CC configuration. We have also included the observations and

graphs of the same.



CHAPTER-6

SUMMARY AND FUTURE PROSPECTS

6.1 SUMMARY

In this project we conducted a detailed study of characteristics of the
transistor in different configurations i.e, common emitter configuration,common
base configuration and common collector configuration.

In Common emitter configuration, the emitter is grounded and it is the
common terminal for both the input and output.The base is used as input
terminal and collector is used as output at terminal.In common emitter
configuration current gain and voltage gain are calculated.

In Common base configuration the base is grounded and it acts as the

common terminal.Here emitter is the input terminal and collector is the output

terminal.In common base configuration output voltage gain  is calculated .

In common collector configuration the collector is grounded and it is the

common terminal for both the input and output.Here base is input terminal and

emitter is the output terminal.



Common Emitter (CE) Common Base ( CB ) Common Collector ( CC )

Emitter is grounded. Base is grounded. Collector is grounded.

Current gain (𝜷) in CE

configuration is given

by

𝜷 = Δ IC / Δ IB

We got  𝜷 = 0.2

Current gain ( ɑ ) in CB

configuration is given by:

ɑ = Δ IC / Δ IE

Here ɑ = 1

The current gain is

calculated as ,

Ɣ = Δ I E / Δ IB

We got   Ɣ = 0.02

Input resistance is

obtained 0.002 Ω

Input resistance is

obtained as  0.25 Ω

Input resistance is

obtained as   0.025Ω

The reverse voltage

gain is given by:

△VEB / △VCE = 0.5

The reverse voltage gain

is given by:

△VEB /△VCB = 0.02

The reverse voltage

gain in CC configuration

is given by

ΔVBC / ΔVEC = 0.07

It is used as audio

frequency

It is used for

amplification purposes.

. It is used for impedance

matching

6.2 FUTURE PROSPECTS OF PRESENT WORK

❖ Transistor as an Amplifier: An amplifier circuit can be defined

as a circuit that amplifies a signal. The amplifier's input is either a

voltage or a current, and the output is an amplifier input signal. A

transistor amplifier is an amplifier circuit that uses a transistor .

Transistor amplifier circuits are used in a variety of applications,

including audio, radio, and optical fibre communication.

❖ Transistor as an Amplifier Circuit: A transistor can be used as

an amplifier by boosting the strength of a weak signal. One may



gain a sense of how a transistor circuit operates as an amplifier

circuit by looking at the transistor amplifier circuit below.

The input signal can be applied between the emitter-base junction and the

output across the Rc load in the collector circuit in the circuit below.

Always remember that the input is forward-biased, while the output is

connected reverse-biased for proper amplification. Thus , we apply DC

voltage (VEE) to the input circuit in addition to the signal, as indicated in the

above diagram. Generally, the input circuit often has low resistance; a small

change in signal voltage at the input causes a considerable change in the

emitter current. Because of the transistor's action, a change in the emitter

current will result in a change in the collector circuit. The flow of collector

current through a Rc currently generates a huge voltage across it. As a result,

the weak signal applied at the input circuit will be amplified at the collector

circuit in the output. The transistor acts as an amplifier in this manner.

❖ Microphone: Our voice or sound wave is converted to an electronic

signal by the microphone, which is a transducer. The magnitude of the

sound wave varies with time according to our voice because it does not

have a constant value. Because of the small alternating voltage created

by the microphone, the electrical output of the microphone varies in

response to sound waves, as the base current Ib varies. This means



that a slight change in Ib can induce a huge change in Ic. When the

microphone output is fed into the transistor as an input, the variable

collector current Ic flows into the loudspeaker, and we know that if the

transistor's input changes, the output of the transistor will fluctuate

dramatically. As a result, the transistor enhances the microphone's

electronic signal. Although the frequency remains constant, the

amplitude of the sound wave from the loudspeaker is greater than that

of the sound waves fed into the microphone.

❖ Transistor Used as a Switch: BJT Transistors can be used to manage

DC power to a load by acting as a switching device. The controlling

current flows between the emitter and the base, whereas the switched

(controlled) current flows between the emitter and the collector.

To brief other practical application of transistors, it includes:

● Transistors are used in oscillators and modulators as amplifiers.

● Transistors are used in Radio-frequency circuits for wireless systems.

● Transistor switches are used in Burglar alarms, industrial control

circuits, memories and microprocessors.

● They are used in Sub Wordline Driver (SWD) to produce low frequency

currents.

● MOSFETs are used in Chopper circuits.

● JFET, MOSFET can act as a passive element like Resistor.

The first announcement of the transistor's development was made with

absolutely no fanfare. Originally, the integrated circuit was supposed to be

solely valuable in military applications. Investors in the microprocessor pulled

out before it was built, believing it would be a waste of money. The transistor

and its descendants have always been discounted, despite the fact that they

have shown to be more capable than anyone anticipated. Today's predictions



also suggest that the transistor's capabilities are limited. This time, the

expectations are that transistors will not be able to shrink any farther than they

are now. Then again, in 1961, scientists predicted that no transistor on a chip

could ever be smaller than 10 millionths of a metre -- and on a modern Intel

Pentium chip they are 100 times smaller than that.

With the benefit of hindsight, such predictions appear absurd, and it's easy to

imagine that today's predictions will sound just as absurd thirty years from

now. However, recent size limit predictions are based on some very basic

physics, such as the size of the atom and the electron. Because transistors

operate on electric current, they must constantly be large enough to allow

electrons to pass through.

On the other hand, all that's really needed is a single electron at a time. It

would be phenomenally small for a transistor to operate with only one

electron, but it is theoretically possible. Future transistors could make

contemporary circuits appear as large and bulky as vacuum tubes are now.

The trouble is that once gadgets get that small, everything moves according to

quantum mechanics' principles, which allows electrons to perform some

strange things. In such a small device, the electron behaves more like a wave

than a single particle. It would smear out in space as a wave, and it may even

tunnel through the transistor without actually acting on it.

Despite this, researchers are actively working on new ways to produce such

tiny devices, forsaking silicon and all current production methods. Single

electron transistors are what they're called, and depending on whether or not

they're keeping an electron, they're termed "on" or "off." (At this level,

transistors are only employed as binary coding switches, not as amplifiers.) In

reality, the quantum weirdness of the ultra-small might be exploited by such a

minuscule device. Instead of merely "on" or "off," the electron might be

configured to have three positions: "somewhere between on and off." This

would pave the way for whole new types of computers. However, there are

currently no practical single electron transistors.



Miniaturisation is possible even without new technology. Present transistors

are expected to be at least twice as small by 2010 if current manufacturing

procedures are improved. Intel's latest processor has nearly a billion

transistors, implying that four times as many transistors on a chip are

theoretically achievable. Computers with chips like this would be far "smarter"

than they are now.

Transistors are the most basic electronic components that can be found in

every device. They've grown in size and performance over the last 30 years.

Their capacity to behave as a switch or to amplify current or voltage has

allowed them to be used in a wide range of applications, including logic gates

in computer processors and sound amplifiers. The ability to hold more

electronics in one's hand than could be contained in a large building in the

days when vacuum tubes were the only active devices available is perhaps

transistors' most important contribution. They have made it possible to hold

more electronics in one's hand than could be contained in a large building in

the days when vacuum tubes were the only active devices available. As a

result, complex functionality may now be packed into small

packages—computers, cell phones, automotive engine controllers, and a

variety of other devices.

A continuous process of research and development is underway to improve

transistor performance parameters and to identify new semiconductor

materials other than silicon. Transistors are being created to assist rapid

technological advances such as wireless charging and energy conversion.

Transistors are still being studied extensively around the world, as reducing

the size and power consumption of individual transistors on a chip can result

in quick profits. Researchers have already produced extremely small

transistors made of only a few molecules in the lab, including one that uses

only a single electron. They've also shown that transistors constructed of

plastic are feasible, and that they could be even cheaper and more

shock-resistant than conventional electronics.



Increasing transistor densities on chips (which manufacturers desire) is

expected to be achieved in the near future via improving fabrication

techniques for classic semiconductor devices.
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ABSTRACT 

 

The separation of visible light into its different colours is known as dispersion. This experiment 

is based on the phenomenon of normal dispersion. The angle of the prism A and the angle of 

minimum deviation D for different wavelength are determined. From this the refractive index n 

for these colours are calculated. Taking the value of wavelength λ, the Cauchy’s constants A and 

B are calculated for different pairs of spectral colours using the equation. In this project we have 

determined the refractive indices of different transparent liquids using spectrometer-hollow 

prism method. Thus Cauchy's constant is determined. 
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1. INTRODUCTION 

 

Cauchy’s dispersion equation shows an empirical relationship between the refractive 

index and wavelength of light for a particular transparent material. The equation is named after 

the mathematician Augustus-Louis Cauchy. He defined the equation in 1836. This equation was 

actually defined in his work on spectral theory that is ‘Cauchy Memoire’.  

The validity of the equation is only for the normal dispersion in the visible wavelength 

region. This equation is useful in some applications due to its mathematical simplicity. The 

Sellmeier Equation is a later development of Cauchy’s work. The curve of the Cauchy’s equation 

represents the visible region with considerable accuracy. A and B are the parameters of Cauchy’s 

constant and depends on refractive index.  Here A is a dimensionless parameter, when 

wavelength, λ→∞ then refractive index, n→A. For the medium wavelength in the visible region, 

the curvature and amplitude of the refractive index is affected by B. So, the refractive index n is 

inversely proportional to the square of the light’s wavelength. 

When compared to the red light, the parallel light beams that incident on a lens bend 

towards the axis more as the wavelength of red is greater than that of violet hence, refractive 

index of a material for red light would be less than that of the violet light. The dispersion of the 

red light when compared to the violet light is also less. This is because the inverse proportionality 

of both wavelength and refractive index which is shown by Cauchy’s equation. 
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2. PRINCIPLE 

 

When an electromagnetic wave is incident on an atom or a molecule, the periodic electric 

force of the wave sets the bound charges into a vibratory motion. The frequency with which these 

charges are forced to vibrate is equal to the frequency of the wave. The phase of this motion as 

compared to the impressed electric force will depend on the impressed frequency. It will vary 

with the difference between the impressed frequency and the natural frequency  of the

 charges. 

Dispersion can be explained with the concept of secondary waves that are produced by the 

induced oscillations of the bound charges. When a beam of light propagates through a transparent 

medium (solid or liquid), the amount of lateral scattering is extremely small. The scattered waves 

travelling in a lateral direction produce destructive interference. 

However, the secondary waves travelling in the same direction as the incident beam superimpose 

on one another. The resultant vibration will depend on the phase difference between the primary 

and the secondary waves. This superimposition, changes the phase of the primary waves and this 

is equivalent to a change in the wave velocity.  

Wave velocity is defined as the speed at which a condition of equal phases is propagated. Hence 

the variation in phase due to interference, changes the velocity of the wave through the medium. 

The phase of the oscillations and hence that of the secondary waves depends upon the impressed 

frequency. It is clear, therefore, that the velocity of light in the medium varies with the frequency 

of light. Also refractive index depends upon the velocity of light in the medium. Therefore, the 

refractive index of the medium varies with the frequency (wavelength) of light. 

 

The relation permittivity of the medium in the case of dynamic polarizability is given by 

  𝜀𝑟     =    1 + 𝑋𝑒        =    1 +
𝑁𝑒2

𝜀𝑜𝑚
∑𝑖

𝑓𝑖

𝜔𝑖
2 −  𝜔2

            … … … … … … . (1) 

Here, N is the number of electrons per unit volume, e the charge and m is the mass of the 

electron, ε0 permittivity of free space, fi oscillator strengths of the substance, ωi is the angular 

frequency of the electromagnetic spectrum of the substance, ω is the impressed angular 

frequency. 

Also Σfi =1 and relative permeability in majority of substances that transmit electromagnetic 

waves is equal to 1.  
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Therefore,  𝑛2     =    𝜀𝑟  

Assuming that there is only one atomic frequency ωo where ω<<ωo 

   𝑛2     =      1 + 
𝑁𝑒2

𝜀𝑜𝑚(𝜔𝑖
2 −  𝜔2)

   … … … … … … … … (2) 

Using binomial expansion 

   𝑛     =    [1 +  
𝑁𝑒2

𝜀𝑜𝑚(𝜔𝑖
2 −  𝜔2)

]

1
2

 

=    1 +  
𝑁𝑒2

2𝜀𝑜𝑚(𝜔𝑖
2 − 𝜔2)

 

 =    1 +  (
𝑁𝑒2

2𝜀𝑜𝑚𝜔𝑜
2
) (1 −  

𝜔2

𝜔𝑜
2
)

−1

 

 =    1 + (
𝑁𝑒2

2𝜀𝑜𝑚𝜔𝑜
2
) (1 + 

𝜔2

𝜔𝑜
2
) 

 

As 

𝜔  =    
 2𝜋𝑐

𝜆
                      𝑎𝑛𝑑                       𝜔 𝑜   =    

 2𝜋𝑐

𝜆𝑜
 

   

 𝑛     =    1 +  
𝑁𝑒2𝜆𝑜

2

8𝜋2𝜀𝑜𝑚𝑐2
+  

𝑁𝑒2𝜆𝑜
4

8𝜋2𝜀𝑜𝑚𝑐2𝜆2
… … … … … … . . (3) 

 

𝑇𝑎𝑘𝑖𝑛𝑔  1 +   
𝑁𝑒2𝜆𝑜

2

8𝜋2𝜀𝑜𝑚𝑐2
   =    𝐴       … … … … … … … … … … … (4) 

  𝑎𝑛𝑑               
𝑁𝑒2𝜆𝑜

4

8𝜋2𝜀𝑜𝑚𝑐2
  =   𝐵        … … … … … … … … … … … (5) 

 

 𝑛    =        𝐴 +  
𝐵

𝜆
2             ………………………………(6)  
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Equation (6) represents Cauchy’s dispersion formula.  It is evident that the refractive index of 

the medium decreases with increase in wavelength of light. 

 

If a graph is plotted between μ and 1/λ2 it will be a straight line. The intercept on the Y-axis gives 

value A. the slope of the line PC gives value of B. 

 

A and B are called Cauchy’s constants. The values of A and B depend on the medium. A is a 

dimensionless parameter, when λ→∞ then n→A.  

B has a unit of nm2. It affects the curvature of the amplitude of the refractive index for medium 

of wavelength in the visible region. The wavelength is of the order of a few hundred nanometers 

so, we can omit the higher powers of the wavelength since the coefficients associated with them 

are very small.  

If the refractive indices n1 and n2 for any two known wavelength 𝜆1 and 𝜆2 are determined by a 

spectrometer, the Cauchy’s constants A and B can be calculated from the above equation as, 

                 𝑛1          =         𝐴 +  
𝐵

  𝜆1
2  …………..(1) 

                 𝑛1          =         𝐴 +  
𝐵

  𝜆2
2  …………..(2) 

On solving, (1) and (2) and rearranging 

             𝐴           =        𝑛1  −   
𝐵

  𝜆1
2  

And                          𝐵            =      
𝜆1

2
𝜆2

2 
(𝑛2  − 𝑛1)

𝜆1
2
− 𝜆2

2
  where n2> n1  

Refractive indices n1 and n2 are calculated using spectrometer. 
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3. EXPERIMENTAL SETUP 

 

Apparatus and Instrument Used: 

Spectrometer 

Telescope and collimator are the parts of spectrometer. The three levelling screws on the prism 

table are engraved with concentric rings and lines. In order to lock the telescope and collimator, 

clamping devices are provided after the adjustments. For the measurement in spectrometer, a 

Vernier scale is used. 

Adjustments of Spectrometer (Preliminary) 

1. Telescope 

Telescope is focused on a distant object. In order to get the clear image of the distant 

object by coinciding with the crosswire without parallax, the length of the telescope is 

varied by rack and pinion arrangement. So now the collimator is ready to produce parallel 

rays. 

 

2. Collimator 

Bring the collimator in line with the telescope and get the image in the telescope only 

after the slit is illuminated with the light. It must be noted that the slit is to be sufficiently 

wide so that the crosswire coincide with image without parallax and the collimator is also 

ready to produce parallel rays. 

 

3. Prism Table 

Here, the hollow prism ABC is placed on the table. It is important that the base must be 

turned towards the clamp. One reflecting face AC must be arranged in such a way that it 

is perpendicular to the line joining two screws S1 and S2. Now the table is rotated in a 

way that the edge A is pointing towards the collimator. From the first face AB, we can 

see the reflected image of the slit in order to coincide the image with the crosswire; S1 

and S2 are worked as needed. Now by working the screw S3 the image from the other face 

AC is observed through the telescope that is made symmetrical. Now the prism table is 

levelled.  
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Hollow Prism 

For finding the Cauchy’s constant, we use a hollow prism. We use it by filling a particular 

transparent liquid in it. 

 

Transparent Liquids  

The transparent liquids that we use here for the experiment are  

● Water 

● Rubbing alcohol 

● Vinegar 

● Sanitizer  

● Glycerine 
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4. PROCEDURE 

 

Angle of Prism: 

After the preliminary adjustments, telescope is brought in perpendicular direction to the 

collimator and clamped. Now the reflected image of the slit is obtained on the face AB of the 

prism just by rotating the Vernier table. This is recorded through a telescope and the readings of 

both verniers are noted. Similarly, the Vernier table is unclamped and the reflected image from 

the other face AC is obtained through a telescope and its Vernier readings are noted. θ is obtained 

by taking the mean of the difference between the corresponding vernier readings. θ is the angle 

of which the table has been rotated. Now the angle of prism A is found out by supplementary 

method, 

A   =   180°- θ 

 

 

 

 

 

 

 

Angle of Minimum Deviation (Dm): 

In this case a liquid prism is required to find the angle of minimum deviation. Let say 

water. Now the Vernier table has to be unclamped and rotated so that the light from the collimator 

falls obliquely on one face of the prism. The refracted image is seen through it by rotating the 

telescope. Image should be obtained towards the direct ray position so the Vernier table is slowly 

rotated in required direction. The telescope is also rotated in the same direction so that the image 

is always in the field of view. The Vernier table is rotated up to the moment were the refracted 

image of a colour, let say green is found to be static for a moment then retrace and this is the 

minimum deviation position for that colour. 

 

 

Collimator 

Telescope 
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Now the Vernier table and telescope are clamped. The tangential screw of the telescope is 

adjusted in a way that the vertical crosswire coincide with the centre of the image.  

 

 

 

 

 

Corresponding readings from the main scale and Vernier are obtained. Now to find the direct 

image of the slit, the prism is removed and the telescope is brought in line with the collimator 

and the direct reading is taken. The angle of minimum deviation for this particular colour (green) 

is found out by taking the difference of these readings.  

 

 

 

 

 

 

The retraced image is constituted by certain discrete lines of varying colours. To obtain these 

varying colours, the prism is successfully adjusted to be in the minimum deviation position and 

in each case the angle of minimum deviation is determined  
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Repeat the experiment with different liquid for finding out the angle of minimum deviation in 

each case. The refractive index of each colour is determined by calculating                                

𝑛   =    
𝑠𝑖𝑛  (

𝐴 + 𝐷
2

)

𝑠𝑖𝑛
𝐴
2

 

where, D is the minimum angle of deviation, A is the angle of prism and n is the refractive index. 

Now for finding the Cauchy’s constant, we use the equation: 

                                                                𝑛    =     𝐴 +  
𝐵

𝜆
2 

 where A and B are the Cauchy’s constants, λ is the wavelength of the particular colour and n is 

the refractive index.  Consider any two colours of wavelength 𝜆1 and 𝜆2 with calculated 

refractive index 𝑛1 and 𝑛2 (where 𝑛2 > 𝑛1) respectively for a particular liquid and apply the 

rearranged form of the above equation given by, 

 

             𝐵    =     𝜆1
2

𝜆2
2 

(𝑛2  − 𝑛1)

𝜆1
2

−𝜆2
2  

And                𝐴     =       𝑛1  −   
𝐵

  𝜆1
2  

 

A graph can be plotted by taking refractive index along Y-axis and 1/𝝀2 along X axis, straight 

line is obtained. The slope of straight lines directly gives the Cauchy’s coefficient B while 

the Y intercept gives the other coefficient A. 
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5. OBSERVATIONS AND CALCULATIONS 

 

Angle of prism 

Value of one main scale division   = 30' 

No. of divisions on vernier scale   = 30  

READINGS OF 

VERNIER 1 VERNIER 2 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING= 

MSR 

+VSR(LC) 

(deg) 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING= 

MSR 

+VSR(LC) 

(deg) 

REFLECTED 

RAYS FROM 1st 

FACE 

(a) 

291° 5 291°5'    110°30'  28 110°58' 

REFLECTED 

RAYS FROM 2nd 

FACE 

(b) 

171°30' 15 171°45'       351° 14 351°14'  

DIFFERENCE 

BETWEEN (a) 

AND (b) 

                                    119°20'                                         119°44' 

Least count (LC) =  
𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑜𝑛𝑒 𝑚𝑎𝑖𝑛 𝑠𝑐𝑎𝑙𝑒 𝑑𝑖𝑣𝑖𝑠𝑖𝑜𝑛

𝑁𝑜.𝑜𝑓 𝑑𝑖𝑣𝑖𝑠𝑖𝑜𝑛𝑠 𝑜𝑛 𝑣𝑒𝑟𝑛𝑖𝑒𝑟 𝑠𝑐𝑎𝑙𝑒
 = 30′

30
 = 1' 

 

Total reading   =  MSR+ (VSR x LC) 

    =  291°+ (5 x 1') 

             =  291°5' 

 

Mean θ    = 119°32' 

    Angle of prism A    =  180°- θ 

              = 180°- 119°32' 

 =  60°28' 



11 
 

ANGLE OF MINIMUM DEVIATION FOR DIFFERENT COLORS OF 

WATER 

 

COLOUR 
VER-

NIER 

REFRACTED RAY READING DIRECT RAY READING 

DIFFERENCE 

D = X-Y (deg) 

MEAN D 

(deg) 

 
 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+VSR(LC) 

(deg) 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+(VSR x 

LC)  (deg) 

VIOLET 

1 348°30' 22 348°52' 13° 24 13°24' 24°32' 

24°34' 1.3421 

2 169° 11 169°11' 193°30' 17 193°47' 24°36' 

BLUE 

1 349° 7 349°7' 13° 24 13°24' 24°17' 

24°19'30" 1.339 

2 169° 25 169°25' 193°30' 17 193°47' 24°22' 

GREEN 

1 349°30' 1 349°31' 13° 24 13°24' 23°53' 

23°55' 1.3338 

2 169°30' 20 169°50' 193°30' 17 193°47' 23°57' 

YELLOW 

1 349°30' 6 349°36' 13° 24 13°24' 23°48' 

23°50' 1.3327 

2 169°30' 25 169°55' 193°30' 17 193°47' 23°52' 

 

For violet: 

Total reading   =  MSR+ (VSR x LC) 

    =  348°30'+ (22 x 1') 

    =  348°52' 

 

n = 
𝑠𝑖𝑛  

 (𝐴+𝐷)  

2

𝑠𝑖𝑛 
𝐴

2

 =  
𝑠𝑖𝑛𝑠𝑖𝑛 

( 60°28
′
+24°34

′
) 

2
 

𝑠𝑖𝑛𝑠𝑖𝑛 
60°28

′

2
 

 =  1.3421 

 



12 
 

CALCULATION OF CAUCHY’S CONSTANT FOR WATER 

 

(i) FROM TABLE: 

For green (λ2) and yellow (λ1) 

λ1 = 576.96 nm   λ2 = 546.07 nm 

 

From the table: 

n1 = 1.3327    n2 = 1.3338 

 

  𝐵    =        
 𝜆1

2
𝜆2

2 
(𝑛2  − 𝑛1)

𝜆1
2
− 𝜆2

2  

        =   
(576.962)(546.072)(1.3338 − 1.3327)

576.962− 546.072
 

         =     3147.541 nm2  

 

𝐴      =         𝑛1  −   
𝐵

  𝜆1
2       

     =     1.3327  -  
0.00314 

576.962
 

       =     1.3332 
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(ii) FROM GRAPH:  

 

 

A  = 1.32389  

B  = 2956.716 nm2  
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ANGLE OF MINIMUM DEVIATION FOR DIFFERENT COLORS OF 

ALCOHOL 

 

COLOUR 
VER-

NIER 

REFRACTED RAY READING DIRECT RAY READING 

DIFFERENCE 

D = X-Y (deg) 

MEAN D 

(deg) 

 
 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+VSR(LC) 

(deg) 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+(VSR x 

LC)  (deg) 

VIOLET 

1 340°30' 20 340°50' 7°30' 19 7°49' 26°59' 

26°57' 1.3723 

2 161° 16 161°16' 188° 11 188°11' 26°55' 

BLUE 

1 341° 4 341°4' 7°30' 19 7°49' 26°45' 

26°45'30" 1.3699 

2 161° 25 161°25' 188° 11 188°11' 26°46' 

GREEN 

1 341°30' 4 341°34' 7°30' 19 7°49' 26°15' 

26°15'30" 1.3636 

2 161°30' 25 161°55' 188° 11 188°11' 26°16' 

YELLOW 

1 341°30' 9 341°39' 7°30' 19 7°49' 26°10' 

26°10' 1.3624 

2 162° 1 162°1' 188° 11 188°11' 26°10' 

 

For violet: 

Total reading   =  MSR+ (VSR x LC) 

    =  340°30'+ (20 x 1') 

    =  340°50' 

n = 
𝑠𝑖𝑛 

(𝐴+𝐷)  

2

𝑠𝑖𝑛 
𝐴

2

 =  
𝑠𝑖𝑛𝑠𝑖𝑛 

( 60°28
′
+26°57

′
) 

2
 

𝑠𝑖𝑛𝑠𝑖𝑛 
60°28

′

2
 

 =  1.3723 
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CALCULATION OF CAUCHY’S CONSTANT FOR ALCOHOL 

 

(i) FROM TABLE: 

For violet (λ2) and yellow (λ1) 

λ1 = 576.96 nm   λ2 = 404.65 nm 

 

From the table: 

n1 = 1.3624    n2 = 1.3723 

 

𝑩     =       𝜆1
2

𝜆2
2 

(𝑛2  − 𝑛1)

𝜆1
2

−𝜆2
2       

         = 
(576.962)(404.652)(1.3723− 1.3624)

576.962− 404.652
 

       =  3190.334 nm2  

 

  𝑨       =         𝑛1  −  
𝐵

  𝜆1
2      

             = 1.3624  -  
0.00319 

576.962
 

         = 1.3623  
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(ii) FROM GRAPH: 

 

 

A        =       1.35292  

B         =       3210.448  nm2 
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ANGLE OF MINIMUM DEVIATION FOR DIFFERENT COLORS OF 

VINEGAR 

COLOUR 
VER-

NIER 

REFRACTED RAY READING DIRECT RAY READING 

DIFFERENCE 

D = X-Y (deg) 

MEAN D 

(deg) 

 
 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+VSR(LC) 

(deg) 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+(VSR x 

LC)  (deg) 

VIOLET 

1 342°30' 13 342°43' 7°30' 1 7°31' 24°48' 

24°48'30" 1.3452 

2 163° 4 163°4' 187°30 23 187°53 24°49' 

BLUE 

1 342°30' 24 342°54' 7°30' 1 7°31' 24°37' 

24°37'30" 1.3429 

2 163° 15 163°15' 187°30 23 187°53 24°38' 

GREEN 

1 343° 23 343°23' 7°30' 1 7°31' 24°8' 

24°10' 1.337 

2 163°30' 11 163°41' 187°30 23 187°53 24°12' 

YELLOW 

1 343° 28 343°28' 7°30' 1 7°31' 24°3' 

24°5' 1.3359 

2 163°30' 16 163°46' 187°30 23 187°53 24°7' 

 

For violet: 

Total reading   =  MSR+ (VSR x LC) 

    =  342°30'+ (13 x 1') 

    =  342°43' 

 

n = 
𝑠𝑖𝑛  

 (𝐴+𝐷)  

2

𝑠𝑖𝑛 
𝐴

2

 =  
𝑠𝑖𝑛𝑠𝑖𝑛 

( 60°28′+24°48′30′′) 
2

 

𝑠𝑖𝑛𝑠𝑖𝑛 
60°28

′

2
 

 =  1.3452 
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CALCULATION OF CAUCHY’S CONSTANT FOR VINEGAR 

 

(i) FROM TABLE: 

For blue (λ2) and green (λ1) 

λ1 = 546.07 nm   λ2 = 435.83 nm 

 

From the table: 

n1 = 1.337    n2 = 1.3429 

 

𝐵    =        𝜆1
2

𝜆2
2 

(𝑛2  − 𝑛1)

𝜆1
2

−𝜆2
2        

        =       
(546.072)(435.832)(1.3429− 1.337)

546.072−435.832
 

        =        3087.283 nm2  

 

𝐴       =         𝑛1  −   
𝐵

  𝜆1
2        

    =     1.337 -  
0.00308 

546.072
 

       =      1.3369   
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(ii) FROM GRAPH: 

 

 

 

 

 

 

 

 

 

 

 

A          =          1.32698  

B          =          3014.925 nm2 
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ANGLE OF MINIMUM DEVIATION FOR DIFFERENT COLORS OF 

SANITIZER 

 

COLOUR 
VER-

NIER 

REFRACTED RAY READING DIRECT RAY READING 

DIFFERENCE 

D = X-Y (deg) 

MEAN D 

(deg) 

 
 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+VSR(LC) 

(deg) 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+(VSR x 

LC)  (deg) 

VIOLET 

1 343° 1 343°1' 8°30' 9 8°39' 25°38' 

25°40'30" 1.3562 

2 163° 19 163°19' 189° 2 189°2' 25°43' 

BLUE 

1 343° 5 343°5' 8°30' 9 8°39' 25°34' 

25°32'30" 1.3545 

2 163°30' 1 163°31' 189° 2 189°2' 25°31' 

GREEN 

1 343°30' 8 343°38' 8°30' 9 8°39' 25°1' 

25°1' 1.3478 

2 164° 1 164°1' 189° 2 189°2' 25°1' 

YELLOW 

1 343°30' 15 343°45' 8°30' 9 8°39' 24°54' 

24°55'30" 1.3467 

2 164° 5 164°5' 189° 2 189°2' 24°57' 

 

For violet: 

Total reading   =  MSR+ (VSR x LC) 

    =  343°+ (1 x 1') 

    =  343°1' 

 

n = 
𝑠𝑖𝑛 

(𝐴+𝐷)  

2

𝑠𝑖𝑛 
𝐴

2

 =  
𝑠𝑖𝑛𝑠𝑖𝑛 

( 60°28′+25°40′30′′) 
2

 

𝑠𝑖𝑛𝑠𝑖𝑛 
60°28

′

2
 

 =  1.3562 
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CALCULATION OF CAUCHY’S CONSTANT FOR SANITIZER 

 

(i) FROM TABLE 

For blue (λ2) and yellow (λ1) 

λ1 = 576.96 nm   λ2 = 435.83 nm 

 

From the table: 

n1 = 1.3467    n2 = 1.3545 

 

𝑩    =        𝜆1
2

𝜆2
2 

(𝑛2  − 𝑛1)

𝜆1
2

−𝜆2
2        

        =       
(576.96

2
)(435.83

2
)(1.3545 − 1.3467)

576.96
2

− 435.83
2  

        =        3450.415 nm2  

 

          𝑨       =           𝑛1  −   
𝐵

  𝜆1
2  

             =          1.3467  -  
0.00345 

576.962
 

        =         1.3466 
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(ii) FROM GRAPH: 

 

 

A         =        1.33739  

B         =        3161.194 nm2 
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ANGLE OF MINIMUM DEVIATION FOR DIFFERENT COLORS OF 

GLYCERINE 

COLOUR 
VER-

NIER 

REFRACTED RAY READING DIRECT RAY READING 

DIFFERENCE 

D = X-Y (deg) 

MEAN D 

(deg) 

 
 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+VSR(LC) 

(deg) 

MSR 

(deg) 

VSR 

(div) 

TOTAL 

READING

= MSR 

+(VSR x 

LC)  (deg) 

BLUE 

1 334° 28 334°28' 8°30' 6 8°36' 34°8' 

34°12' 1.4603 

2 154°30' 15 169°11' 189° 1 189°1' 34°16' 

GREEN 

1 335° 2 335°2' 8°30' 6 8°36' 33°34' 

33°38' 1.4536 

2 155° 19 155°19' 189° 1 189°1' 33°43' 

YELLOW 

1 335° 10 335°10' 8°30' 6 8°36' 33°26' 

33°28' 1.4517 

2 155°30' 1 155°31' 189° 1 189°1' 33°30' 

RED 

1 335° 19 335°19' 8°30' 6 8°36' 33°17' 

33°20'30" 1.4502 

2 155°30' 7 155°37' 189° 1 189°1' 33°24' 

 

For blue: 

Total reading   =  MSR+ (VSR x LC) 

    =  334°+ (28 x 1') 

    =  334°28' 

 

n = 
𝑠𝑖𝑛 

(𝐴+𝐷)  

2

𝑠𝑖𝑛 
𝐴

2

 =  
𝑠𝑖𝑛𝑠𝑖𝑛 

( 60°28′+34°12′) 
2

 

𝑠𝑖𝑛𝑠𝑖𝑛 
60°28

′

2
 

 =  1.4603 
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CALCULATION OF CAUCHY’S CONSTANT FOR GLYCERINE 

 

(ii) FROM GRAPH 

For blue (λ2) and green (λ1) 

λ1 = 546.07 nm   λ2 = 435.83 nm 

 

From the table: 

n1 = 1.4536    n2 = 1.4603 

 

   𝐵    =          𝜆1
2

𝜆2
2 

(𝑛2  − 𝑛1)

𝜆1
2

−𝜆2
2       

           =        
(546.072)(435.832)(1.4603 − 1.4536)

546.072− 435.832
 

           =   3500.897 nm2  

 

   𝐴       =           𝑛1  −   
𝐵

  𝜆1
2        

     =         1.4536  -  
0.0035 

546.072
 

          =         1.4535 
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(ii) FROM GRAPH: 

 

 

 

 

 

 

 

 

 

 

 

 

 

A         =       1.44202  

B         =       3508.676 nm2 
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6. RESULT AND CONCLUSION 

 

The Cauchy’s constant for the given liquids are found to be as follows: 

 

Liquid 
From Calculation From Graph 

A B (nm2) A B (nm2) 

Water 1.3332   3147.541 1.3238 2956.716 

 Alcohol 1.3623 3190.334 1.3529 3210.448   

Vinegar 1.3369 3087.283 1.3269 3014.925 

Sanitizer 1.3544 3450.415 1.3373 3161.194 

Glycerine 1.4535 3500.897 1.4420 3508.676 

 

From Cauchy’s equation it is evident that the refractive index of the medium decreases with 

increase in wavelength. 

 

 

7. APPLICATIONS 

 
1. Cauchy’s equation represents the curve in the visible region with considerable accuracy. 

 

2. Precise determination of refractive index of most popular environmental pollutant gases. 
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EXECUTIVE SUMMARY 

 

The researcher is presenting this report on role of consumer attitude towards 

sustainable fashion consumption  

Starts with the rationale behind preparing the report, objective, Industry analysis 

which shows the fashion market in global and national level. 

All this research is then followed by a survey which reveals some facts about the 

consumer attitude, sustainable fashion and customers attitude while purchasing 

products 

At last, the researcher have concluded the report with their interpretation of the 

whole study and the information collected is presented with the help of charts and 

diagrams. 
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1.1 Introduction to study                                                                                       

Susan B. Kaiser, a fashion expert, claims that everyone is "forced to seem" unmediated in 

front of others. Fashion is a means of self-expression. It refers not only to your wardrobe, 

but also to how you present yourself to others. Fashion is an expression of one's individual 

taste and style, as well as an expression of one's individuality. 

 

The Brundtland Commission of the United Nations defined sustainability in 1987 as "filling 

current demands without jeopardising future generations' ability to satisfy their own needs." 

The concept of sustainability has been discussed for nearly three decades and has 

influenced numerous sectors throughout the world. It has had an impact on the way 

different businesses and industries work as well as their output. The fashion business is one 

such industry that has recently been affected. Fashion generates nearly 1 trillion dollars in 

annual income. It is one of the most resource-intensive industries on the planet. 

  

Sustainable fashion is a movement and a process that aims to improve the environmental 

balance and social justice of fashion goods and the fashion sector. More than merely 

addressing fashion textiles or goods, sustainable fashion is about meeting today's 

requirements while also guaranteeing that we can fulfill these needs in the future. One of 

the biggest causes of environmental degradation is the fashion industry. As a result, 

sustainable fashion has become a popular trend for both environmental preservation and 

keeping up with the latest fashion trends. 

 

A trained inclination to behave in a consistently favourable or unfavourable manner with 

respect to a specific object is referred to as consumer attitude. Thoughts or beliefs, feelings, 

and behaviours or intentions toward a specific thing, which in this case is usually a good or 

service, make up attitude. Attitudes are often recognised as one of the most influential 

factors in purchasing decisions. 

 

This research is to study how different factors determine the attitude of consumers towards 

sustainability and how that affects their buying behaviour. This research aims to study 

individuals from different age category and gender. And also, who have an international 

exposure compared to someone who has not and how these factors affect their attitude. 
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1.2 Statement of problem 

Consumer attitude is a mixture of a consumer’s belief, feelings and intentions towards a 

product or service. It differs with age, gender and occupation. A consumer’s attitude is 

defined from their surroundings. The researcher aims at studying how consumer attitude 

affects the purchase behaviour towards sustainability within the fashion industry.  

  

1.3  Literature review  

1.3.1 Sustainability 

WCED, 1987(a: 43), defines Sustainable development is development that meets the needs 

of the present without compromising the ability of future generations to meet their own 

needs. Robert Goodland (1995), defined Environment sustainability as natural capital must 

be maintained both as provider of inputs and as a “sink” for wastes, this means environment 

sustainability needs sustainable production and sustainable consumption. Bourland (2011); 

Pookulangara & Shephard (2013), Sustainable fashion as part of the slow fashion 

movement is often misleadingly described as the opposite of fast fashion. Slow fashion is 

based on a philosophical ideal that centres on sustainability values, such as good working 

conditions and reducing environmental destruction. Clark (2008), It challenges the fast 

fashion paradigm by breaking down existing boundaries between the organisation and its 

stakeholders, slowing the production process to a more manageable timeframe, moving 

away from the selfconcept, and focusing on empowering workers by offering a choice that 

enables change. 

1.3.2 Consumer attitude  

Attitude is derived from the Latin words for posture or physical position. Wilkie, (1986), 

put forward that the general notion was that a body’s physical attitudes suggested the types 

of activity or action in which a person would engage. In the words of Allport (1935), an 

attitude is "a metal and neural state of readiness, organized through experience, exerting a 

directive or dynamic influence upon the individual's response to all objects and situations 

with which it is related". Krech et al (1962), define an attitude as a person's enduring 

favorable or unfavorable evaluations, emotional feelings, and action tendencies toward 
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some object or idea. Bearden et al (1995) and Kotler (2004) observes that people have 

attitudes toward almost everything: religion, politics, food, music, clothes, and others. 

Asiegbu et al (2012), attitudes put them into a frame of mind of liking or disliking an object, 

moving toward or away from it. Attitudes are an expression of inner feelings that reflect 

whether a person is favorably or unfavorably predisposed to some ‘stimulus’ or ‘object’ 

(e.g., a restaurant, a brand, a service, a retail establishment). 

 

1.3.3 Antecedents for sustainable fashion consumption  

Joergens (2006) notes that consumers have limited choice in sustainable clothing, as the 

prices are not comparable to the low-cost fashion available to them. Barr, Gilg, and Ford 

(2001), found out that recycling has received the most attention, primarily because it seems 

to be the most convenient and most easily accommodated into consumer lifestyles. 

Lundblad and Davies (2016) mentions that the concept of sustainable fashion covers a 

variety of terms such as organic, green, fair trade, slow, eco and so forth each attempting 

to “highlight or correct a variety of perceived wrongs in the fashion industry including 

animal cruelty, environmental damage and worker exploitation” Ridgway and Price (1994) 

find out that concepts such as use innovativeness as consumers find new and different ways 

of using their possessions. 

 

 

1.4  Significance of study 

Consumer attitude is an integral part of consumer behaviour. It’s a small factor that has a 

greater impact on how a product needed to be marketed. 

Fashion as an industry is growing with huge market share both globally and nationally. 

Fashion consumption has increased severely compared to last decade. It has caused a major 

concern for the environment. The use of syntenic materials and also the maximum 

exploitation of natural fabrics has caused sever environmental problems. Ethical problems 

from the fashion industry has also caused major human rights violations. 

From this project, the researcher tried to find out how sustainability has a factor has 

influenced with the customers of kerala. 
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1.5   Scope of study  

The study will be conducted on the residents and non-residents of Kerala.  It aims to reach 

out to 142 respondents for the study to know the different consumer attitudes towards 

sustainability in the fashion industry.  

 

1.6  Objective of study 

To understand consumer attitude within the fashion industry with the influence of 

sustainability.  

To understand how age, gender, occupation and being an NRI or not affects your 

consumer behaviours 

 

1.7  Methodology 

1.7.1 Data Collection 

When it comes to data collection, there are two methods that are generally used by     

researchers to collect data. These methods are Primary data collection methods and 

Secondary data collection methods. Primary data collection methods include collection of 

data through observation, interviews, questionnaire, case studies, projective techniques and 

schedules. Secondary data is one that already exists and it may be collected through 

published or unpublished sources. Published sources include publications by the 

government, public records, records held by banks etc. Unpublished sources include data 

from letters, diaries unpublished biographies and work etc. 

Secondary data in research was used to find out about the industry’s profile and the 

company’s profile. It was also used in the introduction of study and literature review. All 

secondary data related information has been collected from previously done research papers 

and credible internet websites. 

The quantitative approach is used to collect primary data from consumers. The data is 

collected using survey questionnaire consisting of nominal scale, ordinal scale, interval 

scale and ratio scale questions. 
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1.7.1 Sampling 

1.7.2 Population 

Population is the collection of the elements which has some or the other characteristics in 

common. The number of elements in the population is the size of the population. In this 

survey, the population comprises of all fashion consumers around and from Kerala. 

1.7.3 Sample Size  

The sample for the research is consumers from Kerala. Keeping in view the limitation of 

time and resources, the sample size taken is 152 respondents. Questionnaires were 

distributed through social media platforms like WhatsApp and e-mail to the respondents 

and enough time was given to the respondents to fill the questionnaire to reduce sampling 

error.  

 

1.7.4 Tools used for Data Collection 

The questionnaire is carefully designed to meet the requirements of the research.  

Most of the questions is constructed using the Likert Scale, ranging between  

Strongly Disagree; Disagree; Neutral; Agree; Strongly Agree. And Scale of 1 to 5, 

where 1 being least likely and 5 the most likely  

 

1.7.5 Data Analysis Techniques 

The process of evaluating data using analytical and logical reasoning to examine each 

component of the data provided. This form of analysis is just one of the many steps that 

must be completed when conducting a research experiment. Data from various sources is 

gathered, reviewed, and then analyzed to form some sort of finding or conclusion. For the 

purpose of data analysis the following tools are used: 

T-test: The independent samples t-test compares means of one dependent and two 

independent variables in order to determine whether there’s statistical evidence that 

the associated population means are significantly different.  

ANOVA: Analysis of variance (ANOVA) is a collection of statistical models and 

their associated estimation procedures (such as the “variation” among and between 

groups) used to analyze the differences among group means in a sample  
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1.8  Hypothesis 

Hypothesis 1 (H1): Sustainable consumption depends on consumer attitude 

Hypothesis 2 (H2): International exposure affects consumer attitude 

Hypothesis 3 (H3): Influence of age in sustainable consumption  

Hypothesis 4 (H4): Influence of gender in sustainable consumption 

Hypothesis 5 (H5): Influence of occupation in sustainable consumption  

 

1.9  Limitations  

Large and scattered sample size. Time constraints were one of the major limitations as 

research activities were done alongside academic activities. One of the major constraint - 

Findings of the survey are based on the assumptions that the respondent has given correct 

responses. Respondents might not give a proper answer due to nature of the questionnaire. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2  

Industry Analysis 
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2.1 Industry Profile  

2.1.1 Fashion Industry 

The fashion industry is a multibillion-dollar global business dedicated to the creation and sale 

of clothing. Fashion has no formal definition, although it is best characterised as the style or 

types of clothing and accessories worn by groups of people at any given moment. There may 

appear to be distinctions between the high-end designer clothing seen on the runways of Paris 

or New York and the mass-produced sportswear and streetwear marketed in malls and markets 

around the world. 

Designers, stores, factory workers, seamstresses, tailors, technically skilled embroiderers, the 

press, publicists, salespersons (or "garmentos"), fit models, runway models, couture models, 

textile manufacturers, pattern makers, and sketch artists are just a few of the people who make 

up the fashion industry. The fashion industry may be regarded as the business of creating 

garments in its most basic form, but it would gloss over the important distinction between 

fashion and apparel. Fashion incorporates its own prejudices of style, individual taste, and 

cultural evolution. Apparel is functional clothing, one of humanity's basic needs, but fashion 

incorporates its own prejudices of style, individual taste, and cultural evolution. 

Fashion is no longer only a necessity; it is now much more of a statement. The objective of the 

modern clothes industry is to create, produce, promote, and market style based on demand. It 

represents consumers' fluctuating desires to be defined by their clothing, or more generally, to 

be accepted, which has prompted change throughout fashion history and continues to evolve 

through an ever-changing haberdashery lexicon. Changing styles necessitate change in 

industry, particularly in the ever-specialized fields of manufacturing and merchandising, as 

well as in the promotion of designs and designers, expanding their scope into what were dubbed 

"lifestyle brands" in the early 2000s, encompassing more than just fashion—including the 

vernacular of fragrance, accessories, and more. 

2.1.2 Fashion Industry in India 

India or Indian clothes has one of the oldest techniques and fabrics used. Its one of the ancient 

fashion industries. Although, the designers from late 80s and 90s did not get much recognition 

but they saw a change in the industry as the result of increasing exposure to global fashion and 

the economic boom the economic liberalization of the Indian economy in 1990. The following 

decades firmly established fashion as an industry across India. 
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India is a land of diverse cultures and so is the diversity in clothing and fashion. From the 

Turkish influence in the north to the Hindu influence in the south, the style changes as we move 

from places to places. Indian industry did not identify clothes as nothing more than a need to 

cover their body. After the LPG boom in 1991 is where India saw the rise of trends and western 

influence. Clothing was not a need anymore but a statement, a brand about a person. This 

influenced the Indian market into designer market, statement outfits and many more. Now, 

there is a changing trend with styles which has blend of both desi and western styles. Ancient 

prints are being back in trend with youngsters and also making it casuals and work wear are 

giving traditional clothing practices importance.  

2.1.3 Sustainable fashion  

The fashion industry is one of the most rapidly expanding sectors of the economy. It is 

estimated to be worth over $2 trillion USD. While the fashion business is flourishing, more and 

more attention is being drawn to the industry's extensive list of negative environmental 

repercussions. Fashion production contributes 10% of global carbon emissions, depletes water 

supplies, and pollutes rivers and streams. Furthermore, according to the United Nations 

Economic Commission for Europe (UNECE), 85 percent of all textiles are discarded each year, 

and washing some types of clothing releases a considerable amount of microplastics into the 

water. 

When it comes to the ethical side of fashion or the fast fashion industry, textile workers, 

especially women in developing nations, are frequently paid low wages and pushed to work 

long hours in deplorable conditions (UNEP, 2018; WRI, 2019). Human rights are being 

violated in numerous areas as a result of these circumstances (Human Rights Watch). 

Chemicals used in clothing production also pose major health risks to both industry workers 

and consumers. The pollution mentioned above has additional health consequences. 

Since 2015, the global ethical fashion market has grown at a compound annual growth rate 

(CAGR) of 8.7%, reaching a value of roughly $6.35 billion in 2019. At a compound yearly 

growth rate (CAGR) of 6.8%, the market is predicted to increase from $6.35 billion in 2019 to 

$8.25 billion in 2023. The growth is mostly due to a growing understanding of the importance 

of ethical fashion for long-term sustainability. According to estimates from the sustainable 

fashion sector, the market will expand to $9.81 billion in 2025 and $15.17 billion in 2030, with 

a CAGR of 9.1%. 
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2.1.4 Sustainable fashion in India 

As people grow more aware of the environmental impact of their buying habits, Indian 

shoppers are flocking to the concept of sustainable fashion. India's retail firms are capitalising 

on the eco-friendly shopping trend by launching sustainable solutions. Indian Terrain, for 

example, collaborated with Fairtrade India to establish a sustainable fashion line in 2020, while 

Madame debuted its Eco Aware collection in April of this year. Over the last several years, a 

slew of new sustainable fashion firms have emerged. Among them are DaMENSCH, ANI 

Clothing, Sparsh Organic, and The Pant Project.. 

The Indian government began the SURE project in August 2019, with the goal of moving 

towards sustainable fashion that contributes to a clean environment. The programme involves 

16 major retail fashion businesses who have committed to sourcing or using sustainable raw 

materials and techniques for a significant portion of their overall consumption by 2025. 

"Sustainability is getting popularity in India," according to a McKinsey analysis, "where the 

local market is predicted to reach about $60 billion in revenues in 2022, making it the world's 

sixth-largest behind the United Kingdom and Germany." 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3  

Data Analysis and interpretation  

 

 

 

 

 

 

 

 

 

 

 

 

 



10 
 

The data collection and findings of the study are discussed in this chapter of analysis, as well 

as the descriptive information and statistical analysis created by the obtained survey data. 

Records are statically analysed with spss software programme. 

3.1 Demographic details of respondents  

The researcher has tried to study the demographic variables of the respondents. 

Table 3.1 - Demographic Details of Respondents 

 Demographics 

Characteristics  

Number of 

Respondents  

Percentage  

Gender  Female 107 74.4% 

Male  35 26.6% 

 142 100% 

Age 26 and below 98 69% 

41 - 27 32 22.5% 

57 - 42 10 7.0% 

76 - 58 2 1.4% 

 142 100% 

Occupation  Student 85 59.9% 

Salaried  40 28.2% 

Self Employed  9 5.6% 

Unemployed  8 6.3% 

 142 100% 

Non-Residential 

Indians (NRI) 

Yes 43 30.3% 

No 99 69.7% 

 142 100% 

 

The demographic details of the respondents are shown in table 3.1. It is shown that out of 142 

respondents, 74.4% identify as ‘female’ and 26.6% identify as ‘male.’ In the age group, 69% 

comes under the age group ’26 and below’, 22.5% come under the age group ’41 – 27’, 7.0% 

comes under age group 57 – 42 and 1.4% come under the age group ’76 – 58.’ Respondents 

from various occupation groups of 4 categories: Student, salaried, self-employed and 

unemployed. The data collected depicts that 59,9% are student, 22.5% are salaried, 5.6% are 
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self-employed, 1.4% are unemployed. The date also shows that out of 142 respondents, 30.3% 

are Non-Residential Indians and 69.7% are not. 

3.2 Relationship of celebrity influence Before Buying a Product with Gender of The 

Respondent 

The independent samples t-test compares means of one dependent and two independent 

variables in order to determine whether there’s statistical evidence that the associated 

population means are significantly different. The variables considered for the test are, 

dependent: I would make a sustainable fashion purchase if my favorite celebrity is endorsing 

it, and independent : gender. 

Table 3.2(a) Table showing the variation between celebrity endorsement influence before 

buying a product on the basis of the gender of respondent - T-test 

Dependent 

Variable  

t value df Sig(2 – 

tailed)  

Independent 

variable  

N Mean Std. 

Deviation  

I would make a 

sustainable 

fashion purchase 

if my favorite 

celebrity is 

endorsing it 

2.267 140 0.025 Female  

Male 

107 

35 

2.430 

1.914 

1.1984 

1.0675 

 

3.2.1 Difference in The Celebrity Influence Before Buying a Product with Respect to 

Gender of The Respondent 

An independent samples t-test revealed that interpersonal influence before buying a product is 

comparatively greater for females (F=2.430; SD=1.1984) as compared to males (M=1.914; 

SD=1.0675), t(140) = 2.267. Since p<0.05 (two tailed test), we reject the null hypothesis 

Therefore, it can be said that there is a significant variation in celebrity endorsement before 

buying a product across the two genders. 
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Table 3.2(b) Summary of Hypothesis Statement 

# Hypothesis statement Decision 

H4 There is a difference 

between males and females 

when it comes to purchase 

products endorsed by a 

celebrity 

Accepted 
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3.3 Relationship of product knowledge and environment consciousness before buying a 

Product with Gender of the Respondent 

Analysis of variance (ANOVA) is a collection of statistical models and their associated 

estimation procedures (such as the “variation” among and between groups) used to analyze the 

differences among group means in a sample  

Table 3.3(a) Table showing ANOVA results for Relation between product knowledge and 

environment consciousness and the gender of the respondent 

 

 

The one-way anova test compares the means of one dependent variable and one independent 

variable in order to determine whether there’s statistical evidence that the associated population 

means are significantly different. The variables considered for the test are – 

 

3.3.1 Dependent Variable – I research before making a clothing or fashion product purchase 

         Independent Variable - gender of the respondent 

 

In Table 3.3(a), the dependent variable, I would recommend Raymond to a family friend was 

compared with occupation of the respondent. It was found that the p value was 0.012; p<0.05. 

Thus, the null (H0) can be rejected and there is a significant difference between product 

knowledge and the gender of the respondent. 
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3.3.2 Dependent Variable – I would describe myself as environmentally responsible 

         Independent Variable - gender of the respondent 

 

In Table 3.3(a), the dependent variable I would describe myself as environmentally responsible was 

compared with gender of the respondent. It was found that the p value was 0.036; p<0.05. Thus, 

the null (H0) can be rejected and there is a significant difference between environment 

consciousness and the gender of the respondent. 

 

Table 3.3(b) Summary of Hypothesis Statement 

# Hypothesis statement Decision 

H1 There is a difference 

between males and females 

when it comes to product 

knowledge  

Accepted 

H2 There is a difference 

between males and females 

when being environmentally 

conscious  

Accepted  
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3.4 Relationship of product pricing, celebrity endorsement and environment 

consciousness before buying a Product with Age of the Respondent 

Analysis of variance (ANOVA) is a collection of statistical models and their associated 

estimation procedures (such as the “variation” among and between groups) used to analyze the 

differences among group means in a sample  

Table 3.4(a) Table showing ANOVA results for Relation between product pricing, celebrity 

endorsement and environment consciousness before buying a Product with Age of the 

Respondent 

 

The one way anova test compares the means of one dependent variable and one independent 

variable in order to determine whether there’s statistical evidence that the associated population 

means are significantly different. The variables considered for the test are – 

 

3.4.1 Dependent Variable – I would spend more for sustainable fashion products 

         Independent Variable - Age of the respondent 

In Table 3.4(a), the dependent variable, I would spend more for sustainable fashion products was 

compared with age of the respondent. It was found that the p value was 0.011; p<0.05. Thus, 
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the null (H0) can be rejected and there is a significant difference between product price and the 

gender of the respondent 

3.4.2 Dependent Variable – I would make a sustainable fashion purchase if my favourite 

celebrity were endorsing it 

Independent Variable - Age of the respondent 

In Table 3.4(a), the dependent variable, I would spend more for sustainable fashion products 

was compared with age of the respondent. It was found that the p value was 0.036; p<0.05. 

Thus, the null (H0) can be rejected and there is a significant difference between celebrity 

endorsement and the gender of the respondent 

 

 

3.4.3 Dependent Variable – My purchase habits are affected by my concern for environment 

         Independent Variable - Age of the respondent 

In Table 3.4(a), the dependent variable, my purchase habits are affected by my concern for 

environment was compared with age of the respondent. It was found that the p value was 0.002; 

p<0.05. Thus, the null (H0) can be rejected and there is a significant difference between 

environmentally conscious and the gender of the respondent 

 

3.4.4 Dependent Variable – I am concerned about wasting the resources of our planet 

         Independent Variable - Age of the respondent 

In Table 3.4(a), the dependent variable, I am concerned about wasting the resources of our 

planet was compared with age of the respondent. It was found that the p value was 0.034; 

p<0.05. Thus, the null (H0) can be rejected and there is a significant difference between 

environmentally conscious and the gender of the respondent 
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3.4.5 Dependent Variable – I would describe myself as environmentally responsible 

         Independent Variable - Age of the respondent 

In Table 3.4(a), the dependent variable, I would describe myself as environmentally responsible 

was compared with age of the respondent. It was found that the p value was 0.002; p<0.05. 

Thus, the null (H0) can be rejected and there is a significant difference between 

environmentally conscious and the gender of the respondent 

 

Table 3.4(b) Summary of Hypothesis Statement 

# Hypothesis statement Decision 

H1 There is a difference 

between different age 

category when it comes to 

the price of the products  

Accepted 

H2 There is a difference 

between different age 

category when it comes to 

celebrity endorsements  

Accepted  

H3 

 H4  

H5 

There is a difference 

between different age 

category when it comes to 

being environmentally 

conscious  

Accepted  
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3.5 Relationship of environment consciousness before buying a Product with occupation 

of the Respondent 

Analysis of variance (ANOVA) is a collection of statistical models and their associated 

estimation procedures (such as the “variation” among and between groups) used to analyze the 

differences among group means in a sample  

 

Table 3.5(a) Table showing ANOVA results for Relation between product knowledge and 

environment consciousness and the occupation of the respondent 

 

3.5.1 Dependent Variable – I would describe myself as environmentally responsible 

         Independent Variable – occupation of the respondent 

 

In Table 3.4(a), the dependent variable, I would describe myself as environmentally responsible 

was compared with age of the respondent. It was found that the p value was 0.044; p<0.05. 

Thus, the null (H0) can be rejected and there is a significant difference between 

environmentally conscious and the occupation of the respondent 
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Table 3.5(b) Summary of Hypothesis Statement 

# Hypothesis statement Decision 

H1 There is a difference 

between occupation 

category when it comes to 

being environmentally 

conscious 

Accepted 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Chapter 4 

Summary of findings, Suggestions and Conclusion   
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4.1 List of findings  

• Table 3.1 – Shows the Demographic Details of Respondents 

• Table 3.2(a) Table shows the variation between celebrity endorsement influence before 

buying a product on the basis of the gender of respondent - T-test 

• Table 3.2(b)Shows the Summary of Hypothesis Statement 

• Table 3.3(a) Table showing ANOVA results for Relation between product knowledge 

and environment consciousness and the gender of the respondent 

• Table 3.3(b)Shows the Summary of Hypothesis Statement 

• Table 3.4(a) Table showing ANOVA results for Relation between product pricing, 

celebrity endorsement and environment consciousness before buying a Product with 

Age of the Respondent  

• Table 3.4(b) Summary of Hypothesis Statement 

• Table 3.5(a) Table showing ANOVA results for Relation between product knowledge 

and environment consciousness and the occupation of the respondent 

• Table 3.5(b) Summary of Hypothesis Statement 

 

4.2 Suggestions  

1. Fashion Brands should use popular personals who are related to the sustainable 

environment or celebrities who has major influence in the minds of the consumers to 

promote sustainable fashion products. As sustainable fashion or consumption is a new 

topic and many people are not quite known about it, so a well know person promoting 

it would attract consumers. 

2. Generation” Z” and Millennials are more likely to try new trends and styles. Bringing 

up styles and trends with sustainable or eco-conscious twist will encourage them to buy 

those products. 

3. Some brands offer sustainable fashion products but with higher price points. So as to 

encourage consumers to buys these products, promote the product as where it was 

sourced, many purposes to this product (as in more than one time use) and how the 

product will degrade or the environmentally conscious packaging. 

4. Females tend to be more consumers of fashion products, so fashion brands should bring 

new innovative fashion products in the female category  
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4.3 Conclusion  

Through this research, the researcher tried to bring light on consumers perspective about 

sustainability and sustainable consumption. This research was able to identify how different 

consumers of different age category, income, occupation and international exposure have on 

the minds of the customers when it came to purchase sustainable.  

The research observed that consumers prefer quality, price, comfort and style the top factors 

before making a purchase and the celebrity endorsements being the least. But that doesn’t mean 

it doesn’t have its importance. It has more importance to female consumers than male 

consumers. 

With this research we can conclude that Consumers are new to sustainable fashion. Response 

from the survey shows how consumers are not aware about what they are wearing or getting 

their hands on. Most of the answers being neutral to question brings to this conclusion.  

Consumers are willing to take a step into sustainable fashion, but the knowledge or awareness 

regarding a form of fashion is less. Here, the use of celebrity endorsements brings more 

awareness to the products. Even though, the preference is low for consumers but the impact 

that can have will be bigger. 

The research observed that consumers do know about the environmental damages and 

problems caused by the fashion industry but is not willing to spend more. Associate groups 

also don’t have much influence on the consumers but rather just their motive and values and 

ability to buy the products. 
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ANNEXURE 1 

Questionnaire 

1. Gender  

• Female 

• Male 

• Others 

2. Age 

• 26 and below (Generation Z) 

• 41 to 27 (Millennials) 

• 57 to 42 (Generation X) 

• 58 to 76 (Baby Boomers) 

3. Are you an NRI? 

• Yes  

• No 

4. How often do you shop for clothes?  

• Weekly  

• Monthly 

• Yearly Thrice  

• Yearly Twice  

• Yearly once 

5. On a scale of 1 to 5 (1 being least likely and 5 the most likely) how likely are 

you in engaging in the following sustainable practices 

S.no  1 2 3 4 5 

1 Recycled      •  

2 Ethically sourced (it’s the 

process of ensuring that the 

products made are obtained 

through responsible and 

sustainable methods) 

    •  

3 Reused     •  

 

6. Rank the following in the order of your consideration while buying from a 

fashion brand. 

 Brand name  

 Quality  

 Price  

 Durability  

 Styles  

 Comfort 

 Celebrity endorsed 
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7. Please indicate to what extend you agree or disagree with the below statements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.no Statements  Strongly  

Agree 

Agree Neutral Disagree Strongly 

Disagree 

1 I research before 

making a 

clothing or 

fashion product 

purchase 

     

2 I care about the 

working 

conditions of the 

factory workers 

where these 

products are 

made 

     

3 I check if the 

clothes are 

sustainably 

sourced 

     

4 I check if the 

clothes are 

ethically sourced 

     

5 I buy new 

fashion products 

to keep up with 

the latest trends 
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8. On a scale from 1 to 5, 1 being least likely and 5 the most likely, how much 

would you rate the following statements 

 

 

 

 

 

 

 

 

 

 

 

 

S.no Statements  1  2 3 4 5 

1 If I must choose 

between two 

equal products, I 

will choose the 

one which is less 

harmful for the 

environment 

     

2 I would spend 

more for 

sustainable 

fashion products 

     

3 I would spend 

more if my 

favourite fashion 

brand went 

sustainable 

     

4 I would make a 

sustainable 

fashion purchase 

if my favourite 

celebrity were 

endorsing it 

     

5 I would shift to 

sustainable 

fashion if my 

friend or family 

also tries to shift 
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9. Please indicate to what extend you agree or disagree with the below statements 

 

 

 

 

 

10. Occupation 

• Student 

• Salaried 

• Self employed  

• Unemployed 

11. Are you a resident from Kerala? 

• Yes  

• No 

 

 

 

S.no Statements  Strongly  

Agree 

Agree Neutral Disagree Strongly 

Disagree 

1 It is important to 

me that the 

products I use 

do not harm the 

environment 

     

2 I consider the 

potential 

environmental 

impact of my 

actions when 

making many of 

my decisions 

     

3 My purchase 

habits are 

affected by my 

concern for 

environment 

     

4 I am concerned 

about wasting 

the resources of 

our planet 

     

5 I would describe 

myself as 

environmentally 

responsible 

     

6 I am willing to 

be 

inconvenienced 

in order to take 

actions that are 

more 

environmentally 

friendly 
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Chapter 1

INTRODUCTION TO CHAOS

THEORY

1.1 CHAOS THEORY

We can see chaos around us from changes in the weather,arrhythmia

in the heart,Patterns of traffic movement,Development and decay in

cities,Epidemics and can be found even in People’s collective behaviour.

Mathematicians say it is tough to define chaos, but is easy to ”rec-

ognize it when you see it”. Chaos and order are two sides of the coin

as they are interrelated.

Chaos Theory is the study of non linear, complex, dynamic system.

It’s a branch of mathematics that deals with the systems that appear

to be ordered (deterministic) but actually exhibit chaotic behaviour.

It also deals with systems that appear to be chaotic but are actually

ordered beneath the surface. But this deterministic nature does not

make it predicable,so this behaviour can be called deterministic chaos

or simple chaos. we understands that nature is highly complex and

we can make predict that it is unpredictable but Chaos theory has

succeeded in capturing and displaying the beauty of the unpredictable

in the most amazing patterns.

Chaos theory studies the behavior of dynamic system that are highly

1
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sensitive to initial condition an effect which is perfectly connected as an

butterfly effect. A butterfly flapping it’s wings can give rise to a chain

of events that might end up with creating a thunderstorm in some

distinct place. This is only an example and it’s an idea that applies to

everything in our universe .Tiny changes in initial condition can results

in that are very different from each other and thus unpredictable.

1.2 HISTORY OF CHAOS THEORY

EDWARD LORENZ: THE FATHER OF CHAOS THEORY

Lorenz, the great mathematician is the father and author of Chaos

theory. Through his great effort and discovery, the concept of Chaos

theory has grown to one of the branches of mathematics. Lorenz’s

discovery has achieved great attention now, but it was not much appre-

ciated in the initial stages by some Meteorologists and Climatologists

and fails to realize the broader mathematical implications. Later in his-

tory, Lorenz’s publications gained all the possibilities to the principle

of Sensitive Dependence on Initial Conditions (SDIC).

The principle of SDIC was agreed upon by most mathematicians

including Maxwell, Hadamard, and Poincare in 1890. Renaissance was

one of the mathematicians who played a great role to for show the

modern Chaos Theory. Polymath and Leonard da Vinci were able to

depict spectacular turbulence with the concept of Chaos Theory.

Another mathematician named Richardson writes poetically on Chaos

Theory: “Big whorls have little whorls, This feed on their velocity: And

so on to Viscosity: And little whorls have lesser whorls.”

While reading the pages on the origin of Chaos Theory might have

a notion that Lorenz did much less compared to all other mathemati-

cians. But the important thing is that he discovered the base for all

the above theories. He can be claimed to have discovered “Chaos”

amidst smooth runways in the mathematical field. Therefore Lorenz is
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the one who derived the mathematical understanding by integrating all

the elements together with Sensitive Dependence on Initial Conditions

(SDIC), Fractals, Attractors, and resulting erratic dynamics. Today

the concept of Chaos Theory has become a part of our real life and it’s

a new way of looking at things that already exist amidst us.

1.3 CHAOS THEORY IN MATHEMATICAL SENSE

We will consider the following systems of two linear equations:

Xn+1 = 2xn + yn + 1

Yn+1 = xn + 2yn + 2

The equation can be written in matrix form:xn+1

yn+1

 =

2 1

1 2

xn

yn

+

1

2


Let repeat the equations several times to see if chaos occurs in this

example. Let us start with the initial condition and make the first

repeatedly as follows:x1

y1

 =

2 1

1 2

x0

y0

+

1

2


The second iteration is then obtained as follows:x2

y2

 =

2 1

1 2

x1

y1

+

1

2


Substituting the values of the first iteration in the above equation, we

obtain: x2

y2

 =

2 1

1 2

2 1

1 2

x0

y0

+

1

2


+

1

2


Simplifying the above equation, we obtain:
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x2

y2

 =

2 1

1 2

2x0

y0

+

2 1

1 2

1

2

+

1

2


Continuing with the third iteration upon the above equation and sim-

plifying the results, we obtain:

x3

y3

 =

2 1

1 2

3x0

y0

+

2 1

1 2

21

2

+

2 1

1 2

1

2

+

1

2


In general, we obtain the following formula after performing the nth

iteration:

xn

yn

 =

2 1

1 2

n x0

y0

+

2 1

1 2

n−11

2

+

2 1

1 2

n−21

2

+.......+

2 1

1 2

1

2

+

1

2


Next, we will re-write the above equation in the following more sim-

plified form:

xn

yn

 =

2 1

1 2

n x0

y0

+

2 1

1 2

n−1

+

2 1

1 2

n−2

+ .......+

2 1

1 2

+

1 0

0 1


1

2


The expression inside the parenthesis is a geometric series of the

following form:

[
A
]n−1

+
[
A
]n−2

+ .......+
[
I
]

Let us now consider what happens when we change the initial condition.

In order to simplify the above expression, we need to use the following

mathematical identity:

([
A
]n−1

+
[
A
]n−2

+ .......+
[
I
])([

I
]
−
[
A
])

=
[
I
]
−
[
A
]n

Therefore, the nth iteration of the linear system of equations becomes:
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xn

yn

 =

2 1

1 2

n x0

y0

+

1 0

0 1

−

2 1

1 2

n1 0

0 1

−

2 1

1 2

−11

2


The above equation is an explicit equation for the n-th iterate of

X

Y


Let us now consider what happens when we change the initial conditionX(0)

Y (0)

 slightly. Now consider the new initial condition

x(0) + ε

y(0) + δ


where ε and δ are very small numbers.Let us call the new iterate in this

case

Xm

Ym

 m- new initial value

xm

ym

 =

2 1

1 2

m x0 + ε

y0 + δ

+

1 0

0 1

−

2 1

1 2

m1 0

0 1

−

2 1

1 2

−11

2


subtracting two equation, we get,xm

ym

−

xn

yn

 =

2 1

1 2

m x0 + ε

y0 + δ

−

2 1

1 2

nx0

y0


+〈1 0

0 1

−

2 1

1 2

m1 0

0 1

−

2 1

1 2

−1

−

1 0

0 1

−

2 1

1 2

n1 0

0 1

−

2 1

1 2

−1〉1

2


if this linear equation is chaotic, then we let n = m, we getxn

yn

−

xn

yn

 =

2 1

1 2

nε

δ


we can say that ε and δ are very small numbers. When the value of

n increases the above equation will not get zero. This is because of

the matrix that we got in equation.The expression goes to infinity as

n increases to infinity. May be the values of matrix be equal to one or

more than one the expression goes to infinity. If the eigenvalues of the

matrix are less than one, then the expression goes to zero. If the value

of one or more of the eigenvalues is greater than 1, then the system
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is chaotic. On the other hand, if all the eigenvalues of the coefficient

matrix have values less than 1, then the system is not chaotic.
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Chapter 2

CHAOTIC SYSTEM AND

FRACTALS

2.1 Chaotic System

A key concept of Chaos Theory is that chaos and order are not com-

pletely in opposition. Chaotic systems are a mix of these two i.e. when

observed from the outside they show unpredictable and chaotic be-

haviour but on the inside they are a mixture of perfectly deterministic

set of equations. Due to sudden, unstable and chaotic causes some

systems show order. Therefore, chaotic systems are predictable for a

while and then ’appear’ to become random. The amount of time that

the behaviour of a chaotic system can be effectively predicted depends

on three factors: accuracy in measuring its current state, a time scale

associated with the dynamics of the system, called the Lyapunov time

and the amount of uncertainty in the prediction. Some examples of

Lyapunov times are: weather systems-a few days (unproven); the inner

solar system-4 to 5 million years. In chaotic systems, the uncertainty

in a prediction increases rapidly as the time increases rapidly. Hence,

mathematically, when the prediction time is doubled the uncertainty

in prediction is squared. Therefore, in practice a meaningful predic-

tion cannot be made over an interval of more than two or three times

the Lyapunov time. When meaningful predictions cannot be made, the

system appears random.
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Chaotic systems are deterministic but it’s said to be chaotic when

its evolution depends on the initial conditions. Chaotic systems are

immensely found in nature. Many natural phenomena can be marked

as chaotic. They can be found in the solar system, in heart, in me-

teorology and so on. Even a small change in the initial condition can

lead to a wide difference in the outcome. Hence, chaotic systems are

very much sensitive to the initial condition and this makes them fairly

unpredictable.

Characteristics of a chaotic system:

• No periodic behaviour

• Sensitivity to initial conditions

• Chaotic motion is difficult to forecast

• The motion looks random

• Non-linear

The structure of a chaotic system is its preferred set of behaviours

and that is determined by a key which is called mathematically as at-

tractors. The mathematician Ian Stewart used the following example to

illustrate an attractor. Consider a ping pong ball which is released into

an ocean. When it is released above into the water it will fall and when

it is released from below it will float. No matter where it is released

from, the ball will move to its attractor i.e the ocean surface and is

predictable. Though it is harder to predict the behaviour of a chaotic

system, knowing its attractor minimizes this feature of unpredictability

of a chaotic system. It also allows us to accurately predict how the

system will respond if it is jolted off its attractor.

A strange attractor; http://en.wikipedia.org/wiki/Attractor
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Chaotic systems can be found anywhere around us. Whatever the

origin of the chaotic system maybe, it will have the same characteristics.

2.2 Fractals and its Applications

”Fractal” comes from the Latin word fractus, which means ”to break

into irregular fragments.” The word ”fractal” was first used in 1975

by father of fractals, Benoit B. Mandelbrot, New York. A fractal is

a pattern that repeats the same design and detail over a wide range

of scale. Hence it is elf similar and also chaotic. Even if we repeat-

edly magnify any piece of a fractal, it looks the same. For instance, a

twig and its appendages from the edge of some species of trees form a

pattern that repeats the design of the trunk and main branches of the

tree. Such repetition of detail or recurrence of statistically identical

geometrical patterns as we look at smaller upon smaller parts of the

original object, is the unifying theme of fractals. Driven by repetition,

fractals are images of dynamic systems – the pictures of Chaos. Fractal

patterns don’t have any characteristic size. The definition just given

is general. Experts don’t agree on a more explicit or mathematical

definition. Fractals are all around us. Examples are:

• branching configurations (blood vessels, river networks, trees, ferns)

• rough surfaces in general (landscapes, mountains)

• objects that undergo fragmentation (coal and rock, soil, asteroids

and meteorites)

• earthquake features (frequency distribution of aftershocks)

• flow patterns (jets, clouds, smoke, mists)

• galaxy distributions, size distribution of craters, rings of Saturn,

fluctuations in interplanetary magnetic fields

• lightning

• changes in stock prices

• incomes of rich people.
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Fractals and Chaos

Fractals deal with geometric patterns and quantitative ways of char-

acterizing those patterns. Chaos, in contrast, deals with time evolution

and its underlying or distinguishing characteristics. Even though frac-

tals show chaotic behaviour, one can get a sight of self similarity in

fractals. Fractals are a class of geometric forms; chaos is a class of dy-

namical behaviour. Fractals and chaos are closely connected and they

occur together. For instance, fractals with narrow textures can be seen

when we look closely into the chaotic attractors. Points on such chaotic

attractors when plotted, gives a set of layers which looks the same over

a broad range. In general, the chaotic attractors of invertible maps are

fractals whereas the chaotic attractors of non-invertible maps may or

may not be fractals. Fractals can be used to detect chaos. Examples of

fractals showing chaotic behaviour in nature:

(i) clouds

(ii) earth surface topography
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(iii) asteroid impact craters in the moon

(iv) gullies

2.3 Applications of Fractals

2.3.1 The Sierpiński Triangle

An interesting way in which fractals can be generated is the chaos game.

Consider three points; A,B and C forming an equilateral triangle. Then

a starting point; M, is chosen randomly on or inside the triangle.

A dice is rolled to decide which point to go towards such that what-

ever the point we choose we are going halfway towards that point.

When the outcome is 1or 2, we go halfway towards M. When the out-

come is 3 or 4, we go halfway towards N and when it’s 5 or 6, we go
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halfway towards O. if we get the same outcome then, we go halfway

to the point (based on the number obtained on the dice) from the last

obtained point.

This can be repeated for a long time. We can also run a computer

simulation using the same rules. After a lot of iterations, a fractal

emerges from total chaos. This is a beautiful fractal called Sierpiński

Triangle. Its perimeter tends to infinity since the fractal continues

infinitely and its area tends to zero since the black regions are excluded

from the fractal and hence its dimension lie between 1 and 2. Therefore,

it has a fractal dimension. It can be measured only roughly.

If a one dimensional straight line is scaled by one-half then its mass

is also scaled by one half. (
1

2

)
=

(
1

2

)1
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The power i.e 1 is the dimension of a straight line. Similarly if a

two dimensional square is scaled by one-half then its mass is scaled by

one-fourth. (
1

4

)
=

(
1

2

)2

The power i.e 2 is the dimension of a square. If a three dimensional

cube is scaled by one-half then its mass is scaled by one-eighth.(
1

8

)
=

(
1

2

)3

The power i.e 3 is the dimension of a cube. If a Sierpiskiński trian-

gle is scaled by one-half then we get similar and same pattern, three

of which, when arranged in the right pattern, gives back the original

triangle. Thus, the mass has been scaled by one-thirds. Following the

above line of reasoning, this means that one-half raised to the power of

(say) X , should equal one-third. And X is the fractal dimension of

the Sierpiskiński triangle. Thus,(
1

2

)x

=
1

3

which implies

2x = 3

By taking logarithm on both the sides, to the base 2, we get

x = log23 ≈ 1.585

which is the fractal dimension of a Sierpinski triangle.
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2.3.2 The Koch Snowflake

Helge von Koch, a Swedish mathematician came up with a fractal

whose shape is similar to that of a snowflake. It was called the Koch’s

Snowflake. It can be constructed using an equilateral triangle. The

steps to obtain a Koch snowflake from an equilateral triangle are as

follows:

1. Draw an equilateral triangle.

2. Another equilateral triangle should be drawn on the middle of

each side.

3. Pull out the middle and repeat the process with 1,2,3,4 times 3

which is 12 sides in total.

4. Repeat this process over and over. At the end a fractal which is

similar to that of a snowflake is formed.
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No matter how much one zoom’s in, the same pattern is seen over

and over. Never ending patterns like this drawn on any scale or on any

maximization look roughly the same called fractals. Each time we add

a triangle, one side of the Koch snowflake will turn into four. After the

first repetition, we’ll get

3× 41 = 12sides

After the second repetition, we’ll get

3× 42 = 48sides

When it’s repeated n times, we’ll get

(3× 4n)sides

If we do this an infinite number of times, we’ll get infinitely many

sides. So the perimeter of the Koch snowflake will be infinite. But the

area of the Koch snowflake wouldn’t be infinite. If a circle is drawn

with a finite area around the snowflake, it will completely fit inside the
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circle no matter how many times we increase the number of sides. So

the Koch fractal has an infinite perimeter, but a finite area. The fractal

dimension of the Koch snowflake lies between 1 and 2.

2.3.3 The Barnsley Fern

The Barnsley fern is an example of natural fractals. It was named after

the British mathematician, Michael Barnsley.

Like the Sierpinski triangle, the Barnsley fern also produces a beau-

tiful pattern when a particular mathematical formula is iterated over

and over again. This can also be done graphically using computer.
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Chapter 3

APPLICATIONS OF CHAOS

THEORY

3.1 Chaos Theory in Weather Prediction

Figure 3.1: Chaos and Weather

If we look into our surroundings today, we would understand the

uncertainty that exists everywhere. The weather is one of them. It’s a

chaotic system. People can no more predict it as earlier days. Amidst

all the uncertainties’ let us try to make use of the applications of Chaos

Theory to predict the weather. As we know small errors in the initial

conditions grow rapidly, and affect predictability is called Chaos. Sim-

ilarly, small changes in the initial stages of forecast cause chaos in the

weather predictability. Furthermore, predictability is limited by errors

due to the approximate atmospheric processes of the state-of-the-art

numerical models which is a combination of a large number of math-

ematical equations and depends upon computers to find an accurate

solution to the underlying physical problem. . These numerical model

sources of uncertainties limit the skill of single, deterministic forecasts
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in an unpredictable way, with days of high/ poor quality forecasts which

are also randomly followed by days of high/poor quality forecasts.Some

dynamical system which is ‘Sensitive Dependence on Initial Conditions’

(SDIC) experience a chaotic behavior when most orbits are sensitive to

initial conditions(Lorenz 1993). An orbit is characterized by sensitive

dependence if most other orbits that pass close to it at some point do

not remain close to the same because the time is taken to reach that

particular point advances.

Figure 3.2: Weather Prediction using Chaos Theory

Scientists involved in chaos theory is attempting to examine, de-

scribe, and quantify complex and unpredictable dynamics of chaotic

systems that are sensitive to their initial conditions but follow math-

ematics laws—even when their outward appearance appears random.

For example, Meteorology, the prediction of weather and climate, is a

classic example of such an unpredictable (chaotic) system.

3.1.1 Scientific Foundations of Chaos Theory

Chaotic system was discovered by the Father of Chaos Theory, an Amer-

ican Mathematician and Meteorologist Edward Lorenz(1917-) while he

was performing research at Massachusetts Institute of Technology in

the United States. In the late 1950s and early 1960s, Lorenz was able

to model the weather using twelve differential equations. In order to

save time on one occasion and he started the program in the middle,

rather than at its initial conditions, and stored computer data to three

decimals rather than the usual six. As a result, instead of getting an

expected close approximation to his result, Lorenz got a very different
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answer. Lorenz rationalized that a small change in the initial condi-

tions can drastically change the long-term behavior of a meteorological

system. He called this phenomenon the “butterfly effect.” His 1962

paper “Deterministic Non periodic Flow” is considered the beginning

of chaos theory also explained the same. In its extreme case, Lorenz

contended that it was possible for the flapping of butterfly wings to

cause a massive storm a half-world away. His 1972 paper “Predictabil-

ity: Does the Flap of a Butterfly’s Wings in Brazil Set off a Tornado in

Texas?” also gave him a strong reason to agree to the butterfly effect.

Based on these results, Lorenz stated that it is impossible to predict the

weather accurately. Therefore meteorological processes and forecasting

of weather and climate, along with various other natural systems, like

Lorenz’s Attractors are subject to the second law of thermodynamics,

which states that “Entropy (disorder) of an isolated system not in equi-

librium will increase in Entropy over time.” Ultimately, the ability to

predict meteorological events is tied with chaos theory.

3.1.2 Impacts and Issues

Even though Lorenz had the idea that it was impossible to accurately

predict meteorological events, but luckily when computers were in-

vented and their ability to handle massive amounts of variables changed

that impossibility to possibility. Meteorologists in the twenty-first cen-

tury were made an attempt to predict weather and climate using com-

plicated mathematical equations that model the behavior of Earth’s

atmosphere.

For instance, as we learned that the atmosphere is chaotic, a weather

forecast for a 10-day period has little validity by the tenth day and size-

able errors can be noticed after only a few days. However, advanced

weather systems can be characterized from historical records by know-

ing initial conditions in the atmosphere. To determine these initial

conditions, of course, a large number of initial, but not identical, states

are to be collected.

In the beginning, the flapping of wings in the butterfly effect was actu-
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ally just the rounding of numbers. Lorenz, a meteorology professor at

MIT, had been constantly entering atmospheric readings by hand into

a computer to run some forecasting programs. He was using a printout

of the data on which numbers had been shortened from their original

accuracy values (.506127, and, had been rounded to .506).

When Lorenz ran the program after entering the rounded numbers in

the computer, he could find dramatic differences from the forecast us-

ing the full six-digit data. Therefore he would discover the key concept

behind chaos i.e. Sensitive Dependence on Initial Conditions (SDIC).

As the years rolled down the century, Lorenz worked out vigorously to

get the implications for the weather. In the 1963 paper, he had pub-

lished a research paper but not been able to calculate just how far the

limit to accurate long-range forecasting would be. “Probably it could

take a few days or a few centuries,” he wrote. Lorenz thought a few days

or centuries may not come soon so by 1969 he had pinned down the limit

to something like three weeks. Of course, reaching even that theoreti-

cal limit would require readings from different stations placed much too

close together to be feasible. At last in 1963, American mathematician

Edward Lorenz simplified the problem and proposed the atmospheric

model which can be described as “only” by three differential equations:

dx

dt
(t) = σ(y − x) (3.1)

dy

dt
(t) = x(ρ− z)− y (3.2)

dz

dt
(t) = xy − βz (3.3)

Where numbers (x, y, z) specified a state of the atmosphere, which

motion follows a vector field. Constants: σ, ρ, β are specific for certain

system. Lorenz used (also used for following simulations):

For example,

σ = 10,ρ = 28,β = 8/3

x can represent a temperature, the second y displays the humidity
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and the last z is a pressure.

Figure 3.3: Lorenz Attractor

When we follow a trajectory by solving the differential equation pro-

posed by E. Lorenz we can observe the vast evolution (motion) of the

weather.

However, these equations were many extraordinary useful phenom-

ena called again the butterfly effect. Which states that even a small

change of the initial condition (for example the temperature in one

certain point increased for about 0.001 degrees, etc) will surely have

a tremendous impact on the shape of trajectory that the atmosphere

follows.

We can populate this butterfly effect on different fields like the stock

market, macroeconomy processes, traffic, people life, and many others.

There is always a butterfly effect and the other awesome feature of

these differential equations and solutions we compute. Though the

trajectories are different and unpredictable, possibly they accumulate

on the same butterfly-shaped object, which is created completely and

independently from the initial position. Of- course all trajectories seem

to be attracted to this butterfly shape. Therefore we call this effect the
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Lorenz attractor.

3.2 Chaos Theory in Human Body

Another real-life application of Chaos theory can be applied to hu-

man biological rhythms. Because the Human Body is governed and

controlled by rhythmical movements of many dynamical systems both

knowingly and some unknowingly: like The rhythm of the heartbeat,

the regular cycle of inhaling and exhaling air that makes up breathing,

the cardiac rhythm of waking and sleeping, and the regularities and

irregularities in the brain waves of mental health. Sadly these are not

necessarily regular always. However, even healthy hearts often exhibits

brief chaotic fluctuations and sick hearts can have regular rhythms of

the same. Using Chaos theory we are able to get information about

how to reduce sleep disorders, heart disease, and mental disease.
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Of course in recent years, medical has drawn more attention to chaos

theory in diagnosing cardiac dynamics, psychological disorders and etc.

Chaos theory is much advanced now and allows researchers to predict

and maybe even counteract, certain outcomes. An important example

is the chaotic behavior of Ventricular fibrillation, which gives detailed

information about a severely abnormal heart rhythm that is often life-

threatening.

3.3 Chaotic Cryptography

Chaotic Cryptology is the application of chaotic theory to the practice

of cryptography, the study of the methods used to securely and pri-

vately transmit information in the presence of an adversary or third

party. The use of chaos or randomness in cryptography has long been

sought after by entities seeking to develop new encryption techniques.

Although chaotic cryptography is a promising technique, its shortcom-

ings include inadequate security properties and low performance.

Chaotic cryptology is made up of two opposing processes: chaotic

cryptography and chaotic cryptanalysis. Cryptography refers to en-

crypting information for secure transmission, whereas cryptanalysis

refers to decrypting and deciphering encoded encrypted messages.

This Chapter discusses about chaotic maps , the bifurcation diagram

of the logistic map and then finally on how to generate the key for a

cryptosystem with various values of the control parameter. In order to

use chaos theory efficiently in cryptography, the chaotic maps should

be implemented such that the entropy generated by the map can pro-

duce required Confusion and diffusion. Properties in chaotic systems

and Cryptographic primitives share unique characteristics that allow

for the chaotic systems to be applied to cryptography.

If chaotic parameters, as well as Cryptographic keys, can be mapped
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3.3. CHAOTIC CRYPTOGRAPHY STUDY ON APPLICATIONS OF CHAOS THEORY

Figure 3.4: Logistic Map

symmetrically or mapped to produce acceptable and functional out-

puts, it will make it next to impossible for an adversary to find the

outputs without any knowledge of the initial values.

Chaotic maps are broadly classified as One dimensional map and

multi dimensional map. Logistic map, sine map,tent map are popular

examples of One Dimensional map and for the multi dimensional map

the lenon map and the 2D logistic map are the common example Any of

these map can be used for the key generation of cryptosystem but be-

fore using them it is very crucial to understand the dynamic behaviour

of the map and the control parameter range where they behave chaot-

ically.

Here we are going to visualize the dynamic behaviour of the logistic

map which is expressed as-

Where r is the control parameter ,this visualization is done with the

help of the diagram called Bifurcation diagram where the plot is done

between r and x,ie, as we vary the value of r the different values of x

is being plotted. Here we can also identify the bifurcation points(these

are the points where the chaotic map changes topologically), It is really

interesting to see how the logistic map behaves under different condi-

tions of r.

For r less than 3 ,the logistic map is stable and at r=3 it undergoes

period doubling and oscillates between 2 points. At r = 3.5,the region
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3.3. CHAOTIC CRYPTOGRAPHY STUDY ON APPLICATIONS OF CHAOS THEORY

again is periodic and it bifurcates and oscillates between 4 points and

after a cascade of period doubling at approximately 3.567 we can visu-

alize the onset of chaos. It is also interesting to see periodic changes

and pattern The darker region is a chaotic regime.

Now to experiment with the logistic map, when we select the values

of r for key generation, the different values of x will be generated. It

can be seen that x holds the value 0.5 for all values of r =2, ie at r=2

the logistic map is stable. The second table displays the value of x

for r=3.3, here the x value oscillates between the 2 points which are

approximately0.47 0.82, Now consider r=3.83, the x values are shown

in the third column, it is interesting to find a pattern because of the

presence of the periodic window near 3.83 Now for r=3.93, the values of

x are displayed in the last column, here the nature of x is of no pattern

as seen in the previous columns,no repeated values are observed, ie it

is not periodic and such values are called the chaotic values.

Similarly to generate the key for encryption, we consider the previous

values of r, First considering r=2, as it generated only periodic value,

the key also reflects periodicity and pattern. similarly, for r=3.3 we

observe a pattern in the key, the third key is generated with r=3.83

though it seems to be a good choice we can still observe a pattern

marked in green because r = 3.83 is in the periodic window.
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3.3. CHAOTIC CRYPTOGRAPHY STUDY ON APPLICATIONS OF CHAOS THEORY

The last is r=3.93, the key is perfect without any pattern, this key

is therefore chaotic and nonlinear,So r= 3.93 is a good choice for gen-

erating a key for encryption. Therefore selecting the r-value from the

chaotic regime is very crucial for generating a strong key for encryp-

tion. It is not only fascinating to use a logistic map for encryption but

it is also highly recommended to understand the dynamic behavior of

the chaotic map for selecting the right control parameter.
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Chapter 4

LIMITATIONS OF CHAOS

THEORY

One of the major limitations of chaos theory is its sensitive dependence

on initial conditions in which a small change in one state of a deter-

ministic nonlinear system can result in large differences in a later state.

Many factors influence chaos theory, including actions and reactions,

which makes it nearly impossible to determine the exact source of the

phenomenon. According to Levy, “The size of fluctuations from one pe-

riod to the next in chaotic systems vary in size” Predictability is one of

the big negative aspects of chaos theory. Since other factors beyond our

control can play a role in results, it can be difficult to determine how

they affected the outcome. Chaos theory doesn’t reveal much about

the distribution and impact of external variables on our outcomes. We

are more likely to see a chaotic outcome when there are more factors

at play. Some systems do not seem to benefit from the effects of chaos

theory as a whole. Chaos does not occur in slow systems, such as those

with infrequent events or where there is a significant amount of friction

that dissipates energy and dampens disturbances.

Since Chaos theory is still developing and they are still many things

to be discovered and hence concepts and ideas are redefined or comple-

mented continuously. Many scientists are trying to link chaos theory

with other theories and ideas to create a more general theory.

Although chaos theory can help us make better decisions and de-
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STUDY ON APPLICATIONS OF CHAOS THEORY

sign new strategies for the future, we should not rely on its outcomes,

otherwise, this habit of short-term observe-and-manage will impair an

organization’s long-term success. Chaos theory is not as simple to find

an immediate and direct application in the business environment, but

mapping the business environment using the knowledge of chaos the-

ory is worthwhile. To withstand the ever-growing chaos and detect

subtle changes in it soon, a new statistical hypothesis test needs to be

designed.
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Chapter 5

CONCLUSION

Everything around the world is subjected to chaos theory. We can

find chaos from the currents of the oceans, stock market, cryptography,

weather predictions, Psychology to chaos in the human body.

Chaos theory is a field of study in Mathematics, with applications in

several disciplines including physics, engineering, biology, and philoso-

phy which primarily states that even small differences in initial condi-

tion (such as rounding errors in numerical computation) can result in

huge Variation in the outcome. This makes it unpredictable. Due to

Chaos, it is realized that even simple systems may produce complex re-

sults and behavior. Studying the different applications of chaos theory

made us realize how it allows us to look at the universe from an entirely

different perspective. The different applications and their extensions to

different fields were interesting to dig in deep, yet there is still much

left to be discovered.

Chaos has become a part of modern science. It is considered as one

of the greatest triumphs of the 21 st century.It certainly is one of the

greatest discoveries.
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INTRODCTION
Queuing theory is the mathematical study of formation, congestion

and purpose of waiting lines .It is observed as a branch of Operations

Research because the outcomes are often used for making business de-

cisions about the measures needed to provide a service.

Queuing theory has its origin in 1909 when Professor A K Erlang Danish

Mathematician and engineer published his fundamental paper in tele-

phone traffic. He sought to determine how many circuits were needed

to provide an acceptable level of telephone service for people not to be

” on hold ” for too long.

A queue is formed at a queuing system when either customers (

human beings or physical entities) requiring service wait due to the

number of customers exceeding the number of service facilities or ser-

vice facilities do not work efficiently and take more time that prescribed

to serve a customer.

Queuing theory can be applied to a variety of situations where it is not

possible to predict accurately the arrival rate ( or time ) of customers

and service rate ( or time ) of service facility or facilities. In particu-

lar,it can be used to determine the level of service ( either the service

vii



rate or the number of service facilities ) that balances the following two

conflicting costs.

(i) cost of offering the service

(ii) cost incurred due to delay in offering service
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Chapter 1

BASICS OF QUEUING

THEORY

1.1 Basic Definitions

1.1.1 Queue

A line or sequence of people or items awaiting their turn to be attended

or for a service is called a queue.

1.1.2 Customer

A list of items or people that waits for a service is called customer.

1.1.3 Queue Length

Number of customers waiting in a system for service.

1.1.4 Server

Server provides service in the system.

1.2 The Basic Components of a Queue

1.2.1 Arrival process

Arrival defines the way customers enter the system , mostly the cus-

tomers arrive randomly in between two adjacent arrivals.

1



1.2. THE BASIC COMPONENTS OF A QUEUE Queuing Theory

1.2.2 Service and Departure process

It defines how long service will take, how many no. of servers are acces-

sible, whether it is in series or parallel. Departure process is a Poisson

process with rate that is statistically identical to the arrival process.

1.2.3 The number of servers

The number of servers available to serve the customers in the system.

It may be single server or multi-server

1.2.4 The queuing discipline

It represents the order in which the customers are selected from the

queue for service.

1.2.5 The queue capacity

The number of customers/items the queue can hold

1.2.6 The size of the client population

Also known as population size.The size of calling population can be fi-

nite or infinite.In case of large population, it is assumed as infinite
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1.3. TYPES OF QUEUES Queuing Theory

1.3 Types of Queues

1.3.1 Single server Single-phase

A waiting line in which single line of customers go through a single

waiting line or phase and they are served by a single server. Queues in

ATM is an example.

1.3.2 Single server Multi-phase

The system in Which there are multiple number of waiting lines or

phase but only one server to serve. Queues in buffet restaurants is an

example.

1.3.3 Multi server Single-phase

In this system there will be only one waiting line or phase and they are

served by more than one servers. Queues in bank are commonly seen

example.

Multi server Multi-phase

Here we have two or more servers for serving multiple number of wait-

ing lines. Supermarket queues are examples.
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1.4. QUEUING SYSTEM Queuing Theory

1.4 Queuing system

1.4.1 Queuing structure

It is the crucial element of queuing system, as it shows the queue dis-

cipline, which means the order in which the customers are picked from

the queue for service.
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1.4. QUEUING SYSTEM Queuing Theory

1.4.2 Queuing system

Queuing systems are simplified mathematical models to explain conges-

tion.

1.4.3 Components of Queuing systems

• Input source - The input source generates customers for the service

mechanism.The most important characteristic of the input source

is its size. It may be either finite or infinite.

• Queue - Queue represents a certain no. of customers waiting for a

service.

• Arrival process - Arrival defines the way customers enter the system

, mostly the arrivals are random intervals between two adjacent

arrivals.

• Queue configuration - It refers to the queue in the system , their

relationship to the servers. A queue may be a single queue or a

multiple queue.

• Queue discipline - It indicate the order in which members of the

queue are selected.

There are mainly three ways for queue discipline

(i) FIFO(First In First Out)

The first customer is served first or first item added will be the

first one to be removed.

eg: Ticket supply in theaters

(ii)LIFO(Last In First Out)

The last customer is first or last item added will be the first one to

be removed.

eg: A stack of plates that arrange in a pile

(iii)SIRO(Serve In Random Order)

In this system server selects one of the customers and service is

provided randomly.
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1.5. BASIC TERMINOLOGIES Queuing Theory

eg: Entering business

• Service process - It defines how long service will take, how many no.

of servers available, whether the servers are in series or parallel.

• Service mechanism - Service represents some activity that takes

time and that the customers are waiting for. it may be a real

service carried on persons or machines.Typically a service takes

random time.

1.5 Basic Terminologies

• Arrival rate (λ): Number of arrivals per unit time.

• Service rate (µ) : Rate at which customers are served in the system.
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1.5. BASIC TERMINOLOGIES Queuing Theory

• Utilisation factor (ϕ) : Average time the customers spends in the

queue.

ϕ = λ
µ

• Ls = average no. of customers in the system

• P0 = ideal probability = 1− ϕ

• Lq = average no. of customers in the queue = ϕLs

• Ws = average time in the system = 1
µ−λ

• Wq = average time in the queue = ϕWs

• Pbusy = standard busy probability = ϕ
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Chapter 2

LAW AND NOTATION

2.1 Kendall’s Notation

David George Kendall (15 January 1918 - 23 October 2007), well known

English Statistician and Mathematician, known for his work on proba-

bility, statistical shape analysis, ley lines and queuing theory.

The standard system that describes and classifies a queuing node.

D.G. Kendall proposed this in 1953. A general queuing system is de-

noted by

(P/Q/R) : (X/Y/Z)

8



2.1. KENDALL’S NOTATION Queuing Theory

The parameters of this notation are :

P - Arrival Rate distribution.

Arrival distribution can mainly be of Poisson distribution, Exponential

distribution or Markov distribution.

Q - Service Rate distribution.

R - Number of servers.

X - Service discipline.

Y - Minimum number of customers permitted in the system.

Z - Size of the calling source of the customers.

2.1.1 Poisson Distribution

A discrete random variable X is said to be follow a Poisson distribution

with the parameter λ if it’s p.d.f is given by

f(x) = e−λλx

x!
, when x = 0,1,2......(λ greater than 0)

f(x) = 0 ,elsewhere

x-number of occurrences

x = 0,1,2...

e-Euler’s number(e=2.71828...)

Mean = λ

Variance = λ

Skewness = 1
2√
λ

Kurtosis = λ −1

MGF = exp[λ(et − 1)]

λ = E(X) = V ar(X)
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2.1. KENDALL’S NOTATION Queuing Theory

2.1.2 Exponential Distribution

A continuous random variable X is said to follow exponential distribu-

tion with parameter λ (λ greater than 0) if it’s p.d.f is given by

f(x) = λe−λx , when x greater than or equal to 0

f(x) = 0 ,elsewhere

x - No. of occurrences ,x= 0,1,2,...

e - Euler’s number , e = 2.71828...

Mean =λ−1

Variance = λ−2

Skewness = 2

Kurtosis = 6

MGF =
(
1− t

λ

)

2.1.3 Markovian Distribution

A mathematical model for the time between job arrivals to a system.

Markov process is a stochastic process which is used to analyse decision

problems in which the occurrence of a specific event depends on the oc-

currence of the event immediately prior to the current event.Basically

Markov process help us to identify

(i) A specific state of the system being studied, and

(ii) The state - transition relationship.

The occurrence of an event at a specified point in time (say, period n)

put the system in a given state, say En . If, after the passage of one

time unit, another event occurs (during time period n+1 ), the system

has moved from state En to state En+1.

f(x) = λe−λx, x ≥ 0
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2.2. LITTLE’S LAW Queuing Theory

2.2 Little’s Law

Queuing Theory is a daily life applicable study that helps to work more

easier in the queues. Waiting in line is a common process in daily life.

Some theorems and laws were introduced to ensure the queues more

effective. One of the theorem is Little Law.

John Little introduced Little Law in 1964. Initially, Little had not

published the proof of the theorem. However in 1961, he published the

proof.

Little law is a theorem that determines the average number of items

in a stationary queuing system, based on the average waiting time of

an item within a system and the average number of items arriving at

the system per unit of time.

Little law states that the average number of customers in a queuing

system is equal to their product of average arrival rate and average

amount of time they spent in the system.

In other words, we can say that

Number of items in the queue = Arrival rate x Average time spent in

the queue

L = λW

L - stands for the number of items inside the queuing system. It is
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2.2. LITTLE’S LAW Queuing Theory

also known as WIP which means work in progress.

λ - Arrival rate and departure rate of items in and out of the system.

W - Average amount of time an item spends in the system.
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Chapter 3

QUEUING MODELS

3.1 Model 1 - (M/M/1) : (GD/∞/∞)

The parameters of the model :

• M - Arrival rate follows Poisson distribution.

• M - Service rate follows Poisson distribution.

• 1- Number of servers is one.

• GD - Service discipline is general.

• ∞ - Maximum number of customers permitted in the system is

infinite.

• ∞ - Size of the calling source Infinite.

The steady-state formula to obtain the probability of having n cus-

tomers in the system Pn are

Pn = (1− ϕ)ϕn

Ls =
ϕ

1−ϕ

Lq = Ls −
(

λ
µ

)
= ϕ2

(1−ϕ)

Ws =
Ls

λ
= ϕ

(1−ϕ)µ
= 1

µ−λ

13



3.1. MODEL 1 - (M/M/1) : (GD/∞/∞) Queuing Theory

Wq =
Lq

λ
= ϕ

µ−λ

Using the notation of the general model, we have

λ0 = λ

µ0 = µ

Also λeff = λ and λlost = 0 , because all arriving customers can join

the system.

Letting ρ = λ
µ
, the expression for pn in the generalised model reduces

to

pn = pnp0, n = 0, 1, 2, ...

To determine the value of p0,we use the identity

p0 (1 + ρ+ ρ2 + ...) = 1

The sum of the geometric series is
(

1
1−ρ

)
, provided ρ < 1 . Thus

ρ = 1− ρ, ρ < 1

The general formula for pn is thus given by the following geometric

distribution

pn = (1− ρ) ρn, n = 1, 2, .. (ρ < 1)

The mathematical derivation of pn imposes the condition ρ < 1, or

λ < µ. If λ ≥ µ, the geometric series diverges, and the steady-state

probabilities pn do not exist. This result makes the intuitive sense,

because unless the service rate is larger than the arrival rate, queue

length will continually increase and no steady state can be reached.
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3.1. MODEL 1 - (M/M/1) : (GD/∞/∞) Queuing Theory

The measure of performance Lq can be derived in the following man-

ner :

Ls =
∑∞

n=0 npn =
∑∞

n=0 n (1− ρ) ρn

= (1− ρ) ρ d
dρ

∑∞
n=0 ρ

n

= (1− ρ) ρ d
dρ

(
1

1−ρ

)
= ρ

1−ρ

Because λeff = λ for the present situation, the remaining measures

of performances are computed using the relationships. Thus,

Ws =
Ls

λ
= 1

µ(1−ρ)
= 1

µ−λ

Wq = Ws − 1
µ
= ρ

µ(1−ρ)

Lq = λWq =
ρ2

1−ρ

c = Ls − Lq = ρ

Example : The arrival rate of customers at a banking counter follows

Poisson distribution with a mean of 45 per hour. The service rate of

the counter clerk also follows Poisson distribution with a mean of 60

per hour.

1. What is the probability of having 0 customers in the system?

2. What is the probability of having 5 customers in the system?

3. What is the probability of having 10 customers in the system?

4. Find Ls, Lq,Ws,Wq?

Solution : We have

Arrival rate, λ= 45 per hour

Service rate, µ = 50 per hour

Utilisation factor, ϕ = λ
µ
= 5

60
= 0.75
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3.2. MODEL 2 - (M/M/C) : (GD/∞/∞) Queuing Theory

1. P0 = 1− ϕ = 1− 0.75 = 0.25

2. P5 = (1− ϕ)ϕ5 = (1− 0.75)0.755 = 0.593

3. P10 = (1− ϕ)ϕ10 = (1− 0.75)0.7510 = 0.0141

4. Ls =
ϕ

1−ϕ
= 0.75

1−0.75
= 3 customers

Lq =
ϕ2

(1−ϕ)
= 0.752

1−0.75
= 2.25customers

Ws =
1

µ−λ
= 1

60−45
= 0.067hours

Wq =
ϕ

µ−λ
= 0.75

60−45
= 0.05hours

3.2 Model 2 - (M/M/C) : (GD/∞/∞)

The parameters of this model are given below :

• M - Arrival rate follows Poisson distribution.

• M - Service rate follows Poisson distribution.

• C- Number of servers is C.

• GD - Service discipline is general discipline.

• ∞ - Maximum number of customers permitted in the system is

infinite.

• ∞ - Size of the calling source is infinite.

The steady-state formula to obtain the probability of having n cus-

tomers in the system Pn and the formula forP0, Ls, Lq,Wq,Ws are pre-

sented below:

Pn = ϕnn!P0, where0 ≤ n ≤ C

=ϕn 1
Cn−cC!

P0, n > Cwhere ϕ
C
< 1or λ

µC
< 1

P0 =
∑c−1

c+1
ϕn

n!
+ ϕC

C!

[
1−

(
ϕ
C

)]−1
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P0 = [
c−1∑
n=0

ϕn

n!
+

ϕc

C![1− ϕ
c
]
]−1

The expression forLq can be determined as follows:

Lq =
∞∑
n=c

(n− c)Pn

=
∞∑
k=0

KPk+c

=
∞∑
k=0

K
ϕk+1

ckc!
P0

=
ϕc+1

c!c
P0

∞∑
k=0

K(
ϕ

c
)k−1

=
ϕc+1

c!c
P0

d

d(ϕ
c
)

∞∑
k=0

(
ϕ

c
)k

=
ϕc+1

(c− 1)!(c− ϕ)2
P0

Ls = Lq + ϕ

Wq =
Lq

λ

=
Lq + ϕ

λ

=
Lq

λ
+

ϕ

λ

= Wq +
1

µ

Wq =
Lq

λ

Example: At a central ware-house,vehicles vehicles arrive at the rate

of 18 per hour and the arrival rate follows Poisson distribution.the un-

loading time of the vehicles follows exponential distribution and the

unloading rate is 6 vehicles per hour.There are 4 unloading crews.Find

the following:

a)P0 and P3

b)Lq, Ls,Wq and Ws
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Solution: we have,

Arrival rate, λ = 18 per hour

Unloading rate,µ = 6 per hour

No. of unloading crews,C = 4

ϕ = λ
µ

= 18
6
= 3

a) Therefore P0 is computed as :

P0 = [
c−1∑
n=0

ϕn

n!
+

ϕc

C![1− ϕ
c
]
]−1

= [
3∑

n=0

3n

n!
+

34

4![1− 3
4
]
]−1

= [
30

3!
+

31

1!
+

32

2!
+

33

3!
+

34

4!(1− (3
4
))
]−1

= 0.0377

Now we have to compute P3, we have

Pn = ϕ3

3!
P0, 0 ≤ n ≤ C

Therefore,

P3 =
33

6
∗ 0.0377

=0.1697

b) Lq, LS,Wq and Ws are computed as under:

Lq =
ϕc+1

(c−1)!(c−ϕ)2
P0
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=
35

31 ∗ 1
∗ 0.0377

= 1.53 = 2 vehicles

Ls = Lq + ϕ

= 1.53 + 3

= 4.53 = 5 vehicles

Wq =
Lq

λ

=
1.53

18

= 0.252 hour = 5.1 minutes

Ws = Wq +
1

µ

= 0.085 +
1

6

= 0.252 hours = 15.12 minutes

3.3 Model 3 - (M/M/1) : (GD/N/∞)

The parameters of this model are given below:

• M - Arrival rate follows Poisson’s distribution.

• M - Service rate follows Poisson’s distribution.

• 1 - Number of servers is one.

• GD - Service discipline is general discipline.

• N - Maximum number of customers permitted in the system is N.

• ∞ Size of calling source is infinite.

This model differ from (M/M/1):(GD/∞/∞) in that there is a limit N

on the number in the system (maximum queue length=N-1) .Examples

include manufacturing situations in which a machine may have a limited

buffer space and a one-lane drive-in window in a fast-food restaurant

.New arrivals are not allowed when the number of customers in the
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3.3. MODEL 3 - (M/M/1) : (GD/N/∞) Queuing Theory

system reaches N .Thus,

λn =

λ, n = 0, 1, ..., N − 1

0, n = N,N + 1

µn = µ, n = 0, 1, ...

the value of P0 is determined from the equation

∑∞
n=0 Pn = 1, which yields

P0(1 + p+ p2 + ...+ pN) = 1

or

p0 =


1−ϕ

1−ϕN+1 , ϕ ̸= 1

1−ϕ
1−ϕN+1 , ϕ = 1

The steady-state formula to obtain the probability of having n cus-

tomers in the systemPn and the formula for P0,Ls,Lq,Ws and Wq are

represented below.

PN =
1− ϕ

1− ϕN+1
ϕN , ϕ ̸= 1andN = 0, 1, 2, ...n

=
1

N + 1
, ϕ = 1
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The expected number of customers in the system is computed as

Ls =
N∑

n=1

nPn

=
1− ϕ

1− ϕN+1

N∑
n=0

nϕn

= (
1− ϕ

1− ϕN+1
)ϕ

d

dϕ

N∑
n=0

ϕn

= (
1− ϕ

1− ϕN+1
ϕ)

d

dϕ
(
1− ϕN+1

1− ϕ
)

=
ϕ[1− (N + 1)ϕN +NϕN+1]

(1− ϕ)(1− ϕN+1)
, ϕ ̸= 1

=
N

2
, ϕ ̸= 1

λeff = λ(1− PN)

Lq = Ls −
λeff

µ

= Ls −
λ(1− PN)

µ

Wq =
Lq

λeff

=
Lq

λ(1− PN)

Ws = Ws +
1

µ

=
Lq

λeff

=
Lq

λ(1− PN)

Example: Cars arrive at a drive-in restaurant with a mean arrival rate of

24 cars per hour and the service rate of the cars is 20 cars per hour.The

arrival rate and the service rate follows Poisson distribution.The num-

ber of parking spaces for cars is only 4.Find the standard results of this

system.

Solution:

Here ,Arrival rate, λ = 24 cars per hour

Service rate, µ = 20 cars per hour

N =4

Department of Mathematics, St. Teresa’s College (Autonomous), Ernakulam21 Page21



3.3. MODEL 3 - (M/M/1) : (GD/N/∞) Queuing Theory

ϕ = λ
µ

=24
20
= 1.2

Therefore we get,

Ls =
ϕ[1−(N+1)ϕN+NϕN+1]

(1−ϕ)(1−ϕN+N )
=

1.2[1−(4+1)1.24+4∗1.25]
(1−1.2)(1−1.25)

= 2.3 cars

and

PN = 1−ϕ
1−ϕN+1ϕ

N

=
(

1−1.2
1−1.25

)
∗ 1.24 = 0.2787cars

the other results are:

λeff =λ(1− PN)

=24(1-0.2787)

=17.3112 per hour

Lq = Ls − eff

µ

=2.36-
(
17.3112

20

)
=1.494 cars

Wq =
Lq

λeff

= 1.494
17.3112

=0.0863 hours

=5.2 min

Ws =
Ls

λeff

=
2.36

17.3112

= 0.1363hours

= 8.2min
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Chapter 4

APPLICATIONS

4.1 Daily Life Applications

SITUATION CUSTOMERS SERVICE

Clinic Patients Doctors

Job interviews Applicants Experts

Railway station Travelers Ticket window

Bank counter Account holders Counter clerk

Airport runways Planes Runway

Telephone booth Customers Telephone

Ration shop Ration card holders Shop clerk

ATM counters Customers ATM machine

Toll plaza Vehicles Toll collectors

Emigration department Travelers Emigration officers

Traffic system Vehicles Signal point

Supermarkets Customers Workers

Computer center Programs Computer

Library Students Counter clerk

Maintenance shop Breakdown machines Machines

Photostat shop Papers Photostat machine

23



4.1. DAILY LIFE APPLICATIONS Queuing Theory

• Queuing theory has a important role in casualties of hospital

• It is useful in evaluating the impact of breakdown down of disasters

• It is really helpful in making business decisions

• If we consider the rain in monsoon season in India then the waiting

days for getting the rain is a queue, here days are the customers

and the sky is the server.

• As Covid-19 cases increasing day by day, vaccination centres need

to provide more number of servers to avoid congestion of people.
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CONCLUSION
Queues are very common in our society. Every person has to stand

in a queue atleast once. Queuing theory helps in enhancing business

strategies. From this project, we can conclude that, when the Average

Service Rate µ is greater than Average Arrival rate λ, the customers

are served at a faster rate than they arrive and the service will be fast.

This theory gives a basic information for successfully designing queuing

systems that acheives a healthy balance between arrival rate and service

rate.
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ABSTRACT 

The project deals with the synthesis of Zinc Ferrite nanoparticles at 

different calcinations temperatures and characterization to obtain the 

optimized sample. This sample is made to form nanocomposite with 

Silver and Silver Chloride. The synthesis of Zinc Ferrite is done by co 

precipitation method using chloride precursors and NaOH as precipitating 

agent. The nanocomposite is made in the same procedure by adding 

Silver precursors at different stages of synthesis. Thus different samples 

are obtained the photo catalytic ability and antibacterial ability of the 

samples is evaluated. The nanocomposite of Zinc ferrites shows a 

maximum degradation of 98% efficiency which makes them very useful 

as a photo catalyst. The sample can be retrieved by applying external 

magnetic field due to the super paramagnetic nature. 

The antibacterial properties show that the Zinc Ferrite and silver chloride 

nanocomposite have higher antibacterial properties. Thus the composite 

sample has a great potential to be used for targeted drug delivery and 

antibacterial applications. 

The study focuses on the effect of calcination temperature on different 

samples and the variations in properties due to their different and 

composition. 
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CHAPTER 1 

INTRODUCTION 

1.1 Ferrite Nanoparticles 

Ferrite is a type of ceramic compound composed of iron oxide (Fe2O3) 

combined chemically with one or more additional metallic elements. 

Ferrites are hard, brittle, iron-containing and polycrystalline—i.e., made up 

of a large number of small crystals. They are composed of iron oxide and 

one or more other metals in chemical combination. Ferrites can have 

several different types of crystalline structures, including spinel, garnet, 

perovskite, and hexagonal. They are ferrimagnetic, meaning they can be 

magnetized or attracted to a magnet, and are electrically nonconductive. In 

ferrites the magnetic moments of constituent atoms align themselves in two 

or three different directions. Ferrites are exceptional magnetic materials 

that exhibit a strong magnetic property, relatively low conductivity, low 

eddy current and dielectric losses, and high permeability. Ferrite 

nanoparticles (FNPs) belong to a broad group of magnetic nanoparticles 

(MNPs). Ferrite's electrical and magnetic features are influenced by various 

factors, including the method of preparation, elemental composition, 

sintering temperature, cation distribution, particle size, etc. 

Because of their large surface to volume ratio, ferrite nanoparticles exhibit 

fascinating and significantly different magnetic properties than those of 

bulk materials. Ferrite nanoparticles have wide applications in several areas 

such as biomedical, wastewater treatment, catalyst and electronic device.  
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In terms of biomedical applications, they are used for diagnosis (magnetic 

resonance imaging, biosensors), cancer treatment, drug delivery systems, 

and magnetic hyperthermia. 

 

1.2 Relevance of Zinc Ferrites 

Zinc ferrites are a series of synthetic inorganic compounds of zinc and 

iron (ferrite) with the general formula of ZnxFe3−xO4. Reducing the 

particle size of zinc ferrites, from micron to nanometer size, results in a 

significant change of their properties. Although bulk zinc ferrite is an 

antiferromagnetic material; when reduced to nanosize, they exhibit super 

paramagnetic behavior. Zinc ferrite nanoparticles have unique properties 

such as chemical and thermal stability due to smaller particle size and 

higher surface area. It exhibits unique structural, opto-electrical, magnetic 

and photo catalytic activities, and has high electromagnetic performance, 

mechanical hardness and moderate saturation magnetization. 

1.3 Structure of Zinc Ferrites 

Zinc ferrites are normal spinel 

structures which are cubic 

close-packed oxides with 

eight tetrahedral and four 

octahedral sites per formula 

unit. Zinc ferrite (ZnFe2O4) 

possesses an AB2O4 structure 

with tetrahedral A site 

occupied by Zn2+ ions and 

octahedral B site with Fe3+ ions in a face-centered cubic unit cell. 
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1.4 Synthesis Techniques 

Many methods can be employed for the synthesis of zinc ferrite 

nanoparticles. The most common among those are sol-gel synthesis and co-

precipitation, which are both bottom-up synthesis processes. 

Sol-gel synthesis is also known as wet chemical method. The sol-gel 

method is a conventional and industrial method for the synthesis of 

nanoparticles with different chemical composition. The basis of the sol-gel 

method is the production of a homogeneous sol from the precursors and its 

conversion into a gel. In this method, the molecular precursor is dissolved 

in water or alcohol and converted to gel by heating and stirring by 

hydrolysis. The solvent in the gel is then removed from the gel structure 

and the remaining gel is dried. The properties of the dried gel depend 

significantly on the drying method. After the drying stage, the produced 

gels are powdered and then calcined. 

Co-precipitation is a phenomenon where a solute that would normally 

remain dissolved in a solution precipitates out on a carrier that forces it to 

bind together, rather than remaining dispersed. In the process of co-

precipitation, chemical similarities between a carrier and a solute allow the 

two to bind in some way. The binding pulls the solute out of the solution as 

the carrier forms crystals or other structures. These can potentially be 

skimmed out or remove in other ways, leaving a purified solution behind.  

There is also biological synthesis method, which involves the use of 

biological reducing and stabilizing agents such as plant extracts, bacteria, 

fungi, fruit extracts and natural biopolymer which is safer and safer and 

environmental friendly. Sono-chemical method and solution combustion 

method are also some of the synthesis techniques. The solution combustion 

technique is useful in preparation of high-quality ferrite nanoparticles. 
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1.5 Relevance of  calcination temperature in  

co-precipitation  method 

Calcination refers to thermal treatment of a solid chemical compound 

whereby the compound is raised to high temperature without melting under 

restricted supply of ambient oxygen for the purpose of removing impurities 

or volatile substances.  

Calcination temperature is the temperature at which calcination is 

performed. Samples to be studied are calcined at higher temperatures and it 

is seen that as the calcination temperature is increased, the crystalline 

nature of the nanoparticles was improved and had an effect on the size and 

shape of the crystal formed. Calcined materials at higher temperatures, 

exhibited greater activity as a result of larger particle size and high 

crystallinity.  Calcination temperatures allowed obtaining materials with 

good optical, morphological and magnetic properties that enable their 

efficient use in various fields. 

  

https://en.wikipedia.org/wiki/Thermal_treatment
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Volatiles
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1.6 Applications of Zinc Ferrite Nanoparticles 

 

Sl.No. 
Title Application 

1 

Fabrication and 

characterization of self-

assembled zinc ferrite 

nanospheres for biomedical 

applications.(2022) 

Biomedical application 

2 

Zinc ferrite nanoparticles from 

industrial waste for Se (IV) 

elimination from 

wastewater.(2022) 

Waste water treatment 

3 

Biogenic synthesis 

enhanced structural, 

morphological, magnetic 

and optical properties of 

zinc ferrite nanoparticles 

for moderate hyperthermia 

applications.(2021) 

Hyperthermia application 

4 

"Anti‐bacterial and wound 

healing‐promoting effects 

of zinc ferrite 

nanoparticles(2021) 

Antibacterial and wound 

healing effect 

 1.7 Relevance of Zinc Ferrite Nanocomposites 

Zinc ferrite nanoparticles alone have appreciable properties and 

applications in different fields but are limited. Zinc ferrite nanocomposites 

are used in order to enhance the properties, enabling it for more 

applications.  
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Sl.No.  Title  Application  

1  

Eco-friendly synthesis of 

cobalt-zinc ferrites using 

quince extract for adsorption 

and catalytic applications: An 

approach towards 

environmental remediation. 

(2022) 

Adsorptive removal of 

pollutants, catalytic 

decomposition of the 

H2O2 and low-

frequency 

hyperthermia. 

 

2  

Controllable synthesis of zinc 

ferrite nanostructure with 

tunable morphology on 

polyaniline nanocomposite for 

super capacitor application. 

(2022) 

Various applications 

from electronic devices 

to transportation.  

3  

Modulation of magneto 

electric coupling through 

systematically engineered spin 

canting in nickel–zinc ferrite 

(2022).  

Used in modulation of 

the Magneto Electro 

coupling in spinel-

structured oxides.  

4  

Recent advances on synthesis, 

characterization and high 

frequency applications of Ni-

Zn (ferrite nano particles. 

(2021) 

Microwave devices, 

power transformers in 

electronics, rod 

antennas  
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CHAPTER 2 

EXPERIMENTAL METHODS  

In the present study, Zinc Ferrite nanoparticles and composite of silver and 

silver chloride with Zinc Ferrite nanoparticles are synthesized by co-

precipitation method and the temperature dependence on the properties are 

evaluated. The co-precipitation technique is a promising method to 

synthesize easily reproducible and pure nanomaterials at low temperature 

and low cost. 

2.1 Synthesis of Zinc Ferrite Nano Particles 

The Nano particles of Zinc Ferrites are synthesized using chloride 

precursors and sodium hydroxide as precipitating agent at room 

temperature and subsequent precipitate is subjected to calcinations over a 

temperature range of 100 to 800OC.   

2 FeCl3.6H2O + ZnCl2 + 8 NaOH → ZnFe2O4 + 8NaCl +10 H2O 

   (Chloride precursors)   

Ferric Chloride hexahydrate (FeCl3.6H2O), Zinc Chloride (ZnCl2) and 

sodium hydroxide (NaOH) combined in the stoichiometric ratio 2:1:8 to 

form Zinc Ferrite (ZnFe2O4 ), Sodium Chloride (NaCl) and water (H2O). 

Optimized concentration: 

FeCl3.6H2O : ZnCl2 : NaOH = 0.1M : 0.05M : 0.4M 

The required weight of salts are found using the formula, 



Chapter 2                 Experimental Methods 

 

8 
 

𝑊 =
(𝑴𝒐𝒍𝒆𝒄𝒖𝒍𝒂𝒓 𝒎𝒂𝒔𝒔 (𝒖)  ×  𝑽𝒐𝒍𝒖𝒎𝒆 (𝒎𝒍)  ×  𝑴𝒐𝒍𝒂𝒓 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 (𝑴))  

1000(𝑚𝑙)
 

 

The required weights are measured using electronic balance. The Ferric 

chloride, Zinc Chloride, NaOHpowders are stirred in distilled water for half 

hour. The precipitating agent NaOH are added dropwise into this mixed 

solution of ferric chloride and zinc chloride subjected to constant magnetic 

stirring at a temperature of 80OC. After 2 hours the precipitation begins. 

The pH of the mixture should be 10-12 range. The solution is kept in a 

hydrothermal unit at a temperature of 100OC for 90 minutes for digestion. 

The obtained precipitate is washed with distilled water and acetone and 

centrifuged at a rate of 6000 rpm, 3-4 times. This sample is kept for drying 

for 2 hours. Then the sample is grinded for 30 minutes in a mortar and 

pestle. The powdered precipitate is subjected to calcinations at a 

temperature range of 100 to 800OC in a muffle furnace for 6 hours for 

obtaining different samples ZF100, ZF200, ZF300......ZF800. The calcined 

and uncalcined samples are characterized using different techniques and 

optimized sample is chosen for composite synthesis. 

2.2 Synthesis of Zinc Ferrite nanocomposites 

Sl.

No. 
Compound 

Molecular 

mass(u) 

Volume 

(ml) 

Molar 

Concentration 

(M) 

Required 

Weight 

(g) 

1 FeCl3.6H2O 270.3 300 0.1 8.109 

2 ZnCl2 136.28 300 0.05 2.044 

3 NaOH 40 600 0.4 9.6 
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The composite with silver and silver chloride are prepared by combining 

the optimized sample of Zinc ferrite nanoparticles with silver nitrate 

(AgNO3) and trisodium citrate (TSC). 

Optimized concentration: AgNO3: TSC = 0.01M: 0.1M  

Sl.

No. 
Compound 

Molecular 

mass(u) 

Volume 

(ml) 

Molar 

Concentration 

(M) 

Required 

Weight 

(g) 

1 FeCl3.6H2O 270.3 200 0.1 5.406 

2 ZnCl2 136.28 200 0.05 1.363 

3 NaOH 40 500 0.4 8 

4 AgNO3 169.87 350 0.01 0.595 

5 TSC 294.1 350 0.1 10.294 

 

The synthesis procedure of Zinc ferrite is done as discussed above and the 

silver nitrate and trisodium citrate mixture is added at different stages of 

precipitation for obtaining different samples. Calcination is done by 

keeping the samples taken in crucibles in muffle furnace for 6 hours. 

a) Slow mixing of silver nitrate and trisodium citrate with the precipitate of 

Zinc Ferrite sample. Calcination at temperature 500oC - 800oC. Samples 

obtained are labeled as CS500, CS600, CS700, and CS800. 

b) Sudden mixing of silver nitrate and trisodium citrate after the precipitate 

is formed. Calcination at 700OC and sample is CS1. 



Chapter 2                 Experimental Methods 

 

10 
 

c) Mixing of silver precursor is done after centrifugation of zinc ferrite 

precipitate. Samples are calcined at temperature of 700OC. Sample is 

named as CS2. 

 

2.3 Characterizations 

The structural, optical, thermal and magnetic characterizations of the zinc 

ferrite nanoparticles and nanocomposite samples are done and the 

properties are compared. 

2.3.1 X-ray Diffraction (XRD) Analysis 

X-ray diffraction techniques are used to study the structure of solids and 

crystalline materials. The crystalline nature, the chemical composition, 

lattice parameters, crystallite size etc., can be obtained from the XRD data. 

This method involves the elastic scattering of an X-ray beam from a sample 

and the intensity of the beam as a function of scattered angle is studied. 

The most common methods in X-ray diffraction are the powder diffraction 

method. In this method the X-ray diffraction on powder or microcrystalline 

samples are used for structural characterization of materials using a powder 

diffract meter.  

The sample contains a large number of crystallites or grains with random 

orientations. When a monochromatic beam falls upon the atoms in the 

Bragg’s plane scattered radiations will emerge from each atom in all 

directions. Strong amplification of emitted signal occurs at very specific 

angles, where the scattered waves interfere constructively. This effect is 

called diffraction. The angle between the incident and scattered beam is 2𝜃. 

Constructive interference takes place when the Bragg’s law is satisfied, i.e. 
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𝟐𝒅𝒔𝒊𝒏𝜽 = 𝒏𝝀                                      (2.1) 

Where n is the integer describing the order of reflection, 𝜆 is the 

wavelength of radiation and d is the interplanar spacing. 

X-ray diffraction pattern 

XRD pattern is a plot of intensity of the radiations over the y axis and 

angle between incident and scattered radiation on the x axis. The peaks 

shown in the plot depicts the structure of the sample. The appearance of 

broad peaks implies the amorphous nature of material and short range 

order, whereas the sharp peaks is due to crystalline nature of the material. 

The lattice parameters, interplanar spacing, crystallite size can be 

calculated by knowing the miller indices corresponding to each peak. The 

structure of the sample is determined from the lattice parameters. 

The crystallite size D can be calculated using Debye-Scherer equation; 

𝑫 =
𝟎.𝟗𝟒 𝝀

𝑩𝒄𝒐𝒔𝜽
.                                           (2.2) 

Where B and θ  represents the full width at half maximum and diffraction 

angle respectively. 

XRD is one of the widely used tools for the structural characterization of 

nanomaterials of any sizes. The observed change in position of diffraction 

peaks of each sample gives the variations of crystalline structure and 

parameters. 
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2.3.2 Fourier Transform Infrared (FTIR) Studies 

FTIR spectroscopy is a disperse method, where measurements are 

performed over a broad spectrum instead of a narrow band of frequencies. 

It is a spectroscopic method used to evaluate the chemical bonds in a 

material by producing infra-red absorption spectrum. The infrared 

radiations interact with the molecules changing the dipole moment causing 

vibrations. The vibrations can induce stretching, contraction, or bending in 

the sample. These results in the absorption of infra-red radiation over a 

specific wave number range and the absorbed radiations are recorded. The 

correlation between bond wave number and position with chemical 

structure is used to identify the functional groups of a material. 

The FTIR system consists of the source that produces the infra-red 

radiations, followed by interferometer, and detector. Spectrometer obtain 

infrared spectrum by collecting the interferogram of a sample signal with 

an interferometer, which measures all the infrared frequencies 

simultaneously transmitted or reflected from sample surface. The beam 

arrives at the detector and is measured by the detector. These detected 

interferogram are decoded by a computer with a mathematical technique in 

terms of Fourier Transform and spectrum is produced.  

FTIR spectrum consists of transmittance or absorbance and wave number 

dependence. Generally a wave number range of 400 – 4000 cm-1 is 

analyzed. The finger print regions in the spectrum are unique for a material 

and can be used to distinguish between compounds. 

FTIR spectroscopy can be used for quantitative and qualitative analyze of 

solid, liquid or gaseous samples, without destroying the sample. This 

method is applicable to organic or inorganic materials.  
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2.3.3 TGA and DSC 

Thermal analysis describes the techniques which are used to analyze the 

changes occurring in a substance when it is heated o cooled. This method 

consists of different methods, which are distinguished from one another by 

the property which are being measured. 

Thermo Gravimetric Analysis (TGA) 

TGA is a technique by which the mass of a given sample is monitored as a 

function of time or temperature as the sample specimen is subjected to a 

controlled temperature. The analysis is performed using TG analyzer. This 

consists of a sample pan where the sample is taken supported by a precision 

balance. This setup measures the weight of the sample throughout the 

experiment. A sample purge gas controls the sample environment. 

The TGA curve is a plot describing time or temperature along the abscissa 

and Weight loss or weight along y axis. The change in sample composition, 

thermal stability, Oxidative properties, and Volatile content of the material 

can be determined from TGA curve.  

Differential Scanning Calorimetry (DSC) 

The difference in heat flow rate between a sample and inert reference as a 

function of time and temperature is measured. DSC gives the information 

of heat flow into and out of the sample. 

The heat flows into the sample as a result of heat capacity (heating), 

melting, evaporation, endothermic process etc. and heat flows out of the 

sample as a result of heat capacity (cooling), crystallization, oxidation and 

exothermic processes. 
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Heat from heater is supplied to the sample and the reference through heat 

sink and heat resistor.  Heat sink has enough heat capacity compared to the 

sample. In case the sample occurs endothermic or exothermic phenomena 

such as transitions and reactions these are compensated by the heat sink, 

keeping the temperature difference between sample and reference constant. 

The DSC curve displays the time or temperature along x axis and heat flow 

rate along y axis. The peaks in the curve represent endothermic and 

exothermic processes. 

DSC curve measures enthalpy change, compensates heat release or 

absorbed during thermal event, oxidation of the sample etc. 

Simultaneous DSC – TGA Curve (SDT) 

SDT measures both heat flow and weight loss of a material as a function of 

temperature or time in a controlled atmosphere. Thus productivity is 

increased and interpretation of the results is simplified. 

This provides information about endothermic and exothermic processes 

which are having no associated weight loss and which involve weight loss 

respectively. 

2.3.4 Vibrating Sample Magnetometer (VSM) Studies 

The magnetic properties of the samples are analyzed by using Vibrating 

Sample Magnetometer which operates on the Faraday’s Law of Induction. 

Faraday’s law states that a change in magnetic field will create an electric 

field, and by measuring the electric field the changing magnetic field can 

be analyzed. VSM studies provide information about the magnetic behavior 

of materials. 
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The sample is subjected to a constant magnetic field, which causes the 

magnetization inside the material to be polarized. So that, the material can 

generates the magnetic field by itself even after the removal of external 

magnetic field. Then the sample is made to vibrate in an alternating 

magnetic field, this variation in the magnetic field will produce an electric 

field. This induces current in the coil which can be measured to determine 

the magnetization of the material. 

VSM studies indicate whether the materials can be magnetized, the nature 

of magnetism exhibited and the extent of magnetization the sample. 

The VSM data can be used to study the hysteresis by drawing the M-H 

curve. The M-H curve represents magnetic field along the x-axis and the 

magnetization along the y axis. The hysteresis of the curve determines the 

type of magnetism exhibited by the sample. 

2.3.5 Ultra Violet and Visible (UV –VIS) Spectroscopic 

Studies. 

UV – VIS spectroscopy is a spectroscopic method which studies the optical 

characteristics of a material. UV-VIS spectroscopy performs optical 

spectroscopy. This method involves the interaction of light with matter in 

the ultraviolet and visible region.  

When a material is irradiated with a beam of radiations, the particles absorb 

energy to excite into higher energy levels which results in the loss of 

energy by a certain amount. The variation of intensity is recorded by the 

detector. The material only absorbs certain wave lengths, the measured 

absorbance or transmittance gives information about the optical 

characteristics. 
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The instrument used is known as spectrophotometer. The source produces 

radiations of wavelength 200-800 nm, which is passed to a monochromater 

which separates all the wavelengths of the beam into single beam.  The 

beam separator separates the beam and guide into two directions. There 

will be two cuvettes made of quartz or glass which consists of sample and 

reference solution. The change in intensity of radiation of the sample is 

compared with the reference. Both of these are connected to a detector. 

This measures the light passing through the sample and compares it to the 

intensity of light before it passes through the sample. The ratio is called the 

transmittance ratio. The spectrophotometer can be configured to measure 

the reflectance also. The transmittance or reflectance with wavelength is 

recorded and spectrum is obtained. 

The spectrum consists of wavelength along x axis and absorbance along y 

axis. The wavelength at maximum absorption bands will give information 

about the structure of molecule or ion, and the extent of absorption is 

proportional with the amount of species absorbing the light. 

The amount of light absorbed and concentration of the sample has a linear 

relation explained by Beer – Lambert’s law. 

A = log10(I0/I) =𝜺.c.L                                      (2.3) 

Where A is the measured absorbance, Io and I are the intensities of incident 

and transmitted beams, L is the path length through the sample and c is the 

concentration. 𝜀 is the molar absorptivity or extinction coefficient.As the 

concentration increased the absorption also increases. 

A tauc plot is drawn with x axis representing h𝜈 and (𝛼ℎ𝜈)2 along y axis, 

where 𝛼is the absorption coefficient. The value of exponent is determined 

by the type of transition. The value 2 implies direct transitions. The plot 

follows a linear regime over a specific range, which marks the onset of 
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absorption. By extrapolating this linear region on the x axis, the band gap 

can be determined. 

2.4 Applications 

2.4.1. Photo catalytic Degradation of Methylene Blue 

The chemical name of methylene blue is Methylthioninium Chloride, 

which is used as a dye and as a medication. It is a cationic dye. This is used 

to stain cells in biological applications, paints, textiles etc. The heavy dose 

of methylene blue is highly toxic. Based on recent studies it has a high 

potential to become carcinogenic. The dye is expected to be significantly 

bio accumulate. 

The degradation of dye is done using photo catalysis. Photo catalysis is a 

chemical process that takes place in the presence of light with the activity 

of a photo catalyst. This method is employed for the complete degradation 

of pollutants or chemicals which are harmful and cause pollution. The 

ability of the sample to degrade the dye in presence of sunlight is studied 

with time. The degradation efficiency is calculated and compared with the 

different samples. 

The dye in the presence of synthesized samples is subjected to sunlight 

exposure for a period of 4 hours. 3 ml of the solution is taken after every 30 

minutes and the variation of absorbance spectrum of the methylene blue 

dye is studied using UV-VIS-NIR Spectrophotometer. The degradation 

efficiency is calculated by knowing the maximum value of absorbance of 

dye kept at dark and that of the sample.  

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%)  =  
𝐶0−𝐶𝑠

𝐶0
𝑥100                        (2.4) 

Where C0 and CS represents the maximum value of absorbance of dye in 

dark and sample in sunlight. 
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2.4.2 Antibacterial Studies 

Antibacterial activity is the potential for inhibiting the growth of bacteria. 

Antibacterial activity is the most important phenomenon which gives 

adequate protection against microorganisms. The antibacterial property of 

the sample is studied by well diffusion method for both gram positive and 

gram negative bacteria.  

 The agar medium is prepared on a sterile glass petri plates and solidified 

then swabbed using sterile cotton with reference bacterial strain. These agar 

plates are punched using sterile tips of sample dispersed in water via 

sonification and poured with a micropipette. These plates are allowed to 

stand for some time and were incubated. The zone of inhibition is 

measured. The measured zone of inhibition determines the antibacterial 

properties of the sample .



Chapter 3                 Results and Discussion 

 

19 
 

 

CHAPTER 3 

RESULTS AND DISCUSSIONS 

3.1 Characterization and Analysis of Zinc Ferrite 

Nanoparticles 

 

3.1.1 X-Ray Diffraction (XRD) Analysis 

The samples of Zinc Ferrite Nanoparticles are characterized using X-ray 

diffraction (XRD) studies.XRD pattern are obtained using AXS D8 

Advance X-ray diffractometer with Cu-K𝛼 radiation (𝜆=1.5406 AO) 

scanning in the range 2𝜃 = 10-80O. The X- ray generator is operated at 

40kV and 35mA. 

The structure and size of Zinc Ferrite nanoparticles are determined from the 

XRD pattern. The crystal structure of Nanoparticles is compared with the 

JCPDS file. For cubic structure, the lattice constants are equal, a=b=c. 

Sample Calcination Temperature  (OC) 

ZF Unc Uncalcined 

ZF100 100 

ZF200 200 

ZF300 300 

ZF400 400 

ZF500 500 

ZF600 600 

ZF700 700 

ZF800 800 
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The XRD pattern for the different samples are obtained as shown in figure 

3.1 The emergence of the peaks can be seen for the samples calcined at 

400Oand above. Thus the crystallization of the Zinc Ferrite nanoparticles 

takes place around 400OC and the most intense peak (311) is obtained for 

the sample calcined at 800OC. Therefore the crystalline growth is favored 

with increase in temperature.  

 

Figure 3.1 XRD patterns of Zinc Ferrite nanoparticles at different calcination 

temperature 

The characteristic peaks are obtained at 2θ values 30.047ᵒ, 35.384ᵒ, 

42.968ᵒ, 53.25ᵒ, 56.6ᵒ and 62.285ᵒ corresponding to the reflection planes 

(220),( 311),(400), (422),(511) and(440) respectively. The most intense 

peak is obtained for the 311 plane (35.384O). These peaks matches with the 

JCPDS(Card No.82-1049), confirming the formation of spinel cubic 

structure with the Fd3m space group, with lattice constant a = 8.441 AO. 

The sharp and well defined peaks indicate the formation of Zinc Ferrite 
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nanoparticles and crystallinity for the samples ZF400-ZF800. The increase 

in intensity can be attributed to the increased crystallite size. 

The crystallite size was calculated using Debye -Scherer equation and are 

tabulated. The crystallite size varies from 15.16 nm to 38.78 nm. The 

crystallite size is found to increase with temperature and maximum value is 

obtained for ZF800. 

The lattice parameter values are consistent with the single-crystalline cubic 

spinel form of Zinc Ferrite Nanoparticles. The absence of any other peaks 

implies the phase purity of the sample. 

Table 3.1 the crystallite size and lattice parameters corresponding to the reflecting 

plane (311) 

Sample 

Diffracting 

Angle 

(2θ°) 

 

β 

(rad) 

Crystallite 

size 

D(nm) 

Interplanar 

spacing 

D (A°) 

Lattice 

constant 

a (A°) 

ZF400 35.333 0.00878 16.58 2.53823 8.418 

ZF500 35.327 0.0096 15.16 2.53865 8.420 

ZF600 35.362 0.00808 18.01 2.53623 8.412 

ZF700 35.338 0.0062 23.49 2.5379 8.417 

ZF800 35.352 0.00375 38.78 2.53694 8.414 

 

 

  

mailto:ZF@400
mailto:ZF@500
mailto:ZF@600
mailto:ZF@700
mailto:ZF@800
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3.1.2 Thermo gravimetric Analysis And Differential 

Scanning Calorimetry (TGA –DSC) Analysis 

The thermal properties of the uncalcined samples are analyzed using TGA-

DSC method. TGA curve 

indicates the beginning of 

weight loss at a temperature 

around 42OC. The weight 

loss is calculated as a 

function of temperature 

over a range of temperature 

0OC to750OC. The 

maximum weight loss is 

about 22%. 

 

The weight loss can be 

seen from temperature 

of 77OC to 130Odue to 

the desorption of water, 

in the sample,  the 

corresponding 

endothermic curve is 

obtained at 82.5OC. 

The weight loss from 

130OC to 300OC is 

arising due to the decomposition of Iron and Zinc hydroxides. From 400OC 

to 700OC no significant weight can be seen, stating the thermal stability of 

the material.  

Figure 3.2 Weight loss curve of uncalcined Sample. 
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3.1.3 Fourier Transform Infrared Spectroscopy (FTIR) 

Analysis 

The FTIR studies are conducted for the samples using Fourier transform 

infrared Spectrometer (thermo Nicolet, Avatar 370) in the range 400 to 

4000 cm-1. The FTIR spectrum reveals the characteristic peaks at 400.5 cm-

1 and 533 cm-1 for the samples from ZF400 to ZF800. These two peaks 

corresponds to the metal oxide vibrations along octahedral (Fe-O) and 

(ZnO) tetrahedral sites respectively. There is a weak band around 1400 cm-

1 for samples ZF100 – ZF300 that corresponds to the bending of the –OH 

bonds. This indicates the presence of feeble water content in these samples. 

Figure 3.4 FTIR spectrum of different Samples 
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Figure 3.5 FTIR Spectrum showing shift in peaks 
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3.1.4 Vibrating sample Magnetometer (VSM) Analysis 

The magnetic properties of the samples are determined by Vibrating 

Sample Magnetometer (Lakeshore VSM 7410) at room temperature with 

an applied. The MH curve, reveals that the samples, ZF400 – ZF800 are 

having super paramagnetic nature. The characteristic S shaped curve for 

super paramagnetism is more pronounced for ZF800. The least squareness 

ratio indicates the formation of single domain particles. Thus the magnetic 

materials can be retrieved by applying magnetic field. field of -15k – 

15kOe. 

Sample Ms 

(emu/g) 
Mr 

(emu/g) 
Squareness ratio(Mr/Ms) 

ZF400 4.612 5.18E-05 1.12E-05 

ZF500 4.091 1.76E-04 4.31E-05 

ZF600 2.923 7.23E-05 2.47E-05 

ZF700 3.3666 1.93E-04 5.72E-05 

ZF800 2.798 5.33E-05 1.90E-05 

 

Figure 3.6 M-H curve for ZF Nanoparticles 
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3.1.5 UV-VIS-NIR Analysis 

The UV-VIS-NIR 

absorption studies are 

conducted using Cary 

5000 UV-VIS-IR 

absorption 

spectrophotometer in 

the spectral range 

220-1980 nm. The 

maximum absorption 

is shown by sample 

ZF400. The range of 

maximum absorption 

is about 300nm for all samples. There is a red shift in absorption edge with 

an increase in calcination temperature which is expected for an increase in 

crystallite size. Zinc ferrite nanoparticles are found to exhibit direct band 

gap. Band gap ranges from 1.67 to 1.78 eV. The least band gap is obtained 

for sample calcined at 500OC 

 

 

 Figure 3.8 Tauc Plot of ZF Namoparticles 

Sample Band Gap 
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Table3.8 Band gap of ZF 

Nanoparticles. 

Figure 3.7Absorption spectrum of Zinc Ferrite 

nanoparticles 
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3.2 Applications Of Zinc Ferrite Nanoparticles 

3.2.1 Photo catalytic Degradation Of Methylene Blue Dye 

The different samples were tested for degradation of methylene blue dye 

(10ppm) in darkness for 15 minutes and 4 hours in sunlight. Dosage of 

samples used as photo catalyst was 1g/L. 

The absorption spectrum of each of the samples is taken for every 30 

minute interval for about 3 hours. 
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Figure 3.10 Absorption of Dye in dark and in sunlight at different time intervals 

Figure 3.9The sample ZF700 at different time of sunlight exposure in the order 

D(7),MB(7),ZF700(7),ZF700(6), ZF700(5), ZF700(4), ZF700(3)……..ZF700(0), D(0)  
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The maximum absorption peak  wavelength of Methylene blue is about 664 

nm. The degradation of dye by different samples for a time period of 4 

hours was studied. The maximum degradation was observed with ZF800 

about 2 hours exposure to sunlight marked as sample set 4 – ZF800(4). 
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Figure 3.11Degradation Efficiency of Zinc Ferrite Nanoparticles 
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During a period of 210 minutes, the absorbance decreases considerably for 

all the samples. The absorbance is minimum for the sample ZF800. This 

ability to degrade the dye makes it useful as a photo catalyst. 

3.2.2 Retrieval of Photo catalyst 

The samples of Zinc Ferrite nanoparticles can be retrieved after photo 

degradation by applying external magnetic field. This is due to the super 

paramagnetic nature of Zinc Ferrite nanoparticles. The samples retrieved 

are again characterized by XRD, no significant change in crystallite size 

and properties are observed. 
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3.2.3 Antibacterial Studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

Antibacterial studies are conducted for zinc ferrite nanoparticles using 

gram positive (Staph.Suereus, Enterococcus, Bacillus) and gram negative 

bacteria (E.coli, Klebscella p, Pseudomonas) using Well diffusion methods. 

Only the sample ZF800 shows antibacterial activity against Enterococcus 

with a zone of inhibition 5 mm. No significant antibacterial activity was 

shown by the other samples. So, the Zinc Ferrite nanoparticles have no 

considerable antibacterial properties. 
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3.3 Characterization and Analysis Of Zinc 

Ferrite/AgCl-Ag Nanocomposites 

 

 

Samples 

Calcination 

temperature (°C) 

Addition of silver 

precursors 

Addition time 

CS 700 700 Drop by drop After 

precipitation 

CS 800 800 Drop by drop After 

precipitation 

CS 1 700 Rapid After 

precipitation 

CS 2 700 Rapid After 

centrifugation 
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3.3.1 X-Ray Diffraction  (XRD) Analysis 

The structure and size of Zinc Ferrite  Composites are determined from the 

XRD spectrum. The XRD pattern for the different samples is obtained as 

shown in figure 3.11. The characteristic peak (311) corresponding to Zinc 

Ferrite nanoparticles is the most intense peak in all samples. This peak has 

a maximum intensity for sample CS800, suggesting more crystalline 

nature.  

20 25 30 35 40 45 50 55 60 65 70 75 80

In
te

n
si

ty
 (

a.
u

.)

2theta (degree)

(2
20

)

(3
11

)

(4
00

)

(4
22

)

(5
11

)

(4
40

)

(1
11

)

(2
00

)

(2
20

)

(3
11

)

ZF700

CS700

CS800

CS 1

CS 2

(1
11

)

(2
00

)

(2
20

)
ZF

AgCl

Ag

 

Figure 3.11 XRD Pattern of ZF/AgCl-Ag 

The samples CS1,CS700, and CS800 have peaks corresponding to the 

reflecting planes (111), (200), and (220). These data indicates that the 

sample CS1, CS700 and CS800 are Zinc Ferrite and Silver Chloride 

nanocomposites. This is verified with the JCPDS File No:01-071-

5209.This represents Fm-3m (225) lattice space group with lattice constant 

5.54630 Å. 
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The Sample CS2 has the peaks corresponding to Silver. This is in 

agreement with JCPDS File No: 00-004-0783. Thus the sample CS2 is Zinc 

ferrite and Silver nanocomposite. The space group is Fm-3m (225) and 

4.08620 AOis the lattice parameter. 

Table 3.4 Crystallite size and Lattice Parameter for nanocomposites 

 

The sample CS2 has got maximum crystallite size and this corresponds to 

Zinc Ferrite and Silver nanocomposite. 

  

Sample 
ZF (311) AgCl (200) Ag(111) 

D(nm) a (AO) D(nm) a (AO) D(nm) a (AO) 

CS700 20.39 8.408 - - -  

CS800 31.95 8.4 51.06 5.534 - - 

CS1 21.95 8.39 50.57 5.53 - - 

CS2 42.23 8.1819 30.87 5.528 - - 

ZF700 23.49 8.417 24.55 5.5107 41.96 4.0813 
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3.3.2 Fourier Transform Infrared Spectroscopy (FTIR) 

Analysis 

The FTIR spectrum reveals the characteristic peaks at 400.5 cm-1 and 533 

cm-1 for the all the composite samples. These two peaks corresponds to the 

metal oxide vibrations along octahedral (Fe-O) and (ZnO) tetrahedral sites 

respectively. In addition to these peaks there are peaks at vibrational 

frequencies 636cm-1,865 cm-1, 1451 cm-1, 2974 cm-1 and 3420 cm-1. 
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 Figure 3.12  FTIR spectrum of ZF/AgCl-Ag Nanocomposite 
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Figure3.13 FTIR spectrum showing wavelength Shift 

Table 3.5 Vibrating frequency of ZF/AgCl-Ag nanocomposite. 

Sl.No 

Wave number 

(cm-1) 
Chemical Bond 

1 400.5 Fe-O vibration at octahedral site. 

2 533 Zn-O Vibration at tetrahedral site 

3 1451 -OH- stretching 

4 636 -C=C- Stretching 

5 865 -CH3- deformations 

6 2974 -CH- Stretching 

7 3420 -OH- Stretching 
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3.3.3 Vibrating Sample Magnetometer (VSM) Studies 

The VSM studies reveal that all the samples are having super paramagnetic 

nature. Compared to the Zinc Ferrite nanoparticles the magnetization is 

less. But compared to the paramagnetic silver these composite samples 

have 10-4 times squareness ratio The absence of hysteresis suggests that 

the material can be easily magnetized. Thus the magnetic materials can be 

retrieved by applying magnetic field.  

Table 3.6 Magnetic parameters of ZF/AgCl Composites 
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Figure 3.14 M-H curve of ZF/AgCl Composites 
 

 

 

 

 
 

 

Sample 
Ms 

(emu/g) 

Mr 

(emu/g) 

Squareness 

ratio 

(Mr/Ms) 

Ag 0.023 4.51E-03 1.96E-01 

CS500 1.992 3.38E-05 1.70E-05 

CS600 1.891 1.50E-05 7.95E-06 

CS700 1.375 1.10E-04 8.02E-05 

CS800 1.518 1.84E-04 1.21E-04 
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3.4 Applications Of Zinc Ferrite Nanocomposites 

(ZnFe2O4/AgCl-Ag) 

3.4.1 Photocatalytic Degradation Of Methylene Blue Dye 

The different samples were tested for degradation of methylene blue dye 

(10ppm) in darkness for 15 minutes and 3 hours in sunlight. Dosage of dye 

was 1g/L. 

The absorption spectrum of each of the samples are taken for every 30 

minute interval 

. 

 Image 3.16 Photo degradation of methylene blue dye by ZF/AgCl-Ag nano composite 

at the seventh exposure(210 min) is compared with pure silver nanoparticles and zinc 

ferrite nanoparticles given in the ordered(7), MB(7), CS2(7), Ag(7), CS1(7), 

CS800(7), CS700(7), ZF700(7),  ZF(800), D(0) 
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Absorption Spectrum of Samples at Different Intervals of Time 

Image 3.17 Photo degradation of 

methylene blue dye by ZF/Ag 

nano composite (Sample CS2) 
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Absorption Spectrum of Different Samples in Same Intervals of Time 

 

Figure 3.17Absorbance of MB dye in the presence of different photo catalyst at   

0 min, 120 min and 210 min sunlight exposure 
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Figure 3.18 Degradation Efficiency of Zinc Ferrite Nanoparticles 

The photo catalytic effects of different samples were compared. Among 

these CS2 and Ag have maximum degradation efficiency (98%). Therefore 

they are the best samples showing photo degradation of methylene blue dye 

in the presence of sunlight. 

Table 3.7 Degradation Efficiency of Composite Nanoparticles 

Sample 
Degradation 

Efficiency (%) 

CS700 75 

CS800 82 

CS1 76 

CS2 98 

Ag 97 
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3.4.2 Antibacterial Studies 

Activity against bacteria was tested for different samples using well 

diffusion  method. Both gram positive and gram negative bacteria are 

selected. 

 

 

 

 

Image 3.18 Well Diffusion Method to study Antibacterial Properties 

Table 3.9 The zone of inhibition against  gram positive and gram negative bacteria 

Samples E.Coli 
Klebscella 

p. 
Pseudomonas Enterococcus Bacillus Staph.Auereus 

CS700 13 7 12 10 12 9 

CS800 14 7 11 10 13 8 

CS1 13 10 12 10 11 9 

CS2 11 7 - 6 6 4 

The composite sample shows antibacterial property. The maximum activity 

is shown by CS800.
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CHAPTER 4 

CONCLUSION 

Zinc ferrite nanoparticles and its nanocomposite forms with silver and  

silver chloride were synthesized at different calcination temperatures using 

co-precipitation method. Structural characterizations confirmed the 

formation of cubic lattice of spinel ferrite with crystallites of zinc ferrites in 

the range of 15-38nm. Optical and magnetic characterization revealed the 

visible light active and super paramagnetic nature of the synthesized 

samples. Samples calcined at higher temperatures exhibited greater activity 

as a result of  improved crystallinity. Photo degradation of  methylene blue 

dye using the synthesized samples was analyzed. Slow degradation kinetics 

was observed for zinc ferrite nanoparticles with degradation efficiency of 

about 80% but only within 240 minutes of  solar irradiation. Antibacterial 

analysis by well diffusion method showed no zone of inhibition for zinc 

ferrite nanoparticles making it inefficient for this application. 

Nanocomposite enhanced the properties making it suitable for applications. 

Rapid degradation kinetics was observed for nanocomposites with a 

degradation efficiency of  98%  within 120 minutes of solar irradiation. 

Because of magnetic properties,  nanocomposites can be simply recovered 

from reaction and reused  almost without loss of catalytic activity.  For 

nanocomposites, Zone of inhibition formation was seen both for gram 

negative and gram positive bacteria making it suitable for antibacterial 

applications. The zinc ferrite nanocomposites raise potential scope as a 

broad spectrum antibacterial agent against the evolution of drug-resistant 

bacteria, which facilitates targeted delivery and retrieval after disinfection 

by making use of magnetic field.



Future Scope 

FUTURE SCOPE 

The photo catalytic activity can be studied for different sample dosages, 

dye concentrations and different exposure intensity. We can also use arc 

lamps instead of direct solar irradiance and study the degradation. 

The antibacterial investigations can be done using different methods like 

micro titer  assay method, or Kirby Bauer disc diffusion method. Optical 

concentration which gives the density of bacterial strains can hence be 

found. 

Applications of zinc ferrite nanocomposites in biomedical fields like 

magnetic hyperthermia, nanomedicine and as MRI contrast agents can be 

studied.  
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