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Abstract Similarity solutions are proposed for the analysis of free convection flow over a
non-isothermal body of arbitrary shape embedded in porous media in the presence of internal
heat generation. The porous medium is saturated with non-Newtonian power law fluid. The
effect of temperature dependent viscosity on heat transfer rates is investigated. The linear-
ized version of the Arrhenius law for temperature dependent viscosity is considered and it is
shown that the heat transferred is more for a less viscous fluid.

Keywords Porous media · Non-isothermal axisymmetric body · Non-Newtonian fluid ·
Temperature · Dependent viscosity
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cpf Specific heat at constant pressure of the fluid
f Dimensionless stream function
g Acceleration due to gravity
km Effective thermal conductivity of porous medium
K ∗(n) Modified permeability
Nux Local Nusselt number
q ′′′ Internal heat generation per unit volume
qw Local surface heat flux
r Function representing wall geometry
Rax Local Rayleigh number
T Temperature
u, v Velocity component in x-direction and y-direction
x, y Boundary layer co-ordinates

S. Bagai (B) · C. Nishad
Department of Mathematics, University of Delhi, New Delhi, India
e-mail: shobhabagai@gmail.com

123



Free convection in a non-Newtonian fluid along a horizontal plate embedded in
porous media with internal heat generation☆

Shobha Bagai ⁎, Chandrashekhar Nishad
University of Delhi, New Delhi, India

a b s t r a c ta r t i c l e i n f o

Available online 16 February 2012

Keywords:
Free convection
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Internal heat generation

Similarity solutions for the problem of free convection flow over a non-isothermal horizontal plate embedded
in porous media are investigated in the presence of internal heat generation. The porous medium is saturated
with non-Newtonian power law fluid. Numerical results are obtained for the effect of power law temperature
profile and fluid index on the heat transfer characteristics.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Nield and Bejan [1], Ingham and Pop [2], Vafai [3] provide an ex-
tensive study on the practical importance and applications of thermal
convection in porous media. Of late a number of problems in free con-
vection in the presence of internal heat generation source have been
investigated [4–9]. The effect of internal heat generation finds its
applications in reactor safety analysis, metal waste form development
for spent nuclear fuel, fire and combustion studies, and storage of
radioactive materials.

Gorla and Kumari [10] give similarity solutions for free convec-
tions in non-Newtonian fluids along horizontal plate in the absence
of internal heat generation whereas Postelnicu and Pop [8] have stud-
ied the problem of free convection over horizontal and vertical sur-
faces with internal heat generation for Newtonian fluids. In this
paper we study the effect of variable temperature profile and fluid
index on the velocity and temperature profile in the presence of inter-
nal heat generation for a horizontal plate embedded in a porous
medium saturated with non-Newtonian fluid. Similarity solutions
are obtained for exponentially decaying heat generation term [8] and
the resulting system of differential equations is solved numerically.

2. Mathematical formulation

Equations governing the problem of free convection boundary
layer from a heated horizontal surface embedded in a saturated
porous medium with non-Newtonian fluid are written as [8]

∂u
∂x þ

∂v
∂y ¼ 0 ð1Þ

∂ un! "

∂y ¼ − gK% nð Þβ
ν%

∂T
∂x ð2Þ

u
∂T
∂x þ v

∂T
∂y ¼ αm

∂2T
∂y2 þ qw

ρcpf
ð3Þ

where the x – coordinate and the y – coordinate are measured along
the plate and normal to the plate. The power law fluid index n for
various fluids is as follows:

(i) nb1 for pseudo plastic fluids or shear-thinning fluids that have
a lower apparent viscosity at higher shear rates.

(ii) n=1 for Newtonian fluids where the shear stress is directly
proportional to the shear rate.

(iii) n>1 for dilatant fluids or shear-thickeningfluids forwhich there
is an increase in the apparent viscosity at higher shear rates.

The modified permeability K⁎(n) is defined as

K% nð Þ¼

6
25

nε
3nþ 1

# $n εd
3 1−εð Þ

# $ nþ1ð Þ

by Christopher and Middleman ½11'

2
ε

dε2

8 1−εð Þ

 ! nþ1ð Þ
6nþ 1ð Þ
10n−3ð Þ

16
75

# $3 10n−3ð Þ
10nþ 11 by Dharmadhikari and Kale ½12'

8
>>>>>><

>>>>>>:

where d is the diameter of the particle and ε is the porosity of the
medium.

The appropriate boundary conditions associated with Eqs. (1)–(3)
are

v ¼ 0; T ¼ T∞ þ Axλ at y ¼ 0 for x≥ 0 ð4Þ

u→0; T→T∞ as y→∞ ð5Þ

where A and λ are positive constants.
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Buoyancy Induced Flow Past a Non-Isothermal
Arbitrary Shaped Axisymmetric Body Immersed in
a Non-Newtonian Porous Medium Saturated by a
Nanofluid
Shobha Bagai1,∗ and Chandrashekhar Nishad2

1Cluster Innovation Centre, University of Delhi, New Delhi, India
2Department of Mathematics, University of Delhi, New Delhi, India

A similarity solution is proposed for free convection boundary layer flow over a non-isothermal axisymmetric
body embedded in a porous medium saturated by a non-Newtonian nanofluid. The model used for a nanofluid
incorporates the pertinent parameters such as buoyancy ratio parameter Nr, Brownian motion parameter Nb,
thermophores is parameter Nt and Lewis number Le. The effect of temperature dependent viscosity on heat
transfer rate is investigated in the study. The linearized version of Arrhenius law for the temperature dependent
viscosity is considered.

KEYWORDS: Nanofluid, Non-Isothermal, Non-Newtonian, Porous Medium.

1. INTRODUCTION
Free convection heat transfer is an important phenomenon
in engineering system due to its wide applications in elec-
tronics cooling, heat exchangers, transport processes in
chemical industry, storage of nuclear waste material, food
processing and discovery of the flow of oil in petroleum
industry. Because of its immense practical applications, a
number of studies have been reported for problems aris-
ing in porous medium. Most of the earlier studies in free
convection associated with porous medium considered the
saturated fluid to be Newtonian. One of the first works
reported was presented by Cheng and Minkowycz.1 They
presented a similarity solution for natural convection along
a vertical plate embedded in a porous medium saturated by
Darcy fluid. Few paid attention to the natural convection
in non-Newtonian fluidthat exhibit non-linear behavior dif-
ferent from Newtonian fluid. Chen and Chen2 were first to
study the natural convection in a porous medium saturated
with non-Newtonian fluid.
In recent years nanofluids have attracted interest from

the researchers due to their enhanced thermal properties
and interdisciplinary nature. Nanofluids, a term coined by
Choi,3 are composed of nanoparticles with size in the
range of 1–100 nm suspended in liquid. Masuda et al.4

∗Author to whom correspondence should be addressed.
Email: shobhabagai@gmail.com
Received: 19 April 2014
Accepted: 8 May 2014

reported the earliest investigation of thermal conductiv-
ity enhancement in liquid dispersions of nanoparticles.
The abnormal enhancement in convective heat transfer due
to nanofluid was explained by Buongiorno.5 A combined
experimental and theoretical study on the effective ther-
mal conductivity and viscosity of nanofluids was explored
by Murshed et al.6 Cheng7 studied the natural convec-
tion boundary layer flow over a truncated cone embed-
ded in a porous medium saturated by a nanofluid with
constant wall temperature and nanoparticle volume frac-
tion. Nield and Kuznetsov8 gave an analytical study of
the onset of convection in a horizontal layer of a porous
medium saturated by a nanofluid. Their model incorpo-
rated the effect of Brownian motion and thermophoresis.
They also studied the Cheng-Minkowycz problem9 of nat-
ural convection past a vertical plate in a porous medium
saturated with nanofluid. Hady, Ibrahim, Abdel-Gaied and
Eid10 gave similarity solutions for the non-Newtonian flow
over an isothermal vertical plate in porous medium sat-
urated with nanofluid. They also explored the effect of
yield stress on free convective boundary layer flow of a
non-Newtonian nanofluid past a vertical plate embedded
in a porous medium.11 The problem of natural convec-
tive boundary layer flow over a horizontal plate embedded
in porous medium saturated with a nanofluid was inves-
tigated by Gorla and Chamkha.12 Recently Khan et al.13

investigated numerically free convection along a verti-
cal plate immersed in a porous medium saturated with
non-Newtonian nanofluid. The problem of steady, laminar,

J. Nanofluids 2014, Vol. 3, No. 3 2169-432X/2014/3/001/009 doi:10.1166/jon.2014.1106 1
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SIMILARITY SOLUTION TO STUDY THE EFFECT OF VARIABLE 
VISCOSITY ON NON-NEWTONIAN BUOYANCY INDUCED FLOW 

OVER AN AXISYMMETRIC BODY IMMERSED IN A POROUS 
MEDIUM SATURATED BY A NANOFLUID 

 
SHOBHA BAGAI 
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Abstract— The study presents the effect of temperature dependent viscosity on natural convection heat transfer of nanofluids 
over an axisymmetric body embedded in a saturated non-Darcy porous medium. Similarity variables are introduced to reduce 
the governing partial differential equations to a system of highly coupled nonlinear ordinary differential equations. The model 
incorporates the non-dimensional parameters: buoyancy ratio Nr, Brownian motion parameter Nb, thermophoresis parameter 
Nt and Lewis number Le. The local wall heat flux distribution is discussed for three geometries, namely vertical flat plate, 
horizontal cylinder and sphere for pseudo plastic fluids, Newtonian fluid and dilatant fluids  
 
Keywords— Nanofluid, Non-Newtonian, Porous medium, Variable viscosity  
 
 
I. INTRODUCTION 
 
Nanofluid refers to a liquid containing suspended 
nanoparticles. The coining of the term ‘nanofluid’ for 
such fluids is credited to Choi [1]. Nanofluids property 
of enhanced thermal conductivity is being currently 
explored to enhance heat transfer. Masuda, Ebata, 
Teramae and Hishinuma [2] reported the earliest 
investigation of thermal conductivity enhancement in 
liquid dispersions of nanoparticles. Buongiorno [3] 
gave a detailed explanation of the abnormal 
convective heat transfer enhancement observed in 
nanaofluids. The study of convective heat transfer 
over bodies embedded in porous media has gained 
attention in the last few years. Nield and Kuznetsov 
[4] gave an analytical study of the onset of convection 
in a horizontal layer of a porous medium saturated by a 
nanofluid. Their model incorporated the effect of 
Brownian motion and thermophoresis. They also 
studied the Cheng-Minkowycz problem [5] of natural 
convection past a vertical plate in a porous medium 
saturated with nanofluid. Darcy model was employed 
for the porous medium. Hady, Ibrahim, Abdel-Gaied 
and Eid [6] gave similarity solutions for the 
non-Newtonian flow over an isothermal vertical plate 
in porous medium saturated with nanofluid. The 
problem of natural convective boundary layer flow 
over a horizontal plate embedded in porous medium 
saturated with a nanofluid was investigated by Gorla 
and Chamkha [7]. More recently they also studied the 
problem of natural convective boundary layer flow 
over a non-isothermal vertical plate embedded in a 
porous medium saturated with a nanofluid [8]. The 
problem with prescribed heat flux was investigated by 
Noghrehabadi, Behseresht and Ghalambaz [9]. The 
problem of steady, laminar, mixed convection flow of  

 
a non-Newtonian fluid past a vertical flat plate 
embedded in a porous medium saturated with a 
nanofluid was considered by Rashad, Chamkha and 
Abdou [10]. Bhaduria, Agarwal and Kumar[11] 
investigated the problem of linear and non-linear 
thermal instability in a horizontal porous medium 
saturated by nanofluid. The Darcy-Forchheimer 
model was used by Udin and Harmand[12] to 
investigate the unsteady natural convection heat 
transfer of nanofluid along a vertical plate embedded 
in a porous medium. Apart from the vertical and 
horizontal geometry, Hady, Ibrahim, Abdel-Gaied and 
Eid presented the problem of boundary layer flow in a 
porous medium of a nanofluid past a vertical cone 
[13]. In all the work cited above it is assumed that the 
viscosity of the fluid is constant. But, the viscosity of 
most of the fluids generally decreases with an increase 
in the temperature.  To incorporate this effect it is 
assumed the viscosity decreases exponentially with the 
temperature. Moreover, this study also aims to explore 
the effect of viscosity on non-Newtonian buoyancy 
induced flow past an arbitrary shaped axisymmetric 
body immersed in a nanofluid saturated porous 
medium. The effect of viscosity on heat flux for 
vertical flat plate, horizontal cylinder and sphere is 
discussed. 
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Abstract— Mathematics education is an area of concern in India as many students do not find mathematics interesting 
whereas many develop a psychological phobia towards the subject. Many students drop mathematics after grade X as 
mathematics is optional after grade X. Adults who had left mathematics after grade X continue to live with the same phobia 
for mathematics. The paper presents the highlights of a unique efforts introduced by students of Master of Mathematics 
Education program at Cluster Innovation Centre, University of Delhi. Students of semester I. They introduced an on-line 
community radio series, titled, “Popularizing mathematics among masses” through the most humble medium of 
communication, namely, community radio. It was an outreach program to make mathematics more eloquent and interesting for 
common people through the Community Radio Station. The paper also reflects on the need of more such programs in a diverse 
and developing country like India where multiple uses of resources through multi-media technology is the need of the hour. 
 
Keywords— Community radio, Masses, Meta University 
 
 
I. INTRODUCTION 
 
Mathematics education is an area of concern in India 
as many students do not find mathematics interesting 
whereas many develop a psychological phobia for the 
subject. Many students drop mathematics after grade 
X as mathematics is optional after grade X. Adults 
who had left mathematics after grade X continue to 
live with the same phobia for mathematics. 
Mathematics is still considered to be a subject of 
prestige rather than a subject of necessity. Only few 
enjoy the status of being “good” in mathematics, other 
just struggle to pass the subject for the mandatory 
years. All major educational policies, position papers 
and reform documents (NCF, 2005; NKC, 2009) have 
again and again recommended considering 
mathematics a subject of national interest and a 
vehicle of national development (NPE, 1986). There 
are considerable concerns at the highest level in the 
educational setup to raise the standards of 
mathematics education and education in general. 
There are strong recommendations to change the way 
mathematics is being taught in the schools. (NCF, 
2005; NKC, 2009; NCFTE,2010). Mathematics is 
essentially a subject of everyday needs. It is amongst 
the best tools to develop skills of logic, problem 
solving and analysis.  It is therefore emphasized to 
teach mathematics to all students at least till grade X 
(NPE, 1986; NCF, 2000; NCF, 2005). It placed a great 
responsibility on mathematics teachers to present and 
teach the subject in such a way that students start 
connecting their everyday experiences 
mathematically. It requires a paradigm shift in the 
way mathematics is being taught in school. School 
mathematics as envisioned by NCF (2005) demands 
meaningful mathematics for all students with a scope  

 
of challenging mathematics for those who have a 
higher appetite for the subject. 
 
II. CHANGING PARADIGMS 
 
Reacting to the concerns in mathematics education 
and exploring the possibilities in higher education, 
two premium Indian universities came together to 
conceptualize the idea of a Meta-University and 
brought it to reality. In the year 2012, University of 
Delhi and Jamila Millia Islamia joined hands to merge 
institutional boundaries to expand the scope of higher 
education in the country. Though the concept of Meta 
University is not new to the world, in India it is the 
first of its kind. Within the scope of the Meta 
University, India introduced the founder course in 
mathematics education. It is a new beginning in the 
area of higher education and in the field of 
mathematics education in India. The Master of 
Mathematics Education Course (MME) is a unique 
course of its kind under the concept of Meta 
University, the idea propagated by National 
Knowledge Commission to expand the conceptual 
framework of universities beyond institutional 
boundaries. The MME course received its’ vision from 
the academic reforms seeded by National Knowledge 
Commission and also proposed by the University 
Grant Commission’s guidelines on Choice Based 
Credit System (CBCS), and flexibility in Curriculum 
Development. Raising the voice on strengthening the 
quality of education to transform India as a knowledge 
society, the National Knowledge Commission stressed 
investing in school education by preparing teachers 
who can meet this challenge.  
The present course, Master of Mathematics Education 
has tried to embrace possible suggestions given by 
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Effect of Variable Viscosity and Permeability on
Natural Convective Heat Transfer Across a Vertical
Cone Embedded in a Porous Medium Saturated
with Nanofluid
Shobha Bagai1,∗ and Chandrashekhar Nishad2
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This work is focused on the study of natural convection boundary layer flow over a non-isothermal vertical cone
in a porous medium saturated with non-Newtonian nanofluid in the presence of internal heat generation with
constant wall nanoparticle volume fraction. The analysis shows that the temperature and nanoparticle volume
fraction profiles in the respective boundary layers depend upon the parameters such as buoyancy ratio Nr,
Brownian motion Nb, thermophoresis Nt, Lewis number Le, permeability parameter d and viscosity parameter !.
We study the linearized version of the Arrhenius law for temperature dependent viscosity on heat transfer rates
in the presence of internal heat generation. The analysis also incorporates the variation of permeability of the
porous medium. It is found that the heat transfer and nanoparticle volume fraction rate decreases as viscosity
increases and permeability decreases.

KEYWORDS: Internal Heat Generation, Nanofluid, Variable Permeability, Temperature Dependent Viscosity, Vertical Cone.

1. INTRODUCTION
The applications of nanofluids range from areas such
as heat transfer–industrial cooling, nuclear reactors,
extraction of geothermal power; automative applications–
nanofluid coolant, nanofluids in fuel and other vehic-
ular nanofluids; electronics–microreactors, cooling of
microchips; biomedical–nano drug delivery, cancer ther-
apeutics, cryopreservation, nanocryosurgery, sensing and
imaging.1 Nanofluids are produced by suspending solid
phase nanoparticles, metallic or non-metallic particles
with sizes 1–100 nm in a base fluid lije oil or water.
As compared to the base fluids, nanofluids possess
enhanced thermophysical properties like thermal conduc-
tivity and diffusivity, viscosity and convective heat transfer
coefficient.

The coining of the term “nanofluid” is credited to Choi.2

The thermal conductivity enhancement of the nanoflu-
ids was observed by Masuda et al.3 Buongiorno4 gave
a detailed explanation for the abnormal increase of ther-
mal conductivity and viscosity. He also focused on heat
transfer enhancement in convective situation in nanofluids.

∗Author to whom correspondence should be addressed
Email: shobhabagai@gmail.com
Received: 30 August 2014
Accepted: 2 October 2014

There are two approaches that are being followed in
literature–one proposed by Tiwari and Das5 and other by
Buongiorno.4 Buongiorno proposed a model incorporating
the effects of Brownian diffusion and the thermophoresis
which we shall employ in this paper. Abu-Nada et al.6 pre-
sented heat transfer enhancement in a differentially heated
enclosure using variable thermal conductivity and viscos-
ity of nanofluid. Experimental and theoretical study on the
effective thermal conductivity and viscosity of nanoflu-
ids was given by Murshed et al.7 and he also found that
both the thermal conductivity and viscosity of nanofluids
increases with the nanoparticle volume fraction.
The study of nanoparticles has also been extended to

various geometry. Chamkha et al.8 presented the non-
similar solutions for natural convective boundary layer
flow over a sphere embedded in a porous medium saturated
with a nanofluid. Cheng9 worked the natural convection
boundary layer flow over a truncated cone embedded
in a porous medium saturated by nanofluid. Chamkha
and Rashad10 studied steady, laminar and natural convec-
tion boundary layer flow over a permeable vertical cone
embedded in a nanofluid saturated porous medium with
uniform lateral mass flux. Noghrehabadi et al.11 inves-
tigated non-Darcy flow and natural convection over a
vertical cone embedded in a nanofluid porous medium

J. Nanofluids 2015, Vol. 4, No. 1 2169-432X/2015/4/001/009 doi:10.1166/jon.2015.1132 1
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ABSTRACT 

“Jagatpur” is a resettled semi-urban village adjoining “Jharoda” village near Burari 
by- pass in Delhi, India. The village has many problems that need attention. The 
village is isolated from other important places due to lack of any systematic transport 
means. Earlier it had a proper public transport system but due to encroachment of the 
area near the chowk from where the DTC buses take a turn and lack of proper 
planning, the transport has become a very big problem in this village. 
 
The aim of this study is to find a solution to the problem and come up with a proposal 
for an efficient public transport system in the village which is eco-friendly, 
economical and convenient to the villagers. Some important roads and vacant space 
inside and outside of the village were analyzed and measured, so that possible routes 
that could connect the village to the main roads and the nearest Metro Station could 
be suggested. In this study, the authors also propose a sustained route plan of DTC 
bus (with timings) and Gramin sewa for the most preferred route by villagers that was 
obtained by survey. 
 
Keywords: chowk, gali, semi-urban village, steering angle, transport, turning radius 
 

INTRODUCTION 

Jagatpur is a semi-urban village with a population of thousands. Before 1952, 
Jagatpur village was situated at the Yamuna bank and it got submerged due to flood. 
At that time, the representative of the executive council established a multipurpose 
cooperative society that resettled the village to the current place. At the time of 
resettlement, a well-organized plan/map was laid out for the village. The village is 
mapped in such a way that, it has 9 lanes that are connected to a chowk2in the village. 
In this plan the area surrounding near the chowk (16 plots) was divided into 4 equal 
parts in which, place for girls school and 2 seed stores were allocated. The yellow 

                                                        
1 Corresponding Author 
2Chowk: A small intersection of roads 
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ABSTRACT 

Text summarization is a process of capturing the idea and line of thought from an 
original text and inculcating the same into a short coherent text. Automated text 
summarization aims to meet this objective of retaining all the key ideas instilled in the 
text while skipping upon the redundant and repetitive bits of information. The reduced 
text thus compiled must be coherent in itself in order to meet the semantic and 
syntactic organization of the language. This work presents an extraction based 
automatic text summarization algorithm. The methodology proposed involves 
constructing of a directed weighted graph out of the original text wherein each 
sentences is taken to be a node. The weights for each of the edges are determined by 
using a suitable distortion measure which analyses the semantic relation between the 
two adjacent nodes / sentences. A ranking algorithm is used to compute the most 
important sentences in the text and that should be present in the summary based on 
the weighted graph. This technique has been employed on multiple data sets and has 
performed well on the evaluation parameters laid down for such applications. 
 
Keywords: Graph, text-rank, automated summarizer, distortion, extraction 

INTRODUCTION 

Automatic text summarization (ATS) is a process that enables a computer to 
summarize data/ information automatically. With massive growth in information, 
summarization has become more important for enlisting significant parts of a big 
corpus. It provides a non-redundant bits of information from an original article. The 
amount of information available today is tremendous and the problem of finding the 
relevant pieces and making sense of these is becoming more and more essential. 
Nowadays, a great deal of information comes from the Internet in a textual form. Text 
Summarization helps in various kinds of analysis and forms a base for different 
Natural Language Processing Algorithms. ATS has a wide range of applications such 
as summarization of news articles, search engines presenting summarized results, 
language translation, email thread summarization etc. Text Summarization is broadly 
divided into two categories. The first category is text abstraction which involves 
parsing the text on semantic grounds followed by a formal representation. This is 
followed by re-interpretation of the text into a different non-redundant segment which 
in turn is the summarized version of the original text. The second category is text 
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ABSTRACT 

Images tend to degenerate over time and are exposed to noises. These noises don’t only affect the 
visual outlook but also hampers the allied significance to these images. Different techniques are 
being put to use for de-noising such images. Image in-painting is one such phenomenon of de-
noising the images that involves approximating the de-noised form of the image. The current study 
aims at developing an in-painting system for restoration of lost art, reconstruction of destroyed 
images and removal of unnecessary objects. The motivation for the same has been driven from 
Partial differential equation based anisotropic diffusion model or image in-painting .The steady 
state heat equation or the Laplace equation has been used to model and approximate the de-noised 
data for noised region of the image. The Laplace equation has been used clubbed with the Dirichlet 
boundary conditions in order to fill in the degenerated or the noised region. The Dirichlet 
conditions provides a firm starting point for approximating the structural framework of the noised 
region in order to remove the inconsistencies using the colour intensities of the neighboring pixels 
as the boundary conditions. The colour intensities are modeled to be diffusive in nature. The 
experiments conducted using the proposed approach portray significant speedups and presents a 
practicable in-painting strategy. 

Keywords: De-noising, Laplace Equation, Image Restoration, Inpainting, Partial Differential 
Equations. 
 

INTRODUCTION 
 

Partial differential equations are often used to model most of the basic theories underlying physics 
and engineering. We are enabled to simulate various phenomena comprising a whole range of 
domains viz-a-viz electronics, image processing, etc. We will be dealing with the Laplace equations 
in this paper as part of the strategy to achieve image inpainting. Inpainting is the digital art of 
reconstructing old images by filling up the missing portions in a legible and unified manner. The 
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ABSTRACT 

This paper is an effort of expounding the recursive formula for the Josephus problem (which 
is the essence of the popular game “Akkad Bakad Bambai Bo” played in Indian households). 
The academic extension of this game has been to deal with the cases where elimination steps 
vary with each turn. Josephus problem is essentially heralded with objective of finding the 
position of the player who survives the game. Most of the available literature deals with the 
problem of finding the survival’s position when sequential elimination of persons takes place 
in 𝑘 steps for 𝑛 circled people. There is a simple algorithm known to solve this problem; 
however the rigorous procedure can be replaced with a formula. The nature of this formula 
can be either recursive or non-recursive; both of which comprise this paper. We have 
extended the problem to the situation wherein the elimination step 𝑘 varies with iterations. 
 
The non-recursive methods include the binary method & paper [4] contains non-recursive 
formula for constant elimination step 𝑘 = 2 and the recursive formula has been derived using 
dynamic recursive methods. This dynamic recursive formula can be modified to withstand 
different extensions of Josephus problem; making it all-inclusive. This work shows the 
modifications made in the dynamic recursive formula to predict the survival’s positions for 
varying elimination step 𝑘. We have explained the dynamic recursive formula for steps 𝑘 
changing as the count does (1,2,3,4…) and steps changing as multiples of a number (𝑢 ∈ 𝑁,
𝑘 = 𝑢, 2𝑢, 3𝑢,…). A simulation game for various facets of the Josephus problem have also 
been programmed using the software “MATLAB” which provides options to select various 
step sequences and to view the actual elimination process in the output table. 
 

Keywords: Dynamic recursive method, Extended Josephus problem, Josephus Problem, 
Josephus Problem MATLAB Game and Akkad Bakad Bambai Bo, Recursive Formula. 
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ABSTRACT: 

 
The analysis is carried out for free convection boundary layer 

over an axisymmetric body embedded in a porous media filled 
with non-Newtonian fluid incorporating the variation in 
permeability. An exponentially decaying model is assumed for 
permeability whereas the well-known power law model is 
assumed for the non-Newtonian fluid. It is further assumed that 
the internal heat generation decays exponentially. Similarity 
solutions are obtained, for variable wall temperature and the 
similarity equations obtained are solved numerically. 
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ABSTRACT 
 

The paper explores the effects of mechanical vibrations of multi-storey buildings. The 
vibrations are induced by earthquake. The aim of the paper is to apply the theoretical 
knowledge of differential equations to study the effect of earthquake on multi-storeyed 
buildings. The main aim of this paper is to study and deduce the stability of buildings with 
different dimensions and shapes during an earthquake. The study involves a system of 
differential equations that are solved by applying the method of eigenvalues and eigenvectors. 
The effect of Coulomb damping is also incorporated in the equations.  
 
Keywords: System of differential equations; Mathematical modeling; Earthquake; Multi-
storeyed building; Coulomb damping 

 
INTRODUCTION 

 
As seismic waves move through the ground, the ground also moves at its natural frequency. 
During an earthquake if the frequency with which the building sways, matches with building’s 
natural frequency, i.e. when the frequency contents of the ground motion are centered around 
the building's natural frequency, we say that the building and the ground motion are in 
resonance with one another. Resonance tends to increase or amplify the building's response. 
Because of this, buildings suffer the greatest damage from ground motion at a frequency close 
or equal to their own natural frequency.Although the phenomenon of resonance can be 
extremely damaging, its effects can be reduced. In designing seismically safe buildings, an 
architect or engineer must be concerned with “tuning” a building so that the tendency for its 
own vibration to be amplified by resonance is reduced or eliminated. There come hundreds of 
small earthquakes around the world every day. Some of them are so minor that we, humans 
cannot even feel them, but seismographs and other sensitive machines can record them. 
However, some of them result in great devastation, taking the life of thousands of people, and 
destroying the properties of billions. Today, it has become imperative that structures should be 
designed to resist earthquake forces, in order to reduce the loss of life. The science of 
Earthquake Engineering and Structural Design has improved tremendously. Architects around 
the world are trying their best to design safe structures that can withstand earthquakes of 
reasonable magnitude.  
A common misconception is that a taller building will face more damage than a shorter building. 
The Mexico City earthquake of September 19, 1985 provides a striking illustration to contradict 
this. A majority of the buildings that collapsed during this earthquake were around twenty 
storey tall. These twenty storey buildings were in resonance with the frequency contents of the 
1985 earthquake. Other buildings, of different heights (some greater than twenty storeys) and 
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