
INTRODUCTION

improving the measurement accuracy of target location 

either static or dynamic has been a most discussed topic 

among scientists as well as some technology-oriented 

organization. This helps largely in military prospects 

where the opponent’s incoming target is estimated within 

milliseconds. Apart from this, it helps in emergency 

evacuation situations, navigation purposes, tracking a 

person, various search operations, etc. The aviation sector 

location technology.

For measurement of target location, there exists several 

passive target localization techniques likes Time on arrival 

(TOA), Angle of Arrival (AOA), Time Difference of Arrival 

(TDOA), Received Signal Strength (RSS), etc. and also some 

hybrid techniques which are a combination of two different 

localization algorithm mentioned above (Deligiannis et al.,

2010). AOA measures the angle of the source with respect 

to sensors. The power present in a received signal varies 

from a shorter distance to longer. RSS technique computes 

the position parameters by this energy level of the received 

signal. In TOA techniques the travel time of signal converted 

in distance to get positional parameters. Each method has 

its own advantages and disadvantages according to the 

application.

For an exact positional value, the TOA method 

requires strict clock synchronization between source and 

receiver station (Shin and Sung 2002). To avoid such a 

synchronization problem and to improve the accuracy of 

a target, TDOA techniques used. It is a cross-correlation 

technique and also known as hyperbolic position location 

techniques.
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Abstract—

Time difference of arrival (TDOA), a widely used passive target tracking technique, is used to derive the position of the 

target. By applying cross-correlation techniques on signals received by two different receivers one hyperbolic equation can 
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a unique relation between target position measurement errors with the average range difference error is established. With 
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By considering four high prioritized receivers minimum target position measurement error could be achieved. An attempt 

was focused to draw the error boundary, error factor of target position measurement with the range of the target. And it is 

clear that the error factor is varying linearly with the range of the target. 
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A fundamental approach presented by Krizman 

et al. (1997) with respect to TDOA considering basic radio 

e 

location from noisy instances through range differences 

have proposed by Friedlander (1987). A weighted matrix 

was derived for the least square estimator and a simulation 

formed to analyze the results. The observation was only 

valid if the range difference measurement is unbiased.

An approach presented by Kossonou et al. (2014) is 

a non-iterative method and has less complex computing 

based on Chan’s method for TDOA. Position estimation is 

TDOA are computed then applied with position algorithm 

in the second step. The positioning algorithm should be 

obtained in a perfect channel.

Asynchronous time difference of arrival positioning 

system is proposed by He et al. (2017) where the position 

was calculated without time synchronization with all the 

receiver anchor and target nodes.

A positional algorithm is developed for a two-

dimensional context, considering there are one transmitter 

and multiple receivers (Chan and Ho 1994). A set of 

equations formed from TDOA measurements is solved by 

the least square method. Here only TDOA estimation error 

was considered. 

Due to the non-linearity of the hyperbolic equation, 

the TDOA measurement is uncertain. A comparing study 

between Monte Carlo based method and the gradient search 

algorithm was presented using a non-linear least square 

framework (Gustafsson 2003).

model was formed from the hyperbolic equation and the 

simulation result shows the accuracy level of the experiment.

For greater accuracy, we extend this approach for our 

experiment to calculate TDOA and also analysis the error. In 

section 2 we described our approach. Simulation results and 

we concluded the paper with our end result.

TDOA ALGORITHM FOR POSITION 
MEASUREMENT

In this section, we solved the localization problem using 

time difference of arrival (TDOA) methods. There are four 

receivers present which give us a hyperbolic equation. 

By solving these hyperbolic equations lead us to get the 

positional value. But it is very complex to solve those 

task. This is due to the nonlinearity of the hyperbolic 

equation.

Fig. 1: A Sample Hyperbolic Position Location Solution 
(Three Receivers)

calculated by the difference in time of arrival of the signal. 

The time of arrival (TOA) of two geo-spatial receivers 

was taken into consideration. The range can be calculated 

from the product of TDOA and the propagation speed. The 

propagation speed is equivalent to the speed of the light. This 

range difference yields to the hyperbolic equation between 

two receiver stations. In range difference measurement if the 

unknown quantity to be determined is equal to the number 

of the equation then there exists a unique solution. If there 

exist multiple intersections between two hyperbolae, then 

ambiguity exists in estimated position value. 

Basically solving these hyperbolic equations is a 

challenge. The Taylor series expansion is used to linearize 

the equation. It is an iterative method. It can give an exact 

solution unless the initial guess is not correct. A method 

proposed by Frag (1990) gave a correct derivation to the 

linearization problem where the number of an unknown 

variable is equal to the number of the hyperbolic equation. 

But this method suffers because of inborn squaring 

operation. In terms of complexity computation, it is less 

intensive than the Taylor series expansion. Chan and Ho 

(1994) proposed execution method by solving repetitive 

estimation. This method is superior than the Taylor series 

and the Fang’s method.

If (x, y, z) is source transmitter location and (xi, yii i, zii i) is 

the location of the ith receiver, is a range of source transmitter 

from the ith receiver given by

(1)
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Then the range differences of four different 

combinations of the source to the receiver  are calculated 

and the equation for the same represented below

(2)

 (3)

 (4)

 (5)

Now The time difference of arrival between receiver i 
and receiver j can be expressed as

 (6)

Where i is greater than j and c is the velocity of light. 

Let xi(t) and xj(t) be signals received at ith and jth receiver 

respectively. One way to calculate the time difference tij of 

the signal received at ith and jth receiver is given by means of 

the standard cross-correlation function.

Using nonlinear regression, this equation can be 

converted to the form a hyperbola. Once enough hyperbolas 

have been calculated, the position of the transmitter can be 

Let, (x0, y0, z0) is the source location. Then range from 

ith receiver to source is ri.

 (7)

We would require four equations to obtain a solution 

here, which can be obtained by expressions of ri, rj, rk, rl 

 (8)

 (9)

 (10)

 (11)

Where,

(12)

 
(13)

 

(14)

 (15)

The four equations given above can be solved and 

rearranged to obtain two plane equations as follows

 (16)

 (17)

Where,

 (18)

 (19)

 

(20)

 (21)

 (22)

(23)

Solving Equations (16) and (17), gives a linear equation 

for x
0
 in terms of z

0
.

Ax
0
 + Bz

0
 + C = Dx

0
 + Ez

0
 + F (24)

x
0
 = Gz

0
 + H (25)

Where,

 (26)

 (27)

representation Equation (16) gives a linear equation for y
0

in terms of z
0
.

y
0
 = Iz

0
 + J  (28)

Where,

 (29)

 (30)

Equations (25) and (28), if substituted back into 

Equation (13) give
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(31)

And,

(32)

(33)

(34)

(35)

Final solution is as follows

(36)

y
0

= Iz
0
 + J (37)

x
0

= Gz
0
 + H (38)

Finally after solving, the position of the target is 

obtained.

RESULT AND ANALYSIS

A python script was written to test on sample data 

because it is a high-level language and analysis of data is 

smoother and easier as compared to other programming 

languages. Source position is considered as x, y, z. The 

ranges differences Rij, Rik, ikik Rkj and kj Rkl were calculated from the kl

derived method above. This time difference of arrival means 

range difference is taken as input and by solving those 

hyperbolic equation mentioned above we found the source 

position as . This method applied to the projectile path of 

1800 samples. The maximum range of 100km and height 

varies from zero to 35km approximately. In this simulation 

total, seven different locations are considered for receiver 

deployment. The proposed algorithm for estimating 

position using the TDOA method takes input of four different 

receivers so simulation was run on a total of 35 different 

combinations. All combinations of receiver measurements 

in different planes were analyzed. The behavior of all kinds 

of measurement was analyzed throughout the total path 

followed by the target. For showing the results of simulation 

we have considered only the best case and worst case.

and Height,

Fig. 2: Range vs Height (Best Case)

Fig. 3: Range vs Height (Worst Case)

Fig. 2 and Fig. 3 are showing the results of best and 

worst-case respectively in range vs height plane. In this 

case, it is clear that best-case results are overlapping but 

the differences of measurement are clearly visible in worst-

case.

Fig. 4: Range vs Position Errors (Best Case)
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Fig. 5: Range vs Position Errors (Worst Case)

Fig. 4 and Fig. 5 are showing component-wise errors. 

An error was calculated by subtracting the actual and 

measured position in all three dimensions. Best case errors 

are in the order of 1 meter at 100km range. The worst-

case maximum error reached up to 3.5km. All component 

errors are increasing as the range of the target increases. 

A similar pattern of component error was observed in all 

cases. Another important observation is that all the cases 

the major contribution of error comes in the z-axis. As all 

the receivers are along the same x-y plane so this hyperbolic 

equation solution produces more error in the z-axis.

Range difference error is calculated in the following 

manner. 

 Calculated from the time difference of arrival and 

is calculated from the measured target position.

Fig. 6: Range vs Range Difference Errors (Best Case)

Fig. 7: Range vs Range Difference Errors (Worst Case)
Fig. 6 and Fig. 7 are showing the range difference error 

for all four combinations. Best case errors are in the order 
of .2 meter at 100km range. The worst-case maximum error 
reached up to 600meter. All combination errors are increasing 
as the range of the target increases. But at the end portion of 

target, height is decreasing at the end portion. So the relation 
of range difference error depends upon range and height 
both.  A similar pattern of error was observed in all cases. 

Fig. 8: Range vs Avg. Range Difference Errors and 
Position Error (Best Case)

Fig. 9: Range vs Avg. Range Difference Errors and 
Position Error (Worst Case)
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Fig. 8 and Fig. 9 are showing the position error and 

average range difference error. An error was calculated by 

subtracting the actual and measured position. Best case 

errors are in the order of 1 meter at 100km range. The 

worst-case maximum error reached up to 3.5km. Position 

error and average range difference error both are increasing 

as the range of the target increases. A similar pattern of 

error was observed in all cases.

To estimate the position measurement error average 

range difference error can be considered. In all cases, the 

relation between position errors varies with average range 

difference error linearly. And the same kind of results was 

observed in all cases from best case to worst case.

Fig. 10: Range vs Error Factor (Position Error/ Avg. 
Range Difference Errors) (Best Case)

Fig. 11: Range vs Error Factor (Position Error/ Avg 
Range Difference Errors) (Worst Case)

An error factor is calculated just dividing position error 

by average range difference error.

Fig. 10 and Fig. 11 show the relation between error 

factors with range. The error factor is increasing as the 

range of target increases. A major observation is that error 

factor and range of target relationship is similar in all of the 

cases. In this best and worst case, it is clearly visible. 

CONCLUSIONS AND FUTURE WORK

of arrival considers four numbers of the receiver at a time 
to solve the hyperbolic equations. In our experiments, we 
considered four receivers at a time out of seven receivers, 
so we have a total of 35 numbers of combinations for the 

it is clear that by calculating the average range difference 
error, we can prioritize the set of four-receiver location 
for minimum possible target position measurement error. 
The results were also able to establish the target position 
measurement error boundary. Error factor is calculated and 
the relation between target range and error factor is found 
linear irrespective of any combination of receivers. So our 

of the receiver along with the target position measurement 

out more factors that can directly help in reducing the error 
boundary and prioritizing receivers. The probable target 
location zone could be formed using an error boundary. 
From this zone, one can simply assume the location of an 
incoming target. We are developing an automation tool, 
which will provide the position and measurement accuracy 
level of an incoming target with the help of the above result. 
It would be helpful for the aviation sector. 
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INTRODUCTION

symmetric metric connection on a differentiable manifold. 

Hayden (1932) initiated the notion of a metric connection 

with torsion. Semi-symmetric metric connections were 

also investigated by Prvanovic (1975), Amur and Pujar 

(1978), Binh (1990), De and Biswas (1997) and many other 

geometers.

A semi-symmetric connection in a Riemmanian manifold 

 whose torsion tensor T

 (1.1)

where  is a 1-form and  is a (1, 1) tensor 

  where  is the set 

Mn. In addition, if  = 0, 

then  is known as a semi-symmetric metric connection.

by Kenmotsu (1972). A Kenmotsu manifold is not Sasakian. 

Weakly symmetric and weakly Ricci symmetric manifolds 

symmetric manifolds. Shaikh and Hui (2009) initiated the 

notion of weakly concircular symmetric manifolds. 

Mn(n > 2) is called a 

weakly symmetric manifold (Tamassy and Binh 1992) if 

1-forms B
1
, B

2
, B

3
, B

4
 not simultaneously zero such that the 

curvature tensor R

(1.2)

for all and is the operator of covariant 

differentiation with respect to the Riemannian metric g.

A Riemannian manifold Mn(n > 2) is known as a weakly 

Ricci symmetric manifold (Tamassy and Binh 1992) if 

1-forms A
1
, A

2
, A

3
, not simultaneously zero such that the 

Ricci tensor S

 (1.3)

for all X
1
, X

2
, X

3 
X

 
(Mn).

A Riemannian manifold Mn(n > 2) is said to be a weakly 

concircular symmetric manifold (Shaikh and Hui 2009) if 

1-forms B
1
, B

2
, B

3
, B

4
, B

5
such that

(1.4)
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where B
1
, B

2
, B

3
, B

4
, B

5
 are not simultaneously zero and the 

concircular curvature tensor C is given by

(1.5)

is not identically zero, r being the scalar curvature of the 

manifold.

A Riemannian manifold Mn(n > 2) is called a weakly 

concircular Ricci symmetric manifold (De and Ghosh 2005) 

if 1-forms A
1
, A

2
, A

3
, not simultaneously zero such that the 

concircular Ricci tensor P given by 

   (1.6)

 

  (1.7)

for all X
1
, X

2
, X

3 
.

The m-projective curvature tensor is given by 
Pokhariyal and Mishra (1971) as

(1.8)

where S(X
1
, X

2
) = g(QX

1
, X

2
) is the Ricci tensor of type (0, 2) 

and Q is the Ricci operator.

Since the properties of the Riemannian curvature tensor 

are also the properties of the m-projective curvature tensor, 

m-projectively symmetric manifold 

as a non m Mn(n > 2) where

 (1.9)

where M(X
2
, X

3 ,
X

4
, X

5
) = g(M(X

2
, X

3
)X

4
, X

5
) is the associative 

m X
1
, X

2
, X

3
, 

X
4
, X

5 
X

 
(Mn).

In 2015, Prakasha and Vikas studied weakly symmetric 

properties of Kenmotsu manifolds admitting a quarter-

symmetric metric connection. This motivated us to study 

the properties of these manifolds with respect to a semi-

symmetric metric connection.

This paper is divided into sections as follows: Section 2 

is on a brief study of Kenmotsu manifolds. In section 3, we 

have some basic results on Kenmotsu manifolds admitting 

a semi-symmetric metric connection. Sections 4 and 5 

are devoted to the study of weakly symmetric and weakly 

Ricci symmetric Kenmotsu manifolds admitting a semi-

symmetric metric connection. In section 6, some results on 

weakly concircular and weakly concircular Ricci symmetric 

Kenmotsu manifolds with respect to a semi-symmetric 

metric connection are obtained. In section 7, we study some 

properties of a weakly m-projectively symmetric Kenmotsu 

manifold admitting a semi-symmetric metric connection. 

Finally, we construct an example of a weakly symmetric 

Kenmotsu manifolds with respect to a semi-symmetric 

metric connection which is also weakly Ricci symmetric.

PRELIMINARIES

An n(= 2m + 1)– dimensional differentiable manifold Mn(n > 2) 

is called an almost contact manifold (Blair 1976) if  an 

almost contact structure  satisfying or equivalently,

 (2.1)

 (2.2)

or equivalently,

 (2.3)

is a 

1-form and  g is the Riemmanian metric. In addition, if

 (2.4)

 (2.5)

 (2.6)

where, X
1
, X

2
, X

3 
X

 
(Mn) then Mn is called a Kenmotsu 

manifold. Here,  is the operator of covariant differentiation 

with respect to the metric g.

In a Kenmotsu manifold, we have the following relations 

(Kenmotsu 1972):
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 (2.7)

 (2.8)

 (2.9)

 (2.10)

 (2.11)

where X
1
, X

2 
X

 
(Mn) and R and S are the Riemmanian 

curvature tensor and the Ricci tensor of Mn respectively.

IN A KENMOTSU MANIFOLD

A semi-symmetric metric connection in a Kenmotsu 

manifold is given by Yano (1970) as

 (3.1)

A relation between the Riemmanian curvature tensor 

R with respect to the Levi-Civita connection  and the 

curvature tensor  with respect to the semi-symmetric metric 

connection   is obtained as (Prakasha et al. 2013)

(3.2)

On contracting equation (3.2), we obtain

(3.3)

where  and S are the Ricci tensors with respect to the 

semi-symmetric metric connection  and the Levi-Civita 

connection  respectively. Again by contraction, (3.3) 

reduces to 

 (3.4)

where  and r are the scalar curvatures with respect to 

and  respectively.

By making use of equations (2.2), (2.7), (2.8), (2.9), 

(2.10) and (2.11), we obtain

 (3.5)

 (3.6)

 (3.7)

 (3.8)

 (3.9)

WEAKLY SYMMETRIC KENMOTSU 

SYMMETRIC METRIC CONNECTION

D Mn(n > 2) is 

called a weakly symmetric Kenmotsu manifold with respect 

to the semi-symmetric metric connection  if  1-forms 

B
1
, B

2
, B

3
, B

4
, not simultaneously zero and the curvature 

tensor  with respect to the semi-symmetric metric connection 

(4.1)

X
1
, X

2
, X

3
, X

4 
X

 
(Mn).

Theorem 4.1: In a weakly symmetric Kenmotsu 

manifold with respect to a semi-symmetric metric connection 

, the sum of the 1-forms B
1
+ B

3
 + B

4
 vanishes.

Proof: Suppose equation (4.1) holds. Then, by contracting 

(4.1) with respect to, X
2
 we obtain

 (4.2)

where Replacing  by  in equation 

(4.2), we have

 (4.3)

Applying equations (3.5), (3.7), (3.8) in (4.3), we get

(4.4)

Also,

(4.5)

Using (2.3), (3.1) in (4.5), we get

 (4.6) 

Comparing (4.4) and (4.6), we obtain
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(4.7)

Taking X
1
 = X

3 
=  in (4.7), we have

Since, this implies

 (4.8)

In (4.2), we take X
3
 =  and get,

 (4.9)

Also,

 (4.10)

Using (4.9) in (4.10) we obtain,

(4.11) 

Setting X
4
 = in (4.11), we get

(4.12)

Take X
1
 =  in (4.11), we obtain

 (4.13)

On replacing X
4
 by X

1
 in (4.13) we have

 (4.14)

Adding (4.12) and (4.14) and using equation (4.8), we obtain

 (4.15)

Substituting X
1
 =  in (4.7) we have,

(4.16)

Replacing X
3 

 by  in (4.16), we get

  (4.17)

Adding (4.15) and (4.17) we obtain,

which implies (since n > 3),

 (4.18)

This proves the theorem.

WEAKLY RICCI SYMMETRIC KENMOTSU 

SYMMETRIC METRIC CONNECTION

Mn(n > 2) is 

said to be weakly Ricci symmetric with respect to the semi-

symmetric metric connection  if  1-forms, A
1
, A

2
, A

3
, not 

simultaneously zero and the Ricci tensor  with respect 

to the semi-symmetric metric connection is not identically 

(5.1)

for all .

Theorem 5.1. The necessary condition for a Kenmotsu 

manifold with respect to the semi-symmetric metric 

connection  to be weakly Ricci symmetric with respect to 

is that the sum of the associated 1-forms A
1
, A

2
, A

3
 vanishes 

everywhere.

Proof: On replacing X
3
 by  in (5.1), we obtain

 (5.2)

which implies on using equation (4.7),

(5.3)

In (4.10), taking X
1 

= X
2
 =  we get

 (5.4)

Now, substituting X
2
 =  equation (5.4) becomes

 (5.5)



Some Results on Weakly Symmetric Kenmotsu Manifolds

ïé

Similarly, we can obtain

 (5.6)

and

(5.7)

Taking the sum of (5.5), (5.6) and (5.7), we obtain

 (5.8)

This proves the theorem.

WEAKLY CONCIRCULAR SYMMETRIC AND 
WEAKLY CONCIRCULAR RICCI KENMOTSU 

SYMMETRIC CONNECTION

. A Kenmotsu manifold Mn(n > 2) is called a 

weakly concircular symmetric Kenmotsu manifold with 

respect to the semi-symmetric metric connection  if 

1-forms (not simultaneously zero) B
1
, B

2
, B

3
, B

4
, B

5
 such that

 (6.1)

where

is the concircular curvature tensor which is not identically 
zero.

In a weakly concircular symmetric Kenmotsu manifold 
admitting a semi-symmetric metric connection, B

2
 = B

3
 and B

4
 = B

5
. 

So (6.1) can be written as

 (6.2)

Substituting X
2 

= X
5 

= E
i
 in (6.2) and taking summation 

over i, 1 < i < n, we get

 (6.3)

Taking X
1
 = X

3 
= X

4
 =  equation (6.3) reduces to

 (6.4)

provided 

Substituting X
1
, X

3 
 by  in (6.3) and using (6.4), we have

 (6.5)

Similarly, on substituting X
1
, X

4 
 by  in (6.3) and using (6.4), 

we obtain

 (6.6)

and taking X
3 
= X

4
 =  in (57) and using equations (3.5), (6.4), 

(6.5) and (6.6) we get

 (6.7)

This leads to the following theorem:

Theorem 6.1: In a weakly concircular symmetric 

Kenmotsu manifold admitting a semi-symmetric metric 

connection , the sum of the associated 1-forms B
1
, B

2
, B

4
,

is given by (6.7).

A Kenmotsu manifold Mn(n > 2) is called 

a weakly concircular Ricci symmetric manifold with respect 

to the semi-symmetric metric connection  if  1-forms 

A
1
, A

2
, A

3
, , not simultaneously zero such that the concircular 

Ricci tensor  with respect to  given by 

 (6.8)

for all .

Suppose (6.8) holds. Then, we have

.(6.9)

On replacing X
1
, X

2
, X

3
 by  in (6.9), we obtain
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 (6.10)

provided .

Taking X
1
 = X

2
 =  in (6.9) and using (6.8), we get

 (6.11)

Similarly, replacing X
1
, X

3
 by  and using (6.10), (6.9) becomes

 (6.12)

and replacing X
2
, X

3
 by  in (6.9) and using (6.10), we get

(6.13)

provided .

Adding equations (6.11), (6.12) and (6.13), we have

 (6.14)

provided . This leads to the following 

theorem:

Theorem 6.2: The sum of the associated 1-forms 

A
1
, A

2
, A

3
 in a weakly concircular Ricci symmetric Kenmotsu 

manifold which admits a semi-symmetric metric connection  

 is given by (6.14).

WEAKLY m
KENMOTSU MANIFOLDS ADMITTING A 

 A non m

manifold Mn(n > 2) is said to be weakly m

with respect to the semi-symmetric metric connection 

if the m-projective curvature tensor  with respect to the 

connection  given by

(7.1)

(7.2)

X
1
, X

2
, X

3
, X

4
, X

5
,  and 

A
1
, A

2
, A

3
, A

4
, A

5
 are 1-forms, not simultaneously zero.

In a weakly m-projectively symmetric Kenmotsu 

manifold admitting a semi-symmetric metric connection, 

A
2
 = A

3
, A

4
 =A

5
. So (7.2) can be written as

(7.3)

From equation (7.1), we can obtain

(7.4)

where 

Also,

 (7.5)

 (7.6)

Also, the m-projective curvature tensor  with respect to 

 (7.7)

 (7.8)

NATURE OF THE SCALAR CURVATURE 

METRIC CONNECTION

Let  be the Ricci operator with respect to the semi-

symmetric metric connection 

Differentiating equation (7.7) covariantly along X
1
 and using 

Bianchi identity, we get



Some Results on Weakly Symmetric Kenmotsu Manifolds

ïç

(7.9)

Suppose the Ricci tensor  is of Codazzi type, then 

 (7.10)

Using (7.10) in (7.9), we get

(7.11)

Suppose (7.11) holds. Then, clearly the Ricci tensor  is of 

Codazzi type. This leads to the theorem:

Theorem 7.1: In a weakly m-projectively symmetric 

Kenmotsu manifold, the Ricci tensor  with respect to the 

semi-symmetric metric connection  is of Codazzi type if 

and only if the relation (7.11) holds.

Suppose the Ricci tensor  is of Codazzi type. Then, 

(7.11) holds. Using (7.2) in (7.11), we get

 
(7.12)

where,  

for all .

Putting X
2
 = X

5
 = E

i
 and taking summation over i, 1 < i < n, 

(7.12) reduces to

 (7.13)

Again, substituting X
1
 = X

4
 = E

i
 in (7.12) and summing over 

i, 1 < i < n, we get  which implies that

 (7.14)

Thus, we have the theorem:

Theorem 7.2: If the Ricci tensor  in a weakly 

m-projectively symmetric Kenmotsu manifold admitting a 

semi-symmetric metric connection  is of Codazzi type, then

is an eigen value of  corresponding to the eigen vector  X 

Example: Let  Choose 

linearly independent vectors in M3,

Let g be the Riemannian metric given by

Let (E
1
) = 0, (E

2
) = E

3
, (E

3
) = –E

2
 be the (1, 1) tensor 

 be given by (X
3
) = g(X

3
, E

1
) for 

. Then, by linearity of  and g, 

we have 

 So for 

is an almost contact structure on M3. Let

 be the Levi-Civita connection with respect to g. Then, we 

have

The Riemannian connection  of the metric g is given 

by Koszul’s formula,

which yields
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From the above, it can be easily seen that ( , , , g) 

is a Kenmotsu structure on M3. Hence, (M3, , , ) is a 

3-dimensional Kenmotsu manifold. By using the above 

results we can easily obtain,

manifold implies

Using the components of the curvature tensor in the 

above equation we get

The semi-symmetric metric connection  is given by 

(3.1) which gives

By using (3.2), we have

Using the components of the curvature tensor, we have

Using the above components of the curvature tensor 

with respect to  and (4.18), we get

Also, using the above components of the Ricci tensor 
with respect to the semi-symmetric metric connection and 
(5.8), we get

Thus, this is an example of a 3-dimensional Kenmotsu 
manifold admitting a semi-symmetric metric connection 

which is weakly symmetric and weakly Ricci symmetric.

CONCLUSION

In this study, some geometric properties of weakly 

symmetric, weakly Ricci symmetric, weakly concircular 

symmetric, weakly concircular Ricci symmetric and weakly 

m–projectively symmetric Kenmotsu manifolds with 

respect to a semi-symmetric metric connection have been 

studied. The conditions for a Kenmotsu manifold to be 

weakly symmetric and weakly Ricci symmetric with respect 

to the semi-symmetric metric connection are obtained. 

Also, we derive the relation between the 1-forms in a 

weakly concircular symmetric and weakly concircular Ricci 

symmetric Kenmotsu manifold admitting a semi-symmetric 

for the Ricci tensor in a weakly m-projectively symmetric 

Kenmotsu manifold admitting a semi-symmetric metric 

connection to be Codazzi is obtained and the nature of the 

scalar curvature in this manifold is discussed.
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INTRODUCTION

new electricity, as per Prof Andrew Ng from Stanford 

Authored by 2018 Turing Award winners, Deep Learning 

(LeCun, 2015) is a seminal review of the potential of the AI 

technologies. The impact of AI on science is enormous. of 

to AI in 2019 (Crew, 2019). 
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Abstract—

implemented a working prototype of a Deep Learning module that seem to understand Newton’s third law of motion. The 

networks. In this paper, a Google BERT neural network model was trained using transfer learning technique on a synthetic 
dataset of simple physics problems within the scope of solving Newton’s third law problems that requires understanding of 
concepts such as action and reaction, magnitude and direction forces, simple concepts of vectors in physics problems. The 

of Netwon’s third law assuming certain boundaries on the language model of the word problems. A working prototype of 
this AI can be accessed at the given website. This paper also contributes the source code for reproducible results. This novel 
idea can be extended to more science topics. Applications of this interdisciplinary area of AI and physics have impact not 
just in areas of robotics and computational physics, but also in how science uses AI in the future. In future, more areas of 

. 

Keywords: 

Transfer Learning
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Fig. 1: Novel Method to Model Physics Problems as AI Models
http://doi.org/10.22232/stj.2019.07.01.03
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Machines ability to learn like humans is a key trait inspired 

by how neurons in human brain works (Sarah, 2018). Deep 

than generic tasks. For instance Patel (2019) demonstrates 

Both Mass (2019) and Levine (2019) demonstrates progress 

in understanding natural language. 

Nature physics paper (Buchanan, 2019) highlights the 

power of AI in physics. At the intersection of AI and physics, 

new themes are emerging such as Physics enhanced AI 

(O’Driscoll, 2019). While AI is being applied in science 

in many ways, this paper sets out to get an answer to this 

challenge: Is it possible for an AI to understand the laws 

presented in Figure 2.

Above is screenshot of this paper’s implementation
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METHODS 

How to build an AI that understands and solves problems 

1.2, this paper attempts with a novel approach: By mapping 

the challenge into a Deep Learning method of supervised 

neural networks such as Google BERT (Devlin, 2018), a 

reasonable result is in the realm of feasibility.

 

A random choice of Newton’s 3rd law is used in this 

experiment, though any law could be used. This paper aims 

to solve physics questions, that are simple yet challenging 

the fundamentals of modelling physics concepts using AI. 

For instance, can the proposed AI understand the concept 

of magnitude and direction of a force vector in Newton’s 3rd

the concepts involved in the law, the objects involved in the 
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context, and identify the action and reaction. The dataset 

listed in Figure 3 clearly scopes up the boundaries of the 

challenge taken in this paper. 

Deep Learning based Attention models as a key technique 

to solve the science challenge is being proposed in this 

paper. Attention models (Vaswani, 2017) has demonstrated 

breakthrough results in the recent years such in Google 

translate (Ramati, 2018), Transformer networks (Mohamed, 

2019), and more recently in Google BERT (Devlin, 2018). As 

shown in Figure 3, any science word problem can be handled 

transform a neural network that understand natural english 

language (Jacob, 2018) into one that understands physics 

models. This transformation is realized using transfer 

learning method in this paper, as proposed in Figure 3. 

As proposed, Encoders in top of the BERT network would 

understand physics concepts and hence can model physics 

word problems. Figure 4 discusses the approach to design 

an AI model. 

Fig. 4: Key Ideas in Designing the AI Model to Solve Word Problems in Science 

RESULTS AND DISCUSSION 

Results demonstrated in this paper are 

1. It is feasible for an AI to solve the challenge in Figure 3 within scope listed in section 2.2.

2. Results & screenshots in Figure 5 are reproducible by readers at this URL. 

3. Novel method for AI to learn Newton’s law via BERT attention is established (Figure 3) 
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This paper makes an important and new contribution at 

presented in Figure 2, the core contribution is on how to 

develop a neural network that automatically learns physics 

laws by scanning through solved problems (provided as 

datasets in Figure 3). As demonstrated in Figure 3 and 

deducing simple formulas between action and reaction, can 

understand and verify the correctness of magnitude and 

direction of the force vectors. This AI has been shown to 

be capable of identifying the pairs of objects interacting in 

Newton’s law such as gun & bullet, tennis racket & ball pairs, 

as illustrated in Figure 3 and Figure 7. 

Key result is development of breakthrough AI model 

that understands physics word problems. The results 

demonstrate that it is feasible for AI to understand physics 

laws and solve simple problems framed as simple sentences 

as depicted in Figure 5, within certain boundary conditions 

listed in section 3.4. By just looking at examples of solved 

problems, this AI can automatically learn physics concepts, 

understand the law of science, apply it solve simple 

problems in physics, and even apply the physics laws when 

a new problem set is presented. The novel method depicted 

in Figure 3 was implemented in TensorFlow. A live working 

screenshot of this working prototype is shown in Figure 2. 
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framework using Keras. This source code can be accessed at 

this URL, https://sites.google.com/view/aiforphysics

To enable quick reproducibility of the results demonstrated 

in Figure 4, viewers are encouraged to visit to this 

URL, https://sites.google.com/view/aiforphysics. The 

experiments can be repeated and the results could be 

validated quickly.

Fig. 6: Attention Modelling is at the Core of the Novelty

The core contribution is the novel to develop a neural 

network that automatically learn physics laws. The amazing 

result presented in section 3.2 was realized by the approach 

articulated in section 2.3. Deep Learning Attention models 

(Vaswani, 2017) is the heart of the method that produced 

this breakthrough result. This can be validated by observing 

the BERT visualization in Figure 1 and 6 for word problems 

in physics. One can observe in Figure 6, the head #1 of 11th

encoder connects bullet to gun, while the head #11 of 11th

encoder of BERT pays attention to the magnitude of applied 

force to compute the reaction force. Attention models learns 

with Query, Key mechanism, and this fundamental idea is 

brought out in Figure 1.

The boundary conditions were discussed in section 2.2. 

In addition, like other machine learning solutions, the test 

distribution and training distribution can’t be different. 

programmatically, hence can be improved. Given 

based on BERT with 12 layers achieved a training accuracy 

over 95%. Validation accuracy could vary based on the test 

data’s similarity to the training dataset.

CONCLUSION

The paper demonstrated the feasibility of developing a 

neural network that could understand, solve and validate 

certain type of word problems in physics laws. Attention 

models hold a key to understanding concepts of the physics 

laws, and Query Key mechanisms can attend to relevant 

values to validate the physics statements. While the result 

was demonstrated with one of the Newton’s laws, it could 

be extended to model more topics in science. This paper 

contributed by conceptualizing the challenge, designing 

a novel method to model physics laws with attention 

based neural networks, and demonstrated with a working 

prototype. The novel AI technique implemented in source 

code is contributed online for reproducibility. Readers are 

encouraged to visit the online website, https://sites.google.

com/view/aiforphysics to check out a live demo of AI that 

understands Newton’s 3rd law.  law law
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New Taxon of Fungal Endophytes from Phrynium 
capitatum Willd: A Promising Ethnomedicinal 
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Abstract—The findings of the current study deal with the first time report on the diversity of fungal endophyte from the 

ethnomedicinal plant- Phrynium capitatum Willd., (Marantaceae). The plant is growing wildly in the forest of Papum Pare, 

Arunachal Pradesh, India, and traditionally been used for anti-diabetic, antihyperglycemic or analgesic effects. During the 

investigation, samples of the plant parts, viz., leaves, stem, and roots were collected for isolation of endophytic spp. The 

endophytic spp were identified based on the morphological, cultural, and reproductive structures (hyaline, ellipsoidal, 

aseptate, pycnidia, beta conidia, perithecia, asci, and ascospores). Further, the phylogenetic analysis of the isolated 

species was made, using the sequences of 5.8S and 28S rDNA internal transcribed spacer sequence 1 and 4. The largest 

number of fungal endophytes (39%) were isolated from the leaves, followed by the roots (31%) and stems (30%). Overall 

35 fungal species have been isolated, out of which, thirty-four belongs to the class Ascomycetes, and one from the class 

zygomycetes. The highest species richness and frequency of colonization were recorded in the leaf. The observations show 

that Pestalotiopsis longiseta was the most dominant endophytic species followed by Diplodina microsperma, Nodulisporium 

hinnuleum, Aspergillus flavus , Diaporthe sp., Nigrospora oryzae and Lasiodiplodia viticola. However, Pestalotiopsis neglecta, 

Sordaria fimicola, Diplodina microsperma, Fusarium incarnatum, Preussia sp., Diaporthe sp., Aureobasidium sp.were common 

fungal endophytes isolated from P. capitatum 

Keywords: Biodiversity, Colonization Frequency, Endophyte, Internal Transcribed Spacer, Medicinal Plant,  

Arunanchal Pradesh

Science and Technology Journal,   Vol. 7   Issue: 1   ISSN: 2321-3388 

INTRODUCTION 

De Barry (1866) coined the term ‘endophyte’ to detect fungi 

that live intercellulary and intracellularly in plants tissues 

causing no harm to the plant (Compant et al., 2017; Jeewon 

et al., 2017). Further, based on their interactions with host 

plants, fungal endophytes may be divided into three groups: 

commensalists, parasites, and mutualists (Jia et al., 2016, 

give tolerance to abiotic and biotic stresses on their 

host plants, improve their growth, and restrain diseases 

(Redman 2002, Rodriguez 2008). These Endophytes 

protect their hosts from infectious agents and adverse 

conditions by secreting bioactive secondary metabolites 

(Nath et al., 2012; Nongalleima et al., 2013). Endophytic 

fungi were reported in almost all the plants spp. algae, 

ferns, mosses and mainly in gymnosperms, angiosperms 

reported from various parts of the world (Radic and 

Strukelj 2012; Doilom et al., 2017). Many researchers have 

proven that endophytes are the potential source of novel 

natural products for exploitation in modern medicine, 

agriculture and industry (Kaul et al., 2013). To date, it has 

been found that taxol can be produced by endophytic fungi 

Metarhizium anisopliae and Cladosporium cladosporioides 

(El-Maali et al., 2018). However, fungal endophytes can be 

easily grown in labs under routine culture techniques, and 

hence the potential for discovering a virtually inexhaustible 

supply of metabolites is high. Fungal endophytes can 

http://doi.org/10.22232/stj.2019.07.01.04
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produce compounds similar to their host plants and are 

capable of preserving the world’s diminishing biodiversity 

(Bender et al., 2016; Mane et al., 2017). 

Studies on fungal endophytes concentrated on 

medicinal plants have shown that the curative property of the 

medicinal plant is not only because of the chemicals present 

in the plant but also because of the fungal endophytes that 

present in the plant (Verma 2011; Suryanarayanan 2013). 

Thus there is a need to isolate and identify several fungal 

endophytes and explore the potency of their secondary 

metabolites. Although, number of studies have already 

been reported in the association of fungal endophytes with 

medicinal plants from India viz., Clerodendron serratum, 

Pongamia, Ashwagandha, Taxus brevifolia, Azadirachta 

indica, Terminalia arjuna, Trigonella, foenum graecum, 

Labelia nicotinifolia, Adhatoda zeylanica, Bauhinia 

phoenicea,Catharanthus roseus, Parthenium hysterophorus, 

Ficus religiosa, Coffea Arabica, Crataeva magna, Silybum 

marianum, Allium sativum, Mamordica chaeantia, 

Azadarichata indica and Nothapodytes nimmoniana, (Tejesvi 

et al., 2005; Mane et al., 2017; Mane and Vedamurthy 2018), 

but there is no such report on fungal endophytic association 

with P. capitatum.

MATERIALS & METHODS 

important hotspots in the world, ranked 25th (Chowdhery 

1999), and among the 200 globally important eco-regions 

(Olson and Dinerstein 1998). It covers an area of 2875 

sq. km, having an annual rainfall of 2694 mm. Major part 

(75%) of this district is covered by thick forest which has a 

sub-tropical, deciduous and humid type of vegetation 

(Fig.1-a).

The selected plant, P. capitatum is a semi-evergreen herb 

with creeping rootstock and is wildly growing in forest 

area (Papum Pare) in Arunanchal Pradesh (Fig. 1-b). Leaves 

oblong, acuminate, base rounded or obtuse, to 30 x 18 cm; 

petiole to 60 cm long, spike globose, sessile on the petiole, 4-6 

corolla yellow, outer petaloid staminodes orange-red, lip 

with a pendulous appendage, ovary tomentose (Anon 2019). 

Samples of leaves, stems, and roots were collected during 

(Dec 2016- Dec 2018) from the healthy plant of P. capitatum

in sterile bags and brought to the laboratory for processing 

within 24 hours after sampling. 

The samples thus collected were washed gently in running 

tap water to remove the soil and debris. Further, isolation 

of fungal endophytes was determined, using the method 

of Suryanarayanan et al., (1998). Samples were cut into 

small pieces of (0.5-1.0 cm). The pieces were then surface-

sterilized by dipping them serially in 70% ethanol for 5 sec 

water for 10 sec. Now, 150 segments of the samples were 

selected randomly and plated on Potato Dextrose Agar (PDA) 

medium (supplemented with 150 mg/L chloramphenicol) 

contained in Petri dishes (7.5 cm diam). Petri dishes were 

incubated (12 h dark: 12 h light cycle) for 25 days at 25± 2°C, 

to observe the growth of endophytes, following the method 

of Suryanarayanan (1992). The hyphal tips which grew out 

from the segments were isolated and subcultured on PDA 

medium and preserved at 4°C for further investigation. 

Further, the colonization frequency (CF) was calculated, 

using the following formula (Suryanarayanan et al., 2003): 

However, the density of colonization (rD%) of a single 

endophyte species was calculated, using the method of 

Fisher and Petrini (1987). 

Where,

Ncol = Number of segments colonized by each fungus 

Nt = Total number of segments inoculated 

macroscopic and microscopic characteristics viz., the 

morphology of fruiting structures and spore morphology 

(Sutton 1980; Subramanin 1983 and Nagmani 2005).
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MOLECULAR IDENTIFICATION

Genomic DNA was extracted from fresh fungal mycelia 

growing on PDA plates (at 25± 2°C and 5 to 8 days old), 

using a Qiagen microbial extraction kit. Fragments of 18S 

(5’-TCCGTAGGTGAACCTGCGG-3’) and reverse ITS4 (5’- 

TCCTCCGCTTATTGATATGC-3’) primer (White et al., 1990). 

volume of 25 µL containing 25 ng template DNA, 10X PCR 

buffer (10 mM Tris-HCl, 50 mM KCl, pH 8.3), 1.5 mM MgCl2, 

200 µM of each dNTP, 50 pM of each primer, 1 unit of Taq 

polymerase (Genei, Banglore) and distilled water (Sigma, 

USA). The conditions of the PCR was initial denaturation at 

95°C for 5 minutes followed by 35 cycles for 45 sec, annealing 

at 56 °C for 1 minute (35 cycles) and primer extension at 

°C for 7 minutes (1 cycle) and hold (cooling) at 4 °C. PCR 

products were checked on 1.2 % Agarose gel in Tris–

acetate-EDTA buffer (TAE) at pH 8.0, stained with ethidium 

bromide (0.3 g/mL) and visualized under UV light by using 

Gel documentation system. Sequencing was done by GeNei 

Labs Private Limited, Bengaluru using PRISM® BigDyeTM 

Terminator Cycle Sequencing Kits with AmpliTaq® DNA 

polymerase, as per the manufacturer instructions. Obtained 

Sequences were subjected to BLAST (Basic Local Alignment 

Search Tool). All obtained sequences were submitted and 

awarded access numbers in GenBank of NCBI (Table 1).

PHYLOGENETIC ANALYSIS

The primer pairs ITS1/ITS4 (White et al., 1990) were used 

to amplify ITS-rDNA and partial. The reaction mixture and 

thermal cycling conditions were the same as described 

by Karimi et al. (2016). The data thus sequenced was 

subjected to BLAST (Basic Local Alignment Search Tool), for 

homology search and multiple sequence alignments were 

made by ClustalW. Phylogenetic relationship of all fungal 

species; drawn their phylogenetic relationship. Further, 

it was analyzed using Neighbor-Joining methods of MEGA 

5 (Tamura et al., 2011); and the robustness of the inferred 

phylogeny was assessed using bootstrap value at 1,000 

replications. 

RESULTS 

the isolation of endophytic fungi, from P.capitatum; an 

ethnomedicinal plant commonly used to treat various 

ailments in human beings. The samples of the plants were 

collected randomly from the study area (Papum Pare). Out 

of total of 15 plant materials of P. capitatum, 150 segments 

were processed (including root, stem and leaves plant parts); 

for the isolation of endophytic fungi. The observations 

recorded total of 127 isolates of endophytic fungi; which 

belong to 35 fungal spp. The maximum number of fungal 

isolates were recorded from leaves (39%), followed by roots 

(31%) and stems (30%) [Fig. 1-c], respectively; however, 

the colonization frequency rate was recorded highest in 

leaves (80%) followed by roots (70%) and stem (59.61%). 

Total of 35 fungal endophytes were isolated, which belongs 

to 25genera.The observations show that Pestalotiopsis 

longiseta was the most dominant endophytic fungi, isolated 

from the selected plant (P.capitatum); followed by Diplodina 

, 

etc. However, 

Diplodina microsperma, Fusarium incarnatum, Preussia sp., 

Diaporthe sp. and Aureobasidium sp. were the common 

fungal endophytes recorded from all the plant parts viz., 

leaf, stem, and roots. While, isolating the organ-based 

fungal endophytes; it was recorded highest in leaves viz., 

Biscogniauxia mediterranea, Nodulisporium hinnuleum, 

Corynespora cassiicola, Scopulariopsis brevicaulis, Aspergillus 

nidulans and ; followed by Curvularia borreriae, 

Nigrospora oryzae, Lasiodiplodia pseudotheobromae, L. 

viticola and Chaetomium globosum from the stem as well as 

Mucor hiemalis, Bipolaris bicolor and fungal Endophyte sp., 

from the roots. Besides, the density of colonization (rD%) 

was recorded in the chronology of P. longiseta (14%) < D. 

microsperma (6%) < N. hinnuleum (5.33%)

(4%), and 0.66% to 4.00% for the remaining endophytes 

(Table 1; Fig. 2). 

The analysis of fungal taxonomy of all the isolated 

35 fungal endophytes shows that 14 endophytic fungi 

belong to class- Sordariomycetes; 13 belongs to the class 

Dothideomycetes; 06 belongs to the class Eurotiomycetes; 

01 belong to the class Zygomycetes and 01 could not 

identify properly. While categorizing up to the order level; 

it was observed that C. borreriae, C. spicifera, C. cassiicola, 

Alternaria sp. B.bicolour, P. chartarum, Preussia sp., Phoma 

sp. and P. brabeji belongs to the order Pleosporales; 
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and P. chrysogenum belongs to the order Eurotiales; D. 

microsperma, F. merismoides and F. incarnatum belongs 

to the order Hypocreales; P. longiseta, B. mediterranea, N. 

hinnuleum and Eutypa sp.belongs to the order Xylariales; 

and C. globosum belongs to order Sordariales; 

L. pseudotheobromae and L. viticola belongs to order 

Botryosphaerial; C. fructicola and C. gloeosporioides belongs 

to the order Glomerellales; Dothidea sp., Aureobasidium sp. 

belongs to the order Dothideales; Besides this, 02 fungal 

endophytes belong to order Mucorales viz., M. hiemalis, S. 

brevicaulis; 01 fungal endophyte N. oryzae belongs to the 

orders Trichosphaeriales, and one Diaporthe sp. belongs to 

the orders Diaporthales, respectively.

Samples of the fungal endophytes thus isolated (35 

samples) were used for extraction of the DNA and its 

molecular characterization and submitted to the NCBI and 

got the accession number (Table 1). Further, phylogenetic 

analyses based on the ITS1-ITS4 sequencing data of 

the isolated fungal endophytes were also recorded. The 

observations of the neighbor-joining tree as constructed 

based on the sequence-structure alignment, and recorded 

well-separated groups. Group ‘A’ consisted of L. viticola, 

Alternaria sp., P.brabeji, P.chrysogenum, F.incarnatum, 

Aureobasidium sp., P. longiseta, and C. cassiicola where only 

P. brabeji and P.chrysogenum show strong bootstrap value. 

Similarly, Group ‘B’ consisted of C. globosum, C. spicifera, 

S.brevicaulis, A. fumigates and Phoma sp. Group ‘C’ contains 

F. merismoides, Preussia sp., B. bicolor, L. pseudotheobromae 

, C.gloeosporioides, B. mediterranea. Group ‘D’ 

contains , A.niger, Eutypa sp., Diaporthe sp., 

C. fructicola. .However, group ‘E’ consisted P. longiseta, 

Dothidea sp., Fungal Endophyte sp., D. microsperma,

C.borreriae, N.hinnuleum, M. hiemalis, 

N. oryzae (Fig. 3).

report on the isolation of endophytic fungi from P. capitatum

as investigated in the current study; it indicates itself the 

DISCUSSION

L fungal endophytes 

Aspergillus candidus, Nigrospora oryzae, Cladosporium

cladosporioides and Rhizoctonia solani reported from 

Ananas comosus (Krishnamurthy et al., 2008); Fomitopsis

sp. Penicillium sp., Diaporthe sp., Arthrinium sp. Phomopsis

sp. and Schizophyllum sp. have been reported from Garcinia 

mangostana and G .parvifolia (Sim et al., 2010); Mortierella 

minutissima, N. sphaerica, Acremonium strictum, Humicola 

Grisea, Mortierella hyaline, Oidiodendron echinulatum, O. 

griseum, Humicola fuscoatra and Arthroderma tuberculatum

reported from Elaeocarpus sphaericus (Shukla et al., 2012); 

Phoma tropica, Cladosporium sphaerospermum, Xylaria 

sp., Phomopsis archeri, and Tetraploa aristata from 

 (Bezerra et al., 2012); Phomopsis 

spp, Diaporthe spp, Schizophyllum spp, Penicillium spp, 

Fomitopsis spp and Arthrinium spp from Cinchona spp.

(Maehara et al., 2013); A. alternata, Phomopsis sp. and

Fomitopsis sp. from Miquelia dentate (Shweta et al., 2013); 

F. oxysporum,Talaromyces radicus and Eutypella spp. From

Catharanthus roseus (Kuriakose et al., 2016); Altenaria 

incarnate (Seetharaman et al., 2017); Penicillium sp., 

Trichoderma sp., C. gloeosporioides and Shiraia sp. from

Huperzia serrata (Su et al., 2017); P.citrinum, A. alternate, 

A. niger, Cladosporium sp., Rhizopus sp., C.vermiformis 

reported from Helicteres isora (Gayathri and Chandra 2017); 

Periconia hispidula, Allomyces arbuscula, N. sphaerica, A. 

falciforme, P. chrysogenum Aureobasidium sp. Chaetomium 

sp. from Litsea cubeba (Deepanwita and Dhruva 2018); and 

Fusarium spp, Aspergillus sp.,, Chaetomium sp.,, Penicillium 

sp., Setosphaeria rostrata, F.solani, Bipolaris maydis, 

D.phaseolorum, Rhizoctonia bataticola, and Macrophomina 

phaseolina reported from Chlorophytum borivilianum

(de Carvalho et al., 2019) as well as A. alternata, A. terreus, 

Alpestrisphaeria reported from Vitex rotundifolia (Yu-Hung 

Yeh and Roland Kirschner 2019). However, 

P. capitatum

In the current study, overall 127 species of endophytic 

fungi; which belong to 35 fungal spp have been isolated 

from the plant parts including leaves (39%), followed 

by roots (31%) and stems (30%), respectively [Fig. 1c]. 

Further, it was observed that Pestalotiopsis longiseta was 

the most dominant endophytic fungi followed by Diplodina 

and others. However, Pestalotiopsis neglecta, Sordaria 

Preussia sp., Diaporthe sp. and Aureobasidium sp.were the 

common fungal endophytes recorded from all the plant 

parts viz., leaf, stem and roots as well as the density of 

colonization (rD%) was recorded for P. longiseta (14%) < 

D. microsperma (6%) < N. hinnuleum (5.33%)

(4%), and 0.66% to 4.00% for the remaining endophytes 
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(Table 1; Fig. 2). Furthermore, the fungal taxonomy of 

all the isolated 35 fungal endophytes was also recorded. 

Sordariomycetes was the class represented the maximum 

endophytes (14), however, Zygomycetes was the class 

with the least representation (01). Besides this, extraction 

of the DNA and its molecular characterization as well as 

phylogenetic analyses based on the ITS1-ITS4 sequencing 

been investigated and recorded in Table -1.

Furthermore, literature also reveals that fungal 

endophytes mimic the plants behavior and function and 

also are capable to produce bioactive compound/ secondary 

metabolites as novel compounds having antimicrobial, 

anticancer, antioxidants, insecticidal, anti-malaria, anti-

tuberculosis, anti-diabetes mellitus and cure cancer and 

cytotoxic activity (Das et al., 2012; Desale 2016; Kumar and 

Mongolla, 2018). Biology of fungal endophytes has useful 

in several clinical applications with molecular approaches 

and fungal endophytes may assist to improve the activity of 

drug research area. Fungal endophytes nanoparticles may 

be used to improve plant growth, as bio- fertilizers, enhance 

crop yield and soil fertility (Netala et al.,, 2016; Mohamed 

et al., 2019). Secondary metabolites produced by fungal 

agricultural and other related industries (Das et al., 2012; 

Desale 2016; Netala et al., 2016; Kumar and Mongolla, 2018; 

Mohamed et al., 2019). Similarly, in the present study, some 

of the endophytic fungi have also been recorded to have 
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Table 1: Fungal Endophytes Isolated from P. capitatum, its Frequency (CF %), Density (rD%) and Accession Number

S. N. Isolated of Fungal Endophytes
Plant parts CF

(%)
rD

(%)
NCBI

Accession No.Leaf Stem Root

1 Pestalotiopsis longiseta Leaf Stem Root 42 14.0 MK299129

2 Sordaria fimicola Leaf Stem Root 12 4.00 MK299157

3 Curvularia borreriae --- Stem --- 10 3.33 MK299132

4 Biscogniauxia mediterranea Leaf --- --- 4 1.33 MK398255

5 Colletotrichum fructicola --- Stem Root 10 3.33 MK299145

6 Diplodina microsperma Leaf Stem Root 18 6.00 MK332492

7 Nodulisporium hinnuleum Leaf --- --- 16 5.33 MK299151

8 Mucor hiemalis --- --- Root 6 2.00 MK299138

9 Aspergillus niger Leaf --- Root 12 4.00 MK248610

10 Nigrospora oryzae --- Stem --- 14 4.66 MK299154

11 Corynespora cassiicola Leaf --- --- 6 2.00 MK299155

12 Dothidea sp. Leaf Stem --- 8 2.66 MK299156

13 Penicillium chrysogenum Leaf --- Root 6 2.00 MK299147

14 Fusarium merismoides Leaf Stem --- 10 3.33 MK299158

15 Alternaria sp. Leaf Stem --- 8 2.66 MK332475

16 Aspergillus flavus Leaf --- Root 16 5.33 MK332476

17 Bipolaris bicolor --- --- Root 2 0.66 MK332477

18 Curvularia spicifera Leaf --- Root 8 2.66 MK332478

19 Pithomyces chartarum Leaf Stem --- 2 0.66 MK299154

20 Lasiodiplodia pseudotheobromae --- Stem --- 8 2.66 MK248599

21 Scopulariopsis brevicaulis Leaf --- --- 10 3.33 MK299149

22 Colletotrichum gloeosporioides --- Stem --- 6 2.00 MH752465

23 Eutypa sp. Leaf Stem --- 8 2.66 MK299142

24 Aspergillus nidulans Leaf --- --- 12 4.00 MK299125

25 Fungal Endophyte sp --- --- Root 4 1.33 MK248607

26 Fusarium incarnatum Leaf Stem Root 8 2.66 MK299134

27 Lasiodiplodia viticola --- Stem --- 14 4.66 MK398249

28 Aspergillus fischeri Leaf --- --- 10 3.33 MH748593

29 Preussia sp. Leaf Stem Root 4 1.33 MK398250

30 Phoma sp. --- Stem --- 6 2.00 MK398251

31 Pseudocamarosporium brabeji Leaf --- Root 2 0.66 MK398252

32 Aspergillus fumigatus --- Stem root 8 2.66 MK398253

33 Diaporthe sp. Leaf Stem Root 16 5.33 MK398254

34 Aureobasidium sp. Leaf Stem Root 10 3.33 MK398283

35 Chaetomium globosum --- Stem --- 2 0.66 MK398256

--- indicates absences of the fungal endophytes.
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Fig. 1: Sample Collection Site of P. capitatum, in 
Arunachal Pradesh, India (Satellite Image), where, 
Red Circle Indicates Collection Site (b) Ethnomedicinal 
Plant P. capitatum, an Overview (c) Fungal Endophytes 
Isolated from Different Parts of P. capitatum

Fig. 2: Isolated Fungal Endophytes and its rD (%) from  
P. capitatum
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Fig. 3: Phylogenetic Analysis based on Neighbor-joining 
Tree based on ITS rDNA Sequences of the Isolated 
35 Fungal Endophytes. Numerical Values Indicate 
Bootstrap Percentile from 1000 Iterations
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INTRODUCTION

Human eyes can perceive and understand the objects in an 

image. In order to design a machine that can understand 

like a human, it requires appropriate algorithm and massive 

training. An image is a visual representation of any real 

world object that can be manipulated computationally. 

Image Processing is an extensive area of research that gains 

attention in many applications including Vehicle detection 

where the author (Kaur 2017) has implemented Image 

Enhancement, Morphological operations, Segmentation, 

Otsu Threshold and Edge Detection to detect vehicles from 

satellite images, Fabric defect Detection (Tamil Selvi and 

(ANN) and Support Vector Machines (SVM) have been used 

to classify fabrics with defects. Image processing involves 

processing of data where input and output are images.

Digital Image processing processes the image 

using pixel values and is deployed in Machines. Low-

level Image processing techniques are noise reduction, 

contrast enhancement and image sharpening. Mid-level 

Image processing techniques are segmentation, image 

level Image processing techniques are image analysis and 

cognitive functions to emulate the human vision. Computer 

vision is another branch of research where Digital Image 

processing plays a vital role to learn, make inferences and 

perform actions based on visual inputs.

A color model is an abstract mathematical model in 

which colors are represented as tuples of numbers either 

three or four values or color components. When the color 

model is associated with an accurate description of how 

the components are to be inferred and the conditions are 

viewed, the set of resulting colors is called “color space.” 

Color space can also describe the ways in which human 

color vision can be modeled. In few instances, color space 

color spaces like RGB, NTSC, YCbCr, HSV, CMY, CMYK and 

HSI. Given an RGB image, converting it into any other color 

space is performed using any transformative functions. RGB 

Color space is the basic form of image representation, but 

color spaces as well.

RGB

The default color model of an image is RGB (Red, Green, and Blue). 

In this model, an image is an I x J x 3 array of color pixels, 

http://doi.org/10.22232/stj.2019.07.01.05
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where each pixel is a triplet of three colors red, green 

and blue at a spatial location (I, J). These three color 

components can be viewed as a stack of three individual 

layers. Every pixel in an image will have a red layer, blue 

layer and green layer that will result in a RGB image. All 

these color components can be viewed as a 3-D model. In 

additive color mixing, when all three color channels have 

a value of zero, it means that light is not emitted hence, 

resulting color is black. When all three color channels are 

set to their maximum values i.e., 255, then the resulting 

color is white. Television Monitors are very good examples 

which uses the concept of additive color mixing.

HSV

HSV (Hue, Saturation, Value) color space is considerably 

closer to RGB color space in which humans describe color 

sensations and perceive colors. Hue is the dominant color 

observed by humans. Saturation is the amount of white light 

assorted with hue. Value is the brightness/ Intensity. In short 

form, Hue refers to tint, Saturation refers to shade and Value 

refers to tone. A HSV color space can be viewed as a geometric 

cylinder, where the angular dimension represents Hue(H), 

starting at the primary red at 0°, and moving to primary green 

back to red at 360°.The distance from the central axis of HSV 

cylinder corresponds to Saturation(S). A saturation value 

moving towards the outer edge means that the colorfulness 

The central vertical axis of HSV color space is the Value (V), 

ranging from black at the bottom with lightness or value 0, to 

white at the top with a lightness or value 1.

CMYK

The CMYK color space involves subtractive primary colors 

like Cyan(C), Magenta (M), Yellow(Y) and Black (K). A 

large range of colors seen by humans can be obtained by 

combining cyan, magenta and yellow transparent inks on a 

white substrate. A fourth ink, black is added to enhance the 

reproduction of some dark colors. The cyan color absorbs 

red light but it transmits green and blue color. The magenta 

color absorbs green light but transmits red and blue color, 

and the yellow color absorbs blue light but transmits red 

light back to the viewer. CMYK color space is mainly used for 

printers and for photographs. 

NTSC

The NTSC color space is used in television. In this color space, 

gray-scale information is separated from color data, hence 

the single signal can be used for both color and monochrome 

television sets. In this color space, an image is represented 

as three components such as luminance, hue and saturation. 

Luminance is the gray-scale information whereas the other 

two components are the color information of a TV signal. 

Image Segmentation is the process of dividing an image into 

its constituent regions or objects. The level of subdividing an 

image depends on the problem being solved. Segmentation 

process can stop when the objects of interest is isolated for 

further processing. There is wide range of applications which 

require image segmentation. Based on the area of image 

application, appropriate Segmentation techniques can be 

used. There is an evolutionary process of region immigration 

and deportation along with watershed algorithm (Roohollah 

and Kazem 2017). Image segmentation is very helpful in the 

2015), liver diseases (Pandey 2018)etc. There also has been 

the desired image (Firas and Fawzi 2013). The color images 

are segmented using a combination of grab cut and color 

spaces for foreground extraction (Dina 2014). Watershed 

algorithm and region merging (Ji and Harris 1998) using 

segmentation. In this research work, we have developed an 

interactive tool that has 3 Control bars for Hue, Saturation 

and Value. When an input image is given, the GUI interface 

is opened, and the Control bars will be displayed for H, 

S and V with minimum and maximum limits. The User can 

interactively drag the control bars towards left and right and 

witness the changes that happen in the image. When the 

desired result is obtained, the process of adjusting the HSV 

values can be stopped and the procedure can be repeated 

for multiple images under study.

COLOR IMAGE SEGMENTATION USING HSV

Color image segmentation is frequently used for human 

skin color detection. Skin color detection (Hanaa and 

salma 2018) using all three color spaces like RGB, HSV and 

YCbCr is carried out as a segmentation step. A new color 

image segmentation method (Gustavo 2016) such as split 

& merge and region growing, and the combination of the 
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RGB and HSV color representation models was reviewed. 

In our work, the foreground object from the given image is 

segmented for detecting and recognizing the object. This is 

the Region of Interest (ROI) from the given image and the 

second step is to adjust HSV values in the ROI to extract the 

foreground image.

image. Each component Hue, Saturation and Value is 

separated, and its value is represented in a range using 

a GUI developed in Python. The HSV values are chosen 

interactively by adjusting the GUI based track bar for each 

component Hue, Saturation and Value. The Hue is in the 

range of 0-179 whereas Saturation and Value is in the range 

of 0-255.By dragging the track bar and adjusting its value 

Hereby, the background is masked and only the objects of 

interest are found. A single H, S and V may not be applicable 

for all kind of images. But by using an interactive tool, the 

user will have a provision to select the H, S and V values 

for different category of images. When the selected object 

of interest is segmented completely, the HSV adjustments 

can be stopped and the foreground image can be saved for 

segment only the foreground image is given in Fig.1.

Fig. 1: Color Image Segmentation Technique using HSV

RESULTS & DISCUSSION 

The object of interest is based on the application in which 

it requires further high-level image processing techniques 

image segmentation using HSV is achieved until the object 

to be processed is extracted. Each object is segmented 

for different HSV values. The same HSV values are not 

applicable for all images under study. Hence, the HSV values 

for each set of images. The Experimental results of this 

segmentation process is given in Fig.2. The different set 

chair is Fig. 2(a), Region of Interest is Fig.2 (b), segmented 

image using HSV is Fig.2(c) and manually segmented image 

is Fig.2 (d). The images obtained as a result of this HSV 

segmentation technique can be used for further process of 

To evaluate the performance of the HSV color image 

segmentation technique deployed in this work, a metric 

called Structural Similarity Index (SSIM) is calculated 

between the HSV segmented images and manually 

segmented images. SSIM is a metric widely used to measure 

the similarity between two images. The SSIM has a value 

that ranges from 0 to 1. The maximum value of 1 indicates 

that the two images to be compared are structurally similar 

while a value of 0 indicates no structural similarity between 

two images. The SSIM value for the 5 set of images is given 

in Table 1.

From the SSIM values, it can be visualized that the 

images segmented using HSV technique and manually 

segmented images are more or less similar. When the images 

are seen through human eyes, there is a negligible difference 

that can be seen between the set of images in Fig. 2(d) and 

Fig. 2. (c). 
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(a) (b) (c) (d)

Fig. 2: Original Image (a), ROI (b), Segmented Image using HSV(c) and Manually Segmented Image (d) for Human 
Face, Bird, Flower, Bottle and Chair 

Table 1: SSIM Values between HSV Segmented and 
Manually Segmented Images 

Image SSIM

Human face 0.4932

Bird 0.8608

Flower 0.6132

Water bottle 0.6513

Chair 0.8769

CONCLUSION

Image Segmentation can either be low-level or high level 
processing and it is based on the needs of the user who 
is incorporating the ideas. In this paper, we have focused 
on color image segmentation for object detection and 
learning. Sometimes it can also be a major research area 
which requires large scale image processing techniques 

knowledge, most of the papers have implemented color 
space segmentation for only single set of object class. But in 
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this paper, color image segmentation is performed to extract 
not only human skin color but also for other objects from 
background. To enhance this segmentation process, the 
segmented images can be followed by or integrated with any 
other morphological operations.
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INTRODUCTION

In recent years, the most attracting technology is the 

amplifying device is in the research process due to its small 

size and high compact high energy pumping laser availability. 

to develop wide bandwidth amplifying device [1-5]. RAMAN 

transmitting capacity and span length. FRA output showed 

results of ultra-wide BW, lower noise and suppressing non-

have good noise output and better signal budget. PARA-

bandwidth of 200 nm by proper design of HNLF [6]. The 

less gain ripple values makes both FRA’s and OPA’s more 

attractive over tradition EDFA [7]. Studies have concluded 

Flat gain characteristics over C and L band are used in 

restricted by Er ions. FRA design laser problem of quandary 

multiplied several times in te end. E Golo Vehecnko, Hsieh 

and Freitas have tried to increase gain-enhancing effect on 

the coupling of two non-linear process. In this paper we see 

a way of combining FRA and HNLF to achieve gain around or 

over 15dB and a gain ripple within 5dB [8-12].

MATHEMATICAL MODEL

Mathematical model is divide into two parts-A. Power Pump 

evalutation for co- propagation para-metric and counter 

propagating RAMAN pump. B. Net signal gain A. If both the 

equation used in RAMAN effect can be represented as

dP/dz = g
eff 

*P
R
 P

P 
- &

p 
P

P

dP
R
/dz* = - w

R
/w

P 
A

eff R
 P

P 
- &

R
P

R

A
eff –

 Effective mode area

P
R
- RAMAN effective power

P
P
- PARA-METRIC effective power, &

R
- Attenuation 

p
 

(PARA-METRIC), Thus, initially P
P 

(l=0) = P
P@0

 [w] while P
P 

(L km) = P
R@L

[W]
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Now the solution can be obtained by dividing the wire into 

small lengths of delta z with constant light power. Also 

iterating using fourth order Range- Kutta method power 

output can be calculated.

B. The net gain by RAMAN pump and the PARA-METRIC 

pump are represented by

g
R R 1 R 

 
2 R n

g
P P 1 P 2 p n

Where g
R p 

both the pumps respectively.

The pump power level may be derived as

dP
s
/dz = g

eff 
*P

R
 P

s 
- &

s 
P

s

dP
R
/dz* = -&

R
P

R

Where, P
S
 is power output by the signal. Thus, solving 

this equation using the small valued gain assumption over 

delta z length gives the total gain as-

g
R R

 P
R
(delta z)/ A

eff 
&

R 
* (e& Rdelta z -1) 

- &
S 
P

S
)

According to small signal theory, there is a PARA-METRIC 

wp= 2wp+ws.

Therefore, small power gain at the length delta z

g
P P

(  z)/g
p
 sinh(g z)]

The PARA-METRIC gain g is given by,

g2 = -  k
o
 (

o
/4 + P

P
(  z)]

o
 is linear phase mismatch.

o o
)2

P 0 p – s
)2

thus, the net gain is given by G
net,

G
net R P

Gnet = Net signal gain due to two pumps for the length 

(L)

G
ON/OFF T

G
ON/OFF

 = on/off gain = sum of total component losses 

(LT)

EXPERIMENTAL SETUP 

By employing two different arrangements namely. Tandem 

and Unison, we observe the plausible gain BW increment of 

the amplifier. Fig.1 (a) shows the unison configuration. In 

this arrangement both the gains occur in the same HNLF. 

is a combination of 580-660 MHz RF frequencies centred at 

around 1603nm frequency. Although a high power EDFA 

is used to amplify/ pump the para-metric pump (OPA), 

PARA-METRIC nonlinear interaction can be better generated 

by using high power LD with low noise. ASE noise is filtered 

by 1 nm wide passband filter. Signal source is a tunable laser 

whose power is kept constant at -3dBm. The modulation 

OSF, The signal beam was done using the LiNbo3 Mach 

Zehnder Dimension Modulator (MZM), which is powered by 

the enhanced output of a pattern generator, which produces 

10 Gbps NRZ pseudo bit stream and bit stream behaviour is 

and the signal then went through a 1452 nm/ C and L 

band Wavelength Division multiplexer (WDM) before 

they were launched in 550 m long HNLF fiber. The HNLF 

effective area Aeff = 16 into 10–12 m2A, a loss occurs of 0.7 

dB/km, length L=550m and a non-linear coefficient =5.7 

into 10–3W–1 m-1. A 1452 nm/C+L coupler connects to 

the HNLF, A counter-propelled RAMAN pump focuses 

on 1452 nm, in which the full width of 2nm is half the 

maximum (FWHM) bandwidth. The signal passes through 

an edge filter with 1dB insertion loss for wavelength 

shorter than 1593nm and level of blocking is about 40dB for 

wave-lengths greater than 1600nm. The signal is analyzed, 

when Edge and 12822 AO/ E convert and use the sample 

oscilloscope to pass through the edge filter using the optical 

spectrum analyzer (OSA) in time and Wavelength’s domain. 

BERT analyzer was used for bit error rate analysis.
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(a)

(b)

Fig. 1(a): Experimental Setup for Unison Structure of 

Exploratory Setup for Tandem Structure of the Hybrid 

and PARA-METRIC pump were coupled using 70/30 coupler, 

from where it is launched into the primary segment holding 

the PARA-METRIC process. At the end of this segment, edge 

signal. Two 1450nm/C+L coupler holds the second segment. 

The second coupler joins the RAMAN pump to the HNLF, while 

allowed to pass through these couplers are observed for their 

spectral and temporal characteristics also error analyzer was 

used to give bit rate analysis.

EXPLORATORY RESULT

A. Ranging of the Gain Bandwidth 1st independent individual 

characterisation of both the processes was observed. The 

on/off gain (G
ON/OFF

G
ON/OFF

 – P
Sig_out(pump-on)

 – P
sig_out(pump- off)

Where, P
sig_out(pump-on)

 and P
Sig_out(pump-off)

Variables used are wavelength and power level of 

pumps. The wavelength is varied over C+L band. For each of 

nonlinear pumps, two plots of the on/off gain curves were 

obtained against the variations. 

Fig. 2
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Fig (2) and Fig (3) For RAMAN only pump at 1.6W, the 

on/off gain max (15.2dB) was observed at 1555nm and 

with increase with wavelength into L, declined gradually. 

For PARA-METRIC, only pump the maximum (14.5dB) 

on/off gain was obtained at 1584nm. Now for hybrid 

effect, both pump were on with the same power level and 

variations of wavelength into C-L band. It was noted that 

METRIC region while the gain decreases in the RAMAN 

region with the wavelength tuning from 1615 to 1580nm. 

The RAMAN dump port explains this phenomenon. It was 

found that when wavelength was coordinated with the 

RAMAN region, with RAMAN pump tune at 1.6w and PARA-

METRIC pump at 0.69w, there was about 15% of power 

transfer from the RAMAN pump power to the PARA-METRIC 

to power transfer from RAMAN pump to PARA-METRIC 

pump. Therefore, there is an increase in PARA-METRIC gain 

coupled with a decrease in RAMAN gain.
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favourable condition of the pumps (RAMAN pump tune 

at 1.6w, para-metric pump at 0.38w. For these set values, 

gain deviation of 5.4dB, on gain and off gain (maximum) is 

examined of 14dB. It was noted the polarizations of these 

signal impacts the gain compute in this region of powerful 

para-metric gain on a major level in comparison to the 

para-metric pump producing polarization. Two polarization 

controllers (PC), one each in PARA-METRIC pump and signal 

within the parametric gain system while as signal in RAMAN 

pumps (PARA-METRIC and RAMAN) amplify wavelength in 

region 1570-1580nm. By adjusting overlapping gain region, 

the gain variation can be minimized as well as optimized. 

gain. The experimental data fares well the simulation that 

with relative error (max) at 12% with RAMAN region, while 

10% in para-metric region of gain.

can be expressed using -

NF
S 
= 2P

PF+
/  

S
BG

S
 + 1/G

s

For single PARA-METRIC pump lowest NF values are 

source power, phase modulator and insertion loss compels 

for usage of EDFA . ASE is generated due to this and can be 

Relative noise intensity also gets generated from SBS in 

the PARA-METRIC process. Signal with these (ASE and SBS) 

to higher RAMAN pump (1.63W) is also a noise. Tandem 

Increased NF value of signal is due to increased ASE noise. 

This causes higher power at RAMAN pump. Usage of multiple 

lower power RAMAN pumps can solve the problem with a 

slight change in HNLF length, but the gain characteristics 

RAMAN region NF are lower than PARA-METRIC region 

value. ASE gets transferred, reduced by almost 6dB from 

its RAMAN region peak while PARA-METRIC pump ASE is 

increased by the same amount. This transfer is controlled by 

para-metric pump wave-length. Selection of PARA-METRIC 

pump where RAMAN pair is maximum leads to large NF 

variations i.e. 7.3 dB – 21 dB. In regions of smaller RAMAN 

pair para-metric pump choice has reduced the NF variation 

7.9dB to 13.7 dB.

THE STUDIES OF TIME DOMAIN

For this time, study of the time domain, consolidate the 

PARA-METRIC pump at 0.34W. BER performance (assuming 

Gaussian noise) was calculated by observing optical 

power over a range of varied wavelengths. Q-parameter is 

calculated as 

Power penalty is observed at 1.58nm wavelength due 

15% of total of power of RAMAN is transferred to para-metric 

remains low due to no transfer of power between any 

pumps thus producing only 1dB power penalty.
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CONCLUSION OF THE EXPERIMENT

Conclusion It turns out that by combining the PARA-

METRIC and RAMAN process in one unit, practically and in 

gain bandwidth are Unison and Tandem. The mathematics 

shows that tuning the two pump, wavelength give improved 

length are used to reduce noise properties. In the RAMAN 

gain area (1545 nm-1570 nm), a negligible power penalty 

substantial increase can be seen in the gain region if we are 

the increase of gain BW and not on optimized parameters 
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Abstract—In recent years, Mizoram has made immense progress in various sectors and initiated developmental programmes 

for its economic growth. An important contributing factor to this development and growth is the transport connectivity 

projects. Although connectivity projects can boost economic growth, its negative effects cannot be neglected. In view of 

this, the present research studies the impacts of Champhai – Zokhawthar road construction on the air quality and noise 

quality of the region. This comparative study of the impact on the quality of air and noise pollution in the pre-construction 

phase and construction phase provide a clear-cut example of the negative impacts caused by road construction and 

provide a fresh outlook for formulation of improved management plans. Air quality assessment was carried out using 

High Volume Air Sampler and the following parameters were monitored – suspended particulate matter (SPM), respirable 

suspended particulate matter (RSPM), nitrogen dioxide (NO
2
) and sulphur dioxide (SO

2
). The results indicate that mean 

SPM concentration was increased by 22.82 µg/m3; RSPM concentration by 14.67 µg/m3; NO
2
 concentration by 4.08 µg/m3; 

and SO
2
 concentration was increased by 0.06 µg/m3 from the pre-construction phase to construction phase. Noise quality 

assessment was carried out at three sites – Zotlang, Melbuk and Zokhawthar by using Lutron SL-4001 Sound Level Meter 

and Leq, Lmax and Lmin were recorded and calculated. The mean noise level at Zotlang wasincreased by 8.72 dB (A) and 

at Melbuk the mean noise level was increased by 9.35 dB (A). However, at Zokhawthar, there was a decrease in mean noise 

level by 0.13 dB (A). From the present study, it is evident that road construction poses a threat to the air quality and noise 

quality of the study area and improved measuresneed to betaken to curb its negative impacts. 
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INTRODUCTION

Roads are an integral part of the transport system and 

play an important role in the socio-economic growth of a 

community, state or nation. The overall performance and 

developed and maintained road networks. Roads enhance 

mobility, exposure from isolation and therefore poverty 

(Seiler 2001). The state of Mizoram has also made tremendous 

improvement in road infrastructure with Government 

of India taking initiatives to improve its road network in 

North-Eastern States of India. Mizoram being a state which 

immensely from these road improvement plans. Although 

the positive impacts of roads are greatly acknowledged, its 

negative impacts mainly to the environment are neglected 

and underestimated (Newman et al., 2012). Therefore, 

awareness on these negative impacts needs to be focused 

on with proper and effective mitigation measures before 

decision-making is done in any road construction project.

Road construction activities include land clearing, 

operation of machines and wide scale demolition works 

which generate high levels of dust which can disperse over long 

distances if not properly monitored (Gray, 2018). Such heavy 

machineries and vehicles emit a variety of pollutants– carbon 

dioxide, carbon monoxide, oxides of nitrogen, oxides of 

Sulphur, particulate matter, hydrocarbons and heavy metals, 

http://doi.org/10.22232/stj.2019.07.01.07
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all of which have serious effects on flora, fauna and people. 

Stunted growths in plants near highways, photosynthetic 

and catalytic complexities, and even abrupt increase in 

species composition have been recorded (Spellerberg and 

Morrison, 1998). Emission of dust and other particulate 

matter have a serious toll in people as it penetrates 

into the lungs and causes respiratory illness, asthma, 

bronchitis and even cancer. Besides dust generation, the 

most common effect of road construction is noise pollution 

since construction equipment and heavy machineries are 

operated daily for long durations of time. Exposure to high 

noise levels has been found to alter activity patterns in 

animals with increase in heart rate and production of stress 

hormones. In human beings, exposure to high noise levels 

associated with road construction work can adversely 

affect human health causing stress, sleep disturbance, high 

blood pressure and even hearing loss (Gray, 2018). These 

detrimental effects render effective monitoring of road 

construction activities mandatory.

Environmental Impact Assessment (EIA) is a widely 

employed and effective tool to check the degradation caused 

by developmental projects including road constructions. It 

is defined as the systematic identification and evaluation 

of the potential impacts (effects) of proposed project 

plans, programmes or legislative actions relative to the 

physical, chemical, biological, cultural and socio-economic 

components of the total environment (Canter 1996).

EIA as a mandatory regulatory procedure originated in 

the early 1970s, with the implementation of the National 

Environmental Policy Act (NEPA) in the United States of 

America (Glasson et al., 2012). In India, the foundation of 

EIA was laid in 1976–77 and formalized when Government 

of India enacted the Environment (Protection) Act on 23rd

May 1986 (Mukherjee 2012).

In this study, the environmental impacts of road 

construction on air quality and noise quality are assessed 

to highlight the extent of degradation caused by the road 

project. The results generated are then compared with the 

baseline data of its pre-construction phase provided by EIA 

report of Champhai–Zokhawthar Road Construction 2014 

by STUP Consultants Pvt. (Anon. 2014). The overall results 

obtained will provide useful information on the effects of 

air and noise pollution caused by road construction and 

hopefully prompt legislators to take necessary actions to 

reduce wildlife hazards and protect human environment.

MATERIALS AND METHODS

Champhai is one of the eight Districts in Mizoram which 

came into existence in the year 1998. It is the third 

largest of the 8 (eight) districts in Mizoram in terms of 

size and population. The district lies in the eastern part 

of Mizoram between 93.21°E longitude and 23.26°N 

long international boundary with Myanmar in the east 

and Myanmar border is about 8 km from the District 

headquarters Champhai. The district is bounded by Manipur 

state in the north, Serchhip District in the west and Aizawl 

District in the north-west. The minimum and maximum 

temperature is 0°C to 20°C during winter and 15°C to 30°C 

during summer (Census of India 2011).

The road construction and up-gradation of the 

Champhai – Zokhawthar road is a development project 

under the Mizoram State Roads Project – II (MSRP – II). It 

is an environmental category “A” developmental project 

as per World Bank Policy as well as Government of India 

(GOI), Ministry of Environment, Forest & Climate Change 

(MoEF&CC). The existing Champhai – Zokhawthar Road 

(C-Z Road) is 28.0 km long. The designed length of the road 

is 27.247 km including spur road (short road forming a 

branch from a longer road) of 2.53 km length. The Champhai 

–Zokhawthar Road passes through villages viz; Khankawn, 

Zotlang, Ruantlang, Mualkawi,Melbuk & Zokhawthar. The 

road project map is depicted in Figure 1.

Fig. 1: Champhai to Zokhawthar Road Project Map 
Alongwith Diversions (Anon. 2014)
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The ambient air quality was assessed at Zokhawthar 

village (main construction zone during assessment period) 

from September 2016 to August 2018 quarterly at 3 months 

interval employing High Volume Air Sampler. Sampling was 

carried out for 16 hours at a four hours interval from 6a.m 

then taken back to the laboratory for analysis. Handbook 

of Methods in Environmental Studies: Air, Noise, Soil 

and Overburden Analysis (Maiti 2003) and Manual on 

Environmental Analysis (Aery 2010) were mainly used for 

analysis of air quality parameters. Suspended Particulate 

Matter (SPM >10µm) was determined using highvolume 

for determination of Respirable Suspended Particulate 

(sodium arsenide) method was used for determination 

of nitrogen dioxide, NO
2
 (Merryman et al., 1973)and the 

of Sulphur dioxide, SO
2
 (West and Gaeke 1956). The air 

quality parameters are then compared with the standards 

set by Central Pollution Control Board – National Ambient 

11th April 1994 (Central Pollution Control Board 1994)

and National Ambient Air Quality Standards (NAAQS) vide 
th November 2009 (Central Pollution 

Control Board 2009).

Noise sampling was carried out at three sites i.e. Zotlang 

(Residential), Tarmat Base Camp (Residential area) and 

Zokhawthar (Residential area) from June 2016 to May 

2018. The instrument used for sampling was Lutron 

SL-4001. The operational function of data recording was 

done by switching on the device at “A” weighing scale 

and “slow” response (CPCB 2015). The numerical values 

displayed on LCD were recorded. After recording of all 

the readings, Lmax, Lmin and Leq were calculated and 

the results were compared with the level of the standards 

of Noise Pollution (Regulation and Control) Rules 2000 

(Ministry of Environment Forests & Climate Change 2000).

RESULTS AND DISCUSSION

Table 1: The Results for Air Quality Assessment and NAAQS

Sampling Period
SPM (µg/m3) RSPM (µg/m3) NO

2
 (µg/m3) SO

2
 (µg/m3)

Mean NAAQS Mean NAAQS Mean NAAQS Mean NAAQS

Sept – Nov 2016 112.13

200

51.21

100

25.42

80

6.67

80

Dec – Feb 2017 162.12 67.89 31.26 7.71

Mar – May 2017 92.31 28.65 8.94 5.32

June – Aug 2017 76.18 24.76 11.92 4.66

Sept – Nov 2017 143.72 71.26 23.78 5.88

Dec – Feb 2018 133.78 77.61 14.34 6.87

Mar – May 2018 105.34 31.02 17.45 4.45

June – Aug 2018 121.04 48.98 15.56 4.67

Overall mean construction 118.32 50.17 18.58 5.76

Overall mean pre-construction 95.5 35.5 14.5 5.7

The analysis of variance (ANOVA) showed that there was 

during the assessment period – 0.960 (at 5%). The average 

SPM concentration ranged from 76.18 to 162.12 µg/m3 with 

a total mean concentration of 118.32 µg/m3. The average 

RSPM concentration ranges from 24.75 to 77.61 µg/m3 with 

a total mean concentration of 50.17 µg/m3. High SPM and 

RSPM concentration lead to increased dust generation which 

mainly consists of fumes, smoke and dust (ENVIS 2018); 

andhave deleterious consequencesin humans such as 

asthma attacks, bronchitis, high blood pressure, heart attack, 

strokes and premature death (Reddy et al., 2015). The 
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average NO
2
 concentration ranges from 8.94 to 31.26 µg/m3

with a total mean concentration of 18.58 µg/m3. The average 

SO
2
 concentration ranges from 4.45 to 7.71 µg/m3 with total 

mean concentration of 5.76 µg/m3. High concentrations of 

NO
2
 and SO

2 
can cause damage to plant and materials, and 

cause complications in human respiratory system such as 

bronchitis (Chen et al., 2007).

Although the values of all calculated parameters 

in all seasons did not exceed the permissible limits of 

NAAQS for Residential areas at 24 hours sampling, the 

duration of exposure to such concentrations may prove 

detrimental to human health. Also, the concentrations 

of measured parameters peaked during the dry seasons 

(September–February) and showed lesser concentration 

during monsoon period (March–August). Dry conditions 

coupled with unmetalled roads produce heavy dust 

movements in the study area. Slope cutting and dumping of 

soil in nearby areas contributed immensely to the increase in 

concentration during the dry period. The seasonal variations 

of the measured parameters are shown in Figure 2.

Fig. 2: Seasonal Variation of Air Quality Parameters

Analysis of variance (ANOVA) shows there were no 

construction phase at 0.758 (P<0.05). However, the overall 

mean values show that the concentrations of the parameters 

have increased. The mean SPM concentration increased by 

a value of 22.82 µg/m3 i.e. 95.5 µg/m3 to 118.32 µg/m3, 

RSPM concentration increased by a value of 14.67 µg/m3

i.e. 35.5 µg/m3 to 50.17 µg/m3, NO
2
 concentration increased 

by a value of 4.08 µg/m3 i.e. 14.5 µg/m3 to 18.58 µg/m3and 

SO
2
 concentration increased by a value of 0.06 µg/m3 i.e. 

5.7 µg/m3 to 5.76 µg/m3. As mentioned earlier heavy dust 

movements mainly due to operation of heavy machineries 

for construction activities have rendered the area arenaceous 

and the air unclean. During sampling period many residents 

were spotted wearing masks and seen sprinkling water 

around the premises of their homes as a precautionary 

measure. Variation in air quality parameters between the 

two phases are depicted in Figure 3.

Fig. 3: Variation in Air Quality Parameters between the 
Pre-construction Phase and Construction Phase

Table 2: The Results for Noise Quality Assessment at Zotlang, Melbuk and Zokhawthar

Season Parameters Permissible Limit 
(Residential)

Zotlang (dB) Melbuk (dB) Zokhawthar (dB)

Jun – Aug 2016 Leq

55 dB

75.3 57.8 58.3

Lmax 78.3 60.4 59.8

Lmin 45.4 42.7 46.1

Sep – Nov 2016 Leq 57.9 79.4 78.5

Lmax 60.6 81.1 78.2

Lmin 43.8 50.4 54.5

Table 2 (Contd.)...
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Season Parameters Permissible Limit 
(Residential)

Zotlang (dB) Melbuk (dB) Zokhawthar (dB)

Dec – Feb 2017 Leq

55 dB

64.5 70.9 74.1

Lmax 66.6 71.9 76.6

Lmin 54.3 55.2 49.6

Mar – May 2017 Leq 75.6 77.1 50.7

Lmax 76.5 80.5 49

Lmin 64.8 66.9 42.1

Jun – Aug 2017 Leq 74.1 59.7 52.8

Lmax 76.3 60.7 54

Lmin 60.7 48.8 42.1

Sep – Nov 2017 Leq 69.7 77.6 57.8

Lmax 70.7 78 58.9

Lmin 57 63.7 45

Dec – Feb 2018 Leq 69.6 76.9 65.1

Lmax 69.5 76.3 66.5

Lmin 56.3 63 44.8

Mar – May 2018 Leq 75.6 77.1 50.6

Lmax 76.5 80.5 49

Lmin 64.8 66.9 42.1

Overall mean Construction 70.28 72.06 60.98

Overall mean Pre-Construction 61.56 62.71 61.11

...Table 2 (Contd.)

noise quality between the seasons during the study period 

at 0.9 (P<0.05). At Zotlang area, the average noise level 

ranged from 57.9 to 75.6 dB (A) with a mean value of 70.28 

dB (A). At Melbuk area, the average noise level ranged from 

57.8 to 79.4 dB (A) with a mean value of 72.06 dB (A). 

At Zokhawthar area, the average noise level ranged from 

50.6 to 78.5 dB (A) with a mean value of 60.98 dB (A). 

The noise levels in the three study areas in all seasons 

exceeded the permissible limits as per the Noise 

Pollution (Regulation and Control) Rules 2000 except for 

Zokhawthar area.

Noise pollution usually do not cause direct impacts or 

losses, but rather indirect impacts causing problems and 

complications in humans and wildlife over a period of time, it 

in a short period of time (Jacyna et al., 2017). Still, exposure 

to high noise levels can cause cardiovascular diseases and lead 

to acute or chronic changes of the physiological stress hormone 

regulation in humans (Ising and Kruppa, 2004) and a certain 

number of physiological and behavioural changes in birds 

(Bottalico et al., 2015). Seasonal variations in noise quality 

in the three assessment sites are shown in Figure 4.

Fig. 4: Seasonal Variation of Noise Quality in the Three 
Sampling Sites

in noise level between pre-construction phase and 

construction phase at 0.18 (P<0.05). However, the overall 

mean noise level at Zotlang and Melbuk areas during 

construction phase is much higher in comparison to noise 

level during pre-construction phase. The mean noise level 
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at Zotlang increased by 8.72 dB (A) i.e. 61.56 dB (A) to 70.28 

dB (A) and at Melbuk the mean noise level increased by 

9.35 dB (A) i.e. 62.71 dB (A) to 72.06 dB (A). However, at 

Zokhawthar, there was a decrease in mean noise level by 0.13 

dB (A) i.e. 61.11 dB (A) to 60.98 dB (A). Although Zotlang 

is a residential area, the diversion road cuts through the 

locality and noise is mainly detected from vehicles passing 

through the area as well heavy machinery operating in the 

area. The Contractor’s base camp is located at Melbuk area 

and heavy machinery were continuously in construction 

during the study period. However, the mean noise level at 

Zokhawthar during construction phase is lower compared 

to the noise level during pre-construction phase which may 

be due to the fact that construction work/activities were 

inconsistent during study period and there was a halt in 

construction during rainy seasons. Variation in mean noise 

levels between the two phases are depicted in Figure 5.

Fig. 5: Variation in Noise Quality between the 
Pre-Construction Phase and Construction Phase

CONCLUSION

The present study has revealed that the extensive use of 

heavy machinery and other construction equipment in road 

construction activities causes degradation to air quality as 

well as noise quality. Although environmental degradations 

are bound to occur during construction work, taking into 

account the baseline environmental conditions of the 

area, the level of degradation caused over a span of few 

years is notable. Alteration of landscape, topography and 

use of heavy machineries has led to air and noise quality 

degradation in the region. Taking into consideration the 

level of increase in air and noise pollution, better planning 

and proper execution of the construction work is imperative 

with strict implementation of mitigating measures proposed 

by environmental consultants and impact guidelines.

Therefore, the present study indicates the range of effects 

of road construction activities but the extent or magnitude 

of such effects still require more research. The Champhai– 

Zokhawthar road, in the near future will be an important 

gateway for trade and tourism for the country, therefore, 

it is mandatory to uphold and conserve the environmental 

stability of the area and minimize air and noise pollution to 

its permissible limits.
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Abstract—We conducted an avian survey to assess the avian diversity of Mizoram University campus, Aizawl for a period of 

24 months. During the study a total of 3,555 no of individuals of 189 species of birds belonging to 43 families were recorded. 

The family Muscicapidae represented the highest species composition with 28 species followed by family Timaliidae and 

of MZU campus and its adjacent area, 31 (16.4%) species are winter visitors, 15 (7.9%) species are summer visitor, and two 

species namely, Hooded pitta (Pitta sordid) and Forest wagtail (Dendronanthus indicus) are passer migrants. The variation 

calculated was 3.286 and species evenness index was 0.62. The detailed of avian fauna of campus recoded and the need of 

conservation actions are discussed in length.

INTRODUCTION 

Mizoram falls within the northeast bio-geographical 

zone and is a part of Indo-Mynmar biodiversity hotspot; 

encompasses rich biodiversity. Several factors and 

variability within habitat such as topographical, climatic, 

and forest category have contributed to avian species 

diversity and richness. Wilderness species in Mizoram 

has been reported to have a very wide taxonomic range, 

with respect to the enormous diversity of ecosystem and 

geographical conditions. However, in the last few decades, 

human activities and infrastructure developmental 

projects are the primary factors liable for reduction of 

biodiversity and also resulted in reduced carrying capacity 

of the environment (Gaston et al., 2003). Human induced 

disturbances are causing subtle to major landscape changes. 

Rapid deforestation of tropical forest and large scale 

human disturbances has increased concern about their 

effect on vegetation structure and composition, and animal 

communities in general (Schutle and Niemi, 1998).

Birds are more sensitive to such changes and are 

considered good predictors of habitat quality, as they relate 

to changes in their associated habitat in numerous ways 

(Shankar Raman et al. 1998, Chettri et al. 2001, Shankar 

Raman, 2011) because they respond to habitat structure 

(MacArthur and MacArthur, 1961) and represent several 

trophic groups or guilds (Steele et al. 1984). Mizoram has a 

Indo-Myanmar Hotspot region. Bird community plays an 

important role in forest ecosystem. Although population 

studies can be used for monitoring the long term change in 

the ecosystem (Weins, 1989), knowledge of the diversity of 

bird in a particular area is important for determining the 

health of the ecosystem. The requirement for bird’s habitat 

is food, water, space and cover (US Fish and Wildlife Service 

(2002). So, the study of the avian community of a particular 

habitat can be a determinant of the health of that habitat. 

Mizoram University campus is lush green campus with 

high biological diversity. Since campus is relatively new and 

vibrant due to various infrastructural and anthropogenic 

activities. Landscape and natural forest transformation is 

undergoing rapidly that is affecting natural fauna. A study 

community on the campus that will give a baseline data for 

further studies on monitoring and evaluation of avian fauna 

when university campus will grow further and witness 

more such activities.
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MATERIALS AND METHOD 

Study was carried out inside the Mizoram University (MZU) 

campus, 15 Km away from Aizawl town. Mizoram University 

campus encompasses roughly 980 acres of land area and 

geographically located between 230 73’94” N and 920 66’51” 

E elevation ranges from 300 m to 880 m above mean sea 

Setlak lui, Rultawi lui, Hradawng lui, Lalmangkhawng lui, 

campus and joins the main Tlawng river (Zothanpui, 2019). 

The vegetation type is mainly tropical wet evergreen to 

semi evergreen including a protected forest and a small 

biodiversity park. The area was covered with lush green 

vegetation with mostly evergreen trees of 384 species 

of vascular plants which belongs to 290 genera and 107 

families (Lalchhuanawma, 2008) interspersed with tall grass.

The bird survey was conducted inside the University 

campus and its adjacent forest by walking the forested 

path. Opportunistic sampling was also considered to 

strengthen the species composition. The survey path 

were walked mostly in the morning (0500–0830hrs) and 

evening (1400 –1700hrs) for 24 months during 2017and 

2018. Frequency of observing birds was maintained one 

day per week and four days in a month.  For each survey, 

DSLR Camera (Nikon D5100 and Canon 760D) was used for 

photography and binocular (Nikon Aculon15x50) was used 

of birds, colored plates of Grimmett et al. (2013) were 

used. A book on Popular Birds of Mizoram (Lalthanzara 

and Kasambe, 2015) was referred for local name of birds. 

Variation in avian diversity across the seasons was tested by 

Analysis of Variance (ANOVA) and comparison of diversity 

between the seasons was tested by student’s ‘t’ test using 

SPSS ver. 17. Shannon Weaver’s diversity and Simpson 

evenness index was calculated as per Mugurran (1985).

OBSERVATIONS AND DISCUSSION

Mizoram lies at the Indo-Myanmar Biodiversity hotspot, 

a biodiversity rich area, however the works on avian 

community is very scanty. Lepage (2018) recorded 652 

species of bird from this hilly state of Mizoram including 

26 globally threatened species. Choudhury (2008) listed 

479 species with an additional 140 uncertain species from 

Mizoram. The Zoological Survey of India (2007) recorded 

370 species and 317 species by BNHS-ENVIS.The MZU 

campus is observed an abode for total of 189 species of birds 

belonging to 43 families (Table 1). The family Muscicapidae 

has the highest species composition with 28 species recorded 

inside the campus followed by family Timaliidae and 

Cuculidae with 19 and 13 species respectively. The families- 

Zosteropidae, Fringilidae, Rhipiduridae, Aegithinidae, 

Artamidae, Pittidae, Eurylaimidae, Coraciidae, Podargidae, 

Caprimulgidae, Upupidae, Rallidae, and Turnicidae has a 

single species representative (Fig. 1). 

The high species composition of the family 

Muscicapidae is recorded, it might be due to the higher 

adaptability of members of the family in areas of  various 

anthropogenic disturbances and tolerant of various threats.  

Their habits of foraging in the top canopy, open shrub and 

near human settlements are also believed to increase the 

species count in the present study. It may be also due to the 

diverse habitat occupied by various species under the family 

Muscicapidae which allows the species to thrive well and 

survive under the dynamic ecosystem in MZU campus with 

ongoing diverse anthropogenic activities.

A total of 3,555 no of individuals of bird belonging to 

189 different species recorded during total observation 

period indicate high degree of avian diversity that is 

3.287. There thirteen families which are represented by 

single species is another indicator of species diversity. 

Distribution of species evenness was high with 0.62.  This 

high diversity of bird species in a roughly 980 acres of land 

was remarkably high. The result of evenness clearly depicts 

the occurrence of individuals of different species which in 

turn indicates the suitability of the habitat for a great variety 

species were winter visitors (table 2), 15 were summer 

visitor (table 3), and two species were recorded as passer 

migrants, Hooded pitta (Pitta sordid) and Forest wagtail 

(Dendronanthus indicus) (table 4). A photoplate of some 

birds is also enclosed. Variation of avian species across the 

recorded between seasons was compared and also found 

MZU campus is more than the record elsewhere in similar 

habitat. Chakdar et al. (2016) recorded 73 species of birds 

in the Assam University Campus of Silchar, Assam. Dey et al.

(2013) recorded 76 species of birds from 234 acre campus 
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area of Maharaja Bir Bikram College, Agartala, Tripura. 
Mizoram University is a potential habitat for avian diversity 
in comparison to other such organizations in this region.

In Dampa Tiger Reserve (DTR), 215 species of birds was 

Forest and Climate Change Department, Government of 
Mizoram. The renowned Murlen National Park (MNP) is 
known to be haven for more than 150 species of birds while 
Lalawmawia and Lalthanzara (2015) recorded 146 species 
of birds from Lengteng Wildlife Sanctuary. Meanwhile, 
Vanlalsawmi et al. (2011) also reported 54 species of birds 
only from DTR in a short study period. The avian species 
diversity of MZU campus is higher than the Phawngpui 
National Park (PNP) where 108 species are recorded by 
Ghose (1999). However inter species and inter generic 
variations may be higher in Phawngpui nationa Park being 
a protected area.

Among the recorded avian species, 75% are resident 

of MZU campus and its adjacent area and 25% of birds are 

visitors (Fig. 2). The grassy patch which interspersed the 

evergreen forest traversed by the wet and dried streams 

provide safe haven for these large congregation of diverse 

avian species. High percentage of resident species clearly 

depicts the richness of MZU campus in terms of avian 

diversity make this area very important for conservation and 

rehabilitation of birds. The authors encounter with some 

local hunters inside the MZU campus that is distressing for 

birds, and need immediate intervention of the University 

authorities. In view of the high number of resident species 

as well as seasonal visitors, the campus area needs to be 

well preserved and protected from the onslaught of external 

and internal threats which are deleterious to the wildlife 

and their habitat.

Table 1: Check List of Birds Recorded on Mizoram University Campus

Family English Name Local Name( Mizo)

Phasianidae Red Jungle Fowl Gallus gallus Ram-ar

Kalij Pheasant Lophura leucomelanos Vahrit

Mountain Bamboo Partridge Bambusicola fytchii Vahlah

Turnicidae Barred Button Quail Turnix suscitator Vahmim

Falconidae Amur Falcon Falco amurensis Sialsir

Common Kestrel Falco tinnunculus Mu te

Accipitridae Crested Serpent Eagle Spilornis cheela Muvanlai

Oriental Honey Buzzard Pernis ptilorynchus Khuaimu

Crested Goshawk Accipiter trivirgatus Muningaldang

Shikra Accipiter badius Mute

Japanese Sparrowhawk Accipiter gularis Mute

Besra Accipiter virgatus Mute

Rufous-bellied Eagle Lophotriorchis kienerii Mu-ar la

Common Buzzard Buteo buteo Munibuang

Black Baza Aviceda leuphotes Mu kelrang

Table 1 (Contd.)...
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Family English Name Local Name( Mizo)

Rallidae Slaty-legged Crake Rallina eurizonoides Kang-kang

Culumbidae Pin-tailed Green Pigeon Treron apicauda Huipui

Orange-breasted Green Pigeon Treron bicinctus Vahui

Wedge-tailed Green Pigeon Treron sphenurus Vahui

Barred Cuckoo Dove Macropygia unchall Thumimeisei

Emerald Dove Chalcophaps indica Ramparva

Spotted Dove Stigmatopelia chinensis Thuro

Oriental Turtle Dove Streptopelia orientalis Thumi

Thick-billed Green Pigeon Treron curvirostra Huifek

Psittacidae Red-breasted Parakeet Psittacula alexandri Kiteng

Vernal Hanging Parrot Loriculus vernalis Run vaki/Vaki te

Strigidae Himalayan Wood Owl Strix leptogrammica Chingpirinu

Collered Owlet Glaucidium brodiei Hrangkir

Collared Scops Owl Otus lettia Chhimbuk

Oriental Scops Owl Otus sunia Chhimbuk

Asian-barred Owlet Glaucidium cuculoides Chhimbuk te

Spot-bellied Eagle Owl Bubo nipalensis Chhimbukpui

Cuculidae Greater Coucal Centropus sinensis Lalruangasehnawt

Lesser Coucal Centropus bengalensis Lalruangasehnawt

Green-billed Malkoha Rhopodytes tristis Vazun/va uk

Large Hawk Cuckoo Hierococcyx sparverioides Kiltheihrawk

Common Hawk Cuckoo Hierococcyx varius Kiltheihrawk

Asian Koel Eudynamys scolopaceus Mitthi ar

Jacobin Cuckoo Clamator jacobinus

Chestnut-winged cuckoo Clamator coromandus

...Table 1 (Contd.)

Table 1 (Contd.)...
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Family English Name Local Name( Mizo)

Banded Bay Cuckoo Cacomantis sonneratii Thangfenpabawp

Asian Emerald Cuckoo Chrysococcyx maculatus

Lesser Cuckoo Cuculus poliocephalus Thangfenpabawp te zawk

Hodgson’s Hawk Cuckoo Hierococcyx nisicolor Kiltheihrawk

Violet Cuckoo Chrysococcyx xanthorynchus Mawntaipirtliak

Meropidae Blue-bearded Bee-eater Nyctyornis athertoni Tlakawrh

Chestnut-headed Bee-eater Merops leschenaulti Fuanhawr

Upupidae Common Hoopoe Upupa epops Chhuangtuar/Vaseek

Ramphastidae Blue-throated Barbet Megalaima asiatica Tukloh

Great Barbet Megalaima virens Tawllawt

Picidae Greater Yellownape Thlohlupar

Lesser Yellownape Picus chlorolophus Thlohlupar

White-browed Piculet Sasia ochraceae Luangtubeuh

Speckled Piculet Picumnus innominatus Luangtubeuh

Grey-capped Pygmy 
Woodpecker

Dendrocopos canicapillus Thlohte

Fulvous-breasted Woodpecker Dendrocopos macei Thlohte

Bay Woodpecker Blythipicus pyrrhotis Mauthloh

Rufous Woodpecker Micropternus brachyurus Fanghmir thloh

Eurasian Wryneck Jynx torquilla Valeisei

Grey-headed Woodpecker Picus canus Thloh hring

Hirundinidae Nepal House Martin Delichon nipalense Vamurte

Asian Palm Swift Cypsiurus balasiensis Vamur

Brown -backed Needletail Hirundapus giganteus Murpui

Fork-tailed Swift Murpui

Striated Swallow Cecropis striolata Vamur Ngumsen
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Family English Name Local Name( Mizo)

Motacillidae Grey Wagtail Motacilla cinerea Lailen

White Wagtail Motacilla alba Lailen var

Tree Pipit Anthus triavilis Chip

Forest Wagtail Dendronanthus indicus Sehnungzui/Ngawkar Lailen

Campephagidae Scarlet Minivet Pericrocotus speciosus Bawng

Long-tailed Minivet Pericrocotus ethologus Bawng

Ashy Minivet Pericrocotus divaricatus Bawngte

Large Woodshrike Tephrodornis gularis Thlekbur

Large Cuckooshrike Coracina macei Irliak

Black-winged Cuckooshrike Coracina melaschistos Changde

Pycnonotidae Red-vented Bulbul Pycnonotus cafer Tlaiberh

Red-whiskered Bulbul Pycnonotus jacosus Thlangvaberh/Phaitlaiberh

Black-crested Bulbul Tukkhumvilik

White-throated Bulbul Dawkek

Ashy Bulbul Kawlrit

Flavescent Bulbul Setawt

Black Bulbul Hypsipetes leucocephalus Hmuisen/Kesen/Liandorit

Caprimulgidae Grey Nightjar Caprimulgus jotaka Valambawk

Podargidae Hodgson’s Frogmouth Batrachostomus hodgsoni Valambawk/Vabak

Coraciidae Indian Roller Coracias benghalensis Vapui

Eurylaimidae Long-tailed Broadbill Psarisomus dalhousiae Thizil

Pittidae Hooded Pitta Pitta sordida Buarchawm lu uk

Artamidae Ashy Wood swallow Artamus fuscus Lengder

Aegithinidae Common iora Aegithina tiphia Zairumva

Laniidae Long-tailed Shrike Lanius scach Chhemhur

Halcyonidae Brown Shrike Lanius cristatus Chhemhur uk
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Burmese Shrike Lanius collurioides Chhemhur sen uk

Grey-backed Shrike Lanius tephronotus Chhemhur(vut buak)

Halcyon smyrnensis Kaikuangral

Halcyon pileata Kaikuangral ludum

Dicruridae Bronzed Drongo Dicrurus aeneus Changkak

Ashy Drongo Dicrurus leucophaeus Thlanthla

Lesser Racket-tailed Drongo Dicrurus remifer Thlanthla changhlawi

Greater Racket-tailed Drongo Dicrurus paradiseus Vakul changhlawi

Hair-crested Drongo Dicrurus hottentottus Kulherh

Oriolidae Slender-billed Oriole Oriolus tenuirostris Vamaitai

Black-naped Oriole Oriolus chinensis Vamaitai

Maroon Oriole Oriolus trailii Changsen

Rhipiduridae White-throated Fantail Rhipidura albicollis Changarh

Monarchidae Black-naped Monarch Hypothymis azurae Zumzek/Thangthlengral

Asian Paradise Flycatcher Terpsiphone paradisi Thlehhniar

Corvidae Eastern Jungle Crow Corvus macrorynchos Choak

Common Green Magpie Cissa chinensis Dawntliang

Rufous Treepie Dendrocitta vagabunda Bemkawng

Grey Treepie Dendrocitta formosae Bemkawng

Cisticolidae Common Tailorbird Orthotomus sutorius Daikat/hnahkhawr

Plain Prinia Prinia inornata Zirziak

Striated Prinia Prinia crinigera Changdawt

Black-throated Prinia prinia atrogularis Changdawt awr dum

Rufescent Prinia Prinia rufescens Zirziak

Sylviidae Yellow-browed Leaf Warbler Phyloscopus inornatus
Chivit/Saivate/Chilim/
Chhawlchhaih
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Grey-crowned Warbler Seicercus burkii
Chivit/Saivate/Chilim/
Chhawlchhaih

Yellow-vented Warbler Phylloscopus cantator
Chivit/Saivate/Chilim/
Chhawlchhaih

Thick-billed Warbler Phragamaticola aedon Hmunchhe arpuilian

Common Stonechat Saxicola torquatus Tep

Grey Bushchat Saxicola ferreus Terzik

Timaliidae Puff-throated Babbler Valeisawt

Rufous-capped Babbler Vate lusen

Pin-striped Tit Babbler Macronous gularis

Chestnut-capped Babbler Timalia pileata Vatelusen

Rufous-fronted Babbler Vatelusen

Grey-throated Babbler Stachyris nigriceps Vatekawngkan

Spot-breasted Scimitar Babbler Pomatorhinus erythrocnemis Ngalvapual awmtial

Coral-billed Scimitar Babbler Pomatorhinus ferruginosus Ngalvapual

White-crested Laughingthrush Garrulax leucolophus Koro

Greater-necklaced 
Laughingthrush

Garrulax pectoralis Vazar/Zarpuithiawrh

Lesser-necklaced 
Laughingthrush

Garrulax monileger Vazar/Zarfek

Rufous-necked Laughingthrush Vachawm

White-browed Shrike Babbler Kawl vasir

Brown-cheeked Fulvetta Alcippe poioicephala Mau va

Nepal Fulvetta Alcippe nipalensis Ngawkar mitval

Yellow-eyed Babbler Chrysomma sinense

Striated Yuhina Staphida castaniceps Tehhek

White-bellied Erpornis Erpornis zantholeuca Vate lungleng

Greater Rufous-headed 
Parrotbill

Vahnanghlai chikhat
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Muscicapidae White-capped Redstart Chaimarrornis leucocephalus Vachalde

Rufous-gorgeted Flycatcher Ficedula strophiata Terzik nghawngsen

Little Pied Flycatcher Ter pa

Verditer Flycatcher Eumyias thalassinus Vapawl

Taiga Flycatcher Ter

Blue Whistling Thrush Myophonus caeruleus Thangfenpabawp

Orange-headed Thrush Zoothera citrina Vakhuang

Scaly Thrush Zoothera dauma Ram chippui

Grey-sided Thrush Turdus faea Tiau

Blue Rock Thrush Monticola solitarius Va-in-ro nghak

Long-billed Thrush Zoothera monticola Ramchippui hmuisei

Dark-sided Thrush Zoothera marginata Ramchippui

Siberian Rubythroat Luscinia calliope Tawktawk awrsen

White-tailed Rubythroat Luscinia pectoralis Tawktawk awrsen(a chang var)

Himalayan Bluetail

Oriental Magpie Robin Copsychus saularis Khawmual chinrang

White-rumped Shama Copsychus malabaricus Vatelal

Black Redstart Phoenicurus ochruros

Blue-fronted Redstart Phoenicurus frontalis

Black-backed Forktail Enicurus immaculatus Chinrang

Spotted Forktail Enicuruc maculatus Chinrang

White-tailed Robin Myiomela leucura Pi-tuibur-kei-ve/Pi tuibur dil

Dark-sided Flycatcher Muscicapa sibirica Ter

Asian Brown Flycatcher Muscicapa dauurica Ter uk
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Vivid Niltava Niltava vivida Be-ai-ral

Blue-throated Blue Flycatcher Cyornis rubiculoides Vadumdeleng

Small Niltava Niltava macgrigoriae Be-ai-ral te zawk

Grey-headed Canary Flycatcher Culicicapa ceylonensis Mauhmun vate

Nectarinidae Crimson Sunbird Aethopyga siparaja Dawithiama arpa

Mrs Goulds Sunbird Aethopyga gouldiae Dawithiama arpa

Ruby-cheeked Sunbird Chalcoparia singalensis Dawithiama arpa

Little Spiderhunter Arachnothera longirostra
Kireuh te/Tumbu ar/Zetzet/
Lawizit

Streaked Spiderhunter Arachnothera magna Kireuh

Plain Flowerpecker Dicaeum minullum Tiktik

Yellow-vented Flowerpecker Dicaeum chrysorrheum Tiktik awmtial

Scarlet-backed Flowerpecker Dicaeum cruentatum Tek tek

Chloropseidae Chloropsis hardwickii Chhawlhring awm eng

Chloropsis aurifrons Chhawlhring lu sen

Fringilidae Carpodacus erythrinus Vasuih

Estrildidae Little Bunting Emberiza pusilla Ram chawngzawng

Crested Bunting Melophus lathami Ram chawngzawngpui

Zosteropidae Oriental White-eye Zosterops palpebrosus Mitval/Pirh/Uichirh

Sittidae Chestnut-vented Nuthatch Sitta nagaensis Suklet

Velvet-fronted Nuthatch Sitta frontalis Suklet

Sturnidae Chestnut-tailed Starling Sturnia malabarica Vamam/Vapaw

Common Hill Myna Gracula religiosa Vaiva

Passeridae Eurasian Tree Sparrow Passer montanus Chawngzawng

Scaly-breasted Munia Lonchura punctulata Pit awmtial

White-rumped Munia Lonchura striata Pit(ngumvar)

...Table 1 (Contd.)
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Fig. 1: Summary of Bird Species Recorded 
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Table 2: Birds Recoded during Winter Season (Winter Visitors)

Family English Name Mizo Name

Falconidae Amur Falcon Falco amurensis Sialsir

Common Kestrel Falco tinnunculus Mu te

Accipitridae Oriental Honey Buzzard Pernis ptilorynchus Khuaimu

Japanese Sparrowhawk Accipiter gularis Mute

Common Buzzard Buteo buteo Munibuang

Psittasidae Red-breasted Parakeet Psittacula alexandri Kiteng

Vernal Hanging Parrot Loriculus vernalis Run vaki/Vaki te

Meropidae Chestnut-headed Bee-eater Merops leschenaulti Fuanhawr

Upupidae Common Hoopoe Upupa epops Chhuangtuar/Vaseek

Picidae Eurasian Wryneck Jynx torquilla Valeisei

Hirundinidae Brown -backed Needletail Hirundapus giganteus Murpui

Fork-tailed Swift Murpui

Motacilidae Grey Wagtail Motacilla cinerea Lailen

White Wagtail Motacilla alba Lailen var

Sylviidae
Yellow-browed Leaf 
Warbler

Phyloscopus inornatus Chivit/Saivate/Chilim/Chhawlchhaih

Grey-crowned Warbler Seicercus burkii Chivit/Saivate/Chilim/Chhawlchhaih

Yellow-vented Warbler phylloscopus cantator Chivit/Saivate/Chilim/Chhawlchhaih

Common Stonechat Saxicola torquatus Tep

Muscicapidae White-capped Redstart
Chaimarrornis 
leucocephalus

Vachalde

Verditer Flycatcher Eumyias thalassinus Vapawl

Taiga Flycatcher Ter

Grey-sided Thrush Turdus faea Tiau

Long-billed Thrush Zoothera monticola Ramchippui hmuisei

Dark-sided Thrush Zoothera marginata Ramchippui

Siberian Rubythroat Luscinia calliope Tawktawk awrsen

White-tailed Rubythroat Luscinia pectoralis Tawktawk awrsen(a chang var)

Himalayan Bluetail

Blue-fronted Redstart Phoenicurus frontalis

Dark-sided Flycatcher Muscicapa sibirica Ter

Asian Brown Flycatcher Muscicapa dauurica Ter uk

Fringilidae Carpodacus erythrinus Vasuih

Total Number of  families: 11 and species : 31 are winter visitors
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Table 3: Birds Recoded during Summer Season (Summer Visitors) 

Family English Name Mizo Name

Cuculidae Large Hawk Cuckoo Hierococcyx sparverioides Kiltheihrawk

Common Hawk Cuckoo Hierococcyx varius Kiltheihrawk

Asian Koel Eudynamys scolopaceus Mitthi ar

Jacobin Cuckoo Clamator jacobinus

Chestnut-winged cuckoo Clamator coromandus

Banded Bay Cuckoo Cacomantis sonneratii Thangfenpabawp

Asian Emerald Cuckoo Chrysococcyx maculatus

Lesser Cuckoo Cuculus poliocephalus Thangfenpabawp te zawk

Hodgson’s Hawk Cuckoo Hierococcyx nisicolor Kiltheihrawk

Violet Cuckoo Chrysococcyx xanthorynchus Mawntaipirtliak

Hirundinidae Nepal House Martin Delichon nipalense Vamurte

Muscicapidae Vivid Niltava Niltava vivida Be-ai-ral

Blue-throated Blue Flycatcher Cyornis rubiculoides Vadumdeleng

Small Niltava Niltava macgrigoriae Be-ai-ral te zawk

Orange-headed Thrush Zoothera citrina Vakhuang

Total no of families: 3 and species: 15 are summer visitors

Table 4: Passage Migrant Birds

Family English Name Mizo Name

Pittidae Hooded Pitta Pitta sordida Buarchawm lu uk

Motacillidae Forest Wagtail Dendronanthus indicus Sehnungzui/Ngawkar Lailen

Fig. 2: Patterns of Occurrence of Avian Groups
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Fig. 3: Photoplate: Some Birds of Mizoram University (MZU) Campus
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INTRODUCTION

MHD is the science of movement in which all the 

conduction of electric current. There are lots of applications 

of MHD principles in Engineering, Plasma Physics, in area 

of Biotechnology and Bio medical science. The effects of 

MHD in various heat and mass transfer problems with 

mixed convection are applied by several authors such as 

Elbashbeshy (2003), Singh et al. (2000) and Ahmed (2010).

Soret effect which is also known as thermal-diffusion 

effect concerns with the methods of separating heavier gas 

molecules from lighter ones by maintaining temperature 

gradient over a volume of a gas containing particles of 

gradient is termed as Soret or thermal –diffusion effect. In 

view of the importance of Soret effect, several authors have 

carried out their research works to investigate the problems 

related to thermal-diffusion effect. Some of them are Anghel 

et al. (2000), Postenlnicu (2004), Alam et al. (2004) and 

Ahmed (2010). 

Several investigators have studied the impact of 

whom Apelblat (1982) and Anderson et.al (1994) are price 

mentioning. Chambre and Young (1958) have conferred 

a primary order reaction within the neighbourhood of a 

horizontal plate. Muthucumaraswamy (2002) conferred 

heat and mass transfer effects on an endlessly moving 

isothermal surface with uniform suction by taking in to 

account the homogenous reaction of 1st order.

The main aim of present study is to investigate the effect 

of thermal-diffusion (Soret effect) on a mixed convective 

with MHD. The work is an extension to the work done by 

Allan and Derbery (2018). 
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MATHEMATICAL FORMULATION OF 
THE PROBLEM

In the present study, an MHD conducting heat and mass 

with constant suction is considered as well as a uniform 

with the following assumptions:

 The polarization effects are assumed to be 

 The suction velocity is constant.

 

 

variables are functions of y  and t  only.

 It is assumed that the variation of expansion co-

negligible. 

 The free stream oscillates about a steady mean. 

Here, it is assumed U t  =U
0
(1+ i te ), where U

0 
is the 

mean stream velocity,  is the amplitude of the free stream 

variation and U  is velocity along the plate.

We introduce a co-ordinate system, where X-axis vertically 
upwards along the plate, Y-axis remains perpendicular to 

along the width of the plate as shown in Figure 1

B

v

Fig. 1: Physical Model of the Problem

Let the components of velocity along the X-axis be u
and components of velocity along the Y-axis be v . So u is 

chosen in the upward direction along the plate and v  are 

chosen normal to the plate.

Under the given assumptions, the equations that 

describe the physical situation are given by:

1. Equation of Continuity:

0

v
0 v v

y

 (1)

2. Momentum Equation:

22
0

2

u u 1 p u
v u g T T g c c

t y p x y

/

c

u
u g T T g c c

k
(2)

3. Energy Equation:

2
r

2
p p

qT T k T 1

t y c c yy
 (3)

4. Concentration Equation:

2 2

T2 2

c c c T
 D c c D

t y y y
 (4)

The boundary conditions for the velocity, temperature 

i t

w wu 0, T T T T e , c c c c e at y 0

i t

w wu 0, T T T T e , c c c c e at y 0  (5)

i t

0
u U U (1 e ), T T , c c at y

u U U (1 e ), T T , c c at y  
(6)

2rq
4 T T

y

 (7)

Outside the boundary layer we consider

2
0

1 dU
U B U

x dt K
 (8)
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We now consider the following dimensionless variables 

as follows: 

0

2
0 00

2
0

w w

22
p0

2 2
p 0

2
0 T w

2
0 w

c w

2 2 2
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t V T T C C
t , ,

T T C C

cK V4
N K , Pr

kc v

M ,Sc , Sr
D

Kr , Gr , Gm
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(9)

From the equation (7)–(9), the governing equations 

(2)–(4) are reduced to the non- dimensional form as follows:

2

12

u u U u
Gr Gm M U u

t y t y
(10)

2

2

1
N

t y Pr y
 (11)

2 2

2 2

1
Kr Sr

t y Sc y y
 (12)

Where

1

1
M M

K

Applying non-dimensional variables given in equation 

(9), the boundary conditions (5) and (6) are reduced to the 

following dimensionless form as follows:

i t i tu 0, 1 e , 1 e at y 0
i tu 1 e , 0, 0 as y

(13)

METHOD OF SOLUTION 

Now we have needed to reduce the above system of partial 

differential equations (10)–(12) into a system of ordinary 

differential equations in dimensionless form, we may consider 

the velocity, temperature and concentration as follows:

i t
0 1  (14)

i t
0 1y, t y e y  (15)

i t
0 1y, t y e y  (16)

Where 0 0 0u , , are respectively the mean 
velocity, mean temperature and mean concentration. 

Substituting the equations (14), (15) and (16) into the 

equation (10), (11) and (12), neglecting the higher of  and 

equating the harmonic and non-harmonic terms, we get 

following equations as follows: 

2

1 0 0 0 12

d d
M u Gr Gm M

dydy
 (17)

2

1 1 1 1 12

d d

dydy

1 1 1 1 1

 (18)

2

r 02

d d
Pr NP 0

dydy
 (19)

2

r 12

d d
Pr P N i 0

dydy
 (20)

2

0 02

d d
Sc KrSc SrSc

dydy
 (21)

2

1 12

d d
Sc Sc Kr i SrSc

dydy
 

(22)

Applying the equations (14), (15), and (16) the 

boundary conditions (13) can be written as

0 1 0 1 0 1u 0, u 0, 1, 1, 1, 1, at y 0

0 1 0 1 0 1u 0, u 0, 1, 1, 1, 1, at y 0  (23)

0 1 0 1 0 1u 1, u 1, 0, 0, 0, 0, at y

0 1 0 1 0 1u 1, u 1, 0, 0, 0, 0, at y  (24)

Solving the equations from (17) to (22) and applying 

the boundary conditions (23) and (24), getting following 

equations:
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1m y

0 y e  (25)

2m y

1 y e  (26)

 (27)

4 2m y m y
1 2 2y 1 A e A e  (28)

 (29)

6 2 4m y m y m y
1 8 6 7u y A e 1 A e A e (30)

Where 

2

1

Pr Pr 4N Pr
m

2
 ,

2

2

Pr Pr 4 Pr N i
m ,

2

2

3

Sc Sc 4KrSc
m ,

2
2

4

Sc Sc 4Sc Kr i
m ,

2

2 2

0 0
1 2 2

0

K v1
M M , M , K

K v
,

1
5

1 1 4M
m

2

1

6

1 1 4(M i )
m

2
,

2

1
1 2

1 1

m ScSr
A

m Scm KrSc
, 

2

2
2 2

2 2

m ScSr
A

m Scm Sc Kr i
,

3 2

1 1 1

Gr
A ,

m m M

1

4 2

3 3 1

Gm 1 A
A ,

m m M
1

5 2

1 1 1

GmA
A ,

m m M

2
6 2

2 2 1

Gr GmA
A ,

m m (M i )

2
7 8 6 72

4 4 1

Gm(1 A )
A , A A A 1,

m m (M i )  
(31)

From the equations (14) to (16), we obtain velocity, 

temperature and concentration as follows: 

 (32)

1 2m y m yi ty, t e e e  (33)

3 1m y m y
1 1

4 2m y m yi t
2 2  (34)

Where, 

8 6 7 9 3 4 5 10 3 5A A A 1, A A A A 1, A A A

8 6 7 9 3 4 5 10 3 5A A A 1, A A A A 1, A A A
(35)

wall of plate is given by

(36)

The rate of heat transfer in terms of Nusselt number 
(Nu) as follows:

 (37)

Sherwood number as follows: 

(38)
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RESULTS AND DISCUSSIONS

piled up to get a variety of graphs with their substantial 

interprtations by taking some random values of different 

parameters implicated in the problem. 

number M, Chemical reaction parameter Kr, Soret number 

Sr and Schmdit number Sc against the normal co-ordinate 

2 and 3 that, an increase in magnetic parameter M and 

chemical reaction parameter Kr has an inhibiting effect on 

with increasing M and Kr. In other words the obligation of 

of performance with Schmdit number Sc is concerned. But 

Fig. 2: Velocity Versus y under K=2,  
N=0.2, Gr=2, Gm=2, Kr=2, Sc=0.22,  

Fig. 3: Velocity Versus y under K=2,  
N=0.2, Gr=2, Gm=2, M=2, Sc=0.22,  

Fig. 4: Velocity Versus y under K=2,  
N=0.2, Gr=2, Gm=2, Kr=2, Sc=0.22,  

Fig. 5: Velocity Versus y under K=2,  
N=0.2, Gr=2, Gm=2, Kr=2, M=2,  
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Fig. 6: Temperature Versus y under Fig. 7: Temperature Versus y under

Figures 6 to 7 match up to the temperature distribution 

 against y under the effects of the Prandtl number Pr 

and radiation parameter N. Rising of Pr or N shows a 

contrasting control on  which indicates the fact that the 

maximum value at y 0  to its minimum value at .

The effects of Soret number Sr and Schmdit number Sc 

Soret number Sr and drops for increasing Schmdit number 

Sc. It indicates that the concentration level gets enhanced 

The variations of skin friction against  under the 

parameter Kr, Soret number Sr and Schmdit number Sc 

chemical reaction and mass diffusivity tends to minimize 

raised by virtue of thermal diffusion effect. 

Fig. 8: Concentration Versus y under N=0.2, Fig. 9: Concentration Versus y under N=0.2,
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The effects of Prandtl number Pr and radiation 

rate of heat transfer increases with the increase in Prandtl 

number Pr. This simulates that low thermal diffusivity leads 

the substantial rise in the heat transfer rate. Figure 15 

reduced with the increasing values of radiation parameter 

the action of thermal diffusion effect. It is contingent from 

CONCLUSION

The following conclusions can be drawn from the present 

investigation of the problem: 

1. 

in presence of Soret number.

2. 
for increasing values of Soret number Sr and drops 
for increasing Schmdit number Sc. It indicates that 
the concentration level gets enhanced due to mass 

3. An increase in magnetic intensity and chemical 

reaction tends to minimize the viscous drag and the 

friction is raised by virtue of thermal diffusion effect.

4. Sherwood number falls down under the action 

rate of mass transfer rises under Schmdit number. 

NOMENCLATURE

U Non dimension velocity along the plate

U
0 

Mean stream velocity

U  Dimensional velocity along the plate

x, y distances along and perpendicular to the plate, 
respectively

0v
 Constant suction velocity

x , y
 dimensionless distances along and 

perpendicular to the plate, respectively

u, v components of dimensionless velocities along 
x and y directions respectively

u , v  components of dimensional velocities along 
x and y  directions respectively

t non-dimensional time 

t  dimensional time
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D
T 

Thermal Diffusion Ratio

rK  Non-dimension chemical reaction parameter

rK
 Dimensional chemical reaction parameter

K Non-dimension porosity number

K  Dimensional porosity number

T

wT  dimensional temperature at the plate 

T  dimensional temperature in the free stream 

N Radiation parameter

K non-dimension porosity parameter

P
r
 Prandtl number

M Magnetic parameter

Gr Grashoff number

G
m

 Grashoff number for mss transfer

S
c
 Schmdit number

Sr Soret number

C  dimensional concentration

wC
 dimensional concentration at the wall

C  dimensional temperature in the free stream

g Acceleration due to gravity

p Non dimension pressure

p  Dimensional pressure

C
p

GREEK SYMBOLS

 

c

non-dimensional temperature

 Electrical conductivity

 non-dimensional concentration

 small reference parameter

 Frequency parameter

SUBSCRIPTS

w Wall condition

 Free stream condition

SUPERSCRIPTS

/ Dimensional properties

// Differentiation w. r. to y
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Abstract—Viterbi Algorithm (VA) is basically an algorithm that is implemented for the detection & estimation of a sequence 

of symbols in digital communication and signal processing. It calculates a survivor path with minimum metric value, but 

cannot detect any error. The VA is scrutinized to upgrade the transmission process and provide the plate form in terms 

of the existence, linear phase noise as well as non-linear phase noise. In contradiction to non-adaptive MLSD (Maximum 

Likelihood Sequence Detection), the Viterbi algorithm renders the exemplary performance.

Keywords: NAVA (Newly Viterbi Algorithm), Optical, EDFA(Erbium-Doped Fiber Amplifier), SOA(Semiconductor 

Optical Amplifier)

INTRODUCTION 

The need and urgency for optimal performance in optical 

(coherent detection) methods are used to support other 

advanced modulation techniques, for example, M-ary phase-

shift-keying (MPSK). The basic principle of PSK modulation 

is that, for every bit, the phase of the carry signal is 

changed. The ‘M’ in the M-ary PSK stands for the degree 

of the phase shift in the given Phase Shit Keying (PSK) 

of logbase2 (M). Due to the easy availability of high-level 

technology & high speed converters in the form of Analog 

to digital, the data or the statistics can be preserved on the 

dispersion of the polarization mode, etc. is severly reduced. 

However, the major issue arises regarding mitigation of 

carrier phase noise during the usage of local-oscillator, in 

coherent detection. The presence of phase noise can lead 

to the reduction of the effective signal-to-noise ratio (SNR) 

calculated at receiver, decrement the bit error rate (BER) 

and data rate, corruption of the received signal & limitation 

of transmission distance [6-8]. We observe, therefore, 

that phase noise causes system performance degradation. 

Several solutions and algorithms have been put forward 

to eliminate Linear-Phase-Noise (LPN) and Non-Linear-

Phase-Noise (NLPN) by using either DSP techniques, or 

with the usage of optical components. Linear phase noise 

is explored as noise resulting from concise term phase 

as a sideband appearing in the form of a noisy spectrum, 

which is observed to spread out on either sides of the 

spontaneous-emission (ASE) noise due to wrong setting 

and degradation levels in the performance behaviour of 

modulation techniques that encode data information in the 

optical carrier phase [9-11]. This is known as non-linear 

phase noise. The Decision Aided Maximum Likelihood 

scheme and the Viterbi adaptive maximum likelihood 

sequence detection schemes, both, are symbol-by-symbol 

(SBS) algorithms. MLSD’s goal is to reduce the application 

complexity in communication over channels where channels 

behaviour are nonlinear dispersive. MLSD dramatically 

diminishes the Viterbi decoder (VD) states and provides a 

resolution between the two characteristics, the complexity 

and the performance. In this paper, the performance of 

MLSD, an Adaptive MLSD, in the existence of linear phase 

noise & non-linear phase noise, is studied.
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ADAPTIVE MLSD ALGORITHM

Primarily, the effect of a multitude of noises are proceeded 

upon based on a presumption of removal of anomalies 

like Polarization mode dispersion (PMD) with the help of 
optical methods and Digital Signal Processor (DSP), and no 
contribution of the MLSD algorithm is considered for their 
processing.

Fig. 1: Proposed Setup for Dense Optical Communication

In the above long haul system given by Fig. 1, optical 

transmitted. Acquired one made to combine with an LOl 

signal ( 2 x 4 90o )optical hybrid made up of a ferroelectric 

material LiNbO
3 

or Lithium Niobate which has a large 

for the signals. The ith symbol quoted as one acquired for the 

interval (iT,(i+1)T). 

Where n(i) is sent Mean phase shift keyed or 

Multi-ary quadrature amplitude modulated singal & o(i) 

parts, namely LPN & NLPN. Priori LPN which is Wiener 

LPN
i v(h) where v(h) is tha free and same 

distributed gaussian random variable having null mean 
2

LPN

the 3 dB Laser Line width. The later benefactor of PN also 

known as Non Linear PN which is accumulated by passing it 

through N
A
 is given by –

1
(i)+N

2
(i)+…

+N
i
(i), N

i
(i) being the noise induced by the ith

is the nonlinearity coeff & Leff stands for the effective non 

now implemented as the block assessment of the sent signal 

m=[m(0)+m(1)+…..+m(D-1)] from the acquired signal 

r=[r(0)+r(1)+…..+r(D-1)] is improbable and won’t give us 

the required output. Therefore, now the sent array is treated 

is the sequence with the max possibility among all the 

permutations entering that scenario. Hence at an instant 

of every hypothised subsequence in the sent signal 

n(k)=[n(0)+n(1)+n(2)+…..n(i-1)] as per given the acquired 

sequence R=[R(0)+R(1)+…….+R(i-1)]. The deciding qty 

o
,m(i

o o
-1,n(i

o o
)-n(i

o
)V

n
(i

o o
2 only involves 

linear calculations and it can be subjected to recursive 

array length. In order to apply MLSD we need to calculate a 

reference phasor from the sequence of previous L symbols.A 

block length effect arsies in MLSD due to different memory 

lengths.Therefor we use a better approach called adaptive 

the calculation of reference phasor and it also minimizes 

theestimation error. Here, sift requires pre state info other 
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than L as the length stored is automatically self-adjusted. So 

is required to be trained to steadty state. This can be done 

by transmitting a short prologue in the beginning of the 

sequence. Each data sequence with a length D is attached 

with a symbol at the end to cause paths recombination. 

DISCUSSION AND RESULTS

First we will do the analysis of how MLSD will perform in 

presence of LPN and NLPN wihtout using any adaptation 

mechanism. For doing so the variance in phase error for 

reference phasor is derived and it is found that it obeys the 

Gaussian distribution having a zero mean and variance of 

MLSD is given by 

The resolution between balancing the NLPN, LPN and 

additive noise is explained by Eq.(5).To minimize error of 

estimation the optimum value of L can be calculated using 

Eq.(5) given as 

2 4 6 8 10 12 14 16 18

SNR

10
-16

10
-14

10
-12

10
-10

10
-8
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-6

10
-4

10
-2

Fig. 2: BER vs. SN Simulation at 25 Gbaud/s QPSK Signal 
Considering Only LPN with LLW = 200k/5M

Fig. 2 shows a comparison of BER vs. SNR for Adaptive 

MLSD and MLSD algorithms. It is observed that when the 

LLW is large, a shorter L is required by the phase noise for 

tracking which is varying fast. On the other hand the salient 

feature of longer L is that additive noise compensated 

by it. In case of unknown channel statistics and usage of 

improper receiver and memory value being employed, it 

will be observed that especially in the low BER region the 

performance of BER will degrade. 

0 10 20 30 40 50 60

Length

15
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Fig. 3: Curve of Q-factor vs. Memory Length for DAML 
and MLSD at 25 GBaud/s DQPSK Signals having 20 Spans

Fig. 3 shows a comparison of the plot for Q-factor vs. 

memory length between MLSD and DAML with only NLPN 

Gbaud/s DQPSK signal. It can be seen that when Q-factor 

is low sequence detection algorithm(MLSD) excel SBS 

algorithm(DAML). Increasing the memory length results 

in the increase in Q-factor for both the algoritms but after 

certain poitn the curve saturates which is evident from 

the variance of NLPN. So in order to have a higher Q-factor 

the error variance must be reduced which is possible only 

by having a longer memory length L. Consequently,the 

complexity of the receiver is increased which is undesirable. 

To avoid receiver complexity, we use the adaptive version of 

MLSD in order to have an optimal performance. The memory 
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Fig. 4: Curve of BER vs. Launched Power for Adaptive 
MLSD vs. Non-adaptive MLSD having 23 Spans for 
LLW = 10MHz at 25GBaud/s DQPSK

In Fig. 4, we consider both type of noises i.e. LPN 

and NLPN which is a real situation. It is found that simply 

increasing memory length due to LPN does not made any 

improvement in the error-rate performance. In the region 

where SNR is low,with increasing SNR the BER decreases 

as the dominant distortion in this region is additive noise. 

In the region where the launched power is greater than 

optimum launched power the noise is mainly because of 

Non-Linear Phase Noise which is due to the fact that power 

of signal is large. It can be seen from Fig. 5 that at optimum 

launched power there is a considerable improvement in 

BER performance of adaptive MLSD over non-adaptive 

MLSD which can be even more better if receiver knows the 

statistics of the channel.

CONCLUSION

Adaptive MLSD algorith of the type Viterbi for optical 
systems which are coherent in nature having NLPN & LPN 

both was studied and it was concluded that favourable and 
best performance was delivered with the complexity of the 
receiver being low.
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Abstract—Infections caused by fungal plant pathogens are recently recognized as a threat to food security worldwide and its 

control strategies need to be taken care where naturally synthesized fungicides such as those obtained from actinobacteria 

are becoming an area of great interest. A total of 68 isolates of actinobacteria were evaluated for their antagonistic potential 

against four fungal plant pathogens viz., Fusarium oxysporum CABI-293942, Fusarium udum MTCC-2755, Fusarium 

proliferatum MTCC-286 and Fusarium graminearum MTCC-1893 by dual culture  assay. It was found that 83.8% of 

the isolates showed inhibitory activity against at least one of the tested plant pathogens with the percentage of inhibition 

ranging from 20–87.2. Thirteen Streptomyces isolates and one Nocardiposis isolate exhibited inhibition activity against all 

the tested pathogens. Overall, this study gives a basic understanding of the potential aspect of freshwater sediments derived 

actinobacteria against fungal phytopathogens.

Keywords: Anti-fungal, Phyto-pathogens, Nocardiopsis, Streptomyces 

INTRODUCTION

Fungal diseases are one of the most common problems 

to certain crops upon which humanity depends 

(Godfray et al. 2016) and compounds derived from 

actinobacteria represent a promising agent to tackle the 

problems (Wang et al. 2018; Qi et al. 2019). Actinobacteria 

are Gram +ve bacteria, ubiquitous in nature, typically soil 

dwellers (Goodfellow and Williams 1983), found commonly 

in freshwater ecosystems (Sibanda et al. 2010). Various 

habitats have been explored in search of actinobacteria and 

several useful compounds have been expansively reported 

from different ecosystems (Maldonado et al. 2005; Passari 

et al.

the rate of discovery of novel actinobacteria in recent years 

and there has been increasing isolation of known organisms 

besides re-isolation of known compounds (Zotchev 2012). 

Mizoram, Northeast India, is a large bio-prospecting area 

Conservation International (Myers et al. 2000). All the lakes 

and rivers of Mizoram are freshwater (Zothanpuia et al. 2015). 

Few actinobacteriological research has been reported 

from Mizoram such as freshwater sediments derived 

actinobacteria for its potential as antimicrobial agent and 

secondary metabolites producer (Zothanpuia et al. 2018), 

endophytic actinobacteria as biologically active compounds 

and phytohormone producers (Passari et al. 2015) and 

plants growth promoters (Passari et al. 2016). Investigation 

on the antifungal potential of actinobacteria from freshwater 

sediments may give a basic understanding and will provide 

biotechnological exploitation especially in the management 

of food security.

MATERIALS AND METHODS

Serial dilution and spread plate technique were used for 

the isolation actionobacteria from freshwater sediments of 

Tlawng river, Tuirial river and Tamdil lake (Yuan et al. 2014; 
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Zothanpuia et al. 2018). Seven different nutritional media 

were used for the isolation such as starch-casein agar (SCA), 

yeast-extract malt-extract agar (ISP2), Actinomycetes-

isolation agar (AIA), Streptomyces agar (SA), glycerol-

asparagine agar (ISP5), tyrosine-agar medium (ISP7), 

and tap-water yeast-extract agar (TW-YE), the isolated 

organisms were characterized as exactly reported in the 

previous studies (Zothanpuia et al. 2018).

SCREENING FOR ANTIFUNGAL ACTIVITY

The actinobacterial isolates were evaluated for their 

antagonistic potential against four fungal phytopathogens 

collected from microbial type culture collection (MTCC), 

Chandigarh, India viz., Fusarium oxysporum CABI-293942, 

Fusarium udum MTCC-2755, Fusarium proliferatum

MTCC-286 and Fusarium graminearum MTCC-1893 by 

dual culture  assay (Khamna et al. 2008). Colony 

growth inhibition (%) was calculated by using the formula: 

C - T/C × 100, where C is the colony growth of the fungal 

pathogen in control, and T is the colony growth of the fungal 

pathogen in presence of actinobacteria. All isolates were 

tested in triplicate and mean values were calculated.

RESULTS AND DISCUSSION

Actinobacteria remains an important source of important 

biologically active compounds effective against certain plant 

and animal diseases (Goodfellow and Fiedler 2010; Yuan et al.

2014). The present investigation isolated 68 actinobacteria 

from freshwater sediments of Mizoram, Northeast India; 30 

isolates from Tamdil Lake, 19 from Tlawng River, 19 from 

Tuirial River, and were earlier discussed in the previous 

article (Figure 1) (Zothanpuia et al. 2018). 

Fig. 1: Morphological Features of Actinobacteria 
Isolated from Freshwater Sediments

Streptomyces represent the most dominant genus among 

the isolated organisms (72%), followed by Nocardiopsis, 

Saccharopolyspora, Rhodococcus, Prauserella, Amycolatopsis, 

Promicromonospora, Kocuria and Micrococcus, the 16S rRNA 

gene sequences of all the isolates were deposited in NCBI 

GenBank database and accession numbers were given as 

cited (Zothanpuia et al. 2018). This study revealed that 

Lakes and rivers are important reservoirs of actinobacteria 

(Leiva et al., 2004).

Aactinobacteria represents one of the most potential 

candidates to tackle the problems associated with the 

fungal plant pathogens that were largely reported as a 

et al. 2018; Qi et al. 2019). 

Diseases and the problems caused especially by the 

genus Fusarium were reported worldwide (Lamprecht 

et al. 2011) which include wilting, chlorosis, necrosis, 

premature leaf fall, stunting, etc. The antifungal activity 

was checked to understand the inhibition ability of the 

isolated actinobacteria against four fungal pathogens 

by dual culture  assay, which is a method widely 

used for preliminary screening (Zothanpuia et al. 2018a). 

The phytopathogens include F. udum, F. oxysporum, 

F. graminearum and F. proliferatum which were reported 

as pathogens maintained in the microbial type culture 

collection. From a total of 68 actinobacterial isolates tested, 

83.8 % (n=57) of the isolates showed inhibition activity 

against at least one of the tested pathogens (Table 1). This 

(2003) that demonstrated the anti-mycotic activity of 

114 freshwater actinobacteria from Nile River. 14 isolates 

viz. Streptomyces cyaneofuscatus DST15, Streptomyces cyaneofuscatus Streptomyces sp. Streptomyces

DST16, Streptomyces sp. DST25, Streptomyces Saccharopolyspora sp. 

DST31, Streptomyces griseoplanus DST53, griseoplanus Streptomyces sp. Streptomyces

DST54, Streptomyces cyaneofuscatus DST64, cyaneofuscatus Streptomyces 

 DST71, Streptomyces sp. DST86, Streptomyces Streptomyces 

 DST102, Streptomyces sp. DST104, Streptomyces Nocardiopsis

sp. DST105, Streptomyces sp. DST116 and Streptomyces Streptomyces

sp. DST119 showed activity against all the tested four 

Fusarium pathogens. Maximum inhibitory activity of the 

actinobacterial isolates was found against F. graminearum

(46.4%) [Figure 2 (I)], followed by F. proliferatum (30.4%) 

[Figure 2 (II)], F. oxysporum (29.5%) [(Figure 2 (III)] and 

Fusarium udum (26.9%) [(Figure 2 (IV)] with percentage 

of inhibition ranging from 20-87.2. It was earlier reported 

the antifungal potential of two actinobacterial isolates 

Streptomyces sp. DST23 and Streptomyces Streptomyces parvus DST24 Streptomyces parvus

against F. oxysporum, F. proliferatum, and F. oxy. ciceri

from freshwater Tuichang river (Zothanpuia et al. 2015) 
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which was in accordance with the reports of Streptomyces

from Krishna river showing antibacterial and antifungal 

activity (Ellaiah et al. 2002). A similar investigation was 

also executed in Lake Baikal, the largest freshwater lake 

worldwide that described more than 70% of the isolates 

having an antifungal activity (Protasov et al. 2017). Among all 

the isolated organisms, Streptomyces sp. DST25 showed the 

maximum percentage of inhibition against Fusarium Udum

especially Streptomyces

et al.

(2018) and Qi et al. (2019). Streptomyces are among the 

largest contributors of antibiotics in the microbial world, 

widely distributed in soil and also colonize water and other 

natural environments (Goodfellow and Fiedler 2010). Most 

research including the present study is an early experimental 

stage but revealed the ability of Streptomyces in the control 

of fungal plant pathogens which was also supported by 

the review of Bubici (2018). Upon further investigations 

formulation of freshwater sediments derived actinobacteria 

may help in the development of control strategies of fungal 

plant diseases which remains a great concern worldwide.

Fig. 2: (I) Antifungal Activity of Actinobacterial Isolates Against F. graminearum (II) F. proliferatum (III) F. oxysporum 
and (IV) F. udum. 
of Pathogens Inhibited by Actinobacteria
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CONCLUSION

In this study, sixty-eight actinobacteria were isolated from the 

sediments of three freshwater systems using serial dilution 

and spread plate technique, where the genus Streptomyces

was found to be dominant. They were evaluated for their 

anti-fungal activity against four Fusarium plant pathogens 

collected from microbial type culture collection and found 

that 83.8% of the isolated organisms showed inhibitory 

activity against at least one of the tested plant pathogenic 

fungi and 13 Streptomyces isolates were found to inhibit 

all the tested pathogens which undoubtedly presented the 

anti-fungal potential of actinobacteria and might be a good 

candidate as biocontrol agent especially disease caused by 

Fusarium pathogens. 
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Abstract—From thermochemical studies of organometallic compounds, a host of thermodynamic parameters viz., 

heat capacity, entropy, Gibbs energy etc., can be evaluated. The present communication deals with the evaluation of 

enthalpy of combustion and thereby estimation of enthalpy of formation of crystalline trisacetylacetonato chromium(III) 

[Cr (C
5
H

7
O

2
)

3
 (c)] or [Cr (acac)

3 c
H) and enthalpy of formation 

f
H° –1 –1 respectively. Experimental data 

obtained are in good agreement with one another.

Keywords: Calorimetric Computation, Organometallic Compounds, Combustion Enthalpy, Trisacetylacetonato 

Chromium (III)

INTRODUCTION 

Thermochemical studies of organometallic compounds of 

s, p, d and f block elements have evoked a lot of interest 

provide a lot of physico-chemical data for scientists to 

deal with (Cavell et al., 1977, Lalancette et al., 2018, Ismail 

1991, Semyannikov et al., 2005, Pathak 2016, da Silva

et al., 2011, Thakur et al., 1995, da Silva et al., 1988, Thakur

et al., 1992, Melia et al., 1968) which can be applied in 

and from environmental chemistry to biochemistry. 

Available literature also buttresses such facts. Quantitative 

measurements of enthalpy changes involving various 

physico-chemical and biological processes are tedious 

tasks and usually done through the help of various types 

of calorimeters (Ribeiro da Silva 2010) or otherwise. The 

data so obtained as a consequence of such thermochemical 

investigations by several investigators are, therefore, of 

much empirical importance. The present paper deals with 

the bomb- calorimetric evaluation of enthalpy of combustion 

and thereby estimation of enthalpy of formation of trisacety

lacetonatochromium(III) [Cr (C
5
H

7
O

2
)

3
 (c)].

EXPERIMENTAL

Preparation of trisacetylacetonato chromium(III) 

[Cr (C
5
H

7
O

2
)

3
 (c)]:

Trisacetylacetonato chromium(III) was prepared 

by adding 5g of chromium(III) oxide [CrO
3
 (s), Merck 

grade] gradually in very small amounts to about 25g of 

acetyacetone (b.p. 137–140°C) with constant stirring until 

the exothermicity of the reaction subsided and the solution 

turned violet. Stirring continued for another 10 minutes 

when 5 ml of C
2
H

5
OH was added. The solution was heated 

over a steam bath for about 4 hours and then allowed to 

cool in a freezer for about an hour when dark pink solids 

separated out. After aqueous-washing of the precipitate 

(ppt) several times, it was recrystallised in minimum 

volume of benzene with the addition of small amount of 

light petroleum (b.p. 40 –60°C). It was then cooled in a 

freezer for an hour whereby shining pink crystals of the 

vacuum (m.p. 215°C). The said compound was analysed for 

chromium. (Found: Cr = 15%; calculated for Cr (C
5
H

7
O

2
)

3
; 

preparation of the said compound as reported by few other 
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investigators is also given here (Fernelius et al., 1957, 

Chaudhuri, et al., 1982). The compound is usually prepared 

by the action of acetylacetone (Hacac) on Chromium (III) 

oxide (Fernelius et al., 1957)

Cr
2
O

3 3
 + 3 H

2
O

Derived from gum benzoin and used as food 

preservatives, benzoic acid is a colourless crystalline 

solid occurring naturally in many plants (Qualley et al., 

2012) and fruits including berries (~0.05%) and serves 

as an intermediate in the biosynthesis of many secondary 

metabolites. Benzoic acid usually contains phthalic acid 

and benzylbenzoate as impurities, hence for calibration of 

the bomb calorimeter extra pure benzoic acid usually called 

stable compound and relatively non-toxic. 

‘Toshniwal’ static oxygen bomb calorimeter having 

capacity of 303 ml and which can withstand a pressure 

of 200 atm. was used in the present work. The mean heat 

capacity of the bomb calorimeter was determined by 

to be 10550 ± 10 J°C –1g–1. 

The problems of not using differential scanning 

calorimetry (DSC) in the present work were manifold. First 

capacity over the range of temperatures to be scanned 

and secondly either the power supply remains constant 

Moreover, due to a combination of relatively poor sensitivity, 

slower than normal scan rates (typically 2–3°C/min, due 

to much heavier crucible) and unknown activation energy, 

it makes imperative to deduct about 75–100°C from the 

initial start of the observed exotherm to suggest a maximal 

temperature for the material (Wikipedia). Moreover, DSC 

curves reveal considerably less energy release than the 

true reaction-heats of the oxidation of organic materials 

which may be due to the low oxidation rate of some primary 

volatile products, especially carbon monoxide, inevitably 

forming during the oxidation of organic and carbonaceous 

materials at the temperatures of DSC experiments 

(Várhegyi et al., 1986).

RESULTS AND DISCUSSION

Recording temperature rise by burning a weighed amount 

excess of O
2
 (g) under pressure, the enthalpy of combustion 

c
H) of the compound was evaluated using the relation 

c

where, M is the formula weight of the crystalline 

complex, W the water equivalent of the bomb calorimeter 

to calorimetric combustion. Mean water equivalent of 

the bomb calorimeter was obtained experimentally by 

10550 ± 10 J°C–1g–1. The molar enthalpy of combustion of 

the sample was given in table 1.

By substituting the supplementary thermochemical 

data from the standard reference sources 

(Wagman et al., 1965, Weast 1986), the standard enthalpies 

of formation of [Cr (C
5
H

7
O

2
)

3 
(c)] was computed using the 

c f
 

f
 (reactants). The 

auxiliary enthalpy of formation data for products like 

metal oxides, CO
2 

(g)
 
and H

2
O (l) have also been taken from 

standard reference sources (Codata 1978, Weast 1978 

Lange’s Handbook of Chemistry. (1973). 

c
H) of 

[Cr (C
5
H

7
O

2
)

3 
(c)]

–1)

Experiment No. 1 2 3

Wt. of the sample (g)

Temperature rise (°C)

Temp. rise per g of the 

c

–1 

= 7997.16 kJ mol–1 

c
–1

where, M = molar mass of the sample, W = water 

equivalent of the bomb calorimeter = 10550 J°C–1g–1

= mean temperature rise per gm combustion of the sample 

= 2.170 °C. 

f

of [Cr(C
5
H

7
O

2
)

3
(c)]: 
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By substituting supplementary data from literatures 

[17–18], standard enthalpy of formation of trisacetylaceton

atochromium(III) [Cr (C
5
H

7
O

2
)

3
 (c)] was computed. 

Cr(C
5
H

7
O

2
)

3
(c) + O

2
 (g) (excess) = ½ Cr

2
O

3
 (c) + 15CO

2

2 c
H

c
H = 

f
H  (products) – 

f
H  (reactants) 

c f
H  Cr

2
O

3 f
H  CO

2 f
H 10H

2
O 

f
H  Cr(C

5
H

7
O

2
)

3
(c) 

Therefore, 

f
H  Cr(C

5
H

7
O

2
)

3 f
H  Cr

2
O

3 f
H  CO

2
 (g) 

f
H 10H

2 c
H

–1.

The present value of – –1 

was compared with those obtained by Hill and Irving 

H°
f 
= –366·48 ± 0·67 kcal/mole} (Hill et al.,1967) and Silva 

and Ferrao, {– –1} (da Silva at el., 1988). 

 at el., 1968) have 

calculated the standard heat of formation and entropy of 

gaseous tris (acetylacetonato) chromium (III) at 298·16°K and 

H
f
° = –344·7 ± 1·0 k cal mole–1

and S°
298·16

–S
0
° = 142·4 ± 1·0 cal deg –1 mole–1 respectively.

CONCLUSION

Oxygen consumption calorimetry is used to measure 

the heat of combustion of the pyrolysis products and the 

maximum amount of heat released per unit mass per degree 

of temperature (Jg K ) is a material property that appears 

process (Lyon et al., 2004). As we all know, chemical, physical 

and biological changes are often accompanied by energy 

f 5
H

7
O

2
)

3
(c)] 

indicates the exothermicity of the reaction and stability of 

the compound. The enthalpy of formation a compound can 

the negative value of standard enthalpy of formation of a 

compound, the more heat will be given off, and therefore the 
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INTODUCTION

also known as Banach contraction theorem.This theorem 

has been generalized by various research workers in 

different spaces for point valued as well as multi valued 

mappings. It is Nadler (1969) who introduced the notion 

of multi-valued contraction mapping on  metric spaces. 

Thereafter Joseph and Ramganesh(2013), Abdou(2016)  

have also  worked on multi-valued mappings on metric 

spaces. Also Cho(2016), Jinakul et al. (2017) have worked 

on multi-valued mappings in b-metric spaces. Abdou (2016) 

introduced the notion CLRf –property and OWC-property. 

Djoudi and Khemis(2005) have introduced  D -mappings  

in  metric spaces. Gahler(1963)  introduced  the concept of 

2-metric spaces. Abd El-Monsef et al. (2007) have worked 

on 2-metric spaces using multi-valued mappings and have 

to obtain their results in metric spaces. In the present role 

we have used these symbols with their usual meanings to 

obtain our results in 2-metric space.

DEFINITIONS

D  [9]: Let X be a non-empty set and d: X × X 

× X 

following conditions:

1. For every distinct points x, y there is a point z in X 

2. d(x, y, z) = 0 if any two of three of x, y, z is equal;

3. d(x, y, z) = d(p(x, y, z)) for all x, y, z X and for all 

permutations p(x, y, z) of x, y, z;

4. 

y, z, w  X.

Then d is called a 2-metric and (X, d) is called a 2-metric 

space.

We write X a 2-metric space unless otherwise stated. 

Here by CB(X) we mean the class of all nonempty closed and 

bounded subsets of X, by 2X we mean the class of all non-

empty compact subsets of X and by B(X) we mean the class 

of all bounded subsets of X.

http://doi.org/10.22232/stj.2019.07.01.13
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A, b  B, c  C}.

B(X):

1. 

2. 

equal single point;

3. 

permutation of A, B, C;

4. 

2- metric on B(X).

 For all A, B, C  CB(X), let us consider a 

function D: X × X × X 

D(A, B, C) = inf {d(a, b, c) : a  A, b B, c  C}.

If A = {a}, we write D(A, B, C) = D(a, B, C) = inf{d(a, b, c) : 

b  B, c  C}.

If A = {a}, B = {b} then we write D(A, B, C) = D(a, b, C) 

= inf{d(a, b, c) : c  C}.

If A = {a}, B = {b}, C = {c} then we write D(A, B, C) = 

D(a, b, c) = d(a, b, c).

CB(X):

1. 

2. D(A, B, C) = 0 if at least two of A, B, C consist of 

equal single point;

3. D(A, B, C) = D(p(A, B, C)) where p(A, B, C) is the 

permutation of A, B, C;

4. 

valued 2-metric on CB(X).

NOTE 2.1: In case of A, B, C  B(X) then the condition i) 

would be D(A, B, C) = 0 if at least two of A, B, C consist of 

equal single point or they have a non-empty intersection.

NOTE 2.2:

Again we are going to introduce another function H(A, B, C).

 Let A, B, C in CB(X) and be pairwise 

X × X × X 

H(A, B, C) = max{sup  D(a, B, C), {sup  D(b, C, A), 

sup  D(c, A, B)}.

Now,

1. 

i.e., max{sup D(a, B, C), {sup  D(b, C, A), sup

D(c, A, B)} = 0 implies, sup  D(a, B, C) = 0, sup

D(b, C, A) = 0, sup  D(c, A, B) = 0.

Again, sup  D(a, B, C) = 0 implies, sup  {inf{d(a, b,c): 

b B, c  C}} = 0 i.e., inf d(a, b, c) = 0, for all a  A 

i.e., d(a, b, c) = 0, for all a A i.e., b = c i.e., B = C. 

Similarly, we can show that sup  D(b, C, A) = 0 

implies, A = C, and sup D(c, A, B) = 0 implies, A = B. 

Thus H(A, B, C) = 0 if two of A, B, C are equal.

2. 

where p(A, B, C) is the permutation of A, B, C;

3. Since d is a 2-metric on X we have for all a  A, b  B, 

c  C, e 

a  A, b  B, c  C, e  E, which implies, sup {inf{d(a, b, c): 

b  B, c  {inf{d(a, b, e) : b  B, e  E}} + sup

{inf{d(a, e, c) : e  E, c  C}} + sup  {inf{d(e, b, c) : b  B, 

c  C}} implies, sup
 

 D(a, B, E) + sup

D(a, E, C) + sup  D(e, B, C) Similarly, we can show that 

sup  D(b, C, E) + sup  D(b, E, A) + 

sup  D(e, C, A) and sup  D(c, A, E) + 

sup  D(c, E, B) + sup  D(e, A, B).

Therefore, max{sup  D(A, B, C); sup  D(B, C, A); 

sup  D(a, B, E); sup
B
 D(b, E, A); 

sup  D(e, A, B)} + max{ sup  D(a, E, C); sup
E
 D(e, C, A); 

sup  D(c, A, E)} + max{sup  D(e, B, C); sup  D(b, C, E); 

sup

+ H(E, B, C).
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Therefore H is a 2-metric called 2-Hausdorff metric 

and (CB(X), H) is called 2-Hausdoff metric space. From the 

Lemma 21: If A, B, C 

Proof. We know D(A, B, C) = inf{d(a, b, c) : a A, b  B, 

 C} and H(A, B, C) = max{sup  D(a, B, C); sup  D(b, C, A); 

sup D(c, A, B)}.

CASE I: If A = {a}, B = {b}, C = {c} then D(a, b, c) = 

CASE II: If A = {a}, B = {b} then D(a, b, C) = inf{d(a, b, c): 

c 
c C

sup
c C

 D(A, B, C) = sup
c C

CASE III: If A = {a}, then D(a, B, C) = inf{d(a, b, c) : b  B, 

c  C} and suppose H(A, B, C) = sup
a A

 D(a, B, C).

Since, inf{d(a, b, c) : b  B, c  B, c  C} 

 B, c 

implies, sup

CASE IV: If A, B, C are not single point sets, then inf{d

(a, B, C) : b B, c  B, c  C} i.e., 

D(A, B, C) = D
a A a A

 D(,B,C) 

b B c C
 

spaces.

 A sequence {x
n
} is said to converge to x 

in (X, D) if
  

x
n
 = x i.e., D(x

n
, x, a)= 0.

 Let (X, d) be a complete 2-metric space  

and F: X  CB(X). Then F is said to be a multi-valued contraction 

 [Jungck(1986)]. Let (X, d) be a 2-metric 

space. A single valued mapping f : X  X and a multi-valued 

mapping S : X  CB(X) are said to be weakly compatible if 

they commute at their coincidence points, i.e., if fSx = Sfx 

whenever fx  Sx.

 [Sintunavarat and Kumar (2011)]. Let 

(X, d) be a 2-metric space. Two mappings f, g: X  X are said 

to satisfy the common limit in the range of f with respect to 

g (shortly, the (CLR)
f
 – property with respect to g) if there 

exists a sequence {x
n
} in X such that

 fxn =  gxn 
= fu, for some u in X.

We shall exhibit in the following example the existence 

of two mappings which satisfy CLR
f 
– property.

Example 2.1: Let X = R+ and d : X × X ×X  R
+

is 2-metric space. Let f; g : X  X be given by fx =  and gx 

=  N for all x  X. Consider the sequence 

 for each n  N. Clearly  fxn =  gxn 
= f(0). 

Therefore 
f
 – property with respect to g.

 [1]: Let (X, d) be a 2-metric space. 

Two mappings f : X  X and S : X  CB(X) are said to be 

occasionally weakly compatible(shortly, (OWC)-property) if 

fSx  Sfx for some x  X with fx  Sx.

 [8]: Let (X, d) be a 2-metric space. 

Then two mappings f : X  X and S : X  CB(X) are said to 

satisfy D-mapping if there exists a sequence {x
n
} in X such 

that   fxn = z and  Sxn 
= {z}.

Example 2.2:  B(X), f : X  X 

2] and fx =  ; k  N for all x  X. Consider 

the sequence  for all n  N. Then clearly,  fxn

= 0 and  fxn 
= f{0}.
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MAIN RESULTS

Nadler(1969) proved the following theorem:

Theorem: Let (X, d) be a complete metric space. If 

F: X  CB(X) is a multi-valued contraction mapping, then F 
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We have generalized it to 2-metric space as below:

Theorem 3.1. If X is a complete 2-metric space and

 F: X  CB(X) is a multi-valued contraction mapping, then F 

Proof. Let x
0
 be arbitrary. Since F is a multi-valued 

Now choose a point x
1
  F(x

0
). Since F(x

0
) and F(x

1
) are 

in CB(X), for x
1
  F(x

0
) there is a point x

2
  F(x

1
) such that 

d(x
1
, x

2 0
), F(x

1

Again since F(x
1
), F (x

2
)  CB(X) and x

2
  F(x

1
) there is 

a point x
3
  F(x

2
) such that d(x

2
, x

3 1
), F(x

2
2

Considering that way we can get a sequence { } in X such 

that d(x
n
, x

n+1
), F(x

n
n

Now

d(x
n
, x

n+1
), F(x

n
n

, x
n

n

), F(x n-1 n

), F(x n

2d(x , x n

.

.

.

n d(x
0
, x

1
n.

Taking limit as n 

inequality we get d(x
n
, x

n

So
 

d(x
n
, x

m
, x ) = 0. 

 N; d(x
n
, x

m
(d(x

n
, x

m
, x ) 

+ d(x
n
, x , a) + d(x , x

m
, a)) = d(x , x

m

d(x
m

, x
m

, a) = 0.

Therefore {x
n
} is a Cauchy sequence in X. Since X is 

complete, there exists an x  X such that x
n
  x as n 

{F(x
n
)} converges to F(x) and hence x  F(x). Therefore x is 

Note 3.1: If A, B  CB(X) and a  A then from (3.1 ) of the 

above theorem we get b 

Theorem 3.2. Let (X, d) be a 2-metric space. f, g : X  X 

and S, T : X  CB(X) satisfying the relation,

Hp(Sx, Ty, a)

1
dp

2
p

3
p

4
p(gy, Ty, 

5
p

i

 n  N. The pairs (S, f) and (T, g) satisfy OWC-

property; f(X) and g(X) are closed. Then f, g, S and T have 

Proof. Since the pair (S, f) and (T, g) satisfy OWC-

property, there exist u, v  X such that fu  Su, fSu  Sfu, 

gv  Tv, gTv Tgv which implies, ffu  Sfu and ggv  Tgv.

Dp p
1
dp

2
p

3
p

4
p

5
p

1
dp(fu, gv, a) 

2
p

3
p

4
p

5
p(Su, Su, a) 

1 2 3
p(Su, Tv, a)  …(2.3)

 R
+

 N such 
p

npDp
1 2 3 1 2 3

)

npDp(fu, gv, a).

From (2.3) we get Dp
1 2 3

)npDp(fu, gv, a) 

implies, Dp
1 2 3

)np < 1] i.e., fu = gv.

Dp(ffu, fu, a) = Dp p
1
d (ffu, gv, a) 

2 3 4
p

5
p(ffu, 

1
dp

2
p

3
p(Sfu, gv, a) = 

1
dp

2
p

3
p(Sfu, fu, a)

1 2 3
p(Su, Tv. a).  …(2.4)

 R + by Archimedean Property, 

there exists a n
0
 

0
D(ffu, gv, a) 

p
0

pDp(ffu, gv, a).

From (2.4 ) Dp
2 2 3

) n
0

pDp(ffu, gv, a) = 

1 2 3
)n

0
pDp(ffu, fu, a) [since fu = gv] implies, Dp(ffu, fu, a) 

p

there exist an n* 

i.e., dp p Dp(fu, Tfu, a).
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So, Dp(fu, gfu, a) = dp p Dp

n*p Hp p
1
dp

2
p(ffu, Tgv, a) 

3
p

4
p

5
p(ffu, Sfu, a)] 

1 2 3
) n*p p

1 2 3
) n*p n

00
pDp(fu, ggv, a) [similarly using Archimedean Property 

for n
00

 
1 2 3

)kp[putting n*p n
00

 pDp = kp] i.e., 

1 2 3
)kp)Dp

Dp(fu, gfu, a) = 0 i.e., fu = gfu.

Therefore, fu = ffu = gfu = ggv  Tgv = Tfu and fu = ffu  Sfu. 

Now Hp(Sz, Tz, a) = Hp(Sfu, Tfu, a) = Hp(Sfu, Tgv, a) 

1
dp

2
p

3
p(ggv, Sfu, a) + 

4
p

5
p

1 2 3 4
.0 + 

5
.0 = 0,i.e., Sz = Tz.

Then we have Dp p
1
dp(fz, gw, a) + 

2
p

3
p

4
p

5
p(fz, Sz, a) 

1
dp

2
p

3
p

1 2 3
) 

p
1 2 3

) n
000

pDp(z, w, a) [using Archimedean 

Property similarly for n
000

  N] implies, Dp(z, w, a) = 0 i.e., z = w. 

Thus Sz = Tz = {z}. Hence the theorem.

Corollary 3.1. Let (X, d) be a 2-metric space. F, g : X X 

and S, T : X  CB(X) satisfying the relation, Hp

1
dp

2
Dp

3
Dp

4
Dp(gy, Ty, 

5
Dp

i i 
<1. 

The pairs (S, f) and (T, g) satisfy OWC-property. f(X) and g(X) 

in X.

Proof. Since, Hp
1
dp

2
Dp(fx, Ty  a) 

3
Dp

4
Dp

5
Dp

1
dp(fx, gy, 

2
p

3
p

4
p

5
p(fx, Sx, 

a), the result follows from Theorem 3.2.

Corollary 3.2. Let (X, d) be a 2-metric space. f, g : X  X 

and S, T : X  CB(X) satisfying the relation, Hp

1
dp(x, y, a) + 

2
Dp(x, Ty, a) + 

3
Dp(y, Sx, a) + 

4
Dp(y, Ty, a) + 

5
Dp

i i 
<1. 

The pairs (S, f) and (T, g) satisfy OWC-property. f(X) and g(X) 

point in X.

Proof. Since Dp p(x, Ty, a) and Dp(Sx, Ty, a) 
p(Sx, y, a), the result follows from Corollary 3.1.

Corollary 3.3. Let (X, d) be a 2-metric space. F, g : X X 

and S, T : X CB(X) satisfying the relation, Dp

1
dp(fx, gy, a) + 

2
Dp(fx, Ty, a) + 

3
Dp(gy, Sx, a)+ 

4
 Dp(gy, Ty, a) 

+ 
5
Dp

i i 
<1.

 
 The 

pairs (S, f) and (T, g) satisfy OWC-property. f(X) and g(X) are 

in X.

Proof. p(Sx, Ty, a) 
p

1
dp(fx, gy, a) + 

2
Dp(fx, Ty, a) + 

3
Dp(gy, Sx, a) 

+ 
4
Dp(gy, Ty, a) + 

5
 Dp(fx, Sx, a) and the result follows from 

Theorem 3.2.

Corollary 3.4. Let (X, d) be a 2-metric space. f, g : X  X 

and S, T : X  CB(X) satisfying the relation, Dp

1
dp(x, y, a) + 

2
Dp(x, Ty, a) + 

3
Dp(y, Sx, a) + 

4
Dp(y, Ty, a) + 

5
Dp

i i 
<1. 

The pairs (S, f) and (T, g) satisfy OWC-property. f(X) and g(X) 

point in X.

Proof. Since Dp p
1
dp(x, y, a) + 

2
Dp(x, Ty, a) + 

3
Dp(y, Sx, a) +

4
 Dp(y, Ty, a) + 

5
 Dp(x, Sx, a), 

the result follows from Colollary 3.2.

Theorem 3.3. Let (X,d) be a 2-metric space. f, g : X  X 

and S, T : X  CB(X) satisfying the relation, Hp

1
dp(fx, gy, a) + 

2
Dp(fx, Ty, a) + 

3
Dp(gy, Sx, a) + 

4
Dp(gy, Ty, 

a) + 
5
Dp

i i 
<1. 

The pairs (S, f) and (T, g) satisfy CLRf -property. Also (S, f) 

are weakly compatible, f is continuous, g is one-one and f(X), 

g(X) are closed. Then f, g, S and T have a unique common 

Proof. As the pairs (S, f) and (T, g) satisfy CLRf -property, 

then there exists two sequences { }, { } in X and A, B  CB(X) 

such that S  = A; T  = B and f  = g = 

fu  A B for some u  X. Since f(X), g(X) are closed subsets 

of X, there exist v, w  X such that fu = fv and fu = gw.

We show that gw Tw. If possible let gw  Tw. Then by 

the given condition,

Dp(f p(S
1
 dp(f , gw, a) +

2
Dp(f , Tw, a) 

+ 
3
Dp(gw, S ,a) + 

4
Dp(gw, Tw, a) + 

5
Dp(f , S , a).

Taking 
 
in the above inequality we have Dp(fu, 

1
dp(fu, gw, a) + 

2
Dp(fu, Tw, a) + 

3
Dp(gw, A, a) + 

4
Dp(gw, Tw, a) + 

5
Dp

1
.0 + 

2
Dp(fu, Tw, a) + 

3
Dp(fu, A, a) + 

4
Dp(gw, Tw, a) + 

5
.0 

Or, 

Dp
2
Dp(gw, Tw, a) + 

4
Dp(gw, Tw, a) [since fu = gw]

Or, 

(1 – 
2
– 

4
)Dp

2
– 

4

a contradiction.
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Therefore Dp(gw, Tw, a) = 0, i.e., gw  Tw as n 

Now, we show that fv  Sv. Consider fv  Sv.

Since, Dp(Sv, g p(Sv, T
1
dp(fv, g , a) + 

2
Dp(fv, T , a) + 

3
Dp(g , Sv, a) + 

4
Dp(g , T , a) + 

5
Dp(fv, Sv, a).

Taking limit as n 

have Dp
1
dp(fv, fu, a) + 

2
Dp(f, B, a) + 

3
Dp(fu, Sv, a) 

+ 
4
Dp(fu, B, a) + 

5
Dp(fv, Sv, a) Or, Dp

1
.0 + 

2
.0 

+
3
Dp(fu, Sv, a) + 

4
.0 + 

5
dp(fv, Sv, a) 

implies, (1 – 
3 

– 
5
)Dp p(Sv, fv, a) = 0 i.e., 

fv  Sv.

fv  Sv implies, ffv  fSv = Sfv.

Therefore dp(ffv, fv, a) = Dp p

1
dp(ffv, gw, a) + 

2
Dp(ffv, Tw, a) + 

3
Dp(gw, Sfv, a) + 

4
Dp(gw, 

Tw, a) + 
5
Dp

1
dp (ffv, gw, a) + 

2
dp(ffv, gw, a) + 

3
dp(fv, ffv, a) + 

4
.0 + 

5
.0 = 

1
dp(ffv, fv, a) + 

2
dp(ffv, fv, a) + 

3
dp(ffv, fv, a)

implies, (1 – 
1
 – 

2
 – 

3
)dp p(ffv, fv, a) 

= 0 i.e., ffv = fv. i.e., fv = v [since f is continuous].

Again, dp (v, gv, a) = Dp P

1
dp(fv, gv, a) + 

2
Dp (fv, Tv, a) + 

3
Dp(gv, Sv, a) + 

4
Dp(gv, Tv, a) 

+ 
5
Dp

1
dp(v, gv, a) + 

2
dp(v, Tv, a) + 

3
Dp(v, gv, a) 

+ 
4
.0 + 

5
.0 implies, (1 – 

1
 – 

2
 – 

3
)dp

dp(v, gv, a) = 0 i.e., v = gv.

Therefore, v = fv = gv and fv  Sv; gv = fv = fu = gw  Tw 

implies, gv = gw i.e., v = w [since g is one one]. Thus v = fv = gv, 

fv  Sv, gv  Tv.

p(v, x, a) = 

Dp p
1
dp (fv, gx, a) + 

2
Dp (fv, Tx, a) + 

3
Dp(gx, Sv, a) + 

4
Dp (gx, Tx, a) + 

5
Dp

1
dp(v, x, a) 

+ 
2
dp(fv, gx, a) + 

3
dp(gx, fv, a) + 

4
.0 +

5
.0 = 

1
dp (v, x, a) + 

2
dp (v, x, a) + 

3
dp(x, v, a)

implies, (1 – 
1
 – 

2
 – 

3
)dp p(x, v, a) = 0 i.e., 

Theorem 3.4. Let (X, d) be a 2-metric space. f, g : X  X 

and S, T : X  CB(X) satisfying the relation, Hp

1
dp(fx, gy, a) + 

2
Dp(fx, Ty, a)+ 

3
Dp(gy, Sx, a) + 

4
Dp(gy, Ty, 

a) + 
5
Dp

i i 
<1.

The pairs (S, f) and (T, g) satisfy D–mapping and f(X), 

point in X.

Proof. Let 
0
  X be arbitrary. We construct two 

sequences {x
n
} and {y

n
} such that y

n–1
 = fx

n
  Sx

n–1
; y

n
 = 

gx
n+1

  Tx
n
 for all n N.

Now since (S, f) and (T, f) satisfy D-mapping, then for 

the sequences {x
n
} and {y

n
} we have fx

n
 = x and Sx

n
 = 

{x} and gy
n
 = y and Ty

n
 = {y} for some x, y  X.

Since Dp(fx, T p(fx, g p(Sx, T

1
dp(fx, g , a)+ 

2
Dp(fx, T , a)+ 

3
Dp(g , Sx, a) + 

4
Dp(g , 

T , a) + 
5
Dp

1
dp(fx, g , a)+ 

2
 Dp(fx, T , a) + 

3
 [Dp(g , Sx, fx)+ Dp(g , fx, a) + Dp(fx, Sx, a)] + 

4
.0 + 

5
.0 = 

1
dp(fx, g , a) + 

2
D

p
(fx, T , a) + 

3
Dp(fx, g , a)

Or, (1 – 
2
 – 

3
)Dp(fx, g

1
dp(fx, g , a) Or, 

(1 – 
2
 – 

3
)dp(fx, g

1
dp(fx; g , a) Or, (1 – 

1
 – 

2
 – 

3
) 

Dp(fx, g p(fx, g , a) = 0 i.e., fx = g .

i.e., fx = g = y i.e., fx = y.

Again, Dp p(fx, y, a) = 0 implies, y  Sx. 

Therefore, y = fx  Sx. Also y  Ty
n
.

Now we show that y = gy  Ty.

Since Dp(y, Ty, a) = Dp p
1
dp(fx, 

gy, a) + 
2
Dp(fx, Ty, a) + 

3
Dp(gy, Sx, a) + 

4
Dp(gy, Ty, a) + 

5
Dp

1
dp(fx, gy, a) + 

2
 Dp(y, Ty, a) + 

3
 Dp(gy, fx, 

a) + 
4
.0 + 

5
.0 implies, (1– 

2
) Dp

1
dp(y, gy, a) + 

3
Dp

2
)Dp

1
 + 

3
)Dp(y, gy, a).

Let Dp p(y, gy, a). Then from the above 

inequality we get

 
Dp p(y, gy, a)  ...(2.5)

Since Dp p(y, gy, a) using (2.5), we have

 2 1
 + 

3

1
 + 

2
 + 

3
, which is a contradiction.

Therefore Dp(y, Ty, a) = Dp(y, gy, a) = dp(y, gy, a). From 

(2.5) we have

 
dp p(y, gy, a) implies,

  

dp p(y, gy, a) = 0 i.e., y =gy  Ty.

Next we show that x = y. 

So, Dp Hp(S , T [
1
dp(f , g , a)+ 

2
Dp(f , T , a)+ 

3
Dp(g , S , a)+ 

4
Dp(g , T , a)+ 

5
Dp(f , S , a)]

= 
1
dp(x, y, a)+ 

2
Dp(x, {y}, a)+ 

3
Dp(y, {x}, a)+ 

4
.0 + 

5
.0
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implies, dp
1
 + 

2
 + 

3
)dp(x, y, a) i.e., dp(x, y, a) = 0 

i.e., x =y.

Therefore, x = y = fx  Sx; x = y = gx  Tx.

Also, Sx
n
 = {x}= {y}= Ty

n
.

Again, Dp p
1
dp(fx, gy, a) + 

2
Dp(fx, Tx, a) + 

3
Dp(gx, Sx, a)+ 

4
Dp(gy, Tx, a) + 

5
Dp(fx, Sx, a)]

= 
1
.0 + 

2
 .0 + 

3
.0 + 

4
.0 + 

5
.0 = 0 implies, Sx = Ty = {x}.

Then Dp p
1
dp(fx, gz, a) + 

2
Dp(fx, Tz, a) 

+ 
3
Dp(gz, Sx, a) + 

4
Dp(gz, Tz, a) + 

5
Dp(fx, Sx, a)

= 
1
dp(x, z, a) + 

2
Dp(x, Tz, a) + 

3
Dp(z, Sx, a) + 

4
.0 + 

5
.0

1
 + 

2 
+ 

3
) Dp(x, z, a) ...(2.6)

If Dp p (x, z a), then since Dp p(x, z a), 

1
+ 

2
 + 

3
, which is a contradiction 

by the given condition. Therefore Dp(x, z, a) = dp(x, z a)

implies, x = z. Hence f, g, S and T have unique common 

F of all functions 

F : R+  R satisfying the conditions:

I): F is strictly increasing;

II): 
n
} in R +, 

n
 = 0 if and only if 

n

III): there exists 0 < k < 1 such that ( ) = 0.

Theorem 3.5. Let (X, d) be a complete 2-metric space 

and let T : X  CB(X) be a multivalued mapping. Also let F 

 R+ such that 

2
1
d(x, y, a) + 

2
D(x, Tx, a) + 

3
D(y, Ty, 

a) + 
4
D(x, Ty, a) + 

5
D(y, Tx, a)) for all x, y 

i

i = 1, 2, 3, 4, 5 and 
1
 + 

2
 + 

3
 + 3

4
 + 

5
 < 1.

Proof. Let for arbitrary 
0
  X we choose a point 

1
  X 

such that 
1
  T

0
. If 

1
  T

1 
then 

1

the proof completed. Clearly D(
0
, T

0 0
, 

1
, a).

0
, T

1 1
 d(

0
, 

1
, a) + 

2
D(

0
, T

0
, a) + 

3
 D(

1
 ,T

1
, a) + 

4
 D(

0
, T

1
, a) + 

5
D(

1
, T

0 1
 d(

0
, 

1
, a) + 

2
d(

0
, 

1
, a) + 

3
D(

1
, T

1
, a) + 

4
D(

0
, T

1
, a) + 

5
.0)  …(2.7)

Since (X, d) is a complete 2-metric space, we have for 0 

0
, T

1 0
, 

1
, a).

p
, T

q
, a) 

where p  Tp, q  Tq. Thus there exists 
2
  T

1
 such that 

D(
1
, T

1 1
, 

2 0
, T

1
, a).  ...(2.8)

Thus in general d( , 
n-1

, Tx
m-1

, a); …(2.9)

where  Tx
n-1

 for all n  N.

Since F is continuous from right, for h > 1 we have from 

(2.7) and (2.8)

F(d(
1
, 

2 0
, T

1 0
, T

1

implies, 2 + F(d(
1
, 

2
 + F(H(T

0
, T

1

1
 d(

0
, 

1
, a) + 

2
D(

0
, T

0
, a) + 

3
D(

1
, T

1
, a) + 

4
D(

0
, T

1

1
, 

2 1 
+ 

2
) d(

0
, 

1
, a)+ 

3
d(

1
, 

2
, a) + 

4
(d(

0
, 

2
, 

1
) + d(

0
, 

1
, a) + d(

1
, 

2
, a)))

i.e., d(
1
, 

2 1
 + 

2
 + 2

4
)d(

0
, 

1
, a) + (

3
 + 

4
)d(

1
, 

2
, a)

i.e., (1– 
3 

– 
4
)d(

1
, 

2 1
 + 

2
 + 2 4)d(

0
, 

1
, a)

i.e., d(
1
, 

2
 

d(x
0
, x

1
, a) < d(

0
, 

1
, a) 

[since 
 
< 1 ].

1
, 

2 0
, 

1
, a)).

Continuing this process we can get a sequence { } 

 X such that  T , 
+1

 T x
n–1

, 

F(d(x
n–2

, x
n–1

, a))  N.

Therefore, F(d( , 
+1

, , 

0
, 

1
, a)) – n .

Since F  F, taking limit as n 

we have F(d( , 
+1

d( , 
+1

, a) = 0 

and so d( , 
+1,

 a) = 0.

Let n > m > 
1
  N. Then d( , d( , 

, ) + d( , , a) + d( , , a)] = d( , , ) +

d( , ,a) + d( , ,a) = d( , 

d( , , a) = 0.

Thus { } is a Cauchy sequence. Since X is complete, 
there exists x  X such that  x, as n 
exists a subsequence { } such that  Tx for all  N. 
As T is closed and  x. So we get x  Tx and the proof is 
completed. So we assume that there exists 

0
  N such that 

x 
0
  N.
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Now D( , Tx, a) [using (2.9)]

implies, F (D(

1
d( , x, a) + 

2
D( , Tx , a) + 

3
D(x, Tx, a) + 

4
D( , Tx, a) + 

5
D(x, T

1
d( , x, a) + 

2
D(x , Tx , a) 

+ 
3
D(x, Tx, a) + 

4
D(x , Tx, a) i.e., F(D(  

F(D( , Tx, a))

1
d(x , x, a) + 

2
D(x , Tx , a) + 

3
D(x, Tx, a) + 

4
D(x , Tx, a))

implies, D(
1
d(x , x, a) + 

2
D(x , Tx , a) + 

3
D(x, Tx, a) + 

4
D(x , Tx, a).

Taking limit as n 
1
.0 +  

2
D(x, Tx, a) + 

3
D(x, Tx, a) + 

4
D(x, Tx, a) implies,  

(1– 
2
 – 

3
 – 

4

x  Tx.

1
d(x, y, a) + 

2
D(x, Tx, a) + 

3
D(y, Ty, a) + 

4
D(x, Ty, a) 

+ 
5
D(y, Tx, a))

1
d(x, y, a)+ 

2
D(x, Tx, a)+  

3 4 5
D(y, Tx, a)).

1
d(x,y,a) +  

2 3 4 5
D(y, Tx, a)).

1 2 3
.0 + 

4 5
D(y,Tx, a)

1 4 5

1 4 5
d(y, x, a).

1 4 5

contradicts the given condition.

Therefore d(x, y, a) = 0 i.e., x = y.

CONCLUSION

We have reformulated the theorem of Nadler (1969) in 

2-metric space for set valued mappings and we have also 

established some theorems which will give scope for the 

further works in this area.

ACKNOWLEDGEMENT

The authors are thankful to the referee for the suggestions 

towards the improvement of the paper.

REFERENCES

-

brid pairs of occasionally weakly compatible mappings and 

applications. Navi Sad J. Math., 39: 89 - 109.

Abd El-Monsef ME, Abu-Donia HM, Abd-Rabou K(2007) Common 

Fixed Point Theorems of Single and Set-Valued Mappings on 

2-Metric Spaces. Applied Mathematics & Information Science 

An International Journal,Vol.1(2):185-194.

mappings with, some examples. J. Nonlinear Sci. Appl. 9: 

787-798.

for generalized F-contractions in complete metric spaces. 

Fixed Point Theory and Application:2015:80.

Banach S(1922) Sur les operations dans les ensembles abstrits et 

leur applications aux equations integrals. Fund. Math., 3: 

133-181.

single and set-valued maps without continuity. An. St. Univ.  

Ovidius Constanta. Vol. 16(1): 49-58.

Cho SH(2016) Fixed Point for Multivalued Mappings in b-Metris 

Spaces, Applied Mathematical Sciences. Vol.10: no.59: 2927-

2944.

Djoudi A, Khemis R(2005), Fixed points for set and single valued 

maps without continuity. Demonstratio Mathematica, 38(3): 

739-751.

Gahler S(1963) 2-metricsche Raume und ihre topologische structure. 

Math. Nachr. 26: 115-148.

Iseki K(1975) Fixed point theorems in 2-metric Spaces. Math.  Sem. 

Notes. Kobe. Univ., 3: 133-136.

Jinakul C, Wiwatwanich A, Kaewkhao A(2017) Common Fixed Point 

Theorem For Multi-Valued Mappings ON BMETRIC SPACES. 

Int. J. of Pure and Appl.Math., Vol.113: No.1: 167 - 179.

Joseph JM, Ramganesh E(2013) Fixed Point Theorem on Multi-

Valued Mappings. Int. J.of Ana.b and App. Vol.1:no 2: 123-127.

Internat. J. Math. Math. Sci., 9: 771 - 779.

Journal of Mathematics. Vol. 30: No. 2: 475-488.

a pair of weakly compatible mappings in fuzzy metric spaces. 

Hindawi Publishing Corporation Journal of Applied Math-

ematics,  Volume 2011, Article ID 637958: 1-14.

Wardowski D(2012) Fixed points of a new type of contractive map-

pings in complete metric spaces. Fixed Point Theory and Ap-

plications, 2012:94: 1-6


	1. Prioritization of Receivers for Minimum Possible Error Boundary in Time Difference of Arrival Algorithm
	2. Some Results on Weakly Symmetric Kenmotsu Manifolds
	3. Artificially Intelligent Physics Solver This AI Understands Newtons Law
	4. New Taxon of Fungal Endophytes from Phrynium capitatum Willd., A Promising Ethnomedicinal Plant in Northeast India and its Systematic and Phylogenetic Analysis
	5. Interactive Color Image Segmentation using HSV Color Space
	6. Impact of Optical Booster to Enhance the Gain Bandwidth for Dense Optical Communication System
	7. A Comparative Study between Pre-Construction and Construction Phases of Champhai-Zokhawthar Road Construction, Mizoram. Air Quality and Noise Quality Assessments
	8. Avian Diversity in Mizoram University Campus, Aizawl, Mizoram
	9. Thermal Diffusion (Soret Effect) on an Unsteady MHD Mixed Convective Heat and Mass Transfer Flow through Vertical Porous Medium with Chemical Reaction
	10. Effect of NAVA for Dense Optical Communication System
	11. In-vitro Evaluation of Actinobacteria for its Potential in Bio-control of Fungal Plant Pathogens
	12. Calorimetric Computation of Enthalpy of Formation of Trisacetylacetonato Chromium(III)
	13. Common Fixed Point Theorems on Multi-Valued Mappings in 2-Metric Space using T-Hardy Rogers Contraction Condition and F-Contraction

