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Uniformly Starlike And Uniformly Convexity
Properties For Certain Special Functions 

V. B. L. Chaurasia1, Yaghvendra Kumawat2 

AAAbbbssstttrrraaacccttt  The aim of the present paper is to establish the sufficient condition for the function ( ){ }zzy qpψ  to be in the classes

of uniformly starlike and uniformly convex functions. Similar types of result using integral operators also obtained.+ 

I. INTRODUCTION AND DEFINITIONS 

et C denote the class of functions of the form 
( ) ∑

∞

=

+=
2

,
n

n
n zazzf  

where 0≥na  and Nn∈ , that are analytic in the open unit disk { }1: <= zzU . 

A function Cf ∈  is said to be starlike univalent of order α , 10 <≤ α , if and only if ( )
( ) α>







 ′
zf
zfzRe , 

.Uz ∈  Also ( )zf  of the form (1) is uniformly starlike, whenever ( ) ( )
( ) ( ) ,0Re ≥








′−

−
zfz

fzf
ξ

ξ
 ( ) ., UUz ×∈ξ  

This class of all uniformly starlike functions is denoted by UST ([3]) (see also [11], [14] and [7]). 

The function Cf ∈  of the form (1) is uniformly convex in U whenever ( ) ( )
( ) ,01Re ≥








′
′′

−+
zf
zfz ξ   

where ( ) ., UUz ×∈ξ  This class of all uniformly convex functions is denoted by UCV ([2]) (also refer  

[1], [12], [4] and [6]). Further it is said to be in the class ( ) 0, ≥ααUCV , if 
( )
( )

( )
( ) .1Re α+
′
′′

≥







′
′′

+
zf
zfz

zf
zfz

H. Silverman [8] introduced a subclass B of C consisting of functions of the form  

( ) ∑
∞

=

−=
2

,
n

n
n zazzf  0≥na . 

A function f  of the form (2) is said to be in the class ( ) ,10, <≤ααUSTN  if  
( ) ( )

( ) ( ) ,Re α
ξ

ξ
≥








′−

−
zfz

fzf  where ( ) ., UUz ×∈ξ  

In the present paper, we shall use analogues of the lemmas in [8] and [9]. Respectively in the following
form: 
                                                 
About 1 -Department of Mathematics, University of Rajasthan, Jaipur-302055, Rajasthan, India  
Email: vblchaurasia@gmail.com 
About 2 -Department of Mathematics, Stani Memorial Colll   ege of Eng. and Tec., Phagi,   Jaipur-303005, Rajasthan, India
Email: yagyavendra@gmail.com 

L (1) 

(2)  
 

 
 

  
  

 
 

 
 

 
 
    

  
  

  
  
  

  
 

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
ti
er

R
es
ea

rc
h

V
ol
um

e
X
I
Is
su

e
II

V
er
si
on

I

1

20
11

M
ar
ch

 

©2011 Global Journals Inc.  (US)

Keywords and Phrases : Generalized Fox-Wright function, uniformly starlike function, uniformly convex function, 
univalent.

:



 

Lemma 1. A function f of the form (1) is in the class ( ),αUST  if ( )[ ] ( )Nan
n

n αα −≤−−∑
∞

=

123
2

, 

where 0>N  is a suitable constant. In particular, USTf ∈  whenever ( ) .23
2

Nan
n

n ≤−∑
∞

=

 

Lemma 2. A sufficient condition for a function f  of the form (1) to be in the class ( )αUCV  is that 

( )[ ] Nann
n

n ≤−+∑
∞

=2
1 αα , where 0>N  is a suitable constant. In particular, UCVf ∈  whenever 

.
2

2 Nan
n

n ≤∑
∞

=

 

Lemma 3. A necessary and sufficient condition for a function f  of the form (2) to be in the class 

( )αUCV  is that ( )[ ] Nann
n

n ≤−+∑
∞

=2
1 αα . 

The generalized Fox-Wright function is defined by ([5], p.271, eqn.(7)) 

( )
( )

( ){ }

( ){ } !;;,
;;,

)(
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1

1

,1

,1

n
z
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na
zb

Aa
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n
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B
jj
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j

A
jj

qjjj

pjjj
qpqp

j

j
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=

=
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α

β
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Where ∑∑
==

>+
p

j
j

q

j
j

11
1 αβ ,  jα  (j = 1,…,p) and jβ (j = 1,…,q) are real and positive and jA  (j = 1,…,p) 

and jB (j = 1,…,q) can take non-integer values. 

 It is interesting to note that qp F ([5], p.271, eqn.(9)) is obtained by taking 1== ji βα (i = 1,…,p; 
j = 1,…,q)  in eqn. (3) and qp F  can also be obtained by taking 1==== jjji BA βα (i = 1,…,p; j = 
1,…,q)s in eqn (1.3). 
For the sake of brevity, we use here the following notation: 

( ){ }

( ){ }
.
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II. MAIN RESULT 

Theorem 2.1 If ( ),,...,10 piai => ( ),,...,10 qjbj => 1
11
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j ab  and ∑∑

==
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11
1 αβ , then 

a sufficient condition for the function ( ){ }zzy qpψ  to be in the class ( ) ,10, <≤ ααUST  is that  
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Proof.  Since  
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this gives the desired result from the Lemma 1. 
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Proof.  The proof directly follows from the Theorem 1. 
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this last expression is bounded above by N if and only if (6) holds. Hence the Theorem 3 is 
proved. 
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which in view of Lemma 1, (9) gives the result (7). 
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Theorem 3.2 follows from (10), (11) and Lemma 2. 

IV. SPECIAL CASES 

If we take ( )qkpjkj ,...,1;,...,11 ==== βα  in Theorems (2.1), (2.2), (2.3), (3.1) and (3.2) 
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If we set ( ),,...,1;,...,11 qjpiBA ji ====  ,MyN →   Theorems (2.1), (2.2), (2.3), (3.1) and (3.2) 
reduce to the results recently obtained by Chaurasia and Srivastava ([16]). 

Further on taking ( )qlpklk ,...,1;,...,11 ==== βα  and 
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1 , we arrive at the results of  

Shanmugam, Ramachandran, Sivasubramanian and Gangadharan ([12]). 
 By specifying the parameters suitably, the results of this paper readily yield the results 

due to Dixit and Verma ([1]). 
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Abstracts -

In this paper, we obtain the values of τ (1), τ (2), . . . , τ (211), where τ (n) is Tau function
of Ramanujan, defined as follows:

∞
∑

n=1

τ (n)xn = x

{

∞
∏

n=1

(1 − xn)

}24

(1.1)

The right hand side of (1.1) is called generating function for τ (n). Ramanujan[3,p.196,
Table(V); see also 1;2] calculated the values of τ (1), τ (2), . . . , τ (30), by means of the
theory of elliptic functions and certain arithmetical functions such as Fr,s(x), Φr,s(x),
Er,s(n), σs(n), Riemann’s Zeta function ζ(n), greatest integer function [x], theory of
symbols o, O, continued fraction, asymptotic expansion, some trigonometrical
identities, inequalities, Gamma function, theory of order of error terms, number theory,
convergence and divergence of infinite series.

Consider the expanded form of (1.1), we have
∞

∑

n=1

τ (n) xn = x{(1 − x)(1 − x2)(1 − x3)(1 − x4) · · · (1 − x210) · · · }
24

(2.1)

= x{(1 − x)3(1 − x2)
3
(1 − x3)

3
(1 − x4)

3
· · · (1 − x210)

3
· · · · · · }

8
= xT8 = x{(T2)

2
}

2 (2.2)

where
T = (1 − x)3(1 − x2)

3
(1 − x3)

3
(1 − x4)

3
· · · (1 − x210)

3
· · · · · · (2.3)

Now consider the product of first two hundred ten polynomials in (2.3) and collecting
the terms upto x210, we get

 
 

 
 

  
  

 
 

 
 

 
 
    

  
  

  
  
  

  
 

II. VERIFICATION AND EXTENSION
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T = +1 − 3x + 5x3 − 7x6 + 9x10 − 11x15 + 13x21 − 15x28 + 17x36 − 19x45 + 21x55−

−23x66 +25x78−27x91 +29x105−31x120+33x136−35x153 +37x171−39x190 +41x210 + · · · (2.4)

It is to be noted that the coefficients in (2.4) are alternatively positive and negative
such that the sequence 1, 3, 5, 7, 9, . . . form arithmetic progression. Suppose the powers
of x (i.e. the sequence 0, 1, 3, 6, 10, 15, . . . ) are generated by the function F (k), therefore

T =
∞

∑

k=1

(−1)k−1(2k − 1)xF (k) (2.5)

Now we shall find the function F (k) using the following ordinary finite difference table:

k F (k) I II III IV V VI VII VIII IX X XI XII XIII XIV · · ·
1 0

1
2 1 1

2 0
3 3 1 0

3 0 0
4 6 1 0 0

4 0 0 0
5 10 1 0 0 0

5 0 0 0 0
6 15 1 0 0 0 0

6 0 0 0 0 0
7 21 1 0 0 0 0 0

7 0 0 0 0 0 0
8 28 1 0 0 0 0 0 0

8 0 0 0 0 0 0
9 36 1 0 0 0 0 0

9 0 0 0 0 0
10 45 1 0 0 0 0

10 0 0 0 0
11 55 1 0 0 0

11 0 0 0
12 66 1 0 0

12 0 0
13 78 1 0

13 0
14 91 1

14
15 105
...

ORDINARY FINITE DIFFERENCE TABLE

ON RAMANUJAN’S GENERATING RELATION FOR TAU  FUNCTION

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
ti
er

R
es
ea

rc
h

V
ol
um

e
X
I
Is
su

e
II

V
er
si
on

I

10

20
11

M
ar
ch

 

©2011 Global Journals Inc.  (US)



  
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Since second order ordinary differences are equal, therefore third and higher order dif-
ferences will be zero and so F (k) will be a polynomial of second degree (by means of
fundamental theorem of finite difference calculus). Thus:

F (k) = A + Bk + Ck2 (2.6)

where the unknowns A, B and C are to be calculated.

Now selecting any three values of k and also their corresponding values of F (k) from
above table and putting them in (2.6), we get a system of three linear equations which
on simplification gives A = 0, B = −1

2
and C = 1

2
.

Therefore suitable F (k) is given by

F (k) = −
1

2
k +

1

2
k2 =

k(k − 1)

2

Consequently (2.5) reduces to:

T =
∞

∑

k=1

(−1)k−1(2k − 1)x
k(k−1)

2 (2.7)

Now squaring the expansion in (2.4) and collecting the terms upto x210, we have

T2 = +1−6x+9x2+10x3−30x4+11x6+42x7−70x9+18x10−54x11+49x12+90x13−22x15−

−60x16−110x18+81x20+180x21−78x22+130x24−198x25−182x27−30x28+90x29+121x30+

+84x31+210x34−252x36−102x37−270x38+170x39−69x42+330x43−38x45+420x46−190x48−

−390x49−108x51−300x55 +99x56+442x57+210x58+418x60−294x61−510x64+378x65−

−540x66+138x67−230x69−462x70+611x72 +570x73+132x76 +50x78−150x79+110x81−

−630x83−350x84−598x87+450x88+361x90+660x91+162x92−550x93+420x94+378x97+

+650x99−798x100−486x101−782x102+58x105−330x106+290x108+441x110+468x111−702x112+

+850x114+522x115+810x119−700x120−780x121−1260x123+1188x126−918x127−558x130+

+529x132+180x133+682x135+1092x136−198x137+330x139+180x141−462x142−1150x144−

−540x146+930x148−1102x150−726x151−70x153+210x154−779x156+2100x157+490x159+

+1218x160−630x163−990x164+1178x165+770x168−1350x169−1260x171+900x172−540x174−

−1302x175−518x177+462x181+729x182+1450x183+612x186−1190x189−78x190+1620x191+

+962x192−390x193−1020x196−220x198−1110x199−702x200−1518x202+858x205+1258x207−

−1470x208 + 923x210 + · · · (2.8)

Further repeating the same process for (T2)
2
, we get

T4 = +1−12x+54x2−88x3−99x4+540x5−418x6−648x7+594x8+836x9+1056x10−4104x11−

ON RAMANUJAN’S GENERATING RELATION FOR TAU  FUNCTION
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−209x12+4104x13−594x14+4256x15−6480x16−4752x17−298x18+5016x19+17226x20−

−12100x21 − 5346x22 − 1296x23 − 9063x24 − 7128x25 +19494x26 +29160x27 − 10032x28−

−7668x29−34738x30+8712x31−22572x32+21812x33+49248x34−46872x35+67562x36+2508x37−

−47520x38−76912x39−25191x40+67716x41+32076x42+7128x43+29754x44+36784x45−

−51072x46+45144x47−122398x48−53460x49+11286x50−27256x51+57024x52+122364x53+

+99902x54+3576x55−29646x56−221616x57+41382x58−52272x59+130549x60−206712x61−

−180036x62+336512x63+145200x64+100980x65−73568x66+221616x67−317142x68−148324x69+

+15552x70−225720x71−32076x72+108756x73+196614x74+74360x75−58806x76+229824x77+

+120878x78 −233928x79 +361152x80−111340x81 −349920x82−491832x83−196569x84−

−82764x85+707454x86+18392x87+92016x88+493668x89−559450x90+416856x91−16092x92+

+320760x93−361152x94−724032x95+7106x96+270864x97−530442x98+56168x99−261744x100+

+52272x101+930204x102+406296x103+451440x104−339196x105+562464x106−653400x107−

−374528x108−810744x109−248292x110+779360x111+20691x112−744876x113−272746x114+

+570240x115−153846x116−69984x117+922944x118+1154736x119+657074x120−694980x121−

−489402x122−349448x123−812592x124+1341900x125−2216160x126−384912x127+132354x128+

+26224x129+58806x130+943272x131+1052676x132−357048x133+967518x134−518320x135−

−441408x136−112860x137+2222726x138−421344x139−196614x140−1552276x141−541728x142−

−1515888x143 − 1067021x144 + 1468776x145 − 1072170x146 − 414072x147 + 2216160x148+

+1715472x149+1064800x150−135432x151−1875852x152+1585892x153+327072x154−730728x155+

+584858x156+470448x157−2482866x158−320760x159−1468368x160+496584x161+87362x162−

−1198824x163+114048x164+377948x165+29502x166+1177848x167+639122x168+355752x169+

+2298240x170 +2276560x171 +2659392x172 −2904660x173 −3991570x174 −1715472x175+

+1429218x176 − 2531088x177 + 627264x178 + 1161864x179 − 1777203x180 − 1566588x181+

+3648348x182 −1089232x183 −1705374x184 −1715472x185 +3505766x186 +2160432x187+

+248292x188 + 4043852x189 − 4038144x190 + 5187456x191 − 2566080x192 + 1197900x193−

−950346x194−2437776x195−1211760x196−4153248x197−520738x198+882816x199+764370x200−

−1779008x201 − 1360314x202 − 160920x203 + 2640506x204 + 3805704x205 + 674784x206+

+3656664x207 + 1779888x208 − 4980204x209 − 237994x210 + · · · (2.9)

Finally adopting the same procedure for (T4)
2
and multiplying (T4)

2
by x and comparing

the coefficients of x, x2, x3, x4, · · · , x210, x211 with the coefficients of left hand side of
(2.2), we get the values of τ (1), τ (2), τ (3), τ (4), · · · , τ (210), τ (211) and are given in
tabular form as follows:
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τ (n) ; n ∈ {1, 2, 3, 4, 5, . . . , 211}

n τ (n) n τ (n) n τ (n)
1 +1 37 –182213314 73 +1463791322
2 –24 38 –255874080 74 +4373119536
3 +252 39 –145589976 75 –6425804700
4 –1472 40 +408038400 76 –15693610240
5 +4830 41 +308120442 77 –8951543328
6 –6048 42 +101267712 78 +3494159424
7 –16744 43 –17125708 79 +38116845680
8 +84480 44 –786948864 80 +4767866880
9 –113643 45 –548895690 81 +1665188361
10 –115920 46 –447438528 82 –7394890608
11 +534612 47 +2687348496 83 –29335099668
12 –370944 48 +248758272 84 +6211086336
13 –577738 49 –1696965207 85 –33355661220
14 +401856 50 +611981400 86 +411016992
15 +1217160 51 –1740295368 87 +32358470760
16 +987136 52 +850430336 88 +45164021760
17 –6905934 53 –1596055698 89 –24992917110
18 +2727432 54 +1758697920 90 +13173496560
19 +10661420 55 +2582175960 91 +9673645072
20 –7109760 56 –1414533120 92 –27442896384
21 –4219488 57 +2686677840 93 –13316478336
22 –12830688 58 –3081759120 94 –64496363904
23 +18643272 59 –5189203740 95 +51494658600
24 +21288960 60 –1791659520 96 –49569988608
25 –25499225 61 +6956478662 97 +75013568546
26 +13865712 62 +1268236032 98 +40727164968
27 –73279080 63 +1902838392 99 –60754911516
28 +24647168 64 +2699296768 100 +37534859200
29 +128406630 65 –2790474540 101 +81742959102
30 –29211840 66 –3233333376 102 +41767088832
31 –52843168 67 –15481826884 103 –225755128648
32 –196706304 68 +10165534848 104 –48807306240
33 +134722224 69 +4698104544 105 –20380127040
34 +165742416 70 +1940964480 106 +38305336752
35 –80873520 71 +9791485272 107 +90241258356
36 +167282496 72 –9600560640 108 +107866805760

ON RAMANUJAN’S GENERATING RELATION FOR TAU  FUNCTION

III. EXTENDED TABLE FOR
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n τ (n) n τ (n) n τ (n)
109 +73482676310 144 –112181096448 178 +599830010640
110 –61972223040 145 +620204022900 179 +1681384224780
111 –45917755128 146 –35130991728 180 +807974455680
112 –16528605184 147 –427635232164 181 –996774496018
113 –85146862638 148 +268217998208 182 –232167481728
114 –64480268160 149 –1115433620850 183 +1753032622824
115 +90047003760 150 +154219312800 184 +1574983618560
116 –189014559360 151 –824447297848 185 –880090306620
117 +65655879534 152 +900676761600 186 +319595480064
118 +124540889760 153 +784811057562 187 –3691995187608
119 +115632958896 154 +214837039872 188 –3955776986112
120 +102825676800 155 –255232501440 189 +1226984915520
121 +498319933 156 +214308444672 190 –1235871806400
122 –166955487888 157 +1315116754406 191 +2762403350592
123 +77646351384 158 –914804296320 192 +680222785536
124 +77785143296 159 –402206035896 193 +5442387685442
125 –359001100500 160 –950091448320 194 –1800325645104
126 –45668121408 161 –312162946368 195 –703199584080
127 –262717201024 162 –39964520664 196 +2497932784704
128 +338071388160 163 –357832759588 197 –2876091504354
129 –4315678416 164 –453553290624 198 +1458117876384
130 +66971388960 165 +650708341920 199 +728391402200
131 +631528759932 166 +704042392032 200 –2154174528000
132 –198311113728 167 +2754833892216 201 –3901420374768
133 –178514816480 168 –356462346240 202 –1961831018448
134 +371563845216 169 –1458379197393 203 –2150040612720
135 –353937956400 170 +800535869280 204 +2561714781696
136 –583413304320 171 –1211595753060 205 +1488221734860
137 –297198746214 172 +25209042176 206 +5418123087552
138 –112754509056 173 –950387449578 207 –2118677359896
139 +596793577940 174 –776603298240 208 –570305978368
140 +119045821440 175 +426959023400 209 +5699723069040
141 +677211820992 176 +527734751232 210 +489123048960
142 –234995646528 177 –1307679342480 211 –6793168439188
143 –308865667656

ON RAMANUJAN’S GENERATING RELATION FOR TAU  FUNCTION

1) Hardy, G. H., Aiyar, P. V. Seshu and Wilson, B. M.; Collected Papers of SrinivasaRamanujan, First Published 
by Cambridge University Press, Cambridge, 1927;Reprinted by Chelsea, New York, 1962; Reprinted by the 
American Mathematical Society, Providence, Rhode Island, 2000.

2) Ramanujan, S.; On Certain Arithmatical Functions, Trans. Cambridge Philos.Soc., 22(9) (1916), 159-184.
3) Venkatachala, B. J., Vinay, V. and Yogananda, C. S.; Ramanujan’s Papers (Paper No. 18, pp.174-208), 

Prism Books Pvt. Ltd., Bangalore, Mumbai, 2000.

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
ti
er

R
es
ea

rc
h

V
ol
um

e
X
I
Is
su

e
II

V
er
si
on

I

14

20
11

M
ar
ch

 

  References  Références Referencias

©2011 Global Journals Inc.  (US)



© 2011 . Ekta Menghani*, C. K. Ojha, R. S. Negi, Yukta Agarwal and Arvind Pareek .This is a research/review paper, distributed 
under the terms of the Creative Commons Attribution-Noncommercial 3.0 Unported License 
http://creativecommons.org/licenses/by-nc/3.0/), permitting all non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 

                     Global Journal of Science Frontier Research 
                            Volume 11 Issue 2  Version 1.0 March  2011 
                            Type: Double Blind Peer Reviewed International Research Journal 
                            Publisher: Global Journals Inc. (USA) 
                              

 

Screening of Indian Medicinal Plants and their potentials as 
Antimicrobial Agents 

By Ekta Menghani*, C. K. Ojha, R. S. Negi, Yukta Agarwal and Arvind Pareek 
                                                                                               Jaipur, India 

Abstracts -  
Symplocos racemosa, Puerariatuberosa, Scindapsus officinarum, Luffa acutangula and Acacia 
nilotica were examined for their anti-microbial potentials against selected bacteria and fungi. The 
purpose of screening is to justify, authenticate and validate the use of Indian Medicinal Plants in 
ethno-medicinal or folklore as traditional treasure to cure various ailments. In present 
investigations attempts were made to screen the Indian Medicinal Plants as antibiotics. The 
extracts were tested against selected test bacteria and fungi as antimicrobial assay through disc 
diffusion assay where standard tetracycline is used and solvent ethanol as control. Indian 
Medicinal Plants have a traditional background that they have potentials to use as antimicrobial 
agents. The results showed that all the extracts possess good antimicrobial activity against 
selected test bacteria and intermediate against fungus. The present results therefore offer a 
scientific basis for traditional use of ethanolic extracts Curculigo orchioides, Symplocos 
racemosa, Pueraria tuberosa, Scindapsus officinarum, Luffa acutangula and Acacia nilotica. 
These results explain that certain plants showed potential antimicrobial activity against S. aureus 
negative can be used as a very good treatment for acne if added to daily diet. Further, almost all 
the selected plants have also possessed antimicrobial potentials against all test bacteria and 
fungi which explains that their use in daily life will generate a resistant or immunity to fight against 
microorganisms. 
Classification: GJSFR-F Classification: FOR Code: 060599 

Screening of Indian Medicinal Plants and their potentials as Antimicrobial Agents 
                                  Strictly as per the compliance and regulations of: 

 

 
 
 
 
 
 

 ISSN: 0975-

Curculigo   orchioides, Ethanol  extracts  of  certain  Indian  Medicinal  Plants

5896



 

Screening of Indian Medicinal Plants and their
potentials as Antimicrobial  Agents 

Ekta Menghani1*, C. K. Ojha2, R. S. Negi1 , Yukta Agarwal1 and Arvind Pareek1 

AAAbbbssstttrrraaacccttt-Ethanol extracts of certain Indian Medicinal Plants
Curculigo orchioides, Symplocos racemosa, Pueraria
tuberosa, Scindapsus officinarum, Luffa acutangula and
Acacia nilotica were examined for their anti-microbial
potentials against selected bacteria and fungi. The purpose
of screening is to justify, authenticate and validate the use
of Indian Medicinal Plants in ethno-medicinal or folklore as
traditional treasure to cure various ailments. In present
investigations attempts were made to screen the Indian
Medicinal Plants as antibiotics. The extracts were tested 
against selected test bacteria and fungi as antimicrobial assay
through disc diffusion assay where standard tetracycline
is used and solvent ethanol as control. Indian Medicinal
Plants have a traditional background that they have potentials
to use as antimicrobial agents. The results showed that
all the extracts possess good antimicrobial activity against
selected test bacteria and intermediate against fungus.
The present results therefore offer a scientific basis for tra-
ditional use of ethanolic extracts Curculigo orchioides, Sym-
plocos racemosa, Pueraria tuberosa, Scindapsus officinarum,
Luffa acutangula and Acacia nilotica. These results explain
that certain plants showed potential antimicrobial activity
against S. aureus negative can be used as a very good
treatment for acne if added to daily diet. Further, almost all
the selected plants have also possessed antimicrobial
potentials against all test bacteria and fungi which
explains that their use in daily life will generate a resistant
or immunity to fight against microorganisms.  

I. Introduction
 

ature has been a source of medicinal agents
since times immemorial. The importance of
herbs in the management of human ailments 

cannot be over emphasized. It is clear that the plant
kingdom harbors an inexhaustible source of active
ingredients invaluable in the management of many in-
tractable diseases. Ayurveda is ancient health care sys-
tem and is practiced widely in India, Srilanka and other
countries (Chopra and Doiphode, 2002). Ayurveda
system of medicine use plants to cure the ailments and
diseases. Despite the availability of different approaches  

About1-Department of Biotechnology,   

About2-Department of Chemistry, Mahatma Gandhi Institute of Applied
Sciences,JECRC Campus, Jaipur, India   

for the discovery of therapeutically, natural products still
remain as one of the best reservoir of new structural
types. They are used directly as therapeutic agents, as
well as starting material for the synthesis of drugs or as
models for pharmacologically active compounds
(Cowan, 1999). In modern time plants have been
sources of analgesics, anti-inflammatory, anti-neoplastic 
drugs, medicine for asthma, anti arrhythmic agents and
anti hypertensive.  

Furthermore, the active components of herbal
remedies have the advantage of being combined with
many other substances that appear to be inactive.
However, these complementary components give the
plant as a whole a safety and efficiency much superior
to that of its isolated and pure active components
(Shariff, 2001). 

In last three decades numbers of new
antibiotics have produced, but clinical efficacy of these
existing antibiotics is being threatened by the
emergence of multi drug resistant pathogens (Bandow
et al., 2003). In general, bacteria have the genetic ability
to transmit and acquire resistance to drugs (Cohen,
1992). According to World Health Organization (WHO)
medicinal plants would be the best source to obtain a
variety of drugs (Santos et al., 1995).  

Antibiotic resistance has become a global
concern (Westh et al., 2004). There has been an
increasing incidence of multiple resistances in human
pathogenic microorganisms in recent years, largely due
to indiscriminate use of commercial antimicrobial drugs
commonly employed in the treatment of infectious
diseases. This has forced scientist to search for new
antimicrobial substances from various sources like the
medicinal plants. Search for new antibacterial agents
should be continued by screening many plant families.
Recent work revealed the potential of several herbs as
sources of drugs (Iwu, 2002). The screening of plant
extracts and plant products for antimicrobial activity has
shown that higher plants represent a potential source of
novel antibiotic prototypes (Afolayan, 2003). 

Numerous studies have identified compounds
within herbal plants that are effective antibiotics.
Traditional healing systems around the world that utilize
herbal remedies are an important source for the 
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discovery of new antibiotics. Some traditional remedies 
have already produced compounds that are effective 
against antibiotic resistant strains of bacteria (Kone et 
al., 2004). The results of this indicate the need for further 
research into traditional health system. It also facilitates 
pharmacological studies leading to synthesis of a more 
potent drug with reduced toxicity. The need of the hour 
is to screen a number of medicinal plants for promising 
biological activity.  

Therefore, in present project attempts have 
been made to six medicinal plants Curculigo orchioides,  
Symplocos racemosa, Pueraria tuberosa, Scindapsus 
officinarum, Luffa acutangula and Acacia nilotica each 
belonging to different families were evaluated for 
antibacterial potentials. Further, all the selected 
medicinal plants were used to justify and authenticate 
on scientific basis where antimicrobial characters will be 
aid as a markers to characterize these drugs from their 
adulterants. These biomarkers can be used further for 
formation of Indian Pharmacopoeia. 

    

   

 

 Luffa acutangula  Picrorhizza kurroa    Pueraria 
tuberosa            Acacia nilotica             Curculigo 
Orchioides 

II. Materials and Methods 

Collection: Plant samples (Curculigo orchioides, 
Symplocos racemosa, Pueraria tuberosa, Scindapsus 
officinarum, Luffa acutangula and Acacia nilotica) were 
collected from various tribes living in tribal pockets of 
Mt. Abu, arid zone of Rajasthan. These plants were used 
by these tribes in their daily lives to cure various 
ailments and few from Chunnilal Attar Ayurvedic Store, 
Ghat Gate, Jaipur in the month of May, 2009. 
Identification: All the samples were authenticated and 
were given identification number Curculigo orchioides,  
Symplocos racemosa, Pueraria tuberosa, Scindapsus 

officinarum, Luffa acutangula and Acacia nilotica These 
samples were authenticated and submitted in 
Ethnomedicinal Herbarium, Centre of Excellence funded 
by DST, MGiaS, Jaipur (Rajasthan). 
Sources of test organisms: Bacteria-Pure culture of all 
test organisms, namely Pseudomonas aeruginosa, 
Staphylococcus aureus positive, Escherichia coli, 
Staphylococcus aureus negative and fungi Candida 
albicans, were obtained through the courtesy of 
Mahatma Gandhi Institute of applied Sciences(MGiaS), 
Jaipur, which were maintained on Nutrient broth media. 
Culture of test microbes: For the cultivation of bacteria, 
Nutrient Agar Medium (NAM) was prepared by using 20 
g Agar, 5 g Peptone, 3 g beef extract and 3 g NaCl in 1 
L distilled water and sterilized at 15 lbs pressure and 
121°C temperature for 25-30 min. Agar test plates were 
prepared by pouring approximately 15 mL of NAM into 
the Petri dishes (10 mm) under aseptic conditions. A 
saline solution was prepared (by mixing 0.8% NaCl) in 
distilled water, followed by autoclaving and the bacterial 
cultures were maintained on this medium by regular 
sub-culturing and incubation at 37°C for 24-48 h. 
To prepare the test plates, in bacteria, 10-15 mL of the 
respective medium was poured into the Petri plates and 
used for screening. For assessing the bactericidal 
efficacy, a fresh suspension of the test bacteria was 
prepared in saline solution from a freshly grown Agar 
slant. 
Preparation of test extracts: Crushed powder (50 g) of 
all the species were successively soxhlet extracted with 
ethanol. Later, each of the homogenates was filtered 
and the residue was re-extracted twice for complete 
exhaustion, the extracts were pooled individually. Each 
filtrate was concentrated to dryness in vitro and re 
dissolved in respective solvents, out of which 80 mg/10 
disc i.e. 8 mg disc-1 concentration were stored at 4°C in 
a refrigerator, until screened for antibacterial activity. 
Bactericidal assay: For both, bactericidal in vitro Disc 
diffusion method was adopted (Gould and Bowie, 
1952), because of reproducibility and precision. The 
different test organisms were proceeded separately 
using a sterile swab over previously sterilized culture 
medium plates and the zone of inhibition were 
measured around sterilized dried discs of Whattman No. 
1 paper (6 mm in diameter), which were containing 4 mg 
of the text extracts, its control (of the respective solvent) 
and tetracycline as reference drugs (standard disk) 
separately. Such treated discs were air-dried at room 
temperature to remove any residual solvent, which might 
interfere with the determination, sterilized and 
inoculated. These plates were initially placed at low 
temperature for 1 h so as to allow the maximum 
diffusion of the compounds from the test disc into the 
agar plate and later, incubated at 37°C for 24 h in case 
of bacteria, after which the zones of inhibition could be 
easily observed. Five replicates of each test extract were 
examined and the mean values were then referred. 

20
11

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
ti
er

R
es
ea

rc
h

V
ol
um

e
X
I
Is
su

e
II

V
er
si
on

I

16

M
ar
c h

 

©2011 Global Journals Inc.  (US)

http://scialert.net/fulltext/?doi=rjmp.2011.295.301&org=10#100810_ja�
http://scialert.net/fulltext/?doi=rjmp.2011.295.301&org=10#100810_ja�
http://scialert.net/fulltext/?doi=rjmp.2011.295.301&org=10#100810_ja�


Screening of Indian medicinal plants and their potentials as antimicrobial agents 

  

 

 

The Inhibition Zone (IZ) in each case were recorded and 
the Activity Index (AI) was calculated as compared with 
those of their respective standard reference drugs (AI = 
Inhibition Zone of test sample/Inhibition zone of 
standard). 

III. Results 

The profile of six medicinal plants used in present 
investigation. The results of antimicrobial activity of the 
crude extracts of Selected Indian Medicinal Plants 

(Curculigo orchioides,  Symplocos racemosa, Pueraria 
tuberosa, Scindapsus officinarum, Luffa acutangula and 
Acacia nilotica) showed good antimicrobial activity 
against selected test bacteria and intermediate against 
fungi (Table 1). Overall, these ethanolic extract showed  
appreciable activity against selected test bacteria and 
fungi and hence, it justify their use in our traditional 
system of medicine to cure various diseases (Fig. 1). 
 

Table 1: Antimicrobial Efficacy in terms of inhibition zone and activity index of certain Indian Medicinal Plants against 
selected test bacteria and fungi where tetracycline is used as standard 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IZ = Inhibition zone, AI = Activity index Standard = tetracycline 

 

While screening of ethanolic extract of Curculigo 
orchioides the antibacterial activity against selected test 
bacteria showing good inhibition zone. The ethanolic 
extract have the potential to make inhibition zone 
against Pseudomonas aeruginosa (IZ=12mm), GPB 
(IZ=10mm), Staphylococcus aureus positive strain 
(IZ=10mm), E.coli (IZ=11mm), Staphylococcus aureus 
negative strain (IZ=8mm) & in antifungal activity the 
inhibition zone against Candida albicans is11 mm. 
These results showed that the given test extracts have 
maximum activity against Pseudomonas aeruginosa & 
minimum against Staphylococcus aureus negative 
strain. While screening of ethanolic extract of Symplocos 
racemosa the antibacterial activity against selected test 
bacteria showing good inhibition zone. The ethanolic 
extract have the potential to make inhibition zone 
against Pseudomonas aeruginosa (IZ=10mm), 
GPB(IZ=10mm), Staphylococcus aureus positive strain 

(IZ=10mm), E. coli (IZ=11mm), Staphylococcus aureus 
negative strain (IZ=10mm) & in antifungal activity the 
inhibition zone against Candida albicans is 9mm. These 
results showed that the given test extracts have 
maximum activity against E.coli  & minimum against 
Candida albicans. 

While screening of ethanolic extract of Pueraria 
tuberosa the antibacterial activity against selected test 
bacteria showing very good inhibition zone. The 
ethanolic extract have the potential to make inhibition 
zone against Pseudomonas aeruginosa (IZ=7mm), 
GPB(IZ=8mm), Staphylococcus aureus positive strain 
(IZ=13mm), E. coli (IZ=1mm), Staphylococcus aureus 
negative strain (IZ=12mm) & in antifungal activity the 
inhibition zone against Candida albicans is 9mm. These 
results showed that the given test extracts have 
maximum activity against Staphylococcus aureus 
positive strain & minimum against E. coli. 

Ethanolic extract  Measures  Pseudomonas 
aeruginosa  

Escherichia 
coli  

S. 
aureus 
positive  

S. 
aureus 
negative  

Candida 
albicans  

 Standard 
IZ  

27  28  29  26  30  

Curculigo archioides  IZ (mm)  12  11  10  8  11  
 AI  0.63  0.647  0.45  0.347  0.5  
Symplocos racemosa  IZ (mm)  10  11  10  10  9  
 AI  0.526  0.647  0.45  0.43  0.33  
Puraria tuberosa  IZ (mm)  7  10  13  12  9  
 AI  0.368  0.35  0.59  0.521  0.33  
Scindapsus officinarum   IZ (mm)  10  12  8  9  10  
 AI  0.526  0.705  0.363  0.391  0.45  
Luffa acutangula   IZ (mm)  10  9  8  8  8  
 AI  0.526  0.34  0.363  0.347  0.266  
Acacia nilotica   IZ (mm)  7  19  11  11  8  
  AI  0.368  0.67  0.37  0.42  0.266  
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While screening of ethanolic extract of 
Scindapsus officinarum the antibacterial activity against 
selected test bacteria showing good inhibition zone. The 
ethanolic extract have the potential to make inhibition 
zone against Pseudomonas aeruginosa (IZ=10mm), 

GPB (IZ=9mm), Staphylococcus aureus positive strain 
(IZ=8mm), E. coli (IZ=12mm), Staphylococcus aureus 
negative strain (IZ=9mm) & in antifungal activity the 
inhibition zone against Candida albicans is10mm.  

 
Fig.1. Antimicrobial potentials of certain Indian Medicinal Plants against selected microorganisms in terms of 

inhibition zone (mm) 
 

 
These results showed that the given test 

extracts have maximum activity against E. coli & 
minimum against Staphylococcus aureus positive strain. 
While screening of ethanolic extract of Luffa acutangula 
the antibacterial activity against selected test bacteria 
showing good inhibition zone. The methanolic extract 
have the potential to make inhibition zone against 
Pseudomonas aeruginosa (IZ=10mm), GPB(IZ=8mm), 
Staphylococcus aureus positive strain (IZ=8mm), E. coli 
(IZ=9mm), Staphylococcus aureus negative strain 
(IZ=8mm) & in antifungal activity the inhibition zone 
against Candida albicans is 8mm. These results showed 
that the given test extracts have maximum activity 
against Pseudomonas aeruginosa & minimum against), 
GPB, Staphylococcus aureus positive strain, 
Staphylococcus aureus negative strain Candida 
albicans  While screening of ethanolic extract of Acacia 
nilotica the antibacterial activity against selected test 
bacteria showing very good inhibition zone. The 
ethanolic extract have the potential to make inhibition 
zone against Pseudomonas aeruginosa (IZ=7mm), 
GPB(IZ=1mm), Staphylococcus aureus positive strain 
(IZ=11mm), E. coli (IZ=19mm), Staphylococcus aureus 
negative strain (IZ=11mm) & in antifungal activity the 
inhibition zone against Candida albicans is 8mm. These 
results showed that the given test extracts have 
maximum activity against E. coli & minimum against 
GPB 
 
 

IV.
 

Discussion

 Use of ethno-pharmacological knowledge is one 
attractive way to reduce empiricism and enhance the 
probability of success in new drug-finding efforts 
(Patwardhan, 2005). Validation and selection of primary 
screening assays are pivotal to guarantee sound 
selection of extracts or molecules with relevant 
pharmacological action and worthy following up (Cos et 
al., 2006). The number of multi-drug resistant microbial 
strains and the appearance of strains with reduced 
susceptibility to antibiotics are continuously increasing. 
This increase has been attributed to indiscriminate use 
of broad-spectrum antibiotics, immunosuppressive 
agent, intravenous catheters, organ transplantation and 
ongoing epidemics of HIV infection (Graybill, 1988). In 
addition, in developing countries, synthetic drugs are 
not only expensive and inadequate for the treatment of 
diseases but also often with adulterations and side 
effects. Therefore, there is need to search new infection-
fighting strategies to control microbial infections.

 The present results therefore offer a scientific 
basis for traditional use of ethanolic extracts Curculigo 
orchioides, Symplocos racemosa, Pueraria tuberosa, 
Scindapsus officinarum, Luffa acutangula and Acacia 
nilotica. These results explain that Indian Medicinal 
Plants have potential as antimicrobials against S. aureus

 negative can be used as a very good treatment for acne 
if added to daily diet and some other

 
showed potentials 
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against S. aureus positive. Further, more or less all the 
selected Indian Medicinal Plants have also possessed 
antimicrobial potentials against all test bacteria and 
fungi which explains that their use in daily life will 
generate a resistant or immunity to fight against 
microorganisms. 

Ethanolic extracts of certain Indian Medicinal 
Plants showed promising antimicrobial potentials 
against selected test bacteria and fungi. The main aim 
of these studies is to validate and authenticate the 
antimicrobial potentials of certain plants and 
simultaneously, justify their use in the daily diet to cure 
mankind from certain ailments. 

V. Acknowledgement 
Author acknowledge with thanks the financial 

support from Department of Science and Technology, 
Government of Rajasthan, in the form of Centre with 
Potentials for Excellence in Biotechnology, sanction no F 
7(17) (9) Wipro/Gaprio/2006/7358-46(31/10/2008). 

  
1) Afolayan, A. J. (2003) Extract from the shoots of 

Arctotis artototdes inhibit the growth of bacterial 
and fungi. Pharm Biol. 41:22-25. 

2) Bandow, J.E., H. Brötz, L.I.O. Leichert, H. 
Labischinski, and M. Hecker, 2003. Proteomic 
Approach to Understanding Antibiotic Action. 
Antimicrobial Agents and Chemotherapy, 47: 
948-955. 

3) Chopra, A. and V.V. Doiphode, 2002. Ayurvedic 
medicine: core concept, therapeutic principles 
and current relevance. Medical Clinics of North 
America, 86: 75-89. 

4) Cohen, M.L., 1992. Epidemiology of Drug 
Resistance: Implications for a Post-
Antimicrobial Era. Sci., 257: 1050-1055. 

5) Cos, P., A.J. Vlietinck, D.V. Berghe and L. Maes, 
2006. Antiinfective potential of natural products: 
How to develop a stronger in vitro proof of 
concept. J. Ethnopharmacol., 106: 290-302. 

6) Cowan, M.M., 1999. Plant Products as 
Antimicrobial Agents. Clinical Microbiology 
Rev., 12: 564-582.  

7) Gould, J.C. and J.H. Bowie, 1952. The 
determination of bacterial sensitivity of 
antibiotics. Edinburgh Med. J., 59: 178-199. 

8) Graybill, J.R., 1988. Systemic fungal infections: 
Diagnosis and treatment. I. Therapeutic agents. 
Infect. Dis. Clin. North Am., 2: 805-825. 
 

9) Iwu, M.M. (2002): In: Threapeutic Agents from 
Ethnomedicine. Ethnomedicine and Drug 
Discovery. Iwu, M. M. Wooton J C (Eds.) 
Elsevier Science, Amsterdam. 

10) Kone, W. M., Kamanzi Atindehou, K., Terreaux, 
C., Hostettmann, K., Traore, D., Dosso, M. 
(2004): Traditional medicine in North Cote-
dIvoire screening of 50 medicinal plants for 
antibacterial activity. J. Ethnopharmacol. 93:43-
49. 

11) Patwardhan, B., 2005. Ethnopharmacology and 
drug discovery. J. Ethnopharmacol., 100: 50-52. 

12) Santos, P.R.V., A.C.X. Oliveira and T.C.B. 
Tomassini, 1995. Controle microbiógico de 
produtos fitoterápicos. Rev Farm Bioquím, 31: 
35-38. 

13) Shariff, Z. U. (2001): Modern Herbal Therapy for 
common Ailments Nature Pharmacy Series Vol. 
1, Spectrum Books LTD., Ibadan, Nigeria in 
Association with Safari Books Ltd. UK, PP 9-84. 

14) Westh, H., Zinn, C. S., Rosdahl, V. T., Sarisa 
Study Group (2004): An international multicenter 
study of antimicrobial consumption and 
resistance in Staphylococcus aureus isolates 
from 15 hospitals in 14 countries. Microbial 
Drug Resistance 10: 169-176.  

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
ti
er

R
es
ea

rc
h

V
ol
um

e
X
I
Is
su

e
II

V
er
si
on

I

19

20
11

M
ar
ch

 

©2011 Global Journals Inc.  (US)

  References  Références Referencias



 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank 

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
ti
er

R
es
ea

rc
h

V
ol
um

e
X
I
Is
su

e
II

V
er
si
on

I

20

20
11

M
ar
ch

 

©2011 Global Journals Inc.  (US)

Screening of Indian medicinal plants and their potentials as antimicrobial agents



© 2011 . Dr . Gulshan Kumar .This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non-commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

                     Global Journal of Science Frontier Research 
                            Volume 11 Issue 2  Version 1.0 March  2011 
                            Type: Double Blind Peer Reviewed International Research Journal 
                            Publisher: Global Journals Inc. (USA) 
                              

 

Growth and Productivity Analysis of non Metallic Minerals 
Products Industry of Punjab  
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Abstracts - In the fast changing liberalized global environment where growth and productivity have 
emerged as the important agents of growth and development, present study is an effort to investigate 
growth pattern and productivity trends of small scale non metallic mineral products industry in Punjab. 
The growth of industry has been measured in terms of four variables namely: number of units, fixed 
investment, direct employment and production. Yearly growth rates have been computed to mirror year 
to-year fluctuations in growth and compound annual growth rates (CAGRs) have been worked out to find 
the impact of the policies of liberalized regime on growth of this industry. Productivity trends have been 
sketched in terms of capital intensity, capital output ratio and partial factor productivities. The study 
observed that the significant growth rate was observed in the variables namely number of units, fixed 
investment and production. But the policies of liberalized regime have resulted in qualitative rather than 
quantitative growth in the small scale non-metallic minerals products industry in Punjab. Highly significant 
growth rate was recorded in fixed investment and production, a slow growth was noticed in number of 
units but insignificant growth was gauged in employment during the liberalization period. However, in the 
overall period of the study, significant growth rate was registered in the case of all the four variables. Thus, 
it could safely be inferred from the analysis that the liberalization has resulted in jobless growth as the rate 
of growth of employment has gone down miserably.The profile of labour and capital productivity reflects 
that in absolute terms the labour and capital productivity and the capital intensity exhibited significant 
growth rate capital output ratio recorded negative growth during the liberalization period. The comparative 
profile of pre-liberalization and liberalization period indicates that during liberalization period, productivities 
of labour and capital accompanied by capital intensity have improved significantly whereas capital output 
ratio decelerated.  
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In  the fast changing liberalized global 

environment where growth and productivity have emerged as 
the important agents of growth and development, present 
study is an effort to investigate growth pattern and productivity 
trends of small scale non metallic mineral products industry  in 
Punjab. The growth of industry has been measured in terms of 
four variables namely: number of units, fixed investment, direct 
employment and production. Yearly growth rates have been 
computed to mirror year to-year fluctuations in growth and 
compound annual growth rates (CAGRs) have been worked 
out to find the impact of the policies of liberalized regime on 
growth of this industry. Productivity trends have been sketched 
in terms of capital intensity, capital output ratio and partial 
factor productivities. The study observed that the significant 
growth rate was observed in the variables namely number of 
units, fixed investment and production. But the policies of 
liberalized regime have resulted in qualitative rather than 
quantitative growth in the small scale non-metallic minerals 
products industry in Punjab. Highly significant growth rate was 
recorded in fixed investment and production, a slow growth 
was noticed in number of units but insignificant growth was 
gauged in employment during the liberalization period. 
However, in the overall period of the study, significant growth 
rate was registered in the case of all the four variables. Thus, it 
could safely be inferred from the analysis that the liberalization 
has resulted in jobless growth as the rate of growth of 
employment has gone down miserably.The profile of labour 
and capital productivity reflects that in absolute terms the 
labour and capital  productivity and the capital intensity 
exhibited significant growth rate capital output ratio recorded 
negative  growth during the liberalization period. The 
comparative profile of pre-liberalization and liberalization 
period indicates that during liberalization period, productivities 
of labour and capital accompanied by capital intensity have 
improved significantly whereas capital output ratio 
decelerated. 

I. Introduction 
n Punjab, agricultural growth has saturated and the 
state government is making every effort to develop 
secondary and tertiary sectors in order to augment 

the income of its people. But the efforts of the state 
government faced numerous challenges which are  

 
 

 

factors like militancy and global factors like WTO etc. 
Still,  the  small  scale  industry  of  the   state  is  able  to  

confined not only to the adverse geo-political situation of 
the state but also relate to various socio-economic  
withstand all the challenges.The small scale non-
metallic minerals products industry which constitutes-  
manufacture of glass and glass products, cement, lime 
and plaster, articles of concrete, cutting, shaping and 
finishing of stones, manufacture of structural non-
refractory clay and ceramic products etc., has 
demonstrated remarkable resilience and succeeded in 
strengthening its footholds despite the economic 
challenges unleashed by the policies of the liberalized 
regime. The policies of the liberalized regime aim to 
dismantle all the growth retarding structures to trade, 
investment and productivity. Removal of quantitative and 
non-quantitative restrictions, rationalization of subsidies, 
toning up tax administration, easing regulatory controls 
etc are some of the hallmarks of the liberalized regime. 
And as a consequence of this, competition has 
increased manifold, compelling the businesses to 
enhance productivities in order to survive in the market. 
Despite the challenges during pre-liberalization and 
liberalization period, small scale non-metallic minerals 
products industry of Punjab has made significant 
growth.. The small scale non-metallic minerals products 
producing units in the small scale sector were only 756 
in the year 1980-81 which soared to 1980 units in 1991-
92 and further grew to the level of 2682 in 2004-05.  As 
regards employment the industry provided employment 
to 8212 persons in the year 1980-81 which surged to 
23862 persons in the year 1991-92 and further climbed 
to the level of 33758 persons in the year 2004-05. In the 
sphere of fixed capital investment, it was only 6.28 
crores of rupees  in the year 1980-81 which jumped to 
Rs. 33.81 crores  in 1991-92 and further advanced the 
level of Rs. 109.36 crores in 2004-05. Similarly the value 
of production of small scale chemical products industry 
of Punjab was a only worth Rs. 25.47 crores  in the year 
1980-81, entailed to the level of Rs. 114.03 crores  in the 
year 1991-92 and further enhanced to the level of Rs. 
489.75 crores in the year 2004-05  (Directorate of 
Industries, Punjab ,2005) . 
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II. OBJECTIVES OF THE STUDY 

Analysis of growth and productivity of an 
industry plays an instrumental role in framing a 
pragmatic and result oriented industrial development 
strategy. In this study, an attempt has been made to dig 
the facts about small scale non-metallic minerals 
products industry industry in Punjab which can be 
treated as a catalytic agent for the cause of appropriate 
policy formulation. The specific objectives of the study 
were: 
1 To compute partial productivity of labour (AOLR 
) and partial productivity of capital (AOCR).  
2 To analyse the comparative picture of growth of 
number of units, fixed investment, direct employment 
and production during pre-liberalization and 
liberalization periods. 
3 To calculate average capital output ratio and 
capital intensity of labour in small scale non-metallic 
minerals products industry of Punjab.  
   

III. DATA BASE AND METHODOLOGY 

Present study is based on secondary data 
for the period of 25 years i.e. 1980-81 to 2004-05. .( 
Due to change in classification of industries, it is not 
possible to get the data as per requirement for the 
next four years because that data will not be in 
uniformity with that for the last 25 years, still study 
finds data for the 25 years sufficient to draw various 
conclusions).  The data relating to number of units, 
direct employment, fixed capital and production of 
small scale small scale non-metallic minerals products 
industry at aggregate level for the above said period 
were culled from Directorate of Industries, Punjab. 
Since the figures of fixed capital and production 
were given at current prices, these have been 
converted into constant prices by deflating them with 
index number of the wholesale prices of manufactured 
products total, taking 1993-94 as the base year. Yearly 
growth rates for all the four variables were computed to 
capture year-to-year fluctuations in growth.  
Partial productivities of labour and capital were obtained 
as O/L and O/K. For making an assessment of the 
extent of amount of units of capital that are needed to 
produce a certain level of output as well as the capital 
intensity, K/O and K/L ratios were computed. 
Compound Annual Growth Rates (CAGRs) for overall 
period (1980-81 to 2004-05) and two sub-periods: pre-
liberalization (1980-81 to 1991-92) and liberalization 
periods (1991-92 to 2004-05) for all the eight variables 
were estimated by fitting an exponential function of the 
following form 

                                                                          
  

Where Yt is dependent variable, β0 and β1 are the 
unknown parameters, and Ut is the disturbance term.  
The equation (1) could be written in the logarithmic form 
as follows: 
              log Yt =logβ0

 + t logβ1
 + Ut               

                                         
                            

Above equation was estimated by applying Ordinary 
Least Square Method and compound rate of growth 
(grc) was obtained by taking antilog of estimated 
regression coefficient, subtracting 1 from it and 
multiplying the difference by 100, as under: 
  

  
   

                                                                                                                               
       (3)

 
 Where β1 is an estimate for β1. The significance of 
growth rates was tested by applying t – test, given as 
follows: 
        
   

      
     

  
 

Where β1 is the regression estimate, s (βI) is the 
respective standard error. All statistically insignificant 
growth rates are treated as almost zero growth 
rates.(Gupta and Kumar, 2006). 

IV. RESULTS AND DISCUSSION 

This section presents the results and discussion 
of the study. The first subsection is devoted to the 
analysis of compound annual growth rates of number of 
units, employment, fixed capital and production. The 
second subsection is devoted to the profile of capital 
intensity, capital-output ratio and partial productivities of 
labour and capital in small scale non-metallic minerals 
products industry.  

V. SECTION –I 

a. Growth Performance 
  Measurement of growth has been one of the 

most extensively researched areas. The growth rate 
analysis provides the detailed vision of growth. The year 
to year growth rates and compound annual growth rates 
(CAGRs) of number of units, fixed investment, 
employment and production of small scale non-metallic 
minerals products industry are shown in table I. The 
results have been discussed in brief under the following 
four sub heads:- 
 
 

 
  

Insert Table-I 
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Yt = β0 β1
teUt      (1)

(2)

Λ

grc = (A.L. β1- 1) x 100 

^

^

Λ

β1
t   = ----------- ~ t (n-2) d.f.                     

Λ 

s (β1) 

(4)
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The year-to-year growth rates of number of units 
as demonstrated in column II

 
of table I

 
suggests a 

growth trend but with a downward bias. Commencing 
from the level

 
of 12.17

 
percent in 1981-82 touched the 

level of 15.67
 

percent in 1984-85.
 

Then started the 
decline in growth rate

 
which continued till 1986-87, 

however fluctuations in growth rates were observed at 
odd intervals till 1991-92 and the most noticeable one 
was in the year 1992-93 when it jumped to the level of 
48.94

 
percent.

 
But in the next year, a sharp fall is found 

to the tune of -26.01
 
percent.

 
Improved in next year

 
and 

observing great fluctuations, finally settled at 0.64 
percent in 2004-05.

 
Further perusal of the column 

reveals that the compound annual growth rates for the 
pre-liberalization period was found to be 9.1

 
percent 

which declined to 1.41
 

percent in the liberalization 
period.

 
However,

 
a significant CAGR of 5.06

 
percent 

was observed during
 
overall period of the study.

 
 

c.
 

Fixed Investment
 

The profile of annual growth rates of fixed 
investment as

 
envisaged in column III

 
of table I

 
reveals 

that in 1981-82
 
rate was 5.72

 
percent, it

 
touched the 

level of 13.20
 
percent in 1983-84..

 
The yearly growth rate

 

started
 
to fluctuate

 
in the following years and dipped to 

0.76 percent in the year 1991-92
 

and remained in 
negative zone for

 
next one year

 
and rose to 7.92 percent 

in 1993-94 and with some fluctuations
 
in following years,

 

escalated
 
to level of 10.47

 
percent in 1999-2000.

 
Then 

again witnessing a sharp dip,
 

rate of growth was 
glanced in 2000-01of the order of 0.87

 
but

 
proved 

 
to

 
be 

finalised
  

at the level
 
of -4.67

 
percent in 2004-05.

 
Further 

investigation of the column exhibits a significant CAGR 
of 9.62

 
percent in the pre-liberalization period which 

declined to the level of 5.26
 
percent in the liberalization 

period. However, a CAGR of 6.40percent was observed 
for the entire period of the study.

 
 

d.
 

Direct  Employment
 

Perusal of yearly growth rates of employment as 
contained in column IV

 
of table I

 
exhibits swings of 

varying magnitude through out the study period. The 
period 1981-82 observed the rate of growth as 10.83

 

percent ,increased 
 
to 16.41

 
percent in 1983-84

 
and with 

fluctuations it became 15.28
 

percent in 1988-89
 

and 
with fluctuations at odd intervals, on the whole declining 
trend continued to be there

 
till   2004-05 when it became 

very low of the order of 0.64 percent.
 
Further perusal of 

the column reveals that the pre-liberalisation period 
noticed a significant CAGR of 10.52, but the 
liberalisation period failed to register any growth 
because of insignificant CAGR of 0.41

 
percent.

 

However, a CAGR of 5.90
 
percent was observed for the 

overall period of the study.
 

 

e. Production 
The annual growth rates of production as 

sketched in column V of table I reflects an uptrend with 
volatility at every alternate step. Starting from a yearly 
growth rate of 4.72 percent in 1981-82 rose to a level of 
15.72 percent in 1983-84 and sharp dive appeared 
when it became 1.95 percent in the very next year. 
Thereafter, the growth rate after getting variations in the 
following years, entered the negative zone in 1991-92 
and jumped to the level of 13.79 percent in 1994-95. The 
growth rate started fluctuating again in the following 
years and reached a level of -0.81 percent in the year 
2004-05.The column further reveals that the CAGR for 
the pre-liberalisation period was found to be 8.05 
percent which accelerated to the level of 6.90 percent in 
the liberalization period. However, a CAGR of 6.69 
percent was observed for the overall period of the study.   
The conclusion that emanates from the above 
discussion is that the liberalization period failed to 
register improvement in compound annual growth rates 
in any of the four variables. In case of number of units, a 
clear deceleration was recorded while the direct 
employment disappointed  the most also because of 
very  low rather insignificant  CAGR. In the sphere of 
fixed capital investment, the CAGR also declined. 
Production variable also find decline in growth. Hence 
the policies of the liberalization remained unable to 
touch growth of this particular industry in Punjab. 
 
VI. SECTION – II 

a. Productivity Analysis And Profile Of Related 
Variables 
 Productivity depends on the relationship 

between total output and related inputs such as labour 
and capital which have been used in production of that 
output. It is evident that the capacity of the economy to 
produce goods and services mainly depends on 
productivity of these factors. Productivity can be 
enhanced through proper utilization of such resources. It 
is widely agreed that enhancing productivity is a signal 
of good health of a system which allows producing at 
lower cost and makes it competitive . 

 Table –II depicts the profile of capital intensity, capital 
output ratio and partial productivities of labour and 
capital of the small scale non-metallic minerals products 
industry of Punjab. This table also highlights the 
compound annual growth rates of capital intensity, 
capital-output ratio and partial productivities of labour 
and capital for the pre-liberalization and liberalization 
period. The detailed column wise explanation of table II 
is discussed as under: 
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 Labour Productivity (AOLR) 
The labour productivity as complied in column II 

of table II shows a figure of Rs. 0.0080 crores in 1980-81 
which continued to fall to the level of 0.0056 till  1992-93 
and remained at the same level for the next year 
.Thereafter the labour productivity escalated in 1994-95 
to touch the level of Rs 0.0061 crores and in 2003-04, 
touched the peak level of 0.0089. The labour 
productivity finally settled at Rs. 0.0087 crores in 2004-
05 .The column further reveals that the CAGR for the 
liberalization period (4.29 percent ) registered a 
remarkable improvement over the CAGR of -2.27 
percent belonging to the pre-liberalisation period. 
However, a CAGR of 0.74 percent was observed for the 
overall period of the study. 

 Capital Intensity (DOM) 
The profile of annual growth rates of capital 

intensity as sketched in column III of table II 
demonstrates that the capital intensity which was 
Rs.0.0020 crores in 1980-81 reached a level of Rs. 
0.0018 crores in 1990-91 after experiencing minor 
fluctuations and declined to 0.0016 crores in 1992-93 
and kept the level for the next three years and surged to 
level of 0.0018 crores in 1996-97 and with minor 
fluctuations, finally settled at a level of Rs. 0.0020 crores 
in 2004-05.The column further reveals a significant 
improvement in the CAGR of liberalization period (2.57 
percent) from the CAGR of –0.85 percent belonging to 
the pre-liberalisation period. However, a CAGR of 0.47 
percent (insignificant) was noticed in the overall period 
of the study. 

c.

 Capital-Output Ratio (Cor) 
The column 1V of table II portrays the profile of 

capital output ratio. Starting from a ratio of 0.25 in 1980-
81,  continued to increase to the level of 0.30 with 
marginal fluctuations. Dipped to 0.26 and remaining at 
the same level for the four years, increased to the level 
of 0.27 in 1998-99. Showing some fluctuations,ultimately 
downward march continued till COR settled at a level of 
0.22 in 2004-05. Further perusal of the column explains 
that the CAGR of the pre-liberalisation period which was 
1.41 percent declined substantially to reach the level of 
–1.68 percent in the liberalization period. However, a 
CAGR of- 0.33 percent was observed for overall period 
of the study. 
 

 Capital Productivity (Aocr) 
The column V of table II reflects improvement in 

capital productivity but also dots fluctuations at odd 
intervals. Commencing from a capital productivity of 
4.06 in 1980-81 fell to the level of 3.36 in 1991-92, 
accelerated to touch the level of 3.60 in 1992-93. and 
managed to touch the highest level of 4.48 in 2004-05. 
The column further reveals that the CAGR which was -
1.43 percent for the pre-liberalisation period cheered up 

during the liberalization period to reach the level of 1.56 
percent. However a CAGR of 0.27 percent was 
observed for the overall period of the study. From the 
above discussion it can be safely inferred that the 
liberalization has encouraged mechanization and 
technological up gradation in the small scale non-
metallic minerals products industry in Punjab. The 
policies of the liberalization regime have resulted in 
lower COR and enhancement of factor productivities.  
 

VII. CONCLUSION AND FINDINGS OF 
THE STUDY 

 
 It is quite evident from the entire discussion 

that despite the problem of militancy during pre-
liberalization period, significant growth rate was 
observed in all the variables namely number of units, 
fixed investment and production. But the policies of 
liberalized regime have resulted in qualitative rather than 
quantitative growth in the small scale non-metallic 
minerals products industry in Punjab. Highly significant 
growth rate was recorded in fixed investment and 
production, a slow growth was noticed in number of 
units but insignificant growth was gauged in 
employment during the liberalization period. However, in 
the overall period of the study, significant growth rate 
was registered in the case of all the four variables. Thus, 
it could safely be inferred from the analysis that the 
liberalization has resulted in jobless growth as the rate 
of growth of employment has gone down miserably. The 
profile of labour and capital productivity reflects that in 
absolute terms the labour and capital  productivity and 
the capital intensity exhibited significant growth rate 
capital output ratio recorded negative  growth during the 
liberalization period. The comparative profile of pre-
liberalization and liberalization period indicates that 
during liberalization period, productivities of labour and 
capital accompanied by capital intensity have improved 
significantly whereas capital output ratio decelerated. 
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 Table I

 Year to year and Compound Annual Growth Rates ( in percent)
 

Year Number of 
units 

Fixed 
Investment 
(in Rs.Crore) 

Direct 
Employment (in 
no.) 

Production 
(in Rs.Crore) 

 
1981-82 12.17 5.72 10.83 4.72 
1982-83 14.39 15.43 13.60 10.96 
1983-84 15.67 13.20 16.41 15.72 
1984-85 10.78 5.93 9.91 1.95 
1985-86 8.61 10.93 7.51 8.04 
1986-87 6.00 12.61 10.53 7.02 
1987-88 7.41 9.73 9.38 14.03 
1988-89 9.50 12.96 15.28 8.78 
1989-90 7.43 5.82 8.65 10.85 
1990-91 4.70 4.71 6.82 2.42 
1991-92 4.60 0.76 3.73 -6.24 
1992-93 48.94 -3.60 5.52 3.54 
1993-94 -26.01 7.92 7.36 6.31 
1994-95 4.26 5.91 4.35 13.79 
1995-96 2.11 3.47 3.33 2.45 
1996-97 4.52 13.60 1.36 14.51 
1997-98 0.54 7.66 1.26 7.99 
1998-99 1.84 8.99 2.41 4.51 
1999-00 2.65 10.47 2.81 11.94 
2000-01 2.04 0.87 2.77 2.72 
2001-02 1.38 3.69 1.59 8.04 
2002-03 0.34 0.29 1.02 3.99 
2003-04 0.6 -3.66 0.96 1.59 
2004-05 0.64 -4.67 0.64 -0.81 

 
Pre 
Liberlization 

9.1* 9.62* 

 

10.52* 
 

8.05* 
Liberalization 
Period 1.41* 5.26* 0.41** 6.90* 
Overall Period 5.06* 6.40* 5.90* 6.69* 

 *Significant at 5 percent level of significance. 

**Insignificant at 5 percent level of significance. 

Source: Calculated from the data supplied by Directorate of Industries, Punjab. 

Note:1. Fixed investment and Production figures are taken on 1993-94 constant prices  

 to compute various growth rates.    

2.It is  not possible to find change for the first year as it is based on previous year  

so growth for 1980-81 is not quantifiable.   
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                  TABLE II  

Profile of Capital Intensity, Capital-Output Ratio andPartial Productivity of Capital and Labour 
 

 

Source: Calculated from the data supplied by directorate of industries, Punjab. 

Note  :   *significant at 5 percent level of significance. 

             **  Insignificant at 5 percent level of significance 

Terms used: 

a) DOM: Degree of Mechanization (capital intensity):- It is fixed capital at constant prices per employee. 
b) COR: Capital output Ratio: - It is ratio of total fixed capital to total production (both deflated). 
c) AOCR:- Average output capital ratio (Capital Productivity):- It is ratio of total production to total fixed capital 
(both deflated) 
d) AOLR: - Average Output Labour Ratio (Labour Productivity):- It is total production at constant prices per 
employee. 

Year AOLR 
(In Rs.Cr.) 

DOM 
(In Rs.Cr.) 

COR AOCR 
 

1980-81 0.0080 0.0020 0.25 4.06 
1981-82 0.0075 0.0019 0.25 4.02 
1982-83 0.0073 0.0019 0.26 3.86 
1983-84 0.0073 0.0018 0.25 3.95 
1984-85 0.0068 0.0018 0.26 3.80 
1985-86 0.0068 0.0018 0.27 3.70 
1986-87 0.0066 0.0019 0.28 3.52 
1987-88 0.0069 0.0019 0.27 3.65 
1988-89 0.0065 0.0018 0.28 3.52 
1989-90 0.0066 0.0018 0.27 3.69 
1990-91 0.0063 0.0018 0.28 3.61 
1991-92 0.0057 0.0017 0.30 3.36 
1992-93 0.0056 0.0016 0.28 3.60 
1993-94 0.0056 0.0016 0.28 3.55 
1994-95 0.0061 0.0016 0.26 3.81 
1995-96 0.0060 0.0016 0.26 3.78 
1996-97 0.0068 0.0018 0.26 3.81 
1997-98 0.0072 0.0019 0.26 3.82 
1998-99 0.0074 0.0020 0.27 3.66 
1999-00 0.0081 0.0022 0.27 3.71 
2000-01 0.0081 0.0021 0.26 3.78 
2001-02 0.0086 0.0022 0.25 3.94 
2002-03 0.0088 0.0022 0.24 4.08 
2003-04 0.0089 0.0021 0.23 4.30 
2004-05 0.0087 0.0019 0.22 4.48 
CAGRs:- 
Pre-liberalization 
period 

-2.27* -0.85* 1.41* -1.43* 
Liberalization 
period 4.29* 2.57* -1.68* 1.56* 
Overall Period 

0.74* 0.47* -0.33** 0.27* 
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On Topological Sets and Spaces 

 M.P. Chaudhary   Vinesh Kumar2 , S. Chowdhary3 

Abstract: In this research paper we are introducing the 
concept of m-closed set and m-T1/3 space,s discussed their 
properties, relation with other spaces and functions. Also, we 
would like to discuss the applications of topology in industries 
through different areas of sciences such as Biology, 
Chemistry, Physics, Computer Science, Business Economics 
and Engineering. 

 

 

I. INTRODUCTION 

hroughout this paper (X,τ), (Y,τ) and (Z,τ) 
represent non-empty topological spaces on which 
no separation axioms are assumed unless 
otherwise mentioned. For a subset a of a 

topological space (X, τ), int (A), cl(A) and C(A) 
represents the interior of A, the closure of A, and the 
complement of A in X respectively. In present time 
topology is an important branch of pure mathematics. 
But it is difficult to fix a date for the starting of topology 
as a subject in its own right. The first time use of term 
TOPOLOGY that we know of appeared in title of a book 
written by J.W.Listing in 1847. Great mathematician 
Riemann used exclusively used the term “Analysis 
Situs”. An important work was done by Pioncare in 1985 
when he published his first paper on “Analysis Situs”. 
However, historians of science regard cantor’s research 
 on Fourier series from 1879 to 1884 as the beginning of 
General Topology. N. Levine [1] and M.E. Abd El. Monsef 
et al[2] introduced semi-open sets and β-sets  

. D. Andrijevic[3] used notation semi preopen sets for β-
sets. Again N. Levine[4] generalized the concept of 
closed sets to generalized closed sets. P. Bhattacharya 
and B.K. Lahiri[5] generalized the concept of closed sets 
to semi-generalized closed sets via semi-open sets. N. 
Biswas[6] studied that the complement of a semi-open 
set is called a semi-closed set. The aim of this paper is 
to draw a new technique to obtain a new class of sets, 
called m-closed sets. This class is obtained by 
generalizing semi-closed sets via semi-generalized 
open sets. It is shown that the class of m-closed sets 
properly contains the class of semi-closed sets and is 
properly  
contained in the class of semi-preclosed sets. Also it is 
shown that the class of m-closed sets is independent 
from the class of preclosed sets/the class of generalized 
closed sets/the class of gα-closed sets/the class of αg-
closed sets. P. Bhattacharya and B.K. Lahiri[5], D.S. 
Jancovic & K.L. Reilly[7] and H. Maki et al[8] introduced 
semi-T½ spaces, semi-TD and αT½, semi-TD and semi-T½ 
spaces respectively. J. Dontchev[9&10] shown that αT½ 
separation axioms are equivalent. R-Devi et al[11] 

introduced αTb spaces and Tb spaces respectively. As 
an application of m-closed sets, we introduced a new 
class of spaces, namely m-T1/3 spaces. Also 
characterize m-T1/3 spaces and show that the class of 
m-T1/3 spaces properly contains contains the class of 
semi-T½ spaces, the class of αTb spaces and the class 
of semi-T1/3 spaces. 

 

II. DEFINITIONS AND NOTATIONS 

Definitions 2.1:  Let A be a subset of topological space X then A is called.  
(a). a generalized closed (g-closed) set if cl(A) ⊆ U whenever A ⊆ U and U is open in (X, τ).  
(b). A semi-generalized closed (sg-closed) set if scl(A) ⊆ U whenever A ⊆ U and U is semi-open in (X, τ). The 
complement of a sg-closed set is called a sg-open set.  
(c). A generalized semi-closed (gs-closed) set if scl(A) ⊆ U whenever A ⊆ U and U is open in (X,τ).  
(d). An α-generalized closed (αg-closed) set if αcl(A) ⊆ U whenever A ⊆ U and U is α-open in (X, τ).  
(e). A generalized α-closed (gα-closed) set if αcl(A) ⊆ U whenever A ⊆ U and U is α-open in (X,τ).  
(f). A gα**-closed set if cl(A) ⊆ int(cl(U)), whenever A ⊆ U and U is α-open in (X, τ). 
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A δ-generalized closed (δg-closed) set if clδ(A) ⊆ U whenever A ⊆ U and U is open in (X, τ).  
(g). A generalized semi-preclosed (gsp-closed) set if spcl(A) ⊆ U whenever A ⊆ U and U is open in (X, τ).  
(h). A δ-closed set if A = clδ(A) whenever clδ(A) = {x ∈ X|int(cl(U)) ∩ A ≠ φ, x ∈U and U∈τ}.  
(i). A regular-open set if A = int(cl(A)) and a regular-closed set if cl(int(A)) =A.  
(j). A semi-regular set if it is both semi-open and semi-closed in (X,τ).  
(k). A preopen set if A ⊆ int (cl(A)) and preclosed set if cl(int (A)) ⊆ A.  
(l). A semi-open set if A ⊆ cl(int (A)) and a semi-closed set if int(cl(A)) ⊆ A.  
(m). A semi-preopen set or β-open set if A ⊆ cl(int(cl(A))) and a semi-preclosed set or β-closed set if int(cl (int 
(A))) ⊆  A.  

Definitions 2.2: A mapping f: (X,τ) → (Y, σ) is said to be 

(a). Pre-semi-open if f (U) is semi-open in (Y, σ) for every semi-open set U of (X,τ).  
(b). Pre-semi-closed if f (U) is semi-closed in (Y,σ) for every semi-closed set U of (X,τ).  
(c). Semi-continuous if f–1 (V) is semi-open in (X,τ) for every open set V of (Y, σ).  
(d). Pre-continuous if f–1 (V) is pre-closed in (X,τ) for every closed set V of (Y, σ).  
(e). g-continuous if f–1 (V) is g-closed in (X,τ) for every closed set V of (Y, σ).  
(f). αg-continuous if f–1 (V) is αg-closed in (X,τ) for every closed set V of (Y, σ). 
(g). gα-continuous if f–1- (V) is gα-closed in (X,τ) for every closed set V of (Y, σ).  
(h). α-continuous if f–1 (V) is α-closed in (X,τ) for every closed set V of (Y, σ).  
(i). β-continuous if f–1 (V) is semi-preopen in (X,τ) for every open set V of (Y, σ).  
(j). sg-continuous if f–1 (V) is sg-closed in (X,τ) for every closed set V of (Y, σ). 
(k). gs-continuous if f–1 (V) is gs-closed in (X,τ) for every closed set V of (Y, σ). 
(l). gsp-continuous if f–1 (V) is gsp-closed in (X,τ) for every closed set V of (Y, σ).  
(m). Irresolute if f-1 (V) is semi-open in (X,τ) for every semi open set V of (Y, σ).  
(n). sg-irresolute if f–1 (V) is sg-closed in (X,τ) for every sg-closed set V of (Y, σ).  

Definitions 2.3: A topological space (X,τ) is called a  

(a). T½ space if every g-closed set is closed.  
(b). Semi-T½ space if every sg-closed set is semi-closed.  
(c). Semi-TD space if every singleton is either open or nowhere dense.  
(d). α T½ space if every gα**-closed set is α-closed.  
(e).  ∝ T*i space if a (X,τα) is Ti

 where i=1, ½.  
(f). αTb space if every αg-closed set is closed.  
(g). Tb space if every gs-closed set is closed.  
(h). αTm space if every gα**-closed set is closed.  
(i). Feebly-T1 space if every singleton is either nowhere dense or clopen. 
(j). T¾ space if every δ-g-closed set is δ-closed.  
(k). Semi-T1 space if for any x,y ∈X such that x≠y, there exists two semi-open sets G and H such that x∈G, y∈H 
but x∉Hand y∉G.  

III. M-CLOSED SET AND ITS PROPERTIES 

Definition 3.1: A subset A of a topological space (X,τ) is called a m-closed set if scl(A) ⊆ U wherever A ⊆ U and U is 
a sg-open set of (X, τ).  
 
Theorem 3.1: (i). m-closedness and g-clsedness are independent notions.  
(ii). m-closedness is independent from gα-closedness, αg-closedness and preclosedness.  
Proof:      It can be seen by the following examples, 
 
Example 3.1.1: Let X = {a, b, c} τ = {φ, X, {a}, {a, c}} and C = {c} and D = {a, b}, C is a m-closed set but not 
even a g-closed set of (X,τ). D is g-closed set but not a m-closed set of (X,τ).  
  The following two examples show that m-closedness is independent from gα-       closedness, αg-closedness and 
preclosedness.  
Example 3.1.2: Let X = {a, b, c,} τ = {φ, X, {a}, {b}, {a, b}} and K = {a}. K is m- closed but it is neither a gα-
closed nor a αg-closed set. Also K is not preclosed set.  
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Example 3.1.3: Let X = {a, b, c,} τ = {φ, X, {a}, {b, c}} and L = {b}. Here L is not a m-closed set of (X, τ). 
However L is a gα-closed set. Hence it is a αg-closed set. Also L is a preclosed set of (X,τ).  
 
Lemma 3.1: For a subset A of a space (X,τ), the following conditions are equivalent.  
(i). A is pre-open, sg-open and m-closed.  
(ii). A is pre-open, sg-open and semi-closed.  
(iii). A is regular open.  
The following example shows that a subset B of a space (X, τ) need not be a closed set even though B is pre-open, 
sg-open and a Q-set.  
 
Example: Let X= {a, b, c}, τ= {φ, X, {a}} and B= {a}. Clearly B is pre-open, sg-open and a Q-set but not a closed 
set.  
 
Theorem 3.2: For a subset A of a space (X,τ), the following conditions are equivalent.  
(i) A is clopen. 
(ii) A is preopen, sg-open, Q-set, and m-closed. 
 
Proof: (i) ⇒ (ii): It is obvious.  
 
Proof: (ii) ⇒ (i): Since A is preopen, sg-open and a m-closed set of (X,τ), then sg Lemma 1, A is a regular open set. 
This implies A is open. On the other hand, A = int(cl(A)) = cl(int (A)) ⊆ cl(A). Since A is a Q-set, so A is closed. 
Therefore A is a clopen set of (X,τ).             � 
 
Corollary 3.1: The union of two m-closed sets need not to be m-closed.  
Proof: Let X = {a. b, c}, τ = {φ, X, {a} {b}, {a, b}} A = {a} and B = {b}. Then both A and B are m-closed but A∪ 
B is not a m-closed set of (X,τ). 

IV. M-T1/3 SPACE AND ITS PROPERTIES 

Definition 4.1: A space (X,τ) is said to be an m-T1/3 space if every m-closed set in it is semi-closed.  
 
Theorem 4.1: For a space (X,τ), the following conditions are equivalent.  
(i). (X, τ) is a m-T1/3 space.  
(ii). Every singleton of X is either sg-closed or semi-open.  
(iii). Every singleton of X is either sg-closed or open.  
 
Proof: (i) ⇒ (ii). Let x ∈X and assume that {x} is not a sg-closed set of (X,τ). Then X-{x} is a sg-open of (X, τ). So x 
is the only sg-open set containing X-{x}. Therefore X-{x} is a m-closed set of (X,τ). Since (X,τ) is a m-T1/3 space, 
then X-{x} is a semi-closed set of (X,τ).         �  
 
Proof:     (iii) ⇒ (i) Let A be a m-closed set of (X, τ). Clearly A ⊆ scl (A). Let x ∈ X. By supposition, {x} is either sg-
closed or semi-open.                                   � 
Case I:  Let us suppose that {x} is sg-closed. By Theorem 1.3.2 scl (A)-A does not contain any non-empty sg-clsed 
set. Since x ∈ scl(A), then x∈ A.  
Case II: Let us suppose that {x} is a semi-open set. Since x ∈ scl(A), then {x}∩ A ≠ φ. So, x ∈ A. Hence in any case 
scl(A) ⊆ A. Therefore A = scl(A) or equivalently A is a semi-closed set of (X, τ). Hence (X, τ) is a m-T1/3 space. 
Proof: (ii) ⇔ (iii). It follows from the fact that a singleton is semi-open if it is open. .                        
         

V. APPLICATIONS OF GENERAL TOPOLOGY 

Here we would like to discuss in  brief the use 
of general topology in industries through by some areas 
of sciences. 

 

a) Application in BIOLOGY 
In recent years, topologists have developed the discrete 
geometric language of knots to a fine mathematical art 
one of the most interesting new scientific application of 
topology is the use of knot theory in analysis of DNA 
experiments. One of the important issues in molecular 
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biology in the 3-dimensional structure of proteins and 
DNA in solution in the Cell and the relationship between 
structure and functions. Generally, protein and DNA 
structures are determined by X-rays crystallization and 
the manipulation required preparing a specimen for 
electron microscope. The DNA molecules are long and 
thin and the packing of DNA molecules in the cell 
nucleus is very complex. The biological solution to this 
entanglement problem is the existence of enzymes, 
which convert DNA from one topological form to another 
and appear to have a preformed role in the central 
genetic events of DNA replication, recombination and 
transcription. The topological approach to enzymology 
aims to exploit knot theory directly to reveal the secrets 
of enzyme action. How recent results in 3-dimensional 
topology have proved to be of use in the description 
and quantization of the action of cellular enzymes on 
DNA is best described by D.W.Sumners in his research 
paper published in 1995. 
b) Application in CHEMISTRY 
As a natural continuation of classical knot theory, 
chemists have been trying to synthesize and measure 
molecules with topologically interesting structures. The 
idea of molecules made of linked rings as a realistic 
possibility, was discussed at least as early as      1912. 
The most important tools in the topological method of 
making chemical predictions are known as indices. They 
derive from algorithms of procedures for converting the 
topological structure of a molecule into a single 
characteristic number. For example, an index might 
involve adding together the total number of rings in a 
molecule, or a number of atoms that are connected to 
three or more other atoms. The topological method has 
found applications beyond the simple prediction of 
chemical properties. It has the potential to help in 
modeling the behavior of gases, liquids and solids and 
of both organic & inorganic species, in developing new 
anesthetics and psychoactive drugs, in predicting the 
degree to which various pollutants might spread in the 
environment and the harm they might do once they 
spread, in estimating the cancer causing potential of 
certain chemicals and even in developing in beer with a 
well balanced taste. 

c) Application in Physics 
According to Normal Howes – uniform structures are the 
most important constructs from the physicist’s point of 
view. The importance of uniform spaces from the 
physicist’s points of view is also well brought out by the 
proceedings of the Nashville Topological Conference .In 
fact; topology has intrigued particle physicists for a long 
time. Recall that Donaldson used the Yand Mills field 
equations of mathematical physics, themselves 
generalizations of Maxwell’s equations to study in 4 – 

space, there by reversing tradition by applying methods 
from physics to the understanding of topology. 

d) Application in Computer Science 
Recent developments in topology are penetrating other 
fields is best illustrated by the topics discussed at an 
extra ordinary research conference which was held at 
Barkley in 1990 in honor of the great topologist Stephen 
Samale’s 60th birthday. The proceeding were published 
with title “Form topology to Computation: Unity and 
diversity in mathematical sciences” edited by Hirsch, 
Marsden and Shub. There seems to not many examples 
of the use of topology in computer science, perhaps 
because it is not clear hot it is related to the fundamental 
questions. However, in recent years, there have been 
some interesting results. The problem of the minimal 
number of conditional statements in an algorithm, to 
solve a particular problem, seems particularly well suited 
for the topological approach. 

e) Application in Business Economics 
Topology has had tremendous effect on developments 
in economics. The study of conflicts of interest between 
individuals is what makes economics interesting and 
mathematically complex. Indeed we now know that the 
space of all individual preferences, which define the 
individual optimization problems, is topologically 
nontrivial and that is topological complexity is 
responsible for the impossibility of treating several 
individual preferences as if they were one. Because it is 
not possible, in general, to define a single optimization 
problem. Because of the complexity arising from 
simultaneous optimization problems, economic differs 
from physics where many of the fundamental relations 
derive from a single optimization problem. The attempt 
to find solutions to conflicts among individual interests 
led to there different theories about how economics are 
organized and how they behave.  

f) Application in Engineering 
Topology has also found applications in engineering. a 
problem of great importance to an electric industry, 
which had failed of solution by its own engineers, has 
been solved by using methods of set theoretic topology. 
In particular, Daniel R. Baker has established that 
topological techniques are used in several robotics 
applications. Topology has been applied to production 
and distribution problems as well. 
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The Concept of Heart-Oriented Rhotrix 
Multiplication  

 
 

Abstract-This paper introduces the concept of heart-oriented rhotrix multiplication. A generalized representation of n-dimensional 
heart-oriented rhotrices viewed from the direction of single array indices and double array row-wise indices is presented. We 
provided a simplified compact mathematical expression for the two multiplication process presented in the paper. The given 
methods were implemented based on the sequential algorithm developed.  

  

I. INTRODUCTION 
he fundamental concept of this paper can be found in [1] which tailored down from the idea of matrix-tertion 
and matrix-noitrites[2]. The extension of this idea was presented by Ajibade [1] and referred to as rhotrices. 
In his paper Ajibade presented the initial concept of rhotrix algebra in which he established some interesting 
relationships between a rhotrix and its hearts.A rhotrix is defined as a mathematical array which is in some 

way between 2 x 2 matrix and 3 x 3 matrix is given as. 
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The above rhotrix is of the fifth dimension. h(R) is called the heart of the rhotrix. An extension is possible, thereby 
increasing the dimension which is always odd. The number of entries in an n-dimensional rhotrix is given by

)1( 2
2
1 +n . Where n is the dimension of the rhotrix. 

II. HIGH DIMENSIONAL HEART-ORIENTED RHOTRICES 

In this paper we present a general idea on heart-oriented rhotrix multiplication and its formal representation for n-
dimensional rhotrix. This new concept of the multiplication of rhotrices gave room for the initial conception of heart-
oriented sequential computational implementation which is the basis for this paper. 

Ajibade  [1]   , indicated   that   the   dimension   of   rhotrices   can   be   increased  although  a 
rhotrix would always have an odd dimension. He also indicated that a rhotrix Rn of dimension n will have nR entries 

where )1( 2
2
1 += nRn . Let’s consider generalizing any given rhotrix Rn with entries

)1(21 2
2
1......,,,

+naaa , and we 

assume that the following holds: 

 
 

• Similarly if nRN =  then )1( 2
2
1 += nN , hence, [ ]3

4
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2
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If we denote the number of entries in a rhotrix by N, then the middle entry, known as the heart element, can 

be expressed as )1(
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III. SINGLE INDICES HEART-ORIENTED RHOTRICES 

Some results: we can derive the general representation of high dimensional rhotrix by considering a sequence of 3, 
5, 7 and 9 dimensional rhotrices as illustrated below:  

For a rhotrix of dimension 3, we have 2 x 1 + 1 = 3 

For a rhotrix of dimension 5, we have 2 x 2 + 1 = 5 

For a rhotrix of dimension 7, we have 2 x 3 + 1 = 7 

For a rhotrix of dimension 9, we have 2 x 4 + 1 = 9 

For a rhotrix of dimension n, we have 2 x k

 

+ 1 = n

 

Where k is the

 

kth

  

term of the incremental value and n

 

is the dimension of the rhotrix, and then we have:

 

)1(2
1 −= nk

 

•
 

Again, if we denote the direction of the leftmost entry of a rhotrix by L

 

and the number of

 

entries by

 

)1( 2
2
1 += nRn then the rhotrix entry at L

 

is given by

 

[ ]
2

13
4
1 2 −

−+=
nnL

 

•

 

Similarly, the rightmost rhotrix entry denoted by R, is given by

 

[ ]
2

13
4
1 2 −

++=
nnR

 

•

 

It

 

is important to note that L

 

and R

 

denote the leftmost and the rightmost indices of a and b

 

respectively 
in the

 

rhotrix. 

This is represented as: 
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We further simplify

 

equation (2.2) as follow:
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Substituting the values n = 3, n = 5 and n = 7 in equation (2.2) we have the following rhotrices: 

5
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1

3

a
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a
R = ,
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a
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a

R =
 

Similarly, from (2.2), we can define the multiplication of any two heart-oriented rhotrices in the following 
way.    
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Definition (heart-oriented multiplication)  

Let R5 = 

13

121110

98765
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1

a
aaa

aaaaa
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a

andQ5 = 

13

121110

98765

432

1

b
bbb

bbbbb
bbb

b

 be two rhotrices of dimension 5 

with entries from ℝ, the set of real numbers. We follow the multiplication (called heart-oriented multiplication in this 
paper) which was first defined in [1] on rhotrices of third dimension as follows:  

R5    ⃘Q5 = =
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137713

127712117711107710

977987787767765775

477437732772

1771

baba
babababababa

bababababababababa
babababababa

baba

+
+++

++++
+++

+

=     (2.4) 

This can be expressed in the following way: 

17711 babac +=  27722 babac +=  37733 babac +=  47744 babac +=   

57755 babac +=  67766 babac +=   777 bac =   87788 babac +=   

97799 babac +=  10771010 babac +=   11771111 babac +=  12771212 babac +=   

13771313 babac +=                                            (2.5)  

where 7a  and 7b denote the hearts indices defined by 1
4[𝑛𝑛2+3] of the two rhotrices, the resulting value of c7  is the 

product of the two hearts from the two rhotrices. We can now extend this to accommodate rhotrices of arbitrary 
dimensions. Going by (2.5), we can represent the rhotrix’s heart entry as 

]3[ 2
4
1 +na  and

]3[ 2
4
1 +nb  respectively.  
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Equation (2.5) can be represented in rhotrix for as: 

13

121110

98765

432

1

55  Q R

c
ccc

ccccc
ccc

c

C ==           (2.6) 

In general, given two rhotrices Rn and Qn of dimension n, the entries of the heart-oriented product Cn of Rn and 
Qn can be expressed as follows: 

))(1( ]3[]3[]3[]3[ 2
4
12

4
12

4
12

4
1 ++++

−++= nninini babaabC λ , for i = 1,2,…, )1( 2
2
1 +n     (2.7) 

where λ = 0 when the index value corresponds to that of the heart and λ = 1 when otherwise. This condition is 
further illustrated in table I and II. 

Alternatively, suppose that we now represent the n-dimensional rhotrix in equation (2.1) by hin aaR ,= where 

of course ia and ha represents the ia entries and its heart respectively, with i = 1, 2, 3,. . . . . nR  and h = 3, 7, 

13, . . . . . [ ]3
4
1 2 +n .  

Consider an i dimensional rhotrix, having number of entries )1(|| 2
2
1 += iRi . Let 

_

i be the mean of these entries 

computed as shown in table I: 
Table I Setting conditions for λ over a three dimensional rhotrix entries 

i  
_

i  
_

ii −  ||
_

ii −  
 

1 3 -2 2  
λ = 0 2 3 -1 1 

3 3 0 0 λ = 1 
4 3 1 1  

λ = 0 5 3 2 2 
 

Table II Setting conditions for λ over a five dimensional rhotrix entries 

i  
_

i  
_

ii −  ||
_

ii −  
 

1 7 -6 6  
 
 
        λ = 0 

2 7 -5 5 
3 7 -4 4 
4 7 -3 3 
5 7 -2 2 
6 7 -1 1 
7 7 0 0         λ = 1 
8 7 1 1  

 
        λ = 0 

9 7 2 2 
10 7 3 3 
11 7 4 4 
12 7 5 5 
13 7 6 6 
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Let the heart entry of rhotrix nQ denoted by hb multiply all the entries of rhotrix nR  denoted by ia and vice versa for 

the heart entry of the rhotrix nR denoted by ha . Subsequently, the two corresponding hearts of nR and nQ  multiply 

each other as a single resulting product. Based on the derived value of λ , we can then define a function on λ as:
 







=−

>−=
0||,1

0||,0
_

_

ii

iiλ

 
We define multiplication thus, of any two heart-oriented rhotrices of the same dimension as follow: 

)1( λ−+=  ihihnn baabQR

 It follows that, 





=≠+
==

=
0,

1,
)(

λ
λ

hiforbaab
hiforab

iC
ihih

ih  

Hence, we can thus generalize this as.  

)1()( λ−+= ihih baabiC        (2.8) 

Where λ = 1 for i = h and λ = 0 for i ≠ h  

It can also be verified further, though not discussed in this work that multiplication of any two rhotrices is 
commutative, associative, and distributive over addition. Hence we say that the set R of all rhotrices is a 
commutative algebra [4].  

 
Algorithm 1: Algorithm for single indexed Multiplication of Rhotrices 

Input: 

[ ]3
4
1 2 += nh  

]..0[ ka  

]..0[ kb  

Output: 

]..0[ kc  

for i =: 1 to k  

         if (i = = [ ]3
4
1 2 +n  ) 

                            ][ic  ⃪ ][ia * ][ib ; 

else 
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[ ]ic  ⃪ ][][ iahb × + ][][ ibha × ; 

 endif 

endfor  
 

IV. Row-Wise double Indices Heart-Oriented Rhotrix Multiplication 

The row-wise rhotrix multiplication tends to put into consideration the position and direction of each entry in 
the cause of the multiplicative operations. The operation is performed in a row-wise direction indicated by the entry 
indices i and j. The index i indicate the row entry position while the index j indicates the row direction. The general 
representation of the row-wise rhotrices is as depicted in (3.1). It is important to note that division in this case are all 
integer division, since we are less concerned with the resulting decimal values. 
Definition: The row of any given rhotrix is an array of entries running diagonally from the top-most left to the bottom 
rightmost direction of the rhotrix. 
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We use commas in (3.1) to avoid any ambiguity with respect to the array indexes separation. 
Further simplification of equation 3.1 gives: 
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(3.3) 
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Definition:  (Row-wise heart-oriented rhotrix multiplication)  

Let ℜ∈ccba ,.......,,, , =nn QR 




 ++×
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1 , nnb are the hearts of the two rhotrices. This is illustrated as in (3.5) and (3.6). 
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CQR ==            (3.6) 

Similarly, multiplication of the rhotrices in (3.5) is commutative. The product operation is similar to the method given 
earlier for the single indices multiplication approach. The multiplication process for the two rhotrices in (3.5) can thus 
be expressed as: 
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(3.8) 

3211321111 abbac +=  
  3212321212 abbac +=     3213321313 abbac +=    3221322121 abbac +=

3222322222 abbac +=   3231323131 abbac +=     323232 bac =     3233323333 abbac += 3241324141 abbac +=     

3242324242 abbac +=   
   3251325151 abbac +=     3252325252 abbac +=      3253325353 abbac +=   

          

Where 32a  and 32b  denote the hearts of the two rhotrices whose indices are defined by 



 ++

4
3

2
1 nandn

respectively. The resulting value of 32c  is the product of the two hearts from the two rhotrices. We can equally extend 

this to accommodate for rhotrix of n-dimension. Then going by equation (3.8), we can represent the row-wise rhotrix 
hearts as 


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2
1 , nna  and
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
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1 , nnb , such that: 

)1(,
4

3,
2

1,
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3,
2

1, λ−∗+∗=




 ++





 ++ jinnjinnji baaac      (3.9) 

Where λ denotes a constant value that lies between 1 and 0, such that if the indices of ija  and ijb  takes the 

positions of the heart entries, then λ = 0 and λ = 1, otherwise. 
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Algorithm 2: Heart-oriented Row-wise rhotrix multiplication 
Input: 

p ⃪ (n+1)/2 

q ⃪ (n+3)/4 

]_...0,_...0[ upperbouncolumnupperboundrowa  

]_...0,_...0[ upperbouncolumnupperboundrowb  

Output: 

]_...0,_...0[ upperbouncolumnupperboundrowc  

For i ⃪ 0 to row_upperbound 

For j ⃪ 0 to column_upperbound 

{ 

if (i == p && j == q){ 

c[i,j] ⃪ a[i,j] * b[i,j]; 

          } 

else { 

               c[i,j] ⃪ a[i][j] * b[p][q] + b[i,j] * a[p,q]; 

          } 

endfor  

V. Conclusion and Future Work 

In this paper, we have presented some fundamental concept relating to the general ideas and methods 
from an already predefined multiplicative process for rhotrix multiplication. Our major contributions in this area could 
be found in the two generalization cases presented and the mathematical expression given, that led to the 
formulation of our sequential algorithm. The implementation of the algorithms showed that extension of rhotrices to 
higher dimension is possible as indicated in [1]. What is probably left is to find a suitable application area for 
rhotrices. We actually believe that in some ways, this paper might serve as a catalyst for future researchers who 
might develop interest in finding such possible application areas.  
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7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 

have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 

research paper. From the internet library you can download books. If you have all required books make important reading selecting and 

analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 

not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 

mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 

always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 

either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 

and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 

diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 

if study is relevant to science then use of quotes is not preferable.  
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 

tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 

confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 

possible that evaluator has already seen it or maybe it is outdated version.  

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 

suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 

target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 

good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 

sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 

word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 

sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 

language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 

changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 

records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 

will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 

an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 

trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 

then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 

improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 

several ideas, which will be helpful for your research. 

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 

descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 

irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 

NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be 
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 

Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 

evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 

be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 

necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 

to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 

measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 

study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 

extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 

be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 

essential because it serves to highlight your research paper and bring to light all necessary aspects in your research. 

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING 

Key points to remember:  

 Submit all work in its final form. 

 Write your paper in the form, which is presented in the guidelines using the template. 

 Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 

submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 

study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 

show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 

that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 

of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 

of prior workings. 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 

and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

 Insertion a title at the foot of a page with the subsequent text on the next page 
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 Separating a table/chart or figure - impound each figure/table to a single page 

 Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 

lines. It should include the name(s) and address (es) of all authors. 

 

Abstract:  

 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 

at this point. 

 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 

the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

 

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 

Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 

more than one ruling each.  

 Reason of the study - theory, overall issue, purpose 

 Fundamental goal 

 To the point depiction of the research 

 Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 

 Significant conclusions or questions that track from the research(es) 

Approach: 

 Single section, and succinct 

 As a outline of job done, it is always written in past tense 

 A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 

 Center on shortening results - bound background information to a verdict or two, if completely necessary 

 What you account in an conceptual must be regular with what you reported in the manuscript 

 Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  
 
The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

 Explain the value (significance) of the study  

 Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 

 Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 

 Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

 Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  

 Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a 
least of four paragraphs. 

 Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 

 Shape the theory/purpose specifically - do not take a broad view. 

 As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 
 
This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be 
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 
 
Materials: 

 Explain materials individually only if the study is so complex that it saves liberty this way. 

 Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  

 Do not take in frequently found. 

 If use of a definite type of tools. 

 Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

 Report the method (not particulars of each process that engaged the same methodology) 

 Describe the method entirely 

 To be succinct, present methods under headings dedicated to specific dealings or groups of measures 

 Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  

 If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

 It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 

 Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

 Resources and methods are not a set of information. 

 Skip all descriptive information and surroundings - save it for the argument. 

 Leave out information that is immaterial to a third party. 

Results:  
 
The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 
 
The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 
 
Content 

 Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  

 In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 

 Present a background, such as by describing the question that was addressed by creation an exacting study. 

 Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 

 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 
What to stay away from 

 Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 

 Not at all, take in raw data or intermediate calculations in a research manuscript. 
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Do not present the similar data more than once. 

Manuscript should complement any figures or tables, not duplicate the identical information. 

Never confuse figures with tables - there is a difference. 
Approach 

As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report  

If you desire, you may place your figures and tables properly within the text of your results part. 
Figures and tables 

If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 

Despite of position, each figure must be numbered one after the other and complete with subtitle  

In spite of position, each table must be titled, numbered one after the other and complete with heading 

All figure and table must be adequately complete that it could situate on its own, divide from text 
Discussion:  

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 

Give details all of your remarks as much as possible, focus on mechanisms. 

Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 

Try to present substitute explanations if sensible alternatives be present. 

One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 

Recommendations for detailed papers will offer supplementary suggestions.
Approach:  

When you refer to information, differentiate data generated by your own studies from available information 

Submit to work done by specific persons (including you) in past tense.  

Submit to generally acknowledged facts and main beliefs in present tense.  

ADMINISTRATION RULES LISTED BEFORE  

SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US) 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.  
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)

BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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