Volume 2, Number 7 (Cumulative No.13) July 1, 2010 ISSN:1553-992X

Volume 2, Number 7 July 11,2010 ISSN:1553-992X

Neademia Arena Meademia Areng

ISSN 1553-992X

Websites:
http://www.sciencepub.net/academia
http://www.sciencepub.net
Copyright © 2010 Marsland Press MARSLAND PRESS .
@ Multidisciplinary Academic Journal Publisher 52222'@9,“3”_00,“
editor@sciencepub.net

9"771553"992005




Volume 2, Number 7 July1,2010 ISSN:1553-992X

Neademia Arena

Websites:
http://www.sciencepub.net/academia
M u RSL n ND PRESS http://www.sciencepub.net
it A . Emails:
@ Multidisciplinary Academic Journal Publisher ag;:'nz@gma“.com

editor@sciencepub.net



Academia Arena, ISSN 1553-992X,

http://www.sciencepub.net, aarenaj@gmail.com

Academia Arena

(Academ Arena)
ISSN 1553-992X

A} A) I] S
—
Academia Arena is published bi-linguistically with English and Chinese for the scientists and Engineers. The journal founded in January 1, 2009
aims to present an arena of science and engineering. The Editor-in-Chief, Associate Editors-in-Chief and Editors have backgrounds in Philosophy,
Science, Technology, Cosmology, Mathematics, Physics, Chemistry, Biology, Medicine, Civil, Electrical, Mechanical Engineering, etc. Papers

submitted could be reviews, objective descriptions, research reports, opinions/debates, news, letters, and other types of writings.

RGNS F20094E 70 H 1 HAE SR F AL S M2 Ak it Al R H AR VIR 22 0 5 TR okt & TAR B SR BHE I A R el , +lk

RLEISE I F I BERR A B 55

Editor-in-Chief: Ma, Hongbao, mahongbao@gmail.com
Associate Editors-in-Chief: Cherng, Shen; Henry, Mark; Herbert, John

BHE BoR 5% B0, WELL (¥ . ¥ R, B DL HUBCEEE, 5, g Ltk

Editors: Badoni, Anoop; Chen, George; Chen, Guoren; Kalimuthu, Sennimalai; Kholoussi, Naglaa; Kumar, Anand; Ma, Margaret; Mahmoud,
Amal; Tan, Tianrong; Tewari, Lalit M; Wang, Kuide; Young, Jenny; Refaat, Youssef; Yusuf, Mahmoud; Zaki, Maha Saad; Zaki, Mona Saad Ali;

Zhang, Dongsheng
‘Web Design: Ma, Hongbao

Information for Authors

1. Manuscripts Submission

(1) Submission Methods: Electronic submission through email would
be accepted.

(2) Software: The Microsoft Word file is preferred.

(3) Font: Normal, Times New Roman, 10 pt, single space.

(4) Indent: Type 4 spaces in the beginning of each new paragraph.

(5) Manuscript: Don’t use “Footnote” or “Header and Footer”.

(6) Cover Page: Put detail information of authors and a short running
title in the cover page.

(7) Title: Use Title Case in the title and subtitles, e.g. “Debt and
Agency Costs”.

(8) Figures and Tables: Use full word of figure and table, e.g.
“Figure 1. Annul Income of Different Groups”, Table 1. List Data”.
(9) References: Cite references by “last name, year”, e.g. “(Smith,
2003)”. References should include all the authors’ last names and
initials, title, journal, year, volume, issue, and pages etc.

Reference Examples:

Journal Article: Hacker J, Hentschel U, Dobrindt U.
Prokaryotic chromosomes and disease. Science
2003;301(34):790-3.

Book: Berkowitz BA, Katzung BG. Basic and clinical

evaluation of new drugs. In: Katzung BG, ed. Basic and clinical
pharmacology. Appleton & Lance Publisher. Norwalk,
Connecticut, USA. 1995:60-9.
(10) Submission Address: Marsland Press
PO Box 180432, Richmond Hill, New York 11418, USA; Telephone:
(347) 321-7172; Email: editor@sciencepub.net.
(11) Reviewers: Authors should suggest 2-8 competent reviewers
with their name and email.

2. Manuscript Preparation
Each manuscript should be formatted to include the following
components:

(1) Title: Complete article title;

(2) Author(s): Each author’s full name; institution(s) with which each
author is affiliated, with city, state/province, zip code, and
country; and the name, complete mailing address, telephone
number, facsimile number (if available), and e-mail address for
all correspondence.

(3) Abstract: including Background, Materials and Methods, Results,

and Discussions.

(4) Key Words.

(5) Introduction.

(6) Materials and Methods.

(7) Results.

(8) Discussions.

(9) Acknowledgments.

(10) References.

(11) Date submitted

3. Copyright and Responsibility of Authors to their Articles: When
the manuscript(s) is submitted to the journal, the authors agree the
following: All the authors have participated sufficiently in this work;
The article is not published elsewhere; Authors are responsibility on
the contents of the article; The journal and author(s) have same right
for the copyright of the article and either of the journal or author(s)
can use it by anyway without noting the other party.

Journal Address:

Marsland Press

PO Box 180432

Richmond Hill, New York 11418, USA
Telephone: (347) 321-7172

E-mail: sciencepub@gmail.com;
editor@sciencepub.net

Websites: http://www.sciencepub.net

© 2010 Marsland Press

http://www.sciencepub.net

editor(@sciencepub.net



mailto:mahongbao@gmail.com
mailto:isa@msu.edu
mailto:sciencepub@gmail.com
mailto:editor@sciencepub.net
http://www.msu.edu/~isa
http://www.sciencepub.net/

Academia Arena 2010:2(7) http://www.sciencepub.net/academia

CONTENTS

Model for Computational and Predictive Analysis of Dried Length during Initial Air-
Drying of Wet Clay Products
Chukwuka 1. Nwoye and lThuoma E. Mbuka

Systematic Assessment of the Effect of Quantity of Supplied Electricity on the Solution
pH during Electro-extraction of Iron from Haematite
Chukwuka 1. Nwoye* lThuoma E. Mbukaand Joseph O. Kalu

Standardization of extraction of genomic DNA and PCR-RFLP conditions of Allium
stracheyi: A high altitude plant
Shashi Ranjan Garima Kishore,Vikash S Jadon, JP Bhatt and Sanjay Gupta

Antimicrobial potentials of some spices on beef sold in Gwagwalada market, FCT, Abuja
Agarry Olubunmi Olaitan, Ugoh Sylvanus Chukwudi andY usuf Abeku Margaret

Studies on the Pretreatment of wheat straw for improve production of Carboxymethyl
Cellulase by thermophilic Trichoderma viride- FBL1 in Solid State fermentation
Muhammad Irfan, Quratualain Syed, Muhammad Yousaf, Muhammad Nadeem, Shahjhan
Baig and Saghir Ahmed Jafri

Management of Job-Related Teacher Burnout in Nigerian Schools
Lekia Nwikina, Anthonia Nwanekezi

SRR F RS CEIBE: BRABRERAERTR (LR 7 =R Jraliie
s s e R RN A A i e R R R R RN 51 g PR

(Mo = M, =1.09x10°°g,) 7&K 1 12§15 B 58 4548 Planck Era, AN 1 BEHRAH A 75 0 ==
5K

X SCAHR 8 75 R0 24 AR5 57— 2 3= IR 13 O P B A D o 5
====X1" XAHIRHE 5V 2 AW B S 1 e, i, 7y e, R,
W, THRI, RO, TR, FERE, TR ===
iR 4

X 5 P M A T o AR - KR TR T S 9T e A O TR 1R ARV 3T 3 P )
SRR A=

1-6

7-10

11-14

15-17

18-30

31-38

39-63

64-95

96-101



Academia Arena 2010:2(7)

Model for Computational and Predictive Analysis of Dried Length during
Initial Air-Drying of Wet Clay Products

Chukwuka I. Nwoye'" and Thuoma E. Mbuka®

*1 Department of Materials and Metallurgical Engineering, Nnamdi Azikiwe University, Awka, Nigeria.
2 Department of Materials and Metallurgical Engineering, Federal University of Technology. Owerri, Nigeria.
chikeyn@yahoo.com

Abstract: A model for computational and predictive analysis of dried length during initial air-drying of wet clay
products has been derived. Three clay types were mined, sorted, prepared, molded into shape and dried in air to
reduce the moisture content. Initial and dried lengths measured were used for calculating the resultant fractional
volume shrinkage (using conventional equation). Values of the fractional linear shrinkage (due to drying) were used
for calculating the fractional volume shrinkage. The derived model;

Lo =L{l- v 3y -3y + 117

was found to be made up of three parameters, initial length, L dried length L, and fractional linear shrinkage y. The
model-predicted dried length L; was found to depend on the values of the initial length and fractional linear
shrinkage. The validity of the model was found to be rooted directly on the expression (L/L)> = [- y+3y* -3y + 1]
where both sides of the expression are correspondingly almost equal to 0.8. The maximum deviation of the model-
predicted dried length L, from the corresponding experimental values is less than 2% which is within the acceptable
range of deviation limit for experimental results. It was also found that the cube of the ratio of dried length to initial
length is equal to 1-fractional volume shrinkage due to drying. [Academia Arena, 2010;2(7):1-6] (ISSN 1553-

992X).

Keywords: Model, Computational and Predictive Analysis, Dried Length, Clay.

1. Introduction

Several studies (Barsoum,1997; Viewey and
Larrly,1978;Keey, 1978) carried out on shrinkage of
clay during drying indicate that porosity influences
the swelling and shrinkage behaviour of clay
products of different geometry. Reed (1988) has
shown that firing proceed in three stages; preliminary
reactions which include binder burnout, elimination
of gaseous product of decomposition and oxidation,
sintering as well as cooling which may include
thermal and chemical annealing.. It has been reported
(Reed, 1988) that drying occurs in three stages;
increasing rate, constant and decreasing rate. He
pointed out that during the increasing rate;
evaporation rate is higher than evaporating surface
hence more water is lost. At constant rate, the
evaporation rate and evaporation surface are constant.
The researcher posited that shrinkage occurs at this
stage. Keey (1978) also in a similar study suggested
that at this stage, free water is removed between the
particles and the inter-particle separation decreases,
resulting in shrinkage. During the decreasing rate,
particles make contacts as water is removed, which
causes shrinkage to cease.

http://www.sciencepub.net/academia

Model for calculating the volume shrinkage resulting
from the initial air-drying of wet clay has been
derived by Nwoye (2008). The model;

0 =73y’ +3y (1)

calculates the volume shrinkage when the value of
dried shrinkage vy, experienced during air-drying of
wet clays is known. The model was found to be third-
order polynomial in nature. Olokoro clay was found
to have the highest shrinkage during the air drying
condition, followed by Ukpor clay while Otamiri clay
has the lowest shrinkage. Volume shrinkage was
discovered to increase with increase in dried
shrinkage until maximum volume shrinkage was
reached, hence a direct relationship.
Nwoye et al. (2008) derived a model for the
evaluation of overall volume shrinkage in molded
clay products (from initial air-drying stage to
completion of firing at a temperature of 1200°C). It
was observed that the overall volume shrinkage
values predicted by the model were in agreement
with those calculated using conventional equations.

The model;
Str= o+ -3(oP ) +3(aty) ()

aarenaj@gmail.com



Academia Arena

2010:2(7)

depends on direct values of the dried y and fired
shrinkage o for its precision. Overall volume
shrinkage was found to increase with increase in
dried and fired shrinkages until overall volume
shrinkage reaches maximum.

Nwoye (2009a) derived a model for calculating the
quantity of water lost by evaporation during oven
drying of clay at 90°C. The model;

v = exp[(Int)" %%~ 2.9206] (3)

indicated that the quantity of evaporated water, v
during the drying process is dependent on the drying
time t, the evaporating surface being constant. The
validity of the model was found to be rooted in the
expression (LogP + Iny)™ = Int.

Model for predictive analysis of the quantity of
water evaporated during the primary-stage processing
of a bioceramic material sourced from kaolin has
been derived by Nwoye (2009b). The model;

o = o(Inv2.1992) (4)
shows that the quantity of water a, evaporated at
110°C, during the drying process is also dependent on
the drying time t, where the evaporating surface is
constant. It was found that the validity of the model is
rooted on the expression (Int/Ino)™ = LogB where
both sides of the expression are correspondingly
approximately equal to 3. The respective deviation of
the model-predicted quantity of evaporated water
from the corresponding experimental value was
found to be less than 22% which is quite within the
acceptable deviation range of experimental results.
Model for quantifying the extent and magnitude of
water evaporated during time dependent drying of clay
has been derived (Nwoye et al.,2009). The model;

v = exp((Int/2.9206)"*) %)

indicates that the quantity of evaporated water y during
the drying process (at 90°C) is dependent on the drying
time, t the evaporating surface being constant. It was
found that the validity of the model is rooted in the
expression Iny = (Int/LogB)™ where both sides of the
expression are correspondingly almost equal.

Nwoye and Mbuka (2009) derived a model for
prediction of the quantity of absorbed water in clay
materials exposed to hot-humid environment. These
clay materials were prepared using different grain
sizes; <100um, 100-300pum, 300-1000 pm and their
respective mixtures. The derived model;

p= [[WXW ]] (6)

was found to be dependent on the bulk density,

http://www.sciencepub.net/academia

apparent porosity and the shrinkage sustained on the
clay body at any point in time under the hot-humid
condition. The validity of the model is rooted on the
expression; S = (y/af)"" where both sides of the
expression are correspondingly almost equal. The
maximum deviation of the model-predicted quantity
of absorbed water from the corresponding
experimental values is 8% which is within the
acceptable range of deviation limit for experimental
results.

Nwoye [10] derived a model for predicting the
quantity of water evaporated during drying of clay at
a temperature range 80-110°C. The model;

E= exp[0.3424(LogT)****] (7)

indicates that the quantity of evaporated water during
the drying process is dependent on the drying
temperature, the evaporating surface being constant.
The validity of the model is rooted in the expression
(InE x Log P)¥ = Log T since both sides of the
expression are correspondingly approximately equal
to 2. The respective deviation of the model-predicted
quantity of evaporated water from the corresponding
experimental value is less than 20% which is quite
within the acceptable deviation range of experimental
results, hence depicting the usefulness of the model.
Water evaporation per unit rise in the drying
temperature evaluated from experimental and model-
predicted results are 0.078 and 0.0502g/°C
respectively, indicating proximate agreement. The
present work is to derive a model for mathematical
analysis and predicting of the shrinkage-induced final
length of fired clay products.

2. Materials and Methods

Experimental processes and the respective
methodologies involving the clay preparation,
molding and drying are detailed in previous report
(Nwoye,2008). The volume shrinkages based on
length were evaluated using the conventional
equation (Cooke,1988) while volume shrinkages
based on dried shrinkage were evaluated using model
from Nwoye (2008).

2.1 Model Formulation
Results of the experiment previously carried
out (Nwoye,2008) were used for the model

derivation.

0=v"-3y"+3y (8)

) o
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Studies carried out on equation (8)
(Nwoye,2008) and the conventional equation
(Cooke,1988) in equation (9) indicates that;

Vp=6 (10)

Results from equation (10) as shown in
Tables 1, 2 and 3 indicate that;

1—[[1-[L—L1D3]— 3yt +3y (11)
T

Where
L, = Dried length of sample after air-drying
(mm)
Vp = Fractional volume shrinkage due to drying
And
0 = Fractional volume shrinkage in terms of
dried shrinkage during drying (just before

firing)
v =Fractional linear shrinkage during drying (just
firing)
1-((1-(L-L )} ) = ¥3v2+3y (12)
L
N\ . JJS S
e T3 ) 340
- I- | L-L, =y -3y +3y-1 (13)
L
o ~ 7 J
e M3 342
- | L-L; [y -3y +3y-1] (14)
L
. ~ o7 J
a 3 3,1.2
1-[L—L1] = P33yl (15)
L

3+3/Y2'3’Y+ 1]1/3 (16)

)

[L LIJ [y+3y2 -3y + 113 -1 (17)

L

Li—-L = [-y43y*-3y+1]"-1 (18)
L

L, — L =[-y+3y-3y+1]1"-1 (19)
L L

L, — 1 =[-y+3-3y+11"-1 (20)
L
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L = [-y+3y-3y+ 11" @1
L

Li = L[-y3y* -3y + 11" (22)

Equation (22) is the derived model.

Table 1: Variation of shrinkages with initial and dried
lengths (Olokoro Clay)

L(exp) | Li(exp) ) 0=Vp
70 64.40 | 0.0660 | 0.1852
70 64.52 | 0.0662 | 0.1857
70 64.63 | 0.0660 | 0.1852
70 6438 | 0.0658 | 0.1847
70 64.49 | 0.0648 | 0.1821

Table 2: Variation of shrinkages with initial and dried
lengths (Ukpor Clay)

L(exp) | Li(exp) () 0=Vp
70 65.00 |0.0714 ] 0.1993
70 64.99 | 0.0716 | 0.1998
70 65.02 | 0.0711 | 0.1985
70 64.80 | 0.0743 | 0.2067
70 64.70 | 0.0757 | 0.2103

Table 3: Variation of shrinkages with initial and dried
lengths (Otamiri Clay)

L(exp) | Li(exp) ™) 0=Vp
70 65.80 | 0.0600 | 0.1694
70 65.08 | 0.0617 | 0.1739
70 65.60 | 0.0629 | 0.1771
70 65.99 | 0.0673 | 0.1886
70 65.82 | 0.0697 | 0.1946

3. Boundary and initial conditions

Consider a rectangular shaped clay product of
length 70mm and width 30mm, exposed to air for drying,
while it was in wet condition and thereafter fired to a
temperature of 1200°C. Initially atmospheric levels of
oxygen are assumed. Atmospheric pressure was assumed
to be acting on the clay samples during air-drying and
firing. The grain size of clay particles used is 100um, and
air-drying duration; 48hours.

The boundary conditions were therefore the
atmospheric levels of oxygen at the top and bottom of the
clay samples, since they were dried under the atmospheric
condition. No external force due to compression or
tension was applied to the drying and fired clays. Clay
products were air-dried during which shrinkage sets in.
Dried linear shrinkage was assumed to be dried shrinkage.
The sides of the particles and the rectangular shaped clay
products were taken to be symmetries.

aarenaj@gmail.com
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4, Model validation

In order to establish the validity and precision of
the derived model, clay samples from three clay deposits
(Olokoro, Ukpor and Otamiri) in south-eastern Nigeria
were obtained, prepared and molded into rectangular

shaped solids.

The solids were air-dried at room

temperature for 48hrs. Furthermore, the lengths L,
obtained directly from experiment were compared with L,

5. Results and Discussion

Result of chemical analysis of the clay
materials used as presented in Table 4 shows
variations in the AL,O; and SiO, content, which
affected  shrinkage significantly. There are
unquantifiable percent concentrations of TiO, and
MgO in Olokoro and Otamiri clays respectively.

from the derived model and extent of deviation
determined.
Table 4: Result of chemical analysis of clay materials used
Source Al,O4 Fe,O4 TiO, MgO CaO SiO, Na,O K,0O Loss of
(%) (%) (%) (%) (%) (%) (%) (%) ignition (%)

Ukpor 31.34 0.63 243 0.14 0.06 51.43 0.04 0.10 12.04
Olokoro  29.10 7.95 - 0.75 1.26 4531 0.05 0.09 11.90
Otamiri  15.56 0.05 1.09 - 0.29 69.45 0.01 0.21 13.01

Comparison of equations (8) and (22) shows
that the model in equation (22) is mathematically the
same as L; = L[ (1- 0)"] since 6 = Y3y +3y. It was
found that on re-arranging equation (22) for the value
of L;, the model becomes; L= L, [- y*+3y* -3y + 1]
3 Furthermore equation (22) shows that the ratio
(Ly/L)’ = - o’+3a* - 30 + 1.This invariably means that
the cube of the ratio of dried length to initial length is
equal to 1-fractional volume shrinkage due to drying.

Table 5: Variation of (L,/L)* with [(1-0)""]

(Olokoro Clay)
L,L (L,/L)° (1-0)
0.9200 | 0.7787 | 0.8148
0.9217 | 0.7830 | 0.8143
0.9233 | 0.7871 | 0.8148
09197 | 0.7779 | 0.8153
0.9213 | 0.7820 | 0.8179

Table 6: Variation of (L,/L)> with [(1-0)"*]
(Ukpor Clay)

L,L (L,/L)° (1-0)
0.9286 0.8007 0.8007
0.9284 0.8002 0.8002
0.9289 0.8015 0.8015
0.9257 0.7933 0.7933
0.9243 0.7897 0.7897
Table 7: Variation of (L,/L)> with [(1-0)"*]
(Otamiri Clay)
L,L (L/L)’ (1-0)
0.9400 0.8306 0.8306
0.9383 0.8261 0.8261
0.9371 0.8229 0.8229
0.9427 0.8378 0.8114
0.9403 0.8314 0.8054

http://www.sciencepub.net/academia

The validity of the model was found to be
rooted on equation (22) where (L,/L)> = - y*+3y* -3y
+ 1. Since 0 = y’—3y> +3y, (L /L)’ = -y’ +3y* -3y + 1
is equivalent to (L,/L) > = [(1-6)"’]. Based on this
mathematical analysis, the validity of the model
directly stems on (L;/L)> = [(1-0)"*] where both sides
of the expression are correspondingly almost equal to
0.8. Tables 5, 6 and 7 also agree with this equation
following the values of (Li/L)® and [(1-0)"°]
evaluated from Tables 1, 2 and 3 as a result of
corresponding computational analysis.

65.8
———o—o—¢
"5 =
63.7
——MoD
616 - : =—ExD
F S ¢ e e
il
-3 %‘.‘?‘ o %‘.‘?‘ %E?
Fractional dried shrinkage

Figure 1: Comparison of the dried lengths L, as
obtained from experiment (Nwoye,2009) and derived
model. (Olokoro clay)

Figures 1, 2 and 3 show a comparison of the
dried length L, in relation to the fractional dried
shrinkage as obtained from experiment (Nwoye,2009)
and as predicted by derived model. These figures
show very close alignment of the curves from model-
predicted values of dried length (line MoD) and that
from the corresponding experimental values (line
ExD).The degree of alignment of these curves is
indicative of the proximate agreement between both
experimental and model-predicted dried length.
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65.1 ——MoD
65 —a—EXxD

Fractional dried shrinkage

Figure 2: Comparison of the dried lengths L; as
obtained from experiment (Nwoye,2009) and
derived model. (Ukpor clay)

68 -+ ——MoD

—s=—ExD

64 T T T T
0.06 0.0617 0.0629 0.0673 0.0697

Fractional dried shrinkage

Figure 3: Comparison of the dried lengths L; as
obtained from experiment (Nwoye,2009) and
derived model. (Otamiri clay)

Table 8: Variation of model-predicted L; with its
associated deviation and correction factor (Olokoro
Clay)

L Dv (%) | Cf (%)
65.38 152 | -1.52
65.37 +132 | -1.32
65.38 +1.16 | -1.16
65.39 +1.57 | -1.57
65.46 +1.50 | -1.50

Table 9: Variation of model-predicted L, with its
associated deviation and correction factor (Ukpor
Clay)

L Dv (%) | Cf (%)
65.0012 | +0.0018 | -0.0018
64.9877 | -0.0035 | +0.0035
65.0228 | +0.0043 | -0.0043
64.8003 | +0.0005 | -0.0005
64.7022 | +0.0034 | -0.0034

http://www.sciencepub.net/academia

Table 10: Variation of model-predicted L; with its
associated deviation and correction factor (Otamiri
Clay)

L Dv (%) | Cf (%)
65.8004 | +0.0060 | -0.0060
65.6814 | +0.0021 | -0.0021
65.5965 | -0.0053 | +0.0053
65.2895 | -1.0615 | +1.0615
65.1281 | -1.0512 | +1.0512

Analysis and comparison between the L,
values reveal deviations of model-predicted L; from
those of the experimental values. This is believed to
be due to the fact that the surface properties of the
clay and the physiochemical interactions between the
clay and binder, which were expected to have played
vital role during the evaporation of water were not
considered during the model formulation. This
necessitated the introduction of correction factor, to
bring the model-predicted L; value to that of the
corresponding experimental value.

Deviation (Dv) (%) of model-predicted
values of L, from the experimental values is given by

Dv = LIM_Llexp x 100 (23)
Llexp

Correction factor (Cf) is the negative of the deviation
e

Cf = -Dv (24)

Therefore
Cf =-100 [LIM—LIWJ 25)

L lexp

Where
Lim = Model-Predicted dried length (mm)
Lexp= Dried length obtained from experiment
(Nwoye, 2009) (mm)

Introduction of the value of Cf from
equation (25) into the model gives exactly the
corresponding experimental L, value.

Tables 8, 9 and 10 show that the maximum
deviation of the model-predicted dried length L, from
the corresponding experimental values is less than
2% which is within the acceptable range of deviation
limit for experimental results.

Conclusion

The model computes and predicts the dried
length L, during drying of clay. The model-predicted
dried length L, is dependent on the values of the
initial length and dried shrinkage. The validity of the

aarenaj@gmail.com



Academia Arena

2010:2(7)

model was found to be rooted on the expression
(L/L)? = [- y*+3y* - 3y + 1] where both sides of the
expression are correspondingly almost equal to 0.8.
The maximum deviation of the model-predicted dried
length L, from the corresponding experimental values
is less than 2% which is within the acceptable range
of deviation limit for experimental results. The cube
of the ratio of dried length to initial length is equal to
1-fractional volume shrinkage due to drying.
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Abstract: Attempt has been made to assess the effect of the quantity of supplied electricity on the solution pH
during electro-extraction of metal iron from the ore concentrate. The results of the investigation reveal that the pH of
the electrolyte during the electrolytic process increases with increase in the mass of Fe deposited at the cathode as a
result of the simultaneous liberation (at the anode) of chlorine gas (acidic) which forms part of the electrolyte.
Increase in the quantity of electricity supplied for the electrolytic process increases the pH of the electrolyte since
increased supply of electricity for the process translates to increased concentrations of ions migrating to the
electrodes. The initial pH of the electrolyte drops at the beginning of the process as a result of the addition of the
iron oxide ore. This is attributed to the physiochemical interaction between the ore and electrolyte. At constant
process time and voltage, increase in the current supplied increases the mass of Fe deposited on the cathode.

[Academia Arena, 2010;2(7):7-10] (ISSN 1553-992X).
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1. Introduction

Electro-winning is the oldest industrial
electrolytic process. Sodium metal has been obtained in
elemental form for the first time in 1876 by electrolysis
of molten sodium hydroxide (Conway and White,
1983).

Several studies on leaching have shown that
the solution pH influences the leaching out of metals
and other elements from its ore.

Panias et al. (1996) reported that the optimum
pH for dissolving iron oxide is pH 2.5 — 3.0. The
solution pH governs the distribution of various oxalate
ions in the leach system.

Nwoye et al. (2008) derived a model which
predicted that the concentration of phosphorus removed
is dependent on the final pH of the leaching solution
and weight input of the iron oxide ore. The model
indicates that the concentration of phosphorus removed
is inversely proportional to the product of the weight
input of the iron oxide ore and the final pH of the
leaching solution.

Nwoye  (2008a) predicted that the
concentration of haematite dissolved during the
leaching process is directly proportional to the final pH
of the leaching solution and inversely proportional to

http://www.sciencepub.net/academia

the weight input of the iron oxide ore.

Nwoye (2008b) derived a model for evaluating
the final pH of the leaching solution during leaching of
iron oxide ore in oxalic acid solution. The model
evaluates the pH value as the sum of two parts,
involving the % concentrations of Fe and Fe,O;
dissolved. It was also found that the model (Nwoye,
2008b) could predict the concentration of Fe or Fe,O;
dissolved in the oxalic acid solution at a particular final
solution pH by taking Fe or Fe,O; as the subject
formula. The prevailing process conditions under which
the model works include: leaching time of 30mins.,
constant leaching temperature of 30°C, average ore
grain size; 150um and 0.1M oxalic acid.

Nwoye (2009) reported that the concentration
of phosphorus dissolved in oxalic acid is dependent on
the final pH of the leaching solution during leaching of
iron oxide ore in oxalic acid solution.

The present work is an attempt to extract iron
from its ore using electrolytic method. In this work, the
cathode and anode electrodes used are carbon rods
(graphite) and the electrolyte, aqua ragae which is a
combination of hydrochloric and nitric acid.

2. Materials and Methods
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86 cm® of 4M hydrochloric acid (HCI) and 64 cm? of
4M nitric acid were measured out giving volumes of
344cm® and 256cm3 respectively. Each of the two
solutions was made up to 1000cm® by addition of
distilled water. The two solutions were poured into the
electrolytic cell box and the initial pH; 1.75, taken

using the pH meter (at the Materials Laboratory of
Federal University of Technology, Owerri) before
current is supplied to the system. The connecting cables
were passed through a rheostat and voltmeter to
measure the current flow.

Weighed quantity (30g) of Itakpe iron ore concentrate
(as received from National Metallurgical Centre
(NMC) Jos) was poured into the aqua raegae electrolyte
and thoroughly mixed. A current of 0.042A and 9.5V
was allowed to pass through the set-up for 5 minutes
after which the cathode electrode was removed and
weighed to determine the mass of iron deposited. This
was repeated for process duration of 10, 15, 20, 25 and
30 minutes respectively. At these process durations
highlighted, the pH of the electrolyte was also taken to
know how the current supply affects the solution pH.

3. Results and Discussion

The as-received concentrate used for this work was
analyzed chemically to determine the chemical
composition of the various elements and compounds
present. The result is presented in Table 1.

Table 1: Chemical composition of the iron concentrate
used

Element/Compound %Composition

SiO, 17.38
P,0s 0.38
Al,O; 8.93
CaO 0.36
MgO 0.06
Fe 63.0
Na,O 3.60
K,0 4.20
TiO, 0.40

In order to understand the effect of quantity of supplied
current on the solution pH, the whole electrolytic
system was set-up and run at constant voltage of 9.5V
and varied current values of 0.02, 0.04, 0.06, 0.08, and
0.1A for 10minutes process duration respectively. The
initial pH of the electrolyte was also maintained at 1.75.
Also the pH of the electrolyte was taken for each
variation in supplied current.

Following faradays first law of electrolysis (Obi, 1998)

Q=1lt ()
Where
Q = Quantity of electricity (C)
I = Current (A

http://www.sciencepub.net/academia

t = Time of flow of current (s)
At constant current flow and voltage while process time
varies (up to 1800s), the pH of the electrolyte during
the electrolytic process increases with increase in the
mass of Fe deposited on the cathode as shown in Figure
1.

2.5 - y=17447x +0.2112
R2 =0.953
21 .
15 - *
*
1 4
0.5 4
0 T |
0 0.5 1
Mass of iron deposited (g)

Figure 1: Variation of pH of electrolyte with mass of Fe
deposited (at constant current flow and voltage)

It was also observed that increase in the quantity of
electricity Q (supplied for the process) increases the pH
of the electrolyte. This is shown in Figure 2. This is
believed to be correct since increase in the quantity of
electricity supplied increases the mass of Fe deposited.
This is in agreement with Faradays law (Obi, 1998).

2.5 4 y =0.0211x + 0.3707
R2 =0.9972
2 4
15 4
14
0.5 4
0 T T T )
0 20 40 60 80
Quantity of electricity supplied (C)

Figure 2: Variation of pH of electrolyte with quantity of
electricity supplied (at constant current flow and
voltage)

At constant process time and voltage, Figures 3 and 4
shows also that during the electrolytic process, pH of
the electrolyte increases with increase in the mass of Fe
deposited on the cathode and quantity of electricity
supplied respectively. The associated correlation
coefficients R are 0.9967 and 0.9989 respectively.

Equation (1) shows that quantity of electricity supplied
Q is directly proportional and a function of current
supplied I. Based on the foregoing, Figures 5 and 6
shows that increase in the supplied current increases the
pH of the electrolyte as well as the mass of Fe
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deposited. This is because increase in the quantity of
electricity Q (supplied for the process) increases the pH
of the electrolyte as shown in Figures 2 and 4. The
correlation coefficients R associated with Figures 5 and
6 are 0.9934 and 0.9989 respectively. The correlation
coefficients of Figures 4 and 6 are the same but the
curve gradient of Figure 6 (20.9) is greater than that of
Figure 4 (0.0348). Furthermore, the intercept on the Y-
axis (0.038) is the same for Figures 4 and 6. This also
indicate that both current and quantity of electricity
supplied affect the pH of the electrolyte the similarly.

2.5 4 y =2.7623x - 0.1444
R2 =0.9935
2 4
15 A
1 -
0.5 4
0 . )
0 0.5 1
Mass of iron deposited (g)

Figure 3: Variation of pH of electrolyte with mass of Fe
deposited (at constant process time and voltage)

2.5 - y = 0.0348x +0.038
R2 =0.9978
2 4
15 -
1 4
0.5 A
0 T T T )
0 20 40 60 80
Quantity of electricity supplied (C)

Figure 4: Variation of pH of electrolyte with quantity of
electricity supplied (at constant process time and
voltage)

0.9 - y =7.5x +0.07
0.8 4 R? =0.9868
0.7 4
0.6 -
0.5 4
0.4 4
0.3 1
0.2 4
0.1 4
0 T T |
0 0.05 0.1 0.15

Supplied current (A)

Figure 5: Variation of mass of Fe deposited with
supplied current (at constant process time and voltage)
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2 4 R2=0.9978
15 4

14
0.5 A

0 T T 1

0 0.05 0.1 0.15
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Figure 6: Variation of pH of electrolyte with supplied
current (at constant process time and voltage)

Considering that the initial pH of electrolyte before the
addition of the ore was 1.75, the pH dropped to lower
values at the beginning of the electrolytic process and
then increased. The lower pH values obtained at the
inception of the process is attributed to the
physiochemical interaction between the ore and
electrolyte at contact. The increase in the pH of the
electrolyte as the mass of Fe deposited increases
(Figures 1 and 3) indicate decrease in acidity. This is
attributed to the liberation of chlorine gas at the anode,
considering the possibility of CI" being preferentially
discharged eventhough both CI" and NO3;" migrated to
the anode. Based on the foregoing, CI" loses an electron
at the anode to become electrically neutral Cl atom
which pairs up to form chlorine molecules; gas. The
anodic reaction gives;

Cl(ag) — Cl + ¢ (2)

Cl + ClI—» Cl, 3)

It is believed that since chlorine is part of the
electrolyte (HCI) which is acidic, its liberation from the
electrolyte decreases the acidity which translates into
increases in the pH of the electrolyte.

Similarly Fe is deposited at the cathode as a result of
the preferential discharge of Fe®* in place of H* at the
cathode. Fe** on being discharged at the cathode gains
two electrons and become electrical neutral Fe atom
which is then deposited on the cathode. The cathodic
reaction gives;

Fe?*(aq) + 26 —— Fe(s) (4)

4. Conclusion

Based on the electrolytic extraction of Fe (from its ore)
carried out, the following conclusions have been drawn.
(1) The pH of the electrolyte during the electrolytic
process increases with increase in the mass of Fe
deposited at the cathode as a result of the simultaneous
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liberation of chlorine gas (acidic) which forms part of
the electrolyte.

(2) Increase in the quantity of electricity supplied for
the electrolytic process increases the pH of the
electrolyte since increased supply of electricity for the
process translates to increased concentrations of ions
migrating to the electrodes.

(3) The initial pH of the electrolyte drops at the
beginning of the process as a result of the addition of
the iron oxide ore. This is attributed to the
physiochemical interaction between the ore and
electrolyte.

(4) At constant process time and voltage increase in the
current supplied increases the mass of Fe deposited on
the cathode
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Abstract

DNA extraction is difficult in many plants because of metabolites that interfere with DNA isolation procedures and
subsequent applications such as DNA restriction, amplification and cloning. We developed a simple, rapid and
efficient method for isolating genomic DNA from seeds of Allium stracheyi that is free from polysaccharides and
polyphenols. This newly developed protocol include the use of 2.5 M NaCl, 3% polyvinylpyrrolidone (PVP), 3%
mercaptoethanol, 0.15% sodium sulfite, and 80% ethanol in the extraction as well as reducing the centrifugation
times during the separation and precipitation of the DNA. Isolated genomic DNA showed high purity and high
quantity. The purity of isolated genomic DNA was confirmed by biophotometric analyses (Aygnso Of 1.840).

[Academia Arena, 2010;2(7):11-14] (ISSN 1553-992X).
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Introduction

Allium stracheyi (Jambu) is a perennial herb, flowers
are white in color about 35-40 centimeters in height
and is traditionally being used by the local people as
spice for flavoring. It is mainly found at the height of
2500-3000 meters of Alpine Himalayas of
Uttarakhand, India near moist rock, dry rock and
steep slope with a strong preference of sunny site.
Edible plant part used includes flowers, leaves, root
and bulb. In the genetic improvement process, it is
desirable to use molecular markers for screening of
accessions, choosing of parents and selection of
progeny. The presence of certain metabolites can
hamper the DNA isolation procedures and reactions
such as DNA restriction, amplification and cloning.
Problems encountered in the isolation and
purification of high molecular weight genomic DNA
from seeds comprise: co-isolation of highly viscous
polysaccharides, and inhibitor compounds like
polyphenols and other secondary metabolites which
directly or indirectly interfere with the further
enzymatic reactions (Weishing et al., 1995). The
presence of polyphenols, which are powerful
oxidising agents present in many plant species, can
reduce the yield and purity of extracted DNA

(Porebski et al, 1997). The wuse of -
mercaptoethanol, ascorbic acid, bovine serum
albumin (BSA), sodium azide, and

polyvinylpyrrolidone (PVP) (Dawson and Magee,
1995; Clark, 1997). Phenol extractions coupled with
SDS are also helpful. However, SDS-phenol tends to

http://www.sciencepub.net/academia
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produce low DNA yields rich in
polyphenolics.

Plant species belonging to the same or
related genera can exhibit enormous variability in the
complexity of pathways of dispensable functions.
Thus, the biochemical composition in plant tissues of
different species is expected to vary considerably.
The chemotypic heterogeneity among species may
not permit optimal DNA yields from one isolation
protocol, and perhaps even closely related species
may require different isolation protocols (Weishing et
al., 1995). Most of the protocols recommend
1solation of DNA from fresh tissues, but it is also
required to isolate DNA from seeds. These situations
imposed the development of the protocols for
isolating DNA from different plant organs, including
dry tissues and seeds. In addition to this, from the
previously recommended protocols we could not
recover a reasonable amount of purified, digestible
genomic DNA. The seeds of Allium stracheyi are
considered to be difficult for DNA isolation due to its
high polyphenolic content and cold temperature at
high altitude (3000 m). Here we described a rapid
DNA isolation protocol that can be used for isolation
of DNA from leaves of Allium stracheyi collected
from thirteen different landraces varied in their
altitudes of Uttarakhand, India. However, to the best
of our knowledge, no such studies have been
performed previously on Allium stracheyi seeds of
high altitude.

of plants

Materials and Methods
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We performed several experiments before finding
one that yielded a good amount of genomic DNA
from seeds of Allium stracheyi. A number of
experiments were set up to close down the
polysaccharide contamination of the DNA by using
sodium chloride (concentrations 1.0- 3.0 M) and
polyphenols. For removing the polyphenol content
from the isolated genomic DNA we used p-
mercaptoethanol (2-5%), PVP (2-6%) and sodium
sulfite (0.06-0.16%). An optimized protocol was
design on the basis of results obtained from the above
experiments.

Plant materials for DNA isolation

The seeds of Allium stracheyi, which were
collected from thirteen different altitudes of
Uttarakhand, India, during October-November 2009.
Immediately after collection, the leaves and seed
were stored at 4°C till the start of experiments. Before
extraction, the seeds were washed with autoclaved
distilled water. Specimens of seed samples were
submitted in the National Bureau of Plant Genetic
Resources (NBPGR), Pusa Campus, New Delhi. The
taxonomic identification of these specimens was
performed and the accession no. is IC-56745.

Reagents and chemicals

e  Extraction buffer: 100 mM Tris-HCI (pH 8.0),
25 mM EDTA, 2.5 M NaCl, 2.5% CTAB, 3.0 %
B-mercaptoethanol (v/v) (added immediately
before use) and 3% PVP (w/v) (added
immediately before use) ), 0.15% sodium sulfite.

e High salt TE buffer: 1 M NaCl, 10 mM Tris-Cl
(pH 8.0) and 1 mM EDTA.

e TE buffer : 10 mM Tris-HCI (pH 8) and 1 mM
EDTA (pH 8).

e Enzymes: Alul and Tag DNA Polymerase
(Genei, India).

o Buffers: Alu I buffer and Tag DNApolymerase
buffer (Genei, India).

e Nucleotides: dNTPs (G, A, T, C) and primers
(Genei, India).

DNA isolation and purification

Five hundred mg of seed samples was
weighed and placed on a precooled mortar. Liquid
nitrogen was poured onto the sample and allowed to
evaporate completely. The seeds were macerated into
fine powder with a pestle and added to 5 ml of
preheated (60°C) extraction buffer. The mixture was
incubated for 1 % h at 60°C, with constant shaking at
intervals followed by cooling at room temperature
(RT) with gentle shaking. An equal volume of
chloroform-isoamylalcohol (24:1) was added to the
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mixture. The tubes were mixed gently at RT for 15
min to produce a uniform emulsion. The emulsion
was centrifuged at 10, 000 rpm for 15 min at 4°C.

Fig. 1: Showing Bands of genomic DNA

The upper aqueous layer was separated and
collected into a fresh tube. A second chloroform-
isoamylalcohol extraction was performed. The
supernatant was carefully decanted and transferred to
a new tube and then precipitated with chilled 2/3
volume of isopropanol. The precipitated nucleic acids
were collected and washed twice with the buffer
(80% ethanol; 10 mM ammonium acetate; TE: 1 mM
Tris and 0.1 mM EDTA [pH 8]). The pellets were
washed twice with 70% ethanol followed by
centrifugation at 4°C and 10,000 rpm for 10 min.
Finally, pellets were air dried and resuspended in TE
buffer. The dissolved nucleic acids were brought to
2.5 M NaCl and reprecipitated by using 2 vol of 70%
ethanol. The pellets were washed twice with 80%
ethanol, dried, and resuspended in 100 puL of TE
buffer. The tube was incubated at 40°C for 10 min to
dissolve genomic DNA, and RNase treatment was
followed.

Quantification of Genomic DNA

The DNA yield per microgram of seed
samples was measured by using a Biophotometer
(Eppenndorf) at 260 nm. DNA purity was determined
by calculating the absorbance ratio A260/280. Pure
DNA has a ratio of 1.8 £ 0.1 (Clark, 1997). The DNA
sample was also quantified on 0.8% agarose gel
electrophoresis.

PCR amplification

Polymerase chain reactions (PCRs) for
amplification of DNA preparations were carried out
in a 25 pl reaction volume. A reaction tube contained
100 ng of template DNA, 1x PCR buffer, 1 units of
Tagq DNA polymerase, 50mM each of dNTPs, 3 mM
MgCl, and 5 pmol of decanucleotide primers. The
amplifications were carried out using PCR thermal
cycler (Eppendrof, Germany). Initial denaturation
was for 3 min at 94°C followed by 35 cycles of 3 min
at 94°C, 2 min at 54°C, 3 min at 72 °C, and a 10 min
final extension step at 72°C. The success each PCR
reaction was verified by electrophoresis. The
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amplified products were loaded in a 1.2% agarose gel
containing 5 mg ml—1 of ethidium bromide. Custom
decanucleotide primers were synthesised from M/S
Bangalore Genie, India. The primer had the following
sequences:

Forward primer

5’- CGAAATCGGTAGACGCTACG - 3’
Reverse primer

5’- GGGGATAGGGACTTGAACGG- 3’

Results and Discussion

1000bp

In our experiments we encountered
difficulties from the stage of cell lysis to DNA
separation in the supernatant and subsequent
reactions when following the procedures described
by Doyle and Doyle (1990), Murray and Thompson
(1980), Dellaporta et al. (1983) and Porebski et al.
(1997). Major problems encountered were low DNA
yield or poor PCR amplification reactions and
restriction endonuclease digestion. Our protocol
involves several modifications with one parameter
tested at a time to address the problem of phenolics.
Modifications  included use  of  different
concentrations of B-mercaptoethanol (2-5%), use of
PVP at different concentrations (2-6%), and use of
sodium sulfite (0.06%, 0.17%). Use of 4% p-
mercaptoethanol, 3% PVP and 0.15% sodium sulfite
was found to be most appropriate.

Highly purified genomic DNA was obtained
when the optimised protocol described in “Materials
and Methods” was used. A sufficient amount of clean
genomic DNA was obtained with this method (Figure
1). The yield was ranged from 20-50 pg per gram of
seed material collected from different locations. The
A260/230 nm ratio was 1.826, while the A260/280
nm ratio was 1.840. Our protocol involves
isopropanol precipitation of DNA initially at room
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Fig 2: Showing amplified bands from seeds of Allium stracheyi using PCR-RFLP primer
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The plants that are sources of natural products or bio-
active substances also produce large amounts of
secondary metabolites and valuable for human being.
Thus, while working with a seed samples enriched
with secondary metabolites it is common to
encounter problems arising from the polysaccharides,
polyphenols and other secondary metabolites in the
lysate and the DNA preparations. The secondary
compounds may hamper DNA isolation as well as
any further reaction to be carried out on DNA
preparations for example; restriction enzymes may be
inhibited because of the presence of unusual
substances.

temperature. Moreover, the procedure also eliminates
the necessity of phenol, which makes the method less
hazardous. Further, the addition of high concentration
of PVP and pB-mercaptoethanol were helpful in
removing the polyphenols from the seeds of Allium
stracheyi. The problem arising from the presence of
high levels of polysaccharides was overcome by
using NaCl at a higher concentration. The use of
sodium sulfite is also recommended to prevent
oxidation (Aljanabi et al., 1999), it was included in
the extraction buffer but at a (Mr 10000), DNA free
from phenolics. The amplified product is having
molecular weight of around 515 base pair to 605 base
pair.

This protocol provides good quality of
genomic DNA from the seeds of Allium stracheyi,
which was not, reported earlier. The secondary
metabolites, when isolated along with the DNA, do
inhibit PCR amplification and restriction digestion.

This indicated that the isolated DNA was
amenable to further processing in cloning
experiments as well as DNA finger printing. The
method described here for the extraction of genomic
DNA will be useful for molecular, genetic diversity,
and transgenic studies in Allium stracheyi. The utility
of the isolated DNA for use in DNA finger printing
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was demonstrated with several random primers. Thus
the method is simple rapid and less hazardous.
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Abstract: Studies on the antimicrobial activities of some spices on beef sold in Gwagwalada market, F.C.T, Abuja
were carried out. The spices were chopped to sizes and were mixed with the beef sample. The bacterial load count of
the beef sample before treatment is 1.9 x 10’ and after treatment were 1.5 x10* 1.6x10% and 1.0x10%® cfu/ml for
thyme bayleaf, and garlic while the fungal spore count of beef sample before treatment is 1.0x10? and x0.510% 0.1x
10%, 0.6x10° for the thyme, bayleaf and garlic respectively. The fungal spore count for the beef and sample after
treatment with the spices combined is 0.1x10"cfu/ml. The microbial isolates of beef sample include: Staphylococcus
aureus, Pseudomonas sp., Proteus sp. and Bacillus sp. for bacterial isolates and fungal isolates were Aspergillus
niger, Mucor sp., Rhizopus sp. and Aspergillus flavus the combined effect of the three spices inhibited the growth of

S. aureus, Bacillus sp., Proteus sp,, A. flavus and Mucor sp.

992X).

Keywords: Antimicrobial agents, spices, meat

INTRODUCTION

Spices are strongly flavoured parts of plants
usually rich in essential oils used in fresh or dry
forms (Iwu, 1993) .Some spices are reported to have
bactericidal or bacteriostatic activities (Onwuliri and
Wonang, 2005). The inhibitory effects of spices are
mostly due to the volatile oils present in their
composition (Arora-Daljit and Kaur, 1997), factors
that determine the antimicrobial activity of spices are
the concentration and composition of the spices, the
amount of spices used, type of microorganisms,
composition of the food, P value, temperature of the
environment and proteins, lipids, salts and phenolic
substances present in the food (Sagdic, 2003).
Bayleaf is the dried leaf of cinnamon jamale. It is a
medium sized tree which grows in many parts of
India, more likely in Khasi hills. The leaves are
commonly used as a spice for flavouring various
kinds of curries, some sweet preparation of
vegetables, fruits and in food preservation. Bayleaf is
used as medicines (Chandarana et al., 2005).
Thyme (thyme vulgaries) belongs to the family
laminaceae. The oil of thyme is important and is
obtained by distillation of the fresh leaves and
flowering tops of thyme wulgaris. Its chief
constituents are from 20-25% of phenols, thymol and
carvacol. They are valuable for medicinal purposes
(Juven et al., 1994). Thyme has a partial or complete
anti-flatulence, anti-phlegmasia effect in addition to
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regulating digestion. Thyme is enemy of poison. It is
antispasm and pain. It eases blood flow and invokes
sexual activities and promotes consciousness and
intelligence (Muhammad and Ali, 2006).

Garlic (Allium sativum) is a perennial plant
of the family of Alliaceae. Garlic is widely used in
many forms of cooking for its strong flavour when
crushed or finely chopped. It yields allicin - a
powerful antibiotic (Prescott et al., 2008), it also
contains Allin, Ajoene, enzymes, vitamin B, minerals
and flavonoids. Garlic consists of not less than 200
components, these include antioxidants, the volatile
oils, (allin, allicin and ajoene) consisting of sulfur,
enzymes (allinase, peroxidase and miracynase),
carbohydrates (sucrose, glucose), mineral
(germanium, selenium, Zinc), amino acids like
cysteine, glutamine isoleucine and methionine, bi-
flavonoids like quercetin and cyanidin and allistatin |
and I1,C,E and A vitamins and niacin, B,B, vitamins
and beta carotene (Gulsen and Erol, 2010).

Meat is a highly perishable food items, the
high perishability is due to high temperature
(Buchanan, 1986). Meat is frequently involved in
food- borne illnesses because they provide ideal
media for the growth of disease - causing
microorganisms (Pearson and Dutson, 1986).
Ouattara et al., 1997 stated that essential oils from
plant products that contain carvacrol and eugenol
have been shown to exhibit the strongest
antimicrobial activity (Prescott et al., 2008). This

aarenaj@gmail.com


mailto:oluagarry@yahoo.com

Academia Arena

2010:2(7)

study therefore aims at isolation and identification of
microorganisms associated with meat spoilage and to
evaluate the potency and the inhibitory effects of
spices as preservative agents.

MATERIALS AND METHODS
Collection of samples

The spices used (garlic, thyme and bayleaf)
and beef were purchased from Gwagwalada main
market, F.C.T Abuja in sterile containers and
conveyed to the laboratory for microbial analysis.
Determination of antimicrobial activity
The spices were not grinded or blended mechanically
according to the standard method of the American
Spices Trade Association (ASTA, 1997) to avoid
contamination of samples. The beef sample was
divided into two halves, one half was analyzed for
associated microflora and the other half was analyzed
combined with the spices. About 0.2g of each spice
was mixed with 1.8g of beef in sterile beakers while
three spices (0.2g each) were combined with the beef
(1.8g) in another beaker sealed and left for 15
minutes. The resultant stock was thereafter pipetted
and used for the microbial analyses. All preparations
were carried out under aseptic condition. The plates
were incubated for 24-48hours for bacterial isolates
and 72 hours for fungal isolates. The colonies were
counted with the aid of colony counter. MacConkey
and Nutrient agar were used for bacterial isolates and
Sabrauds Dextrose Agar (SDA) for the fungal
isolates. The number of isolates were expressed as
colony forming unit per ml. The morphological,
microscopical and biochemical characterization of
isolates were determined.

RESULTS AND DISCUSSIONS

The bacterial load count (cfu/g) of beef
sample before treatment is 1.9x107and after
treatment were 1.0x10° 1.5x10°1.6x10° for garlic,
thyme and bayleaf respectively (table 1).
Table 1: The Bacterial load count of beef sample
(cfu/g)

Garlic with beef  Thyme with beef  Bayleaf with beef

Before treatment
After treatment

1.9x107
1.0x10°

1.9x10

The fungal spore count of beef sample
before treatment was 1.0x10° and after treatment
were 0.5x10% 0.1x10° and 0.6x10° for thyme, bayleaf
and garlic respectively (table 2). The fungal spore
count for the beef sample after treatment with the
spices combined was 0.1x10".

The microbial isolates of beef sample include:-
Staphylococcus aureus, Pseudomonas spp, Proteus
spp, and Bacillus spp for bacterial isolates and the
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fungal isolate were Aspergllus niger, Mucor spp,
Rhizopus spp and Aspergillus flavus/

Garlic inhibited the growth of Bacillus spp, A. flavus,
S. aureus, proteus spp and Rhizopus spp in the beef
sample (table 3). This was not in agreement with the
report of Yin and Tsao, 1999 who reported the non
availability of antifungal effect of garlic extracts on
A. niger and A.flavus, but in this study garlic
inhibited A. flavus but not A. nigerBacillus spp,
Proteus spp and Rhizopus spp and thyme inhibited
the growth of S. aureus, Bacillus spp, Proteus spp,
Rhizopus spp, Mucor spp and A. niger. (table 3)

Table 2: The fungal spore count of beef sample
(cfu/g).

Garlic with beef ~ Thyme with beef  Bayleaf with beef
Before treatment ~ 1.0x10% 1.0x10? 1.0x10?
After treatment 0.5x10? 0.1x10° 0.6x10°

This result was in agreement with the work
of Muhammad and Ali, (2006) who reported the
antimicrobial activity of thyme on S. aureus,
Salmonella spp, Escherichia coli, Shigella sp and
Helicobacter pylori that has been implicated to
course gastric ulcer.

Bayleaf inhibited the growth of Bacillus spp,
Pseudomonas spp, A. niger, A. flavus and Rhizopus
spp (table 3).

Table 3: Inhibition of Microorganisms by Spices

Treatment

Organisms inhibited

Beef treated with garTic Bacillus spp, Aflavus, S.aureus,

Proteus,Rhizopus spp

Beef treated with thyme S.aureus, Bacillus spp,Proteus spp,

Beef treated Bayleaf
A. flavus, Rhizopus spp,

Beef treated with the three spices
combined

S.aureus, Bacillus spp, Proteus spp,

Rhizopus spp, Mucor spp, A. niger

Bacillus spp, Pseudomonas spp, A.niger,

A. flavus, Mucor spp

The synergic effect of the three spices
inhibited the growth of S. aureus, Bacillus spp,
Proteus spp, A. flavus and Mucor spp.

The combined the effect of the spices was
not as effective as would have been expected. This
could be as a result of the interactions of the
biochemical compounds of these spices.

Beef contamination begins immediately
after the slaughter of the animal. This is due to poor
hygienic procedure adopted in slaughter and cutting
of beef when sold which serves as a medium for
transfer of microbes. Bacillus spp as isolated in this
study are capable of producing enterotoxins in food
during their growth and multiplication, thus they
cause abdominal cramps, nausea, vomiting and
diarrhea. S. aureus is a well known pathogen and has
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been incriminated in many food poisoning cases
(Prescott et al., 2008). Garlic inhibited the growth of
Bacillus spp, A flavus, Proteus spp and Rhizopus spp
and this is in agreement with the work of Onwuliri
and Wonang, 2005, An et al., 2009, Ayaz and Alpsy,
2007, although they reported on A.niger instead of
A.flavus. Zaika, 1988 reported the antimicrobial
activity of thyme and bayleaf and Onwuliri and
Wonang, 2005 on garlic which are in agreement with
this study.

From this study it being reported for the first
time that A. flavus was isolated from meat sample.
This calls for caution in the handling of meat for
human consumption because A.flavus has been
incriminated as a producer of mycotoxins which have
been reported to be carcinogenic.
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Studies on the Pretreatment of wheat straw for improve production
of Carboxymethyl Cellulase by thermophilic Trichoderma viride-
FBL1 in Solid State fermentation
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Abstract: Cellulases are important group of enzymes which are used for the conversion of lignocellulosic biomass
into a variety of products. Trichoderma viride-FBL1 was employed for the production of CMCase enzyme in solid
state fermentation using wheat straw as a substrate. The substrate was physico-chemically pretreated with different
concentrations of HCI/NaOH to enhance the CMCase yield. 2% HCI for pretreatment of wheat straw was found
suitable treatment for maximum enzyme yield. Various cultural conditions were also optimized and optimum
parameters found were initial medium pH of 5, incubation temperature of 45°C, substrate level of 15g, initial
moisture content of 40%, inoculum size of 5% for seven days of fermentation period. Various extractants such as
distilled water, Tab water, Tween-81, 0.2M citrate buffer (pH 4.8) and 0.2M citrate-phosphate buffer (pH 5.0) was
used to recover the enzyme from fermented mash and distilled water was found best extractant. The enzyme
produced from Trichoderma viride show its optimum activity at pH 5 using citrate buffer with incubation time of
15min. [Academia Arena, 2010;2(7):18-30] (ISSN 1553-992X).

Key words: Wheat straw, Pretreatment, CMCase, Trichoderma viride, Solid state fermentation

Introduction (Beguin et al. 1992), plants (Ohmiya et al. 1995), and
The major polysaccharides (cellulose and certain insects like termites (Inoue et al. 1997).
hemicellulose) present in the lignocellulosic biomass Fungal endoglucanases are mostly important in the
need to be hydrolyzed with acids or enzymes in order textile and detergent industries, many fungal
to liberate fermentable sugars (Camassola et al. endoglucanases from members of the subdivision
2009). In many processes in the enzymatic Deuteromycotina, such as Aspergillus sp., Fusarium
conversion of lignocellulose biomass to ethanol and sp., Humicola sp., Penicillium sp., and Trichoderma
other chemical products, a pretreatment stage is sp., have been purified and characterized (Murashima
required to break the lignin structure and to partially et al. 2002). Among the cellulolytic fungi,
solubilize the polysaccharides (Keller et al. 2003). Trichoderma and Aspergillus have been extensively
Cellulose, a major polysaccharide constituent of plant studied particularly due to their ability to secrete
cell walls, is a B-1, 4 linked linear polymer of 8000— cellulose-degrading enzymes (Adsul et al. 2007).
12,000 glucose units (Saha 2004) whose natural Cellulases have been investigated mainly with
degradation represents an important part of the respect to their industrial use for the bioconversion of
carbon cycle within the biosphere. The ability to agricultural biomass resources into useful products
decompose the cellulosic biomass into glucose, (George et al. 2001) and are commonly used in
which in turn can be converted into other valuable various industries, including food, brewery and wine,
chemicals and energy (Mukataka et al. 1998) has agriculture, textile, detergent, animal feed, starch
made cellulases one of the most extensively processing, extraction of fruit and vegetable juices
investigated multicomponent enzyme systems. pulp and paper, as well as in research development
Cellulases are enzymes that degrade crystalline (Jan and Chen 2003, Gao et al. 2008,Zhou et al.
cellulose to glucose. Three types of cellulases, 2008).
endoglucanases (EC  3.2.1.4, endo-1,4-B-D-
glucanases), cellobiohydrolases (EC 3.2.1.91), and B- Material and Methods
glucosidases (EC 3.2.1.21), are considered to be Lignocellulosic Biomass
needed to degrade crystalline cellulose to glucose in Wheat straw was purchased from local
vivo, and they act synergistically (Henrissat et al. market of Lahore city, Pakistan which was used as a
1985). Endoglucanases are produced by a wide substrate for the production of CMCase. The
variety of organisms like fungi (Wood 1992) bacteria substrate was washed and oven dried at 65°C and
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then ground to powder form (2mm) by hammer
beater mill.

Pretreatment of Substrate

Wheat straw samples (10g) were soaked in
different concentration of NaOH and HCI ranging
from 1-4% solution at the ratio of 1, 10 (solid, liquid)
for 2hr at room temperature (Solomon et al.1999,
Gharpuray et al. 1983). After then the samples were
autoclaved at 121°C for 15 min. Then samples were
filtered and solid residues were washed up to
neutrality.

Microorganism

Trichoderma viridi- FBL1 was obtained
from Fermentation Biotechnology Laboratory,
PCSIR Labs. Complex Ferozpure road Lahore, and
was used for the production of CMCase. It was
maintained on PDA slants and revived biweekly.

Inoculum Preparation

Inoculum was prepared by adding sterilized
distilled water into the 5-day old slant. With the help
of inoculating loop the mycelia was mixed and one
ml (2 x 10%) of spore suspension was used as
inoculum. Inoculum size was measured with
heamacytometer as described by Sharma (1989).

Fermentation Methodology

Solid state fermentation was carried out for
CMCase production using Trichoderma viridi-FBL1.
In 250ml conical flask 5g of ground pretreated wheat
straw was moistened with diluent (g/l, ammonium
sulphate 10. Calcium chloride 0.5, Magnecium
sulphate 0.5, Potassium dihydrogen phosphate 4) and
then autoclaved at 121°C for 15 min. After
sterilization the media was inoculated with 1ml of
spore suspension and incubated at 30 +1 °C.

Optimization of Initial Cultural conditions

Different cultural conditions like
fermentation period (24, 48, 72, 96, 120, 144hr)
initial medium pH (4,4.5, 5, 5.5, 6.0, 6.5, 7.0, 7.5 and
8.0) Temperature (25, 30, 35, 40, 45, 50°C) substrate
concentration (5,10,15,20,25and30g) Inoculum size
(5, 10,15,20,25,30%) moisture level (20, 40, 60, 80
and 100) were optimized for CMCase production
using Trichoderma viride-FBLI.

Analytical Methods
Proximate Analysis of Substrate

Total carbohydrates were estimated by the
method of Duboise et al. 1956. The moisture, ash
contents of the substrate were determined by the
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methods of AOAC (2005). The lignin content in the
biomass was estimated by the method of Milagres
(1994). Cellulose was estimated by the methods
described by Gopal and Ranjhan (1980).

Enzyme Recovery

CMCase from the fermented mash was
extracted by simple contact method as reported by
Krishna and Chandrasekaran (1996). In 5g substrate
of flask 50ml of distilled water (1,10 solid to liquid
ratio) was mixed and placed on shaker at the agitation
speed of 150 rpm for 2hrs. After complete mixing it
was filtered through muslin cloth and the residues
was discarded and the filtrate was used for further
analysis.

Estimation of CMCase

500ul of the enzyme sample along with
500ul of 1% (w/v) CMC in 50 mM acetate buffer pH
5 was incubated, in a water bath at 50 °C for 30 min.
After incubation 3ml of DNS was added and boiled
for 5 minutes and absorbance was taken
spectrophotometrically at 540nm. The reducing ends
liberated were then measured with DNS (Wood and
Bhat 1988)

Effect of pH on enzyme activity

The effect of different pH on CMCase
activity was determined by incubating the reaction
mixture at different pH values. The pH was adjusted
using the following buffers Citrate phosphate (pH
4.8-5.5), Phosphate (pH 6.0-7.0), and Tris-HCI (pH
8.0-9.0). Reaction mixtures were incubated at 50°C
for 15 minutes, and the activity of the enzyme was
measured spectrophotometrically.

Effect of Temperature on Enzyme activity

The activity of the crude enzyme was
measured at different temperature (40, 45, 50, 55, 60,
65, 70, 75 and 80 °C) for 30 minutes. The reaction
mixture was assayed and the CMCase activity was
measured with standard assay procedures.

Estimation of Total Proteins

Total proteins in the culture filtrate were
estimated by Lowery (1951) method using bovine
serum albumin as standard protein.

RESULTS

The proximate analysis of the wheat straw
indicated that it contained 39.4% cellulose and 17.3%
lignin (table 1).
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Table. 1. Proximate analysis of wheat straw

Component Dry weight (%)
Cellulose 39.4£0.21
Lignin 17.3+£0.13
Total Carbohydrates 1.54+ 0.06
Total Protein 1.57£0.01
Moisture 5.074+ 0.24
Ash 7.201+ 0.32

Effect of Pretreatment on CMCase Production
Wheat straw, a lignocellulosic material used in present study contains highly crystalline cellulose and large
amounts of arabinoxylan, the major hemicellulosic fraction. Results indicated that (Fig.1A) 2% HCI gave maximum

yield (12.8 £ 0.43 U/g) of enzyme while
concentration of acid increased decline in

the 4% NaOH gave the enzyme yield of 9.2 = 0.21 U/g. As the
enzyme production was observed. Figure 1B describe the general

comparison of untreated, acid and base treated wheat straw on CMCase production.
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Figure 1. (A) Effect of Different concentration of NaOH/HCI pretreatment on CMCase production from
Trichoderma viride-FBL1. (B) Comparison of untreated, acid treated and base treated wheat straw on CMCase

production.
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Effect of different Leaching agent on CMCase activity

The recovery of the enzyme from the fermented mash is very critical hence selection of a suitable
extractant is necessary. Different leaching agents were used in this study were distilled water, Tap water, Tween-81,
0.2M citrate buffer (pH 4.8) and 0.2M citrate-phosphate buffer (pH 5.0). It was noted (Fig. 2) that maximum
enzyme recovery was obtained with distilled water (14.85 + 0.12U/g) followed by Tween-81(12.08 + 0.81 U/g). Tap
water and different buffers slightly reduced the enzyme recoveries.

e e
©® O N MO ©
L L L L L |

CMCase activity (1U/g)

Distilled Tap water Tween-81 Citrate buffer Phosphate
water pH 4.8 buffer pH 5

Leaching Agents

Figure 2. Effect of Different leaching agents on the recovery of CMCase from fermented sugar cane bagasse by
Trichoderma viride-FBLI1 at 30 °C for seven days.

Time coarse study of CMCase production

Different fermentation experiments were carried out to study the secretion time of CMCase by
Trichoderma viride-FBL1. Maximum CMCase secretion was obtained during the seventh day of incubation period
yielding 8.6 = 0.32 IU/g. Further increase or decrease in cultivation time reduce the enzyme production (Fig. 3).
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Figure 3. Effect of Different fermentation periods for CMCase production from Trichoderma viride-FBL1.
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Effect of Initial Medium pH

Different sets of experiments were carried out to test the optimum pH for CMCase production. The initial
pH of the medium was varied from 3-8 and adjusted with 1IN NaOH/HCI before sterilization and each experiment
was carried in triplicates. From these experiments it was observed that maximum CMCase production was found at
pH 5 yielding 13.67 + 0.76 U/g (Fig. 4). Further increase or decrease in initial medium pH affects the enzyme
synthesis.
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Figure 4. Effect of Different initial medium pH for CMCase production from Trichoderma viride-FBL1.

Effect of incubation Temperature

Incubation temperature and pH is very important in enzyme production (Smits et al. 1996). To investigate
the optimum incubation temperature for CMCase production a set of experiments were carried out ranging from 25
to 50°C as shown in the figure 5. From the data it was observed that 40°C was found best for CMCase secretion and
producing 0.68 mg/ml of protein in the fermented mash.
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Figure 5. Effect of Different incubation temperatures on CMCase production from Trichoderma viride-FBL1.
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Effect of Substrate
To investigate the optimum substrate concentration for CMCase production, experiments with different
substrate level was conducted and it was observed that 15% substrate concentration was found optimum (Fig. 6).
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Figure 6. Effect of Different substrate concentrations for CMCase production from Trichoderma viride-FBL1.

Effect of Inoculum size
Effect of inoculum size on CMCase production was shown in the figure 7 which indicated that 5%
inoculum size gave maximum enzyme yield (12.2 = 0.21 U/g).
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Figure 7. Effect of Different inoculum size on CMCase production from Trichoderma viride-FBL1.
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Effect of Moisture Level
For CMCase production moisture level was optimized and found that 40% moisture level was best for
production as shown in the figure 8. Increased moisture level lowered the enzyme production.
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Figure 8. Effect of moisture level on CMCase production from Trichoderma viride-FBLI.

Effect of pH on enzyme activity

The CMCase activity was determined at different pH values ranging from 4-9. Maximum activity (16.2 £
0.32 U/ml) was obtained at pH 5.5 using citrate phosphate buffer, as the pH of the substrate solution was increased
the activity was also increased but increased pH toward alkalinity reduces the enzyme activity as shown in the Fig.8.
These findings indicated that enzyme produced by Trichoderma viride was acidic in nature.

Enzyme activity (U/ml)
=
o

Figure 9. Effect of different pH on CMCase activities isolated from Trichoderma viride-FBL1
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Effect of Incubation Temperature on CMCase activity

The CMCase enzyme isolated from Trichoderma viride was incubated at different incubating temperatures
ranging from40- 80° C to check the optimum temperature of enzyme. It was observed that the enzyme activity was
gradually increased by increasing temperature and optimum activity (13.5 £ 0.14 U/ml) was obtained at 55°C but as
the incubation temperature increases the enzyme activity decreases as shown in the figure 10. At 80°C temperature

the enzyme activity was 1.6 = 0.21 U/ml.

Enzyme activity (IU/ml)

O T T T T T
25 30 35 40 45 50

55

60 65 70 75 80 85

Temperature (°C)

Figure, 10 Effect of incubation temperature on CMCase activities isolated from Trichoderma viride-FBL1

DISCUSSION

Already available information of the
properties of biomass materials is useful in order to
evaluate their suitability as chemical feedstock in
different processes. Many studies show that wood
morphology and chemical composition vary with
location, genetics, and growth conditions. In Pakistan
different varieties of wheat straw contained
holocellulose 58.5% and lignin 16-17% and ash
content in the range of 7.5-8.5 (Ali et al. 1991).
Indian wheat straw contained lignin and ash content
of 23.0 and 9.99 respectively (Mohan et al. 1988).
Norwegians wheat straw consists of 16-20% lignin
and 4-9% of ash (Utne and Hegbom 1992). American
and Denmark wheat straw contained 16.7 and 20.5%
of lignin and 6.6 and 3.7% of ash respectively
(Misral987). Some workers (Reshamwala et al.
1995, Cheung and Anderson 1997, Dewes and
Hunsche 1998, Boopathy 1998) reported that wheat
straw consist of 30% of cellulose and 50% of
hemicellulose and 15% of lignin content.

In the present study wheat straw was
pretreated with different concentrations of NaOH and
HCI. Main purpose of the treatments was to delignify
the substrate. Greater the delignification more
cellulose was exposed which was freely available to
microbes and hence greater enzyme production. 2%
HCl was found optimum for maximum enzyme
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production. Increase in acid concentration decreased
the enzyme production. The enzyme activities
decreased which might be due to the formation of
such compounds which have inhibitory action on
enzyme synthesis by the fungus.

In acid treated samples CMCase production
was better which might be due to the rapid hydrolysis
of cell wall component into free sugars which are
available to the microorganism. In base treated
samples enzyme production was comparatively low
as compared to acid treated samples. This low
production of enzyme might be due to alkalinity in
substrate during alkaline treatment which inhibits the
growth of the fungus. The major purpose of the
pretreatment is to reduce the cellulose crystalinity
which might be reduced by various techniques.
Steam treatment has been reported to both decrease
cellulose crystallinity index and completely solubilize
hemicellulose (Puri 1984, Dekker 1985). Moreover,
solubilized sugars in steam-treated lignocellulosics
are known to occur as a mixture of oligomers
(Overend and Chornet 1987). However, the degree
of polymerization (DP) of the soluble sugar fraction
varied significantly according to the treatment
applied. Both the concentration of acid and treatment
reaction time was important factors in determining
degree of polymerization. Therefore, an enzyme
preparation designed to breakdown cell wall
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polysaccharides and derived oligomers in steam-
treated wheat straw into a mixture of monomeric
sugars would require high enzymic activity against
crystalline cellulose, arabinoxylan, and xylo-
oligomers.

If more concentration of H,SO, (>4.5%
H2SO4 on DM basis) was applied, more
hemicellulose (>95%) contents should be hydrolyzed
(Cunningham et al. 1984, Grohmann et al.1985). Two
further aspects that might have influenced the
response of the steam treatment are; a) type of
substrate and b) amount of water might have
influenced the efficiency of heat transfer and acid
impregnation. Previous studies (Wong et al. 1988,
Grous et al. 1986) have shown that in addition to
changes in chemical composition alteration in
physical microstructure occurred during treatment.
Such physical changes are also partly responsible for
improving cell wall hydrolysis by cell-free enzymes.
Cell wall swelling can also be affected by
impregnating the substrate with sulphuric acid prior
the treatment and thereby greater cellulose hydrolysis
by cell-free enzymes was achieved (Toussaint et al.
1991).

Pretreatment with dilute hydrochloric acid
were also investigated by many workers (Israilides et
al. 1978, Mehlberg and Tsao 1979). The major
advantage of dilute acid pretreatment is that higher
yield of xylose was obtained in this process. Alkaline
pretreatments are basically delignification processes
and significant amount of hemicelluloses were
solublised during the treatment (Millet et al. 1976,
Goel and Ramachandram 1983). In comparison with
acid — base pretreatment, base is more expansive than
acid and concentration of alkali used is generally
comparable to or higher than that of the acid
(Chemical Marketing reporter, 1994).

Enzyme recovery from the fermented mash
is a critical problem. To solve this problem different
extractants were used, distilled water followed by
Tween-80 and citrate buffer found best extractants.
Ikram-ul-Haq et al. 2003 stated that the chemical
composition of the buffer might show inhibitory
effect on the enzyme activity. Aikat and
Bhattacharyya, (2000) also reported highest enzyme
yield when potassium phosphate buffer pH 8.0 was
used as an extractant, which showed comparatively
less activity than distilled water extraction.

Incubation time also affects the enzyme
production .As the incubation period increased there
might be the depletion of nutrients and production of
certain toxic metabolites which inhibit the further
microbial growth and physiology resulting in the
inactivation of secretary machinery of the enzymes
(Nochure et al. 1993). Enzyme production in short
incubation period offers the potential for inexpensive
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production and it varies from enzyme to enzyme
from single substrate (Sonjoy et al. 1995). It was
found that incubation period needed for enzyme
production is shorter in solid state fermentation than
in submerged fermentation process (Macris et al.
1989, Illanes et al. 1992, Jiafa et al. 1993). Ahmed at
al. 2009 reported the time course of Sdays for
endoglucanase  production from  Trichoderma
harzianium. Gomes et al. 2006 also reported the
maximum time of CMCase production of 7days of
fermentation period for T.viride which was similar to
our findings. Zhang et al. 1999 reported the
maximum production of cellulase after 6days of
fermentation period. Ogel et al. 2001 reported that
time course required to reach maximum levels of
activity may be affected by several factors, like the
presence of different ratios of amorphous to
crystalline cellulose.

Optimum pH is very important for growth
and metabolic activities of microorganism. Best
enzyme production was observed at pH 5. Different
workers (Ahmad et al 2009, Margaritis and
Merchant 1986, Xia and Cen 1999, Kocher et al.
2008) reported that initial medium pH in the range of
4.5-5.5 was optimum for carboxymethyl cellulose
production. Liu and Yang (2007) stated that initial
medium pH has strong influence on enzyme
production, if the pH is too low or high there was
poor growth and the optimum growth and enzyme
production was observed at pH 5. Most fungal
cultures require slightly acidic pH for their growth
and enzyme biosynthesis (Haltrich et al 1996).

Ahmed at al 2009 reported the optimum
fermentation temperature of 28°C for endoglucanase
production  from  Trichoderma  harzianium.
Stutzenberger (1971) studied on cellulytic activities
of Thermonospora curvata using solid municipal
waste as a substrate and reported the optimum
cellulose production at 45°C. Margaritis and
Merchant (1986) reported the incubation temperature
of 44-55°C was optimal for cellulase production
which was near to our findings.

Selection of a proper substrate is another
key aspect of SSF. In SSF, solid material is non-
soluble that acts both as physical support and source
of nutrients. Solid material could be a naturally
occurring solid substrate such as agricultural crops,
agro-industrial residues or inert support (Pandey
2003). Low quantity of substrate exhibit low fungal
growth and cellulase accumulation while higher
substrate level may show extensive growth but
cellulase accumulation was reduced. Haq et al. 2006
reported that 10% substrate level was best for
CMCase production by using Trichoderma viride.
Xia and Cen (1999) reported that 30% substrate was
best for cellulase accumulation.
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Number and density of spores is an
important factor in the fermentation experiments.
Inoculum size controls and shortens the lag phase,
smaller inoculum size increased the lag phase
whereas the larger inoculum size increases the
moisture content which ultimately decreased the
growth and enzyme production (Sharma et al. 1996).
The pretreated wheat straw had maximum enzyme
production with 10% of inoculum size which was in
good agreement with our findings (Fadel 2000).
Omojasola and Jilani (2009) worked on cellulose
production and reported that maximum glucose
production was observed with 8% inoculum size.

Every microorganism requires some moist
environment for their growth. In SSF the optimal
moisture content depends on the requirement of
microorganism, type of the substrate and the types of
end products (Kalogeris et al. 2003b). Gao et al.
2008 reported the moisture level of 80% was best for
enzyme production. Xia and Cen (1999) reported that
cellulase production was maximum when water
content of 70% was acquired in koji fermentation.
Alam et al. 2005 also reported the moisture level of
50 % was best for CMCase production. High
moisture level enhanced fungal growth and cellulase
production when lignocellulosic substrates were the
carbon sources in the SSF (Kalogeris et al. 2003b,
Panagiotou et al. 2003). The demand of moisture
level in solid state fermentation differs on enzyme
production, substrate, microorganism and particle
size of the substrate (Sharma 1989, Fadel 2000,
Omojasola and Jilani 2009, Kalogeris et al. 2003b).
When the moisture level was too increased the media
become clumped and there is poor aeration and poor
growth so the enzyme production will decrease
(Alam et al. 2005). Muniswaran and Charyulu (1994)
observed that high moisture level increases the free
excess liquid in the medium which ultimately
decrease in growth and enzyme production.

Cellulase enzyme extracted from termite
showed the optimum pH of 6.2 (Purwadaria et al.
2003). Peciulyte (2007) isolated cellulolytic fungi
from waste paper gradual recycling materials and
stated the optimum pH of 4.5, 5.5, 6.5 and 6.0 for
Aspergillus niger DPK-cl-12, Gliomastix murorum
var. murorum, Stachybotrys chartarum DPK-cl-111
and Penicillium funiculosum DPK-cl-19 rspectively
at 30°C. In an other study (Soni et al. 2008) a wide
variation was seen in optimum pH of CMCase
produced by different fungus such Aspergillus sp
showing optimum pH of 6.0, A. terreus pH 6.0 and
M.fergusii T41 showing the optimum pH of 4.0. Lee
et al 2008 purify and characterize the cellulase
produced by Bacillus amyoliquefaciens DL-3
utilizing rice hull and reported the optimum pH of
7.0. Optimum pH of 6.5 for cellulose was also
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reported by Kim et al. 2009 which were isolated from
marine bacterium Bacillus subtilis subsp. subtilis A-
53. The wide variation in pH might be due to the
different substrates and different microbial origin.

Cellulase enzyme from different microbes
show its highest activities at different temperatures.
Cellulase enzymes of termites have optimum
temperature in the range of 45-50°C (Purwadaria et
al. 2003). In another study (Kim et al. 2009) the
CMCease isolated from Bacillus sp show the optimum
temperature of 50°C. Temperature profile of
endoglucanase  from  Penicillium  chrysogenum
showed that the enzyme was most active at
temperature of 48°C (Nwodo et al. 2008). Our
findings were in good agreement with Gomes et al.
2006.
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1. Introduction
The term “burnout” is often described as
“emotional exhaustion resulting from the stress of

interpersonal contact” an exhaustion from
excessive demands on energy, strength, and
resources. It is a specific type of stress-induced

condition that affects individuals engaged in
“people” work (Davis, 1983). The term takes on
particular  significance for those individuals
working within the field of the helping professions,
which include teachers, psychologists, social
workers, mental health clinicians, and police.
Papalia and Olds (1995) define the term burnout as,

A reaction to work-related

stress; it involves emotional

exhaustion, a feeling of being

unable to accomplish anything

on the job, and a sense of

helplessness and loss of

control. It is especially

common among people in the

helping professions — who feel

frustrated by their inability to

help people as much as they

would like to (p.442).

A further explanation of the concept,
according to Stueart and Moran (2002:297) is that
“individuals suffering from burnout typically
experience  exhaustion, both  physical and
emotional; a negative shift in the way they respond
to other people; a loss of self-esteem”. Evidence
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and reported experiences by teacher union-leaders
and  educational  administrators  regarding
explanations of the frequent strike actions in
Nigeria education demonstrate that many teachers
have been suffering severely psychologically, in
silence at least, that burnout is real, not simply a
stylish fad or a cry of wolf by teachers, or even an
excuse to cover up teachers incompetence or
laziness. One of the highly articulated explanations
of a concluded three-month strike actions (July-
September, 2009), by university teachers in Nigeria
is that their job environments have been very or
extremely stressful especially by the lack of basic
infrastructure, poor salary payment and poor
condition of service. Oboegbulem and Ogbonnaya
(2004) have found that poor working conditions,
time pressure and poor school structures are some
of the sources of burnout among Nigerian school
personnel.

Admittedly hard data is not available
relative to the incidence of burnout among teachers
in Nigeria. However, there exists widespread
acknowledgement in literature that teachers do
burnout due to stress related to their job, that
burnout is both real and a problem, that there is
significant associated attrition rate, and that the
need to deal effectively with teachers’
personal/professional frustration related to their
position is very important (Adesina, 1990; Ajayi,
1997; Ejiogu, 1997). The reality of burnout among
teachers as a very important problem which needs
to be recognized and treated is summed this way:
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Teacher burnout has a
debilitating effect on the
process of education, the

teachers’ personal health, and
the delivery of services to
students. Because of these
effects, a need exists to help
teachers understand the burn
syndrome; its causes,
symptoms, preventions and
remedies--- Ultimately burnout
affects the children. Burned out
teachers, think only of their
personal survival in the
classroom. They are not caring
or listening to their students. At
best, a burned out teacher
neither prevents progress nor
furthers it. At worst, since
(some) children usually lack
the ego strength — a cynical,
negative teacher could impair
their progress academically
and socially (Davis, 1983:10)

A review of the available literature
suggests that symptoms of burnout vary widely. It
may often go undetected especially at early stage.
Among the most commonly cited early symptoms
are general feelings of uneasiness and distress.
Gradually, the person begins to experience such
feelings as boredom, irritability, and mild
depression.  If the burnout syndrome is not
recognized and treated the individual teacher
becomes less flexible and responds to students
with cynicism or negativism — limited in social
contacts and withdrawn from people and activities.
Signs of “advanced burnout” include such teacher
behaviours as missed faculty meetings, attempts to
avoid all social contacts among colleagues,
immersion in work (the workaholic syndrome),
severe depression, and even alcoholism and drug
abuse (Papalia & Olds, 1995).

A review of available literature suggests
also that teacher burnout may result from factors
other than those related simply to one’s job. What
produces stress within an individual may be totally
a personal nature. Worries due to family problem,
illness, or even concerns over the current social
and political climate of the country, none of which
are directly job-related could cause high level of
stress. It is however pointed out that job stress
imposes itself upon all aspects of a person’s life,
consequently damaging the person’s health and
well-being.
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Burnout in the workplace is also a
management problem. Stueart and Moran (2002)
assert that:

“It is important to
try to prevent
burnout because it
is rarely confined
to one worker. If
one worker
complains of the
work environment
and/or  questions
the worth, rewards
or necessity of his
or her work, it is
sure to have some
effect on  co-
workers. To keep

burnout from
spreading,
managers need to
recognize the
symptoms and
prevent it wherever
possible (p.297)

All these problems imply that burnout
syndrome among teachers is an important subject
and should be studied. This paper highlights some
of the factors that may help in the management of
teacher-burnout in Nigerian schools. It specifically
highlights the causes, symptoms, preventions and
remedies of teacher burnout in Nigerian schools.
Management in the context of this paper refers to
seeking out alternatives, resolving conflicts
bringing about changes, creating problem solving
and decision-making. It comprises measures
taking to cope with trying periods, so that a state of
psychological and physiological equilibrium is
established and subsequently maintained.

2. Causes of Teacher Burnout

Sparks and Hammond (cited in Davis,
1983) in their review of the literature related to
teacher burnout, conclude that the predominant
causes of this syndrome are a sense of isolation,
poor interpersonal relationships, feelings of
responsibility without power, role conflicts, life
changes, lack of time to relax, school policies and
practices and public criticism of teachers and
schools.  These authors specifically mention
involuntary  transferal, managing disruptive
children, notice of unsatisfactory performance,
threats of personal injury and overcrowded
classroom as major stress factors among teachers.
Stueart and Moran (2002) assert that Burnout
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results from emotional strain and stress of
interpersonal contact, especially dealing with
people who are having problems, such as children
with special needs.

Oboegbulem and Ogbonnaya (2004)
explain that stress results when a teacher’s working
or living condition or circumstance makes demand
beyond his capacity to handle physically or
emotionally. It could be in form of disturbance in
the system, strain, obstacles in the path of
achieving goals, conflicting demands, uncertain
role prescription such as ambiguity or role conflict
and tasking work conditions.  Ejiogu (1997)
observed that there are many stressful factors in
teaching that serve to increase the likelihood of
burnout among members of this profession.
Among the specific factors cited are perceived lack
of satisfaction, minimal administrative support,
relatively low pay, inadequate teaching
preparation, administrative trivia and excessive
paperwork, and that in education frequently
attention is focused on the things that go wrong.
Adesina (1990) offers an interesting observation
namely, lack of, or inappropriate training. He
suggests, that the major cause of burnout for many
teachers is that they have not received adequate
training in order to develop and implement
appropriate student programme. He asserts,

Full professional preparation

makes the task of teaching

easier. Teaching is a wearing

work and makes large

demands on the nervous

power and vitality of the

teacher. When young people

breakdown as a result of the

strain of teaching, they do so

more from worry and

irritation rather than from the

work of teaching itself. The

direct cause of much of the

worry and irritation is the fact

that these young people

undertake to do what they do

not know how to do (p.174)

Other sources of burnouts are position-
specific factors.  These according to Davies
include:

@ Unrealistic expectations relative to pupils’
progress and perceived lack of success as

a teacher. Some teachers tend to view

themselves as “super teachers”. They

frequently  place upon  themselves
unrealistic expectations and when they are
unable to meet such expectations, they
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(b)

(©

(d)

consider themselves failures, they blame
themselves for lack of sufficient pupil
progress, leading to low esteem and
possibly burnout.

Direct and continuous contact with
difficult students. Among regular
classroom teachers, the presence of one
students who are considered difficult to
control in the class is frequently cited ass
a major source of teacher stress. Yet
many teachers deal on a daily basis with
not just one or two but large numbers of
students who are considered difficult; and
throughout not only the entire school day
but the total year.

Emotional drain of giving but not taking.
Similar to others who work in the so-
called helping professions, teachers often
discover themselves emotionally drained
by their perceived need and responsibility
to help others. Some labour under the
false assumption that they are the only
ones who can help a particular student.
Some teachers work with students who
present complex problems. Frequently,
such students come to the teacher not only
with academic difficulties but with
personal and social needs — they are very
demanding, not only the teacher’s skills
and expertise, but a good share of
personal attention and life.

Soon, the teacher often develops
feelings of helplessness and frustration,
and as the problems of students
accumulate, the teacher’s frustration
increases.  Furthermore, some teachers
tend to take all of their students’ problems
home with them, causing varying degrees
of disruption in their personal life.
Isolationism and perceived lack of
belonging.  Some teachers, especially
special education teachers continue to be
isolated — physically, psychologically, and
professionally — from colleagues, which
perhaps may be their own fault. They
isolate themselves from the mainstreams
even from their own peers, in many
environments. Many special education
teachers especially appear to suffer less
from physical isolation than from lack of
available colleague support system in
their immediate working environment.
They appear to be perceived by other
teachers as “different” — outsiders. Often
they appear to withdraw even more from
the total school environment, including
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regular contact with peers. A perceived
lack of belonging, along with the
loneliness that often accompany this
feeling, appear to be one of the greatest
sources of stress to these teachers.

In summary, the cause of stress that lead
to burnout among teachers are many and varied.
They include the following:

. Excessive paperwork and record keeping

. Frequent required meetings

. Lack of administrative support, often at
the building but also at the state level

. Perceived ineffective communication and

lack of cooperation with colleagues,
parents and administrators

. Lack of role clarity and discrepancy
between teacher’s perception of role and
others’ expectations.

o Lack of time, energy, and skill required to
plan and implement appropriate and
effective instructional programmes for
students with complex learning and
behaviour needs.

) Inappropriate training (perceived or real)
required to carry out specific job
responsibilities effectively.

3. Symptoms of Teacher-burnout

Some of these problems affect all
teachers, while other appear to be more directly
related to the myths and realities surrounding the
field of education. For some teachers one specific
factor appears to result in an overwhelming
amount of stress, while for others it is the
cumulative effect of several factors that seems to
produce a high level of anxiety. It should be noted
that many of the factors are overlapping,
interactive, and interrelated.

Regarding the symptoms of burnout
Papalia and Olds (1995) write further that burnout
is usually a response to long-term stress rather than
an immediate crisis and that its symptoms, include
fatigue, insomnia, headaches, persistent colds,
stomach troubles, alcohol or drugs. A burned-out
worker may quit a job suddenly, pull away from
family and friends and sink into depression
(p.492).  Other symptoms are peptic ulcer,
palpitation, colitis, asthma, cardiovascular disease,
self-induced phobia and some severe cases of
depression.

4. Suggestions for Remedying Burnout
Johnson (1967) in Schiefelbusch and
McCormich (1981:109) says “A problem has
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members”. Teacher burnout, like cases of
alcoholism, typically affects not only the teacher
himself but many others — family members and co-
workers as well, who need to develop a greater
awareness of the problem and become involved in
teacher treatment programme.  Thus because
teacher burnout normally affect others in the
teachers environment as many significant others as
possible necessarily need to be involved in any
burnout prevention activities. This why Weiskopf
(1980), cited in Davis (1983:18) says “preventing
burnout is not sorely the responsibility of the
teacher. Administrators, parents, supervisors share
in the success or failure of a teacher in preventing
burnout. In most local school systems, teacher-
related stress has been dealt with on both the
individual and group or system levels. Although
many stress-related problems for teachers are
caused by the system — and therefore demand
change, support and involvement at the system
level, many teachers benefit from their individual

initiative, with or without the support of
administrators, ~ supervisors,  colleagues  or
counselors, in developing effective coping

strategies. Stueart and Moran (2002) suggest that
the individual burnout teachers should remedy
their condition by structuring their lives outside of
their work to give them a sense of comfort and
control — they should pursue an active life outside
of their work environment. The authors suggest
also that the managerial responsibilities for aiding
teachers with burnout should include knowing the
symptoms of burnout and making them (teachers)
families with them, holding staff meetings that can
be used for staff support, and fostering a sense of
teamwork among the staff. If staffing patterns
permit, the head teachers (or principals) may also
restructure jobs so that teachers do not spend as
much time with some particularly problem
children, or should revise schedules to shorten
periods of time spent of some particularly
demanding assignments.  Workshops in stress
management or time management can also be
useful. Other specific suggestions may help
teachers are discussed below:

4.1 Detect Stress Symptoms Early

Learn to recognize the early signs of
burnout, such as vague feelings of distress and
uneasiness. As Feldman (2004) asserts, one can
not cope with burnout until he knows what is
causing it. Attempt to deal with these symptoms
before more serious symptoms develop. Do not be
producing high levels of stress, try to arrive at
reasonable solutions, through joint planning to
remedy the problem.
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4.2 Learn to Delegate Responsibilities

Part of the teacher’s problem may be an
unwillingness to give up control. Some teachers
feel too busy to delegate- feel they don’t have time
to invest in delegating and supervising someone
else. Others often feel guilty dumping on others
undesirable or grant work. Some have difficulty
depending on others. They are imprisoned by the
mentality: “if |1 don’t do it myself, it won’t get
done right”.  Others are afraid of becoming
dispensable, that if someone else can do their job
they would no longer be needed or have value.

Morgenstern (2000:171) however points
out the delightful aspects of delegating
responsibilities: “It allows for a very healthy
interdependence among people. When you work
as a team, it brings people together. Relationships
solidify as you share the workload and learn to rely
on one another”. More important, a good deal of
teacher stress often can be alleviated if only the
teacher can learn to more effectively delegate job-
related responsibilities. Very often the teachers job
is made a great deal less frantic if certain
responsibilities currently being handled by the
teacher is dedicated to assistant teachers, teacher
aides, volunteers and secretaries. The teacher has
option to delegate to (1) experts, someone who can
do it better, faster, more efficiently than he can,
which makes instant time saving; (2) an equal,
someone who is just as qualify as he does, and who
can do it just as well as he can, with minimal time
on his part to explain the job and give guidance (3)
beginner, someone who doesn’t know how to do it
as well as the teacher but requires the teacher to
invest some time to train and supervise him. Great
rewards are accrued to this: The teacher becomes a
mentor and a helper of someone to shine, this
enhances his confidence in his abilities. As
Morgensterns  emphasizes,  teachers  should
especially delegate the following kinds of jobs: (a)
tasks they are not good at doing, and someone else
can do better; (b) tasks they do not enjoy; (c) tasks
that deplete them of energy or time needed for
more important activities. Effective delegation of
responsibilities could also enhance individual and
school organization and coordination which can
also minimize teacher-stress and burnout
(Oboegbulem et al.)

4.3 Keep Informed and Professionally Active
One major source of stress for teachers is
the fact that they frequently get so caught up with
day-to-day activities that they do not stay fully
informed of the critical issues in the field including
their own professional rights as teachers. As
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McCay (1989) suggests, teachers can increase their
output and reduce stress as they increase their
capacity to get accurate, clear, fast impressions of
what is going on around them, especially their
profession. Among the numerous ways of “keeping
above” professionally are participation in the
activities, programmes of professional
organizations and unions like the Nigerian Union
of Teachers, the Teachers Registration Council of
Nigeria, and the Classroom Teachers Association.

Teachers should subscribe to professional
journals; attend professional meetings and
conferences; organize local and professional rap-
sessions. They should participate in inservice
training, seminars and workshop sponsored often
by the Schools Board, Ministry of Education,
Nigerian Union of Teachers, Teacher Registration
Councils of Nigeria (TRCN), the Nigerian Teacher
Institute (NTI) and the Science Teachers
Association of Nigeria (STAN). If nothing else,
participation in such activities tends to prevent
professional isolation. Although participation in
such activities may not necessarily provide
solutions to specific job-related problems, often it
provides a forum for sharing ideas and frequently
make the teacher aware of not only their rights but
also that they are not alone in having to deal with
certain problems and issues. This awareness may
help to reduce stress (Fajana 1997). The recent
successfully concluded legal battle, undertaken by
the Academic Staff Union of Universities (ASUU)
against the University of llorin in defence of their
42 colleagues whose appointments were illegally
terminated by the University has shown teachers
that membership to professional associations can
serve as haven for their psychological, social and
job security.

4.4 Seek and Demand Needed Training

Many teachers have discovered that their
professional roles and responsibilities have
evolved into something substantially different from
that for which they were trained, or simply, that
they are not meeting up their professional
requirement for the work they do. For many of
these teachers, the stress that they are experiencing
is largely related to the fact that they have not had
the appropriate training for carrying out their
responsibilities effectively. For their own personal
mental health and professional growth, they should
make their training needs known to the necessary
authorities. Local school districts, state
departments of education, and university teacher
training programmes collectively need to respond
to this growing training need. Teachers, who are
the ones on the firing line may have to take
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initiative to obtain such training. One way teachers
can take initiative for their professional growth is
by studying professional books. Adesina (1990)
opines that,

Every teacher should have his

own little library, however

small, and should form the

habit of professional reading.

It is by doing so the teacher

retain his consciousness as a

teacher and stimulate young

members of the profession

along the lines of professional

success. It is by doing so the

teacher can be current or keep

himself from stagnation and

frustration (P.175)

4.5 Engage in Public Relations

Many teachers do great things and invest
much of their time and self for their students, their
school, and the community at large. Often they
perform above and beyond the call to duty by
doing extra things to help. Notwithstanding their
efforts have often not been significantly
appreciated by beneficiaries of their service
(Nwikina, 2009).  However, teachers should
continue and even increasingly widen out in their
relationships with the community and its agencies.
They should relate well with the privileged and
less privileged of the community. For instance,
they should visit relevant funeral, wedding and
other ceremonies in community and where possible
make practical contributions. They should
contribute to the welfare of the under-privileged.
They could encourage and lead their school
children to clean or plant ornamental trees and
flowers at relevant places in the community, and to
consider what more to do to improve the condition
of the school and the general society. They should
be involved in volunteer works for community
growth and welfare.

The advantages for doing these are
mammoth. For examples, it has been shown that it
brings deeper, richer and far more enjoyable
rewards: it heighten people physiological
demeanor and psychological well-being. People
who volunteered have been found to be happier,
healthier and live longer than those who do not
(Nwikina, 2009). This explains the proverbial
saying that “There is more happiness in giving than
there is in receiving”.

4.6 Seek to be Professionally Developed
Dalton (1989) maintains that professional
development can be an important means of the
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teacher personal renewal to help combat burnout
and professional obsolesce.  He argues that
obsolesce occurs when staff lose the technical,
interpersonal, and political skills necessary to
perform their job roles. Teacher positions are so
demanding in time and pressure that burnout and
obsolesce are ever-present dangers. Effective
professional  development programmes can
promote self-renewal and help teachers to stay
current and relevant in the midst of a demanding
and ever-changing profession.

4.7 Keep Active and Stimulated in Your Own
Personal Life

As noted by Davis, much of the research
that has been conducted dealing with stress among
various groups of professionals suggests that job-
related stress can be reduced through the positive
use of leisure time. The bored, fatigued teacher on
the job is frequently the same bored, fatigued
person at home. One of the advanced symptoms of
personal burnout is often total immersion in work.
More frequent work breaks, “forced” vacation
times, physical activities, hobbies totally unrelated
to job, exercises and other diversions are often
good methods for controlling burnout. Feldman
(2004) suggests that teachers should make exercise
a part of their life, that they should have a good
night’s sleep, eat well and be physically prepared
for stress since it takes toll on the body.

Papalia and Olds (1995) summarise the
measures that help burned-out teachers as cutting
down on working hours and taking breaks
including long weekends vacations. Others are
exercise, music and meditation. The advise by
McCay (1989:13) is also relevant and timely
namely, that teachers should learn and practice
self-management/organization. He says “As you
refine your techniques of self-management, you
may expect as a first dividend a release from
pressure of time (a d of work)”.

4.8 Recognize the Positive Aspect of the Job

Admittedly, some teachers appear to be in
job situations that are truly endangering their
physical and mental health and possibly the only
viable solution for them, their students and perhaps
the school administration, is for them to leave their
position. This include both teachers who at one
time were fulfilled personally and professionally
by their work and who were excellent teachers by
objective standards, and those who probably are in
teaching for a number of reasons — all of them
wrong.

However, the vast majority of teachers
who find themselves experiencing symptoms of
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burnout fail to recognize the more positive aspects
of their job, instead focusing exclusively on its
deficits. This is not to suggest that teachers should
ignore job-related problems. Rather, many
teachers appear to allow relatively minor job-
related frustrations to grow and engulf them
completely. Some teachers often tend to dwell on
what is wrong, not on things that are right.
Possibly the system promotes such behavior. For
instance, it is common to hear that “teachers
rewards are in heaven, not on earth and now”, and
that “teachers’ salary and condition of service are
poor”, at least in a relative sense. Ejiogu (1997:45)
says “the present apparent devaluation of the
teacher and his job (in Nigeria) has no doubt set in
motion of self-fulfilling prophecy whereby the
teacher internalizes a low opinion of
himself/herself and the job”. Teachers should
however focus at the positive aspect of their job.
Since the ancient times it has been imbued with
nobility and dedication of purpose by philosophers
and poets. For instance Cicero (cited in Sadker &
Sadker, 1998:25) once asked “what noble
employment is more valuable to the state than that
of a man who instructs the rising generations?”.
Definitely none.  Henry Adams (also cited by
Sadker et al) says also “a teacher affects eternity;
he does not know where his influence stops”.

Feldman (2004) has further, an
encouraging advice, namely, that teachers should
“maintain an appropriate perspective on the events
of life”, and that they should “make peace with
stress”. He asserts that,

A life that presented no

challenges would probably

be — boring. So think about

stress as an  exciting,

although admittedly

sometimes difficult, friend.

Welcome it, because its

presence indicate that your

life is stimulating,

challenging, and exciting —

and who would want it other

way? (p.374)

5. Conclusion and Recommendations

Teacher burnout in Nigerian schools is
real, not a stylist fad. It has debilitating effect on
the process of education, on the teacher’s personal
health and on the delivery of services to the
students. Its proper management is vital. Teachers
may find the above information helpful in
understanding the syndrome, its causes, symptoms,
prevention and remedies that aid in the
management of the disease. Further research is
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necessary to document its incidence upon the
Nigerian teacher’s physical condition and the
student’s education. Burnout need not be a silent
disease. Exposing its causes, symptoms, and types
of prevention is vital if it is to be eliminated among
Nigeria teachers. It recommends with emphasis
that the school management should know the
symptoms and make teachers be familiar with
them; should regularly hold staff meetings that can
be used for staff support; foster a sense of
teamwork among the staff; and should restructure
jobs so that teachers do not unduly spend as much
time with particularly demanding students and
assignments.  Workshops in stress or time
management should be mounted regularly. More
teachers should focus on the more positive aspects
of their job instead of focusing exclusively on the
negative.
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m,, M, = hC/87G =1.187x10""g’ (1d)

£ EHERA)F, MRZEBFKRE, m2RREUMAEER, FINESETFENPHIRE, m, M,KHRS
ERR—AEH. XHIEXT BRI RZRA—ANEE RN RS MUk, BHTM, # 0, fmg # 0, BT
PAM, Fim,, EAF AT, HI—FE L e HHEKE. BIEFHEPMEAEYS, HMIAARAT
2P AE, m A MFERFR KT, %jcﬁﬁmss ST B/DEM,. FHItEd)REH,

m, =M, = Mhm—(hC/SnG)m—mn =1.09 x 105g af

/\JQ (ah) HEAXHBREE, ERKRAEL. B4 GHO2RHBREMAR,MRLIBHEALET A, T

TN Fmy. HTNZESARIRRE TESEME, | AN R TEESHATSIAN, m, FAIE
ﬁﬂ&ﬁﬁﬂa%&%ﬁﬁkﬁﬁﬁm

AXRMNELNBFRERNHE—PRE, EEERFZHFUNSMFE L. BRI LEXEMUE, &
REPEERE—RN. AXHRIETERLERFE AN, BAEFRAR, MHEBAE. [Academia Arena,
2010;2(7):39-63] (ISSN 1553-992X).

[<8diA] . BIF (BH); B/DERR Myn; T HERRBR; HHTHRT--m,; I ESBHN—
HQR; )" SUHX £ 75772 (GTRE); {HE R R F-; T8 B4/ RH;

A, RABTFhess. TCHAT. BRFREIS R, B S 5L P R

(1] . DERBFK W EBEPREMGE, R0 TR S RS HAE H A LER, RN, BTk
SR < R A SRR ) AL AR R i 208 A SR TR M /D o W R < R B R A IR A 5, R
Arei RAETUIN, NI E S BRI ARE A

T, M, = (C*/4G) x (h 27k) ~ 10*'gk " (1a)
IR 5] iR oiE s Re R A =, AR (1b) A TR EER, b,
my, = KT}, /C* 12l (1b)
THARYE S2 FOVERE ) SCAH 18 77 R R R AR A

GM,/ R, = C %2 M (c¢)

M (1a) F (1b), IREZ S HE T,
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my M, = hC/8aG = 1.187x10"'g? (1d)

AR (1d) 2 BT R, E w2 AR BERm M NE R, I Amg 0, My 0, 17 Hmg 5
M, EERTEBRA . W2, my FIM IS e A MR . [FFE, F£da)z, T, MyAEE, B4, T, #
0, MRIEHRATEZER, Ty #0, FTUAM 0, Fril TyMIME% E A MR . FFARYE SO A e K T2k A
B XAEIR 2K ImGETF &N EIMy,, BIRM= My, =mg. M (1d)A 15,

M, =M, =m,= (hC/87G) "*=1.09x10"g (1e)
METF5 118 B%_(hC/82G ) =m,, " FFLL

M, =m,= (hC/8nG) "*=m,=1.09x10"g an
myR,= h/(4nC) (1g)

B B () AT, RRIEBAE B 45 SRt Rt R M M8 R B /S RRIRIM, 45 T B S8 L m,
TRIEVE RIEL B, (Planck Era) : T--ZRIFAMM LR, R, m—BIFEEMA AR, BIE
&, h—ZEAREH = 6.63x10giem’s, , C —KZE =3 x 10"%cm/s,, G -ABIIHEH= 6.67x10
Som’/s’sg, WK% B H e = 1.38x107 °giem”/s’k, L — BT T — W WIT0RE: Row » Tom?d B R
ZIN PR M AR A AR Ry AR T 2242 b BRI FE Toms

BT (hC/8nG)"* =m, P, BN B Myp=me = m, (I ES B HIT,

my = My, = (hC/81G)"” = m, = 1.09x 10”g. (1f)
Rpm =L, P'= (Gh/27C*)"* = 1.61x 10" Pem (g)
Tom =T, *'=0.71x 107k (1h)
Rymmys = h/(47C) = 1.0557x10 ecmg (1i)

M AR H SR R A 1. AARADb) , (10F, BEHEM,, Ry, T,, myeA 08
oo, IXIEARS SUAHX IR AR ML “&F 87 MJRE . H2&Ma), (1d) F (10) 3RKE, My, Ry, Ty
mg 4 NMTERE 1AL 0 8l Ao, Xl R E & RIAH s AR #MET E MR, 2. 4—1 %
TTERVE AN IR R-PIT G, £ AN R S 2 & R ST AW b UR AR, ARk DM, IR ET, H
B JE AR N M = my = my ITERVETHE RTE S48, 3. 4 AN (1a), (1b), (1c), (1d)FiAE 4 A B2
M, , Ry, Ty, myfERFAMALER, FFEAR. S0 T RIF 4 SHEMTEER, FIHEREL
i, RERESRBEANTHIRSELRR, MERRABKREWRETZH, HEERM, , R, , T,
m I BFEKNERRTEMEN. 4. 2L, BRANERLHKEEEY, MEEFRIIFEE-VWEN, M,
MR, X, T, AmgED. Rz, EREESEHNN, M, MR, B/, T, FimJIEK. EELGIS. HEE
M, , Ry, T, m IR, 2¥meMREMEE-YRE, 4RESEMFNEREERTLE LHEF
e, BPAH IR

[2]. BRESETFESNIE. TEEMAIREES (original nebula) FZH e E-WRFIRELRE, £
EIRGECN—AB 5, Ao R B A R E S R Ak SR 51 0An, R e 4 R IRIRE O B
TAMpm> B My, = my= (hC/87G)"*> = 1.09 x 107°g. KLk, 3k B SRR A& S 4 RS AU 4 AU 2= DA B — 4]
S IE ) R R S R - T R A OB FRE R, A AR X . AR aEERIE, RAERSNR S
REeEET, A oUds, I SNSRI SR e B4 =S R ) SR 8 P B SEhr i e S 2 1

B —HE =R A mg ERETOES R AAMKR, 1MHakTRsh - FERIRE, s s,

dP/dR =-GMp/R?* ¥ (2a)
P = nkT = pxT/ my (2b)
M = 47pR’/3 (2¢)

AT 2b) BAEER T PRSI, Qo)A ARX, P& m /£ RAEFIHRE T M 2 RERIEN K
MR, p /& R WHPPPYEREE, T2 R RimiiReE,

—3fi2 M (2a), (2b), (2¢) , (la), (1c) A, (1a), (1c) & R AL T B A F14ER, L. 1 (2a), (2b),
(2¢) MIALIEHTFREEI S 4L, Z¥da) , (ofERBEMFLER, LHEZERIER (2a) K04 # S
(22) i, MAEHREREIMALE FRBENSSEE. KNS HIM, RN ZE2FHIM,, R,

faray
=F.

M P = pxT/mg = /my x(3M/4nR*)x(C*/4GM)x(h/2mk) = 3hC*/(32n°GRmy),
-.dP/dR = d[3hC*/(32rGR’m,)]/dR = -(9hC?)/(32n°Gm,R?), (..dP/dR «R %), (2d)
-GMp/R? = -(GM/R*)x(3M/4nR?) = -(3G/4nR*)x(M*/R?),

M (1c), My/Ry = C*2G = M/R.
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.. =GM p/R* = -3C*(16nGR?), (e R?) (2e)
¥ (2d), (2e) /RN (2a) ,

--(9hC)/(32n*°GmR*) = -3C*/(161GR?),

¥ 3h/(2n mR*) = C/R?

.. R=3h/(2nCmy), BL#H 2)
. Rmy = 3h/(2xC) = 1.0557x10* " cmg (2f)
Mo(2f) (lc), B

m, M, = 3hC/(4nG) (2g)

BEEEL AT (1d) A1 (2g) , (1A 20 |, IUEHAAAE m=6mf, (1= Qg .(A)=_20 . N
HHASH mg = 6mg? FEATEHES: (22) B Qo) fEHd, HAKE R Ep FRE T ERERRHN I3, MK
FIEME, Ff SRR LR PR K 6 . Fk, WRR4m, = 6mg, N,

Lmg=6mg (1d) = (2g) , i) = 2f) (2h)

AL, B IRYE BRI BT [ A R B - R S BRI R S E SR AR X 5, T AR AR R S
BB BIRNRESELER. BIEIEA,

g = M,,, = (hC/87G)"* = 1.09 x 107g .

SETA 25 15 BREZR 2h) MERENBRE—KYE (Ex) MREER, XHHEHIESEAR
(1d), A F ) IEFHE. XREAFERESLRA T ME AN BES, BRAZHREHTA T m,, MEY
BATLAETE R, TOAT BRBCNET R o

2%, AT (2a) SLhr_E iR 4L Tolman-Oppenheimer-Volkoff 742, " (2a) ®EHUN T TOV FREH K
3MEIETL. Y (2a) A3 (1), (1c) F1 (2b) 1E AL A %M, 15 H Q20 1 (2g) HILE R EMIEZ T 51 .

3% AN, EFBRFEENESRNIEERE KN EEN FEE RREEN FIF A AR LR X,
e BT AT 2 M\ R R = iR e AL B A 4 5] o T B AR MU AR BEARIR AR I SE B . SATT,  AATIAE 51 T RE S
DB e R 2 SRR A R I R, ARSI S T, B RS ME SR R AR RS, (B LT RE RN — BT
BB E- DR, FTUEERBIFAE R ELRARYE. B, —A 5SMy CREABE) KSR, &R E LR
SHRE s HQRIF my =10™g. 17 10" g/ IR, fth & 5 £l 5 B B £ HQR = my, = 1.66x107'g = — AN 1
1 B

4%, 4 BRI E 4IRS HQR feig ik EIRVE? EAk T EE fe B TAei W B B sk ik i Sk —#,
FAESEFLETREEGRS, SHBEMME/DNT BEMFNERE R, RHBRE «T B, SRS hEOBENERE
KT RE, ERMeTEFERRAEE R, MAEHE.

5%, £ (2f) X, BEA Rm o RHEH, FTBAR#0, me#0. FTPL R A m ZRAERER .

[3]. No. 1. BAKAFREE. —BE— A RRABRZE, HIMREZRARDEFAM,, = m, =
(hC/87G)"? = 1.09 x 10 gE LB ATIRBIEN A Z B, NECRARREE-MRTIEEK, TRARHES
BT, ERATERE— AN B BRI, SRS A R — R, SRR BT R
RTROHAI], SRR A S0, T HATE BRI T8 e 4 —kE, =M.

iR 0 B PG SR8 R IR R AR (LoD

R, =2GM,/C?, (1¢)

- CAdR, =2GdM,

C* Ryt dR,) =2G(M, +dM,) (3a)

A 73 hh— 2R My, 5 BT M, & I s hlifE
C*Ry, = 2GM,, (3b)

M (3a) + (3b) + (1c)

5 CP(Ry 2Ry, = dRy=2G (M, £M,, 2dM;)  (3¢)

AR GBEZHMRPLM—NMREAAECRRBEBEE-YRMEEK, TERRNELSBIH MK, Bk
A R—ANAFE R E R R

RS B A A A N B R R N BIAM,, My, RAEREE RS IR, BARENG
FRIFRMy; H1 T LTy, 3 B i ) K SR & 5 D B E S my,, (HH T mg B/, 1K RIFEM,, WA KE
KT mg FIBER-PIIRLT 29 BIM,, TR . KMy, 2 B W EE N BIFRM,, T8 5. 552470
My, 7R TE K EIM, BT A e m-YI G . —FH e waE M — AN KRN, XAHRIANRE =M
bl + sz, ﬁﬁﬂ%ﬁlﬁ’?ﬂé% = Rbl + sz‘ %‘ﬁ/[ﬂﬁ‘]ﬂﬂ)ﬁﬂﬂiﬁE‘JAﬁiB
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7E 1998 4F, EREMPRRILH 2 AR AR EWNBZH 1a BEFT 2RI, RABANTHEMER
k. WERHEZBTFRMERKOERAS T FHPFENELEEREN “BRE” , URRERATHF
NfnsgeE. EEUAR GoNBEMMEKNE, HUFHEMERK ETRINTHEBRENSE A
PR T AR A R .

[4] . No. 2 BRAKARBEME. T8 BIRKASRSMAGEINAE M0, BHEAAN T BRA LR

R, EHPRERMER, HEEHA T BRMALER, EFRESER, T, m MFK, REERREM,A
AL AR, T IR 3 sk i, B LER, EKPRESSHR, Ty, me A BEM, 252 2R
6o FTBL, MIXANE N SR, RBIREFEHHRE L.

A f 1T B IR RITE BB AR, L EASH 2 M R EHFER . BER . LR, e
EXR. BEAIHBRAARa), (1b), (c), Ad). NX ANMAKKRE, £E 2 SHZ MR ZIME 4 NMFRER
C.G,ch MEFEBHE A, —BE T BRAKNEEM, RELEHET—ISER, T, m,, ERXKFTES
BHUMELMET. EMHEN, FEREMBHEEETHSEMHFKER, FEURALER, EHEANSH
E#HRMEAN, FEZEMAANEREE. INMNEFRIABR NP TPFRARMNFHEAG S BHAEF
—t. FTUNZENERR EEHENRNFHRRBREEUTER. FA4 M EREINCG, chBER
MNEHEEENSPIE. BT, BRERNEREEATE MHNRHE, BEERNHEE. &F
BRI XS H RS BN —BER. BIEARXa), (1b), (1c), 1d), FrPAE TFTEHHAI,

M, < Ry, oc 1/T}, oc 1/mg (4a)

BT me#0, G, Ty#0, HWIR. ALl M, fl R, AN 0, AR .

[5] . No. 3 BRKNAKEM. BREMEMEFRIIFRE-DHNEKEESENRBRENA —XREE.
TE AT AT AR A1 A B B B R T A I W e 7 5 1) e i B R AL e AR [ ). 1 IR 4R
SR ESORL- A A2 R AR R R BRI, SR A Rt S OX i SRR

AL ERZ BIAKAF . RE-WEPIBAMRHE RBRELMALER,. BT BIESENLEE
T, RS, B, BNTARG, AN E#EE, REeFaiiig. frESREN (HQR) &M
HOR SRR, FRATREN . BIRAER, L REBAMC’ = kT, AR R LEm= kT, /C* B}, mBEBIER,
LERIG| S ERMAKFE HRER L, B TFmMBERMERTRERTEE/DNTTE, MTERHKER
BREM TR ER . T, ZmWBERERER /D TTER, ©MSMME IR, R IR7E 2R
W, BRETEFHEN, BREARE - InMABRLEE. RENREEET,. X, BEMAEHS
R IEEERT KT, m B HBEAREFEEET, Xk R ENE SEHm I,

T B A gk 5 R T RE -, BT LRI AL B4R R, SR EMMERIEY, BT
PoRERE G/, I B Y REE 45/ SR 0 6 N B i BRI Re - R B . BRI R
MEEEN 2RE, MEBRNYRESEIURLE R, BIRELXAELSMEES.

o, BRI LER, 2 RIFEEE IR F .

1% B SRR my FIBETR FE<T, TSN RIRE, E mo<« T, /CRF, my #tor b BRI R, BIHE
TRk mg s, HAVERD R S EE S48 S AVE U e, B B 5a I 4s BN S5 T3 B s R T O e/ BT
my = My = (hC/81G)"? = 1.09 x 10°g T HRKE I S AE 5 B 7 400K

2% U AR TR m, > my, B AN R T T R AL AER, B ERR TR, SMNRBIBEERF RS R
T, BRI A 2 4G ot & A IR AN RIS AER,, T 54 RE E Z IR AR AR, A IR e 4k
FITA R REE- YT, SRJE R NAT R SHE SR s T ds, 25 AR oA B BB Am, = My, =
(hC/81G)" = 1.09 x 107 gl # X A7 8 BA 7 4

3% AN m, = m BE T, = To b, BT ANAHN R A2 T R T RE AR M H ), BT LRI T
BHLRCN AN E RSN TR RN T, BEEIFWRENIE, SRS B AME R B E S Sk dn, BRI K
N My = My = (hC/81G)"? = 1. 09 x 107g T X 1 2% 7535 B 7 400

HIF R, HTRFEAASKEKE /13, BRFGER B, Fik, SBFEAAESRE R, AR FH
FRERTBER mg BRLFR, XN FRAFRMAESEN AN BN, #aER, BRNESE
FREKFEETFRNT m, WE R, LRGBEMRT. AH, BRISEEIAETREMNFEERT m, 3
£ R, SMMHERIBEENR . 2T HEFE GFERHONTF, FMEHEEXTEEDT n, BHESTEER
B o — AN ABH BRI IR Mg, =2x10%g, HALF 42 Ry, = 2.96x10°cm, 1M Ry, L[ RIEIRE Toy= 0.4x107%%,
5 R AR B R B, my = 0.6x107 g,
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AT, me SEAEE/ANWRRERLT, Bk, XA KBRPH R R My, LT 0] AR AL T AT AT
REE-YI . Xl A2 R AT L L A W A £ e B4 o 1) SR AL

MR 2E 4 SR R A RE R A K,

dE/dt=10**M* erg/s,”* (5a)

B3 B R M = My =2x 10%g = My, dE/dt =~ 107 erg/s, — N KB 5 &:(Mo) I B, & BIAE R B HIme=
1.187x 107" (2x 10%) = 6 x 107g, KLATE 10% 4 KA A BE o HENE T 2% 76 T B v Ak
B, ESKNRBRERMANELEERL, HEHROBIREFAFE LR . (BESSR A% R ZHFR
EFHMAETHI “BRFX” RERRFENEFES (HOR) REUFVEMESRKEEXE, KBKEL
IR A3, RERERFIEE, “BRFX” o AREN HIAER . BIRAEER, LR T
SMHPMENTFSEZHHIERNFEKRE, BRASHFREZBRMNIOERRTFEES, TRERRAS
—AKLF, TIRAEEES . ST HAZRPEEBIERRFKEA TR AMELRrHEE. B
BH MmN T H 2 RIBARMC? = T2t FER A BIREEM, i, EEH “Bhra” gk
EREEEARIEGHER. Hih, Br5SEIFEPTLER, RT3 A R X S5 #h AT & 1 BAHE K
WE? Hit, REEEMHKAERERER. EHmEER.

[6] . No. 4 BHIAMARBME. (LM EFEEWETIHRMER-YIAE, FHIFCILLERER-Y)RmNL T &
7, B D Re -, FHR AR A CAR T IR AR, L Im C? A «Tyo [E b 1E S 2RI H A
H 1) AR EE SRR AT, BB AR RN /N B My 25T B SRy, 1 7 B AR 2R TE 2 B 40
. BIERIE— T A ATEm, = M, SARESAR SGIRIEMELR. REARX (N ,

my = M, =(hC/82G)"”> = m, = 1.09 x 10°g  (1f)

1% RBREFERALEZR, ERFEARX (1) , MRM,, BHEEWHE, LR ERmF M, &/NF
(hC/871G)"” = m, = 1.09 x 10%g, XRFERAR (1e) 1 (1) B, BRI THEFLEN.

BRI FNERELERE 4 M FEAR, RN FEARFEE —ANSHTUET 0 MSFER
Fh—NSEREBBRATR K, FTUAARTRRZERA “Fa” . Bhing+, Rmg=h/(dn C) = 0.176x10"
Temg . mAATEEN 0, BHAm = xTy C, BERAZEME, T, LAIREN 0, FiLL R AT RERATIR
K, MERKEM, =My, =1.09 x 105 git, HB/PMEIRy, =10 cm.

2%, —H My, iXE] 1.09 x 107g, BA BIRAKEEE My, C* = 10"%erg, MHELESEE m,, = kT, = 1.38x
10%x 0. 71x10%=10"%erg . BIR,

Mpm C2= kT, =10"%erg (6a)

Mpm C¥/ kT, =1 (6b)

A, My, CEBEEBRA—NMREN T, BEAREZ — A5 IRERZAELBEIE n, , B, R
BRBEHRIER SN K a5 8.

3%, HFMyn= m, X% 1.09x 10°ght, HREFECLEBFHOBEREE 107k, BHE—NEFRREE
S| hmETERAERIR T, i 10°k BSET, REBERKE.

4% ZRET /1N AR #-- Uncertainty Principle,

AE xAt=h/2 =@ (6¢)

$tF Mpm, B AE =My, C? = T, =10"%erg, HAt = FEWiH}[E-- Compton time = R,,/C = 1.61x10~
¥3x10" = 0.537 x10—*.

AE x At =10"x 0.537x10~* = 0.537x10~7, {E& h/2% = 6.63x10>"/27t = 1.06x10~77,

EHBE, AE x At <h/2zm, , XX T Uncertainty Principle. Fitt, M., FAIEEFTE, REEBIERAH
SELARSE, RAFTREMBESEISEMATR.

— L BT AAE SR

1%, AT BB #2 R S E S5 h my= «Ty/CP IR 25K T2, R KBRS T T, RIS, Ar
DL IS EU2, AT AERES, KIS AL S . (HUE A B IEEAL /N, XN, B
BRARYE . BIRGERT, RS EGl T EARSAKR, HAE I E K, Fb S = M R
T %2 o ek T, AR R 2 B RE R R R 2 . SRR ST AL A OB R, A 2R R )
FEA S ok, HBFRERDESR Myn~10" g B, FE My, ETEETHRF m, AR EE T
B, BEER T ~ 0.71x107k, BFERESELHTE FRBTBESRK, HEFNECHRENEEER
. BN Mym ERBA—ANTTEEARF m,.
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2%, T XAEXT S AE B SR B AR B AR AR B R s 4% [ SCAHRS, WSO T 2 18] 4 51 002 45 A7 75
(7, B RASCAE N BT R SE, SRR BT S /AMRSE, G0 5 1 S SR OR8] (9 25 25 AT DAJG R /) s Wi 4
T, BREER “HAE7 o BEBIFURLEFIMen~ 107> gl B B 5w RSP, LT YRR 51 1 RE 4R
2 DR JE AR AR T 78 BRI VF 22 1) e i A 1) BT 2 BPE S B s 25 8], A2 180 19 51 7 8RR BRAS 3 S AN 1
SEIT . BVEIR 51 iS5 AN G X B AAHE R 0 ok R R AR I SR R T TSR RER
TR SUHXTHE BT AR B M B AMEIR R T . B FETFHRSTSUR, |- IR R |~ AERHET
E &S %EEESREZIN K. MBRAEFERERES ARSI R L. LT
SMNER R PR HE 1 1 T SRS A B B S BeE NS B s AT, BRIz Ah, BRARRE AR B T s o D
AR N A A BRI 21357 BS 7 ST () TR 2540 e FLIE BRAS o NS5 1y A I R0 A A TG PR 2

3%, . BESRFTA S I 5 5 s fE B A0 N M, 2107 g [ 5/ SR AR JE VS 12, AN R4 “ A
W7y W, MRERRRYE T SOMR R R B o HEE BRI AP AR “ A7l ES RIS ATt 2 AR B M 1,
“ErAT HEEH AR AN, AR R O CH IR E MG E, RUE, © AR R IESR
) B 5 B AR R . TE L SEAIAE Frh, W 5 346 4 52 N BILGE R RS BIPIRAS 1 ek
A, XFRAAE GRS, MRS AR . PR SEER R RE “HE” .
Gt — ROt 55 7 W0 T ) AR B S RN B T R VRN R IR I RV . BT S S B &R
i, MREARA “HEH “, R ERE, BREBES ‘A7 ML, BROEHPEBRERS
ZHER, ENEAKAIRERD . FABNSEESHYEH T TR ERREKR.

4%, P A B A T 4 8 My =107 g ), 5EEIL T Planck Era 114k, 78 K s 8] N4
G R (], FERRAIER, B RSDRERIEN, B ERKE AN AT R AR I B ok, S 5] ) AN s S
K. 7 PIBL g ul, | SXAHMHS R B R R, AT B4 2 U T Bk 2 B B e 1
R TR “Z3057 o LR, A My, 107° g B —AN 107 k 58 P iR R ERL 7, BT
IG5 T3 R AN mg T TCIEFRUSCAE, AT R BB AE Bt e il B 4 0 T 70 R R R R T

BESR B0 /N BB My~ 107 g FIEEAA 2 — N EAKL T, A, ERBAREE R Ton Tom = 0.71x107%k,[A]
U, AT MG EHE HUE FT Py, CIEH,

Poom=PomK Tom/Mpm=6.4x10°%x1.38x1076x0.71x10**/10°=6.36x10""*=10'"atm (6d)

(7] , BFREEEDMGH (BE) 35| HRMEN R : EESYIEHE, MRS HBAENR
QHERE, —EYEABSEHAERRBNEENED, S—HEDEHRENSHRNE—EHNEE.

FREFEPMIFAERSEE, HAZERBRKMEENNE, HAMEREHEENRIAE S5 1R%EN
HEl, BVEABNSINSRN, BENSEMNRAEBEIBE KN TFENRENER, SHEFNER
AR GISN. MEMEMEEERFHARAMRE: ARERGERTILRNARENZRSI DM
B, Fit, AREBRVBERETREAMEE AR, ERASWE. HX, MERNGEHZENGS DM
HAMBA T Z BN ER L E S| DrbE, B ERE TataxtinAlEnsi . BREFEF
KEGEANESCHRARANIMENSSINIAE TRFHFE, MUAERFBKINEESRE, XHREETE
MABEBXEIFPHAOANLS A BEENYEEN TS "FHEMNA BE.
JFE/NT 10k, AR T HH Hn, < 10"%/1.67x10% =10". th- P E/N, B4 r 5] b
NEZMRIANZ BT 2450 (RIMEAE5 ) iR sE, T A SR S5 AR IR v 4, BRI T a] DASEAT — e
KR Lo

FE T FOMSLAFERIGAT AR BRI R . — A AL R R K4 10 g KR M,
=2x10"g, XEKF R KRN T BHIESNZ P A L5 234, F =Fh0r s R TAN 2P e e
Elagsskip

1*. JAEKTF 10°, /AT 0.08 MJAERITE: HPOBAEERNRERRNBEBEMNZL. ©
— 07 A SN S S ) LIS LS R 4E, — 7 L AERE XA B 2 s 5 i A LS E %, B
RIFIZI AT BEAR IR E VR o XA AR B [ A AT S 1 P 22 0 [ 5 BR34BT B U S A 0 DL Y- 167
AR LA K 51 FI 354

2% JREKT 0.08 My RESHAEE: XFERREAMETORZERR, REZRRARARHGE
B RFETORNREREAN TR, sag Kt i8R 3 0K 5] 77584,

ARFEAIEEREPOHATRRRNAESR, #0725 O (1 = BE B DAZERRHL A A I vy i
re I, REER R A AR O IR 2R 49 R SR AR 45 0 RE R 1) T A RE K I X BUIL B U Ik B C E B T AL 2
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Ao BJa, RAXNEWFERET, W, WERIKERERDEER-AER, Hd)LTHE, ek
iR — AN BT E ) R

R BH P R RS AE 1S BATREMS A B H R FH A O IR 7T P KPHAR O pg =10°g/em?®, KPH 0V
¥ T,~1.5x107k,

P, = p, kTy/m, = 10°x1.38x10"'°x1.5x107/1.67x10** = 1.5x10"" atm. ~ (7a)

XU, KB LRES PORIERETE K 1.5x10" 5.

3. ARAREMBBERESEHN, NFZEAERFANEERERBEIHANBORBERAN “F
B” . FHEBEZSHE 3/4 A, REHFE M > 0.08 My, EATHAESE A C 9 R4k 3 kL& T 10k
1 i DA UL A A SR AR, AN KD B 3 51 Wi . S5 B prf SR e s BRI, eI 40 B B B B R 8
BEBRZIE, ERRKR R M, MER4ERNE RS0 NSTERA RS R : A%, b2, BiFREk
N, R ERREEHERENT 3.5 MyMEE, EARTEZRAAEEY. REE 35~8) M,
ZIE, TTRERRA “PTFE” ™ FE KT 8 MyFBFERNELE, THRBAKIEHERAN “BF” .  AX
BEZMARKULE, MEHIR.

4. BBRE: OEENREM,, YEFREHEEETIRENE, BRRKE (B M, <14 M, , &
B BBRE X RER ERRR.

FE R R R ET,~10000k. My, —-FBEEFIRE: pWw-ABRENZOEE;: d--ABEMNZORTZ
FIEE RS ny—-F RO Sem® KR 75

pw ~10°g/em’, d, ~1.2.x 10" cm, n,, =104/ em’. M,, <1.44M,  (7b)

JEF BRI ST KLZ1077 em, FTUSEABENG, HPSETFZRMEA/NMITR SIS,
HL MBS T R AR D L, X B[R] RO TR L B . BT R TRV R A A 2 T B T AR
By 7 71 Re B AR A% D AMAIR T3 Bl J1E3RGE, T O3 N10%g/em® EAIABAE . (B AR IR
FaE M, %%ﬁﬁzﬁéiwﬂfﬁ&/mr“fn AHWMILNE, ZUBTILFEZE, ABREASAHNEILEE,, BOVE
BAE . HEH RO TR SR (37048 AR UMEE M AR EEAEIX — B, mABREE R
TR RURN, BRI HAER TR, HEBERREGKE1.44 ML RER 2 R R ER R
B, 2BONBR-E B %R B R ORBRAMER TR PR IER ™ R La BB H B KB IE, Tl ek
HEE AR .

5S¢, PR PTFREFEMM FIRM, > 0.1 My, MILERM, = (1.5~2) My, SEHEBREZ G, BN
AR (B M, > 1.44 My b ERIRBE, BIM, = (1.5~2) Mpl, £ATTFE. ditth FAE%
T 2 [ B AR A AT B [ B . PP R A 4R, O AR B O I B REUR: p a~5x10M~
5x10" g /em® AR R T2 A PE B d,~1.2x107° cm = JR T ERR, FIEDRTER, ETEREEMH
BHE—RERAEEMEEZ"H T 7. BTFAEIDERETFEINGS), MEEFHEZANFERTFERATT. &
AEREZLHZTFHEERKYE R CRAE TG, RREAZINBEWRNE /8%, &P FENEAEX
ZIN33 N EL,

3

: FE*I#EP%%@J’E

e W T gfcm
- AE?E:EE
l 3 x lﬂlsg.-'cm

*?EB‘J%WQ(E LKL Astro Group)m]
EPﬂeM F— LRSS HUN R
= (1.5~2)My, p ,~>10"~5 x10"g/em?, d,~1.2x10™" cm, n, = 10* 4/em®.  (7c)
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T ERREEET,~107 k, Kk, HRmAIHE P K E]:

P, = p . Tok/m, =10"x107 x1.38x107%/1.67x10**~ 10*atm.

KU, HHRNEES Py~ 107 atm— )y T & 4R TR RO PR, 55— T A 52 Lk
e R FE AR RO e b2 . TP i B ARG, F v e A T DR I e -, PR IR AR
AR M3 My ~2My P FEAKA R B O BCON IR, FOAHANZREARE &, Tekarwt, TiEmp
WY, Tt BEAREE R, EREN, N REER O ER. TR REEERKRE KRR EAENYIR
Ja, WMRFEETEAER-FRRFIERKE, BIM,> 3M A, HFIRE “WHRFH” WAERE I IRER,
BREPRBTRATTEE, BERARR. R b7 EINTEA R R TRk, SASIEA, miE
RO PR BE 5 i oA — A AR

6*. M, = (1.9 ~15~50) M, HI18 E % B KT ik

F—. FMEE > 8 M/ENEEAEHERRZE, RELAERRE (B M, > 3M, (RAER-IK
IRBRIRIR) B, M ABHRSBBERAN— > SIMMEERBF.  “MHENE, TERERNAE W,
— R AR ORI RENER AR B, R T R A AR Y R . FEAR AT DARR 2 P R A [R) R
R, —FREEMAE T RBERE3~50500/NET, 75— EMHE T KBER1005 ~ 108 E 7
IR . M R R TR Z A AR BT, BREZAT—EA Gl B R 36 [ 3 B K 22 BT 7T
NBAE (R EBE) ERFWSCUL, LT AT /R74"(M74) 2 R — IR, HRENT g
TR, i K FAE R R B, (BB BN, 756 S o IR f AR .

B NHRHITHERE, B My, = 1.9 My 2] R B 1EE S B /NER, BB HIRAFE
. M B EMSEHWERT A, HO O RGBT (G —MuliE2 s o Rl TR
O RN, TAREE BRI B REZ O p, ~5x10g/em’. IR AGFWILEE p, > p, =~
5x10 g/em’ ¥ FIF B 24 HAT 1B R Mo 1% A 30(1e)FI(196),

Ry, = C[3/(87Gp,)]"? = 0.189x10*C, ..My, =R,C/2G ~3.8 x10% =1.9 M, (7d)

“F TR RIB AR AT HOL R F 8 d B VAT JE B R A A S AR I M AZ L2847 1) 56 [ R S 32
I RE AR 73 22 2 A T — K. ZA /N BIFRKA S HXTE J1650-500, FLIXA™ B KR RN
RAFHRER 3.8 f%, Bl REFE B/ EICK BTN T AL, SR RMHBEER 6.3 5. MMAfk/NE
TR R AR TA 202 R CEF AT, MERKMRER 1.7 £F2 2.7 . WXE/NIRER R T2
T WEBAIX— FRAISEIE, A B4 2 5 T U7 bR AR A 5 0 3% b A o PR 53 T Wl R e g R 3. 1)

F= HEFEFEAM~ (2 ~3) MMM BT ILETE T8 i AW 203X Foh 9 7 1) 82 2 280, 1R
HME DL W S B AL . AR AT BB R K S fE R AR R R R S, T OB B B B IR DU RS fa
b R4 A8 M~ (2 ~3) M1 2 2 SR

F. ERE: WirhTEEAE G IZETR SN ) R B AR R A PR CR S, ATRRSE RN
% vl B S A RS R AR O BRI, IAE SO B P AR E LA S R, Wl EEEE RX
J1858-3754, HHAGMmARRK, XMVFRAEFHTRURMEREIEG wE KRR .. &Gt ae -
YR, 5— 7T, eI KI5 A ANE e B AR KM R . RS wE A RaE
Wi FC P A2 5 A1 S BE B - R B R B T S0 B SRR, 2 SR R REAE T A S Re B - 0T AT A W 1
AN e - AR SR T T

B, FTESEHEFBRKEE: () . P TFEMNEBRGEEARZ R, 2072 —FE AR,
BB F. 1MRFRRAE AR, (b). BT EMRERE L) I eE 0.8C. 1M S 136G & e iH C.
(o). T FEMRIREIET G, RENIEFER, RFEIEEHR, I o B, v SEART Woh, BIFEM L
B, ek, ). P TENRAFREAN (1.5~2) My, 18E%EIFKREZBINE KM 3.8 My~15
My, AHREIEZ] 50M,, FARIEKIL T RE~150 M, HEREE.

1.75 My P FE 5 ZIRM ELE:  “Strohmayer FT &I+ 728 T1HE R EXO 0748-676 11—k 4, 44
WAL FEROR S 1) R B, SR 30000 SRFEMEEE . XRhFEREALN 7 EE (115 A8
JRELIAKIN 1.75 5. M % 7R R E Myss= 175 My = 3.5x10%g, NIHEHSEUETTHE S,

M,175= 1.75 My = 3.5x10%g, R, 7s =11.5x10°cm, p, 175 = 5.5x10"g/cm’, (7e)

B— AN EIREI R E Mp;0s = 1.75 My = 3.5x10%g, AHN &% S HE 52,

My 175 = 1.75 My = 3.5x10°g, Ry;75=15.16x10°cm, py75s= 5.75x10"g/em®,  (7f)

LA AL, Rpiss=1/2 Rarssy Pp17s =10 paiss (7¢)

7% BRI ANGR, HERZBRNMATREA “FR” -
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By EESEMTHYEA, FHAG L T H B PSR A% R T R AR R Y
BRSBTS R AR B R G, AR, BT A R E B E BB H BB EX L (R
P2 FAEBERKINEAMEHSEETR. XEBEEGE MBI EMFELS, HRHEEXERY
BB AR 51 1354 5 B B BT R R A X AT AR R I B P RO AN 5 x10%g/em’ 1] (38~50)
M H/MER R B EXEEERBRANT, CLBEET AR &M, g IS E R E /D
B, BAReEHIT RYE? J7—FRATHAmE R FFEE S b B, BABENERKKE
fro FTUL R geFRESN AR B R E- MR KA EEEE, RES5RBRETA—.

%, HETfEFH PN B K EE S BEREEMN (3.8 ~15) My, HAANWNHZEEAMN 10%/em’ ~
8 x 10" g/em’. x5t i, HEZBRMEES S FRMNEELFRHERK, MAKKLET. RALHF
TFEMRWBRATKEFHUhFENSHSO. B, BN AL SO 18 8k o 25K
M4 “FF R o 7B AL R B B AR T DR A T T AR A N R, XA T 2 (R 3
RIS R B BRI SRR ML 5 DIRMERIEE T, FORBIANEF 2 A BB /N T 0.8 10" emf % R I
AFS. . n b R A 7R LA ) S i R A 4 B ) SR AR RS B B R SR s B A ER 51 3R
%, BEH2ANBEHBFERANTE. HIRTH, WMRE 1.75 My BFAAE, HEEH AL RETh
FEBOIEEp, ~5x10%g/em’, T 1.75 Mot B A7 a2 10424, trhFRMAEGEKAS, XK
RFL P TEEMRE. PTENRORBET, MEEHA ‘8”7 , AFEEELHBETNEREERS
Ay RIA A EA R BRI L “BF R . EAAREETHPRINRDRRAALE 3.8 My, HTFIEEL
175 M) B D2 MK 4 208 10%g/em®, BEYR, HZOWREARBETFHRTFHRFT, HAK
EATREHELAT A, TIEE 3.8M, 58 K18 B 2% BV DR FL 5 SE G, ol B 0 W] BEE L Y SR BRAE H R 75 4.

B=; BRBRETWTHTRE- MG, WAMERRNESESMEREEAA LR, XHARR
WERZRIARI N BT RN RS, ARABZNKFTERE-MRBEFEEA LN “FR7, MR
FIHEE-ME . RAARXME, BRAOAFFRREIEFARSEN, FTHeFESRN K.

B0, RERBREEVRDEHRENBLR, BEATE, EAckg. EERBRNEEATLRE
HI TR, BRERA—AKHEERENRR, HEGEKE 10° £. BHEWLKE G0 RIFER A HER
HREN, ATRHIALHT REER “&FR7 FE, BOVBEAHRERNGE T, mmEdest Bk, @
HRIEAN L TR, BT AR R FRORE 1 AN SRR, X, SRR P R B AR5 HIR B AN B 51 A0 B SR 4 A
FEE, NMBEBRFRKKER. BEERLFNESR TR TRILDEMER MK ERETTESE.
R BRI b % JEE 0 A B PAY 0 SE AR 1T SE M S, LG A RELERF AR IO, R B 1 3
T, My =2x10%g , HAariakis 10° 4, /Bl Tias hmataME SR Tiay, FrilaEam
o fRIA —NNERBTEM, = 1000ton, HAGMmHRE 1 . FEP—FULNEEHFHE, BN
ERG, Kb, #AMaRGRRAERGTE R )G, et Lo S s - Yot im K DA R % L,
KRR KA AR o 5 07 Pt A AT L it e L) Bl -0 o i AT M 5 22 ) Y ) BRI (L AR 5O
gt Has, HERR-YR ML),

B EEEFIRESIERZBIE N, b BIA B R % B ~5x10"g /em®, B 1.75M, B
BEAKBTHRATLHER. t 1.75MRIFERRR, HpOREEREMR. XRATHS @ ERIE
P R AR B ) % e AR AR ML ) O BT RE T BRI R B E AN T 5x10'%g Jem®. UL, ZETHEFBIRAEA
AR/ R, FOAEAR AN W e B R A BRI E M E BRI ZIRRYE, AT RS &
Ko (HIE, BRN/NASFE RIS AL A AR IR IR NG A . i AN A2 IR AR T R 2 I 2 T
TR T H TR R R R B MR e R, ANREU TR REAE KRR R M RER B4
BTG S R R R, SRR TR R, DU AE R a6 R A AL 2 R TR R R

[8] . EERBRANERNEEEFEELTHBRMAREN.

1*. B R(7g) 0T LR, i b T R 80 /M a2 8, Loy T, A AU
B&EFF, EBRABEELANp,=5%10""g/ em’, 2 i BRI =4 552 5 T RO MK E ) FE48 1T AR -

Bed, REFELAp, ZME TP TFZIEMER, N Aem® N TFE,

Np = pao/m,=5x10"/1.67x 10 =10%

d,=(1/N)"”=10""cm (8a)

M @a)F] W, FFZ HHKEEd, MFETHFRBETFRER. i, Ep=5x10"g /e’ F, HF
BR8] RN e —ilE, RASREE RiREEMBANET « JTF RS HS wEm R .
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2+, HTFFHPEE <2M, FEF, T ERHEEp .~ 5x10%g/cm’ SR FHPYHRITEFNEREE
E. BAFHETMAE BN ERIENFERAEIE, FUEEp>5x10"g/em’ FIYIFRA AT &8 H I

3%, BEARIE R 2 SRS T B B, A4, HEELBIERRIEE % EIR A 34 70 v Be R AL AT
ERIE, HBRATREF= 4 p >5x10 g/em’ FIWF . F55IR>2M, HE K HBIF, WIMHFEETFHERAL, 2R
BEX, FEAMK. T, EELBEREERE, AMES HBEORERAEE, LLTRHIETA.

4%, BERIEFEES<10g/em’ MI%ZMET, BRFHRESE, REBR, BAEEEXIL KN (FEER
BB , RFASWBERTRA R OFTR? fEEINN, IANBERRIZR 107g/cm’.

FRE & BIAE R A AR, T —AMEEARE R, ARG R R 2 M. Bk
Sm—AH R IRAE AN, Se—IB4EE M, Me—AKPHF & = 2x10 Vg,

Sp/Sm= 10"*M,/M, 1! (8a)

Jacob Bekinsteintg i, 7EEEZMT, S,= S, BEMH, HEEERAENEEAZE. XFE, HMAGa)
B H—ABIFAM,, = 10Yg. XA B R 5 5 1R/ BF= My, "

My, =10"5g B35 BEp 1, =0.7x10%5g/cm’®; Ry, = 1.5x10 Bem; Ty = 0.77x10"2K’; my,, = 12x102*g; (8b)

5*. MBekinsteint}{EEIBEM R EARWBEBET AR EEEEER LS. BekinsteintfE&EAR
B RIET —AMEI SRR F AT, FHAEBSMEMET. EERAAHEPHBEANDEE L. EHIA
N, (8a) MZATHAREERFAIEFHNEENYHER.

B, (8a) RATEEE < 10¥g/em’ MRETREFRAEHN . XEREFIERRFIE LSRR 41
R FREHBERBIRES M, TURTFZEREHFBEHRET. RTFEABTF AN SRR TFER
HEEE (FE) , HEMRBERAR. HK BRAEEMN10 gem’ ] 10%g/em’® BT+, RERZE
KIE WSS, A RS, Mt E. Fik, R hF@aEmAsREEANT, 2N, REE
EREPHBETNEAEER. 52, ERHERERIEHMEETIE 107g/cm’® f 10”g/em® 2 [AE7F.

BEAMERERNSR: REFH PR ERNSRINRIEREHERE, BN ERERENR
RE YR G RREEY) 5x10%g/em’ R FESBPNEERBROZEL, BTFAR . ANEE
5x10%g/em’ B 10¥g/em’ FIBZESE KT T 2 IESIHINTE, BT RSWREBIR. XISt VERE R FES
HHE 10 FHKE i I R R . ZEMN 107g/em’ BB TR Fm, § 10%g/em’ KI3R4E 50U
S EREHMIEEEE, RFEeLBERnERT . BAHHRTRAESEPESHZED), RABHT
REFHRSE, AEEET 10%/em’ B, BIFREAHTAUR, NETRAES, T UHEMBRK. XA
AR v 178 A a2k B F AR
_ HEZRESHEET SUEMRREAR, MR EES IR X 2 FKES, EEERAT, YFRARRE
BB REE, RAMEFLHEEL AN gem® « B, NEEEEZOLEE AN yem® HBRENZEE
N 10"g/em* R FE . EARRNEFI1EF S AR 7707 DU R A0 g/em’ ~10¥g/em’® R, RIEE
A 10%g/em’® ~10"g/em® MFTE. Fitk, HERT 2 HrE A KBS R AR MR EAA, BB FRI5] ]
PAE R b s 4E . X2 AT DABRARIK . SR, BUZE U ) 22 SR A B P ) MR 5 M B B 51 JJ AT LA
WaERA “FR” , HEEHMmAZEEN.

(9] . TAEIEEIE My, #10'%g: HL7E 1971 4F, EEE LI 7T MBI B IS, VTR, —&
NAPW AL FHBE M E KRBT, 204 oA R BER B, A 0 B — e e s, Hk
U M BAE () — AR 7, (R T8 RIBIERAEZ bR, SR & 1) SRR nT Re AR R Rk, 2%
% 1B L H AT AT B A7 AE A TR R X it A /N B M, o

BATF IS RS T = 137 124,

BB — BRI Adr « (AT

= 107mM3, & 9a)

WIREE G AE 1971 SR IR T8 /N B My, IS MBEAEEE T T8, HRENIZE:

My, > (1077x137x10%x3.156x107) ' =0.756x10"g (9b)

1E 70 AR, BREEFATE % o4 7 3RAE 57 25 (4R 2] My, XFEXIFH/NBF, E—XR. BREL]
AR REFETISFEHP, MHNE, ZEF M, L ESHuT,

Ry > 1.12x10%em, p ,, < 0.1285x10%*g/em’, Ty < 10"k, 149 > 137 1Z4E (9¢)

MASCH R AT B B, S EHEIEE = 04 < 0.1285x10™g/em’ B, 5 FISFAERT[H] ¢,
iz,

tp= (3/8m0 4, G) " =0.37x10""s (9d)
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M KR AR (0 5 B AR AR B AT 0, 6, = 0.37x10 s b T 7 (9 E-Fi /X, BlHadron Era, IH:f
BB T ARBEAAAE, T RKE O PRI S RN E M TR A, XFRNE ORI
SE UL, S PR TEE 0 5 9 M B SR 52 B /) R 2 R 35 51 M AE 24 B 2 B I B AE — R A, AN TT RE A SLY
SFRIFEAE, BHEAE R RN, W2 /N BIAMy, SR A A e KB, Bk, EFREEES
B EIA 10%g/em® FPARA T, RAFRER R 1T 5 /N BIA M, BEAS 7 W 3 41 B ) RE -4 R R -5 AR IT B /)
BiAEFmISL KR EFRNS I FEEZRE .. #imh) 5 2, FHEKEES A (Radiation Era) 45 % 2 7T
LR R T AR R B~ 107 Jom?,  EIFE KARIE R 30~40 JI4EZ BT, (AR 5 E HAE T,
SR ACAESE B N F R T8 B T RA K BN BIAM, ~107gf & IR E R RIS, BES I
2, AR T S S P 0 I S A N R R 1 22 A ARAR N, k2, FEHERJLFIE T RCPERS.
tt, HANFEES N RSN, Nl LR B EERL T 10%gem’ F53 DR T IR
HH Mo 21 b /0N 14T J5 2 R0 2 b v 3 1) JER ) 5 o /0N BT

FEFH KB R S GG AL IR, Bl Matter-dominated Era, BIFE KEEIE 30 ~40 FHEZ Ja HAPE
L FE ARV EE M~ 10 0gem® DA RRIRBIIAER 107 /em’. RBEVRERE, BTEMGEE
EYFRATREZHNERERMAGRELY, BN EENEFH KK RERR SR =5E YK F
25, AR RI/NEE N (1~3 1265 W) E B R 2 BRI SR AR5 ks B4 HIE
EFMER, 152 N RS m AT 58l B 2 5 @ e 2 R IE, HLREA sedR 4 R W wl A
IR REARLN 105 ME R, 104 A] G ERIRZE 1R B B~ 10"g FJEY) T8 /N B My, BN

LRI R 7R AR E] Mo T T5 BB 0 pom 10¥g/em® . WA R 28 (8 5L i -1 L B A2 40 ST s
)% 10" °g/cm’®

il 1. WA 1 9 8 9FERNHC O B E LEMEL RAT AN HIG K, TR s AN 54
SHREZ 2. 7 FERARAR S ARE A, SN AR AE AR LR A E RN E SR, iR
FEAE A () AR 8 0, DRI 57 10 R S P Q8 TR 2 AN T R A A 3 1 7 S0 7 25 IR A) 57 T/ SRR M
PRk ORFF BIBLAE o 10 4E 328 R A2 Ja — ERIBUE, BRI L Seia L Mt AG, fEreim, Hiae
7 AE R 2

20 WIARANIE S GBI R K20 6x10%g (3MO) 14 ~2x10"g HfiN . BREX S FREES
HEHE, € RAER A FHA N E SRR MU A S R X REME— AT REA RIS, (EK AR NI () Al
BRMIERE . AR L2 R TR W 4 B AOR RR A (ML) T 5 B8] 5 = A2 2 SR 0 73 i — R SRR ) 7
fir e (10°4F — 10" 4 ) . MEXANERBERENREENEHLRE, BAKRENERREIIRS T KRENE
FRIESRE TS, BiRH—ANRE 6x107g fHR RIS/ 107g IYME—— MR, AU
4 PR 55 A PRI A5 S ) Noin: (N = 6x10%/2x10"° = 3x10™) #F 24 My, T8 SR

[10]. (107" ~10") M, BHKEBIFS5HKEM (Quasar)

EEANERNFOEE —/NBEKER, HRELAN (107 ~10) MA%. Bl “3EEHIHE KM
RO ZETIF A /N AE VB ATE () 1 v R B T AR N QO0906+6930 1 BB . F H BTy 1k 3R B B K dxe vl S 1)
LR B KPR A 100 24265, TR IAIZE 127424500, BDFE 3097 KR IE 2 R K210z M,

Wi B FEM =10""Me=2x10"g, IR , = 2.96x10"cm, p,=1.74x10 “*g/cm’.

113 5 1 104C ARSI (1~ 355 B p 1 =3/(8nGt) = 1.8x107* g/em’.

HE T EAE R RS E~ (10" ~10")g/em’,

“2008-09-05 fRiE, RICEESCE UCIH IO B BRI 2 pote AR, 2RI B SE LG EAR Ry =1609 34 1L,
B Ry =1.6x10"cm, i My ~10° ° My, V4% %p, = 3x10°g/cm’.

SRR, 1 N RSB LB AT R AT, SR KRR, R RN, RS T

il BOKE R R R = P E U e i AR B 05T 5 geia AR 08, AR RORIPIRE T, ]
DR H KR, BIREK, 2% HEICRFESMORIREERE- YR E L, W R B 10 e -4 5 1 ) 3 1
TR RS e E R &L . AT H TN ER. W RO R IR SNE ) - B, Brild
B, 3% IXEGHE R IR R T R A R R S AE L S AR VT 2 A R G R R B0 R AR, SR H Al AT
A R ? IR ] e AN K. DR R B0 TR AR 4 R TR P o Wk 170 2 ol B s A 6 2 PR TR 7 EEAR K1
fa], el AR 2 % B R 7R B R UL R B M e R Z G A RETE R . Ak, 20 R
(I B AT BEVEAR /D . B VRN R D KR 2R bR AME FURT10° Mg FA H 28 K BRI AT e R X e
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R, 4% HII L, NEREAETERESNER, ISR R A% E i fh R AE %
R, AN A SR R B 5 2 R O R B R T RAT R E R «

HARKER? KERELRAERNBLER, tR AR BRSNS ERY, HH A
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The Complete Demonstrations To No Singularity

In Black Holes: New Edition
====Part 1: Black Holes=—=== May.-2010

{Black Holes: The Final Gravitational Collapse Of The Event Horizon Of Any BHs In Nature Would Only
Contract To Planck Particle m,= My, = 10°g And Disintegrate in Planck Era, But Impossibly Contract To
Singularity Of Infinite Density.)

Dongsheng Zhang IR A Email: ZhangDS12@hotmail.com
Graduated in 1957 From Beijing University of Aeronautics and Astronautics. China.

[ Abstract] : In this article, author doesn’t propose any hypothesis and any supplementary condition, may
derive out directly “the finally gravitational contraction of any black holes (BH) could impossibly become
singularity, but Planck particles m, = M,,,, and disappear in Planck Era”. That result is got from Hawking
laws about BH and other classical formulas together.

The superiority of author’s method is to apply a group of formulas only to research the changes of
physical parameters on the event horizon (EH) of any BHs, regardless of the complicated state and structure
inside BHs. Thus, the final contracted result of EH of BHs could only become Planck particle m, = Mpy
(minimum BH), but not singularity. Since the final collapse of EH of BH with its all mass (M;,) had to become
m,, if there were little BHs inside, it could certainly contract to m, in advance.

The fundamental defect of the General Theory of Relativity Equation (EGTR) is that, any particles in
EGTR has no thermodynamic action to resist the gravitational collapse, it would certainly lead to occurrence
of singularity. On the contrary, Hawking formulas of BH were built on the foundation of thermodynamics
and quantum mechanics, the heat pressure could resist the gravitational collapse forever.

According to above explanations and analyses, an important formula will be got as below:

mg, M, = hC/87G =1.187x10""g? @ad)

In above formula (1d), mg is the mass of Hawking quantum radiation (HQR) on the EH, M,, is the mass of
whole BH. miM,, is a constant. From (1d), in the real universe, M, # 0, and, my # 0, the smaller M,, is, the
bigger my can be. According to axiom of any part =the whole, at the limited condition, m,, = M, =
(1.187x10"°¢*)"2. Thus, M, is impossible become a singularity.

mg, = M, = My, = (hC/82G)"” = m;, =1.09 x 107g (19

Formula (1f) is the best important. correct and final conclusion in this article got by author. It clearly
shows that, the final gravitational collapse of any BH would become Planck particle m,, and explode in
Planck Era, but not continuously go to singularity of infinite density.

Many new concepts and laws in this article are all the further developments to Hawking theory about BHs.
In science, the simplest is the best. The demonstrations in this article is the simplest, whether it is good or bad
will remain to reader’s comments.
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[ Key words] . black holes (BH); singularity; star-formed Schwarzschild (gravitational) black holes:
Planck particle--m,; Planck Era; Hawking quantum radiation (HQR); General Theory of Relativity
Equation (GTRE); minimum BH-- My,

In this whole article, only Schwarzschild (= gravitational) BHs of no charges, no rotating and spherical
symmetry will be studied as below.

[1] . Regardless of the states and structures in BHs, the final contraction of the event horizon (EH) and
mass Mj, of any BHs due to emit Hawking quantum radiations (HQR) could only become minimum BH (M,,,,)
equal to Planck particle (m;), it could impossibly contract to singularity.

According to Hawking radiation law of BHs and Schwarzschild special solution to GTRE and other
classical formulas, the relationship of many physical parameters on the event horizon (EH) of BHs can be got
as below: M,, — mass of a BH, T, —temperature on EH of BH, m,—mass of Hawking quantum radiation on
BH, R, —radius of EH of a BH, h—Planck constant = 6.63><10"27g*cm2/s, , C —light speed =3 x 1010cm/s,,
G —gravitational constant = 6.67x10 cm?/s’.g, Bolzmann conseant k = 1.38x107"°g.cm?/s’.k,

m,, — Planck participle, L, ---Planck length, T, ---Planck temperature,
Applying Hawking law and other classical formulas to derive out the final gravitational collapse of EH of
BH. Hawking temperature formula on EH of BH,

T, M, = (C*/4G) x (h 27k) =~ 10> ?! (1a)

Formula of energy transformation (i.e. gravitational energy transfer into radiation energy through valve
temperature) on EH of BH,

my, = kT, /C* 112 (1b)
According to Schwarzschild special solution to GTRE,
GM,/ R, = C %2 M2l (1c)
From (1a) and (1b), then,

my M, = hC/87G = 1.187x10™"°¢’ (1d)

Formulas (1a),(1b),(1¢), (1d) are 4 general laws effective on any EH of BHs. In formulas (1a) and (1d), due
to that, T, M, = constant, m, M, = constant. So, mg , T, and M, is impossible < or 0, then, my, , T, and M, all
have its limit. Furthermore, according to axiom of any part = the whole, m is impossible > M,, at the limited
condition, the maximum my = the minimum M;-- My, so,

m, = My, = (hC/87G)"* =1.09 x 105g"! (1e)
Owing to (hC/87G)"* = m » Bl 5o,

my, = My, = (hC/81G)"” = m, = 1.09x 10°g. (1f)

Rym =L ,P'= (Gh/2aC’)"* = 1.61x 10 Fem (1g)
Tom =T ,”'=0.71x 10”’k (1h)
RymMmy, = h/(47C) = 1.0557x10 cmg (1i)

Similarly, mg # 0, Ry, # 0, so, Ry, and mg all have its limit.

The best important conclusion: 1. From fotmulas (1b) , (1c), whether one of M, , R, , T, mgis 0 or
oo can not be judged. That is reason why singularity could present in General Theory of Relativity Equation
(GTRE). However, from formula (1a), (1d) and (1i), any one of M;, , R, , T, and my can impossibly be “0
“ or “«”, so, each of 4 has to its limit. That are results of Hawking theory about BHs to apply
thermodynamics and quantum mechanics. 2. When a BH could get into the gravitational collapse because of
emitting Hawking quantum radiations (HQR) after engulfing all energy-matters outside, it would
continuously shrink its size Ry, increase in T}, lose mass My, and finally become M, = m;, = m,,. In addition,
Mpm, Romy Tom, Mg form a perfect minimum BH, and perfectly and individually equal to my, L, T, of Planck
Era,

[2] . In the process of the gravitational contraction of any original nebula (matters), the principle of a
particle m; emitted to outside in nebula is the same mechanism with HQR emitted to outside from EH of a
BH. They are all from high energy (temperature) flowing to low energy (temperature). The final result of
both continuously contracted process are all the complete same, i.e. M, = m,= (hC/87G)"* =m, =1.09 x 10"
*g. Thus, Hawking quantum radiations (HQR) are just the energy particles, which have the lower energy
(temperature) than the valve temperature on EH and may flee out from the restraint of gravity of BHs to go
to outside.
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For examining the correctness of (1f); Suppose a particle mg in nebula and on the boundary of R, if mg
is in the state of thermodynamic balance and locate at the end of R, then,

dP/dR =-GMp/R?* ¥ (2a)
P = nkT = pxT/ my (2b)
M = 47pR’/3 (2¢)

Formula (2b) is the state equation of gas or particles, Formula (2¢) is the formula of ball volume, P —
pressure of R end, M —total mass in radius R, p — average density of R ball, T — temperature of R end,

Applying formulas(2a), (2b), (2c) , (1a), (1c) together. Formulas (1a), (1c) are right to physical
parameters on EH of any BHs, so, the results of parameter values got from solving following equations are
all on EH of BH. Thus, to any BHs, in reality, M, R are all completely equal to M,, R;, as below.

From P = pkT/m, = k/m, x(3M/4nR*)x(C*/4GM)x(h/2nx) = 3hC*/(327°GR’m,),

dP/dR = d[3hC*/(32aGR’m,)]/dR = -(OhC*)/(322’Gm,R?), (..dP/dR <R ), (2d)

-GMp/R? = (GM/R*)x(3M/47R*) = -(3G/4nR*)x(M*/R?),

from (1c), My/R,, = C*/2G = M/R.

5. —=GM p/R* = -3C*(16aGR?), (x R?) (2¢)

let (2d), (2e) into (2a) ,

--(9hCY)/(327°Gm,R*) = -3C*/(16aGR%),

or 3h/2n mR*) = C/R?

». R=3h/2aCmy), or

~.Rm, = 3h/(27C) = 1.0557x10"cmg (2f)
From (2f) and (1c), then,
m, M, = 3hC/(4nG) (2g)

Comparing formulas (1d) and (2g) , (1i) and (2f) , only under the condition of m, = 6my, as the
results, (1d) = (2¢g) , (1i) = (2f) . Why must m; = 6m,? Because in deriving process from (2a) to (2g),
density p and temperature T in formulas (2a), (2b) and (2¢) used as the average values in a ball M of R, but
not the real density and temperature on EH of BH, which < their average values, so, their combined effects
let m; = 6m,. Thus, under the condition of m, = 6m,,

Somg=6mg, (1d) =_(2g) , (1i) =_(Q2f) (2h)

Thus, the gravitational collapse and final destiny of any nebula (particles) is the perfectly same with the
EH of a BH. Their final destinies are all _mg = M,,, = (hC/87G)"” = 1.09 x 10~°g. In nature, any gravitational
collapses of anybody are the certain results of discharging energy nonstop to outside.

Analyses and conclusions:

1*. Since formula (2h) accords with the real conditions, it is a circumstantial evidence to formulas (1d),
(1f) and (1i). it shows that, the final collapse of EH of any BHs can reach to Planck Era, but not to singularity.

2+, Formula (2a) is really a simplified equation to Tolman-Oppenheimer-Volkoff equation. "' Formula (2a)
cancelled 3 complicated amended items from TOV equation. Thus, on the foundation of (2a), combined (1a),
(1c) and (2b) as the boundary conditions, the correctness of (2f) and (2g) should be reliable.

3*. There are no essential distinctions for any BH or a star or a nebula to emit out or to attract in energy-
matters. However, any BHs have very strong gravity, even light can’t flee out from EH of BH. Owing to the
very high density or big mass of current BHs, for example, a BH of 5M,, according to formula (1d), it could
emit the extremely small energy of HQR equivalent to my =1.187x10*'g and absorb in any energy-matters >
mg =1.187><10'44g. A BH of mass =10"g, its HQR = m,, = 1.66x10"24g = mass of a proton. The current BHs in
nature are all star BHs. so in people’s mind, all BHs are rapaciously plundering energy-matters outside,

4*, How could HQR flee out from EH of BH? Just like a particle or quantum (energy or light) fleeing out
from the boundary of a star or any body, once average energy of HQR < kT on EH, or its instant
temperature < kT on EH duo to the heat motion and vibration, they could possibly flee out at a instant under
the state of little lower temperature and energy.

[3] . No. 1 essential attribute of any BHs: Once a BH could be formed, it would be a BH forever until it
finally become a Planck particle m, = M, = (hC/87G)"* = 1.09 x 10°g, no matter whether it’s expansion
because of engulfing energy-matter from outside or it’s contraction because of emitting HQR to outside.

According to Schwarzschild solution to GTRE, from (lc) ,
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R, =2GM,/C?, (3a)
- CAdR, =2GdM,

C* (Ryz dRy) =2G(MyxdM,) (3b)
Suppose another BH My, and,

C*Ry, = 2GM,, (3¢)

From (3a) + (3b) + (3¢)

5 C*(Ry £Rp £ dRp,) =2G (M, My, =dM,) (3d)

Formula (3d) clearly shows that, any BH, no matter whether it would emit out or plunder in energy-
matters, or collide with another BH, it could only be a BH of different mass forever.

In 1998, two groups of U.S.A. and Australia discovered the accelerating expansion of our universe
(AEOU) through observations to the bursts of remote supernovas Ia, they pointed out, that remote galaxies
are accelerating away from us. Most current scientists explained AEOU with “dark energy” of exclusive force
in the universe. Author considered that, AEOU was due to the collision of our universal BH with other BHs in
their early ages. Formula (3d) was proposed as the theoretical foundation for above hypothesis.

[4] . No. 2 essential attribute of any BHs: BHs are all the simplest bodies in nature. All physical
parameters on the EH of BHs are only decided by mass of a BH, and have_the same, sole, linear and single
numerical value corresponding to mass M,. In other words, any 2 physical parameters on the EH of all BHs
have_the same relationship of the sole, linear and single numerical value. Furthermore, no _matter how
structures and states inside different BHs, all EHs of BHs with the same mass M, can have the completely
same _essential attributes. Therefore, there are not necessary for us for solving the complicated GTRE to
study the structures and states inside BHs. Once knowing the mass of any BHs, then, knowing its all. This is
Hawking’s great contribution to the theory of BHs. From formulas (1a), (1b), (1¢), (1d), it can be seen for any
BHs, then,

M, < Ry, oc 1/T}, oc 1/mg (4a)

[5] . No. 3 essential attribute of any BHs: Non-stop emitting HQRs to outside or engulfing in energy-
matters from outside is other essential attribute of any BHs. Just like a star or a body to emit lights or
infrared radiations, energy would always flow out naturally from high energy to low energy, no exception for
any BHs to emit HORs.

The EH of any BH is its boundary. The exchange of energy-matters must pass through EH. It can be seen
from (2a), owing to that, HQR on EH would always be in the condition of heat motion, it could non-stop
vibrate and have no an instant precise temperature, so, any HOR on EH could be in the unstable state and
impossible to keep the thermodynamic balance at any instant. Thus, the exchange of energy-matters passed
through EH would only lead to Event Horizon oscillated.

From formula (1b) m,C? = KTy, T}, is the valve temperature on EH, Really, EHs have become the switch
of BHs to transfer energy-matters.

1*. Only in case kT),, of HQRs on or in BH, which instant temperature T), is a little higher than outside,
could flee out. After they fled out from EH. because of decrease in a little energy of BH, BH would contract a
little size and increase in a little temperature, then, the energy distance would become bigger between EH and
the fled HQR, which could impossibly return back into BH again. Thus, after losing a HQR, BH would
continuously emit HQRs to outside, until finally become a Planck particle m, = My, = (hC/8nG)"* =1.09 x 10°
g, and explode in Planck Era.

2*, Obviously, in case outside particle m, > mg or outside temperature T, > T\, m, and radiation energy
KT, outside can be attracted into BH. Thus, BH can nonstop attract in all energy-matters outside with
increase in mass M,, and decrease in T}, on EH. After that, BH will nonstop emit HQRs to outside, until M,
finally become a Planck particle m, = M, = (hC/87G)"* =1.09 x 10~°g, and explode in Planck Era.

3*. In case m, = mg or T, = T}, generally, because the number of particles and T, outside are more then
those on EH of BH, so. BH can attract in more energy-matters than those fled out. After that, the process and
result will be the same with above 2* section.

The character of any BH is always nonstop taking in all energy-matters from outside at first, then,
emitting energy to outside until its final vanish in Planck Era, its Event Horizon would be oscillated nonstop.

According to Hawking’s theory, the rate of radiating energy of a BH is:

dE/dt=10*M erg/s,”> (5a)
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Suppose M = My =2x 10*g = M, , dE/dt = 107> erg/s, based on such extremely tiny rate, a BH of sun
mass (M) needs about 10%years to radiate out all its energy-matters and explode in Planck Era.

Suppose M = My= 2x 10%g, its HQR = m = 1.187x 107"/ (2x 10**) = 6 x 10™*g. So, m, is too small. It
shows that, mass of a BH equal to sun can almost absorb any tiny energy in the current space. If no energy
outside, that sun BH can radiate HQR of 6 x 10~*g, It is much smaller than a proton mass of 1,66 x 102*g,

It can be seen, Hawking theory and laws of BHs to emit HQRSs are all right, but Hawking’s explanations
to emit HQRs are not correct and convincing. Normally, Hawking and the most modern scientists may
explain HQRs with the concepts of vacuum energy. They recognized that a pair of virtual particles would be
suddenly born out from vacuum, then annihilate and appear repeatedly. '". After negative particle on EH of
BH being captured by positive virtual particle of vacuum and annihilating, then, the positive particle of BH
would remain and appear outside BH and become a HQR fled out, Such explanations of them is a deliberate
myth with the new physical concept. The energy value of HOR on EH of BH is certain, why could a pair of
virtual particles appeared have the same energy value with HQR on EH and both could meet at the same
time and same place? In addition, the explanation of so-called “virtual energy” has not a reliable and certain
numerical value right now in any theory and may have no way to be observed and examined forever.

Right now, whether BHs would emit energy-matters or not with other ways except Hawking’s radiations
remains a question.

[6] . No. 4 essential attribute of any BHs: After plundering all energy-matters outside, any BH could only
contract its size Ry, decrease in M,, increase in T}, and m. because of emitting HQGs continuously. The final
destiny of every BH could only become minimum BH (M,,,) equal to Planck particle (mp), then, explode and
vanish in Planck Era at once. See formula (1f), - -

My = My, =(hC/81G)"? = m, = 1.09 x 10°g

Why could M, be impossible to become < {(hC/82G)"” = m, = 1.09 x 10”°g} and continuous contraction?
Surely impossible.

1*. Once My, < 1.09 x 107g, its HQR (my,) < 1.09 x 107g too. Thus, my My, << ((hC/87G). It violates
formula (1d) of BHs.

2%, Once My, reach 1.09 x 10~5g, its gravitational energy = M,,,, C> = 10'°erg, its radiation energy = kT, =
1.38x 1075 0. 71x10%=10"’erg too. . So,

My C2= kT, =10"%rg (6a)

It can be seen, the reason why BH can emit HQR is that the bigger BH has surplus gravitational energy
to transfer to radiation energy of HQR. However, once My, reach 1.09 x 10'5g, the whole M,,, is a whole
particle and has no surplus energy as HQR, it can only throughout explode, and wholly transfer M, C’ to
many and many small y—rays of the highest energy of 10%k.

3*. Owing to My, reach 1.09x 10'5g, Mym = mssCz, it is said, the whole My, is a complete particle, no
gravitational forces inside could continuously contract to resist the highest temperature of 10%k inside the
whole My,,,, thus, the whole My, must crushingly explode.

4*, According to Uncertainty Principle

AE xAt=h/2=n (6b)

To My, AE =My, C>=kT},=10"erg, At=Compton time = R;,,,/C = 1.61x10*/3x10"" = 0.537 x10—*.

AE x At=10"x 0.537x10~* = 0.537x10~%", but h/2z = 6.63x10~>"/2n = 1.06x107,

Obviously, AE x At < h/2mx, it violates Uncertainty Principle. Thus, My, could impossibly exist, but only
disintegrate and vanish in Planck Era, so, it has no way to contract to singularity.

[7] . Various substantial structures just are the best and last mechanism to resist the gravitational

contraction in nature. Bodies of no gravitational collapse in nature have always a solid and stable core.

From the process of formation of star BHs, the reasons why singularity can impossibly appear and exist
in star BHs will be clearly known. In GTRE, the appearance of singularity is base on the hypotheses of that, a
ball of definite energy-matters could free and infinitely contract its size with no resistance. However, in
reality, the contracted process of anybody must at least overcome two resistances: the first is the heat
pressure of its energy-matters, and the second is its substantial structure.

1*. Any body of mass <10'g, its chemical structure can support its gravity, needs not a solid core. Mass
of 10"°g has 10*° (=10"/1.67x10**) protons. 10* is a Dirac’s large number.
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2+, Planets of mass between 10"°g and 0.08 M, (1.6x10*’g) must need a core of liquid or solid irons to
resist its gravitational collapse outside the core.

3*. Stars of mass > 0.08 M, (1.6x10*2g) : Owing to existence of the very high and stable pressure and
temperature supplied by nuclear fusion, all stars cannot collapse in a long-term period, until nuclear fusion
stopping in its core.

The pressure Py in the core of sun is estimative about as below,

P, = p, KT/m, = 10°x1.38x10"°x1.5x107/1.67x10™** ~ 1.5x10"" atm.  (7a)

4*, White dwarfs: It is generally estimated that, after finishing its nuclear fusion and through red giant
star, the original star of mass < 3.5 My could compress its remnant to _become a white dwarfs of mass <1.44
M. 1.44 My is called Chandrasekhar’s limit. It is said, after a white dwarf plundering energy-matters outside
or colliding with another companion star, its mass might go beyond Chandrasekhar’s limit >1.44 M,, and
become a neutron star. White dwarf has a solid core of density about 10°g/cm’ and has very long lifetime. In
the solid core, the distance between atomic nucleus is 10"*cm, Electrons can freely flow and have the strong
exclusive forces to resist the gravitational collapse outside the core. Once mass of a white dwarfs could
approach 1.44 My due to absorb matters outside, it would become a carbon-oxygen white dwarf and occur the
strongest explosion of Ia supernova, and turn into powders scattered in space.

5*. Neutron stars: It is generally estimated that, after the original star of (3.5~8) Mj finishing its nuclear
fusion and after the strongest supernova explosion, its remnants might be contracted into neutron star of
mass between(1.5~2) M. It is said, mass of neutron stars may be (0.1~1.5~2) My. Their density in core about
10" ~5x10"g/cm’. Diameter of the biggest neutron star is 33km. The structural figure of neutron stars as
below:

Parameters of neutron stars: mass of most M, = (1.5~2) My;_density in core p_,.~1014~ 10"3g/cm’;
distance between neutrons, d,~1.2x10"® c¢m; numbers of neutron in cm’, n, = 10* /em®’; A _and I are
hyperons or solid neutrons in core.

Conclusions: 1. It shows clearly from above analyses and demonstrations that, before overcoming the
very high density and crushing the extremely solid structure of its core formed by supernova explosion, any
stars, no matter how great its mass is, can’t continue or complete its gravitational collapse to compress
matters to >10'%g/cm’ in core.

2. From figure.1 below, the core of the density of neutron stars p ,~10"~ 1
core of neutron star may be solid neutrons, or hyperons A and .

3. If a neutron star could become a BH due to absorb energy-matters outside, only matters outside the
core can be greatly compressed, the density in core can hardly increase any more, because the density
between a little BH of 2M, and a neutron star of 2Mj, is almost the same, just their sizes have the great
difference. Diameter of a neutron star of 2Mj is about 33km, but diameter of little BH of 2M, is about 12km.

155
0

0'5%g/cm’. The formation of

[8] . Star BHs: Singularity could be impossible to occur in star BHs. The formation of star BHs,
Generally, the mass of star BHs may be between (3~10) M.

How could star BHs be formed? It is said, after nuclear fusion having finished and through supernova
explosion, the remnants of the original stars of mass > 8§M, might become a star BH of mass>3 M. Besides, if
a neutron star could engulf energy-matters outside or collide with its companion white dwarf (or another
neutron star), it might become a star BH of mass > 3M,. 3M, is so=called Oppenheimer-Volkoff limit.
However, those two conditions are just the theoretical inference, but no real observations can be as evidences.

Parameters of a BH of mass =3 Mgy: M 3 =3My=6 x1033g, its Rp; = 8.89x105cm~9km, Tz = 1.3% 10"7k,
HQR--mg; =2 x 1044g. Pp3=2x% 10"5g/ecm’, [see formulas (1a), (1b), (1c), (1d), (2¢)]

In 2006, a smallest star BH called XTE J1650-500 61 was discovered, its mass = 3.8 My. According to
imagination and calculations by scientists, limit of mass of the smallest star BHs not still discovered in
universal space might be (1.7~2.7) My, then its density calculated is about_pj, ~5x10"g/cm’,
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Flgure 1 Structural ﬁgure of neutron stars,
(Picture: LKL Astro-Group) ™ Hyperons A and Z of 1.3x10'°g/cm” in blue little core.

Many important inferences and conclusions can be got from above calculations and analyses:

1*. Comparing the density of core between neutron star p ,, ~10"~10">g/cm’ and density of the
smallest star BH, their p ,; = 2x 10"g/em’ to p,, ~5x10'°g/cm’, so, the core of small star BHs and
neutron stars are the same thing, which may be all hyperons A and X. or solid neutrons. They have
almost the same density, and are all originated from the explosion of supernovae.

The distance d, between two adjacent neutrons in the core of neutron stars and star BHs,

No= pn/m, =5x10"/1.67x 107 =10%

d,=(1/Ny)"=10""cm (82)

From (8a), in the core of neutron stars and star BHs, The distance d, between two adjacent
neutrons is equal to diameter of a neutron or a proton. Thus, under the density of about 5x10'% g/cm’,
atomic nucleuses of neutrons or protons are just closely contacted together, but far away from
break.

2*, Owing to no star BHs < 2Mj existed in nature, the forces and pressures produced by the
supernova explosions are the strongest forces in current universe and later. Thus, the matters of
density p >5x10'Sg /cm®_have impossible to appear and exist in nature afterwards, then,_matters of
density p , = 5x10"3g/cm’ are the highest density in_nature.

3*, Since star BHs are all originated from the superstar explosion, supernova explosion would
impossibly occur inside any star BHs again. Thus, star BHs inside would impossibly continue its
gravitational collapse, so, it have impossibility of appearance of singularity.

4*. Owing to that, the bigger a star BH is, the lower its density can be. Thus, all BHs (> star BH
of 10 M,) inside can be more impossible to produce > density of 10'°g/cm’, so, absolutely impossible
to produce singularity inside.

5%, Since matters of density ~ 5x10"°g/cm’ in star BHs are hyperons or solid neutrons, it shows
that, protons having become hyperons are not broken or disintegrated, and still keep their own
quark chains, i.e. keep their proton formation. Maybe it is reason why protons have so long lifetime
of about 10*° years.

6%, Since protons can keep their particle formation at about density 5x10"°g/cm’®, how great
density may let protons disintegrated into quarks? Author consider that, protons may be
disintegrated in density about 10*’g/cm’,

According to Hawking’s theory of BH, in the collapsing process of any star, its entropy always
increased and its information capacity always decreased. Suppose Sm--original entropy before the
collapse of a star, S,--the entropy after collapsing, My-—mass of sun = 2x10 **

Sp/Sm=10"M,/M, ! (8b)

Jacob Bekinstein pointed out at the ideal conditions, S, = S,,, or, the entropy did not change
before an(?”blflhlnd the collapse of a star. From formula (8b), M,, will be 10'5g, and M, = original mini
BH =M,,
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Density of (M, =10"g) is p ,,, =0.7x10*g/em’; Ry, = 1.5x10~%cm; Ty, = 0.77x10"K’; my, =
12x10**g;

7*. The best important conclusions: Bekinstein only did a well mathematical arrangement to
formula (8b), but neglected the profound physical implications of (8b). Author think, (8b) should be
applied to explain some significant physical process.

Firstly, the gravitational collapse under the condition of density < 10%g/cm’, the collapsed
process should not be equal entropy. It clearly tell us that, protons can keep its particle formation,
and not be disintegrated, so, protons as particles must have heat motions and frictions, and can
change entropy more or less.. Hyperons A and X are only protons of high temperature, and still
formed from quarks.

Secondly, however, since in the changed process of density from 10¥g/cm’ to 10*”g/cm’, entropy
can impossibly change, it shows that, protons must be disintegrated, and become into quarks. It also
shows that, quarks might only be changed in the ideal state between density region from 10¥g/cm’ to
10°%g/cm’, no matter whether they were in expansive or contractive process, which were all the ideal
process of equal entropy. In other words, quarks might have no heat motion and frictions changed
between 10**g/cm’ and 10*°g/cm’.

The best important conclusion: The strongest pressure in present universe produced from the
supernova can only compress matters into density of about 5x10"°g/cm’, what could be the most
powerful force in nature to compress matters to density of 10*g/cm’, even finally to 10*g/cm’ of
Planck particle (m,)? The most powerful force is only the contracted force of very small BHs (<< star
BH) due to radiating HQRs continuously, it can let BHs (mass <10'g ) to contract nonstop to Planck
particles. It obviously shows that, BHs only radiating nonstop its HQRs outside can nonstop go on its
gravitational contraction until becoming to minimum BH-- M,, =(hC/87G)"> = m, and
disappearing in Planck Era.

[9] . Original mini BH = M,, 51015g, Could those My, be found in the universe at present? In
nature, the great significance of M, is its density of 10¥g/cm’, only substantial density > 10**g/cm’,
protons can be broken and disintegrated. That may be an important reason why protons have so
long lifetime of 10*years,

From formula (8b), the mass of original mini BHs = M,, 51015g. Its other parameters are:

Ry = 1.5x10 Bem; p o =0.7x10%g/em®; Ty, = 0.77x10"K’; mg,, = 12x10 g

From formula (6b), lifetime of My,, T 5, = 1077 M,,* (s) = 10"/ 3.156x107s =~ 3x10"yrs.

Compton time t ,, = R;,,/C = 5><10*24s,

Numbers of proton: ny, = M;,,/1.66x10—** = 10%, n,,, is other Dirac’s large number.

According to calculations above, the lifetime 1 1, of original mini BH=M,;, = 1015g > T _po®
3x10"yrs. The age of our universe is 1.37x10"’yrs, which is the same scale with t ;,. In 1971, Hawking
proposed, My, might exist in our universal space, if some of them could be survivals from the
newborn time of our universe. However, in 1970s, many scientists attempted to observe and find out
such original mini BHs in universal space, but their efforts about 10 years were all in vain. It clearly
shows that, no such M,,, could remain to the present.

In the newborn time of our universe, at least before the end of Hardron Era, i.e. the expansion of
our universe from density 10”g/cm® to 10*g/cm® could have perfect homogeneity, because that
expansive process would be completely equal entropy known from above paragraph. The numerical
values of 3 main parameters p p,, T}, and t ,,, of My, are all in Hadron Era of universal evolution. At
that time, all M, in universe were closely and evenly linked together into a whole, and had no way to
exist single. With their expansion later, they could only combine each others and become bigger and
bigger. In other words, in the universal expansive process, any original BHs of high density could not
exist single at all, no matter how great they were, because BHs linked together could only combine
and expand, but have no way to exist independently. Only after Radiation Era of universal evolution,
because radiations separated from matters and led to lower temperature in matters, then, matters
could do a renew contraction. As a result, the nebulas could have a great gravitational contraction to
become the compact stars or a BHs through supernova explosion.

7 _1012
~ 0 .
[10) . The super great BHs of (10’ ~10') M, and Quasars
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In the center of every galaxy and star cluster, there is a super great BH, its mass can reach to
(107 ~10'*) M. Recently, a super giant BH called Q0906+6930 discovered by an astronomy group
of Stanford University in the remote center of our universe. Its mass more than 10" My, and it
formed 127x10® years ago. i.e. after 10° years of the birth of our universe. *!
Let that BH be M, = 10'° M, = 2><1043g, S0, its R, = 2.96x1015cm, its pps=1.74x10 ~ 4g/cm3.
The simple calculations to Quasars in the 8th chapter of Prof, He Xiangtao’s book ”Observation
Cosmology” P! are as follows:
The mass of a Quasar must be satisfied by the following formula,
Mg > LoMy/1.5x10° = 3.3x10°M, (102)
In above formula (10a), L, = 5x10*erg/s.
If the light period of a Quasar is 1 hour, its scale D should be:

D < CAt = 1.1x10"cm, (10b)
For a Schwarzschild’s BH of the same size , its mass Mg should be:
Ms = RC*2G =1.9x10% M, (10c¢)

It can be seen, Mo~Ms, the numerical values of both are very close.

Conclusion: Really, Quasars should be the predecessor and the childhood of super great BHs,
which might all come from the evolution of Quasars.

There has been an important problem in astronomers and cosmologists: Was BHs formed
before as a core to contract its outside energy-matters to compose galaxy and star cluster, or
substantial particles contract to form nebula at first, and then ignite the nuclear fusion in the core to
form BH through supernova explosion? Author think, the later can accord with the real
circumstance in nature, because forming a galaxy needed time is << forming a BH needed time.

[11] . The simple summations, further analyses and important conclusions as bellow:

A: No matter whether the EH of any BHs or a large ball of matters (mass of a nebula 5 My ~8
M) would be, their finally contracted destinies could be the perfectly same, i.e. mg = My, = My, =
(hC/87G)"* = m, =1.09 x 10”g, but impossible to contract to singularity of infinite density. It proved
that, Hawking laws about HQR, Schwarzschild solution to GTRE, uncertain principle and other
classical dynamic laws are completely harmonious and identical, No singularity shows that, General
Theory of Relativity Equation (GTRE) has had the fatal weakness.

B: The fatal weaknesses of GTRE are to neglect the thermodynamic effects to resist the
gravitational contraction of matter particles. For simplifying the difficulties to solve GTRE, the most
scholars proposed two bad hypotheses which violate thermodynamics, i.e. the contraction of equal
matters and the “universal model of zero (constant) pressure”. Just those two bad hypotheses lead
gravitational contraction to singularity in GTRE. Of course, GTRE may have other important
defects, such as, permitting the infinite contraction of participles of point structure. In addition,
GTRE is hardly to be solved. The hypothesis of inertial mass equal to gravitational mass has no
reliable evidences, etc.

Particles of point structure, which may be infinite contraction in GTRE, must have a limit. It is
just Planck Era, in which time and space are not continuous, ' and it certainly leads GTRE lose
effect.

C: Hawking theory and some important laws about BHs based on quantum mechanics and
thermodynamics are very correct and effective, they avoid and overcome the important defects of
appearance of singularity in GTRE, just as quantum mechanics could demonstrate that, electrons
could not fall into atomic nucleus in the past. Similarly, Hawking theory and laws about BHs
demonstrated that, GTRE lost effectiveness in Planck Era, just as GTRE demonstrated that, Newton
mechanics had lost effectiveness in the movements of near light speed.

However, the explanations of Hawking and modern physicists to HORs with the concept of “a
pair of virtual particles would be suddenly born out from vacuum” may be a deliberately mystifying
with the new physical concept. HQRs flow out from the EH of BH to outside, just as energy or
matters naturally flow down from high position to low position, or from high temperature to low
temperature.

D: Through studying star BHs, the conclusion is that, singularity could have no possibility to
occur in BHs. After the Big Bang, the strongest explosions in nature have been the supernova
explosions, which explosive forces can only compress matters to density about 10'°g/cm’, i.e. the
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density of core of neutron stars, in such level of density, protons cannot be broken yet. Only the
substantial density reaches to 10¥g/cm’ of original mini BH (M,,,), protons can be destroyed. Protons
are the most stable and solid particles, and have the longest lifetime of 10*" years. The forces to
destroy protons have not appeared in nature as yet. Of course, no more powerful forces can
compress matters to the density 1093g/cm3 of Planck particles (m, = Myy,), except the contraction of
BHs < 10'g due to emitting HQRs.

On the contrary, if there were singularity or smaller BH in BHs, certainly, singularity could
explode at once and change into rays of extremely high energy in BHs. At the same time, the smaller
BH could absorb energy-matters of its outside, finally, the event horizon (EH) of smaller BH could
enlarge to combine with the EH of BH together.

E. Here author makes a guess: In BHs of >10° M,, (10° M, is guessed by author, because
nuclear fusion had finished before any star BHs of <15 My was formed.) owing to no nuclear fusion
occurred before BHs forming, so, nuclear fusion might occur in BHs because of the contraction of
matter particles. Thus, energy-matters would discharge outside BHs until nuclear fusion finished.

F: Only the contracted forces of mini BH, which mass (M,, = 10'5g) due to radiate HQRs,
could compress protons disintegrated into quarks. After that, the contracted forces of mini BHs of
mass Mppni < (Mp, = 1015g) due to radiate HQRs could raise the density of M,,,; and decrease in
distance between quarks in My,,;. The finally contracted results of M,,; would just become to (m, =
Mpnm), and explode and disappear in Planck Era.

G: A few words out of this article about the destiny of our universe, if the current mass M, of
our universe is about 10°*g, and no energy-matters outside can be absorbed. Thus, our universe can
only nonstop emit HQRs to contract its size up to become m, = M, =10"g, and explode and vanish
in Planck Era. The lifetime of M, will be (= 10?"M,’) about lOmyears.

The problem is to judge whether energy-matters have or no outside our current universe. Author
think, if the real lifetimes of some bodies in nature measured by scientists, such as some celestial
bodies or aerolites, are the same with Compton time of our current universe (UBH), and Hubble
constant has a certainly reliable value as normal, it may shows that, there might still be energy-
matters outside our universe. Correspondingly, our universe will plunder all energy-matters outside,
after that, it can nonstop contract its size with emitting HQRs until become m, = M, =10"g, and
explode and vanish in Planck Era. Thus, its lifetime will prolong to >>10"*years. If the real lifetimes
of some bodies in nature > Compton time of our UBH, and Hubble constant = 0, it shows no energy-
matters outside our UBH.

However, if a insolated star BH of 3M, had no energy-matters outside to be engulfed, it could
only contract its size to m, = My, =10'5g, then, explode and vanish in Planck Era too. Its lifetime = 10"
71(3My)® ~ 10years is too long. It is much longer than lifetime = 10*’years of protons.

H: Author’s few words: Author may only forge ahead a little step from Hawking theory about
BHs with simple explanations and calculations to BHs in this article, and get many important and
basic conclusions. It may help people to understand many fundamental and principal concepts to
BHs from profound theories and complicated mathematical equations of modern scientists.

====The End====
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