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Urinary Schistosomiasis And Concomitant Bacteriuria In The Federal Capital Territory
Abuja Nigeria

Casmir I.C.Ifeanyi, Benard M. Matur and Nkiruka F. Tkeneche

'Department of Medical Laboratory Sciences, Faculty of Basic Medical Sciences, Ambrose Alli
University Ekpoma, Edo State; elyonlab@yahoo.com
*Department of Biological Science, Faculty of Science University of Abuja;
*Department of Medical Laboratory Sciences, Faculty of Health Sciences and Technology,
College of Medicine, University of Nigeria, Enugu Campus Nigeria

ABSTRACT: Urinary schistosomiasis and concomitant bacteriuria was investigated in the
Federal Capital Territory (FCT) Abuja. Single urine samples collected from subjects aged 5 years
and above between 1000 hours and 1400hours were examined for the presence of S.haematobium
eggs using centrifugation technique and for bacteriuria by standard bacteriological methods. A
total of 1,150 subjects comprised of 667 males and 483 females were studied from the 6 Area
Councils of the FCT. Overall, 360 (31.3%) had the eggs of S. haematobium in their urine while
289 (80.3%) of the 360 who had eggs of S. haematobium in their urine, had bacterial growth.
Prevalence of bacteriuria in urinary schistosomiasis ranged from 74-86% with no significant
difference in the distribution of the prevalence of the co-infection in the 6 area councils surveyed
(P=0.125). The distribution of bacteria colony count in relation to different ova intensity was
significantly different (P<0.001) and assumed a weak positive linear relationship (r=0.2). There
was no significant difference in the results of the methods used to investigate for bacteriuria
(P=0.05). The bacteria isolated included: klebsiella species, Escherichia coli, Enterococci species,
Staphylococcus aureus, Staphylococcus saprophyticus, Salmonella species, Proteus species, and
Pseudomonas species. Eshericha coli occurred more frequently (70%) than the rest of the bacteria
species isolated. The antimicrobial susceptibility pattern of isolates revealed varying percentage
susceptibilities by all isolates. This study clearly suggests that bacteriuria is a potent complication
in the management of urinary schistosomiasis. Therefore the complimentary incorporation of
antibacterial therapy appear essential. [New York Science Journal. 2009;2(2):1-8]. (ISSN: 1554-
0200).

Keywords: Schistosomiasis, Concomitant Bacteriuria, Prevalence, Susceptibility

INTRODUCTION

Urinary tract disease is a specific trait of infection with Schistosoma haematobium which
affects in a diffuse manner the entire genitourinary tract (King, 2001; Pereira et al., 1997).
Bacteria infections are often recurrent and important complications of the inactive stage of urinary
schistosomiasis which may be instrumental in precipitating renal failure (Farid, 1993). In
schistosomiasis of the urinary bladder, secondary bacterial infections are common and in men can
involve the seminal vesicles, spermatic cord, and to a lesser extent, the prostate. In women,
infection can involve the cervix and fallopian tubes and can cause infertility. Mostafa et al., (1999)
opined that it seems possible that agricultural workers and others who are regularly exposed to
contaminated water are occasionally simultaneously infected with both the schistosome parasite
and pathogenic bacteria. The risk factor of agricultural practices the major occupation of
indigenous residents of the Federal Capital Territory (FCT) Abuja, Nigeria is capable of breeding
urinary schistosomiasis and concomitant bacteriuria. In the light of the relative high level of
schistosomal and bacteria infection, active assessment and reporting of bacteriuria in urinary
schistosomiasis and the complementary incorporation of antibacterial therapy to the integrated
morbidity control approach to urinary schistosomiasis deserves emphasis. This study examined the
terminal urine sample of individuals with or without signs of urinary disturbance and infection for
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evidence of urinary schistosomiasis as well as evaluated associated bacteriological burden and
susceptibility pattern of bacteria isolated.

MATERIALS AND METHODS

The study included 1,150 subjects both males and females between the ages of 5-50 years
recruited directly through surveillance out-reaches to district/village schools and health related
institutions. Informed consent of adult subjects was obtained, while consent to obtain specimen
from ‘minors’/pupils was obtained through parents/guardian and the Education department of the
Ministry of the Federation Capital Territory (MFCT) Abuja.

The urine samples were collected between 1000 hours and 1400 hours and were
examined for colour, naked eye haematuria, turbidity and these observations were noted. Ten
millilitres of urine were transferred aseptically into centrifuge tube and centrifuged for 5 minutes
at 5000 rpm (Anosike et al., 2001). After discarding the supernatant the entire sediment was
transferred to a slide covered with cover glass examined for red blood cells, pus cells (pyuria) and
counting of eggs of S. haematobium. Using the 10x objective with the condenser iris closed
sufficiently to give good contrast, the entire sediment preparation was examined systematically
and ova count reported per 10ml of urine (Chessbrough, 1981; Richards et al., 1984).

The remainder of urine samples positive for S. haematobium ova were homogenized by
inverting the container severally and 0.002 ml of the urine inoculated and spread on Cysteine
lactose electrolyte deficient medium (CLED-BIOTEC, UK)and blood agar (Blood agar base-
BIOTEC, UK). Afterwards 10ul of the homogenized uncentrifuged urine were applied unto a glass
slide allowed to dry without spreading at ambient temperature and stained by Grams method.
Using 100x objective the slide was examined for bacteria per oil immersion field (Celso et al.,
1998).

The uncentrifuged urine samples were diluted 1:20 (20 ul of urine + 380 ul of Turks
solution - 2% Acetic acid tinged with gentian violet).This is to destroy the red blood cells and
stain the white blood cell nuclei. The dilutions were transferred to Neubauer haemocytometer
chamber. The chamber was examined using 10x objective and 4 squares counted applying the
margin rule for including and excluding cell lying on the peripherial lines to quantify pyuria
(Campbell et al., 2002). Reagent strip urinalysis was performed using L-Combur reagent strip
(Boehringer Mannhein).

The culture plates were examined after 24 hours of incubation for bacterial growth and
colony count. Bacteria growth less than 10° organisms per ml produced less than 30 colony
forming units per ml of urine (Chessbrough, 2000).Bacteria isolates were identified and
characterized using methods prescribed by Cowan and Steel,1974; Chessbrough,2000 and
Graham and Galloway, 2001. Susceptibility testing of all pathogenic baceteria were performed
using the standard disc diffusion method according to British Society for Antimicrobial
Chemotherapy (Andrew, 2001).

Statistically Analysis
The data analysis was done using X * (chi-square) test to determine significant
relationships between variable and coefficient of correlation for test of linearity of relationship.

RESULTS

The overall prevalence of urinary schistosomiasis was 31.1% (95% CI 26.2 — 36.4) in the
Federal Capital Territory Abuja and ranged between 25 — 36.3% in the six area councils surveyed.
Prevalence followed the typical age group pattern for urinary schistosomiasis attaining a peak
78.4% in subjects 10 — 14 years age, decreasing to 47.6% in subjects > 50 years and lower in
subjects within 20 — 39 year. Prevalence of urinary schistosomiasis was higher at all ages in males
ranging between 0 — 42.1% and in females 0 — 36.3% (Tablel). S. haematobium infection
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prevalence had a statistical significant difference between males and females at different age
groups (x’=48; P<0.001).

In all, of the 360 subjects that had ova in their urine, 275 was positive for uncentrifuged
gram microscopy, 305 was positive for pyuria (WBC) count, 330 was positive for leucocytes
esterase, 350 was positive for protein, 336 was positive for erythrocytes (urinary blood), 240 was
positive for nitrite (Table 2). Overall, 289 samples from subjects had bacteria growth of varying
count. 261 (90.3%) samples had overt significant bacteriuria (>10°cfu/ml) in both males and
females. Between males and females, there was a statistical significant difference in bacteria
colony count in urinary schistosomiasis (x’=9.9; P=0.025).

Bacteriuria in urinary schistosomiasis in F.C.T. had a prevalence of 80.3% ranging
between 74 to 86% in the six area councils of F.C.T. surveyed. Bacteriuria and urinary
schistosomiasis co-infection had no statistical significant difference (x’=9.8; P=0.125).The
distribution of bacteria colony count (cfu/ml) according to different ova intensity i.e. egg/10 ml of
urine (Table 2); had a weak positive linear relationship (r=0.2). Albeit, there was a significant
difference between bacteria colony count and different ova intensity in urinary schistosomiasis
(x*=39.0; P<0.001). The statistical analysis of results from culture and non — culture methods
(enhanced microscopic urinalysis and reagent strip tests) for investigating bacteriuria are shown in
Table 4. There is no significant difference in percentage positive results of culture and a
combination of the non-culture methods for investigating bacteriuria (x’=5.9; P=0.05). Various
bacteria species were isolated with Escherichia coli occurring more frequent than the rest in males
(Table 4). Notwithstanding, there was no significant difference in the bacterial isolates between
males and females (x*=7.5; P=0.65)

Antimicrobial susceptibility pattern of bacteria isolates are shown in Table 8. All the
isolates had susceptibility in varying percentage to Ofloxacin Ciprofloxacin, Gentamicin and
Cefuroxime in order of percentage effectiveness respectively. However all the isolates except 3
were susceptible to Nitofurantion, 2 species of the isolates (Proteus species and Pseudomonas
species) were not susceptible to Co-trimoxazole while 1 species was not susceptible to Co-
amoxiclav.

Table 1: Distribution of the prevalence of S. haematobium infection in FCT according to age and
sex; statistical test of significance between make and female

AGE GROUP MALE
FEMALE

(YEARS)

TOTAL EXAMINED EXAMINED INFECTED INFECTED EXAMINED INFECTED INFECTED

NUMBER NUMBER NUMBER % NUMBER NUMBER %

5-9 213 93 30 32.3 120 21 16.7

10-14 557 378 159 42.1 179 65 36.3

15-19 200 90 30 33.3 110 27 24.5

20-24 50 38 5 13.2 12 2 16.7

25-29 29 19 3 15.8 10 1 10

30-34 34 13 2 15.8 21 3 14.3

35-39 22 12 1 8.3 10 2 20

40-44 20 8 3 37.5 12 1 8.3

45-49 15 9 2 222 6 1 16.7

>50 10 7 1 14.3 3 1 33.3

FOTAL 1150 667 236 354
483 124 25.7

X2 42 Xab 18.25
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Table 2: Analysis and statistical test of significance of percentage positively for culture and non
culture tests for urinary
schistosomiasis and bacteriuria.

NON-CULTURE TESTS URINE
CULTURE
NUMBER + VE OF 360 % NUMBER
+VE % NUMBER . -VE %
EXAMINED/METHOD PER
METHOD PER METHOD
UNCENTRIFUGED
URINE GRAM
MICROSOCOPY > 1 275 76.4 240
873" 35 12.7
ORGANISM/OIL
IMMERSION FIELD
PYURIA (WBC) COUNT
>1.0X10° 305 85 285
- 93.4 20 6.6
LEUCOCYTES
ESTERASE > 25 LEU/UL 330 91.6 284
— 86 46 14
PROTEIN > 30 MG/DL 350 97.2 270
- 711 80 229
ERYTHROCYTES
URINARY BLOOD 336 93.3 287
86.5 49 14.5
> 10ERY/UL
"NITRITE POSITIVE 240 66.7 202
84.2 38 15.8
TOTAL 510.20% 514.50%
X2 cal 5.5 X2 b 11.03
Pvalue 0.05
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Table 3: Distribution of bacteria colony count (cfu/ml) according to different ova intensity

(egg/10ml urine); Statistical test of significance and coefficient of correlation in urinary
schistosomiasis.
NUMBER OF SUBJECTS
BACRERI 0-20 21-40 41-50 >50 TOTAL
A COUNT (egg/10ml (egg/10ml (egg/10ml (egg/10ml
cfu/ml urine) urine) urine) urine)

>10 13 20 10 218 261

10* 0 3 4 5 12

10° 3 2 2 3 10

10° 0 0 2 4 6
TOTAL 16 25 18 230 289

XZ cal 39

X tab 16.92

Pvalue <0.001

r 0.2

Table 4: Bacteria pathogens associated with S.haematobium infection and their antimicrobial
susceptibility pattern.

ANTIMICROBIAL

PERCENTAGE SUSCEPTIBILITY

AGENT
Klebsiella schericha Enterococc  Staphylococ  Staphylococc  Salmonella Proteus  Pseudomc nas
Species coli i Species cus aureus us Species Species Species
n=30 n=101 n=27 n=78 saprophyticu  n=11 n=9 n=14

s

n=19
Ciprofloxacin 98 89.6 67.5 74 78 68.7 95 61.7
Cephalexin 25 38.5 39.2 25 30 16.9 254 0
Cefuroxime 65 70 67 63 50 46.3 72.5 45
Oxfloxacin 80.4 90 85 82.1 80 78 95 8.6
Gentamycin 76 82 47 459 49.6 85.2 58 70.5
Co-trimoxazole  26.4 56 61 68 54 25 0 0
Nitrofurantion 384 85 65.1 70 64.3 0 0 0
Co-amoxiclav 328 25 41 33.5 40.2 20.4 63.2 0
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DISCUSSION AND CONCLUSION

The findings in this study demonstrates that the overall estimated prevalence of urinary
schistosomiasis as determined by ova in the urine was high (31.3%; 95% CI 26.2-36.4%). Recent
researchers estimate prevalence of 29.4% in the Eastern Nigeria (Anosike et al., 2001) and 57.4%
in the West (Adeyaba and Ojeaga, 2002). The result of this study is agreeable with these reports.

This study evaluated bacteriuria in urinary schistosomiasis revealing that of the 360
subjects (31.3%) who had Ova of S. haematobium from 1,150 examined; 289 (80.3%) had
bacteriuria by culture characterization. The percentage positive results of culture and a
combination of non-culture had insignificant difference (P> 0.05). Though King (2001) noted that
urinary tract disease is a specific trait of infection with S. haematobium; The 80.3% prevalence of
bacteriuria in urinary schistosomiasis need further categorization since by the definition of
Gallagher and Hemphil (2004) it may simply be taken as referring to the presence of bacteria in
the urine of individuals infected with S. haematobium and not necessarily implying infection. This
is cogent as bacteriuria and urinary schistosomiasis co-infection assessed in the study had no
significant difference (P>0.05). Gallagher and Hemphil (2004) and Franz and Horl (1999) had
equally noted that in general terms urinary tract infection (UTI) is infection by Pathogen along the
urinary tract causing inflammation depicted by pyuria indicating significant inflammatory
response to bacteriuria such as occur with infection even in asymptomatic setting. These views
mentioned above explicitly suggests that bacteriuria may be significant or non- significant
depending on the quantity of bacteria in the urine which imply infection and is traditionally urine
culture containing >10° cfu/ml. The result of our assessment of bacteriuria in urinary
schistosomiasis agreeably categorized 261 (90.3%) subjects by urine culture as having significant
bacteriuria (>10°cfu/ml) with their sex distribution being significantly different (P<0.05) . This
finding in consonance to that by Rushton (1997) which suggest that it may be possible to eliminate
the urine culture when enhanced microscopic urinalysis and reagent strip urinalysis are negative
and clinical suspicion is low. Nonetheless, isolation of significant number of single organism on
culture remains the definitive diagnosis.

The finding of lower threshold of bacteria counts (10*-10* cfu/ml) and the distribution of
bacteria colony count according to different ova intensity which had a weak positive linear
relationship (r = 0.2) deserves critical scrutiny because bacteria colony count and different ova
intensity in urinary schistosomiasis was significantly different (P<0.05).This is pertinent to
obtaining the best combination of sensitivity and specificity in the diagnosis of urinary tract
infection. Franz and Horl (1999) reported that the utility and consistency of the criterion >105
cfu/ml of clean-catch urine for the diagnosis of UTI has been validated repeatedly. Thus, Stamm
and Hooton (1993) noted that in dysuric patients, an appropriate threshold value for defining
significant bacteriuria is 10%cfu/ml of a known pathogen. Considering the foregoing and that
dysuria is common in both early and late urinary schistosomiasis where ova count correlate with
morbidity, it might be prudent to consider these thresholds significant for the diagnosis of UTL
More so, community —based epidemiological survey of bacterial count in Egypt (Mostafa et al.,
1999) of subjects with S. haematobium infection had similar low bacteria counts (10° cfu/ml).
However, interpretation of low threshold counts as significant for diagnosis must be in the absence
of mixed bacteria growth with a predominant organism typical of contamination.

Infection of the 289 (80.3%) subjects with one bacteria or the other was the trend in our
study and had no significant difference (P>0.05) in bacteria isolates between males and females.
The isolation of Esherichia coli more frequently than the rest conforms to reports of many
researchers (Farid, 1993; Mostafa et al., 1999) about it’s association with schistosome infection.

The antimicrobial susceptibility pattern of the bacteria isolates to routinely tested first
line antimicrobial agents were quite diminished. There were notable pockets of resistance to all
first line agents tested except for Ciprofloxacin and Cefuroxime (Table 4). This antimicrobial
susceptibility results would be an invaluable premise for empirical therapy where suspicion exists
but cultures are impracticable whereas enhanced microscopic urinalysis and reagent strip are
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positive since comparative analysis of these methods had no significant difference (P>0.05). The
main goal of most initiatives to control schistosomiasis is morbidity control. The reported
complications of bacteria infections in urinary schistosomiasis are odious. Clinical and
pathological conditions arising there from had been enunciated (Farid, 1993; Ganem et al., 1998).
Hence, this research further documents and authenticate the importance of a database for
continued valuation and evolution of control programmes. The complementary incorporation of
antibacterial therapy to the integrated morbidity control approach of diagnosis, drugs treatment,
snail control, provision of safe, adequate water supply, sanitation and health education is
advocated. More over, our results infer that urinary schistosomiasis is endemic in FCT Abuja
Nigeria and deserves urgent intervention.
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ABSTRACT: The classical Darcy,'s law is generalized by regarding groundwater flow as
a function of the hydraulic head; which is' a quantity of primary interest. This generalized
law and the law of conservation of mass are then used to derive the generalized form of
the groundwater flow equation. Analytical solution of this groundwater flow equation for
which a fractal dimension for the flow is assumed. Equation of unsteady flow in a leaky
aquifer is discussed. Prediction of groundwater flow with illustrations of contouring the
water table map helps to predict the direction of flow. [New York Science Journal.
2009;2(2):9-19]. (ISSN: 1554-0200).

Keywords: Porous media, Darcy's law, Hydraulic Head Introduction

INTRODUCTION

A problem that arises naturally in groundwater investigation is to choose an appropriate
geometry for the geological system in which the flow occurs. For example, one can use a model
based on unsteady state radial flow to simulate the flow in porous media with a very large pore
iluid density (Black et al, 1986). This is in particular the case with the delineation of freshwater
aquifer in the Coastal area of Lagos State (lkoyi, Lekki, Apapa and Victoria Island), characterized
by the presence of boreholes drilled in these area that serve as the main drawdown in pumping
wells. Attempts to fit in analytical solution of the groundwater flow equation with a one
dimensional flow and fit a Conventional radial flow model to the observed drawdown at early
times underestimates and later times over estimates™ .

The derivation of a generalized groundwater flow equation from the law of mass
Conservation and energy balance is usually an indication that the theory is not implemented
correctly or does not fit the observations. To investigate the possibility on the Lagos coastal areas.
A generalized equation of groundwater flow in three-dimensional equation is expressed as®*”!

OX ox) oy oy ) oz 0z ot

)

A fractal one-dimensional groundwater flow equation is assumed as an hypothetical case
of a closed aquifer for which the flow is essentially horizontal direction and independent of y and
Z- axis.

E(Kih}:ssﬁ
OX OX ot
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v]kvh]=S, 0, h @
Where Ss the specific storativity
Where K the hydraulic conductivity tensor of the aquifer
Where h(x,t) the hydraulic head with x and t the usual spatial and time coordinate
Where V the gradient operator

Where 0, the time derivative

The model showed that the dominant flow in these aquifers is essentially horizontal and
linear and not vertical and radial as commonly assumed. However, more recent investigations
(Cloot and Botha, 2006) suggest that the flow is also influenced by the geometry of the bedding
parallel fractures, a feature that Equation (3) cannot account for. It is therefore possible that
equation may not be application flow in fractured rock other than a porous medial' ***!

In an attempt to circumvent this problem, we introduced a conventional geometry of the
aquifer, which assumed a fractal one dimensional flow. (see fig. 1). Although this model has been
applied with reasonable success in the analysis of the hydraulic head from borehole in the Lagos'
Coastal Areal'®

As a review of the derivation of Equation (2) will show [see Bear, 1972], Darcy's Law is
used as a keystone in the derivation of Equation (2)®.

q(x,1)=-kvh )

This law proposed by Darcy early in the 19" century, is relying on experimental results
obtained from the flow of water through a one-dimensional sand column, the geometry of which
differs completely from that of a fracture ™. There is therefore a possibility that the Darcy's law
not be valid for flow in fractured rock formation but is only a very crude idealization of reality.
Nevertheless, the relative success achieved by (Cloot and Botha, 2006) to describe many of the
properties of Karoo aquifer on the campus of the university of free State, suggests also that the
basic principle underlying this law may be correct: the observed draw down is to be related to
either a variation in the hydraulic conductivity of the aquifer or a change in the hydraulic head.
Any new form of the law should therefore be reduced to the classical form under a more common
condition. Because K is essentially determined by the permeability of the porous medium and not
the flow pattern, the gradient term in Equation (3) is the most likely cause for the deviation
between the observed and the theoretical drawdown observed in the Karoo formation. In this
work, the possibility is further investigated for a flow symmetry form of Equation (2) by creating
an artificial vertical fault that divides the aquifer into two compartments of length L, on the left
and L; on the right. The fault gauge is sufficiently low in hydraulic conductivity that acts as a flow
barrier. Thus, the left compartment is hydraulically isolated from the right compartment. Initially,
the hydraulic head is h; in the left compartment and h, in the right compartment. Assume that at
time t = 0, the fault is ruptured by an eatlhquake, so that the two compartments are now
hydraulically connected. The earthquake would deform the aquifer causing changes in hydraulic
head. The question we want to answer is, what happens to the hydraulic head distribution in the
aquifer after the fault rupture? ™!

Therefore, when the fault ruptures, we expect groundwater to flow from compartment
with higher head to compartment with lower head, in other word, flow would occur essentially in
horizontal x-direction. Analytically, if we set the original length of the x-axis at the left hand
boundary, then the How domain is for one-dimensional flow in a homogenous aquifer, the
governing in equation (4).
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Fig.: Flow through a confined aquifer
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The boundary condition are — =
OX K ot
O<x<lL +L,
a—h:Oatx=O
OX
a—h:Oatx=Ll +L,
OX

The initial conditions are

h(x,0)=h, foro<x<L,
h(x,0)=h, forL, <x<L,+L,

Separation of variables is employed and the solution is assumed as:
h(x,t) = f(x) . 9(t)
where:

a= %andf(0)=0for K, =

Using these in solution of (5), we have,

(1F/4 n’Kt
+ Cos— k
( ) A L SSL2
Initial condition, we have,
0 2.2
h(x0)= A +3 A Cos T M1 KL
L7 s.L

(6)

Substitute for Ay and A, from Fourier integral, we have

11

hy - ha = drawdown
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AO:%.([f(x)CosnTﬂdx
1 n’n’ Kt n;zxL n zx
_E!f (x)x + = Z_;x 5.0 - !f(x)Cosde

(7)

Let x be a dummy variable of integration. To find the solution to the flow equation, we
replace L in Equation (7) by L;+L, and in addition, we replace f(x) by h(x,0) as defined. The
integral inside the summation on the right hand side of equation (7) and substituting the preceding
integral, we have.

h h,L, Z n? h,—h L,) ..
h(X,t): L +h, Z n“n°Kt Cos n7x (1 2)('-1"' Z)Sln nzl,
L +L, L1+L S +L, L +L, nz L, +L,
h,L, +h,L -h,)& ’n? :
h(x, t) =222 2+ h—h) Z—x n'n"Kt _Cos— % sin Nk,
L, +L, 7 =3n s (L +L,) L +L, L, +L,
..(8)

This solution can be expressed in dimensionless form as:

ho (Xp.tp)=Lp + Ei%k‘”z”% Cos(nzx, )Sin(nal ) ...
T

C))
Where:
i . . X
The dimensionless distance- Xp =
L, +L,
. . . Kt
The dimensionless time - ty, = 5
(L +L,)°S,
_— L,
The dimensionless - LD =1
L, +L,

One advantage of a closed form analytical solution is that it allows us to examine the
behaviour of the flow system. There are several interesting features in this solution. The first term
on the' right hand side is the steady state part of the solution. It gives the head in the aquifer when t
is very large (see fig. 3). The second term on the right hand side is the transient part of the
problem. Because t appears in the argument of the exponential function, the second term tends to
zero as t becomes large. Furthermore, note that the second term goes to zero at a faster rate if K/Ss
(hydraulic diffusivity) is large. Thus, the hydraulic diffusivity is a quantity that controls the rate of
hydraulic head.

Unsteady Flow in a Leaky Aquifer

The generalized groundwater flow equation in a leaky aquifer is of the form,
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(10)

e h, —h
where G = ?, ande=K" Obl can determined form Darcy’s law.

Under this condition, the above equation becomes a radial flow,
9°S 10S 0
T( + —J ~-S—=-q=0

or? ror ot
where
K?! S
:—S = —
9 bt C

(11)
Using the same approach as the solution for the confined (Theis) solution, we obtained the leaky

partial different equation:
0°S oS\ oS r?
u—+—|+—- 5
ou ou) ou 4uL
..(12)
and from separation of variables, we obtain an appropriate solution

SR

ArT B
..(13)
.

NT /iKllbli

Which holds as long as U < 0.01

r
The quantity E is given by

Where W [u , Lj is dimensionless form from a logarithm plot chart.
B

The plot of S = hi - h; versus t at various observation wells, since drawdown is the
hydraulic heads measured the level of the water table in wells relative to the piezometric
surface (see fig. I). The change in water table in the pumping well or in observation well
nearby is referred to as drawdown (see fig. 5).

APPLICATION

Set of drawdown data was analyzed in order to validate the new method. The examples
were obtained from borehole drilled along the coastal area of Lagos State. The boreholes belong to
companies operating along the coastal area. The examples were to illustrate the application using
equations developed in this case.

Example 1

A well is located in an aquifer with a conductivity of 15 meters per day and a storativity of 0.005.
The aquifer is 20 meters thick and is pumped at a rate of 2725 cubic meters per day. What is the
drawdown at a distance of 7 meters from the well after one day of pumping?

- Hydraulic conductivity = 15 metres per day

- Storativity = 0.005
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- Aquifer thickness = 20 metres

- Pumping rate = 2,725 cubic metres per day
- Distance from the well = 7 metres

T=Kb = m/day x 20m = 300 m*/day

ye r’s _ (7m)’ x0.005

= - =0.0002
4Tt 4x300m* /day x 1day
From the table of W(u) and u, if u = 2 x10™, w(u) = 7.94:
3
h —h, = Q W(u): 2727m /dayzx 7.94 _5.73m
AxT 4x 7 x300m* /day

The draw is 5.73 meters after one day.

Example 2

A well in a confined aquifer was pumped at a rate of 220 gallons per minute for about 8 hours.
The aquifer was 18 feet thick. Time drawdown data for an observation well 824 feet away are
given in table 2. Find T, K, and S.

W) =1
I/u =1
h; —h;

t/r* = 6.06 x 10°

Radial Diameter d = 20ft
Pumping Rate = 220 gallons per day for 8 hours
Agquifer thickness = 18 feet

Transmissivity:

114.6QW(u) 114.6x220x1.0

T= =10,500 galonsgpd I ft
h, —h 2.4 d ®
Hydraulic Conductivity:
:I=M=5809pd / ft*
b 18
Storativity
S= Tu xt/r?= 10,5001 x 6.06x10°° =0.00002..... (Theis method)
2693 2693
1-n
s __ 20 5500018 .. (Cloot & Botha method)
47Td  47(10,500)(20)
s QW) 220x10 ;004 L

47Td  4x 7 x10,500

(Observation)
(See fig4 & 5)

Example 3

An aquifer 10 meters thick is penetrated by a well It is overlain by a semipervious layer |
meter thick with a K" of | 0-° centimeter per second. There is no storage in the leaky confining
layer. The aquifer has a K of ] 0.2 centimeter per second and an S of 0.0005. If a well pumps at
500 cubic meters per day, compute values of drawdown at I, 5, 10, 50, 100, 500, and 1000 meters.
(see Table 2)
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Aquifer Thickness = 10 metres

Storativity = 0.0005
Pumping rate = 500 cubic metres per day
Various depths = I, 5, 10, 50, 100,500 & 1,000 metres

r = distance to the observation wells

t = time since pumping begin

K = 10 cm/sec x 60 sec/min x 1440 min/day x 10 m/cm = 8.64 m/day

K' = 10-° cm/sec x 60 sec/min x 1440 min/day x 10-> m/cm= 8.64x 10”° m/day
b'=-Im

b’=I0m

T = Kb = 86.4 m¥/day

B=(Th/K") ¥

= (86.4 m?/day x 1 m /8.64 x 10.%/day)"*

(104)1/2
B =100
U= r’s _ r?x0.0005 1 44x10-p2
4Tt 4x86.4x1
o' _102r
B 100
h, —h, =@W u,L =1.06W u,L (our observation) see fig. 5
ArT B B

As u = 1.44x 10°r%, we can find the value of u for each r-value

4.1 Discussion of Results:

All the three examples of drawdown data show that the new method underlying this law
and the observed drawdown variations in hydraulic conductivity of the aquifer is correct. Each of
the analytical solution describes the response to pumping in a very idealized representation of
aquifer configurations. In the real world, aquifers are heterogeneous and isotropic: They usually
vary in thickness; and they certainly do not extend to infinity. Where they are bounded, it is not by
straight-line boundaries that provide perfect confinement. Aquifers are created by complex
geologic processes that head to irregular stratigraphy and trendouts of both aquifers and aquitards.
The Predictions that can be carried out with the analytical solution presented in this paper must be
viewed as best estimates. In general, hydraulic head solutions are most applicable when the unit of
study is a well.

They are less applicable on a large scale, where the unit of study is an entire aquifer.

The graphical method of solution starts with the construction of reversed type curve of W(u)
against I/u on logarithm paper (see fig. 4). Data from observation well located at different
distances from the pumping wells were used. If there is only one observation well, then it is
sufficient to plot hi - h, as a function of t (table I). .

Using "Contouring the Water Table Map", we noticed that the contours form V's with the
river and its tributaries. That's because the river is a "gaining" river. It is receiving recharge from
the aquifer. The contours show that ground water is moving down the sides of the valley and into
the river channel. The opposite of a gaining stream is a "losing™ stream. It arises when the water
table at the stream channel is lower than the stream's elevation or stage, and stream water flows
downward through the channel to the water table. This is very common in dryer regions of the
Southwest. In the case of a losing stream, the V will point downstream, instead of upstream. (see
fig. 6)

When making a water table map, it is important that your well and stream elevations are
accurate. All elevations should be referenced to a standard datum, such as mean Sea level. This
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means that all elevations are either above or below the standard datum (e.g., 50 feet above mean
sea level datum). It's also very important to measure all of the water table elevations within a short
period of time, such as one day, so that you have a "snapshot" of what's going on (Adeosun et al
2006). Because the water table rises and falls over time, you would be more accurate if readings
are made before these changes occur.

Understanding how ground water flows is important when you want to know where to
drill a well or a water supply, to estimate a well's recharge area, or to predict the direction of
contamination is likely to take once it reaches the water table. Water table contouring can help
groundwater developer to do all these things. Hence, groundwater flow through the subsurface is

the whole essence of this paper and called for further investigation.

Table 1: Drawdown Table

Time After Pumping Started (min) TIr? Drawdown (ft)

3 4.46 x 10°° 0.3

5 7.46 X 10°® 0.7

8 usxlo® 1.3

12 1.77 x 10° 2.1

20 2.95x 10° 3.2

24 3.53x10° 3.6

30 4.42 x 10° 4.1

38 557 x 10° 4.7

47 6.94 x 10° 5.1

50 7.41 x10° 5.3

60 8.85x10° 5.7

70 1.03x 10* 6.1

80 1.18 x 10* 6.3

90 1.33x10* 6.7

100 1.47 X 10* 7.0

130 1.92 x 10* 7.5

160 2.36 x 10™ 8.3

200 2.95x 10™ 8.5

260 3.83xI0™ 9.2

320 4.72 x 10™ 0.7

380 5.62 x 10™ 10.2

500 7.35x 10* 10.9
Table 2: Field Data

R U W

im 1.44 x 10°® 0.01 9.44
5m 3.6x10° 0.05 6.23
10m 1.44 x 10* 0.1 4.83
50 m 3.6x10° 0.5 1.85
100m 1.44 x 102 1 0.824
500 m 6 x10* 5 0.007
1000 m 1.44 10 00001

From the computed values of W(u, r/u) at each observation point, the drawdown can be computed
from hy - h =1.06 W(u, r/b)
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Table 3
R h:- hy
1m 9.44m
5m 6.23m
10m 4.83m
50m 1.85m
100m 0.824m
500 m 0.007m
1000 m 00001m

CONCLUSION

It has been clearly demonstrated that the study of flow in porous media was recognized in
detailed through the physical behaviour of subsurface water and their interactions with the solid
matrix (flow of groundwater was delineated through the presence of boreholes drilled along the
coastal area of Lagos State for characterizing the flow in the subsurface aquifer. The classical
Darcy's law governed the flow in porous media by regarding ground water flow as a function of
the hydraulic head. A complete statement of this flow problem required specifying the extent of
the flow domain, the governing equation, spatial distribution of properties, for example, hydraulic
conductivity and specific storativity, boundary conditions and initial conditions. Analytical
solution of this flow equation for which a fractal dimension was assumed to yield a closed form
solution that could be written on paper and also be examined to understand the behaviour of the
flow system in a typical limited homogeneous flow domain with relatively simple geometry.

The problem of solving fluid flow through porous media has proved analytically
intractable and the problem of understanding flow and storage in aquifers is very complex. It was
-recognized that flow through' such a medium is very significantly influenced by the porous media
characteristics such is porosity and permeability. A limitation of this work is the estimation of
permeability (hydraulic conductivity) of the medium which can not be examined and investigated
without being to the field, even if examined, permeability estimation has proved to be complex
and this concept has limited the free flow of fluid within the porous medium. Therefore, this work
is hoped to complement the study of flow through porous media that might have been done in
other parts of the world and contributes to the unveiling knowledge of the applicability of flow in
porous media. Prediction of this flow shows several interesting qualitative features such as graphs
and contouring of water table map, which held to predict change in drawdown in pumping well
and the direction of flow. The method becomes more accurate and easy to handle with little or no
variations in the observed drawdown and water table flow prediction.

NOMENCLATURE
S = Storativity
T = Transimissivity (L*T%)

h; -h, - drawdown (L)
Q —pumping rate (L*T%)

t =time, (time since pumping began)

r = radial distance from pumped well (L)

e = leakage rate

B = leakage factor (Lb™?) = thickness of leaky layer (L)

b' = thickness of leaky layer (L)

K'= vertical hydraulic conductivity of leaky layer (LT™)
(X, y)=rectilinear coordinator

S, = specific storage
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h =head (L)

q = specific discharge (M*d™ per m?)

K = hydraulic conductivity of aquifer (md™)

h,, h; = hydraulic heads measured along flow path
L = distance between head measurements (m)

W = width of cross - sectional flow (m)

D = height of cross-sectional flow (m)

W/(u)= dimensionless form from chart

G = leakage factor

U = flow velocity
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Abstract: Evaluate of common patterns of genetic variations or similarities among three species
of tillapine through the DNA fingerprinting analysis was performed in this study using RAPD-
PCR (Random amplified polymerase chain reaction) using 10 arbitrary primers, out of 10
primers used, 7 primers gave strong sharp distinct bands. The 7 primers produced a
total of 15, 13,16, 14, 18, 14 and 17 bands respectively. Depending on the
similarity coefficient through the used primers, the similarity between
Oreochromis niloticus and Oreochromis galilaius was 95% and between
Oreochromis niloticus and Tilapia zilli was 80% and between Oreochromis
galilaius and Tilapia zilli was 75%. The values of the genetic distances
obtained were utilized to generate a distance matrix to construct a dendrogram
which linked the studied species. The results of DNA fingerprinting of the
studied fishes can be taken into consideration as a joint patterns of similarity
and probability of Hybridization between the very closed species to improve
the genetic characters. [New York Science Journal. 2009;2(2):20-25]. (ISSN: 1554-0200).
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Introduction

Morphological studies have been especially successful in defining species and in organizing these
species into genera. These groupings have usually been confirmed when examined with molecular
approaches. Molecular characters have revealed some cryptic species (Avise, 1994) and identified
some incorrectly split groups (e.g., species inclinid klep fish genus Gibbonisia by Stepien and
Rosenblah, 1991).

Although morphological studies have generally been successful in defining genera, it is rare to
find studies which present a hypothesis of relationship above the level of species comprising a
genus, primarily due to a lack of congruence of characters (Stepien and Kocher, 1997),
fortunately this is one of the strengths of molecular data, and inter- and intrageneric relationships
are now being rapidly tested and elucidated. Molecular data are also means used to assess the
phylogenetic relationships among populations.

Development in RAPD-PCR technology is known as Random Amplified Polymorphic DNA-
Polymerase Chain Reaction (RAPD-PCR). This approach of DNA polymorphism which based on
PCR amplification of DNA segment using single primers of arbitrary nucleotide sequences has
been developed by Williams et al. (1990) and Welsh and McClelland (1990). This technique
involves amplification of certain regions of the nuclear genome flanked by inverted sequences
complementary to particular nucleotide 10-mer primer, provided that the primer anneals within a
range of annealing temperatures (35- 40°C). The primer randomly anneals to an unknown segment
on one of the DNA strands. When two species, strains, or individuals are compared,
polymorphism between them will be revealed on agarose electrophoresis gels by presence or
absence of an amplification product., this method has been applied to the discovery of genetic
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markers for mapping studies ( Poslethwait et al., 1994) and to elucidate the phylogenetic
relationships between species (Bardakei and Skibinski, 1992; Welsh and McClelland, 1990 ) .
In this investigation , RAPD-PCR was used to examine the DNA-fingerprint and the
similarity among three tilapia fish in Egypt, Oreochromis niloticus, Sarotherodon galilaeus
and Tilapia zilli .

Materials and Methods

Fish samples:
Fish samples of three species Oreochromis niloticus, Sarotherodon galilaeus and
Tilapia zillii were collected from El-Abbassa fish farm , from October to December 2005

DNA extraction :-

Genomic DNA was extracted using the phenol- chloroform extraction method
(dinesh et al., 1993).

Polymerase chain reaction (PCR) amplification was carried out following the
RAPD- fingerprinting protocol previously established for fish ( Dinesh et al .
, 1993 ) . Genomic DNA was amplified in reaction volume of 50 pl using a 10
—mer seven RAPD primers with G + C content 60 and 70 %.

the sequences of primers were : GAAACGGGTG , AATCGGGCTG ,
GGGTAACGCC, CAGCACCCAC, GTGATCGCAG, CCGGGAATCG and
AGTCAGCCAC

The reaction mixture was prepared using 2.5 ml of 10 X PCR buffer , 2.5 ml
50 mM Mgcl2 , 1 ml 10 mM DNTPs, 1 — 7 ml primer , 2 ml DNA (100 - 200
ng) 0.5 ml Taq DNA polymerase enzyme and H 20 in a total volume of 50 ml.
Amplification was carried out with the following cycle program: 4 min. of
denaturation at 94°c; 37cycles of amplification at 94°c (1 min); 36°c-42 °c (2
min) and 72 °c (1 min). Soaking was carried out in 4°c.

Analysis of RAPD - PCR products:
The products of amplification were analyzed by electrophoresis on

1.4% agarose gels in 1X TBE buffer, visualized under UV trans-illuminator
and photographed by a Polaroid camera.

(1)Genetic statistical analysis:-

The similarity coefficients between the three tilapia species were calculated
based on pair wise comparison between them for primers using the formula:

6 =2 Ny, / (Nx+Ny)
Where Nx and Ny are the number of bands in individuals X and Y.

N,y is the number of shared bands (Nei and Li, 1979; Lynch and Milligan ,
1994 ) .

The average pair wise similarity (S) was then calculated as an average across
primers. The similarity values were converted into genetic distance using the
formula: D =1 - S (Nei and Li, 1979). E—

The data derived from this formula was plotted to establish a matrix of
distance using computer program of unweighted pair- group Arithmetic
average cluster analysis to construct a dendrogram for the three tilapia
species.
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Results

Out of 10 primers used, 7 primers gave strong sharp distinct bands. The
RAPD fingerprints of three fish species are shown in fig.(;) the total bands
generated by the primers A-G respectively are: 15, 13,16, 14, 18, 14 and
17 bands respectively.

Figurel( A-G) have four lanes, from left to right are: the DNA marker,
Oreochromis niloticus, Sarotherodon galilaeus, and Tilapia zilli PCR
products.

Using primer A, the amplification products of Oreochromis niloticus DNA
by application of RAPD technique showed five bands of molecular weights
207, 328, 569, 790 and 1145 bp. While Sarotherodon galilaeas produced 5
bands of molecular weights 207, 383, 472, 734 and 1003 bp. and Tilapia zilli
showed five bands, 207, 362, 461, 764 and 1040 bp.

( Fig.1-A)

The RAPD-PCR products using primer B revealed six bands in
Oreochromis niloticus, 253, 317, 412, 506, 758 and 1017 bp. And three bands
only in Sarotherodon galilaeus, 506,758 and 1029 bp. But in Tilapia zilli it
revealed four bands of molecular weights 390, 506, 1029 and 1425 bp.( Fig.1-
B)

In primer C, Oreochromis niloticus produced five bands, 202,403, 581,
632 and 1403 bp., where in Sarotherodon galilaeus five bands were appeared
as 217,418,571,632 and 1406 bp. and six bands appeared in the amplification
of Tilapia zilli DNA, 92, 209,461,581,632 and 1403 bp. .( Fig.1-C).

Primer D revealed six bands of molecular weights 196, 270, 449, 578,
810 and 901 bp. in case of Oreochromis niloticus, but produced four bands of
molecular weights 254, 449, 578 and 810 bp. in case of Sarotherodon
galilaeus and four bands in Tilapia zilli of molecular weights 578, 710, 810
and 930 bp. .( Fig.1-D). The amplification products of RAPD-PCR using
primer E produced eight bands utilizing Oreochromis niloticus DNA, there
molecular weights were 67,123, 215, 278, 340, 461, 720and 903bp. and six
bands in Sarotherodon galilaeus of molecular weights 59, 187, 270, 390, 607
and 840 bp. Also it revealed four bands in Tilapia zilli, 117,270, 390 and 607
bp. .( Fig.1-E). Primer F produced six bands in the amplification of
Oreochromis niloticus DNA, there molecular weights were 168, 173, 288,
390, 582 and 783bp.; four bands of molecular weights 317, 405, 591 and 698
bp. in Sarotherodon galilaeus, while in Tilapia zilli it evealed four bands of
molecular weights 317, 405, 591 and 677 bp. .( Fig.1-F). Finally using primer
7, six bands appeared in Oreochromis niloticus, there molecular weights were
170, 202, 460, 591, 632 and 1343 bp. ; five bands in case of Sarotherodon
galilaeus of molecular weights 270, 431, 583, 620 and 1281 bp. and six bands
of molecular weights146, 270, 436, 583, 620 and 281 bp in Tilapia zilli. .(
Fig.1-G)

Phylogenetic relationships:

Depending on the data produced from RAPD-PCR amplification and fish
DNA fingerprinting, similarity coefficient was obtained from statistical
analysis to assess the similarity between the three tilapia fish species. A
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linkage map (dendrogram) is constructed among the three tilapia fish
species of (Fig.2).

Fig I: Products aof RAPD-PCR amplification af DINA

of three tilapia species using pramers {A-F), fane I:
Oreachramis nilaticus; fane 2:Saretherodan galilacus;
fane 3: Tifapia zlli

Oreochromis niloticus

Oreochromis galilagus

Tilapia =zillii

Fig.2: Dendrogram generated by clustering using Unweighted Pair-Group Arithmatic
Avarage analysis of 1-s values (based on Nei and Li's index) computed from pairwise
comparison between three tillapine fish speci
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Discussion

RAPD bands in this study were always variant (i.e., strong, faint, fuzzy and sharp bands)
generated with each primer because one or more copies of DNA may exist per genome or may be
attributed to the varying of the annealing process between the primer and the DNA. This problem
of mixed bands shows the well known sensitivity of PCRs (Bielawski et al., 1995). RAPD
fragments generated by primer four produced low polymorphism among fishes studied. This
primer sequences may have annealed to variable sequences, which might be of great utility at
lower taxonomic levels, e.g. for the differentiation of very related species. However, in RAPD
fragments generated by the other primers, there were high degree of polymorphism, their
sequences may be considered as more conserved sequences, which are most useful in higher
taxonomic levels and evolutionary relationships. These results are in agreement with Bardkei and
Skibinski (1994) who stated that, patterns of similarities and differences between populations
showed broad agreement across primers and the overall similarity level varied between primers.
Thus, primer choosing is a very important for this technique.

RAPD fingerprinting has been used to construct a genetic linkage map (Postlewait et al.,
1994). In this study, three species of tilapia fish were studied genetically through the RAPD
technique to put a species fingerprint and to identify the similarity coefficient among the fishes
under study. This coefficient represents a measure of the shared bands two or more different
species within the same, and different, primers .These are important measurements that help to
quantify the degree of relationships between different species.

The description of this similarity coefficients is not simple, especially when more than one
character are involved in the same cluster. Thus, O. niloticus and S. galilaeus are found to have a
similarity coeffecient of 95%, where between O. niloticus and T. zillii is 80% and between S.
galilaeus and T. zillii is 75%. The genetic similarity between O. niloticus and S. galilaeus was
higher compared with that between O. niloticus and T. zillii. Also, between S. galilaeus and T.
Zillii there was low similarity compared with that of O. niloticus. The dendrogram (fig. 2)
indicates the relationship among the three tilapia species which are of family Cichlidae , taking
into consideration the close relationship between O. niloticus and S. galilaeus

However, this study concluded that the very high similarity between O. niloticus and S.
galilaeus leads to high probability of hyberidization between them, but not between O. niloticus
and T. zillii. These findings are an indication of the distinct character of T. zillii territoriality, in
contrast to the other two species, in spite of the close morphology of body shape they all share.

It can be concluded also that, RAPD-PCR could prove to be a useful tool for estimating
the genetic variability and degree of similarity among fish species.
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Subsurface Stratigraphic mapping using Geophysics and Its Impact on the Urbanization
Development in Arepo Area, Ogun State, Nigeria
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Abstract: This article presents the findings of geophysical investigations carried out at Arepo
area, Ogun State, Nigeria. The main geophysical methods employed was resistivity sounding,
induced polarization and borehole geophysics. The integrated geophysical techniques has
demonstrated its ability to be a better approach to resolve the subsurface stratigraphical
ambiguities than a single geophysical technique. The method was suitable to distinguish between
sand and clay beds in a complex geologic zone. Based on the thickness of sand layer, the arca
investigated can probably support low to giant engineering structures. [New York Science Journal.
2009;2(2):31-45] (ISSN: 1554-0200).

Keywords:  Stratigraphic mapping, lithologic beds, geoelectric sections, resistivity sounding

1. Introduction

Ogun State has witnessed an upsurge in infrastructural development and increased in human
population in recent years particularly in those areas that shear borders with Lagos State. The
study Area, Arepo falls within this category (Fig.1). On the basis of increasing economic activities
and booming construction works coupled with the incidence of collapsed building structures in the
country, this investigation was carried out to provide detailed information on the characteristics of
the subsurface lithology and ground conditions prior to the commencement of construction works.
Since nearly every civil engineering structures — building, bridge, highway, tunnel, wall, tower,
canal, and dam — must be founded in or on the surface of the earth (Lambe and Whitman, (1979),
it is expedient that detailed information on the strength and the fitness of the host earth materials
must be ascertained via pre-construction investigation of the subsurface at the proposed site.

In a simplistic sense, drilled core can be used to map subsurface materials. However, geophysics
can provide some of the required information to delineate those materials in subsurface space.
Geophysical tools that are routinely used to image the subsurface of the earth in support of mining
related geotechnical investigations, include Seismic methods, ground penetrating radar (GPR),
Electrical resistivity (ER), Electromagnetic (EM), Induced polarization (IP) and Magnetic method
(M) (Gowd 2004, Ward, 1990 and Neil and Ahmed, 2006). This survey, which could be carried
out for less than the cost of a single cored drill hole, provides critical insight into the complex
subsurface architecture and stratigraphic relationships of buried units (Susan, 2000). To this end,
intergrated geographical techniques-via electrical resistivity induced polarization and borehole
geophysics have been employed to delineate subsurface stratigraphic relationship or variation of
Earth materials of Arepo, area Ogun state, Nigeria as an aid to civil engineer in charge of
construction works.

2. Geology and Hydro geology

The geology of the area (fig.1) can be described broadly as a sedimentary basin, which thickens
from north to south (down dip) and from East to West. The project area is underlain by the littoral
and lagoon deposits of recent sediments. The coastal belt vary in width from about 8km near the
republic of Benin boarder to about 24m toward the eastern end of Lagos lagoon (Jones and
Hockey, 1964). The recent sediment can be divided into littoral and lagoon sediments of the
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coastal belt and the alluvial sediments of the major river. The sediments consist of unconsolidated
sands, clay and mud with a varying proportion of vegetation matter, along the coastal area while
the alluvial deposits consist of coarse, clayey, unsorted sands with clay lenses and occasional beds.
Hydro-geologically, Kampsax and Kruger (1987) subdivided the aquifer in the coastal terrain of
Lagos and Ogun into four with the first aquifer representing the recent sediments and the second
and third aquifers being within the coastal plain sands. The water table aquifer occurs in recent
sediments along the coast and within alluvial plains of the river valleys. However the water table
is shallow with results of chemical analysis of the water from recent sediments showing higher
TDS and conductivity than water from the coastal plain sands aquifer (Oyedele, 2006).

3. Equipment and Field Procedure

Electrical resistivity and Induced polarization measurements were carried out using ABEM
terrameter SAS 1000 system. This equipment is reliable and provides adequate spatial resolution
and target definition. The data were acquired using the vertical electrical sounding method (VES).
A total of thirteen (13) VES wee carried out using the Schlumberger array with a maximum
current electrode separation AB/2 of 120m. The essential idea behind the VES is that it assumes
conductivity variation with depth only, such that as the distance between the current and potential
electrode is increased, the current filament passing across the potential electrode carried a current
fraction that has returned to the surface after reaching increasingly deeper depth (Telford et al.,
1976). To ensure that geophysical results can be interpreted in a way that is clear and meaningful
to all project participants drilled borehole logs were used to correlate with the geophysical data
(Fig. 3ato 3c¢).

4. Data Processing and Presentation

To minimize erroneous interpretation due to human error, the WinGlink software was utilized for
the processing of the acquired data. The processed data were presented in the forms of 1-D models
resitivity curves, geoelectric sections and maps.

5. Results and Discussion

1-D Models Resistivity Curves

The apparent resitivity values were plotted against the electrode separation (AB/2) in meter on a
computer based log-log graph using the WinGlink software for a computer iterated interpretation.
These iterations were presented as 1-D iteration models. Figure 2 shows the representative
samples of these curves. Visual examination of the 1-D model curves shows a typical 4-layered
case. This consists of topsoil (clayey sand), fine sand/medium sand, clay and coarse sand. Table 1
shows the detailed interpreted resistivity measurements of the subsurface sediments.

Geoelectric Sections

The geoelectric sections of the various VES stations in the study area were created to indicate the
various geoelectric layers within the subsurface with their characteristic resitivity values and
probable geologic connotations (Fig.3a to 3d).

The geoelectric section across A to A' is made up of data from VES 1, 2, 5, 7 and 8 correlated
with drilled hole (D2) (Fig. 3a). The top geoelectric layer has resistivity values ranging from 74 to
118Qm with a thickness that varies from 1.56 to 4.11m and is composed of predominantly clayey
sand. The second geoelectric layer has resitivity values that vary from 96 to 265Qm and thickenss
values that range from 7.64 to 19.87m. It is predominatntly fine sand. The third geoelectric layer
has resistivity values that vary from 34.7 to 62.5Qm and thickness values of 19.3 to 25.6m and
consists of clay. The fourth layer has resistivity values that vary from 318 to 403.6Q2m and with no
thickness values because the current terminated in this zone.
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The geoelectric section across B to B' is made up of data from VES 5, 6 and 10 (Fig. 3b).The first
geoelectric layer has resistivity values that vary from 29.4 to 118.0Qm and thickness values that
range from 1.1 to 3.5m and is made up of clayey sand with decomposed organic and inorganic
materials. The second geoelectric layer consists of fine sand with resistivity values that vary from
150 to 188Qm and thickness values that vary from 11.5 to 14.3m. The third layer has resistivity
values that vary from 26.3 to 152.3Qm and thickness values that range from 17.3 to 21.8. This
layer is predominantly clay. The last layer is made up of coarse sand with resistivity values that
vary from 23.4 to 463.9Qm with no thickness.

The geoelectric section across C to C' is made up of data from VES 7, 6, 11, 12 and 13. The first
geoelectric layer is made up of clayey sand with resistivity values that vary from 32 to 118Qm and
thickness values that range from 0.7 to 3.5m. The second layer is made up of fine to medium sand
and consists of resistivity values that range from 96.0 to 104.6Qm and thickness of 1.7 to 6.4m.
The third layer has resitivity value that vary from 26.3 to 202.0Qm and thickness that range from
16.2 to 25.6m. The lithology is predominantly clay. The fourth layer is made up of coarse sand
with resistivity values that vary from 26.4 to 464.0Qm.

Across D to D' the geoelectric section is made up of VES 2,4,6 and 9. The first layer is composed
of clayey sand with resistivity values that vary from 76 to 118Qm and thickness values that range
from 1.5 to 3.5m. The second layer has resistivity values that vary from 171 to 188.6Q2m and
thickness values that vary from 2.5 to 19.5m. This is indicative of fine to medium sand. The third
layer has resistivity values that vary from 26.3 to 44.6Qm and thickness between 6.3 to 32.5m,
which is indicative of clay material. The fourth layer has resistivity values that range from 292.2 to
540Qm and consists of coarse sand.

Contoured Maps

Several maps were produced using SURFFER program to monitor the trend of lithological
variations with a view to assessing the subsurface stratigraphic stratum suitable for low, medium
and giant engineering structures.

Figure 4 shows the isopach map of thickness of sand layers that vary from 2 to over 18m. Based
on the sand thickness, the northern, western southern and south-eastern sections of the area can
probably support giant engineering structures while the north-eastern section show an indication
of low to medium structures. The depth to sand layers range from 1.1 to 55.0m.

Figure 5 shows the isopach map of depth of clay layers. The depth to clay layers vary from 4 to
over 24m. Both the northwestern and southeastern portions of the area investigated have depth to
clay layers that range from 9 to over 24m. On the other hand, the northeastern portion has depth to
clay layers that vary from 4 to 14m. Figure 6 shows the isopach map of thickness of clay layers
and it varies from 6 to over 30m. Over ninety five percent (95%) of the area have thickness values
that vary from 12 to over 30m with the exception of VES 9 that has clay thickness value of about
10.2m (Table 1).

The depth to groundwater table (GWT) in the area vary from 0.5 to over 8.5m (Fig.7). With the
exception of VES 9, the depth to GWT at all the VES stations range from 2.5 to over 8.5m.

Figures 8,9,10,11 and 12 shows isoresistivity depth-slice maps at 3m, 7m, 10m, 15m and 25m
respectively. With the exception of isoresistivity depth-slice map at 25m (Fig.2), in which the
resistivity values vary from 200 to over 230Qm, all the other isoresistivity depth-slice maps have
reistivity values that vary from 20 to over 230Qm (Figs. 8 to 11).
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6. Implication of Study Area on Engineering Structures

The results of the geophysical investigation carried out shows that the study area can
accommodate probably low to high engineering structures based on the inferred thickness of the
sand layers. In the northeastern portion however, low to medium structures are feasible except
extensive pilling is done. This is because the sand layer in that area is thin (2.5 to 7.6m) and it is
underlain by clay. Beneath all the VES stations, with the exception of VES 8 and 9, the thickness
of the sand body ranges from 10.9 to 19.9m with resistivity values ranging from 109.6 — 118.0Qm.
These areas can probably support giant engineering structures.

However, it is important to note that underneath this sand layer is a thick clay body beneath all the
VES stations. To ensure the safety of giant engineering structures in the area, adequate pilling is
recommended.

7. Conclusion

The subsurface geotechnical investigation using the combination of electrical resistivity, induced
polarization and borehole geophysics at Arepo area, Ogun State, Nigeria revealed that the
stratigraphy consists basically of four layers which are representative of top soil (clayey sand),
fine to medium sand, clay and coarse sand. Based on the qualitative and quantitative interpretation
of VES data alongside with borehole data, it is deduced that low to high engineering structures are
feasible. However, for massive constructions, structural foundation via pilling is recommended at
depth not less than 32m because of the clay beds that directly underlain the sand bodies.
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Fig 1: Geological map of Ogun State showing the study area.
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Fig 7: Isopach map of depth to groundwater table.
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Fig 12: Isoresistivity depth-slice map at 25 m.
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Table 1: Interpreted resistivity measurements.

VES Layer Resistivity Thickness | Depth (m)
Station (€2m) (m) Lithology

1 73.54 278 2.78 Topsoil (clayey sand)
: 2 153.07 10.86 13.64 Fine sand

3 39.68 25.06 38.7 Clay

4 403.58 - Coarse Sand

1 83.17 2.63 2.63 Topsoil (clayey sand)
) 2 173.29 19.83 22.46 Fine sand

3 36.06 32.49 54.95 Clay

4 539.92 - - Coarse Sand
. 1 85.13 1.56 1.56 Topsoil (clayey sand)

2 155.95 19.87 21.43 Fine sand

3 62.54 - - Clay

1 84.81 2.19 2.19 Topsoil (clayey sand)
A 2 170.98 19.31 215 Fine sand

3 44.6 28.73 50.23 Clay

4 292.17 - - Coarse Sand

1 83.17 2.51 2.51 Topsoil (clayey sand)
5 2 149.72 115 14.01 Fine sand

3 43.82 21.79 158 Clay

4 332.29 - - Coarse Sand

1 118.42 3.5 3.5 Topsoil (clayey sand)
6 2 187.98 14.33 17.83 Fine sand

3 26.34 21.71 39.54 Clay

4 463.93 - - Coarse Sand

1 118.22 3.45 3.45 Topsoil (clayey sand)
7 2 95.92 19.37 22.82 Fine sand

3 34.73 19.29 42.11 Clay

4 364.82 - - Coarse Sand

1 89 4.11 4.11 Topsoil (clayey sand)
. 2 265.24 7.64 1175 Fine sand

3 35.9 25.59 37.34 Clay

4 311.76 - - Coarse Sand
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1 76.42 1.45 1.45 Topsoil (clayey sand)
9 2 188.58 2.53 3.98 Fine sand

3 38.24 6.26 10.24 Clay

4 127.53 - - Medium Sand

1 29.43 1.14 1.14 Topsoil (clayey sand)
10 2 61.42 7.88 9.02 clayey sand

3 152.25 17.27 26.29 Medium sand

4 26.36 - - Clay

1 31.72 0.68 0.68 Topsoil (clayey sand)
T 2 78.05 6.44 712 Clayey sand

3 201.97 16.22 23.34 Fine sand

4 32.87 - - Clay

1 48.29 1.4 14 Topsoil (clayey sand)
12 2 115.97 15.86 17.26 Fine sand

3 28.31 14.59 31.85 Clay

4 679.81 - - Coarse Sand

1 55.98 1.09 1.09 Topsoil (clayey sand)
3 2 109.57 17.3 18.39 Fine sand

3 51.23 21.18 39.57 Clay

4 497.55 - - Coarse Sand
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Abstract: This article describes the nucleus field. [New York Science

Journal. 2009;2(2):46-50] (ISSN: 1554-0200).
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Abstract: A greenish discolouration of the lagoon floor at the Bayeku area of the Lagos lagoon
was observed in January 2006. We report here an investigation of the area between December,
2005 and Feburary, 2006 as part of a larger study. A total of 19 species from 13 genera were
reported. Oscillatoria tenuis (95,800 trichomes per ml) was implicated as the causative organism
for the substratum discolouration. Increased insolation, especially reaching the lagoon floor, low
salinity, absence of flood conditions, suitable sediment type (fine — medium sand) and high
nutrient (PO4 - P > 0.24 mg/L; NO; — N > 4.40mg/L) levels possibly encouraged the algal
proliferation and subsequent substratum discoloration. It is suggested that improving water quality
indices and salinity after January caused the disappearance of the discolouration on the

substratum. [New York Science Journal. 2009;2(2):51-60]. (ISSN: 1554-0200).

Keywords: algae, water quality indices, substratum.

INTRODUCTION.

Coastal algal blooms respond to nutrient load from anthropogenic sources (Lee, 1999; Onyema,
2007). South-western Nigeria is endowed with an intricate network of rivers, creeks and lagoons,
that serve as conduits transferring highly nutrified waters from hinterland to coastal areas. Bloom
conditions have been reported in some of these waters (Nwankwo et al., 2003a; Nwankwo et al.,
2008). Blooms of Microcystis aureginosa, M. flos-aquae and M. wesenbergii were reported in the
Lagos lagoon (Nwankwo, 1993), Ogun river at [ju (Nwankwo, 1993) causing bluish colouration,
anoxia, odour, impacting taste to the water (Nwankwo et al., 2003a) and kuramo lagoon
(Nwankwo et al., 2008). Blooms of Trichodesmium thiebautii have also been reported off the

51



New York Science Journal, 2009:2(2), ISSN 1554-0200
http://www.sciencepub.net, sciencepub@gmail.com,

Lagos coast (Nwankwo, 1993) during thermocline conditions and more recently a bloom of
Bellerochea malleus that caused brownish discolouration off the Light house beach, Lagos
(Nwankwo et al., 2004) was documented. Blooms of Anabaena flos-aquae, A. spiroides
(cyanobacteria), Cerataulina bergoni, Chaetoceros convolutus, Coscinodiscus centralis (diatoms)
and Ceratium furca, C. fusus, C. tripos and Noctiluca scntillans (dinoflagellates) are known to
induce harmful effects in waters of south-western Nigeria (Nwankwo, 1993; Nwankwo et al.,
2003a, b, Onyema, 2008). There is at present a report of substratum discolouration in the Lagos
lagoon system (Onyema and Nwankwo, 2006) implicating Beggiatoa alba and Oscillatoria spp as

causative species.

Between December, 2005 and Feburary, 2006, a greenish discolouration of the substratum at
Bayeku was observed and thoroughly investigated. We report here the composition of the
organisms before, during the bloom period and after the collapse. Water quality indices before,
during and after the substratum discolouration were also estimated and investigated. This report is

part of a larger study that was already ongoing at the time of the occurrence.

MATERIALS AND METHODS.

Description of study area.

The Lagos lagoon opens into the sea via the Lagos habour all through the year. The tidal height is
low (<1.5m) and the tidal exchange weak. It is shallow (<2m) and connected to the Epe lagoon to
the east. The area investigated was (Fig 1) the Bayeku area of the Lagos lagoon (Latitudes 6° 32'N
and 6° 31'N and Longitudes 3° 31'E and 3° 32'E). A greenish, slimy covering of suspected algae on
the lagoon floor was observed for the very first time in this area. Nutrient rich water is known to
flow from eutrophic creeks and creeklets systems in the area. Furthermore, poor sewerage systems
are the common state of the rural dwellers of the immediate area. Hence direct dumping of

domestic wastes is carried out in the closet water body.

Collection of samples

Water samples for determining water quality characteristics were collected at the site before
substratum sample collection. The boat was anchored throughout sample collections. Water
samples were collected in 1L plastic bottles with screw cap from 0.5m depth from the water

surface. This was labeled and transported to the laboratory for chemical analysis.
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Substratum samples (top Scm) were collected within a 5cm? quadrat carefully placed on the
greenish material / lagoon floor. A spatula was gently used underwater to scrape the topmost part.
After carefully scooping up the greenish scum, it was gently spooned into a plastic bag while still
underwater. Duplicate samples were collected on each occasion. Out of water and in the boat,
samples were transferred to 75cl screw capped plastic containers. Samples were fixed with
formalin (4% unbuffered) and labeled appropriately on the field before onward transportation to

the laboratory. This process was carried out on each sampling occasion.
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Fig-1: Lagos lagoon showing sampling site #*
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Physico-chemical analysis
Air and surface water temperatures were measured in-situ using a mercury thermometer while

water depth was estimated with a calibrated pole. Total dissolved solids was determined by
evaporating 100ml aliquot at 105°C and total suspended solids estimated by filtering 100ml of
sample through a pre-weighed filter paper, dried to constant weight and reweigh. Conductivity
was measured using the HANNA instrument while salinity was determined using the silver-nitrate
chromate method. The surface water pH was determined with a Griffin pH meter (Model 80)
while dissolved oxygen was measured using a Griffin oxygen meter (Model 40). Biological and
chemical oxygen demands were measured using methods described in APHA (1998) for water
analysis. Calorimetric methods using a Lovibond Nesslerier were adopted for the direct
determination of phosphate-phosphorus and nitrate-nitrogen values while sulphate levels were
measured using the gravimetric method. Calcium and magnesium ions were determined using a
400 single channel, low flame photometer. Concentrations of copper, iron and zinc were

determined with an atomic absorption spectrophotometer (A.A.S.) Uni cam 99model.

Biological Analyses

In the laboratory, the drop count microscope analysis method described by Onyema (2007) was
used to estimate the substratum algal flora. Microscope analysis was carried out on samples within
48hours of collection. Identification materials were used to assist and confirm identification of
species (Smith 1950; Hendey, 1958, 1964; Desikachary, 1959; Wimpenny, 1966; Patrick and
Reimer, 1966, 1975; Whitford and Schmacher, 1973; Vanlandingham, 1982; Nwankwo, 1990,
2004a; Bettrons and Castrejon, 1999; Siver, 2003; Rosowski, 2003).

RESULTS.

Physico-chemical.

Air (31 - 32 °C) and water (30 - 31 °C) temperatures were high through out the sampling period
while the sampling depth was averagely 1.31m. The water remained slightly alkaline throughout
the study (7.01 — 7.10). The total dissolved solids (20 - 33 mg/L), salinity (2.30 - 20.60 °/,,),
chloride content (770.0 — 6930 mg/L), conductivity (2335 — 12,500 uS/cm), acidity (3.0 - 8.8
mg/L), alkalinity (28.5 - 100.3 mg/L), total hardness (562.5 - 4687.0 mg/L), sulphate (6.1 — 60
mg/L) and cation content (Calcium 111- 500, Magnesium 35.6- 859 mg/L) increased as the dry
season progressed, while there was a corresponding decrease in total suspended solids (1590 —
8260 mg/L), nitrate (2.5 - 4.8 mg/L), biological (5 - 11mg/L) and chemical oxygen demands (10 —

49 mg/L) and heavy metals levels (Iron 0.14 - 0.35, Zinc 0.003 - 0.006mg/L) (Table 1).
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With regard to the algae, just one species each was recorded for December 2005 (Microcystis
aureginosa Kutzing) and January 2006 (Oscillatoria tenuis Agardh), However, 17 species were
recorded in February (Table 2). Although, total biomass in terms of cell numbers was high in
January (95,800 trichomes per ml) it was for a sole species. This organism (Oscillatoria tenuis
Agardh) is the implicated microalgae responsible for the greenish discolouration of the lagoon
floor at Bayeku. Furthermore, February recorded 3 cyanobacteria, 8 centric diatoms and 6 pennate
diatoms species. Actinophycus splendens Ralfs and Biddulphia laevis Ehrenberg were important
diatoms and Oscillatoria limnosa Agardh for the cyanobacteria in terms of numbers in February.

Table 1: Monthly variation in water quality characteristics at Bayeku area of the Lagos
lagoon (Dec., 2005 — Feb., 2006).

Physico-chemical parameters Dec., 2005 | Jan., 2006 Feb., 2006
Air temperature (°C) 32 31 31
Water temperature (°C) 30 31 30
Depth (m) 1.42 1.24 1.41
Total Suspended Solids (mg/L) 33 27 20
Total dissolved Solids (mg/L) 1590 5120 8260
Salinity (%) 2.30 9.20 20.60
Chloride (mg/L) 770.0 3086.0 6930
Conductivity (uS/cm) 2335 7877 12500
pH 7.05 7.01 7.10
Acidity (mg/L) 3.0 8.8 8.1
Alkalinity (mg/L) 28.5 30.4 100.3
Total Hardness (mg/L) 562.5 360.0 4687.0
Nitrate- Nitrogen (mg/L) 44 4.8 2.5
Sulphate (mg/L) 6.1 10.8 60
Phosphate- Phosporus (mg/L) 0.24 0.26 0.04
Silica (SiO, mg/L) 1.9 2.6 2.1
Dissolved Oxygen (mg/L) 5.5 4.2 4.3
Biological Oxygen Demand (mg/L) 11 9 5
Chemical Oxygen Demand (mg/L) 49 27 10
Calcium (mg/L) 165 111 500
Magnesium (mg/L) 35.6 50 859
Copper (mg/L) 0.002 0.002 0.002
Iron (mg/L) 0.35 0.22 0.14
Zinc (mg/L) 0.005 0.006 0.003
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Table 2: Substratum algal composition (before, during and post bloom ) at Bayeku (per ml).

Algal Taxa Dec., 2005 (Bloom) Feb., 2006
Jan., 2006

Class — Cyanophyceae
Order | — Chrooccocales
Microcystis aureginosa Kutzing 170 - -
Order Il — Hormogonales
Lyngbya limnetica Lemm - - 5
Oscillatoria curviceps C.A. Agardh - - 10
Oscillatoria limnosa Agardh - - 60
Oscillatoria tenuis Agardh - 95,800 -
Class — Bacillariophyta
Order | - Centrales
Actinophycus splendens (Sch adbolt) Ralfs - - 205
Biddulphia laevis Ehrenberg - - 125
Coscinodiscus centralis Ehrenberg - - 10
Coscinodiscus eccentricus Ehrenberg - - 10
Coscinodiscus radiatus Ehrenberg - - 5
Cyclotella meneghiniana Kutzing - - 15
Melosira moniliformis (O.F. Muller) Agardh - - 10
Melosira nummuloides Agardh - - 35
Order Il — Pennales
Cymbella affinis Kutzing - - 15
Navicula mutica Kutzing - - 5
Nitzschia palea (Kutzing) Wm Smith - - 5
Pleurosigma angulatum (Quekett) Wm Smith - - 55
Pleurosigma elongatum Wm Smith - - 15
Synedra crystallina Kutzing - - 20
Number of species (S) 1 1 17
Species abundance (N) 170 95,800 605

DISCUSSION.

The water quality status at the site ranged between low and high brackish water conditions. Low

brackish condition (S=2.30%0) was experienced in December while high brackish condition

(>9.20%o) reflected the dry months. As the rain ceased, turbidity reduced while transparency

increased. Furthermore, insolation increased probably reaching the lagoon floor. This coupled with

high nutrient levels (PO;” > 0.24mg/L, NO; > 4.4mg/L, SO, >6.1mg/L), low brackish condition

(<9.2%y0) and low depth (<1.42m), favorable sediment type (fine — medium sand) and absence of
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flood conditions probably encouraged the proliferation of the epipelic algal population in January.
According to Valangdiham (1982), Oscillatoria tenius, the causative cyanobacterium, in the
substratum discolouration, is a saprobiont which can exist either as plankton or as an attached
form. Palmer (1969) reported that Oscillatoria tenuis is the second most tolerant Oscillatoria
species to organically induced stress. It’s important to note that both sole species in December and
January are known pollution tolerant cyanobacteria forms for the region (Nwankwo, 2004b).
Importantly, the highest level of nitrate (4.8 mg/L) recorded for this study was in January at the

time of the greenish occurrence.

Oscillatoria spp are reported in literature to have wide tolerance limits to pH, salts and organically
enriched environments (Valangdiham, 1982; Lee, 1999; Nwankwo, 2004b; Onyema, 2008). In
Nigeria, Onyema et al., (2003) has reported Oscillatoria tenius in organically polluted parts of
Lagos lagoon. Similarly, Chindah and Pudo (1991) have reported Oscillatoria tenius from the
Bonny river associated with oil related effluent. According to Valangdiham (1982) Oscillatoria
species are heavily favoured in organically nutrified waters. The existence of high BOD levels in
excess of 9mg/L at this site may be pointer to the probably stressed water quality status.

According to Hynes (1960), BOD above 8.0mg/L may indicate severe organic pollution.

The disappearance of the bloom in February may be associated with increased salinity (>20.6%)
and reduced nutrient load (PO, — P 0.04mg/L; NO5;-N = 2.05mg/L). Onyema and Nwankwo
(2006) reported a high abundance of epipelic algal forms in the dry months at some organically

polluted sites of an estuarine creek in Lagos.

This investigation highlights the bane of increasing levels of pollutants from anthropogenic

sources in the Lagos lagoon and the role of algal indicators in capturing changes in water quality.
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ABSTRACT: In order to continue to explore the enormous potential of solar energy as a
veritable source of energy, physical constraints inherent in science and technological must steadily
be converted to advantageous concepts and processes. This study investigates methods for
enhancing thermal capabilities of a parabolic dish solar collector or concentrator. Optical lenses of
different focal lengths and diameters were utilised to determine various output characteristics of

thermal radiation. Convergent temperature (T.), rate of energy emitted ((]), and intensity of

radiation (in) were found to increase with steady increase in ambient temperature (T,). Larger

diameter lenses and shorter focal length lenses were more advantageous than smaller diameter
lenses and longer focal length lenses in producing higher thermal outputs respectively. It was
further observed that actual drop in thermal outputs are obtained with lenses of 15 and 30 cm focal
lengths compared with no-lens condition at upward of 31 °C of ambient temperature. Also, the
farther away the temperatures measured, the lower the thermal output temperature. This was as a
result of radiation effects from the collector which influenced the output temperatures around the
lenses. The study therefore concluded that enhanced thermal capabilities of solar energy devices
operating on thermal radiations could be achieved by this method. [New York Science Journal.
2009;2(2):61-68]. (ISSN: 1554-0200).

Key words: thermal capabilities, concentrator, optical lenses, converged temperature, rate of
energy emitted, and intensity of radiation.

1. INTRODUCTION

In view of increasing interest of finding enhanced and effective temperature output and
thermal capabilities of solar energy radiations, which is described by Adegoke and Bolaji (2000)
as the most attractive energy source for the future; this work is intended to further corroborate
various existing methods and applications of solar energy devices operating on principles of
thermal radiations. Many areas of applications of solar energy devices such as, solar cooker, solar
furnaces, cooling of building, solar water and air heating, solar drying, among others, show that
obviously, the availability of solar energy that have lend to very useful researches, which have
continued to show that it is a safe and environmentally friendly source of energy in enhancing and
transforming hitherto traditional techniques to modern scientific methods on energy utilisation and
applications (Mc Veigh, 1977, Adegoke, 1998, Pelemo et al., 2002). Solar radiation does not
contaminate environment or endanger ecological balance. It avoids major problems like
exploration, extraction and transportation (Rajput, 2006). More so that mankind and especially
engineering is today facing one of the most severe challenges ever. Present energy engineering
leads to resource depletion and environmental destruction. Thus we need to develop energy
engineering in harmony with nature (Wall, 2002).

Being a free gift of nature, solar energy is in most abundant supply compared with other
naturally existing forms of energy such as fossil fuel, coal, oil and natural gas which are fast
depleting due to increased global dependence on energy (Richard, 1984); hence more effective
methods of exploring its use should be encouraged. Solar energy is not only inexhaustible, it is
non-polluting and therefore can be utilised to provide all our energy needs (Richard, 1977). The
finiteness of the fossil-fuel-based sources of energy has brought home to mankind the stark reality
of the need to develop other sources of energy. Hence, an upsurge of small and large scale
renewable energy programmes all over the world (Bamiro, 1983).
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The enormous potential of solar energy as a veritable source of energy is in no doubt,
however, its effective exploration and utilisation is determined by the extent and limitations that
science and technological advances may allow. Although the total amount of energy is enormous,
the collection and conversion of solar energy into useful forms must be carried out over a large
area which entails a large capital investment (Rajput, 2006). In the past, the exploitation of solar
energy reaching the earth’s surface as a viable alternative energy source has been pursued
vigorously through the development of different solar powered systems with varying degrees of
efficiencies (Pelemo et al., 2002).

This study therefore is aimed at investigating methods of enhancement of thermal
capabilities of a parabolic dish solar collector or concentrator. The process involves the use of
optical lenses of different focal lengths and diameters to determine the output characteristics of
temperature, rate of energy emitted, and intensity of radiation respectively. Improvements in
thermal capabilities as a result of implementation of the optical lenses will lead to very useful
information and optimised processes of solar energy devices operating on thermal radiations.

2. THEORETICAL FRAMEWORK

According to Rogers and Mayhew (1992), the framework for establishing the total energy
emission per unit time by unit area of a surface and also for the intensity of radiation of a surface
is hereby given.

The total energy emitted per unit time by unit area of a black surface is proportional to
the 4™ power of the absolute temperature T. This relation is expressed by the Stefan-Boltzmann
law:

- 4

4, = ol 1)
where, o = Stefan-Boltzmann constant = 56.7 x 10™? KW/m°K*
The spatial distribution of energy emission from an element can be represented as follows:

dQ,, =i,dw,dA @)
dQy, = i,dw,dA 3)
where, den is the rate of flow of energy through dA; and dQW is the rate of flow of energy

through dA,.

i, is the intensity of radiation in the normal direction and i, is the intensity of radiation in the ¢
direction.

The spatial distribution of i, is expressed by Lambert’s cosine law:

i, =1i,cos¢ (4)
Combination of equations (3) and (4) gives:

dQy, =1, cos¢ dw dA (5)
The solution of equation (5) gives:

Q, =iz dA (6)
Equation (1) can be re-written as:

Q, =oT*dA 7
Combination of equations (6) and (7) gives:

. oT?*

I, = (8)

T

This equation, giving the intensity of normal black radiation, is a consequence of the
Stefan-Boltzmann law and Lambert’s law.
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Therefore for a grey body the following laws are valid:

4 =et, =eol’ 9)
4
- co’l (10)
T

where ¢ = total hemispherical emissivity or simply emissivity, and is defined as the ratio of the
total energy ( emitted by a surface to the total energy (], emitted by a black surface at the same
temperature.

Thus, g:ﬂij (11)
qu

The ratio of the total hemispherical emissivity to the normal emissivity % is equal to unity for
n

a grey body. Assuming a glass as a silver polished surface, its normal emissivity & is given as

0.02 (Rogers and Mayhew, 1992). Hence, & = &, for a grey body. Equations (9) and (10) are
respectively used to analyse the experimental data collected.

3. MATERIALS AND METHODS

3.1 Conditions and Materials

The major equipment used to carry out this research study is a focusing type solar
collector or concentrator. This collector was previously constructed by Gbodiyan and modified for
better performance by Abiola (Gbodiyan, 2003, Abiola, 2003), and then used by Awolaran for
research studies (Awolaran, 2005). The surface area of the collector surface is 1.1314 m? with an
estimated focal length of 69 cm, obtained as a cumulative value from the pieces of mirrors
attached to the collector surface.

The geographical location of llorin, Nigeria where the study was conducted is estimated
as Latitude: 8.43 °N, Longitude: 4.5 °E and Altitude: 366m, percentage annual average of actual to

theoretical hours of sunshine in a day: %\I = 53, where, n = actual hours of sunshine in a day, N

= theoretical maximum possible sunshine hours in a day, solar irradiance: 640 (Fagbenle, 1990,
NMA, 2005).

Three thermometers were used (0-45)°C, (0-100)°C and (0-350)°C respectively. Four
converging lenses with the following specifications were use; 10 cm focal length lens (5 cm in
diameter), 15 cm focal length lens (5 cm in diameter), 30 cm focal length lens (5cm in diameter)
and 15 cm focal length lens (10 cm in diameter) respectively. The lenses were used to investigate
the effects of the lens’ focal length and diameter respectively on the thermal output of the
concentrator. A stop watch was used to time and monitor temperature changes within specific
time-intervals during the experimental investigation.

3.2 Methods

The concentrator solar device without the use of lenses was positioned to ensure no
shading effect and to guarantee a maximum radiation from the sun, between the hours of 12.00
noon and 2.00 pm when the experiment was conducted. During this period it was assumed that the
sun radiation is at its peak. The concentrator laced was also placed so that the angle between the
rays of the sun and the collector axis is minimised in order to obtain the maximum solar
irradiance, that is, the total radiation incident on unit area of surface per unit time (Rogers and
Mayhew, 1992). This was accomplished by making sure the shadow of the concentrator on the
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ground forms approximately a perfect circle and radiation rays approximately at a normal angle to
the concentrator surface.

The (0-350)°C thermometer was placed at the region of convergence of the concentrator
to measure the air temperature (T,) at converging point. The (0-45)°C thermometer was placed at a
distance of about 3 meters away from the concentrator system in order to measure the ambient air
temperature (T,) without undue interference or influences. The setting up of the apparatus was
done 30 minutes before the commencement of taking the readings, so that the apparatus will adapt
to the ambient state. The readings of T, and T, were taken and recorded at 10 minutes interval
between the hours of 12.00 noon and 2.00 pm for Day 1, without the use of any lens. The entire
procedure was repeated for Days 2, 3 and 4 respectively, fixing the converging lenses of different
focal lengths at the region of convergence of the solar concentrator in order to investigate the
effects of focal lengths of lenses on convergent temperatures. Therefore the (0-350)°C
thermometer was now placed at the new region of convergence of the lenses, to measure the
temperature (T,) at the new focal point.

All the above procedure was repeated for 3 more weeks to get a better view of the
variations of the parameters over time. Lenses of different surface areas/diameters was then used
on the forth week respectively for another 3 days each to study the effects of lenses dimensions on
convergent temperatures accordingly.

4. DISCISSION OF RESULTS

4.1 Effects of Lenses Focal Length on Radiation Output Characteristics

Table 1: average ambient and convergent temperatures of concentrator-using lenses with
different focal lengths below shows the data collected for the ambient and convergent
temperatures of the concentrator (Awolaran, 2005). These being the average values over a 3 weeks
period, that is 29™ August 2005 to 1% September 2005, 5" September 2005 to 8" September 2005,
and 12" September 2005 to 15" September 2005 respectively. The data is for no lens condition
and with lenses of 10 cm, 15cm and 30 cm focal lengths respectively with each of the lens been 5
cm in diameter.

The output characteristics of solar radiation indicates a consistent increasing temperature
(T.) of converged radiations with time with respect to increasing ambient temperatures (T,) as
shown in table 1, and figure 1: variation of energy emitted with time for different focal lengths of

lenses respectively. Consequently, the rate of energy emitted (), and intensity of radiation (in)

given by equations (9) and (10) would also increase correspondingly with the exception of the
ambient values which appears constant.

Figure 1 further reveals that higher thermal output characteristics are achievable with lens
of shorter focal length of 10 cm compared with 15 and 30 cm lenses. It should however be noted
that actual drop in thermal outputs are obtained with lenses of 15 and 30 cm focal lengths
compared with no-lens condition at upward of 31 °C of ambient temperature; this situation further
reveals that the farther away the temperatures observed and measured from the primary solar
collector at some significant point in the ambient temperature, the lower would be the thermal
outputs with further increasing ambient temperatures. Hence, it can be deduced that thermal and
radiation measurements through the lenses is also partly influenced by radiation effects from the
collector.

4.2 Effects of Lenses Diameter on Radiation Output Characteristics

Table 2: average ambient and convergent temperatures of concentrator-using lenses with
different diameters and Focal Lengths = 15 cm as shown below, the data collected is for the
ambient and convergent temperatures of the concentrator for lenses of 5 and 10 cm diameter
respectively (Awolaran, 2005); with each of the lens been 15 cm focal length. These being the
average value of 3 days readings each for each lens. That is 31 August 2005, 7" September 2005
and 14" September 2005 for the 5 cm diameter lens, and 30" September 2005, 1 October 2005
and 3" October 2005 for the 10 cm diameter lens respectively.
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In addition to increasing convergent temperatures with respect time and increasing
ambient temperatures as shown in table 2, figure 2: variation of energy emitted with time for
different lenses diameters also reveals that appreciable gain can be achieved in the rate of energy

emitted (), and intensity of radiation (in) if an increased diameter lens is utilised in solar

collector devices. Figure 2 also indicates equivalent values of the rate of energy emitted (g ) for
ambient measurement of both lenses, as their curves overlap one another.

5. CONCLUSION

From the results, the study shows that enhancement of thermal capabilities of a solar
concentrator is achievable through the use of converging lenses. Larger diameter lenses should be
preferred over smaller diameter ones as this will permit more radiation to be captured. And shorter
focal lengths are more advantageous than longer focal lengths, as a result, allowing the converged
radiation closer to the collector surface which is also influenced by thermal radiations from the
solar collector itself. Hence, improved and optimised output characteristics of temperature, rate of
energy emitted, and intensity of radiation respectively could be achieved and employed for better
performances of solar energy devices operating on thermal radiations.

Table 1: Average Ambient and Convergent Temperatures of Concentrator-Using
Lenses with Different Focal Lengths

Time Average Average Convergent Temperature, T, (°C)
Ambient With No With Lenses Diameters =5 cm
Temperature, Lens 10 cm Focal | 15cm Focal | 30 cm Focal
T.(°C) Length Length Length
12.00 noon 29.50 45.00 49.33 45.67 49.33
12.10 pm 30.00 41.67 53.00 46.00 50.33
12.20 pm 30.17 48.33 52.67 47.33 52.00
12.30 pm 29.92 46.67 52.67 46.67 43.00
12.40 pm 30.17 47.67 52.67 50.00 47.67
12.50 pm 30.25 48.33 55.00 50.33 53.67
1.00 pm 31.17 53.00 54.67 54.33 59.67
1.10 pm 31.33 59.33 63.67 57.00 53.33
1.20 pm 31.67 61.67 62.00 55.00 57.33
1.30 pm 31.67 60.33 65.33 53.67 54.67
1.40 pm 31.75 65.67 70.00 58.33 58.67
1.50 pm 31.83 65.33 71.00 61.67 63.00
2.00 pm 32.33 68.33 80.67 65.00 63.67
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Table 2: Average Ambient and Convergent Temperatures of Concentrator-Using
Lenses with Different Diameters and Focal Lengths = 15 cm

Time Average Values of Temperature
5 cm Diameter Lens 10 cm Diameter Lens
Ambient Convergent Ambient Convergent
Temperature, T, | Temperature, T, | Temperature, T, | Temperature, T,

(C) () () (C)

12.00 noon 29.33 45.67 31.00 47.67
12.10 pm 30.33 46.00 31.33 49.33
12.20 pm 29.67 47.33 31.67 55.67
12.30 pm 29.67 46.67 32.67 56.00
12.40 pm 30.00 50.00 31.67 54.67
12.50 pm 30.00 50.33 33.00 61.00
1.00 pm 31.33 54.33 32.00 61.67
1.10 pm 31.00 57.00 33.33 66.00
1.20 pm 31.33 55.00 33.00 66.67
1.30 pm 32.00 53.67 33.00 65.67
1.40 pm 31.33 58.33 32.33 77.67
1.50 pm 31.67 61.67 33.67 86.67
2.00 pm 32.00 65.00 33.67 82.67

6.00E-05 - —o— Ambient
5.00E-05 —— No Lens
4.00E-05

10 cm focal length
3.00E-05 -

2.00E-05

—®— 15 cm focal length

1.00E-05 ==30 cm focal length

0.00E+00
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£ €
o o
o O
S
—
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The total energy emitted per unit time by unit
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Time of the day

Figure 1: Variation of energy emitted with time for
different focal lengths of lenses
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Figure 2: Variation of energy emitted with time for
different lenses diameters
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The New Concepts and The Complete Demonstrations to Black Holes:
Any Black Holes Had No Singularity At All (Part I)

=== The final destiny of all black holes would contract to the minimum Schwarzschild black hole of

Mbmzlﬂ'sg (MSBH), and to explode in Planck Era, but not to contract to Singularity===

Abstract: In this article, the conclusion of “No Singularity in any black hole at all” is
derived out from 4 reliably classical formulas and demonstrated by author’s unique and
simple way. Formula (4¢) meM = hC/87G = 1.187x10"°¢* in this article is the most
important conservation formula on the Event Horizon of any black hole(BH). It is got
from the special solution of formula(la)dP/dR = -GMp/R* with other 3 classical
formulas as the complementary conditions, which are (1b) P = nkT = pxT/ms, (1c) Ry =
2GMy/C?, C%/2 = GMy/Ry® and (1d) Ty, = (C/4GMy)x(h/271k) = 10%7/My, . In formula
(4e), M is the mass of a whole BH, mg is a particle balanced by thermodynamics and a
quantum of Hawking radiation on Event Horizon (EH). Due to the maximum my is only
equal to the minimum My, under the extreme condition, so, Ms> = Mpp> = hC/8nG, i.e.
Mg= Mpm= (hC/81G)"? = 1.058x107g (6a). However, (6a) is completely and exactly
equal to Planck particle m,, i.e, mg= Mpm = m, = (hC/81G)"* = 1.058x107g. It is
completely and exactly proved that, once a BH could contract its volume to the limit
because of emitting Hawking radiations, its final destiny would be to become a basic
particle of My, = m,, and finally explode, disintegrate and vanish in Planck Era, but have
no way to contract continuously its volume to Singularity. It clearly shows that no
Singularity would appear in any BHs and that the General Theory of Relativity(GTR) is
sure to become invalid in Planck Era. (The whole article will be translated in English
later.) [New York Science Journal. 2009;2(2):69-93] (ISSN: 1554-0200).
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B S F P A R (1a) AL, dP/AR =-GMp/R?, FRSM 3 MEARARE
AFNFESAE, (7B MR B T SRR AR LR A BRI EDRASS R W 1 A
AR, BIANTEARRE 4 MEAYHEEHDL,C,GRERR, FAFREFZ
—HAXFREEN AT,

mg M = hC/8nG = 1.187x10'"g? (4e)
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SR Emy, BMym = m, = (hC/87G)"?. X784 1E B S4B — A B R S E &48
SWgERIERE, HaiE RN 2R T RN ERAMW<10g, BIER%
R B AU, EfM—R R EEFE R SRE NRIEREHET, “HRER
BRAER, XMREED —FEEENMEHLERMIERER. D)s— 2105
FEmE&” M CES) o Hik, MuynBARNTREFSSRSELA “FR” . T
(de) AR KN BT B il AT %, MMRAERT T “A5 5 ” A RefEAE T B
B4 I SES AN BT AT SR . T AEER AR LR, B I AR E I 2 )
TRAIBESRIECHRANRERR 22, "B LT— D eant 4K, AAER MR s
SR o LR AR R S T A D v L S R v S DL Rk 2 TR) LR N
JE B RE RS X P S P L RS | 34, R N IA B TR A RIS, T
KKK R, 77 A7 AR AN AT BE H BLAE R B 40 i 2 Y Y
o KA MR BT SCRI X Ve A8 317 B e A0 R, NG . [New York Science
Journal. 2009;2(2):69-93] (ISSN: 1554-0200).

RBEE: BRI NBRA A A, BRI BUE M, R RE SRR, S s G
T35 Mow=107g, AT S (1) J5 24 332 2 B3 40 by d5 /N B3 Mipe=107g 1T R AR 31
Ky B/NBI Mpn=10"g = m,, 3% B 508 7 (Planck particle), 187 <),

RS BN, X R A BRI AN A B R IR RS o R A R AR VR
SR AR U FHOA TR T AT . T CRRD <18, WIS EARALHK N

A RiHe 2 EL Schwarzehild 5| 77 23 (BI JC HfT, TCHE%E HIER A FR 2 I/)
I, EBIRRENZINN 4 NEAAK: BT m7E £ FLF BIRMF 2 R _ B P

N TSR RN A A, NE G2 % T UG R b gl fe, AR
R R A TS 1 PAPIRES,  (Ta) SUERHUIE T4k 7 Eom P 5 HAER
—ALIG1 ) F AP ks (1a) F T REVEORL 778 S PP BRI A 42 R B
W ZAEIE A, R A0 R o

dP/dR =-GMp/ R? 1317 (1a)

P = nkT = pxT/ mq (1b)

M — g RBIRTER A AR R NIRRT ROV, p i MAE R B3 m
RLFAE R SR, T AR T R AL 5

WIR 25 B HH w = 1.38x10"0geem?/s%k, 5115 G = 6.67x10 cm’/s*g, HIE C =
3 x 10"cmy/s, FEE 5 H 4 h = 6.63x107% gsem®/s, n = BARLAATR N kL 13K,

P IR S PLPUXS T SRR R, LA D BRI AE IR b BE 55 A o 15 HS R A 57
FZR, HEBRE M, FIRXRUT:
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R, =2GM,/C?%, C*=2GM,/Ry'" (1le)
4 S F S 1 AL A 242 Ry LI EE S i 7 1 IR 3 A s R
Ty, = (C*/4GMp)x(h/27K) = 0.4x10™° My /My~ 1077/ M, (1d)

My — KEARE=2x10% g, t,— kS Py e O BRI I 1) 72k SO, AT
Y5 GHEAS BERE H FE .

Cxty = Ry tp = ZGMb/C3, (le)

Ak s K My = 4np Ry’/3 (19)

b 4 ANAF (1).(1b), (1o)FI(1d) A8 EARLL,  (1a).(1b), N AEHE R N F 2 2
AT AT L. Aofaad) REENATRBFEMFERE R £ BIT4 4HMAK—
B R T AR AL T mg 7ERRTAMLA EE 510 S#E DB FE 5RE . HESXm
P 5 e R RIET F TR (Roy Kerr) B2 —HEK, ZEZERUA ERE
B OGE SR T me MEOHEF 551 0ER T 1) SURHRHE,
AT (Le) B — A B 24, 220 (1d) RIETE &1 RIS, EE
TR S B R R . (10) 2 TR I BEARDIR S TT R 2 20 (Ta) FH T3
JE AT AR BRI mg 5| R 0P . BRI A (Te) FI(1d) 1B R
WARLA, (1a) ke Tolman-Oppenheimer-Volkoff U1 J5 F2GE 5 i {4k Hb i ke
JFR ) TOV J7RExT (1a) B IEALFE 3 T, WEBHIHE T, BN FII BRI A
I Ay iR . TR TIX 3 B IE R EVFZ A S, BTl TOV JrFEfR
MEAER IR . A (Ta), (1b)HR SR RSN Y A 1E R . BRI ASC
FEWE FRF B A7 R0 Ta) /IS, I AN B8 R P 8 & R P PIRS S W EUE A
AR . A EHBERER B AR (1a) W TFERNFR A 2 U7 BIREH
MAEE R LR RE—SNSHAE R LRFEAR, XA NA T
A iR BIAKLT me7E R Wit NEPEPIRS 2 00 T M BIR N EA TR
XAERHE TS W AR O HILAIGRE “F R .

%ig: Lid 4 M2 1a), (1b), (1oHMd)REFARRZHEBRHERLARN.
BAmMAIN R BIEOB S ER 5 R HEM SN EICEBA TR .

II, NBEE 4 MERANKHBREEHMAEE R LB 4 AYEENTFELAR—
(1c) , (1d), @dF e)R: B LEEBIFW %, # %, REFTEMNESREA
REF 4 MAATRBEFEALUA LR ER5] 0715 R -E6 Ferf#, Bl
TOV FERIFEME: BEREIK 2o ATX—43k 6 NMPEARX, BTN EF
s PR BRI R R R WA SR “FR” - fEdh, R —RIEMIA . M
A R NIRRT, me-f5E4% R BRFIReE-E, P—R ER#JET), T—
BT mg fEML A2 R (1) IR,
dP/dR =-GMp/ R (la)
P = nkT =pkT/m; (1b)
X TARAT— A 52 BLVE B, M = 4npR*/3, LI (1d), T = (C/4GM)x(h/2nx),
P = pxT/m, = k/ms x(3M/4nR*)x(C*/4AGM)x(h/27k) = 3hC/(32n°GR m),
dP/dR = d[3hC*/(32aGR’m,)]/dR = -(9hC?)/(32°Gm,R™), (.. dP/dR IE L1 T R™Y),
(2a)
~GMp/R? = -(GM/R*)x(3M/4nR?) = -(3G/4nR*)x(M*/R?),
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i1 (1c), My/R, = C*/2G = M/R. i

~GM p/R* = -3C*(16nGR?Y), (IELLHI T R?) (2b)
¥ (2a), (12b) fRA (la) ,

-(9hC*)/(321°GmR*) = -3C*/(167GR?),

5 3h/(2n mg R*) = C/R?

R =3h/2rCmy), 8%  Rm,=3h/Q2x C) =1.0557x10""cmg (2¢)
FHMNAS H B RBIA R N ERER A L2 R EENFEARW T :

TxR = (C*/4GM)x(h/2nKk)x(2GM/C?) = Ch/4mk = 0.1154cmk (2ca)
M/R = C*/2G = 0.675x10*g/cm, (1c)
mM = 3hC/4nG=7.123x10"'g? (2cb)
T xM= (C/4G)x(h/27K) = 0.4x10°° M, = 0.779x10* gk (1d)
pR*=3C*nG. pM*=3C"/321G’ (2cc)

DA H50 F T B 45 1 1 <74 2 SR 0 & Ao RN A TR ) 2B R B R

I, BRMAFEEZ—: —B—NMEBRERCE, TREEFESNEE-YEMm
g NERFERINFRE-DRNEK, EaKEe— R

A L B AR (1e) 5, Ry =2GM,/C?,

A4, C*dR,=2GdM, (3a)

&, C*(dRy+Rp) =2G(dM,+My) (3b)

(3b) XKW, —H—ANBIERRZ )G, Tow ek P4R 5 fe -9 0T 4 /N 4 2 R
HHEAN S RER-Y) MK, E ki g — A I .

WA A, C’Rpy = 2GMy, (3¢)

HGe)+ (1c) » C*(Roa+Ry) =2G (Mpy + Mp) (3d)

()R W, P AR R B S ATy AR — AN PR

. BIRKZK R ZEAFWHERI TP REE-DR, BRI FWcs 52 E A )
SRR RSTRER-YIR, HELSEN. BERLTREEKIZ A KERKSEEIEZ 4D,
B D) FH BN 5] 77 B Mpm ~10°g BURT. #IIHL R —AN 2.

YEZERYE R AARIET 1998 55T R I BRA 1T 5 (IR K2 B T e
HREPRNTFHARBRAE B —AFH A BRAREN S ISR,

IvV. BARARERZZ: RFAESETRMNEBIANANE. BRMIEALE R,
EHEE T, i RESENET m, WRE, B mg= «Ty/C?e A2 S S A H
E AN B WG R R R R, AN AR S E B RS (BRI . Bt
DUAEAS SR LE S5 e L4 1K e/ 51 0 B3 M = 107g T34 S 2 1, S IR (K40
12 Ro /K TERIEIRS) (P KEkida /) 2 BT A

MEF 2 i B S E A (2ca), (2¢b) (Le) (L) R4, 24 B K 5 EE G4 St i,
"B [ P 4 /N A 2 AR L PSR D R . 2 PR e W Sk A T () e - T
B[] B B8 A A BRI P R N 26 B . BRIRZE R A e B -0l B R 1B O
T, #EFNEFRINFEE-VRMRTESES . At — BB TR/ R
TR FHa 5 v B PRI 2 4, R ok 1 4 K2 5N TE &
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R ER DL,

Womg A2 IR M, A2 Ry BIORL PR, HAK(2a), (2b)AT 4,
m £ Ry B4 T BRI RIS )5 # 5 J7 FFHRIRZS I, mg i 0 2045 G BRI S 1E A 5K
(2cb) A1 d)T A »

m=3hC/(4nGM,)=(3hC/4nG)x(4GT,/C*)x(2ni/ h)= 6xT,,/C* (4a)

E(4a) X, BT mg FEARELNS 1 ORFFILIE e IR BEFN B RE, DA, my (193
BN RE A VF Bk VR 2 25 TF Ry 17E N ST BT 4 30 sk it 23 . BB F7E Ry I
RN RETFES, FHAE R, ERFHE— m WREREELHTFE Ry, L1
WEEEE, B2, Jia@a) Rl mgxTy C i it my6 = Ty C*?

WA mg=my6, N mg=m,/6=«Ty C* (4b)

KR, HA@Eh)RARIEHN, 76 BIRMAEA LG . BrAZE
EIRMA 2 R, LITEERFHESERNEFNMIZLE me AR my, NHANE?
UM FZE SR T1 75 H SR g (1a) 2 TGy 4018 PR 1 P SR &6 M R 15 oA s L g H 2
PR TS poa VE A RRTE LIRS BRE B poe NITTIAFHH T (20)20o BRI S FH
Fa)IE LN poas E A BT LIS EE pre (1) 6 £, X WIS KAE(12)H
() mg 25T 52F8 mg 1) 6 £, RT3 (4b)2, Bl mg = 6mgs, A ITTAH S 75

BRIV R, BT LSE R REMLIN 2 (1) SRR HGE BZ K 0 3 o T TR R R A
;i/‘

Pba = 6pbe (40)
Rt (2¢) FI(2ee) BN L AE AN HE IE W T B (4d) T (4e)=X:

Rmy = h/(4n C) = 0.176x10 " cmg (4d)
mg M = hC/87G=1.187x10"'g? (4e)

HLR M (de) h AIIEAEA TR B P38 L pra 55 T RIS ERISCPRE L poe (1 6
Vrs (ER RS PR N B AR AT IR TR I . SR, XA R PRI A R B T
53 K IR R 57— 1 AEEE

BUERFE X mys R RS 1 ERT .

A, JRFSMSERERE T RTHRF+EE Ry EREEE Ty (FT m WRER
BE Ty I, WRAMRLT IR myw /N T mg I (LI SRR 3CA BE -5 nT LUK
AFWEBE AN BRI ), IIAE Ry LTI BHE AR HI<T, Fi T BE B A< my BB T2 1R H
SR R IR AR, s RS IRAE, 1T DU AR A B SRR H BRI Ry BEA
ARG e, S TR E m AN A/ Ry MR Ry EREIRSE Ty, 13X 42
e R Ty BN EEJEUR mgg SEORHORE T mg, IR B2, XA, B B R 1
mgy, [V SRR 53 5 5 - DUE e S T AU AN SR ik, SRR L — ELA
= b 1) S0 SRS RE AT WO AR BRI B il BE AT R, L B e i AL A TR
Mym =~ 107g [/ 55/ 51 g SR o S8 (KA P ¥ 1 T35 B e 40

B. Z4hF R, B HIEE Ty BT Ry LHVIRRERE, BIET my BHREERE Ty B,
BRE MR T IR myw KT my B, mg 2371 FAR MR BN T vl B B AR
1 CLAE T AN IR A B B 2 A 11 i L s R 0 S — 2 U 1 Rt 1) PR A
Wo MR my, MESBHFWIERF R T2 KPR AR, X
K, B Ry HAMREZZBUE N, AT el i B A S AURL Tl S ) i
T . PRI — A AF AN R RE - T, I AR AR B AIRIL S . LB 524k
FrARE-YE AL, e, BREAFREK, ¥mEE2RiTkHEeR
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S, JFFEN AR R R RV T, XA A AN E kS N L, HBIRE
W48 R T Mpm = 107g /NG | ) SRR AE 50 20 A B i T

C. HT BN K5] )13, IR G40 Bk, B, SREBFAEE Ry
PN FRRE 1~ ) B KT R TF) g FRDRE 3~ I, 3R ks 1~ & AN T] B8 Rl A 2 4 S ik
MU, HA)ihil, BIANELSES RAEHETRNT m ME R, WHHEHAE
BERRT. A, BRARSEEIAETREMNEERT m JFE R, SMHTRIEE
BN . 2T WERFACHFELRENTF, AEHAERTEE DT m, BIRET
T, — AN KB TR I My, =2x10%g, JLHLF 4% Rey = 2.96x10%cm, ] Rep
IR Tow= 0.4x107k, 55 1 BRI T I (K00 T B, me = 0.6x1074g,

Al UL, mes AAEF /MU RERE R T, B, XA KR FH B 1 BT My, JLFH]
PAAR WG AR I AT AR B - T o 3K it A2 SRV v A L A W AT An] BE -0 L 1) R IR

D. PR T YA Ty 55 T30 My 1) Ry IR EE Ty B, FRIRGE [ A
U R T I B e 2 S A AN TR B BT AR E ? X T, =Ty B U E 1
VAR LSRR 1. B SE, R mg XN T Ty BIEIR T &, S
2, FERIEN, KT mg HREE RN R A SRR B S A, B4E Ry MY
TR KT me IVFZ AN GE R T AN S o IR S st 2 AE AR W A1
Ffe -1 0 a1 B AL A AR, A R S A AR ZE R O, AL R
W5 T ARWEANR e -, T E B SN AR - O 1. B, SRR R
R, e 2SS AN RS SR, Wi AR, XA RS A b4k R 22,
LB RN TR My = 107g (K855 1 7 S A6 50 2 (K BV E R s T

E. %I IS Ry FE S T4 my = «Ty /C* I3 2 SCIHE FER ) -
AR, ERE T, FA Ry RN H EESE T m 2B LT AR E e
AEA T AR RSB Ty &S 221,57 EL Ry BIVE IR — D RE BRI Rs, B
HIRT mg MREE-R T H B, WEREIIMNYNT mg NREE-RL IR R
FESRE RURL T REFE I 41, IX AR AE RIS B 300 R, ev—Ha S AR

myC>= T}, = hv/2n (4f)

WAE KA mg I HE GmgMy/Ry BE A HRST H 22 10E &1 m fe it 2 /D,
/Q‘\ GmssMb/ Rb = KTbl (4g)
R0 B3kt , GMy/Ry = C¥2, FTLL, mgC*/2 =«To, BLE,

Mg C=2KTp, (4h)
Fﬁu ] Tb = 2Tb1 (41)

(41):NFEK W, mg WAL REFUONARST 2 E S ETFRAE T 12 R, KAPTE
mgs (AT T2 T A AN R R e L1, B T iy 12 AL REIAL, &
A ALEHE B8 DTHR B mgs 1) S5 41 172 [P A it & v 25 DU 2 Wi 2

F. B 5 BIF KRN G I —DBIRER K ER: 4B My f My K4
WEREAI A FF I, BARE /NIRRT My B T3L Ty 20 B8 458 50 11 1) DK R A S /D B P
SHRST, HHT me IR/, TR My, WA KEKRT me FIRER-P TR 258
SR My R RZM . KT Mo t2s PRI R /N R8I My 105K B Ja 24/ FRIR
My T SE R M T RER-DT 5. A5G IR R, XA
BAFARIE =My + My, T HARS A2 = Roy + Reo, B BT V& 40 F IR A 5 B.
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G. 1 LT a] W, AT —A My I Ry ERJHREE Ty 2 Ry (RIS, Hi%
HFAE Ry EEAMNR RIS R T my FIIRITEAE . DAL, Ty JF AR T Y &
B o DRIDGXS F R BRI R UG, FL P9 B A B R A RE R 22 KK, ANREAT 4%
e, DI SR 1) AL T A PHPIRES, A AR IR B A2 . B = R
PN S FA) it A 0 0K 1 8 AT 24 1T REAE 75 b AN e s B P, SRR Ry,
FREEST me BT Ty AT E -5 I A BB IR IR Bl — 8. U 8 PR
G APIAS AR T Mpm = 107 I, A 2241,

V. BIRMARBHEZ = £ —ANBIRMNE LR —ZEE D) e s oA 5 AR
B Mym ~ 10°g /N5 BIRERZIFBRERET R V1L, TR EmMaEi,
WAEIE R, EMARBAIRMA@), (2ca), 2cb)F 4e)FTEAN, WHKZ
Z—N B, FEUAEE R MANBESEAMHRMNE R SEMSHE, HE
TR EREEE. ExEA AKX T, BRGNS HEZ MRS LR Y
B — NS5 E 2 5, HoAhr) 2 Ho Al N ME— R R e 7. AR
F¥7 R FEFMHASHNBRESEMERNERBEE. K, g, —4%
TR My #00E 205, LT —NMERA R R ERSEU Ry, Ty #0A4
ATREA P EAE . Bk, R AR 58 A — U A — (1, i ME—1
R HIP R i R <M EraS 0 N o= /D i A N iD= 4 (= SN T L R e S N T 0 ST
K, MEAFRMBIEES Ho AXAEX L, BRNBYRFEHEFREWEYRE
P B A7 B R S A, X R AR ST RE S A LA AT B T S8 I BE A 24 3K T B RS A o B
BRSNS EEETIRRATRRE 2T 22300 P9 358 1EIR Bl — A 1R b SR 2 4y
YR W A EAERAIZE SR, RO, PESIPIRL R Ay, (HIXA
FEASFE M AT Ay B M AE A AR A, AN I R AL T2 Ry &
SPAE 2430, 41 mgM = hC/8rG= 1.187x107""g?.

VI. BiRMAFENEZN: FEERNREEHBAR “TFR”7 , TREZEHAHEAD
JFEHZER Mym ~ 107g BI85/ 1 BIRAZETR R R XE 14 T 73 B 72 AU

A MEE 4 el s, e IELE N e i SRR B IR AE K i PR, RS Ay
18 R A 73 R I AN AH S IR B /N5 | g SR, T AR 5 (P R T T B Tl A
o ZEF TR Mom ~ 10°g, FOEAT R, g e ELT- 2 i i 28 4k,
B ZUIR A B 1 SR A 2 (Le), (1d)FI(4d) (de). MA R (4e), mMyp, = hC/8aG =
1.187x107"g?, AT LA H BB IN T R My SEHALT AR Ry 1 myg RS T
o mg 2B Ry FTAEA S B E SR8 Mk, J—NBREERSHELE
SIS HCAR T, ARG R R R e R E R my = Mpm FIRFRE A 1R, ANA]
e R4 my > Mpm BIIESL, BIEBAARER T84, 1E— " AR R E A 0] e
TN N ERE R, 1F mg =M N, WA (4e)fFH,

my = My, = (hC/87G)"? = (1.187x10%?)"*=1.058x107 g (6a)

M(6a) F] W, 4RI R] meMpm=1.187x10"%¢* I, EEJAE ] LLVE B G — IR
Oy B0 RS R — IR AR A X e A T, AP e A AR A kL T T
[F) BN 7 0 S i PRI T R AR AT K . 2 PR M B RS — A mg=
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Mom=1.058x10" g J&i . #i B ANRE R S8 SmAR T 7, HREm LG A S
Mum=1.058x107 g A M 1EFE 4R R 7Rk & BRBEH IS 7. oAb
T S S SR T T U AR Y mes>Mm,  TX AT RER AN, it B
TP E AR FTA—ANNREF A KIS /N B Mpw= 1.058x10° g 3t R fE7EH
R R IERRARRE T B a2 R T R U Moy WU

Mpmi = Mgs + My = 2.116x107g (6al)

IRAE KA A SRR AR S e I 43 342 00 B — IR AE SR S R IR L, BB IR BT
W IEE S m SR8 mg,

I mgo=1.187x10™"%2Mpm = 1.187x107%/2x1.058x 107 =0.561x10g, (6a2)
11T 24 s 3 B 1 B Mo = 2Mibm + My = 2.677x10°7g (6a3)

B. AT A ST 4 (AR PR A W 4 2 fee /N5 | 77 BRI M =1.058 x 107 g ik, TG #E
rer R VE AR T R e U, Al B Re & T 0 RO, i H, SEIH
(P4 R g A L TR ) s A S, XU TEAX TR — AN LE T 0
MBI =N SHORBSCTER R, TRl ey “Arm” « Frthinad)
XH, Rmg =h/(dn C) = 0.176x10Vemg . mg AAHEN 0, BIK mg = «Ty/ C, R
PR 2ed, Ty AWTRER 0, BTLL R BIASATRERCA LR, MEHR KM mg =
Mpm =1.058 x 10° g I,  F i/ Ry = 10 cm.

C. {REFAIA /AN B, /MBI WK IR P58 2 18] A RE B4 R T
Ry sk KM A LZREB S KBFATAN—. AR KBk E W48 18k N2
T, RIEHEWAT ERA “FR”

M ZRT L, 2 K IR P A /N B, %N SR o s s A S AR
ISR EASTW

BRBIHZSECN M, = RyC?2G, /NER IS EN M = RC*2G, 4 My > Mg, Ry
>Ry, T CATE KT Ry - RN, DA EAFAEA My -M IR E-P) 0. /23 M H
RSB S TR, AR AR 1 My, -M I RER-P Ut & K AT
KGN BT M T, (HK IR My A& HE S 4 b M B /DB, iRl
M LT A% Rt AW LB K B ) Ry = Ry ik FIRE, 0 K2 My WA
VFZ /N M, B4, 75 My, 512 M AMOZS R NAREE G fE - i, XU
NPT M B — THAR ELRERE 5, — TSN R R R - 0, dae a1k 2]
PRIV 2 /N B3 M A O — MRS My Ao —. BRIk, AILSER -
F, BIAXAFEHERBFRHATZRATRENELES/NER, EMN2HFEHETREZ
MEFEBRBENAN, BEATRAEZATHIA “F A7

D. FEHHPE] B Mpn =1.058x107° g (EHESHI T, AT HHE I 1) <71
ANRIFE R, 1o, t —GIER BRI TR, SR BT 52T nom,

Mpm = (hC/87G)"* =1.058x107 g, (6a)

Rpm =2GMpm/C? = (hG/27C?)"? #1.61x10™ cm, (6aa)
Tom = MpmC2/ k = 0. 72x10% K, (6ab)
MpmC>~10"”GeV, (6ac)
Pbm = 6.4x10”2 g /em?, (6ad)
ty =2GMpm/C= 5x10*s, (6ae)
T, =107 My’ o2 ~ 10%%s (6af)
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Npm=Mpm/m, =107/1.67x10* leZO, (6ag)

E. I F3& Mpm= (hC/81G)"? ~ 107 g £/N5 | 1 BRI 1 & il 5 51 1 &g
()3 B o, Planck U(E L& R .

?SI]J'J%?%%%%?ﬁ%%EP (P ANV S B 5 | N2 5] 7 38 vh e A o i 3 25
t,

AExAt ~h/271 (6b)

¥ b T IS IR ACRL 11 S B I 7

AE = 2mC* P! (6ba)
U 77 A R KPR A HEARL - IR I [R] S 28R

At = t, = h/4xmC* P! (6bb)

te I L WU TH) (Compton time), )t % 1 Jit i m (FIHEAOKE 1 1) 52 BLPG AR K I
724,

ty = 2Gm/C> P! (6bc)
t BR A S BLVH N A), — ROR B, te <to, 24 to =t I, XAV R BT A,

R 7 R my= (hC/81G)"* =1.058x107g P! (6¢)
R K L, = (Gh/2rC?)' = 1.61x10cm & (6d)

T4 myL, =C2G, T,= 107k "),

JEI L T m I SEACRL T 52 FOPE AR IR IR ¢,

t, =2Gm/C’ P! =5%x10™*s (6¢)

K BN I A A L SLFT S 3 S BT C B A R 0 AN A S LT
MEEATLLEL, FTLMHE®R, S MEALNMEE T 2%,

Mpm = m, = (hC/81G)"*=1.058x107g, Rpm=L,=(Gh/2nC*)"*=1.61x10*cm,

ty = t; = te =2GMpm/C> =5x10*s, Mpm/Rpm=m,/L, = C*/2G,

Tom = Tp = MpmC?/ k= 0. 72x10** K, (69)

(6HZFEAAE A 24 A I BB E BT A HEFHDS Mem =107 g B, % BERE
15T Planck Era MiE T4, KPR NAFERSENE o < t, 7R,
“BTHNKEEM, NIRRT REAERIE R, 25N EHS R
M. 7 PIPL g, XS E R, BT RS R A 8
R AIEWE R BT T “Fa” . PR, A My, ~10° g 3452
—4 107 k FIFEHFPRERAGENT, SRMKEIIERAHDNTFEAERER
m, MEVEFFZE, TR BETE & SR RS B N R EMPEE .

H(6b) B, A ARIRIEH Mpm= 2.116x10°g 3R HKHIFHE D myg = Mpm =
1.058x107g F/INRL T IR B SN BIEMB AR RMASEH RESHFE RN E
TA—W? 1o, PR RIAEIFRERT 245 t = . M A fete st 517,
T AR BB )t U e <t o FLR, RIS 1) mgs R Mo, (10382 O 28 8 T
M1 753 AT 1A%, 3 B3R LA G . 5=, my A Mo
T AR A AN AN T RE TR (R A, RIS S iR R AR R R T, X
Ab7E B R, W RANEE A W EOR R Sy aa A R, A, AR R E
T2 AN HRHE R 3 FIAS A 28 AR A LN E R R T2

F. /MBI Mym~107 g EAR M RER E,

Eb = Mpm C* =10°x9x10% =10'® gecm?/s* =10"°GeV (6g)
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T R P — AR IR A RE B A — AN E SRR T R I RE 1R Bor
Ebi= kT = 1.38x107%x0.72x10% =10"° g:cm?/s’=10"GeV
=hC/4mh =6.63x107"x3x10"/(41x1.61x10™*) =10"°g.cm?/s*=10"GeV  (6h)

AL, S M IR T2 ny = En/Ept = Mom C/ & Tinp = 1 (61)

BEAR B /N BT Mpm~107° g AR —ANELSR T, BA, EREERERE
Tom Tom =0.72x10%k, A, AT DUE S HV S 3K ) P, CLIEE,

Porni=pomk Tom/Mpm=6.4x10%x1.38x107™'%x0.72x10%*/10°=6.36x10"=10""atm (6j)

G. LW W BB B 4 R B4R me= «Ty/C? MIRZEZE R T2, WA
SERBREIR ET Ty ARG, PrCAVBISAR NS, NI AR 1kSg, R4 AHE DL
VgL, AHIEREAE EIEWIAR N, XA RS INE, URRAREE. Bk, 7
FAF AR B ) BAR SRR, (HIE ISR, Rtk &= A fHe R i B 2 5
FRREIRRE 7, MBI AT R R TR o BRI B T WA A ) ok ik
B, (Al 13 B AR Aok AR, 4 B R B IEE] Mpn~10° g i}, H Mpm
SEFHER TR T m, AR SRR TR, BEER Tom ~ 0.72x107k, EIFH
SELZM TR FMETRIERK, HENECHREMTEERRE. K My B
LA — AN EEEARLT m,, KPR R A REE AT A] t <t

F—. i (605 1e)x, AL F AR X 58 AIE I Y 2RI 4 2
Mom 2107 g [5G | 7 S50 T B R BEVER T2, e st & 151 J7 48— Planck
Era, M H Tom » Rem W5EEHHE I ACM T,, L, MEEAF & KK,
Planck Era CEERTERA) MIMRS RS E BN 7 BIFBREH TR R PR
o XFFRUEH BRI AG &H B A S A e “Am” , T
Planck Era. “#Fmi” & —NICiEEE IR — AN HEE S, e A
B 5 SUSE B OOC VR R A AW SR R R . “Ar Al HAEH b i .

B (61) 28 MymC? = KT Al(62),(6a1) KT, 24 BRI 45 135 DI o A0k, 1717 90284
A Mom=~10" g (/N RIS, S4B Mpn BAR 2 — NSRS R
T, BIEAATLEEABKRERSRE—HREZAESRN-TRET, ¥
EHR4GT A HETRRTEAERENESEN . TN (6), (4e)kE, I Mpm
KGN SRR SARA R A K. MNADR Tom~10""/ Mym K0T, B2,
M M~ 107g B, Mo B95 ] 77004058 8 50 8 v 28 3mSR S AU . itk
AL, Mom 2107 g 15/ SR A 38 BT B 72 A2 10 5 | W04 7 e 8% Je) 200 b 88 e 1A 3 11
WF ST B, Moy ME— F) H BR 2R A RIR BRI AE, FH2IRIRER w0
BhHFEHRBERBHTZEEER T T T W IR E AR 2 I iR UR
JIREE)FEAR 2 B = T S L 5| ) LR RN IL g ) ) 4 6 T i 45

MAR (2ca) w40,

Tx R = (C}/4GM)x(h/2nK)x(2GM/C?) = Ch/4nk = 0.1154cmk (2ca)

F&, AT,=-0.1154AR,/R;> (6k)

MCETH A%, 24 SRR 46 ) Mpn=10"g I}, Tom =~ 0.72x10°°k, Rpm = L,=10’cm,
KA Mo ANEF AR E SRS, WHRAR ST — /N Ee, WA R, =Ry -e~ Ry,
MOK) T I, TS A3 I AT, ~0.1154/R, ~ 10k, 1] W M HAEBRIER 20 BITLL
UL, Mom HBEREVERCH I 5 B8 1y 2R
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B=. | NI BR T PR IARAS SR R - e SORDxHE, Dokl 12
B 5| SR XS AFAE R, T DU BT RS, LR RIS/ RSE, IR s
(K mORE - 18] (R B 2 R UGN B 25, SRk B “Trm” o (HIZ(60)
NRY, LRI E] Mom~107 g S/ RIS B v T, KT s s )
HE AR 2 DB AR A T A2 18 oA V22 1R i A BE N 1 0 A B e A el astal, eqi]e
1K) 5| 7 BVF AR R ANELE RN SE (1 1, BRVFIA 51 0 s iy AN B LR BAGHE e J i
T EF R AR R AR A N 22T o BT A RR e RT R T AR 18 T e
BB /MERR S . B TEFETHRSTBSR, | XA RER. | XAEXHE A
AR & 400 F RS CHIZ S I R . FfE, BAETHE AT UES) XH
X VR 7 BB T A P9 2R A8 . LR 1 DSOS T 18 e T PR TR AL 4 3 B S Rk N
BB pe &, Btz 4t BUARRARE B e uid 2 F /0. ARSI R L HE I
I QIS me AU (1 ) T A5 A0 b e BIPRES o NS5 A IR AT oAk R ?

SEVY. BESR BT A BRI 1 85 i i 18 2 BRSO M =107 g (¥ 550/ B T 18 AF 7
T, MAGEIRAEA “Ar s, WA, BFpiRyE) SCHRT IR IR 8 2 st 204K b if
FAE “F R SR E A TR AR EEYE R, AT AR e B X SRR
A C, ARWISE, T SCHEXT R 7EON 13 BR 78 8 T S8R R M. 723
B SR, YT 5 0 e s AR L N B B A RS SRS I A, IRl AT AR
(At B “H " o WS TEEEJuRmt2 k 4 “HE” . B
BEF WG IR D) o A R e A2 A AN M Ia SRS S 52—t T RE A
TN CARR A R o 0 —TOB Thh J 5 22 M S 2840 B AT Ky Rt VR SR K
WIRBES IV o

VII, [E2RER Mun~ (1.9 ~15 ~ 50) My: FIEFHPMILFERILME, 5328
BRKEEANME, ERMEHEEFENIRB S5 HIBGHENE, BIERERAYS]
HhERN, BEASENMAEBERKPMTENEENER, SWHEKMNE
RGN PAEFS e ERFRARNAMERP: EEATRILER PTIERATAE 1
S NMEEAMRAE, Eit, REEBRFEAEFCREMEBEERER, ©
MASWLE. HX, YMIRMEMZEMES HFEARMKNFZ BT HES BTN
E5| HHUedE, BNLAEMBI N RET IR AERIS| het. BIREFHPKBEEFEENS
SHMFRAERNIBRF N S53| HIER TIRTFH TS, MURREBRKBNEREESE, X#H
EETEAANMEEBEATENES AEENYBEEN TR " BENTEE.

/N T 108g kR, AR TH%H n, < 10%/1.67x107% =10%. 1 T4 7
AN, B ARG IR R A Z AR AN E W S5 M TR SZ T T AN EC% 25 44 1)
KA, PR LB — MRS RO

A. TEFE PRSI AFAE RS AT AR R R i . — /ML B A i A
KL 10Pg KB TR My =2x107g, X8R FE KRR T B SN2 85t R ey
(W51 ¥4, =R 3L FRDTAN 295 R e 51 584 .

F—: /T 0.08 Mo REMATE: HA OB % BEBOKIR BB R F B IR 5L K%
Lo &5 A ANE DU ) LA HUE 1 D1 3R4E . — 5 1 X 4EREXS A 5
G A S BT 2, DURF R SR AR e o IX PP AR B [ 35T
SRR 22 g [T 288 B AAR TR0 T T Js s I8 S A 00 CAST BT RO A1 B s i 5 0 S
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B JHEKRT 0.08 My RESBRAER: XFEE RS SIRELFOMZKE
R, REGRZRREKAREERFESERRED TR, ety R
A H AL RIE ] 13848,

ANEMEEREDOLHITHRREZWHEEE, MO RE I &6
S DAERF S S il s e, RE R 1) AN S 9 O S5 R SR AR 4 T R 1 1A e K
WIS PTG | 40k BB E R EALEZ A B, R USRI, WAL
45, WEEKERERT AR ERE, FJLTHEE, KFEIE R — &85
REI A REAL

OXBH P 8 € RS 1S AT RS AL S HORBH PO ) Py BH(10)X. KB
D po=10°g/em®, KBHH LRI To#1.5x107k,

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

XU, KFEFORES P —RIERFEE /1 1.5x10" 5.

F=: ARAEMNBERELS WA Z B FREFAAER R E RS I H A
HYFIRA RN TR« FHIBEGE S SE 3/4 4, HELTE M > 0.08 My, &
ATRBESE H O e 4sis SR Zr s T 107k i i DA SR I TP i S8 A%, T K 201
SHUE G 4. SR T A S e e SR, Rl A B R A AR R )G,
MR CEZD M, ISR LR O NS TE AR 45 R AL, T2,
P E RN — R R, KRB SRR R/ T 3.5 Mo IRE A, ATREAR A AR A
Yo A (3.5 ~8) My [, mIREMCK “HrAa” Y B KT 8 My f5EiE
KA, AR IR “ 27 . © HEH 2R AR ML, WLt
Ho

B. OR&E: OBAMNIIEM,, YETRGHEEBLRREENE, EHRKR (A
%) M <1.44 My, , SBCHBRE Xl S8R Eh R, DA% R pw i T2
[F1) PR P 5y, B AR AR N T By, B AL IR 3R T 2 T, A~ 10000k .

pw~10%/cm’, dy=~1.2.x 10" em, n,, = 10* 4/em®. My<1.44M, (7b)

JE PRI B AR ST KRAE10™ em, BT DLE SRR NS, TR T 5 T2 M AR
ANEBR SRR, AT TR T POEAS R B T, IR SRR Rk 7R T
(Wi . BT HRFRVEFAHEERET LR “F7 et a5 R4,
TR E T 10%g/em® KA AR . B AR R ARFRUEN, BAE E UG
FEFIA WG, 2B TAF LG, ABEASWHIRITEERG, BB
Ao (HE H AT A T AR (150124E) AN DIFATA] (4% AL AL 20X — B
Bro WA AL BT AU, AR S NILEE IR T, AL
(Y R 21,44 MoBlr B il hr 26 R s il BRI, 2 O k-4 B AL T SR AR
OB AT 5 | R I AL AR LE B 7 AR Ta R B 2 KR E, 10 T BEKs N IR RS
KT P A

C. PFE: PFEFEMM FHRM, > 0.1 My, MuffJ EBREM, = (1.5~2) My, 4
R EZ )G, BN CE) M, > 1.44 Myt 8 E s Z KRR, BIM, =
(1.5 ~ 2) Moff, SEAFFE. mjA T 72 R0 2 b 58 R T Ge L [ R8s,
TR a2, T E B ANE B ERBUE p ~5x10"~ 5x10"° g
fem® AH N R T2 0] K BE B da~1.2x107"° em = JE TR ER, FiLlEdh AN,
Rt B R BB A B N T AT LI R FAZ AN 3),
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M2 R WAL AR O . AR RO KZ TR EEER S & SR B
FHREE, RRBRASZINEYIRNIGI SIS BT T RENEHARL N33 A,
P E ML RS SH R
= (1.5~2)Mj, p .~10"*~ 10"°g/cm’, d,~1.2x10™" em, n, = 10*° A/em®.  (7¢)
TR RIEE T~ 107 k, Rk, R R Pttt KR
P, = p o Tak/m, =10"°x107 x1.38x107%/1.67x10*~ 10**atm. (7d)
kR, R REEE P 10 atm— 7 & R4 1E 2 RS h 742, 5
—J7 THP AR 52 DI s IR 1 Rl 2825 i TP iRy AR e,
R T PR SRR -, PR AR AR A A . 107107 x1.38x107'9/1.67x 107

s EF%‘EEE Fﬁf#ﬁ&%’—fﬁfﬁuﬁ
5% 1018 gfcm -
mmq:mﬁ

- AE%’—BEE%?—

l 3 x IUISg.-"cm

EP?EB‘J%*’JE(E LKL Astro-Group)
2 1.3 My ~2MoH A K AT g [ O 4E 1k 2, lﬁE%FmFﬂE%m,
AR, VR N ERE, RO AR, (ETTE D, H%uﬂfﬁiz
e P FERAAERKERNREFENYIE)S, ﬁn%)ﬁﬁiﬁﬁﬁﬂﬁ@%ﬁ-ﬁ:ﬁ?ﬂ
R, BIM,> 3MohY, FFE “WRIFH” TAEARSI IREA, Rkt
BMBEASTE, BHEBA BN w7 EINSEA A MY i e, i
AR, AR PRI PRI S5 T Bl — AN R
D. M, = (1.9 ~15~50) M, F1E 2 2% IR T ik -
F— FERE > 8 M\EHEEEEFNERRKZE, RAEACERRIE (&
%) My > 3My (RARIFER-TRRBLRRIR) B, M A BRI BESIRAEA—A > 3MpH
HERER. EREAEM, G2 KO N 1.9 M/ NS, EAETE
Jo s A AR R R e W L A L 8 -4 o s L AR A T AR BM>3 Mg
(TR R . “AREEANAE, TR AR 5, R R K e
JEAR e AR B, R A S AR T BRI o FEAS L] DARR 25 P AEAN [R) S
(R, — R B TR P &3~ S0f% /N B, ) — e A T K5
1008 ~ 108 A5 I RS . P AT 2 0 () SR 2 AR, RRER
MI—HAF W (IR EH B 2E N e R R S ) ERE
WU, AL T XA MG IR 747 (MT4A) B R — AN B30, O nl GEA S T 54
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KPFH, die K12 g 2, (BB R NMIF 2, F56 &0 R bR
#HE.

. NEIRHITHE KRS, B Mo, = 1.9 My & 7] feik B 2 H /N2,
HERKAERIAMAER: N b AR ai BT W, HkO OBl 46 o i
T M2 AT o JUEH XML TRER N, AR .
HUh PR B E py ~5x10Pg/em’. LR HAT WL L py > p ~5x10"g/em’ ()
RN M B TR M. 82430 (1e)R(11),

Ry, = C[3/(87Gpn)]"* = 0.189x107*C, ..My, =RyC*/2G ~3.8x10** 1.9 My, (7h)

TR SIA R A TRAT O R SRR e B v WA T SR R R R R S AE i i

ZHLEAT ()92 B R 24 2 R RE R BE Ay S S B AT TIX— K. X A4N</N
EIRKARE R XTE J1650-500, XA EFFRENAZ KRR 3.8 %, L
AUARFEE /N IEIC R I BN T A, R KBHER 6.3 fife HBA dp/N BT (1)
JUEI e 2 /0 FRMOR ST FAG T, NAEKHER 1.7 558 2.7 fif. ik
RN BE R TR T . HENAEX— R, G 8T8l 5K 8 i g )
JTAE KBRS R8N e DA I ) e B, 1)
- F=UEEZERAMy~ (2 ~3) MoITERL:  HTEUAELE 25 v A 21X
S AR R R, AR AE DA W LT B AL . AR n] B R KR I R AR A AR
YEJG, B 1R B B I NUE R G R R IR 46 A8 M~ (2 ~3) M
SRR

B, TRE: WD FEAEDHGREZ TR N ) B A BRI R
U ST, RTRESE R 25 e BT Jo A nT RE R B4 1o SR, DLAE SO 217 52 7
AL IS A, Wil E g R RX J1858-3754, HH HMASEK, Xty
EF o A AR 25w B R . BT S AN e - R, b7,
EARTE R K| ) BRI 2 e A AR S A R R B . DR s AL ] R
SIS A0 T RE - TR B AL S 1T R A A B, MR T REAEE Ak
FERER- T B AR IS O AN RE E - R B JS 6 T

E. P FESEEFBRMEE: (a) . T FEMEFKESEARZE T T2
A AR, BORBTF. MBI A AR . (b). F 7 A e 5 2N
JGIE 0.8C. 1M SR HIRE IR EE NG C. (o).t R R R IR AR L PR AR
WK, BEREART R, FEAT o SR y BHERRURI AT UL, PEVRMR RS, B
o (d). TTEMMAER (1.5~ 2) My, EEZ BB ETRRILAE KM
3.8 My ~15 My, HAIREIEE] 50My, K ARIEKINT HE~150 M, FERIEE.

1.75 Mo P FE S BIARHE:  “Strohmayer T K I A& THA R EXO
0748-676 [F]—3 7y, ARVEAER RO KA BE, BB 30000 YA .
X T REMERAN 7 IER (115 A8, FEANRH 1.75 5. "1 %d
TR Marss= 175 Mg = 3.5x10%g, WIH SIS HUE 52,

Ma17s= 1.75 My = 3.5x10%°g, Ry1.75 =11.5x10°cm, pp;.75 = 5.5x10"g/cm’,

Thi,757 107k, (7e)

W BIF KRR Mprss = 1.75 My = 3.5x10g, MHNH&SHAE I,

My 175 = 1.75 Mg = 3.5x107g, Ry175=5.16x10°cm, ppi7s= 5.75x10"g/em’,

To1.75= 0.23x10°%k, (79)
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FEAT L, Rpizs =1/2 Rarzs, Poi7s =10 purzss Tai,75710" Thys (7 g)

H(7g)r B, —HWERZENETERE, IRETFEMIHERNRFREE~
10" % B E LSBT AR,

F. i — P40, EERZBRATATREHEIL “&Fa” . F—. LMW
FRHYBR, FEHAGHE AT B PR e A RE A B
(P RS & T N R R G, SRR, Frr=4 fgEsiH 2
BEFEBIENHZL (KI FFEERPIWNEFHLIRAE M. X280 2k
TE AN BEA RS 3 M A7 A0 AR B 336 B 5 K2 = W00 F ARV 5 1 00 B4 FUR AL B0 B
SRRE R R BB B T H S S BRI (3.8~50) My M /NE A 2 B . FEIX dE
BEHEBEFATE, CERAB-ERRETN&MG, AHREIEEERNEDKR
W, BATTRREHIESW? 8 BAT WA HE R B 72 35548 B /> B,
B EMFE R Fa. Frel R eeFmE Lo 5 & B 68 & -4 5 1 B2 i 0 R AR 2%
B, BES5ERBRAMA—. B, HAGEFH U ] e 52 2 20 16 & A
(3.8 ~15) My, FHAHRTR KM 10Pg/em® ~ 8 x 10" g/em’ X Ht &, HEEK
BRMHEESF FENEEILTFRMHEAK, BARBAEETF. RAEHFFER
K EFARKEFEFFEAZFEZME. Fit, BIHHAS—E AR X
FEX I AR s B R T P22 “AF” o PFEREONEER I F e Rl T
T JCiERgE Bl BB, IXAE B 7 2 (8] Y R A A 5 5 3 AR R s R Xt o5l
FIRGERIRE S, RABWANETFZ EAER/NT 0.8 x10em & HRIHF .
T n B ERR AR LR AN A R AR S AR A& E R T E R A S
HAWM| w48, WAEMAHBFEILIBAER AT R HIb)TH, WRA 1.9 My
B, HBE A BT T EZOMEE p, ~5x10g/em’, 1M 1.9 M
(W B A a2 10% 248, thp PR AGGE KRS L, IR BHRp F2E
IAssE. RN S T, MRAE I AT, FFEEEZEE RS
WA FFA I R N AT RE I L “FF 7 o BAMIREEFE PRI &R D
BN 3.8 Mo, FPHEEL 1.9 M, K BIF DL MK 4 540 10°g/em®,
2, HZLu R ARBFmaY FAERTFT, HABEATRERET A, M
bt 3.8 My 5K PR R 4 FE I PR O L% R R AIG,  gft S G ml e A L S B 4 HH R A7
B =, B BN ZEER RS E SRS Mg AT 12, X 1B B IR P s )
AR AR RAES, NENFTEPFE RE-YEHRET B H P00
“TR” , TIAERHER-YR. RAEXE, BiRMT L2048 2R RS,
AHEFESBFTRE. HM. HE)RX W, BRI 5 B ppa
HET 6 FFRMAXAE ERIZE poes Bl poa= 6 pres H4, 1EEF B FLBLAT
RRHEMAEEEEANTLRRK “TFH7 . XANEEKREEEZEFAATERH
DLLL AR B AR YRR SR PR NE, BrCABEAR AT e P RS p ~107g/em’ 1M
R mpy, ~10g, TINAT RS H B EEZE p ~107g/em’ 1) Mynr107g 5
BN, BAGHITH, Mow107g S/ B #UE S mik 10" atme #h2
P, PEE S SR A AR A AN T RESRAH . M 107 S/, Sk 4G 7T g 35 45
“Hm” 7. Bh. RERBREEYEDEOHREARE, BEASATE, 2l
AW, HEEFERABATERER “FR” , BEA—NMRKHEZHRER B
H, HEHEKE 10 £, BFNKERERKASERLRER, At
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HIMELHFKEER “HF R G, K RFEAWEKME] ), mizigest 2
R, VENCHESIEASHY B, BT DA IR Rk T N R, X, ERVR IR AE
REFHEERANPI IR NEE I E, NEEBRFRKPEN. BEL
~REFNELETEN MK >EMEZBH R ZREEMWKYE. KEBHBTZERK
i B2 AT PR 38 B A 1T o B4, R A RE 4R AR R AR, W — AN KT & 1)
M, Me=2x10"g, %M (6b) X, HHEMFKIA 10”4, /NI b T4
MEENESE THES, U AEa B EE. Bua —ANDNEREBE M, =
1000ton, HoAFdrgt A 1 #. FEHP—RLULEREEREHE, BJANERSE, K
U, SRS R RGE R G, Sie D gL A S g -4 5T K DA
BRI, Ko K B . 32 TR B R I LT o L [ g -4 i T
P A 52 1 25 AR TF 1 BRI (LA IR AR 40t |, U Be -0 A Ho A 2D 1y
). FA.SUE VI C B

B2, EEEMRSERNELERBRA, HPOMERENREER~ 5x10°g
fem®, B 1.9Mq 237 A KB F R RO RZERE . b 1.9M, BiRE KER, H
O E K. X3RRI FEH R R ERN AR R E I 0 R IR M, B0
BRI RS EEASET 510 /em®. Fril, 7EfEEZEIR N ERA AR
A /N B, B TER R AR ] B8k AL B B R VEAN B TR B 2R
1B, BHATF IR AT Ao (HE, SR R INAS TR B I e i AL i RN ok 2 B AE B
AN AE . Rl AN 1A R AT R R R E AR S T R A T EL R R AL AR
RERMATEE, AREUIEEEERRR B M, v REM B R 40 5 0 21
MANG LR R, BB R BIR, DA )36 i R AL &
[FIHERTC R

1974 7% (Georgi) FIREHIH (Glashow) $EH THGHR. 55 H =FiAH L A/EH
Gi—fE— I SU (5) KL #IRIZHIE, TR AR E 1, E I HEmLA
10°% ~2.5x10°" 4F AH Sz b 5 [, B RE R H ASZE ] 1) S 56 10 A AT R0 (10 28 DA PR AIE B A1
SR FAREARMIN G . FHEIRSLFEES, AT LIRS0 52 i ga m)
SEVEEE /N EFE My~ 1.9 My B A VIL N ZEF T UFETF) #HFEREFE
WIRTIE & TRERBAE T, MIMAE “&ZH+” , EREFEERIEAEA
HMUERERNEHTR, RRERESRZMESREEETmE,

VIIL B2 B my, #100g: FLAE 197145, L it 7 B s, A
NFH BN, — L NARY T B E R E N, S s A R R
JEETRI R, A7 o p R L e T B, AR A [ — AR T, 5
W ORNEEIER AR bR, &P i 1) A A T B AR s BRIk, i 2 ) R H AT
A BEAFAEAE PRI PRI S At 2 SR T /N 2B mpe”

R, RER (2¢) 3 SRS Aok T IR m= T IR R my=1.67x107g,
WA 45— 52 FL P AL BT mpm, FAFISEE AT

Z BT A2 rom= 1.0557x1077/1.67x10 g = 0.632x10"%cm = J{ T ¥4 (12142,

2 T R Mpm = tmC%/2G = 0.632x107°x9%x10%° /2x6.67x 10 = 0.426x10"5g,

G SBIALE tom IRV G2 ST 8 1 1) WU BE LU B Thom = 9.62x10'%k,

SR P AH 24 B 512 N = M/ My, = 0.426x10"°/1.67x1074= 0.255x10%°
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L2 AR (R m, = TR my 167107,
I P om = 3o/ 47 1’ =3x0.426x10"%(4 7 x0.632° x10°%) = 0.4x10%g/em’
G O — SRR 7 i A

T~ 10-27Mb3 (s)m (83)
2% BT Tom = 107 mym” 2107 (0.426x10")° = 0.0773x10'®s = 24.5 {24

SFLPEIR AL PRI mpm 5EETE 1971 F 5732 H R W05 5 /AN BIF my, 78 [ — MK
BH. BATFHRSWER 1h0 = 137125, R my RS MBFETFEHS, H
JREMN %A

my, > (1077x137x10°x3.156x107) ' =0.756x10"°g (8b)

11 70 FAR, BHEZRATE B g ) SRAE T 5 (R R 3 mp, X SR A 5 5 7 RR T,
B—THk. RABINIATREETRSFET. (UTHEFHIRIE

ML E P55 00 52 SL PP Y BB VR my, SRS B 5 T e s e A X
TR R 52— 800 . I AT AR 1A 3R WA R 1

IR S BB EEE I 1) AN S e R R N -

dE/dt = 10*MZerg/s (8¢c)

% M =My =2x10"g, 1l T, ~ 10°k, %M dE./dt~ 10 erg/s X MM
TR, —DNKHFRENBIFAAT 10° E4ma el fee-m, 1Lk
iy To;

1o =107 My’ ) P= 107 x(2 x10%*)® =~ 8 x107?; ~ 10 4] (8d)

P IR S RIS, AT A A R, R R A5 B R A sk 1.
W S TEALIRAHT B )5 AT I, Se —THAELRA IR EeA:

Sp/Sm=10"*M,/M, (8e)

Jacob Bekinstein i, FEERARM 44T, BV 2 SR 4a 50 o AR M 444 T B4R
) — AN 2RI 1 BN CF BR) B (mom) 1.

M (8e), mom=My/10"™=2x10%/10" =2x10"g, (8)

A, Mem 5 mpn XER—%H) B, XEUIERHATFTHAKARMNESS
Jacob Bekinstein B¥igREIH. T&,

my, (0.426x10°g) =~ my, (0.756x10"°g) ~m,, (2x10"g) (8g)
PLFBTE mp, A1 mom BERFE TS FH .

2 mpo > 0.756x10 g 1, AN HL, mp, [

Rio > 1.12x10™"%cm, 0 po < 0.1285x10>g/cm’®, Ty, < 10'%k. (8h)
AT R R AT LAY B S, M S = 0 b < 0.1285x10%"g/em’
I, T IRFAE S 1] typ A2 5

tp = (3/8T 0 pG) > =0.37x107s (81)
T2 RN () 2 v AR K B T 4™,y = 0.37x107s e Ab T 524 [ 511
X, Bl Hadron Era,SbH BANR SR ANBEAFLE, T8 H S0 MW T B 25 J2 M 5 1)
H IR T HREY, XA i P ISt i, A B = my,
(1 SR 2 i /0N ST A B L M) S b AE X I 5 N B AE ), BESE TR 0, 4
Z /NI mpe LSS SR RN T I AR BCRE K PR, BRIk, R R MR R
10%g/em® KRS T, BATRHE RV FH /DN ER my, BAGEWILSNE K & -9 5k
XA HARE /D B & M ICLRR RIS K FHEZRE . #Em)2, FH
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Ak B ST (Radiation Era) £5sZ A5, BRI (0% 5 BAR C IR B~ 10
Dg jem®, HITERIELEG K 30~40 JTAEZ T, HIRIN G2 I ARBEH, U931 5E 51
H IR S8 TR AE N B M 2 107g I8 FFR7E AW KA
EAERE— 1, Bl T 5 S 0 O 000 2 00 Bl 38 1 2 S AT AR AR, it
FHER LI THRPERES. Kk, EAREEAS —NZH2MEAHE0,
ANHJBELE LUG %5 B2 [ B T 107 g/em® (85 FEEIRAS N XUIR4EH mye LI/ ) 5
TR b v S T 1) S 5 N T

155 I B0 5 5 Geva Ay A, B Matter-dominated Era, BI7E KIEYE 30
~40 JTAEZ R EBIBEY, S IR - R E A~ 10 g/lem’ T2 BB BLAE I
10°g /e’ REHEYRE G, HTEIGEESYRATFREZ ANERERTA
ReEL ¥R, 77555 B/NEE N (1~3 126F )G A R B IR A A . A
MR = AR R AL, R AT n il ol A s AL e, kA fie
SR8 A AT TR 0 R KA 107 g IR R 2 B3R, AN A BE R RN E 45 R
A 10 g B JE T /N BRI mpo, RN HHR N I R E A AN S my, FT 75 B 45
o mpe RIFE T Pyo TSR

Poo = 0 ok Tho/m, = 0.1285x10%*x1.38x10°x10'%/1.67x10** = 10°"atm (8j)

Li#e3], Bekenstein Y45, WA HEESLERTE B AZL, B4 Sy/Sn =1,
W75 3] — A e /N AL 20 B B /N CR BR) BB (o) PLAEE, i1 (8e) Anf4n, fH
SEBEAT T REAE 4G 0y PRI AT S IR R AR o AT S I 4 ok R 2 A S 02 () B AR
POSFEA BRI . HEMBAEIERET L ABD: 1 M EE W IE T LEE
W6 N T B R ~3MO, IX AN FR R —AME R E T IR AT 1 R E A 3
RIS, BskUL, sEAE AN WE T RIET IR R IR Nk fe o VPR AR
TEE A 43R ML A e Brlin, B Biros b, (B ML B B AR IR N
5%, BBl Sy/Sm# 1 >> 1. 2. WIEHEZBIFM R KL N 6x107g (3MO) R4
F~2x10"g [N B AR BXA T R A HBLRIE, &2 — N MR IR 35 11
e L R AR AR IR R, A AT AN e AR RO s R R g, AN AR R
AIRESER, (HAE, WITHTIA, PRIRAE AR A SR - T AN S e 4 ST e I AK
DR, SRR 4 B T T TR I e AR A AR BT E & B TR, Ik,
RV 1R 2% SRR 48 215 2R R ] (o) T 5 IS TR) 2 = EUAE 2 SR 1) 75 i — ) P
TR Ffr = (1048 — 10" 4 ) . XM EEEEEAEEBKNSHIRE, Bk
FHRERRMIN RS T RKENTEFNESETES, BRAEH MFE 6x107g
PEL 2R BRGNS 2x10g RN —— N BRI AS i o 5 ke B 2
VAR Npin (Ninin = 6x10%3/2x10"° = 3x10") A mp, T B8 . BEAR G — MY
1710 2x10 g (R IR R A s n, (B SR JFSG B AR TR 1/ N, R, 3
WAERT G ML Sy/Sm# 1 >> 1.
ZEit: P51 9 8 9MERSIMC O B E R4S kAT M50 J5 R, 524
T ST SYORE 2 . 7 RS HE R WIS . AN SR S RN R O
o) R B N 2 5, B AR IS ) e PR AR N, IR AE 2 5 PR
USSR &5 AR 2 R AS 0T e A 2 i 5 30T 7 2 S 32 i /N B g, AT M £ R 0 8
1o MAEFH AR AR 2 G — HBIIAE, RUEY S Gev My IR AR, 76 stk 44
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B), JAEF=AE R 2 ST, 5 ph e A 2 BRI DUE 44 S WAL 4 1 o SR AT e /)S E]
Mpos T B KA 109452 5 A 2 H Bl

IX. (107 ~10") M, BHKEBIHEXEHL (Quasar)

HEENERKPOLEHE —MBE KRR, LFREAN (107 ~10") M A%, &
TSR AR K2 1 R SC A I /N AL AR R 28 1) 5 7 R R B T R S Q0906+6930
(2R o 2 H AT A SR B e K 2 I B . LT R K P TR R 10024445
TR IRIAE 12742450, BIFE 520 R E 2 G RZnofzse 1,

W F 3R BRI R M =10"'Mp=2x10%"g, M HR , =2.96x10"cm, p,=1.74x10 ~*g/em’.

I 55 1012 AR (124035 5 1o =3/(8mGt?) = 1.8x107* g/em’,

PR T TR ARG R R~ (10 ~ 10" g/em?,

“2008-09-05 FiE, RIS UK IHTOUL I 21 ER ) Z O PR, 12 PR ) 5 T
PEFEAE R, =1609 J7 A BLEI R, = 1.6x10"%em, HJFiE My ~10%° M,, “FI%Ep, =
3x10%g/cm’.

ST EHEWR: 1 N T % B LA RN b G v L, T K I g R,
FERN, WRERS T MO8 B R RN RG22 2= E A AE T G It DATE 54
TEVARRI R, FERERAMRET, B ERGEH RN, Rk, 2.1
2 SRR AR TR A BE f - A S, U] BRI DAL N - IR I A ) R B e
Remth @ L., 77 S E . BT A P01 48 2 22 3 A1 FL IV e - TG
Dy FTCAE Y o 3. IR SEHE 2 RS AT R LR UG R AT O e AR O 2 1 AL )
SRR ECE R, SR JE AT TRESRE S ORI e 2 X Rl REEA . ROKE B R A

AP IR e A 158 71 TG L 3 a0 K P e 0 ) 5 AR B I 1), 4 ) R L R PR I
RFHEELRBACE B LRI R SE R R Ja A REFE . UL, B2 R

(Sl TR pe 5 2 AT REEAR AN e B VRN B poL Bl R R P LA T I 10° Mg 1Y
RO SR ) BE X R T G . 40 HILRT L, MIZREFTEREZNER,
R JE WL R R B A PR AN AR 4 AR AR, AN FT RE 5B AR IR IR 51 5 2 )
KIae -V L AT 2 IRE R
HAaRREMAR? REGILEHEEZHBL R, thE RBEBIFKE LM
HOERM . I RN P F B BRI WM G227 Pl S8 A
AR TR Mo i A2,

Mg > LoMy/1.5x10°® = 3.3x10°M, (9a)
TS F A L/ 2R A, HLRBED Y i385 42

D < CAt=1.1x10"*cm, (9B)
XU/ B — AN S B VG 3, LT MWV 1%

M;s = RC*2G = 1.9x10*M, (9C)

W, Mo~Ms, —HRWHABEEN. (92)3 2 Lo = 5x10%%erg/s.

X. Xof b3 50 BL 7 RRIR M BAE FHEE— P I AT AN G5 i F

A, PO SEE AR, SRR LA 2. SRR IR A B PR, 529 e 60
FAUEN, TR 2] SCHS R I — AN AN D I A i oy — A E SR AR K 5]
TIYIARIEAT — € 7 B TR I (R B e v AN, (EZ 340 1 45 SR 2 AN m] 3kt o
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W AT R RIERAE ToRE” L IXJE BRI BB LU - BOR. ORISR 1995 4
S T R SRS, AR A S = . B, Al
Fro W, A RAE R0 UL, AR AR C ST KIN RER S, I 2275 ik
LK. H=, MG “A R ZENZEEARES . XK RN B
W, JSCHIXHEIESR, s n) S I Al FE SRR Y B, Hohny R=0 A s A IS
) (¥ e 4, LRl «mimz g T

J7 SCHIRF RS I Ta) 2 AR Jo iR o AAN A% B ) SCRRRHIE 1 0 D R I
e IR A5 H B I AfRE Je ANIE B T IF ST AR R DL I o JRATTHIT 2R 0 ) 2L e
AT T FURT SCH R B HE S IR 4 R, T AN LS (¥ A B A R 1
BG . oL, | SCRIRHE B 75 &l AT IS I s B B x5 1 0 BITHEAE T, &
1776 8 FR, B AN N ] T B e B AUk 1y R AR N RER S RO T
B K 1) A5, B AN T REAE B SE (W A Bt Rt BRI AE o AT AT B4 (1) B0 7 R AR AT JL
FIIRRBR, | SCHR 18 AN Sh. DS 0 5 R (R BV 38 AN KT e — Ml )

RTURIUE S0 5 AR I TS AR, B4, SL I AR AR X DTS ) B e
UL AL A R E

B.ASSCHTT A2 4 FhAS ) 28 310 (0 B A 24 3R g e R PN 3508 980 A 7 A1) 1)
W, BN 2 (3l 12 A K (1a)dP/dR = -GMp/R? A, DL FCPG R SCHIXT
IR AT (1c) Ry = 2GMy/C* 4k BIFAAEAE L B4, LIRS T FE (1b)
P = nxT = pxT/mg 1 LLEE 4 1) S8 30 2 48t A X (1d) Ty = (C/4GMy)x(h/2mk) 1 K14
TN RS, KRBT B A Ry B —41 835 5y H T B A R s 4 2 X
(2ca), (2cb) &, FMEIFJE I EE AR W(4d), Rmg = h/(4n C) =0.176x107"cmg, Al
(4e), meM = hC/8nG= 1.187x10""g*. I EHNAE EgH, FIr kLl 2 sUN Y
SCH T RIS AR Ry bo 2T B A& RURPIRAS RIS & AUFRE T BPIRES
5 R EART I, AW LRGE AR, 1 Ty ULE RS BRI F4E Ry -
(FE A5 =7 I . W SR SRR N /N R, /s RIS AR Ry B
TR IX A A, A A PR R IR Xk R A, R AKX (1a) F1 (b))
DUSEAT, T 200 P b 78 e R S kb 7 4 1A e A 2K (1)

C. HATHFISUE R WL, SEJRML 42 Ry (0 A H b Sz b b SE 3 B B A7 B 1 st
ST R ST P A0 ) B - TR A T SR A BEACH R H o ST P
T R R UATIE Ry MOAERY, BN T 3055 T I{E my < «Ton/C” I A AT RERE H
S . [RIRE, SRS R RE R A IA Ry BIARY, BPHK T8RS T HIH me
> K Typ/C* N A 0] HE N AR B3 LI Ry, EASEE L AE B -4 A e flifd Ry, bEANE
R G — RECE A/ . 24 RETR TR AS W7 Hh R 5 & 8 5 ST P 50 A (8] — EL 46 /)
TEE, WEHMRIGED R —EMERET R, MAMRSTEE R, BEZE /), X
BB AIEHRBRAN ST R RHERE- YR, ME R, BE4E/ DI ReFE Nt e &)
R, MWMESLH A BT RAN AN RES . Nk, | SCHXT e BT« 2R A R
THEISZA, AR A SRR AR S B I B SR G . ) SCARXS
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WHEF T RE R AL AN RE A T BLSE I B AL, IR W AR 2R AN R TR
BB B IR—FE

D. THAEIC TN R4 KB E, A IS B QR R, R RE
HEKRIRE . XFE, EREJLRAN, EROLEE Gk L+, XA E
ML W FE A R R B AR Z0 LS, BB ER I L R AR 1000 J7 6%, IXFE
() Y Al RE BT A IR SRR Z R KRR O BRI SE AU 2] AR A P )
S PN AT AL, B AREAN AT SR ) R R 2 LU A R AN A
TR Z DA, ALTER G SO B AR I 2 i TR AR 1Y “ R NE” —FFE R
o T SCHIXHE MBS L UF, i SRR A ) AN BE AR %52 31 B Y 77 55 A3 VT
Bl (HIE AT S0 IR R 0 72 4 43 HA SR VA 2 11 B -4 e A L A~ 2 DU
AW ) AN 5K . FEFRATAR A R A O XA L /DR — N ER KR,
MR AXEEFANETE “TFR7 MERERE, Ba, BEERFRP LU 2.6 7
HFERIRKE R S K RFER T Bk, AR RN &S 2
VI 22 0000 21 i J8 TR i B L SE A AR BRIE B B R BRI N R IR e “ &
RO RBRIEY o AR TR KHARANERTRPENBRAZ A, 1]
UL, ) SCAESS 18 502 7 BE R g b A7 AE. 77 27 DAUIE B BCSE (1) 2R3 N A7 “ A
M7 R RS R S5 S, IE W) 2E R H T A R e e B AV B T
b R e — R

E. 7ERTTHSE VI 5 S UE W B I 1 5 J5 s AN A CAe R 35 s, T I 4
N TR Mpm = 107g (1350785 | SR IR AE B 50 A0k 5 2 (AR T AR
S ) s AR A, AR TR S P A ] e R AR X R AR LR U 5 | Jp R R,
WA ARTT H R RS 2 B o AR BN T Mpm = 107 807N 51 g B 17 S 31 Py 38 5 27
PR E Y R G, HERB RN BN K2 A S feE-Y b . mskhr LEERE
WEREAPFEMBAERNEESR B E AT KA X i c &l
ik, AR o b T ALRGER BT AL R T T R R R R B A A T IR A T
TEE 2 2R PR TR K2 S 3.8~15 Mo X P TRTE R, Hh T~ L AE S ) 1) e Al I
o, A Al (eb) KEFIRL 10 ~ 107 4, Xghtdt, EMALE
Ry M5 L, 23 P93 I K ) LT 58 A RE A X URI - L 51 Sy i3 4e, N i%
DB CFTiEE 7 szt 2 B m e B A s B i RS 1) 2RI R G
AFHZS JEER R D B S5 ) O BLANZ W) B ) 51 0 0 4e ik /N B, DAL A nT g
FEIL O AFAE — AN S A% 0y, 1T PN A TR ) 7o v s s R R - e, L
WG O AN IE ST . X E v, HERRBRE—BERZE, AR
ANF R4k Em e B /N RIA, FABAEHE /DI RRAFTEERBEZRET,
MEEFKBRANBLEZEZRLHTRE. BT —AEPMERER, EHR
e FRIANERNREE- Y RNY KEMFLRER 5 R BRPERENA—,

F. N —NAERE, P BIAKN G s A 25 e o 25 2, 2 W4
RN T Mpm & 107 [5G ) IR A K EER T « MARADFE, B
T M, 76 HAL A48 Ry LI IR Ty B 2830 s iE 2 40 R

Th, = (C*/4GMp)x(h/27K) = 0.4x10°® My / M= 10%7/ M, (1d)

MAKXADE, EMUREFE10™ gLl TR (4i/N) B, Ty 4 {E 38 n 1R
K, R, fEARA, WRUET, A SE B LR, 1 fimg (= «Ty/CHHRE I E]
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TRK. IR, BiREOIUERER S =/, e Rk 7 A
NHRGH, ANREELE PRI, RGN PR R 46 22 5 sl T 216 55
Ko Dk, R PTREMyRA ] Rel i B0 T0 55 /M fle XK, MBI, Ty
WAL — N KME, Myt N 7E— N ME, TR BER 48 2IM, = My
~10 g 1k, (K, AFSH R HUE T 5 R BE R AN AT BEMCE B TEBR /D, TT R BEZIR, ~107
Bem M1k, 2Bt L BE M pom ~ 6.4x10”%g/em’ N1k, TIARTEMR K. FMGHRAT
Ko AR ZE B Mpm107ght,  wtiA ] T Planck Era, R H AT 7E 107K R 52
L R ERR AT T

mgM = hC/8nG = 1.187x107'°g?, (4e)

&M@, M TART—AN BTN, me< Ty Co 1M > «Ty /C?, HEY4H
T B A B Jm AR TR, iR B — MR PR, B (6a)2X,

M = mg, = 1.058x10g, (6a)

X I B B S IR RS SRS R T mg = M. XBWEREF#H—SH, —A4
B 5 ) RIRRL TR 2 ANMHFRAENBER T, 115 EAH A ) 5 sl R BRI
T T CASR S 9 — ORI S m SR T my (R BB N «

M C’= mg C*=«T, =10"° geem?/s* =10”GeV (10a)

gz, A Ty AR My fEHALR 4R Ry LRI, BI Ty =myCx, (1d) 50
Al A (o), B, meM = hC/8nG. XF—IKIE T 2 SCHj X} B FE A
RWFEENGERETELEHT, FEEFHHNESBNERESMEHE R
MW BB . L, FHYPFEYZRMEEL —BEER. (&, WREEWD
bprdd (ad) X1GHde)x, TAMTIA TG mgs 75 LT My, A2 Ry BT
SNITPERRAS, XA AR AE my WA A BN I 2E SR e VE D, s bA
MBI P A WA R BT S 0 B BT ARG 4 B B B i M = my, =
1.058x1075g T 4 2% .

G. AT AT R UE R WY, FH B ) SCRH GE 8 G705 A e BT P 3508 1) 7 At il
o HBVIAE, ARAT — A BB R BE AR B 8. ZEAR b, T X AR R —
ANTEF T RN T LA DU 4 B AR 5 | AR A BRI =8 JUART &2 AT, 72 B — 1) SO
X 18 7 R R I R NI, AT PR T s, AT e -4 T TR ) 5 0
B4 (BRI 2s 0 4i) k4= “A 7 . Tolman-Oppenheimer-Volkoff 754
CURE ) 222508 R R AR AN 5 P 45 W 28 A D 16 T8 T DA e 4 X (la) V)
B TOV J5 R 411 G R (W RV AE R i 4 PE T SRR . BB
2, 7640 £, ELSMEBRBEHERMAHIN, U, 25T TOV FEH
T B PO BRI SRR ) . AR SR LI A R (1a) [dP/AR = -GMp/R*| MR H 44
TOV 578, T HE & ZRE RS KEE AT BRENDF&E. BB T —1
TR AL R R AR B AR 2 Ry ERJLANTFEAZL, B 2¢), R = 3h/(2nCmy),
FMEBIEAX(4d), Rmg = h/(dn C) = 0.176x10  emg. X 24T U8
(Bl A1y 2) R0 B B DL S 30 ) 24 (0 20 s S SRy SR e, A sU(@d) X
—RER AR k. B, WRKRFESNEBFEIR, A ERREIERFER
i o B X =R/ WT(TRT B85S < s VE /2 Wi € e S W Sl R E DL s S W
I P8 4) R 40 SR B 4 ol kg 7 o 5 B TR AR A U 1) 2 o 1T B S A A TR
HOWRIERB TESNRBRER, 4 F 0 RsEAE BRI, A4 T i 20 P
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AN IR R R AT A ). g5, B I A AE T B AR BT AL [ P AR
BN BRI AR, vl W, AP iZHESHE R ARS BA T XA “&F
B ABREN . FRERE R I R e kA, IEW R T T A TN T
DI NAE SR B A A BIE B R TN, AR E IR T IANEIZE) . XA
TINGEBEHBURIAAAE T ILASE Wb it A L

H EZRAMAXEZ LSO —HAE—: BREMITTIEGYWIEIRESH
(M, Tp,Rp,p 1T b ) B — AN, LLan it My e, e I prE S5k &
My, (IR 2 T A E — (R T WA ULSOR R, BBIA X R B AR & & S 4 fk.ax
W Edl, F—NSHEMREER, EERFEE R, FRNEFSHERTE—
PR, (HEEAMEPRETUAHME, BREK, HAFKHRENERERARA
Bk, RZ, PFIEK Mom ~ 10°g Hie/NG | BRE S B —ANSRE PR, 135
SRR, I, REFEK Mem ~ 10°g K8/ BIRARREASHL—
FERY, TIABX —RESE BVRIEAR AT R T35 BE 5 & 74U

LGS T 5 nr %0, SR A AR e 4 ek 5 e B AR ul PR R AR A 2
JEZIC B8 K ROST, T AN52 3 i) A I s S5 1) RS B AR B, 1998 4E FHIBZL 1Y) Ta BB ALY
R R0 AT 5L 00 B BAE I B . TR 5 AR AT T B O 7 i 5 30
HIL T BAA e R HEF RS RE s & T i Ik, BUEAS DI RE K IE
BRI GEE LR A 2 VR, fEFE SR, BHEzi la REFENER
RN FH EHAIIEEKERITXANFEHRKBRERSS B —NFHKER
WS A IFFERMEER. W m & 00T BB MR e e . BN &HF—H
SEIN, PR SRR B4 5 e It 2 A I T e A B B R i, A R BT (R A S Ak
S AT A B B R AR . IXRE, BT SR D JC A RE S T R DA g T 4 15
1B . VR EOR IR & 55 (I SE VLI o DR AT A 2 S e
SOIRIE R 17 7 A S T N I 1)L R AR A A BRAT T (1 TP SRR A A A
P IMAE (Q=1.02+0.02) . FHF IR REEM A X EH R RS ERAZH
MR, DO EIEATT A ISR, MR T B 1528 1~F E e

J. PP [R] ) SRR AR R B R A ] () SRR A s

F B SO, SBIRA —ANE , ERI R S A S TR RS
e H A . BIFKEARIMESEMEEE- YR, EXMRAHT, SR Kz
MAET BRI IX ISR 4 AN T I fit 4 Jor s L e R AR 184 n B 2L F) o e A
RS, AHE KT A — AN]SRk, 76 AR A CAFAE I BRI LR
KB B BT — ST LR KA E iy . IXFP A REMEREAAAEID ? BT A AR
(FIAR ARG 2 A5 V5 2 1 I IE e OS2 A T 2 — DN E T8 B, U
VEFBLEASI N CEVE T A IR . USIZE sy SRy, &R s v i A 26
(RAEAEUE B 250 A5 A R AN SR S, B W BIAEAE “A5 i AERIEYE . iApet
) SCRIGT S T3 R B AR ity 1) A s S5 IR AN R E AT, HSE B i ANE A U &
B AFRSE o X RIANFF & B AR & 207 1 SE R UL« ARSCH TR R,
G A EA I MERBERHELAAX, FIENHESNBREIETFAERH
RENAN, IEHENBREFHPEEEMIEREE RE—F, #HAEENHT
JIWAERILE, #HEPEKRFTREN, #He2— Mg mmATEERE, HiX
Tl 4D K BRI P 58, 8% A R X 3l Ak i ELAN ] 140 sl e~ 4687 4 A4 1 v DAL R AR AN AH )
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IR RS, e, FEFRATXAN T 0 R BI P, 5t n] LAEAS [ IR b 7 777046 K/
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