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TOWARD EFFECTIVE MANAGEMENT OF NOSOCOMIAL INFECTIONS IN NIGERIAN
HOSPITALS- A REVIEW

"David, O. M. and *I’ZFamurewa, 0.
'Department of Microbiology University of Ado-Ekiti, Nigeria. P.M.B. 5363, Ado-Ekiti, Nigeria.
*College of Science, Engineering and Technology, Osun State University, P. M. B. 4494, Osogbo, Nigeria

Abstract: Infection control (IC), an integral part of safe, high quality patient care, is essential for the well-being of the
patients, staff and visitors in all the healthcare establishment. The increasing awareness of hospital infections has
motivated hospitals to improve their clinical hygiene practices. The practical details of IC are valid across all settings
where healthcare is being provided globally. These rudiments need to be employed despite the consequences of
constraints in wherewithal and support. They are intended to shield the patients, staff and visitors from exposure to
infections and probably too, multiple antibiotic-resistant microorganisms and against the morbidity and mortality
associated with these agents should an infection occur. Every effort should be made to ensure compliance with IC
recommendations and/or regulations. As a first step, IC programme needs to establish the appropriate managerial structure
within each level of the healthcare organization and to have defined roles and responsibilities for key personnel. This
organizational structure is an essential element to the accomplishment of any public health agenda in order to ensure
personal accountability and prevent system failure. [Academia Arena, 2010;2(5):1-7] (ISSN 1553-992X).

Key words: Infection control, nosocomial infections, hospital-acquired infection, healthcare workers, infectious diseases.

Introduction

The hospital is not only a place where sick
people recover from their illnesses, but also where the
illnesses at times get complicated and healthy people get
infected (Horan and Emoric, 1997). Whenever clinical
procedures are performed, clients are at risk of infection
during and after the procedure. Healthcare workers
(HCWs) are constantly exposed to potentially infectious
materials (Falk, 1996). Healthcare services are
sometimes provided to client in a limited space resulting
in overcrowding. In addition, David and Famurewa
(2006) posited that the pressure of providing services to
a large number of clients usually results in non-
compliance with infection control practices (ICPs).

Infection control (IC) is the series of activities
or procedures put in place especially in hospitals that
discourage or prevent the establishment of pathogenic
organisms within the body or to prevent them from
gaining access into the host (Famurewa and Sonntag,
1987; Talaat et al., 2006). IC is also a quality standard
which is essential for the well-being and safety of
patients, staff and visitors in hospital environment. It
affects most departments of the hospital that are
involved in issues of quality, risk management, clinical
governance and health and safety (Hauri et al., 2003).
An IC programme with a firm structure should be in
existence in all institutions that provide healthcare
services (Reed et al., 2005). In order to establish and
1993; PHC4, 2005). HAIs are a global problem and are
among the leading causes of death and cause significant
morbidity among patients who receive healthcare (Mast
et al, 1993; Yokoe et al., 2008). These lead to
conditions that require the use of expensive healthcare
resources and often lead to increased use of medication
and supplies, more laboratory studies, and increased

manage an environment that secures the lowest possible
rate of hospital-acquired infections (HAIs), and protect
staff and visitors from unnecessary risks, control of
nosocomial infections (NIs) is highly essential (Decker
and Schaffner, 1996; Melo-Cristino, 2002, Oluduro et
al., 2003).

Nosocomial or hospital-acquired infections
(HAISs), also known as healthcare-associated infections,
are infections that appear during and after
hospitalization in patients, who were not incubating the
infection, on admission. Such infections manifest within
72 hrs or more after admission (Decker and Schaffner,
1996, Horan and Emoric, 1998, WHO, 2004) and are by
far the most common complications affecting
hospitalized patients (Burke, 2003). It has been
estimated that between 5 and 10 percent of patients
admitted to acute care hospital in developing nations
acquired one or more infections, and the risks are
increasing annually (Burke, 2003; Yokoe and Classen,
2008). This is by far more serious in low-resource
countries that do not have the resources either to prevent
control or financial and technological to manage such
situations

HAISs cover a wide spectrum and are associated
with urinary tract infection; surgical-site infection,
bloodstream infection and pneumonia. They have been
identified as the major infections accounting for close to
80% of all NIs (Mast et al.,
duration or prolonged hospitalization (Wenzel, 1995;
Hauri et al., 2003, Moro et al., 2006). HAIs may also
impair the quality of life of the patient even after
treatment (Lynch and White, 1993; White and Lynch,
1997; Yokoe and Classen, 2008). Table 1 shows sources
and transmission of most HAIs. It has been reported that
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HAIs is cost effective and achievable even when
resources are limited (Lynch, 1992; Mehtar, 1992).

It is imperative to work towards reducing the
risk of infection among patients and staff and the major
preventive effort should be geared towards improved
and qualitative hospital and healthcare facilities.

Table 1: The source and transmission of HAIs

Infection control practices (ICPs) are therefore
indispensable in healthcare sectors to ensure the safety
of healthcare workers, patients, clients, visitors and the
community at large (Bijl and Voss, 2001; Dawnson,
2003).

Source Transmission

Microbial flora of colonized infected patients
Inanimate hospital environment
Hospital equipment

Direct contact via staff hands and devices
Direct contact via staff hands
Inadequate disinfected endoscope, stethoscope, sphygmomanometer,

weighing scale, surgical instruments.
ghing g

Infected patient or staff members

Respiratory droplets or nuclei, blood borne

Source: Spelman (2002); Moro et al., (2006).

Transmission of infections

Factors responsible for recent upsurge in
HAIs

Factors that contribute to rise in HAIs have
been recognized to include the following; scientific
discoveries and increased use of modern medical
methods (Wendel and Edmond, 1999), patient
populations (that are getting older or are infected with
chronic diseases), and increasing proportions of patients
with immunocompromised conditions or diseases
(principally HIV patients). Further, the misuse and
abuse of antibiotics have contributed largely to
increased incidence of antimicrobial-resistant pathogens
(Hart and Kariuki, 1998; Therapeutic Guidelines, 2006).
Factors associated with the transmission of resistant
strains of pathogenic microorganisms include poor
attention to hygiene, overcrowding, lack of an effective
IC program and shortage of trained IC providers (CDC,
2007). There is a misconception that ICPs are costly and
are therefore beyond the reach of most hospitals
particularly in resource-poor nations. In actual sense,
this claim is far from the truth. IC is based on common
sense and on safe practice and can be put into practice
with minimal cost (Methler, 1992; Lynch, 1997).

Infection control in healthcare facilities

It is imperative to uphold the activities that ensure
adequate IC practices where healthcare is provided (Bijl
and Voss, 2001; Jevis, 2001). This may include but not
limited to the following;

e  Provision of facilities and equipment that make
it possible for the HCWSs to maintain good IC
practices. Standards (policies and guidelines)
for procedures or systems used within the
healthcare setting and implementation of
educational programmes for all personnel in
the use of such standards should be available
and should not be neglected.

e [Establishment of surveillance systems that
identify problem areas early enough (McLaw et
al., 2000).

e Putting in place a policy for the prudent use of
antibiotics and work to ensure adherence to the
policy (Weinstein, 2001). This is the most
desirable as it has truly established that
unnecessary  exposure of  bacterial to
antimicrobial agents results in selective
pressure with altimate formation of resistant
forms

e Production of guidelines for cleaning,
disinfection and decontamination and work to
ensure adherence to those guidelines. (HELICS
1999, )

Hand hygiene

The hand is the most common vehicle for
microbial transmissions. Hand hygiene is thus the single
most effective method used in preventing the spread of
infections and infectious agents. Hand washing reduces
the number of potentially infections microorganisms on
the hand and decreases the incidence of infection
transmission in the healthcare facility (Javis, 1994).

Hygienic hand washing or hand disinfection
involves the use of antiseptic and/or detergents to wash
hand for as little as about 10-15secs or to use alcohol-
based agents to disinfect the hands. This is necessary
before and after attending to a patient, before
performing invasive procedures such as setting
intravenous lines, lumber puncture, catheterization,
before gloving, after contact with blood, body secretions
or following situations in which microbes contaminate
hands before caring for (susceptible) patients (AVSC,
2000; Wendel and Edmond, 2000, Esan et al., 2005) and
as well as personal or self protection.
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Cleaning, Disinfection, Sterilization and Protective
materials

The hazard in a healthcare setting includes
exposure to blood, saliva, or other body fluids or
aerosols that may carry infectious materials such as
Hepatitis C, HIV or other blood-borne or body fluid
pathogens (White and Lynch, 1997). Personal protective
equipment (PPE) include specialized -clothing or
equipment worn by a worker for protection against a
hazard. It prevents contact with potentially pathogenic
microorganisms, by creating a physical barrier between
the potentially infectious materials and the healthcare
worker (Mast et al., 1993).

Workers must wear PPE to guard against
blood-borne pathogens if there is a reasonable
anticipated exposure to blood or other potentially
infectious materials. Components of PPE include
bonnets, gowns, shoe covers, medical gloves, face
shield masks, goggles, surgical masks and respirators
(Caillaud and Orr, 1981; Mast et al., 1993; Famurewa et
al., 1994). How and when the PPE is used depends on
the regulations or the IC protocol guiding it (Burke and
Mandan, 1997). If PPE cannot be disinfected it should
be disposed to prevent cross-contamination (Famurewa
et al., 1996). Infected or disposable items should be
immediately thoroughly treated before final disposal.

Vaccination of healthcare workers

Vaccine is a preparation from dead or live
microorganisms that is introduced into the body through
inoculation. The vaccine causes the development of
antibodies, which produce immunity to the disease
caused by such microorganisms. Vaccines include
preparation of weakened or killed pathogen, such as a
bacterium or virus, or of a portion of the pathogen's
structure that upon administration stimulates antibody
production against the pathogen but is incapable of
causing severe infection. Prophylactic vaccines (e.g. to
prevent or ameliorate the effects of a future infection by
any natural or "wild" pathogen) rather than therapeutic
(e.g. vaccines against infection) should be administer to
HCWs (Sneller et al., 2000).

Certain diseases have available vaccines that
give some protection to workers in a healthcare setting.

Table 2: Summary of preventive measures of hospital

The specific work function, or personal preference,
healthcare workers or first responders may receive
vaccinations for hepatitis B, influenza, measles, tetanus
diphtheria pertussis meningitides and vericella et.c. In
general, vaccines however do not guarantee complete
protection from diseases, and there is potential for
adverse effects from receiving the vaccine (CDC, 2007).

Surveillance for emerging infections

Traditionally, surveillance involves significant
manual data assessment and entry in order to assess
preventative actions such as isolation of patients with an
infectious disease (Perry, 1995; Pottinger et al., 1997).

Well over 25% of HAIs are avoidable; hence
surveillance and preventive measures are increasingly a
priority for hospital staff. Surveillance is the act of
infection investigation (McLaw et al, 2000) and
involves determination of an infection with the aid of
patient's chart and detection if the patient had the signs
and symptom of the suspected infection (NNIS, 2004).

The use of antibiotics is a common treatment
when an outbreak occurs. However, if the infectious
agent has built a resistance to a particular antibiotic,
then that antibiotic would be ineffective (Hart and
Kariuki, 1998; Moro et al., 2001; Weinstein 2001). Data
on antibiotic resistance, which results from consistent
exposure to an antibiotic, should be provided. The
knowledge of misuse and abuse of antibiotics is also
needed in the survey of nosocomial infection (CDC,
2001).

Training of healthcare workers in infection control
and healthcare epidemiology

Practitioners can come from several different
educational streams. Specialized training in IC and
healthcare epidemiology is offered by the professional
organizations to nurses, medical laboratory scientists
(particularly in clinical microbiology), and some
physicians (typically, infectious disease specialists).
Physicians who desire to become IC practitioners are
often trained in the context of an infectious disease
fellowship (Javis, 2001). Such measure to prevent HAIs
are summerised in Table 2.

acquired infection (HAI)

Practitioners behaviour

Compliance with hand hygiene rules
Training on basis microbiology and mode of diseases transmission
Use of aseptic techniques
Compliance with guideline on antimicrobial use
Use of protective clothing and equipment
Proper handling
Patient care
Short hospital stay
Early removal of invasive devices
Isolation of infectious patients
Decontamination, cleaning and disinfection of work area
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Proper patient placement
Hospital infrastructures and policies
Adequate staff numbers

Staff vaccination (e.g hepatitis B, Vericella-Zooster, tuberculosis and influenza)

Proper disposal of sharpes

Adequate sterilization and disinfection of surgical instrument
Active surveillance for HAIs

Proper infection control programme

Constitution of infection control task force

Establishment of molecular laboratory

Education of HCWs on legal and ethnical implications of HAIs
Proper disposal of healthcare waste

Education and implication of antibiotic policies

Haley et al. (1985); Pearson (1996); TLG (2000); David and Famurewa (20006).

Transmission of infections

Diagnostic and therapeutic procedures during
hospitalization may be a source of transmission of
potentially infectious agents. For an infection to be
established some vital conditions must be met. The
elements of disease establishment comprises of the
pathogens, susceptible host, route of entry, portal of
exit, reservoirs and mode of transmission (Ekiti State
Infection Control, 2006). Many organisms gain entry
into the host through breaches or invasion of the first
line of body defences. Breaches in epithelia integrity
(e.g surgical wound, intravascular cannulas and drain
tubes), loss of washing action of body fluid and
interference with first line of action of respiratory
defences (e.g anaesthesia and endotracheal intubation)
are common precursors of entry of pathogens in the
establishment of HAI (Spelmen, 2002).

Some microorganisms are generally present on
human skin, respiratory, intestinal and genital tracts.
Under normal condition these organisms do not cause
infections unless factors in their environment are altered
(Singleton and Sainsbury, 1991). Other microorganisms
however, are not normally found on or in the human
body and are associated with diseases. All
microorganisms including normal flora can cause
disease if certain opportunities are provided. These
conditions include the introduction of normal flora to an
area where they are not normally found, introduction of
pathogens into the body and introduction of either
pathogens or normal flora to the body of an
immunocompromised patient. The infective agents can
be transmitted through direct contacts.

The hospital manager or medical director is
ultimately responsible for safety and quality within the
hospital (WHO, 2003). He or she must ensure that
appropriate arrangements are in place for effective IC
practices and that there is an Infection Control Team
(ICT) and an Infection Control Committee (ICC). If the
healthcare setting is too small to support such an
organisation, experts in IC should be available for
consultation at regular intervals and when needed in an
acute situation.

Establishment of Infection control team (ICT)

The ICT should have a range of expertise
covering knowledge of IC, medical microbiology,
infectious diseases and nursing procedures. The team
should have a close liaison with the microbiology
laboratory and ideally, a microbiologist should be a
member of the team. In addition at least one physician,
the IC officer (ICO), and at least one nurse, the IC nurse
(ICN) must be part of the team. One ICN for 250 acute
beds on a full-time basis has been recommended
(Dawson, 2003). However, the number of acute care
beds is decreasing, while out-patient management, day
surgery and home care are expanding in the developing
nations, and problems of HAIs and antibiotic resistance
are steadily increasing globally. Thus, the optimal
number of ICNs cannot be calculated simply based on
the number of acute care beds but rather it depends on
the case mix and workload. The number of intensive
care officers in a team is probably best related to the
number of ICNs.

The team 1is responsible for day-to-day
decisions on IC as well as long term planning of IC
policy. It should meet several times a week or preferably
daily. The team should be adequately funded to provide
secretarial assistance, information  technology
capabilities, facilities and training materials, and to
allow members to attend educational courses and
professional meetingsfor continous capacity building to
enhance competence and professionalism. The
composition and organization of the ICT should take
into account the local, social and religious culture in the
country and/or environment concerned and the
hierarchical structure of the hospital.

Infection control team is to advise staff on all
aspects of IC and maintain a safe environment for
patients and staff. It is to organize educational
programmes on the prevention of hospital infections for
all hospital personnel. Its roles also include provision of
a basic manual of policies and procedures and ensure
that in-house guidelines based on these are in existence.
It is to establish systems of surveillance of hospital
infection in order to identify at-risk patients and
problem areas that need intervention and or particular
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attention. The methods to be used for surveillance may
include case finding by ward rounds and chart reviews,
reviews of laboratory reports, and targeted prevalence or
incidence surveys. These are not merely for academic
purposes.

ICT advises on the management of patients
requiring special isolation and control measures,
investigate and control outbreaks of infection(s) in
collaboration with medical and nursing staff and ensure
that an antibiotic (use) policy is in place. It is as well to
liaise with the hospital (residence) doctors and
administration (managerial and nursing), community
health doctors and nurses, and IC staff in adjacent
hospitals. ICT provides relevant information on
infection problems to hospital management and the ICC.

Other duties of ICT include the following;
kitchen inspections, pest control and waste disposal and
advice on general architectural features (e.g. operating
and isolation rooms). It ensures availability of clean
water and proper facilities for hand washing and
drinking, arrangement for the separation of clean and
dirty materials and procedures (e.g., storage of sterile
supplies in a room separate from the one used for
reprocessing of dirty equipment or storage of waste).
ICT also provides written policies for critical elements
of IC (Ekiti State Infection Control, 2006).

Appointment of Infection Control Officer

The infection control officers (ICO) should
preferably be a senior member of the hospital staff with
experience and training in IC, such as a medical
microbiologist, epidemiologist or infectious diseases
physician. In the absence of one of these, a surgeon,
paediatrician or other appropriate physician with special
interest in the field could be appointed. Whichever
person is appointed must be guaranteed the extra time
needed to fulfil the responsibility of an ICO. The chair
of the ICC should be responsible to the Chief Medical
Director (CMD) for IC in the healthcare setting.

Duties and responsibilities of Infection Control
Nurse

The ICN should be able to function as a
clinical nurse specialist. The duties of the ICN are
primarily associated with IC practices with special
responsibility for nursing problems and education.

In a large hospital the ICN can train ‘link'
nurses. These individuals have special responsibility for
maintaining good IC practices and a ‘link’ between the
ICN and the wards and helps identify problems, put into
operation solutions and maintain communications and
education within their clinical departments Basic
qualifications of the ICN include a registered nurse (or
equivalent qualified person) with clinical and
administrative expertise. Good interpersonal and

educational proficiencies are important and recognized
training in IC is fundamental.

Duties and responsibilities of Infection control
committee

Both clinical and supporting (e.g., pharmacy,
maintenance) departments are to work together in order
to achieve minimal infection in the hospitals. To achieve
this, (ICC). In comprehensive health centres and general
hospitals, the ICC may report directly to the senior
hospital management committee; but in State Specialist
Hospitals, Federal Health Centres and University
Teaching Hospitals it may be a subunit of a risk
management or clinical governance committees. It
should consist of representatives from various hospital
departments. All the clinical departments should be
represented (on the committee), including members of
other key departments, such as occupational health,
catering, cleaning, facilities/buildings and management.
The committee should act as a link between departments
responsible for patient care and supporting departments.
Its aim should be to improve hospital IC practice and
recommend appropriate policies, which should be
subjected to frequent review (Talaat et al., 2006).

The committee should be responsible to the
hospital manager or medical director and should have a
physician, preferably the ICO or hospital epidemiologist
as the chairman. The hospital manager and the chief
nursing officer, or their representatives, should attend
meetings. The size of the committee will vary
depending on the size and/or requirements of the
hospital. The departments should nominate their
representatives and if not the departmental head, the
representative should be in a position to take decisions.

The committee should hold regular meetings
and the minutes of the meeting should be well
documented and should be forwarded to the Medical
Director and the Hospital Management Board as well as
to the departments directly involved in the subjects
discussed during the meeting. It should produce an
annual report and annual business plan for IC.

Effective hospital management

The roles of the hospital management in IC include
ensuring that facilities are available to the hospital staff
to maintain good IC practices and to ensure an ICT is
available and its activities supported adequately. It
should also give periodic training to HCWs to enable
them know their responsibility in IC and supply
instruction brochure of critical IC policies. It is also to
organized seminars in house and educational
programmes for staff and to make public clear line of
responsibility of ICT to the senior management of the
hospital.
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Conclusion

In Nigeria IC should take a new shape and
undergo series of reforms. Many strategies have been
put in place and are being implemented. In some cases
there is no clear defined guideline. This will precipitate
poor state of things. This is paramount because it is
fundamental to the provision of quality healthcare, most
especially in the local level, because of their potential to
reduce the disease burden on patients, healthcare

*Corresponding author: E-mail address:
ofamurewa @gmail.com,
diran.famurewa@osunstateuniversity.edu.ng
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Abstract: Model for quantitative analysis of the concentration of iron upgraded during solid-state concentration of
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1. Introduction

It has been found that Agbaja iron oxides are so finely
disseminated within gangue material that their
dissociation requires grinding the ore to about < Spum
(Uwadiele, 1984). The ore was found to contain
45.6%Fe and principally goethite, with minor hematite,
maghemite, siderite, kaolinite and guartz (Uwadiele,
1984).

Nwoye (2008a) carried out desulphurization of
Agbaja iron oxide ore concentrate using solid
potassium trioxochlorate (V) (KCIlO3) as oxidant. The
concentrate was treated at a temperature range 500 —
800°C. The results of the investigation revealed that
simultaneous increase in both the percentage of the
oxidant added (up to 15g per 50g of ore) and treatment
temperature (maximum 800°C) used give the ideal
conditions for increased desulphurization efficiency.
This translates into high desulphurization efficiency
when both oxidant concentration (up to 15g per 50g of
ore) and treatment temperature (maximum 800°C) are
high.

The mechanism and process analysis of
desulphurization of Agbaja iron ore concentrate using
powdered potassium trioxochlorate (v) (KCIO;) as
oxidant has been reported (Nwoye, 2009). Concentrates
were treated at a temperature range 500 — 800°C.
Results of the process analysis indicate that oxygen
required for the desulphurization process was produced
following decomposition of KCIO; within a
temperature range 375-502°C. It was observed that this
temperature range is the Gas Evolution Temperature
Range (GETR) for sulphur present in Agbaja iron ore.
Sulphur vapour and oxygen gas produced at this

temperature range were believed to have reacted to
form and liberate SO,. The process analysis suggests
that the mechanism of the desulphurization process
involves gaseous state interaction between oxygen and
sulphur through molecular combination. The results for
the extent of desulphurization reveal that simultaneous
increase in both the percentage of the oxidant added
and treatment temperature used (up to 15g KCIO; per
50g of ore and maximum of 800°C respectively) are the
ideal conditions for the best desulphurization
efficiency.

An intensive and selective oil agglomeration of
Agbaja iron ore has been carried out (Uwadiele 1990).
The researcher, starting from the crude ore Fe content
(45.6%), concentrated the ore by oil agglomeration
technique to 90% Fe recovery and 65% Fe assay. He
stated that the ore require grinding to minus Sum to
effect adequate liberation. These results were obtained
at optimum pH 9. Successful studies on the effect of
temperature on magnetizing reduction of Agbaja iron
ore have been carried out (Uwadiele and Whewell,
1988). The results of the investigation showed that the
fine-grained oolitic Agbaja iron ore, which is not
responsive to conventional processing techniques, can
be upgraded by the magnetizing reduction method with
an Fe recovery of 87.3% and Fe assay of 60% at 600°C.

Attempt has been made to enhance concentrate Fe
recovery (Kulkarni and Somasundaran 1980). The
researchers stated that concentrate Fe recovery
decreases progressively below pH 8. In this pH region,
oleate used is present as dispersion of oleic acid, and its
adsorption on the surface of the iron oxides is similar to
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the process of hetero-coagulation involving positively
charged iron oxide particle and negatively charged
oleic acid droplet. Main parameters investigated were
the effects of treatment temperature and oxidant
(KCIO;) on the upgrading process. It was established
that 800°C is the optimum temperature for the
upgrading step considering the range of temperature
used (500-800°C). It was observed from results of the
investigation that both oxidant and temperature
increase (up to 12g per 50g of iron ore and maximum
of 800°C respectively) during the process are vital
conditions for improving on the grade of the ore
concentrate.

Nwoye et al (2009) derived a model for
computational analysis of the concentration of iron
upgraded during dry beneficiation of iron oxide ore.
The model;

%Fe = 2.25[(In (T/w))***] (1)
shows that the concentration of upgraded iron is
dependent on the treatment temperature T, used when
the mass of iron oxide ore p, added is constant.
The aim of this work is to derive a model for
quantitative analysis of iron upgraded during solid-
state concentration of Agbaja (Nigerian) iron oxide
ore (using powdered potassium chlorate as oxidant).
2. Model

The solid phase (ore) is assumed to be stationary,
contains some unreduced iron remaining in the ore. It
was found (Nwoye,2008b) that oxygen gas from the
decomposition of KClO; attacked the ore in a gas-
solid reaction, hence removing (through oxidation)
the sulphur present in the ore in the form of SO,
.Equations (2) and (3) show this.

2KCIO; ) —»2KCl g +30, ¢ (2)
SiHeat [Sig) + Oz () —» SOz g) )

Nwoye, (2008) posited that when sulphur inherent in
the iron ore is removed in this stance; the
concentration of iron present in the ore is upgraded
since sulphur is an impurity element.

2.1 Model Formulation

Experimental data obtained from research work
(Nwoye, 2006) carried out at SynchroWell Research
Laboratory, Enugu were used for this work.

Results of the experiment as presented in report
(Nwoye, 2006) and used for the model formulation
are as shown in Table 1. Computational analysis of
the experimental data (Nwoye, 2006) shown in Table
1, gave rise to Table 2 which indicate that;

(%Fe/C,)" = In(T/p) (approximately) 4
Introducing the values of a and C,, into equation (4);
(%Fe/6.4)"° = In(T/p) (5)
Since the inverse of 1.6667 = 0.6

(%Fe/6.4)"%7 = In(T/u) (6)

Multiplying the indices of both sides by 1.6667;

%Fe/6.4 = (In(T/w))"*%’ (7

%Fe/6.4 = [ (InT - Inpw)"**"] (®)
Introducing the value of T into equation (8)
%Fe = 6.4[(6.3969 - Inw)"*"] 9)
Where

%Fe = Percentage iron upgrade during the
concentration process
(a) = 0.6 (Decomposition coefficient of KC1O5
during the concentration process) determined
in the experiment (Nwoye, 2006)
() = Weight of KCIO; added as oxidant during the
concentration process (g).

(C,) = 6.4 (Oxidation coefficient of KCIO; relative to
its weight-input during the beneficiation
process) determined in the experiment
(Nwoye, 2006).

N.= 1.6667 (Assumed iron enhancement index)
T= Treatment temperature (°C)

Tablel:Variation of upgraded concentration of iron

with weight-input of KC10; (Nwoye,2006)

oFe 1] 1(g)
1.64 7 50
3.78 8 50
5.88 9 50
8.00 10 50
10.16 11 50
12.24 12 50

3. Boundary and Initial Condition

Consider iron ore (in a furnace) mixed with
potassium chlorate (oxidant).The furnace atmosphere is
not contaminated i.e (free of unwanted gases and dusts).
Initially, atmospheric levels of oxygen are assumed just
before the decomposition of KCIO; (due to air in the
furnace).Weight, M of iron oxide ore; (50g), and
treatment time; 360secs. were used. Treatment
temperature; 600°C, ore grain size; 150um, and weight-
range of KClO; (oxidant); (7-12g) were also used. These
and other process conditions are as stated in the
experimental technique (Nwoye, 2006).

The boundary conditions are: furnace oxygen
atmosphere due to decomposition of KClO; (since the
furnace was air-tight closed) at the top and bottom of the
ore particles interacting with the gas phase. At the bottom
of the particles, a zero gradient for the gas scalar are
assumed and also for the gas phase at the top of the
particles. The reduced iron is stationary. The sides of the
particles are taken to be symmetries.

4. Model Validation

The formulated model was validated by direct

analysis and comparison of %Fe values predicted by
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the model and those obtained from the experiment for
equality or near equality.
Analysis and comparison between these %Fe values
reveal deviations of model-predicted %Fe values
from those of the experiment. This is attributed to the
fact that the surface properties of the ore and the
physiochemical interactions between the ore and the
oxidant (under the influence of the treatment
temperature) which were found to have played vital
roles during the oxidation-beneficiation process
(Nwoye, 2006) were not considered during the model
formulation. This necessitated the introduction of
correction factor, to bring the model-predicted %Fe
values to those of the experimental %Fe values
(Table 3).
Deviation (Dv) (%) of model-predicted %Fe values
from experimental %Fe values is given by

DV:[DQ—DE] x 100

DE

Dp = Predicted %Fe values from model
DE = Experimental %Fe values
Correction factor (Cf') is the negative of the deviation
ie

(10)

Where

Cf =-Dv (11)
Therefore
Ccf _-[DQ—DE] x 100 (12)
DE

Introduction of the corresponding values of Cf from
equation (12) into the model gives exactly the
corresponding experimental %Fe values. (Nwoye,
2006)

5. Results and Discussion

The derived model is equation (9). A comparison of
the values of %Fe from the experiment and those
from the model shows very minimum positive and
negative deviations less than 26% which is quite
within the acceptable range of deviation limit of
experimental results hence depicting the reliability
and validity of the model. This is shown in Table 3.
Table 2 also agrees with equation (4) following the
values (%Fe/C,)" and In(T/u) evaluated from Table 1
as a result of corresponding computational analysis.
The validity of the model is rooted in equation (4)
where both sides of the equation are correspondingly
approximately equal to 4.

Table 2: Variation of (%Fe/C,)* with In(T/p)

(%Fe/C,)" In(T/p)
3.8923 44510
3.9729 43175
4.0508 4.1997
4.1285 4.0943
42067 3.9990
42811 3.9120

It is believed that since 1.6667 is the index of the
expression In(T/p),it follows from the model formulation
that it affects the two main input process parameters
responsible for the upgrading of the iron oxide ore. This
way, it contributes to the upgrading of the iron. Therefore,
the constant 1.6667 is assumed to be the Iron
Enhancement Index (N.). This agrees with the fact that
the upgrade in Fe as reported in Table 1 was as a result of
the influence of weight-input of oxidant (KCIO;) on the
iron oxide ore at the treatment temperature during the
concentration process.

Also, mathematically, since the constant 1.6667 affects
the treatment temperature and weight-input of KCIO; as in
equations (7) and (8), it follows that the constant
invariably contributes to the predicted value of the
upgraded iron.

Table 3: Comparison between %Fe upgrade as
predicted by model and as obtained from experiment
(Nwoye , 2006).

%Few, | %Few | DV (%) | Cf (%)
61.64 | 77.0840 | +25.06 | -25.06
63.78 | 73.2692 | +14.88 | -14.88
6588 | 69.9677 | +6.20 | -6.20
68.00 | 67.0656 | -1.37 | +1.37
70.16 | 64.4841 | -8.09 | +8.09
7224 | 62.1629 | -13.95 | +13.95

An ideal comparison of the concentrations of upgraded iron per unit
mass of the oxidant added as obtained from experiment and as
predicted by the model for the purpose of testing the validity
of the model is achieved by considering the R* values. The
values of the correlation coefficient, R calculated from the
equation;
R =R’ (13)

using the r-squared values (coefficient of determination)
from Figures 1 and 2 show very close correlation (0.9958)
and (1.0000) between  model-predicted and
experimentally obtained concentrations of upgraded iron
respectively.

2 _
72 R°=1

60 T 1
5 10 15

Mass-input of KCIO; (g)

Figure 1:Variation of mass-input of KCIO; on the
concentration of iron upgraded as obtained from
experiment (Nwoye, 2006)
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R2 =0.9917

60 T 1
5 10 15

Mass-input of KCIO; (g)

Figure 2:Variation of mass-input of KCIO; on the
concentration of iron upgraded as derived by model .

This suggests that the model predicts very accurate
and reliable concentration of upgraded iron with
respect to the actual experiment results.

5.1 Iron upgrade per mass of oxidant (KCI1O;)
Iron upgrade per unit mass of oxidant added resulting
from oxidation of the iron ore at a temperature of
600°C. Iron upgrade per unit mass of oxidant added
was determined following comparison of the iron
upgrade per unit mass of oxidant added as obtained
by calculations involving experimental results, and
model-predicted results obtained directly from the
model.

Iron upgrade per unit mass of the oxidant added during the
oxidation process, I. (% /g) was calculated from the
equation;

I =l/m (14)
Therefore, a plot of the concentrations of upgraded iron I
against mass of KClO; added m, as in Figure 1 using
experimental results in Table 1, gives a slope, S at points (7,
63.78) and (12, 72.24) following their substitution into the

mathematical expression;
S = AI/Am (15)
Eqn. (15) is detailed as
S=12—Il/m2—m1 (16)

Where
Al= Change in the concentrations of upgraded iron I, I; at
two oxidant mass-input values m,, m;. Considering the
(8, 63.78) and (12, 72.24) for (I;, m;) and (I, my)
respectively, and substituting them into eqn. (16), gives
the slope as 2.12 %/g which is the concentration of
upgraded iron per unit mass oxidant added during the
actual experimental oxidation process. Also similar plot
(as in Figure 2) using model-predicted results gives a
slope. Considering points (8, 73.2692) and (12,
62.1629) for (I;, m;) and (I, m,) respectively and
substituting them into eqn. (16) gives the value of slope, S
as -2.78 %/g. This is the model-predicted concentration of
upgraded iron. It is important to state that the model-
predicted value is of magnitude 2.78% and not 2.78%.The

negative sign before 2.78% only indicates negative slope
which resulted from non-consideration of the surface
properties of the ore and the physiochemical interactions
between the ore and the oxidant (which actually played
vital role during the experiment (Nwoye,2006)) during the
model formulation. A comparison of these two
concentrations of upgraded iron per unit mass of oxidant added
shows proximate agreement. This indicates a very high degree
of validity for the model as a reliable tool for predicting the
concentration of upgraded iron per unit mass of oxidant added
during oxidation of Agbaja iron oxide ore at an oxidant mass-
input range :7-12g..

6. Conclusion

The model computes the percentage upgrade in iron
during concentration of Agbaja iron oxide ore (using
powdered potassium chlorate). The deviation of the
model-predicted %Fe values from the corresponding
experiment %Fe values is less than 26% which is quite
within the acceptable range of deviation limit of
experimental results. The validity of the model is rooted
in the expression (%Fe/C,)* = In(T/u) where both sides of
the expression are correspondingly approximately equal
to 4.

Further works should incorporate more process
parameters into the model with the aim of reducing the
deviations of the model-predicted %Fe values from those
of the experiment.
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of iron oxide ore added) has been derived. The model; Q = " W) was found to be dependent on the weight-input
of iron oxide ore. The values of the heat absorbed Q as predicted by the model were found to agree with those
obtained from the experiment that the leaching process is endothermic in nature, hence the positive values of the
absorbed heat Q., and Qy . The validity of the model was found to be rooted on the expression InQ = N(W)"?
where both sides of the expression are corresponding almost approximately equal. Maximum deviation of model-
predicted quantities of heat absorbed (from the corresponding experimental values) was found to be less than 33%
which is quite within the acceptable deviation range of experimental results. [Academia Arena, 2010;2(5):12-14]
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1. Introduction

Nwoye et al.(2009a) derived a model for predicting
the initial solution pH at determined final pH and
leaching time during leaching of iron oxide ore in
hydrogen peroxide solution. It was observed that the
validity of the model is rooted in the mathematical
expression; (Int)"? = N(B/0 ) where both sides of the
relationship are approximately equal to 2. The model is
expressed as;

B = Antilog[0.2439Log(a*'(Int)"%/3.6)] 1)
The model shows that the initial solution pH is dependent
on the values of the final solution pH and leaching time.
The respective positive or negative deviation of the
model-predicted final pH from its corresponding
experimental value was found to be less than 8%, which
is quite within the acceptable deviation limit of
experimental results depicting the validity of the model.

Model for calculating the solution pH during
hydrogen peroxide leaching of iron oxide ore has also
been derived by Nwoye et al. (2009b). It was observed
that the validity of the model is rooted in the expression
Iny = Kc[(%Fe,0:/%Fe)"] where both sides of the
equation are correspondingly approximately equal to 2.
The model expressed as;

v= (expKl(%Fe:04%Fe)] ] @
The final solution pH was found to depend on the
values of the % concentrations of dissolved iron and
haematite from experiment. The respective deviation
of the model-predicted pH values from the
corresponding experimental values was found to be
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less than 20% which is quite within the acceptable
range of deviation limit of experimental results.
Nwoye (2009) has reported that the heat
absorbed by oxalic acid solution during leaching of
iron oxide ore can be predicted using the model he
derived which works under the process condition;
initial pH 6.9, average ore grain size; 150pm and

leaching  temperature; 30°C. The  model
(Nwoye,2009) can be stated as
Q= Ky Y 3)
%FezO3
Where

Q = Quantity of heat absorbed by oxalic acid
solution during the leaching process. (J)

v = Final pH of the leaching solution (at time
t).

%Fe,03;= Concentration of haematite dissolved in
oxalic acid solution during the leaching
process.

Ky = 4.57(Haematite dissolution constant in
oxalic acid solution) determined in the
experiment (Nwoye,2008).

Nwoye (2009) carried out further work on the
model using the same process conditions and
observed that on re-arranging the model as;

%Fe,05 = Ky [ v 4)

&)

the concentrations of haematite predicted deviated
very insignificantly from the corresponding
experimental values. In this case, the value of Q
was calculated by considering the specific heat
capacity of oxalic acid. Values of heat absorbed by


mailto:chikeyn@yahoo.com

Academia Arena, 2010;2(5)

the oxalic acid solution during the leaching of iron
oxide ore as predicted by the model (Nwoye, 2009)
agree with the experimental values that the leaching
process is endothermic. This is because all the
predicted values of the heat absorbed by the oxalic acid
solution were positive. The model shows that the
quantity of heat absorbed by oxalic acid solution
during the leaching process is directly proportional to
the final pH of the solution and inversely proportional
to the concentration of haematite dissolved.
A model has been derived (Nwoye et al.,2009c) for
calculating the quantity of heat absorbed by oxalic acid
solution during leaching of iron oxide ore has been
derived. It was observed that the validity of the model
is rooted on the expression InQ = y~ where both sides
of the expression are approximately equal to 7. The
mode;
Q= o 102) (5)

was found to depend on the value of the final solution
pH measured during the experiment. The maximum
deviation of the model-predicted Q values from the
corresponding experimental values was found to be
less than 11% which is quite within the acceptable
range of deviation limit of experimental results. The
positive values of heat absorbed as obtained from
experiment and model agree and show that the leaching
process is endothermic in nature.

Model for predictive analysis of the quantity of heat

absorbed by oxalic acid solution during leaching of
iron oxide ore has been derived (Nwoye et al., 2009d).

I he model;
0.987 \/T

The model was found to depend on the value of the
final solution temperature measured during the
experiment. It was observed that the validity of the
model is rooted in the expression (InQ)/N = VT where
both sides of the relationship are correspondingly
almost equal. The respective deviation of the model-
predicted Q values from the corresponding
experimental values was found to be less than 21%
which is quite within the acceptable range of deviation
limit of experimental results. The positive values of
heat absorbed as obtained from experiment and model
indicate and agree that the leaching process is
endothermic in nature.

The aim of this work is to derive a model for
computational analysis of the heat absorbed relative to
the weight-input of Itakpe (Nigeria) iron oxide ore
during leaching using hydrogen peroxide (H,0,)
solution.

2. Model

The solid phase (ore) is assumed to be stationary,
contains the un-leached iron remaining in the ore.
Hydrogen ions from the hydrogen peroxide attack the
ore within the liquid phase in the presence of oxygen.
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2.1 Model Formulation

Experimental data obtained form research work
(Nwoye, 2007) carried out at SynchroWell
Research Laboratory, Enugu were used for this
work.

Results of the experiment as presented in report
(Nwoye, 2007) and shown in Table 1 indicate that;

InQ = N(W)"? (approximately) (7
Therefore
Q = MW @®)
Introducing the value of N into equation (8)
Q= e1,04(VW) ©)
where

Q= Quantity of heat energy absorbed by
hydrogen peroxide solution during the
leaching process (J)

N= 1.04(Weight-input coefficient)
determined in the experiment.(Nwoye,
2007)

W = Weight of iron oxide ore used (g)
Equation (9) is the derived model.
Tablel: Variation of quantity of heat absorbed by
H,0, solution with weight of iron oxide ore used.

W(g) [ NOW) [Q () [ InQ

18 44123 | 121.68 | 4.8014
20 4.6510 | 148.20 | 4.9986
22 4.8780 | 171.60 | 5.1452
26 5.3030 | 182.52 | 5.2069
28 5.5032 | 208.32 | 5.3391
30 5.6963 | 226.20 | 54214

3. Boundary and Initial Condition

Consider iron ore in cylindrical flask 30cm high
containing leaching solution of hydrogen peroxide.
The leaching solution is stationary i.e (non-
flowing). The flask is assumed to be initially free
of attach bacteria. Initially, atmospheric levels of
oxygen are assumed. Varying weights (18-30g) of
iron oxide ore were used as outlined in Table 1.
The initial pH of leaching solution; 7.34 and
leaching time; 30 minutes were used. A constant
leaching temperature of 25°C was used. Ore grain
size; 150um, volume of leaching solution; 0.1 litre
and hydrogen peroxide concentration; 0.28mol/litre
were used.. These and other process conditions are
as stated in the experimental technique (Nwoye,
2007).

The boundary conditions are: atmospheric levels of
oxygen (since the cylinder was open at the top) at
the top and bottom of the ore particles in the liquid
and gas phases respectively. At the bottom of the
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particles, a zero gradient for the liquid scalar are
assumed and also for the gas phase at the top of the
particles. The leaching solution is stationary. The sides
of the particles are taken to be symmetries.

4. Model Validation
The formulated model was validated by direct analysis
and comparism of Q values from model data and those
from the experimental data for equality or near
equality.
Analysis and comparism between these data reveal
deviations of model data from experimental data. This
is believed to be due to the fact that the surface
properties of the ore and the physiochemical
interactions between the ore and leaching solution
which played vital roles during leaching process
(Nwoye, 2007) were not considered during the model
formulation. This necessitated the introduction of
correction factor, to bring the model data to that of the
experimental values. (See Table 2)

Deviation (Dv) of model
experimental Q values is given by
Dv= [Dp — DE] x 100

DE

Dp = Predicted data from model
DE = Experimental data
Correction factor (Cf) is the negative of the deviation
ie

Q values from

(10)

Where

Cf = -Dv (11)

Therefore

Cf = -100[ Dp—DE ] (12)
DE

Introduction of the corresponding values of Cf from
equation (12) into the model gives exactly the
corresponding experimental Q values. (Nwoye, 2007)

5. Results and Discussion

The derived model is equation (9). A comparison of the
values of Q from the experimental data and those from
the model shows a maximum deviation of 32.23%
(Table 2). This is believed to be within a considerable
experimental result variation range.

Table 2: Comparison between quantities of heat
absorbed as predicted by model and as obtained
from experiment.

Qexp (1) | Qu (J) | Dv (%) | Cf(%)
121.68 | 8246 | -32.23 | +32.23
14820 | 104.69 |-29.36 | +29.36
171.60 | 13137 | -23.44 | +23.44
182.52 | 200.93 | +10.09 | -10.09
20832 | 24547 | +17.83 | -17.83
22620 | 297.77 | +31.64 | -31.64
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where  Qcxp = Q values from experiment (Nwoye,
2007)
Qum = Q values predicted by model.
Qexp and Qy show that the leaching process is
endothermic in nature, hence the positive values of
Q and heat absorbed during the process.
6. Conclusion

The model was used to evaluate the quantity of
heat absorbed by the leaching solution of H,O,
during leaching of Itakpe iron oxide ore. It was
observed from Q values predicted by the model and
those obtained from experiment (Nwoye, 2007)
that leaching of the iron oxide ore using H,0, is an
endothermic process, hence the positive values of
Q from both model and experiment indicating
absorbed heat.

Further works should incorporate more process
parameters into the model with the aim of reducing
the deviations of the model data from that of the
experimental.
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Consider a photon of relativistic mass ‘m’ moving with speed “c’ is associated with the wavelength ‘A’ is given by
the relation A=h/mc, Where h=planck’s constant (6.625*10"-34 JS).

According to wave theory, speed of the photon wave is given by ¢ = A /T, where T= time period.
By substitution of value of ‘c’ in the equation A = h/mc, we get the expression m A2 = hT.
According to wave theory, as frequency of photon wave is given by f=1/T.

Then the equation m A 2 = hT becomes f=h/mA~2

De Broglie wavelength associated with the photon is given by A= h/p,

thus the equation f=h/mA”2 becomes f=p/mA.

Angular frequency associated with the photon is given by «= 2 =f.

By putting the value of f=p/mA. in the above equation we get ®= 2 tp/mA.

The above equation w= 2 wp/mA.. can be applied to both photons and material particles like electron in motion.
Debroglie wavelength associated with the electron is given by A=h/mv

Where v=velocity of electron in motion
Then the equation @= 2 tp/mA becomes w= 2 tpmv/mh i.e 0= 2 wpv/h.

Part: 2
Consider a electron of mass “me” at rest, total energy associated with the electron is given by “me ¢~2”. Suppose
radiation of energy hf is incident on this electron at rest. Part of energy hf” is absorbed by electron and part of
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energy hf’ is scattered by electron . Absorbed energy hf” is converted to motion of electron, hence electron travels a
distance ‘X’ in time “t’. let © is the scattering angle.

Figure :1 —schematic diagram of scattering of energy of photon by electron

x= Linear displacement of electron

hf = Energy of incident radiation

hf’ = Energy of scattered radiation

0 = scattering angle

Consider a parallelogram ABCD constructed as shown in the figure 1.

Let AB=CD=x, AD=BC=hf, AC=hf’(opposite sides in parallelogram are equal)
Law of cosine is given by a”2=b”"2+c”2-2bc cos 0. Let a = x, b=hf, c=hf’, cos A = cos6.
By applying the law of cosine to the triangle ADC, we get
XN2=(hf)”2+(hf")2-2(hf)(hf’) cos 0 =1

By law of conservation of momentum of photon.

- - - - > -
Weget p= p+ pwhere P, P, P be the momentum of incident, absorbed and scattered photon respectively.
y ytoy y yy

Let us assume absorbed momentum of photon = momentem of electron

— -
ie. p=p
v
— - o -
Thus p= p+ P where P =momentum of electron
y y

- - -
P = p— P Squaring on the both sides we get
y v

16
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- -
pAD= pP— P |2, as (a-b)*2=a"2+b"2-2ab
y oy

Thus the above equation becomes p ~2=py *2+py 2-2 | B Y B y|
> >

According to dot product rule | ae b |= |aj|b|cos®
Then we get p/2=py 2+ py ™ 2-2| py | | py’ | cos 6
Let us multiply the above equation by ¢ ~ 2we get
Where ¢ = speed of light in vaccum (3* 10 8 m/s)
PA"2c”"2=py”™2c”"2+py c2-2| py || py [c”2 cos O
As we know frequency of photon is directly proportional to it’s momentum
i.e hf = pc thus the below equation is obtained
p "2 ¢~ 2= =(hf)"2+(hf")2-2(hf)(hf’)cos 6 = 2
By comparisonof 1and 2 we getx *2=p "2 ¢c" 2
i.e X = pc (position of electron is defined as the function of it’s momentum)
As told earlier position of electron is defined as a function of it’s momentum i.e x = pc
Small change in momentum of electron causes small change in it’s position i.e. dx = dpc hence,
dp = dx/c
Newton second law of motion is mathematically represented by equation F=dp/dt
Where F = force exerted by photon

dp = Small change in momentum of electron with respect to time
As dp = dx/c then the above equation becomes F= dx/dtc.
as velocity of electron is defined as v = dx/dt.
Then F =v/c is obtained
Force exerted by photon is defined as function of velocity of electron
As impulse exerted by photon is mathematically given by I = F dt.
then the equation F= dx/dtc becomes Fdt = dx/c
i.e I =dx/c

Impulse exerted by photon is defined as function of change in position of electron
At point A and B mass of electron is mei.e total energy assosiated with electron is mec”2. (as electron is at rest at
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point Aand B)

But in between point A and B mass of electron is mc”2 (since electron is in motion in between point A and B))
Hence total energy of electron in motion is mathematically given by E= mec”2+hf’

(As absorbed energy adds up to rest mass energy ) where E= total energy of electron in motion
hf’=absorbed energy of photon

mec”2=rest mass energy of electron

As absorbed momentum of photon equals the momentum of electron i.e py=p

As x=pc (position of electron is defined as the function of it’s momentum) then x= py.c

py.c=hf’then x=hf’ then the equation E= mec”2+hf’ becomes equation E= mec”2+x=3

According to Einstein equation E= mec"2+Ex=4

By camparison of 3and 4 we get Ex= X i.e kinetic energy of electron = position of electron

Small change in kinetic energy of electron causes small change in it’s position i.e d Ex=dx i.e | =dx/c
i.el=dEWciedEk=Ilc

According to workenergy theorm

Work done on particle equals change in kinetic energyof particle i.e W=d Ex i.e W=Ic

Work done on particle involves storage of energy in particle i.e W=Eawhere Ea= Energystored in particle.
Ea =lc ,energy stored in particle is defined as a function of impulse applied

Thus Eaal (as c is constant ) i.e impulse and energy are interconvertable.

2) Proof for Einstein predicted formula E=tC
As x = pc (position of electron is defined as the function of it’s momentum)

As momentum of electron can be given by p=mv then the equation x = pc becomes x=mvc i.e x/v=mc
According to newton v=x/t i.e equation x/v=mc becomes t=mc
According to Einstein Ezmc”~2 hence E=mcc becomes E=tc

1/20/2010
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ABSTRACT: In a population under selection for a metric character, gene frequencies are altered which are
further modified by the mating systems employed to advance the selected genotypes. Hence, genetic
variability, heritability and genetic advance studies were conducted in Ekpoma and lyanomo locations and
combined locations on eight cowpea genotypes in a randomized complete block design for grain yield and
its components as well as other vegetative characters. Significant wide range of mean values were observed
in all the characters evaluated various genetic indices for selection were estimated Genotypes indicated
substantial variations for all characters in each and combined locations. High broad-sense heritability
percentage was observed in all characters except for pod weight character which indicated low estimate of
25.5% in lyanomo location. The expected genetic advance as percentage of population mean (GA%) was
relatively high for pod length, pod weight, seeds per pod and 100-seed weight characters in the two
locations. The high significant heritability and genetic advance observed in the genotypes across locations
could be exploited through improvement and selection programmes in cowpea yield character [Academia

Arena, 2010;2(5):22-26] (ISSN 1553-992X).
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1. Introduction

The magnitude of genetic variability present in
base population of any crop species is pivotal to
crop improvement which must be exploited by
plant breeders for yield improvement. The cowpea
is the most widespread economically important and
genetically diverse cultivated subspecies. Because
the crop is grown in diverse agro-ecological
environments, variation in genetic constitution do
exist among the various strains thus making it a
variable species. According to Raje and Rao
(2000), genetic variability is essential in order to
realize response to selection pressure as the
estimates of genetic parameters of variation are
specific for a particular population and the
phenotypic expression of the quantitative character
may be altered by environmental stress that affect
plant growth and development.

Heritability of a character is important for the
cowpea breeder because it provides him an idea of
the extent of genetic control for the expression of a
particular character (Chopra, 2000). Moreover,
heritability serves as a guide to the reliability of
phenotypic variability in the selection programme
and hence determines its success (Hamdi, 1992).
However, Johnson et al. (1955) stated that
heritability estimates together with genetic advance
are more important than heritability alone to predict
the resulting effect of selecting the best individuals.
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Genetic advance is also of considerable importance
because it indicates the magnitude of the expected
genetic gain from one cycle of selection (Hamdi et
al., 2003).

Selection which is the retention of desired
genotypes and elimination of undesirable ones is a
major and important process in breeding for
improvement of one or more plant attributes. In a
population under selection for a quantitative
character, genotyic frequencies and hence gene
frequencies are altered and these changes are
further modified by the mating systems that may be
employed to advance the selected individuals to the
next generation(s)(Chopra, 2000). Thus, the
utilization of any criterion for selection is linked
with high genetic coefficient of variation and
estimates of heritability as the magnitudes of
heritability and other genetic parameters for a
character would vary from location to location
(Ramachandran et al., 1982).

As a result, the present investigation is aimed
to evaluate variability, heritability and genetic
advance of grain yield and its component characters
in eight cowpea genotypes to provide necessary
information that could be useful in cowpea
improvement programmes aimed to improve yield
character.
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2. Materals and Methods

An investigation study was carried out at two
locations — the Rubber Research Institute of Nigeria
(RRIN) Iyanomo and the Teaching and Research
Farm (T and RF), Ambrose Alli University,
Ekpoma. Eight cowpea genotypes of diverse
genetic origin viz TVu-1120, TVu-1153, TVu-
1157, TVu-1242, TVu-16627, TVu-16629, TVu-
16630 from IITA genebank, Ibadan and Ekpoma
brown (Ekp-br) a local cultivar were used to
evaluate their genetic parameters. The materials
were sown out to the field in randomized complete
block design (RCBD) in three replications on 12"
and 28™ April 2008 cropping season, respectively.

For combined locations:

c’g
O_zg+02g><€ o’e
l re

h?b(%) =

Each entry was assigned to plots of 5m long single
rows and sown at 30cm within and 60cm apart with
one seed per station. Normal management practices
were followed. Five plants were selected at random
for data record on quantitative characters from the
3m- mid rows of each plot and replicate on plant
height, leaf area index (LAI), 50% flowering, 50%
maturity, pod length, pod weight, seeds per pod,
100-seed weight and grain yield.

Data wer subjected to statistical aalysis of
ANOVA using SAS software model. Heritability
estimate in the broad-sense (h’b) on mean basis for
each location and combined locations was used as
suggested by  Eckebil et al. (1977).

Single location:

2 . . . 2. . . . . . . .
Where o g IS genetlc variance; o "€ IS error variance; ? is Iocatlon; I’E IS repllcate by Iocatlon;

o? g x | is variance due to genotype by location and I is replication.
Genetic Advance (GA) and Genetic Gain (GG) values were determined as described by Johnson et

al. (1955)
2

ca=2 9,k
oph

Where, K = 2.06 (selection differential at 10%); azg = genotype variance; oph = square root of
phenotypic variance. Genetic gain BGA) was determined from genetic advance (GA) expressed as a

percentage of the population mean {x ).

3. Results and Discussion

Analysis of variance indicated significant
variability for all characters in the two locations
and combined locations except for plant height, leaf
area index (LAI) and days to 50% maturity which
revealed no significant difference.

The mean performance of all characters among
the genotypes in each and combined locations
(Table 1) showed that all characters were
significantly influenced by location effect except
for days to 50% flowering, 50% maturity and pod
weight which had similar high mean values of
57.00 and 72.00 days to 50% flowering and
maturity and pod weight of 2.05g (Ekpoma
location); days to 50% flowering (57.3); 50%
maturity (72.67) and pod weight (2.77g)(lyanomo
location). It has been reported that the length of the
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reproductive period in cowpea is very variable
(Madamba et al. 2006). An observation of the mean
values and ranges for days to 50% flowering and
50% maturity further indicated that there was no
wide range of variation in the expression of the
characters in the different locations as well as in
combined locations. Plant height and LAI exhibited
a wide range of (47.7cm-20.13cm) and LAI (2.43-
0.56) in Ekpoma location; and 102.40cm-38.33cm
and LAI(5.50-1.11) in lyanomo location which
were largely influenced by location effect. The
highest mean plant height in lyanomo was
102.40cm while 47.07cm was recorded in Ekpoma.
A similar trend of high mean value of 5.50 for LAI
was observed in lyanomo when compared to 2.43
in Ekpoma while 4.19 was recorded in the
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combined locations. However, the least LAI (0.56)
was observed in Ekpoma.

Significant differences were observed in yield
and its component characters across the two
locations as well as in combined locations (Table
1). Highest mean pod length (19.73cm), seeds per
pod (16.37), 100-seed weight (14.93g) and grain
yield (1723.8kg/ha) were recorded in lyanomo than
those in Ekpoma for pod length (17.97cm), seeds
per pod (13.67), 100-seed weight (13.23g) and
grain yield (538.5kg/ha). These data in the study
suggest that the growth conditions at lyanomo were
more favourable than in Ekpoma and that
differences between locations reflects differences in
soil type and other environmental conditions
prevalent at that time.

Estimates of heritability, genetic advance and
genetic advance as percentage of the population
mean are shown in Table 2. The magnitude of
heritability was generally high in all characters
across locations and combined locations except for
pod weight and 100-seed weight which recorded
low and moderate heritability effect at lyanomo and
combined locations, respectively. According to
Ansari et al. (2004) high heritability percentage
reflects the large heritable variance which may
offer the possibility of improvement through
selection. However, Johnson et al. (1955) reported
that heritability estimates together with genetic
advance are more important than heritability alone
to predict the resulting effect of selecting the best
individuals. Earlier reports had shown high broad-
sense heritability for plant height in cowpea
(Sharma and Singhania, 1992). An observation of
heritability estimates for yield and its components
in the two locations and combined locations show
high heritability for LAI, days to 50% flowering
and 50% maturity. High heritability for LAl was
also reported by Sharma and Singhania (1992);
days to 50% flowering (Tyagi et al., 2000); 50%
maturity (Siddique and Gupta, 1991); pod length
(Roquib and Patnaik, 1997). However, low
heritability estimate of 25.5% was observed in
lyanomo in this study contrary to earlier report.

Damarany (1994) and Tyagi et al. (2000) reported
high heritability for seeds per pod. Moderate
heritability estimate was obtained for 100-seed
weight in combined locations. However, Tyagi et
al., (2000) and Gomes (2003) had reported high
heritability which agrees with findings in Ekpoma
and lyanomo locations, respectively. Grain vyield
had high heritability which confirmed -earlier
reports (Fery and Singh, 1997; Tyagi et al., 2000).
High genetic advance as percentage of
population mean (Table 2) was observed for plant
height, pod length, pod weight, seeds per pod and
100-seed weight in Ekpoma and lyanomo locations
except for plant height that indicated low genetic
advance percentage mean in lyanomo location.
Thus, progress shoud be expected from selection
between individual genotypes for these characers.
Moderate progress would be expected from
selection for plant height, LAI and 50% flowering
in lyanomo location.
The relative high heritability and genetic advance
as percentage mean therefore showed high
heritability together with high genetic advance as
percentage mean for pod length, pod weight, seeds
per pod and 100-seed weight in both Ekpoma and
lyanomo locations. The estimates of heritability and
genetic advance as percentage mean considered
together will no doubt help in drawing conclusion
about the nature of gene action governing a
particular character. This is due to the fact that
combined study of heritability and gentic advance
is more reliable in forecasting the effect of selection
(Johnson et al., 1955). Based on the findings, it can
be concluded that selection will be effective in the
test materials used in this study as revealed by the
significant  substantial variations among the
genotypes for all the characters observed in each
and combined locations. Therefore, the significant
genetic variability for these characters in the
genotypes over locations recorded in the test
materials can be further exploited through
improvement and selection programmes.
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LOCATION C H A R A C T E R S
Plant LAI 50% 50% Pod Pod Seeds 100-seed Grain yield
Height (cm) Flowering Maturity Length (cm) Weight (g) per Pod Weight () (kg/ha)
Mean 1 2 3 4 5 6 7 8 9
Ekpoma 30.88 142 46.5 66.21 1351 128 9.69 10.02 229.59
lyanomo 59.42 3.69 47.33 65.25 14.70 179 11.45 11.25 514.9
Combined 45.15 2.55 46.92 65.73 1411 153 10.59 10.64 3758.28
Range Max
Ekpoma 47.70 243 57.00 72.00 17.97 2.05 13.67 13.023 538.5
lyanomo 102.40 0.50 57.33 72.67 19.73 277 16.37 14.93 17238
Combined 74.73 419 57.17 72.33 18.85 242 14.47 13.4 11311
Range Min
Ekpoma 20.13 0.56 40.00 64.33 10.50 0.74 6.5 8.03 30.2
lyanomo 38.33 11 4233 61.00 10.63 0.96 7.04 9.00 125.4
Combined 30.70 0.83 4233 62.67 10.57 0.88 6.95 9.05 136.6
Table 2. Broad-sense heritability estimates (h?h%), genetic advance (GA) and genetic advance as percentage mean (GA%) of 9 characters in cowpea
es evaluated at Ekpoma, lyanomo and combined locations
LOCATION C H A RA CTE R s
Plant LAI 50% 50% Pod Pod Seeds 100-seed Grain
Height (cm) Flowering Maturity Length (cm) Weight () per Pod Weight (g) (kg/h
Heritability (h?b%) 1 2 3 4 5 6 7 8 9
Ekpoma 99.8 93.9 99.1 91.6 88.1 75.4 85.4 97.9 100
lyanomo 99.5 99.0 97.6 99.1 98.6 255 96.6 52.3 100
Combined 89.9 98.9 819 84.7 97.6 95.9 90.7 42.2 53.
Genetic Advance (GA)
Ekpoma 0.07 319 4.05 0.06 8.38 184 371 4.27 02
lyanomo 13.64 0.50 10.10 137 10.06 8.96 6.04 11.83 0.0
Combined 0.002 0.05 1.60 0.62 1.90 173 058 041 350.
Genetic Advance as % of Mean (GA%)
Ekpoma 0.23 224.65 871 0.09 62.03 143.25 37.51 41.82 0.0
Iyanomo 22.96 1355 21.34 210 68.44 500.56 52.61 105.16 0.00
Combined 0.004 1.96 341 0.94 135.71 113.07 5.48 3.85 93.4
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Family Rutaceae in Kashmir Himalyas:
Poncirus trifoliata (L) Raf. - A New Record for Flora of
Kashmir, India
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Abstract: During our floristic study we recorded the occurrence of Poncirus trifoliata in many areas
of Kashmir valley. This is the first exotic record of family Rutaceae from Kashmir Himalayas. The
species has been introduced from Japan and has naturalized in the valley. The plants of this species are
winter hardy and produce a good number of fruits and seeds and thus proliferate at a faster rate. The
species is resistant to herbivory and other local pests (released from its enemies) with good
reproductive success and high potential of invasivion. [Academia Arena, 2010;2(5):40-41] (ISSN

1553-992X).

Key Words: Poncirus trifoliata, Rutaceae, Kashmir valley, naturalized, invasive

1. Introduction

The Valley of Kashmir is housing a rich
flora and fauna (4). The flora of Kashmir India
is constantly witnessing additions and
introductions from other parts of the world (3,
4, 5, 6). The horticulture is the main pathway
leading to the introduction of exotics species
into the valley. A lot of exotic species have
been introduced deliberately into this part of
country among which maximum are in way of
naturalization, many have naturalized and a
good number of species have turned invasive.
The present study is a part of our floristic
studies on exotics of Kashmir valley.

2. Description

Deciduous well-branched, thorny small
tree or large shrub, from China and Korea(1, 2,
7), with hard and angled green shoots bearing
flattened, strong sharp pointed thorns:
Leaves—alternate, 3-foliate, dark green,
glaucous, 2.5-6 cm long, exstipulate, with
winged rachis and petiole, borne on old wood;
leaflets—elliptic to obovate, crenate, to 5 cm
long, obtuse, slightly emarginated, turning
yellow in October: Flowers—solitary or in 2’s,
borne in advance of foliage on old wood in
mid April, bisexual, white, saucer-shaped,
fragrant, to 5 cm across; calyx of 5 sepals,
often connate; corolla 5-petalled; stamens
distinct, inserted at the base of a thick annular
disc; ovary single, usually 7-celled, styles
connate; fruit orange-like, densely pubescent,
unpalatable, extremely sour, first green then
orange, very fragrant, 3-5 cm across,
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3. Phenology

3.1 Flowering time: April

3.2 Flowering period: From 17-4-2006 to 26-
4-2006 (Ist year); From 15-4- 2007 to 24-4-
2007 (2" year).

4. Distribution

4.1 Global: North China and Korea

4.2 Local: Sheri-Kashmir University of
Agricultural  Sciences and  Technology-
Kashmir

5. Common name(s): Hardy orange/ Japanese
orange/ Bitter orange/Trifoliate orange
6. Habit of Growth: Rounded.
7. Rate of Growth: Slow
8. Habit Preference: Full sun; fertile well-
drained soil
9. Cold Hardiness: Fully Hardy (withstands -
15°C minimum)
10. Dimensions: height 4.2 m; spread 4 m.
11. Landscape use: Suitable for a border or
hedging especially for remote portions of the
landscape and also effective as a specimen
plant because of its interesting and unusual
winter form displaying naked glossy green
branches and impressive pointed thorns.
12. Horticultural use: Poncirus trifoliata and
citrus are related and graft compatible, but
former differing in ability to withstand cold.
Commercially Poncirus trifoliata is often used
as a hardy rootstock for oranges and other
citrus cultivars which provide them with
resistance to some diseases, increased cold-
hardiness and high quality fruit.

The species was purposely introduced to
Kashmir for growing and cultivating varieties
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of oranges on rootstocks of Ponicirus trifoliata.

Poncirus trifoliata stemmed the hope of
growing oranges in temperate Kashmir Valley.
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Family Myrtaceae in Kashmir
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Abstract: During our floristic study on alien ornamental flora we recorded the occurrence of Myrtus
communis belonging to family Myrtaceae for the first time from Kashmir Himalayas. The species is
native to the Mediterranean region and has been introduced to Valley of Kashmir for its sweet
fragrance and ornamental importance. This spectacular shrub finds a rich local distribution in the lawns,
parks and gardens of the region, thus adding to the beauty of the Paradise on Earth, the Kashmir. With
this addition, the alien flora of Kashmir Himalayas stretches to 572 species, 353 genera and 105
families. [Academia Arena, 2010;2(5):42-43] (ISSN 1553-992X).

Key words: Myrtus communis, alien flora, Kashmir, Himalayas, Myrtaceae

1. Introduction

Many studies on alien flora of Kashmir
have been carried out from time to time by
many taxonomists (Lambert 1933, Stewart
1972, Singh and Misri 1974, Nagshi, et.al 1976,
Ara et al 1995, Dar, et.al 2002, Anzar et al,
2007).These workers reported the occurrence
of alien taxa from this region and till date the
alien flora of the region was known to consists
of 571 species belonging to 352 genera and
104 families (Anzar et al 2007). Here we
report the occurrence of Myrtus communis
which is the first report for this species from
Kashmir Himalayas. This is also the first
record of the occurrence of family Myrtaceae
in Kashmir. Thus, the alien flora of Kashmir
Himalayas comprises of 572 species, 353
genera and 105 families.

2. Description
Myrtus communis L., Sp. Pl.: 471, 1753.
Evergreen, bushy, strong-scented,
upright shrub, to 3 m high, usually arching
with age: Leaves opposite, usually in 3’s,
simple, ovate-lanceolate, 2.5-5 cm. long, entire,
acute, glossy, dark green, pinnately veined,
short petioled, glabrous, aromatic when
bruised: Flowers axillary, solitary, white or
sometimes rose-tinged, bowl-shaped, to 2cm.
across, bisexual, actinomorphic, epigynous,
fragrant, with 2 cm long slender pedicels,
calyx of 4-5 sepals with turbinate calyx tube;
corolla  4-5 petalled, spreading; stamens
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numerous, forming a white central tuft, free, in
many series, longer than petals; ovary inferior;
fruit oblong-ellipsoid bluish black berry, to 1
cm long. (Fig. 1)

Specimen number: Shabana and Dar 012.
Flowering time: July-September.

Distribution

Global: Mediterranean region, South West
Europe, West Asia.

Local: Cultivated in many gardens and parks
of Srinagar, Kashmir,India.

Common name(s): Common myrtle.

Habit of Growth: Upright

Rate of Growth: Slow

Habitat Preference: Full sun; fertile moist but
well drained soil

Cold hardiness: Frost Hardy (withstand -5°C
minimum)

Dimensions: Height 3 m; Spread 3 m.
Propagation: Both by seeds and cuttings.
Pruning: Not necessary but unwanted growth
can be cut in late spring.

Landscape use: Very effective for a mixed or
shrub border. They are also grown as free
standing specimens or as foundation plantings
or as informal hedges or screens. Also suitable
as patio/container/house plants.
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Figure 1. Myrtus communis a. Fruit; b. Flowering twig; c. V.S of Flower

Acknowledgements
Authors are thankful to University Grants
Commission, New Delhi-India for providing
financial assistance.

References

1. Ara S, Nagshi AR, Baba MY. Indigenous
and exotic trees and shrubs of Kashmir
Valley. Indian J. Forestry (Addl. Ser.)
1995. 8: 233-272.

2. Bailey LH. Manual of Cultivated Plants.

(Rev. edn.). The Macmillan Co., New York.

1949. 1116 pp.

3. Dar GH, Bhagat RC, Khan MA.
Biodiversity of the Kashmir Himalayas.
Valley Book House, Srinagar, India. 2002.

1/8/2010

43

. Khuroo AA, Irfan R, Reshi, Z, Wafai BA.

The alien flora of Kashmir Himalayas. Biol
Invasions 2007; 9: 269-292.

. Lambert WJ. List of trees and shrubs for

Jammu and Kashmir Forest Circles.

Bot.Ser. For.Bull.No. 80. 1933.

. Nagshi AR, Javeid, GN. Two new plant

records for India. J. Bombay Nat. Hist. Soc.
1976b. 74(2): 393-394.

. Singh G, Misri B. Some exotic ornamentals

of Kashmir. Indian J. Hort. 1974. 31(1):
91-94.

. Stewart RR. An annotated catalogue of the

vascular plants of West Pakistan and
Kashmir. 1972. pp. 1-1028. In: Nasir, E.
and Ali, S.I. (Eds.), Flora of West Pakistan.
Fakhri Press, Karachi.



Academia Arena, 2010;2(5)

Force of Cherenkov radiation
Manjunath. R. (Reader in physics)
#16, 8" Main road
Shivanagar, Rajajinagar
Bangalore-560010
Karnataka, India

manjunathr1988@yahoo.in

Abstract : The new mathematical model allows us to calculate force of electromagnetic radiation (Cherenkov
radiation) . It is shown that the equation for the calculation of force of Cherenkov radiation radiation accounts for
angular frequency of electromagnetic radiation and refractive index of the medium . The energy of Cherenkov
radiation ,force of electromagnetic radiation (Cherenkov radiation ) and refractive index of the medium are brought
togather in one frame of reference to explain the phenomenon of Cherenkov radiation.The above expressions was
developed based on the basic concepts of electromagnetic radiation and quantum mechanics.The fundamental
universal constants like planck’s constant (h),speed of light(C) are included in the paper to explain the Cherenkov
effect. [Academia Arena, 2010;2(5):44-48] (ISSN 1553-992X).

Key words : Force of electromagnetic radiation ( Cherenkov radiation) , Speed of light , Frequency of
electromagnetic radiation, Wavelength of Cherenkov radiation, velocity of electromagnetic radiation.

Cherenkov radiation is the electromagnetic radiation emitted when a charged particle (such as an electron) passes
through an insulator at a constant speed greater than the speed of light in that medium . Light produced by charged
particles when they pass through an optically transparent medium at speeds greater than the speed of light in that
medium. For example, when electrons from a nuclear reactor travel through shielding water, they do so at a speed
greater than that of light through water and they displace some electrons from the atoms in their path. This causes
emission of electromagnetic radiation that appears as a weak bluish-white glow. The radiation is emitted in a cone
whose half angle is greater for faster particles and media with higher refractive indices. Radiation occurs mainly in
the visible and near UV (especially blue) region of the spectrum.

FogEerT 1 il ™l

Figure-1: The geometry of the Cherenkov radiation
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Force of electromagnetic radiation (Cherenkov radiation ) is given by

Here Fem= Force of electromagnetic radiation (Cherenkov radiation), Eem=Energy of Cherenkov radiation , Aem=
Wavelength of Cherenkov radiation .

According to Max planck’s law of radiation

Energy associated with the electromagnetic radiation (Cherenkov radiation) is given by

Here h=Plancks constant(6.625*103%Js) , fem=Frequency of electromagnetic radiation(Cherenkov radiation) .
Thus (1)becomes Fem = hfem / dem ........... 3
Frequency of electromagnetic radiation is given by

ﬁm= Vem/ ;Wl’l'l

Here Vem= velocity of electromagnetic radiation(Cherenkov radiation) , Aem= Wavelength of Cherenkov radiation.

Aem = Vem/ _ﬂm ............. (4)

Figure-2:The characteristic blue glow of nuclear reactors is due to Cherenkov radiation.
Thus(3)becomes Fem Vem = hfem *............... (5)

n is the refractive index of the medium and so the emitted electromagnetic radition(Cherenkov radiation) travel at
speed
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Here C = Speed of light in vaccum(3*10°m/s) , ¥em= velocity of electromagnetic radition(Cherenkov radiation) .
Thus (5)becomes

Fem C/n = hfem ®............ (7
Let us multiply the equation(7) by4n2
AP Fem = (AT Wfem )1/ C oo (8)

Angular frequency of electromagnetic radiation is given by

Let k = h/4n’ C
Here k=proportionality constant
Fem=k a)emz ) /2, (11)

Here w.» =Angular frequency of electromagnetic radiation ,k = proportionality constant ,n=Refractive index of the
medium , Fem= Force of electromagnetic radiation (Cherenkov radiation ).

Energy of electromagnetic radiation is given by

Eem =h @em 2T.................. (12)
Oen’=41C Een?/M.............. (13)
Thus the equation (11) becomes Fem= k41> 1 Een?/h .....ocoovvveennne. (14)

Let ki = kan’/h

Here k:= proportionality constant .
Fem= Kin Eem® oooooovvveeeeeeee. (15)
Eem= (Few/ K11 )" oo (16)

Here, k1= proportionality constant, Em =Energy of electromagnetic radiation, Fem= Force of electromagnetic
radiation (Cherenkov radiation ), n is the refractive index of the medium
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Result:

1) Force of electromagnetic radiation (Cherenkov radiation ) is given by Fem= k en* n

[wen =Angular frequency of electromagnetic radiation ,k = proportionality constant ,n=Refractive index of
the medium , Fem= Force of electromagnetic radiation (Cherenkov radiation )] .

2) Energy of electromagnetic radiation (Cherenkov radiation ) is given by Eem= (Fem/ kin)"

[k:= proportionality constant, Eem =Energy of electromagnetic radiation, Fem= Force of electromagnetic
radiation (Cherenkov radiation ), n is the refractive index of the medium ].
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Conclusion : The mathematical determination of force of Cherenkov radiation according to formula(11) which take
into account the refractive index of the medium in which the charged particle travels at speed’ Vem’ such that Vem >C
and angular frequency of electromagnetic radiation . The energy of the electromagnetic radiation can be calculated
by knowing the value of w.» and n with the application of formula(16). The angular frequency of electromagnetic
radiation ,refractive index of the medium ,force of electromagnetic radiation (Cherenkov radiation )and energy of
Cherenkov radiationare related to each other in one or other way to explain the phenomenon of Cherenkov
radiation.This mathematical theory predicts a new method for determination of force and energy of Cherenkov
radiation.
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Probabilities and Statistical Laws
——A Comment on Popper’s Interpretation for Probability
TAN Tianrong
(Department of Physics, Qingdao University, Qingdao 266071, P.R.China.)
dszhang342009@hotmail.com

Abstract: It is pointed that the reason why an event is a stochastic event because that a certain statistic
law about a great lot of events has been found and the very event is one of them, instead of because it is
impossible of calculation; also, the essence of probabilistic calculations is reaching statistic conclusions
form statistic promises instead of from “ignorance” to obtain results which is gloriously verified by
practices. [Academia Arena, 2010;2(5):57-64] (ISSN 1553-992X).
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Kl T aIh N2 W (Planck) Mg FHUER. & FER FRPRS), 5
AR TR RS, A AR B B

ANE AP E A FE 0w, DI AR AP ks, AN AR
TP EANRSR KRS, Mg, AR APHTE AR AR B
B CRrg) 1 r 3B dRshr B X e, s Ceik) W rdeFh ksl
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B I A% R S T R IR AN BN, 5 A B R AR R b S I A ) A
e, IR 1 S SRS AN S5 H 3 S DR AR A, 3t i oo 3 R K 1o
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JRFAZT I u % e BSOS E ROR HOR A5 1 HL
i, W2 R TAPRE AN WA T E S TN, BT i BUE T A S R R
iER S R 1 < 1 DN Ao nd VAL SRR 2 1L RS D Wt R N e A A SR R 2
M5, BTA SR A — Ak i . SR LU TIRORS Al S M3 456 4y 1
o, SRR G I NS ey TR S5 kY, AR T A E AR S 7. Ny
TIERELEA TR M G 26 Ko7, ARIITE PR T LU R A K 5§ # R
EEENGIE TEHERT AR
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FtF) WE
fed MRS P B

R PATESA S ARG LLLUR AR 3R A it ARSI LUK R A AR, LURERT
JO AT USSR, AR T P L AR O e -

1. PAKY

HHJELUR Cether) MRS, LUKHEARTEILTERR, BUKTEARARTE. Hifd. 204k
gy WG, AL X AT Y SRS AL A RN T, SRR LUK (ether
waves) o

UK SE LUK — Rz gl 73k, AR AR ZE B DK i8S SEBR B LA
ARWTFBNAE, 35 18 B AR 4 5 1k 1 5 2 R -

2 EWHERIE AL

DURBEATHIANE C(compatibility) , BUKIRSIAME R e E LUK B LA, b
R RE T RETE RN/ AN B AR o et 38 5 LAACIE i3 R w7 A T B o0 1) LA
W, AR P AR AR BITAT SEACRL 5 A O ) LAER . FRTE T
(microvortex) o Ji¥ . 2 FHIT o BTN, BIICEAERIE. K. 2.
CEA SFIEWAR AR, LSRR AR AR . IEPRE DG S SEER R W UK IAFAE

3. JHIIES
SIS IE WA BB, 242k MOGHE AN 0 BL 28 A N OB A R B, ANH
WKA, PRIRAS N, RN, R E .
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PAAL TG AR AR SRR e R A . 2 ek 7 i e gk A/
BRI, P PR DT LK . SCAEIB IR AL SR AR NS, K AR ZE R

4. PEREUKE

SR EAERAT LRIESTI, K SRR BN ? OB,
T HUARRE AR FRE R R AN S s LUK, T AE e 1 A R R e A il o UK 3
FEBWA I LURZ . HT P B aia AR, ol S e UK &, siAe
PRI LR o RAE— AE AR B e G 10, SERIRBEATHREN F BIY) 14
LA EEL D 0. 5mm [HFJZ, 1K — IS 2 At P AR T AR .

Aot UL FLI T U A IRR IR ARR B YRR T LUK JZ H DU P IR 3
B, Jerp s ki, AR ACEETAR /N, B BRI, Y A L
KL ARSI, JeB R S IR A FALAL, BN A, WRAEF e, Jarsl
KL P ik E i 1

5. JGHIHTES. AR ATH. TWERN
DR M A B U R A BER T LUR)Z, W
A 2k

TN - T T TIIITTrers

PHEAR A

BeRE IR it

FEpERm L R LU BRI URR, ki R DORE A K. SR,
BOGCLR IR RIS A1 HPAT, oS m By (a D JiRshin,  BisE B i L
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ORI LA BERE I, DGR BRRIHR IR AR /N, 2 A AR 48 5 AN I8 e 1) 14 B 25 4
Wi, TG B TR T 0 (il D ARSI, i FAMU DR B A BT R R, Db
KFIIRMERGAT PG, T2 SMUAR PN e 2 [ IR BE B AT B s, 3% FE Ao et 2518
W B — R A W G NI BRSO EEAE R, W EE, SR T
Gt

A WAE S P 1 B KLY HE 400—760nm 2 1], 24 0] 0L a6 T A AR T LK 2
I, PR DA JZ JEBELL 0. 5om 157, W94 1 LUK JZ rT R4 ok B HE il T4
JGIAAR R, PIRRII LR E A IREIEZ o OGRS ANR LI LUK 2,
Ee AT 2 MIBOR TS . B0 AN R I B B U B2 80, 2 T EOGR
BB AL, TR IR TR I B AR T DUX S IR e s %, DRI s it frg e
K, RN, TR A B RN

Tl 2 MBS L B, BB R LUK, B R RIIE R, B
GBI B, DLRGE S AR AR B RN S A S e T BRI LLKZ

VR EZRES, JeTETE n = sini / sinr 2 AMLRAR, UIATAIR TEKE
M AKIZ G, R R 7 S s i B i .

ACAUER], D' BT SR 000 5 3 8t 8 R AR i UK 77 A 1

EEGATRRXTZHE T 1T TSR, NS, KR 2 R E AR
AN T LIOK B BE BRI, PRI AT LU R B SS B ORISR T LUK . gl
AERKAZN, e EES M. 191945 H 29 HEAT HAR, HERFKFESAKR
SO MR BRI LR H IR I R BN, A AR A 2 DR 9 (R IR e A T
e -

=
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a
)

80



Academia Arena, 2010;2(5)

E AGRIZANME A, B AR LRI KRR, CAE 58, DAGERMER. (HIX AR
KB G173 5 25 () A2 T 850, 28 AR P A D R R A R B BRI e A )25 i L S S AE ) i
RN VLK 2 A A AT S R S B

6. JLH

M GICUR AT WG 055 R L EALE LU R L7

av HAEA [ LUK B PN STt b 2 AN ) B o 4 () SR AN [ e A 4%
I, AT & UK B RO, JeiBK . RIS, (LR g . EBmE Ik, &
IR, Sk BT, RTE TS LR E KK TR, ISAE e B, 7ERT
FH o LR N TG o AN TR LA ] LUK 2 B 42 036 e (AR [ A% Rk 1

by RS TRIZE G, Hfb AR AT LUK 3 B35 (R0 A e P 430 A [
9. 26U LUK B2 ST DA AR R, e RANIT 1 BBk, JRis . (L6
FEARARI) o HOERE 21 IS AR A I iRis s, AR FR i —— 35
S H N T RE L B T 20

VOIS T WAIXHE SN, ek SIS S EIEK, HICHEHIX TR A
A5 Toi ORI RAE A S AR B A 2 /D, W TE Ve BB A5 1 LS ) 3o 32 1) A
BB, Jagk— H AN, AR A T B A . B TE 1859 4, K
9t LAHL I K S0 B AT T A A

o B E EA BZ IA] LA v AES), R

fE BRI, BEEOCIE LY v B L ATIES), B URK (A 233, WilKES) OB v
AT Z2ie sl e Wl —BRIBON =, i PR 56 AR, DG T B b
(K1 B s Z [B) AR 2 e — v, SIEJE 5 B ) A R B (AR c+ve
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dv HWEE Hia gL R A A s T, e AT Tt A, ik
WL BEAECIRTTI, B 2CR AR AERH, WRSh AR, Sk A AL .

(NP =YY s

IR TR LUK JZ AEZE LS S B P R ORTE . T 375, BUSSR0Y, X A AHIF
T T BT AR TS OW LUK e o W T7E W B R b AR BT
BT LU, AR AR LK), WA AEE A L RR I, e A 1
PN TR, IR RS B RE, EHLLLUR MEE A SR

V2 AP 7 AR AT (CaCO,) Z5Pf KR 1o 43 7T M AT RO T N B e ke
AT AN o 2 e R W A D 9 PR LR . T PRSI, R e
BT A WE R — I TG, DI & HE LB A R 2 7 e,
(A W AR P I LUK PR 20 A, MTTTAEAS G A T T e o

AT AAARBEMROLIORTE . T T8, B ST BBt
R, WA BERRE LB ST TG T AR, A2 K. JR1E S A ik
5, IR REARRE G I (L R0 4 28

&S BT KR¥EHM .

AL G B A A T«

MRG0, A P A RO R EE T, 5 BTV FC B 2447 1)
AR A KR e ARNPTRISER) CLUKHET57) w2 XA —TTRRR:, eI
FA IR ——LPUK I A, AR 2 i A g PR (At b, BT 175 &2 . s
o HUE s Y ERSE YR NSRRI IR AR A B IR AT T 4
MRS EEIE, FERg . fl. B, 73 (IKIE ) ERCHR, 27
N7 NRYIRCRE, EEBSrh, 2152470 117
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558 LKA S AR I i R R 5%, R ST RS I 1 (W i ST LR, S5 1)
S AT Al PRl e 7o SCEW LIS AN AL, EEN R EAR 2 L4
EIEIAT IR . WA EUE, (0 FIBRD 5 CFrtaiisl) £ RO, ay
FoE R AR, SRR RTE R 1, MR I ECESR AR BRI R, R AT UL,
TR A . .

Y%  Guo Ren Chen

V£ E-mail: renzichen@yahoo.cn

¥H E-mail: zhaorl1l1@hotmail.com
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oA, AR, BRI, BEAEY, FHEE, SRS, FHER, ZTR, FEER
====3% 2 AURF 2 J 2 300 P W A P B AR AT T e ==—=
7K R A Dongsheng Zhang 1212 10/23/2009

1957 4 EE NPT O 27 Bt , REERAE (1) A6 0T R 2 KA

K AAEHE: 17 Pontiac Road, West Hartford, CT 06117-2129, U.S.A.

E-mail: ZhangDS12@hotmail.com
WATHES: ILAEZ I ) SO 5 f2 )L T 5 B A AR 22 RS B R e — . bedn, 4k
P, B AL BRI, NRE, ELSHE, NYEARMAESE. SR, O R P EE R S AR S e S T S
XV T FRAH G A BT & IR R 2 R B 58 o L v g B Sl it PR EORL 2 A 1T AE I “ A7 7 Il e Hrh 2
—o FHTIRABEABA LT RKEE A7 ARG . A, %8 ). Wheeler 554l 5 tH IL = (W BE =
W] ik 107 g/em’ s PR BEHS AT I o EARSCH, VR CR A 4 00 B = PR e, HU
FORTAE AT AR BRI, T AT P RS . S5, R L Re e By 5 B R my,
T 57 B o AU AR S O, AN AT R S50 Je WA RO 3 1 MBS I R IE SR 2 9 W s A 4518 LU AR M &
REMIRLE B A3 B Al {5 AT 4E . [Academia Arena, 2010;2(5):84-107] (ISSN 1553-992X).

R XN, MBI B TR R RE AR TR R R ] A
B FRE USRS FEEEL NYEEN FE S, 25

[HF1: 1) . BEFANGRMERRRTHATE. ARMPTONES G HAFRE R MG, H
AN A IR R 5 18 1 TR A 5 1 L RERR AR S 15 15 5 DR S50 i) 208 7 LARAIIE « AR SO 5= 5 7= AR A
WA B &K BIR BT LU IE. 4 MBI AE LA SR 142 (Event Horizon) I P K S 4E &8 5 (Hawking
Radiation) IfJ i 48 2 AR ISR SR RE -1 M I, RS 4 B8 Rl (80 10ete, HILAES
SR AN T S o AT JE oG o WML W e SR () R 5 - 4% o s BB DN A {57 3t 6 S 8 < it I T AU AR S A /)
Y My, = (hC/81G)'? =107 g = my, I Wik -], g /03 B o Uk . DRIUE,  BRRIAAS v A /23
PG A I o B e A 2 R BT A 0 B VAT T S 2R SO e T i, BB T &7
TR R S| DR AT RE AT RGBSR (W ASCHMT) SO J7 1 5 JL sy At
FrE s e AR, AN R SR i 5 1 SR SR PRI S R S 2 RNk B s B D

€2) . MEZHNEER) XA BT BILFSHIE IRBDEEFFUSEKRE—R. i, FHiE,
A, MR, ERE, FLSHE, WEREE, N iSRS, BUE UL, AT I SGH A0 S E AR ) ) B 2
HE) SCHRR 5 FE DUE RER b — & F B BEIS A . AR, T2 UIN 3 ¥ 4 B BT S AR A UF S X s 5 7
SCAHRR 5 FEAR G5 6 DB & I L) PE RNt o L rp 5 I Y iy IR BB 22 AT T T4 1“3 i 1) it gl e I
HZ—. FHPREARFERELFTREE “TR7 FEMEMES . R, EP-H4ERT, R« 2S5 WHES
RIS RAFAE W R L8 R edr ey B R E B A& T45 0, Fi Fu A arik. HanlEe

FERRBFE”, TREAEAE D7 B EF”  (hypothesis of cosmic censorship) K, LIHREFE (K]
R, AE, X PSR AR R DS PSR B, A S AR FEOR . U, T
Wheeler Z54iti 5 W FLA5 U BE B85 15 ] ik 107° g/em3 o P SEHE SR AN 0] LI

(3) . RS UM RAEBE “HR7 WERAFEYWEMFHELHE, XIEW X
TEARGH TVE TR GRIE . |~ SCHX 10 T P 9 DS T 2 S I v ) 7 400, AN e 7 A 8 S & (1 S gy S il |
[ MFF EokUE, T AR RS REWRGI AMER G NRF I RERRNER . RIEM HYE
WL IZEPRE R, BAFE PRI RREFAERRELARYRKGI N E R AIMFERER.
Jr R AL H PR BAT HEFR 0 102 5 R 8 A S R RTINS BRI T 1915 SRS 1) SO g . R
BB BATHR, () X RN Z4 A 0T H NG R RREFRMR R, 2k
IACER IR o 2 52 DU LA R AR, 2 [ EM BRI 5K AORR B MBI 25, A H 2 A5 3 (1 72 1) B[] 25
o fHt, ARV T ARG D JOVE AR I K T H S R AR ), BUE 2l KB e e 4 4%
PR R A SR BRI R o 2 DT AR SCHIXS 18 Bt A RE ) SCHIR 18, E 1l S AR X 8
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PEF R AR R R, BE TABURRK GBI A, SOl TARBUA RN — LU BB E . ZRIHIHZ )5,
KT SUHFHE A2 4 8 MF IS T — R . (2, XMERBE—ANERETEMHERER.
AR 2 RS 3 < KA N, 3RS E 2R TR . SRR . (H S AR R o
RS WS, BT D IRE RER B A, RWRAIEE O QA R AT IERIIE . XA
T AL, BRI A RS BT, DRSS pod s — A, 1

€4) . ] AR T FRA G BB A SR TTE SRS G R EE SR EBRE R, BHANEE IR
FH e KA — W E S 5] W gs S “EF i 2 die. ESBRMERRMABRERETHE
AR ERYERESIHEZSHAEBHRE R, NUESLRAT T A K TR 2T i B
. #OEe A F=H P EARA A, SRR HE SRS, TAEE GE HrER A
I e, BARMELUSIN. B MBI XA RNEMNERE 2 MEERB
B: —REESTE. RTFEFHER, AL BRSNS AERRE M, ERAX 2 MIEERT
Ph¥Emd, MELSEH XN R AEAEE —HYRE BRREB SR E RIS ZE e “Fa” .
B — KB EBPTR T MR, 1%, 9 M AELHRSAT T HPIRE 1 SURERRAE 2 0, AREHI 25
A, HE Q, BISHIRE THXAEN / TdS=C+/JdQ, Bl J TAS)=C+(Q,-Q)- WK Q -Q,=0,
T BRI, BI S, < Sy, FTRA T, > Ty Xati2il, BiEEHE —KHAEEYFTRT M ELBRE T TR
RER, HEEREE A, SN AN T8 B S05] =B RgE. 2% /£ M =M, + My, W
MG, RS ECLT M A O T TS M R S AR D . RIS R e i, MR G
P, Horh 30 My R, e RAEH 5 — 882> My, (R 0 5 22 R n . Xl i, M, A5 A fig ek
YFN M, s e, AR M, e SR i D . W g B M R R, iR S H 2
M, BRI T P — YRR & SO e A se b g i fE s B M, <ML, 8 T > To XGRS
YA R — A R BIKA GE M A, RIS b i oE VA, A R AT BRI ZE T . 3%, 2 M IR
HE| BTG, B M, = C* Ry/2G B, My BURCH BIA. MLA LK fE - R M, #4840 e B A,
LR a0 BEAAR . AN TR B - T DAY SR AN, SR BN O S S R i AR, A
M, Y4538 /IR R PR 5 B A /N BB 3R My = (hC/8G)" > =107 g If, ZEXBATUATSUREN 2. WL, &
PHMESRBREERETENERFHERNAHG THAH AN TRESHR “AFR” BN,
EKEBRAIFEENER.

(5) . FEENTHIRE—BEREN M YFRL T, REAEEEKSER R W FTE R m, FESMEAA
HEEZI? BRRCH TR M YRR AR R AR, N T BRI #L) 2T
1*. myfE R WA, FEEBRTLH Ry, B meZ M M50 ERTE M AMENZE5), R 400
Ko MZRAZAKE] T) i, P Ry, BIR> R, ERI MBERE m BINE T, 510K T, Ariltt
IFAE M AR mgizgl) (AL RN Ko, T02 K> Koo 2% 29 M ARSI T, I, SPARION
Ry, B Ry <R, XKW MELE mg EhE 17, 510655 1, Prildbid mo@shifih R 222800 Ko, T2
Ko< Koo 3% R mofE M A, 4 MIZIKEOCEEIN, b R REIEDN, mg (A B AIAE S IR £
DAtB BRI, ) SR IR T R B e 1)« e i i R 7 O B S ) B AT 1K .
BEXS W FORL T FE SN P ERIZ ) B R I R AEAE M OL N HFEE, T HRAFLAAREK, BEssiamBl “&
R o LS, SRS E MR R R A ST SRR I RE R I RE RSl TR N I T I I AR, X
YT 51— R RE RSN pa = A/8nG, BN py = -A/8nG IRk RSN, FIEEFE TXH py 55 pa R
NERERER, MES—CRETRWRENER. PKIUILITA M%7 0225 A AT AN 2 B
AT LKA TR 075 B dRE T A 2B P)FORE 5 X 2 88 n e i B i I G, 3K 3R B A4 e fise 4 Jooms: 1
KR DB ES . RESEABKRER IS G, ZAVFA L. Db, ESAET B
kL1 o WA A G e AN P B SR T (1D A, % W) JTORE 1 BERS LA RO “ AT " (178 0> RO
P b DI D) FAEAT T 2 A T #BERE A B HRER R ¢, X ANTT BB o o Dol i 00 Jo LA s 445 e 2
AU, PAJCTI A A, PR P9 S A ) BOat BEAG wT BESE AL A B (0 51 ) AR Sl A, B vl B
“ErR . BTUA “HRR” )T AR A AT TR MR 5 AR A 3 T P SR BB BT B R

(6) o« BATFHASMILAMEMYRDERGWHFAENRERRE—CRENEMT, KUK
A AER P RIGIR . PO SCHEXRTT R R 5 T 0 23 R 315 5 A P 3R M i) SR 4544
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RN ERMEN, el R#)ZEERNERER.

B FHPEMANT 108 ik, Koo —EH —AMEUIRSEID, RS Z ARG 4kt
LT A S 51 0 RgE . RS CT 108 iR, R, Bom Rk, RE, RRSS, Hho—w
FEAEE R DU B 5 510 48 (B R SE ALy o HUBRATAT 22 1A Fh O 18 S 0 B A AR e [ 4 o R FHRME 22 1)
A SRt R R AL LR BT H B S 084 . R T O B EELY 10%g/em’ (¥ R R T 10 U I A
Do TFRIITLAH L 10 g/em’ ({7 R E L. BAERE O % ORI EAL R .
B AATRMITH N, SRR H SRR UL, BLAEBAT T w P BT RE S R K f K I ) 2 SR 2 A B A R
T IX A )t R BRI R 1 A B2 10" °g/em’ MR EBE, TITRRBER B, Borf b7 i R k.
VTR 103 L 3] 107 g/em® A BEIEES T (RF) T 5 5 () U LA TF A B 107g/em’s 57
PP R SR £ A IS IR G W R 7 A BT SR A S SR A AR B 1K) 51 0 WA AN W R e IR 5T R
o ORI HI AT It R, SEZTC T RESIAR TG 75 KB “Arm” .

B KRG | SORRHR T RE, JUAE 4 FERI D 2 Fb, RS0 ATRLEE Sy, AN SI3E i
A IASRER T O 1) o SRR BN DN 5 | W 4 BERE ORI, eATigs 11, R
JIRE RS R o 2 K 5 5 ) 1 WA PR B P e BT 58 (1 098 DT Al LR Ko 3l T 3 1 o K e e
551 WA AN REIR — P X 28 ) b e R 0 AR 0 W S S5 R £

(7) o BRERE 2 B R RLR LRSI HZEHE, EAET AR FRENSTS HAHERIK
iR AR VS B2 A A H R ksl SeZeE X510 i e 2 o ) A
X T R R KSR ? — AT BRI 2 AF 1T SCAR 18 7 FE REAR Hh ok ey 2

USRI SCH VR T7 RERIT U BATT 5 o A0 S Bl LA A PR3 oy 80 5 i P IR A2 6 KR D EoE ik M
(A 2 2L PSR T AR PR A 1) 0 SN RENS A5 Hh HL A Aue (K W A olokE 7 g BT AR FRO S YRR A PO 7 D00 2t
iagh ik . WONEIX—E /P M K RER-Z KR R, W DA RS R e o8 (R
FESERR B, MBI SE S M AN RS R IR, NIMTSE m 38 s i iR 42D, ik, e M
HMBGE IR mg W52 PTG B A I 23 LT R PEA RIS EAS B I, i BE A5 ) b AR “A e 1 45 2R
1o bodn, T AR I EESIIN, 7 SCHIR @ T RE 2 B LARE 15 H LU /0 ) 2 B A (0 v S AU
TR A 22 KB B M S ESR D RORAEEEN . ifu) SCHIDRHR AR M R = 7 A L
KFHAAR Ro IACENERIA AN o A Mg N IR RS ORE 10 SR Hh AR L R A AR BH A% Ry XKL
FIIEAREER, AR FISER Mo MRS 25 XEUE) SGRXHE T R A B 2 g ik, MLk
P S ER IR I o 2% e E AR KB 5] I NE B S e i, D 20 Rk SCAIS i, B
S TICTRATTI IR, MR R R € BARERYR, BTLOGE R BEL ) SRR IR, A AFH Ak
FVR R b 2 da 3 o X AP WU S O VA A g (1 e (HRE, U SROANZ R SCAHX IR IR i, i R BEE
T A MG ), AU S AR AN iR p ' e £ K BH Ab R BT (4 e = 3 th 2 A7 T BE R o

i [ CHEXFRXT B E 2 MABKIFRZ BT USRI BRIERKSIR, TBERREET: 1*. KEMLL
HWRIAEKRH M, K5 EES), Bk, FEMTREN LR Mo IERGE KRR, 2%, BER My BE—E
(B, R M, PRI R ME 5% BET (ERRZMT) KERERE, BT RKER
BB Mo A5 BT BEIE AR K AT ERAR . IXBLE AR K EAIDRERTE R IH M, B 5P B2 B R A I M 2R 12 3) -

(8) . T R PR g FATTF 1 AL FEVEE LU AR BT My, 50RT BURI T SORDA 18 5 R 7 JAT 152 1 ML SR A1
PFORE T m N £ 1 Ia 5l (HBATEZMIN 2 7= H A Z A kia sl Py DO BeAl 122 e 3 3

€9) . AT SRR T ERT ST B A SR ERE 0 I KRB A ) (LB REGE BAR) ATEER
U, POMBRBA AUR 51 g, TE R 1 G885 3 30 5 1B i = A2 1K 0 J5 231 1) 4
U, R ERIGT)T, R SR AL 1A i BT R ORE 1 (8] (R AN 5 04D S 3ES 1 A g, R
WM “FETHRE” o JTOMEMREE T AELXNE ARG IRERFET, SRR EIRERY
FBH ‘TR . XL R EIFNESBRSBUNGR. FiL, BLTHEER SR TEN
TS5 PR A R A B85 AR T RIS SR SLR 5 3L P EBAE AT — s BORL T B T M 238 B 38 AR M 7
PR AR BRI o XL DA R N ) JFORE 3~ AR SRABI 51 AR R, B4R T IEAE ) “ 35 207 IR RE )
BRI T 1917 SFAERMGR S CICbr ER R AR Mt~ s g 7
AR AR RO FI(1e), R AT EN .
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€10) . P, aREARGES XX 7 2 AT DA TR o i R B R R R EIE BR TS, BLAIRERAE
TR - BIKEA SIS MR R T, BES . FN ISP AR OIS T 25
RIS Az O A BN 2. B3 2R 3 2 5 e - sk i SO I S A ek, AR T 51
(R Ok [l I AT IR A AER S+ 70, 59— D5 e ZEARNELEA R 445 B KR 0 A AN S 0 A CA AL
Bk, BNSIAUT 3 EITE B EE, IXAEA A W] BEIE AT RE P R A AR SR (Rt AR
BACKL T I L SHE S RO, IF HRERILN R “ A7 1A Hintt—k, XTEMSR/RILEIRIT
JLUPFARRERE K. K2, WRELHETYWRANAROERZS S U577 MEZOMERIL, BA
TE AN RTEGTRT . gt SURRHE T BRI b, B TAE D —Fh i A, A 43
VF2 EATRRAT 28 IR A SR INARAS SN . dr s RE IO 4L, B3 2 g, wn “wra” .

CU1) o J7SCHXRTTRER AT 01, PO MR =i AT HEF 1035 W 4 A = A ok
IMETTRER 5. A RIERF I PR T HISNE, MIAREE-SIEKENAL, P A BEHEA R
LR RES R RIS E s gy, T DU SCHDA 18 05 B2 A 40 44 N 8 i ) as sh Bk, BRIz . A
Uk, MES EPE, R A MERE-ZSIBKRETNAL, EEAMKTI AT RE—E & T A2 P4,
T REIZTT T2 P AR A P B AR T R IZ I, T SUHRHE A B T BRI — MR R

(12) « AXWTHMEEZHESN BRE FEFHELTFERMF RS, Ninle T Ll A
WHA G AT S “AF R FBERIEHR.

EEMAREGD), Tp=(CY4GMy) x (h /27K) = 0.4x10° My / My, = 10*7/ My, P S 5 il 5145 S 398 1 B K ROk -
YEE AR B AT T —/ANE, AS HRATAT B B M, S5 AR Ry B FARAR - my 19353k 2
{(3d), my M, = hC/8aG =1.187x10""g> "1, TARIEE /P R ATRER FRARM A, EMPBIILKHT, Hig
2 m,=M,. HHABH Ge)xX, B My, = m, = (hC/82G)"?=10"g =m, "%, HkiFA T BRERHNES
EHT R BRI AE B IR T m, TO7EE B SRR AT . 7258 (R ) i, FRT mEML R4
RIS T 2P R T G IE#HE

HTESKNBRE FENERATEFEZRE, HEYENTIIERENSEFHEESTFZEE, Ll
ESBERW) ARG IER, AaHI “BTF A7 o b aera 75 G 2w 508 M AT AR SO I s
(VF 2 BRI IE R I RHEZ5 S

(1. FTEAGKST MG SN R TREAESH “FR7 RS,

R AERR T AIRHS 7 FEIE, A5 o () o HL 4 &5 (Freidmann) J7 f2, R-W JE#H (Robertson-Walker JE#1) Al 52

FUVGEE R INN T V22 IR BI04 A, 10 3 e 77 %) = i R TR ) e R #0510 L IR AN AR T o

TS H AT AR B S A T SRS AT 0%, Ik, RS SRS 8 FR R «
Guv+y Tuv + A guv=0 "l (1a)

Lifi(a ) XgtRFEBA) AR HEE, &Pk G20 2 Wie 510135 7 FgdRge kb m), RN
Wik Guv A2 JLAT R L B K . Tuy YR G E-sh Bk, iy = 8nG/Ct.
guv SRR A . AL, XRS5 T SR IR EEE A AN . X — SN E YR %5 5
fift,  DRUA A o (R ) 5 | g — B lRE AR L5 [ et )y, TR SRR 5 14E A R B 43 A R AN AT BRIk
FIFASPAER, RegmEOWgE. TSR TR, Binstein AMFA R A SO X
AR IR TG, BER T —ANITIEM <R 2007 Aguv, Hh A B0 72w 4. Aguv HAHE
S, CREZ R T AR EERAT S 5 L RT3 (6 kA it 25 ). B
1917 4E 2 IR Ry T — AN RRE AT IO, BT 4% RASBEI (A R 224, A rTLACY,

A, = 64 2/(9x*M?) P! (1b)
ﬁzﬁ Rc _ Ac-l/z [3] (IC)
151927 4, #MERE(Lemaitre)Fig th, 22 RUHH MR ATRE M. A (1a) X A3 R 2500 2 R I AN 77
(DM (le). FHIZSMIMIHIHR K= 1/R?.

4nR’p/3 = M= const > 0 *! (1d)
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(dR/dt)* = 2GM/R + AR?*/3 —-KC? P! (le)
Ld)ABPEFEHFPMERETE. N1l FHH, 2 A=00, HELHM R ZFUTA L, B dR/dt—H
ANE, Cl oA R RSO, e A, SRR, R T IR B B B R

(1) . FHEES (Freidmann) FRE-HEFHEEEN“BREFREEE CERDEHN) , TE@EBEQN
H‘/Aé\fﬂfﬁ'ﬁiﬁﬂj 1; E?ﬁ%ﬁﬁ%ﬂgﬁ$ﬁ?ﬁﬂ—l‘dﬁ§u% R-W JE# (Robertson-Walker ) 11T,
ds? = C2dt* —dl
= C2dt* — RX(t)[dr*/(1-Kr?) + r %(d6? + sin” 6d¢?)|.* an

A DH, RO TE R R, HAAFRIER, @i T, RO DARARA 55 (1)
77, YUB TR IS R s, KRR, doe TRFORA RIS E TR, (1)F, iR
SRR 2 1 5 RS 7 R I, FTbl e R RMESE (r=0) BIRARMBEERS 1, T B 42 m S s iE 2
Artbio PHE(e) N A =0 1, i35,

(dR/dt)* — 8 nGpR?/3 = K (11a)
(dR/dt)*/R? + 2(d*R/d*) /R = -KCHR*BP) (11b)

A1 1a)e KT ROMBIEA A e & — NI TR o RE T T R o K0 1) AS ] HfE
EAE] ROMIAFITEX PRI IXLLAF 5 AN T ANF )T FEHE PR R, 20 T s
TR, K, Wiz RS e SRR TSR H A, EAEREFH¥RE. P (11b)
it 9 HL Al 2 (Freidmann) /7 2, 2 91 L4 = 1 92 M\ O DRI AH 37, 5 A9 201 . (1 1a) RI(1 1) i U 58 4 — 5K
Bl. (11a)yn] LAE A,

00 p =3 [(dR/dt)* + KC?]/8nGR2 (11aa)

M(11aa)nf LA H, 76 R(0) =0, p=o. FTLLR0) =0 7 [E“F >, i K AIE, 1% ra8 0 i
RV S oo IR AR | SORIRT V4G HH IR 5 1 7 A T T B B I3 0 25 10 (R AR R

H(1e)M(11b)a, ATLAE R, 7EF5 BYR M A&, B4 1d)2U, B M = 47pR%/3 = const,

p=— (d°R/d) 4nG R = 3 H’q/4nG, P! (11¢)

bR L)l R T T S p PG ) 8 A0 H RO R 7 q kR . 8 MR IR A% i pe, 2,

p. =3H,*/8nG,"! (11d)

B H AT B A pos HoA 520 H AT H 4, qo & H RT3 8 IO 87
po = 3q,H, /4nG," (11e)

AHI b L —N % B S U
Q=p/p, (119)

I~ XX LR FQ BRI R LB . 4Q>1, B, pJ/pe >1 B, TR 2MA T, H56
EHRK. Q<1 ], p/p <1 B30 R IF 50 . PR LR, EAEHRER. MQ=1, B, p/p~1
W2 Im AHE T, T P ER R o« T qo A1 H FSEBRAEREARMEN E ,  THQRIE AR JE# i
T 1, FrUHT SR (R B 5 AR A0 T o =52 i e 3 DA 2 8

EIRHIARUEF AR, Rl FLRW(Freidmann -Lemaitre-Robertson-Walker)B 7Y, 1 5f /& 31 HL /% 53 (Freidma
nn) AL, B O — AN B ) (T S AR R () 58 R 4l 5 | AR R o e JCTR MR T AT 4
Sgik. ik, BH Q= p/p . 25 R AT ST IR AN . R TE A K DA 5 e A
R R R RA 1T MAEKFT ., HEHSER: Q=po/p =1 RERAFHRAFEML. 945K
RO (Q=1.02+0.02), IX5EAUESE T I 52 A& AN BLE (1 E AV

€2) o AR, P HAESKI ST A I R E RN . BE5E: P&
PR CGES) fE 1965 4EA 1970 HE2 (AW a, HRAE SCAHX e, 5 BRI b o SR A7 £ T R OB JEE
R 2 ) [ 4 2 ) o SO R P ) FF i B P KRB AR 2 28T BT A3 jR 7 B B R T B IR T SUAH T 8
— AT DB RIS . 7 O @A R 5 | Iy — RSO A I 5], TSR S R R A
S AGEA T REA RIS TN . XA A N ERENET RIARESBFR AT R, FHITmE <A
R BEEARFERTRC ZRITHACS T Rigs, SaE2RERASRG %, FrElP R w2
J AN e A 2 DN AT ERLE J x <A m IR TR TR 3 e 2 DT SRR 0 22 1K) o S b, A R SR 3 R A
T BATRINAT ROAAE IR 2 3 . Dy TR BRI S e P JE BN, 32 2 R AN AN R
JEUER RN AIRE G o SR8 HESD 0 (A DR RS AR e <R, X BB A R BLUE BB AT
UM, A S SRR FA A
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M ETE AT AGIERT AL, |- XA R EA Hd R KD REBRE T ILMRER: H—. I 0%
I B A, BB — o 2K T 5 W I B A R R ) AR S T D R BRI . SR = K T )T R
L L JOR: 1 [ (¥ AN PR 51 T AR AR BT, R A oo T Jol 1 15 5 [ A0 Xt B 51 T RGBT R, 7
R, R (R B Sk P25 | e i S8 2 — Bt s o Pt AE LA 2 1 2R TR ) P L
PRI BB 17 e IR 32 B A G N SO 18 T RS < 37 . PRl R o a0 200G 10 T S 4
o WHTH HATIE, RERBFAE AR R R R KRB LT R TN FER.

€3) o )7 SUHXT R HAR B E TR M W 5| J3Wc4s, v 5 B85 | WA I T R R s g IR
JIT A2 — 8 R 1) MO B 5 FCP AR ok SESRI B, BIIA S M = My, = CPRy/2G I (BfhE: (BRI [2]
Firh, REEH, [HEKN M WEARKA AN M =M, = CRY/2G B, H ARGl “ &
RO, MR i AR gk S AE IR s, T BB BT ME SRR, ERIAE G
Wk (), PRI N RS AR AR Bl I X B, T A P N (I RE -0 0 — WA B A B B TE B O < i, OF:
1 RN SRR BT . XD A P WAE S UL F 418, LB RR Y& L FOvu S, XN
FRA 58 e R I o 5 e A SR PR, B,
ds? = (1= ry/r)de: — dr /(1- 1y /r) — r*d6% r*sin’0de> - (12a)

TEHNAE— 3] BIRIFRE) XA S 0 (122) R, 6%, r, =2GMy/C?, 1, &R
M, (151 7242 B S BG4 . KT KBH, 1o = 295cm, X T-HIER, 1, = 4.33mm.M!

B M, < i, BIACRIR SR DU B A A S AR 1) S L ER I, (12a) S IEE . T XAH
SV AR v AR 32 1. Bl 10, SRV B M, S5 HAT AR RS AR BT = A R oo J1 56 AR FL BT =
RIS 1B AR TFTHANR], SEBR FORRE My, A L R E RN

B My =1 B, FRUT SRR (122) N RE, FROVABRRAT AL B rT DO AR bR AR e T e,
Bk, CIEHEUEZRTIWEER Y=1 8, (122)R38 4 ds? = 0xdt? — coxdr?, XEUEUL, A B
AR 1, by, —AFHERRAEE 2 A K dt, FEE R RAA T, BFAME r, EAEEEER, Aneikit
to L AN T AN IR PR T LLIA A 2 IE A

L FRIREE SRR S IR I Se SO B (122) AR, M = O, N AR A, i
Tt WAL, AR ICIT R, WEe R XU AT B (122) K BCF Oy R A H
(1) — R JG v] R Ae] s ME R B R RS, e — Bl ih . AT R BCR SR IR A W R BB T B B4
BT, HEBAKGIHRGELERA “FR” MAEKER. EAIIRIXR G, BIRSMIPBNG] )
WA TR A6 P Y A% 2 [RIRE IR, i mT DO 77 0o FHUET) 2, T DA e, MR E Y RAEER
77, BBSIRARHR “FR” o R CE R RS ECEAAAE TR O S TR R AR

0. Y, > I, RRESSET XAGHE MR, (12a)R28 8 ds? = — (ry/r—1)dt* + dr/(ry/r-1) — r*d6?* —
P sin?0dg’, DPAaCrh de o« dr o + 7, HTLAfE H SR A I R R I A 1, DAE— 2575 S T
ESRZ)pEipe kT R NN W o DEN I e S Sa v

A =, BB, AR XS ORI S FOVE FE R (122) X RS, BRASH T IR SO H IR
“TR”, NEEE, ARETNER. EREMRREHEHRN.

YEF R AATIR (122) AR REFNHET R A B, BEHIIT . 550U A SURXTHE = H IR 2
ARRAIORE R 2y AT BRI K € SOR LR IV S DA A 0, Al AT “ Al s, &
777 R d AT 2 DA B 7 B, A RS o, SR AN E AT e BB E(12a): U, R BT
SEM 1, 5 r HR YT THAPTES IR m, 100 SR 82 A TE AR (122) 0, SRR G L ny/r 1O
GE) Xo ERFA, WAL RARIIKEE, i ceefET ThoseT s, Ko, 5 r BER
EBRE RN My, Bl ry/r =1, TOARWARTIFTRE /e > 1. BTEAMBATTEE ry/r >1 75 HH RRIF PO I 22 S4B B 4
WRMTTEMFERLER, —RASAR BTN,

¥ LR AT SCHR R I S LT R (12a) SRR RE, R rp< ¢ B n=r I, RIOOPEE e
SR IR BT LUBE R AT S S L, 2 RO AATTBOE r, W IFFTR M A SR m 5 £ B
O, B m =My, BT r=n,. TLEMEAMITHOKEMIZE o, RO RBIFE “GR” , RAW n WEIR
BA M, Il EIHRE M, BECEMABRHA “HFR” RER. QRESFRHA o oth e q#®
FEATEFIRIN “Brnl” WBL e, r, ARREBERNR “TR” BRESSMKBERRT M, Be? 778
Ub, R, B ISR R, (12a) PRSI n> r OISR S B =, S DU PR e A —
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FE, TR R . v, RE AR IR AR A T AT 4 1 A R AR

2%, WA MNBCEEM SR (122)38, Wl LA F@Fe: 4Er =0, B ds REEFE r, A, BLIE, ds?
= —ooxdt? , HAGMEENLGRNIZE ds* hf, ZREEL R WAE 0 4, Kit dr sk dt ek
o, #85 ds ook, BIAGZRE4L, FrLAAE r = 0 Y iUT Rt HREE1E N 0 M(12a)zm I, #F 1, / ¢
L OBESR 1, = 2GM/CP, B, 1 PEE My, W r k2SS me FTBAAE =0 A, Ni%E m =
0. ), MIAULEBAT ARSI Moo, FTLAEA 5116 ds FeAfemi. F, R4 AT, M,
CLAAE r =0 54k “A i, Wr/r=1k, T~ XHSTRINAE r =04 “BEITLHF K, HEMRLH
KPHIRERERSCAN ERMET BRRE, LM “7F r = 0 SFEFTRREREET” 1EA
AGAE. sF Ui, A fre e Ve & ke 2D s AN G 8,

3%, FIHESSAN =, BT AR R IARAEARET: 28022 AT BFEAT, i
MEEHBEABREFHITRE r, B r REHL? BREMNZ? r, AFREER r ARRERMA? .

FESZPR b, MBI R 5, G SR ) SR P IR B (12a) 0 BAIE FH RN RE (45, 3t S BE HE B LA
N JURRSL :

{a}o BRI AR OFE I 1 AN, JLLTOERN 1o, AREKR(122) 0 AT T 2 W,
(122) ) r/r IAE R 2 AR IR 1o/t BRE T/t BRI 1> 1> 1, RIHF ds WLIAE 1 . 3XFE, XFHFJH(122) 28
PR RN B L2 —, 28 A E SRS, U SRR A BR T /N 1 241, ARSI AR A

{b}o fERIAMLLSG, —J7M, WEBEEIRAIEIN T, WEI ARREFAE N R IEBIRDR 1, i 2
T UK BT B ) 2R R A SRR Y o 59— T T, PS8 TR 388 I A AR T 18] R R AN AR R (0 038 n . 1%
LB A S R R S A R X BB WIS | I kS 4, e — e A NIk B P s, FEER
AL IR M, BI5 IR IR D . BHAZ OGS RN vy, TN (122) 3 P (17 00
BRI R 1y W IR R S 3 N T oo P IRSE RIS BT o I S5 Yk T AN 22

{cyo LM IR FEAU 7 faf X (G.B . birkhoff) &, W H GRS J1Ede ). — KA %
I ) 2 R 1 51 1 35 B s T4 okt ¥ 76 BT A2 () FEA AR 38, BT GMre [RIE, R38040 R4 fig ] 1
(R CRYRD PR — KRS X JE dnpr’ = 3m, 7Ep =const I, m & r ZEZRIMED, FrLIEZX
WAL 1, =04k, HAER m=0, Kb, ZEZXIRA, RaTEhl “& k7 .

ST IATTER RS D A A i S 4 R ) — BB 1y, PO EAEAE S AN L P A

to AEXSPUE 1 513845 . FTLARR 77 1 AP0 r=0 b, HAEH m=0, AnfgHBlpheo () “AFiT7 .

{dyo 0 R g s B RVE SRS, RIS T O T BRI A 2 A, AR
4T . BAEERE-YRANESANHEAR2a), RSN ds, r,, r SRERTEE R ST
%, RESRANER. MARTSETBRATERREYR, FURER rwr=1, Bl EH T2
ARG . 1Mo ATl RIS IS EUE)” w2 AR A R . L, B AEE <AL
R A il 2 — MR P TR A B I (1) Dk o R

fedo WA R &SN UHXHE MR, BB ORI TE”, INMTLRKEERT Rt
ARKIBIEWE ? IX PP IR U0 R RER IR B AR AL, BRI ARAATS R T, SR AN T T o WX Rh
KIBEVEASREIR AR AR I, R BRI SR AR AN T, <y s 4 KB NE G R i X 25 4 B SURIR R 1)
fiERE, TEOHTEAAE B PO TR <A . XK, BIRASMAMER A R BT A KBIE, KmESE
BT, BRI R AR XA ?

4%, g A LmpTE, ATUAHM TSR ERREREEY, REHATEEETE. HEF
B2 )E, BRI EAIIER 2 MEERARESHX R, X 2 ANRIEARE S KL A
. BRAEAFEEEFHER, Fit, MARKR HMN ¥ EMIIFE, HEKAK022a) N\ BRI
Wk EWNIEA, miERERAHR “TFR” , HTEEEAMABEZRE RSN, ik, mEAK22)[
TFRFAAT, ROM at. JEEK2a) P EANIFTHI ry/r BSOS 7E BIHN BT r/r,. b#, AN RIFEN—
SELEAEXS PG| JI IR (1 e SA% a0 38, Bf r/r S5 LN BT S (K TR R S ST IR R A LR

(5) . FHEEARR DT B SRS H#ES BRI <75 20N W] REFE R SE Ky Lt 57 M BLANFEAE I JR B«
1. G A I Y5 A A e AEAN R AR S R AN R I S IR o 40 S S A ARG — 2 e A2 53—
JEURIS, R AR AR, PRI S A e TGS T2 gl A 2 KR B T R 31 il 5t R
JE e R, AN AR D) 2 T RREANTE T el m0 R Dk S — R, BRI T, AN AR T AR
o VEFAE RIS UEN], 2 PR AR AR I8 A T A4 B 25 e~ 107 /o W, ik 31 77 3255 11 e et A
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BRI, BP 10%°Kk, EIIA B2 R IELL I Wi 50 WU (Planck Era), IXmh/d i ft e BhI SCHH Rt o &
TAEML. DA, RIS T BE PRk Safca M s, 100k BTG PR E PR 7 a7

2%, (Ra)XAERE“FETHERKEMTNERFEKNGTEPFRE . MBA RG]0
JE 8GN, LEECSL A EE R, S P R AN T BRI R TE R e, R BRI, A58
REBG X BT | ) IO DR B 1o BEF-10 008 P O M In 23 s B D s . BBk, SR BRI 51 W48 i
WEMEERNE, EM—AYRKERGE, fHE RIS E SR KRR 2 A RIRGE, EARH
IR E R T RS R BEAMEI, L2 T MR R RERER (107K , YRR TR 8
FRLT my, ARFEE RIS GURIA T SEBR b 2 U (K A AN A 4 5 1 WA I T A Y e )
T3 e B HE SRR A

BT A7 2 Ol AL T A TUF AN RE R KR, XM S T o3RRS N pa=A/8rG, iy
pa= -A/8rG HIRERLZN A, AR SRR R T BN FRI TR EM L . X2+ Ak i fe
AR, AR SRR, SRR SRR Z RIAL p+3p<0 I,  BEEZE AT AN <]
I3 by ERAHRIIER- . BRI — AN 04 A > 0 3 il B A e e — R e R AR, IR HE R 1
H 5@ R R 15 | AR5 {543 Einstein IR IS HH T — NS T HFEU, 3 B2 R=AT?,
BA (o) o XU w KRR BR DB T, BENF MR BEK. B8 TRENFT,
BT RS BT A L B LIS 18 . BOES T RA A 2 ELLES T, {H Einstein X B4 H (14CHT
HURBKEK TP, AR 45 0 AC Bhrenfest (K45 A U6 F OO0 ) SRR X FE B <A Bl N Be /e
Ko UG, AE4 Weyl BI—5KBME R Pl S8 <UR G A SHERS I, ISAN T 25 1 7 00
AREZEATEA TR EREER, BRTANEZZR KRR IER.

3%, (la) 22— AEEIL MWBERKR AR KA, DA% S FROK 14 Jo s L A e 7™ A T FROK IR 223 i 26 () < 7
R AHJE, DUEFRATHGA AR, JCHCIE A ¢ A AR 28 AL ) B R PR SO I B e S, iy HL3RATTIR) 5% i
e ANBEIEH R T BN, RIATEEBRRZE TR KBIERER, MBI FRNER.
IX A 2 % i A < MR 2 DT SCAIOE IR T REAS H (A D038 M et NIE T SE LN A B o

4%, HeRR<AT ROH) R B ARG ? DURRA ISR P AT AR, 4B i T.O.E.
HIE AT, BEAZATRR S AL T AT B A B E,  moAE T b AT 8207 sCROR . TR A O %
PRI AT R A O BRI AT T ARSI B DI EerT R, WARUE AR & e
TIRE S DB T o BEE AN 205 i, T — 28NS SRR AN & Z B AR 7 o BRI & £ 18
N HEATTRE R B . SRS R E R BRFAA THMBRAFES RNESE, REEAMIINE
Mo, SEMBES AR AEXANH#IE K, ABRBBIRER. R X P RE AT ek SR8 T7
REMESE N B AT JE BRI AN L0 (O IE R, 10 SR B A AT TR 7 RE N A BE 25, AR5 LA ST & 1T & 1%
JiRE AR UGIEY] H QIR T .
5. bW, AE REYIRKITI T SN R TTRRRA SRR . RSB, WRE A G )
Wedii (- FHE R 0, BBk, AN, oK, BUgE L, M EREEAEHRSE 4 n] DLAE L 5 10 51 0 e
“FR”, XRZ2BIL. WA R AR SR Y, AT N % AT A Y B (1 S PR
R, AN IZRAE 2R AR TSR | SR IR 10 28 T <3 o st
FI DASAERE 2 0 AR <A a0 I SR AT DR AR TEREAR TC A ). T4 TP BORL T (0 5 0 A0 R Fem R
FEREE R SR —XRA D BERFEE, ENEEFARZMET K-G85 T # AR SRR,

(=] . FHPESHFENERZRRAKNRRNIELRE:

R MER S BIREEREREY R TI KRAER 5 RIERBTRG, IR R RZURIET R .
SEREY R B &5 AR el s ok RS & — YRR ER B . EEEZRFEANRELTA ReH™
AR R RENENBLERSBERBRT, RANARERBH I ERBAERCAEPER, BA
AIRERAE L HT REER “TFR7 .
1) il BUSIEE 2 A Ao E 5 | IAVERT B WA ? s i3 1 GIRUBE) AN 5| D 52— X KA 43 B 1)
FIEM, WG . EF MRS R, P00 B M e 1 22 2 [T N R 5 s 20 L 4B FR AR e A i
] AL A TR PR, I T A S | 4
T, 1/R, Tmoc 1/R? (21a)

L1y, R OZRFEH L, T, ZFEHNESEE, T, 2T PP mrEE. NQela)yX g

tH, AEFEREIRE, YRR T, PR R MRS —28 IR Ud, A 2 M d FE A R i B
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(HEE) 2 5 DA FORE 151 Ty e (1 = 5N Seadok, HEZF PR IR REDE, B TRT I
IR RER A BE R NMEHU R SMES G A RIAREENSE, E T, KRS BT, 4 RS EREE,
R AU O IR T, IAFIZ) 2x10"k I, k3] T~ AR . 720 2 A — i R Lt R T
Rk ke, TR BUME AR AE T o [EAR oA R AR I FAEE BT A 4 S 1) et o T Atk 1 AE R LY 55| )
AP R, AR RE AL ~ BT AL SE N R R E , AR, H RO RIZIEAEIR, A RE
fig 7 PR el e DA UL 5 SRt A2 r O R BB 2 JEEL R 1) DK/ 2 3 T LSS 45 s A A (19K 7 i
MIAREA, PRl B, Bn6e AR e ol b S e S -1 iy ik 1 08 B ZE-RAR B LSRN 1Y Ta 7Y
DT A2 KA X B 4 P8 M AT RS AD FolohE 1 1T B A A 283 1 22 1)

10 Jo 5 ) RV L A S0 SR AN il TR R ST AN AT 2 18 e 0 BE X L9 1 F i L RR AR KD
IR Ty, RN I T ) #RE A SO UL AR GRS R . PR R, E A
NI R AR SE UG, Hor DR AR O BRI, TG Do s | S A Ok B T o B R R A X
(Fr. FRATHE, TR ELAILE] 5x100g/em®, i HANE T LR 2 LGS R 1) 5 2R AL
fite AEQUILRAVE LT, o O (Y ROk 1 CL AR RO T el A, N BT RS 2 TR AN
HI A BE AR S2 B g S S 51 F) e M0 (1.5~2), M Sk ) v -7 B AN BE B 4 s Ay AR AN I DR O L A% 0 i S AN 8
RN IP PSP NS 03 o% - 21N (316 P = i o1 ] DA ) i G5 o O = A ok e o= L R
PA— by RS RGO (5, e B n 2k 1 BACHE BRI B T iR 1) (2.5~3) Mg U, 42K
¥ 5x10"g/om’ i % FEAZ O I 5 | HERBUE IR FP42 R LA4a s it J0vARk th R, S b E AL R T

—EEEZBFER, HTERSTMFETIHFHEE- VM KRUF R, FR R EE
T o JT DAE R % SR 1A i 0 v 2 T BERR R A (5x10"° ~ 10') g/em® T TATEL 3M, B SRR, 2%
BB (5x10"° ~ 10") g/em® FART o Pk AR (KT B A2 HAZ AR S8 0 - S HT S A 1 K AL P
TG RIS AR, B S P 7 RO AR 2 ) Tk i JA G BRI B S 4 1T 1. B8 B — IR L B
TR IEE 2 PR, LA SRERAN T RE R P AR L R B B B AE I E ME KR Fy . SE B D PRI P ER
ReTCiksht, 1EERMIFA K ENE, Eik, FERBIEMERLRN, HEABENTEARESWET N
KIZksRW e TR 2 F4T, IEWERE AR KRB VRG] I8 0EE —R, HAMERBLEDNK
PRIRERTC T RE, SELETE T RESRYH B TE PR K B “Ar /R

€2) . P bl DUKREL T B E R R BT B R e SGHE IR U T JRATT I AEE 7 2% 18 LSt S L
BRI SRR R EEA TR KA FRR R, T REEEEEE £ TYHETBENBFA—FAETRE
HFF, TR —FEERER. R EA R SGHXE 5 FBIAAT “ 35 00”3 B ZIIRE R,

s AN DYMESRYET SUHXT 83577 TR E B BIF N B IR 4« ar RO BT IR S . 1% 1E
B SPAEAIL A B a5 A M. 2% BIRT S T A B CR L SN AR ) o 3% I ) R A
B, BTSRRI AR R A O T AR AN T, RIS I 5 | A e BTG AR R HA R A R
SERIANTE . Ao G T RCRAZ I ST G S AR BT . 5% . )T A S OB AN B A
() EORHE R s A Bt st Pl B 5 15 T i . 6%, RIS = i mp e i A 0T A K BT P AR (R P gt R
BE A A 2 10" g/om’ [ Jt A 25 SRR A S, BGHEE ol  AS rp 7, O S IS T B S AR K
S 32 e g () A9 TR P o TR 426 I 5 TR T 45 () i 25 P24 107 g/om® Fl i 86 AL 22 (O 2 K

HIERT L, 8 P S S R YR A RAEE R R, RESKERERETE AR I RN-Z I
MBS AR B 7 RN ME BRI, WSS “Dib5 HIRERARRA 7 KBk,

B MADRIECA G, T SO T RO AT T 375, $2 I D Aes2 D TN R SUA
XA TR IRUE, ARFT— BN AR sy okl #8 T LLAESE B S 5| /R T, 22 oG ] LA
Wi “AF R o IXHUE R B IE ST AR 25| g A A e e — A s IRE B
SR BCSE B FR AN S8 0 T 2 A2 B N G R ANSIE. — Sk, — DA, BRI T4
1), HBERBR UL L, K BHAME A FoL IR R AR BT 2R i, VR AR A L7 BT D e ) S5 45 A RE X L5 1
WSCAAs o LA 25 PRI PAY S 1 v R v A TR B TR (K R O R ) B BE R S A O UL 5 D Wi T
IR SRl R RS R A PRy P8 PR S i A KK RAIR T, S UKL A B (KRS AN i1 201 S5 R At RE AR 32 L4
HBIN S T o IXEE U, T SCER R EE TR AT HIR 4 E M — B RAE: B 5 51 0ER T s
BWAERA—ANBRAR— A, BEARRIRGE A TR o HEEGE Rl PRSI AR PR
BUAT CARIIE R PR SR AR [rg 223 T A H G A S PR R, R e DL AR AR, FEE AT v 00 1) T A L 2 1
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Bl AR AL R AR R e, @B TAEZ G, ABEASARHBIERIG, Ech BEA . Bk, BLE
ST O R A

F=s B RSCHFAG B TR R X G 2 S8 i B3 e AL T R b5 AL R4 42 1) Westerlund 1 22 4
o, RILTIXFE A . Westerlund 1 2 BT JLBUE CE A, AT TR KR 40 fif. MRPEIA 1E A
BRSPS, B AL SR P R S S 8 b A B M B . {BEFE Westerlund 1 EFHFEAHRE
AR Hp 4 SR, TR T —RiFFE, HEA%S N J164710.2-455216. KL SR 7 A IAREE
] LURf s AR e R G TE R S 4 BT E S D KB e 40 £i%. Bt Ui, e R TR BRI E
Ao XULIICI 2 I T AL BT R R E BT AR BRI N S e 2 i e A — A (1.4~2) My [T
A, LA = A b AR B R — A (1.4~2) M, [/ 2 o

“TEFNUR KBRS AT O R SCEE S - v A Je B B R e I NI AZ WL 2R A T 1) 9 [ R S22
FRER A B SIS B A T IX— R I RILIZAN N BIF AR5 4 XTE J1650-500, BLXANEHE
FIFRENNEAHEFRER 3.8 1% (L. HBBAN 10'%/em®) , L2 B FE TN REIC R BN T
A, ERAMER 6.3 fif. Malm/MNEHKRER HZ /0?2 MBRICFERMIT, NEKHERERN 1.7
52 2.7, WIXEPAIRERBERYTFET . JRABNGITIX— TR, A BT 2% 5 00 i sh PR i
FEIXFR s PR 5 R e R e e . 1)

(3) . G 1v. 7E T AT PR RN RE RGO R IR S G P, TG A W 5 A (1 S AR A BT R )
(1.4~2) My FASFE (2~3 ) My WIE L EIMNE, HBERF=ERRE KRN E 1R G846 i
B4% 10"g/em’® FBTFYR CGRED , RERERBESHFTFEZL, S8 BB FRIATH o i1k
B o MANTT ey A2 %5 BT iy A% O 0, T DAAE 72 AN ] i 0 b 20 S0 5 /N 1) T o

2%, W[ 0L, BUIEFTHFBREE M AR USRRRT, AIUURTREMEEKT 107 £, Hit, %%
230 10"g/em’® FE T B [ 25 o BT ILAE S i R e s S SE R R, e AT AR T A s e A
PR P S o LR 2 BT DA R LR KA 22 (1 15 20 PR R T P L SEARE I SE AR . T R M, £E T
B I A S SE A i My, S 105107, A FEEE My, K52 MBI M>> M) P55 | 004, fsea i
0 b SR AR 58 B BT A BT AR R IRAR O S T B s TR, T el T AR WO LA R R R L I
J5ts KR BRI B A I R R 1 A e i S 2 P o

3, (EMEAE IR, ROV P ] RE AR AR R R AE, I aE I, I R R . RS
IS EATREZ) 107 g/em’ s RIE AP0 fR 8 T, AT SR I o0 2 [ IR RIASA 2 % Jy . AT UL, TH AL
PR R ISR /N RSN T RE, B AT REREIL R A S W51 IR A TC T KB I A e ? R
TR R, HE RN FrLLRT 3 M 2 AN st E L a RE Bl “&F A7 T

4* i 5 TR AT LTEEAEAEE (10°~ 107) My BB EIE - (107 ~10") My ABZ% 3, SATH
REFH BRI, &l E RS 2 AR KWANEY T 5] 78T B LA /N R 0%
WA, WA oz B 5 W51 ] DOSEZE T o A8 ARt il & ] BEFE e tE A 2 PR . TR
FER I P ) /N B, FRATTE VR I 3 1

5%, FEH R ZU1 5 | Wi e TR AN G b ) S0 R B i T AR R A . DAL T AT R ) B s
HRAEWCAR A 5/ PRV M B BA SO my, 11753 B w0 AU (Planck Era) B XEMFAANS T2, A Z W4 %
HEE LR K A sy, XHBERTETHN, TFRESHERK. WENRY: 5209 PR AR 2
S Sy e 1 Ve SO 117 A /= e e = B L N S DN T U5

6*. DINGZ Y IAE SR X IR I FRUEW, — 1A S W RV R O sr ) &£
HEHGTIHERT, UWRSIRA S E 0, A ] BT LA s T S8 5 FE A b AN n] /D4
BBy o XA EE G RN 2 20 0 N T HE S Y AR RE B R ok o E EL S A 24 T RN B A B R . S
LS (R G A T T I R 5 B A2 B W RV &Mt T U 1 37 7 R I BT AR e 1R 4 AR e AN &
(. DRk, A2 B W R EE S 1y i U s IR B AU Rk 1 45 3

7. PUBCHA T, T E IR R PN S 2 AR AT, AN AT BE S T R BRI S
o BARTE 1990 SFAREIA, WREEFKIFURZE SRR IR . LA FIH AR 2B (1 B i (Amos  Ori)-15 H %
A AR R K24 B 22 (Tsvi Piran) BEATEEAIL, UESE T H & S 5 R IGHAL, ZRE 0K
CHRAT M. LB, B ORRK LB T2 1 SR R (Giulio Magli)5 H A KB T 37 K27 () R As — PRI R S
BN, #H B 48 1 4E 2 N HORL T e s T AR 1 — PR R LS R IS, R R T2 E LT, H
PUPIYHER AR 2 2 AL RRAT 207 TLSUAE T AT T SR ROURSE ) 3 A 2 1 1) =3 i 0B 8 g 11 A A B L P 35
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R [ (K90 R AN AR IR HE 5 0, AT 2 RS BIE B 5 ) B4 ) AN el BB I 88 o M5 v, 5 i HH fee i £

(i B BT A PN DT 2 1) Y s 0B BB ) T i 1 2 10/ em® f)vh 1 Bt e 2 SR O R, BT
FEH AT i H A s 3% A E] 107 g/om® I, W TsRIE N T I 2 AN S8 1 A 1 B e 45
s, e REMRAAR, T AN W] REAEAREEERA LU e Ik B B v 1< i

8%, WA AVFZRHEAGA TR UEANEAS RETCZRA 1K) T s IAFAE 2 DU AT AT LU i (A7 A5 2 1
FEVR B ZIAR Y« PR B S VF 22 TR N AT A

9%, BANFHMYREFAZFUMBEET ZENTEAS, SETYRYENREBTH RN RF
5, FHPAEE M ERAERTNEE SN TR IR, ZRHERN) BT ERERAL
BMETRE MYREIG 7, TS 5] AR FR-F45 10 X 0 BT K 3R S AEA R T KPR 451 B
FPRAERIR B . AR AR Z PRI T — MR IR Tl A, (RN EIMAIA NS EA
KA TORL 7 B AR RIS TR o IMANIIA JE—BlE R R bR i, L REXS SN R 1 ie Bl
PEM e KB RE SRS TT R T3 22 AN E 07 T A5 VR 2 AN B S B AR DL IR A S5 A

[=]. £RFACEHERZE: BRAMAYE R, ENESEN.

BIAAMATRHAT A, FRHESEFRMNERTUEEESBHNER. N e BE M, Kk
SFFEE S S T LR R Ry IR o TE 18 2T A0 1) i St ST ] PR A RN A A, e AN ]
RESIALT A Ry IORES, HARWTREM Ry BEHH AT, BRIk, RIS 5 v, AT A BRI AR 2 7E A 5t
(REE-Y A, A AN A RE - T M AR, A S B R S AE SR AR R Wi, R dvis
JEWAE RN 2 A My, = (hC/8nG) "> = 107 g )5/ B3 £ 1% B 7 Al (Planck Era) KRR T .
BIRFEHERA LR LR EMHYEERFEAR. 5D A0 D 2y i« SO SRR UE, AE R e
HWER, ANEILERMN WA E 2, fE51 mai )5, WA ss T— A5 LMy BiH. JER/
AT . 1 SR A S BLVE Schwarzehild ) SCHIXHE 7 R R AR A0 3o LA (12a). MTTTFR
HTERNFR, Tohes, TR BRI EARMT, Nl My 2F—RFER IR, R, &8I M, R
1, GRELIJIEE, C, h2 S, «EIIRE%EH
GMy/R,, = C /2 1119 (3a)
B M, fE ISR Ry IR Ty AR,
Ty = (C*/4GMy) x (h /27x) = 0.4x10°° My /My= 10”7/ My, (3b)
Ve IR A A AR BT RS I SR I IR ) my,, AR RS 40 1) il 20 5T 43

my = kKTy/C? (3¢)
i, UL ERGEO)RG) M AR, WEH,
m,, M, = hC/8aG =1.187x10"'’g* 111l (3d)

COREEA— AN RIF KRR M, MZEHF L2 R, PRFHESES B L RE m, N0 5R A
e 1M H, MBI M, PrAi ESR 7 1TE mg A THERT My (1), XIS A 53 AN n] BE K T3 24
HP A NEM S e, ik, ERRRAERL T, REEEKE mg = B/DE My, XEEil, RS E
S G T AR B S W BRI JUBE 2 B — 0 T T R I N BRI M, 1T R AR AR R A 5 B v ATk . Ut
i Gd)EH,

My, = m, = (hC/87G)"*=10"g = m, " (3e)

AR DL 255, mT LUK 5/ BRI My, 78T 148 Ry ERILE IR AT o my, A BB E R T o
H(3¢)s Tpm = mxC¥x = (hCY/8m*G)"* = 0.652x10°’k,
H(3a), Rpm = (hG/22CH"* =1.61x10cm,
FHER AR 20 2SR 57N B Mg 1815 o
Mom = 4 TtPpm Rom /3

Pom = 3Mpm /47 Ry =0.57x10g/em® (39
e 7 1k B Rem IS 8]ty =Rym/C,

tom = (hG/2 nC°)"* = 5.39x10*s (3g)

mg R}, = h/4nC (3h)
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Zig: (Gd), (Be) MW EMF EHEMNE S BIFHE S/ A S BLPTA K HE S R AR R 1Y)
PRI -4 DR A e <o S0 1 e e AR A 2 A A (1 /D ST M 1T R A AR A0S ] e e, AR
ANnrfe ) SO BB HE G (1, £ 2RI A A R Ay e (BB PR My AN R Mo (935, M, [
A3 i W5 /T My, BT My R BES S WO RO 2 A58 IR foe /I BB M, 110 ST S AE PR M, N 5
Jei My 2 [RIRE DA BN 2 A5 5 ) 55/ BT My HERAEVE AR ] 9 4T

R X3RRI TR A RIA S R AR A E SR BRAREHARR? |7 SR8 75 # 8eH #ie
SPANIASE R, BTLABBCA AR . DL, — HpEi s Bl AR, et A AL 2R
TR o TXIEANTF G AT 1 19 35 a0 DR SR A I o T A 4t PR P E St 2 )i, B A 5 52
L EAR T YRR AR —FE, FFEI . A RKEET I A . X SR AR T EHE W Y

(91 . &/NEE M, =m,, BEZEATH.F (Planck Particle)

LR R T A I AYE S RS e b, AR R, D)

TJAE *At~h/2n (4a)
W b TP FEARL T (1 s B I

DE=2mC*" (4b)
D A e R A e AORL T IR IS 1) 2 A

Ut =t, = h/4amC* P! (4¢)
to AR A HELE 1 5 7] (Compton time), Y6 %7 1 T i 4 m R BEASRL T~ 1) s FC PG AR (R s ] Oy

ty=2Gm/C* P (4d)
to FROA LGN A, — R, t <ty 24t =t N, XTI TR A,

m, =(hC/81G)"* =107g (4e)
m, AR B S i . FHANHE ST, 5 B o B R G R D ]

t, = (Gh/2nC%)"* =5.39x10*s ! (4f)
t KA BT s IS T, AR RSB L, o B o K

L, = (Gh/2rnC»"* =1.61x10 cm P! (4g)
TR DI A, SRR E T T, = 10%, R AERE N 10°GeV. D

T, =m,C* x =107k (4h)

50/ PR My, (14385531 B o S05ORE 7 my, W B (19 LU RN S50 U
BT U3 50l W, AT ] — AN BT PR Ay S 2 o S 1T 3 8 o e RS 4 EL R AR, I B e s
B2 PR 4354 1 X T2 5 Mpm = 107 (138N o 11T M = 107 g K135/ BRI 5 455 -3 WA 50 i it my,, B
My, = m, = (hC/87 G)"* = 107g
A,  Rpm=L,=(hG/2rC*)"* =1.61x10 cm,
tom = t, = (Gh/21C%)"* =5.39x10™*s

Tom = T, = muC? x = (hC*/81k’G) " = 0.652x 107k, (41)
Pom = Py =3Mpm /4% Ry =0.57x10"g/em’ (49)
m, L, = h/4nC (4h)

Pom = Pp NIFHITEE L. N LTI LUERIE 5], My = 107g 58/ B ) K- Fh 2 8 5 3% B o s ) %
AR BE R EAHE. BIE My, B2 LB ATEFE, &/ BIE My, SLE AT T my.

(1] . BRANESESRNMAERA LS R, ERHBISFTH?

P R0y 25K B B SRR F my 72T M, INEA S 2 E R RS . BEWHHTF m
R, ERIREN T3P 8, BG4 RSN My, = m, = 10°g FB/NBR, EHRETF. REAZMN
NEAREHMBRE SR, IENESBHIMAERNERIA L2 EBERENNT . XUHES
TR R A X BRIER, (ARESHEFREKEN TR EFANESBNRERFEXE. HEK
Bk T 3d)X m M, = hC/8aG = m,, = 1.187x10™ > " ) TE A ¢

€1) . JEKFH Tolman-Oppenheimen-Volkoff /72, faifx T-O-V HFEUIF,
-R*dP/dR =GM(R)p(R)[1+ P(R)/p(R)][1+ 47R%p (R) M(R)][1-2G M(RYR] ' ¥ (5)
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FmG):, B T-0-V Jrfe, R TR T A BUE 1EE N AL i SO AR BARR A RS
MRHE. )Xo 3 DTG SRS M IE . HIE B AL R A S AR I, EAE A AR
P 5L p, W s CREMZ T TIINED R ERR K. WERAHEG) S 3 A5 N I IE,
I =1, W T-O-V JrREid s o BT e, B F i) (5a)se (HEEH(5)0, F2AF iF 2 Rt &
i, DAL BLSKRE P(R), p(R), MR, ERAEL 1. Wik, (AR EAEF ARG F 3
RI o WAL (5)FUN, A ARIRARZS 5 R A SR (MR R By, Bt (5) 2l S N 1

€2) . THEHEMNTHEASELIESHOF2RBHER M, KENMESHEENALE R, LRPE, WA
B RIANEKPRE, Bh IR AR AR AR S ER A o) 6 i HALR L R B A A2 KRS B, R
HrRIRAL SRR B, R B AR AR L 50 5 TR T

R My i s K, SRR Ry BRI mg BTS2 19 0 A 5 v st as A2 s A2 2 Rl
Fi R FE R P 2 B R 2 A, B) m ol PR 4 R, EAMFREN T PHRRES, T i (5a)sUE
B TR AR SR P Y ILAE I — b5 1 ) F AP ks (Sa) BT BTGRE 15 50 BUVE B M, (17
AR Ry LI WV IZR G S, AR WU FEAR ) 2

dP/dR =-GMp/ R? 113 (5a)
P = nkT = pxT/ my (5b)
M = 4npR*/3 (5¢)

L8, (Sa)y A AT G A P L T4 3 BUEIEIUG S Rt e ee . Edh, My R A
i, p oA M AE R BMERE; mo MRCFAE R BRTR; T AN T R AMEE; BRE2HE « =
1.38x10"°geem?/s%k; 51 HE G = 6.67x10%em’/s%g,; FiE C =3 x 10%cm/s,; WHETHEL h = 6.63x10°
Tgiem?s; n = BAAABIN IR TE. (5a),  (5b) FI(5e):\ A FRIF A MEALA L2 L& AL, A s
VESH) SR 7 REMRe M, A5 T ERGAR, TChE%, JoHuA i 2 AT,

GM,/ R, = C #2111 (3a)
A IR AT AR B T, AR
Ty = (C*/4GMy) x (h /27x) = 10*"/ M, (3b)

¥ (3a) FIBL)XARN(Sa)JG, FHHG(Sb), (SR, SKARM 25 K15 H B E A S8 IS AR R, B
[ sEfE A 2
P = pxT/m, = «/m, x(3M/4nR*)x(C*/4GM)x(h/2nx) = 3hC*/(32n°GR’my),
dP/dR = d[3hC*/(322GR’m,)]/dR = -(9hC?)/(327°Gm,R*), (..dP/dR IE LT R™?), (5aa)
-GMp/R?* = -(GM/R*)x(3M/471R?) = -(3G/4nR*)x(M?*/R?),
i (1c), My /Ry, = C*/2G = M/R. #
~GM p/R? = -3C*(16nGR?), (IF LL#I T R?) (5ab)
# (2a), (12b) A (1a) ,
-(9hC)/(32n*GmR*) = -3C*/(161GR?),
m% 3h/(2n ms RY) = C/R?
R, =3h/2aCm,), & Rym,=3h/2x C) " (5d)

¥ (5d) K Rym, =3h/(2x O)53h)3 m, R, = W/d4nC Fl(4h)z m,L, = h/danC [HE, TTLUEH,
mg = 6 Mg (5e)
A4 mg= 6m? & (5d) IERHIEZBh),  (4h)XEM? 28R 23h), @h)ZIE#. K /E#ES3h)A
N, AT i aNE AT Ry b, m@h)UIBRIET 8751 . E#HESH (5 B, FrHARK(5a) ,(5b)
R (5c)FIIBETE p J My £E Ry WIS RS, TTANE Ry _ERISEFE pore 1T por < po WIHE pye = p/6 AR (52) R (5b)
RIS ps W moi S N my6, IXFE,  (5d) MRS GhREE—FET .
MR (52)=0, FIWLE m FEBFMAEE R, BIXB| T 5| H E5H R DB FPE. HT mgd 2B M, 1
SR, mssfzxémf€é%mﬁ¥ﬁé R, i /% T MERIRIE, ME5QGo)NME—2. Hitt,
mg, = KT/C (51)

(3) o mfEAREI M, KESBSR T EARRM R, LREHBIRM? T, & BIFEM A2 R, ERLE,
. HRTASMEE RS Ty < Ty, WERANFRL T IR my, $9/0T my,  BEIRFAR TR RE R A
REMAFIELE AN SRIR A B, T2AE Ry EHUANRIA BT BT < T, AR RERA < mg IORET221R E AR sy
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W ) AR SRR, s BRSO AE, T DAEE 4w i Uk th SRR R, HEASN L. TG, SRR TR 2E
m, MTAH Y HBAE N T Ry Mg Ry FHREE S Ty, SXAE, Senishth I A my EEZ0 FACT T, 068
P, BeIERERIIE AL my ORI B, mg BRIKEE RN B8 R E SRR . IS, BRI EA
far b ) SRS AE ST, WAR BRI R RV B, ELBISRR AR 2 AN mg= My = m, x107g
()85 /I3 | 07 A B B P K T T3 B o A3

H. PN mg fEREA R, RS T, R AR —MaMMBEE. RBANFIUS, ERAR mg
o F¥ahEe . @ il, my SEBr bR AR DA B ok O s s B R B RS, 2 HOd B 7R 3 B T3
B EERS, B mg 5B A BT, mg HUA ST et/ ME, e 7r R R IR B M, (5] )R
4f, BT R, MR A Ry 4. A2, BT My RE—A m Gvb—RFE, #2517 R, EFRA T,
B, BV A, SRR ARSI SR T mg SERIA T o T m SO — ARSI ) R T . X R
SHEE, RN B A HRE, DR SR« B R R Ok SRR T, TR B TR
A1 T B B R B R R R R AR AN IE LT o

B RIS ELE Ty > T, WHERAN R F R my, KT my, BRSPS RE -0 T8
SREAFWERE RN, B M, 2RI Ry, JFAHN BRI Too HH T 5 4NRRLE ZEFE 3K,
R SR EATRAN TR -V, HE T AN R - R R e 1. RS, SRR R I A AN R B
SEET, Wb IR AR, E R R AR R 2 AN I m= M = mp= 10”°g ITEEKERS T,

SV . RN A IRAE TR A TR FH v R S0 PR 3 9 (18 RIERSE 7 R0 P W ) PR 7= A4 0 AR i
PR R G RS . ATk s < H T AR Rk i B A 1) LA S T TR AR s, SC T AT 8 HI
I AR KA IE- TR e, R B o O S R L K i 5 | i3 ik . fEK B e ifE L, R T
X AN T b = A R e, — AN R R (1 SORE - 5 4y 1 — BEAR A R B U], Tt e A m] BB AT I - SR 6 Ak
5 R R, AR BE R R R K, A D 1 1 AN IERL o T R SRR A R R R B B
(1 AN T 1 3t A ST [ A S B PR i it o U7 Ak el T ) B P AR B TV 1 [ L AR T VA
MEN . FrUUEARBENRCLI . AR TR M, FRIRAAFERN me HE mg HEHRK, ZEZHEARE
b K ERA R REK BN FNFEMSAE S BRENF PR RAHERERMFEHXE? Fit, R
BN ERARRABUHIERES, WREBFRKNHT L2 RERILUTS, WRLRE BT
Xk, HWHAREKFESEHN T, XA B ENE T G?

[R] o BATFHEETE AT, MARRIETERKEE R AR,

I~ SRR T BRAAN AR H MK . 4SO B 7w SR A K BB/ IR My, = m, IREIERN-A IR
KEFRBBRRNFEH OB, XK EROAE, 2ERMRKE.

Lyt BRI v AR MIXRE— R QIR my) RIEKD, <MW # Ep, X
IO 45 38 B v AR (R B, S B b i 5 B ZE I BT AR RS ) Lo BRI SE R L R ST 1E#
A O ST R O S AU I e B IE R AN A AL T S CRED ) O—30h, Z9H AMEE T
BRAPER A T EEE A YR Planck Era §—R KBS, AR RA T9& 57 B<H KK
KIBYE”. BATIUAE 07 L AR T K (X Fh 5 0 BN BT (Mn=107 @) IR RN &5, S AT BT i B i
TS T BATTIIAE S5 MK o TR T 52 SRS AE A W e AN A RE T — W e, e R S i e 4, A
JE iz kSO RN TE B JE T 55N BRI (M= 107 @), B BT R 7 m, M T X BRAIEAE 52 5 2B
KT A,

VEZAE OO 5 5 S Y5 A T A0 & RO 0 e BB UE 2 i AN AT BEE A T-ar i CR AR ) O—3erp, AR i)
XPRRIGER, TR R AR — K gE, RBEFRESFHERHAR, RXEFEFHAKXE Gb) , Bl t<
TQRGR/C?), "“PURT2EF R EAE ] t = -0.5563x10™s O, R T 3 FlolRas, BIEER] 7RCF A 51 Wk
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AWrE MREwRE. —DHANREZEKERE S RO TER—R W RE-Y LR KN E &4
G, SEAMKERZELRR. WS BT i A WA S i e 8-V 5 = A I AK A
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JE WA B 2 At B (M =10 @) TREMETIS T2 BT, ekt —A PRI,
B BB T BRI My, $ZE S ILPE A5, Ry i My AL 42,

2GM, = C*R, (71a)

U FAZ R My, £E AR RS S RE B -1 T sl RS <A A (0 5 R v B O A ARG ) R R A
2 GdM, = C* dR, (71b)

AT 320 Mpos AT AR Roos ™ Mo 5 My A SRS 1775 911,
2GMy, = C? Ry, (71c)

T, 2G (M +Mpo+ dMy) = CX Ry, + Ryo £ dRy) (71d)

T)REH, H—NRFEHZIE, TRERMSIENESHTSN, EREWIRANRE-NR, E2EE
HAu BIMRLE &I, BRERENESBNBERBRA 2 MEDRFEMW107 g) TREETZ R
1k, BRI R AR . KB 50 BL AR AR R B L SE W X
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IR o
TR ) 58 P T 32 1 DA W A AL RE - DI R IR (R BRI ML, t, 0 TR AR RS, RIS AT,
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JEMRAA, AF 1A My BEVES VF 2 AT 0, BEASKLF n #3E BRAR T30 8 1y S 2k
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M. A OV 5 AU 22 19 SR AT IR
B W, MBI T RSP R OXA R AR R, AR e XOh e D BT e ER
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The General Theory of Relativity (GTR), Singularity, Black Holes, Hawking Radiations,

The Origination of Our Universe, The Universal Black Hole, Zero Point Energy, Vacuum Energy,
Dark Energy, Planck Era, The Universal Constant A, etc,

==Querying whether many current new theories and concepts in modern physics can be relied on==

Dongsheng Zhang
Graduated in 1957 From Beijing University of Aeronautics and Astronautics. China.
Permanent address: 17 Pontiac Road, West Hartford, CT 06117-2129, U. S. A.
Email: ZhangDS12@hotmail.com

Abstract: Right now, almost all current new theories and concepts in modern physics, such as black holes (BH),
vacuum energy, dark energy, etc, are linked with The General Theory of Relativity (GTR ). About 40 years ago,
Roger Penrose and Hawking had demonstrated that Singularity is an indispensable component part of GTR.
However, no any Singularity indication would exist in the real physical world, it shows GTR could have some
important defects and be impossible to get correct conclusions for studying our Universe and black holes, etc. One
of the important defects of GTR equation is not to link with thermodynamics, which has the most important laws in
nature and is the embodiment of the law of causality in physics. In this article, author would study our Universe and
BHs with Hawking’s theories of BHs, which is linked with thermodynamics all along. As the result, only owing to
emitting hawking radiations, any BHs would finally abstract to minimum BH of M, = m, = (hC/8n G)'"* =10"g
(3e) and explode in Planck Era. m, is Planck particle, and no Singularity could appear and exist in nature.
[Academia Arena, 2010;2(5):84-107] (ISSN 1553-992X).

Key Words: The General Theory of Relativity (GTR),;Singularity; black Holes; Hawking radiations; the origination
of our Universe; Zero Point Energy; Vacuum Energy; Dark Energy; N dimension spaces; the universal black hole;
Planck Era; The Universal Constant A.
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