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The Einstein field equations are not independent since they satisfy the
Bianchy identities and the integration of the equations consists of two sepa-
rate problems. First, the solution of constraint equations for initial data.
Secondly, the problem of time-development or evolution. The initial-value
problem has been discussed in a great number of papers, including the
survey by Y. Choquet-Bruhat and J. York [*]. Rigorous results have been
achieved both in the study of compact cases and the systems in asympto-
tically flat space-time that are not losing energy via radiation.

In order to have an insight into the problem of radiative fields in
asymptotically flat space-time we propose to consider the linearized
Einstein equations with the sources in the form of electromagnetic
radiation. The asymptotic behaviour that characterizes the energy-
momentum tensor of the electromagnetic field * T» v is also characte-
ristic of the nonlinear terms representing gravitational radiation.

In this paper we show that the linearized initial-value equations can
be presented in the form of the second pair of the Maxwell equations,
whereas the role of current Ta is played by the T oa components of the
matter tensor. Then we demonstrate that by the application of the Hil-
bert coordinate conditions (harmonic coordinate conditions in linearized
form), we get the full system of the Maxwell equations in the Lorentz
gauge. This approach can also be used for having a thorough insight
into the physical content of constraint equations.

The exact Einstein equations can be put down in the following
form [!2 ]:

£VVG]
,ff V= 16jtyOVv

.

The linearized form of these equations is
S[w>H™l >pa =l6jtY7Yv

, (1)
s[(xp] [va] =Т ||гЛурсг_|_ Г|Р(l,уМЛ’ _ yjPtfyPV (2)

ypv=gpv у|М^
where у is the gravitational constant, is the density of a metric
tensor and q^v is the Minkowski metric tensor; T^v is the flat space-time
value of and Slwl N i(J is the linearized form of Uv^a\ The indices

* Greek indices take the value 0,1, 2,3; Latin indices —1, 2,3; x° denotes the
time coordinate.
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in square brackets denote antisymmetrization. By the insertion of the
definition formulae (2) into the equation (1), we get the well-known
form of the linearized Einstein equations.

Let us define
Epp= SIM [ os]

(
&/4, (3)

(4)
By the insertion of v= 0 and the quantities (3) and (4) in the equations
(1), we get the second pair of the Maxwell equations

Epp )P=— (5)
From the definitions (2) and (3) it follows that

Fmo= ( YmS(S _Y00 m )/4> (6)
fmr— (yO™ r y or,m) /4 = —Y°l?n ’r] /2. • (7)

Note that the indices after the comma are raised by the Minkowski
metric. Define

Лр= (y00
, yo£ )/4. (8)

In the Hilbert gauge yP' cr ,a=o, yms , s=—утo,о, /Гпг0 =уo[o,тl/2, and we have
Ерр = 2Л(р-рl. (9)

Thus, the first pair of the Maxwell equations is the trivial consequence
of the form (9) of the field tensor. The Lorentz condition follows from
the definition formula (8) and the Hilbert condition y°%=o.

Let us reproduce our results in three-dimensional form and underline
the differences between the Maxwell and the Einstein theories. The
«energy constraint» is

div£=4;rtQ, (10)
Em =FmO'
Em

— {y°o' m-\-yms
iS )jA. (11)

In the Hilbert gauge ytos.s™=Y00 .00, divE'==Dy 00/4, and we have
Пу°°/4=4щ. (10a)

Now we have reached the most important point in our discussion.
No kind of the known electric charges moves with the velocity of light.
However, there do exist gravitational charges that move with the velocity
of light, e. g. the energy (matter) of the zero rest mass-fields. For
the large values of the radial coordinate in case of the bounded sources
of the zero rest mass-fields, their energy density has the asymptotic
form Q =a{t —r, -0, cp)/r2 . In harmonic coordinates this form of q gives
rise to unsatisfactory \nr/r asymptotic behaviour of yOO - ft is likely that
an examination of the complete analogy with the electromagnetic case
is not the best way to study the problems of gravitational radiation
and harmonic coordinates are not the best coordinates in the treatment
of the wave-zone problems.

The three-dimensional form of the «momentum constraints» is

voi Н=~+4пЪ, ' (12)

where Нг=ешРм and еш is the completely antisymmetric tensor. In
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contradistinction to the electromagnetic case, the equation (12) contains
only the first time-derivatives of the gravitational field potentials, since
the expression (11) in an unspecified gauge does not contain any
time-derivatives.

It is easy to verify that the Maxwell equation

div#=o (13)
is a trivial consequence of equality (7).

Assuming that the Hilbert condition уг^!(Я =o is satisfied and con-
sidering the curl of this condition, we get

eirk (y rß .Bfe+Yro.oft) =O.

By the insertion of definitions (6) and (7), we get

rot£ =—аГ ‘ (14)

Thus, we have proved that the energy and momentum constraints
can be put down in the form of the second pair of the Maxwell equations,
while equation (14) is the consequence of the coordinate condition
Y^ jM,=o. We are of the opinion that this condition should not be used
in the wave zone. *

REFERENCES

1. Choquet-Bruhat, Y., York, J. The Cauchy problem in General Relativity and Gravi-
tation (ed. by A. Held), 99. Plenum Press, New York—London, 1980.

2. Goldberg, J. Equations of Motion in Gravitation: an Introduction to Current Research
(ed. by L. Witten), 126. John Wiley and Sons, Inc., New York, 1962.

Academy of Sciences of the Estonian SSR, Received
Institute of Astrophysics and Atmospheric Physics August 25, 1982


	Eesti NSV Teaduste Akadeemia toimetised
	EESTI NSV TEADUSTE AKADEEMIA TOIMETISED
	Untitled

	Chapter
	Chapter
	О НЕКОТОРЫХ ПАРАЛЛЕЛЬНЫХ ИТЕРАЦИОННЫХ МЕТОДАХ ДЛЯ РЕШЕНИЯ НЕЛИНЕЙНЫХ УРАВНЕНИЙ
	УСТОЙЧИВОСТЬ ТОЧКИ РЕШЕНИЯ НЕЛИНЕЙНОГО УРАВНЕНИЯ, ЗАВИСЯЩЕГО ОТ ПАРАМЕТРА
	ПРИМЕР РЕШЕНИЯ ДВУХШАГОВОЙ ЗАДАЧИ УПРАВЛЕНИЯ ЧАСТИЧНО НАБЛЮДАЕМЫМ СЛУЧАЙНЫМ ПРОЦЕССОМ
	ДИНАМИКА ВЯЗКОЙ НЕСЖИМАЕМОЙ ЖИДКОСТИ В ГИЛЬБЕРТОВОМ ПРОСТРАНСТВЕ С УЧЕТОМ КРАЕВЫХ УСЛОВИЙ
	HUYGENS’ PRINCIPLE AND RADIATION TAILS IN A WEAK SCHWARZSCHILD FIELD
	Fig. 1.
	Fig. 2.

	СПЕКТРОМЕТР ИОННОГО ЦИКЛОТРОННОГО РЕЗОНАНСА С ФУРЬЕ-ПРЕОБРАЗОВАНИЕМ
	Рис. 1. Вакуумная система.
	Рис. 2. Кубическая ячейка удерживания ионов.
	Рис. 3. Блок-схема спектрометра ИЦР: Я измерительная ячейка; ВМ вспомогательный мост; УЭП блок питания электронной пушки, управления электронным пучком и измерения едо параметров; УНП блок управления напряжениями пластин; ГВЧ генераторы ВЧ; Синт. ВЧ синтезатор ВЧ; ЦР блок цифровой развертки; У- широкополосные (в квадратах) и операционные (в треугольниках) усилители; Ч, А, В цифровые частотомер, амперметр и вольтметр; Атт. аттенюаторы; Ф фазовращатели; АРУ, АРФ цепи автоматической регулировки уровня и фазы (90е); БС балансные смесители ВЧ; АП аналоговые перемножители; ФНЧ активные фильтры нижних частот (Баттерворта); ЭЛИ электроннолучевой индикатор; АЦП аналого-цифровой преобразователь; ЭВМ мини-ЭВМ NIC-1086; Дисп. дисплей С клавиатурой, ДС двухкоординатный самописец; ИП —импульсный программатор.
	Рис. 4. Цикл работы ячейки
	Рис. 5. Масс-спектр смеси СО и N 2.
	Untitled

	О ЗАДАЧЕ ПОГРУЖЕНИЯ С ПРОИЗВОЛЬНЫМ ЯДРОМ ПОРЯДКА
	ON THE BEHAVIOR OF THE BALMER LINES IN THE SPECTRUM OF P CYGNI IN 1971
	Fig. 1. Typical profile of a higher member of the Balmer series. The positions of different line components are marked.
	Fig. 2. Mean values of the Doppler-shifts of two absorption components: X component ax, О component a 2, ф mean for a 2 from fs].
	Fig. 3. Spectral line profiles on July 16, 1971.
	Fig. 4. Relative central intensities of different line components; О Balmer-line #9, • Balmer-line Яl<?.

	THE CHANGES OF SPECTRAL LINE CONTOURS OF P CYGNI
	Fig. 1. The changes of the spectral lines Hei X 4026 and H 6 (a) and Hi 4, Ню and H 9 (b) in the spectrum of P Cygni between J. D. 2444690—2444868. The symbols Д, A, 9 and О mark the details which are assumed to be of common origin (here and in further Figures).
	Fig. 2. The scheme of the three-zonal structure of the P Cygni envelope.
	Fig. 3. The displacement changes of the spectral line details marked in Fig. 1, a, b.
	Untitled
	Fig. 5. Time dependence of the mean displacements of N11(5) line components. The dispersions of the velocities are smaller than the diameter of the symbols. Fig. 4. – The absorption components of N11(5) Я 4601 spectral line show the appearance of the peaks at the time of definite displacements. Each peak is not seen in all the contours.
	Untitled

	АНАЛИЗ ПРОЦЕССОВ ПРЕОБРАЗОВАНИЯ ЭНЕРГИИ В ИНДУКТИВНО-КЛЮЧЕВОМ СГЛАЖИВАЮЩЕМ ФИЛЬТРЕ
	Рис. 1.
	Untitled
	Рис. 3.

	О СТАРТУЮЩЕЙ ПЛАВУЧЕЙ ТУРБУЛЕНТНОЙ СТРУЕ
	Рис. 1. Форма стартующей плавучей струи.
	Рис. 2. Изолинии в разные моменты времени (10, 30, 50, 70 и 90% от Тпl) при s = 30 (а), 60 (б), 90 (в), 120 (г) и 150 (б).
	Untitled
	Untitled

	HARMONIC REDUCTION IN AC VOLTAGE CONTROLLERS BY MEANS OF INTERPHASE TRANSFORMATION-RATIO MODULATION
	Fig. 1. AC voltage controller power circuits using an interphase autotransformer AT (a) or an interphase transformer TR (b).
	Fig. 2. A thyristorized twelve-pulse AC voltage controller.
	Fig. 3. Thyristor-voltage phasors (a) and the corresponding phasor diagram (b) for all thyristors nonconducting.
	Fig. 4. Load voltage waveforms of the twelve-pulse AC voltage controller.
	Untitled

	OPTIMAL TURN-ON OF THYRISTORS
	Fig. 1. Model thyristors used for calculations: a centrally symmetrical with center gate, r 0 = = 0.3 cm, Rq— 1,6 cm, /(s) = = 2 02-|-5); b rectangular with linear gate, d = 1,3 cm, l= L= 1.9я cm; c centrally symmetrical with perimeter gate, r 0 = 0.3 cm, /?0 = = 1.6 cm, /(s)=2Уя(яЯо2 —s).
	Fig. 2. Current waveforms optimizing specific turn-on losses: 1 center gate thyristor, i = jiJv{J) [2rjv (/) +/] t; 2 linear gate thyristor, i~LJv{J)t\ 3 perimeter gate thyristor, i=nJv (/)X X[2RO/v{J)-t]f.
	Fig. 3. Forward voltage drop and plasma spreading velocity versus current density characteristics used in calculations.
	Fig. 4. Simulation of current waveforms for the minimization of total losses: 1— j = constant-curve, 2 spline-function.
	Fig. 5. Turn-on processes of model thyristors exhibiting minimal total losses: a current, b current carrying area, c current density, d voltage drop. 1 center gate thyristor, 2 linear gate thyristor, 3 perimeter gate thyristor.
	Fig. 6. г—и-diagrams of switching processes in model thyristors. Solid lines optimal processes with regard to total losses, dash lines processes with linear current rise, dotted line static i—и-characteristic. 1 center gate thyristor, 2 linear gate thyristor, 3 perimeter gate thyristor. The dash line 2 represents also the processes with minimal specific losses for all three modifications of model thyristors.
	Untitled

	АВТОМАТИЧЕСКИЙ СИНТЕЗ ТЕСТОВ ДЛЯ ДИАГНОСТИКИ ЦИФРОВЫХ УСТРОЙСТВ
	Рис. 1.
	Рис. 2.
	Untitled
	Untitled

	ON LINEARIZATION OF THE KLEIN-GORDON EQUATION BY NONTRADITIONAL METHODS
	ВЫРАЩИВАНИЕ ЭПИТАКСИАЛЬНЫХ ПЛЕНОК АРСЕНИДА ГАЛЛИЯ ТЕРМИЧЕСКИМ РАЗЛОЖЕНИЕМ ТРИМЕТИЛ ГАЛЛ ИЯ В ПРИСУТСТВИИ ПАРОВ МЫШЬЯКА
	Рис. 1. Принципиальная схема установки эпитаксии: 1 регулятор давления, 2 – манометр, 3 дозатор паров мышьяка, 4 реактор, 5 печь для разложения отходов, 6 ротаметры, 7 дозатор паров триметилгаллия.
	Рис. 2. Микрофотография поверхности образцов, выращенных при 800° (а) и 850 °С (б). X П5.
	Рис. 3. Зависимость логарифма концентрации электронов и их подвижности от обратной температуры.
	Рис. 4. Спектр фотолюминесценции при 295 К.


	ЭЛЕКТРОРАЗРЯДНЫЙ ЭКСИМЕРНЫЙ ИМПУЛЬСНО-ПЕРИОДИЧЕСКИЙ ЛАЗЕР
	Рис. I. Эквивалентная электрическая схема системы питания лазера.
	Рис. 2. Временные зависимости разрядного тока (2, 4) и напряжения (1, 3): кривые 1 и 2 при С3 = 10~18 Ф, кривые 3 и 4 при С3 =5 • 10~9 Ф.
	Рис. 3. Зависимость энергии генерации в импульсе Е от числа импульсов N при работе на XeF.
	Рис. 4. Зависимость мощности в им пульсе W от давления Р при ра боте с ХеСl,
	Рис. 5. Зависимость энергии излучения в импульсе Е от состава рабочей смеср НСI : Хе : Не.

	CONSTRAINTS IN GENERAL RELATIVITY IN THE FORM OF MAXWELL EQUATIONS
	Chapter
	Chapter
	Chapter

	Illustrations
	Untitled
	Fig. 1.
	Fig. 2.
	Рис. 1. Вакуумная система.
	Рис. 2. Кубическая ячейка удерживания ионов.
	Рис. 3. Блок-схема спектрометра ИЦР: Я измерительная ячейка; ВМ вспомогательный мост; УЭП блок питания электронной пушки, управления электронным пучком и измерения едо параметров; УНП блок управления напряжениями пластин; ГВЧ генераторы ВЧ; Синт. ВЧ синтезатор ВЧ; ЦР блок цифровой развертки; У- широкополосные (в квадратах) и операционные (в треугольниках) усилители; Ч, А, В цифровые частотомер, амперметр и вольтметр; Атт. аттенюаторы; Ф фазовращатели; АРУ, АРФ цепи автоматической регулировки уровня и фазы (90е); БС балансные смесители ВЧ; АП аналоговые перемножители; ФНЧ активные фильтры нижних частот (Баттерворта); ЭЛИ электроннолучевой индикатор; АЦП аналого-цифровой преобразователь; ЭВМ мини-ЭВМ NIC-1086; Дисп. дисплей С клавиатурой, ДС двухкоординатный самописец; ИП —импульсный программатор.
	Рис. 4. Цикл работы ячейки
	Рис. 5. Масс-спектр смеси СО и N 2.
	Fig. 1. Typical profile of a higher member of the Balmer series. The positions of different line components are marked.
	Fig. 2. Mean values of the Doppler-shifts of two absorption components: X component ax, О component a 2, ф mean for a 2 from fs].
	Fig. 3. Spectral line profiles on July 16, 1971.
	Fig. 4. Relative central intensities of different line components; О Balmer-line #9, • Balmer-line Яl<?.
	Fig. 1. The changes of the spectral lines Hei X 4026 and H 6 (a) and Hi 4, Ню and H 9 (b) in the spectrum of P Cygni between J. D. 2444690—2444868. The symbols Д, A, 9 and О mark the details which are assumed to be of common origin (here and in further Figures).
	Fig. 2. The scheme of the three-zonal structure of the P Cygni envelope.
	Fig. 3. The displacement changes of the spectral line details marked in Fig. 1, a, b.
	Untitled
	Fig. 5. Time dependence of the mean displacements of N11(5) line components. The dispersions of the velocities are smaller than the diameter of the symbols. Fig. 4. – The absorption components of N11(5) Я 4601 spectral line show the appearance of the peaks at the time of definite displacements. Each peak is not seen in all the contours.
	Рис. 1.
	Untitled
	Рис. 3.
	Рис. 1. Форма стартующей плавучей струи.
	Рис. 2. Изолинии в разные моменты времени (10, 30, 50, 70 и 90% от Тпl) при s = 30 (а), 60 (б), 90 (в), 120 (г) и 150 (б).
	Fig. 1. AC voltage controller power circuits using an interphase autotransformer AT (a) or an interphase transformer TR (b).
	Fig. 2. A thyristorized twelve-pulse AC voltage controller.
	Fig. 3. Thyristor-voltage phasors (a) and the corresponding phasor diagram (b) for all thyristors nonconducting.
	Fig. 4. Load voltage waveforms of the twelve-pulse AC voltage controller.
	Fig. 1. Model thyristors used for calculations: a centrally symmetrical with center gate, r 0 = = 0.3 cm, Rq— 1,6 cm, /(s) = = 2 02-|-5); b rectangular with linear gate, d = 1,3 cm, l= L= 1.9я cm; c centrally symmetrical with perimeter gate, r 0 = 0.3 cm, /?0 = = 1.6 cm, /(s)=2Уя(яЯо2 —s).
	Fig. 2. Current waveforms optimizing specific turn-on losses: 1 center gate thyristor, i = jiJv{J) [2rjv (/) +/] t; 2 linear gate thyristor, i~LJv{J)t\ 3 perimeter gate thyristor, i=nJv (/)X X[2RO/v{J)-t]f.
	Fig. 3. Forward voltage drop and plasma spreading velocity versus current density characteristics used in calculations.
	Fig. 4. Simulation of current waveforms for the minimization of total losses: 1— j = constant-curve, 2 spline-function.
	Fig. 5. Turn-on processes of model thyristors exhibiting minimal total losses: a current, b current carrying area, c current density, d voltage drop. 1 center gate thyristor, 2 linear gate thyristor, 3 perimeter gate thyristor.
	Fig. 6. г—и-diagrams of switching processes in model thyristors. Solid lines optimal processes with regard to total losses, dash lines processes with linear current rise, dotted line static i—и-characteristic. 1 center gate thyristor, 2 linear gate thyristor, 3 perimeter gate thyristor. The dash line 2 represents also the processes with minimal specific losses for all three modifications of model thyristors.
	Рис. 1.
	Рис. 2.
	Untitled
	Рис. 1. Принципиальная схема установки эпитаксии: 1 регулятор давления, 2 – манометр, 3 дозатор паров мышьяка, 4 реактор, 5 печь для разложения отходов, 6 ротаметры, 7 дозатор паров триметилгаллия.
	Рис. 2. Микрофотография поверхности образцов, выращенных при 800° (а) и 850 °С (б). X П5.
	Рис. 3. Зависимость логарифма концентрации электронов и их подвижности от обратной температуры.
	Рис. 4. Спектр фотолюминесценции при 295 К.
	Рис. I. Эквивалентная электрическая схема системы питания лазера.
	Рис. 2. Временные зависимости разрядного тока (2, 4) и напряжения (1, 3): кривые 1 и 2 при С3 = 10~18 Ф, кривые 3 и 4 при С3 =5 • 10~9 Ф.
	Рис. 3. Зависимость энергии генерации в импульсе Е от числа импульсов N при работе на XeF.
	Рис. 4. Зависимость мощности в им пульсе W от давления Р при ра боте с ХеСl,
	Рис. 5. Зависимость энергии излучения в импульсе Е от состава рабочей смеср НСI : Хе : Не.

	Tables
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled




