
Chapter 8

Summary

8.1 Summary

This thesis has been concerned with effects of GR including dark matter and dark

energy on gravitational phenomena with observational prospects. Our findings are

summarized below:

In chapter 2, the effects of several dark energy models on gravitational time delay

of particles with non-zero mass are investigated and analytical expressions for the

same are obtained at the first order accuracy. Also the expression for gravitational

time delay under the influence of conformal gravity potential that well describes the

flat rotation curve of spiral galaxies is derived. The findings suggest that i) the

conformal gravity description of dark matter reduces the net time delay in contrast

to the effect of normal dark matter and therefore in principle the models can be

discriminated using gravitational time delay observations and ii) the effect of dark

energy/flat rotation curve may be revealed from high precision measurements of grav-
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itational time delay of particles, such as neutrinos, involving megaparsec and beyond

distance-scale.

In chapter 3, the effect of cosmological constant on Bondi accretion flow is studied.

For the purpose, we first derived Newtonian analogous potential corresponding to

Schwarzschild-de Sitter (SDS)/Schwarzschild-anti-de Sitter (SADS) space time that

reproduces almost all of the GR features in its entirety with remarkable accuracy

and subsequently applied the potential for the accretion study. It is found that the

current accepted value of Λ ∼ 10−56cm−2 influences both sonic radius as well as Bondi

accretion rate, specially for spherical accretion with lower adiabatic constant and

temperature, which might have interesting consequences on the stability of accretion

disk in AGNs/radio galaxies.

In chapter 4, the effects of naked singularity spacetime on accretion flow has

been studied considering Shakura-Sunyaev accretion model. In thus regard, we used

Newtonian analogous potential corresponding to Janis-Newman-Winicour (JNW) and

Reissner-Nordstrom (RN) solutions which were first derived and demonstrated that

they can reproduce the entire GR features with precise accuracy. Exploiting the de-

rived potentials the complete orbital dynamics of the test particle motion for both

these spacetime geometries have been investigated including the detailed study of

the orbital trajectories. Finally, we computed the radiative flux and efficiency of a

geometrically thin and optically thick Keplerian accretion disk around naked singu-

larities correspond to both JNW and RN geometries. It is found that in general, the

radiative efficiency is always higher than that correspond to Keplerian disk around

Schwarzschild geometry which is a discriminating feature.
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In chapter 5, we formulated PNP for the Kerr space time in low energy limit that

reproduces general relativistic results with reasonable accuracy. The generalized Kerr-

Newtonian potential has been applied to compute the effect of spin on the radiation

flux and efficiency in case of a stationary accretion. It is found that efficiency and

flux are significantly higher than those for the Schwarzschild spacetime owing to the

spin of the black hole.

In chapter 6, we obtain Newtonian analogue potential corresponding to a general

class of gravitational static spherically symmetric metric staring directly from a gen-

eralized scalar relativistic gravitational action in Newtonian framework, that gives

geodesic equations of motion identical to those of the parent metric. In this case,

we have not restricted to low energy limit. The derived potential will be applied for

accretion study in near future.

In chapter 7, exploiting the RXTE observations of LSI+61o 303 we have presented

the results of the spectral time lag i.e. the difference in time of arrival between high-

and low-energy photons in the large flaring episodes. It is found for the first time that

during the flares, low energy variations lead the higher energy variations i.e. spectral

lag is negative whereas there is almost no time lag during the steady (non-flaring)

states though accuracy of spectral time lags in steady state are quite limited. For

flares of hundred seconds or so, spectral lags of few tens of seconds between emission

of 3− 5 keV and 8− 10 keV should be considered as quite large. Any viable model of

LSI+61o 303 needs to explain such spectral lags behavior of the system. The observed

spectral lag features for flaring events suggest that inverse Compton scattering may

be operative, at least in some part of the system. Another possibility is that the sites



Chapter 8: Summary 247

of particle acceleration may be different for flaring and non-flaring events such as in

the microquasar model the flaring radiation may come from hot spots sitting above

the black hole while steady state emissions are due to the jets.

In future one of our goal will be to study more realistic accretion disks such as

advection accretion disks giving more emphasis on observational prospects. We shall

employ the PNPs obtained here and look for exact measurable quantities for specific

astrophysical systems such as AGNs so that the underlined theory (GR) can be tested

by comparing with observations.


