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Measuring the curvature of the universe using the gravitational wave
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Abstract

There are cosmological models proposed for describing the beginning and end of the universe. These
cosmological models predict the curvature of the universe. The measurement of the curvature of the universe is
therefore important to refine the cosmological models. So far there are measurements of the curvature using the
observation of the cosmic microwave background by the COBE, WMAP, and the results of the observation prefer the
negative curvature of the universe.

In this paper, we propose a novel method to measure the curvature of the universe by observation
of gravitational waves, that will provide independent results of conventional observations such as the CMB
observations. The proposed method is to measure the sum of interior angles of the triangle which consist of
two observed gravitational wave sources and the earth. We selected GW151012 and GW 170818 as sources of
gravitational waves and compared the distance between GW151012 and GW 170818 with expected distance with the
assumption of a simple model of the flat universe. Although we need more sophisticated cosmological model, our
result using suggests a negative curvature.
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Fig.1 A triangle consisting of GW170818, GW151012 and the earth
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The binary black hole coalescence.
The distance between them is assumed
to be the scale of the universe.
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Fig.2 The evolution of the distance between two Population III stars.
The distance is assumed to evolve according to the expansion of the
universe without any gravitational interaction with other objects.
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Fig.3 Plots of the sky location estimation of the gravitational
waves detected during 2015-2017. The contours show 90% and
50% credible regions for the sky locations of the gravitational wave

events in a Mollweide projection. See [11] in detail.
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