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CnekTpanHoO ABOWHA 3Be3aa. 3Be3gaTta HD 80715 oT cb3Be3ameTo Puc e ABoiHa
cucrtema, HamMupawa ce Ha pasctoaHune 80 cBeTAWMHHM roAWHK OT Hac. [BeTe 3Be34u ca
MHOFO CXOAHW eAHa Cc Apyra. Te ca oT cnekTpaseH knac K n nmat npubnnsntenHo
eaAHaKBW MacHu.

e Ha duryparta ca npeacTaBeHN U3MEHEHUSITa C BpeMeTO Ha eaHa abcopbumMoOHHA NUHUSA
B CNeKTbpa Ha 3Be3aaTa. Buxpga ce, ye npe3 onpeaeneHn MHTepBaaun oT BpeMme
NWHNSATa ce pa3aBoOsiBa Ha ABe KOMMNOHEHTWU, @ NOC/e Te OTHOBO ce cbbupaT B efHa.
Ob6scHeTe TOBa sAB/ieHMe.

e HanpaBeTe Heo6X0AMMUTE N3MEepPBaHUA U NPpeCcMATaAaHUS U NOCTPONTE KPUBUTE Ha
M3MEeHHMEe Ha NbYeBUTe CKOPOCTM Ha ABeTe 3Be34M C BpeMeTo.

e Onpenenete opbutanHmMsa nepuos Ha 3Be3anMTe B ABOMHaTa cucTema.

e [lpecMeTHeTe pa3CTOAHUETO MexXAy ABeTe 3Be34Au NpU nNpeanosioxXeHune, Jye
3pUTESITHUAT NbY OT 3eMHUA HabnwgaTen nexun B opbutanHata paBHMHA Ha 3Be3auTe.
o HaMepeTe MaCuUTe Ha 3Be3aunTte B eAUNHUUN CNBbHYEBU MaAcCH.
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Jbn#rHa Ha BbnHaTa (aHrcTpeamm)

3 3apava. [BoifHa HeyTpoHHa 3Be3ga. [lysncapbt PSR B1913+16 e oTkput npe3 1974 r. c
pagunoteneckona Apecnb6o. Toli e KOMMOHEHTa B TACHA ABOMHA cuctema ¢ nepuog 7.75 uyaca.
Mpeanonara ce, Ye ApyraTa KOMMOHEHTA € CblLO HeYTPOHHA 3Be34a U Ye MacuTe Ha ABeTe KOMMNOHEHTU
ca NpUbU3UTENHO PaBHMU.

e OueHeTe CTOMHOCTTa Ha Te3M Macu KaTo M3MoAn3BaTe AaHHWUTE OT KpuBaTa Ha nbyeBaTa
CKOPOCT Ha ny/capa.

Ha rpadukata e fdageHa nbyeBaTa CKOPOCT Ha MyJsicapa OTHOCHO LIEHTbpa Ha MacuTe Ha
cuctemata. OpbuTanHaTa paBHUHA Ha ABOMHATa CUCTEMA € HaK/OHeHa Ha 43° cnpAMO 3pUTENHUA by OT
Hac KbM Hesl.


http://astro-olymp.org/binspecA.gif
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(T11) Gravitational Waves
The first signal of gravitational waves was observed by two advanced LIGO detectors at Hanford and
Livingston, USA in September 2015. One of these measurements (strain vs time in seconds) is shown in
the accompanying figure. In this problem, we will interpret this signal i terms of a small test mass m
orbiting around a large mass M (i.e., m << M), by considering several models for the nature of the central

mass.
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The test mass loses energy due to the emission of gravitational waves. As a result the orbit keeps on
shrinking, until the test mass reaches the surface of the object, or in the case of a black hole, the mnermost
stable circular orbit — ISCO — which is given by Rigco = 3R,q. Where Ry, is the Schwarzschild
radius of the black hole. This is the “epoch of merger". At this point, the amplitude of the gravitational
wave is maximum, and so is its frequency, which is always twice the orbital frequency. In this problem,
we will only focus on the gravitational waves before the merger, when Kepler’s laws are assumed to be
valid. After the merger. the form of gravitational waves will drastically change.

(T11.1) Consider the observed gravitational waves shown in the figure above. Estimate the time period,
To. and hence calculate the frequency. f,. of gravitational waves just before the epoch of
merger.

(T11.2) For any main sequence (MS) star, the radius of the star, Ryg, and its mass, My, are related by
a power law given as,

Rys < (Myg)”®
wherea = 0.8 for Mg, < My
= 1.0 for 0.08Mg < Mys < Mg

If the central object were a main sequence star, write an expression for the maximum frequency
of gravitational waves. fys. in terms of mass of the star in units of solar masses (Mys/Mq)

and a.

(T11.3) Using the above result, determine the appropriate value of a that will give the maximum
possible frequency of gravitational waves. fysmayx for any main sequence star. Evaluate this
frequency.

(T11.4) White dwarf (WD) stars have a maximum mass of 1.44 M, (known as the Chandrasekhar limit)
and obey the mass-radius relation R «« M~/3_ The radius of a solar mass white dwarf is equal

to 6000 km. Find the highest frequency of emitted gravitational waves. fyyp max- if the test
mass is orbiting a white dwarf.
(T11.5) Neutron stars (NS) are a peculiar type of compact objects which have masses between

1and 3Mg and radii in the range 10 — 15 km. Find the range of frequencies of emitted
gravitational waves. fyg min 1d fys mayx- if the test mass is orbiting a neutron star at a distance

close to the neutron star radius.

(T11.6) If the test mass is orbiting a black hole (BH). write the expression for the frequency of emitted
gravitational waves. fgy. in terms of mass of the black hole. Mgy . and the solar mass M.

(T11.7) Based only on the time period (or frequency) of gravitational waves before the epoch of merger.
determine whether the central object can be a main sequence star (MS). a white dwarf (WD). a
neutron star (NS). or a black hole (BH). Tick the correct option in the Summary Answersheet.
Estimate the mass of this object. M,p,;. in units of Mc,.



