Astrophysics of gravitational wave sources

Lecture 1: Topics covered and implications
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Mergers due to gravitational wave emission
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Characteristic Strain
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Masses in the Stellar Graveyard
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The Origin of the Solar System Elements
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Very radioactive isotopes; nothing left from stars
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Single star evolution
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1 erg = 107 Massive star death 11 =3.9x10%
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Gravitational instability
of stellar core
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Binary star evolution
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Figure 6: Stellar evolutionary sequence leading from a binary system of massive stars
(starting from the top left) to a NS-NS system, adapted from (9). NS-BH systems are ex-
pected to arise from binaries where the first formed compact object is a BH. NS-WD systems
follow a similar evolutionary sequence starting from the HMXB stage (where the NS is re-
placed by the WD), but require additional mass transfer in the earlier stages (52). The material
composition of the stars is indicated by their colors — red indicates H-rich material, cyan / blue
indicate He-rich material, grey indicates CO-rich material and green indicates degenerate mat-
ter (in NS). The specific phase of the evolution is indicated by the text next to the systems, with
black text indicating phases that have been observed previously, while red text indicates phases
that have not been previously observed, and bold red text phases we observed in this work.

De et al.
(2018)
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Binary neutron star mergers

Radice et al.
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THE RESEARCH IS IN

Students Think Lectures Are Best, But Research
Suggests They're Wrong

A study reveals students prefer low-effort learning strategies—like
listening to lectures—despite doing better with active learning.

By Youki Terada
October 16, 2019
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Students are often “poor judges” of their own learning, according to researchers in
a study recently published in the Proceedings of the National Academy of
Sciences (2. Strategies that require low cognitive effort—such as passively listening
to a lecture—are often perceived by students to be more effective than active
strategies such as hands-on experimentation and group problem-solving. The
group dynamic can make students feel frustrated and “painfully aware of their lack
of understanding,” but the study concluded that the more effort and struggle
involved—hallmarks of a student-centered, active approach—the more students
learned.
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Question:

How fast does grass grow?



