
Advanced Higher Physics
Astrophysics

Learning Outcomes

1. Gravitation

� Convert between astronomical units (AU) and metres and between light-years (ly) and
metres.

� Define gravitational field strength as the gravitational force acting on a unit mass.

� Sketch gravitational field lines and field line patterns around astronomical objects and
astronomical systems involving two objects.

� Use an appropriate relationship to carry out calculations involving gravitational force,
masses and their separation.
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r2

� Use appropriate relationships to carry out calculations involving period of satellites in
circular orbit, masses, orbit radius, and satellite speed.
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� Define the gravitational potential of a point in space as the work done in moving unit
mass from infinity to that point.

� Know that the energy required to move mass between two points in a gravitational
field is independent of the path taken.

� Use appropriate relationships to carry out calculations involving gravitational
potential, gravitational potential energy, masses and their separation.

V =
−GM
r

; Ep = V m =
−GMm

r

� Define escape velocity as the minimum velocity required to allow a mass to escape a
gravitational field to infinity, where the mass achieves zero kinetic energy and maximum
(zero) potential energy.
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� Derive the relationship vesc =

√
2GM

r
.

� Use an appropriate relationship to carry out calculations involving escape velocity,
mass and distance.

vesc =

√
2GM

r

2. General Relativity

� Know that special relativity deals with motion in inertial (non-accelerating) frames of
reference and that general relativity deals with motion in non-inertial (accelerating)
frames of reference.

� State the equivalence principle (that it is not possible to distinguish between the effects
on an observer of a uniform gravitational field and of a constant acceleration) and have
knowledge of its consequences.

� Consider spacetime as a unified representation of three dimensions of space and one
dimension of time.

� Know that general relativity leads to the interpretation that mass curves spacetime,
and that gravity arises from the curvature of spacetime.

� Know that light or a freely moving object follows a geodesic (the path with the shortest
distance between two points) in spacetime.

� Represent world lines for objects which are stationary, moving with constant velocity
and accelerating.

� Know that the escape velocity from the event horizon of a black hole is equal to the
speed of light.

� Know that, from the perspective of a distant observer, time appears to be frozen at
the event horizon of a black hole.

� Know that the Schwarzschild radius of a black hole is the distance from its centre
(singularity) to its event horizon.

� Use an appropriate relationship to solve problems relating to the Schwarzschild radius
of a black hole.

rSchwarzschild =
2GM

c2
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3. Stellar Physics

� Use appropriate relationships to solve problems relating to luminosity, apparent bright-
ness b, distance between the observer and the star, power per unit area, stellar radius,
and stellar surface temperature. (Using the assumption that stars behave as black
bodies.)

b =
L

4πd2
;

P

A
= σT 4 ; L = 4πr2σT 4

� Know that stars are formed in interstellar clouds when gravitational forces overcome
thermal pressure and cause a molecular cloud to contract until the core becomes hot
enough to sustain nuclear fusion, which then provides a thermal pressure that balances
the gravitational force.

� Know the stages in the proton–proton chain (p–p chain) in stellar fusion reactions
which convert hydrogen to helium. One example of a p–p chain is:

� Know that Hertzsprung-Russell (H-R) diagrams are a representation of the classifica-
tion of stars.

� Classify stars and their position in Hertzsprung-Russell (H-R) diagrams, including
main sequence, giant, supergiant, and white dwarf.

� Use Hertzsprung-Russell (H-R) diagrams to determine stellar properties, including
prediction of colour of stars from their position in an H-R diagram.

� Know that the fusion of hydrogen occurs in the core of stars in the main sequence of
a Hertzsprung-Russell (H-R) diagram.

� Know that hydrogen fusion in the core of a star supplies the energy that maintains
the star’s outward thermal pressure to balance inward gravitational forces. When the
hydrogen in the core becomes depleted, nuclear fusion in the core ceases. The gas
surrounding the core, however, will still contain hydrogen. Gravitational forces cause
both the core, and the surrounding shell of hydrogen to shrink. In a star like the Sun,
the hydrogen shell becomes hot enough for hydrogen fusion in the shell of the star.
This leads to an increase in pressure which pushes the surface of the star outwards,
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causing it to cool. At this stage, the star will be in the giant or supergiant regions of
a Hertzspung-Russell (H-R) diagram.

� Know that, in a star like the Sun, the core shrinks and will become hot enough for the
helium in the core to begin fusion.

� Know that the mass of a star determines its lifetime.

� Know that every star ultimately becomes a white dwarf, a neutron star or a black hole.
The mass of the star determines its eventual fate.
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