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WARMING UP

(1) PRETTY PICTURES

Find images on the www of the following galaxies and classify them according to Hubble’s
classification scheme (E0, . . . , E7, S0, SB0, Sa, . . . , Sc, SBa, . . . , SBc, Irr). The galaxies
are:

NGC 2403, NGC 2683, NGC 3031, NGC 3184, NGC 3344, NGC 3379, NGC 3810, NGC
4242, NGC 4406, NGC 4449, NGC 4501

(Hint: The course website (http://www.ast.cam.ac.uk/∼nwe/astrodyn.html) has links in
the section On-Line Resources. Click the galaxy catalogue and the NASA/IPAC extra-
galactic database links to find images).

(2) VIZIER

Plot the colour-magnitude diagram for the 5000 brightest (V < 6.0) and the 5000 nearest
( parallax > 23.4 mas) stars from the Hipparcos catalogue. A color-magnitude diagram is
a plot of absolute magnitude MV versus color B − V . Interpret your diagrams.

A useful interface to the Hipparcos catalogue is the VizieR service. This is linked from the
course website in On-Line Resources. VisieR enables you to extract ASCII tables, which
can be plotted with your favourite plotting program.

(3) A FEW QUICK QUESTIONS

What is the nearest star visible from Cambridge other than the Sun? What is the brightest
star other then the Sun? What is the star that moves fastest on the Sky? Explain why there
are locations on Mercury where the sun rises twice and sets twice on the same day? Does
the shadow of a solar eclipse move from east to west or west to east ? Is the acceleration
of the Sun in the Galaxy due mostly to the nearest stars or the most distant stars? What
is the inclination between the plane of the Galaxy and the plane of the Solar system (the
ecliptic)?

POTENTIAL THEORY

(4) BREAKFAST AT DUNKIN’S

Newton’s law of gravity states that the gravitational force between two point masses in-
creases as they are brought closer together. Find an example of two bodies for which the
gravitational force decreases as they are brought closer together



(5) HERNQUIST’S MODEL

Hernquist introduced a simple model of a galaxy halo. His model has gravitational poten-
tial

φ = −
GM

r + a

where r is the spherical polar radius, and M and a are constants Find the density of
Hernquist’s model, and the radius that encloses half the mass. Plot the rotation curve of
the model.

(6) NO CALCULATION NEEDED

A theorist writes down the gravitational potential of a galaxy model as

φ = −
K

(r4 + a2r2 + b2)1/4

Without doing any detailed calculations, find the total mass of the galaxy model in terms
of the constants K, a and b, and Newton’s gravitational constant G.

(7) KELVIN’S PARADOX

Newton’s Theorem on the gravitational force due to a uniform spherical shell states that
the interior force vanishes, and that the force outside is the same as that due to an equal
point mass at the centre of the shell. Newton’s Cosmology posits an infinite space filled
with a uniform matter distribution. Show that Newton’s Theorem is inconsistent with
Newton’s Cosmology. Hint: Show that the force at a point due to an infinite uniform
medium can take any value we please.

(8) THE PUZZLED PROFESSOR**

Prove that the surface density Σ and potential φ of an infinitesimally thin disk occupying
the plane z = 0 are related by

Σ(x) =
1

4π2G

∫ ∫

dx′dy′

|x − x
′|

( ∂2φ

∂x′2
+

∂2φ

∂y′2

)

Hint (or Gloat): When I was a grad student, this defeated the then Professor of Theoretical
Astronomy at Cambridge University. Use Laplace Transforms.

(9) EXPONENTIAL SPHEROIDS*

Consider the exponential sphere, with density distribution

ρ = ρ0 exp(−αr),

where r is the spherical polar radius and α is a constant with dimensions of inverse length.
What is the total mass M of the model? Show that the rotation curve is

v2

circ =
GM

r
−

GM exp(−αr)

2r

(

α2r2 + 2αr + 2
)

.



Now consider the flattened analogues of the exponential sphere, which we call the expo-
nential spheroids. These have density law

ρ = ρ0 exp(−αm)

where m2 = R2 + z2q−2. Here, R and z are cylindrical polar coordinates and q is the
constant axis ratio of the isodensity contours. What is the total mass M of the model?
Find an expression for the gravitational potential of the exponential spheroid. Show that
the rotation curve is

v2

circ =
GMR2α3

2

∫ 1

0

du u2 exp(−αRu)

(1 − u2(1 − q2))1/2
.

Find an approximation for vcirc when q is near unity (i.e., the model is only slightly
flattened). Does the circular speed at the same distance R required for centrifugal balance
increase or decrease as we flatten the model? Why?

(10) LOGARITHMIC SPIRALS**

Let (r, θ, φ) be spherical polar coordinates. Consider the density distribution (known as
the log–spiral)

ρ(r, θ) = ρ0

( b

r

)5/2

Pn(θ) cos(α log r),

where Pn is a Legendre polynomial of degree n and α, b and ρ0 are all constants. What
is the gravitational potential corresponding to this density law? Such potential–density
pairs are used in the studies of the axisymmetric stability of axisymmetric stellar systems.
Why?


