
ASTR469: Homework #6.

Due 1 Mar at beginning of class. Note: as usual this homework will help you dive deeper
into the past week’s topics, but it is also targeted to make you think back to some topics

covered in the first few lectures.

1. At closest approach, the angular diameter of the planet Venus is θ ' 1.0 arcmin and
its flux density at a frequency of ν = 2 GHz is around 2.5 Jy.

(a) (4pt) Based on the Rayleigh-Jeans limit to the Planck function, walk me step-
by-step through the determination of an expression for brightness temperature in
terms of flux, frequency, and source solid angle.

(b) (4pt) What is the brightness temperature TB of Venus at 1.4 GHz?

2. (2 pt) What temperature would a blackbody have to be to produce emission that peaks
in the radio band (e. g. 5 GHz)?

3. (4 pt) About two decades ago, the HALCA satellite was launched to enable interfer-
ometry from space at wavelengths of ∼30 GHz. It formed baselines using dishes from
the Very Long Baseline Array, which spans North America. HALCA’s highly elliptical
orbit had an apogee distance of around 26,000 km from Earth’s center. What is the
smallest linear scale this experiment could have measured for an object at the distance
of the Andromeda galaxy, about 800 Mpc away?

4. Consider the Very Large Array: a radio interferometric array of 27 dishes, each 25 m
in diameter. The telescope runs on railroad tracks to change its “configuration,” i.e.
to change the baselines between dishes. Let’s consider observations at 2 GHz.

(a) (2 pt) In the VLA’s most expansive “A Configuration,” the furthest dishes are
35 km apart. What’s the best resolution of the VLA at 2 GHz? Give answer in
arcseconds.

(b) (2 pt) What’s the total solid angle the VLA can see at 2 GHz? Give answer in
square degrees, and do not use the small-angle approximation.

(c) (2 pt) What’s the net collecting area of the VLA?

(d) (2 pt) How much energy is collected by this telescope per second per hertz when
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pointed at Venus (recall flux value from first question)?

5. In class we discussed synchrotron emission, and I noted that radio-emitting synchrotron
particles continue their emission for longer periods. Let’s explore that idea, and assume
that an electron is gyrating in a magnetic field with a velocity magnitude of 0.9 times
the speed of light. Assume it is releasing energy at a steady rate of N photons per
second, and that the energy for each photon released comes completely out of the
kinetic energy of the particle.

(a) (4 pt) Determine an expression E(N, t) for the electron’s kinetic energy after some
amount of time t.1

(b) (3 pt) If all photons are emitted at a radio frequency of 8 GHz, write your expres-
sion in terms of E(Nradio) for the electron’s velocity after 10 kyr.

(c) (1 pt) If the electron was instead gyrating such that it was emitting only UV
photons at 195 nm, write the expression in terms of E(NUV) for the electron’s
velocity after 10 kyr.

(d) (3 pt) Brief self-reflection: Based on the above three points, comment on the
relative lifetime of the synchrotron electrons if the photon emission rate is assumed
to be the same for both the radio and UV bands throughout the entire emissivity
of the electron. (Alternately: if you couldn’t figure out an expression for part 5a,
at least explain your thinking on how you tried to approach finding an answer).

1Note: in reality as the electron loses velocity it will gyrate more slowly, but we are ignoring that fact.
In any case, the change in gyration frequency should be negligible for small t values, and this assumption is
valid for the sake of this exercise.
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