
ESE 101 Ticket Questions

Week 2 (10/8)

What is Earth’s 1) Mean surface temperature? 2) Effective temperature? 3) And why is there a
difference?

1) 255 K. 2) 288 K. 3) The atmosphere traps some outgoing longwave radiation and re-radiates
it back towards the surface. This “greenhouse effect” warms the surface above the blackbody
emission temperature.

Week 3 (10/15)

What is orbital eccentricity? How does it affect climate?
Eccentricity describes how oblong Earth’s orbit around the sun is. Non-zero eccentricity results

in the seasonal cycle of solar insolation; a more eccentric orbit leads to stronger seasonality. Eccen-
tricity variations also affect the global, annual mean insolation: S ≈ S0

(
1 + e2/2 +O(e4)

)
. More

eccentric orbits result in more average ToA (top-of-atmosphere) insolation.

Week 4 (10/22)

What is the solar zenith angle? What are two factors that influence zenith angle?
Solar zenith angle (θ) is the angle of the sun in the sky relative to surface normal vector. It is

the complement of elevation angle. Solar zenith angle depends on:

1. Latitude (φ)

2. Obliquity (γ)

3. Time of day (η)

4. Time of year (Ls)

This can be summarized in this equation: cos θ = sinφ sin δ + cosφ cos δ cos η, where δ is the
declination angle: sin δ = sin γ sinLs.

Week 5 (10/29)

Explain one type of line broadening.
Spectral absorption or emission lines have finite widths that are determined by three factors:

1. Natural broadening. Because excited states have finite lifetimes ∆t, according to the Heisen-
berg Uncertainty Principle, they cannot have definite energies. There is a lower bound on the
energy uncertainty (which defines the linewidth) is ∆E∆t ≥ h̄

2 . The line shape is Lorentzian.

2. Pressure broadening (or collision broadening). This arises from pressure effects where colli-
sions between molecules can transfer small amounts of energy and thus broaden the range of
possible energies (or wavelengths) that photons must have to excite the same ro-vibrational
mode in a molecule. The line shape is Lorentzian.
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3. Doppler broadening. This arises from the Doppler effect where when a molecule is moving,
the energy of an incoming photon in the moving reference frame is Doppler shifted such
that a larger range of energies (or wavelengths) can excite the same ro-vibrational mode in a
molecule. The line shape is Gaussian.

Note: The convolution of these line shapes (Gaussian + Lorentzian) is called a Voigt line shape
and is the observed shape of measured spectral lines.

Week 6 (11/5)

Write the surface energy balance equation.
The energy storage (LHS) is equal to the net energy flux into the surface (RHS). This is the net

shortwave radiation plus downwelling longwave minus the sum of the upwelling longwave, sensible
heat flux, latent heat flux, and ocean heat uptake.

dE

dt
= (1− α)SW + LWdown − LWup − SHF − LHF −OHU

Week 7 (11/12)

Sketch the zonally-averaged northward energy flux (in PW) as a function of latitude. Explain how
insolation drives this flux.

The function is sinusoidal with zeros at the poles and right near the equator. The maxima are
about ±6 PW and occur around ±30◦. The flux of energy from the equator to the poles is implied
by the differential insolation and heating of Earth. Because the equator receives more insolation
than the poles, energy is transported down-gradient or poleward. The divergence of the energy flux
is balanced by the net radiation at the top of the atmosphere, −∇ · F = RTOA. The majority of
the energy flux is in the atmosphere rather than the ocean.

Week 8 (11/19)

What is Hide’s theorem? (Hint: What restriction does it place on zonal wind?)
Hide’s theorem states that angular momentum extrema occur at the boundaries; i.e., the internal

angular momentum cannot exceed the angular momentum at the surface at the equator. This
restricts the zonal wind so that the zonal wind cannot exceed the angular momentum conserving
zonal wind.

u ≤ uM ≡ Ωa
sin2 φ

cosφ

Week 10 (12/3)

What is the global-annual mean *net* precipitation?
Zero. For global, long-time averages, precipitation must exactly balance evaporation.
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