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What Worksheet 4 trains

Four problems, all built on Lectures 7-8. The physics you need, per problem:

1. Impact energetics on Mars: impactor mass and energy, gravity-regime
crater scaling, the simple-to-complex transition.

2. Reading ages from craters: the crater chronology N(T), its linear and
exponential branches, the printed chronology figure.

3. Moment of inertia and the inside of Mercury: the two-layer model, layer
densities, what C/MR? measures.

4. Central pressure: hydrostatic equilibrium, the uniform-density pressure
profile, why it is a lower bound.

Every problem has the shape and level of one exam question. All parts are

analytical; no computer is needed.
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Impact energetics on Mars

The gravity-regime scaling of Lecture 7:

Simple or complex?

P, g D, « 1/g: stronger gravity collapses
smaller cavities. Locate the martian
transition from the lunar one, then

© E,= %mvz with m = %rrr3p: the whole classify your crater against it.

chain runs in Sl units.

1/4 .. R
N ( E, ) ! D o L34 The transition diameter scales as

e The fourth root compresses hard:
check how many orders of magnitude
in energy correspond to one order of
magnitude in diameter.

One scaling law connects the impactor you cannot see to the crater you can

measure.
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Reading ages from craters

The lunar chronology of Lecture 7:

Lunar crater chronology

early bombardment

N(1)=ale’"=11+bT

10714 a=544x10 “km’
3=6.93 Gyr™

b=838x10"" km™ Gyr™!

o dated samples

Nz 1km)=a(e -1)+bT

steady impact flux

e Young surfaces lie on the linear branch:

Cumulative crater density N(= 1km) [km~2]

— Neukum, Ivanov and Hartmann (2001)

steady flux, N = bT, age is a division. P0 @ We wn b G sh b s

¢ Old surfaces lie on the exponential The chronology curve printed on the sheet. N(T) has no
branch of the early bombardment: N closed-form inverse: on the steep branch neglect the small
grows exponentially with T. term, solve, and correct once; on the shallow branch check

that the dropped term is small.

The same measurement error means different things on different branches:

check which branch you are on before you trust a crater age.
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Moment of inertia and the inside of Mercury

The two-layer model of Lecture 8:

Small cores hide well

(f-1)x°+1 foPe A core of radius fraction x fills only
(F-1)x3+1 TP, x3 of the volume. Before judging any
claim from C/MR?, compute how far a
plausible core can move the number
e A uniform sphere gives 0.400; every at all.

planet measures below it, and the

deficit measures central condensation.

C
MR2

=2
5

* Mass balance fixes the layer densities:
core mass in core volume, the rest in
the mantle shell.

C/MR? is measured from spin and gravity without drilling a hole; it is the single

most informative number about a planetary interior.
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Central pressure

Hydrostatic equilibrium at uniform density:
What changes if density is not
_2n GH?R? - 3GM? uniform?
c 3 8mR* Compare the enclosed-mass term at
fixed r for a centrally concentrated
profile against a uniform one. State
only which term grows, not the
direction of the final inequality.

p

e Derive it once: integrate
dP/dr = -Gm(r)p/r? from the centre to
the surface.

e The two forms must agree; use the
second as a cross-check on the first.

The central pressure of a uniform body depends only on its mass and radius; the

strong M? /R* scaling separates the planets by orders of magnitude.
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Working the worksheet

« Show your algebra. The exam asks for the steps, not only the number.
« Carry 4 significant figures through intermediate steps; round at the end.

» Use the checkpoints (“show that ...”) to verify your work and to keep
moving if a step resists.

» Qualitative parts want 2 to 3 sentences of physics, not an essay.

» Problem 2 reads the chronology figure printed on the sheet; the
qualitative parts train the exam skill of arguing from mechanisms.

Worksheet and full solutions: ips.formingworlds.space/worksheets.html.

We discuss questions, not presentations of the solutions.
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