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AM-07.02 — Calculating a simplified Earth-Mars
transfer: about 259 days and 44° lead

Essential answer

Calculating a simplified Earth-Mars transfer: about 259 days and 44° lead. The familiar eight-to-nine-month
scale for an energy-efficient Earth-Mars transfer is not magic. A simplified solar Hohmann model reproduces it
step by step. The rest of the course turns that idea into an auditable line of reasoning: explicit units,

stated assumptions, reproducible calculations, order-of-magnitude checks and interpretation limits. A result is
useful only when the reader can explain what it measures, where every input came from and which engineering
decision it can support.

Reasoning map

1.1 — Build a mental picture before using a formula
2. 2 — Essential vocabulary before going further

3. 3 — Understand the mechanism step by step

4.4 — The formula, only now

5. 5 — What the units tell you

The familiar eight-to-nine-month scale for an energy-efficient Earth-Mars transfer is not magic. A simplified solar
Hohmann model reproduces it step by step.

AU — astronomical unit, the average Earth-Sun distance.

Before calculating

Quantity: AM-07.02 — Calculating a simplified Earth-Mars transfer: about 259 days and 44° lead
Check: units + order of magnitude + assumptions
Decision: state what the result actually supports
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2 — Essential vocabulary before going further

AU — astronomical unit, the average Earth-Sun distance.

transfer semi-major axis — average of departure and arrival orbital radii in the Hohmann model.
phase angle — Mars lead angle relative to Earth at departure.

normalized Kepler relation — using AU and years around the Sun.

simplified model — useful approximation that omits many real perturbations and constraints.

3 — Understand the mechanism step by step

Use Earth =1 AU and Mars =1.524 AU.

With T2=a3, the full transfer ellipse has T=1.418 years; half is =0.709 year or =259 days.

During 259 days Mars advances =135.7°. The spacecraft travels 180° along the half ellipse, so Mars must start about
44.3° ahead in the simplified geometry.

4 — The formula, only now

How to read it: at is transfer semi-major axis; r E and r_M are Earth and Mars orbital radii in AU; Tt is the full
transfer ellipse period in years in the normalized relation.

ar=1.262 AU; Tt=1.418 yr; half-transfer=259 days; Mars travels=135.7°; required simplified lead=44.3°.
5 — What the units tell you

Active reading

Sections: 2 — Essential vocabulary before going further ; 3 — Understand the mechanism step by step
Verification: A value is usable only with its unit and calculation boundary.
Exercise: change one assumption and predict the direction of change before recalculating
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6 — Three concrete demonstrations
1.2623=2.010; v2.010=1.418 yr; half=0.709 yr; x365.25=259 days.
7 — Why this matters for a Mars mission

JPL educational material uses this simplified geometry to teach Mars launch windows; real navigation uses numerical
ephemerides and optimized trajectories.

8 — Common traps and misleading intuitions
treating 259 days as mandatory.

confusing phase angle with launch azimuth.

ignoring real ephemerides and inclinations.

assuming the calculation directly gives all mission delta-v .

9 — What | should be able to explain at the end
explain the idea in ordinary words

read and pronounce the important symbols

repeat at least one calculation without hidden steps

identify what the simplified model assumes and does not prove

Active reading

Sections: 6 — Three concrete demonstrations ; 7 — Why this matters for a Mars mission
Verification: A value is usable only with its unit and calculation boundary.
Exercise: change one assumption and predict the direction of change before recalculating
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What the simplified 259-day and 44-degree Earth-Mars transfer means

The simplified Hohmann calculation treats Earth and Mars as circular coplanar orbits. The transfer ellipse has a
semi-major axis equal to the average orbital radius, and half its period gives roughly 259 days. That value is a
pedagogical reference, not a mandatory duration for real Mars flights.

Mars keeps moving during those months. The departure phase angle is chosen so Mars reaches the intercept point at
the same time as the spacecraft. A value around 44 degrees belongs to this idealized model and is not a universal
operational instruction.

Real design starts from ephemeris states and converts the heliocentric trajectory into the departure hyperbolic
excess and launch energy that a specific launch vehicle can deliver, while also shaping Mars arrival conditions.

10 — Guided exercises and answers
11 — NASA / JPL sources for further study
JPL Education — Let’s Go to Mars! Calculating Launch Windows

NASA Science — Basics of Space Flight, Trajectories

Active reading

Sections: What the simplified 259-day and 44-degree Earth-Mars transfer means ; 10 — Guided exercises and
answers
Verification: JPL Education — Let’s Go to Mars! Calculating Launch Windows | NASA Science — Basics of Space

Flight, Trajectories

Exercise: change one assumption and predict the direction of change before recalculating
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