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AM-07.03 — Trajectory correction maneuvers: why an
almost perfect launch is not enough

Essential answer

Trajectory correction maneuvers: why an almost perfect launch is not enough. Interplanetary trajectories are
not left untouched after launch. Tiny injection and navigation errors grow over millions of kilometres, so
trajectory correction maneuvers—TCMs—progressively retarget the spacecraft. 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

Interplanetary trajectories are not left untouched after launch. Tiny injection and navigation errors grow over
millions of kilometres, so trajectory correction maneuvers—TCMs—progressively retarget the spacecraft.

TCM — trajectory correction maneuver.

Before calculating

Quantity: AM-07.03 — Trajectory correction maneuvers: why an almost perfect launch is not enough

Check: units + order of magnitude + assumptions

Decision: state what the result actually supports



AM-07.03 — SPACE ACADEMY — LOT 15 — v1.8

Delta-Sierra — AM-07.03 — 2/4

AM-07.03 — Trajectory correction maneuvers: why an almost perfect launch is not enough

2 — Essential vocabulary before going further
TCM — trajectory correction maneuver.
injection error — difference between achieved and planned post-launch state.
state — position and velocity at a given time.
arrival target — desired geometry and timing near Mars.
bias — planned or systematic offset.
3 — Understand the mechanism step by step
A small early maneuver can shift the future arrival point dramatically.
Tracking data update the estimated trajectory before a burn is designed.
Missions schedule several correction opportunities; some may be adjusted or cancelled depending on actual
performance.
4 — The formula, only now
How to read it: D is distance and θ, theta, is a small angle in radians.
0.01°×π/180≈0.0001745 rad; ×100,000,000 km≈17,450 km. This is geometry, not full orbital propagation.
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
0.01° = 0.0001745 rad; over 100 million km, Dθ≈17,450 km as a simple geometric illustration.
A few m/s weeks before arrival can materially move the eventual targeting point.
Mars 2020 trajectory design included propulsive TCMs to remove injection bias/error and target the desired entry
state.
7 — Why this matters for a Mars mission
TCMs connect launch performance, navigation knowledge and precise Mars arrival.
8 — Common traps and misleading intuitions
assuming launch fixes the path forever.
burning before updating the orbit estimate.
confusing measurement precision with final targeting accuracy.
using Dθ as a complete navigation model.
9 — What I should be able to explain at the end
explain the idea in ordinary words
read and pronounce the important symbols

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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repeat at least one calculation without hidden steps
identify what the simplified model assumes and does not prove
Why trajectory correction maneuvers remain necessary after an excellent launch
A Trajectory Correction Maneuver corrects the interplanetary path after initial injection. Launch dispersion, state
uncertainty, small propulsion biases, solar radiation pressure and imperfect modeling move the predicted arrival
point over months of flight.
An early small correction can create a large displacement at arrival, but correcting too early with uncertain
navigation can over-correct. Deep-space navigation therefore alternates tracking, covariance estimation and
maneuver decisions.
Corrections can also support planetary protection and safety. A launch trajectory can intentionally avoid Mars
until navigation is confirmed, with a later maneuver targeting the planet. That prevents an uncontrolled stage or
vehicle from reaching Mars by default.
10 — Guided exercises and answers
11 — NASA / JPL sources for further study
NASA Science — Mars 2020 Perseverance, Cruise / route to Mars
NASA Science — Basics of Space Flight, Navigation

Active reading

Sections: Why trajectory correction maneuvers remain necessary after an excellent launch ; 10 — Guided
exercises and answers

Verification: NASA Science — Mars 2020 Perseverance, Cruise / route to Mars | NASA Science — Basics of Space
Flight, Navigation

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


