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The Moon rotates. If it did not, observers on Earth would see different sides as it travelled
around us. We see nearly the same face because its rotation and orbital motion are
synchronized: one turn relative to distant space takes approximately one journey around
Earth [1].

That describes the geometry, but it does not yet explain how the synchronization arose.
The physical explanation involves deformation, torque and the conversion of mechanical
energy into internal heat. It also needs the word nearly, because the actual motion lets us
look a little around the edges over time.

1. Keeping one face towards Earth requires rotation
Imagine a marked sphere moving around a central point while its marked direction
remains fixed relative to the room. From the central point, the marking moves into and out
of view during the circuit. A nonrotating sphere does not keep one face directed towards
the centre.

Now turn the sphere once during its trip, maintaining the mark towards the centre. Its
orientation has changed through a full revolution relative to the room, even though the
central observer has continued to see the same face. This is the basic geometry of
synchronous rotation. NASA's lunar rotation material illustrates precisely this distinction
[1].

The relevant rotation period is measured against a distant reference direction, not by
counting the interval from one full moon to the next. The cycle of lunar phases also
depends on Earth's movement around the Sun. Confusing those reference directions
makes two different periods appear contradictory when they are answering different
questions.

The phases are changes in how much of the visible hemisphere is illuminated from our
viewpoint. They are not a monthly display of different hemispheres. Likewise, the far side
is not permanently dark: “far” describes its orientation relative to Earth, whereas
illumination depends on the Sun.

2. A perfectly rigid point cannot supply the whole explanation
A point-mass orbit explains translation but has no internal deformation or spin to
synchronize. To explain tidal locking, the Moon must be treated as an extended body.
Earth's gravitational influence differs across it and tends to deform its shape. The origin of
that gradient is treated separately in “Why are there often two high tides a day?”

A real body does not respond like an ideal, instantly adjusting fluid without energy loss. Its
deformation depends on material properties and on the frequency of the changing stress.
When rotation is not synchronous, the changing tidal distortion can lag the forcing. The
resulting misalignment allows gravity to exert a torque that changes the spin [2].

For a body rotating faster than its orbital motion in the simplest prograde picture, the tidal
torque tends to slow that spin. The corresponding deformation cycle dissipates mechanical
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energy. The direction should not be memorized as “tides always slow every spin”: a body
rotating too slowly in the appropriate configuration can be spun up instead.

The system evolves through coupled rotation and orbital motion, with energy converted to
heat and angular momentum exchanged. A model that merely deletes rotational energy
without accounting for torque and the orbit is incomplete. The mechanism is a dynamical
evolution, not a gravitational instruction to point one particular face towards Earth.

3. Dissipation is compatible with conservation laws
Mechanical energy is not the same as total energy. Internal heating can reduce the energy
available in organized rotation and orbital motion while conserving energy overall. This
distinction is necessary whenever frictional or viscoelastic processes enter an orbital
problem.

Angular momentum imposes another constraint. In an isolated two-body model, internal
tidal torques transfer angular momentum between spin and orbit rather than destroying
the system's total. The real Earth–Moon system also experiences external influences,
especially from the Sun, so that isolated model is an approximation.

Consider a schematic frictional coupling with torque magnitude τ between two steadily
defined angular motions at rates ω and n. If the torque opposes their difference, the
mechanical power lost to that relative motion is τ|ω − n|. This simple expression illustrates
why relative motion and a dissipative torque can produce heating. It is not a complete
lunar tidal-heating formula, especially for an eccentric orbit.

Near synchronism in the ideal circular picture, the large recurring distortion associated
with asynchronous spin is reduced. That makes synchronization physically understandable
as an outcome of dissipation. It does not imply that every time-dependent deformation
disappears from the actual Moon. Orbital eccentricity and other departures from the ideal
geometry leave additional variations.

4. Why the face is only nearly fixed
The Moon's orbit is elliptical, so its orbital angular speed varies. Its rotation is much more
nearly uniform. The mismatch lets us see slightly around alternate eastern and western
edges at different orbital positions. The inclination geometry similarly changes the view
near the poles. These apparent rocking effects are called libration [3].

Our observing position also changes as Earth rotates. That shift adds a smaller
geometrical change in viewpoint. None of these effects means the Moon has abandoned
synchronous rotation. A statement about the mean spin–orbit relationship can coexist with
variations in the instantaneous direction and the visible region.

Apparent orientation must consequently be interpreted with the observing geometry
specified. A side-to-side motion in an image sequence does not by itself measure a change
in the physical spin rate. Orbital position and viewpoint have to be accounted for before a
residual motion can be attributed to a changing orientation of the body.

This is why “one face” is an excellent first approximation but a poor claim of exact
immobility. The central visible regions recur, while the accessible margins change. A
careful model must reproduce both the repetition and the departures from it.
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5. What observations establish, and what modelling reconstructs
Following identifiable surface markings over time establishes the near-synchronous
relation directly. Their apparent positions, measured against the changing orbital and
observing geometry, constrain libration. These are observations of the present motion;
they do not depend on knowing every detail of the Moon's early interior.

Reconstructing the rate at which locking developed is harder. It requires assumptions
about earlier rotation, orbital configuration and the material response that controls tidal
dissipation. Different interior conditions can produce different evolution times. The
qualitative mechanism is well established, but an exact historical timetable cannot be
extracted from today's repeated face alone.

NASA's tidal-locking account explains the dissipative mechanism and distinguishes its
continuing effects in the Earth–Moon system [2]. Its simplified circular picture is useful for
understanding synchronization; predicting the actual motion requires additional terms. No
single unqualified locking time is needed to explain the present observation.

The current outward evolution of the lunar orbit also involves Earth's rotation and tidal
response. It should not be attributed solely to energy lost inside the Moon. Spin, orbit and
internal heat form one accounting problem, and identifying which body experiences a
torque matters.

6. The answer joins geometry to a physical history
The geometrical answer is that the Moon turns once as it travels once around Earth. The
physical explanation is that tidal deformation and dissipation changed its rotational state
until a near-synchronous configuration emerged. Libration explains why the same face is
an approximation rather than an exact visual freeze.

The common error is to infer “not rotating” from “not showing a new face to me”. Rotation
must be defined relative to a reference direction: relative to distant stars, the Moon's
surface turns once per orbit, while relative to Earth it stays nearly fixed. Once that
reference is specified, the apparent paradox disappears, leaving the more interesting
question of how a deformable body exchanges energy and angular momentum over time.
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