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FORCES ACTING ON THE AIRPLANE
In some respects at least, how well a pilot performs in
flight depends upon the ability to plan and coordinate
the use of the power and flight controls for changing
the forces of thrust, drag, lift, and weight. It is the bal-
ance between these forces that the pilot must always
control. The better the understanding of the forces and
means of controlling them, the greater will be the
pilot’s skill at doing so.

The following defines these forces in relation to
straight-and-level, unaccelerated flight.

Thrust is the forward force produced by the power-
plant/propeller. It opposes or overcomes the force of
drag. As a general rule, it is said to act parallel to the
longitudinal axis. However, this is not always the case
as will be explained later.

Drag is a rearward, retarding force, and is caused by
disruption of airflow by the wing, fuselage, and other
protruding objects. Drag opposes thrust, and acts rear-
ward parallel to the relative wind.

Weight is the combined load of the airplane itself, the
crew, the fuel, and the cargo or baggage. Weight pulls
the airplane downward because of the force of gravity.
It opposes lift, and acts vertically downward through
the airplane’s center of gravity.

Lift opposes the downward force of weight, is pro-
duced by the dynamic effect of the air acting on the
wing, and acts perpendicular to the flightpath through
the wing’s center of lift.

In steady flight, the sum of these opposing forces is
equal to zero. There can be no unbalanced forces in
steady, straight flight (Newton’s Third Law). This is
true whether flying level or when climbing or
descending. This is not the same thing as saying that
the four forces are all equal. It simply means that
the opposing forces are equal to, and thereby cancel
the effects of, each other. Often the relationship
between the four forces has been erroneously
explained or illustrated in such a way that this point
is obscured. Consider figure 3-1 on the next page,
for example. In the upper illustration the force vectors
of thrust, drag, lift, and weight appear to be equal in
value. The usual explanation states (without stipulat-
ing that thrust and drag do not equal weight and lift)
that thrust equals drag and lift equals weight as shown
in the lower illustration. This basically true statement
must be understood or it can be misleading. It should
be understood that in straight, level, unaccelerated
flight, it is true that the opposing lift/weight forces
are equal, but they are also greater than the oppos-
ing forces of thrust/drag that are equal only to each
other; not to lift/weight. To be correct about it, it
must be said that in steady flight:

• The sum of all upward forces (not just lift) equals
the sum of all downward forces (not just weight).

• The sum of all forward forces (not just thrust)
equals the sum of all backward forces (not just
drag).

This refinement of the old “thrust equals drag; lift
equals weight” formula takes into account the fact that
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