
Fictitious Forces

January 26, 2026

Introduction

Newton’s second law F = ma only holds when the reference frame is inertial, i.e. the ob-
server is not accelerating. For a non-inertial frame, apply any necessary fictitious forces,
and proceed to work as if the frame was inertial.

Fictitious Force: An apparent force is appears when working with a non-inertial frame
of reference. When added in addition to real forces (which are the same in any frame),
F = ma becomes valid.

• Negative signs are included because if the reference frame is accelerating, the objects
within the reference frame will appear to be accelerating in the opposite direction.

• In an inertial frame, there are no fictitious forces..

There are four types of fictitious forces, translational, centrifugal, coriolis, and azimuthal:

ma = Freal + Ftranslational + Fcentrifugal + Fcoriolis + Fazimuthal

Depending on the acceleration of the reference frame, if we add all the necessary terms
above, you can then use F = ma as in an inertial frame.

Translational force: If the observer has a linear acceleration aframe, then:

Ftranslational = −maframe

opposite the direction of the acceleration aframe.

Centrifugal force: If the observer (reference frame) is rotating about a point with angular
velocity ω, then an object at radius r will experience a fictitious force:

Fcentrifugal = −mv2/r = −mω2r

pointing radially outward.

Coriolis force: If the observer is rotating about a point at angular velocity ω, and an
object moves with velocity v parallel to the plane of rotation, then:

Fcoriolis = −2mω × v
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with direction determined by the cross product ω×v (use right hand rule) and thus always
perpendicular to v.

Azimuthal fictitious force: If the observer is rotating about a point at angular accelera-
tion α and radius r, then:

Fazimuthal = −mα× r = −matangential

opposite the direction of the tangential acceleration.

**Stick with one reference frame when solving problems, as switching will result in extra-
neous forces. Fictitious forces should only be used when the reference frame is accelerating
(don’t use on physics class FRQs!!)

Practice Problems
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At t = 0, a 100 g ball is thrown upward with initial speed v = 2 m/s in an open-platform
elevator which is moving downward with v = 3 m/s and accelerating downward with an
acceleration of magnitude a = 3 m/s2. A drag force with magnitude Fdrag = 0.8 N acts on
the ball.

(a) What is the net force on the ball in the frame of the elevator after it has been thrown?
(b) What is the net force on the ball in the frame of a person standing on the ground after
it has been thrown?
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If a longjumper can jump 8 meters at the north pole, how far can he jump at the equator?
Assume that geff is 0.5% less at the equator than at the north pole (although this is only
approximate). Ignore effects of wind resistance, temperature, and runaways made of ice.
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