The Coriolis Force (x,y, and z
components)
So far, we’ve examined the forces acting on air that is
stationary with respect to the Earth’s surface. These are the
pressure gradient force and the gravity force. When the air
is moving with respect to the Earth’s surface, the frictional
force also comes into play.
However, movement of air with respect to the Earth’s
surface can also change the air’s rate of rotation. The
rotation of our Earth, !Earth , implies a latitudinally
dependent zonal velocity (U=!EarthRcos", where " is
latitude). This is our reference velocity (that we think of as
being “at rest”). Let’s first consider motion in the zonal
direction with respect to this “state of rest.”
MOTION IN THE ZONAL DIRECTION (U not equal
to zero)
If you are moving eastward at a speed U then it would take
you less time to complete one entire rotation because you
are traveling faster than the Earth’s surface. (Note: I’ve
used U here rather than V (as in our centrifugal force notes)
since the Earth’s rotation imparts a zonal velocity.)

This is another way of saying that, if you’re moving (or if
the atmosphere is moving) in the zonal direction, then your
angular velocity, !, is going to change.
It will be greater than !Earth if you are traveling
towards the east, and less than !Earth if you are
traveling towards the west.
Since angular velocity equals linear velocity (U) divided by
Rcos", we can say that if air is moving in the zonal
direction then its new angular velocity, !, is equal to:
" = ("earth +
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where !Earth=7.292x10-5 s-1 is the (modern) constant
rotation rate of the Earth.
Recalling our discussion of centrifugal acceleration (_2R),
this change in rotation rate therefore changes the
centrifugal force acting on the air! Taking into account the
variation of R with latitude, the centrifugal acceleration at
latitude " may be written as !2Recos".
We can calculate what the change is by calculating the new
centrifugal force:
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Conversely, if you are traveling towards the west, you are
opposing the Earth’s rotation and it would take you a
longer time to travel one entire rotation.
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The first term on the right hand side, !2earthRecos" is the
normal centrifugal acceleration caused by Earth’s rotation.
We have already combined this term with the gravitational
acceleration in our definition of the gravity force, so we no
longer need to worry about that.
The second term on the right hand side is called the
CORIOLIS ACCELERATION which, when acting on a
unit mass, gives rise to the CORIOLIS FORCE.
The third term on the right hand side is, for our purposes,
much smaller than the Coriolis term. For example,
climatological winds are on the order of 10 m/s, so U2/Re is
much less than 2U!earth for most applications. We will
therefore ignore the last term.
NOTE: part of scientific reasoning is knowing when one
can throw out certain terms and when one must retain them.
It always boils down to A=B+C+D+E, but if we can throw
out D and E (e.g., B=C=1000 and D=E=0.01) and say that
A~B+C, so much the better!
Note that all three terms on the right hand side are vector
quantities and that they point in the same direction as the
centrifugal force (i.e., they point away from the axis of
rotation). Considering only the Coriolis term, we get the
following picture:

Now, if we were standing at latitude Phi (") in the above
diagram, you can see that the CORIOLIS FORCE IS NOT
ALIGNED WITH EITHER OUR LOCAL VERTICAL OR
OUR LOCAL HORIZONTAL AXES. However, it does
have components in both z and y and we can find what
these are using, once again, trigonometry (i.e.,
SohCahToa).

HORIZONTAL COMPONENT: The component of the
Coriolis acceleration that lies in the local meridional
direction is therefore 2U!sin".
It is zero at the equator and greatest at the poles. It, too, is
proportional to the wind speed. Air moving in the eastward
direction (U>0) in the northern hemisphere (">0) therefore
experiences a SOUTHWARD acceleration. Air moving in
the westward direction (U<0) in the northern hemisphere
(">0) therefore experiences a NORTHWARD acceleration.
Note that these results are opposite in the southern
hemisphere because sin"<0 there. Therefore, in the
southern hemisphere, eastward winds experience a
northward acceleration and westward winds experience a
southward acceleration.
VERTICAL COMPONENT: The component of the
Coriolis acceleration that lies in the local vertical direction
is therefore 2U!cos".
It is therefore zero at the poles, and greatest at the equator,
and its magnitude is proportional to the wind speed, U. If
air is moving eastward (U>0) it experiences an UPWARDS
acceleration. If it is moving westward (U<0) it experiences
a DOWNWARDS acceleration. Note that these statements
apply equally well in the southern hemisphere (where "<0)
because cos" is always greater than zero.

These Coriolis accelerations produce Coriolis forces that
act in the vertical (z) and meridional (y) directions. As we
will see later, Coriolis force in the vertical is much smaller
than either the vertical pressure gradient force or the
gravity force and so is usually neglected.
The meridional Coriolis force, however, is as large as the
pressure gradient force for very large spatial scale
atmospheric motion (i.e., motion on a scale of 1000 km).
What about motion in the meridional direction? If we were
not moving in the zonal direction at all (U=0), but were

traveling only in the meridional direction (V not zero), do
we feel the Coriolis force? The answer is yes, but not quite
for the same reasons.

Motion in the meridional direction (V not equal to
zero)
If air moves in the meridional direction it is changing its
distance to the axis of rotation. For example, air moving
from the equator to the pole decreases this distance (see the
diagram for Rcos"…as " increases from 0 the 90, this
distance decreases).
There is a quantity called ANGULAR MOMENTUM that
is conserved in rotating systems. Conserved quantities are
extremely important because they can be used to predict
changes in physical parameters between one state and
another.
Angular momentum at latitude " is equal to !(Recos")2 or,
in words, it is equal to the angular velocity times the square
of the distance to the axis of rotation.
What does this mean?
Well, there are only two things that can change in this
expression of angular momentum: the rotation rate, !, and
the distance to the axis of rotation, Recos".
What does conservation of angular momentum mean?

If you change one of either Recos" or !, the other must
change in such a way as to EXACTLY COMPENSATE
in order to keep the value of the angular momentum the
same.
EXAMPLE: Figure skaters use this fact all the time when
spinning. If they enter a spin with their arms extended,
there is a relatively large distance from their hands to the
axis of rotation (their body). If they then retract their arms,
bringing them closer to their bodies, their rotation rate must
increase in order to conserve angular momentum. If they
then get dizzy, they can always put out their arms again to
slow their rotation rate. EASY!
On our planet, air moving poleward shrinks the distance to
the axis of rotation. In order to conserve angular
momentum, it must therefore increase its angular velocity.
It does this by accelerating in the zonal direction. Poleward
moving air therefore accelerates towards the east. One can
show from angular momentum conservation that the
magnitude of this zonal acceleration must be equal to:
dU
= 2" earthV sin !
dt

where V is the meridional velocity and dU/dt is the zonal
acceleration.
Therefore, for air traveling northward (V>0) in the northern
hemisphere there is an eastward acceleration. For air

traveling southward (V<0) in the northern hemisphere,
there is a westward acceleration.
In the southern hemisphere, where "<0, the opposite results
obtain.

Motion in the vertical direction (W not equal to
zero)
From the above arguments and the diagrams that we’ve
drawn, you can convince yourself that motion in the locally
vertical direction also changes the distance to the axis of
rotation. We won’t go through the derivation but, again,
conservation of angular momentum implies that upwards
air motion (W>0) gives rise to a zonal acceleration of
magnitude
dU
= #2" earthW cos !
dt

where W is the vertical velocity.
This result implies that upward motion (W>0) imparts a
westward acceleration (dU/dt<0), and downwards motion
(W<0) imparts an eastward acceleration (dU/dt>0).

SUMMARY OF CORIOLIS FORCE

From the above discussion, the Coriolis force has three
components to it: one in the x (zonal) direction, one in the y
(meridional) direction, and one in the vertical.
If we call the 3-dimensional Coriolis force CF, then
CF=Mass x (Coriolis acceleration) or, since we like to use
density we can say that per unit volume the Coriolis force
is:
CF=2!earth#[Vsin"-Wcos", -Usin", Ucos"]
Or, separating this into its three spatial components, the
Coriolis force in the zonal direction is
2!earth#Vsin"-2!earth# Wcos"
The Coriolis force in the meridional direction is
-2!earth#Usin"
and the Coriolis force in the vertical direction is
2!earth#Ucos"
As mentioned previously, the term involving W in the
zonal component is typically small. Looking at only the
horizontal (x,y) components, you should convince yourself
that THE CORIOLIS FORCE ACTS IN A DIRECTION
SUCH THAT WINDS ARE ALWAYS DEFLECTED TO
THE RIGHT IN THE NORTHERN HEMISPHERE AND
TO THE LEFT IN THE SOUTHERN HEMISPHERE.
For example, if air were moving from south to north (V>0)
it would experience a Coriolis force in the positive zonal

direction (towards the east) because of 2!earth#Vsin" in the
zonal component of the CF.
This fact is probably familiar to most of you. What we’ve
done here is to give you the EXACT MAGNITUDE of the
force, as well as its physical basis and its physical meaning.

THIS COMPLETES OUR DISCUSSION
OF THE REAL AND APPARENT
FORCES THAT ACT ON OUR
ATMOSPHERE.
LET’S NOW PUT THEM ALL
TOGETHER AND SEE HOW THEY
COMPARE TO EACH OTHER IN
MAGNITUDE. HOPEFULLY, SOME
WILL BE MUCH LARGER THAN
OTHERS SO THAT WE CAN THROW
OUT CERTAIN TERMS TO MAKE
OUR LIFE SIMPLER…

