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Rotation

The atnosphere rotates with the earth and notions
wi thin the atnosphere clearly follow curved paths
(cycl ones, anticyclones, hurricanes, tornadoes etc.)

W need to express rotation quantitatively. For a solid
obj ect or any nass that does not distort during
rotation, we use the term angular velocity o(G eek
onega). Later, we will assign the termvorticity to the
rotation of a fluid such as the atnosphere.

Angul ar velocity ® expresses the rate of rotation of a
body and is defined as the angle in radi ans through

whi ch the body turns in unit tinme. The units of ® are
t heref ore radi ans/ second. Renenber though that a radian
is a fraction of a conplete revolution (2n radians =
360° and it is not a fundanental dinension (like tine
or length) that nust be carried through in any

cal culation involving o.

An object noving with speed v around a point at
di stance r, has an angul ar velocity

Angul ar velocity is a vector quantity. W adopt the
convention that the vector associated with the rotation
is aligned wwth the axis of rotation in the sense of a
right-hand screw (the right hand rule: with your thunb
aligned with axis of rotation and pointing in the
direction of the vector, your fingers, curling around

t he pal mof your hand, will give the direction of
rotation).
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Theangular velocity of the earth Q

The earth rotates towards the east and, therefore, the
vector angul ar velocity points outwards fromthe north

pole (and into the south pole). The magnitude of Q is
one revolution (2=n radians) per day but we nust
calculate it fromthe duration of the sidereal day,
relative to the stars and not to the sun. The sidereal
day is 23 hrs 56 m nutes

N

O~ 2n .
(23hrs56 min)

—7.292 107 rad/s

Si nce nost atnosphere notion is parallel to the earth’s
surface and the atnosphere is a very thin sheet
encircling the globe, we are concerned primarily with

t he magni tude of the conponent of the earth’ s angul ar
velocity along the local vertical direction. This is
rotation in a local horizontal plane.
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¢ islaitude angle

Q, is the local vertical conponent of the angul ar
vel ocity.

At the north pole, Q,=Q (-Q at the S-pole)
At the equator, Q,=0

In general, Q,=Qsné.

The Coriolis effect

The Coriolis effect is the apparent deviation of any
body or mass of air in notion that results fromthe
rotation of the earth. The atnosphere is coupled to the
earth only through gravity and friction at the surface.
O herwise, it is free to nove independently.

Any anal ysis of the notion of the atnosphere in terns
of Newton’s |laws of notion nust be made in a frane of
reference oriented to the stars (in inertial frame of
reference). However, the earth rotates in this frame of
reference and is therefore a non-inertial frame. To
conpensate for the influence of the earth’ s rotation,
we I ntroduce an apparent force, the Coriolis force,
that allows us to treat the atnosphere using the basic
| aws of noti on.

Consi der an object (or a mass of air) noving on a
surface that is rotating about some |ocal vertical axis
wi th angular velocity ®. Suppose the object is not

subj ect to any external forces and is thus noving at

constant speed towards sone reference point outside the
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rotating surface.

A'
———mmm—mm————— - %
A,B reference point
5 (fixed star)

At the start, the point Ais aligned with the reference
poi nt and the object heads directly for it. However, in
the interval of time it takes for the object to reach
this radial distance, point A has rotated to A'. The
object arrives at point B on the surface which has
rotated to B, inline with the reference point.

Anal yzing the notion as an observer on the rotating
surface, we would see the object noving in a curved
path as shown on the plot bel ow
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The curved path Oto B is as seen by the surface bound
observer, while the straight line Oto Bis the path as
vi ewed by an observer outside the rotation coordinate
system The curved path appears as a deviation to the
right of the nmotion in this case in which the rotation
is anticlockwise (as is the rotation of the northern
hem sphere). In the rotating frane of reference, we can
“explain” this notion by introducing the Coriolis force
and Coriolis acceleration.
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The magnitude of the Coriolis acceleration

Consi der an object in notion in the northern hem sphere
subject only to the Coriolis force acting to turn it to
the right fromits current direction of notion.

x<<d

Let Coriolis acceleration be a, then the distance
traveled to the right

=112
2

where t is the travel tine, which can be related to the
speed of the object v and the distance traveled d such
t hat

t=—=
Vi

and, therefore

1 (d)
X==a|—
2 \vg
Now, the sideways notion can al so be cal cul ated from

t he angul ar velocity of the target about the origin.
Let this angular velocity be o, then

2
X=V2t=0\).d.t=ﬂ
Vi
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Equating these two expressions for x, we obtain
1 (d) od
X==a|—| =—
2 \v; Vv,
gi vi ng
a=2mv, (no notion, no force)

If ® is that due to the earth’s rotati on about a | ocal
vertical axis, such that

®=Qsng¢
t hen
a=(2Qsno¢)v,
=fv;
wher e f=2Qsny is called the Coriolis paraneter

Calculating f at different |atitudes,

Lat it ude f(sh)
0 0
15 3.8 10°°
30 7.3 10°°
45 10.3 10°° (mid latitudes ~10%
60 12.6 10°°
75 14.1 10°
90 14.6 10°° (twice Q)
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