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Coriolis Force Effects

The angular velocity vector @, which represents Earth’s rotation about its axis, is
directed in a northerly direction. Therefore, in the Northern Hemisphere, @
has a component w, directed outward along the local vertical.




If a particle is pro-
jected in a horizontal plane (in the local coordinate system at the surface of
Earth) with a velocity v,, then the Coriolis force —2me X v, has a component in
the plane of magnitude 2mw,v, directed toward the right of the particle’s motion
(see Figure 10-7), and a deflection from the original direction of motion results.*

<2 Deflected path

In the Northern Hemisphere, a particle projected in a horizontal plane
will be directed toward the right of the particle’s motion. In the
Southern Hemisphere, the direction will be to the left.
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Wind flow
[sobar 4

(a) (b)

Figure 11.12 Wind direction from a high to low pressure (a) in the absence of
the Coriolis force, and (b) in the presence of the Corolis forces.



(a) (b) Idealized flow (c) Actual

Figure 11.13 Wind flow about a low pressure in the Northern Hemisphere
(a) without the Coriolis force, (b) idealized in the presence of the Coriolis force
Fe, and (c) actual,



o) g V.50 Jlis
25 by omb 4 oS S Sl e s gl sl B gl s S 28

B =g == o
sl byl 2
h’\j) Zi =h, :Q:i :y: - ¢ O t = o
57
(2 (t) = ;—wgtr cos X — wt' (3! cos X — ¢. sin\) + &Lt +
| v
< y'(t) = gt —wilt' sin )\ + v b = -‘;wgt Cos A
\ , LY
kz"(t) = —79157 + 3 t+wi't cosA+ 2 < y’(t) =
\
()= —<gt +h

Y



X' df;’ \

S350 89S Gt 4 Lgh s o o
tT = YR/g &S asim n (2] = 0) 2S00 Culiol mej 4 e 0] (s

\
;N (ARTNT : L e
wh=gw | — cos A o b, el 5o

g



S5 JolS Gll ¥.5.0 Jlus

5 g Skt 38l Lo sl 53 ve 55 Ayl s b S 0, 55 ) laby
2k e & il opl A58 2 8

.g::.éizojdj’:):vo C_APJ..VA

Spirsn Sk aly S S ol s ) e X =YL =20 =0 o — o

y' () =gt — Wit sin A + » y'(t) = —wu,t' sin A



7\4>O—) y’<03ﬁdooWUUﬂMwbwmmUﬁ

7\4<0—> y'>03ﬁ&oWUUﬁM%WM4¢Uﬂ

ty = H/v, —— il jlip gloycsa ty S H = v.ty aslb aby, i8], H 3

wHY
Vo

s2f Sl Y(t) — AR | sin A






s 46 s 45 b ] Gl 50 (8008 b, S g sl VL Ole
S o 2 3Ny oS o B iS50 S 8 Gl 86 () daly e ) 2L
‘JJSL;#- e Gfi“-““" Candl 3, 2dy (51815 s ] el u—;—"bl-’x JrRC



. /. o~
ob e a4 ST &S oS e adlhs |, K65l eS8 s Gl se Sl i el o
"x"i)fu" o5 Sagl ol & syenl 5 3) 8 oA

_9 .)’ 3,9 (S9p
S lC’ ws

CS o Jenshd dslea

mi' =mg+ 8 — Ymw x ¢’




11.5 FOUCAULT PENDULUM

In 1851, Jean Leon Foucault (1819-1868) devised a system, called the Foucault pendulum, that
demonstrates that Earth is a noninertial system. In other words, as we shall show, he demon-
strated the presence of the Coriolis force due to the rotation of Earth. The Foucault pendulum
consisted of a heavy bob of 28-kg mass hanging from a long wire of 67-m length mounted from
the dome of the Pantheon in Paris. The pendulum swung freely in any vertical plane. Once the
pendulum was set swinging in a definite vertical plane, 1t was observed that the plane of the
swing precessed about the vertical. The plane precessed almost a centimeter on each swing,
thereby directly demonstrating that Earth is rotating. (Such a pendulum is exhibited at the
Smithsonian Institution in Washington, D.C.)

& d
m ﬁ =T + mg — 2me X é (11.73)

The last term in this equation is the Coriolis force and would have been absent if Earth were not
rotating. Equation (11.73) without the last term is simply an equation of a stmple pendulum in
a nonrotating Earth.



For small velocities, say v == 10 km/h, the Coriolis force is about 0.1% of the gravitational
force mg,; hence the vertical component of the Coriolis force is negligible as compared to mg,.
On the other hand, the horizontal component of the Coriolis force that is perpendicular to r and
is in the XY plane has an appreciable effect on the motion of the pendulum because no other
forces are acting in this plane. This component of the Coriolis force makes it impossible for the
pendulum to continue to swing in a fixed vertical plane and results in a precession or rotation of
this plane about the vertical axis. We calculate the frequency of the precession as follows.
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A = 45° T, = 34h

|

w = 90° (north pole) 7, =24h

A = 0° (equator) T = x



