3. A new look at the Coriolis
force — it Is not an optical illusion!
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The scientific-mathematical basis for these lectures
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The difference between the derivations of the Coriolis effect on a rotating turntable and on

the rotating Earth is discussed. In the latter case a real force, the component of the earth’s
gravitational attraction, non-parallel to the local vertical, plays a central role by balancing
the centrifugal force. That a real force is involved leaves open, not only the question on
the inertial nature of the ‘inertial oscillations’, but also the way we tend to physically
conceptualize the terrestrial Coriolis effect.
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This 1s not the Coriolis Effect!
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A popular, but

Very erroneous
explanation of the
Coriolis effect on a
rotating planet,
assuming the winds
conserve their
absolute velocity —
which they do not!



This 1s not only the Coriolis effect
but also the centrifugal effect

'\>_<>/v % -7

Seen from outside the carousel Seen from inside the carousel



But if the two erroneous assumptions are mathematically combined, as
IS done In many textbooks, one gets the correct result

460 m/s — % > —

3()° 400 m/s — 0 m/s X
OO ,”’ —
60 m/s + -

The derivation combines the previous erroneous assumptions:
that the absolute velocity Is conserved (left) and that on a
rotating carousel only the Coriolis force is active (right)

07/06/2016 5



This very easily acc = sideways acceleration (Coriolis effect)
understood, but

erroneous, derivation .
of the Coriolis force [2°= Q'A.t'vr Al
appears in two AS = acc-(At)/2
different versions ‘
acc = 2Q-V,
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One of them 1s found In at least two Russian
textbooks in dynamic meteorology
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rne G—*YCKO]}&HHG Sa, C"-IBT Bpamemm SEM."IPI HJIH yti{DpEHHe KO-

Us CpaBHeHHH Bpra}K'eHI{H mas AA, nonyqaeM B L
a=2-c; (224)
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The Coriolis force is said to be “fictitious” and unable to “do work”,
but this does not mean the Coriolis Effect 1s an “optical illusion”

In the 1950’s and 1960’s the
Russians and Americans planned f
to create artificial gravity on their A VON BRAUNS

SPACE STATION

space stations by letting them ‘ 952
rotate. This was nicely depicted in , “
Stanley Kubrick’s 1969 movie
“2001 - A Space Odyssey’:
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https://www.youtube.com/watch?v=q3oHmVhviO8
https://www.youtube.com/watch?v=1wJQ5UrAsIY&ebc=ANyPxKo4CqF8_xFhOGFvxKcYafafA0yy4qJOLEyy9E-Ar-6ou7TNub_e9DNKLtfamKKTqQ_HhYpnX_z5ZZG8mZpbPrLBqQgTkA
https://www.youtube.com/watch?v=1wJQ5UrAsIY&ebc=ANyPxKo4CqF8_xFhOGFvxKcYafafA0yy4qJOLEyy9E-Ar-6ou7TNub_e9DNKLtfamKKTqQ_HhYpnX_z5ZZG8mZpbPrLBqQgTkA
https://www.youtube.com/watch?v=1wJQ5UrAsIY&ebc=ANyPxKo4CqF8_xFhOGFvxKcYafafA0yy4qJOLEyy9E-Ar-6ou7TNub_e9DNKLtfamKKTqQ_HhYpnX_z5ZZG8mZpbPrLBqQgTkA
https://www.youtube.com/watch?v=1wJQ5UrAsIY&ebc=ANyPxKo4CqF8_xFhOGFvxKcYafafA0yy4qJOLEyy9E-Ar-6ou7TNub_e9DNKLtfamKKTqQ_HhYpnX_z5ZZG8mZpbPrLBqQgTkA
https://www.youtube.com/watch?v=1wJQ5UrAsIY&ebc=ANyPxKo4CqF8_xFhOGFvxKcYafafA0yy4qJOLEyy9E-Ar-6ou7TNub_e9DNKLtfamKKTqQ_HhYpnX_z5ZZG8mZpbPrLBqQgTkA
https://www.youtube.com/watch?v=1wJQ5UrAsIY&ebc=ANyPxKo4CqF8_xFhOGFvxKcYafafA0yy4qJOLEyy9E-Ar-6ou7TNub_e9DNKLtfamKKTqQ_HhYpnX_z5ZZG8mZpbPrLBqQgTkA
https://www.youtube.com/watch?v=1wJQ5UrAsIY&ebc=ANyPxKo4CqF8_xFhOGFvxKcYafafA0yy4qJOLEyy9E-Ar-6ou7TNub_e9DNKLtfamKKTqQ_HhYpnX_z5ZZG8mZpbPrLBqQgTkA

The answer Is In the original
1835 Coriolis paper

Coriolis was
Interested,
neither in the
atmosphere nor
_In the oceans —
b but in machines

Gaspard Gustave
Coriolis 1784-1843
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Coriolis was interested in how the centrifugal effect acted on
moving parts in rotating machines

The total
centrifugal force

The common
centrifugal force

The common
centrifugal force

The Coriolis force

A stationary object within An object moving (inwards)
the rotating system In the rotating system

Coriolis’s force was the “extra force” that had to be added to the
common centrifugal force to get the total centrifugal force
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Applied on a flat rotating carousel at a distance R

(dV

. dt

=0-2QxV -Qx(QxR)
A\

Gravity

A\

R = distance to
the rotational axis
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The resultant g’ is

not perpendicular to

, the carousel surface

g g sothe object glides
outward
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By making the carrousel concave we “get rid of”
the centrifugal force by combining it with gravity

J'=0-Qx(Q2xR)

( N/
dV, =g -2QxV,
. dt

C

The resultant g’ Is
now perpendicular
to the carousel
9
g g surface so the
object does not
glide outward
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The motion seen
from outside

The small body iIs
not perturbed

The small body is
perturbed

The same seen
from “inside” the
rotating parabola
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So now we know how
to “get rid of”” the Centrifugdl O
centrifugal forceona  force

carousel, but what !
about the earth? Oy
g’ Gravity
¢
! .

Centrifugal Exactly in the

= force -
same way, with
Gravitational /" W the shape of the
force . earth having an

Gravity Important role
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The crucial difference
between gravity (g)
and gravitation (g*)

@)

centrifugal
force

90°

gravitation < .
gravity
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We combine the gravitational attraction (g*) with
the centrifugal force into gravity (g)

4 A
aV, =g*-2QxV, -Qx(QxR)

. dt ),
(d V) l/

=0 —-2QxV,
L dt
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The force of gravity 1s pointing straight “down”
Q

hp,.

centrifugal

»

/. force

90°

“ ... butonly
when there Is

________________________ no motion
gravitation g* gravity ¢
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When there 1s motion .

@)

]201‘1'200 ) W-ly motion
(into the
picture) Increased
) » . centrifugal
o~ force
.. .the force of \ —{ <o
gravity Is no longer
pointing straight
“down”
Modified ¢
g* )/
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07/06/2016

bor,éo%l he EOtvos effect
4. affects the weight

y . Increased

X —centrifugal
- force

he Coriolis
effect deflects
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Example of the EOtvos effect

The weight of a French research vessel sailing in the Indian Ocean

92" 30° 93" 00'
-6° 00 -6° 00
Ship moves slightl eastwar> 18 16 éhip moves slightly westward

Ship moves westward

6730 17 -6° 30"
T
92° 30° 93° 00
http://www.geologie.ens.fr/~hebert/ THESE/CHAP2/FIGURES/figl.html)
07/06/2016 3rd Moscow seminar 17 May 2016 20

Anders Persson, Uppsala University



Example of the EOtvos effect

The weight of a French research vessel sailing in the Indian Ocean

Kkm
4120 4140 4160 4180 4200 4220 4240 4260 4280
-2400 A et et
2440 - Ship moves westward 17
IS heavier

-'-a -2480 - 16
2 18 ‘
= 2520 - +

-2560 1 | Ship moves slightly M

westward and Ship moves slightly ||
-2600 ol : v - v
Is slightly heavier eastward and
Is slightly lighter

The Eo6tvos effect only affects west-east motions

http://www.geologie.ens.fr/~hebert/ THESE/CHAP2/FIGURES/figl.html)
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For westward motion the centrifugal force weakens

Q bor,-z%t E-ly motion & The
i (out from § trifuaal
picture) centrifuga
force is
0 decreased by
20V but is still
Y pointing
outwards
Modified g
A
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The gravitational force pulls the motion inwards

. Paradox: If the
Q) 4or,  The Coriolis

g 3 centrifugal
Y effect Uk
. 8 force is still
.) pointing
The E6tvos effect ™ outwards how

increases the weight

N can anything

be deflected
Inwards?
g* /9
20V |
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Although the horizontal trajectory of a mass element
can be kinematically described by

[ A
Vo) —(c20xV,),
. dt ),

...It can dynamically only be understood by considering all the

three physical forces involved, of which one Is a real force
VA /

=g*-2QxV —-Qx(QxR)
. dt J,

Q: Wouldn’t a real force accelerate the absolute motion?
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An Inertia circle motion has The same motion in an absolute
constant relative velocity frame of reference
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The absolute velocities U, and U, of an object performing an inertia
oscillation (seen in an earth bound frame of reference) vary between the
absolute velocities U, and U, of the opposite bounding latitudes

If the absolute
velocities vary
then also a
real force Is
present, not
only the
fictitious
Coriolis force
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