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FIGURE 4.6 Geometry showing the relationship
between a stationary coordinate system O123 and a
noninertial coordinate system 0’1’2’3 that is moving,
accelerating, and rotating with respect to 0123. In
particular, the vector connecting O and O’ is X(f) and
the rotational velocity of O'V2'3' is Q(f). The vector
velocity u at point P in 0123 is shown. The vector
velocity u' at point P in 012’3’ differs from u because
of the motion of 0'1'2'3.
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- 4.7 Geometry showing the relationship between
unit vector e} in 0'1'2'3'. Here, the increment de}

Md\r.f-— =

\ei\
CInlMk = A=

A ,Q.A« %3‘-\'({\/\

(re =5)
Q, the rotational velocity vector of 0'1'2'3, and the first

is perpendicular to Q and €.
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FIGURE 4.8  Particle trajectory deflection caused by the Coriolis acceleration when observed in a rotating frame -

a2 TRUL e
A = x-uv\"\-ﬁ.’t, :}ﬁfz-ﬂ——- =3§'
-QXu X1 = ANL,»MM gk.ru.u:hb =4

reference If observed from a stationary frame of reference, the particle trajectory would be straight.
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‘RE 4.9 The earth’s rotation causes it to budge near the equator and this leads to a mild distortion of

1_5 “ztental surfaces from perfect spherical symmetry. The total gravitational acceleration is a sum of a centrally
e acceleration 8n (the Newtonian gravitation) and a rotational correction Q2R that points away from the axis of
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Exercise 4.50. Derive (4.43) from (4.42).

Solution 4.50. The entire statement of equation (4.42) is:

dx dX dx' d
=gt—=—‘—i—+—d—=U+E(xl’e{+x;e’2+x;e’3)
dx't , dic’ . de ,  idey de, _, de; , ,
=U+——1e1+-—2e2+—3—e3+x1——+x2——+x3——=U+u +Qxx,
dt dt dt dt dt dt

Thus, we see that dx'/dt = o' + Q x x'. Now time differentiate u, to find:

dt dt dt dt
dU d 17 Pt I ! dx’
=—d—t+——(ulel+u2e2+u3e3)+——xx +Qx—d—t-
=ﬂ+éﬂe{+%e;+%e’3+u{gﬁ+ u;fl—e—z—+ ugég—+@xx'+9x(u'+9xx’)
dt dt dt dt dt dt dt t

Here the various terms written in component form may be identified. The second through fourth
terms are the fluid particle acceleration, a”, observed in the non-inertial frame of reference. The
fifth through seventh terms, which involve the time derivatives of the unit vectors, can be written
in terms of a cross product:
4 ! 14

’EE‘—+ u;f{ﬁz_Jr ugfl&—=9 xu,

dt dt dt
as depicted in Figure 4.7 and described in paragraph below (4.42). With these replacements, the
last equality for the fluid particle acceleration becomes:

a=£dy—+a'+§2xu'+£l£2—xx’+£2xu’+§2x(§2xx')

dt dt
=—d—U—+a’+2qu’+i%xx’+9x(9xx'),
dt dt

which matches (4.43).

Right Circular Cone

Let R = radius of base, s = slant height.
VETTR
7Rs = 7R V/R? + h?

7R(R + 5) = nR(R + VR + i?)
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