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ABSTRACT

In this paper, we derive the expressions for tHecity and acceleration for bodies in Elliptic aytirical coordinate
systems. These expressions for the velocity arelexation so derived can be applied in the formokatof Kinetic
energy and Newton’s equations of motion for a pletin a homogeneous elliptic cylinder.
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INTRODUCTION

In general, the coordinateéu, Vv, W) of a coordinate system can be used to specify at poithat coordinate

system. In the Cartesian coordinate system, thed'umles(x, 2 Z) is used to describe a point in the Cartesian

coordinate system. This description of points camxtended to other coordinate systems, howevéhnjsrpaper we
are interested in the elliptic cylindrical coordimasystem. In the elliptic cylindrical coordinatbe coordinates

(u, Vv, Z) is used to describe a point in space. These crmmﬁ(u, Vv, Z) of the elliptic cylindrical coordinates

can be expressed in terms of the Cartesian codedirzand consequently, the well known formulatiasvielocity
and acceleration in the Cartesian coordinatestuamtie extended to the Elliptic cylindrical cooats.

MATHEMATICAL ANALYSIS

The elliptic cylindrical coordinate(u, Vv, Z) can be expressed in terms of the Cartesian ccmaﬁ(x, Y, Z)
as [1]

X = acoshu cosv 1)
y = asinhusinv 2)
z=2z (3)
where
u=0, O0sv<2r, -0<z<o©

The scale factoréhu, h, hz) in the elliptic cylindrical coordinates are definas!
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= av/sink’ u+ sirt v (4)
h, = a/sinh? u+ sirf v (5)

h =1 (6)

The instantaneous position vectpris given by

r=xi+yj+zk ©)
In terms of the elliptic cylindrical coordinatele instantaneous position vector is expressed]d3][
r =acoshu cowi +a sinh 5|m+ zZk 8)

and the unit elliptic cylindrical unit vecto(l;l v, Z) is expressed in terms of the Cartesian unit ve(:iton k) as

. _sinhu cosvi + coshi siNj
u= I )

(sinh2 u+ sirf v)E

. coshu sirvi + sinlu cos;
V=- - (10)

(sinh2 u+ sirf v)5

and
(11)
iven as:

|= @ =

k=
Now, by definition [2], [4] the instantaneous vétycu is
u

(12)

where I' denotes a derivative with respect to time.
Therefore, in terms of the elliptic cylindrical cdinates, equation (12) can be expressed as

u=u,0+yw uk (13)

whereU,, U, and U, are the components of the instantaneous velotttye U, vand zdirections respectively.

Substituting equations (9) — (11) into (12) and @ifying further yields the components of the imgeneous
velocity expressed explicitly as follows:

1
= asint? u+ sirf V2 (14)
1
u, = a(sint? u+ sirf V)2 v (15)
u, =2z (16)
Likewise, the instantaneous accelerat@@ns given by definition [4],[5] as
a=a,u+aw 3% 17)

where @,, & anda,are the components of the instantaneous acceleratiothe U, vand z directions

respectively. Therefore, substituting equations) (24(16) into equation (17) and after simplificatjowe can
explicitly express the instantaneous acceleratiea@ngin equation (17) in its respective componasts

a (sinh2u+ sirf v) U+ 2sinv cosvu s
au =
(sinh2u+ Sirt v)% +coshu sinhul? — cosli sinbV
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a (sinh2 u+ sirf v) V+ 2sinfu cosu )
aV =
(sinhz u+ sirf v)% —Ccosv Sinvi? + cos sini?
8, =2 (20)

The equations (18) — (20) completely describesatioeleration of a body in the elliptic cylindricadordinates.

RESULTSAND DISCUSSION

In this paper, we have derived the velocity inpgiti cylindrical coordinates along the, Vand z directions as
stated explicitly by equations (14) — (16) respadti. Also, the acceleration in the elliptic cylichl coordinates
was derived and given explicitly for tHe, Vand z directions by equations (18) — (20).

CONCLUSION

The velocity and acceleration in the elliptic cdiital coordinates derived here allows for the folation of the
equations of motion for bodies in the elliptic eyrical coordinate systems. Also, the equationsvedrcan be
extended to applications for bodies in the elligttindrical coordinates.
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