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5 Cylen ical

" Coordinates

F

By definition, the cylindrical coordinates of a point M are:

(t, ¢, 2), and unit basis vectors (e, Zp’,_k)) wherer> 0 and
0<6 <2m

r=0
24 0<op<2nm
(&, = cos@i + singj ., —0 <z <
{ eq@ = —sin@l + cosQ]
ez =k ﬂ :




« The cylendrical Coordinates are just an extention of
the polar coordinates for the three dimensiontional
coordinates system

» The cylendrical coordinates of a point M are (r,@.Z)
* r 1s the distance between the point P and the Z axe

*@ is the angle between the axis(x) and the vector OM’
where M’ is the projection of M on the (xy) plane

* 7.1s the height of the point M



« Convert Cylendrical to Cartesian.

r x\ (x=r. cos®P
(<P> — (y) 1Y = T.SInQ

Z Z \Z:Z

« Convert Cartesian to Cylendrical.

X r r=.x%+y?
"\V)7\7) ) e =1
Z Z X



e Position vector:

P

OM =0M +MM=r.¢,+z¢,
OM = rcos .1+ rsin@.] + Zk

The elementary displacement is given by the expression
ds? = dr? 4 r2d@?+dz?



« Velocity vector:

® U( ) =7=E(p.€p +Z€Z) —
U(t) — a (p ep) + E (ZBZ)

e, = cosPlL + sinQj

d_e_p>__- E —>+- > e —
— = —@sin@l + QcosP] = @ eg

V() =pe,+pPeg+Ze,



Magnitude

V]| = \[vrz + v(pz + v, with

V=D radial
U v = pp transversal
v, =Z azimutal



Acceleration vector:

Z: (pep+p(pe(p+Zez)

a

de .. de(p
i-pe,+p—-+Ppeg+Ppeg+pP — +Z e;
e(p = —sin@l + cosQj
de(p
o - - @ cosQ T - @ sing® J = ¢ (cosQt + singj)
dec
d;p=¢e_19>



Magnitude

|C_i| — \/arz -+ Cl(pz - Clzz Wlth

=P —P%p radial
a a(p =2p@+@p transveral
a, = Z azimutal



) Spherical Coordinates (r, 6, ¢)

[ Splml ﬁ

Coordinates

(x = R sinB cos @
1y = R sinBsing
Z = R.cosg




e The spherical coordinates of a point P are (z, CI), 6) where:

R : is the distance between the origin and the point M

CI):is the angle between the axis(x) and the point m, where m is the

projection of point M on the (xy) plane

O . is the angle between vector R and Z axe



Convert from spherical to cartesian :

X =1.cos6
y = r.5in6 r =R sing
Z = R.cos®

R X x = R.sin®.cos6
(6) — (y) 1y = R.sin®.sin6
() Z Z = R.cos®

e Convert Cartesian to spherical:

r R =.x2+7y2+z2
VA

X R
- (»)- (e) ! cosg =
Z P

Ltg9=

><|\<:U|



The position vector OM is defined by: r(t), (t), @(t)
Using relationships between vectors (e;, e eq)
(

e, = sinf cos@l + sind.sine] + cosOk
{ ep = —sin@t + cos@j

g = cosOcos@l + cosf sing] — sinfk



- Position vector:
= [oM|=R &
The position vector OM is defined by. R(t), O(t

) d(f)
e OM = R[sin® cos@t + sinb.singj + cos6 E] = Re,.



» Velocity vector:

. dOM dR de.. U
v(t) — dt ( er) — er + R dtr >
y )

o % = é[cosecoscp? + cos@sin(pf — Sinel_{)] + (sing[-sing :Coscpj]

d€—7~> S— . -  —
e — = (fepy + Psinbe
0 o TP ¢

Substituting into the equation of speed, we obtain.
e ¥(t) = Rus + ROeg+R sinb ¢ eQ

Then the three components of the velocity vector appear as follows:

e U(t) = Vg +vgtvg

e U(t) = d—RTR’+R—HSln(pu3+R—(pu(p



Magnitude

-

|v =\/vR2+v32+v(p2 withe

(v = R radial

U{ vg = RO azmutal
L Ve = R sin6 ¢ transversal




Acceleration vector:

- d'l_j d S— 1— 5 . —_—
o azaza(R up + ROeg+R sinf @ e(p)

e d=(R—RO*—R@?*)e, + (RO + 2RO — R@*sind cosH)eg
+ (R@sind + 2R Ppsind + 2R @ 0 6059)%’




Magnitude

|a =\/aR2+a92+a(p2 with

(4, =R —R6% - R¢?
d{ ag= RO + 2RO — Rp*sinb cosh
Lap = R®sin® + 2R @sind + 2R ¢ 6 cosb
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