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6.13 CYLINDERICAL POLAR COORDINATES
Let P (x,y,z) beany point whose - -

projection on the xy—plane is Q (x,y). Thenthe

cylinderical coordinates of P are (r, 6 ,z)in

which r = 0Q,6 = £XO0Q and z = QP . From

figure (6.9), the transformation  equations

the
rectangular Cartesian coordinates in

expressing the
s of cylinderical polar coordinates are:

term
x = rcos 6 B¢
y = rsin 0 | (2)
2=z 3) R

where r =2 0, 0<8< 27, and —0 < z < 0., -
COORDINATE SURFACES P

. In cylinderical coordinate system , the -cdordinate surfaces are: -

3 -

ot ot

Scanned with CamScanner



—————l

Z—a)\lS making an anglc 0 thh the xz — plane as shown mn ﬁgure [ 6.10 (b) ] .

b S

(0,0.C3)

r=C
o -, 0 .
\ \} _
| x ®) Figure (6.10) " ©
COORDINATE CURVES

'Q' ar.gq“ﬂz_larg_ﬁggg_d_whlle r varies , then the intersection of 8 =
¢ called the r—coordinate curve or simply the r-curve..

-If-r and z are fixed while 6 varies , then the intersection of 1 = C,

——

{or pb‘fr“lt')"/t—:_arlled the 8—coordinate curve or simply the O—curve . ,
- i

‘r and O are fixed while z varies , then the .
tc'i_'sectioxi’of‘r = C, and O = C, isa C>L

straight line called the z—coordinate curve or | P SU

G-curve

Ler 0,
and parallc ,,to,the»xy;plane*and ‘the z—curves

¢straight lines parallel to the z-axis as shown in 2-curve
/‘_’_’-‘—”—

| CYLINDERICAL ~ COORDINATES  IN TERMS * OF

know that the eduations expressing the rectangular Cartesian coordinates

rcos 6 M
rsin 0 e Q)
@A)
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1S held constant Whllc 6 a“d 2 "al'y then the efhntlon T C. represents a rILhI cnrcu.i.ar-," 1

_9 is held constant whlle T and z. vary M Lhen lhe equauon 9 e 2 l‘epresems o half plam i

,5 held constam while and 6 vary ‘then the equatlon z = C’g represents a plane . -
z—axgs; as shown in ﬁgure[6 lO(c)] S W e S

Cs and z = C5 is a straight

and z = C; isacin:k;

FWUTC (6 ll)
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~In matrix notation equations (5) can’ be written as- e

In cyhndencal polar coordmates this becomes

Then.

In cylindérical polar com these becomes Hiv
dA; = (r)(1)dedz=rdodz | g}g
dA2=(1)(1)drdz = drdz Ny

and - dA3=(l)(r‘).drd6=r'drd6/‘.

‘ CYLINDERICAL POLAR (”OORDINATES
“In cylmderlcal polar coordmates we have ’ ol

'ul;,r', ‘—e u.=z,—--h, 1 hz.~

'ARCLENGTHELEMENT -y B Tt

(ds) = hl(du, Y +h3(du, Y +h3(dus )

kWe know that the elements of area in orthogonal curvilinear coordmates are

Ay ' cos I smB 0 r'A_r 1%
Ay, | = sme ‘cose 0 'A"g 1 -

hgvl

]

In orthogonal curvilinear coordinates , the element of arc length is determined fro

(ds) = (AP (dr)'+(r) (d8y+(17(dz) = (dr)z'+r?(de')’f(§i_z')2.
ALTERNATIVE METHOD

In cylinderical polar coordinates ,
ox ox

X=TC0$ea y=rsm9, zZ =2

dx = -a—r‘dr+‘a—6d9 = cosBdr-rsin6d®o

ay oy .
d.y—'a—dr+55d9 = sinBdr+rcos6d®
dz =dz

ds? = (dx)’+(dy)? +(dz)?
(cos®dr—rsin6d6)>+(sinBdr+rcos0dB)? +(dz)
(cos 6+51n 9)(dr) +(r’sin’0+r2cos’0)(do)?

—2rsm6c056drd8+2rsm9cosBdrd6+
(dr) +r? (dG) +(dz)?

AREA ELEMENT

W\

VOLUMEELEMENT o = "R | ... 2
Thevolumeelement in orthogonal curv:lmear din o

- coordinatés is 3 . |
dV =h, hzhsdu du,du, A
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L cal polar coordmates thxs becomes |

rdrdez

o o
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