LECTURE NO 4



* Coordinate system
* Need of transformation
* Transformation from cartesian to cylindrical



Coordinate System &
Transformation




»An orthogonal system is one in which
the coordinates are mutually
perpendicular.

» Three best-known coordinate systems:

» The Cartesian w

. . : Choice is based —
> The circular cylmde . -

> The spherical V\/\/ .



CARTESIAN COORDINATES (X, Y, Z)

Point P can be represented as (x, y, z)



Cylindrical Coordinates
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Cylindrical Coordinates

Dot product:

A-B=AB, +AB,+AB

Cross product:
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Spherical Coordinates

Vector representation (Rr er q))

A=RA; +0A, +gA,
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Cartesian to Cylindrical Transformation

gl

A = A cosg+ A sing P(x, 3, 2)

A, =—-AsIng+ A Cos¢ EZ,, .
SO T~ S x=rcos ¢
AZ B AZ I :W y=rsin ¢
p=tan(y/x)
L=17 i -7

I = XCOS¢@+ ysin g
é = —%sin ¢+ { cos ¢
1=1

Page 115

o)
Q)
(e}
~



CONVERSION OF CARTESIAN
VECTOR TO CYLINDRICAL VECTOR

a, = cos¢a, — SsIn o a,
a, = sin¢ a, + cos ¢ a,
a, = a,

a, = cos¢ga, +singa,
a; = —smg¢a, + cos¢a,

a. = a.



CONVERSION OF CARTESIAN
VECTOR TO CYLINDRICAL VECTOR




CONVERSION OF CARTESIAN
VECTOR TO CYLINDRICAL VECTOR

A, =Acosd + A sing
A, = —A.sing + A, cos o

A, = A,



CONVERSION OF CARTESIAN
VECTOR TO CYLINDRICAL VECTOR

[n matrix form, we have the transformation of vector A from (4, A4,,4.) to

(4,44 A4,) as
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CONVERSION OF CARTESIAN
VECTOR TO CYLINDRICAL VECTOR

The inverse of the transformation (4,, A4, A,) = (A,, A,, A,) 1s obtained as

[;’1:} | cos ¢ sino 0! _;‘1;,1;
Ay | = —sing cosg 0| | A,
A o0 1] |A

COS ¢ —sin ¢ I’J_

A, | [ A,
Ay | = | sing cos¢ 0 || Ay
ALl L0 0 1]/A




Spherical Coordinate system

O == p =- oo
O = @ = r
O = ¢ == 27

|_J:=rsinﬁcﬂz-'.¢1, y = rsinf sin @, a=rﬂnsﬁJ
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Spherical Coordinate system

The unit vectors a,, a,, a, and a,, ay, a, are related as follows:
a, = sinfcos¢a, + cosflcosga, — singa,

a, = sinfsin¢a, + cos 0 sin ¢ a5 + cos d ay

a, = cosba, — sinfa,

a, =sinficosga, +sinfsingpa, +cosla,
a; = cosficosga, +costisinga, — sinfla,

a, = —sin¢a, + cos ¢ a,



Conversion of Cartesian to Spherical
Coordinate system and vice-versa

[n matrix form, the (A,, A,, A,) = (A,, Ay, A,) vector transformation is performed accord-
g to

| - — = e — ]

A, sin # cos ¢ sin € sin ¢ cosf || A, | |
Ag —cosflcos¢ cosfsing sinfl || A, | |

--sin ¢ CcOs ¢ 0 A

cos —sin & 0 Ag

B — — R
A, : rﬂill Bcosge cosfcosg —sing A
A, | = Lﬁin fsing cos @ sin ¢ cos & || As
.-’1. I




