Lecture-3

Differential length, Area and volume
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VECTOR REPRESENTATION: UNIT VECTORS

Rectangular Coordinate System

z é Unit Vector
A o
Z Representation
’ for Rectangular
Coordinate
System
/A
a a
X
y

T

The Unit Vectors imply :

Ja
a - Points in the direction of increasing x
X

Ja)
Points in the direction of increasin
ay — gy

é - Points in the direction of increasing z
JA
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VECTOR REPRESENTATION: UNIT VECTORS

Cylindrical Coordinate System

r a

\' P ‘

Q>

Q>

The Unit Vectors imply :

A - Points in the direction of increasing r
r
é¢ - Points in the direction of increasing ¢
- Points in the direction of increasing z
a'Z
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VECTOR REPRESENTATION: UNIT VECTORS

Spherical Coordinate System

/A
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¢ : y

¢

QD>

Q>
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The Unit Vectors imply :

é - Points in the direction of increasing r
r

Ja

a@ - Points in the direction of increasing 0

/N
Points in the direction of increasin
d 4 —> 8o
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VECTOR REPRESENTATION: UNIT VECTORS

Summary
RECTANGULAR CYLINDRICAL SPHERICAL
Coordinate Systems Coordinate Systems Coordinate Systems

- =

NOTE THE ORDER!

o, z o,

Note: We do not emphasize transformations between coordinate systems
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METRIC COEFFICIENTS

/\

< Unit is in “meters” >

1. Rectangular Coordinates: \_1—/

When you move a small amount in x-direction, the distance is dx

In a similar fashion, you generate dy and dz
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Cartesian Coordinates

Differential quantities:

Length:
dl = fdx + ydy + 2dz
Area:
ds, = Rdydz
ds, = ydxdz
ds, = Zdxdy
Volume:

dv = dxdydz

o1

ds- = Z dx dy
T dy
/L
- ds, = ¥ dx dz
dv=dx dy d;
>
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METRIC COEFFICIENTS

2. Cylindrical Coordinates:
y Differential Distances:

A Distance = r d¢
&\ (dr, rd, dz)

<\r

v
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METRIC COEFFICIENTS

3. Spherical Coordinates:
y Differential Distances:

1 ‘Kmance =rsinddf (dr, rd0, rsin0 d¢ )
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METRIC COEFFICIENTS

Representation of differential length dl in coordinate systems:

rectangular

spherical
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AREA INTEGRALS

e integration over 2 “delta” distances — . i dy
<~

dx
Example:

y A

6_

7 6
AReA= || [dy edx -1
3 2

Note that: z = constant

v

In this course, area & surface integrals will be on
similar types of surfaces e.g. r =constant or ¢ =
constant or 0 = constant et c....

w—_—_
N - -
x
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SURFACE NORMAL

Representation of differential surface element:

Vector is NORMAL to
surface
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DIFFERENTIALS FOR INTEGRALS

Example of Line differentials

Example of Surface differentials

ds =dxedyea, o« dS=rdpedzes,
Example of Volume differentials ‘ _
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Cylindrical Coordinates

(r,6,2) f
. . . I’,:\ --------------- T TTTTTTTTTTTTTTT T TTT T T T ’l'
~ r radial distance in x-y plane 0<r<ow c=aplane e
® azimuth angle measured from the positive . > ' e
X-axis 0<Dd<2r7 ’,-" él:‘,.:""" /P(r0,.2) ‘,."
,-" Ai P
(£ —0O<ZI<© .- -
‘f » - Rl i \‘\ ' 0
iR < 00 g W 5 : -
Vector representation i N
r=r) cylinder 0 E —)
A=alA =rfA + DA, +2A N
! = Ane
ase n‘¢ :u-——""q) ¢)lp
Vectorsf ™.
N

Magnitude of A
- - = 5 2 2 Base vector properties

A=VA-A={A+ A +A

f x ®

Ddx7

|l
N

Position vector A

e +72z,

|l
-

Vo

/A
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Cylindrical Coordinates

Dot product: Z

-
-
-
-

A-B=AB, +AB,+AB

Cross product: P

r=ri cylinder i »J

., -0=01plane

AxB =

> =
%:D -
>

o
vy
o
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Cylindrical Coordinates

<
Differential guantities: t
dz \":“"-.. ds, = 2r dr do
Lengch: ,\ o : dsy = $ drdz
dl =rdr +drdd + Zdz
o . dv=rdrddd;

ds, =T rdo d:

Of— >V
ds, = Zrdrd® T
Volume: r
dv = rdrdddz '
Figure 3-10
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Spherical Coordinates

Vector representation (Rr e; (D)

A=RA; +OA, + @A,

Magnitude of A

0=9,

— — — conical

2 2 2 sSuriace
‘A‘:VA-A:\/AR+A9+A¢ g

Position vector A

RR, :

Figure 3-13

Base vector properties
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Spherical Coordinates

Dot product:

A-B=AB, +AB,+AB,

Cross product:

|

X

0O,

|
:Uw :l;(> A0>
csw c? >
GO %\> RSN
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Figure 3-13



Spherical Coordinates

Differential quantities:

Length: Pradeep Singla

dl = Rdl, +©dl, +ddl,,
=RdR + ORA® + ®Rsin Odd

Area
ds, = Rdl,dl, = RR?sin @dOdd
ds, = Odl.dl, = ORsin ©dRd®
ds,, = &dldl, = DRARAO
Volume:

dv = R? sin ®dRdOd®

dR
RAO
RsSIN OdD

Rsin 0 d¢




Cartesian to Cylindrical Transformation

gl

A = A cosg+ A sing P(x, 3, 2)
A¢:—Axsin¢+AyCOS¢ -
o 7 L X=rcos 0

AZ — Az r:W y=rsin ¢
s=tan(y/x)|
71=17 ; =Y
A A A - (I) F . $
r=Xcosg+ysing | O\ Ly
$f’ o p

—XSIn ¢+ Yy COoS ¢

-
|

o 4

N>
|
N>
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