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Introduction

1. Vectors:
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e A+B=C

e Scalar or () product: A.B=ABcosd,;, where  is measured between vectors tails.
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e Vector or (x) product.
AxB=NABsind,,

AXB =1 AB sin 6,p
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e N direction: when the fingers of the right hand rotate from A to B ; the thumb
indicatesAxB.
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2. Cartesian coordinate system:
Parameters: X, Y, z
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dv = dx dy d:
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AS =X v a;:

dl=%dl,_+§dl, +2dl, = Kdx+ §dy+7dz

Where dlis the differential length, while ds is the differential surface (with d?x d_s; and
d?;) and dv = dxdydz is the differential volume.

3. Cylindrical coordinate system:
Parameters: r, ¢, z

ro,z



dl. —dr
dl, - rd¢
dl, — dz

Thus:

dl=Fdl, +¢dl, +2dl, =Fdr +¢dp+2dz
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So we have:
ds, =rrd¢dz
ds, = ¢ dr dz
ds, =zrdrd¢
dv=rdrd¢dz



4. Spherical coordinate system:

Parameters: R, 0, ¢
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dl =Rdl, +6dl, +¢dl,
=RdR +ORdO + dpRsin0do
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5. Gradient of scalar field:

The gradient operator has no physical meaning by itself. It attains as physical meaning
once it operates on a scalar physical quantity. The result of operation is a vector whose
magnitude is equal to the maximum rate of change per unit distance and its direction is
along the direction of maximum increase (ex. Temp vs. Height)

T f(2)

if T=1(xy,2)

=dT :ﬁdx+ﬂdy+ﬂdz
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a0 0 L0
oV=X—+yY—+Z
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L . o .a0 ~0 L0
e Cylindrical coodinate system:V =r —+¢—+2
or o0p oz
e Spherical coodinate system:V élfii+él 0 +d 1 0
OR RO Rsinb o
6. Divergence:
e VE= °E, +8Ey + %, =divE
ox oy oz

. §SE.ds = (V.E)Av

Definition: the flux of a vector field is analogous to the flow of an incompressible fluid
such as water. For a volume with an enclosed surface, there will be an excess of outward
or inward flow through the surface only when the volume contains a source or a sink

respectively.

div = 0 — 3 source of fluid inside the volume
div<0 — Isink

div =0 — uniform field: in = out



7. Curl of a vector field:

The curl of B describes the rotational property or the circulation of B.
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(a) Uniform field

Circulation is zero for the uniform field
in (a), but it is not zero for the azimuthal
field in (b).
Circulation of B = &B'dl
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The circulation of a uniform field = 0.
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8. Stokes’s Theorem:

ijsym=§5n|
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(b} Azimuthal field
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