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Chapter 1: Vector Analysis

v Vector Algebra

v Differential Calculus

v Integral Calculus

v Curvilinear Coordinates

v The Dirac Delta Function

v The Theory of Vector Fields
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Line, Surface and Volume Integrals
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Path 1:
2
(i)dfzdxf,yzlﬁfﬁ-dfzf dx =1

1

2
(ii)dlzdyf/,x=2—>J§-dl=4j (y+ 1)dy =10
1

b
Dedli=1+10 =11
Path 2: fd

2
dl=dx9?+dx}7,y=x—>f13-dl=j (Bx%+ 2x)dx =10
1
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Line, Surface and Volume Integrals
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U If the surface forms closed surface
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Fot 7 = 2xz% + (v + 2)9 + y(z* — 3)2, find the surface integral over the
tive sides of the cube (excluding the bottom side)

4
(i)ddzdydz;?,sz%fﬁ-d&zéLj dyj. zdz =16
0 0

2 2
(ii)ddz—dydza?,x=0—>jﬁ-d&z—Z(O)] dyj dz=10
0 0

2 2
(iii)d&zdxdz;?,yz2—>f17-d&=j(x+2)dxj dz =12
0 0

2 4
(iv)dﬁl:—dxdzfl,yZOﬁjﬁ-ddz—f (x+2)dxj dz=—12
0 0

2 4
(v)d&zdxdyz“,z=2—>fﬁ-d&=} dxj iy =4
0 0
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Line, Surface and Volume Integrals
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v v v v

Fot [, v, 2) = %y, find the volume integral over the shown prism

3 rl rl=y 3
jfdr = j J j xXyzZidxdydzi—=
v 0 70 J0 o
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The Fundamental Theorem of Curls

J(VXI_J)) Sdai= f 7 dZ) Stoke’s Theorem
3 G

We keep the right rule-hand rule to

determine the direction of area element

and displacement vector

For v/ = (Zxz + 3y°)y + 4yz* Z, check Stoke’s theorem on unit square
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The Fundamental Theorem of Curls

Corollary 1:  [(V x v) - da depends only on the boundary line, not
on the particular surface used.

Corollary 2:  §(V x v) - da = 0 for any closed surface, since the
boundary line, like the mouth of a balloon, shrinks
down to a point, and hence the right side of Eq. 1.57
vanishes.
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