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Vector algebra
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Differentiation of Vectors
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Integration of Vectors
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It yields, for a given trajectory [x(s), y(s), z(s)]
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Integration of Vectors
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Non-relativistic Particle Motion



Motion of a Charged Particle

Let us consider a charge particle with mass m and charge gq.

Let us assume that the Lorentz force is much stronger than the the
gravitational force, we shall ignore the gravitational force in the
foIIowing discussion.
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Motion of a Charged Particle

Let us consider a charge particle with mass m and charge q.
Let us assume that the Lorentz force is much stronger than the the gravitational force, we
shall ignore the gravitational force in the following discussion.
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Kinematic Equations in Different
Coordinate Systems
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Definitions of Basis Vectors in Different
Coordinate Systems

Cartesian
coordinate system

Cylindrical
coordinate system

Spherical

coordinate system
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cylindrical coordinate
system
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Vector Analysis H A FE

dr = Xdx + ydy + 2dz

Volumn integration of a scalar field, such as the density field p(1) = p(x,y, 2)

[ toanar = [[[ 16y 201 @5 = [[[ 1y, 2] dx dy a2 (1)

Vector differential operator

Given a scalar field f(r) = f(¥) = f(x,y, ), then the gradient of f(r) is

f (x,y,z) _9df(x,y,z) ,L0f(x,y,2)
0x Y dy vz 0z 2)

grad f(r) =Vf(r) =%

Given a vector field A(r) = A(#) = XA, (x,y,2z) + YA, (x,y,2) + 2A,(x,y,z), then the divergence of
A(r)is
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divA(r) =V -A(@r) = Ox dy 0z 0x dy + 0z (3)

and the curl of A(r) is
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curIA(r)—VXA(T)—x<ay_az>+y(az_ax)+z ax_ay @
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Vector Analysis 1 E 4 1HE

dr = #dr + 0rd@ + 2dz

Volumn integration of a scalar field, such as the density field p(r) = p(r, 0, z)
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Vector differential operator

Given a scalar field f(r) = f(7) = f(r, 0, z), then the gradient of f(r) is

of(r,8,z) .10f(r,0,z) _0f(r,0,2z)
e Y +7
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grad f(r) =Vf(r)=7

Given a vector field A(r) = A(#) = 7(0) A, (1,8,2) + 0(0) Ag(r,0,2) + 2 A,(r,0,2), then the

divergence of A(1) is
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divA(r) =V-A(r) =

and the curl of A(7) is
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Vector Analysis FKE 4 1E

dr =7dr +0rdf + ¢ rsinf d¢

Volumn integration of a scalar field, such as the density field p(r) = p(r, 0, ¢)

Uj[p(r)]dr = ﬂf[ﬂ(r; 0,)] d*x = jﬂ[p(r, 0,¢)] drrdf rsinf de = Uj[p(r, 0,$)] r?sin@ dr do d¢

Vector differential operator
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Given a scalar field f(r) = f(¥) = f(r, 0, ¢), then the gradient of f(r) is

9)

_ _ L 0f(r,6,¢) _~10f(r,0,¢) - 1 0f(r,0,¢)
grad f(r) =Vf(r) =7 pw + 6 R T 3% (10)
Given a vector field A(r) = A(7) = 7(0, ¢) A, (r,0,$) + 8(6,9) Ag(r,0,¢) + ¢(¢) Ay(r,6, $), then the
divergence of A(1) is
_ B _ 04, 24, cosOAg 104y 1 04y
divA(r) =V-A(r) = or T r + rsin @ +r 06 +rsin9 0P (11)
and the curl of A(r) is Rk KPage 3-6

curl A(r) = VXA(r)
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Gauss‘ theorem & Stokes' theorem

 the divergence theorem, or Gauss' theorem:

WERR YR = R Y)IE =
fﬂv-ﬁd%: #E-d&
Vol.(S) S(Vol.)

« Stokes' theorem:

j(vXV)-da= jﬂﬁ.di
S(C) C(S)
If V is the flow field(;7135), then VxV is called the vorticity (&Z),

and gﬁc(s) V - dl is called the circulation along the closed loop C(S). .
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