EM FORMULA SHEET CLASS TEST 1

dg(z)

(f(2) g(x)) = L g(x) + f(x) %

e Product rule: %

e Chain rule: if r = (22 + y® + 22)2, then
0 _df(r) or
o (r) = dr Oz’

e The unit vectors in the z,y and z directions are

e, =(0,1,0), e, =(0,0,1).

€ = (1,0,0),
e A vector A with components (Az, Ay, A,) can be expressed in terms of the unit

vectors €, €, and €, as
A=A e, +Aye,+A €.

e A-B=A,B,+ A B, + A.B..
e Ax B=(A,B.— A.,B,)é, + (A.B, — A,B.)é, + (A, B, — A,B,)é..
e The point with Cartesian coordinates (x,y, z) has a position vector

T=x€, +ye, + 2z€,.

The length of the position vector is

e The gradient of a scalar field ¢(7") is the vector field
= . (06 0p 0¢
Vel = <8x’ oy’ az> '

e The divergence of a vector field fT(F ) is the scalar field
- o 0A, O0A, O0A
CAF) = = Y =
V- AF) ox * dy * 0z

e The curl of a a vector field A(7) is the vector field

V x A(7) = (0,A, — . A, 0.A, — D, A., DA, — 8,A,)
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Line integrals: if I' is a curve from 77 to 75, then

—

[ V() - dl = o) - 6(7)

Stokes’ theorem says that if S is any two-dimensional surface whose boundary is
the closed curve I', then the circulation of a vector field E(F) around I is related to
the flux of the curl of the vector field through the surface S:

ﬁﬁ(?)-dfz /S (V x A(7) - dS

Gauss’s theorem relates the flux of a vector field through a closed two-dimensional
surface S to the integral of the divergence of the vector field over the volume V'

enclosed by the surface:
7( A7) -dS = / V- A(F) &7
S v
Gauss’s law: if V' is a volume enclosed by a closed surface S, then
74 By-di =9,
S €0
where () is the charge in the volume V.

Maxwell’s equations in the case of electrostatics:
- p(r)

€o
) = 0

]l
=l

V- E(

(

=

=

V x
The electric field due to a point charge g at the origin is
=g q
Er)=——e¢
() Amegr?

where €. = © is the unit vector in the radial direction, with components (¥, %, 2).

The electric potential due to a point charge ¢ at the origin is

q
Amegr

V() =



e Integral version of Gauss’s law: if V' is a volume enclosed by a closed surface S, then

fﬁmwﬁzg
S €0
where () is the charge in the volume V.

e For static electric fields, the electric potential V() and the electric field E(7) are

related as follows:

—

E(7) = =VV(F).

If I" is any path from point 7} to point 75,



