TEST 2 FORMULA SHEET

o Product rule: L (f(z)g(z)) = L& g(x) + f(a) 22
e Chain rule: if r = (2® + 3> + 22)%, then

0 B df(r) or
FrEAQ v

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

6_;3 = (17070)’ gy = (07 1,0), gz - (0707 1)

e A vector A with components (A, A,, A,) can be expressed in terms of the unit

vectors €y, €, and €, as
A=A, e, +A,e,+ 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 surface area of a sphere of radius r is 47 2.

4.3

e The volume of a sphere of radius r is 37 7°.

e The point with Cartesian coordinates (x,y, z) has a position vector
T=2€ +Yye€y+ 26,
The length of the position vector is
=17l =yt 2R

e The unit vector in the radial direction is

and has components (¥, %, 2).

-

o V=_(& 5 5)
e The gradient of a scalar field ¢(7") is the vector field

L (0 96 06
S 6(F) = (axaya)

e The divergence of a vector field fT(F ) is the scalar field
- o 0A, 04, O0A

CAF) = = Y =,
V- AF) ox * dy + 0z
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The curl of a a vector field A(7) is the vector field

x A(F) = (9,A. — .A,, .A, — 0, A,, 0. A, — 9,A,)

Line integrals: if I' is a curve from 77 to 75, then

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

the flux of the curl of the vector field through the surface S:
A7 -dZ:/ V x A(7)) - dS
§ A -al= [ (V< A7)

enclosed by the surface:
fﬁwydﬁz/ﬁ.&mff
s 1%

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

s g @
éEm%w_d

where () is the charge in the volume V.
Maxwell’s equations in the case of electrostatics:
(™)

€0

s

V x E(f) =0

e The electric field due to a point charge ¢ at the origin is
= q —
B(7) = &,
() 4eg r? c

where €, = *
2

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 ff(f’) around I is related to

Gauss’s theorem relates the flux of a vector field through a closed two-dimensional

is the unit vector in the radial direction, with components (7,

surface S to the integral of the divergence of the vector field over the volume V

Y

2)
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The electric potential due to a point charge ¢ at the origin is

q
dregr

V() =

The electric potential due to a point charge ¢ at the point 7y is

V(F) = g

N 4WEO|F—FQ|.

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

ﬁﬁm%ﬁzg

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

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

related as follows:

—

E(7) = -VV (7).
If ' is any path from point 7] to point 75,

V@ywwm:—AEwyM

Lorentz force law for a particle with charge ¢ moving with velocity ¢ in electric and
magnetic fields:
F=qFE +qvxB.

The current I through a surface S is
f:/*f-di
()
where ;(F ) is the current density (current per unit cross-sectional area).

Integral version of Ampere’s law in magnetostatics: if S is a two dimensional surface

- I
B -dl = —
4 B()

where [ is the current through the surface S.

with boundary I,

The vector potential is defined by

—

B(7,t) = V x A(7,1)

Induced electromotive force (emf) in a circuit:

o (t)

52—7,

where ®(t) is the magnetic flux [ B(F, t) - dS through the circuit.
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o Maxwell’s equations in general:

V- E(Ft) = P ) (Gauss's law)
€o
- o B(7
V x E(T)t) = 9 g:’ (Faraday’s law)
V- B(Ft) =0
I 1 0E(F,t) | j(71)
V X B(T,t) = 072 ot + 6002

(Ampere’s law)



