Physics 441 Formula Sheet (17 May 2024 version)

ELECTRIC
Statics
1. q={Adl
q=[oda
q=[pdr
2. F=22
4TtEg 2
3. F=QE
E(r) = - %4
_; A(r)a ]
E(r) = WSOf ol

E(r)z;fo‘(r)’lrd i
E(r) = — fp(r)a !

5. [V-E=L£

€0
7. $.E- da = denc

€o
8. VXE =0 (this gets
modified below)
9. E = —VV (this gets modified
in Phys 442)
10. V(r):—fr E-dl
_ ai

1. V(r) = p— Zl

V) =Lﬂ(‘)dl'
V(r) _Efg(r)d /
V(I‘) =Fgof%d‘f’

1 44
12.U0= 2”47150 rij

= 5 2iq:iV (1)
U= % [ p(xHV(")dr

U=2[E%dt
2
13.c=2

v 2
14. U =2%

2C
15. Ef —Ef =2

€o

16. E! = E!
17. Vy =V,
18. V2 = - £

€0

19. V(r) = # x

1
Z mf(r’)nPn(cose’)p(r’)dr’

n=0 ,
20. p=X;riq;
p=[r'p)dr
_ 1 pt
21. Vgip = pr—
22 Edlp(r 0) =
(2c059r + s5inh0)

4TEQ r3

MAGNETIC

Statics
1. I = fKJ_dl
I=[]-da

2. No easy parallel for
magnetic field

3. F=Q(vxB)
4,

B(l') — #0 fldl X2
B( ) #0 fK(r )></L a
B(r) — #0 J‘](r )XIL '

5.

6. CDB = fs B- da

7. $B-dl = pglon,

8. VX B =p,] (this gets
modified below)

9. B=VXA, V-A=0
(Coulomb gauge)

10. No direct parallel for

the magnetic field
11

A =2 f dl'
A(r) = :‘—2 f@ da’
A(r) =21 gr

12.
U= % (10 - A@)dr
U=—[B%dt
29

13. L =?
14. U=§L12
15. B = B}

16. B! —B) = po(K x 1)
17. Al = Az

18. V2A = —p,)

19. A(r) _”—°’><

Z ey 3§ (r')"B,(cos8")dl'

n=0
20.

=I[da=1Ia
21. Adlp Z—;“;jr

22. Bgip(r,6) =
Z—O% (2cosOf + sinf0)

23. t=p X E (z=torque here,

not volume)
24, F=(p-V)E=V(p-E)
25.U=—-p-E

Materials

26. P = electric dipole moment

per unit volume
p = [P(r')d7’

27. Vpol.ob]‘ect = e,

28. 0, =P -0

29. pp=-V-P

30. P = ¢yx.E

3. D=¢E+P

33. D =¢E = ¢y¢,E
34. $D-da = qfenc
35. ee=1+y,

36. U=>[D-Edr
37. D1y — D3y = Ofree

Dynamics
38.V-J= ——t
39 [VxE=-2
at
40. |[VXE = —Z—l: (unchanged

for materials)

1 fP(r’)ad ,

23. t=mXxB

24. F=V(m-B)
25.U=-m-B

Materials
26. M = magnetic dipole
moment per unit vol.

m = [ M(r')dt’
27. Amagnobject = Z_;X
fM(r )x/Ld ’
28. Jb=VxM
29. Kb =Mxn
30. M = y,,H
31. H=B/y, -

32. (still)

33. H=B/u = B/(uor)
34 ¢H . dl = If,enc

35. up =1+ Y

36. U=>[H-Bdr

37 H1” - H2” = Kfree X ﬁ

Dynamics

a
38.V-] = —a—f (same
equation as in left hand
column; connects charge to
current)

J0E
39. [VXB =H0]+H050§

40. [VxH=J,+2

Equations that don’t fit anywhere else

unad (I‘)

g% ~
Stress = force/area on a conductor: stress = Py

Qij = f(z T’T]’ - _7',2511),0(1")(1‘[

Zl] TA‘L? QU

4ATrEq r3
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