
		 

!
F = k

Q1Q2
r2

r̂ ; r̂ =
!ro −
!rs!ro −
!rs

!
E =
!
F
q
= d

!
E∫ = dEr̂ = kdq

r2∫∫ r̂

!
EQ = k

Q
r2
r̂

!
E
"
= 2kqs

r3
; dipole r >> s

!
E⊥ = kqs

r3
; dipole r >> s

!
Erod ⊥

= 1
4πε0

Q

r r2 + L
2( )2

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

!
Erod " =

1
4πε0

Q
r L+ r( )
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
; !Erod "~

1
4πε0

Q
rL

⎛
⎝⎜

⎞
⎠⎟
L>> r

!
Ering =

1
4πε0

Qz

R2 + z2( )32
⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

!
Edisk =

Q
2πε0R2

1− z

R2 + z2
⎡

⎣
⎢

⎤

⎦
⎥;
!
Edisk ~

Q
2ε0A

1− z
R

⎡

⎣
⎢

⎤

⎦
⎥ z <<R; !

Edisk ~
Q

2ε0A
z <<R

!
Ecapacitor ~

Q
ε0A

; !
E fringe ~

Q
2ε0A

s
R

⎛
⎝⎜

⎞
⎠⎟

W = −qΔV = −ΔU = ΔK ; U =
kQiQj

riji≠ j
∑ ;

VQ =
kQ
r
; VQ's =

kQi
rii

∑
ΔV = −

!
E ⋅d!r∫

Ex = −
ΔV
Δx

; Ey = −
ΔV
Δy

; Ez = −
ΔV
Δz

; !E = − dV
dx
,dV
dy
,dV
dz

Q =
κε0A
s

⎛

⎝⎜
⎞

⎠⎟
ΔV

U = 1
2QV = 1

2CV
2 = Q

2

2C
Q =Qmax 1−e

− t
RC

⎛

⎝⎜
⎞

⎠⎟
; Q =Qmaxe

− t
RC

I = dQ
dt

= n e Avd =
!
J ⋅d
!
A∫

n= ρ
M
NA

!
J = n e !vd =σ

!
E = 1

ρ

!
E→V = IR;R = ρL

A

P = IV = I2R = V
2

R
= dW
dt

ρ = ρ0 1+αΔT( )
!
F = q!v ×

!
B; !F = qvBsinθ

!
B =

µo
4π

q!v × r̂
r2

⎛
⎝⎜

⎞
⎠⎟

d
!
B =

µoI
4π

d
!
l × r̂
r2

⎛
⎝⎜

⎞
⎠⎟

!
Bwire =

µoLI

4πr L
2( )2 + r2

; !
Bwire ≈

µoI
2πr L>> r

!
Bring =

µoIR
2

2 z2 +R2( )32
; !Bring ≈

µoIR
2

2z3 z <<R

		 

g= 9.8 m
s2

1e =1.6×10−19C

k = 1
4πεo

= 9×109 Nm2
C2

εo =8.85×10−12 C2

Nm2

1eV =1.6×10−19 J
µo = 4π ×10−7 Tm

A

c =3×108 ms
h=6.63×10−34 Js

me = 9.11×10−31kg= 0.511MeV
c2

mp =1.67×10−27kg= 937.1MeV
c2

mn =1.69×10−27kg= 948.3MeV
c2

1amu=1.66×10−27kg= 931.5MeV
c2

NA =6.02×1023

Ax2 +Bx +C =0→ x = −B ± B2 −4AC
2A

!v f = v fx ,v fy ,v fz = vix +axt ,viy +ayt ,viz +azt
Δ!rf = x f − xi , y f − yi ,z f − zi = vixt +

1
2axt

2 ,viyt + 1
2ayt

2 ,vizt + 1
2azt

2

!
F =m!a
!ac =

v⊥
2

r
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!
F = I

!
L ×
!
B;
!
F = ILBsinθ

VHall = wvd B = IwB
eAn

1
Req

= 1
Rii

∑
Req = Ri

i
∑

Ceq = Ci
i
∑

1
Ceq

= 1
Cii

∑

φB =
!
B ⋅d
!
A∫

ε = −N
dφB

dt!
A ⋅
!
B =
!
A
!
B cosθ

!
A×
!
B =

!
A
!
B sinθ

!
A×
!
B = Ay Bz − Az By , Az Bx − Ax Bz , Ax By − Ay Bx

		 

Cons.	of	Energy	(LoopRule):		 ΔVi
i
∑ = EiΔli

i
∑ =0; !

E ⋅d
!
l =0"∫

Cons.	of	Charge	(NodeRule):		 Iin∑ = Iout∑


