
Equations for Physics 122 Midterm 1:

Constants:

k = 1
4πε0

,

k = 8.99× 109 N·m2

C2 ,

ε0 = 1
4πk ,

ε0 = 8.85× 10−12 C2

N·m2 ,

e = 1.60× 10−19 C,

me = 9.1× 10−31 kg

Charge densities & dipole mo-

ment:

σ = Q
A ,

λ = Q
L ,

ρ = Q
v ,

~p = q~L

Force and torque:

~F = q ~E,

~τ = ~p× ~E,

~F = ~p · ~∇ ~E,

Electric Field:

~E(~r) = −~∇V (~r ),

~E(~r ) =
qr̂

4πε0r2
,

~E(~r ) =
∑
i

qir̂i
4πε0r2i

,

~E(~r ) =

∫
dq~r ′

~r − ~r ′

4πε0|~r − ~r ′|3
,

~E(~r ) =
λ r̂

2πε0r
,

~E(~r ) =
σ n̂

2ε0
,

~E(~r ) =
σ n̂

ε0
,

~E(~r ) =
1

4πε0r3
[3(r̂ · ~p )r̂ − ~p ] ,

Electric flux and Gauss Law:

ΦM ≡
∮
M
d2A n̂ · ~E(~r ),

=
Qins

ε0
,

~∇ · ~E =
ρ

ε0
,

Electric Potential:

V (~r) = −
∫ ~r

∞
~d`
′
· ~E(~r ′),

V (~r ) =
q

4πε0r
,

V (~r ) =
∑
i

qi
4πε0ri

,

V (~r ) =

∫
dq~r ′

1

4πε0|~r − ~r ′|
,

V (~r ) = − λ

2πε0
log r,

V (~r ) =
~p · r̂

4πε0r2

Energy and work:

dU = dQV,

dW = ~d` · ~F ,
W = −∆U,

U = 1
2

∑
i 6=j

qiqj
4πε0rij

,

U = −~p · ~E,
K = 1

2mv
2,

Capacitance:

Q = CV,

C = ε0A
` ,

C = 4πε0R1R2
R2−R1

,

C = 2πε0L

log
R2
R1

,

U = 1
2CV

2 = 1
2QV = 1

2CQ
2,

Ceq = C1 + C2,

C−1eq = C−11 + C−12 ,

Energy density:

u = 1
2ε0E

2,

Differential geometry:

~∇ ≡ x̂ ∂
∂x

+ ŷ
∂

∂y
+ ẑ

∂

∂z
,

≡ r̂ ∂
∂r

+ θ̂
1

r

∂

∂y
+ φ̂

1

r sin θ

∂

∂φ
,

≡ r̂ ∂
∂r

+ φ̂
1

r

∂

∂y
+ ẑ

∂

∂z
,

~d` = x̂ dx+ ŷ dy + ẑ dz,

~d` = r̂ dr + θ̂ rdθ + φ̂ r sin θ dφ,

~d` = r̂ dr + φ̂ rdφ+ ẑ dz,

d2A = r2 sin θ dθ dφ,

d2A = r dθ dz,

d3v = r2 sin θ dr dθ dφ,

d3v = r dr dθ dz

Geometry:

A = 4πR2,

v = 4
3πR

3,

A = 2πRL,

v = πR2L

Quadratic formula:

x =
−b±

√
b2 − 4ac

2a

1



2


