
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` = x̂dx+ 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



Equations for Physics 122 Midterm 2+:

Constants:

µ0 = 4π × 10−7 N/A2,

≈ 1.26× 10−6 N/A2,

c ≈ 3× 108 m/s,

Force and torque:

~F = q( ~E + ~v × ~B),

~F = I~L× ~B,

~τ = ~µ× ~B,

Circular motion:

R◦ =
mv

qB

Current and resistance:

I = d
dtQ,

I =

∫
d2A n̂ · ~,

~E = ρ~,

V = IR,

P = I2R = IV = V 2/R,

R = ρL/A,

R−1|| =
∑
i

R−1i ,

Rseries =
∑
i

Ri,

Kirchhoff Laws:∑
in

Ii =
∑
out

Ii,

0 =
∑
loop

∆Vi,

∆V = IR,

∆V = L d
dtI,

∆V = Q/C,

RC Circuits:

τ = RC,

Q = Q0 e
−t/τ ,

Q = Q∞ (1− e−t/τ ),

RL Circuits:

τ = L/R,

I = I0 e
−t/τ ,

I = I∞ (1− e−t/τ ),

Magnetic moment:

~µ = − 1
2

∮
∂M

d~̀× ~r,

= IANn̂,

U = −~µ · ~B,

Faraday law & emf:

E =

∫
d~̀ · ( ~E + ~v × ~B),

E = − d
dtΦB ,

ΦB =

∫
d2A n̂ · ~B,

Biot-Savart & Ampere:

d ~B =
µ0I d~̀× r̂

4π r2
,∮

d~̀ · ~B = µ0Iins,

B fields:

B = 1
2µ0nI,

B = µ0nI,

~B =
µ0I

2πR
θ̂,

Energy and energy density:

U = 1
2LI

2,

uB = 1
2µ0

B2,

Maxwell Eqns:∮
d2A n̂ · ~E = Q/ε0,∮
d2A n̂ · ~B = 0,∮
∂M

d~̀ · ~B = µ0

[
I + ε0

∫
M
d2A n̂ · ∂∂t ~E

]
,∮

∂M
d~̀ · ~E = −

∫
M
d2A n̂ · ∂∂t ~B,

Induction:

L = ΦB/I,

L = µ0 n
2 A `,

E = −L d
dtI,

Geometry in cylindrical coordi-
nates:

r̂ = cos θ x̂+ sin θ ŷ,

θ̂ = − sin θ x̂+ cos θ ŷ,

RLC circuits:

V (t) = V0 cos(ωt+ φ) e−βt,

β = R
2L ,

ω2 = ω2
0 − β2,

ω0 = 1√
LC
,

Driven RLC circuits:

~E(t) = Em cosωt x̂+ Em sinωt ŷ,

~I(t) = Im cos(ωt− φ) x̂+ Im sin(ωt− φ) ŷ,

Z =
√
R2 + (XL −XC)2,

XL = ωL,

XC = 1/ωC,

tanφ = XL−XC

R ,

Vm = ZIm,

Transformers:

Vs/Ns = Vp/Np,

IsNs = IpNp,

EM Waves:

ck = ω,

k = 2π
λ ,

ω = 2πν,

µ0ε0 = c−2,

∇2 ~E = µ0ε0∂
2
t
~E,

~E = ~E0 cos(~k · ~r − ωt),
~B = ~B0 cos(~k · ~r − ωt),
~B0 = 1

c

~k
k × ~E0,

~k · ~E0 = 0,
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