
Constants:

ke ≡ 1/4πεo = 8.98755× 109 N ·m2 ·C−2

εo = 8.85× 10−12 C2/N ·m2

e = 1.60218× 10−19 C

me− = 9.10938× 10−31 kg

mp+ = 1.67262× 10−27 kg

NA = 6.022× 1023 things/mol

Basic Equations:
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Electric Force & Field:
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Electric Potential (static case!):
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∑
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= ~∇V · n̂ = −~E · n̂ boundary condition, sheet of chg
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Vectors:
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√

F2
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]
direction

r̂ = ~r /|~r | construct any unit vector

let ~a = ax x̂ + ay ŷ + az ẑ and ~b = bx x̂ + by ŷ + bz ẑ

~a · ~b =axbx + ayby + azbz =
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∣∣∣∣∣∣∣
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ax ay az

bx by bz

∣∣∣∣∣∣∣ = (aybz − azby) x̂ + (azbx − axbz) ŷ + (axby − aybx) ẑ

Vector Calculus:

d~l = x̂ dx + ŷ dy + ẑ dz length, cartesian

d~l = r̂ dr + θ̂ r dθ + ϕ̂ r sinθ dϕ length, spherical

dτ = dx dydz volume, cartesian

dτ = r2 sinθ drdθ dϕ volume, spherical
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~∇ = r̂
∂

∂r
+ θ̂

1

r

∂

∂θ
+ ϕ̂

1

r sinθ

∂

∂ϕ
spherical
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Table 1: Relationships between cartesian and polar coordinates.

cartesian (x,y) polar (r, θ)

r =
√

x2 + y2 x = r cos θ

θ = tan−1 (y/x) y = r sin θ

Table 2: Relationships between cartesian and spherical coordinates.

cartesian spherical
(x,y, z) (r,ϕ|2π

0 , θ|π0 )
(x

,y
,z

) x = x x = r sin θ cos ϕ

y = y y = r sin θ sinϕ

z = z z = r cos θ

(r
,θ

,ϕ
) r =
√

x2 + y2 + z2 r = r

ϕ = tan−1
(

y
x

)
ϕ = ϕ

θ = tan−1
(√

x2 + y2/z
)

θ = θ

Table 3: Unit vectors in cartesian and spherical systems.

spherical

ca
rt

es
ia

n x̂ = sin θ cos ϕ r̂ + cos θ cos ϕ θ̂ − sinϕ ϕ̂

ŷ = sin θ sinϕ r̂ + cos θ sinϕ θ̂ + cos ϕ ϕ̂

ẑ = cos θ r̂ − sin θ θ̂

cartesian

sp
he

ri
ca

l r̂ = 1
r

(x x̂ + y ŷ + z ẑ)

r̂ = sin θ cos ϕ x̂ + sin θ sinϕ ŷ + cos θ ẑ

θ̂ = cos θ cos ϕ x̂ + cos θ sinϕ ŷ − sin θ ẑ

ϕ̂ = − sinϕ x̂ + cos ϕ ŷ

1



Calculus of possible utility:
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