
General Physics II Midterm Cheatsheet

a · (b× c) = b · (c× a) = c · (a× b)

a× (b× c) = (a · c)b− (a · b)c

(a× b) · (c× d) = (a · c)(b · d)− (a · d)(b · c)

∇ · (fA) = f∇ ·A+A · ∇f

∇× (fA) = f∇×A+∇f ×A

∇(A ·B) = A× (∇×B) +B × (∇×A) +A(∇ ·B) +B(∇ ·A)

∇ · (A×B) = B · (∇×A)−A · (∇×B)

∇× (A×B) = A(∇ ·B)−B(∇ ·A) + (B · ∇)A− (A · ∇)B

∇× (∇f) = 0

∇ · (∇×A) = 0

∇× (∇×A) = ∇(∇ ·A)−∇2A‹
∂V

A · ds =

˚
V

(∇ ·A)dv
˛
∂S

A · dl =
¨

S

(∇×A) · ds

∇rn = nrn−2r

∇ · (rnr) = (n+ 3)rn

∇2rn = n(n+ 1)rn−2

∇ · r

r3
= −∇2 1

r
= 4πδ3(r)

∇× (rnr) = 0

Exp(x+ iy) = ex (cos y + i sin y)

Ln z = ln r + iθ = ln |z|+ i Arg z = ln
√

x2 + y2 + i atan2(y, x)

analytic function :
∂U

∂x
=

∂V

∂y

∂U

∂y
= −∂V

∂x

=⇒

∇2U = 0

∇2V = 0
=⇒ ∇U · ∇V = 0

φ(z) = ϕ(w(z))

N =
kg · m

s2 , C = A · s, F =
C
V , J =

kg · m2

s2

name notation SI dimension
charge q C T1I1

charge density ρ, σ, λ C
m3,2,1 L−3,−2,−1T1I1

E field E N
C = V

m M1L1T−3I−1

vacuum permittivity ε0
F
m = C2

N·m2 M−1L−3T4I2

E potential φ, V V = N·m
C M1L2T−3I−1

capacity C F = C
V M−1L−2T4I2

dipole moment p C · m L1T1I1

quadrupole moment d C · m2 L2T1I1

electrostatic energy U J = N · m M1L2T−2

polarization density P C
m2 L−2T1I1

E displacement field D C
m2 L−2T1I1

E susceptibility χ 1 1

relative permittivity κ, εr 1 1
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E =
qr

4πε0r3
=

qr̂

4πε0r2

E =

˚
V

ρ(r′)dv
4πε0

· r − r′

|r − r′|3

φ =
q

4πε0r

φ =

˚
V

ρ(r′)dv
4πε0|r − r′|

∇ ·E =
ρ

ε0‹
S

E · ds =
Q

ε0

∇×E = 0

∇φ = −E

∇2φ = − ρ

ε0

C =
Q

V

p = qd

φ =
p · r

4πε0r3

E =
1

4πε0

(
3(p · r)r

r5
− p

r3

)
E∥ =

p

4πε0
· 3 cos2 θ − 1

r3

E⊥ =
p

4πε0
· 3 sin θ cos θ

r3

E =
p

4πε0
·
√
3 cos2 +1

r3

dxy = 6ql1l2

φxy =
3ql1l2xy

4πε0r5

dxx = 6ql1l2 = 6q(b2 − a2)

φxx =
q(b2 − a2)(3x2 − r2)

4πε0r5

φ(n) ∝ r−n−1

φ =
1

4πε0

(
Q · 1

r
− p · ∇1

r
+

1

6
D : ∇∇1

r
− · · ·

)
Q =

˚
V

ρ(r)dv

p =

˚
V

rρ(r)dv

Dij =

˚
V

(3rirj − δijr
2)ρ(r)dv

∇∇1

r
=

1

r5


3x2 − r2 3xy 3xz

3xy 3y2 − r2 3yz

3xz 3yz 3z2 − r2


E =

σ

ε0
n

Esurface =
σ

2ε0
n

ω2 =
n0q

2
e

ε0me

U =
1

2

˚
V

φρdv =
ε0
2

˚
V

E2dv

U =
QV

2
=

CV 2

2
=

Q2

2C

P = Nqδ

P = χε0E

σpol = P · n = P cos θ

ρpol = −∇ · P

D = ε0E + P˚
S

D · ds = Qfree

∇ ·D = κε0∇ ·E = ρfree

P =

(
1− 1

κ

)
D = (κ− 1)ε0E

E =
qr

4πκε0r3

U =
1

2

˚
V

φρfreedv =
1

2

˚
V

D ·Edv

ball :



E =


Qr

4πε0R3
=

ρr

3ε0
, r ≤ R

Q

4πε0r2
=

ρR3

3ε0r2
, r > R

φ =


Q(3R2 − r2)

8πε0R3
=

ρ(3R2 − r2)

6ε0
, r ≤ R

Q

4πε0r
=

ρR3

3ε0r
, r > R

U =
3Q2

20πε0R
=

4πρ2R5

15ε0

sphere :



E =



0, r < R

Q

8πε0r2
=

σR2

2ε0r2
, r = R

Q

4πε0r2
=

σR2

ε0r2
, r > R

φ =


Q

4πε0R
=

σR

ε0
, r ≤ R

Q

4πε0r
=

σR2

ε0r
, r > R

U =
Q2

8πε0R
=

2πσ2R3

ε0

wire :


E =

λ

2πε0r

φ = −λ ln r

2π

plate :



E =
σ

2ε0

C =
ε0S

d

U =
Q2d

2ε0S

σU =
σ2d

2ε0

cylinder :



C =
2πε0l

ln(r2/r1)

U =
Q2

4πε0l
ln r2

r1

λU =
λ2

4πε0
ln r2

r1

σ0 cos θ :


σ0

3ε0
ex, r < R

R3σ0

3ε0

3rxr − r2ex
r5

=
R3σ0

ε0r3

(
cos θ − 1

3
, cos θ sin θ

)
, r > R
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