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Exam 1
PHYS 313 Electricity and Magnetism I

22 October, 2026

Obtain permission from the proctor before leaving the room.
No calculators or electronic devices of any kind can be used in the exam.

Point totals are given in brackets for each part of the question.
If you run out of room, continue writing on the back of the same page. If you do so, make a note on the front part

of the page!
Note: You must solve the problem following the instructions given in the problem. Correct answers alone will not

receive full credit.
Partial Credit:

→ Show Your Work! Answers written with no explanation will not receive full credit
→ You may receive credit for describing the method you would use to solve a problem, even if you missed an earlier

part.
=================================================================∫︁ b⃗

a⃗
∇⃗Q · d⃗l = Q(⃗b)−Q(⃗a)

∫︁
V ∇⃗ · v⃗ dτ =

∮︁
S
v⃗ · da⃗

∫︁
S
(∇⃗ × v⃗) · da⃗ =

∮︁
perimeter v⃗ · d⃗l ∇⃗ ·

(︁
r̂
r2

)︁
= 4π δ3(r⃗)

∇⃗t = ∂t
∂x x̂+ ∂t

∂y ŷ +
∂t
∂z ẑ dτ = dxdydz ∇⃗t = ∂t

∂r r̂ +
1
r
∂t
∂θ θ̂ +

1
r sin θ

∂t
∂ϕ ϕ̂ dτ = r2dr sin θdθdϕ

F⃗12 = 1
4πϵ0

q1q2
|r⃗ |2 r̂ r⃗ = r⃗ − r⃗ ′ F⃗tot =

Q
4πϵ0

∑︁N
i=1

qi r̂ i
|r⃗ i|2 E⃗(r⃗) = 1

4πϵ0

∑︁N
i=1

qi r̂ i
|r⃗ i|2

E⃗(r⃗) = 1
4πϵ0

∫︁
dq r̂
|r⃗ |2 dq →

⎧⎪⎨⎪⎩
λ dl

σ da

ρ dτ

∮︁
S
E⃗ · da⃗ = Qenc

ϵ0
∇⃗ · E⃗ = ρ/ϵ0 ∇⃗ × E⃗ = 0 E⃗ = −∇⃗V

V (r⃗) = −
∫︁ r⃗

Ref pt. E⃗ · d⃗l V (r⃗) = 1
4πϵ0

∫︁
dq
|r⃗ | V (r⃗) = 1

4πε0

∫︁
V

ρ(r⃗ ′) dτ ′

r V (⃗b)− V (⃗a) = −
∫︁ b⃗

a⃗
E⃗ · dℓ⃗

V (r⃗) = 1
4πε0

∫︁
Volume

ρ(r⃗ ′) dτ ′

|r⃗ | or 1
4πε0

∫︁
S

σ(r⃗ ′) da′

|r⃗ | or 1
4πε0

∫︁
Line

λ(r⃗ ′) dℓ′

|r⃗ | ∇2V = −ρ/ε0

W = 1
2

∑︁N
i=1 qi V (r⃗i) W = 1

2

∫︁
ρV dτ W = ε0

2

∫︁
All space E

2 dτ

E⃗ = E⃗ext + E⃗int = 0 inside a metal in EE. E⃗ = σ
ϵ0
n̂ σ = ϵ0 E⃗ · n̂ = −ϵ0

∂V
∂n C = Q/V ∇2V = 0

V (r⃗) = 1
4πR2

∮︁
sphere

V da Cartesian: V (x, y, z) = X(x)Y (y)Z(z) Cylindrical: V (s, ϕ, z) =

S(s)Φ(ϕ)Z(z) Spherical: V (r, θ, ϕ) = R(r)Θ(θ) Φ(ϕ) ∇2f = ∂2f
∂x2 + ∂2f

∂y2 + ∂2f
∂z2

∇2f = 1
s

∂
∂s

(︂
s∂f
∂s

)︂
+ 1

s2
∂2f
∂ϕ2 + ∂2f

∂z2 ∇2f = 1
r2

∂
∂r

(︂
r2 ∂f

∂r

)︂
+ 1

r2 sin θ
∂
∂θ

(︂
sin θ ∂f

∂θ

)︂
+ 1

r2 sin2 θ
∂2f
∂ϕ2

V (r, θ) =
∑︁∞

ℓ=0

(︁
Aℓr

ℓ + Bℓ

rℓ+1

)︁
Pℓ(cos θ)

∫︁ π

0
Pℓ(cos θ)Pℓ′(cos θ) sin θ dθ = δℓℓ′

2
2ℓ+1

1
r = 1

r

∑︁∞
ℓ=0

(︂
r′

r

)︂ℓ

Pℓ(cosα)
(︂

r′

r ≪ 1 assumed
)︂

V (r⃗) = 1
4πε0

∑︁∞
ℓ=0

1
rℓ+1

∫︁
V ρ(r⃗ ′) (r′)ℓ Pℓ(cosα) dτ

′

V (r⃗) = 1
4πε0

{︂
1
r

∫︁
ρ(r⃗ ′) dτ ′ + 1

r2

∫︁
r′ cosαρ(r⃗ ′) dτ ′ + 1

r3

∫︁
(r′)2 1

2 (3 cos
2 α− 1) ρ(r⃗ ′) dτ ′ + 1

r4

∫︁
(r′)3 1

2 (5 cos
3 α−

3 cosα) ρ(r⃗ ′) dτ ′ + · · ·
}︂

Vmonopole(r⃗) =
1

4πε0

Q
r Vdipole(r) =

1
4πε0

p⃗·r̂
r2 p⃗ =

∑︁N
i=1 qir⃗

′
i

p⃗ ≡
∫︁
r⃗ ′ρ(r⃗ ′) dτ ′ Vquad(r) =

1
4πε0

1
r3

∫︁
(r′)2 1

2

(︁
3 cos2 α− 1

)︁
ρ(r⃗ ′) dτ ′ E⃗dipole =

p
4πε0r3

(︂
2 cos θ r̂ + sin θ θ̂

)︂
Problem Credit Max. Credit

1 25
2 25
3 25
4 25

TOTAL 100




