
 

 

PHYS 501 
2nd Midterm Exam - FALL 2019 

Tuesday 19th  November 2019 
 
Instructor: Prof. V. Lempesis 
Duration: 3 hours 
 
Please answer all questions 
 
1. A conducting wire along the z-axis carries a current I. The resulting magnetic 

vector potential in cylindrical coordinates is given by A = k̂ µI
2π
ln 1

ρ

⎛

⎝
⎜

⎞

⎠
⎟ . Show the 

magnetic induction 𝐁 = 𝛁×𝐀 is given byB = ϕ̂0
µI
2πρ

. 

 
 

 
(5 marks) 

Solution: 
 

𝐁 = ∇×𝐀 =
1
𝜌

𝝆! 𝜌𝜙! 𝐤
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−
1
𝜌! 𝜙! = 

 
𝜇!𝐼
2𝜋𝜌𝜙! 

 
2. A certain force field is given (in spherical polar coordinates) by  

 

F = r̂0
2Pcosθ
r3

+θ̂0

P
r3

sinθ ,      r ≥ P / 2  

Calculate ∇
!"
×F . 



 

 

 

 

(5 marks) 

Solution: 

∇
!"
× F = 1

r2 sinθ

r̂0 rθ̂0 rsinθφ̂0
∂
∂r

∂
∂θ

∂
∂φ

Fr rFθ rsinθFφ

=
1

r2 sinθ

r̂0 rθ̂0 rsinθφ̂0
∂
∂r

∂
∂θ

∂
∂φ

2Pcosθ / r3 P sinθ / r2 0
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r2 sinθ

Prsinθφ̂0 −
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3. Working in cylindrical coordinates we know for the unit vectors the following 
relations: 

ρ̂0 = icosφ + jsinφ,     φ̂0 = −isinφ + jcosφ,   k̂ = k̂  

Calculate the quantities: ∂ρ̂0

∂φ
,   
∂φ̂0

∂φ
,   
∂ρ̂0

∂ρ
. 

Solution:  

∂ρ̂0
∂φ

=
∂
∂φ

icosφ + jsinφ( ) = i ∂cosφ
∂φ

+ j∂sinφ
∂φ

= −isinφ + jcosφ = φ̂0
 

∂φ̂0
∂φ

=
∂
∂φ

−isinφ + jcosφ( ) = −i ∂sinφ
∂φ

+ j∂cosφ
∂φ

= −icosφ − jsinφ = −ρ̂0
 



 

 

∂ρ̂0
∂ρ

= 0  

4. Evaluate the integral r ⋅dr!∫  by Stoke’s theorem. 

Solution: 

𝐕 ∙ 𝑑𝐫 = ∇×𝐕 ∙ 𝐧𝑑𝐴
!

 

Let V = r then we have 

𝐫 ∙ 𝑑𝐫 = ∇×𝐫 ∙ 𝐧𝑑𝐴
!

 

but  

∇×𝐫 =

𝐢 𝐣 𝐤
𝜕
𝜕𝑥

𝜕
𝜕𝑦

𝜕
𝜕𝑧

𝑥 𝑦 𝑧

= 

𝐢
𝜕𝑧
𝜕𝑦 −

𝜕𝑦
𝜕𝑧 − 𝐣

𝜕𝑧
𝜕𝑥 −

𝜕𝑥
𝜕𝑧 + 𝐤

𝜕𝑦
𝜕𝑥 −

𝜕𝑥
𝜕𝑦 = 0 

So  

𝐫 ∙ 𝑑𝐫 = 0 

 

 
Mathematical Supplement: 

 

∇
!"
Φ=

∂Φ
∂x
i + ∂Φ

∂y
j+ ∂Φ

∂z
k ,    ∇

!"
×F =

i j k
∂ / ∂x ∂ / ∂y ∂ / ∂z
Fx Fy Fz  

∇×𝐅 =
1
𝜌

𝝆! 𝜌𝜙! 𝐤
𝜕
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𝜕
𝜕𝜙

𝜕
𝜕𝑧

𝐹! 𝐹! 𝐹!

 

 

∇!𝑓 𝑥,𝑦, 𝑧 =
𝜕!

𝜕𝑥! +
𝜕!

𝜕𝑦! +
𝜕!

𝜕𝑧! 

 
Mathematical Supplement: 



 

 

 
 
 
 

∇
!"
⋅V = 1

ρ
∂
∂ρ

ρVρ( )+ 1
ρ

∂Vϕ
∂ϕ

+
∂Vz
∂z ,     

∇
!"
×V = 1

ρ

ρ̂0 ρϕ̂0 k

∂
∂ρ

∂
∂ϕ

∂
∂z

Vρ ρVϕ Vz  

𝐕 ∙ 𝑑𝐫 = ∇×𝐕 ∙ 𝐧𝑑𝐴
!

 

 

∇
!"
×V = 1

r2 sinθ

r̂0 rθ̂0 rsinθφ̂0
∂
∂r

∂
∂θ

∂
∂φ

Vr rVθ rsinθVφ

 


