
Lecture 27 Carl Bromberg - Prof. of Physics

PHY481: Electromagnetism

Homework 5
What do I need to study for the final exam?
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HW 8
Problem 8.4

Positive particles headed out of slide, on the
left or right, are bent inward (focused).

Positive particles headed out of slide, on the
top or bottom, are bent outward (defocused).

   
F = qv0 × B; B = b y î + x ĵ( )

   
v0 = v0k̂ = v3k̂

    mx = F; mxi = qε i3kv3Bk
   
x = −

q

m
v0By = −

qv0b

m
x

   x(0) = x0 = C; x(0) = 0 = −ωC sinφ → φ = 0

  ωt << 1

  
x(z) ≈ x0 1− z

2
2R

2( )
  
R = mv0 qb

Newton’s 3rd law:

Solution:

Boundary conditions:

With

Trajectory:

  
t ≈ z v0

  
x(t) = C cos ωt + φ( ); ω 2 = qv0b m

  x(t) = C cos(ωt) ≈ C 1−ω 2
t

2
2( )
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HW 8 (cont’d)
Problem 8.10

    
B(x) =

µ0

4π
J( ′x ) × r̂

r
2

d
3 ′x∫ =

µ0I

4π
d × r̂

r
2∫

  R̂ = îcosφ + ĵsinφ

   
=

µ0Ia

4π a
2 + z

2( ) dφ∫ k̂ cosψ + R̂ sinψ( )

  cosψ = a a
2 + z

2( )1 2

   
=

µ0Ia

4π a
2 + z

2( ) dφ φ̂ × r̂∫

   

B(x) =
µ0Ia

2

2 a
2 + z

2( )3 2
k̂

   d = adφ φ̂

   
dφ

0

2π

∫ R̂ = 0
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HW 8 (cont’d)
Problem 8.10 (cont’d)

  

dBz

dz
= −

3µ0Ia
2

2

z + s 2( )
a

2 + z + s 2( )2⎡⎣ ⎤⎦
5 2

+
z − s 2( )

a
2 + z − s 2( )2⎡⎣ ⎤⎦

5 2

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

  

Bz (z) =
µ0Ia

2

2 a
2 + z + s 2( )2⎡⎣ ⎤⎦

3 2
+

µ0Ia
2

2 a
2 + z − s 2( )2⎡⎣ ⎤⎦

3 2

  

dBz (0)

dz
= 0

  

d
2
Bz

dz
2

= −
3µ0Ia

2

2

1

a
2 + z + s 2( )2⎡⎣ ⎤⎦

5 2
+

1

a
2 + z − s 2( )2⎡⎣ ⎤⎦

5 2

−
5 z + s 2( )2

a
2 + z + s 2( )2⎡⎣ ⎤⎦

7 2
−

5 z − s 2( )2

a
2 + z − s 2( )2⎡⎣ ⎤⎦

7 2

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

⎫

⎬

⎪
⎪⎪

⎭

⎪
⎪
⎪

  

d
2
Bz (0)

dz
2

= −3µ0Ia
2 1

a
2 + s 2( )2⎡⎣ ⎤⎦

5 2
−

5 s 2( )2

a
2 + s 2( )2⎡⎣ ⎤⎦

7 2

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
= 0

  

0 = 1−
5 s 2( )2

a
2 + s 2( )2⎡⎣ ⎤⎦

 
s = a
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HW 8 (cont’d)
Problem 8.14 z

 y

 x
   

B = axy î + by
2
ĵ

∇ ⋅B = 0 = ay + 2by

a = −2b; B = b −2xy î + y
2
ĵ( )

   

∇ × B = 2bx k̂ = µ0J

J = 2bx µ0 k̂

  

J1 = I πa
2

J3 = − I π c
2 − b

2( )    
B∫ ⋅ d = µ0Iencl = µ0 J∫ ⋅ dA

Problem 8.18

  
2πrB1 = µ0

I

πa
2
πr

2

  
2πrB2 =µ0I

  
2πrB3 = µ0 I −

I r
2 − b

2( )
c

2 − b
2( )

⎛

⎝⎜
⎞

⎠⎟

  
2πrB4 = 0

  
B1 =

µ0I r

2πa
2

  
B2 =

µ0I

2πr

  
B3 =

µ0I

2πr

c
2 − r

2

c
2 − b

2

⎡

⎣
⎢

⎤

⎦
⎥

  
B4 = 0

y independent, changes sign ±x
zero in yz-plane
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HW 8 (cont’d)
Problem 8.22

   
Bin = ∇ × Ain =

µ0σaω
3

∇ × k̂ × rr̂( )

a

z

  ω = ω k̂

θ
β    x = r r̂  asinβ

   

Bout = ∇ × Aout =
µ0σa

4ω
3

∇ × k̂ ×
r̂

r
2

⎛
⎝⎜

⎞
⎠⎟

=
µ0σa

4ω
3

∇ × k̂ ×
r̂

r
2

⎛
⎝⎜

⎞
⎠⎟
=
µ0σa

4ω
3

∇ ×
sinθ

r
2

φ̂⎛
⎝⎜

⎞
⎠⎟

   
Bin =

2µ0σaω
3

k̂

   
Bout =

µ0σa
4ω

3r
3

2cosθ r̂ + sinθ θ̂( )

   

k̂ × rr̂ = r(r̂cosθ − θ̂sinθ) × r̂ = r sinθ φ̂

∇ × r sinθ φ̂( ) = r̂

r sinθ
∂
∂θ

r sin
2θ( ) − θ̂

r

∂
∂r

r
2

sinθ( )

= 2 r̂cosθ − θ̂sinθ( ) = 2k̂

   
Bout =

µ0σa
4ω

3r
3

2cosθ r̂ + sinθ θ̂( )
   
Bdipole =

µ0m

4πr
3

2cosθ r̂ + sinθ θ̂( )
   
m =

4πa
4σω
3

k̂

   m = mk̂
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HW 8 (cont’d)
Problem 8.34

z   
z0

  z = 0 ′z

 d ′z
  

dBz (0,0, z0 ) =
µ0a

2
nId ′z

2 a
2 + z0 − ′z( )2⎡⎣ ⎤⎦

3 2

   

Bz =
µ0a

2
nI

2

d ′z

a
2 + z0 − ′z( )2⎡⎣ ⎤⎦

3 2
− 2

 2

∫ x = z0 − ′z , d ′z = −dx

=
µ0a

2
nI

2

dx

a
2 + x

2[ ]3 2
z0 − 2

z0 + 2

∫ =
µ0a

2
nI

2

x

a
2

a
2 + x

2

⎡

⎣
⎢

⎤

⎦
⎥

z0 − 2

z0 + 2

    

B =
µ0a

2
nI k̂

2

 2 − z0

a
2 +  2 − z0( )2⎡⎣ ⎤⎦

1 2
+

 2 + z0

a
2 +  2 + z0( )2⎡⎣ ⎤⎦

1 2

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

Using result of Problem 8.10 and  dI = nId ′z
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HW 8 (cont’d)
Problem 8.37

   
B = ∇ × A = −

2A0

a
e
−r

2
a

2

k̂

   
B = ∇ × A =

2A0

a
2

re
−r

2
a

2

φ̂

 r < a

 r > a

   

J =
1

µ0

∇ × B = −
4A0

µ0a
3

re
−r

2
a

2

φ̂

   

J =
1

µ0

∇ × B =
4A0

µ0a
4

a
2 − r

2( )e−r
2

a
2

k̂

   
A(x) = −

A0a

r
e
−r

2
a

2

φ̂

  

Jφ = −
4A0

µ0a
2

xe
−x

2

φ̂

  
Bz = −

2A0

a
e
−x

, x = r a

  
Bφ =

2A0

a
xe

−x

To plot

   

Jz =
4A0

µ0a
2

1− x
2( )e−x

2

k̂

To plot
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Final Exam
(Exam is on 12/12, 12:45-2:45, Rm 1415)

What do I need to study for the final exam?
Homework, Exams, and Text example type problems

• At this level in the study of E&M
• Coordinate systems other than Cartesian cannot be avoided
• Differential operators: gradient, divergence, curl, and Laplacian are

part and parcel of E&M at this level
• Expansions with electric and magnetic dipole (& occasionally higher)

terms appear often in physical problems
• Solving Laplace’s equation is a useful skill

• Course failures are rare (unless there is evidence of giving up).
• Read the syllabus - missed HOMEWORK handed in before Exam.


