
Physics 110 Fall 2018

10/30–Tutorial on Ampere’s Law

This begins where we left off with the previous InClass Worksheet. Several of these are from
CU Boulder, and several from Griffiths. With some of my own.

Tutorial on Ampere’s Law
Ampere’s Law in integral form is: ∮

~B · d~̀= µ0Ienc

Learning how to choose an Amperian Loop is a skill we should practice.

1. Imagine there is a constant magnetic field B whose direction is given by the field lines shown
below. An Amperian loop is also shown below (dashed lines).

(a) What is
∫ ~B · d~̀ for each side of the loop?

i. Side I:

ii. Side II:

iii. Side III:

iv. Side IV:

(b) What is
∮ ~B · d~̀ ?
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Part 1 – Ampere’s Law 
(i). Write down Ampere’s Law in integral form:  

 

 

(ii). Imagine there is a constant magnetic field whose direction is given by the 

field lines shown below.  An Amperian loop is also shown below (dashed lines).   

 a) What is  for each side of the loop? 

  Side I: 

  Side II:   

  Side III: 

  Side IV: 

 b) What is ? 

 

I 

II 

III 

IV 

2. Now imagine rotating the Amperian loop such that it makes an angle θ with respect to the
magnetic field (shown below).

(a) What is
∫ ~B · d~̀ for each side of the loop?

i. Side I:

ii. Side II:

iii. Side III:

iv. Side IV:

(b) What is
∮ ~B · d~̀ ?
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(iii). Now imagine rotating the Amperian loop such that it makes an angle θ with 

respect to the magnetic field (shown below).  Calculate  for each side of 

the loop.  What is ? 

  Side I: 

  Side II:   

  Side III: 

  Side IV: 

  : 

 

Compare  in question (ii) and (iii).  Do they make sense?  Explain. 

 

 

 

θ 

I 

II 

III 

IV 

3. Compare
∮ ~B · d~̀ for the two previous cases. Do they make sense? Explain.

4. Thinking about Problems 1 and 2:

(a) Qualitatively explain how your results for questions 1 and 2 would change if your Am-
perian loop was a circle instead of a rectangle.

(b) Why is a rectangular Amperian loop better for this problem than a circular Amperian
loop? Explain.

(c) What sort of situation might you want a circular Amperian loop for and why? Be explicit.

5. If for an Amperian loop,
∮ ~B · d~̀= 0 (not necessarily the one in questions 1 and 2), can you

conclude anything about the magnetic field B? Explain.

6. What does it mean if
∮ ~B · d~̀ 6= 0 ? Explain.

7. A thin wire carries a uniform current I. This current produces a magnetic field, B. Up until
now, you’ve always been told that magnetic fields loop around a current-carrying wire (Figure
a. below) But how do you know that there are not other components to the magnetic field?
Perhaps the magnetic field has a z-component (Figure b.) or a radial component (Figure c.)

Can you think of any convincing arguments for why there shouldn?t be a z- or s- component?
It might be useful to consider symmetry, Maxwell’s equations, and any laws that have recently
been covered in class.

(a) Give an argument for why there cannot be a z-component? (Figure b.)

(b) Give an argument for why there cannot be a s-component? (Figure c.)
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A thin wire carries a uniform current I. This current produces a magnetic field, B. Up 

until now, you’ve always been told that magnetic fields loop around a current-carrying 

wire (Figure a. below), but how do you know that there are not other components to the 

magnetic field? Perhaps the magnetic field has a z-component (Figure b.) or a radial 

component (Figure c.).  

Figure a. Figure b. Figure c. 

B 
B 

B 

I I I 

 
i. Can you think of any convincing arguments for why there shouldn’t be a z- or s- 

component? It might be useful to consider symmetry, Maxwell’s equations, and any 

laws that have recently been covered in class. 
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8. Consider the long fat cylindrical wire with a known, azimuthally symmetric current density
J shown below. Look at the various loops shown in the figure, and decide what information,
if any, Ampere’s law applied to each loop might provide about B.

(a) Loop a: (It is centered on wire.)

(b) Loop b:

(c) Loop c:

(d) Loop d: (also centered)

(e) Loop e: (also centered)

(f) Loop f:
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Consider the long fat cylindrical wire with a known, azimuthally symmetric current 
density J shown below.  
Look at the various loops shown in the figure, and decide what information, if any, 
Ampere's law applied to each loop might provide about B.  
 Loop a: (it is centered on wire) 
 Loop b: 
 Loop c: 
 Loop d (also centered): 

Loop e (also centered): 
Loop f: 

 
 

 

J 

a. 
b. 

c. 

d. 
f. 

e. 

9. A coaxial cable consists of two conductors: an inner wire and an outer cylindrical shell. Both
the inner wire and outer shell can carry currents.

The center wire has radius a, and a current density, J , that is is uniformly distributed through
the cross-sectional area of the wire.
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Part 2 – Applications of Ampere’s Law 
While studying intensely for your physics final, you decide to take a break and 

listen to your stereo. As you unwind to a little Lady Gaga, your thoughts drift to 

newspaper stories about the dangers of household magnetic fields on the body. 

You examine your stereo wires and find that most of them are coaxial cable: 

essentially one conducting cylinder surrounded by a thin conducting cylindrical 

shell (the shell has some thickness). At some moment in time current is traveling 

up the inside conductor, and back down the conducting shell. As a way to practice 

for your physics final you decide to calculate the magnetic field at different radii.  
  Perspective view:       Top view: 

€ 

s= c  

€ 

s =b  

€ 

s = a  

€ 

s = 0 

€ 

s =b  

€ 

s= a 

€ 

s= 0 
 

I1 I2 I2 

 
Ohm's law for a wire says: Resistance ∝ Length/(Cross-Sectional Area).  Thus the 

current density J is uniformly distributed throughout the body of a conducting 

wire (i.e. not only on the outside or concentrated at the center).     

 

i. Before you do any calculations, think about what answers you expect in the 

following questions a, b, and c.  

a) Is there a magnetic field inside either of the two conductors? 

 

 

 

 

 

 

Consider the following questions qualitatively:

(a) Is there a magnetic field inside either of the two conductors?

(b) How should ~I1 and ~I2 compare in order to produce no magnetic field outside of the coax?

(c) For the case of I1 = I2, sketch a qualitative graph of B in the four regions: s < a,
a < s < b, b < s < c, and s > c. Try to do this without solving the problem first! (e.g.,
is B zero, growing, falling?)
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b) How should I1 and I2 compare in order to produce no magnetic field outside 

of the coax? 

 

 

 

c) For the case of |I1|= |I2|, sketch a qualitative graph of B in the four regions: s 

< a, a < s < b, b < s < c, and s > c. Try to do this without solving the 

problem first! (e.g., is B zero, growing, falling?) 

 

 B 

 

 

 

 

  

    

 

   a          b   c         s 
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(d) Now calculate ~B in the four regions using Ampere’s Law (assuming I1 = I2):

i. s < a

ii. a < s < b

iii. b < s < c

iv. s > c

(e) Based on your calculations, qualitatively graph ~B in the four regions again. How does it
compare to your prediction?
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b) How should I1 and I2 compare in order to produce no magnetic field outside 

of the coax? 

 

 

 

c) For the case of |I1|= |I2|, sketch a qualitative graph of B in the four regions: s 

< a, a < s < b, b < s < c, and s > c. Try to do this without solving the 

problem first! (e.g., is B zero, growing, falling?) 

 

 B 

 

 

 

 

  

    

 

   a          b   c         s 

 

 

 

 

 

 

 

 

 

 

 

(f) If I is 1 Amp (not an unreasonable size):

i. What is the maximum value of B produced? You may find the following number
useful: µ0 = 4π × 10−7 N/A2.

ii. Where is that maximum B produced?

iii. What is B at a distance of 10cm from the wire?

iv. At either of these places, how does it compare with the earth’s magnetic field (about
5× 10−5 T)?

10. The Solenoid
A (very long) solenoid consists of n closely wound turns per unit length on a cylinder of radius
R, each carrying a steady current I (Fig 5.34). [The point of making the windings so close is
that one can then pretend each turn is circular. If this troubles you (after all, there is a net
current I in the direction of the solenoid?s axis, no matter how tight the winding), picture
instead a sheet of aluminum foil wrapped around the cylinder, carrying the equivalent uniform
surface current K = nI (Fig. 5.35).

(a) First, what is the direction of ~B? Consider each component:

i. Do you think there could be a radial component? Why or why not?

ii. How about an azimuthal component? (φ direction?)

iii. Along the axis of the solenoid?

(b) For your direction, what shape Amperian loop would work? What must the field be
outside the solenoid? Why?

(c) Find ~B for this (long) solenoid.
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FIGURE 5.34
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FIGURE 5.35

winding), picture instead a sheet of aluminum foil wrapped around the cylin-
der, carrying the equivalent uniform surface current K = nI (Fig. 5.35). Or make
a double winding, going up to one end and then—always in the same sense—
going back down again, thereby eliminating the net longitudinal current. But, in
truth, this is all unnecessary fastidiousness, for the field inside a solenoid is huge
(relatively speaking), and the field of the longitudinal current is at most a tiny
refinement.]

Solution
First of all, what is the direction of B? Could it have a radial component? No. For
suppose Bs were positive; if we reversed the direction of the current, Bs would
then be negative. But switching I is physically equivalent to turning the solenoid
upside down, and that certainly should not alter the radial field. How about a
“circumferential” component? No. For Bφ would be constant around an Amperian
loop concentric with the solenoid (Fig. 5.36), and hence

!
B · dl = Bφ(2πs) = µ0 Ienc = 0,

since the loop encloses no current.
So the magnetic field of an infinite, closely wound solenoid runs parallel to the

axis. From the right-hand rule, we expect that it points upward inside the solenoid
and downward outside. Moreover, it certainly approaches zero as you go very far

s

Amperian loop

FIGURE 5.36

Amperian loops
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FIGURE 5.37

11. Griffiths 5.14b

12. Griffiths 5.16
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