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IV. [20 points total]  Tutorial questions. 
A circular loop carrying a current Io is placed near the end of a solenoid as 
shown in the cross-sectional view at right.  The field lines shown indicate the 
magnetic field of the solenoid only. 
Note:  The symbol      indicates current going into the page and  
the symbol      indicates current coming out of the page. 
A. [6 pts]  Suppose a compass were placed below the current loop as shown 

at right.  In the space provided, draw the most stable orientation of the 
compass needle.  Explain your reasoning. 

The compass needle will be stable when its poles are aligned from south to 
north along the net magnetic field direction, the sum of the fields from the loop 
and solenoid.  The contribution from 

!
Bsol  is tangent to the field line at that 

point.  From the RHR we developed in tutorial to treat the current loop like a small bar magnet, field 
lines for the loop will come out of the left side and go into the right side.  This means the contribution for 
the loop will be directly to the right at this point, so the compass needle will be angled between the field 
line and the horizontal. 

 
B. The circular current loop and compass are removed.  The 

magnetic field around the solenoid is shown at right. 
i. [7 pts]  On the diagram at right, draw and label a closed 

path for which the line integral of the magnetic field 
along that path is zero (i.e., 

!
B•d
!
l

path
"∫ = 0 ).  Explain. 

There are many correct answers to this question.  Two 
examples requiring different reasoning are the dashed 
ellipse and rectangle at right. 
Closed 1:  From Ampère’s law, the line integral of 
magnetic field along any closed path that encircles net 
zero current will be zero. 
Closed 2:  The magnetic field lines show an approximately uniform field in the center of the 
solenoid.  Choosing the counterclockwise path, the dot product 

!
B•d
!
l  is zero where the vectors 

are perpendicular (left and right sides), Bdl  when they are parallel (bottom), and −Bdl  when 
they are antiparallel (top).  Since 

!
B  has the same magnitude everywhere in this region and the 

top and bottom segments are equal length, the line integral along the entire path will sum to zero. 
 

ii. [7 pts]  On the diagram at right, draw and label an open path for which the line integral of the 
magnetic field along that path is zero (i.e., 

!
B•d
!
l

path
∫ = 0 ).  Explain your reasoning. 

As with the previous question, there are many possible correct answers.  The straight and curved 
open paths on the diagram are two examples requiring the same reasoning. 
Ampère’s law only applies to closed paths, so we can’t use it directly here.  Instead, the simplest 
path we can choose is one where 

!
B•d
!
l  is zero at every point on the path, so 

!
Bsol  and d

!
l  need 

to be perpendicular for the entire path. 
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