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PROBLEM SET C:   MAGNETOSTATIC FIELDS 
 

PROBLEM C.1 (Cartesian Currents) 

Along the infinite planar surface     of the 

related figure flows surface current with 

constant density        , while for 

       flows volume current with density 

       ( 
 

 
)   , where         are given 

positive parameters. For    , there is no 

current flow. The whole area has a magnetic 

permeability equal to that of vacuum. (a) Find 

the magnetic field   ( ) in all the area 

(       ). Is there any case that the field for     to be identically zero? (b) Sketch the plots of magnetic 

field magnitude   ( ) for     
 

  
                  with various         

 

 
 and discuss the result.  

 

PROBLEM C.2 (Filamentary Current) 

Consider the filamentary current   with infinite length with 

shape as this depicted in the related figure. The radius of the 

semicircle equals  .  (a) Find the magnetic field at the point 

  of the semicircle center. (b) Sketch the graph of the 

magnetic field components with       as function of 

radius   and note what is happening for     and     . 

 

 

PROBLEM C.3 (Spherical Current) 

A constant surface current of density       flows around a 

sphere of radius  . (a) Determine the magnetic field on the   axis in 

the form of a definite integral (without evaluating the integral). (b) 

Evaluate the magnetic field at the center of the sphere. Plot the 

magnitude for     
 

 
  with respect to radius  . (c) With use of 

the previous result, find the expression of the magnetic field at the 

center of a spherical cell with internal radius   and external radius 
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  into which flows a homogeneous volume current      . Sketch the contour plot of the magnetic field with 

    
 

  
 for             and      

 

 
  .  

 

PROBLEM C.4 (Compass Deflection) 

The needle of the compass points to (magnetic) North, in 

absence of disturbances (for example magnetic minerals 

or electric currents). Let us fix the coordinate system such 

that the   axis points to North on the Earth’s surface. 

Hence, in absence of disturbances, the needle of a 

compass aligns with the   axis. However, the are two long 

straight wires carrying steady current in the vicinity: one 

 -directed at the axis (   )  (    ) and the other is  -

directed at (    )  (   ) (see related figure). The 

magnitude of the current is the same in both wires: in the 

first wire the current lows into the    direction, and in 

the second wire it flows into the   direction. These currents cause a static magnetic field that affects the 

alignment of the compass needle. Calculate the deflection angle from North (declination) of the needle, in other 

words the angle   as function of the position of the compass on the   axis. Note that the needle can only turn in 

the    plane. The horizontal component of Earth’s magnetic field here in Southern Finland is around      . The 

current is       and the distance        . (a) Where on the  -axis is the declination at its maximum? (b) 

How large it is at this point? 

 

PROBLEM C.5 (Conical Resistance) 

Metal conductor is comprised by a 

segment of the cone as shown in the 

related figure. The metal of the conductor 

has conductivity  . The conductor 

occupies the region from     to     

where   is the axis of the cone. The cross 

of the cone with the normal planes 

      form circular surfaces of radii 

    respectively. (a) Find the resistance 

of the conductor between the circular 

disks if we apply a voltage  . Note that the circular surfaces of radii     are of constant potential and the same 

happens for the arbitrary disks defined by normal sections of the cone along   axis. (b) Plot the resistance for 

   
 

 
  as function of      

 

 
    for               with         .    

 


