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Physics 314 Midterm Solutions Professor Mallinckrodt 
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b) Exploit the symmetry by applying Ampere’s law to coaxial circular paths and f ind that B r( ) =
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current through a coaxial circular path of radius r.  Thus f ind 
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 where !̂  is a right-handed azimuthal unit vector wrt the direction of the current. 

c) Your graph should resemble that shown above right.  Inside the wire, it is a linear function of  r minus an inverse 
function of r which gives it a negative curvature.  Outside it goes like 1/r. 

  2. a) Explain why there are no currents and therefore no voltage drops across any resistors so that the entire voltage drop 
occurs across the capacitor so that VA = VB = 36 V  and Vc = 0 V . 

b) Still no current through the inductor and 36 V drop across the capacitor so that V
A

= V
B

= 36 V  as before. Thus 
there is no current in the top portion of the circuit.  But now VC = VB = 36 V  too so that there is a current of 9.0 A 
through the 4.0 !  resistor toward the left.  By continuity it must f low in a clockwise direction around the lower 
right loop. 

c) Now current flows through the upper two resistors as if  they were in parallel because there is no voltage drop across 
the inductor.  Then all the current f lows through the lower resistor because it can’ t go through the capacitor.  Thus 
we have an equivalent resistance of 2.0! + 4.0! = 6.0!  and a current of 6.0 A flowing through the battery.  It 
splits into 2.0 A through the 6.0!  resistor and 4.0 A through the 3.0!  resistor so that there is a 12 V potential drop 
across both.  Thus, VA = VB = VC = 24 V . 

d) Still have 4.0 A in the inductor and, since the capacitor still has a 24 V drop, there is still a 12 V drop across the 
6.0 !  resistor and, therefore, still 2.0 A flowing in it.  By continuity, then, 6.0 A must flow to the capacitor 
(charging it further!!) and on through the battery. 

3. a) By Ampere’s law, the magnetic f ield is curl free in any region of space with no current density and no time varying 
electric fields.  Thus, as long as we avoid the places where current is f lowing ( 

!
J = 0 ) and require that the currents 

are divergenceless (so that ! "
! t

= 0  everywhere and, therefore, 
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= 0 ), the conditions are satisf ied. 
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c) This can be done by sketching the f ield vector along the positive x-axis, just to the right of 
the entire y-axis and extrapolating, but it is easier if yuou note that the f ield can be written 

as  
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s2 s sin ! x̂ " s cos! ŷ( ) = "
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s
!̂  in cylindrical coordinates.  Thus the field is 

azimuthal in the CW direction and falls off in strength as 1 / r . 
d) This is the magnetic f ield of a long straight wire carrying current in the –z direction. 
EXTRA CREDIT:  Notice first that the equipotential surfaces are half-planes extending 

outward from the z-axis, toward which they all converge.  (Make sure you see why that 
makes perfect sense given the geometry of the field.)  The region of validity can be 
extended to nearly all space except the z-axis, but it cannot fully wrap around the wire because the potential would 
then need to have a step change (of 2! Uo ) at some angle or allow for multiple values as one winds around and 
around the z-axis.  All of this, of course, is a result of the fact that the field is “ curly”  on a global scale. 
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4. a) See at right. 

b) P t( ) = IV t( ) = I
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c) At positions between the edges of the plates Ampere’s law gives 
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"̂  with !̂  in the direction given by the rhr applied to the current I.  

(This is because, neglecting fringing fields, a coaxial Amperian path at that radius encloses all of the displacement 
current, which is equal to I.)  At the same position, and again neglecting fringing fields, we f ind 
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d) Integrating the Poynting vector over the surface of the volume between the plates gives us the rate at which 
electromagnetic energy leaves that volume.  The only contributions come from the short cylindrical strip between 
the outer edges so we f ind 
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 The same thing found in part b. 
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