
w May we split that charge?
In a circuit shown below, two conducting spheres of radius 
R each are located far away from each other and are con-
nected by thin wires through a solenoid with inductance L. 
Initially, one of the spheres is charged and the other is neu-
tral. How long after the switch is closed do the charges on 
the spheres become equal?   

Solution:

From Coulomb’s law, electric field outside of a charged 
sphere is kQ/r2.  Integrating the field strength from an 
infinite distance down to the surface gives us the electric 
potential of the sphere: 

   V = kQ/R.

The capacitance of the sphere is C = Q/V = R/k.
Because of the inductance, current in the wire increases 
from zero at a rate proportional to the potential difference 
between the spheres after the switch is closed: 

    dI/dt = d2q/dt2 = DV/L.

In that equation “q” represents the charge on the second 
sphere. Since charge is conserved, the charge on the first 
sphere must always be Q – q. The potentials of the two 
spheres are then q/C and (Q – q)/C. Their potential differ-
ence is then 

    DV = [(Q – q) – q]/C = [Q – 2q]/C 

and, therefore, 

   (LC)[d2q/dt 2] = Q – 2q.

The solution of that differential equation is sinusoidal. To 
satisfy the initial conditions, the graph of q vs. time must 
be a negative cosine curve above the time axis, and the time 
when the two charges become equal is one quarter of the 
period: 
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    q = (Q/2) [1 – cos(wt)] = Q/2 – (Q/2) cos(w).
 
Differentiating twice with respect to time gives 

     d2q/dt2 = (w2Q/2) cos(wt).

To find the value of w, substitute those formulas into the 
differential equation and solve: 

(LC)(w2Q/2) cos(wt) = Q – 2[Q/2 – (Q/2) cos (wt)] = Q 
cos(wt)  

  ➝ w2LC/2 = 1  ➝  w2 = 2/LC = 2k/RL

But w = 2p/T, so the period is T = 2p/w = 2p(RL/2k)1/2 . 

The charges become equal after one-quarter of a cycle, so 
t = T/4 = (p/2)(RL/2k)1/21/2.

(Submitted by Art Hovey, Galvanized Jazz Band, Milford, 
CT)
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Michael Threapleton (Centralia College, Centralia, 

WA)
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Guidelines for contributors
 –  We ask that all solutions, preferably in Word format, be 

submitted to the dedicated email address  
challenges@aapt.org. Each message will receive an  
automatic acknowledgment.

  – If your name is—for instance—Sean Spicer, please name 
the file “Spicer17Sept” (do not include your first initial) 
when submitting the September 2017 solution.

 – The subject line of each message should be the same as 
the name of the solution file. 

 – The deadline for submitting the solutions is the last day 
of the corresponding month. 

  – Each month, a representative selection of the success-
ful solvers’ names will be published in print and on the 
web.  

  – If you have a message for the Column Editor, you may 
contact him at korsunbo@post.harvard.edu; however, 
please do not send your solutions to this address. 

Many thanks to all contributors; we hope to hear from many 
more of you in the fall. 
We also hope to see more submissions of the original  
problems – thank you in advance!    
   – Boris Korsunsky, Column Editor


