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1. Multiwire proportional chambers (MWPCs) or drift chambers are de-
tectors commonly used in nuclear and particle physics to determine the
trajectories of charged particles. In this problem, you are to derive an
equation for the electric potential inside such detectors.

(a) Consider an infinite line of charge with charge per unit length λ.
Assume that the line is along the z axis at x = y = 0. Use Gauss’
law to determine the electric field at a distance r from the line of
charge. Then show that the electric potential can be written as

Φ = Re

(

−
λ

2πǫ0
ln z

)

+ constant ,

where here, z = x+ iy = reiθ.

(b) Now consider an infinite array of parallel line charges located at
y = 0, x = 0, ±a, ±2a, · · ·. Each of the line charges has charge per
unit length λ. Use the superposition principle and the result above
to show that the potential can be put in the form,
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(c) Next show that this sum can be evaluated in closed form to give
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The following mathematical identity may be useful:
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(d) Show that the potential is given by
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(e) Now consider an infinite array of parallel line charges located at
y = d, x = 0, ±a, ±2a, · · ·. Each of the line charges has charge per
unit length λ. Use the result of part (d) to find the potential in this
case.

(f) Finally, consider an infinite array of parallel line charges located at
y = d, x = 0, ±a, ±2a, · · ·. Each of the line charges has charge
per unit length λ. This array of line charges is placed above a
flat, grounded conductor of infinite extent located at y = 0. Use the
Method of Images and your result from part (e) to find the potential
for the region y > 0.


