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Aleiner Q5 solution

Aleiner

a) The electric charge Q is uniformly distributed along the rod of the length
L. Find the electric field at the distances from the rod (i) much larger than L;
(ii) much smaller than L and near the middle of the rod; Solution: a) (i) At

the distance r >> L the field, ~E is not different from that of the point charge:
The answer is then ~E = Q~r/r3; (ii) Let us chose the cylindrical coordinate
system (~ρ, z) such that the rod is characterized by ~ρ = 0;−L/2 < z < L/2; The
electric field near the middle of the rod is obviously directed along ~ρ One finds
~E = Q~ρ

∫ L/2
−L/2

dz
L

1
(ρ2+z2)3/2

; The integral is mainly contributed by z ' ρ, so that

the limits of the integration can be put to infinity. We find ~E = 2Q~ρ(Lρ2);
b) The same rod is now bent into the semicircle shape. Find the electric

field in the center of the semicircle.
Chose the cylindrical coordinate system(z, ρ, φ) such that the rod is charac-

terized by the equation z = 0; ρ = L
π ; π/2 < φ < 3pi/2 Electric field in the

center is clearly along φ = 0 direction and its absolute value is given by

E = Q/L2
∫ 3π/2

π/2
dφ| cosφ|/pi = 2Q/(πL2)
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