Problem 2

In a square loop with a side length L, a large numbeali$ of negligible radius and each with a charge q
are moving at a speedwith a constant separatiabetween them, as seen from a frame of refererate th
is fixed with respect to the loop. The balls are arrarggethe loop like the beads on a necklace, L being
much greater thaa, as indicated in the figure 2.1. The no conducting wineifog

the loop has a homogeneous charge density per unihleantipe in the frame of the loop. Its total charge
is equal and opposite to the total charge of the ballsinframe.



Consider the situation in which the loop moves witloeigy v parallel to its sidé\B (fig. 2.1) through a
homogeneous electric field of stren@lwhich is perpendicular to the loop velocity and makes an déngle
with the plane of the loop.

Figure 2.1

Taking into account relativistic effects, calculate filllowing magnitudes in the frame of reference of an

observer who sees the loop moving with velogity

a)The spacing between the balls on each of the sidedbtip,ass , 8sc, 8cp , Y @pa.

b)The value of the net charge of the loop plus balls oh eathe side of the loofas . Qsc QcpY, Qoa

¢)The modulusM of the electrically produced torque tending to rotatesystem of the loop and the
balls.

d)The energyV due to the interaction of the system, consisting ofdbp and the balls with the electric
field.

All the answers should be given in terms of quantitiesiipe in the problem.

Note The electric charge of an isolated object is independetite frame of reference in which the

measurements takes place. Any electromagnetic radiefiects should be ignored.

Some formulae of special relativity

Consider a reference franSemoving with velocityV with reference to another reference fran@he
axes of the frames are parallel, and their origifiscide at = 0.V is directed along the positive direction
of thex axis.

Relativistic sum of velocities

If a particle is moving with velocity in thex direction , as measured 8i, the velocity of the particle
measured i1Bis given by:
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Relativistic Contraction

If an object at rest in fram® has lengthL, in thex-direction, an observer in frang (moving at velocity
V in thex-direction} will measure its length to be:
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