


216 Chapter 5 Magnetostatics 

Field region 

FIGURE5.8 

Problem 5.2 Find and sketch the trajectory of the particle in Ex. 5.2, if it starts at 
the origin with velocity 

(a) v(O) = (E I B)y, 

(b) v(O) = (EI2B)y, 

(c) v(O) = (E I B)(y + z). 

Problem 5.3 In 1897, J. J. Thomson "discovered" the electron by measuring the 
charge-to-mass ratio of "cathode rays" (actually, streams of electrons, with charge 
q and mass m) as follows: 

(a) First he passed the beam through uniform crossed electric and magnetic fields 
E and B (mutually perpendicular, and both of them perpendicular to the beam), 
and adjusted the electric field until he got zero deflection. What, then, was the 
speed of the particles (in terms of E and B)? 

(b) Then he turned off the electric field, and measured the radius of curvature, R, 
of the beam, as deflected by the magnetic field alone. In terms of E, B, and R, 
what is the charge-to-mass ratio (qlm) of the particles? 

5.1.3 • Currents 

The current in a wire is the charge per unit time passing a given point. By def
inition, negative charges moving to the left count the same as positive ones to 
the right. This conveniently reflects the physical fact that almost all phenomena 
involving moving charges depend on the product of charge and velocity-if you 
reverse the signs of q and v, you get the same answer, so it doesn't really mat
ter which you have. (The Lorentz force law is a case in point; the Hall effect 
(Prob. 5.41) is a notorious exception.) In practice, it is ordinarily the negatively 
charged electrons that do the moving-in the direction opposite to the electric 
current. To avoid the petty complications this entails, I shall often pretend it's the 
positive charges that move, as in fact everyone assumed they did for a century 
or so after Benjamin Franklin established his unfortunate convention.5 Current is 
measured in coulombs-per-second, or amperes (A): 

1 A= 1 Cfs. (5.12) 

5If we called the electron plus and the proton minus, the problem would never arise. In the context of 
Franklin's experiments with eat's fur and glass rods, the choice was completely arbitrary. 
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