Appendix G - Non-relativistic Motion in Combined Constant 
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Often we encounter situations where there are both electric and magnetic fields. We treat here the simplest case of motion in uniform fields. The electric field is taken to be along the z axis, while the magnetic field is assumed to be in the (y,z) plane with angle 
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 with respect to the electric field. The motion is assumed to be non-relativistic, but otherwise completely arbitrary.  The Lorentz force equation, 
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G.1


For example in a 40 kG field with a field of 3 x 104 V/cm we find that  = 6.8 x 1011 sec-1 and a = 5.9 x 1019 cm/sec2.  In order to solve the equations in a simple form the boundary conditions, x(0) = y(0) = z(0) = 0 and 
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(0) = 0 are adopted, that is starting from the origin (choosable) at zero initial velocity.  This situation would apply, for example, if the motion of photoelectrons emitted by a photocathode immersed in an arbitrary magnetic field were to be studied.  The solutions are
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G.2

as can be verified directly by differentiating twice.


A natural length scale appears which is (a/2), while the natural rotational angle scale is .  If there were no magnetic field the time to to fall to z = d in a purely electric field and the final velocity vo at z = d would be
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G.3

Where E = Vo/d gives the potential Vo for a uniform electric field.  Numerically, for E = 3 x 104 V/cm we find vo/c = 0.2 and, if d = 3 mm, to = 0.1 nsec.  These parameters are typical of the hybrid detectors mentioned in Section 9.


If there were no electric fields, then the radius of curvature about the axis of the 
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 field at a velocity vo is ao = (m vo)/eB.  For B = 40 kG, ao = 0.084 mm and  = to = 68 

 11/2 or 11 full electron rotations in the magnetic field.


For weak magnetic fields we expect mostly motion accelerated along the z axis = electric field direction.  However, for strong magnetic fields we expect that the electrons are captured along the B field axis, with tight (i.e. small ao) helical orbits about that axis.  The general case, for example a PMT in an external B field, can be studied using Eq. G.2. In Fig. G.1 is shown the trajectory in a strong magnetic field. The acceleration from z = 0 to z = zmax is accompanied by rotation about the magnetic field direction. In this specific case, eight complete rotations are visible.
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Fig. G.1
The trajectory in uniform electric and magnetic fields with a 30 degree angle between them. The particle starts at rest at z = 0. The trajectory is plotted with respect to motion along the magnetic field, ztan(().
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