
EM Tutorial Discussion Sheet 5

1. The electron was discovered over 100 years ago by J.J. Thomson working at the
Cavendish Laboratory in Cambridge. The details contained in the problems below
are not an exact reflection of Thomson’s experiments between 1897 and 1899, but
they are close, and the concepts are the same. The first four problems are a bit more
challenging. Throughout you can assume that all speeds are� c, so that relativistic
effects can be neglected.

(i) A beam of electrons (mass m, charge e) moving at a controlled speed pass
through a uniform electric field created between two parallel plates of length
L , separation d, and potential difference V . As the electrons enter the region
between the plates, they are moving at speed v0 in the x-direction, perpendicular
to E (which is in the −y direction), and as they leave the region, they have an
angular deflection θ (see diagram). Neglecting end effects, show that

tan θ ≈
VL
dv2

0

( e
m

)
. (1)

(ii) It appears from Eq. (1) that the charge to mass ratio of the electron can be
determined from such an experiment. However, in Thomson’s cathode ray ap-
paratus, the electrons were accelerated to speed v0 across a potential difference
Vacc between the cathode and anode (not shown in the figure) of the cathode
ray tube. Show that, in such a case that

v0 =
(
2eVacc

m

)1/2

,

and hence that
tan θ =

VL
2Vaccd

,

which is independent of e/m.

Thomson overcame the loss of (e/m) dependence by applying a magnetic field to the
region between the plates

(iii) For a magnetic field perpendicular to the plane of the paper, show that the con-
dition for the electron beam to be undeflected is

e
m

=
V2

2d2VaccB2
=

E2

2VaccB2
, (2)

where E = V/d is the magnitude of the electric field.
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(iv) Should the magnetic field be directed into or out of the paper?

(v) Deduce from Eq. (2) that the ratio E/B has the units of velocity.

(vi) If Vacc = 300V, and the measured ratio of E/B is 1.027 × 107m s−1, deduce a
value for e/m.

(vii) At what fraction of the velocity of light are the electrons travelling in this case?

(viii) If V = 50kV and d = 1cm, what is the value of B?

(ix) If E and B are held steady at these values, what happens (qualitatively) to the
track of the electron beam if the value of Vacc is increased above 300 V?

2. In the lectures, it was shown that a particle of charge q, moving at speed v in a
uniform magnetic field B perpendicular to the plane of the particle’s motion, follows a
circular path of radius

r =
mv
qB

,

at a frequency (i.e. number of orbits per second)

f =
qB

2πm
.

This is the principle of the device known as the cyclotron. Note that f , which is known
as the cyclotron frequency, is independent of the speed of the particle (at least under
non-relativistic conditions), and a function only of B and q/m. In the following you
may assume the particle always moves with a speed� c.

(i) Find the radius of the track of a 2 MeV proton in a magnetic field of 0.2T.

(ii) Find the cyclotron frequency for electrons in the same magnetic field.
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