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INTRODUCTION

Thisisavariation of the original
experiment carried out by J.J.
Thomson in 1895. The
deflection of acharge movingin
& a magnetic field is clearly
' demonstrated.

| A particle of mass mand charge
emovinginamagneticinduction
field B will experience aforce
F given by:

F-euxB (1)
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where Visthevelocity of the particle. The vector cross product means the Fisperpendicular to
both v and B. If B isconstantand V isperpendicularto B, the particle will movein a
closed circular orbit. The force on the particle is equal to its mass multl plied by its acceleration:

evB = m— (2
wherer isthe radius of the orhit.

Now in this experiment, the particleis accelerated through a potential differenceV in order to reach
the speed v. Thusin the non-relativistic approximation,

ev = %m\/2 (3)
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Combining Egs. (2) and (3), gives a curvature of the electron orbit of:

1_|e B
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Figure 1. - Geometry of Helmholtz configuration

In this experiment, the magnetic induction B isthat generated by current flowing through a pair
of Helmoholtz coils. The geometry of the helmholtz configuration is sketched aboveinFig. 1. Note
that each coil radiusisequal to the separation between the coils, this configuration giving minimum
variation of B near the centre of the pair of coils.

Over avolume containing the geometrical centre of the configuration, the magnetic field dueto the
coilsisdirected aong the coil axis and is more-or-less uniform with the value

3/2 nl
e~ i ®

where g, = 4n x 10" Wb A=* m~%. Theunitsof B, are Tedla; Risthe radius of the coils (in
meters), n isthe number of turnsin each coil and | isthe current (in Amps).
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Thetotal axial magnetic inductionfield in theregion of the electron beam isthefield from the cails,
B. plus the externd field from the earth and building, & .. Thus,

B=B.+B,
1_|e 1 (ﬂ)3’2ﬂ+se] (6)
r 2m JV 5 R
or rephrased
1_oje -l WV \E kI - 1) (7)&.(8)
r m N r m
where
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characteristic of the coil dimensions, and | , = aconstant, proportional to the external magnetic field.
THE APPARATUS

The apparatus consists of a glass bulb
containing an electron gun and
hydrogen gasat low pressure. Electrons
emitted by a hot filament with the gun
are shaped into a beam by accelerating
them through a specially shaped anode.

The anode voltage, V, issupplied by a0
to 200 volt power supply. The coil
current is provided by an 8 V D.C.
power supply in series with a 10 Q
rheostat and ammeter (1 % accuracy).
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The beam of electrons becomes visible when the el ectrons have enough kinetic energy to excite the
gas by collision. The collisions, however, are sufficiently rare that the beam is scarcely affected; a
full, circular trajectory should be clearly visible. Thebulb can berotated to ensurethe beam follows
closed paths. Their diameters can be measured with the self-illuminated scale and plastic reflector
provided.

Theilluminated scale, if well positioned, eliminates problems of parallax in the measurement. Y ou
should work out how to use the scale before you start your readings.

NOTE: Thefilament of the electron gun should
beturned on 30s or more befor e the anode voltage
and should never beturned off until the anode
voltageisoff. Otherwise, the tube may be damaged.

DO NOT plug filament voltage to 100-300 V supply.
STRATEGIES

Electron beams of various curvatures may be obtained by varying the accel erating potential V, and
the coil current |. If the curvature is in a “backwards’ direction so that the beam hits the glass
envelope of the tube, you may rotate the tube 180 degreesinits mount. Obtain avariety of dataand
plot graphs of this data (do the plotting while you are taking the data) in such away that equations
(7) or (8) are confirmed or refuted. From these graphs you may obtain avalue of em. Notethat the
graphs can be extended to provide more precise values of emif both positive and negative values
of current |, and radius of curvaturer, areobtained. In performing your measurements, identify your
principal sources of error and both evaluate them well and minimize them.

Observe that there is an anomal ous behaviour of the electron gun when the accelerating voltage V
islow and the magnetic field, B = 2kl, is high.

Isthis explainable from what you know of the electron gun construction? Doesthisintroduce error
into your measurements? In considering correctionsto the value you obtain for em, you may wish
to take account of the fact that although thefield generated by the coilsisvery nearly constant along
theaxis, it decreases away from theaxis. It can be shown that for off-axisdistancesp which areless
than 0.2R, the field B,(p) is smaller than the axia field B,(0) by lessthan 0.075%. For 0.2R<p <
0.5R the ratio B,(p)/B,(0) is given approximately by

B,(p) _q - p*
B,0)

2
R* (0.6583 + 0.292 )2
R2

Notice that ferromagnetic materials and other sources of magnetic field located near the apparatus
may contribute to distortions of thefield in the region of the electron beam, affecting the value you

obtain for em. Evaluate whether such unwanted fields appreciably affect your measurements.
(jv - 1985, cmce - 1986)
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