OPERATING
INSTRUCTIONS

SPECIFIC CHARGE OF ELECTRON APPARATUS AND ELECTRON TUBE

CENCO NOS. 71267 AND 71266

1. INTRODUCTION

The Specific Charge of Electron Apparatus is used in conjunction with the
Electron Tube to measure the ratio of electron.charge (e) to electron mass
(m). An electron stream is accelerated through a measured potential dif-
fereuce. The stream is projected through, and perpendicular to, a magnetic
field of sufficient strength to cause it to bend in a circular path. The
value of e/m can be computed from the relationships that exist among the
accelerating potential, the strength of the magnetic field, and the diameter
of the circular path which the electron beam describes,

2, OPERATION

Refer to the accompanying Selective Experiments in Physics, Cenco No.
71990-711, "Ratio of Charge to Mass for the Electron' for descriptive and
operating information on the Specific Charge of Electron Apparatus.

It is suggested that two No. 082910-003 Rheostats be used as grid and plate

ad justments. A tap-off, for grid adjustment, can be improvised from copper

or brass stripping, or if desired, a 25,000 ohm voltage divider, commonly used
in power supplies, may be purchased with an extra tap for grid adjustment.

3. MAINTENANCE

If the apparatus is operated according to instructions and given reasonable
care, it should provide years of satisfactory service. The only maintenance
required is the periodic changing of the electron tube. The expected life
of the electron tube can be considerably lengthened if the operating pre-
cautions, described in the accompanying Selective Experiments in Physics,
are followed.

If servicing other than tube replacement is required, contact the Cenco
Service Department or the nearest Cenco Branch 0ffice. Do not return
equipment without written authorization from Cenceo,
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RATI® ®F CHARGE T@® MASS F@R THE ELECTR@®N

OBJECT: To measure the ratio of the charge of an electron
to its mass,

METHOD: A stream of electrons is accelerated by having
them fall through a measured potential difference. This
stream is projected into a uniform magnetic field, perpen-
dicular to the velocity vector of the electronsg, that causes
the electrons to bend into a circular path, The value of the
ratio of charge to mass (e/m) is computed from the rela-
tionships between the measured accelerating potential dif-
ference, the magnetic flux density, and the diameter of the
circular path which the elef.'tron beam describes.

THEORY: The dlacovery of Lhe electron as a discrete par-
ticle of electricity is generally credited to the British physi-
cist Sir J. J. Thomson (1856-1940). His extensive studies
of cathode rays culminated in the quantitative observations
of the deflection of these rays in magnetic and electric fields.
These researches led to methods for the measurement of
the ratio of charge to mass (e/m) for the electron. In his
famous oil-drop experiments, Robert A. Millikan (1868-
1953) was able to measure the charge of the electron
(1.60206 X 107'* coulomb). The currently accepted value for
e/m 1s 1.75890 x 10*' coulombs/kg, and hence the mass of
the electron could accurately be determined.

From the definition of the magnetic induction B in a
magnetic field, the force F acting upon a charge e that is
moving with velocity v perpendicular to the direction of
the field, is given by

F = Bev (1)

Since the direction of this force is always perpendicular
to the velocity vector it follows that the force is a centripetal
one. Such a force causes the electron to move in a circular
path. The centrifugal force of reaction of the electron is
equal in magnitude to the force exerted on the electron by
the magnetic field. Hence

muy®
Y — Bev (2)

r

where-r is the radius of the circular path of the electron.
The kinetic energyv acquired by an electron that falls
through a potential difference V is g:ven by

Ve = L me? (3)
2
From Egs. (2) and (3)
e 2V 4
m ~ Bir

The apparatus used in this experiment (Fig. 1) makes it
possible to measure the values of V, B, and r and therefore

to determine the ratio e/m.
The magnetic field which bends the beam is produced by
a current in two Helmholtz coils. These coils are mounted
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Fig. 1. Helmholtz couls

verticallv and, therefore, produce a field in the horizontal
direction. When the distance between the coils is equal to
the radius of either coil a nearly uniform field is produced
at the midway point. This is because the field contributed by
each coil is diminishing with a constant rate over a short
distance. The diminution of the ficld of one coil s com-
pensated for bv the equal increase in the field produce:d
bv the other coil.

The electron tube is held In a socket mounted hetwoen
the coils, and on their common axis. The currents in the
coils must be in such directions that the fields of the coils
are in the same direction along their common axi~ The
magnitude of the flux densitv B at the central pomt i~
given by

_ 8uNI (3)
T V125R
where N is the number of turns per coil. I the current in
the coils, R tbe cotl radius. and g. is the permeability of fre

space (47 % 10 © weber/amp-m). The flux denaity is given
in webers/meter” when I is in amperes and H is t1n meters
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By combining Eqs. (4) and (5) an expression for e/m
can be obtained that includes only constants for a given set
of coils and the measurable quantities V, I, and r, When the
specified mks units are used e/m is then expressed in
coulombs/kilogram.

APPARATUS: The major items of the equipment consist of
two parts: a specially designed Cenco three-element elec-

Fig. 2 Electron tube

tron tube, and a pair of Helmholtz coils. Within the elec-
tron tube (Fig. 2) an “electron gun” is mounted, with its
center line coincident with the vertical axis of the tube.
The gun consists of an indirectly heated cathode which
supplies the electrons; a grid, charged to a positive poten-
tial with respect to the cathode, which serves to focus the
vlectron beam: and a circular plate, which is held at a high
posttive potential and thus accelerates the electrons. The
electron stream is projected vertically through a small hole
at the center of a disk which 1s mounted harizantally on the
upper end of the electron gun. Four circles, with centers
coincident with the hole and of radii 0.50, 1.0, 1.€5, and 2.0
cm._are marked on the upper face of the disk. The bulb and
disk are coated with a material which fluoresces when struck
by electrons. The tube contains a trace of an nent gas that
awds in focusing the electron beam as well as to cause the
beani to make a visible trace.

The Helmholtz coils of the Cenco apparatus are wound
on non-magnetic aluminum rings. The rings have their rims
inilled away at opposite ends of a diameter to facilitate the
measurement of the mean diameter. The number of turns of
the cotls s marked an the equipment With a current of
about 4 amp. a flux densitv of approximatelv 4 ~ 10 °
weber/m” 1s produced. The strength of the magnetic field
can be adjusted by changing the current in the coils. Varia-
tion of etther the accelerating potential difference in the
tube or the strength of the magnetic ficid will cause the
radius of the cirele described by the electron beam to varv,
TIf the beam is made to describe a semieirele above the disk
and. on returning to the disk, strike ane of the four circles
marked on its face, the diameter of the semicircle s equal
. to the radius of that circle.

The follawing supplementary apparatus is needed for this
experiment: a l-amp de ammeter; a 5-amp d¢ ammeter: a

11-ohm, 6-amp rheostat; a 44-ohm, 3-amp rheostat; a
(50/250) volt dc voltmeter; a (60-220)-volt dc power supply
unit (current range up to 40 ma); two 12-volt storage bat-
teries; tap key; knife switch; reversing switch.

The electron-tube filament current should be (0.5-0.6)
amp at (6.0-6.3) volts. IMPORTANT: The life of the expen-
sive tube is limited. To ensure maximum life the tube cur-
rent should always be kept at the lowest value that will
produce a well-focused, visible beam. A 0.75-amp fuse should
be included in the filament circuit. A plate potential of
(60-135) volts gives the best operating range. If the plate or
grid current is more than a few milliamperes the filament
current is higher than necessary, The grid potential should
be positive, less than that of the plate, and adjusted to give
the beam a sharp focus. The focusing of the electron beam is
accomplished by the focusing grid and also by the ioniza-
tion of the gas in the tube. The positive ions that are pro-
duced in the gas will gradually destroy parts of the tube:
therefore their number should be kept at a mintmum. The
filament current and the plate potential should be kept as
low as possible to still give a well-focused. visible beam. The
kev in the plate circuit should be closed only when observa-
tions are being made, in order to prolong the tube life.

Precautions must be taken to see that no significant strav
magnetic field affects the apparatus. The effects of the
earth’s magnetic field 1s not large, in comparison with that
of the coils, but a correction can be made for this if desired.
In addition to the usual instrumental errors it is instructive
to consider some other sources that may limit the precision
of the results of this experiment. Inability to judge accu-
rateiv when the electron beam is exactly on the circle is one
source of error, The errors may be minimized bv taking the
average of a number of readings. Since the entire tube is in
the magnetic field the electrons are deflected along a path
having various radii of curvature as they are accelerated
from the cathode to the anode. The electrons consequentiv
emerge from the anode at an angle 10 thie axis of the tube,
The center of curvature of the emerging beam is, therefore,
helow the level of the anode. If conditions are adjusted so
that the beam strikes a circle on the anode disk, the truce
diameter of the beam circle i1s larger than the observed
value. This results in a value of e/m that is larger than the
standard value. Electrostatic fields in the bulb mayv cause
errors if the tube has a different potential than the anode.
Contact potentials may produce some effect in the measured
values of V.

PROCEDURE: . Explore the area around the Helmholtz
coils to see that there Is no serious interference from stra
magnetic fields, including the earth’s field. This mav be
done bv the use of a compass or a flip coil connected to a
galvanometer. See that the meters (if not magneticallv
shielded) are placed well away from the Helmholtz coils
and that inductivelv wound rheostats are not too near the
electron tube. By the use of a compass make certain that the
fields of the two Helmholtz coils are in the same sense.

2. Connect the apparatus as shown in Fig, 3. The electr-
cal connections to the electron tube are shown in Fig. 4. Be
<ure to have the instructor check the wiring before the power
sources are attached. Bv means of the rheostat adjust the
filament current to about 0.5 amp. After allowing the cathode
to heat for about 2 min applv the plate potential and notice
the blue stream of electrons which rises from the hole in
the eenter of the disk. Adjust the plate potential to (60-100)
volts and vary the grid potential to bring the beam into i
sharp focus with a stream having a diameter of about 2 mm.

3. With the rheostat set for high resistance close the cir-
cuit to the field coils and then vary the current to (3-5) amp
until the beam bends into a complete semicircle. Adjust the
plate potential to vary the accelerating potential difference
and also change the field current until the beam falls on one
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of the marked circles. (The grid potential must be adjusted
when the plate potential is changed in order to keep the
beam in focus.) Record the plate potential, the field current,
and the radius of the described circle. Measure the mean
radius of the Helmholtz coils and record the number of
turns per coil.

4. Repeat the observations to obtain sets of data for each
of the circles on the disk.
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Fig. 3. Arrargement of apparatus for measurement of e/nt.

INTERPRETATION OF DATA: From the recorded data and
the use of the working equation calculate the values of e/m
obtained from the sets of observations. Record the percent-
age difference between the standard value of e/m and the
mean of the values calculated from the observations. Do
there seem to be sources of systematic error? Try to identify
some of the sources of error.

QUESTIONS: 1. From the data given in the Theorv calcu-
late the value of the “rest mass” m. of the electron. From
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Fig. 4. Electrical connections to the electron tube,

relativity theory the mass of an electron is now known
to be a function of its speed as given by the equation
m = ms V1 — v*/c? Is a mass correction appreciable for the
present experiment?

2. Calculate the mass of an electron that is moving with
a speed half that of light. What would the mass be for a
speed 99.5%, that of light?

3. The mass of a proton at rest is 1.67 x 107" kg. Calcu-
iate the value of e/m for a proton.

4, What potential difference would an electron have to
fall through to acquire a speed of 3.00 X 10° m/sec?

5. An electron moving with a speed of 1.50 X 10" m/sec
is projected at right angles into a uniform magnetic field of
flux density 6.50 x 107* w/m?*. Calculate quantitatively the
new path of the electron.

6. How would vou expect the value of e/m in this experi-
ment to vary if vou changed the residual gas to one of
greater atomic mass? to the same gas at a higher pressure?
to an apparatus capable of measuring e/m for protons?

7. Show clearly how the effect of the earth’'s magnetic
field in this experiment might be neutralized by the use of
an auxiliary pair of Helmholtz coils. Suggest another way
to do this.

8. Calculate the speed of an electron that has fallen
through a potential difference of (a) 125 volts, (b) 125
megavolts,



