Physics 309


Charge to Mass Ratio of the Electron

      Fall 2013
A charged particle, such as an electron, that is moving in a uniform magnetic field will experience a magnetic force.

[image: image1.wmf]B

v

e

F

r

r

r

´

-

=



[image: image2.wmf]v

r

 is the velocity of the electron and 
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 is the magnetic field.  The force is perpendicular to the velocity, so the electron will follow a circular path at a constant speed, i.e., uniform circular motion.  In the context of Newton’s Second “Law” with 
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 is the charge-to-mass ratio of the electron.

Electrons are accelerated by a specified voltage in a vacuum tube.  A known magnetic field is applied to the tube.  A small amount of mercury vapor in the tube makes the circular path followed by the electrons visible; the radius of the circle can be measured.
The velocity of the electron is related to the accelerating voltage thusly:
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Whence,
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The magnetic field is produced by a pair of Helmholtz coils.
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 is the permeability of empty space, N is the number of loops of wire in each coil, I is the current in the coils, and a is the radius of the coils.  

Finally, the working equation for the experimental exercise is 
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That glob of units in the denominator are the units of 
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.  See the line preceding Eqn 6 in the apparatus write-up.

At this point, we follow the directions in the documentation supplied with the e/m apparatus.
Note that the accepted value of e/m is 1.76x1011C/kg.  When the instructor performed the experiment rather hurriedly, he obtained 1.85x1011 C/kg.  We hope we can do better by being more careful. 
Diagram of the electrical connections, as the apparatus is set up on the table.  The r, b, & b refer to red, brown, & brown wires entering the vacuum tube.
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Diagram of the two parts of the apparatus.  The e/m tube on the left, and the Helmholtz Coil circuit on the right.
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Sample data table:
	Crossbar
	D
	r
	V
	I1
	I2
	I
	e/m

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


2

_1431784661.unknown

_1431785616.unknown

_1431785939.unknown

_1447503899.unknown

_1447503842.unknown

_1431785753.unknown

_1431784909.unknown

_1431785309.unknown

_1431784817.unknown

_1431784543.unknown

_1431784568.unknown

_1431784469.unknown

