
Charge to Mass Ratio e/m for an Electron

Studio Physics I

The apparatus available in the room will allow us to shoot a beam of electrons at velocity v into a uniform magnetic field B.  We will observe that the electrons move in a circle and with a few measurements we will calculate the ratio of an electron’s charge to its mass, or e/m.
Note: The charge of an electron is negative (–e) but when we speak of the ratio e/m, we are only concerned with the magnitude (absolute value) of charge.

Deriving an Equation for e/m Ratio
We will derive an expression for the value of charge to mass ratio e/m from measurements of potential V, current, I, and the radius r of the circle that the electron beam makes.

1.  The first step is to calculate the speed v of the electrons as they emerge from the “gun” in the tube.  Is there a practical direct way we can measure this with something like a motion detector and LoggerPro that we used earlier in the semester?  (Give at least two reasons why not.)  If we know the electric potential difference V that we apply to the electron gun, how can we relate that to the speed of an electron as it emerges from the gun?  Work through the steps of deriving an expression for speed v in terms of electric potential V and other quantities.  Refer to the lecture notes if needed.  Does “e/m” appear in the expression?

2.  We will use a pair of wire coils – called Helmholtz coils – to produce the magnetic field, B, in this experiment.  Helmholtz coils are coils designed to make a very uniform magnetic field in the center.  The distance between the coils is the same as their radius.

Is the magnetic field produced by the coils perpendicular to the plane of the coils as shown is figure A , parallel to the plane of the coils as in figure B, or in some other orientation?  You can use a compass and the small wire coils to help figure this out or verify with your instructor or TA.
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           Figure A                                                                            Figure B

3.  Should the electron gun be aimed so that the electrons emerge in the same direction as B or perpendicular to B?  Explain your answer.

4.  As the electrons move in the magnetic field, does their speed change or stay the same?  Explain your answer in terms of properties of the magnetic force and the Work-Kinetic Energy Theorem.

5.  The electrons will be moving in a circle at a uniform speed.  What is the acceleration (magnitude) of an electron in terms of its speed and the radius of the circle?  What is the net or centripetal force (magnitude) on an electron in terms of its mass, speed, and the radius of the circle?  Why can we neglect the contribution of gravity to the net force on the electron?

6.  As the electrons move in a circle, does their velocity vector remain perpendicular to the magnetic field?  Does the magnetic force on an electron have a constant magnitude and always point toward the center of the circle?  What is the constant magnetic force magnitude in terms of v, B, and e?  (We consider charge e positive because we care only about magnitude.)

7.  Find an equation for e/m in terms of v, r, and B by setting the centripetal force (step 5) equal to the magnetic force on the particle (step 6) and solving the resultant equation for e/m.

8.  Use the expression for v that you found in step 1 to replace v in the expression from step 7.  Use algebra to show that e/m is given by the expression 
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(Hint:  Consider e/m to be a variable – call it x – replace e/m with x everywhere, and solve for x.)
Magnetic Field Produced by a Pair of Current Carrying Coils
The magnetic field is produced by the two large current-carrying coils called Helmholtz coils.  In Physics II, we will learn how to calculate the magnetic field produced by current flowing in a wire.  For now we will accept the following expression for the particular coils of wire in our experiment:


B= 7.80 x 10-4 T per amp of current in coils, or 
B = 7.80 x 10-4 (I)
Where I =
 the current through the coils in amps
9.  Use the equation above for the magnetic field produced by the coils and the expression shown in step 8 to write a mathematical expression for the charge to mass ratio e/m for an electron in our experiment in terms of the accelerating potential, V, the current in the coils, I, and the radius that the beam of particles makes, r.  This is the expression we will use in the experiment to find e/m.

Measuring e/m for Electrons
Go to the experimental apparatus set-up.  In the presence of your instructor or TA, turn on an accelerating potential between 200 and 300 volts.  Vary the current in the coils until the beam bends in a circle that just grazes the far side of the tube.  In this case, the electrons in the beam are moving in a circle of radius r=0.0557 meters.  Do this three times with different values of V.

Record the values of the current in the coils (I) and the accelerating potential (V).

10.  Calculate the e/m ratio for an electron based on your measured values of current (I) and electric potential (V).  Do three calculations and take the average as your experimental value.
11.  Calculate the e/m ratio for an electron based on the values of charge and mass for an electron that are cited in the cover of your textbook.
12.  What is the percent difference in your measurement from the accepted value calculated in step 11?  Show your calculation.  You should be able to match the accepted value to a few percent.
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