Physics 201L

Charge-to-mass ratio of an electron

Objective:

Electrons are accelerated in an electric field and enter a magnetic field at right angles to the direction of motion. The specific charge to mass ratio of the electron is determined from the accelerating voltage, the magnetic field strength and the radius of the electron orbit.

Equipment:

Narrow beam tube, pair of Helmholtz coils, High voltage power supply, universal power supply, and two digital multimeters.
Theory:
Electrons moving in a magnetic field are acted upon by a magnetic force normal to the field direction and normal to the direction of motion. The magnitude of the force is proportional to the charge e and the velocity v of the electron and to the magnetic flux density B. 

If an electron of mass m0 and charge e is accelerated by a potential difference U it attains the kinetic energy: 
e · U =  [image: image2.png]


   (1)

where v is the velocity of the electron.

In a magnetic field of strength B, the Lorentz force F acting on an electron with velocity v is:

[image: image4.png]


= e · [image: image6.png]=l



 x [image: image8.png]o3l




If the magnetic field is uniform, as it is in the Helmholtz arrangement, the electron therefore follows a spiral path along the magnetic lines of force, which becomes a circle of radius r if v is perpendicular to B.
Since the centrifugal force m0 · v2/r thus produced is equal to the Lorentz force, we obtain
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where B is the absolute magnitude of B. From equation (1), it follows that
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To calculate the magnetic field B, we start with the formula for the on-axis field due to a single wire loop (which is itself derived from the Biot-Savart law):
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Where: 
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 = the permeability constant = 1.26 × 10-6 T.m/A
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= coil current, in amperes 
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= coil radius, in meters 
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= coil distance, on axis, to point, in meters 

However the coil consists of a number of wire loops, the total current in the coil is given by
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= total current 

Where: 
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= number of wire loops in one coil 

Adding this to the formula:
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In a Helmholtz coil, a point halfway between the two loops has an x value equal to R/2, so let's perform that substitution:
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There are also two coils instead of one, so let's multiply the formula by 2, then simplify the formula:
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For the coils used, R = 0.2 m and n = 154.

Procedure:

Power Supply to Helmholtz coils:

The electrical connection is shown in the wiring diagram in Figure1. The two coils are turned towards each other in the Helmholtz arrangement.

Since the current must be the same in both coils, connection in series is preferable to connection in parallel. The maximum permissible continuous current of 5 A should not be exceeded.
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Figure 1
Turning the narrow-beam tube on and determining the specific charge of the electron:

Connections are shown in Figure 2. Before the tube is turned on it must be ensured that the two potentiometers >>50…0V<< and <<0…250V>> of the power source are on zero. 

Only after a heating time of about one minute are the two potentiometers turned up so that the presence of the narrow beam can be observed in a well darkened room. 

The level of the anode voltage is chosen with the >>0…250V<< potentiometer, whereas with the aid of the >>-50…0V<< potentiometer the grid voltage and hence the focus and brightness of the narrow beam can be suitably adjusted. 

The full intensity of the narrow beam is not generally achieved until heating has been continued for 2 to 3 minutes. 

When measurement is interrupted for quite some time it is advisable to turner the two potentiometers back to zero. This considerably extends the life of the narrow-beam tube.

The fallowing experimental procedure should be adopted to determine the specific change of an electron:

1. After the heating period the narrow beam is adjusted appropriately and a certain acceleration voltage U is selected (U= 100, 120, and 140 V).

2. The current through the Helmholtz coils is then switched on and the circular path described by the narrow beam under the influence of the homogeneous magnetic field observed {max permissible continuous current 5 A}.

3. The narrow-beam tube is turned to ensure that the beam leaves the electron gun exactly normal to the direction of the magnetic field and   describes a full circle when the strength of the magnetic field is sufficient. If the trace has the form of a helix this must be eliminated by rotating the narrow beam tube around its longitudinal axis.
4. The coil current is set so that the narrow beam impinges on one of the four measuring rungs. A full circle with radii of 2, 3, 4 and 5 cm can be set up in this manner.

5. The coil current I required to produce a full circle of radius r at the accelerating voltage U indicated by the voltmeter is now read off the ammeter and the specific charge e/m of the electron (Reference value: e/m = 1.759 . 10^11 As/Kg) calculated.
            The accuracy with which the specific charge e/m of an electron is determined is           

            governed by the measuring accuracy of the quadratic terms of Eq. (4) , i.e of 

            radius r and magnetic flux density.

            The radius r can be determined extremely accurately with aid of the device fitted

            in the tube for measuring the diameter of the beam circle, so errors arising in this 

            measurement can be kept small (< 1 %).

           Since the magnetic flux density B is calculated from the coil current I using Eq.

           (5), the accuracy of the value determined for e/m is heavily dependent on the

           accuracy of this current measurement. When a high level of accuracy is required it  

           is therefore strongly advisable to connect the Helmoltz coils in series, so that the  

           Same current flows through both of them. 
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· Voltage V3: 140 V+                  (1 pt)
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1- Plot on the same graph 1/R2 versus B2 for the three voltages. (1.5 pts)

2- Calculate using linear regression the slope of the line for each voltage (V1=100 V, V2=120 V, V3=140 V). (1.5 pts)
3- From the slope, determine the three experimental values of e/m. (1.5 pts)
4- Find the average value of e/m with its error and compare it with the literature value. Write a paragraph on the possible sources of error. (1.5 pts)

5- Explain why the electron beam marks a helical path as we rotate the narrow beam tube around its longitudinal axis. (1 pt)
Grade:








