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Purpose:  This lab’s objective was to observe the magnetic field produced by a moving charge by observing the emf induced by a changing magnetic flux.  Observe and explain Faraday’s law of induction and Lenz’s law.  

Equipment:  

1. Small compass, 30 cm ruler

2. Bar magnet, 0.35 m T         

3. Tapping switch, 2 Power leads (large, #14 fork terminals)

4. 5 connection leads (small, #10 for terminals)

5. Galvanometer, ammeter, 44 Ω rheostat

6. 6 VDC power supply

7. U-shaped iron rod, iron rod, brass rod, stainless steel rod

8. Primary and secondary coils

9. Lenz’s law demo:  PVC tube, CU tube, strong ring magnet, large solenoid

Procedure:  

1. Initial setup was to connect a DPDT switch to the 12VDC power source, with a 1A current meter in series.  Next connections were made to the tangent galvanometer, 20 turns, and connected to center pole of the DPDT switch with a 360Ω rheostat in series.

2. The power source is connected through the tangent galvanometer and the rheostat was adjusted to .2 amps.  

3. Readings were taken when the switch was connected to the positive side then to the negative side of the switch. Each of the readings were recorded on the LAB sheet.

4. The process was repeated for all of the following 30, 40, 60, 70 number of turns.

Data:  See packet.
Calculations:  See packet.

Questions:  

1. In the experiment, why do we reverse the current and re-measure the deflection angle theta?  Why is theta sometimes different when the current is reversed?

The current is reversed because of the polarity of the earth’s magnetic field.  Theta is different between a positive and negative reading through the galvanometer because the compass try’s to read magnetic north and the positive current overriding the earth’s magnetic field where the negative adds to the magnetic field.

2.   If, what we are calculating is the horizontal component of the earth’s magnet field, what other component does the earth’s field have?  In what direction?  What is meant by “angle of dip”?  Draw diagrams to illustrate your points.  

The field also has an inclination as well as a built in error.  New Orleans has the least error between 1°-00’ East and 0°-30’ East.   The angle of dip is where the magnetic field cuts through the earth.  
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3.   Use the Biot-Savart law, Eq. 9.4, to derive Eq. 9.1

4.   What are the major sources of error inherent in this experiment? 

The first type of error is not setting up the galvanometer correctly.  The compass has to be set to 90° from the coils so the coil field can draw the compass needle to it.  The next major error is having other magnetic sources too close to the compass.  

5.   Refer to the table in the Theory section and show that a tesla T is equivalent to a weber per square meter Wb/m2.



Teslas are units of expressions of concentration, or intensity, of the magnetic field within a certain cross section.  A flux density of 1 tesla is equal to 1 weber per square meter.

6.   This experiment measures the horizontal component of the earth’s magnetic field.  Devise an experiment that would determine the earth’s total magnetic field, as well as the angle of dip.

An experiment would need to include a massive amount of electromagnetic equipment and a large enough airplane to carry 20 scientists to the North or South Pole.  These 20 scientist could sit around and make lots of recordings while watching a simple compass spin at a certain rate.

7.   Plot a graph of Ni versus tan θ using all of your data.  Draw the best fitting straight line and determine the slope of this line.  Use the slope to find Be.  Show your calculations.  Why is this statistical treatment of your data superior to the method of averaging Be values that you used earlier?


See attached.

Conclusion:

The experiment of the Tangent Galvanometer had some errors, first error was that the direction of the compass was mis-aligned horizontally to the apparatus.  Once the compass was aligned at a right angle to the apparatus the compass needle freely moved in the proper direction.  Other errors included mis-reading of the compass dial.
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