                                     Hall Effect (Rev 10/18/13 B)
Also needed:  Hall Effect Background Info, Circuit Drawings, Bell Teslameter instructions, Circuit Board Information

Part I Measurement of Hall Effect Voltage (Varying Current)
1. This version uses the electromagnet. Do not turn on power supply yet.

2. Read the instructions for the magnetic field probe. Keep the plastic cover over the probe until ready to use. It is easily damaged. Connect the probe to the control box and turn on the power. 

3. You will need to zero the instrument with magnet off.  Use automatic zero procedure in manual. The meter may not read exactly zero due to stray fields.

4. Select auto range for scale. See instruction manual. Select Tesla for units. See figure for transverse probe in manual on page 1-4. The probe must be turned so the field is perpendicular to probe. Remove plastic cover from probe. 
5. Turn on the magnet power supply. Increase voltage to 20v. The current has been set to protect the magnet. Do not use the current controls. Turn the voltage to zero before turning off magnet power supply. Each time you turn on the magnet power supply set the voltage to 20v. Insert probe tip between poles of magnet. Measure the field in the center and record. You will need to adjust probe position for minimum field horizontally and maximum field vertically and maximum in/out. Put cover back on probe when finished. Use a compass to determine which pole is North. You will need this in the analysis. Turn off magnet power supply.
6. Connect power supply, current meter for I (probe) and voltage meter (Hall voltage) to Hall Effect circuit board. See drawing. Make sure current flows in direction shown. If available use Protek meter set on 40ma scale for current. If available use Metex meter for Hall voltage. It will be in the millivolt range. If the Hall voltage is negative in step 8 reverse meter leads. 
7. Put circuit board between poles of magnet so Hall Effect sample is in center. Turn on magnet power supply and raise to 20v.
8. Measure the Hall voltage for at least 10 current values of I (probe) from 8 to 25ma. Use digital meter for current not power supply scale. DO NOT CHANGE CURRENT KNOB SETTING ON POWER SUPPLY. It has been set to limit current to sample. Slowly vary the power supply voltage knob to vary current.
9. Due to a problem with the sample board you will need to make the following measurements. Turn the magnet off. Measure Hall voltage as function of current using same values as in step 8. The Hall voltage to use to find K will be the difference between step 8 and 9 values for a given current.
10.  Do all data taking before doing analysis section.
 Part II   Hall Effect Voltage With Varying Field
1. With the board removed from the magnet, determine the field as described above for at least 10 magnet power supply voltages between 5 and 20 v.

2. Turn off magnet. Put board between poles and wire up as in Part I.

3. Set the current to 20 ma.
4. Measure the Hall voltage for the various magnet voltages you chose in step1.

5. Correct all Hall voltages for 20 ma offset found in step 9 above. 

Part III   Effect of Magnetic Field on Sample Resistance

1. Turn off current and install V(probe) as shown in diagram.

2. Set current to 25 ma. Measure V(probe) with magnet turned off. Keep this current constant during step 3.
3. Measure V(probe)  for a 10 values of magnet power supply from 0 to 22v.

ANALYSIS
Part I
11. The relation between Hall voltage (adjusted) and current is V = KBI. Compute a K value for each current other than zero. Calculate an average K value and standard deviation. Plot V versus I. Is it a straight line?

12.  Determine if the charge carriers are positive or negative. Use polarity of Hall voltage and “finger rules” for relation between force and magnetic field. You will need to know which pole of the electromagnet is North. 
13.  Determine the density of charge carriers. See background material.

14.  K is sometimes written as RH/d where d is the thickness in meters.      Calculate the Hall coefficient RH. What does RH depend on if there is a single type of charge carrier? 

15.  Compute the drift velocity of the charge carriers from v(drift) = V(Hall) / wB where w is the distance between the points on the sample where the Hall voltage is measured.  Record in table for different values of V(Hall). Where does this formula come from?
16. Compare drift velocity with thermal velocity of electrons using K.E. = 3kT/2 where k is Boltzmann constant and T is room temperature (Kelvin).

Part II  Analysis
1. Use your data to plot Hall voltage versus B.

2. Calculate K values. Compare average with Part I average. If they are not close something has gone wrong. If so contact instructor after checking your circuit.

Part III Analysis

1. R= V(probe) / I  

2. Compute R0 for magnet turned off.

3. Compute R for each value of magnet power supply voltage.

4. Compute fractional change in R = (R-R0) / R0
5.  Plot fractional change in R versus B (from power supply voltages).

6. Does the resistance vary weakly, significantly or not at all with strength of magnetic field?

