
ELEC 3105                 Lab 3 

MAGNETOSTATICS (Hall-Effect Sensor) 
September, 2018 

1. Before You Start 
• This lab document can be found at the course website.  
• Write your name in the sign-in sheet when you arrive for the lab.  
• You will need to obtain an account on the network if you do not already have one from 

another course.  
• You must work with a partner unless there is a lab station not in use. • Each student must 

submit a lab report.  
• Show units in all calculations. Show example calculations. All graphs require labeled 

axes and a legend if needed.  
• A stapled lab report must be handed in by the end of the lab period. You do not need to 

restate objectives, equipment diagrams etc. unless the lab setup is different from that 
described in this document. You must include any information which would allow 
someone reading your report to repeat your measurements and check your results. 
 

2. Objectives 
This lab has three objectives: to use a Hall effect sensor to measure magnetic field, to 
observe the effects of the B-H hysteresis loop in an iron sample, and to test theoretical 
predictions of the magnetic field in a "magnetic circuit"- a toroidal iron core solenoid 
with a small air gap. The number of coil turns (N) on the iron core is 100. 
 

3. Equipment 
Magnetic fields will be measured using a commercial Hall effect probe, the Allegro 
Microsystems A3507. This device produces a voltage output proportional to the 
magnitude of the B field component normal to the face of the sensor package, up to 
magnetic flux density of 0.08 T ( Tesla or Wb/m2 ). This device has a nominal sensitivity 
of 25 V/T. The measured sensitivity of each individual probe is marked on the equipment 
set (20 to 25 V/T) – this is the value you should record and use in Equation (1). The 
A3507 is designed to operate from a 5 V supply, and produces a nominal output of 2.5 V 
for zero applied field. Measure the output voltage of your adapter (ask the TA if you need 
help) and divide this value by 2 to obtain the value for V0 in Equation (1). Therefore if 
the sensor output is outV the B field magnitude is given by 
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The Hall probe will be used to measure the magnetic field in the gap of a toroidal iron 
core solenoid shown in Fig. 1. The structure consists of a "C"-shaped iron core wound 
with 100 turns of copper wire. An iron screw has been threaded into the core to allow the 



gap at the open side of the "C" to be adjusted. A micrometer has been attached to the 
screw to measure its position. The length gapL  of the gap in millimeters is given by 
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where X  is the micrometer reading (e.g., if the micrometer reads 283, the gap is 7.17 
mm). 
 
 
 
 

 
 

4. Theory 
Provided the air gap in the structure of Fig. 1 is relatively small, the fact that Gauss’ Law 
for B , B•∇ , is everywhere zero requires that the B  field in the gap be very nearly 
equal to the B  field in the core. 
 
Consider an Ampere's law path through the center of the core and gap in Fig. 1. Ampere's 
law states 
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where corel  is the total length of the path through the core center, including the screw. In 
the gap, HB 0µ=  so 

         ( ) NIlBlH gapcorecore =+ 0µ                                   (4) 
 

For the equipment used here, corecorelH << gapgaplH so (4) becomes 

                         ( ) NIlB gap ≈0µ                                                  (5) 

 



5. Experimental Set-Up 

  Connect the Hall effect sensor to one of the DC voltage sources on the lab power supply. 

Set the voltage to approximately 11 V. (The exact value of supply voltage is not critical since a 

voltage regulator has been built into the equipment to supply a bias of exactly 5 V to the sensor). 

Connect the positive input of the digital multimeter to the Hall probe output, and the common 

input to the power supply ground.  

Press the cc button in the DC current source on the lab power supply and set the current 

to 1.1A.  

De-Gaussing the Iron Core  

Before taking measurements it is necessary to remove any remanent magnetization in the 

iron core, a procedure sometimes referred to as "de-Gaussing". The core is demagnetized when 

the Hall sensor reads 2.50 V with no current in the coil. If the sensor output is less than 2.50 V, 

set the gap to gap  to its minimum point (reading to its maximum) increase the current through 

the coil to a few tenths of an amp in the positive direction, then return the current to zero. Repeat 

this procedure until the Hall sensor output is (2.50 ± 0.01) V. If the initial reading of the Hall 

sensor is greater than 2.50 V, follow the above procedure, but apply a small current in the 

negative direction1.   

6. Magnetic Circuits  

De-Gauss the core using the procedure given above, then set the gap to 10.0 mm. 

Increase the coil current to 1 A, and leave it constant. Reduce the gap to the smallest possible 

value in steps no larger than 0.5 mm, taking readings of Hall probe output at each step. (Make 

sure that you only reduce the size of the gap, to avoid hysteresis effects). Convert each Hall 

probe reading to an equivalent B


 field using equation (1).  

1In order to increase the current, you should increase the voltage potentiometer of your current source and leave the 

current limit as it is. 

 

 



Report items:  

a) Plot B versus gapl1 . Compute the slope of the graph, and compare with NIοµ . Comment on 

how well the simple theory of Equation (5) describes the field in the magnetic circuit.  

7. Hysteresis Effects in B 

Start by again de-Gaussing the core. Set the gap to the smallest possible value, and record 

this value. Record the Hall probe output voltage as a function of coil current as the current is 

increased in increments no larger than 0.1 A to a maximum value of 1.0 A. When taking 

readings, make sure that the coil current is only increased. Next reduce the coil current from 1.0 

A to -1.0 A in steps no larger than 0.1 A, once again recording the sensor output. Finally, 

increase the current from –1.0 A to 1.0 A, recording the probe output as before.  

From the probe sensitivity given on your equipment set, convert the probe output voltage to an 

equivalent B field value at each data point using Equation (1).  

 

Report items:  

a) Graph B versus NI for this magnetic circuit. Note that there is hysteresis- the curve obtained 

as I increases does not coincide with that obtained as I decreases. Indicate the direction in 

which the curve is traversed on your graph.  

b) From the graph in part (a), find the remnant B field remB  left in the core when I is dropped 

from 1 A to 0.  

c) If the iron core were replaced by an air-core solenoid, estimate the current density sJ  (in 

A/m) which would have to flow on the surface of the solenoid to produce remB  .  

Unfortunately, with the equipment available in the lab it is not possible to extract the actual B-H 

curve for the core. Since corecorelH << gapgaplH , attempting to compute coreH  from (4) would 

introduce very large errors. 
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