Magnetic fields; a closer look at solenoids and bar magnets

Goals:

Estimate the number of turns in 2 solenoids based on measurements of current and magnetic field.

Compare the shapes of the magnetic fields of bar magnets and solenoids.

Equipment:

Pasco magnetic field sensor (take readings by placing in the center of a solenoid)
Pasco voltage and current sensor (this will be used only as a current sensor in this lab)
2 Pasco USB link adaptors

PC with Data Studio software

Vernier calipers

2 solenoids of different numbers of coils

DC power supply

connecting clips and wires

bar magnet

compasses

Procedure:

Use this lab handout as a guide for performing this lab. Take detailed notes during lab so that you can write up the procedure for your lab report.

Measured data:
Length (L) of each solenoid in meters

Current I in Amps

Magnetic field B in Tesla

Manually count the number of turns on the smaller solenoid

Plots generated in lab:

Magnetic field vs. time

Current vs. time
Use Data Studio to record and plot this data as you SLOWLY and STEADILY increase the current through each solenoid. Use a double graph so that magnetic field and current share a common horizontal time axis. 
Plot to create based on your data:

Plot magnetic field vs. current using contemporaneous data. During lab, choose 10 sets of magnetic field and current measurements that were recorded at the same time.

Calculated data: find the number of turns N in each solenoid.
The slope of your B vs. I plots, combined with the measured length L of each solenoid, will allow you to estimate the number of turns of each solenoid. 
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Mapping magnetic fields:

Using the compasses, sketch the magnetic field of a bar magnet. Use arrows to indicate the direction of the field (always from the N pole to the S pole). 

Again using the compasses, sketch the magnetic field of the larger solenoid when it has 15 V across it. Again, use arrows to indicate the direction of the field.  For the solenoid, also use appropriate symbols to indicate the direction of current in the solenoid.

CAUTION:

SLOWLY increase current/voltage on the CD power supplies. DO NOT EXCEED 1 AMP!!

Additional questions for Analysis and Errors discussion:

· Compare and contrast your sketches of the magnetic fields of the bar magnet and the larger solenoid. 

· Verify that the right hand rule for the magnetic field due to a current-carrying wire is followed for the large solenoid based on your sketch.

· Look up the magnitude of the Earth’s magnetic field (provide a reference). Did the Earth’s magnetic field significantly affect your results?

· During lab, manually count the number of turns on the smaller solenoid. How does your calculated number of turns compare with what you counted? Note that both estimates will have their own sources of error. 
