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1. A magnetic field is a series of vectors at every point in space [1]. When drawn as continuous field lines [2], the tangent of the field represents the direction [3], and the density of lines [4] represent the field strength [5]. The SI unit of magnetic field strength is the Tesla [6].

2. Bar magnets are an important source of magnetic fields [1] that emanate field lines from two “poles [2].” The North pole is where field lines leave [3], and the South pole is where field lines come back [4] forming a loop [5]. In fact, not just bar magnets, but all magnets have a north and a south pole [6]. 

3. There is no experimental evidence for isolated north and south poles [1]. If you break a magnet in half, you get two smaller magnets [2].

4. Magnetic poles interact with magnetic fields, so that a North pole is pushed [1] in the direction of magnetic field lines [2], and a South pole is pushed [3] opposite to the magnetic field lines [4]. 

5. [bookmark: _GoBack]When the magnetic field is relatively constant over space [1], the magnetic forces on the North and South poles are nearly equal and opposite [2], and the net force is zero [3]. However, magnetic fields exert a torque on magnetic moments given by this equation [4]. Note that if the magnetic moment is parallel to the magnetic field [5], there is no torque [6]. Therefore, magnetic moments tend to rotate to be parallel with a magnetic field [7], so that there is no torque [8].
[bookmark: _gjdgxs]
6. If a compass is placed near a strong magnet [1], it will rotate to be in the same direction as the local magnetic field [2].

7. If you were patient [1], you could trace out magnetic fields [2] in great detail this way [3]. A faster way is to take a lot of pieces of iron [4], which act like tiny compasses [5], and spread it around near a magnet [6]. The iron powder will rotate to point in the direction of the magnetic field [7], and concentrate where the field is strongest [8].

8. In this lab you will visualize the magnetic fields created by a bar magnet and a horseshoe magnet [1]. You will also use a Hall sensor to quantitatively measure [2] the magnetic field in a plane near the magnets [3].
8.1. Reuse shot 3.3.2 (Talent continues sprinkling magnetic power until the magnetic field lines appear on the paper.)
8.2. Reuse shot Reuse shot 3.7.7 (Top view of talent pressing the button, moving to the next grid point, and then pressing the button again.)
8.3. Reuse shot Reuse 4.7.1 (View the colorscale with vector plots)

Learning Objectives: 
How are magnetic fields created?
What is a magnetic moment?
How are north and south poles different from positive and negative charge?
How do magnetic fields affect magnetic moments?
How can magnetic fields be visualized?

Take-Homes: 
Magnetic fields are created by magnetic moments and electric currents.
A magnetic moment is a source of magnetic field with both a North and a South pole. They are made of smaller magnetic moments like that of the electron.
North and South poles never appear in isolation.
Magnetic fields produce a torque on magnetic moments.
Magnetic moments will line up with an external field, so compasses and iron powder can be used to visualize magnetic fields.
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