Current Balance

In this lab you will measure the dependence of the force between two current carrying wires on current and the distance separating the wires.

Here's what to do:

1. Adjust the balance for maximum sensitivity by repeating this process iteratively until the balance oscillates with a period of about 4 seconds

A. Adjust the threaded plastic weight until the balance arm is horizontal.

B. Move the sensitivity masses up slightly

If the balance becomes chronically unstable, then you have moved the sensitivity masses too far up, and the center of mass of the balancing arm system lies above the pivot points at either end.  You want it to lie just below the pivot points.

2. With about 4 Amps of current flowing through the ten-turn coil, hook up a current source to the balance loop in such way as to deflect the balance arm upwards with an increase of current.

Measuring dependence of force on current:

1. Cut up 10 small lengths of thin wire for masses with the longest 5 cm long and •measure them to the nearest tenth of a mm.

2.  With the balance loop about 1-2 cm from the ten-turn coil, find a place on the balance arm where you can balance the longest piece of wire with about 2 amps of current.  Mark this place with a pen.

3.  Measure the •current needed to balance each of the pieces of wire hanging at the place you marked in the balance arm.  Do not change the separation of the balance loop and the ten-turn coil.  You now have ten pairs of points of current in Amps, and Force in cm of wire as dependent variable.

Measuring the dependence of force on wire separation:

1. With the balance loop 1 cm from the ten-turn coil, balance a small piece of wire near the end with a current of 1-2 Amps.  •Note the current you use. Adjust the length of wire so this works.

2. Manipulate the balance loop ten-turn coil separation to approximately these values: 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5 cm, each time keeping the balance loop current the same, and achieving balance by moving the position of the small piece of wire along the balance arm.  Measure exactly the separation between the: •balance loop and the ten turn coil, •and the small piece of wire and the wooden balance beam.

3. You now have 9 pairs of data points with (wire separation in cm) as the independent variable, and (force in cm from the balance beam) as the dependent variable.  (The further the distance the small wire piece was from the beam, the greater the force - so we will use this distance as a force.)

Data analysis:

1. •Make graphs of both sets of data, putting the independent variable (Current or separation) on the horizontal axis, and the Force on the vertical axis.  (Label the axes with units – even though they are weird)  •Do they both appear to be linear?  •If they look linear, then fit a line through the points and •calculate the slope of that line.

2. •Make log-log graphs of both, and •derive from the slope of these the exponent of the independent variable.  •What is most likely the exponent for each set of data? 

3.  Are these the exponents predicted by Ampere's law?  (Use the formula to explain what the exponent should be (i.e. +1, +2, -1, -2…?) and compare that to what you get from the slope of the log-log graph)

4.  Pick one of the points from the separation data (the second set of data) and •calculate approximately what the force would be between the balance loop and the ten turn coil.  (Show this calculation)  You will have to measure the length of the balance loop to do this, and remember that although there is 4 Amps going through the ten-turn coil, since there are ten turns, there is effectively 40 Amps going by in the same direction.  The balance loop carried a noted amount of current.  E.C.  Using the mass and location of the small balancing piece of wire, the geometry of the balance loop, beam and arm, and torque and force analysis for static equilibrium, calculate the actual force exerted by the apparatus to balance the magnetic repulsion.

