Fields and Waves I

Fall 2006

Homework 8
1. A set of rails with negligible resistance is linked by a constant flux density B. A bar of mass m and resistance R moves to the right at velocity U0.  Assume there is no friction.

What is the current in the circuit?

What is the force on the bar including direction?

If we stop applying the force, how far does the bar move before stopping?

Show that the total losses in the bar until it stops is equal to the initial kinetic energy in the bar when we stop applying the force. 
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2. In the circuit below we have a long go and return circuit and a rectangular loop inside. The loop is symmetrically located and has dimensions b x c. The long wires are parallel and have spacing b+2a.  Find the mutual inductance between the 2 circuits.
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3. A transformer is supplying power to a neon sign. These are special transformers called ballasts.  The neon tube is basically an open circuit when we turn on the power.  If we can apply a high voltage (~10 kV) the tube breaks down and we have approximately a short circuit and the gas glows.  We have found that in an ideal transformer, the impedance seen from the primary is the secondary impedance times the turns ratio squared. When the tube is shorted, the primary sees zero impedance and huge currents flow. To prevent this, a parallel leg is added to the magnetic circuit with an air gap.  When the secondary (load) is shorted, no flux will go through the leg that has N2 turns.  This is because the voltage is zero and this must equal  
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.  The inductance of the path with the air gap then limits the primary current.  
In the figure below, all paths have cross-sectional area S. The permeability of the steel is constant, 
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. The length of the vertical sides is b, and the length of the horizontal sides is a. The air gap is g.
Draw the magnetic circuit.  Find the self inductance of the windings and their mutual inductance.  Find the inductance of the primary winding when the secondary is short circuited.
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