Phys4101-E&M

Exercises Chapter 7


Chapter 7 – Electrodynamics
Cornerstones:
7.1
Electromotive force

7.1.1
Ohm’s Law and Drude model
7.1.2
EMF
7.1.3
Motional EMF
7.2
Electromagnetic Induction

7.2.1
Faraday’s Law
7.2.2
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7.2.3
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7.2.4
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7.3
Maxwell’s Equations

7.3.1
Maxwell’s Equations
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7.1 Electromotive force
7.1.1 Ohm’s Law and Drude model
1. Consider a cylindrical resistor with a resistivity ((z)=(z that varies axially. The resistive material occupies the region between 0 and h, and the cross section is A. Assume (=0 above and below. 
a) Calculate the total resistance.

b) What is the electric field in order to cause a uniform current?

c)  Find and discuss the net charge distribution in volume and surface of the resistor if there is a steady current I.

2. Determine the resistance for a radial current between two concentric conducting spheres with radii a and b, if there is a material with conductivity σ between the spheres.

3. Two small conducting spheres with radii a and b are embedded in a medium of conductivity σ and permittivity ( with their centers separated by a distance d. What is the resistance between them? 
7.1.2 EMF
4. A battery of emf ( and internal resistance r is hooked up to a variable load resistance R. If you want to deliver the maximum possible power to the load, what resistance R should you choose?

7.1.3 Motional EMF
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5. (7.8) A square loop of wire lies on a table, a distance s from a very long straight wire, which carries a current I. 
a) Find the flux of B through the loop.

b) If someone pulled the loop directly away from the wire, at speed v, what emf is generated? In what direction does the current flow?

c) What if the loop is pulled to the right instead of away?


[image: image2]
6. Consider a Faraday disk generator with a radius b and an angular speed (. Calculate the induced emf and the current in the resistor.
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7.2 Electromagnetic Induction
7.2.1 Faraday’s Law

7. A wire loop is passed between the poles of a horseshoe magnet. The velocity is constant. Graph the emf induced in the wire loop.
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8. Calculate the induced emf for the following situations:

a) A small coil with N circular turns of wire is laying on a piece of paper. A solenoid with n turns per length unit underneath the paper produces a magnetic field of increasing strength.
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b) A rectangular wire loop is rotating at a constant angular speed ( in a magnetic field, as shown.
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c) A square loop with sides a is lying on the table, right beside a long straight wire with the closest side in distance b from the wire. The wire is carrying a current I(t) = I0 cos((t).
7.2.2 Induced Electric field
9. For the examples a and c of problem 8, determine the electric field in each case.
7.2.3 Inductance

10. Find the mutual inductance for the circuits 1 and 2. Circuit 1 is a square loop with sides c, positioned in the center between two long straight parallel wires that are both part of rectangular circuit 2. The width of circuit 2 is b>c.
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11. (Ex.7.10) A short solenoid with radius r1 and n1 turns per unit length lies on the axis of a very long solenoid (r2, n2). Current I flows through the short solenoid. Determine the flux through the long solenoid.
12. Find the self-inductance per unit length of a long solenoid of radius b and n turns per unit length.

13. Consider a circuit containing only an inductor L and a resistor R. If a current is initiated in the circuit, it will subside in time due to the lack of an emf. Calculate the time-dependence of the current.
7.2.4 Energy and magnetic fields

14. Calculate the energy per unit length for a long cylindrical solenoid, tightly wound with n turns per unit length of wire carrying current I. Use three different methods.

15. (7.30) Two tiny wire loops, with areas a1 and a2, are situated a displacement r apart.
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a) Find their mutual inductance.

b) Suppose a current I1 is flowing in loop 1, and we propose to turn on a current I2 in loop 2. How much work must be done, against the mutually induced emf, to keep the current I1 flowing in loop 1?
7.3 Maxwell’s Equations

7.3.1 Maxwell’s Equations

16. Compare the current and the displacement current in a circuit containing a discharging capacitor. Determine the magnetic field in various regions of this circuit.
7.3.2 In matter

17. Sea water at a frequency (=4(108 Hz has a permittivity (=81(0, a permeability (=(0, and resistivity (=0.23 (m. What is the ratio of conduction current to displacement current? Consider a plate capacitor immersed in seawater and driven by V0cos((t).

7.3.3 General problems
18. An atomic electron circles about the nucleus in an orbit of radius r; the centripetal force is provided by the Coulomb attraction. Now a small magnetic field is slowly turned on, perpendicular to the plane of the orbit. Show that the increase in kinetic energy imparted by the induced electric field, is just right to sustain circular motion at the same radius (see diamagnetism).
19. Electrons undergoing cyclotron motion can be speeded up by increasing the magnetic field. The accompanying electric field will impart a tangential acceleration. This is the principle of the betatron. One would like to keep the radius of the orbit constant during the process. Show that this can be achieved by designing a magnet such that the average field over the area of the orbit is twice the field at the circumference. Electrons start from zero, and all speeds are non-relativistic.

20. In a perfect conductor, the conductivity is infinite, so E=0, and all net charges reside on the surface.

a) Show that the magnetic field is stationary inside of a perfect conductor.

b) Show that the magnetic flux through a perfectly conducting loop is constant.

Superconductors: The magnetic field inside is zero (Meissner effect).

c) Show that the current inside a superconductor is confined to the surface.

d) Superconductivity is lost above a certain critical temperature Tc, which varies from one material to another. Suppose you had a sphere (radius R) above its critical temperature, and you held it in a uniform field B while cooling below Tc. Find the surface current density K as a function of the polar angle θ.
21. A certain transmission line is constructed from two thin metal “ribbons”, of width w, a very small distance w<<h apart. The current travels down one strip and back the other strip. In each case it spreads out uniformly over the surface of the ribbon.
a) Find the capacitance per unit length.

b) Find the inductance per unit length.

c) What is the product LC, numerically? (L, and C will vary from line to line. But their product is a universal constant, related to the speed of the pulse propagation 
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d) If the strips areinsulated from one another by a nonconducting material of permittivity ε and permeability (, what then is the product LC? What is the propagation speed?
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