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Exercise 1. Magnetic Field of a Gold Nucleus I

Suppose that a gold nucleus, Au79+, with a mass of 197 [amu] is traveling at a uniform velocity of 1000 [km/s] x̂ passes the
origin at t = 0. What is the magnetic field at the origin as a function of time? Hint: e = 1.602 × 10−19 [C], 1 [amu] =
1.66× 10−27 [kg].

(a) 0 [µT]*

(b) 0.63 [µT] ẑ

(c) 1.27 [µT] ẑ

(d) −0.63 [µT] ẑ

(e) −1.27 [µT] ẑ

(f) Cannot be determined from the information given.

Exercise 2. Magnetic Field of a Gold Nucleus II

Suppose that a gold nucleus, Au79+, with a mass of 197 [amu] is traveling at a uniform velocity of 1000 [km/s] x̂ passes the
origin at t = 0. What is the magnetic field at a point y = 1 [µm] above origin at t = 0?

(a) 0 [µT]

(b) 0.63 [µT] ẑ

(c) 1.27 [µT] ẑ*

(d) −0.63 [µT] ẑ

(e) −1.27 [µT] ẑ

(f) Cannot be determined from the information given.

Exercise 3. Magnetic Field of a Gold Nucleus III

Suppose that a gold nucleus, Au79+, with a mass of 197 [amu] is traveling at a uniform velocity of 1000 [km/s] x̂ passes the
origin at t = 0. What is the magnetic field at a point y = 1 [µm] above origin at t = 1 [ps]?

(a) 0 [µT]

(b) 0.63 [µT] ẑ*

(c) 1.27 [µT] ẑ

(d) −0.63 [µT] ẑ

(e) −1.27 [µT] ẑ

(f) Cannot be determined from the information given.

Exercise 4. Two Cables I

Suppose that two long thin straight cables carry currents I and −I and are parallel to each other with separation s. Assume
that the charge carriers move at a velocity v. (a) Describe where the electric field is zero. (b) Describe where the magnetic
field is zero. Note: Gauss’s Law and Ampere’s Law don’t help too much in integral form because this problem doesn’t have
high enough symmetry.

Exercise 5. Two Cables II

Suppose that two long thin straight cables carry currents I and −I and are parallel to each other with separation s. Assume
that the charge carriers move at a velocity v. What is the force between the cables? Hint: F/L = µ0II

′/2πs.

Exercise 6. Current Loop

In what way could a current loop be realistic? Consider the existence of non-classical materials such as superconductors, and
how classical current loops must have leads that go in and out. How does this alter the field created by the current loop?

Exercise 7. Ampere’s Law vs Gauss’s Law

(a) Write Ampere’s Law and Gauss’s Law in integral form. (b) How are the integrals in (a) different? (c) Maxwell’s equations
in differential form are ∇ · E = ρ/ε0 and ∇ × B = µ0I + (1/c2)∂E/∂t. One of the “Laws” you wrote down in (a) is likely
incorrect. Fix it. Hint:

∫
A
dA ∂E/∂t = ∂ΦE/∂t.

Exercise 8. Ampere’s Law

Suppose that the magnetic field at the perimeter of a circle of radius r has a field strength |B|θ̂ and d` = rdθθ̂. What is the
enclosed current?
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Exercise 9. Neodymium Magnets

Suppose that a neodymium magnet Nd2Fe14B, has a magnetization of 2.58×106 [A/m]. What is the magnetic field inside a 1
inch cube of this material if µr = 1.05µ0? How is this different for a 2 inch cube? Hint: µtotal = MV , and B ≈ µrµtotal/(2πV ).
Hint: 1 inch is 2.54 [cm].

Exercise 10. Meissner Effect

Suppose that a magnet is suspended over a superconductor connected to a current source. Supposing that the magnet is a
perfect dipole with moment µ, mass M , it can then be shown that the force the superconductor exerts on the magnet is:

F =
3µ0µ

2

2πz4

(a) What is the equilibrium height of the magnet?

(b) Is this equilibrium height stable or unstable?


	Electric Field Lines
	Magnetic Field Lines
	Magnetic Flux I
	Magnetic Flux II
	``Magnetic Fields do no Work"
	Cyclotron Motion with a Twist
	Cyclotron Motion I
	Cyclotron Motion II
	Mass Spectrometer
	Lorentz Force for Currents
	Magnetic Field of a Gold Nucleus I
	Magnetic Field of a Gold Nucleus II
	Magnetic Field of a Gold Nucleus III
	Two Cables I
	Two Cables II
	Current Loop
	Ampere's Law vs Gauss's Law
	Ampere's Law
	Neodymium Magnets
	Meissner Effect
	Faraday's Law I
	Faraday's Law II
	Faraday's Law III
	Faraday's Law IV
	Faraday's Law V
	Mutual Inductance
	Self Inductance
	RC Circuit I
	RC Circuit II
	LC Circuit
	LC Circuit II
	LR Circuit
	LR Circuit II
	RLC Circuit I
	RLC Circuit II
	RLC Circuit III
	RLC Circuit IV
	Average Voltage
	RMS Voltage
	RMS Power
	Phase Angle
	Equivalent Impedance
	Resonance I
	Resonance II
	Impedant Circuit I
	Impedant Circuit II
	Impedant Circuit III
	Resonance Again
	Another Circuit
	Equivalent Circuits I
	Equivalent Circuits II
	Speed of Light I
	Speed of Light II
	Wave Equation
	Electric versus Magnetic
	Dispersion of Light I
	Dispersion of Light II
	Poynting Vector I
	Poynting Vector II
	Solar Sail I (Textbook 32.30)
	Solar Sail II (Textbook 32.54)
	Partially Reflective
	Flashlight
	Torque of Light
	Refractive Index I
	Refractive Index II
	Reflection I
	Reflection II
	Snell's Law I
	Snell's Law II
	Total Internal Reflection
	Malus's Law I
	Malus's Law II
	The Complex Refractive Index
	Beer-Lambert Law
	Reflectance
	Convex Lens
	Concave Lens
	Thin Lenses I
	Thin Lenses II
	Thin Lenses III
	Separated Lenses I
	Separated Lenses II
	Thick Lenses I
	Thick Lenses II
	Camera Aperture
	Object Location, 34.68
	Perpendicular Mirrors, 34.70
	Filament, 34.73
	Car Mirrors, 34.74
	Two-Slit Interference I
	Two-Slit Interference II
	Two-Slit Interference III
	Thin Film Interference I
	Thin Film Interference II
	X-Ray Diffraction
	Single Slit Diffraction
	Diffraction Grating
	Circular Diffraction Grating
	Beats
	Lorentz Transform Matrix
	Time Dilation I
	Time Dilation II
	Space Distortion I
	Space Distortion II
	Velocity Distortion
	Angle Distortion
	Relativistic Momentum
	Relativistic Energy I
	Relativistic Energy II



