489-502 Problem set 4

Name ___________________________________________________


1. How does the radius of curvature of light from a point source depend on its distance from the source?
2. Using ray diagrams, find the focal length of a mirror of radius of curvature R.

3. Using the diagram find the image size and location. 
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4. Show how to use the drawing and trigonometry to find the magnification of the telescope system in terms of f1 and f2.
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5. How does the divergence of a Gaussian beam relate to the angular resolution of an aperture?
6. From the Drude model for a metal 
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and the expression for power reflectivity of metal 
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 find the reflectivity in terms of optical, plasma, and collision frequencies.
7. Given the expression for skin depth of a metal in units of wavelength 
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 what is the skin depth a) when  << , b) when >>, but still < plasmon?
8. From Snell’s law, the light transmitted into metal should show negative refraction since metal is negative.  However, since metal is positive, n2metal is negative and absorption prevents propagation.  Describe how a magnetic resonance can be used to make metal negative so that light would propagate with negative refraction.  Hint: recall from mechanics that a forced oscillator moves in phase with the driving field below resonance and out of phase with the driving field above resonance.
9. For a parallel plate capacitor, C = 0 (A/l) where A is the area and l is the plate spacing.  For a capacitor with dielectric, 0 is replaced by D.  For resistive materials it is convenient to work with conductivity  = 1/ = (l/R) (l/A), where R is the resistance of a cross-section area A of length l.  By replacing R with Z (complex impedance) we can generalize this to  = (l/Z) (l/A).  From these equations find the capacitive conductivity for a dielectric C (i.e. when Z = 1/(iC)).
10. The ABCD matrix for a propagation distance L is 
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 and that for a curved mirror is 
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 where R is the radius of curvature.  From these construct the ABCD matrix for a cavity of length a) L=R, b) L=R/2, and c) L=2R.  Then calculate the ABCD matrix for d) L=R, 2 round trips, e) L=R/2, 3 round trips, f) L=2R, 4 round trips.
11. At 0-degrees reference channel phase the output of a lock-in amplifier used to make a derivative looks like the curve on the left.  At 180-degrees phase it looks like the curve on the right.  Draw the output at: a) 90-degrees phase, b) 270-degrees phase.
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12. a) For the input signal and reference waveforms shown on the left draw the output waveform.  On the right signal, draw a reference waveform with a 90-degree phase shift and resulting output waveform.

[image: image9.emf]time

+1

-1

Input signal

Reference signal

time

+1

-1

Input signal


13. Draw the demodulator output for the waveform shown.  How does the average dc voltage of the resultant compare to that in problem 12 (a) ?
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14.  In addition to a switch for selecting internal or external reference the lock-in amplifiers have a switch position for 2f, which corresponds to demodulation at twice the modulation frequency applied to the system.  Show how this can be used to get an output proportional to the second derivative, with respect to voltage, of an input signal.  
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