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EXAM 1)
as shown. Qp

its energy every 50 complete cycles.

A block of mass m is attached to a spring (of unknown constant) and placed on a horizontal sur‘f;cei_
ce set in motion, it is observed that the block oscillates with an angular frequency w and loses 90% o

* la) (10 points)  Find the natural (angular) frequency for the oscillator
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e 1b) (10 points) At what (angular) frequency
amplitude vibrations?
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* Ic) (10 points)
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EXAM2) A squirrel on a longboard passes an oncoming food-bot approaching on a parallel but directly-adjacent
:m(h. T.lw food-bot's speed (relative to the ground) is V4. As the food-bot approaches, the squirrel hears warning
reeps with a frequency f;. As the food-bot recedes, the squirrel hears the same beeps, but now with a frequency fa.

® 2a) (10 points) At what frequency are the warning beeps actually being emitted?
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* 2b) (10 points)  How fast is the squirrel moving relative to the ground?
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e 2c) (10 points) What would it mean if f; had the same value as f2? Evaluate your previotis answers from
the previous parts in this limit and check for consistency.
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EXAM 3) A thin uniform rod lics on the r-axis with one end on the origin and the other at r = L. The rod
carries a total charge Q, uniformly distributed. S Q

You may take the following as given (for small values of z): L
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® 3a) (15 points)  Find the electric potential at a point described by r and 8 for which r > L. Consider using
the Taylor expansion given above.
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* 3b) (5 points)  Find the monopole and (the magnitude of) the dipole moment for this arrangement of charge.
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e 3c) (10 points) Find the radial (), polar (#) and azimuthal (¢) components of the electric field at a point

described by r, 6 and ¢ for which r > L.
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EXAM 4) In the diagram on the left, current flows into a thin square plate of constant cross-sectional area L X y.
It first encounters material of resistivity p; (having depth x) and then material of resistivity p». In the diagram
on the right a battery of potential difference € drives current through a cubic resistor of edge-length L comprised
of material of resistivity p; and p, arranged as shown in the diagram (the volumme above the diagonal is filled with

material p; and the volume below the diagonal is filled with material p2)-

® 4a) (5 points)  First consider the diagram on the left. Derive the resistance and conductance the sheet presents

to current flowing through the thin faces as shown.
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* 4b) (15 points)  Now consider the diagram on the right. Derive the resistance the cube presents to current
flowing from the battery.
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i ion of height from
1) (10 points)  Derive the current density through the resistor as a functi
* 4¢) (10 points)  Derj :
resistor.
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EXAM 5)

In the circuit shown above, Cy is given an an initial charge Q, C; is initially uncharged and the switch
has been open

for a long time. At # = 0 the switch is closed.

* 5a) (10 points)  Derive the rate at which charge flows through the circuit after the switch is closed.
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e 5b) (5 points)  How much charge is on each capacitor once the circuit reaches steady-state?
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e ; S A
>¢) (5 I)omts) How does the total energy stored in the circuit in steady-state compare to the total energy

stored in the circuit initially (Uf/U)
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e 5d) (10 points) What fraction of the initial energy in the circuit was lost to Ry (AUg1/U;)?
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