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PHYSICS 251: TEST 2     3/3/10     Dr. Varriano     



NAME:_____________________________PRIVATE 

Do all 8 problems.  Show all of your work in the space provided to receive partial credit.  You may use additional sheets of paper if necessary.  Put your final answer to each question on the line provided unless instructed otherwise.

___________________________________________________________________________________________________________

1. [10 pts]

A single electron orbits a single proton in a Hydrogen atom.   The radius of the orbit is about 0.5 Angstroms (1 Angstrom = 1x10-10 m) when the atom is in its ground state. (This is the atom's lowest energy state).
(a) Find the potential energy of the electron for a ground state Hydrogen atom.
  -4.6x10-18J  

 (b) Find the voltage due to the proton at the position of the electron.

   +28.8 V
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2. [10 pts]
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Consider the equipotential surfaces shown.  An electron is placed at point A and released from rest.  It is reasonable to assume that the only force acting on the electron is the electric force.

(a) Will the next surface that the electron crosses be the +5 V surface or the -5 V surface?

   +5 V
(b) How much kinetic energy has it gained when it reaches the next surface?

  9x10-19 J = 5 eV
(c) Draw an arrow from point A in the direction of the electric field at point A.


3. [15 pts]

Consider two parallel plates separated by a distance of 1.5 cm.  When an electron is placed at rest near the bottom plate, it is observed to accelerate to the top plate.  The voltage difference between the plates is 200 V. 

(a) Which plate is at the higher voltage? (top or bottom)                                                                                                 top
(b) How fast is the electron moving when it reaches the top plate?              

  8.38x106 m/s
(c) Find the size and direction of the electric field between the plates.       

Size:  13333 V/m
Direction:   down
4. [15 pts]

A pair of parallel plates has a capacitance of 2 (F when there is air between the plates.  The dielectric constant of air is close to one.  Suppose that the gap between the plates is now filled with Teflon.  The dielectric constant of Teflon is 2.1.   A voltage difference of 10 V is applied across the plates, with the right plate at the higher voltage.

(a) Find the capacitance of the plates.

   4.2 (F
(b) Find the energy stored by the capacitor.

  210 (J
(c) Find the net charge (size and sign) stored on the plates.

Left plate   -42 (C
Right plate  _ +42 (C
(d) Suppose the capacitor is discharged and recharged with a battery that delivers less than 10 V.  Would your answers to the above questions be smaller, larger, or the same?

(a) _same         (b) smaller        (c)  smaller
5. [14 pts]

Consider the following network of capacitors. 

C1 = C2 = 2 nF    C3 = C4 = 4 nF

(a) Find the equivalent capacitance between points A & B.

   3 nF
(b) If you connect the points A & B across a 5 V battery and charge up the capacitors, how much total charge does the battery move?

  15 nC
(c) Show below with a sketch how you would hook up the four capacitors to obtain the largest possible capacitance and write this value of capacitance down on the line provided.

Largest Equivalent Capacitance =  12 nF
6. [12 pts]

Two wires with the same diameter are connected in parallel to a 1.5 V battery.  One wire is made from copper and the other from aluminum.  A current of 750 mA flows through each wire.  Copper has a smaller resistivity than aluminum. 

(a) Find the resistance of the copper wire.

  2 (
(b) Find the power dissipated by the copper wire.

  1.125 W
(c) Which choice below concerning the wires' lengths is true? (Circle the number before the one correct choice.)

1. Copper wire is shorter.
2. Copper wire is longer.
3. Wires have the same length.
4. One cannot determine which wire is longer or if they are equal in length.
7. [12 pts]

Consider the circuit shown.  The battery delivers 0.1 A to the circuit.

(a) What is the equivalent resistance of the circuit?
   150 (
(b) What is the resistance of the resistor R?

  450 (
(c) Find the power dissipated by the 75 ( resistor.







                0.33 W
8. [12 pts] 
The circuit to the right has an RC time constant of 4 milliseconds. 
(a) What is the resistance of the circuit?                                    2000 (
(b) How much current is flowing through the resistor as soon as the switch is closed?

   5 mA
(c) How much current is flowing through the resistor 8 milliseconds after the switch is closed?
   0.677 mA
(d) What would be a reasonable estimate of the time it takes to charge up the capacitor? (Circle the best answer.)


4 milliseconds     /     20 milliseconds     /      forever 
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Points perpendicular to the -5 V surface towards the 0 V surface.
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