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PHYSICS 251: SUPPLEMENTAL PROBLEMS

PRIVATE 

PART 1

1A. (Electric Force & Electric Field of Point Charges)

Three point charges are distributed in the xy-plane as follows:


q1 = - 2 C at (0,0)
q2 = - 4 C at (2m,0)
q3 = + 3 C at (-1m,1m)

(a) Find the magnitude and direction of the net force acting on q1 due to the other two charges. 

(b) Find the magnitude and direction of the net electric field at (0,0), the position of q1.  Do this by finding the field from q2, the field from q3, and then adding these two fields together.

(c) Show that the net force acting on q1 is the product of the charge q1 and the net electric field at the position of q1.  That is, verify that 
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 and the sign of the charge q.)

(d) How far from q1 and at what angle should a -1 C point charge be placed so that the net force acting on q1 is zero? (Be sure to explain why the charge must be placed at 153°).

ANSWERS: (a) 
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=0.042 N, 153°  (b) 
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=20859 N/C, 333°  (c) Show me.  (d) 
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=0.66 m, 153°

1B. (Electric Field of Point Charges)

For each of the point charge distributions below, state whether or not the electric field is zero at any point other than at infinity.  If so, find the point.

(a) +2 C at (-2m,0) and +2 C at (2m,0)

(b) -2 C at (-2m,0) and -2 C at (2m,0)

(c) -4 C at (-2m,0) and -2 C at (2m,0)

(d) +2 C at (-2m,0) and -2 C at (2m,0)

(e) +4 C at (-2m,0) and -2 C at (2m,0)

ANSWERS: (a) yes (0,0)  (b) yes (0,0)  (c) yes (.343m,0)  (d) no  (e) yes (11.66m,0)

1C. (Electric Field of Continuous Charge Distribution)

Consider a charged thin rod.  The rod is 10 cm long and has a net charge of -5 nC uniformly distributed.  You are to find the electric field at a point which lies outside of the rod on the rod's long axis and that is 2 cm from the rod's end.  Let's call this point P. 

(a) What is the direction of the electric field at pt. P?  (Be specific.  Make sure that the direction makes sense with your diagram.)

(b) Using the result found by using integral calculus as was done in class, find the magnitude of the electric field at pt. P.

(c) Now break the rod up into 5 segments of equal length.  Assume each segment can be approximated as a point charge located at the middle of each segment with the charge of each segment.  Find the net field at pt. P by adding up the 5 fields from each of these point charge approximations.  (Use the expression for the electric field magnitude of a point charge.)

(d) How good is your approximation in (c) to the field size found in (b)?  Answer this by finding the percentage difference between the two field values.

(e) What must you do in order to get a better approximation to the actual field value?  (The answer is exactly what we did in deriving the integral calculus result!)

ANSWERS: (a) Tell me.  (b) 18750 N/C  (c) 17292 N/C  (d) ~8%  (e) Tell me.

1D. (Coaxial Cable and Gauss' Law)

A coaxial cable consists of a narrow cylindrical conducting wire surrounded by a larger diameter conducting cylindrical shell.  A portion of such a cable is shown below.  The wire has a radius of a=0.5 mm.  The radii of the cylindrical shell's inner and outer surfaces are b=3 mm and c=3.2 mm, respectively.  Suppose that the linear charge density of the conducting wire is +100 nC/m and that the conducting shell has a linear charge density of 

-160 nC/m.
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(a) Find the size and direction of the electric field for the following distances from the wire's center.  EXPLAIN your reasoning if E=0.


(i) r=0.2 mm    (ii) r=2.0 mm    (iii) r=3.1 mm    (iv) r=4.0 mm
(b) For a 1 cm length of the cable, find the amount of charge on the following surfaces:


(i)   outer surface of wire


(ii)  inner surface of shell (EXPLAIN your reasoning.)


(iii) outer surface of shell (EXPLAIN your reasoning.)

(c) Sketch a plot of the magnitude of the electric field vs. r for all values of r between 0 and 4 mm.  Be sure to indicate the positions of r=a, r=b,and r=c on the horizontal axis.

ANSWERS: (a)(i) 0 (ii) 9x105 N/C, radially out (iii) 0 (iv) 2.7x105 N/C, radially in   (b)(i) +1 nC (ii) -1 nC (iii) -0.6 nC  (c) Show me.

PART 2

2A. (Parallel Plate Capacitor)

Consider a parallel plate capacitor whose plates each have an area of 2 cm2 and which are separated by 1 mm.  The capacitor is hooked up to a battery so that the top plate is at 20 V and the bottom plate is at 5 V.  The space between the plates is evacuated.  Answer the following questions:

(a) What is the capacitance of the capacitor?

(b) What is the voltage drop across the plates? 

(c) How much charge is on the top plate?

(d) How much charge is on the bottom plate?

(e) How much energy is stored by the capacitor?

(f) What is the size and direction of the electric field between the plates?

(g) If you wanted to accelerate an electron across the gap between the plates, near which plate would you place it? (top or bottom)

(h) What would be the speed of the electron when it reached the other plate?

Teflon (=2.1) is now inserted in between the plates while the capacitor is still hooked up to the battery.
Reanswer (a) through (f) only.  If an answer does not change, write "same" next to the answer.

ANSWERS: Air: (a) 1.77 pF  (b) 15 V  (c) +26.55 pC  (d) -26.55 pC  (e) 2x10-10 J  (f) 15000 V/m, tell me direction.  (g) Tell me.  (h) 2.3x106 m/s   --- Teflon: (a) 3.72 pF  (b)-(f) Tell me.

2B. (Resistors)

You need to light up a light bulb by sending 240 mA of current through it.  At this current, the resistance of the bulb is 20 .  You only have a 12 V car battery, a 120  resistor, and some 28 gauge Nichrome wire.  You realize that you can accomplish the task by building a circuit that looks like the one below.  You must determine first, though, what the resistance of R2 must be.  You can then make the resistor R2 using the Nichrome wire.
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(a) What must R2 be so that 240 mA of current flows through the light bulb?

(b) What is the equivalent resistance of the circuit?

(c) Find the voltage across the bulb and the power dissipated by the bulb.

(d) Find the voltage across R2, the current through R2, and the power dissipated by R2.

(e) The resistivity of Nichrome is 1.5x10-6 (m and 28 gauge wire has a diameter of 0.032 cm.  What length of wire will you need to provide the resistance R2?

ANSWERS: (a) 40  (b) 50   (c) 4.8 V, 1.15 W  (d) 7.2 V, 0.18 A, 1.30 W  (e) 2.14 m

PART 3

3A. (Mass Spectrometer)

You are to finish designing a mass spectrometer to measure the mass of some unknown atoms.  A sketch of the spectrometer is shown below.  The atoms are first singly ionized by removing one electron from each atom.  They are then accelerated between Plates 1 & 2 whereupon they enter a velocity selector.  The magnetic field in the selector is 0.5 T and directed out of the page.  Plates 3 and 4 are separated by 2 cm.  The atoms that make it through the selector then enter the spectrometer chamber where they traverse a semicircular path.  The magnetic field in the chamber is the same as in the selector.  The diameters of the trajectories are measured and the masses are then calculated.
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(a) What is the charge on one of the ionized molecules? (sign and size)

(b) Should plate 1 be at a higher or lower voltage than plate 2?  Why?
(c) What size electric field is needed in the selector to select speeds of 105 m/s?

(d) What direction should the electric field have in the selector?  Why?
(e) Should plate 3 be at a higher or lower voltage than plate 4?  Why?
(f) What voltage difference do you need between plates 3 & 4?

(g) Once in the chamber, will the ions travel clockwise or counterclockwise?  Be sure to explain your reasoning and you must tell me more than just "because of the right hand rule".

(h) If the path of a certain ion has a diameter of 9.6 cm, what is its mass?

(i) Is the ion in (h) most likely an ion of hydrogen, oxygen, or sodium?

(j) On your diagram, draw the path of one of the ions and also show the electric field between Plates 1 & 2, the electric field between Plates 3 & 4, the electric and magnetic force on the ion when it's in the selector, and the magnetic force when it is in the chamber. 

ANSWERS: (a) Tell me.  (b) Tell me.  (c) 50 kV/m  (d) Tell me.  (e) Tell me.  (f) 1000 V  (g) Tell me.  (h) 3.84x10-26 kg  (i) Tell me. Look at mass!  (j) Show me.

3B. (Electric Motor & Magnetic Fields)

(a) An electric motor is to deliver 100 mW of average power when operating at 3000 rpm.  The windings rotate in a magnetic field of 1 mT.  Finish designing the motor by specifying the number of windings, the area of the windings, and the current through the windings.  You have the following design specifications:


( no. of windings can't exceed 1500


( area of winding can't exceed 4 cm2

( current through windings can't exceed 1 A

Show your work in deriving your answers and then BOX YOUR 3 VALUES TOGETHER AT THE END OF THE WORK.

For (b) through (d), consider that 1 Amp of current is flowing through each wire.

(b) How close to a long, straight wire must a point be so that the magnetic field is 1 mT?

(c) What must the diameter of a single current loop be so that the magnetic field at the loop’s center is 1 mT?

(d) How many turns should a "long" solenoid have in 1 cm so that the field inside the solenoid is 1 mT?

(e) Which of the above geometries ((b),(c), or (d)) seems the most feasible to achieve a field of 1 mT?  (Look at the geometries and the dimensions! Wire is cheap.  Don't be concerned about cost.)

ANSWERS: (a) Many answers  (b) 0.2 mm  (c) 1.26 mm  (d) 8  (e) Tell me.  
3C. (Solenoids)

How long does a "long" solenoid have to be so you can use the "long" solenoid expression for the magnetic field on the axis?  Let's see.

(a) Starting with the general expression for the field on the axis, show that at the exact center of any solenoid the field size is
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(b) Now, how small can   be so that there is only a 1% difference between the field sizes using the above expression and the long solenoid expression?

(c) What is the ratio of the solenoid's length to its diameter at this angle?

(d) So how long must a solenoid with a diameter of 1 cm be so that using the long solenoid expression for the field introduces only a 1% error?
ANSWERS: (a) Note that at center   (b) 81.9°  (c) L/D=7  (d) 7 cm

PART 4

4A. (Inductance and Inductors)

A dc battery is connected to a simple series RL circuit.  The resistance is 50 .  A steady current is established in the circuit.  The terminals of the battery are then shorted together by a piece of metal such that the voltage difference between the terminals is essentially zero.

(a) Sketch a plot of what the current through the resistor does as a function of time.  Take t=0 to be when the terminals are shorted together.

(b) What inductance do you need so that when the terminals are shorted together, the current through the resistor decreases to one tenth of its original value in 2 ms?

(c) How long would it take this current to drop to one tenth of its original level if the resistance were 10 times larger?

(d) A certain solenoid has 200 turns/cm and each turn has an area of 8 cm2.  What length must this solenoid have to supply the inductance needed in (b) and (c)?

(e) This solenoid is used as the inductor in the circuit described above with the 50 ( resistance.  The battery voltage is 10 V.  How much energy does the inductor store before the battery is shorted?

(f) When the battery is shorted, what happens to this energy?  Explicitly state where the energy goes.

ANSWERS: (a) plot  (b) 43.43 mH  (c) 0.2 ms  (d) 10.8 cm  (e) 0.87 mJ    (f) Tell me.

PART 5

5A. (Wave on a String)

 A transverse harmonic wave travels along the length of a string.

(a) Show that the functional form of the wave is y(x,t)=Asin(kx-t+) by direct substitution of this function into the 1-D wave equation
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That is, show that y(x,t) satisfies the wave equation.

(b) What must v equal (in terms of k and ) to satisfy the wave equation?

(c) Is the wave traveling to the left or the right along the string?

(d) The string has a linear mass density of 5 grams/meter and is under a tension of 1350 N.  How fast is the wave traveling?

(e) A point on the string oscillates up and down 1040 times per second.  What is the wavelength of the wave?

(f) This point on the string, located at x=25 cm, has a maximum displacement of 3 cm.  At t=0, it is displaced 1.5 cm below its equilibrium position and is traveling upwards.  Find the values of A, k, , and  in the functional form of the wave.  Be sure to EXPLAIN fully how you found your value of 
ANSWERS: (a)&(b) Show me.  (c) Tell me.  (d) 520 m/s  (e) 50 cm  (f) Tell me A.  k=4 rad/m  =6534.5 rad/s  =/6 rads      

5B. (Sound)

A new group, The Screaming Physicists, is playing at a concert.  A fan who is 5 m from the speakers hears a bass frequency of 60 Hz at a level of 120 dB. (Ouch!)  Assume that the speaker is a perfect point source that emits sound uniformly in all directions and that sound travels at 343 m/s (767 m.p.h.) in air.

(a) What is the sound level 50 m away from the speaker?

(b) How far from the speaker must you be so that the sound level is reduced to a safer 55 dB?

(c) Does this distance in (b) seem reasonable?  If not, what is wrong with our assumptions?  Why don't you have to be this far from an actual concert to hear this lower sound level?

(d) Your friend, who is late for the concert, is driving toward the concert and hears the bass frequency at 68 Hz.  How fast is your friend traveling?  (Express the answer in km/hr and in m.p.h.)

(e) A police car is chasing your friend.  The siren emits a frequency of 1200 Hz. Your friend hears a frequency of 1214 Hz.  How fast is the cop traveling?  (Express the answer in km/hr and in m.p.h.)  

(f) Is the cop gaining on your friend or is your friend pulling away?  EXPLAIN your reasoning.

ANSWERS: (a) 100dB  (b) 8.9 km  (c) Tell me.  (d) 102.3 mph = 164.6 km/hr  (e) 110.0 mph = 177.0 km/hr  (f) Tell me.    
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