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PHYSICS II                                                                                                               The answers appear at the end of this document.
Part 1: Electric Force
1.1 Review of Vectors
1) If the rectangular coordinates of a point are (x, 4 m) and its polar coordinates are r, 25º, find x and r.

2) The position of an object is (-25 inches, 13 inches).  Find the magnitude and direction of this position.
3) From its nest, a bird flies 60 meters due south, then 50 meters northwest, then 20 meters due east.  How far and in which direction is the bird from its nest?

1.2 Charge
1) What is the charge of an ionized Hydrogen atom?
2) An object is rubbed with felt until it reaches a net charge of -3 nC.  Were electrons removed from or added to the object?  How many electrons?
1.3 Electric Force (Coulomb's Law)
1) Two protons in a molecule are 3.8Å apart (1 Å = 1 Angstrom = 10-10 m).
a) Find the Coulomb force exerted by one proton on the other.

b) How does this force compare to the gravitational force exerted between the protons?

c) What would the charge of the proton have to be if the Coulomb force between two protons equaled the gravitational force between them?
2) Three charged particles are held stationary at the corners of an equilateral triangle as shown in Figure 1.3.2.  Find the toal electric force on the +7 (C charge.

3) Two identical particles with net charges of +q are fixed in space and separated by a distance d as shown if Figure 1.3.3.  A third particle with charge –Q is free to move and lies initially at rest on the perpendicular bisector of the two fixed charges a distance A from the midpoint between the two fixed charges.  Show that if A is small compared to d the moving charge will oscillate back and forth with simple harmonic motion.  Then find the period of the oscillation.

1.4 Electric Field

1) What are the magnitude and direction of the electric field that will keep an electron afloat near the Earth’s surface?  What about for a proton?
2) Consider the point charges at the corner of the equilateral triangle in Figure 1.3.2.
a) Find the net electric field at the position of the +2 (C charge.
b) Using the result of (a), find the net force on the +2 (C charge.

3) Two +2 (C-charged particles are located on the x axis, one at x = 1 m and the other at x = -1 m.
a) Find the electric field on the y axis at y = 0.5 m.

b) Find the force exerted upon a -3 (C-charged particle placed at the point (0, 0.5 m).

4) Three particles with the same positive charge are at the vertices of the equilateral triangle shown in Fig. 1.4.4.  Find the net electric field at the tip of the triangle.


5) A rod 14 cm in length is uniformly charged with a total charge of -22 nC.  Find the size and direction of the rod’s electric field at a point that lies on the rod’s axis 36 cm from its center.
6) A uniformly charged ring has a charge of +75 nC and a radius of 10 cm.  Find the electric field on the central axis of the ring at the following distances from the ring’s center: (a) 1 cm  (b) 30 cm  (c) 100 cm.
1.5 Gauss’s Law
1) Consider the closed triangular box resting in a horizontal electric field with a uniform size of 78000 N/C as shown in Figure 1.5.1.  Find the electric flux through (a) the vertical rectangular surface, (b) the slanted surface, and (c) the entire box.

2) The following charges are inside a shoe box: 5 (C, 27 (C, -9 (C, and -84 (C.  (a) Find the net electric flux through the shoe box.  (b) Is the number of electric field lines leaving the box equal to, less than, or greater than the number of lines entering it?
3) A particle with a charge of +12 (C is placed at the center of a spherical shell of radius 22 cm.  Find the electric flux through (a) the surface of the shell and (b) any hemispherical surface of the shell.  (c) Do your answers to (a) and (b) depend on the radius?
4) A solid sphere of radius 40 cm has a total positive charge of 26 (C uniformly distributed throughout its volume.  Find the electric field at the following distances from the center of the sphere. (a) 0 cm  (b) 10 cm  (c) 40 cm  (d) 60 cm.
5) A thin spherical shell with a 14 cm radius has 32 (C of charge uniformly distributed over its surface.  Find its electric field at a point (a) 10 cm from its center and (b) 20 cm from its center.
6) A uniformly charged, straight wire 7 m in length has a uniform charge of +2 (C.  A neutral cardboard cylinder surrounds the wire with the wire running along the cylinder’s central axis.  The radius of the cylinder is 10 cm and its length is 2 cm.  Using reasonable approximations, find (a) the electric field on the surface of the cylinder and (b) the electric flux through the cylinder.
7) A large sheet of plastic has a charge density of +9 (C per square meter.  Find the electric field just above the sheet’s center.

8) A solid, insulating sphere of radius a has a uniform charge density of ( and a charge of Q.  Concentric with this sphere is an uncharged, conducting spherical shell with an inner radius of b and an outer radius of c as shown in Figure 1.5.8.

a) Find the size of the electric field in the regions r<a, a<r<b, b<r<c, and r>c.

b) Find the induced charge per area on the inside and outside surfaces of the shell.


9) A thin, square piece of metal 50 cm on a side has a net charge of +0.4 nC uniformly distributed.  Find (a) the charge per area on the top face of the plate, (b) the charge per area on the bottom face, (c) the electric field above the center of the plate, and (d) the electric field inside the plate.
10) A hollow, metallic spherical shell has an outer radius of 75 cm.  It has no net charge.  There is a smaller charged object inside the shell.  The electric field 100 cm from the shell’s center is 9000 N/C directed radially towards its center.  Find the charge (a) on the outside surface of the shell , (b) on the inside surface of the shell, and (c) of the smaller object.
1.6  Motion of Charged Particles in E-Fields

1) A proton accelerates from rest in a uniform field of 640 N/C to a final speed of 1.2x106 m/s.
a) Find the acceleration of the proton.

b) How much time does it take to reach this speed?

c) How far does the proton travel before it reaches this speed?

d) Find the kinetic energy of the proton at this final speed.
2) An electron has kinetic energy K.  What size and direction must an electric field have to stop this electron in a distance d?
3) A proton moves at 4.5x105 m/s in the horizontal direction.  It enters a uniform, vertical electric field with a strength of 9600 N/C.  (a) How long does it take the proton to move 5 cm horizontally?  (b) How far does it move vertically in this time?  (You can ignore gravitational effects.)
Part 2: Electric Potential 
2.1 Potential (Voltage) & Potential Energy
1) Consider the two +2 (C-charged particles in Figure 2.1.1 on either side of the electron.  Find (a) the net force on the electron, (b) the net electric field at the electron’s position, and (c) the net voltage at the electron’s position.

2) (a) Point A is 1 cm from a proton and point B is 2 cm from the proton.  Find the voltage difference between points A and B.  (b) Find the voltage difference if the proton is replaced by an electron.
3) Two charged particles with charges of +5 nC and – 3nC are separated by 35 cm.  Find (a) the potential energy of the pair and (b) the potential at a point midway between the pair.
4) Consider the three charges at the vertices of the isosceles triangle in Figure 2.1.4.  Find the voltage at the midpoint of the base if the value of q is 7 (C.
5) Show that the amount of work required to assemble three identical point charges with charge Q from infinity to the vertices of an equilateral triangle of side a is 3kQ2 / a.
6) Calculate the speed of a proton that is accelerated from rest through a potential difference of 120V.  Repeat the calculation for an electron.
7) An old television tube uses 25000 V across its accelerating plates.  If the plates are separated by 1.5 cm, find the electric field between the plates.
8) An electron is moving at 3.7x106 m/s at point A.  It slows to 1.4x105 m/s at point B, 2 cm from point A.  (a) Find the voltage difference between the points.  (b) Which point is at the higher voltage?
2.2 Capacitance & Capacitors
1) How much charge is on each plate of a 4-(F capacitor if it is connected to a 12-Volt battery?
2) An air-filled capacitor consists of two parallel plates, each with an area of 7.6 cm2, separated by 1.8 mm.  A voltage difference of 20 V is applied across the plates.  Find (a) the electric field between the plates, (b) the surface charge density of a plate, (c) the capacitance, and (d) the charge on each plate. 
3) A 5 (F and a 12 (F capacitor are connected in parallel to a 9 V-battery.  Find (a) the equivalent capacitance of the pair, (b) the voltage difference across each capacitor, and (c) the charge stored on each capacitor.
4) Redo Problem 3 with the two capacitors connected in series to the 9-V battery.
5) Two capacitors give an equivalent capacitance of 9 nF when connected in parallel and 2 nF when connected in series.  Find the individual capacitances of the capacitors.
6) Consider the four capacitors shown in Figure 2.2.6.  (a) Find the equivalent capacitance between points a and b.  (b) Find the charge stored on each capacitor if a voltage difference of 15 V is applied between points a and b.

7) (a) A 3-(F capacitor is connected to a 12-V battery.  How much energy is stored in the capacitor?  (b) Another 3-(F capacitor is connected to a battery and the capacitor stores half as much energy as the first one.  What is the voltage difference supplied by this battery?
2.3 Current
1) In a certain CRT, the measured beam current is 30 (A.  How many electrons strike the tube screen every minute?
2) A small sphere with a net charge of q is spun in a circle at the end of an insulating string at angular frequency (.  Find an expression for the average current produced by this moving charge.
2.4 Resistance & Resistors
1) A 0.9-V potential difference is maintained across a 1.5-m length of tungsten wire that has a cross-sectional area of 0.6 mm2. The resistivity of tungsten is 5.6x10-6 Ω-cm. Find the current flowing through the wire.
2) The filament of a light bulb has 240 (  of resistance when 120 V is dropped across the bulb.  How much current does the bulb draw?
3) A toaster is rated at 600 W when plugged into a 120-V source.  Find the resistance of the toaster and the amperage it draws.
4) Compute the cost per day of operating a lighting fixture that draws 1.7 A from a 120-V source if the cost of electricity is 8 cents per kilowatt-hour.
2.5 DC Circuits                               
1) A voltage difference of 34 V is applied between points a and b in Figure 2.5.1.  (a) Find the equivalent resistance of the network.  (b) Find the current flowing through each resistor.

2) Three 100-( resistors are connected as shown in Figure 2.5.2.  The maximum power that can be safely delivered to any one resistor is 25 W.  (a) What is the maximum voltage difference that the power supply can safely provide?  (b) For this maximum voltage, find the power dissipated by each resistor.
3) Calculate the power supplied to each resistor in Figure 2.5.3.
4) A 1-M( resistor is connected in series to a 5-(F capacitor and a 30-V battery.  Find (a) the time constant of the circuit, (b) the maximum charge stored on the capacitor, and (c) the current through the resistor ten seconds after the final connection is made.

5) In the circuit shown in Figure 2.5.5, the switch S has been open for a long time.  At t =0, the battery is removed from the circuit and the switch is closed.  Find the time constant of the circuit (a) before t = 0 and (b) after t = 0.  (c) Find an expression for the current in the circuit for t ( 0.

Part 3: Magnetic Force
3.1 Magnetic Force & Field
1) Determine the initial deflection direction of the ions as they enter the uniform magnetic fields indicated by the field lines in Figure 3.1.1 .


2) A proton moves at 4x106 m/s through a magnetic field of 0.8T.  At one point, the proton feels a force with a size of 8.2x10-14 N.  What is the angle between the proton’s velocity and the field at this point?
3) A proton moves perpendicular to a uniform magnetic field at a speed of 107 m/s and experiences an acceleration of 2x1013 m/s2 in the +x direction when its velocity is in the +z direction.  Find the magnitude and direction of the field.
4) A proton travels horizontally in the –x direction at 6.2x106 m/s and enters a uniform field of 50 (T directed in the –z direction.  
a) What is the size and initial direction of the force the field exerts on the proton?
b) What is the radius of the arc followed by this proton?
5) A proton (charge +e, mass mp), a deuteron (charge +e, mass ~2mp), and an alpha particle (charge +2e, mass ~4mp) are accelerated from rest through the same voltage difference V.  Each then enters the same uniform magnetic field of size B oriented perpendicular to the particles’ initial directions of motion.  The proton moves along a circular path of radius rp.  Determine the radii of the paths of the deuteron and alpha particle in terms of rp.
6) A singly charged ion of mass m is accelerated from rest by a potential difference V.  It is the deflected into a circular path of radius R by a magnetic field.  A doubly charged ion of mass m’ is accelerated from rest by the same potential difference and is deflected into a circular path of 2R by the same field.  What is the ratio of the masses of the ions?
7) A velocity selector consists of electric field and a magnetic field of (15mT)k .  Find the size and direction of the electric field if an electron moving with a velocity of (9x106 m/s)i moves through the selector undeflected.

8) Electrons in a cathode ray tube are accelerated from rest across 500 V of potential difference.  They then travel a distance of 10 cm where they hit a screen at point O.  This 10 cm of length is now filled with a uniform magnetic field of 2 Gauss oriented perpendicular to the electrons’ velocity and the beam hits the screen at point P.  How far is point P from point O as measured on the screen? 
9) A wire with a density of 0.5 gram per cm carries a 2-A current horizontally in the +x direction.  What size and direction does a magnetic field need to begin to lift this wire upward?

10) A 2.8-m long wire carries a current of 5 A in a region of uniform magnetic field with a strength of 0.39 T.  Calculate the size of the magnetic force on the wire if the angle between the current and field is (a) 60°, (b) 90°, and (c) 120°.

11) The rectangular coil in Figure 3.1.11 has 100 closely wrapped turns.  It can rotate about the y axis.  Presently, the angle between its plane and the x axis is 30°.  A current of 1.2 A is turned on and flows as shown.  (a) Find the size of the net torque on the coil if it is sitting in a uniform field of 0.8 T directed in the +x direction.  (b) Which way will the coil rotate due to this torque?

3.2 Sources of Magnetic Fields (Biot-Savart Law)
1) Find the size of the magnetic field at a point 100 cm from a long, thin wire carrying a current of 1 A.
2) A square loop of wire 40 cm on a side carries a current of 10 A.  Find the size of the magnetic field at the center of the square.   .
3) The long wire and rectangular loop are in the same plane in Figure 3.2.3.  Find the size and direction of the net force exerted by the long wire on the loop.

4) Two long, parallel conductors, separated by 10 cm, carry currents in the same direction.  The first wire carries a current of I1 =5 A and the second carries a current of I2 =8 A. (a) What is the size of the magnetic field created by I1 at the location of I2?  (b) What is the force per unit length exerted by I1 on I2? (c) What is the size of the magnetic field created by I2 at the location of I1?  (d) What is the force per unit length exerted by I2 on I1?
5) The rails of railroad tracks are separated by 56.5 inches in the U.S.  Suppose a current of 10 A flows to the east in one rail and a current of 10 A flows to the west in the other rail.  (a) Find the force exerted on one foot of rail by the other rail.  (b) Do the rails attract each other or repel each other? 
6) In Niels Bohr’s 1913 model of the Hydrogen atom, the electron circles the proton at a distance of 0.053 nm with a speed of 2.2x106 m/s.  Calculate the size of the magnetic field produced by the electron at the location of the proton.

7) Suppose the loop in Problem 3.2.2 is fashioned into a circle.  Find the size of the magnetic field at the center of the circle if the loop still carries 10 A.

8) A conductor consists of a circular loop of radius R and two long, straight sections as shown in Figure 3.2.8.  The wire lies in the plane of the paper and carries a current I.  Find an expression for the vector magnetic field at the center of the loop.


9) What current is necessary in a long solenoid with 1000 turns distributed over a length of 40 cm if a field of 1 Gauss is required at the center of the coil?
Part 4: Electromagnetism
4.1 Induction   
1) A rectangular loop of area A is placed in a region where the magnetic field is perpendicular to the plane of the loop.  The magnitude of the field varies in time according to B = Boe-t/( where Bo and ( are constants.  The field has a constant value of Bo for t < 0.
a) Use Faraday’s Law of Induction to show that the voltage induced in the loop is 
[image: image1.wmf]t

t

/

t

e

o

AB

V

-

=

.
b) Obtain a numerical value for the voltage at 4 s if the area is 0.16 m2, the maximum field is 0.35 T, and ( = 2 s.
c) What is the maximum induced voltage and at what time does it occur?
2) A strong electromagnet produces a uniform field of 1.6 T over a cross-sectional area of 0.2 m2.  A coil with 200 turns and a resistance of 20 ( is placed around the electromagnet.  The current in the magnet is smoothly reduced to zero in 20 ms.  Find the current induced in the coil.
3) Consider the arrangement shown in Figure 4.1.3 where a metal bar can freely slide on top of the metal rails.  The resistance of the resistor R is 6 ( and the magnetic field is 2.5 T directed into the page.  (a) At what speed should the bar move to the right to produce a current of 0.5 A through the resistor? (b) In which direction does this current flow through the resistor?


4) A small pick up coil has 20 turns and a resistance of 3 (.  What change in magnetic flux would produce a current of 1 mA in the coil?
5) A generator uses a coil with 1000 turns and an area of 0.1 m2.  The coil is rotating at 60 rev/s with the axis of rotation perpendicular to a 0.2-T magnetic field.  (a)  What is the maximum voltage difference produced by the generator?  (b) What is the orientation of the coil with respect to the field when the maximum voltage occurs?
4.3 Inductance & Inductors      
1) Two coils, held in fixed positions, have a mutual inductance of 100 (H.  What is the peak voltage in one coil when a sinusoidal current given by I(t) = (10 A) sin (1000t) flows in the other coil?
2) A 2-mH inductor is in a circuit. When the power is turned on to the circuit, the current through this inductor reaches 0.5 A in 10 ms.  What is the average voltage induced across the inductor during this time? 
3) A 10-mH inductor carries an ac current I = Im sin((t), with Im = 5 A and ( = 120( rad/s.  Find an expression for the induced voltage across the inductor.
4) A 40-mA current flows through an air-core solenoid with 450 turns, a 15-mm diameter, and a 120-cm length.  Find (a) the magnetic field inside the solenoid, (b) the magnetic flux through each turn, and (c) the inductance of the solenoid.  (d) If the current were different, which of these quantities would change?

4.4 DC Circuits           
1) A 12-V battery is connected to a coil.  The coil’s resistance is 10 ( and its inductance is 2 H.  In what time interval will the current in the coil reach (a) 50% and (b) 90% of its final value?
2) A 140-mH inductor and a 4.9-( resistor are connected with a switch S  to a 6-V battery as shown in Figure 4.4.2. 
a) After the switch is thrown to a, what time interval elapses before the current reaches 220 mA?

b) What is the current in the resistor 10 seconds after the switch is thrown?

c) The switch is now quickly thrown from a to b.  How much time elapses before this current reaches 160 mA?

3) A 10-V battery, a 5-( resistor, and a 10-(H inductor are connected in series.  After the current has reached its maximum value, find (a) the power being supplied by the battery, (b) the power being delivered to the resistor, (c) the power being delivered to the inductor, and (d) the energy stored in the magnetic field of the inductor.
4) A 1-(F capacitor is charged by a 40-V power supply.  The fully charged cap is then discharged through a coil with an inductance of 10 mH and negligible resistance.  Find the maximum current in the resulting oscillations.
5) In the circuit of Figure 4.4.5, the battery voltage is 50 V.  The switch S is closed for a long time and no potential difference is measured across the capacitor.  After the switch is opened, the potential difference across the cap reaches a maximum value of 150 V.  What is the value of L?

4.5 AC Circuits

1) A series AC circuit contains the following components: a 150-( resistor, a 250-mH inductor, a 2-(F capacitor, and a source that provides a sinusoidal voltage with a maximum of 210 V at a frequency of 50 Hz.  Calculate the following: (a) inductive reactance, (b) capacitive reactance, (c) circuit impedance, (d) maximum current, and (d) the phase angle between the current and voltage signals.
2) An AC voltage difference of the form V = (100 V) sin( 1000 t ) is applied to a  series RLC circuit with R = 400 (, L = 0.5 H, and C = 5 (F.  Find the average power delivered to the circuit.

3) An RLC series circuit is used to tune into an FM radio station broadcasting at 99.7 MHz.  The resistance is 12 ( and the inductance is 1.4 (H.  What is the capacitance?

Part 5: Waves
5.1 Harmonic Waves
1) A harmonic wave is traveling along a rope.  The oscillator driving the wave completes 1800 vibrations in 30 seconds.  A wave crest travels 180 centimeters in 10 milliseconds.  What is the wavelength of the wave?

2) A wave is described by the function y = (2 cm) sin ( 209x – 362t ) where x is in meters and t is in seconds.  Find the following: (a) amplitude of the wave, (b) wavelength, (c) frequency, and (d) speed of the wave.

3) A harmonic wave travels in the negative x direction along a rope with an amplitude of 8 cm, a wavelength of 80 cm, and a frequency of 100 Hz.
a) Write the wave function y (x,t) for this wave if y (0,0) = 0 and the point at x = 0 is on its way down at t = 0.
b) Write the wave function y (x,t) for this wave if y (10 cm,0) = 0 and the point at x = 10 cm is on its way up at t = 0.

4) A transverse wave traveling on a taut wire has an amplitude of 0.2 mm and a frequency of 500 Hz.  It travels at 196 m/s.
a) Write an equation in mks units of the form y = A sin (kx-(t) for this wave.

b) Find the tension in the wire if its linear density is 4.1 grams per meter.

5.2 Sound Waves         
1) Show that the difference between two sound levels is related to the ratio of the two distances from the source by the equation 

        (2 - (1 = 20 log (r1 / r2 ).
2) A concert is held inside an enclosed arena.  At your seat, the music is at 80 dB.  A fan sitting next to you is screaming at 75 dB.  (a) Find the total sound intensity at your position.  (b) What is the total sound level at your position?
3) The power output of a speaker is 6 W.  Suppose it broadcasts uniformly in all directions.  (a) Within what distance would the sound be painful to the ear?  (b) At what distance would the sound be barely audible?

4) The sound level at a distance of 3 m from a source is 120 dB.  At what distances is the level (a) 100 dB and (b) 10 dB?  You can approximate the source as a point source.
5) A driver travels northbound at 25 m/s.  A police car, traveling southbound at 40 m/s, approaches with its siren emitting a frequency of 2500 Hz.  (a) What frequency does the driver hear the siren as the police car approaches?  (b) What frequency does the driver hear the siren after the police car has passed him?  (c) Redo parts (a) and (b) if the police car was also traveling northbound initially.
6) Standing at a crosswalk, you hear the sound from a siren of an approaching ambulance at 560 Hz.  After the ambulance passes you, you hear the siren at 480 Hz.  How fast is the ambulance traveling?

7) A bat, moving at 5 m/s, is chasing after a flying insect.  Both are moving along the same axis in the same direction.  The bat emits a 40-kHz chirp and receives back the echo from the insect at 40.4 kHz.  (a) Is the bat gaining on the insect or is the insect pulling away from the bat?  (b) How fast is the insect flying?

5.3 Wave Interference      

1) Find the fundamental frequency and the next three frequencies that would produce standing waves on a string that is 0.8 m long, has a density of 2 grams/meter, and is under a tension of 20 N.

5.4 Electromagnetic Waves

1) (a) The distance to the star Polaris is about 6.44x1018 m.  If Polaris were to burn out today, in what year would we see it disappear?  (b) How long does it take sunlight to reach us here on Earth?  (c) What is the transit time for a radio signal traveling from the Earth to the Moon and back?  (d) How long does it take for a radio signal to travel a circle whose circumference is that of the Earth?  (e) How long does it take light to reach you from a lightning strike 10 km away?

2) A plane electromagnetic wave has a wavelength of 50 m and the amplitude of the electric field is 22 V/m.   Find the (a) frequency of the wave and (b) the maximum magnetic field of the wave. 

3) A town plans on building a facility to convert solar radiation to electricity.  The town requires 1 MW of power and the proposed system has a power efficiency of 30%, i.e. 30% of the solar energy is converted to electrical energy.  If the average intensity of the sunlight is 1000 W/m2, what size area is necessary for the panels assuming that they are perfect absorbers?

4) Find the wavelengths of electromagnetic waves with frequencies of 3x1018 Hz, 500 THz and 4 GHz.  In what portions of the spectrum are these waves?
5) A news announcement is transmitted by radio waves to a listener 100 km away from the station and by sound waves to people in the newsroom who are 3 m from the announcer.  Who hears the news first?
PHYSICS II: ANSWERS TO PRACTICE PROBLEMS



1-1.
1. x = 8.58 m  r = 9.47 m

2. 28.2 in., 152.5°

3. 29 m, 238°

1-2.
1. +1.6x1019 C
2. added, 1.875x1010
1-3.
1. (a) 1.60 nN  (b) 1.22x1036 times greater  (c) 1.44x10-37 C
2. 0.872 N, 330°
3. Applying Newton’s Second Law in the y-direction gives a differential equation of the form –(16kqQ/d3)y = may.  This is the same form as the differential equation for the mass-spring system, -Kx = max, where K is the spring constant.  Recall that for the mass-spring system the angular frequency is ( = (K/m)1/2, so for the charge system ( = (16kqQ/md3)1/2 and the period is  T = 2(/(.
1-4.
1. 55 pN/C, downward for electron and 102 nN/C, upward for proton
2. (a) 219 kN/C, -85.3(  (b) 438 mN, -85.3(  
3. (a) 12896 N/C, 90(  (b) 0.0386 N, 270(
4. 1.73kq/a2, up at 90(
5. 1588N/C, towards the rod
6. All of the fields point away from the ring along the axis with the following sizes: (a) 6650 N/C  (b) 6404 N/C  (c) 665 N/C
1-5.
1. (a) -2.34 kN-m2/C  (b) +2.34 kN-m2/C  (c) 0
2. (a) -6.89 MN-m2/C  (b) less than

3. (a) 1.36 MN-m2/C  (b) half of the flux in (a)  (c) No.  As the radius increases, the field penetrating the shell decreases but the surface area increases.  These competing changes keep the flux a constant as Gauss’s Law states.
4. (a) 0  (b) 0.365 MN/C, radially out  (c) 1.46 MN/C, radially out  (d) 0.649 MN/C, radially out
5. (a) 0  (b) 7.19 MN/C, radially outward
6. (a) 51.4 kN/C, outward  (b) 646 N-m/C2
7. 508 kN/C, perpendicular to and away from sheet

8. (a) (r/3(o, kQ/r2, 0, kQ/r2  (b) –Q/4(b2 and Q/4(c2
9. (a) 0.8 nC/m2  (b) 0.8 nC/m2  (c) 90.4 N/C, perpendicular to and away from the plate  (d) zero
10. (a) -1 (C  (b) +1 (C  (c) -1 (C

1-6.
1. (a) 6.13x1010 m/s2  (b) 19.6 (s  (c) 11.8 m  (d) 1.2x10-15 J = 7500 eV
2. K / ed in the direction of the electron’s motion (so the force is in a direction opposite to that of the motion)
3. (a) 111 ns  (b) 5.7 mm
2-1.
1. (a) 0  (b) 0  (c) +72 kV
2. (a) VA – VB = +0.72 nV  (b) -0.72 nV
3. (a) -386 nJ  (b) +103 V 
4. -10.97 MV
5. Find the potential energy of the trio in the triangular configuration.
6. 152 km/s for proton and 6420 km/s for electron

7. 1.67 MV/m

8. (a) 38.9 V  (b) A
2-2.
1. +48 (C on one plate and -48 (C on the other plate
2. (a) 11.1 kV/m toward the – plate  (b) (98.3 nC/m2  (c) 3.74 pF  (d) (74.7 pC
3. (a) 17 (F  (b) 9 V across each  (c) 45 (C and 108 (C

4. (a) 3.53 (F  (b) 6.35 V and 2.65 V  (c) 31.8 (C on each

5. 6 nF and 3 nF
6. (a) 5.96 (F  (b) 89.4 (C on 20 (F, 63 (C on 6 (F, 26.25 (C on 15 and 3 (F

7. (a) 216 (J  (b) 8.48 V
2-3.
1. 1.125x1016
2. I = q / T = q( / 2(
2-4 .

1. 6.43 A
2. Half an amp
3. 24 ( and 5 A

4. 39.17 cents per day
2-5.
1. (a) 17.1 (   (b) 1.99 A for 4 ( and 9 (, 1.17 A for 7 (, 0.82 A for 10 (
2. (a) 75 V  (b) 25 W, 6.25 W. 6.25 W
3. 14.3 W to 2 (, 28.5 W to 4 (, 1.3 W to 3 (, 4 W to 1 ( 

4.  (a) 5 s  (b) 150 (C  (c) 4 (A
5. (a) 1 s  (b) 1 s  (c) I(t) = (0.1 mA) e-(t/ 1 s)
3-1.
1. (a) up  (b) out of the page  (c) no deflection  (d) into the page
2. 9.2° or 170.8°
3. 20.9 mT in the –y direction
4. (a) 4.96x10-17 N in the –y direction  (b) 1.294 km

5. both radii are 
[image: image2.wmf]p
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6. m / m’ = 1/8
7. (135 kV/m)j
8. 1.35 cm
9. 0.245 T into page (-z direction)
10. (a) 4.73 N  (b) 5.46 N  (c) 4.73 N

11. (a) 9.98 N-m  (b) clockwise if looking down from above
3-2.
1. 200 nT
2. 28.3 (T 
3. 27 (N down
4. (a) 10 (T  (b) 80 (N/m  (c) 16 (T  (d) 80 (N/m

5. (a) 4.25 (N per foot  (b) repel
6. 12.5 T (quite large!)
7. 24.7 (T
8. The net field is the vector sum of the long wire field and the loop field: 
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9. 31.8 mA
4-1.
1. (b) 3.79 mV  (c) 28 mV at t = 0
2. 160 A
3. (a) 1 m/s  (b) down
4. 0.15 mWb/s
5. (a) 7.54 kV  (b) The field lies in the plane of the coil’s area.
4-3.
1. 1.0 V
2. 0.1 V
3. V(t) = (-18.8 V) cos (120( t)

4. (a) 18.8 (T  (b) 3.3 nT-m2  (c) 37.5 (H  (d) field and flux would change, not inductance

4-4.
1. (a) 0.139 s  (b) 0.461 s 
2. (a) 5.67 ms  (b) 1.224 A  (c) 58.2 ms
3. (a) 20 W  (b) 20 W  (c) 0  (d) 20 (J
4. 0.4 A

5. 0.281 H
4-5.
1. (a) 78.5 (  (b) 1592 (  (c) 1521 (  (d) 138 mA  (e) 84.3°

2. 8 W

3. 1.82 pF
5-1.
1. 3 m

2. (a) 2 cm  (b) 3 cm  (c) 57.6 Hz  (d) 1.73 m/s

3. (a) y = (8 cm) sin (2.5(x + 200(t + () or y = (8 cm) cos (2.5(x + 200(t + (/2) where x is in meters and t is in seconds

       (b) y = (8 cm) sin (2.5(x + 200(t - (/4)  or  y = (8 cm) cos (2.5(x + 200(t + 5(/4)  where x is in meters and t is in seconds
4. (a) y = (0.0002 m) sin (16x - 1000(t)  (b) 157.5 N
5-2.
1. Show it!
2. (a) 0.1316 mW/m2  (b) 81.2 dB 

3. (a) 69.1 cm  (b) 691 km

4. (a) 30 m  (b) 949 km
5. (a) 3036 Hz  (b) 2076 Hz  (c) 2623 Hz and 2402 Hz

6. 26.4 m/s or 59 mph

7. (a) bat is gaining  (b) 3.3 m/s
5-3.
1. 62.5 Hz, 125 Hz, 187.5 Hz, 250 Hz 
5.4.
1. (a) about 680 years from now  (b) 8.33 min  (c) 2.67 s  (d) 0.133 s  (e) 33 (s
2. (a) 6 MHz  (b) 73 nT
3. 3333 m2
4. 0.1 nm (x-ray), 600 nm (visible,orange), 7.5 cm (microwave)
5. A listener 100 km away will hear the news roughly 8.4 ms before the people in the newsroom, assuming that the listener has her ear right next to the speaker.
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