Electricity and Magnetism Problems

Concepts and principles from dectricity and magnetism can solve the problemsin this section. The
problems are divided into five groups according to the magor principles required for solution: (1)
electric force and field; (2) eectric potentid energy; (3) eectric power; (4) circuits, and (5) magnetic
force and fidd. The specific principles required are indicated in Itaics at the beginning of each problem.

Electric Force and Field

1. Electric Force: You and afriend are doing the laundry when you unload the dryer and the

discusson comes around to static eectricity. Your friend wants to get some idea of the amount of
charge that causes gatic cling. Y ou immediately take two empty soda cans, which each have a
mass of 120 grams, from the recycling bin. Y ou tie the cans to the two ends of astring (oneto
each end) and hang the center of the string over anail sticking out of thewall. Each can now hangs
graight down 30 cm from the nail. 'Y ou take your flannd shirt from the dryer and touch it to the
cans, which are touching each other. The cans move gpart until they hang Stationary a an angle of
10° from the vertical. Assuming that there are equa amounts of charge on each can, you now
caculate the amount of charge transferred from your shirt.

Electric Force: You are part of adesign team assigned the task of making an electronic oscillator
that will be the timing mechaniam of amicro-machine. Y ou sart by trying to understand asmple
modd which is an dectron moving dong an axis through the center and perpendicular to the plane
of athin postively charged ring. Y ou need to determine how the oscillation frequency of the
electron depends on the size and charge of the ring for displacements of the eectron from the
center of the ring which are smdl compared to the sze of thering. A team member suggests that
you firgt determine the acceleration of the eectron along the axis as afunction of the szeand
charge of the ring and then use that expression to determine the oscillation frequency of the eectron
for amd| osaillations.

Electric Force: You are spending the summer working for achemica company. Y our boss has
asked you to determine where a chlorine ion of effective charge -e would Stuate itsdf near a
carbon dioxideion. The carbon dioxide ion is composed of 2 oxygen ions each with an effective
charge -2e and a carbon ion with an effective charge +3e. Theseions are arranged in aline with
the carbon ion sandwiched midway between the two oxygen ions. The distance between each
oxygen ion and the carbon ion is 3.0 x 10 m. Assuming that the chlorineion ison alinethét is
perpendicular to the axis of the carbon dioxide ion and that the line goes through the carbon ion,
what is the equilibrium distance for the chlorine ion rdative to the carbon ion on thisline? For
samplicity, you assume that the carbon dioxide ion does not deform in the presence of the chlorine
ion. Looking in your trusty physics textbook, you find the charge of the dectronis 1.60 x 10*° C.

Electric Force: Y ou have been asked to review a new apparatus, which is proposed for use at a
new semiconductor ion implantation facility. One part of the gpparatusis used to dow down He

ionswhich are postive and have a charge twice that of an eectron (Het+). This part conags of a
circular wirethat is charged negatively so that it becomes acircle of charge. Theion hasaveocity
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of 200 m/swhen it passes through the center of the circle of charge on atrgectory perpendicular
to the plane of the circle. The circle has a charge of 8.0 nC and radius of 3.0 cm. The sample
with which theionisto collide will be placed 2.5 mm from the charged circle. To check if this
device will work, you decide to calculate the distance from the circle that the ion goes before it
sops. To do this caculation, you assume that the circleis very much larger than the distance the
ion goes and that the sampleis not in place. Will the ion reach the sample? Y ou look up the
charge of an dectron and mass of the hdium in your trusty Physicstext to be 1.6 x 10-19 C and 6.7
x 10-27 Kg.

5. Electric Force: You've been hired to design the hardware for an ink jet printer. Y ou know that
these printers use a deflecting eectrode to cause charged ink drops to form letterson apage. The
basic mechanism is that uniform ink drops of about 30 microns radius are charged to varying
amounts after being sprayed out towards the page at a speed of about 20 m/s. Along the way to
the page, they pass into a region between two deflecting plates that are 1.6 cm long. The deflecting
plates are 1.0 mm gpart and charged to 1500 volts. Y ou measure the distance from the edge of
the plates to the paper and find that it is one-haf inch. Assuming an uncharged droplet formsthe
bottom of the letter, how much charge is needed on the droplet to form the top of aletter 3 mm

high (11 pt. type)?

6. Electric Force: While working in a University research laboratory your group is given the job of
testing an eectrodtatic scae, which is used to precisely measure the weight of smdl objects. The
device consgts of two very light but strong strings attached to a support so that they hang straight
down. An object is attached to the other end of each string. One of the objects has avery
accurately known weight while the other object is the unknown. A power supply is dowly turned
on to give each object an eectric charge. This causes the objects to dowly move awvay from each
other. When the power supply is kept at its operating vaue, the objects come to rest at the same
horizontd leve. At that time, each of the strings supporting them makes a different angle with the
vertical and that angleismeasured. To test your understanding of the device, you firgt caculate the
weight of an unknown sphere from the measured angles and the weight of aknown sphere. Your
known is a standard sphere with aweight of 2.000 N supported by a string that makes an angle of
10.00° with the vertical. The unknown sphere's string makes an angle of 20.00° with the verticd.
Asasecond step in your process of understanding this device, estimate the net charge on a sphere
necessary for the observed deflection if astring were 10 cm long. Make sure to give the
assumptions you used for this esimate.

7. Electric Force: You and afriend have been given the task of designing adisplay for the Physics
building that will demondrate the strength of the dectric force. Y our friend comes up with anidea
that sounds neet theoretically, but you're not sureit is practical. She suggests you use an electric
force to hold amarblein place on a doped plywood ramp. She would get the electric force by
attaching auniformly charged semicircular wire near the bottom of the ramp, laying the wireflat on
the ramp with each of its ends pointing straight up the ramp. She damsthat if the charges on the
marble and ring and the dope of the ramp are chosen properly, the marble would be baanced
midway between the ends of the wire.
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To test thisidea, you decide to caculate the necessary amount of charge on the marble for a
reasonable ramp angle of 15 degrees and a semicircle of radius 10 cm with a charge of 800 micro-
coulombs. The marble would roll in adot cut lengthwise into the center of the ramp. The mass of
the lightest marble you can find is 25 grams.

Electric Force, Gauss's Law: You have agreat summer job in aresearch [aboratory with a
group investigating the possibility of producing power from fuson. The device being designed
confines ahot gas of pogtively charged ions, cdled plasma, in avery long cylinder with aradius of
2.0 cm. The charge dengity of the plasmain the cylinder is 6.0 x 105 C/m3.  Postively charged
Tritium ions are to be injected into the plasma perpendicular to the axis of the cylinder in adirection
toward the center of the cylinder. Your job isto determine the speed that a Tritium ion should
have when it enters the plasma cylinder o that its velocity is zero when it reaches the axis of the
cylinder. Tritium is an isotope of Hydrogen with one proton and two neutrons. Y ou look up the
charge of aproton and mass of the tritium in your trusty Physicstext to be 1.6 x 10-19 C and 5.0 x
10-27 Kg.

Electric and Gravitational Force: You and afriend are reading a newspaper article about nuclear

10.

11.

fusion energy generation in sars. The article describes the helium nucleus, made up of two protons
and two neutrons, as very stable so it doesn't decay. Y ou immediately redize that you don't
understand why the helium nucleusis sable. You know that the proton has the same charge as the
electron except that the proton charge is positive. Neutrons you know are neutral. Why, you ask
your friend, don't the protons smply repe each other causing the helium nucleusto fly apart? Y our
friend says she knows why the helium nucleus does not just fly apart. The gravitationd force keegps
it together, she says. Her modd isthat the two neutrons Sit in the center of the nucleus and
gravitationdly attract the two protons. Since the protons have the same charge, they are dways as
far apart as possible on opposite sdes of the neutrons. What mass would the neutron have if this
model of the helium nucleus works? |Isthat a reasonable mass? Looking in your physics book,
you find that the mass of aneutron is about the same as the mass of a proton and that the diameter
of ahdium nudeusis3.0 x 1013 cm.

Electric Field: You are helping to design a new e ectron microscope to investigate the structure
of the HIV virus. A new device to position the eectron beam consists of a charged circle of
conductor. Thiscircleisdivided into two haf circles separated by athin insulator so that haf of the
circle can be charged positively and haf can be charged negatively. The ectron beam will go
through the center of the circle. To complete the design your job isto caculate the ectric fidd in
the center of the circle as afunction of the amount of pogitive charge on the hdf circle, the amount
of negative charge on the hdf circle, and the radius of the circle.

Electric Field: Y ou have asummer job with the telephone company working in a group
investigating the vulnerability of underground telephone linesto naturd disasters. Y our task isto
write acomputer program which will be used determine the possible harm to a telephone wire from
the high dectric fields caused by lightning. The underground telephone wire is supported in the
center of along, straight stedl pipe that protectsit. When lightening hits the ground it charges the
ded pipe. You are concerned that the resulting eectric fidd might harm the telephone wire. Since
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you know that the largest fied on the wire will be where it leaves the end of the pipe, you caculate
the dectric field at that point as afunction of the length of the pipe, the radius of the pipe, and the
charge on the pipe.

Electric Potential Energy

12. Electric Potential Energy: While stting in a restaurant with some friends, you notice that some
"neon” signs are different in color than others. Y ou know that these signs are essentidly just gas
seded in aglasstube. The gas, when heeated dectricaly, gives off light. One of your friends, who
isan at mgjor, and makes such sgns as sculpture, tells you that the color of the light depends on
which gasisinthetube. All "neon" 9gns are not made usng neon gas. Y ou know that the color of
light tdlsyou itsenergy. Red light isalower energy than blue light. Since the light is given off by
the atoms, which make up the gas, the different colors must depend on the structure of the different
atoms of different gases. Suppose that atomic structure is as given by the Bohr theory which states
that eectrons are in uniform circular motion around a heavy, maotionless nucdleusin the center of the
atom. Thistheory also Sates that the dectrons are only alowed to have certain orbits. When an
atom changes from one dlowed orbit to another dlowed orhbit, it radiates light as required by the
consarvation of energy. Since only certain orbits are alowed, so the theory goes, only light of
certain energies (colors) can be emitted. This seemsto agree with the observations of your artist
friend. Y ou decide to test the theory by caculating the energy of light emitted by asmple atom
when an eectron makes a trangtion from one alowed orbit to another. Y ou decide to consider
hydrogen since you know it is the smplest atom with one dectron and a nucleus congsting of one
proton. You remember that the proton has a mass 2000 times that of an electron. When you get
home you look in your textbook and find the eectron massis

9x 10-31kg anditschargeis 1.6 x 10-19 C. Theradius of the smdlest dlowed dectron orbit for
hydrogen is 0.5 x 1010 meters, which determines the normal size of the atom. The next alowed
orbit has aradius 4 times as large as the smdlet orhit.

13. Electric Potential Energy: You have agreat summer job working in a cancer research
laboratory. Y our team istrying to congtruct a gas laser that will give off light of an energy that will
pass through the skin but be absorbed by cancer tissue. 'Y ou know that an atom emits a photon
(light) when an eectron goes from a higher energy orbit to alower energy orbit. Only certain
orbitsare dlowed in a particular atom. To begin the process, you caculate the energy of photons
emitted by a Helium ion in which the dectron changes from an orbit with aradius of 0.30
nanometers to another orbit with aradius of 0.20 nanometers. A nanometer is 10° m. The hdium
nucleus conssts of two protons and two neutrons.

14. Electric Potential Energy: Your job isto evauate an eectron gun designed to initiate an eectron
beam. The dectrons have a 20 cm path from the hesting e ement, which emits them to the end of
the gun. This path isthrough avery good vacuum. For most gpplications, the eectrons must reach
the end of the gun with a speed of at least 107 nV/s. After leaving the heating element, the eectrons
pass through a 5.0 mm diameter hole in the center of a 3.0 cm diameter charged circular disk. The
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disk’s charge density iskept a 3.0 nC/m2. The heating element is a spherica dectrode 0.10 mm
in diameter that iskept a avery high charge of -0.10C. Thereis 1.0 cm between the heating
element and the hole in the disk. Y our first gep isto determine if the electrons are going fast
enough. 'Your boss has pointed that the hole in the disk istoo large to ignore in your calculations.
Using your physics text you find that the mass of the dectron is9.11 x 10-31 kg.

Electric Potential Energy - Gauss's Law: Y ou have landed a summer job working with an
Adtrophysics group investigating the origin of high-energy particlesin the galaxy. The group you
arejoining has just discovered alarge sohericd nebulawith aradius 1.2 million km. The nebula
consists of about 5 x 1010 hydrogen nucle (protons) which appear to be uniformly distributed in
the shape of asphere. At the center of this sphere of positive chargeisavery small neutron Star.
Y our group had detected eectrons emerging from the nebula. A friend of yours has atheory thet
the eectrons are coming from the neutron star. To test that theory, she asks you to caculate the
minimum speed that an eectron would need to sart from the neutron star and just make it to
outsde the nebula. From the ingde cover of your trusty physicstext you find that the charge of a
proton (and an electron) is 1.6 x 10-19 C, the mass of the proton is 1.7 x 10-27 kg, and the mass of
the eectronis9.1 x 10 -31 kg.

Electric Potential Energy, Gauss's Law: Y ou are working in cooperation with the Public Hedlth
department to design an eectrodtatic trap for particles from auto emissons. The average particle
enters the device and is exposed to ultraviolet radiation that knocks off electrons so thet it hasa
charge of +3.0 x 10-8 C. This average particle isthen moving a a speed of 900 m/sand is15cm
from avery long negatively charged wire with alinear charge density of -8.0 x 10-6 C/m. The
detector for the particle islocated 7.0 cm from the wire. In order to design the proper kind of
detector, your colleagues need to know the speed that an average emission paticle will haveiif it
hits the detector. They tell you that an average emission particle has amass of 6.0 x 109 kg.

Electric Potential Energy, Heat Energy (Heat Capacity, Latent Heat): You arereading a
newspaper report of alightning strike in Jackson, Wyoming. Two men were Sitting at atable
outsde asmadl cafe on abeautiful 30 oC day when a thunderstorm approached. Suddenly, a bolt
of lightning struck a large aspen tree near their table. Needlessto say, the men were very startled.
One of the men remarked, "It just about scared the espresso out of me." They reported that when
the bolt hit the tree and there was aloud hiss and arelease of much steam from thetree. The
lightning had boiled away some of the trees sgp. Y ou are curious, and wonder how much water
could be evaporated in this manner. So you study your physics book and make afew estimates
and assumptions. Y ou estimate that the eectric potentid difference between the tree and the
thunderhead cloud was about 108 volts, and the amount of charge released by the bolt was about
50 Coulombs. Y ou aso assume that about 1% of the dectrical energy was actualy transferred
into the sgp, which is essentidly water. The specific heat capacity of water is 4200 J(kg °C) and
its heat of vaporizationis 2.3 x 106 Jkg.

Electric Potential Energy, Gravitational Force: NASA has asked your team of rocket
scientists about the feasibility of anew satdlite launcher that will save rocket fud. NASA'sideaiis
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basicdly an dectric dingshot that consists of 4 eectrodes arranged in a horizontd square with Sdes
of length d a a height h above the ground. The satellite is then placed on the ground digned with
the center of the square. A power supply will provide each of the four electrodes with a charge of
+Q/4 and the satdllite with a charge - Q. When the satdllite is released from rest, it moves up and
passes through the center of the square. At the ingtant it reaches the square's center, the power
supply isturned off and the dectrodes are grounded, giving them a zero dectric charge. To test this
idea, you decide to use energy considerations to calculate how big Q will have to beto get a 100
kg satdlite to a sufficient orbit height. Assume that the satellite sarts from 15 meters below the
square of eectrodes and that the sides of the square are each 5 meters. Inyour physicstext you
find the mass of the Earth to be 6.0 x 1024 kg.

Electric Potential Energy, Mechanical Energy: Y ou have been ableto get apart-timejobina
University laboratory. The group is planning a set of experiments to study the forces between
nucle in order to understand the energy output of the Sun. To do this experiment, you shoot apha
particlesfrom aVan de Graaf accelerator at asheet of lead. The apha particleisthe nucleus of a
helium atom and is made of 2 protons and 2 neutrons. The lead nucleus is made of 82 protons and
125 neutrons. The mass of the neutron is dmost the same as the mass of aproton. To assure that
you are actualy studying the effects of the nuclear force, an dpha particle should come into contact
with alead nucleus. Assume that both the dpha particle and the lead nucleus have the shape of a
sphere. The dpha particle hasaradius of 1.0 x 10-13 cm and the lead nucleus has aradius 4 times
larger. Y our boss wants you to make two caculations:

(@ What isthe minimum speed of such an dpha particle if the lead nucleusisfixed at rest?

(b) What isthe potentid difference between the two ends of the Van de Graaf accelerator if the
apha particle sarts from rest a one end (from a bottle of helium gas)?

Electric Power

20.

21.

It'sacool day, about 10 °C, so you plan to make about 5.0 kg of clear soup using your dow
cooking crockpot. To decide whether the soup will be ready for dinner, you estimate how long it
will take before the soup getsto its bailing point. Before adding the ingredients, you turn the
crockpot over and read that it is a 200-ohm device that operates at 120 volts. Since your soup is
mostly water, you assume it has the same therma properties as water, 0 its specific heat capacity
is4200 J(kg °C) and its heat of vaporization is 2.3 x 106 Jkg.

Y ou are working with a company that has the contract to design a new, 700-foot high, 50-story
office building in Minnegpolis. 'Y our boss suddenly burgtsinto your office. She has been talking
with an engineer who told her that when the devator is operating & maximum speed, it would take
the 6500-1b loaded devator one minute to rise 20 stories. She thinks thisistoo long atime for
these busy executives to spend in an devator after returning from lunch at the Minnegpolis Athletic
Club. Shewants you to buy abigger power supply for the devator. You look up the
Specifications for the new supply and find that it is the same as the old one except that it operates at
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twice the voltage. Y our bosss assstant argues that the operating expenses of the new power
supply will be much more than the old one. 'Y our boss wants you to determineiif thisis correct.

Y ou estimate that while the evator runs a maximum speed, the whole system, including the power
supply, is 60% efficient. The cost of eectricity is$0.06 per kilowatt-hour (commercid rate).

Y ou have findly graduated from college and found a job with the Washington State Agricultura
Concerns Group. Farmers and fishermen are concerned that the rate that water flows in the
Columbiariver, which is controlled by dams, will not be adequate for both irrigation needs and
salmon spawning. The dams control the river's flow rate to produce most of the electrical power
for citiesaong the West Coast. Y our group leader assigns you the task of caculating the volume
of water per second (flow rate) which normaly would flow through the Grand Coulee Dam, the
largest on the Columbia River. Shetdlsyou that this dam typicaly generates 2000 megawaits
(MW) of power and is 50% efficient in converting the water's energy to eectricd energy. The
dam is 170 meters high ,and the water is kept in alake 10 meters below the top of the dam. The
Columbia River is 170 meters wide at the dam. The density of water is 1.00 g/cims.

Circuits

23.

24.

Ohm's Law: Because of your physics background, you landed a summer job as an assstant
technician for atelephone company in Cdifornia. During arecent earthquake, a 1.0-milelong
underground telephone line is crushed at some point. This telephone lineis made up of two pardld
copper wires of the same diameter and same length, which are normaly not connected. At the
place where the line is crushed, the two wires make contact. Y our boss wants you to find this place
50 that the wire can be dug up and fixed. 'Y ou disconnect the line from the telephone system by
disconnecting both wires of the line a both ends. Y ou then go to one end of the line and connect
onetermina of a6.0-V battery to one wire, and the other termind of the battery to one termind of
an anmeter (which has essentidly zero resstance). When the other termind of the ammeter is
connected to the other wire, the ammeter shows that the current through thewireis1 A. You then
disconnect everything and travel to the other end of the telephone line, where you repest the
process and find a current of 1/3 A.

Ohm's Law: You have asummer job in the University ecology lab. Y our supervisor asks you to
duplicate an electromagnet that she has borrowed. She tells you that this eectromagnet is made by
wrapping awire many times around a piece of iron and provides you with al the parts, the same
type of wire of the same diameter and an identicd iron core. What you need to know is how much
wire to wrgp around the iron. Unfortunately, you cannot smply unwrap the wire from the
borrowed magnet because that will destroy it. On the side of the electromagnet, it tells you that
when a potentid difference of 12 V is put across the ends of itswire, there is a current of 0.06 A
through thewire. With abrilliant flash of indght, you redlize that the cross-sectiond areaand the
conductivity is the same for both the magnet's wire and the wire you have, so you can find the
length with asmple experiment. Y ou cut off a 100-foot piece of identica wire from your supply,
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26.

27.

attach it to a 1.5-V flashlight battery and measure a current of 0.10 A through that wire. Eurekal
you can now find the length of the magnet'swire.

Electric Power: You and afriend are studying for an exam and the sesson goes until the early
morning. At about 4 am you decide to cook some breskfast. Despite being deepy you've got the
coffee perking. Now you want to make some waffles but you redize there might be a problem.
The 1000-watt waffle iron and the 600-waett coffee maker are plugged into the 110 V kitchen
electricd outlets. If you plug in your 700-watt blender, will you overload the 20 A circuit bresker?
The circuit bresker protects those kitchen circuit wires that have the most current from carrying too
much current. Y ou are trying to figure out how the electrica outlets are connected together in a
circuit when your friend reminds you that when you disconnect the coffegpot, the waffle iron stays
on. Now everything is clear.

Electric Power: You and afriend are sudying for afina and the sesson goes until the early
morning. About 4 AM you decide to cook some breskfast. Despite being deepy, things are going
well. The waffles are cooking and the coffee is perking. Should you make some toast now? The
1000-weatt waffle iron and the 600-waeitt coffee maker are plugged into kitchen wall eectrica
outlets. You will dso use akitchen wal outlet for the toaster. The kitchen wall outlets are dl part
of the same 110-V circuit which hasa20-A circuit bresker (with negligible resistance) to protect
the wire carrying the largest current from getting too hot. (Some homes have fuses to do the same
job). You know that if you plug in too many gppliances you will overload the circuit bregker. The
toaster label saysthat its power output is 700 watts.

Electric Power: Asamember of the safety group for the space shuttle scientific program, you
have been asked to evauate an electronics design change. In order to improve the rdigbility of a
circuit to be used in the next shuittle flight, the experimenta design team has suggested adding a
second 12V battery to the circuit. The equivaent resistances of the proposed design are shown
below. You are worried about the heat generated by the device with the 20 ohm resistance since it
will be located next to a senditive low temperature experiment so you do the gppropriate
caculation.

200 <2

T2% -

2082 g2 ——1ZY

100 &2
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100 W

Electric Power: Aspart of your summer
job asadesign engineer a an electronics
company, you have been asked to ingpect the
circuit shown below. Theresstors are rated
at 0.5 Watts, which meansthey burn-upiif
more than 0.5 Waitts of power passes
through them. Will the 200W resistor in the
circuit burn-up? 200W

Electric Power: Whiletrying to find the power ratings of your appliances you find ther circuit
diagrams. Looking them over, your friend believes there must be atypo in the circuit diagram of
your toaster. The heeting ement that toasts the bread is listed as having aresistance of 5 ohms.
A variable resgtor, which is changed by a knob on front of the toaster, has arange of from 2 to 20
ohms. Your friend feds that an element with this resistance will not toast bread properly. Based
on the circuit diagram, given below, you decide to ca cul ate the maximum power output by the
heating eement.

Y N 20

110 v a0 =]

E"."I'I'IE.':'!C = 208

A
10

M agnetic Force and Field

30. Magnetic Force: You areworking on a project to make amore efficient engine. Your team is

investigating the possibility of making dectricadly controlled vaves that open and dose the input and
exhaust openings for an internal combustion engine. Y our assgnment isto determine the stability of
the vave by cdculating the force on each of its Sdes and the net force onthevave. Thevaveis
made of athin but strong rectangular piece of non-magnetic materia that has aloop of current
carrying wiredong itsedges. Therectangleis0.35 cmx 1.83 cm. Thevaveisplacedina
uniform magnetic fild of 0.15 T such that the field liesin the plane of the vave and is pardld to the
short Sides of therectangle. The region with the magnetic fidd is dightly larger than the vadve.
When aswitchisclosed, al.7 A current enters the short side of the rectangle on one side of the
vave and leaves on the opposite sde. To give different currents through the wires aong the long
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32.

33.

ddes of the valve, aresgor isinserted into the wire on each of these Sdes. The vaue of the
resstor on one sde is twice that on the other side.

Magnetic Force: You have landed a great summer job in the medica school assgting in a
research group investigating short lived radioactive isotopes which might be useful in fighting
cancer. Your group isworking on away of transporting dpha particles (Helium nuclel) from where
they are made to another room where they will collide with other materid to form the isotopes.
Since the radioactive isotopes are not expected to live very long, it isimportant to know precisdy
how much time it will take to transport the apha particles. Y our job isto design that part of the
trangport system which will deflect the beam of dpha particles (m = 6.64 x 1027 kg, g = 3.2 x 10-
19 C) through an angle of 900 by usng ameagnetic fidd. The beam will be traveing horizontdly in
an evacuated tube. At the place the tube is to make a 900 turn you decide to put a dipole magnet
which provides a uniform vertical magnetic fidd of 0.030 T. Y our design has atube of the
appropriate shape between the poles of the magnet. Before you submit your design for
congderation, you must determine how long the dpha particles will spend in the uniform magnetic
field in order to make the 90°-turn.

Magnetic Force: Youve just learned about the earth's magnetic field and how a compass works
and you are relaxing in front of the TV. Tired of your show, you think about how the picture tube
works in relation to what you have learned. In atypica color picture tube for a TV, the dectrons
are boiled off of a cathode at the back of the tube and are accelerated through about 20,000 volts
towards the picture tube screen. On the screenisagrid of color dots' about 1/100 inch apart.
When the eectrons hit them, the dots scintillate their appropriate colors producing the color
picture. Without taking gpart the set, you determine whether the manufacturer needed to shield the
color picture tube from the earth's magnetic field?

Magnetic Field (Biot-Savart Law): You are continualy having
troubles with the CRT screen of your computer and wonder if it is ;
due to magnetic fieds from the power lines running in your b
building. A blueprint of the building shows that the nearest power
lineis as shown below. Your CRT screen islocated a point P. PU‘?DD I
Cdculate the magnetic field a P as afunction of the current | and T

the distancesaand b. Segments BC and AD are arcs of
concentric circles. Segments AB and DC are straight-line
segments. C

Magnetic Field - Ampere’s Law: While studying intensely for your physics find you decide to
take a break and listen to your stereo. Asyou unwind, your thoughts drift to newspaper stories
about the dangers of household magnetic fields on the body. Y ou examine your stereo wires and
find that most of them are coaxia cable, a thin conducting wire at the center surrounded by an
insulator, which isin turn surrounded by a conducting shell. The inner wire and the conducting shell
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are both part of the circuit with the same current (I) passing through both, but in opposite
directions. Asaway to practice for your physics final you decide to calculate the magnetic fiddin
the insulator, and outsde the coaxid cable as a function of the current and the distance from the
center of the cable. Asan additiona challenge to yoursdlf, you caculate what the magnetic field
would be (as afunction of the current and the distance from the center of the cable) insde the outer
conducting shell of the coaxia cable. For thisyou assume that the inner radius of the conducting
shdl isR; and the outer radiusis Ry.

Magnetic Force - Faraday's Law: You have asummer job working a a company developing
sysemsto safdy lower large loads down ramps. Y our team is investigating a magnetic system by
modeling it in the laboratory. The safety system is a conducting bar that dides on two pardld
conducting rails that run down theramp. The bar is perpendicular to the rails and isin contact with
them. At the bottom of the ramp, the two rails are connected together. The bar dides down the
ralls through a vertica uniform magnetic fiedld. The magnetic field is supposed to cause the bar to
dide down the ramp at a constant velocity even when friction between the bar and the railsis
negligible. Before setting up the laboratory modd, your task is to calculate the congtant velocity of
the bar diding down the ramp on railsin avertical magnetic field as afunction of the mass of the
bar, the strength of the magnetic field, the angle of the ramp from the horizontd, the length of the
bar which is the same as the distance between the tracks, and the resstance of the bar. Assume
that al of the other conductors in the system have a much smaler resistance than the bar.
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