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PHYS 122: Cycle 2 Review Sheet
February 8, 2009

Cycle 1 Materials

Physics is a cumulative subject and the this is especialfgrsine Cyclic approach. Therefore
is it explicitly the case thaeach student are responsible forall materials delineated in the
Cycle 1 Review Sheet (Handout Document #05)As part of your preparations for the Second
Hour Exam be sure you are completely comfortable with allemals presented in this previous
review sheet as any question on any of these topics is “faejdor the next exam.

Coulomb’s Law and The Electric Field for Continuous Charges

We reiterate a major central fundamental concept for thessowany collection of charge
creates an associated electric fieM/e can calculate explicitly and exactly the value of thekie
field at any point by applying an extended form of Coulomb’svhwahich indicates that the total
electric field is the field that results when one integrate=s @yl of the contributions of each little
bit of charge in a continuous charge distribution.

The contribution to one bit of chargg is given by:

- 1 d
df = — 1
4drrey 72
and so . g
E = B = / %y
allspace 47T€0 allspace 7‘2

You should understand the basic technique of determiniagléctric field by evaluating this
integral. This integral, which in general needs to be doner three spatial dimensiondy =
p(T)dxdydz) for each of three vector components in the field can be tealipicomplex, even for
relatively simple charge distributions, although usingayetry can help.

Electric Flux:

In order to apply Gauss’ Law we need to introduce a new phigigantity: the Electric Flux.
In class | showed I this quantity is analogous to the volume flate of water through the opening
of a pipe. There are two mathematically equivalent concapthie electric flux:

¢ In thespecial casehat the electric flux is constant in magnitude and has a fixgshtation
angle with respect to some surface, then the flux is equaleddh productof the vector
electric field and tharea vectorassociated with any surface. We define the area vettor
as a vector that points normal (e.g. perpendicular) to tfaseand has magnitude equal to
the area of the surface. In this case the electric flux is d&fine

@EZE-AZEACOSQ

Whered is the angle betweef and A. In the case thak' and A are aligned® = EA. In
the case thakt’ is perpendicular tol, oz = 0.
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e If the surface is curved, the electric field non-constanthere is any other complication,
we canstill define the total electric flux as the integral over the surfaceach element of
areadA as follows:

—

op=[  E.d
sur face

e The electric flux can also be visualized as the total numbeteadtric field lines that cross
through the surface of a given area in one particular dwacti

¢ Note that we can also interpret the flux as the total surfaea &imes theaverage field
component perpendicular to the surface

Gaussian Surface:

For problems in electrostatics we considerigaginary surface that meets two very simple
conditions:

e the surface is completelglosed(i.e. completely contains some fixed volume with no
“holes”), and

e The area vectoi A is defined to poinbutwardat every location of the surface. From inside
to outside is positive.

Obviously any normal solid shape (sphere, box, cylindebecietc.) will be a valid Gaussian
surface. It is important to remember that the Gaussiansiifaimaginary —i.e. it is a mathemat-
ical reference for a concept that we use for calculationghmit does not correspond directly to
anything that physically exists.

Gauss’ Law:

Gauss’ Law says:
EOq)E = {enclosed

Where®y is the total electric flux through any Gaussian surfaeg,= [ E - dA. Soin other
words:

/ E’ . dz@ _ Qenclosed

losed surface €0

Gauss’ Law is particularly powerful in the cases where thrergé distribution isymmetrical
In class we have considered three different symmetriee’slarcondensed version of a table that
| presented in lecture:
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Symmetry  Gaussian Surface How to integrﬁﬂé - dA
Spherical sphere E is constant and aligned With
(point, shell) radiug
Cylindrical cylinder Flux through endcaps =0 sinﬁeperp toA
(line, pipe) r,h flux through sidewalls £ A
Planar cylinder Flux through sidewalls=0 sinEeperp toA
(slab) endcapl flux through encaps 2F A

As a result of applying Gauss’s Law we can write down the alet@eld for different symme-
tries:

Spherical Charge Symmetry:

If a system of charge hapherical symmetrthen it must be true that the electric field can only
depend on the radius from the center. In other wa@#ds) = E£(r) and points radially. This means
we can pull it out of the surface integral and this means timflux is just the value of the electric
field times the surface area of the spherical surface. So wetharefore used Gauss’ Law to show
that

1 Genclosed
E(r)=
( dreg 12

The above equation Ewaystrue if the charge distribution is spherically symmetric.

Cylindrical Charge Symmetry:

Likewise, we used Gauss’ Law to show that for a cylindricailynmetric charge distribution (a
linear charge density of infinite length, with a linear cleadgnsity), the electric field as a function
of radius from the center is given by:

1 AEHCOSE
E(r) = losed
2meg T

where,,..0scq 1S the linear charge density enclosed within a cylinder dfusy-.

Planar Charge Symmetry:

We used Gauss’ Law to show that for an infinite planar shedt suitface charge density

Oenclosed
FE =
260

Hereo.,.q0seq 1S the surface charge density enclosed within given gamspidbox”.

You should be able to work any problem in Gauss’s Law explicity for any of these three
symmetries. Specifically, you should be able to calculate the electrid ¢ all locations in space
using Gauss’s Law and/or the principle of superposition.
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Expanded Rules for Conductors:

Insulators are materials where charges cannot readily midwese include glass, most plastics,
air, etc. If a charge is places on or in an object that is madiesolating materials, that charge will
generally stay put.

In contrast, materials where charges are free to move aadraege themselves are called
conductors. Most metals, slightly impure water, and thag@i@arth as a whole can be regarded as
nearly ideal conductors.

Remember this important idea: If | tell you in a problem whitre charge is located explicitly
and/or | imply that the materials involved are insulatohgrt you generally do not need to worry
about charges moving and you can calculate the electric égbdicitly from the initial charge
distributions.However if | tell you that there is a conductor somewhere in the pgaoblou may
have to consider the impact of the conductor on the answdryan may or may not be able to
say explicitly where all of he charges are because the cdodwd| act so as taearrangecharges
inside and on the surface of the conductor. This will havenapeict on the electric field, even if
the conductor is electrically neutral. Specifically:

e The presence of charges in the vicinity of a neutral condueith inducecharge in the
conductor. As a result, a positive charge \aiifract a neutral conductor. A negative charge
will also attract a neutral conductor. Be sure you undetkthis.

¢ In any static problem, inside the material of any condudber ¢lectric field is zero. (If it
were not, charge would flow until it re-arranged itself sot tiee field was zero inside the
conductor).

¢ Inany static problem, the electric field is always perpeuldicto the surface of the conductor
at the surface. (If it were not, charge would flow along thefame). For problems with
Gauss’ Law this means that andd A are aligned on the surface of every conductor.

e The “ground” represent the earth as a whole, a huge condtlzbris so large that any
charge taken or given has negligible effect on the net nigytaod the earth — the net charge
is spread over a very large area. In other words, we treatrihend as a conductor that
always maintains zero net electric charge.

e Often we can still apply Gauss’ Law in the case where therecaneluctors. Usually the
problem is inverted: we are given an electric field and we ske@ to specify where the
charges (in the conductor) must be located. When applying&daw we need to keep in
mind that the field inside the conductor material is alway® zand so therefore so is the
flux through any Gaussian surface inside the conductor mhtérikewise, the field at the
surface of the conductor is aligned with the surface vedtmrefore we can easily calculate
the flux through any Gaussian surface that is immediatelsideithe surface of a conductor.

e Gauss’ Law strengthens our understanding that a hollowwdnd will act so as to com-
pletely shield the hollow region from any charges that ateremal to or on the surface of the
conductor. In other words, if the hollow region contains harges, the field there must be
zero regardless of the arrangements of any other chargeisietihe conductor.
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e We can show using Gauss’ Law that conductors tend to shieldetails the arrangements of
charges that they contain while preserving the net condasharge. In other words, if | stick
a charge of-() somewhere (anywhere) inside the hollow region of a condgaphere, then
the field outside the sphere will look the field that would teBom a point charge of value
+@ located at the center of the sphere.

e Don’t forget: conductors shield the electric fi@dly. Conductors do not provide any shield-
ing at all against the magnetic field.

The relationship between Electric Field and Voltage (in otler words):

We can measure the voltage difference between two pointalbulating the path integral:

AV = — E-dl

path

For many geometriesﬁ is aligned withd? so that this path integral reduces to a simple regular
integral:

f
AV:—/ EBdl

where F may depend upon the position.

Don't get hung up over the negative sign. Just ask yoursalfpibsitive test charge has to do
work (move opposite to the direction of force) along the gedim initial to final position. If work
is done, the voltage at the final position is positive.
Equipotential Surfaces:

Remember that the voltage is a scaler field while the elefi#iid is a vector field.

If we consider the set of points in space that represent &pkat value of the voltage, then
these points make a surface called an “equipotential sitfatlfe showed in class and in lecture
that equipotential surfaces are found to be perpendicalelectric field lines.

Voltage between two plates:

If two plates surround a constant fiegktland are separated by a gaphen the voltage between
the plates is just:

d
AV:—/ EBds — —Ed
0

Here the negative sign indicates that moving in the samettbreas the electric field results in a
loss of potential energy. If we are moving against the ele@tld, the sign should be positive.

Capacitance:

Capacitors are sort of tricky. Remember the purpose of dapads to temporarily store elec-
trical energy in the form of an electric field. We define cafmuie as the charge placed on either
side of the component divided the voltage across a component
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C=q/V

Remember, when a voltagéis applied across a capacitor, the chargey that will appear on
each side of the capacitorgs= C'V'.

Note that this leads to a “voltage rule” for a capacitor:

41
C

The “plus or minus” comes from the ambiguity about which sidea given capacitor has the
positive charge. If you know this, then the rule is similarthat of a voltage source: moving
through the cap from the negatively charged side to theigesiharged side requires an increase
in potential energy and therefore increased voltage.

Ve ==+

The potential energy stored in a capacitor is:

1 2
U=5Cv

Parallel plate Capacitor:

The classic capacitor is made of two parallel plates. Wergtite “edge effects” and consider
only the constant electric field between the two plates. Bpacitance is determined using Gauss’
Law. The result for a plate of are&with separation is:

60_/4

C="7

A key idea is that this depends only on the geometry (size padisg) of the plates.

Note that in real capacitors, the plates are often wound apight roll to make a more compact
component.
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Capacitors in circuit diagrams:

Capacitors can be arrangedsariesor in parallel. Be sure you understand what these two
terms mean exactly. Capacitors in parallel are equivateatdingle capacitor:

Oequiy - 01 + 02 + ...

Likewise, for capacitors in series:

1 1 1

Electric Current:

If the charges are moving we have an electric current. We eldffiis as the rate of change of
charge:

_ da

I =
dt

The unit of current is the Ampere. One ampere is one Coulombgrond.

Kirchoff's Rules for Circuits:

Circuits are constructed from loops. The rules of circudtofv directly from the laws of
electrostatics, the concept of voltage, and Ohm’s Law. &laee five Rules as | like to write them:

1. Junction Rule (also called the “node rule” or Kirchoff'sn@nt Law: (KCL)) The total
current going into a junction is equal to the total currenihgmut of a junction.

2. Loop Rule (also called Kirchoff’s Voltage Law: (KVL)) Theam of voltage changes around
any loop in a circuit will total to zero. This appliesanyloops but you will usually converge
to the answer faster by selecting the most compact loops.

3. Battery Rule: The voltage change going through any velsmurce is given bAV = +V
whereV is the voltage associated with the sourcel” increasesvhen you move through
the source from negative terminal to positive terminal.

4. Resistor Rule: The voltage change going through anytoessgiven byAlV = —IR. In
other wordsAV decreasesvhen you move through the source in the same direction as the
(defined) direction of current flow.

5. Reverse rule:(a) Reverse the Battery Rule when you cresdattery going backwards
(through the source entering the positive terminal). (bydRee the Resistor Rule when
you cross the resistor in the opposite direction relatividagéocurrent.
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To solve circuits, work around each loop using these rulesngrdown each voltage change
for each component. For multiple loops, solVeequations (one for each loop) andunknowns.

Resistors and Capacitors Together:

In a circuit with a resistor and a capacitor in series, thestesimpacts how fast the capacitor
charges or discharges. The value of the téi@h (resistance times capacitance) is calledttime
constantfor an RC circuit and tells us how much time to charge/disgaar capacitor by a factor
of 1/e

Biot-Savart: Moving Charges are the Source of the Magnetic feld:

We have a “chicken and egg” problem when we are introduciagrihgnetic field. We started
by definingB in terms of it's influence on moving charges. Now we show thavimg charges are
the sourceof B. This might sound a little circular, but it all holds togethe the end because of
the symmetry of Maxwell’'s Equations.

To determine the magnetic field created by moving chargeesepted by a curremtmoving
through a little bit of wired? we use the Biot-Savart expression:

= uoldfxr
dB = —
4 r?
where
r=7/r

is the unit vector that points from the piece of wire to theipos where the field is to be specified.
This is completely analogous to the Coulomb equation forefleetric field. Thecross-product
tells us that the field is appligdngentially(around in circles) in contrast to the electric field which
is applied radially. To get thdirection of the magnetic field, we use a second form of the “right
hand rule” where the thumb represents the direction of atiarad the fingers curl in the direction
of the tangential field.

Ampere’s Law:

The Biot-Savart rule allows us to calculate exactly whatrtteggnetic field will be everywhere
once we know the current. However, in general integratimgithtedious and difficult. In cases
where there is a symmetry to the problem, we can take advanfaympere’s Rule:

é -ds = MOIenclosed
loop

where the integral is gath integraltaken around somelosed loop This is very analogous to
Gauss’ Law except here we are integrating around an “Ampédraop” instead of a “Gaussian
Surface”. The Amperian Loop isnaginary(i.e. does not necessarily correspond to any physical
object in the problem) and it must be a closed loop. The eadasirrents add positively or
negatively depending on how they orient with respect todtiioa of integration around the loop
using the second form of the right-hand-rule.
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Ampere’s Law and B from a straight long wire:

We can use Ampere’s law to work problems with cylindrical syetry where the current runs
in a straight line for a long distance. In this case the Armgetioop is a just a circle of radius
The magnetic field is given by the enclosed field:

/ é -ds = B(27T7°) = o lenciosed
loop

SO ;
B = Hot
27r

In other words the field falls off ad /r) from the wire.

Ampere’s Law and B for a solenoid:

In class we worked out an approximation fBr inside asolenoid(a long tube with many
windings of a single wire wrapped in a coil fro mend to end). ¥8ed symmetry arguments to
say that the field inside the coil is strong while the field aéghe coil is weak enough to ignore
completely. We used an Amperian Loop that is a rectangleaihelbses several turns of the coill.
We then used Ampere’s Law to show that the magnetic field isrgby:

B :Mof’n

wheren is the number of turns per unit length along the coil.
Inductors and Inductance:

We can use little coils of wire in electric circuits. In thiase, we associate a property with the
coil called “inductance”. For a simple solenoid, this is defl as”
N

L=—
I

where® in this case is the magnetic flux through a single turn of thi(coother words theotal
magnetic flux through the cod#;,, = N®).

The key application of a so-called “inductor” follows frorhet voltage rule for inductors.
Whenever you work the “Loop Rule” and you encounter an indiudhe voltage drop across

the inductor is given by:
dl
Vp =—-L—
g dt
An RL circuit has a resistors and an inductor. In this case pihavior of the circuit depends
on the time. For example, if we throw a switch on an RL circlé current changes exponentially:
1% R,

[:E(l—e_f)

where the time constant of the circuit= L/ R tells us how long it will take to change the current.

Capacitors vs. Inductors:
Capacitors and inductors are similar opposites in many ways
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e . Capacitors represents little bits of electric field in tivewt. Inductors represents little bits
of magnetic field.

e Caps in an RC circuit give an exponential behavior with timestantr = RC'. Inductors
have a time constants= L/R.

e Caps store potential energy in the electric figtly = %CVQ. Inductors store energy in the
magnetic field:PE = S LI?,

e Caps release energy in the form of a large current. Induckbease energy in the form of a
large voltage.

e Immediately when the circuit is turned on, caps look like arsfor a closed switch). After
a long time, caps look like an open circuit (open switch). ladmately when the circuit is
turned on, inductors look like an open circuit. After a longe, inductors look like a short
(a closed switch).

¢ , Note that these “short time” and “long time” solutions applhen we have capacitors in
serieswith resistors and we “close a switch” or otherwise try tolggurrent or voltage to
a component that was not previously energized.

¢ Note also that if you are given either the charge on a capawitthe time derivative of the
current through an inductor that you can calculate the geltdrectly using the appropriate
voltage rules:

- 29

dl

V, = —L—
L dt

The “No-Name” Law:
There is an “equivalent” form of Gauss’ Law that says thatehgno such this as point-sources
of magnetic field:
(I)B = 0

where®y is the total electric flux through any Gaussian surfakg, = fé - dA. So in other
words:

/ B.-dA=0

losed surface

This means thatagnetic field lines never have an beginning or an ending. Tlyealways
make loops.

Note that in particular if you are handed any kind of magnigid, you can be assured that the
total flux through anglosed surfacés zero. No matter what else.



