Physics 221: Old Quizes
Prepared August 2006
Porter Johnson



Chapter 15: Oscillations

SHM: x = Acogut + @); @ (phase)
w (angular frequency)A (amplitude)
Period:T = 2rm/w=1/f.
Frequencyf = 1/T = w/(2m)
Velocity: v= % = —wAsin(wt + ¢)
Acceleration:a = &

a= —wPAcogwt + @) = —wPX
Ideal Spring:mX =F = —kx
EnergyE = 1/2mV? + 1/2kx?
Frequencyw’ = k/m

Simple Pendulumt® = m¢?6 = 1 = —mg/sin® ~ —mgle
0+ (g/0)0=0;0? =g/l

Damped Harmonic Motion:
mMX+bx+kx=0

x = Aexpg—bt/(2m)] sin(w't + @)
w? =k/m—b?/(4n?)
Underdampedy? > 0
Overdampedy? < 0

Critically dampedw? =0
Resonant frequencyy” = k/m



Previous Quizes

¢ Although California is known for earthquakes, there argéaregions dot-
ted with precariously balanced rocks that would easily Ipplied by even
a mild earthquake. Evidence shows that the rocks have stieavay for
thousands of years, suggesting that major earthquakesnmaveccurred
there during that time. If an earthquake were to put such & i@ si-
nusoidal oscillation (parallel to the ground) abD3ertz, an amplitude of
oscillation of 20 cm would cause a particular rock to topple. Under these
conditions, compute the maximum speed of the rock and itdrmax ac-
celeration.

Answers 0.36m/s; 7.1m/<.

e A 5.0 kilogram block hangs from a spring, extending it 10 cm frdm |
unstretched position. What is the spring constant?

The block is removed, and a 2 kilogram block is hung from theesapring.
If the spring is then stretched and released, what is itederf oscillation?

Answers 490N /m, 0.4s.

e A block rests on a piston that is moving vertically in simpétnonic mo-
tion, with an amplitude of A meters. What is the maximum frequency of
motion for which the block and the piston remain in constamtact?

Answer 1.6Hz

e A block is on a horizontal surface (a shake table) that is mgpwack and
forth horizontally with simple harmonic motion (SHM) of fieency 4.0
Hertz. The coefficient of static friction between the bloeldasurface is
0.60. How great can the amplitude of the SHM be if the blockoista slip
along the surface?

Answer 9.3mm

e A performer seated on a trapeze is swinging back and forthavteriod of
6.0 seconds. When she stands up, the center of mass of the sy'stpeze
plus performer) rises by.® meters. What is the new period of the system?
Hint: Treat trapeze and performer as a simple pendulum.
Answer 5.86s.



e A block of masdMl, at rest on a horizontal frictionless table, is attached to
a rigid support by a spring of constakt A bullet of massm and speed
v strikes the block, and becomes embedded in the block. Dgterthe
following quantities:

— The speed of the block immediately after the collision
— The amplitude of the resulting simple harmonic motion
— The period of motion of the system.

Answers
mv mv o M+m
M+m’2,/k(M+M)’ k
e A particle of massnis attached to a light ideal spring of spring constant
which is attached to the ceiling. When the masis pulled down below its

equilibrium position, it undergoes vertical oscillationgh a period of 10
seconds.

When an additional mass of2b kilograms is attached to the spring, the pe-
riod of vertical oscillations increases tddxseconds. Determine the original
massm, as well as the spring constdat

Answers 0.42kg, 16N /m.
e A performer seated on a trapeze is swinging back and forth avjperiod

of 9.0 seconds. When she stands up, the center of mass of the syistem
trapeze and performer rises bypOneters.

— Draw a diagram showing all the forces acting on the trapedepan
former

— What is the period of the new system?

You may treat the system of “trapeze plus performer” as algpgndulum,
and the rope on the trapeze as fixed in length.

Answer 8.88s.



Chapter 16: Waves | deciBels (dB)3 = 10log; gl /ltn

transverse or longitudinal Standing waves in a Pipe of lendth
y(%,t) = Asin(kx— wt + @) Both ends opemh = 2L.

A: (amplitude)k (wave number); f=v/A=nv/(2L)

w (angular frequency)p (phase). One end open(n+1/2)A = 2L.
k=2m/A; w=2mf; w/k=Af =v f=v/A=(2n+1)v/(4L)
(v=wave velocity). Beats: fpeat= | f1 — 2|
Stretched stringv = /T /1L Doppler Effect:

T: (tension);u (mass per unit length). ' = f x (vtvp)/(VFVs)
Superposition of waves: top sign: motion toward

y(x,t) = y1(X,t) +y2(x,t) bottom sign: motion away
Interference of waves: Vp: velocity of detector
Asin(kx— wt) + Asin(kx— wt + @) vs: velocity of source

= 2Acoq @/2) cogkx— wt + @/2) Shock waves, Mach cone:

@ = 0 mod 2t (constructive int) SiNG = Vsound/ Vprojectile

@=1tmod 2t (destructive int)

Standing waves:

Asin(kx—ot) +Asin(kx+ wt) = 2Asinkxcosut
kL = nrt (L is string length).

Number of internal nodes1— 1.

y(x,t) = Bsin(ntx/L) sin(wt + @)

k=nm/L; A =2r/k=2L/n
f=v/A=nv/(2L)

Chapter 17: Waves Il

Speed of Sound: (longitudinal)= /B/p
B: (bulk modulus)p: (density)

343 meters/sec at 20;

Speed increases with temperature.

Air displacement and pressure differen-
tial 90° out of phase,.

Interference phase= 2m(AL) /A

AL: (path difference)) (wave length).
Constructive Int(AL)/A =0,1,2, - --
Destructive Int:(AL)/A=1/2,3/2,5/2,---
I: Sound intensity:

Power per unit area.

Threshold;, = 1012 Watts/metet.



Previous Quizes

e A string of length 15 meters has a mass of 15 grams. It is stretched with a
tension of 12 Newtons between fixed supports.

— What is the speed of transverse waves for this string?
— What is the lowest resonant frequency of the string?

Answers 35m/s; 12Hz.

¢ In an experiment on standing waves, a string of length 80 catashed to
the prong of an electrically driven tuning fork that osdia perpendicular
to the length of the string at a frequency of 60 Hz. A standiayevis set
up, with an amplitude of ® cm and four loops. The mass of the string is
20 grams.

— What is the wavelength of this mode?
— What is the tension in the string under these circumstances?

Answers 40cn 14.4N.

e Oscillation of a 500 Hz tuning fork sets up standing waves istring
clamped at both ends. The wave speed for the string is 200 sreteond.
The standing wave has four loops, with a maximum transvespdettement
of 2.0 mm.

— What is the length of the string?

— Write an equation for the displacement of the string as atfanof
position along the string and time.

Answers 0.2m; .002mcog10rmx — 1000t ).

e A string of length 10 meters with both ends fixed has a mass @fgt@ms.
That string is under a tension of 100 Newtons. Calculate #lecity of
transverse waves on the string. In addition, determine #eeiength and
frequency of the fundamental mode, the smallest frequeh¢sansverse
vibrations.

Answers 100m/s; 20m, 5Hz.



e A uniform string of a particular fixed length is tied at the snghder a
tensionT . The frequency of the fundamental mode in that cadeg,iand its
wavelength is\; The tension is increased to the valug, @verything else
being kept the same. Determine the new wavelength and fnegjud the
fundamental mode.

Answers Ay = Aq; fo = 2f;.



Chapter 21: Electric Charge

—-Q Q@ — (Like charges Repel)

Q- — <+« -—Q(Unlike charges attract)
Coulomb’s Law:F = (kcn0)/r2,
k=9x10°(N-n?/C?) = 1/(4mE)

g0 = 8.85x 10712C?/(N - )

Charge: CONSERVED — QUANTIZED
Electron chargeeg = 1.6 x 10 1°C
Conductor: No free charges inside.
Uniformly charged spherical shell
(radiusR; chargeQ)

test charge at distance from center:
outside:F = (kqQ¥)/r2.

—

inside:F =0



Previous Quizes

e Two positive charges of magnitud@ = 2.0 microCoulombs are held at
fixed locations along thg-axis, at a distance of.Q meters to the left and
right of the origin, respectively. A particle of positiveangeq = 5.0 mi-
croCoulombs and mass= 0.3 kilograms is placed on theaxis one meter
above the origin. Determine the magnitude and directioh@gicceleration
of the particle.

Answers 0.21m/s? up.

e Two very small water droplets of mass 18 grams are created with charges
that are equal in magnitude and opposite in sign. When siepbby a dis-
tance of 10 x 108 m in the absence of gravity, they are seen to acceler-
ate toward one another with acceleratians 2.3 cm/seé. Determine the
amount of charge on them, expressed in terms of the fundaierge,

1.6 x 10~1° Coulombs.

Answers 0.53x 1071°C = g/3.



Chapter 22: Electric Field

test chargey; E = F /qo = kQF /r2
Electric field lines:

away from (+) charges: « (+) —

and toward (-) charges: — (—) <

Two opposite charges: lines from - to +
Two like charges: lines away from each
Dipole: (—q) — (+q): p from - to +
p=qd

along dipole axisz): E; = (2kp)/Z°
Continuous distribution of charge:

E = [dE =k [dof/r?

Point charge in uniform electric field:
F=md=qE

Dipole in uniform electric field:
Torque:t=pPxE

Potential Energyt) = —p-E



Previous Quizes

¢ A total chargeQ is uniformly distributed along a thin rod of lengthDe-
termine the magnitude and direction of the electric fieldstaticeD to the
right of the rod.

NOTE:dE = kdg/r?

Answers to right;
_kQ
D(D+L)

e A total chargeQ is uniformly distributed along a thin rod of length De-
termine the magnitude and direction of the electric fieldstashiceD to the
left of the rod.

Answers to left;
_kQ
D(D+L)

e Two equal positive charges;Q, are placed in left half of the—y plane at
points(d,d) and(d, —d), respectively. Two charges of the same magnitude
and opposite sign;-Q, are placed in the left half of the—y plane at points
(—d,d) and(—d, —d), respectively. Determine the magnitude and direction
of the electric field at the origir{0, 0).

Note: Magnitude of electric field at distangdrom a point charge): E =
kg/x.

Answers —x direction;

kQ
V@)

e Four equal charges are placed in the x-y plane (z=0) at treesdidns
(x,y,2):

(R,0,0); (0,R,0); (—R,0,0); (0, —R, 0)

Determine the magnitude and direction of the electric figldha point
(x,¥,2) = (0,0,2).

Note: Magnitude of electric field at distanBefrom a point charge]: E =
kg/D?.



Answers upward,;
kQZz

(R2+ZZ)3/2

A small bead of masm and (negative) chargeq is constrained to move
along an insulating wire. The wire lies along the symmetrig @erpendic-
ular to a thin ring of radiu®, which contains total (positive) chargeQ
distributed uniformly over the ring. You may neglect grsvéind sliding
friction of the bead on the wire.

— If the bead lies a distanceaway from the center of the ring, show that
the electric field has magnitude

E = kQx/[R2+x?]3/2

— What is the direction of that electric field?

— Determine the angular frequency of small oscillations eftiead about
the center of the ring.

Answers to right;

kQq

mRe
Two equal positive charge®, are placed in the right half of the- y plane at
points(d,d) and(d, —d), respectively. Two charges of the same magnitude
and opposite sign;-Q, are placed in the left half of the—y plane at points

(—d,d) and(—d, —d), respectively. Determine the magnitude and direction
of the electric field at the origir{0, 0).

Note: The magnitude of the electric field at a distaDdeom a point charge
qis E = kg/D?.
Answers away from wire;
_kQ
V7242
A chargeQ is uniformly distributed along a insulating wire of length. At

a pointP, which is located a distan@from the center of the wire along its
central axis, determine the magnitude and direction of kbetréc fieldE.



e Four equal positive chargesQ are placed in th& —y plane at these loca-

tions:
(x,y,2) = (R 0,0) (—R,0,0) (0O,R 0) (0,—R,0)
Determine the magnitude and direction of the electric fidldha point
(x,¥,2) = (0,0, z).
Note: The magnitude of the electric field at a distaDdeom a point charge
qis E = kg/D?.
Answers vertical;
_4kQzD
(22_|_ R2)3/2
¢ A thin insulating rod of length. contains a total chargeQ, which is uni-

formly distributed along it. Determine the magnitude anekclion of the
electric field at the poin®, which is a distance beyond the end of the rod.

Answers away from wire;
kQ
b(L+Db)




Chapter 23: Gauss’s Law

goPe =¢€0¢ E-dS= Qenc

g0 =8.85x 10712 C2 /(N mP)

Any excess charge sits on outer surface of condugter;0 inside.
At surface E = 0/¢g (outward),o: charge per unit area on surface.
Infinite line chargeA: charge per unit length.

E = A/(2reor) away from line.

Non-conducting sheet on either side:

E = 0/(2¢0)

Spherical shell. electric field radially out

E = 0 inside;E = Q/(4meor?) outside.

Spherical charge distribution:

E = Qend/ (4T®0r?) radially outward.

Qenc charge inside sphere of radius

Uniformly charged sphere:

E = pr/(3ep) inside.

E = kQiot/r? outside:Qior = 4TR%/3.

Gauss’s Law + symmetry:

Planar, cylindrical, or spherical



Previous Quizes

¢ A long wire of lengthL and negligible radius contains a total charg®,
uniformly distributed along its length. It is surroundeddgoncentric, open
cylindrical shell of radiuf (of negligible thickness), which is also of length
L. (That is, the wire lies along the symmetry axis of the cyéingd The
cylinder contains total chargeQ, which is uniformly distributed over its
lateral surface. The lengthis very large in comparison of the radius of the
shell, so that “fringing fields” may be neglected. Determtine magnitude
and direction of the electric field everywhere inside thdl{vg) shell.

If the shell radiuRRis 0.1 meters, and the charge per unit length on the wire
is +10-8 Coulombs/meter, determine the magnitude the electric fistd
inside that shell, in Newtons/Coulomb.

Potentially useful information Coulomb’s Lav=kQ1Q,/d?---F /qgo=E
k=9x10°m?/C?...g9 = 8.85x 10 1%C?/(Nn?) Gauss’s Law:g § E -
ds= Qenclosed

Answers radial electric field

Q 1

T 2mEoLr

I

180N /C.

¢ Aninfinite line of charge, with charge per unit lengthproduces an electric
field of 50 Newtons per Coulomb at a distance of 2 meters. Deater, in
Coulombs per meter.

Answers 5.5 x 1079C/m.
e Atotal charge of-2 picoCoulombs is spread uniformly throughout an insu-

lating sphere of radius 3 meters. Determine the magnitudelaaction of
the electric fielcE at the following distances from the center of that sphere

— 2 meters
— 4 meters

Note: 1 picoCoulomb = 10'2 Coulomb
Answers outward; 13 x 1073N/C; 1.1 x 10~3N/C.



¢ Avery large non-conducting slab of thickness 20 millimst@ntains a uni-
form charge throughout its volume of 50 femtoCoulombs péicmeter.
Use Gauss’s law to determine the electric field at these goint

— At the left outside surface of the slab.

— At the central plane of the slab.

— At a point 5 mm to the right of the central plane of the slab
— At the right outside surface of the slab.

Answers5.7 x 107°N/cleft; 0; 297 x 10-°N/cright; 5.7 x 10~°N/c right.

e Two thin, long, concentric conducting cylindrical shellgntain electric
charge. The inner cylindrical shell, with radias containsA Coulombs
per meter, whereas the outer shell, with radygontains—A Coulombs
per meter. Determine the electric field, expressed in teffrtfsecdistance
from the central axis of the (concentric) shells. Consitlese regions:

—-r<a
—a<r<b
-r>b

Answers Q/(41eor?) outward, 0,Q/(4TEgr?) outward.

¢ A point chargeQ sits at the center of an isolated, hollow, metallic sphérica
shell with inner radiug, and with outer radiub. The TOTAL charge on the
shell is zero. Determine the electric field everywhere, egped in terms of
the distance to the center of the shell, dividing it into the following regs:

—-r<a
—a<r<b
-r>b

Answers0; A/ (21eor) outward; 0.

e Charge is uniformly distributed inside an infinitely longdiogler of radius
R. Letp be the volume charge density in the cylinder.



— Show that the magnitude of the electric field inside the cdinat a
distance < Rfrom its center i€ =rR/(2gg).

— What is the direction oE?

— Determine the magnitude and direction the electric fieldyvikere
outside the cylinder

Answers outward;E = pR?/(2gor) outward.

e Charge of uniform volume densify= 2uC/m?fills a non-conducting sphere
of radius 5 cm.

— What is the magnitude of the electric field 2 cm from the ceatéhe
sphere?

— What is the magnitude of the electic field 10 cm from the ceoténe
sphere?

Answers 150N /c; 930N /C.



Chapter 24: Electric Potential

Work done by electric fieldWe = —AU.

AV =V Vi = —We/Q.

Electric potential: 1 Volt = 1 Joule/Coulomb.
Equipotential surface (constawvij:

Perpendicular to electric field lines.

dv=—E-d/

AV =—[TE.d

Potential of point chargé/ = kQ/r.

Combination of charges (superpositidhy= k¥ Qi /r;.
Continuous distributionV =k [ dQ/r.

V(x,y,2) — (Ex, By, E;):

Ex = —0V/ox,Ey = —0V /dy,E, = —0V /0z

Electric potential energy of pair of charges:= kou02/r12
(superposition of pairs to get total)

Charged conductor: Potential constant inside.



Previous Quizes

Determine the potential at a point along the central axis tfim ring of
radiusR, with charge+Q uniformly distributed along it, and at a distarce
from the center of the ring. Express you answer in term@,d®, andz.

Hint: V = kq/r

Answer
_kQ
VR2+72

Four charge9Q,Q, —Q, —Q, are placed each vertex of a square with side of
lengtha. The two positive charges are diagonally opposite eachr,aih@are
the negative charges. Initially, the charges are infinitatyfrom one other.
Determine the net amount of work that must be done to bringhiaeges
into this final configuration

Hint: V = kq/r.
Answer —2.6kQ?/a.
A spherical drop of water carries 20 pico-Coulombs of chamis held at

a electrostatic potential of 1000 Volts at its surface. fwit= 0 at infinity).
Determine the radius of the drop.

If two drops of water of that size and charge merge (with ne tifscharge)
to form a single drop, determine the electrostatic potéafithat new drop.

Hint: V=kq/r

Answers 0.18mnt 3100/

An insulating plastic rod having (negative) charge - 5 p@muilombs spread
uniformly along its length is bent to form a semi-circle otlnas 10 cm.

Determine the electric potentidlat the center of the rod, in Volts, with the
conventiorV = 0 at infinity.

Hint: V =kg/r.
Answer —0.45V.
Charges of respective sizeQ, —3Q, and—4Q are placed at the vertices

of an equilateral triangle with side length Determine the following quan-
tities.



— Determine the electrostatic potentialat the center of the equilateral
triangle.

— Determine the net energy required to separate the thregeshay in-
finity (in 3 different directions!).

Note: the distance to from any vertex to the center of thelataral triangle
is given byb/v/3 ~ 0.57 7.

Answers 5/3kQ/b; 2k@?/b.
A total charge+Q is uniformly distributed along a straight wire of length

L. Determine the electrostatic potential at a pdtntvhich is a distancé
to the left of the closest portion of the wire.

Answer. 0.70kQ/L.
Positive charged object, 2Q, and ), are located at vertices of an equi-

lateral triangle of sida. How much electrostatic potential energy is stored
in this case?

Answer 11kQ?/A.



Chapter 25: Capacitance

Two conductors; chargesQ and—Q, respectively.
Potential between conductodV: Q = CAV.

C: capacitance (1 Farad = 1 Volt/Coul).

Parallel plate capacito€ = gyA/d.

plate ared; plate separatiah

Cylindrical capacitor (lengtl; radii a,b): C = 2mepl/In(b/a).
Spherical capacitor (radd, b):

C =4mepab/(b—a).

Capacitors in parallel:

Cot=C1+Co+C3+---

Capacitors in series:

1/Cot =1/C1+1/Co+1/C3+---

Potential energy stored in capacitor:

U =1/2CV2 =Q?/(2C)

Energy density stored in electric field:= 1/2goE?.
Dielectric-filled capacitor:

C — KCp = KgpA/d,

K: dielectric constant.

Gaus§’s Law for dielectrics:

€0 § KE-dS= Qenc



Previous Quizes

e A capacitor of Capacitand®, = 1.00uF (micro-Farad; 10°F) is charged
to an electric potential of 100 Volts.

— Determine the charge on the capacitor, in Coulombs.
— Determine the electrical energy stored in the Capacitalpires.

This fully charged capacitor is then connected to a capawitih a capaci-
tanceC, = 2.00uF, while maintaining electrical isolation.

— Determine the final charge on each of these two capacitorguitile-
rium.

— Determine the equilibrium energy stored in each of thesaatgs,
in Joules.

— Is the total electrical energy the same as before? Explain.

Answers 1074C; 5 x 103J, 33uC (0.6 x 10~3J); 67uC (1.2 x 10-3J).
e A parallel plate capacitor with plate arda= 0.1n? and plate separation
d = 0.001 meters has its plates connected across a 10 \Volt battery.

Determine the charge on the capacitor (in Coulombs) andldutrieal en-
ergy stored in the capacitor (in Joules).

With the battery still connected to it, the capacitor is tfidad with a di-
electric material with dielectric constakt= 8.0.

Determine the charge on the capacitor (in Coulombs) andldutrieal en-
ergy stored in the capacitor (in Joules).

Where has the energy come from?
Answers 9x 107°C; 4 x 108, 7x 10°8C; 3x 107 /j; battery.

e A parallel plate capacitor has a total plate areéef 4 cn? and plate sep-
aration ofd = 2 millimeters. The left half of the gap is filled with material

of dielectric constank; = 30, whereas the right half of the gap contains
material with dielectric constamb = 90, as shown.

— Determine the capacitance of this configuration, in Farads.



— The plates are then charged to a potential difference of H8.Vo

x How much electrical energy (in Joules) is stored in the cip&t
x How much energy lies in each of the two halves?

Answers 110pF; 14nJ; 3.5nJ on left; 1Q5nJ on right.

e A capacitor of unknown capacitan€as charged to a potential of 100 \Volts.
Then it is connected across an (initially uncharged)BQmicrofarad) ca-
pacitor. The potential difference is then measured to bed®@ VDetermine
the capacitanc€, as well as the energy stored in each capacitor before and
after the connection is made.

Answers 13uF; 6.3 x 1072J; 1.3 x 1073J.



Chapter 26: Current and Resistance
ChargeAQ passes by in timAt:

| =AQ/At. 1 Amp =1 Coul/sec.
Current densityl: current per unit area
| = [J-dA

J = neyVy; charge:ey: drift speed:vy.
n: num charge carriers per unit vol.
Electical resistance:

Currentl flowing through circuit;
\Voltage dropAV along circuit.
R=AV/l. 1(Q) Ohm = 1 Volt/ Amp.
Resistivityp: E = pJ.

Wire cross-section ared length/:
R=p//A.

Metals: resistivity increases with temperature
P = po(1+aAT).

o = (Ap/AT)/po

Ohm's Law::V =RI.

Resistivity of metal (electron gas):

p = m/(nedt): Collision time:T.
Power dissipated inside resistor:
P=1AV =1?R=AV?/R.
Semiconductop decreases witfi.
Superconductor (low temp)= 0.



Previous Quizes

e Two identical batteries of electromotive for@ and internal resistanae
are connected in parallel, + to + and - to -. A resistaRigthen connected
across them. Calculate the magnitude and direction of themupassing
through each battery, the power generated by each battedytha power
dissipated in each resistor.

Answer
£ 2E  Exr  4E°R
R+2r'R+2r' (R+2r)2" (R+2r)2

e Two identical resistors, which have the same resistanc@fahms, are
connected across a battery that has an EMF of 20 \Volts. Daterthe
current flowing in each resistor (Amps), the VWoltage acrassheresistor
(Volts), and the power dissipated in each resistor (Wattshfese two cases.

— The resistors are hooked in series with each other, and trersathe
battery.

— The resistors are hooked in parallel with each other, anad #ueoss
the battery.

Answer 0.08A; 10V: 0.3W each; 017A; 20V; 3.3W each.

e A 1200 Watt radiant heater is connected to operate at 128.\olt

— What will the current be in the heater?
— What is the resistance of the heating coil?
— How much thermal energy is produced in 1 hour by the heater?

Answer. 10A; 12Q; 4.23MJ.

e Two wires of cylindrical cross-section and lengtlare connected in series.
A voltageV is placed across this series combination. The wires are each
made of the same of resistivify, and the radius of the left wiré&2R) is
twice the radius of the right wiréR). Determine the following:

— The current flowing through each wire.
— The power dissipated in each wire.



Answers
ARV 4mR?V2 16mR?V?

5 pL’'25 pL ' 5 pL

A uniform cylindrical resistor of radius.@ cm and length 50 cm is made
out of material that has resistivify = 4.0 x 107> Qm. What is the cur-
rent density § = |1 /A) passing through the resistor, as well as the potential
differenceV along the resistor, when the energy dissipation rate irtkide
resistor is 30 Watts?

Answers 1.9 x 107*A/n?; 0.22V.

A resistorR of resistance AQ is connected across a5S1\Volt battery with
unknown internal resistanage Thermal energy is generated inside the re-
sistor at a rate of 10 Watts. Determine the potential diffeesacross the
resistor, as well as the internal resistance of the battery.

Answers 0.5V; 0.05Q.



Chapter 27: Circuits

Work done by EMF source (battery)
Chemical energy— Electrical energy
dW = EdQ

Kirchhoff's Laws

Loop rule: sum of voltage changes around closed loop = 0.
Junction rule: net current into junction = 0.
Single loop circuit: Load resistdr.
BatteryE with internal resistance

| =E/(R+r)

Power provided by batteryp = | E.
Thermal power in resistd? = I°R.
Resistors in series:
Rot=Ri+Ro+Ra+---

Resistors in parallel:

1/Rot =1/Ri+1/Ro+1/Ra+---

RC Circuit

CbargingZ,R,C in series:

£ =RdQ/dt+Q/C

Q(t) = EC(1—e /RS

| =dQ/dt=E/ReV/RC
Discharging:R,C in series
0=RdQ/dt+Q/C

Q(t) =Que /R

|(t) = dQ/dt = —Qo/RCe"/RC



Previous Quizes

e A capacitor of capacitance il [microfarads] is “leaky”, in the sense that
charge leaks from one plate to the other over the course &. tiththe
charge of AC [micro-coulombs] is reduced ta@QuC over a time interval of
10 seconds, determine the “effective resistance” acr@ssapacitor plates.

Answer 14kQ.

e Alinear accelerator produces a pulsed beam of electrorrsadirae interval
of 0.1us(microseconds), corresponding to a current & Amps over that
interval. There are 500 pulses produced per second in tledeaator.

— How many electrons are produced per pulse?
— What is the time-averaged current, over a period of severairsds?

— If the electrons are accelerated to an energy &fi&@ (Million elec-
tron Volts), what are the average and peak powers of the exatet,
in Watts?

Potentially useful information: @V = 1.6 x 10~1° Joules; electron charge:
&0 = —1.6 x 10719 Coulombs

Answers 6 x 10'%; 5 x 107°A; 2500/V; 50MW.

e A capacitor of capacitance 5 nanoFarads is “leaky”, in thetrge leaks
from one plate to another over the course of time. Suppogethibaca-
pacitor is initially charged to a potential of 20 Volts. Aftene hour, the

potential across the plates has dropped to 5 Volts. Deterihie “equiva-
lent resistance” between the plates.

Answer 5 x 101Q.
¢ An ideal battery of Voltage 24 \olts is connected in seriethva switch,
a resistor of resistand® = 2 x 10°Q, and a capacitor (initially uncharged)

of capacitanc€ = 5 nanoFarads. The switch is closed, and the capacitor
eventually becomes fully charged. Determine the following

— The final charge on the capacitor.
— The total electrostatic potential energy stored insidectpacitor.
— The total energy converted to heat in the resistor.



— The total energy provided by the battery.

Answers 1.2 x 10°7C; 1.44p1J; 1.44pJ; 2.88uJ.

A fluorescent lamp is placed across a capacitor of capaeitare0.150uF.
The combination is connected in series with a resistor abtasceR =
10° Q and a battery of Voltage 120 Volts. The switch is closed agtim 0.
How much time elapses before Voltage across the lamp re&€heslts -
at which point the lamp flashes briefly?

Answer 0.013 sec.

Two identical resistors, which have the same resistancé 61,6are con-
nected across an ideal battery that produces an EMF of 26.\étermine
the current flowing in each resistor (Amps), the Voltage ssreach resis-
tor (Molts), and the power dissipated in each resistor (¥Ydtir these two
cases.

— The resistors are hooked in series with each other, and thrersathe
battery.

— The resistors are hooked in parallel with each other, anad #ueoss
the battery.

Answers .17A, 10V, 1.7W:; .33A, 20V; 6.6W.

A flashing circuit consists of a battery of EMF 24 \olts, whishplaced
in series with a resistand® and capacitanc€ = 1.0 x 10°° Farads. A
flashing bulb, placed across the capacitor, fires when thayelacross it
reaches 16 \olts, quickly discharging the capacitor. Ifftash is to occur
every one second, what value of the resistaRaaust be chosen? How
much electrostatic energy is stored in the capacitor atristaint of firing?

Answers 9 x 10°Q; 1.3 x 10°4J.



Chapter 28: Magnetic Fields

Lorentz ForceF = qv x B

(L Tesla=1N/(Am))

Hall effect: (determine sign of charge carriers) wire of thidr and thickness

J=1/A=nevy.

E =vyBAV =WwE.

Charged particle - uniform magnetic field:
planar motiongvB= mV/R;

R=mv/(aB).

w=0gB/m, f =w/(2m) =1/T

Three dimensional motion: helix
Cyclotron: Dees: voltage change produces accelerationifarin magnetic field.
Current-carrying wire:

straight:F =1 / x B

curved:dF =1 d¢ x B

Magnetic moment of wire:

(Currentl, areaA, N turns)

M =N I A (right hand rule)

Torque:t =M x B

Potential Energyt) = —M - B



Previous Quizes

e Four long parallel wires, each carrying currénh the same direction, are
arranged to form a square of side lengtlas seen in the plane perpendicular
to the direction of current flow. Compute the magnitude amelation of the
force per unit length on any one wire.

Answer toward center line;
3 wl?
/2 2TA
e A metal strip 10 cm long, 1 cm wide, andl0cm thick moves with constant
velocity v in the direction of the strip width through a uniform maguoeti
field B = 1 milli-Tesla, directed perpendicular to the strip. A pdtahdif-

ference of 4 micro-Volts is measured across the width oftitie, &is shown.
Calculate the speedof the strip.

Answer 40 cm/sec.

e A circular colil of radius 5 cm, which contains 100 turns ofeyihas a cur-
rent of 5A flowing in it. Determine the magnetic moment of the current
loop. This current loop makes an angle of4&th a uniform external mag-
netic field of Q3T. Determine the magnitude of the torque on this current
loop, as well as the potential energy stored in the loop.

Answers 0.83N —m; 0.83 Joule.

e A Copper strip of square cross section and side 100 micrdns' (heters)
is placed in a uniform magnetic field of magnitud@®, with the field per-
pendicular to the strip. A current of 20s passed through the strip, such
that a potential difference appears across the width ofttige $Hall effect)
The number of charge carriers for Copper is 90°® electrons per cubic
meter. Determine the potential difference across the.strip

Note: charge of electron is1.6 x 1071° Coulombs, and the mass of the
electron is 91 x 10~3! kilograms.

Answer 26uV.

e Find the frequency of revolution of an electron with a kinethergy of
100V in a uniform magnetic field of magnitude 1® Tesla. Find the
radius of the circular orbit, if the velocity of the electrisperpendicular to
the magnetic field.



Note: mass of electrome = 9.1 x 1031 kg
meC? = 5.1 x 10° eV

ge = —1.6x 10 1° Coul.

Answers 26MHz 0.1m.

In a certain cyclotron a proton moves in a circle of radius® The mag-
nitude of the magnetic field is@T, perpendicular to the proton orbit.

— What is the oscillator frequency?
— What is the kinetic energy of the proton, in electron \Volts?

Note: mass of protormy = 1.7 x 1027 kg
mpc? = 9.38x 10° eV

dp = 1.6 x 10719 Coul.

Answers 30 MHz; 47 MeV.

A 200 turn solenoid having a length of 50 cm and a diameter o€rh0
carries a current of 8

— Calculate the magnitude of the magnetic field inside thensate
— Determine the magnetic dipole moment of the solenoid.

Answers 1.5 x 1073T; 4.7An?.

A long solenoid has 100 turns per centimeter, and carrie®icur. An
electron moves within the solenoid in a circular orbit ofitet¥4 cm, which
is perpendicular to the solenoid axis. The speed of therelees Q15c,
or 45 x 10’ meters/second. Determine the currérih the solenoid, in
Ampeéres.

Answer 0.5A.

An electron is moving with kinetic energy of 1000 electroritson a plane
perpendicular to a magnetic field of magnitude 50 ¢ Tesla. Determine
the radius of the circular path of the electron (in metensyl iés frequency
of revolution (in Hertz).

Answers 21m; 140 kHz.



e A copper strip of width 100 microns (18 meters) is placed in a uniform
magnetic field of magnitude.QT, perpendicular to the strip. A current of
20Ais then sent through the strip, such that a Hall potential agmitude
V appears across the width of the strip. Calculate the Hadimi@lV .

Note: the number of charge carriers per unit volume for copp@bout
8 x 107° per cubic meter.

Answer 1.5 x 1075V,
e A strip of copper 20Qumthick and 10 cm wide is placed perpendicular to a

uniform magnetic field of magnitude@T. A current of 3® passes through
the strip, so that a Hall potential differen¢eappears across the strip.

— Determine the drift speed of conduction electrons in thie str
— Determine the Hall Voltag¥'.

Note: The number of conduction electrons per unit volume apger is
8.5 x 1078 per cubic meter, and the electron charge is6 x 10~1°C.

Answers 1.1 x 10-3m/s; 22uV.

e The Dees of a cyclotron of radius 50 cm are operated at anaiscifre-
guency of 10 MHz to accelerate protons.

— What is the (uniform) magnetic field in the cyclotron?

— What is the kinetic energy of the protons that leave the ¢yaig in
electron \Volts?

Note:ep = 1.6 x 1071°C
mp = 1.67x 102’kg
myc? = 938VieV.
Answers 0.66T; 54 MeV.
e An electron with a kinetic energy ofl&V is projected into a uniform mag-
netic field of magnitude @ T, with its velocity vector making an angle of

80° with respect to the magnetic field. The electron thus traaieisg a he-
lical path around a magnetic field line. Determine the folliywuantities:

— The orbital period in the plane perpendicular to the magrfegid.



— The orbital radius.
— The pitch of the helical path.

Answers 1.8 x 1019 sec: 148 x 10 3m; 1.65x 10 3m.



Chapter 29: Magnetic Fields Due to Currents
Biot-Savart Law:

dB=pol /(4m) d¢ xF/r3

Ho = 41tx 10~ 'Tm/A

Long Straight wire - current:

Bt = ol /(21m) right hand rule.

Circular arc centerB = ol /(2r) - 6/(2m)

Force between wires: Like currents attract; unlike cuseapel:
F = polil2/(2md)

Ampére’s Law:§ B - d? = polenc

Ideal SolenoidB = NI /L

N turns; current; lengthL.



Previous Quizes

e Acircular loop of wire of radius @1 meters carries a current of 180

Use the Biot-Savart Law to determine the magnitude of thenatg field
at the center of the loop, in Tesla. Determine the energyityecesused by
that magnetic field at the center of the loop, in Joules peicauleter.

Answers 6,.3mT; 16J/nP.

e The current density inside a long, solid, cylindrical wireradiusR lies
in the direction of the central axis. Its magnitude variegdirly with the
distance r from that central axi3 = Jor /R. Find the magnitude and direc-
tion of the magnetic field everywhere inside the wire, andtthal current
flowing in the wire.

Answers tangential

e A bare copper wire of radius@ mm has an electric current of 50 Ampeéres
flowing in it. Determine the magnitude and direction of thegmetic field
at the surface of the wire.

Answer 3.3mT, tangential.
e A 10 gauge bare copper wire, with a diameter @ @&m, can carry a current

of 50 A without overheating. For this current, what is the metic field at
the surface of the wire?

Answer 7.8mT.



Chapter 30: Induction and Inductance
Magnetic Flux:®g = [B-dS

Faraday’s Law:

(closed loop)-(open surface)

E = —ddg/dt = —d/dt([B-d9
Self-InductanceN turns, current):

Ndg =LI; (1 Henry =1 T n¥/A)

Long Solenoid (lengtld, areaA, N turns):
L = uoN2A//

LR Circuit + battery:£ = Ldl /dt+ Rl
I(t) = E/R(1—e RYL

No Battery:Ldl/dt+RI =0

I(t) = lge RUL

Magnetic energy in inductotdg = 1/2LI12.
Magnetic energy densitys = B2/ (2yp)
Mutual Inductance of two circuitsvi

Ep = —Mdly/dt; £1 = —MdlIy/dt



Previous Quizes

e A coil of 20 turns is wrapped tightly around a long solenoidadius 2 cm
and 200 turns per meter. What is the mutual inductévia# this system?

Answers

e The current in ar. — R circuit attached to a battery reaches one third of its
steady-state value a time of 10 seconds after the switchsedl Determine
the time constant for this circuit. If the resistanceRis= 10002 (Ohms),
and the battery produces an EMF of 10 \Volts, determine theevaf the
inductance [in Henries] and the steady-state current.

Answer 6.4pH.

e At a certain place the earth’s magnetic fieldBis= 0.6G = 6 x 10~° Tesla.
A flat circular coil of wire with a radius of @ meters has 200 turns of wire,
and lies in a circuit of total resistance @0 The coil initially lies in a plane
perpendicular to the direction of the magnetic field. It isrthflipped” by a
half-revolution about a diameter. How much total charge $lolwough the
coil during the flip?

Answer 7.3 x 10°“C.

e An air conditioning unit connected to a I2@RC line (60H2) is equivalent
to a 1QV resistance in series with adbH inductance.

Calculate the impedance of the air conditioner, in Ohms.eDeine the
average rate at which energy is supplied to the circuit, itisva

Answers 22Q: 320/V.

e A typical “light dimmer” consists of a variable inductar (whose induc-
tance is adjustable between zero &pdy) in series with the light bulb. The
electrical supply is 120, at 6Hz. The light bulb is rated at 1000 W, and
the resistance of the light bulb is independent of tempesatu

— What maximum inductancenay is required if the rate of energy dis-
sipation in the bulb is required to vary from 200to 100QV.

— We replace the variable inductor by a variable resistor, seh@sis-
tance is adjustable between zero &gy What value ofRyax must
be used, if the rate of energy dissipation in the bulb is meglio vary
from 200V to 100QV.



— Why are variable inductors used, instead of variable res8t

Answers 0.08H; 14Q; because of power loss in resistor.

e A coil of unknown inductancé is connected in series with a resistor of
electrical resistancB® = 200 Ohms. A 50 Volt battery is connected across
the two devices. At @05 seconds after the connection is made, the current
reaches a value of 3 milli-Ampéres.

— How much energy is stored in the coil at this same moment?
— Find the inductance of the coll, in Henries.

Answers 3.6 x 10°4J; 48(H.

e A collis connected in series with a 10Q0resistor. An ideal 20 Volt battery
is applied across the two devices. The current reaches a g&l01 A at
a time of 2x 10~3 seconds after the circuit is closed.

— Determine the inductance of the coil.
— How much energy is stored in the coil at this same moment?

Answers 288H:; 1.4 x 10~4J.



Chapter 31: Electromagnetic Oscillations
LC Circuit: Ldl/dt+Q/C =0;

| =dQ/dt.

Q(t) = Qocog it + @).

o’ =1/(LC)

LRC Circuit: (Damped Oscillations)
Ld?Q/dt? + RdQ/dt+Q/C=0

Q(t) = Ae RV coq w't + @)

w? =1/(LC) — R?/(4L?)

Forced Oscillations (steady state):
Ld?Q/dt? + RdQ/dt+ Q/C = Fopsin(wt)
| = Fo/|Z] sin(wt + @)
Z=R+1(wL—-1/aC))

w? < 1/(LC); @< 0; | lagsV

w? > 1/(LC); @< 0; | leadsV

w? = 1/(LC); 9= 0; resonance



Previous Quizes

e In an oscillatingLC circuit consisting of a D yuF (microFarad) capacitor
and a 10 mH (milliHenry) inductor, the maximum \oltage across tlys-s
tem is 10 \Volts.

— What is the maximum charge on the capacitor?
— What is the maximum current through the circuit?
— What is the maximum energy stored in the magnetic field of tie c

Answers 10uC; 0.32A; 50uJ.

e An oscillatingLC circuit, which consists of a.2 nF capacitor and ad mH
coil, has a maximum voltage of@BV across the capacitor.

— What is the maximum charge on the capacitor?
— What is the maximum current through the inductor?
— What is the maximum energy stored in the magnetic field of tie c

Answers 6nC; 2mA; 8nJ.

¢ In an oscillatingLC circuit with L = 20mH andC = 50 pF, the maximum
voltage across the inductor iSBB\olts.

— What is the maximum charge on the capacitor?

— What is the maximum current passing through the inductor?

— What is the maximum energy stored in the inductor?

— What is the period of oscillation of the Voltage across theacaor?

Answers 15QuC; 0.15A; 230uJ; 6.3ms

¢ A solenoid having an inductance of#H is connected in series with &Q
resistor and a 20 Volt (DC) battery. The switch is closedraeti= 0.

— What is the final current flowing in the circuit a long time aftee
switch is closed? How much energy is stored in the inductohait
point?



— Atwhat time after the switch is closed is the current equ@ltpercent
of its final value?

Answers 6.7mA 90pJ; 3.9ns.



Chapter 32: Magnetism;

Maxwell’'s Equations

Gauss’s Law for Magnetism:

Pg = §B-dS=0.

Magnetic Dipole:M in field B:
U=-M-B;T=M xB.

Orbital Magnetic MomenM;

angular momenturh

ML = q/(2m)L ) .
Spin magnetic momenis = q/(2m)S
DiamagnetismBinguced OPPOSiteBext.
Unpaired atomic spins are possible.
ParamagnetisnBinguced | Bex:
Curie-Weiss LawM = CBeyi/T
Ferromagnetism:

Polarizer: light initially unpolarized.

I+ =1/2lp

Malus Law:| = lpco$0

E makes angl® with polarizer.
Reflection:6; = 6,

angle of incidence = angle of reflection.
Refraction:

Snell's Law medium 1 - medium 2.

N1 SiNB; = nysinB,

n: index of refraction.

8 angle with surface normal.

Total internal feflectionny < ny:

N1SinB1 > no.

Polarization by reflection:

Brewster’s angle: reflected ray polarized.

(Permanent magnetic moment in abse(i€eerpendicular to plane of reflection.)

of field).

Displacement Curreni

(extension of Ampére’s Law)
$§B-dl = po(l +1q)

lg = £0dPg /dt = god /dt([E - dS
Maxwell's Equations

Gausszg § E - dS= Qenc

Magnetic Gaussf B-dS=0
Faraday:$ E-d¢ = —d/dt([B-dS
Ampgre + Maxwell: .
§B-dl = pollenct+ €0 d/dt(fE-dS)]
Chapter 33: Electromagnetic Waves
E = iEgsin(kz— wt)

B = jBosin(kz— wt)

C= Eo/Bo = (,O/k

c=1//(ogo) = 3 x 108 m/sec.
Poynting Vector: (Watts/f)

energy flux per unit area per unit time.

S=E x B/
Radiation pressure=F /A= |S/c.
Polarization defined as direction &f

01+ 0, = 90°.



Previous Quizes

e Suppose that a parallel-plate capacitor has circular phaith radius 10
cm, and a plate separation abOnm. Suppose that a sinusoidal voltage is
applied to the plates, with frequency of 60 Hz and maximuntags of 150
\olts. Determine the induced magnetic field inside the capa@nd along
the rim edge.

Answer. 6.3 x 107 11T,

e A parallel plate capacitor with circular plates 20 cm in deder is being
charged. The current density of the displacement currantdas the plates
is uniform, having a magnitude of 20n?.

— Calculate the magnetic fieBlat the edge of the capacitor (10 cm from
its center).

— Determine the rate of change of the electric field with respetme,
dE/dt, inside the capacitor.

Answers 1.3 x 1076T; 2.5 x 10'%/ /(ms).

e A parallel plate capacitor has circular plates of radkus 0.2 meters, which
are separated by a distartte- 2 x 10~* meters. The plates of the capacitor
are being charged with a steady current ef 5.0 Amps. Determine the
total displacement current (in Amps) inside the capacisrwell as the
magnetic fieldB at the outer edge of the capacitor (in Tesla), while it is
being charged.

Answers 5A; 5x 167 6T.

e A parallel plate capacitor with circular plates of radirs= 0.3 meters is
being discharged. A circular loop of radius- 0.1 meters is concentric with
the capacitor, and halfway between the plates. The displexstcurrent in
that loop is measured to be 1 Amp. Determine the rate of chahgjee
electric field between the plates.

Answers 3 x 1014/ /(ms).



