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Figure 23.1 (a) A negatively charged rubber rod suspended by a thread is auracted
to a positively charged glass rod. (b) A negatively charged rubber rod is repelled by
another negatively charged rubber rod.
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Vector form of Coulomb’s law
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Active Figure 23.7 Two point
charges separated by a distance »
exert a force on each other that is
given by Coulomb’s law. The force
Fy) exerted by ¢o on ¢y is equal in
magnitude and opposite in direction
to the force Fyg exerted by ¢; on go.
(a) When the charges are of the
same sign, the force is repulsive.,

(b) When the charges are of
opposite signs, the force is attractive.
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Figure 23.8 (Example 23.2) The force exerted by ¢y on g3 is
F13. The force exerted by g2 on g3 is Fas. The resultant force Fs
exerted on g3 is the vector sum Fis + Fos,
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Figure 23.9 (Example 23.3) Three point charges are placed
along the xaxis. If the resultant force acting on ¢4 is zero, the !
the force Fiq exerted by ¢; on g4 must be equal in magnitude

and opposite in direction to the force Foq exerted by g5 on g4
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Figure 23.25 (Example 23.10) A positive point charge gina
uniform electric field E undergoes constant acceleration in the
dircction of the held.
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projected horizontally into a uniform
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electric field produced by two
charged plates. The electron under-

v goes a downward acceleration (oppo-
+ + + + + + + + + + + + ' . .. .
site E), and its motion is parabolic
while it is between the plates.
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Chapter 24
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Figure 24.1 Field lines
representing a uniform electric
field penetrating a plane of area A
perpendicular to the field. The
electric flux @ through this area is
equal to EA.
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Figure 24.2 Field lines representing a uniform electric field penetrating an area A that
is at an angle 0 to the field. Because the number of lines that go through the area A’ is
the same as the number that go through A, the flux through A’ is equal to the flux
through A and is given by ®; = EAcos 6.
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Figure 24.3 A small element of
surface area AA . The electric field
makes an angle 6, with the vector
AA,, defined as being normal to
the surface element, and the flux
through the element is equal to
E,AA, cos 0,.
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Figure 24.5 (Example 24.2) A closed surface in the shape ol
cube in a uniform electric field oriented parallel 1o the x axis,
Side @ is the bottom of the cube, and side @) is opposite side'.
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Figure 24.6 A spherical gaussian
surface of radius rsurrounding a
point charge ¢. When the charge is
at the center of the sphere, the
electric field s everywhere normal
to the surface and constant in
magnitude.
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Figure 24.7 Closed surfaces of various shapes surrounding a
charge ¢. The net electric flux is the same through all
surfaces.
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Figure 24.8 A point charge
located outside a closed surface.
The number of lines entering the
surface equals the number leaving
the surface.
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Figure 24.10 (Example 24.4) The point charge ¢is at the
center of the spherical gaussian surface, and E is parallel 1o dA

at every point on the surface.
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Figure 24.11 (Example 24.5) A uniformly charged insulating
sphere of radius a and total charge Q. (a) For points outside the
sphere, a large spherical gaussian surface is drawn concentric
with the sphere. In diagrams such as this, the dotted line
represents the intersection of the gaussian surface with the
plane of the page. (b) For points inside the sphere, a spherical
gaussian surface smaller than the sphere is drawn.
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Figure 24.12 (Example 24.5) A plot of Eversus rfor a uniformly
charged insulating sphere. The electric field inside the sphere

(r < a) varies linearly with ». The field outside the sphere (r > a)
is the same as that of a point charge Qlocated at r = 0.
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Figure 24.13 (Example 24.6) (a) The electric field inside a uniformly charged
spherical shell is zero. The field outside is the same as that due to a point charge Q

located at the center of the shell. (b) Gaussian surface for r > a. (¢) Gaussian surface
forr < a
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Figure 24.15 (Example 24.8) A cylindrical gaussian surface
penetrating an infinite plane of charge. The flux is £A through
each end of the gaussian surface and zero through its curved
surface.
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Figure 24.16 A conducting slab in
an external electric field E. The
charges induced on the two
surfaces of the slab produce an
electric field that opposes the
cxternal held, giving a resultant
field of zero inside the slab.
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Figure 24.18 A gaussian surface
in the shape of a small cylinder is
used to calculate the electric field
just outside a charged conductor.
The flux through the gaussian
surface is EA. Remember that E 1s
zero inside the conduetor.
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Figure 25.1 (Quick Quiz 25.1)
Two points in an electric field.
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Figure 25.2 (a) When the electric field E is directed downward, point Bis at a lower
electric potential than point A. When a positive test charge moves from point A to
point B, the charge-field system loses electric potential energy. (b) When an object of
mass m moves downward in the direction of the gravitational field g, the object-field
system loses gravitational potential energy.
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Figure 25.3 A uniform electric
field directed along the positive
x axis. Point Bis at a lower electric
potential than point A. Points

B and C are at the same electric
potential.
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Figure 25.5 (Example 25.1) A 12-V battery connected to two
parallel plates. The electric field between the plates has a mag-
nitude given by the potental difference AVdivided by the plate
separation d.
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Figure 25.6 (Example 25.2) A proton accelerates from A to £

in the direction of the electric field.
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Figure 25.7 The potential differ-
ence between points A and Bdue to
a point charge ¢ depends only on the
initial and final radial coordinates ry
and rg. The two dashed circles rep-
resent intersections of spherical
equipotential surfaces with the page.
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Active Figure 25.10 (a) If two
point charges arc scparated by a
distance ryy, the potential energy of
the pair of charges is given by
k.q1q2/r12. (b) If charge ¢, is
removed, a potential k, g9/ ry» exists
at point Pdue to charge gs.
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Figure 25.11 Three point charges
are fixed at the positions shown. The
potential energy of this system of
charges is given by Equation 25.14.

) (25.14)
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y y
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3.00 m 3.00m
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X . X Y — X
2.00 uC 2.00 pC 3.00 uC
l.; £.00 m —a’ e 4.00 m 4>1

(a) (b)

Figure 25.12 (Example 25.3) (a) The electric potential at Pdue to the two charges ¢,
and gy is the algebraic sum of the potentials due to the individual charges. (b) A third
charge g3 = 3.00 pC is brought from infinity to a position near the other charges.
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Figure 25.25 (Example 25.9) Two charged spherical conduc-
tors connected by a conducting wire. The spheres are at the
same electric potential V.
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Chapter 26
Capacitance and Dielectrics
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Definition of capacitance AiSal) A iy 20
il ¢ Adiud JSal B Lase gy oo Ll S onlgirae (plaga by ie
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L -0
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Flgure 26.1 A« apacitor consists of
two conductors. When the capaci
tor is charged, the conductors carry
charges of ('(ln.ll magnitude and

opposite \i'.:ll
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Figure 26.2 A parallel-plate capac-
itor consists of two parallel con-
ducting plates, each of area A,
separated by a distance d. When
the capacitor is charged by con-
necting the plates to the terminals
of a battery, the plates carry equal
amounts of charge. One plate
carnies positive charge, and the
other carries negative charge
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Parallel Combination ¢jlsdl e byd Yl

O g4 9 ars g ¢ 353 Ao AU JSA A (Muage Co 9 Cp o GlESa
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K AV Al
d |
V4
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(a) (b) (c)

Active Figure 26.9 (a) A parallel combination of two capacitors in an electric circuit
in which the potential difference across the battery terminals is AV, (b) The circuit dia-
gram for the parallel combination. (¢) The equivalent capacitance is Ceq = C) + Ca.
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u (a) (b) (c)
ige A = ; - 2 2 <
sl Active Figure 26.10 (a) A series combination of two capacitors. The charges on
g the two capacitors are the same. (b) The circuit diagram for the series combination.
(¢) The equivalent capacitance can be calculated from the relationship

tors.
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Type equation here.
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Figure 26.11 (Example 26.4) To find the equivalent capacitance of the capacitors in
part (a), we reduce the various combinations in steps as indicated in parts (b), (c), and

1‘¢|], llr‘ilag the series and |:-.n'.||11-| rules deseribed in the text.
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Figure 26.12 A plot of potendal
difference versus charge for a
capacitor is a straight line having a
slope 1/C. The work required to
move charge dg through the
potential difference AVexisting
at the time across the capacitor
plates is given approximately by
the area of the shaded rectangle.
The total work required to charge
the capacitor to a final charge Q
is the triangular area under the
straight line, W =/20A V. (Don’t
forgetthat 1 V = _]-“'(1: hence, the
unit for the wriangular area is the
joule.)
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Figure 26.13 (Example 26.5) (a) Two capacitors are charged to
the same initial potential difference and connected together with
plates of opposite sign to be in contact when the switches are
closed. (b) When the switches are closed, the charges redistribute.
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(a) (b)
Figure 26.15 A charged capacitor (a) before and (b) after insertion of a dielectric
between the plates. The charge on the plates remains unchanged, but the potental
difference decreases from AV, to AV = AV, /k. Thus, the capacitance increases from
Cp to kCy.
dala e cllidig e 1 < K dua adljlal) dalall Je cliy K ey
g pally il ) 88 Almw (8 i al (iSall Adald o Cua g, gAY Aljle
i) Y

_ Qo _ Qo _K Qo

C=KC, (26.11)

Balal) JUAY day Al Gl Craa ol (5 51 ghe CiiSall (S ol8 MY o el
sl daa gl Gy Al
A
C=Key = (26.12)
d
Al ) Balall JJe culh jlalay Al el (o
538 5 55y Cijad dudeal) Blal) L daga (s AT Auuald A1l Salallg 130
A 49) Epgy S Jias Sl Axis Dielectric strength  Jjsl



65

3 Qumd Gy g lgde Jleh o J Baladl Alaals AV, % 3A S
e JS o Qi of g 1A Addad JSAN AN ¢ LA fhe Adaldlt Ay 80
Agde Abudi (Say AV, 3 oSl € Al e DS daglaal die

max

D Loren Winters/Visuals Uniimited

Figure 26.16 Dielectric breakdown

in air. Sparks are produced when

the high voltage between the wires
causes the electric field to exceed
the dielectric strength of air.
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Table 26.1
Approximate Dielectric Constants and Dielectric Strengths of Various Materials

at Room Temperature

Dielectric Strength®
Material Dielectric Constant k (10° V/m)
Air (dry) 1.000 59 3
Bakelite 49 24
Fused quartz 3.78 8
Mylar 3.2 7
Neoprene rubber 6.7 12
Nylon 34 14
Paper 3.7 16
Paraffin-impregnated 3.5 11
paper
Polystyrene 2.56 24
Polyvinyl chloride 3.4 40
Porcelain 6 12
Pyrex glass 5.6 14
Silicone oil 2.5 15
Strontium titanate 233 8
Teflon 2.1 60
Vacuum 1.000 00 —
Water 80 —

The dielectric strength equals the maximum electric field that can exist in a dielectric without
clectrical breakdown. Note that these values depend strongly on the presence of impurities and
flaws in the materials.
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Dielectric
Oy \

t

|

Figure 26.20 (Example 26.7) (a) A battery charges up a para
lel-plate capacitor. (b) The battery is removed and a slab of di-

(b)

electric material 1s inserted between the plates.
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Chapter 27
Current and resistance da glial) g sl

AESLal) Al gl 5 AU Lo glall (o una L Lalaia) juand)  1dadia
sLigsl Jolitin Al iy Jualll 1da Ay lLewailad g electrostatic
Al L Gaillad (am g Al Sl GUall) AS ja ddadial) 4 Ll

(N daliaal) 43l gl A8l g Lgd LN g el ) gal) daglia g

s LAl iy s
o Sl Cpma alaily 3 LAY Aliilaiae ciliad ASja G (Al gl Ll Lay
adalla 2 dalady sladly 5 LAY) hy&@mkﬁdhgéﬁ\ PAEY I (AT

Figure 27.1 Charges in motion
through an area A. The ume rate :
which charge flows through the
area is defined as the current /.
The direction of the current is the
direction in which positive charge:
flow when free to do so.
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9 Ball) jLal) o Jan § i ciliail) 4S ja 480 e bae cuilS 1) g
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I=— 27.2
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charge 4adll cdEU eed b gl Ll s oy Al Al 45 padiall
Y] Aadd) el & e Vg Lghdbu ol 3 LAY 4a ge <ilS ¢l g carriers
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Lf vy At —J

Figure 27.2 A section of a uniform
conductor of cross-sectional area A.

The mobile charge carriers move
with a speed vy, and the displace-
ment they experience in the x
direction in a time interval Azis
Ax = yy At If we choose At to

be the time interval during which
the charges are displaced, on

the average, by the length of the
cylinder, the number of carriers in
the section of length Axis nAv,; Ay,
where nis the number of carriers
per unit volume.

b Jalilly lhg sl 5 o jsBia G [ Al gsl LN Ge il (e
e Jsid)
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cliadl) jse ol Naie « drift velocity @) sl gAY A G 2y
OB A Gy Ax = vgAt  O5SS duay At Ga) A adh Ax Adluall

Ll bgia Jo Juani At Ao dacdll oY AQ = nquyAtA

AQ

= — = A 27.4
- =g (27.4)

alig sl AS a8 sl Jlaal) Gl (B 43l Ayl B LYY Gmend Laay
Euag G AN aa ciladlall) (pa (Aladg Al gdie (4S5 Juagall JAN Juagill
S Jase aga g Ala B Ll el g gl WSS a de pu agia (98
) Jiaall oLyl (puSlay oladly ¢l ATS il g SSY) 5 ¥) ciladal) 3539

Adduf Jad)

—
Va

E -
Figure 27.3 A schematic
representation of the zigzag
motion of an electron in a
conductor. The changes in
direction are the result of collisions
between the electron and atoms in
the conductor. Note that the net
motion of the electron is opposite
the direction of the electric field.
Because of the acceleraton of the
charge carrners due to the electric
force, the paths are actually
parabolic. However, the drift speed
is much smaller than the average
speed, so the parabolic shape is not
visible on this scale.
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8.5 X 1028% x 1.6 X 1019 X 3.3 x 10 °m?

m m
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Resistance and Ohm's law 2l (i g da gliall
A 4akie dalua gilal) phiiie pfies Jil o | 4lsh g3 B Jalil
3> A calas U JAl E Jlae 252 dAaf | W 4l g

Adda) &N a3 ¢ JBUY e dadall) oda S G AV = V, -V,

Figure 27.5 A uniform conductor of length € and cross-sectional area A. A potential
difference AV =1} V, maintained across the conductor sets up an electric field E,
and this field produces a current / that is proportional to the potenual ditference
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Henry Leap and Jim Lehman

An assortment of resistors used in electrical circuits.
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838  CHAPTER 27 » Current and Resistance
Table 27.2
Color Coding for Resistors
Color Number Multiplier ~ Tolerance
Black 0 1
Brown 1 10!
Red 2 10°
Orange 3 10°
Yellow 4 10*
Green 5 10°
Blue 6 106
Figure 27.6 The colored bands on a resistor represent a code for Violet 7 107
determining resistance. The first two colors give the first two digits in the Gy 8 108

resistance value, The third color represents the power of ten for the

Thi 9
multiplier of the resistance value. The last color is the tolerance of the \? hite ? m_ : )
resistance value. As an example, the four colors on the circled resistors are Gold 10 5%
red (=2), black (=0), orange (= 10%), and gold (= 5%), and so the Silver 1072 10%
resistance value is 20 X 10% Q0 = 20 k€ with a tolerance value of 5% = 1 k(L. Colorless 20%

(The values for the colors are from Table 27.2.)
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for Various Materials

Temperature
Material Resistivity*({1-m)  Coefficient® of (°C) ']
Silver 1.59 X 10~ 8 38 x 1073
Copper 1T 1078 39 x 1073
Gold 244 X 10~ %8 34x10°3
Aluminum 282 x 10~ 8 39 x 103
Tungsten 5.6 X 1078 45 %X 1073
Iron 10 x 1078 50 % 1073
Platinum 11 X 10~° 392 x 103
Lead 22 X 10~8 39 x 103
Nichrome*® 1.50 X 10~ 6 04x10°3
Carbon 35X 105 -05x%x10"3
Germanium 0.46 -48 X 1073
Silicon 640 -75% 1073
Glass 100 to 10
Hard rubber ~10"3
Sulfur 1019
Quartz (fused) 75 X 106

“ All values at 20°C.
b See Section 27.4.

€

A nickel-chromium alloy commonly used in heating elements.
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RAl pAl% Pail 2.82 x 10_89.m .
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a \ Y
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X b
d
~ =
Inner Outer
onductor conductor End view
(a) (b)
Figure 27.8 (Example 27.4) A coaxial cable. (a) Silicon fills the gap between the two

conductors. (b) End view, showing current leakage.
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resistance Rand a battery having a potential difference AVacross
its terminals. Positive charge flows in the clockwise direction.

a d
"' Active Figure 27.13 A circuit consisting of a resistor of
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14KBTU /h = 4.102 kW
18KBTU /h = 5.274 kW
24KBTU/h = 7.033 kW
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Active Figure 28.2 (a) Circuit
diagram of a source of emf £ (in
this case, a battery), of internal
resistance r, connected to an
external resistor of resistance R.



86

dadll) oo Adlgd e SLB agal) ald ) jdaall 40800 daglia 352 53
) ARl daglial) agag g LS g T LS sgoay Bl J& xie g
a a3 g ) Awidi Jduaal) JAN taall (e Biadesal) AUl (ha £ 3a DlgTul
A 0a Aa (B dasn £ ) LIS a5 Laa (e Sliiay Y B 3¢ 4Bl

A LS a9 Jaally dlua g die

By juaall JAN g 7 dagliall Ladl) aBgall o) sa AL Al sy Laay
W) Ll gl R Jand) daglia pa sl o dn A Lal ¢ caiag
sie lgSl agal) b il b JSE cpw AR 1A e agad) Gl s
cd s a Akdl (e lp dadl Jea il ghl) olad) use olaily (T
B o)) Alage YY) Ao gl o) (ol Laa e g5l oda B jiain
Bale oaad o agadl ) el 4l ¢Sl Aadlal 358 ¢ Jlay by a o )
Y e il d o9 o Om Ml B GRlAT), (Alad) e Ligite
Ragliall ulg o M) b GAURT ( Jaall ) Da A dasliall b

odaal) pe (o) b Ll e (e el T AglaNa
il ol Glga Aba duuly L ga g ¢ R Jasdl daglia e gl (354 e
o T LS b (g s g Al 3 )l (985 Ladie ¢ jhuaal) (ilgd (i adayy i
sl B sl ol agl 88 quua s, terminal voltage 4kl Adalilly

i Gla e sy, AV = TR & 4@kl 4l (IR e

AV = e —1Ir (28.1)
IR=¢—Ir 3
e =IR +Ir (28.2) 9

BN LS 8 a5 e g

I = 28.3
R+r ( )

i T L B (28.2) ABde 8k g
Ie = I’R+ I’r (28.4)

e £ 288 o Jaad) B LIS Algied Y jaaal) (e baaliecall 388N o (o
ohaall A 03 )al 4a glial) B



87
letagliag 12 V Al gl dadlal) Lo g8 4 Moy ubayy) 281 M
2290 3.0 0 4a A dagliey 0.050 O AN
48 jal) A daldl) 9 5 y0al L .
okl laly

€ 12V

I = — =3.934 4
R+r (3.0+0.050)Q

@A AV 4kl 4lldl) g
AV=IR= e—Ir=12V - (3.934)(0.050Q) = 11.8V

5l g 4y Uaill B 5 g8dall 5 a8l g Jaad) B ASlgiceal) 3 a8l - o
44 jUaal) (ha Baaliall

Ll
Pr = I’R= (3.934)2(3.0Q0) =46.3W
= I’r= (3.934)2(0.050)=0.772 W
=Ie = (3.93A)(12V) =47.1W

da8LSal) da gliall alal g Qe AA il glial) Jay
series combination Nl Jo byl Yl

ot pa Ml o (lilage Rz 9 R (lhagliall AUl Jedll B
AV A G 3gal) (38 juaa aag

R I
%
tn
W \
| L |
— R =Ry+F
( \ R, R,
a b v ¢ a
) oW
— —
= >
‘ T { ,
1
)]
v (AL
Bat g |
) (b) (c)
Active Figure 28.4 (a) A series connection of two lightbulbs with resistances R and
At the Active Figures link Ry. (b) Circuit diagram for the two-resistor circuit. The current in R, is the same as that

Iittp://www.pseé.com, you in Ry. (¢) The resistors replaced with a single resistor having an equivalent resistance
| & the batterv v ) > > >
..Id/ust the ba:iuy \th/l.H,'L Req = Ry + Ro.
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Active Figure 28.6 (a) A parallel connection of two lightbulbs with resistances Ry and

Rg. (b) Circuit diagram for the two-resistor circuit. The potential difference across R is
the same as that across Ko, (¢) The resistors replaced with a single resistor having an
equivalent resistance given by Equation 28.7.
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Figure 28.9 (Example 28.4) The original network of resistors
is reduced to a single equivalent resistance.
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. i ¢ Example 28.6) (a) Three
Figure 28.11 (k ple 28.6) (a) Tl
3.00Q] 6.000Q] 180Vl 9000 resistors connected in parallel. The
voltage across each resistor is 18.0 V.
* Y (b) Another circuit with three resistors
)

and a battery. Is this equivalent to the
(b) circuit in part (a) of the figure?
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568 ik al lgale agadl g o 3leil) do a3 Y claglall oF Alilag i 1
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Kirchhoff 's Rules o gudi S Liac

var ) o digdps Al allall ol gadal) GUas ) ULy selud
Adaacad) c Al A& Saalaall

lase e Ads Junction Rule adlia) sasld auly jgids 1 Y 5ac Al
b O & Y adalds ) ARl @)l £ e o Ao pally Adadld) Bis
liadl) ¢ gane = Al gl sl £ gana ) ade da A0 @l LAl £ sana

b g ¥ g adaldil) B i ¥ ciliaddld (3l

zlin = zlout

11=12+ 13

—_—
Flow in

— Flow out

¥—

(b)

Figure 28.14 (a) Kirchhoff’s
junction rule. Conservation of
charge requires that all charges
entering a junction must leave that
junction. Therefore, I) = Iy + Is.
(b) A mechanical analog of the
junction rule: the amount of water
flowing out of the branches on the
right must equal the amount
flowing into the single branch on
the left.
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AV= +&€
E
(d) ® '}E' f
( )
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Figure 28.15 Rules for
determining the potential
differences across a resistor and a
battery. (The battery is assumed to
have no internal resistance.) Each
circuit element is traversed from
left to right.
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E,=60V
S — ]
ae | o
§ R, =10Q I(|:H.¢)Q§
de _= - ® ¢
E»_.: 12\

Figure 28.16 (Example 28.8) A series circuit containing two
batteries and two resistors, where the polarities of the batteries
are in opposition.
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5 1.0 Q 1[2
-— - _’Il
FETIERIY :
10.0 V 6.0 Q 1,,'
a M *
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Figure 28.17 (Example 28.9) A circuit containing different

branches.
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P
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Figure 28.18 (Example 28.10) A multiloop circuit. Kirchhoff’s
loop rule can be applied to any closed loop, including the one
containing the capacitor.
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Chapter 29

Magnetic Fields Agbalizal) Lol

’”‘
B

w =Y
< '

Hans Christian

Oersted

Danish Physicist and Chemist
(1777-1851)

Oersted is best known for
observing that a compass needle
deflects when placed near a wire
carrying a current. This important
discovery was the first evidence
of the connection between
electric and magnetic
phenomena. Oersted was also
the first to prepare pure
aluminum. (North Wind Picture
Archives)
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Figure 29.3 The direction of the magnetic force Fgacting on a charged particle
moving with a velocity v in the presence of a magnetic field B. (a) The magnetic force is
perpendicular to both v and B. (b) Oppositely directed magnetic forces Fy are exerted
on two oppositely charged particles moving at the saane velodity in a magnetic ficld. The
dashed lines show the paths of the particles, which we will investigate in Section 29.4.
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Active Figure 29.18 When the
velocity of a charged particle is
perpendicular to a uniform
magnetic field, the particle moves
in a circular path in a plane
perpendicular to B. The magnetic
force Fyacting on the charge is
always dirccted toward the center

of the circle.
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Active Figure 29.23 (a) A velocity selector. When a positively charged particle is
moving with velocity v in the presence of a magnetic field directed into the page and an
electric field directed downward, it experiences a downward electric force gE and an
upward magnetic force gv X B. (b) When these forces balance, the particle moves in a
horizontal line through the fields.
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Active Figure 29.24 A mass spectrometer. Positively charged particles are sent first
through a velocity selector and then into a region where the magnetic field B, causes
the particles to move in a semicircular path and strike a detector array at P.
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Figure 29.27 (a) A cyclotron consists of an ion source at P, two dees Dy and Ds across
which an alternating potential difference is applied, and a uniform magnetic field.
(The south pole of the magnet is not shown.) The red dashed curved lines represent
the path of the particles. (b) The first cyclotron, invented by E. O. Lawrence and M. S.
Livingston in 1934,
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Chapter 30
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Sources of the Magnetic Field
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Figure 30.1 The magnetic field
dB at a point due to the current J
through a length element ds is
given by the Biot—Savart law. The
directuon of the field is out of the
page at Pand into the page at P'.
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Figure 30.4 The right-hand rule
for determining the direcuon of the
magnetic field surrounding a long,
straight wire carrving a current
Note that the magnetc field lines
form circles around the wire.
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Active Figure 30.8 Two parallel
wires that each carry g steady
current exert a magnetic force on
each other. The field Bs due to the
current in wire 2 exerts a magnetic
force of magnitude F 5L €Bs on
wire 1. The force is attractive if the
currents are parallel (as shown)
and repulsive if the currents are
antiparallel.
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N

* ds
Figure 30.12 (Example 30.4) A long, straight wire of radius R
carrying a steady current / uniformly distributed across the
cross section of the wire. The magnetic field at any point can be
calculated from Ampére’s law using a circular path of radius r,

concentric with the wire.
Gy 131 JBLELY 38 W S ja il gy aflins J8U Jga B Jlaall fiay )
Ana Baalaia g JBLL) aa BS yala 08 a0 B ke (Bl jlawd) 33U o
el o8 G odle JSEN (B 1 a8 el g > R W kb Ciial

fﬁ.d? =, I

3€Bdsc050= Ho I

Gliall jluall blSi gaen die JJaiall il B g B | dS of duag
Al Ll Ala g hakal) A5 o) JALY S e oo leal) D& day 5 gleal

5 Gliall jleall Jghag | oa (el jlual) L Jany Al dalaal) pie
N 27rr

des=B(21tr)= o 1

_ Ml
2w T
(O 3 (st Wil Una Cipa 1) (30.5) Aauiil) (il 2 ol g

B (30.14)

R> r AU JSja e day o (o S Jala Jlaall 22 g) ;LS
1 o_had Ciual U yila e (3ltal) jlecal) Malia JS&I Jilad (e sl



116

bm&gﬁJ\M\wﬁB JQ}S&MM\A@JLA&Q &m\&a}sﬂ\g
el Gl W Bl dS 5 2mr s sbwadl Jsh o LS 2 Glall jluall
ol (s 9 T (SN LN G 5 5gd el 138 Lg Jiay Al dalisal) A (1
JAI dalowall dpadS ¢ oS (ASH LA ) A 8 7 g2 Ll 138 oS gld
¢l S adaia o AUl £ 568 | of D B adala dablua ) 2 jleall

I' Tmr?

I mR?

Ho I)
B= (20—
(ZnRZ r

)
72

- I'=1—

RZ
aade gaal ¢ gi8 (b oS (ha g

(30.15)

50 ()9S g JAUN 38 e 0 ) pa Lk el AU (303 Jlaal) O 6
Al Jedd) hn | JA phaw Jo oSl e

B

Figure 30.13 (Example 30.4) Magnitude of the magnetic field
versus r for the wire shown in Figure 30.12. The field is propor-

tonal to rinside the wire and varies as 1 /routside the wire.
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The Magnetic Field of a Solenoid
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Figure 30.17 The magnetic field

lines for a loosely wound solenoid.
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Figure 30.19 Cross-sectional view of an ideal solenoid,
where the interior magnetic field is uniform and the

exterior field is close to zero. Ampeére’s law applied to
the circular path near the bottom whose plane is
perpendicular to the page can be used to show that
there is a weak field outside the solenoid. Ampére’s law
applied to the rectangular dashed path in the plane of

the page can be used to calculate the magnitude of the
interior field.
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Figure 30.20 The magnetic flux
through an area element dA is
B-dA = BdA cos 0, where dA is a
vector perpendicular to the
surface.
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Active Figure 30.21 Magnetic flux through a plane lying in a magnetic field.

(a) The flux through the plane is zero when the magnetic field is parallel to the plane
surface. (b) The flux through the plane is a maximum when the magnetic field is
perpendicular to the plane.
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Figure 30.22 (Example 30.8) The magnetic field due to the wire
carrying a current /is not uniform over the rectangular loop.
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Figure 30.23 The magnetic field lines of a bar magnet form Figure 30.24 The electric field lines surrounding an electric
closed loops. Note that the net magnetic flux through a closed dipole begin on the positive charge and terminate on the negative
surface surrounding one of the poles (or any other closed surface) charge. The electric flux through a closed surface surrounding one
is zero. (The dashed line represents the intersection of the surface of the charges is not zero.

with the page.)
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Active Figure 31.2 Faraday's experiment. When the switch in the primary circuit is
closed, the ammeter in the secondary circuit deflects momentarily. The emf induced in
the secondary circuit is caused by the changing magnetic field through the secondary coil.
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Figure 31.7 (Example 31.2) Exponential decrease in the
magnitude of the magnetic field with time. The induced emf
and induced current vary with time in the same way.
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Figure 31.9 A straight electrical conductor of length € moving
{ F X . ; L :
- with a velocity v through a uniform magnetic field B directed

i

‘ E perpendicular to v. Due to the magnetic force on electrons, the
L~ ends of the conductor become oppositely charged. This establishes
V. anelectric field in the conductor. In steady state, the electric and

L magnetic forces on an electron in the wire are balanced.
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Figure 31.11 (Example 31.4) A conducting bar rotating
around a pivot at one end in a uniform magnetic field that is
perpendicular to the plane of rotation. A motional emf is
induced across the ends of the bar.
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