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@ Electromagnetic

All forces in the world can be
attributed to these four interactions!
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What holds them together?
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12 Electromagnetism
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Maxwell Equations, Finally
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James Clerk Maxwell (1831-1879)
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This engraving is taken from William Watson's 1748 work. A rotating crank generates electricity which
is transferred to the shoes of a boy suspended on silk ropes. The boy in turn transmits a genteel shock
to the girl who is standing on a tar-covered barrel. Her other hand is probably extended to attract
feathers or small pieces of paper.
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Electric party

A turkey is to be killed for dinner by the electric shock, and roasted by
the electric jack, before a fire kindled by the electrified bottle; when
the healths of all the famous electricians of England, France, Holland,
and Germany, are to be drunk in electrified bumpers, under the
discharge of guns from the electrical Battery.
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(a) Interaction between plastic rods rubbed

Plain plastic rods neither
attract nor repel each

on fur

... but after being
rubbed with fur,
the rods repel
each other.

(b) Interaction between glass rods rubbed
on silk

u

Plain glass rods neither
attract nor repel each

Silk

... but after being
rubbed with silk,
the rods repel
each other.

(c) Interaction between objects with opposite
charges

The fur-rubbed plastic
rod and the silk-
rubbed glass rod

attract each
other ...

... and the fur and silk
each attracts the rod it




(a) A charged comb picking up uncharged
pieces of plastic
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(b) How a negatively charged comb attracts an
insulator

Electrons in each AN
molecule of the neutral LA
insulator shift away /

from the comb.
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Negatively
charged comb

l

As a result, the
@ (+) charges in each
@ molecule are closer to
@ the comb than are the (—)

charges and so feel a stronger

ARV

force from the comb. Therefore
the net force is attractive.
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(c) How a positively charged comb attracts an
insulator

'\
This time, electrons in _FRCH SNk
the molecules shift X -:++ N\
(Y
toward the comb ... WIRRRLR
. WKLY ...
: 3 Positively

charged comb

.. S0 that the
) charges in each
molecule are closer to
the comb, and feel a
stronger force from it, than
the (+) charges. Again, the net
force is attractive.
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Electrostatic painting

Induced positive charge on the metal object attracts the negatively charged paint droplets.

Metal object

Spray of :
pray to be painted
negatively
charged
aint droplets| ~ _ .- .
¥ 3 B “""Positive charge
\ B = 1s induced on

— surface of metal.
e ) \ +
L \\ \

Paint sprayer

Ground —
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@ Laser beam “writes™ on the drum, leaving negatively
charged areas where the image will be.

-------------- . Toner (positively charged)
@ Wire sprays ions onto drum, giving the drum

a positive charge.

,..-.----.-.‘ / y < = 2 : :
@ Lampedisehianges thesdram, Teadyinig ‘ . B & "‘T, @ Roller applies positively charged toner to drum.

it toistartthe process over. Toner adheres only to negatively charged areas
of the drum “written” by the laser.

@ Fuser rollers heat paper so toner

remains permanently attached. o
- @ |
Paper (feeding to left)

b @ Wires spray a stronger negative charge

on paper so toner will adhere to it.
© 2012 Pearson Education, Inc.




Charles-Augustin de Coulomb
1736 —1806
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(a) A torsion balance of the type used by
Coulomb to measure the electric force

The negatively
charged ball attracts
the positively charged

one; the positive ball

Torsion fiber moves until the elastic
forces in the torsion
fiber balance the

electrostatic attraction.

Charged
pith balls
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It follows therefore from these three tests, that the repulsive force that the two
balls — [which were] electrified with the same kind of electricity — exert on each
other, follows the inverse proportion of the square of the distance. Coulomb 1785
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(b) Interactions between point charges
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Simulated Upper Ocean Temperature Underneath Hurricane
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Figure 25.8 (a) The electric potential in the plane containing a dipole. (b) Top view of the -1.0 m{ W =
function graphed in part (a). ')"
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(a) The fie ll] 1“ ed by a positive P oint (b) The field produced by a negative point
whags polm e 2y charge points toward the charge.
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(a) A and B exert electric forces on each other.

9o 5

_ﬁo . FO
B
A

(b) Remove body B ...

... and label its former
position as P.

e
P

A

(c) Body A sets up an electric field E at point P.

Test charge ¢

E is the force per unit
charge exerted by A
on a test charge at P.

©2016 Pearson Education, Inc.







40
P

v, ‘;'/ At each point P, the electric
" Unit vector 7 points from field set up by an isolated positive point
source point S to field point P. charge ¢ points directly away from the
charge in the same direction as r.

© 2016 Pearson Education, Inc.

(c)
90

—
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At each point P, the electric
S field set up by an isolated negative point
charge ¢ points directly toward the
charge in the opposite direction from .

(a) The field produced by a positive point (b) The field produced by a negative point

charge points away from the charge.

N
~ —

charge points foward the charge.




Electric field N Electric field
at P due to qz\/ \<at P due to g
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The total electric field E at point : q

P is the vector sum of £, and E,.

)Z*

/N RS TR 0 ZE ] TP R ERSS FNE Bl SR (R =R !

E=)E
i

—(EE RS — RISy
— 1 Q'A
go_t Q. E= wal

: AT 17



FH W {1 FH S BE fer 4H e HY BB {ffdx Electric Dipole

H 4

& |
02 ‘ E_E++E__4T[€0
G B (R R — -

z _1[61 q

AEyzZ?
E.
y P
S R (R
ATEyZ? 27 27
_d q [(., d d qd 1 p
it SEECR(E
d dmegz= | Z Z 2TEYZ 2Ty Z
Z+E
d K d K1
_)_
y @ +q g
1 125 Iﬁﬁmfi
d p| o . EZZTL’S? p =qd (1+a)~1+4+ab ak1
0
d\ "’ d

/ \ C_‘)_q (1 ) 1+
© 2016 Pearson Education, Inc. 2 Z Z



A {1 AH 52 B qep &H A BE S AdR Electric Dipole

q q

i P

A AR

_ 1 p _
” 7 2 B B A B — ) B A R B

MY EES E FErEREzHY — TR EE

E=E,+E = ;

B C EHEMAMEpIAE | EEMEpERE —H2RRJTH
d EEEERNES

p=q






. B RERERSET - BRIES IR+ » —qrIRIEERFTEK © K —qfEFE+qiEE

Shd > EIRESER R EE Fqd - LBV EEEEEE  ERE AN RN ES

SERHPHE °

A. TERBRN B HEEEEA/ N © TSI > 0 FBAERTR © 48
xlifi FFERE(a, 0)E » Hd « ol > BFEERET I,  « $%ic, - (10)

B. Itk (RS Sl EIRAE(b/2,0) » [ FE 1 BEIE (—b /2,0) BE L B S — (o
A NE Bsp ~ L7 F G —y Y BB 41 FEAFTR > B3%d < b < a » {Exiif b
BEHE(a, O)JE - BRI LINC, - » 318c, » (10)

R RBd < b BEBHREENES » T EROEFIRE A AT LGSR ) REE - <

VENT SRS » B AEBEE A BT - Ex < 1, (1+x)~1 + kx » fhEHTEEH
KERFRITL © <




d/z«g --------- x‘;

<
FExEl EERR(a, O)5E - WIBRFIHY ISR TT R BN - ARSI HFR
1 q d/2 9 1 qd 1 P,

4dmey a® + (d/2)? Ja? + (d/2)? 4ty a3 4me, a3

Rithe, = 2= ¢

41!'80




. e ERERVEERA

4y
<1>2b
_ﬁ ﬁ X
it *>
~N a—b 7~
BEER
1 p 1 p

4‘”80 (a - b/2)3 B 4‘”80 (a -+ b/2)3
3

() ()
 4meyad 2a 2a

1 p 3b 3b 1 3pb
bl ]
dme, ad 2a 2a dme, at

3pb _ 3qdb
47[80 o 47[80

Ittcz =






d _
T=F-Esin0-2=qd-E-sin0= |ﬁ><E|




FIRERCENS - BLIEE T
B PHT(T R - FLLE S — BRI -

—W = — f (—df) -7 = f d@ - pE sin@ = —pE cos 8, + pE cos 6, = —A(ﬁﬁ) = AU
6, 6,

R (ks [ ) B (B R B B 7 ) AH ] -



& 23.26
E—EU N BRBEER - FE
BIER BRI NENAES °




1Ol 1G] |
el O] 1©
00O ®
ol O] 1O

e el

& 23.29

% — NaCl 2 8258285 » Na@ A

Cl BEFHERMEIKDF L o

CH2 CH2 C02 Na*

/N\/\N/N/\/

CH; CH, CH,

B2 F8B — 1L im X— FF ML
i ° JF L S EUREAS S AR

| 23.30
(LI BERIFI KD T o






1 1
dE = d
Amteg (R? + z2) Q

1 1 Z
dE 0 = . d
o dmeg (R* +z%) /R2Z + 72 Y
1 Z
— . d
4mey (R? + z2)3/2 Q=
1 Z v
 4mey (r2 + z2)3/2 Zmrel)
R
P d 2mrd
- f 4mey (12 + z2)3/2 oZaer)

_f 1 oZ (2rdr)
) 4y (r2 + z2)3/2 rar

R?+z2
f cdr? =2 L .ax
rée = —— .
480 (7" + 22)3/2 480 A X3/2
R?+2° Y X=r24g?
0z 1 _ 0z [1 ]
280\ 42 260 lz \/R2 + 22






R =R SaE )
BRI E ML T

:Eu
0

T

Il
The

I -

=

2R SR EER)i )

TRE

=
o

%

EARE

i
i
il

Ang

+







AR JAERS [ —5 > BUE IR TR LR -
[EE A 12— &8 FE /7 force at a distance!
B I RZE AN BN E > BERAYE AR AIE ?

AR AR ZEIANENLE - PHEE r G LA -
42 EX > q FRESZVEE STt g T A -
e i ) e R e B !



ERHEEEE TR EVAE E R EON A ER Y — (B EBIVE A -

current F

I Urren,

d(’f—» dff

K

dﬁp = ﬂo IZdiz X (Iidil . Fl?- )
- 4z rp;

Ampere Law 1820
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B¢ HHE Faraday 1791-1861
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