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Properties of Electric Charges FEsera

» Charges of the same sign repel one another and charges with opposite signs attract one another.

» Electric charge is always conserved in an isolated system.

This young woman is enjoying the
effects of electrically charging her
body. Each individual hair on her head
becomes charged and exerts a
repulsive force on the other hairs,
resulting in the “stand-up” hairdo seen
here.

A negatively charged rubber A negatively charged rubber
rod suspended by a string is rod is repelled by another
attracted to a positively negatively charged
charged glass rod. rubber rod.
- | o | Wy
Rubber
Rubber

Glass - Rubber
e vy
: =\5

The electric force between (a) oppositely
charged objects and (b) like-charged objects.

Phys 104 - Ch. 22 - Dr. Alismail ©

Because of conservation of charge,
each electron adds negative charge
to the silk and an equal positive
charge is left on the glass rod.

When a glass rod is rubbed with silk,
electrons are transferred from the
glass to the silk.

3/ 59



g2 lloll e

King Saud University L=

The neutral sphere has The EI::'- P-un'.l:nu:l:'huge s
equal numbers of positive nomumformby chstributed.
mnd neganve charges.

The charged balloon induces

a charge separation on the
surface of the wall due to The charged rod attracts the paper

because a charge separation is induced

realignment of charges in
the molecules of the wall.

in the molecules of the paper.

Electrons redistribute when a mﬁdﬁh:.;.zrmﬁmml; and there \ .‘ Wall
charged rod 1s brought close. 1= a met uniform distnbubdon of .
positive charge on the sphere. D \ — P
b
P9 9 ra u...@
3 5
s 29 @ -

Borse electrons leaye the : . : : Yy <D - B =
grounded sphere g ChArging a  metallic  object by ChargedW |Thduced ? 5 -
the ground wire. induction. (a) A neutral metallic balloon charge -
{m\; sll)herS. (b) ;113; chzgged (n;b?;:lr roﬁ 1S Feparation
B o) e T e O :
W _Ti connegction is rem(()V)ed. (e) Thegrod is (a) A charged balloon is brought near an insulating wall. (b) A char
a removed. brought close to bits of paper.
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_ Suspension
' head
—

From Coulomb’s experiments, The electric force F,: we can express Coulomb’s law as:

—— Fiber » is inversely proportional to the square of the 1941145 ]

: 11192
separation r between the particles and directed F, = ke o

along the line joining them. where k, is a constant called the Coulomb constant

» is proportional to the product of the charges q; and andhasih e

on the two particles.
2 p k, = 8.9875 x 10° N - m?/C?
» s attractive if the charges are of opposite sign and

This constant is also written in the form
repulsive if the charges have the same sign.

P 1
 4me

> 1s a conservative force. ke

where the constant €, is known as the permittivity of

free space and has the value:

Coulomb’s balance, used

to establish the inverse- €0 = 8.8542 x 10712 C%?/N - m?
square law for the electric

force.

Phys 104 - Ch. 22 - Dr. Alismail ©
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The smallest unit of charge e known in nature is the charge on an electron (—e) or a proton (+e) and has a magnitude:

e =1.60219 x 10719 C

Particle Charge (C) Mass (kg)

Electron (e) —1.6021917 x 10719 9.1095 x 10~3!
Proton (p) +1.6021917 x 10~ 1.672 61 x 10727
Neutron (n) 0 1.67492 x 1027

The charges and masses of the electron, proton, and neutron

Phys 104 - Ch. 22 - Dr. Alismail ©




g1 d]oll s

Coulomb's Law

King Saud University L=

Example 22.01

g, | | | we can express Newton's law of universal gravitation as:
Fe = ke qer—qu mym;
F==G -
F, =9 x 109 x |_1'60 X (150;131);!116)(2) X 107" F, is the gravitational force acting between two objects, m; and m, are the masses
; of the objects, 7 is the distance between the centers of their masses, and G is
F, = 8.2 X 107° N the gravitational constant. The gravitational constant G has the value:
G = 6.67 x 10711 N - m?/kg?

Phys 104 - Ch. 22 - Dr. Alismail ©
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Example 22.01

_memy,
=k |Qei|2qp| g = 2
9.11 x 10731 x 1.67 x 10727
|-1.60 x 10719 x [1.60 x 1071° F, =6.67 x 107 x
F, =9 x 10° x (5.3 x 10711)2

(5.3 x 10711)2

— —47
F,=82x10"8N fg = 36107 N

e

= 2.28 x 103°

@ | T

Phys 104 - Ch. 22 - Dr. Alismail ©
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Problem 22.09

(a) The magnitude of the centripetal force F. on an object of mass m moving
E =k, % at tangential speed v along a path with radius of curvature r is:
2
U
s |—-1.6x1071%| x |1.6 x 1079 o SIS
F, =899 X 10” x

(0.529 x 10-10)2
F,=822%1078N

Phys 104 - Ch. 22 - Dr. Alismail ©
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Problem 22.09

@ 91|45 | ®
Fe - ke eT'z : : c— ‘e
: - v?
17 —899><109X|_1-6><10_19|><|1.6><10—19| i e = Me—
© (0.529 x 10~10)2 i
F, =822 % 108N | :
i v= |—F
: me

_ foszoxi0m0
U= [911x103 ¢

v =219 X% 10° m/s

Phys 104 - Ch. 22 - Dr. Alismail ©
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Coulomb’s law expressed in vector form for the electric force exerted by
a charge g, on a second charge q,, written F;,, is:

lq111g2|

ﬁ12 = ke 2 f
?,A Fio y
2
71
Fo, (a) h (b)

Two point charges separated by a distance r exert a force on each other that is given by
Coulomb’s law. The force ﬁ21 exerted by g, on gq; is equal in magnitude and opposite in

direction to the force ﬁ12 exerted by g; on gq,. (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.

Phys 104 - Ch. 22 - Dr. Alismail ©
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Example 22.02

1911193
Fiz =ke——=
(V2a)
= 9% 10° x |5 x 107| x |5 x 107°|
5= 2(0.1)2
F13 = 1124‘N
Foo =k 1921q3|
23 — Re T The force exerted by q; on

qs is ﬁ13. The force exerted
by g, on g3 is ﬁ'zg. The
resultant force ﬁ'3 exerted on
qs is the vector sum ﬁ13+
Fys.

|—2 % 107°| x |5 x 107¢|
(0.1)2

F23=9X109><

F23=9N

Phys 104 - Ch. 22 - Dr. Alismail ©
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Example 22.02

F35 = Fi3x + Fa3x

F3x = Fi3c05(8) + Fp3x

F5,, = Fi3c0s(45) + Fy3,
F3, = 11.24 cos(45) + (—9)

F3,, = Fy3sin(6) + 0
F3, = Fy3sin(45) + 0
F3, = 11.24 sin(45)
F3, = 795N

g1 d]oll s
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The force exerted by q; on
qs is ﬁ13. The force exerted
by g, on g3 is ﬁ'zg. The
resultant force ﬁ'3 exerted on
qs is the vector sum ﬁ13+
Fys.

Phys 104 - Ch. 22 - Dr. Alismail ©
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Example 22.02

2 y
F; = J (F3)? + (Fsy) » y
E, negative [ E,. positive
— [(— 2 2 . .
F3 '\/( 105) + (795) q C_\ Fy pos“n—'e Fy pOSltl\-’e
F, =8.02N & . — X
Fx negative Fx positive
= tan_lh Fy negative Fy negative
F3y
a
@ = tan-1 7.95 i 2a The fo;ce exerted by g; on
—1.05 e qs is Fi3. The force exerted
@ =97.5° P by g, on g3 js F55. The
or i resultant force F3 exerted on
S Xf . q3 1s the vector sum Fia+
Fy = (-1.051+ 7.95)) N N @ x ﬁ; '

Phys 104 - Ch. 22 - Dr. Alismail ©
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Example 22.03

lq111g5| lq2 1193
Fi3 =kem o F=ke— 5
K, 1q111g5| =ke|q2”CI3|
(2 —x)2 x2

x?1q1] = (2 — 2)?|q,|

x2(15 % 107%) = (2 — x)?(6 x 107°)
V15x = 27/6 —V6x

(\/E + \/E)x =2V6

2/6
X=——7
V15 + V6

x =0.775m

«— 200 m —> ) &

King Saud University

Photomath

N & ()
—(+—<—t)—> G X D~

79| Yoz g5 Fis 7

Three point charges are placed along the x axis. If the
resultant force acting on g3 is zero, then the force Fi;
exerted by g; on g3 must be equal in magnitude and
opposite in direction to the force F,; exerted by g, on g5.

Phys 104 - Ch. 22 - Dr. Alismail ©
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Question  22.01 Additional question |

|1.60 x 107%°| x |1.60 x 1071?

F, =8.99 x 10° x
, =899 x 10 X 10-T)2

F,=57.5N

Phys 104 - Ch. 22 - Dr. Alismail ©
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Question  22.02 Additional question |

lq11lgsl

Fiz = ke 2
b 7.00 uC
. _899x1()9><|2x10—6|><|7><10—6
== (0.5)2
F13 == 0503 N
0.50 m

lq211gs]

Fy3 =k, 2
5 s |—4x107¢| x |7 x107¢ e
2.00 uC

F23 == 101 N

Phys 104 - Ch. 22 - Dr. Alismail ©
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Question 22.02

F3,, = Fy3sin(6,) + F,3 sin(6,)

F3, = 0.503 sin(60) + 1.01 sin(—60)
F3, = 0.436 — 0.875

F3, = —0.439N

Additional question |

F35 = Fi3x + Fa3x

F3, = F;3 cos(6;) + F53 cos(6,)

F3, = 0.503 cos(60) + 1.01 cos(—60)
F3, = 0.252 4+ 0.505

b 7.00 uC

0.50 m

92.00 uC

Phys 104 -

Ch. 22 - Dr. Alismail ©
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Question  22.02 Additional question |

2
3= \/(FSx)Z + (FBy)
F3 = +/(0.757)2 + (—0.439)2 ) 7.00 uC
F; = 0.875N

0.50 m

= tan
¢ =tan 757

@ = 329.89° (or —30.11°) .
F; = (0.7571 — 0.439 ) N 2.00 uC

Phys 104 - Ch. 22 - Dr. Alismail ©
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Problem 22.07

13q||Q| lq]1Q]
F3q0 = ke 2 ) FqQ=ke(d_x)2
13ql|Q| lq]1Q]
ke x2 _ke(d—x)z
3(d — x)? = x?
V3(d—-x) =x
x +v3x =+/3d

(1 +\/§)x =+/3d

g1 d]oll s
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¥

-I-;.:q
|'/-- H\i
\ 7
< d
V3 ;
x =
1++3
This gives an equilibrium position of the third bead of:
x = 0.635d

The equilibrium is stable if the third bead has positive charge

Why?

Phys 104 - Ch. 22 - Dr. Alismail ©
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Problem 22.36

*Hint: which is the correct location of the unknown 0.30 y
charge that satisfies its equilibrium. B (1 15 — 2) :c115—£|m
The equilibrium of the unknown charge requires: d=0.16m N 0 i’;"i - X

To satisfy the equilibrium of the unknown, it should

" |—-12 x107¢[|Q] _ = |45 x 107¢||Q|
€ d> ¢ (d+0.15)2

4(d + 0.15)2 = 15d>2
2(d + 0.15) = V15d

be placed at the position:
x=-—0.16m

V15d — 2d = 0.30

(\/E— z)d ~ 0.30

Phys 104 - Ch. 22 - Dr. Alismail ©




m Coulomb's Law

Problem 22.36

To find the magnitude, and sign of the unknown charge

The equilibrium of the —12.0 uC charge requires:

Ql|-12x107¢|  [45x 107¢||-12x 107°
€ (0.16)2 - e (0.15)2

(0.15)2Q = (0.16)2 x 45 x 1076

~0.0256 x 45 x107°
B 0.0225

Q=512x10"5C

Q = 51.2 uC ; positive charge

g1 SJJoll

King Saud University

Phys 104 - Ch. 22 - Dr. Alismail ©
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» An electric field is said to exist in the region of space around a charged object—the source charge.

» When another charged object—the test charge—enters this electric field, an electric force acts on it.

The electric field vector E at a point in space is " -
_ _ N @9 & 997>
defined as the electric force F, acting on a positive test

charge q, placed at that point divided by the test

charge: To o L - r
{ 4h - B
a o U
— 2 :
E=—
do (a) (b)
or the equation can be rearranged as: A small positive test charge qq placed (a) For a small enough test charge g, the
> - near an object carrying a much larger charge distribution on the sphere is
F, = qE positive charge Q experiences an undisturbed. (b) When the test charge q, is
where we have used the general symbol q for a charge. electric field E directed as shown. greater, ‘ the' charge distribution on the
sphere is disturbed as the result of the
This equation gives us the force on a charged particle proximity of qq.

placed in an electric field.

Phys 104 - Ch. 22 - Dr. Alismail ©
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do
» The vector E has the SI units of newtons per coulomb (N/C). e F qf}\
» The electric field does not depend on the existence of the test charge—it is e ’&; /\_x"
-~ P
. - =~ F
established solely by the source charge. ,E \; . q\/ T
- ~
According to Coulomb’s law, the electric force vector F, exerted by g on the </ (a) & F ©
C
test charge qq is F, = (keqqo/T2)7
The electric field at P, the position of the test charge, is defined by E = F, /40, / L
. . 2P
we find that at P, the electric field created by q is: - }V})
g g .77 . .
= n - <y
E=ke5t :‘f+\:’/ "
72 \/ y r
' (b) A" 4 (d)

If the source charge g is positive, the electric force on the test charge g, is _ _ . :
. _ . _ A test charge q, at point P is a distance r from a point
directed away from the source charge g, so the electric field at point P is charge g. (a) If g is positive, then the force on the test

directed away from g. charge is directed away from q. (b) For the positive source
charge, the electric field at P points radially outward from q.
(c) If g is negative, then the force on the test charge is

directed toward the source charge g, so the electric field at point P is directed directed toward g. (d) For the negative source charge, the
electric field at P points radially inward toward q.

If the source charge g is negative, the electric force on the test charge g, is

toward the source charge q.
Phys 104 - Ch. 22 - Dr. Alismail ©
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Question 22.03

7.0 x 107¢

E, = 8.99 x 10° x
1 (0.40)2

E; =3.93 x 10> N/C

|CI2|
r;
E, = 8.99 x 10° x [=5.0 x 107°]
2= = (0.50)2

E, = 1.80 x 105 N/C

éi__sz__x)i;__:;
g1 SJJoll

King Saud University

\\ E
|
|
l;i)l
|
P \_\I_l____
/6
|
E.
N 2
A
Y
0.40 m ~L0.50 m
Y

: Ez is the field due to

The total electric field
EatP equals the vector

sum El A EZ, where El
1s the field due to the
positive charge g, and

the negative charge q,.

Phys 104 -

Ch. 22 - Dr. Alismail ©
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Question 22.03

Ey = Eqx + Epy J
E, = 0+ E; cos(0) E,
E 180><105><0'3 Py
x - = 0.5 |
E, = 1.08 x 105 N/C . \_}?:L___
————————————————————— 9'
Ey = Ely + Ezy l\Ez
: AN The total electric field
Ey = E; + E;sin(0) 0.40 m \\0-50 m E at P equals the vector
0.4 N - = =
_ 5\ 5¢ % N sum E; + E,, where E;
Ey = (393 x10°) (1'80 x 107 % 0,5) is the field due to the
A 0/ positive charge gq; and
— 5 _ 5 N Y [ £ —
E, =3.93 X 105 — 1.44 x 10 (r—=—1A{ ) & is the field due to
0 | Go the negative charge q,.

E, = 2.49 x 10° N/C

Phys 104 - Ch. 22 - Dr. Alismail ©
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Question 22.03

2 y
E = J (Ex)? + (Ey)
E =/(1.08 X 105)2 + (2.49 x 105)2 il NN
\\ E
E =2.71x10>N/C |
|
|
O |
E 2 l_l____
@ =tan 1 =2 "Ne
E, |
E,
N\
249 % 105 “\\ The total electric field
Q= tan~ 1 — 0.40 m \0 S0 m EatP equals the vector
1.08 x 105 N = 2 2
. sum E; + E,, where E;
@ = 66.55° \\ is the field due to the
A 0/ positive charge gq; and
Y [ 7 .
or " oo d"‘ E, 1s the field due to
E = (1.08 x 105% + 2.49 x 105)) N/C g 2 the negative charge g

Phys 104 - Ch. 22 - Dr. Alismail ©
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Question 22.04

F, =mg

qE = mg

_ o
g

m

24.0 x 107% x 610
m =

9.8
m = 0.00149 kg
or
m=149g

Phys 104 - Ch. 22 - Dr. Alismail ©




M Analzsis Model: Particle in a Field (Electric) BEEEIEet 2%

Question 22.05

|q,| |q2 |
By =ke ’ Ea =k (d + 1.00)2
1.00 m
K @ — K |q2|
€ d2 €(d + 1.00)2 O {--m_l
—-2.50 uC 6.00 uC

|-2.50 x 107¢| _ |6.00 x 10~°|
d? ~ (d +1.00)?

(d + 1.00)2 = 2.4d?
d + 1.00 = 1.55d

which yields:
d =1.82m to the left of the —2.50 uC charge

Phys 104 - Ch. 22 - Dr. Alismail ©
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Problem 2221

(a) g4
E1 = ke _; ¥
6]
E\ — 5,99 % 109 x 200 X 105
T (0.100)2
E, = 2.7 x 103 N/C _ . .
_____________________ 5.00 11(..{_ . 0.300 m ) _\lﬁ.UU nC
p \J X
EZ == ke @
i 0.100 m
6.00 X 1079 Q
E =8.99><109><|
? (0.300)2 ~3.00 nC

E, = 5.99 x 102 N/C

Phys 104 - Ch. 22 - Dr. Alismail ©
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Problem 22.21

E, =0+ E, cos(6,) _
E, = 5.99 x 10?% x cos(180)
E, = —5.99 x 102 N/C
_____________________ 5.00 nC 6.00 nC
E, = Ey, + Eyy i; 0.300 m : ; N
E, = E;sin(6;) + 0 0.100 m
E, = 2.7 X 103 X sin(270) Q
E, = —2.7 X 103N/C —3.00nC

Phys 104 - Ch. 22 - Dr. Alismail ©
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Problem 22.21

(a) 2
E= [(Ex)*+ (EY) y
E =/(—5.99 x 102)2 + (—2.7 x 103)2
E=277x103N/C
» Ey 5.00 11(.;_ 0.300 m ) _.\.6.00 nC
@ =tan™ " — - - x
Ex - -
. —2.7x10° 0.100 m
@ =tan™" — > p
5.99 x 10 \)
@ = 257.49° ! —3.00 nC.
or

E = (-5.99 x 103 — 2.7 x 103)) N/C

Phys 104 - Ch. 22 - Dr. Alismail ©
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Problem 22.21

(b) F3=q3E
F; =5.00 X 107° x 2.77 x 103
F; =139x107°N
@ = 257.49°

5.00 nC

{

~

0.300 m

T

1257

6.00 nC

LY
L

O

—3.00 nC

=

)

0.100 m

T
N

Phys 104 - Ch. 22 - Dr. Alismail ©




M Analzsm Model: Particle in a Field (Electric) BEEEIEet ;t,

Question 22.06

Additional question |

2q
E]_ == ke _2 il -
@ 29 D1
92|
Ez — ke _2
)
(1 (1
3q
E2 = ke - 2
(V2a)
3q 2 (D N 4
Ez = ke ﬁ 1 o 1 \_) 1

Phys 104 - Ch. 22 - Dr. Alismail ©
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M Analzsm Model: Particle in a Field (Electric) BEEEIEet 2;

Questlon 22.06 Additional question |

E. =, 2
3 = Ke™5 a -
a 29 D 1a
' '
quk:} o Q 4—-(1?

Phys 104 - Ch. 22 - Dr. Alismail ©




M Analzsm Model: Particle in a Field (Electric) BEEEIEet %

Question 22.06

Additional question |

Ey = E1x + Ezx +E3y

2 3
E, =k, —CZI + k, —qzcos(45) + 0
a 2a o (B a )
" =q o M.) q
ed
Ey == Ely + Ezy +E3y " "
3q 4q
Ey =0+ ke 2—6128111(45) + ke ?
k 272 Ch &
E, = 5.06 x <& 39 Q 7 Q@ 4
a

Phys 104 - Ch. 22 - Dr. Alismail ©




M Analzsm Model: Particle in a Field (Electric) BEEEIEet %

Question  22.06 Additional question |

E 5.06 x Xed
¢ =tan"1=2 = tan™1 4 | =158.83° a -

Ex 3.06 x X 2¢ QD oy
or

S k
E = (3.06i + 5.06j)aL2q

r I.f" b Y Fa
?}q e £l M_.) 4?

Phys 104 - Ch. 22 - Dr. Alismail ©




M Analzsm Model: Particle in a Field (Electric) BEEEIEet ;t,

Question 22.06

Additional question |

(b) Fy, = q4E
keq
F4_ =q X 5.91 X ?
k.q? 2q C a C
Fy =591 x —<1 A P
a
F,
= tan 1 2
(p F4_x il (1
@ = 58.83°
A -
qu I&J o J 4—-(1?

Phys 104 - Ch. 22 - Dr. Alismail ©




M Analzsm Model: Particle in a Field (Electric) WEEESEiril T

Problem 22.22

The electric field at any point x is:
Ey = E1x + Epy
"!f
|—ql lq] '
E,=-k,———+k,———=
x *(x+a)? °(x—a)
q q
E,.=k,——————k,——=
¥ T (x—a)?2 ¢(x+a)? —q q
i:_} \ X
o (x + a)? — (x — a)? }‘ c ;‘
x — Keq (x_ a)z(x_l_a)z 2a

(%2 + 2ax + a?) — (x? — 2ax + a?)

Ey =k
! ((x —a)(x + a))2

Phys 104 - Ch. 22 - Dr. Alismail ©




M Analzsis Model: Particle in a Field (Electric)

Problem 22.22

x% 4+ 2ax + a? — x% + 2ax — a?

Ey = keq

(xZ — a2)2

4ax
ed (x2 — a2)?

When x is much, much greater than a, we find:

E, =k

qa __
Ex =~ 4ke F

I
oy
-~

.

5
|

=
A

Phys 104 - Ch. 22 - Dr. Alismail ©




M Analzsm Model: Particle in a Field (Electric) WEEESEiril T

Problem 22.35

(a) A
El == ke —2
n
o 200 2 110 s |—4.00 x 1079
L (2.50)2
E1 = 575 N/C
|q2| g
EZ == ke —2
r
|5 0 x 10_9| "7 D00 m—«———0.800 m—»‘
E, = 8.99 X 109 x — - | |
(2.00) o _ L
E, = 11.24N/C — 4.00 nC [5.00 nC 3.00 nC:

Phys 104 - Ch. 22 - Dr. Alismail ©




M Analzsm Model: Particle in a Field (Electric) BEEEIEet %

Problem 22.35 Additional problem |

3]
E3 = ke 2
3
E; = 8.99 x 10 x B0 5 AT
5T (1.20)2
E, = 18.73N/C
E == —E1 + EZ + E3
J:
E =-5.75+11.24 + 18.73
500 m—«—0.800 m
E =2422N/C in +x direction. ’«
'@ | e g X
b 4 N st
- 4.00n 5.00 nC 3.00 nC
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M Analzsm Model: Particle in a Field (Electric) WEEESEiril T

Problem 22.35

(b) |q:
El = ke _2
n
E, = 8.99 x 10° x | 4 o]
1= (2.06)2
E, = 847 N/C
192 | y
EZ = ke 2
&)
T 500 m —><———0.800 m—»‘
5.0 x 1079 A PR R
= 8.99 x 10° x ' o X
£z =899 10 (2.00)? 400 nC 5.00 nC 3.00 nC

E, =11.24 N/C
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M Analzsm Model: Particle in a Field (Electric) BEEEIEet %

Problem 22.35 Additional problem |

lqs|
r3
E: =8.99 x 10° x [3.0 x 1077]
5T (2.15)2
= 5.83 N/C
JI
T 500 m —>«——0.800 m—»‘
i h I g X
p oo L
—4.00n 5.00 nC 3.00 nC
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M Analzsm Model: Particle in a Field (Electric) BEEEIEet %

Problem 22.35

Ey = E1x + Epx +E3y
E, = E; cos(6,) + E, cos(6,) + E; cos(653)

E 84-7)(050 583X080
x 2.06 2.15
E, =—-423N/C
Ey = Ely + Ezy +E2y Y
E, = E; sin(0,) + E; sin(8;,) + E5 sin(63) 0.500 m—><———0.800 m
E 84-7)(200 + 11.24 + 583)(200 ~
y = 2.06 ' 2.15 O O ® X
- 4.00n 5.00 nC 3.00 nC
E, = 8.44 N/C
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M Analzsm Model: Particle in a Field (Electric) BEEEIEet %

Problem | 22.35 Additional problem

2
= \/(Ex)z + (Ey)
E =/(—4.23)2 + (8.44)2
E =944N/C
E
=t -1 —y
@ = tan E.
tan-1 8.44 y
@ =tan ™t ——
Al 0.500 m —»<———0.800 m
o =116.62° !
(lr - 4.00n 5. 00 nC 3.00 nC
E = (—4.23i + 8.44)) N/C
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Electric Field Lines Sz 11001

King Saud University

The electric field vector E is tangent to the electric field line at each point. The line has a direction, indicated by an arrowhead, that is the same as

that of the electric field vector.

The number of lines per unit area through a surface perpendicular to the lines is proportional to the magnitude of the electric field in that region.

Thus, the field lines are close together where the electric field is strong and far apart where the field is weak.

"
ﬁ ,._--"‘"’-_._____’
———'-'—.-— ---'—-_

Electric field lines penetrating two
surfaces. The magnitude of the field is
greater on surface A than on surface
B.

Courtesy of Harold M. Waage, Frincaton University

(a) (b)

The electric field lines for a point charge. (a) For a positive point charge, the lines are
directed radially outward. (b) For a negative point charge, the lines are directed radially
inward. Note that the figures show only those field lines that lie in the plane of the page.
The dark areas are small pieces of thread suspended in oil, which align with th
field produced by a small charged conductor at the center.
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Electric Field Lines

g2 lloll e
King Saud University L=

or end infinitely far away.

» No two field lines can cross.

Courtesy of Harold M. Waage, Frinceton

University

(a) (b)

(a) The electric field lines for two point charges of
equal magnitude and opposite sign (an electric
dipole). The number of lines leaving the positive
charge equals the number terminating at the
negative charge. (b) The dark lines are small pieces
of thread suspended in oil, which align with the
electric field of a dipole.

-+
-+
Courtesy of Harold M. Waage, Princeton University

(a)

(a) The electric field lines for two positive point
charges. (b) Pieces of thread suspended in oil,
which align with the electric field created by two
equal-magnitude positive charges.

Phys 104 - Ch. 22 - Dr. Alismail ©

The lines must begin on a positive charge and terminate on a negative charge. In the case of an excess of one type of charge, some lines will begin

The number of lines drawn leaving a positive charge or approaching a negative charge is proportional to the magnitude of the charge.

The electric field lines for
a point charge +2q and a
second point charge —q.
Note that two lines leave
+ 2q for every one

terminates on —




sec. 22.06 Motion of Charged Particles in a Uniform Electric Field agesuclloll B

King Saud University L=

Case 1:
» When a particle of charge g and mass m is placed in an electric field E, - E
- + e
the electric force exerted on the charge is gE.
» If this is the only force exerted on the particle, it must be the net force and
causes the particle to accelerate according to Newton’s second law. Thus: * B
N S : + v -
» The acceleration a of the particle is therefore: v=I) >

"
@--—--
+ q =

> If E is uniform (that is, constant in magnitude and direction), then the

acceleration is d constant. +
A positive point charge g in a
uniform  electric  field E
the electric field. undergoes constant acceleration
l in the direction of the field.

» If the particle has a positive charge, its acceleration is in the direction of

» If the particle has a negative charge, its acceleration is in the direction

opposite the electric field.
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Motion of Charged Particles in a Uniform Electric Field BRSLESUGEEAIR <

King Saud University L=

Question 22.07

The acceleration is constant and is given by qE /m. The ] E ]
motion is simple linear motion along the x axis. Therefore,
we can apply the equations of kinematics in one dimension:
+ -
X = X; + Uyt + Eaxt2
— + v =
Uxr = Uxi T Gyt v=0 —
I g
(- ———— —{+)
vff = v,%l- + Zax(xf — xi) A4 o
+ q -
Choosing the initial position of the charge as x; = 0 and
assigning v,; = 0 because the particle starts from rest, the
position of the particle as a function of time is: * ~ | A positive point charge q in a
uniform  electric  field E
1 1qE, :
X == axtz = _ X2 . . undergoes constant acceleration
2 2 m ] | 1in the direction of the field.
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Motion of Charged Particles in a Uniform Electric Field BRSLESUGEEAIR <

King Saud University L=

Question 22.07

The speed of the particle is given by: ] £ ]
qEx
Uyr = Ayt = —t
xf x m N _
The third kinematic equation gives us:
2qE
2 = = d + vV -
Uxr = 20xXf — V= 0 —
from which we can find the kinetic energy of the charge (& ———— —':+:f
after it has moved a distance Ax = x5 — x;: + q _
1 1 2qE
K=—mv§f=—m< L x)Ax=quAx N _
2 2 m A positive point charge ¢ in a
We can also obtain this result from the work—kinetic uniform  electric  field FE
energy theorem because the work done by the electric N . _ | undergoes constant acceleration
force is F,,Ax = qE,Ax and W = AK. L l | in the direction of the field.
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M Motion of Charged Particles in a Uniform Electric Field BEsEEEEEEL) =
King Saud University

Question 22.08

_ _ _QqEy - E -
vxf—vxi+axt—0+axt—7t N -
ek,
Vexf = — — t (for electron)
e
+ -
1.60 x 10719 x 520 9
Ugxf = — 911 x 1071 X 48.0 X 10
_I_ —
Vexr = —4.39 X 10 m/s  ina direction opposite to the field
ek,
Upxf = m_pt (for proton) + -
1.60 x 10719 x 520 9 - _
Upxf = 167 X 10-27 X 48.0 X 10
Upxf = 2.39 X 103 m/s in the same direction as the field + < N o

Phys 104 - Ch. 22 - Dr. Alismail ©




M Motion of Charged Particles in a Uniform Electric Field BEsEEEEEEL) =
King Saud University

Question 22.09

The required electric field will be in the direction of motion ] E ]
W = AK
SO, + —

E,d = %mvii (since vy s = 0)

which becomes: o -
eE,d =K
K * -
E, = -d
+ _
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M Motion of Charged Particles in a Uniform Electric Field BEsEEEEEEL) =
King Saud University

Question 22.10 aadaitional question |

(@) The acceleration is given by:

vyr = vy + 2ay (v — i)

vf,f = 0+ 2a,Ah

2
w1
Y 2Ah
(21)?
Cly =

X 5

2
a, = 44.1 m/s?

ay > g = the electric field must have a downward direction

Phys 104 - Ch. 22 - Dr. Alismail ©




M Motion of Charged Particles in a Uniform Electric Field BEsEEEEEEL) =
King Saud University

Question ' 22.10 Additional question |

q= B (ay —9)
1.0 x 1073
1= =5x10% (44.1 — 9.8)
q=343x1076C
q = 3.43 uC
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sec. 22.06 Motion of Charged Particles in a Uniform Electric Field

Case 2:

>

Suppose an electron of charge —e is projected horizontally into
an uniform electric field E from the origin with an initial velocity
v;lattime t = 0.

Because the electric field E is in the positive y direction, the
acceleration of the electron is in the negative y direction. That is:

Because the acceleration is constant, we can apply the equations
of kinematics in two dimensions with vy; =v; and v,; = 0.
After the electron has been in the electric field for a time
interval, the components of its velocity at time t are:

Its position coordinates at time ¢t are:

Phys 104 - Ch. 22 - Dr. Alismail ©

>

>

Ngs2331 JJodl

King Saud University

We see that yy is proportional to xf. Hence, the trajectory is a
parabola.

After the electron leaves the field, the electric force vanishes and
the electron continues to move in a straight line in the direction
of U with a speed v > v;.

E | e

5,

[+ +++++++++ + + | v

An electron is projected horizontally into a uniform
electric field produced by two charged plates. The
electron undergoes a downward accelerati
(opposite E ), and its motion is parabolic whi
between the plates.

T

£
1257




Motion of Charged Particles in a Uniform Electric Field BRSLESUGEEAIR <
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Example 22.08

(@ o, = _ eEy B ¢ |
y - Me
. [ === === = = )
~19 o
1.60 x 1077 x 200 (= e @ L ||
a, = — : (0,0) 4~
y -31 1~
9.11 x 10 | . .
a, = —3.51 x 10'® m/s? E I
-
(b)xf=vxit ++++++++++++K
or
An electron is projected horizontally into a uniform
Xr I 0.100 electric field produced by two charged plates. The
t = = = 3.00 x 106 =3.33x1078s electron undergoes a downward acceleration
Uxi Uxi ' (opposite E), and its motion is parabolic while it is

between the plates.
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Example 22.08

1 |

1 N2 Y
yr = E(_3'51 X 1013)(3.33 x 1078) =11 1-4

yf = —0.0195m €] p

or '\,___,l_}>
[+ +++++++++ + + |
yr = —1.95cm

If the electron enters just below the negative plate An elfectron ISjeioiceteiionzomallgriolaurionn
and the separation between the plates is less than electric field produced by two charged plates. The
the value we have just calculated, the electron will electron Lmdergoes a downward acceleration
strike the positive plate. (opposite E), and its motion 1s parabolic while it is

between the plates.
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