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An electron is accelerated from
rest close to the negative plate to
deliver to the positive plate, if the
electric potential difference
between the two parallel plates is
(120V). What is the maximum
kinetic energy of the electron?

Y X Ny Bp B NP N Np Np B N X Xp Np NP X NP Np Np NP NP Rp NP NP NP NP Np NP Bp NP X X Np NP NP N Np NP NP NP NP X Ep NP X NP NP R N N NP NP NP NP NP NP N NP X

W=AK = — AU = —qAV

3.26 An electron is accelerated from rest through a potential
difference of 370. V. What is its final speed?

Al O gSaadl (o O 9 Al o el
g () Jast lld) £l G
oAl gl G2 JS 13 sl
L (120V) Ol siadl S glll G
5 sl 48 ) A3l A

fos A
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EXAMPLE 31 [Energy Gain of a Proton

——

Y

A proton is placed between two parallel conducting plates in a vacuum (Figure 3.6).
The difference in electric potential between the two plates is 450 V. The proton is
released from rest close to the positive plate.

PROBLEM
What is the kinetic energy of the proton when it reaches the negative plate?

K=-(1.602x10""" C)(-450 V)=7.21x10""7 |

oadl a0 Jodll . (X, Y ) siuddl (A (0,0) gBgal) 2o dsguaga 3l (+3.0 4 C) Al A ~12
(x=0.0cm , y=2.0cm ) gésad N (x=5.0cm , y=0.0 cm ) g8sall o (+2.0 uC) 4ins
27J O L1y 0O

38 0 1.6 O
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# Concept Check 3.4 i
s What is the electric potential 45.5 cm 9 ,12-5x\é h B Yr
Y away from a point charge of 12.5 pC? J= Ei = Axle X 2 g = 0-243 V v
il G Us-5 %16 w
P a) 0.247V d) 10.2V S
i b) 145V e) 257V i
P c) 4.22V ¥
i ¥
Y ¥
Y Y
ww PAe
i Example: | put an electric charge ( g = 4x103C) at the site x =0.06 m find i
v Y
% 1 - potential at location X=0.14 m ¥
Yr ¥
vr Y
w -3 e — W
e _ k,q qxldq X Yxle - L{.gx\og v ® i
v ovs= vy 009 X=0.06 X2=014 Y
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3.5 Finding the Electric Field from the Electric Potential E = oV
] i S
the electric field in terms of partial derivatives of the potential: Js
E. = — oV . = - 9V . = — v (
* x> =Y N 0z
Concept Check 3.7

Suppose an electric potential is
described by Vix, y, 2) = —(5x* + y + 2)
in volts. Which of the following
expressions describes the associated
electric field, in units of volts per

meter?

a) E =+¥y+2%
b) E =10x

) E =50+

d) E =10 +y+7
e) £E=0

3.50 The electric potential in a volume of space is given by
V(x,y.z) = X* + xy° + yz. Determine the electric field in this region
at the coordinate (3,4,5).
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el (3 q.nm(x.y,:) Sag) (DU gl b g ) iy - 12

=3x*+2y-5z

m,—1.0m ) bl xe s Jaad Jdka b
8.16V/m O
24.6V/m O
21.0v/m O
31.0¥/m O

The electric potential in some region is given by V (x, ¥) = 3x — 2y, Find the
y - component of the electric field associated with this potential at point (1,2)
in space. Note: S| — units are used in this problem.

Jaall y 4830 20 V(2 ¥) = 3 — 22 Woladlly L diaia b Al Sl gl oo Jinyg
Adaill Cilas 5 oA Lariiaall Cilas g (1,2) Ak die Sl 5eS) agall 136 dadi yall (g 1gS0)
.(SI = units) s

T N B R Rp R R NP NP R Rp N NP Np N NP NP N N N N X N N X N N Np K Np X NP NP NP NP RP NP R NP NP NP NP Rp NP NP NP NP N0 N N NN N N N N NN R
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JSll (A LS (10 €m) Asd Jsb g (Ala) (B OBgaga (+5.0 ) Wha U8 Sl plial ~11
ouiall Cya ygSall pURIL Al gl adagll Al jlaia L ¢ yglanal

+ 5 OI.I.C. ---------- "+
: 5 00] O
E imm 23] 0
'---ii-c'l-n--"‘ +5.0puC 0.80 ] 0
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Consider two identical charges of g = 60uC each, placed 6. 0 m apart. Find the electrostatic
potential energy stored in the configuration.

(Use ke = 9 x 10° ™2 1.0 4 = 1.0 X 107)

gl i sa gl 6.0 m Alse gl duailiy ¢ g = BOUC Lagie IS i (il (pfin 3 gm g (Sl
Al 138 8 45 jaa) Al sl

(L0p=10%107 ik =9x 10722 pasi)

w
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The field in the space outside the plates is called the fringe
field. If the plates are moved closer together, the electric field
between the plates remains the same, while the fringe field is

reduced

—
d
e

FIGURE 4.5 Paralle! plate capacitor consisting of two
conducting plates, each having area A, separated by a
distance d.

L:C

1F=l

gThe capacitance of a device depends on the area of the plates and the distance between
7r them but not on the charge or the potential difference

T N R R Rp R R NP NP R NP NP NP Np N NP NP N NP N NP N N N NN N Np N N X Xp NP N NP R NP R R NP R R R

The electric field between the plates
O sl G g S

The fringe field
L die Jladl

increases
a3y

The electric field between the plates

G ol o s S

increases
alay

The fringe field
b aie Jladl

reduces

Ji

reduces

Jis

The electric field between the plates | The fringe field
Ol G S Jladl) ik ie Jlad)
reduces remains the same
Jiy LS Ay
The electric field between the plates | The fringe field
om0 Jad L) sie S
remains the same reduces
LS Ay Jiy

B O sl o) e e JSAU L

G ¢ e g 0 51 0 g £ A
iy gt a5 ¢ A Al Lagda
A3, d A bagdy Jeaidd Cpbaldalia
Nl ¢ Canl) Lagrudans ot (o g1 g S
) Jaall g ldka Ga JS (e )
TS s Jaally o gll) O
ik S2) gl

According to the figure, a parallel
plate capacitor in vacuum
consisting of two conducting
plates, each having area A and
opposite charges, separated by a
distance d. If the plates are moved
closer together, what happens to
the magnitude of electric field
between the plates and the fringe
field

—
d
des

FIGURE 4.5 Paralle! plate capacitor consisting of two
conducting plates, each having area A, separated by a
distance d.
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Charging and Discharging a Capacitor

o

The capacitor can be charged by connecting it to a battery i b

=
Lyl
1

And it is discharged with a connection with resistance —C

FIGURE 4.9 Simple circuit used for
charging and discharging a capacitor.

Concept Check 4.1

The figure shows a charged capacitor.
What is the net charge on the
capacitor?

a) (+q+ (=9 =0 +q

b) I+ql +1-gl=0 =%

¢) I+qgl+1—qgl =2q
d) (+q)+(—q)=2q
e q

(JLED 2 gl g ) gia ALl Bd g

gt yens ) 4

(C=1.77x10"12F) 4 d

(d) 48leal) La

Y Np B Bp Np N Bp N N Np N X B N Ny N Np NP N Np Np N Np N N NP N Np NP N Xp N N NP N N Np N Ep Ny Np Xr R N X Np N N0 N NP NP N NP NP N N NP NP X
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What charge appears on the plates of a 2.0-mF capacitor when it is
charged to 100 V?

50 mC 100 mC

150 mC 200 mC

2- Two parallel plates capacitor has a capacitance of 3.0 pF, when the
distance between its plates is 12 cm, what is the area of each plate?
Kol Pl 12 cm azsie o Aol Bl osSe Leae 3.0 PF 4 comiiall (5352 S

$ Sl oo e
A. 4.1x102 m?
B. 3.6x10?m?
C. 25x10?m?
D. 1.7x10% m?

Yo Np B B Bp N Bp N N N B Np Bp N Np R N Np N Np NP N N N N Rp R N NP N N NP N Np NP N NP N N Np NP Np NP NP X Np NP NP N NP Np NP N NP NN Np NP R
B N B e Np N e Np N e R N Xe N NP Np N e Ne X Np N Np Ne N e Np N e Np Np e NP 2 Np NP NP N N e Np X o e NP X Np N NN e Np NP e NP NP X NN
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o e
“r According to the figure, what is the A " A TR
¥ equivalent capacitance s ? ":"'"'“ ok M By »
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g 10 uF T i
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w 91 Yr
w v
s Ve
w Yr
wr Yr
Y vr
w W
w ve
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o w
r Y
w ¥
¥ According to the figure, what is the ¥
7 equivalent capacitance Y
X €y =5.0uF — = 6 i
& € =6.0uF = *
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¥r | ¥
X 12v| %
e Yr
7 e
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Yo Ye
¢ Andfindql Y
W Ve
Y Ye
w v
¥ v
v Yr
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e Ve
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8- What is the sored energy in a capacitor charged to 120 V, if its plates
area is 0.2 m? and the separation between the plats is 13 cm?
oo Jeaisy 0.2 m? dxomio dolins CIE151 120 V azsuio cp 443! 33 S S Gt Bl L e

$13 cm ddlws acmio

A. 53x108J
B. 9.8x108 J
C. 3.6x108 7

G Autha (5) W Al Joadl b Ajle Bale dagl G Juad) Sl Cuasll (g5 iiSa Juay 13
dalall s die . (U)dﬁﬂléi&_}i&d‘ﬁ&l\d&,(Q)MQ&@&M(V) FYVEN
¢ Q 5 Ugadsde Dl lilac guagll G e Al

- Connecting a parallel capacitor to the two plates, the space between the plate of an insulating material has a
constant dielectric (5) with a battery with a potential difference (V), so each of his plates is charged with a charge of

(Q) if the energy stored in the capacitor is (U). ) When the insulation material is pulled from between the two plates,
what happens to both U if Q?

Q asd U 48Ul
Q4L As viss 35 (O
T
§ s e |0
5Q el g )
Q 43l A5 g Tt O
Which of the following is not correct ity e e ol __;i
for the energy stored in capacitors? faliical) 2 4 ) 42Uall
a4 C(AV)? qAV 9
2C 2 2 C
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Parallel plate capacitor, the distance between its plates (0.03m) and its area (0.04m?), put between its

plates an insulating material, so the capacitance of the capacitor was in the presence of the insulating
material (8nF), what is the magnitude of the dielectric constant of the insulating material

N Np Ny B Np R Np N Np N Np Np N N N N R Np NP Np NP NP Np N Np N XNp N NP NP NP N Rp Np NP Np NP NP N NP Np R N Np N Np NP R NP NP NP N NP ONp NP N NP NP X
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Loalass
Luils
4.2 A parallel plate capacitor of capacitance C has plates of area A
with distance d between them. When the capacitor is connected to a aslusy C atans puoslll it iiSs 4.2
battery supplying potential difference V, it has a charge of magnitude B '3’“‘”‘“‘“ ‘-“5‘“‘*“" i s ‘d Alasieult oyl
Q on its plates. While the capacitor is connected to the battery, el o2 i3 ey Jeiasi ots] iasog! la Qlajlara 2 sl us%e
: ; sl le diom il J)ine galums Losie i) lang guomslll e 23Lal)
the distance between the plates is decreased by a factor of 3. The ? 2l

magnitude of the charge on the plates and the capacitance will then be

a) % Q and —% C. ¢) 3Qand 3C.

b) % Q and 3C. d) 3Q and % C.

4.8 A dielectric with the dielectric constant Kk = 4 is inserted into

a parallel plate capacitor, filling %- of the volume, as shown in the
figure. If the capacitance of the capacitor without the dielectric is C,
what is the capacitance of the capacitor with the dielectric?

sl ilsia iiSe 3 K = 4 S Jie a3 3beS Jile Jssf 4.8

J)'L.Jva,,&.._amna.;.,_-.-.lsug.Js_uuéc_;,,,.u_”i,m% Yo
b8l Jsla)) go catSl) daw L3 .C l,yS))

a) 0.75C d) 4C
b) C e) 6C
c) 2C

Yo Np B B Bp N Bp N N N B Np Bp N Np R N Np N Np NP N N N N Rp R N NP N N NP N Np NP N NP N N Np NP Np NP NP X Np NP NP N NP Np NP N NP NN Np NP R
X N B X Np Np Xp B Np Np Rp Np Bp X XNp N Np e N Xp Np NP e N X Np NP X Np NP e N X 0P N X Np N e Np b e R P X N N 3P e N b N Np R N NP NP N X
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Y 2%
“r  Suppose the charges in Figure 318 were Suppose the charges in Figure 319 were
g located at (xy) = (—10 cm,0) located at (xy) = (—10 cm,0) g
%  and (xy) = (+10 cm,0). What would and (xy) = (+10 cm,0). Would "
vr  the electric potential be along the (xy) = (0,0) correspond to a maximum, ..
W yeaxis (x = 0)? a minimum, or a saddle point in the Y
o electric potential? w
v %
N ifr
w Y
v zﬁr
v ¥
w Ve
w e
w Yr
s Y
N f:r
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Y ie
N 1
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Which of the following statements is
correct?

Equipotential lines and planes ave always perpendicular to the direction of the clectric field
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Suppose an electric potential has the equation
V(X, v, z) =3x - 6y + 2z in volts. What is

the magnitude of associated electric field,

in units of volts per meter at P(0,0,0)?
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The figure shows two charges +Q and —Q, where point “p” is on the perpendicular bisector of ther
line joining the two charges. Find the direction of the resulting electric field at point “P”.
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Which of the following statements represents Gauss's law?

fong (ol B 4031 G and) !

Electric flux through a closed surface is proportional to the charge inside the surface.
. e 133 30 g Ay g0 il i Ul il Gl el e gy S0 G

Electric charge is uniformly distributed on the surface of a charged conductor.
Upail) lom ) o ity By ) hinl 558
Electric field inside a conductor is always zero.
i 5 gt Jum a5l Jala Ay el Qo 30

The surface of any conductor is an equipotential surface.
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A neutral sphere, made of insulating material, is placed in an external electric field as shown in
the figure. The net electrical flux passing through the surface of the sphere is:
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Determine the wrong statement in the following; g
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i

We need to do work on a charge to move it on an equipotential surface. ﬂf
o0 (5 e e LS S0 L2 e i on b By
Electric field lines are perpendicular to equipotential surfaces at any point.
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In a uniform electric field, the electric field lines are always parallel.
Lt 4y g o g ol o ghaih (5 cpliia s 3¢S e 5l B
The surface of any conductor is an equipotential surface.
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13. The spatial distribution of the electric field due to
charges (A, B) is shown in the figure below. Which of
the parameters regarding the charges are correct?

A B
* -
Charge Charge Magnitude of
onA onB charges

A. + - A<B
®& + - A>B
G + + A=B
D. - - A>B
E. = + A>B
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1. A negative charge is released and moves along an

electric field line. This negative charge moves to a

position of ;

A
B.

©
D
E

lower potential and lower potential energy

—s > V I
e -
— U

lower potential and higher potential

energy

higher potential and lower potential

energy

higher potential and higher potential

energy

Lower potential and zero potential energy

2. Which of the charges in the figure is/are positive?
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All three charges are positive
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6. When two charges are separated by a distance d, Each of the following pairs of charges are separated +r
their electric potential energy is equal to U. What by a distance d. Which pair has the highest potential *
would be their electric potential energy if the enerey?
separation distance was d /2? 8y . ‘U

k9~ & *°
A U/4 U&":j ) [A) +5Cand+3C “J-»'J‘
B. U/2 u;-‘ B. +5Cand-3C
¢ v ' C. -5Cand+3C
D. All pairs have the samepotential energy
E. 4U
5. Four identical point charges (+ 2.50 nC) are placed 7

CL
at the corners of a rectangle which measures 2.00 m @
= 4,00 m. If the electric potential is taken to be zero |
at infinity, what is the potential at the geometric (o ~
center of this rectangle? @ — B
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4. The potential energy of a system of three equal @ i
charges arranged in an equilateral triangle is 0.54 ] If e, <
the length of one side of this triangle is 33 cm, what is %7 Looeeem
the charge of one of the three charges? " Yr
o, O ---@® i
A. 1.7 uC U -3 [ 9,9: 3% ey As i
B. 2.0uC v %
1 Ve
@) 2.6pC 05y = IxaR\6d X 9, 2
D. 3.7uC 533 z
.4 -~ Yr
E. 43uC 112'5"“966 i
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6. When two charges are separated by a distance d,
their electric potential energy is equal to U. What
would be their electric potential energy if the
separation distance was d /27

A U/4
B. U/2
C U

E. 4U

15. In the opposite corners of a square there are two
identical ions. Each has a charge of +e. The length of
one side of he square is L. What is the net electric

potential caused by the two positive ions at both of L +e
the empty corners of the square? &)
A. ke/2L V= lc_q_- 4 B2 L
B. ke/L Y Y R ey
L =
C. V2ke/L _ ke . ke
=TT
E. 4ke/L
vV = ke
("
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