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ELECTROSTATICS—Lesson 4 oy
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Lesson/ BEBELRIE ROLEINIA \diel charged plates: 5
Look at the electric field between para ged plates:

(-)

y A

(+)

; i f force is uniform; therefore th :
that the density of the lines o _ : . €, the e,
gg:jebefwecn parallel charged plates is uniform. If this fie|q is unifOrmync

The electric field between
parallel charged plates is
uniform.
the formula

=
[El===;
cannot describe this field. We need a new formula to describe thjg Unifory

electric field.

However, before we describe this field, we must introducg the concept of
potential difference. The concept of potential dlfferenc.e 15 developed fry,
the concepts developed in mechanics (the study of motion and forces thy

change it).

An object will change its velocity when an unbalanced force acts on jt—
Newton’s First Law of Motion, When a mass is allowed to fal] jn
gravitational field, the mass will accelerate from a position of high
gravitational potential energy to a position of lower gravitational potentjy|
energy because of the force of gravity acting on it.

If we want to move a mass from a position of low gravitational potential

energy to a position of higher gravitational potential energy, we do work
on the mass against gravity. Work done against gravity can be defined o
mathematical terms as:

WA= F.d or  W=mgh
where W = work
F, = magnitude of the force due to gravity

d = magnitude of the displacement

\ M = mass
\N & = magnitude of the gravitational field strength
h = height
The change in gravitational poten(ja] energy can also be defined as:
E, = mgh
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Lesson 4 ;
Electric Potential In a Uniform Electric Field

< we Se€ that the gravitational potential energy depends
on:

thi ’
Frof:SS ofthe object (Eyg @m) L
' vitational field strength (E , ag) Movtol to
s P"QL ﬂt;;,

7

peight the object is moved (Ey, ah) :

Law of Conservation of Energy, the loss in

Dwi ravitati :
Frorg;hof an object becomes kinetic energy. S} ational potentil
f

¢ne
_im

E\ - 2

I m I
High polemial Low Kinetic
el g energy

h l
==
. L : |

Low polcnllal High kinetic |
gy energy \
[n the same en a charged object is allowed to move in a uniform
dectric field, the charge will accelerate from a position of high electrical
potential energy to a position of lower electrical potential energy because ?/UC*(? &

of the electric force acting on it. If we want to move a charged object
(eg, a positive particle) in that field (e.g., toward a positive plate), we do
work (work against an electric field) on the object. This work can be
determined mathematically using the definition of work:

s, W= Ed
4 (>
Since F =q|E

i F, =gl E| F. =9E
itfollows W=gq|E|d !

The change in electrical potential energy can also be defined as:
E=g|E|d wd £,7 9\ .

From this, we see that the electrical potential energy in a uniform field
depends on:

* charge of the object (E,, aq) Electric potential energy

B depends upon:

a E) ,
+ charge of object

*distance moved parallel to the force (Eye @) + electric field
« distance

* electric field strength (£,

Again, from the Law of Conservation of Energy, the loss in electrical

Plential energy of o charged object becomes kinetic encrgy:
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ELECTROSTATICS—Lesson 4

O]
(+) Low kinetic
energy

High potential
n energy P
()(4
If V - _p(_c)_ . ();JBL ) l/ 1
g | .
‘ Low potential (-) High kinetic
AEp(c) = qf!/’ k energy energy

then the Law of In electricity, as in mechanics, we calculate work using
Conservation of Energy, as

it applies electric field, W=Fd

or W=mgh (gravitational)

becomes
e g :
AE, =-AE, or or W=gq|E|d (lectrical)
! I < . . .
e T im(vz -v;)=—qV and we calculate kinetic energy using
C_LD,'\"(’ 2 1 2
| E =—my
Satve - 2
Note: A negative sign

N

indicates that if kinetic
energy is gained, electric
. potential energy is lost.

However, in electricity we go a bit further. In electricity, we talk about the
. . Nt N\
er unit charge. (In mechanics, we do notTalk

electric potential
about gravitational potential energy per unit mass.)

Energy per unit charge is how we define electric potential

ELECTRIC POTENTIAL (CONTINUED)
Symbol: V

Definition: electric potential energy per unit charge

When an electric charge is moved in an electric field, the electric potentia
may change. This change in the electric potential is what we call the

potential difference (also called voltage).

Potential difference (also symbolized by ¥) is the more useful quantity
when we are discussing a uniform electric field.

POTENTIAL DIFFERENCE (VOLTAGE)
Symbol: V

Definition: the change in the electric potential, or the change It the
clectric potential energy per unit charge.

s A
q
: _ ities.
Note: Electric potential and potential difference are scalarqua“"m
m‘“‘!
Copyreht
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ery 152 source of potentia! difference. Just as a water
L ravitational potential energy of water, a batte

. caSC :
mmlfctrical potenual energy of a charge.
e

pump will
ry will increase

High gravitational
potential energy J
J0

W () (Q,L) . (LMBL

water

A Low gravilational
potcnlial energy

(nincrease in clectric potential takes place between A and B.)

P
1 e

High Electric ,‘.1.,+ Low Electric

Potential i Potential
Battery

(an increase in electric potential takes place within the battery.)

dro Volta in 1800. The first

The first battery was produced by Alessan
d between two different metals.

battery (cell) was a salt solution sandwiche
Abattery changes chemical energy into electrical energy.

metal 1

L

salt solution

metal 2

Not for poos

Lesson 4 ,
Electric Potential In a Uniform Electric Field

The units for electric field

can be expressed as —IC\—:J

\Y
or —.
m

Prove to yourself that they
are the same.

I\ \'s
—
U & 5 _Npm.N
s |- ('/ —_ = = —— . :L‘
m m W et &
Physics 12 SNAP
= 4



ELECTROSTATICS—Lesson 4
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We are now able to describe the uniform electric field between Parall
e ar

plates. This field is described by the formula:
vV

1Bl = d — pohuron plafes

where

E = clectric field
V = potential difference between plates

d = distance between plates

Derivation: _
In a uniform electric field,

AE,, =F.d (remember W =AE )

o Ay =gl s,
. AEP(c)

q

=Ed

Abpy
q
;Vﬁﬂd

however, V=

or ’E,=§
bhon

Think of the paralle] charged plates as extensions of
the terminals of 3 battery. The electric field between
parallel plates can be described in terms of the
potential difference between the plates and the

distance the plates are apart (|E | aV

= 1
d R
an lElad),

Battery

Example

Calculatczthc electric fielq strength between two parallel plates thatare '
6.00x10? 1 apart. The potentja] difference between the plates is 120V

Solution
l5=Z
d

L
6.00x]072y,

:2.00>(102 V/M



r

E;ample ‘
ron is accelerated from rest through a potential difference of

clect . o _
3.00)(104 y. What is the kinetic energy gained by the electron?

So]ll’ion = o
AEﬁ’AEP(c) ey, &1 P - q\/

E ¢
fe= A’BQ— F\( - Ob\/

q

Ao =9V

- AE =4V

- (160 10" €)(3.00x10* V)

_480x10™" ]

CATHODE-RAY TUBES

Before the widespread use of LCD and plasma screens, video was

displayed using cathode-ray tubes (CRTs). In a CRT, electrons are
xcelerated by an electron gun toward a flat screen enclosed in a vacuum
whe. The electrons are initially aimed directly at the centre of the screen,
which lights up at the point it is struck with an electron. As electrons
ravel toward the screen, they pass between a set of two horizontal charged
plates and a set of two vertical charged plates. By varying the charge in
the plates, electrons can be aimed to specific points across the screen.

In this way, electrons are precisely controlled to display images on
tclevisions, computer monitors, and oscilloscopes.

N
OforRan s - {]%25 |5';
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— - = vV =
" AE, |El = =t EP %‘E d‘“"l
Formulas: ¥ 2 plw A

T V batte f the plates are 9.00x107 ‘
llel plates are connected to a 12.0 ry. If the plates ar M apart why
1. Two parallel pla ;5 rt
the electric field strength between them?

LR . 2N = |23V
s

—

T %0 m o L

2. The electric ficld between two parallel plates is 5.0 x 10’ V/m. If the potential difference betweep the
plates is 2.0x10* V, how far apart are the plates?

Z —
A= S o RS Sy pxiEe
B o Vo :

0.0?3 M

3. Two parallel plates are 7.3 cm apart. If the electric field strength between the plates is 2.0x10° Vim,
what is the potential difference between the plates?

= ’é& :@x ° ;l&\g\o\ 0 )

ol e T e

4. A@rﬁcle gains 1.50x |
accelerated?

iE e L v
- —

-15 . S .
07"J of kinetic encrgy. Through what potential difference was it

-

T Towre =iy v

© hort v
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Lesson £—Practice Exercises

s accelerated by a potential difference of 7.20 102 :
§ Athe proton? x10° V.. What s the change in kinetic
ene

AE = \]%
=(3.2¢10"v 1.6 x 107" )
= | I5x0'° T v |

) ) ) -y q |
¢/What maximum speed will a@amclc reach if it moves from rest through a potential difference ! |
of7.50x10° V2 .‘
E o \ 1/ 1{

X = o= i

i = \ 1 |

A3 503 2157

-2 2,
(6654107 %)
1 Ws placed in an electric field between two parallel plates. If the plates are 6.0 cm apart and

/ have a potential difference between them of 7.50x 10' V, how much work is done against the electric
field when the proton is moved 3.0 cm parallel to the plates?

pre 485 - 8 B.50x10m, |

/

\M: AE = \L O uvork s (Dara.‘mﬂ amston
G\O C‘mna&L \A EQ o

/ : %
8 Inthe previous question, how mucould be done against the electric field if the proton was
mo\écd 3.0 cm perpendicular to the plates?

iy :
-9 Eduiz w) SRS A |
T ( 0,0(o m\)
¥
db*w
0 e
N“”or chmduc(ion - ‘ 34 Physics 12 SNAP

|

e —— S ————



- - /\- i h\ ‘\'« 1
P T = =X
Sy A

ELECTROSTATICS—Practice Exercises

9 \
charged particle was acce erated from rest by Eg;ggg i 420x10* v If th;
Ach d i d f st by a tial difference of 4.2 ) i
. e . ial difference would be needed to in

i t potenti
AE() increased its kinetic energy t0 ﬁfbx 107" 7, Whl?:) _II)7 =y
&\l i 6 the kinetic energy of the same particle to 9.00% ! L

E\LK \ N, = AN =

RS

Partic]s
Crease

Q:\(\ - \j‘\ EAF X e y
LB TS A
B, _ oY X0 5) = | X0y

(B0 e

10.‘/ An alpha particle with an initial speed of 7.15x 10* m/s enters through a hole in the positive plate
between two parallel plates that are 9.00 x 10~ m apart, as shown above. If the electric field
between the plates is 1.70x10* V/m, what is the speed of the alpha particle when it reaches the
negative plate?

n

@ ‘Yoale = @ -puic
C + Ec = &

Y T

L

) ] ] T 2
(3.11\0211\?x\6‘:‘:>(q\x\01.§ + 5 (bbsxo ﬂt)@.\SVIOqM/S- = Ji(é,.(ﬁyz\o ) A

()¢ )

\];(: %_\\X\OL*M(S o

11. ::;@‘?llﬂ: aspeed of 5.0x10° mS/s enters through a hole in the positive plate and collides with
plate ata speed of 1.0x10° m/s . What is the potential difference between the plates

N =7

*
‘r“ = ki .
tp*-gf[ - e 5

\ f* < o+ E
Ng + e = W Y

-

: o
gz 5BlEw Yoty s

lox o

o= T» 063\ /
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Lesson 4—Practice Exercises

cctric field strength between two parallel plates is 9.3 x 10z

\
" What W ould the electric field strength be if the e V/m when the plates are 7.0 cm

5.0 cm apart?
,\l 5 2
4 Eeg E 4
5 A g
~ — (0.0%(A.3 0y 3
= (—%‘jg:;r = ,5xID°N
m

{3, What is the clectric field strength 1.00 cm from the positive charged plate if the parallel plates are
5.00 cm apart and the potential difference between the plates is 3.00x10% V?

= U - 3o 3
& sl €206
adit = p.00XID
€ d 5w o yw’\ v

The el

~

<

= A ot pla\ffé

7o

C v Sams euen&,\»'wx

14. Through what potential difference must an be accelerated from rest to give it a speed of
6.00x10° m/s?
GQ i \‘Cb X ) \f\Qa Ob 37'
+ A x\0 x10 ™
\[ 5 ’\2 WAR"® . Z(C( \\ & (s
i % B N
= 10N \/
| I N
5 Ifa@amcle is accelerated from rest through a distance of 4. 00 %n by é_umform electric field
in 250x10~ s, what is the electric field strength? ' e ™ 4% 1= \k( + 2 ak ?
Na, = 0. s Loy w'NJ’)‘ l(u)/ \\}, aoxx\o"’ o= 3:1 . ‘mjo'i
*8° go¥ ' 45 004w
X . 23 ¥
= 1602 ws—‘(@lkg) = (@2\,_) Erie —((,&Sﬂm zm\Snw,,S!\
X A 2 @510 )
P N\ ’y = Sl = Fh gs(a20" N
\ &3 w EH S - m
=HbspL 0 w) T sE e B
< g -20 = , 5.4
=2404sx[0 T T ~#9,bb c
: c X A
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ELECTROSTATICS—Practice Exercises

sween two parallel charged plates that are 7.50 cm apart if, forge

-

16. What is me(:);:?t;nt.ial gigfz(rietr:)c;zie aﬁa\lph/abarticle from the negative plate to the positive plate)
of 5.30x10" 1S I

E?E%
. N _g
e o€ ( a O Sgﬂdluu}(&oqs‘”&) ; \}ij{\/
- Ee :‘,>A\i:@:<-‘—+———";"‘”‘ = [.84dRV/
A L A 2.2X107°C s

17. An electric field of 2.40x10* N/C is produced by two horizontal parallel pl:«%tes g e e
If a charged particle of 2.00 uC is moved 3.00 cm perpendicular to the electric field, what is the o

done against the electric field? \> ¢5 dk:‘){ﬂf\(-& QY'O'V\
Wz DE

) - plate. dogey 't
LB
oy C\mr%& 80
i 0o url

Vv

18. A@ccelemtes from rest from plate X to plate Y at the same time as an electron accelerates
fromrrest from plate Y to plate X. If the potential difference between the two plates is 60.0 V,

® &
: ' Y\
a) what is the speed of the proton when it reaches plate Y?
£ £T Ee
YT -
o3 A\ \l%

N = g\\[ el ;9((30\1\(\\\6)(!0‘\(\) = Om,;o(m' \/
S:.—_‘(‘(\;g )1(:7)()0'235 AL <

p—

b) what is the speed of the clectron when it reaches plate X?
I = R () U 4 /
ol o = Y10
N9 L3l Ms

‘ -\}&:
S0 wueh G e \orcauer Lower N
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that are 7.50 cm apart if 5 5
ive plate to the positive T E) ¢

o4OV

allel plates set 4.00 cm apart,
e electric field, what is the work

Lo e %ﬂ)w/\
ode d.oon '+

: as an electron accelerates
1e two plates is 60.0 V,

o0y,

v

wee lower el

M /()
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Lesson 4—Practice Exercises

|

d particle was accelerated from rest by a potential difference of 2.50x l‘()s V. If the particle

charg€ . F
19 reaCth 3 maleUlﬁ speed of 2.90 x\lO m/s, what potential difference would be required to
scelerate this particle from rest to a velocity of 7.25x10* my/s? v,
a . !
- T z 2
E; = EP M \/ I\-r| g V \] - \I‘ Ar}
L 7= N G e o o o
im - r4 VL N 9 2
_ @ sxos)1asxw’)

(2ax10)* /
b
: o x \ [ \
AnfelectropAs accclcfated from rest through a potential difference of 5.00x10° V. Wha‘t '1;3:6 e oy
" resulting speed of this electron?

J_mN‘l = \J Qk
# 2 (SEOf(L6x10-)
Aullxj@n>!

H.14x10 1\W/c
v

21, An arlicle is placed between two horizontal parallel charged plates that are 2.00 cm apart.
The potential difference between the plates is 12.0 V. S g

o
—_—

a) What is the electric force acting on the alpha particle?
— /
= |k -\ i —-\5 /
E ka _ 12 (zaxio ) = LAdxd "N
A Qx 0.0

b) What is the gravitational force acting on the alpha particle?

— - ™ = (o510 @RIN ) = (.5ax\0 *°
r j % fb T"D R

3 ——
¢) Ifitis assumed that the electric force and the gravitational force are acting in op,

what is the net force acting on the alpha particle? -
& -6 - ~-1b
| A2 x|0 gy LebiSAX 10PN = Lol

posite directions,

49 What is the acceleration of the alpha particle?

1AAXI0'N 1 ca y 10"
F: W\“— a_: Y’Y_\ - b,(o?)/'oyl} i (Q/’c IVI) f//SL \/

9 Wha potential difference would be required between the plates so that the alpha particle becomes

Suspended? g8
o Vq, v R - Ooesom)
g g g sz . ——6—2{ 3 CJ)-Q‘XIQ’”’!\)

= "‘_O?X\O—D‘V o

Mg B [h-ASa Rt — -
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ELECTROSTATICS—Practice Exercises

A

A 0.50 kg ball is suspended in a uniform electric field dE‘—; IES00 NS0 Dstown: [f e diagram
22. 3 gba
below.

///////////\/////////&
' : — 9 =10.0°
Qb} \0 le/__»/

.\‘r
0— F ._._
\O = & E = 1500 N/C
e ¢

Calculate the charge on the ball. sl

Fe,: %J(anlo. iy %t
= O.‘b‘(ﬁ&l}bnl@’ B 0.BEUERN _ o
= 0. FLUEEH N - ) \SoONL ‘

gk 44

)

”’

|

6
23. Anlelectron travelling horizontally at a speed of 8.70x10° m/s enters an electric field of
1.32x10°

N/C between two horizontal parallel plates as illustrated below.

Rt gv \ =3.3x10%,
\%‘J}" g_() 'f:p*ts +.,\ - — 140 cm —_— g - 7
? Y o ¢® YW= = {’ M
e \\21‘\, ) N —
% (3:‘“\ O\\\\uﬁ'\" / e" — 8.00 cm CL = OH4m
':31 ,"“fip - = ‘ﬁ &’ - 'O"‘lﬂ
o —b: ’v - %_}K\Db q
: i = 1,6 0920 ¢
@ Calculate the magnitude of the vertical displacement of the electron as it travels between the plates.

2 & @ \l\/ :O
= D= 19 \
= (320 Y bxis™

O = 23930,
= Jaxio'eN d =7 "
= A L 7 1.6093Ax107"s
il T . i !’\’ i
. E: JNIX0 0 A—% 2aL Bt
@ o= @ A0 & i(g.%xzszlol')("M’
N 27 yint
= JSIR 1% X0 N/S"’ . 3’wx]0-@m Vi

= NN
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