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Electric Field

> The earth exerts a force on the moon and vice versa, even though they are 240,000 miles apart

> Likewise, two charged objects located far apart exert forces on each other too

How can they do this if they are not in physical contact?

> In the case of the earth/moon system, we say that the earth fills all space with a gravitational field,

and the moon feels the effect of this field

> Masses feel forces in gravitational fields

> Similarly, a charge creates an electric field that fills all space

> Any other charge in that field will feel a force

> Stationary charges create electric fields that fill all space

> Other charges will feel forces in these electric fields

Think of the electric field as a real physical entity!



Electric Field

> When we solved the Coulomb Law problems we added up the (vector) forces from charges i, 42, ..-4N

acting on a certain charge (o F; 7
2
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>Now m each one of these individual forces (and hence the sum of those forces) is proportional to the
charge (g

>]If in each of those problems we divided the net force by the charge o we would get a force per unit

charge at the location of gy
>This quantity (which is a vector, since force is a vector) would depend on the values and locations of the

charges (41,42, ...-dN



Electric Field

> So = g, given configuration of charges 41, 42, ... N gives rise to an electric field

- Units?
- I - Force | [N
L= — Charge ~|C
q0 - T
%0’/ ¢ . . e 40 w small positive probe charge

but ... how small is small?

> When we use this equation we mean that after we put gg in place all the little charges 41,42, ---dN

are in the same places they were when we deduced the value of E from their values and positions!



(1) E -field due to a single charge q;

P d From definitions of Coulomb’s Law
force experienced at location of qg (point P)
” = 1 Q09 .
h0.i Fo; = =5 - T0,

70,i w unit vector along direction from charge 9i to 4o

q; _
= F .
Recall £ = — .. F -fielddueto ¢:; atpoint P
do
= 1 qi .
E?/ JE— . —2 . f,"z
dmeg T
;v vector pointing from ¢: to point P
Not r; w unit vector pointing from ¢; to point P
ote:

(1) E -field is a, vector
(2) Direction of E -field depends on both position of ¢; and its sign



(i) F -field due to system of charges:

Principle of Superposition

In a system with /N charges m total E-ﬁeld due to all charges

vector sum of E -field due to individual charges

qi ..
l.e. = E — T
Z 47‘(’6() Z, fr% ’
(iii) Electric Dipole |
< d >
—q d T(q

System of equal and opposite charges separated by a distance
Electric Dipole Moment p = qd = qdd

p = qd



Example: E due to dipole along r-axis
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Consider point P at distance x along perpendicular axis of dipole p

—

E — E+ —|— E_

T T

F-field dueto+q L -field due to —q



Notice: Horizontal E -field components of E+ and E_oanoel out
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Net E points along axis parallel but opposite to dipole moment vector
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Specialcase = When x> d

i d 9, 3 i d ). 3
2 3
2+ (5] = a1+ (5)7
: 27 - : 217 -
> Binomial Approximation
(1 +y)" =1+ ny if y<l1
- 1 1
E — field of dipole ~ i X —

Adreg x3 a3

—

> Compare with iz I -field for single charsge
r

> Result also valid for point P along any axis with respect to dipole



Electric Field Lines

To visualize electric field we can use a graphical tool called electric field lines

Conventions

1. Start on positive charges and end on negative charges

&. Direction of E-field at any point is given by tangent of E-field line

3. Magnitude of E-field at any point proportional to number of E-field lines

per unit area perpendicular to lines
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This is not a probe charge
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Point Charge in E-field

When we place a charge ¢ in an E field E Jforce expemenced by charge is
F = qE
Applications = Ink-jet printer, TV cathode ray tube

Example

Ink particle has mass m & charge ¢ ( g < (0 here)
Paper

Input

signals
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Deflecting
plates

Drop
Generatofr

Assume that mass of inkdrop is small, what’s deflection of charge®



Solution e
gE Charge carried by inkdrop is negative m ¢ <0

Note: qE points in opposite direction of E

o—>
J Horizontal motion m Net force — ()
mg
oo L= vt
Vertical motion m |C]E | > \mg’ | d is negative
. Net force = —|q|E = ma w Newton’s 8nd Law
o |qlE
a4 =
m

1
Vertical distance travelled m y = o at*



Conductors and insulators

>> Charges move through some materials more easily than others:

3k Charge moves easily: Conductor

i.e. copper, silver, aluminum (metals)

2k Charge can’t move: Insulator

i.e. wood, paper, rubber, plastic,

>> Charge can stick on the surface of insulators, but it doesn’t really move

Electrical Wire

Copper\-
L .



What determines whether a material is a good conductor o insulator?

w- Ultimately, it’s the atomic structure

> The outer most electrons (valence electrons) in an atom are more weakly bound to the nucleus

> They can “break free” and move through the material

> These are called conduction electrons

f

Good electrical
conductor

Let’s say the object on the left starts out with a charge of -5 C, and the object on the right starts out with +13 C

Electrons will continue to flow until the charge on each object is....

And, each must end up with a charge of +4C, since the total (+8C) must remain constant!

HElectrons can through a good conductor

There would be no charge flow if the bridge above was an insulator
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Charging an Object

Charging by Contact

> Touching a metal sphere with a negatively charged rod can give the sphere a negative charge

------ @

> Similarly, if we started with a positively charged rod:

FFFFFF @

This is charging by contact



Charging an Object
Charging by Induction

We can also charge a conductor without actually touching it

Bring a negatively charged rod close to the surface of an electrically neutral metal sphere

The free charges separate on the sphere’s surface

Now attach a metal wire between the sphere and ground

Grounding strap .
/ This leaves the sphere >
with a net positive charge

The electrons travel down the strap to ground

This is charging by Induction




Charging an Object

o

I o¢
Y

2%




> Charging by induction doesn’t work for insulators, since the charge can’t move through the material

or down the grounding strap

But it does have an effect....

> Bring a negatively charged rod close to the surface of an insulating sphere
&

Y

A
&

Even though the electrons can’t move through the insulator,

the positive and negative charge in each atom separates slightly
and forms dipoles, since the positive protons in the atoms are

attracted to the rod, and the negative electrons are repelled

This is called Polarization



Coulomb’s Law and Electric Field

Eight point charges, each of magnitude q, are located on the corners of a cube of edge s.

(i) Determine the X, y, and z components of the resultant force exerted by the other charges on the charge located at point A.

(ii) What are the magnitude and direction of this resultant force?
4

(iii) Show that the magnitude of the electric field at the center of any face of the cube has a value of 2.18

4meg S

(iv) What is the direction of the electric field at the center of the top face of the cube?




Coulomb’s Law and Electric Field

Solution (i)

2k There are 7 terms that contribute

3k There are 3 charges a distance s away (along sides), 3 a distance V25 away (face diagonals),

and one charge a distance v/ 3s away (body diagonal) .
3k By symmetry, the x, y and z components of the electric force must be equal /q@\\

3k Thus, we only need to calculate one component of the total force

on the charge of ineterest

3k We will choose the coordinate system as indicated in Figure,

and calculate the y component of the force.




Coulomb’s Law and Electric Field

3k We can already see that several charges will not give a y component of the force at all, just from

symmetry - charges 3,4 and 7
3k This leaves only charges 1, 2, 5, and 6 to deal with

1 ¢?
Amey S2

3k Charge 6 will give a force purely in the y direction: Fi, =

skCharge 5 and 2 are both a distance s+v/2 away, and a line connecting

these charges with the charge of interest make an angle 0 = 45°with

the y-axis in both cases

sk Hence, noting that cosf = 1/ \fQ we obtain

1 q? 1 ¢* 1
cosf =
deg (51/2)2 dmeg 282 /2

<« O»n—>

F2,y:F5,y:




Coulomb’s Law and Electric Field

3k Finally, we have charge 1 to deal with.

ok It is a distance /3 away

3k What is the y component of the force from charge 1%

V2

3k First, we can find the component of the force in the x-y plane I lo—y — Fycosp = F; ﬁ

3k Now, we can find the component of of the force along the y direction:

1 V2 1 1
Fi. ,—=F — F,—
Y Y B B

Fiy=1F) 4, cosf =



Coulomb’s Law and Electric Field

sk Since we know charge 1 is a distance sv/3 away, we can calculate the full force Fy easily,
1 q° 1 qg° 1
Ameo (sv/3)2 /3 4Amep s? 3v/3
3k Now we have the y component for the force from every charge; the net force in the y direction is just

and complete the expression for I , thatis Fy , =

the sum of all those:

L@, 1 1 1] 1 ¢[ 11
Ameo s2 | 2v/2  2v2  3V3]  dmeo s? |

3k Since the problem is symmetric in the x, v, and z directions, all three components must be equivalent

Fy,net:Fl,y‘|'F2,y‘|'F5,y+F6,y:

1 ¢, 1 1 - A 1 ¢ A
The force is then F = 14 | 1+ 17+ k) =1.90 1+ 7+ k
* 47'('6()82 i \/5 3\/5_( j ) ( .7 )

Aey 82



Coulomb’s Law and Electric Field

Solution (ii)

1 q?
Areq S2

* F= \/ Fz+F;+ F2 =329 away from the origin

Solution (iii)

3k There is zero contribution from the same face due to symmetry.

. ), 2
sk The opposite face contributes ¢ 5% where r = \/ (v2s) Fs2=v1.55=1.225 and sin¢ = s/r

TEQT? 4

1
sk Allinall F=-21°% —918— 14
TEQTS Areq S2

Solution (iv)
2k The direction is /Af
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