23.3 Coulomb’s Law
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The electric force exerted on g, due to a charge q;:

Fu=k, A% (1785, Charles Coulomb)

r
For magnitude: |Fy| = kelqi||qu| /
q1, q2: charges on the two particles (+ or -)
r: distance between two particles
F: a unit vector directed from q; to

k.. Coulomb constant = 8.9875x10° N m*/C>

k, = L
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Fn q>

qi q:

£y = 8.8542x10™ C*/N m?, permittivity of free space

Newton’s third law: F21 = —Flz

Multiple charges: Fil=F12+F13+F14+°°°
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Example: Find the Resultant Force on g3
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F,=Fy, =11Nsind5°=7.9 N

F= [F] + F} =y[(-L.IN)’ +(1.9N)* = 7.98N

23.4 The Electric Field

electric force F on a positive test charge q,

Electric field E = _
the magnitude of the test charge q,

40
1) Unit: Newton/Coulomb (N/C)

2) Direction of E is the direction of F (test charge qp>0)

3) E is the field produced by other charge, not by test charge.

The electric field generated by a point charge g
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Positive charge: E point radially away from it

Negative charge: E point radially toward it



The electric field due to a group of point charges (q;, qz,"*, qn)
E=FE1+Ex+..+En= kezq—éfi
i Ti
Ex. Electric Field of a dipole 4
Dipole: two charges q and —q separated
by a distance 2a
| _Ir q q
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23.5 Electric Field of a Continuous Charge Distribution=

For one element of chargeAq

AE=keA—;If
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Add all elements together:
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Define Charge Density for Uniform Charge Distributions

Volume charge density p= % C/m’  AQ=pAV

Surface charge density o= % C/m* AQ =o0AA

Linear charge density A= % C/m AQ = AAl
[



The Electric Field of a Uniform Ring of Charge
dq
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dE, =dEcosf, cos = X_ 2x _
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dq X xk
Notice that ¥ E, =0
xk,
E=E, —d
f(x +a )3/2 1
xk, xk,
(x+—3/2f q= mQ (done!)

If x>>a, then (x> +a>) — x2

xk,

S ra) 0— K (looks familiar? Why?)

23.6 Electric Field Lines

To help visualize electric field patterns.

1) E is tangent to the electric field line at each point.

2) The number of line per unit area « intensity of the field.

4 They point away from Q > 0 and toward Q < 0.

4 Number of lines leaving or approaching a charge « |Q|

4 When net charge = 0, all the lines begin on positive charge and
terminated on negative charge.

¢ When net charge = 0, lines may begin or terminate at infinity.

4 No two lines can cross or tough (why?)
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23.7 Motion of Charged Particles in a Uniform Electric Field

F=gE=ma Newton’s 2" law L
N E —x A A y 7'y 7'y A
o=1=
m E— O O
6 O
vo=3.0x10" m/s
E =200j N/C .
L=0.1m

(a) Find the acceleration of the electron while in the electric field.

—eE - 1.60x107°C)(2 . .
a= % j=—( 6010 C2§100N/C)j=—3.51x1013j m/s>
m 9.11x107! kg

(b) Find the time it takes the electron travel through the field.

(o o OIm s 108 s

Vo 3.0x10° m/s
(c¢) Find the vertical displacement of the electron.
Ay =tar* =1(-3.51x10" m/s*)(3.33x10° s)* = -0.0195 m
(d) Find the speed of the electron as it emerges from the field.
v, =, =3.0x10%m/s

vy =at =(-3.51x10" m/s*)(3.33x10*s) = -1.17x 10° m/s

v = 1/vf +v§ =3.22x10%m/s



