LECTURE #2 Part B

Electric Fidd Lines Due To A Point Charge Q
When working with point charges, and the eectric field or forces exerted on the charges, you
may be required to perform vector andysis to define the unit vector T of the separation between
the charges.

LINE OF CHARGES

Shown below isaline of charge. Theline has alength of 2aand alinear chargedensity r L
[C/m]. The dementd length of chargeisdefined asdz.  So what'sthe dectric fidld at point P a
distant r from the line?

line of charge
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Line Of Charge Didtribution

Theincrementd dectric fidd a point P from incrementd line of charge dzis:
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Note that the equation is Smply a modified gpplication of Coulomb'slaw wherer | isequivaent
to Q/ lengthand the radid distance between the lementa line of charge dz and point P is

Jri+ 2.
Theincrementd eectric fiedd component perpendicular to the line of charge is then:

r

dE, = dEcosq = dEm

Now, since the point P that we are interested in is located such that one hdf (top) of the line of
charge cancels the effects of the other haf (bottom) of the line of charge, the components add to
zero. Theradid fidd at point P isthen the integrd of dE; over the totd length of charge 2a:

g=tilae 2 "L [V/m.
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If the length of the line charge is much greater than the distance to the point P, then

r
E =—L [Vim]
> [Vim]
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ELECTRIC POTENTIAL V AND ITSGRADIENT E
Suppose we move a charge dong aline from point ato point b. The electric potential difference
DV isthen the work per unit charge in joules per coulomb. We EEs know thisunit asVolts So
equation-wise, the eectric potentia difference issmply:

DV = EDx .
Or dternately, the dectricfiddisDE = DV /Dx .

Alright, but there is some directionality associated with voltages so in terms of vectors,
A ~ DV
E=XE=-X— .
Dx

What the heck is the negative Sgn mean? Waell, it reminds us that moving against an dectric
fiedd means exerting positive work to move the point charge. Ok, so what is the voltage
difference when moving a charge from point a to b?

V =- QE-dL =- ) EcosqdL [V].

Sowait! We can generdize and say that



E=- §<1+91+219v =-RV [V].
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So mathematicaly, we can cdl E the gradient of V.

The work required to transport a charge around a closed path is zero:

@FE-dL =0.
Summaizing:
1. Thelineintegrd of the dectric fidd E isthe potentid V between two points.
2. Thelineintegrd of E from infinity to a point gives the absolute potentid of the point.
3. Thegradient of V isthedectric fidd E at a SNGLE POINT.

SUPERPOSITION OF POTENTIAL
The charges and its effects can be trested linearly. Therefore superposition principles apply:

1 J
Ve = a S [V].
4pe0 n=1 rn
Jugt afew eguations used to find dectric potentid for various distribution of charges are given
below:

. 1 r
Line Charge: V, = A—LdL [V].
9 L 4peoor_d [VI]
Surface Charge with surface charge density r s and elementd surface ds
1 r
Vs = —ds [V].
5= e, 70 V]

Volume Charge with volume charge dengity r , and ementa volume dv:

V, = Gvav [V].
r
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