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Gradients Theorem:
It says that, the integral of a gradient of a function is given by

the value of the function at the boundaries,

[P@T)-dl = T(b) = T(@) . e . . (36)
Gradients have the special property that their line integrals are

path independent:
1. f;{ET) .dl  independent of the path taken from a to b.

2. §(VT)-dl = 0.
Divergences Theorem: (Gauss's theorem or Green's theorem)
It says that, the integral of a divergence of function over a
volume is equal to the closed integral of the function over the

surface that bounds the volume,

LRy =l Ao cunassswsnnon BT

Where dV a volume element, and da is an area element, with

direction perpendicular to the surface.



Curls Theorem: (Stokes' theorem)

The fundamental theorem for curls, as always, the integral of
a curl over a surface is equal to the line integral of the function at

the boundary.
[ %Ay di=4§ A dloiswiu(38)
1. [(Vx A) - da, depends only on the boundary line, not on

the particular surface used.
2. $(VxA) -da = 0, for any closed surface,

These corollaries are analogous to those for the gradient theorem.
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Coulomb’s Law

Coulomb stated that the force between two very small objects separated in a vacuum
or free space by a distance, which is large compared to their size, is proportional to
the charge on each and inversely proportional to the square of the distance between

them, or
Q10>

R?
where @, and Q5 are the positive or negative quantities of charge, R is the separation,
and k is a proportionality constant. If the International System of Units' (SI) is used,
Q is measured in coulombs (C), R is in meters (m), and the force should be newtons
(N). This will be achieved if the constant of proportionality k is written as

I

k= ——

dTeg

The new constant € is called the permirtivity of free space and has magnitude, mea-
sured in farads per meter (F/m),

F=k

|
€0 =8854x1072=—10"° F/m

T (1)

The quantity €; is not dimensionless, for Coulomb’s law shows that it has the
label C2/N - m®. We will later define the farad and show that it has the dimensions
C*/N - m; we have anticipated this definition by using the unit F/m in equation (1).

Coulomb’s law is now

Q0

" Are R} (2)
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Figure 2.1 If Q, and Q. have like
signs, the vector force F; on Q; is in the
same direction as the vector Rz.

and s repulsive if the charges are alike in sign or attractive if they are of opposite sign.
Let the vector r; locate Q,, whereas r> locates 0». Then the vector Ry = r; =
represents the directed line segment from Q; to @, as shown in Figure 2.1. The vector
F5 is the force on Q> and is shown for the case where @, and (; have the same sign.
The vector form of Coulomb’s law 1s

Q0>

e .
4reoRy,

where a;> = a unit vector in the direction of R,», or

F> a (3)

W (@)
Ri2l R ra=ry|

We illustrate the use of the vector form of Coulomb's law by locating a charge of
Qi =3x 107" Cat M(1,2,3)and a charge of @ = =107 Cat N(2,0,5) ina
vacuum. We desire the force exerted on Qz by Q).

Solution. We use (3) and (4) to obtain the vector force. The vector R, is
Rr=r>=r=(2-=1)a, +f[]*2}ﬂ_~.- +(5=3)a,=a, - 23:,- + 2a,
leading to |[R;2| = 3, and the unit vector, a;; = %{:, — 2a, + Za,). Thus,

Fo o 3% 10-4(=10"%) (ax - 2a, + la;)
27 37(1/367)10-° x 32 3

— y 2q.
=-3¢;:|(“Jr 1?'" “*) N

The magnitude of the force is 30 N, and the direction is specified by the unit
vector, which has been left in parentheses to display the magnitude of the force. The
force on Q2 may also be considered as three component forces,

Fy = —10a, + 20a, — 20a,
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D2.1. Acharge Q4 = =20 uC is located at A(—6, 4, 7), and a charge Q3 =
S0 uC 1s at B(5, 8, =2) in free space. If distances are given in meters, find:
(a) Rap; (b) Rsp. Determine the vector force exerted on Q4 by Qg if ¢y =
(c) 1077 /(367) F/m; (d) 8.854 x 1072 F/m.

Ans. lla; +4ay, —9a; m; 14.76 m; 30.76a, + 11.184a, — 25.16a; mN; 30.72a,
+ 11.169a, — 25.13a, mN




