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I		� current to its magnetic effects and states that
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		� �where I is the net current that passes through any surface 
bounded by a closed curve C, and �0 is a constant called the 
permeability of free space. By taking C to be a circle with 
radius r, show that the magnitude B − | B | of the magnetic
field at a distance r from the center of the wire is

B −
�0 I

2�r

Recall from Section 5.3 that Part 2 of the Fundamental Theorem of Calculus can be 
written as
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where F9 is continuous on fa, bg. We also called Equation 1 the Net Change Theorem: 
The integral of a rate of change is the net change.

If we think of the gradient vector = f  of a function f  of two or three variables as a sort 
of derivative of f , then the following theorem can be regarded as a version of the Funda­
mental Theorem for line integrals.

2 �  Theorem � Let C be a smooth curve given by the vector function rstd,  
a < t < b. Let f  be a differentiable function of two or three variables whose 
gradient vector = f  is continuous on C. Then

y
C
 = f � dr − f srsbdd 2 f srsadd

0

A(x¡, y¡) B(x™, y™)

C x

y

(a)

0

A(x¡, y¡, z¡)
B(x™, y™, z™)

C

y

z

x

(b)

FIGURE 1

Note  Theorem 2 says that we can evaluate the line integral of a conservative vec­
tor field (the gradient vector field of the potential function f ) simply by knowing the 
value of f  at the endpoints of C. In fact, Theorem 2 says that the line integral of = f  is 
the net change in f. If f  is a function of two variables and C is a plane curve with initial 
point Asx1, y1d and terminal point Bsx2, y2d, as in Figure 1(a), then Theorem 2 becomes

y
C
 = f � dr − f sx2, y2d 2 f sx1, y1d

�If f  is a function of three variables and C is a space curve joining the point Asx1, y1, z1 d 
to the point Bsx2, y2, z2 d, as in Figure 1(b), then we have

y
C
 = f � dr − f sx2, y2, z2 d 2 f sx1, y1, z1 d

Let’s prove Theorem 2 for this case.
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