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Differential and Local Linear Approximation
Local Linear Approximation
Many functions are computable only for specific values. For other values, we need to estimate them

from what is known. The line that best approximates the graph of y = f(x) at x = x¢ is

y = fxo) + f'(x0) (@ — 20).

Thus, for values of & near 2y we can approximate values of f(x) by

fl) = f(xo) + 5 (o)(x — 20)

AN < Lix) = T 1%y (x-%,)

This is called the local linear approximation of f at x¢. This formula can also be expressed in

terms of the increment Ar = (x — xg) as x — %o “'AX

flzo + Az) = f(xo) + f'(x0)A
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Differentials

Let y = f(x) be a differentiable function. The differential of y with respect to x. denoted dy, is
f(x)dx, ie.,
dy = f'(z)dz.

et dn)s dy |, dx
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Example 17 Find dy when y = sin(27x) and discuss the relationship between dy and dr at x = 1.
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Estimation with Differential
Recall that

Pl .
f (1) =5 Alin—lm A;l'

So when Awx is small,
.(U-"b‘)” — f(a+ Ax) — f(z) ~ f'(@) Az ~ f(x)d.

ACLUung  ay = fxean) - fex)

abmu L(K+&)
m&‘a\ gxw)‘s}mdiﬂw LX)

g Dy L(x +AX\ L(‘() 6
)
f—-mﬁax 9'( (x\Ax f)(x)dx )

Example 18 Suppose that the side of & square is measured with a ruler to be 8 inches with a

e

measurement of at most i?}i inches. Estimate the error in the computed area of the square.
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