2.3 Computation of Derivatives: The Power Rule
1. The Power Rule:

Power function: f(x) = x", n a nonnegative integer
Example: 1, x, x?, ..., x?00%,

Graphically, we know the derivative of a power function exists
everywhere. What is the derivative of a power function?

Power Rule: For any nonnegative integer n,
f(x) = x", f'x) = nxnt
Generalized Power Rule:

For any real number r,
d ry — r-1
dx (xX") = rx™.

Proof:
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Example: Find f '(x) if i. f(x) = x%; i, f(x) = x208
i f(x) = 11x1° ii. £ (x) = 2008x2007

Example: Find f ' (x)if i f(x) =x* ii. f(x) = X2

i, f(x) = % iv. f(x) = JJ’;__?; v. f(x) = JX x5
i. f(x) = x7, f'(x) = ax™1
i, f(x) = X2 = x23, §'(x) = Zx18

il f00) = L= = x5, f ‘(X)) = (=2 )x 7"
X

I3
iv. fo) = X5 = X¥2 3213 _ y@-4)6 _ y506 f '(x) = 5 x-ve

3\/X_2 x2/3
v. f(x) = /X 3/y5 — x12y5/3 — y1/2+5/3 _ y(3+10)/6 _ y13/6

/
f(x) = 22x5

2. Differentiation Rule for cfand f+g :

Let f and g be differentiable at x and ¢ be a constant. Then
1 000 £9001 = £ /00 £ 9'(0

i . /
2. X [cf(x)] = cf (X)

Example: Find f ’(x) where
i f(x) = 2x10 — % 435 v i f0) = (2= 1) +x—1)

2 _ _
il f) = X~ Ax 1

i f(x) = 2x10 — 3x Y2 1 4x58 4 7z, f '(x) = 20x° + %x*’z + %xm

if) =25 =23 +x3 = x—x?2+1=2x>—x® - x? —x +1,
f'(x) = 10x* = 3x2 - 2x — 1
i, f(x) = 3x —4x Y2 —x1, f'(x) = 3+2x ¥ 4 x2




Example: Letf(x) = 3x* +2x3 +x2-3x+1. Findf, f R LN B (O
and f™ for n > 5.

f'x) =123 +6x2 +2x—3, ' (x) = 36x2+ 12X + 2,

00 = 72x+ 12, D (x) = 72,

f™M(x) = 0forn > 5.

Example: Determine all value(s) of f(x) = x* at which f is not
differentiable.

Answer: The domain of fis Ds = [0, «).

f (X) = %X—SM = TJ}:M

The domain of f /(x) : Dy = (0, ).
Hence, f is not differentiable at x = 0.

Example: Find the equation of the tangent line to y = f(x) where
f(x) = 23/X + 3 at the point where x = 1.

Answer: f(1)=2(1)+3=5
Man = 1L, 100 = 20 43, £'00 = 2x2%, 1'(1) = 2

The equation of the tangent line:

5= 2(x_

_ 2y, 13
y = 5x+ 3

Example: Determine the value of x for which the tangent line to
y = f(x) where f(x) = x* — 3x? + 1 is horizontal.

Answer: The tangent line is horizontal if and only if it has O slope.
£1(x) = 4x3 = 6x = 2x(2x2 = 3) = 0, X = 0, x=i\/§.

Atx =0, x = % and x = —‘/g, the tangent line has zero slope.

Verify with the graph of f(x).
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Example: Let h(t) = —16t? + 10t + 2 in feet be the height of a moving
object where t is in seconds.

(1) Compute the velocity and acceleration of the object at time t = 0
and t = 2 seconds.

(2) Is the object going up or down?

(3) Is the speed of the object increasing or decreasing.
Answer:

(1) v(t) = h'(t) = -32t + 10, feet/second,

a(t) = h’(t) = -32 feet?/second.

v(0) = 10 feet/second, a(0) = —32 feet?/second.

v(2) = -54 feet/second, a(2) = —-32 feet?/second.

(2) Since v(0) > 0, the objectis goingup att = 0. Since
v(2) < 54, the objects is going down att = 2.




(3) Speed s(t) = |v(t)| = |-32t + 10|
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which is decreasing before t = 3 = 16 seconds and increasing
aftert = % seconds. So, the speed is decreasing att = 0 and is

increasing at t = 2 seconds.




