Basic Differentiation Rules and Rates of Change:

1.  Derivative of a constant function f(z) = ¢
. flz+ Az) — f(z)
. / _
Proof: — fi(w) = lim_ Az

d
E(c) =0

2.  Derivative of a function of the form f(z) = 2™ where n is a rational number

d . e
d—x” = nz™ ! where nis a positive integer.
T

Note: To be differentiable at 0, "' must be defined on an interval containing 0



Derivative of a constant times a function.

d ,
ch(x) = cf'(x)

Derivative of the sum/difference of two functions
Assuming f(x) and g(z) are differentiable

2 [(f £ 9)@)] = = [f(@) % 9(a)] = (=) £ d (=)

Derivative of f(z) = sinx
. oy e J@ 4 Ar) — f(x)
Proof: f(z) _Alirgo A

d |,
—sinx = cosx
dx

Derivative of f(z) = cosx

—cCcoSx = —Sinzx
dx
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7. Derivative of f(x) = €”
. flz+ Azx) — f(x)
. / _
Proof: — fi(w) = lim_ Az

d

_e$=e$

dx

Examples: Find the derivative of each of the following:

1. f(z)=2 2. gx)=3x-1

3. f(z)=223—2%+3x

4. y=>5x>+ 2sinxz +€° 5. f(z) =3cosz — /T —¢€"
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2 s
= — 7 e
6. fl2)= 55 Y 7o
2 _
8. y:2x jx+1 9. y=r+ Vi

10. Find the derivative of f(z) = 3 — % at (g, 2)
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11.  Find the equation of the tangent line to f(z) = 3(5 — z)* at (5,0)

12. Find the equation of the tangent line to f(¢t) = 2 + 3cost at (m, —1).

13. Determine points where the tangent line is horizontal.
flz)=2°+x g(z) = /3z + 2cosz, 0 < z < 27
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14. Find the equation of the tangent line to f(x) = % through the point (5, 0).
Note: (5,0)is not on the graph.

15. Find the average rate of change for f(t) = t* — 3 on the interval [2, 2.1].

Find the instantaneous rate of change for the above function at ¢ = 2.



A common use for rate of change is to describe the motion of an object
moving in a straight line.

Positive Direction: Negative Direction:

Typically s(t) represents the position function of the object. Therefore,

Average Rate of Change ------ > Average Velocity

Instantaneous Rate of Change------ > Instantaneous Velocity

The position of a free-falling object (neglecting air resistance) under the
influence of gravity can be represented by the equation:

S(t) = %gtz =+ ’Uot =+ so
where s is the initial height of the object, v, is the initial velocity of the

object, and g is the acceleration due to gravity. On Earth, the value of ¢
is approximately — 32 feet per second? or -9.8 meters per second?.
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16. Let s(t) = — 16t + 32t + 48 represent the height of an object propelled from a
cliff 48 feet high.

a) Find the average velocity over the following time intervals:

[1,2] [2,2.1]

b) Find the (instantaneous) velocity when ¢ = 2 seconds:

c) Find the time when the object reaches its maximum height:

d) Find the maximum height obtained by the object:
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17. Attime ¢t = 0, a diver jumps from a platform diving board that is 32 feet above the
water. The position of the diver is given by
s(t) = — 16t* + 16t + 32
where s is measured in feet and ¢ is measured in seconds.

a) When does the diver hit the water?

b) What is the diver's velocity at impact?

18. The graph of the position function is given. Sketch the graph of the velocity
function.

19. The graph of the velocity function is given. Sketch a graph of the position
function.
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20. The volume of a cube with sides of length sis V = s3. Find the rate of change of
the volume with respect to s when s = 4 cm.



