Math 111, 11-01-2006





Name:  ____________________
Lab #7:  Discovering the basic rules for differentiation

Due Monday 11-06-2006.

Recall, if two points P(x, f(x)) and Q(x+h, f(x+h)) are on the graph of f, then the secant line PQ has slope 

msec = 
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Furthermore, the tangent line through P has slope 

mtan = 
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Thus, we define the derivative function of f to be 

f '(x) = 
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This makes a fine theory, but in practice it would be nice to have an easier way to find the derivative of f.  What we need are some "shortcuts" (algebraic rules) for differentiating.  Maple will help us discover some basic rules for finding derivatives without using the limit definition directly.

First, here is the key example for using Maple to find f '(x).  We'll find the derivative of 2*x^3 - 7*x + 5 in three easy steps:  

(1) define f; 

(2) define msec, the slope through P(x, f(x)) and Q(x+h, f(x+h)); 
(3) define mtan, the limit of msec as h approaches zero.

> f:=x->2*x^3-7*x+5; msec:=(f(x+h)-f(x))/h; mtan:=limit(msec,h=0);
So, by defining f, msec, and mtan as above, we have found that if f(x) = 2*x^3 - 7*x + 5 then 
f '(x) = 6*x^2 - 7.

RULE 1:  Derivative of a constant function.

Consider f(x) = 3, f(x) = 20, or f(x) = -Pi/2.  What is f '(x)?

> f:=x->3; msec:=(f(x+h)-f(x))/h; mtan:=limit(msec,h=0);
So, if f(x) = 3, f '(x) = 0.

#1.  Emulate the above example to find the derivatives of f(x) = 20.73 and f(x) = -Pi/2.

#2.  Use Maple to find the derivative of a general constant function, f(x) = c.  Record your answer here as RULE 1:  If f(x) = c is a constant function, then f '(x) = ____________ .

RULE 2:  Derivative of a linear function.

Consider f(x) = 5*x - 3, f(x) = 10.7*x - 37, or f(x) = 14 - x.  What is f '(x)?

#3.  Use Maple to find the derivatives of f(x) = 5* x - 3, f(x) = 10.7* x - 37, and f(x) = 14 - x. 

#4.  Use Maple to find the derivative of a general linear function.  Record your answer here as 

RULE 2:  If f(x) = m*x + b is a linear function, then f '(x)  = ____________ .

RULE 3:  Derivative of a power function:  f(x) = x^n, where n is a positive integer.

Consider f(x) = x^1, f(x) = x^2, f(x) = x^3, etc.

#5.  Use Maple, or RULE 1, to find the derivative of f(x) = x^1:  f '(x) = __________ .

#6.  Use Maple to find the derivative of f(x) = x^2:  f '(x) = __________ .

#7.  Use Maple to find the derivative of f(x) = x^3:  f '(x) = __________ .

#8.  Use Maple to find the derivative of f(x) = x^4:  f '(x) = __________ .

#9.  Use Maple to find the derivative of f(x) = x^5:  f '(x) = __________ .

#10.   Look for a pattern in your answers to #5 - 9.  Record your answer here as 

RULE 3:  If n is a positive integer and f(x) = x^n, then f '(x) = ________ .

RULE 4:  Derivative of a constant times a power function:  f(x) = k*x^n, where n is a positive integer and k is a constant.

Consider f(x) = 5*x^1, f(x) = 7/3*x^2, f(x) = -2*x^3, etc.

#11.  Use Maple, or RULE 1, to find the derivative of f(x) = k*x^1:  f '(x) = __________ .

#12.  Use Maple to find the derivative of f(x) = k*x^2:  f '(x) = __________ .

#13.  Use Maple to find the derivative of f(x) = k*x^3:  f '(x) = __________ .

#14.  Use Maple to find the derivative of f(x) = k*x^4:  f '(x) = __________ .

#15.  Use Maple to find the derivative of f(x) = k*x^5:  f '(x) = __________ .

#16.  Look for a pattern in your answers to #11-15.  Record your answer here as 

RULE 4:  If n is a positive integer, k is a constant, and f(x) = k*x^n, then f '(x) = __________ .

#17.  Use RULE 4 to find the derivative of f(x) = .25*x^4:  f '(x) = __________ .  Now, use the formula for f '(x) to find the tangent line to f at P(2, 4).  Graph f and its tangent line together in a viewing window with x-range -2..4 and y-range -4..16.  Check that your tangent line goes through P(2, 4) and is sloped correctly.

#18.  Finally, find two more tangent lines to f(x) = .25*x^4; one through Q(1, f(1)) and one through R(1.5, f(1.5)).  Use Maple to graph f and the three tangent lines together.
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