
Contents 

Prerace 

1 First Steps in Differential Calculus 

1.1 Introduction. Ecology, Physiology, and Mathematics 
1.2 AIgebraic Preliminaries 9 


1.3 Functions and Graphs. Relations in the Life Sciences 21 

1.4 The Slope of a Line. Some Linear Relations in the Lite Sciences 43 

1.5 Growth Rates: Average and Instantaneous 58 

1.6 The Derivative 72 

1.7 Properties of the Derivative. Differentiation Formulas 87 

1.8 	 Antiderivatives. Finding the Size of a Population with 


Known Growth Rate 101 


2 Differentiation Techniques 109 


2.1 The Derivative of a Product 109 

2.2 	 The Derivative of a Quotient. The Slope of the Oxygen 


Dissociation Curve 116 

2.3 The Chain Rule 126 

2.4 Fractional Exponents 135 

2.5 Summary of Formulas 141 


3 Curve Tracing and Optimization 145 


3.1 	 Changing Growth Rates, Curve Sketching, and the 

Second Derivative 145 


3.2 Local Extreme Values 161 

3.3 Optimization 172 


4 The Exponential and Logarithm Functions 187 


4.1 The Number e and the Exponential Function 187 

4.2 The Natural Logarithm 200 

4.3 The Derivative of In x and the Solutions of y' = ky 212 




viii 	 Con len Is 

5 Trigonometric Functions 227 


5.1 Cosine and Sine 228 

5.2 The Derivatives of Cosine and Sine 243 

5.3 	 Applications of Trigonometric Functions to Insect Flight, 


Respiration, and Biological Clocks 254 


6 The Definite Integral 265 


6.1 The Integral as an Area. The Fundamental Theorem of Calculus 265 

6.2 Properties of the Integral 287 

6.3 The Integral as a Sum 302 

6.4 	 Applications of the Definite Integral: Time Averages, 


Poiseuille's Equation, and Work 312 

6.5 Probability 332 


7 Integration Techniques 349 


7.1 Antiderivatives 349 

7.2 Substitutions and Differentials 355 

7.3 Integration by Parts 367 

7.4 Partial Fractions 374 

7.5 Trigonometric Integrals 384 

7.6 	 Making Substitutions and Changing the Limits in a 


Definite Integral 392 

CHAPTER 7 Appendix: Miscellaneous Exercises 401 


8 First Order Ordinary Differential Equations 403 


8.1 Exponential Growth and Growth in a Limited Environment 403 

8.2 	 The Logistic Equation: A Synthesis of Two Approaches 


to Growth 416 

8.3 The Logistic Equation : Sorne Classical Examples 439 

8.4 Separation of Variables 455 

8.5 Geometric Interpretations of Differential Equations 472 


9 Taylor Polynomials 489 


9.1 Introduction 489 

9.2 Differentials and Linear Approximations 491 

9.3 Taylor Polynomials of the Second Degree 507 

9.4 Taylor Polynomials of the Third Degree, and the Taylor Series 514 


10 Vectors 525 


10.1 Space Coordina tes and Vectors 525 

10.2 The Algebra of Vectors 534 




10.3 The Dot Product of Vectors 542 

\0.4 Tbe Ca\culus of Vectors 549 


11 Functions of Several Variables 567 


11 .1 Introduction. Contour Lines and Graphs 567 

11.2 Partíal Derivatives 576 

11.3 Maximum and Minimum Values 587 

11.4 The Chain Rule . Directional Derivatives. The Gradient 599 


12 Double Integrals 617 


12.1 Iterated Integrals. Volumes. Double Integrals 617 

12.2 Interchanging the Order of Integration 626 

12.3 Applications : Poiseuille's Equation; Center of Gravity 631 


Appendixes 643 


l. Table of Natural Logarithms 645 

2. Table of Exponential Functions 1" and e- x 651 

3. Table of Trigonometric Functions 657 

4. Table of Integrals 661 

5. Answers to Selected Exercises 665 


Index 735 


