N CONTENTS

ol | i il
UNIVERSIDAD NAGION/

FAGULTAD DE

CENTRO

1. EXERCISE LIMITATIONS

1.1
1.2
1.3

1.4
1.5
1.6
1.7

Introduction [ 1

Exercise Intensity and Duration [ 2
Muscle Metabolism / 7

1.3.1 Muscle Fiber Structure | 7

1.3.2 Muscle Energy Sources | §

1.3.3 Oxygen Debt | 10

1.3.4 Maximal Oxygen Uptake | 12
1.3.5 Anaerobic Threshold | 15

1.3.6 Oxygen Uptake Kinetics | 19
1.3.7 A Bioenergetics Model | 21

1.3.8 Chemical Responses | 24
Cardiovascular Exercise Limitation / 24
Respiratory Limitation / 26

Thermal Limitation / 26

Prolonged Exercise / 26

Symbols / 28
References / 28

2. EXERCISE BIOMECHANICS

2.
22

23
24

2.5

2.6

Introduction / 31

Physics of Movement / 31

2.2.1 Equilibrium and Stability | 31

2.2.2 Muscles and Levers [ 13

2.2.3 Energy and Motion / 38
Translational Motion | 38
Angular Motion | 43

The Energy Cost of Movement | 47

Walking and Running / 54

2.4.1 Basic Analysis | 54

2.4.2 Optimal Control of Walking | 58

24.3 Experimental Results | 64

Carrying Loads / 65

2.5.1 Load Position | 63

2.5.2 Lifting and Carrying |/ 65

2.5.3 Using Carts | 66

Sustained Work / 66

3



xii CONTENTS

Symbols / 67
References / 69

3. CARDIOVASCULAR RESPONSES

3.1 Introduction / 71
1.2 Cardiovascular Mechanics / 71
3.2.1 Blood Characteristics | 72
Composition | 72
Oxygen-Carrying Capacity | 72
Viscosity | 78
3.2.2 Vascular Characteristics [ 81
Organization | 81
Resistance | 82
Very Small Vessels | 84
3.2.3 Heart Characteristics | 89
Starling’s Law | 90
Blood Pressure | 91
Heart Rate | 93
Cardiac Output | 94
Energetics | 90
3.3 Cardiovascular Control / 99
3.3.1 Neural Regulation | 100
Sensors | 100
Controller [ 101
Effector Organs | 104
Reflexes | 105
3.3.2 Humoral Regulation [/ 107
3.3.3 Other Regulatory Effects | 108
3.34 Exercise | 108
3.3.5 Heat and Cold Stress | 111
3.4 Cardiovascular Mechanical Models / 112
3.4.1 Robinson’s Ventricle Model | 112
34.2 Comprehensive Circulatory System Model | 116
3.4.3 Vascular System Models | 117
3.4.4 Optimization Models | 118
3.4.5 Heart Rate Models | 125
Transient Response [ 125
Heat Effects | 127
Comparison Between the Two Heart Rate Models | 1 i1
3.5 Cardiovascular Control Models / 131
3.5.1 The Heart [ 131
The Ventricles | 131
The Atria | 138
Heart Rate Control | 139
Coronary Blood Flow and Heart Performance | 142
3.5.2 Systemic and Pulmonary Vessels | 143
Mechanics | 143
Vascular Resistance Control | 145
Control of Capillary Pressure and Blood Volume | 146
Nonlinear Resistances | 147
3.5.3 Model Performance | 148

I



Appendix 3.1 Numerically Solving Differential Equations | 149
Appendix 3.2 Pontryagin Maximum Principle / 151

Appendix 3.3 The Laplace Transform / 153

Symbols / 156

References / 160

4. RESPIRATORY RESPONSES

4.1 Introduction / 166
4.2 Respiratory Mechanics / 166
4.2.1 Respiratory Anatomy [ 167
Lungs | 167
Conducting Airways |/ 169
Alveoli | 171
Pulmonary Circulation | 172
Respiratory Muscles | 173
4.2.2 Lung Volumes and Gas Exchange | 174
Lung Volumes [ 175
Perfusion of the Lung | 177
Gas Partial Pressures | 179
Respiratory Exchange Ratio | 183
Lung Diffusion | 185
Gas Mixing in the Airways | 189
Diffusion Capacity | 191
Blood Gases | 192
Pulmonary Gas Exchange | 196
4.2.3 Mechanical Properties | 200
Respiratory System Models | 200
Resistance [ 203
Compliance | 214
Inertance | 218
Time Constant | 219
Respiratory Work | 220
4.3 Control of Respiration / 222
4.3.1 Respiratory Receptors [ 224
Chemoreceptors | 224
Mechanoreceptors | 230
Other Inputs | 231
4.3.2 Respiratory Controller | 231
Respiratory Rhythm | 231 . 3
Airflow Waveshape [ 232
Control Signals [ 238
4.3.3 Effector Organs | 238
Respiratory Muscles /| 238
Airway Muscles | 238
Local Effectors | 239
4.3.4 Exercise | 239
Initial Rise | 240
Transient Increase [ 240
Steady State | 24]
Cessation of Exercise | 250
Anaerobic Ventilation | 250

CONTENTS

166



Xiv CONTENTS

Ventilatory Loading | 252
Dyspnea and Second Wind | 254
Optimization of Breathing |/ 236
Summary of Control Theories | 265
4.4 Respiratory Mechanical Models / 271
4.4.1 Respiratory Mechanics Maodels | 271
Jackson—Milhorn Computer Model | 271
Expiratory Flow Model | 281
Ventilation Distribution Model with Nonlinear Components | 286
Theory of Resistance Load Detection | 291
4.4.2 Gas Concentration Models | 293
Concentration Dynamics Model | 293
4.5 Respiratory Control Models / 298
4.5.1 System Models | 299
Grodins Model | 300
Saunders Modification of Grodins Model | 310
Yamamoto CO, Madel | 320
4.5.2 Fujihara Control Model [ 330
4.5.3 Optimization Models |/ 330
Yamashiro and Grodins Model | 331
Himiildinen Model [ 335
4.5.4 Brief Discussion of Respiratory Control Models | 340
Appendix 4.1 Lagrange Multipliers / 341
Appendix 4.2 Method of Calculus of Variations / 341
Symbols / 344
References [/ 351

5. THERMAL RESPONSES

5.1 Introduction / 361
5.1.1 Passive Heat Loss | 361
5.1.2 Active Resources [ 363
5.2 Thermal Mechanics / 364
5.2.1 Convection | 364
Body Surface Area | 366
Respiratory Convective Heat Loss | 367
5.2.2 Conduction | 368
Clothing | 369
Mean Skin Temperature | 370
5.2.3 Radiation | 372
Radiant Heat Transfer Coefficient | 374
Solar Heat Load [ 373
5.2.4 Evaporation | 381
Respiratory Evaporation | 384
Sweating [ 385
Clothing | 385
5.2.5 Rate of Heat Production | 390
Basal Metabolic Rate | 390
Food Ingestion [ 393
Museunlar Activity | 394
5.2.6 Rate of Change of Stored Heat [ 401
5.3 Thermoregulation / 403

361



COMTENTS

5.3.1 Thermoreceptors | 403

3.2
3.3.3

534

335
5.3.6
33,7

Hypothalamus | 405

Heat Loss Mechanisms | 409
Vasodilation | 409

Sweating | 412

Heat Maintenance and Generation | 413
Vascular Responses | 413

Shivering | 415

Nonshivering Thermogenesis | 415
Acclimatization | 416

Circadian Rhythm | 417

Exercise and Thermoregulation | 418

54 Thermoregulatory Models / 419

541

34.2
543

Cylindrical Models | 419

Gagge Model | 419
Wyndham—Atkins Model | 422
Multicompartment Model | 425
Externol Thermoregulation [ 433

3.5. Body Temperature Response / 436

J.43.1

5.5.2

355

Equilibrium Temperature | 436

Metabolic Heat Load | 436

Radiation and Convection Heat Exchange | 439
Sweating | 439

Equilibrium Body Temperature | 440

Variation of Rectal Temperature with Time | 440
Changes at Rest Under Heat Stress | 441
Elevation During Work [ 441

Recovery After Work | 442

Effect of Acclimatization | 443

Model Limitations and Performance | 444

Symbols | 446
References / 449

INDEX

xv

457



	34480001
	34480002
	34480003
	34480004
	34480005

