
CONTENTS 

1. Introduction•@ 1 

1.1. Preliminary Remarks,1 

1.2. Conservative Single-Degree-of-Freedom Systems,1

1.3. Nonconservative Single-Degree-of-Freedom Systems,3

1.4. Forced Oscillations of Systems Having a Single Degree of Freedom,6 

1.4.1. Primary Resonances of the Duffing Equation,7 

1.4.2. Secondary Resonances of the Duffing Equation,11 

1.4.3. Systems with Quadratic Nonlinearities,14 

1.4.4. Multifrequency Excitations,14 

1.4.5. Self-Sustaining Systems,17 

1.5. Parametrically Excited Systems,20 

1.6. Systems Having Finite Degrees of Freedom,26 

1.7. Continuous Systems,30 

1.8. Traveling Waves,35 

2. Conservative Single-Degree-of-Freedom Systems•@ 39 

2.1. Examples,39 

2.1.1. A Simple Pendulum,39 

2.1.2. A Particle Restrained by a Nonlinear Spring,40

2.1.3. A Particle in a Central-Force Field,40 

2.1.4. A Particle on a Rotating Circle,41 

2.2. Qualitative Analysis,42 

2.3. Quantitative Analysis,50

2.3.1. The Straightforward Expansion,51 

2.3.2. The Lindstedt-Poincard Method,54 

2.3.3. The Method of Multiple Scales,56 

2.3.4. The Method of Harmonic Balance,59 

2.3.5. Methods of Averaging,62 

2.4. Applications,63 

2.4.1. The Motion of a Simple Pendulum,63 



2.4.2. Motion of a Current-Carrying Conductor,67 

2.4.3. Motion of a Particle on a Rotating Parabola,72 

Exercises,77 

3. Nonconservative Single-Degree-of-Freedom Systems•@ 95 

3.1. Damping Mechanisms,95 

3.1.1. Coulomb Damping,95 

3.1.2. Linear Damping,96 

3.1.3. Nonlinear Damping,96

3.1.4. Hysteretic Damping,97 

3.1.5. Material Damping,100 

3.1.6. Radiation Damping,100 

3.1.7. Negative Damping,103 

3.2. Qualitative Analysis,107 

3.2.1. A Study of the Singular Points,110 

3.2.2. The Method of Isoclines,117 

3.2.3. Lienard's Method,118 

3.3. Approximate Solutions,119 

3.3.1. The Method of Multiple Scales,120 

3.3.2. The Method of Averaging,121 

3.3.3. Damping Due to Friction,122 

3.3.4. Negative Damping,129 

3.3.5. Examples of Positively Damped Systems Having Nonlinear

Restoring Forces,131 

3.4. Nonstationary Vibrations,136 

3.4.1. Conservative Systems,139 

3.4.2. Systems with Nonlinear Damping Only,141 

3.5. Relaxation Oscillations,142 

Exercises,146 

4. Forced Oscillations of Systems Having a Single Degree of Freedom•@ 161 

4.1. Systems with Cubic Nonlinearities,162 

4.1.1. Primary Resonances, ƒ¶•`ƒÖ0,163 

4.1.2. Nonresonant Hard Excitations, 174 

4.1.3. Superharmonic Resonances, ƒ¶•`1/3 ƒÖ0,175 

4.1.4. Subharmonic Resonances, ƒ¶•`ƒÖ0,179 

4.1.5. Combination Resonances for Two-Term Excitations,183 

4.1.1. Simultaneous Resonances: The Case in Which ƒÖ0•` 3ƒÖ1•@and 

Ö

O•`1/3 ƒ¶2,188 

4.1.7. An Example of a Combination Resonance for a Three-Term 
Excitation,192



4.2. Systems with Quadratic and Cubic Nonlinearities,195 

4.2.1. Primary Resonances,196 

4.2.2. Superharmonic Resonances,198 

4.2.3. Subharmonic Resonances,199 

4.2.4. Combination Resonances,201 

4.3. Systems with Self-Sustained Oscillations,203 

4.3.1. Primary Resonances,204 

4.3.2. Nonresonant Excitations,209 

4.3.3. Superharmonic Resonances,211 

4.3.4. Subharmonic Resonances,214 

4.3.5. Combination Resonances,216 

4.4. Nonstationary Oscillations,219 

4.5. Nonideal Systems,224 

Exercises,234 

Parametrically Excited Systems•@ 258 

5.1. Examples,260 

5.1.1. A Pendulum with a Moving Support,260 

5.1.2. A Mechanical Electrical System,261 

5.1.3. A Double Pendulum,262 

5.1.4. Dynamic Stability of Elastic Systems,264 

5.1.5. Stability of Steady-State Solutions,270 

5.2. The Floquet Theory,273 

5.2.1. Single-Degree-of-Freedom Systems,273 

5.2.2. Multidegree-of-Freedom Systems,279 

5.3. Single-Degree-of-Freedom Systems,283 

5.3.1. Hill's Infinite Determinant,284 

5.3.2. The Method of Strained Parameters,286 

5.3.3. The Method of Multiple Scales,290 

5.3.4. Hill's Equation,295 

5.3.5. Effects of Viscous Damping,300 

5.3.6. Nonstationary Excitations,302 

5.4. Linear Systems Having Distinct Frequencies,304

5.4.1. The Straightforward Expansion,305 

5.4.2. First-Order Expansions,307

5.4.3. Second-Order Expansions,310 

5.4.4. Lateral Vibrations of a Column Produced by a Follower Force,

317 

5.4.5. Effects of Viscous Damping,320 

5.5. Linear Systems Having Repeated Frequencies,321

5.5.1. The Case of w Near 2ƒÖ1, 323



5.5.2. The Case of ƒÖ Near ƒÖ1 +ƒÖ3,325 

5.5.3. The Case of ƒÖ Near ƒÖ1,328 

5.6. Gyroscopic Systems,331 

5.6.1. The Nonresonant Case,334 

5.6.2. The Case of w Near 2ƒÖn, 335

5.6.3. The Case of w Near ƒÖ2 - ƒÖl,336

5.7. Effects of Nonlinearities,338

5.7.1. The Case of Quadratic Damping,341

5.7.2. The Rayleigh Oscillator,342 

5.7.3. The Duffing Equation with Small Damping,343

Exercises,348 

6. Systems Having Finite Degrees of Freedom•@ 365 

6.1. Examples,368 

6.1.1. The Spherical Pendulum,368 

6.1.2. The Spring Pendulum,369

6.1.3. A Restricted Ship Motion,370 

6.1.4. Self-Sustaining Oscillators,374 

6.1.5. The Stability of the Triangular Points in the Restricted Problem 

of Three Bodies,375 

6.2. Free Oscillations of Systems Having Quadratic Nonlinearities,379 

6.2.1. The Nonresonant Case,380

6.2.2. The Resonant Case (Internal Resonance),381 

6.3. Free Oscillations of Systems Having Cubic Nonlinearities,387

6.3.1. The Nonresonant Case,390 

6.3.2. The Resonant Case (Internal Resonance),391

6.4. Free Oscillations of Gyroscopic Systems,395 

6.5. Forced Oscillations of Systems Having Quadratic Nonlinearities,402 

6.5.1. The Case of ƒ¶ Near ƒÖ2,402 

6.5.2. The Case of ƒ¶ Near ƒÖ1,409 

6.5.3. The Case of Nonresonant Excitations,412 

6.5.4. The Case of 2ƒ¶ Near ƒÖ1,413 

6.5.5. The Case of ƒ¶ Near ƒÖ1 + ƒÖ2,414 

6.6. Forced Oscillations of Systems Having Cubic Nonlinearities,417

6.6.1. The Case of ƒ¶ Near ƒÖ1,419 

6.6.2. The Case of ƒ¶ Near ƒÖ2,421

6.7. Parametrically Excited Systems,424 

6.7.1. The Case ƒ¶ Near 2ƒÖ1,425



6.7.2. The Case ƒ¶ Near 2ƒÖ2,427 

6.7.3. The Case ƒ¶ Near ƒÖ1 + ƒÖ2,430 

Exercises, 430 

7. Continuous Systems•@ 444 

7.1. Beams,447 

7.1.1. General Introduction,447 

7.1.2. Governing Equations for the Case u = O (w),450 

7.1.3. Governing Equation for the Case u = 0(w2),452 

7.2. Coupled Longitudinal and Transverse Oscillations,455 

7.3. Hinged-Hinged Beams,460 

7.3.1. Primary Resonances,461 

7.3.2. Superharmonic Resonances,463 

7.3.3. Subharmonic Resonances,465 

7.3.4. Combination Resonances,467 

7.4. Hinged-Clamped Beams,469 

7.4.1. Primary Resonances, The Case of 92 Near ƒÖ1,470 

7.4.2. Primary Resonances, The Case of 92 Near ƒÖ2,472 

7.4.3. Superharmonic Resonances,478 

7.4.4. Combination Resonances,480 

7.5. Strings,485 

7.5.1. Governing Equations,487 

7.5.2. Primary Resonances,491

7.5.3. Stability of Possible Solutions,495 

7.6. Plates,500 

7.6.1. Governing Equations,501 

7.6.2. Forced Symmetric Response of Circular Plates,507 

Exercises,519 

8. Traveling Waves•@ 544 

8.1. Longitudinal Waves Along a Bar,545 

8.1.1. Hyperbolic Equations and Characteristics,546

8.1.2. The Method of Multiple Scales,555 

8.1.3. Shock Fitting by Using Velocity,564 

8.1.4. Shock Fitting by Using Displacement,567 

8.1.5. Effect of Heterogeneity,568 

8.1.6. Finite Uniform Bars,571 

8.1.7. Finite Heterogeneous Bars,576



8.2. Transverse Waves Along a Beam on Elastic Foundation,583 

8.2.1. A Nonlinear Parabolic Equation,584 

8.2.2. Monochromatic Waves and their Stability,588 

8.2.3. Modulational Stability,590 

8.2.4. Modulational Instability,593

8.2:5. Nonlinear Coupled Parabolic Equations,595

8.2.6. Interaction of Stationary Waves,599

Exercises,601 

References•@ 617 

Index•@ 687


