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1. Introduction

D’Alembert’s Principle is a fundamental principle of analytical mechanics which converts a
dynamical problem into an equivalent static problem by introducing inertial forces.

2. Statement of D’Alembert’s Principle

D’Alembert’s Principle states that the sum of the differences between the applied forces and the
inertial forces for a system of particles does no virtual work for any virtual displacement consistent
with the constraints.

3. Inertial Force
For a particle of mass m with acceleration a, the inertial force is:

Inertial force = -m a

4. Virtual Displacement

A virtual displacement is an infinitesimal, imaginary displacement compatible with the constraints,
occurring without the passage of time.

5. Mathematical Formulation
For a system of n patrticles:
(Fi-miai)-ori=0

6. Derivation of D’Alembert’s Principle
From Newton’s second law:

Fi + Ri = mi ai

Rewriting:

Fi-miai+Ri=0

Taking dot product with virtual displacement ori:
(Fi—miai)-ori+Ri-ori=0



For ideal constraints:
Ri-ori=0

Hence:
(Fi-miai)-ori=0

7. Physical Interpretation

D’Alembert’s Principle allows a moving system to be treated as if it were in equilibrium by
introducing inertial forces.

8. Relation with Lagrange’s Principle

D’Alembert’s Principle forms the basis of Lagrange’s Principle and leads to Lagrange’s equations of
motion.

9. Applications

1. Analysis of constrained systems
2. Rigid body dynamics

3. Vibrations and oscillations

4. Engineering mechanics

10. Advantages
1. Eliminates constraint forces
2. Simplifies complex dynamical problems

3. Applicable to multi-particle systems

11. Limitations
1. Applicable only for ideal constraints

2. Requires proper definition of virtual displacement

12. Conclusion

D’Alembert’s Principle provides a bridge between Newtonian mechanics and analytical mechanics
and plays a vital role in the formulation of Lagrange’s equations.



