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❑ In the previous two chapters, we have applied the principles of

dynamics to the motion of a particle.

❑ Our next major step in the development of dynamics is to extend these

principles, which we applied to a single particle, to describe the motion

of a general system of particles.

❑ Recall that a rigid body is a solid system of particles wherein the

distances between particles remain essentially unchanged.
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❑ Considering n mass particles bounded by a closed surface in space

❖ Forces F1, F2, F3, . . . acting on mi from sources external to the envelop

❖ Forces f1, f2, f3, . . . acting on mi from sources internal to the system boundary
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❑ The center of mass G of the isolated system of particles

❑ Newton’s second law when applied to mi gives:

❑ Substitution into the summation of the equations of motion gives:
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❖ For a rigid body or a system of rigid bodies joined by ideal frictionless connections, no

net work is done by the internal interacting forces or moments in the connections.
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❖ A mass system is said to be conservative if it does not lose energy by virtue

of internal friction forces which do negative work or by virtue of inelastic

members which dissipate energy upon cycling.

❖ If no work is done on a conservative system during an interval of motion by

external forces (other than gravity or other potential forces), then none of the

energy of the system is lost.
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❑ The principle of conservation of linear momentum

❑ The principle of conservation of angular momentum
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❑ The dynamics of mass flow is of great importance in the description of

fluid machinery of all types including turbines, pumps, nozzles, air-

breathing jet engines, and rockets.

❑ The treatment of mass flow in this article is not intended to take the

place of a study of fluid mechanics, but merely to present the basic

principles and equations of momentum.

❑ One of the most important cases of mass fl ow occurs during steady-fl

ow conditions where the rate at which mass enters a given volume

equals the rate at which mass leaves the same volume.
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❖ Consider a rigid container, shown in section in Fig. 4 ∕5a, into which mass

flows in a steady stream at the rate m′

❖ Conservation of mass:
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❑ To describe the forces which act, we isolate either the mass of fluid

within the container or the entire container and the fluid within it.

✓ We would use the first approach if the forces between the container and the fluid

were to be described.

✓ We would adopt the second approach when the forces external to the container are

desired.

❑ The latter situation is our primary interest, in which case, the system

isolated consists of the fixed structure of the container and the fluid

within it at a particular instant of time.
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❑ The expression for G˙ :

28



29



30



❖ The mass of the body and its velocity at any instant are m and v.

❖ The stream of matter is assumed to be moving with a constant velocity v0 less than v.
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