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13 | Newton’s Laws SIS UL

Newton’s three laws of motion, stated in Art. 1/4 of Vol. 1 Statics, are restated here
because of their special significance to dynamics. In modern terminology they are:

Law I. A particle remains at rest or continues to move with uniform velocity (in
a straight line with a constant speed) if there is no unbalanced force acting on it.

Law II. The acceleration of a particle is proportional to the resultant force
acting on it and is in the direction of this force.*

Law III. The forces of action and reaction between interacting bodies are
equal in magnitude, opposite in direction, and collinear.

*To some it is preferable to interpret Newton’s second law as meaning that the resultant force
acting on a particle is proportional to the time rate of change of momentum of the particle and
that this change is in the direction of the force. Both formulations are equally correct when

applied to a particle of constant mass.

History of Dynamics

Dynamics is a relatively recent subject compared with statics. The beginning
of a rational understanding of dynamics is credited to Galileo (1564—1642),
who made careful observations concerning bodies in free fall, motion on an
inclined plane, and motion of the pendulum. He was largely responsible for
bringing a scientific approach to the investigation of physical problems.
Galileo was continually under severe criticism for refusing to accept the es-
tablished beliefs of his day, such as the philosophies of Aristotle which held,
for example, that heavy bodies fall more rapidly than light bodies. The lack

Galileo Galilei Isaac Newton
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of accurate means for the measurement of time was a severe handicap to Galileo,
and further significant development in dynamics awaited the invention of the pen-
dulum clock by Huygens in 1657.

Newton (1642-1727), guided by Galileo’s work, was able to make an accurate
formulation of the laws of motion and, thus, to place dynamics on a sound basis.
Newton’s famous work was published in the first edition of his Principia,* which is
generally recognized as one of the greatest of all recorded contributions to
knowledge. In addition to stating the laws governing the motion of a particle,
Newton was the first to correctly formulate the law of universal gravitation. Although
his mathematical description was accurate, he felt that the concept of remote trans-
mission of gravitational force without a supporting medium was an absurd notion.
Following Newton’s time, important contributions to mechanics were made by Euler,
D’Alembert, Lagrange, Laplace, Poinsot, Coriolis, Einstein, and others.
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Space is the geometric region occupied by bodies. Position in space is deter-
mined relative to some geometric reference system by means of linear and angular
measurements. The basic frame of reference for the laws of Newtonian mechanics
is the primary inertial system or astronomical frame of reference, which is an imag-
inary set of rectangular axes assumed to have no translation or rotation in space.
Measurements show that the laws of Newtonian mechanics are valid for this refer-
ence system as long as any velocities involved are negligible compared with the
speed of light, which is 300 000 km/s or 186,000 mi/sec. Measurements made with
respect to this reference are said to be absolute, and this reference system may be
considered “fixed” in space.

A reference frame attached to the surface of the earth has a somewhat compli-
cated motion in the primary system, and a correction to the basic equations of
mechanics must be applied for measurements made relative to the reference frame
of the earth. In the calculation of rocket and space-flight trajectories, for example, the
absolute motion of the earth becomes an important parameter. For most engineering
problems involving machines and structures which remain on the surface of the
earth, the corrections are extremely small and may be neglected. For these problems
the laws of mechanics may be applied directly with measurements made relative to
the earth, and in a practical sense such measurements will be considered absolute.

Time is a measure of the succession of events and is considered an absolute

quantity in Newtonian mechanics. __
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SI Units -

Dimensional

Quantity Symbol Unit Symbol Unit

Mass M kilogram kg slug — N = \(3 m

Length L Esiii meter*® m foot ft

Time i second Ba’se second sec \b _@ -f-t
units = —

Force F newton N pound b §

*Also spelled metre.
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