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Figure 1.1: Chronelogical roadmap of the parallel development of the Newtonian and Variational-principles

Il]!l’]l’tl}l’f"lll:ﬁ Loy ﬂl.ll.h‘-iiflll.] Illtlﬂlllllli.{!.‘i.

broun atraesinnar
ar bokinni
Variational Principles
in Classical Mechnics

’Douﬁlaa Cline
?r\}éla a vefnum:

hH‘P:/ /classicalmechanics
Jlb.rochester.edu



Kraktar

OPQ natax

Free-body diagram
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Figure 5.3 (a) An overhead view of two ice skaters pushing on a third skater. Forces are vectors and add like other vectors, so the total

force on the third skater is in the direction shown. (b) A free-body diagram representing the forces acting on the third skater.

Figure 5.3(b) is our first example of a free-body diagram, which is a sketch showing all external forces acting
on an object or system. The object or system is represented by a single isolated point (or free body), and only
those forces acting on it that originate outside of the object or system—that is, external forces—are shown.
(These forces are the only ones shown because only external forces acting on the free body affect its motion.
We can ignore any internal forces within the body.) The forces are represented by vectors extending outward

from the free body.
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(a) Box at rest on a horizontal surface (b) Box on an inclined plane

—
Figure 5.4 In these free-body diagrams, ﬂ' is the normal force, W is the weight of the object, and f is the friction.

0(3'2031'&}(
N VTV S
restore | Ef.hﬂq kf&@l‘é}_
] o x——ef A ] y
@) (b) rega Hooks ‘?tjrir
jorm

|‘753_'| restore
() - kA

openstax kraftstuaul k —/)



€

’F_gﬁ’ra 1Bgrnal Mewtons

Newton’s First Law of Motion

A body at rest remains at rest or, if in motion, remains in motion at constant velocity unless acted on by a
net external force.
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Inertial Reference Frame

A reference frame moving at constant velocity relative to an inertial frame is also inertial. A reference
frame accelerating relative to an inertial frame is not inertial.
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Newton’'s Second Law of Motion

The acceleration of a system is directly proportional to and in the same direction as the net external force
acting on the system and is inversely proportion to its mass. In equation form, Newton's second law is

—

FIIE'[

¥

m

—
a=

" - _} " . . " " .
where a is the acceleration, Fiet is the net force, and m is the mass. This is often written in the more
familiar form

Fnet = E i" = mﬁ, 5.3

but the first equation gives more insight into what Newton’s second law means. When only the magnitude
of force and acceleration are considered, this equation can be written in the simpler scalar form:

ant = ma. 5.4
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Weight

- - - . . - . - q L - -
The gravitational force on a mass is its weight. We can write this in vector form, where w is weight and m is
mass, as

_—

W = mg. 5.8

In scalar form, we can write
w=mg. 5.9
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Newton’s Third Law of Motion

Whenever one body exerts a force on a second body, the first body experiences a force that is equal in
—.
magnitude and opposite in direction to the force that it exerts. Mathematically, if a body A exerts a force F
—’.
on body B, then B simultaneously exerts a force —F on A, or in vector equation form,

:_E.‘AB =—F)BA. 5.10
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