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CHAPTER 1. PHYSICAL FUNDAMENTALS OF 
MECHANICS

Work and Energy

Suppose that at a certain time force Ԧ𝐹 acts
on the body, under the action of which the
body carries out displacement 𝑑 Ԧ𝑟.

The elementary work (𝛿𝑊) is called the 
scalar physical quantity(which is)equal to 

the scalar product of force Ԧ𝐹 by the 
elementary displacement of𝑑 Ԧ𝑟of the force 

application point:

𝛿𝑊 = Ԧ𝐹𝑑 Ԧ𝑟

In scalar form: 𝛿𝑊 = 𝐹𝑑𝑟 cos 𝛼 [J]
where α is the angle between the directions of force and displacement.



Work with finite displacement is determined by the 
expression: 𝑊 = න

𝑟1

𝑟2

Ԧ𝐹𝑑 Ԧ𝑟

Since during the rectilinear motion 𝑟2 − 𝑟1 = 𝑆

𝑆 is the way passed

𝑊 = 𝐹𝑆 cos 𝛼

1. The work is algebraic, that is, it can be both positive and negative.
2. Force does not perform work if:

• the body is at rest (𝑑 Ԧ𝑟 = 0);

• the direction of force Ԧ𝐹 is perpendicular to the direction of 
displacement 𝑑 Ԧ𝑟 ( 𝛼 = Τ𝜋 2).

For example, the centripetal forces do not perform work 

because Ԧ𝐹⦜𝑑Ԧ𝑟.



Ԧ𝐹 = 𝑐𝑜𝑛𝑠𝑡
The projection of the force Ԧ𝐹 in the given direction Ԧ𝑟:

𝐹𝑟 = 𝐹 cos 𝛼

The plot of the dependence of projection Ԧ𝐹𝑟 on 𝑟 is a straight line. Let’s find the job:

𝑊 = න

𝑟1

𝑟2

𝐹𝑟𝑑 Ԧ𝑟 = 𝐹𝑟(𝑟2 − 𝑟1) = 𝐹𝑟𝑆

It is obvious that the work of a constant force is 
numerically equal to the area of the shaded rectangle



Ԧ𝐹 ≠ 𝑐𝑜𝑛𝑠𝑡

The graph of the dependence of the projection 𝐹𝑟 on 𝑟
is a certain curve

The elementary work 𝛿𝑊 is numerically equal to the 
area of a narrow hatched strip

𝛿𝑊 = 𝐹𝑟𝑑𝑟

Work at a finite displacement will be numerically equal to the area of the curvilinear trapezoid.

𝑊 = න

𝑟1

𝑟2

𝐹𝑟𝑑𝑟

So, work can be calculated graphically.



Power (𝑃) is a scalar physical quantity
that characterizes the speed of execution
of work and is numerically equal to the
work done per unit time:

𝑃 =
𝑑𝑊

𝑑𝑡

The unit of power is Watt: [P] = J/s ≡ W



Instantaneuos Power

𝑃 =
Ԧ𝐹𝑑 Ԧ𝑟

𝑑𝑡
= Ԧ𝐹 Ԧ𝑣

Average power

𝑃 =
𝑊

𝑡
The efficiency of the devices is generally characterized by (a 
usefulness factor) efficiency:

𝜂 =
𝑊𝑢𝑠𝑒𝑓𝑢𝑙

𝑊𝑑𝑜𝑛𝑒
∙ 100%



Work and power in rotational motion

Lett’s consider the rotation of the solid body relative to the stationary axis during the
action of the force directed at the tangent to the circle. An elementary work that is
performed when turning at angle 𝑑𝜑

𝛿𝑊 = 𝐹𝑑𝑆 cos 𝛼

𝑑𝑆 = 𝑅𝑑𝜑 ֜𝛿𝑊 = 𝐹𝑅𝑑𝜑
𝐹𝑅 = 𝜏

𝛿𝑊 = 𝜏𝑑𝜑

𝑊12 = න

𝜑1

𝜑2

𝜏𝑑𝜑

𝜏 = 𝑐𝑜𝑛𝑠𝑡
𝑊 = 𝜏𝜑

𝑃 =
𝛿𝑊

𝑑𝑡
= 𝜏

𝑑𝜑

𝑑𝑡
= 𝜏𝜔



Energy

is the only measure of all forms of motion of matter
and types of interaction of material objects.



Mechanical energy can be of two types:



Kinetic energy (or energy of motion) is a part of mechanical energy, which is
determined by the mass and speed of the material point (body).

𝐸𝑘 =
𝑚𝑣2

2
Let’s suppose that force F acts on the material point of mass m.

𝛿𝑊 = Ԧ𝐹𝑑Ԧ𝑟

Ԧ𝐹 =
𝑑 Ԧ𝑝

𝑑𝑡

𝛿𝑊 =
𝑑 Ԧ𝑝𝑑Ԧ𝑟

𝑑𝑡
= 𝑚 Ԧ𝑣𝑑 Ԧ𝑣

𝑊 = න

𝑣1

𝑣2

𝑚 Ԧ𝑣𝑑 Ԧ𝑣 = 𝑚 න

𝑣1

𝑣2

𝑣𝑑𝑣 =
𝑚𝑣2

2

2
−
𝑚𝑣1

2

2

The kinetic energy theorem:
The change in the kinetic energy
of the body is equal to the work of
all forces acting on the body

𝑊 = ∆𝐸𝑘 =
𝑚𝑣2

2

2
−
𝑚𝑣1

2

2



Energy of the rotational motion



The theorem for the change of kinetic energy is also valid for a rotational motion:

𝑊 =
𝐼𝜔2

2

2
−
𝐼𝜔1

2

2
In flat motion, the body participates in two movements: translational and rotational.

𝐸𝑘 = 𝐸𝑘
𝑟 + 𝐸𝑘

𝑡 =
𝑚𝑣2

2
+
𝐼𝜔2

2

In this case, the total kinetic energy of a solid is equal
to the sum of the kinetic energies of the forward
motion of the body with the velocity of the center of
mass and the rotational motion of the body around
the axis passing through its center of mass.



Conservative and non-conservative forces

Forces whose work does not depend on the shape of the
trajectory but determined only by the final and initial positions of

the body are called conservative, and the fields in which these

forces act are called the potential fields. 

The gravitational field is potential.

Among all non-conservative forces we distinguish the so-called gyroscopic and
dissipative forces. 

Gyroscopic forces are the forces that are always directed perpendicularly to the

movement of the particle and, thus, they do not perform any work.

Dissipative forces include different forces of friction and resistance.



Potential energy is that part of the mechanical energy of the system that depends on
the relative location of the bodies or parts of the body, as well as the nature of the
forces acting between the bodies or its parts.

The potential energy of a 
stretched (compressed) spring

𝐸𝑝 =
𝑘𝑥2

2
𝑊 = −∆𝐸𝑝

The potential energy of a material point (body) in the field of gravity of the Earth

𝐸𝑝 = 𝑚𝑔ℎ



The law of conservation of mechanical
energy

The sum of kinetic and potential energy is called full
mechanical energy 𝐸 = 𝐸𝑝 + 𝐸𝑘

The total energy of an isolated system always remains unchanged, 
energy only moves from one form to another.



Collision of bodies
When bodies collide, they undergo 
deformation.
In this case, the kinetic energy that the
body had before impact, partially or
completely passes into the potential
energy of elastic deformation or the so-
called internal energy of the bodies. 
An increase in the internal energy of
the bodies is accompanied by an
increase in temperature.

There are two extreme types of
strike: 
absolutely elastic
and absolutely inelastic.

Let’s consider the central blow of two
homogeneous spheres.
The blow is called central if before the 
blow two spheres moved along the line
passing through their centers.



Absolutely inelastic collide is characterized by the
fact that the potential energy of deformation does
not arise, the kinetic energy of the bodies is
completely or partially converted into internal
energy. After the collide, the bodies are joined
together and move at the same speed, or stop.

An absolutely elastic collide is called
a blow when mechanical energy of
bodies does not pass into other non-
mechanical types of energy.

With such an impact the kinetic energy passes completely or partially into the potential
energy of elastic deformation. Then the bodies return to the original form pushing each
other away. The potential energy of the elastic deformation is again converted into kinetic
energy, and the bodies are scattered with velocities, the magnitude and direction of which
are determined by the conservation of total energy and the preservation of the complete
impulse of the system.


