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HEPEIMOBA

Januii wHaBuanpHUN mociOHMK aBTOpiB V.Boyko, P.llyin, O.Godlevska
pO3pOOJIEHUH JIS MiITOTOBKU CTYJICHTIB, IO CIYXAIOTh JIEKI(ii aHTJIIHChKOI0 MOBOIO
IUTS arpo0ioJIOTiYHUX CHeniadbHOCTeH. Y il po3poOili aBTOPH HATAI0Th MOXKJIUBICTh
CTYJEHTaM BHUBYUTH AHIVIOMOBHY TEPMIHOJIOTIIO B ranysi ¢gisuku. IIpu usomy, mis
Kpamnioro po3yMiHHS Martepiany, HajJlaHi METOJUKH BUKOHAHHS JIA0OpaTOPHUX POOIT
YKpaiHCBKOIO Ta aHTJIHCHKOI0O MOBaMH. TakoX HaBeleHI aHTIIHCHKOI0 MOBOIO
HAHUOUTBII BaXIIMBI TOJIOKEHHS 1 3aKOHW 3 OCHOBHHX PO3NIIB 3arajibHOTO KypCy
GI3MKU: MeXaHIKH, MOJICKYJSIpHOT (i3MKH 1 TEpPMOJMHAMIKH, CIEKTPUKU Ta
MarHeTu3My, ONTHKH, SJCPHOT (i3UKH.

HeoOxinanicTh BHJIaHHS 0OyMOBJicHa MOTPEOOI0 3a0E3MEUCHHS JITepaTypOrO
CTyZIeHTIB crnenianbHocTel «EKkonorii Ta 0XOpOHM HABKOJHMIIHBOTO CEPEJIOBHIIA»,
«bioTexHomorii Ta GioiHmxkeHepil», «3aXUCTy 1 KapaHTUHY pOCIHH», «BeTepuHapHOi
MeIUIUHI» | KypCy, 0 BUBYAIOTH AUCIUILIIHY aHTJIIHCHKOIO MOBOIO Ta BiJICYTHICTIO
noaioHo1 niteparypu B 010mioTeni. BuBuenns aucuumuiing «®i3uka» aHIIHCHKOIO
MOBOIO JJa€ MOXKJIMBICTh PO3IIUPUTH MOBHY NMPAKTHKY Ta 03HAHOMHUTHUCH 3 Cy4aCHOIO

aHTJIIHCHKOI0 HAYKOBOIO TEPMIHOJIOTIETO.



Topic 1 Kinematics of Particles

The list of issues to be considered
1. Particle, frame of reference, mechanical motion
2. Velocity and acceleration, normal acceleration and tangential acceleration

3. The motion of a particle on a circle. Angular motion parameters

1. Particle, frame of reference, mechanical motion

A material point, or particle, is a body whose size and shape are of consequence
in the problem being considered. It is treated as a point, an object without extend.

A system of particles or bodies (material system) is the conception of a singled-
out complex of particles or bodies which, in the general case, interact with one another,
as well as with bodies not included in the system.

Mechanical motion is made up of the changes in the relative positions of bodies,
or their parts, in space in the course of time.

A perfectly rigid body, or simply, rigid body, is one in which the distance between
any two points remains constant in time. In other words, the size and shape of a rigid
body do not change while it is in motion. Any rigid body can be conceived of as being
broken down into a sufficiently large number of elementary parts in such a manner that
the size of each part is much less than that of the whole body. Consequently, a rigid
body is often regarded as a system of particles rigidly connected to one another.

A frame of reference is a real or conditionally rigid body with respect to which
the motion of the body being studied is to be considered. Rigidly fixed in the frame of
reference is some kind of coordinate system so that the position of each point of a
moving body can be uniquely determined by the three coordinates of the point.

Moreover, the frame of reference should be furnished with a "clock" by means of which
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the instants of time, corresponding to the various positions of the moving body in space,
are uniquely determined (with accuracy to an arbitrary constant addend which depends
on the time reference point). The right-handed Cartesian rectangular system of
coordinates is most frequently employed in mechanics.

The motion of a particle is completely specified if a single-valued law is indicated
for the variations in time t of its spatial coordinates. Thus in case of Cartesian
coordinates

x=x(2);  y=y0); z=z(1).

These equations are equivalent to the single vector equation
r=r(t),

where T is the radius vector (position vector) connecting the origin of the coordinates

with the moving particle M (x, y,z):
F=xi +yj+zk,
where 7, j and k are unit vectors which coincide with the positive directions of the

corresponding axes OX, OY and OZ, and the vectors xf, yj and zk are the

components of vector 7 along these axes (Figure 1.1).

ZJL

Figure 1.1 T is the radius vector (position vector) connecting the origin of the

coordinates with the moving particle M (x, y,z).



The path is the line described by a moving particle in space. The geometric shape
of the path depends upon the selected frame of reference.

Depending upon the shape of the path, distinction is made between rectilinear
and curvilinear motion of particles. The motion of a particle is said to be plane if all the
parts of its path lie in a single plane. Usually, this plane is taken as the coordinate plane
z=0.

The position of the moving particle at any fixed instant of time ¢ = ¢ is called its initial
position and described by radius vector 7}, (Figure 1.2). Owing to the arbitrary nature
of the time reference point, it is usually assumed that 7, = 0. At a later time ¢ let a

particle be at the position described by radius vector 7i. The displacement vector

describing the change in position of the particle is AT =7} — 17, .

» =0
, S
Yo ”’_’.’" -

A}’{ ry | 2% [
Y7 e —4
VAR k
0 % X t

e
Ax

Figure 1.2 The displacement vector describing the change in position of the particle

is AF =T — T, .

The path length S is the sum of the lengths of all the portions of the path passed
through by the particle in the considered interval of time from £, to .

The length of the path travelled by the point from the initial position is a scalar
function of time: S = S(t).

The SI unit for length S is the meter (abbreviated m).

The SI unit for time ¢ is the second (abbreviated s).
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2. Velocity and acceleration, normal acceleration and tangential acceleration

Velocity (or instantaneous velocity) is the vector quantity U equal to the first

time derivative of the radius vector 7 of the moving particle. Thus

507
S dt

The velocity is directed along the tangent to the path toward the motion of the
particle (Figure 1.3).

I:-(:) N (1) vit)

X% oY XA v

Figure 1.3 The velocity is directed along the tangent to the path toward
the motion of the particle.
The velocity is numerically equal to the first derivative of the path length with
respect to time:
p=95,
dt
The magnitude U of the velocity is sometimes called the speed. The projections

Uy, Uy and U, of the velocity on the axes of Cartesian coordinates are equal to the first

time derivatives of the corresponding coordinates of the moving point. Thus

_dx, v _dy. v_@
dt’ Y dt’ 7 dt

Ux

v:\/vx2+vy2+vzz,

U=0,1 +v,J+V,k.
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The SI unit for velocity is meters per second or m/s, but many other units, such
as km/h, mi/h (also written as mph), and cm/s, are in common use.

The motion of a particle is said to be uniform if the magnitude of its velocity is
independent of time (U = const ). The length of the path traveled by a uniformly moving
particle is a linear function of time:

s=v(t—-t,).

The average velocity of a particle in the interval of time from t to t + At is
denoted by the scalar < U >, which is equal to the ratio of the path length As traveled
by the particle during this time interval, to the increment of time Af. Thus
As s(t+At)-s(t
Sv>= = ( Al)“ ©)

In the case of uniform motion <V >=10.

The average velocity vector < U >, of a particle in the interval of time from t
to t + At is the ratio of the increment AT of the radius vector of the particle, during

the time interval, to the increment of time Af :

<ﬁ>:£:r(t+At)—r(t)‘
At At

In uniform rectilinear motion of the particle, <U >=10 .

Acceleration (or instantaneous acceleration) is the vector quantity a defined
as the rate of change of the velocity of a moving particle. It is equal to the first time
derivative of the velocity:

a= v or d= LZF
dt dt?
The acceleration vector lies in the osculating plane passing through the principal

normal and tangent to the path, and is directed toward the concavity of the path.



The projections @y, A, and a, of the acceleration on the axes of a system of

Cartesian coordinates equal

dv dv dv
ax = X , ay = 7y , aZ = Z ,
dt dt dt
from which
2 2 2
a:\/ax +a,” +a,”,

d=a,l +a,j+ask.

In an osculating plane, passing through an arbitrary point of the path, the
acceleration vector d can be resolved into two mutually perpendicular components

a, and a. (Figure 1.4). Thus

and

Figure 1.4 The acceleration vector d can be resolved into two mutually

perpendicular components d,, and d. .
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The component d,,, directed along the principal normal to the path, is called
the normal acceleration. The normal acceleration d,, is always directed toward the

center of curvature of the path.

The component d., directed along the tangent to the path, is called the tangential

acceleration. Their magnitudes are

v? dv
an=§ andaT:dt .

where U is the speed, R is the radius of curvature of the path.

Because acceleration is velocity in m/s divided by time in s, the SI units for
acceleration are m/s?, meters per second squared or meters per second per second,
which literally means by how many meters per second the velocity changes every
second.

The motion of a particle is said to be accelerated if its speed increases in the
course of time. It is said to be decelerated if its speed decreases in the course of time.

With uniform motion, a, = 0. In accelerated motion, vector a, coincides in direction

with the velocity vector U of the motion of the particle; in decelerated motion its

direction is opposite to that of vector U. The values d, and d,, characterize the rates

of change of the magnitude and direction, respectively, of the velocity of a moving
particle. Motion in which the magnitude of the tangential acceleration is constant is
called uniformly accelerated curvilinear motion.

The average acceleration in the time interval from t to t + At is the vector
< d >, which is equal to the ratio of the increment AU of the velocity U of the particle,

during the time interval, to the increment of time Af :

<a>:éE:UU+Aﬂ—UUI
At At
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3. The motion of a particle on a circle. Angular motion parameters

Upon rotation of a particle about a fixed point O, it describe circle. Its position
can be completely determined by specifying the angle of rotation ¢ from some initial
position.

The angular velocity of rotation of a particle is the vector @, equal in magnitude

to the first time derivative of the angle of rotation

_do
- dt

and directed along the axis of rotation in such a way that from its end the rotation of

0

the body is seen as occurring counterclockwise (Figure 1.5).

The direction of vector to coincides with that of the translatory motion of a
gimlet or corkscrew rotating together with the body.

The linear velocity U of a particle is determined by the Euler formula :

v=[aF].

where T* is a radius vector drawn to the particle from the point O.

Figure 1.5 The direction of vector @ to coincides with that of the translatory motion

of a gimlet or corkscrew rotating together with the body.
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The period of revolution T  of a particle is the time required for it to rotate about

a fixed point O through the angle ¢ =27 .

The angular acceleration is the vector [, equal to the first time derivative of

the angular velocity:

The angular acceleration indicates the rate of change of the angular velocity
vector with time. Upon rotation about a fixed axis, the direction of vector to remains

unchanged and

—

Vector S coincides in direction with @ in the case of accelerated rotation

® Q)
( E > () and is opposite in direction in the case of decelerated rotation ( E <0).

The linear (tangential) acceleration of an arbitrary point M of a rotating body

is equal to

The normal acceleration equal to
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