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constant sectorial velocity as well as of the planet moving
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Professor Dr.Ing. Dipl. Math. Danilo P. Raskovic¢ (1910-1985)
and half century from first common publication

OBa nfneHapHa npejaBawa Cy O6una npBa y  nporpamy
MunHncumnosujyma, Koju je peannsoBaH gpyror v Tpeher gaHa ose

CASTR'2019 koHpepeHuuje. [NpBU AaH KOHdepeHumje je buo
nocseheH obnactm Computer Algebra Systems in Teaching and
Research. Y okBupy MwuHucmmnosmnjyma, 6mo je Behu 6poj
KBAa/IMTETHUX PaZ0OBa M CaoNwTeHa U3 KNacuyHe, a NocebHo 13
HebecKe mexaHUKe n AMHaMMKe HebecKux Tena.



Hajshn 6poj ydecHuka oBe KoHdpepeHuuje je 6Mo u3
[NosbCKe, ann je 6BUNO y4eCHUKa U U3 MHOCTPAHCTBa, Hemauke,
Pycuke, Cpbuje, KazaxctaHa, YKpajuHe u ap.

OpraHusatopu cy, No Tpaguuunjn, nybaMKoBanu jeaaH Tom

nybankaumje noa HaTUBOM:

Computer Algebra System in Teaching and Research (CASTR), y uspgarwy Sedlice University of
Natural Sciences and Humanities, Institute of Mathematics and Physics, Vol. VIIl, ISBN 978-
83-7051-956-8 .

Y T10j nybnamKaumju nybanMKoBaHa cy moja ABa paja, Yuju
cagp:aj obyxBaTa cagprkaje nNJeHapHUX npeaasaksa.
Hanomuwem aa cy npe 53 roamHe oBM cagprkaju o ybp3amby
apyror pepa nyb/IMKOBAaHM Ha  CPOMCKOM  je3uKy, Y
nybnamkaymjama YHusepsuteta y Huwy wn MawunHckor
dakynteta y Huwy, Kao mju npBuM nNyb6/AMKOBAHM HAYYHMU
pagoBu. Kako je cagprkaj UCTUX aKTyenaH M AaHac, U 3a
YHUBEP3UTETCKY HACTaBy M 3a WUCTPaXKMBake, ja cam Te
cagpxaje, npowupuna, AOMNYHUNQ WU MNpeBesia Ha EHr/ecku
j€3UK, N KaKo cy 4obuam nNo3nTMBHE peueH3nje KOMNETEHTHUX
peueH3eHaTa, a npuxsaheHu og ypeaHuka nybamkauuje, 10 cy
nyb6/1MKoBaHU Y UCTOj, U nocBeheHn mom npodecopy MmexaHUKe
aAp HOanunny M. Pawkosuhy, Koju pga je paHac ue, bu ce
pPagoBao kmMxoBom NybamMKoBawy. Ha pagoBuma cy Ha3Hake u
UMTUPaka Ka U3BOPHMM pedepeHuama. bubanorparckm
noaaum TUX pagosa cy:

Katica R. (Stevanovi¢) Hedrih, (2019), Acceleration of the second order — jerk of a rigid body
rotates around a fixed point, Paper dedicated to memory of my professor of Mechanics, Professor Dr.
Ing. Dipl. Math. Danilo P. Raskovi¢ (1910-1985) and half century from first common publication, CASTR
Sedlice 2019, Computer Algebra system inTeaching and Research, Sedlice University of Natural Sciences
and Humanities, Institute of Mathematics and Physics, Vol. VIII, pp. 184-210, ISBN 978-83-7051-956-8



Katica R. (Stevanovi¢) Hedrih, (2019), Acceleration of the second order (Jerk) of a kinetic point
moving with constant sectorial velocity as well as of the planet moving, Paper dedicated to the memory
of my professor of Mechanics, Professor Dr.Ing. Dipl. Math. Danilo P. Raskovi¢ (1910-1985), CASTR
Sedlice 2019, Computer Algebra system inTeaching and Research, Sedlice University of Natural Sciences
and Humanities, Institute of Mathematics and Physics, Vol. VIII, pp. 211-231, ISBN 978-83-7051-956-8

Y npunory N3BewTaja 4OCTaB/baM: CeEPUjy AOKYMEHATA U3 KOjUX ce
3aK/byyyje cBa 036M/bHOCT Hay4YHe ceNeKumje U HajBULIM Hay4YHU HMUBO
HAy4YHOr Nporpama OBe MHTEPHAUMOHaNHe KoHpepeHumje
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He MHOro 06uMHe no 6pojy y4ecHuKa, ann BeoMa BMCOKOI HMBOA MO
NpuvKasaHMM Hay4yHUM pe3yntatuMa n3 obe obnactn Komnjytepckmx
anrebapckmx cucTema y HaCTaBu U UCTPaXKnBakrby, Kao U Y KNacU4HOj
Hebeckoj MexaHuuu.

Y beorpaay, 19. oktobap 2019. roauHe

IMpodecop np Karura (CreBanosuh) Xenpux


















Mpwunor 3.

Acceleration of the second order (Jerk) of a kinetic point moving with
constant sectorial velocity as well as of the planet moving
Paper dedicated to the memory of my professor of Mechanics,
Professor Dr.Ing. Dipl. Math. Danilo P. Raskovic¢ (1910-1985)

Katica R. (Stevanovic) Hedrih’,

*Department of Mechanics, Mathematical Institute of the Serbian Academy of Science and Arts, Belgrade, Serbia; E-
mail: katicah@mi.sanu.ac.rs; khedrih@eunet.rs; and Faculty of Mechanical Engineering, University of Nis, Nis, Serbia;
E-mail: khedrih@sbb.rs

Abstract: The results of the research on acceleration of the second order (a jerk or jerking) of
the mass particle moving with constant sector velocity in the plane are presented, in a published paper
more than a half a century ago, but in Serbian language.

This paper is titled:

"Acceleration of the second order (or jerk or jerking) of a material point that moves with a
constant sector velocity."

The first part of the article refers to the movement of the kinematic point along the path line,
the change in velocity, and the acceleration of the point, when it is possible to talk about the change of
the acceleration accelerator or the acceleration of the second order — jerk or jerking (or Ruch, Rucken,
Jerk, pulse). The components of the vector of acceleration of the second order of the motion of a kinetic
point in space, are in all three directions; of the tangent, of the normal and of the binormal direction of
the path line, in the general case of motion of the kinematic point in the space will also be displayed.

Then, the components of the kinematic point of the vector of the acceleration of the second
order of the motion of a kinetic point in plane, under the action of central force, and with constant
sector velocity are presented.

Binet's formula is, also, used for necessary transformation in expressions of the components of
the vector of acceleration of the second kind (Jacques Philippe Marie Binet (1786-1856)). A theorem on

1

Expanded and amended work, first published in the Serbian language as: Stevanovi¢ R. Katica (later merried family

name Hedrih), Ubrzanje drugog reda (trzaj ili dZerk) materijaine tacke koja se krece konstantnom sektorskom brzinom
(Acceleration of second order of a material particle moving with constant sectorial velocity , Naucni podmladak, 1967, str. 69-
70.



the relation between the circular component of the second-order acceleration vector of the kinematic
point that moves with a constant sector velocity and the radial component of its acceleration vector are
defined and proofed.

For examples of the central motion of the kinematic point, in a plane, by constant sector
velocity, the expressions for the angular acceleration of the second order and the components of the
vector of the acceleration second order, along the Archimedes spiral, along the sinusoidal spirals and
ellipses, are derived. These results are new in comparison with content of the source paper published
half a century before.

On the basis of previous results, as well as Kepler's third law, the angular acceleration of the
second order and acceleration of the second order of the planets, which perform central movement
along elliptical paths and which are moving with constant sector velocity, are shown.

Key words: Acceleration of the second order; kinematic point; constant sector velocity; ellipse;
Planet.

Mpwnor 4.

Acceleration of the second order — jerk of a rigid body rotates
around a fixed point'zI

Paper dedicated to memory of my professor of Mechanics,
Professor Dr.Ing. Dipl. Math. Danilo P. Raskovic¢ (1910-1985)
and half century from first common publication
Katica R. (Stevanovi¢) Hedrih’,
*Department of Mechanics, Mathematical Institute of the Serbian Academy of Science and Arts, Belgrade, Serbia; E-

mail: katicah@mi.sanu.ac.rs; khedrih@eunet.rs; and Faculty of Mechanical Engineering, University of Nis, Nis, Serbia;
E-mail: khedrih@sbb.rs

Abstract: The results of the research on acceleration of the second order (a joke or a twitch)
contained in two papers [3,4], published, in Serbian, half a century ago, are still presented, which are
still current. The first paper is entitled:

"Acceleration of the second order (jerk or jark) of a material point that moves at a constant
sectoral velocity."

1

Expanded and amended work, first published in the Serbian language as: Raskovi¢ P. Danilo and Stevanovi¢ R. Katica (later

merried family name Hedrih), Ubrzanje drugog reda (trzaj ili dZerk) krutog tela pri obrtanju oko nepomicne tacke (Acceleration
of second order of a rigid body rotates around fixed point), Zbornik radova Tehnickog fakulteta Univerziteta u Nuisu, 1966/1967.



Another paper is titled:
"Acceleration of the second order (twitch) when the body rotates around a fixed point ".

The first part of this second work, shown using the matrix notation for description of the
kinematics of motion, and authored by my brilliant Professor dr. Ing. Dipl. Math. Danilo Raskovi¢ (1910-
1985). He was one of the head of the Department of Mechanics at Mathematical Institute of the Serbian
academy of sciences and arts, and author of 150.000 examples of different books in area of theoretical
and applied mechanics, published in Serbian language, and used by numerous generations of students
of technical sciences. The second part of this work is shown by the vector notation and represents the
author's scientific results. And the entire work belongs to the classical field of the kinematics of the
body rotation around a fixed point.

This paper is expanded and amended work, first published in the Serbian language as: Raskovi¢
P. Danilo and Stevanovi¢ R. Katica (later merried family name Hedrih), Ubrzanje drugog reda (trzaj ili
dZerk) krutog tela pri obrtanju oko nepomicne tacke (Acceleration of second order of a rigid body rotates
around fixed point), Zbornik radova Tehnic¢kog fakulteta Univerziteta u Nisu, 1966/1967. Also, it is very
actual in present days.

Acceleration of the second order — jerk (Ruch, Rucken, Jerk, pulse)(Word forms. jerks,
jerking, jerked) plays an increasing role in various domains of mechanics and physics. The aim
of this paper is to determine this acceleration of the second order, or shorter jerk, when arigid
body rotates around a fixed point. The corresponding relations for thee instantaneous angular
velocities, angular accelerations, velocities, acceleration of the second order and jerk are
expressed in matrix form and referred to the fixed point and instantaneous axes. The Rivals
theorem is enlarged on the jerk also, and the natural components of the acceleration of the
second order - jerk vector of arigid body rotation around a fixed point are given. The case of the
regular progressive precession istreated, also.

In concluding remarks, the contents of the original and new results, will be displayed on the
topic of the dynamics of rotating the rigid body around a fixed point using the vectors of mass
moments that are related to the pole and axis, introduced by the author in 1992. From this area,
in special cases of rigid body dynamics when rotating around a fixed point, the most famous
works and solutions are: Euler's solution, Lagrange's solution and the solution of Sofia
Kovaljevskya. The general solution of the dynamics of the rigid body differential equations when
rotates around a fixed point has not been found to this date.

About twenty years ago, the lecturer attended the Conference in Donetsk, organized by the
Institute of Mechanics NANU from Donetsk, one Round Table and a discussion on one book and
one paper, by two independent researchers, who individually claimed to have found a general
solution a system of differential equations of the dynamics of arigid body around a fixed point.
It was a real "scientific octave" between the authors and the opponent’s important world
scientist. The paper will make an attempt to display this discussion in Appendix of this paper..

Key words: Acceleration of the second order, jerk, rigid body that rotates around a fixed point,
instantaneous axis, angular velocity, matrix method, vector method, mass moment vectors.















