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THE MOVEMENT OF A POINT SET IN CARTESIAN COORDINATES AND STUDIED IN
THE MATHCAD ENVIRONMENT

Asen Stoyanov

University of Mining and Geology "St. Ivan Rilski", 1700 Sofia

ABSTRACT. The movement of a point M within the time interval to - tl (S) is specified by the law x = x(z‘) y= y(l‘) . The trajectory and the position

of point M on it are determined for the moment of time = f]_ (S) . The radial and transverse components of the velocity and acceleration of the point are
represented in a matrix form and all the kinematics characteristics of the movement are graphically depicted.

Keywords: transverse velocity, radial velocity, transverse acceleration, radial acceleration, MathCAD
OBWXEHWE HA TOYKA 3A0ALOEHO B OEKAPTOBW KOOPOUHATU U U3CNEABAHO B CPEQJA HA MATHCAD

AceH CmosiHos
MurHo-2eonoxku yHusepcumem "Cs. Uear Puncku", 1700 Cogpus

PE3IOME. [iBxeHueto Ha Touka M e 3ajageHo B MHTepBanma OT Bpeme fo - fl (S) CbC 3aKOHa X = x(l‘) ny= y(z‘). TpaekTopusita 1

NONOXEHMETO BbPXY HEA Ha ™M ca onpefeneHn 3a MomeHTa OT Bpema t = tl (S) . PaguanHute 1 TpaHcBep3anHUTE KOMMOHEHTU Ha CkopocTTa U

YCKOPEHWETO Ha TouKaTa ca NPEACTaBEHN B MaTpuiHa hopma, KaTo BCUYKM KUHEMATUYHI XapaKTePUCTUKI Hal ABVKEHUETO Ca rpachMuHO M306paseHm.

Knio4oBm gymu: TpaHcBep3anHa CKopoCT, paauasHa CKOPOCT, TPaHCBEP3asHO YCKopeHue, paauanHo yekopetue, MathCAD

Introduction e The position of point M on the trajectory — see
Fig.1.A);

The article examines a classical problem related to the e The velocity, the full, tangential, and normal
kinematics of a point. The movement of the point is set in a . . - - -
coordinate way. The trajectory formed by its movement within acceleration of point M - v, @, ar u an -
the examined interval of time is part of a hyperbola. see Fig.2.A);

When the motion of the point is set at polar coordinates, its e The ftransverse Vg and the radial Vyqd
velocity and acceleration are defined as the geometric sum of LT i _
the radial and transversal components — see Fig.2. B) and C) components of the velocity VA7 —see Fig.2.B);

The article shows how these operations are performed using

the MathCAD math package. e The transverse dyx and the radial drady

—

components of the acceleraton ajs - see

Solution to a problem with the MathCAD Fig.2.C) _
package e The radius of curvature p(t) of the trajectory at

moment 1 - see Fig.2.D).
The material point A moves within the time interval

. . -3 The calculations and graphical visualisation have to be
- t th | =" =
fo 12 according fo the law = 1207 31+6 performed using the MathCAD package.

(Yablonsky, 1978) — see Figure 1.
For the moment £ = f1, it is necessary to determine:
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Fig.1. The trajectory of point M and its positions for moments 7, 0 t]_, and 2, interpreted with: A) Excel n AutoCAD; B) MathCAD;

The problem is solved within MathCAD environments using
the following algorithm:

The output data is entered — see Fig.1.B);
In the studied section, the trajectory of point M is

visualised graphically for the time interval £y =

- see Fig.1.B);

The law of the change of the velocity of point A/ is
determined analytically and graphically;

The law of the change of the acceleration of point
M is determined analytically and graphically;

The laws of the change of the tangential and normal
acceleration of point A/ are determined analytically
and graphically;
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—  The law of the change of the radius-vector I”(t) of

point M is determined analytically;

— The law of the change of the transverse and radial
component of the velocity of point A is determined
analytically and graphically;

— The law of the change of the transversal and radial
component of the acceleration of point A is
determined analytically and graphically;

— The law of the change of the radius of curvature of

the trajectory ,0(¢) is determined.
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Fig. 2. Kinematics characteristics of point M for the moment tl

vx(t) == j—x(l) vy(t) == j—y(t) v(t) == \} vx(t)2 + vy(t)2 ax(t) := j—vx(l) ay(t) = :—vy(t)
t L L t

2
a(t) = [ax(t)2+ ay(t)z ar(t) = vx(t)-ax(t) + vy(t)-ay(t) S {a(t)z_ am)z o(t) = v(t)

v(t) an(t)

n(t) := \‘ )((t)2 + y(t)2 vradx(t) := x(t)- YR(D-3(L) +2vy(t)-y(t) vrady(t) := y(t)- OHY +2vy(t)‘y(t)
r(t) r(t)

X(0)y() V() + (1) vx(D)

vrad(t) := Jvradx(t)2 + wady(t)2 virx(t) ==
(1)’

2
viry(t) := U ek Ui UAZD) vir(t) = \/\ftrx{t)2 + \m‘y(t)2 v(t) == \I(lvtl‘(t}l)2 + vrad(l}2

()

]

e |
v(tl) = 0231 vy(tl) =3  w(tl)=3.009 p(tl) =70.61 an(tl) = 0.128 2T(tD)=-9:893x10

a(tl) = 0.129 virx(tl) = 0.46 viry(tl) = 0.036  vradx(tl) = -0.229 vrady(tl) = 2.964

vrad(tl) = 2.973  vir(tl) = 0.462 aradx(t) := x(t)- ax(t)-x(t) + ay(t) y(t)

2
r(t)
Fig.3. Analytical expressions for determining the kinematics characteristics of point A/ and their values at moment { = fl (S) (BepTses, 2005;
Brent Maxfield, 2009; floeB u ap., 2016).
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ax(t)-x(t) + ay(t)-y(t)

r(t)2

arady(t) := y(t)- arad(t) = Jaradx(t)2 - arady(t)2

2 2
i) = —X(t)-y(t)-ay(t)2+ y(t)"-ax(t) e x(t)"-ay(t) — x;t)-y(t) ax(t)
r(t) r(t)

atr(t) 1= atr(t)? + atry(®)?  a(t) = y (Jatr()])? + arad(®  a(t1) = 0.129

Fig.3. Analytical expressions for determining the kinematics characteristics of point A/ and their values at moment t= tl (S) (BepTses, 2005;
Brent Maxfield, 2009; loeB u ap., 2016).
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Fig. 4. Graphs expressing the dependence of the kinematic characteristics of point M ontime t (S ) (Brent Maxfield, 2009; loes u ap., 2016)

67



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part lll, Mechanization, Electrification and Automation in Mines, 2018

0.2 pr—— LR LR
L 0 T
0.1 b r
aradx(t) - \‘ el 0.2
L] ‘ pramm—
arady(t e
--Y() ) X g _at.ry_(t)_(]‘4
0.1 - 0.6
0 1 2 5 1 2
! t
0.8
3 ;\
0.6 'y
2 \\
vrad(t) alad(t)o‘4 ‘\
tr(t) ™ tr(t ~
1 ‘h“ 0‘2\ ‘hh.‘-
- -..__--
---.-_--_ 0
0
0 1 2 0 1 2
t t
80
60
p(t)
20
0
0 1 2

t

Fig. 4. Graphs expressing the dependence of the kinematic characteristics of point M on time [ (S) (Brent Maxfield, 2009; loes u ap., 2016)

Conclusion

An idea for a short solution is given by using the MathCAD
package. The example complements the kinematics teaching
aids in Bulgaria.

A similar problem has been solved by Doev and Doronin
(Qoes un gp., 2016).

This article makes the solution more complete and detailed.
The kinematics characteristics of the point are clearly detailed
in Fig. 2. In addition to the graphical changes of the velocity
and acceleration, Fig. 4. shows the changes in their
components as well.
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Finally, the task can be solved by hand as well. The partially
automated solution overcomes the occurrence of mathematical
difficulties and makes it possible to frack the changes in
kinematics magnitudes. It is compact and adaptable to the
changes in the input data of the problem.

References

Beptses, B. Teopetuueckas mexavuka Ha 6ase MathCAD
npaktukym. Cankt-Tletepbypr, ,bXB-TMetepbypr’, 2005. —
739 c. (Bertyaev, V. Teoreticheskaya mehanika na baze
MathCAD praktikum. Sankt-Peterburg, “BHV-Peterburg’,



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part lll, Mechanization, Electrification and Automation in Mines, 2018

2005.-739p.) (Doev, V. S., F. A. Doronin. Sbornik zadaniy po
Brent Maxfield Essential MathCAD for Engineering, Science, teoreticheskoy mehanike na baze MathCAD. Sankt-

and Math. 30 Corporate Drive, Suite 400, Burlington, MA Peterburg, M., Krasnodar, Lan, 2016. - 585 p.)

01803, USA, 525 B Street, Suite 1900, San Diego, AbnoHckui, A. A. COOpHUMK 3agaHuin ans KypcoBblx paboT no

California 92101-4495,USA, 84 Theobald’s Road, London TeopeTuyeckon mexaHuke, M., Bbicwas wkona, 1978.

WCIX 8RR, UK, Copyright 2009. - 501 p. (Yablonskiy, A. A. Sbornik zadaniy dlya kursovaih rabot po
Hoes, B. C., ®©. A. [opoHuH. COopHWk 3agaHni no teoreticheskoy mehanike, M., Visshaya shkola, 1978.)

TeopeTnyeckon MexaHuke Ha 0ase MathCAD. CaHkt
Metepbypr, Mockea, Kpachogap, IlaHb, 2016. - 585 c.

69



