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What animation mean?

The first fundamental question in this presentation is: What does animation mean?

Amplitude a:=
g(l)

a method to visualize data changing over time

a method of manipulating a figure/object to appear as a moving image




Advantages of animation

Easy interpretation and better understanding of the presented data
Presentations are more attractive and attract attention of the listeners

Using as a supplementary material at submission of the online version

of a published research article

Did you know that Elsevier journals accept electronic supplementary material to support and enhance your research?

Supplementary files offer authors additional possibilities to publish supporting applications, movies, animation sequences, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be published online alongside
the electronic version of your article in Elsevier Web products, including ScienceDirect:




Animation - software

There are many different free and commercial software for creating animations.

Mechanical Engineering problems from mathematical point of view:

equation or system of equations,

linear or nonlinear equations,
stationary or non-stationary equations,
ordinary or partial differential equations,

differential, integral or differential/integral equations.




Computer Algebra System (CAS)
Symbolic Algebra System (SAS)

any mathematical software with the ability to manipulate mathematical expressions in a way similar to the traditional manual

computations of mathematicians and scientists

MATLAB

Commercial software:

* M a p le Mathcadiso \w\

Open source software:

Maxima O
Programming GNU Octave
Language '

Wolfram
Mathematica
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Matlab

,programming and numeric computing platform used by millions of engineers and
scientists to analyze data, develop algorithms, and create models”

MATILAB

First version of MATLAB was completed in the late 1970s. The software was presented to the public in February 1979 at the Naval
Postgraduate School, California. Early versions of MATLAB were simple matrix calculators with 71 pre-built functions. The first Matlab was
not a programming language; it was a simple interactive matrix calculator; no programs, no toolboxes, no graphics, no ODEs or FFTs.

PC-MATLAB was first released as a commercial product in 1984 at the Automatic Control Conference in Las Vegas.

Major Updates of R2024a Release: Computer Vision Toolbox; Deep Learning Toolbox; GPU Coder; Instrument Control Toolbox; Satellite
Communications Toolbox; UAV Toolbox.

MATLAB Capabilities

il

Data Analysis

Explore, model, and analyze data

App Building

Create desktop and web apps

I
h, #

Graphics

Visualize and explore data

External Language Interfaces

Use MATLAB with Python, C/C++, Fortran,
Java, and other languages

E3

Programming

Create scripts, functions, and classes

Hardware

Connect MATLAB to hardware

12024c

Download Today
mathworks.com/release

|

N
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Parallel Computing Web and Desktop Deployment
Perform large-scale computations and Share your MATLAB programs

parallelize simulations using multicore
desktops, GPUs, clusters, and clouds

&

°

MATLAB in the Cloud

Run in cloud environments from MathWorks
Cloud to public clouds including AWS and
Azure




Mathematica

,high-powered computation with thousands of Wolfram Language functions, natural

language input, real-world data, mobile suport”

Wolfram
Mathematica

“» Wolfram Mathematica was started by Stephen Wolfram, and developed by Wolfram Research of
Champaign, lllinois. The Wolfram Language is the programming language used in Mathematica.

“» Mathematica 1.0 was released on June 23, 1988 in Champaign, lllinois and Santa Clara,
California. Mathematica 1.0 had a set of 554 built-in functions.
“» Today Mathematica has over six thousands commands and functions.

Wolfram Language & System | |

Core Language
& Structure

Machine Learning & LLMs

Strings & Text

Data Manipulation
& Analysis

Symbolic & Numeric
Computation

Graphs & Networks

Sound & Video

Visualization & Graphics

Higher Mathematical
Computation

Images |

Knowledge Representation a
& Natural Language

Time-Related
Computation

Engineering Data
& Computation

Notebook Documents
& Presentation

External Interfaces
& Connections

Geographic Data
& Computation

Financial Data
& Computation

User Interface
Construction

Cloud & Deployment

Wolfram
Language

% Mathematica 1.0 | June 1988

= |nitial release of Mathematica

Scientific and Medical
Data & Computation

Social, Cultural
& Linguistic Data

System Operation
& Setup

Recent Features




Animation in Matlab

MATILAB

Animation

Animating plots

Create animations to visualize data changing over time. Display changing data in real time or record a movie or GIF to replay later.




Lorenz system in Matlab

The Lorenz system is a system of ordinary differential equations first studied by mathematician and meteorologist M e
Edward Lorenz in the 1960s. It has been proposed as approximation of Navier-Stokes equations. MATLAB

Variables: x, y, z; Parameters: o =10,b = % , o =28 (chaotic behaviour)

d_ = O-( y-— X) clear; syms t x(t) y(t) z(t)

t syms sigma beta rho

t0=0;tf=30; sigma=10;beta=8/3;rho=28;

eq0=[0,0,0];

eql=[sqgrt(beta*(rho-1)),sqrt(beta*(rho-1)),rho-1];

dz eq2=[-sqrt(beta*(rho-1)),-sqrt(beta*(rho-1)),rho-1];

dt x0=1;y0=1;z0=1;

) eqn1=diff(x(t),t)==sigma*(y(t)-x(t));
eqn2=diff(y(t),t)==(rho-z(t))*x(t)-y(t);

(0,0,0) eqn3=diff(z(t),t)==x(t) *y(t)-beta*z(t);

egns=[egnl,eqgn2,eqn3];

ODEs:? —y:(p—z)x—y

Critical points:< (\/,B(,O —1) ,\/,B(,O _1) P _1) [V]=odeToVectorField(eqgns);
M=matlabFunction(V,'vars',{'t','Y'});

(_ B(p-1),-B(p-1).p- 1) sol=0de45(M, [t0,tf],[x0,y0,20]);
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Trace Marker Along Line

This example shows how to trace a marker along a line by updating the data properties of the marker.
Move the marker along the line by updating the XData and YData properties in a loop.

numz2str Convert numbers to character array

MATILAB

dt=0.04; T=t0:dt:tf T = 1x751

X=deval(sol,T,1) 0 0.0400 0.0300
Y=deval(sol,T,2)
Z=deval(sol,T,3) X

Ix751
1.00e8 2.8885 3.5177

figure; hl = hgtransform('Parent’,gca); hold on
fplot(@(x)deval(sol,x,1),[t0 tf],'LineWidth',1,'Color’,'r")
pl=plot(T(1),X(1),'0','MarkerFaceColor','red');
plot(T(1),X(1),'0",'Parent’,h1);

hold off

txt1 = text(T(1),X(1),num2str([T(1),X(1)]),'Parent’,h1,...
'VerticalAlignment','top','FontSize',14);
xlabel('t','FontSize',14), ylabel('x(t)','FontSize',14)
title('Time history of x(t)','FontSize',12), grid on
xlim([tO tf]), ylim([-30 30])

for k=2:length(T)

pl.XData=T(k); p1l.YData=X(k);
ml=makehgtform('translate’,T(k)-T(1),X(k)-X(1),0);
h1l.Matrix=m1; txt1.String=num2str([T(k),X(k)]);
drawnow, pause(0.01)

end

8.12e8
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g8.1c08
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Trace Marker Along Line

This example shows how to trace a marker along a line by updating the data

MATLAB

properties of the marker.
50 y(t)-z(®) X(t)-y(t)-z(t)
i 1.1869 0.96175 A
40 |
7, | 50
351 ((
\ 40 -
30| \ Y
&= 30 4
g 251 =
20} N
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3?) = .04 20885 1.1869 0.96175
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Line Animations

Animation of three growing lines of different colors. The animatedline function allows to add new
points (addpoints) to a line without redefining existing points. Use a drawnow or drawnow limitrate MATLAB
command to display the updates on the screen after adding the new points.

Time histories of the variables

figure; 50 -
al=animatedline('Color',[1 0 0]);
a2=animatedline('Color',[0 1 0]); a0k
a3=animatedline('Color',[0 0 1]);
xlabel('t','FontSize',14), ylabel('x(t),y(t),z(t)','FontSize',14) 0tk
title('Time histories of the variables','FontSize',12), grid on
axis([tO tf -30 50]) = 20t
for k=1:length(T) E
% first line = 107
tk = T(k); xk = X(k); addpoints(al,tk,xk); =
% second line 0
tk = T(k); yk = Y(k); addpoints(a2,tk,yk);
% third line 10
tk = T(k); zk = Z(k); addpoints(a3,tk,zk);
pause(0.05); drawnow limitrate 201
end
-30 :
0 5 10 15 20 25 30




Line Animations

MATLAB
y(t)-z(t) x(t)-y(t)-z(t)
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comet

MATILAB

comet(T,X,0.05) comet(T)Y,0.2) comet(T,Z,0.6)

% Time history of x(t) - Time history of y(t) - Time history of z(t)
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comet3

MATLAB
comet(X,Z) comet3(X,Y,Z2)
- x(t)-z(t) x(t)-y(t)-z(t)
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Example - 3-DOF system
L&

<

\C

6:\B

[ !2
1'192

MATILAB

close all; clear all; clc;

t0=0; tf=30; n=1000; t=linspace(t0,tf,n);

11=0.1;12=0.2; omega=2; x0=0.05;thetal0=0.19;theta20=0.22;
Ax=x0*sin(omega*t); Ay=0*cos(omega*t);
thetal=thetalO*sin(omega*t); theta2=theta20*sin(omega*t);
Bx=Ax+|1*sin(thetal); By=Ay-l1*cos(thetal);
Cx=Ax+|1*sin(thetal)+I2*sin(thetal+theta2);
Cy=Ay-l1*cos(thetal)-12*cos(thetal+theta2);

drawArrow = @(x,y) quiver(x(1),y(1),x(2)-x(1),y(2)-y(1),0);
dx=0.1; dy=0.04; axislimits=[-0.25 0.25 -0.37 0.12];




Example - 3-DOF system

MATLAB

for k=1:n . . .
plot([Ax],[Ay],'--',0,0,'ko’); 0.1} R’
axis equal; hold on; axis(axislimits);
sliderX=[Ax(k)-dx/2,Ax(k)-dx/2,Ax(k)+dx/2 005
sI|('jerY=[Ay(k)-dy/2,Ay(k)+dy/2,Ay(k)+dy/2 0l - .
coilX=[0-0.02,0-0.02,0+0.02,0+0.02,0-0.02
coilY=[-0.35-0.02,-0.35+0.02,-0.35+0.02,-C 005}
fill(sliderX,sliderY,'r"); fill(coilX,coilY,'y’);
plot([Ax(k),Bx(k)],[Ay(k),By(k)],'g', LineWid 017 B
plot([Bx(k),Cx(k)],[By(k),Cy(k)],'b",'LineWid L
text(0.15+0.01,0,'x'); text(0,0.1+0.01,'y'); t '
text(Ax(k)+0.01,Ay(k),'A"); text(Bx(k)+0.01, 02t
text(Cx(k)+0.01,Cy(k),'C (magnet)'); text(O.
x1 =[-0.15 0.15]; y1 = [0 0]; drawArrow(x1 0257
x2 =[00]; y2 =[-0.2 0.1]; drawArrow(x2,y-

0.3} O C (magnet)

hold off; pause(0.01);
end 0.35¢ coil




NI USB-6002 with Matlab

PC with MATLAB
environment NI USB-6002

MATLAB

E ~~{  => NI-DAQmx Support from Data Acquisition Toolbox
! )

% Display a List of Available Devices d = 1x4 toble
% Use daglist to display a list of devices DevicelD Description Model Devicehilo
SR :
j a‘éa'lal_b[:?f‘?l}’our R 1 |'Devt" "National Instruments(TM} USB-6002 "USB-5002 1x1 Devicelnfo
= daqlist("ni

deviceInfo = 1x1 table

% To obtain more information about a particular device,
% view the "Devicelnfo" table cell for it.
devicelnfo = d(1, "Devicelnfo")

% daq function create DataAcquisition device interface for National
Instruments
dg =daqg("ni"

dgq =
DatafAcguisition using Mational Instruments(TM) hardware:

Running: @

Rate: 1

MumscansfAvailable: @
NumScansfAcquired: @
NumScansQueued: @
NumScansOutputByHardware: @
Ratelimit: [

Show channels
Show properties and methods

Devicelnfo

1x1 Devicelnfo

dg =

% Add input channel(s) to device interface

addinput(dg, "Dev1", "ai0", "Voltage"), addinput(dq, "Dev1", "ail", "Voltage")
dg.Rate = 100 % set numbers of samples per second

time_of_measurement = 10.0 % set total time of data measurement (collection)

Datafcquisition using National Instruments{TM) hardware:

Running:

Rate:

NumScanshvailable:
MNumScansfcgquired:
MumScansQueusad:
MNumScansOutputByHardware:
Ratelimit:

Show channels
Show properties and methods

time of measurement = 18

[6.1000 25000]




NI USB-6002 with Matlab

PC with MATLAB
environment NI USB-6002

i /; MATLAB

Example — damped physical pendulum

/

%collecting measurement data
data=read(dq,seconds(time_of measurement))

data = 1880x2 timetable
Time Dev1_ail Devl_ail
1 0 sec -0.2657 -0.2654
2 0.01 sec -0.2664 -0.2664
3 0.02 sec -0.26651 -0.26593
4 0.03 sec -0.2683 -0.2673
5 0.04 sec -0.2677 -0.2706
6 0.05 sec -0.2690 -0.2686
7 0.06 sec -0.2680 -0.2715
8 0.07 sec -0.2706 -0.269%
9 0.08 sec -0.26590 -0.2719




Damped physical pendulum

PC with MATLAB

environment NI USB-6002

o by

MATILAB

TIME=data.Time; DATA=data.Variables; N=length(TIME);
DTIME=linspace(0,time_of _measurement-1/dq.Rate,N)’;
VOLTAGE1=DATA(1:end,1); VOLTAGE2=DATA(1:end,2);
ANGLE=-(VOLTAGE1-2.132)*(0.5%3.1415926)/1.3821;
VELOCITY=zeros(N,1);

for k=2:N
VELOCITY(K)=((ANGLE(k)-ANGLE(k-1))/(DTIME(K)-DTIME(k-1)));
end

figure;

%plot(DTIME, ANGLE,'r')

hold on

xlabel('t [s]'); ylabel('\theta [rad.]");
title('Time history of angle');

xlim([0 time_of _measurement]); ylim([-2 2]);
comet(DTIME, ANGLE), hold off

figure;

%plot(DTIME, VELOCITY,'g')

hold on

xlabel('t [s]'); ylabel("\theta" [rad./s]');
title('Time history of angular velocity');
xlim([0 time_of _measurement]); ylim([-20 20]);
comet(DTIME, VELOCITY), hold off

figure; %plot(ANGLE, VELOCITY,'b')

hold on

xlabel('\theta [rad.]'); ylabel('\theta" [rad./s]');
title('Phase portrait’); xlim([-2 2]); ylim([-20 20]);
comet(ANGLE, VELOCITY)

hold off

%animation

figure; 1=0.12; Cx=I*sin(ANGLE); Cy=-1*cos(ANGLE);
drawArrow = @(x,y) quiver(x(1),y(1),x(2)-x(1),y(2)-y(1),0);
axislimits=[-0.12 0.12 -0.14 0.05];

for k=1:N

plot([0],[0],--',0,0,'ko");

axis equal; hold on; axis(axislimits);

x1 =[-0.04 0.04]; y1 = [0 0]; drawArrow(x1,y1);
x2 =[00]; y2 = [-0.04 0.04]; drawArrow(x2,y2);
plot([0,Cx(k)],[0,Cy(k)],'g','LineWidth',2);
plot([Cx(k)],[Cy(k)],'ko','MarkerFaceColor','k");
text(0+0.002,0+0.005,'0");

text(0.04+0.002,0,'x');

text(0,0.04+0.005,'y");
text(Cx(k)-0.003,Cy(k)-0.005, tip');

hold off; pause(0.001);

end



Damped physical pendulum

PC with MATLAB

environment NI USB-6002
4 ; KT
i Vo' MATILAB
5 Time history of angle o Time history of angular velocity
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Damped physical pendulum

PC with MATLAB
environment NI USB-6002

i /; MATLAB

Phase portrait

2[} r T T T T T
004} 3 ]
15 F
0.02 + .
10 0F @ﬂ X T
5t 002+ .
w
® O o 0.04 | |
= 0.06 1
s
008 1
10 F
01p 1
15} 012F ® T
tip
_2[} 1 1 1 1 i 1 1 i _D1¢ 1 1 1 i 1
2 15 -1 05 0 0.5 1 15 2 0.1 -0.05 0 0.05 0.1




Wolfram
Anlmate - M athematlca Mathematica

Animate

Al = Animate[{t, Sin[t]}, {t, -1., 1.}] e} im
) Export[NotebookDirectory[] <> "A1.gif", Ad, "AnimationRepetitions" -> Infinity]
Animate [ expr, {u, Umin, Umear} | [-1., -0.841471}

generates an animation of expr in which u varies continuously from u,,,;,, 10 4,
{3 MEM

) A2 = Animate[{t, Sin[t]}, {t, -1, 1, 0.1}]
Animate [ expr, {u, Upin, Umea, dit}] [-1., -0.841471}

takes u to vary in steps du.

t{ M~
‘ A3 = Animate[{t, Sin[t]}, {t, {-1.0, -0.3, 0.1, 0.2, 0.5, 1.0}}]
Animate [ expr, {u, {uy, us, ...}}] [-1., -0.841471}

makes u take on discrete values w1, uy, ....

s MEEIS]
. A41 = Animate[{x, y, z, x +y + 2}, {X, O, 1}, {y, O, 1}, {z, O, 1}] Y3 Wlalx]=]
Animate [ expr, {u, ...}, {v, ...}, ...] _y MEEIE]
varies all the variables u, v, ...
{6,0,0,0}




Wolfram
Mathematica

Animate - Mathematica

W1 = Animate[Plot[A Sin[t], {t, O, 4 Pi}, PlotRange -> {{0, 4 Pi}, {-1, 1}}], {A, 0.1, 1}, W2 = Animate[Plot[Sin[t + b], {t, O, 4 Pi}, PlotRange -> {{O, 4 Pi}, {-1, 1}}], {b, O, 2 Pi},
AnimationRunning -> True] AnimationRunning -> True]
A MRS b <] ][alx][=]

1.0 1.0

051 05
ﬂ.ﬂ- R R R R | m [ B 0.0 N SR, T B L ]
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Wolfram
Mathematica

Example - Standing wave

td | Ijalxl[—
e
— 4sin(3x-21)
12 — 4sin(3x+21)
sl —— 2-4sin(3x)cos(2t)

0 I b m b 7o m 3ma & 11 X [cm]
- —_ - —_ —_— —_ —_— T

AL B 3 3 6 3 2 3

_E_




Wolfram
Mathematica

Example — Aerostatic pendulum

[ + cp + mgssing = Mipmag(p,1) + Mapmag(@,i)

Coil current

ll

la

Time t

Mimag (@, i) = Aie ™% ¢,

MZmag (@, 1) = Aie _A(GDJ%) (¢ +1/4),

Experimental rig: 1 — physical pendulum, 2 — neodymium magnet, 3 — electric

textolite board, 5 — aluminium disk.




Identification

Wolfram
Mathematica

4
+ glrad]
/

@ [rad]
0.1
0.05
0 TTS]
1 %0 2'(t) [radis]
-0.05} :
20
-0.1*% . . .
—— simulation  x experiment 15
M(¢p,0.5) [N-m]
Mi1(9,0.5) [N-m] 0.061 0
] R Y U M1(,0.5)
oot N [P M2(9.0.5) 5
—— Mq2(9,0.5)
0.02 0
7 7 7 @ [rad] I = = @ [rad] ]
2 4 0.0 4 2 2 4 2
A -10
‘\o. 41
-0.06 N -1
— Model 1 — Model2 — Model 3 - experiment -0.06*
-20
Mia(e,) [N-m]
0.16
— /=02A
012} 1=04A
0.08+ /I=06A
/I=08A
0.04 ¢' [rad/s]
—I/=1.0A T pe—
F T T 7T @ [rad] // ’\ ‘- .;;‘l;v‘éawe“map
2 4 004l 4 2 )
v/ 02040608 1 ¢ [rad] 5 t%.a(p[rad]
008 \ /

-0.12*¢
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Animations

Wolfram
Mathematica

i Lijal¥| (=]
Mi2(@,l) [N-m]
0.161
—_1=02A
0.12F [=04A
0.08| [=06A
00al I=0.8A
— I=10A
7T = @ [rad]
2 4 Lo.04l 4 2
0.
—0.12L

012¢

-012¢

= @ [rad]




Animations

Wolfram
Mathematica

¥y MR

Mi2(¢,1) [N-m]
012

MIENMIEY

— =02 A /\ /‘\\
1=04A x‘ "‘-..m 0.08- / \
=06 A N\ ;" \
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Wolfram
Mathematica

Animations




Wolfram
Mathematica

Animations

OXYZ = {{Black, Ball[{©, 6, 0}, ©6.001] }, {Red, Arrowheads [0.02], Arrow[{{©, 0, 8}, {0.1, 0, 0}}, ©6.02]},

{Green, Arrowheads[6.02], Arrow[{{©, 0, 8}, {0, 6.1, 8}}, ©6.82]}, {Blue, Arrowheads[©6.02], Arrow[{{©, 6, 8}, {0, 6, 6.1}}, 6.62]},

Text["x", {@.1, @, 8}], Text["y", {0, 0.1, 0}], Text["z", {@, 0, 0.1}], Text["0", {-0.007, -0.007, -0.007}]};

PODSTAWA = { {Gray, Opacity[@.9], Cuboid[{®, -©.1, -©.265}, {0.05, ©.1, -0.25}]}, {Gray, Opacity[®.9], Cuboid[{-0.015, -0.1, -©.265}, {0, 0.1, 0}1}};

- TARCZA = {{Brown, Opacity[1.0], Cylinder[{{©, 6, 0}, {0.01, 0, 0}}, ©.14]}, {Gray, Opacity[.9], Cylinder[{{0, 0, 6}, {©6.011, 0, 0}}, ©0.63]}};




Wolfram
Mathematica

Animations

rdzenie cewek
injsl= RDZEN1 = Rotate[{ {Brown, Opacity[0.9], Translate[Cuboid[{©, -©6.02, 6}, {06.04, 6.2, 6.015}], {©.01, 6, -0.11}]},
{Yellow, Opacity[.8], Translate[Cylinder[{{©, ©, 8}, {©0.002, 6, ©6}}, ©.005], {6.64+0.01, -©.012, ©6.015 /2-06.11}]},
{Yellow, Opacity[.8], Translate[Cylinder[{{©, ©, 8}, {©0.002, 6, 06}}, ©6.005], {6.064+06.01, ©6.012, 6.615/2-0.11}]},

{Black, Opacity[.9], Translate[Cylinder[{{0, 0, B8}, {0, 6, 6.035}}, ©.008], {©.062+0.01, 0, ©.015-0.11}] }}, @Degree, {1, 0, 0}];

in[7}= RDZEN2 = Rotate[ { {Brown, Opacity[©.9], Translate[Cuboid[{@, -©.02, B}, {0.04, ©6.062, 0.015}], {0.01, @, -0.11}] },
{Yellow, Opacity[.8], Translate[Cylinder[{{©, 6, 8}, {©0.002, 6, ©6}}, ©.005], {6.64+0.01, -©.012, 6.015/2-06.11}]},
{Yellow, Opacity[.8], Translate[Cylinder[{ {0, 6, 8}, {6.002, 6, 0}}, ©6.0065], {6.04+06.01, 6.012, 6.615/2-06.11}]}(+,

{Orange,Opacity[.9],Translate|[Cylinder[{{©,0,0},{0,0,0.034}},0.018],{0.62+0.01,0,0.015-0.11}] }*),
{Black, Opacity[.9], Translate[Cylinder[{{®, 0, 08}, {0, 0, 6.0635}}, ©6.008], {0.02+0.01, 6, ©.015-0.11}]}}, -45Degree, {1, 0, 6}];

iner= WALEK = { {Gray, Opacity[.9], Cylinder[{{0.012, 6, 6}, {06.9015, @, @}}, ©.025]}, {Gray, Opacity[.9], Cylinder[{{0@, 6, 8}, {0.04, 0, 8}}, ©0.005]}};

inj51= WAHADLO = Translate[ { {Gray, Opacity[.9], Cylinder[{ {0, 6, 6.008}, {0, 6, -0.008}}, ©.006] },

{Gray, Opacity[.9], Cylinder[{{©, 6, -©.008}, {0, ©, -©.051}}, ©.015]}, {Gray, Opacity[.9], Cylinder[{{©e, 6, -0.051}, {0, ©, -0.056}}, ©.012]},

{Black, Opacity[1.0], Cylinder[{{0, 6, -06.0656}, {6, 0, -©6.8657}}, ©.009]}}, {©6.03, 0, ©}];
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TABANIM =
Table[

Graphics3D [ {OXYZ, PODSTAWA, TARCZA, RDZEN1, RDZEN2, {Orange, Opacity[0.5+ (0.4 /0.5) xtabi[[t]],
Rotate[Translate[Cylinder[{{©, 9, 8}, {9, 6, 6.634}}, ©.018], {0.62+0.01, 0, 6.815-0.11}], © Degree, {1, @, 0}]},
{Orange, Opacity[©.5+ (9.4 /0.5) « tabi[[t]]], Rotate[Translate[Cylinder[{{0, ©, 0}, {0, 0, ©6.834}}, ©.018], {0.62+0.01, 6, 6.615-06,11}],
-45 Degree, {1, 0, 6}], WALEK, Rotate[WAHADLO, tabFI[t], {1, 8, ©}]}(++)}, PlotRange» {{-0.14, 6.14}, {-0.14, 0.14}, {-0.14, 6.14}},
ViewVector - {0.6, -8.4 %0, ©.4%0} (+,PlotRange > -0.35,0.35),-0.35,0.35},-0.3,8.3) ,Viewector-(9,0,10) +), ImageSize -» {Large}, Boxed -» True],
{t, 1, tk / krok, 2} (*,AnimationRunning—Falsex)];
. Export [NotebookDirectory[] <> "Pendulum2624.gif",

Join [TABANIM (+,Reverse | TABANIM]| «)], "AnimationRepetitions" - Infinity,

ImageSize - {Automatic, 600}, ImageResolution - 300]
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Other animations




Conclusions

Easy interpretation and better understanding of the presented data
Presentations are more attractive and attract attention of the listeners

Animations can be used as supplementary material at submission the online version

of a published research paper
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