Kinematika

* hmotny bod: téleso s nekonecn¢ malymi rozméry, ale nenulovou hmotnosti,
t]. zadné otaceni, zaddna deformace atd.
hmotné body jsou rozliSitelné
asi lep$i oznaceni by bylo bodovd hmotnost (analogicky jako bodovy naboj)

* popis pohybu hmotného bodu — tj. poloha hmotného bodu v zavislosti na Case
« polohovy (radius) vektor 7°
» trajektorie: kiivka, kterou vytvaii koncovy bod polohového vektoru

—

« parametrické vyjadieni trajektorie 77 — f(ﬂ

v kartézskych soufradnicich
x = x(t)
y = y(t)
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Fyzikalni veliiny

Miry fyzikalnich vlastnosti: X=x[X]

* skalarni : invariantni vii¢i volbé souradnicové soustavy

* vektorové: zavisi na volb¢ souradnicove soustavy

1D 2D
o skalar: x  skalar: x
* vektor: + x * vektor: (x,y)
r AN

A\

3D

o skalar: x
* vektor: (x,),2)
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e skalar: x

* vektor: (x,, x,, ...
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Vektorove veliCiny

Oznacdeni:

vektor: o

velikost vektoru: v nebo |7|

x-ova slozka vektoru: v, nebo 14

y-ova slozka vektoru: ¥, nebo U2

z-ova slozka vektoru: vU- nebo U3



Transformace souradnic — otoCeni v roving

» kartézska soustava souradnic: x, y

» kartézska soustava otocena kolem osy z o tthel o x’, y’ ! :
Y Y r = XTCOSQ —+ ySI K«
!
4 Yy = —aIsSIo -+ YycCcoso
: Y
Y
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X COScav Sl v &
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X =AX
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Transformace souradnic — otoCeni v roving




Transformace souradnic — otoCeni v roving
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r = rcosa-—+ ysina

y = —rSlha-+ ycosa




Transformace souradnic — otoCeni v prostoru

» kartézska soustava soufadnic: x, y, z

. .z y — 2 2 2
* otoceni kolem osy 0 o uhel &« 0 = (_OI, Oy 0, ) Op T Oy T 0, = 1
r-IFI -
X =AX
cosa + 02(1 — cos a) 070y(1 —cosa) +0,sina 0,0,(1 —cosar) — o, sina
A= | 0504(1 — cosa) — 0, sin cos (v + 05(1 — cos ) 040z (1 — cos ) + 0, sina

070,(1 —cosa) + o sina 0,0,(1 —cosa) — oy sina cosa + 02(1 — cos @)



Transformace souradnic — obecné

!

X =AX

;. ey . . ;v . v . - !
« skaldr je veli¢ina invariantni pii transformaci soufadnic: S'( ) =S5 (1)

* vektor je trojice veli¢in v = ("E’l . V9. V3 ), ktera se pfi transformaci soufadnic transformuje
jako souradnice:



Vektorove fyzikalni veliCiny

* velikost vektoru: ‘(T | = (fg. + ({5 + f‘fg (velikost vektoru je skalar)

Casto se pise: ‘ﬁ ‘ = a

» soucet / rozdil vektoru:




Vektorove fyzikalni veliCiny

« skalarni souéin: b = a, b, + ayb, + a.b, = abcost (skalar)

7 =1(0,1,0)
(y = 77|
_____ o
_ ; > 7 = (1,0.0)
Ly = (

skalarni sou€in ma vyznam velikosti primétu vektoru a
do sméru ur€enc¢ho vektorem }

ab

— — (. COS f
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Vektorove fyzikalni veliCiny

* vektorovy soucin v 3D:

— — —

- ik
W=axb=\|a, a, a, |= (ayb, —ayb,,a.b, —a,b,.a.b, —a,b,)
b, b, b,

—

vektorovy souéin je vektor kolmyna @ a b

wa=0 wb=20

velikost vektorového soucinu:

| = w = absin f

—

. b. 10 tvofi pravotodivy systém




Kartézska soustava souradnic

PravotocCiva Levotociva
A A A 2
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jednotkové vektory ve sméru soufadnicovych os

i =(1,0,0)
7 =1(0,1,0)
k= (0,0,1)



Kartézska soustava souradnic

» ortonormalni baze

i =17l = [k =1
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Kartézska soustava souradnic

* polohovy (radius) vektor

R F=xi+uy) + 2k = (z,y,2)

velikost polohového vektoru:

r= |7 = a2 +y2 + 22




Obecné souradnice

» kartézské souradnice: x, y, z

* obecné soufadnice: ¢, ¢,, q;

x(q,,9,.4;) g, =q,(x,,2)
y(qla%,%) Q2ZQ2(xay>Z)
Z(ql,qz,%) q3 :%(X,J/,Z)

X

Y

Z



Polarni soustava souradnic

» kartézska soustava souradnic: x, y

* polarni soustava soufadnic: 7, ¢ r = TCOsSy

y = rsing

V'

y

r = \/.I—|—J'
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L=lxy] T
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Rovnomérny pohyb po kruznici

polarni souradnice

r(t) =r
o(t)= wt
@ - uhlova rychlost

T = 2—7Z - perioda

Q

v

kartézské souradnice
x(t) =rcosQ=r cos(a)t)

y(t)=rsin ¢ = rsin(wt)



Rovnomérny pohyb po kruznici

trajektorie
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Rovnomérny pohyb po kruznici + zmensovani r

A

Y

)
i

P
—
polarni soufadnice kartézské soutadnice
r(t)=r,—vt x(t)=rcosp=(r, —v.t)cos(wt)
o(t)= ot y(t)=rsin p=(r, —v t)sin(wt)
@ - Ghlova rychlost
7 =27 perioda

Q



Rovnomérny pohyb po kruznici + zmensovani r
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splirala.py



Rovnomérny pohyb po kruznici + zmensovani r

T T

v, = = 0,
107 20x
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spirala.py



Kruhovy pohyb + kmity

4

polarni souradnice

r(t)=r, + Asin(27 f.t)

o(t)= ot
@ - uhlova rychlost f,. - frekvence kmiti
2r . . o
T =— -perioda A - amplituda kmitt

Q

10
A=0.1r,

05
10w
= 00 - f:—
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_|:|.5.

~10 1 pruzina.py

-1.0 -0.5 0.0 05 10
X

kartézské souradnice
x(t)=(r, + Asin (27 .t))cos(w?)
W(t)=(r, + Asin (27 £.¢))sin (cwt)



Trajektorie
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Cylindricka soustava souradnic

» kartézska soustava soutadnic: x, y, z

» cylindricka (valcova) soustava soutadnic: p, ¢, z

V' N
z
X = pCOSQ
R y=psme

{ \ z=z
_ 2 2
( P=AX Ty

(¢ = arctg 4

X




Cylindricka soustava souradnic - Sroubovani

kartézské souradnice
x(t)= pcosp = rcos(wt)
y(t)= psin ¢ = rsin(wt)
z(t)=v.t

cylindrické souFadnice
ple)=r
olt)= ot
z(t)=v_t

@ - uhlova rychlost

T = 2—7Z - perioda

)
v, — rychlost stoupani sroubovice.py




Sféricka soustava souradnic

» kartézska soustava soutadnic: x, y, z

» sférickd soustava soufadnic: r, 9, @
A

z X =rsm Fcose
y =rsin Jsin @
z=rcos 4

F=afxt + 1+ 2

9 = arctg
Z

@ = arctg 4
X




Kinematika

* hmotny bod: téleso s nekonecné malymi rozméry, ale nenulovou hmotnosti

* popis pohybu hmotného bodu — tj. poloha hmotného bodu v zavislosti na Case

« polohovy (radius) vektor 7°
» trajektorie: kiivka, kterou vytvaii koncovy bod polohového vektoru

» parametrické vyjadieni trajektorie 77 = 77(7)

kartézské soutradnice cylindrické soutadnice sférické souradnice
x=x(¢) p=plt) r=rt)
y=() o =olr) 9=39(r)

z=z(t) z=z(t) v =plt)



Ortogonalni obloucky

kartézské souradnice: polarni souradnice: X=rCcosQ
velikost posunuti: y=rsin @
( 2 2 )1/ 2 :
ds =\dx" +dy dx =cos@dr—rsin pde

dy =sm @dr +rcospd@

1/2

ds = (dx® +dy?|* = (dr? +7°dg?)

y ds, = dx y ds, =dr
ds, =dy ds, =rdg
ds & ds rde
7 - 7 dr
¢ o U N




Ortogonalni obloucky

kartézské souradnice:

ds = \/ds% + ds% 4 r_’ES:%

dV = dsq dso dss

ds; = hidq;  h,— Laméovy koeficienty

soustava soufadnic h, h, h; q; 9, K
kartezska 1 1 1 X y z
cylindricka 1 Yo, 1 Yo, 1 z
sféricka 1 r rsin 9 r 9 ¢

napft. sféricka soustava soufadnic

objemovy element: dJ = °sin Sdrd 9do
element prostorového Ghlu: dQ2 =sin $d3de



Python

https://www.anaconda.com/products/individual

,\J ANACONDA. Products Pricing Solutions Resources Blog Company

Q

Individual Edition

You r data SCIence Anaconda Individual Edition
toolkit

With over 25 million users worldwide, the open-source Individual For Windows
Python 3.8 « 64-Bit Graphical Installer « 477 MB

Edition (Distribution) is the easiest way to perform Python/R data
science and machine learning on a single machine. Developed for
solo practitioners, it is the toolkit that equips you to work with R e el [ e e

thousands of open-source packages and libraries. oE | a | A



Python

https://www.anaconda.com/products/individual

J ANACONDA. Products Pricing Solutions Resources Blog Company

Anaconda |Installers

Windows & MacOS & Linux &

64-Bit Graphical Installer (477 MB) 64-Bit Graphical Installer (440 MB) 64-Bit (x86) Installer (544 MB)

32-Bit Graphical Installer (409 MB) 64-Bit Command Line Installer (433 MB) 64-Bit (Power8 and Power9) Installer (285
MB)

64-Bit (AWS Graviton2 / ARM64) Installer
(413 M)

64-bit (Linux on IBM Z & LinuxONE) Installer
(292 M)
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L
CMD.exe Prompt Datalore IBM Watson Studio Cloud JupyterLab Notebook Powershell Prompt
0.1.1 A 317 6.4.3 0.0.1
Run a cmd.exe terminal with your current Online Data Analysis Tool with smart IBM Watson Studio Cloud provides you the An extensible environment for inkeractive Web-based, interactive computing Run a Powershell terminal with your
environment From Mavigator activated coding assistance by JetBrains. Edit and run tools to analyze and visualize data, to and reproducible computing, based on the notebook environment. Edit and run current environment From Mawvigator
wour Python notebooks in the cloud and cleanse and shape data, to create and train Jupyter Motebook and Architecture. human-readable docs while describing the activated
share them with your team. machine learning models. Prepare data and data analysis.

build models, using open source data
science tools or visual modeling.

Py 7=

Qt Console Spyder Glueviz Orange 3 PyCharm Professional RStudio
5.1.0 5.0.5 1.0.0 3.26.0 1.1.456
PywQt GUI that supports inline figures, scientific Pthon Development mMultidimensional data visualization across Component based data mining framework. A fFull-fledged IDE by JetBrains for bokh Aszet of integrated tools designed to help
proper multiline editing with syntax EnviRonment. Powerful Python IDE with files. Explore relationships within and Data visualization and data analysis For Scientific and Web Python development. wou be more productive with R. Includes R
highlighting, graphical calltips, and more. advanced editing, interactive testing, among related datasets. novice and expert. Interactive workflows Supports HTML, JS, and SQL. eszsentials and notebooks.
debugging and introspection Features with a large toolbox.

Spyder



Python - Spyder

& Spyder (Python 3.8)

File Edit Search Source Run Debug Consoles Projects Tools View Help

B & 8 @ » 3 00 I

F:\text\teach\Fyzikal|\2021\prednaska'prednaska2\sroubovnice. py

a

(3 S

16

HEA_sim.py -bulklsc2 % HEA_sim.py -bulklsc2b %

import numpy as np
import matplotlib.pyplet as plt
r=1

T=1

omega=2*np.p1l/T

vz=T/10
t=np.linspace(@,10%T,1000)
x=r*np.cos (omega*t)
y=r*np.sin{omega*t)

z=vz*t

fig=plt.figure(figsize=(8,8))

ax=f1g.add_subplot(pro

ax
ax
ax
ax

plotix,y,z,lw = 2,c="red")
.set_xlabel("x", fontsize=16)
.set_ylabel("y", fontsize=16)
.set_zlabel("z", fontsize=16)

mw ~ ¥

H

HEA_sim.py - bulk\sce %

ction="3d")

gp >

H

DPL_spectra.py X

R

DPL_view.py X

dsc_beg.py %

sroubovnice.py X

4
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In [32]: runfile('F:/text/teach/Fyzikal/2021/prednaska/prednaska2/sroubovnice.py’, wdir='F:/text/teach/Fyzikal/
2021/prednaska/prednaska2’)

10875,

0% Fay,

02 -0,
X %-5%_73_00 -1.00

In [33]: runfile('F:/text/teach/Fyzikal/2021/prednaska/prednaska2/sroubovnice.py’, wdir='F:/text/teach/Fyzikal/
2021/prednaska/prednaska2’)

IPython console  History



