Curvelinear motion of a particle

Iva Petrikova, doc. Ing. Ph.D.
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Coordinates systems

» Rectangular coordinate system,y, (2)
» Normal and tangential c. tn, (b)

» Polar c. —p, p Cylindrical c.-o, p, z

» Spherical c.
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Rectangular coordinates in space

» Parametri equation
» Radius vector
» Velocity

» Acceleration
» Unit vector:

V:d—::VXT+VyT+VZE
é:d—\Z:aXT+ayT+aZIZ
I=7=| =2
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Rectangular coordinates in space

» Parametric equations x=x(t),y=y(t),z=z(t)
» Radiu¢vectol F=xi
» Velocity components V=% % =¥V, =2

V=Vi+v, |+vk

Xi +yj + 2k

» Acceleration compon. a =v,=%;a,=v,=y;a,=v,=2

X y Z

» Magnitude of vel. vectol V] = V2 + V2 + V2
» Magnitude of acc. vector ——
8=, [a’+a’+a
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Natural coordinates

4
4
4
4
4
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Tangent axis, normal axis, binormal axis
Parametric equatior s=s(t)
unitvector:— 3D & .&.6 2D &,
velocity V=VE
accelerationa=ae +ae,

ds .
Vv=—=35§

dt
a _dv_v_g . Vv

dt P ;

p ... radius of curvaturep =LS. =
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Natural coordinates

» velocity vector |V =S§
» accelerationveq. dv_d,. ., .. .de __  ,dg
a= = = +S—— = +S° —
dt dt(set) = £ ot ds
» where® =% gnd°i-%
dt ds dt
b
d®s
» tangent componenta, =5 = =
SZ

» normalcomponent |&,
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Polar coordinate system (2D)

» parametric equations  p=p(t).¢=4(t)

» unitvector: & &,
» F=pe’ i =/-1
V=T = pe? +ippe’
» radial component  |v, ==
» transversal compone,  dg _
Vo =P PP

3=V = pei¢ n ip¢ei¢ + i,O¢ei¢ + ip¢ei¢ + i2,0¢zei¢

a,=p-pp’| [ =epr208|
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Cyrindrical coordinate systems

» parametric equation »,=,(t).¢=4(t).z=z2(t)
» unit vector

» velocity — v=v,8 +v8 +vsE
do dg dz
P ” ¢~ P P © 0 dt

) acceleratica=age, +ae, +az,

a, = p-pg°

a, = pP +2p¢
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TEMOST

» Motion of a particle along straight line. Repetitive motion (vibration of
machines, swing of pendulymrojecting moving uniformly along the
circle)

» Differential equatiolx + w?x = 0| and soluti{x = r sin(ct + ¢, )
» X ...displacement, r ... amplitude of motian,.. frequency of motion

Harmonic motion

» @q-.- INItial phase
» Time of period of motion ...T; T=2/®

» Frequency of motion (number of periods per unit of timeffd Hz,
f=1/T

» velocity vV =rwcos(at + ¢, )
» accelerationa = —r ¢ sin(at + ¢, )
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