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Introduction motion. To do this, we must first determine the
Cariolis strength is important in aerospace, velocity of the point in a natural way.
meteorology and ballistics. The cariolis force, in turn, The velocity of an object at the moment in
causes the cariolis acceleration. By determining the question is called its average velocity.
velocity and acceleration of a point in a natural way, 3 =4 )
we can induce a cariolis acceleration for a complex oAt
Ar = Ar'-r
T
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.
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The instantaneous velocity of an object is equal

to the product of the radius vector and time.
5 df 4 2
v=—=7 (2
In the coordinate system

7 = xi+ yj+zk ©)
D=7 =xl+yj+zk (4)
Uy =X v, =

y v, =z
vi+vi+vi v=x2+y2+2z% (5
cos(¥, x) =1;—"
Yy G o) =
" cos(v,z) = -

cos(¥,y) =

Il.Literature review
To determine the velocity of a point in a natural
way, its trajectory must be precise.

On the move
MM' = AS
, AS
Average speed Vorr = 7
I AS dS
v=Ilim-—=—
A At—0 At A dt
S r
érr = At Vorr = t vtlwr * Vorr
'3
'
',' ‘;"'_""‘\

However, the modulus of velocity at the moment At
— 0 tis equal

y |Ar|
v=I1l1m-—
At—0 At
v=1v'
because
LA
v = lim larl _ 1
AS—0 AS

We look at the acceleration of the object

AR
Gon =7
L dp P
a=—=—
dt dt?

a= ’a§+a§+a§= ’17',§+v'§+v'22
= J#2 + j2 + 72

d=a,+ayj+a,k

Let us consider the motion of the B end of the rod
relative to the fixed O center

OB=r

x angle of rotation relative top = wt will
change according to the law

x =0A = B0 cos@ =1cos¢ =r1coswt
y=BA =sing =rsing =rsinwt

dx
v, = T —rw sin wt
vy, =y =Twcoswt

L J

v= ’v,% +vi = \/(—rw sin wt)? + (rw cos wt)?

v =rw = const the speed module is constant w =

const
Let's find the direction
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. Vx rosinwt d isdirected to the center of rotation
cos(v,x) = > T e — sin ¢
. vy Trwcoswt t=0
cos(¥,y) =—=———=cos .
. ( y). v wr ¢ cos(a,x) = -1
Acceleration projections cos(d,y) = 0 itx =1 i'y="
a, = U, = —Tw? cos wt ' ' - ' 2
a, = v, = —rw?sinwt t=%
a=.ai+ai= —rw? cos wt = const cos(d@,x) =0
a=rw? cos(d,y) = —1 a " x = % i ' y=m
Although the modulus of velocity is constant, the t=0
modulus of acceleration is different from zero. cos(%, x)=0
Because the trajectory is curved, the direction of S ’ A T I
o . cos(v,y) =1 v, x == v, y=0
velocity is constantly changing. 2

I11.Analysis

Acceleration direction
a, —rw?coswt

cos(d,x) =—= > = — cos wt
a T
= —cosg
> ay . .
cos(d,y) =— = —sinwt = sing
a
r'y

-

Because the vector v of the point is always
directed to the trajectory
v=vT

™

We can derive two variables.

Determination of point acceleration in a natural way.
If the motion of a point is given in a natural way, the
acceleration is divided into components.

The tangent plane is perpendicular to the normal
plane. MN is head normal, MB is binormal. Unity

vectors ¢- experiment, 71- normal, b- binormal.
We express the vector @ on the natural coordinate
axes

d=a, T+ a,n+ ayb

(6)

MNovmal feliik

‘

S_db__dv  di
“Tar T Ta th
|At| =2|T|sin7(p= Zsin—(p

2
|AT] =1
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) AT
M:
.. A .
dr . At| i Zsm—_ . sm—XA(p AS
dt| = At2o Atl TaS0T At atSo\ A2 CAs At
2
AS = MM’ L dv, vP ., v?
If At—0 AS = 0 Ap =0 =gt yrE
gty 2sin%2 AS L LT,
il = dim, g% fim e < fim T T
The first limitis 1 _ v
AS s a=a, = 3 (13)
fos g
.  _, 1
dmas=k= p ® IV.Discussion
Only a change in speed is characteristic.
k-line curvature, p-. curvature radius. 1. Linear motion.
dr] v d? In a linear motion, the radius of curvature of the
E| = ; dt trajectory is p = co and
The direction of the vector is normal to the head. @ = U_z -0
L, dv, v? "o '
a=ET+;Tl 9) L dv, vz_) dv .,
a=—T+—n =—-1
dv v? 0 (o) dt P dt
ar = —— an = — ap = dv
dt p =a,=— (14
a=a,=— (14)
Hence the acceleration a lies in the tangent plane and . . .
can be divided into two components: If there is a straight line ,
a, — effort or tangential acceleration. d_” =0 v _ 0
a, — normal acceleration dt p
2 a = 0 object has no acceleration.
=JaZtal= (d”)z n v? 11 3.Smooth accelerating motion.
a =./az ap = dt p ( ) R dv_>+172_)
a a=—T —n
cos(a, a,) = — ) dt p .
0@ The change in the algebraic value of the velocity
cos(a,a,) = - (12) is characterized by the acceleration a,
a v =7y +a.t (15)
2
Here are some special cases: S = vt + afzt (16)
1. Smooth movement These formulas are suitable for both straight and
' ds curved movements
v=_o= const 4. Harmonic oscillations.
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As for the beginning of the calculation as w- the rotational frequency of the vibration.
harmonic oscillations S = asin wt or Advanced movement speed. The motion of a
S=acoswt (17) point with respect to a system assumed to be stationary
variable actions under the law .a > 0, is called absolute motion. ¥, d
w- constant magnitude .Function functions The motion of a point with respect to a moving
change from 1 to -1 system is called relative motion.v,., a,
—a<S<a. The motion of a system relative to a system that
a-amplitude, w — 27 the number of oscillations is assumed to be stationary at all points is called
per second. Full vibration period. forward motion. dg, Ug
wT+T)=wt+2n Let the point move with respect to the moving
21 system k' and the stationary k.
T=— (18)
w
F Y
K
b
1 A
z’ N
z \
& &
\ 3’
v I
oo
Sox’
Ay v ¥
X

A

:ﬁ + 7! 19 —>_d_‘F_ d_'F(; rdl ldJ Id_%’ dF(;
0 (19) V=2 (dt+ +y tz dt)+(dt+
A dx' 5, | dy' 5, >
If we harvest in time d—xtl +—= y Y+ +— k) (23)
ar dR, d7' The absolute velouty of a point.
L. dt  dt = dt From the last formula (23) we can derive #',7",k’ and
v=U+7, (20) in this x,y', z' as variable quantities for absolute
d7’ _dx', d dz' - i
7, = 74 y' DarZr o e acceleratlorl. o
dar o de b T dr dt a=dg+a,+a (24)
dr — rotational acceleration (cariolis acceleration)
The relative velocity of a point or k' is the velocity d, — relative acceleration of a point
in the system_) . L (ax di'  dy’ dj’ dz' dk’
B Ry=7y+xT+y] +2z'k B =2\ dt +— dt di EE (25)
dr, d7; dz daj  dk’ i i
B = o_%% L e (22) Hence, the acceleration of a point in a complex motion

R dt dt dt ar dt is equal to the sum of its rotational acceleration,
Ry —x',y',z" — const the radius vector of a point relative acceleration, and cariolis acceleration.

when it is constant. 7, — radius vector characterizing

the center of mass of the object.
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o
rs @
. o
x =180 " — @
L
Of course For example, a point moving from north to south
5= [a,7 =f along the meridian with velocity o, = 100% is
L . dt affected by an acceleration to the east at ax = 1.26cm/
The rotation is in motion or . sat latitude a = 60° .
di’ dj’ dk’ o rad .
— =[w1 AR P — =@k’ w, = 0.0000727—) the angular velocity of
=i, —=@y], — [@, k'] ( y S) g y

Considering the caryolis acceleration using the vector
multiplication formula

d, = 2[w X v,] (26)
It's a module
dy = 2w, sin(@ X #,) 27)

Hence, the karyolytic acceleration of a point in
complex motion is equal to the vector product of the
relative velocity of the point and the angular velocity
at a given moment of the excited Oxyz coordinate
system.
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