Zmiana potozenia — zapis wektorowy
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Predkos¢ chwilowa jako styczna do toru,
def. przyspieszenia
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¥ Przyktad zaleznosci graficznej pomigdzy

Ruch jednowymiarowy
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Jak policzy¢ droge w ruchu o zmiennej predkosci
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Ruch jednowymiarowy, jednostajnie przyspieszony
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Przyktad ruchu dwuwymiarowego
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EXAMPLE 4.7  The End of the Ski Jump

A ski jumper leaves the ski track moving in the horizontal di-
rection with a speed of 25.0 m/s, as shown in Figure 4.14.
The landing incline below him falls off with a slope of 35.07.
Where does he land on the incline?



EXAMPLE 4.7  The End of the Ski Jump

A ski jumper leaves the ski track moving in the horizontal di-
rection with a speed of 25.0 m/s, as shown in Figure 4.14.
The landing incline below him falls off with a slope of 35.0°.
Where does he land on the incline?

Solution
borne for less than 10 s, and so he will not go farther than

It is reasonable to expect the skier to be air-

250 m horizontally. We should expect the value of d, the dis-
tance traveled along the incline, to be of the same order of
magnitude. It is convenient to select the beginning of the
jump as the origin (x; = 0,y; = 0). Because v,; = 25.0 m/s
and v,; = 0, the x and y component forms of Equation 4.9a
are

(1) Xp= vl = (25.0 m/s)1
(2) V= ._l;(f_\‘fg = f%(Q.B’O m/s?)(?

rom the right triangle in Figure 4.14, we see tha 1€
F th ght triangl Fig 4.14 that tl
jumper’s x and y coordinates at the landing point are x;=

d cos 35.0° and yp= —dsin 35.0°. Substituting these relation-
ships into (1) and (2), we obtain

(3)  dcos35.0° = (25.0 m/s)t
(4) — dsin 35.0° = —5(9.80 m/s?) >

Solving (3) for fand substituting the result into (4), we find
that d = 109 m. Hence, the x and y coordinates of the point
at which he lands are

xp= dcos 35.0° = (109 m) cos 35.0° = 89.3 m

Vy= —dsin 35.0° = — (109 m) sin 35.0° =  —62.b m

Exercise Dctermine how long the jumper is airborne and
his vertical component of velocity just before he lands.
Answer

3.57s; —35.0m/s.



Jednostajny ruch po okregu 1 przyspieszenie

* Stata co do wartosci predkos¢ v (stata szybkosc), ale zmienny
kierunek predkosci




Jednostajny ruch po okregu 1 przyspieszenie
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Przyspieszenie ,,styczne” 1 ,,normalne”

= Jesli obiekt porusza si¢ ruchem zmiennym (zmienia si¢ kierunek 1
wartos¢ predkosci) to przyspieszenie mozemy roztozy¢ na dwie
sktadowe: ,,styczng” do toru, ,,normalng” do toru.
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ExXAMPLE 4.8 The Swinging Ball

A ball tied to the end of a stning 0.50 m n length swings i a
vertical circle under the influence of gravity, as shown in Fig-
ure 4.19. When the string makes an angle # = 20° with the
vertical, the ball has a speed of 1.5 m/s. (a) Find the magni-
tude of the radial component of acceleration at this instant.

Solution The diagram from the answer to Quick Quz 4.4
(p- 109) applies to this situation, and so we have a good idea
of how the acceleration vector vanes during the motion. Fig-

ure 4.19 lets us take a closer look at the situation. The radial

acceleration 1s given by Equation 4.18. With » = 1.5 m/s and
r = 0L50 m, we find that

v? (15 m,/s)?

r (L50m

ity = 4.5 m/s*

(h) What is the magnitude of the tangennal acceleration
when & = 20°?



Przyspieszenie ,,styczne” 1 ,,normalne’;: wahadto

Kulka wisi na lince o df 0.5m 1 swobodnie waha si¢
pod wplywem sity ciezkosci. Kiedy linka tworzy z
pionowg o0sig kat ¢ = 20° pitka osigga predkosc¢ 1.5 m/s

a/ jaka jest wartos¢ sktadowej normalnej (,,radialne;”)
przyspieszenia

b/ jaka jest wartos$¢ skltadowej stycznej przyspieszenia
c /jaka jest wartos¢, zwrot 1 kierunek catkowitego
przyspieszenia?



Solution When the ball is at an angle # to the vertical, it
has a tangential acceleration of magnitude gsin @ (the com-
ponent of @ tangent to the crcle}. Therefore, at 8 = 207,

a = gsin 20° = 3.4 m,/s%.

() Find the magnitude and direction of the total acceler-
ation a at @ = 207,

Solution Because a = a, + a;, the magnitude of a at § =
20° 18

T =
i

a= "..'In,i +af =457+ (3473 m/sf = BB m/sd

If ¢ 1s the angle between a and the string, then

e
_1 1 34 m/s -
¢ = tan~! — = tan 1(—lq = 37
iy 4.5 m/s"

N

Note that a, a,, and a, all change in direction ard magni-
tude as the ball swings through the circle. When the ball 1s at
its lowest elevation (8 = 0), a, = 0 because there 13 no tan-
gential component of g at this angle; also, a,1s a maximum be-
cause v 1s a maximum. If the ball has enough speed to reach
s highest position (# = 1807), then #, 15 again zero but a,1s a
minimum because v is now a minimum. Finally, in the two

horizontal positions (# = 907 and 2707), |a | = gand a, has a

value between its mimnimum and maximum values.

Figure 4.19 Motion of a ball suspended by a stri ng of length r.
The ball swings with nonunitorm crcular motion in a vertical plane,
and its acceleration a has a radial component @, and a tangential
COMmponent d,.



- 1-19. Szybkos¢ pradu wody w rzece zmienia sie wraz z szerokoscig rzeki wedlug prawa
v = —4x%+4x+0,5, gdzie x = alb (a— odleglos¢ od brzegu, b — szerokoéé rzeki).
O jaki odcinek prad wody w rzece zniesie 16dke przy przeprawie na drugi brzeg, jezeli
szybkos¢ 16dki wzgledem wody réwna si¢ 2 m/s ? Szybko$¢ 16dki ma kierunek prostopadly
do brzegéw rzeki. Szeroko$¢ rzeki 420 m.
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