Lanching from ground level
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We use notations:

0] (O, 0) — launching point, ground level

B(R, O) — arriving point, ground level

R -range (horizontally)
T —time

H —maximum height

R
Vv (—, Hj — vertex of parabola (turning point)

A(g , 0) — projection of V on x-axis
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Vo, =V, €COS O, Vo, =V, SInG
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V, =V, Vte [O,T] constant = R =V, T = v,, :?
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In point A: Xz%,tzg, €=0.Inpoint B: y=0

Horizontal movement: X =V, t (uniform movement, constant velocity)

t2
Vertical movement: y = Voyt _9 (uniformly varying movement, constant acceleration)

Case I: We know angle € and range R

e FindingT

X
Removing t from the two movement equation:t = — we get
VOX
2 2

Y=V, ——= — = ~X——~T—-X2,hence y:xtge—gT

R2

In points O and B, thereis Yy =0 so X, =0, X, = R are roots of parabola equation.
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ng x* =0, hence X, =0, X, ZZR—th.
R gT

2R190 =1hence T :—“ZRg 'g0 (1)
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Butthen, y =0 < Xxtg8 —

From last two expressions of X, =
e Finding H

T
Invertex V: t = E siv, = 0, hence Vo, = 0t.

T
=H sit=—,hence H=v,, -——=- — = ————- —=
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- X2 (parabola).



From (1) = H :Rt_g& (2)

e Finding V,

R
We have V,, =V, C0S@. On the other hand V,, = —. From last two we get V, = .
T T cosd

2Rg tg @ R VvRg

From (1) we get T = ———— and replacing we get V, = =

9 V2Rgtgo .C0s @ Z—Sme -cos” 6
hence v, = ‘/S'sgé’ ,or V, =—W or V2 —& (3)
|

g cos &
sin 20 ° sin26

So, when we know angle € and range R we can find T, H, v, from formulas (1), (2), (3)

Case Il: We know angle @ and initial velocity V,

. Rg _V,°sin20
From V,” = <in 20 (3) weget R ——g (4)
2 ain?
From H :M (2) we get H :W (5)
v,” sin 20
\/Zogtg@ )
From T :—“ZRg 99 (1) weget T = g =T= 2, SIn 6 (6)
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