Calculating velocity and acceleration

» Position given as a function of time

» Velocity: differentiate position with respect to time

=2t =f(t), v=yE=40)

» Acceleration: differentiate velocity with respect to time

Ay = (l‘//(f> - f//<t) ) Ay — UN(ZL> — (]N(f>
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Calculating velocity and position

» Acceleration given

Ar = j({) ) ([’J/ - {1(/>

» Velocity: integrate acceleration with respect to time

Uy = / azdt = / f)dt Uy = / aydt = /g(t)dt

» Position: integrate velocity with respect to time

o) = [wd yo)= [0
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Special case

» Acceleration = gravity

» Initial velocity vg at an angle «

a; =0, ay = —g
Vg = Vg COS (¢ vy = —gt + vg sin «
gt

z(t) = (vocosa)t +zo,  y(t) = —=-+ (vosina)t +yo
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» Position

x(t) = tcost y(t) = —tsint

» Velocity

2'(t) = cost — tsint y'(t) = —sint — tcost

» Acceleration

2" (t) = —2sint — tcost y'(t) = —2cost + tsint
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Question 2
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» Cyclist ends up 35 km from starting point
» Average velocity =125 km /8 h=15.625km /h
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» Equations of position given by

2
x(t) = (vocosa)t,  y(t) = —97 + (vosina)t+ H
» Substitute
t= :>y(t):—%m2+xtana+H
Vo COS 2 (vg cos @)
» Solve
—L:ﬂ +zxtana+ H =0
2 (v cos @)

» Solution (only choose the positive solution)

vo sin v + v% sin? a + 2gH

Ty = Vg COS
g

» Same can be achieved with time
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» Calculate the positions

2
z(t) = (vo cos ), y(t) = —97 + (vosina) ¢
» Maximum height and distance
cos
T = pend <’Uo sin o + vgsinQa—QgH>
g
vg sin? «
Ymax — — ~
29
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» Introduce L: distance to the step

» Condition
y(L) > H
» Calculate the time and height

L gL?
e — — 272
Vg COS (. 2v§ cos® v

t=

» Corresponding value of vg:

gL?
LY>H >
yl)zH = UO_\/20052a(Ltana—H)
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Question 5(1)

» Calculate the positions

2
x(t) = (vp cos o) t, y(t) = —97 + (vosina) t
» Condition
y(L) >0
» Calculate the time and height
L gL?
t= = y(l)=————+ Lt
Vg COS ¢ y(L) 208 cos? a +htana
» Corresponding value of vg:
gL
y(L) >0 = vy > sin (20)
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Question 5(2)

» Maximum height

dy Up sin o v sin? a

Ezoz>tma:c: g = Ymaz = 29

» Stone touches the ground for y(t) = —H

» Corresponding time

/2
—H = _g? + (vosina) t

» Solution (only choose the positive solution)

vosina + \/vg sin? a + 2gH
g

Ty = 209 COS &
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» Calculate the positions

12
x(t) = (vg cos a) t, y(t) = —% + (vosina) t
> Angles 1 verify: y(L) =0
» Angles 2 verify: y(L + AL)=0
» Calculate the time and height
gL?
t= = y(L)= ——5———+ Lt
Vg COS ¢ y(L) 208 cos? a +htana
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Question 6 (2)
» Corresponding values of «:

1 L 1 I
y(L)=0 = o = B sin ™1 <Cj](2)> or ap = g -3 sin~! <i8>

» Calculate the time and height for the second limit

L _L+AL

2
L neap . EAL?

Vp COS v 208 cos? a

+ (L + AL) tan o
» Corresponding values of a:

y(L+AL):0 — a3:%sin_1 ((](L—FAL))

2 2

or w4 = — — —sin —_
» Angle must verify a1 <a < agoras < a < a
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