Mathcad Community Challenge May 2023 - Optimize Trajectory for Maximum Horizontal Distance

Potential Energy of mass my, at height h: Wpot(h’mb) = my-gh
Kinetic Energy of mass my, at height h: Wkin(h’hO’mb) = Wpot(hO’mb) - Wpot(h’mb) simplify — _g'mb'(h _ ho)
2-Wy: (h,hy, m
. . k >0 11
Velocity at height h: v(h,ho) . j 1n( 0>"Mba ) simplify — 'j—)—lg by
Mpal]

Speed of ball when it leaves the ramp: V(h1 ,ho) — [2:g(hg—h)

Horizontal distance after leaving the ramp: SX(t’hl ,hO,Qp) = V(hl ,h0)~cos(up)-t #1
- , _ . g 2
Vertical distance after leaving the ramp Sy(t’hl ’hO’“P) =h + V(hl ,ho)-sm((.p)-t _ ;t

Tme after which the ball ands on ground tz(hl ,ho,gp) = root(sy(t,hl ,ho,(.p),t,Os, lmin)

Horizontal distance wher the ball lands dist(hl ,ho,gp) = sx(tz(hl ’hOa“P)’hl ,hgs (.p)
Point mass of "ball": My, = lkg
Intiial height: h0 := 10m
Final ramp angle: Pramp = 30°
Final ramp height: hl := 2m
dist(h1,h0, ¢pyp) = 16.726m #2
Optimal launch ramp angle Popt = Maximize(dist(hl ,hO),Lpramp)
@opt = 41.81-° #3
The horizontal distance where the ball touches the floor the first time is independent on gravity (as long as #4

its not zero). It would be necessary to change the functions above, making them dependent on g as well
and solving symbolically to make Mathcad show that gravity cancels out in the distance function.
Couldn't be bothered doing so.

But you could set g := % = 1.63422 at the top of the sheet to see the same distance will be calculated.

BTW, the symbolic function would be
g ] 2
dist(hy,ho, ¢) = (hg — hy)-sin(2p) + 2-cos () [hg — hl-JhO ~(hg —hy)-cos (i)
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dist2(hy, ) := dist(h;-m, 10m, up~deg)-i

D := CreateMesh(dist2,0,10,0,90,50,45)
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"launch height

The lower the launch height, the higher the speed (because no kinetic energy is
lost for rolling (slinding) up the launch ramp



