3-3)

Pick the origin to be at the bottom of the hill. Positive x is to the right (in the figure) and positive
y is up.

Let theta be that angle of launch as measured from the horizontal, and let @ be the angle the hill
surface makes with the horizontal.

Vo =32 m/s

g =30°

0i=7?

D = distance up the hill to the target = 60 m, so,
xi=0

xt = the horizontal distance to the target D cosg = 60 cos30° = 52.96m
Vix = Vo C0S0Bo

Vix = ?

ax =0 (influence of only gravity)

t="?

yi=0m

yi=Dsing=30m

Viy = Vo SinBo

Viy = ?

ay =-9.8 m/s? (influence of only gravity)

Vi = Vi + Viyt + Yoayt?
D sing = 0 + vosinBot + /2ayt?

Xf = Xi + Vixt + 1oaxt?
D cosg = 0 + voCc0sOot + 0

Solve the x equation for t and substitute:
t = Dcos@/voC0s0o
D sing = 0 + VosinBo[Lcosa/Vocos0o] + Y/2ay[Dcosa/vecosOo]?

Simplify by dividing by Lcosg:
tang = tanBo + [ayDcosa/2voe?][c0s00]

Use a trig identity: 1 + tan?0o = [c0S00] >

tang = tanBo + [ayDcosa/2ve?][1 + tan?0o]

[ayDcos@/2ve?]tan?0o + tanfo + [ayDcosa/2ve?] - tang = 0

This is a quadratic equation. Let A = ayDcosg/2vo? and C = [ayDcosg/2ve?] - tang



Atan?0o +tanfo + C =0

tanfo = [-1 * [12 - 4AC]*212A

Since we want the object to move to the +x direction, the angles we find should be between -90°
and +90°.

OK let's check this out for three cases:

Let the ground be level, or g =0. Then

A = ayDcosg/2ve? = -9.8%60*1/2*322 = -0.287

C = [ayDcos@/2vo?] - tang = -0.287 - 0 = -0.287

So, tanBo = [-1 + [12 - 4AC]Y2/2A = [-1 + [1% - 4(-0.287)(-0.287)]"?/2(-0.287) = 0.316 or 3.169
These correspond to angles of 17.5° and 72.59°, which are, as we saw for the Range equation,
complementary.

For an upward incline of g = 30°:

A = ayDcosg/2vo? = -9.8*60*0.866/2*32% = -0.249

C = [ayDcos@/2vo?] - tang = -0.249 - 0.577 = -0.826

So, tanBo = [-1 + [1% - 4AC]Y?/2A = [-1 + [1? - 4(-0.249)(-0.826)]"%/2(-0.249) = 2.854 or 1.163
These correspond to angles of 49.3° and 70.7°. Note that these are not complements, since the
terrain was not flat.

For a downward incline of g = -30°:

A = ayDcosg/2ve? = -9.8%60*0.866/2*322 = -0.249

C = [ayDcos@/2vo?] - tang = -0.249 + 0.577 = 0.328

So, tanBo = [-1 + [12 - 4AC]Y2/2A = [-1 + [12 - 4(-0.249)(0.328)]*%/2(-0.249) = -0.305 or 4.321
These correspond to angles of -17.0° and 77.0°. Note that these are not complements, since the
terrain was not flat.






