Neena Xiang September 22, 2019 Section K
Uber Rocket Problem

One breezy afternoon Algebra Alex decides to launch Hamster Huey into the air using a model rocket. The rocket
is launched over level ground, from rest, at a 43-degree angle above the East horizontal. The rocket engine is
designed to burn for 7.9 seconds while producing a constant net acceleration of 4.5 m/s? for the rocket. Assume
that the rocket travels in a straight-line path while the engine burns. After the engine stops the rocket continues
in projectile motion. A parachute opens after the rocket falls 83 meters from its maximum height. When the
parachute opens after the rocket instantly changes speed and descends at a constant vertical speed of 7 m/s. A
horizontal wind blows the rocket, with parachute, from East to West at a constant speed of 12 m/s. Assume the
wind affects the rocket only during the parachute stage. Calculate the x-displacement of where the rocket lands
from the initial x-position.
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Strategy
1. Find the velocity of the rocket when the engine stops burning. Then find the velocity in the x and y
directions.
V2! Y-Dir: X-Dir:
va=ar*ti+ v vy2= sin(0)*vz Vx2= €0s(0)*v2

v2=45%79+0 vy2=sin(43)*35.55 Vx2= c0s(43)*35.55

vz =35.55 m/s vy2=24.35 m/s Vxo= 26.00 m/s

2. Using the x and y velocity that was found in the previous step, find the x and y displacement when the
rocket reaches point B which is when the engine stops burning.

EQ3 X-Dir: EQ3 Y-Dir:

1 1
X1 =3 (Vxi*tVx2) * tap Y1 =73 (vyi"'vyz) *typ
x; = (0+26.00) * 7.9 y1 =7 (0+24.345) + 7.9

x1=102.70 m y1=95.77 m
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3. Find the max height of the rocket by using
the EQ2 to calculate the time it takes for
reach that height, and EQ3 to find the value
of the height

Time to reach max height:
Ve = Ay * tpe + Uy,
0 =-98x*tg: +24.25
—24.25 = —-9.8 * tg,

tec=2.474 s

Value of max height:

1
Ymax =E*a2 *tBC2 + vy *¥tgc + V1

1
Ymax =7 * —9.8 % 24747 + 24.25 5 2474 + 95.77

Mmax = 125759 m

4. Using the found max height, find the rocket
remains in projectile motion. Then after
finding that time, calculate the x
displacement from point A to point D.

Time in projectile motion:

1
yD:E*aZ*tBDZ-l'UyZ*tBD + )1
1
Ymax_Y2=§*a2*tBD2+Vy2*tBD + 1

1
125.76 — 83 = > —9.8tgp? + 24.25 * tgp + 95.77

$=-16417sandt=6.5897s
Time cannot be negative so the only valid answer is
6.5897 seconds, and the -1.6417 seconds can be
ignored.

X displacement at point D:

1
xDzz*ax*tBDz-l'vxZ*tBD-l'xl

xp = 0+ 26.00 x 6.5897 + 102.66

Xp = 274.03m
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5. Find the time it takes for the rocket from

point D to land at point E by using the height
of the rocket at point D and the y-velocity
when the parachute opens. That time and
the x-velocity when the parachute opens can
then be used to find the final x-displacement
of the parachute.

Time in projectile motion:

1
yEZE*a3*tDE2+vy3*tDE+yD
1
YEZE*aZ*tDEZ‘l'vyZ*tDE+ymax_y2

0=—7xtpy + 42.759

tnp = 6104’35

X displacement at point D:

1
xfzi*ax*tDE2+vx3*tDE+x2

xr =0+ (—12) * 6.1043 + 274.03

Xf = 200.7m




