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Team Number: ______________
Team Name: _____________________________
Participant Names: _______________________________
_______________________________

For Official Use Only:
Part I: _____ / 9
Part II: _____/ 13
Part III: _____/ 7
Part IV: _____/ 10
Part V: _____/ 13

2016-2017 Hovercraft Exam
Princeton Science Olympiad Invitational
Instructions: The time allotted for this test is 40 minutes. Please record all answers on the answer sheet at the back of the test.
Scratch paper will be provided upon request. Calculators are allowed for this event. During the testing period, the event supervisor
will call upon teams to conduct testing of their hovercraft. While one team tests their hovercraft, all other teams will be participating
in the written portion of the test. Once a team has finished testing their hovercraft, they have the rest of the period to work on the
written portion of test.

Write all answers on the answer sheet. Only answers written on the answer sheet will be graded!
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PART I
Questions 1- 5 relate to the following scenario:
A golfer swings a golf club of mass 2 kg at a speed of 10 m/s, and hits a golf ball of mass 0.1 kg, causing it to
travel at a speed of 50 m/s.
1.) Which object has a greater force exerted upon it upon collision of golf ball and golf club? (1 point)
a.)
b.)
c.)
d.)

The golf ball
The golf club
Neither, the force is equal
Cannot be determined

2.) How much work was done on the golf ball? (2 points)
3.) What was the impulse exerted on the golf ball? (2 points)
4.) If the golf club was in contact with the golf ball for 0.1 seconds, what was the force that was exerted
upon the golf ball? (2 points)
5.) How fast is the golf club traveling after hitting the golf ball? (2 points)
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PART II
Questions 1-7 relate to the following scenario: A toboggan (essentially a sled) of mass 6m is sliding down an icy hill with
four people, each of mass m. The toboggan starts at a height H above the ground on the hill. At the bottom of the hill is a
ramp that points up at an angle of 30 degrees to the horizontal. The ramp is of length L. Put your answers in terms of m,
H, L, v, and fundamental constants. (Note: treat g as a negative quantity. Points will be deducted for incorrect signs).
Simplification is preferable, but not necessary.

1.) How fast is the toboggan traveling at the bottom of the hill before it gets onto the ramp? (2 points)
2.) How long is the toboggan in the air? (4 points)
3.) How far should the toboggan travel horizontally after leaving the ramp? (2 points)
Assume, when the toboggan is at the peak of its jump, two of the people jump out of the toboggan, opposite
to its motion, both at a speed of v.
4.) How far does the toboggan actually travel horizontally from the ramp after the two people jump from
the toboggan? (4 points)
5.) The people jump out of the toboggan at a speed v. This speed v is less than the speed of the toboggan,
v’. Who hits the the ground first? (1 point)
a.)
b.)
c.)
d.)

The people
The toboggan
The toboggan and the people hit the ground at the same time.
Cannot be determined with given information.

6.) The toboggan lands in a lake, and floats on the water. A volume Vo of the toboggan is submerged.
The total volume of the toboggan is V. What is the buoyant force on the toboggan? Assume the
density of water to be ẟ w. (2 points)
The two people who jumped out of the toboggan also land in the lake. They swim over to the toboggan and
get in. The toboggan then sinks completely below the water.
7.) What is the buoyant force on the toboggan after it has sunk? (2 points)
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PART III
Questions 1-3 regard air cushioned vehicles and applications:
1.) Who is considered the inventor of the modern Hovercraft? (1 point)
a.)
b.)
c.)
d.)

Hisako Fukuyama
Christopher Cockerell
Theodore Rustin
Sir John Isaac Thornycroft

2.) What are the 3 functions a hovercraft’s skirt must fulfill? (4 points)
3.) How does the smoothness of a surface affect the lift and speed of a hovercraft? (2 points)
4.) What licenses are needed to pilot a hovercraft in most states?
a.) ATV license
b.) Boat license
c.) Hovercraft license
d.) No license
5.) What is the fastest speed achieved by a hovercraft?
a.) 38.16 m/s
b.) 27.43 m/s
c.) 56.37 m/s
d.) 31.24 m/s

PART IV
A man accidentally drops a cube shaped box of volume 8 m3 from a bridge. The box sinks a distance of 5
meters before it achieves equilibrium in the water and stops moving.
1.) What is the density of the box? (2 points)
2.) What is the mass of the box? (2 points)
3.) The water has a shear velocity of 5 m/s, and requires a constant force of 10 N to keep the top plate of
area 2.5 m2 moving at a constant velocity. What is the dynamic (shear) viscosity of the water? (2 points)
4.) How does the kinematic viscosity, Kv, of the water compare to the dynamic viscosity, Dv, of the water
if the temperature of the water is 20 C? (1 point)
a.)
b.)
c.)
d.)

Kv < Dv
Kv > Dv
Kv = Dv
Cannot be determined with given information.

5.) What is Pascal’s Law? Write both the mathematical and the word explanation of the law. (3 points)
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PART V
V (m/s)

(0,0)

t’

t
(s)

The following questions relate to the following graph:
1.) Graph the corresponding position-time graph. (2 points)
2.) Graph the corresponding acceleration-time graph. (2 points)
3.) Mark these features on the graph above (copied on answer sheet) using the corresponding letter:
a.)
b.)
c.)
d.)

The point where the greatest acceleration occurs
(1 point each)
A point where no acceleration occurs
The distance traveled from t = 0 to t’
Show what the acceleration is graphically on the the graph for an arbitrary point

4.) Can a velocity time graph like this exist in reality? Briefly justify your answer. If yes, describe a scenario
in which an object has the following velocity time graph. If no, describe how the graph can be changed
so that it does exist in reality. (5 points)
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Part VI
In the event of a tie, the following question will be used to break the tie. It will only be graded if there is a tie.
In the remaining space on your answer sheet, please list as many people as you can that contributed to
hovercraft design before 1950. (1 point each)

