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Chapter Three Assignment - SPH4U - Mr. Eagan - Due October 19"/2012

Short Answer

Why do roller coasters use clothoid loops instead of circular loops? Show mathematically.
Explain why “centrifugal” forces are fictitious forces.

Sketch two graphs. The first graph should illustrate the relationship between the force of gravity Earth exerts on objects
and the mass of the objects. The second graph should show the variation of the force of gravity a pair of objects exert
on one another and the separation distance between the objects’ centres of mass.

Describe how the acceleration of gravity on Earth’s surface would be different if both its mass and radius were twice
their present values. Provide reasons for your answer. For full marks, do not use the earth’s mass and radius to show
the acceleration due to gravity.

Describe the limitations of the law of universal gravitation.

Problem

On a midway ride called The Round Up, participants climb into a cylindrical apparatus and stand upright with their
backs against the wall of the cylinder. The apparatus begins to spin, first in the horizontal plane and then tipping into
the vertical plane so that the riders’ bodies are parallel to the ground below. Consider a rider of mass 60.0 kg. The ra-
dius of the apparatus is 8.0 m and it spins with a period of 4.0 s.

(a) Determine the centripetal force acting on the person when the apparatus is still in the horizontal plane. Provide the
appropriate free-body diagram and state the force that supplies the centripetal force in this situation.

(b) Draw the free-body diagram of the person at the bottom of the apparatus when spinning in the vertical plane and de-
termine how heavy the person feels at that position (i.e., what is the value of the normal force at that position?).

(¢) What minimum speed must the person be moving with in order to keep from falling away from the side of the cyl -
inder when rotating in the vertical plane? State where in the circle this would occur and draw the appropriate free-body
diagram.

A 2.0 x 10%-g mass is tied on the end of a 1.6 m long string and whirled around in a circle that describes a vertical
plane.

(a) What is the minimum frequency of rotation required to keep the mass moving in a circle?

(b) Calculate the maximum tension in the string at this frequency.

A 0.50-g insect rests on a compact disc at a distance of 4.0 cm from the centre. The disc’s rate of rotation varies from
3.5 Hz to 8.0 Hz in order to maintain a constant data sampling rate.

(a) What are the insect’s minimum and maximum centripetal accelerations during its rotation around the disc?

(b) What is the minimum value of the coefficient of static friction that would prevent the insect from slipping off the
disc at the slowest rotation rate?

A pilot of mass 75 kg takes her plane into a dive, pulling out of it along a circular arc as she nears the ground. If the
plane is flying at 1.5 x 102 km/h along the arc, what is its radius such that the pilot feels four times heavier than nor-
mal? Provide an appropriate free-body diagram.

A pilot of mass 60.0 kg is flying her plane in a vertically oriented circular loop. Just at the bottom of the loop, the
plane’s speed is 1.8 x 102 km/h and the pilot feels exactly four times as heavy as she normally does.

(a) What is the radius of the loop?

(b) At what speed must she be flying at the top of the loop in order to feel weightless?

An object of mass 6.0 kg is whirled around in a vertical circle on the end of a 1.0 m long string with a constant speed of
8.0 m/s. Include a free-body diagram for each of the following questions:

(a) Determine the maximum tension in the string, indicating the position of the object at the time the maximum tension
is achieved.

(b) What is the minimum speed the object could be rotated with and maintain a circular path?

(c) If the object is rotated with the same speed (8.0 m/s) on a horizontal surface, what is the tension in the string if the
string is parallel to the surface?



12.

13.

14.
15.

16.

17.

18.

19.

A flea stands on the end of a 1.0 cm long sweep second hand of a clock that rests horizontally on a table. What is the
minimum coefficient of static friction which would allow the flea to stay there without slipping? Include an appropriate
free-body diagram.

A ball of mass 4.0 kg is attached to the end of a 1.2 m long string and whirled around in a circle that describes a ver-
tical plane.

(a) What is the minimum speed that the ball can be moving at and still maintain a circular path? Provide a free-body
diagram.

(b) At this speed, what is the maximum tension in the string? Provide another free-body diagram.

(c) If the ball is rotated in a horizontal circle at the same speed with the end of the string held above the head, what
angle does the string make with the horizontal?

What force does Earth exert on a 80.0-kg astronaut at an altitude equivalent to 2.5 times Earth’s radius?

A planet has a mass of 2.5 times that of Earth and a radius 1.2 times Earth’s radius. How much would a 60.0-kg person
weigh at the planet’s surface?

The gravitational field strength at the surface of a planet is 3.4 N/kg. If the planet’s mass is 7.2 X 10?2 kg, what is its ra-
dius?

A satellite orbits Earth at an altitude of 325 km above the planet’s surface. What is its orbital period? Express your an-
swer in minutes. (r, = 6.38 X 10°m, M, = 5.98 x 10** kg)

An Earth satellite has an orbital period of 3.2 h. What is its orbital radius?
(M, =5.98 x 10** kg)

A satellite has an orbital speed of 4.2 x 10° m/s. What is its altitude above Earth’s surface?
(M, =598 x10* kg, r, =6.38 x 10° m)
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