            Even Problems – Ch 7 - Circular Motion & The Law of Gravity         p.1
Angular Velocity and Angular Acceleration
2. Convert the following angles in radians to degrees: 
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4. Find the angular velocity of the Earth about its axis in rad/s.

6. A record has a frequency of 33 rev/min (rpm). (a) What is its angular speed in rad/s?

(b) Through what angle in radians does it rotate in 1.5s?

8. A particle moves in a circle 1.5m in radius. Through what angle in radians does it rotate if it moves through an arc length of 2.5m? What is this angle in degrees?

Constant Angular Acceleration
10. An electric motor rotating a workshop grinding wheel at a frequency of 100 rpm is switched off. Assuming negative angular acceleration of magnitude 2 rad/s2 (a) how long will it take for the grinding wheel to stop? (b) Through how many radians has the wheel turned during the time found in (a)?

12. A tire placed on a machine to balance it in a service station starts from rest and turns through 4.7 revolutions in 1.2s before reaching its final angular speed. Find 
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14. A grinding wheel, initially at rest, is rotated with constant angular acceleration 
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= 5rad/s2 for 8s. The wheel is then brought to rest with uniform negative acceleration in 10 revolutions. Determine the angular acceleration required and the time needed to bring the wheel to rest.
16. A machine part is rotating at an angular velocity of .6rad/s, and this speed is to be increased to 2.2rad/s at an angular acceleration of .7rad/s2. Find the angle through which the part turns before reaching this final speed.

Centripetal Acceleration
18*. A coin with a diameter of 2.4cm is dropped onto a horizontal surface. The coin starts out with an initial angular speed of 18rad/s and rolls in a straight line without slipping. If the rotation slows with an angular acceleration of magnitude 1.9rad/s2, how far does the coin roll before coming to rest?

20. A racecar travels in a circular track of radius 200m. If the car increases its speed with constant linear acceleration from 80m/s to 95m/s in 10s. (a) Find the constant angular acceleration and (b) the angle the car moves through in this time.

22. A car moves down a straight highway at 24m/s. Its wheels have a radius of 48cm. The car then runs out of gas and slows with an angular acceleration of 1.35rad/s2. Through how many revolutions do the wheels turn as the car comes to rest?

24. A tire 0.5m in radius rotates with a constant frequency of 200rpm. Find the speed and acceleration of a small stone lodged in the tread of the tire (on its outer edge).  

26. It has been suggested that rotating cylinders about 10mi in length and 5mi in diameter be placed in space and used as colonies. What angular velocity must such a cylinder have so that the centripetal acceleration on the inner surface would equal Earth’s gravity, g?

28*. A wheel 60cm in diameter rotates with a constant angular acceleration of 4rad/s2. The wheel starts at rest at t = 0s, and a chalk line drawn to a point P on the rim of the wheel makes an angle of 
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 with the horizontal at this time. At t = 2s, find (a) the angular speed of the wheel, (b) the linear velocity and tangential acceleration of P, and (c) the position of P.
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Centripetal Force
30*. Tarzan (m = 85kg) tries to cross a river by swinging from a vine. The vine is 10m long, and his speed at the bottom of the swing (as he just clears the water) is 8m/s. Tarzan doesn’t know that the vine has a breaking strength of 1000N. Does he make it safely across the river. Justify your answer.

32*. A rotating wheel at an amusement park (show below) is 90ft in diameter and makes one revolution in 6s. Each of the 300kg cars is held in place by two bolts. Find the force each bolt exerts on the car when the wheel is rotating in a horizontal plane.    
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34*. In a hydrogen atom, the electron in orbit about the proton feels an attraction of about 8.20 x 10-8 N. If the radius of the orbit is 5.3 x 10-11m, what is the frequency in revolutions per second? (See text for additional data.)

36. A child stands on the rim of a rotating merry-go-round of radius 2m. The child has a mass of 50kg and the carousel turns with an angular velocity of 3rad/s. (a) What is the child’s centripetal acceleration? (b) What is the minimum force required between her feet and the floor of the carousel to keep her in the circular path? (c) What minimum coefficient of static friction is required? Is the answer found reasonable? In other words, is she likely to be able to stay on the merry-go-round?

38*. An engineer wishes to design a curved exit ramp for a tollroad in such a way that a car will not have to rely friction to round the curve without skidding. He does so by banking the road in such a way that the centripetal force need will be supplied by the component of the normal force toward the center of the circular path. See figure above. 

(a) Show that for a given speed, v, and radius, R, the curve must be banked at an angle given by
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. (b) Find the angle at which the curve should be banked if the typical car moves around the curve with a radius of 50m at a speed of 13.4m/s.
40*. A stuntman swings from the end of a 4m long rope along the arc of a vertical circle. If his mass is 70kg, find the tension in the rope required to make him follow his circular path, assuming he starts from rest when the rope is horizontal, (a) at the beginning of his motion, (b) at the height of 1.5m above the bottom of the circular arc, and (c) at the bottom of the arc.
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Kepler Laws
42. A 30,000kg spaceship is halfway between the Earth and the Moon. Use the data in your text to find the net gravitational force exerted on the ship by the Earth and Moon.
44. A coordinate system is constructed on the surface of a pool table and three masses are placed on the coordinate system as follows: a 2kg mass is at the origin, a 3kg mass is at (0,2), and a 4kg mass is at (4,0) where the coordinates are in meters. Find the resultant gravitational force exerted on the mass at the origin by the other two masses.

46. Given that the Moon’s period about the Earth is 27.32 days and the Earth-Moon distance is 3.84 x 108 m, estimate the mass of the Earth. Assume the orbit is circular. Why do you suppose your estimate is high?

48. Communication satellites are placed at an altitude of about 25,000mi above the surface of the Earth. Find the acceleration due to gravity at this altitude.

50. A satellite of mass 600kg is in a circular orbit about the Earth at a height above the Earth equal to the Earth’s mean radius. Find (a) the satellite’s orbital speed, (b) the period of its revolution, and (c) the gravitational force acting on it.

52. Io, a small moon of the giant planet Jupiter, has an orbital period of 1.77 days and an orbital radius of 4.22 x 105 km. From this data, determine the mass of Jupiter.

Escape Velocity
54. Sketch a graph of the gravitational potential energy, GPE, versus r for a particle above the Earth’s surface. Your graph should extend from the Earth’s surface to infinity.

56. Use the planetary data in your text to find the escape velocity from (a) the Moon, (b) Mercury, and (c) Jupiter.
Additional Problems
58. An athlete swings a ball of mass 5kg horizontally on the end of a rope. The ball moves in a circle of radius 0.8m with a frequency of 0.5rev/s. What is (a) the tangential velocity of the ball and (b) its centripetal acceleration? (c) If the maximum tension the rope can withstand before breaking is 100N, what is the maximum tangential velocity the ball can have?
60*. The Solar Maximum Mission Satellite was placed in a circular orbit of about 150mi above the Earth. Determine (a) the orbital speed of the satellite and (b) the time for one complete revolution.

62. A floppy disk drive on a computer has a period of 200.2ms. (a) What is its angular speed in rad/s? (b) If the floppy disk has a diameter of 5.25in., what is the linear speed of a point on its rim?

64. Three masses are aligned along the x-axis of a rectangular coordinate system such that a 2kg mass is at the origin, a 3kg mass is at (2,0)m, and a 4kg mass is at (4,0)m. Find (a) the gravitational force exerted on the 4kg mass by the other two masses and (b) the magnitude and direction of the gravitational force exerted on the 3kg mass by the other two masses.
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66*. A highway curve has a radius of 150m and is designed for a traffic speed of 40mi/h (17.9m/s). If the curve is not banked, determine the minimum coefficient of friction between car and road needed to keep cars from skidding.

68*. Suppose the rod in the system shown below is made vertical and rotates about this vertical axis. If the mass rotates at a constant speed of 6m/s in a horizontal plane, determine the tensions in the upper and lower strings.
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70*. A car moves across a bridge made in the shape of a circular arc of radius 30m at a speed of 10m/s. (a) Find the normal force acting on the car when it is at the top of the arc. (b) At what speed will the normal force be zero? (Hint: The normal force becomes zero when the car loses contact with the road.)
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72**. A skier starts from rest from the top of a large hill that is shaped like a hemisphere. (See figure shown above.) Neglecting friction, show that the skier will leave the hill and become ‘air-borne’ at a distance of R/3 below the top of the hill (or a height, h = 2R/3).

(Hint: At this point, the normal force goes to zero.)
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74**. A car rounds a banked curve. The radius of curvature of the road is R, the banking angle is 
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, and the static coefficient is
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. (a) Determine the range of speeds the car can have without slipping up or down the road. (b) What is the range of speeds possible if R = 100m,
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, and
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 = 0.1 (slippery conditions).
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