9.19 Emilie's potter's wheel rotates with a constant 2.25 rad/s2 angular acceleration. After 4.0 s, the wheel has rotated through an angle of 60.0 rad. What was the angular velocity of the wheel at the beginning of the 4.0 s interval?
We choose the direction of rotation of the flywheel to be positive.

Then:  (θ-θo) = ωot +(1/2)αt2  gives

ωo = (θ-θo)/t -(1/2)αt   = (60rad)/4s – (1/2)(2.25rad/s2)(4s) = 10.5 rad/s

9.26  A flywheel with a radius of 0.300 m starts from rest and accelerates with a constant angular acceleration of 0.600 rad/s2. Compute the magnitude of the tangential acceleration, the radial acceleration, and the resultant acceleration of a) a point on its rim at the start; b) a point on its rim after it has turned through 60.0o; c) a point on its rim after it has turned through 120o.

We have: arad = rω2 and 
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 depending on the rotation rate, it changes as the flywheel accelerates.  atan = rα and it is constant. Since 
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 are in perpendicular directions, the resultant acceleration is 
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Solve: (a) ω = 0 so 
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 atan = rα = (0.3m)(0.6rad/s2) = 0.18m/s2 

Hence: a = 0.18m/s2
(b) for θ=(π/3) : ω2 = ω0 + 2α(θ-θ0); since ω0 = 0; then ω2 = 2α(θ-θ0); with arad = r ω2
arad = r(2α(θ-θ0)); arad = 0.377m/s2
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(c) for θ=(2π/3) : arad = r(2α(θ-θ0)); arad = 0.754m/s2
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9.28 Electric toothbrushes can be effective in removing dental plaque. One model consists of a head 1.10 cm in diameter that rotates back and forth through a 70.0o angle 7600 times/minute. The rim of the head contains a thin row of bristles; a) What is the average angular speed in each direction of the rotating head, in rad/s? b) What is the average linear speed in each direction of the bristles against the teeth? c) Using your own observations, what is the approximate speed of the bristles against your teeth when you brush by hand with an ordinary toothbrush?
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In one back and forth cycle the head turns through 140o = 2.443 rad.

(a) In 
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 the head turns through 
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ω = (θ/t) = (1.8573 104rad)/(60s) = 310/rad/s

(b) ω = (θ/t) = 5(π/2)/(1s) = 7.9 rad/s 
(c) v = rω = (0.0055m)(7.9rad/s) = 0.04 m/s
9.33 Four small 0.200 kg spheres, each of which you can regard as a point mass, are arranged in a square 0.400 m on a side and connected by light rods. (See the figure ).

Find the moment of inertia of the system about a) an axis through the center of the square, perpendicular to its plane at point O; b) about an axis along the line AB; c) about an axis along the line CD.
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(a) Each mass is a distance 
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 from the axis.
I = Σmr2 = 4(0.2kg)(0.4m/
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)2 = 0.064 kg.m2
(b) Each mass is a distance 0.2m from the axis
I = Σmr2 = 4(0.2kg)(0.2m)2 = 0.032kg.m2
(c) two masses are at a distance (0.4m/
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) and two masses are on the axis:
I = Σmr2 = 2(0.2kg)(0.4m/
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)2 = 0.032 kg.m2
9.36 A wagon wheel is constructed as shown in the figure. The radius of the wheel is 0.300 m, and the rim has a mass of 1.70 kg. Each of the wheel's eight spokes, which come out from the center and are 0.300 m long, has a mass of 0.220 kg. What is the moment of inertia of the wheel about an axis through its center and perpendicular to the plane of the wheel?
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The rim is a thin-walled hollow cylinder with 
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 and each of the 8 spokes can be treated as a slender rod with the axis at one end, so for each spoke 
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I = (mrim R2)) + 8[(1/3)mspoke R2] = 0.193kg.m2
9.38 A grinding wheel in the shape of a solid disk is 0.200 m in diameter and has a mass of 3.0 kg. The wheel is rotating at 2200 rpm about an axis through its center; a) What is its kinetic energy? b)  How far would it have to drop in free fall to acquire the same amount of kinetic energy?

For a solid disk and an axis through its center, 
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 K = (1/2)Iω2c where ω must be in 
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We also have 1rpm = (2πrad)(60s) 
(a) K = (1/2)[(1/2)(3.kg)(0.1m)2][(2200)( (2πrad)(60s) = 397 J
(b) In free fall, gravitational potential energy mgy is converted to kinetic energy. 
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9.43 A solid uniform 3.25 kg cylinder, 65.0 cm in diameter and 12.4 cm long, is connected to a 1.50 kg weight over two massless frictionless pulleys as shown in the figure. The cylinder is free to rotate about an axle through its center perpendicular to its circular faces, and the system is released from rest; a) How far must the 1.50 kg weight fall before it reaches a speed of 2.50 m/s? b) How fast is the cylinder turning at this instant?
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9.46 A bicycle racer is going downhill at 11.0 m/s when, to his horror, one of his 2.25 kg wheels comes off when he is 75.0 m above the foot of the hill. We can model the wheel as a thin-walled cylinder 85.0 cm in diameter and neglect the small mass of the spokes;   a) How fast is the wheel moving when it reaches the foot of the hill if it rolled without slipping all the way down? b) How much total kinetic energy does the wheel have when it reaches the bottom of the hill?

The wheel has 
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 Rolling without slipping means vcm = Rω ; ω = (vcm/R) for the wheel. Initially the wheel has vcm,i = 11m/s . Use coordinates where +y is upward and 
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 at the bottom of the hill, so 
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Solve: (a) Conservation of energy gives 
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K = (1/2)mvcm2 + (1/2)Icmω2
K = mvcm2
Ki = mvcm,i2  ; Kf = mvcm,f2  ; Ui = mgyi  ; Uf  = mgyf
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 hence: vcm,f2 = vcm,i2 + gyi          vcm,f = 29.3m/s
(b) Kf = mvcm,f2  = 1.93 x 103 J
9.50 A solid uniform marble and a block of ice, each with the same mass, start from rest at the same height H above the bottom of a hill and move down it. The marble rolls without slipping, but the ice slides without friction; a) Find the speed of each of these objects when it reaches the bottom of the hill; b) Which object is moving faster at the bottom, the ice or the marble? c) Which object has more kinetic energy at the bottom, the ice or the marble?
[image: image38.emf]
_1207421752.unknown

_1207423262.unknown

_1207423314.unknown

_1207423371.unknown

_1207423404.unknown

_1207423488.unknown

_1287735840.unknown

_1207423409.unknown

_1207423387.unknown

_1207423324.unknown

_1207423331.unknown

_1207423319.unknown

_1207423271.unknown

_1207423309.unknown

_1207423267.unknown

_1207422233.unknown

_1207422379.unknown

_1207422384.unknown

_1207422344.unknown

_1207421982.unknown

_1207422225.unknown

_1207421757.unknown

_1207421368.unknown

_1207421633.unknown

_1207421659.unknown

_1207421433.unknown

_1200470831.unknown

_1200470833.unknown

_1200470958.unknown

_1200470828.unknown

