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[image: ]1. Miranda, a satellite of Uranus, is shown in Figure P13.5a. It can be modeled as a sphere of radius 242 km and mass 6.68 x 1019 kg. (a) Find the free-fall acceleration on its surface. (b) A cliff on Miranda is 5.00 km high. It appears on the limb at the 11 o’clock position in Figure P13.5a and is magnified in Figure P13.5b. If a devotee of extreme sports runs horizontally off the top of the cliff at 8.50 m/s, for what time interval is he in flight? (c) How far from the base of the vertical cliff does he strike the icy surface of Miranda? (d) What will be his vector impact velocity?
Solution:
(a)	For the gravitational force on an object in the neighborhood of Miranda, we have

			
(b)	We ignore the difference (of about 4%) in g between the lip and the base the cliff. For the vertical motion of the athlete, we have

			

	(c)	
		We ignore the curvature of the surface (of about 0.7°) over the athlete’s trajectory.

	(d)	

		


		Thus  at  below the x axis.
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2. The amplitude of a system moving in simple harmonic motion is doubled. Determine the change in (a) the total energy, (b) the maximum speed, (c) the maximum acceleration, and (d) the period.
Solution:



(a)	 so if  

	Therefore 


	(b)	, so if A is doubled, 


	(c)	, so if A is doubled, 


	(d)	 is independent of A, so 
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−5 000 m = 0 + 0 +
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−0.076 1 m/s2( )t2
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2 5 000 m( )s2



0.076 1 m
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= 363 s
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x f = xi + vxit +



1
2



axt
2 = 0+ 8.50 m/s( ) 363 s( )+ 0 = 3.08× 103  m
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  vxf = vxi = 8.50 m/s
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  vyf = vyi + ayt = 0 − 0.076 1 m/s2( ) 363 s( ) = −27.6 m/s
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
v f = 8.50î − 27.6 ĵ( )  m/s = 8.502 + 27.62  m/s











oleObject6.bin

image9.emf



 
tan−1 27.6 m/s



8.50 m/s
⎛
⎝⎜



⎞
⎠⎟
= 72.9°
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
v f = 28.9 m/s at 72.9° below the horizontal
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  ′A = 2A,
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′E = 1



2
k ′A( )2 = 1



2
k 2A( )2 = 4E
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E increases by factor of 4.
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vmax  is doubled.
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amax  also doubles.
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T = 2π m



k
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the period is unchanged.
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Figure P13.5
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mobjg =
GmobjmMiranda



rMiranda
2



g =
GmMiranda



rMiranda
2 =



6.67 × 10−11  N ⋅m2 / kg2( ) 6.68 × 1019  kg( )
242 × 103  m( )2



  = 0.076 1 m/s2











