Chapter-13
1. During a solar eclipse, the Moon, the Earth, and the Sun all lie on the same line, with the Moon between the Earth and the Sun. (a) What force is exerted by the Sun on the Moon? (b) What force is exerted by the Earth on the Moon? (c) What force is exerted by the Sun on the Earth? (d) Compare the answers to parts (a) and (b). Why doesn’t the Sun capture the Moon away from the Earth?
Solution:
(a)	The Sun-Earth distance is 1.496 × 1011 m and the Earth-Moon distance is 3.84 × 108 m, so the distance from the Sun to the Moon during a solar eclipse is 
			1.496 × 1011 m − 3.84 × 108 m = 1.492 × 1011 m
		The mass of the Sun, Earth, and Moon are	

			

			

		and	
		We have 

				

	(b)	

	 (c)	

	(d)	
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Description automatically generated]2. 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 of 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.

		
3. A spacecraft in the shape of a long cylinder has a length of 100 m, and its mass with occupants is 1 000 kg. It has strayed too close to a black hole having a mass 100 times that of the Sun (Fig. P13.7). The nose of the spacecraft points toward the black hole, and the distance between the nose and the center of the black hole is 10.0 km. (a) Determine the total force on the spacecraft. (b) What is the difference in the gravitational fields acting on the occupants in the nose of the ship and on those in the rear of the ship, farthest from the black hole? (This difference in accelerations grows rapidly as the ship approaches the black hole. It puts the body of the ship under extreme tension and eventually tears it apart.)
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Solution:

(a)	

	(b)	

[image: p13]		ANS. FIG. P13.7


				
4. Use Kepler’s third law to determine how many days it takes a spacecraft to travel in an elliptical orbit from a point 6 670 km from the Earth’s center to the Moon, 385 000 km from the Earth’s center.
Solution:
For an object in orbit about Earth, Kepler’s third law gives the relation between the orbital period T and the average radius of the orbit (“semimajor axis”) as


	We assume that the two given distances in the problem statements are the perigee and apogee, respectively.
	Thus, if the average radius is

	
	The period (time for a round trip from Earth to the Moon) would be


	The time for a one-way trip from Earth to the Moon is then


Chapter – 14
1. The human brain and spinal cord are immersed in the cerebrospinal fluid. The fluid is normally continuous between the cranial and spinal cavities and exerts a pressure of 100 to 200 mm of H2O above the prevailing atmospheric pressure. In medical work, pressures are often measured in units of millimeters of H2O because body fluids, including the cerebrospinal fluid, typically have the same density as water. The pressure of the cerebrospinal fluid can be measured by means of a spinal tap as illustrated in Figure P14.8. A hollow tube is inserted into the spinal column, and the height to which the fluid rises is observed. If the fluid rises to a height of 160 mm, we write its gauge pressure as 160 mm H2O. (a) Express this pressure in pascals, in atmospheres, and in millimeters of mercury. (b) Some conditions that block or inhibit the flow of cerebrospinal fluid can be investigated by means of Queckenstedt’s test. In this procedure, the veins in the patient’s neck are compressed to make the blood pressure rise in the brain, which in turn should be transmitted to the cerebrospinal fluid. Explain how the level of fluid in the spinal tap can be used as a diagnostic tool for the condition of the patient’s spine.
[image: ]Solution:


(a)	 and the gauge pressure is

				
			It would lift a mercury column to height

					

	(b)	
2 What must be the contact area between a suction cup (completely evacuated) and a ceiling if the cup is to support the weight of an 80.0-kg student.
Solution:

        
	When the cup barely supports the student, the normal force of the ceiling is zero and the cup is in equilibrium.



3. A plastic sphere floats in water with 50.0% of its volume submerged. This same sphere floats in glycerin with 40.0% of its volume submerged. Determine the densities of (a) the glycerin and (b) the sphere.
Solution:
(a)	The buoyant force of glycerin supports the weight of the sphere which is supported by the buoyant force of water. 

			

				
	(b)	The buoyant force from the water supports the weight of the sphere:

				

				

					
4. Water is pumped up from the Colorado River to supply Grand Canyon Village, located on the rim of the canyon. The river is at an elevation of 564 m, and the village is at an elevation of 2 096 m. Imagine that the water is pumped through a single long pipe 15.0 cm in diameter, driven by a single pump at the bottom end. (a) What is the minimum pressure at which the water must be pumped if it is to arrive at the village? (b) If 4 500 m3 of water is pumped per day, what is the speed of the water in the pipe? Note: Assume the free-fall acceleration and the density of air are constant over this range of elevations. The pressures you calculate are too high for an ordinary pipe. The water is actually lifted in stages by several pumps through shorter pipes.
Solution:
(a)	The cross-sectinal area is the same everywhere, so the speed is the same everywhere:

			

			

	(b)	The volume flow rate is 

				
Chapter - 15

1.  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 
2. A 2.00-kg object attached to a spring moves without friction (b= 0) and is driven by an external force given by the expression F = 3.00 sin (2pt), where F is in newtons and t is in seconds. The force constant of the spring is 20.0 N/m. Find (a) the resonance angular frequency of the system, (b) the angular frequency of the driven system, and (c) the amplitude of the motion.
Solution:
We are given F = 3.00 sin (2 t), k = 20.0 N/m, and m = 2.00 kg.

	(a)	
	(b)	From F = 3.00 sin (2 t), the angular frequency of the force is 

			
	(c)	From equation 15.36, the amplitude A of a driven oscillator, with b = 0, gives

			
3. A simple pendulum makes 120 complete oscillations in 3.00 min at a location where g 5 9.80 m/s2. Find (a) the period of the pendulum and (b) its length
Solution:


The period of a pendulum is the time for one complete oscillation and is given by  where  is the length of the pendulum.

	(a)	
	(b)	The length of the pendulum is
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Figure P13.5
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Figure P14.8
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