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Goal


Develop basic ideas of motion and the law of gravity.  Important topics include:  Inertia, mass, acceleration, surface gravity, and escape velocity.  Much of this chapter may be skipped if you wish a more descriptive course.  You will need, however, to discuss the law of gravity early on and the concept of escape velocity before students encounter Chapter 4.
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Answers to Thought Questions

1.  The cinder block has more inertia than the balloon because of its greater mass. Even when they are both traveling at 1 m/s, it is harder to stop the cinder block because you have to exert a greater force on it.

2.  You would not want to kick a cinder block in space with your bare foot (ignoring the problems of having your foot bare in space) because it still has the same mass and kicking the block would hurt your foot as badly as if you'd kicked it on the Earth's surface.

3.  STUDENTS NEED TO DRAW A SKETCH

The "imaginary" centrifugal force tries to push you out, but really you are trying to travel out at a tangent and the wall is stopping you.

Answers to Problems

1.  Since 

  eq  F(Moon-Earth) =  \f(G MMoon MEarth,  R2Moon-Earth),

the gravitational force exerted by the Moon on the Earth is the same as that exerted by the Earth on the Moon.

2.  The escape velocity for the Earth is given as follows:

Vesc = (2GM/R)1/2, where G=7x10-11 m3/kg/s2, M(Earth)=6x1024 kg and R(Earth)=6x106m.

Inserting these values in the equation, we find that 

Vesc = (2GM/R)1/2 = (2 x 7x10-11 x 6x1024 / 6x106)1/2 =1.18x104 m/s

or

Vesc = approx. 12 km/s

3.  The escape velocity for the Sun may be found using the formula for the escape velocity

   Vesc = (2GM/R)1/2 with the Sun's mass and radius inserted.  This gives     

    Vesc = (2 x 7x10-11 x 2x1030/ 7x108)1/2 = 6.3x105 m/s = approx. 630 km/s

4. To compare the escape velocity of Mars and Saturn, we write out the expression for the escape velocity for each planet.  Thus,

 Vesc(Mars) = [2GM(Mars)/R(Mars)]1/2, 

Vesc(Saturn) = [2GM(Saturn)/R(Saturn)]1/2.

Next, we divide the expression for Saturn's escape velocity by the expression for Mars' escape velocity to get,

Vesc(Saturn)/Vesc(Mars) = [M(Saturn)/R(Saturn)]1/2/[M(Mars)/R(Mars)]1/2, 

We then evaluate each expression using the appropriate mass and radius.  Thus,

M(Mars) = 0.1 M(Earth), M(Saturn) = 95 M(Earth), R(Mars) = 0.5 R(Earth) and

R(Saturn) = 9.4 R(Earth).

Vesc(Saturn)/Vesc(Mars) = (95 x 0.5/9.4 x 0.1)1/2 = 7.1.

5. To compare the escape velocity of the Earth and Moon, we use the same approach as in the previous problem.

 Since M(Earth)/M(Moon) = 81 and R(Earth)/R(Moon) = 3.8,

Vesc(Earth)/Vesc(Moon) = [M(Earth)/M(Moon) x R(Moon)/R(Earth)]1/2
= (81/3.8)1/2 = 4.6

6.  STUDENTS NEED TO DO THIS.

The weight of a body is just the gravitational force exerted on it.  You can therefore find your weight on the Earth or on the Moon from their surface gravities.  The Earth's surface gravity is 9.8 m/s2 while the Moon's is 1.7 m/s2.  The Moon's is thus 9.8/1.7 = about 5.8 times smaller than the Earth's.  Thus your weight on the Moon is your weight on the Earth divided by 5.8.

7. Jupiter's distance from the Sun is about 5 AU.  

The orbital velocity, v,  of a small mass around a much larger one can be found from the formula in the Chapter, namely, v = (GM/R)1/2 , where M is the Sun's mass and R is Jupiter's distance from the Sun.  Substituting in numbers then gives

v(Jupiter) = (6.7x10-11 x 2x1030/5 x 1.5x1011)1/2 = 1.3x104 m/s.  

The orbital period is the time it takes a body to complete an orbit.  Thus, 

orbital velocity = circumference / orbital period, v = C/P.

Evaluating this we obtain

P = 2R/v = 2 x 5 x 1.5x1011 / 1.3x104 = 3.6x108 seconds.  Since there are approximately 3.2x107 seconds in 1 year, P= about 11 years.

8. The Milky Way Galaxy has a mass of about 1011 M(Sun), and the Sun is 2.6x1020 m from the center of the galaxy.

v = (GM/R)1/2 = (6.7Ex10-11 x 2x1030 x 1011/2.6x1020)

v = 2.3x105 km/s

P = 2R/v = 2  x 2.6x1020/2.3x105 = 7.1x1015 s.  

Given that 1 year is about 3.2x107 sec, the period in years is  7.1x1015 s/3.2x107,  

or the Sun makes one orbit of the galaxy in 2.2 x108 years.

9.  To find out if the pitcher can throw a ball fast enough to escape from Cochise, we need to find the escape velocity of Cochise.  To do that, we use the escape velocity formula, V =(2GM/R)1/2.  Putting in the values for the mass and radius of Cochise, we find that

V =(2x9.6x1016 kg x 6.7x10-11 m3-kg-1-seconds-2/2.0x104 m)1/2

= [2x9.6x6.7x1016-11-4/2.0(m/seconds)2]1/2

= [64.3x10]1/2 m/seconds


= 25 m/second

which is smaller than the speed of the pitch.  Thus the ball can escape.

10. The modified form of Kepler's third law states that M = 4r3/GP2, where a is the orbital radius (assuming it is circular) and P is the orbital period.  In this problem a = 3x1011 meters and that P is 3 years.  Before we can solve the problem, however, we need to convert P in year to P in seconds.  Given that 1 year is about 3.2x107 seconds, P = 3x3.2x107 seconds = 9.6x107 seconds.

 Inserting the values for a and P, gives 

M = 4 (3x1011 m)3/[6.67x10-11 m3-kg-1-s-2 (9.6x107 s )2]


=  4 x27x1033-(-11)/[6.67x(9.62x107x2 )] kg


= 1.74x1044-14 kg


= 1.74x1030 kg

Since the Sun's mass is 2x1030 kg, the mass of 57 Fungaloid is 

1.74x1030kg/2x1030 kg/solar mass = 0.87 solar masses.

Answers to Self-Test

1. (e) All the examples show a mass tending to remain at rest or in uniform motion.

2. (d) A body moving along a curved path is not in uniform motion. The speed is constant but the direction changes so the velocity is not constant. The resultant acceleration must be produced by a force.

3. (d) If the distance between the two bodies is increased by a factor of 4, the force of gravity is an inverse square law so the force is decreased by a factor of 4x4=16.

4. (a) True. The Sun and the Earth exert the same gravitational force on each other.

5. (c) Vesc = (2GM/R)1/2, the radii are the same but one planet is 25 times the mass of the other.  Thus, the escape velocity from the more massive planet is 5 times greater than that from the less massive body.

