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Aims of this week’s tutorial: 

1. Tutorial test 4: 3d and circular motion
2. Practice some harder gravity problems 





Solutions
1) Differentiate r=ktp twice to find that a=p(p-1)ktp-2. Then substitute t from r=ktp. Compare powers of r in this =-Gm/r2, solve for p, find p=2/3. From the prefactors in front of: -GM = p(p-1)k3. Plugging in p=2/3, find k = (9GM/2)1/3. 
b)  v→ 0.
c) need to find v when r=rE. Plug rE into r=ktp to find t, then plug t into v=pktp-1. Find v = 1.1 x 104 m/s

2) For surface: gs=G(m1+m2+m3)/r2. At G, gG=G(m1+m2)/rG2. Plugging in the numbers, gG/gs = 1.01

3)  GmM/r2 + Gm2/4r2 = mv2/r. Also T = 2r/v, so  T2 = 42r3/(M+m/4)G.

4)  a) No – they must always be at opposite sides of the c of m. The periods must be exactly equal for the orbits to be circles, its the only way to make the gravitational forces always point back toward the common center of mass. By setting 2r1/v1 = 2r2/v2 you find the v2/v1=r2/r1

b) setting m1v12/r1=m2v22/r2 and using the result from a, you find that r2/r1=m1/m2.

c) Considering just m1: Gm1m2/(r1+r2)2 = m1v12/r1. Also, T2 = (2r1)2/v12. Substitute for v1, then need to recognize or prove that since  r1/m2 = r2/m1 , that 
 r1/m2 = r2/m1 = (r1+r2)/(m1+m2).


	Gravity problems	



1. 10-18. If a bullet is shot straight up at a high enough velocity, it will never return to the earth. This is known as the escape velocity. We will discuss escape velocity using the concept of energy later in the course, but it can also be gotten at using straightforward calculus. In this problem, you will analyze the motion of an object of mass m whose initial velocity is exactly equal to escape velocity. We assume that it is starting from the surface of a spherically symmetric planet of mass M and radius b. The trick is to guess at the general form of the solution, and then determine the solution in more detail. Assume (as is true) that the solution is of the form r = ktp , where r is the object’s distance from the center of the planet at time t, and k and p are constants.
(a) Find the acceleration, and use Newton’s second law and Newton’s law of gravity to determine k and p. You should find that the result is independent of m.
(b) What happens to the velocity as t approaches infinity? 
(c) Determine escape velocity from the Earth’s surface. (Hint, it is not the velocity at t=0).

2. 10-33. The earth is divided into solid inner core, a liquid outer core, and a plastic mantle. Physical properties such as density change discontinuously at the boundaries between one layer and the next. Although the density is not completely constant within each region, we will approximate it as being so for the purposes of this problem. (We neglect the crust as well.) Let R be the radius of the earth as a whole and M its mass. The following table gives a model of some properties of the three layers, as determined by methods such as the observation of earthquake waves that have propagated from one side of the planet to the other. 

region:	outer radius/R 	mass/M
mantle	1			0.69
outer core	0.55			0.29
inner core	0.19			0.017

The boundary between the mantle and the outer core is referred to as the Gutenberg discontinuity. Let gs be the strength of the earth’s gravitational field at its surface and gG its value at the Gutenberg discontinuity. Find gG /gs.







3. Two planets, each of mass m orbit a star of mass M. They share the same circular orbit, of radius r, but are at opposite sides of the star, so that at any time the two planets and the star all lie on a straight line. Find an exact expression for the orbital period T. Hint: each planet feels forces from two other objects.

4. Often when considering orbits, the mass of the larger body is so much greater than the mass of the smaller body, that we ignore the effects of the  gravitational force on the the larger body. In this problem we'll explore what happens if we don't make that simplifying approximation. Consider a planet of mass m1 with a moon of mass m2. Both the planet and the moon orbit in circles about a common point, the center of mass (which we will consider in more detail in chapter 14).

a) Can the planet and the moon ever be on the same side of the common point? Can the periods of the two orbits differ but still be circular? What is the ratio of v2/v1 in terms of the r1 and r2, the radii of the two circular orbits? 

b) The centripetal forces for both bodies are supplied by their gravitational attraction. What is the ratio r2/r1 in terms of the m1 and m2?

c) Show that the period is given by: T2=42(r1+r2)3 /G(m1+m2)
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