
286 7 / CENTRAL-FORCE MOTION 

7-9. A communications satellite is in a circular orbit around the earth at radius R and 
velocity v. A rocket accidentally fires quite suddenly, giving the rocket an outward radial 
velocity v in addition to its original velocity. 
(a) Calculate the ratio of the new energy and angular momentum to the old. 
(b) Describe the subsequent motion of the satellite and plot T(r), V(r), U(r), and E(r) after 

the rocket fires. 

7-10. Assume that the earth's orbit to be circular and that the sun's mass suddenly 
decreases by half. What orbit does the earth then have? Will the earth escape the solar 
system? 

7-11. A particle moves under the influence of a central force given by F(r) = - k/r". If the 
particle's orbit is circular and passes through the force center, show that n = 5. 

7-12. Consider a comet moving in a parabolic orbit in the plane of the earth's orbit. If the 
distance of closest approach of the comet to the sun is {Jr., where r. is the radius of the 
earth's (assumed) circular orbit and where fJ < l, show that the time the comet spends 
within the orbit of the earth is given by 

.J2(1 - {J) • (l + 2{J) / 3n x l year 

If the comet approaches the sun to the distance of the perihelion of Mercury, how many 
days is it within the earth's orbit? 

7-13. Discuss the motion of a particle in a central inverse-square-law force field for a 
superimposed force whose magnitude is inversely proportional to the cube of the distance 
from the particle to the force center; that is, 

k .l. 
F(r) = - - - -

rz r3 ' k,.l. > 0 

Show that the motion is described by a precessing ellipse. Consider the cases .l. < I2/J1, 
.l. = 12/J1, and .l. > 12/Jl. 
7-14. Find the force law for a central-force field that allows a particle to move in a spiral 
orbit given by r = k8 2

, where k is a constant. 

7-15. A particle of unit mass moves from infinity along a straight line that, if continued, 
would allow it to pass a distance b.Ji from a point P. If the particle is attracted toward P 
with a force varying as k/r 5, and if the angular momentum about the point Pis Jki b, show 
that the trajectory is given by 

r = b coth(O/.Ji) 

7-16. A particle executes elliptical (but almost circular) motion about a force center. At 
some point in the orbit a tangential impulse is applied to the particle, changing the velocity 
from v to v + bv. Show that the resulting relative change in the major and minor axes 
of the orbit is twice the relative change in the velocity and that the axes are increased if 
bv < 0. 

7-17. A particle moves in an elliptical orbit in an inverse-square-law central-force field. If 
the ratio of the maximum angular velocity to the minimum angular velocity of the particle 
in its orbit is n, then show that the eccentricity of the orbit is 
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