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                 [image: image1.png]Kepler’s Laws of Planetary Orbits




[image: image2.png]KEPLER’S THREE LAWS OF PLANETARY MOTION

LAW 1. All planets move in elliptical orbits, with the sun
at one focus of the ellipse (Fig. 19.4a).

LAW 2. A line drawn from the sun to any planet sweeps
out equal areas during equal intervals of time (Fig. 19.4b).

LAW 3. The square of the orbital period of any planet is
proportional to the cube of the planet’s average distance
from the sun (Fig. 19.4a).




[image: image3.png]Fig. 19.4 (a) A planet follows an elliptical path, with the sun at one focus. PointO is the center of the
ellipse. Point P where the planet is closest to the sun is called the perihelion. Point4 where the planet is
farthest from the sun is called the aphelion. The average distance between the planet and the sun is equal to
half the semimajor axis, OP or OA. (b) A planet moves faster when it is close to the sun, and slower when it
is farther away. Areas swept out in a given time interval are equal.




[image: image4.png]Newton’s Law of Gravitation and Kepler’s Third Law
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, ar=v2/R = G M/R2

,                                  

                                                                v=(GM/R) 1/2
                             Fg = Fr  
                          v=2R/T ,   Fg=mg=mv2/R, 
                                               g= v2/R=(2R/T)2/R=42 R/T2
                                     g=G M/R2

                           G M/R2=42 R/T2

                           T2 =  42 R 3  /GM  =K R 3  
               For orbiting around the sun  M is the mass of sun and K=2.97x10 -19  s 2 /m3
   [image: image7.png]THE LAW OF PERIODS
T =@’ /GM)R’ (193)
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                         [image: image9.png]Geosynchronous Satellites




[image: image10.png]Communication satellites are used routinely to transmit radio and tv signals around the
globe. Most of these satellites, called geosynchronous satellites, remain in orbittabove a
fixed point on the earth’s equator. Because of this, a communication dish on the earth
need not change its orientation once it is aimed-at a particular geosynchronous satellite.

EXAMPLE 19.8 How high above the surface of the earth at the equator is a
geosynchronous satellite? For the earth, radius = 6,370 km and mass = 5.98 x 10* kg.




[image: image11.png]T=24hrx (3600 s/1 h) = 86,400 s
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[image: image13.png]This is the distance of the satellite from the center of the earth, which is almost seven
times the radius of the earth. To find the height above the surface of the carth, you must

subtract the earth’s radius:
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                               [image: image15.png]H=423x10"m-6370x 10°m=3.59x 10’ m




[image: image16.png]This is a height of 22,300 miles above the earth’s surface.




,       v=(GM/R) 1/2=3.07x103m/s
                                        [image: image17.png]Using Ratios




[image: image18.png]EXAMPLE 19.10 The distance from the sun to the earth is defined to be one
astronomical unit (AU). The planet Mars takes 1.88 years to make one revolution around
the sun. How far is Mars from the sun?

SOLUTION The period of the earth around )
the sun is 1 y. Using Kepler’s law of /s

periods, Eq. (19.3), the ratio of the period of / AT
Mars to the period of earth is (see Fig. 19.8) ’
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23 23 Fig. 19.8 Earth and mars in orbit around the sun.
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Satellites: Orbits and Energy
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[image: image21.png](with U = 0 for infinite separation). Here r is the radius of the orbit, assumed for
the time being to be circular, and M and m are the masses of Earth and the
satellite, respectively.




[image: image22.png]To find the kinetic energy of a satellite in a circular orbit, we write Newton s
cond law (F na) as
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  [image: image27.png]The total mechanical energy of the orbiting satellite is

GMm _ GMm
2r

E=K+U=

’




                                                 [image: image28.png](circular orbit)
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                                    [image: image30.png](elliptical orbit).




[image: image31.png]Fig. 1417 Four orbits about an object of
mass M. Al four orbits have the same.

semimajor axis @ and thus correspond
to the same total mechanical energy E.
Their eccentricities ¢ are marked.



e=1-Rp/a     e~1 long ellipse,       e~0   circle
[image: image32.png]Energy

E=K+U

fig. 1418 The variation of kinetic energy K, po-
tential energy U, and total energy E with radius r
for a satellite in a circular orbit. For any value of
1, the values of U and £ are negative, the value
of K is positive, and £ = =K. As r = =, all
three cnergy curves approach a value of zero.





The sketch at right applies to the next two questions.  The vertical axis shows the total mechanical energy Emech = K + Ug(r) for a pair of masses - for example, for a planet with a small mass moving near it under the gravitational force.  The horizontal axis represents r, the distance between them.  The following  statements can be true or false depending on the value of the total mechanical energy:

a) if E=500J  for a pair of masses line2.  The same for b) if E= - 500J  line1
Depending on the value of the E-total mechanical energy which is true

1. masses bound together

2.There are barely enough energy to reach orbit.

3. Potential energy is negative.

4.The distance between the masses can exceed  value r= 60000000 km.

5. The speed at point U= - 500J is zero (point A)
      6. The speed at point r=60000000 km is positive
[image: image33.png]HECKPOINT 6:  1n the figure here, a space shuutle is
initially in a circular orbit of radius r about Earth. At
point P, the pilot briefly fires a forward-pointing
ihruster to decrease the shuttle’s kinetic energy K and
‘mechanical cnergy E. (a) Which of the dashed elliptical
onbits shown in the figure will the shuttle then take?

(b I the orbital period T of the shuttle (the time to re-
tum o P) then greater than, less than, or the same as in
the cireular orbit?





[image: image34.png]Sample Problem 14-8

A playful astronaut releases a bowling ball, of mass m = 7.20 kg,
ato circular orbit about Earth at an aliitude / of 350 k.

What is the mechanical energy £ of the ball in its orbit?
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, [image: image36.png]=R+ h= 6370 km + 350 km = 672 X 10°m,
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[image: image38.png](b) What is the mechanical energy £, of the ball on the launchpad
at Cape Canaveral? From there to the orbit, what is the change AE
in the ball's mechanical energy?
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[image: image41.png]The kinetic energy K, of the ball is due to the ball’s motion with




[image: image42.png]Earth’s rotation. You can show that Kq is less than I MJ, which is
negligible relative to Up. Thus, the mechanical energy of the ball
on the launchpad is

Ko+ Uy =0 — 451 MJ = —451 MJ.  (Answer)
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(Answer)




Ex13.7
A 470 kg satellite is in orbit 280 km above the surface of the earth. An engine on the satellite boosts it into geosynchronous orbit. How much energy does the engine have to provide?

h geosynchronous orbit is 36000km   Rf =4.23x107 km,       

                                                M=5.98x1024 kg(Earth)
ri = RE +280 km=6.65x106 km

E= Ef- Ei = - Gm M/2Rf –( - Gm M/2ri)=
 - Gm M/2(1/Rf –1/ri)=1.19x1010 J
Ex.13.6

The Change in Potential Energy
A particle of mass m is displaced through a small vertical distance y near Earth’s surface. Show that U= mgy
U= Uf- Ui = - Gm M/Rf –( - Gm M/ri)=
- Gm M(1/Rf –1/ri)= Gm M(Rf –ri)/Rf ri
Rf –ri=y       Rf ri= RE2      (       U= Gm M/RE2 y=mgy>U general
Kepler’s Second Law      
dL/dt=o

L=rxp=mrxv=const   dA=1/21rxdr1=1/21rxvdt1=Ldt/(2m)
dA/dt=L/(2m)=const  the radius vector from sun to any planet sweeps out equal areas in equal times.
[image: image44.png]7. From an inertial frame in space, we watch two identical uniform
spheres fall toward one another owing 1o their mutual gravitational
attraction. Approximate their initial speed as zero and take the ini
tial gravitational potential energy of the two-sphere system as U,
When the separation between the two spheres is half the initial
separation. what is the kinetic energy of each sphere?




[image: image45.png]9. Figure 14-28 shows six paths
by which a rocket orbiting a
moon might move from point @
1o point b. Rank the paths accord-
ing 10 (a) the corresponding
change in the gravitational poten-
il energy of the rocket-moon
system and (h) the net work done =
on the rocket by the gravitational Fig. 14-28 Question 9.
force from (he moon, greatest first.





[image: image46.png]11, In Fig. 1430, a particle of mass m is initially at point A, at
distance d from the center of one uniform sphere and distance 4d
from the center of another uniform sphere, both of mass M = m.
State whether, if you moved the particle to point D, the following
would be positive, negative. or zero: (a) the change in the gravi
tational potential energy of the particle, (b) the work done by the
net gravitational force on the particle, (¢) the work done by your
force. (d) What are the answers if, instead, the move were from
point B to point €
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