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FIGURE 3.1

International Space Station. This space habitat and laboratory orbits Earth once 
every 90 minutes. (credit: modification of work by NASA)



FIGURE 3.2

Tycho Brahe (1546–1601) and Johannes Kepler (1571–1630).

(a) A stylized engraving shows Tycho Brahe using his instruments to measure the altitude of celestial objects above the horizon. The 
large curved instrument in the foreground allowed him to measure precise angles in the sky. Note that the scene includes hints of 
the grandeur of Brahe’s observatory at Hven.

(b) Kepler was a German mathematician and astronomer. His discovery of the basic laws that describe planetary motion placed the 
heliocentric cosmology of Copernicus on a firm mathematical basis.



FIGURE 3.3

Conic Sections. The circle, ellipse, 
parabola, and hyperbola are all formed 
by the intersection of a plane with a 
cone. This is why such curves are called 
conic sections.



FIGURE 3.4

Drawing an Ellipse.

(a) We can construct an ellipse by pushing two tacks (the white objects) into a piece of paper on a drawing board, and then looping a 
string around the tacks. Each tack represents a focus of the ellipse, with one of the tacks being the Sun. Stretch the string tight 
using a pencil, and then move the pencil around the tacks. The length of the string remains the same, so that the sum of the 
distances from any point on the ellipse to the foci is always constant.

(b) In this illustration, each semimajor axis is denoted by a. The distance 2a is called the major axis of the ellipse.



FIGURE 3.5

Kepler’s Second Law: The Law of Equal Areas. The orbital speed of a planet traveling 
around the Sun (the circular object inside the ellipse) varies in such a way that in equal 
intervals of time (t), a line between the Sun and a planet sweeps out equal areas (A and B). 
Note that the eccentricities of the planets’ orbits in our solar system are substantially less 
than shown here.



FIGURE 3.6

Isaac Newton (1643–1727), 1689 
Portrait by Sir Godfrey Kneller. Isaac 
Newton’s work on the laws of motion, 
gravity, optics, and mathematics laid the 
foundations for much of physical science.



FIGURE 3.7

Demonstrating Newton’s Third Law. The U.S. Space Shuttle (here launching 
Discovery), powered by three fuel engines burning liquid oxygen and liquid hydrogen, 
with two solid fuel boosters, demonstrates Newton’s third law. (credit: modification of 
work by NASA)



FIGURE 3.8

Conservation of Angular Momentum. When a spinning figure skater brings in her 
arms, their distance from her spin center is smaller, so her speed increases. When her 
arms are out, their distance from the spin center is greater, so she slows down.



FIGURE 3.9

Astronauts in Free Fall. While in space, astronauts are falling freely, so they 
experience “weightlessness.” Clockwise from top left: Tracy Caldwell Dyson (NASA), 
Naoko Yamzaki (JAXA), Dorothy Metcalf-Lindenburger (NASA), and Stephanie Wilson 
(NASA). (credit: NASA)



FIGURE 3.10

Solar System Orbits. We see the orbits of typical comets and asteroids compared with 
those of the planets Mercury, Venus, Earth, Mars, and Jupiter (black circles). Shown in 
red are three comets: Halley, Kopff, and Encke. In blue are the four largest asteroids: 
Ceres, Pallas, Vesta, and Hygeia.



FIGURE 3.11. FIRING A BULLET INTO ORBIT

Firing a Bullet into Orbit.

(a) For paths a and b, the velocity is not enough to prevent gravity from pulling the bullet back to Earth; in case c, 
the velocity allows the bullet to fall completely around Earth.

(b) This diagram by Newton in his De Mundi Systemate, 1731 edition, illustrates the same concept shown in (a).



FIGURE 3.12

Satellites in Earth Orbit. This figure 
shows the larger pieces of orbital debris 
that are being tracked by NASA in 
Earth’s orbit. (credit: NASA/JSC)



FIGURE 3.13

Modern Computing Power. These supercomputers at NASA’s Ames Research Center 
are capable of tracking the motions of more than a million objects under their mutual 
gravitation. (credit: NASA Ames Research Center/Tom Trower)



FIGURE 3.14

Mathematicians Who Discovered a Planet. (a) John Couch Adams (1819–1892) and 
(b) Urbain J. J. Le Verrier (1811–1877) share the credit for discovering the planet 
Neptune.
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