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A Planet Orbiting Another Star 
 
Background 
 
Since 1995 astronomers have discovered almost 300 planets orbiting nearby stars. We now know 
for certain what we long suspected, namely that our own solar system is not unique. We do not 
image these planets directly (which we'd love to do, but is technically not possible), but infer their 
existence through the influence each one has on its parent star as the star and planet orbit their 
common center of mass. We detect a slight "wobble" in the star's motion, indicating the existence of 
an object with a planet-type mass. 
 
For this assignment you will need a calculator that can do powers such as x2/3. 
 
Observations 
 
In this exercise you work with actual data from observations made at the Lick Observatory in 
California of the star 51 Pegasi, which is 50 light-years from the Sun (recall that our solar system's 
planets extend out only 5 light-hours). These data are measurements of the Doppler shift of the 
wavelengths of absorption lines seen in the spectra of 51 Peg over many days. The table on p. 4 lists 
the measured radial velocities V (m/sec) on different days (given as a day number, for example 0.6 
means 60% of the way through the first day). As you can see, the radial velocities alternate between 
positive and negative values, indicating that sometimes the star is receding from us (positive; the 
light is redshifted) and sometimes approaching us (negative; the light is blueshifted). This slight 
back and forth motion of the star is the key to detecting the presence of an "invisible" companion to 
51 Peg. 
 
The values in the table were obtained by measuring the wavelengths of the absorption lines and then 
finding the radial velocity V using the Doppler formula: 

V = c ( w - w0) / w0 , 
where c is the speed of light, w0 is the laboratory wavelength of the absorption line, and w is the 
measured wavelength of the line. 
 
Procedure 
 
Plot all the data points on the supplied graph on p. 4. Draw a smooth sine-like curve through the 
data (do not simply "connect-the-dots"). As you will recall from high school math, a sine curve 
oscillates up and down, always reaching the same maximum and minimum values and having the 
same number of days between each "peak" and "valley". Where you find data missing, you should 
interpolate as best you can. 
 



Analysis 
 
1. A period is defined as one complete cycle; that is, where the radial velocities return to the same 
position on the curve (but at a later time). From your plot how many cycles do you estimate the star 
went through during the 14 days of observations? What is the period P? Express P in units both of 
days and of years. 
 
2. From your plot what do you estimate for the amplitude K, defined as 1/2 the value of the full 
range of radial velocities? 
 
With just these two values, you can now determine both the mass M of the planet and its distance a 
from its star. First, we know from a study of the spectrum and luminosity of 51 Peg that its mass is 
very close to that of the Sun, i.e. one solar mass. Second, it turns out that we know the orbit of the 
planet is circular because of the sinusoidal shape of the velocity curve that you plotted (a non-
circular orbit would produce a different shape of curve). We can now quantitatively compare the 
wobble produced by this planet with the similar wobble that Jupiter produces on our Sun. To a 
distant extraterrestrial astronomer looking back at our Sun and measuring its spectrum, he/she/it 
would measure the influence of Jupiter's gravity to produce a value of K = 13 m/sec and P = 12 
years, namely Jupiter's and the Sun's common orbital period about their common center of mass. 
The basic physics of an orbit yields the following equation for the mass M of the planet (in units of 
Jupiter masses): 
 

M3= ( P / 12 yrs ) ( K / 13 m/s )3 , 
 
where P is expressed in units of years, and K in m/sec. 
 
3. Using your values for P and K , calculate M3 and then take the cube root to get M, the mass of 
this new planet in terms of the mass of Jupiter. For example, if you derive M = 4.2, you know that 
the new planet is 4.2 times the mass of Jupiter. [Try this example to make sure you understand what 
the equation says: P = 0.12 yrs and K = 39 m/sec yields M = 0.65 .] Show all work. 
 
To find how far this planet is from 51 Peg, we can now use Kepler's Third Law, which relates the 
period of a planet to the distance from its star. Since 51 Peg has the same mass as the Sun (and 
therefore the same gravitational force), the comparison is greatly simplified. 
 
4. If this planet, with its period of P days, were in our own solar system, where roughly would it 
have to be located? Without the benefit of any calculations, explain your reasoning. (When we ask 
roughly, we mean something like "between Venus and the Earth".) 
 
5. Now work out exactly the size of its orbit. In either our solar system or this new planetary 
system Kepler's Third Law can be expressed as 

a3 = P2 , or a = P2/3 

where P is again in units of years and a is the radius (semimajor axis) of the orbit in astronomical 
units (AU). 
 
 



6. What is unusual about the location and mass of this new planet when compared to our own 
solar system? 
 
A hidden assumption in all of the above calculations is that we are viewing the new planet's orbit 
(and therefore the star's tiny "wobble orbit") in an "edge-on" fashion (the opposite of "face-on"). 
 
Recall that Doppler shifts only tell one about the radial component of an object's velocity. Thus 
only for edge-on viewing will the maximum Doppler shifts we measure be equal to the actual total 
velocity of the planet in its circular orbit. We have to make this assumption because we have no 
way to tell how the orbit is oriented. 
 
7. Suppose (as is likely) that the planet's orbit is inclined somewhat to our line-of-sight, somewhere 
in between edge-on and face-on. How would this qualitatively affect the values for planet mass M 
and orbit size a that you derived above? Give your reasoning. 
 
 



Table 1: 51 Pegasi Radial Velocity Data 
 
Day RV 

(m/s) 
Day RV 

(m/s) 
Day RV 

(m/s) 
Day  RV 

(m/s) 
0.6 -20.2 4.7 -27.5 7.8 -31.7 10.7 56.9 
0.7 -8.1 4.8 -22.7 8.6 -44.1 10.8 51 
0.8 5.6 5.6 45.3 8.7 -37.1 11.7 -2.5 
1.6 56.4 5.7 47.6 8.8 -35.3 11.8 -4.6 
1.7 66.8 5.8 56.2 9.6 25.1 12.6 -38.5 
3.6 -35.1 6.6 65.3 9.7 35.7 12.7 -48.7 
3.7 -42.6 6.7 62.5 9.8 41.2 13.6 2.7 
4.6 -33.5 7.7 -22.6 10.6 61.3 13.7 17.6 
 
 

 


