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As we noted in our activity, the sign (+ or −) of the Doppler shift depends on which 
quadrant we are observing.   We observed that: 
  

Quadrant I:      0° <  l  <   90° vr > 0 (redshifted) 
Quadrant II:    90° <  l  < 180°  vr < 0 (blueshifted) 
Quadrant III:  180° <  l  < 270°  vr > 0 (redshifted) 
Quadrant IV:  270° <  l  < 360°  vr < 0 (blueshifted) 

 
To understand why this pattern exists, we need to understand mathematically how vr, 
the radial velocity, is determined.  Essentially, when we observe an object in our 
galaxy, we detect the relative motion of the object along our line-of-sight to the 
object.   
 
To determine the magnitude of the relative motion, we can use the following diagram 
(Figure 3) below, where we have assumed circular rotation at constant speed, and 
where the following variables have been defined: 
 

V0   Sun’s velocity around the Galactic center (= 220 km/s) 
R0  Distance of the Sun to the Galactic center (= 8.5 kpc; 1 pc = 3.09 x 1016 m) 
l  Galactic longitude 
V  Velocity of a cloud of gas 
R  Cloud’s distance to the Galactic center, or Galactocentric radius 
d  Cloud’s distance to the Sun 

 

Figure 2. Diagram showing the definition of Galactic longitude and the 
four quadrants.  The sense of rotation is clockwise in this diagram. 
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As we noted in our activity, the sign (+ or −) of the Doppler shift depends on which 
quadrant we are observing.   We observed that: 
  

Quadrant I:      0° <  l  <   90° vr > 0 (redshifted) 
Quadrant II:    90° <  l  < 180°  vr < 0 (blueshifted) 
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the radial velocity, is determined.  Essentially, when we observe an object in our 
galaxy, we detect the relative motion of the object along our line-of-sight to the 
object.   
 
To determine the magnitude of the relative motion, we can use the following diagram 
(Figure 3) below, where we have assumed circular rotation at constant speed, and 
where the following variables have been defined: 
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R0  Distance of the Sun to the Galactic center (= 8.5 kpc; 1 pc = 3.09 x 1016 m) 
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Figure 2. Diagram showing the definition of Galactic longitude and the 
four quadrants.  The sense of rotation is clockwise in this diagram. 

Si la fuente se aleja de nosotros: 
DESPLAZAMIENTO AL ROJO (REDSHIFT)

Si la fuente se acerca hacia nosotros: 
DESPLAZAMIENTO AL AZUL (BLUESHIFT)

Cálculo Curva de Rotación de la Galaxia
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The key idea is that we need to find the projection of both V0 and V onto the line of 
sight    (SM)

 
, and then take the difference.   

 
To find the projection of V0 onto the line of sight, we simply note that the angle c = l, 
so the projection of V0 onto the line of sight is simply V0 sin(l). 
 
To find the projection of V onto the line-of-sight is a bit trickier.  First we note that this 
projection can be written V cos(α).  To relate α to l, we see that, since CM   ⊥


V  and 

CT ⊥  MT, the angle a = α,  so that cos (α) = cos (a) = CT/R.   
 
Finally, we note that from triangle SCT, we can see that sin(l) = CT/R0, so finally, 
with a little algebra, we get that the projection of V onto the line-of-sight is (R0/R) 
sin(l). 
 
Taking the difference between these two terms gives us our final result for the 
observed Doppler shift vr: 
 

 
  
v

r
= V

R
0

R
sin(l) −V

0
sin(l)   

To find our result for the sign of this term as a function of Galactic longitude l, we will 
make a simplifying assumption that V = V0, which we will discover is true for R > 2-4 
kpc.  In that case we find:  
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Figure 3. Diagram for the rotation of the Milky Way 

 

Using the table below, fill in the sign (+ or −) of each of these terms, and multiply the 
find the sign (+ or −) of vr for each quadrant.  Work in groups and compare your 
answers with your neighbors.  If you do not agree, make sure you discuss your 
results until you do.  Do your results agree with what we found in our kinesthetic 
activity? 
 

Table 1 

   V0 sin(l) (R0/R)−1 vr 
Quadrant I     0° <  l  <   90° R < R0 +    
Quadrant II   90° <  l  < 180° R > R0 +    
Quadrant III 180° <  l  < 270° R > R0 +    
Quadrant IV 270° <  l  < 360° R < R0 +    
 
 

b. The rotation curve of the Galaxy 
 
We can now turn our attention to determining the rotation curve of the Galaxy, 
namely a plot of V v. R.  To create this curve, we need to use our observations of vr, 
and a little clever reasoning.  Let’s go back to our equation for vr: 

 
  
v

r
= V

R
0

R
sin(l) −V

0
sin(l)   

Along a given line-of-sight, the value of vr  will be a maximum when R is a minimum, 
as long as V increases monotonically (steadily) with R, which it does.  Thus, if we 
observe a number of objects (e.g., gas clouds emitting 21-cm radio radiation) along 
the same line-of-sight, the one located at the smallest Galactocentric radius (R), will 
have the largest vr.  Figure 4 illustrates this point.  

 
 

 
 
 

Figure 4. (a) Plot of Hydrogen 21-cm emission along a line-of -sight from the Sun.  (b) A diagram showing 
the positions of the 4 Hydrogen clouds (A,B,C,D) relative to the Sun.  Note that the cloud with the 
smallest R (cloud C) has the largest radial velocity 
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As we noted in our activity, the sign (+ or −) of the Doppler shift depends on which 
quadrant we are observing.   We observed that: 
  

Quadrant I:      0° <  l  <   90° vr > 0 (redshifted) 
Quadrant II:    90° <  l  < 180°  vr < 0 (blueshifted) 
Quadrant III:  180° <  l  < 270°  vr > 0 (redshifted) 
Quadrant IV:  270° <  l  < 360°  vr < 0 (blueshifted) 

 
To understand why this pattern exists, we need to understand mathematically how vr, 
the radial velocity, is determined.  Essentially, when we observe an object in our 
galaxy, we detect the relative motion of the object along our line-of-sight to the 
object.   
 
To determine the magnitude of the relative motion, we can use the following diagram 
(Figure 3) below, where we have assumed circular rotation at constant speed, and 
where the following variables have been defined: 
 

V0   Sun’s velocity around the Galactic center (= 220 km/s) 
R0  Distance of the Sun to the Galactic center (= 8.5 kpc; 1 pc = 3.09 x 1016 m) 
l  Galactic longitude 
V  Velocity of a cloud of gas 
R  Cloud’s distance to the Galactic center, or Galactocentric radius 
d  Cloud’s distance to the Sun 

 

Figure 2. Diagram showing the definition of Galactic longitude and the 
four quadrants.  The sense of rotation is clockwise in this diagram. 

Cálculo Curva de Rotación de la Galaxia (V vs R)
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As we noted in our activity, the sign (+ or −) of the Doppler shift depends on which 
quadrant we are observing.   We observed that: 
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Figure 2. Diagram showing the definition of Galactic longitude and the 
four quadrants.  The sense of rotation is clockwise in this diagram. 

 

From Figure 4, we see that cloud C has the largest radial velocity, vr ≈ 65 km/s, and 
is at a longitude of l ≈ 30°. 
   

To find V, we know everything except the location of the cloud, namely its 
Galactocentric radius, R.  To find R we note that the smallest radius along the line-
of-sight, Rmin, is at a tangent point, so we can easily determine, from simple 
trigonometry of right triangles, that R = Rmin = R0 sin(l).  Substituting into our 
equation for vr, this simplifies to become: 

 

  

v
r
= V −V

0
sin(l) 

or

V = v
r
+V

0
sin(l)

  

Thus, for cloud C, we find: 
 

   

R = R
0
sin(l) = (8.5 kpc)sin(30) = 4.25 kpc

V = v
r
+V

0
sin(l)

= 65 km/s + (220 km/s)sin(30)
= 175 km/s

 

 

Note that this method, known as the tangent-point method, only works for 
Quadrants I and IV, namely the inner Galaxy (R < R0). 
 

Use the tangent-point method to determine R and V for clouds at the following 
longitudes and radial velocities in the table below.  Recall that R0 = 8.5 kpc, and     
V0 = 220 km/s. Work in groups and compare your answers with your neighbors.  If 
you do not agree, make sure you discuss your results until you do.   

 Table 2 

l vr (km/s) R (kpc) V (km/s) 
15° 140   
30° 100   
45°   60   
60°   30   
75°     0   

 
 

c. Radio observations to determine the Galactic rotation curve 
 
We will now simulate real radio telescope 
observations of 21-cm line radiation from cloud 
of hydrogen gas in our Galaxy.  The possibility 
exists to make your own real observations of 
this gas using one of a number of remote-
controlled telescopes operated by EU-HOU, 
and available for public use.  You will each 
have a chance to use this telescope to make 
observations during the day. 
 
To simulate observations of hydrogen clouds in 
our Galaxy, open the EUHOU radio telescope 
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Using the table below, fill in the sign (+ or −) of each of these terms, and multiply the 
find the sign (+ or −) of vr for each quadrant.  Work in groups and compare your 
answers with your neighbors.  If you do not agree, make sure you discuss your 
results until you do.  Do your results agree with what we found in our kinesthetic 
activity? 
 

Table 1 

   V0 sin(l) (R0/R)−1 vr 
Quadrant I     0° <  l  <   90° R < R0 +    
Quadrant II   90° <  l  < 180° R > R0 +    
Quadrant III 180° <  l  < 270° R > R0 +    
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b. The rotation curve of the Galaxy 
 
We can now turn our attention to determining the rotation curve of the Galaxy, 
namely a plot of V v. R.  To create this curve, we need to use our observations of vr, 
and a little clever reasoning.  Let’s go back to our equation for vr: 
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Along a given line-of-sight, the value of vr  will be a maximum when R is a minimum, 
as long as V increases monotonically (steadily) with R, which it does.  Thus, if we 
observe a number of objects (e.g., gas clouds emitting 21-cm radio radiation) along 
the same line-of-sight, the one located at the smallest Galactocentric radius (R), will 
have the largest vr.  Figure 4 illustrates this point.  

 
 

 
 
 

Figure 4. (a) Plot of Hydrogen 21-cm emission along a line-of -sight from the Sun.  (b) A diagram showing 
the positions of the 4 Hydrogen clouds (A,B,C,D) relative to the Sun.  Note that the cloud with the 
smallest R (cloud C) has the largest radial velocity 

Cálculo para Ángulos en el Primer Cuadrante

Para la velocidad máxima se cumple que 
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as long as V increases monotonically (steadily) with R, which it does.  Thus, if we 
observe a number of objects (e.g., gas clouds emitting 21-cm radio radiation) along 
the same line-of-sight, the one located at the smallest Galactocentric radius (R), will 
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Figure 4. (a) Plot of Hydrogen 21-cm emission along a line-of -sight from the Sun.  (b) A diagram showing 
the positions of the 4 Hydrogen clouds (A,B,C,D) relative to the Sun.  Note that the cloud with the 
smallest R (cloud C) has the largest radial velocity 
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Simulador de Observaciones
http://euhou.obspm.fr/public/simu.php
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