
BALLISTICS 
Uniform motion with respect to an inertial coordinate system. 

 
Picture 1. Animation 
The blue circles represent pucks sliding over a flat surface. (The slightly larger circle represents a 
launching mechanim. 

 
Picture 2. Animation  
The green arrows represent the coriolis term of the equation of motion. The red arrows represent the 
centrifugal term. 

In animation 1 the circle with four quadrants represents a rotating platform. 
The blue circles represent objects that are jettisoned to the other side, sliding 
frictionless along the surface. The blue circle that is co-rotating with the 
platform is the location of the launching mechanism. As there is no force in a 
direction parallel to the surface the blue objects follow a straight line trajectory. 

Uniform motion with respect to a rotating coordinate system 



In setting up an equation of motion for a rotating coordinate system (co-
rotating with the platform) the centrifugal term and the coriolis term are added 
to the equation of motion. In the case of the rotating platform, there is no force 
acting on the pucks (at least not a force in a direction parallel to the surface), 
so the only terms in the equation of motion are the centrifugal term and the 
Coriolis term. When the vector of the centrifugal term and the vector of the 
coriolis term are added together, the resulting vector gives the acceleration 
with respect to the rotating coordinate system. 

When motion is mapped in a rotating coordinate system the rotation is taken 
into account by adding the centrifugal term and the coriolis term. The 
centrifugal term and the Coriolis term are depicted in the following interactive 
animation: centrifugal effect. In this Java applet you can see the direction and 
the magnitude of the vector that represents the Coriolis term and of the vector 
that represents the centrifugal term. 

 
 

Motion along a great circle 

 
Picture 3. Animation  
Frictionless motion over the surface of a perfect sphere. The trajectory with respect to inertial space 
is a great circle, with a uniform angular velocity. Here, the plane of the great circle is tilted 45 
degrees with respect to the plane of the equator. 

In animation 3 an object is sliding frictionless over the surface of a sphere. 
The object moves along a great circle. The great circle that the object is 
moving along is tilted with respect to the sphere's equatorial plane. The 
sphere is rotating. Since the motion is thought of as frictionless motion, the 
fact that the sphere is spinning does not affect the direction in which the object 
is moving. As you can see, the time to complete a full great circle is equal to 
one period of the sphere's rotation. 

The object is continuously traversing from the northern to the southern 
hemisphere and back. Another aspect of the tilted trajectory is that the 

http://www.cleonis.nl/physics/graphlets/centrifugal_effect.html


satellite does not remain above the same longitude line. At the latitudes 
farthest away from the equator the satellite is "overtaking" the sphere. When 
the satellite traverses the plane of the equator it is "being overtaken" by the 
sphere. These changes of velocity are apparent; since the orbit is tilted the 
motion is geometrically projected. In calculations this projective 
geometry gives rise to a sine factor. 

 
Picture 4. Animation  
Frictionless motion over the surface of a perfect sphere. In this animation, the period of revolution of 
the objects is twice as long as the period of revolution of the sphere. 

Animation 4 represents a variation on the motion pattern that is represented in 
animation 3. In animation 4 the objects move half as fast as in animation 3. 
The objects complete a full great circle it takes the sphere to complete two 
rotations. Consequently the objects are constantly being overtaken by the 
sphere. 

Note that whenever the puck is moving parallel to a latitude line, it 
subsequently proceeds towards the equator. 

Relevancy for ballistics 

When a projectile is fired it enters a keplerian orbit around the center of mass 
of the Earth. (Of course, since a projectile moves through the atmosphere it 
experiences a lot of air friction.) To a (very rough) first approximation, a 
projectile that is fired will move relative to the Earth along a great circle. It 
follows that a projectile that is fired in westward direction along a latitude line 
wil subsequently proceed to the equator. 

 
 

Motion in eastward and in westward direction 

In this section I will discuss frictionless motion in eastward and in westward 
direction over the surface of a perfect sphere. 



 
Picture 5. Animation  
Motion over the surface of a non-rotating perfect sphere 

Non-rotating sphere 

The case of a non-rotating ice-sphere is analogous to frictionless motion over 
the surface of a non-rotating ice-floor. The small, dark disks represent ice 
hockey pucks. When the pucks separate they each have the same speed with 
respect to the surface. The pucks move along a great circle that is 
perpendicular to the longitude line that they start from. In other words: both 
pucks proceed towards the equator; if they keep going they will meet again on 
the other hemisphere. 

Let me repeat why the pucks move along a great circle. The pucks rest on the 
surface of a perfect sphere. On a sphere the force of gravity is everywhere 
perpendicular to the surface. Since there is no force in a direction parallel to 
the surface there is nothing to cause deviation from motion in a straight line. 
On the surface of a sphere the mathematical counterpart of a straight line is a 
great circle. 

The next step is to see how motion over the surface of a rotatingperfect 
sphere is different from the non-rotating sphere case. 

 
 

Rotating sphere 



 
Picture 6. Animation  
Similar launch as in animation 5, but on a rotating sphere 

 
Picture 7. Animation  
The same motion as animation 6, here as seen from a co-rotating point of view 

The sphere rotates around its axis in a day. Initially the two pucks are held in 
place at 30 degrees latitude. When they are launched in opposite directions 
they proceed to move along the great circle that is tangent to the latitude that 
they are launched from. Note that while they have different velocities, they 
both proceed along the same great circle: the great circle that is tangent to the 
latitude line that they started from. The great circle that they move along is 
indicated with a "halo" around the sphere. Animation 6 represents the motion 
as seen from an inertial point of view, so the "halo" is stationary. 

For reference, I need a concise unit of velocity. On Earth, an object that is 
located on the Equator, co-rotating with Earth, is circumnavigating the Earth's 
axis with a velocity of 1666 km/h. I will call that velocity one unit of velocity. 



Animations 6 and 7 represent the case where the after their launch the pucks 
have a velocity of 0.25 unit of velocity with respect to the sphere, one puck in 
eastward direction with respect to the sphere, and the other puck westward 
with respect to the sphere. (On Earth 0.25 unit of velocity corresponds to a 
velocity with respect to the Earth's surface of about 440 kilometer/hour, about 
280 miles/hour.) I will call the puck that moves westward with respect to the 
sphere 'the westward puck', and the puck moving eastward with respect to the 
sphere 'the eastward puck'. 

Before the launch both pucks were circumnavigating the sphere's axis, 
counterclockwise as seen from the north pole. After the launch both pucks are 
still circumnavigating counterclockwise: the eastward puck has been boosted 
to a higher velocity, and the westward puck has had its velocity cut down. But 
they are still both circumnavigating counterclockwise. 

Before the launch the westward puck was co-moving with the sphere at 30 
degrees latitude, so it was circumnavigating the sphere's axis at 0.866 unit of 
velocity (0.866 is the cosine of 30 degrees). After the launch the westward 
puck is still circumnavigating in counterclockwise direction, but now at a 
velocity of 0.866 - 0.25 = 0.641 unit of velocity. 

The eastward puck deviates from how it would move over a non-rotating 
sphere, deviating to the right of the direction of motion. 

For the westward puck there is a deviation to the left as compared to how it 
would move over a non-rotating sphere. 

Why deviation to the left? 

So how come the westward puck deviates to the left as compared to how it 
would move over a non-rotating sphere? Isn't the Coriolis force supposed to 
deviate it to the right of the direction of motion? Well, in the equation of motion 
the Coriolis term does point to the right of the direction of motion, but the 
Coriolis term is not the only term in the equation. The equation of motion for a 
rotating coordinate system has two terms to accommodate the rotation of the 
coordinate system, the centrifugal term and the Coriolis term. Generally the 
centrifugal term is much larger than the Coriolis term, and that is the case 
here. In the case that is depicted in animations 6 and 7 the Coriolis term is 
swamped by the centrifugal term. 

However, discussing the equation of motion for a rotating coordinate system 
does nothing to help physical understanding. So let me move to the physics 



taking place: prior to the launching of the pucks something was holding them 
in place, sustaining circumnavigating motion at 30 degrees latitude, co-moving 
with the entire rotating sphere. When the two pucks are released they proceed 
along the tangent great circle towards the equator. 

Example: trajectory of a baseball 

In baseball some pitchers can throw a fast ball that travels at about 150 
km/hour (90 miles/hour). Fast as that is, at that velocity the outward 
centrifugal effect dominates the motion. So it matters whether the pitching is 
to the east or the west. Pitching in eastward direction: deflection to the right. 
Pitching in westward direction: deflection to the left. Of course, the rotation-of-
Earth related deflection is too small to be noticable. Skilled pitchers can aim 
very precisely, but not that precise. 
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