In the last chapter we looked at the nature of gravitation al fields. In this chapter we discuss the issue of escaping the Earth’s gravitational field, at least as far as reaching an orbit around the Earth. This is still well within the reach of the Earth’s gravitational filed even though orbiting astronauts do not apparently feel its effects. This field is all that holds them in an orbit around the Earth and stops them from heading off further into space.

We will begin by considering simple projectiles, the move from them to projectiles launched into space, and then onto rockets launched into space.

2.1 PROJECTILE MOTION

A projectile is any object that is thrown, dropped or otherwise launched into the air. This includes such things ass a box dropped from a plane, a thrown ball, a struch golf ball, a kicked football, or even a fired bullet or cannonball. For our purposes, however, it does not include a rocket, because the thrust of  a rocket continues well into its flight. Projectiles are projected into the air and then left to complete their unpowered flight.


Throughout the flight the projectile is subject to just one force – the force of gravity, and just one acceleration – acceleration due to gravity, g, or 9.8 m s-2 downwards near the surface of the Earth. This rate of acceleration applies to all objects, large or small. It is natural to think of heavier objects falling faster that lighter ones, but this is not what happens. All objects are accelerated towards the Earth at the same rate. This was first realised by Galileo Galilei.


Galileo postulated that all masses, whether large or small, fall at the same rate, and he conducted experiments to try and prove just that. However, air resistance gets in the way of such experiments and made the job quite difficult for him. He eventually overcame this difficulty by rolling balls down highly polished inclines instead of simply dropping them, thereby reducing the effective acceleration. This lower rate of acceleration was less affected by air resistance and was easier to measure.


When astronauts went to the Moon, one of the experiments they performed was to drop a hammer and feather together. On the Moon there is no air to get in the way, and the rate of acceleration due to gravity is much less that here on Earth, so that things fall more slowly. As figure 2.2 shows these two factors made the experiment much easier to perform and the result was clear – the feather and hammer hit the Moon’s surface at the same time.


In order to simplify our analysis of a projectile’s motion we will ignore the effect of air resistance.
The trajectory
The trajectory of a projectile is the path that if follows during its flight. In the absence of air resistance, the path of the flight of a projectile will trace out the shape of a parabola as shown by the photograph in figure 2.3, taken with the aid of a stroboscope. A stroboscope is a light that produces quick flashes at regular (usually small) time periods. If used with a camera, instead of a regular flashgun, a stroboscopic photograph is produce which shows multiple images of a moving object.


To understand and analyse this motion we must make a very important observation: the motion of a projectile can be regarded as two separate and independent motions superimposed upon each other. The first is a vertical motion, which is subjected to acceleration due to gravity, and the second is a horizontal motion, which experiences no acceleration. Figure 2.4 places these two motions within a frame of reference, using the y-axis for the vertical motion and the x-axis for the horizontal motion.


Because the two motions are perpendicular, and therefore independent, we can treat them separately and analyse them separately.

Acceleration equations
You will recall from the preliminary course topic ‘Moving about’ that whenever a moving object changes its velocity, such as a thrown ball, then it has accelerated. This acceleration is defined by the following equation:
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where

a = acceleration (m s-2)

Δv = change in velocity (m s-1)

Δt = change in time (s)

v = final velocity (m s-1)

u = initial velocity (m s-1)

t = time taken (s)
Using this equation, a further set of equations describing the accelerated motion can be derived. These equations are shown together here as a set:
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where

r = displacement (m)


We will use this set to derive equations specific to the vertical and horizontal motions.
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