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GYROSCOPES

Gyroscope is a device or any rotating body that exhibits two fundamental properties: gyroscope inertia and precession.

Inertia or the rigidity in space is a consequence of Newton’s first law of motion, which states that a body tends to continue in its state of rest or uniform motion unless subject to outside forces.  The wheel of a gyroscope, when started spinning, tends to continue to rotate in the same plane about the same axis in space. Thus, a rifle bullet while spinning or revolving in flight exhibits gyroscopic inertia and tends to maintain a straighter line of flight than it would if not rotating.

Precession is the phenomenon by which the axis of a spinning object wobbles when a force is applied to it.

The tilt of the axis goes around in a circle in the opposite direction. If the speed of  rotation and the magnitude of the torque are constant the axis will describe a cone, its movement at any instant being at right angles to the direction of the torque.

The gyro or gyroscope is an old instrument. It was invented by a French physicist Foucault over one hundred years ago. Using a pendulum, Foucault developed a method of proving the earth’s rotation.

Foucault coined the word gyroscope from the Greek words: gyros, meaning  revolution and skopein, meaning to view. Thus we can say that gyroscope means to view revolution or rotation.

The ability of a gyroscope to maintain its orientation suggested its use as a direction indicator. But it was not until 1908 when the German inventor Anschutz-Kaempfe developed the first workable gyrocompass. In 1909 Sperry built the first automatic pilot and it was first installed in a Danish passenger ship in 1916. The same year a three- frame gyroscope was used. Conventional three-frame gyroscopes were used in ballistic missiles for automatic steering together with two-frame gyroscopes to correct turn and pitch motion. Later on they were used in the design of guidance systems for the V1 flying bomb, a pilotless aircraft and the V2 rocket. During the World War 2 stabilized gunsights, bombsights and platforms to carry guns and radar antennas aboard ships were developed. Then a small platform was used stabilized by gyroscopes to an extraordinary degree of precision, followed by the design of air-supported bearings and flotation gyroscopes.

In Russia several generations of unique gyroscopic devices and systems for rocket carriers and space vehicles including such  spaceships as  Vostok, Soyuz, Luna, Mars, Salyut, Mir, ISS were created.

Nowadays gyrocompasses are used in naval vessels and merchant fleets all over the world. Autopilots detect variations from the selected flight plan of an airplane and supply corrective signals to the ailerons, elevator and rudder.

Optical gyros are also widely used. Rink laser gyroscope uses interference of laser light within an optical ring to detect changes in the orientation and spins. The first experimental ring laser gyroscope was demonstrated in US in 1963. It can be used as stable element in an inertial reference system, the advantage being the absence of moving parts. A related device is the fiber optic gyroscope which implements transmission paths with a coiled fiber optic cable. In navigation systems on commercial airlines, ships and spacecrafts ring laser gyroscope has replaced its mechanical counterpart – the Inertial guidance system.

Questions

From the history of gyroscopes

1. Who invented the first gyroscope? When? Was it a workable gyro?

2. Who developed the first workable gyroscope?

3. Who built the first workable automatic pilot? Where and when was it first installed?

4. What can you say about the history and application of three frame gyroscopes?

The fundamentals of a gyroscope

1. Name two fundamental properties of a gyroscope.

2. What’s the origin of the term?

3. What is inertia?

4. What kind of phenomenon is precession?

The present day gyroscopes

1. What kinds of gyroscopes are used at present?

2. What’s the principle of operation of a ring laser gyroscope, fiber optic gyro?

3. What are the advantages of present day gyros? Can you compare them with the first ones?

4. Name as many fields of application of present day gyros as you can.

