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Abstract— Whenever a body is rotating or spinning in a 

plane about an axis and its axis of rotation or spin is made to 

precess is an another perpendicular plane, the couple is 

induced on the rotating or spinning body across the axis of 

rotation or spin in a third mutually perpendicular plane. 

Conversely, whenever a body is rotating in a plane about an 

axis and a couple is applied on the rotating body across the 

axis of rotation or spin in an another perpendicular plane, the 

rotating or spinning body start processing in a third mutually 

perpendicular plane. The above stated effects are known as 

gyroscopic effect. The two things are necessary for existence 

of gyroscopic effect. (1) Rotating Bod (2) Force or couple 

trying to change the orientation of axis of rotation of 

rotating body. 
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I. INTRODUCTION 

Gyroscope is a mechanical system or arrangement having a 

rotor spinning at high speed about its axis and being free to 

turn in any direction, as shown in figure. It consists of a 

rotor rotating on an axle which is supported by a ring called 

inner gimble, with bearings. This inner gimble is supported 

in one more ring called outer gimble, with bearing; and this 

outer gimble is supported inside a frame, with bearings. The 

frame is supported on heavy stand as shown in figure. 

 
Fig. 1: Gyroscope 

The rotor of gyroscope has three degree of freedom: 

1) Spinning about axis XX. 

2) Tilting about axis YY. 

3) Veering about axis ZZ 

A. Concept of Gyroscopic Couple: 

Consider a disc spinning with an angular velocity ‘ω’ about 

spin axis OX in an anticlockwise direction, as shown in 

figure. The plane in which the disc is spinning i.e. plane 

YOZ is called as plane of spin. 

The axis of spin is precessing in a horizontal plane 

XOZ about an axis OY with an angular velocity ‘ωp’. 

The horizontal plane XOZ is called ass plane of 

precession and axis OY is called as precession axis. 

Let, 

I= Mass moment of inertia of the disc about OX, kg-𝑚2 

ω= angular velocity of disc, rad/s 

ωp= angular velocity of precession of axis of spin, rad/s 

1) Initial angular momentum of disc: 

When the initial position of the spin axis is OX, the 

magnitude of angular momentum of disc is Iω 

2) Final angular momentum of disc: 

The magnitude of angular momentum remains same i.e. Iω 

3) Change in angular momentum of disc: = Iωδθ 

4) Gyroscopic couple on disc: 

Rate of change of angular momentum will result due to 

application of couple to a disc. Therefore, the couple apllied 

to the disc for causing precession is given by, 

C= Iωωp 

 The couple given by this equation is known as 

gyroscopic couple. 

The gyroscopic couple can be categorized into two 

types 

B. Active Gyroscopic Couple: 

The couple, which must be applied to the disc across the 

axis of spin to cause it to process in the horizontal plane 

about the axis of precession, is called the active gyroscopic 

couple. The plane XOY is called the plane of gyroscopic 

couple and axis OZ is called axis of gyroscopic couple or 

gyroscopic axis. In short the active gyroscopic couple is the 

couple applied to the disc across the axis of spin so as to 

cause its precession. 

C. Reactive Gyroscopic Couple: 

When the axis of spin process itself or is to made process 

with angular velocity ‘ωp’, the shaft on which the disc is 

mounted applies reactive gyroscopic couple through support 

bearing, to the frame. The magnitude of the reactive 

gyroscopic couple is same as that of the active gyroscopic 

couple but direction is opposite. 

D. Direction of Gyroscopic Couples: 

The right hand rule is used in deciding the directions of spin 

vector, precession vector and gyroscopic couple vector as 

shown in figure. 

1) Curl fingers of the right hand such that, the direction 

of curling fingers indicates the direction of spin; then 

the thumb will indicate the direction of spin vector. 

2) Curl the fingers of the right hand such that, the 

direction of curling fingers indicates the direction of 

precession; then the thumb will indicate the direction 

of precession vector. 

3) Curl the fingers of the right hand such hat, the 

direction of curling fingers indicate the direction of 
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active gyroscope couple; then the thumb will indicate 

direction of active gyroscopic couple vector. 

The direction of active gyroscopic couple vector is 

obtained as shown in figure.  

 
Fig. 2: Concept of Gyroscopic Couple 

1) The spin vector, precession vector and active 

gyroscopic couple vector re mutually 

perpendicular to each other. 

2) Rotate the spin vector by 90 ֯ in the direction of 

precession so s to get the direction of active 

gyroscopic couple vector. 

3) The direction of reactive gyroscope couple vector 

is apposite to the direction of active gyroscopic 

couple vector. 

II. THEORY 

A. Types of Gyroscope: 

1) Rotary Gyroscope: 

It is mechanical system having rotor spinning at high speed 

about its axis and being free to turn in any direction. Device 

used to measure or maintain orientation Works on the 

principals of angular momentum. 

 
Fig. 3: Rotary gyroscope 

2) Piezoelectric Plate Type Gyroscope 

While vibrating ring gyroscopes and tuning fork gyroscopes 

were the first successful MEMS gyroscopes and are still the 

most widely produced, other successful MEMS gyroscopes 

have since been created. One of these gyroscopes is the 

Piezoelectric Plate Gyroscope which uses a PZT plate as its 

base. 

 
Fig. 4: Piezoelectric gyroscope 

This method, which in the past has been used to try 

to build macro-scale gyroscopes, is actually ideal for micro 

devices. At micro levels, an entire plate can be made of 

piezoelectric material. It has advantages over the common 

vibrating gyroscopes in that it requires a much smaller drive 

voltage to create readable outputs. 

3) Laser Ring Gyroscopes 

In order to discuss the difficulties in creating a laser ring 

gyroscope in the micrometer scale, the theory behind the 

macroscopic gyroscope must be derived.  Below is a picture 

of a simple laser gyroscope that happens to be in the shape 

of a triangle rather than a ring.  A laser source outputs two 

beams traveling in an opposite direction around the ring 

until they reach the detector.  The detector counts the beat 

frequency of the combined light wave.  This beat frequency 

is directly proportional to the angle of rotation of the 

gyroscope. 

4) Fiber Optic Gyroscope (FOG) 

Fibre optic coil determines changes in orientation by path of 

light in the coil. Beam traveling against rotation has slightly 

shorter path. 

 
Fig. 6: FOG 

5) Microelectromechanical Systems: 

Uses very small vibrating mechanism to detect changes. 

Even after the introduction of laser ring gyroscopes, a lot of 

properties were desired.  MEMS vibrating mass gyroscopes 

aimed to create smaller, more sensitive devices.  The two 

main types of MEMS gyroscope, discussed in Micro 

machined Vibrating Gyroscopes: Design and Fabrication, 

are the tuning fork gyroscope and the vibrating ring 

gyroscope.  In this paper, we will look at two other types of 

gyros; the macro laser ring gyroscope and the piezoelectric 

plate gyroscope. 

III. APPLICATION 

A. Gyrocompass: 

 Used by ships to find true north. 

 Seeks minimum potential energy. 
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B. Inertial Guidance System: 

 Guided Missiles. 

 Measure angular velocity in inertial reference 

frame. 

 Detect changes to orientation. 

 Combined with accelerometer for 6 axis sensor. 

C. Stability Assistance: 

 Hubble Space Telescope. 

 Bicycles. 

IV. CONCLUSION 

Due to this mechanical gyroscope we will easily study the 

effect of gyroscope and take reading and calculate couple of 

gyroscope. It also optimizes a cost as compare to other 

gyroscope. 
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