1. S_IV_GE:1: Linearity and superposition principle:
   Linearity is the property of a mathematical relationship or function which means that it can be graphically represented as a straight line. Examples are the relationship of voltage and current across a resistor (Ohm’s law), or the mass and weight of an object. 
   In physics, linearity is a property of the differential equations (i.e. an equation that relates one or more functions or physical quantities and their derivatives) governing many systems, for example, the Maxwell equations.
[bookmark: _GoBack]   Linearity of a differential equation means that if two functions ‘f’ and ‘g’ are solutions of the equation, then any linear combination (af +bg) is, too. (A linear combination is an expression constructed from a set of terms by multiplying each term by a constant and adding the results, e.g. a linear combination of x and y would be any expression of the form ax+by, where a and b are constants).
   The ‘superposition principle’ , also known as ‘superposition property’ states that, for all linear systems, the net response caused by two or more stimuli is the sum of the responses that would have been caused by each stimulus individually. So that if input ‘A’ produces response ‘X’ and input ‘B’ produces response ‘Y’, then input (A+B) produces response (X+Y).
   In the case of waves, the principle of superposition states that, when two or more waves of the same type cross at some point, the resultant displacement at that point is equal to the sum of the displacements due to each individual wave.
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Projection of uniform circular motion of a aprticle gives a simple harmonic motion: Mathematically, a linear SHM may be regarded as the projection of a uniform circular
motion of a particle,{ or of a rotating vector) on the diameter of the circle. This circle is called 'circle of reference.

Let us consider a particle P moves with uniform angular velocity w =v/a, along the circumference of the circle XYX'Y', where v is the particle
velocity and ' is the radius of the circular path of the particle. If 8 be the angle swept out in time t, T the time of one revolution(time period) then
w=8/1t=2n/T  because 2n angle is traversed in one revolution in time T).

Let, N be the foot of the perpendicular drawn from the particle P on the diameter YOY'. As P moves with uniform speed round the circle, the foot o

ofthe perpendicular moves from N to Y, then Y t0 0, 00 ¥*, ¥'to O and so on. So, s the particle P goes round the circle, the oot N traces and retraces X
the path YOY' over and over again. The motion of N satisfies two coditions as it traces and retraces the path YOY' and direction is one time Y > Y'and
othertime Y’ > Y.
The displacement ON =y =asin 6, ory=asin Wt (as8=wt).
Velocity of the particle moving along the particle dy/dt =aw cos wt and acceleration d?y/dt* = - W sin Wt = - W2y v
0, the force acting on the particle = mass  acceleration =- mass . W2y. So, the force acts towards the mean position of rest ( i.e., towards O because)
-ve sign indicates that displacement and force are oppositly directed) and also this force is proportional to its displacement  i.e. y). So, the foot of the.
particle on the diameter (N) executes a simple harmonic motion.
If the rotating particle starts its motion from X, the foot N will be at O which is its mean position. Sometimes this particle may not start its motion from
X.Ifit starts from, say X: with an intial angle tis, and reach P in time t, then angle XOX: =i, then the equation for displacement will be
y=asin (Wt +a). The foot N will starts its motion from N'. x

If the rotating particle starts its motion from Xz and the foot starts from N" with an initial angle t, then the equation for displacement will be
y=asin (wt-az) .

zand 0 are the initial phases and known as 'epoch’.
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