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A frame of reference is always required to describe the motion of the body Newton’s laws of mechanics are valid in inertial frame of reference. Galliean transformations were used to study the laws of mechanics in the inertial frames in relative motion. Galilean transformations ate unable to show that inertial frames are equivalent as regards to electromagnetic phenomenon. Einstein said that equations describing laws of physics have same form in all frames of reference and the velocity of light is always constant. Absolute frame of reference is a concept only. Einstein used Lorentz transformation for his special theory of relativity. As per Lorentz transformations.



SHORT ANSWER TYPE QUESTIONS



Q 1. Explain the term length contraction. Ans. Length Contraction It may be stated as: -



“Every rigid body appears to have maximum dimensions when at rest relative to the observer. Its dimensions appear to be contracted in the



direction of relative motion by a factor When moving with a velocity ‘v’ relative to the observer.



Q 2.Differentiate between inertial and non inertial frames of reference. Ans. Intertial Frame of Reference : A frame of reference in which Newton’s laws of motion and all the fundamental laws of mechanics are valid is called an inertial frame of reference. Non intertial Frame of Reference : A frame of reference which is accelerated is called non-inertial frame of refrence Newton’s laws of motion are no longer valid in non-inertial frames of reference.



Q 3. Explain why a particle cannot move faster than velocity of light. Ans. The relation between the rest mass and moving mass of a body is given as



Where m is moving mass m0 is rest mass, c velocity of light and ‘v’ is the velocity of particle. For a partical moving with velocity faster than velocity of light means V>C



if a material body moving with the velocity of light, its mass will be infinite further, for a particle moving faster than velocity of light have imaginary with is not possible.



Q 4 Write the postulates of Einstein special theory of relativity OR State Einstein’s postulates. Ans 1 “All laws of physics have the same form in all inertial frames of reference moving with a constant velocity relative to one another” This postulate is called principle of relativity This postulate expresses the absence of - universal frame of reference 2 The speed of light in free space is the same in all frames of reference. Q 5 Explain simultaneity in relativity



Ans From Lorentz equations we get



Thus the length of the rod measured from the frame in which it is moving is smaller than its length in a frame in which it is at rest by a



factor



Hence the length of a moving rod appears shortened by a



factor



Q 6. Write Lorentz transformation equations. Ans. Lorentz transformation equation are



Q 7. Write the relation between energy -and momentum for relativistic particles. Ans.



Q 8. Find the speed that a proton must be given if its mass is to be twice its rest mass proton to achieve this speed? Ans. Given We know that



. What energy must be given to



Q 9. Show that relativistic law of addition of velocities predict the constant value of velocity of light in all inertial frames. Ans. According to special theory of relativity, velocity addition formula is



u = c i.e. velocity of light always remains constant.



Q 10. Derive relativistic form of Newton’s second law of motion. Ans. According to Newton’s second law of motion



Q 11 At what speed the mass of a object will be double of its value at rest. Ans.



Q 12. What do you mean by length contraction and time dilation? Ans. Length Contraction Every rigid body appears to have maximum dimension when at rest relative to observer, Its dimensions appear to be



contracted in the direction of relative motion by a factor when moving with a velocity ‘v’ relative to observer. Time Dilation The time internal measured by an observer with the help of a clock moving with velocity ‘v’ with respect to the observer appears to be lengthened by a factor



This is called Time Dilation.



Q 13. Define proper length and proper time. Ans. Proper frame is that frame in which the observed body is at rest. The length of rod as measured in this frame is called proper length and the time measured by clock fixed w.r.t. the observed event is called proper time. Q 14. Derive energy-momentum relation.



Ans. Energy-momentum relation



Q 15 What are the outcomes of Michelson-Morley experiment’



Ans According to this the fringe pattern should be displaced by But When this experiment was performed it gave negative or will results which suggests that it is impossible to measure the speed of earth relative to ether. This could lead to the concept that speed of light in vacuum is the same in all frames of references which are in uniform relative motion The concept of ether was ruled out.



LONG ANSWER TYPE QUESTIONS



Q1. Derive Lorentz space-time transformation



OR Derive Lorentz’s transformation equations and apply them to explain (a) Length Contraction (b) Time Dilation OR Explain the postulates of special theory of relativity and derive Lorentz transformations OR How will you define the co-ordinates of an event in one frame of reference to the co-ordinates of the same event in another frame of reference, when the two frames of reference are moving with a uniform velocity relative to each other. Ans. Lorentz Transformations The transformation eqns rotating the observations of position and time made by two observers in two different inertial frames are known as Lorentz Transformation eqns Let S and S be two inertial frames of reference S’ moving with uniform velocity relative to S Let two observers 0 and 0’ observe any event P from system S and S respectively Let us suppose that the x-axis of two systems coincide permanently and velocity is parallel to X-axis.



The event P is determined by co-ordinates (x, y, z, t) and (x1, y’, z, t’) by observers 0 and 0 respectively. As the co-ordinates of event P relative to observer 0 in system at rest are x, y, z, t), therefore eqn of spherical surface whose radius grows at the speed C, is given by



As velocity of S is taken only along X-äxis, therefore from symmetry,y = y’ and z = z then from eqns (1) and (2)



Where . is to be determined, for the transformations equations relating x and x’, let us put



Put value of x’ from (5) in eqn (6)



Dividing by



Put value of x’ from eqn (5) and t1 from (7) in eqn (4)



Equating co-efficients of x2 to zero we get



Equating co-efficients of xt to zero, we get



Equating co-efficients of



to zero, we get



From eqns (10) & (11) we get Eq10.->



Put this value in (5) eqn (5) reduces to



and eqn (7) reduces to



(a) Length Contraction: Let us consider a rigid rod of length 10 fixed in frame S’. (I) When rod is parallel to X’-axis Let x1’ and x2’ be the two end points of rod The length of rod in frame S is Using Lorentz transformations



(b) Time Dilation To explain it consider a clock fixed in frame S and calculate the time interval between two events s observed by an observer at rest in frame S Let the two events occurs at same spatial position in S



Therefore , the moving clock appears to go slow.



Q 2. Prove that velocity of light is independent from the velocity of frame of reference. Ans. According to Transformation equations we have



i.e. In all inertial frames, velocity of light is an absolute constant independent of the motion of the reference system.



Q 3. Explain Michelson-MorIey experiment in detail and give the significance of negative results. OR Discuss in detail Michelson Morley experiment. Ans. Michelson-Morley Experiment: Michelson-Morley performed an experiment to find the presence of “ethers” in the universe. The experiment was based upon the principle of interference of two different light beams.



The experimental set up consists of a source ‘S’. A light beam from source S incident of the glass ‘G1’ which is half silvered placed at an angle of 450• From this glases the incident light divide into to beam (50% reflection 50 transmitter). Mirrors M1 and M2 are placed in the path of two beams as shown. Finally enters in the telescope T. Thus an interference pattern will be seen in the telescope due to the two beams, which enter in it. The function of plate G2 is to make path of beams 1 and 2 identical. If. G2 is not there then it can be clearly seen that beam 1 will travel all distance in either in going from point P toM1 and back to P, while beam 2 travels through. Glass plate G1, two times in going from point P to M2 and back to R .Both mirrors M, and M2 are placed at equal distance I from Glass plate G1. Thus with introduction of plate G2, both geometrical and optical paths of beam 1 become identical.it (i) Time for round trip of light beam 1 travelling along X-axis : We assume direction of motion of earth is towards X-axis, Thus w.r.t. earth, the effective velocity of light becomes V1 = c-V. where V = Velocity of earth in Ether Frame Thus time taken by light from P to strike mirror M1 is



in the return journey from M1 to point P, effective velocity of light w.r.t. Earth would become



Thus time taken by light for its return journey form M1 to P is



Thus total time for the round trip PM1 P is T1



(ii) Time for round trip of beam 2 travelling in Y-direction Since earth is moving with velocity V along X axis and beam 2 goes along Y-axis from point P to mirror M2 wrt earth It means the velocity C of light in Ether frame should be directed along OA. So that in earth frame the velocity velocity vertical (i e along Y axis) Thus relation



becomes exactly



gives us



Now



Thus The time taken by beam 2 to movefrom P to M2 is



Similarly, time taken by beam 2 to move from M2 to P back will be



Thus total time taken by beam 2 for complete journey from P to M2 to P is



(iii) Expected Fringe Shift: The time difference between two beams for their bound trips is



Thus optical path difference between the beams corresponding to a time difference T is



If interferometer (this experimental arrangement is called Michelson’s Interferometer) is suddenly brought to rest (V is made zero), then the path difference t would become zero (Sea eq. (7)). We know that if the path difference between two beams changes by , there is a shift of one fringe across the cross wire of telescope in the field of view. Thus if we change. V from initial value V to final value zero, then the change in path difference occuring is



If interferometer (this experimental arrangement is called Michelson’s Interferometer) is suddenly brought to rest (V is made zero), then the path difference t would become zero (Sea eq. (7)). We know that if the path difference between two beams changes by ?, there is a shift of one fringe across the cross wire of telescope in the field of view. Thus if we change. V from initial value V to final value zero, then the change in path difference occuring is



Hence number of fringes that will shift across cross wire in this case will be



However as every body can understand, we cannot make V equal to zero Thus in actual practice we have to resort to some alternative For this the whole apparatus was placed on a block of stone floated on mercury. This apparatus was rotated by 900 With this the new path difference between two beams was found to be The change in path difference that occurred due to rotation of apparatus was



Thus fringe shift expected in this case was



In the original experiment, wavelength of light used was distance was lim AlsoV3x104ms-1 Thus expected fringe shift is



and



Thus a shift of 40% of fringe width was expected Result The result of the experiment was quite surprising Experimentally no fringe shift was observed, when apparatus was rotated by 90° The experiment was repeated during various times of day, and various seasons of the year, but no shift was observed Thus motion of earth through ether could not be experimentally detected. Explanation of the Negative Result Three separate explanations were given to negative result of Michelson Morely Experiment (i) Ether Drag Hypothesis According to this hypothesis the ether is dragged along with the moving earth so that there is no relative motion between earth and ether However Fizeau had shown experimentally that a moving body can drag the light waves only partially Also this hypothesis goes against the aberration of light from stars Hence this hypothesis were rejected. V V (ii) Fitzgerald-Lorentz Contraction Hypothesis According to this hypothesis, the length of an object in the direction of motion decreases by a factor



of



whereas it remains unchanged in a direction perpendicular to the



direction of motion. If this hypothesis is used then it can be seen that T1 and T2 become equal and there will, be no fringe shift. . However, according to Rayleigh, such a contraction would produce a double refraction, which was never observed. (iii) Light Velocity Hypothesis According to this hypothesis, the velocity of light is the vector sum of the natural velocity of light and the velocity of source. If this were true then negative result of the experiment can be explained. However this hypothesis was also rejected, because it goes against wave theory of light.



Q 4. Prove the relation F = ma is covariant under relativistic transformation. Ans. Consider two frames S and S’. S’ls moving with uniform velocity v w.r.t. S as shown in Fig.



Let be the velocity of particle at any instant t w.r.t. frame S and be the velocity of this particle at same time in S’. Now according to Galilean transformation



According to particle, Acceleration of particle w.r.t frame S’



Differentiating eq (f), we get



Multiply both sides by M



Q 5. Show that the relativistic form of Newton’s second law, when F is parallel to v is



Ans. According to Newton’s law



According to relativistic relation variation of mass with velocity is given by
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