Lecture 3. Time dilation, length contraction [image: image1.emf]gamma ,  beta * gamma
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Figure 3.1

c gamma and beta factors

      gamma(beta)=1./sqrt(1.-beta**2)

      bgamma(beta)=beta*gamma(beta)

      beta2=.95

      beta1=0.

      dbeta=.05

      nstep=int((beta2-beta1)/dbeta)

      do 10 i=0,nstep+1

      beta=beta1+dbeta*float(i)

      print 100 , beta , gamma(beta), bgamma(beta)

10    continue

100   format(2x,'beta,gamma,beta*gamma=',3(4x,e10.3))

      stop

      end

a) time dilation

The inverse transform of 7a and 7b are obtained by changing the sign of the velocity i.e. changing the sign in front of sinh(θ).

x  = cosh( θ ) x’  +sinh(θ ) ct’                      ( 3.1a)

ct = +sinh(θ )x’   + cosh(θ ) ct’                    (3.1b)

Suppose the second event occurs at the origin of K’  (∆x’=0). Then 

from (3.1b) 

∆ t= cosh(θ )  ∆t’   =  γ ∆t’                                   (3.2)

It is called time dilation. Since γ≥1

∆ t > ∆t’ . The duration between two vents in K (the Lab Frame) is greater than in the proper frame where the particle (clock) is at rest at the origin.In this case ∆t’ is also called the proper time.  

b)length contraction

To obtain a comparison of lengths use eq 7a and introduce ∆,

 ∆ x’  = γ (∆ x  -  β c ∆t  ) . Now specify a simultaneous measurement in the K (lab frame) ,   ∆t  =0 , of a rod that measures L0 in the K’ frame. That is  ∆ x’  =   L0  and substitute giving

L0 =  γ ∆ x = γ L                                    (3.3)

( where L is the measurement in the lab frame).

Hence L = γ-1  L0  , or   L < L0 .This is called the length contraction.

c) Velocitiy composition law
Take the differentials of x’ and t’ ,

dx’ = γ ( dx –V dt)  , dt’= γ( -V dx/c2 + dt) , where V is the velocity of the K frame. Let dx’/dt’=  v’x   , dx/dt = vx , then dividing 

dx’/dt’ =  v’x = (vx –V) /( 1- Vvx / c2 )                (3.4)
End of Lecture 3

