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The Laplace transform of  f(t)=1/t1/2 is defined by
L{f(t)}  = F(s) = ∫ t-1/2 exp(-st) dt     ,    0 ≤  t ≤ ∞ .       (1)

We recall that the gamma function is given by 

Γ (p) =∫ xp-1 exp(-x ) dx             ,     0 ≤  x ≤ ∞.            (2)

So letting   x= st   and  p =1/2 , dt= dx/s   and inserting in (1) gives 

F(s) = ∫ x-1/2 s1/2 exp(-x) s-1 dx= s-1/2  Γ (1/2)             
but Γ (1/2) = π1/2 .

So    F(s)=  L { 1/t1/2 } = (π/s)1/2                                            . (3) 
The inverse transform does not make use of the Bromwich integral since the function  π1/2/s1/2  becomes  π1/2 /z1/2 with a branch cut along the real axis.

To obtain f(t)  from F(s) ,interchange  s with t in eq (1)  and define the inverse transform as

       f(t)   =   L-1 {F(s)} = (1/π)  ∫ F(s) exp(-st) ds     ,    0 ≤  s ≤ ∞ .(4)
This yields

 f(t)=  (1/π)  ∫ π1/2  s-1/2 exp(-st) ds     ,    0 ≤  s ≤ ∞

       = (1/π) π1/2 ( π/t)1/2 = 1/t 1/2                       .                      (5)
The general transform of a power of t is     
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, k is any real number > 0
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  We carry out here a numerical evaluation of the improper integral appearing in  (1)  to demonstrate the feasibility of numerical means vs analytical. The numerical results are compared with  F(s)=  L { 1/t1/2 } = (π/s)1/2 , showing a very good agreement.
To integrate numerically first integrate (1) by parts

F(s)=

 ∫ t-1/2 exp(-st) dt    = 2 t1/2 exp(-st) │0∞   + 2s ∫ t1/2 exp(-st) dt  
                             =  2s ∫ t1/2 exp(-st) dt                  ,   (4)                                      
  since the first term vanishes.
For each value of s there is a scale of time , tscale = 1/s .

So infinity in each definite integral is Tlarge = big factor * (1/s) , which could be of the order of  10/s.  
                         s                F(s)numerical               (π/s)1/2                                                     
s,sum,F(s)= 0.100E+00    0.56048E+01    0.56050E+01

 s,sum,F(s)= 0.347E+00    0.30066E+01    0.30068E+01

 s,sum,F(s)= 0.595E+00    0.22977E+01    0.22978E+01

 s,sum,F(s)= 0.843E+00    0.19310E+01    0.19310E+01

 s,sum,F(s)= 0.109E+01    0.16977E+01    0.16977E+01

 s,sum,F(s)= 0.134E+01    0.15325E+01    0.15326E+01

 s,sum,F(s)= 0.159E+01    0.14078E+01    0.14079E+01

 s,sum,F(s)= 0.183E+01    0.13093E+01    0.13093E+01

 s,sum,F(s)= 0.208E+01    0.12289E+01    0.12290E+01

 s,sum,F(s)= 0.233E+01    0.11617E+01    0.11618E+01

 s,sum,F(s)= 0.258E+01    0.11045E+01    0.11046E+01

 s,sum,F(s)= 0.282E+01    0.10550E+01    0.10550E+01

 s,sum,F(s)= 0.307E+01    0.10115E+01    0.10116E+01

 s,sum,F(s)= 0.332E+01    0.97310E+00    0.97313E+00

 s,sum,F(s)= 0.357E+01    0.93871E+00    0.93874E+00

 s,sum,F(s)= 0.381E+01    0.90773E+00    0.90776E+00

 s,sum,F(s)= 0.406E+01    0.87963E+00    0.87965E+00

 s,sum,F(s)= 0.431E+01    0.85398E+00    0.85401E+00

 s,sum,F(s)= 0.455E+01    0.83046E+00    0.83048E+00

 s,sum,F(s)= 0.480E+01    0.80877E+00    0.80880E+00

 s,sum,F(s)= 0.505E+01    0.78871E+00    0.78873E+00

 s,sum,F(s)= 0.530E+01    0.77006E+00    0.77009E+00

 s,sum,F(s)= 0.555E+01    0.75268E+00    0.75270E+00

 s,sum,F(s)= 0.579E+01    0.73642E+00    0.73645E+00

 s,sum,F(s)= 0.604E+01    0.72118E+00    0.72120E+00

 s,sum,F(s)= 0.629E+01    0.70684E+00    0.70686E+00

 s,sum,F(s)= 0.653E+01    0.69332E+00    0.69335E+00

 s,sum,F(s)= 0.678E+01    0.68056E+00    0.68058E+00

 s,sum,F(s)= 0.703E+01    0.66847E+00    0.66849E+00

 s,sum,F(s)= 0.728E+01    0.65700E+00    0.65703E+00

 s,sum,F(s)= 0.753E+01    0.64611E+00    0.64613E+00

 s,sum,F(s)= 0.777E+01    0.63574E+00    0.63576E+00

 s,sum,F(s)= 0.802E+01    0.62585E+00    0.62588E+00

 s,sum,F(s)= 0.827E+01    0.61641E+00    0.61644E+00

 s,sum,F(s)= 0.852E+01    0.60739E+00    0.60741E+00

 s,sum,F(s)= 0.876E+01    0.59875E+00    0.59877E+00

 s,sum,F(s)= 0.901E+01    0.59047E+00    0.59049E+00

 s,sum,F(s)= 0.926E+01    0.58252E+00    0.58254E+00

 s,sum,F(s)= 0.951E+01    0.57489E+00    0.57491E+00

 s,sum,F(s)= 0.975E+01    0.56754E+00    0.56757E+00

 s,sum,F(s)= 0.100E+02    0.56048E+00    0.56050E+00
FORTRAN code
c laplace trasnsform of 1/t^(1/2)

      data si,sf,ns/.1,10.,40/

      data nstep/10000/

      aint(t)=2.*s*sqrt(t)*exp(-s*t)

      F(s)=sqrt(pi/s)

      pi=2.*asin(1.)

      ds=(sf-si)/float(ns)

      do 10 is=0,ns

      s=si+ds*float(is)

      tscale=1./s

      tf=12.*tscale

      dt=tf/float(nstep)

      sum=0.

      do 20 i=1,nstep

      t=dt*float(i)

      sum=sum+(dt/2.0)*(aint(t)+aint(t-dt))

20    continue

      print 100, s,sum,F(s)

10    continue

100   format(1x,'s,sum,F(s)=',e10.3,2(3x,e12.5))

      stop

      end

