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The Laplace Transform

"O}yO@ p} wLD m p}=i l} ?r=k QO =Q x]w@ Qt |=yOm w O}yO@ s=Hv= Matlab QO =Q Q} R |=yu} QtD

"O}vm x@U=Lt =Q Q} R p=vo}U TqBq p}O@D laplace QwDUO R= xO=iDU= =@ “1

x(t) = 2δ(t) + e−3t

"O}@=}@ =Q Q} R TqBq p}O@D =@ Q_=vDt p=vo}U ilaplace QwDUO R= xO=iDU= =@ “2

X(s) =
10s2 + 4

s(s + 1)(s + 2)2

’p=vo}U p}rLD Q=R@= u} QD|t}Ok u=wvax@ x} Qwi p}O@D "(Short-Time Fourier Transform) u=tRfflx=Dwm x} Qwi p}O@D “3
Qy ‘wkw u=tR OQwt QO |D=aq]= xvwoQy Ok=i p}O@D u}= "CU= Tv=mQi xRwL x@ u=tR |xRwL R= |Di=} QO p=vo}U p=kDv= x@ QO=k
|NQ@ QO xm|r=LQO ’OwW|t hPL pt=m Qw] x@ ’u=tR x@ xDU@=w C=aq]= p}O@D u}= QO ’Qo}O CQ=@ax@ "CU= “Tv=mQi” Ot=U@
x} Qwi p}O@D R= xO=iDU= ’pmWt u}= |=ypLx=Q R= |m} "s} Q=O =Q p=vo}U R= |Y=N |Uv=mQi h}] V}=tv x@ R=}v =yOQ@ Q=m R=
w xOW s}UkD |v=tR lJwm |=yxR=@ x@ ’u=tR QwLt |wQ Q@ p=vo}U ’p}O@D u}= QO "CU= DTFT |=Hx@(STFT) u=tRfflx=Dwm
sUQ Tv=mQi w u=tR T=U= Q@ p=vo}U |xvt=O Q=Owtv ’=yDv= QO "OOQo|t x@U=Lt |v=tR lJwm |=yxR=@ u}= |=Q@ x} Qwi p}O@D

%OwW|t h} QaD Q} R CQwY x@ u=tRfflx=Dwm x} Qwi p}O@D T=U= u}= Q@ "OwW|t

STFT{x(t)} = X(τ, ω) =

∫
∞

−∞

x(t)w(t − τ)e−jωtdt

STFT{x[n]} = X(m,ω) =

∞∑
n=−∞

x[n]w[n − m])e−jωn

"OW=@|t “|v=tR lJwm |=yxR=@” xQHvB ‘@=D w[n] =} w(t) u; QO xm
C=Q}}eD p}rLD |=Q@’Q=Owtv u}= "OW=@|t Tv=mQifflu=tR Q=Owtv |wQ Q@ STFT p}O@D xvt=O |xOvyOV}=tv ’s=QowQDmBU= Q=Owtv
"CU=Tv=mQi ’|Owta QwLt w u=tR ’|ki= QwLt ’s=QowQDmBU= Q=Owtvl} QO "CU= ?U=vt u=tR pw] QO CwY p=vo}U |Uv=mQi
p=vo}U l} s=QowQDmBU= Q=Owtv "Ovm|tXNWt =Q XwYNx@ Tv=mQi w u=tR u; QO p=vo}U xvt=O R}v x]kv Qy QO Q=Owtv nvQ

"CU= xOt; Q} R pmW QO xvwtv |=Q@
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"CU= beat-note l} p=vo}U u}= "O} Q}o@ Q_v QO =Q Q} R p=vo}U

x(t) = A cos(2π(fc − f∆)t) + B cos(2π(fc + f∆)t)

Vwo p=vo}U u}= x@ soundc QwDUO R= xO=iDU= =@TBU "O}yOV}=tv w xOQm sUQMatlab R= xO=iDU= =@ =Q q=@ p=vo}U “hr=”
“fc=2000, fdelta=32, A=B=1000” "O}vm

nfft Q=Okt ’for |xkrLl} R= xO=iDU= =@ "O}vm sUQ =Q p=vo}U u}= s=QowQDmBU= Q=Owtv spectrogram QwDUO R= xO=iDU= =@ “?”
"O}yO Q}}eD =Q “p=vo}U VQ@ CyH xO=iDU= OQwt nv}ty |xQHvB pw]”

nfft = [2048, 1024, 256, 128, 64]
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[1] M.N.O. Sadiku, W.H. Ali, Signals and Systems: A Primer with Matlab, CRC Press, 2016.
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