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Unit step functionor Heaviside step function u(t)
(discontinuity at t = 0)
0, t<O0 1
u(t) =H(t) =405 t=0
1, t>0 t
0
Or alternatively,
0, t<0 ie
u(t) = H(t) = {1, 0
Alternatively, value at ¢ = 0 is undefined. 1
Any of these definitions is acceptable as 1 t
this is not a problem we face in real-life. 0
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Amplitude scaling and time shifting of the unit step function:

u(t)
1
t
0
M(t - f.o)
1 —
t
0 fo
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Sign function or signum function
(sign of a real number)

-1, t<O0
sgn(t) =40, t=0
1, t>0

t |t]

sgn(t) = m =7

sgn(t) =2u(t) —1
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Unit ramp function: ramp(t)
0, t<0 1-
ram =T =
amp(0) =r(0) ={," ;3
| t
ramp(t) = t u(t) 0 1
ramp(t) = j u(t)dt
(©) = S ramp(t)
u = ——ram
de P
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Single rectangular pulse or unit rect(t)
rectangular pulse or rect (useful
later to represent digital signals 1
and square waves)
t
Area=WXxXH=1x1=1 12 0 1/2
1
(0, t<—=
, RS
1 1 ) >~
rect(t) =II(t) =<1, —osSts2 or rect(t) = { 2
1 0, otherwise
0, t>-
\ 2
1
rect(t) = u ( t — E)
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General rectangular pulse rect(t)

(notice amplitude scaling
and time spreading) 1
-1/2 0 1/2
T
t A, |t]| <=
A rect (;) = 2 A rect(t/71)
0, otherwise
A
Area=W X H = At
/2 0 1/2
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Repeated rectangular pulse A rect(t/1)
A
t
x(t) = reprJArect|-
T
—1/2 0 /2
This x(t) is now periodic function with
period, T, in seconds
repr{ A rect(t/7) }
A
| | | | t
2T -T -t/2 0 /2 T 2T
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Single triangular pulse or unit A(t)
triangular pulse

Notice the normalized area: 1
1 1 / \ |
Area=§><W><H=E><2><1=1

-1 0 1
0, t< -1
: t+1 —1<t<0
tri(t) = A(t) = ’ -
(t) (©) —t+1, 0<t<1
0, t>1
1—1t], [t] <1
or A(t) =
©) {O, [t] > 1
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General triangular pulse A®D)

(notice amplitude scaling
and time spreading)

-1 0 1

t A A <

AA(—)={ _‘?t" th= AA(t/7)
t 0, It] >t
A
1
Area=§><W><H=AT ;

-t 0 T
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Repeated triangular pulse AA(t/7)

A

o 133 |

This x(t) is now periodic function with
period, T, in seconds

repr{ A A(t/7) }
A
2T -T - 0 T 2T
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Single sawtooth pulse or unit saw(t)
sawtooth pulse
Notice the normalized area: I
1 1 -1/2 t
Area=2X-XW XH =~
2 2 ) 1/2
( 1
0, t<-—3 -1
2
1 1
saw(t) =4 2t, ——<t<-—
2 2
0 1
\ ) t > E

saw(t) = 2t X rect(t)
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General sawtooth pulse A saw(t/7)
(notice amplitude scaling
and time spreading) Ar
—1/2
) T/2
t Et It] < =
A saw(—) =37 " =2 A
t 0, otherwise

1
A =2X=XWXH=—
rea > >

AT
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Repeated sawtooth pulse A saw(t/)
A
t
x(t) = repr A saw - /2 t
D) /2
This x(t) is now periodic function with iy
period, T, in seconds
repr{ A saw(t/7) }
A
A A /2 A A t
V—zT V—T /2 VT VzT
—AF
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Other interesting pulses (that use exponential)

exp(—t2/2)
1 (Gaussian pulse)
t
0
exp(—|t|/2)
1
t
0
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Impulse (Dirac delta function) S(t)
(ideal but very useful signal)
1A

d
5(t) = Eu(t)

jS(t)dt = u(t) 0

0, t#0
o, t=0

5(t) = {

j_o:oéS(t)dt =1
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5(t) = 1{1_1)18 (% rect G)) or 8(t) = ll_r,% (% A G))

1/7 m
1/7
2 rect(t/0.5)
rect(t) 2 -~ |7
1
t t t t
-1/2 0 1/2 -1/4 0 1/4 70N 0
/20 1/ /40 1/ s O
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General impulse (notice area scaling and time shifting).
The amplitude remains infinity.
0 5 8(t —to)
5
1
t 3
0 0 to
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Sinc function sinc(t) = sin(nt)/ (rtt)
Two possible definitions

sin(mt
sinc(t) = L
t

sin(t)

sinc(t) = Sa(t) =

I will use the first definition
(as seen in the figure).

To find the value of sinc(t) at t = 0, use L’Hopital’s rule to find the limit
of the sin(mt) /(mt) expression as t — 0. For all other t instants, just
calculate the sin(rrt) value and divide it by the (xt) value.
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