15 Signal Manipulation

Signals can be manipulated by a transform of the independent variable
of the function describing the signal

glt) = fF{F(#)]

The independent variable remains #. The signal (i) is described by a
function that is a _finection of a_function.

15.1 Shifting

Shifting is a simply manipulation that transforms the independent vari-
able by adding a constant.
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152 Flipping

Transiocriming ¢ by negating flips the signal with respectto ¢ = 0.

15.3 Flipping and shifting
Flip then shift

R +3) = f(—t-3) \
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Starting with f(2), the flipped function is f{—¢). The argument of
the llipped function: is ¢, NOT —t.

Shift then flip
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Starting with f{t), the shifted function is f{¢ + 2). The argument of
the shifted function is ¢, NOT (¢ + 2).




15.4 Multiplication

Definttion:
Given two signals:

Fit) and Af) ¥t€ (—oo,o0),

the product of these signals is
git) = A(t) F(t).

In communications technology, k(1) is said to modulate the signal f{1).



Special Cases

Amplification
A(t) is constant.

glt) = 2f(4]

Inversion
h{t)y= —1.

glt) = - [(t)

Truncdtion

fit) = gft), which iz the unit step function: {

alt) = q(2) F(t}

g(t) = ¢(—)f(1)
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15.5 Positive and negative-time signals

A signal f{t) can be censidered as the surm of a negative-time part f_(!)
and a posifive-tirme part f,({).

po=a0i0={ 39 120

e ] t=0
Mgty =0 ¥i<0ihen g(t)is a positive-time signal.
I g(t) =0 ¥ 0then g{!) is a negative-time signal.
Otherwise g(t) is two-sided.

Most signals are positive-time if { = 0 is defined as the instant when the
signal starts.



15.6 Signal Construction

Complicated signals can be constructed by summing basic signals that
have been manipulated as above.

Example
f(t) used above is the sum of ramp and step functions:

flBy=v(t+ 1) — i) —q(t =2)
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Shifted ramp
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Inverted ramp
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Rectangular pulse

Definition:
Fult) =
1 —g=t<a
0 t<—a or t>a s a o

The rectangular pulse can be constructed from step functions:

Fult) =q(t+e)— gt — a}. 2

=1

Pty =gt +e) < gl—t+ a)




15.7 Windowing

Real signals are observed in finite time intervals — starting when the
observation begins, and stopping when the observation ends. A portion
of the signal is observed in a window.

Windowing
A window function W{!) is one that is zcro for all time outside a
certain time interval.

A signal is windowed when multiplied by a window function:

sult) = WH)s()

The signal can exist, or be defined, for all time. The portion that is
observed is constructed by windowing it. The simplest window is a
rectangular pulse:
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A shifted rectangular pulse gives a observation window starting at¢ = (:
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