
Transformationsof theIndependentVariable Chapeldependent variable

· e . g .. delay/advance , stretch/compress ,
time - reversal

suppose we have a signal x())
independent variable

Define a new signal : &(H) = Ax(a + - b)
↑ & Shifts signal left Cadvance

salesmua or right (delay)

independent variable

stretches or compresses
signal - if a < O

,
also

time-reverses signal

steps for solving :

1
.

Factor into $(H) = x (a(t - 3(a)) = X(a(t -to)) -> to = /a

2. If a
<O

,
time - reverse/flip the signal about t = 0

3. If (a) - 1
,

then expand or compress
i

. If (a) > ) -> Compress

ii. If (a(1 -> Expand

4 .
Shift by to : ba

- If to >0 (2 . g . . (t-3)) ,
then shift right ; if to <0 (e .g .,

(++ 3)) ,

then shift left

5
. Verify result by checking-points



Example
Find and plot &(t) = X( - 0

.
5t - 3)

1 .

Factor : P(t) = X( - 0 .5(t - 2(( 05))) = x( - 0 .5(t + 6))

to
F-6

2. asO ,
so time reverse :

+
3 .

Ialso sod oretch by factor of 2

+
4. to <O

,
so shift e by 6 units

*it
5. Verify with key points :

q( -4) = x( - 0 .5( 4) -3) = x) -

1
9) (2) = X ( - 0 .

5(2) -3) = x( - 4) -



&used
"Time-shifting"

①(t)

it It into
to > 0 -> PC) is "delayed"

to 30 - PC) is "advanced"

Discrete case : P[n] = X(n-no]

no must be an integer

no 20- [n] is "delayed"

No 20 + $[n] is "advanced"

-· Time-Scaling
:

· If a <1
,

then DC) is a times "Faster" -> "Compression

-posteot



· If asl
,

then PH) is a times "slower" -> "Expansion
xd(t)

#
i

+

Discrete case is more complicated

q(n] = X(an]

· If a sl , samples are slipped

e .g .,
a = 2 + $203 = X20]

,

021 : X(2), ....

"Decimation
:

· If a cl ,

need samples that are
undefined

2 .g .,

a = 0 .

5 - 020) = x(0)
,

%(1) : x 20 ·
5)

.
%22] = x(), ....

"Interpolation
:

·Considered in
DSP

--
"Time-Reversal"

Reflects across + = 0

P(t)
X(t)

-in
discrete case am



Example: X (t) : 2
*+cos(it) (u(t) - u(t - 4))
r ↑ &

Decaying cos(InFot) On att = 0

-> Fo :* 1T = 2 Off at t = 4

X(t)

Sketch X(t) .

#
Sketch X

,
(t) = X (2+ + 2)

.

1) Factor to Xalt-tol) -a = 2
,

to: /

->G(H = X(2(t + 1))
X(2t)

2 .) Flip- not necessary
because a To

3 .) labd sopress by factorof t

4) to 20 so shift Left by 1

·5 .) Verify key points :

X

#
9 ( - 1) = x(2() + 2) = x(0) -

9) (1) = X(2(1) + 2) = X(4) -



Example : X[n] = (e)" (u(n + 2) - n(n-2]) Sketch the real part of XCn]

Rewrite : X(n] = (i (n(n + 2) - u(n -2))

-y &Decaying
Onatn

= cos(n) + jsin(n)
Rotates & rad per sample X( -3) = 0

-> Re[x[n]] = (E)cos(n) (n(n + 2) - n(n -2)) X (-2) = 4cos() =
- 4

X (-1] : (cos( ) = 0

ReEX[n]]
X(0] = cos(0) = 1

...... ↓ (1) = Ecos() = 0

X(2) = 0

Sketch the real part of X2-n-2).

1
. ) Factor to Naln-nol) - & = %

,

to ::
xins

->q(n) = X( - (n + 2))
.

--

2) Time - Reverse/Flip,

brak acoe j: n
3.) la = 1

,
so no compression/expansion

- 2

RedP(n]]

5. Verifyhey pointiis


