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𝑥(𝑡)

𝑡0        1

𝑦 𝑡 = 𝑥(𝑡 − 3)

𝑡-2          -1          0            1           2            3             4

𝑧 𝑡 = 𝑥(𝑡 + 2)

Time Shift:
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𝑡-10          -9

𝑥(𝑡)

𝑡0        1

Time Shift:
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𝑡-10          -9

𝑥(𝑡)

𝑡0        1

Time Shift:
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𝑥 𝑡 = 𝑢(𝑡)

𝑡0        1

Time Shift:
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𝑥 𝑡 = 𝑢(𝑡)

𝑡0        1

𝑢(𝑡 − 3)

𝑡0          1           2            3           4

𝑦 𝑡 = 𝑥(𝑡 − 3)
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Time Shift:
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Time Shift:
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𝑥(𝑡)

𝑡0        1          2

𝑦 𝑡 = 3𝑥(𝑡)

Scaling

3

1

Amplitude Scaling:
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𝑥(𝑡)

𝑡0             20

Time Reversal:
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𝑥(𝑡)

𝑡0             20

Time Reversal:

𝑦 = 𝑥(−𝑡)

𝑡  −20           0
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𝑥(𝑡)

𝑡0             20

Time Scaling:
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𝑥(𝑡)

𝑡0             20

𝑦 = 𝑥(2𝑡)

𝑡0      𝑡0                           2 ∗ 20 = 40

Generally, it is a good idea to always check for couple of points when per-forming time scale operation.

Time Scaling:
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𝑥(𝑡)

𝑡0             20

𝑦 = 𝑥(2𝑡)
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Generally, it is a good idea to check for couple of points when per-forming time scale operation.
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𝑥(𝑡)

𝑡0             𝑏

𝑥(𝛼𝑡)

𝑡0     

𝑥(𝛼𝑡)

𝑡0                          

Time Scaling:
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𝑥(𝑡)

𝑡0             𝑏

𝑥(𝛼𝑡)

𝑡0      

𝑥(𝛼𝑡)

𝑡0                           

Time Scaling:
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𝑥(𝑡)

𝑡

Time Scaling:

0 2
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Combined Operations:
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𝑥(𝑡)

𝑡0                   𝑏

𝑥(𝑡)

𝑡0                      𝑏

𝑦2 𝑡 = 𝑥(𝑡 − 𝑇)

𝑡𝑇                  𝑏 + 𝑇

𝑦 𝑡 = 𝑦2 𝛼𝑡 = 𝑥(𝛼𝑡 − 𝑇)

𝑡𝑇

𝛼
       

𝑏 + 𝑇

𝛼

𝑦1 𝑡 = 𝑥(𝛼𝑡)

𝑡
0       

𝑏

𝛼

𝑦 𝑡 = 𝑦1 𝑡 − 𝑇/𝛼 = 𝑥(𝛼𝑡 − 𝑇)

𝑡𝑇

𝛼
       

𝑏 + 𝑇

𝛼

Combined Operations:
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𝑥(𝑡)

𝑡0                   𝑏

𝑥(𝑡)

𝑡0                      𝑏

𝑡

𝑦2 𝑡 = 𝑥(𝑡 − 𝑇)

𝑡𝑇                  𝑏 + 𝑇

𝑦1 𝑡 = 𝑥(𝛼𝑡)

𝑡𝑏

𝛼
       0

𝑦 𝑡 = 𝑦1 𝑡 − 𝑇/𝛼 = 𝑥(𝛼𝑡 − 𝑇)

𝑡𝑏 + 𝑇

𝛼
      

𝑇

𝛼

𝑦 𝑡 = 𝑦2 𝛼𝑡 = 𝑥(𝛼𝑡 − 𝑇)

𝑡𝑏 + 𝑇

𝛼
      

𝑇

𝛼

Combined Operations:
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Combined Operations:
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𝑥(𝑡)

𝑡0                   𝑏

1

𝑦1 𝑡 = 𝑥(𝑡 − 𝑇)

𝑡𝑇                  𝑏 + 𝑇

1

Combined Operations:
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𝑥(𝑡)

𝑡0                   𝑏

1

𝑦1 𝑡 = 𝑥(𝑡 − 𝑇)

𝑡𝑇                  𝑏 + 𝑇

1

Combined Operations:

𝑦2 𝑡 = 𝑦1 𝛼 𝑡 − 𝑇

𝑡𝑇

|𝛼|
       

𝑏 + 𝑇

|𝛼|

1

Soosan Beheshti, Ryerson University

25



𝑥(𝑡)

𝑡0                   𝑏

1

𝑦1 𝑡 = 𝑥(𝑡 − 𝑇)

𝑡𝑇                  𝑏 + 𝑇

1

Combined Operations:

𝑦2 𝑡 = 𝑦1 𝛼 𝑡 − 𝑇

𝑡𝑇

|𝛼|
       

𝑏 + 𝑇

|𝛼|

1

𝑡

𝑦3 𝑡 = 𝑦ଶ −𝑡 = 𝑦1 − 𝛼 𝑡 − 𝑇

𝑏 + 𝑇

𝛼
       

𝑇

𝛼

1
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𝑥(𝑡)

𝑡0                   𝑏

1

𝑦1 𝑡 = 𝑥(𝑡 − 𝑇)

𝑡𝑇                  𝑏 + 𝑇

1

Combined Operations:

𝑦2 𝑡 = 𝑦1 𝛼 𝑡 − 𝑇

𝑡𝑇

|𝛼|
       

𝑏 + 𝑇

|𝛼|

1

𝑡

𝑦3 𝑡 = 𝑦ଶ −𝑡 = 𝑦1 − 𝛼 𝑡 − 𝑇

𝑏 + 𝑇

𝛼
       

𝑇

𝛼

1

𝑡

𝑦4 𝑡 = 𝐴𝑦3 𝑡

𝑏 + 𝑇

𝛼
       

𝑇

𝛼

𝐴
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𝑡

𝑥(𝑡)

1

1        2

-1

-1

Combined Operations:
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𝑡

𝑥(𝑡)

1

1        2

-1

-1

𝑡

𝑥(𝑡)

1

1        2

-1

-1

𝑥(3𝑡)

𝑡

1

-1

Combined Operations:
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𝑥(𝑡)

1

1        2

-1

-1

𝑡

𝑥(𝑡)

1

1        2

-1

-1

𝑥(3𝑡)

𝑡

1

-1

𝑡

𝑡

𝑥(𝑡)

1

1        2

-1

-1

𝑥(𝑡 + 2)

𝑡-1

-3         -2

1

-1

Combined Operations:
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𝑡

𝑥(𝑡)

1

1        2

-1

-1

𝑥(𝑡 + 2)

𝑥(3𝑡)

𝑥(3𝑡 + 2)

𝑥(3(𝑡 +
ଶ

ଷ
) )

−4𝑥(3(𝑡 + 2) )-3 -2

-1
-1

1

t t

tt

t

-1

-1

-1

-1

-1

-ଶ

ଷ

--ଵ

ଷ

1

3

2

3

−2

3

−1

3

−1

3

−2

3

1

1

4

-41

Same As

Time Scale

Time Shift

OR

−1

3

Combined Operations:
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𝑡

𝑥(𝑡)

1

1        2

-1

-1

Time Shift

𝑡

𝑥(𝑡 − 3)

2         3

1

-1
4        5

Time Scale

𝑡

𝑥(
𝑡

2
− 3)

4                6

1

-1
8 10

Flip

𝑡

𝑥(−
𝑡

2
− 3)

-6               -4

1

-1

-10                 -8

Combined Operations:
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𝑥 −𝑡 = 𝑥 𝑡

න 𝑥 𝑡 𝑑𝑡 =

ஶ

ିஶ

2 න 𝑥 𝑡 𝑑𝑡

ஶ



𝑥 −𝑡 = −𝑥 𝑡

න 𝑥 𝑡 𝑑𝑡 =

ஶ

ିஶ

0

Even functions odd functions

cos (𝑡) sin (𝑡)

𝐸𝑥𝑎𝑚𝑝𝑙𝑒𝑠

𝑡
𝑡

𝑡

𝑡

1

−1

1

−1

1

1

Odd and Even Functions (Signals):
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In general signals can be neither odd nor even. However, all signals can be represented as sum of their even 
& odd components!

Odd and Even Functions (Signals):
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In general signals can be neither odd nor even. However, all signals can be represented as sum of their even 
& odd components!

Odd and Even Functions (Signals):
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𝑥(𝑡)

𝑡0                   𝑏

𝐴

Odd and Even Signals:
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𝑥(𝑡)

𝑡0                   𝑏

𝐴

Odd and Even Signals:

𝑥𝑒(𝑡)

𝑡−𝑏             0                         𝑏

𝐴/2 𝑥𝑜(𝑡)

𝑡−𝑏                      0                         𝑏

𝐴/2
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𝑡

𝑥(𝑡)

𝑡0                       5

1

−3

Odd and Even Signals:
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𝑥(−𝑡)

𝑡0               

1

−35               

𝑥(𝑡)

𝑡0                       5

1

−3

Even part:

3            5 𝑡-5       − 3

1

7

10
---------------------------------------------

𝑥(𝑡)

2

Odd and Even Signals:
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 −𝑥(−𝑡)

𝑡0               

1

−3

−5               

𝑥(𝑡)

𝑡0                       5

1

−3

Odd part:

2

𝑡-5

𝑥ௗௗ(𝑡)

--------

--------−2

5

2

5

3−3

5−3

5

Odd and Even Signals:
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 −𝑥(−𝑡)
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1

−3

−5               

𝑥(𝑡)

𝑡0                       5

1

−3

Odd part:

2

𝑡-5

𝑥(𝑡)

--------

--------−2

5

2

5

3−3

5−3

5

Odd and Even Signals:
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