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1. Functions and Operators
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2. Trigonometric Identities:
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(2.10) (2.11)
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3. Derivatives

(3.1) (3.2) (3.3)

(3.4) (3.5)
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4. Anti-derivatives

(4.1) (4.2)

(4.3) (4.4)
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(4.5) (4.6)

(4.7)
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5. Integrals
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6. Summation Formulas
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7. Miscellaneous Relations

(7.1) (7.2)

(7.3)

(7.4)
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8. Series Expansions

(8.1) (8.2)

(8.3) (8.4)
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9. Fourier Series

(9.1) Rectangular Pulse Train

(9.2) Triangular Pulse Train
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(9.4) Half-Wave Rectified Sinusoid
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(9.5) Full-Wave Rectified Sinusoid

X
A n n

n

n

=
+ − +�

! 
"
$# + −�

! 
"
$#

%&'
()*

1 1

4

1

2

1

2

( ) ( ) ( )
sinc sinc

(9.6) Impulse Train

X
Tn = A

A = strength (area) of each impulse

10. Operational Properties of Fourier Coefficients
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(10.7)
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The integral exists only if x(t) has no dc component; i.e., only if X[0] = 0.
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11. Fourier Transforms
Function Fourier Transform
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12. Operational Properties of the Fourier Transform
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13. Bilateral Laplace Transforms
Function Transform

(13.0) x t
j

X s e dsst

c j

c j
( ) ( )= −

− ∞

+ ∞I1

2π
X s x t e dtst( ) ( )=

−∞

∞I
(13.1) δ ( )t 1

(13.2) u t( )
1

s

(13.3) e u tt− >/ ( ) ( )τ τ 0
τ

τ1+ s

(13.4) cos( ) ( )2 0πf t u t
s

s f2
0

22+ ( )π

(13.5) sin( ) ( )2 0πf t u t
2

2
0

2
0

2

π
π
f

s f+ ( )

14.  Operational properties of the Laplace Transformation
Function Transform
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15. Bilateral z Transforms
Function Transform
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16. Operational Properties of the z Transform

Function Transform
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(16.1) a x n a x n1 1 2 2[ ] [ ]+ +L a X z a X z1 1 2 2( ) ( )+ +L
(16.2) x n x n1 2[ ] [ ]* X z X z1 2( ) ( )

(16.3) x m
m

n

[ ]
=−∞
∑ z

z
X z

−1
( )

(16.4) e x nj nλ [ ] X e zj− λ2 7
(16.5) x n n[ ]− 0 z X zn− 0 ( )



ECE 301 Math Tables Spring, 1997

Revised 10/12/98 Page 88

17.  Ordinary Linear Constant-Coefficient Differential Equations
Solutions are given for input x t A t u t( ) cos( ) ( )= ω 0 .  To obtain solutions for
x t Au t( ) ( )= , set ω 0 0= .

17.1 First Order:

τ ωdy

dt
y x x t A t u t+ = =, ( ) cos( ) ( )0

The initial value of the solution is y( )0+ . Calculate

H j
j

B H j A H j

y t B t y B C y yf f f

( ) , ( ) , ( )

( ) cos( ) , ( ) cos( ), ( ) ( )

ω
ω τ

ω θ ω

ω θ θ

0
0

0 0

0

1

1

0 0 0

=
+

= = ∠

= + = = −+

y( ) ( ) ( )/t Ce y t u tt
f= +− τ= B

17.2 Second Order:  

d y

dt
b

dy

dt
cy x x t A t u t b

2

2 0 0+ + = = ≠; ( ) cos( ) ( ) ( )ω

The initial conditions are y
dy

dt
y

t

( ), &( ),0 0
0

+

=

+

+

=

The complete response is

y t y t y t u tu f( ) ( ) ( ) ( )= +

where y tf ( )  is the forced response and y tu ( ) is the unforced response, as determined

below.

(a) Forced Response:  Calculate

H j
j j b c

B H j A H j( )
( )

, ( ) , ( )ω
ω ω

ω θ ω0
0

2
0

0 0

1=
+ +

= = ∠

and
y t B tf ( ) cos= +ω θ0

Unforced Response: Calculate



ECE 301 Math Tables Spring, 1997

Revised 10/12/98 Page 99

D
b

c y B y B

K y y K y y

f f
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1 2

4
0 0

0 0 0 0

, ( ) cos( ), & ( ) sin( ),

( ) ( ), &( ) & ( )

θ ω θ

17.2.1 D = 0  (critically-damped case): Calculate

s
b

C K C K sC= − = = −
2 1 1 2 2 1, ,

 The complete response is

y t C C t e y t u tst
f( ) ( ) ( ) ( )= + +1 2= B

17.2.2 D > 0(over-damped case): Calculate

s
b

D s
b

D

C
K s K

s s
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K s C

s

1 2
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1 2 2
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−
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The complete response is

y t C e C e y t u ts t s t
f( ) ( ) ( )= + +1 2

1 2= B

17.2.3 D < 0 (under-damped case): Calculate

σ ω

σ ω
ω

φ

= − = −

=
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b
D

E
K K j K

j
C E E

2

2
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The complete response is

y t Ce t y t u tt
f( ) cos ( ) ( )= + +σ ω φ1 6= B

18.  Ordinary Linear Constant-Coefficient Difference Equations
Solutions are given for input x n A n u n[ ] cos[ ] [ ]= λ , with A > 0.  To obtain solutions for
x n Au n[ ] [ ]= , set λ = 0.

18.1 First Order: The initial condition is y[ ]−1

y n ay n x n x n A n u n[ ] [ ] [ ], [ ] cos[ ] [ ]+ − = =1 λ

Calculate
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H e
ae

B H e A H ej
j

j j( ) , ( ) , ( )λ
λ

λ λθ=
+

= = ∠−

1

1
The forced response is

y n B nf [ ] cos[ ]= +λ θ
Calculate

y B C y yf f[ ] cos[ ], [ ] [ ]− = − = − − −1 1 1θ λ
The complete response is

y n C a y n u nn
f[ ] ( ) [ ] [ ]= − ++1= B

18.2  Second Order:  Initial conditions are y y[ ], [ ]− −1 2 .

y n by n cy n x n x n A n u n[ ] [ ] [ ] [ ], [ ] cos( ) [ ]+ − + − = =1 2 λ

Calculate
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= = ∠− −

1

1 2

The complete response is the sum of the forced and unforced responses:

y n y n y n u nf u[ ] [ ] [ ] [ ]= +3 8
The forced Response is

y n B nf [ ] cos[ ]= +λ θ
Calculate

D
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f f

f f
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1 2

4
1 2 2

1 1 2 2
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θ λ θ λ

18.2.1 D = 0   (critically-damped case): Calculate

α α α α= − + = − = −b
D C K K C C K

2
21 1 2 2 1 1, ,1 6

The complete response is

y n C C n y n u nn
f[ ] ( ) [ ] [ ]= + +1 2 α= B

18.2.2 D > 0 (over-damped case):  Calculate
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α β= − + = − −b
D
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−α β

β α
β α

α
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,
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The complete response is

y n C C y n u nn n
f[ ] [ ] [ ]= + +1 2α β

18.2.3 D < 0 (under-damped case): Calculate

α σ α γ α

α α
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φ
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=
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−
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b
j D

E
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2
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, ,

( * )

*
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The complete response is

y n C n y n u nn
f[ ] cos( ) [ ] [ ]= + +σ γ φ


