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ECE 438 Essential Definitions and Relations (Exam 1)

CT Metrics
1. Energy E = J |x(t)|zdt

) 1 T/2 5
2. Power P, = lim — [ @ ar

-T/2

3. root mean squared value x = ,/PX

4. Area A = jx(r)dt

5. Average value
T/2

o1
X, =lim — j (2 )dt

-T/2

6. Magnitude M, = max |x(z)|

DT Metrics
1. Energy E_ = 2 |x{n]f

n=—o0

2. Power P = 11m _—
*2N + ln_z’,vl

3. root mean squared value x = ‘/F
4. Area A = 2 x[n]
N

5. Average x,,, = 11Vim SN+ 1 2 x[n]
o n=—N

6. Magnitude M, = max |x[n]|

—oo< <o

CT Signals and Operators

1, ltkl1/2
1. rect(t)y=¢ ~ <l
0, ltI>1/2

sin(7rt)

nc(t)=
mt

A—0

3. 8(t)= lim lrect (i)
A A

oo

4. x(eyey(n) = [ x(1-m)ymydr

—oo

5. repr[x(2)]= ix(t —kT)

k=—oco

6. comb[x(?)] = ix(kT)S(t —kT)

k=—oco

Properties of the CT Impulse

1. j&z)dt:l and 8(1)=0,t#0

[ 8 = 1) x(0)de = x(z,).
provided x(¢) is continuous at ¢ =#¢,
3. x()6(t—t,)=x(t,)0(t—t,)

4. 0(t —ty e x(1) = x(t — 1))

1
Olat—t)=—0(t —t, / a)
5. |a|

CTFT

Sufficient conditions for existence

Tlx(t)ldt <o oOr Tlx(t)lzdt < oo

—oo —oo

Forward transform

oo

X(f)= [ x(t)e > de

—oo.
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Inverse transform

x(0)= [ X(f)e”"df

Transform Relations

1. Linearity
CTFT

ax (1) +a,x,(t) <> a X\(f)+a,X,(f)

2. Scaling and shifting

t—t CTFT .
x( 0) o lalX(af )e /*o
a

3. Modulation

jZE%ICTFT _
x(1)e © X(f=fo)

4. Reciprocity
CTFT
X() < x(=f)

5. Parseval

jlx(r)l2 dr = le(f)Fdf

6. Initial Value

oo

X(0) = jx(t)dt

—oo

x(0)= [ X(f)df

7. Convolution
CTFT

x()*y(1) < X(HHY(f)

8. Product
CTFT

x(Oy() < X(fFY(f)

9. Transform of periodic signal
CTFT |
repr[x(1)] > —comb, [X(f)]

T

ECFE 438 Essential Definitions ...

10. Transform of sampled signal
CTFT |
comby[x(1)] € rep | [X(f)]

T

Transform Pairs

CTFT
1. rect (t) <> sinc(f)

CTFT CTFT
2.0() <> 1 and 1 < &(f)
3 j2TFfotCTFT6

. e A ard (f—fo)

CTFT |
A cos(2Tfyt) <> E{S(f—fo)

+3(f + fo)}

DT Signals and Operators

{1, n=>0
1. u[n]=

0, n<O0
1, n=0
2.0ln1=14" L0

3. x[nlylnl= D, xin—kly[k]

k=—oo

Properties of the DT Impulse

1. ).8[n]=1 and §n]=0,n#0

n=—oo

2. 3.8n —nylx[nl = x[ny ]

n=—oo

3. 8[n —ny J#x[n] = x[n—n,]

DTFT

Sufficient conditions for existence

i|x[n]<°° or ilx[”]|2<°°

n=—oo Nn=—oo
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Forward transform

X(w) = ix[n]e_jmn

= —oo
Inverse transform

17 ,
=— | X(w)e’™"dw
x[n] M_Jn (®)e

Transform Relations
1. Linearity
DTFT
a,x,[n]+ ax,[n] < aX,(®)+a,X,(®)
2. Shifting
DTFT

x[n—n,] < X(w)e '

3. Modulation

x[nle’™" pane X(w-0,)
0

4. Parseval

=3 1 T
Y letnl’= -~ [Ix(@)f do

5. Initial Value

X(0)= > x[n]

n=—oo

— 1 f
x[0] =5~ _an(w)dm

6. Convolution
DTFT
x[n]¥y[n] <> X(0)Y(w)

7. Product
DTFT |

dalyln] & = [X(@ -y
n -

Transform Pairs

DTFT
1.9[n] <1

-3 -
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DTFT
2.1 <> 2mrep,,[d(w)]

_ DTFT
3.e”" & 2mrep,, [0 —m,)]

DTFT
4 COS(@n) <
T rep,[8(0 — @y ) + (e + @ )]
5.
1, n=01,.,N-1 """
X[n]: o
0, else
X(w)= psincN (w)- g Jo(N-1)/2
A Si N /2
psinc, (0)2 sin(wN /2)

sin(w /2)

Here, “psinc” means periodic sinc
function.

Relation between CT and DT

1. Time Domain
xq[n]=x,(nT)

2. Frequency Domain
Xy (@) = firep [X,(f)]

04 f s
T o

fﬂ

1
where . =—
/s T
Miscellaneous

1. Geometric Series
N-1
2.7 =
n=0 -z

2. N roots z, ,k=0,...,N—1,0fa
complex constant u,, i.e. N solutions to

1-zV

7 —u, =0
_ VN j(2mk+ Luy)/ N _
z =lu,| e k=0,....N—1
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3. Trigonometric Identities
sin(a £ 3) =sinocos B £ cosarsin B
cos(a £ ) =cosocos B Fsinasin
sin(2a) = 2sino cos o

cos(2a) = cos” o — sin’ &

1
sinor =—— Ecos(2a)

1
cos’a=—+ 5005(20{)

sinasin B = —[cos(ot — B) — cos(ax + B)]
cosacos = —[cos(e — B)+ cos(cr + )]
sinarcos ff = —[sin(or + )+ sin(or — B)]
cosarsin B = —[sin(er + B) — sin(a — B)]

-4 -
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