Chapter 1
E, = jlx(t)lzdt
) T/2
1 2
Po=limp [ kP
-T/2

X(t-T) time shift to the right left by T

x(t+T) time shift to the left by T

x(at) signal compression by a factor of a if a>1
x(t/a) signal expansion by a factor of a if a<1
x(-t) time reversal around the y-axis

Signal is periodic with T period if x(t) = x(t+T)

x(t) :;;-[x(r) +x(—r)i+§[x(t) — x(=1)]

even :d’d
© 1 t>0
WEY0 0 <o

-1 =

—1/2 T/2
6(t)=0 t#0
@ B du(t)
f_oo(S(t)dt =1 T 6(t)

$(O8(t —T) = $(TI5( —T)
f $(0)5(t — T)dt = $(T)

est = O+t = gotojot — o0t(cos it + j sin wt)
System is linear
if X1 --->y1 and x2 —-—-> y, then ki xy + kaxa > ki y1 + ka v

System is time invariant if

x(1) ¥() e ¥—=T)
y by
Tl System T seconds
x(7) x(t—=T) e - 1)
S— Tdig:gs * TiSystem "

Resistor Capacitor Inductor
dv di

N=Ri(t) i(t)=C= n=L"
V(1) = Ri(r) i(t) o V(1) &

O =Mypt)=M f‘% x(t)=k y() x(t) =B j(t) = B%

¥

(1)
4 K 1——> ¥
ST Ei i
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Chapter 2

X(1)

Zero-input response

(DN + a; DVt + @, DN2 + -+ ay)y(t) =0
AN+ ag A"+ g2+ +ay=0
A=2A)A=1) . (A= Ay) =0
Characteristic roots: A1, Az, ...., An

y(t) = creMt + cyet2t + oo+ cyetnt

Impulse response h(t)
Q(D)y(t) = P(D)x(t)

Y (£) = creMt + c ezt + - 4 cyent

To solve for the constants C set all initial conditions to zero
except y‘,]lv_l(o) — 1
h(t) = [P(D)y,(t)]u(t)

If M= N then h(t)= bo 3()y+ [P(D) y ()] u(?)
Zero-state response

() = x(1) « h(7)

y(t) = f x(D)h(t — 1)dt

—00

Convolution Property
X1*X2=X2+X1
X «[x «x]=[x «x J«x
1 2 3 12 3
X1+ [X24X3] = X1+ x2 ] + [X1 X3 ]
x(t) «8(t) = [ x(2)8(t — 1)dT = x(t)
if xa(t) = x2(t) = c(t)
then xi(t -T) = xa(t) = xa(t) = x2(t -T) = c(t -T)

also xi(t=T1) = xa(t =T2) = c(t =T1 =T>)



Chapter 4 Form | Realization

e

Laplace Transform: X(s) = f x(t)e Stdt

—o H(s)—[b0+:1+s—§+—§

5

bbb] 1

Use partial fraction expansion and the table to find the
inverse Laplace transform.

y(&) = x(t) * h(t) — === Y(s) = X(s)H(s)

Y(s)
X(s)

Transfer Function: H(s) =

Y(jo) = X(jo)H(jo)
You can find H(jw) from H(s) by replacing s with jo

If x(t) = Acos (wot) then y(t) = |H(joo) | A cos (ot + ZLH(jwo))

A delay system: y(t) = x(t-T) H(s)=e®™ H(jw)=eT

Group delay = d/dw [ZH(jw)]

A differentiator: y(t) = dx(t)/dt H(s)=s H(jo)=jo 1 b b b
H(s)=| ———— [bo+—l+—§+—§]
Anintegrator: y(t) = [x(t)dt H(s)=1/s H(jo)=1/jo 1+ﬁ+a_§+a_; s 5 S
s s° s
System is internally stable if all the poles are in the LHP b YGs)
0

System is unstable if at least one pole is in the RHP or there
are repeated poles in the imaginary axis

- b
System is marginally stable if there is no poles in the RHP ) -

and there are some unrepeated poles on the imaginary axis.

Xi5)

X(s5)
_
_ Xis)
r|r2 .. rN
H($)|s=p = bp————
| ()I,' Ud|d3"'d~
. product of the distances of zeros to p 0,
~ " product of the distances of poles to p Az 5
LH(S)s=p = (1 + @2+ ---+¢y) = (01 + 6+ --- +6y) Frequencies near poles are enhanced and frequencies near

= sum of zero angles to p — sum of pole angles to p zeros are suppressed.



Chapter 6

x(t)=a,+ i a, cos(2af,nt )+ ibn sin(27f,nt)
n=1 n=1

I(t)dt a,=— _[

Ty 5, oT0

=— I sin(27mf,t )dt

OTO

cos(27mft )dt

x(t)=C, +3C, cos(2mfy +6,)

n=1

x(t)= i D e/

n=—0o0

D, = Ti j x(t)e > "dt , n=0,+1,+2,....

o, (1)

= e 1]

Iy = 2Ty -To | To 2To

o, (1) = Tl[l + 22 cos(n a)ur)}

0 n=1

D,=05(a, - jb,)

a,=D +D_, =2Re{D |
bo=j(D,~D.)==2mD Wl 5 _ p

a,=C, cos(@n)
b, =—C, sin(0) Cy =a, = D,

n

C = a!n2 ern2
D ,=D"=05(a,+ jb,)
— — jgﬂ —
D,=05C,28,=05C,e" |9 = _tan | 2o
Do =d, = CO an

a, =D, =c,

1 772 ) ®
P=— J'_m x|t P=C}+ ;o.sc,f

P=D;

xtszej“’ULH(S) . t:xH' D el
® Z;C , Hijo) y(6)= > H(jnao)D,e

H=—o0

T
p(t) = Z T—Slllc(nw 7/2)einwst
s

—oo

oo

2nA
Plw) = Z r; ‘ sinc (naz)sr) §(w — nwg)

s

—co

Chapter 7

X(w) = jx(f)e"mdf

=0

X(o)=|X (o)

x(t) = ijw X(w)e’dw

NE 0 |x[27/2 !
; a 1—2‘X/T| |x|<7/2 /2 w2 X
. 1
sinc(x) = SN Y
N N~

-5 —4*( =37 27 -m ‘0 n 2 %*r 4 Sm

x(t) cos(wpt) © = 1 [X(w + wy) + X(w — wy)]

oo 1 oo
E=f x()[7dt =—f X (@)|2da
oo 2 )_.,
| -
=—J |X(w)|?dw
TJo

Chapter 8

Sampling Theorem: The minimum sampling rate (Nyquist rate) to
avoid aliasing is twice or larger than the bandwidth of the signal
(highest frequency in the signal).

Apparent frequency due to undersampling f. = f—mfs|  fa<fJ/2

The quantization level L = 2" where n is the number of bits per
sample.

Quantization error = Ax/2 where Ax = (Xmax — Xmin)/L



x(t) eTITe — +;

L=2" .
c oy N IS {. ax a1 n even
.""L".' - e i " e ‘I.' :* . ¢ - _1 1 Odd
.r. o T +j8 .o
i e’ =cos 6L jsin d

L : number of levels
n : Mumber of bits
Quantization error = A2

Py =

a+ jb=re? r=+a?+ b0 =tan"" ()

(rel®YF = pkeiks

R d a . . ‘
bt 3.1415926535 —(Sin_l ax) = (rle*’al)(rzeﬂi) — rlrze.,’(ﬁ'l-i-ﬁ'z)
e~ 27182818284 V1-a’x?
1 d -1 —4 3
Z = 0,3678794411 E(COS ax) = m ST x = %(3 sin x — sin 336)
Iong — 0.30103 « . ) a sin (x & y) = sin xcos y &= cos x sin y
——r an ax _ . .
log,; 3 = 0.47712 dx 1+ a?x? 08 (x = ¥) = cos ¥ cos v = sin x sin y
tan x =+ tan '
n L tan (x + y) = i~—___i
Zrk: rl - Ftan x tan y
P r—1 . sin x sin y = 1[cos (x — y) — cos (x + ¥)]
ik:”(’“fl) €08 x cos ¥ = 3[cos (x — y} + cos (x + )]
2 . .
b= sin xcos y = %[sm (x —y) +sin(x + )]
- nn+ D2+ 1)
Y= acos x +bsinx =Coos(x+6)  C=+a+0,6 =tan? (2)
k=0 . @
- rln@—1) - 11" .
Zkr"= r—1)%2 r#l . e = cos x & jsin x N
=0
T .
ikz o I =) = 2n(L = )t — 521~ 1)) £1 cos x = ;[e” +e ]
rf = F . . .
P (1—ry sin x = 51}:[6” — e ]
cos(x £ %} =Fsinx
sin(x £ %) = £cos x
Any guadratic equation can be reduced to the form s .
a4 bx 6 =0 25in x cos x = sin 2x
The solution of this equation is provided by Si[l2 X+ COS2 x=1
_ —h=vbi—dac W cos® x — sin® x = cos 2x

A general cubic equation cos’x = %(1 +cos 2x)

Y 4pyttgy+r=0

s o2
may be reduced to the depressed cubic form st x = é(l —cos 2x)
P tax+b=0

o cos’x = %(3 cos x + cos 3x)
by substituting

2
il
=
|
W

This yields e dx = —&*

a=103qg - p?» b= L(2p®—9pq +27r) 2}

I ST R SN 7
V2 4 727 TV o2 4 27

The solution of the depressed cubic is

A+B A-B A+B A-—B
x=A+ B, x:—L+Tv——3, x=——L—~7 -3

Now let ax

e
xe™ dx = —{ax — 1)
a
ea}:
xte® dxy = —3(.::23:2 —2ax +42)
a ‘

2 2 2
ax

a2_|_b2

and

e sin bx dx = {asin bx — bcos bx)

y=x-7%
3

e* cos bx dx = ﬁ(a cos bx + bsin bx)

L e S



d d bx bx

Ef(u) = f(“)dx 2 be
d dv . du
E(uv) = ua + vd_x :—xah = b(Ina)a®™

du _  dv
i u :M isinax:acosax
dx \\v v? dx
dx" el —_— X = —asin ax
— = nx Ix cos ax

d a

d . | 1 “ - =
v In(ax) = X dx = Costax

d loge
- l = ——
e og(ax) .

v/udv:uv«/vdu

/ FOR) dx = F(x)gx) — / Fg() dx

, 1 1
/sm ax dx = ——cos ax. fcos ax dx = — sin gx
a a

s x  sin 2ax / , " x  sin 2ax
si dx = — — cog’ dx ==
/ n°ax dx ) i axdx 5 -+ ia

, 1 .
/x sin ax dx = WE(sm ax — ax cos ax)
a

1 .
X cos ax dx = —(cos ax + ax sin ax)
a

. 1 .
xsin ax dx = —3(2ax sin ax + 2 cos ax — a*x*cos ax)
a

1 o ,
x%cos axdx = —(2ax cos ax — 2sin ax + ¢*x*sin ax)
a .

sinfa — b)x  sin(a + b)x

. 0 b dx = 2 2
sin ax sin bx dx 24D a1 b) a #b

cos(a —b)x  cos{a+ b)x 5 2
a-n T 2atm | 7P
sin{g —b)x  sin(a+ b)x

2{a — b) 2a-+b)

sin ax cos bx dx = —

cos ax cos bxdx =

e e e e e e

al £ b2



TABLE 4.2 The Laplace Transform Properties

Operation x(D X(s)

Addition x1(t) + x,@1) X(s) 4+ Xz(s)

Scalar multiplication kx(t) kX (s)
d

Time differentiation }}% sX(s) —x(07)
d*x - .
y7) $2X(s) —sx(07) — x(07)

3

% X () — 52x(07) — sx(07) — %(0™)
drx " ket N
— s"X(s) — >0 D07
dr“ k=1

Time integration

Time shifting
Frequency shifting

Frequency
differentiation

Frequency integration

Scaling

Time convolution
Frequency convolution
Initial value

Final value

f x(z)dr
o-
f x(7)dt

x(t — fg)u(f — fy}
x{t)e™

—1x(t)

x(t)

)
x(at),a =0

x1 (1) % x2(£)
x1 () x2(8)
£(0%)

x(00)

1X(s)
s

-
1X(sr)—i-lf x(t)dr
3 s J_

0
X(s)e™e =0
X(s — s50)
dX(s)

ds

/ X(z)dz
()
a a

X (s3X2(8)
1
'é"——.Xl(S) * Xo(s)
]
lim s X (s) (n > m)
lirré s X{s) [poles of sX (s) in LHP]



TABLE 4.1 A Short Table of (Unilateral) Laplace Transforms

b =+c—a*

T ——
No. x(t) X(s)
i 5(2) i
1
2 u(r) N
5
1
3 rue () ;‘z"
n!
4 ult) gl
1
5 Mt
y e*u(r) 5 — A
6 t At t
eMul ) (S . )&)2
H oA —-—-—n-r—--
7 et u(l) (s — a)rst
s
8a cos bru(t) S2-+lb2
8b in bt u(t) :
sin bru $2 4 b2
. 5s+a
0a e cos bt ult) m
ob e~¥ gin b u{t) "—?—*—
(s 4a@+p
_ (r cos 0)s -+ (ar cos § — br sin 6)
10 ad bt 4+ D ulr
A re cos(-+ Yu(t) 2+ 2as -+ (a® + B)
0.5re’? 0.5r¢=47
10b —at bt + ) u(t
re  cos (bt + &) u(t) s+a—jb+s+a+ﬂ?
. As+ B
10¢ re~% cos (bt +8) ul?) 2+ s ¢
\FZH B2 —2A4Ba
¥ = 2
c—a
T
Aa — B
O =tan~! | ————m-
: (A\/c — a2>
b=+ c— LI2
. E—A A
10d e | Acos bt + 2 sin bt | u(®) At
s?42as+¢c



TABLE 6.1 Fourier Series Representation of a Periodic Signal of Period Ty (wg = 21/ Tp)

Serles Form

Coefficient Computation

Conversion Formulas

Trigonometric

ag= i Flr)dt

tg = Cg = DU
S 7
fy=az+ i:: a, ¢O8 Revgt + by, sin eyt a, = % . F(t) cos negt dt ay, — b, = Cpel® = 2D,
b, = 2 F&) sinnwgt dr @y + by = Cre % =2D_,
Ty Jr
Compact trigonometric Co=ay Cog= Dy
O =Co+ Z C, cos(negt + 6,) Cp, =V a,t+b,? C, = 2iD,| nx=1
9, = tan! (—‘;—) 8, = /D,
E"ponentjal "
3 fnant 1 — jragt
F) = ﬂ;m D, el D, = o . Fitle dt
TABLE 7.2 Fourier Transform Operations
Operation x(t) X(w)
Scalar multiplication kx(t) kX (w)
Addition x(1) + xalt) X (w) + X;(w)
Conjugation x*(1) X'(—w)
Duality X(1) 2nx(—w)
1 @
Scaling (a real) x(at) Tﬂ_lx (;)
Time shifting x(t = 1) X (w)e /e
Frequency shifting (wy real) x()e/ = X(w — ay)
Time convolution x; (1) * x3(1) Xi(w) X, (w)
1
Frequency convolution x(t)xa (1) 5 X (w) * X3(w)
d".t ) )
Time differentiation T (jw)" X(w)
' X (@)
Time integration f x(u)du i + 7 X(0)d(w)
— D
Modulation x(t) cos(wyt)

2[X(@ + wg) + X(w — )




TABLE 7.1 Fourier Transforms

No. x{t) X(w)
1
1 e u(t) , a>0
a-+ jw
1
2 e u(—t) - a>0
a— jo
3 e—alf; i__. a >I0
a2 + C02 ’
4 te " u(t) ! 0
[+ it D EEEE— a2
(a + jw)?
" —at | n!
5 e M u(t) W ™~ ax>0
6 &(1) 1
7 1 28 (w)
8 efwot 2m8(w — wp)
9 cos wyt {80 — wo) + 3{w + wy)]
10 sin wot Jrl8(w + wy) — 6{w — an)]
1
11 u(t) md{w) + —
jo
2
12 sgnt —
Jjo
13 cos ot 1) E[c?(cu—-(bo)+5(a)-|~'a>0)}~f~ 7
2 Wy — w
14 sin egt u(f) i[é‘(w —wp) — 8{w + wo)] + 2(.00 5
2j W — @
. o
15 e % 8in wot u(t a>70
S PR PO
B a+ jeo
16 e % cos wgt u(t) - — a>0
(a + jw)* + wj
t . wT
7 rect (—) T sInc (——u)
_ T 2
18 W ine (Wo) i ( © )
— rect { —
T . 2w
t T @1
1 Al- — sine? (—)
9 (7:) 5 sine 4
{
20 }K sinc? E A (ﬁ)
25t 2 2W
21 > 8 ~nT) o Z §(ew — navg) oo =
72 gt /20" o202




Modulation



