Chapter 1
Fo= [P
) T/2
P, = lim = 24
N ICIR:
-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) :é[x(r) +x(—r)l+é[x(t) — x(=1)]

even :d,d
® 1 t>0
- 0 t<0

-1 =

—1/2 T/2
6(t)=0 t=#0
fooS(t)dt _ O
o dt

HOBE—T) = pTB(E —T)
| #@o-mdc =g

eSt = (oWt = g0tejot — o0t (cos Wt + j sin wt)
System is linear
if xq > V1 and x; ---—-> V2 then kix1 + kaxy -——-> kq y1+ k» V2

System is time invariant if

x() ¥() e Wt=:T)
y by
Tl System T seconds
x(0) xt—T) ¥t —=T)
S— Tdigr?gs » TiSystem

Resistor Capacitor Inductor
dav di

NH=Ri i(t)=C — H=L—
v(t)=Ri(t) i(t) " V(1) 2

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

@)

(1)
4 K ‘—e ¥0)
p—— g e
M
B

Chapter 2

Zero-input response

(DN + a; DV + a, DN 2 4 4 ay)y(t) =0
AN a4 a2+ .. 4ay=0
A=2)A=1y) . (A=2y) =0
Characteristic roots: A1, A2, ..., An

y(t) = cieMt + cyet2t + -+ cyent

Impulse response h(t)
QD)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 yrzlv—1(0) =1
h(t) = [P(D)y,(D)]u(t)

It M = N then h(¢) = bO O()y+ [P(D) y ()] u(?)

Zero-state response

y(@) = x(t) « 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+[X2+X3] = [X1+X2 ] + [X1 X3 ]
x(t) «3(t) = [ x ()6 (t — 1)dT = x(t)
if xi(t) = x2(t) = c(t)
then xi(t -T) = x2(t) = xa(t) = x2(t -T) = ¢(t -T)

also x1(t =T1) = x2(t =T2) = c(t =T: =T2)



Chapter 4
Laplace Transform: X(s) = J x(t)e Stdt

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

y(&) = x(8) * h(t) ———— Y(s) = X(s)H(s)

T fer Function: H = V()
ransfer Function: H(s) = m
Y(jo) = X(jo)H(jo)

You can find H(jm) from H(s) by replacing s with jo

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

A delay system: y(t) = x(t-T)  H(s)=e*T H(jw)=elT
Group delay = d/dw [ZH(jo)]

A differentiator: y(t) = dx(t)/dt H(s)=s H(jo)=jo
Anintegrator: y(t) = [x(t)dt H(s)=1/s H(jo)=1/jo

System is internally stable if all the poles are in the LHP

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

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)

rira---ry

did,---dy

|H(s)|.rrp = b{)

. product of the distances of zeros to p
= product of the distances of poles to p

LH(S) i=p = (1 + 2+ -+ ¢y) — (01 + 02+~ +6y)

= sum of zero angles to p — sum of pole angles to p

Form | Realization

2 3

H(s):(b0+bl+b"+b3} S S
5

)

4 2 Re —

Ay 2

Frequencies near poles are enhanced and frequencies near
zeros are suppressed.



Chapter 6

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

I(t)dt a,=— _[

Ty 5 oT0

=— I sin(27mft )dt

07;,

cos(27mft )dt

*(t)=C, +3C, cos(2mfy +6,)
n=1

— Z D ej27.1fo”t
n

n=—ao

D, =Ti j x(t)e?™"dt , n=0,+1,+2,....

o, (1)

S0=r e ||| |

Iy = 2Ty -To | To 2T

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

0 n=1

D, =0.5(a, - jb,) 2,2

) _ C, =+a, +b,
D ,=D"=05(a,+ jb,)
D,=05C,26,=05Ce"" g = _tan~!| 2o
Dy =a,=C, " a,
a,=D,+D_,=2Re{D,}
b, =j(D,-D ,)==2Im{D
% J( n 44) m{ n} Qn:ZDn
a,=C, cos(ﬁn)
b, =—C,sin(6),) Co =ay =D,

a, =D, =c¢,

1 er/2 5 o
P=— I_m|x(t)| dt  P=¢} +nzzl“o.sc,,2

P=D;

_ - inayt H(S) Z . nont
x(t) = D e (D) = D /"o
() HZ_: n (i) y(1) E H(jnw,)D, e

n=—c0

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 ()= jx(r)e-f“dr

—a0

X(o)=|X (o)

1 K j ot
x(t)=E__[o X(w)e’dw

NE 0 |x|=7/2 !

r) |1-2@x/7  |x|kz/2 X
. sin x
sinc(x) =

e~ N\ N~

—Sm —4n 37 —2>'{31 |0 7 2w 3w 4w Sm

x(t)cos(@t) < %[X(aw o))+ X(0—a, )
E= _]O|x(t)|2dt = i_ﬂ){(w)fdw
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

[ =2 x(t)
o 2 « f F oax
L o L1111
L : number of levels :é : |

n : Mumber of bits
Cwantization error = A2



7w~ 3.1415926535 4 (sin~! ax) = a sie’ x = 1 (3sin x — sin 3x)
e~ 2.7182818284 dx V1-—aix? sin (x & y) = sin xcos y & cos x sin y
—a

l ~ 0.3678794411 E(cos_l ax) = m cos (x £ y) = cos x cos v F sin x sin y
0gip < = V. &—(tan_l ax) = €_% 1 tan x tan y

fog,, 3 =0.47712 x +tasx sin x sin y = 1[cos (x — y) — cos (x + y)]
LR g 7 €08 x cos ¥ = 3[cos (x — y} + cos (x + ¥)]
;r =T r#l sinxcosy=%[sin(x—y)+sin(x—|—y)]
ik:n(n—kl) acosx+bsinx=Ccos(x +6)  C=+va+b%0=tan"(2)
k=t 2
ikzzw ' e =cosxEjsinx .

k=0 6 cos x = 2[e 4 e7¥]

n . _ n+1 . .
Zkrk=r+[n(zr _11)2 1]7‘ )"7&1 sin x = Elj[gjx_e*jx]

k=0

cos(x £ %) =Fsinx

" rl+1A0 =" = 2n(l — )" — a1 — ']
Y K= (1 — 7y r#l sin(x £ %) = £cos x

k=0
2sin x cos x = sin 2x

sin’ x +cos’x =1
Any guadratic equation can be reduced to the form
ax?*+bx+c=0

cos? x - gin® x = cos 2x

2.1
The solution of this equation is provided by €os™x = 5(1 + cos 2x)
_ —b=b ~dac sin? x = (1 — cos 2x)
2a
A general cubic equation . . 0033 ¥ = %(3 oS ¥ - cos 3x)

Y4y tgytr=0

may be reduced to'the depressed cubic form

P +ax+b=0 e dy = —e%*
by substituting [41
yEET % ax e
This yields xe™ dx = —{ax — 1)
a=1@g—-p) b=L@p*—9pg+27r) a
Now let ’ “

e
xte™ dx = —3(a2x2 —2ax-+2) |
a .

S b P oa S 7o '
DY LAY LA JY I i
2"V ity 2 Vit

The solution of the depressed cubic is

ax

e sin bx dx = (a sin bx — bcos bx)

e, S, S S e

2 2

x=A+B, x=—¥+A%B 3, »x=_A';B_A;B«/:§ a ;xb

m a dx = ——— bx +bsin b

y=x-? e™ cos bx dx a2+b2(acos X + bsin bx)

. 1 I x

etiri? = :i:] A fmdx = Etan -{-1“
; 1 neven {

+jnm __ X
€ o {—1 nodd fmdx: Eln(xz-t-az)

e = cos 0+ jsin 6
a+ jb =re’ r=+va?+b% 6 =t (%)
(ref®) = pkei?

(rie’® Y (re!™) = rire/ 1)



d d bx bx
Ef(u) = duf(”)dx 2 be
d dv . du
E(HU) = NZ\; + vd_x ;—xa“ = b(Ina)a®™
du _  dv

i u :M isinax=ac0'.wz,\'.
dx \ v v? dx
dx" n—1 —— COS ax = —a sin ax

=nx ’ ’
dx , d;
d . 1 —tan ax = S
. In(ax) = X dx cos? ax

d loge
- l = —
e og(ax) .

fudv:uv«fvdu

/ FEEG) dx = F)g(x) — / Fe0g) dx

, 1 1
fsm ax dx = ——cos ax. ]cos ax dx = — sin ax
a a

s x  sin Z2ax f 5 "x  sin Zax
sin“axdx = — — cos‘axdx = —
/ rax 2 4aq 2 + da

. 1.
/x sin ax dx = wi(sm ax — ax cos ax)
aq

1 .
X cos axdx = — {cos ax + ax sin ax)
a

. 1 .
x%sin ax dx = — (2ax sin ax + 2cos ax — a’x? cos ax)
45

1 X . ]
xcos ax dx = T(Zazx cos ax — 2sin ax + a*x*sin ax)
a .

sinfa —b)x  sin(a + b)x

. o b dx = 2 2
sin ax sin bx dx b a1 by a #

cos(a —b)x  cos{a+ b)x 2 2
2a — b) 2{a + b) “#b
sin{g —b)x  sin(a+ b)x

2a — b) 2(a -+ b)

sin ax cos bx dx = —

cos ax cos bx dx =

e e e e e e

at # p?



TABLE 4.2 The Laplace Transform Properties

Operation x(D X(s)

Addition x1() + x,) X105} 4+ Xo(s)

Scalar multiplication kx(t) kX (s)
d

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

3

f{T: X () — 57x(07) — sx(07) — £(0™)
d"x " 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

/ x(z)dt
o-
/ x(T)dt

x(t — fg)u(f — fy}
x(t)e’

—tx(t)

x(t)

)
x(at),a =0

x1 (1) % x2(2)
x1 () x2(8)
£(0%)

x(00)

lX(s)
s

-
lX(s)—i-—l-/ x(t)dr
iy s/

s}

X(s)e™ o= 0
X(s — s50)
dX(s)

ds

f X(z)dz
(2)
a a

X, (s3X2(8)
1
“2"——.X1(S) * Xo(s)
TJ
lim sX(s) (rn > 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(2) X6
1 5(1) !
1
2 u(f) s
S
1
3 Fu(t) 5z
nl
4 thu() gt
1
5 At t
: e*u(t) §s—A
. N .
6 tetul(t
e*'u(t) (s — A)>
Bk _‘__n_!___
7 " eMu(t) (s — A)rr!
s
8a cos bt u(f) 524 b
8b tn bt u(t) :
sin bt u 52+ B2
Oz e~ cos bt ult) (s +a)?+b?
Ob e~% sin br u(t) :
(s +ay+b
) (r cos 8)s -+ (ar cos § — brsin 6}
10 il bt + Py ulr
a re cos(_-l" Yu) §2 + 2as + (@* + &%)
0.5re/f 0.5r¢™*
10b —at bt + 9yu(t -
re”% cos (bt + &) u(r) s+a—jb+s+a+jb
. As+ B
10¢ re~% cos (bt + 6) u(#) 2 +2as +c
\ﬂzc + B*—2ABa
F= 2
c—a
T
Aa— B
f=tan"! | ———
: (A«/c - a2>
b =+c— 512
. B — Aa As + B
10d THA bt in bt | u(t STA Lo
€ { cos bt + sl }H() s2 4 2as + ¢



TABLE 6.1 Fourier Series Representation of a Periodic Signal of Period Ty (wy = 2r/ Tp)

Series Form

Coefficient Computation

Conversion Formulas

Trigonometric

[s.0]
O =ag+ E a, CO8 negt + by sin nap?

A=l

Compact trisonometric
oo

f=cy+ Z C, cos(newgt + 6,)

n=l1

0= = =
ay fe) de ag=Cy Dy
T() 7
2 .
Oy = F{t) cos nagt dt G, — b, = Cpel® = 2D,
Tg T

b, = 2 F(#) sinragt dt

T(] T
Co = ap
Cn = a.112 +bn2

@y + jby = Cre % =2D_,
Co = Dy

Co=2D, nz1

8, =tan~! (—:% 8, =/,D,
Exponentiay §
3 inwpt 1 — fragt
F) = ;m D, el D, = TO . Fnye=Tment gy
TABLE 7.2 Fourier Transform Operations
Operation x(t) X(w)
Scalar multiplication kx(t) kX (w)
Addition x(t) + x (1) X(w) + X1 (w)
Conjugation x*(¢) X (—w)
Duality X(@) 2z x(—w)
1 w
Scaling (a real) x{at) Tﬂ_lX (»a-)
Time shifting x(t — 1) X (w)e—iemo
Frequency shifting (wq real) x{f)elo! X (o0 — awy)
Time convolution x1{t) % x3(F) X (o) X5 (w)
| 1
Frequency convolution x1{H)x2{t) 7 X (w) * Xo(w)
_ d"x .

Time differentiation e {(jo)"X ()

_ ! X(w)

© Time integration / x{(u)du i — + X0} (w)
—o




TABLE 7.1 Fourier Transforms

No. x(t) X(w)
1
1 e Y ult) , a>0
a-+ jow
1
2 e*ut(~t) , a>0
a4— jo
3 el 2 . IO
; a >
a? + w? '
4 te " u(t) ! U
[=4 it D EEEEE—— oa.>=
(a+ jw)?
" —at | n!
5 e M u(t) W ™~ ax>0
6 &(t) 1
7 1 278 (w)
8 g/ wo! 2m 8w — wy)
9 cos Wyt 18w — axg) + 8{w + wp)]
10 sin wot jrld(w + @) — 6{w — wp}]
1
11 u(t) wd{w) + —
jo
2
12 sgnt —
jo
13 cos wgt #{t) E[rSf(m—-('uo)+«§(a)-1~'co0)}~{~ zjw.z
2 Wy — w
14 sin et u(f) i[é‘(w — ) — 8w + wp)] + 2600 >
27 wy — w*
. 2y
15 e % 8in wot u(t a>1
i PR P
B a+ jo
16 e cos wof ult) - — a>0
(a + jw)? + wj
t . T
17 rect (—) T SINC (——~)
_ T 2
18 W e (wo) t( © )
— rect { —
B . 2W
t T T
1 A= — sine? (—)
9 (1_) 5 sine 4
W Wt w
20 — sinc® | — A (—)
w ( 2 ) 2w
21 Z 5(t — nT) o Z §(w — na) wo = -
22 gt/ o/ 2me "2




