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If there are finite bounds and a is outside from bounds integral is zero.



Appendix A Mathematical preliminaries

A.1 Trigonometric identities

el =cost £ jsint

1 . .
cost = E[e” +e™

1 . .
sint = —[e" —e™]
2j

s .
cos (z:l: —) = Fsint
2
. T
sin (r + 5) = *4cost
sin2¢ = 2sint cost
cos?t+sin’t =1
cos?t —sin ¢ = cos 2t

) 1
cos“t = 5(1 + cos 2t)
. 5 1
sin“t = —(1 — cos2t)
2
1
cos’t = 1(3 cos t + cos 31)

1
sin® t = 2(3 sin¢ — sin 3¢)
cos(t &= 60) = costcosf F sint sinb

sin(t £0) = sintcos@ £ costsind
tant 4 tan @

tan(t £0) = ———
an( ) 1 Ftanztanf

1
sintsinf = E[cos(t —0) — cos(t 4+ 0)]

1
costcosh = 3 [cos(r 4 6) 4 cos(t — )]
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1
sintcosf = 3 [sin(t 4+ 0) 4 sin(t — 6)]
acost +bsint = Ccos(t +0), C = Va>+b%, 60 =tan"'(=b/a)
b
acos(mt) + bsin(mt) = va® + b2 cos(mt — 0), 0 = tan™! —

acos(mt) + bsin(mt) = /a2 + b2 sin(mt + ¢), ¢ = tan™!

SR

A.2 Power series

S S o
ln(1+l)—l—§+§_z+"'
e’:l—i—t—l—ﬁ—i-i-l-ﬁ—i----
2! 3! 41
[3 t5 t7
SIHZZT—3—'+5—'—ﬁ+
T A
B2 17
tanl—l+§+ﬁ+%+“'
1 L3 137

A.3 Series summation

Arithmetic series

N
Y la+ (= Ddl = —2a+ (N =1l

n=1

- N(N +1
Zn:1+2+...+N:%

Geometric series
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The geometric progression (GP) series sum of the form

N
S:Zar"=a+ar+ar2+~-~+ar1v
n=0

is used frequently in this text while dealing with the discrete-time signals. Note
that the factor  can be real, imaginary, or complex.

A.4 Limits and differential calculus

lim%Intf =0, Re(@)>0

t—oc

Iims*Int =0, Re(a)>0

t—0

L'Hopital’s Rule:

has a

’
t
If limx(#) = lim y(z) = 0 or lim x(¢) = lim y(#) = oo, and lim a0
t—a t—a t—a t—a t—a y’ t
x() . x'(0)

finite value, then lim — = lim
t—a y(z‘) t—a y’([)

E{L}__;@
dt g g20) dt
d [ h) 1 dh(t) dg(?)
5{%} [g(’) TRAT ]

INE0)

A.5 Indefinite integrals

Judv=uv— [vdu
d
[ fOg() dt = £) [ g(o)di — / [d—{ f g(z)dz} ar

1
Jcosatdr = —sinat +C,a #0
a

1
[sinardt = ——cosat +C,a #0
a

sin2at

[ cos*at di = +C,a#0

t
2
. 5 t sin2at
[ sin”ar dr = —
2
1
ftcosaldt: —z(cosat—i—atsinat)—l—C,a;éO
a

1
[ tsinar dt = — (sinar — atcosat) + C,a #0
a
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1
[ > cosat dt = —(2at cosat —2sinar + a*t*sinar) +C,a #0
P

o 1 .
j ?sinat dt = 7(2611 sin at — 2cosat — a’t*cosat) + C, a #0
@

sin(a — b)t  sin(a + b)t
2(a — b) 2(a + b)

sin(a — b)t  sin(a + b)t
2a—b)  2Aa+Db)

cos(a — b)t  cos(a + b)t
2(a — b) 2(a+ b)

[ cosat cosbr dt = +C,a* # 1?

[sinat sinbt dr = +C,a* #b*

fsinatcosbtdt:—[ }—i—C,az;éb:

. 1

[sintardt =tsintar + -1 —a*>+C.a #0
a
1

feosThatdt =tcosT at — =1 —a**+ C.a #0
a

1
[edr = Ee‘” +C,a#0
afl

alnb

at

[ tetdr = Z—z(at—l)—i—C,a;éO

[bdt = +C.a#0,b>0b#1

atr
[ etdr = @™ —2a1 +2) + C.a 0
a

. 1 n
[ e dr = —1"e — — / "le¥dt,a # 0
a a

tnbal n
alnb alnb

[ttt = /z"—lbf”dz, a#0,b>00b#1

ar

[ sinbr dr = ﬁ(usinbt—bcosbt)—i—c
a

at

[ e cosbt dr = %(acosbz—i—bsinbt)—i— C
a

+b?
n+l1 tn+1
" Inat dt = lnat— —+C -1
Jt"Ina n+1na (n+1)2+ LN F#
1 1 aft
ftz_i_—azdlzatan ; —i—C,a;éO

oot 1,
j1‘2—|——azd[=51n([ +a)+C



