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Student ID : Name:

d ~~ ~

Glil\U1 1 (11 A:::U"". 11 LUil'Wll'"GI)

1. ';J\I'VIl Fourier transform "1Jfl\linmJ1rn~fli.t1d... ...

1.1) x(t) = 2J(t)-J(t-2)+J(t+2)

GlillJ _

- 1 -

(1 fl:::bb'W'W)



Student ID :

1.2)

Name:

-2

x(t)

(1 f1::LLUU)

~D1J _

- 2-



1.3)

Name:

x[n]

-1
-2 0

(1 '"l~bb'W'W)

(;IiltJ _

-------------------

-------------------------"-------------""-""-
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Student ID : Name:

2. "'l-:J'Wl Fourier transform ~~!l3.Ji-:J';l1l'1n~T~ X (e j w ) ".lI'eJ-:J~'1!'1!1nJ~!lhJrl'

x[n] = 1+ 2cos(2n1Z' + ~) +2cos(4n1Z')

GHllJ _

(3 ~::;bb'W'W)

--- ------------

------------------

---- --- ------

------------ ------------------------------------

--------------------------- --------

------------ -------------------
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Student ID : Name:

s-

3. IOl-:lVl1 Inverse Fourier transform "lI'el-:l~"1!"1!1bWl'l'ell,iJU (2 rJ:;bb'W'W)

X(jOJ) = 1r6(OJ) + 21r6(OJ - 21r) + 21r6(OJ + 21r)

G1tJ'IJ

._------------

._-_.----_...._-

----_._._---------------

_._------ ---_.

--------- ---_._.-

-.__..._---_.._--------_._-

--------- -----

--_._------- ._--

._- ._--------------

- 5 -
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4. "'l'lV11Inverse Fourier transform "1I'el'll'kJ'kJ'lbl.l X(e JaJ
) (3 '"l::;bb'W'W)

(;IilU _

-------------------

--------------

------------------------------ ------------------

-------------------------------------- -------------
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Student ID : Name:

.ol tf~ tf
~il\n1 2 (14 f\:::U"". 14 LtJil'H'1f"~)

fl1i\l - btl'V1i'1J'Ylmhm:JJ1u~m.j,~ 21~'VI1f11~fJ1J 1~E.l1i;]ln\l 5.1 LL~: 5.21uIllfit-lWm
~

L'Yhifu 'VIlnhirr5u "il:iimUUf11~fJ1J~tj~ ii-:Jn3J~l~fJ1J"il:r;m~fJ-:J
'II

1. "il-:J'VI1 x[n] 1~E.l1im~1-:J~1-:J') ~nl'V1U~:JJ11'V1LUIllfi ~wm LrlfJnl'V1U~ Fourier transform ~-:J

~:JJm~ (5 f1:nuu)

~il1J .__
..._.._-------------_._--

-------------------------_._------_...._---

--_.__._-------._--

---------------------_._-

----_.. --------- ._-------_._---

._--------_._-_._-_._._- ...._-

---~-~--------------

- 7 -



Student 10 : Name:

2. ~\I'V\1 y[n] "lJf)\I1::lJ1HrlElfh'Vm~ h[n] = o.snul"n] LLL'l:: x[n] = 8[n] + 2: 8[n - 1]
2

1~ rJ1i~111\1~nl'l.-'\'\.l.~1'VIl '\.l.1l1'lt:.l'\.l.':In (4 'l::LL'\.l. '\.l.)

i1EJU _

._--------- ----_.._ ..----_._-----

------------_.._-_._---_.

-_._----

-------------------------------_._-

-_._-----

------------------- ---------------

----_._------- ._-----

- 8 -



Student ID : Name:

3. nlV\'U,~iqjqjlm H1p[e'J ~-.:JiJ cutoff frequency Yn/4 bb~:; block diagram "lJeh'l1:;UU~\l~t1

~1'U,~1\l ';]\lv\l frequency response YrrEl:IJrf\l11~mlv.J lJEl\l1:;UU LTI (1'; property b'YhJ'U,)

(5 fl:;bb'U,'U,)

(_1)"

x(o)---I

I1IDlJ

Yin)

----_._------ -----------_._--_..__..._-----_.

-------~----_._---_.._--_.._..

- 9-



gtudent In: Name:

~ ~~ ~

GHlU'Yl 3 (15 A::UU". 15 LUEI'H'1l'UGl)

vet)

R

+o--------I\Nv---0 +
xtt) ~ C y(tJ

-of-----I-o -

(7 l"I~LL'W'W)

vet) = RC dvc (t) + v (t)
dt c

1.1) IOl..:Jvn frequency response, H(jm) LL'&'l~ impulse response, h(t) (3 l"I~LL'W'W)

---------------

----_._-----

---_._.__._..

-_._------------

-------------------

---------------

------_._-_._.•._._-

------------_._----

._-------------

--------------------------------

------------------------------_.__.-
------------- --"--
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Student ID : Name:

... 0 1".. (t) -at 0 ... (t)1.2) L~'elmVl'Wr;1 VI'el'WYj[;] V = e '"l'lVl1'"l1'W'JruVi r L'el1YlYj[;] Vc (4 '"l::::LL'W'W)

_ ..--_.._--------------

- --------

------------ _..__.._---

----------------_.

-------------~

--_._..._-----

---_.._._--

._-----------------------------_._-

-----_. ~._-

._-_._._._--

._--_._--_._--

- 11 -
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Student ID : Name: Section:

2. rh~'W",1~ LTI system ~,l'elfi1JltJt"'tJ difference equation (7 ~:;LL'W'W)

1
y[n] + 5 y[n - 1] := x[n]

"
'"l'l[;]'el1J~lm~lPi'elhJiJ

2.1) '"l'l~1 frequency response "lI'el'l~:;1J1J H(d) (2 ~:;LL'W'W)

------------------ -_.._------------'..

------------- ------------

---_._----_. '---'-'-"-"'---

._-----------

- 12-



~ Section :Name:Student10: _~__~__~'ll><.-~ _

2.2) 9.:JVl1e.J~n'l~t'1'fl1J~'W'fl.:J"lI'fl.:J~~1J1J y[n] bri'fl~'W"r'it'1~'fl

x[n]= GJurn]

(5 rI~bb'W'W)

- ----------------

.----_._---- --- ------~------------------

------- -----

------- ---~----------------
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Student ID : Name:

..
00

00
yet) == Jx(r)h(t - r)dr

y[n] == I x[k] h[n - k] -00

"'~-oo
00

x(t) = I akejkwot ak = ~Jx(t)e-jkwotdt
k=-OO t

x[n] = I akejkwon ak == ~ I x[n]e-jkwon
k';{i·l) k~)

00

H(z) == I~oo h[k]z-kH(s) == Jh(r)e-STdr
.~

00 00

H(jw) == Jh(t)e-jwtdt H(e jW) == I h[n]e- jwn

00
-00

x[n] =2- Jx( ejW)ejwndw
00

X(e j W) = I x[n]e- j wn2rr
Zrr

n,.- 00
00 00

1 J . Jx(t)e-jwtdtx(t) =- X(jw)eJwtdw X(jw) =
2rr

-00 .m

- 14-



Student ID : Name:

TABLE 3.1 PROPERTIES OF CONTINUOUS·TIME FOURIER SERIES-------------
Property

X(I}} Periodic 1lIilh periodT and
)'(1) fundammlal frcquen<l' "''' = 2...1T

a
b

Uneoo!y 3.~.1 A,x(l) + B)'iil
Time Shining 3.~.2 .1:(1 ... lu)

F",quency Shifting ,I"'''''X(I) = el"' (2. /T:!.1:(.)

ConJugal;on 35.6 x'(t)

Time ReveP"'! 3.S.3 X(-f}

Time Scaling 3.S.4 x(al), a ;> 0 (pttiOlli< 1lI1I11 period 1'1.. l

Penodic Convolution Lx(1"»)'i1 - <)<1<

MUltipllcati,,~ 3.S.5 X(I»'(I)

Dilferenbanon
d.l:(r}

dlr (finite valued and
Inlegmlion .. (I) dl perio4i I'f ~ OJ.• ~""Jll Ill>

eoojugalO Synune,try for 3.5.6 x(IJ real
Real Sigoals

Real and Even Signals 3.5.6 X{I J n>allIIld even
Real and Odd Signals 3.Hi '*) real and odd
Eveo.Qdd Dc.:ooIposilion { x ,(I} = ~{x{l}} [.I:(I)rulJ

of RealSignals x.(I} = 6d(x(fll ('-<'1 ll:aI)

Aa, +81>,
a .e:!........ .ae ,,~~"<j}(1'ff1rNo

O,.-iI

e •
(J •

a.

:[ a,b.-r
t,,,,,,..,

"_ ::;:;. 0: ..
(A.-{a,} = G\~a_,}

< ~".{a.} w -S..-{a_.}

ia.i ~ Ia-.l
(a1,- '-CD I:

". realand "ven
," purely iltla&inll/}' and odd
(~-<latl
,S"t(a,J

P_val's Relation for Periodic Signal~

TABLE 3,2 PROPERTIES OF DISCRETE-TIME fOURIER SERIES

Property Periodic Signal

xlIII IPeriodic with period N and

y(n}. fundamental frequen~y (1)0 ~ 2w'N

Fourier Series Coefl'icimu

u. }Periodic with
b• . period N

A.•(ilJ .. By(nJ
xln - no]
eiltlo.:JJV)JI ,I["J

x·[nJ
xl" II)

, [J __ {xlm",]. ifllisamulll.Pleofm
.'t(M'1 t1 -" O~ if 11 i.. oora multiple otm

(periodk witb period mNJ

2: xlrhlll - ,.)
r-('y}

"[lib!")

x[nj ..... -"In'- I}

";' k ~futite valued and periodicOnlY)
"'-- ..I I 'f = II
h·. ...

Linearity
nme Shifting
Frequency Shifting
Conjugation
Time Reversal

Time Scaling

Periodic Convolution

Multiplication

fi/'$l Differeoce

RunningSum

Conjugate Symmetry for
Real Signals

Real and Even Signalll
Real and Odd Signal>

Even-Odd Oecomposilj'>ll
of Real Signau

.1'[11] real

.r]II] real and even
X(IIJ real and odd

{
... jn] ~ &~{xl·IIU

x,,[nJ = W{x[nll
[x-[n) real]

[x.[nJ Jellll

A.al + Db.
CI,e'-j"l.f,~

a.'·M
a:j;

£I-a;

I (VieWed as periOdiC)-a.
Itt wilh peritJdmN

L a,b._1
''''I}Ii}

(I - ~-1l(1·J"'Jal

(rr:::' ;;_"1"0'''') )a.

[

a• .. ......

..

~.4a•. }... '" <R.../a..• l
If."la.} -lint/a..•}
ia.1 '" ia_.i
<a• .. '···<0_.

a. real and even
a. purely imajinary and odd

lkla.J
jlJnt/a.J

Parseval's Relation for Periodic Signal",

I .... ' 2 ".N L.... i.t[nll = L.,. IUtl'
1lI"<""! i_,N}

- 15 -
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Student ID : Name: Section :__-----

TABLE 4.1 PROPERTIES OF THE FOURIER TRANSFORM

Section Fourier transform

x(t)
y(t)

X(jw)
Y(jw)

-. - - . - . . . . . .. . ~ ~ - - ~ -. . - - ~ ~ . . -- ~ . . --. -- - . -- . --- ~ - . . -. - -. -- ~ .
4.3.1 linearity ax(t) + by(t) aX(jw) +bY(jw)
4.3.2 Time Shifting x(t - to) e- i->toX(jw)

4.3.6 Frequency Shifting ei"'ofx(t) X(j(w - wo»
4.3.3 Conjugation x·V) X"(- jw)
4.3.5 TIme Reversal x(-J) X(- jw)

4.3.5 Time and Frequency x(aJ) ~xew)
Scaling lal a

4.4 Convolution x(t). y(t) X(jw2[(jwJ..

4.5 Multiplication x(t)y(t) 2~r:XU8)Y(j(w - U))dO
d

4.3.4 Differentiation inTIme -x(t) jwX(jw)
dt

4.3.4 Integration LX(t)dl ~X(jw) +1TX(O)6(w)
JW

4.16 Differentiation in tx(t) . d X('
j dw jW)

Frequency
X(jw) := X'(~jw)

(J{~{X(jw)} == cR-e{X( - jtJJ}}

4.3.3 Conjugate Symmetry x(t)real g,,.{X(jw)} "" -Snt{X(- jw)}
for Real Signals (X(jw)1 ... IK( - jw)1

<t.X(jw) = - <tX( - jw)
4.3.3 Symmetry for Real and x(t) real and even X(jtA» real andeven

Even Signals
4.3.3 Symmetry for Real and x(t) real and odd XUw) purely imaginary and odd

Odd Signals

4.3.3 Even-Odd Decompo-
x,(I) "" 8v{x(t)} [x(t) real] ffi-e{X(jw)}

sition fur Real Sig- x,,(l) = ed{x(t)} {x(t) real] j~1lf{XOw)}

nals

- • • ~ * • - - - - - • • - • • • - - - ~ - • • - • • ~ • • • w • ~ ~ ~ • ~ • • ~ * _ _ _ • • ~ • _ ~ _ • * _ _ _ • n

4.3.7 Parseval's Relation for Aperiodic Signals

Ito>. 1ft..
_'" Ix(tJI'dt = 21f -'f. /X(jw)1

2dw

--~----------------------

- 16 -



Student ID : Name: Section:

TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS

Slpal

sinuol

x(t) = 1

Fourier tI1uJ5form

.-
217' .L 4.t8(GI - .wo)

1--1It

1I'[8(it) - GIG)+8«(JJ +wo))

a, = 1

at = O. otherwise .

a, "" a-I = ~

Qt "" O. otherwise

a, == -a., = h
at '= 0, otherwise

ao ee I, at = O. k ¢ 0
ttl: is isthe Fourier series representation fOr)
\allychoiceof T > 0

Periodic square wave

{
I. ItI < T,

x(r) == O. I, < ItI S r
and
x(t + T) "" x(t)

~ 2smkedar. 2( r..•• ) bloTI . (/«uaTI ) _ sin1«o0T,L v it) - MUll -- smc -- - -:---
h-" k 1T.". br

.&
:L 0(1- tiT)
n· ...·:L

{
I ItI< TI

x(t) ; ItI> 11

sinWt
1Tt

8(t)

u(t)

8(t - to}

e- tII u(t). (Re{a) > 0

{
llwl < W

X(jfl» "" ~ !wI> W

I

1
-. + 17'0(<<1»
JW

I
a + jw

1
(a+}I»)"

- 17 -

1
a, = f foralU



TABLE 5.1 PROPERTIES OF THE DlSCRETE·TIME fOURlt:H IKAM::ltuNM

5.3,2 Unwity
5.3.3 Tune Shifting
5.33 Frequency Shifting
5.3.4 Conjuganon
5.3.6 TIme Reversal

5.3.7 Time Expansion

5.4 Convolution

5.5 MultipJicalion

SJJ Differencing in lime

5.3.5 Accumulation

Aperiodic Sfcnal

xlnl
y{n]
Q.Illl] t b)'[n]
xln - JIo)
~".tlIlJ
iln]
x[-II)

{
x[lIft],

xmf,.) =. O.

x[n] • )'[nJ

l{n}y(n]

.t[n}- i[n - I]
•I xlk)

*- -..

if PI IOl 1l1Illiple oU
if n'"multiple of 1

X(t1il )} pen.'odic with
Y(fiw) period 2'IT

aX(tiw)+bY(tP)
t - liMoX(elM)

X(t.K"-~»

r(t-jw)
X(t- lw )

X(tjjll/)

X(eJ"') y(ei"')

2- f X(el' )Y(t J(.oo-I I)d9
211 .2"

(I _. e-Jv)X(tJIiI )

" ~I X(~jV)
l-rJil'

5.3.8 Differentialionin Frequency ,u(n)

S,H Conjugate Symmelty for Atn) real
Real Signals

5.3,4 Symmetry for Real, Even xl,.) real an even
Signals

5.3.4 Symmetry for Real. Odd xfn) lUI and odd
Signals

SJA Even-ood Decomposition xf(n] .. 8tt{x[n)} {X[II] leal]
ofReal Signals XII[II] ., 6d{x[nn [XlII] :taI}

5,19 ParscvaI's Relation for Aperiodic Signals

fI~'" Ix[nW :: ~L1X(eit'~2dl»

- 18 -

H!

+1I'X(~)I 6(~ - 2'lfk)
.1--10:

,dX(eJ-)
J~

X(e Jlli ) '" X'(t.-J")

(Jk{X(tJOl )} I!: (}le{X(e'J"n
gt~tX(eiot)} = -dntlX(e Jill)}

lX(eJlit~ s 11«(' j.,)!
-rX(ti., ) :!! -iX(e-!V)

X(eio') real and even

X(ti«') purely imagitWy and
odd

·tJl4X(e.....)}
jdmtX(tl'llH



Student ID : Name: Section:--

TABLE 5.2 BASIC D1SGRETFrlME FOURIER TRANSFORM PAIRS

Signal Fourier Transform Fourier Series Coefficients (If periodic)

L akejl(211IN)"
t~ ( 2 k)

27Tk~"ulS w - Z Ok

It-(N)
~~~~--_.._- --- --- ."----

(a) lIIo :-~
tm

~ { I,
k .. m.m~N.m~2N, ...

ej"otf 21T L 8(lII - lIIo - 21T1) ak
'_-to 0, otherwise

(b) ~ irrational ::> Thesignal is aperiodic

(a) lIIo
_ 2"...-,,-

tm
{ I

k = ±m.±m±N.±m±2N....
casCilon 1T L {B(lII - lIIo - 2'IT1) +S(lII+ ClIO - 2'ITl)} aj .. ~.

1__ • O. otherwise
(b) ~ irrational ::> Thesignal is aperiodic

(a) lIIo
_ 2.r
-7

'IT tm

{ f,
k ~ r,r±N,r-::.2N" ..

sinlilon --;- L. {Sew - wo - 21T/) - 8(lII -+- Wo - 21Tl)} ak = _I k ~ -r, -r -::. N, -r -::. 2N,...
) I--~

2]'
O. otherwise

(b) ~ irrational ::} Thesignal isaperiodic

+m
{ I, k =O. ±N. ±2N•. . .

x[n] ~ I 21T 2:B(w - 21T/) aj =
/_ -CD O. otherwise

Periodic square wave

[ I. Inl s.N, sin[(21TkIN)(N, -+- !)]
xln] = +m ( 2 k) a. = • k ""O. ~N. ±2N•. . .

O. NI < Inl :s NO. 21T k~~ akS III - ~ N sin[21TkI2N)

and 2N l + I

xln + N] = xln)
a. = -N-' k =0, !;N. ±2N•...

t ..

~ .~..S(w - 2Zk)
IL S[n - «N] a. = N for allk

.--~

a·u[n). lal< I
t

I - ae>! ..
-

{ I. Inl :s NI sin[lII(NI + ~)l
x[n)=

O. /nl >N1
sin(w/2)

-

~ = .! sinc(~) { I.
o :s /611 :S W

X(III) =
rll ". ." O. W < Iwl :S 11

O<W<1T
-

X(w) periodic with period 2'IT

e5[nl I -

J
+m

urn] I _ e- j.. + L 'lTS(w - 21Tk) -
k"" _aD

15[11 - 1101 e" j"·CI -

(n + 1){/lIu[n], lal < I
I

(1 - ar j .. )2
-

(n + r - 1)1
lal< I

1
n!(r _ I)! .a"u[nj. (1 - ar j ", )'

-

- 19-


