E-E 428 Z~TRANSFORMS
Homework - Spring 1988
Dr. R. A. Birgenheier
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Find the z-transforms and ROC for the following sequences.
summations in closed formand simplify when you can.
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— e'aku(k)

sin Bk u(k)
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<ee~*Ksingk u(k)
1, k = 0,1

=)-1, k=2,3
0 otherwise

1,0<k<5
0,k>5
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u(k-5T) - u(k=-10T)

and X(») if

exp(1/2)

222 + 1
222 + 3z + 1
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Express all
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z=Transforms

l. TFind the inverse z-transform of the fecllowing function by the partial
fraction method.

_ 3z + 1
3 X2) = ¥ 0.5( - 0.8) » |z[>0.8
3. 2
by Xfz) = -2t E VB = . |z]>1.0
(z - 0.6)(z = 0.4)(z - 1)
3 2 |
_ . 2~ =-3,1z" + 1.8z - 0.1
9 X2 = LTG0 -o 0l
d) X(z) = 223 - 22% + 1.252 s |z|>1 =

(z = 05" =z % 13

2. Repeat problem 1 using the residue mehod.

3. Find the inverse z-transform of the following functions using any method

you wish.
a) X(z) = ——— , |z[>1
z +1
b X(z) =5EE |z
z =1
—az—l | | -
c) X(z) = , |z|>e
it = a2 -1)2
2
d) X(z) = E——i—l—g 5 lz[>1
(z - 1)

4. Solve each of the following difference equations using z-transforms.
a) y(@+2) -2y(n) =0 ;3 y(0) =0, y(1) = -1
b) y(n+t) -y(n) =2n+1 ; y() =K

c) y(n+2) +3y(n+l) +2y(n) =n ;5 y() =y(1) =1
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S ZZY(E)— 22 Y(0)— ZEY() + BXT(E)—3BYO) +2T(B) = =3
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HOMEWORK
Dr. R. A. Birgenheier T }{CI}I{S!,:}/ O j osr

_ 82° + 22° + 24z + 8 e
1. Hl(z) = 5

2523 + 21z7 + 1lz + 7

23 + 0.5z% + 0.02z - 0.008
By(z) = = 3 3
2% + 0.32° ~ 0.63z° + 0.085z + 0.015

n

z° + 2z + 3

= ‘ 2
Hy(2) 2”4 B 3 I5e D

a) Determine which of the systems are BIBO-stable.

b) For the stable systems, find the response to the unit step input.
Identify the (i) forced respomse, (ii) natural response, and (iii)
steady-state response.

BZ) 0.245z ¥(2)
z2 - 1,16z + 0.411
a) Find the steady state response to the input signal x(k) = 2cos(0.2km)

b) Determine and plot the magnitude and phase-response functions.

Determine and plot the magnitude frequency response of the following digital
filter

y(h) = 0.00808 x(k-1) + 0.01245 x(e-2)
+ 0.00479 x(k=3) + 2.058y(k-1)
- 1.4534y(k=2) + 0.3701y(k-3)

Compare the magnitude-frequency responses of the following two low-pass digital
filters by plotting their response curves in dB.
0.0272122 + 0.02177z
5,2 =—3 2
z- — 1.958z" + 1.3376z - 0.32896

0.016152% + 0.0249z + 0.00959
H,(z) =—3 )
- 1.9582° + 1.3376z - 0.32896
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1' L3 2
He (%)= BZ® +24%*+24% +§
2573+ 212+ 11 g 7
He (%)= 23+ 05%%+0.02% -0.008
Z++03%X3- 063%7+0.085% +0.015
Al ey s )
Z) =
Ha( T3 +REZ 23R+ 2
) Letermine which of the Systeme _are BIRO) — stable .
b g 2 ; 3 \ 2 hesy r Z £ (¢
) For the stable gystems Finol +the respense o the anit step mpnt Llent f:{
Ahe (i /f"orceo( response &) nafmaé_‘:rseslfmnsex, anel i) @feaoég—sfafewfmse
Solution: QES+ 24 B> 424 R+Q  _ g CE+1)3

Hig)y =
’ 2PES 21X PR 25 (ZH0.75072)(X+0.04464 -J0.6070% ) (Z +00a46d-4,

Q) This fygmm re BIBO stable because =il the />®les cf ~the s/{o‘em are rngicle wnd

L)) APP{%‘ —H‘:e tentt @'l’e/b o 7/4\9 Fn/;vwf, we Zawe >the Ye,g/ao-nge

Y (Z)=H(Z) U

g (z+ 13 3

] 0.609 Ogﬁ)

/

t cincle

25(Z+0.15072 ) (E+0.04464-~0.60908) (X+0.04464+]0.60(0%) z =l

3 R
o2 2% v = £ o w Sk e :
(E-D(E+ 0.75072)(Z+0.Q446¢Uo~6070g )(E +0.0464+ Jo .Gopel

2,2 (-OF® g2, = 1

&= (x+o.5072)RER) lzz —EoT2 = 0.00326 - (- .75072)k

k
U

L 9523297

&ZO

gsz (2_{ +0 \O¢M“j0\60?08> F(Z) } Z_——:_ = ocuéa_‘_\j © \60?08 =.S%88§ﬂ8_2;£0(.610
L ! i
L= (x+0.04464 + jofoqor )FE) | = ~0.0426 ~Jo.co708 e
* 3| k ko532 )
YR) = | — 000326 (- ~T5072)" 4 033883 £18258°(.CloT1) - €
g -jkoB23291
4+ 0.33883/182:98° (L 610T1) -
/ k A L
= 1+ -0.00326(~ -T5072) — 0£76T4 (.61071) o8 (0.52329 )
-——v._../ L S S o : s Py R
e N
fwc 4.3 ( '—QI\OSSZZ (.6;07()&&\«(05232?%1T) —
8"{4‘% YESPQY\%Q i i bt .4
4 35 natural responee .



1 Cconr) Ho(z) = 23 + 05 %*+0.02% -0008 _ _ (2-0.D(E+0.2)(X+0.4)
! Z410.383%-0.63%%+ 6.0852+6.015 (Z+0.) (BE—.5) (R—0.3)(E&+1)
@ Ths ystem fsnt BIBO — sfable , hecause —there e a /w/o,ﬂ , On unt cirele .
b) Neone.
by o - EERERE RA L L (X414 o) (Z+1= JIE)
¢ ZS+3X*+3E+2 (Z+2)(2+0.54]0.36603) (Zi—o\s—Jo}&‘ééOS) ,
e | ] /
§§§ Q) This gystern is not BIBO— stable , hbecause ol he peles are outesole o -
;%g on  Ahe wumid ocivele sf = *'/O/MQ
b)  Thene
2. X(%) 0.245% Y(&>

ZZ- 1. 16E +0,4-1}

Q) Eindd -the sfeaasp stete regponse o +he m!a»d‘@‘oqwal x(k) = 2 cog QE;?*K?."!')

b) Determine ool plot_ >the m?/am:mo?e ool phase = regponse fonctions .

gc\u—ﬁoﬂ:ﬂ)#ccevv&n‘\cf ~the leture , we Aave sthe Q‘/“eaa\élj vesponse Ao xk)=Acos(wkTHg, )
Jk) = A|HeI®M)| - cos (wikT o1+ ZHEM™D) )
Ee—m . the @iue«ﬂQ . we Hhowe
oT=02T , ©:=0° , A=2, ool
HEeIPeT e L 020y e\smw = o."[oéeeé'gs.OB"
eJOA—’T’I’_‘ e e \,DJ_TT_*' 041
77»(48 7
yck)=2x0.70666 o3 (o.2kr—93.05°) /
= 1.41332 coS (0.2kTr - 93.05°)

/aay:f Cb> e eontinweod on mext /-mge




&
NaTionaL

2. CCONTY)

b) H(eﬁ“”) — 0245 ( cosWT + je™ wT)
(S 20T = .16 CoSWT +o\4ll)+5(§>n 2T = 116 &@™wT )
Atw) = 0.242
J 2 51452— 095352 coswT +0.82208 28T — 2,320 30T
Gt
Pla) = — wT + ———— Sin2wT — 1,16 St el
oS 20T — 1. 16 coSWST + o 41 |
wT ,
E A) P (w)
0.00 0.97610 0.00°
0.06 0.45703 21.62°
0-10 0.25697 45.01°
0.15 01833 0. g2
0.20 0. 14872 73. 05°
0: 25 013132 i - 29°
0. 30 0.12396 124-. 776 °
0.35 0.12422 -225.30°
0.40 0. 13225 —z.}’[. r3°
0.45 0. 1508% 2l .
0.50 0.18832 -206.92°
0.5%5 0. 26914 203 .RES
0.60 0.47393 -199. 34°
0.65 0. 58936 >\ -196. 25°
oS0 0.31253 | =193 . 47°
0.5 0.196490 —190. @2°
080 0.14582 —18% . BK°
0.85 0. ”qa,o' -186. 31°
030 010495 —I84.1¢°
096 0.0¢n57 82 .4t
1.00 0.09529 -120.600
Alw) Prwd
10 1
1307
LA
ol . > 0
e  Fi A
! i ! 057 1ot wT
, |
7o'y ;
\\wf”)x -l%‘% - : - T e
| ‘ ; - S
0 05T 10T wT ‘




&
W
naTionaL

Solutions Yek) —2.058 Yk-1) + 1,453 §(R-2) —0.3T01 Ytk-3)

3.  Lesrmine avil plat- the moansiuole - Bepponcy response of the }%L/W,,\,fogg,-fa& bk
f LS 4 [ ~ 4
Yjck) =0.0080% XR~1)+0.01245 A(R-2) t0.0047¢ X(k-3)

2,068 Yth—1) — 458} (h-2) + 0.2T0l {k-2
= 0.00808 X(R-1)+0C.0I245 K (k-2 )+ 0\004_7‘97(&—3)

(1-2.058 7' +1453 X"~ 0.8701 £73) T(Z)

=-(0.00808 X'+ 0.01245 X" *+0.00479Z"3) X(X)

Hez) = X&) _ 0.0080% X' +0.01245 X~ *+0.00479 23
X&) | = 2058 %7+ 1,458 x> —0.370] X%

We are going to fiol AW fist,
be=0 > b;=0.00808 , b>=0.01245 , bLa=0.0047? , bn=0 . n>3
Go=1 >, &=-2058 , Q2=1.453 > Qs=—0\370| » O0n=0 , n>3
do= 0.008082 4 0.01245™ + 0.00479 2 = . 000243
di =bib> +ba bs =0.00803X0,01245 + 0,012 45 x 0.60479 = 0.00CI60
d:=hib3s =o0.00%08 X ©.00477 = 0.000039 . da=bebs=0
C,: as+a +a" + ag = T-48384T
Ci= 0o 0 +a xx+0:az= —-5.586029
C2=0o@at0;Q3=1. 453 + 2. 05% x0.3T0| = 2.214665
Cy=Qe0yg = ~‘o.37m

0.000243 + 0.00032 GswT + duooo;r% s 2wT
T%%‘SA'[ = 11.172065% SAT +4 42433 w8 2w — O.quzcos 2T

S By =

0.00024-3 1+ 0.00032 R WT + 0‘0000?8 o’ 2T .
T@%%‘S T —1N.172068 cosadT + 442933 OSSO, fap o

At = [Rwy =

=R




SHEETS 5 SQUARE
SHEETS 5 SQUARE
SHEETS 5 SQUARE

3. (CcoNT.)

i ACw)
0.00 0.9992
005 0.5519
0.10 0.2033
0.15 0.1843
0.20 0. 1110
0.-25 0.0662
0.20 0.0402
035 0.0252
o04o 0.0163
045 0.0108
0.50 0 \0074
05 0 .0050
0.60 000356
0.5 0.0024
O.'(O 0.0016
0.75 0.0011
020 0.0007
085 0,0004-
630 ; 0.0003
095 0.0002
[.00 0.000 {




% Ce?r;mn@ sthe magnitude —freguency regpenses. g;ffﬁg,/%/{emag Hwe low —pacs Lligital

filter é,u' /J[uff—p‘r;(,) their vesperse curves in olB

0.02M21 * +0.02I1TT £

Z)=
it K3~|\9582L+t\5%76£—0.-3z%76
He ()= 0.01CI5 £* +0.9249% + 0.00957
Z3 —|.958 2 L‘H&%fe X -0.32%96
Sclurion: For H(Z) , we rewite

PR L EEL . 0.02721 + 0. 02177 2~/
I —1.968 2! +L337sz~2_0\528%2‘3

Ferr H=(&),

TR R E 0.0(615 ¥ 0.0249 X~' +0.00959 X~ *
I-1.958Z ' + h337‘6£'1— 0.32896 %3

TAhenr s /76-» 'ésw—lpgﬁsﬁgw H(CED
bo_—_o\oztrzi > ' by =0.02497 R bn=0 , n>)

do=be+ by = 0.00121431 7T © = beb,= 0.000592362

>

For s v,poc.&s Hz (%)
be=0.01615 , ;=09247 |, L>,=0.00959 , b, =0 , n>2

do=ba+b? + b = 0.600972801 , o, =kok+ bib,= 0.000640926

d 2= bobs = 0000154879

For dottn, Hitzg) avol Haltz=)

Go=1 , @=-1.958 , Q=13376 , Qs=-0.32896 , an=o0 , n>3

>

Co=aS+ar+ al+ad =6.731152442 | ¢ =a.a;+aa,+a:0,=-5.01T03T696

Cz= Qol=+ &, 0x= 1.9817T703630 Ce = RoQz = -0.32%96

l//
. A () = 0.00121431 T + 0. 001 [ 84724 CogS WT
i P 6.'(5H5244—2-10.05¢07539 BT + 3.963407360 COS2WT —0.65 792 oS BT
AZUm - 0.00097280! ¥+ 0001281852 cowT + (). 00030%758 cos 2wl |
K2 ’-

631152842 — (0. 03407539 cOMWT + 3.7 3403£0 oS 2eT — 0.45 772005 BT




4 Ceont

(d®) O

25 1

(i)

0.00
©0.0%
o 10
0.5
0.20
0-25
0.30
0.35

. 0.40

0.45
0.50
0.5
0.60
0.65
0.0
o-Ts
0.80
0.85
090
095
(.00

AH\Cw) "M dB

_0\29
—2.05
- 6.30

-%.85
—12 81
-16.93
=20 28
-24.62
—ZT@z
2082
—33.58
—36.04
= 38.56
—40.8¢9
—43,8
—45.50
—4T7.93
= 50.5'[
-b3 56
-B6.177
~-58.59

Auw) o dB

=000

~ g
=Bl

~3.]0
—12.95
=173
—21.57
—2556%
- 29‘32
-3234
—36.2|
~B3TAT
—4272
~4£.00
—-49.40
5304
TE5L63
-61.53
-£6.66
=Tt

- T4l

T

—




Home work

nos 4 b@fscrefe SE?m[& amol K%fSthS %6:1 Ci/f&n

ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

42-381 50 SH

42-382 100 SHE

42.389 200 SHE
inU s A

e
A
naTionaL

F\ Sy Ledrwre %

Zésk:lq the Iﬂwf shet ) XCtken) = Xtk ol

/

Show sthat we can yeplace Lemits /‘wm -N/2 20 N2 -] 4+ 8 40 N-1

XfJ(CO‘n-\—N)] = XCJOQn)

NG —(
{X(tk)_"_ Z X(.Jwﬂ)e“[wn‘b‘& &:,Q)|)2)\‘, ;N"‘
5 NL—|
= Y‘Z_L.ngmed“”” 22 > XGunelttk
=N/,
Ne -
gommtk | aw £ x i, 0™
= %—Jr"g# )’FZN/‘ZXCJUOnpN)e ZN  n=p 8

K(jwne)=X(jun) &

Whin = OEN)AW =NAWAFNA® = On+ NAW

,XQTK)Z%}SZJZ‘X(MH) gttt e pIITh , an o :/Z % Gum el
RBut Amz—%— ool th = kT
e GNAwtR _ QJN.\—Z,%%Tz egz?wr S I G
Nfz—| o
S X =S »y X(owe etk | AW » = X(an)ewn‘fk

N-t t '

AW o

= S :;0 X (e /
Z& Showed 1

Tie




Homework  no: & Discrete. Signal and Systems Ross b ’

NATIONAL

7“2 Fmol a c[cseo(—ﬁ-rrm expreagion fov the DFT of +he follomhg °€3&°@t§k.§i§;’,‘,":{i
/ / Y

K = ﬁe‘mk for oshks 7
0 for 25?25-3( %E)

SO‘U"C&‘O’L: ai < o
DFTIX]® Xn= 2 €™ e
T _oz+‘1m)¥{
> e & for n=o.1, 31

|- e_(onrJ )(7+|)
| =@ - (0.2 +jx20)

—16 e = = /

FOR n=o.1, ~~~,'3>1 ‘@*

- - - &nd - - - -

T-3 Tnd a olesedd- forme expression f-’uyfmﬁe DF'[: of the l6-pont sepuence.

,xkzzf 1 fr osksy

15 e 2T b
Solwtion? Xn= DFT [Xk] = g;o Xe € S Te
-
_ x> eiw K
f=o .
~” (r+Fn
—eiw
e N 1-(2“"%H
A ’00760'7 !oac
' ¢I>n zsq—csfs 9«:1.12;3(&:;?&) ‘- |— egrﬂf N é_Jr_lg_”-%r eﬁagf _"e-‘gi"—% /
S L e e ITE _ 1N
.
Je ™ sin (%) e Ry M0 1 » V6
€ Sm('m‘") - L=

. . e T me e o o o o Bl o &
T-4  Use She result obtainedd n  Prob. /=8 o fino( Ahe DFT 3f the fbllbw"t?h 16-point seguerce

{ for k=0
B = { 0 for  Iskse
I for gskslIE

@Wé HhiS Seguence o sphe seguernc® n Prep. 7~ (a&sw.wnj

g XK’ now ) L, we see that %K":X/—K,
=il sin ("M/2.)
X, = e 3% - “oin (nT/i6) /

5!\1 preperty 3 ., we  howe

a i _ejj,lgl~ sm(nt/2) ForR  m=o,1, 15 =
Xn= Xon = &m (Mr/ie)
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i
thm,te Signal_ond Systems | Ben Chen

Homework  m0:5

HEETS 5 SQUARE
HEETS 5 SQUARE
HEETS 5 SQUARE

narionact

T-5 Sotermine she DFI of the following 16— peirt seguence:

0 for  h=o0-1.2
=95 1 for 3sksi0
0 Sor N sk=IS

Solutions A’sswm;zr enee c%?m')z Shatl —the seguence m Preb. 7—5 rs Xg L then
Xk = Xk-3

By _preperty T

Xn=DFT[Xk[ = DFT[Xx-a]

ST L.
_ebJTsn.Xy:

_ e UF . U s (") &
Sin (n/16) /
jssmr - (mr y
= o478 | Snll/2 =0, 1, o, IE
= @ (M) FOR m=o, 1, S B ——

-6 Consider  sthe ﬁ%wu/h\zy 16 = point” sgaal

Y — Q-O‘SK ; {br os ks5
5 0 fr 6sksI®

@ Lotermine a olocedl - form expression for +he 16 —peint DFT c;f-fhe &{‘?nd

(b) @Lspla_g She Fime€ 8/‘,?71&( X omel s DFT = X, in 'magnituc@e fvr -i6sn, k gal

©) Uze the mstdf ]ﬁwnof o ,}am'l' a Ho ebtain ke OFT 9;70 the ao’m,p/evx &z?mp_(

I

5 e -(o.S—JTrM-)k for  ©s kss
X

4] for 6sk <15
_:8nT /
SPERIEEE . ORI s a7
Solutien s (@ X,,rgoe °B§ iTe = e e 5. o JE €

Cl - e‘5w$%1)9“+ (g2 gin Py

(b) ‘anz -
(1= e 05 B2 + (e~ °5em"")
v
_ 1+ e ®-2edcos BT 104979 - 0.09957 008 (o5
= Q"E -2e" 'D "gr 1.60663 — 1.21306 co%(oa25m
Ancd  the fellswrng_olete. for [Xn] are obieineol from my HP -4 CX
m= . 0 2 5 4 5 671 & 7 w© u =2 B & B

IXal=  [D54 1518 Li84 0926 0846 0688 0653 064 O0B8I 064 0€b3 063 oga6 ofz6 11 |58




) PP 7EL 2 e
1—6 (ConT.) (b)
Xk
- - £
s 1 : o
'y It i *
HELYOR RTINS R £Y (17 FRNS NS LAY PR k
“le - -2 -0 -8 6 -4 2 o 2 4 6 @ 1012 & |6 1% 20 22 24 26 2% 303
[Xn|
§§§ 1= 4 A i
55 ¥ .18 iy f
poses ERERR att e et lipide., ch
S [ LR e loe® ) ! pi G L b e Ll g b Yo wemy ) 0
Zxz ‘])|;1;:§T:l:::‘5(‘(li)ili::tilgiéisg‘]:}:xl*t‘! (4//
8§§ lil.;iqt;t:f,“lfl1ﬁ!")!i;,i#‘§fli\iti||}'ili51;\f
i 164 -2 -10-8 64-2 0 2 4 6 % 0 2 4 1618 20 22 242623 N 32
Q9N i C 2y 2~k
s © ethya = QJTe = m=2
"2«5
: = 8
5 YOm ‘PVOPG/ [ P
-3 3T (n-2 ]
Xn = [ g He = - FoR  wm=o.1,2 I5 -
& |- @6 % (M2 B
T-T_ Prove she fb//owfnj mla:twnski/::
N
P osemma-nk _ § N . for y—u=mN, m=o.1.2,--
k=0 0 elsewhere
VE = _ .
TROVES g-' e.lwrm)(zr—n)g{
k=0
Jer/n)(r-n)-N
—_— l_e FoR T-N = MmN m=0,1,2,
i i ej(ixr/u)(y—n) ’ = e
O —
Iy T eJ'?Jr( n i R T-NEwmN A 2y s
. e,j(zw/u)(x"n) ’ ’
Fcr ¥Y—N =wmN, m=o0,1,2, "
j(xvr/N)(‘(—n)k ol e\;(a:r/,\j).m.“\k 8 sz%ﬂr ’
Nl Z _
ZQdQRJI'/N)(Y Yl)k -
=6 /
- PROVED ! \//




- =1 S

o
Ay
rNaTicNAL

T8 Use she w&fr&nefvfp in Prob. T-T7 o show Ahat sthe DFT s}/-fhe N—poinl”sepuerce

9<\<=0~'5(If60$—;2—4°,\11) R=0.1, s N-1

Jns _Ahvee memzero gw;ﬂea ardl heit the M%V,Mrﬁ,_w&s,.ﬂgﬂ all zeyog  What are sthe

three _acmzero samples 7& the DFT ? This sepuence is calleol he Hmn)‘ﬁh&z@ﬁu}.

R k & bl
Solutrons Ak =o\49,€“2&w—0\25€“‘w —o25€ 4N +o\onre i +0.04-€

SHow Xk =05 (i- co&l%l)

by szr _z‘faw
=05 - 058 3y =05-05-L (ed N + eI TN )
2k 2k

=05 eﬂm —o02503 N _poped T

shar ZEQTT _\zil'ff jz&
DFTEM:XM?_ (05e L ozsed ™ e TN e

F @O N- n)f& i) (1 n)fi N @) (1=
Z 5 € Z e 025 !
&— goe

4/op(gh’r\? sthe velationship i Prob, 77, we have that

X IS nenzeyo iff n=0 , MN=1 onnel n=-[ , o N—I

(&

For n=0 R Xo = 65N

N= i X| = -O\ZSN

N= N-1 > X -1 = - 025N

-7 Obtain,_the DrFT a/7£+l:€ f"”Mhzf Blackmam winolew sepuence :

Xk =0.42-05 CGSZM 10.08 o8 _%l h=o.t N

al

o 27 S 2T

©

. L2
DFT Xk} = P;ZD_' (04207 ™ TT—0250° T Z0.250 Y oon e

=
g_g 035 =

NV YN (2 mk N-1 j(zv/n)(—'z»n)k
+0.04

+ooﬂrZe =L

Ii

N=' _ J@m/n)(N- m{i -1 JEIAD (t-mk N- JET/N) - n)f
a4z > e’ 025 %: e el

7/

T hus

Il

0.42N b

n=0
~025N _ for n
n
n

Il

1

X - 4—0.25N /fcr
0.04-N - fw

0. otLN / n=N-2

cleswhere.

]
N1
-3

Il

=

_J%nk

7o
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7-10 Fondd _sthe DFT o[/ these gepuenceg:

@ Xg = ejcwr/mmk R=0,1, ~.N=1
(b) Xk:mg%k &:0)‘1 “‘/N"‘
@) A = &?h%‘k k=0.1, N1

Selwtien 2 @) B i R 4 N
St @ e B gk ook ey
L Ny“ ° g(zr/n)km*n>¥< :
k=0 /

" N 'fOY‘ n=m 4 (Aegwme m<N otherwise n= m-mod-N
0 eleswhere
’ 5 =
(b) Xy = o8 2T k = 050%™ R
DETCxT = 0.5 & ej(ﬂ/N)(\*“)k - eg(zxr/mm-mk
FT XK] N \S‘&—"—‘—O /§~=0 g
g O\SN f@Y‘ n=| Moq n::_N-—1
0 eleswhere
N ~ _smank _ _semmk
> XK:SM%‘—_&:(LBjed fo\s\je“
: 7 e j(zv/u)(—l-n)k o N o JCZYT/N)(i-YL)€
DFT %] = 0.5 § '%0 € —0.5] &Z'—”O
0~‘5Nj for n=N-| /
- lTNRR for  m=1
0 eleswheye

-5 Find he coreclar esnveluwtion qﬂ “the fbrllowh'nj oo egbhr—/wmfl' seprences s

X = gO;l, 2,83,4,2, O)/"Li“ anel HK=52)4'3)1’0’_‘)“2{3

/’u
Selwtion: .

8 1 2442 0-10112{%4 2 0-1.0r 218 4 /
k=0 2'1 =10 1 848 ——\‘J//
h=1 S, i =681 8412 = 2
k=2 2it,-L0 | 342 = 15 |5
=3 zl 48 1 B4R = 27T
k=4 2 -ho B4R - 82
k=5 2:0~lie 113 4 2 = 30 (‘/”/
k=6 211011 342 = 20 it
k=7 2115 ) &4 2 = | e
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& , T=ZWax [oZ>ouDdk-02 / //
WU ./.,//V/w/ow// p/uu /w/u///,w_
M ~ 13600724000/5«%01 /
1 g b o ,
= O~ — o © Q
g4 .. I T T T TR TR I z N2RBAB &
o0 J ~
, 4 TR TR TR TR
RN 9
o ] ) &
w _ BN
: m @) - g T«
o : w_ ey O - W?f o -
5 O = W N T~
~ Q = o e 40@!‘2
kS I 1 o - - =7 m - o T —a
,m L Ie) = e e i ¢ B — 0T = o
I o i S S f] —+wm-_—0T -«
m - 7 T === T T N ON<EMm—0OT -
$ o 2 “ Gl s e DR ¢ T XY ®Mm_OT -
,m 5o ol e S g8 o o o .= o
q Ll; o - - - -7 7 77T W S N g N —0
m < ~ ~ % - = T T T < N ) —
§ [mclc_“( lllll sk SR AN 8 o & m
) m%u_« 8 — =~ 7 77T o ~
;% Q- -7 777 = o~
Q O-77 77 3 ©°
O+ 77T ¥
[ gT 7T b
- =
S ,m 0 — N ™ < 1n O B~
o7 3 T
- 3 .pmmmmmmmm
m O =N M I b e o O = o g =
= O S | S S A (T | S T T = -
0 SP ol o o of oY o Y o Y K Y K i z
} (=
il

IYNOS ¢
WYNODS §
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S133HS
S133IHS
S133HS




Homewerb _7no s _six

io@icm_te Q«(?naj ancl S"gcfm i

,@em m. Chen

.\r.
A
.

131 Use she z:em-/oaclb(mf Fechnigue to evnluate the 64 -pent DFT flem 40 values of
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C A PROGRAM FOR PROBLEM 7-31, HOMEWORK NO:SIX, BEN M. CHEN

.

107

ig
13

14

20
108

COMPLEX F(B43,CMPLX, BENC, CHEN

N=64

DT=.1

D0 5 I=2,64

FCIJ=CMPLXCEXP(-.1*(I-133,0.)
FL1)=CMPLX(O0.5,0.3

DF=1./CN*0T)

CALL FFTC1,N,DT,F,BAD)

WRITE (6,107]

FORMATC 1, 7X, *COMPRISSION BETWEEN THE COMPUTED FFT AND THEORETICAL
FOURIER TRANSFORM®//5X, ’FREQUENCYCHZI’/)]
DO 20 I=1,N

J=I-1

OFN=J*DF

DPI=2*3,14159265*DFN
BENC=CMPLXC1./C1.+DPI*DPIJ,-DPI/C1.+DPI*DPIJJ
CHEN=F ( I 3-BENC

AMAGF=CABSCFCI3)

FRF=REAL(F(I3]

FIF=AIMAGCFCI))

IF (FRF .EQ@. O. .AND. FIF .E@. 0.) GO TO 12
ANGF=57 . 2959*ATAN2(FIF, FRF )

GO TO 13

ANGF=0.

FRB=REAL {BENC

FIB=AIMAGCBENC)

AMAGB=CABS(BENC)

IF (FRB .E@. O. .AND. FIB .EQ@. 0.] GO TO 14
ANGB=57 . 2959*ATAN2(F IB, FRB) ‘

GO TO 15

ANGB=0.

DMAG=AMAGF-AMAGE

DPHS=ANGF-ANGB

WRITE (6,108 J,DFN,FCIJ,BENC
FORMATCI3,X,1PE13.6,3X,1PE13.6,3X, 1PE13.6, 3X, 1PE13.6, 2X, 1PE
13.6)

STOP

END



[ PROBLEM 7=-31: FFT 40 VALUES FROM expl-t], 24 UALUES
THEORETICAL VUALUES FROM 1/(01+ 4wl

Uo~oUlsWnuro

COMFRISSION BETWEEN THE COMPUTED FFT AND THEORETICAL

*'*ik-***************6********-Ji('-*ik-***#********E*#***********

R Al Pl C0l Tl 0l U sl sl P o €t Pl T 8 Ol 8 Pl $l Pl P50 8 Pl Tl Pl b PNl Pl P58 Pl Tl P8 P P ol P b P8 Pl Pl ol $8 Pl ool P ok o

FREQUENCY(CHZ)]

O .000000E+00
1.562500E-01
3.,125000E~01
4.687500E-01
6.250000E-01
7 .B12500E-01
3.375000E-01
1.083750E+0Q0
1.250000E+00
1.406250E+00
1 .562500E+00
1.718750E+00
1.875000E+00
2 . 031 250E+00
2.187500E+00
2. 343750E+00
2 .500000E+00
2 .656250E+00
2.812500E+00
2 .988750E+00
3.125000E+00
3.281250E+00
3.4%37500E+00
3 .583750E+00
3.750000E+00
3.306250E+00
4 .062500E+00
4.218750E+00
4 .375000E+00
% .831850E+00
4 .687500E+00
4 .843750E+00
5.000000E+00
5.156250E+00
5.312500E+00
5.468750E+00
5.625000E+00
5.781250E+00
5.937500E+00
6.033750E+00
6.250000E+00
6.406250E+00
6 .562500E+00
6.718750E+00
6.875000E+00
7 .031250E+00
7 .187500E+00
7 .343750E+00
7 .500000E+00
7 .65B6250E+00

oulpuouoiunuiguodouououoooouaaeuauouUuOaoO o=~ = pUle

COMPUTED FFT

REAL PART

LO31587E+00
. 608324 E~-01
.B4171B6E-01
: 1B2838BE=0D1
«137B28E~01
- 188633E-02
+SEEBESE~08
H28B16E-02
558861E-02
.29856BE-02
.283788E-02
: 754BHBE-02
L211101E-08
. 713B14E-02
«SO74BRPE-08
B35153E-02
.397635E~02
. 466266E-02
1921 72E~08
.268056E-02
+158101E-02
. JOB758E~-02
.272136E-02
«HO0R7HHE~-0R
+ 195580E-02
. 326883E-02
. 300422E-02
- 181054E~02
- 2558986E~0F
. 196735E-02
s 243218BE-02
- 321 568E-02
153637E-02
« 321 5685E-02

22321 IE-0P
- 196794 E~02
- 358985 -02
. 1B10S4E-02
. 300420E~02
- 32b39B0E~-02
. 195530E-02
« $O4Y7HSE -0
2721 36E-08
-308758E-02
.159100E-02
.269055E-02
4821 73E-08
MB627HE-02
. 397634E-02
JBAS152E-0p

IMAGINARY

0 .C00000E+Q0
-5.128145E-01
-3.880615E-01
=3.0006H4E-01
-2 . H40I814E~-01
-1 .87B410E-01
=1 .68151392E-01
-1 .375700E-01
-1.185092E-01
=1 .0B496518E-01
-8:138200E-07
=8 .,233652E-02
-7 35881 0E-02
-6.5338986E-02
=6.1547 79E~0¢2
-5 .4B5366E-02
~4 , 083983082
-4 .640236E-02
-3-3987061E-02
=3, 7158%99E~02
~3.380815E-02
-2 .8788B36E-02
-2, /B4 eE~0QR
-2.3184827E-02
-2 .02¥180E-02
-1.875500E-02
-1.%180BBE~02
-1 .301123E-02
-1 .018151E-02
-6 . BRI HHE~03
~5,8282181E~03
-1.80¥981E-03

0 .000000E+Q0
1.8013820E-03
S5.874145E-03
6.621468BE-03
1.010152E~-02
1.3017eBE-C2
1.41B027E~-02
1.875502E-02
2,087181E~-02
2.3184e7E 0P
2.761441E-02
2 .B788B36E-02
3.388814E-02
3.715B50E-02
3.987062E-02
Y .6HOE3BE-02
4.883983E-02
5.485361E-02

THERETICAL
REAL PART

.000000E+0O
. 082084E-01
LO58589E-01
.033650E~-01
.0B86BB7E-02
» SBH7HHE~D2
~BO1IE81E-08
.073501E-02
/59527 7E=02
.264700E-02
JOE6B75E~02
.501720E-03
« 153581 E-03
.101764E-03
.265641E-03
.580073E-03
.03648B8E-03
37 7223E-03
.182028E-03
. B65804E-03
o8 7112E~03
« 327151 E-03
.138068E-03
. S574B3E~-03
.788027E-03
: BB/@85E~03
2 IHSHE~Q3
«42118989r-03
+321630E~03
«232165E-03
+151482E-03
.078470E-03
,012186E~03
.518B2BBE-04
:967115E-04
L HB245BE~-0O4
« J893220E-04
5723986E-04
- 17994 3E-04
.B816710E-04
. $80353E~04
. 16B2B6E-04
: 87B225E~04
.60B8150E-04
.356266E-04
.120876E-04
.300852E-04
.B94621E-04
%:501137E~04
4. 318370E-04

FENONONOONNNDOUORRRrR, R RPN WWEFEFAD O, P, RrURWOR U~

FOURIER TRANSFORM

e e e s ke e e A e A 308 e e e e e A

%RDH ZERO-PADDING;

VALUES
IMAGINARY

0.000000E~+0CQO
~-4.8883152E-01
-4 .044013E-01
=3 044 350E-01
-2 .. 391407E=01
=1 .856007E-01
-1.600087E~01
=1 H2H958E-01
=1 JES2928E-Q1
~1+1174565E=01
=1, .008132E=Q1
-8.181188E-02
=8 42754 3E -0
-7 . 787511E-02
=7 .237343E-02
=B . 759% 41 E-0Od
-6 . 340501 E-02
=5 . 8970282E~02
=5, G407 78E-0F
=3 . J4EEHYE-02
=5.078782E-08
-4 . B35052FE—-02
-4 .620058E-02
=4 .41 8990E~-02
o . PIGSOLIE~02
~4 . 0676 14E-D2
-3.811657E-0E
=3 . 767£200E~=C2
=3 . B30I VE=02
-3.508057E-02
-3 . 381 386E-02
=3 .2B2236E~02
~3.178877E-02
=3, 083703E=02
=2 .,9893171E-0¢
-2, 807799E-0¢
-2 .827158E~02
-2.75086BE-02
-2 .678573E~08
-2. 608883k ~02
-2 . S44Y8e9E-02
-2, 482B837E-02
~& . HeA7I3E-08
~&.: 367489E-02
=2 . J1LI7HIE~02
-2. E6E378E=082
- 2132844 E~08
=2, 166188E-0p
~2.1281111E-02
-2.077860E-02



50

=1

b3
sS4
55
56
57
58
58
B0
B1
B2
B3

ol dodo®@ao~N

.812500E+00
. 36B750E+00
. 125000E+00
.281250E+00
.437500E+00
.583750E+00
. 750000E+00
. 306250E+00
.062500E+00
.218B750E+00
. 375000E+00
.531250E+00
.BB7500E+00
.B43750E+00

FORTRAN STOP

Hur=WUOsNnonluyulu

.507480E-02
« 71361 3E~02
.911101E~02
. 754B44E-02
«283788E-0F
.2898567E-02
.5588B53E-02
H2BE13E-02
.582886E-02
. 1989628E-02
.1378288BE-01
HB8EH37E-01
.B41716E-01
.608323E-01

6.157780E~-0p
B.53338BBE-02
7 S8B811E-02
B.233852E~08
9.138200E-02
1.064618E-01
1.165092E~-01
1.375700E-01
1.615182E-01
1.8784%10E-01
2.401814E-01
3.000644E-D1
3.8B0615E-01

5.128146E~01

1. 148394 E~0M
3.887371E~04
3+ 83554 3E-04
3.682224E-04
3 .556790E-04
3.428672E-04
3.307352E-04
3.192380E-04
3.083261E-04
2 .373660E-04
2 .B81184E-O1
2.787528E~-04
€.688358E-04
2.513398E-0%

—2.036338E-08
~1 ., 38644 2E=DR
-1.9580739E-02
=1.8811B1E-0°
—-1.885610E-082
-1 .B51350E-02
-1.818312E-02
-1.78E432E-02
~1 . 755651E-082
=1 . 785812E-D2
-1 .6897163E-02
-1 .BE3357E-0O2
~1 ., B4HYBE~0R
-1.B61B63B3SE-02



Do~oU+EswWwnu+=o

s B s s
NoUlFWnuE O

FFEFFrfFWwWwwWwWwwWwwilniuniiunuiuy
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SN NN nnUinFEFEFEFEFFWWWWWNRUNNRNNRUNRRRrRrRrRONOFEWRO

45
46
47
48
48
50

DEFFERENCES BETWEEN COMPUTE
FOR FFT 40 VALUES FROM EXP(-T3J,

D RESULTS AND THEDORETICAL RESULTS.
20 VALUES FROM ZERO-PADDING.]

***#*******iﬁ-***************#***—**é*#******#************************#*’

FREQUENCYCHZ)

.0O00000CE+00
«SBES00E-01
« 125000E-01
.B6B7500E-01
.250000E-01
+B12500E~01
.375000E-01
«083750E+Q0
.250000E+00
.406250E+00
.562500E+00
.718750E+00
.B75000E+00
.031250E+00
.187500E+00
. 343750E+00
.500000E+00
.B56250E+00
.812500E+00
.96B750E+00
. 125000E+00
.281250E+00
.437500E+00
-583750E+00
. 750000E+00
. S06250E+00
.062500E+00
.218750E+00
.375000E+00
.531250E+00
.687500E+00
.B43750E+00
.000000E+00
. 156250E+Q0
.312500E+00
.4BB750E+00
.B25000E+00
. 781250E+00
.937500E+00
. 083750E+00
.250000E+00
.40B250E+00
.562500E+00
. 718750E+00
.875000E+00
.031250E+00
. 187500E+00
. 343750E+00
.500000E+00
.B56250E+00
.B12500E+00

U uoinuaunuonuauouooaoouauinEnlesN s EnEN s FE 0w

DEFFRENCES 1IN

REAL PART

. 158653E-02
. 162305E-02-
.821176E-02
-$82B78E-08
.e88621E-02
.C1HBR3E-0F
«791588BE~-0P
« 305 LIME=0g
SB3ISB4E~-02
.033B6BE-02
~CanglYE~O8
- S04474E-O
« 18679 8E~02
- 103%38E-0F
.880818E-02
: E3B14BE~0g
«383887E-02
« 10854YE~02
&7 e 70E~02
.982476E-02
-200380E-02
« 07404 E-OF
AISBEEBE~DE
.208338BE-02
«Q15787E-02
. 161853E-02
1471 76E-08
«O3BVISE~0R
38 3E~02
.07357BE-02
.128070E-02
«213722E~08
OS5ER1BE-02
.2263B2E-02
A83IMEE~DF

.112P168E-02
27598 3E~082
- LOB3PYE~-D8
228621 E-02
o811 3E~08
. 13078BE~-D2
w3 TILBCE~O2
s ELIISHE-O2
JESEE7BE~QR
L 205537E-02
.2178B46E-02
« 1331 6HE=02
2183PBE-02
«JocBeIE-02
.B5185BE-02
4E55386E~02

oN-10OoouUuiniunFEFFEfFwWwWwWwNRNINURrRrRrREeERPpRRrRPRPggUOoIoFwu~NErFEFORO

IMAGINARY

.000000E+00
J2B8B8EBE-02
.339728E-03
. 370540E~-03
. Q407 7E-03
. 758675E-03
- SSOSNBE-~03
92584 7E~-03
« 78355 7E-03
8IS /8E~03
“E311898E-03
JA788BEE~03
B87332E-03
JESI5P5E~08
OZ356SE~02
L2TND75E-0F
JYERS17E-D2
S30CHSE-0O2
- BRI 719E-082
- B287896E-02
.688367E-02
.960155E-02
.858616E-02
. 100563E~02
20831 1E-082
.192114E-02
«498630E-02
H4BB071E-02
.622868E-02
. B4581 3E-02
BQA877E-02
.10e037E-02
.178877E-02
: EBIRSHE-0P
.5B0OS8BE-02
SB884EE-02
B3I 731L0E=-0¢
.051883E-02
JO34B07E-02
. 2BSYY5E-0P
»27E80e0E-08
. BOBEBYE-02
- 185234 E-02
.24B38BBE-02
« T035855E-02
.878227E-02
.200306E-02
- BOBYISE-02
005084 E-0O2
.SB322PE-02
AT IHE-02

OUMuNEFFWWWWRUNRINNRUNN RN R, ,rRP R R R R pR R OR R0, P00 uE W

DEFFERENCES 1IN

MAGNITUDE

.158653E-02
.B35286E-02
. 381630E-02
. 32041BE-02
89874 3E-02
- SH08HSE~03
. 110536E-082
«EI80SE-0R
-397875E~03
. 123968E~-02
+SB784BE~D3
. E4BESHE~03
+137812E-02
- BB3875E~03
» DO%31BE~CR2
. 132204E-02
. E5938BE~D3
.188217E-02
.136384E-02
.084187E-02
.3395638E-02
. 184 3B0E-02
-JE6S45E~0R
. 157083E-02
«336748E-02
: 57651 1E-02
,271653E~02
.572054E-02
814898SE-0g
. 72858BBE-02
.882671E-02
04061 2E-082
;872150E=02
JEIGHHHE-OP
.281501E-02
«328777E-02
.Beel22E-02
.53002BE-02
.B0OB767E-02
.036614E-02
- O31IM11E-02
.397808E-02
.527047E-02
.B708EBE-02
11 187BE~02
. 1B4560E-02
57301 1E~08
.00350B6E-02
.1576B0E~-02
. BEBHIEE-02
229631 E-08

Pk b e 2 e e e R e R e R 0000 NN N UFEFEFOWWU NN RSN O O

PHASECDEG)]

L 00a00oE+00
.033115E+00
. 580508E+00
. 5S443868E+00
.106207E+01
~57B898E+01
. 554290E+01
.00B8393BE+01
2121 20E+01
J115E65E+01
.B6873BE+01
+ob588BE+01
.31 7422E+01
.B66B78B4E+01
. 764803E+01
«218087E+01
M1 74 7E+01
«B624373E+01
.07833BE+01
«173812E+01
.524648E+01
«B75253E+01
S70457E+01
+123783E+01
» BES538E+01
B27107E+01
278818E+01
» 37HE3BE+01
: 72361 1E+01
LO7V2738E+£01
- 166314E+01
.6178B3E+01
.817702E+01
JO17157E+01
. 467653E+01
«S5STHOE+O1
.306017E+01
. 025205E+02
OIYECPE+0P
.078001E+02
.098560E+02
.118035E+02
. 162856E+0p
271 138E+02
L2051 22E+0e2
.23B358E+02
<2 17097E+082
.230BB2E+02
~JLSEYEE+02
327 34HE+OS
. 370240E+02



51

[ mgen

54
55
56
57
58
59
60
Bl
b2
83

Lot ao

.968750E+00
. 125000E+00
.281250E+00
-437500E+00
.583750E+00
. 750000E+00
. S06250E+00
.0B2500E+00
.218750E+00
.375000E+00
.531250E+00
.B6B7500E+00
.B43750E+00

FORTRAN STOP

NiurFrrrOos~o00ontyn

«B673738E-0F
B7E87MBE-02
» 2 L7 7RBE-DE
. 248280E-02
.2642B81E-02
.525785E-02
. 3S668SE-02
BESOS3E-OR
- 169833E-02
« LINBNTE~Q1
.4B0150E-01
83801 7E-01
.B605708E-01

N IsWRRUrrFRrRRFE LD

-S3042BE~-02
.516830E-02
JO1B481E-01
10B3BLE-O1
CHS7SYE-0O1
- 3468P3E-01
SEH34IE-0]
. 790757E-01
.051001E-01
7 1HI0E-01
. 1675B0E-01
. 144860E-01
.289785E-01

NEWuR PR o0

. BB2892BE 0P
.637208E-02
- 123BPBE-0F
. EOYEEPE~OP
-0518B19E-01
-155160E~01
«IBY7BYE~0O]
.BO9167E-01
.8918975E~01
.487358E-01
.180125E-01
.613176E-01
H437758BE-01

B R s B RS e pd b3 s p3 s

. 376BB2E+02
.408522E+02
«H3BYBIE+0
LMHHOS57E+02
-$B3287E+0P
.495810E+02
. 506080E+02
.5381B4E+02
«BeS L7 ZE+0E
S IE67ILE+OE
.527HUYBE+Q2
- 454880E+02
3151 32E+02



~—ROBLEM 7-31: FFT ALL B% UALUES ARE FROM EXPC-T), THEORETICAL UALUES FROM
1/01+3wl]
‘****************************************

Co~oUl+EsWwu-=Oo

Ll"}

FREQUENCY(HZ)

SNNNNwNOOoOOooonUnUnUIEEFFFFUWWWWWURNNRURN NN RRRrRRREREEO~NOEW-0

.000000CE+Q0
- S6Z500E-01
. 125000E-01
.6B7500E-01
.250000E-01
.B12500E-01
.375000E-01
. 083750E+00
.250000E+00
.40B6250E+00
«2BeSU0E+Q0
. 718750E+00
.875000E+00
.031250E+00
.187500E+00
. 343750E+00
.5S00000E+00
.B56250E+00
.812500E+00
. 968750E+00
.125000E+00
.2B1250E+00
437500E+00
. 583750E+00
. 750000E+00
. 306250E+00
.062500E+00
.218750E+00
.375000E+00
.531250E+00
.687500E+00
.B43750E+00
.O00000E+00
. 156250E+00
. 312S500E+00
. 4168750E+00
.B625000E+00
. 781250E+00
.937500E+00
.Q83750E+00
.250000E+00
. 106250E+00
.562500E+00
. 718750E+00
.875000E+00
.031250E+00
.187500E+00
- 343750E+00
.500000E+00
.B56250E+00
.812500E+00

oV EFFWwWwNUNURRRULNNNNUIRN NN WWWWEE U0 R Eom=uUlom

COMPUTED FFT

REAL PART

.980873E-01
«081125E-01
.06368B0E-01
. 038456E-01
.155071E-02
05401 0E~02
. B72873E~08
146830E-02
670128E-02
. 340824 E~-02
.104206E-02
.287140E~-03
«Sndd73E-03
S128718E-03
~O8044 1 E-03
«428686E-03
»882043E-03
. 149336E-03
.0B3E2B1E-03
.7770B1E-03
«aoeR039E-03
«JUISHEE-03
«120872E~-03
. 366B35E-03
H37TI1IEE-03F
. 729065E~-03
BIOSE1E~-03
.566762E-03
+9089132E~-03
. 5421 F-03
A INBEEE-03
.416706E-03
.110638E-03
.116730E-03
.434826E-03 .
LHBEMEZE~03
.508111E-03
BB 748E~03
53854 7E~03
. 728050E-03
83731 0E-03
. 866B38E-03
.120884E-03
- 303534 E-03
.520036E-03
. 777082E-03
.0B83286E-03
. 143888E-03
:882036E-03
.429677E-03
.080421E-03

FHEESWUWNuuNURERRPONENO

IMAGINARY

.0O00000E+00
-SBEBB1E~01
.020856E-01
.01l4766E-01
. JSHBYBE~01
1 1775E-01
- 388083E~01
. 36488°PE-01
. 184858E-01
OS5 E~01
2B 1BE~-0p
.250036E-02
H10683E~02
.B6B338BE-02
.O14815E-02
MH771L02E-OR
.9668B36E-02
- 203B8PE~-02
073484 E-0OP
.BB7787E-02
«3E3311E~08
981 764E-02
.B653558E-02
I8 IGBYE--02
061582E-02
. 781027E~-02
.51008BE-02
. EH7FO37E~02
.903348BE-03
. 385600E-03
.304020E-03
AR RIE-03
.000000E+00
446103E-03
.80 39396FE-03
. 385858BE-03
- 803336E-03
.24703BE-02
.510087E-02
« TR0 BE~08
.061583E-02
- I5IBBEE -0
.B58561E-02
981 764E-02
~IeI311E~08
.B6B7730E-02
O748HE~02
.5036B0E-02
. 966836E-02
5.
6.

477088E-02
O44B15E-02

EEEF LN D NNND OO RrR R RR, RPN UWEFNO DR, RW O U e

THEORETICAL
REAL PART

.O0C000E+00
032084 E-Q1
O58598E~01
.033650E-01
.083667E~-02
BBY7HYE=02
.801281E-02
073501 E-02
~a95e7 /7E-02
. E64700E-02
.026875E-02
. 501720E~03
-1535€1E-03
.101764E~03
«E65641E~03
.580073E-03
+036488E-03
«877223E~03
+192028E-03
.B65B04E-03
.587112E-03
« 347151 E=03
.138068E-03
- 35746 3E-03
.798027E-03
- B57295E-03
SIEUEUE=03
2211 88E-03
.321630E-03
2321 B65E-03
ABIYBPE-03
.078470E-03
.012186E-03
.51B82B86E-04
.967115E-04
LIBEHBEE -0
.989°P20E-04
<S72886E~04
17989 3E~04%
.B16710E-04
BUISITE=-'
. 1682B6E-04
.B78225E-04
.B0B150E-04
. 39626BE~04
. 120976E-04
«300852E-04
B84 B21E-04
.501137E-04
» 31 9370E-0%
. 148394 E-0O4

RESULTS

IMAGINARY

.000000E+0Q0

+388152E-01
LOYH013E-01

« QU 3E0E-01
«JFIHOYE=01
. 356007E-01
.B50037E-01
424 958E-01
,ES298BE~01
« 11 7355E~01
.00B132E-01
.18118BE-02
12754 3E-02
.« ZB791L1E=0g
JLE3/IIE~08
« THSHELE=D2
- 340501 E~02
«370282E-0e
SBMO778E~0F
« 3HSBHYHE-0OR2
.073782E-02
»B838052E-0OF
. 620058E~-D2
»41.8880E~02
.236501E-02
+OB7614E~02
.81 1857E~D
« /B 7200E=02
. 63301 3E~0P
-508B057E=02
: 391 396E-0R
-282236E~02
.178877E-C2
.083703E-02
-S983171E~02
»S07/7899E-02
.82715BE-02
. 750866E-02
-B78578E-02
. BOS8S3BE-0F
. SHHBRE -0
- 48PB37E~-02
4B3783E~02
. 3674B8E-02
.313741E-02
. 26237BE~02
e l3EHHE-OP
» 166199E-082
«121111E-08
=2 .
g,

0778B0E-02
03633BE-02



%

==

S’

54
55
56
57
58
a8
60
B1
62
63

7
. 125000E+00
.2B81250E+00
-437500E+00
.583750E+00
. 750000E+00
-306250E+00
.062500E+00
.218750E+00
.375000E+00
-531250E+00
.BB7500E+00
.B43750E+00

VLo LuulhoOoOo

SBB750E+00

FORTRAN STOP

6.312691E-03
7 .951376E-03
9.287119E-03
1.104204E-0p
1.340822E-02
1.670127E-02
2.1463927E-02
2 .8723871E-02
4.054007E-02
6.155067E-02
1.038456E-01
2.063680E-01
5,081124E-D1

6 .6B3385E-02
7 410586E-0P
B .250035E-02
9.234820E-0P
1.041154E-01
1 284857 E-01
1.364882E~-01
1.588083E-01
1.811775E-01
e . 354696E-01
3.0147BBE-01
4 .020356E-01
4.3982682E-01

3.887371E~-04
83554 3E-0%
582224 E~QY%
- 5568730E~-04
. 328672E~04
« 307352804
. 182360E-04
+OB83261E-04
. 378660E-04
.88118S4E-04
. 7B7528E-04
.6398358E-04
:B1338BE-04

MuilnpnilwWwuw wlw

- S9B4YHBE~Op
.958078E-082
.821161E-02
.885610E-02
.B51350E-02
H1B831PE~-0P
. 7BE432E-02
788651 E-Q2
. 725812E-02
.697163E-02
: BEE357E-D2
LU BE-0p
-B1E3BYE-O2



~ROBLEM 7-31: DEFERENCES BETWEEN COMPUTED RESULTS AND THEORETICAL RESULTS.

Uo~N~oUiEsWnur- o

FREQUENCY(HZ)

NNNNwNoOOoOOoOOnnnUnnnEEE RS WRWWWWNRUINRNRUINRRRpRRRONOEW-O

FOR FFT ALL B4 UALUES FROM EXP(-T2J1

*#*#*******#**#***************#*****#*******#***

. O0O0000E+00
. aBES00E—-01
. 125000E-01
.BB7500E-01
. 250000E-01
.812500E-01
.375000E-01
.083750E+00
.250000E+QQ0
.40B6250E+00
.562500E+00
. 718750E+00
.875000E+00
.031250E+00
. 187500E+00
« J43750E+Q0
.500000E+00
.B5B250E+00
.812500E+00
.968750E+00
.125000E+00
+281250E+00
.437500E+Q00
.593750E+00
. 750000E+00
.806250E+00
.0B62500E+00
.218750E+00
. 375000E+00
.5312850E+00
.687500E+00
.B43750E+00
.O00000E+00
. 156250E+00
.312500E+00
.4B68750E+00
.B25000E+00
. 781250E+00
.937500E+00
.083750E+00
.250000E+00
.H0B250E+00
. 562500E+00
. 718750E+00
.875000E+00
.031250E+00
.187500E+00
. 343750E+00
.500000E+00
.B56250E+00
.812500E+00

‘ [
MFEFFWWWNUNNURUURIN R R R R R R e R, R peRrpRrglo0olo0o0 NN N~OoOU 20w

DEFFERENCES IN

REAL PART

127 e99E-0
. B6B5755E~05
.0B1726E-04
. BO6GOBBE-04
«oMOILIE-DY
- 9EBSHHE=DY
.168166E~-04
. 31PBBPE-0O4
JHB8R07E~04
.Bl2351E-04%
« 7331 72E-04%
- BEYP0BE~04
<7858 E~-OH
108954 7E-04
24B8002E~04
. 396232E~-04
vaDanSSE~0Y
- 7871 30E-04
21252804
+112766E-04
~Seae 7OE~-0Y
- SB3847E-0O4
B818031E~04%
.008373E-03
.038288BE-03
.071770E-03
.107087E-03
» + 105B3E-03
.187502E-03
<2H3RSBE~0D3
. 283378E-03
«SoBe3BE-03
« JSBS1EE~03
464801 E~-Q3

«S3HL15E-DT .

8181B1E-03
.7081B8E-03
<BOBYYSE-03
JB1BE3E-<03
LY 7I79E-03
. 188275E~03
.350010E-03
. 233062E-03
. 742718E-03
+IBYHY08E-03
. 264985E-03
.583200E—-03
.980526E-03
« 141 88RE=03
.987740E-03
.675582E-03

~OoutmuniudFEFFFWUUWWWWURRNRUINNRUNR R RrR RpRr R R s0gNoUiagFwuilu-Eo

7
8

IMAGINARY

.0OC0000E+00
B FUS5E-03
« 305627E—03
85841 7E-03
.671110E-03
MEATIBE~03
.200B03E-03
. 88BB30E-03
-BOZ0IHE~03
.630080E-03
16501 4E~-03
»J1162%E-03
.017020E-02
1O IBE-0R
. 182528E-02
 EBE33BE-D2
.373665E-02
. 466600E-02
« 0812B6E~082
HB57857E-02
. 756468E-02
. 857288E-02
. 360488E-02
. OBB3BEE-02
« 17%81 802
. 2B86587E-02
.'101568E-02
FSEBLE3E-02
-B42BBSE-0R
. 7684397E-02
. 300883E-02
B3LBZ1E-02
. 1738B77E-08
. 3631 3E-02
MHB8IB71LE-08
.B4635BE-02
~E1 FEARPE~0R
. 987803E-02
.18B666E-02
- 3810P2E~02
8064 12E-02
+B3B527E-02
OB3B53E~-02
~3H8253E -0
.B637055E-02
«350168E-02
.292873BE-02
.6688B7BE-02
. 0B7847E-02
: DEYHE0E-02
QB1E53E-082

FWNUNMNERF =T

DEFFERENCES IN

MARGNITUDE

« 1872C58E-04
, EE2079E—-03
.B67145E-03
.611160E-03
. 391286E=03
.188670E-03
. 8388802E-03
.B19231LE-03
B47237E-03
:4B83661E-03
-3eB848E-03
. 183325E-03
OO 789E~D2
.082323E-02
.181054E-02
. 271058E-02
.362467E-02
Y553 76E<082
. 04 88E5E~08
B BEEHBRE~0R2
 THMYE1E-08
.B44732E-02
SO47138E-02
.052008E-02
.158300E-02
.268174E~-02
.381674E-02
.48B701E-02
.613796E-02
« Z31587E=02
. B45828E~-02
.G40145E-02
94041 7E~-02
« 74131 1E-OP
JMHHB337E-02
. 13040BE-02
.BOGBBSE-02
H4787239E-02
«14B560E<082
.080675E-03
.B46381E-03
112901 E-03
«233038E-Q3
: 31B552E=03
+OE2754%3E~02
Sl Z5E -0
.8B86032E-02
: 358804 E~O2
.869281E-02
« TES538E-02
. 03B659E-02

PFRRPRPRE R RS RS R, e RSP, RrRrONINEEW WU RrR, R R O~ E W -O o

PHASE(DEG]

.00Q000E+00
+S07318BE-02
: 787605E-01
.B86EBBE-01
.624802E-01
«S57B552E=01
: SBS5IABBE-01
583704 E~D1
B72501E-01
/B812180E-01
.002441E+00
+132347E+00
. 2725 30E+00
425018E+00
.532102E+00
. 77B718BE+00
. 98P5281E+00
»213888E+00
M77043E+00
. 7 7382BE+00
.130663E+00
’SH5197E+00
.O413816E+00
«B4BHESE+00
HOBO44E+0O
- 378525E+00
.671333E+00
LH470215E+00
.213402E+01
. BHHB1B8E+01
» TH5888E+01
B77123E+01
.B17702E+01
. 335784E+02
.518800E+02
» H8B735E+02
.B41623E+02
.B6732BE+02
.B685501E+02
6873986E+02
. 707054E+02
» 7 L3828E+02
«718183E+02
 7E23213E+O2
. 7262880E+02
« 72B558E+02
.730160E+02
«731158E+08
7 31595E+08
7 3LYBOE+QR2
. 730738E+02



51

£=7Y

st

54
85
56
57
58
59
60
B1
62
63

DDt Oo®o~

. S68750E+00
. 125000E+00
.281250E+00
.137500E+00
.583750E+00
. 750000E+00
- 806250E+00
.0B62500E+00
.218750E+00
. 375000E+00
.531250E+00
.B87500E+00
.B43750E+00

FORTRAN STOP

UurFrooFEUeEe R —,0-M

« 31 3GSHE-03
- DB7822E-03
.8178396E-03
.068636E-02
« JUES5IBE-O2
.B37054E-02
+1 15003E~02
.842138E-02
02421 1LE~-02
- 12E6256E-02
.036668BE-01
.0608B81E-01
.0B88511E-01

MW R

.B788B37E-02
. 36BB04E~-02
.017120E-01
.112043E-01
.2EBEB3IE~01
. 366683E-01
» SHABASE 01
. 773851 E-01
.0B436BE-01
SEYH12E-01
«18Y701E-01
- 18SE01E~-0]
144 3PI1F-01

MEWRF PR O~ 00U

- 722209E-02
-H94608E-02
. 3B0BZ27E-0O2
+114655E-02
« BHSEE7E 0P
.014708E-01
2031 01E-01
448116E-01
. 7B1BBSE-01
26407 LE=01
.021372E-01
IO IIPE=0]
.8620039E-01

0 s B s b s b s S s b e

. 729510E+02
 727538E+0P
. 724 7BRE+O2
. 781013E+02
.71B011E+Q2
. 708350E+02
. 7003B1E+02
.688027E+02
.B7038BBE+02
.B43787E+08
.BO0Z01E+02
.518808E+02
« 33HS72E+0F



o

P
R
NATIONAL

MHemecoors me{‘/mmgnf Six iecrete SLOMI and Sqllﬁ‘/‘eﬁl . Bern . Cher

7-34. Use she FFT a{for‘/‘fhrrv 1o evaluate the complex fourier—series coeffients Jor +he

periedic s@m[ shewn n F’:f‘ Pr-34. . Qa/m)b/e. +he wcweﬁrm/ for ene czt/z:/e at

T =o01. G?M/Dawe she yesulte with +he heoreticall values .

¢ ' 4 : >t Fiqure Pr-34

Solution:  From +he preperties of Fourier —sevies amol Fowriter ‘I‘mm&]&c‘rm)

! | ~Joasnt
F:‘t = PER‘OD J\O f'(t)e &;t n*F O
I
- 2T 6.4 1
Weo PERIOD | :__I_ foe Jwont ot
|
- 27T | i *
N 64 16 Stpsent _ e nwot
= 0.16625 J eV ot = ouasezs -
! [~ J N Weo lo
| - =7 S XLé 277
! = O.I5625j 5 A -1)/ (n85)
‘ -
=t . S
| = Ty SM(0ERT) + ] g [cos(oBnw) =] n*O
Fo = 0.25
And
\ |
Fn = $mop F[‘D)!w:nwb = Bk F(“))wa\lsezsmz*rr

= 05625 [ (0.156251-2Tr)

ff we compute +he DFET Of +he Qn‘gnool with  T=0.] . we howe

. ‘ 3 ; .
CXn EF(Nawy = éo Xke"§%7'“ k (N=0,1, +~7, 63)

S R ]
AW = Zob = 016625 2T
Se dhat .
Fn= 0.15625 - X, ., m=0,1.,63

The 7@”0&0;72? [preg vam and data are basesl on ﬁie/zwl".
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~ A PROGRAM FOR PROBLEM 7-34, HOMEWORK NO:SIX, BEN M. CHEN
COMPLEX F(64],CMPLX, BENC,CHEN

— N=64
DI=:1
D8 s I=1,18

5 F(IJ)=CMPLX(1.,0.3
DO 10 I=17,64

10 FL13=CMPLXCO,,0.]

DF=1./CN*DT3J
CALL FFIC1,N,DT,F,BAD]
WRITE (6, 107)
FORMATC 1’ ,7X, 'COMPRISSION BETWEEN THE COMPUTED FFT AND THEDRETICAL
1 FOURIER TRANSFORM’//5X, *FREQUENCYCHZ])'/)
DO 20 I=1,N
FCI)=0.15625%F(1]
J=1-1
DFN=J*DF
DPI=2*3.14159265*DFN
IF (J .EQ. 0) GO TO 3
AA=J*3, 14159265
BENC=CMPLXCSINC.5*AAJ/(2*AAT, [COSC .5*AA1-11/[2*%AA]]
GO TO 4
3 BENC=(0.25,03
Y CHEN=F ( I J-BENC
AMAGF=CABS(FCIJ)
FRF=REALCF(11)
FIF=AIMAGCFCI])
- IF [FRF .EQ@. O. .AND. FIF .E@. 0.1 GO TO 12
ANGF=57 .2959*ATAN2(F IF, FRF )
GO TO 13
12 ANGF=0.
13 FRB=REAL [ BENC ]
FIB=AIMAGC(BENC]J
AMAGB=CABS [ BENC
IF (FRB .E@. O. .AND. FIB .E@. 0.] GO TO 14
ANGB=57 .2959*ATAN2(FIB, FRB)
GO TO 15
14 ANGB=0.
15 DMAG=AMAGF -AMAGBE
DPHS=ANGF-ANGB
20 WRITE [6,1083] J,DFN,CHEN,DMAG, DPHS

108 FORMATCI3, X, 1PE13.6,3X,1PE13.6,3X, 1PE13.6,3X, 1PE13.6, 2X, 1PE
1 13.B) :

STOP
END

107



WO~ UEWNe—O

*— [PROBLEM 7-34: FOURIER SERIERS COFFIENIS F
36 3 e e 3 3 e e 3 e e e 36 3 e e e e e e 3 e e o e e

FREQUENCY (HZ)

NNNNNNNO DU NN EFFFFF U WO WUWRUNUNRUNNR RS eR 00 EW=O

-O00000E+00
.562500E-01
. 125000E-01
.6B87500E-01
.250000E-01
.812500E-01
.375000E-01
.083750E+00
.250000E+00
.406250E+00
.562500E+00
. 718B750E+00
.B75000E+00
Q031 250E+00
. 187500E+00
. 343750E+00
.500000E+00
.B56250E+00
.B12500E+00
.868750E+00
. 125000E+00
.281250E+00
.437500E+00
.583750E+00
. 750000E+00
. 9062850E+00
.0B62500E+00
.218750E+00
. 375000E+00
.531250E+00
.BB7500E+00
.B43750E+00
.0O00000E+00
. 156250E+00
. 312500E+00
.168750E+00
.625000E+00
. 781250E+00
. 337500E+0Q0
.093750E+00
.250000E+00
.10B250E+00
.562500E+00
. 718750E+00
.B75000E+00
.031250E+00
.1B7500E+00
« 32 3750E+00
.500000E+00
.B56250E+00
.812500E+00
.S68750E+00

=4
1
1
-6
-1
2
i -
-2
=1
8
3
=g
-1
2
3
-1
=]
-7
=
=,
-1
-3
1
=1
—1
=5
M
-9
=1
=8

-8

e

FROM FFT RESULTS

REAL PART

«313750E~-01
<al2146E~01
.421817E-08
.04B0O10E-02
.562500E-02
«Sarh7oE-0e
«1732892E~10
«S64BIBE~D2
«SB62500E-02
» 705649E-03
2078981 E-089
.0B4687E-02
. 562500E-02
 721442E-03
. 708788E~-09
.B43226E-02
+SB2500E-02
«S1BEEIE-O4
.13777BE-09
. 360B6B4E-02
- 562500E-02
.1298B66E-03
- 148652E-08
. 150754 E~-02
. 562500E-02
U1 71IM1E-03
138284 E~-09
.Z7B684239E-03
. S82500E~02
.653626E-03
. 930844E-08
«196284E-03
. 562500E-02
.1863038E-03
BE8801E-10
.B53620E-03
. 562500E-02
- /B84 32E-03
- 173882E~10
.01 Z2142E~D3
.562500E-02
250754 E<Q2
» 1P 3E8EE-11
.129868E-03
: SBES00E~02
. 3606B65E-02
» 38 148EF-09
.316461E-04
.562500E-02
BY32e7E-02
. DUB757E~08
7214 36E~-03

NFEFRONPROWD~0ON-FLUOOO

IMAGINARY

.O00000E+00
S512146E-01
.5BB433E-01
.04BO10E-02
.O00000E+0Q0
«AI7H7SE-OF2
. 1580872E~-07
.9646393E-02
.O00000E+00
7 OBBYPE~-03
. BE3232E-02
.0B4687E-02
. 0O00000E+00
e IMIHE~03
- 80381 2E-02
SOHIEETE~02
.000000CE+0Q0
.316666E-04
«2B231 0E~-02
«HBOBBSE -0
- 000000E+00
. 189870E-03
;381 736E-03
- 1850754E-02
. OO0000E+00
.017148E-03
. 7 3G78LE-03
. /68432E-03
. O00000E+00
.653826E-03
. 338825E-03
18631 7E~03
. O00C0O0E+0Q0
-1886302E-03
+33883PF-03
.653626E-03
. O0O0O00CE+00
. 7634 32E~03
«738781E~-03
-017142E~-03
. O00000E+00
« 18075 E-DR
<3957 39E-03
. 128867E-03
. O0O0000E+00
.360665E-02
28231 1E-02
31661 0E-0%
. O00000CE+Q0
.64 38e7E-08
.303912E-02
« 7234 38E=03

ROM FFT & THEORETICAL RESULTS.]
e 90 e e 3 34 e 26 3 3 e 20 o 3 o 3k

THEORETICAL RESULTS

REAL PART

. S00000E-01

~9I15489E~-01

. 9568BB4E-09

«Jxl 85E=Dg

- 356884 E-03

- 1830559E-02

«S2E3HBE~10

.273642E-02
. 956884E-03
. 768B38BE-02
.075143E-08
H46863E-02

. 326346E-10

.224269E-02

. 508BOBE-0R

:0B1033E~08

.956884E-09

. 362055E-03

. 32634BE-10

.376576E-03

.075143E-08

.578806E-03

. S03045E-08

.919780E-03

.326346E-10

.366137E-03

416325E-08

.894627E-03

. 50BBOBE-08

.188101E-03

. 326346E-10

.134030E-03

.9568B8B4E-09

82287 7E~03

.253710E-08

-S4 7284E-03

326346E-10

. 301485E-03

.958318E-03

.0BOB3BE-03

. 07814 3E=08

.881828BE-03

. 50BB0O6BE-08

.701278E-03

. S03045E-08
.53677BE-03
. 7BBB43E-03
.386275E-03
«3EB34BE-10

.248060E-03

.BB0O154E-03

. 12068B5E-03

0
=1
-1
-5

0
-3
-5
-2

0
-1
-3
-1

0
-1
-2
-1

0
-9
-1
-8

0
-7
-1
-6

0
-6
-1
-5

0
-5
-1
-5

0
-4
-3
—4

0
—
-8
~4

0
-3
-7
-3

0
-3

=3

o
~3
=B
—3

IMAGINARY

. 000000E+00
.981549E-01
.5915439E-01
.305165E-07
. 000000E+00
. 183100E-02
. 305165E-02
.273B640E-02
. 000000E+00
. 768388E-02
. 1B3099E-02
446861E-02
. 000000E+00
JeRIE70E~00
. 273642E-02
.061033E-08
. 000000E+00
.3628067E-03
. 768388E-02
. J76583E~-03
. 00000Q0E+00
.578822E-03
. 446863E-02
- J13784E-03
. 000000E+00
. 366202E-03
. BE4269E-02
.B94615E-03
. 000000E+00
. 48B099E-03
.061033E-02
.134027E-03
. 000000E+00
.BRRB887E-03
. 362055E-03
.547269E-03
. 000000E+00
.301488E-03
.376576E-03
.080887E-03
. 000000E+00
.BB1B2BE-03
. 57B806E-03
.701275E~-03
. 000000E+00
.536784E-03
.9197B0E-03
. 386264E-03

.0000C0E+Q0
.24B075E-03

.36B187E-03
. 120667E-03



5
Sy
55
56
57
58
53
BO
B1
ST
B3

WUV Do D

. 125000E+00
.281250E+00
-437500E+00
.283750E+00
. 750000E+00
.906250E+00
.062500E+00
.218750E+00
. 375000E+00
.531250E+00
.BB7500E+00
B43750E+00

FORTRAN STOP

. S62500E-0P
.0B4B8B7E-02
+2/B638E~08
« 7O5645E~-03
+SBE2500E-0O2
, SBHEGE8E-O2

.04618BE-08

«d37674E-0R

. 5S62500E-02

.048011E-02

.2B4462E-08

.512146E-01

=EOONUNUIO oo

. O00000E+00
.0B4B87E-02
» 230 ACE-0R
. 70564BE-03
. O00000E+00
. 36469BE-02
15B8B73E-02
3J76575E-02
. O00000E+00
.0O4BO0BE-02
5B6Y33E-01
«312146E-01

«$1163R5E-0Q9
.D0E8E3E=-03
.187574E-08
B937EBE~03
.508BB0OBE-08
. 79218°,E-03
.B56607E~-03
8975491 E-03
« 32634BE~10
.6038087E-03
.B96763E-09
.526263E-03

. 000000E+00
-QUES2RE~03
«BB4E27E-03
.833724E-03
. 000000E+0O0
« 79C1898E~03
ABB1O01E-03
. BE7532E~03
.O00000E+0Q
.608110E-03
« 1L34030FE~03
526254 E~03
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L PROBLEM 7-34: DEFFERENCES OF RESULTS FROM FFT

FREQUENCYCHZ)

. O00000E+00
.562500E-01
. 125000E-01

.BB7500E-01
.250000E-01

«Bl2500E-01
. 375000E-01

.083750E+00
.250000E+00
.106250E+00
.562500E+00
.718750E+00
.B75000E+00
.031250E+00
.1B7500E+00
.343750E+00
. 50000CE+00
.B5S6250E+00
.B12500E+00
.968750E+00
. 125000E+00
.281250E+00
.437500E+00
«583750E+00
. 750000E+00
. 306250E+00
.0B2500E+00
.218B750E+00
. 375000E+00
- 531 E250E+D0
. BB7500E+00
.B43750E+00
. O00000E+00
. 156250E+00
. 312500E+00
.168750E+00
.625000E+00
. 7B1250E+00
.937500E+00
<083750E+00
.250000E+00
.4106250E+00
- BBES00E+00
. 718750E+00
.875000E+00
.031250E+00
. 1B7500E+00
. 343750E+00
.500000E+00
.656250E+00
.B12500E+Q0
. 968750E+00

NNNNNNNODO OO NN EE FE L WU WWWWRURN NN RE SR SR 0y0EWe O

DEFFERENCES 1IN

REAL PART

.562500E-02
-S40322PE-03
.117506E-08
.42B456E-03
.562501E-02
HEHE35E-03
.488E37E-10
.910557E-03
-562501E-02
878234E~03
H25938E-08
« 37829 0E~03
. 562500E-02
s 321246E~03
.B739785E-08
-B21935E-03
.562501E-02
009372k ~02
ot T0211E-09
.230068E-03
SSbes501E-02
.070867E-02
.017310E-08
DB7757E~03
e S00E-0OR
.138334E-02
«EBS561E-08
-B74801E-03
-S62501E-0@
2141 73E-02
.984208E-08
.062264E-03
«<SBeS01E-02
: 301818E-02
.1B5411E-08
.106336E-03
. 562500E-02
HO07092E-08
.175647E-09
« IEEYB0E~04%
SB2501E~-0P
: 33883 7E-02
HB7073E-08
- 719 088E-O4
» 2BCS50PFE -0
« 7 V434 IE~-08
» B85361E~08
.BSHEE3E-03
. 562500E-02
.96B033E-02
.823603E-09
BYE121E~03

IMAGINARY

- 0O00000E+00
SPO337E~03
. 1151B5E~04%
HEBM56E-03
. 000000E+00
LS4 24BE~03
. SHEHPPE~-03
+910581E-03
. OCO000E+00
.978P40E~03
. 589866BE-03
«3782B0E~-03
.0O00000E+00
S l1E63E~03
.B8729BE-03
.821858E-03
. O00000E+00
<O08373E-02
.BB0778E-03
.230076E~-03
.O00O000E+00
.070863E-02
»11B884E~03
«2 FZ755E=03
. O0O0000E+00
« LIBIISE-02
- 208887E~03
87481 7E-03
. O00000E+00
w19t 73E~08
» OZ1H05E-03
.OBEPS0E-03
. O00000E+00
~JAIT19E-02
. OS80038E-02
. 106357E~03
. O00000E+00
.2107082E-02
- 311B37E-02
- IBESHYE~04
. O0000C0E+00
53BIF7E-OR
- S93055E-02
« 71%076E-04
. O0O0000E+00
«71I4343E-02
. S/ HE88E~0
-BS4BO3E~03
.O00000E+00
.96B0O34E-02
£2.840530F-0¢
5.842105E-03

O -jUl -0

| |
! ' MW OO NN @O M~ m

I

PORFPRPOPFROORPROLPROWUORLOWNROEDNRLOUNE RO

AND THEORETICAL METHOD. 3
33 06 26 3 e e e e e e e e e e e S8 3 A e A e 36 e e A e e A e e 3 e

DEFFERENCES IN

MAGNITUDE

-1.562500E-02
—1.128932E~-0P

-5.115165E-04
1 .050542E~082

1.5624883E-02
-1.195610E-02
-1 .542822E-03
9.773083E-03

1 .562488E-02
-1 .EGO7IME-DE

-2 .598668E-03
8.020211E-03
1.562500E-02

-1 .346503E-02

=3 . B8 7E288BE-03
B.e334%75E~03

1 .5624898E-082
=1 .28205PPE-02
= BEO77BE-03

7 . 3964 39E-03

1 .562438E-082
—6.291760E-03

—-6.1168B94E-03
6.488067E-03

1.562500F-082

-1.307852E-03

-7 .502B37E-03
5.4738B07E-03
1 .262489E-QP
1.B48303E-03

=3 .071405E—-03
%.330714E~<03
1.5624838E-02
4.770742E-03

~Z BR3183E~03
£2.978824E-03
1 . 5B2500E-02
7 .732843E-03
~3.6365785E~03
1.3284058E-Q3
1.562483E-02
1 .078438E~08
2 s 7ES3BDE~O8

—8.080346E-04
l.56248BE-O2
1., 4E9095E-0P
5.,8303328E-03

“3.79491894E-03

1.562500E-02
1.86452BE-02

1.2672393E-02
-5 .646087E-04

O b OF wid

PR RREOERRRR R R e R R e N R RO R R RO R QW e QU =R TR W

PHASE(DEG]

-000000E+Q0
.B14B637E-06
- ZESH7BE-05
.000000E+QQg
BOOOOYE+O2
- 1444 08E-05
.O00000E+00
JLS1L788E~05
.BOOOOHE+02
.£BBB1BE-05
.288818E-05
O77637E-05
. BOOOO4E+02
OBB115E-0%
«34057BE-05
.051758E-05
BOOOOHE+OZ
.BOO0O3E+0E
.B146397E-05
US1758E~05
. BOOOO4E+02
.BOQ0OO4E+OE
1 SBE7IE~05
.228878E-05
. BOOOCHE+0O2
.B00004E+02
«1552P73E~-05
B23385E-05
. BOOOCHE+02
.BOOOOHE+QP
«324R18E=04%
« LS8 73E~05
.BOOOOHE+0R2
.8B00005E+02
. BOOOOSE+0R2
3¢ IEB1E-04
. BOOOOHE+02
.BOOOOHE+02
.BOOOOHE+O2
LBe89385E-05
. BOOOOHE+0OR
.BOOOO4YE+OE
. BOOOOSE+02
~SED878E-05
.BOOOO4E+02
.BOO0OO4E+O2
.BOOOO3E+0Z2
-7 LIBBTE=O'%

.BOOOOHE+DZ
.BO00O0SE+02

. BOOOO4E+02
.BO000BE+02



S
R
55
56
57
58
598
B0
B1
62
63

CUuuoODoDo @

. 125000E+00
.281250E+00
.437500E+00
. 593750E+00
. 750000E+00
. 906250E+00
.0OB2500E+00
.218750E+00
. 375000E+00
+531250E+00
.BB7500E+00
BY3750E+00

FORTRAN STOP

e |
-2
3
1
=1
=3
-1
2
=l
-6
=
1

.562501E-02
- IS 78E-08
-£38105E-09
1 588937E-02
»oBeB01E~-O2
243918E-02
.331848BE-08
.607423E-02
- 562500E-D2
.308821E-02
.B84786E-08
.53740BE-01

RPFEFOORLUTWO LWMLO

. O00000E+00
~SBSS7OE-0R
« 312685 ~02
«158837E-08
. 000000E+00
23881 FE~Op
, BS8BB3E-02
. BOZHP3E -0p
.O00000E+00
- 308819E~02
.BI77Z7HE~0]
+BIVHOYE-O1

nFEFoFRUEw-E o=

. 5624338E-02
S35 1BE-Q8
«3337689E~-02
,219888E-03
. 5624939E-02
. 797840E-0¢2
.B020B63E-02
. 3244 8eE-02
.562500E-02
-184184E~02
«535093E~-01
102771E-01

P e nat el B o o S S

. BOOOOYE+02
. B0000O4E+02
. BOOOOSE+Q2
.BOOOO4E+02
. BOOOOHE+O2
.BOOOO4E+0O2
. BOOOOHE+QO2
.BOO00SE+02
. BOOOO4E+0O2
.800005E+02
. BOOOOHE+OZ
.80000BE+02
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HOMEWORK ASSIGNMENT NO:7 DISCRETE SIGNAL & SYSTEM BEN M. CHEN
\J‘A.or NNNNNNNNNNNNNNNNNNNNNNNN

PROBLEM 7-31: It is known from Fourier series onolysis thot the fFollowing

sawtooth waveform has the infinite-series representotion
x(t] = & ( sin t - 4= sin 2t + - sin 3t e-- sin 4t + ]
T 2 3 = T

Write o computer progrom to generote the spectrum of the signol by using
the first six freguency components of the chove series, aond coll the inverse
FFT subroutine to output the time samples. Plot the signaol from the program
output aond compare with the sawtooth woveforms shown in Fig. P7-32. Use the
BY%-point FFT.

SOLUTION: PROGRAM AND DATA ARE IN FOLLOWING PAGES.

4%&) Pr-52

MXED) Hrom computed vesults




HOMEWORK ASSIGNMENT NO:7 DISCRETE SIGNAL & SYSTEM BEN M. CHEN
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C A PROGRAM FOR PROBLEM 7-32, HOMEWORK NO:7, BEN M. CHEN
COMPLEX F(B4%J,CMPLX,BENCG4)
N=64
DT=2*3.14159265/64 .
DO 5 I=1,64
TD=(I-13*DT
XT=SINCTD]-.S*SINC2*TDI+SINC3*TD) /3-SINCY*TD) /4+SINIS*TDI /5
XT=XT-SIN(G*TID1/6
XT=2*XT/3.1415926535
5 FC{IJ=CMPLX(XT,O0.)
DF=1./CN*DT)
CALL FFTC1,N,DT,F,BAD)
DO 10 I=1,N
10 BENCIJ=F(I]
CALL FFT(-1,N,DF,BEN,BAD)
DO 20 I=1,N

J=1=1
OFN=J*DF
DIMN=J%DT*3. 14159265
20 WRITE (6,108 J,DIN,BENCI]
108 FORMAT(SX, I16,5X,1PE13.6,10X,1PE13.6,7X,1PE13.6]
STOP

END



HOMEWORK ASSIGNMENT NO:7

[OT PPN

DISCRETE 'SIGNAL & SYSTEM

e 3 e e e e e e He e e e e e e e e e e e e e e e

BEN M. CHEN

Pt s i o Poch Bl 8 P Pk P Pt o P Ot Pt

THE SPECTRUM OF THE SIGNAL

S

POINT FREQUENCYCHZ3 RERL PART IMAGINARY PART
o 0 .000000E+0O —-2..582867E-08 0.000000E+QO
1 1.581543E=01 3.3B2356E-07 -2 .000000E+00
2 3.:183088E-01 ~g2 bb1B8B1E-07 1 .000000E+Q0O
3 4. 774B4BE-01 £ .«68272BE~07 -B.66BBE7E-01
4 B.3661897E~01 =1 ;BHO037E~07 5.000002E-01
5 7 .957747E-01 2., 9344B6E-07 —4.,000000E~-01
B 3.5492386E-01 ~3. 03344 3IE-07 3.333335E~-01
7 1.114085E+00 =5 «BE822B3E-08 =2 . 083043E~07
8 1.273238E+00 =3 /B1837E~03 B.077240E=08
3 1.432384E+00 2.B871372E-08B -5.3043951E-08
10 1 . 581548E+00 3.712337E-08 8. 744 732E~08

11 1.750704E+00 ~B,837982E-08 -B.323726E-08
e 1.3088538E+00 i B4Rl 8E-08 5.670447E-08
13 2 .063014E+00 ~6.408752E-08 -1.320038E-07
14 2.2e8163E+00 £.930015E=08 1.26512BE~08
15 2 . 3B73e1E+00 €.0897248E-07 -1.38386847E-07
16 2 .5464%73E+00 2.330354%E-08 5.5538083E-08
17 2.705634E+00 =5 ., 331564 E~08 5. 593040E-08
18 2.864783E+00 B 150560E-08 £ . 340663E-0B
18 3.023844E+Q00 -7 «BBBS77E~-08 3.033120E-08
20 3.1830383E+00 =981 04YE=08 =8.,1851€1E-08
21 3.3422854%E+00 & 1 EB536E~08 3.026263E-08
ee 3.501403SE+00 5.6863978E-08 -2 .110283E~03
23 3.6B6056B3E+00 11864 85E-08 £ .368867E~-08
2 3.813718E+00 =g MY F071E=08 -1.8706B04%E-08
25 3.378873E+00 3. 455064E-08 -4 .474457E-08
2b 4.138028E+00 3.517307E~08 3.511003E-08
27 4.237184E+00 2.350241E-08 C.0O0000CE+QC0
28 4 .456338BE+00 -5, 73549 14E-08 9.362676E-08
23 4 .B615483E+00 H . 750248E=09 -2.3406B63SE-08
30 4.77464BE+0O =1 01461 6E~07 4.681338BE-08
A1 4. 833803E+00 1.228808BE-07 ~-9.362676E-08
32 5.032358BE+00 -3.168813%E-0B 0 .000C00E+Q00
33 5.28528113E+00 =¢ 13214 8E-08 0.000000E+00
a4 5.411268BE+00 116822 2E-08 -3.362676E-08
45 5.570423E+00 S2571BE7E-=11 4.6B8133BE-08
36 5. 728578E+00 =586 7360E~08 =1 ,170335E=07
37 5.888732E+00 -4 02 7855E-08 0. 000000E+00
38 6.04788BE+00 71 16e75E~08 -5.851673E-08
38 6.207043E+00 5.626B46E-08 3.847354E-08
40 6.366138E+00 -2 44 7072E-08 1.870603E~-08
41 6.525352E+00 -1, 8544 12F-08 -7 .086B0O1E-08
Y 6.684507E+00 5.6862346E~08 =2 .. O4EB14E-~08
43 6 .843662E+00 1.935128E-08 -2, 43B850E~08
e e 7.002817E+00 -1 .6513811E-08 8.373567E-08
45 7.1619728E+00 -6 .6B5215E-08 3,B37705E=08
46 7 ,321127E+00 7 .706365E~08 -1.265128E-08
K7 7 .4B02B2E+00 8.975350E-08 1.243113E-08
48 7 .B638437E+00 2.3803855E-08 -5.55380838E-08
eS| 7 .738582E+00 1+ 330362E-=07 3.7B6363BE-08B
50 7, 883774 7E+00 & .150560E-08 2 .340B6SE~-08
51 8.116301E+00 -3.648838BE-08 1.83515BE~07



FORTRAN STOP

) PP

ST
53
54
55
56
57
58
53
=18
61
B2
63

POl lodod@o

.276056E+00
435211 E+Q0
534 367E+00
/83522E+00
.912677E+00
.071832E+00
.230887E+D0
380141 E+O0
.5S48236E+00
. 70B4YS1E+00
.B6760BE+00
.002676BE+01

L7 797237E=09
LOBY3e2E~08
JO3UHSE8E-08
.387875E-08
« 781823E-03
. 1538B3E-08
A05872E=07
LB73432E~-07
I LTI B7BE~/
217837E-07
+5571BBE~-08
.036697E-07

540231 E~08
33641 3E-08
.296875E~-08
HB1HE7E-07
. 0772338E~08
.686621E-07
+33333BE-01
.O00000E-01
.000001E-01
.6BBBB3E-01
.000000CE+00
. O0O0000E+00



HOMEWORK ASSIGNMENT NO:7

e

POINT

o~N~oUlFWMU-O

NELEFFEFELEFFFFFFUOWUWUWWWWWWAUILUNRLUINIRUNLNNUINLERR R R e
oto~NoUFfWnrFrFOoULOoNOUFWRNFPOUOWUD~NOUMLFWRNFOOUODNOWNFWRUREO

" e Pt Pt

TIME SAMPLES FROM INVERSE FFT

TIME/PICSEC)

R R e R R R R R R R R R g0 NNNN OO EeEF e FwWWwWI R0 Wo

.O0000CE+0O0
.0B4252E-01
.168503E-01
Eoe/9tE-01
JLIIFTOLEFOD
{S42126E+00
850551 E+00
.158376E+00
LME7H01LE+00
. 7758B26E+00
.0B4252E+00
.392677E+00
.701102E+00
.008527E+00
.317852E+00
.B26377E+00
.9348B03E+00
.243228E+00
5518652E+00
.860078E+00
. 168503E+00
LH76828E+00
« 7853854 E+00
.083778BE+00O
102204 E+Q00
. 710B238E+00
.013054E+00
. BET7H7SE+00
635804 E+00Q
«344323E+00
“E528754E+00
561 180E+00
.B63B0O5E+00
.017B03E+01
LOHBB4YBE+01
.0794BBE+01
+110330E+01
1411 73E401
.17201BE+01
.202858E+01
£233701E+01
«2BH5H3E+01
-2953868E+01
. 326228E+01
.357071E+01
.387313E+01
418756E+01
LHH8588E+01
48044 LE+01
+S511283E+01
54 2126E+01

DISCRETE SIGNAL & SYSTEM

"t s s

REAL PART

OOyl oinE T WwWwWmRRRFROFERRUE

=B
e 5
=5
—H
=4

-B808382E~-14
«867118E-03
S5818BE~02
7801 64E~0p
.B0488B1E-02
5 09b3SH40E-=01
+206402E~01
68178B7E-01
878728BE~01
072399E-01
JO13155E-01
«03801 1E-O1
-1 7276BE~01
» 31 987E~01
.113885E-01
.B2B340E-01
D1 7371E-01
OP81B1E-01
.258806E~01
L208326E=01
531 779E~01
.BO550BE-01
{BE7BB7E~=01
«333720E-01
.223860E-01
.3833439E-01
.526717E-01
.0244B64E+00
.01B6563E+00
L0338 78E-01
.BO33B2E-01
(B53730E-01
.630983E-07
aBb358737E-01
.BO338BE-01
SO34Y3B2E-01
.016570E+00
< OEHMEYE+DD
.52671PE~-D1
. 389344 E~01
EE3BBBE~01]
+3337420E—-01
.B67885E-01
.BOS507E-01
I81780E~-01
w20S329E-01
«B2589803E-01
-029158E-01
LS517372E=01
B2B337E-01
» L1 3823E-01

IMAGINARY PART

=g ,

|
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. 122356E~08
. 778B35E-08
.537736E-08
.588033E-08
.845312E~-08
.837275E-08
517820807
.403302E~-08
.012055E-08
78454 8E-08
.£68B68BE-08
.B45312E-08
. 794S50E~08
.53773BE-08
.58303838E-08
371581E~08
. 371583E-08
134434 E-08
.166142E-08
.4B63741E~08
B15812E~-08
.B37275E-08
.631824E~-08
.013785E-07
.26B88B68BE-08
- 1383B5E~07
47038BE-07
. 743187E-08B
.B897274E=08
. 743187E-08
.012055E-08
.138810E-08
37 LABAE—OH
. 38744BE-08
486374 E-08
«2B83088E£-08
. 486370E-08
.B37275E-08
.837275E-07
. 256844E-07
16614 3E~08
«1308B4E—~15
.114780E-0B
.612683E-07
. 794543E-08
. 743187E-08
. 73454 3E-08
. 9B034BE-0B
. 371884 E=08
.506028E-08
.c68B6BE-08
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51
52
53
54
55
56
57
58
58
60
61
62
63
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.S723BBE+01
60381 1E+01
.B34B53E+01
.665486E+01
. B8b338E+01
w reZ2281E+01
. 75B0E3E+01
. 78BB6BE+01
B1870BE+01
.B50551E+01
BB1l383E+D1
.912236E+01
. SHI0T7BE+D]

031885801
72 7B7E=01
.038015E-01
LOHG15BE~01
B72388E~01
79 728E—-01
B3178B7E=01
+20BH03E-01
S88538E-01
BOYBB5E-02
780141 E-0P
g
=8

558205E-02
0670B1E-03

.681824E-08
. 7H318B6E~08
«B631B25E-08
186374 E-08
« 72 74 B885E-08
.11478B0E-08B

. 138365E~07

.0B3417E~-08

« 2431 87F~08

B87275E~08

»B45812E~08

.2B0660E~-07

. 338850E~07
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1%
=1 Finck  +he "lmnsfer fwﬂaﬁan of’ a Zaw—/»as& Butierworth m&if filter which meets t+he

]‘%”cw%ﬁ specafroaﬁons s
@ The atrenuation shoule| be no more than 8ols i frep. renge from ole to 4. KH=

) 7he aptenuation sShouled be at least 35 olB Gti‘f;eguemc\({ of 16 KHz.

Solutions  For +he nevmalized Butterwenth Low-poss

i

[HGw|" = TF N

Then . the BW. Low-pass for +he cuwb-ofl- freg. ot 4KHz = @TXI0% vad/s

z {

HGW)| =m0
| Qoo 1+ (W/emxc )N
= 1
IH(}zuxlsxco%) = 2 XI6X103_ 72N
I+ [zwrxcwuo% g

toxlog [1+4*N] > 36
leg, [1+ 47T 2 3.5
[+ 432N 3> 3162 .27766 ; /
N >2.90657 <o Nz3
From table ®-1 on page 314 . we have temsfer function for N=3 novmalized

.

Butterwerth  Low-pass -

)= 1 i/

HNORMAL, 53 _’_ 237_ 4 28 +1

Then , scale -the eut-off /e - fo ewx103 red/s

1

S 3 S 2 S
() 2 (e + 2w

H(S) =

1.58752%10'®
S3 + 50265.48246 S* + 1263304363 S+ LBBTE2XI0™
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62

il
-

nars

8-2  Find a zow»,m@ Che byshev am&\;? Piler which meets the fo/muhf gpecifications s

@) 77e m‘PPIe n +he Fassbamd‘ 205 o8
B The cut-ofF fregeency s 5 KHz

©)  The attenuation at I5KHz Sheuld be at least— 36 ofB

> Tie ofe gain shewld be swuch +hed the mox . wzgm‘fuo[e S the fxxse_luna[ e M«l\z’f

Solutions For romalized [ewfass cbzebﬂsheu FilteR

. I
[HGef = 1+ ETw (@)

Then C&ueb\c,s‘\w Lew—rmn&% J%r cut— off frggwent‘ﬂ st OO0 X 201 vad/ g

1
| + €2T.7(w/arx5o00)

[ HcJ‘m)[Z S

H 890G [* 5 de = 10 [9gT1 + 2 T’ (2mx 5000) ]

H
Tn? (Watxsoon ) =[107® — |] /¢*

Andl
Tn (W/2x5000) = o[ Mo (W/2mrxso00) ] for lwayxsece] > |
n 2 cosh—'( ’QOW'O = ,)/&z)/oash" (W/zmxsp00 )
For  specification cay A=o5 . €=J10%%5 -1 =0.34931

For  specification (€) , mnx oask"(J(lOsoﬁO = 1) /12202 )/coshh'(\BoeoXW/zv‘rxsoou) = 24

For &Fa,efrewtmn (dy » we seethat n=3s . -the de gain v uw‘ffg.

Fem Table 9“4 s ¥=.5dR . h=3 _ we  have hrormaolizel st-—,oc\sg. ﬂ\ev\ﬁ&hw,

0.M57 ' ‘
)=
Hu®) 0BT + 1163498 + 1252985+ Q3 /

The ivam ~ thos problem. g
Sfer- for P

0.7'57
( 10000 )5+ "252?(%?)24' 1‘534&?( iﬂr )-i—o\q(S'[ "

|©

2. 21912 %x(0'> /

S3 + 3.93610x0* S + 1.51487x107e + 2.2 912X 10

Hey =

Fe7e
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nvarionAaL

8-3 Tt s ddesiresd Ao howe 2 /éew-—fmss a/nalf? ]&/-fwk with ifts mgym‘hde regponee %k\uf?wj withire
I o fe-m ole 4o oo Hz ., while lvrol/;cﬁr;tg an atfenuation 7£a4‘ Jeact 2o of8 at 4KHz

Finol a Butferworth/ filteR which meets -thege &/ae&,/‘,m;hm

Selution:  For  Lew-— pass . Buiterawomth , with cub—off frepuency ot we

1
I+ (w/we )"

THGw |* =

A 2~ Hgwl* de = 1o i Lok Gafuae ]
(Wwe)™" =10 M —

n=LnGOMe —1] /20 (W e)

For w=2wxmeo .  A=1

N= =1.35122 /2 Ln (2TTXTOO/we) 5 W )
For W = 2w x4ee  , A = 20
. n= 459512 /2 &n (211X 4000 /wsc ) & e s 2)
Soluve =g - - CAD: o (2) 1ol kue have /

Wes €535.6170 vad/s = 040675 Hz

n > [.7o58l | n=2

Then . check Ej? these meet the specificetions

Tov

W= 21 X To0 vad/g . A= 1ok [+ (2vx760/6535L6«7o)4J =081 dB <1lad

to=2xdooo ved/s A =1084[1 4 (Mao0 /cess 6170y ] = 23.41775 ol HZodg

Tor N=2 ., nerwelizedk B W . Lmu-‘waxs

I

Hes) = T+ Jzrs £ s
ﬁe #m«n?é’/r ftwe’t"io'rz, For thig /web/enq, S (//
Hes) = 1 _ 4.27143 %107

8

8 L 5e R S 4 9242.7592.3 + 42143 X(07
wwe) T (Ema)t! Jesey T




HM& no: 8 D.2.S. Ren. Then o4

NAaTIONAL

-4 Fid a okebgeheu filter which mests the speoifications Preb. -3
Solutions From Problem . 8-2 . ™ poge 2 . we have
N> ODs"'( ’(lOH/lq— ‘)}—8} ) / oa”! (w/l‘TrXTOO) for |le2.1?3<7co-ru»(/s

Nzmcgph™ [J(IOH/'°~1)/€;;] / cosh™ (W/on xpoo ) for oo ZinX oS

2= '00“ - = 0.50885

For w = 2mx4000 rad/sec. H=20dr

nz cogh™ f‘}QO‘ -1 )/0508%52] /CO%]’L"(‘LTI’X4-OOO/ 271')&700)

— 1.5095 |

n=2

Normeliged Chelyshey Lowpase for n=2, ¥=I

lLioz2§ /
H(s) = ‘

L1025 + 1LO?TTS +8*

Scale +he cutr-off fm@uemﬁ g 2xes vael/eec .

2 43272 X (0

Hs) = o
S* + 4827936768 H(2-322K10"




D 2. S. | LBern Chen o5

NaTIoONAL

Homewsrk _ mo: ®
56 Findd a Chebyshev f&w—/:ms Filer which meets whe 74,//,»4;(«7 Specofradons
(@) Passband e fm%u&nu = 2oeo vaol/g

4 N
()  Passbond vipple size "@Olﬁ
© The attenuotion ot 866 vad/sec . s ot leact To olB

)  Maximum Mﬁnﬁwie MF&&QBM =0 4B

olution : We = 2000 rad /g
el
)
=
Y=1)dB . £ = 0.50885

U%‘w\\t] the same epustion ag thet in Prob. 8-2 R 8§84
nz eosh™ [ Jio™Mo_ )y g2 ] /cosh™ (w/we)

For W= gooo vad/s H= % ds ’g

Nz eosh™! [ (0% 1) fospsest | /o™ (80005005 )
— 5.12693

n=6 . (/

Foorn dobd | oot vl - ol

’

Hn () =0.0689 /( o.oggy + 0.3071 S + 0.9398 8% 4 [ 202 | a8y \\9308%4-#0.72%5 gﬂ>+ gé)

Scale +he pase ban d ec\(HIQ fm@ue/ncts = 2000 yaolstec.

4,409 x 10" _
S6 +1856.6-3% + T.7232x10°- §* + £.6168X107 3 + 150288 X10 324 9 222 x10° S

H(3) =

¥ 4.4096x10°




Hemework  nox 3 Drees s = /ggmrmi Cher o¢

8T Fine an elliptic  Lew-pass a:na.[ej filter which meets the specifications  in Bew . 8-6.

Solutien: Agawme We ., Wr .ore the cub-oft )Grgf}wncd ool @{-cr:lcawm( ee«ge fveﬁwens[ s VgED
== ch_(z{‘: = (nemabzed ) ~~-vo- (P
Then scale fv@g}&emc,j b\[f Wsg , we howe
2800 . Cede 2>
e Ws
3335
292
o6 good Wy 0 meeme- (&8>
bt Wwe
S
;gg; Solve eg. U3, @ el B> above | we howe
5 Ws = 4900 vad/s |, We= 05 vrad/eec , wy =2 welrg
&z :
(D
g
2

Ue;v\\ci Foviran '»m(jm,ﬂ S text |, we J=t +he nemolizeol @Ilr,b*n‘c fiteR

N=05

0.T9934%10°%+ (S* 4 11.3874)(S> + 440884 ) -
(S84 0.044297):(SZ+ 0233910+ 0.107689 )(S™t .0866789% +0.24295 )

Scale Hre ﬁet“e’"‘\j Eﬁ We = 4oc0 mo&/s :

(,/ |
el (8+ 587 16‘\) (Sz@ 64 OB +@_§_|p€)(s 346 7qé§\ﬁ+\sgm !

DESIGN PARAMETERS: ( Ben Chen , April 11, 1988 1)

PASSBAND EDGE FREQUENCY = 0.500000E+00 RAD/SEC
STOPBAND EDGE FREGUENCY ot 0.200000E+01 RAD/SEC
PASSBAND RIPPLIE = 1.00 DB

STOPBAN D MINIMUM ATTENUATION = 80.0 DB

ELLIPTIC LOW-PASS FILTER ORDER = §

I ACI] BLI] CC13]
1 0. 113374E+02 0.233310E+00 0.108683SE+00
= =4 0.440884E+01 0.B66983E-01 0.247235E+00
= ADDITIONAL PARAMETER FOR 0ODD N: So = 0.1472381E+00

CONSTANT MULTIPLIER Ho = .« 7898314E <04
FORTRAN STOP
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of

narionAaL

7O
M Find a Chebgsf:ev ,llE,L‘ pass cc»na&y filier to meel these specification$:

@) The attenuation sheuwlel be no move than f ol8 at ]Qeg,mzc;es from 1 KHe anel cyo
(b)  7e ripples i dhe /aagsbamp( shoulel be such #hat the max. magnitude s wni:[{{ -

©) A4 ﬁw’nog below too Hz . sthe etfermation ehowle( he at Jeast 70 oR .

Solution Ripple  y=1ol8 .  woh= 2TXI0° rad/sec.
Accmo(/r;:j Q~4-? m text . on pege 8?—7 s HHFC&) can be oHa:tneof fyenx

HA_P (P> ﬂ’wbugh the fre@uenog -l-mnefgrmakean

J
P o 5°k

when g= jlbox2T  wyan/<ec , p=-jlo G, 04 A=%0 d8 , wp =10 rad/

LL%‘W\\S the formula | olevived ﬁr Prob. 8-2

nz oosh™ [Gof -1y /(0% - DI /ash™ Cuwp)

ik chhﬂL(.(“Ok?' <t £¢10% "I)J /eerh™! (10)]

= 3.9189%

n=4

02756
0.2766 + O]426p + L4537 P>+ 0.9528P3 + P+

Hp(P) =

Replace p  with 2000T/S , we get

0256 +o\74_ze(ﬁ§21) 4 ;‘45;7(§gw)t+ oqsz%(@-)ﬂ (_Z%ﬂ)+

EXCt

Hup(e) =

02756 4

7

84—

02756 S* + 4 CESRIKIOPS +B.[3TTRIOS*+2.36342X10" S+ KSHBE5 X

S§% + 169299%x10%S>+ 208264 %10°% €2 +8.57E55X10"S + 5.65510X IQ
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02

TS 5 SQUARE
TS 5 SQUARE
TS 5 SQUARE

SHEE
SHEE
SHEE

8=i2 Fndl sthe m,?@,g fenction ,,7& a Busierworth, w""@ mmlff frter which meels sthe ﬂllawﬁy Gpeeificattong
(@ The atterwation sheuld be no mere than Seﬁsﬁom 1 4o 2 KH=z
(b)  The attenuction et [reguences above 4Ktz <houlel be at least 308 .

) The atlenuadten Qfﬁeguemete& below 250Hz Showld he at least 50 B

Soluttens Hp (P —> Hepts

po Wob (8 | Woby _ o> +uxb
B = s

Wob = Jwiwe = JI0e0T x d4seoTr = 14-14.2( X 2T vad/g

B= Wz—Ww)\ = 1000 % 217 Yad/g
Wwhen s =j dooo X 277 p=j35 - wWp, = 3.5 ved/g
N 2
'HLP (dcop,)l:-. {

8 o (Jt)th
A2 IHL?(JDQP,)“L mdr = \OQ,DS[O(I—F UDP?M )= ze0dB
Ny (10 M- 1) /260 cw0p,)
= (10— 1)/ 280 (25D = 276661

For s= 5ae<>x2'nf’ R=-]9.79995 Wp.= 999996 vaol/g

Nz Z € (1g% 1) /24 (979995 ) = 2.5021%

So. /
. n=3

\

He (P = T op+2p + po
Th ~ Hupe) ' 1
N, Hp == T % +@xigk? 24 exiobTrZ \2 | [ S2HEXICT? 3
1+ 2- 250on o l *‘2(8;0%:7?‘& )+ 20007 % )

N 2 .4%050x10" 33
2.4805X10" 33 + 2(sZ+8XI06M) > 39478 XI078™ + 2 (g ¥4 gxI06T2)%

- 6.2°932x10%g + (8‘-\»%2(!06’!‘(1)3

2.4805XI0" 3

SG + 12566 X(O‘h 85' + 8, l533X]0?. 84_ /‘8“’[?'7[ XTO\?‘: $+2-4‘?57X(Ol€82+ 7\954_“‘0‘?
STZF25 00 + 43223107
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HomeworR mos 1t Digorete @tgnol Sgckem& Ben Chen o3
=13 Find « mef/w&‘s Chebyshey Wﬁ Folter which ev‘whx‘ﬁ'es sthe ﬁllew;ﬁ? reguirements s
B (@ °7he atlenuation should vy betweer. © ancl 1dsfr’m 3 +o 4 KHz .
D) The attenuation ot ﬁaywmes Below 500Hz Showlod be at Jeas! 8o ol
(@) o7he attenuation ot fregue«ncv‘ee above 10 kHz showld be ot least €o ofg
Sclukion: Hp(P) ——— Hrp(®
ge2
333 _ St wook”
Cx 3 S
ééé B = 4000 —3000=[060 H: = 2600T Yad/gec.
d4ds (Wb = 2060 X 2T X400IX2T = 43XI0T?  (yad /gee)
R
(E For %‘-‘jst:ox'nr = jooo™ R =-j23.5% , wp =235 . A=80dB
R
T %z cosh™ L JoMo0 15 /007 1y 1 /aosh™cwop,)
= @sh™'T Je0%- 1/uoo 1) | /eosh™'(23.5) = 2.748
F@r\ %::j 1ot 217 5 P = J 28 . Wp, = 8.8 rad/sec . A =60 B
b
N2> oosh™' [ 1('0‘~[)/‘(§i—:‘b}g@gh'l(g\%) = 2.8892
So that , we pick n=3
04913
(p) =
hep fp 04913 + 1.28384 P + 0.7883 P> 4 P3
491
A PR, gigx?&w‘ gt ragndT? 2, [ Sragxidre)>
04913+ 123 (———vs—)foqega(m +(“"£&%§~)
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814 Find a kondstep Buaterworth’ ahaé\cy Frlter +o meet ~the ﬁ//m}r‘:f specification
r
t‘\\/, (@) The attenuatcon chowlsl be 7O meore than 3B at 2 anol 5 KHz.
(k) “7he attenuodion shswld be ot least =o olB Fm 2.5 +o 4 KHz.
 Selwttens Hpp) — Hes
IS - - o
_ B TRE i
<<«
§§§ 2 - T2 2
g (W = 2OOO X 27T X FOOX2T = 4X[0 v Cvod /gec)
= = B KH:~2Kize = 6oe0Tr  vad/gec.
SR8 P 3=3 2.5 X102 P, =j2 wp,=zvad/s , A=z0dB
3
~ 2
z(g N % £n (10M"°= 1) /2.8 cwtpod
2
= L W0 1) /2 b (2) = 3.3147
For 8= j4xic®.2w Py =£}2.0 - BOp, =3 vodl/g
Seon=4
N
Hptp) = ikl
. |+ 2.6131P + 3.4142 P74+ 26131P® + F*
- 1
Hes(s) = ¥
[ + 2,613 [EOTS (_booouS . (6°°°"WS 2 /eoscTs
1 eal (Ql-{— 4X|o71TZ) t 3‘4442( @Z+¢x@nl) F2Lish %‘Hmhz) Ea b2 axr
//V;/un s ;é




E-E 1428 Discrete Signal Processing

Homework - 8% of Course Grade

April 19, 1988

Dr. R. A. Birgenheier Due Next Thur. orR . Final weck

Each student is expected to design a low-pass filter and a bandpass filter
according to the specifications given below. Use the invariant impulse
response method for the low-pass filter and the bilinear tranformation for the
bandpass filter. Each student should turn in the following during the finals
week: '

a) Derivation of the transfer function H(z).

b) Magnitude frequency response |H(eJwT)|2 in dB. Neatly draw the
response curves and clearly show that the specifications are met.
1. Chen

i) Cheby-LP (r=0.5)
fo = 1.2 MHz , A > 60 dB for f > 3.0 MHz
ii) BW-BP
fq = 65 KHz , fp = 75 KHz
A > 30 dB for £ < 55 KHz and f > 90 KHz
2. Kiley
i) BW-LP
fo = 1.2 KHz , A > 60 dB for f > 4.0 KHz
ii) Cheby-BP (r=1)
f1 =9 KHz , f5 = 11 KHz
A > 20 dB for £ < 7 KHz and f > 14 KHz

3. Lincoln
i) BW-LP
fo = 15 KHz , A > 60 dB for f > 50 KHz
ii) Cheby-BP (r=1)
f1 = 10.2 MHz , f5 = 11.2 MHz
A > 20 dB for £ < 9 MHz and f > 13.0 MHz
4, Michels '
i) BW-LP
fo = 2 MHz, A > 50 dB for f > 6.5 MHz
ii) Cheby-BP (r=1)
f1 = 95 KHz , f5 = 105 KHz
A > 30 dB for f < 85 KHz and f > 115 KHz



60

Noble
i) BW-LP
fo = 3.3 KHz , A > 50 dB for £ > 11 KHz
ii) Cheby-BP (r=1)
fq = 24 KHz , f5 = 28 KHz
A > 30 dB for f < 21 KHz and f > 32 KHz
Reitcheck
i) Cheby-LP
fo = 20 KHz , A > 50 dB for f > 50 KHz
ii) BW-BP (r=0.5)
f1 = 4 MHz , fp = 6 MHz
A > 30 dB for £ < 2.5 MHz and f > 9.5 MHz
Shepard
i) Cheby-LP
fe = 1.0 Mz , A > 50 dB for f > 2.5 MHz
ii) BW=-LP (r=0.5)
fq = 600 Hz , f> = 700 Hz
A > 30 dB for f < 500 Hz and f > 850 Hz
Upchurch
i) Cheby-LP
fo = 120 KHz , A > 60 dB for f > 280 KHz
ii) BW-LP (r=0.5)
f1 =95 Hz , fo = 105 Hz
A > 20 dB for f < 80 Hz and £ > 120 Hz
Vlahovich
i) Cheby-LP
fo = 18 KHz , A > 60 dB for f > 42 KHz
ii) BW-BP (r=0.5)
f1 = 12 KHz , f5 = 15 KHz
A > 20 dB for £ < 9 KHz and f > 20 kHz



naTioNAL

Hemewerk _Jios 10 FILTER DESIGN PROBLEMS .428. -y

1. Fex Cheby - Leu-pass 4= 0.5dB
Se=12MHz , A>60dB for £>3.0MHz

o@esrgzw Procedure

Step 1. _Finol she novmaligeol a/nﬁo%@ Low—pess mn?%;g fmetion.

We=12x21rX 108 yad /gecond!.

We s cmre_&romo?hg'fs | vod/see. m NLP andl f=-3,OMH3 s cmms'bonotmj

to  wp=2.5 red/gec. A= 60 dB

> cosh™ [ /(0™ 1) /107'% 1 ) 1/ cosh™ cwop)

= coch™ [(/(,os“) /.Qp>*% —1 )j /cosh™'(2.5)

s

= 5.52985 .o o n=6

Then . fiom Table 8-5 Q.. we have the tromafee function for NLP

1.
i) (S*+ 01653 S+ 1.0230)(S*+ 0424383 +O\59OO)(87‘+ 0‘57'9634»0“570)
§_{_9%2'__ .
—+ AS + B Ce+D Ee +F
HES = 8% 40,1653 8 +1.0230 12 $*+0.4243S +0.57 00 *

S*+0.5796S+ 0570

we oarnfmd the A,B,C.D.E.F by Pfek‘n\\gr seme peniicular volues ;:f

8. (Tt cam be ghown this methsol 2 GQK. f the equatione are linear mblep.)

(D) Let §=0, we have
09775171 B+ 694-G153D+ 6.3694268 F = 10.565292/4  ~~- (P

let s=1 , we hawe
04590736 (A+R)+ 0.4964504 (C+ D)+ 05768378 (F+F)= 0‘1512%76 S (2)

s=={: 0.53541T7 (B—A)+ 0.85T8537 (D-C)+ 1.7319016 (F —E)= QT75430( |~~~ (2> |

f

8=05 0.T403843 (0.5A1B) +0.9504248 (0.5C+D)+ [435132(0SE+ F)= 1007683 | -~ 1)
5=-08% 08366051 (R-05A)+ 6927871 (D-05C) + 85324232 (F-05E) = [1-3680 774

S§=2 : (874966 (2A+B) + 0.1838T08 (zcﬂ)) + 0.1821043 (2E-+F) zo.ooézL%U[/?




Homewsel  nesio FILTER DESIGN PROBLEMS Ben oz
1. (conr) . :
[o\omwr? 03749812  8T4906  O.36TT4I6  (.1838T08  0.3762086 OJS@IM—S] A
§H.sesq'rfr4 ~o§-_+{82876 0.8366T6| —0.963686  LK592737| -4.266211€ 8\5324232;i B
FLOO‘]@?&SV | 03701922 OTALR43 04752174  0.9504348  OTITBELO m%slaz?. c
0. TI5480 | :_ ~OBS54HIT7 0535477  OBTESST  0857RS3T -LT3If0l6 17319016 D
| ousi2376 | 04570736  0.4570736  O4PeAB04 04764504  OSTSEIR  OSTREBTE  E
3,0‘5529214_} \ o‘cj 097T51T1 OO 1.69%491563  ©.0 6\36?4268} P

Selve -the eguatiens . I got
A=1566242 R=1.178862 C=-3.12883¢5 D=-33860105 E=156/T8 F=2.50306)

Then .

Hg) = 15662428 + 1178862 3512883758 +3.8€0105 4+ _IBeITeES + 2503069

8% + 0.IS63Q + L0230 g%+ 04243 § + 05900 ¥+ 05776 ¢ + 04570

. 1.566242 (S+0.07765) + 10396008 (1.00885 )*
(S+ 0.07765 )+ (1.00885 )™ (S+ 0.97765) + (100885 )™

_ 3.288395(S+0:21215) _ 58648925 (0-738236)"
(8+ 0.21215 )* + (0.7582-36)7' (s+o.ziz15 )Z+(o,]58236)2

1561786 (S + 0.2899) |, _28.0824603( 0270\ 4T)™
(S+0.2898)% + (0.2770214T )™ (s+o.2878 )™ + (o2yozi4f)”

Pick .Ke=1am =10 , Tn= 56 =0.6283185

N 1566242 — J.2018850 X7 05915993 =~
R(z)= -\ - F =2 L -1 -2
n I— 1.5347372- 27"+ 0.90703 T £ | = 1,5347372-27"'+ 0.507031TZ

3.1288395 —2.449081 T £ +1.¢953261 X'
|- 15664567 7' + 0.7¢57828 %

1.561786 ~ 1.2830766% ~'+ 1.0687209 %~
| — 16430888 2" + 0.694770T E~2

L5¢6242~ 0.610285T £7'  _ _ 3.1268395 — 0.7T587T056 z! e L5 6ITRG— 02143567
I-1.5634T372- 2"+ 090TO3IT 22 |\~ |.565AE '+ 0.7¢ 578288 I-1. 64308 "+ 0.4 70T 2

- - =9
1073 €0. 7176207 + 4.648209Z '+ TI97241 £ +4354y7: & *+8.207321 £~ 1 1[anp1otZ
|-~ 47432829 7'+ 9.8642443-2 7% —11.44.59642 £73 47191003 X7 -2.9448482 2

+0492’[Oé5£é

Step 3 : ‘ N
He = Ha®) _ (0‘4(~0\4263553+2.7618644z"+%32?506z'ﬁ—zs.cr?oa'(oaz'ﬂkgqge.,zz‘ﬁo,‘]ussgez )
H T - 47432820 X7\ . 6424437 T 1. 4450642 £ w00t £ 2 a4e4@22 S r0d8zsE |




S 5 SQUARE
TS 5 SQUARE
§ 5 SQUARE

ET.

NATIONAL

! |
i i
I £.8.8. //go«r; Chern 03
M - 2»??4—2504*X|0-‘r(303 (40T ) — 63TAOH T XIC” ?'Qegcsco‘r)]
A(w0) = i [7-29 11339+ 5.24-8H 18 cos T - 2-2365T18 eog @uwsT) +. | T024TGS (3w T)
321.4.1'TO0T- 555, 75666 14- COUNT +356.PE0LEI6 DS WT, ) —165.9492732 o3 (3wTD
+53.0415679¢ COS (40T ~10.46872148 oS (5107) +0,7654126 G0 (6e0T)
F(=£) H=z A*w)  in B
0 —0.0%
10 -0.02
100 - 0.01
{000 - 0.0Z2
2000 — 0,00
3000 -0.03
4000 -0.02
5000 —6,08
6000 =002
T000 ~0.0]
10* ~0.02
2xio* 0.00
3Ix* - 0.0l
4x10% ) —0.02
10® 0.09
15 X10° 0.20
2x10° 0-33
2.5 X10° 0.89
axpt i 7 0.47  FEIRST RippE
3.5X10% 0.44
4 %105 . 0.33
Fx° 0.08
gx 10 -o0.0|
TX10° : 0,12
g x10° 0.37 ,
g xiet [ /N .- SEcoNDd RIPPLE
9 x10° . 0.40
10® ~0.04
NE o
115 X10° . 0.44 THIRD  RIPPLE
L2210 ¢ ©0.04
.G X [0® ~20.47
2% 108 - 4160
ZERIOF - 55,11
3 %10 - 65.15 speefication (s mel,
4 x10¢ ~ 78.06
& x10¢ - @5.46




NMATIONAL

!
; 428 ! Sen Chern
A(w) dB FREQUENCY RANGE FRoM O — §.=1.2MHz
1 2x10%Hz
We_
A(w)  dB  FREQUENCT RANGE FROM £.=1.2 MHz TO aw= &6 MHz
O i i i 1} T
| | I | |
| | | | |
] | | | I
i ! | | 1
T A S SIS S T NI T
. !
! i
| |
l ]
|
{ i
{ |
t |
{ |
L. O (OISO e 1) LI T
Aenuation = 515 dB L
| 1 |
|
] ! !
i . i
| \\m !
__.m ____..____*’_____....._.‘b..ﬁ.._.,.t_'ﬁ._h#" MU TR SN WS SR e
l t | i - N
I i
| | i i |
| | i i |
i
| [ i i |
| ! : |
0 I fe z "3 4 5 6K 106 Hz
FREQUENCY




i £ |
H

50 SHEETS 5 SQUARE
100 SHEETS 5 SQUARE

0
200 SHEETS 5 SQUARE
A

81
82
89

QOO ¢
ey
AR

|
|

Homework  mos 85; l FILTER DESIGNS Ben Cher Y

M&m}nﬂtﬁ;.ﬁ@é& Specifieations s

Ji=65KHz , $.=T5KHz

2

A>30dB8 fr §< B55KHz and > 90kHz

o@es{gm Broce dure 3

b S*+ W& 8T+ (65XxATXI0SX TEX2TXIC)
BS = 10X 2rX103 8

8% + 1.9245728 x 10"
£2831.865308 S

i

Si= jsex27rxi0° vad/g = P=}3.3636364 = A= 3oole
M= dn (10370 — 1D /2 4n (3.2636364) = 2.84692

S2=f ox2wxI0® yad/e =  P.=j3.583333 A =300lB
Me 2 LA QD3P 1) /2 0 (3.583333) = 2.7057R6

Soom= 3

o 1
e OB = D  pr 1

HBP ()=

1
S + Wo* st+ 20882 +wd T+ wd
s — ( e * T Be +=4)

R®S®
(8% + BS + W) (8% +2ws STt + B+ BWES + 7%

o ‘ B3g3
T (2T + R+ W) [ 8% + B2 + (B> +2ud) 82+ BuES + Wet]

2.4805021%10'* 83
(8% + 6.2831853 X 10%5+1.9245729x10" ) - (s* + £.2821853x10* 83

+ 3.8886241 X [0 8™ + 1.20§2448X10' 2 + 3.70398

Pick s =1000000Hz = 6:2831853X10° vad /s . wWp=wo =4, 3RE9953X10° ved/e

K= Wp /tan (wpm/we) = I767820.423

y7xI8”)




! 1
|
I Filtse olesign Ber 02

HEETS 5 SQUARE

42.381 508
42.382 100 SH
42.389 200 S

ETS 5 SQUARE
ETS 5 SQUARE

E
E
B

H

1
2
A

~vaTionAaL w:

&
.‘\.

$* + 6.28318523% 0t s + 1.9245729% 10"

4.1884-163X10 (R *- 17571605 £ + 09409601 )
(ZA4-1)%

S* + 6.2831853x 10183+ 3.8886241X10" 8% + l\20?244—7xt0‘68#3.702‘7806)“@22

z5
1 TDA02ED (X4 — 35645674212 +5.116102122E% 3 ABTTET 4R 0.94-101 2083) 10
CEA+ IDF

19678204 X10° ( = — 1)
(2 +1)

3 87231 T2XI0'% (2228 +1D

2 N
= (Z2+1)%

2648317607 ° (-1 (2+1)®

)= :
N = a 51605 =+ OH076D1) (2% 3 56 AEHAAB 5 1222  3.45 TRTHEL 04a 108D
N ooy OIZEBETXIO 0 2 —2c08wD] 3 [2 + 208 (wn]?
' (49720189~6.8211568 eoR(@T) +1.8819202 o2 *
(52.7223153(~ 854707 2706eos (wT)+44- 511 T4A 34 c0S (20T
—13.6241472 COS(3WT) +1.68202€ 165 008 (44TD |
T= 1;([0%’ seconds = | _ug.
£ (He) P de F(H2) Rw) o\
0 - 0o 0K ~ 17 86
5K —119.63 @SK __27:‘;5
oK —lofaT Go K  T34.38 ok,
15K ~87.92 35K - 39.63
20K -31.44 100K —43 87
25K -14.30 200K - 78 8¢
30K - ~67.83 300K = 97,38
3BK -61.62 400K -1ng90
40K -55.35 ~ BoOK —co
45K - 48.69
50K -41.24
0K 55K —32.29
60K —-20.42
65K =3.45 net OK-
P41 R U - .. 5 SN (O A
Cetral freg-  6.98K (f) —0.02 , (
ﬁev oK g O»O’[ Mtoral cot-ott —S'rg@u@v\ehe&‘
meeK . _ _"2496_ _ _ _ _ _ _ __

M=K —33.42 “QEVQ‘K; _
{
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NATIONAL M

Homeworh mos bic); i :@esrdn ?}oumg Pe., ke
From sthe oloda we obained above . we ece shet she actural cut-off frepuercies
are oliflerent forom sthatl n Mw@&j f:/f‘é‘R-
Ba_nal.cj = 10 KHz
Boame = 748Kiz= 5| kHz = %70 KH=
Wo,a = 67.62] KHz
New. we Hy 10 vebuilol sthe Filtsr éj select
Ji = 64.85 KH= fa= 752 KHz
B mew = 65030.968 tad/second

Wo,new = 63,834 vyadl/second

HBF,*neco €]
2.7501 77 Ixi0* 83

= (8+ 6.5030963KI0% S+ 19252519 XI0" )-( 8%+ 65030963 x10*.8 +
38927940XI0" 8% +1.2520099X10¢ § + 3. 7065748 X 10°)

Pk we = IMHz = 6.2831863XI0% vod/gec. Op=Wo= Ar\agvffey*z x10% ved
K= 0r/ ton (wpr/ws ) = 19678090X10°
T=1M:s.
S +6.5030763 X101 & + 1.§252519X10"

4192766 1 X10' ( 2>=1TH5283[ % + 0.9389 5747 D
(E+ )

84" T 6‘5030768)( lO'LL 8& = 3‘89276740x [0”8Z + 1.25260009 X{O‘@@ + 3\7065'?4@ xmat

17059121 XI0™°( 4= 3.562404 657 £3+ 5110143856 27— 3451970571 Z+6$390160¢8

5
B

(Z+1DF
IS . 1.967 8090 X108 (£ —1)
E 4
N R N 3.8722724 X10™ (£ —1)*
§ (E+1)2

292989611075 (2=1)> (2 +1*

()=
it (22115628326 % + 0.9387STAT )(X * 3562404657 £ >+ 5.10143856% = 345197051 Z+03

(2.9298961x10~ 5)1[ 2-2weaT] > [2+ 2008&01_]3

F01 6068)

2 e
s 4962662332 — 6 B0ET4-1 252 Lo’T+ 1.8 779[494.-@@(sz)1 ~I'B2.60 228725 - 85.29687594
1 44 41207668 s (200T) —12.5042G 10T 2 f our) + LB TRO3 2

oS aOT

26 CoS (gul)




H@mpu'}(’rﬂk no ‘ig F{H’GP\ s@esi()?n /g% QA&:"&
DATA: F (Hz) Mw) o £(H) T AW AB $(H2) R o
0 -co 60K —19.57 5K -387%
\¥ 5K =184 65K - 3.08 00K —4297
10K —100.28 67K -0.23 150K ~654
I5K - 8q.04 68K -2 260K ~T795
20K — 8056 €8.6K -0.04 250K - 87.52
25K - 7342 o K. -0.05 300K -96 48
30K —6695 2K —ouT 3K -106.68
35K —60.74 T4K -4 460K ~118.01
| 40K —54-a71 8K ~-2.97 ARK —136.84
5 45K -47.8] 80K —-16.96 KooK — 0
50K ~40.36 85K -26.64
55K ~3142 F0K -33.47
PLOT: A(@) indB , PASSBAND FREQUENCT 65K ~ 5K
g T~ _ _
oy $ BT T T 7T TS T
LTSV S S: SN RN .
6EK 6TK 69K TIK ’faK ’;SK fz
AW in iR , FREQUENCIES FROM 'O ~ 500KHz
{‘\ 0
-20 e et ]
- 4_0 P S
) oo e
-l O 3
8 - 500K




