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Thesis Title Design of The Low Pass Type Wave Discrete Filters
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Level of Study Master of Engineering in Electrical Engineering
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Abstract

' The thesis implj, the realization of wave discrete filter
circuit from a composite polynomial, Here in, the
Butterworth-Ultraspherical low pass type was designed and it can be
realized by mean of wave discrete filter. The amplitude characteristic
of this filter is transitional between Butterworth and Ultraspherical
funcﬂion. This response possesses both Butterworth-like and
Ultraspherical-like characteristics, With the passive sﬁructure, a
class of wave discrete filter can be realized to posses the properties
of the original LC passive filter. From the filter structure, it can
bé realized by means of series adaptor and parallel adaptor circuits
using an adder and multiplier in conjuction with the sample-and-hold
circuits as delay units.

The measured amplitude frequency charaqteristic of the filter
can be operate with the input clock signal.

Based on the proposed circuit, the measured amplitude
frequency characteristic of the filter is in good agreement with
the theoretical characteristic,
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ZudmuginacieaTudan auas Taaa uaaq1%1u;ﬂ# 2.6(a) a&mMnYTMMIBY
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TuTmieldad usssumaq Holding Capacitor as#uaéﬁun1suﬂ%11uaﬁ1u
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I,+1
AV 1t
—_— = -E—- = ——— V/Sec ...(2.33)
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ﬁmmﬂmﬁuqnﬁa 1u1nuauﬂusﬂaﬂaﬂmt??Tunﬂ1u1sjw54Qﬁu# Holding Capacitor as
gniﬂﬁaTaﬂaaﬂuﬁﬁunﬂumui1aanf él (Rg ON) ua=u54Qﬂn#azﬂu151uﬁ1tﬁnﬂ1z§ c,
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a € rad »a
1inTuuy LC 1uun11§mt§ﬂ uaziamlan
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Maz L (w) 2 O
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aqudaQTugﬂn 3.1(b) ntuﬁhunuqmanumsnaq Elliptic [6] nasuninny W W7
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X. 39X
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ni-= 1,2,... Wae j = 1,2,... nuagnnauaunnoaea1n1aqa1ﬁuﬁ [10] wwTvae
8 [} L) : 'Q H Oy
uunﬂ1§mtﬁu1unaquﬂun1ﬁuﬁ (Passband) TiLRRRINNTTMAT LURSUBRSERL SN INRTN
: 8 Y Q. . :
JANATINOLUY LC %Y IRS@ NS TI R0 9I9RTNIaR M L aukAnay LuiT LR
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Tus DA IuNeT  IHTIZRANNTEENUVIINATNTANATIINASRER N LANTRIMINATNUS TN
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n?ﬂu11uﬂ7tﬂauuﬂua1aatnumaﬁtﬁuLananunu1qa1n1mqn1ﬂanuun LC
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3.2  PeinuaizBAaL MLIMLInT(Wave Network Characterization)
qmﬁnamzzaa;1ﬂxﬁn;5n4 aﬂuﬂ1a§aﬂ1mﬁ15ﬂ1nzﬂﬁ 3.2

I

I
v

N A5

° T Z T —
v Zr VI R Network
L z23 | o—r

4 -~ -
7 3.2 qmanamznaet1wtﬁnt1n4
Toem Z0 = Characteristic Impedance
Qﬂnzﬂﬁ 3.2 arla

A = 12, + 1Z ...(3.1)



Taem A lﬂu Incident. Wave

Az v o= 1Z, ...(3.2)
UTMANANNTT (3.2) adluduniT (3.1) azle
A = V + IZO ve.(3.3)
Tomm Z, = R \38n Port Resistance
wazw Reflected wave(B)1a Tesntaumu Voltage drop wu (Zr-Zo) am Er wla
E, = B = IZ - 12 ...(3.4)
r )
wis B = V- Iz ...(3.5)

» ° o a ¢ [ -t e [ (V] -
OTWINMNTIMUALUN L INTUHUBUNRENUITUIU N WA ﬂ\ﬂlﬁﬂi‘luzﬂﬂ 3.3 1

H 1 o -~ 8
aﬂuﬂinLiuutﬂuaunﬂ1ﬁag1uLnauna4u1qaunasn1sua1ﬁa¢u

< g a § £
zﬂn 3.3 LuUnNINT n wam

A, = V + I R ...(3.8)
B, = V- I, R ...(3.7)
TQzﬁ k = 1,2,..-’n

Ak lﬂunuﬂanae Incident. Wave
Bk tthusuranae Reflected Wave
Rk tﬂu Port. Resistance
» g o & [4 .luw d‘
vaziuiuiming n vamm 2 g8 (deuseiudwdndlugi 3.4 sz

» ° » ¢ v ¥
SINIVUAR TR UNTUHBTINAU
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RJ = Rk -00(3-8)
arla A, = By
A = B ...(3.9)
! R’ Rk k
4—-/1’ Bk<_
- - ¢ ' o
70 3.4 ini3nd n wedn (Favdain
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LR ) a ' s J ? ] y “ Ser
T aviruamiaen wanaseau T e luagreeaiiae Te R, MUR lReNEINTT
’ & Y £7) ‘d‘#lu ] ¢ ¥ clu M-
(3.8) FeaziimlanAT e MU TN TasaiuT I B TIM SEa N L | thuwann
22 . ‘.' ‘Ju
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] 8K ¥ - .
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[ B - [ ‘ 1]
1/SC) uvavag (u7veu u?mn1zua) Uaz NIR2 3 WBTMRULBUNTH wia nIea 3
[ [ aa » § ¥ . -
FBTIRUUTU M aquaﬁqlugﬂ 3.5 I NDALMMINERIRBNIMATE  Tnudas W tiea
v £ aa » » - g a € - aa v § o
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3ﬂﬁ 3.5 (a) n1Iem 3 waénuuuagn1u
(b) 179D 3 WETHRMLUTNTM

3.3 mrulasiaiium (Element. Realizations)

TuneanuinneaT e AesaRatand azﬁﬂquﬂaeﬁﬁLﬁuﬁnﬂqauﬂﬁmn153é1u3u
oA i eeInaa guu1n1ﬁiﬂﬂ1mﬂ§§Lﬁuﬁné1utnaunaqqm§nsuznaqtvﬂxﬁmtanf
LA P V, » I uaxs Tau1§aanﬂ1§ﬂuasaunﬂ11uua (Loop and Node
Equations) wazMmautawulyf ety s=(2/T).(2-1)/(z+1) Suiaw
Waunaaay Reflected Wave 1§a€1uﬂqﬁ§unaqnuﬂa Incident Wave TWMadd1474%7
3 BuansunTi 1 Tan1ﬁgﬁaataﬁ 249717 Iediend NATINATAN A IMARL

aa b o -1
pa40a L dune e L

Swmeud (Impedance)

v R ] Z(s)

J
zlh’l 3.6 Impedance
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ST eus
2(s) = S*R
1] . x
Tosm R ihudamn
A = -1 Tunsamiiu eunBueud
A = 0 lunamith arwemnu
<dad - o 4
A = 1 lunsamitu Sueeueud
NAUNT (3.6),(3.7) uaz 1ﬂﬁ 3.6 arla
A = V+ IR
B = V- 1IR
way vV = 1Z(S)
UMUANRNNTT (3.13) avludunT (3.11) uwaz (3.12) 3xla
B = f(Z)A
Towm f(z) = —if?i g« 22Z-1)
T T(2+1)
A R AT e

R R Qo0 A O————-=0 A

...(3.10)

...(3.11)
v..(3.12)
...(3.13)

...(3.14)

...(3.15)
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. v 2 A
Amuelit R = ()7 Ry ...(3.16)

UnuANENNTT (3.10) was (3.18) TudunT (3.15) azlae

z! lunmam A = -1

£(z) = | o Tunmam x = o
-1 ]

-z Tunsam A = 1

NENMTR (3.14) wazAn £(2) Wwnle udecli udwan ldanmaulas
Faiin ?oaﬂuﬁ1nuaa¢1ﬁﬁezuﬁ 3.7 1ﬂnzﬂa=xﬁu1§iﬂﬂ1ﬂuﬁ1unﬁuﬁuaelﬂguu1ﬂtﬂu
Digital Sink aﬂﬂwiunuﬁaztﬂgﬂutﬁuataﬁgﬁa uazﬁuﬁnuwuﬁtﬂﬁuutﬂuﬁtaﬁgﬁadﬂ
AdLAanuaLL 18T Lead

unaIIEUTIeU (Voltage Sources)

FRTTUUMAS LT IO 1uzﬂﬁ 3.8 azla
V = 12Z(8) + Vi ...(3.17)
unuAENNTT (3.17) ludunng (3.11) uas (3.12) acla

I Z(Ss)
+ {——— }———0
—— B
R
v, O I v
— A
O
3ﬂ# 3.8 UVANINULTIOU
B = f(ZWV, + ,(2)A ..(3.18)
~ . R _
Taa £,(2) = R+Z(S) Is.= %%%;%%
- Z(S)-R _
£,(2) = Z(S)R |S _ 2(Z-1) ...(3.19)

T(Z+1)
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unmANEINTT (3.10) was (3.16) ludumy (3.19) a=la

(127 Tund@R A = -1
£(2) = |1 st A = o
[ 14270 umiim A = 1
(zl lumim oA = -1
£,(2) = 0 Twnsm A = o0
L z7! uniam oA o= 1
UMASINY R IIRTITY Hopsires

-l' aa v § [ -
gun 3.9 MTUUAER L NUNIMNMUNAII TN TISU

. ¢ 4 : ]

NENNTT (3.18) BazA £(2) N8 udas WiHuNwHEN IeRINMILLa WA
] T o 4 o : o a
mRat AR RN ANBueud uavandAuaud aquaae1uzﬂﬁ 3.9 awaey
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4
pMle L DTUULAUY
- ¢ ¢ bl » 3
vaTanaualieny n wam(1,2,...,n) nAINE N URe I L T R1’Rz""

e ar o : bl 14 e z
Rn AN IR aquaac1u3ﬂﬁ 3.10 ﬂqﬂQNﬂﬂﬂﬂﬂﬂﬂﬂﬁ?ﬂﬂ&ﬂﬂ!ﬂﬂuﬂsLﬂuﬂﬂu

2 -2 A. B
S e o 2 2
L1, 1} R,
o+ —at - = —|- — — = A, o] R
t Vi By I I
o ey B, o \

)
-
=
=]
o—
o
O
I8 bb»o——-+7
O—<¢—

(a) b)

3ﬂﬁ 3.10 (a) paueli@auyymum n wein (b) Sommbo

vV, = V2 = V3 = ... =¥V ...(3.20)
gt I, £1) 8 0.5h le==% 0 ...(3.21)

% » s Q‘
tﬁﬂunuaqmqmanﬂmsnaqL1ﬂnﬁnt1n1 IM&UNT (3.8),(3.7),(3.20) uar (3.21)
4 - ¢
aﬂuﬂ1nuﬁaunﬂqnaqazuaﬂLaazuunnuﬁunaQTutnaunaq Incident. Wave Lay
lluz
Reflected Wave 1o (8]

B, = (@A +a@A, +...+aA)-A ...(3.22)
[] 2 Gk
atm = ...(3.23)
" G +G+...+G_
¢, = 1 ' ...(3.24)

Ry
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' gttt v =2 ...(3.25)

‘Iﬁﬁﬁ k = 1’2’3’.'-,n
A ¢ ¥ -8 «b ’
AT (3.25) Suilrsdng o, 2D NBTIMIZINB TN L T8N0

a

. o £ [ T » . YUY Vs
Dependent, Port Fvawiiosadiuseantmaaaimuly i1z liwe Wi rudmre
'1uﬂum1ﬁ'auﬁ§a Tesmmidamvain n 1 Dependent Port ansumT (3.22)

gl 161 T
n-1
B, =A - ) @ (A -A) ...(3.26)
k=1
Bk = Bn + (An - Ak) ’ (k = 1,2,...’n-1) .oo(3o27)

ua#Tﬁﬂﬂnaunﬁ1 (3.26),(3.27) asxﬂuannﬂ1aeuaﬂtanéuuuuuﬂuﬁ11uﬁﬁiﬂ
WUNETN N van a4 lHd Al n-1 # uaziBinTuse 3n-3 § Gwnm
wal® n = 3 asxiautﬂu‘lanwmnmqtﬁunmﬁmrm‘lﬁﬁwaaﬂw;ﬂ# 3.11(b) dm
iuﬁnmfnﬂaﬂ’i'luzﬂ# 3.11(a) mnzﬂamﬁu’l&hﬁm'li’ﬁwwm 5181 alu

aF 8 - ~‘ H - [ ¥)
5 a'muﬁﬁm,mﬁq 3 duwn  FanaT e w6 @

(a) (b)

< ¢ ¢ . ¢
pm 3.11 3 vaTmaMusmiieaaTIu AWUena™ 3 tﬂu Dependent, Port

(a) i (b) lanzunvamnaieunasdonra
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‘e £
TunTamivuewain n zesazuetheaduvumumithivedn Reflection Free
- - [{ < v v
aqﬁmananuzﬂn 3.12 uanaele [9]

a = 1
n
G, = G +G, +...+ G _, ...(3.28)
¢ +a, + ... re =1 ...(3.29)
@ = e ...(3.30)
n
A\ (/e
A10_+_, N /=
o—+— Ry A, L
: I E
An Bn

< w & ¢ 3
3ﬂn 3.12 ﬁmanumna«nsuausaa1nuﬂu WM n lﬂﬂﬂﬂéﬂ Reflection Free

4
MU L AenwaT n-1 1 Dependent Port annd#wmT (3.26) uwas
(3.27) awoamtmilas e

n-2
B0 Ny, Z ak(An_l - Ak) ...(3.31)
k=1
Bo-1 ¥ Byt A ...(3.32)
B, = By+A ...(3.33)
Bk = Bn-1 + (An-1 - Ak) ...{3.34)
Tazﬁ k = 1,2,...,11-2

: o -t - « ‘

iqﬁaqnq1a1guﬁmmﬂmsimq n-2 W7 UAEINN el ReY 3n-5 @71 3 waTm

¢ —e ¢ . ¢
poueli@aTusysun  nnwuewadn 3 il Reflection Free uamam 2 i
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Dependent. Port, uﬂa¢1§1uzﬂ# 3.13

(a) (b)

3ﬂﬁ 3.13 3 wamaehiaadoun Tagdmuevain 3 (tuwen Reflection Free
uaswaén 2 1ﬂu Dependent. Port.
(a) ddne (b)) Teasunameiduzasinra

£
2EURY\ ABTUNUBUNTN

- ['e (4 . » '3
waITasAaieaT n wam (1,2,...,0) Faa R U L T R1'R2’

a & (Y . % t Ux
cees Rn KRBIARY aquaa41uzﬂ 3.14 aﬁnqmauuauaqnﬂvaauuuagn1uaztﬂuaqu

-2 2
o]
11, R, |2
--- A, o—— - — - -

'vl Rl

-—-- B, o+ F - - =
R [ 1
n
v i
n
fm—
-n

(a) (b)

- ¢ ¢ “vw ¢
7 3.14 (a) awedieaTuuaynTy n v (b) i
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11=Iz=13= ces =In ...(3.35)

Vo + Vo # Vo ¢ L +V =0 ...(3.38)

IMNFAUNT (3.6),(3.7),(3.35)uaz(3.36) aﬂmmmanmuqaammaa‘fuum\gmu
- s v X
nm!lumaazm Incident Wave uar Reflected Wave laai

B, = A - Bk(A1 Atk An) ...(3.37)
. 2R,
Toem Pk * R T R ...(3.38)
1 2 n
By +By,*+ Byt ...+B = 2 ...(3.39)

e ] o o ‘ » ‘
TuruadidulagiufivasialieaTuuyTu - vniaamedn n vl
Dependent. Port anauma (3.37) azidmulmileiu

Ay = AL + A+ v A ...(3.40)
Bk = Ak B pkAo ? (k = 1’2,0|',n-1) -.o(3041)
B =-(B, +B, +...+ B, +A) ...(3.42)

IMNAUNTT (3.40),(3.41)uas (3.42) sﬂuaum‘mamman‘fuwagn'wﬁ'ﬂu
?;ﬁ'mm'xi"xgmﬁmrm n-1 1 WASINTWENE 3n-3 #7  LTuLAETPIRSLeY L AR
U OWUR N = 3 as‘lﬂaammm«ﬁuumiwﬁmﬁm‘luzﬁ' 3.15(b) @B
e 6 &3 inguliive 4 @ uell 2 Wﬂm 3 Huwn ai’mgﬂ# 3.15(a)

wsR S

(a) (b)

o ¢ - ¢
zﬂ'n 3.15 3 wa‘fnawaﬂmmmgmu Muewa™ 3 l.ﬂu Dependent, Port.

(a) i (b) leamuntimneisusassna



-30-

“luntamn-wuswa n 1Tuwedn Reflection Free 5q§m§nsﬂiuzﬂ 3.16 3

1@ [9]
ﬂn = 1
R, = R +R,+...+R ...(3.43)
B, + 8, ;k+ B, = 1 ..(3.44)
Bk = T ...(3.45)
n
A, 2
Al o—— - — —
B1 o—+— I ]i- - - - -
A B
n n
d. o ‘ L J
71 3.16 5manamazuaﬂuam§uunagn1u fimiewaT n (duwadn Reflection Free
fniauamain n-1 13 Dependent Port. 3nswmT (3.40), (3.41)
waz (3.42) aziamlmilan
B, = =(A, +A, +....+A ) ..(3.48)
A, = A -B ...(3.47)
Bk = Ak - ﬂkAo ,(k=1,2,...n-2) ...(3.48)
B, = =(B, +B, +.....+B , +A) ...(3.49)

aztﬁuiﬁiﬁﬁaqnﬂﬁﬁagmﬁmmﬁmtﬁuq n-2 @7 HaSINTNEEOwLNEY 3n-5 @
' - o $ ¢ ¢ “e 3
LEULAEINURYAUALL GETUULINY 3 WA pxuailLABTULNAYNTN INHUGKETN 3 vih
‘ Ve 4!‘
Reflection Free uazwam 2 lﬁu Dependent. Port uﬂaeiaaqzun 3.17
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P*] [4 ° ¢ [3
zﬂn 3.17 3 wa‘maataﬂmaffagmu mMwuana 3 tﬂuvmn Reflection Free
uamwadn 2 i Dependent Port
o 4 -
(a) dpansal (b)) lensunzamnaieuna s



-32-

™ 4
MIEEMIANNRTNTE A TR R Thae T TuL sz
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{ o ’ 3 1 [ 3
v V, 8RTdmIMNIe Y, WV, azifunaud iatileitusasiess A

dun a1t
V. (S)
2(8) O NGs)

titn H(S) 1 thmrud v dilariunn e
N(S) uax D(s) iiuTwaTuisinanasiaicuasTwa luslizanassnd e

aen ﬁotiuuaé1uzﬂuae Laplace Transforms

tiiaearmaeatla 9 aﬁuﬂ1nunu1ﬁudlwuﬂsﬂqﬁfuﬁaé1ugﬂ3341uﬁiutﬁnaLdu
duinmiu andma (4.1) w18 p(s) e aTudiee (Hurwitz
Polynonials) nd1unﬁqﬂﬁﬁaﬂéﬁﬁuﬁaé1ugﬂ1u51utﬁsatﬁﬁd1uﬁu Tigwmmaz iy
1§wﬂuqeuaiﬁnéﬁ1uﬂ az§u14a1ﬁ§qmauﬂaﬁaﬁu inTwaTuriisadlaifusaiess (iimin Ty
Lﬁuntﬁuﬁﬁuﬁeﬁﬁunaq14a1n1aqn1ﬁuﬁéﬂ1uqauna asﬁﬂQ1ﬁéﬂ#1n§lﬁuqﬁuﬁqﬁ§u1uqau
ﬂiﬂﬁﬂ#éa 39T Tus deamien WlunaenunneaTntasesinn Tesn liasiiee aa
imienTi3oTwa lutiza (Butterworth Polynomials) [12,18] 4z linasnusunems
nuﬂaiuiqqn1ﬁuﬁéﬂ(éﬂuﬁﬂuﬁmmwm)1ﬂnt§uu#QQ (Maximally Flat Amplitude)
a7 1111w 1WA L3R (Chebyshev Polynomials) [16,18] aslimampusuamn
auna ludmusmanity uaziudigaTwaluiiiza (Bessel Polynomials)[12] Fvasliua
aﬂuauaenmqniwataﬁ1wnt?ﬂuﬁ§a (Maximally Flat Group Delay) [2] uanami
sioit v T Stmadnmenis i bt 16 i uavaanTasewd Taea Tu idinmsiinn waRay
suameune Tuswdmaaviiun it w e Tul e #«ﬁﬁaqaw%ﬂaLﬂﬂ?ﬁaTwﬁTutﬁna
(Ultraspherical Polynomials) [11,13] uanqnnﬁuuﬁaﬁaﬁwﬁ1ﬂﬁLﬂnéﬁaﬂuﬂ1nﬁﬂ
PUAHARBURUDMNTUNA L AT lasesmBaenT 18 Tz BrenaaTvd Tul eausasi
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4.1 WNVINTBWTBORWINARLGBT L 30
1 o é by € .

ATNTBIAT IR MYITR L /T L ITmMT U L Ha Tl i«tﬁﬂu1ugﬂnaamuﬂa

fnavday  (Magnitude Square) fa

. 2 1
= IHn(Jw)l = .e.(4.2)
1+0

Taei n hiugy (order) maamtmd ittt
1B (jwi?  a=ld

H(S).H(-S)__,

pnwuale loss

IBn(.J'w)I2 5 ————1———5 = 1+ ...(4.3)
IH, (jw)l
FMAUNTT (4.3) UM S = juw s w=-Sj azla
1B (w1 = 1+ (85" cea(4.4)

IMAUMT (4.4) ﬂﬂ1ﬁﬂﬂﬂiﬁuﬂﬂ1131ﬁﬂ

1+ (-1)%s®) = o
(-1)%sP =g = QBN ...(4.5)
<
Toem (-1)® = &™ 318
SZn N ej(2k+n-1)1 ...(4.8)
g »
AMUUTINABIEUNITN 183N
eJ[‘l/Z.(Zk#n-I)/n] ...(4.7)
‘Iﬁﬂﬁ k s 1, 2’ LN 4 n
- 1 » Srer 8
RN 00 n = 2 (TENTIOTINIINENNT (4.7) e
; .
H (S) =
2 (s+sl)(s+sz)
s, &334 - _o.707 + jO.707
s, = eI5*/% - _0.707 - jo.707
H,(S) = 1
2 ~  (S+0.707-j0.707)(S+0.707+j0.707)
= 2 1 000(408)
s+ J2s + 1

by & ¢ d - ¢ a
FmndNNT (4.8) Lﬂun11uéLﬂa1ﬂqniunn41QQ1n1a4n1ﬁuﬁaﬂuuuuaLaﬂ1t1ﬂ

. ] 2 4 Q@ f 4 4
an el n = 2 UATRNENNTT (4.7) WM n = 2 04 6 A% ledunlreantag
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TaTuilsaawdaslugrran 4.1 NN 4.1 UHANHARBLEUD N INIUIRTBNINAT

‘s o [
ﬂ’ﬂ\lﬂ?quaaqu'ﬂﬂﬂa L7120

' n-1
Y £ -~ { S
AT 4.1 wdavEnlTsAntnagiinLeaT 30 Ina L ks B (S) = s® + 2 aisi
i=0

n ao al az 83 3.4 8.5

2 1 1.4142

3 1 2 2

4 1 2,6131 3.4142 2.6131

5 1 3.2361 5,2361 5.2361 3.2361

6 1 3.8637 7.4841 9.1416 T7.4641 3.8637

o
-
n
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[ S
-
ol
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w
L]

0 0.2 04 0.5 0.8

: 4 P é -
zuﬁ 4.1 HARBUAUDMINIUNIARENINITNTARINNA M ULLIRL RET L 30
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4.2 WIINTAATRIRRINEARTVE L Reda 1ia L lina
‘s aw s [ 6
14Q1n1aqnaﬂnﬁaﬂunuqaa?ﬁaxﬂu1na1ua1uxﬁﬂa M7 B THenTuF 9L B

24 lugimasnuaitidae (Magnitude Square) Aa
B(S).H(-S)l _y, = IB(G0)1% = ———— .. (4.9)
1+Un(w)
Tarm Un“(mz) \lusunarindsdas (Magnitude Square) mavBARidIHETHA
TaTuisiza waz n 1hiusumamand wadieriu
§a1311una¢qaa?ﬂaLﬂﬂ?ﬁaTwﬁTutﬁﬂa [13] Un“(m) e

24 & n! (a,a)
0w s R ...(4.10)
Tosfi (140)_ = (1ea)(2ta)...... (n+a) (8.11)
n = »ind 2,-3, M5 W@ i

a Lﬁuéwwﬂ1ﬂﬁLnaénaqqaa?ﬂatﬂu?ﬁaTuéTutﬁaa uas Iwa Wi oA

Pn(“'“)(m) 183137n Jacobi Iwa luilga  lagm Jacobi wa Midisa Pn(a‘s)(w)

fvme lveas [13]

{(a,8) (1"’¢)
_ n -n,a+p+n+l ;3 1-w
P, (0 = —> _F [ 1o ] cn(4.12)
l+ax
< : & 3 s mfcd %
Tom oF i Hypergeometric Wermiu [13] ﬂeu@aznaTﬂaqu
n k
. a,b N / Z (a)k (b)k X (4.13)
21 k! (c) e
c k
k=0

0 v Tuidtgaluduntt (4.12) nawily Legendre Twd
»® 1] - wu‘
12) azumledn e Pn(“’ﬂ)(w) vihe Twa TuL Nmazasiuem n

4

e B =«

Tuilima andunT (4.
4 v
uazila w = 1 Izla

(@) B) (a,B) (1+a)

Pn (w) = n -

...(4.14)
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lunvtinas Jacobi Iwa uiiliza Avnaa oF aﬂuﬁ1nﬂ1zqn£15§4aunﬂ16a
P
T
(ax,B) (1+a) n
- n (w+l -n,-p+n ; w-1
(«,B) (-1)" (1+8)
) n -n,B+a+n+l 3 1+w
P () = - 2:-1( I~ ) ...(4.18)

ndNnT (4.12) , (4.15) uaz (4.16) 5ﬂ1ﬁua§w§aé1ugunaﬁ Finite
Series 8 WTuAN Pn(“’s)(m) 3z e 16 bniawannat (4.17) , (4.18) uas (4.19)

P(a.B)( /i E (1+a)  (1+aep) > & ~\
n vy r k!(n-k)!(1+a), (1+a+B) [ 2 ] ) <
k=0
n
p(a,B)(m) ) z (1+a)n (1+ﬁ)n i k ey n-k a b,
n k!(n-k)t(1+a), (1+8) . | 2 2 e~ 1
k=0
fen § (-1 (1) (14a4B) ok Wy
n R k!(n-k)!(1+B)k(1+a+B)n ( 2 ] ‘G &

k=0

Tunyam WWnuasn1mmil order 30 A ndAuNT (4.17),(4.18) uaz (4.19)
dwntordeu Tt leeedunt (4.20),(4.21) uaz (4.22) amaney

(ayB) (1+a+B), w-1\" -n, -a@-n 3 2
By () = irriar, [ - ] 1 [ 2 ] ..(4.20)

o
~
€
o
(]

n [l
2:&] . [‘“"“’“ 3wl ] ...(4.21)

(a,B) (1+ﬂ)n
n n! [
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(s B) (1+a+B) n -n. -B-n :
P ()= 2ty e (e AR 2 ) sa22)
n n!(l*-ll*"ﬁ)n 2 21 w+l
T,

-a-8-2n ;

W B=a uwirwmdun1t (4.12) awlaiva sl Pn(“'a)(w) i

(o) (1-l-¢J:)n

P, (W = ot

F ['n’2“+n+1 ~ ]- ...(4.23)
21 2
l+a ;

t 4 , &
amiuLiBuMAn  Hypergeometric Wamin 4E Tudunt (4.13) avludu
M7 (4.23) azla

(o,a) (1+a)n R

P (w) J n! k! (1+¢)k

k=0

(-n)k (2¢z+n+1)k [ k
2

1'”] ...(4.24)

¥ v ' »
avuunwmaEunT (4.24) agludunng (4.10) a:1a

@ % (-n), (2a+n+1) k ,
B k k 1-w
U (0) = IR (R [ - ] e (4.25)
k=0
- o U 0k St
Toem () = (-1)" =5y ...(4.26)
Tasnmunuaaains (4.26) agluduma (4.25) 1@
@ - L g (Rmmel) ok
U(w) = ) (<1 ¢ T, [ _ ] ...(4.27)
=0

Tosis 6" \ihsiuyrzAnines Binomial deiiiy (EZE%TET

NaNNT (4.27) 07 n = 1,2,3,4 UaE 5 AN Un"(m) B thietnale

andaluaTnam 4.2
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@I 4.2 udavAgaada| AeTRa Tva Tuidina

n U, X(w)
0 1
1 w
2
2 (20+3)w~ - 1
20 + 2
3 ( 2¢+5)w3 - 3w
20 + 2
2 4 2
4 (4a”+24a+35)w - (12a+30)w~ + 3
40 + 122 + 8
5 (8> +84a%+286a+315)0w° - (40a+240a+350)w°> + (30a+75)w
8a> + 44a® + 762 + 40

t 4 - : [ 8 1] L. ] [v]
e n = 3 1ATUAT @ AR -0.2 B9 1 azlaen Uaa(m) andag
Tueram 4.3
@79 4.3 udevAn UB“(m) Tesmanwuesn «

a Uaa(w)
-0.2 2.875u° - 1.875u
0 2.50° - 1.50
0.2 2.250° - 1.25u
0.4 2.0714w° - 1.0714u
0.6 1.93750° - 0.9375u
0.8 1.8333u° - 0.8333u
1 1.750° - 0.75u
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INA1 Uaa(m) TuaTan 4.3 wmasludunt (4.9)  1énTud iwatileriiu
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a Twd Tui s
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it 10”"1““&1“ n = 3 NMMUAAT ¢ NATRANNTY
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-l -~ 6 o » - aw -
4.3 ﬂq1ﬂﬂﬂuﬂ”1411"13Qﬂ77ﬂﬂ'ﬂ““ﬂuﬂiaﬂ1lqﬂ-qaﬂ1qalﬂﬂ1ﬂ31ﬂa UuiugK

Lﬂuﬁniﬁuﬁuaaéu51iﬁ N7 HARIIENE B VI TNTEA A e
tmaétﬁﬂTwﬁTutﬁﬂa§u1ﬁqmﬁnnmsaaquaaﬂuauaenﬂqnuﬂa1ui1qaaﬂugﬁﬂu(Pass band)
1ﬂﬂl§ﬂﬂ#§ﬁ (Maximally Flat Amplitude) d1u1qa1n1aaﬁ1ﬂuﬁéﬂuuuqaw§1asﬂm
3 lwa Ldsa (Ultraspherical Polynomials Filter) ‘Tiwasausuamismuna
Tugsmaavitunin uazuau11nu~nﬂ1aanau(Attenuat1on)ﬁmmﬂanTuuﬂuaaﬂanaq
nnmuiieLead L 3 uanaﬂnuaau11atﬂﬂ1aa1ua1utunan4uwﬂiﬂutaa1 (@) v
ﬁﬂuﬂ?ﬂﬂﬁﬂﬂﬁﬂﬂﬂaﬂﬂuﬁﬂﬂiﬂﬂQnuﬂa1a ndaasena it Tumiseld i sua s lwi
Tauﬁﬂtaﬂﬁataﬂét3511uﬁnqaa§1atﬂa?ﬁaTwﬁTuxﬁna wiai Tananawiineen Taa n
ALz (Composite Polynomials) 1=n51Q§hlaaflﬁﬂﬁhqan§ﬁatﬂmiﬁa [3]
4NN AR TE HARBLFNE M INTURUTRENNT 18 WP RIM AT AT TN TR 1A

Tunﬁ1aanuuu1qﬂ1n1a0ﬂ1ﬂuﬁéﬂuuuﬁatamétaﬂ-qaafﬂatﬂm%ﬁaTnﬁTutﬁaaﬁu
fvuenTud Lariitaniu 1

1

HS).H(-S)| _, = B (jw}%® = —m— ...(4.28)
s=juw n 1 +Fn(w2)

Tard Fn(wz) siuzuteiiedae (Magnitude Square) am4REN THAR WA LU
LiEa (Composite Polynomials) ilszﬁma'la“{aﬂ
F?) = B2w.0_ 2w ...(4.29)
A1 k Tusuntr (4.29) iiiandwmiin
n hiusursmindiediley Tem 0o <k < n
§a1ﬁa1unaqﬁhtanét%uTNﬁTutﬁﬂa AB
B(w) = of ..(4.30)

uaeaﬂn§a1ﬁa1ﬂzaqqaa§ﬁaLﬂﬂ?ﬁaTwﬁTutﬁﬁa1uaunﬂ1 (4.27) Aa

« n (2a+n+1) :
- _qyk o m k 1-
(W = ) (D¢ o, [2] ...(4.31)

(=

< 4 s W !
Tasm ckn huihnlseAntaee Binomial Aty TEZETTET
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Anud Waueunawean Iwda Iwa luiliga n = 3 wazli k = 0,1 uaz 2 &wan
- - < - { -
GU  Unua udun1T (4.30) uae (4.31) 1@ v L lsarasiineadi 3o UazBRvaa
AT LHETAR @AY uAN Twa W dgan leumias Tusinn (4.29) axlaan Fy (w)

At hiene leasudasluansan 4.5

AT 4.5  wdawdn F, (w) Teanwuas a

a o
) -0.2 1
3 3
0 2.875w" - 1.875w 1.750~ - 0.75w
1 1.6250° - 0.8250 1.250° - 0.250
3 3
2 w w

TesnTunuan F,(w) avludunT (4.28) d W77 n (Roots) uazAny wan
TaTuiilsana maud i wafiantu H,y(S) ﬁaénﬁ45ﬂuﬁﬂnﬁnnaq S-Plane gnnaa0151u

- - X
@17 Im 4.6 el

A » 8 o i 4 e 53
vwa Wnsesn i Wi 177399017 Normalize  wamRURuE-MINIUNG
] " es Q'J 2 e - <
Wil w = 0 uazTilGsafnaa(cut off) -3 dB fw= 13N il
[] Py ~ .lz
Ta1TI9h 4.6 3 10 lagn1T Normalize WARBUAUBNMINZUIG UASNINATND Faimu

apuee T
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: 1] - a« ( - X
@17 4.6 uammﬂnuaﬂwa‘[mﬁﬂanmmmmnﬁ-qaa-':"latﬂmna’iwﬂmﬁaa

nislsile Normalize

-0.209925+j0.885653

Kk a 11N ADN THAR 1WA Wi diga
0 1 |-0.660619 s3+1.32125%+1.30148+0.5714
-0.330309+.j0.869417
Fy(w)=u,* | -0.2 |-0.419851 5%+0.83975%+1.0047S+0 3478

s3+1.71335%+1_66775+0.7999

1 1 |-0.856857
-0.42832820 . 866255
Fy(w)=B U, | -0.2 |-0.701697 S3+1.40345%+1 . 36945+0.6154
-0.350848+j0.868274
2 1,-0.2|-1 s3s252+28+1
Fy(w)=B,U, =B, -0.5:30.866025

N7 Normalize nymuna [15]

...(4.32)

fvamT g e iariu L
d,
Hn(p) = n n-1 -
p +d _.p " +..4d P

Toem d
n-1

nENTT (4.32) 3=l

+..+ dlp + d0

< - § o ™ -
il rantuag umaﬂ‘uw-qm’haLﬁzrxna'[wa'[utﬁzla

1
Hn(p) = 3 3 3 ...(4.33)
pn n-1 npn-1 n-1i 1
= + P +..+ —p +..t P+ 1
d0 do d d0
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TesnTun & - P
d,
<3
wia s = - f/n = (d) M .p ...(4.38)
0

UIRNMT (4.34) wnuaslusdunig (4.33) azla

H(s) = = : : ...(4.35)
s+cCc St +.+C ST 4. 4CS 1
j n-1” Tt e 1
Toem C,, = d _,.d =
- - n
Ca-y = 9y
|
A -(1-1/n)
C1 = dl'do

MAUMT (4.35) aziﬁhaaanauaqnﬂqnuﬂaﬁﬁwtﬁﬂﬁunﬁqﬁ w=0

M7 Normalize WNAIND

. 1 - v X
AT ud L iaTikarin fae Normalize NNAIWE S

438 n tﬂuiﬂu1ué

B (S) = B ...(4.36)
n/2 4 2
T [5% + (070,08 + gy ]
i=1
- . -
waziie n 1 uduoua
H(S) = - ...(4.37)
(n-1)/2 . A
(S+w°n) 0 ([s°+ (“Oi/Qi)s *wg, ]

i=1

Teem  n  ihususu (order) naqnqnuétwaéﬂqﬁﬁu
1] Jdl' . »
¢ iusnasmmeein i H(jo) =
nawauauaqnﬂqnuﬂanaqn1ﬂu5xﬂﬂ1ﬂqnﬁu IH (Jw)l vmny 1712 Aawn

w =W, T WRNTENBURLBINT "Iﬂélﬂ'ﬂ‘lﬂ\lﬂiuﬂ lﬁu ’i"m’luﬁ dun17 (4.38) ’iulﬂlﬂl

Tt 1o the
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n/2

wW,.2 ,1/2
_ 2 2.2 0oi~d
fza = 1 [(mc‘i -0 ")" + [MQ ] ] ...(4.38)
ist i
- w [ (£ - - »
wasHusmamrud i waTHentuL thismoud andunn (4.37) wld
(n-1)/2 W2 .1/2
- 2 2 2 2.2 0i'd
[z2a = T I [(moi —md) + [WQ ] ] ...(4.39)
i=1 i
MAUNTT (4.38) uaz (4.39) WIIWIAET G UaE Q uaz u_, Vs mINARm
ADNATUBVRR wy NI wy 3z ¥emm i eaTH28 RALRRNTANANTINTEN wy miuada
: , &
AL i

- - d' 4. .
10 WA WA eI 4.6 1UaMIN1T Normalize  WARBUAUBIMNNTUNG
q'v 0 - - e -‘
UATNINATINNLATAE 8RN A luLNsassuday lua1Tam 4.7

: - - £ & -e :
AT 4.7 anQTwaTutﬁmanaquataﬂ1taﬂ-qaaﬁﬂatﬂm1na N Normalize ud2

k a ADN R Ina WL disa

0 1 1.74995%+2.31225%+2.27755+1
-0.2 2.874687+2.41415%+2 . 88855+1

1 N\ 1.24975°+2.14145%+2, 08475+1
-0.2 1.62515°+2.28065%+2.22525+1

2 1,-0.2| s+2s%r2841

!‘J z 1 * 1 1]
Taan11ﬂtaﬁﬂvnﬂwna¢1qa1asnumgnuaﬁuwuqnﬂ1ﬂn (Dominant Poles) 784
o 28 3 ‘ ‘Q.l
aun'l‘lq'mamz (Characteristic Equation) tmnﬂnman‘z"mé LT ntuTRNTEI

vt
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N, + NS + stz + ... +NS®

m
H(S) = —s = > ....(4.40)
Dy + DS + DS° + ... ¢+ Dns"

it N(S) uaz D(S) i TwaTusiimanaii uasTd Tu inanasind e
Ao fqtiﬂuaéiuzﬂnaq S-Plane iufumas Iwa luilizanasiiidy (Numerator) ax
REVUABNINDUALTAY 1WA UL JanaseId M (Denominator)

Qmﬁnnmsnaeaoaz#Laﬁmvnﬂwﬁu AIN2RIA uTE TS L e T RuRBe
aéiuﬂéeiﬁuuaq S-Plane 177 IEWLETETAWERNI9RT 10 lon 113500 Tundan leny
unTn (Nyquist Diagram) [22] Tesniriwue

D(S) = Re + j Im e...{4.41)

viin D(s) i TwaTuisiuanasiindau

ToeMazuyas, sftganm Lﬁbgaguﬁnaqe (origin) lu D(S)-Plane gniladax
o unnanag luadarwana

o H - £ - » -ar
4.4 PEBHRIDNINTIMIEATIIROLINARLADT L Y0-0a0TTd L TR N UA3iEa
; ; z e
IM@VIIM 4.5 Fa(“) nk=0 uu1¢a1n1aan1ﬁunuﬂ§qmanumsnﬂenuﬂa
aw - . - 1 :
ihwursaedaieTea a uiea Tesnmiwuenailiteed (@) mevissamaswm
H » <o - < P - & e
uﬁuuuqaa11asﬁu:naTnaTutuna \iBde @ = 0.2 uar a = 1 ssumlen  «
ﬁtﬂuauasiﬁqmﬁnumsnﬂqnuﬂaﬁiu1uﬁﬂuﬁﬂﬂaﬂ (cut  off) ludqsmmnnim
\ ; 41 - 4.
(Passband) i@ Ripple FYARIEINIINTEWRIVOAMBULIUIIN  11BA1 @ 2B

'3 } 4 - ar - 8 4 L] . ar
a1n1mqa1ﬂuﬁaﬂuuuqanﬁﬁatﬂu1na1wa1ut§uatﬂuauuﬂnnuuQTNﬁaﬂnaﬂ a > -1 101
289 Ripple 3suMAIYINITNTANAIMOAWMUULITLIW [11] iqqmﬁhnmznﬂ¢nunanaq

' - { o aer o - :
1aa1n1aqnaﬂnﬁwﬂuuuuasma1L1ﬂ—qaa§ﬂaLﬂu1na1wa1us§ua aquaaq1uguﬁ 4.3 M

& v -d o f a » aw a P

7 4.3 aztmlan B,U, 1qa1n1aqa1ﬂunnﬂuuuuwLaa1L1ﬁ-qaa1ﬂaLﬂuinaTwaTutuna

- ¢ . 0 ‘ s - ¢
Towmiiient @ = 1, -0.2 TmsdmuanemeaninisianTawindeundiaens
\30 B, |
<l ar - .
Tugﬂn 4.4 uas7ll 4.5 udeceuANsaE 18VINA (Phase Characteristics)
[ : ] o~ -~ /4
uaxnfvaial (Delay Characteristics) @4 B U, A mafinucnasissuaznnaiaz
' <& aw e .
3n1ﬂ14a1n1aen11nnaﬁuuuqaa?1atﬂm1ﬁa1wa1ut§ﬂa U, uaz1uzﬂﬁ 4.6 UdGHARDY
< e . o 4 9

sunsiuiad (Impulse Response) 4 B,U, Weudmsusesausuasanin U, anlu
7 4.7 usdaaWARBLANAY Unit-Step 34 B,U, ‘% Delay uaz Rise time ussn™
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4

m 5
.3 ¢
NMMIEANLINIISTINTDNAIBIR L INARATIRG L RaT

Tunieanuuine’InTasA R M ke sy Taer livin lowanss e
ariTiuasiizaanasial duaneneifu 194 NMTEENLIINNATHIREN (Passive) [17] #a9
1§qﬂn1é (Element) R, L uas C F9auinWheatimunelw  dwnasnmunneaTuan
M RC (Active RC) [14,17] i #wn7olammawd (0p Amp) Fmimnadwaat i
R fin C v WneRTiizunaLAnas §§ﬂnﬁnﬁaﬂuazaﬂuﬂvnﬁﬁLﬂugﬂunuﬁatﬁn 9 Tasands
inaTuTaiimas Integrated Circuit timiniiu Mass-Product Wi e Aliuws ue
Thaaula (Sensitivity) uﬂ11ﬂ§uu1uﬁa§§;§uﬁ§q Fanaamin et bivadnr 18
1ﬂuﬁnﬁwuaﬁuagu§1iﬂ1«aswﬂaiw LC femulutrumluiaa e Tumils
s#ua¥inna i lunasenuinnsaangasawign Tagande Tazesinsmavisemnddd  LC
LdsnToua AT 16 Wi wisndiees 39 FamesTunn
4179371 MAImEaNALeET (Wave Digital Filter) [68]  amissTivedsaanaLand
gunoiwneenuu st eanTmiataat e Temsareanan lianaw lanasda
LAMEY  UaTEINTONARIENINT TSN THARNAT LST Tmnaan 1R uanamineas
L HadATNE L aBTnaanuuY 1o ﬁqﬁﬂu11niﬁau11nu=1unﬂ1aanauimmﬁm1ué1unqa§mmﬂmﬁ
anNMTEaNuYIYITSaRTREnanee [1]

5.1 mMmnAEaL eI md L e T

Tt 15ﬁﬂnﬂ1amnuuuaoa1n1aaa1ﬂuﬁ$ﬂuuuﬁataaétﬁﬂ-qaaiﬁatﬂﬂi
il Tuiiion  F@hnawiiead (@)  dwrofmueHAREUENE MY eTUNeRBTEE NN 18
aﬂnqmauﬁaﬁ Tumt s suaSEnmimrud e fiaithm 1 dnneanuu tuesanTes
AR HadR TN ADT 2 uunﬁbuuuﬁaLaa{L%ﬂuazuuuﬁasmﬂétaﬁ-qaw§ﬁaLﬂﬂ?
daTwa luidisa Tagt TuannId U uAnDa L MEaINRTRININTHEN LC wANaNn
ﬁu%quﬂaeﬁﬁLﬁuﬁtnﬁﬂﬁ1ﬁa§1uzﬂnae§§LﬁﬁﬁnﬂqaiaaauuuLaﬂaaaaaﬂanaaé

ﬂﬁﬂgﬂ# 5.1 NEANINIINTEAI RGN LC Fuby 2 FednanTanFaui i

nTus LTt 18 R,

R_+
H(S) = S RL eee(5.1)

RIC , RO

— 8+ ——— S+
R*Rp Ry*Ry

1
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RS L
AN 1172 0
+
]
Vin GD 'JF ¢ §RL Io
—0

zuﬁ 5.1 NITNTAW DA WOEIN LC auay 2

£ £ ar { - H ’ o : -

M et T imi e 3o TudunnTh (4.8) ﬁ1ﬁqmanamsﬁ&1ut1ﬂu
- -
fidaAD

...(5.2)

Hy(S) = :
2
S + 128 + 1
e e tiariuTugimT (5.2) fh Normalize Manrudsmaawn w =1

HARBYUSAUBMNTUTA wﬁﬂa1354uaaq1ugﬂﬁ 5.2

guﬁ 5.2  WARDURUANMINIURIMNANNTT (5.2)
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a"mm'mé Lﬂﬂ‘fﬁqﬁi'iu'luaunﬁ‘l (5.2) d W T0DankuIMTIL ﬂuwwmmm'mﬁ'
° “ e » <4 Lo &
aWNEEN LC aeanQTuzﬂn 5.1 18 TasnamiRsuilirsdndmmaud  ieditariin uss

o X
M7 (5.1) g

RI_LC

RS+RL = 1 ...(5.3)
RSRLC+L

_ﬁgzﬁz_A = J2 ...(5.4)

éwuiuéﬂtﬁuinaaaﬁQa [16] n&EunT (5.3) uaz (5.4) Ve

2 ¢ @ d g
R, = RT. = 1 Q 3zleA L uas C @uaeY avu

S
L = [2 H
uay c = [z F ...(5.5)
Taunﬂ1unuéﬂqﬂn1éﬁéﬂu1m151uaunﬂ1 (5.5) a41u14ﬂ11u3uﬁ 5.1 A
s Tnrasewidniimieati3n daummenW (cut off) 0 -3 dB i
gy = 1 Ao leawdaslurin 5.2
- |

ﬂﬂna4ﬂ1n1a4ﬂ7ﬂﬂﬁiﬁ#1ﬁqm§numznaquaaauauaqnﬂqnuﬂaﬁeuaae1uzuﬁ 5.2

uazaﬁngﬂﬁ 5.1 #unoinnssnTasnuiasunsiesals  Teon1a  Mapping
Pole 3  S-Plane  hilu 2z-Plane  #wiEnuvas @il drady
(Bilinear Transformation) finam13lumii 2 wamamaudinafieriuuaana
(MW lSanutimanni -3 dB Aa

" ORI Y

U on 6.28

...(5.6)

< 4 < <
Taem RN lﬁuﬁﬂun‘nmm Sampling n Normalize T 2t iwane
¥ Y - ~a
azuuATL AN (Period Jnavimra Sampling healifa T=1 MmaenzasiMeIeDaNa
d' - o A o~ 3
taa7 luunn 3 1 luR eTnTmiWaTy tkenlaeann S-Plane luit Z-Plane awu

2 (zZ-1)

T(Z+1) veo(B.7)

S

Sl A iz udetn ludunng (5.7) 48n  wngATIrNAIL AR

#prw Sampling gn Normalize W T = 2 e Haer1d R wadun1(5.6)
3 4 de : g o 4
2DVIIINTANATIO LC nnaﬂannnaaﬂgnatnaiﬂ 0.5 INIICRLUUILADIE L NANINAIN

naqqﬂn1£1uaunﬁ1 (5.5) I 2 i azla
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"
)
ol
=

way Rg= R = 1 @ ...(5.8)

2
|
3

'
é e

71 5.3 IRINTAAINORWNEIN LC Buey 3

aﬂnzuﬁ 5.3 UHANINIINTANRIUTRWNEIN LC Fudy 3 dvdmnini i
1 (& v
nma L Wa ety e

R
R_+
H(S) = S RL eee(5.9)
LILZC 3 (RSL2C+RLL1C) b (RSRLC+L1+L2)
e S + e S + Rr S+1
s*Ry Rg*Ry s*Ry

1 [ - { « > oo - -
aﬂnnﬂﬁuétﬂn1ﬁanﬁunaquatna1taﬂ-qan1ﬂalﬁminaTwaTutﬁua @M 4.7
P 2 » ] [
Tamd 4 WiRand1 k = 1 uas @ = 1 unuanaslugunig (4.26) 3 lanTudiwed
) - f o v o - - ¥
ﬂqnﬁunaquataa1tdﬂ~qaa1ﬂatﬂu1na1wa1ut§na A
1 .
H3(S) = 3 . ...(5.10)
1.2497S™ + 2.14148" + 2.0847S + 1
oy & » . » ades 4
ﬂﬁnnvﬂuétﬂaiﬂqnnu1uaunﬂv (5.10) a1 Normalize e nunsmaovin ”c=1

WRARDUAL-IMINIUNG wﬁaa15§quaaq1uzﬂﬁ 5.4
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0 0.2 0.4 0.8 0.8 1 1.2 3.4 1.8 1.8 a

zﬁﬁ 5.4 WARDUAUAIMINIUNRINENNTT (5.10)

amaud iia et ludinT (5.10) dnanTnasnsumingtunesTnrasansd
AN LC aquaGQTuzﬂn 5.3 10 Tasnn7ifoushnrsangmmaud s wadiermiulusy

- ¥
n7 (5.8) e

LlLZC = 1,2497 (5.11)
Rg*Ry )
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program Composite_Polynomials;

const XScreenMax = 720; { Number of pixels in one screen line }
YScreenMax = 350; { Number of lines on the screen }
ScreenSizeGlb = 16383; { Total size in integers of the screen}
HardwareGrafBase = $B000;{ Location of the hardware screen }
SCF = 1.542857; { Screen Scaling adjustment Factor }

VRowsGlb = $58;{Change to $57 if monitor loses horizontal hold }
RamScreenInCard : boolean = false;

FontLoaded : boolean = false; { has the font been loaded yet? }
GrafModeGlb : boolean = false;

EGA : boolean = false;

type ScreenType = array [0..ScreenSizeGlb] of integer;
) FontChar = array [0..13] of byte;
GrfFont = array [0..255] of FontChar;
RegType = record case integer of
1 : (AX,BX,CX,DX,BP,SI,DI,DS,ES,Flags : integer);
2 : (AL, AH,BL,BH,CL,CH,DL,DH : byte);
end;
var Regs : RegType;
ScreenGlb : “ScreenType;
GrafBase : integer;
ColorGlb : byte;
Font ¢ GrfFont;
ConQutPtrSave,
XTextGlb,YTextGlb : integer;
procedure HerculesMode(Mode: integer); { O=Text, l1=Graphics }

type ModeDescriptor = record

CRTMode : byte;
R6845 : array[0..11] of byte;
end;

const VRo = VRowsGlb;

HercModes : array[0..1] of ModeDescriptor =
((CRTMode:32; R6845:($61,$50,$52,$0F,$19,$06,
$19,$19,$02, $0D, $0B, $0C) ),
(CRTMode:2; R6845:($35,%$2D,$2E,$07,$5B,%02,
VRo,VRo,$02,$03,$00,$00)));

begin

Delay(100);
inline($8B/$B6/Mode/$81/$E6/$01/$00/$74/$03/$BE/$0D/$00/$81/$C6/

HercModes/$BA/$BF/$03/$B0/$01/$EE/$2E/$8A/$04/$B2/$B8/$EE/
$B9/$00/$00/$B2/$B4/$88/$C8/$SEE/$46/$2E/$8A/$04/$42/$EE/
$4A/$41/$80/$F9/$0C/$75/$F0/$83/$EE/$0C/$2E/$8A/$04/$0C/
$08/$B2/$B8/$EE) ;

if RAMScreenInCard then

Port{$03BF] := 3;
end;
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procedure ClearScreen;
begin

fillchar(mem[GrafBase:0000],ScreenSizeGlb Shl 1,0);
end;

procedure TextMode;
begin
HerculesMode(0);
ClrScr;
if GrafModeGlb then ConOutPtr := ConOutPtrSave;
GrafModeGlb := false;
end;

procedure DC(C : byte);
{ Draw the the character with ASCII code C
at position (XTextGlb, YTextGlb). }

var XShr3 : integer;
RightBit : boolean;
begin

Inline($8A/$AE/ C /$8A/$C5/$24/$E0/$3C/$C0/$75/$02/$B0/$01/$24/
$01/$88/$86/ RightBit /$8A/$1E/ XTextGlb /$8A/$3E/ YTextGlb/
$8A/$C5/$32/3E4/$8B/$D0/$B1/$04/$D3/$E0/$D1/$E2/$2B/$C2/$8B/
$F0/$A1/ GrafBase /$8E/$C0/$81/$EB/$01/$01/$32/$F6/$8A/$D3/
$B1/$03/$D3/$E2/$02/$D3/$80/$D6/$00/$8B/$C2/$D3/$E8/$89/$86/
XShr3 /$8A/$CA/$80/8E1/$07/$8A/$D7/$BB/$80/$FF/$D3/SEB/$F7/
$D3/880/8F1/$07/$32/$F6/$8B/$C2/$D1/$E2/$D1/$E2/$D1/$E2/$2B/
$D0/$D1/$E2/$B5/$0D/$53/$51/$87/$D9/$32/8E4/$8A/$C7/$03/8C2/
$8B/$D8/$80/$E3/$03/$B1/$0D/$D3/$E3/$D1/$E8/$D1/$E8/$B4/$5A/
$F6/$E4/%$03/$C3/$03/$86/ XShr3 /$8B/$F8/$59/$5B/$26/$8B/$05/
$86/$C4/$23/$C3/$53/$8A/$DD/$32/$FF/$8A/$98/ Font /$50/$8A/
$86/ RightBit /$22/$C3/$D1/$E3/$0A/$D8/$58/$D3/$E3/$0B/$C3/
$86/$C4/$26/$89/805/$5B/$FE/$CD/$79/$B1);

end;

procedure DisplayChar{(C : byte);
{ Same as DC. Intended for internal use by the graphics system }
begin 4
if C=8 then
begin
if XTextGlb>1 then XTextGlb := XTextGlb - 1;
end
else
if C=10 then
begin
if YTextGlb<25 then YTextGlb := YTextGlb + 1;
end
else
if C=13 then XTextGlb := 1
else
begin
DC(C);
if XTextGlb<80 then XTextGlb := XTextGlb + 1;
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end;
end;

procedure GraphicsMode;
var FontFile : file of GrfFont;
begin
GrafBase := HardWareGrafBase;
if not FontLoaded then
begin
Assign(FontFile, ’14x9.FON’);
{$I-} Reset(FontFile); {$I+}
if IOresult=0 then
begin
Read(FontFile, Font);:
Close(FontFile);
end
else
FillChar(Font, SigeOf(Font), 0);
FontLoaded := true;
end;
HerculesMode(1);
if not GrafModeGlb then ConOutPtrSave
ConOutPtr := Ofs(DisplayChar);
ClearScreen;
GrafModeGlb := true;
end;

procedure AllocateRAMScreen;
var test : “integer;
begin
new(ScreenGlb);
while ofs(ScreenGlb”) <> 0 do
begin
dispose(ScreenGlb);
new(test);
new(ScreenGlb);
end;
end;

procedure SelectScreen(i:integer);

begin
case I of
1 : GrafBase := HardwareGrafBase;
2 : GrafBase := Seg(ScreenGlb");
end;
end;

procedure CopyScreen;

var ToBase : integer;

begin
GrafBase := Seg(ScreenGlb");
ToBase := HardwareGrafBase;

:= ConOutPtr;
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move(mem[GrafBase:OOOO],men[ToBase:OOOO],ScreenSizeGlS Shl 1);
end;

procedure SwapScreen;
const SS = $4000; { ScreenSizeGlb+1 }
var G : integer;
begin
G := Seg(ScreenGlb™);
Inline($8B/$86/ G /$8E/$C0/$1E/$B8/ HardwareGrafBase /$8E/$D8/$B9/
SS /$31/$DB/$8B/$07/$26/$87/$07/$89/$07/$43/$43/$E2/$F5/$1F);
end; .

procedure DrawPoint(X,Y: integer);
begin
Inline($8B/$96/ Y /$B8/$03/$00/$21/$D0/$B1/$0D/$D3/$E0/$D1/$EA/$81/

$E2/$FE/$FF/$89/$D3/$D1/$E2/$01/$DA/$89/$D3/$B1/$04/$D3/$E2/
$29/$DA/$01/$D0/$8B/$96/ X /$89/$D3/$FE/$C9/$D3/$EB/$01/$C3/
$88/$D1/$80/$E1/$07/$A1/ GrafBase /$8E/$C0/$26/$8A/$07/$8A/
$2E/ ColorGlb /$08/$ED/$74/$09/$BA/$80/$00/$D3/$EA/$08/$D0/
$EB/$07/$BA/$7TF/$FF/$D3/$EA/$20/$D0/$26/$88/$07) ;

end;

procedure GotoXYTurbo(X,Y:integer);
begin

GotoXY(X,Y):

end;

procedure GotoXY(X,Y:integer);
begin
if not GrafModeGlb then GotoXYTurbo(X,Y);
XTextGlb:=X;
YTextGlb:=Y;
end;

procedure hardcopy(inverse: boolean; mode: byte);
label exit;
var i,j,top : integer;
ColorLoc,PrintByte : byte;

function BaseAddress(Y: integer): integer;
{ Calculate the address of scanline Y }
begin
BaseAddress := (Y and 3) shl 13 + 90 * (Y shr 2);
end; '

function PD(X,Y: integer): boolean;
{ Return true if the color of the pixel at (X, Y) matches ColorGlb }
begin
PD := (ColorGlb = 0) xor (Mem{[GrafBase:BaseAddress(Y) + X shr 3]
and (128 shr (X and 7)) <> 0);

end;
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procedure doline(top: integer);
function ConstructByte(j,i: integer): byte;
const Bits : array [0..7] of byte=(128,64,32,16,8,4,2,1);
var CByte,k : byte;

begin
i :=i shl 3;
CByte := 0;

for k := 0 to top do
if PD(j,i+k) then CByte := CByte or Bits[k];
ConstructByte := CByte;

end;
var a: integer;
begin
for a := 1 to 2 do
begin

if a=1 then write(lst,”['3°#1)
else write(lst,”[’3’#23);
if mode=1 then write(lst,”[’L’)
else write(lst,”[’'*’,chr(mode));
write(lst,chr(lo(XScreenMax)),chr(Hi(XScreenMax)));
for j := 0 to XScreenMax-1 do
begin
PrintByte := ConstructByte(j,i);
if inverse then PrintByte := not PrintByte;
write(lst,chr(PrintByte));
end;
if mode<>4 then writeln(lst);
end;
end;

begin
top := 7;
ColorLoc := ColorGlb;
ColorGlb := 255;
mode := mode and 7;
if (mode=5) or (mode=0) then mode := 4;
for i := 0 to (YScreenMax shr 3)-1 do
begin
doline(7);
regs.ah := 6;
regs.dl := $£f;
MsDos(Regs) ;
if (regs.al=27) then goto exit;
end;
i := (YScreenMax shr 3); .
if YScreenMax and 7<>0 then doline(YScreenMax and 7);
exit:
writeln(lst,”[’2’);
ColorGlb := ColorLoc;
end;

procedure Wait(mode: byte);
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var ch : char;
begin
repeat
Read(kbd,ch);
if ch="p then Hardcopy(false,mode);
until ch="nm;

end;
(* x)
const PScale = 2.5; { Plotter Scale (1-7) }
type complex = record
Re,Im : real;
end;
var LineStyle : byte;
ScreenDisp, freq : boolean;
OutFile : text;
RC,al : real;
fi,ni,xs : integer;
data : complex;
num,ch, typ : char;
procedure SetLineStyle(m: byte);
begin
case m of
1.:if ScreenDisp then LineStyle := { }
else Write(OutFile,'LT;’);
2 :if ScreenDisp then LineStyle := 3 (L1 gl - N }

else Write(OutFile,’'LT2,’,0.15%PScale:6:4,’;");

3 :if ScreenDisp then LineStyle := 4

{ }

else Write(OutFile,’'LT4,’,0.9%PScale:6: 4,’ )i

4 :if ScreenDisp then LineStyle :=

{

else Write(OutFile,'LT3,',0.36%PScale:6:4,’;’);

5 :if ScreenDisp then LineStyle :=

{

else Write(OutFile,’LT6,',0.9%PScale:6:4,";’);

6 :if ScreenDisp then LineStyle :=
else Hr1te(0utF1le,’LT5,
0 :if ScreenDisp then LineStyle :=

{
,0.9%PScale:6: 4,’,’).

{'-n-o.o-ono..-o}

else erte(OutFlle,’LTl, ,0.09%PScale:6:4,";’);

7,8 :if ScreenDisp then LineStyle :=

}

else Write(OutFile,'LT;SM;’);

end;
end;

const XGlbMax = 2008;{ Max. Number of pixels

YGlbMax = 1394;{ Max. Number of pixels
AxisX = 200; { Min. Number of pixels
AxisY = 150; { Min. Number of pixels

type st100 = string[100];

in Horizontal direction}
in Verticat direction }
in Horizontal direction}
in Verticat direction }

var stl : array[1..30] of stl100;

Sx,Sy

array[0..50]) of real;



X_min,X_max,Y_min,Y_max,
AxGlb,AyGlb,BxGlb,ByGlb
AX,AY,XMax,YMax,x1,yl,
fn,AXX,expX,expY

dot

logs,dB_log

OutName

function log(x:real):real;
begin
log := In(x) / 1n(10);
end;

function fact(n:integer):real;
var X : real;
begin
x := 1;
for n := n downto 1 do
X := x*n;
fact := x;
end;

function power(x,n:real):real;
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: real;
: integer;
: byte;

: boolean;
: Stringf5];

{ function power(base,order) }

-exp(1ln(abs(x))*n)

begin
if x=0 then power := 0
else
if x>0 then power := exp(In(x)*n)
else
if frac(n)=0 then
begin
if odd(trunc(n)) then power :=
else power := exp(ln(abs(x))*n);
end
else
begin
writeln(’*** error **%');
read;
end;
end;

function sinh(x:real):real;
begin

sinh := (exp(x)-exp(-x))/2;
end;

function cosh(x:real):real;
begin

cosh := (exp(x)+exp(-x))/2;
end;

procedure Add_C(
var C3

C1_Re,C1_Im,C2_Re,C2_Im

: real;
: complex);
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begin

C3.Re := Ci1_Re + C2_Re;
C3.Im := Cl_Im + C2_Im;
end;

procedure Sub_C( C1_Re,Cl_Im,C2_Re,C2_Im

var C3
begin
C3.Re := Cl_Re - C2_Re;
C3.Im := C1_Im - C2_Inm;
end;

procedure Mul_C( C1_Re,C1_Im,C2_Re,C2_Im

var C3
begin
C3.Re := C1_Re ¥ C2_Re - Cl1_Im * C2_Im;
C3.Im := Cl_Im * C2_Re + C1_Re * C2_In;
end;

procedure Div_C( Cl1_Re,Cl1_Im,C2_Re,C2_Im

var C3
var Dum : complex;
E : real;

begin

Dum.Re := C1_Re * C2_Re + C1l_Im * C2_Im;
Dum.Im := Cl_Im * C2_Re ~ Cl_Re * C2_Im;
E := Sqr(C2_Re) + Sqr(C2_Im);

C3.Re := Dum.Re / E;

C3.Im := Dum.Im / E;

end;

procedure InitCom;
(* 7 6 b 41 3 2

(* -BAUD RATE-  -PARITY- STOPBIT -WORD LENGTH-
(* 000 - 110 X0 -NONE 0 -1 10 - 7 BITS

1

: real;
: complex);

: real;
: complex);

: real;
+ complex);

0

(* 001 - 150 01 - ODD 1 -2 11 - 8 BIT

(* 010 - 300 11 - EVEN

{(* 011 - 600

(* 100 - 1200

(* 101 - 2400

(* 110 - 4800

(* 111 - 9600

begin

regs.ax := $00FF;
regs.dx := 0;
intr($14,regs);

end;

procedure SendCom(c: byte);
begin

regs.ah :

regs.al :

$01;
C;
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regs.dx := 0;
intr($14,regs);
end;

procedure ReceiveCom(var c: byte);

begin
regs.ah := $02;
regs.dx := 0;
intr($14,regs);
C := regs.al;
end;

function ReadyCom:boolean;
begin
regs.ah := $03;
regs.dx := 0;
intr($14,regs);
if (regs.ah and $01)=$01 then
ReadyCom := true
else
ReadyCom := false;
end;

procedure InitPlotter;
var i : integer;
ch : char;
begin
if OutName=’AUX' then InitCom;
Write{OutFile,#27,’.K’);
erte(OutFlle,’IN PS3;SP0;’);
gotoxy(1,1);
if PScale<=5 then
begin
Write(’Paper size A4 ’);
Write(OutFile, 'R090;’);
end
else
Write(’Paper size A3 ’);
Write(OutFile,'PA’,AXX,’,0;%);
for i :=1 to 3 do
Write(OutFile, 'PD;PU;CI1;’);
Write(OutFile, 'PA’,AXX+XMax+AX,’,’ ,YMax+AY,';’);
for i := 1 to 3 do
Write(OutFile, ’PD;PU;CI1;’);
Read(kbd,ch);
end;

procedure BufferReady;
var i : integer;
begin
if OutName='AUX’ then
begin
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repeat
Write(OutFile, #27,'.0’);
Read(AUX,i);
Delay{1000);
until (i and $8) = 8;
end;
end;

procedure DefineWorld(X1W,Y2W,X2W,Y1W : real;

eX,eY : integer);
var X_1,Y 1,X 2,Y 2 : integer;
d ! real;
begin
if ScreenDisp then
begin
X_1 := 3;
Y 1 :=0;
X_2 := XMax-1;
Y 2 := YMax-4;
end
else
begin
X_1 := AX;
Y 2 := AY;
X_2 := XMax;
Y_1 := YMax;
end;
if logs then
begin
X_min := Log(X1W*power(10,eX)):
X_max := Log(X2W*power(10,eX));
end
else
begin
X _min := X1W*power(10,eX);
X_max := X2W*power(10,eX);
end;
Y_min := Y2W¥power(10,eY);
Y_max := YlW*power(10,eY);
BxGlb := (X_2-X_1)/(X_max-X_min);
ByGlb := (Y_2-Y 1)/(Y_min-Y_max);
AxGlb := X_1-X_min*BxGlb;
AyGlb := Y_1-Y max*ByGlb;

expX := eX;
expY := eY;
end;

procedure pset(x,y: real);
begin
x1 := Round(AxGlb+BxGlb*x);
yl := Round(AyGlb+ByGlb*y);
if ScreenDisp then
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begin
if (y1>=0) and (yl<YMax-3) then DrawPoint(x1l,yl);
dot := 03

end

else

Write(OutFile, 'PU;PA’,AXX+x1,’,’,y1,’;PD;’);
end;

procedure Line(x2,y2: integer);
var DeltaX,DeltaY,XStep,YStep,direction : integer;
begin
if ScreenDisp then
begin
if x1>x2 then XStep :
if y1>y2 then YStep :
DeltaX := abs(x2-x1);
DeltaY := abs(y2-yl);
if DeltaX=0 then direction := -1
else direction := 0;
while not ((x1=x2) and (yl=y2)) do
begin
if (y1>=0) and (yl<YMax-3) then
begin
case LineStyle of
1 :DrawPoint(x1,yl); {

-1 else XStep := 1;
-1 else YStep := 1;

2:0&88 dOt Of {-otoocnoocoo}

1 : DrawPoint(x1l,yl);
4 : Dot := -1;
end;
3 :case dot of {
1..13 : DrawPoint(x1,y1);
16 : Dot := -1;
end;

4 :case dot of { o™

0..35,39,43..46 : DrawPoint(x1l,yl);

47 : begin DrawPoint(xl,yl); Dot := -1; end;

end;

5 :case dot of __ ____

0..31,35..43 : DrawPoint(xl,yl);

47 : begin DrawPoint(x1l,yl); Dot := -1; end;

end;
6 :case dot of {
0..33,37,41,45,46 : DrawPoint(xl,yl);

47 : begin DrawPoint{xl,yl); Dot := -1; end;

end;
7 :case dot of {
0..37,41..46 : DrawPoint(xl,yl);

47 : begin DrawPoint(xl,yl); Dot := -1; end;

end;
8 :DrawPoint{x1l,yl); {
end;
dot := dot+l;
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end

else

dot := 0;

if direction<0 then
begin

vl := yl+YStep;
direction := direction+DeltaX;
end
else
begin
x1 := x1+XStep;
direction := direction-DeltaY;
end;
end;
end
else
Write(OutFile,’PD’,AXX+x2,’,’,¥2,":’);
end;

procedure PlotLine(x,y: real);
begin
Line(Round(AxGlb+BxGlb*x),Round(AyGlb+ByGlb*y));
end;

procedure Alarm;
var i,j : integer;
label exitA;

procedure Play(Octave,Note,Duration: integer);
var Fregquency : real;
i~ : integer;
begin
Frequency := 32.625;
for i := 1 to Octave do
Frequency := Frequency * 2;
for i := 1 to Note - 1 do
Frequency := Frequency * 1.059463094;
Sound (Round(Frequency) ) ;

Delay(Duration);
NoSound;
end;
begin
if ScreenDisp then
begin
for i := 1 to 2 do
begin
Play(4,9,80);
Play(4,2,80);
end;

for i :=3 to 5 do
begin
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Play(4,i,80);
Play(i,4,80);

end;
end
else
begin .
for j :=1 to 5 do
begin
for i :1=1 to 8 do
begin
Play(4,9,80);
Play(4,2,80);
end;
Delay(500);

regs.ah := 6;
regs.dl := $ff;
MsDos(Regs);
if (regs.al=13) or (regs.al=27) then goto exitA;
end;
exitA:
for i := 1 to 8 do
begin
Play(4,i,90);
Play(i,4,90);
end;
end;
end;

procedure Axis(ScaleX,ScaleY:integer; ScX,ScY:integer;
’ pos,ws:byte; st,Xst,Yst:st100);
label exitS;
var xwl,xw2,ywl,yw2,

i j,k,xi,yi,x2 : integer;
Xx,Yy,pl,p2 : real;
sk : boolean;

function wxy(x,y:real):boolean;
begin
WXy := true;
if pos<>0 then
begin
'x := Round(AxGlb+BxGlb#*x);
¥y := Round(AyGlb+ByGlb*y);
if x>xwl then
if x<xw2 then
if y>ywl then
if y<yw2 then
wxy := false;
end;
end;
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begin
xwl := 30000;
xw2 := -30000;
ywl := 30000;
yw2 := -30000;
SetLineStyle(8);

Xx := X_max-X_min;
Yy := Y_max-Y_min;
if ScreenDisp then

begin
pset

(X_min,Y_min);

PlotLine(X_max,Y_min);

pset

(X_min,Y_min);

PlotLine(X_min,Y max);

end
else
begin

Write(OutFile,’SP8;VS5;CA8;S1',0.1+0.016*%PScale:6:4,’,’,

pset

0.14+0.026*PScale:6:4,7;’);
(X_min,Y_min);

Write(OutFile, "PD, ’Axx+x1+xnax-“*00 8:6:4’ . ] 4 ’Yl’ ( ;PU; ! );
Write(OutFile,’PA’,AXX+X1+Xmax-AX*0.65:6:4,",’,Y1,"';L02;’);
Write(OutFile,'LB’,Xst,"C);

pset

(X_min,Y min);

Write(OutFile,'PD’,AXX+X1,’,’,Y1+Ymax-AY*0.8:6:4,’;PU;’);
Write(OutFile, ’PA’ ,AXX+X1,’,’,Y14+Ymax-AY*0.55:6:4,";L04;’);
Write(OutFile,’LB’,Yst,"C); ,
Write(OutFile,’SI’,0.08+0.014*%PScale;6:4,’,’,

0.12+0.023%PScale:6:4,’:SL0.2;°);

Write(OutFile,’PU;PA’,AXX+X1+(Xmax-AX) shr 1,’,’,

Y1-AY*0.7:6:4,°';L06;°);

Write(OutFile, 'LB’,st,”C);

end;

for j

begin

Sx[j

:= 0 to ScaleX do

] := X_min+Xx*j/ScaleX;

pset(Sx[jl,Y_min);
if ScreenDisp then
for i := 1 to 3 do DrawPoint(x1,yl1+i)

else

begin
Write(OutFile,'PD’,AXX+x1,’,’,y1-AX*0.08:6:4,";PU;");
Write(OutFile,'PA’,AXX+x1,’,’,y1-AX#%0.15:6:4,";L06;’);
if logs then
begin

if frac(abs(power(10,Sx[j])*power(10,-expX))+
0.001)<0.01 then
Write(OutFile,'LB’,power(10,8x[j])*power(10,-expX):1:0,°C)
else
if frac(abs(power(10,Sx[j])*power(10,-expX))+0.01)<0.1 then
Write(OutFile,’LB’,power(10,Sx[j])*power(10,-expX):4:2,7C)
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else
Write(OutFile,’LB’,power(10,Sx[j])*power(10,-expX):3:1,°C);
end
else
if frac(abs(Sx[j]*power(10,~expX))+0.001)<0.01 then
Write(OutFile,'LB’,Sx[j]*power(10,-expX):1:0,7C)
else
if frac{abs(Sx[j]*power(10,-expX))+0.01)<0.1 then
Write(OutFile,’LB’,Sx[j]*power(10,-expX):4:2,7C)
else
Write(OutFile,’LB’,Sx{j]*power(10,-expX):3:1,°C);
end;
end;

for j := 0 to ScaleY do
begin
Syljl := Y_min+Yy*j/ScaleY;
pset(X_min,Sy[jl);
if ScreenDisp then
for i := 1 to 3 do DrawPoint(x1-i,yl)
else
begin :
Write(OutFile,’PD’,AXX+x1-AX*0.08:6:4,’,’,y1,’;PU;’);
Write(OutFile, 'PA’ ,AXX+x1-AX*0.15:6:4,’,",y1,';L08;');
if frac(abs(Sylj]l*power(10,-expY))+0.001)<0.01 then
Write(OutFile,'LB’,Sy[j}*power(10,-expY):1:0,"C)
else i
if frac(abs(Sy[j]*power(10,-expY))+0.01)<0.1 then
Write(OutFile,’LB’,Sy[j)*power(10,-expY):4:2,7C)
else
Write(OutFile,’LB’,Sy[j)*power(10,-expY):3:1,7°C);
end;
end;

if not ScreenDisp then

begin
Write(OutFile,’PU;’);
if pos<>0 then (*pos *)
for i:=1 to fn do (* 1 2 *)
begin (* *)
SetLineStyle(i); (* 3 4 x)
Write(OutFile,’SP’,i,’;’); (* *)
case pos of
1,5: begin

x1 := AX*2;

vyl := Trunc(YMax-AY/3-AY/3*i);
x2 := Trunc(AX*3.5);
end;

2,6: begin

x1 := (XMax shr 1)+AX;
yl := Trunc(YMax-AY/3-AY/3%i);
x2 := (XMax shr 1)+Trunc(AX*2.5);
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end;
3,7: begin
x1 := AX*2;
vl := Trunc((YMax shr 1)-AY/2-AY/3%i);
x2 := Trunc(AX*3.5);
end;
4,8: begin
x1 := (XMax shr 1)+AX;
yl := Trunc((YMax shr 1)-AY/2-AY/3%i);
x2 := (XMax shr 1)+Trunc(AX*2.5);
end;
end;
if xwl>x1l then xwl := x1;
if xw2<x2 then xw2 := x2;
if ywl>yl then ywl := yl;
if yw2<yl then yw2 := y1;

erte(OutFlle,’PA’,AXX+x1, y 1o¥1 32 PBDs &)+

Line(x2,y1);

Write(OutFile,’SI’,0.08+0.014*PScale:6:4,",
0.12+0.023*PScale:6:4,’;SL0.2;SM;’);

Write(OutFile,’PU;PR’, (AX shr 3),’,’,0,’LO2;LB’,stl[i],"C);

end; |
xwl := xwl - (AX shr 3);
xw2 := Round( xw2 + (AX shr 2) +
(0.08+0.014*PScale)*ws*400%1.3 );
ywl := ywl - (AY shr 2);
yw2 := yw2 + (AY shr 2);
Write(OutFile,’VS40;’);
SetLineStyle(8);
end;

if (ScX<>0) and (ScY<>0) then

begin
if not ScreenDisp then Write(OutFile,’SP7;’);
xi := ScaleX*ScX;

yi := ScaleY*ScY;
if xi>yi then yi := yi*Round(xi/yi)
else xi := xi*Round(yi/xi);

xi := xi*round(PScale * 20/xi);
vi := yi*round(PScale * 12/yi);
p2 := Yy/yi;

if logs then
for j := 1 to ScaleX do
for k := 1 to ScX do

begin
regs.ah := 6;
regs.dl := $ff;
MsDos(Regs) ;
if (regs.al=27) then
begin

if not ScreenDisp then Write(OutFile,#27,’.K’);
goto exitS;
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end;
sk := false;
pl :
for i := 0 to yi do
if ScreenDisp then
pset(pl,Y_min+p2*i)
else
if pos<=4 then
begin
if wxy(pl,Y_min+p2%*i) then pset(pl,Y_min+p2%*i);
end
else
begin
if wxy(pl,Y_min+p2%*i) then
begin
if sk then
Write(OutFile,’PD’)
else
begin
Write(OutFile,’PU;PA’);
sk := true;
end;
end
else
begin
Write(OutFile, 'PU;PA’);
sk := false;
end;
Write(OutFile,AXX+Round(AxGlb+BxGlb*pl),’,’);
Write(OutFile,Round(AyGlb+ByGlb*(Y min+p2%*i)),’;’);
end;

end
else
for j := 1 to ScaleX*ScX do
begin
regs.ah := 6;
regs.dl := $ff;
MsDos(Regs);
if (regs.al=27) then
begin
if not ScreenDisp then Write(OutFile,#27,’.K’);
goto exitS;

end;
sk := false;
pl := X_min+Xx*j/(ScaleX*ScX);

for i := 0 to yi do
if ScreenDisp then
pset(pl,Y _min+p2%*i)
else
if pos<=4 then
begin
if wxy(pl,Y_min+p2*i) then pset(pl,Y_min+p2%i);

X_min+Xx*j/ScaleX-Xx/ScaleX*(power(10,-k/ScX)-0.1)/0.9;
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end
else
begin
if wxy(pl,Y_min+p2%*i) then
begin
if sk then
Write(OutFile,’PD’)
else
begin
Write(OutFile, 'PU;PA’);
sk := true;
end;
end
else
begin
Write(OutFile,’PU;PA’);
sk := false;
end;
Write(OutFile,AXX+Round(AxGlb+BxGlb*pl),’,’);
Write(OutFile,Round(AyGlb+ByGlb*(Y_min+p2%*i)),’;’);
end;
end;
pl :3 Kx/Xi;
for j := 1 to ScaleY*ScY do
begin
regs.ah := 6;
regs.dl := $ff;
MsDos(Regs) ;
if (regs.al=27) then
begin
if not ScreenDisp then Write(OutFile,#27,’.K’);
goto exitS;

end;

sk := false;

p2 := Y_min+Yy*j/(ScaleY*ScY);
for i := 0 to xi do

if ScreenDisp then
pset(X_min+pl*i,p2)
else
if pos<=4 then
begin
if wxy(X_min+pl*i,p2) then pset(X_min+pl*i,p2);
end
else
begin
if wxy(X_min+pl*i,p2) then
begin
if sk then
Write(OutFile,’PD’)
else
begin
Write(OutFile,’PU;PA’);
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sk := true;
end;
end
else
begin
Write(OutFile,’PU;PA’);
sk := false;
end;

Write(OutFile,AXX+Round(AxGlb+BxGlb*(X_min+pl*i)),’,’);
Write(OutFile,Round(AyGlb+ByGlb*p2),’;’);

end;
end;
end;
exitS:
SwapScreen;

gotoxy(1,1);
Write(’ScaleX )
if expX=0 then Write(':?)
else Write(’( *1le’,expX,’ ) ool
for i := 0 to ScaleX do
begin
if (i mod 7)=0 then writeln;
if logs then Write(power(10,3x[i])*power(10,-expX):9:2,", ’)
else Write(Sx[i]*power(10,-expX):9:2,’, *);
end;
writeln; writeln;

Write(’Scaley ’);

if expY=0 then Write(’:’)

else Write(’( *1le’,expY,’ ) &) .

for i := 0 to ScaleY do

begin

if (i mod 7)=0 then writeln;

Write(Sy[il]*power(10,-expY):9:2,’, *);
end;

writeln; writeln; writeln;

Sound(1000);
Delay(200);

NoSound;

if ScreenDisp then
begin
Delay(1000);
SwapScreen;
end
else
Write(OutFile,’SP0;’);
end;

program other;
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const TNArraySize = 30;

type TNcomplex = record
Re,Im : real;
end;

TNIntVector = array[0..TNArraySize] of integer;
TNCompVector = array[0..TNArraySize] of TNcomplex;
var DFile : text;

function power(x,n:real):real; { function power(base,order) }
begin
if x=0 then power := 0
else
if x>0 then power := exp(ln(x)*n)
else
if frac(n)=0 then
begin
if odd(trunc(n)) then power := -exp(ln(abs(x))*n)
else power := exp(ln(abs(x))*n);
end
else
begin
writeln(’*** error **x’);
read;
end;
end;

procedure Sort(var ary: TNCompVector; n: integer);

procedure swapping(var first,second: TNcomplex);
var tem : TNcomplex;

begin
tem := first;
first := second;
second := tem;
end;
var d,i : integer;
Done : boolean;
begin
d := n;
while d>1 do
begin
d :=d div 2;
repeat

done := true;
for i := 1 to (n-d) do

if ary[i].Re>ary[i+d].Re then

begin
swapping(ary[i],ary[i+d]);
done := false;

end;

until done;
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end;
end;
procedure Laguerre(var Degree : integer;
var Poly : TNCompVector;
InitGuess : TNcomplex;
Tol : real;
MaxIter : integer;
var NumRoots : integer;
var Roots : TNCompVector;
var yRoots : TNCompVector;
var Iter ¢ TNIntVector;
var Error : byte);

const TNNearlyZero = 1E-10;
type TNquadratic = record

A,B,C : real;
end;
var AddIter : integer;
InitDegree : integer;
InitPoly : TNCompVector;
GuessRoot : TNcomplex;

procedure Conjugate(var C1,C2 : TNcomplex);
begin

C2.Re := Cl.Re;

C2.Im := -Cl.Im;

end;

function Modulus(var Cl1 : TNcomplex) : real;
begin

Modulus := Sqrt(Sqr(Cl.Re) + Sqr(Cl.Im));
end;

procedure Add(var C1,C2,C3 : TNcomplex);

begin

C3.Re := Cl.Re + C2.Re;
C3.Im := Cl.Im + C2.1Im;
end;

procedure Sub(var C1,C2,C3 : TNcomplex);

begin

C3.Re := Cl.Re - C2.Re;
C3.Im := Cl.Im - C2.1Im;
end;

procedure Mult(var C1,C2,C3 : TNcomplex);

begin
C3.Re := Cl.Re ¥ C2.Re - Cl.Im * C2.1Im;
C3.Im := Cl.Im ¥ C2.Re + Cl.Re ¥ C2.Im;
end;

procedure Divide(var C1,C2,C3 : TNcomplex);



-102-

var Duml,Dum2 : TNcomplex;

E : real;
begin
Conjugate(C2,Duml);

Mult(C1,Duml,Dum2);
E := Sqr(Modulus(C2));

C3.Re := Dum2.Re / E;
C3.Im := Dum2.Im / E;
end;

procedure SquareRoot(var C1,C2 : TNcomplex);
const TNNearlyZero = 1E-15;
var R,Theta : real;
begin
R := Sqrt(Sqr(Cl.Re) + Sqr(Cl.Im));
if ABS(Cl.Re) < TNNearlyZero then
begin
if Cl.Im < 0 then Theta := Pi / 2
else Theta := -Pi / 2;
end
else
if Cl1.Re < 0 then Theta := ArcTan(Cl.Im / Cl.Re) + Pi
else Theta := ArcTan(Cl.Im / Cl.Re);

C2.Re := Sqrt(R) * Cos(Theta / 2);
C2.Im := Sqrt(R) * Sin(Theta / 2);
end;
procedure InitAndTest(var Degree : integer;
var Poly : TNCompVector;
Tol . real;
MaxIter : integer;
InitGuess : TNcomplex;
var NumRoots : integer;
var Roots : TNCompVector;
var yRoots : TNCompVector;
var Iter : TNIntVector;
var GuessRoot : TNcomplex;

var InitDegree : integer;
var InitPoly : TNCompVector;
var Error ¢ byte);
var Term : integer;
begin
Error := 0;
if Degree <= 0 then Error := 2;
if Tol <= 0 then Error := 3;
if MaxIter < 0 then Error := 4;

if Error = 0 then

begin
NumRoots := 0;
GuessRoot := InitGuess;
InitDegree := Degree;
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InitPoly := Poly;

while (Degree > 0) and (Modulus(Poly[Degree]) < TNNearlyZero) do
~ Degree := Pred(Degree);

while (Modulus(Poly[0]) = 0) and (Degree > 0) do

begin
NumRoots
Roots[NumRoots].Re :
Roots[NumRoots].Im :
yRoots[NumRoots].Re :
yRoots[NumRoots].Im :
Iter[NumRoots] 0;
Degree Pred(Degree);
for Term := 0 to Degree do

:= Succ(NumRoots);
0;

Poly[Term] := Poly[Term + 1];
end;
end;
end;
procedure FindOneRoot(Degree : integer;
Poly : TNCompVector;
GuessRoot : TNcomplex;
Tol : real;
MaxIter integer;
var Root : TNcomplex;
var yValue : TNcomplex;
var Iter : integer;
var Error tbyte)s
var Found : boolean;
Dif : TNcomplex;
yPrime, yDoublePrime : TNcomplex;
procedure EvaluatePoly(Degree integer;

: TNCompVector;

Poly
X : TNcomplex;
var yValue : TNcomplex;
var yPrime : TNcomplex;
var yDoublePrime : TNcomplex);
var Loop : integer;
Dummy,yDPdummy : TNcomplex;
Deriv,Deriv2 : TNCompVector;
begin
Deriv[Degree] := Poly[Degree];
for Loop := Degree - 1 downto 0 do
begin

Mult(Deriv[Loop + 1],X,Dummy);

Add(Dummy,Poly[Loop],Deriv[Loop]);

end;
yValue := Deriv([0];
Deriv2[Degree] := Deriv[Degreel;

for Loop := Degree - 1 downto 1 do
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begin

Mult(Deriv2[Loop + 1],X,Dummy);

Add (Dummy,Deriv[Loop],Deriv2[Loop]);
end;
yPrime := Deriv2[1l];

yDPdummy := Deriv2[Degree];
for Loop := Degree - 1 downto 2 do
begin
Mult(yDPdummy,X,Dumay) ;
Add (Dummy,Deriv2[Loop],yDPdummy);
end;
yDoublePrime.Re :
yDoublePrime.Im :

2 * yDPdummy.Re;
2 * yDPdummy.Im;

end;

procedure ConstructDifference(Degree : integer;
yValue : TNcomplex;
yPrime : TNcomplex;
yDoublePrime : TNcomplex;

var Dif : TNcomplex);
var yPrimeSQR,yTimesyDPrime,Sum,SRoot,
Numerl,Numer2,Numer,Denom : TNcomplex;
begin

Mult(yPrime,yPrime,yPrimeSQR);

yPrimeSQR.Re := Sqr(Degree - 1) * yPrimeSQR.Re;

yPrimeSQR.Im := Sqr(Degree - 1) * yPrimeSQR.Im;
Mult(yValue,yDoublePrime,yTimesyDPrime);

yTimesyDPrime.Re := (Degree - 1) ¥ Degree * yTimesyDPrime.Re;
yTimesyDPrime.Im := (Degree - 1) * Degree ¥ yTimesyDPrime.Im;
Sub(yPrimeSQR, yTimesyDPrime,Sum) ;

SquareRoot (Sum,SRoot);

Add(yPrime,SRoot,Numerl);

Sub(yPrime,SRoot,Numer2);

if Modulus(Numerl) > Modulus(Numer2) then Numer := Numerl
else Numer := Numer2;
Denom.Re := Degree * yValue.Re;
Denom.Im := Degree ¥ yValue.Im;
if Modulus(Numer) < TNNearlyZero then
begin
Dif.Re := 0;
Dif.Im := 0;
end
else
Divide(Denom,Numer,Dif);
end;

function TestForRoot(X,Dif,Y,Tol : real) : boolean;
begin
TestForRoot := (ABS(Y) <= TNNearlyZero) or
(ABS(Dif) < ABS(X * Tol))
end; { procedure TestForRoot }
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begin { procedure FindOneRoot }

Root := GuessRoot;
Found := false;
Iter := 0;

EvaluatePoly(Degree,Poly,Root,yValue,yPrime,yDoublePrime);
while (Iter < MaxIter) and not(Found) do
begin
Iter := Succ(Iter);
ConstructDifference(Degree,yValue,yPrime,yDoublePrime,Dif);
Sub(Root,Dif,Root);
EvaluatePoly(Degree,Poly,Root,yValue,yPrime,yDoublePrime);
Found := TestForRoot(Modulus(Root),Modulus(Dif),
Modulus(yValue),Tol);
end;
if not(Found) then Error := 1;
end;

procedure ReducePoly(var Degree : integer;
var Poly : TNCompVector;
Root : TNcomplex);
var Term : integer;
NewPoly : TNCompVector;
Dummy : TNcomplex;

begin

NewPoly[Degree - 1] := Poly[Degree];
for Term := Degree - 1 downto 1 do
begin

Mult(NewPoly[Term],Root,Dummy);
Add (Dummy,Poly[Term],NewPoly[Term - 1]);

end;
Degree := Pred(Degree);
Poly := NewPoly;
end;
begin

InitAndTest (Degree,Poly,Tol,MaxIter,InitGuess,NumRoots,Roots,
yRoots,Iter,GuessRoot,InitDegree,InitPoly,Error);
while (Degree > 0) and (Error = 0) do
begin
FindOneRoot (Degree,Poly,GuessRoot,Tol ,MaxIter,
Roots[NumRoots + 1],yRoots[NumRoots + 1],
Iter[NumRoots + 1],Error);
if Error = 0 then
begin .
FindOneRoot(InitDegree,InitPoly,Roots[NumRoots + 1],
Tol,MaxIter,Roots[NumRoots + 1],
yRoots[NumRoots + 1],AddIter,Error);
Iter[NumRoots + 1] := Iter[NumRoots + 1] + AddIter;
NumRoots := Succ(NumRoots);
ReducePoly(Degree,Poly,Roots[NumRoots]);
end;



-106-

GuessRoot := Roots[NumRoots];
end;
end;

procedure Initial(var Poly : TNCompVector);

begin
FillChar(Poly,SizeOf(Poly),0);

end;

procedure UserInput(var Degree : integer;

var Poly : TNCompVector;

var Guess : TNcomplex;

var Tol : real;

var MaxIter : integer);
var Ch : char;

procedure GetCoefficientsFromKeyboard(var Degree : integer;
var Poly :- TNCompVector);

var Term : integer;

begin
Write(’Degree of the polynomial = ’);
Readln(Degree);
Writeln;
for Term := 0 to Degree do
begin
Write(’ Poly[’,Term:2,’] Re : ’,Poly[Term].Re,’ = 7);
Readln(Poly[Term].Re);
Write(’ Im) : Ui PolviTarglciget J= *§%
Readln(Poly[Term].Im);
end;
end;

begin { procedure UserInput }
GetCoefficientsFromKeyboard(Degree,Poly);
Guess.Re := 1;

Guess.Im := 1;

Tol := 1E-10;

MaxIter := 1000;

end;
procedure Results(NumRoots . integer;
Answer : TNCompVector;
MaxIter . integer;
Error : byte);
var Term : integer;
begin
Writeln;
Sound(3000);
Delay(2);
NoSound;

case Error of
1 : Writeln(’This will take more than ’,MaxIter,’ iterations.’);
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2 : Writeln(’The degree of the polynomial must be greater
than zero.’);

3 : Writeln(’The tolerance must be greater than zero.’);

4 : Writeln(’The maximum number of iterations must be greater
than zero.’);

end;
if Error <= 1 then
begin
for Term := 1 to NumRoots do
begin
Write(’ Root ’,Term:2,’ Re = ’,Answer[Term].Re:15:8);
Writeln(’ Im = ’,Answer[Term].Im:15:8);
end;
read;
end;
end;
procedure polmul(Polyl : TNCompVector;
Poly2 : TNCompVector;
InitDegreel : integer;
InitDegree2 : integer;
var Poly : TNCompVector;
var Degree : integer);
var i,k,j :integer;
begin

Degree := InitDegreel+InitDegree2;
for i := 0 to Degree do
begin
poly[i].Re := 0; poly[i].Im := 0;
for k := 0 to InitDegree2 do
begin
J := i=k;
if (j>=0) and(j<=InitDegreel) then
begin
poly[i].Re := poly[i].Re+
polyl[j].Re*poly2(k].Re-polyl[j].Im*poly2[k].Im;
polyli]l.Im := poly[i].Im
+polyl[j].Re*poly2[k].Im+polylfj].Im*poly2(k].Re;

end;
end;
end;
end;
procedure ResultPoly(NumRoots : integer;
Answer - : TNCompVector);
var a,b,c : TNCompVector;
i,j,ky,n : integer;
begin
writeln;
Sound(3000);
Delay(2);

NoSound;



-108-

writeln(’Result:’);

writeln;

J =05

n:= -1;

for i := 1 to NumRoots do
if Answer[i].Re<0 then

begin
J = j+l;
if j=1 then
begin
n :=1;
a[l].Re := 1;
al[l].Im := 0
al[0].Re := -Answer[i].Re;
al[0].Im := -Answer[i].Im;
end
else
begin
b[(1].Re := 1;
b[1].Im := 0;
b[0].Re := -Answer[i].Re;
b[0]).Im := -Answer[i].Im;

polmul(a,b,n,1,c,n);
for k := 0 to n do
begin
alk].Re := c[k].Re; alk)l.Im := c[k].Im;
end;
end;
end;
for i := 0 to n do
begin
write(’ Poly[’4yi:2,"] 1 Rei= *,al[i].Re:15:8);
writeln(’ Im = ',af[i].Im:15:8);
end;
end;

procedure MulPoly;

var a,b,c : TNCompVector;
n,nl,n2,i,j : integer;
begin
n := 0;
nl := 0;

Initial(a);
Write(’Number of polynomial = ’); Readln(n);
Writeln;
Write(’Degree of the polynomial 1 = ’); readln(nl);
for i := 0 to nl do
begin
Write(’ Poly[’,i:2,'] Re = ’); Readln(a[i].Re);
Write(’ Im = ’); Readln(a[i].Im);
end;
writeln;
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for j := 2 to n do
begin
n2 := 0;
Initial(b);
Write(’Degree of the polynomial ’,j,
for i := 0 to n2 do
begin
Write(’ Poly[’,i:2,’]
Write(’ Im =
end;
polmul(a,b,nl,n2,c,nl);
writeln;
for i := 0 to nl do
begin
a[i].Re :=
end;
end;
Sound(3000) ;
Delay(2);
NoSound;
writeln(’Result:’);
writeln;
for i := 0 to nl do
begin
write(@ IPSTy[Léd 125 1) 1\ Re & V/, abieRen15484 ;
writeln(’ Im = ’,af[i}.Im:15:8);
end;
end;

readln(n2);

=7);

Re = ’); Readln(b[i].Re);
’); Readln(b[i].Im);

c[i].Re; ali]l.Im := c[i]l.Im;

var Guess
InitDegree,Degree
InitPoly,Poly,
ChevPoly,UltraPoly
Tol
Iter
MaxIter
NumRoots
Answer
yAnswer
Error
ch

procedure Select;
begin
ClrScr;

: TNcomplex;
: integer;

: TNCompVector;
: real;

: TNIntVector;
¢ integer;

: integer;

: TNCompVector;
: TNCompVector;
: byte;

: char;

Assign(DFile, ’SOLUTION’);

Rewrite(DFile);
case ch of
1’ : MulPoly;

2" : UserlInput(InitDegree,InitPoly,Guess,Tol,MaxIter);

end;
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if ch in [’1’..72’] then
begin
Degree := InitDegree;
Poly := InitPoly;
Laguerre(Degree,Poly,Guess,Tol,MaxIter,
NumRoots,Answer,yAnswer,lter,Error);
Sort(Answer,Numroots);
Results(NumRoots,Answer,MaxIter,Error);
if Error <= 1 then ResultPoly(NumRoots,Answer);
end;
read;
Close(DFile);
end;

begin
InitDegree := 0;
Initial(InitPoly);
Initial(ChevPoly);
Initial(UltraPoly);
repeat
ClrScr;
gotoxy(24,9); write(’1l) Multiple Polynomial’);
gotoxy(24,10); write(’2) Roots & Polynomial’);

gotoxy(24,11); write(’3) ...");
gotoxy(24,12); write('4) ...’);
gotoxy(24,13); write(’5) ...”);

gotoxy(23,18); write(’ESC Quit’);
gotoxy(27,20); write(’Select No. ’);
repeat
gotoxy(38,20); read(kbd,ch); write(ch);
until ch in [#27,’1’..%5°];
if ch<>#27 then Select;

until ch=#27;

end.

procedure TargetF(w : real);
var k,al,t,t1,t2,rl,r2,
cl,c2,Qap,w0ap,a,b : real;

1,] M0 : integer;
d1,d2,d3 : complex;
begin

if freq then
case xs of
3 : w:=w/led;
6 : w := w/leb;
9 : w:= w/le9;
end;
case fi of
1: div_c(

-2.3122%w*w+l , -1,7499*w*w*w+2,2775%w , data );

1, 0,
2: div_c( 1, 0 , -2.4141*%w*w+1 , -2,8746%w*w*w+2,8885%w , data );
1, 0,

3: div_c(

-2.1414%w*w+l , -1,2497*wkw*w+2,0847*w , data );
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4: div.c( 1, 0 , -2.2806*wkw+1 , -1.6251*%wkww+2,2252%w , data );
5: div_c( 1, 0 , -2*%w*w+l , -w¥w¥w+2*w , data );
end;
end;

function TargetT(w : real):real;
var k,al,t,t1,t2,rl,r2,

cl,c2,Qap,w0ap,a,b : real;

i,j,m,n : integer;

d1,d2,d3 : complex;
begin

if freq then
case xs of

3 : w:=w/led;
6 : w := w/leb;
9 : w := w/le9;
end;
case fi of
1: TargetT := 0.661*%exp(-0.661%w)
- 0.66%exp(-0.33%w)*cos(0.869%*w)
+ 0.25%exp(-0.33*w)*sin(0.869%w);
2: TargetT := 0.420%exp(-0.420%w)
- 0.42%exp(-0.21*w)*cos(0.886*w)
+ 0.1 *exp(-0.21*w)*sin(0.886%w);
3: TargetT := 0.857*exp(-0.857%w)
- 0.856%exp(-0.,428%w)*cos(0.866%w)
+ 0.424%exp(-0.428%w)*sin(0.866%w);
4: TargetT := 0.702%exp(-0.702%w)
- 0.702%exp(-0.351*%w)*cos(0.868%w)
+ 0.284%exp(-0.351*%w)*sin(0,868%w);
5: TargetT := exp(-w) - exp(-0.5%w)*cos(0.866%w)
+ 0.578%exp(-0.5%w)*sin(0.866%w) ;
end;
end;

function TargetU(w : real):real;
var k,al,t,tl,t2,rl,r2,
cl,c2,Qap,w0ap,a,b : real;

i,j,m,n : integer;
d1,d2,d3 : complex;
begin

if freq then
case xs of
3 : w:=w/led;
6 : w := w/leb;
9 : w := w/le9;
end;
case fi of
1: TargetU :

1-exp(-0.661%w)
- 0.760%exp(-0.33*w)*sin(0.869%w);
1-exp(-0.420%w)
- 0.474%exp(-0.21%w)*sin(0.886%*w);

2: TargetU :
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3: TargetU := l-exp(-0.857*w)
- 0.988%exp(-0.428%w)*sin(0.866%w);
4: TargetU := l-exp(-0.702%w)
- 0.808%exp(-0.351*%w)*sin(0.868%w);
5: TargetU := l-exp(-w) - 1.154%exp(-0.5%w)*sin(0.866%w);
end;
end;

procedure Fre_3db(LeftEndPoint : real;
RightEndPoint : real;

var Answer : real;
var Error : byte);

const NearlyZero = 1E-10;

var Tol,yLeft,yRight ,MidPoint,yMidPoint : real;
Iter, MaxIter : integer;
Found : boolean;

function TestForRoot(X, 0ldX, Y, Tol : real) : boolean;
begin
TestForRoot := (ABS(Y) <= NearlyZero) or
(ABS(X - 0l1dX) < ABS(01dX * Tol))
end;

begin
Maxiter := 500;
Tol := 1E-10;
Error :=4@;
Found := false;
TargetF(LeftEndpoint);
yLeft := sqrt( sqr(data.re) + sqr(data.im) ) - 1/sqrt(2);
TargetF(RightEndpoint);
yRight := sqrt( sqr(data.re) + sqr(data.im) ) - 1/sqrt(2);
if ABS(yLeft) <= NearlyZero then

begin
Answer := LeftEndpoint;
Found := true;
end;
if ABS(yRight) <= NearlyZero then
begin
Answer := RightEndpoint;
Found := true;
end;
if not Found then { Test for errors }
begin
if yLeft * yRight > 0 then
Error := 2;

if Tol <= 0 then
Error := 3;
if MaxIter < 0 then
Error := 4;
end;



if (Error = 0) and (Found = false) then

begin
Iter := 0;
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TargetF(LeftEndPoint);
yLeft := sqrt( sqr(data.re) + sqr(data.im) ) - 1/sqrt(2);

while not(Found) and (Iter < MaxIter) do

begin

Iter := Succ(Iter);

MidPoint := (LeftEndpoint + RightEndpoint) / 2;
TargetF(MidPoint);
yMidPoint := sqrt( sqr(data.re) + sqr(data.im) ) - 1/sqrt(2);

Found := TestForRoot(MidPoint, LeftEndpoint, yMidPoint, Tol);
if (yLeft * yMidPoint) < 0 then
RightEndpoint := MidPoint

else
begin
LeftEndpoint := MidPoint;
yLeft := yMidPoint;
end;
end;
Answer := MidPoint;
if Iter >= MaxIter then
Erroy §=a4b;
end;

end;

procedure Nyquist(w : real);

var t : real;
dl,d2 : complex;
begin
t 1= wy
case fi of
1..2: begin
Data.Re := -2.3122*w¥w+1l;
Data.Im := -1.7499%wxw¥w+2,2775%w;
end;
3..4: begin
Data.Re := -2.4141*%w*w+l;
Data.Im := -2.8746*%w¥w¥w+2.8885%w;
end;
5..6: begin
Data.Re := -2.1414*%w*w+1;
Data.Im := -1,2497*ww*w+2,.0847%w;
end;
7..8: begin
Data.Re := -2.2806*w*w+l;
Data.Im := -1.6251%wkw*w+2,2252%w;
end;
9..10: begin
Data.Re := -2*w¥w+l;
Data.Im := -w¥w¥w+2*w;

end;

($--=- U3 1 -=-=%)

(%--- U3 -0.2 ---%)

(%---- UIB2 1----¥)

(*-- U1B2 -0.2 --%)
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end;
end;
procedure Stable(Guessl : real;
Guess2 : real;
var Root : real;
var Error : byte);

const NearlyZero = 1E-10;

var Found : boolean;
01dX,01dY,X,Y,NewX,NewY,Tol . real;
MaxIter,Iter : integer;

function TestForRoot(X, 0ldX, y, Tol : real) : boolean;
begin
TestForRoot := (ABS(y) <= NearlyZero) or
(ABS(X - 01dX) < ABS(01ldX*Tol))
end;

begin
MaxIter := 500;
Tol := 1E-10;
Found := false;
Iter :=/0;
Error := 0;
01dX := Guessl;
X := Guess2;
Nyquist(01dX);
01dY := data.im;
Nyquist(X);
Y := data.im;
if ABS(01dY) <= NearlyZero then { 01dX is the root }
begin
X := 0ldX;
Y := 01dY;
Found := true;
end
else -
if ABS(Y) <= NearlyZero then
Found := true { X is the root }
else
if ABS(01ldY - Y) <= NearlyZero then
Error := 2; { Slope of line is zero; no intercept }

while not(Found) and (Error = 0) and (Iter<MaxIter) do
begin

Iter := Succ(Iter);

NewX := X - Y * (X - 01dX) / (Y - 01dY);

Nyquist(NewX);

NewY := data.im;

Found := TestForRoot(NewX, 0ldX, NewY, Tol);

0ldX := X;
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dY = Y;
NewX;
NewY;

= X
ot(Found) and (Error = 0) and (Iter >= MaxIter) then
ror := 1;

on Differentiate(x: real):real;

Tolerance = le-7;

vector = array(1..100] of real;
Term,Iter,TwoToThelterMinus2,Extrap : integer;
DeltaX,FourToTheExtrapMinusl : real;
OldEstimate,NewEstimate : vector;

ion EvaluateFirstDeriv(X . real;
DeltaX : real):real;
eftPoint,RightPoint : real;

getF(X - DeltaX);
tPoint := ArcTan(data.im / data.re);
getF(X + DeltaX);

RightPoint := ArcTan(data.im / data.re);

EvaluateFirstDeriv := (RightPoint - LeftPoint)/(2 * DeltaX);

end; { function EvaluateFirstDeriv }

begin
if ABS(X) < Tolerance then
DeltaX := Sqrt(Tolerance)
else
DeltaX := ABS(X * Sqrt(Tolerance));
OldEstimate[l] := EvaluateFirstDeriv(X,DeltaX);
Iter := 1;
TwoToThelterMinus2 := 1;
repeat
Iter := Succ(Iter);
DeltaX := DeltaX / 2;

Ne
Tw

wEstimate[1] := EvaluateFirstDeriv(X,DeltaX);
oToThelterMinus2 := TwoToThelterMinus2 * 2;

FourToTheExtrapMinusl := 1;

fo

r Extrap := 2 to Iter do

begin

FourToTheExtrapMinusl := FourToTheExtrapMinusl * 4;

NewEstimate[Extrap] := (FourToTheExtrapMinusl *
NewEstimate[Extrap - 1] -
OldEstimate[Extrap - 1]) /
(FourToTheExtrapMinusl - 1);

end;
OldEstimate := NewEstimate;
until (ABS(NewEstimate[Iter - 1] - NewEstimate[Iter]) <=



ABS(Tolerance * NewEstimate[Iter])) or
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(ABS(DeltaX) < Tolerance);

Differentiate

end;

procedure plot_function;

label exitl;

:= NewEstimate[Iter];

var q,i,n,nn,point : integer;
delta,w,aa,b,ww,wl,
dx_max,dx_min, t,phO,
phl,dy_max,dy_min,Root : real;
Error : byte;
errl,err2 : boolean;
dl,d2 : complex;
dy, xx : string[11];
alp : array[0..20] of string[20];
wwi : array[0..20] of integer;
ali : array[0..20] of real;
begin
ClrScr;
n := 100;
case num of
'8’: begin
alifo¥ :a d;
wwi[0] := 2;
for i~ = 17to” £nl\do
begin

ali[i] := ali[i-11;
write(’ alphal’;i,’] = '); readln(ali[i]);
wwi[i] = wwi[i-1];
write(’ w[’,i,’] = '); readln(wwi[il);
end;
end;
end;
GraphicsMode;
SelectScreen(2);
ClearScreen;
SelectScreen(1);
logs := false;
dB_log := false;
if not freq then
begin
if num in [’1’..’5’] then
begin
XX o
XS :
end
else
begin
XX
XS :

“N+’x’+70;
0;

’t’;
0;
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end
end
else
case xs of
0: xx :='F [Hz]’;
3 : xx :='F [KHz]’;
6 : xx :='F [MHz]’;
9 : xx :='F [GHz]’;
end;
if not ScreenDisp then
begin

Assign(OutFile,OutName);
Rewrite(OutFile);
InitPlotter;
gotoxy(1,1); Write(’
end;
case num of

Plat\\d i/ /A 5

’1’:begin
stl{¥1f:= 'U3 s B
stliR) =""U3 ==0 "%
stlf¥ ;2= Pt ™
stlif 4] == "BIU2LLL=-042/
stlp] = ABILL:
logs := true;

dB_log := true;
DefineWorld(0.01,-6, 1000,6, xs,0);
Axis(5,4, 9,1, 7,5, 'Fig. Magnitude response’,xx,’ T [dB]’);

end;
'2':begin
st1{1} %=94y3 =1~
stl[2]%:% ’¥3 =-0.27;
stl(3] := ’BlU2 = 2 |
stl[4] :=N\B1U2E, =-0.2%;
stl[5] := B3 ’;

DefineWorld(0,0, 2,1.2, xs,0);

Axis(10,6, 1,1, 2,5

end;

'3’ :begin

stl[1] :
stl[2] :
st1[3] :
stl[4] :

stl{5] :

"B3

’

"Fig.

DefineWorld(0,-300, 2,0 ,xs,0);
Axis(10,6, 1,1, 2,5, 'Fig.Phase response’,xx,
"+°N+'h’+70+’ [degl’);

end;

’4’,’5" :begin

Magnitude response’,xx,’|H ’);
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if num='4’ then dy := ’'Group Delay’
else dy := ’'Phase Delay’;
’

stl[1] := U3 =1 *;
stl[2] := 'U3 =-0.2";
stl[3] := ’Blu2 =1 *;
stl[4] := 'B1U2 =-0.2 ’;
stl[5] := 'B3 ’;

DefineWorld(0,0, 2,10, xs,0);
Axis(10,5, 1,1, 2,5, 'Fig. group delay’,xx,’ '+’'D [sec]’);

end;
’6’:begin
stl[1] := ’U3 P
stl[2] := 'U3 =-0.2’;
stl[3] := ’'BlU2 =1~
st1[4] := ’B1lU2 =-0.2 ’;
stl[5] £ /B3 ==
DeflneWorld(O -0+.1, 14,0.5, xs,0);
Axis(7,6, 1,1, 2,5, 'Fig. Impulse response’,xx,’h(t)’);
end;
'7’ :begin
stliyl 3= 'US =3 e=il
stl[2] := 'U3 b e
stl[3] := ’'B1lU2 =01 1k
st1[4] +=:?B1U2 . ==0.2
stlfql] ¢& ’B8“P";
DefineWorld(0,0,. 14,1.2,.x8,0);
Axisf §, 6,0 17,04, 5 Vit Unit step response’,
xx,’Unit step’);
end;
'8’ :begin
st1{1] : 3,3 gl ;
stl[2] := 'U3 =-0.2";
stl{3] := BB, g
stl[4] := ’B1U2 =-0.2 ’;

stl[5] := 'B3 ’;
DefineWorld(-5,-2, 2, 2 D 5 0
Axis(7,4, 1,1, 1,5, ; ’Re s i
end;
end;

if not ScreenDisp then

begin
BufferReady;
Write(OutFile,’IW’,AXX+AX,’,’,AY,’,’ ,AXX+XMax,’,’ ,YMax," ;" );
n := n%5;
Write(OutFile, ’CA8;’);
Write(OutFile,’SI’,0.08+0.014*%PScale:6:4,",’

0.12+0.022*%PScale:6:4,’;");

end;
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if num in [’8’] then

begin
fn := fn shl 1;
nn := n;
end
else

delta := (X_max-X_min)/n;
for fi := 1 to fn do

begin
case num of
’3’,’5" :begin
phO := 0;
phl := 0;
end;
'8’ :begin

al := ali[(fi+1) shr 1];
ww := wwi[(fi+1) shr 1];
if odd(fi) then n := nn

else n :=1;

delta := 2*ww/n

end;
end;
dx_min :
dx_max :
dy_min :
dy_max :
errl := false;

err2 := false;

b := Y _minj§

if num in [’1’..77’'] then

SetLineStyle(fi);
else
if num="8’ then
if odd(fi) then SetLineStyle((fi+l) shr 1)
else SetLineStyle(8);
if not ScreenDisp then
case num of
’1’.,.77’: Write(OutFile,’'SP’,fi,’;’);

1e20;
-1e20;
1e20;
-1e20;

end;

’8’: Write(OutFile,’SP’,(fi+l) shr 1,’;’);
end;
for i := 0 to n do

begin

case num of
’1’..77’ :begin

aa := X_min+delta*i;
if logs then w := power(10,aa) else w := aa;
end;
end;
case num of
12,72 :begin

TargetF(w);
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b := sqrt( sqr(data.re) + sqr(data.im) );
end;
’3’,’57 :begin
TargetF(w);
ph0 := phO-arctan(data.im / data.re);
if phO<(-pi/2) then phl := phl-1
else if ph0>(pi/2) then phl :=
phO := arctan(data.im / data.re);
if num=’3’ then
b := (phl*pi + phO) * 180/pi

else

begin
if w<>0 then b := -(phl*pi + ph0) / w

else b := -(phl*pi + ph0) / 1le-10;

if freq then b := b/(2*%pi);

end;

end;
’4’ :begin

b := -Differentiate(w);
if freq then b := b/(2%pi);
end;
'6’ :begin
b := TargetT(w);
end;
"7’ :begin
b := TargetU(w);
end;
’8’:begin
Nyquist(w);
aa := data.re;
b\ :=_Fdatas1Tm;

if (not ScreenDisp) and (not odd(fi)) then
begin
pset(aa,b); Write(OutFile,’CI5;PU;’);
if b>=0 then
Write(OutFile,’PR’,0,’,’ ,AX*0.15:6:4)

else
Write(OutFile,'PR’,0,’,’ ,~AX*0,15:6:4);
if (i=n) or (i=0) then
Write(OutFile,’;LO5;LB’,"N,’x’,”0,’ = ’,w:3:1,7°C);
end;
end;
end;
if (b<-1el0) then
begin

errl := true;

goto exitl;
end;
if (b>1el0) then
begin

err2 := true;
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goto exitl;
end;
if dB_log then
begin
b := 20*log(b);
if (b<-300) then

begin
errl := true;
goto exitl;
end;
end;
if num in [’1’..77’] then
begin
if dy_min>b then
begin
dy_min” #= b;
dx_min := w;
end;
if dy_max<b then
begin
dy_max := b;
dx_max := w;
end;
if i=0 then pset(aa,b) else PlotLine(aa,b);
end
else
if odd(fi) then
begin
if dy_min>b then dy_min := b;
if dy_max<b then dy max := b;

if dx_min>aa then dx_min := aa;
if dx_max<aa then dx_max := aa;
if i=0 then pset(aa,b) else PlotLine(aa,b);
end;
regs.ah := 6;
regs.dl := $ff;
MsDos(Regs);
if (regs.al=27) then
begin
if not ScreenDisp then Write(OutFile,#27,’.k’);
goto exitl;
end;
end;
exitl:
Sound (2000);
Delay(150);
NoSound;
if ScreenDisp then SwapScreen;
if num in [’1’..°7’] then
begin
Write(’function ’,fi,’ : YMin ');
if errl then write(’<’) else write(’=’);
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Writeln(dy_min,’ X -->’,dx_min);
Write(’YMax ’:21);

if err2 then write(’>’) else write(’=');
Writeln(dy_max,’ X -->’,dx_max);

if num in [’1’,’2’] then
begin
Fre_3db(0, 1e3 , Root , Error );
if Error=0 then Writeln(’W3db = ’:23,Root:11:8);
end;
end;
else
if odd(fi) then
begin
Writeln(’function ', (fi+l) shr 1,’:’);
Write(' w1 =");
Stable(0, 0.1 , Root , Error );
if Error=0 then

begin
Nyquist(Root);
Write(Root:12:5,” Re 1 =',data.re:12:5);
end
else
Write(’'***x Error ***xx’:31);
Write(’ w2 =)

Stable(ww, ww+0.1 , Root , Error );
if Error=0 then

begin
Nyquist(Root);
Writeln(Root:12:5,’ Re 2 =',data.re:12:5);
end
else
Writeln(’**** Error ****’:31);
end;
Write(’ Xmin =’,dx_min:10:3);
Write(’ Xmax =’,dx max:10:3,’ Ymin ’);

if errl then write(’<’) else write(’=’);
Write(dy_min:10:3,’  Ymax ’);
if err2 then write(’>’) else write(’=’);
Writeln(dy_max:10:3);
Delay(1500);
if ScreenDisp and (fi<>fn) then SwapScreen;
end;
if not ScreenDisp then
begin
Write(OutFile,’IN;SPO;’);
if PScale>5 then
Write(OutFile,’PA16640,11400;")
else
Write(OutFile, 'PA0,0;’);
Close(OutFile);
end;



Alarm;

Wait(1);

if ScreenDisp

begin
SwapScreen;
Wait(1);
SwapScreen;
Wait(1);

end;

TextMode;

end;

begin
TextMode;
AllocateRAMScree
ColorGlb := 255;
repeat
ClrScr;
gotoxy(17,4); w
gotoxy(25,5); w
gotoxy(17,6); w
gotoxy(24,9);
gotoxy(24,10);
gotoxy(24,11);
gotoxy(24,12);
gotoxy(24,13);
gotoxy(24,14);
gotoxy(24,15);
gotoxy(24,16);
gotoxy(24,17);
gotoxy(24,18);
gotoxy(24,19);
gotoxy(27,21);
repeat
gotoxy(38,21);
until num in [#
if num=’9’ then
begin
ClsScr;
other;
end;
if num=’0’ then
begin
GraphicsMode;
SwapScreen;
Wait(1);
SwapScreen;
TextMode;
end;
if num in [’1’.
begin
gotoXY(1,25);
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then

n;

rite(’—===—-=———e e
rite(’Composite Polynomials Filters ’);
rite(’=——==c—m e
write(’1) Magnitude Response [db]l’);
write(’2) Magnitude Response’);

write(’3) Phase Response’);

write(’4) Group Delay’);

write('5) Phase Delay’);

write(’6) Impulse Response’);

write(’7) Unit Step Response’);

write(’8) Nyquist’);

write(’9) Other Menu’);

write(’0) Display’);

write(’ESC Quit’);

write(’Select No. ');

read(kbd,num); write(num);
27 Q) . 7HOA] ;

.’8’] then
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write
(’Output [A]: Screen & Printer ("P=PrintScreen) [B]: Plotter ’);
repeat

read(kbd,ch);

ch := UpCase(ch);
until (ch='A’) or (ch="B’);
if ch="A’ then

begin
ScreenDisp := true;
XMax := XScreenMax;
YMax := YScreenMax;
end
else
begin
gotoXY(1,25);
write(’Output Port [A]: Serial [B]: Parallel i
repeat

read(kbd,ch);
ch := UpCase(ch);
until (ch='A’) or (ch='B’);
if ch='A’ then OutName := 'AUX’
else OutName := ’'PRN’;
ScreenDisp := false;

XMax := Round(XGlbMax * PScale);
YMax := Round(YGlbMax * PScale);
AX := Round(AxisX ¥ PScale);
AY := Round(AxisY * PScale);
AXX := Round(AX*1.2);

end;

fn := 5%

freq := false;

xs := 0;

Plot_Function;

end;

until num=#27;
end.
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