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1o 33133 —0.016
by, g

2
Em[{ Eli,—-f-{-lm !H?* laxﬂe_mmEmJ -F.qr auLHi't'



Disadvamtages of Hu comvemtrona] form:
1. Swall difference J:f_ large nuebers Ly, some Cases:

z + bz +| =0: b = 45,000
~b+{b—4 -b-Jbt—4

Z, = 7 Ly * 7

I

i



D’lsn_alfnmitqu ﬂ-{ the {dw-ﬂm?f'l&hd-f "]COHH:
. Swall differemce o large Mumben Ly some cases:

2 + bz | =0; b = 45000

2=

. —hibilbr—# 2. —b-dbt—4
.

o L

—
—

l

Ty = ‘E[‘ "J_‘T?'F]

I\



Disadvowdnges of the comentonal form.
1. Swall diffortmce o lorge Namben, tn some Cases:

2 + bz 4+ =0; b = 4000

73 . = —-ll+{h-1—-4- e i i ’hl—-‘l'
| 1 L 7
= — 2. 600 000 poox D ~* =— 44 999.999, 9%

2 = —EE = _4?)'51] HPIEC : weorks wwdl o
dh;jHSJ, rﬂﬁﬁ' ong Pewmdad

—
—



Disadvawlages of e comvewbronal —Fam;
1. Swall h&m Ef— lﬂ-rﬂ nmhﬂj}.ﬁsm CoiEs ©

2 4 bz &1 =0: b= 4000

=3 - ——L“""“ﬂl -4 i --b—JbL'-"‘l‘
| e — 1 b 1
= - 2,000 000000 %10™* T - 44,999.91,9%
7y = _.kl[] ...,{|_q.f51] HPKC: works with lo

. df,iﬁ) (ast one. Ppramcdad .
— 2,150,600, 000 X 10



If_; Tia OoF ‘HR!. correct mwar? O‘i‘ EE- Mﬂ.tla“ Uﬂﬂl‘t?
T;"l:l O -thlr‘fﬁl ﬂ-(?r—f{-{m: 5“‘-@55[1‘{ ﬂ,fiaﬁﬁ?:[_'uﬂ’-f—';“_

2z vbz 1 =0 Sinee E:r:l}'l'hu 22 So:

bz, = (1 +23) 2, o —-;:—(.'4.-;_1) I -__]:I_.i
4 = ‘Jg [“‘i‘:') =~1.222,212,227 o
* o ’ -5
S By H@, correet amswtr 15 0 ﬂﬂﬂ,ﬂ-ﬂﬂ}ﬂﬂl,ﬂ‘ﬂl quﬂ':-qﬂ x1)
2= ~2.221.222 22 xI0™ correct Fo 9 cane :
) o, Py
N(n-lt g 7= J IFF( 'E-Ftam_t,‘
Zq i X
—- -] = 400, 000, pOO sl caa
= —~2.222222 l o7,
2k -1 = — 2, 250, 000,000 __

= L
2, —21-222 21222 l = ’?



Z.a Lot

Tip evrol-
42, o0 5.0 5.549,
43, oo 750 [ 701
44, oom 1007 (.5
&y, 00 _jo.09. 1159
Zef,, boD - gool 5609
R e —6 0% -1
&k im0 ~ 4.0, 3.0%7
49, boo - 2.007 so0s!
X0, o0 ﬂ?(- {}'E.
&1, & 2.007 4ot




CﬂnL!.l.tj.lﬂllJ..'.
(m'] The corredt regufl wras b foaumed with wse of am q.(?.eﬁmté
agperiwaton  hareas tha vaomect resualfs wese
obtwimed withawl am alqebmic apprrumation .

(6) The numerial ersy ntredycad dopewds on ty
akc]zbm Lormat [_imu differeme of [arge wi’ma)

H;EMI‘.E!. n.u.i o Btﬂwmfﬂu':mi -ﬁ-mi.‘f -(-qv g roefs o—F
& quadmthe .






Better np_i'hqi ‘

s TEoEERS ool de

Crcial step : La.rq{ numbers ase subbacted J}taquJ
leanimg T small ditferem@ im analyhec form.
Hmt l:mﬂz_ teots Camm 'Luz. Lmﬁﬂiakm}{'ﬁ qtm..f dccyracy :

oy 2. U . B
L RS T 5{1——11:



Rewrte 'fﬁ; ‘!‘h’o roots o

g —b + Vb* = 4ac
\ Lo

¢ s aweptable for all valwss x, 1s wmacceptoble ot 4ac ceh’

K—QW"E!J— :{L:
b (| | L0,
e I- -I-——Hfl_ ?E]

H‘ﬂw, ':MS-|'M ﬂ-{- h.it;rﬂ "I‘.'Eu '{-’ol'hufn -Fw ¥\ iE}-EI::H:j} Wi 'th
Prﬂpg,f-"hj ﬂ'-[' the ql-lﬂ,&ll‘w{'l;-r L'hﬂd_ X, ¥y = %_:

—b-Vbt—4ac
. w —

c |
K‘=#b[{+{“!|?"€ﬂ§] "L“'EB—#{JTZ&_&]



Impmwtl o

Inl"’h.u..ta& .F,;r ‘I,.H-ﬂd-fd.ﬂ"li. I‘H{'S

1
A.x "I"'bﬁ"- . =

[

| L, b £ Vg
ﬁ-(x +ﬂ,__"+" ) lelzra-

= ﬂu(?ﬂ—ri}(g_xl)

- — i L_q__
X, = —b »/f& o




Rewrte 'fﬁ; ‘!‘h’o roots o

g —b + Vb* = 4ac
\ Lo

¢ s aweptable for all valwss x, 1s wmacceptoble ot 4ac ceh’

K—QW"E!J— :{L:
b (| | L0,
e I- -I-——Hfl_ ?E]

H‘ﬂw, ':MS-|'M ﬂ-{- h.it;rﬂ "I‘.'Eu '{-’ol'hufn -Fw ¥\ iE}-EI::H:j} Wi 'th
Prﬂpg,f-"hj ﬂ'-[' the ql-lﬂ,&ll‘w{'l;-r L'hﬂd_ X, ¥y = %_:

—b-Vbt—4ac
. w —

c |
K‘=#b[{+{“!|?"€ﬂ§] "L“'EB—#{JTZ&_&]



M oL J-Eﬂam't" -Fahﬂ .

e |
W = FE

Plo-
T

X Qt x il L
¥, F*- -

whaete
F-E_II_LJ_III_\/I'-.‘{"QL L whuiele {DLE—_ %



Mere Jl-eﬂn-n't" Jorm:

___FE_L X a s
Xy = E F i 4 KL-‘J%F
L_-__-___-————_

Stmple. tahes of T orgimal quadiatic Coslficients
whawe
]:E_‘_L+-]"_—“/[_.4Q" L whnele QLE%




More Jl-&ﬂn-nf —Fal-m :

o %1 P —
L_‘__-____-————_

Simpl-f.. ravhios a{-ﬂ{z ﬂl:lﬂimml qmdﬂ-ﬁ}, ﬂD&-FF‘I‘LLEn'{'S
Shae
. - A
]:_E_"_L.;-Ji‘/[ﬁ_q.{Q" L whiel = %

Ths s exact -for— all values.
It ®>0.5, Fuis cumpfu = complex reots
L Q-’—’-ﬂ.fj Fis ral = pmeal mots

T4 Q<08, [ =]

Note how SLME!'-L tha ﬂmn{tj'['t_r- mﬂ‘s, and therefore
Ha quad ratic fa.d‘ar{ga.,'f'lhn} becowe f Fal.




More Jﬂm{:’ -Fm-m .

*\E

F.-;_l’_-}--LJ]_-zi-{Q'L Lo sohvel {Q m'r'
F-> 1 Very mptdl._., as @ clrops helow 05"

4 1.0
F ﬂ-q ] ﬂlﬂ
| 4 o.v
0. - 0.7
A 4 0.6
M .
|
) L L1y
0.l 0. 0.3 0.4 0.5 | Q@
-0 -0 —b 0 Qg

Falwt 09 evror -Fau & < 0.3



QMEH;[ H.'SII.H":
“FIL'!' bx + & = & L b :)



Gemeral result:

'ﬂth‘* b! + L = a4 x“.‘._%g +i) Ggpﬁl_ E_PPI‘GFIM‘LW:\;
=/2L <085
= ﬂ.(ﬂ*‘i;](ﬂ.'l’;} ‘[-Dr r;ilhﬂﬁJ thl
calorglaetd) B oforferd)
whaae e
E= r% +% }-”’LE{L_ ' = 1Y
Mg = -iF s ""E‘_



P{ H’e.mm{ Jﬂb t{'ﬂﬁnﬂ—"& '




Alternotve dormat:

g \
ot +by +C =:‘.(H— -E.n: +%JLJ

= (1-%)( %)

L FY] [ I

b-‘lru_lr-L
1 r 3
Fai*‘”'“*q
L. ac
O = b

o hare F = ll_l__]l: f' l_q_@l



P{ H’me{' JJL t!ﬂ‘hni' :

at +be +e = [i + -Elx ¥ %*11) fﬁnui q,ppu'fcm{m*n.
X | —Fnl“ N.d.l l'tr-ﬂ’!'f'JI Q<05
= € (I . -)(t ) s

E+EFH “,-— ) ~ r_(H—b )(_r+-—x)

@y iy

Rededtne caef{liciemts:
L+a,x +ax = (|- ﬁ_]U,H)
= (4 a, Fx](“— )ﬂ- (lrax)(1+ 3= )

w hare E
A
Q"= oF



g;' waskion " drahc
Lm[: m‘(‘mh . :]_:umw.d FDI'-MH{HE. o Eaai‘-s- D"I"ILQHH L
F=L++l/i-aq™

L. @z
at = i
qli _";I R A
5 X X
ﬁ.ﬁt+hx + C =m()¢l*1.)@[—x,) 1 + AKX +AX :U_E]U--ﬂ)
X, =~ I .
! b F N Q- I a
7 2
ax 4 bx+ ¢ =L(x4— -v'L‘ Tl_)Lx-a— 111:) [+ X+ ax :(H—&, Fx)LH _—: : x)

For weal teets, Q < 0.5 and Fal:

< |
T - o

e
h X Q
O

: 5 ;
ax bJL+L =0 ?'H'—"](K"l——)
A A ( b o

” A ‘:~ 1 '11: X
© ®© 06 Op ®p OO ® @ 6



Advamtages over Hu convent toual fermulas

l. Bﬂ'l't reats Com b.z. Ebmpnd-h{ MI{{: .Ectun.{ ﬂ.tc.t-LJ"ﬂ.E.tj
[auﬂEnL_g swall di{{feremce of [arge ﬂumbf.fl‘j)_

2. For teal md'[";] to « Ju-cj ﬂﬁml ﬂeppﬁﬂrMﬂﬁj
there (s noe Oy o lett  lan Tt resulfs
drd 2ach teot T¢ o ample pafis of
;ui-{-&‘cﬁmiﬂ of- Ha ﬂH‘ﬂL-;nn.[ quaim.yf-t';: g



Usedlanl +arm+ o QmmdML [t+a, 5 -f-m,_S-L
Dedvue CQ = —

J_.:-E- Q .‘?ﬂ.f (mepie-ﬁ)i reatc aae ﬁf:rmpfl-w ;
[eave ci’d_n.tl.hd.f{'ﬁ‘. {om:

1.

[+acsvans” = 1+ L (Japs) + (Jars)”

L.> R mermalized
Q Frequemey

LIC Q<0 (Fl ), reats oue real .
Factot inte  dwe real rests: H.al. Corner fMyuancies

l+—q15+a151'2:: ([Ht.':‘r)({-n- )

= Lt+ (fa, EJJPP Lo (J'&ls)]

f'iﬂﬂ-li =
| neo 3
G Q > &qutj



Exercie
Find, both amallj-l-t-cmﬂﬂ amd H.um-E-HFCd.%; the Q@ and
humee e roots w anmd w, of th quadrakl :

I. < C.[‘Rt "FEILHEL] 5:"!* EC['E;_ RL(R.“fL)]SL

L he e £ 1= ﬂEJAFJ C.,_:ﬂ.ﬂﬂlﬂrj E[:_Jl-?k'. I?,_lfkj K_=itol.
Express e amalytic resulls i Jerms of Eerie;/Pmﬂd
2loment combimatrons, amd expreg the numesical
resulls o He ov [eHa. '



= xercaie ;

homee the roofs w, and w, of the quadmf:

[+ C[Ra+ RIR]s + [Cily R RUE)Ts?

@)

@,

Whte Ci= 0.WF (G = 0.00LuF R =47k, R, =k K =tpl.

Express e amalyte resulk ta derms of Sarfﬂs/Pmﬁd
olomont- com brmatiins omd  expreg the numestcal

'I"EJLL[{'S b H‘i‘ of L('['{-i.-

o e o CGRRIA) QME~ IV TN N R
o (R + RR)> ~ C Ber RM&L T C) AR o 4710w T e

\, 600
HM} = 'i*’i{ [—4Q* & |, so the roofs o real: (F =09194) Q *—;-Lac.a.r
el ' 159 e
VTR TGRARIR) T G ami) e - AT HE

31
hdg-‘_ E!_ i C.\[E:_‘l‘ﬂq,“.ﬂ.l
2T GG R (R o~
{ 4y = l }Hi- = L kHs
=l {Rlll R |l EL) >~ 0. ﬂﬂl{g__%}




Henee
ﬂ_ e IQ 1+ 3C Ry
QR [I+ CilR+RAR) ST+ Co (RN 1R) 5]

i cl(&»ra.w

o)
ﬂ" _ CIE*I.

- |
I NTATATA)




ﬂ' o ﬁL | + IE‘RL
e +R I+ G R+ RIZ) sl Co (Roh )]
_ (1+4)
NEITTS
W hare
Ao = E‘%‘E = Banks = 06% > -RAds
i | 159

c—t(ﬂ-.-l-ﬁ.llt,_) 1= ﬂ-l(r-}-:ﬂw) = &&Hz

g}

| 59 _
c.li'l. 'F]_: RN = '.Gk”-a_

 ad
"

= | b 159
* R NR) b ocer(#7litiee)

= &2kHe

£



The commbonal gquadske {oraula {ov the Lo poles
Wi amd Wy 15 wach  Wigla~ 2n (wg_thmcil lese waeded

wn te-rmatio n) than, daes mode{ied fermula.
Coaventidnal -

| _ C(ReRIR)E SO RRIR)—4 ¢, ¢, Re( RIR)

W, s Z
H ;{: .l..o{ 5
' = C(RRIR) “1 = G (RIRNR)

Note, in pacticalar, (whin the two roets are mal ond well-
gepornted) that the moeddad formula s wuch (Swer 2ntropy
amd wet ouly qivec bath reots with 2qual numerical dccumacy
bot alse Lxposes H. '{ﬂ.d‘ﬂ.a_,f- C, a.#ed-; e».(-j w, omd C,
a..ﬂ'.ﬁ_cf"s nnl-.& w, —— whid, 5 useful wnaformatedn for

i.nsc_al' n Pusposas.



A still bether colution
Lﬂak at the ﬂf;lﬁl:ml CircuilF amd Coniidd or Mg,
as {Ryutmy incrtasts:

m#—-w U,
Ri4Te ¢ |o.lur

C; |0.0p2 }.uF‘ f:_

P

R,_%lk —l— [oel

At (pu -Frqm.:&gj botl, Ca.f:-m:d‘n.uu.i Cil OpEm
so have Llat response. As frequanuy twmeremses, the
ractance of C“ toe lﬂ-‘l‘gb.; acchonce, Cowes
L T Y I':m.l'ﬂaj o Pﬂl-ﬂ., Y .y rea e ﬂ'ﬂf Cf
duops below R, b respase {lotlens Causing a
W-F@dwmaﬁfhaﬁ‘!@mcgﬂlﬂt @

of Co is st S0 Fames higher than R, , Jo
C, bes mqligible 2 2cf.




o




At s{ul k.fjht.r fﬁ-ﬂﬁ]u{ntlﬂs, He Mactame o C,
diops beloww K| Camsing a fecamd pole
u;il-_ W lf;:

, E} + g

thu'{'h solution f.M\ be obfoimed in +two Po.l-’f'sj
2ath Contamiing only oa Mactance (one Pole).




Low- frequency ramge (Cs open)

. Rlle. i
R, 41k Re —; T
Ak o 2z G
Cy a_[PF- ‘I‘. é e,
ook 2,
&2 1k .
o g
L
L, EI_ EI-+EEI ___n I""%L:H |'I"l£;:
R +R, R, + SJEl+R.JIEL G ¥ '?T...I it *-'T:.l.
where
= " = oo —-— ﬂi&'E— :—_:'-"_} _3-'&['&'3
'H’ﬁ o Eh_‘l"ﬂl. LD +£67
| 159
— T - ‘tE’HE
e ® C,{(EL"'RIHEI-} {l ﬂ.I'U-I-‘t?HHﬂ}
I | 32
- .
= C Ry i &ix(” e
H’m = lq' L = R Re i 3

2 g =0.bF —— = 0.00-34d
Y TRk RARUEL TN T " 00D-db



!_].iﬁjl_{fqm‘::j iHmg e CEI -Ill.ﬂff‘)

RIR, Rl R, e
AN — V) o—\W\ —r—
ﬁ" Ay, RI._' RE v
Ri+Ry 1S Rt KRR _LC+
G T
o —0 o 0
! |
A-= A'hn. where £
I+3 N (AT AT
& EL @
-F; " ﬂ_ml(:ﬁ-?” |”mn] = §1kbs

HIE.HH',, uu&mu fMiPonle 1!.
o

P (L9 (+3)
b v s )+ 8) ~ o) L)




RutR, ~ 4 R N A A TITA TN

|
DGR R, IR) hoelblty 4= Frkie
£, = 4kt




(l+€r_)_
(+ NIXH iy )

,_Jlu_._._ ?.};.Iﬂ Iu:r.in s o. u:-.{.um -k
o C(RrRae) s ETRRRT R XATIIA
“hya 7

y
Li. ma..t;r.uraﬂ YL M C 7

T LEU.EL[EH-FWJJH&!H_ omd In amy case



gmmlis ahion:  Presentation of Resulds

S larch ma.qm.‘{-ulf., A P[l.ﬂ-..'-f_ b SMH' Lime
a.&:jmp%hﬁ- amd  abel walﬂm.[- {20 fures (flat
Q.,a.w.'.j Lornas -Gr&qwuas @, L:f-t) witk  beth
e:l..mhﬂ-u .EttPrthﬂnL nd nmmﬂu.{ Jahu e .

T[»Lu- LS a_ r:.m-.-.,pm:f' Emmuﬂj So 'H!'Laj' ‘Ju'ﬂl 'diL
amalybic amd numercad Msulls cam bo
L;h‘l'lbprt.i‘ati. ﬂ:{" ﬂ-«-.a'ln.rm:ﬁ. m.'.L\-LdA TE: .E..ip-t'-';mﬂ
um{.u.{ {w r\e,Pnr’l‘S- ﬁLl'-'uL!an r&umws ede. so
that MANAGEH Camn ..Enjglq Ond. GI.“'L{L{‘j

amd wnderstamd th, resulls obtacad b';_[
othars.

For design, tHe eloment values Hat wmust be
C—kwi o A (ue df{-{w e tcad resulfs

Cam Rafily be Soam .
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