i ' Fourter Jcmmlcom

‘,Le't' -?(ﬂ) with -n¥n Be o penoJ.xc ftmclnon bg wnth
period. 0. In other werds.

P9+9%n) = 1QC9) , ¥kefoxd x2,... ¢
Then € can fe ex?au&eol

®win aq Foune.n exgansion et
: kou 'Hve 'fom

¥(8)- Z cKexP{‘lm (K%)]

K= 0

w‘\ﬂe CK - Qre @w;eﬁcx num-@ers , nemQ
Like egen&re expansion, this s

aﬂso av owuno ovxa,Q Qcpm'rs:on ern.
@O.SIS Q&mdhows 6

?K(S)s exp [_9\0'}(. (k9ﬂ
The or%oaomg% refotion s thal

Bereore it Po@ows dat de rdation Belween ¢y and. y(-” s

Ck = j-[z(x% exp [ 20 k1dd

~f

cau useM in exyahclivz% ‘HAD. goy;q:%u.&
-Por compu )cwvxs ‘Hm/t are V%o{‘» cms‘émmehnc c

Y Discreke Founer Lrovs form

Fourier ansions

To  discrebize He Mk«arqﬁ ‘?or Ck Wwe Sam‘;ﬂa *?09) on
‘Hve ?Jﬁowmg Pbiwk&

| 36 = ~n+9~ﬂ(j/N‘) ) jeio Lo N-LS
Note ‘H«cﬂg: Yo ?omjc s redundaib fe Ccuue rl- IS
142\4{;1(@2 o Yo hrough eno&tc;ia
' M

The ?omjt'y o,si, SN-L
or‘:maﬂ SGV‘% Wwe use .
Smce ¥(8) is Mnouwm af pomjv it take N coeffickents o«
b shre @

quufmﬁ Mgn'rwmbon ™ Focmer sqqce 'Yh:s w2 ahs #mt
be duoede Fouder $rawstonn  can

be dehued
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N-L

y N-L ~ n
L . ik _ 4 - ik
fi= I Boep[ 4200 28] | fu= 1 L Hoglan 3K

8enemQ 23 and. ﬁn_ are coM(}QEK arrays ol flav%%\ N. and s
Jct\.o, c:ovq;an isscreLe Fourier -me@orm (Compaz)( DFT)

Q ,qs QV) m\ergace to FFT PACK, nm fcmem}c,s Hhe
»PQJ-K (;&; abore —povm ,usm%‘-%e Foﬁ: Fourier Trqwscmn

Hon i O(N 108 (N)) ime

| np.aonpmm The FFT ’Com J.» ‘“AIS Cow!{
. l‘n.sjcenot OL OCN")

'T\ne Re«ﬂ Dlscwke, Fourier Functon

ﬁT\ne Pz. repmewl:ul;aow is 9N reaQ namlers. ¢ He on'amaﬁ? are
beaﬂ Hen the spcutn& renesem{—n{—tow i redunolaud % o %Jvr

ol 2. Now we show how to elimimede He rec‘-uwda\aua

CLeb .?elﬂ be ‘Wq.m@-spaca refremewunow witl jedogl, ... V-1

, Dezme 'u/@ speot‘mﬂ. myre;e»&:ql:xon Ccmi s\mﬂ% 'H& clepnml—um)

kae, %\‘5

vt 3= N-l
-4 ?:_o By cos (208 A]\‘l"‘) =4 z_gio cos (0 3K
ond. , Nl o
= Im§ Jﬁ—g'}j exp {»%c _%f‘_]\g =
- i__‘)"f‘ {33 sfv]( 'in‘_K_) —_-'__:.\{_. ?:39 Slw(iniili

ok “reem e “'Wmm» vvvvvv i i g
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N A

“?3 = E:o ' exe[’&ni %&] zg': .%l__%i .% expi-iﬁg%_]

In 6,euem9, «?3 and. ?u are COWYQO)C mumaw @

s of langlith W,
,av\o‘, ‘“r\is iy CQ,WQA ‘Hn,e, J.“screlﬁ, Fou,rier v::?\(nvm Ccoé‘)ﬁex DFT)

My package , as an ivkrface o FFTPACK ,impfomu{'s the complex DFT
iv% «&& E:ve $orm us(\n%_ the FFT qﬁa,cyi%w\ P

Y The Redd Diswele Fourter tramstomm

The :?,K‘ fc?resevl,rn}.\ow )} equimﬂo_\n{) to N real wumBers. 14 *pb\.e,
Evorj%i\nqﬂ.ﬁ Qaelﬂ ae ol red , then tre SP&M mqm}ew{-uw%:iow

{5 Ten!-uml,qn% Q& a fackor of 2. Now we show how o GQA'mma)e,
Pre redunda

Let Q\Se\K de *Hm, fcpresew‘-nhon in maﬂ spae m%L je%o,l,...,w-lg.
ch?he. ?g Q\‘\te %\1‘3:
Cqy = Re [ EA Cowst = 1m[§z<]
 Subslrhbing h aud telang tnbe account Wk eR, we oBbain

%Kz Ré[fm] = Ra[%f 23 exp [-&ni jNL'” = Ds?j eR.

K=o
“N-

L ‘ ' .
- _%l__ 2‘2023 Re{exf (~9414‘. _ihl:_ﬂ =

- . ‘ N-] ‘ .
e

: %“J' BN N -1 | ik
AR AR P owa |

N .
=23 4 I iex.p (—Qnijﬂﬁ)] =

®=o

N | \ NA o, \
= _@N__Eo ¥j,si\n(-9\n _Q‘.\_)‘S.)-—'__%I__?;o.‘?é‘sm(iﬂﬁ_‘\l;_). |

: From oll ‘Ms we apso o@{—mivx -Hf\m Qoﬂ‘?owin% reﬁa}m'on *Pm— 1\); :
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K=o ~
Fom this chal:ion we can denve a velabton between J and ‘?wk-

Bezm uijd\"-

D , N+ .k
He = ): 4 r.os(in :\K) - __I\l;{__ 2_';023 siv (in.j.'r

N-{

Gu =4 T 4 cos [2n J.E%:.‘.‘l] -
N
- 1 jK =
WV K..f:\ cos| 20 ~ 20 4
B N“! k N-) i ~n
A ) e

-
—

f

Tt ollows Hab

'?N-K = Cz(u - +4 ciCN-Mh—l = Cit« ‘CZtm = ‘QK

In oyner won).s ’?N'K omaL ?n are cowapﬁex “"\j“a‘j‘?’) H»m{lm )'2: is

not mecessany kpow e entire sequence

. .

Oy N { .

e wif]l show wow \ncluw Yo enkire sPeM represcvn%ub‘o‘n £ o
Be evcoded with N real numbers.

Consider the Qo@own‘v% ases:

a) Case Lt N is even.
Then ona e Qo&owmg COMPQQX- mmﬁers are requﬂ‘eJ.
7?0125;1 .. N/ﬁ.’g

umf
Ths 15 a Jml'nQ o‘; WN*Q RLQ Diaid
For exqmph d N-6: gl,\%,?%h;&
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eb) Case 2: N ts odd..
Then o\n% He Qomowlm% comp&»x numbBers are requirei:

BLAIIS JCY)
~This s qwenvcvnu/a a tobodl of i[(N—L)/ﬁ-['l-] = N-Lt2 =N+l real wamboss.

Thf& \'lOwQV\:T‘ 1s V\o“Z 'H,\g COW\PQE"Q 5-1.‘”3’ TQ]‘( nolﬁ 02 ‘le_
A goﬂowiw% cr&cic,Q °e’$€YVn)c¢‘on§ o ‘
o N-l

’ ' LR
0—) FOY‘ K=0 3 gcsLZQ-COSO:LZQj
SN R N 3o N 3o

o N-L
§=1 Y dismo =0
N 35

(e see ‘V\Mk, Co T 5usjc Ye qvemﬁe oqﬁ -Pj ‘gurcxw je%o,L,,..,N-Lg,
Hore im?or\mvl’cﬁ% we see hat & s qas 6. This means thal
C] carries  no indormakion ot o !
» This observation resoflves Case 2 abore. Even “H'\oua‘h &p earent
we requive NtL real mmﬂers , ohe o¥ Heegse M«ese num Bers is T G
$0 -H:m, ivxkorma}jow COV\\QV\)C hQ H«q{: represewku{:(tm 3 QV\B&
N read nambers as we would. ,exped:-
» e ‘mma qﬂso rcsOQve, Case 4 aQove as qeoﬂﬁows. Frvst 0¥ aﬁﬂ vmle_ jdmt
e veselt ok g =0 reduces the count Bhom N+2 veal numbers
‘ Lo N+l | Aﬂso cons{cp.er *L\m‘s ogserml;ion:

_@H N=cven then for kaNg :

N-L )
~ nr N
Cn = Ca(ne) = -%}-—-—33:0% cas‘(iné A(NM) ) -

-4 -4 i
= LT Yeos@t) - LT 0,
4=0 7 d=e .
Sney = o)+l = ”—2‘,——- 2: 23' sin (20 "5‘%@“) =
:_:_'%__ :I:ij sin (05) =0

Recaﬂe 'H\dt- ‘IP’N/Q = g~+£€~+g Py w\aic\'\ (s 'M"-@, &O.St COMP‘QQX numﬂer
ot a”mvs in the Sequente at Cose L. Cnai=0_ 15
secovwl Veo!wnolmu% %m":‘ gﬂwx oLowV\ uxe site 01(2 ‘HAQ
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,5ped7raQ repr*escnlrw{:'l'on down o N
To sSummante s 'Hne, vefrescvz&%lo» o-? % in speo!mQ Space can be

&)% encod.ed. ga_ Heo ﬁofﬁow{w% N real wumBers:

~ ~ ~ 4
S, C4, ng -e-, CN

w“nere, 3;, aye 3iv-ev) ﬂa 'Haue, ‘?o%own'mé rJq{:fovxst

N-A

c - _.L g ‘\
CO N AI::O ¥A 2 |
I ' " o o
Cm-—":.é:_z 25 605(7»0.3.5.) Cmﬂ =-—i-'—z 25 5‘“(2ﬂ '9—5—’)

\ NF K:,o N . N =0

== ~ N-L {)
For N=zevew: <=4 T (-0 '?J

N j:o

;These refabions and e re@mmjmhm abore is how FETPACK

?trgoms the Qomnn). real DFT.
New, gfven Pats represmku’c{on , we show how to ,cowap.\lre e inverse.

V-4 - N-L o~ ,
| -fj = Z::;QK exe[ini ._ig_(__] = Co+ E&’z‘( cxf[iru’ _égk.‘._] =
: N-L .
= gg'&* 2::‘ ("Cvz&'*-ici&ﬂ) [cos(iﬂ ..%f_)+f$fh (9..0 _j_.:jf‘_.)] =

N-L ) ~~1 ~r ‘
2 8ot L &y cos (0K = T Eap sin (20 K
K=i, N Kai N

| since we wow well in advance ok 193 el
- To simei% s enpression Qur(rkar, we need to suﬂs&hk the
: mﬂq{n‘ow ‘onil; - , ‘

Caln-0 = Cqp and Catn-ichr 2*Cauent
To do that , we need o consider two cases sepe,mjreﬁa,

a) Case 1 Suppose M\aﬂ) N 3 even.
Then de correlabion Bebween 151«.‘ i as %wowsi
{ )

‘?’o R ‘gL, ‘?lg, 3oy ¥NML:L ,i Nia }, g”;"iﬂ' -~y ‘Phj-l ;¥N’l
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The ?: ond. i,vla terns  are slrma lerms. Al He other derms
are Pou'vwbt Com? sz Cowjuaq}e,. Tlntrei?ofe;

N-4 N2~ .
~ . ‘K ~ . ~ i r~ (N-.K)
KZ;L Cau o5 (in.L.N ) = &y cos(gni)+ KZ; tcm cos(2n &)+ Cate) cos(in ! . )
wle-4,

i
2 &y O3+ > (Zpe+ Zapoiy) o8 (‘m_%_ -

s 0d e ¥ ag, e (an_ég'é
e x=1 R

ond.
N-L ~ K
EL Camg SIM (i‘:jﬁ") =
N 1-‘!. + ~n - H -—
= &y sin (nj) ¥ 31 [Emn sin (i“—%(-) * Con-Q L M (9*” 3(;’: @)] -
N/2-L = .
= E;L ( Cawrt = Ca(N-K) pE (10 %‘,E):
N\ y
- ¢ i 5K
16, 88)
Pubbing it oﬂ-%g&ehl&*‘
(=) s \J
4 N[L-L

-~

R ITRNS SAEAOE S BERNOSTS

A direct ivn?femenl;o);{ow og this ezluaHon, COVﬂPld‘Qs Yhe
backward real DFT ™ o(NY) and con Be used Yo Yen% FETPACK.

@) Case 9 ¢ Suﬂ)asc ot N s odd..

Thm the c:orrefwhom ﬁcjcwtew ’Fu. I as Powowr-

atd

‘?o ,‘?‘.L }i oo, 'g(N"Dli ) g(mx.)/i,) o )2"‘2. ' ‘PN-'J.
— |

||

In this case °"£§} l ¥ oa chrog ‘f:e.rwx amd. Y/ the O\lil’er

lerms are Poxrwtse, Com?p,ex Couyaq.{-es ot oue ancther.




ThereLove , the fuo sums are Mow Jccomposei ot?'?&ren‘):%

L (v-vj2 N -
%::L Cqu €05 (in .%5_) = KZ:‘ [CZK CoS (9\;] _!ir_llf_)-ﬁ- Ci(w-sc) coS (1‘-) ) :-K )J =
-l i«
= Z’\ (€1K+ C‘ﬂ_(,N-K)) CoS (i.ﬂ 6]\} ) =
L=
- %il) ? &g, <oS (‘10 _Q_E) :
, ®=} N
and o
N-L T _
& Sun o (30 )
S el N (o (N0
B 2:;1 [ c’*‘ﬁSM(&n ‘%“) FCo(n-1)4y SM (in __'J___N____>] =
O“Qlﬂ. ~ ~ ’
=7 (ot = Capuagan) sin (20 if—)
k=4 N
w0/~

ACgeny M (in .ﬁ_g:..) |
K=A

,, VwH:ing b ol %y@ﬂ\eﬂ
, VN CN-tl)Ii,V,N | . - "
'?5 = Co + EL i {Cii( COS (i.ﬂ .iﬁ‘i.) - C'Q:KH. sm (iﬂjﬂ_—. ]

These twe eﬁtm):‘tow encqysuﬁq,t:c,w)l\a}: e Badkward real DFT .
Bo‘k\/\ ‘Hn.e,ﬁt ’ovul, {’\ue, pgrwqri ‘&mvls{'brm ecvua{‘.ions con Re tWIPECVMﬂ’lkJ'
;&ireo\‘%. Such an imyzemenjcod:\‘m would. execule 6(Ne) time.

FFTPACK impﬁemen{:s o recursive methodl known a3 the

"2ask Fowier fromsform” olgerithm  which impg:zmenjb Hits  iw

‘ O(NRoaN‘).Te devive. an FF‘b QQ%QH“HAW\ -&r Yo sPem‘a.,Q case
oF real DFT we meed +h we ¥ theoe equabions as o s)rur‘kng_ ?of\'fl}.

, Pk we. oten‘v'c& here. ,

‘ -n/\e, im?bmenh&\‘oﬂ o‘? rea,Q DFT 15 V\o\n))cunclqri amon dL?PerevﬂL/
Paakm%e: w\nk)n is w we hcui» g0 Ahrough ol ‘Hm‘s
J,ev&opww\r to exﬂo\m how FFTPAQL de with Ha

v wpresmlrwhow c¥ 2 in sPe.d?.‘er Space.



| \ 4 S?ec[:raﬁ di Yerenbietion
VLJ& 19 wih Delnnl fe a fmcdion sudh thab

| Jer= den) = 2.
Thew 10 L\as a. Fourer expmnsiovp.

£9) = ”f_" e expl 20 ()
 Suppose ’cked; the ;L:ﬁvai%ve of § abo has e same P"’?e"ﬁai
P 010) = Tdeees H O T, depland(u] |
Then du can be compuked From < alfgebroicy
)= ‘1%5‘” 2:0 cxexpl2né (k8] = :f; c;g %exf[ini ()] -
| - :IZ [20¢ cck] exp [20¢ ()] = [du = 2ni cu
Now e will show how o eploit s pmper('z mmencaﬁla
® Ditlerenkiation with complex DFT

ks o discrele egem)cﬁovx , the ,comgfex DFT says®
Iy - N k = ‘ 3 k
'?J 2:0 Q;Vexf[ﬂbim .Ja__] Cand %- 2_;0% exp [- 204 _%l__]

g {s e.uu{'. o a mmmqk-? 2 Mn_%g vu.Que o? { n‘lﬁ
5%43::‘?1‘? ,pp{nis, I;Zf -Fﬂrjtiﬁu.Qo.r: 8 g

RO dr 33 -+ /) jedo, .. -1k
I dollows hat (J/N)-—:?j-m . &meore.:
‘ Nal s ! . N-1 .
»fj = “I-o b ex{’[*‘ﬁl}i%_]a gé&e&p[tk(%mﬂ
Assume. et D) con Be quroxlmw{(ol %;



49 E :!; exf[ik (33):1))]
@?1(9) 2 .ﬁ_ Eﬂ?u a4 k(SJm)]
= Z .?K o ecf[ k@wﬂ 4k¥;¢ Qxf[{kwmﬂ

K30 l"

4= 009 - 2 ikl &r[*k(%*ﬂﬂ
= E_Q {k-?n. ex?[_ln:. .{T_.] = ‘E -?x exp [9.04' .4’31.(_.] =
=y L = ke

More %eumﬂ , the fackion 200) will fe defined on Yt Mkerval
0 4] Otoslend o [0t sach dhat

$(a) *'?[@) aud. -?,fq) J’(z).
Thew the pox’n{s q{: which % samy)?eﬁ -f t-n'ee Re >
% = —at (8-

I‘Z go&ows *Haqt

-0 (8-o) (j/w) - 9~ﬂ2(93+@> -
=3 'Pj = z,o P e;cg{+ 9n¢ 'Ji\'['] 5y E; ex?[_zmgj}_,ig_]
Bneregqre

-1~

29) - é: b exf[ 90 }269!’:«) ]
’-‘7¥’(3)=. .%_ P’ e?‘f’[ intk(,&tu)]

il“—"*D

. __5, ‘El.mk .e“eqqf[%t}f(z’fﬂ)] M
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N-} »~
- gjrzgftsj) Z zéu: 'y vr[mk(&,@]
= 2;0 2"_‘5 -?u fxr[im jk ]:z
o V- ik §
> 2k ik P
For %«Lsgwaf?. @se a=-0 aud 820 this rdues ® He reudt we
ele‘nvei QOJRIQY

¢ Di‘?—&muhu}n’w w:{‘t read. DFT |

ﬁ&aﬂ ‘Hm{’. v %ewmﬂ % 1 axvm -@3 Cu,c,_”, aa:
| yd—- Cot z_ Caw c:;s(ln J ) z_ Coys) SM (‘2.!13..)

K=t
(g:jn&{uz uumg this forvn me we clwl with cowzp&x OFT.

in _Q__ in (.Sr\'

o
Hherefore : |
N~l
39 = S+ I Cax Cos[ in(9+a)¥~l o= 1 Coun sm[ 9~n(3to.)lt]
v N
o= T _i_nL oy sin[ 20001 ] _F ok co] Inlpel ],;
K=l R-a - 6 -a, -a
,,.‘ ] i"
- I -tk g v )
2 2696) K g sin (2n - Kﬁﬂ eénli o s 40 Y
.0 +1 zgnk (.-cmg cos[tn L] E.@ax.. G sin(20.3K) 5
K=
~/
= =0 .
E'zf(a - gf& Causi
E;Kﬂ = Znk gik
é-~o.

m\mc\A b a-tm\ua oftrwliow Bocouse  we mﬁa store:

i

Co Cz,Cg,[ ; Cn



Thm ove ;wo cayes -
o) 1! N=even then:
j NJ2-1 _
B= Gae0'q + T [2eccos(an £ 280 sl ;%g)

‘lfhe.vegove :

ol =0
&y = - 20k Coun + Soen = 20k Gy, Viedrg, .. Nja-1}
: 8 4o

Toe o & veeds speciol hreatmer. Recall Hab for read

‘gumc)nons cmao , theredore -
- () &, -

so we jut se ;Ja

OB N=odd thea:

(v-1)/4. . :
-?3 = (o’l“ KI_:” [2&;“ ‘505(9‘“%}\‘:-)“13’21&! Siﬂ(zﬂ—j-g‘f—)]
herehore !
c”,,’ =0

e = - S0 G 1 Gy > TG, Hreltg, ., Ol
No Jerms  weed Mé 5Pe.c£a,9 breatmedt.
fR‘QVanL aﬁou]t Nq}&r— omlzr/ate/m/a{’fms

O complex QO‘I'N& ol:ﬂ%rw’m{:wn prmerpu’s
%m& ' ccQﬁows ) 3 T&Er Jznva{we)
Tais s wet ccwmpla drue Ue amse of rell DFT Becawe

- e

ot
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¥ Spectral diflerentickion_as o bnear operatoy

The speol-mQ di %Bu{:ioh o mi'im S o ineur {rumsmgrmuaon

u'mt w@n e re_fre.senLc& 3 \m&tix Mﬂipﬁl‘co}lm . In farl:fwﬁtu"'
Q)FDY' 'qu Caye 62 Com X DFT

2;! = De (W) Fx
where D (M) 5 o nlmaonuﬁ makrix.

$ A
D For the wse of read DFT , we define fx in kom of 2,

by 4 . s
g‘ﬂ(.go‘ CL,?;I“-, CN)

- which b b speckrall  represeutabion of & wme N ored wumbens
imkm}_ og N, To fvmlicale H»o. uie o I Specl'uﬂ prreseh{:thon
we we A imslead of ‘V.A'[m krms o |

-Iénl”‘ DR (N)‘?x

A
NoLe 'H'\a{ to commtt 101 we permwle, /gzx, lE!uﬂ Q\M‘. ’HAQH

wdbply Soth by e same fackr Tt flous flab  DRW)
Coyn Rg Jl.com?o)co!. as’

De(N) = Dg (M) P()
where D:;(N) = o disgovial watbrix

PV) = o pe.mujmhom Wt‘lﬁx. (adso vespowsiﬂﬂz, for s

. changes)
U;imb simidar urammn\'s as @e&re [ We can &anemﬂn‘z—z ‘H\ac M %4
Lo “nt-order Cdifferewbiabion. In parlicular, we define the
zo”owiw% ho‘l‘q\:ﬁovl:

Dé”)(ﬂ)ﬂ Ctmyfex DFT V\H‘wmler 59?0%%& Jimmwlinjcfow
Dﬁ"} (N) = veal DFT wt-order syed‘mﬁ oh‘ycreh{'iq%iow.

ana\rxer order uli??zrwl:iu{ioh

Now we show how Dc.(“) (M) and Dp‘(ﬂw) can ke exfre»eot. in terms
of DOV}, DE(N) , P(N) . o Xy~
For e case of covuerx PFT + fp = [..?:ﬂig._} b

4 ~o,
It follows Hat  [DEV(N) = [D(M]"

Uﬂeorhuqkﬁﬁ, Hais 1s wot a&mmﬂg, hue  for D (n).
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Rewﬂ Hnu:l: m Jems 0¥ S, Hﬁl read DFT expansiov &r {1 19
¥° = ('c'}'I Cqy COS (in 5k) I Coun sin (Qﬂ.L.)

=l

oud. 941?“ _ 9a(jto)

@~a

=i

Now J}:’omw)& e 9w order devvaMre: 3
' e = -0/ _2nk Cco ta
olﬁ ¢ S(Q-QK.__E:) (-1) C n ) 5 ink )

A oy @nk 19+a-) (~ﬂ”< i"k ™ s (ﬁ"k ﬁ"‘)

| usuriog § = ot T S cos(20k 3*“) I, Caupr 5in (20K 91‘&)

Slﬂ
From his it 20&0“35 Hhat
e (2) o (1) o () o
co(zna o, C'QK“ (,“D” _Z"l\;‘_) Cox 1 Ciciﬂl = (‘Dh(m Coun
§-a B

m‘m‘c‘n feqols ‘&.)70 ‘H& Qoﬂowﬂ% Ve,su%!
o) The Iu-order operu)vrs are mw%pﬂ:‘cuﬂve'. C‘m)( )= [VM) (N)]M l

3) T\qe Dg (N) madrix i altqaow& H«zn&ve u‘hmﬂt DK(N) i

com amdy wo m‘demu.
The second. has an m\PoA'nu‘t Consequence.,
Recall ﬂm}, it N=even, Pren

Cwn ,_________ingt\iq) Cupt =0

However , for Yo Znd-ordor olevivalive:
R e

e * §

A

This weans that i} we were DK(N) b ¥ lwie

we would avi the wrovxa Qﬂ’l‘a ¢y =0 . ‘

So iw %e\neer,, kb vl D(")(N) 1y e«‘u.wQ to D;\(NJDR(N)

Ihs\mo[ obtuin \‘PJ\»% ¥o D‘(:' (N) we M cmswﬂer HM_ {WG

ases SepRva
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T(J l{' ‘H\Q Site og ‘“rl V?Jors is OAJ., 'Hum we o?.e \no’b have
this ‘;romvn with g»,ln H'N's case *

| 0R7 (amei) = Dg (aned) Dy (amad)
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