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Square Wave and Pulse Testing
of Linear Systems

N arbitrary input wave, when transmitted
through even an ideally linear system, can

be altered in a number of ways. Such a wave
can be altered, for example, in size, shape, and
time of occurrence. There is, however, one class
of waves or functions — the sinusoids — that a
linear system can alter in only two ways. The
response of any linear system to a sine wave is
‘another sine wave differing from the original
at most in amplitude and phase. This cardinal
fact gives sine waves their unique position in
communication theory and further gives physi-
cal significance to Fourier analysis and to the
whole concept of frequency spectra. Since any
input can be represented as the sum of a num-
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Diagrammatic representation of steps necessary to calcu-
late how a time function is modified by a linear system’s fre-
quency characteristic. Direct calculation involves fewer steps
but is often more difficult.

ber of sinusoids, the output from a linear sys-
tem will consist of these same sinusoids modi-
fied only in amplitude and phase. Each will be
transmitted by the system as if it alone were
present (superposition). The simple sum of the
output sinusoids will be the output wave.

The way that the system modifies sine waves
of all frequencies (the system amplitude and
phase characteristic) thus constitutes a com-
plete description of the system in that it enables
the output to be computed for any input. The
procedure for such a computation can be rep-
resented graphically as shown at left.

If not already known, the spectrum of the
input wave is found by evaluating the Fourier
transform (A to B in the diagram). The system
multiplies the input spectrum by the transmis-
sion (amplitude and phase) characteristic ¢(»)
to give the spectrum of the output (B to C).
The inverse Fourier transform of the output
spectrum is the output time function (C to D).

Although the above method of computing is
an indirect method, it is often actually easier
than the direct method. The direct method in-
volves evaluation of the convolution integral
(often called the superposition or duHamel’s
integral):

h(t)=j‘f(r) s(t-nide. (1)

#(7) is the impulse response of the system.
¢(#-7) is therefore this same function reversed
left to right and displaced by an amount 2.
What (1) says is that, to find the output, the
product of the input and this reversed, dis-
placed impulse response must be integrated.
The result will be a function of the displace-
ment, . In other words, the input wave must
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be scanned with the reversed im-
pulse response.

Equation (1) is easy to derive by
considering the successive ordinates
of f () to be a succession of impulses
and applying the superposition theo-
rem. Equation (1) is also easy to eval-
uate on occasion, but more often it is
difficult. By contrast, rather com-
plete tables of transforms exist, so
that getting from A to B and from
C to D often involves merely using a
table. The intermediate step from
B to C is accomplished merely by
multiplying the input spectrum F(o)
by the system’s transmission charac-
teristic ¢p(w). The situation is analo-
gous to the use of logarithms when
raising a number to a power. To
compute 77, for example, involves
looking up the logarithm of 7(A to
B), multiplying by = (B to C), and
looking up the antilog for the an-
swer (C to D).

Even more impressive is the case
where f(¢) and h(#) are known and
the system frequency characteristic
and impulse response are desired.
The direct solution involves solving
(1) as an integral equation. But by
the indirect transform method the

answer is simply
H (w)
plw) =) -
¢(t) is then the inverse transform
of ¢(w)

The above has shown how a
knowledge of the steady state (sine
wave) characteristic of a system en-
ables the output waveform to be
computed for any known input
waveform. Even if the exact input
waveform is not known, however, a
knowledge of the steady state per-
formance of the system enables a
picture to be gained of how the sys-
tem will transmit the input wave.
All that may be known, for example,
is that the input may contain /! fre-
quencies over a certain band (e.g.,
speech or music) and that the system
must be able to transmit this whole
class of inputs without distortion.
This requires that the output be a
replica of the input except for pos-
sible changes of size and delay;

that is: hit) = K f(t-t,)

where K is a constant and t, is a per-
missible delay. In the frequency do-
main this requires that the output
spectrum be the input spectrum
modified only by a constant ampli-
tude factor K, and a linear phase
shift, ¢ = —ot,; that is

Hiw) = K Flo) 6t 9 <w<e,
The system frequency characteristic
must therefore be flat, with linear
phase over the band of frequencies
to be transmitted:

$w) = K e—lw’to
RESPONSE OF LINEAR
SYSTEMS TO IMPULSES

While steady state measurements
are very useful for the reasons dis-
cussed above, they are also quite
time consuming to make. For many
purposes the transient response of
the system to certain particular types
of input waves may provide all the
information necessary. In fact, if the
input wave is properly chosen, such
a transient measurement provides
exactly the same information as a
steady state measurement but pro-
vides it in a different form.

Consider, for example, the case
where the input, f(#), is an impulse
of negligible duration and, say, unit
area. The spectrum of such an im-
pulse contains all frequencies. The
frequencies all have the same ampli-
tude and are all in phase in the sense
that they all add at # = 0. In other
words the spectrum of such an im-
pulse is a constant F(o) = 1.

Now from the superposition theo-
rem, it makes no difference whether
all frequencies are introduced one
after another, as in steady state test-
ing, or simultaneously by applying
an impulse. In either case any fre-
quency will be modified in the same
way by the linear system. Impulse
testing thus might be said to be
equivalent toan instantaneous
steady state test. They both give the
same information, but the results
must be interpreted in either case.
When the input is an impulse, the
input spectrum is F(o) = 1 and the
output spectrum is H(o) = ¢(v). In

0 <w<w,

other words, the response of a linear
network to an impulse is a pulse
whose spectrum is the amplitude and
phase characteristic of the network.

Obviously, the interpretation of
impulse tests involves a familiarity
with the spectra associated with a
wide variety of time functions and
vice versa. A Table of Transforms
published* in these pages some time
agoillustrated anumber of time func-
tions with their associated spectra.

Impulse testing has advantages,
but it also has two severe disadvan-
tages. First, the impulse must be
short compared with the duration
of the finest detail of the output
transient which is to be reproduced
accurately. In other words the spec-
trum of the impulse must be flat over
the entire frequency range of the
device under test. To get appreciable
response, then, often requires that
the impulse be so large in amplitude
that the device under test is driven
out of its range of linear operation.

The second disadvantage is that,
when testing wide band devices, the
low frequency effects are hard to ob-
serve. Thisisbecauseonlyan insignif-
icant amount of the wide input spec-
trum is deleted by the low frequency
cutoff of the device under test.

RESPONSE OF LINEAR SYSTEMS
TO STEP FUNCTIONS

The disadvantages of impulse test-
ing are avoided by using step func-
tions. With a step the rise time can
be as short as desired without a re-
sulting increase in amplitude. Since
the spectrum of a unit step is F(0) =
1/jo, more energy is concentrated at
the low end of the spectrum. Low
frequency effects are thus placed on a
more nearly equal footing with high
frequency effects.

A unit step is the integral of a unit
impulse. The step function response
of a system might thus be obtained
in any of the three ways indicated
in the diagram. Part (a) of the dia-
gram shows a straightforward test
with a step function generator. In
(b) the step generator is replaced by

*B. M. Oliver. "“Table of Important Trans-
forms,”” Hewlett-Packard Journal, Vol. 5, No.
3.4, Nov.-Dec., 1953.
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Three possible test arrangements for obtaining a system’s step-function response.

a combination of an impulse genera-
tor and an integrator. In (c) the in-
tegrator has been interchanged with
the system under test. Since both are
linear systems the output is unaf-
fected.* (c) illustrates the important
fact that the step function response
of a linear system is the integral of
the impulse response. Further, the
spectrum of the step function re-
sponse is 1/jo times the steady state
amplitude and phase characteristic
of the system.

Conversely, the impulse response
is the derivative of the step response.

SQUARE WAVE TESTING

The accompanying table (I) shows
the step function responses for some
typical common networks. If the
condition stated below is met, these
responses will also be the response to
the (positive) step of a square wave,
because a square wave can be consid-
ered to be a succession of alternate
positive and negative steps. The
table includes a few explanatory re-
marks with each response.

In order for the response to each
step of the square wave to be identi-
cal with a system’s step function re-
sponse, the square wave frequency
must be low enough so that the in-
dividual transients do not overlap.
In other words the square wave fre-
quency must be less than 1/2¢, where
¢ is the time required for the step
response to reach a constant value
within the desired accuracy. Cases

*Assuming either a match at all junctions or
frequency insensitive mismatch.

where long duration square waves
should be used are where sharp ir-
regularities exist in the frequency
characteristic. Typical cases of sharp
irregularities are low end cutoffs or
sharp resonances anywhere in the
pass band.

If high-end cutoffs are being ob-
served, a relatively high repetition
frequency with its widely-spaced
spectral lines is usually permissible.
The reason for this is that high-end
cutoffsare relatively broad frequency
effects (consume only a short time
in the time domain).

Sharp mid-band effects may be ex-
plored even with high repetition
frequencies if the repetition fre-

quency is variable. Sweeping the
repetition frequency will always
cause some harmonic of the square
wave to coincide with a sharp mid-
band effect and thus produce an ob-
servable transient. In fact, long dur-
ation resonances that are scarcely
visible in the step function response
because of their low amplitude will
become quite prominent when the
proper frequency square wave is
used. The reason for this is that the
proper frequency square wave will
cause the successive excitations of
the resonance to reinforce preceding
excitations with the result that a
much larger amplitude oscillation is
produced.

The complete step function re-
sponse of a system having a low fre-
quency cutoff is only displayed if the
repetition frequency is much less
than the frequency of the cutoff.
Since it is often inconvenient to use
such a low frequency, it is customary
to use a frequency such that the tran-
sients from the successive positive
and negative steps do not vanish
completely but rather overlap con-
siderably. In such cases the square
wave response needs to be inter-
preted. Table II shows some typical
overlapped low frequency responses.

—B. M. Oliver

TABLE 11
EFFECTS OF TYPICAL LOW END DISTORTIONS ON SQUARE WAVE

(A)
LOW FREQUENCY PHASE LEADING

(C)

LOW FREQUENCY AMPLITUDE UP

(E)
LOW END SIMPLE RC CUTOFF (ABD)

—~

(B)

LOW FREQUENCY PHASE LAGGING

[~ —

(D)
LOW FREQUENCY AMPLITUDE DOWN

(F)
RESULT OF PHASE COMPENSATING E




‘sioyi|dwp O3PIA Ul PuNOy USHQ ‘wapupy ul (e
pup | 535D2) SyJomjau om} Aq 1o “ylomiau 9|Buis o
ui paanpoud aq ADy “j|i} OU JO J[Hi| SMOYs ssuods

-21 2ADM 3upnbs j|nsal b sy ‘043z st ado[s |

inq ‘A|jonjusas ouaz o} s||py asucdsai uoyouny

dajg "goynd pua mo| paypsuadwod-asoyd ‘9 ISVD

‘juaidyap st YIym uoissiwsuniy Aouanbasy yBiy ayy s 4t 213y ‘g 3803 4O ppdisjunod ayy ‘g ISV

y<<
%% =0y ‘mz  °m

H %
o

Y] z

* [ devana
_

N* @ _0 | '
i & N .
nﬁ\ o5 Yy Rl
)
! : o

a(1°m +1)]v

Toa.

2, [Py
Cot'auly o, (boy)
y+'y

‘0 = } 4o 049z aip Yu ay} o4 dn asuodsas days
4O S3AYDALISP ||P ‘2ADO0 /qp U9 4o (Ajeypwiyn)
s||pj uoissiwsupiy Aduanbayy ybiy 41 ‘snyy o — 4
4D saysiubA asuodsai dajs Jo SAUDALISP di0w duO

yoynd Aouanbaiy yBiy [puonippo Yoo3 Jog ‘O = 4

fie] 0ao_u o139z (g) BB dwps 1oj awyy asu ;wm:o_
(1) *# @sp2 yym paspdwod sadudiayip [pdpulid
,Buppad,, jnoypm sayijdwo pajdnod  dupjsis
-21 9BDys-0M} §O d1451184004DYd 35y [PdIdA) wapuby
up syoynd Aouanbauy-ybiy Dy a|dwis om| G ISV

*saBpysiajul sayijdwo 3-p ‘saqoid adods
so yons ‘s1apiAlp Ayondpo-dupysisas pajpsuadwod
Ajaadosdwi ul passjunodus Ajuowwod si siyj

‘uoissiwsupniy (3-p Jo) Asuanb

-1} Mo} Aq paujwiaiep [2A9] ©Of x:o::m:oaxw
s||pj ‘uosssiwsupiy Aouanbauy ybiy Aq pautwizisp
apnyidwo o) Ajjpyiul sasis asuodsal dayg "dl4s149400
-1pyd Aouanbauy ayy uy days ajdwis Buisty ‘'z ISV

(boy)

4

[1om2 (¢ V1) -1y

A03e+a v v (bor)
)

2 Iyt
Cotlor’u'y o

2y+'y

~o %5 I 3y

&

_w
xSy M

2y <'u'd

*821N0S BAlsISaL D
umop sppoj (sa|qp> Buydauuod wouy so) Aydodod
junys Jeassaym pup ‘sabojsiaul (,paroad,, jou)

O_QE_m ul paisjuncou’ >_.._OEEOU “uolssiwsundy

(-p 40) Aduanbaiy mo| ayy Aq paulwia4ep an|OA
|ouy 8y} o} Ajjpyusuodxa ses asuodsas dajs ay)
‘uoypuiquod Hy |9||piod b Aq paanpoud si s yans

goin> Aousnbauiy-ybry ojduns |poidA) p ISYD

-es|ndwiy up Ajaoau A1aA sy asuodsas
days ay} 50> Yd1ym ui sapAonBaw [piass so yBiy
so aq Aow °j ‘syiomjou Buypyuaiayip ui sapAd
may o AjoaidAy st %4 ‘sabBpysiajur u| ,,'HIOMIdU
Buypbiualayip,, pa|pa-os pup sabpjysiapur sayyd

-wp u) pasajunodua Aj|onsp “Apdap [pyuauodxs uo
Aq pamojjo} Ajiun o} asi ydniqo up smoys asuods
-a1 days ay] "uolDUIGWOD IOJSISL JUNYS-1ASUIP
-uod sauias b Aq paanpoud aq yybiw so yons goynd
Aouanbaiy-moj ajdwis |pardAy ayy st siyL | ISYD

%%

(boj)

f
1
|
N
100/9p9 N

(bor)

28 .o
I

¥
|
{
°m+d !

d
=+

7 7120/aP9

MYOMIIN TVIIdAL

DILSINILOVAVHD ‘O34 WILSAS

ISNOJSTY d3LS ‘ON

SHYOMIIN 1VIIdAL 40 ISNOdSId NOILONNS

NIOMLIN TVYIIdAL

dils

1 31avi

DILSIYILOVAVHD ‘D34 WIALSAS

ISNQdS3Y d3LS "ON



*SjUBWAINSDAW dYSNOID SO Ydns
§SIX@ UDD suolssjwsubiy —:UQ:—:E aJaym sjusaw

-ainsDaW U} OS]y ‘soul] AD|3p pejpullBsiW 1o

‘sajddu ayy Jaso|> ay; ‘Apjap ayy sabuo| 3y “Aojep
oyda jo [p201d123J SI DWIUIW JO DUIXDU BAISSIIINS
usamjaq [DAID}UL Aouanbaiy ‘asoyd pup apnyd

-wp ui o)ddis jopiosnuls AjIDaU SDY dSHIBPDIDY

qued 3/
ayy o4 saPAd jo saquinu By SI U BBYM Uy — o)
snyy 'sapPAd> 1,/ Ul 3/| O} sApdap uoypj|iso
jo ado|aAua 3y} 4Py} $OD4 Sy} WOl punoy Ajipoais
aq Aow jndad 0 D a3y 03 ” Q DY} yons ‘s,®

3y} so ybBiy so sswy P SI SAIND IDUDUOSAI Y} O
yoad ayy | << %o/ pup | >> “o/o o4
sayonoaddp dHSI3IRIDYD [DNOD By} YIIYM 53404

-dwAsp ayy a1 2ysiia4pIDYd Aouanbauy Syy ul saulf

Ayjnpy Buiapy swajshs up paisjuncous Ajuowwod  Aousnbaiy pajopossy “oyps  SAHIsOd ‘ZL ISVI s|qouospas iog 'sejojdwihsp 8sayy jo UOWISSIBIUL  PSHOP Y] ‘UOKD||IsO padwop |o21dA} *6 ISVD
T (4oau1]) A% (boy)
1 = (boy)
—2eyy 2 z,
°zcz % ‘s by N PR R O S 5 2 S B TH N J 6
N P N e W 3 :
A % I . e |ape g Yoo (4} g us du.wm
%3 <y
s o uo uayy ‘| << “fm/% 4| "esuodsas aBpisiajul
dip 30 adAy sy} @onpoid wayshs UOISIASIS} |DIXDOD Po— 2+ @  pojdnos-asupysisas aje|dwod [pa1dA| “yoynd Aouanb
*ainyaid ayy ul 3|qIsIAUL 3q O} SD apnyijdwo . . ars . y

sy} ur pesn siayy uoyoiodes jopid “eyp durny o= o G -uayy 13y} cpaaR=DTY 944 Mo| Aq paulwIaiep 4ol D 4o A|p1usauodxa
mo| yans jo sy ‘suy Buo| b Joy ssisiad 4t Bym qp 9 D 40 40y} ubyy Ssiom ou st (| = T7) [IY padwpp A||pa1110 D 40 95D Yy ADY M *m = T S||D} USYY ‘Hoind Aouanbauy ybiy Aq paulwiaiep

‘aanposd Aayy @dupqunysip By ‘(pupsnoyy |pid

-A9s) YBiy os si P 419y} asnpdag ‘[|nu aja|dwod b —

aga|dwod D jo paya 3y} {bY4 3ON dip jupuosai
D S| aiayy 243y 4nq Q| 2sPd O} JojWIS || ISVI

— % §| " 3spd ayl| $H00| asuodsal 3|pIS AWl 4D}
D uo /] 3sDI Y} $H0O| 3suodsal IS Sl MO|S

9404 D 4o A||D!L dxa sasu dsas days ayj

-goind Asuanbaiymo| pun -yBiy s dwis ‘g ISYD

=Q 'd W oy

0
v

i

(‘serpuanbauy yBiy 4o dAKINPUI dWOI3q
$o14A|01423[F) "SJISUSPUOD DIIW [[DWS YHM soyhjoly
-28|@ ssndAq o Bunydweyp woiy 1o ‘spp3| J34P3Y
sp yons syjod ooqpasy Apijs JO j|nsal D SD 1IN0
U340 95D SIYy Ul UMOYS SD YdNS $3IUDUOS3I pupq
-piw ‘eBpysiayuy paypad-12A0 jo joy} a1 asuodsau
aA1B o} uoyp|[1950 Yym pud|q [|IM 4nq ‘jdniqo os

ipaddop jou |Im asuodsas jo asii [pyIul §OY4 Yyans

aq ||im 9[pas awy ‘punq jo doj upau st dwny 4|
*13Buoj sysis1ad UOYD||ISO 4nq UOYD||IPSO 4O 3pni
-1jdwp sespainap 1 sy4 Buisnasoul ‘dwny jo apny
-1|dwp awps ayy 404 "ainBy ul pajoolpul SO dYs1IBE
-apioyd Aouanbayy ui dwny jo apnyijdwo o} payo)
-21 st uoyp|jso jo apnydwo (pyiu| BdUDUOSAL
o} anp uoypj|so padwop snjd uolssiwsuoly 4oy
o} anp dajys 41un jo sisisuod asuodsay "d1S19}IDIDYD
§D|} SSIMISY4O UD Ul BJUDUOSAI |[DWS Q[ ISVI

*126u0| saypy 324> joy

BA1s592005 YoDa—s|PAI4UI JD|nBal 4o 1ndd0 jou op

Aay) -sBuissosd sixp |—u 3q ||IM 313y} ‘dADJ0

/-qpu9 4o (A[apwiy|n) Ho s||p} asuodsa: pus

mo| ay4 31 ‘sny) padnpoud si Buissold sixo [puoy
-IpPD 2UO JOiN> Pud-MO| [DUOHIPPR YoD3 YHM

/1 = 4 4o sixp Bussoud aAypBau

s00B asuodsas () ‘®m awDps 40} ||D} JO 24DI [DHIUL
19)504 (1) | @50 Yyim paioduwiod seduasayip [odp
-upig *1esuspuod Buppolq sndur ou yym seyidwo
obpys-omy 10 Jasuapuod Bupppojq jndur Yum i3y
-iydwp pajdnoo-adupysisas aBpys-a|Buis jo esuods
-4 juaisupyy Aouanbaiy mo| [pa1dA] wapupy ul (|
aspd) syoynd Aduanbaiy mo| ajdwis omy “/ ISVD

I@lm ‘0 1y o)

o]

bad”
el

MIOMILIN TVIIdAL

DILSI¥IALOVAVHD "DId WIALSAS

ISNOJSIY d3LS ‘ON

NYOMLIN TVIIdAL

DILSI¥ILOVIVHD "DI¥d WALSAS

ISNOJS3Y dals ‘'ON



~days yiun pakojep Ajjpnba up wouy sayy
ssod mo| |papl ay} jo asuodsas ayy Buyopuqns

Aq pauibiqo si Jaj|y siy4 jo dsuodsal ayy ucyisod
-aadns Ag “asyy ssod yBiy [pap! 2yl gl ISVD

*13]|DWs pup ,, PajpHUBIBYIP
Ajqnop,, aq o} spua} os pup Aouanbaiy yym aspai
-Ul YoIym JO Yj0q SUOHDIYSL OM} SBA|OAUL OYID
PayiwsuDyy ayy sappuanbaly Mo| 4o paydpw spud
Yy40q YHA 'sadupysisal ajdwis ul Jajjy H-jupysuod

D jo uoypululdy (Z) ‘aul] yjoows o jo uoypuUIW

d pul sauas

-19} By} ul 3dUDYL junys 1o It
(L) °4p sesnod poidA] ‘Aouanbaiy yym saspasoul
JUSIDY90 UOHPIYAL Sy} {DY} ADM D Yons ul pajou
-lwiay s1 auj] Aojap p usym padnpouid adupqinisip
JO {105 ay} si siy] ,,'oya3 payoyuaiayid,, ‘SI ISVD

(@3Z17vN03 3SVHd)
Y34
SSVd-IH

avaal

—le

TN

8l

—ly
5

(403u1))

Sl

*sajddir uoyputwije pung pa[|p> Ajzedosd
91D puDp ‘S9MIaS JSLINOJ Ul P3IBJUNODUI , 10BYD
5,9919,, @Y} .o ynq ‘quswaduoyua Aduanbaiy ybiy
94po1pul jou op assuodsas days ayy ui sajddis ayy
‘uioBp 219} 9511 ulpbwW 3y} a105aq sa|BBiIm jo 1aq
-wnu ajuy o AJUo 3;ndaX3 ||IM 3104913y} dsuodsal
days sy pup Apjep ajiuy D 3ADY [[IM uoypwixoid

-do |poyooid y "Apjap sjuyul jnoyym pazipas
8q jouund Ja4|y [PAPI BY} MUBH ‘o0 — < 4 [IP
104 (sjutod sja10sip o jdedxs) 019Z WOLy SIBYIP
uoyouny siy) “|piBajul auls ayy s1 asuodsas days sy
.o"_. aroqp asoyy Ajoje|dwod Buypnuayp ajiym Aojep
pup apnjiidwp awps ayy yum O3 mojaq sapuanbaly
|Io sessod sy ssod mo| ,,|papl, dYyl /] ISYD

‘pasioys pua
iD} By} PUD PaDUIWIS} PUS JDBU BY} YHM UMOYS
so aul] Apjap o Buisn Aq paulpyqo aq upd dysu9y

Y400 MDS S J14S1I940DIDYD 3SDY4 ‘SADM BUls pay
-i231 §O oy} s1 dysiIaPDIDYd apnyijdwp jo adoyg
‘s||nu  swodaq mou aApy sajddir Adusanbayy jo

-2DIDY2 D YanG ‘||nU YID3 4D Z /1, 0} }opq Buidwin]
pup z/1 — o4 Aupaul g/ woiy Buispaidsp

W Bau 9,001 © 2q o} passpisucd
8q upb) ‘asuodsas asind Jp|nBupbpay ‘y| ISYD

‘oyYd9 Ay

(@3z17vNd3 3SVHJ)
¥3LT4
SSVd-MO1

avaal

Al

[SLET

14

*sipaddosip ypaye ayj uoyozipnba Aojop
1adoud yym pup saspd awalyxa ul Ajuo 3jqpadyou
s1 yoaye ay] "9|qipnp Ajojpindas aq snyj pup 3io|
00} @ALID 04 passod aip yYoym sapuanbaiy saddn
asoy} Buisnpd Hoynd IDAU SISIX YdIYM UOIOISIP
Apjap 9y} o4 Jayypa 4nq ‘es sad yoynd dibys ayy
o} Jou yoynd Jpsu sapuanbaiy jo uoyoiabboxs
o} anp jou si siajy yoynd dioys o} pajnquyD

uayo os ,punos Buibuii,, ay] ‘uoypinp pup 3pn}
-ijdwo u1 saspasouy ajddi siyy suoydss jo saquinu
Buispaioul ub Ypp\ ‘s34 [pisAss 1ayp Asuanb
-213 goynd ayy sayopoiddo Asuanbaiy jusinddo
asoym a|ddu o s1 219y} asu yjoows |pyiul 3y Buy
-Mo||04 "uoidaliod asoyd jnoyjim 134y ssod mo| b
40 (Ajuo aaypyijonb) dysueDIDYD 3sKy ‘9] ISVD

12

S

¥31714
M-1INVLSNOD
G3HOLVW

9l

bl

.n_ [SLETI o__
o, ° _*o _lllw.:QIc_ m
Z2>2 z o .n.ml\h
2z
‘21z
e %

NYOMIIN TVIIdAL

JILSIHILOVIVHD "DId¥d WILSAS

ISNOdSIY d3lS ‘ON

MIOMIIN TVYIIdAL

DILSIHILOVAVHD "OIdd WALSAS

ISNOJSIY d3lS ‘ON




