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lO-Mc SOLID-STATE COUNTER 

In this issue of Ihe Experimenter we 
describe several additions 10 our 
line of frequency meten: on inex­
pensive to-Me coun'er, (I unique 
1 DO-Me decode Koler, and I CO-Me 
and SOD-Me frequency measuring 
assemblies. 

Accessory instruments for our 
counters_ronge_extension scalers, 
heterodyne converters, and dolo­
recording instruments_hove been de­
signed as independent. self-con­
Joined equipment, usable nol only 
with our counters but with other in­
struments for (I variety of measure­
ments. This "odd-a-unit" philosophy 
has enabled us to design optimum 
instruments for (I given task, un­
hampered by power-wpply restric­
tions or artificial packaging con­
staints. 

The Type 1153-A Digital Frequency 
Meter shown in Figure I is the newest 
member of OR's 1150 series of counters. 
In addition to extending the frequency 
range to 10 Me/ s, it introduces several 
new features that make frequency 
measuring easier and more accurate: a 
higher stability time-base oscillator, a 
full set of input controls, an automatic 

decimal point, and "spill" indication. 
The upper limit of the frequency range 
can be extended to 100 Mc/s by means 
of a decade scaler (TYPE 1156-A') 
and to 500 Mc/s with a frequency 
converter (TYPE 1133-A t). 

TIme-Bose Oscillator 

The time-base oscillator uses a 200-
kc, GT-cut, room-temperature quartz 
bar, which has a very low and uniform 
temperature coefficient and therefore 
maintains constant frequency without 
the fluctuations that would be caused 
by on-olJ cycling of a crystal oven. 
While not significant in lower-frequency 
counters, this cycling would be ob­
iectionable in a 1()....Mc unit, and par­
ticularly in the 500-Mc combination, 
because of the increased resolution. Tn 
most laboratory and industrial environ­
ments, ambient temperatures change by 
less than one degree C over a 6v~fA:)­
ten-minute period. Under these condi­
tions, with the long thermal time con­
stant provided by the cabinet and 
crystal mount, tbe time-base frequency 
varies so slightly that short-term fre-

·Iiee~." ... d I ~. 
18ee~13. 

fl ...... I. ,.",1 vi ... olth, Typ' JU3-'" Dle itol f ........ ncy M,I ... 
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qucney-difference measurements cun 
be made typically to a preciSion of a 
few parts in 101. (The temperature 
coefficient uf the crystn\ is les.'l than :l 
purts/ IOs per degree.) Common meas­
urcmclltl; of th is kind include o!!cilliltor 
warmup drift. and frequency shi ft 
caused by stich factors as shock, ndjust­
mont of trimming components, com­
ponent rcplsecments (or rCp08itiol1iug), 
and lond changes. 

For more exacting mcasuremcnt:;, the 
time brute can be locked to un external 
J()C).kc standard-frequency souree, such 
as the '('''''f: I J I.5--B Stundard- Frt ..... 
qucllcy Oscillator. Procedures for (,hee k­
ing or calibrating the time-hasc o...~i11a· 
tor are described in detail in the 
operating instructions. 

Input Circvils 

The inpukircu.it cont.rols make it 
possible to millimize the effects of noise 
and to establish optimum trigger condi­
tions for complex waveforms, pulses, 
I\nd siglll\ls with large de co mponcntSj 
but they nced only minor adjustmcnt or 
110 adjustment at all for such simple 
waveforms CUI sine waves llnd 8<luare 
wavcs. The input atteuuator (1)(­
J'EDA=-(: ~:) selects a sensitivity of either 
0.1 volt or 1.0 volt, peak-to-pcak.· 

-8fIO Ap~ .. d"r, _ 14. fQl. ,u.c-u..i"", of Hn.LtJ¥,~ 
.peci6.,.tioa.l".. ""un_ •. 

rRIGGt ~ L£\It l CON TROL 5IGI'IA l a 

The 'l'JUGGE n I.En:!. control adjust.:; the 
voltage levclllt which the input circuits 
trigger to form the pulse that is coun ted. 
The illPut f:oupling f·un be set to either 
AC or DC. For sine waves, the IMJ>IW.":S-Ct; 
8witdl is IIswllly set fo r maxim um 
!!elliSilivity (0.1 volt, pt'1\k-to-peak) and 
the coupling switch to M' to block any 
de (:omponcn t. When the input is 
greater than about 2.,'i volts, peak-to­
peak (~O.9 volt, rms), the signal is 
larger thnn thc range. of the trigger­
level control, IUld tho counter will 
operate propt'rly III IUly setting of that 
control. If the input is grea ter than 
25 \'olts, pcuk-to-peu.k (9 vol1.'>, nns), 
the counter will operate properly re­
gardless of the settings of both controls. 

The input circuit. has been designed 
to work well, even Oil brief pulscs, and 
is specified for pulses of l5-nanosceolld 
and 3O-nilnosecond duration. 

COfItrol of Sensitivity end Trigger Points 

A sellsitivi ty of 0.1 volt, peak-to­
peak, is fUle for mellsuring low-level 
signals but can causc errors on large 
sigoals that contain noise pulses greater 
than 0. 1 volt . To decreftS(' the sensitivity 
for large signals, the input attenuator·s 
switched to cha nge the sensitivit.y from 
0. 1 to I volt. 

The trigger. level control effectively 
shift.:. the hysteresis region ( 1'0 t.o V.) 

SIG~~L b $IG~AL c 

Flg lI •• 2 . Th. lrillg •• · I ..... 1 u .. lrol odl .. ,11 Ih . l"p,,1 Itlgll'" po l .. l . Th ...... ltol lO"i"lI l 
o .. d Ih • • o .. u po .. eli llg Irillg ... pol .. 11 or •• how .. for Ih r •• Iyp.' of IlIp,,' .Igllol. , 
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with respect to () I' as shown in Figure 
2. Thi15 a llows triggering at d iffercnt 
poi nts on the w/l \'eform (Signal 1)/ 
proper triggering all wu.\"eforms wil h It 

de: component (Signal 2), and triggering 
in a llo ise-free region of the waveform 
(Signnl :J). T he effective runge of the 
level control is ubout ± JO times the 
setting of the scnsitid ty control (i.e., 
scllsitivity at 0. 1 volt, pcak-to-pea k, 
range of level control is ± I volt). 

A small-amplitude sig na l (0.1 volt , 
peuk-to-peak ) wi th a large de com­
ponent (20 volts) can not be meaau red 
without remova l of t he de component . 
The uc position of the cou pli llg switch 
is prov ided fo r this purpose. 

Oecimol Point and Spill La mp 

T he spill la mp, which ind icat.cs t hat 
the register capacity ha.s been exceeded, 

SE'T E M BE R 1965 ~ 

is actuated by a fl ip-floJl that is trig_ 
gl'red by the Cilrry pulse of the last 
counting decade. I t.s pU rJ>OSC is to re­
mind the operator t hat thcre are aile or 
more d igits to t he left of t he number 
d isplayed. 

T he decimal poin t iiJ uutomllticully 
positioned by t he COUNTI NG T T\I.; swi tch 
to indicate cIs, kc/s, aDd Mc/s. 

Readouf and Resolution 

The five-digit readout indicators a re 
bright, incandesccnt,..la mp uni ts de­
signed fo r maximum legibili ty. Count,.. 
ing-lime controls va ry t he rCiiolution of 
l he readout over u. 1000-to- \ range so 
that any five d igits of in terest a rc 
displayed, depending upon t he degree 
of precisiofl desired. 

-So BENTZEN 

- D. S. ~ IXO/\, .ht. 

S ICIFICATIONS 
INPUT 

F.~ .. . ncy , Ik to 10 Me/ s. 
AH"'OCy ,:l: 1 !'wnt ± timc-b~l:I,,"bil i t.y. 

S .... IU"lty : 0.1 V, p-to- Il , (30 mV, Trns), at 100 
kg And MlIl F ; 1.0 V I!""\O-P (O.3 V, mls) ut. 
IMI1 and 20 IIF. For imef PUbllB, (1.1 V at 1110 
kO and >30-11.11 duration; 0.2 V a t 100 ko and 
> 15 Ile; 1.0 V at I ~to and >:30 liS ; 2.0 Val. 
I Mu and > 15 ns. MllX all{Jwahlc input is 
±.w0 V (at 1 Mo). 
ee",niln, Inl ... " ol: 0.01, 0.1, I, o r 10.11, extendiblf!; 
bv multiplier s .... ;kh, or 118 act manually. 
In",,1 T. I,.I " Ae or de coupled. Trigjlcr-Ievel 
nmge is ± I V ntO. I-V IICnsitivi ty, ± 10 V Ill. I_V 
IICllllitivity. Tri~er-tevcl drift is tYJlitlllly 0.05 
V, Il-to-Jl, a t O. I-V sensitivity, 0.5 V, 11.1, I-V 
sensitivity, from O"C to 50"e. 
Self T .. I : 'f"r.ST pusiticlU uf IUClUlliremeJIt. ewitch 
di&COIInecw input find lipplics 100 kc / s to cill'ck 
a ll functiolll. 

,.."'! BASE 

100 kcj., i"""",al .... .. -
1....,.,1. 
Intema l fre qUlncy de­
ri"ed ItOm 200-." GT­
~, room ' e ",p"'atu." 
cry.lall adju.lml .. , pro­
.. ided, a dlu.ted 10 withl .. 
I ppm when sNppld. 

Cyclin. : Non. 

hmp Elfed o: < 6 PP .... 
o to .5O"C ombilnl ".e, 
< ±0.1 ppm p ... · C. 20" 
la we a ",b!" .. , , III . 

A,ln,: < 0.1 ppm plf 
wle k. 

DISPLAY oS-digit in-line readout wit h uceimRl 
JK!int fi nd spill 11Imjl, inCllndCllCll:nt-l linlp ullCr­
..ted. Display time of 0. 16, 0.32, 0.64, 1.28, 
2.5{., 5. 12, 1O.21 I1Ceoud.s, II r iufini ty. 

GENERAL 

Inpul h rmlnol., TTI'I!l 1138 Biuding l'08tl1, 
~';-inl'h !!pacing. 
R ... , .Mo .... lld Connedo,. 

Tlml · BaIl O .. tpUI : 100 kc H, <I V, p-to-p, behind 
2 k~l. 
bll.no l Ti"' I _801l In,..., l , 100 kc sat t V, p.to-p, 
into t kO. 
A". lIIa ry Co .. nl e' or: Inpula - "*1., IItnrl-fltop. 
Outputs - clirry 1)lllse (rtlllt last deend ... , print 
command, zel"1l8!lt, 100 kc/ s, + 20-V test point. 
Pholo.l"d.i t Pltkoll Inp,,1 Con .. ecIO,: 3-lAJ.nni­
na] telephone jack lI·ith +20 V de and oonnec­
t irm to main input. 

Oo, .. -Oll lp .. 1 Con ... "'", (Type 11 53- AP .. n ly ): 
Io.line decimal for c:\Cb digit - one wire binary 
j (+14-V level) and nine ..... iml binary 0 (0 to 
+<I-V I('\·el): 80urre impooauoo 2.4 kO; +20-V 
poll·er ; ground; and IlMllt-cofnmand pulse. 
Opl .oti ... Tl mperoIU,., 0" to +50"C. 
Paw .. R"",II i. ed : 105 to 125 or 210 VI 250 V, 50 
t<l 00 CiS, .0 W. 
Atel ",o. l .. SUppli ed , T Tl'}; CAP-Z~ I'o ..... er CoNI, 
8 N:llbeemcnt ineaudC8WHt lampe, sparo flJ8(M. 
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Acuna,'" 1..,01101010, Tn'» 153G-A Phot.oelL"C­
trie l>:ickoff, TyPE 1133-A Frequency Converter 
and TYPE 1153-1'1 Frequency Multiplier W 
extend raDlc to bOO Mell, Typill llfiS-.A 
Decade Sea er to cxt.end IllIIgc to 100 Me 8. 
For TYPE ll53-AP only-TYpz Il3().A 
DigitaJ-to.Aoalog Convcrwr, T1'P£ 1137-A 
D.ta Printer, TTl''' ISIO·A Digitnl-to-Graphic 
Recording Aa!elnbly. 

C """"" Numoo-

1I\0 .... lInl: Rack-Bench cabinet. 
01"" ... ' 10 .... Bench model - width I \)~ hllight 
3Y8, depth 12 t~ inchCII (485 by 99 by 3~O mm); 
rack model - panel 19 by 3~ inches (485 by 
89 mm), depth behind pll,lIcl I IU loche/! 
(298mm). 
N,' WIlght ' 20 Ib (9.5 q ). 
Shipp'''' Welghh 28 Ib (13 kg). 

Priu 
in USA 

1153·9801 
1153.9811 
1153-9871 
1153·9981 
11.53·9601 

Typ. 1153-A 01111101 Ft, q" , "cy MI"', b .. ch Mod,1 
Typ. 11$3-A 0111101 f • • qll.n~., M"." Ra ck Model 

$1495 .00 
1495.00 
1.550.00 
1.550,00 

Ty,. 1153_", Dleltol fr. q" . ... ., M ..... with dolo <WII"'I, .... ch Modol 
Typ' 11S3_"" 0 1111101 freqll' .. cy M. ,." witll dOlO outpuf, Rock Mod.1 
Typ. l1.534P1 ,..' ... .... nc y M ... ltlpll.r 70.00 

1 DO-Me DECADE SCALER 

____ ~ :-47 .. 

--- ." I . _.. . . ... "0-
- -- IG. ~ '-'t.- .... ~ -.~ r 

'. =====t -", -- .. • 

The TypE II5&-A Decade Scaler 
8hown in .Figure I iaa digital 10 :1 scaler 
with ita own power supply, output 
a mpUfier, trigger circuits, input ampli· 
fier, and input controls. The input 
circuit and controls will hand le a wide 
variety of signals from dc to 100 Me/ s. 
The output ampUficr provides a high­
level signal adequate to drive counters 
without fu rther amplification. 

A major use of the scaler is to extend 
the frequencY4measurement range of 
counters by a factor of 10. Thus, 
Io-Me eounte~ can measure frequencies 
to 100 Me/a, 1-:" le counters to 10 Mc/s. 
Two scalers call be cascaded to extend 
the range of 14M c ('ouoters to 100 Mc/s, 
etc. The range of analog frequency 
meters such as the OR TYPE 11424A 
Frequency Meter and Discriminator 
can be extended in the same manner. 

Use with Counters 

The scaler output signal is adequate 
to drive any counter over its entire 
range. The input sensit ivity of some 
vacllum4tube counters is 0 0 better than 
1 volt , rms, and the input is shulltt>d by 
as much as 40 pF. The TYPE 1156-A 
Scaler, however, will deliver to these 
counters, through a patch cord, at least 
1 volt, rms, even at 10 Mc/ s ( lOO-Mc 
8C!1.Ier inpu t). Newer counters and lower­
frequency cOllnters have better sensitiv­
ity and will be well over"'<iri ven. F igures 
2 and 3 show output waveforms. 

The combination of counter and 
scaler counts by tens instead of by units. 
To read the frequency being measured 
one mentally shifts the decimal point in 
the counler display one place to the -right. The fractional accuracy of the 
measurement, however, is not affected 
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'1, .... 2. Se.l ... o .. tp .. t "'0""01 .... 
(.) 10 Mel' UOO-Me I"p .. t ); (b) 10fPUT 
n .s Mel _ (12S_Me I .. p .. '). V ... tle.1 I. ---1';:~ 
.e .... II I vIc .... M ............. t "'''p 

II Iho ...... , rlllht . 

by the use of the scaler. It is strictly a 
function of the counter and is usually 
specified as ± 1 count ± crystal-oscilla­
tor stability, wbcre the ± I count is 
actually ± I unit in the least significant 
digit displayed on the counter. The 
scaler offers a means of increasing the 
upper frequency limit of existing 100~l c 

,... counters by a factor of 10. Its usefulness 
to update existing counter designs has 
been recognized by a few manufacturers, 
who have supplied plug-ins that fit only 
their own counters. 

The TnI': 1156-A Decade Scaler is a 
completely independent instrument and 
will work with any counter. 

Use with the Ana log Frequency MeIer 

The GR TYPE 1142·A Frequency 
?Ietc.r and Discriminator is an analog· 

type frequency meter, whicb measures 
frequency from a cis to 1.5 Arc/s with 
an over-all accuracy of ±O.2%. It can 
be used with a recorder to produce time 
records of frequency change or drift. 
Its highly linear discriminator, when 
used with an clCternai voltmeter, can 
measure fm deviation . With a wave 
analyzer it can measure individual 
components of incidental fm. 

When this frequency met-er is used 
with the scaler, its range is extended 
to 15 Mc/s or, with two scalers, to 
100 Mc/s, and the fractional ~ccuracy 
of measurement is unchanged (+0.2% 
or the frequency measured). 

When the combination is used as a 
discriminator, the fm deviation at the 
input to tbe scaler is 10 t imes the fm 
deviation measured at the terminals 

Fl ..... S. Out, .. , In'o SO ohm •. Co) S Mel_ (SO-Me I"p .. 'h (b) I2.S Mel. (12S-Mc I .. p .. t). 
V ... llcal le.l . II O.S V/cm. 
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PULSE GENER.6.TOR 

SYNC OUTPUT PULSE OUTPUT 

TEST POINTS 

~ 

UNIT UND£R 
TEST 

HI>!: 1I!.6-.6. 
OEC.6.D£ SCAU" 

'" • 
of tI le freque ncy meter. Thus tIll' 
carrier and the fm devia t ion arc both 
scaled by 0. factor of 10. T he frcqucll('Y 
at which the :signal is modulal.cd is nOt 
affected by the scaler, and the residual 
fm noiSf' introd uced by t.he scaler if> 
negligi ble. The residua l noise of the 
combination is more than 100 dB below 
ru ll output of the frrqllcil cy mewr. 

Synchronizing Oscilloscopes 

Another usc of the T n'l:: 1131.i-A 
Decade Sraler is the sy nchronization of 
a n oscilloscope fo r the obSl:'rvntion of 
waveforms in sca le~ and other fre­
quency div idrrs. With the s<'ope swct' p 
synchron ized directly with the input to 
the device under tCSL, as shown in 
Figure -I , waveforms at. test. poin ts cnn 
be observed in their proper time rela­
tionsh ip to the in pu t signul. malflllwtion 
a nd fa ilure poi nts can be detected , and 
the usable ranges of operating pnra­
meters can be determined . 

DESCRIPTION 

Figure !i is 11 block diagrnffi of the 
T YPE I Li6-A Decade Scaler. The 50~ 

TRIGGER 
5E"SIl!~'h LE~EL 

OSCIUOScoP£ 

I N ~UT sYNC 

FIg"" 4. OodUo .. o p. 
s y nd .. oni1 lng u ' ''p lor 
l u l inll decode seal ... 
and I'eq". ncy dl .. id • •• . 

ohm in put circuit is designed for low 
V:;\\'II. T he in put cOlllled o r is u G RS74 
Loc king Connector. The input li t­
tCllua tor (scllsitivity (:ontrol) c:onsists of 
a rcsisti ve ludder network mountud 
betwee n a ground plane and 11 :swi tch 
wafer. The inpu t. and output connec­
t ions of the at.trllllUtOI· ure made with 
ground-pl:m e configura t.ions that mini~ 
mize reflections at the input terminal. 
When the sensitivity switch is ill the 
O. I-vol t JXlSit ion, the attclllllltor act.s 
only a ;; tl .'){)-ohm loud , fllld the input. is 
connected directly to the in put nm­
pli fic r. A :iOO-ohm I>osition is also 
provided. 

A two-t l'tlll:;istor , dc-co upled input 
a mplifier provides gain and buffers the 
input COll nector fro m switching tran­
>!ients generated by t he SC' hmitt. circuits 
that follow. 

The Sch mitt circui ts 
tionu l cmittcr-roupling 
diodes fo r de t ranslation. 

use convcn­
wi t.h Zencr 

T he scale of .') is fl uniq ue circuit first 
described by R udolph Englemann l • It. 
I Rudull,h i:: n",lemann. " Bi'q "inll.yScali,,": A"""raey &lid 
Si'npliei(y at SOO Me:· 81""',on"'., p 34 , Nov~mb", 1[>, 
1963. 

? ? f i ll"'. S, 810ck oI'''g.om 01, ... Ty pe 1156.A Oeude Seal . , . 

"~~€,d'§!;jf{~~~' .=~ /6 INPUT I rSCHMITT SC"""TT 6l r ATT'C:NUoOTOII _LI~'E" IIIC .... IT.I CI~CUOT.2 :f 
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eonsl.'lts of fiye bi--stable Sch mitt circuits 
serially eonnccl.efl to form fi ring eou ll­
ter. This ring difTers from most counting 
circuits ; it does not require pu lscs but 
operates Oil the transitions of the input 
wa.veform. Till' Schmitt-rircuit propa­
gation d('lay and the stmy capacitance 
of the output transistor of each stage 
provide the required intcrshlge storuge 
or memory. Ko a.dditional energy­
storage clements nPed be added. 

The scale of 2 i.<; un emit,ter-coupled 
flip-flop , with inductive memory, Ilnd 
is driven from Ii pulse gcnemtcd by 
Schmitt AO. 3. The output of the fl ip­
Oop drives the output Sch mitt circuit, 
wbich provides at least I volt, pellk-to­
peak, ioto 50 ohms at the output con­
ne(ltor. T his output is Ilpproximntcly 
square wave from d e to 10 Me/a fo r 
an input to the l'rCuler from d e to 100 
Me/s. 

Input Characte ris!i" 

The t,Q..ohm input impedancc has a 
\'8\\'11 of le8S thtlll 1.1 up to 100 JHC/8 
and ruuses a reflection of less than 10% 
when !l. OA-O:lnosccond rise-time pulse 
is applied. The scaler in pu t cun be 
used as a 5O-ohm cable termination or 
as a ti)...()h m 100ft up to ,!.7-\\'att dissi­
pation. 

T he TeklrOllix oscilloscope probes 
for use at. a 5O-ohm impedance level, 

FlO"" 6. hk',o"l • • unloteop. 
p,ob. (" " IiI,o .. nd ) CO" b. 
pl"OIil , d d i, .. tlr 1 .. 10 110 , IC.I.,. 
Th, " 01, • • "p'" D .. d o"'p .. t 
",,,,'nor. co.. b, mo .. ""d 
" th", 0" th, pa .. , 1 at at 110 , 
...... . Ca" .. plat ..... pra"ld, d 
I .... th. pa", r wh, .... .. ""_ 

.. , elia ... a .. .... d . 

such as the T n>J;$ POO2G. 1'00:1-1 . und 
POO:i.l, ea n be lIscd with th is sca ler. 
They al'(' equipped with G HS7-1 COII­
nectors, so lhat lIO adapt.ors arc neceb­
gary. See I"igurc Ii. 

The input sensitivity of the scaler i~ 
t'pecified at 100 :'I1c/8 as 0.1 volt, peak­
to-peak, or ;1.) millivolts, rrus, fo r a. 
~iJlc wt1 \·e. I t is generally even better at 
lower frequencies; Figure 7 sho .... 'S lhe 
actua l scnl'litivity of a typicnl inst ru­
ment as II fu nct ion of freq uency fo r a 
sine wave input. 

It is often necessary to measure the 
repetition rule of a signal composed of 
\'c.ry brief pu lses. To determinc thl' 
scnsitivity of the scaler to signals of 
th is ki nd , a pinch-ofT diode and a Clil>­
pi ng li ne were lISf'd to generate pu lscs 
at. 10[) 1'IC/ 8. These signals, shown in 
Figure 8, trigger the scaler reliably. For 

'" ruo • 
> '" , 
~ ::: 
~ ~0 t-----------------­, 
'" 0 , • 

(,} 30 40.so 60 70 10 9() 100 110 120 1'10 140 
fIlEOIJ£UC'r "'.(. 

FlO .... 7. $.,r" ..... IH"llr v. , .......... r. Th. 
uDI • • will operal, .. 1I.bl r av • • a " mp.,alu .. 
""0' a' 0 ta SOoC ... 1110 a" I"pul , .... " . ... ., of al 
1'0$1 12..5 M.t . a"d a .. u lll,,;I, a' b, " " 1100 .. 

300 mV, peak· la_peak. 
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OENE .... l ."'0'0 EXPE.,MENTE. 

fl, .. , ••. Op ... tio ..... btl.1 1' .. 1 .. , ., 105 Mc/ . . .... Ifi .... pul, .. . , ,.ft, ... 'ofl .... 01 ",hi. 
UpI''' Ir •••• how, 1"1' .. 1; .... rtl.o' .col . ,. 0.1 V/.,". low., " ••• ,ho .... 0 .. 11'''' 'n'o 50 oh,"" 
... ertl ........ II 0.5 v I c," . fa, (.), ho,'~o,,'o'IC .I . ', 10 "'/.,"1 10. (b), 2 ... / .," . 

fl,u,. 9 . ... o ... tio .. 0' pul •• 1'.1 .. oce .. ,I .. , 
.1 • 2O-Mc ,.1 •. UPI' '' tr.c •• ho .... ' ''pul; 
... ertI •• 1 ... 1. I. 0 .1 V/.,". lo ..... tr .... ho .... 
4_Mc o .. lpul 1 .. '0 50 oh,",; ... «tI.o' ... 1. II 
0 .5 vIc'". f •• (. ), h.,'~o .. 'ol .ea'. I. 50 

"'/'''' ' I •• (b), 2 ... /c,". 

fl, .. , . 10 .••• 01 .. 110 .. 01 pul •• pol •• wh . .. 
II .. , 1' .. 1 •• ho. 10 II ..... 'h ..... 1'111 .. " .... 01 4 
fI ..... Ih. 01 .... '10 .. of Ih • •• c ... 01 1''''''. f •• 
(.), "1'1''' tr ••• ,how. '''1'''1, low .. Ir ••• ovl· 
1' .. 1; ..... lIc.l, 1 V/ crn ; ho,ho .. '.I, 50 ... / crn . (bl , 
1 .. 1'''' "g .. ol •• 1'."".01 to 'how ,,".11 •• pu',, ; 
.... rflc.' •• ol . l. 0.1 VI .... ; ho.l~onlal. 10 n./ .... . 
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PINCH'Off 0100£ 
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!>On SOURCE 
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OSCIUOSCOI'E 
f[~TROOI. TYPE ~61 

CH.NNEL 

lILJUl '-';'-"i-----' 
INPUT !>OC 

Flau •• 11 . T .. I u lup for Fig .... 9. 

reliable triggering on briefer pulses, 
however, t.he amplitude must. be larger. 

Pulse-Pair Resolution and Operation 
with Random Inpuls 

The input. circuits of the T\' I'E I I 56-A 
Decade Scaler arc direct coupled 
s traight through \,0 thc trigger circuits 
and operate well (.'v~n with pulse t.rains 
of random amplitud(> and durat.ion. 
Figure Il, for ins tance, shows inpu t and 
out.put. signuls when the scaler cOllnts 
pairs of pulses. The pairs occur at a 
2O-Mc rate, a nd the pulses in each pair 
are separated by about 10 nanoseconds. 
Note the la l'ge amoll nt. o f base-line 
noise on this signal. Tbe trigger-level 

cont.rol is adjusted so that the scaler 
t rigge.rs only 0 11 the pulses. 

Figure 10 shows another t.rain of 
pulse pairs. Here , t.he first pulse has 
about 10 time!'; the a mplitude of the 
SCL'Ond pu lse and about four times 
the durat.ion . Th.is is a somewhat. marc 
severe test. of the input. drcuits. It. 
ehccks the operation with pu lses of 
dilfer(>ut amplitude, duration , and 
I'('petitioll rate tlnd shows that the 
amplifier a nd trigger circuits do not. 
cha nge thei r bias conditions becuuse 
of amplifier nonlinearit.y and atray 
inductan ce and capacitance. Figures 11 
and 12 show the setups used to make 
these tests. - D. S. NIXON, JR. 

SPI P 010" 0115 \ 

INPUT 
0.: 10 100 M~/. 

OUTPUT 
Octo 10 Me!_ 

50 Ot 500 fI VSWR, 1.1 ma~ 01 100 
Mel_ ISO Ill. 
Relleetion, 10% ma~ 
with O."_n •• ,ep tso ro . 
Appro.lmatel, . quar.­
Wa". aulp"', 20 mA, 

2S0 f.I 

1 VinI050 0, 0.erSV 
o pen e'.tuil, all p •• o-p. 

5 .... '1 .1"11" 0.1 , 0.2, 0.5, Imd I V, p-tu-p, at 50 0; 
I V, II-h}-I'I lit 500 u. Mliximunl input is 20 
tirllCS ae.nsitlvity or ~ :4 W, whichever is lImulJer. 

Jl I'IA-SE G!;NERATOfI 
a PULSE DElAY 

r'L ~n~ I 

NOTE, Wilh UII input of 0.3 V, p-Io-p, at 50 II, 
the Benler will operate reJi[l.hly nt. frequencillil 
Ill) to Ilt leu.st 12:) Me/ s. 

GENER.4.l 

Op. ratlng hmp.roIU .. , 0 to 5O"C. 
Pow •• Requ Ited , 105 to 125 or 210 to 250 V, 50 
to (iQ c / 8, 15 W. 
h.mlnals , GUSH Looking Cnnnectol'l!. ,"'or 
cOI'inccti<)11 to other t.I·pe!! of c('H..xiul conuectorll, 
U9C loI:kiug adul)WI"8, which lock securely ill 
plll,(."e, yet ure cll.!Iily removed. 

OM r--i ,TYPE II ~_A • 
~OE SCAL(R 

JLJk..i 
OSCIUATO!! f- I 

~e7t::: 
OSClllOSCOP[ 

PULs[ (;!;NERATOR A n~lRONIlI H»E 5161 

a POLSI!: OElAY CIIA.mEl 
!>O n. SOURCE , , 

INPUr~n. 

Flg",e 12. TUI tel .. p for flg u •• 10. 
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GENERAL RADIO EX'ERIMENTEa 

Au",o,I .. S ... ppU.d; TYI'!) CA 1'422 Pow(>r CoNL 
spare f U9!."8. 
ACUllo.lu A"oUobl. : Tyf''': 87·141\: CouJIling 
CnllJlcit(lr fur u.~ CVU ll iil1![ \." input or Qulvut 
!'Uuucctol'll. Fur output ct!nncctiou t.o Tn'1> 
li,,2--A Frl'qtH!ln~y Meter and I)i~erirnirl:\tt!r, 
lll!e TYl't; 87.J4R:J-I Patch Cord. 
Mo ... nllng : Iw.k-Bcuch cabi"et. 

Dlmen. iono: Hem.'" modcl - wiJtJl IV, height 
2Ys, dcpth 12J:( illchC.!l (185 b.v 51 by :115 mill); 
Tad, m"d('1 ~ 111I1U'1 1\1 by P4 indws (4SS by 
45 11111\ ), '["11th I"'hind pHlwl 11"16 itlehCt! 
(288 mm ). 

Nil Welghl , IOH Ib (1.9 kg ). 

Shloplng WeIght : 25 Ib (1 1.5 kg). 

(,'ala/og 
Numbu Desrriplum 

I'n'CfJ 
in USA 

1156.9801 
1156.9811 

Type 11564A Decode Scol .. , Bench Model 
Type 11564,., Decod . Scol ... Rock Model 

$490.00 
490.00 

lOO-Me DIGITAL 

FREQUENCY METER 

This direct-counting, de·to--IOO4;\ le 
Digital Frequency :'deter is a combina· 
lion of co mpletely independent instru· 
ment.s - the 10-:\lc Counter (T YPE 
Il.);j-A) und tbe 100-]\[e decade sCiller 
(TvPf; 1 L,)6-A) described elsewhere in 
this issue. The two instrument.s ure 
u.sscmbled and shipped u,. 11 unit. The 
special short patch cord shown C0l1 4 

netting the counter a nd the scaler is 
included. 

The frequency :~t the ill put IS 10 

'.- . . ~> .. - •• _ . .. - ._ 4\ . - - '",. 9 ,_..£.. " ; ~ - '''-- ~ 

• 4- - !O".'- -. -;;; ~_ 
o ~:.- -.. ..... • , -- , 

ti mes the frC(jueney mea.sured by the 
counter. A mental shift of the decimal 
point. one place to the right gives the 
frequency at the input to the sculer. 
'fhc accuracy of the measurement is 
unaffected by the scaler and is still ± j 

t:ount. ± cryt;t.:ll--osoillator stability, The 
± [ cou nt. is in the least significant 
digit d isplayed on the counter. Sensi· 
tivity and other input specifications 
are identical with those for THE 
11bli-A Decade Scaler, page 6. 

SPECI.ICATIONS 
Ronge: de to 100 Me / H. 
Po ...... Requlr.d, 100 tu 125 or 2 10 tQ 250 V, 
50 to lj() e.s, 85 W. 
Acutlorl •• S ... ppU.d, Puwer eurd, spare fures, 
patch Ctml, ImnJ"'aru fur rack mount. 
Inp ... 1 Terminal: GUSii Coo..xial COlllll!ctur 
(locking type); usc TYI'f; 871-Q Ad!lptor~ to 
~'Unncct t.o other oollxial type3. 

Dolo-O ... lp ... 1 Conneclo, I-AP mode l only): la-line 
decimal f'Jr eneil digit - on(j wire binllry 1 
(+ 1"_V level) lUlU nine wirCII binary 0 (0 to 
+ '14V level ); source impl:duncc 2. 1 kH; +20-V 
IJO"'er; ground; nlld print-cornmand \JlIlse. 
Dlmen510 n., Width II), heil(hL I L ~ 1, depth 
12 1 .. ,1 inchc~ (485 by 150 by :l20 nun ). 
N.t Welgh l : -I61b (21 kg). 
Shlpplne Weight , 61 Ib (28 kg). 

Jl.U-9701 
11""-9829 

_____ ,--"O",."'cnp/itl'" _I i:~St_l_ 
Type lU4_A IOO_M~ DIgilol Fr equ.n~y M ele ' $1 995.00 
T~p. II 44-AP 100·Mc D(gllol F.eq ... ency M el ... with dolO ouiPUI 20S0.00 

US I'.l.en~ No. 2.M8.4S7 
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~ SOO-Me 

FREQUENCY-MEASURING 

ASSEMBLY 

The T HE lll:i*.\ Fruq ue!lcy':'d CMj· 
uring .\ s:;crnbly i:! II ('o mlJill lltioll of lh(' 
prpvioll15iy dc:;cribed TnE 11:,::1-..\ Dig i­
t~1 FTCllucney :\ 1('I(>r find u heterodyne 
COllverter, the Tn}: I I:j:3-.\ Frequency 
ConvNtcr1• A frcqu(, ll t'Y multiplier. 
wili (·h multiplit·s thf' lOO-k c sta ndlird 
fr(!quenry output of the COuli ter to the 
,j-.\I<' rdcrcnc(> fr<,qucney required by 
the ('oll\'crlcr, is included. T his assem­
bly will rnc& urc frcqucncit'S to 500 
.:'Il c/6 with lIimplidly and with a 
~n~itidt y and optional selectivit.y not 

~ :1vnil,\ole c[scwh('r{', 
I n the converter the ilLput frequency 

is hl'tcrodYllccl Ilgnil lli l II 10-:\ Ie multipll' 
1)£ the counter's l imc-bn8C-osdllator 
fr('qllcncy and the ICbS-lha n- IO-:\lc d if­
fere!lce frC<luc llC:Y is npplied to t he 
counter. In-linc nu mer3ls indicatf' 

'It. T. :\I~,\!..". "'A New C<>pw'<l~r ,<>. F''''I,,~ncy 
M .... "r~'_\1 to :.00 J,I~:· O ....... a l H4d,. J:zptd_.'tT. 
I~nbtr. 1962. 

SEP T EMBeR 196' 

din·!'!l)' the ht·tNody ne referl·ncc fre­
quenty to hc tHlded to t.he coun ler 
reading. and a P311('1 meter ilu.l icutcs 
proper input. !Iud output Ic'·el. Lovel 
adjust.ing eOlltrols lire prodded. 

T h(' '·(lnn'r tcr CUll be openltro in one 
of two modes ; fI wide-band mode for 
~implified mC!lsurcmcnt of (']e;lJI r; iglluls 
of greater th:1Il lOO- milli volt, r ms, 
le\"el ; !l.nd n ll11rrow-bnnd mode for 
measurement of noisy signals of gre!l.ter 
t han IO-millivolt level. In the na.rrow­
band moJe a luned ampl ifie r is switched 
into the syst<'m to pro\l ide selectiv ity 
and incrcllSCU SCH1'I itivity. Panel lights 
indicate proper control settings. 

In this asse mbly, ruggedncss and 
lasting rt'liubility accompany 6Cvera l 
unique featu re!! high scnsith·ity. op­
tional ;:elcdi" ity, li nd ;;: imple opcflltion 

to produec an instru ment of ou t­
s tu uJing pcrformanee fo r freq uency 
meas urement to :300 ;\ Ic/s. 

SPECIfiCATIONS 
Ran • • : de to 500 :\11:. I. 
S • • " I, '"l ly , Better thnn 10 mV, rillS, 011 nnrrow 
b:md (II \HJVe 100 kc 8); better Ihnn 100 Ill\' un 
wide haud. 
Da la -O~lpu l Cann.clar: 10·!ilW ,l('d " wl fo r 
('lith digit - IIln' "ire biw\r.)-· I ( + II-V It'vel ) 
and nine ,,1rt.'"II J,irUiry 0 (0 I .. +~-" [I'\'el ); 
SQuree impednnl"l" 2.1 kll; +20-\ ' jlll"Cf; 
gruulId; und prinH·unmmliU Ilu]ote. 
'ow .. a.qu l.ecI : 105 10 125 ur 210 I'. 250 V, 
50 t.o GO c II. I~O w. 

Inpu t T .. m l .. a l: GM71 Coaxial COllul't;tm; 
UI1\! Tn.: 87~-Q Ad:lptol'll to C()llln!Ct to other 
CU11Xiul ty"c~ . 
Accello, lu Suppll. d , I'n t <.:h cord!! r,,, iuter_ 
l~ ,nrll·.:li"u. ~ r"11'{' fulk'/!, hardwlue fur mck 
IU I.unt. 
Dlm, nd o n, : \\ iuth HI, hcigill It '4 , lle l!th 
HI indleti (~85 by 2'JO hy 185 mill ). 
N, I Weigh! : 5 1lb (21.5 kg). 
Shipp ing W.lghl ' 8~ Jb (3U kg ). 

~~:,:!:!, I /)wrip';." I ;,~~~tI 
1143·9701 Typ, 1143· .11. Frequency_ M IG, urlng An embly $30'10.00 
1143-'182'1 Typ. 11 43_ .11.' fr ' q uency_M . a , u,ln . A u embly, w;lh dOlO oulput $314' .00 
US P.teOI Nu. 2.Sol8,~:'7 
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G E NE R Al R A DIO E X PERIMENTER 

APPENDIX 

COUNTER INPUT CIRCUITS 
AND 

SENS1T1VlTY SPECIfICATIONS 

Why docs GR specify the input sensitivity 
of ita oountel'1l in volta ptlnk-to-petl.k instead 
of rllU!7 Thia is a. question often asked by 11.08e 
who are not familillr with the operatioll of 
counter input cireuils. Those who :\Te lucky 
enough to be making frequency melumrementll 
of large amplitude, clea.n 8ine wavl'll don't need 
to know. For lhU3e whow lot it is to denl witJJ 
11.11 9I)rtB uf \\'nVefOrffill, the nll8wer will be 
apparent frum the following discussion. 

The input rirou itll of digit.a.l frequency 
metel'1l, period meters, ""d tirne-intervf\1 metel'1l 
all opernte on the ~ame basic prinQiple. Tiley 
must transform the input wnveform, regnrdless 
of Ilhape aud a.mplitude, intu a pulse wilh a 
fixed amplitude I\nd transition time. To do this 
require!! 110 switching cirouit or 80me kind . The 
IllOIIt common onCl!! are Schmitt circuits and 
tunnel diodce. 

The output of a ~witehing circuit has two 
staws, a high etate whenever the in8tantaneou8 
value of the input voltage is above a (''ertain 
level (V, in Figure I), IIond alow state whenever 
the instantantlOus input volt.'lge is h-elow a l'er­
win level (Vo). 

V, and V. a.re 80mctimce called the Slat zlnd 
I'C8Ct voltage!!, or the trigger voltagC8, of the 
mwit.cb ing circuit. V z is Ia.rgcr thzon V" and the 
region between V, alld V, i.~ often (:n.lIOO the 
hyeteresis region. If the input voluige is below 
V. (output in low state) and is then raised to 
l' h the circuit will switch to tlle high state. Even 
though the input voltage swingB above and 
~Iow VI, the circuit will not switch again until 

f ll.... 1. Swit , hllll _ 
clre .. lt IlIp .. t r.111.r 
pollllt olld <o,... u polld_ 
Inl o ulput 1111101. '0. 
t hr.. dlff . r. 1I1 Illpul 

I lglloli . 

the input goes below Yo. ThcrofQrt, s. signal 
applied to the circuit must be g/'ellter thllon 
y 1- V, lind must be n.ppJicd !IO thn.t it gtte!! 
nhove V, aud 11:008 0010'" V. during each cyele 
for the circuit to change SUl.t.e cnch eyele. Figure 
I shows IIIlveral different inputa to the switching 
circuit lUlU their CurfC!!pondiug outputs. KOle 
th:lt the output is in t he high 1It.llle whencver 
the inputsigllnl ext-ceds V, I1nd in the low s t:lte 
whenever tlie input is 1C!!$ than Yo. ~ote also 
tha t the lunplitude of the output wavefornl is 
OOII8w,nt but tlllit the dllraliun of the oul(mt 
pulse ill a fu nction of the input s ignal. Since the 
inlerIUIl counting ()ircuitll lire aetu:lted by a 
pul!le of fixed durtHion lind amplitude, n pulse 
shaper follo ws the switching circu it to tl!t.ahli3h 
the dllrllt;OIl. It opemte!l from either the rilling 
or the falling edge of the outvut. 

J uput signzde I, 2, lind 3 will all operllt.e the 
oounter properly. Sigm, l 1 is, however, of mini­
mum usable amplitude. T herefore, the llell­
Silivity of the cirl.:uit is :lo pcak-to-pcak vol t.age 
of V1 - V~ voltll, ,,·hich is deter'mined by the 
dClligllllf the IIwitt:hing circuit. If an ins trument 
is to accept signals of 1_ than V, - I't. lUI am_ 
plifier must be uaed oet\\'een the input connector 
nnd tbe switching drcuit.. T he amplifier in the 
Typt: Il53-A Cuunter provide!! a n effective 
V, - \'0 of 0. 1 volt at the input termina.ls, OluS, a 
!lellllitivity SI}CCificntion of 0. 1 volt, lleak­
to ... pe.ak. Thill, o f OOUI'6C, Ilpplies to input 
signals of Ilony shnpe lll)d hus lll)thing to do 
with the rrllll and average values of t he inpu t 
eignal. 

-
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TYPE 151O-A 

DIGITAL-TO-GRAPHIC 

RECORDING ASSEMBLY 

This cOllvenient assembly of the 1'\'".: 
llaG-A Digital-to-Analog Converter 
llnd the TYPE \:,)2 1-B Graphic Le vel 
Bccordcr wilt operate from the Olltput 
of General Radio digitul instrument.s to 
produce a strip-chart. record thai is the 
analog of the digit.'ll dnt.'l. as a fun ction 

('fI/a IO/i 
K"" I I~r De8/"riplion 

of time. It is equally usable with olher 
digital equipment that is coded for 
1-2-4-2, 1-2-2-4, or 1-2-01-8 output. 

Shipped assembled, as shown, with 
10 rolls of chart paper and input cable. 
Rack-mount hardwa re also supplied. 

P,ictl 
U~e· I~ USA 

1510.9.01 Typ. 15 10.A Dig ital _lo_Graph!. R. 'ordl,,!! As. Fo~ VI. wirh Type. $115S,OO 
u mbty {60·cycl~ operoljonl 11.3·AI', ,1U.AI', 

1$10·9571 Ty p. 1510_AQI Digital-Ia-Gu.ph;c Reco rd;"g llSO-BP, -BPH, On n q .... 1 
A llemloly (50-cycle ope,,,llo") 1151-AP, 115l-AP 

CO,,"I"" 

1510_9.(02 Ty pa 151 0_ A 0 1glI01 _lo_Graphlc Racard lng Ao _ For " ... wilh Typ .. $1 1 25 .00 
.. moly (60-cyd .. o p",otion) 16BO-A A"'o",olic 

1510.9572 Ty pe 1510_AQI Oigllol.lo_G,ophic Ruo.dln, C"podlonce Bridge 0" ' . q .... 1 
Anlmbly (50·cycle ope. ollon) A .... ",bly 

· Coov .... ler. and c.bI~. 10. UK .. ith other <1;,:iI31 jnSi""nenu . ... . v.ilabl .. UD .~ial unlet. Writ~ 10. l"lu._ 
matiOR. 'I 

NMR MEASUREMENTS WITH THE 
FREQUENCY SYNTHESIZER 

The General Radio T YI'~: llGl·A4C 
Coherent Decade Frequency Synthe­
sizer has found unique use in the ficld of 
nuclear magnetic resonance nt !\Iellon 
Institute of rndustrial Research, Pitts­
burgh . 

Tn nuclear magnetic resonance, a 
strong uniform magnetic field is applied 
to the sample. The samplc is then ex­
cited by an rf field fro m a coil oriented 
around the sample. At Mellon an rf I:ur­
riel' near 60 ;\JJ-[z is first modulated by 
1.0 kHz to produce a side band at 
60.00 I .M Hz. T his side hand is then 
phase-locked to a known resonance of 

the sample. Othcr resonllnces of interest 
lie betwcen 60.0 und 00.001 ;\ 1 Hz, nnd 
they {'an be slimulated by additiona l 
amplitude modulation of the (j()..l\Ii{z 
carrier. The detected resonances are 
extremely narrow. typically 0.1 to 0.2 
1-1 z wide, and several of these ma.y 
appear in u to-I [z band. 

To measure these side bUilds, it is 
most convenient to lise a slowly swept 
oscillator as the modulating source and 
to display the resonances on an X- Y 
recorder. The swept source, however, 
must be stablc to 0.0 1 Hz or better 
during the swoop interval (typically 10 
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' yplcol pl.t .bt"lned by ,h . ... " dll l.tf.n ... . 'h.d. 
So ... pl. It CF,CF.,COOH . 

nlillutrll) in ordrr to produ(,I' shurply dC'­
fin('d lX'akll Oil thl' r('("ordrr. 

PhY1'lid~tsat th(' Inlltitut(' hnn' found 
the (;1{ 1161·.\ Ie :$Ylltil('",izt'r to m('('t 
thl'S(' demanding l'e<luirt'nwllts . .\ \'Ilria· 
b1(' dl' !<Durl'e is used to ('ontrol thf' {'(In· 
linlloll.~ly lI(iJlIstahl(' iI('(':1IIi' through 
a :,·,)r 10.111: hUlld, 1l<>1':111,.;(' of th(' 1'1)'11-
tlw",iz{'r's rxtrt'nlr ",tnhility, Oil(' ('U II 

c3libral(' tIl(' r('('ord('r by lK'uking tlw 
"'Yllth('"iz('r to nn urbitmry rt':S{)1I3IlCC 
nnd m(,ll.~lIrilig till' HutPlit fl'('qu(,lIl"), Oil 
u digit~ll ('Olllll('r )0;\'(' 11 11 IO-,,;('('ond 
count ing iIlU'rnl1":l1l 1)(' II.-.('d ",iJl('(' thi:-; 
syntll(':<iz('r wilt rt'main Oil til(' lK'uk for 
exl('lld('d Ix,ric,ds of timf'. Thi:-; m('thod 
of ('ulihr:ltiOIl i~ 1101 I>(h.~ihl(' with {'Oll­
w'lltional ()S('illatul'l! h('I'nll~ of th('ir 
rt'13tiw in"t.'lbility, 

. \lthough f n'IILI('Il('y ")'lIthc:<iz('rs hll \.(' 
1X'('11 wid('ly 11-.('(1 in "tudiC';; of llu('lC'ar 
nmgurti(' r('.-.(.II1:II1('<'. tht,), ordinurily arc 
1I~ dirf'('li), nl Ilw high frequ(,llc}, (ill 
this ('a."", (j() ~llIz ). The modulation 
method hILS IIlllll}' ad\'ant:lgf'1'I. It dOC'II 
!lot rl.'<luin.' rxlrr)llr :;tability in the 
applied magn('til' lil']d , thu~ allowing 
morc lime fo r thl' laking of datIL It nl:-.() 
I)('rmit.~ tll(' lI:-;(, of a ]('''''' ('xJX'1I1'1h'c, 
]ow('t-frt'qurll('y ~ynthe~iZ('r. 

-D. 1., W OODWAIlD 

C.. d ill : \\1' KJ'II.t('rulh· IU'krlollwlC'(i/l:(' the roop'er­
('ration Hr I)r. ,\ .\. \iuthuer-Uy, or the :\1('11011 
ir1l!titIHe! WhH IUPII]iC'(i tile inrurllmlion on 
which tl1l8 brief IIrtlde II! h:lo8(.od. !::diwr 

DO WI IMW' YOIM COIIICT MUlE AND ADOIfSS a_. C'OfIt­

"., _.. 7 'kI,.,. 7 rat,...., .. '.0. ...., rif)t, ...... ..., .-, ............... -."",---...... _ • • .,.,. ..... , .... ..,.'1 Fs=4wi11 .. 

IfTUIH IfOUESFfO 
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