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Covei;: A clo5e-up. view .of 
the display .o.f the 7l.13 
Spe<:trull;l Analyzer. Th,~ 
cRT Readou~ displa1& .lite 
Spectrum AnaJyr,er co.n®l 
settings. ~enter lrc;q1,1en~y 

·is Hi 2 l Mlli, frequetr(:'1 
;.p,m i.s' 2()() Hi/,<1&; re•: 

· ~o)uticih i~ S().l{z and the 
video ftlicr is: set at 10 Hz. 
The ·refei-ent.e level at the 
top of the licreen is - 20 
dBm and the· vatir..al dc
.flection fadro~ is 10 d'B/ div-•. 
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analy-Lets. Y.hc i:unll*rsoule ·nat1.n:c ot these ·measu¥t:· 
ment &ysienu 0001>letl -with nl1(: Lightelling Q'f: sigpa11 
specifieatiio11$ by gevctnnier,nal rtguJatury agencie,, has 
created a oeed for a h igb pc;rfomnancc, high-fiec1ucnt·y . 
spectrum ana~)'lCr. 

PerformAlnce G~ .. 
At inception, th~ 7,L 13 progti!m ail'nccl f.t red,ucing
ifiternal FM an'tl drift by hn .ol'der ()f m~iH1d~ '1\1.l'ili 
commensur.ate init>rovl!tnent jn 1·esolution capability:· 

I' I , · •{1 ' 'C 

Keeping in 1))irid, that mo~L spect'rUU! an'!.lY7e1:s a,re l\k· 
ready some,vbat tti-«!tult to o~r<!.te, ~· intprmre-
111e11u.mu.IB pot be a_C'('QmplisJred a.t tlie ex~n:-~ Qi oP,er· 
~tional e11se. indeed, addition4f imprQvements"in oper· 
'1tional simp.1icity should, be sought. 

First Local Oa<:fllatb_t. 
' It is the loc<1l 06Cillator :1yste'tu that determines 'the 
performance ;\chie¥able 'in filE>st spcc:ttum analyzers. 
An- exatrliuaJJon of the 0$dlfator S)'sten' re,·e:t}s that 
d;let;e a1-e ha!IJ~-nlly two a~~=ilrat&~ untltu' considet~rio1l, • 
These are the ht LO. (2:1 - 3'.-91C:Ui) anti. tl}.e 2J1d 1,,.0 . 
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~2.2"Gill) as-~o:Wn i~"!,·Fig' . . ~j. Tlur 3rd L.O. bcing 
'cfyscal-tletived· at ~ MHz d ml1·jbmes negligi~le Fl\f _ 
(<<I H1. p-p). t_o the sy~(tiH. 

It is common practice, ~. the (~ecq_uency span is t:t!

dOce(J, to- P.D•tse liXJk the 1st J,.,;O. to a fixed cryStlll refer
. .,ence 9$ci1lator, tb'ti's Ktliliil i't.i.ng it wliiJe shiftirig the 
~weel~ !unction to il\C' 2nd L.0.r The rate of the srystal 
refi.tence C>,$fi1l:\tM dt;J!;nnine~ lhe~1~ over whkh: ~.·. 

• .~d ,l;-.Q~mu~t~ .~:we.p~,i·°; or~er c~ c:.owp,~-ete ~~~ h:.e- ? 
~ quency e«>N;et~.S~ ~tw~ t.Qe- ?isa;e,te (oo1c poig¥. ,. 

Hence, :r low:frequel'lG-Y' referenc;el is des~rab[e from che 
viewpoin:t1of: design ea·sl:I iil die .~n'd I.. 0 : sygttm. ' 

TD& choice of~ cry$tal nifer.e;nce r:1te is comprami~ 
by~ lhe higb phase noise.associated with low-frequency 
rcf(ll:en~s. '.thtdncrease lniloise ai-i.ses from the require· 
men-i,, for- ;"' higher. nl:J4tiplicati~n ra-te _of tJ1e Iundu· 
mental ~cilJijtor, whq5¢ l>c;hayiar _is charncterizcd 11y 
,the following equat ion: -- '· . :· ~ 

. D~Gc18 =:> 20 lpg M, 
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Fig. 1. Frequen~y @nVCl'sion lYSleJn of lhe. 7Ll:3. 

Where: DEG is _the deg,-adation in .spc:_araJ purHy in 
dB- and .M .{$.the mu1tipllcation factor. From the sfan<;I· 
j:>-Oint of phase noise it is desirable to choose a. high rate 
for the crystal .refer~nce oscil1ator;, howevctt,· contlkting 
requfremenu result. A 1-MH;,; reference rate is chosen 
as med.ium ground for the l'st :L.o. reference; This 
per,tnits a. reasonable-.2ndL.O. tuning ran~ -of 8 ~ffb 
as. well as satisfying~the j>J1ase noise comtraint . 

There js_ a unique baiidwidth for any oscilfai:or servo 
i;.y_stem which: will yield optimum spectral purity. This 
bandwidth is cj:etermined by c:onsidefing the relative 
spectra o( the reference os<.:ill1'tc)r alld the v0.hage· 
rune:d oscl.llatQr JVTO) which.~. 't9 be: locked. In the 
ht L<;>. seno loop, the loop \>a.nti.width is chosen such 
tJ1at the exce)llent line.-WJdth propertie$ ()f .the .crystal 
reference are translated to _the YI G VI:O. The broad 
nQise pe<l~ta·1 assodate.d W.itlf th.e same ri:fecence is' 
reject.Cd ht fa'vor of the fasttr falling noise sidebands 
of the.; YIG- V1'0. Th~ ·FM ~.rf9rntan,.ce of this system, 
when operating.in the lock -~ode, .i~ ir) .the l th p·P' ar~a. 

2nd Local OscUlator 
The .2ncl L. 0. usually. consists of. a va ractor ·tuned osd 1-
Jawr operating in the re-gion of 1.5 to 2.:5 GHz. Exam· 
ination o[ the prope,rLiesof this osiillator type indicate~ 
that under. reascmable qrcunl.Stances. 200 Hz i.s· the 
minimum residual FM tl:la;t om ~~ e~~c~ed as guar· 
anteed performance without tescn•tfog to e~ternal 
stabilitatiOn te.chniques. 

Jmpro.vi:ng the pcrforri1ancc of the 2rid L.O. becomes 
a problem of de~igning an qscillator at a frequency 
where the de&fred stability and roning rnuge cau b,i; 
achieved. In Jhi~ case .a voltage-tuned··a&cillator oper· 
ating from 16 to 19 MH:t, anu ·whose residual FM is· 
apf)roximateLy l H z [>-p, meet$ the requirements or a 
reference for the 2nd L.0. system-. The stability prop
erties of this reference oscillator are transla.ted to .2.2 

2nc1· L.O. 

JOP!ttr 
AM!'LlflEll 

3rd L.0. 

Gfiz by a ·type-two frequency ~rv9·sy.stem as indicated. 
in .Fig. · 2. The unsfa.ble 2.2 O:~ ® llator, coll~ctor 
tunable tiver a': ±1 .5 'MHz tange, is heterodyried with 
a frystal-derived 2J82J>-MHz (FM <1 Hz [).p) signal. 
The product at, 17.li (± 1•5) MH2 ls pha8e ·compared 

''·''*t..,. • . 

-·~ 

F.i:g. 2. :-.Second L,Q. stab.iliiatio11 sysiem. 
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with the 16 to l~ MHz"rcfer.ence oscillator and the re· 
snltanr error signa.l js amplifJe(l and fed back to the 
colle-ctor of the 2.2' GHz ostjllator. Thus, the 2.2 GHz 
LO. is synthesU.ed fa s.uch a manner that it replitat:es 
the· pr<Xluct ·or the J6 to 19 Mlli oscillator and the 
21.8.2.5 MHz crys.tal-derived seure.e within the baild· 
width of the servo systein. The complete 2nd LO. 
system oUhe 71',l..sl eKhibits a typical in:cidental FM of 
1 Hz p-p. 

A major distinct-ion ·in the operati.on 'of me 20.d L.b'. 
servo sy~tem (as QpJX'>Sed to the 1st L.0.-Joop) js that 
i.t is fundiona) in all modes of 7Ll3 opcratfon. The 2.2 
GH.7. oscillatqr j~ never allowed to assume a free run· 
ning mode ·and is under the control of the 16 to 19 
MHz VTO from the time tJ\e instrument is turned on .. 
Cometiueocly, . thete is no mention of a 2nd L.0. lock 
mod'e on the analyzer front pane'I, aud the s·tabili1.a
tion o( the 2nd L.O. in no way con1plicates the use 
of the instrumenL 
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30 Hz Resolution Fiiter 
In order to exploit the extraordinary stability of which 
the 7Ll3 local oscillator system is capable, a 30-Hz 
resolution position was made available to the user. In 
light of the fact that the widest resolution bandwidth 
in the instrument is 3 MHz, a center frequency of 10 
MHz is chosen for the final JF. Jn order to keep system 
complexity to a minimum, this requires that the 30-Hz 
resolution filter be at IO MHz as well. 

This filter is of the well known lower sideband lad
der design (Fig. 3). Jt employs three quartz resonators 
whose unloaded Q is in excess of one million and has 
a nominal 60:6 dB shape factor of 10: I. These reso
nators, when exposed to temperature variations en
countered in the instrument (0°>50°C), are prone 
to alter their center frequency by a large fraction of the 
filter bandwidth. In order that the 30 Hz filter be able 
to maintain its bandpass characteristics under condi
tions of varying temperature, the quartz resonators 
are required to have matched temperature-versus-fre
quency properties. 

Fig. 3. Simplified circuit of the 30-Hz crystal fitter. 

Frequency Readout and Tuning 
The availability of high linearity (typically .13) YIG· 
tuned oscillators prompted the use of a digital fre· 
quency readout. This is accomplished by a digital volt· 
meter (DVM) which monitors the tune voltage of the 
1st L.0. The frequency information obtained from 
the DVM is multiplexed and displayed both on the 
front panel, by a light-emitting diode display, and on 
the analyzer screen via the Tektronix CRT READOUT 
system. This permits the user to measure frequency to 
an accuracy of ± (5 MHz + 203 of the frequency span 
per division) ; 203 of a division being as close as one 
can typically judge the signal position, taking into ac
count the effects of observation and the geometry of 
the display. 

Simplification of operation was achieved through the 
development of a single- knob tuning scheme. Pre
vious analyzers have often had two or more tuning 
knobs; and depending upon what mode the analyzer 
was operating in, inadvertent adjustments of the wrong 
tuning knob could cause severe frequency disturbances 
in the instrument. This problem is eliminated in the 
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7Ll3 through a mechanism employing two magnetic 
clutches and a self-centering potentiometer. When this 
system is operated in spans where the 1st L.O. is stabi
lized, the 2nd L.O. potentiometer clutch is engaged. 
Starting from a centered position, it prohibits one from 
achieving lock with the 2nd L.O. tuning control against 
one stop. Further, access to the 1st L.O. potentiometer 
is denied the user by disengaging the lst L.O. potenti
ometer clutch so that he cannot mistakenly tune the lst 
L.O., break lock, and lose his display. When returning 
to spans which do not require lst L.0. stabilization, the 
clutches alternate state returning the 2nd L.O. poten
tiometer to its centered position and permitting tuning 
of the lst L.O. 

Convenience Features 
We have come to expect such user conveniences as 
absolute amplitude calibration, freedom from spurious, 
automatic frequency stabilization, coupled span and 
resolution controls, display warning indicat0rs and such 
in our high performance spectrum analyzers; and in· 
deed they are all present in the 7Ll3. The 7Ll3 goes a 
step beyond and introduces the concept of full param
eter readout to spectrum analysis (Fig. 4) . All pertinent 
information, i.e., center frequency, resolution band
width, span, video filtering, vertical scale factor and 
power reference level may be viewed at a glance or 
permanently recorded by a photo of the display. 

Performance 
The graph of frequency tuning range versus resolution 
on page 3 shows the performance of the 7LI3 and other 
instruments currently available. As is evident, the 7Ll3 
represents a significant breakthrough in the area of 
high resolution, high-frequency spectrum analysis. The 
7Ll3 has achieved a high degree of synergism with 
respect to spectral purity, resolution and drift. The 
instrument is not limited by the cleanliness of its oscil
lator system, as is so often the case with other high· 
frequency analyzers. As Fig. 5 shows, the shape of the 
30-Hz resolution filter is clearly defined for well over 60 
dB. This performance, familiar to users of low-fre· 
quency spectrum analyzers, is uncommon above a few 
hundred megahertz and due largely to the very con
servative IO-Hz FM spe·cification of the 7Ll3. 

Resolution is a significant feature of a spectrum 
analyzer. Fig. 4 illustrates a 1476-MHz carrier, ampli
tude modulated at 50-Hz rate with both sidebands 
distinctly resolved. Fig. 6 shows the same carrier modu
lated at a 400-Hz rate along with residual 180-Hz line· 
related modulation on the carrier source 60 dB down. 

The question of how long a given stable signal will 
r:emain on the display may be resolved by the drift 
specification. Just how well the 7Ll3 conforms to its 2 



kHz/ hr. drift specification is evident in Fig. 7. T.his 
time-lapse pbo.tograph •. made _at ~ourly interyals, re
vea.ls a total drift of 1 · kHz in 6 hours with 1.2 kHz 
occurring· in ~be :6.rsl :hour. . .. . . 

:i:\Jl.o( dtc fo:r.Cgoiogpe1fotmam:e features of the 7Ll3 
would lose 1iiuch of their· impa.t'-t if .the analyzer were 
not .tlighly unmui1e lQ in.tt.rmQduiation cllstortion. j( is 
this prppetty whic_h in large· part de.rcrmines whether 
the display 011 the analyzer is real, Recu~ing to .Fig. 5, 
one can .. tiee th.a.t, iu this 2~.tone ·test ;i:l 1555. MHz with 
500-Hz tone iU!paratfon, tlfere ~re rii> vis.ible 3rd-order 
intei:morlulation p1;ocll;tcl.$. 

ln general, it is i.nstrunieQ(.~ ·lik~- the 7Li!S whkh will 
ease the burden of 1i1aking c::ri~ic;il specn-al measure
men,L~. at high frequencies. AJ)d th.is ability will ser the· 
direction for future iinproveme.rits in corrununicatioil 
equipment perfonnani:e. 
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fig. +: 1476-MHz ca,ri!ier modulated at ~O Hz. Note foll pa
rameter readout. 
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Fig. 5. Two-tone test at J 5~5 MH:r. shows freedom froan di$
tortiou along with spectral purily and res<ilution filter shape. 

.Fig. 6. 1476-MHz c;ti'ricr 1-00% AM modu.latcd al a 400-Fb 
rate. 

f jg, 7. Time-lapse photo tak~n over a. 6-hour period shq>vs 
cxccllr.nt drift chamctcristics oI the 7Lt3. 

7 



WJ1en ~!1c 7000,S,erics 0 1l!oscopes were beigg 
con~ived anucb di.M:Jls'.'liOn cente-red· .prqurld .a 

R:heme to pre~nt. i lprotu)Jnte.ric infonnalie.n on · ch:e
CRT :llong wllh the w>J.vefo,tm. W~uld tlte beuefits 'de· 
rived justi!y the engji'lec?ring effbn 1•equfre<l? Wh'at. 
about the ac.lcted con.tb the r.u~to1il'er who didn~t n:eed 
or want re.l!_dout? T hese and r~Jated quc~trons con· 
sinncc;l·houn of <liscu~oo . 

T he q·uestion oP added <'Ott tor t~ n'bt needilig 
n:adoot was rutady rewlYed by pladng the blt!l tif thCo 
ie'adout circuitry on a single Jltihted· circuit board. 
Easily installed or remoyetl, reaclout t011ld he lncludcd 
a.t tbe time the in$Jfil,(U.t\Jlt w~is order~d. or .added later 
•tt: the cu$t,,omer's jlreferert<·e. ·Only time <:<m~.d ·ade· 
<J.uately an!wcr the qu<ll>tion of wtfethcr ~be .benC:fi't., 
w.o.uld justily the effort req'iaircil. 
How ltWOrk• 
Here, briefly, is_ hqw tbe -u:adi:.uH $~Jeu1 wQ{k;s. ·rhc 
system uses an Het.:troni1; tb;u~acter generating dr.cU:i't 
which timeshares r.hc CRT w.ith the·nom1al scope huic,~ 
lions. Th~ characters are fori:ned by a .series o( X atrd· l:/ 
analog currents dev~loped by Clraraner Geberatrng 

-The 5'4()lJ Q~ope Jcalur~ <fJO~MJ:i:z 
banclwitfth. pl(lg·i!J$· and' 'CRT READ
OUT. 

. l:G.-'s. a.set of ~().differcn~-<t'haroactenate provided, With 
the capability Lo add other-a as th~ need arises. lnduded 
are all.:of the numeral•, most of the alphabet in 11pP.er 

. ease; die ~ymbols, p, n~ µ.;tu: and other spedal $yt11bok. 

· To .. ~1mimize c<J4ing cmupl~~~Y a1' an':dog 004ing 
sd-letne wa~ developed frl wJ:tich data is entodttt h~' 
rnean's of ret'lstol'il and swittl~dasnfes. This data is· gCA· 
erated in the'~pl ug-i h "1>¥ con fie<:ti ng these rC$istol'S be
tween time-slot·· pu,l~ :l,!td data oµtpu t lines via t!te 
iJpprop.rinte s~ir;th. T he cc:gfing .$(·heme ind4<,!.es l\\!O 

channels f9r each plug•in so tha.t dllal tratc: amplifiers 
and deJayi_fl~/cdefay~ lime b~s 'tall be acconrmodat®. 
A ma~iml;iin of e.igJu wQrds ·can be displayed, corre· 
5pon.iling. to two cl1anncls for each-0f four plug-ins. The 
position of each weird o n the CRT is fotc<l and rela tf!d 
to· the plug-in Ironl wltich it c.onio. E;tcb channel will 
<lispl~y t.91.l,e wont having µp ~o tCJl ~racte~. The 

r clia.ra.clen ll l'e . normally wriuep without red~ndan t 

~p~ccs, f>ut s·paceih:an be f.'aJt6(1 for in the cO<!,e .if de· 
~ired. OJ_)ly those dl:ronels. in use hl\YC their rc:ac.tout 
<li&.p,t~oo. 

Some Benefit• ofR-.ctorJt' · 
~oy,; '\\<bat.: arc s01'r~c o1 the heffi:fiu affOTde<l. by CRT 
REAPOUT? To d19SC wbpse work 'Cn.tailed ph0to
$raphing· the wa,•e[otm a m:~jor benefit was immedi· 
ately apparent. The vettical ddlt tion factors and 
sweep ratesrotild lle-rec@rc.le~ r.ight _on the. film with the 
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<(lsplayed mve(onn. TiJis W.QYld. be a real convenience 
and tirne saver. 

Another rhajor be~fi.t was the reduc;tion o( Q~talOr 
error in making,mcasureu1en~. More than one pjece of 
research has had to~ redou~ 1~~-..use of fauhy data d1.1c 
to probe at~enuMion Ql' ui;t('alibr-ateQ lnob .llCttings 
going unnoticed. With. (.:itT REAQOUT; lhe ·$Cale 
factor at the probe·tip i11 autnmatically indicated when 
~he proper probe is used. An uncalibrated knoh :.euing 
is denoted by displaying. < ot > before the reading, 
e.g., <500mV. 

And Lhen came :.i nfajpr break;througb in oscillos<:~l1e 
ca.pability. Witb the introdtu:tron BC the 7014 plug-in 
tile o.'lciHoscope ·became a 500 MHi d igital counter'; 
tb~ CRT READOUT serving as tile di;tplay for the 
counter. An<l the oscill.o.scope/counter combination 
opened the d(}Or tO previpusly dlfficult Qr un.po~ible 
measurements. For example, i;electivcly·gated rouo.ter 
measureqients 1;ould uQw be made·e~Hy an.d a<:curately. 

Anolher digi'i;tl plugr.in a.clde<l digital volt.m~ter at!d 
tert)perature measuring capabili~jes. A digital <lcla)' 
plug-in provi~·a digita l . d~laying thn.e- base and the 
~biUty to delsy by a: scJe.ctetl number of events. Spec· 
ttuiµ ana,ly$is was inczfoded with reference level, dB/ div, 
frequency span, resoJution an<l Qther rallbrared param· 
eters all displayed by CRT READOUT. 

Ano.tber significant 111ea~urcmenl capability was in· 
trQCluccd with the Digital Processing Oscilloscope. This 
in.strument n~uriei; fhe osdllos<:ope to a compu~r or · 

The readout l11 th~ photo w1u Pr<r· 
~me4 l,iy th~ coit_lp,uter in u Digital 
.P•'OCeSSing O!ci.lloscope $YStem. The doth 
~le V indieates the wavhloru1 i• the ~
suU.a.nt of two. voltage signals multiplied 
togcth~r-. 

desk-top calc11Jator. Herc!, again, CRT READOUT 
plays a vital role in di~playing the parameten of the 
~iKJl itl dispfaycd OQ. the scr~n, whi.cll may t,ie- consider
.ably different from Jbe signal feet to the oscilloscope 
input. 

'Getting a'Word In 
lt didn't takeJongo fot cU:1toihers ~o voice a need for 
pu'tting thcir. own words i.n the rc;aclo1J.t-i0Jonnation 
like t.he date, t,C~! g_~q1ber or the eagh~r·s name. To 
acc.:onunodatc th.e!IC n.eedll a "typewriter" pl\lg-in was 
developed. The V.H!' l\e.ad.out Unit provides •• front? 
pa,r1el keyboard to. Write alpbanutn:ctics nnd a scleclion , 
<Jf symbofs. Two ten-character wo}\cls can be written on 
the CR 'T sc.:reen, one at the top and one at the bottom, 
in the position asSoci:ated wi-th the lit!lectetf plug-in slot. 

CRTREADOltt In a Low Cost Scope · 

Bec;au~e of it.s prove1'1. val11e, CltT READOUT is a-lso 
ill9l\1.C{¢d ill the new ~ Serjes, a line o( fow-cosr, .60 
M!H1., plu~i.n osciUpscopes. Herc again provision is 
·matle to insert tw<> l'en-cha1·acter wonts of your own 
choice in th.e te:tdout via a 25;j>ii1 conocctoJ' on the rear 
panel ot the sr.01>e. A'n optionaJ plug-in program bq~rQ 
m ake$ it easy to build )'Our own words. 
$1,1mmary 
CRT RJ::AJ).QUT has p'rovenrJa ·be much more 1.han 
.jwt a:. eon~enienc:e, it is the by chat opens lhe door Lo 
hew measurements for the osdl1oscope user. Just ·wbat 
the total benefits wiU ht! ren1ains .to Ile determined. 
W e're; still di11covcring new 9~ right..;slong. \!: 

'Tc~; ]anilal'}' 19;.3, ·•.\ i~w world or 1i11,:a~ufrnu:n1{C f1•t 'the 
'™=illo'$rope." 

This photo was d;lted a,nd ident.ified u 
Tl'st 6 mi'n,g the <:1Pi.i9.'#al :te;tdout pro· 
gramming board in the 54-0ll. 
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. i1t !OO·n.~ foncmenrii. arc ;1-vailahlc j;!l t:llis motle-, ·A 
helidial·conu·olletl ~oalog dday pfovides ~111 adJiti6iial 
0 ro 100 ns.of· dcfar'.prov idini,fil'in.e ·delay resolution. up 
LO .l'ns·. 

Ttw seconcl ;&10(.fe. Q~ 9pcn1 tion, De.Ja:y-by-Eveu ~s, J~ 
. the mode ·iy.c::'te most i.nterested Jr\ fqfdli.~ appliciittioh. 
Jii this tn9<le the 7DJ I col,IQts arbitrary U'igger events, 
·:and deli~ers an i>u.tput (n.o:tifies: .the delayed sw«p) 
wl~cil. the preiielccted mrnl:ber .9£e:vents is.re;rched. The 
unit um count events ftQtTI 1 l:Q' 10,0.00;,0QO qc;;cufrihg at 
r.a.tes up to 50 MHz, iUicl the e'9ents ~·n .l,)e per(~dic; 
;rpetfodic, and c;o):itai~ ·~nstai>ility si.li:.h as jifte.r and 
!frift. 

To idetermi·ne 'whe'o to .st.art· c.:ounting: tl:!e selected 
ntunber of C}ven_t:s, we need 'to p1·ovide a .l~lat~d ·· syn•. 
ch.1:oniz:uian pu1se to t~u.~ .Events Start Trigg:er inp~tt of 
the 7D J L !fhi~.GnUld be the 9rtgin pulse. or,, perhaps, a 
sector pu~ (rpm :the flex ible <li1lC,. (fepenilir~g. 9JJ the 
Jf!O-asme1ile·n L (b be made. 

No'iv lee's tale a look at spn\e- measuremeJits on the 
flexible d1sc sy11teQl. We wiUt>e "'wo:rili~g Witb J:h¢ · 1\fem~ 

.9rc~ ;G51 Ftt~·.xibl~ Dis~ [)rive. This sysi:em: uses a Hise 
'~peecf-0( >::::: 37S :aPl\f Depending on use.r requiremeh.~, 
the .da(a may be .organized oi1 the t.fodn ni:ult\ple rec• 
or& per trfick ·(sector) or si~gle recol'd (~' t.ta.ck (in· 
dee) format. There a11; 32.~c;; to.,rs aqd 6.4 U'acks on the 
~foe. Fig. I shows tJ'1e tf.>rmatf()r ·each·l\11ode.oi('lperation. 

. The clock riequeti:t..)' used is 250 ·kHz~ The clock is 
re.coxded on the tra.cik along with the data to peq11it 
accttrhle l'(' .. :ld'O.ut of data with vari(J_tiorr~ in d ise s.p-eed, 
Fig. 2 shows t.h,e r(!hitionshJp p~tjile~n the inde~ and 
se.c~or p11:h~s~ aritl L.l'.1e d90<. a:od litatitpulses. The READ 

J-1.ci ... -l 

r'JI"" ~ r·!-~ 
-----~ 

DATA J : Juoc:~J 

... Blrt~--it-OA~• IO!N:~::,::AA 'I I VAR~Lt 
··~' ,... ·-I --.u .... M)ll(·- - - - ---t- 1 •tt.l 

,-- - -:-- _ 180.0n.~H()M!~~~--------···---···-af 

Fiii. 1. Vorrnat.., for data organized for nmlliple record per ·tra·ck 
(s~ctor ): and 1i.ngle record per 1rack (iildcx.) .. · 

.. 

1~~~ ?~·"".HJ-4.• ... 
(ftiDEJ<----------' .... --~~-.... ~ 

li--·. -----'-~~ -l 
rig;. :!: ~a} Tim.in!!' rela.tioniliij> between the index and :sector 
pulses. · 

--jj--o.2 .. 
OLOOl<J. n n .... _ __.n~-~n·-~- -~L 
. . . f--~~j111- ~.>,... n•o ,..:o•..,. 

D.<\T.. ..._---~---•~--~~--
] A;O'" I 

Fig • . 2.: (b ) WRJT£ dat1il timing- and sl~al waveforms. 

head reads the combinetl t16ck aodl::lata pi.1 lseii record~! 
oi1 the di·st. The READ Jogic amp]#ies ai~d -stp<ttates 
thein inti:> t.wo outpms: separate<l elot.k ·s.ignars and 
S:e:p:m~ted da(a signals. · 

Sl9nJ1I Variations f'rom T~ack' to Track · 
One of the problem:Nmc.P.uritered in usfog. a cFsc is the 
change 111 amp,iitude of the :-s;.gual on the <lisc as you 
1liove fri>J:i'.l an Q.11te.r track r.o i!-11 inner U'iu.:k. Fig. 3 (a) 
i:s the signal from Trad 00. and ~ (I~) the ~ignal fron\ 
l '.rack 9:~. The bqnom wa:v.efotrii jr.i e;tdl j)Jioto is the 
aaalqg signal. fron) th~ READ b.eaCI; the:. toj) w:weform 
is the signal 1:.011.ven,e'd to a n~g-.u.ive-going TTL-c;om
patible pulse.· You ,.vm note th~ e.reri,ts :qouut is 1~47. 
This indiqttes w~ h:tve triggered die_RVENTS START 
from one set:lor pvlse and delayed 01,1t to pennit. us to 
·~fow tlic .srnrt of cL:1ta in the .nexc sec.tor. Themifrof the 
:dam to the left in .Fig. 3 (li} i8 <lue· to the fixed spacing 
between the WRITE and READ heads causing us ~<> 

·n:1iss more of the 136 bits l:ietwec1l the stan ,of the secto1· 
pulse and the start of cbca-as we mqve towatd t.l;ie centex 

-. 
- - ~--- -

2V 0001241 . 5C11S 

t.'ig. 3 (a) The lower tra:ce it ·ra,:v data from rhc.: READ head 
while. reading T rack : 00. Upper 1race is. ~ignal te!'.onMitu.tcd 
in 'l'TL·e<>mpatil>k format. · 
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Fit: 3 (I:!) S•11ie signal. iour~c u ip 
:.F~. 3(a)' .teal;! .fro~ T#,.ck 63. 

FIJ.: . .5. lri~. irit~r~l fram end ot 
dil~ in one- S!l(:Wr 'to f t.art ci.{ !l~t 
S';Ctor pulse is e:ui~ viewed with .Jhe 
7Dl.1, 

Fi~, 7. An event& oount of 104..0 talces 
us ~- the end oh1. sectot lb \'il:w .the. 
.B·b'it. m q b,e p~IM! roo~~g dat;J from 
the .llhift, regiater to the <ton1t>uter tct.· 
tninar. · 

_,;. 

Do-~ 
t,lll'1' . . A 

fluv . ... ... 

Fig. 4. :Setup ior making measure
ments dilplay«;d itr Figs. :.3 (a ) ·:ailc,\ 
S(b) . '"· 

Fig. 6~ Setup. foi: malling measure· 
·rnen;t. ~_is'playcd in 'Fig. 5. 

Fig. ·a .. Setup for making mcas1it¢
m~~ di~pJaycd in Fig. 7. 

of the di~;· The sC:(up to, ru<tke this measurement is 
shown in ·:Fig. 4. 

· . Anotpc:r point of irrter~s.t in.~the:,sys:~elll is the int~rval 
~fom eud of data to the s~art Jr tlie. Rei!-~ seq0~. This is 
shown" in Fig- 5. "The upper trace ~hows the data ending
'100 .. p.i .from the ·nart of the sweep. The lower ·t'i'a<:'e 
shows·the.11ext ~ctor pulse-staiti~g,;it~proximately 500 
f.S later. Thee,venlS count of Hl37 was·Sfflecte.q to-.placc 
the leadiQgedge of the sector pulse·con,venientiy on the 
verticaL-graticule line. Fig. 6 shows the 77o4A, setup for 
thiS measurement. 

The photo in Fig. 1 shows sot:ne· intcmtsting sets of 
signa_Js in the system. There arc JQ48:.data bits recorded 
per Se<;t-pJ. An e.ventn;ount o~ "fO{() w;is select.ed so we 
¥Quld view·t.he iast·data in the se('(or and cheek for the 
.~oh stfubi:Iig j>ulse that would. transfer the data (tom 
die shift register to the computer h~nninal. The. follow· 
ing ·8-bit str.oJ;je pulse transfer.s .the shift ~gister lo. the 
next cha.racier. }'ig. 8 ihews the setup for tt"!is display. 

12 

:SummarJ 
T'hese are· just n few examples of the use of the 7DJ I 
Digita.1 i)elay unit in ~nakfng measurerµ~!lts in a lfox· 
iple. qisc syStem. It pwvi(.ies .a conven·ient meam· o( 
lqcalilig a_nd' viewing any of the thousands,. dr in some 
cases, .tnillions of bits of data presentin the dist system. 

Oth'et d'igital plug·ins suth as ·the 7Dl·2' A/ D Con-
11erter and the 7Dl5 Dllivei:sal _Counter /'Ti1nei· -are also 
valualJle· aids in l1}aking acc~1rate. voltage and "timing 
measate:ments in a diS{: system. ~ 
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·Se.rvicescope 

r 
I 

r ·. 

1Servicing · t.he 4E»5 
portable oscilloscope 

T. he ~~st thiag:r.o_u ~eed .w kuow ·itl, servt~ing a. product_ is.· .how U: .. get. the 
cabinet off. This is less thal). OQVl.Ol)~ ui :mu~l1 of th~ packagmg ui>ed 

t(){!ay. Y.i.:m will fi:ri.d i.:t takes a. liule.longer to ),"eU'love, the ~6.5 cahlnet t,han 
you'.t:e :tctustQlilec<l tQ \vit~ t4e·453. But there's a good .rea:soµ. The 16.&·is six. 
pounds ligh~r tfoiti ilie .15.3A. And. pai·t of the weight rech,iction ls :.rcliieved 
by U.'>ing the·Cabinet.'to medkulically st.l'engthen I.be pa<.:kage; TMs b . accom· 
plisned by ~ending the ca6iriet~lightly beyond the rea.r panel of the instru
.m~lt. When the rear ring as.5em~ly; wi1.h the feet attached, is j.nsralled and 
dghtert~d do'\\'ll ii. ~9mp:te~ses the. cabi)~t and pulls ornhe main d1assis m.em· 
PeF, str~SS.i'r1g bqth o:t th:t:m. Th.I~ st.reS.8 atl<ls mength to the · pack.itg~. 

'l'he best pi:.occ<i:ure for r.elnO.viog: tb~ ... c;i.biitet is to 1)11t the front coyer in 
phKerset'the iiutrilinent ori d1e.froni: cover anchei11ove Lhe.si.x :screws holding 
the r.~ar iing assembJy. 'Fc;mr of't{l.e!)e .serve a~ niount~ng screws for. tlte rear 
feet. Th!! cabinet is then sl{c:l ol£. v.er'i~ally. :WM'n repfocing the· i:;~biiiet pn 

Fig. ! . The 465 1:abineot i.< .re
moved· h)• Jooscning six screws 
Oil. the rear pa!leL 
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earlier instruments, take care that the cabinet clears 
the components on the trigger-view board. In later 
instruments this circuitry is laid out on the trigger 
board. 

It wou~d be well at this point to make sure the in
struction manual you are using matches the instru
ment you are servicing. Tektronix has always followed 
the policy of modifying the circuitry to improve per
formance and reliability as the occasion arises. Modifi
cation information is added in the back of the manual 
to keep it current with the instruments being shipped. 

The Power Supplies 
When a problem area is not readily apparent from front 
panel indications, a good place to start troubleshooting 
is the power supply. · Temporarily:high line voltage 
sometimes causes the line fuse to blow . .Jn instruments 
below SN BOSOOOO, circuits powered from the +120 V 
supply are protected from high line voltage by Q54 
(Ql514 in some instruments). Should the line voltage 

exceed a given level, Q54 conducts placing a short 
across the transformer secondary and blowing the line 
fuse. When replacing the fuse you should use the speci: 
fied value to prevent damage to the circuits protected 
by Q54. If the line voltage in your facility tends to 
fluctuate in the upward direction you may set the line 
Range Selector Switch Bar to the high position. The 
front-panel low-line light will come on should the 
line voltage fall below the lower limit of the regulating 
range selected. 

Another problem you may encounter in the low
voltage supply is CR1512 shorting and taking out 
CI542. The cure for this is to remove CRI512. Do not 
discard this diode as it can be used in a modification to 
improve the high-voltage supply reliability. 

The high-voltage supply is often difficult for many 
of us to troubleshoot. Here are some hints on servicing 
these circuits in the 465. The first step is to isolate the 
problem area. There are three major areas of concern: 
the high-voltage oscillator and DC-error amplifier, the 
over-voltage protection circuit, and the secondary load 
including the CRT and the high-voltage multiplier. 
By disconnecting the appropriate circuit the high volt
age should come .up. Try the following sequence: 

14 

I. Remove the CRT socket - this eliminates the 
CRT. 

2. Disconnect CR1412-this eliminates the over-volt
age protection circuit. 

3. Remove Ql416 and place an 820 n to I kn resistor 
between the collector and emitter pins. This 
allows ~ 8 ma of tum-on bias current to start the 
oscillator. If this does nothing, replace Cl416 and 
CI419. (Cl419 should be replaced anytime the 
high-voltage Oscillator Q1418 is shorted.) 

If at this point the high-voltage reading at TP1423 is . """"\ 
~400 volts, the high-voltage multiplier is most likely 
defective. In newer instruments this can be quickly 
checked by lifting the dummy resistor that connects the 
multiplier ground. Arcing from this point to adjacent 
circuitry sometimes occurs when this ground strap is 
lifted. For earlier instruments you will have to remove 
the vertical preamp board and the multiplier cover to 
get to the high-voltage transformer and multiplier con-
nection. Lift the transfonner lead and CR1421 from 
the mounting post on the multiplier, connect them 
together and dress them away from the mounting post 
to prevent arcing across. If the negative high-voltage 
supply comes up now, the multiplier is defective. A de-
fective multiplier will also sometimes cause high-volt-
age fuse FI419 to blow. 

Another condition that can effect the high voltage is 
leakage in diodes CR1482, CR1483, CR1487 or CR1488. 
These are in the CRT grid bias supply and can tum 
the beam on hard or tum it off so you have no intensity. 
Another point to check is pin 12 on the CRT; this 
should be +150 V. Leakage in Cl427 may pull this 
point down in some instruments between SN BOBOOOO 
and Bl30000. 

Check to see whether Rl427, which parallels Cl427, -.._, 
has a zener diode in parallel with it. If not, your instru-
ment doesn't have the high-voltage reliability modifica-
tion and it should be installed. It consists of adding or 
changing just four components: 

I. CR1476 located near Q1474 should be replaced 
by CRI512 which you removed from the low
voltage supply. 

2. A 0.1 µ.F, 200 V capacitor should be added from the 
cathode of CR1476 to ground. 

3. A 180 V zener, Tektronix part number 152-0289-
00, should be paralleled with Rl427 with the 
cathode to ground. 

4. Lift the cathode end of CR1427 and add a 1.8 kn, 
~ W, 53 resistor between the cathode and the 
point to which it was soldered on the circuit board. 
This completes the modification. 

The Sweep Circuit 
The sweep circuit contains several feedback circuits 
and is difficult to troubleshoot unless you break the 
feedback loop. A convenient means of doing this is to 
pull the Disconnect Amplifier, Ql024. This causes 
one sweep to be generated and often provides a rapid 
clue as to what portion of the circuitry is in trouble. 

The horizontal amplifier circuitry is push-pull and 
can be checked by the usual method of shorting the 
two sides by means of a jumper. Another useful tech
nique is to swap transistors in each stage and see if 
the problem changes sides accordingly. 



r 

r · 

Fig. 2. A. P,Ortion pf the intedace iioiud showin~ locatwn ·i>f 
··the high .it2,ltage. invltlplier gro11nd ~µ-ap· a.JJd: 01hii1' cnmpo.nenu"' 

The Vertf~ AmpUfi:~r 
H·you have ot:casfou to servke several 4-05'8 yoit may 
riote 'tl1at stmie .11ll'itsbav1( an in'tegralie<l.circuit outtmt 
am;plifiet whil~ .:ot4crs use di~crete cqmponents. T lie 
front panel B-.EJ\M.JJND't.R cqn.trol pro.vides a i:apic} 
m,eans -0£ det~t:t~ng .rtoµqle in this circu.itt:}.'7 Pressin8 
the BEAM Fl'NI)'ER.. button sh~ul(I bring the. u:a:te bn
screen vel'~kaUy..:·If-it doesil~t~ look for ilie:probletli .in. 
.the output ampU;fier cird1itry. 

Moyitlg - ~o fhep.n~amp, one of the:.moi;-¢ elusive pr:oJ:· 
letD.S yo\l .·tnay e.rw.vu.:nt.er is art Lntcn;n~ttent cor,:r~~Gt . 
belween . t.nin.!iist!J(~ and theii' soc·k:er,s. ·What usua1iy 
happens, is. the· 'fraosistot' is p.ulled. ftoin the sOd.e.t, 
·tested a.ltd fo\md i:o he O.K. :wuen ilie transistor is 
put hack info th9 :i.oC.k<';.t; tbe pt<)ble'm disappears~ 
T)le. l)as.ic caus.c. s~e.m~ to l~~ a l;(!J)dcmcy 1,91 the :i;:oiu~c:;ts 
w· "wick .up" r.Os.in and, ~~kt~t du1fog the, autQrtll\.tiG 
'flow rolderi1igj>tocess, A th;mgc{has l~runade fri thitil· 
11fact\irin:g erottd.tit-e's to ovc.i·d:>mc this· tc~de:ncy._ ·;M 
.you su.spett that you have this: problem, you can <::leai:t 
the sock~t w~Jti J~opr9pyl, alcphol, using a wire t.9. 

lobscn tii~ r.osi.n iP.:si4e. A _c::nn.(il hajr hp,1:sh: wor.J.c.s i>est: 
·!Ji ~[>,plying .die i59pr<~pyl .and .a syJing~ iS'. b'a~<l)'. .for 
tilowirig out dit·t ·p artitlc.s. ·. · 

Another questioo often as'ke~ ls· Jjow .t_o get the trap- · 
Jils~r pairs used in the prca1.np!' .(>f!:JpeJlY. nwu~tecJ in 
their heat ~inks. The . e,1:s-i~st way .i$ to· fim .in~rt . the 
.mms.lsti>~ ill : th.cir sockcrs and then sliJ~ the l1eat .sJn.k 
·loosely Qver: theni. Next, extract the transistors ai1d 
. hea t. sink together by gripping the neat sink tirmiy wi'th 
a pa fr of 1>1iers, ·~n.d · p ui'ling. Continue to hold : firp1Jy 

whh the plie~s· whilt: tightenin-g tl~c screw in. ~f~e :peat 
l\ink. '.l' heu rcins<..'Tl. the .~rn1.lSls tQ1'S in ~.eir sQ<'.kets, 

While \Ve~,l'e in the pfoamj) area~ a1iothe1".ct)n:dition 
·son1etfo1es O(:flUS that appears to h~ drift ii:l the vertical 
a Hemm tor compensation. J n most c.l'ses this .results from 
t_he tedtn.ique used in making the adjm.trnmt. The 

F~,f. 3. Ai .P,OttiOI1 1'f ti:!~: µit.euiicti; board s~owins th~ Jij.g~
flioltage rellabili't)i :modi(i.$.tipn mstallcd; 

C()lllpcn.satiQn, C<\p;tci tots l~~ve .a spri.ng that ptoVides 
tension. Wheti uiak:mg the'·ad justrilent it wili help to · 
"rnc.k it in" to removl'the tarque portion ot ther~prfng 
tension. Ju~t overshoo.t the desireci setting· a little arid 
then bac;k o(f to. ~e p roper PP'iiit 
Mechanical Consldel'.8tiqn• 
0 -!l'ff.:of th~. t(niql,le coxµ~nents used "in the 465 is the. 
cam slvftcll d1:!Veloped by Tekttonjx. These are rel-· 
ativdy timillle-free out &c.asio1ially require deaning 
,o{ the c:pntac.ts, Jsoptopyl can be 1~ed for thi.s purpose. 
Here ag~ill you w:l.il fi:t1d a camel hai.r b!u,!jh handy. 
f>o not use :couon . swabs a.s . they are proue tu· sn~ .on 
cont<1ct.$,. dainaging- them:. 

Special rare i$ nee(led ·wfo~n. working on t~ ve.nical 
·;ittenua tor elm switd'tes. The polyphenylene oxicle 
boards are-> brittle -antl easil)t damaged by using t66 
much fol'C~ \Weit tight~ofog the screws h<>lding the cam 
switt,h. T wa fing!!_r~ «m die .scrcwdrive.r will proyi..fle 
.eno.qgii totqQe. Tlicsc, boards i~lso are easiiy ~ht1m.1~ll 
by heat. so wl1en s4.ldcring on them, uJJc a stn;tll ii'~!TI 
and _get on aild off tjuicl!.Ly; 

cre,nlng the ·~slrument 
T he saine p.roced.ute,~· and.materials used co dca.it other 
Tektronix ins.tr:u.rnents can he used foT the 465 . . For 
washing th.e ~~tii·e ins.tt.tn:'nen t a !l()lt(tio.n pf oQe part 
Ke{ite r;o twen.fy p;,ttts W<Jter can.be used. Fol' spot dean
ing-. eiipeti:ally iri' Jhe ;µ-ea qf the v~rrk:t) :tt~enua.tor 
boards, yol'l ·s11i1u:Ja use isoj>i·opylalcohoL Car bon-based 
solven L~ '"rn d~ma,ge the (}olyp:henylene oxide· billlr.ds . 
tJsc.d f0.r the <L(.tem,1ator~; Th.is is also· important to.keep 
in mind when nsing spr<1Y <..o<?,lalm in tbi~ area. '8 
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INSTRUMENTS FOR SALE 
!160 Indicator, 126 Power Supply with cab· 
inet, $145. Robert Kaplan, Ef>asco Services 
Inc., 2 Rector St., New York, NY 10006. 
(212) M4-4400. 

!117, (2) !121A's. Lindsay Acuff, Cleveland 
Electric Co., 557 Marietta St. l N .W., Atlanta, 
GA. llO!ll!I. (404) 524-8422. 

4!14 w /cart and accessories, unused. Roy Mad· 
ison, 1606 18th Ave., PO Box 1088, Tusca· 
loosa, AL !15.Wl. (205) M5·2990. 

45!1A MOD127C in mint condition. $1750. 
Charles Boster, Box 2!176, Apt. H-20!1, 6!15 
Baker St., Costa Mesa, CA 92626. (714) 
557-0792. 

45!1, three years old, $1250. Fred Lindsey, 
Vallejo, CA. After 5:00 PM. (707) 644-70!17. 
50!1, good condition. $200. Ray Lefebrve, 
Electrical Eng., Louisiana State Univ., Baton 
Rouge, LA 7080!1. (504) !188-5241. 

514D (7), 514AD, 51lAD,531 fair condition. 
Best offer. W. A. McConnell, Dutchess Com
munity College, Poughkeepsie, NY 12601. 
(914) 471-4500, Ext. 268. 

517, less power supply. Will trade for 5!10/ 
540 Series vertical plug-in. Dr. Shuster, Box 
Ul25, University of Conn., Storrs, Conn. 
06268. 

517A w/power supply, no cables. As is $1!15. 
Type B plug·in, 122 preamp,280 trigger. E.C. 
Fether, 871!1 Marble Dr.. El Paso, TX 
79904. (915) 755-0226. 

527 Waveform Monitor, MOD1!12. Thomas 
O'Brien, 2194 Coker Ave.. Charleston, SC 
2Ml2. (80!1) 556-8824 (home), (80!1) 792-
!IOllO (business) . 

5!11A, $400; 5!1!1, $450; B, $50; CA, $165. 
Exe. condition. Kurt Dinsmore, Box 67. 
Richardson, TX 75080. (214) 271-2431 or 
(214) 2!18·0591, evenings. 

54!1B, IA2 plug-in, good cond. $800 or best 
offer. Pat Young, (415) 654-6855. 

545A w/cart, 2 ea. Best offer. Neria Yomtou· 
bian, Master Specialties, 1640 Monrovia, 
Costa Mesa, CA 92627. (714) 642-2427, Ext. 
218. 

545A, RM !15A, IA!, CA and two ea. 54l's. 
Howard Baugh, Wyle Computer Products, 
Inc., 128 Maryland St., EI Segundo, CA. (21!1) 
678-4251. 

547, !Al, IA5, like new, best offer. Paul 
Fincik, Automation Sys •• Inc., 70!11 Mar· 
celle St., Paramount, CA 9072!1. (21!1) 6H-
5810. 

INSTRUMENTS FOR SALE 
549, IA!. Maurice Bruneau, Nashua Corp., 
44 Franklin St., Nashua, NH 0!1060. (603) 
88!1-7711, Ext. 506. 

549, $1000. Mike Surratt, OECO Corp., 712 
S.E. Hawthorne, Portland, OR 97214. (50!1) 
232-0161, Ext. !149. 

56IA/!IA75/2B67, like new. Jack Gerylo, 
5707 Santa Fe St., San Diego, CA 92109. 
(7H) 45!1-401 !I. 

661,5T4/4Sl, clean, like new. Want Collins 
30S linear or equiv. dollar value. Ed Val
entine, Top-0-Hill Rd., Wappingers Falls, 
NY 12590. (914) 297-3461. 

661/4Sl/5Tl, excellent cond. Sell or trade 
for real time scope around 10 MHz. George 
Capasso, 25 Quarry Dr., Wappingers Falls, 
NY 12590. (914) 297-75!18. 

3S7, !IT7 TDR plug-ins, never used. $950. 
Art Eberle, Columbia Gas Systems, 1600 
Dublin Rd., Columbus, OH 4!1212. (614) 
486-3681, Ext. 461. 

2867 and 3A74 to trade for !IB' or !IB4 and 
3A6. H. L. Beazell, 104 Key West Dr., Char
lottesville, VA 22901. 

202-2 Cart, $100; E Plug-in, $60. Neil Per
ing, 2803 Kipling, Palo Alto, CA (415) 321-
2714 or Walt Sonnenstuhl, 41 Moraga Way, 
Orinda, CA 9456!1. 

C-31 Camera, excellent condition. Reason· 
able. Mr. Sinclair, 160 E. 84th St., N.Y., NY 
10028. (516) 2!14·0200 (days); (212) 861-
9862 (evenings) . 

549 w /IA!. Bob Schmidhammer, Metric 
Data System, Rochester, NY. (716) 325-6550. 

515, good condition, $300. Hal Greenlee, 430 
Island Beach Blvd., Merritt Island, FL 
!12952. (305) 853-9991 (business), 636-0805, 
(home). 

R5103N/DI2, three 5A24N's. Almost new. 
Best offer. Maurice Asa, Box 2947, Rock. 
ridge Station, Oakland, CA 94618. (415) 
654-2665. 

2601, 26Al, 26A2, 26G3. John Foster, N/J 
Electronics, P.O. Box 577, Laramie, WY 
82071. 

211 (15) . Richard Strickler, Storage Tech· 
nology Corp., 2270 S. 88th St., Louisville, CO 
80027. (!103) 666-6581. 

TELEQUIPMENT DM64, new. $1.000 or 
best offer. Alpha Labs, Inc., 2115 No. Piedras, 
El Paso, TX 79930. (915) 566-2927. 

INSTRUMENTS FOR SALE 
.~ 

C-27R Camera, Polaroid roll film back and \..._) 
bezel. Good condition. $!175. (20!1) 848-
8614 after 7:00 P.M. 

546 (2), like new, $1250 ea.; 54!1 w/CA, 
$750. Consider good cash offer. Ivan Sund
strom, 695 E: 4llrd, Eugene, OR 97405. (503) 
686-2!180 evenings, weekends. 

5'$1A /CA/ D. Wayne Siebern, St. Joseph 
Power &: Light, 520 Francis, St. Joseph, MO. 
(816) 238-0025. 

516, excellent condition. $500. Dave Fried
man. (21!1) 8!17-ll089. 

564B w/2B67, 3A6, scope cart and C.27 
Camera, new. Also 585A with 55/54G and 
scope cart. 661 w/4Sl and 5Tl and scope 
cart. Exrellent condition. Chemistry Dept., 
Univ. of Bridgeport. (20!1) 384-0711, Ext. 
'$82. 
(5) 5103's. $450 ea. or best offer. Also (5) 

5BlON's, (!I) 5Al8N's and (1) 5A2IN. Jon 
Orloff, Elektros Inc .. 10500 S.W. Cascade br., 
Tigard, OR 9722!1. (50!1) 620-28!!0. 

INSTRUMENTS WANTED 
160 Power Supply in working condition. 
Prof. Winthrop Smith, U46 University· of 
Connecticut, Storrs, CT. (205) 4864918. 
321A. Marvin Loftness, 115 W. 20th, Olym· 
pia, WA 98501. (206) 357-8536. 

422, 465 or any portable scope. H. 0. Van 
Zandt, 18 Chandelle Dr., Hampshire, IL ,,-._. 
60140. (312) 68!1-3690. ) 

453 or 454. S. L. Shannon, G.T.W.R.R. 
Radio Shop, 105 Hampton, Battle Creek, 
Ml 49016. 

520 or 520A. Al Dodds, Applied Video Elec
tronioi, Inc., P.O. Box 25, Brunswick, OH 
44212. (216) 225-4443. 

555 with time bases, C-12 or C-27 Cameras. 
A. C. Smith, Jr., High Voltage Lab., Cornell 
Univ., 909 Mitchell St., Ithaca, NY 14850. 

2-2A60's. Darwin Carner, General Electric, 
3001 E. Lake Rd., Erie, PA 16501. (814) 
455-5466, Ext. 2635. 

2A63. Roy Schreffler, BOx 551, Knox, PA 
16232. 

Plug-in vertical amplifiers for TELEQUIP
MENT D4!1 scope. Wm. A. Richards, 46 
Alderwood Lane, Rochester, NY H615. 

TELEQUIPMENT D67, D85. 453 or 422. 
Also !IB!I plug-in. Hal Greenlee, 4ll0 Island 
Beach Blvd., Merritt Island, FL !12952. (ll05) 
SM-9991 (business) , 6!16-0805 (home) . 

A-2923 

... __ .,. 




