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FORMANCE

ANALYZER

PART THREE

ROBERT R. CORDELL

in Parls | and Il the theory and opera-
lion of all of the THD analyzer circuits
were coverad. We will now procesd with
construction, adjusiment., and teoub-
leshooting. N goes without saying thal a
thorough undarstanding of Pans | and i
will help immeansely in ircubfeshaating.

Circult Board Assembly

Assembly of the three printed wiring
boards should be quite straightforward if
ihe componen! placement diagrams ara
Iollowed carelully, Load ali of the 1G
sockels lirst (socketing is sfrongly rec-
ommended); his will make i1 agsier (o
ientify locations ol other components,
Mote that pin #1 of all ICs faces in the
same dirgclicn axcept for IC3E. Meaxi
ivad the of-boasd connection @rminals
("E&" connections denofed by large do-
nut lands an p.g. cards), incleding thase
lor the power-supply l2ads. Any suitable
terrranals may be used here, but Yeclor
Type T-18 tarminals are @ good choice,
The boards come drilled wish 0.042-ifch
holes at thase locations for maximirm

CISION resisiors; many different codes ex.
15 for the latter. || vou have any doubl,
use an ohmmeiar, Mote that (e two
dipge strings on CP2 (DE-8, 9-11} are
gach prewired and ireated as a single
comganent. Fnor (o installing FETs 1,
a5, and OB, it is a gead idea to measyre
and record their pinch-off vollage W)
with the simple cirguit of Fig. 24, Knowd-
edge of the pinch-off vollage will permii
the best adjustrmenis 1o be made, Lise of
22-gauge. insulalad, solid wire is QK for
the long insulated jumpers. bote ihat
gach of 1hese |Jumpers connactks bwo
poinis on the board labelled with the
same letter of the alphabet

Complete circut board assembly by
mstaling all 1Cs in their sockels, laking
care 10 awold bent pins, which can
somelimes be hard io detect. Again,
note thal pin #F1 of all ICs faces in ke
same direction excep! for ISR

Circuit Board Bench Test
Hecausa this is a fairly complex con-

{ERTIVITT

IMFLY

LS DR T

PR
CviTCerony

LES

flexibility, but will have to be redriled to
1 /16-inch for the T-18 terminals.

Mow load all resistors, diodes, bare
UMEErs. capacilers, transisiors, and in-
sulated jumpers — in that order. Take
spacial care o waich polarity on diodes
and pofarized capacitors. An elongatad
pad on the p.¢. card denotes the nenga-
live terminal of mast capacitors and the
cathode of all diodes. Also take special
care in reading the color code on carbon

siruchion  praect which also  invalves
considerable chassis wiring., il 18 steonaly
recommended Ihat most of ihe alactrioal
testing. troublashooting and adjustment
of the three circuil boards be dane ane
at a time an tha bench. This will virually
guaraniee success upon final assembly.
Before proceeding furthar, aive each
of the boards a fhorough visual inspec-
bion, checking for incorrect colartizs or

values, cold solder jeints, solder bridges
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or other shorls, imprager IG inserion ar

plagament, missing  components  or
jumpers, etc, This slep should nol be
hypassad.

A 215V regulated power supphy witl
be raquired for bench tasting. N you
don't have oneg, you may wish 1o assam-
tbilg the analyzer's pawer supply modle
rec and use it

Signal Source

Prepare OP1 for bench festing by
soldenng 0.022-pF & 10% polyester
capacitors from terminal EZ to E3 and
romt £E4 to ES. Coonect 3.8-kilghrn
resistors from E1 10 E2 and from ES 10
E4. Conract a 2. 7-kilohm resistor from
E5 to EG. Strap ES to E9. Conned) a
0. 1-pF pofyestar capaciter from E7 L
graund. Camtar the trimmer pot. Connadt
248V 10 The power supply lermingis
[cheerve polanilyly. Connecl & scoga o
ES.

I all is weil, you should see 4.5V o-p
ginusaid a1 abkaut 2 kHz on the scope. In
ary case, if s wige al this polnt o oheck
alt imporianl d.c. vollages. Table t pro-
vides & lishng of all key d.o. vallages as
actually measured in ths  prododypa.
"BO3 means the base of O3, GO
maans he gale of O, 457 mezns he
inverfing ingal of IZ1, DICt means he
outpu of 101, K21-8 means pin B of 15,
eto, Walues indicaled by an asterisk may
dapend on the inpul sionad, adjustmant
ar somathing similar, and they may nol
be close to those listed under canain
cortdiians. AlF values assumes 3 slaady-
slate condiicn. A voltmeler wilh a 1
megabm ¢ grealer nput impedance
should be used. Ha very careful o avdid
charting adjacent pins on 105 when
praking fespacially gin 6 on the 318s)
When possible, chp to a resistor con-
nesied o the desited point insiead.
When prabimg cefain sensilive poinks
(like e irvering inoul of an op-armg), i
may be necassary 1o isolate the malar
proba with & 10-kilohm regiglor o pre-
vanl high-Tregquency cscillations.

& check of the key vollagas lar CF1
should reveal any problems al This peant
and aid in finding e causs, | is worth
noting fhat the inverting and non-ineest-
ing inpuls of an op-amp properly operal-
ing with negalive feadBack shoukd never
differ by mare than a few millvolis. 1 a
greater ditfference is ohservad, 1hara arg
fhrea possibilities: First, the stage may
ba ovar-driven by the inped, which may

point o trogble further back in the chain.
The second is a bad (or unpoweraed} op-
amg. This iz ganerally the case if the po-
larity of 1he input differantial is ol con-
sistent with the cuipul polanty, IF this -
curs, e oulpul of 1he op-amg is usuglly
saturated near one power supply rail, B
the output is zero, 3 shaort from oudpul o
graund may be present. The inird possi-
bility i a faull in the associatad inpul or
ieedback circuiiry. in 1his casa, the po-
tarity of tha input differeniial will De con-
gasten! with the oulput polarty. [0 any
case, roubleshooting complex circuits
inoiving many possible inleractions re-
quires carg, thought, and patience. The
key liet in saparaling cause and eflect.
COften a particidar partion of the cirgui
can be made to ook fauity by a problam
elsewhie e

i the signak a1 ES is lange and clippsd.
and e gale valtage ol 31 is strongly
negalive, the faul is probably associatad
with the mualiphar circuit #C3). 1 1he gate
vollage is abowt +0.5Y. the problem lkes
with the a.g.c. control circuit (H26.7) ar
ha a.g.c. delector ¢22-041 In this case
a large positive level dgrealer than
+2. 8V a1 ET poinis 1o the K67 circui-
Iy, A o lavel fess Than 1Y) poinds o
ha detactar circuitry.

If the signal at ES is zero and the gale
vidtage of Ot is sirongly negative, 1he
problem hes with the 16,7 ciecuilny. If
e gate voltage of 91 i3 abous +0.5Y.
comathing s wiong with the osciblator
praper {IC1,2, 4],

An unsiable or varving lavel indates
a prablern with the K267 circuitry irmedly-
ing ag.e. loop siability, Chask HIL
R15, R16G, R17. CG and the capacilcs
connectad 1o EY.

Mow check the main aulpu a1 E11. 1
should be three times as greal ag (hat at
ES f the oulpul amplifier i operating
properly.

Azplace the resistars rom E71 o E2
and E3 to E4 wilh 38-kilohm resstors.
The frequency showld drop o about 200
Hz. ©Observe ihe lull-wave rectifier
sawlooth waveform at pin 6 of 106
hake zure the signat is full-wava and not
half-wave; the |stter indicates trouble in-
wiibang IG5, O3 or 04, Adjust B24 for
perfect symmetry, &, 50 hat adjacent
peaks are of squal tevel. Incomrect and
corract adjustments of R24 are iilusiral-
ad by the ‘scope phalos in Figs. 25 and
26,

RAeplace the capasitors at CikM) and
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Fra. 24 ~— Tesl orgu for megsunng J-
FET puch-cff wallage.

ey, 28 e MUsieakion of incoerest
adusimant of RZ4 . Bollor freos s fom
N & af [T, (Saale: 0 2 VWad )

Fig. 26 — fitpstraron of carnect
adjusimend of R24, Batharn frace /s ko
pire G ot 124, rSoate: G2 VAdiv)
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sensiivity ranga. All valtages are in
millivalts unless otherwise noted.
The asterisk () denotes voltages

and may even have the opposila sign
N some cases.

CP1 CP2-A CP2-B CP3-A CP3-B
Ot +2.9 FICH -34 EtS ~53 QOIC25 +2.5 E29 ~10
QG2 +0.8 A -1014 QK17 =521 IC26-1 =7 &Y CHC31 -14d
+I53 +0.1 +IC10 -2 +ICHE -15.3 IC26-2 8.2V E35 -14
QI3 =43 CIC10 +1.2 DIC1E -153 IC26-3 ~8_ 2V E36 -0.5
QIcd +1.0 OIC1Y +1.2 QIc19 +5.0 G264 ~7 BY E38 +0.1
DICS -6 +iC12 0.0 IC20-1 «7.532Y G265 =14 OV E4D +13.6
BO3 +&0.2 CACT12 4.3 IC20-2 =815V ICE6-6 + 5.6V G35 +110
EQ3 +2.2V CRCA3 0.8 Ho20-3 -5, 19Y IC26-10 =2 2 QIC3s 0.0
ET +2.2V OCE4 -5.6 Po20-5 13 9% [C26-12 +5.6Y CHCAT +1.7%°
IGE-6 +13 QIS5 -27.5 2012 +8 59V MC27-5 +1.3V 238-3 +3.3y
! Eg =2.5\v" E2z2 -2V OS2 +392 IC27-7 0.0° IC38-6 -3 5Y
GO -2.5V° E23 -1.8Y" 2212 w5 3V QIC28 +7.2 382 -2 1"
E32 +102 IC28-10 =10.4 IZ38-13 ~12 .1V
A0S +450 E28-12 +5.6 IC38-14 413 3w
E3t +4£8° IC30-5 +1.4 E47 +12.8V
Table 1 — Key d.c. voliages a3 mea- which depend strongly on oparating
sured in complated prototype ana- conditions, FET plnch-off voltages,
Iyzer oparating at 1 kHz with 1V rms etc. Keep in mind that many voltages
input on the 3V input range, reading may depend significantly an ep-amp
0.0005% distortion on the 0.003% input offzet voltage or blag currant,

CiLN] with 0.22 uF, *10% pohiester
capecitors. Connect a 1.0-pF palyesiar
capacitor from EV to ground. The fra-

i guency should now be about 20 Hz, the

lewvel should be the same as before, and
a stable fevel should o realizad within
15 zeconds after povear is applied

Input Amplifier
And Bandpass Filters (CP2)

Frepare CP2 for bench testing by
connecting 0.028-pF, £10% polvasier
capacitors frem E17 1o E18 and E20 o
E21. Connect 3.9-kilohm resisiors frarm
E16 10 E17 and E19 1o E20. Ground
E14, E15, E22 and E23. Connect =+
15V (o the supply terminals, caredulby
obsenving polariky.

Check all d.c. vollages for this cirgui-
iry (Fig. 12}in Table 1. Pay less atiention
io those with asterisks. if problems are
found, they should be correcled nowy,
Apply 1% rms at 2 kHz o E1.2 and check
for & 3V rms oulput 8t E13. Apply the
same signal to the bandpass filler inpit
al E15. Qbserve the signal at EX18. I
should exhibit & bandpazs characienstic
centered at aboui 2 kHz as the input fre-
quency is varied. Set the frequensy for
makumum outpot, Adjust BG2 for a tewvel
ol 1.15Y mns af E18. Adjust R59 for a

canter freguency of 2 kHz and refrim
RG2,

Observe the signal at pin 6 of IG14_ It
should be approxirmately 1.0% p-p and
in-phase with that at E18, Tempaorarily
remove the shor frem EZ2 to ground
and connect E22 o ~13Y. The signal a
pin & should now be about 1.0% p-p and
inveried from that at E19. Pepeat this
procedure for pin G of IC16 wilh phase
checked relative to that of EZ1 and
changing ‘the wvollage on E23 from
ground fo =15V, The resulls should be
about 1ha same. If either of thesa proce-
duras reveals a problemn, ane of he mul-
lipliers (1G4, Q5 or IC16, Q6) should be
suspeciaed, Mole that changing the voli-
age on EZZ should slightly allect the
cantes frequency {about £1.6%), while
thanging {hat on E23 should only slight-
Iy affect the amplilude at E18 {abaut +
3.5%). Check for acoul 30mY rms at
E24.

Product Amplifiers And

Auto-Set Level Clrcults (CP2)
Connect a 10-kifohm resisior fram

E27 to E28 amnd an 32-kilohm resstor

from E26 to EZB, and check the dg

vollages for this circuilry (Fig. 13) in

Table 1. Voliage measurements aj the

e

pins of F220 and IC22 showld be made
through a 10-kilchm isolating resistor at
the end of the meter praBe 19 prevent
gecllations

With the 1% rms, 2-kHz signal still ap-
plied to E13, sweap the frequency and
ocbserve the oulpul a1 E2Z6. A noich
should be observed a1 the center ire-
quancy of tha bandpass filter. Try o ad-
just the generator frequency and the sgl- §
ling of AG2 for a deep notch {ess than
10mY rms). It AE2 doesn’t have enough
range, connect E23 to -15Y instead of
ground and iy 20sin. Mow offset the
gangratar frequency o obtain a8 100my
rms Sl & £26. Ground EZ25 and ob-
garve a level of 1.0% rms at EZG. Re-
mpve the ground a1 E25. Check pin & of
G189 for a level of 100mV rms,

Mow check the aufo-gal level circuitny,
& level of about 1.4V rmg shauld appear

! at ihe cutpul of the referance VoA (E32),

independant of input lavel over & 1.
gB range. Al the norminal 1Y rms input
level, E31 should be at about OV d.c.

| while plus and minus 10-d8 input levels
{ should result in approximatety minus and

plus 3V respectivaly at E31, Recovery io
nominal output freen a 20-08 drop in ine
put level should 1ake atout 10 seconds.
i the level is 1oo large and E31 is strong-
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Iy negatve, the circuitny associalad with
IC2% and IC23 is probably faully. I E31
i% sirongly positive, the cirouilry asgocial-
ed with B5 and 1224 should b2 suspact-
gd, I the fevel iz 100 low. the oppasita
p¥arities al £31 will point to ihe probiem
araas anvg,

Check the distortion produs? output 8t
E29. A tevel of 100mY rms should be
chearved, independent of ingul laval war-
ialions ovar a £10-dB range abaul 1V
rens. This assumes thal there is sl
100mY rms at pin € of 1IC19 whan fhe
inpt leved is 1Y rms.

Auto-Tune Circuits (CP3)

Prepare this porian of CP3 (including
IS31, Fig. 18) for bench testing by con-
nacling a 10-kilohm resistor frorm E29 to
greund. Center tnmmers R133 and
R157. Connect £15Y to the supgpdy tar-
rminals of CP3 {obsanving polarly) and
check the releverd d.¢. valtages in Table
1. Vollage measuramenls to the ping of
IC26 and EC29 should ke made through
a 10-kilohm isolating resistor. By offsat.
ting R135 or R157, it should be passiblo
o gl the respective infegrator oulpuls at
E23 and E22 to drift slowdy in 2 Hosiliva
or negalive diregtion balwean approxi-
mately -1 2% and +0,3V.

Apply 100mY s ab 2 kHz 1o E25
and cbeerve the same signal at gin & of
IC31.. Observe a samewhal soflly
clippad 1.5V p-p version &l the signaf at
pn & of [C25. Brigly shat E33 to
ground and observa a 1V rms level &t
pin & of IC31 and a 2.5V p-p roundsd
sguare wave al pin 6 of 025, Apply
100mY rm3s at 2 kHz o E21 and ob-
serve a 3offly clipped 0.BY o-p leval at
pin 6 of ICZ8. Increase the inpul level 10
1% rms and observe & bard clippad 1.0V
pro signal &t pirn & of IC28.

Further bench tasting of CP3 requires
the use of CP2, It any prabigms remain
an CP2, corract therm now before pro-
ceading. Prepare CP3 by making inter-
connections £21, E2% and E32 from
CPZ 1o CP3. Remova the existing con-
neclions a1 E22 and E23 on CP2 and
make interesnnections E22 and E23
fram CP3 o CP2 Canter K135 and
R157. I iz agsumad [hat EZ3 is open
and that the allanualor beteasn E26
and E28 is still in plage.

With the 1Y Mg, approximately
2-kHz snal applied at E15 as pravi-
ously, check gin B of IC25 for a 3V pp
rounded sguarg wava I e evel is very

Fig. 27 — Intenor of the 115 power
aupply module. A loroudal powar
transiormer was glihzed n tha aroiohine .
fo FinMETE (.

srevall, 1he analyzer may have tunad -
gelf, In his case, changing the frequean-
oy by about 104% 5o that it is well out of
the funing range should vield the square
wave, Also check for 3 1V pp sauare
wave at pir 6 of IC28.

Adjust the input frequency for a mine-
mal oulpul &t E28 and measurs tha d.c.
voltage at E22. 52t he inpul frequency
to yield a vollage &qual o one-hall the
pinch-off voltage messured for 05 {35V
il you didn't meagurs ity Mow adiust HE2
lor a d.c. voltage equal 1o ana-hall the
pinch-off voltage of 08 at E23. A com-
plate null of the fundamental shouid now
be present 2t E29, with only distorion
anid noise visibie,

tow place & 100-40-1 attenuator be-
tween E28 on CP2 and EZ29 on CH3: a
100-kilohm seres resistor and a 1-kil-
gt shipnt resdstor (o grownd will go. Al
ternalely adjust R135 and R157 for tha
beat possiple fundamantal null as ob-
gernyed at E29 on P2, These adjust-
ments should be made siowly, as the
tima censtanis in the zule-funs coninod
circuils are long.

Fiitar, Mater
And Status Circuits

Strap £35 o E36 and E40 o E41,
Connect a t0-kilohm rasistor from £34
ta ground. Connect a t-kilohm shun
resisior from E42 to grownd Center
R180 and R192. Apply powar and
chack the retevent vollages in Table 1.

apply a 300mY rms, 2-kHz signal to
Edd. Chack for 300mY rms levels a1 fin
& of IC2 32 and 33. Adjust A180 for
about 100 sms at pin 6 of #5234 and
1Y rms 2k pin 6 of 1235, Drop the input
level al E34 10 30mY rms and short £35
1o ground . Qbsegve acoul 100mY s al
pin B of K234 and W rms at pin 6 of
I35, Check for 1.4YW p-p half-waes rec-
tiliad signals at the anode of D22 (nega-
tive-golng} and he cathode of D23 (pasi-
tive-gaingl. Check for B posifive dG.
level of abowt 1.1 a1t E42,

Remave e sirag from E40 o E41
and place a sirap from E24 an P2 1o
Edi. Apply a8 3V ms, 2-kHz signal o
E15 ¢n CPZ and check for 1 rms at pin
G of I035. Adjust B192 fora + 1.1V o
leval at B4 2.

Check 1ha siatus circuils by connest-
ing Fowr LED= from  terminals E43
thiowgh E46 1w +15Y. Ramowe the
strap from E24 o E41 and replace the
strap from E40 to E41, Reconnect E29
an GP2 direcily to E22 on CP3. Connect
a 1V rms 2-kHz signel t¢ E15 on OP2.
B8 and D27 should be extinguishad,
while D24 or D25 showld light if e input
frequency is tuned above of below he
uning fange respeciively. They should
boin be exinguished # a good nolch is
paing observed at E29, Drop e inpat
teval 1o .25V rms; D27 should light
Raise the input level o 4V rms; D26
sheuld tight.

Bench testing of fhe circuit boards is
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Fig. 28 —- derior view of the ot
attenualor mioduie,

now complete. f any probltams surlace
after final assembly, they are probably
not on the gircuit boards.

Chassla Assembly

The lirst step in chassis agssembly is to
build the power suppdy madula. It s Built
inside a 2% by 3 by 5% inch aluminum
ulifity box. This affords some shiglding
against G0-Hz bum. Conventional poing-
to-point wiring is used, employving & per-
forated board for component moynting.
The voltage regulator 1ICs shouwld be bolt-
ad 19 ane wall of he enclosure and insu-
lalad with mica washers, Make sure that
metal burrs don’t cause shorts betwaen
ihe enclosure and 1he s, The power
supply module i balted 1o the rear of the
analyzer encioswe, with the line cord
passing Ihrough Both the power supply
and the notched-out analyzer cowver,
Power leads and switch winng pass to
the interior of the analyzer theough 3
grommat i he power-supply enclosure,
A polarized line gard is recommandad 1o
guararea thal the power switch is al-
ways an the naulral side of the a.c. line
&0 a5 0 minimize hum, The powar
transtormer should be mounted in the
madula 5o that it is at the extremea right-
rear of the analyzer, far away from CP1
and CP2, A pholocaraph of the power
supply is shown in Fig, 27,

Although tha choice of the power
transformer is nod chtical, wse of & torroi-
dai dasign [as shown) will assure low in-
duced hum. The AvekLindberg 40/
3004 used here is availzble from Sager

Eiectrical Supply Co., 60 Basearch Rd..
Hingbham, Mass., 02043 at a cost of
abowt 524.00. In any case, the input
voltage 1o the regulators under the full
analyzer lgad should not be less than
18Y {including ripple dips) nor greater
than 35V, | necessary. adjust R211 and
R212, The 40,/3004 transiormer does
nel have much extra currant capacity, so

"be particularly observant of regulatos

headroom in this case.

The three circuit boards should be
mounted on H-inch threaded 5-32 stan-
doffz and placed as shown in Fig, 4 {Part
foJuly iggue). GP1 is placed s that 1C1
i closest to the fronl panel. CPZ is
placed so 1hai IC9 is closest 1o the from
panel. CP3 i3 placed =so that 138 is
closest to the front panel. Make sl of 1he
power-sunply connecticns and then the
connections between CP2 and CP3. Cir-
cuit board power and ground should be
digribuied on a singla-point basis from a
termirnal strip mounted near the input
jack (J3).

Two types o! shiclded cable were
used in this project, low-capacitance mi-
crophane cable (34pF i) and high-ca-
pacitance mindalure cable {124pF /A1),
Unlesz specified, the minature cabde
can be uvsed, Lse a shiglded cable for
the E29 interconnection (shield graund-
ed only at E30).

Mow mount and infercornect all of the
remaining front panel nems except the
range and frequency swilches (51 and
Z3). The resistors residing on fhe output
level, inpul level, and sensitivity switches

(E2, 54 and 55} should ba wired onto
1he swilches pricr 10 mounting of {he
swilches,

Level control R30 showld be connect-
ed o EQ through a shialdad cable, The
shield should connect 1o E10 and fhe
CEW end of R30. The oulpul atlenustor
[52) should receive iis ground directly
fram he single-point ground. R205 will
gitimataly be suspended beiwesn S2C
and 516

As mentioned earliar, the inpul atten-
vator showld be mounted in a gmall,
shieided enclosure as shown in Fig, 28.
Lize shiglded cable from the inpul jack
and single-point ground 1o the alieriua-
{ar. Faur ferite beads are placed an the
lead from C21 1o 54 for improved 4.0,
immunity, Connect the culgul of the at-
fenuator 1o E15 on CP2 wath low-capaci-
fance shielded cable. Nole fhat {he
shield supplies ground 1o the sacondary
single-gaint ground (E14) on CP2.

Seleclion of the attenualor frequency-
compensalion capacitors (shown dotted
ir Fig, 12} will require experimeniation,
as the reguired values and aven iopalo-
gy {series vs. shunt connaction) will de-
pend on parlicular parasitics. The bes)
approach i 12 do the compensation ba-
fare ingtalling the module, using he as-
wal required lengih of low-capaciance
cabde at he oulpul looking inte a 100-
kilohrm low-capacitance load (or a 100-
kilghrn,  100-t0-1  resistive  attanuator).
LUse an audio generglar snd an audio
a.c. voltmetar or asailloscope 1o achieve
a flar frequency response on all ranges
with the module’s cover in place.

High-capacilance shielded cable is
recaxmmended for conneclion of the san-
Sitivity swilch (S5A) to E28. Mote that the
anenuator recaivas ils ground from E2T
via tha shigld, The “hat” ends of RI0
and K94 on S5A can be connected o a
nearty unused switch posifion.

If you have chosen o implement he
ample feeed-product filters of Fig. 19 in-
stead of he fracking fifters, wire tham
now, LIse shielded cabde for fhe connec-
fions to E29 (on CPZ), E34, E35, E36
and E38. The filter ground connection
should come via the shigld of the cable
going to E34, which shield can be con-
nected at E3Y. The shield of the cable
going 1o E29 should be connected anly
at E30 on CP2. The 510-pF capacilor in
Fig. 13 should be made smaller by the
amount of the cable capaciance in par-
allal waith it
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Intermediate Chack-Out
Al this point, prior 1o the wiing of the
range  and [requency  Swiches, a
micderately iharcugh chack-cul of the
anahyzer is recommended. This can b
done if the lemporary funing capaciors
and resisiors ingtalied for bench f2shing
have been lef on the boards. Wa as
sume harg fhat the capaciors in place
arg 0.022 wF and thal the resisiors are
7.4 kilghm. The 0.1-pF capacitor frem
E7 to ground and the 2. 7-kilohm resislor
iram E5 1o EG an CP1 shauld also be in
place. If you have chosen 1o implemsan
ihe tracking praduct filters, strap E22 Lo
E34 and E35 to E36. Connectl the
gource output (J2) 1o 1he analyzer inpul
(3
The analyzer can now be put frough
a full set of paces &t 2 kHz. Mote 1hat
yau may have o adjust RS9 and por-
haps AGEZ ta get a null and have raasan-
ahle FET control volages at E22 and
E23 [say, -1 w0 -4V]. Aleo check ha 05
cillator 2.g.c. FET agate woltags at B8
Check all functions of the analyzer UNder
a variety of level and sensitvity condis
tions 1o determine that everining
warking propeily. Look lor evidence of
1 pscillalions
“Distartion’’ frorm a separate signal
generator can be injacted through a G2-
kilchm. resistor inta tha connection be-
bween the source and the analyzer. if the
source 15 praducing 1V rms and the sep-
arate gignal generator 15 delivenng
130y s jo the rasislor, 3 0015 diss
tortion' lavel will resull. Check the cali-
bration of R1B0 and R132. Check for
satisfactory tuming Wme and nsirament
residual, If any problems are wncavared,
carrect ihem now

Final Assembly

Assembly of the range and fraquency
switches may require some mgenuity.
21 consisis of nine five-pasition, wo-
pale waters [ the tracking product fillers
are implementad, The resulling length
will usezally require thal 51 oe assembled
with pars from {wo of morg roiary
gwilches. The shaft can be extended by
sawing off the shaft from a second
cwitch and aifixing it to tha shail of [he
awitch under congtruction wilh 2 stand-
ard shall coupler. The pair of £-40)
serews which haold the switch togethes
can be extended by joining additional

from ke second switch) with 1appad 4-

THD

PART FTHREE

Fig. 28 .
ponstructad range and equsncy

SualEnes

Clossup of ihe specaily

lengihs of 4-40 screw to them joblained,

40 siandofis, & close-up of the swilcheas
accomblad in this way is shown in Fig.
a0 Alternataly, the Centralab switch
componenis specified in the parts hisl
can be assemblad inlo 1he required
switch,

The capacitors are mouniad belween
adiacen walers as shown in Table =
For axampte, CikMF mounts bebween
poles K and M at position 1, Poles S1A
and S1B are on he waler closesl 1o the
front panel. The capacitor and resisiarn
designations for switch-mounted compo-
menis assume that the racking produc
fifters are being implemented and 1hat
their comporents are mounted on the
swilch seclions closest to the front pan-
gl Mate that the tuning capaciiors for the
highest frequency range have a small
resisiar in 2eries wilh them. This resisior
compensaies for a high-frequency pha-
nomeron 0 active filters known as Q-
enhancement”” which results rom op-
amp high-frequancy rolloffs. These resis-
iors can be mounlad on the wnused po-
sifion-5 switch terminals. Nole that ihe
tuning capacitors are wired so ihat hera
is ahways some Gapacitance connecled
gven when the swilch is betwaean post-
tons, preventing undesirable ransients,
Thiz is gooamplished by wiring the posi-
fion-4 terminals in parallsl with their -
speciive wipers, The use of sharling-1yge
swilches would also have accomplished
ihe {ransient suppession

The high-pass product filler capaci-
lars [CIBD) and CIDFY] dar the 20-kHz
range are also used for the 200-kHz

range by connecting posilicns 3 and 5
af the associaled switch poles 1agather.
Thig was done because stability o high-
or frequency active high-pass fillars
wolld have baan a problem, and the ad-
ditional filerng 15 nol really necessany on
the highest rangs,

As shown in Fig, 29, the four freguen-
cy trienmers (R to R4) were mounied on
a amall piece of peroraled Doard and
mounted 1o potes J and M of 51 with 18-
gauge salid bare wire, R206 is mounted
o 1he switch Delwaen e il wWIpEers.

Aftar 21 is assembled and loaded
with componenls, maount it and make all
nossible interconnections o the circuit
boards. Each of the four funing capaci-
tors [C{KM), CILN), CiO0) and CIFRY is
connectad 1o 1he circweit boards by seven
inches of  low-capacitance  shiglded
cable. The capacitance of he shielded
cable iz directly in parallel with that of the
associated funing capacitor, Instead of
being groundad, the snigld intercon-
necls ene side of tha tuning capacitor 10
tha gulpul of fha associated integrator,
Thus, for example, the shigld connecls
arne side of CIEM) o E3. The capaci-
fance of this length of cable has tean
laken inlo agcount in ihe values of [he
tuning capacitors for fhe 200-kHz range,
and appropriale alterations should be !
made 1o thesa capacitors it olhar values

| of shislded cable capacitance arg wused.

The shields are connected 1o Swilch
poles K, L, G, and R.
Erequenay swilch 53 congists of aghl

i 11-position, single-pole  walers, and
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to get all of the resistors which ar on the
high side placed on ona waler, and vice

varsa.
Range Position C [AC) C (EG} C(BD, DF) C[GI} C{KM,LN] C{0Q, PR} Az wilh 1he funing capacilors, 53 s
200 Hz 1 Ol wF QOB pF 022 wF 1.0pF 022WF" 0.2 I-!F wired 50 1hat resistance s prasent svan
2 kHz 2 0.01pF 6300pF 0022pF 047 pF 0.022 k" 0022 pk- when the switch s belween positions
20 kHz 9 1000pF  BROpF 2200pF 0 pF 2200pFt 2200 pFt | This is done by winng the positicn-1 ter
200 kHz 4 100 pF 47 pF  2200pF 0.M pF 200 pFt 200 pFf minal 1o the switch wiger. The free end

+680 +1B0D o the lowest valued resistor connectad
g position 11 can be tied o gosition 12
if you have a 12-positian swatch or 1o a
amall, insulated larminal an o naar [ha
swilch i vou have 30 11 -asihon Switch.

With 53 assembled and loaded with
COMponrans, moaund F and maks all ol |
[Fed ramairing intercannactions. Wieie
potsibla, make tha infarsannachions wath |
posilions an 51 1hat already have a wire
I running bBack o 1he appeopreate Sirgait |
| board tarminal,

Conneclicn of the racking-filter com-
porents on 51 and 53 1o E25, E34,
E35, E36, E3V and E3B can be dong |
willy shiedded cablas as discuszed earlier _5

Table 2 — Capacilor connections on
range switch 51. The asterisk (") in-
dicates polypropylene, polycar-
bonate or polyestar of at least 100V
working voltage. The dagger {(T) indi-
cates polystyrena or silvered mica,
again of st least 100 V working volt-
age. The others are not critical.

TABLE 3

Frequency Position Deasig. R(A, B} A{C) RID) RIE,F, G,H] for the fixad filtanng oplien. In this case,
0 1 Fiy1-2 1500 aG00 9100 T 5L honwener, Tha canmechons 1o E34 and |
25 2 R()2.3 1006 2400 g6&00 B0 E36 must be made wilh lw-capaciance |
a0 3 R 1300 3000 Fa00 B190 shigldad caple. The walue shown for
40 4 Rij4-5 750 1800 4700 3830 CIEG) for tha 200-kHz range assumes |
50 5 Ri54 G20 1600 4200 3480 aboul ewght inches of this cabla. The
it £ Rii6-7 430 13010 2740 214510 praduct filler injerconnecions betwean
an 7 Fiy7-8 A6 91} 24010 1960 51 and 53 need no! Be shisdded, bl
F 40 B Ry ED 330 820 2200 1780 should Be drassed as far away as possi-
F 30 5 Ri{}9-10 220 510 P00 1100 bla [i.2., againg! 1he front panel] irgm the
| {60 0 Riy10-11 &0 AT0D 1200 1300 signal leads and components of the os-
200 11 RA{}11-" 7 G 1800 4730 3830 ciltator and anaiyzer sections. There is a

vary substantial amount of gain belwesen
the ozcillator /BPF circuits and the prod-
wet filers. Falure to get adequate isola-

Table 3 — Rasistor connections on
the frequency switch 33, The aster-

izk indicates a tle-point, position 12
if aveilable; olherwlse uge an insulat-
ed terminal. R {(E, F, G, H) should be
1%, %W-walt carbon-film types whare

{30 harg coupld result1n ocitlations, par-
ficularly an the 200-kHz range. Leads
associaled with the analvzer seclion
ghould alzo be dressed away from those

ol the oscillalor section. Assembly of 1he
armalyzer I3 now completa.

each group of four like values should
be matched to within 1%, Others are
standard 5%, Y%-watt carbon film. All

values ara shown [n ohms. Teat And Calibration

The signal source should be checked
firgl. Center fimmers R1 10 R4, Apply
power, and monitor the main output ona
'spape and a.c. voltmeler, AlsS monitor
the d.c. vollzage at EEB, 1he gate Bias for
01 . Check operation at all frequencies.
Check frequency respanse flatness and |
lpval stabilization time, Chack 1o see that
e gala vallage of L1 dass nol get with-
in O.5Y of ether zerp ar {he rasasurad
pinchoil voliage al any  frequency
| Check the action of the owtput alienuaiar
and level comiro!. | you have a fregquen-

i —

e

ghould Be constructed In 1na same way
as 51 above, I possitle, § 13 rEcom-
mended that switch shields be insialled
patwean seclicns 4 and & and betwesn
sechons & and 7. The resistors on 53
are mounted betweaen adjacent positions
an a given waler, The wiring is docu-
mented in Table 3, For example, B{A) 1- |
2 goes on S3A, the waler clozast to the |
front panel, between positions 1 and 2

Alihough precision 1% resisiors ang
preferred for RE) through B {H), 1he anly
requirement is that the four resisiors of
each position be matched 1o each ather
within 1%. Thus, you may save some
money of hasste by measuring and
matching 5% carbon-dilm rasislors. |
vou Buy 10 of a given value al the sams
lime, sthere is & very gaod change you'll
find four with the required matsh, Try nod

a8



PART THREE|

cy counter, check all the frequencies, at
this point they should be within  20%
of the sslected valye, and shogld in-
creass monationczlly as he requency
swiich i advancad, Check far oscilla-
lians as wedl.

Sel the analyzer to 850Hz, and adjust
Irequency frimmer B2 for 8 source fre-
guency o exacily 650Hz i you have a
frequency counter. Otherwise use a Lis-
sajous patlern wilth a B50-Hz ascillator
as a referenca. Connect the signal
gxurce 10 the analyzer mput, and apply
1V nmg on he 3V inpdl range. Manitor
he o, levels al E22 (Irequency control)
and E23 (amplilude contral). Adjust R53
and RBG2 as necessary 19 gt the ana-
lyzer 1o tune and o sal ihese volizges to
half the measured pincholl voitages of
the aszociated FETs,

The remaining frequency rimmers in
e ascillalar will now Be adjusted 1o
Bring the oscllator inig alignment with
the center requency of the analyzer for
the remaining frequency sangas, Al
65Hz. adjust R1 so 1hat tha ¢.c. voltage
at E22 equals half the recorded pinchol
waltage for 5, Adust B3 at 6.5 kHz and
R4 at 65 KMz in the same manner. Now
check the voltages al EZ22 and EZ23 at ail
frequencies 1o make sura thal neitber
one gets within 0.5% of either zarg or the
associated pincholf volizge, Make come
promise adjusiments among R1, R3,
F4, R&9, and R&Z as appropriaie. A
probfem with the E2 2 voltage (reguency
caniratp may mean an ncorrest freguen-
| oy-sefiing resistor someawhere on 53,
E Mow ihat the oscillator rimmers are 21,
it would be uselul to rachack the oscilla-
for irequency calibration. Typicaly i
should be within £10%,

if 1he amplitfuda conlrol valtage (EE3)
changes substantially toward the high
end of the irequency range (betweaan 50
kHz and 200 kHz), this could be an mdi-
cation that 1he Q-enhancarment campan-
sator resistors im 2eries with SO0 and
CIPR} on 1he highest ranga need soms
adjustment. The wvalue shown in 1he
schemalcs 15 a good comprarmise value,
bul il does depend somewhat an the in-
dividual rolteff characienistics of the op-
amps {ICs 10, 11, 12, 13, and 15). (i
E23 goes oo positive (oward rero),
i these resistors may be 100 large, | E23
goes 100 negative, these resislanss may
b 100 smals.

Another phenomenon o walch lar
ioward the high end of the 200-kHz

Fig, 30 Anatvaer resideal gt 20 He.
TV rms operaing lees! in the 00035

mBansikly rangs (Scaie 02 VA )

Fig. 32 Anatezeor resideg) a1 20 kHz.
i W rms operahng loval in the 0003

sansifivity ramme. fscale: 0.2 Vodi,)

Fid T —— Anglyzer residos! &l 1 KHE.
1 rens epsevaling fevel in tha 0003

sensiinvily range, (Scats: 08 Voadiv,)

Analyzor rasicdual ar 200 kiHz,

[ L), 3:_1
[V ams operafing esval in the 003

sensilivity range. (ocaler 0.2 V. div.)

range is  T'siewing oscillations.” Too
much phase lag around an actve-filter
00D can cause Q-enbancement and, ul-
imately, oscilfation. i the signal beimng
handled by an active filler cauzes one or
more of (he op-amps 10 slew-raie limit,
e effect is equivalent 1o & substantially
increased phase lag. This can result in
ascillations which drive the amplifiers
even degper into slew-rate limiting. The
anly way to stop such an osciHation is to
wne 10 a lower freguency of remove
pawer, The normmal signal levels in this
gralyzer cannoi towch off sech an ascil-
fation, tul & sufficiently large transient
can, That is why the range and frequen-
cy Switlches are wired 50 as not 1o gan-
erate ransienis when they are operated.
However, occasionally 8 power-on iran-
slant can ingger sush an ossiflation
{his analyzer it il is powered up whan
uned 10 greater than about 100kHz.
The frequency response of 1he track-

ing product filters shiould be checked ai
tis point by mpeching a signal at their
input in place of E249. If the t2vel at ihree
fimas he fronl-panal setting is taken as
0 dB, then the ower and upper 3-dB-
clasent fregquencies should be at 1.4 ang
10 times the sel requancy, respeclively
(0.14 and atwaut 8 times on the 200-kHz
Fance),

To calibrate ihe distortion reading,
el signal sourcas should be used, Ap-
ply 1% rms al 1 kHEz 1o the analyzer irom
thie mrlerial signak source. Put 56 in the

‘Level” position amd adjust R192 for a

full-=cale reading with the mpul atienua-
tor on the 1V range. Appéy 1Y rms at 3
kHz from a second audic generator
through a 62-kilohm resistor, The ana- |
Ip2er wil redosr Ses (1,99 3t 1 kHz and
101 my al 3 kHe, or a “distordion’” lewvel
o 1.02%. Set tha senzitimly swilch [(S5]
10 1he % rangg and adjust B180 for 5
imetes readsnd just & Bair over hull-scale,
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Fig. 34 — Hesidual vs, Jews as a
furction of frequency i ihe 3V input
rAnge.

Li 1 14879] 10§ bl

K 15, 100K 18
FREQUEMCY =Hz

Fig. 35 — Residual ve, requency as &
iunction af gl Tevs! iy the 3V inoul

ranga.

To complete testing, measure the an-
akyzess resadual af ali frequencies and at
vanous levels by cornecling the signal
source direclly 1o the analyzer inpat, 1 is
uzaiul 10 observa the “Dist. Qul’ signal
on a 'soope at this paint.

I the residual seems particulasly nolsy
of jumpy on only one range, don't has-
tale to suspect the immers pole and fthe
tuning capacilors. This is a sensitive ap-
plication and even mings deficiencies n
these components may cause Irouble;
I've experienced trouble with both. |
strongly recommend the use of high-
quality tuning capaciters.

Hum can be particularly insidicus in
an mslrumen such as this wheara fuli-
seale sengitivities on the order of 30 mi-
crovolis are encountered. Although the
construction details are intended 1o mine-
mize hum, you may still have o fight it. i
will Ba most noticeable on the 200-Hz
range. Remember, hum can be picked
up capacitivaly by a high-impedance cir-
cull {shielding helps herel o 1 can be
magnetically induced imlo any circuit, i
cluding grounds. Hum will probabiy be
reduced when 1he instrument is fully
housed in i1z enclosure.

Parformance

Parformance of 1he protelype is iflus-
trated in Figs. 30 10 35. Scope photos of
the analvzer's residueal at the nominal 1Y

trnlarnal operating level lar 20 Mz, 1 kM2,
20 kHz, and 200 kHz are shown in Figs,
30 4o 33,

The fotal residual (noise and distoriion
componenist is plotted as a funclion of
taval for the tour frequencies above in
Fig, 34, The rasidual as a function of
frequancy fer 0,3 ,.1,0 and 3.0V rms in-
ternal operating levals is plolled in Fig,
35, Best perlormance is  generally
achigved naar he high and of 5 aliow-
able range of operating lavels, At operat-
ing levels above about 1.5V rms, 1he re-
sidual 15 below 0.001% across the fult
audia band.

Parte Availabl|ity

A saricus allarnp! wags made o de-
sign the THD analyzer with readily avail-
ade parlz, and many constiuclors will
kava na frouble finding most of 1he pans
at normal outlets. As an akd, however,
several dealers of vanous parts are listed
below. Because of the substantial num-
bier of parls irvalvad in 10k projact, | rec-
pmmand  oblaimng  and  searching
through the catalogs thal many of these
and other companies make available, Al-
though maost of these companies provide
broad lines, a few are worh special
mention because they have zome of the
legs commonly available gartzs. The
MESS34AN op-amgs and 1he Centralab
rotary swilches are available from Mew-

ark Electranics ($25.00 minimurm order).
The 284091 J-FETs and a suitable pow-
ar {ranzlaimet are available from CFR
Associales, Pracisian ane-parcent rasis-
tors are available fram Inlarmational Elec-
tronics Unlimited,

Chgi-Key Corp.

F.0. Box 677

Thief River Falls, #Minn. 56701

800/ 3465144

Active Electronic Sales Carp.
P.O. Box 1035
Framingham, kMass, 01701
617/879-0077

CFR Associates. Inc.
Mewton, M.H. 03858

Jameco Electronics
1355 Shoreway Rd.
Belmont, Calif, 24002
415/582-B097

Meawark Eleciranics

114G RAoute 1

Edison, M.J. 0B&17
201,/872-2103

[or cantact nearas! branch)

International Electronics Unlimited
435 First 51, Suite 19

Sanvang, Calil. 93483

805 /688-2747
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PART THREE

S mm

PARTS LIST

Al resistars are Bewall, S-perceni carbon-
film wnless alberwise specified. Thase spaci-
ligd as "1 pEoent” ame Mewatl mssiRbdim
iypes, Subsifuion of Sepascent resigiors for
ithe 1-percent type will onty dearads accusacy
ol e glienuylcas
Fil, RZ. H3, FRd, B59, 62, By 978 =S kdahm
inmpc (Panasonic KA4853)

RE, B9, R5E, AT02, ARG, R, Brdn,
182, R163, B190—E B kilofim

REG, B11, A14, R1a, H18, R32, AH23, H25,
H20, RE7, Hon, Rold, He1, Ha3d, Hod
BER7. Hr1, HiT, HBED, BHBEF, H94L, H134,
Rr3G, Rrd3, R145, Rua?, Russ, R1548,
ri146, R168, R178, A28, R18s, R14O7,
Ai99, H208—10 kilahm

ET, BBh=15%0 Kilgkim

FR, BT 2, B d===580 ohim

Fa, BY3, FPS—330 cnm

A1, AR, A76—270 chm

Rr2. RE9, /78, R137, RZ204—1 5 kifohm

FRiE, BV BT9—7 50 Kilghns

Fia, 33, 50, RaE, R105, R119. B0
A123, Red42, Ri4e, Rigd, A1 71, Rifd—
130 kilahm

R17, R31, BB2, R128, R142 Ri50, R183,
Hi&s. H1EG, B187T=1 Eilahm

B0, A%5=1.5 kilohm

Az, Mar, Ra2, Aa3 A3, RG0S5, =13 F e 1
e oin

H24, B135. B157T—=1 kilabm kirmpot (Fana-
Saric Kaa 1 1]

AZ8, RAT. RU26, 133, A138, RS9 /165,
Mgl R181, R20e—22 kilghm

R20—5.6 kilghm

RI0—2.5 Kilahm potantometes

R32, REd—2 2 kifahm

Ra4s—=2.0 kilohm

R2E—1 .8 kitohm

RAT7—B20 ohir

RAB==G20 i

339, A40, FA1 3. 2 d===220 ahirm

RAd—5a8 1 kilchim, 1 percent

Bdh—a2 2 kilphm, 1 paroent

AdE—20.9 kilchm, 1 percent

Epd Tl 1 Kilohim, 1 poarcend

FEH—"100 kilgkm, 1 persent

RE9—3 16 kilchm, 1 peicent

51, A1 76— kilohm, 1 percent

R52—2 05 kilchm, 1 parcent

RH4, RE2—B2 kilahm

EA5, RiS==15 kilahm

HET, BT19E, H1 80— kilghes

HAZ, R348, A9, R104, R112, A113, R1h
H129, 130, 13, Hi32, Hi48, R153
154, A1y, HIFZ. BifE, B175, RudE
R182. REQTF——100 g

REE—1 .1 Kilgfhirm, 1 percent

RES9—10 kilchm, 1 percent

RA0—7 5 kilckun, 1 pircent

Bt —2.15 kilokum, 1 percant

RA2—750 ahm, 1 peicenl

R93—316 ohm, 7 parent

RO4—E.2 kilohm

£

=]« o R ] P

FOT, RLO0 A1GG, A111, 21948, B118=15
reahm

B104—a7{ ahm

Bi07. A108, /108, R110, A125.
R162—4 7 kilchim

R121—5%7{ kilghm

B122—22 m=gohim

B 2412 kilchm

E127, R 7%, A200, AZ01, R202, /2053—
2.0 Bilahm

Fi1dd, R1aa—ad ohm

169—3940 ahm

1 T0—23.3 kilohm

1FI—5.09 wdohrn, 1 parcent

180—72 kilohm bremgod (Panasanic 4023

BA—5 1 Hiloheme

1ES—20 Kilohm

91 —27{] kZohm

93—8.2 klahm

E194-—39 kilahm

F 05, T ruyihiam

Rz08, R210—3.3 alm, 2-walk remove if ug-
g 42004 ransicamey

Fi2 11, 212=——10 abrn, 2owmbl; soe e

F'il:.'".:l thrgsgh H-:H:- soe Tabhe 3 and (ext

G1, G285, CaT—15 poF siléer mica Laeo
Dhd 1 5-1 508 ,:" ey

C2, o3, G226
Ok 5-2201

[l T e .t TR

A15%1,

et e E e

o s

Tel
CA8—2% pF silver mlmn LArCo
SEt, C43, C45, C46, C47,
CAS— 10 pF 25 ragial electanldic (Pana
sonic ECE-SEVI003). 4 (I, /] 1
Ce, CF, CB, C17, Ci8, T35, C36, C42,
252, 5533, G55, CEG, C&T, CLH, CGG,
CEF, GYE, G733, GBI, CBA—100 wF, 16
radial  elactroiylic  [Panasgnic, ECE-
ARCAVEONS) P I ST Vi T
LBt @wF, 100-cs 250-% metallized polyss-
ler (Panasonic ECLERTOSKES) | Lol
C10—0.47 pF, 00 mealbped poleasiar

(Fiessey Minibox 0,47 AO0F box)  ~L05 0

C1i—0.1 wF, 100V metzlized polyesier
[Plessay Minibox 0.1 /100 C Dow)  § 2508
Ci12, CT6—0.01 pF., =100-Y mefalized po-

beaetar (Plassey bMinibax 001 /530 C o) A5

C13. 014, C15, C1a, SPa. 530, O 458,
C3a3, Cd4, Cel, CEy, Ca?, CBS, G4,
Ces, CBi, Ca2—0.1 pfF, 25V ceramic
dfise (Panasanic ECH-NE1 DAZFE) 0 Las

G5, G20, 37, G338, C39, G40, C44, S48

LA, {58, 569, Lvd, CT1, C74—1 pF. 50-
Y radiz! elecirolyts (Fanssomns ECE-AIHY-
103 [ A8 fris .

2l — 2 uFee 22 ul":. 250~ metalized po-
Iygster [Fanagomic ECO-E2ZILRIE] L,

CA2 — 4 ¥ pF alteer e DAren D1 5.4 7407, *l

10N

C24 — 10 pF siiver mica fArco MA15.100). 41

ChH1 — Q22 pF, 100-¥ matalfized polyesier
iPlessay Minibox 022700 D hox) |, &L

Ch4, OS85 -—— Q.47 wF, 500 (Fadio Shack
272107 1) R L.

CTT.CTE, C79, CRO — 470 pF, 35V radig

aslectrobdic (Panasonic ECE-ANYETIE) LA

< [(ACH fheough Z (PRY — S22 Table 2 and
lexl

Dt through D23 — Swdiching dicde (1 MD 14,
104 148 or equiv.}

C24 trrough 023
irordns L020%9H)

029 terough D3R —
1G04 or squiv.

i, Oh, 04, OF, 08, 00 — 284091 J-FET
[Maticasl)

2. Q3F, O = 2NEI04 or aguiv. gan. pa-
pase sificon: RPN

21, 1S3, 103, W24, 1CH, W09, 8210, 1011,
S22, 1513, 1G4, 115, IC18, IC17 —
MESS34 AN (Signatics, Th

ICS, ICe, IC7, 118, 1G99, 1523,

IC25, HI28, 1S3, 1232, K535, 1554, 1535,

IC36 — L3 1 B iNationgl, TI, esck

IC20, 1222, IC24, 1229 — L1 496K [Na-

lanal, Med., ede)

Ho24 — LF3SEH iMabianal, Fairchild, eic

G2 7, K230 — LR 4S8N {Mationat, keal.]

ICAT — UATH CH Fzirghild, Metlonal, ec.)

IE3E — LW324M [Mationat, et}

K239 e LWIIA0T-15 or UATE1 SCT (Mation-

&, Fatrckdid)

FoAD — LRAZ20T =15 or UaT31 SCU Mation-

al, Fairchidd)

T1 — 3R-48 W b, 1-amp power transigrmer

(e.g.. CFF Aggoosias Tranmy 1 ar Awval-Lind-

Dherg a0/ 300a]

F1— 1-4 340 slhow-blow fusa

51 — G-posilion, S-zection, 18-pode ralary

switch {Cendralab PA302 GAngh ndox asey, .

Mewark =22FEE2 plus 9 PA-32 sactions,

Mewark 2 22F542 ar sea texi). (If using Rxsd

filters, S-position,  f-section,  12-pole,

Pis1033, Mewark & 22FB33)

§& — b.piosilicn, 2-section, 4-pole rodary

gwilgh (Cantratab PAT01 3, Mewark

=2 2FE13)

53 — tl-posicon, S-secticn, B-pole rotary

gwitch (Centrzleh PASD? G-dnch indos assy.

Mewark =22F652 plus 8 PA-S0 secions,

Mewark Z22FB40 of 2o fextl. M using fixed

filbarg, 11-0o5iEan d=mpciion, 4-pole,

PA10D15, Mewark =22F81 5]

54 — D-position, T-sechon, f-pobe olany

= Hd LED (Oplo Elec-

TH4Q02, 1H4003,

switeh  [Ceaniratah PATIOSE.  MNewark
=PAPFEDI]

88 = 17-posilion, 4-saction, 4-poke rofary |

swilch  [Geniralab F&A&TD15, Mewark

=F2FE1 5]

30 = RiEmialure SPOT swilch

BT wen Wiiralee SPET switch

M1 == ey mater mavernand, preferably

with J-1 and 4-3 scales UL PR-T02]

Misz, — cass; power supply Bnd g ailen-

walcr enclosures; line cord;, BN [Roks:

kreabs: shigided cable; PWE terminats: DIF

sockels;, mounting hardewane, e, 6 sel aof

three atohed, drilled and saldes-glataed sircuil
boards (CP1, CF2 and CP3) is avallabie {of
535.20 pest-paid {m continenial U5.A)
fram Circuit-Weodks, 1178 Fih Ave., Nep-
fune, Mo, DFTHE, Mew Jarsey resdents
must 3dd Z-parceni s5ales fax. Pleasse allow
3 weehg o dalvery

r)
-
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One from Caolumn dbx,
One from Column CX
Dear Editor:

In his dizcussion of he CBS CX de-
caching syatam and he present bk 5ys-
tem in the August 1987 issua, Edward
Tamnali Canby addrasses he gqueasiion of
campatitiily Belwean dbs-encodacd
disgs and non dbxk-encoded eguipment
However, ha does nol addrass 1he ques-

fipn of compaltbiiby of dbx-encacdad |
discs and the CES CX system, In ofher |

words, will the CBS syslem decode dix
aswell as CX discs?

What shall il proiit the awdiophile 12
have a wide array oOf encoded disgs
avaitate Trom a range of manuiaciurars
il he must buy & separate decoder dor
gach company's records?

Steven J. Halker
Dak Park, Mich
The Editor Replies — The C¥ decoos
system will not handle dbx discs, and
this is the thought behind CBS irving (o
sign up other majer record [abels to use

e syslern.  Ehay  peesenlly  include
Warner and RCA. Ta a greal extent, |
agras wilh your [ogic, —E.F

Words Across the Seas
Dear Editar
I'rm Palish, 25-yearald girl and, since
last year, an anginaesr. | write 16 yow with
greal raquest for g pan pal
I'm a Do embusiast of mosss, a5 well
az hi-i and photograpbhy aguipmsan). Be-
cacse of e shorage of thasa things
and infarmaten aboul ham
1 apologize for all mistakes | made in
this keller, ol my bBEnghsh stll leaves
much 1o be desirad.
Danula Rajpold
GY 300 Piotrkow Jnvbunalshe
ui. Sieniuewicza 28 m. 38
Faoland

Addenda: THD Analyzer

| have {ound ihat improved catibration
lolerances result i the following changes
N rasieior valees arg mads in the THD

analyzer: B121: 910K 1 tht; H124:
P2k 10 1k R179: 2.7k 0 3.0k, (Ses
‘Paris List” on page 61 of ke Septam-
ber issue. )

The third senlance of tha caption lor
Table 3 (page 58) shoukd read, "RA{E. F,
G, H) should be 5%, Y-wall carbon-ilm
types where each group of four like val-
u=s should be matched o wilhin 1%

Horact 7. Cordel

Erratum;
Lazer Speaker Testing

On page 43 of the September issuea,
the delnitions for Equalion 1 in “'kea-
sunng Speaker Molion with a Laser”
vearg nGorrect. the egualion as gven
wias cortest, bal the axplanalion should
reail as ollows;

E is the Young's madulus of the cone
malerial, O is its density, ¢ is the
semi-apex angle of 1he cone and By, isils
outer radius.

We apclogize 1o the author, G, J, )
Adams, and the readears for this arror, |

1. Tapered /laser-hollowed Ruby cantilever

2. Laser-drilled rectangular stylus mounting hole

3. Nude rectangular-shank Straight Line Contact stylus
4. Toroidal coils hand wound of pure Silver wire

5. One-piece “Omega shaped” coil core/pole pieces

6. Three year warranty

7.%1,200

And if that doesn’t

convince you...listen!

signet.....

Emner Mo, 359 or Reader Sardce Cand
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