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COLOUR BAND MARKING

COLOUR CODE FOR FIXED RESISTORS-(B.S.1852-1952 |

COLOURED BAND
FIG I{ MARKING PREFERRED

THISE EXAMPLE SHOWS ,..--"'""H

A GRADE |. RESI1STANCE
ofF 5,800 N 5%

BLUE( & |
GREY( B8 )
RED (X103
GOLD (* 5%

{EALMQM PINK |GRADE 1.)

THIS MAY BE GEMERAL BODY COLOUR

ABCDE

=3

SRR S
{ﬂ i :E‘.:‘ﬁm

FIG3. oDy TIFP & CENTRAL BAND MARKING
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AMERICAN "RMA” , "JAN" & COMMERCIAL CODING
FOR MOULDED MICA CAPACITORS

CURRENT STANDARD CODE

MOULBDED FLAT CAPACITOR
COMMERCIAL CODE

JAMN, CODE CAPACITOR

WHIT
(RMA .
BLACK==
(JAN) it

CLASE

TOLERANCE

ST [S1GH IFICANT WORKING | SILVER
FIGURE BLACK YOLTS

BODY

B MULTIPLIER ULTIFLIER

L L
15T

BIGHIFICANT

FIGURE CHARACTERISTIC

137 {SIGM I FICANT

GURE

TOLERANCE

CELOUR CODE FOR RESIESTORS AND CAPACITORS

Caloar Yalu - . A, Bk . CAPAGITORE |
COL. A. | COL. 1. L0l G, |MOLTIFLIER] COL. 0. (TOLERANGE RATING) COL, E. TEMP
ag End Reslitars Capacliors | Hasistors Garamic CApREllars COEFFICIENT

Figurs Figara whmis pF Up to 10 pF | Lerer 10 pF pax 10% per OC.

DLACK = & I 1 . ZpE - 0% g

[BROWH ] 1 10 10 ¥R 0.1 pF i L] - 30

TED - z ) 1 % x i -d0

CHARGE ] 3 1,000 T, 000 - I = |50

[ FELLOW 4 i 10, CD L0, 00 | [ 220

GREEN L] -] 00, 0o0 E 0.5 pF ¥ g =70

BLUE [ [ 00, 000 5 - . _4T0

(VIOLET 7 3, 0, BOG = = =T 50

GRET [ ] 100, o1 0,25 pF - T

WHITE ] 5 :,mn,:ﬁ% A i gF LT L1048

DIV ER, 01 = Fies a -

GOLD - + o = =

HALMOHN

PIRE = = =

i
rﬁomun = =
The Colour coding shoald be resd from Left ta right, is erder,

starilng from (he e and finiaking near 1ke middle,

Standapd ¥ toloracces for peslepors awe!= WiTe-wound;

1%, 2%, 5%, 0% Compositlen, Grade 1;

1% 2%,

5%, Orade £; %

10T, 20%. (20% isindicated by 41k (o 'DY colour). Grade b (“Righ-stability™) compesition resistors are distingsished by 3 sal-

man-plek fhh risg or bedy colowr, (Refezence; B, 5. 1853:

1952 B.5. 1 ).

. B, High-Stability Reslsters supplled with ihis kit are 0ot as a rule colour coded but enamelled in one colour an which the valus

is Ohms.is printed in flgures. Capacitors supplied is this kit seuably have thelr capacily €learly marked in figores.
acltors coded ax absve also have additional “waliage rating" coding.

Some Cap-



Assembly and Dpératian of the

Heathkit Service Oscilloscope

X ]

Model OS-2

SPECIFICATION
Vortical Amplifior;
LT L e B ety S P By 100 m¥ rom.s. poer cm
Froguency Respomse . .coesianis in R A e 2cle -3 Mcls, *34B
Input Impedancs «ccocccsissancssanssasorrssnnns 3,3 M shunted by 20 pF
Heorizental Amplifier:
T L | < I e et 100 mY r.m.s. per cm
Frequency Redponde ......... AT o 2ele - 300 keln, *34dB
Ieprut Irepsanc s o cunasrasnnmrannnstsnbemdsnsrd 10 MO shunted by 20 pF
Time Base Genorator:
Rocursoal TYR® cooinsvrannnnsassniaasns tananaa Linear sawtooth produced by multivibrator
TRUMTIEE o o B B B i 20 efa vo 200 kels in four steps, Approximate ranges, I,
20-200els, 2. 200-2000c/s, 3. 2-20ke/s, 4. 20-200ke/s
Syuchroaisatitf vcvoeesssnsnnsasnnsasnnsannnnan Autormatic locke=in circuit, using self-liemkting aynchro-
nising cathede follower
Retrace Blanking . ::coiiasisacss R S e Blanking amplifier provided, operates on all ranges
Ganeral:z &l
Valve Complement: cvivaneriamerianssisnasnans 1= ECFRO, 4 = BZAUT, | - 12AX7, | = EZB), | = 3RP]

Fremt Panel Controls: ..

Boar Panel Controls: ..cccsassssnsnsnnanssnnns

GLOUCESTER

DAYSTROM LTD

CRT, rmadium persistence, geeen trice

BRILLIAMNCE = AGC ON/OFF

FOCuUs

HOR/FRES. SELECTOR (horizontal input and theme base
generator freguency selectar)

FIXE FREQUEZNCY

T.CAL POSTION

T.CAL GATN

HORZONTAL POSITION

HORZGKTAL GA
Wermeal tapul Ewilil
Asogmarism {spot shape)

EHQLAND
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Dirnensions: cisssssssscsssnantnansasannnanans
Mot Weight: .....
Shipplrng Welght: . .c.vacvccans. A E LG EEE RS

VERTICAL INPUT
HORIZONTAL INPUT

Input to vertical plates of CRT, via .00Z pF 1 kV capa=

citors, At rear of cecillémcape

1 walt prak-to-peak

200=250V, 40-60 cls a.c., 40 walts
5 wide x 7.3/8" high x 12" deep

9% 1k,

12 b

RESISTOR AND CAPACITOR CHART

Rl 4.7 MO Rl& 1040 Ko (]
R2 I narr RI7 6.8 KO 2W CI
R3 AT0 Kt Ri8 2% B 1W C3
B4 z.2 M0 K29 2E K@ 1W (]
RS 1.2 K R} 1.3 Ko 2w [+
R& 56 ML Rl b8 KO 2W (=11
RY L 50 B Riz 6.8 Kn 2w cT
RE AT 5% R33 1 Ma ]
BY 1] R34 1 M0 cq
RLO 13 un RA5 ATOD LW [=41:]
Rl1 &. B KT L] 9 Ko 1w cll
Rl2 2.2 MG RIT 27 Kt 1W cl2
Rl 1.2 Bt R3S 18 Kit 5W cl3
Rl4 Lo B R39 100 KR Cl4
R15 b, B K R40 470 KR G5
Rlb 22081 B4l 1 MR [ 19
RIT 2700 R42 4T I
ri8 3.3 KR R43 4T cle
R19 240 KR 5% R44 56 KR ci1y
R290 4T Kt 5% R4% 470 Kn S0
Rl 22 M@ R46 6211 5% Cit
RZz 220 KR R47 47080 5% ci2
R23 1 mMa 48 2.2 MO c3
Fr2d 104 K RA% 3300 [+F-}
RIS 100 Ka C28

L uF 400V | C26 .1 pF 1000V
L pF 280v | Ca2v .1 uF 1000V

A uF 400V

.ZyF

.02 uF

002 vl 1ZAUT

200 pE vz 12AXT

16 uF. 150V | v3 12AUT

16 uF 150V | v4 12A07

T T T ECES0

002 uF VE 12A0T

02 uF v7 EZ: %1

1000 pF

1 uF 250V

1000 pF

.02 uF VEL 20 K HOR GAIN

28 uF VRZ 20 Kf YERT.GAIN

.03 uF VA3 100 Ef HOR.POS.

50 uF VR 100 K5 (G TAR) VERT . POS,
20 pF VYRS 7.5 M0 FINE FREG,

10 uF VRE 250 KO(preset) ASTIGMATISM
40 yF VRT 500 HA{w.switch) BRILL,
50 uF VEE | MO FOCUS

002 F

002 uF

CLOWCEITER

All resistors are 10% anless otherwise stated.

IHGLAND



INTRODUC TION

The Model 052 Cucilloscope was designed as a small, compact instrumont for use by the slectraza: 4
neer, laboratory techalcian or by amateur radic enthasiasts and hobbylats,

A sumber of useful facilities are incorporated incleding push-pull horizontal and vertical amplifze =y
logk-in aymchronisation circuit, retrace blanking amplifier, provision for conmection to vertical plazes = TN

CIRCUIT DESCRIPTION

In order o obain a better underatinding of the circuit, follow the CIRCUIT DIAGRAM while read:=
DESCRIPTION.

e

Yertical Aenplifior.

Asignalappliedtothe VERT. INPUT seckets ia coupled to the grid of the input cathode follower valve, v 05 =
Cl. The signal {rem the cathode of V5A is coupled through €9 and VERT. GAIN control VR2 o amE
VEB. This valve is [requency compensated by L1 and partly by ©13, From the ancde of V58, the aGELi
is passed through the series peaking coil L2 and coupled to the pushepull outpat siage ViA and V6B, Fiy.: —my
thetrace in the vertical direction is accomplished by adjusting the VERT , POS, contrel VR4, This vames =2+
tve d.c. veltages between the two hblves of the push-pull ampliffor, the fixed tap or contrel VR4 provasiz; m=wg
ference voltage for ViA. The coupling of the cathedes of VA and V6B accomplishes the necessary phasc -, e
between the twoe halves of the push-pull amplifier which drives the GRT vartical plates to provide & Sa.ur ==
flection of the clegizon beam, Serics compensation is provided by L3 and L4, The signal at the catkeday o mill
to the synchronising cathode followar via G2,

Connecting the vortical inpat switch to the EXT. position allows the oscilloscopo 1o be used, vin acckeis 47 e mm
of the oacilloscope, for menitoring the qualitype mcapumged ] Sl fed Mellar usos.

Harizental Amplifier.
The HORIZONTALIFREQUENCY SELECTOR switch is used to soloct the desired input signal te the cathis, . oZssm

W3A. This signal maybe fromthe time Bage generater, 50 ele v aweap, or an oxternal signal from the ¥2I3 5
sacket, The signal is coupled from VA to the HOR. GAIN contrel YRL and thence to the amplifior stage » 5. %
amplified sigralat V3B ix d.c. coupled to the push-pull stage and horizontal positioning of the trace is a:; moninall
by adjusting the HOR, POS, control WR3. Commos eathods coupling is used to provide a push-pull outss == g
wides & balanced deflection of the electron beam.

Time Base Generator,

Thetime base generator copsiots of VA and V2B arranged as a multivibrator, The timing capacitor that 51 + w=nll
intathe catheds circuit of V2B with the HOR./FREQ. SELECTOR switch determines the time base fregzes, - =y
The FINE FREQ. control VRS provides fine freguency adjustment. The time base wavefors, & sawssc-: E ]
fixed amplitude which is synchronised by the internal aync. signal.

The aymeheoalsation signal froem VOA/B is coupled to the syne. cathode follower ¥1A which is coupled 1: 1w wm
base gemerator by meass of the common cathode resistor B4%. A sotsace blanking sigral is taken froz e =
base generator, amplificd a1 the blanking amplifier stago V1B and coupled to the CRT wia CIE,

Cathode Ray Tubs ;C.It"l'].

The eperating voltages for the cathode ray tube are supplied by a resistor notwerk connected betwoon the 57 e
apd earth.: This network contains the BRILLIANGCE asd FOUUS controls VET and YRE respectively. Vii =1
ASTIGMATISM control and is adjusted in conjunction with the BRILLIANCE and FOCUS sentrols to [ EE -
defined irace.

Power Supplies.
The high voltage supply (EHT) for the cathode fay tube is obtained from an overwind on the secomdasy

tranaformer. [t is rectified by the goleniom EMT rectifier MR, smoathed by RAD, C27 and C26 and the=
to the CRT.

The normal HT woltage is supplied by full wave roctifier ¥7 and its asaceiated smoothing clrevitey, R3: 3 —_J
B35, C23, C2&, CZl, Ca0amd C19.

The 1 volt peak-te-peak calibrating voltage is derived from the 6.3 valt heater supply by means of a =

der R4T and R46. The heater supply also supplies an a.c. voltage te the HOR . /FREQ, SELECTOR sws
alpe pweep P facility, L

GLOUCEITER DAYSTROM LTD |




PRELIMINARY NOTES AND INSTRUCTIONS

The Step-by-Step instructiona given in this manual skould be followed implicitly to ensure a minimam of difficulty
during construction and a completely satisfactory result, including many years of accurate, trouble=free sgorvice
frem the finished imatrumens.

UNPACK THE KIT CAREFULLY, EXAMINE FAGH PART AND CHECK IT AGAINST THE PARTS LIST. In so doing,
you will become acquainied with the parta, You will find it helpful to refer to the componoent identification shoet and
alaa to the general detadls printed on the insdde covers of the manaal. Ifa shortage is fourd, sttach the inspection

alip te your claim and notify us promptliy.

Lay out all the paris so thar they are readily avallable in convenient categories. Reler o the general infermation
inmide the covers of this mazeal for {cetructions on how to identify compononia.

Moulded egg containers make handy irave {or holding small parts. HResistors and capacitors may be pliced in the
edge of a corrugated car=oosm= Box ooiil thoy are nceded.

Unless atherwise stated, car [ocewaskess oeder all nats, ard also between controls and the chassis, When shake=
proal aolder tags are mooxesd onder mme, the cse of lockwashers is unnecessary.

Resistors and capacitors bave a tolerasce rating of - 10% unless otherwise stated. Therefore o 100 KO resistar
may test anywhere seiwees 3 oaad | KS Fregeesiiv cASACitaTs dhew AR €¥on EToater variatien such am =50%to
4100%. This Heathki: aceam=madares ssal vasmmcows,

Uinless otherwise ptated all wire weed is insclased. Bare wire 1# only used where lead lengthe are short and thore
immo poseibility of s short cirewt. Whereverthere 1o & 2oaw:s o Dhre wire leads of residtord or capacilors,
ale,, shorting te othes partis of Lo chasmis, soch leads ot be covesed with inaulated sleeving.

Te facilitate descriding the location of parts, all valvebaldera, contzals, tagarsips, ewe,, have been lemtered or
numbered, Where necessary all such eoding is clearly abown in the lustrations, When inatructions aay, for ex=
ample, “wire to socket G3", refer to the proper figure and connect a wire to tag ¥ of socket G.

Valveholdera illustrated in the mmanual nre alwaya shown with theis lags numbered in & clockwisg sequances, from
the blank tag position or keyway, when viewesd (rom undernsath.

All Feaintors may be wired sither way round,
All capacitors, excupling electrolytic capacitors, may be wired cither way round unless otherwise stated.
Carefilly lotier and number taguiripe, valveholders, transformers, etc. A wax pencil is ideal for this purpose,

Whken mounting resistors and capacitors make sure that the value can be read when in positlon,
Obwserve polarity om all electrolytic capacitora, i, 6, RED » POSITIVE = #,

Acireait description in incluoded in this manual so that those with some knowledge of electronics will be able to ob-
tain a clearer picture of the actual functioning of this instrument. It i not expoctod that those with little exper-
jence will understand the description completely, but it should be of help in the event that they desire to become
maore familiarwith the cireult operation and thus learn more from building the kit than just the placing of parts amd
the wiring.

Read this manual right through before starting actual construction, In this way, you will become familiar with the
general step<by-step procedure used. Sudy the pictorials amd diagrames to get acquainted with the circuit layoat
and locationofparts. Whenactually assembling and wiring, READ THROUGH THE WHOLE OF EACH STEF so that
na point will be missed.

A tick !ﬁi sheuld be made in the space provided-at the beginning of each instruction (rmmediately it has been com=

Red, kim s most imporiant se it will aveid omissions or errore, especially whenever work is !n.l:rruptﬁ_l.n
the course of construction. Soeme Kit=builders have found it helpful in addition to mark each lead in the pictorial in
coloured pencil as if is completed.

Successful instrament construstion requites close obeervance of the siep-by-siep procedure cutlined in this manaal,
For your convenience, some illostrations may sppear in large size folded shecte, [t iw saggested that these sheets
be fastened to the wall over your work area for reflerence parposes during inatrament construction,

EHGLAME
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The Company reserves tho right to make such circuit modification andfor component substitulions as may be 2 .
desirable, indication befng by “Advice of Change" included in the kit,

NOTE: Daystrom Lid. will sot accept any responsibility or liabllity for any damhge or persanal injury ausss - -
dizring the bailding, testing, or operation of this insirumaent.

ALL QUARANTEES ARE VOIDED AND WE WILL NOT REPAIR OR SERVICE INSTRUMENTS
I¥ WHICH ACID CORE S0LDER OR PASTE FLUXES HAVE BEEN USED, WHEN IN DOUBRT
ABOUT SGLDER, IT IS5 RECOMMENDED THAT ONLY "S0/40" RESIN CORE RADIO SOLDER
BE PURCHASED,

Cnly a small percentage of Heathkit purchasers find it necessary 06 £ofurn an instrument for faciory service, o
theds, by far the largest proportion fusction improperly due to posr ar improper soldering,

Correct soldering technigue is extremely important. Good soldered Jointa are cssential if the perfarmance engin
wored into the kit s to be fully realised. If you are a beginner with no experience in asldering, hall an hour's pracs
ice with odd lengths of wire ard & valvcholder, etc,, will be invaluable,

Highest quality resin-cored selder is easential for efficiently socuring this kit's wiricg and components. The res:
core aets an a flax or cleaning agent during the saldering operation.

MO SEEPARATE FLUX OR PASTE OF ANY KIND SHOULD BE USED., We specifically cavtion against the use of 52
called “non-corrosive” pastes ar liquids. Such compounds, although not corresive at room temperature, will for-
residucs whan heated, These rosiducs are deposited on surrounding surfaces and attract moisture, The resul
compaurds are nat only corrosive but actuslly destroy the insulation value of non-cosductars, Dust and dict -
terd toaccumulate on these "bridges™ and eventially will cause ereatic ar degraded perforsmance of the instromes-

IMPORTANT

IN THE "STEP-BY-STEP" PROCEDURE the abbreviation N5 indicates that the connoction should mot yer be
ared, for other wires will be added, At o later stage the letter "5" indicates that the cennection must now be
ered. Note that & number appears afler sach solder imatruction. This number indicates the number of led:
sonnected to the terminal in question. For exampls, if the instractions read, “Conneet one boad of 2 47 KiT Fenie

to tag 1 (5-2)", it will be underatood that there should be two leads connucted to the terminal at the time it is st ..

ered. This additional check will help to avoid errars,

SPECIAL NOTE: Where a wire (s passed theaugh & tag to other parts of the circuit, this will bo regarded as == .
connections (5=2).

When two o mare connections are made 1o the same solder tag o common mistake in o neglect to solder the z2--
mections on the bottom, Make sure all the wircs are soldered,

L -
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If the tags are bright and clean and wirea free of wax, frayed insulation and other foreign aubstances, no difficulty
will be expesienced in scldaring. Crimp or otherwise secure the wire {or wires) to the terminal, 8o a good mechan-
ical joint ia made without relying on sclder for physical sirength.

CHEMP R HIAT CONRICTION AFFLY SOLDIE l.ll.,ﬂ;’mml
e

COLI S0L DR ST
TORKLCTH® IREUFFRCIERTLY
HEATIIE

DD SOEDIN NHNT
EnbNT T T
WHILL DOOLG

Typical good and bad scldered jointa are shown abave,

A poar adldered joint will usually be indicated by ite appoarance. The salder will atand up in & blob an tap of the
eannaglion, with na evidence af flowing cul cansed by actual "wolling' of the contact, A crystilline or grainy lextare
on the scldor surface caused by movement of the joint before it aolidifies i another evidonce of & "cald" connection
and possibde "'dry" joint. Is efther event, rebeat the jolnt until the solder flows smoothly over the entire junction ,
copling to a smooth, bright appearance.

Te make & good scldered joint, the clean tip of the hot saldering iren should be placed against the joint to be soldered
a0 that the flat tag in hoated suffigiently to rmell the solder, Resimcore solder in then placed agaimst both the tag and
the tlp of the iron and should immediately flow over the joint. See {llustrations. Use only enough solder to cover the
wires at the jumction: it is not necessary to {ill the entire hole in the tag with sclder, Do not allow oxcoas asldesr to
flew ints valveboldor contacts, ruining the sackels, $F 18 croep into switch sockets and destroy thelr spring action,
Foaitton the wark ao That gravity tendas to keep the solder where you want i1

A clean, well-tinned soldering iron is alao important to obtain consistently perfect conmections. For most wiring,
a &% to 50 watt iron, or the egquivalent in a soldering gun; is very satisfactory. Heep the iron hot and its tip and the
connections to be soldered bright and clean. Always place the solder cn the heated "work" and then placa the bit on
top of the solder until it flews readily and "“wets' the joint being made. Do nat take the selder on to the bit and then
try to bring it to the work directly {rom the solderimg iron. Whemever possible a joint should be secured mechanic=
ally by squeezing tight with pliers prior to soldering it. The hot soldering bit should frequently be scraped clean
with a knife, stosl wool or a file, or wiped clean quickly by means of a rag or steel woal,

Do not apply too much solder to the soldered joint. Do notapply the solder to theiron only, sxpecting that it will rell
down anle the connection, Try to follow the instruction® and illustrations as closely as peasible,

Do not bend a lead more than once around a conmecting point before soldering, so that if it should bave to come off
due to a mistake or for maintenance it will be much sasler to remaove.

Follow thess instructions and use reasonable care during assgmbly of the kit, This will enaure the dosgrved satis.
factien of having the instrament sperate perfoctly the first time it is switched G,

EHGELAHD
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Basd wirsn of sach comgonent o keep them from
talling sut whan the board I furned

A

=

as?®

o el el

CIRCUIT BOARD WIRING AND SOLDERING

Belore atbempling any work onthe circuit board, readthe following instructions carefully and study the figures shown.
The ocbeoevation ¢f & fow baske procavtions will cnsurs proper sporation of the anit when first switched on.

Fropor mounting of compoments on the board is essential for good performance. A good general rule 1o fellaw 3§
that all components on the board shoold be mounted tightly to the board, unless instructions staie ctherwdse. AL
wires should be kept as short as possible to minimize the effccts of stray capacity in the wiring. Proper and im-
proper metheds of mounting are illusirated in the accempanying Figures, Tubular capacitors and resistors will iz
properly if theirwires are bent as shown, Disc capacitors will genorally fit in place with no lead preparation other
thandetefmining that the leade ate atraight. Componentd with tagd normally foquite fe proparalien unless the tags
are bent, Im which case they cam be straightened with a pair of plisrs. Parts should be Inserted an inatrveted, ane
the leads bent outward to retain in position. Each lead is then cut about 178" from the board and dressed flat agains:
the feil, making sufo that &t doos aol oxtend boyond the condugtar aroa.

The technlgue of soldering leads 1o a clrcuit board is quite simple. Position the tip of the soldering ivon so thar iz
{irmly contacts both the circuit board foil and the wire or tag o be soldered as shown., Then the solder should im-
mediatoly be placed Botwean the iron and the jolat to be soldered, Hold the tip of the irvar in place uneil the soldes
has "welted"” bath the component lend and the foil pattern on the board. Apply more sclder if secosanry and allow
it ta flew amoothly over both surfaces and when this is achieved, quickly remove the iron. Sufficient solder mus:
be used to surround and adhere to & component lead on all sides but the pessibility of an unwanted bridge between
adjacent coaducior aroas whother by solder or an excessively lomg component lead must not be everlosked, [t is
important that noe movement should cccur during cecling off, otherwise a “cold joint' will coour which will soocner
or later give trouble.

A seldering iren of 20 to 30 watts is idesl amd in geraral such irons camrot damage the bonrd due to averhentlng,
however, o higher wattage lron is wsed, it ls important to remove it as soon as a satisfactory flow of aolder ts
achieved.

After soldering a group of compeonents each and svery joint muat be carofully oxamised to ensure that se jeim &6

overlockod and by comparing with the ligures sbove, that no solder bridges, dry, cold or otherwise imporfeet jolzzy
have baen made. This s very lemportant as a higher percentage of lailures cocur for these reasons than for a=v
others . X

1f solder in sceidentally Bridped acress insulsring areas between conductors, it can be cleaned off by hearing z=«
cannecrion carefully and gquicklywiping the solder away with a soft cloth. Holes which become plugged can be clea
by heating the area immediately over the hole while genily pushing the load of a resistor thiough tho hale fram toe
opposite side, and withdrawing the lead before the seldor rohazdens. Do not foreethe wire through! too muach pres.
sute before the zalder has time to solten may separate the foil {rom the board. In cases where foil becomes dam T
a Brosk in the fodl can be rejolned with a small piece of bare wire soldered across the gap, or betwesn the foil o
the load af & component.
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STEP-BY-S5TEP ASSEMBLY INSTRUCTIONE
[ ) Ifthere is an amendeent sheet to this manual, make sure that you have made the altezations at the appréprat-
places.
FRONT PANEL SUB-ASSEMBLY
Refer to Pletorial | and Figure 1 for the following ateps:

{v{ Salect the front pamel and place faco down én & sadt

cloth to avoid damage. COMTRO,

f.'d Meunt a 500 Kil IV iifulit?d PofentTMeer @ith TWTch -
st A with taga positionsd as ahown, LOCATING PEG

lv’f Mount the neon indicator lamp at NL ensuring that the
lecating pip im corroctly seated in the pamel hole.
Secure uslpg the dpeodiul dupplied.

Iu‘i Mourt a 1 megohm HY insulated potentiometer at B, iy, LOCKWASHER

ﬂq"lil Mount twe 20 Kt potentiometers at C and E respec- 1 PAMEL
ualy. S=———" PLAIN WASHER
I.f'{l Mount a 7.5 megohm potentiometer at D. . . HuT
FIGURE 1

m Mounrt ore RED socket at K srsuring that lecating pip
is correctly seated in the panel bole.

tu'i Mount two BLACK sockets at J and L respectively.

(/) ldentify the CRT suppost ring.

Eﬂ Clean the inside of the support ring with "Thawpit' or a similar cleaner, Take the foam plastic strip and pee:
off an inch or so of the pretective paper backing from the self=adhesive surface. Insert the ateip on the inside
surface of the suppart ring sand proceed complately réund the ring, peeling off the paper backing as you progress.
Cut off the surplus material, length and width, when completed,

El.f{ ldentify the squars bozel, the GREEN plastic grid scroen and the grid soreen window .

[ } Assemble theae parts to the frost of the panel in the order shown in I‘!g-un- 2.

Secure using four 4BA x 5/8" chreme screws, nuts and lockwashers with two 4BA solder tags located at ET:
ard ETZ roapectively.

U‘i Mount the l-pale -way rotary switch at ES with the tags positioned as shown.

PRELIMINARY WIRING OF FRONT PANEL
Befer to Pictorial | {or the following steps:

MOTE: Uge the thick solder fer all connectione unless otherwise stated.

[} Commect a bare wire [rom ET1 (N5, through DY [5=2) 1o C1 [S=1).

[,Jrl Using sleeving, connect a 220 Kt resister (RED, RED, YELLOW) from D2 (5«1) to RS1 (5=1).

/) Cut the leads of a 200 pF coramic disc capacitor ra 3/8" long and connect betwaen RS4 (5-1) and RSS [NS).

EU{ GCut the leads of a 2000 pF (.00 uF) ceramic disc capaciter to §" long and connect between RSS (5<2) and 55
(5],

[-bél Cut the leads of a 20,000 pF (.02 oF) ceramic disc capacitor to 3/8" long and comsoct botweon R5E [5-2 az:
RST (NS).

GLOMCIETER
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Cutbothleads of a 0.2 pF tubular paper capacitor to 1" long. Using §™ of sleeving, connact one end to RST (5-1)
and the other end te ETE (5-1].

h-"] Cutlesds to length and connect & 470 KR rdll.“ﬁrifﬂbLO.W. VIOLET, YELLOW ) between Al ($=1) and B3 [5-1).
ﬂ».,l'r] Uping sleoving, cemnect a .2 megohm resistor (RED, RED, GREEN) between ET1 [5-2) and Bl (5-1],

t,r‘,f Cut the leads from ML to length, commect the GREY lead to A5 (N5) ard the BLACK lead to A4 (NS).

Place this unit to one side.

[v ) Befer fo Figure 3. ldentify the left and right-hand side plates and the roar chassis.

{.} Astscmble the side plates to chassis uslng six 6BA » -E" screws, muta and lockwaskhers.

[gf [dentily CAT support bracket and refer to Figure 4. Fi twe 316" grommets at Gl and G2,

{4 Locaie the two CRT clamps. Cut two 2.1/8" lengths of cushion strip and place over clamps.

{v{il-ulmble ane clamp to the support bracket waing twa 4BA x 5/8" scrows, nuts and leckwashers,

w‘} Assemble the bracket to chassis in the manser shown siing two 4BA % " serews, acts had lockwaihers,

i_‘}{} RefesiaFigare & and it twe capaciter mounting plates ©o the underside of the chassis at CA and CB with a l-way
tagersip iscated at TA. Tee ¢3A x § sorews, nuis and leckwaskers,

!
() Select a 44=40-23 F elecirclyme zapasster asd smocse pz 03 essumsg saizured wags are positioned as shown,
Twist the mounting prongs approcmarely a & r=r= 12 seszre.

h.{ Ina airmblar manncr, fin a 530-50 uF capacitor at CA,

EHOGLAND
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['_,r} Place the fraat panel at the froat of the chasdla as ahown s Flgure 3.

{a.Ju'!j RefertoFigure Jand Pictorial 3 and fit a 100 KQ potentiometer to each of the heles at F and G.respectively and
loosely fit nuts and washers.

{g{ Fit a RED sockedTe WclTAtH] Nl Bk holelal H and M,
[-;l'j- Mow tighten the nuts securing the potentiometers ensuring that tags are positioned as shown in Pictorial 3.

[I} Refor to Pletorlal 2 and assemble a 9=pin valveholder at ¥7 with a 2-way and cazth tagstrip at TB., Use 6BA x
1 serews, nets and lockwashers. See also Figars 5.

{\,,lf Mount a Zeway tagstrip at TC using 4 4BA x 3™ screw, nut and lockwasher.
{u{ Mount & 2-wny and sarth u‘rl:tlp at TH using a 4BA x f SCEEw, "nut and lockwasher.
{\j{ Fit o 38" grormmet at G3.
{} Fit 2 BLACK socket at 51,
{V{ Fit & RED socket at 52,
{J} Using 6BA x 5-"‘ screws and nuts only, assemble the G-tag slide switch &t 55,
{16 See Figare 1 and fit & 250 KO potontiometer at PP,
[U-{ Fit & S.way and earth tagstrip at TE using a 4BA x 4" screw, nut and lockwasher.
{ } I[dentifythe mains transformer. It will be soon that the wire tereninations are arranged in two groups emergiong
from oach aide of the trasaformer. Fit a 2}“ length of 7 mm. sleeving on the wire group comprising 2 - RED",
E - GREEN's, | =« ORANGE.
M Eeferto Pictorial 3 and locate the transformer 3o the chassis placing the remaining group of wires through the
adjacent grommet G3. Secare using 48B4 = 17 nerows, nute and lockwashers. NOTE: The nuts and lockwashers
" are {itted to the transformer sideo of the chassis.
PRELIMINARY CHASSISE WIRING
.
Refer to Plctorial 2 for the following steps:

{U/Cut bath leads of & | mogehm resistor (BROWH, BLACK, GREEN) to 5/8". Conneet botweon 551 (N5) and 552
(5},

[.,d Conrect another | megohm resistor (BROWN, BLACK, GREEN) in a similar manner between 554 (N5) and 555
[M5).

[ Select the twoe 0.1 pF tabular high voltage capagitors (1000V &, c.}. Cut the leads at both ends to 17 long and
cover all leads with 3" sleoving.

[L-'{ Conmect one capacitor between TC1 {M5) and TD1 (HS).
{.’;'}r Gonmect the other capacitor between '.I.'l::‘.E {MH5) and TD2 [NE].
{3 Conmect a shért bare wire link betwaen TDI {5-2} and TDZ {5-2).

{-fi Cut both lends of the tubalar selendum rectifier 1" long,. cover with *'" sleeving and cannecs the RED popitive
end te TD3 (NS) and the other end to TCZ (HE]).

{.,.lf Cut the leads of a 4T0 K resistor (YELLOW, VIOLET, YELLOW), te 2.5 long and connnct botween TG [N5)
and TCE (S-3}. i

{\l’{ Cut both lexda of o 002 wF (1 k¥)ceramicdisc capacitor to 5/8° long and connect between slide switch 356 (5-1)
and socket 51 [S=1).

EHGLAND
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ﬂd'fi In & similar mannes, connect & second (002 uF capacitor between 553 (5-1) and 52 (3-1).

f._,'f‘ Select the YELLOW transformer lead emerging from grommet G3, reute as shown, cut to longth and conmect ta
TOS (5-2).

Eefor te Pictorinl JlrAh& aolia) Kby

lu’i Select the pair of RED transférmer leads at LH side of chisdis, cat 1o langth, stelp orda I apd conmect elther
of the leads to V7-1 (S-1) and the other te V7-T [5-1].

[ o] Gut the ORANGE lead to length, strip end 4 and connect to TBZ (MNS).

{w ]. Gutthe pair of CREEMN leads to Length, strip ends 1" and remove varnish from wire. Connect elther of the leads
to THBI (N3] and the sther load te TH3 [N5).

{y) Uping bare wire, make a short conmection between TB1 (NS) and ¥7-5 (S-1).

ﬁ.d/l'.ll:i.nl bare wire and sleeving, make a short censection between TB3 [NS) and V74 [5-1]).
fl.{[l'ling bare wire and sleeving, cosnect from TB2 (NS) through CA4 ($-2) to CB4 (5-1).
ﬂv‘f' Uaing bare wire and sleeving, connect {rem ¥7-3 (S5-1) through CAL (N5) ta TAL [NS5).

i }’/é.ut one lead af an 18 K 5 watt resistor {value marked on body) to 1 long, cover with 4" sleeving and connect
te CB3 (NS).

[-',a/{,"-ut tae other lead to 3/8% long and cennect to TAL I5-2).

("} Cut botk leads of a 27 Kt | watt resistor (RED, VIOLET, ORANGE] to 3/8". Connedt one end to TA2 (NS) and
the sther end ta CEL [(NS).

() Cut bath londs of o 3% KO | watt reslator (ORANGE, WHITE, ORANGE] to 3/8". Connect eno ond 1o TAZ (S-2)
© and the other end to CB2 (M5).

IV{ Ensure that the tagstrip TA is not teuching the tennaformer.

1\'{ Cut both leads of a 4700 1 watt resistor [YELLOW, VIOLET, BROWN]1o f" long and connoct botwoon CA (5-3)
and CAZ (WNE).

q/;r Cut both leade of & 470 resfator (YELLOW, VIOLET, BLACH) to 5/8" long and connect betwaen TEL (NS} and
TBEZ [N5).

:-J'i In a similar manner, connect anether 470 resistor (YELLOW, VIOLET, BLACK) between TD3 (NS) and TBZ
{8-4}. Place beth resistors vertically above the tag board.

COMPONENT WIRING TO CIRCUIT BOARD
HOTE: 1. Before proceeding, read the notes on CIRCUIT BOARD WIRING AND SOLDERING on Page 8.
2. Use the thin saldes for all elreult board connections.
Refer to Pictorial 4 for the following steps:
{#/) Sclect the printed circuit board and the six printed eircult type valveholders.
/) Moust the valveholders at locations ¥1, VZ, V3, V4, ¥5 and V& ensuring that each valveholder is flrmly seated
on the board.

['v’i Solder each tag and centre apigot to the fodl of the circult board.

{i,] Using BLACK connecting wire, cennect between the peints marked J=J and solder both points. NOTE: Run the
wire along the top of the beasd as shown.
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{ ) Continue with the steps as shown in Pictorial 4 soldering only when instructed.
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[ } RefertoPictoriala Zand 3 snd place the circuit board in positicn on the chassis with V2 sesrest the front panel,
Secure using eight 6BA x 3" serews, nuts and lockwashers with a Z-way tagstrip at TF, Enpsure that no part of
the cepper foil is in contact with the chassis.

WIRING BELOW CHASSIS
Rafar te Platerial 3 for the following stops:
HOTE: Reute twisted GREEN and YELLOW wires along corners of chassis as shown.

{4 Cut a &) length of GREEN and YELLOW wirs, twist together sxcept for 3" sach ond and strip all ‘ends 47,
{v) Connect at one end, the GREEN wire to TBI (N5) and the YELLOW wire to T3 {N5),

l-"fl Atthe other end, connect the GREEN wire o Ml ik ERIFL (K50 Bn the, fhipted circuit board and the YELLOW
wire to HM (NS} by placing the bare cng v tne wires iNEG CNE -NOLES .

(i) ©ut n 54" length of GREEN and YELLOW wire, twist together except for " oach end and strip all ends 47,
[.rf Connect at one end, the GREEN wire to HL {$-2) and the YELLOW wizre to HM [8-2).

{1{-'“ the cther end, connect the GREEN wire to HI (NS} and the YELLOW wire to HE [NS).

{~) Cut » 63" longth of GREEN and YELLOW wire, twist together except for 3" sach and and strip all ends 191,
{+')] Connect at one end, the GREEN wire to HJ {5=2] and the YELLOW wire to HK (5=2).

hf At tho other emd. comnnect the GREEN wire to HG ($=1) and the YELLOW wire 1o HH ($-1).

tvf cutan BY" length of GREEN and YELLOW wire, twist together excopt far 49 sach end and serip all ends 47,
[ } At one end, connost the GREEN wire to TBI (5-5) and the YELLOW wire to TB3 (5-5),

{1,,‘}! AR the other end, conneet the GREEN wire to HE (M5) and the YELLOW wire to HF [N&).

(v} Gut a 53" length of GREEN and YELLOW wire, twist together oxcept for §" cach end and strip all ends 3»,
{ /] Gonnect at one end, the GREEN wire to HE (5-2) and the YELLOW wire to ME [5-2),

“l'f At the other end, connect the GREEN wirg te HC (NS) and the YELLOW wize to HD (K5).

(¥} Gut a 5}" length of GREEN and YELLOW wire, twist together axcept for 3% each oad and strip all ends 3.
{J'f Coaneet at ene end, the SREEN wire to HC (5-2) and the YELLOW wire ta HD (5-2).

{vf’-'u the sther ead, connect the GREEN wire to HA (S-1} and the YELLOW wire to HB (5-1).

fu"{ Using bare wire and sleeving, make a conneetion betwoen CAJ (=1 ard locaticn N (5-1) on the printed clreuiy
board.

E'V{ Goanect 3 short RED lead betwesn CAZ (N5) and HT4 {S-]]- on the printed circuit board.

{yf Connectone end of & 91" longth of RED wire to GAZ (5-3). Route the free end toward and theaugh G3 to be cons
accied Later,

(¢} Cosmeer a 3" RED lead from HT2 [5=1) on printed circult board to CBI (N§),
{-.,,(Cul leads to length and connoct a 100 Kt resistor (BROWN, BLACK, YELLOW) between TF1 (NS) and CB3 (H45).

W{ Cut loads to length and connect & 240 K} 5% resistor (RED, YELLOW, YELLOW, GOLD) between TE2 (N5) and
CBI {5-3).

EJ{ Using bare wire and sleevipg, connect from L($-1)on the printed circuit board through socket L (N5) and again
walng aleeving, te J (H8). Dress clear from socket K.
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{-"jjrullm bare wire and sleeving, connect from soecket J {MS) to J {5=1} on the printed circuit beard.

-4 Cut loads te bength and connect & 100 KN roststos (BROWN, BLACK, YELLOW) botweon patontiometer Gl (5-1)
and socket L (MN5).

&
() Cut leads to length and conmect & 4.7 megehm rosistor (YELLOW, VIOLET, GREEN) betwoen sockets M (NS}
and L (S-4).

h.‘r Cut leads to length and comnect a 47 Kft 5% resistor (YELLOW, VIOLET, ORAMGE, GOLD) between F3 (S-1)
and secket J (5-3).

t\»‘]( Using bare wire and sleeving, make & ¢omnoction from awitch RS2 (double tag) (S-1) te R52 (5-1) en the printed
circuit board. Ensure that both tags at BS2 are soldered.

;
(¢} Using barewiresnd sloeving, mike s connection between socket K (3-1) and K (3-1) on the printed circuit board.
t-.;{ Cut bothlends ofa .02 uF diac coramic capacitorto § loag. Sobder ono load to V-2 and the athor lead to V2-6,
NOTE: Theaeconnections are already soldered, simply re-keat the joint and insert the component load into the
solder fillet, remove the iron and allow tasaomt EroEoR
[.’{ Connect a 5-{" length of BLACK wire fram patontiometor G2 {5-1} tae G2 {3-1) on the printed circuit board.
a
[1'] ConReet o H-" length of BLACK wire from potentiometer F2Z (S=1) te F2 {5=1) oo the pristed circuit beard,

{-'tf Cut bath leads of a 0.1 uF 400V tubular capaciter t¢ 778" long, fit 5/8" sloeving over each lead and comnect be-
tween socket M (5-2) and M [$-1) en the printed £irenit board,

[,rf GCut bothleads of a €. 1 pF 4060V mbular capacitor to li" lomg, fit 1" sleeving over ench lead and connect botwoon
switch BE3 (§-1) and RS3 ($-1} on the printed circouit board.

¢

{q'r]- Conpect & b-*'" length of RED wire froem CBZ {5-3) te HT3 {5-1) en the printed circuit board.

[-,( Connect a 53" length of RED wire from CBY (5:3) to HT1 {5-1) on the priated eireult board.

{.{ Gonnoct a 64" langth of ORANGE wire from TF1 {5-2) to petentiemeter G3 (5-1).

{-l-j/f.‘.nnn:cl. a 64" length of ORANGE wire from TF2 (5=2) to potentiometer F1 (5=1).

{vf Copnoct ene ead of & 3" length of BLUE wire to socket H (5¢1) and pass the froe end teward switch RS,
WIRING ABOVE CHASSIS

Refer to Pictorial 2 for the folléwing stops:

{fild Place chagsis upright en workspaco,

{ ] Identify the free end of the BLUE wire (previcusly connected to H) and connect to RE9 (S-4).

{v{ Cennoct & 3" longth of BLUE wire between switch R58 (5-1) and R58 {5-1) on the printed circult board.

{..] Copnoet & short BLACK wire from potentiometer EI (§=1) to El (5=1) on the printed cireuit board, NOTE: It
mmay be necesganry to temporarily move the 0.1 uF capacitor to gale access to the copper fodl at El.

{l.l'f] Routing wire as shown, connect a 6" length of GREY wire from potentiometer G4 (5=1) to G4 (5-1) on the printed
circuit board .

i'u"’]( Connect a 33" length of VIOLET wire between potentiometer E2 [5-1) and E2 ($-1) on the printed cireuit board,

{'U"Jr Cat bath loads of a 16 uF, 150V olecirolytic capacitor 1o f"' lemg, fit i" sleeving over each end. Goemnect the +
[pesitive) end to E3 (5-1) on the printed cireuit board and the = (Aogative) end te potentiometer E3 (3-1).

H\J; Conncct a 5% length of GREY wire between potentiometer C2 {5=1) and CZ ES.-'I.I on the printed circuit beard.

EHELAHD
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{4 Cut both leads of a 16 uF 150V electrolytic capaciter te 11" loag, fit 1" sleoving over cach end. Connect the +
(positive) end to 3 {3-1} on the printed circuit board and the - [megative) ond to potentiometer C3 (S=1).

[.r-‘F Conmect one end of & 100" langth of ORANGE wire ta 551 ($=1}) on the printed circult board, route the wire at
right angles to the beasd passing the other ond throwgh grommet Gl and connact to dwiteh 551 [S-2).

[b"r Conmect one end of & L6E" length of GREY wire to554 (5-1) on the printed clreuit board, route the wize at right
angles %6 the board passing the other ond through grommot GU and connect to switch 334 {5-2). MOTE: Route
this wire clear of the previous ORANGE wire stherwine the vertical frequency response will be impaired.

(.3’; Connect one end of & 7" length of ORANGE wire to GRTY ($-1} on the printed circult board, pass the other end
through grommet G2 asd leave free.

‘.'({ Connoct one end of a 7" length of GRIFW W8S A CRMUAES 1 RS thi%slnied circalt beard, paes the other end
through grommet GE and loave free.

CAUTION: Carefully open the enrton containing the cathode ray tube. Handle the fube with reasonable care, since
ithas been highly evacuated, Should the envelope be broken the resulting implosion coald spray the area with shat-
tered glass with pogsible sericus consequences. Avold handling the tube while wearing diamend rings which might
scratch the glass. Do not strike the savelope with tools and de aot subject it to impact or shoeck.

[ } Garelully remove the sathods ray tube (CRT) from ite container and, using a soft cleth, wipe the face to Temave
¥ amy dust particles.

[} ldentify the GRT mumetal shicld and place ia position on the base of the CRT level with the glass eavelopo as
indicated in Flgare &.

qa"l; Identify the |2-pin CRT socket and fit to the base of the CRT.

(4 Place the CRT in pesition within the CRT suppost ring and CRT clamp. Orlentate the CRT with pin 1 in the 12
olclock positien.

[\/{ Place the top clamp over the CRT base and lghtly secure using 4BA nute and lockwashers.

EHGLAHD
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CONNECTION OF WIRES FORMING WIRING HARMNESS
Refer to Pletorial 2 ard Figure 7:

{1} Cut 10} lengths of comnccting wire af the colours BLAGK, BLUE and VIGLET, strip all enda 4" and bwist to-
. gether except {orF 1" at each ond.

ﬂ‘rl:l Insert these wires through & H;" length of T mm. llua'\-'hq!,

At one ond near the front panel, comnect e follows:

{.) BLACK wo AS [5-2).

{4, BLUE to A& (S=1].

[ A YIOLET to A (5-2).

At the other end, make the folléwing connections to tagetrip TE:

(.} VIOLET to TE! (N5).

{+4 BLUE to TE3} [N5).

{ BLACK te TE4 (NS).

{3) Cuta 5" length of ORANGE wire, steip onds §' and connect betweon TCH (NS and tag 12 (NS} on CRT socket.
[ Cata 124" length of BROWN wire, strip cnds 4 and pass threugh the 7 mm. sleeving.

{-__.}" Conmoct ene ond to B2 (§-1) and the other ond te CRT4 (8-1).

T,j; Cut a 137 leegth of GREEN wire, strip ends " and pass through sleoving,

{.] Cennect one end to AZ (S-1) asd the other end to CRTS [=S5]).

{#) Gutan 11" length of ORANGE wire, strip onds 4" and pass through sleeving.

[.F :I' Conmect ends botwoen TCH (S-4) and A3 (5-1),

{'.-’i' Cut a 14" length of YELLOW wire, strip ends 3 and pags through slecving,

1"-"1 Ceonnect ene end to CRTII (5-1) on circuit board and the other snd to CRTLL {15},

{ ) Dress the wirlng for neat appearance.

fy ;’ Using bare wire and sleeving, make a shert connection betweoen potentiometer FP3 ES-IJ and TE2Z (NEL
[1."; Idfentify the RED wire {rom grommet G3 (proviously connected undes chaneis to CAZ) and connect to PPL [5=1).
l[-l_fr Strip beth ends of a 3" leagth of RED wise and connect betweoon PPZ (5-1) ard CRTE (5-1).

h.:r Strip both onds of a 33" length of GREY wire and connect betwoen switch 555 (§-2) ana GRTS (5-1).

() Strip both ends of a 2] length of ORANGE wire and eomnact botweenS828-2) and GRTT (S-1). NOTE: Fosition
this wire clear of the provious GREY wire.

[.,,-':I. Identidy the ORANGE wire appeasing through grommet G2 and connect to CRTY (5-1).
{v'{’h‘ltl'l-t'tf's' the GREY wire appearing through grommet GE ;nrl conasct te CRTIO0 {S-1).
{.] Remeve all surplus wire ends protruding abeve the printed circuit board.

() Identify the two BROWN transformer leads appearing through grommaet G3.

{.) Cut to length and comnect either one of the two loads te CRTIZ (N5),

(.} Cut to length and conmect the remaining lead to CRTI [5-1).
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a

{;.}’ Cut both leads of a 100 KO resigtor (BROWN, BLACK, YELLOW)S/6" long and conneet between CRTIZ (5-3)
and CRTZ {8-1).

{+} Cut both leads of a 1 meogohem resistor (BROWHN, BLACK, OREEN) 8/8" long and connect between CRT3 (NE)
and CRTS (5-2).

[,.’;/ Cut both leads of a .03 uF 1500V ceramic capacitor to § long,
fit 4" sleevingtoeach lead ard coennoct between CRT1 (5-2) arnd
CRTS (8=1).

{w] Identify the RED and BLACHK teansformer leads coming threugh
gremmet G3.

:,‘f After cutting themto length, connoct the BLAGK lead ta TEL (N§)
and the RED lead 2o TE4 {5-2).

I:-"ﬂ Seleen the maina caple end carefully resave 1 of the cuter
insal ation.

{.) Pass this end theough hole SR, Commect ihe Blu  wire ta TEL
(E=3), the Grgeg wire 1o TEZ (%2 and the Brn wire 1o TEX 5-2)

+f ] RefortoFifure Band{it the strain relief bush over the cable and
insortintohole SR ina direction from the outslde face of chassis
leaving 1" slack of mains cable inside the chassis,

DUTHIDE CF CHABSIS

FIGURE-8

—

AT
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o

FIGURE =%
FINAL ASSEMBLY

1MPORTANT WARNING: Minlaturewvalves canbe easilydamaged when plugging them into their valveholders, there-
fore, use oxtrome care when installing them. We do not guarsntoo or replace miniature valves broken 4'»"!1: in-
stallation. Support the underside of the circuit beard when insertisg valves located on the board.

Refer ta Figure 9 and insert valves in valveholders as follows:

Valvoholder V1 = 12AUT (ECCH2), Valveholder V2 « I12ANT (ECCS3), Valveholder v3 - 12AUT [ECCSZ),
Vi - 12AUT (ECCHZ), ¥& - ECF80, Vé = 1ZAUT (ECCSZ),
VT - EZsl.
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INSTALL FEET
A5 SHOWH,

FUSER PLUG.

FIGURE=1Q FIG=)

{“'_l Ineect the b amp framed P]"S in the traasformer voliage selector pane! af the appropriate \'a]us: tapplag to suit
your mains supply. Figure 10 shows an emomomsommes WM ©ao L oo & IRsc.

tﬁ{ Remevethe paper protocting the solf-adhesive label and install the label on the sear of the chassis as shown in
Pictarinl 3,

{.} Turnall front panel contrala fully anti-clockwise.
:...-:r Fit the large knoh te the HOR./FREQ. SELECTOR switch with the pointer at EXT and tighten the grub screw,

{ ) Fit seven small knobs to the remaining front panel controls with their pointers in the 7 o'clock position and
tiphten grib aceaws.

{ ) Install the handle on top of the cabinet using the spocial nats and end plates provided.

[ ) lmsertthe rubberdest into the holes in the bottom of the cabinet as shown in Flgure 11. Molstening the feet will -
facilitate insertion. =

[ 3 Assemble the pair of tost loads, oo RED and one BLACK as shown in Figure 12,

EADEODILE CLIP FIGURE-I2
——— - B

SCREW TEAMIMAL

TEST AND ADJUSTMENT

CAUTION: VOLTAGESIN THIS INSTRUMENT ARE DANGEROUS, Extrerne cirse ahould be exercised whonever the
instrument is operated or handled without being installed in the cabinet. Somc of the highest voltages in the cireult
appear on the CRT secket and the Brilliance and Focus control terminals. These voltages could be fatal.

We auggeat that you read this section of the mansueal before performing the followking stops.
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{ ) Set the controle ae follows bofore connecting the malss cable to an AC cutlet:

BRILLIANCE = Fully anticlockwise

FIME FRECG. = Fully anticlockwise

YERT. GAIM = Fully saticleckwisn

HOR, GAIN = Fully aaticlockwise

YERT. POS, = Centre of rotation

HOR, POS, = Centre of rotation

HORIFREQ. SELECTOR - Fully clockwise

FOCUS = GContre of retation

Astigrantiarm = Centre of rotation) these controls areonthe rear chassis
YERT (INT-EXT) = INT 1 of the instroment

[} Connect the mains cable to a 200=250 vol I W0 0EN & alfd Maklel EWUFAE: This instrument may bes sericusly
damaged if connected to a power source other than that stated.

Turn the BRILLIANCE contrel fully clockwise. Thie will apply power o the oscillogcope. All valves dhould
glow. Allew one mimgte for the valves B warm up.

Watch the screen of the CRT until a spot appears.

If nt spot appears, ratate both the HOR., POS. and VERT, POS. kaoks simultaneoualy until & apot appeara. If
the spat cannet be lecated, refer to the [N CASE OF DIFFICULTY section of the marmenl,

Rotate the HOR. POS. contrel and notice that the spot meves horizenially across the scraen, Now tura tho
VERT. PUS, contral and the spet will moave up and down, Adjust these two contrals ao that the spet is centred
on the screen.

[} Wow adjust both the FOCUS and Astigmatism controels for minimum spet size. CAUTION: Do not pormit the
spot to remain stationary on the screon fer any length of time, This may destroy the fluorescent material on
the pcroon and ledve a dark apat. If necessary, Feduce apot belllinnce by turning the BRILL zontral in an anti-
clockwise direction,

With the spot contred, slowly turn the HOR . GAIN contral cleckwise. The spét sheuld ndw become a herizantal
line.

If the trace is net porfoctly horizontal, corroct this condition as follows:

Observe the position of the trace on the CRT and estimate how far the CRT should be turaed. Turn off the powey
and disconnect the maine lead. Losaen the clamp st the Bago of the CRT and rotate the tube the proper amoust.
D not allow the tubo ta slide forward and come inbe contact with the grid screen, This process may be repeated
thetracoin atill -]J.gﬁ:ll‘- tilted, When finished, carefully tighten the CRT clamp to hold the tube in place. Do
Bt wtﬂig}unn ag the tube could be broken.

{ } Commect a test lead between the YERT . INPUT RED socket and the socket marked 1V P-P.

[ } Adjust the VERT . GAIN controel for a trace height of aboat & om. Moeve the HOR/FREQ, SELECTOR awitch te
the™ [50 ¢fs LINE SWEEP) position and slowly advance the HOR. GAIN comtrol clockwise. The vertical line
ghoujd.hqin to alope to the lef (anticlockwise motion)as the HOR . GAIN contrel is retated. At masdmum heri-
zontal ammplitude, the line will be almost horizontal and it will extend waoll boyond the edges af the CRT.

Turn the HOR. GAIN control fully anticlockwise and move the HOR/FREQ. SELECTOR switch to the No. 1 po=
sition. Advancethes HOR. GAIN contrel until the pattorn senchos a width of about 4 cm.
Now sdjust the FINE FREQ. control untll you obtain a pattern simdlar to that shown in
Figure 13. The pattern will flicker because of the low sweep rate. Theo next theee po-
sitions of the HOR/FREQ . SELECTOR switch should produce varied pattorns, dopomdiag
upon the [requency relationships botween the 50 cycle voltage applied to the VERT, INPUT

socket and the time base generator frequency, which is controlled by the HOR/FREG.
SELECTOR awitch in conjunction with the FINE FREQ. control. F IGUHE ll

HOTE: When using the calibrating veoltage from the 1% P=F socket it may bo noticed that
imall brenks Appahyr BeAr the peakid i rhe diaplay. This fa of no importance and will not
oeeur with external signals.
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{ ) Turn off the cscilloscope by turning the BRILLIANMCE contrel fully anticlockwise. [f proper resalts wero ob-
thined inthe preceding steps, the sscilloscope may be assumed o bo adjusted correctly and oporating proporly.

{ ) Positionthe chassis in the cabinet so the frent panel fits snugly around the fromt sim of the cabinet. Fasten the
chassis in place by installing twe 4BA x 3/8" chrome screws through the rear of the cabinet, into the nuts om
the rear of the chassis.

OPERATION

The operaticn of an escillepcope and its many controls is quite simple once the basic principles are clear.
The contrale can be divided knto groups with specific functions .

The DRILLIANCE and FOCUS coatrala and the Astigematisr preset control {the latter mounted at the rear of the in-
strument) contrel the quality of the trace.

Two krebs, marked VERT. GAIN and HOR., GAIN, BolMul i MolufoffeddTh & the paltern on the screen.

Two knobs, marked VERT. POS, and HOR, POS., control the location of the trace on the screen. Turning the
VERT. POS, knobmovesthe trace up or down; the HOR. POS. kneb is used to maove the trace left or right.

Two knobs, marked HOR. /FREQ. SELECTOR and FINE FREQ., control the eperation of the time base gencrator.
The HOR. [FREQ. SELECTOR ard FINE FRECQ, controls permit selection of the desired sweeping rate to provide
a stationary pabtern. The HOR./FREQ. SELECTOR switch alee porferme the following functions .

EXT: In this position, the HOR. INPUT socket i connected directly to the inpat grid of the horizontal amplifier
aystern. The time base generator is not operating and external signals can be applied to the sockets.

~,(50 ol s LINE SWEEP): lnthis position, a 50 ofs veltage is applied fo the horizental amplifior aystern, The sweep
thus applied to the amplifier is sinuseidal in waveform.

VERT. INT=-EXT switch: Unless the cacillescopein required for direct connection to the Y plates, this switch MUST
te in the INT position, otherwise the vertical frequency response will be impaired.

QENERAL CONSIDERATIONS

1. OPERATING LOCATION, Altkoughthe CRT is shiclded to prevent traco distortion due to magnatic fleldn, it iz
pessible that some trace distortion due to a very high field may still occur. The shicld will certaialy reduce
thess affects, but may not entively eliminate them, and if this appeare 1o be & probler the simpleat remedy is
usually to fiad a location for the "scope further from the offending equipsment or source of the field.

2. OWVERLOAD. To prevent overloading the input stages is the nmplifice, keep the vertical and horleontal inpat
algnalvoltages less than 20 volts rom.s. Use an auxiliary attonuator probe for kighes voltages to prevent overs-
loading. The Heathkit Model PE-1 is suitable {or this pusrpose.

3. VERT. and HOR. POSITION, In operating the position controls, you will abserve a "dead spot’ noar the centre
af rotation: that is, the position of the trace does not change even though the central is turaing thedugh soversl
deproca. This is perfectly normal and is couscd by tho slider of the control paasing over the tap position on
the resistamce clement. At this tap position, no change in resistance takes place, hence the trace does not
change position.

4., INTEMSITY MODULATION. At reduced brilliance settinge and low time base apeeds, some intensity raodulation
of thetrace may be noticed. This condition is normal and may be cliealaated by a slight increase in trace bril-
liange.

&, STRAY PICK-UP. At maximum gain settinge, the sensltivity of the amplifiers la very high. Therefore, with-
out a signal source connected to the inpat scckets, stray plek-up may produce patterns on the CRT screen.
Such behavicur is normal ko this type of instrument.
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APPLICATIONS

As mentioned in the INTRODUCTION to this rmanual, the cathode ray oscilloscope is a most versatile device. It has
the sbility to mensure the baale electrical quantities and mere important, to shew the relationship botweon any twe
of these quantites at any one Hme. It can also be used to relate any one of the variables aghinet a controlled tme
reflerence. Therefors, it can indicate such characheristics a8 frequendy, phade relations and wavefosm.

Transducers are uied to comvert sound, heat, light stress or physical mévement Eato elocteical Empualiss., The im-
pulsca cnn be studied by displaying them on the screen of the escillescope,

The following portion of this manual ie simply to familiarise you with the basic applications of your oscillescope.
WAVEFORM INVESTIGATION

Probably the major wse of most cecilloscopes is in the study of recurrent or traneient variations in an electrical
gquantity. Since the escillescope is & veltage oporated dovice, these varintlons must be first converted into changes
in veltage.

Itis common practice to apply the signal veltage to the vestical input of the osacilloscope. By the use of amplifiers,
this voltage is made te displace vertically the eloctron beam in the cathode eay tube. At the same time, the beam
is being swept horizontally by the time base generator within the instrament. The sweep frequency is normally a
sub-harmeonie or simple fraction of the sigenl frequency. Therefore, more than éne complete cycle of the signal is
shown o the scrcon.

Described bolaw are the more cormmon applications of the oscilloscope in atudying wavelorme,

TESTING AUDIC AMPLIFIERS AND CIRCUITS

Flgure l4 ghows the conventional set=up of equipment {or this application. The audie generater should be capablo
of pra&wlhg & pure sine wave with a very low harmonic distortion. Theo lead resister should match the output im-
pedance of the amplifier. The usual practice is to perform all teste at an input voltage sufficlent only to developa
reference power outpat. This prevents everleading any pertion of the amplificr ard consequent Inaccuracies in
meAsurements .

220 O 0O O, e O i i o
L] L 5 al F # 3k
A F GENERATOR )fnurl.lrmn UNDER 1 LOAD
INPUT TEST QUTPUT
FIGURE - I4
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:

FIGURE—13

Flgure 15A shows sericus flattening of one peak representing about 10% barmonic distortion, This condition may
be caused by incorrect bias on any stage or by an fnoperative vnlvedn the gash-pall stage. Figure 15B indicates
third harmenic distertion, a particularly shjodEneaIRGRLE | Ridhrd | sh@sllpttening of both peaks, usunlly an
indication of overlead somewhore in the circull,

(4R

FIGURE=- Ib

Although the use of sine wave input tells vs a lot about an amplifier, the use of o square wave input waveform gives
a wery accurate and extromely sensitive indication of the performance of the system with respect to both amplitude
distartion sad phase shift, Asdume that we apply & wave af the form shewn in Figure 16A with a fundamental fre-
quency of 50 efs. In a theoretically porfect amplifier, the output waveform would be an exact duplicate except at a
greater power levwel as determined by the gain of the amplifier. Actunlly, the distortion of this waveform as shown
on the "scope tells a great deal abéut the amplifier at {freguencies considerably separated from the test Erequoncy.
If the high frequency porformance of the amplifier is oxcellont, the front of the waveform will be sharp-coarnarad
and «loan,

A distortion similar to that shown in Figore 168 indicates a poor high frequency reapoBae, which may be amplitude
distortion, phase shift or both., Weo may assume, therofore, that the shape of the rising portion of the waveform
iedicates the ability of the armplifier to faithiolly reproduce high frequencios. Cenversely, the slope of the flat-top
portion of the wave indicates the performance of the amplifier in the low frequency cange. Figure 16C is the char-
acteristic indication of an amplifier with a poor low frequency response.

Agnin, the square wave generator used must be capable of preducing the desired wavelorm with excellont mﬂusq
regulation nrd low inkherent distortion,

SERYICING TELEYISION RECEIVERS

Servicing television receivers is a rapidly expanding application of the cathode ray oscilloscope. Each of the fol-
lowing basic uses requise acme additiconsl equipment. but neno of them can be performed without using the oscillo=
SCOpe.

Alignment of a television receiver is virtually impossible without the use of an cscilloscope and & television align-
maont swoep genorster. This type of generater supplies an RF signal over all the frequencies involved in modern
tolovigion reoceiver oporation, This eignal can be froquency medulated at 50 cls with a deviation of several megh-
cycles: The generator also providea a 50 ¢ls aweop voltage controllable in phase to drive the herizontal deflection
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smplifiers in the escillescope. It alse provides a blanking systom which culs off the BF autput af the generator
=1 rln; gne-half of iia npqral.in_g eyele. Ia effect, the peBeralos culpat Starts at a reference f!:qunm:'.- and swe el
alvernately at a uniform rate from reference frequency to (requencles several megacycles above and below. Vertical
input to the 'scope is driven by voltage developed at the input of the video amplifior. Since this veltage varios in
exact accordance with the gaim of the RF andforF amplifier stages over the frequency eange belng aweopt, the trace
on the screen s actually a graphic repreaentation of the response of the amplifiers being tested.

T ALIGMMENT
GEHCRATOR

FIGURE = |7

Figure 1T cutllpnes the connections between the aligament generator, recelver and oscilloscope. The exact procedure
for alignment waries greatly, This information is generally available in the manufacturers' service information.
Usually adrawiag of the dosleed Feapoade curvo 38 glven tegother with b dogquénde of adjudtmests 1o Faughly approach
the desired pattern, Final sdjustments are made while watching the trace on the cscilloscaope,

The wavelform ¢f the complex televigion picture signal as it is passed through the recoiver is andeubiedly the most
important charactoriatic of the signalvoltage. In order te properly display the minute variations in waveform which
incldentally make up the difference between good and bad pleture guality, the cscilloscope 1s required to amplify and
display voltage changes over an extremely wide frequency range without distorting them.

Agatnyou muat rely on the manuwfaciuror to furnish roprosontative pattorns showing the waveform to be oxpocted a1
apecific points within the receiver. You will find that these dingrams cover the entlre recelver with the exception
of the front end or tuner portion. However, in order to pick off the modulation envelope in the IF or wideo amplifier
sections, a deméedulater probe is used to make connections to the anode, grid or cathode of the stage being investi-
gatesd. Thia is aecossary singe the signal in thoso stages is siill contained in the amplitude medulation eavelope of
tihe carrier and must be detected or demodulated befors it ean be shown on the oacllicscope.

At any point after the wideo detector, no such probe is necessary and a simple shielded low capacity cable can be
upod,

[n either caso, the sigral velthge is fed into the vertical amplifier of the sscillodcape. At sny péint up 1o the video
detector, the veltages picked off will be quite small and considerable vertical gain will be required. Within the sync.
cireults and deflogtion ¢ireults of the TV regeiver, however, these voltages reach very respectable proportions and
very little neaplification is regqulred.

The signal tracing mothed of analyeis is mest helplul in going through & recoives in this faahics, stace faulty re-
coiver sporatien i» goenerally caused by the less of all or a significant portion of the pleture (nformation and pulaes
atdome stage withie the receiver. With o basic underatanding af the function of each part of the signaland withthe
means available to determine what the signal actually looks like at any part of this recciver, it is a comparatively
simple matter to isolate the defective portion and the particular component causing the failare,

Remomber in making coancctions to the test polnts that grid circults are generally high impedance points and that
the addiden of any capacity can disrupt the performance of the stage to some degree. Anode circuits and cathede
circuits are vsuslly lower impedance points and more desirable for testing parpescs. Also bear in mind that the
anode clrouit indicatien with resprct ta polarity will be exactly eppasite to indications obtained on grid or cathode,
singe 3 phase difforence of 180 degress takes place within the valve. Therefore, the pattern shows on the 'scope
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sareen will be inverted when such interchanges are made. The form of the wave should not be changed hawover,

video amplifier response can be measured in oxacily the same manner described for testing awdio amplifiers and
agabn s square wave signal is the most efficiont mothed o wse, Becawae a video amplifier must pass slgnala as low
aa 20 ¢i'|.:.u.ﬂan1:lg:1 asd or 5 mogacyeles, & more comprehensive test is required. Usually a 50 cofs check is made
to cover low and medium frequency characteristics. A second check at 25 kels covers the high frequency portion of
the response curve. Aghinsuchtests require accuracy on the part of the cscilloscope. The signal tracing technique
canbe usod in those teats also. The square wave genorater is fod directly into the first video amplifier grid, Very
lovw aigmal input will be required. Then the eacilloscope i connected to various ancdes starting mear the cutput end
and working back until any distertion ba isolated. Patterns such as Flgure 16B are responsible for poor pleture de-
tail or fuzziness,"while distortien of the wavedorm shown in Figure 16C can cause shading of the pictare {rom top to
battom.

OBSERVING MODULATION PATTERNS

Amateur radio eporators often use the cscilloscope to check the quality of modulated RF signals obtained from their
trapamitters. Since the vertical amplifier frequency response of the escilloscope is not adequate o sscuratoly ro-

produce the frequencies of the BRF carrier, direct connections to the vertical defloction plates of the cathode ray tube
are required. These cemnections are available at the rear of the cacilloscope.

When using the oscllloscope for this purpose. EMe Snd WA BEMk SR SLes B ha trapezcidal pattern for tost pur-
podes. Suchapatternisformed whena modulated RF sigral is applied to the vortical deflection plates of the cathede
say tube and modulating audic signal used for herizental deflection, This modulating signal can be applied to the
horizontal input terminals of the cscilloscape.

1] {L=]

FIGURE-I8

The appearance of a typical trapezoidal pattern is given in Figure 18A. As the modulation percentage increases,
the pattern becemes more trisagular in shape, approaching a perfect triangle with 100% moduolation as shown in
Figure 188, Over modulation gives patterns shown in Figure 18C.

Atrapercddal pattern is useful for determining percentage madalatison., The maxi {h2) and mind {h1} heighes
of the trapezoid are measured using any conveniont unit. Percentage of modulation may then be ealeulated ns follows:

{h& - hl)
Bz + BRI} % 10 = Porcentage moedualation
Trapezcidal pattorne are alee ueeful for indicating the operational characteristics of RF signals obtained {rom car=
sioF currenl tranimbiters, audio oacillators and similar devices. Typical patterns that may be obtained are shown
in Flgure 18,

Flgure 19A shows the type of pattern abtaingsd with less than 100% modulation, but with phase shift in the audio sig-
nal between the point ai which the aedic sigeal is taken for the oscilloscope horizontal deflection and the paint at
which carsior modulstion cceurs, Sucha patiermcorresponds essentially to the pattern given in Figure 198, It does
nat indicxte &= defect or lmproper operation.

Flgure 19C gives the type of pattern obisined where an improporly operated Class C RF amplifier fs used. Sucha
pattern may be caused by rogeneration, imprepor asutrallsntion or execasive biaa.

The pattern shown in Flgure 19C may be caused by insufficient BF grid drive to a medulated amplifier or 3 woak
amplifler valve. Saturation is reached on the medulated peaks, sesulting in the flattcnod appokrance. .
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FIGURE— 19

MISCELLANEOUS WAVEFORM MEASUREMENTS

In this category, we can place suck wavelorm iavestigations as studies of solse and vibeation, sub-sonic and ultra-
sonic applicatiens and hundreds of others. Each of these fields is kighly speclaliaed and it ls obvicusly impossible
g cavar thaom here, o

AC VOLTAGE MEASUREMENTS

Becawsno of ite peculiar characteristics, the oscilloscope is particularly sulted to the measorement of n..¢. valtages.,
Withthe advent of tolovision, it has boceme imperative that such measurements be made accurately without respect
to wave shape, so that the comnventional r.m.e. reading a.c. valtmeter is ne longer adequate. Most television sers
vice sheots specifly peak-to=peak voltages which appear at various polsts of the eircuit. Othar applicatiens fer such
messuremants are becoming more common every day.

The oacilloscope cam be wsed bo accurately meoasure and display thess veltages. [t can be calibrated by any cne of
many methods for this purpose.

When uei the oscilloscope for a.c. voltage measurement, it ls sometlemes helpful to use the HOR. IN positicn of
the HOR,/FREQ. SELECTOR switch, This produces a wertical line which can be focused and centred exactly for
mgst accaratle roadings.

The following relationshipa exist betwesn sine wave m.c. waltage:

Toma®. % §.414 = Peak Voltage

T.m.s. x .828 = Peak-to-Peak YVoltage
Peak Voltage x 0.707  r.m.s, Voltage
Peaksto-Peak YVoltage » 0.3538 = r.m.s. Voltage

AC CURRENT MEASUREMENTS

To measure a.c. currents, the unkaown curremt must be passed through a resistor of knowen value. The voltage
dropacross this resistor is measured as described above. From Obm's Law, [ = E, the current can be caleulated.
B

It ix important that the resistor be non=reactive at the frequency involved. It should also be relatively small with
redpect Lo the reslatance of the load,

FREQUENCY MEASUREMENTS &

Frequeacy mehigrfomoents can be made with ag accuracy limited omly by the referonce {requency source available.
In most cases, this can be the 50 ofs malns frequeney which ls waually controlled very closely. The uakrowsn fre-
quency is appled to the vertical input and the reference frequency to the horizontal input. The intermal time base
generator ignet used. The resaltant pattiern maytake on any one ¢ a number of shapes. Typical patterns are shown
in Figure 20,

The frequency ratie can be caloulated from the formula, !‘.x s Ib :: i Iu: is the umknown frequency:
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HORTZONTAL
TANGENT LINE

!

A"I’ fu= 2F

f
VERTICAL fu =
TANGENT LINE

FIGURE=20

Th istkemumber of lotps which teuch the horizental tangent lse; Tw is the sumber of loops which téwch the vertical
tamgent line; { is the known frequency.

When asing Lissajous flgures, as these curves represent, it is good practice to have the figure rotating slowly rather
than stationary., This climimates the possibility of an error in counting the tangent points. If the pattern is station-
ary, & double image may be formed. In such cases, the ond of the trace should e counted as one-half a tangent
point rather than a full peint. This condition may occur whea aclthet ffequoncy can bo varied.

PHASE MEASUREMENTS

It is sometimes necessary to detormine the phase Felatfonship botwesn two d.¢. veltagos of the same frequoncy.
This can be accomplished quite easily by applying one of the voltages to the horizontal imput and the other valtage to
the wertical input, The phase relationship can be estimated from Figure 21.

o e ol

| met2ior 1200, 2400 90, 270" eo1 300 A0F 3300 o= 380
FIGURE — 21

A
To calculate the phase rolationship, wee the fellewing formula; Sine = E

The distence A is measured from the X axis to the intercept point of the trace S i
and the ¥ axis. The distance B represonts the heights of the pattorn abavae the 1
X axis. The axis of the ellipse must pass through the peint O as shown by Fig-
are 22.

FIGURE =22
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CONTROL SETTINGS FOR VOLTAGE CHECKS

BRILLIANCE - Wiaible trace HOR, POS, - Trace centred
FOCUs = Well defined trace FIME FREQ. = Centra of rolatien
VYERT. GAIN - Antlelockwlae HOR,/FREG, SELECTOR - 1

HOR, GAIN = 4 ¢, trace length approx. ASTIGMATISM = Wall dofined srace
VERT. POS. - Trace centred YERT. INT = EXT. a INT.

VOLTAGE CHART

VALVE . .
TYPE REF, Pin 1 Pin Z Pin 3 Fin 4 Pin 5 Fin & Fin 7 Pim 8 Pin 9
lzaut Wi iz N 1.0 H &8 0. 3% o H
1ZAXT vz 200 ® 1.0 H 216 200 200 H
1zauT L 215 - 140 H 54 N 1,65 H
1ZA07 w4 225 54 (3] H 222 52 &l H
(25-67)
ECFB&0 ¥5 112 - L1z M H &d I} £l N
63 53 X3
1ZAUT Vis 260
- 1 (seese) 8 86 | asem | (se-sty| M
EZpFg) Lk IZ0a.c. MC 33z H H NC 320m.e. NG NC
-hb5 -440 ~6R0 260 +256 +270 +222
RP1 BT HVH =710
3 c [E00-625) [ 360-550) [[620-TLoh| {200-315} (195-325) | (0-325) | (135=315)
IRPI CRT Fin 10 Pin 11 Pin 12
HT1 HTZ HT2 HT4 RECTIFIER MERI
1225
{145-300) 48 HYH (B FAY 215Y 218v azov -BSOV

ALl woltsges aro poaltive with reapoct 10 chaspin unlogs indicated stherwine,

All woltages measured with a 20, 000 ohms/volt meter.

Veltages may vary by ¥ 15% due t¢ compencnt telerances otc.

Vaoltages in brackete reprevont appreximate variationg dver the range of the particular contral.

H = m.&. woltage this point to chassis: 3.15 valt. Betweoen pointe: 6.3 volts.

HVH = a.e. voltage between pina: 6.5 wolt. CAUTION: Theas terminale =725 velt with respect to chassis.
HC - Ne cénnection.

- = Mo reading.

5] - Met aignificant.

GLOUWCESTER DAYSTROM LTD. EMGLANS
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SERYICE INFORMATION

SERVICE

If, after applying the information contained in this mansal, you are atill unable to obtais proper performance, it is
auggeated that yoo take advantage of the techaical facilitles which we make available to sur custemars.

The Technical Consultation Department is maintained for your benefit, This serviee is available to you at so charge.
Its primary purpose is to provide assistance for those who encounter diffieulty in the conatruction, operation or
maintenaoce of HEATHKIT equiprvent,

Althoughthe Technical Consultants are famillar with all details of this kit, the effectivencan of thelr advice will de-
pond entirely upan the amount and the accuracy of the infermation furaisked by you. Please use this ootline:

1. Before writing, fully investigate each of the hints and suggestions listed inthis mancal ueder In Cane of Difficalty.
Posslbly onc of these will solve your problem.

2. When writing, clearly describe the nature of the trouble apd mention all associated equipment, Specifically
report oporating procedures, switch positions, connoctions ta other usita and anything else that might help to
imglate the canse of trouble.

3. Report fully on the results obtalned whewwopors s mesemogue wrs ogoem [ollawing the suggoaticns under In
Case of Difficulty. Be as specific as porsible and include valtage readings it test equipenent ia available,

4, [Identify the kit mode] sumber, invoice number and date of purchase, if available.

5.  Print or type your name and address, preferably at the hoad of the letter.

With the preceding Information, the consultamt will know exacily what kit you bave, what you would like him to do
for you and the difflculty yoa wish to correct. The date of purchase tella kim whether or not engieeering changes
have been made since it was sent to you, He will knaw what you kave dose is an effort to locate the cause of irouble
and, theroby, aveid ropetitious suggestiona. In shori, ke will devote full time to the problem at hand, and through
hin familinrity with the kit, plus your accurate report, he will be able to give you a complote and heolpful apawer,
If replacement parts are required, they will be sent to you, subjoct fo the terms of the Guaraptes,

HEATHEIT equipment purchaned locally and réturned to Dayatrom Limited for service must be accompanied by your
capyaf thedated aales recoipt fram your authorised HEATHEIT dealer in order to be eligible for parts roplacement
under the terme of the Guarantee,

If the eompleted inatrament abould fail ta funstion propesly amd attermpiq to find and cure the troable prove ineffoc-
tlve, the facilities of Daystrom’s Service Department are at your dlsposal. Your indtrament may be réturned cars
riage paid to Daystrom Limited, Gloucester, snd the Company will advise you of the service charge where not
covered within the terms of the Guarantes (i.e. & fully composent supplied by us).

For information regarding medification of HEATHEIT equipment for special applications, it £s suggested that you
refer to any one or moere of the many pablications that are avajlable on all phases of electronies. They can be ob-
tained at or threugh your local library, as well as at mast electronic equipment stores. Although Daystrom Lid.
sincerely welcomes all comments and suggestions, it would be imposeible to design, tear, evalunte and assume
responsibility for proposed circait changes for special purpoacs, Therefore, auch modifications must be made at
the discretion of the kit bailder, using information available from sources other than Daystrom Limited.

REPLACEMENTS

Materinl supplied with HEATHHKIT produsts has been earefully selected to meot design requiroments and ardinarily
will fuliill its function without difflculty. Occaslonally improper instrurment eperition chn be traced to a faulty come=
ponent. Should inspection reveal the mecessity for replacesment, write t¢ Daystrom Limited and supply all of the
following infermaticn,

A. Thoroughly idestify the part in question by using the part number and description found in the manual Farts List.
B. [Identify the type and meodel number of kit in which it is used.

C.  Mention date of purchase.

D, Deseribe the nature of defect or reason for requesting replacement.

GLOUCESTER DAYSTROM LTD THGLARD
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Daystrom Limited will promptly supply the nocessary roplacermnent. PLEASE DO NOT RETURN THE ORIGIMAL
COMPONERT UNTIL SPECIFICALLY REQUESTED TOQ DO 30, Do not dismantle the component io question as this
will void the gearantes. This replacoment palicy does not cover the free replacement of parts that rmay have bean
broken or damaged through careleasncss on the part of the kit bullder.

SHIFPING INSTRUCTIONS
Before returning a unit for service, be sure that all parts are securely mounted,

ATTACH A LABEL TO THE INSTRUMENT GIVING
MAME, ADDRESE AND TROUBLE EXPERIENCED.

Pack in & rugged container, preferably wood, ueing at least three inches of shredded newspaper, wood wool or
plastic cashiening material on all sides. DD NOT DESPATCH IN THE ORIGINA L KIT CARTON AS THIS CARTON
15 NOT CONSIDERED ADEQUATE FOR SAFE SHIFMENT OF THE COMPLETED INSTRUMENT. Mote that a carrier
canmnot be held llable for damage in trameit if packdng, in HIS OPINION, is inswfficient.

PRICES: All pricos are subjoct to change without notice.

MODIFICATIONS TO SPECIFICATIONS: Daystrom Limited resorves the right o discostioue instruments and to
change specificatlons at any tirme without incurring any obligation to incorporate sew fcatures in insirermonds pro-
viegsly scld.

L B * ® % & @ & ® & @ & - -

The Heathkit bullder is again strosgly urgediit WelEd Sk sfoliBafrderdhaa given io this Marual te ensure
succossfal resalts. Daystrom Limited assuntes fo-rfsprndilfime e oy TSafmiges or injuries austained in the
sadembly of handling of any of the parts of this kit or the comploted instroment.

GLOUWCESTER DAYSTROM LTD EHALAMND
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PARTS LIST
FPART PARTS DESCRIPTION FART PARTS DESCRIPTION
Hao. Per Kit Fuic Y Paor Hit

Resistors (0%, § watt, carben) Potentiometers, Switches (cont'd. )
H=4T0C I i Z 4T [Yellow, Violet, Black) LB-534 1 250 K lie
H-221C 10 1 2200 (Red, Red, Brown) 19-522 1 500 K lin HY insulated, with
H=2T1C10 1 27088 {Bied, Vialet, Brown) switch
H-331C10 1 33061 (Orange, Orange, Brown) 10=55% I 1 ME lin HY fnsulated
H-122C10 2 1.2 Kl {Brown, Red, Red) 10850 1 7.5 Mft lin
H-33ac o 1 3.3 Ki {Orange, Orange, Red) 60-51% 1 DPDT b-tag slide switeh
HaGE2C 10 z . 6.8 K (Blue. Grey, Rod) 63-562 1 L=pole b=way switch
H=103C 10 1 10 Hi (Brown, Black, Orange)
H-333C10 1 33 Bit (Qrange, Orange, Orange) Valveholders, Sockets
H-563C10 z 56 BIT (Groen, Blue, Orange) 4 34=502 1 J-pin chassis typs valveholder
H=104C 10 H 100 K {Brown, Black, Yeollow) 434-82) & 9-pin printed circuit type valve-
H-154C10 ] 130 Ko {Brown, Green, Yellow) halder
H-224C 10 1 220 Bk (Red, Red, Yellow) 434-544 1 1Z2-pin CRT acckee
H-4T4C 10 3 4T KT (Vellow, Vielet, Yellow]  436=503 3 Black socket
H-105C10 5 I megohsm (Brown, Black, Greon) 436-504 4 Red socket
H-2Z5C 10 3 2.2 megohm (Red, Red, SGroen)
H-475C 00 | 4. Tmegokm (Yellow Violet Groon) Tagatrips, Knobs
H=-226C 10 1 22 megohm (Red, Red, Blue) 431=1 1 l=way tagstrip

431-10 4 Zmweay wnd carth tagstrip
Resistors (5%, | watt, carbon) 431-32 2 Z=way tagatrip
H=620C5 1 £28 [Bluo, Red, Black, Gald) I 'l Feway and exrth tagstrip
H-4T1C% z AT Y ollaw, Violet, Brown,Gold) 2057 ] Large knob
H-471C% 1 47 KO Yellow, Violet,Orange, Cold) 4620550 7 Small knob
H=-244C5 1 240 Bl Hed, Vellow, Yellow, Gald)

Reaintors (various)

1=4T1C20 1 4700 L want {Yellow, Viclet, Brown)

=332 10 1 3 3EQ 2 wart(Orange, Orango,Red)

Z-6RECLO 3 6.8 KNl 2 wate [Blue, Grey, Red)

I=223C10 z 22 KAt | watk (Bed, Red, Orange]

I=273C140 ] 2T KR | watt {Red, Vielet, Grange)

L=333C00 i 39 K11 | watt{Orange, White, Orange)

S=1EIWS 1 18 KO 5 watt wire-wound [value
matked)

Capacitors {all types)

21-507 ] 200 pF 500V seramic disc

20-504 2 1000 pF 5% silver mica

21518 El D02 uF (2, 000 pF) 1000V (1 kV)
ceramic disc

2i=512 3 JOZ F (20,000 pF) ceramic digc

Zl-528 1 A5 pF 1500V ceramic dise

Z1-548 E .1 pF 250% moulded

23-502 ] « | pF 400V paper tubular

23-527 2 1 pF 1006V paper tubolae

23-58 1 » 2 pF 200V paper tubular

23-535 1 25 pF 150% papor tubular

25-5 2 L6 uF 150V cloctrolytic

25-507 1 A0-40-20 pF 275V eloctrolytic

26=521 1 50-50 uF 350V electrolytic

Coils

45-517 4 160 pH peaking coil

Potentiometers, Switches

10857 z 20 K lin

10-558 2 100 K2 lin, centre tapped

GLOUCESTHR

Rectifier, Valves, CRT

57-505 1 Tubular selenium rectifier
41]-25 4 1ZAUT (ECCH2)
411-502 ] ECFED
411=507 1 1ZAXT (ECCH)
411=502 ] B#g1
]

411=537 IRPI cathode ray tube

Pluge, Grommets, afe.

Th-501 1 Black wander plig
TO=502 1 Red wander plug

T3-801 1 ajgm gremmet

T3-508 1 aligr RFommet

T3-506 1 langth Cushion sirip

Ti-30 ] Straim relief bush
=1 4 Rubber fect

3z0-501 I length Foam plastic strip
4ZL=50% 1 Fuse, | amp (spare)
438-513% 1 1 amp fused plug

Shoot Metal Parts

G Giba 1 Cabinet

200-559 1 Foar chassis

G554 1 Front panel

204-591 1 CRT support bracket
205-555 b L.H. chassis side plate
205556 ] B.H. chassis side plate
Z07-51% S CRT clamp

Z10-50% 1 CHT aupport ring

Hardware (screws, nuts, washers ats, )

230-501
250513

22
o

6BA x 3 bindoshesd sorew
4BA x 3" binderhead serew

IHGLAHD
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PARTS LIST (cont'd.)

FaRT FARTS DESCRIPTION
Nae Por Kit

Hardware (scrows, nuts, washers cte.) (cont'd.}
LEi-Ei4 2 4BA x 3 E" bindorhoad chrome
plated screw

255-563 b 4BA x 5/8" binderhead chrome
plated soTew

2E3.500 X BBA hox nat

3 | 17 4BA hox nuat

182.53) 9 3g" zontrel nut [black)

LT T 10 20 G0A lockwasher

T T 18 4BA lockwasher

154-503 § & lockwashor

155522 bl 318" flat washer [Black)

15¥-504 2 4BA shakeproofl solder tag

Wire, Sclder, Sleeving

hEtv U I length Maine cable

] I length Black connecting wire
1 1“‘“1 Broewn r_nnuqeting wire
1 length Red connecting wire
1 lemgth Orenge connecting wire
I lemgth ¥ollew cénnecting wire
i lempth Groen connecting wire
I Length Blus connecting wire
b length Violet connecting wire
I length Grey conmectlag wire

SLOUVCEITER

STROM LTD

FART PARTS DESCRIPTION
e, Per Hit

Wire, Seldor, Sleeving (cont’d,)

Hil=1 ! length Black test bead

3l-2 1 langth Bed test lead

331-501 1 length Solder, 18 swg. (thick)

331-802 1 leagth Solder, 22 swg. (thim)

340=501 1 loagth Tinned coppor wire, 22 awg.

346=1 1 langth ! mem. alecving

346-505 1 lomgth T men. plastic sleeving

Miscellaneous

54-536 1 Powaer transformer

BE-51& 1 Printed circuit board

20 =54k ! CHRT mumatal shield

210-12-2 ] Bezel

2110506 1 Handle with two ond plates

2401 F Crocedile clip

B 1 Holi-sdhesive label

412-51) 1 Neon indicator lamp

Al4=508 1 Grid seroon window

dl4-507 1 Green plastic grid sereen

481-204 z Mounting plate for electrolytic
capacitor

G30=501 r 4BAMBBA natetarter

595=GETE ] Instruction manual

This Hlustzation shows how resisiors and
capacitors may be placed in the cut edge
ofa corrugated cardboard cartonuntil they
are noeded. Thelr values can be written
on the cardboard next to each component.

EHELAND
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PICTORIAL—6

[#-RAY VIEW OF CIRCUIT BOARD VIEWED FROM COMPONENT SIDE |

GLOVCESTER DAYSTROM LTD EHGLAMD
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Component Identification Chart

These components are not necessarily identical to the parts in this kit but
are sufficiently clear te help you identify components in general use,

= 2 5
Uo7 T

citors

Caoil = Inductor = RF Choke

ﬁ/ Mains =
{Power) "S=
Transformer

Hluminating - Pilot Lamps Meon Indicato

Coaxial Plug

Crystal Secket

=S

Terminal
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ERINILCE

IBinderhead Emﬁlﬂ’iunk Instrument

i Head Lt
TTTI111|ee®
GBA 4BA 1BA

Lockwashers f-'l:ll:d lt:ihe;*ﬁt mlﬂaul Grommets
@ © © E (] <
SBA 4BA 1B A
Flatwashers 38" Control Hardware Strain Relief Bush
=S <
© ® © @
6B A 4B.A 1BA Lockwasher Flatwasher MNut
Muts Solder Tags - Spill
°c 00 | 5 |
&B A 4BA 1B A 4BA 4BA
Speednuts Pillars - Sp.t-qq
&y | B
Tagstrip 1-Way = Tagstrip 2-Way ‘l‘l;:trip-i-w:y & Earth

& a S an = 0\ [0\ 3

i B s

Printed Circuit Valveholders

&

7-pin

Tagstrip 4-¥Way & Earth

Chassizs Mounting

Walveholder "i’:!uhuldﬂ

Bush




RESISTOR CODING 686/18/ALL MODELS

Any insulated wire wound resistors in this kit may be value coded as

shown below,

Begistor Tolerance
Res .
t
;::::r Code Tolerance ool e
+ -
0.10 R10 -0.1% B
0.24 0 R24 - 0,25 % c
1 0 1RO 0.5 D
+
108 1OR - 1% =
1 Kn KO o G
1.5 KQ 1K5 T 7
- 1085 K
! 20% M
3
= 30% 3
+ k
| | L)
Examples
Value o ode
+ 4
0.24 0 e L m2d4 = Uk 0
10 - 5% 1OR J
900 2 10%, 90R K




GENERAL ADVICE OF CHANGE

Some of the components supplied with this kit may differ slightly irom
the descriptions and pictorials given in the manual,

Resistors
These may be colour coded instead of value marked., For identification,
uge the chart found on the inside cover of the Manual.

Capacitors (Poelyester)

These may be colour coded instead of value marked. The value colour code
is the first three colour bands, starting with the end furthest from the leads.
Where the first two colours are the same, this is denoted by a very wide
first colour band, The remaining colours are used to denote tolerance

and voltage working. The following values are in common use:-
0L uF C 10, 000 pF = Brown, Black, Orange
FLLPETS = 22,000 pE = Red, Red, Orange
B TR = 100,000 pF = Brown, Black, Yellow
LEERE = 220,000 pF = Red, Red, Yellow
.47 uF - 470, 000 pF = Yellow, Violet, Yellow,

Capacitors, (Eleetrolytic) Polarity Identification

The positive (#) lead of electrolytic capacitors is the end with a Red, White
or Black insulator and on the larger types also with a + sign. The negative
lead is always the lead attached to the aluminum case.

The capacity values supplied may be slightly higher or lower than that
specified in the parts, For ¢xample 2 5uF may be supplied in lieu of
2uF and 640pF may be supplied in lieu of 650pF, Also the voltage
working may be slightly higher than that specified.

Diodes and Transistors
Transistors and diodes may be supplied with an improved or alternative
type to that stated in the manual and will pe riorm satisfactorily.

For example:-

Part No. 56-510 IN191 / OAT9 Digde. MNow replaced by AALLD Dicde,
The positive (#) end is marked with a
coloured ring.

Part Mo. 417-522 2N 408 Transistor, ACL28 transistors may
be supplied in lieu,

AQC GB12Z-7
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¥ : MODEL 0O5-2 i

ERRATA

Please make the following changes in your 05-2 manual before you start
to assemble this kit -

_ Page
1 Valve Compliment Delete EZ80 and
Insert EZ81
3 Resistor and Capacitor
Chart Ditto
23 Figure 9 Ditto
I Voltage Chart Ditto

17.10, 69/05-2

ADVICE OF CHANGE

Cclour Coding of Mains Cables.

H.¥. Government have decided to make regulations requiring the core colours: of three-
core flexible cables to comply with the following internetional coding recently agreed

by most of the countries in Europe:

Green and Yellow striped co e EARTH

Erowm core LIVE

Light blue core NEUTRAL

Under the old system the colour code was Green- ZARTH; Red - LIVE; Black - NEUTHAL.

When connecting the m~ina cable in your kit, please azend the appropriate step/s in
vour manual as follows:-

Amend Graen to read (reen and Yellow atripe,
Amend Red to read Erown.
Amend Black to read Light blue.

A.0.C, 8-10-69/Gen,

——— LT R e —



Additional Notes on Oscilloscope Model 0S-2

We occasionally receive requests from customers asking for information on how
to obtain alternative facilities on the ©5-2. This information is given below for ™
your convenience but it must be appreciated that these facilities can only be pro-
vided at the expense of some other facility.

Ptrovision far Time Base Qutput
This involves the connection of a wire between the junction of CB, VRI and a socket
of the front panel, say, the 1 volt P-F socket

{ ) Remove the existing wire between this socket and the circuit board.

{ ) Refer to Pictorial 2 and connect a new wire between potentiometer 3 and the
1 volt B-F socket.

The time base output will now be available from this socket. You will have lost
the 1 wolt calibration facility.

Provision for External Synchronisation.
It is suggested for this facility that the two vertical input sockets and slide switch
on the chassie rear are used

{ )} Refer to Pictorial 2 and remove all wires and components from soekets 51
and 52 and switch 5§5.

{ ) Connect the free end of the GREY wire from circuit board location 554 to
CRTS.

{ ) Connect the free end of the ORANGE wire from circuit board location 551 to
CRTT.

{ } Refer to Pictorial 4 and remove the connecting wire between cireuit board
locations J - J.

{ ) Twist together a length of BLUE and YELLOW wire. Atone end connect the
BLUE wire to J near V1 and the YELLOW to J near V3.

{ )} Route the other end of this twisted pair to the rear of the chassis and connect
the BLUE wire to switch 552 (5-1) and the YELLOW wire to 551 (5- 1}.

{ )} Connect a wire between socket 51 (S-1) and control PP tag 3 (5-2).

{ ) Connect a wire between socket 52 (S-1) and switch 553 (5-1).

The slide switeh will now operate as an INT/EXT synchronisation switch. In the
EXT position, external sync. signals can be connected to the two sockets, the
lower one being at chassis potential. You will have lost the input facility to the
vertical plates.

B611-18/05=-2






GUARANMNTEE

Capstrom Limited guarantes subject oo the following terms to repair or replice free
ol charge any defeotive pares [with the axceprion of out ray tubes ard valves referred
o hereunder) of any I-h:l.lhki'l: madel which filh. awing o faulty workmanthip or material
provided the defective parts sre returned o Dayrcrom Limived within 12 maonths from
dete of purchase:—

I. This guarantes is given 1o and for the bemrefic of che origiml buper only. and s
ared shall be in lisw al. snd thers i1 horeby axprestly exeluded, all other guaranmtecs
condithons ﬂ'l' 'l'-'ll'ﬂflllﬂu whether cHpredt or 1MP‘|-H'I.. HAESFY QF otherwise, as o
quality ar ftnes for :.nu;u e of the equipment, and I no event shall Bayatram
Limited be [iable for any qmllqlpmd pra dam , consequential or etherwiie.
infury Poss of time or other losies whatsoewer incur or susalned by the buyer in

:ﬁnrnﬂiun with the purchate, utembly or sparation of Heathkit models or companents
2

& Mo replacement will be made of para demaged by ehe buper in the course of handling.
assembling, testing oF apersting Heathkit equipmant.

3. The perchater shall comply with the Replacements Procedure ladd dewn in the
relevant Heathkit Manual.

4. Dayserom Limited will not re
in which seid core solder or paste
shall b completely vold.

Mote: Any Cathade Bay Tubes and Valves which form part of the eguipment are
gurranteed by the respective manufacturers. It showld be noted that their guarantee
if given anly In respect of faulty workmunship andfor materizl and does not cower
filuie or consequential dumage,

ce, repalr or service indtremenst e parts thereod
unes have been used and in such event thla guarsntes

A selection of typical symbols found in circuit diagrams

CAPACITOR AWITEH — -
N (ot B o T R s
RESISTOR BWET L — oo O =i
LooP Ahpf | Dowsle PoLE iD.Rd FUSE
@ Skt g S L R T S B
— o
RELISTOR pEETEH e ..N..
S [T iTARRES } i Al T e s
i 1 ALSISTOR TERMIHAL & ==
RANCEH = IR BIABLE ) LSO RER TEAMINAL STRir  [Eoon)|
INBEETER WIRIHS BETWLER. - gr b
o et e é FOTENTHOMETER §! RECTIFIER —-H— :-:‘E::?:?;: AEETRT Y XY
BF, SO g JACH u LR Al
wWiTH 3 uLl ITW3 COMDUBLTOR] (= LA FHOAE _ﬂ- :‘:] ix H,nmnn} iz
- =N
‘Fﬂﬂﬁ ‘ Frealas, Fem AreiEld W v
JACK H LA = .
TROM COREDR | NEPREE R, i
! 'l' TH TAPPINGS E [Tmete conpucTon) SR & g {2 Vicoo |
L1 R
& F TRAMSFORMIA WimLs o EiLD 2.2
ANR CORE ] 3 g COMRECTES s e Mu.-r:-u,-ui-l iz 1a6al ) H
. THANSFORMER (F n-:|3 E AL TRANEILTOR _@, MESA | &
CROES "I‘- —
et L 1 HoY COMNECTED T | e e fx rogoooo) M
TEARLFORMER A=AWEETER ok O MEGA
BAIHE OF L .F. 0 W= WOLTWE TER _@_ SR -@ =
EON CORE EI!IE I et T pp et EhL AT n
] HEOM LAME -.@- LOCKET OUTLET —
SARLLTTON == ATABILISER YALYE -@— CO AN IAL _@_ Wl CROFARAD — I-'F
EakasiTER b | amp FICORARAS - pE

Ilth[ﬂ-‘l'tﬂlﬂ'"ﬂ- ]

THG *l: Ilnl:l'l:l:.‘!'l' q:l
H
“T= | PFILOT OR ILLUMMATING TS PIM PLUG E]

micHo.mIcRa Faman = uuF
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