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SECTION 1.
Rapio SERvicime.

" OER ml:r to the sclution of all problems in Redio Servicing

v v
Imee, V=IxR, Bo==,
R I

g=\uﬂts. I=genrrent in amperes and B = resistauee in ohins),
by the intelligent application of one or ether of these stabements
any electrical cirewit ean be checked with the minimoum of trouble
l'ui dismantling, nnd its operating charicteristics detcrmined.

For the avernge radio recoivor the testing npparatus requived
can be as Hitle a= a DC. voltmeter, one having a high resistance
and capable of remling to 250 and SO0 volts in two ranges, giving
acenrate indications on & clearly calibrated scale. Any instrument
nequired over nod abewe the DG, voltmeter will, of eourse, make
the work proportionat simpler. A millinmeter amd  resistance
meter, together with an AL, voltmeter, make a sound basis for mood
work and oftenn all these instruments, together with the DUC. voli-
meter are combingd, all the readings heing given on_one seale.  Swoch
%‘néhﬂ.rnm?t is known ms a cirenit analyser, and circuits are shown

Teatiug with an analyser khould alwnys be earried ont by
logical steps and in n.methodieal manner.

1 shows the basic circuit of B modern saperher, nud will
e uﬁu nn exsmple, e

In the case of a set which fails albopether to give sipnals the
tests mast obwiemsly begin with the pewer swpply, The foll DO,
\fiolume siﬁ.lgnljmm;r “ﬂ mimm&i]l". gi:ul should |]lm nmllm-
Eive B y heve, PHIWET] g discenpected from the
receiver, the supply eirenit obviensly needs | investigntion,

Any breakdown in the smoothing condenper 90" will quickly
show itsclf in overhenting of the lowdspenker fiehl winding and pos
sibly sparking and burming in the condemser itself, ile if the
TEECEVT mn&rﬂer “D** haz broken dowmn it i® very likely that the
rectifier volve and even the transformer will be mmined. These
eondensers must be of sdequate working woltoge, and be comnected
with their polorities eorrect.

Blonld thess condensers become disconnected, either internually
or in_their external wiriog, theee will be a drop in voltage peross
A—B G the foult lhes in D" while the receiver will hum loudly
if *'(" is ot faolt.

Heating or burning-oat of the transformer moy slso be cauvssi
by o wiring -girgunit of shortivg turns in cither the primary or
seconilories, Bhorting twrms are apparént by reason of the voltage
drop feross the secondary winding coneerned, or by on overall seton-
dary veltage drop should the shorting teros be in the primary.

A broken or open-citcuit mary, of conrze, will put all secon-
daries out of action on & vn?l':'e lfiedr..

Care should be taken when testing high tension windings ns peak

woltages in guite n small tran gr fan TN NS,

A burng out rectifer valve may be due to age alome, or it mey
be due to shorting in the wi comdensers or n transformer
breakdown between the high fens and rectifier henter winding=
It should Lo remombered that short eirceits ean oeenr in the recelver
wiring o= well a= in the power paek,

All transformer windings should have infinite resistance to each
other nmd o earth (ie, the transformer frame and core), and should
there be any leakoge the topnsformer s uosafe aod pesis rewinding.

Tests on the I.F. choke or louvdspeaker ficld are simple—a
continuity test if the winding fails to pass enrrent or if it becomes
atedd amd shorting turne are suspected, a test for resistancs

FITR T §

It mnst be remembered that T refers to the eurrent In amperes
il ax [h redio practice millismperes are more cally met with
the surrent Hust be expresed as o decimal or fraction. Thun= for

n
Ohm's Law o eurvent of 10 milliamps {8 shown by 01 op ——,
1000

To test the winding poss o kwown cureent throngh  —20
millinmps for example—and with a -high resistonee DO, voltmeter
measnre the volis dropped aerass the ooil==for example 20 voltr

T L2, PR =
en B=— or —=——o«— 8, W is 1,000 olum,
I o= 20 B :

100






Thirx ulfeet of the analyser's nwn current will often onwse small
BTTOFS, HM point “E" mﬁ:umm..wg valts might be {Il%{(‘ﬂ.
'“"'“‘““1;'3" n.rj Enm the ancids rcsmifr‘ be:::u mrh'gpsm““:ﬂﬂp
la L T r. EVET, ng ]
for Tt operation. would show enly 175 valts, Tho 3 millfamp flows
thraagh ."P" with the valve current, causing an extea drop of

Ve=1s R o — = 50000 woltz or 20 wolts. It is for thiz
100D -

reasom that @ high resistanes voltmeter is so often specified, soch

ain instrument having greater gensitivity, lower current comeumpstion

s therefors onveing lek errur on mensomrentis,  L000 ohms per

volt is o good figure.

s often occur in elestrolytie condensers ard the biesinz
mmmr‘;ﬁnr;uﬂ:mu t:-n;gbr by bmnimi Internmlly :?mqnmed o
by shorting Aeroes the binsing resistor. disconnected biasing con-
dimeer will cause the il:mﬂe.#wqueuril’:u ta fAow throngh the resistar,
thus cagsing n Auctunting voltage drop which will impose negative
corrgut feedback on the valve in question, Ziving a drqc!-l in volume
nnal probobly distortben. A short cicenited stor will nllaw the
arid to dperate 'fl.a‘llmut 'bﬁl_fllru &0 that ih:k:&r'ly_e mt'il.:l ﬂ;‘;‘ﬁﬂﬂlﬂ

i h e furnii L, ovorbearl L I
?I.;drulgu%- tiemrzlnls:iumgn omding nnd choked disroreion,
Lvwever, shonbl be simple to trace.

Vit may be checked o the audio side by the =ame metkods as the
wutput stage with special attention to the coupling condesger from
itz pwnde 1o the ontput valwe's grid.  If this condenser leaks to any
degres the votire binsinr of the output stage will be upset. To aveid
dumaoge o valves, conpling condensers must be chosen having good
insalating,

The diodes of ¥3 ore haodling botk the high and avdic freqoen
cies but the @renit is eeenightforward end the mest Hkely sonrce of
trouble is the LET., where shorting turns or internnl disconnection
wmy cause an entire obsence of . The volume comirol and

fixed resistors amd condensirz may also give trouble

I ibe AVGC line i put owt of sction by a broken clrealt, a
wariety of faules in the stages of V1 and V2 may cause overloading,
distorton, poor seloctivity, p-haat or signals may dispppest,
deponding on the rype of pireuit. Do this case es in most otbers
makers service sheete are of great value If they can be obbained

cireuit of ¥2 the LFET. may aleo give rise to faults
-‘lhﬂ:“mmuidn‘ of H.F. stages is ns important aa on the ootpot

gide. An internal bresk im the binsing condenser wiring will canase

wils to lose surongth and possibly venizh while distortion and
ﬂ‘farhﬂdlnﬂ will gecur if the vesistor is shorted.

In ol fhese cases a measuremient of soode and screen voltages
will always prove of wnloe gl this s mmd.allf g In_ tha cose
of VI for the operation of the oscillator woy caslly be checked by
including o milliometer in the triode ooode circolt (or messuriog
the voltnge drop acress the feed resistor), TF the grid coil is then
shorted with a length of wire a change o the corrent or volrage
reading  indicotes thot the osclllator iz working correctly.
readings may cither drop or vise, depending on the clrealt employed,

Bhould there be ne escillation there moay be sharting tums on
the colls, n discomnécted coil or anode condenser, & broken feed
el of lew emission in the velve—a mizlesding fnolt bBut noat
nnisuak

The bexede partion of V1 shoold pe tested ae plready described.
Iy will be seen that the tumed cifenit is completed chrowgh n hins
Wocking condenser ol ghoubd this be dizconnected signals will censs
ns they will olse in the chse of a brokem cofl winding or the el
having turns shorting down to earth.

The serecn voliage should b checked ns envefully ps the anode
voltage, on V1 n= on all penvodes, for if the condensor 0" should
develop on internal shert civenit the sereem would be redoced fo
earth potentinl. Bignals would vanich ond a welt cheek on the
SETECTE i"ud:in‘ resigtor "F1" would show the full kigh tension voltage
Across it

It will be seen them that' woltnge ond eurrent checks are of
E:rammmt Importance, enabling & foolt to be localised, . No matter
w stabborn the trouble a foolty receiver muet be investigated in
this lozical sequence of tests, and no stage from power pack to
gerfal should b paesed or diaregrdad until dte corroct operation
is nssuved.  In the seetions which follow detailz ace given of the
means of eonstructing. apparvntue te perform this testing. The trim-
mieg of serial clreultz and the netment of ceclllatar and LF.
stages are incladed under Bee, 4, “Spunl Qoverators

BECTION 2.
MEAsURING THSTIUMENTS,
Meters. of TR pmﬁ{y* mensuring instruments, masy be of
L]

many varicties and L r radio work only four clesses need
be considered. Dy far the mest important ore

1. Mewing Cofl Tnstrwments,

h pointer is attmehed to & eoll of wire wound on &
filﬁ': J:Fn' Elmrm:’r.hzlganﬂmmt of which in-the magnetic feld



i b dlamipi Tho coil assembly ie meunted by pivots Hding
ﬁu.r;z!&l L2 “Jf:nﬁ- rototes about o cylndrical iron Nr': the whole
being between the of n powerful permocent mogeet.  The
current i8 fad to the coll by meaps of light eprings (which alea
ecotrol the movement of the pointer ot Eore when
ng current g Mowing) so thot when the ool is connected to A glveuit
it develops.n mogectie Geld by reason of the current flow, the strengtly
of the Beld determined. by the strenpth of the current, This Eeld
interncts with thot of the mogeet, causiug the coil and poioter to
move unthl the forces are &b equilibrive,

Obvionsly AC, canbot drectly bé mensured with such o dovice,
but o small r];el:iﬁnr enn be inseluded 'l'il‘ljil tb-e.IlmEurnmt.

Huch insfruments are very accurate, stordy and adaptable to
] thﬂ.rkﬂldt!li(i:ri‘e. A 1 milllafip meter, or b:tl:tr.n.ﬁrnulim:f meter,
with g high an internal reslstanc: Bs possible for snse in uan'g.
ig capable of reading milligmpe, @ and walts §n DU, amd AL
ﬂ must be noted, hodever, that the Unlversal Analyser of Fig, 4
does not include AC. To mensure A.C. np i.l'nhtl"nl:l‘lﬂét transformer
mnel be osed, desi ﬁd&'n;ﬂf]h:h:mm“ inh_nnﬂ and detofla of such
ar bey

AC. s convonbently measured, however, by
2 Therial Jigteuments,

The Hot Wire Ammeter fs now superseded by the ‘Thermo-electric
Ammeter A moving ool millinmeter j= matol to & thermo-
ce which gonerates DLC. on ghe wEJ-:-tlun. of hent,
le 1z mlcﬁuf to 4 small heater wire throngh which th
AL flows, ingtrument fs enlibroged RALE, values an
the ealibration  helde :no&“fnr B ran roquencies  oxtending
from the sudio to the rédic bonde, The heater wire bas o resistance
rl‘ eenerally well undur ai obm, so that litte power Iz lost in the
NELFANsEn.

transfurmers aro seope of this book.

The owe dissdvantage of the systam e the ease with. which
the beater i overlonded or bumt-out, and the writer mdvises thar
il sneh nn instrument dz ined it be monnted on o ponel and
have across its terminals & low resigranes shibnt—say 06 1o .1 chm—
controlled by o switeh so that with the shoni in circult the meter
range = mualtp

11

by five ar ten thmes, meter may then he
oo ed ':ﬂ undl nspeeted for everloading before the switch iz
opened, rendering the shunt fpoperstive,

4. Fhe Moving Trom Trstrameit

is of Nitle use for radic mepsurement

li g It needs a deal of
power for lta operation ond G0 lisble tx lose palibrat

A0 FAly

at ower B00—G00 cycles, Tt works e dbe principle of mogretle
repulsion—a fixed nnd InE vane ore sitoated in onooeoll nt‘FwIn
tlmwﬁh which the current flows so thar whether A2 or DUC s
iged hoth vanes have the snme I:n::ls]:gtig palarity ot any ene jnseant,
The degree of magnetisatbon dopends on the earrent, aud couses the
moving vane to swing, with the peater, away from the fixed vane,

4. The Electro-static Toltmeter

COIENIES no power on D00 peadings and n:tmhet{ ittle on AC. and
iz capalle of aeeurste enlibrarion up e several f nde of cycles.
It b constrnoted in the form of o very light condenser, g maving
vine riding between fived vanes and attracted intg ?nu:ltiﬂn by the
ilference of potentinl nevoss them, ts limitation les in being of
little use excent for high voltape work, so that it is chicly of valug
in television prectice where oirrents ore small and comseguently the
rerote caused by meter curpene may be serious,

Jtowill be seen. thorefore, that of all ¢ pez of instrument phe
eving ool is the meosy minpinble, ond fi merely necossary to
maunt the instrument in o cirowit which will deliver io it 4 =itabla
proportion of the whole corrent for it to measure widely r]dl:;rjni
ranged of volts and current, Dhue to the linearity of resistance cfects
tha vorious proportions chison will all boar correct relatponshi
to the original earrents and thns give necorate readings on e
original & calibrations.

To measare voltage it is nocessa 10 add Tesletance fn series
with the meter, Enppose it to be g 1 ﬁmmu [ I;“m to en’:wrt
the full seale cending to ome of 100 wvalty FesiEtors must be adied
which will sliow I milliamp to fow with 100 volts aeraxe the choin.

Vo100 100000
A== - ohms.
1
100

Thoecfote, if 100000 obms be conneeted in series with 8 1 milliam
mseler, it will read 100 volrs full sogle deflection,  Bimilnrly L0,
i will ennble It to read 1,000 voles, -

It B useful to re ber that [ illi
LW phms dmps:. h:'::‘-m v et for 1 milliamp & resistance of

For series working it must he remeanbered that the m
tance is included In the chain, Far g !J:-tﬂ of :]Inn:' r;teeurlﬂr:-dn;

il 1 milliamp sensitiviey this would aceount for 1 cetik. at
20, obms, or nt 20 volts. However, the eneral type nﬁ;nrumm:.
aven of ke, rarcly s on aecirncy of more than 1 per cept.,

o that over this value the megep reastance may sofely be disregarded,
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measuriuf&liﬂ. the meter must iaw 8 ln# resistanoe

termindl o p:ru.l. w0 that m e oarrent will
Hvu“w 1] rmr.l‘h hﬂ‘ only a m!:ﬁt por threugh the
moving endl, pmn-urrluu is given by

R+ N
X o .

where X is the Pactor by grj: ﬂn mar s mlﬁﬂ 3 i th.
realstanee of the meter a % the |11|t For
example. the 1 milliamp, nhm ML memhmod above is réquired

to rerd 100 millinmps foll sealr,

Therefare xm%}&fﬁ-—m vhirs and
W=
a

- ]
Therefore 1M0S — 8 == 300 and 8= — or 2002 phms.

agnin, however, 20002 may be read 85 2 ohms, fur 02 means

oply nn error of 2 ’1'“ cent. whils it has bom hat the instro-
ment it=elf is probably ne more correct thon WT';{ us or minue 1 per
The shoniz nase

be made vﬂll.hI wire which will corry the ecar-
rent withont heatin

which -'I-D'I.IT ura rise to thermo-electric off)
and they mast be ol

w:tu..
resdapora or calibrnted on

zood bridpe (Sec #), B cn]|l:rnted ahum. unrbtsinnble, 'unw-
EVET, il instrument can stil] be shunted :tpzﬁrqenm'l tl.n*- For
example, if it 15 desired 0 moke a 1 milllamp m n:- 0 mdl=
liamps, conpect it in a eironit which will pass ¢ rn.il]:nrn:p and
give o full seale deflection, then with r'be ¢||m|1t still Aowin, mnnu't
n bength of resistance wire across the meter terminnls.

the rending will foll, and the wiee mnrn?e adfuzted in ]‘rlu;tl :l
the reading is on tenth (1 milliamp) itz original valne
menns thet the shurted wire iy giving the meter a mu!tlphlm fmr
af 10, and the wire. cut to this !pn:th 11:1:1 ﬁfe ected, is a
10 millinmp  shuint. micuraey of depenﬂt on the
dlaritr and eareect enlibration of the a-:nle hewever,. and 1t 1= plain
that high facters camnot be obtmined with a gairuntee of high

noCUrany,
For sories resistances earbon vesistors are useless unless of (he
“erackeld™ 1 per cent. perpmoe and  precision wire wound
resdetors should be obiadnod or m
Ipgtrnmen

reptificrs. vary, and whmr that si.ﬂh'h in Flg 4

is the Westinghense 1 millismp Inltmm n rés BEE EIVE
for its serles resisbors of swamps,’ Liﬂt ‘E%ﬂ?n meter su

'axmple 4 wolte f

an that shown w1 have a linear A.C. scale, so that tlivliunl analy-
erE Are epsily t‘nlihratdlfnr AL, volts, " 4

For the 10 valt A.C. r

e mhnn’:t in the elrenit a 20,000 ok
wire wound resistor a

a kmewn A, wlu hﬁr
o H.hlt rater transformer,

rombving tarns from ﬂw reldﬂnr the pointer rending can be 'bmu:'ﬁ{
IIIJ to the mﬂ‘eﬂ puint for 4 vaolts the mle. and the range will

the 1,000 velt range 4 gotd reference poing

1-!! :Iwh tn.' il:.e vilts maing {or :Ib.mu voltnge J Tn this rnue
In eirenit, 1.5 megohme which miay ba

nm- En-d. and 5 nmguhms an_adjustable wire resistor

I'&u. oe ogain renut% removed until the pointer {mdi-
rataa ng for volts an the 1,000 valy scale, when

the 'l.'hn:l-]tu range will be correct, -

For high veltgpe vanpes swviteh off before meking adjustments

A table of resistomces for the mstruments of Fige 3 apd 4
fnlt-nwu.

resiafors mre correet only for the instraments whoges.
Mﬂrm! meters will need diferent vesistors, worked ont az already

TABLE.
Frorne No. 4
Vaolts. Beries ohma. Millinmpa, Bhunt ohns I
: — 1 e
il @i | & |
B loEsl e [N
L0 1,000, W0 1,000y ] |
Frouge Mo, 4 (DO oenly).
Volte. Beries olims {hmuamm. Ehunt ohms
20 —_— 5 —
3 48500 50 =
%ﬂ ) %33 25
1, CHY, T 5
1 2, 1000 : 25
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1
h-mlat in Flr. 4 of BOOD ohms should be wirewcund.
Bwit in all clreaies should be of the o Iry Toxley la'pl\. EXCRDE
wﬂn— on-off switching enly is uired. i shmﬂd erformed

Qﬂ. B tumbler switches, A8 already woted the ro r s the
W’u: bBouse 1m/A LyDe.
ORMETERS
The n'hme:er of &!2 is for low reslstances and res their
shunting effect ncrobs Instrument. Before oach reading is token

the in ment s:huuld set 1o top mark {(Iefinity) eetling the

rhaun:':r,n']:n give the I‘h senle reuE]n: Conuset n:#trha unknown

reslstepee seress the X" terminals quL'I couse the reading to fall
The unknown resistancsk is given by

Rmxl.

! =T
resistnnen, Fom s the resdstance of the moving
the full scale curnent reading and I, is the mew

where X iz the n
coil instroment, T,
current  reading.

The rawge switch gives o moltiplying facter of 10.
. The ohmeter incloded in Fig 4 i8 merelr l means of mensuiring

resistance by measuring o eurrent pmd it. ® roge
switches npg set o “'ohms®- !hg the * 1%':;; ‘minus’" _terminals
short-cirenited by a wire, at usted to give a fall
seale rending on the meter. The a-.hunln;r g then removad

the 1||ni|1n'rrn resistines chmpl:'tu] in 1ts plﬂe. Jthe meter givieg
o now reoding. The resistnnee i5 given hy

Iwul,

L =T

1
£
where X 1a the un‘n:m-wn restslabes, L fs the full seale current and
1, the new current roadin

F is the internal resistance of meter, rheostat sand battery, and
mey :x‘sil:.l be !mmd For a3 volt hatt end & O milligey meler
it wouhl abybonsly amn ohims § l'iJr a 4.5 volt battery-on the sama
instrument it would be 9.1:"50 chra

Tha aeenry of t on _the correct hattery
Tﬂllq}tﬁe being ;é."ﬁm, B0 thn it hud!%: ap‘pl:hd [ tI:Is nlcul&iln

Hangog of "X are multiplied by switching in the mi

f hich *
shiakita, ﬂ:a greater the current the Jower the value of "X whie

can be read.  For exomple, vsing a 3 volt battery and the 50
milliamp range I would be which & 60 ohmz and a

rending Ty of 30 millinmps would i.II.d{h.'l.tl:
EH"J x 50 i
X=— T-fj:l or 40 ohms.

A y be d It stanes to seale readin uamg
i A e Tactnys o 30 el

pond te 50 m/A shunt. of 100 to the 5 m/A shunt, and l.lihb
to the 5 mfA range, all values thus being taken fr=m one chart.

SECTION 3
VALYE VOLTMETERS.

The dmmtu ul' Flﬂ 0, 6 ond T mee uﬂmunuhnn an_intredoction

to the subject of Valve Vaoltmeters, and desited po make

moch use of such instraments they should be a!nﬂikﬂ in greater
n

In brief, the Walve Veltmieter iz sn instmment designed to
meastre proctically any freguency of A.C. or oscillating voltage, the
“l::l]ﬂ ng !r:,a:l hﬂ:la-t hmuim;rldﬂ"“tiﬂh'ithh rectifier of ki

nee, o i his mprdance w &O necmar

tlll:iia type of work the imstrument in Fig. 5. which js of trm:l
reading circnit, must be &s seositive ns possibde, and a E(I miero-
ampere rmﬂ'n ooil galvanomoter s wery suitahle, Bﬂ'ln resistors
nre switched Into the leads to wilve which is lead e m
diode, amd ~pach resistors should be non-inductive. I an AG
analyser j2 available jt is best to calibrate the instrument to the
ranges desired with reslators to solf individual working eonditions
on 50 ewele (AL, maoinz) corrent, bat i thiz cannot be done A
specimen” Ih'hlr of resistors follows.

These \rnlluu —— drl:rnruued at G eveleg nxife an HE21H
{not nn-] mrlu & foll 2 volts on the flanwnt, but l!lb uarantes of

DECUrOe be given as it was found thet cha valve and
even quite Ima]l changes of filament voltaze gave l!nt repdings.
Ff]&n. Heries  ohins,
- 21,650
15 BO.250

ol 2R 000
b 1,266,
i 386500
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It "ﬁf’i""‘ lulérldnﬂ thot individoal calibratlon be pdopted swhers
poasl Adi reading voltmeter of this has & tendency to
indicate penk A0, valoes ?h! volts, although the ln.n'mnmtﬂmay
be calibrated for H.M.5. a8 the above resistors were. This means.
however, that where the input waveform ik not of 0 pore sinosoidal
VT, mg as an awdio voltage, the ealibration will not be malnrained
nevarately, -

LS i Rl S
mult or tha LB equals the voltage mu
by ‘I"Efl' for sing woves only, ﬂ "

Fig. 6 s of g “Slide-Tack™ Valve voltmater, o particulary.neeful
instroment where readings of 5 or 10 volts are required, nlthoo
its rpoge may be extended by including suitable botteries nnd valt-

The wolve has s vodable binsing ciceuit coupled to the zrid
and before the cxternsl potential is opplied the bilas is ndjusted
by meins of the potentiometer until the uncde currest is ss low oz

, but not so low that varintions caused by a further change
0 bims are oot immediately notieeshile,

» Tha readings of the grid voltmeter ond anode millinmeter ape
then taken, abd the external veltege applied to the. feed-in terminals,
‘The anode curcent will riss, due to partisl newtralisation of the bias,
and the milliameter i brought back to its first reading by a further
adjostment of the. potentimeter to Eﬁmm the amount of hins
Clearly the differencs of voltages required to "slide back' the anode
certent ta jts origingl fignee §5 the value of the peak AL, volts

applied or
Feak AJC woltz spplied =V, -V,

The eircult of Fig. T is of the anode bend detector or **Refles™
u-pe&:ml rewds nvarnge volt values. The range covered depends
o1 combinntiong of an voltages nod binsing resistors used,
=b&M the anode millismeter has to be ealibrated in terms of the
.0 applied to the feed-in torminals (either directly oF by praph), the
instrmment is not so convenlent as previcusly mt!cme; typres
Ta the instrument it ls meredy necessary to #d the rheostat
=0 that the meter gives a mere rending without AC. applicd.

Calibration may be enrcied oot sgoinst the A0 ranges of an
anulyser, lrrwo:-‘rr. nmm AL :iuLm n::lctra.l}ﬂommr: m;hrulatﬁ::i
nn the souroe [ . or n kn 0. vale ma o
wﬂhwdlﬂllnn‘{trdﬁhmmumw{ma# # P

For expmple, & volts {rom o beater tronsformer Ff
inchis of realstance wire wihll give a wvaltage Fall of 1 volt
G foches of wire, regordless of the carrent Aowing, this

valuahla method of obtainiog known voliages on either AQ, .
‘Thke wire should prefershly be stretched alowg a planlf over o
yard or metre measare, theo by eownecting one lead to end of
the wire and topping off with & second lend at any point,] voltoges
may be resd in tph form of inches or centimetres.
Valve valtmeters may be wsed to messure sudic outpat H:Id’a'
the cutpot of signnl geoerators, the signnls as delivered to i
of a swperbet, H.F. induped voltages in coils, eto, or used in
variois of bridges (Sec. By,

BECTION 4.
BronaL GENERATORS, [

For teating the radie frequency stages of cither o wtroight-tuned
or superhet recaiver it is piaialy desiabls to imspect Chem puder
working conditions—that s, when nre el o signal, A
brondezst programme, however, is bardly suftsble. e medul athon
or sound content is alwalﬂ varying so that on output meter will
give no valoable reading, llnmath of the wave received caonor be
varied and its frequency ix fixed, Whot iz wanted iz & loeal csaillator
with modulation of constont depth to be switchod in or oot ss desired
nnd m wide range of mnl.tlmnws: varisble mnd colibrated frequencies.

Ench lustruments—Signal Generators—ean be of highly elabornie
desdgn, but the circuits of Figs. & and § embrace the necessary points

And arfe epsy to operate, illestrate n radic Freqoeney
asct]ator mnduhterﬂﬂ: andio Fréquency, . B belng a dynatron
carillator for bottery working and U o triode feedback Eype.

" In both cases construction must be carefully corried out for the
f'ﬂ"_ﬁm_ Tanpes, onfe set, must b enh e mo chonges cased
by vibeation, or stretching or bending of wires and components, At
.'IEK]I metres an errar of 1 por cept. amounts te 10 kes, sn appresiable

BRI,

As the whole apparatos must be mounted in a metol oox to
ghve complete scresn there will be temperature rises and correa-
ponding bot ma the zlgnal peneritor s wsed for short periods
ouly this sonree of error will not be of great lmportance, or elss
the generntor may be switched om o half bour Lelore use,
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c-umpanmuﬁmw be g poils expocially Hn: righlly made

and mow talila of :‘m!- data s given, he constructor
in strongly ndvised to oltnin commercial coils m undnr the eorrect
conditions, with guaraptesd range eovermnces. emrite P

The TV
taile pre very snitable, being strong and of small dlmensions,

s enabling the indectancres to be ﬁmhm neatly round the
renge switch. Colls wot in us=s should be shnrb-drtu!ted while ﬂm
wwiich should be of the Yaxley li[rr with m shorting ring. this 'hl
low resistancr contects, low self capacity n.'nd an imgw ltﬂ
which is necessary for the dyoatron type of oscillator,
all switch contacts of the wave change switch together W'Ith ﬂm
:gdmﬂe of the atbenvator awiteh and the Gxing bush nnd spindle of

e variable condenser must be insulated from the sereening. so that
the caze of the generator may conveniently be made of wood with
a copper foll N‘"‘ﬂllﬂmﬂl GVET, l.hlu heing ont away at the indicated
points to fost olear fizing busbes nnd nuts. ﬁ‘[q, i im for coms
mercial coils ovly, baving reactlon windings.

I'be eoils should not be monnted nearce than 1 inch to the screen
er ibey will suer o chonge of charncteristics

The catpat lesds mast alse bo gereened, the direct ourpit and
Artificial Aerizi (AA)Y belng tnken to coded hets A con
between these and the genr under test bolng mndo 11 aingle
ceble, the seteen scling ow the earthed retorn lesd.

The A.A. iz used for ganging straight set the nerinl circwits
of auperhets while the divset sutput i used for LF. ndjustment,

In both hartery and mmine pypes it s m!rml that the power
supplies are fockn in the same serecned box.  If they nre mounped
vrternally the high tensinn leads may need HF chokes included st
the terminale to prevent snwanted radiation.

Al eomponents should be anchored, n.rm!ng being  sospended

m the wiring,

The '-‘b-nuntur of Fig. B may be used in Fig. 0 if deglred. It is
of the ladder trpe giving stepa of Hmes 1 attenustbon asd the
ill nt viltagze to it may be measored and sdjusted with a valve-

tmeter, bailt in if desired.

Resistors  thronghont are of ihe ur‘rml :;-pd- exeept for tha
induetive resistor inchaded in the AA. e made “with
n snieable lengih of reslstanes wire woond nul g rm- tuba in two
or three lavers, or it may be on ordinary w!m wound resiabor,

Omee the atron eirceit of Fiz. 8 §= o eperation it will be
feusd very stable bot it mey need s Htels sttentlon st firsk.  Sorsen

'Mh;?]mtvf ldﬂ;l in thur l!:'ih* B.H“IIHI I:“Il In
t LT
and 'mltl. [ ﬂlmwr 12 sk ;nlu : dyma-

mnd:y m.-ﬁm .

tron m llm.deupu:mananpuntrd it

Maxdn 1.&% wll g‘l& extollent rrsulte with 1:1‘1

the screen and about volts ow anrado, e varinhls Lor

10,000 phme in the en r lond o give bl xhould

bypassed by & 1 mid enser and ity eetting dﬁemim

ment, the mowing arm Incked hefore the geserator ia
To derive the

anode ol for the ACRZ & low
"ﬁi Lathmd&

voltage divider must be uaed, b gond regul voltage.
If ecommercial colls are wsed for (ke ﬂm the
e A TRt A o P
n LI |
taken to earth and the other straight to the 50 ohm va & regiur.

Dyaatron Ceils for Plg. B
Condenser 0005 mid.

Approximate Tange @ !
10 G metres T mrne 8W.G, 10
45- 180 _ma " mmt" ET::

150- G0, " " &2 winding lengt
Lo [T . 205 . b 2 bankwound to lw;'tll.ud' in.
Dl-E000 450, E 24 bankvwonnd to length o1 fin.

Al on formers of 1in. Mameter, all enamelled wine

“F'" Type Coils for Fig. 8,
Approximaie range i

12- 3% metres Wearite PA4

MW 10, « PAG

LS N ¢

To02000 O . % | :
CALIERATION

The best methed of cnlibrating & Signal o com-
|.ra.tda¢r| with ; nh‘.:lill‘.nmt of I:q,u'wgn ¢a’ﬁ¢;n t'j'-:ﬂ'ﬁnl‘:\n.:szrrrpm
miI: inte a simple déterting device——a one-valve detector work-
|b.i: om hidid hnn&—-’thmﬂah lhdl' AA. cirenlts with out-pots stteno-

a{ed [ !h ﬂ possible, and the stondard cecillator &t 3
J I‘MJ“ graerator to be onlibrared §s then toned until
griel Jien lkltﬂr o :l'-vo standard elpnal, when the frequencles
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E .
will be Identical aml serien of such poinis for ench
enable .ﬁnnm sra1||h'h-1.tu ko drown from which all frequen

sl

utprats musl be Kept ay poszible, o recillators work.
T " the stronger dragging the
winker inbo sbep.

devies. i= made to gecillate ss well, great necun
The standord geverator §s orron
nerator under calibrn-
beatnote, which will

of calibration can

© b give a beatwote with the detector, aml the

tion ix slowly _mufn1 in to pn:-iilu-{i? a Mﬂ;]:ﬂh o

become slower in frequency un is nt superimposed on an

gndle note. When the most stable condition is reached, the geners-
TH ORER More Are in sbep.

If a calibrated oscillater = unobeninable, howeval, use must be
b progprammes, t r with a recelver capable of
e selection of =
tuned to any eoitable
aignal on a fixed note is very
give 8 beatnote an the station
Omer aenine the penerator should be eoupled to aerial awd
earth sockets of the recelver through ite A4, and
shonld be a= low ns poasible
ealibration chart to be drawn for

Thiz system i= simple for the broadeast ran
Tanges arpund 450 and 480 kes. there
nor does the eordinery receiver tume to
must e mpde of the h
at & fowdomental frequency pendfra
should the fupdamental be 1

hird 3,000

slation—ne giving a tuning
suitnble—and the generstor tuned to
. when it frequen

A series of sech points will conble a
he brosdeast ronges,

hat for the 1.F.
cwn transmitters,
thia band. In this cuse use
any _ocecilloting
tes harmonics
A evcles, the second harmonic will be
cycles, and a0 on harmenbes grodu-
is they rise in i'm[‘l.lﬂfl
Ak kew. there is o h
t kes. o hnpmonic at 020 kes
Frovided care is taken in choosing the errrect harmonie (the
o serice of statigne on the hormonic boud
ve sufficient points for & curve of LF s

re either o modolated or

that ls required,
ember that wavele ti fregn in

mﬁ'&m Tength times freqoency

afly diminizhing in etren
nemaonie ot B0 lea,,

bould be sufficient)
sbould easily be found to

This method of eall
tnote over the station frequency

YTt e ueeful to
eycles per second sqodl

Using TAE BreMaL (ENERATOR

Where a straight set is to be trimmed, the procedurs (s ae £
tows ¢ Bet all the tmmmers on the set to bolf-way positdons and conn
muwutnfumaumgm:]wtw.llrhia beling iz, 3
Cai the set to the Bignal Gencralor with the screened lend,
lend joining AA. and Aerial sockets, the scresn itself Joining
Earth sockets, and switch on,

If the set has a calibeated dial, ;um v 2500 metres (1,200 ki
ond set the signal generator se this wency, when o aignal sl
be heard or reglstered by the meter. No mattor how mony sta
there mny be in the rocoiver, commenet to trim the last rodio freque
stoge ; that iz, gewerntly, the grid circuit of the detector, and tune
trimmier eitber in or out untl the modulated signal of the seneroine
ig ot moximam volame., The genomtor ontpnt should be o fuste
thnt any change in volume is l:lE’lI‘lj_ll!l‘lil}ﬂ. or that the pointeryof
the output meter remains within limits, Then trim the next stage,
working back towards the gerlal, with forther attenuation i requi
o give any possible improvement in e, and eontinue wiih
stoge in tarn until oll are srimmed in gang, The calibrated disl
of the reeeiver may now be cheched by tuning to Eﬂﬂﬂm {
kes), ond bringing the mra?a‘ vk more inte tune thrgm Bk,
The generator should alse read B00 kes., and if it does not the set
:u out of calibration, probably due to foults in either eofls or eons
PNEN .

For straight sets in which reaction is nsed, trimming shonld b
o out in the enme woy but with reaction advanced to the degree
at which it is vsually used.

Where séts ore not caliirabed but hove o nln tuming dinl, {t
I often recommended that s slightly diferent fechnigue i= osed te
make sure that the reesver will tune eafSeiently low in the bam! after
trimming,  The roceiver and generator ame st up as described, bat
the panged condenmer of the roceiver s set ot its minimom unowshed
position and the Bignal Generator tuned to LS00 kes. (200 metves),
Thr detector cireuit trimmer is then adinsted to give meximum volume
or meter reading, but before any further ndjostment the Signal Gener-
#itor in retuned to 1,400 kes. “The tunleg of the receiver is altered
by the muin tuniog control il the signal is received agnin ab maxi-
mum volume, and the rest of the cirouits trimmed at this new setting.

Bhould the set B¢ unable to reach &s high a 1

it inddentss thet strny eapacities mre mww & rlﬁnﬁ
hand covarnge, but the procedure may be cartied out uslng
to suit the roceiver.



tionerally speakiug, only thls one set of sdjustmests will be
stralght sets, na the long waves oré eovered the same
rs my the mediom waves. 1L Py ﬂui’ trimmers are on
and mot the condensess so thot Jong waves have to be trimmed
15, the frequency chosen for adjustment &5 most switably 1,000

e ouiput from the Signal Generator Id alemys bo kept' =
pml%ln to aveld swomping either elreadts themselves or
em of outpat measarement of the veceiver, especially if the

i being relied npon
BUPERHETS

differsnt cireoits of 8 s receiver nre always rrimmed
or Hupd np in the order LF.T.s, Umeillator, and aeriol circaits (that
hir:& signal frequency tuning civcwit), nnd the process should be
e out_with an output meter to the reaponse of the set as
o whele. Bet np by rwitdai:i& in the output meter and mﬂgi
the rator to the signal grid of the frequency chunging valve (%

i‘?: g 1), uslng Cutput, not AA, and with Earth to the receiver

Genernl practice is to pot the escillator ont of sction while the
LF. elreuits are lined up by shorting the oseillator grid coil with e
length of wire, bul it hag béon pointed cut that thiz chenges the bias
an the !r!uuﬁnﬁ' changer 88 1 whale nnd thus gives slightly varying
conditions, Gither method may be tried, although the novies is
advised to put the secillotor of the set out of action as described

LF.a of cota cannot be changed. The maker's original Intor
mediate Freguency must be found before the set con be lned IIIF. for
the elrenits will working at totally Incorrect pdjustments il this
is not donwe. The LF, may be found from n service sheet, from the
makers or From lists prin in Trado Joornsalks,

The Hignal Gencrator is tuned to the LF. and the set gnd geuor-
afor ewitched on.  After warming up, thers shoold be n responee on
the ootpnt meter, and the LF.Ts are trimmed from the detecter
hack, s is a0 stroght get, to give maximom outpot of the modolated
gignal. The curve of the response, in this case, bowever, neeils ntten-
t and requives to be of the Camdliar 'drmﬁ!n.khum]lhed otype, In
other wonlg, when the TF.T.s have nll adjusted {or maximom

m=e to the 1LF, the generator shonld be st off tuse to any_ptler

ng. The outpit meter will, therefore, full to sero. The Signal
(Gemorats, is now elowly tened back to the LF. and right through it
without stopping, and the meter shoold respond ng to & maxi-
i, dipping very elightly, rieing to the same maximom ssd.
folling bock to xero ot the snme rate ot which it rose, s the generabor
is tuned nway from the LF. Tf the moter dots not respoid in Chis
way, the trimming of the I.F.Ts should be {nepected ngain for fanlts,

but onee t
should net

If weed, the shorthug Huk on the cscillater 15 wow removed and
the Bignal Geserntor conpeeted to the Aerial ond Earth plogs of the
TecEiveT, ki of the gemerator, The catput of the generater,
as usual, should be g low as possible.

Thers are two contrals ‘to sdjust on the Oscillator of the
BuperheLthmm' ers and Podders (sée l"% -'lJ'1 and their functicns are
to set the tanges coversad by the circuit. In general, the trimmer
cantrols the bigh-frequency end of the range, ot about 200 mebres
while neney emd, up Bo, 8AY, metred, is extended
by the podder, The first control to check §a the trimmer.

Het the nscillator trimmer to ite lowest copacity and switch the
receiver to the medinm band, Tune the condenser to 214
metres {or ax the makers specily) and bring the generator to the
samg frequency. 31«1.'.;1' serew in the t er B0 DNEIEOTR  Fee o
oh the meter owd ctop @ otber penks may bo found §iE the trlnltiueﬂ‘ is
Eu!-r_&:ggd further, bot the frst point of maxiooam response is the obe

[t} 8

Kow retun roteiver, by im condenser, (o 500 metres,
and ouce more utuprhe peRerator to m:a frequency, then mdjust
for maximuom output on the meter by opernting the p F &1,

This, of course, will slightly upset the trimmer, so that both =et
and generator must be reset at 214 metres and trimmed agaln, aed
then veturned to 500 metres and repadded, these operations being
repented three or fonr times until & niece balance between the two
adjustments s obtained.

The bong wave band will have feg teimmer and padder; the sot
must now be switched to long woaves nnd samé operalions carried
ot nt B0 and 1800 merres, then the shert waves, if includoed, most
bave their oscillater ooils trimmed and poddol. At times, bowever,
padding s not necessary on swme circuits and no padders, therefors,
may be foond which maokes the sdjustments very sim Tune to Ay
convenbent point nt the high ency end of the band, set the
generntor o the same frequency ndjust the trimmer for modmom
rezponee,  'The calibration of dinl for these unpadded elreukrs
ul,lnu1|d mu be correct which may be o by toning over the
'I.-ﬂrtlh: A’ making sure that sgnols feom the generator nre received
at
if they are mot then
st

are set amd the LE. determined, these stages of the ned
todched agadn.

orrreet wm'ﬂnut:h or frequency indicated on the receiver dial;
ults are present in the oscillabor eolls under

To trim the slgnol frequency circwits, or serisl cireuits, recorn
to the mediom wﬂ; bed god set both receiver and generator to 214
metre, WA milkE i8 §a peroees it iz helpiol if the gm
eondenser Is “rocked™—that f= tarmed slightly one way then
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dgainieo that the veceiver is being tuned through the ;t:gsn.tur elgnsl
ae ik trimmer i3 edjosted for maximum respomse and the coreect
reading om the receiver dinl. The Inug waves and skort wave bands
are denlt with in the same way.

BECTION 5.
MuLTi vIRRATORS.

The Multivibrater hos vecently found wide ﬂmiﬁlhll in the
commercial manofacture of Feceivers aml can be made o very useful

e of eqol t without grest expense.  Iis value lies in the
met that while the Multivibrator may oscillate at o fundementol
frequeney well within the sudic rauge it bas 8 series of harmonics
extending dlﬁ?h‘ into the radic frequencies, nnd the cacillations may
easly be stabilised,

Briefly the action depends on the time constant of charge and
discharge of & poir of m'mmm‘lhd leaks nrronged in back coupling
between the anddes and grids of two similar yalves, ond the circuit is
generelly shown as designed for one ru:}g:mtul fmquen&ui but o
Fig, 10 the leaks sre variable so that constanty of the eirenit
may be chan to give 8 wide range of oodin tones soitable for
lfﬁ[iiﬂﬂﬂﬂ‘-lf_m' ucers and amplifiers gg well &% harmonies for nos with
o circuirs. g

As the ontput hae such o lorge hanmonic content it muost of
mecensity, for from & a:rn wavelorm which In’ laboratory testiog
might give risc to complicati hat for geversl work thiz need be
no deterrent,  The wavi form is slight] iw and the funda-
mental frequency “locked” or atabilised !,—.- injection of a smoll
cacillating or sine wawe woltage intp either , anede or cothods
circuits, and this is the funetion of the varinble cothods potentio-
meter which bae applied to it the A.C. heater volts, To the
circuit it is only mecessary to lsten to the sudie output on phones
er loodspenker while rotnfing the potentiometer arm away from the
eartbed connection, The sound 1 suddenly chenge frotm o harsh
tota to 0 clear tone .wlﬁ will b 0 harmonte of the 50 cyele supply.
and if further lock = applied “dragring” will ocenr—the

drop to lower and lower harmonics cyeles hg the

mote will 50
Tundamentsl locking Trequency = ap hed,. This shoold genercally
e l-rmed and I.b’l'ﬂ.r:?h:km position chosen, i

The form in which the radic frequency ootput ie d.e'ulotad is
'rnrtlwlnrlf nseful. By l}!iﬁ tha: the Ehnﬂam!znta.] Multivibratar
reqiaeney s GO0 I:?Iﬂdf with B0 cycles), the harmomics will

be separated by thin fregu throughout their whole extent en th
If the radic portion of the s w Into cirvaits
eltﬁe: :.-t::i;?t or superhet m:ﬂw"'m.ﬂﬂm 'Eeu,he&rﬂ

~all round the dial, one barmonic belng tuned immedia frer
snother, and reailting in a 600 cvele note from the Loudap‘::{au:

To trim & steaight set, therefore, it -I= becessary merely
eannect fte Aerial HEE--:‘:- rockets with "R.F." output and “E -
of Fig. 10 and sdjost all trimmers to give meximum volume, the
st being tuned to about TeLTES, ¢ tuning condenser is them
run through it whale travel to make sure that no perticular band -
iz giving a wesk or dend spot,

With 1 _superhet” the Signal Géngrator must still be usba :
living the LF.T.'n ond tﬁmuﬁ:; the osclllator, bat ibe padd £:
denzérs may be sdjusted agalnet the Multvibrator, tuning the set
08 before to 500 metres and sdjusting the padder for maximwm
volume. The trimmer and wovelength sxitings can then be rechecked
by the Signal Generstor as usual, which may be left at mﬁﬁ
214 melﬁ witlmuu ngﬁuﬂ;ﬂ {for Ehe m!dilim y %Dd
balamce Between e padder condensers obtalned BErees,
uging the Bignal Generator and Multivibrator -&a NECEERATY.

For adjusting superbets the LF. is cut oot by a filter showns
in the -'.‘ll‘:rudjlt n?hn‘t Pt;mm sball be no intersction or break-t rough,
and the audic ban

w o
ment s shown, where the fundamontnl freg ith .t_rc ““‘,ﬁ.

filter wnay conslit of & good LF. thoks bypomed s mocl) g
¥ conslat of a ' plie FiaeE,
of 0005 or 001 mfds, bt whore the fandumorial foomaemm

tal frequency le t
be kot st Buy one note the andio filter may I”‘“u-mm-u'l to the snme
frequency using 10%

f o=
4 O E LC
where f is in eyeles L is in Michrobenries, and © is in Microfarads,
The frequ of the Multivibrator is controlled by the grid-
anode mﬂehl::f?and leaks and is :i:nn by 4
1,003
- J—
0, +
where F g the frequency in Kilocyeles, O, and O are the condenscra
in Microfornds and R, and K, are the leaks in ohme

HECTION 6.
Amag OSCILLAToNS,

While the general serviceman often bas no great use for the
adie ranges n]Lﬁ;' an, andlo oecillator can be of value Eﬂr mllﬁ‘
o

e Sl & R
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i t L e pu #lnusabdal

S L,,"im:d” gt for mi’{;‘f work . thi
mﬂhuwﬂ s that iren wedtht' 1:.1: mhn?{dwﬁ%’

& as

im the Hariley nud!ll.tnr cf"d‘n I"l"" f ' ¥
The frequ a.tedl.amlaﬂin :htunuﬂ
of a mm“ﬂ; in J;:-rl!.'llr'l with the |Inrl||-¢t,ui1u. and wlrhl;.'h.lw
drenit shown ns requencies desirad rmu
switched in to zin urgin; mtu.m frequency baing given

-rT"'

where £ is in cycles per secoml, L s in IIrnriaa and C I8 in Faruds.

‘The less the r token from circuit the better will be
the waveform, so ¢ W b'ut!er A r 1: included in the diagram.
“With this l‘hﬂ vl 41|:I tha valve, and thus the eureent,
may be redaced to the mgnimom nquimi tor mﬂnrrumn; ascilla:
tion, the rheostst in the anode circnit providing this cont

séd, liowever, tinvonsly varfable audic
i requirsd, and Fig. 12 i.'lww. T“llut. F‘r:u_mms Gm‘:rawm :ﬁi
f?r a:ptr:tm:n:slb:]T 'd an{urf.nmrab l.'hu is a d‘imwg: p‘f:j
o Fatug bo and operste res it mast be no
that circuit shown I8 capable of whgqﬁ wnrying developments,

En:lslht m in to bént or hete
aone againet the other, one being fixed awd o
Ating out the beat note after soctification. Tle first elrevits, t.'h:n-
fore, are working on t-d:n Erpqumm Bnd any stray mupﬁa
them will lead tobpullihu mru.eullr'ly since they hav nml.r
hnm-.ri mioet enclosed in its own seresning

box apd H.F. connections mede h_r streened coble ms ahown, while
greater freedom from pulling-in mey be achieved by foeding the twoe
wignals to n push-pall detector system.

- For good waveform stability it is sufficient to make the
fixed frequency oscillator of the desiced charscteristios, and different
frequencien moy be tried ax fundamentals olthongh for experiment it
should be sufficient to commence with L, snd Ly of 170 microbenries,
the respective annde colls being sufficiént w0 maintaln cecillation—
ng ‘T; ﬂ.ﬂtJi-.nnt ta: grid Imljl TUFns, ﬁ are more easlly varl-
-e ol anﬂt- torﬂmtirhl.irhqbe

nde 005 mid, maln control 0008 or 001 and Co the

3

E i"f-"'

gi'-u

varinkle, separ-

"nm lﬂ‘lﬂ"' of {J'Iﬂﬁ-

bi cireuits nn'.lna;: ar= best of the carbon
fhmﬁik reslutor of 11, ond condenzers &
n

uam&r

ne t b f T
‘;]':fhl FEqOETICies

Audip Oseiliotors are often left unealibeoted for -|5|t:|:din|.r‘,I work,

A FABEe :rt motes being all that is dwired. 'hlut |I cali necea-
sary it may be carried out E-I u-lth thnt
abtained from & standard mll‘bnmd mﬂqlnr giala hlnp:

fed Inte the same reprodueer throo

for zero_beat note.  Failing this the oscillator under test may b-e

compared with n standard frequency record such s those

by HAMY. 'h records are n wolunble soures of sudio fregn .
made under strict control with exect frequencies outpat

]ml‘l stared.

For o rough and rendy check, bowever, the oscillntor may be

mmlm!‘td Bgainst l{::“ altho the mu wil] differ In tona dus

instrument’s ecale of kevs with enrpections for

ich and & disgram wemcies ie given b “Direct Dise Regor-
ing,” New 37 in B'-ernu-d: ist,

baffer B:m'r-hﬁm and  adjust

SECTION T.
(TrrT METERA.

Bome of the uses of an Crutpiat Meter hm.e already bup deacribed
and as almost any AO. inutmmem m wsed ms the messuring
device—yalve-voltmeter, FATIEEE J analyser or ramn-
nmmeter—it need mot lbu l.n EXpEnEive m of apparatus.

The circubt of Fig. 13 abows the method of uEng rlth" voltage
of carrent meastrements on g 10 ohm resistor, bot if one
in decided wpon It may be sdvantogeouan to ndape the resistor walve,
mh}llrln it even lower for current readings or higher for voltage
indieations.

In either cose the actusl power is obtained from
i.rl
Watta ==E or Watts — PR

and n table i= givem in Fig. 13 showing the voltages and currents
10 be expected In the 10 ohm resistor for entputs of 1 to 5 watts.

The issrroments may bs oocalibrated in which case it will ba

E-aullﬂe te usd the Meter porely for mnmm charks, while eall-

rn Instraments will allew aetual sut u tn- be nummd nither
plo ealculativns or by & new eali watts

ﬂh‘pﬁaﬂtwﬁittummhrithﬂ hatove Tne of
m'llt-nr'h n In ihe owtpor clrrmlh il. mugt l: unt:‘ni“m thn



A.C.
(VA |\r£)
Vmelea

Section 7
OQutepyt MeTER

Reaoines witH 10 onm RESISTOR.
WATTS | CURRENT | VOLTS

32 amps

32 vours

4.5 pmps

4+5 vours

55 amps

55 vours

‘63 amps

6-3 vours

b WN -

71 amps

71 vours




output load as stated for the output valve belng used,. this

ntehing being armed by & output transd B
mn£NMMHzlvmuh are, h_rn it

]

Optimum  Apcde  Lead

Inpedapee of outpat eircuit

penerally spesking tho resistor will have so little self inductanes
the mg:dﬁw may be takem oz the rnﬁ-unn.- in dﬂnﬂ. For
o pod therefore, the ratics of & trapsformer te ma

Ratio =

ra g gl s it e (1) 000 chee: (25 B x
to stai e JHE
obimg: {3) 000 bl:.lﬁu.a::u! {4y lﬂ%agim wonld be o !
1y 1985 to 1
12) 224 w 1
i 200 w 1
4y S0 w1

Such & trensformer moy be boughe or mede, bub i & tapped
ronsformer with diffecent ratios I olrendy o hond o simple in-
version_ of the formuln will give o sultablé resistancs, X", o be
used with it. As the rotio iz known (e formale becomes

Optimum nnada land

Bouare of the ratio

Pér ex if it is reguired to measure the output of
wging & B0 to 1 cutput trmfnrmnr, the valve load bé'iun: nmﬁaﬂ:

L
X X —— ohms
. R*

B5.200
X=—— or 2 vhma nearly.
L

A pesistor of 2 ochms would be included in the socopdary eireuit of
the . traneformer and 88 only & small voltage WRUII‘I bho set up seposs
siich o resistor ﬂur-mrrernl tl:rnuﬁ]é_ ;l. n&ﬂ thl:q meuuimﬂ by &
The am A an oatput w carrent expected
nmrm 4 mi'i'.irnr ]F-E a1 ==1.414 smps. )

Actual cutput m'nauremmta, of course, must be made on a
etendy signal s& supplied by n modulated Signal Generator or Audio
Uscil-_lyal:or. Speech or musie will obvlously glve- fluctuating rendings

The ealeulations and examples os shown above oll negloct trans-
former losses and power comsumed by the internal resistances of the
instroments weed, but these should oll be small.  Coreections may
ensily be made if desi meter reslstances being in series with the
lood for currents and in parallel for volinges,

SECTION B
VALYE TESTSH,

reat number of tests which may be |:lppﬁld to walves g

Diespite the
of all types it js quitd common for both shops snd servicemen to

no Imore check the tiouity of hester filament and
roughly test emigaion of am ?ﬂ valve, El.l:{ lm:t,a RPE TOT
ent ; thét emizelong of dwo filaments or cathodes of the ssme

atch might vary conslderably, whilsi there may be no indications:,
with such & test. of shorting ebectrodes or such faults as hester
cathode leakage in meins valves, ve testing is to form oo
important port of service work it is advisable to obtain a testing
panel from a recogoised Brm, but for ordinary serviee checks the twe
cireuits of Fige. 14 and 16 sbhould vjde a satisfactory outfif,
They may gquite a‘lmfh- be ecmbined, m n the wrlter's opindon it
e Buch spparstus uninvolved, Th

T f all types are to

circulla, fitted with crocodile elips to conoect easily to any valve

f; i:sl E:diuidu-l bolder. willscertainly Be cheaper and probably more
mvehient.

Wie. 1 o Sk e oyt fheekine wntunl senductanty end
IE. ] R " 3 i "
anode reslstance is found by dividing the smpliBeation faciey by the
muotusl conductakce and moltiplying by 100D, the answer belng in

Testiveg THE YVaLvE

Before any other tests, the valve should be checked for shorti
electrodes.  Mothing _more thon o 100 voll battery and a wmﬂﬁ
Beon lamp -are uired, the battery and lafip bg connected in
sérise. with one slde of the battery tnken to p valve :fn nod the free
glde of the lamp to any other pln, eare being taken to bave insulsted
test prods or clam The insulation of each electrode to its fellows
may then mn{ the valve belng wery gently t d from time to
t apecinl eare belog given o the Ensuletion between cathode
nnd wer of A maine valve, .kpi breakdown bhere may lead to bad
bum efects, while with vabves of .c.maa Lypes, | nrtrr:ullrlr resti-
ficrs, it mighe lead to n ﬁmﬂﬂe dbort circuit of the maing supply.

ere may also be em effpctd between beaters and ea
tracenble by sobstitotiog & millinmcter for the o lamp and re-
versing the applied potential to the elecwodes, If fhe eotrent doss
mot vary itis » plain leakoge corrent; an emission’ current will vory,

ﬂangdrhe leak lends to hum in the recelver the walve should be
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Il all electrodes are properly Insulated alﬂ the beat
econdition (high voltage beaters may develop pnruui -imn,
renfta;  traced & currnnf consumption  ch

now ba ﬂu:hd fg—i mutnsl eondoctance.  Connect Iit inm t]m (:‘lmnt
af FWig. 14, the catkoda slm' 'hrlnr short-circuited the switch,
and  sdjnst th-l millismeter scale current by the variable
resiator acnas it. this Hnﬁ nhnmn to suit the instrument internal
rgaulme. The then openad, giving a lower eurrent
ding and the muhn.'l conductones is vbt;lnnd by

.;,,..._“‘-
LxR RA
wl:.ere Gm e the muma.l mnduﬂanm I, is the irat rending, the

h-f“( he socde resistance of the valve and R s
entho IHM:IDI' Genernlly speaking Ko will be =0

hi‘ h 1|lat itz mﬂinma' may be fgnored.

‘The smplification factor iz then mensored by connecting the
valve to the clrcuit of Flg. 15, The bles is mede suteble secording
1o the walve charocterftice and an nudic note fed :I':mm n Kml"!.‘ll.tlr
(Ser. G) into the cirealt, the transformer hu:l.'u.z o oscilinto

m_tput tehing transformer.  ‘Tha ‘th thameter iu
rh’! untﬁ the mote audible in i! bemdpho nﬁﬁzr fodes out

"
or reduces to its Jowest point. The ratio of the resistances ; will
then equal the amplifiention facter, ond it iz sdvized that &
poentiometer be obtmined. with equally spaced wire winding
element so that the llhtlm'ﬁ between the limits of the moving l.rm-
travel mny be calibrated inlgrmsalr 100 euidistant points, This ratio
may then be rend of very ply and with sdeguate wecoraey,

The nanode rosistancs may them be enlenloted as abown above,
and the walve charncteristics s0 determined may be compnred with
ciith ¢ figures or with utgndard valves. As. lutﬂmﬂl mla it
ﬂlr atared that o valve has renched the end
mutnal condectance falls to G0 per cent. or 'I‘ﬂ per ¢enr_
-ui the roted figure,

Tt must be moted in these tests that noy valves other than
trindes must bave suitoble veltages fed into utmn grida, ete., prefer-
ably from separnte batteries,

Hlae glow or Aoorescence in walves, partieals t and
rectifier valves, mi' be moticed, but whilst these e L:]Epmmi‘!:r
Ny botwern - cathode and plate, ihdk:llu the pres-
amcunt of gan while Neorescence, g

oemee of p =l
a-alioh Quite mumﬁ: amullbﬁ

:ie 1n3s ‘nmtb.. I‘n leotes & pood vacium.,
prated, bowever

A miceopbonie valve shounld be sasi
dug m:;ﬁl 'ni:b‘ﬂl-[wu fm; I:ﬁb 1 or
mrmnt which will produce hn:ls!tﬂh:qﬁmn" o P S
nre in their Wnrhllﬁgnnh on will

:‘:m rep!:gfnﬁ ';21':;];5 "ltlmu:rlj; ihe eff n-f dl.l:md al

I ve, mlthou ot g the affendsr
with waddin bber may be tried, ki, rapped round
the Bulls an ﬁ:;ﬁr murnd. e b

Other poizes dne to valves are hissing, i ernckli
hg;ﬂgenml[; dirty contacts or dry jmnu“gmrmdﬂ for lh“:i

If valves are o be tested while 1 drmlu
lmtmmil!l:]md hinﬂﬁdhm:ddl an'dlmugntwr anlllJll ﬂu_
n millismeter e renit in mrn and w:il:m ] th
electrode under test should be checked wit B -
E‘:u“r;'a ¢ results obtnined are mw;} :tul:uﬂ iwft\fﬁr m“l:ll'.

SECTION 8,
CoMPONENT TESTING.

In many cnses elobarate Eﬂ

unnecessury.  The Continai m “:liugn:t &

raase B § el oY
L] [ [

of traosformerz by checking ﬁé&%ﬁlu -:dn

the recist , checking resintors

& nrce of switch contacts and ‘Im
wower, more searching

end other such routine ¢ Someth m,
chocks must be applied nﬂ'm thess chses a number of aoxilary

pieces af ﬂu!nmnt ean be of great osistanc
lr¢mrr-|'|:r speaking the most adaptoble and uwseful arnton i
the hri in oot or more of itz forms. In Figg_ 16, 11'“;':141 18 s
n-'n%'“'.d_[mlti of Whentstone's 'br]lﬁ Jla myde cnulpmu;r h-ldp

mponents 1:

X nﬂu:l.i::& h?";\a hd sl

ﬂ.!l' qia el t inte one mrlruit

dsﬁm to control the ﬂ-]lpllcl;t[l)ﬂ 'm nrl
Wheatstone®s el i particularly nact

resigtance ean be oithe &'f-nieeﬁd or u?l: u:l wu&.-

four peslstance arims, theee of which are mtnﬂl

:‘hmi.n aa;'X'* heinr the nkm«un mﬁmr Arnm l."‘ .|.nd “'b"‘ -!-r

Hwalatrsm which B.]I:rw ‘1|.'I' :IM or l,ﬂﬂl} whms m Iu put inﬂw

[
siide. Tn thi= way the ratin = com b made 1:1, 1: 10 or 1100
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i i

pod sz many forther sectlons gz desired may be mdded al the
ratin should ba kept se mesr to 1:1 me possible to glwe the highest
&Eme of accuracy. -

The arm marked "R iz o ealibrated rpesistor wnd should the
resistoness to be checked be low then “R™ should be of a relatively
low volue as the aeeuracy of mﬂin‘ is better ng ench arm hecomes
more nearly the value of the others. “R" could consist of a calibrated

entiometer but a5 5o much depends om the recuraey of Qs eetting
¢ should be the best and most accurate resistor e to chtain,
The Post Ofice Box is & <o if ome is
E.mcurnh'l.e 1t will prove an resietances can
made and callbrated with e

The bridge is st up 65 shown, with as low wltu.:e & battery
a8 will give good indications—say 4 wvolts—with *G" tive
galvanometer.  If the mngh mhra nf X" iz known set "R" to that
valoe and the ratio arms Lh.e hqﬂa:r; awitch and fick
the gﬂvannmtrllr switch closod Im & “u . mh m‘l‘hmﬁwhmtr-r
Mﬁf swing over &R ¥ cha
tt: \'!Iu g g;Jlal'l.'t alvanometer gives no indleatlon whem
chosed, W'I:u:n this is the

;hd the retle arms are
1 1 tbe value of “B" will equal pkown valoe, whilst
for ot rn.r,!,m

t investment. Al

!

a
= xR
]

The condenser brl?e of Fig. 17 may very easily be mode, for
erally indicitions of capacity are all th h required although
bk will give ;lliﬂ arcaraty roadings. the aecuracy depending
the st rd condenser 0. There m-y te more than ane fon-
EF in this :rmltln'n mr ﬂmmr_T c- !ai.ned I:uj' matln:
o8 near In value to " nE e, but for % dmﬂu
Mptrtrtnﬂmmndanurm and may be nsed, e bridge 1a
!t up &5 ehown and fed foom an aedio oscillator (or by o low voltoge-
outpat transformer from 50 cycle A0, mains), and tie lider of the
potertiometer ks varied antl] the note in the Beadpbones sither vani
or fades to its lowest valne. The copecity of “X* mey

found by the ratls of the resistabces -E- multiplied by the -'m!ue of

1", Asin the case of Fig. 15 it ks ab;:tﬂ.d hﬁ% tha pcllrntjume‘!af
ba ('I]Ji'brl.tvbﬂ dividin |t.! Lra.\fa]
1-100) when t.lm ratio fa 1 ‘mgl.; vection . faxy

Owen's Tndnetance bridge ia o more eu'h-arnte fece of &
but it Is invaluable §f cxperiments on tuning m!.TE nre bmn?“"?h.

or if coils and LF.T."s are being constrocted. Tt nesds two properly

5

L]

calibrated reslstors and iwo identieall ual mira condensers and
must be fed from a higher audio uuwg’“mmnfltleml.tiﬂ

ez, To messure the inﬂur:tan-re n microheories of = ‘eoil £ s
eoonected at “X" and “R,” and “R," sdjusted simultaneously umtil
the sound fades to a minimum or duupp-rn.ru L in microhenries
=R xRy« C, but for a very securate result the “X" termivals can
ba ri-circoived and llzt bhridge again balanced by 8 further ndjost-
ment of “It," to, say, *r". Then L in microhenries = (I,—r) = R, x Cp.

To determine the *‘Q" of a coil it is necessary to know its denamic

x
rﬁintlnce RL and this iz given by the Owen bridge as RL =
olims, ‘2

Fig, 19 fllastrotes & method of measuring the capacity of en
electrolytic condenser “C", not casily performed on & bri due
to the nwjilti of mkntnln?n lim‘tlrinl.ng voltage on such n=ero.

[ C. voltage is de ved from s low lmlmg transformer
wmhl.n: on the meins while the A, voltmeter may the mitnhte
secting of on Anul:.'ur with the A.C. milliameter nl'dl
electric Ly batteries which rrl-alntlln the polarising vnltn.ge

should bﬂ I:be same voltage and this veltage, for n.fn m:lrldn
should be tw tlu RNLE. woltage the transformer. I?'
nmeter jm of limited rm:! -:nlwmal the voltages of the trn.ns[m'mr
and batteries may be changed give 8 suiteble current reading so

long s "C" is rooghly known.
168« I (millamps).

AC, voltaxf (50 cycles).

It iz often roquired m know the inductance of smoothing chokea
but to mensure thm h:r ridge methods in difficult as n,-r'l:ava L
DO, reting, the DO fowing having am effect on  their indoc-
tanee,  Aceordingl they may be tected on the circeft of F 21).

A battery, T0C. II'I[||IEI'I1IB-'IUI“"8I'I.d variable r may be p'ul
out of cireuit as  desired ive controllable " DO, ﬂm
cke which iz connected at "I" and the impedance of the dmlue

sompared with that of o standard resistor rating th tch
“82" to obtnin on B valye wltmﬁ‘{.wﬁ‘u ri“mpeﬁ fa

then obtained by
A
it . JC. wolts acrogs choke w 1,00

and the inductance is given by

i i [;ﬂ?ﬂ"‘*"“__“

28 x frequency)®
where “r |5 the D.C. resistance of the choke, -

“" in microfarads = -

A0, volts aoross Fesistor
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