This month, Smithy the Serviceman, aided by his able assistant Dick, investigates a mysterious
line output stage foult. He also discusses naise limiting circuits and the new Mullard PC97

i N 1TS OWN, KELLY'S EYE!'
0 The muttered words were
just andible across the Work-
shop.
“Shiny Ten, Downing Street!™
Puzzled, Smithy the Serviceman
put down his soldering iron.
“Legs, Eee-feven!™
Smithy turned round and his
perplexed expression deepened. His
assistant seemed to be entirely
engrossed in the television chassis
on his bench.
“One and Two, just a doz!"
There was silence for a moment.
“Oh yes, 1 forgot that one. On its
own, the Temperance Seven!”
Smithy looked more closely at
his assistant. The latter, having
just taken a voltage reading in his
receiver, turned round and caught
the full intensity of Smithy’s scrutiny.

Poor E.H.T. Regulation

“I5 everything O.K. 7" asked Dick,
slightly alarmed at Smithy’s expres-
sion.

Smithy was disconcerted at the
complete lack of concealment in his
assistant’s youthful and innocent face,
and he momentarily forgot the
question he had prepared.

“[t was funny you should look
round then, anyway,” continued
Dick artlessly, “because T was just
about to tell you how I've success-
fully traced rather u gueer snag.”

As always, Smithy was hooked by
the mention of a peculiar fault,

“*0h yes,” he said, the phenomenon
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tuner unit triode.

which had previously caused him to
wurn round slipping from his mind,
“what was u?”’

“Welil,” repiied Dick, “‘to start at
the beginning, this set came in with
insufficient height and a bad case of
‘blooming’. The vertical sean was
reasonably linear, so I left the frame
timebase alone for the time being.”

“Fair enough,”  commented
Smithy. “Incidentally, by ‘blooming’
I suppose you mean the effect given
when the picture expands in size as
you increase brilliance?”

“That's right,” said Dick. *'In this
case 1 could get a fairly dim picture
resolved which looked quite OK.,
apart from the lack of vertical height.
But when T turned the brilliance up
to a normal setting the picture
‘bloamed’ out like billy-oh, If 1
turned the brilliance control fucther
the picture faded out completely, and
1 had to turn the ¢entrol right back
and wait for a few momenis before 1
could even get back to the dim
picture.™

“1t seems a fairly classic case of
line output stage trouble,” said
Smithy. “The ‘blooming’ effect is
due, of course, to poor e h.t. regula-
tion. As you increase brilliance you
increase the e.h.t. current drawn by
the tube. The poerly regulated e.h.t.
voltage then goes down, giving you
the effect of the picture expanding.”

“I've never,”’ interjected Dick,
“guite understood exactly why the
picture expanding business takes
place.”

“ What  happens,”  explained
Smithy, “is that when eh.l. drops
there 18 & reduction in the velocity
of the electrons travelling to the final
anode. In consequence, these elec-
trons spend a longer time in the field
given by the deflector yoke and,
therefore, suffer greater deflection.
So your picture ‘blooms’ out.”

“I'm with it now,” commented
Dick.

“Fair enough,” said Smithy.
“Now let’s get back to the line out-
put stage. (Fig. | {¢g)). You had a
second effect in which, after you had
advanced the brilliance control, the
picture faded out completely and
you had to wait several moments
with the brilliance turned fully back
before it reappeared. That second
effect was almost certainly due to the
fact that the heater of the e.hdt.
rectifier was only getting sufficient
power from the line cutput trans-
former to jusi warm up 10 emitting
temperature in the first place. When
the line output transformer was
loaded by increasing the brilliance,
the power available for the eh.t.
rectifier heater dropped. 1t went
belaw emitting temperature and you
lost your eh.t. The delay befote
e.h.t. reappeared was needed to allow
the reciifier to heat up again.”

“| thought, myself, that something
like that was happening,” said Dick.

“You were quite right then,’
replied Smithy, “A minor peint to

187



bear in mind, when both ehdt,
voltage and e.h.. rectifier heater
power suffer from bad regulation, is
that this means that both the e.h.t.
circuit and rectifier heater circuit are

Bionsted HY Reservor
Copetitor

receiving insufficent power from a
commen source. You can, then, fairly
safely forget about poor e.h.t. regula-
tien occurring in the e.h.t. circuit
only-”

An opsh Circuit Chassis ———
Comhection tethe Outside
8 fdy couse poor

EITT Regt
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Fig. 1 {a). The basic line output circuit employed in Dick's television
receiver. The capacitors and resistor in the boosted h.t. circuit are given
typical volues
{b}. The e.h.t. reservoir copacitor of (a) will, in practice, be formed by
inside and outside graphite coatings on the cothode ray tube. If the chassis
coniact to the outside coating is open-circuit, poor e.h.t. regulation may
result
{¢). Poor e.h.t. regulotion may also result if on open-circuit appegrs in
the e.h.t. circuit, as in either of the two examples shown here. A spark
bridges the gap for a period until the open-circuit points finally burn away
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“What would cause poor regula-
tion in the e.h.t. circuit 7

“ There aren’t many thiags,”
admitted Smithy. “A low e.h.t.
reservoir capacitance due to bad
earthing of the outside graphite on
the tube could conceivably do it,
(Fig. 1 (b)), although this fault
doesn’t  always cause excessive
‘blooming’. You may occasionally
have an open-circuit in the line out-
put transformer overwind, or in the
e h.t. connection to the tube, (Fig. 1
(c)). A spark can bridge the gap
here and allow e.h.t. with poor regu-
lation to appear for quite a while
before the open-circuit finally burns
away. Anyway, in this particular
case, we don't need to worry about
things of this nature because of the
common fault which has also reduced
rectifier heater power.™

“Seeing that 1 had the slow recti-
fier warm-up effect,” broke in Dick,
“the first thing I did was to change
ths valve ™

Smithy looked a little puzzled.

“There's mo harm in changing
e reciifier,”” ke commented, “*but 1
don’t quite see the logic of doing s0.”

=1 did it,” said Dick, “becauss T
thought that, if the rectifier cathode
were only just hot enough to emit,
this could be due to a fault in either
the cathode or the filament. The
rectifier could then insert quite:a lot
of resistance into the e.b.1. circuit on
its own.”

“Ah, [ see,” said Smithy, light
breaking in. “‘Anyway, there’s no
harm in changing it, and you might
have been lucky. My own experience
with valve e.h.l. rectifiers is that
they're either ‘on’ or they're “off’,
as it were, and youn don’t get the
case where they insert the few odd
megohms needed to canse *blooming’.
Did changing the rectifier clear the
spag?”

“No,” admitted Dick. “I next
swapped the line output valve and
the booster diode, but there was no
jov here, either. After that T took
a few voltage measurements. The
h.t. applied to the anode of the
booster dicde was 195 volts, so 1
assumed that the circuit had enough
h.t. towwork with. I then checked
the boosted h.t. voltage, and 1 found
that this was only 250 volis above
chassis at the boost reservoir capaci-
tor, instead of the usual 50 or 800
volts. So that's itT*

“What's it 7" _
“The fault, of course,” said Dick
impatiently.
“But what iv the fault 7

“Why the line output transformer!
If you aren’t getting enough boost
volts it's obvious that the line out-
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put tranny is up the wall and needs
replacing.
Low Boost Voltage

Smithy sighed and sat down.

“Dear, oh dear me,” he said, “will
you never gel rid of that line output
transformer complex of yours? Just
because you've swapped a couple of
bottles and taken iwo voltage
measurements you immediately jump
o condemning the line output
transformer. Anvone wouid think
you enmjoy changing line ouiput
transformers!”

“Well, couldn’t it be the cause of
the trouble here?”

“Of course it could! But there
are several other things a darned
sight simpler to replace than the line
output transformer and they could
just as easily cause the fault. For
instance, the screen-grid feed resis-
tor to the line output valve could
have gone high. Again, if the screen-

id has a bypass capacitor this could

ve gone leaky or open-circuit.”

“Weit a minute,” broke in Dick,
“I can understand a leaky screen-
grid capacitor causing trouble, be-
cause it would reduce screen-grid
voltage. But I don't see how an
open-circuit acitor could cause
the fault as well.”

"It can do with some circuits,”
replied Smithy. “Yousee, the scréen-
grid bypass capacitor allows the
screen-grid to retain a high potential
during the latter part of the scan
when the valve MOst current.
You would, in fact, be surprised at
the loss in line output power that
results in some sets if this capacitor
goes open-Circuit.  Another snag
which could cause the trouble is
insufficient drive to the line output
grid, although this would normally
also play tricks with horizontal
linearity. Any components connec-
ted across sections of the line out-
put transformer anode winding, such
as capacitors or width or linearity
controls, can also cause the trouble
although here again horirontal scan-
ning in the reproduced picture
would probably suffer as well.
Finally, there is the possibility of
trouble in the boost reservoir
ca!mcnor."

‘Well, it isn't leaky," remarked
Dick defensively, “because I checked
for that after I found the boost h.t.
voltage was low.”

“Then perbaps the capacitors’

ne open or low value. The

ted h.t. reservoir capacitor is a
very busy component, you know,

it suffers more clectrical strain
than most of the other paper
capacitors in the set.”

Smithy’s last words were lost,
begause Dick had already rushed 1o
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the spares cupboard. He guickly
found a rc component and
soldered it into circuit in place of
the boost capacitor previously fitted.
Hopefully, he switched on the re-
ceiver and waited for it 10 warm up.

The screen came to life and
exhibited 2 comfortably bright pic-
ture with considerable vertical over-
scan. Dick adjusted the brilliance
control and was pleased to see that
the pfeveiiousb;goonﬁng" effect was
completely a L

“That's cleared the eh.t snag
Smithy,” he said, exultanily. *All
I've got to do now is to get the
vertical circuits working properls.
Where previously I had vertical
underscan I now have vertical
averscan.”

“There’s a knob at the back for
that,” chuckled Smithy. “If ou'd
looked a bit more closely at the
circuit for this set you'd have
noticed that the frame oscillator gets
its h.t. from the boosted h.i lize.
When the boosted h.t. voliage was
low someone must have turned the
height up to overcome n. Al
you've got 10 do now s 1¢ tr it
et the look siigh

ick graze 1o i
abashed, and Smithy retwrned 10 his

Teeer Triode

It was about half an hour later
(afier Dick had returned his repaired
television receiver to the rack and
had successfully treated another) that
the muttering commenced again.

“One and Three, unlucky for
some!"

S:lm'lhy paused and listened expec-
tan

¥.

*"Two-Oh, blind twenty!"

There it was again.

“Two and One, key of the door!™

Smithy turned quietly.

“All the Twos, dinkey-doo!”

As had occurred previously, his
assistant appeared to be completely
absorbed in his work.

“Two and Six, bed and break-
fast!™

By looking very carefully, Smithy
was just able to make out the move-
ment of his assistant’s lips.

“Three-Oh, blind thirty!™

“House!" yelled out Smithy.

The effect on Dick was galvamic.
He suddenly lost his balance and
fell sideways off his stool, the screw-
driver he had held in his right hand
describing a graceful parabola in the
air. At the same time his feet
became entangled with his soldering
iron cord, causing the iron 10 trace
out an arc of a circle whose radius
was the free length of lead from
Dick’s legs. Smithy avoided the iron
nimbly as it Rashed past him, noting

simultaneously that a crash from the
vicinity of the sink indicated that the
flying screwdriver had reduced the
meagre Workshop stock of cups by
one. He was, however, too late to
avoid Dick’s stool, which toppied
neatly over on to his left foot, the
seat edge falling precisely on his
ins!

tep.

Smithy's roar of anguish caused
Dick to look up from his prone
position on the fioor, whereupon he
lhmghtfullr devoted his attention to
the spectacle of the dancing Service-
man. After some moments he was
distracted by a smell of burning. He
£01 up to retrieve the soldering iron.
which was by now almost lost in a
cloud of vapourised linoleum. Dick
quietly put his stool into its correct
position by his bench, and sat down
on It

“What on carth,” he asked even-
tuallv. “possessed you to do thar?™

Smithy was, for once, completely
at a loss.

“Do whatT" he gasped weakly.

“Yell out at me like that. |
nearly shot out of my skin!™

“It's your own fault,” retorted
Smithy, recovering himself. *You
shouldn’t have kept muttering Tom-
bola numbers all the time.

“Tombola 7

“Housey.”

“Oh, you mean Bingo!®

Grunting in affirmation, the Ser-
viceman aggrievedly took off his left
shoe and sock, and very carefully
mspected his foot for injury. There
was nol the slighest evidence of
abrasion, of bruising, or of any other
damage whatsoever,

“1 don't think there are any bones
broken,” Smithy remarked cventu-
ally, in a relieved tone of voice.

His thoughts returned to his
-assistant.

“Anyway, what was the idea of
saying those numbers all the time 7"

A gleam of pride came into Dick’s
eyes.

“I was practising,” he said,
grandly. “You may not know it,
but I'm the new official pumber-
caller for the Bingo Club at ‘La Vie

lﬁwhm?Ol

"“*La Vie Bohéme'. You know,
Joe's Caff.”

“1 thought it was ‘El Picador'
sinu::: he got the bamboo wallpaper
[+

“He put a Formica top on the
counter last week,™ explained Dick,
“so be's changed it again. He always
changes the name when he gets
something new in.”

Smithy absorbed this news quietly,
and“ﬁhtho#gh: ﬂ:tdlck hitrine.

“What happened to the previous
official number-caller 7" he remarked.



Dick looked a little uncomfortable.
“Well, there was a bit of a punch-
up,’ he remarked, “You see, he got
Number Six upside down and called
Doctor’s Orders during the Snowball
House. Nobody's seen him since,”

Smithy chuckled.

“It sounds a dicey occupation,”
he grinned, “"and I should watch it,
if 1 were you. Anyway, it's about
time we got back to the grind.”

*I suppose so0,” replied Dick.
*Incidentally, have you seen this new
Lv. set I've got here? It doesn’t use
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a cascode in the tuner input stage at
all—just a single triode,”

“Ah yes,” said Smithy. “That'll
be the mew Mullard PC97."

“You don’t sound very surprised,””
commented Dick aggrievedly.

“L'm not.,” replied Smithy. “For
one thing, triode input stages have
been used in the States over at least
the last three vears.”

“T didn’t know that,” said Dick.
“Anyway, how can you gel a triode

to amplify at v.h.f.? Surely, itwould |
oscillafe like the clappers!™

“MNot if you neutralise i1,” said
Smithy. **Although, even then, you
want to design the valve so that the
capacitance between grid and anode
is as low as possible, With a conven-
tional cascode like the PCC89 the
capacitance Between anode and grid
of the earthed-cathode tricde is of
the order of 1.9pF whilst that of
the earthed-grid rriode is approxi-
mately 4.1pF. (Fig. 2 (@)). The
Mutilard PC97 has a much lower
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Fig- 2 {a). The basic cascode tuner unit omplifier. The grid of the upper triode is normally held ot approximately haif

the full h.t. potential. The onode-grid capacitances quoted are those for the PCCE?

(b). The afode-grid capacitance of the Mullard PC97 is maintained ot the very ow level of Q.5pF
(c). Nettralising the PCS7 by coudling the remote end of the anede coil to the grid via @ nevtralisiig capacitor. The
bypass capocitor has a relatively low value, a typical figure being 100pF. The decoupling resistor may be 1 to 5k},
and the neutralising capacitor have a range of some 2 to 12pF
The anode circuit of the PCC97 can be represented as a pi tuned circoit
{e). The internal structure of the PC97, showing the effect of the screening plates. The special shape of the anode
alsy contributes tawards the low onode-grid capacitance
(f). The pin layout of the PC97. Two cathode pins are available
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capacitance between grid and anode,
tlg;s being around 0.5pF only iFig. 2
5).
“Isee,” said Dick, musingly, Ol
course, with the cascode the lower,
' earthed-cathode; tnode works into
the low cathode imnpedance of the
upper triode.” This low’ impedance
shiould keep vollage san 1n the
lower triode down, in any case, aml
thus help in preventing oscillation.”

“Thats pretty near it suid
Smithy, “although you do in prac-
tice neutralise the lower tricde of a
cascode.”

But Dick was pursuing his 1deas
in his own way.

“And, of course, there’s no risk
of feedback in the upper trinde.” he
continued, “because the earthed erid
comes between cathode and ynode.”

“W. G. Morley," remarked Smithy
encouragingly, “could not have put
it more succinctiy. ™

‘Do you really think s0? ex-
claimed Dick, forgetting his train of
thought.

“Delinitely.”

“Well, 1 suppose T am a bit of a
gen kiddy at times,” said Dick mod-
estlty. "I do know, you know."

“I'm quite certain you do." replied
Smithy soothingly. “Anyway, let's
get back to the PCY97, As you have
just, in your masterful  manner,
explained. the basic make-up of the
cascode assists towards stabiliny The
very low anode-prid capacitance of
the PC97 also assists towards stabil-
ity, because, amongst other things.
it makes neutralising requirements
much lss critical.™

“How do you
Smithy ?”

“By gerting a neutralising voltage,”
replied Smithy, “from the h.t. end
of its anode coil.” (Fig. 2.(ch.

“But that point’s decoupled to
chassis!” protested Pick.

“Not by all that much it isn’t,”
said Smithy somewhat inelegantly,
“*because you use a decoupling capa-
citor having a lowish value around
100pF. This lowish value brings you
back to the old pi tunmed circuit
(Fig. 2 (d)) in which the coil is really
tuned by the decoupling capacitor
and the output capacitance of the
triode in series. The r.f. voltage on
the end of the coil remote from anode
will be 180" out of phase with that
at the anode itself, and so you've
got a mice little bit of neutralising
voltage all ready for feeding back,
via a gapagcitive trimmer, to the grid.
Since the value of the decoupling
capacitor is fairly low, enough r.f.
appears across it for neutralising
purposes.”

“It’s very neal, isn't t 7" commen-
ted Dick: “One thing I notice is the
extreme simplicity of the circuit

neutralise  it,
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around the triode as compared with
the usual cascode arrangement.”™

"That's a considerable advantage
of the triode,” said Smithy, “and it
makes tunegr unit design simpler and
cheaper, You will usuwally find,
mcidentally, that the bypass capaci-
tor for the anode coil is of the feed-
through variety, this being done to
Keep inductance in this part of the
circuit down to a minimum. T should
add also that. in practical {uners;
adjustment of the neutralising trim-
mer will not normally be done by
the likes of us; it will. instead. be
carried ourt at the factory with special
test equipment.”

“How is the capacitance between
grid and anode brought down w a
value as low as 0.5pF 7

“By putting C-shaped screening
plates around the two backbones of
the grid,”* said Smithy, “that s, the
two thick vertical wires which sup-
port the grid wires. (Fig. 2 e
Although these plates kill the rela-
tively high capacitance between the
backbones and the anode they il
leave free access from the working
areas of the grid 1o the anode  The
screcning  plates come our o a
sepurate pin which mas then be
connected 10 chassis.”

“Fhis all seems very knobby " said
Dick  approvingly. “Any other
points

“Oh ves.” said Smithy. “The
PC97 has got a frame grid, with all
the advantages that thar confers. And
the cathode comes cut at two pins
(Fig. 2 (f)), which reduces cathode
lead inductance.™

“Won't the gain of a single triode
be lower than that of a cascode?”

It may be a little lower.” said
Smithy, “but that doesnt neces-
sarily malter, because you can pick
up the lost gain very casily in the
L.f. strip anyway. The Yimiting factor
to receiver sensitivity is moise-facfor,
and the noise factor of a tuner
input stage using a PC97 is of the
same order as that of a cascode
stage.™

“Well, the PC97 certainly seams to
be a welcome introduction as far as
I'm concerned,” commented Dick.
“If only because it may simplify
tuner circuits and make servicing
easier!”

*I'm guite certain you're right
there,” commented Smithy, looking
at the clock. “Anyway, it’s about
time we got back to work again.”

Interference Limiter

Obligingly, Dick returned 1o his
bench and peace descended on the
Workshop once more.

But not for long.

“Three-Oh, blind thirty !

Dick was taking up again where he

had left off,

“All the Threes, feathers'”

Smithy started. He'd forpotien
that one. A poignant and long-
forgotten scene of wartirpe canteen
Housey schools filled his mind, and
he sat down dreamily for a moment.

“Five and Seven, Heinz Vaneties!™

“Wait a2 minute,” called out
Smithy. “You've forgotien one.”

Dick looked round.

“Which one is that 7" he asked.

“Four and Five,” said Smithy,
“Hall-Way [ =

*[ haven't heard that one before,”
admitted Dick. “I’ll have to re-
member it for the next session. Any-
way, there aren't many out-of-the-
ordinary nembers after thirty-three,
There's All the Sixes, clicketty-click.
After which vou get All the Sevens.”

“l know that one,” said Smithy
proudly. “All the Sevens, walking
sticks!™

Dick glanced at him in surprise.

“Walking sticks?"

“That’s right; the sevens look like
walking sticks.”

Smithy's assistant pondered.

*I don't think much of that one,”
he proncunced eventually. “1t’s dead
sornv.”t

“All right then,” said Smithy
iaritably, “What's your version

Al the Sevens,” replied Dick
firmly, “Sunser Strip!™

Smithy locked blank.

“I'm completely lost (here,” he
remarked, after a moment. “You'll
have to explain it to me,”

However Dick knew that, with
Smithy, such explanations tended to
become involved, and he decided to
change the subject.

,‘Let me first complete this t.v.
chassis,” he said, craftily. *“It
shouldn’t take long; all that's wrong
with it is weak and distorted sound.”

“Oh yes,” said Smithy, rising once
more to the bait. “Have vou checked
back to the grid of the voltage ampli-
fier triode?”

“l have,” replied Dick, “-and it
gives a good fat hum when I touch
it. Bo the triode and cutput pentode
should be in pretty pood trim.”

“Try the sound interference limiter
diode,” said Smithy. “Sce what
voltage it has on it with reference
to chassis.”

Obediently. Dick located the inter-
ference limiting diode tFig. 3 {a)) and
checked the voltage on bath its anode
and cathode.

“There aint any velts,”” he pro-
nounced shortly.

“Fair enough,” said Smithy.
“Then it's pretty cerfain that the
resistor between h.t. positive and
the dipde anode has gone open.
Very common fault, that.”

“¥es, I've met it before,” said
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Dick equably. “lncidentally, 1've

never quite been certain how these:

sound interference limiter circuits
work.”

“It's cusy enough, really,” said
Smithy. “"Normally, the diode is held
in a conducting condition by reason
of the current flowing through it

constant, when the diode is conduc-
ting, is sufficiently low to anable the
diode cathode to ‘follow’ the af.
voliages on the anode.”

Smithy paused te light a cigarette.

“Now vou will note,” he con-
vinued, “‘that the sound detector is
s connected that the rectified ol
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Fig. 3 (a). A typical sound interference limiting circuit with representotive

values where applicable.

rectj

(b). If the
diode is
directly.

resistor

Thermionic diodes are shown for reasons of

clarity. sound detector circuit is meant to illustrate the polar

lafity. The d di i in the polarity of the
Ffw ignol only, and omits if. filter components after

the diode

of the pair in series with the interference limiting
ircuit,  moving coil testmeter may not indicate this foct
r, applying the testmeter will couse current to flow through

the diode and sound to be reproduced by the receiver ot normal, or neorly
normal, level

from the h.a supply via the resistors
above and below it. In consequence,
the a.f. applied to 1s anode appears
on its cathode. and may then be
passed on to the following a.f. stages.
A capacitor is conmected across the
lower resistor and 1he combined time
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signal at the top of the detector load
is mgative—foing. If an interference
pulse is applied o the sound detector,
the latter causes this to be rectified
to a sharp-sided negative-going pulse,
This pulse is applied to the anode of
the noise limiter diode and makes it

go negative, thereby causing the
diode to stop conducting,
cathode of the diode cannot go neg-
atlve as guickly as the anode during
the pulse, because of the capacitor
across the lower resistor. There~
fore, no af. at all is applicd to the
a.f. stages for most of the duration
of the pulse and the latter is, in
consequence, limited.”

“Very smart,”
“And quite a simple little circuit,
t00."

“[t's an effective one as well," said
Smithy, “and you'll find it used in a
very high percentage of the television
receivers you service, the diode
being either a thermionic valve or a
crystal diode according Lo make and
madel, The resistors in series with
the diode require high values, and
these may hie between 0.5 and 10M(L.
It’s a common fault for one of these
resistors 10 go open, whereupon the
sound becomes weak and distorted,
as oxcurred with your set. Most fre-
quently, it’s the top resistor which
gocs [aulty because this normally has
the higher value of the two.”

*1 knew it was the top resistor in
my case,”” said Dick thoughtfully,
“since there was no voitage on the
diode. However, if it had been the
bottom one | might have been led up
the garden, because my meter would
still have given me a voltage reading
on the diode which was lower than
the h.t. voltage. The drap would be
caused by the meter current drawn
through the top resistor, but it
might well have made me think the
circuit was O.K."

*That’s true enough,” said Smithy,
*“and it might be advisable to ﬁmlfy
check between tie h.t. positive line
and the diode if vou wanted to be
absolutely sure. In practice, however,
you would almest certainly find that
the act of connecting the meter across
the open-circuit lower resistor (Fig, 3
(b)) would bring back the sound at
full, or nearly full, level, because the
meter would draw current through
the diode once more. The fact that
sound returned would tell you that
there was something very queer with
the lower resistor.”

“You're assuming the use of a
moving-coil meter here, aren’t you 7"

“Oh yes,” said the serviceman, A
very high resistance valve voltmeter
probably wouldn't, for instance, draw
enough curreat through the diode 10
make it work properly. At the same
time, such a meter would tell you
that the diede was very nearly at
h.t. potential, so you would know
where the fault was anyway,”

“Yes, of course,”" said Dick. I
hadn't thought of that.”
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The Last Word

He looked round the Workshop,
noting the large quantity of success.
fully repaired receivers stored neatly
on the racks.

“Do you know, Smithy,” he con-

tinued, "I think we've done jolly it.™
well today. 1 reckon we can describe “What [ mean,” grinned Dick, “is
ourselves as representing the apex of that we're Nine-Oh, Top of the
this establishment!” Shop!™
“Apex of the establishment?” Acknowledpement

said Smithy, puzzled. “I don't get  Mew Product infor

Fig. 2{e) is taken from
i -PCY7 published
by Mullard Limited,

INCREDUCTORS

Y
J. B. DANCE, M.Sc.

HE INCREDUCTOR 1S A NAME GIVEN TO A COMPARA~
T tively new type of inductance designed in

America, the inductance value of which can be
altered by changing the magnitude of a direct
current passing through one of the windings.
[ncreductors are small devices, comparable in size
with the smallest a.f. transformers and are manu-
factured by C.G.S. laboratories, Inc. of Wiltor,
Connecticut.

One type of increductor consists of two windings
on a toraidal ferrite core. One of these windings 15
used in the signal circuit and the other is the control
winding. Direct current is passed through the latter
and produces magnetic flux in the toroidal core,
thereby changing the incremental permeability of
the material of the core. The inductance of the
windings will also be altered, as it is proportional
to the incremental permeability of the core material.

Increductors have cbvious uses in sweep circuits,
For example, if a sawtooth current waveform is
passed through the control winding of an incre-
ductor, the signal winding of which forms part of
the resonant circuit of an oscillator, the oscillator
frequency can be made to sweep repeatedly over
quite a wide frequency range. Thus the increductor
is a very useful component in panoramic work.

A third winding known as the bias winding may
be used in addition to the signal and control wind-
ings; it enables a desired mean value of inductance
to be obtained around which the instantanecus value
~yfan be varied by passing an alternating. current

through the control winding. Increductors with

three windings are alse useful when the signal circuit
is to be controlled by two independent quantities.
1t is possible, further, to obtain the required control

of inductance by moving the pole of a permanent -

magnet towards the toroidal core.

Inductance Range

The inductance of the signal winding when no
control current flows through the centrol winding is
known as the starting inductance. Practical incre-
ductors with sturting inductances varying from about
0.01 mH to 10 H have been made. These components
can be used at frequencies varying from d.c, to about
500 Mc/s. :
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The “inductance change ratio™ is an important
parameter in increductor design. It is the ratio of
the maximum to minimum signal winding inductance
as the direct current in the control winding increases
from zero until the core is saturated. Maximum to
minimum inductance ratios of 400 to | have been
obtatned using increducters for audio frequency
work, whilst ratios of 3 to 1 have been obtained in
components suitable for use at 300 Mc/s.

Q) Factor

The Q factor of increductors is important. At low
audio frequencies the Q may be 80 to 120, but rises
to about 250 with frequency, eventually dropping to
about 5 at 500 Mc/s. If the signal input is large,
the Q may be reduced beiow the value for a small
signal owing to the flux produced in the core by the
current flowing in the signal winding.

The control power required varies from about
/100 watt to 10 watts. The increductor control
winding should preferably be fed from a *“constant
current source”, as it is a current controlled device.

Control currenis can be used to change the indue-
tance of certain types from 100 mH to 100 H, whilst
some types can handle 100 watts at 150 Mc/s. The
temperature coefficient of inductance is usually be-
tween 0.01 and 0.02%; per degree Centigrade. The
signal windings have a capacitance of about 50 to
100 pF at audio frequencies and about 1 pF at v.h.f.
response speeds in the microsecond region have been
obtained. :

The control winding resistance may be 100L) to
2k for control currents of about 10 to 200 mA,
but it is always possible to reduce the number of
turns and increase the control current providing
that the number of ampere turns is maintained.

A typical American type is being produced under
the type number 6XBK4 at $13.60 {about £5) and
can be used from 3.7 to 216 Mc/s.

One can only wonder whether, in the future, radio
receivers (or even transmitiers) will be tuned by
means of a potentiometer, the resistance of which
controls the inductance of increductors in the tuned
circuits.
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