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WIDE BAND AMPLIFIERS*

The design of wide-band television amplifiers, covering a
frequency range from 50 cycles to 5 megacycles

For television applications and for
other purposes which are today classi-
fied as military information, circuits are
employed which will amplify uniformly
a wide band of frequencies. The tele-
vision amplifier, or video amplifier as
it is often called, must fulhll two pri-
mary qualifications not considered in
the ordinary audio frequency ampli-
fier.  First, it must have a favorable
gain characteristic for frequencies rang-
ing from as low as 30 cycles per second
up to four or fve megacycles. The
second requirement for the video am-
plifier is that it introduce no phase
distortion. In an audio amplifier phase
shift is relatively unimportant because
the human ear is incapable of detecting
it in the amounts present.

In the video amplifier, however,
phase shift must be both dealt with
and restricted, since phase distortion

Fig. 1.

Resistance-coupled amplitier.

of the signal will result in a distorted
image on the television screen. The
time delay of the video amplifier must,
therefore, be either zero or a constant
over the entire range of its amplifica-
tion. To understand fully the design
considerations encountered in the video
amplifier, one must first acquaint him-
self with the operation and short-

* By Edward J. Bukstein in “Radio

comings of the conventional resistance-
coupled amplifier shown in Fig. 1.

For purposes of simplification of cal-
culation, the circuit of Fig. 1 may be
resolved into the equivalent circuit
shown in Fig. 2. The tube here has

PLATE RESISTANCE OF TUBE

* LOAD RESISTANCE

* SIGNAL APPLIED YO GRID
U+ AMPLIFICATION OF TUBE

Ry

uEg

Fig. 2. Equivalent circuit.

been replaced by a generator develop-
ing a voltage of uex and having an in-
ternal resistance of R,. The voltage
developed by the generator causes a
current, i, to flow through the circuit
consisting of Rp and Ry in series. The
value of the current, i, may be calcu-
lated by simple Ohm’s law: I=E/R.
The E in this case being pgey, and R
being R, plus Ry in series.

Therefore, the current flow in the
circuit of Fig. 2 is

. uneg
R, + Ri

The voltage developed across the
load resistance, Ri, is the calculation
of most importance. since it is this
voltage which is applied to the grid
of the next stage. The voltage devel-
oped across Ri, may be determined by
again resorting to Ohm's law. The
voltage is equal to current (iy) times

ip
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the resistance (Ry).
by the equation already derived for ij:

ueeg RL
Rn + Ry

It is often advisable to rearrange
this equation by dividing both the nu-
merator and denominator by Ry:

mee R") R[,
.
RI' Rv + R,

Voltage across load = ERi,

Exi

29

Singce Gu

or transconductance

»

of the tube

Fig. 3. Constant-current version of Fig. 1.
Then:
R, Ru.
Er—Guw ex
Rn + R

The calculations made thus far are
based upon the equivalent circuit of
Fig. 2. This equivalent circuit is
known as the constant-voltage gener-
ator type and is most useful in mak-
ing calculations where triodes are
used. When pentodes are employed,
however, another type of equivalent
circuit is best suited to calculation.
This is the constant-current generator
type and is shown in Fig. 3.

In this circuit the tube has been
replaced by a generator which causes a
current, Guw ex to flow through the
plate resistance and the load resist
ance in parallel.

The action of an amplifier varies
with frequency; therefore, to com-
pletely understand the operation of
the amplifier, one must study its be-
havior in the different frequency

Multiplying Ru.

ranges. These frequency ranges are
divided into three groups: low fre-
quency, intermediate frequency, and

high frequency.

Fig. 4. Mid-band equivalent circuit.
The equivalent circuit of an ampli-
fier operating in the intermediate fre-
quency range is shown in Fig. 4.
The plate resistance (R;), the load
resistance (R.), and the grid resist-
ance of the following stage (R;) are
paralleled across the generator sup-
plying the current (Gm ez). The am-
plified output voltage of the stage is eo
At the low frequencies the reactance
of the coupling condenser increases
and becomes appreciable, It must,

Fig. S.

Equivalent circuit for low-freq.

therefore, be considered in the circuit
analysis as shown in Fig. 5.

It is the rcactance of the coupling
condenser, C., which limits the low
frequency response of the amplifier.

In the high frequency range, the re-
actance  of is very small and is
therefore ncgligible. However, at the
high frequencies, the shunt capacity

(Continued on page 13)
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WANTED: Signal Corps Equipment

You may have Radio-Amateur and Photographic
equipment that is urgently needed by the Army Signal
Corps. The Army will buy the following from private
individuals.

Radio: Standard and commercial built short wave trans-
mitters (such as Hallicrafters HT-1, etc;; Temco and
Collins Model 32 and 30) and Standard and commercial
built short wave receivers (such as Hallicrafter, National,
RCA, RME, Hammarlund or Howard); AC and DC
Voltmeters, Ammeters, Milliammeters, Radio Frequency
Meters and Volt-ohm-milliammeters; Oscilloscopes, 2-3
inch; Audio sig. gen. 30-15,000 cycles; RF sig. gen.
15-215 megacycles; late model Tube Checkers, and other
test equipment.

Photographic: 35 MM Motion Picture Cameras (such
as Mitchell (all models), Bell & Howell - Standard Pro-
fessional, Akeley-Professional (all models) and Eyemo
(all models) Bell & Howell Mfg.), etc., and 16 MM
Motion Picture Cameras (such as Cine-Kodak Special,
Magazine Cine-Kodak, Filmo 70.D or Filmo Auto Master):
Tripods; Lenses, all types for 35mm and 16mm equip-
ment; Exposure Meters; and Cameras (such as Speed
Graphic 4” x 5”, and Speed Graphic 214" x 314" with or
without flash synchronizers) and Leica Model III (F) or
11B (C), or equal; Range Finders; Pack Adaptors and
Cut Film Holders.

If you have this type of equipment, you can assist
the war effort materially by selling it to the Army.
Write to:

EMERGENCY PURCHASE SECTION
PHILADELPHIA SIGNAL CORPS PROCUREMENT DISTRICT
5000 WISSAHICKON AVENUE, PHILADELPHIA, PA.

briefly describing the equipment you have and stating
the price at which you can offer each item, FOB Phila-
delphia. Do not ship any material without specific
directions from that office.

Price consideration is based upon your net cost less
reasonable depreciation for use, age, and condition of
equipment. Inasmuch as all equipment is being pur-
chased FOB Philadelphia, cost of packing and shipping
can be shown separately so that an allowance for the
costs can be made when material is accepted.
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A Free Market-Place for Buyers, Sellers, and Swappers.

These advertisements are listed FREE of charge to C-D readers so if there is any
thing you would like to buy or sell; if you wish to obtain a position or if you have 2
position to offer to C-D readers, just send 1n your ad

These columns are open only 'o those who have a leaitimate, WANTED, SFLL or
SWAP proposition to offer. The Cornell-Dubilier Electric Corp. reserves the right tc
edit advertisements submitted, and to refuse to run any which may be considered un
suitable We shall endeavor to restrict the ads to legitimate offers but cannot issum=
any responsibility for the transactions involved

Please himit your ad to a maximum of 40 words, including name and address. Ad
vertisements will be run as promptly as space hm:tat.ons rermit

CASH WAITING For a Sprague Tel- WANTED RCP 661 or 662 electronic
hmike, either plain or de luxe job multitester; also supreme 583 or 599
The Radio Man, 1724 Central Ave., Mid tube tester Will pay cash. The Radio
dletown, Ohio Man 1724 Central Ave , Middletown, O
SALE OR TRADE Guns and sporting WANTED Any type testing equipment.
equipment; G. E dynamotor 24/1500 Will pay cash or trade Have misc.
volt, 30 watt amplifier; battery radios radioc  equirment Sam  Berenblum
small motors Want Barometer; hand Greenwich, Conn
book of photography, Henney & Dudley
TRADE Field glasses for used Tobe

mech -engrs handbook by Marks; Egemao

or Filmo cameras Wm Hansen condenser or iree point tester, or what

Niles, Mich have you G E. E.. Lock Box 18,
Geneva Minn
WANTED — 0-1 milliammeter, also pocket
VOM comb, VTVM, condenser checker FOR SALE Weston 301 0-1 ma meter
Give make, model and price Radke and Jewell 74 0-5v AC meter, both for
3801 N Newhall St., Milwaukee Wis is Amertrgn PFZdSﬁ Power Trans. g%
mertran e Luxe lIst stage trans. ;
SALE OR TRADE New radio tubes S.C type GW-5 dual filter choke, 306
parts, and test equipment, battery charg ohms, 15 hrys $150 Send for list
er, reinigerator tanks and tools, meters C L Goebe! 221 West 233 St N Y C 63
{ﬁsistors, aenal wnr}?, vo]umel) controls
ant recorder, mathematics for engrs
pol’t,cble‘kerosenf1 torch  Wm Hansen ngdTEBDw l(};ld:lrsso P‘gﬁ?“)‘:tlsm;':’;f lTPt:aoé
T Mes e dore Lohr 140-28 247th St. Rosedale
WANTED — SO04A Supreme or 510X hickok L1
also signal generator, any make Rob
leski Electric Hastings, Mich WANTED Weston analyzer model 772
State price and condition 1T E Mc

WANTED New or used power trans Manus, Thornton, Ark
former for Philco model 20 and Howard
model 305 State new or used and WANTED Books: ''Gauges and Fine
price  McKinley's Radio Service, Zebu Measurements'* by Rolt; “'Light Waves
lon Ga and Their Uses'" by Michelson. Oliver
Riddell, 1332 Hood Ave , Chicago 40, 11l
FOR SALE 61/ ft  alumnum trumpet

WILL TRADE — Operadio dynamic speak

with 20 watt unit and 6 volt dry recti-
er 12" model 1106, held res. 2500 ohms,

tier, new model 60 Hickok Sho Lab

test bench, new Ward & Radiart auto also Victrola induction disc motor AC
antennas, lmited stock, 6 volt dual 12" turntable. All in good condition
speed Green Flyer motor. Radio Parts Will trade for filter condensers and radio
& Equip. Co, 244 Chnton Ave tubes. Samuel Dalius, 2649 N 17th St
Rochester 5, N Y Philadelphia 32, Pa

NOVEMBER, 1943 Page 5



FOR SALE — Parts for a Fowerful PA
amplifier including pre-amplifier, special
microphone, and heavy RCA speakers,
Kenyon transformers, or will assemble
to order. Robert E. Leutz, 39 Burnet
St., Maplewood, N. ]

FOR SALE — Over 50 good used phono-
graph records, good selections. Will
ship entire lot with albums to first per-
son sending $5. 6.00x16 new 2-ply, seli-
vulcanizing endless tire reliners $2.95
each. Will swap for radios, ready to
sell. Auto and Appliance Supply, Cor.
Main at Newton, Granby, Mo.

WANTED — Will pay cash for 200 or 250
watt converter (D.C. to A.C.) in good
condition. L. D. Harmon, Box 97, Gat-
linburg, Tenn.

FOR SALE — Several Racon trumpets and
units; six volt power pack; genemotor;
one set of chanalist test leads (4). Na-
tional Sound Ecw’ipment Co., 625 Main
St., Worcester, Mass.

FOR SALE OR TRADE — A single unit
dash push button auto radio for a 1939
Chrysler, Dodge, De Soto, or Plymouth
car in good condition or will trade.
Paul Capito, 63, W. 2lst St., Erie, Pa.

WANTED — Midget radios, any condition;
also S.W. radios all types. Give best
cash price and condition of radio in
replying. G. Samkofsky, 110 Wilson St.,
Brooklyn, N, Y.

WANTED — Supreme de luxe model 189
signal generator. State price and con-

dition. Glen Wolfe, 2127 Millord, Hous-
ton, Tex.

FOR SALE — Used radio equipment. Send
for list. Fred Craven, 2216 S. 7th St.,

Philadelphia 48, Pa.

WANTED — Superior_tube checker model
1240 or 1280 and Superiot signal gen-
erator model 1230; also want meter for
R 415. Must be in A-1 condition.
State price in first letter. Tom Selles,
4411 Stﬁh Ave. S., Seattle 8, Wash.

FOR SALE — Model 148 oscillograph, Du-

mont 5 with instruction book. Used
about 20 hours or will trade for A-1
late chanalyst. Highest offer takes it.
Rexall Radio Stores, 205 Pear! St
Utica, N. Y.

WANTED — Cutting head unit for General
Industries Recorder, either crystal or
magnetic. K. L. Mengle, 1819 “'D'* St.
N.E., Washington, D. C.

WANTED — National Radio Institute cor-
respondence course in radio and the
additional lessons in radio communica-
tions. Also experimental kits. Cash
Arthur Kruger, 1316 Morgan Ave. N,
Minneapolis 11, Minn.

FOR SALE — Triplet 1178 set tester and
free point tester in oak case. Good
condition except batteries. Best offer
takes it. Owie B. Ball, R. R. 3, Con-
nersville, Ind.

WANTED — Outboard motor Give full
particulars as to condition. Dewey
S_osﬁ\en, 4073 rireman Ave., Detroit,
ic

WANTED — Jackson, Precision or Su-
preme tube checker, signal generator,
and condenser checker. Will pay cash.

Fry, Jr., Station KSO, Des Moines
4, lowa.

WANTED — Riders chanalyst in good con-
dition. Will pay top price Also want
Riders Manuals 8 to 13. John Leone,
28 Verona Pl., Verona, N. J.

WANTED — M;el 89 de luxe Supreme
tube tester. Will pay cash. State price
Firth Midgley, Fulda, Minn.

WANTED - VOM. gas engine driven
A.C.-D.C. generator 300 or 450 watt.
Also capacitor analyzer. A. Saulwater,
820 State St., Schenectady 7, N. Y.

I-inch cathrode-ray oscillo-

WANTED —

scope. Condition of 913 is not im-
portant. Must be in good condition
otherwise. Will pay cash. Leslie Bige-

low, 603 E. Market St., lowa City, lowa.

FOR SALE — Radio books and equipment.
Write for list. Percy Ott, 507 Juniper St.,
Quakertown, Pa

WANTED — Any popular make record
changer in good condition; also want
Jensen type '] 15"’ dual loudspeaker.
Give complete details and price. E. P.
Schoeneck, R. 2, Box 16, Wahpeton, N.D.

WANTED — Superior model 1240
tester (used). Will pay cash.
small used AC-DC set. B. Paine
Lexington Ave., New York City.

FOR SALE — Complete NRI course in
practical radio and television. 65 books
including reference books, $10. Ray
}IVi’lliams 4405 Arlington Ave., Ft. Wayne,
nd.

tube
SO
1186

WANTED — Late model Supreme tube
checker and analyzer with a 20 meg
ohm reqdin% Will pay cash. Richard
Jones, 3043 Phyllis St., ‘chksonville, Fla
ANTED — High grade tube tester such
as Precision, RCP, or Supreme. Must
be in perfect condition. ill pay cash.
Al Werhan, Manlius, N. Y.

WILL TRADE Clough Brengle
operated oscillator  or hammerless
break-open H. and R. revolver or 22 boit
action repeating rifle, all in A-1 condi
tion for A.C. operated oscillator. Charles
Royer, 391 Liberty St., Allentown, Pa.

(Continued on page 15)

battery
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Superstability at UHF*

To fully utilize the communication channels opened
up in this range requires unusual attention to factors
that control circuit constancy

PART II

Form-factor of the coil

In uhf coil design we must quickly
recognize that we cannot design a coil
per sc.
including the tuning
trimming and tracking means, the tube
Connection leads (in the
usual sense) must be entirely absent.
The only band switch that can be tol-
erated is one where the coil terminals
engage the socket terminals directly,
and so on. The length and diameter
of the coil must then be designed as
part of this structure. Fortunately the

It must be part of a structure
condenser, the

socket, ete.

form factor is not critical.

For use with a variable condenser,
the coil must be long enough to reach
from stator to stator. The condenser
must be specially designed to go with
it.  Since the internal resistance in the
tank circuit is only a few milliohms,
no sliding contact can be used o
ground the rotor.,

For iron-core length
must be sufficient to insure a reasonable

tuning, the

L 3

Fig. 6.

Ceramic crystals lock strap
in place

length of core travel, to permit the
design of a reciprocating movement
for a reasonably large dial. Coils of
the dimensions shown are a good com-
promise to tune from 100 to 140 mc
with a suitable low-loss core immune
to temperature drift (in certain cores
this may be below 2 parts in a million
per deg.).

A little-recognized  effect  encoun-
tered in lengthening a coil is the
enlargement of the “phantom turn™
as shown in Fig. 7. The rectangle
completed by the heavy dotted line
is the phantom turn, It is true that
the wire of the coil is in spiral form
in going from A to B, but it also
field due to its progression
from onc point to another. This is
usually ignored in coils of a hundred
turns or so, but does co-operate with
the loop formed by the tuning con-
denser 1o form an inductance as shown.
This loop may easily be 10 per cent or

forms a

more of the circuit inductance at 150
mc and is lietle affected by the iron
core.

An undesirable effect results when

lengthened too
field of the coil
ceases to be axial.  The coil of Fig.
2 has a winding pitch of about 9
degrees. This tends to isolate the end
turn the group feld to some

small cotls are
in that the

such

much,

from

* By S. Young White in Llectronic Industrics.
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cxtent, and the field may have a maxi-
mum intensity which is ten to fifteen
degrees off the axis line especially
when there is a tuning condenser up
against side.  This must be al
lowed for when coupling the coil to
something else, and also in designing
the shield around the coil. This effect
also increascs the eddy current Josses
in the conductor. This is a clue for
any engincer wishing to design SLF
core tuning, as permeability tuning can
be made absolutely SLF for about 1

1.25 tuning range.

onc

The economics of making ceramic
tubes for core tuning also dictates as
short a coil form as possible.  Every
slight increase in length increases the
probability of the tube developing
camber— that is, ceasing to he straight.

Selection of coil diameter

The smaller the diameter the more
compact the structure. the more con-
centrated the external fields, and the
their  coupling  into
surrounding metal to cause eddy cur-
rent losses.

The lessened inductance-
per-turn allows a wider range of choice
to the designer in tailoring his L/C
ratio to fit the band in which operation
is desired. The coil of Fig. 2. for
instance, has a current shect inductance
of a little over 80 millimicrohenries
It we keep evervthing constant but
vary the turns only. we can make up
the table:

less chance  of

resultant

No. of turns Inductance Mmh

1 9
P 36
3 82
4 146

Both Acorns and 9000 series tubes
are quite sensitive to L/C ratios, and
these inductance jumps are quite large.

A coil

would

inch in diameter
much greater freedom,

in choice of inductance in this range.

one-quarter
allow

TUNING CONDENSER

PHANTOM TURN

Al B

Fig. 7. Showing effect of lead con-
nections external to the coil

If the coil is to be used with a
variable condenser, the Q falls slowly
as we reduce the diameter to a quarter
inch, and then quite rapidly, and at

about 'y in. Js quite low. The op-
timum range of diameter is 200 to
425 mils.

Tuning control rod

Two other factors guide us if we
The

mounted somehow on

are using core tuning, however.
core must be
an actuating push rod, and to obtain
maximum tuning range, which can
hardly ever reach 1:1.50, we must ar-
range the diameters of the core and
coil so that the core fills the coil as
much as possible.  In superstable os-
must mount the core on
a ceramic rod, a reasonable size being
3/16 in. 6o if we used a 250 mil core

cillators we

there wouldn't be much iron in the
core.
It i difficult to produce ceramic

tubes with a wall thickness below about
20 mils and still have freedom from

Page 8
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ovality and camber so the core can
freely slide  through them. The
smaller the diameter. the less room
there is for the core, reducing the tun-
ing range. Incidentally, the grooved
form of Fig 3 is much easier to make.
as the thick “lands™ between the
grooves reinforce the thin wall during
firing.

These considerations decided
the choice of the diameter of the form
shown in Fig. 3. This form works
out quite well in practice and pro-
vides sufficient

two

mechanical movement
of the core to permit the design of
a good dial mechanism,

Winding under tension
Most low resistance metals suitable
for use as a conductor will expand
about 18 parts per million per deg. C.
The TInvar type alloys expand only
about 1 part. but because of their high
nickel content cannot bhe used in the
ficld of the coil. The magnetic loss in
the nickel being very high, they must
be well plated with silver or copper.
Only two possible
terials have almost infinite secular sta-
bility - glass and ceramic. The cer-
amic expands 6 parts per million per
deg. C. In mobile work., a
temperature range of 100 deg. C. is
encountered.  Severe thermal working
of the parts with such different expan-
son coefficients must he overcome.

coil-form ma-

severe

The ceramic form
hable combination.
The only way it can change dimen-
~sion is by breakage, so we know its
dimensions will be identical a thousand
years from now.

is the most re-
member  of the

Its expansion of 6
parts per million per deg. C. is fairly
low. Tt is much better to try to bring
the expansion of the wire down from
18 to 6 than to attempt to make a

coil form which would expand 18
parts.  Although the latter would re-
sult in an assembly frece from thermal
have a much

working, it would

greater change in inductance.

- o

ELONGATION
o)

A

PULL IN POUNDS

Fig. 8. Determination of winding tension

Better results are obtained by tak-
ing advantage of the clasticity of the
metallic conductor.  If we weigh and
stretch a ten ft. length of the silver
strap used on the coil of Fig. 3. for
example. we can run the curve of
Fig. 8. The length will increase in a
lincar manner at first. and if we remove
the weights it will spring back to ijts
original length. When we reach C on
the curve. we have exceeded the elas
tic limit. and the strap will be perma-
nently stretched.  We note the mid-
point of the curve. at B, and wind
with the wire under that
will then hug the coil
form like a rubber band. and while
its cubic volume will continue to
change at 18 parts per deg., its
length will always be just sufficient to
go around the form. the difference
being taken up by the elasticity. Tt
is thus truly the slave of the coil form.

our coil
tension. It

NOVEMBER, 1943
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If we use a conductor with a lower
coefficient of expansion than the coil
form, such as Invar with its 1 part per
million, suppose we wind it on the
form at room temperature without
stretching.  Then we cool the as-
sembly to 40 below zero, and the
coil form shrinks. This would leave
the Invar winding unsupported. and of
course its dimensions would change rad-
ically, as a spiral is the weakest pos
sible geometric form. To avoid this,
we must stretch the Invar on anyway,
so its inside diameter would change
6 parts per million, the same as silver
or copper stretched on. If we plate
the Invar with silver, we find that we
must put a dense, burnished coat at
least 4 mils thick on it to prevent the
flux from reaching inside to the high
loss nickel.

If the conductor had no dimension
and was the slave of the coil form,
our formula for true inductance shows
that the temperature coefficient of in-
ductance of the coil would be 6 parts
per million. Since the important term
is d°/1 and since both expand 6 parts,
the result is d, which is 6. The
change in apparent inductance would
of course be greater, as the diclectric
constant of the coil form would also
be increasing, at about 70 parts per
million, increasing Ci of Fig. 1 by that
amount.

While winding under suitable ten-
sion will maintain the inside coil di-
ameter at that of the form. the wire
itself will still change in cross-section
at the rate of 18 parts per million. In
the coil of Fig. 2 the outside diameter
of the winding will expand 7.8 parts
per million by adding the contribution
of the active copper to that of the more
inert ceramic. The o.d. of the strap
coil increases only 6.16 per million, as

the strap is so thin it adds little to the
total.

Current distribution shifts

There is probably some redistribu-
tion of the current through the wire
of tha coil wound with No. 14 due to
the great increase in resistance of the
copper, which is over 3,000 parts per
million per deg. C. It does not seem
to the writer, however, that the mean
turn is shifted much more than that
due to simple expansion of the wire.
Probably the mean-turn shifts about
6.7 parts per million, since it does not
follow from point 3 up to 3T (Fig. 4).
The capacity between turns must in-
crease, of course, due to increased di-
ameter of the wire.

Having given the reasons for wish-
ing to have the coil the slave of the
coil form, let us look at the coil
wound with No. 14, The wire is so
large and strong that it is very diffi-
cult to wind it under sufficient tension,
and at the same time keep the pitch
constant.  In practice when we attempt
this, we are never sure the pitch is
uniform.  The wire is only in line
contact with the form, and is far from
its obedient slave. When we make a
severe heat run it is quite usual to
find that it has shifted somewhat in
pitch. It also has the bad habit of
sometimes trying to “wind up’—that
Is, to progress away from one end
and pile up at the other. Numerous
heat runs still leave us in doubt as to
the actual inductance versus tempera-
ture change except that in general it is
somewhat more than that of the strap

coil.

Usz ceramics for permanence
Strap wound on any of the uhf ce-

ramics never shifts.  The microscope
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tells the story shown exaggerated in
Fig. 6.
ics consists of very tiny crystals, as
sharp as church steeples! When a
strap of comparatively soft metal is
firmly laid down on them, they punc-
ture the surface of the metal and firm-
ly anchor the strap at all points. An-
other dividend is obtained from this
anchoring. Losses in the ceramics are
not negligible — they are not bad, but
they do exist. By impaling the strap
“spikes™ we reduce the area
of the metal in intimate contact with
the ceramic, and the small air-gap in-
troduced lessens the dielectric loss.

The surface of these ceram-

on these

It was at first suspected that these
“spikes” would work their way deeper
into the strap. but experience has
shown that with very hard drawn and
rolled strap this did not happen, pro-
vided a certain minimum winding ten-
sion was maintained. This could he
insured by passing a controlled current
through the strap while winding. thus
heating it up and obtaining a shrink
fit when the wire cooled. In short, the
cyclic stability of the No. 14 wire coil
was always in doubt. but that of the
strap coil was perfect.

Since the foregoing has shown the
need for a conductor at least 4 mils
thick. we attempted to burn on the
winding. Taking silver powder in a
liquid carrier, we heated the painted-
on coil to reduce it to metallic silver,
and then fuse the silver particles to-
gether by melting, all in a non-oxi-
dizing atmosphere. The coating had
to be so thick that surface tension did
not suffice to hold it in place, and
drip points developed.  The melting
point of silver was so high the ceramic
tended to warp. We did not succeed.
and it looks like a very difficult job.

Plating difficulties

Plating-on can be done in two

ways-——by masking off the form so
that the spiral is put on directly, or
by plating the form all over and then
grinding a spiral right into the ceramic,
thus forming the coil.

The grinding is extremely difficult
in practice. Ceramics are very diffi-
cult to grind with small wheels, being

Fur-

thermore, it is almost impossible to

nearly as hard as the wheels.

hold them in a chuck or on a man-
dril.  None of their dimensions is
true and they wobble quite a bit. Thin-
walled forms often break. The silver
is left, moreover, with a very ragged
edge.

Plating after masking runs into the
difficulty that a very dense high-con-
ductivity coat at least S mils deep is
required. The so-called jeweler's plate
takes a long time, and the density de-
creases with the thickness. We found
it necessary to plate on three
then buff off about one mil, then plate
again, and huff down--for a total of
three times to get a good 5 mil coat.
The surface s quite important - - it
must be butted smooth.  Apparently a
coat that looks “frosty”™ due to sur-
current

mils,

face irregularities forces the
to run up and down hill, so to speak.
and the length of path and resistance

are increased.

Method unsatisfactory

Both plating and burning-on would
run into the difficulty that the metal
would be in intimate contact with all
the crystals forming the surface of the
ceramic, with consequent increased di-
electric losses.  The writer regrets to
report failure with both systems. We
never obtained a really high Q colil,
and we finally gave up because of the
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very satisfactory behavior of the coil
of Fig. 3.

It has doubtless been noted that
in the foregoing discussion no pro-
vision has been mentioned for a tickler
winding. Except for special circum-
stances, an ultra-audion type of oscilla-
tor offers many advantages - the type
where the tuned circuit is connected
between grid and plate of a triode.
This offers the advantages of ground-
ing the heater and cathode. a necessity
when ac or fluctuating dc is used on
the heater. The tube capacities are
also placed in series, allowing the use
of a larger value of tuning capacity to
swamp out the tube capacity.

Performance in oscillator

The thermal stability of an oscillator
using a carefully laid out circuit based
on one of these strap coils is rather
astonishing. The writer has been on
the air with a receiver of standard
make costing nearly $150. On the
ten meter band the warm up drift
lasted nearly an hour. A receiver at
125,000 kc using these strap coils
warmed up to within 1 kc of final fre-
quency in 33 sec., using acorn tubes.

A favorite heat run on our oscilla-
tors is from 70 deg. F. to 217 deg. F.
The frequency shift at the end of two
hours was three kc. This is consider-
ably better than an amateur crystal.

The voltage stability was a change
of 7 ke at 125,000 for a line voltage
change of from 95 to 135 volts, with
an unstabilized power supply.

Since the winding must be main-
tained in high tension, some unyield-
ing support must be given the ter-
mination of the winding. This can
well be done by arranging some ad-
ditional structure to be integral with
the coil form to take the strain and

provide a mounting for the tuning
condenser, the band switch contacts,
the trimmer, etc. If it is found nec-
essary to fasten the coil form to an-
other ceramic piece, cement should not
be used because it will “give™ slightly
with time. Also avoid lead glaze, as
the losses are high. Use dust glaze
that melts about 1700 deg., and as
little as possible.

Summary

While much of the data here given
is incomplete, and some is merely
guesswork based on long experience.
it is thought this original attack on
the various problems of low-loss stable
inductances should be helpful. The
facts ascertained allow us to develop
a very good coil which can be pro-
duced in quantity, is almost infinitely
stable both in a cyclic and secular
sense, has as high a Q as can well be
obtained. and inductance vs. tempera-
ture change of only 6 parts per million
per deg. C. With such a coil, tun-
able or fixed tune gear with crystal
stability can be designed.

When You Move or Change
Your Address

Be sure to notify the Mailing
Dept. of "The C-D Capacitor,” Cor-
nell-Dubilier Electric Corp.. South
Plainfield, New Jersey, giving the
old as well as the new address.
and do this at least four weeks in
advance. The Post Office Depart-
ment does not forward magazines
unless you pay additional postage.
and we cannot duplicate copies
mailed to the old address. We ask
your co-operation.
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Wide Band Amplifiers

(Continued from page 3)

of the circuit must be considered (Fig
6). This shunt capacity, C.. is the sum
of three individual capacities: the out
put capacity of the tube, the circust
wiring capacity, and the nput capac
ity of the following tube.

The react-

Fig. 6. Equivalent circuit for high-freq.
ance of C. becomes very small at the
high frequencies, and since it Is
shunted across the circuit that is in
parallel with Ry, Ri, and Ry, it tends to
decrease the response at high fre-
quencies, in the amplifier stage.

Having analyzed the action of the
conventional resistance-coupled ampli-
fier, we can now proceed to design the
video amplifier. By making compen-
sations to overcome the faults of the
amplifier, we can extend the range to
include frequencies from 30 cycles per
second to several megacycles.

To compensate for the dropping off
at high frequencies, an inductance is
insertcd in series with the plate Jead.
The action of this inductance is to
increase the load into which the tube
works, as the frequency is increased.
In this manner it counteracts the ill
effects of the shunt capacity. This
type of compensation is known as
shunt peaking and is illustrated in
Fig. 7

The value of the plate load resistor
used is usually quite small (less than
2,500 ohms). By using this small value
of load resistance, the gain at the in-
termediate frequencies is brought
down to the level of the high frequency
gain. Thus amplification is sacrificed
to obtain a uniform frequency charac-
teristic.

It can be proved mathematically
that the amplifier’s response, towards
the higher frequency end, will be es-
sentially flat (within 3 db.) up to fre-
quencies of four or five megacycles if
the following conditions exist. The
value of the load resistor, Ri, should
be equal to the reactance of the total
shunt capacity at the highest fre-
quency desired. The second require-
ment is that the inductive reactance,
Xc¢. and that X should be equal to
load resistance, Ri.

Let us then proceed to design an
amplifier to have a flat response up to

Fig. 7.

Amplifier circuit diagram

compensated for high frequencies.
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five megacycles. Keep in mind that
to obtain these results, Ri, must equal
Xc? and that X. should be equal to
one half of Ru.

Suppose we design our amplifier us-
ing a 6AC7 tube followed by a 6AGT.
These tubes are television pentodes
having high transconductances.

First we must calculate the value of
the total shunt capacity of the circuit.
The tube manual shows the output
capacity of the 6AC7 to be 5 yufd.
The input capacity of the 6AG7 is
12,5 yufd. We can estimate the value
of the stray capacity of the wiring to
be about 15 yufd. Since these three
capacities are in parallel across the cir-
cuit they are additive and their sum is
32.5 yufd. By employment of the for-
mula for capacitive reactance,

1
6.28fC

we find the reactance at five mega-
cycles to be 980 ohms. Since the de-
sirable condition is that Ri should
equal this value of reactance, we know
that Ri. should be 980 ohms.

The second condition is that the in-
ductive reactance, Xi. should equal one
half of Ry or 490 ohms. Working back
from the formula

X, 6.28f L
490 = 6.28'5'10" L
490
15.6 microhenries.
6.28:5:10"

-. 15.6 microhenries is the value of in-
ductance required.

The gain of this stage may be cal-
culated from the formula

Gu Ry

where Gun is the mutual conductance
of the tube. In this case 9,000 mi-
cromhos.

gain

9000 10 980=—8.82

The loss of gain in an amplifier at
low frequencies is caused by the in-
creased reactance of the coupling con-
denser. Why not increase the capacity
of this condenser then? The answer
is that the capacity is limited by the
maximum allowable leakage which is
inherent in larger condensers.

To compensate for these losses, the
vialue of the load impedance into which
the tube works, must be increased at
the lower frequencies. The method of
doing this is illustrated in Figure 8.
The reactance of Cr is increased with
a decrease in frequency.

The conditions which must exist in
order that the amplifier’'s response
shall be flat to the lowest desired fre-
quency are as follows. The reactance
of Cr should be one-tenth or less of
the value of Ry. Secondly, the values
of the two time constants RiCr and
C.Ry should be equal.

To design the amplifier to have a
flat response down to 50 cycles, we
first decide upon a value for R¢. As-
sume 5000 ohms. Knowing that the
reactance of Cr should be one-tenth of
5000 ohms at 50 cycles, we work back
in the formula

gain

Fig. 8.

Circuit diagtam of an amplifier compensated for the low-frequency drop.
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1

6.28(C
1

6.28-50-:C
1

500

6.37 uid.
6.28:50-500
6.37 ufd. is the value for Cr to give a
flac response down to 50 cycles.

The second condition required is
that RiCr equal C.R,. Knowing all
these values but C. we can calculate
its capacity.

R,Cr = C.R,
980°6.37 = 500,000 C.

0116 4,4d.
500,000

The capacity of the coupling con-
denser should be 0116 ,fd.

In practice it is wise to have the
reactance of the screen by-pass con-
denser at the lowest frequency desired

SQUARE WAVE FED INTO AMPLFIER

OUTPUT OF UNDER COMPENSATED AMPLIFIER

OQUTPUT OF OVER COMPENSATED AMPLIFIER

Wave form for various
compensations.

Fig. 9.

equal to one-tenth or less of the value
of the screen voltage dropping resistor.

Having made the low frequency
compensation, we can now expect that
it will faithfully amplify squares waves
(the criterion in judging the quality

of amplitiers) with fundamental fre-
quencies as low as 50 cycles per second.

If the low frequency compensation
is not carefully calculated, the ampli-
fier may be either over or under com-
pensated as shown in Fig. 9.

Having been compensated for both
high and low frequency loss, the am-
plifier will now have a nearly uniform
response extending from 50 cycles to
5 megacycles. The amplification at
the two limits being .707 of the ampli-
fication at the intermediate frequencics.

THE RADIO TRADING POST

(Continued from page 6)

FOR SALE — | am retiring as a radio
repairman, and will sell everything.
Send for list George C. Anderson
1443 Columbine St., Denver 6, Colo

FOR SALE — Bicycle, balloon tires, excel
lent condition. Cost new §52. Will
trade for Precision 954P, or 920P, or
something similar in value and will pay
cash it desired. S. Stolove, 715-19 Hop-
kinson Ave., Brooklyn, N. Y

WANTED — Supreme "'Vedeolyzer’ in A-l
condition. Will pay cash arl’s Radio
Shop, 5103 Fleet Ave., Cleveland, Ohio

ICONOSCOPES wanted, amateur or large
size. Submit data proving good oper
ating condition. W6XAO, 3800 Mount
Lee Drive, Hollywood 28, Calif

FOR SALE — 1934 and 1936 Gernsbach
Manual, new, but unbound, $2 and $3.50
Crosley Manual, all diagrams up to
1941, new, $1.50; RCA service notes
1931, 1933, 1935, 1936, 1937, all 5, $4
or §1 each seEarately; Motorola Manual
by Supreme Pub. $I, new. H. Ursillo
85 State St., East Providence, R. 1

WANTED One dual speed Greenflyer
turntable or equivalent. Master inter-
communication unit and one remote, low

price crystal microphones. Fox Sound
‘quipment Co., 435 S. 5th St., Rich-
mond, Ind
WANTED lubes, sockets, rectifiers,
meter, also !Y4'° Masonite. Will buy or

swap 1t you send your want list ich
rLr)lor:d Ha’dio Club, 1227 Windsor Ave
ichmond 22, Va

FOR SALE OR TRADE Confidence tube
tester $8.50; one knocked-down Triplett
1200B VOM with diagram $9 Vgant
Solar model BQC condenser checker
Ray Parker, 112 Avenue C West, King-
man, Kan
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MICA - PAPER - DYKAPNOL - WET AND DRY ELECTROLYTIC CAPACITORS

Cornel] Dibilier

ELECTRIC CORPORATION
1049 KAMILTON BLWD. . SO. PLAINFIELD N. )

MORE IN USE TODAY THAN ANY OTHER MAKE




