‘N the October issue of QST there ap-
ponred a short descriptive article on the
isw Grebe Receiver, the Synchrophase.
Pue to the interest which was aroused in
gi :‘\umeroua features of this receiver, a

technical article will doubtless be of
vilue to readers,
About a year ago the Research Labora-
Staff was enlarged and investigation
f AN intense nature began. Data compiled
“provious years proved invaluable in de-
mining just what lines should be concen-
ﬁiﬁwdj upon. It is the intention of the au-
thor fo discuss many interesting and in-
“iructive results that have been discovered
uring the investigation, which was along
two lines: First—the circuit, and then the
#uipment that was to be used in the circuit.
It was early decided that the whole ques-

o

¥iiita should be re-opened and a special con-
eration given to the multiple tuned stages
Nyving minimized magnetic and capacita-
vu coupling.: The main problem was to
¢b the maximum amplification per stage,
¥ldea this, the tubes should not oscillate.
(bj,v;ard this end many methods to prevent
fuctive coupling were investigated, includ-

ing the use of torodial coils, the mounting of
coils, and other schemes, and in the end all
were discarded. It was found that much
guperior results could be obtained with the
uge of the “binocular” coils, which were a
distinctive feature of the new receiver,

The “Binocular” Coil

These tuning coils consisted of two in-
duetance units conmected in series. The
solls are 1% ” diameter and contain 85 turns
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The Design of the Grebe Synchr’o»phase -

By R. R. Batcher®

of 20/38 Litzendraht. The furns are in the
same direction on each of the two coils, and
the lower end of the front coil is connected
to the filament end of the ecireunit and the
lower end of the rear coil ig connected to the
grid. The upper ends of both coils are con-
nected together. In case the transformer

containg a primary, it is wound on a tube
inside of the coil connected to the filament
end. It will be seen that any inductive
coupling from other paris of the circuit af-
fect both coils alike but in opposite direc-
tions go that the total inductive coupling is
zero. Another feature possessed by these

_coils is that they will not pick up energy

directly,~no matter how near the receiving
set is located to the transmitting equipment:
therefore, if the antenna and ground are dis-
connected, no signal whatsoever is heard.’
This tends to inorease the selectivity very
greatly in congested districts where numer-
ous stations are located. i

It was found that all capacity coupling
and conductive eoupling should be made as
small as possible but the co-efficient of coup-
ling (electro-magnetic) between the primary
and secondary of these transformers was
made as high as possible. The electro-static
coupling between the primary and secondary
wasg made very small,

During the determination of the trans-
former ratio it was discovered that the ac-
tual ratio did not affect the results divectly,
the idea being to make the secondary as
large as possi le, consistent with the wave-
length range desired. Of course, the small-
er the capacity of the tuning condenser, the
smaller its wavelength ratio, as the mini-
mum capacity of the condenser itself is very
small compared with the distributed capac-
ity in the coils. A large inductance in-
creases the L/C ratio and increased selec-

1. This in a feature in which most of our present
rocelvers aro sadly lacking-—no matter what wave.
length they are designed for. More dlscussion of this
point will appear in. QST.—Teoh. Ed.
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tivity results. Separation of stations 10
kilocyclos apart is easily possible if they
ara not in immediate viginity.

The number of turns on the primary was
found by experiment, the uwpper limit in
general being where the cireuits became un-
stable and oscillated.

7 The use of small wire in winding the
“primary eoilz resulted in a very small elec-

BINOCULAR COILA

tro-static co-efficient of coupling, and the
result was that a much larger primary
winding could be used with a great increase
in the amplification per stage but without
increazing the tendency to ozcillate.

‘The shunt eapacity around the primary
(either actual or distributed) should be low,
otherwise the primary cireuit has the ten-
‘dency to follow the tuming of the second-
ary, and this strangaly plays havoe with
the amplification an ectivity.

By keeping the ‘?rimﬂ.ry eircuits in a con-
- dition  (by eareful design:of ecoilz) where

they do not ‘;thn'u“"_aﬁrith the secondary, the
hase conditions in each ecircuit are such
that any capacity flelds from one part to
ancther ara not destructive.
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‘tendencies to ozciliate from this cause are

graatly minimized. ‘

The use of a large inductance in the tun-
ing cireuita I‘E%’I:Iil'ﬂd the use of a very small
condenser, This condenser, as designed,
required precision manufacturing methods
since the spacing of the plates was only
014 inch, yet it can be assembled s0 uni-
formly that the dial settings mateh within
a hairbreadth, extremely abnormal antenna
capacity being the only cause of deviation
in the firat dial reading, ' '

As mentioned before, the coils were wound
with Litzéndraht, but every strand of this
cable must be thoroughly soldered ot each
end and must be continuous throughout. It
wad “thought that a D.C. resistance test
would’ show up a broken strand, but manu-
facturing variations in drawing down the
No. 38 wire often make results doubtful, so
a high frequency resistance measurement
tést 18 used to insure every coil as perfect.

The Variable Condensers

©The variable eondenser has a maximum
capacity of 225 and a minimum of 6 micro-
microfarads, and is the smallest condenser,
ad far as ita phyaieal dimensions are con-
cerned, that the author has ever seen.  The
resulting static fields are very small and
sinca the rotor and end plates are grounded,
no body capacity effects whatsoever are
noted. The shaft is vertical so that the
condenzer needs nmo balancing and the: new
types of dial and wvernier (resalting from
this style of mounting) are much more eas-

The rotor plates embody a departure in
the design of condensers and follow a plan
devised by the author shortly after the
broadeasting station waves were separated
into frequency’ handa. . These condensers
have been used in our tests for some time
and it i found that tuning is very much
simplified since stations which are separated
by equal frequeney distances are separated
by equal number of dial divisions. This
“Straight Line Frequency' formula, for the
design of these plates, as the result of m
investigations, is more or less complicated,
but will be taken up in a future article. It
may be stated that the plates following this
law have a smaller area for the radius of
gwing, so that more Elatea are  necozIapry.
For this reason, only the first three-guarters
of the eapacity range on this condenser fol-
lows the straight line frequency law. The
stations appearing where the dial is ordi-
narily crowded: are thus evénly separated,
but a fow of the stations appearing on the
upper end of the dial where the normal sep-
aration iz’ great enough not to cause un-

niecassary trouble, the condenser follows the

ordinary straight line capacity law.

@ e i

Thare is little difference in circuits if the g

equipment in edeh ecireuit ‘has equivalent
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loases. Therefore the interesting  thing
about the synchrophase is not the cireuit but
the design of the parts used in it. The
synchrophase cirenit tranaformers have
double primaries, one of which is capaci-
tively connected to the grid. It is found
that the tube ﬂa&laeit:,r feed-back is only a
small portion of the coupling usually found.
It waz neceszary then to find the source of
avery tsfgpe of coupling and to eliminate as
many of them as possible. Since the re-
gistance in the oacillating cireuit is very
low, due to the condenser design and the de-

sign of the Bilnocular coils, it was extreme-

ly difficult to prevent oseillations in many
experimental sets, and the final style is the
resnlt of careful study. As mentioned be-
-{ore, electro-static capacity between the
primary and secondary is very important.
The direction of the windings of the pri-
mary coil should be the same as the second-
ary coil, and the connections should he the
game in each stage. To provide for oper-
ation with defective “B"” and “C” batteries
in which high resistance internal connee-
~tions are found, one-microfarad by-pass con-
" tlensers are provided across these batteries.
The location of several leads in this elreuit
with respect to the others was very im-
~ portant. For instance, the grid return lead
~In the R.F. es, connecting to the nega-
five end of the “C" battery, iz extremely
gongitive to feed-back corrents and itz Io-
~éation required speelal consideration.

. Each Synchrophase Receiver iz teated for
~ogelllations ‘tlrlt]E 190 volts on the plates,
which iz muck more than should ever be em-
Efgwd by the user with the present type of
iheg.

- There are many other details of interest
- which might be included here, but they will
~be held for another article. It is believed
“that many of these features may be a
pliad to amateur recaivers with remarkabla
regults and preliminary tests have shown
_ thiz to be true.

“The Binocular coils, for instance, may he
uged for short wave receivers and as many
gtages of Radio Frequency Amplification
¢an be used as desired, since the arrange-
ment of the coilzs is not limited fo three
gfages.. The more sfages used, the groater
the experimental work necessary in elimi-
nating feed-back due to conduective or ea-
pacity factors, but if one cares to experi-
ment with the elimination of other types of
coupling the resultz are worth-while,

- In short wave receivers, the tube coils
which comprise a Binoeular Coil unit may
“he connected in parallel, instead of in series,
taking eare that the fields from the two
_halves are in opposite directions. This re-
o #ults in a smaller value of inductance with
on much smaller radio frequency resistance.
. The author is working out a practieal meth-
i of computing the correet number of turns

e
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‘for these coils for #a:*iuua"wm;ﬂength

ranges and the results will ba available to
‘Ehe readers to be incorporated in an article
ater.

The Binocular coil was developed by Mr,
P. D Lowell, who devoted much effort
toward the solution of the various problems

THE STRAIGHT-LINE VARIABLE CONDENSER
WITH FRICTION VERNIER

encountered in connection with the design
of the Synchrophase Receiver, and particu-
larly with the design of the field-less coils.
The Straight Line Frequency Condenser
was devised by the author as a result of a
survey of the requirements for the new
tuned radio frequency recelver, :

The Grebe Synchrophase Ci reuit

UR readers have so  insistently de-

manded the cireuit of the Greba Sym-

chrophase receiver that Mr. John M.
Clayton, of our Information Service, has
traced the circuit in ome of these recejvers
M;fh we are reproducing his sketeh here-
with.

The abselute accuracy of the circuit ia
not puaranteed as it is difficnlt to trace in
the  finished " recaiver.  We wish alza to
point out that the performance of a re-
ceiver iz not primarily due to the ciremit
and that anyone wiring uE a set in accord-
ance with this drawing will not necessarily
get synchrophase results,

For a more detailed diseussion of the
set itaelf, sea the article by Mr. Batcher
whicli appears in this {ssue. Please pay ea-
pecial attention to hiz statement that re-
sults depend on design and not on the
circuit alone. It i= also worthwhile to re-
member that Litzendraht is difficult stuff
to use successfully and that Grebe does
this only because every Individual coil i=
measured at radle frequency to make sure
that it Is all right. Tf one doesn't want
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to do this it might be better to use solid
wire in the first place. The inductance of
the two secondary colls in series is about
8560 millihenries, the range of the variable

Q8T

April, 19256

which emiploys standard tubes. The MU-2
employs UV-198 or C-209 tubes and em-
ploys six of them, We are not quite sure
but suspect that the additional one is uszed
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o & Cl—Bypass condenser, 14 pfd.

C4—Bypais eondenzer, 000 ppfd (005 pid)
g:u‘#lﬂihlt bot ether Elliﬂ'iﬁ ahonld

CT—Fixt anténnm peries. condenser of amall
éapacity, 100 to 250 wufd (001 to
A0026 gfd) will serve. Use o good mica
condenser,

Ril=<# shm rheastat.

R2—Volume  c¢ontrol, = variahle h - pemii-
tance.  Bhoold be  continwonsly  adjoet-
ahla (mot by atops) so fading cam  be
counterncted,  Bradleyohm  doggpested.

Li-=T4 turns Litzendrahé (First L1 tepped
15 toens frog lower end).

LE—-T4 turns Litzendraht.

Note—The recelver frog which the di-
agram was troeed used 47 turns, which

condenser is from 6 to 220 micromiero-
farads (00022 microfarads). The secon-
dary inductances ara wound with Litzen-
draht having 20 strands of Mo. 88 wire.
The primary is a single No. 40 wire, The
cirenit shown here is of the type MU-1

Rules Governing the A. R. R. L.
Information Service

1.  Before writing, search your files of -
QST. The answer iz probably there.

2. Do not ask for comparisons between
advertised produocts.

3. “Be resgonable in the number and kind
of questions you ask. :

4. Put your questions in the following

form:

A. A Standard Business Size stamped,
gelf-addressed envelope MUST ba en-
closed. No stamp required from for-

aign countries.

B. iﬁ}ritu with typewriter or legible ink
on one side of sheet only. B
0. Make diagrams on separate sheets

and fasten ALL sheets togéther.

iz mot in agresment with the 55 fama
mentioned in Mr. Batehers article.
Li—I18 turma No. 14, tapped at 8th tarm.

SO C==020 pfd (0002 pfd) varlable  condenser.
Grebe sot uséd  straight frequency  line
type. . Mext best s straight wave length
type, of which several good makes are

are avoilnhle.

C2—Stabilizing condensers, 5§ ppfd (O0ROG
pid), - ardinary . “newiredonss  will am-
AHEWEE,

Ci—Vernfer condensér osed to miake dials
2 pnd 3 rin together. A 6 ppfd con-
denzor - with seréwdriver  adiustment  is
desirnble, 5
Important Note—II merial fa. used  eom-
néct post 1 amd 2 together.  If loop is
mnm;rumhr this connection o podts 3

in parallel with the fifth one in the last
audio stage.

The resistance connected to the plate
of the first amplifying tube is actually a
shunt acroas the ampli.-l!f.'mg transformer
primary and ac¢td as 8 volume control.

D, Number each paragraph and put
only one question in a paragraph.

E. Keep a copy of vour letter and dia-
Erams.

F. Put your nmame and address (NOT
merely call letters) on each sheet. -
Addross all' questions to. Information
Service, Americon REadio Relay Leaguaes,
1045 Main Street, Hartford, Conn,

.  Please remember Rome wis not built

in a day.

&

FLASH—GAWT WINS HOOVER CUP

Just as our forms close the 1924 Hoover
Cup was awarded, by action of the League's
Board of Directors, to Bartholomew Moli-
nard of Station GAWT, at San Francisco,
Calif. Particnlars will appesr in nur next
ingma,



