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Then ia 110 oub.aiptioa fee coano:ded with the 
Ce~.1 Radio "E.o.ptrime/nef." To .... ve your 
Um,. iftcJI!ded in our ",.J1illllli.t to r<,«ife future 
copiet, limply .ddt_ • 1"'I1ICOl 10 the 

GENERAL RADIO CO., Ca.bridr t . M.n. 

J. W. HO RTON QljR NE W CUIEF };NGI NEER 
It i~ with p:re.t pleasure lhat we wdcomt to the General 

Radio staft' J. Warl'fil HOTton, .... ho has just joined as Chid 
En~nttr. Mr. Horton comes to us aHer a twelve-year u­
lIoclalion with the Bell Telephone Laboratories. 

After p:raduatinp; from the Massachusetts Institute of 
Tt!Chnolop:y In 1914, Mr. lIorton relllRinc-d for two yraf$ as an 
in~trudor in Physics, ~ing from then' to the research deJlILrt. 
luent of the Wetitern Ell"ctric Compan~·. now known as th~ Ikll 
Td~phone J..ahoralories and lOCAted in New York City_ 

A 1'llSt variety of problems hllle oceupied Mr, Horton', 
attention. His work Inc:lude!! Ru bmarine·deteclion del'ices, 
precise frequency-standardization appll.ratu~, the trans­
mission of pictures by win!. teJe\' I~ion, as wrll as the 1Ilani­
fold problems associated with earrler·frequeney tekgrl\phy 
Ilnd telephony, 

Mr, Horton has been granted many patents and i, the 
Iluthor of lIlany technical articles whirh have I'I p)lC:llred in 
scientific journals. 

Rating of Radio Receivers 
J\S the manufactUl'e of radio 

equipmen t settles down to 8. stabil­
ized industry, quantitati,'e ratings 
are looked for with which to de­
scribe such equipment in a manner 
similar to that used for olher elec­
trical and mechanical apparalus. 
The illlldequacy of such ratings as 
"coast-to-coast reception every 
night" becomes apparent as the 
Barnum ern passes. At first the 
usual methods of rating electrical 
machinerv in kilowatts or kilo\\'utt 
hours do' not scern applicable to 
such u de"ice as a radio instru­
ment. Actually. howel'er, a radio 
receiver is a power converter. and its 
output islogicaUy expressed in terms 
of power, but in miUiwatts rather 
than ill kilowatts. Obviously, a rat­
ing in terms of output po\\'er is a 
I-ery incomplete description of a rarlio 
receiver, siuce it has no reference to 
the signal intensity in the antenna 
required to gi\'e the ratOO output. I n 
order to desc ribe the instrument com­
pletely (so fllr as sensitivity goes). 
a r('lation betwcen input voltage and 
output power Illust be derived. This 
mi~ht be expr('ssoo as a ratio, but, in 
order to simplif.v the relation, a 
standard output ha& been agreed up­
on which pl'rmils !l receiver to be 
ratoo in microvolts r('(}uired 10 give 
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staudllrd signnl, 01', more simply, liS 

possessing a sensitivity of so many 
microvolts, standard output being 
assumed. 

The ul'bitrury figure of 50 miUi­
watls has been tentuti,'ely agreed up­
Oil as the standard output ( l. R. E., 
Preliminary Report of Committee on 
Standardization, ), !ay, 1928) and the 
microl'olt becomes the unit of sensi­
tivity on this basis. 

In order to measure the sensitivity 
of a receiver in microvolts, it is neces­
sary to introducc into the recch'cr a 
signal sufficient to give the standard 
output, and to determinc the strength 
of this signal in microvolts, T he 
measurement of voltages of a few mi­
croyoHs is not n matter of attaching 

a voltmeter of proper runge, and 
reading the scale. The simplest 
method of determining voltages of 
this order is by putting a knovm 
current through a known resist­
ance. It is essential that the Yolt­
age be impressed entirel.y at 011(' 

point, i. e .• the nntenna and ground 
posts of the receiv('r. If there is 
uny stray field from the voltage 
source, Iluge errol'S will be intro­
duced. Thus, there is required fo.· 
th('se measurements n local signal 
generator so designed that a 
known minute radio-frequency 

voltage may be produced betwcen two 
designated terminals and nowhere 
else. \Vith such a device, over-all 
measurements, either of the enti re 
radio-frequency amplifier or of the 
whole receiver, may be taken. The 
single unit should contain both the 
source of voltage. and the means for 
adjusting and determining it, i. e., 
should consist of both a radio-fre­
quency oscillator and a calibrated 
attenuator. 

The General H.lldio Company has 
recently developed an instrument de­
signed to meet these requirements. 
T his outfit was developed to fulfill 
four conditions: 
(l) A portable source equipped for 

use with external, unsh ielded balterietl. 
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High- Voltage Plate-Supply Units 
'l"'wo types of rectmeJ' tubes arc 

now generally available; the 280 
type which pro\·jdcs full-wave rectifi­
cation, and the 281 type, which pro­
vides hnlf-wll"c rectification. The 
maximum transformer voltage per­
nlissible with the 280 type is 300 
volts per anode, thus limiting its usc. 
t.o plate-supply units of low voltage 
output. The 281 type of tube, for 
which a final rating of 700 ,'olts al­
tcrullting currenl and 85 millinm­
pen~s output has been adopted, per­
mits dircd-currcnl "oltages of the 
order of 600 volts to be oblaine<1 
frum n single-wave rcctifie.l', ttnd of 
100 \'olts with n full-wave connection. 

FICURE I 

The filament of the 281 type of 
tube should be operated at, or slight­
ly b~ow, the rated voltage of 7.5 
volts, and the voltage across the fila­
ment should never c..,"ceed 7.9 yolts. 
1n operating the. 281 type, precuu­
lion should be tuken to pre.\'ent an 
o\"c.rlolld in respect to plute current. 
The short-circuiting of the rectifier 
output. such as occllstoned through 
the failure of !l filter condenser, will 
overload the filament and result in 
tube failure unless the current is 
turned off promptly. An indicating 
lamp may be placed in the circuit in 
series with each plute. lead adja.cent 
to the pili te; if a 0.15 ampere, 6-
volt dial lamp is used in this position 
it will glow at normal brilliancy when 
the full rated current of 1 GO milJiam­
peres is flowing through each tube, 
utilizing, of course, the full -wave 
system. Excessive brilliancy of the 
lamp will indicate nn overload of the 
tubes. 

FIGURE 2 

Typical connections for both half 
and full-wave systems, utilizing Gen­
eral Ru.dio hansformers and filters 
nrc shown in Figure. 1 und Figure 2. 
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HALfWAV£. DOUBLING CIRCUIT 
FIGURE 3 

For voltages of the order of ] ,000 
to 1,500 volts the 281 type may be 
used ill a voltage doubling connec­
tion, such as Figure 3 or F igure 4. 
In the hulf-wa\'e system, as indicated 
in Figurc 3, the voItllge regulation is 
mUler poor, but for II'w current the 
small amount of apparatus required 

440A 

In!l.kcs its lIse convenient. The regu­
Intion can be improved by using two 
additional 281 tubes in "parallel with 
the tubes indicated. 

The fixed resistance T should be 
100,000 ohms, capable of carrying 
20 milliamperes. If [l milliammeter 
is connected in series with r it will 
give an approximate indication of 
the output ,'oltn.ge. The scnle reading 
with n 100,00n resistor hecomes ] 00 
volts per milliampere. 

Improved results are obtained with 
the rull-wave voltage doubling circuit 
shown in Figure 4. The current out­
put should not exceed 170 milliam­
peres. T hree sepnt'ate fi lament wind­
ings or transformers, insulated for 
the full output volta~, nre required. 

The first filter condensers must be 
able to withstand one half the load 
voltage. A condenser larger than 4 
microfaruds should not be used un­
less it is possible to close tJle filamcnt 
circui t of the rectifier tubes before 
the high voltnge. is applied. The ini­
tial charging surge. may overload the 
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FICURE 4 

tubes and CllUSe. 1m arc if tJle fila­
ment is allowed to come up to tem­
perature with the high plate voltage 
turned on. 

High-voltage rect.ifier systems as 
described huve many uses in conjunc­
lion with amateur transmitte rs and 
power amplifier equipment. Care 
should always be exercised in the. con­
struction of such devices on account 
of the high voltages. All con nections 
should be in the fMm of heavily in­
sulated wire and all exposed term­
inals should be protected by some 
sort oC a guard Or covering. Onder 
all circumstances the current should 
be turned off before any adjustment 
is made. 
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(2) A range of output VOltAgeS 

from one microvolt up, with sufficient 
shielding to prevent Uu? induction by 
stray fields of vOltligeS comp/\rt\blc 
with the output voltage in tilly lid· 

juccnl luned circuit. 
(3) An accuracy weU within the 

consistency of mClIsuremenh with 
highly stable rccci\,erli. 

(4) Tile whole out.fit to be repro­
ducible h,), ordinliry skilled ~llOp' 
labor. 

A dingrlllll of the circuits employed 
is shown ill Pigure 2. A single uu­
dio-oscillntor 1111le is provided within 
the apparntus, for modulation at a 
ftxoo (re</ucncy of about 400 cycles. 
This is the frequency llol'lllaUy used 
for the Illost common rucllsurcl\lcnh, 
sensitivity nnd selectivity. This os­
cillator comprises the lUbe. shown fit 
the Jeft of the drllwing, and the iroll­
core transformer tUlled by fl fixed 
condenser. This transformer feeds n 
modulation transformer through a 
resistance voltage dh'ider marked 
l\IOD ULNl'lON CONTnOL. The 
Audio voltAge is impressed by the 
modulation transformer (of one-to­
one ratio) upon Uu'! plAte circuit of 
Ihc radio·oseillntor tube, Ilnd is mens· 
ur(!(1 by a thermal "oltmeter eompris· 
ing a resistancc, a 30-ohm thermo· 
couple, and a pAnel-mounting direct· 
current gnh'nnomctf'r shown ut the 
lowcr pllrt of the figure. If firlcl · 
ily mCl\8urC'mcnts al'£' to be ill/Hie , 1111 

C!..."I:tcrnal uudio oscilJlltor is nece(lsur)" 
for which provision is mlldc with Il 

third winding on the modulation 
Irnnsformcr. TillS third winding is 
conlleclNl throllgh n JOW· pIISS tillcr 
10 ('xposNi EX 1'En~'A L l\JODUL.J-\ · 
'I'ION tenninol.!l on the main panel. 
This filter l>C'rmi ts the use of Ull un· 
shiclde« ('xlernlll lIurlio osciUalor. 
which mn.v be positioned allywher~ 
with reslleCt to the signn.l generAtor 
nnd the rceeiver under test, nnd which 
may be conn('ctN) to the signal geneI'· 
ator through unshielded lends. The 
radio-oscillator tube 'HIS A "parallel· 
reed" plAte cil'cuit comprising the 
secondory of the modulntion trans· 
(ormer nne! n rndio·(requency choke 
coil in series with the positive plate-­
bnttcl'.V tl.'l·minnl and the plate. The 
luned circuit of the 1'Ildio oscillntol' 
('onsists of II uvllriom('ter" induct 
IInce which i!l connected hy a metul 
helt to the ,'ar'i,lulc t uning ~ondcnser, 
both being operated by a tuning dial 
nn the rront pnncl. The system mAin­
tains 1\ nenrl.\' cOllslllnt Li e mtio, 
nnd obviates till' 1I('f'(1 ('If ('onlilluull'e­
adjustment of thl' (" ul'I'cn1 ns tl,r tun· 

illg is Chlillged. A smo.lI vuri­
able condenser is provided in shunt 
with the mltin condensel' for filiI.' tun· 
illg adjustments. The tuned circuit 
is closed through 811 attcnuator, 
which is bypassed to ground by a 
non·inducti\·e vnrinble rcsistulicc 
marked RADIO CONTHOL. This 
resistance thus furnishes a menns for 
adjusting the modulated radi<rfre-­
quency current flo""ing into lhe atten­
uator. The current which passes in­
to the aUenuator is measured 011 II 

4·ohm thermocouple connceted 
through a twin two-section filter into 
a panel-type direct·current gah'on­
ometer which is exposed on the front 
panel of the outfit. The output end 
of the attenuatol' terminntes ill n 2-
ohm non·inductiye slide-wire which i8 
connected to the output terminals on 
the front panel. This slidc--wire COIl­
sists of a Sh01·t picce or No. 36 lllall­
gaoin wire stretched over a coppe r 
I'eturn path with an insulillion ship 
betwC(!n them 0.01 inch Ulick. 

It will be noted, first. that all but­
tery lines, the extcrnnl modulation 
lines, and the lines of thc two direct­
current metcrs pass through filters. 
Pilters 111'1.', of course, absolute.!v 
necessary if external batteries and 
modulation sources arc to be allowed. 
.\lso, the advantage of being able to 
cxpose the current-measuring instru­
ments without co\'ering their dinls 
with melaDic scrccns is ob\·ious. 

The resistance attcnuntor is built 
ot small nOD-inductive units in which 
no wire larger than No. 3G mAllgllnin 
is employed. It will be noted that 
no single resistance unit is larger 
than 178 ohms. This permits thc 
usc o( the reversed-loop form of wimt· 
ing, which experience has shown to be 
mol'C l'eliJ\ble as n I'aclio·frcquenc.y 
voltnge--drop rcsistnncc at 1500 kiloM 
cycles than the so·cnlled hifilar or 
pnraUe1·strand winding. Cllpncity 
effects in the rcversed·]oop winding 
would be important, ('\'en with wire 

us small us No. 36 i( high resistnrlces 
\\I.:l·C cmployed. 

Uy using the slide-wjre, then, we 
nre enabled to employ n decude at· 
tenuator hnvingonly five steps. Using 
the values o( resistance sho","n, the 
at tcnua tion ra tios 11 t thc various 
points on the attenuato!' from left to 
right on the dingram arc respect· 
i\'e1y a follows; 10.000 to 1, 1,000 
to 1, 100 to I, HI to 1, lind 1 to 1. 
The slide--wire is pro"ided wiUl u cal· 
ibm ted scale of ten divisions. Thus, 
with the currcnt through the RADIO 
CURnENT meter adjusted to a 
fixed value of 50 milliampercs, and 
the attenuutor at the last poiat on 
lhc left on the panel a radio volt­
age of olle microvolt is impressed be · 
tween the ('Iutput tcrminals with the 
slidc--wirc on its first scale division, 
lInd 10 microvolts with Ule slide·wire 
!It maximum. The slide--wi re scale is 
I'orrespondingiy multiplied in micr'o­
\'olts output at other points on the 
ntienuator. The current mny 1\1so 
be operated nt twice the fOl'egoing 
value without forcing Ule meter olT 
sCflJe. which prO\,jde8 A maximum ouL 

put voltnge of 200,000 microvoll.8. 
The sliding·contnct switch shown 

above the decade attenuator in Ule 
diagram is simply n de\·ice (or throw­
ing a fixed resistance o( approxim­
ately 16 ohms in series with the at· 
tenuator on alternate points, in or· 
der to keep the total resistance in the 
radio--frcquency circuit constant and 
to prevent current variAtions as the 
attenulltor is shifted. This compens· 
ating resistance is controlled by f\ 

separ'ale switch mounted on the same 
shtdt with the attenllator switch, be-­
CIIUSC it and its llSsociated lends must 
be carefully shielded from the right­
hand or low.voltage portion of the 
attenuator. The shielding of this at· 
tcnuator is a delicate nnd rather com­
plicated matter, brought about by 
the fIlet that, for cOIl\'eniellcet we 

(Collli"w,d f}" p09' 4) 
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(C()nl;fUJtdfrf)fII1J(l9~f) fl'om the outer shield; this is deter- alor is not greater thun 3 % at any 
dcdec:1 to slul't wilh l1u'!:.'C I'llriio-fl'c- mined, in general, by the location oC rrequ£':ncy below 1500 kilocycles; (2) 
qucney clIrrents. It- may appear the attenuator and associated equip- The error in the absolute value of the 
,t""nge to tho c.,u,,1 ob,c",""" tl, .. t ment with rcst"V'ct to the rlldio-08Cil-

.. ...... I"to" c,·"c.,·t'":'I,,·cl, d.'- ,·,n,·"., II,n voltage bctweeillhegenerator lermin-we simply lviud up Il set or indil·id - " " ... LC........ 
II I · l t S"ou"d c"'''''nt ],nths. 'I' I'e vn ,"'o", als is not greater than 4% al any Ull y mClIsun,'( I'CSIS IInccs, connce' ..... 1< 

them together in un atlenuation net- filters are each distributed, part in- frequency and is probably much less 
work, and assume thnt the uttenunted s ide the internal shield and part be- (or voltages nbove 10 microvolt.s, 
voltage is eqUid to a Vltluc computed twccn the internnl a nd externrt l shield, The accepted p ractice in measuI'­
hom Ule dingl'MI, This procooul'e is All controls nre brought through iug tUld r ating receivers is to impress 
justified, howe"cl', by the nrmngc- boUl t;hiclds to the (ront panel on in-

",Ial'",s sl,nlls. 'l"t,,1 , I",[t, " , . u,,- the known ,·oltage (rom the generntol' mentnlld shielding of the units. The I~ '- '-

f I I II 1 . -, I' t' d·"·,,,·,bl· b·cn",· ll,·y f'eq.ently in s('ries with the local antenna. cir-CIt ures 0 te s HI;!J( lIlg sys em uO '- ..... "" " 

not appear in the diagram. I ts nature make rubbing contllct.s with one 0 1' cuit nnd the input termin als of tile 
may be suggested by the (I'd that at both shields and produce tlllc.xpedcd receiver. The output of the recei,'er 
the point of lO11ximulll uttcnul\tiotl. It ltlld d istUl"bing phenomenu. is equipped wi th n resistnnce load IIp­

currmt of 100 milliltlnpcres may he ilt On page 1 is an external view of the propriate to the power tube 01' tubes 
the attenuo.tor switch arm, whereas out fi t. The v/lrious instruments and which terminllte th e audio amplifier. 
fI. current of 10 micro-amperes Illld 
uo more must flow into the slide-wire. controls will be recognized from tile A "normal signlll" is specified (or all 
This means U111t the net capncity be- description p reviously g h'en. The receivers, usually 50 milliwatts. All 
tw~n all conductors conneded to the output terminals a re at the upper measurements are referred to the 
switch arm and all conductors con- right-hand corner. The c.." tel'Oul di- mdio-frequency voltage, with a speci­
nectcd to the Illst attcnuator point m('nsiolls of the cabinet ure 19 x 123,4 tied percentage modulation and a spe­
(including the slide-wire) must be le8s 
than 0.5 micromicrofnrnd in order to x !)1h· At the boltom of the cified nntenlla. which will pI'oduce 
reduce the capacity error to 2% at sub-pllllel is the 1ll11lI1 oscillnlor 1101'111111 signltl ill the output loud of 
200 meters. The units of the shield with CO\'(' I' screwed on. the receiver. Wi th an output load 
attenuator itself :Ire distributed On lop of this hox Ilre the seprtrate of 2000 ohms, for example, normal 
through three bnlss boxes, Olll' shields of the att('nualor and t he signal cor responds to Ilbout ]O volts, 
inside the other; tbe compensator rc- compensating resistance and switch, which is a reasonable loud-speaker 
sistance ami switch nrc iu a sepzu·lltc 
shield ; and finally. the radio control flanked by t.he two instrument filte rs. ,!oltage. A simple " outpu t mete r" 
rheostat and 311 tends carrying the The radio thermocouple is located is required for all such measurements. 
main cOO'rent from the oscillator are here. The audio "oltage thermo- 1t may be fl vacuum-tube voltmetel' 
separately shielded from the slide- couple is inside the oscilltttor box and 01' n thermal meter. Furthermore, 
wire and the lel.lds connected to the I I d ... t 1e ea s (z'om it nre brought out in- 8enslt l" lty measurements ure usual­
output terminals. In localizing (l. 
mensurcd microvolt between two teJ'- to the voltmeter filter at the left, Iy made wi th IL modulation frequency 
minaIs, us is done here, it is also through copper braid. The slide- of 400 cycles and 30% mod ulation . 
round thtlt the question of ground wire is mounted between the moin Suppose u receh'er with speci fied a l1-
currents from the attenuntor points (md sub panels. A rectangular tennu CO l1s tnn ts gives normal signal 
AtIld elsewhere is very important. The mettll bo)! is screwed in plnce over the at ] 00 microvolts. Thi s figure of 
Pro""r locations for the various ' r- utterHlfttor, thermocouple, nnti 1'11('0- 100 fiIC I'OVOUS is n rational sensitiv-
ground connc.ctions sllOwn in the di a-

k-.' nl stat assembly in the middle. This ity rating for the receiver, because gram were wor ... " out 0 y after 
sOlTle thought and a great deal of dis- servcs to stop electrostntic leakage it meulls physicutly tha t if the I'eceiv­
coumging experience. from the exposcd current-carrying er is (ed from n 2-metcr antenna hav-

Regarding the general shielding of leads over the top of the sub-panel ing substllntiull y the same effective 
the outfit, littJ(' IHis been said because around to the sl ide-wire Lcrminal s. inductance and capacity as that use.i 
it is mor{' or I", co.,'·nt,·o".I. TI,- . th • t 'cld t th .. "A word should be said as to the In e metlSlll'Cllkn • A. n s reng 
radio a.nd audio-oscillator circuits f 50' It .. I Ilccurllcy of the voltages ,upplied 0 nu crovo s per meter IS reqUIre< 
nre mounted in a heavy copper box d • 

'tl hi I'd 'I1 from thes·n·,.to,. Ce,·t.,·n mell,od, to provi e entertammcnt. 
WI 1 Il remo"u e I. Ie fittings '- .. 
a re rather massive becuuse the lid nl'e nvailo.ble for checking the voltage 
could not be solde red on und forgot- mtios by complIrison with an c. ... tcr­
t('l1. as is \'clldily don(' with ll\bol'll- tlaJ voltage divider, and by compari­
tory cquipm('nt. Thill main interllld son with knolVn cutl'ent ratios, also 
shicld is attached to a metal snb- f01' checking the absolu te values of 
panel, which is SPllCOO by metal stud,; 
from t.he outside panel. ul50 of mdnl. voltage lIg-ainst othcl' sourccs of I~ 
mh t 'd I . -". I I different nnture. Thoroll."h c"o,,­
J e Oll SI e pane IS scrcw ... -u tlg It Y 
to a copper-lilted cabinet und forms checks and inlercompal'i!ions on this 
with it the outside shield. In some Ollt- pal'ticulur system indicate the follow­
fits of this SOrt it is hetter to ins\llute iug points: ( 1) The error in any ra­
Ihe interflill assemhly in its shicld tio OIt the slide-wit 'e 01' dccude uttenu-

Since the \l'ot·k of re"ising the 
Experimenter Muiling List is 
not yet ::omplete, the old list i.s 
being used for this issuc. 

This is the last issue which 
lI'iII be lllniled to those whose 
names have not been added to 
the lis t since July 1928, or who 
have not. requested its continu­
ance. 
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