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A NEW CONDENSER FOR 
HIGH-FREQUENCY CIRCUITS 

• THE TYPE 755 · A CONDENSER is 
(Iesigncd for usc in high- Il nd ultra-higll fre­
que ncy radio equipment, such 8S standard· 
signal ge nerators, osci llators, a nd measuring 
circuits. It is a ruggedly constructed con· 
denser, of @U1all dimensions and capable of 
being set with high precision. The equivalent 

serics inductance is extremely low, so that it can be used 8S the frequency 
controlling element in ultra.high frequency oscillators. 

The condenser is showlI fully assembled in Fi gure 1 and with the base 
removed in Figure 2. As ca n be seen froUl Figure 2. the frame is a (OUf­

sided aluminum caslin g. The metal base. shown in Figure I, forlll S a 
fifth-side shiel(!. Cop· 
per-plated brass ter­
minal strips are mounted 
011 m)'calex insulators 
on lhe unshielded side. 

The drive iii a "orm 
and gear comhi nation 
with a helical spring be· 
tween the worm and 
the gear to reduce back· 
lash 10 a minimu m. The 
gear ralio is 15: 1. 131111 
bea rings are used o n 
Ihe main shdt. The 
lotal number or eea le 
divisions is 1500, 15 o n 
the main scale and 100 
on the worm sea le. On 
the drum which curries 

FICUNE I. l.ow i,,, I,,cl~,,'c~.low 10I!1!eII. "mall ~;ze. a,,,I,,r .. -
d"ion lir;" e are 110"'" of the (culUrell of thi~ contlcnoer. 
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GENERAl RADIO 1 

the mai n loCule, a blank paper S('alc is 
provided, so that direct-reading: ca libra­
tions ca n be made. Tbis paper scnl-.: iii 
easil) rClllovllble for re pla ceme nt . 

The plates a rc of brass, soldered to­
gether II IIlI hcnvi ly cOPI)Cr plall·d. OOlh 
rotor IUld s t a tor arc insullllcd fro lll the 
fra me. Conlllct In the rOlor is made by 
11 5-fingcr brush bearing on II s lip ring. 
1)latclI are shaped to spread out the fre­
(Iucncy scale at the high- frequency cnd . 
Th~ direct capacitance from rOl o r to 

stator is variable betweell 8.5 /oIJ.lf and 
1" 5 p.lt r. The ca pacitances of rOlOr ami 

s ta tor 
equal 

to ground arc approximate ly 
and arc each about 10 /-I/oi f. 

The C(lui"ulclIl series ind uctance is ~ 
abou t 5.5 I'cill imc iers (0.0055 /oI h) at 
minimum ca pacit ullcc SC I ling. T his low 
inclllc la noo, comlJincll wi th low e iTectil'e 
re~isl a lH:e. rn;\ L.cs t he conde nser ao ex­
ce llell1 tuning clemc nl. :l. l ultra-hi gh fre_ 
(1IIc nc ics. rt CII IL be used. ill conjunction 
wi Lh a coi l-swilchiug system , as the frc­
que ncy control in a n oscillator a t fre­
quencies as high as 350 megacycles. With 
a n " Acoru " tube. a nd a single. turn coi l 
o f copper riboon, % inch in tliameter 
and H ineh I\ide, the {rcqucne~' is 390 
megacycles at minimulIl capaci tance. 

SPEC IFICATION S 

DI"~t ClpBl lantl : \faximum. 145 ~~f; 
minimum. li.5 ~~r. 

E~uhlllni Series I ncluetln~e: 0.0055 ... Ii 
at minimum calHtci t lince !Idl ing. 

GlGwnd lnl: BOlh rotor Ill'll s illtor sre in~u· 
I.ted from frame. UotQr.to·frame C31,aciunee 
ill 10 ~~f; " lalor. to.frame. 8 ~ ... f. 

7YlIf! 

S hi e I din ~: Completcly $h;elded on five 6id t"&; 
terminals br.-.ugh t ou l ou unshielded Bide. 
M 0 u ntl" l: The frame ill d rilled and threaded 
for a th ree·hole mounling. I ~ ;ncha on cen · 
ten. Threads ate 8-32. 
Dimension,: 6 '" 51-i ;r .IJi ;nehe;!. over.alt. 
inelud;n; dial and knobl!. 
Het Wel lht: 2 pomlll ~. 10 ounces. ~ 

Pri~ 

CA nGO 

~'ICUn E 2. Vic,,", of 1'\"1'1': i 55.,\ Cond~n~r wi th billie rc '"o\'l'd. 

BALL 
BEARINGS 

BLANK 
SCALE 

3 ' HOLE 
MOUNTING 

GEAR 
_____ ORIVE 

CAST ALUMINUM 
FRAME 
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3 EXPERIMENTER 

TYPE 700-P1 VOLTAGE DIVIDER 

MEASUREMENTS of 
amplifier gain arc made, it is of len de­
sirable 10 know the actuallllllgni tudc of 
the input voltage so that the effects of 
bllCkb'Tound lIoise a nd overloading ca n 
be evahmlcd. In many cascs the ou tput 
vol tmeter-potcn tiomel cr com binat iOIl 
customarily supplied iu bea t .rrc(\ue ncy 
oscillators yield s a sufficient I r large vOI I­
age r8nge to meet th is demand. The 
small input voltages required for meas­
urements on hi gh_gain amplifiers, bow­
ever, C8nllot be read directly wit h suf· 
ficient accuracy and it is desirable \0 

obtain the small voltages fWIIl relatively 
la rge oscillator ou tput voltages by meaos 
of a calibra ted attctlu81or. 

T be TYI'E 700·Pl Voltage Divider, 
illustrated ill Figure 1. is intended pri, 
mariJy for use with the Tn>E 700-A 
Wide-Range Beat-Frequency Oscillator 
to furni sh a range of readable output 
\'olta ge fro m ]00 microvolts to 10 volt s_ 

Jt consists of a laddcr-type resistive 
nctwork, houscd in a shielded containcr, 
with a shielded input lead and plug and 
output binding posts. lJy means of a 
rotary switch, lIlultiplying factors of 0.1, 

FTCIl"!;: 1. Photograph of the T YI'I:: 700- P I 
Voltage OJ'' jder s\,owin:; lICale, terminals, and 

shiel tletl pillg. 

0.01,0.001, and 0.0001 ca n be selected. 
The input impeda nce is 2000 ohms and 
the output impedance is 200 ohms. The 
(requency characteristic is flat within 
10% . on all seuings, at freq uencies up 
to 5 Me. A plot of the varia tion in at­
telluatiOIl with frequency for open­
circu it terminat ion is shown in l~ igure 3. 

While primari ly intcnded for appli­
cations involvi ng broad frequency bands, 
the TYPE 7oo-P 1 Voltage Divider is suit­
nble for use in nudio-Creq ucney appliea -

flGURI( 2. Thi~ Ilhotngr;' t,h sho",~ the Tn' l( 700· 1' 1 Voltage Di"jdcr conncclcd 10 the 
1'1"'£ 700·}\ \l-ide.Rnnge Be"t.Frequency Oscilla tor. 
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GENERAl RADIO 4 

lions where an IIICX I:lCIISIVC attcnualor 
of moderate accuracy is requ irer!. It can 
be connected to any General Hadio in. 
strume nt baying ou tput bindin g IlOS'IS 

wi th standard %' -in. spacing on centers, 
and the sl,tieldin g of the instrument to 
which it is connCClCd wi ll ordinaril y de­
termine lhe lowest voltage le vel which 
can be successfully util ized at the ou tput 
terminals. 

- D. B. S I NCLAIIt 
F ICUKII 3. Fre<luency f)rror In '1'1'1'11 700· 1' 1 

Volt age Di vider. 

S PECIFICATIONS 

ACCUf:acy of Att enu ation : ± 3%. 
Nel Wai,ht: 17i I>OUIlUs. 

Type 

Di mensions: (Not ;ncludi!'g plug and t:lI hl e) 
( heigh t ) 4M :< (d ia me ter) ,~% inches. 

Price 

700-PL . . . . . . . . . . . .. I OlTEII 

MEASURING THE FREQUENCY RESPONSE OF A SOUND 
SYSTEM WITH THE SOUND -LEVEL METER 

• A UNIQUE FEATURE of New 
York's Jones Beach is the Marine Sta­
dium shol\ II ill figure 1. Here the stage 
is separated from the aud.icnce by some 
50 yards of wa ter, and a sound-a mplifi ­
ca tion system is used to carry the stage 

program to a ll parts of the grandstand . 
There are fi ve uui-directional IlHcrO­

phones located in the foo tli ght trough 
of the stage. The sound picked up by 
these microphones is amplified and 
drives eight loudspeakers located in 

frout of the s1age. The 
so und th e n lTIu S1 
traw:l over the 50 
yard s of .... 'lller before 
it reaches the umlienee 
in the stands. 

When the micro­
ph o n es ..... e r e f i r s t 
placed in Ihe footl ight 
trough, the amplified 

FIGUlu : I. View of 11 por­
tion of Jonel! Beach, show­
ing the l\ larille Stadiuni . 
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SQIIlI(I ",as vcry unn atural alHl soullded 
"boomy." As II result, a varia ble low. 

r frequc ncy alle nu ator was illstntled. AI. 
though this eliminated the " hoolll:' the 
sonnd st ill "as 1101 natural. SilU!e it WIIS 

desired to have the volu llle level ~lt the 
staude about the sa llie as the volume 
le"el at the sourre of the sou nd. a linear 
respon8t" \\ as sought. j\ It hough each ullit 
of the origin al Illllplifying C(luipmelll 
\\as sUPI;osed 10 IlIIve fairl y linear re· 
sponse, the o\'er ·all responsc sounded 
far from linear. 

As Ihe first s lep toward correction, 
aecuril le lIleasuremeuts were nlltde of 
the o\'cr·a ll frequcncy res l)Onse. This 
over·all fre(luCne) teu included the air­
transmission palh from origin of sound 
to microphone and the ai r·transmission 
patb from loudspeaker to the a udience 
in stands as well as tbe complete ampli . 
fying e(luipment and trausmission lillcs. 

This test "as made by placing 1111 arti· 
,-. ficial \'oice at the sending JlOI!-ition and 

all artificial ear at the rcce iving l)OSition. 

ARTIFICiAl VOICE 

The requirements for the artificial 
voice were that it (1) emit known fre­
quencies a t known volullles. (2) have the 
directional cha racteristics of lhe human 
head, (3) be carmble of producing the 
su mc po"er ontput as the hu man voiL"e, 
and (,~) be free fro m distortion. 

A theoretical imes1igillion of Ihe dif­
fract ion of sou nd by the human head 
",as conducted by Ste ... art .* li e fou nd 
that a small source locat ed on the sur­
face of a sphrre 19 Clll . in diameter ap­
proximalCly represented the human 
\'oice in directional characteriSlies. The 
placemellt of a small loudspcllker in a 
sphere is rather dillic'ult , but it hus been 
[ound Ly experimcnt tha I the diffrac tion 

,...... of sou nd from an ctJll iva lcnt cube is, for 
a ll practical purposcs, Ihe sa me. The 

FICURR 2. This I'ho~()gral,h ~hoWll lhe arti . 
liciul voic .. ' USI'CmINI beforc lhe microphonc. 
The micrut,l.olle itselr i& a l Ihe exlreme lower 

righL 

llrtificial voiL'C finally used consisted of 
11 hOll: 7 inchcs x 7 ind~Ctll[ 5 inches "j ib 

a s lUall dynamic 10u<isl)Caker loca lcd in 
the center. The diameter of the ope n. 
ing was 3 inches. 

ARTIFICIAL EAR 

For the artificial car a General Radio 
'1'\'1'1> 759-1\ Sound·Level Meter was 
chosen. This meter was sUiall and com­
pact aud coulll easily be ca rried around 
the stad ium, 

PROCEDURE OF TEST 

Pirst it was necessa ry to calibra te thc 
artificial voil'c. This was accomplished 
by using the GelJerlll Hadio Sound- Level 
Meler, which was alrclldy clllibraled iu 
decibels. The artificial voice was SC t up 
and sUSpt!lIdCll in tbe clear. The micro. 
phone of the sou nd-Ieve lmetcr \IUS put 
on IlIl eXlcusion cord alld placed sill: fect 
from, ami in lillc ",ilb, thc cclller of the 
artificial \'oice. In ordcr to rednce the 

Fu~,,"~ 3. I1100k diugrum or ",,·thQtI u,,~.J h .. 
clllihru ~ c the IIrli liciu t voice. 

=J l ..... 
~ 
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GENERAL RADIO 6 

'--.. 
F1CUII K 4. B lock lliugnull of met hod lI ~etl 10 rne"8,, ~e the ol'cr-:.!! charllctcris lic 

or the SQund 6)"s lcltl. 

influcuce of reflections to a minimum t llC meter. so that the sha pe of t.he W3\' C 

ca libra t.ion test was cond ucted outdoors. frOIll the artificia l voice could be con-
T he vol ulIle of the audio oscilla tor 

connected 10 the art ificial voice was se t 
so tha t for 1000 cycles t he volume was 
about 80 db as felHI by t he sound -level 
mCler. The sound . leve l meter "as of 
course set fo r a linear r CS I)(Hlsc. For 
various frequencies ranging fro m 100 1.0 

10,000 cycles per second the rcading oC 
the sound -level meier was recorded. A 
cllt hode-ra y oscillograph was connected 
to Ihe earphone jack of the sound -level 

FIG(]KK 5. T he re6u118 o f cach atep ill Ihe 
mcasun:: Il1 c,,1 are sho ... ·" hen'. 

: . ~ I i LLLU.u 

, I ~ 11 j I~IIIIIII 
~ 60~ ' --1. " LL "".-!=t,,·,-"-ol ',, 

OVERAll RESPOHSt: OF 
i OIl A~I"c:nlOtl S'tSTOl _ I'> I s: lV~OORFi(crEOI I '-' 

+ I 

-; 

sta ntl y O'bscn 'ed . The vO'lume of the 
a udiO' O'seillator was c ha ngcd, and a n­
O'tiler SC I O'f readings was ta kcn. The (rc ­
qucucy characteris tic was fouml to' bc 
the Slil.lle at bO' th Ic \'cls and is shO'WIl il1 
Fi gure 5c. 

Havi ng the (lata for a set O'f ca libra­
tiO'n curves O'f thc artificial ,·oicc. the 
appa ratlls was then sct up fO' r the O'ver -
all frequcncy rcsPO'nse IcSL The urti­
fi cial voicc was SlISI>cudcd 50' thut it 
" Quid assume a positiQIl similar to' t ha t 
takc n by the hca(1 O'f a ll aetO'r Qn the 
sta ge. Since a bOil I 90% of the time the 
ac tO'rs on the s tagc arc about t wO' fec t """"" 
in back O'f tile white liBc ami dircctly ill 
front Qf a mierO'phO'ne. thc llrt ifi ..: illl 
"oice was placed ill the sa llie position. 
Tile sO'lllld-lc"clme tcr was placed O'n one 
O'f the fr0l11 scats O' f the stadium. and the 
O'scillograph was again CO'llllcct ed to the 
carphO'llc jack of the mc ter . 

The oscilla tO' r WllS turned 0 11 so thllt 
thc output o f the llrlificia l ,'O' lce was 
a bout 80 db at the microphone for 1000 
cycles I>cr sccond. The amplificr WllS IHI . 

j usted so that thc rClld in g O'f the sound· 
Ic\"clmett: r i ll the stllud s was a bout. the 
Sll IllC. Hca(lings werc tnkcn fQ r "llriot/s 
frc(ltlc ncics ra ngin g froUl 100 to LO,OOO 
cyclcs per secO'nd . and the shape of the 
output wavc was obscn 'ed. This tt:sl was 
rc peatcd scw'ral l imes. 

Othe r lests \\'crc llllcmpted, such as 
placing thc lIrlifieia l ,'oicc further Lack· 
51 agc and in bet,.-ecll microphones, hut ~ 
unfortulIllt cly hr this lillie Ihe wind was 
(Illite slrong lind accurate rendings ('ould 
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FleUR!;: 6. Showing the !Klu"d.levcl meIer 
and OIlCiliograph 01 6 ,,~ed in rn.:astlring Ihe 

over.nll characteris tic of th" 8YRle",. 

not be obtained. rncidclltall y, it was 
necessary to make all the tests belwccu 
IIIf' hours of 11:00 p.m. and 6:00 a.m., 
us I his was the only t imc of the cl ay t btl t 
the wind died down at all. 

It was interesting to nOle that for a 
sli ght wind, the volume of lhe sound in 
the stands varied as much as 10 and 15 
db for frequencies above 800 cycles when 
the volume output of the artificial voice 
was constant. Belo,,' 800 cycles the \' 0 1· 

ome level was quite constant , rega rdless 
of the wiud. On a very windy night. the 
volume of t he frequencies above 800 
cycles would vary as much as 25 db -
the higher the frequency. the greater 
the variat ion. 

7 EXPERIMENTER 

RESULTS 

Subtracting the response curve of the 
artificial voice (rom the over-all response 
curve obtained by the nrtificial caT, the 
actual over-all response cline of the 
l\larinc Stadium was obtained. As ca n 
be see n from this curve, the high frc_ 
qllencies arc considerably attenuated. 

As a result of the over-all response 
test a l",o-section high. fre(p,c tley eq ual­
izer, ca pable of permitting a maximum 
c(lualiz8 Lion of 2S db, was installed in 
the 250 -011111 line output of the stage 
microphone mixer unit. A control was 
put o n the panel so that the equalization 
could be \'uricd. The resulting frequency 
characteristic is shown ill figure SF. 

The improvement in the sound ampli. 
fi cation ByB'te m was very apparent. 
Speech was much clearer nod the music 
possessed a brilliance that was previ ­
ously mjssing. 

The text and illustrations of the fore­
goi ng article were prepared by Mr. 101m 
IH. Lester, under whose direc tion tbe 
measurement s were made at Jones Beach 
State Park. - EIJITOH 

FIGtJ IUI7. View of Ihe grand~tand and elage at Jones Beach. 
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MISCElLANY 

• GENERAl RADIO ENG I NEE RS 
rc turuin g from 1 lie Sun Francisco 1. 1{.E. 
Conve ntion report :1 large a lHI ent husi· 
astic atteudance. Pnrticularly gratifying 
10 liS was the interes t in the new General 
Radio instruments 011 display. 

The new C(,ASS C-2 1·IJLD primary 
frequency standard will be displa yed at 
the General Ihdio booth at the An nual 
Conve ntion of the LR. E., to be held in 
New York in September. Same booth, 
same locat ion as in 1937 and 193ft 

Iluski, Mr. lIenryk Lukmliak, a nd ~lr. 

Artuf lI irszbandt, all of the e ngineering 
slaff of the Tele- lhdio.Tcch nica l Insti­
tute of Poland at Warsaw. 

• T HE TA B l E of the properties of 
insulating materials published in OUf 

June issue has aroused considerable 
interest. MUIlY readers have taken the 
trouble to send in correct ions and addi­
tiolls which will aid in bringing the table 
up to date . The corrected table will be 
available some time t his fall, and will be 

• R E C E N T V I S IT 0 R S to our lab· published in reprint form as well as ill 
oratories included Mr. llenryk Mag- the Etperimcmcr. 

THE General Radio EXPERIMENTER is mai led wit/lOut charge each 
mOllth to engineers, scientists. tech n icians. and o t}lers interested in 

contnlunication-jrecluellcy Ineasu re,nellt an.d cO lltrol problems. JJ7hen 
sending r~/uestsfor sltbscriptioll.s all d odd ress-cllcillge notices, please 
suppfy thefollow5ng il/jorma t ion: name. company lIatlle, comptllly ad­
dress, type oj business company is engaged in , a"d title or position of 
illdividual. 

GEN ERAl RADIO COMPANY 

30 STATE STREET CAMBRIDGE A, MA SSACHUSETTS 

BRANCH ENG IN EER IN G OFFICES 

90 WEST STR EET. NEW YORK CIT Y 

1000 NORTH SEWARD STREET. LOS ANGELES. CALIFOR NIA 
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