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ELECTRICAL COMMUNICATIONS TECHNIQUE 
AND ITS APPLICATIONS IN ALLIED FIELD S 

CATHODE-RAY OSCILLOGRAPHS AND THEIR APPLICATIONS 

It lIlall), types of experi­
menta l work, the cttt hode­
ra y oscillograph is particu­
larly adaptable. T ile lIew 

designs eiimill81ing the use of gas as II 
foclissing melliurn increase the maxi. 
IIIUIII frC(luCnc) range far 1.Ie)ond IIlat 
which ca n be obtlliucd "illll1llY Oi lIer 
osci llogra ph. 

Tile electron beam ca n he deflecle<1 
either magnet ica ll ) or e l« trically. 
The former hall the <lisa-tl,'antage that 
the magnetic coils re<luired hal'c a 

relatively low impedance and may 
well be a serious load on low'IlOwcr 
cirClli l8. The electrostatic deOecling 
plate! have II "cry Iligh capllci ti "e 
reac ta nce.· and. Con8e(I"cntiy. do not 
disturb the cin;uils to which they lIIay 
be conncetCl1. For Ihi!! reason a ll Gen­
era l Hatlio catllotle.ray oscillograph 
tubes have elect ros tatic tldlet·tiol1 

·The de<:trode eal,acitance of the T vp .. 
528··\ C.lhode. lhy OKillog&I,h Tube i8 1eN 
tl'&n 2 ""f. Thalof lhe tut.e u"",1 ,n the TvpB 
635. ,\ Ele<:tron(),.cillogral,hie I""" IhanSO ""l. 

F'GUR" J. Mea,uring I'eroent&ge modulation of a '1'1'1'& .m·1.A Modula ted Oscillalor ... ilh a 
'1',.,..528 C.tbode·n ay Otcilk>gral.h by lhe melbod 1Iho .. -n in FIGult1t 2. An amplifier ..... ".ed 
bel ... o:f'o Ibe audio <»cill atO<" .nd the horizonta l deOeclinl': plat"", tbe '1',.,. .. 219 Dt:oeade Con· 
denoer(behindlhe()!o.CiIl.tnr) bei,,«uMl(!toC()f'l'«lthephueohiftinlheamprifier. 11Iu! lralion 

from.nunretouehedrbologr.pb 
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pla tes for both horizont nl a lld vertical 
denections. 

I n ad dition, the r uggednc88 o f 
cathode-ray oscillographs recom mends 
them for general work. They ca nnot be 
permanently harmed by heavy over­
loads. 

The upper freque ncy limit of electro­
mechanica l oscillogra pl ll~ such liS the 
string or mirror typcs is limited by the 
inertia of tile moving element. The 
limit is usually aroulltl 10 ki locycles. 
T he ca thode-ray beam, on the other 
haTld, is practically incrtialc88 and the 
theoretical upper limi t of frequency in 
a hard tube is determi ned by 11le point 
at wh ich the period of the high fre­
quency a pproaches the time re<luircd 
{or the electron to pass through the 
deflect ing plates. This limit for a well · 
designed tuhe is about 200,000 kilo­
(,yelcs. The hard cathode.ray tube, 
therefore. is part icularly ada pted for 
the observation of high.rre(IUency 
phenomena. It .... ill . of course. 
opera te (Iuite as well as any electro· 
mecha nica l oscillogra ph at low fre· 
quencies and. bec:a u8e of Lmch 
adaptabi lity. is beeoming more aDd 
more the general Ila nd y.man about 

FIGUIIS 2. Method of meuuring percentl!;" 
moduluion wi th I Cltbod".ray OIcillogrlph 

the lnboratory. It is far beyond the 
range of this brief story to discuss all 
or e,'en a majority of these uses. There 
are, ho .... ever. certa in fUllc tions tha t a 
ca thode.ray oscillogra ph l>crCorrn s with 
particular effectiveness. We can dis_ 
cuss a fe .... of these. 

In Figure 2 is sketched a means for 
measuring the percelltage of modula­
tion or a radio.freq uency oscilla tor. The 
modulat.ed radio·frequency voltage un· 
der observat ion is impressed across the 
t .... o vertical deflecti ng plates of II eath· 
ode.ray oscillograph. Across the hor. 
izontal plates is impressed a voltage or 
the modula ting-06Cillator fre(ltlelley. 
For the sa ke of simplicity, the sehe· 
ru at ic is drawn with the sa me audio· 
freque ncy sou rce modul a tin g the 
rad io-frequency oscilla tor and defl ect · 
ing the beam Ilorizontally. The ampli. 
t tide of osci Iia lion of the rad io·f req uency 
osci llator varies at the same ra le that 
the spot is s .... ept back a nd forth acr0!!8 
the screen by the audio.frequency 
source. Therefore, there results a tra p· 
ezoidal pa ttern on the screen .... hieh has 
a maxi mum amplitude proportional to 
the peak of the radio.fre<luency .... ave 
and a minimum prol>ortiona i to its low. 
cst a mplitude. The degree of modula­
tion is measured by the difference be· 
t .... een the greater and the lesser vertical 
defl ection. The actual degree of modu­
la tion ca n then be determined by com­
pari ng the t .... o a mplitudes .... itll II pair 
of d ividers. T he percentage modulation 
is expressed by 

M AX-'MIN 
M AX+MIN 100. 

The soo(:a lled BY"" heel effect in mod · 
ulated radio.fre<lueIlCY oscilla tors. or 
the tendency or the radio-freqt,ency 
am plitude to overslloot the amplitude 
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FU:lJIIB 3. Oscillogram' ,howing. retlpectively. 
IOOi',f.43% •• nd sevc.-eover.motlula tion, on a 
TVI'I! 484.A Modula ted ~;nator. The figur('ll 
a. Ii,e right weuootained by the method ou t­
lined in F'ICVJlE2; th()Hll lhe leh by a"I,ly­
ing 10 the vertica l denecling plateslhe mod· 
uilled camer and 10 the horizontal plate!!. 
voluge from. Tn-& SOU·A lJedell S"'~r Cir­
cuil controlled by the audio modula ting 

voltage 

of the mod ulatioll, 6110\\11 up in these 
patterns 811 narro,",' 1001'11 Oil the sloping 
sides of tbe pattern . A perfectly modu. 
lated oscillator will show an almost per. 
fect trapezoidal pattern. 

The cathode-ray oscillograph makes 
an cxcellcnl peak vohmelcr or ammeter. 
The deflection of the beam is linea r 
wilh applied voltage, but the sensi­
tivity depends upon the anode poten. 

tialthat is used. High a node potentials 
result in electrons ha ,'ing a high ve· 
locity and low sensitivity (but a bright 
spot). Low anode potentials mean 
greater sensiti vi ty. With tile T\'I>e 

528·A Ca thode. Hay Tube \\ith 3000 
\olls on the a node, about 100 \'olls on 
either pair of plates \\ i\l gi\'e a deflee· 
tion of olle inch. J\ node voltage of 1000 
giles a sensitivit y of 33 volts per inch 
(Iefl ec tion. The \·ohoge sensiti vit y ca n 
he ca librated by direct current; and the 
dir~ t -curre llt calihratioll will hold 
"ith good accuracy up to high radio 
frequencies. In order to ill\'estigate the 
amplitudes attained in transient pile. 
llolllena, it is onl ), necessary to ohserve 
the path of lIIotioli of the spot and to 
note it.s lIIaximum amplitude. 

The type of screen used O il the TYI'E 
528·A and to a lesser degree 011 the 
TnE 635·A Ceneral Radio Osci llo· 
grnphll ha ll an appreciable persistence 
of fluorescencc; tha t is to lIay, after the 
transient trace has passed, the screen 
"ill continue to glow for a very short 
length of time, hut sufficient to a\lo ... ' 
the e)e to note its general shape a nd 
amplitude. To study the behnior of 
the men:ur y-va l}()r I ) I)C of rectifier tube 
"herein the initia l current surge at 
each reversa l of current in a cycle is 
very high a nd abruJl t, the eurrent into 
the filler is passed first through a small 

FleUM" ol.. Thi~ type of pattern. instead of the 
tup,noid •• esulu .... hen the .... ri.tionB in ear· 
rier amt,litude •• e nol 
i'll'h .. ewithlheautlio. 
fre<;lueney voltage ap' 
1,lied tothehoriwntal 
"I.tes. Shunling Ihe 
amplifier outplll .. illt 
an.djuAI.hl"oondenilel" 
reUoreol Ih" I •• pewid 
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FIGU IIK 5. Dil,ram Iho .. -;ng tm.. . • ca thode_ 
uy OO!Cill~.ph can be " N:d (or tncing 

resistor across which the vertical de­
flecting plates are attached. The pri. 
mary vohage a l the input of Llle Blep­
up transformer is impressed across the 
horizontal plates, The resultant pat­
tern is not a true in<lica lion of the ac­
tual s.hape of the current wnve, but ex­
cellent ideas of its amplitude alld the 
efTeet of various types of filt er inputs 
ca ll be obtained. 

In the exa mple 8110\\-0 in Figure 5 
the tuned circuits of the receiver are 
slightly out of line. which accoull ts for 
the double hUIllI) in the output reso­
nance cun'c. By tile ohsen'al ion of the 
pattern during tbe adjustment of the 
alignment condensers, the SCI ca n be 
brought illto adjustment wit h consid· 
erable speed. The tuning condenser of 
the oscillator and the I)()tentiometer, 
which determines the horizontal de· 
flection of the pattern, is kept contino 
uously in rota tion by a small mo tor. 
The rate of rotation is adjusted so that 
the trace repca lS itself eiglll or ten 
times a second, thus prol'id ing a con· 
tinuous indication of the resonance 

curve of the high fre(luency amplifier. 
Frel!uency comparisons are n partic. 

ularly useful a pplica tion of ca thode-ray 
tubes. In comparing two frequencies by 
the ~ero beat method, listening to them 
v. itll a pair of phones. the observer ma y 
be handicapped by two difficulties. 

] . The two oscillators. unless wel l iso· 
lated, lila), have a tendency to lock into 
step Ol'er a fairly v. ide frequency range 
if working into a C0ll11110n de tector. 

2. Bea ts lower thim about tweill y 
cycles per secoml callnot be hcard. Two 
e(lua l fre1lliencies impressed respec· 
til'el), on tile vertical and horizontal 
plates will result in a stationary ellip­
tica l paltern. The mulual conductance 
between these pnirs of plates is prncli . 
ca lly nil. thus the locking-in tendency 
is very slight. Ally motion of tile pat· 
tent a t all is irnmediatel), appnrent so 
that the compnrison at zero frequency 
dilTcrence is readily accomplished. 

The dellecting plates of the Gellernl 
nadio 'fYl'E 635- PL Elcctron Oscillo· 
graph Tube have a capacity reacta nce 
comparable to the usual grid admit­
ta nce of a triode radio receiving tube. 
The Twt; 528·A Ca thode-H.a), Oscillo­
graph Tube has ouly about one-ten til 
this ca pacita nce_ TransJormers a nd 
other input del' ices fOf' these tubes can 
be o f the same design as those intended 
for ordinary vacuum tubes. but of 
course lIIust be capahle of ol>crnting 
wilh a secondary peak voltage be tween 
50 and 200 volts. P ractically all stand­
ard radio- or audio-frequency trans_ 
formers are suitable. 

III discllssing a pplica tions for these 
versa tile tubes. the tendency iii to carry 
on indefinitely a nd only a fev.' l>0S8.ihil­
ities have been mentioned in the fore· 
going. - A. £. T Iil ESSEN 
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DIRECT CAPACITANCE AND ITS MEASUREMENT 

T~ :~~:ll::); t:;~:te,:~!~: 1 ~~n::;:~ 
d ielectric - is composed of at least 
three separa te capacitances connected 
in a closed loop or delta. Besides the 
main capacita nce oonne<: ted between 
the two terminals and ca lled the direct 
capacita nee, eacb terminal has a 
"st ray" capacita ncc to surroundi ng 
objec ts such as a sbield or tbe ground, 
as shown in Figure L T he condenser 
thus becomes a three-terminal system. 

Usually the direct eapaci tance is 
much larger than the stray capaci­
tances so tha t the tota l capacitance 
that wou ld he measured between the 
two terminals differs from the dire<: t 
capacitance by a few per cent a t most. 
Figure 1, on the other hand, 8hows four 
ins tances in which the stray capac­
itances cannot be ignored. 

In the shielded cable, the stray 
capacit anccs a re of the sa me order of 
Illagnitude as the dircc t ca pacitance. 

In a sbielded t ransformcr tbe sbield­
ing is placed to reduce direet ca pac­
itance between primary and secondary 
to a vcry sma ll amount. Tbere the 

s tray capacitances a re a hundred ti mes 
the Ilire<: t capacitance. 

T he two binding posts,· for example, 
have a dircct capacitance between 
Ihem of only 0.3 I-'I-' f, yet ti le capac­
itance obtaincd by an ordinary mea· 
surement is2 .0 1-'I-' f he<:ausceadl te rm inal 
has a capacilanceof 3,4p.p.f to the metal 
pauel. 

if, however, one terminal were 
"grounded" 1,0 Ille meta l panel, thus 
short circuiting one s tray capacitance. 
the to tal ca paci ta nce measured be twecn 
terminals would be 0.3 + 3.4 = 3.7 
I-'I-' f. This illust ra tes the fac t Iha t the 
exact ca paci tance of any condenser 
depend s on the ma nner in whidl its 
lermillals are connected to each o ther 
a lld to nearby objects, e ither direc t ly 
or via external circuits. I t shows the 
im portance of being ahle to measure 
direc t and stray capacitance. 

One method of measuring direc t 
capacitance is showJI in Figure 2. The 
t lu ce measurements indica ted there 
a re made with one of the tbree ca pac-

·G~neral ltadio T ypo: 138-VD. 
lerm'nal l,la let\are 1'1.·PH274_\, . 

FICIJ RH l. Four in. tanc ... in which it i9 eseenl; pllO k now t.he direct ~ r,,1 ~ I ray cDl,ac il a nces of 
a oo,,"erl~r 
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itanccs shorl circuited each time. The 
capacita nces are given by 

Co "" Cu' - Gl ' + Ct' , 
2 

Ct = CD' - ~' + Gi' . 

and C
1 

= CI ' - C;' +Ct' . 

The dissipat ion fa ctor (UwC) of the 
d irect capacitance is given by 

Do = Do' CD' + D~~~~' - DI' Gi' . 

A second and somc",hal morc COIl­

venient method, because it eliminates 
calcula tion, involves the measurement 
of direct ca pacitance by connecting the 
third terminal to some point on the 
bridge stich that Ihe stray capacitances 
are no longer included in the measure­
Dlent as shown in Figures 3, 4, and 5. 

Figure 3 is an equal -arm bridge of 
which the General Radio TV" E 216 
Capaci ty Bridge is an cl(8 mplc. When 
the third terminal is connected to the 
junction of the ratio arms, the di rect 
capacitance is correctly measured. but 
its power factor is less than the true 
va lue by BwCt• where B ia in ohms. 
'" in radians per second, and C in 

farads. The ca pacita nce Cl d isappears 
across the detector. 

The third termina l may a lso be 
connected to t ile j unction of one ra tio 
arm and standard couJeuser IV as in 
Figure 4. The direct ca paci tance is 
then in (fractional) error by the term 

~~ because the capacitance C1 is placed 

in parallel with the arm N. Ita power 
factor will also be in error. if the power 
factor of the Cl is large. The other 
capacitance Ct merely shunts the gen · 
erator. T his connection is often used in 
unequal-arm bridges where B is much 
greater than A, so tha t CN is grea ter 
than Cp and. as a result. the fractional 

error term ~~ becomes negligible. 

Direct capacitance is measured on 
the Genera l Had io TYPE 650-A 1m· 
peda nce Bridge in the above manner 
by connecting the third terminal of tbe 
condenser to any ground terminal G 
of the bridge. 

When the third terminal is connected 
to the junction of a Wagner ground 
(Figure 5). both the direct capaci tance 
and its power factor are measured 
coerecll),. T be balancing procedure is, 
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however, somewhat tedious because 
the main and Wagner ground balances 
are interdependent, being joined by the 
capaci tances Cl and Ct _ 

There is an important difference be­
tween a shielded three-terminal capaci­
tance, in wh ich the shield is the third 
terminal, and an unshielded condenser 
{or which the third tcrminal is ground, 
although bOlh may be represented 
schema ticall y by Figure 1. W/hen the 
shield (orms the third terminal, it lIlay 
generally be placed where wanted wi iii­
out reference to the point at wh ich the 
bridge is grounded. When ground is 
the third terminal , only that type of 
connection may be used which a par· 
ticu lar bridge allow8. 

When the junction of the capaci­
tance arms Nand P is grounded , 8S 

will occur on the TYI·g 216 Capacity 
Bridge, one ground ca pacitance (CI of 
Figure 3) is short circuited, so that 
only the three capacitance method of 
Figure 2 may he used. The condenser 
is measured wheu directly connected 
aDd when transposed, giving Co' and 
C,'. For the third measurement (Cl '), 

the 1 and 2 terminals of the condenser 
are short circuited and connected to 
the junction of the 11 arlll and the "un­
known capaci tance" arm of the bridge. 

When ei ther the junction of the arms 
A and N, as in the TYPE 650-A LID ­
I>cdance Bridge, or the junction of the 
two ratio arms A and 8 is grounded, 
the direct capacitance of the condenser 
is measured, as in Figures 3 and 4. lts 
l)Ower factor is in error, as previously 
discussed. 

When a Wagner ground is used, the 
direct capacitance and its power factor 
are correctly measured. 

The shield of a three-terminal ca­
pacitance fre(lllentiy has a consider­
able capacitance to ground , making it, 
in effect, a four-t erm inal capacitance. 
For this case care must be taken that 
this shield-to-ground capaci tance is 
either short circuited or placed where 
it docs not affect the Illeasurements. 

For all of these measuremen ts, sub­
stitution methods may be used. The 
formulae applying in each instance 
will be unchanged . 

-nOIJ~:RT F. FIELO 

FIGUKE3. Direct capacitance 
meuuremcnt on an equal. 
u rn bridge such a,TvPE216 

Capacit y Bridge 

FIGUKE4. Directcallacitllnce 
me8l!urement 0 11 II TYPE 

650·A Impedance Bridge. Os· 
cillator and dctOOlor call be 

f'IGUHIi:5. Direct capacitance 
meu urement ona bridgeu,. 
ing a Wagnr:;;.i;nr()und con· 

intcn:bangetl 
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ON SERVICE IN TROPICAL JAVA 

T~~IlC~O I~~:!rn~~:I~ :II:~:~~h O;llat/,:~ 
tll ina rad io telephone and telegraph 
service he tween "IC "ague and Ihe 
Netherlands East Indies, is main . 
ta ining a Generaill adio pri.u ary sland . 
a rd of (rc<lucncy at ilB st illion in 
Uandoeng, Ja l'a. _\lr. II . Va n der Veell , 
Iheengineer ill charge, has jllst reported 
on ilS pe rformance. 

" ... YOII will be inte rested 10 
kno" tha i the Sts ndard . Fre(!uency 
F:<lnipmcllt which ollr sen ·ice bought 
frOIll your compa ny some )cars ago 
haa been in consta nt use e\'cr since i h 
inSla llatioll nnd tha t it has given vcr) 
sa lisfaCIOr) result s. All our high­
freq uency routine checking. 88 well 
8S o tl lcr "ork , is done by means of 
Ihe conlrollet! frcllllcncics from yOllr 
s ta lulard c<luipmcnl . I am cnclo;;illg a 
photograpl. of the installation at 
Bandoeng." 

TI. is insta lla t ion i8 a ClaM C-21-11 
Stand ard-f requcnc} ;\ ssembl) _ con · 
sisting of a 50-kc (I"artz crystal 
osci lla tor and a dock for measuring 
the crysta l fre(luency ill terms of 
time signals. From it are obtained 
hundreds of harmonics throughout tl.e 
a udio_ a nd radio-frequency spectrum, 
each of which is known to h(' tler t!um 
one pa rt in a milliOIl .· 

The unit a t Bandoeng iii one of 26 
no\\ in ope ra tion ill various parts of 
the world, bU I it is probable tha t no 
one of the ot!.ers opera tes under such 
severe clim a tic comlitions. Ja va I.as 

a tropical forest climat e characterize.1 
by very high IlUlIl idit y. 

· 1-'0. a deM':r il)tion oftll~ appa ra tul oonsll lt 
Bulleti" 10, a 70-,)age mallllal On fre'/llency 
rueUllremen1! p"bli5hed by the Ge lleraJlladio 
Com,la Il Y. Copi« a re free to engineerl and 
(l lhen ,)rofeMionalJy ooncerned wi th radio 

D 

GENERAL RADIO COMPANY 
30 State Street _ Cambridge A, Manachus.tb 
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