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E:LECTRICAL COMMUNICATIONS TECl-INIQUE 
ALLIED FIELDS AND ITS APPLICATIONS IN 

WAVEFORM STUDIES WITH THE CATHODE-R AY 

OSCI LLOGRAPl-I 

1 
-::-ll HE absen e of any appre i-

T 
able inertia in a beam of 
fast moving electrons gives 

�:::::::=::::::::::::::::::� the cathode- ray oscillo-
graph an inherent advantage over all 
other typ s for the tud of waveforms 
in olving a wide range of frequencies. 
liowe er, linear frequency respon e 
doe not, in itself, guarantee a useful 
o illograph, and it i only recentl 
that tube limitation have been over-

ome and sati factory auxiliary equip
ment developed to make possible 

acting study of periodi phenomena 
up to 50,000 or 100,000 cycles per 

e ond. 
The G neral Radio cathode-ray o -

·illograph tube is of the low-voltage 
l p , employing anode potentials of 
SO to 2000 volts to accelerate the 
electrons emitted y the alt.ernating
current heated filament. The arrange
ment of the tube elements i hown in 
Figures 1 and 2. 

There are two pairs of electro- tatic 
defle ting plate ; one to produce hori-
7.0ntal deflection., and the other to pro
duce verti al deflection. If an alternat
ing voltage is applied o eith r pair, the 

beam will be deflected rapidly so that. a 
traight line appears upon the screen. 

Obviously, ome mean of providing 
a time axis so that phenomena may b 

een in their rue amplitude-time re1a
tionship i mo t desirable. The rotating 
mit-ror ha been used with vibrating
element oscillograph , an is also us -
ful with the cathode-ray instrument. 
When the line produ ed by vo1tag 
acros one pair of plates is iewed in a 
rotating mirror arranged with it axi 
parallel to the line on the fluorescent 
screen, the waveform may be seen if 
the mirror is turning at a uitable 

peed. 
The use of the rotating mirror with 

the cathode-ray oscillograph i ome
what limited in it appli ation in.ce 

arefu] observation of the higher fre
quency phenomena to whi h the 
cathode-ray tube will respond would 
involve very high mirror peeds. 

But probabl the mo t seriou dis
advantage of the rotating mirror is i ts 
inability to keep in ynchronism when 
the frequency shifts. lthough the 
mirror speed ma be adjusted so that 
a stationary pattern i obtained of the 
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FIGURE 1. The General 
Radio cat:hode-ray oscillo
graph tube. The inside of 
the glass at: t:he large end is 
coat:ed with a fluorescent: 
sub tance on which the 
moving beam of electrons 

t:races patterns 

on.slant-fr quen y ph nomena, an 
hange in the frequen ' ill ause the 

pat te ·n L mo If th frequency 
chang appreciabl , the pattern will 
probahly mo e to qui kl to be of 
any valu . 

nother ethod of ob tai n ing a ti1n 
axi is the moving-film camera. Where 
aphot graphi re ordofa non-re urr nt 
phenomenon is desired, thi Indou bt
ed 1y i the most satisfactory equip
ment. The General Radio ompany 
has perfect d moving-fil arnera� for 
variou u s whi h will o perate satis
fa torily at film spe d up to 15 feet 
per second, gi ing a r a on.abl y lear 
representation of any phenomenon 
involving frequencies in the audible 
spectrum. 

The cam ra · s of ourse, limited b 
mechanical and photographic factor , 

i ncluding maximum velocity at which 
the film. can. be driv n without tearing, 

and the maximum film ��speed'' at 
which proper ph otographic records can 
be obtained. The la-r:ter depends to a 
great e tent upon the opti al ystem 
and the type of film or ensitized paper, 

as well as upon the brilliancy of the 
cathode-ray spot and the speed with 
whi h it moves. In th is onnection, it 
is obvious that higher frequen ies will 
produce fainter records than lower fre
quencies., since the actual length of the 
record will be considerably greater for 
a given length of film, onsequently re
ducing the amount of light to which 
any particular pot of th e film. is e -
posed . 1 

It is evident that some other mean of 
isual waveform e amination is desir 

abl . ince the o cillograph is arranged 

w ith deflecting plates so that t o d i
men iona] figures may be seen upon the 

creen, the possibility of b ing able to 

1 The General Radio cathod -ra oscillograph 
tube i haracterized by the unusual brilliance 
of the pot. With plate ol tages of the ord r 
of 1500 to 2000 olt • the pat:t:erns on th 
fluorescent er en may easily be een b_y a 
Jarg group of person in a lighted room . The 
Au ore ence is unusu aJl actinic, ·thu facili
tating pho-iouraph . 
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FI URE 2. Electrode structure of the oscillo 
graph tube. The negati ely charged cylinder 
concentrat:es the electrons emitted by t:he file 
ment: o that practically all pa t:hrough t:h, 
small hole in t:he anode. The beam pa ses he· 

tween ea h pair of deflecting plates 
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FIG RE 3. A record of p h mad with en itiz d pap r trav ling at 634 {e t p r 
of th dot in the line abo Lhe t race repre nt n millisecond. h repr du 
fr m t.h halfton r en r qulr d for the prepara tion of a printing plate 

mor Lhan ati factory for any purpo of anal i 

ee a waveform without th use of ex
ternal me hani al equ1pm nL ugge t 
itself. 

alternating ol tag are applied 
simultaneously t b th pairs of de
:fle ting plates in the cathode-ray tube, 
Li sajou's figures will be formed, re
maimng tationary when one applied 
fr quen y is an e act multiple of the 
other. By proper interpretation of these 
figure , :frequency compari ons can be 
made, but except to a killed ob erver, 
littl knowledge as to any de iatio in 
the waveform from a pure inusoidal 
form an be gained. 

Thi t · p of pat't rn an :frequen 't]y 

IGURE . haracteri tic Lis ajou figure from 
applying a voltage E1t acr s horizontal plates 
having exactly lhoth the frequency and twice 
the a mpl itude of the voltage Ev applied to the 
v ertical pair. Note that the pattern near the 
center is an approxirnation to the true shape 
of Ev since the spot velocity due to Eh is 
nearly constant in this region. The .. hack 
"trace" coincides with the forward sweep for 

this particular phase difference (90°) 

b made mor u eful when the wa e b -
ing ob er ed ha a high frequen 1n
pared with the other or timing wave. 

f, for in tance, a low-frequency timing 
wa e, ay 60 cycles, is impressed aero 
the horizontal deflecting plates, and 
another recurring 600 times a second is 
impressed on the verti al plates, a pat
tern will be formed upon the r en 

hi h, with a lit'tle imagination, can b 
isualized as t:he 600-cycle wave. 

If some system is used whereby th 
cathode-ray beam can be deflected 
a ro the reen at a on tan t velo it , 
an actual representation of an wa e 
may be een in linear relation with r -

pect to time. urthermore, if the beam 
an be made to tr a erse the screen at 

the de ired speed, in ne direction on] , 
and then return in tantaneou ly to it 

tarting po itio:n, only a single repr -
entation of the waveform will be een, 

whereas, -with the sinusoidal ·timing 
wave previous] mentioned, two vie 
of the wave are een, one going in each 
direction. The :frequency at which the 
cathode-ra beam sweeps aero s the 
screen must, of course, coincide with 
the :frequenc of the obser ed wave or 

ome submultiple of it, or the pattern 
will appear to move. 

To provide a source of a controlled 
linear timing wave or ��sweep," the 
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"'IG RE 5. Output wav form of one TYPE 
506-A weep Circuit a sh wn on the cathode
ray o cillograph using another to upply the 
linear time axis. Note the close approach of 

each trace to the ideal straight line 

General Radio Company has developed 

the new TYPE 506- weep Circuit, 

which was announced in last month' 
issue of the Experimenter. The sweep 
circuit provides a timing wave having a 

aw-tooth form., as shown in Figure 5 
by means of a circuit which is shown 
diagram.m.atically in igure 6. 

The conden er C and the current lim
iter tube are connected in series across 
a ource of 500 volts, d.c. Current flows 
in the circuit, charging the condenser, 
but since the current is limited to a 

ertain maximum. value, the oltage 
rises at a onstant rate rather than e -
ponentially, as would oLherwise be the 
ca e. 

cross "the onden er is onnected a 
mercury-vapor di charge tube (TYPE 
506-Pl). This tube is provided with a 

ontrol grid so thaL it an be arranged 
to break down at any predetermined 

alue of plat voltage. hen this olt
age i reached, the di charge tube 
fla hes, discharging C, an reducing the 

oltage aero iL t rininal to practi-

OUTPUT 

CURRENT 

LIMITER 

TUBE 

cally zero. he flash in the di harge 
tube is then extinguished and the con
denser charges again, going through 
the same cycle as before. 

The voltage across the condenser ter
minals, accordingly, has the wa veforrn 

hown in igure 5, and if the horizontal 
de.flee-ting plates of the cathode-ray os
cillograph are connected across the ter
minal of C, the fluorescent spot will 
have a periodic horizonta movement, 
crossing the screen at a constant ve
locity and then returning quickly to its 
original position. 

The amplitude of the saw-tooth 
wa e, that is, the horizontal length of 
the path traversed by the fluorescent 
spot, i determined by the voltage at 
which the discharge tube operates, 
which is controlled by the d. -c. bias on 
the grid of this tube. This bias is ad
justable, so that the sweep may be long 
or short, as desired, and may be kept 
within the limits of the fluorescent 

creen, regardless of the anode voltage 
u ed on cathode-ray o cillograph tube. 

By varying C and the maximum cur
rent passed by the current limiter tube, 
the speed at which the voltage acros 
the condenser ,rises may be controlled. 
The e two adju tments are used in the 
General Radio weep ir ui1: to adj u L 

it natural frequency. 
ince it is desirable to be able to en-

506·PI 
DISCHARGE TUBE 

I 
c 

SHIELDED 
TRANSFORMER 

/ 

FIG RE 6. chemati diagram f the 'I YPE 506-A we p ircuit 
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t r th pattern n th fluor cent r en 
of th oscillograph an au iliary po-

1t1on ontrol i pro · d d n th weep 
cir uit whl h on I the oltag 
divider R. It will be een from Figur 6 
that the horizontal deflecting plates of 
the o cillograph are o connected to the 

we p ir uit through R and the C2 
that a variable direct voltage bias i 
impre ed upon the d fl cting plates in 
addition to the aw-tooth wave. This 
makes it possible o move the ntire 
pattern horizontally in either dire tion 
on the fluorescent s reen. 

Probably the mo t important feature 
of the General Radio weep ir uit i 
the manner in whi h the instrument i 
made to synchronize with any observed 
recurrent phenomena. voltage f the 
frequency of the ob erved wave, u u
ally obtained b y  <lire "'t onne tion to 
the vertical de:fle ting plates, is im
pres ed acros the terminal marked 

o TROL. A hielded tran form r 
transmit thi oltage to the grid ir
cuit of the di charg tube. If without 

the control voltage connected, the ir-
uit is adjust d to operate at approxi

mately the de ired frequency, introduc
tion of the sour e of control voltage 
will ause the sweeping action to syn
chronize exactly with the ob r ed 
wave. ot only i the transformer 

hielded, but it i o de igned that, in 
connection with a resi tance network, 
it reduces to a negligible value any in
terference wh · h might be transmitted 
from the discharge tube back through 
the control circuits. volume control 
i al o included for varying the amount 
of control voltage applied to the di -

harge tube grid o that the be t oper
ating point may be ecured without 
the us of e ternal equipment. 

The sweep circuit is completely 
shielded to minimize interferen e, and 
designed so that the mercury-vapor 
discharge tube operate at the orr t 
temperature. Th in trumen include 
power- upply equipment, o that it p
erates entirely from the 115- olt, 60-
cyc] line . 

FJG H.E 7. The TYPE 506-A weep ircuit is shown at the right of the m unt d o illograph 
tube and its a-c operated pow r supply equipm n.t 
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Because of the automati control 
feature of the sweep circuit, thi equip
ment may be u ed for vi ual and photo
graphic examina tion of all type of re
current ph enomena occurring at audio 
frequencie , as well a certain type of 
transients and recurring waveforms in
volving freq uenci es up to approximately 
100 k . ince the sweep circuit may b 

ontrolled by the wa form under ex
amination, it may be made to lock in 
step, not onl on absolutely recurrent 
phenomena, but on many types of 
phenomena involving shifts in fre
qu ncy and amplitude. For instance, 

omple audio-frequency waves, su h 
as are emitted by musical instruments 
or an orchestra, may be observed while 
mu ic is being played, since a station
ary pattern will be obtained on any 
tone which is sustained long enough for 
observation. 

The photographs of Figure 8 were 
taken with a small poc et-type of 
camera (Ansco Memo) using 16-milli
meter ensitized paper. The amera was 
equipped with an f/3.5 anas·tigmat lens, 
and I/10th second exposure was al
lowed for each oscillogram. 

Because of the linear frequen y re
ponse of the os illograph, the detail 

ith wh ·ch the various harmonic com
ponents of a sound are shown depends 
only upon the excellence of the micro
phone and amplifiers emplo ·ed. The 
amplifying system used had an excel
lent frequency chara teristic and no 
noticeable harmonic distortion. 

-H . . . COT 

... ,/ '''"' . . . 

. 
' r 

' t 

"" �- � 'V* 

FIGURE 8. Sustained notes from a B [;. clarinet (left) and a C-melody sa ophone (right) a they 
appear on the oscillograph screen u ing the TYPE 506- Sweep Cir uit. E po ur : 0.1 econ.d 

for each record 
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VARIABLE INDUCTORS FOR BRIDGE MEASUREMENTS 

I
T is a peculiarity of bridge measure-

ments practice that, '\vhile variable 
(continuous y adjustable) capacitance 
standards are almo t univer ally used 
in preference to fixed tand ard , a gen
eral preference for fi ed inductan e 

tandards ovee variable standards has 
prevailed. There are, as a matter of 
fact, many case where measurement 
methods can be improved by the use of 
a continuously adjustable inductor or 
variometer. 

The u e of uch an instrument per
mits the use of equal arm bridges for 
ind l tance measurem nts. Equal arm 
bridges ha e very di tin t advantage , 
particularly at higher frequencies, ver 
bridges wher adjustable bridge arms 
are relied upon for a bridge balan e. 

Th who] te hniqu of I rec1 ion 
a pac · tance mea ur men ts ha been d -

veloped around equal-arm bridge sub
titution m thod . Th same te h nique 
an be adapted for indu tan mea

surements with advantage in many 
a es, a though variabl inductanc 

standards have not been developed to 
as high a degree f preci ·on as ha 
variable standards of capacitance. The 
variometer alan e i of particular 
valu where rep ated measur ments 
are made on units of appro imat ly the 

ame size, as this type of standard is 
very well adapted to a limit bridge. 

A ar"ometer { r laborator bridge 
work should h ave an inducta:n e which 
will remain constant to '\vithin narrow 
limit o r a wide frequency range. 
The re i tance hould be low. In me 
applications ruggedness and abilit to 

tand large currents are important. 
Undoubtedly one of the reason why 

the sub titution method ha not been 
more generaJly adopted for inductance 

measurements i the limitation of the 
available types of laboratory variom
eter. The General Radio line of Jab
oratory variometers, TYPE 107, has 
recently been rather e ten i ely rede
s'gned and improved with this type of 
application in view. The new variom
eter are no a ailahle in tock. 

On of th n w TYPE 107-M ariabl n
ductors with rotor and tator onnected in 

parallel 

h n w T PE 107 ariable Inductors 
are wound with stranded wire having 
individual trand eparately in ulated 
from each other in order to keep down 
high-frequency resistance. The coils 
are impregnated and baked in a high
m lting-point material o that the 
variometer can he run 40 degree 
centigrade above room temperature 
without damage. The mechani al ar
r angement of w i n di n g  h a  b een 
changed so as to provide a more nearly 
linear calibration and a new type of 

low-motion dial has been provided. 
In order to pro ide the maximum in

ductance range for each variometer, 
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provision i made for onne ting the 
coils either in series or in parallel. The 
rotor and tator inductan es are made 
equal so that -there i no circulating cur
rent when the coils are connected in 
parallel. The parallel inductance at any 
setting is one quarter of the series in
ductance at the am etting. The in.
due ance is nearl constant over a wide 
frequency range and is increased by 
only 2% at 1/10 the natural frequency 
of the coil. 

Values of maximum and m.in.imum 
inductance and d.-c. re istan.ce for the 

eries connection are marked on the 
nameplate of each instrument. Calibra
tions, ac urate to %, for the entire 
range of the eries connection at 1000 

y le per second may be obtained at a 
mall additional charge. 

The resi tance i of our e a function 
of frequency a d varie approximately 
with the square root of frequency. The 
direct- urren.t re istan e whi h is ub-

tantially the am.e as the 1000-cycle 
resi tance i measured for each ari
ometer and 1:his alue is supplied with 
the in trument. The table here lists 
t e value of Q1. at that frequency for 
which it is a maximum for each coil. 
These value are for the coil at full in
ductance setting. 

11 of the new varjometer have a 
15-watt di ipation for a 40 degree cen-

tigrade ri e. At this wattage and tem
perature there is a 16% in r a e i n  the 
direct- urrent resistance. 

The able below list. :new TYPE 107 
Variable Inductors. Ranges have been 
generally readjusted and a :new- in tru
ment has b en added so 1:hat variom
eters are now a ailable for indu -
tances from 0.005 millibenry to 500 
millihenrys. The values r sted below 
are average values for 1:he several 
ranges of variome1:er. The resistan e 
given is the direct current resistance 
measured at room temperature. The 
current alue is that producing 40 de
gree temperature rise. Maximum and 
m.in.imum inductance are gi en for the 

eries conne tion. The natural fre
quency for maximum etting of each 

ariometer i given. The maximum 
value of Q and the frequen y a·t whi h 
it occurs are al o Ii ted for each coil at 
maximum in.du tan e setting. 

Qty. Ro I Lmin. Lmax. fo Q al f" 
-- --

Unit n a mh mh k k· 
-- -- -- --

107-J 0.17 8.5 0.005 0.05 5000 110 400 
107-K 0.7 4.0 0.05 0.5 1500 140 200 
107-L 4.0 1.7 0.5 5 1500 125 60 
107-M 40 .60 5 50 150 65 20 
107- 64 . 1 4  50 500 30 20 7 

The price of the new TYPES 107-J., 
� L and M Indu tors is 30; that of 

TYPE 107- IS 40. 
- c RLE T. B RKE 

1 Q is t:he quantity, ometimes call d dissipation factor, that e pre e 

given inductor when u ed as a tuning element. It is the ratio of reactan 

at the frequency in quest:ion. 

the ex Hence of a 
· (wL) t:o res1stance R 

T
'HE GENERAL RADIO COMPANY mails the Experimenter, without charge, 
each month to engineers, scientists, and others interested in commun

ication-frequency mea.surel'rlent and control problems. Please send requests 
for subscriptions and address-change notices to the 

GENERAL RADIO COMPANY 

30 State Street Cambridge A, Massachusetts 
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