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E:XP�RIM�NT�R 

VOL. IX. Nos. 6 and 7 NOV. - DEC., 1934 

�L�CTRICAL COMMUNICATIONS T�Cl-INIQU� 

AND ITS APPLICATIONS IN ALLl�D Fl�LDS 

A NEW MOVING-FILM CAMERA 

:� 
EW magazine-type of 

camera, design d to oper
ate o er a wide rang of 
film speeds, pro e us ful 

for all sorts of oscillographi and 
chronographic reco ·ding. 

One of it mo t useful applications is 

in obtaining cathode-ra o cillograms 
of. re urren or tr an ient phenomena, 
either as a continuous or an intermit
tent record. Recurrent phenomena, if 
syn hronized with a sweep cir uit, may 
be ob er d a a stationary picture and 
photographed with "an ordinar �� till" 

The high film speed al which the new continuous-Jilut camera will operate make it pos ibl to 
take cathode-ray o ciJlograms of high-frequency transients . The photograph shows the as 

6 1-A-E amera emhly and a TYPE 687- Electron 0 cillograph and Bedell Sw ep Cir uit 
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2 THE GENERAL RADIO EXPERIMENTER 

camera. On the other hand, transi nt 
phenomena or re urrent phenomena 
which do not rep at at equally paced 
inter al must be photographed upon a 
continuously movingfi.lm in order to ob
tain a suitable re ord. Examples of 
noi e oscillogram taken with this cam
era unit are shown on page 3. They 

how how a onsid rable amount of re -
olution of high audio-frequ ncy wa e
form an be ac ompli hed at a film 

pe d of 32 feet p r ond. 
athode-ra o cillogra n are made 

by applying the oltage in que tion to 
Lhe '�horizontal" deft ting plates, thu 
produ ing a ingle traight line on the 

reen of the ·tube. he camera i set up 
a hown·on page that the motion 
of th .film upplie th n e ary time 
axi perpendicular Lo the displacem :nt 
of the ca hode-ray am. In this man
ner all ort of o illographic re ording 
may be accompli hed at audi fre
qu n ie bowing laborate detail and 
freedom from the dist rtions which 
might h introdu d b  an o illograph 
emplo ing ibrating m m.b r . 

The Cla s 651- - sembly 
con i t of a cast aluminum hou ing 
pro ided wi th tw Hang for mounting 
it in any position. r movabl lide 
give acces to a ingle ompartment 
hou ing th magazin r l (capacity 
100 feet) the 4%' -in h driving pro k t 

de ign d for 35-min rforated film or 
pap r, and the take-up r l. 

Th film, whi h i run ontinuou ]y 
at a ho n and entially uniform 
�p d, i fed dii-e "tl from the maga
z1n r el ov r a port i n of th dri 

pr cket and thenc dire t1 onto th 
Lak -up r l, ther being n lo p , a in 
the rdinary moLion-pi tur camera. 
Idler guide rollers in ur the proper lay 
of the film on the rim of the driving 

procket. ile pa ing over the driv-
ing pro ket, the film · s ontinuously 
e po ed through a r tangular window 
opening e tending along the film for % 
in h and a ro the film for one in h be
tween the spro ket hole . The curva
ture of the sproc t i small enough to 
permit sharp focu ing over thi ar a. 

An f /2 .5 len of 4 7 -mm focal length i 
upplied. Ther i an iris diaphragm 

but no shutter. Thi len i provi ed 
with an adjustable focus co ering a 
rang of inear obj ct-to-image ratio of 
from 4.0 to about 7 .0, orr sp ing to 
a di tance of the object from th fron t 
fa e of th am ra of from 10.25 inch 
to 15.5 inches. 

Oppo i e the Jen moun ting i lo
ated th fo u ing eyepiece which, by 

virtue of two 1·ectangular holes in the 
ri1n of th drum pro ket, permits fo

u ing and b rvation of the area of 
expo ure. 

The camera 1 driven by two 115-
volt uni er al ri -wound motor 
mounted ext rnall on the i e of the 
bou ing. One of th mot rs i on
nected dir ctly and permanently onto 
shaft of the take-up r l. The oth r mo
tor i onnect d th1·ough a If-con
tained 8.5-to-l r duction gear and a 
uni r al joint to th driv pro k t. 
This dual-motor drive syst m pr id 
a a ti fa torily uniform fi]m elo it 
o er a wid rang of p ed . The motor 
on the take-up r 1 t nd to dri e that 
·eel at a peed higher than the rat of 
.film travel o er th dri e procket and 
thu eliminat any la k bet w  n th 
pro ket and the take-up re 1. Th 

m Lor-dri en pr ket pull th film 
from the magazine reel with no la k, 
be au e of friction on the shaft of the 
magazine reel. 

(Continued on page 8) 
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THE NEW CAMERA RE CORDS HIGH-SPEED TRANSIENTS 

Cathode-ray oscillograms of noise from an internal-combustion engine 
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n os illogram of engine noi e at a film. peed in t.he icinit. of 8 feet p r se ond, about the t: p 
pe d for continuou -film cam ra heretofore a ailable. t thi p cd on cle f a  0, 00- clc 

trac i a little 1 than 0.01 inch long 
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By running the film at a higher speed, resolution is markedly improved 

BELOW: 32-foot-per-second noise o cillogram from the ame engine that made the record at 
the top of the page. An intere ting blur becom s a t.race that can be analyzed. 

BOVE: 5000- ycle trace, made at a film pe d duplicating tha of the noise record as clos Jy 
a po sihle. There are 13 cycles per inch, i.e., 32 :£ t per second, ju t under the maximUil1-ra1:ed 

p d of 1.he new earner a 

CONDITIONS 
CLAS 528 Cathode-Ray Oscillograpb ssem.bly wiLb a TYPE 528-B Tube. Acceleratillg potential, 3000 olte. Lens 
aperture, f/2.5. Emulsio.n, Eastman _ 697 Recording Papec- Ratio betweeD length of trace on oecillograph 

screen and im.agc on 61Jn, 5 to 1 
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A COMPARISON BET�EEN CA 
CHARA CTERISTI CS OF EA CH OF THF,; :rH 

S h o w ing differences between Sic. 'CU: 

VOLT AGE SENSITIVITY 

and 

RELATIVE SCREEN DIAMETER 

Traces spaced 25 d-c volts apart. 
BoLh Fast and Slow-Screens have 
the am.e voltage ensitivity. 

Photographs � Actual Size 

RELATIVE PHOTOGRAPHIC 

BRILLIANCE 

Each photograph shows 6 succe sive 
snapshots of a trace from a linear 
sweep circuit for which only the 
camera-diaphragm opening was 
changed. The J number for each e -
posure is given hen.ea th each line. 

The length of trace, sweep frequency, 
shutter speed, and emulsion were 
the same for all exposures. 

ote the greater actinic power of the 
fast-screen tubes. See table, page 7. 

TYPE 63 5-8 ELECTRON 
OSCILLOGRAPH 

ACCELERATING VOLTAGE 
FIXED AT 1 000 V 

Type 635-P2 (Slow) 

Type 635-P3 (Fast) 

f/22 f/16 f/11 f/8 f/5.6 f /4.5 

TYPE 
OSCILL 

SWEEP 

ACCEL 
Fl 

T� 

T 

�2 f/ 
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A THODE-RAY OSCILLOGRAPHS 
ENERAL RADIO OSCILLOGRAP HS 

cree _nd Fast-Screen Tube Equipment 

fPE 687-A ELECTRON 
ILLOGRAPH and BEDELL 

P CIRCUIT 

CELERATING VOLTAGE 
FIXED AT 1500 V 

111 
., 

-=r�i 
�· "" 
;.,,. -I C: 
I 
\ •• II I M 11 

Type 687-P1 (Slow) 

Type 687-P2 (Fast) 

111 f/8 f/5.6 f/4.5 

CLASS 528 CATHODE-RAY OSCILLOGRAPH 
ASSEMBLY 

ACCELERATING VOLT AGE ADJUST ABLE 

1000 v 3000 v 

Slow-Screen Tubes 

o Longer Available 

for This Oscillograph 

Type 528-B (Fast)- (3000 V) 
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---.:: 

FAST-SCREEN versus SLOW-SCREEN TUBES 

SI CE for many reader , th data 
presented in the preceding two 

pages may be the fir t n ti that not 
all tub -s reens ha e Lhe am charac
teristi s, the e ent· al diff ren e be
tw en what we al1ed {''fast creen " 
and ''slow screens"mu t be pointed out. 

If one were to make a visual com
parison in the same o cillograph be
tween a fast- creen tube and a similar 
slow- i·e n tube he would notice first 
that the slow-screen tube produced a 
green pattern that appeared to be 
somewhat brighter than the blue pat
tern of the fast-s reen tube. Then, if he 
were Lo compare ph tographic bril
lian y u ing a camera loaded with eri
chrome or super-sen 1t1 e panchro
mati film he would find the fast
screen trace noti ably more actinic. 

no th r difference, e tremely im
portant in many high-frequency mea

surement applications of the cathode

ray o cill graph, app ar when one at

tempt to take ph tograph with a 

moving-film camera. The a ompany

ing photographs how what appened 

when a line on the screen produced by a 

60-cy le applied oltage was spread out 

by swinging he amera on a pi ot. 

A i\ (\ f\ I\ I\ /' l' : ' j ' ' 

I J v 0 v V ·v V J 

The fast-screen trace is clear and sharp, 
but the slow-screen trace i b lurred and 
fogg , due to the fact that in a slow
screen tube the fluorescence at any 
given point persist for an appre iable 
time after the electron beam exciting it 
ha mo ed on. Where, in a fast- reen 
tube, fluorescence disappears in les 
than 25 m.icrose ond , f:luoroescen e in 
a slow-screen tube persists for as much 
as 2000 times a long. The effect is very 
noticeable when resolving a 60-c le 
tra e, and it becomes increasingly both
ersome as the frequency increase . 

For most work around the labora
tory, especially where photography is 
contemplated, the fast-screen tube is 
recommend d. Its isual brilliancy, 
Lhough less than the slow-screen tube, 
is nevertheless satisfactor for all or
dinary purposes. Only when the bright
est pos ihle patterns are required (as in 
lecture-room demonstrations) or when 
persistence is an a set (as in viewing 
patterns with a weep circuit adjusted 
for a very slow sweeping rate) should 
the low-s reen tube be purcha ed. 
fa t-screen tube is absolutely essential 
when photographs are being taken 
with the new CL 651- -E Camera 

ssembly. 

Spread-out traces from a 60- ycle voltage obtained by swinging the cam.era on a pivot. Fast
screen tube on the left, low- creen tube on the right. ote the ab ence of blur in the fa t-screen 

trace 
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FAST-SCREE TUBES NOW STANDARD EQUIPMENT ON 

ALL GR OSCILLOGRAPHS-PRICE CHANGES 

7 

B c E of the wider range of u e
fulnes it afford the laborator , 

all General Radio electron o illograph 
are now upplied wit h  fast- reen tube 
unl spe ific instructions to the con
trar accompany the order. Slow- peed 
tube for the Class 528 Cathode-Ray 
Oscillograph Assembly are no longer 
availabl . 

creen tube to the pric f r he om
plete o cillograph and er dit the re
place1nent price of th orre ponding 
fast- reen tube. 

The following pn e a1·e now n1 
effec·t: 

TYPE 635-B Electron Os illograph (with fa t-
creen tub ) ....................... $82.00 

In order to determin tl e price of an TYPE 687-A El ctron cillograph and Bedell 
Sweep i.rcuit (with fast- r n tube). 18 .00 

*CL 528 athode-Ray 0 illograph o cillograph with a slow-s reen tub , 

add the replacement price of the slow- emhly (with fas1.- creen tube) . ..... . $293.50 

REPLACEMENT TUBES FOR CA THODE-RAY OSCILLOGRAPHS 

T pe 
635-P2 

635-P3 

Type 

687-Pl 
687-P2 

T_ 'Pe 
*528-B 

For 

For TYPE 635-B Electron Oscillograph 

Code Word 
c MIT 

creen Tube UDDY 
Electron 0 illograph and Bed 11 we p Cir uit 

creen Tube 
Fa t-Screen Tube 

LASS 528 Cathode-Ra 

Fa t- reen Tube 

Code Word 

ES OCAT 
0 cillograph embly 

Code Word 
C MEL 

*Fa t-ecreen tub 8 only are a ailahle for thi1:1 oscillograph a sembly. 

Price 
18.00 
20.00 

Price 
78.50 

PERFORMANCE SPECIFI CATIONS FOR CA THODE-RAY TUBES 
(Based n E, perimental Data Like That 

creen Fat Accelerat-
T pe Diam_ OT low ing Voltage 

635-P2 3 in. low 1 000 
635-P3 3 in. Fa t 

687-Pl 5 in. low 
1500 

687-P2 5 in. Fa t 

528-B 7 in. Fat 3000 

1000 

500 

•A erag for: both pairs f plate . 

hown on Pag 
D-C Voltage 

ensitivity* 

0 . 0 1 3 in/ 

j 0. 12 in/ 

0.0087 in/v 
0.0026 in/ 
0.0013 in/ 

4 and 5) 

6,4.00 in/ c 
16�000 in/ c 

50,000 in/ e 
..... . . - . . . .  

300 in/s 

fTbese values ar:e 1naximum workable spot for: er:ichrome film, on th ha is of a h� polh tical apertm: 

J/1.0 and with the creen at infinite di tance from the len . The maximum peed 'for auy other apertur fl and a 

ratio kb tween length of trace on screen and on the am ra plate is: ' = --(-1 -+-k-)-2 -
r2 __ k 
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8 THE GENERAL RADIO EXPERIMENTER 

A NEW MOVING-FILM CAMERA 

(Continued from page 2) 

MAGAZINE REEL------

DRIVING SPROCKET------� 

FOCUSING EYEPIECE.------� 

Th e c amera 
with the slide re
moved to show 
how the film is 
threaded. riv-
ing sprocket: and TAKE-UP REEL 

take -up reel are 
each driven by 

eparate motors. 
The camera is focu ed by viewing the 

object through the focusing eyepiece 
when the two apertures in the driving 
sprocket are aligned as shown. The image 
for:rn.s on a small piece of translucent film 

inserted in the gate 

Film speeds may he adjusted by con
troll ing he voltages applied to both 
motor simultaneously. For this pur
pose, the TYPE 100-L ariac i to be 
recomm.ended when alternating current 
is u ed. At 110 volts, a film speed of ap
proximately 15 feet per second is ob
tained. 

Increa ing the vol t age morn ntaril 
to 230 volts gives a speed of 35 feet 
per e ond. Decreasing the voltage to 
65 volts gives a speed of about 1 foot 
per econd. 

For film pe ds under abo t 5 feet 
per second, a full magazine may be 

LENS 

�-

u ed and the camera started and topped 
as of ten as required. 

The camera is daylight loading if 
the film or paper has a length of black 
H leader" for threading. In high- peed 
camera work, however, leaders are sel
dom required because le s film is lo t 
in loading than. is lo t in getting up 
to speed. -HORATIO W. LAM o ,. 

CLA 651- -E Camera A s m ly., 
omple t  w"th f /2.5, adju table-fo u 

lens and two motor a illu tra Led on 
page 1: Price, $495.00; Code Word, 

DINER. 

�� 
GENERAL RADIO COMPANY 

30 State Street Cambridge A, Massachusetts 
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A COMPARISON BETWEEN CATHODE-RAY OSCILLOGRAPHS 
CHARACTERISTICS OF EACH OF THF -..THREF. G ENERAL RADIO OSCILLOGRAPHS 

Showing differences between Sic. lcref: �,td Fast-Screen Tube Equipment 

VOLT AGE SENSITIVITY 

and 

RELATIVE SCREEN DIAMETER 

Traces spaced 25 d-c volts apart. 
Both Fast and Slow-Screens have 
the same voltage sensitivity. 

Photographs >i' Actual Size 

RELATIVE PHOTOGRAPHIC 

BRILLIANCE 

Each photograph shows 6 successive 
snapshots of a trace from a linear 
sweep circuit for which only the 
camera-diaphragm opening was 
changed. The J number for each ex
posure is given beneath each line. 

The length of trace, sweep frequency, 
shutter speed, and emulsion were 
the same for all exposures. 

Note the greater actinic power of the 
fast-screen tubes. See table, page 7. 

TYPE 635-B ELECTRON 
OSCILLOGRAPH 

ACCELERATING VOLT AGE 
FIXED AT 1000 V 

Type 635-P2 (Slow) 

Type 635-P3 (Fast) 

f/22 f/16 f/11 f/8 f/5.6 £/4.5 

TYPE 687-A ELECTRON 
OSCILLOGRAPH and BEDELL 

SWEEP -. CIRCUIT 1 ·· . . . . 
. .;- . I 

I· .. � .��---� . . ,.�· - . . ' -
,! :- . ... . .  . 

�J . :')- • . . J �-.1 ./. . � . &F 

ACCE�ERA TING VOLTAGE 
FIXED AT 1 500 V 

Type 687-P1 (Slow) 

Type 687-P2 (Fast) 

CLASS 528 CA THODE-RAY OSCILLOGRAPH 
ASSEMBLY 

ACCELERATING VOLTAGE ADJUSTABLE 

'jJ 

-

1000 v 

) 

Slow-Screen Tubes 

No Longer Available 

for This Oscillograph 

3000 v 

Type 528-8 (Fast)-(3000 V) 

f/22 f/16 f/11 f/8 f/5.6 f/4.5 
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