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THE DEVELOPME1~ OF THE CATHODE RAY OSCILLOGRAPH 

INTRODUCTION 

A. The Oscillograph 

An oscillograph ia an instrument which indicates, 

either visibly or photographically, the tru~ wave form of a 

periodic or transient current or potential. The first in

strument of this kind was invented by Blondel' in 1892 and 

called by him an uoscillograph". He had previously stated 2 

the following re.quiai tea of an instrument capable of follow

ing rapid changes of current or potential: 

(1) A natural frequency of oscillation at least fifty 

times that of the phenomenon under investigation. 

(2) Damping such that the motion is.exaotly dead beat. 

(3) Low self induction. 

(4) Negligible hysteresis and eddy-current effects. 

(5) Suitable sensitivity. 

He also shows that with such an instrument the indicated value 

for a sinusoidal periodic quantity of frequency f is 
1 

1 + (f/f
o 
rzo X the true value, where fo is the natural fre

quency of the oscillograph. For a transient quantity the 

formula applies to each individual sinusoidal component. 

Blondel's oscillograph was of the 'moving iron' type, but 

he also suggested the use of the 'moving coil' principle 
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3 which was applied by Duddell with great success. The 

Duddell oscillograph was the first really practical oscillo

graph. A single loop of thin phosphor-bronze strip is 

stretched in the narrow air gap of a powerful electromagnet. 

The lower ends of the loop are fixed, and the tension of the 

strip is adjustable. The passage of a current causes a 

small mirror, attached to the loop, to deflect a beam of light 

across a falling photographic plate. Critical damping is 

obtained by immersing the whole loop and mirror in oil. The 

moving system is made very light, so that the instrwnent has 

a high natural frequency - about 10,000 cyoles per second. 

It is useful for examining waves of frequencies up to 500 

cyoles per second, and it can be insulated for direct connec-

tion in circuits operating a~ 30,000 volts. For high tension 

work, waere the potential may be as high as 250 kilovolts, 

electrostatic oscil1ographs have also been devised. The 

instrument developed by Ho and Koto4 in 1913 is similar to 

the Duddell instrument in its damping characteristics and 

natural period (3,300 cycles per second), but being operated 

purely by electrostatic attraction it is more suitable for 

high voltage measurements. 

With the development of radio co~~unication and 

carrier wave telephony there has arisen the need for an os-

cillograph whioh can faithfully delineate high frequency wave 

forms. Carrier Wave frequencies of 150 kilocycles are in 

common use today, so that this type of work is far beyond 
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the range of the mechanical osoillograph. A natural period 

of vibration is an inherent property of the mechanical os

cillograph, as its operation depends on the motion of a 

finite mass controlled by an elastic constraining force. 

If we desire an instrument which shall be capable of indica

ting the magnitude of an electric variable, no matter how 

high the frequency may be, then we must seek some indicating 

device whioh does not contain a mechanical oscillatory sys

tem. Such a device is found in a narrow beam of cathode 

rays. Since its inertia is quite negligible it will respond 

instantaneously to changes in a deflecting field, and as it 

has no natural period it will have no frequency limitation. 

An oscillograph employing this device was first designed 

by Braun5 in 1897 - the same year in which Thomson 6 employed a 

similar oathode ray apparatus for the determination of the 

physical constants of the electron. In the Braun tube cath

ode rays are produced by a p.d. of about 50,000 volts. A 

narrow beam of cathode rays passes through 8 small hole in 

the anode and then between the poles of an electromagnet 

and a pair of electrostatic deflecting plates. Variations 

of the current through the magnet, or of the p.d. between the 

plates, produoe a deflection of the' cathode beam which is 

rendered visible where it impinges on a fluorescent screen. 

The Braun tube has been used by many workers and has been 

improved by them in vario~s details. Ryan; in 1903, re

ported work on wave forms with a specially designed Braun 

tube built by Mttller-Uri of Braunschweig. In 1905, Rankin 8 
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used a similar tube with an axial focussing coil. In 1914, 

Dufour 9 proposed using the cathode ray tube for recording 

very rapid transient phenomena. This required a more power

ful instrument, and he used a p.d. of 30 - 60 kilovolts. 

Dufour's oscillograph is at present the most successful in-

strument of the high voltage oold oathode type. With it he 

has obtained excellent photographic records of frequencies 
5 '0, n. of the order of 10 cycles per second. 

Before discussing the desirable features of an os

cillograph we must examine the properties of an electron 

beam passing through a magnetic or an electrostatic field. 

Consider an electron moving with velocity v at right angles 

to the direotion of the field. The field will not have 

sharply defined boundaries, but for simplicity we may oon

sider that the electron passes for a distance i, through a 

uniform field. If f is the transverse acceleration of the 

electron in the field it will aoquire a transverse velooity 
i, 

u = f.- . v The time to reach a screen or photographic 

plate at a distance D from the centre of the field is D 
v 

so that the deflection on the screen due to the field is 

given by 

Deflection = fiD 
v 2 

If V is the potential dliference between the cathode and 

the anode, we have for the velooity v of the electron, 

2Ve 
m 

, 
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For an electrostatic field between two parallel plates, 

potential difference E, length j, , distance d apart; 

Electric field = E 
d 

Transverse acceleration = 
Ee 
md 

• 
• • Deflection on screen, Y = 

iD E 
= 2d·V 

For a magnetic field H produced by an electromagnet or a 

solenoid, H is proportional to the number of ampere-turns, 

and we have: 

Transverse acceleration = Hev -
m 

LD • Deflection on Hev 
• • screen x = • m v 2 

k H 
;;: • IV 

(If H is measured in gauss, V in volts, I and D in ems., 

k = .29SLD) 

In the derivation of the above formulae the mass or inertia 

of the electron has been a.ssumed constant, a.nd the results 

obtained hold accurately for values of the accelerating 

voltage V up to 10 kilovolts. AQove this value however 

the velocity of the electron begins to approach the vel

ocity of light, and the transverse mass of the electron 

varies with its velocity according to Lorentz's formula 
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We may now proceed to a study of the various factors affec

ting the uee of an electron beam as an indicator. There are 

three types of cathode ray oscillograph in use today, and the 

most important point of difference between them is the order of 

magnitude of the accelerating voltage employed. Thus the Dufour 

oscillograph runs on 30 - 60 kilovolts, A.B.Wood's oscillograph 

on 3000 volts, and the Western Electric oscillograph on 300 

vDl ts • As we have already shown, the electric and rm.gnetie 

sensitivities vary as ~ and ~ respeotiwely, so that there 

are strong reasons for the use of a low voltage instrument. 

As will be seen from the following considerations however, a 

high velocity beam is essential for work such as the record

ing of high frequency or transient phenomena. Acoording to 

tQhiddington'2 and Terrill f3 the penetration of cathode rays of 
'. 

velocity v into matter is given by t = v4 /s, where a is 

a constant proportional to the density of the absorbing matter. 

The depth of penetration is therefore proportional to the 

square of the aooelerating voltage. By applying this, A.B. 

\"lood M- ha.s shown tha.t for an ordinary gelatine photographic 

emulsion the depth of penetration ~ -'2 t = 1.25 V x ~o ems. approx-

imate1y. Taking the thickness of the emulsion as about 

10-3 ems. we get complete penetration with 30,000 volts, 

1 % penetration with 3000 volts, and 0.0110 penetration with 

300 volts. Wood'S describes various methods of increasing 

the sensitivity of the photographic plate to cathode rays, 

but however this may be done the advantage of the high 
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velocity ray remains. Dufour has used his high voltage oscil

lograph for wireless oscillations up to frequencies of 

200 X 106 cycles per second. The velocity of the cathode 

ray spot in making such reoords is of the order of 108 ems. 

per second, so that no trace will be found on the plate un

less the phot.ographic effioiency of the cathode ray is very 

high. When examining very high frequenoies there arises 

another factor calling for the use of a high voltage ray. 

As the electron takes a finite interval of time to pass through 

a deflecting field, its deflection w'ill be a measure of the 

average strength of the field during that interval, and when 

the field is changing rapidly this mean strength will differ 

from the true instantaneous value at the middle of the in

terval. The error is shown by .1fines 16 to be approxinRtely 

.165 {~!L)2. Assuming a plate length of 5 ems. this gives 

Error = 40 (~t 

The following table will give an indioation of the %age 

error at high frequencies for various accelerating voltages 

V f % Error 

106 negligible 
300 107 0.4 I 

108 40.0 I 

3,000 107 0.04 
108 4.0 ~ 

30,000 
107 negligible 
108 0.4 
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Obviously for very high frequency work the accelerating 

voltage must be over 1000 volt&, but for moderately high 

frequencies the error is quite inappreciable, even with only 

300 volts. 

In making an accurate oscillographic record, the 

lines traced on the plate by the cathode beam must be narrow 

and sharp- This is a difficult condition to fulfil, for a 

beam of electrons is naturally divergent, owing to the mu

tual repulsive force between each electron and its neighbours. 

The motion of the electrons produces an electromagnetic 

field which tends to contract the beam, but no matter how 

fast the electrons move the convergent electromagnetic 

force can never be as great as the divergent electrostatic 

fo rce- Consider an electron. beam of radius r formed by the 

liberation of n electrons per second, moving with a velocity 

v. There will be n/v electrons in unit length of the 

beam. The radial electrostatic field E at the surface of 

the beam is given by 

• 
• • 

• • • 

ds = 41T. ~ 
V 

E. 21fr = 4'lI M . v 

E = 2ne 
r.v e -s.u-

••• Radial electrostatic force on one electron = Ea e.s.u. 

= 2ne~ 0 2 

r.v e.m.u. 
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The eleotromagnetic field H = ~ = 2ne 
r r e.m.u 

• •• Radia.l eleotromagnetio force on one eleotron = - Hev 
= _ 2ne2v 

r 

••• Resul tent dispersive force on a boundary electron = 2nEf( cf-V'J rv 

Let J = ~2 be the initial ourrent density of the beam. The 

radial dispersive force on a boundary electron, where the 

radius of the beam is y, is 

y = 

:: 
c':..v2 1 

21Ir~ e J. v • y = 

If the electron beam is initially parallel and of radius r, 

we have for a boundary electron ., 
} my:! = f~ dy ,. 

= k" log il. r 

.'.~. dy '" 1l0g~. dt 

• . . t _ rm (' dy 

Y2Kl1/l0gyjr ,. 

Let the expansion ratio of the beam be R, so that 

then x = vt = 
11 

V I mv f, dR 
2'¥ 1TeJ( cZ-v2

) "log "R 
I 

R = l 
r 

2 --I Substituting for m, the transverse mass , its value mo (1 -!. ) 
c2 

and denoting the integral by F(R): 



rm:-
x = V-;;;eJ • 

v~( V2)-~ 
- 1 - -2 • FeR) o c 

Alao let iPCv) -

so that 

or 

F(R) = J4'Ire fJ 
mo • x iPfVl 

F = axil. 
t/J 

i 4 '1fe where a = --m
o 

= 14920 
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The value of ~(v) for anw value of v-may be obtained from 

the graph below. The above formula gives Ft and the value 

of R corresponding to the value found for F(R) is also given 

by a graph. 

Rand FeR) is 

or 

An empirical equation for the relation_ between 

R - 1 
2F2 

= F + 6 

R = 
2F2+ F + 6 

F+6 

Consider the energy T arriving per second per sq. cm. at 

the screen or photographi~ plate: 

• • • 

• 
• • 

T 

T 

{Toe 

= 

F(F+6} 
• 

2F2 + F + 6 x 

m v2J 
2e • -R2 
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By differentiation, we find that the maximum value of 

F(F+6) 
2 'is given by F ~ 2.435 

2F + F + 6 . 

Results: -

(i) The optimum value of J for any value of 4:J is gi ven by 

(i1) 

(ill) 

{J = ~ = 2 .435 • m 
ax 14920 x 

Thus the optimum value of J decreases as x is increased. 

When J is adjusted so that = F = 2.435, 

then the 

This explains the curious result of (1) : for as we 

increase x, T decreases, and we can not make up for 

increasing x by increasing J t but rather we must de

crease J according to (i l. 

F(R) = 2.435, • 
• • from the curve, R * 2.4 

The value of R t corresponding to the optimum value of 

J, is R = 2.4. Hence J will satisfy (1) when it is 

adjusted so that R = 2.4. 

These three results lead to the following method of procedure 

in designing and using an oscillograph. First we must plan 

to use the highest voltage available, so that v may be as 

great 6S possible. Then we choose the smallest value of x 

which will give the necessary sensitivity. To obtain the 

diameter of the pin-hole limiting ~he initial size of the 

eleotron beam t divide the maximum allowable diameter of the 
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'spot' by 2.4. The design and power of the source of electrons 

must be such that we can send throu~h the pinhole a beam of 

electrons of current density J, where J has the value re-

quired by (i). 

Owing to the practical difficulty of producing a 

parallel electron beam of high current density, attempts have 

been made to use a large beam of relatively low density and 

focus it in the plane of the photographio plate. The axial 

fooussing coil is one of the earliest and most commonly 

used devices for this purpose. A short solenoid, about 

6 inches in diameter, is mounted in front of the cathoae so 

that the electron beam moves along the axis of the coil. 

The number of ampere-turns necessary is of the order of 

1000. An electron movir~ at an angle Q to the direction 

of a magnetic field H, with a velocity component v in the 

direction of the field, will have a cOHlponent v tan Q at 

right angles to the field. This component will produce 

motion in a oircle of radius 

r = m - . e 
v tan Q 

H 

Since its component v remains constant, the electron 

will move in a helix. The time for one revolution is 

t = = v tan Q 
m 

21T -He 

so that the distance between two successive transits of 

the line through the initial position of the electron, 
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parallel to H, .is 

s = 

Sinoe this distanoe is independent of Q, electrons diverging 

from a point in the field will be brought to a focus. It 

should be noted that the oylinders on which the helical 

electron paths lie are not ooaxial, but h~e a common gemr-

ating line. In the oase of a non-uniform field, such as 

that produced by a single ooil, the radius of the helix 

will vary, but the focussing property of the field will be 

unaffected. The disadvantage of this method of focussing 

is that the spot produced is not uniform, but usually has 

a 'tail' Whioh is troublesome. Also the use of a m~-

netic defleoting field complicates the effect of the foom.-

sing fiela. A more direct method of focussing, in which 

the electrons are accelerated radially, is to be preferred. 

In a tube containing gas, focussing may be obtained by 

using a ooncave cathode, or, as in the ~'[estern Electric 

tube, the ionizing property of the moving electron may 

be used to focus the beam. Owing to the difference in mo

bility between the positive ions and the electrons, a radial 

field is built up aroung the electron beam. This keeps 

the beam from diverging, and with the correct gas pressure 

the beam may be focussed by regulating the current density

For high vacuum tubes a higher velocity beam is employed, 

and there is less need for focussing. To get a high current 
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density, however, the eleotron disoharge from the hot fila

ment oathode must be fOQussed on the pinhole in the anode. 

The most suooessful method of dOing this was developed by 

Coolidge /7 for his X-ray tube. The filament, wound in a flat 

spiral, is mounted ooaxially with a oylindrioal metal hood. 

The hood is negative with respeot to the filament, and the 

amount it projeots beyond the ~lane of the filament controls 

the focussing effeot. This devioe was used in an osoi110-

graph by Samson IBin 1918, and later by Keys /9 and vVood!5 

Another method tried by Wood was to use a tubular anode with 

a wire mounted along its axis. The wire was oharged posi

tively with respeot to the anode tube, so that the eleotrons 

passing through the a:rm.ode were subjected to a radial field-. 

The Coolidge type of oathode gave better results, but this 

idea seems theoretically sound an~ is worthy of further ex

perimental investigation. Further \-vork on the- developmert 

of this part of the oscillograph is being done by the writer. 

We have not yet considered the oonditions imposed 

on the design of an osoi1lograph by the requirements of the 

defleoting systems. If the instrument is used to measufe 

potential variations the resistanoe between the eleotro

static defleoting plates must be infinite, or serious errors 

may be introduced. This is especially so when examining 

transient eleotrostatic effeots wrrere the leakage ourrent 

must be quite negligible. If there is to be no ourrent 
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between the deflecting plates there must be no gas in the 

tube. For the measurement of explosion press~~e with a piezo

eleotric orystal, Keys'S us~d a gas free tube with a hot fila

ment oathode. Vlhenever a tube containing gas is used it must 

be borne in mind that the electrostatic deflecting system 

is equivalent to a condenser and resistance in parallel. 

Before using such a tube this resistance must be determined. 

Dufour, Who uses a tube containing gas, plaoes his plates 

outside the tube. This prevents the passage of ions from 

one plate to the other, but the space charge produoed between 

the plates is still an objectionable feature. The magnetio 

defleoting s::-stem presents no diff10ul ty, except that the dimensions 

and design should be such as to confine the field to a sharp-

ly defined region. 

A long paragraph might be devoted to a detailed 

description of the various types· of oscillograph in use today, 

but as the outstanding features have been mentioned in the 

previous discussion it seems only necessary to give a brief 

classification of types. Thecold cathode is always used 

in tubes containing gas and the hot filament cathode in high 

vacuum tubes. Wood/~classifies modern oscillographs 

into three types, according to the accelerating voltage used. 

The high vnltage oscillograph,as perfected by Dufour, uses 

up to 60 kilovolts. The advantages are high ~hotographic 

sensitivity and ability to record very high frequencies by 
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by a single transit. The medium voltage oscillOgraph as 

developed by Keys and Wood uses from 3000 to 5000 volts m1d 

oombines photographic sensi ti vi ty wi th VD 1 tage and current 

sensitivity. The D.C. high voltage su~ply is taken from an 

Evershed 6000 volt generator - a simple and convenient unit. 

The high vacuum is easily obtained by means of a standard pump, 

such as the Cenco 'Hyvac'. The low voltage oscillograph, 

suoh as that developed by JolUlson2oand manufactured by the 

Western Electrio Co., operates on 300 volts. It is very 

sensitive, and being sealed permanently it is portable and 

easily set up. The tube however aontains gas, and this, 

together with the fact that it is not adapted for recordi~ 

a single traverse of the spot, renders it quite unsuitable 

for examining transient electrostatic effects. It is very 

oonvenient for examining alternating current phenomena which 

can be reproduced on the soreen as Lissajous' figures. In short, 

the low voltage tube is cheap, oonvenient, rtnd easily operated, 

and is unexcelled for rough testing by visual observation. 

For giving permanent records of high frequency effeots the 

higher voltage types of instrument are of greater value. 

We are now in a position to show why the oscillo

graph, in its present state of development, is still regarded 

as an instrument which is more suitable to the research lab-

oratory than to the engineer. Routine testing and oommercial 

work require an instrument wAich is always ready for use, and 

Which does not need frequent calibration. In this respect 
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the Western Eleotric tube is ideal - but its field is limited. 

The p:reatest diffioulty in the develonment of the osoillo~raph 

lies in the recording part pf the apparatus. As long as 

plates have to be put inside the tube it must frequently be 

opened and as often exhausted. If t~e recording of the spot 

could be aohieved on a plate outside the tube, most of the 

disadvantages of the instrument would disappear. A highly 

exhausted well baked tube, with no internal souroes of gas, 

would fulfil the conditions of constancy and simplicity. By 

using a tungsten filament rather than an oxide-coated plati-

num filament we would remove the only possible source of 

gas. It remains to devise some method of recording the 

spot on a photographio plate outside the tube. Terroux 21 

suggests the use of a window of quart·z, coated on the insi de vd. th 

oalcium tungstate or other fluoresaent material, and in oon-

taot with a photographic plate on the outside. Now cal-

aium tungstate gives a fluoresoent band which is almost en

tirely transmitted by glass, so that in this oase there is 

little to be gained by the use of a quartz window. However, 

by coating the inside of a quartz window with some substaaoe 

which gives out intense ultraviolet fluoresoence under cathode 

rays, we can transform the energy of the eleotron beam into 

light energy of a wave length whioh is most efficient for 

affecting the photogra~hio ~late. A study of the ultraviolet 

light energy required to ~roduce a photo image has been 

made by Helmiek.z2 Owing to the thickness of' the window 
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between the fluores~ent s~reen and the photographio plate 

the spot will be somewhat diffused, but it is thought that 

this defeot will prove to be of no great importanoe. The 

writer has oonsequently been making a study of the fluor

escence of various materials under cathode rays, from the 

point of view of photographic efficienoy. Since the be

haviour of a panohromatic plate depends on the fluorescent 

properties of the dyes with whioh it is coated, it is ob

vious that the most efficient combination will oonsist of 

an unooated rapid plate and a fluorescent screen giving out 

light to whioh the plate is most sensitive. Particular 

attention has therefore been paid to the ultraviolet region, 

and the investigation has been carried out almost entirely 

with a small Hilger quartz speatrograph. The problem of 

finding a suitable binder for the fluoresoent material has 

also reoeived oonsiderable attention. Comparatively little 

is known about fluoresoen~e, so that the problem 6f finding 

a suitable material for use in the oscillograph requires a 

rather wide study of the phenomenon. 

B. Fluorescence 

According to the Wiedmann theory of fluoresoence, 

it is an aooo~paniment of molec~ar change. An exciting 

agent falling on a substan~e ohanges it from a stable con

dition A to an unstable condition B. The light emitted 

while the substance is under excitation is called 'fluorescen~et 
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and is given out during the A to B change. The light emit-

ted when the excitation is discontinued is called 'phosphor

escence 1 , and is probably due to- the return of the molecules 

to the stable state A. ~eriments made with exaitation 

by X-rays, by cathode rays, and by light of various wave 

lengths indicate that the distribution of energy in a fluor

escence spectrum is independent of the mode of excitation. 

However, the material may possess several independent fluor

escence bands J and the extent to vm:-ich anyone of these 

bands ls excited will depend on the exciting agency. In 

general a partioular material will ohly be sensitive to 

certain modes of excitation. It has been found that the 

fluorescence of a chemical substance is very greatly in

fluenced by the presence of impurities. The most impor

tant of the early workers in this field were Sir W. Crookes;3 

Lecoq de BOisbaudranz,,- and E. Becquerel. Becquere125 in 

1859 published an interesting account of his research on 

the luminous effects produced in substances by light stim-

ulation. In 1888 he published a paper260n the preparation 

of phosphorescent sulphides of calcium and strontium in 

which he points out that the presenoe of a salt of an al

kaline metal is necessary for marked luminescence. Thus 

oalcium sul~hide prepared by heating sulphur with oaloium 

carbonate containing a traoe of manganese or bismuth did 

not show much luminescence, but the addition of less than 

one percent of sodium carbonate produced brilliant yellow 
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or blue luminescence. On the other hand calcium carbonate 

containing a small peroentage of lithium carbonate produced 

a sulphide with a strong green luminescenoe, without any ~r

ther addition. If the sulphide is prepared by heating sul

phur wlth calcined shells no sodium salt need be added, be

oausethe shells already oontain sodium compounds. Lenard 

and Klatt 27 have made an extensive study of the preparation 

of luminescent sulphides. In 1909 Urbain~8published his 

work on the cathodo-fluorescence of the rare earths. From 

his OWl'l work and that of previous investigators, notably 

Leooq de Boisbaudran, he concluded that luminescent sub

stances are a mixture of at least two bodies, a 'diluant' 

and the 'phos~horogene' or active matter. The substance 

forming the main portion of the mixture is the diluent, 

while the active matter is present in such a small propor

tion that it might be regarded as an impurity-

Leooq de Boisbaudran, after a great deal of work on 

the fluorescenoe of both the rare earths and the commoner 

elements such as manganese and bismuth, formulated a number 

of laws on the subject. These laws are as follows: 

(1) A material which strongly activates one body 

(the solid diluent) will not necessarily activate 

another body whiah has similar properties. 

(2) A material may aativate a particular compound 

of a metal and not its other oomDoU11ds, and the fluor

esoenoe of different oom~ollilds of a metal mayor may not 

be similar. 
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(3) It is conceivable that coloured bodies will 

not make vary effective diluents, on account of the 

absorption of the exciting radiation. (Lecoq de 

Boisbaudran thought that luminescence was excited by 

the light from the discharge, Whereas it is of course 

due to the oathode rays. The luminescence will, how

ever,be somewhat diminished owing to the absorption 

within the body of the light emitted under the cathode 

ray bombardment.) 

(4) A substance may behave as a diluent for certain 

active materials and as an active material for other 

substanoes. 

(5) When two active substances are present in a 

solvent which is effective for each individually, the 

fluorescence due to each may be weakened, but not 

otherwise modified. 

(6) Two materials wmich can more or less activate 

a diluent individually may sometimes neutralise each 

other so that there is no fluorescence at all. 

(7) A material which is active under certain con

ditions, but inactive in a particular diluent, can 

by its presence weaken the effect of another aotive 

material on this diluent. 

(8) The fluoresoence in one diluent seems to be 

weakened by the addition of a second diluent wrrich, 

though effective for some active materials, is not 

effective for the active material present. 
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(9) An active material usually produoes its double 

fluorescence in a mixture of two effective diluents, 

but, if they are in oertain proportions, the ratio of the 

intensities of' fluorescence may not be proportional to 

the ratio of the quantities of eaoh diluent. 

(10) With an aotive material in equivalent quantities 

of two effective diluent.s, the fluorescences may be of 

the same intensity; but the contrary is also observed. 

(11) If two very unequally active materials are pre

sent in a diluent, and if the proportion of the active 

materials is kept constant while the proportion o.r the 

Oi luent is. inoreased, then we vlill get: (a) on~ the 

effect of the less active material; (b) both effects, 

with a growing predominanoe of the effeot of the more 

aotive material. On inoreasing the proportion of the 

more active material only the fluorescence due to it 

will be observed, no matter what quantity of diluent 

is used. 

(12) Some f1uoresoence spectra may be hidden by 

others, but may be disoovered on warming the tube, or 

on modifying the discharge. 

These laws of Lecoq de Boisbaudran give some idea of the be

haviour of fluorescent substances. Until fairly recently 

nothing further had been accomplished beyond the verifi

cation of his work. 

An extensive research on the uranyl salts has been 
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made by Niohol'~and Howes .30 By using a spectrophotometeI' 

they showed that eaoh broad luminescence band can be resolved 

into series of component bands. They al~ determined the 

spectral structure of the phosphorescence of oertain sul

phides. 31 In 1924 Tanaka~2published the results of his work 

on the cathodo-luminesoenoe of solid solutions of forty-two 

metals. He classifies luminescenoe spectra as follows: 

Type I. 

Type II. 

Tne III. 

Spectra containing fine line-like bands. 

Spectra oontaining one or more broad ban .. ds 

each of vliich Is really oo~mposed of a group 

of bands. 

Spectra for whioh the envelope of the inten

sity curve has no distinct summit, and the 

luminescent colour is· whitish. 

He studied twenty-seven samples of Lenard and Klatt's 

sulphides speotro-photometrically and observed the following 

points: 

(1) Just as in electrolytes, whatever bases (solvents) 

may be used, dissolved aotive metals show their charac-

tari·stics. For each active metal there are character-

istic series of constant frequenoy interval. 

(2) The base seems to determine the colour of the 

luminesoenoe. 

(3) The flux has no important effeot on the colour 

of the luminescen~e. 

He then extended his research to thirty-six other metals. The 
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chief bases used were calcium carbonate, containing traces 

of manganese, and calcium fluoride, containing traces of man

ganese and samarium. The ratio between the number of atoms 

of the base and of the active metal was usually about 25Q:1, 

the ratio shown by Bruninghau~to produee the maximum 1umin-

ascence. With regard to the preparation of his 'solid 

solutions' Tanaka merely says that the calcination was 

usually done with a gas blowpipe, but that in smme cases 

in ~ich the luminescence was faint an oxyhydrogen flame 

was used., As the bases used were certainly not melted 

it is doubtful whether the resulting preparations were 

really solid soiliutions. 

follows: 

His results may be summarised as 

(I) Whatever bases are used, each dissolved metal 

shows its characteristic luminescence, though this is 

often very faint. 

(2) Each luminescence spectrQm is composed of several 

series of overlapping bands, each series spaced equally 

in frequency units. 

(3) Two characteristic frequency intervals, dif

ferent or coincident, exist for each metal; these in

tervals are totally independent of the properties of 

the solvents. 

Though ultraviolet light has frequently been used to 

excite fluoresoenoe, little attention has been paid to the ultra-

violet region of fluoresoence spectra. Urbain, however, 
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used a tube with a quartz window, and obtained some interes-

ting results. The speatrum of a mixture of gadolinium oxide 

with aalaium oxide is of speaial interest as it lies almost 

wholly in the ultraviolet. He found that from one to one and 

a half per cent of gadolinium oxide gave the strongest fluor-

esaence. In order to introduce a visible as well as an ultra-

violet fluorescenae, he used calaium oxide containing traces 

of manganese. The orange fluorescence due to this enabled 

him to align his spectroscope. The optimum proportion of 

gadolinium oxide in calcium sulphate is 0.3 per cent, and 

admits of less variation. A further study of Lenard's 
34 preparations has been carried out by Pauli , with a view 

to examining the effect of the solvent on the phosphores-

cence. He found that by modifying the dielectria constant 

it was possible to alter the position of the luminescent band 

at will. His results support Lenard's view that the vi bra-

tions set up in a phosphorescent substance are analagous to 

those of an eleatria oscillator whose period depends upon 

induatance and aapacity, and that the wave length of a band 

is consequently proportional to the square root of the 

dieleatric constant of the medium. He suggests that the 

ultraviolet light emitted by a substance has a secondary 

effect in stimulating fluorescenae in the visible region. 

With regard to the fluoresoence of the alkaline earth metals, 

the number of ultraviolet bands is largest in phosphorescent 
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oalcium, while strontium has less and barium none at all. 

Pauli observed that a few preparations, on being subjeoted 

to intense oathode ray exoitation, emit momentarily an ultra

violet light of suoh short wavelength that it extends into 

the region where the absorption of air affeots it. A 

t~ical example of this is a CaCuK phosphorescent material. 

He also gives the following formula for a material which emIts 

a purely ultraviolet fluorescence: 2 gms. CaS, 0.1 gm. K2 S04 , 

0.0002 gms. Ag, heated to redness for twenty minutes. The 

writer has been unable to find a published set of photographs 

of fluorescence spectra in the ultraviolet region. For work 

in whioh a photographic plate is used to record the light 

from a fluorescent screen, a knowledge of the quality of 

this light is desirable. Consequently it seemed worth while 

to make a nhotographic study of the spectral quality of 

substanoes that oould be used for fluorescent screena. Owing 

to: various experimental difficulties peculiar to ultraviolet 

fluorescence, not many spectra have been recorded so far, but 

further work which promises to be more fruitful is now· in 

progress. 
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ORK 

A. n Fluorescent ~aterials 

The apparatus constructeo_ for tIle examination of 

fluorescence under cathode raJs is shovm diagranmatically in 

the sketch and also in the accompanying photograph of the 

experimental set-up. The tube is built out of Pyrex glass 

1 ~ Tt cliameter. The anocle and cathode are both made of alum-

inium. The samples to be examined are mounted on ellipti-

cally shaped discs of sheet aluminiu.m aHd held. in position 

at S by means of an alillninil~ holQer. The cathode beam ex-

cites the material on the disc so that its fluorescence y 

be examined spectroscopically through the quartz vindo\ Vil/. 

The ground glass joint GG enables the tube to be opened and 

W' qJu arlz P la t e 

Cathooe 

Anode 

y Ground gla ss join! 
S 

A luminium Holdv 

1'01" .sa",pM dues 

the sample disc changed with 

great facility. Pyrex glass 

was used to ensure mechanical 

strength and also in case of 

heating under the cathode ray 

bombardment. The sharp right 

angle bend in the lower section 

of the tube was made by cut

ting the tube and welding on 

a piece at right angles. This 

joint was made in the labora

tory o~ the Northern Electric 
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Company. The tube is connected to the glass vacuum line 

by means of a horizontal V/ax jOint. .A. drying tube contai~

ing :phosphoric anhydride is connected in the vacuum lihe. 

By means of a quartz lens, an image of the sample disc is 

thrown on the slit of the spectroscope. This ensures that 

the fluorescent light entering the spectrograph is due entire

ly to the ·sample under observation and not in nart to particles 

of previous sam:ples which may be sticking to the walls of 

the tube. The spectra were photographed by a Hilger E31 

Quartz Spectrograph. For obtaining comparison spectra the 

light from a mercury 'Lab-arc' was used. A small mirror of 

:polished Woods metal was used for reflecting this light into 

the slit, so that it was unnecessary to move the spectro

graph between exposures. All :photographs were taken with 

the same slit width. 

Two kinds of :photographic plates were used, Wratten 

and Vlainwright Panchromatia, and Eastman Speedway. The 

latter were used in all cases except when the red end of the 

visible spectrum was of interest. Acoording to Harrison35 

who made a study of the characteristics of photographic mater

ials in the ultraviolet, Speedway plates are very sensitive 

to weak light and are aonsequently easily fogged by stray 

light, but on the other hand they have very little tendency 

to acquire chemical fog. Their s:pead changes uniformly 

above 2500 A and their contrast Is rather low. The V/rattan 

and Wainwright plates have even greater uniformity but are 
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very much slower. ¥fuen it is desired to bring out the weakest 

light impressions, and contrast is of no importance, the choice 

of developer lies between metol and ro dinal. The :la.-tter was 

chosen because it can be bought in a co,ncentrated solution of 

standard strength and is not as irritating to the fingers as 

metal. Each plate was developed for five minutes in a freshly 

mixed solution of 3 ccs. of rodinal in 45 ccs. of water at 

180 e. By standardizing the development in this way a rough 

estimate cou~d be made of the intensity )f the fluorescence. 

A universally satisfactory binder for the fluorescent 

material has not yet been discovered. A solution of sodium 

silicate, known as waterglass t is ideal for those materials 

with which no chemical action takes place. It binds well to 

glass or quartz and is almost perfectly transparent to ultra

violet light. vVhen salts of the various metals are added to 

a solution of sodium silioate, the inoo luble silicates are 

precipitated. For example: 

Na.2Si03 + CaCl2 = CaSl0,3+ 2NaCl 

Moreover waterglass cannot be used as a binder for the sulphides 

of calcium, strontium, barium or magnesium, beoause these com

pounds hydrolyze with water, forming the hydroxide and acid 

sulphide. The majority of inorganic substances whioh possess 

binding properties are un£ortunately opaque to ultraviolet 

light. All the resins and gums and nitrooellulose materials 

tried have failed in this respeot. 
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No attempt was made to maintain the discharge constant 

other than by using cells of constant voltage in the primary 

oircuit. The current in the discharge, as indicated by a D.C. 

milliammeter, was of the order of 0.1 milliampere. Tlle ~uartz 

lens was placed directly in front of the quartz window so that 

it was about 20 cms. from the fluorescent disc. The spectro

graph slit was about 10 ems. from the quartz lens. The image 

of the fluorescent light formed in the plane of the slit by 

the quartz lens is shown in Fig.3. The central spot of 

light is the image of the disc~.while the surrounding rings 

are reflections from the tube. The slit width for all pic

tures after Fig.3 was .75 of 1 division = 0.38 mm. approx. 

The comparison spectra were obtained from a mercury 'Lab-arc' 

In most pictures this was used directly, but the Woods metal 

reflector has since been adopted to avoid moving the spec

trograph~ 



Exper/menra/ {)scf/logroph 
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WILLE1~ITE 

Nratten PanChl matic (Plate 5) 
Hilger glass spectrograph 
Slit width: 0.12 mm. 
Hg Lab-arc: 45 seconds 
Iron arc: 60 seconds 
Fluorescence: 1 hour 

Fig.2 

1,/::'atten :?anchromatic (Pl~te 4) 
Hilger E3l Quartz Spectrograph 
lit width: 0.25 mm. 

Fluorescence: 45 minutes 
Hg Lab-arc: 30 seconds 

Fig.3 CALCIUIJ. rUNGS=: TE 

Eastffian Speedway plate exposed 
in the plane of the s,et , show
ing luminescent flasl ... · caused by a 
single 'break' of the ~ril ary 
circuite The central s~ot 
is the imsge of the sample disc~ 
the remaining light is due to 
reflection. (Plate 9) 

Fig.4 

Hg ab-arc 
~ast~an Speedway plate 
Slit width: 0.38 mm . 
.lavelengths in Angstroms x 10 
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Fig.5 

Deposited. from ethyl alcolcl 
~astman Speedway (Plate 8) 

a 20 minutes 
(b) 5 minutes 
(c) ~ minute 

Hg Lab-arc: about 10 seconds 

Fig.6 ZI:~C SUL:?HIDS 
( luster r E23) 

Binder; waterglass 
Eastman Speedway (Plate 10) 

( a) 20 minutes 
(b) 5 minutes 
( c) 1 minute 

Fig.7 

(a) CALCrUIvI Till GS::AT~ 

(~ Binder: waterglass 

( b) 

(d) 

Eastman SpeJdway (Plate 11 ) 
5 minutes 

~RA SM:ISSIO~ S?~CTRA 

of Hg Lab-arc, 10 second.s, tl 0 ~h 

'b) Quartz ~late 
( C) ·.~Taterglass on quartz 
(c.) Canacla Balsam 



Fig.8 

Binder: vaterglass 
=abtman Speed lay (Plate 14) 

(a) 5 minutes 
(b) 30 mi nutes 

Fig.9 (same) 

Eastman Speedway (?late 15) 

(a) 1 minute 
(b) about 2 hours 

3pectra in Figs. 8 and 9 may 
really be Que to Bariun Hydrox
ide formed by hydrolysis. 

Fig.lD 

Binder: Canada Balsam dissolved 
in EthJ1 lcohol. 
Eastman Speedway (Plate 16) 

(a) 1 minute 
(b) 5 minutes 
(c) 20 minutes 
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Fig.1l 

Gd 2 03 : 0.051 gms. 
Ca C OJ : 5.544 gms. 
~ixed and heated for 30 
minutes in a blo-vtorcl fur
nace. 
atio of atoms Gd: Ca = 1 : 197 

Binder: waterglass 
7ratten Panchromatic (Plate 17) 

( a 5 minutes 
(b ) 20 mi nutes 
(c ) 1 hour 

Comparison spectra: Pg Lab
arc reflected b sheet al~. in
iurn, 20 seconds 

Fig.12 (same) 

Eastman Speedway (Plate 18 ) 

( a) 1 minute 
~b ) 5 minutes 

Comparison spectra: Hg Lab-arc 
reflected by tin, 45 seconds 

Fig.13 TR~ ]'Sr;~ISSIOl~ SPECTRA 

Eastman Speedway (?late 20 ) 
Hg Lab - arc, 10 seco~ds , through 

( a ) Air 
( b ) ~uartz plate 
( c) Cell oidin on quartz 
(CL) Gum ~\!astic on qUal~tz 
(e) Paraffin wax o~ quartz 



p. 35 

Discussion 

By comparing the bands obtained in Figs.5 and 6 for 

different lengths of exposure we can get an idea of the energy 

distribution in the spectrum. The band is sharply defined at 

the visible end and its intensity decreases slowly at the 

ultraviolet end. The Zinc Sulphide used in Fig.6 fluoresces 

brightly under light as well as cathode rays, and its phos-

phorescence is exceptionally bright and lasting. The colour 

how·ever is a yellovvish green and is not vel~~r efficient photo-

graphically. Fig. 7(~ shows that waterglass transmits 

perfectly as far into the ultraviolet as the Speedway plate 

is capable of recording. Canada Balsam, as may be seen from 

Fig.7{d}, should not be used for any material which emits 

wavelengths less than 3000 A . In Figs. 8 and 9 waterglass 

was used as a binder for the Barium Sulr>hide. It is probable, 

though not certain, that Barium Hydroxide was formed when the 

sulphide was added to the solution of waterglass. Fig.9(b) 

shows a remarkable spectrum conSisting of one main band and 

a series of evenly spaced bands which go as far down into the 

ultraviolet as the plate will record. A repetition of this 

experiment, using a plate sensitive to the far ultraviolet 

and possibly a vaouum spectrograph, should give very interes

ting results. Of the lines visible in the spectrum, most 

if not all are due to traces of mercury vapour. Fig.lO shows 

the spectra of Barium Sulphide with Canada Balsam as a binder. 

The speotral band obtained is similar to that obtained in 
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Figs. 8 and 9, but it is much stronger and is not followed by 

the series of weak bands. In any case these would be absorbed 

by the Canada Balsam. Fig.ll shows the ultraviolet spectrum 

of calaium oxide with gadolinium as the aotive agent. Some 

gadolinium oxide was obtained from the University of Illinois 

through the kindness of Professor Hopkins. The calcium car

bonate used came from the Chemistry Department. It probably 

oontained traoes of manganese, as the spectrum shows the char

acteristic oitron band of this element. The ultraviolet 

speotrum of gadolinium is very characteristic, and oontains 

a number of lines superimposed on bands as well as several 

distinct lines. Here again the binder causes difficulty, for 

undoubtedly the caloium oxide combines with the water to 

form aalaium hydroxide Ca( OHte • If the Ca 0 remained as 

such the fluoresoence would be muah brighter. It is hoped 

that by using the optimum proportion of gadolinium and a 

purer oalcium carbonate a photographically efficient fluores

oent material will be developed. Fig.13 shows some more 

transmission speotra. Celloidin (a very pure nitrocellulose) 

transmits ultraviolet light well, but its behaviour UL~der 

aathode ray bombarwnent is unsatisfactory. ItJforms a skin 

which seems to absorb the oathode rays, and it does not ad

here as well as waterglass. A different method. of applying 

it may lead to better results. A thin layer of paraffin 

wax does not transmit well in the visible region, but is 

surprisingly transparent for ultraviolet light. Its 
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behaviour under cathode rays has not been tested. The possib

ility of examining the spectral quality of any fluorescent 

material, which is to be used as a screen, is dependent on 

the use of a satisfactory binder. The discovery of a suit

able binder is therefore of primary importance. 

B. ~erimental Oscillograph 

The accompanying photograph shows an experimental 

oscillograph which was designed by the writer and built 

partly with the aid of Mr. H. T. Pye. The fluorescent 

screen is coated on the inside of a quartz window which 

forms the top end of the instrument. A greased conical 

joint renders this window accessible, so that the screen can 

easily be changed. ~eriments are in progress with a view 

to obtaining an electron beam of high current density through 

the anode. 
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CONCLUSION 

The development of the cathode ray oscillograph for 

commercial use requires the use of a fluorescent material with 

a spectral band of maximum intensity at about wavelength 

3500 A • The search for such a material has already given 

une~ected results which may be of value from a theoretical 

point of view, so that the continuation of this investigation 

seems highly desirable both for its commericai applications 

and for its theoretical interest. 

The writer, in concluding, wishes to e~ress his 

thanks to the Research Council of Canada for assistance which 

rendered this work possible. 
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